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ETI MOBILE -To Be Built By Humans 
Run By Computer 
ETI - MICROTUTOR-Teach yourself To 
Handle Machine Code! 

Configurations -a new "building block" 
approach to circuit design 
Build our new game project- 
novel design concept 
Playmate project 
for aspiring 
guitarists! 



Powertran's black boxes are packed with punch. Not only are they superb kits to buy and 
build they really do the job! Imaginative and ingenious design goes hand in hand with top 
quality materials and outstanding performance capability. With their smart black styling the 
kits harmonise visually as well as musically. 
Your can built each unit independently for its set task and then gradually increase your array 
until you have a complete bank of formidable controllable power. 

Complete Kit - £49.90 + VAT 

Complete Kit - £49.50 + VAT 

,a , 
Complete Kit - £175,00+ VAT 

Complete Kit - £64.90 + VAT 

MPA 200 is a low price, high power 
100W amplifier. Its smart styling, profes- 
sional appearance and performance, 
make it one of our most popular 
designs. With adaptable inputs the mix- 
er accepts a variety of sources yet 
straightforward construction makes it 
ideal for the first-time builder. 

CHROMATHEQUE 5000 - a 
5 -channel lighting system powerful 
enough for professional discos yet con- 
trollable for home -effects. Sound to 
light, strobe to music level, random or 
sequential effects - each channel can 
handle up to 500W yet minimal wiring is 
needed with our unique single -board 
design, 

ETI VOCODER 14 channels, each 
with independent level control, for max- 
imum versatility and intelligibility; Two 
input amplifiers - for speech/excitation - each with level control and tone con- 
trol. The Vocoder is a powerful yet flexi- 
ble machine that is interesting to build 
and thanks to our easy to follow con- 
struction manual, is within the capability 
of most enthusiasts. 

SP2 200 twice the power with two of the 
reliable, durable and economic amps 
from the MPA200; fed by separate 
power supplies from a common toroidal 
transformer. Superb finish and quality 
components throughout - up to (even 
over!) the standard of high priced 
factory -built units. 

DJ90 Stereo Mixer - this is a really versatile 
new mixer that enables the constructor DJ to 
produce a professional performance every 
time. There are two stereo inputs for magnetic 
cartridges, a stereo auxiliary input and mike in- 
put. Other 'plus' features are auto -panning for 
fast or slow, slider controls, multi -mixing, 
ducking, interrupt, input modulation, in short 
everything ...the whole works - AND 
under £100 complete! (We have illustrated the 
DJ90 teamed in our own console with the 
Chromatheque and an SP2 200 and speakers. 

Complete Kit - £97,50+ VAT 

4,. - 

Digital Delay Line - our latest kit! With its ability to 
give delay times from 1.6 mSecs to up to 1.6 secs. 
Many powerful effects including phasing, flanging, 
A.D.T., chorus, echo Ft vibrato are obtained. The 
basic kit is extended in 400 mS steps up to 1.6 secs. 
Simply by adding more parts to the PCB. Compare 
with units costing over £1,000! Complete kit (400 mS 
delay) £130 + VAT. Parts for extra 400 mS delay 
£9.50p. 

WORLD LEADERS IN ELECTRONIC KITS 
Money Back Guarantee - If you are not completely satisfied with your 

Powertran Kit return it in original condition within 10 days for full refund. 
Free Soldering Practice Kit - To assist the beginner we will supply, on 

request with your first kit order, a free soldering practice kit with useful tips and 
illustrations. 

Component Packs - Most kits are available as separate packs le.g. PCB 
component sets, hardware sets etc). Prices in our FREE catalogue. 

Ordering - Full ordering details, delivery service, and sales counter 
opening - inside back of this issue. 

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3NM. (0264) 64455. 
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WATFQRD ELECTRONICS: 
33/34 CARDIFF ROAD, WATFORD, HERTS, ENGLAND 

MAIL ORDER, CALLERS WELCOME 
Tel. Watford (0923140588. Telex: 8956095 

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS 
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.Os 
OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL IN- 
STITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT ENQUIRY 
WELCOME. P&P ADD 50p TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE 
AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME. 

VATT Export orders no VAT. Applicable to U.K. Customers only. Unless stated otherwise, 
all prices are exclusive of VAT. Please add 15% tot he total cost including P&P. 

We stock thousands more items. It pays to visit us. We are situated behind Watford Football Ground. 
Nearest Underground/BR Station: Watford High Street. 
Open Monday to Saturday: 9.00am to 6.00pm. Ample Free Car Parking space available. 

ELECTROLYTIC CAPACITORS: (Values in uF)500v: 10uF 52p; 47 78p; 63V: 0.47, 1.0, 1.5, 2.2, 3.3, 4.7 8p; 
10 10p; 15, 22 12p; 33 15p; 4712p; 68 20p: 10019p; 220 26p; 1000 70p: 2200 99p: 50V: 68 20p: 10017p; 220 
24p; 40V: 6.8 15p; 22 9p; 33 12p; 330, 470 32p; 1000 48p; 2200 90p: 25V: 1.5, 4.7, 10, 22, 47 Sp; 100 11p; 
150 12p; 220 15p; 330 22p; 470 25p; 680, 1000 34p; 1500 42p; 2200 50p; 2200 50p; 3300 76p; 4700 92p; 
16V: 2.5, 40 8p; 47, 68, 100 9p; 125 12p; 330 16p; 470 20p; 680 34p; 1000 27p; 1500 31p: 2200 36p; 4700 
79p. 

TAG -END CAPACITORS: 64V: 2200 139p; 3300 190p; 4700 245p; 50V: 2200 110p; 3300 154p; 40V: 4700 
160p: 25V: 2200 90p: 3300 98p; 4000, 4700 98P; 10,000 320p; 15,000 345p. 16V: 22,000 350p 

POLYESTER CAPACITORS: Axial Lead Type SIEMENS 400V: 1nF, 105, 202, 303, 407, 608 11p; 10n, 15n, 18n, 22n 120; 33n, 47n, 68n Sol) 16p; 150e 20p; 220n 30p; 330n 42p: 470n 52p; 6800 1 uF 68p; 2u2 82p. 
Type Miniature 160V: 10nF, 12n, 39n, 100n 11p; 150n, 220n 17p. 330n, 470n 30p; 680n 38p; 10F 

42p; 1u5 45p; 202 48p; 4u7 58p. poly Capacitors 
1000V: 1nF 17p; 10nF 30p: 15n 40p; 22n 36p; 33n 42p; 47n, 100n 42p. 250V 

1nF, 1n5, 202, 
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED -THROUGH 303, 407, 608, 
10n, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 7p; 150e, 220n CAPACITORS 10n, 12n, 15n 7p 

10p; 330n, 470n 13p; 680n 19p; lu 23p; 1u5 40p; 2u2 46p. I 1000pF/450V gp 18n, 220, 270, 
33n, 39n, 47n 8p 

TANTALUM BEAD CAPACITORS POTENTIOMETERS: Rotary, Carbon, 39n, 56n 12p 

35V: 0.1,F, 0-22,0-3315p; 0-47,0-68, Track 0.25W Log & Lin values, 82n, 100n 71p 
V 

35p 1-0, 1.5 16p; 2.2. 3-3 18p; 4.7, 6.822p; 50012, 1Kf2 & 2Kß2 (Linear only) Single 
180 n, 120n tOp 

10 28p: 16V: 2.2, 3.3 16p; 4.7, 6.8, 10 Gan5K12-2M9 

Single Can LogEr Lin 30p 150n, 180n 12p 
18p; 15, 36p; 22 30p; 33, 47 40p; 100 9 e ' 9 220n, 270n 15p 
75p; 10V: 15, 22, 26p: 33, 47 35p; 100 5Kí2 -2M0 Single Gang D/PSWitch 78P 

330e. 390n 20 
55p; 6V: 10042p. 5Kí2 -2Mí2 Double Gang 8ßP 430n, 390n 20p 

SLIDER POTENTIOMETERS 685n 30p 

I MYLAR FILM CAPACITORS 0-25W log and linear values 60mm 1 u 34p 2x2 Sop 

100V: 1 reF, 2, 4, 4nF, 10 6p; 15nF, 22n, 5K11 -500K0 single gang 70p 
30n, 40n, 47n 7p; 56n, 100e, 200e 9p; 101(0 5001(11 dual gang 110p 
50V: 470nF 12p. Self Stick Graduated Bezel 40p 

CERAMIC CAPACITORS 50V: 
Range: 0-55F to lOnF 4p. 15nF; 22nF; 
33nF; 47nF 5p. 100nF/30V 7p. 
200nF/6V Bp. 

POLYSTYRENE CAPACITORS: 
10pF to 1 nF 8p; 1.5ßF to 12nF 10p 

PRESET POTENTIOMETERS 
0.1W 500 5M0 Miniature 
Vertical & Horizontal 7p 
0-25W 1009 3-3Mß hen,. larger 10p 
0-25W 2001: 4-7M2 vert. 10p 
Cermet, Precision, muititurn. 0.75W 
1004-100Kß 89p 

Telephone 
orders 

by Access now 
accepted 

just phone 
your order 

through, we do 
the rest 

SILVER MICA IValues in yE) 
2, 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, 180pF 15p each 
200, 220, 250, 270, 300, 330, 360, 
390, 470, 800, 800, 820 21p each 
1000, 1200, 1800, 2200 30p each 
3300, 4700pF 60p each 

MINIATURE TRIMMERS Capacitors 
2-6pF, 2-10pF 22p: 2-25pF, 5 60p 30p 
10-88pF 35p. 

RAM 
FOR 
BBC 

MICRO 
4816AP 
120ns 
225p 

RESISTORS Carbon Film High Stability 

Low Noise. Miniature Tolerance 5%. 
RANGE VAL 1-99 100-, 

W 2f22 -4M7 624 2p 1p 
'W 2122-4 M7 E12 2p 1p 
iW 2122-1M12 E12 5p 4p 
2% Metal 
Film 100.1Mß 6p 4p 
1% Metal 
Film IW 5112-1M 8p 6p 
1002- price applies to Resistors o each value not 
mixed. 

DIODES 
44119 15 
44129 20 
AAY30 15 
SÁ100 15 
BAX13 20 
BY100 24 
80126 12 
BY127 12 
CR033 250 

,0A9 40 
0447 1 

0A70 1 

0A79 1 

0481 2 
0A85 1 

0A90 
0A91 
0495 
0A200 
04202 
15914 
15916 
154001/2 
154003 
154004/5 
154006/7 
154148 
155401 1 

1N5404 1 

1415406 1 

155408 1 

1544 
15921 
6A/100V 40 
64/400V 50 
6A/800V 65 

BRIDGE 
RECTIFIERS 
14/50V 18 
1Á/100V 20 
1A/400V 25 
1A/600V 34 
24/50V 30 
2A/200V 40 
24/400V 46 
2A/600V 65 
64/100V 83 
6A/400V 95 
6A/600V 125 
10A/200V 215 
104/600V 298 
25A/200V 240 
254/600V 395 
ßY164 56 
VM18 OIL 50 

ZENERS 
Range: 2V7 to 
39V 400mW 

8p each 
Range: 3V3 to 
33V. 1.3W 

15p each 

75 SERIES 
75107/& 95 
75110 90 
75114/4 150 
75121/2 130 
75150 125 
75154 150 
75182/3 99 
75188/9 55 

75322 140 

75324 360 
75361/3 150 
75365 150 
75450 86 
75451/2 52 
75454 85 
75491/2 65 

NOISE 
Diode 

Z5J 195p 

VAR'CAPS 
04102 50 
0010513 40 

B106 40 
13810913 45 

VAM2 165 

TRIACS 
3A200V 54 
3A400V 56 
8A 100V 60 
8A400V 69 
8A800V 115 

124 100V 78 
12A 400V 82 
12A800V 135 
16A 100V 103 
16A400V 105 
16A 800V 220 
25V500V 220 
25A800V 295 
T2800D 120 

SCR 
Thyrìatcra 

5A/40V 32 
5A 400V 40 
5A 600V 48 
84 300V 60 
8A 600V 90 
12A 100V 78 
12A 400V 95 
12A800V 188 
OT106 150 
BT116 180 
C106D 38 
TIC44 24 
T1C45 29 
TIC47 35 
255062 32 
255064 38 
254444 130 

DIAC 
ST2 25 

COMPUTER 

1702 
ICS 

350 
1802CP 650 
210í-2 150 
2114-450n 85 
2114L -300n SO 

2114L -200n 80 
2147 425 
2532-450n 366j 

2564 £14 
2708 225 
2716-5V 215 
2732-450n 380, 

2764 £13 
4027 190 
4116-150n 90 
4116-200n 70 
4118-250 325 
4164-200n 450 
4315 Cmos 795 
4334-3 = CMOS 
2114-3 325 
48164-120n 225 
4864-3 64K 785 
5101-450 220 
6116-150nS 420 
6116L 520 
6117-100n 490 
6502CPU 325 
6503 600 
6504250 550 
6505 600 
6520P1A 115 
6521 115 

6522VIA 375 
6530 £11 
6532RRI0T 570 
6545RTC 950 
6551ACIA 650 
6592PC £20 
6800 275 
6802 335 
6803 850 
6804 160 
6805 670 
6808 520 
6809 820 
6810 115 
6820 115 
6821 115 
6840 495 
6843 £12 
6845 720 
6845 685 
6847 850 
6850 135 
6852 255 
6875 500 
74C922 295 
8080A 260 
8085A 450 
8123 125 
8155 420 
811595 85 
81LS96 55 

81LS97 85 

81 LS98 85 

8202 £25 
8212 150 
8214 425 
8215 300 
8216 70 
8224 193 
8226 250 
8228 250 
8251 320 
8253 799 

TRANSISTORS BF196/7 
6F198/9 

12 
18 

MPSA55 
MPSA56 

30 
30 

21X109 
ZTX212 

12 
28 

253708/9 
253710/11 

10 
10 

2501969 140 
2502028. 85 

AC125 35 BC184L 10 6E200 300 MPSUO2 58 ZTX300 13 253713 140 25C2029 210 

AC126/7 35 BC186/7 26 BF224A 25 MPSU05 55 ZTX301 16 253771 179 25C2078 170 

AC128 30 BC212 10 BF2248 29 MPSU06 55 ZTX302 16 253772 195 2502091 85 

AC141/2 30 BC212L 10 8F245 30 MPSU52 65 ZTX303 25 2N3773 270 2502314 85 

AC176 28 OC213 10 BF256A 35 MPSU56 60 ZTX304 17 253819 22 2502166 165 

AC187 
AC188 

32 
32 

BC213L 10 
BC214 10 

BF2568 
BF257/8 

45 
32 

MQSU56 
MPU131 

60 
52 

ZTX314 
ZTX326 

25 
30 

253820 
253822/3 

38 
50 

2ßC2335 225 
25C2612 225 

ACY17/18 70 BC214L 10 BF259 35 0C26 170 ZTX341 30 253824 65 250234 74 

ACY19/20 75 BC237/8 14 8F274 42 0028/35 130 Z1X500 14 253866 90 25K45 90 

ACY21/22 75 8C3078 14 6F336/7 40 0C36/41 75 ZTX501/2 15 253870 150 35128 112 

ACY28 75 BC308 16 BF451 35 0042/44 75 ZTX503 18 253903/4 15 35140 112 

ACY39/41 85 BC327/8 15 BF594/5 30 OC45/70 40 ZTX504 25 253905/6 15 40097 120 

AD142 120 BC337J8 15 BFR39/40 23 0071 /72 40 ZTX531 25 253906 17 40250 95 

AD142 120 BC441/61 34 BF041/79 23 0074/75 50 ZTX550 25 254037 46 40311 60 

AD149 79 BC477 40 BFR80/81 25 0076/77 50 25697 23 254041 40 40313 130 

AD161 42 BC516/7 40 8F998 105 0081/82 50 25698 40 254058 10 40315 90 

AD162 42 8C547/8 12 BFX29 28 0083/84 40 25699 48 25406112 10 40316. 95 

AF115/6 60 BC549C 14 BFX81 45 00170/71 50 257064 19 254064 115 40317/20 80 

AF117/8 90 80556/7 15 BFX84 28 0C200 50 2N708 19 254069 45 40323 60 

AF124/26 70 BC558/9 15 BFX85/6 28 T P29A 36 2N918 35 254220 78 40324 100 

AF139 40 BCY30 68 BFY18 50 T P29C 52 251131/2 24 254234/6 48 40326/7 70 

AF178 75 BCY34 - 85 BFY50/51 23 T P30A 48 251302 45 254264 24 40347 90 

4,F186 70 BCY35 50 BFY52 23 T P30C 58 2N1303 65 2N4286 15 40348 120 

AF239 55 BCY39/40 85 BFY53 32 T P31A 45 251304/5 60 254289 18 40360 60 

ASZ21 125 BCY41/42 14 BFY55/6 32 T P316 48 2N1306/7 65 254314 78 40361/2 70 

BC107 10 BCY45 50 BFY64 35 T P31C 55 251308 68 254400 18 40407/8 75 

BC107B 12 BC058/59 35 BFY81 120 T P32A 48 251613 30 254427 80 40411 285 

BC108 
BC108B 

10 
12 

BCY70/71 16 
BCY72 20 

BFY90 
BRY39 

80 
4U 

T P32C 
T P33A 

60 
65 

251670 
2N16716 

150 
160 

254859 
254871 

78 
55 

40412 90 
40467A 130 

ßC109 10 BCY78 24 BSC20 20 T P33C 78 252160 295 254898 135 40468 85 

BC109B 
BC109C 

12 
12 

BD112 125 
BD121 95 

130X26 /22 
BSX78 

34 
45 

T P344 
T P34C 

74 
88 

252217 
2522184 

45 
25 

254901 
2N4921 

175 
55 

40594 105 
40603 110 

BC114/5 22 BD124 115 BSY26 30 T P35A 160 2522194 28 254922 70 40636 175 

80117/8 20 8D131/32 48 000954 25 T P35C 185 2522204 26 255135/6 20 40673 85 

BC119 38 BD133 70 BUI 05 170 T P36A 170 2522214 26 255138 18 40871/2 90 

BC137/9 40 BD135 45 BU205 190 T P36C 199 2522224 25 255172 18 

BC140 30 60136/37 40 BU206 200 T P414 55 252297 25 2N5179 45 

80142/3 30 60138/39 40 BU208 200 T P41 B 60 252303 45 255180 45 

BC147 9 60140 40 BUY69C 225 T P42A 60 252368 25 255190/1 75 

BC147B 10 60144/45 198 E421 250 T P426 75 2523694 18 255194 80 

BC148 9 60158 55 MD8001 250 T P120 90 252476 50 255305/8 30 

SC1488 10 BD205/6 110 MJ490 90 T P121/2 99 252483/4 27 255457/8 30 

BC149 9 80222 85 MJ491 175 T P141/2 120 252646 45 255459 30 
BC149C 
8C153/4 
BC157/8 

10 
27 
10 

BD245 45 
130378 70 
130434 55 

MJ2955 
MJE170 
MJE180 

90 
150 
150 

T P147 
T P2955 
T P3055 

120 
60 
60 

252846 
2N2904/5 
252906/7 

80 
28 
26 

255485 
255777 
255879 

36 
45 

190 

RF 
CHOKES 

BC159 11 00517 75 MJE340 54 T 543 32 2529074 26 256027 32 Miniature 
BC160 
BC167A 
BC168C 
BC169C 
BC170 
BC171/2 
BC173 
BC177/8 
BC179 
BC181 
BC182/3 
BC184 
BC182L 
80183L 

45 
10 
10 
10 
15 
11 
11 
16 
20 
20 
10 
10 
10 
10 

BD695A 99 
BD696A 99 
BDY56 180 
BDY60 160 
BF115 35 
BF154/8 25 
8E167 29 
6E173 27 
6E177 25 
13E178 30 
BF179 35 
8F180/2 38 
BF184/5 38 
0F194/5 12 

MJE370 
MJE371 
MJE520 
MJE521 
MJE2955 
MJE3055 
MPF702 
MPF103 
MPF104 
MPF105 
MPF106 
MPSA05 
MPSA08 
MPSA12 

100 
100 

95 
95 
99 
70 
40 
30 
30 
30 
40 
25 
25 
32 

T S44/5 
T S46 
T 548 
T S59/74 
T S884 
T 590/91 
UC734 
VK101 
VNIOKM 
VN46AF 
VN66AF 
VN88AF 
VN89AF 
ZTX107/8 

45 
45 
50 
50 
50 
30 
65 
80 
50 
78 
85 
94 
96 
11 

252926G 
253011 
253053 
253054 
253055 
253108 
253252 
253302 
253441i2 
253614/5 
253663 
253702/3 
2N3704/5 
253706/7 

10 
28 
26 
58 
48 
45 
46 
30 

140 
199 
15 
10 
10 
10 

254715 
2SC495 
2SC496 
2SC1096 
2501173 
2SC1306 
2501307 
2501449 
2501678 
2501679 
2SC1923 
2SC1945 
2501963 
2501957 

60 
70 
70 
85 

125 
100 
150 

85 
140 
190 

50 
225 

90 
90 

PCB type 
1uH, 2u2, 
4u7, 10u, 22u, 
33u, 470, 
100u, 220u, 
330u, 470u 

30p 
imH, ím5, 
2m2, 4m7, 
10mH 35p 
22m, 33m, 
43m 60p 
100m 75p 

8255 295 AY -1-6720 210 
8256 £35 AY -3-1270 730 
8257 800 AY -3-1350 350 
0271 £36 AY -3-8910 438 
9364AP 5+0 AY -3-8912 625, 
9602 320 AV -5-1230 450 
8P830465 250 AY -5-1317A 630 81264 99 AV -5-1350 388 
8T27 150 AV -5-3500 350' 
81284 120 AY -5-4007D 520 
8131 350 AY -5-8100 775 
81955 90 CA3011 130 
81975 90 CA3012 175 
AM26L531C 1251 CA3014 275 
4M26L5324 125 CA3018 86- 
AY -3-1015 300 CA3019 80 
AY -5-1013 300 CA3020 210 
AY -5-1350 388 CA3023 210 
AV -5-2376 600 CA30284 95 
COM8017 275 CA3035 255 
COM8116 700 CA3036 270 
DM8131 275 CA3043 275 
0536915 320 CA3045 365 
0588LS1205275 CA3046 70 
FD1771 £18 CA3048 220 
F01791 £28 CA3059 285 
FD1793 £30 CA3075 213 
F01795 £30 CA3080E 70 
F01797 £35 CA3081 190 
IM6402 380 CA3086 48 
15880605 1050, CA3089E 215 
INS8154N £10 CA3090AQ 375 
LC7137395 CA3123E 150 
LF398 475 CA3130 90 
MC1488 55 CA3140 48 
MC1489 85 CA3160 55 
MC14411 690 CA3161 135 
MC14412 790 CA3162E 450 
MC3447P 315 CA3189 200 
MK3886-2M £7 HA1336W 240 
MM17024 300 CL7106 750 
MM52800 695, CL7107 975 
MM58174 855 CL7611 99 
MM74C922 420 CL8038CC 300 
RO -3-2513L 700 CL82114 150 
RO -3-2513U 650 CM7204 550 6FF9634F 800 CM7205A 1150 TMS2716-3V 725 CM7207 475 
TMS6011 365 CM7215 1050 
ULN2003 90 CM72164J 1950 
UPD7002 440 CM72166 1950 
280CPU2.5 299 CM7216C 1960 2804CPU4M350 CM72174 790 
280 PIO 260 CM7224 785 
Z80 DMA 895 CM7240 300 
2804910 275 CM7555 80 
Z80CTC 265 CM7556 150 
Z80ACTC 290 LA3350 250 
280810-1 880 LA4031P 340 
280A510 980 LA4032 295 
Z80Dart 495 LA4400 440 
Z80AOart 550 LC7130 340 

LC7120 300 
LINEAR ICs LC7137 395 
555CMOS 80 LF347 150 
702. 75 LF351 48 
709 14 pin 401 LF353 95 
709C8pin 35, LF355 85 
710 48: LF356 95 
741 8 pin 14 LF357 110 
747C 14 pin 65 LF398 475 
748C pin 36 LM10 360 
753 8 pin 185 LM301 A0 26 
810 159 LM307 45 
9400CJ 350 LM3081 95 
AY -1-1320 225 LM311 70 
AY -1-5050 99 LM318N 200 
AY -1-5051 160 

I M319 215 

LM324A 
LM334Z 
LM335Z 
LM339 
LM348 
LM349 
LM358 
LM377 
LM379 
LM380 
LM381N 
LM382 
LM384 
LM386 
LM387 
LM389 
LM393 
LM725CN 
LM733 
LM1458 
Lh42917 
LM3302 
LM3900 
LM3909N 
LM3911 
LM3914 
LM3915 
LM3916 
LM13600 

30 
90 

128 
54 
64 

115 
65 

175 
480 

75 
145 
125 
140 
90 

120 
95 

100 
325 

70 
45 

195 
95 
50 
85 

125 
210. 

220 
220 
1101 

LS7220 280. 
M252AA 625 
M253AA 1150 
M51513L 230 
M51515L 320 
M51516L 475 
MB3756 440 
MC1204 250 
MC1301 79 
MC1303 88 
MC1304P 260 
h4C1310P 150 
MC1445 250 
MC145106 695 
MC1458 40 
MC1469 300 
MC1494 694 
MC1495 350 
MC1496L 70 
MC1596 225 
MC1648 290 
MC1709G 90 
MC3302 90 
MC3340P 120 
MC3360P 120 
MC3401 85 
MC3403 75 
MC3405 150 
MC3423 180 
MC4016 00 
MFC6040 75 
MK50398 635 
ML924 275 
MM5303 635 
MM5307 1275 
MM5387A 475 
MSM5526 820 
NE515 275 
NE529 225 

NE534 
NE543K 
50544 
NE555 
N E556 
NE560 
NE561 
NE5628 
NE564 
NE565A 
NE566 

150 
225 
210 

45 
16 

325 
398 
410 
420 
120 
155 

NE567V 140 
NE570 425 
NE571 420 
NE5534A 125 
0M335 785 
RC4136D 69 
55666 245 
SAB3209 425 
SAB3210 295 
SA83271 485 
SA64209 595 
SG3402 295 
SL490 350 
5576003N 350 
5576013 350 
5576018 148 
S5760235 350 
5576023ND 240 
S576033N 350 
SN76115N 215 
SN76131 125 
SN76227N 95 
5576477 325 
0576488 480 
SN76660 120 
SP8629 299 
TA7210 150 
TA7130 160 
7204 225 
147205 175 
1A7205A 225 
TA7222 175 
1A3710 175 
TAA6214X1 295 
TAA661A 190 
TAA700 275 
TAA900 395 
TAD100 159 
TBA1205 70 
TBA5400 275 
113A5500 330 
TBA641BX 
or BX11 350 
TBA651 190 
TBA800 80 
TBA810 95 
TBA820 80 
1649200 290 
TBA950 300 
T6A99012 350 
TBA540 275 
TCA220 350 
TCA270Q 350 
TCA940 175 
TCA965 120 
TDA1004 290 
TDA1008 310 
TDA1010 198 
TDA1022 525 
1041024 105 
TDA1034 350 
1041490 290 
TDA2002 325 
TDA2004 495 
TDA2020 320 
1042030 295 
TDB0701 420 
TL170 50 
TL061CP 40 
TL062CP 60 
TL064CN 98 
TLO71CP 30 
TL072CP 50 
TL074CN 100 
TLo81CP 25 
TL082CP 45 
TL083CP 75 
TL084CN 95 
TL091CP 55 
UA2240 120 
UA78540 230 

UAA 70 170 
UAA 80 170 
UAA 003-3 935 
ULN2003 85 
ULN2004 90 
ULN2283 100 
UPC575 350 
UPC1025H 375 
UPC1182 330 
UPC1156H 290 
UPC1366 195 
XR2206 300 
XR2207 375 
XR2211 575 
X92216 675 
XR2240 120 
XR2266 360 
25414 80 
25419E 190 
25423E 135 
25424E 130 
ZN425E 345 
25426E 300 
ZN427E 600 
25428E 478 
25429E 210 
25459 570 
251034E 200 
251040E 675 
ZNA234E 905 

TTL74 
7400 11 
7401 11 

7402 11 

7403 12 
7404 13 
7405 15 
7406 20 
7407 20 
7408 14 
7409 14 
7410 14 
7411 16 
7412 18 
7413 18 
7414 24 
7416 20 
7417 20 
7420 15 
7421 20 
7422 20 
7423 20 
7425 24 
7426 28 
7427 22 
7428 26 
7430 14 
7432 22 
7433 22 
7437 25 
7438 25 
7440 15 
7441 68 
7442 32 
7443 90 
7444 90 
7445 55 
7446 60 
7447 40 
7448 45 
7450 16 
7451 16 
7453 16 
7454 16 
7460 16 
7470 35 
7472 24 
7473 26 
7474 20 

7475 40 74193 45 LS08 2 LS190 45 
7476 30 74194 45 L509 2 LS191 45 
7480 49 74195 46 LS10 3 LS192 45 
7481 120 74196 46 LS11 13 LS193 45 
7482 65 74197 46 LS12 3 LS194 35 
7483 38 74198 84 LS13 20 LS195 35 
7484 70 74199 84 L514 34 LS196 45 
7485 60 74221 54 L515 3 LS197 60 
7486 20 74246 120 LS20 3 LS200 275 
7489 205 74247 120 LS21 3 LS202 275 
7490 20 74248 120 LS22 3 L0221 55 
7491 35 74249 120 LS26 4 LS240 65 
7492 25 74251 65 LS27 3 LS241 65 
7493 25 74259 150 LS28 4 LS242 65 
7494 35 74265 55 LS30 3 LS243 65 
7495 35 74273 150 6532 3 L0244 60 
7496 40 74276 120 LS33 5 LS245 70 
7497 90 74278 100 6037 5 LS247 50 
74100 80 74279 50 LS38 5 LS248 55 
74104 50 74283 50 LS40 3 LS249 55 
74105 55 74284 199 LS42 28 LS251 30 
74107 20 74285 199 LS47 38 LS253 35 
74109 25 74290 105 LS48 45 LS257 35 
74110 35 74293 125 LS49 50 LS258 35 
74111 55 74297 236 LS51 14 LS259 58 
74112 170 74298 100 LS54 14 LS260 22 
74116 50 74351 195 LS55 14 LS261 138 
74118 60 74365 55 LS63 120 LS266 20 
74119 80 74366 55 LS73 18 LS273 68 
74120 60 74367 55 6074 18 LS275 225 
74121 25 74368 55 LS75 20 L0279 30 
74122 40 74390 99 LS76 18 1,0280 130 
74123 40 74393 99 LS78 18 L0283 40 
74125 35 74490 95 LS83 36 LS290 45 
74126 35 LS85 52 L0293 40 
74128 35 LS86 16 LS295 86 
74132 30 LS90 28 I.5298 85 
74136 30 74L LS91 50 LS299 190 
74141 55 74L00 68 6592 32 --.5300 175 
74142 175 74604 85 L093 26 LS302 175 
74143 210 74630 50 LS95 40 LS320 270 
74144 210 74L47 380 LS96 95 LS323 195 
74145 50 74675 145 LS1C7 40 LS324 169 
74147 90 74685 349 L0109 28 LS325 295 
74148 70 74L121 165 35112 26 LS326 240 
74150 50 74L123 325 L0113 22 LS327 240 
74151 40 S'14 22 LS347 95 
74153 40 S 36 LS348 125 
74154 55 _0123 36 L0352 88 
74155 40 74S .S'24 90 LS353 88 
74156 40 74800 38 L0'25 24 LS362 750 
74157 30 SO4 40 _3126 25 68363 150 
74159 80 S32 70 .8132 40 LS364 150 

74160 60 S132 110 L0133 30. LS365 30 
74161 48 8138 180 _0136 24 L0366 30 
74162 48 5158 210 LS138 32 60367 30 
74163 48 5189 158 LS139 32' LS368 40 
74164 48 S194 320 LS145 70: LS373 65 
74165 48 S195 795 LS147 150, L5374 65 
74166 48 S201 320 LS148 731 LS375 43 
74167 150 S225 510 LS151 40i LS377 70 
74170 125 0241 390 LS153 401 LS378 60 
74172 275 S262 850 LS155 351 LS379 65 
74173 60 8287 300 LS156 36) LS384 395 
74174 54 S288 210 LS157 26' 60385 250 
74175 55 S289 195 LS158 30 LS390 50 
74176 40 S301 00 60160 35 LS393 45 
74177 45 S470 325 LS161 35 LS395 125 
74178 80 5471 620 LS162 35 LS399 175 
74179 80 0472 1150 LS163 35 LS445 100 
74180 40 S475 825165164 40 60471 620 
74181 115 0571 620165165 

LS166 
55 LS490 200 

74182 60 65 LS541 120 

74LS 
6000 
6S01 
6002 
6303 

6504 
LS05 

LS168 

11 63170 
11 

L5173 

11 60174 
12 LS175 

12'65181 
13'1_5183 

74184 
74185 
74186 
74188 
74190 
74191 
74152 

90 
95 

470 
250 

48 
46 
46 

84 
75 
65 
50 
45 
95 

180 

LS640 
LS641 
68645 
LS668 
LS669 
LS670 
LS673 

180 
180 
180 
125 
120 
150 
550 
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SWITCHES 
TOGGLE: 2A, 250V. 
SPST 33p 
DPDT µp 
SUS -MIN TOGGLE 
SPST on/off 54p 
SPOT c/over 80p 
SPOT centre off 85p 
SPOT biased both 
ways 1069 
DPDT 6 tags 75p 
DPDT cantle off 88 
DPDT biased both 
ways 145p 
DPDT 3 positions 
onion/on 1135p 

3 -pole 2 way 205p 

SUDS 250V: 
DPDT to 14p 
DPDT 1Ac/off 15p 
DPDT 1/2A 13p 

PUSHBUTTON SA 
with tomm Button 
SPOT latching 98p 
DPDT latching 146p 
SPOT moment 99p 
DPDT moment 145p 

Mini Non Locking 
Push to Make 15p 
Push to Break 2Sp 

DIL SWITCHES 
(SPST) 4 way 70p; 6 way asp; 
8 way 90p; 10 way 146p. 
(SPOT) 4 way 150p. 

ROTARY SWITCHES: 
Adjustable Stop type) 
1 pole/2 to 12 way; 29/2 to 6 way: 
3 pole/2 to 4 way: 4p/2 to 3 way 45p 

ROTARY: Mains DP 250V 4 Amp 
on/off 569 

ROTARY: 1 Mak-a-switch 
1 

Make a multiway switch. Shafting as- 
sembly has adjustable stop. Accom- 
modates up to 6 wafers 
(max. 6pole/12 way DP switch). 
Mechanism only 90p 

WAFERS: (maker before break/ to fit 
the above switch mechanism. 
1 pole/12 way; 2 pole/6 way; 3 pole/4 
way; 4 pole/3 way; 6p/2 way 54p 
Mains DP 4A Switch to fit 45p 
Spacers 4p. Screen Sp 

ROCKER: SA/250V SPST 28P 
ROCKER: 10A/250V SPOT 389 
ROCKER: 10A/250V DPDT c/off 95p 
ROCKER: 10A/250V DPST with neon 

859 

VEROBOARD 0.1 in 
clad plain 

21,2.314' 73p 52p 
21. x 5" 53p 
3314. 33e. 83p 
33/4 x 5" 95p 79p 
33/4 . t7' 328p 211p 
43/4 x 17' 426p 
Pkt. of 100 pins SOp 
Spot face cutter 118p 
Pln insertion tool 162p 

VERO WIRING 
PEN - Spool 310p 
Spare Spool 75p 
Combs Sp 

FERRIC CHLORIDE 
1 lb bag Anhydrous 
195p + 50p P&P 

VO Board 
DIP Board 
Vero Strip 

175 
385 
144 

PROTO DECs 
Veroblock 375p 
S -Dec 350p 
Eurobreadboard 520p 
Bimboard 1 S75p 
Superstrip SS2 1350p 

DALO ETCH 
RESIST PEN 

Spare tip 90p 

IDC CONNECTORS 
PCB Pl.,Header 
with latch Socket 
Piro pine 
Stn Angle 

2 x 5 way 90p 99p 85p 
2 x8 way 130p 150p 110p 
2 x 10 way 145p 166p 125p 
2 x 13 way 175p 200p 150p 
2 x17 way 205p 236p 169p 
2 x20 way 220p 250p 190p 
2 x25 way 235p 270p 200p 
2 x 30 way 

PCB 
Pala 
Angl 

W 
Mp 
78p 
90p 

110p 
135p 
150p 
175p 
220p 

ULTRASONIC 
TRANSDUCER 
40KHz 325 pr 

COPPER CLAD BOARDS 
Fibre Single- Double- S.R. B.P. 
glass sided sided 9 5" * 8.5" 
6" x 6" 90p 1109 95p 
6" a 12" ISOp 195p 

ETI 
PROJECTS 

We stock 
mast of 
the parts 

JUMPER LEADS (Ribbon Cable Assembly/ 
Length 14 pin 16 pin 24 pin 40 pin 

Single ended DIP Jumper 
24 inches 145p 1115p 240p 380p 

Double ended DIP Jumper 
6 inches 186p 206p 300p 485p 

12 inches 198p 215p 315p 490p 
24 inches 210p 236p 346p 540p 
36 inches 230p 250 375p 595p 

OIL SOCKETS 
(TEXAS( Low 

Prof. 
Spin 8p 

14pin 10p 
16pin 10p 
113pin 16 
20pin 22p 
22pin 259 
24pin 25p 
28pin 28p 
40pin 30p 

Wir. 
Wrap 
25p 
35p 
42p 
52p 
60pp 

70p 
80p 
99p 

600E 
CONNECTORS: 
(Double type) 

.1 .155 
2x15 way - 140p 
2 x 18 way 180p 145p 
2x22 way 199p 200p 
2 x23 way 210p - 
2x25way 225p220p 
2x30 way 245p - 
2 x 36 way 296p -- 
2x40way 315p - 
2x43way 395p - 
2x75way 560p - 

EURO CONNECTORS 
DIN Socket Socket Plug 

Sot Angle Set 
4161731 

41612 
310p 195p 

A+B 
2x32 way 340p 
41612 
A+C 
2 x 32 way 356P 854 30íP 35op 
41612 
A+B+C 
3x32 way 420p 425p 370p 40íp 

Plug 
Angle 

345p 2969 3252 

PANEL 
METERS 
FSD 
60 x46 x35mm 
0-50yÁ 
0-100yÁ 
0-500pÁ 
0-1mA 
0-5mA 
0-10mA 
0-50mA 
0-100mA 
0-500mA 
0-1A 
0-2A 
0-25V 
0-50V AC 
0-300V AC 

496p each 

RELAYS 
Miniature, enclosed, PCB mount. 
Our RL6 series. 
S.P C.O. 
1316.91 1701! coil, 7V5 to 12V DC; 
380V/6A AC; 1300VA/50W 210p 
D.P.0-O. 
4311 coil, 4V2 -7V DC; 250V AC; 5A; 
1100VA/150W 218p 
RL6-111 17011 coil, 8V -14v; 250V AC 
SA 220p 
RIE -114 7400 coil, 17V5 -29V 250V 
SA AC. 222p 

AMPHENOL IEEE (24 way/ 678p 
PLUGS Canonic parallel (3e way) 6!'Áp 

ANTEX SOLDERING IRON Soldercon 
C -15W 450p CX17W 475p Pins 
CCN-15W499p CX25W 500p 100pms 
Spare tips, assorted sizes 66p 70p 
Spare Elements 210p 500 pins 
Iron stand with sponge 165p 325p- 

TRANSFORMERS: Prim. 240V 
6.0.6V; 9-0-9V; 12-0-12V 100mA 913p 
pcb mounting, Miniature, Split Bobbin 
3VA: 2x6V.0.25A; 209V -0.15A; 2x12V-0,12A; 
2x15V-0.1A 200p 
SVA: 2x6V-0.5A; 209V -0.3A; 2x12V-0.25A; 
2x15V-0,2A 270p 
Standard Split Bobbin type: 
SVA: 2x6V-0.5A; 209V -0.4A; 2x12V-0.3A; 
2x15V-0.25A 22Op 
12VA: 2x4.5V-1.3A; 2x6V-IA; 2x9V-0.6A; 
2x12V-0.5A; 2015V -0.4A; 2x20V-0.3A 

215p f3Bp p&pl 
24VA: 2x6V-1.5A; 2x9V-1.2A; 2x12V-1A; 
2015V -0.8A; 2x20V-0.8A : 330p (60p p&p) 
50VA: 2x6V-4A; 2x9V-2.5A; 2x12V-2A; 2015V - 
1.5A; 2x20V-1.2A; 2025V -1A; 2v411V-0 RA 

4409 (601/ p&PI 
100VA: 2x12V-4A; 2x15V-3A; 2z20V.2.5A; 
2x25V-2A; 2x30V-1.5A; 2x50V-1A 920p (75p 
p&p charge to be added over and above our 
normal postal charge). 

VOLTAGE REGULATORS 
+ve 

1A 103 Metal case 
rV 7805 145p 

7812 146p 
15V 7815 145p 
I 8 7818 146p 
IA 10220 Plastic 

casing 
5V 7805 40p 
12V 7812 40p 
15V 7815 40p 
18V 7818 40p 
24V 7824 409 

100mA 1092 
casin 

SV 8L05 
8V 78182 
8V 78182 
12V 78L12 
15V 781.15 

Plastic 

30p 
30p 
30p 
30p 

-ve 
7905 
7912 
7915 

7905 
7908 
7912 
7915 
7918 
7924 

79105 

79L12 
79115 

220p 
220p 
220p 

45p 
60p 
45p 
45p 
45p 
60p 

60p 

60p 
60p 

CA3085 
LM300H 
LM304H 
LM305H 
LM309K 
LM317K 
LM317KP 
LM317H 
LM323K 
LM325N 
LM326N 
134337 

95p 
1ßp 
170p 
140p 
135p 
350pí 

280p 
5009 

244 
2400 
175p 

LM723 359 
TAA550 Sop 
TBA625B 75p 
TOA1412 150p 
78H05 + 5V/5A 

7eHfr +5V io .825V 
SA 699p 
79HG-2.25v to 
24V SA 785p 

RIBBON CABLE 
MIPLUG _ 

Headers) 
Color 

Headersé 
12crGrey Col 

10 wa 1 

older IOC 

16 way 11ßp 329 16 pin 499 1059 
20 way 25P 40p 24 pin 811p 1ßp 
24 way 35p 50p 40 pin 250p 255p 
34 way 48p 60p 
40 way 56p 15p ZIP DIL SOCKETS 
50 way, 61íp 9íp 24 p'n 5759 
54 way 86p 110p 28 wit BZO 

40 pin Slip 

D CONNECTORS: Miniature 
9 way l 5way25way37way 

Plugs 
Solda 80p 110p 180p 250p 
Angle 160p 210p 250p 355p 
Pins 120p 130p 195p 296p 
Sockets 
Solder 110p 160p 2109 350p 
Angle 165p 215p 290p 440p 
Pins 150p 180p 240p 420p 
Covers 100p 95p 100p 110p 

25 way 'D' CONNECTOR 
Jumper Lead Cable Assembly 
18' long, Single end, Male 580p 
18" long, Single end, Female 67íp 
36" long, Double Ended, M/M 1025p 
36" long, Double Ended, F/F 1060p 
38" long, Double Ended, M/F 995p 

CMOS 
4000 1 

4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
40113 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4034 
4035 
4036 
4037 
4038 
4039 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 

12 

60 
15 

48 
24 
24 
11 
16 
25 
so 
50 
20 
38 
45 
26 
60 
50 
M 
16 
82 
16 
80 
24 
M 
40 
30 

125 
50 

125 
140 
65 

275 
110 
110 
290 

50 
60 
45 
50 
50 

105 
&50 
50 
40 

25 
45 

4052 60 
4053 50 
4054 M 
4055 85 
4056 86 
4057 1915 
4059 480 
4060 60 
4061 2296 
4082 995 
4063 85 
4066 30 
4067 245 
4068 16 
4069 15 
4070 15 
4071 15 
4072 15 
4073 15 

4075 
4076 
4077 
4078 
4081 
4082 
4085 
4086 
4909 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
4160 
4161 
4162 
4163 
4174 
4175 
4194 
4408 
4409 
4410 
4411 
4412 
4415 
4419 
4422 
4433 
4433 
4435 
4440 
4450 
4451 
4490 
4500 
4501 
4502 
4503 
4504 
4506 
4507 
4508 
4510 
4511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 
4520 
4521 
4522 
4526 
4527 
4528 
4529 
4530 
4531 
4532 
4534 
4536 
4538 

15 
46 
18 
18 
16 
16 
60 
52 

12s 

120 
76 
70 

280 
75 

110 
96 
W 
99 
Si 
99 

105 
106 
790 
790 
725 
875 
775 
490 
280 
770 
770 
770 
989 
989 
360 
360 
350 
975 
28 
80 
40 
75 
35 
35 

130 
µ 
45 
50 

199 
115 
116 
K 

275 
40 
30 
50 

110 
125 

70 
65 
70 

160 
so 

130 
70 

455 
275 
90 

4539 
4541 
4543 
45µ 
4649 
4553 
4554 
4555 
4556 
4557 
4558 
4560 
4561 
4562 
4566 
4568 
4569 
4572 
4580 
4581 
4582 
4583 
4584 
4585 
4597 
4598 
4599 
40085 
40097 
40098 
40100 
40101 
40102 
40103 
40104 
40105 
40106 
40107 
40108 
40109 
40110 
40114 
40161 
40163 
40174 
40175 
40181 
40182 
40192 
40193 
40194 
40195 
40257 
40244 
40245 
40373 
40374 

110 
140 

SO 

150 
375 

246 
190 

36 
35 

320 
120 
160 
104 
495 
166 
250 
175 
30 

460 
250 

99 
so 

99 
330 
290 
190 

90 

193 
216 
130 
140 
176 
96 

110 
48 
88 

100 
300 
240 
194 
86 
95 
76 

220 
90 
60 
68 
90 
72 

195 
195 
195 
240 
245 

OPTO 
154000 265 
OCP71 1m 
ORP12 96 
ORP61 86 
2N5777 45 

BARGRAPH 
3914 600 

OPTO ELEC- 
TRONICS 
LEDs with Clips 
TIL209 Red 11 
TIL211 Grn 14 
TIL212 Yel. 14 
101.220 .2" Red 12 
2" Green, Yellow or 
Amber 14 
0.2" Bi colour 
Red/Green 65p 
Green/Yellow 78p 
0.2° Tri colour 
Red/Green/Yellow 85p 
Square LEDs, Red, 
Green, Yellow 30 
Triangular LEDs 
Red 18 
Green or yellow 22 
L0271 Infra Red 46 
SFH205 Detector 91 
11132 Infra Red 58 
TIL78 Detector 80 
11138 46 
TI1100 80 
BARGRAPH. Red 10 
segments 225 

ISOLATORS 
1174 55 
ILD74 99 
11074 - 185 
TIL111/2/4 s0 
711117 125 
4N33 Photo 
Darlington 136 

7 Segment Dieplers 
71L30ì 675 
TIL312.3"CA 105 
TIL313 .3" CC 105 
T1L321 .5" CA 115 
111322 .5' CC 115 
01704.3' CC 99 
01707.3' CA 99 
DL747 .8" CA 180 
.8" Orange CA 250 
FND357 Red 120 
FND500 116 
.3' Green CA 150 
.6' Green CA 215 
.3't 1 Red CA 150 
3"+1 Green CA 150 
DVM176 1885 
LCD 3; Digits 525 
LCD 4 Digits 6'0 
LCD 6 Digits 750 
NEON with resir.or, 
push fit. 
250V mains. Round, 
Red or amber 30p 
Rectangular, nut giving 
Red, Amber, Green 30p 
01.139 170p 
Reflective Optical 
Switch 296p 

ZX81 18K 
RAM PACK 

Fully built & tested. Plugs 
straight into 2X81 Micro 

Only 
£17.35+ p&p 50p 

COMPUTER CORNER 
VtC 20 Micro Computer. Connects directly to a colour TV Still 
only £186 
VIC Cassette Deck including a free 6 programme Cassette £39 
EPSON MX8OT 10" Tractor Feed, 9 x 9 matrix, 80 column, 
Speed 80 cps, Bi-directional, Centronics interface, Baud rate 
110-9600 (RS232) £315 
EPSON MX8OFT Has Friction feed & Tractor feed plus all the 
MX80T's facilities £345 
MX8OFT2 Has High Resolution Graphics plus all the MX8OFT 
features. Still only £346 
MX100 132 Column plus all the features of MX8OFT2. Value for 
money £496 
SEIKOSHA GP100A Uni -hammer Printer, gives normal and dou- 
ble width characters as well as dot resoltuion graphics. 10" Trac- 
tor feed. Parallel Intface Standard £190 
VIDEO MONITOR 9", B&W, Attractively cased, Fully 
guaranteed. Value for money at f76 
SOFTY -2 As reviewed in PE Sept '81 by Dr A. A. Berk. The com- 
plete microprocessor development system for Engineers and 
beginners alike. New powerful instructions. Accepts any 24 pin 5V 
single rail EPROM. Supplied fully built. tested. Enclosed in a black 
ABS case. Plug-in power supply included £169 
TEX EPROM ERASER Erases up to 32 ICs in 15-30 minutes 133 
SPARE 'UV' Lamb bulb £9 
5V /5A Power Supply Ready -built & tested f25 
ABS CASE Attractive, Beige/Brown for Superboard, UK101 
NASCOM, or HOme brew (please state) f"26 
Stack -Pak Drawers including 10 x C12 Cassettes 550p 
C12 CASSETTES in library cases 40p 

(p&p on most of the above items is extra) 

WATFORD'S UNIVERSAL MICRO 
EXPANSION SYSTEM 

Designed by Watford Electronics, this extremely versatile and economical 
Expansion System as published in E.T.I., starting from December 1981 issue, offers 
a low cost flexible expansion system for: ZX81, UK101, SUPERBOARD, Acorn 
ATOM, PET, TANGERINE, TRS80, VIC 20, etc. 
The Motherboard !interfaces with the Computer) has capability to accept up to five 
daughter Cards and can be paralleled for even more daughter cards. 
All PC Boards are of Computer grade and are supplied in Kit form. 
Just look at the Expansion possibilities: 
MOTHERBOARD: Accepts up to five Daughter Cards. Full Kit' £36.60 
SOUND CARD - Utilising up to three AY -310 sound chips. (One supplied with 
Kitl. Full Kit- }24.96 
PIO Card - Using two 6520 PIA chips, this Board offers centronics parallel printer 
driver. digital to analogue convener & a host of other output facilities. Full Kit: £1693 
PROM Programmer - This simple but extremely useful card can blow 2716 or 2732 
single rail EPROMS. Full Kit: T25.95 
PROM Card - P.C.B. cards far housing four 2716 or two 2732 EPROMS. 
For4 x 2716 Full Kit: 311.96 
For 2 x 2732 Full Kit: 311.75 
RAM Card - BK RAM card. Accepts 16 x 2114 chips. Supplied fully populated. 
Full Kit: £28.50 
Coming soon: Speech Card, Disc Interface Card; 32K Dynamic RAM Card, High 
Resolution colour graphics Card. 
(N.8. PCBs may be bought separately) 

CRYSTALS 
32.768KHz 100 
100KHz 350 
200KHz 296 
455KH 370 
1MHz 296 
1.008M 275 
1.28MHz 392 
1.6MHz 395 
1.BNHz 395 
1,8432M 200 
2.0MHz 225 
2.4576M 220 
3278M 150 
3.5794M 9a 
3.6864M 300 
4.0MHz 150 
4.032MHz 290 
4.80MHz WO 
4.194304M 200 
4.433619M 120 
5.0MHz 190 
5.185MHz 300 
5.24288M 390 
6.144MHz 225 
6.5536MHz 226 
7.168MHz 250 
7.68MHz 200 
8.OMHz 160 
8.86723M 176 
9.00MHz 180 
10.0MHz 175 
10.24MHz 200 
10.7 160 
12.0NHz 200 
14.31814M 170 
18.0MHz 290 
18.0MHz 1130 

18.432M 150 
19.968MHz 150 
24.OMHz 170 
261.69M 160 
27.648M 170 
27.145M 190 
38.66667M 175 
48.0MHz 170 
100.0MHz 286 
116.0MHz 260 

'WNEMON' 
WATFORD'S 
Ultimate Monitor IC 

A 4K Monitor chip specially designed 
to produce the beat from your, Super - 
board Series I & II, Enhanced Super 
board & UK 101. As reviewed by Dr A. 
A. Berk in Practical Electronics, June 
1981. 
Price only f12+509 P&P 

P1E20 TRANSDUCERS 

Type PB -2720 

BUZZERS, miniature, solid-state 
6V;9V&12V 70p 

LOUDSPEAKERS 
Miniature, 0.3W: 011. 
2ìn, 3'A in, 2'h in, 3in 
21/tin 4011. 6411 or 8011 

ASTEC UHF MODULATORS 
Standard6MHz 290p 
Widebard 8MHz 425p 

BBC MICRO 
UPGRADE 

(Our BBC Miao Upgrade Kits will 
youtsss...) 

16K Memory 18 x 4186API 
Printer User I/O Port Kit 
SK10 with 36' Cable 
Complete Printer Cable 36' 
SK9 with 36" Cable 
Disc Interlace Kit 
Analogue I/O Kit 
Serial I/O Kit 
Expansion Bus Kit 
SK11 with Cable36" 
SK12 with Cable 36' 
5 pin DIN Socket 

[18 
£8.20 

f2 
E13 
E3 

E41 
E6.75 
£7.50 
[6.50 

f3 
E3.75 
f0.40 

WATFORD'S BOOKSHOP CORNER 
Texas TTL Data Book (Revised Edition) 935 
TTL Cook -Book 
European CMOS DataBook (Comprehensive) 
CMOS Cook -Book 
Illustrating BASIC 
A Bit of BASIC 
Advanced BASIC 
BASIC Computer Games 
More BASIC Computer Games 
Some Common BASIC Programs 
Practical BASICAL Programs 
6502 Software Design 
6502 Application Book 
Programming the 6502 IC202) 
Programming & Interfacing the 6502 
6502 Assembly Language Programming 
6809 Assembly Language Programming 
Practical Intro to PASCAL 
Using CP/M: A self teaching guide 
280 Microcomputer Handbook 
8080/280 Assembly Lang. Techniques 
Programming the Z80 1C2801 
280 Assembly Language Programming 
Intro to TRS-80 Graphics 
TRS80 BASIC -A self teaching guide 
PET & the IEEE 488 Bus ( GPI B I 
PET Graphics 
PET/CBM Personal Computer Guide 
PET Revealed 
32 BASIC Programs for the PET Computer 
Library of PET Subroutines 
Apple II Users' Guide 
Programming in PASCAL (revised{ 
CRT Controller Handbook 
CP/M Handbook with MP/M 
Microprocessor Interfacing Technique 
5100 & Other Micro Buses 3E 
Writing Interactive Compiler 
Getting Acquainted with your 2X81 
Mastering Machine Code on your ZX81 
2X81 Companion 
2X81 Pocket Book 
VIC Revealed 
Getting Acquainted with your ACORN ATOM 

Please add 55p P&P charge on books 
No VAT on books 

930 
950 

1050 
440 
540 
840 
620 
620 

1150 
1250 

910 
1020 
1100 
1240 
1300 
1350 

550 
950 
840 
925 

1250 
1300 
840 
840 

1350 
1200 
1200 
1000 
1350 
1000 
1250 

900 
650 

1200 
1350 

750 
750 
500 
600 
800 
650 

1000 
800 

CUSTOMER: How can WATFORD sell full spec 
devices so cheaply? 
WATFORD: It's simple. By bulk buying (direct from 
manufacturers where possible), low overheads and 
smaller margins which give us an edge over our 
competitors. 
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c": COMPUTER WAREHOUSE 
BULK RAM SCOOP 

BUY 
SPECIALS 

in>4116 200 NS 8 for £12.95 
4164 200 NS £8.50 wach 

2102-650 NS 8 for f5.50 

INC VAT 

TELETYPE ASR33 
I/O TERMINALS 

Orr ioe 

From £195 CAR 
VAT 

Fully fledged industry standard ASR33 data ter- 
minal. Many features including: ASCII keyboard 
and printer for data I/O, auto data detect circuitry, 
RS232 serial interface, 110 baud. 8 bit paper tape 
punch and reader for off line data preparation and 
ridiculously cheap and reliable data storage. Sup. 
plied in good condition and in working order 
Options: Floor stand £12.50 + VAT 

KSR33 With 20ma loop interface £125.00 + VAT. 

Sound proof enclosure £25.00 + VAT 

DIABLO S30 DISK DRIVES 
Another shipment allows us to offer you 
even greater savings on this superb 2.5 MB 
(formatted) hard disk drive. Two types ere 
available both fully refurbished and 
electronically identical, the only difference 
is the convenience of changing the disk 
pecks. 
S30 front loader, pact change via front 
door £550 + vat 
S30 fixeda pack change via removal of top 
cover £295 + vat 
+& - 15v PSU for 2 drives £125 + vat 
Carriage Et insurance on drives Cl 5.00 + vat fully 
DEC RK05. NOVA TEXAScompatable further Infoon 
controllers etc on request. 

MAINS FILTERS 
Professional type mains filters as used by "Main Frame 
Manufacturers" deal for curing those unnerving hang ups 
and data ghtches, tit one now and cure your problems! 
Suppression Devices SD5 Al0 5 amp £6.95 
Corcom Inc F1900 30 amp £13.95 + pp £1.00 

CONNECTORS 
50+ 

25p 1.70 1.10 
255 1.90 1.20. 

ALL + VAT 

1D0+ 
0.95 
1.00 

"OLIVETTI TE300" 
PRINTER/TERMINALS 

A complete I/O terminal with integral 8 hole 
paper tape punch and reader, full ASCII 
keyboard, 120 column printer, and control 
unit. The printer is capable of 150 baud with a 
serial TTL or balanced input-output sold in 
good overall condition but untested. Complete 
with circuit unguaranteed. Connect direct to 
your micro at ONLY£99.00 + £1 1.50 carr+ 
vat 

WIRE WRAP SKTS. 
24 Pin Voro 28p 
14 Pin Gold 22p 

16 Pin Gold 24p 

188 PCS Min Ord. 

NOW OPEN 
MONDAY -SATURDAY 

9.30 5.30 

C10 
DATA CASSETTES 

10 for £5.75 
lee. VAT 

MPU 
EXPERIMENTORS 
t5v+ 1 2v-1 2v.24v 

POWER SUPPLY 
Orce again we an wry pleased to offer this superb Power 

Supply Unit arel hope to satisfy mart of our previous 

customers who were disappoenbd when we sold caddie to 

demand lasttime they were advertised!!! These unto may pst 
have well been made for your lab., they consist of a semi- 

endosed chassis measuring 160mm a 120mm x 350mm 
containing all silicon deceaics to give the follow g fully 

regulated and short circuit prod outputs of 
+5v .;m 2 amps DC +12v@ 800maDC 
-12v @ 800 ma DC + 24v @ 350 ma DC 

and if that's oet enough ahrlyfoatng5v ougrut @ 50 ma DC 

which may be sedesed to give a host of other voltages. Al 
outputs are brought out to the heat panel via miniature jade 

sorkels and are also duplicated al we rear on short flying 

leads. Units accept standard 240e mans input They am 

ex GPO and may have noon scratches on de from panels, 

they am sold untested but in goad internal condition 

£16.50 each + £2.50 p+p complete wide cicdt 
and component list Transformer guaranteed. HURRY 
WHILE STOCKS LAST!! 

THE PRINTER SCOOP OF THE YEAR 
THE LOGABAX ZOO MICROPROCESSOR CONTROLLED 

LX180L MATRIX PRINTER 
A massive bulk purchase enables us to offer you this 

superb professional printer at a fraction of its recent 
cost of over E2000. Utilising the very latest in 

microprocessor technology, it features a host of 
facilities with all electronics on one plug in P.C.B. Just 
study the specification and you will instantly realise it 
meets all the requirements of the most exacting 

professional or hobbyist user. 
STANDARD FUNCTIONS * Fut ASCII character set * Standard 

ink ribbon * RS232/V24 serial interface -7 xtal controlled baud rates up 
to 9600 * 194 characters per line * Parallel interface *Handshakes on serial and parallel 

ports *4 Type fonts, italic script, double width, italic large, standard * Internal buffer * Internal self test * 170 CPS * Variable paper tractor up to t7.5" wide * Solid steel 
construction * All software in 2709 eproms easily reconfigured for custom fonts etc. 

All this and more, not refurbished but BRAND NEW At Only £525 +VAT 

OPTIONAL EXTRAS ̀ lowercase option £25.00.16k buffer£30.00 Second tractor for 
simultaeous dual forms £65.00 Floor stand £45.00 specialist carriage £19.00 All 
items plus VAT data sheet on request. 

DC SYSTEM SUPPLY FLOPPY DISK DRIVES 
Pro essional fully cased fan cooled system supply. 
Standard 240 V ac input with the following DC outputs 
SV@ 11 amps+15-17v@amps,15.17v@8amps 
and +24v @ 4 amps. All outputs are fully crowbar 
protected and the 5 volt output is fully regulated. Sold 
tested and in a new or little used condition complete 
with circuit £55.00 + carr£8.50+vat DIM 15.5' x9" x 6' 

NATIONAL MA1012 LED 
CLOCK MODULE 

* 12 HOUR 
*ALARM 
*50/60 HZ 
The same module as used in most ALARM/CLOCK 
radios today, the only difference is our price! All 
electronics am mounted on a PCB measuring only 
3" x 11" and by addition of a few switches and 5/16 
volts AC you have a multi function alarm clock at a 

fraction of cost. Other features include snooze 
timer, am pen, alarm set power fail indicator, flash- 
ing seconds cursor, modulated alarm output etc. 
Supplied brand new with full data only 
Suitable transformer £1.75. f5.25 

E I E ('TRONI(' 
COMPONE N T S 

tL EOl1IPMENT 66% 
DISC1,)LJNT 

Due to our massive bulk purchasing programme 
which enables us to bring you the best possible 
bargains, we have thousands of 1.C. s, Transistors, 
Relays, Cap's., P.C,B.'s, Sub -assemblies, Switches, 
etc. etc. surplus to our requirements. Because we 
don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the"BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway prices! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include something from our ads. 
for unbeatable value!! Sold by weight 

2.5k18 f 4.75+pp f125 Skis f 6.75+pp f1,80 
101ás £11.75+pp £2,25 2ek16 £19.99+pp £4.75 

Unbelievable value the DRE 7100 b 7200 8" disk 
drives utilise the finest technology to give you 100% 
bus compatabitity with most drives available today, the 
only difference being our PRICE and the superb 
manufacturing quality. The 7100 single sided Et 
7200 double sided driveaccept hard or soft sectoring. 
IBM or ANSI standard giving a massive 0.8 MB 
(7100) B 1.6 MB (7200) of storage. Absolutely 
SHUGART. BASF. SIEMENS etc compatable 
Supplied BRAND NEW with user manual and 90 day warranty. 
7100 single sided £225.00 + 9.50 Carr+ vat 
7200 double sided £295.00 +9.50 care+vat 
full technical manual £20.00 alone £9.00 with drive, refund of difference on purchase of drive. 
Data sheet on request 
SPECIAL new, KODE PSU, drives 2 DRE drives £39.99+cart+vat 
8" single sided, single or double density diskettes £1.80 each £1 5.00 for 10 inc. lib case + vat 

COOLING FAN SP AL 
cep your equipment 000 a r: I :: a with our range of professional fans 

ETRI99XU01 Miniatureequipmentfan 240 vac working DIM 92 x92 x25 mm BRAND NEW 
complete with finger guard. Makeks price £18 our price £10.25 
BUHLER89.11.22 micro miniature 8-1 6 v DC reversible fan Measures only 62 x 62 x 22 mm. 
Uses a brushless DC servo motor, almost silent running ideal portable equipment life in excess of 
10.000 hours. BRAND NEW manufacturers price £32.00 our price £13.95 
MUFFIN/CENTAUR cooling fans, tested ex equipment 240v £6.50, 115v £5.60 + php 
£1.90 
KOOL TRONICS Powerful snail type blower gives massive air movement with centrifugal rotor 
DIM as a cube 8" x8" x 6" air aperture 2.5" x2.5" with flange fixing. BRAND NEW 110v 50 Hz 
ac working ONLY £9.95 +£1.90 

a 

ELECTRONICS 
Dept E.T.I., 64-66 Melted Rd., Thornton Heath, MAIL ORDER 
Croydon, Surrey. Tel: 01-689 7702 or 01-689 5800 INFORMATION 
Unless otherwise stated all prices inclusive of V.A.T. Cash with order. Minimum 
order value £2.00 Prices and Postage quoted for UK only. Where post and 
packing not indicated please add 80p per order. Bona Fide account orders 
minimum £20.00. Export and trade enquiries Welcome. Orders despatched 
same day where possible. 3% surcharge on Access and Barclaycard orders. 

50f2 SOC PLG 50p 

7511 SNC PLG 50p 

P1259 PLG 40p 
S0239 SKT 35p 

100 PCS MIN ORD. 

HIGH SPEED 
DATA MODEMS 

A superb pace of enginexing made by SE Labs the too 
"no cost spared" spec for fa GPo, de Modem 12 o a 

synchronous Modem for use or tATEL 2412 seniws, 

other data irks. Marry features include switchabh V26 

modulation, 2400 hand iW ducks 600/1200 standby. 

auto answer, 4 wise or 2 wee operation. Sell test LEI 

status indi ases, CMOS archeology, modeler construction 

argelal cost over £700 each. Believed brand new, 

suppled complete with PSU etc. 

£185,00 + £9.50 carnage + VAT. 

`Permission may he required for connection to PO lees. 

DISTEL O 
"Dial our Database!" 
Get information on 1000's of stock 
Rems and order via you r computer. 300 
baud on 01-689 6800 
18.30 to 0900 6 days a week and all 
day Sundays ITS FREE! 

SOFTY £t2 
EPROM BLOWER 

Software development system invaluable tool for designers, 
hobbyists, etc. Enables open heart surgery on 2716, 2708 etc 
Blows. copies, reads EPROMS oremulates EPROM/ROM/RAM 
in situ whilst displaying contents on domestic TV receiver. Man 
other features. £115 + cart. + VAT. Optional 2716, 2716 

Fgncdon Card £40 +VAT. PSU £20 + £1.56 corr. + VAT. 
Softy 21or 2716/2732 £169+VAT 

Write of phone for more details 

9fe VIDEO 
MONITORS 

Ex -equipment 9" Motorola Video Monitors 75£2 composite 
input, tested but unguaranted. £39.99 +£7.50 carnage 
+ VAT. Complete with circuit 

SEMICONDUCTOR 
'GRAB BAGS' 

SUM Semis enlacing value contents include traminors, digital, linear, 
triecs, diode, bridge reps., etc. etc. All devices guaranteed bread new full spec 
with menulacwrer a markings, fully guaranteed. 50+ by Q.15 100. bag MIS 
TTL 74 Series 
A gigantic purchase of on "Wan the board" rouge of 74 TT ores i.C.a 
enables us to offer 100+ mixed "muetly TTL" grab bps at a price which two or 
throe chips in the bag mould normally cost to buy. 
Fully guaranteed at I C.', full spa. 100. MJO 200. L12.30 300. E1t.50 

RCnFULLY CASED 
ASCII CODED 

KEYBOARDS 
IDEAL - 
TANGERINE. 

OHIO ETC, 

Streight from the U.S.A. made by the world famous R.C.A. Co., the 
VP600 Series of cased freestanding keyboards meet all require- 
ments of the most exacting user, right down to the price! 
Utilising the latest in switch technology. Guaranteed in excess of 
5 million operations. The keyboard has a host of other features 
including full ASCII 128 character set, user definable keys, 
upper/lower case, rollover protection, single 5V rate, keyboard 
impervious to liquids and dust, TTL or CMOS outputs, even an 
onboard tone generator for keypress feedback, and a 1 year full 
R.C.A. backed guarantee. 

VP601 7 bit fully coded output with delayed 
f43 95 strobe, etc. 

VP611 Same as VP601 with numeric pad. £54.95 
VP606 Serial, RS232, 20MA and TTL output, with 
6 selectable Baud Rates. £64.26 
VP616 Same as VP606, with numeric pad, £84.34 
Plug and cable for VP601, VP611 £2.25 
Plug for VP606, VP616 E2.10 

Post, Packing and Insurance. 

ORDER NOW OR SEND FOR DETAILS. 
£1.95 

5v D.C. POWER SUPPLIES 
o owing the recent "SELL OUT" demand for our 5v 

3 amp P. S. U. we have managed to secure a large quan- 
tity of ex -computer systems P. S.U. 's with the following 
spec.; 240 or 110v A.C. input. Outputs of 5v @ 3-4 
amps, 7.2v @ 3 amps and 6.5v @ 1 amp. The 5v and 
7.2v outputs are fully regulated and adjustable with 
variable current limiting on the 5v supply. Unit is self 
contained on a P.C.B. measuring only 12- x 5- x 3". 
The 7.2v output is ideal for feeding "on board" regu- 
lators or a further 3 amp LM323K regulator to give an 
effective 5v @ 7 amp supply. 
Supplied complete with circuit at only £10.95+fi.75pp. 
Believed working but untested, unguaranteed. 
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ATARI 
T.V. 

GAME 
THE GAME WITH 50 CARTRIDGES 

R. R. P. 1129.95 (inc. VAT) 

OUR PRICE 

£78.22+ VAT 
t= 1'89.95 inc. VATI 

The Atari is supplied with a free mains adaptor, a pair 
of paddles, a pair of joysticks and a combat cartridge 
and is the most popular television game on the market 
and has a range of over 40 different cartridges In 

addition to the standard Atari range we also now 
stock the new Activision cartridges which are 

currently on special offer reduced from £1895 to 

£16.95 inc. VAT 

ATARI CARTRIDGES 
We now have several special offers on Atari 

cartridges including several at half price. We 

also have all of the new cartridge releases 

including Pac-Man and Haunted House. 

Free Atari 32 page catalogue 
We have just released the Silica Shop 32 page 

Atari catalogue covering the complete range 

of cartridges currently available for the Atari 

video game. For a free copy telephone 01 301 

1111 

ATARI OWNERS CLUB - Why not join our FREE Silica Atari Owners Club 
and receive our bi -monthly newsletter with special offers and details of the 
latest new cartridge rei . Telephone us with your name and address and 

we will add your name to our computer mailing list. 

T.V. GAME CARTRIDGES 
We specialise le the whole range of T V games and sell cartridges for the lollowmg games 

ATARI * MATTEL * ACETRONIC * PHILIPS * DATABASE * ROWTRON * INTERTON * TILING 
Lei us know if you own any of these games and we will let you have details of the range of 

cartridges available. 
Attention INTERTON & ACETRONIC owners we have over 75 assorted used cartridges in stock all 

with 1 year guarantee - SPECIAL OFFER £8.95 each 

We also have a number of secondhand ames and certrid res. 

or) .* 
Ai Q - - - --- - - - - - 

ELECTRONIC CHESS 

ELECTRONIC 
GAMES 

MA 

is- 

INTELLIVISION 
THE ULTIMATE T.V. GAME 

R.R.P £229.95 (inc. VAT) 

OUR PRICE 

£129.95 +VAT 
)E149.44 inc. VATI 

6 NEW CARTRIDGES JUST RELEASED 
ASTROSMASH * SNAFU * BOWLING 

SPACE ARMADA * BOXING 
TRIPLE ACTION 

All 19 current cartridges o the six new 
ones above now retail at C19 95 - Silica 

special offer price £17.95 inc VAT 

The Mattel Intellivisron is the most advanced T.V. game in the world with a range of over 25 

ifferent cartridges all at our special offer price of 117 95 This game uses a 16 -bit 
microprocessor giving 16 colours and three-part harmony sound. The picture quality is incredible 
with 3D effects and realistic animation An add on keyboard will be available in the Spring 1982 to 

onvert the Mattel into a full home computer with 16X RAM which will be fully expandable and 
rogrammable in Microsoft BasIc. Other accessories will be added later in the vear The normal 
rice of the Intellivision + free soccer cartridge is C229.95 but our special offer price is 1149.44 inc. VAT say. 

Mg you E70.00. 

ATTEL OWNERS CLUB - Why not join our Mattel Owners Club and recive our 
regular newsletters containing details of all the latest cartridge releases. Telephone us 
with your name and addresses and we will add your name to our computer mailing list. 

FREE 16 PAGE CARTRIDGE CATALOGUE - If you are interested in owning a 

Mattel, we now have available a 16 page catalogue describing the latest six cartridges 
to be released, as well as a new Mattel colour leaflet with brief descriptions of all 25 
cartridges. Telephone us for further details. 

:®`. I 

HAND-HELD GAMES 

EARTH INVADERS 
These invaders are a breed of creature hitherto unknown to man They 
cannot be killed by traditional methods - they must be buried The battle is 

conducted in a maze where squads of aliens chase home troops The only 
way of eliminating them is by digging holes and buryingthem 

R.R.P. E26.95 NOW £18.95 inc. VAT 

Liquid crystal battery chess NOW 1'5 OFF 
computer with 100-200 his lane 12495 
battery life and two levels of play. SALE PRICE 
Comes with separate chess 

£19.95 hoard and pieces 

GRADUATE CHESSIin` 
VATI 

A de luxe version of the NOW 
electronic chess set with integral £29 95 chess board. The ideal portable 
chess set - see illustration. INC VAT 

FIDELITY MINI -SENSORY CHESS COMPUTER 
The very first chess computer of as price to offer a portable computer with integral sensory board. 
Battery 16-8 hrsl or mains operated This is a modular game and additional plug-in modules are 
planned for 1982 for advanced chess, popular openings, greatest master games, draughts and 
reversi 

MINI -SENSORY COMPUTE 
STANDARD CHESS MODULE 

INC 
£54.50 NOW £4995 VAT 

Silice Shop are one of the country's leading specialists in Chess Compulsas andnow stock orange of more 
than 20 Chess Compulsas. including Challenger 7/ 10/voice, Sensory S end Sensory Verve, Diplomat. 

System 3, Morphy. Great Game Machine. Voice Champion, and the new Seicys Mark V 

0 
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PAC MAN 2 
Pac Man 2 is based on the latest pub game 11 is a two-colour game 
of strategy, tactical pursuit and destruction petting Pac Man against 
the large Ghosts The object of the game is for Pac Man to attain as 
high a score as possible by capturing and destroying Ghosts. Bugs 
and Energizers without being himself destroyed by the Ghosts Pac 
Man 2 incorporates the most modern and complex status displays 
ever produced and is now on release for the first en the UK offering 
an ideal present 

C 
R.R.P. £34.95 NOW £24.95 inc. VAT 

SPACE INVADERS 
Based on one of the most popular arcade games. Space levaderry packs in lots of 

action with mutti-shaped, brilliant LED vessels, ,ncrudrng attack soaps bombs 

defenders, missile rockets and a beam force cannon plus exciting electronic sound 

effects The attack ships attempt to bomb the ground defenders as they are moving 

You manoeuvre the missile rockel5 - avoiding alien bombs and destroy the 

invader force as quickly as you can Progressive degree of ddficuity Includes 

automatic digital scoring For ages 6 to adult 

C 
R.R.P. £24.95 NOW £16.95 inc. VAT 

`Si\ 
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OLOUR 
CARTRIDGE 
T.V. GAME 

.t' Seim Programmable T V game 4 cartridges 
roams orme. 

NO W[n P350 OFF 
f]3 

SALE PRICE £29.50 mu vati 

BACKGAMMON 
COMPUTER 
Sauce stock a se. range of 
Backgammon `peters 
from f28 95 
Special offers now avail.. 

on Gammonmaster. 

NOW £48.95 inc VAT 

- THE AFFORDABLE ANSWER 
The Post Office certified telephone answering machine 

"Sorry darling, I will be late home- LoveJohn" 

The Call Jotter I brings the affordable 
answer at the amazing price of £69 for 
£99 for the Call Jotter 2 with built-in 
remote recall facilitiesl. These amazing 
telephone answering machines are Post 
Office certified and guaranteed for one 
year They make a thoughtful gift for 
home or business use 

Call Jolter 3 illusv NOW £6900ared inc VAT 

. O1k 

ADD-ON 

ADAPTOR 

AYR 

TELETEXT 
Plug the adaptor ono the 
aerial socket of your colour 
Tv end receive rim 
EFAN and ORACLE 

television mlormeoun 

trltS NEW MODEL 
INCORPORATES 
Double height 

h 

a ractér 
facility 'True PAL Colour 
'Merle latest BBC b IBA 

WAS 1199 me VAT 
bruadrasi sorcticagons 

SALE PRICE [159 THIS 
CONTROL 

inc VAT 

FOR FREE BROCHURES -TEL: 01-301 1111 

MAiN qoAn 

10FOOt5Cgn 
gFFt 

Noté The roe ofN 
P S.ecord _e N.4n Snr,ee, 

e erire 

For Iree illusrcaled brochure and re ragne e games, please 
address 01-3011111 Free delivery service available To order by telephone please quote address 

end ACCESSuBARCLAYCARD number, and leave the rest to us, Post and packing Free of Charge. 
Express 48 hour delivery service available. 

CALLERS WELCOME Demonstrations daay at our Srdcpp shop open from cam ópm 
Monday Saturday l Early Closing pm. Lao riday Opening F apml. 

are 2 YEAR GUARANTEE At goods are covered by a lull year's guarantee and many are further 
vend by our exclusive Seeca Shop 2 year Guarantee. 

MONEY BACK UNDERTAKING II you are unsatisfied with your purchase and return a neaten 

]days we will give you a full refund. 
AFTER SALES SERVICE e on all mhi acnes out of guarantee 
COMPETITIVE PRICES Wec are never knowingly undersold 
HELPFUL ADVICE Available on the suitability of each rue birie 
CREDIT FACILITIES Full credit facilities available over 12, 20 or 36 months at competrwe 
rates of Interest 
PART EXCHANGE SCHEME Available second handmacmnes 
CREDIT CARDS WELCOME Access, Barclaycard, Diners Club, American Express. 

SILICA SHOP LIMITED ETI0882 
1-4 The Mews, Hatherley Road, Sidcup. Kent DA14 4DX 

Telephone 01-301 1111 or 01-309 1111 
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CRICKLE WOOD ELECTRONICS LTD. 
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. Tel: 01-452 0161 

SUPERIOR QUALITY CARBON 
FILM RESISTORS, HI STAB 

LOW NOISE 
%W 1052 iM52 5% E24 2R 
hW 1012 10MS25%E24 3p 
1W IOSt 10M115% 612 b 
2W 2W 1032-10MS! 5% E12 16p 

Varoboard0.1" 
Copper 

2.5 o 
5 p 

3.75 r 3.75 p 
.75 v 5 p 934 

2:15,', 25 17 2,50p' r Grade One 
Glase PCB 

Single S'dad 
175 r 240mm 

95p 420' 195mm 
139P 

202714 12p¡2143900 
252848 60 
202875 2,26 
202890 1.10 
2142891 2,28 
282892 3,00 
2N2904A 27p 
252905 28p 
2N2905A 29p 
202906 25p 
2N2906A 30p 
2142%7 25p 
2029074 26 P 
202920 3,47 
202923 25p 
202924 15p 
202925 15p 
202926 10p 
2N3010 754 
203011 25p j 253019 504 
203053 274 

1253054 
56p 

253055CS4 60p 

203107 d8 vp 
253108 42p 
203109 48p 
253232 1.50 
253250 36p 
203251 36v 
203300 60 P 
2N33g1 880 
203302 80p 
2N3390 38P 
2N3391 30D 

2033914 34p 
2N3392 27 
2N2393 24p 
203394 20p 
263395 260 
203396 26p 
203397 27p 
203402 35p 
253403 60p 
253404 50p 
2N3405 59P 
203416 24p 
203477 23p 

203120 2.50 
2N3939 98p 
253440 80p1 
2N3441 1.25 
203442 1.35 
2N3442MOT2.40 
203444 1.70 
2143045 2143445 4.80 
253446 6.09 
2143447 5.72 
2N34g8 8.56 

,,2N3488 1.00 
1.06 

2613553 2.30 
253563 20p 
203564 25p 
2N3565 20p 
203566 60p 
2N3567 56p 
203568 504 
2N3569 60pP 
203570 2.54 

1203571 2.19 
.2N3572 2.06 
' 203584 2.76 
2143585 2.99 

12N3605 360 

Í2N3fi00 
28p 

263607 200 
2N3632 9.88 
253638 354 
1N3638A 37p 
283639 36p 
2N3591 39v 

d 

p2N3642 26p 
2N3643 15p 
2N3644 28p 
203645 33p 
253645 28p 
253662 15p 
203663 16p 
253691 18p 
2N3692 204 
203693 25p 
283694 30p 

10p 
2N3iO3 lOp 

253 
20305 10p 

203706 10p 

253708 184 
263709 1 

2N3770 18 
203711 lOp 
2N3112 2.00 
203713 2.86 
203714 2.98 
203715 3.31 
2N3716 3.60 
253724 759 
263725 96P 
2N3730 
2.3732 2.B8 
2'03730 1.30 

2N3725 2.45 
253738 2.00 

263740 2.38 
203741 2.76 
2N3768 2.90 

253]71 1.75 
203772 1.83 
253773 2.55 
203779 1.70 
2N3789 3.27 2.73p 
2N3791 2.47 
2,3792 2.88 
2N3794 25p 
203819 210 
203820 02s35 
203821 

1.70 
203826 780 

78p 
253854 44 
253855 30p 
2538554 40p 

2N3856 
3203856 1p 

2N3859A 31p4 
2N3860 31p 

2N38 7A 
3BUp5D, 

25p 
2N3901 

2N3902 t 
203903 15p 
2N3904 15p 
2N3905 15p 

i 203906 15p 
203945 BSp 
2N3%2 302 

' 253964 lA2 
2144030 86p 
204031 55p 
204032 BSR 
254036 58p 
204037 43p 
204058 lop 
254009 17p 
204060 12p 
204061 10p 
2N4061 10p 
2N4064 1.50 
204069 1,00 
254074 75p 
204092 98p 
264093 1,20 
2144121 /S 
254122 05p 
204123 21p 
204124 36p 
204125 374 
264126 274 
254220 1.7T 
254221 3.95 
2N4222 3.85 
1N4213 3.% 
2N4224 3.%AD149 
2514230 1.30 
284236 
254237 1,27 
254238 954 
204239 1.00 
254240 3,00 
254248 15p 
204249 17p 
254250 17p 
254258 750 
2N4266 45p 
204175 /ßp 
254284 32p 
254285 954 
204287 15p 
254288 22p 
254289 

Ì 
22P 

2N42% 15p:' 
254291 15p, 
254292 152 
2144294 /5p. 
204297 2.50Ì 
254302 39p 
2N4303 {04 
254304 41v 
2N4314 BOp 

2N43Á7 
2 

226 
254351 1.16 
2N4a00 16p 
204401 27p 
254402 300 

309 
254409 36 
204410 02p 
2,4427 1,87 
254440 12.5830p 
704870 80p 
204871 56p 
]N1868 92P 
2N4898 1.71 
2144901 3.26 
254902 3.52 
254903 3.24 
2N4904 2.75 
254905 3.25. 
2N4908 3.{2 
201907 3.20 

'; ZN4%B 3.70 
254909 2.90 
2N4910 1.% 
2514913 2.59 
2N4914 2.89 
254915 2.95 
254916 48P 
254917 47p 
204918 86p 
204919 1.28 
254920 1.30 
254921 1.09' 
2N4922 1.29i 
254923 1.34 
254924 92p_ 

254927 964 
2N4928 1.59 
2N4964 VP40309 
2N4965 26 P 
254966 25p 
204%7 250 
254988 25p 
254969 31p 
2N5010 8.50 
205011 8.37.. 
205030 440. 
IN5033 481s, 
255035 1.80 
205036 1.96 
255039 3.90 

255088 36p 
, 255087 3 

205088 37p 
255089 37p4i 

205127 3ßp; 
205128 3 Bp' 
255129 7 1 
2N5I30 3 p 
2N5131 22p, 
2N5733 22p; 
205135 38p- 
2N51% 38P'. 

2N5138 
255137 p 304 

2N5/a0 29 i 
2 

2N5143 2 
517 2N 2 

16p 205175 

2255179 N5180 4 
2N5184 1.10 
205188 1.15 

1.00 
2N519Ó 8Bp, 
255191 700 
2N5193 

i 

205194 19,034p 

205209 24p 

255210' 26p 
205219 2 
255220 150 
205221 26p 
2N5222 28P 
255223 15P 
285224 38P 
2N5225 25p 
255226 25p 
205227 75P 
205232 30p 
2N5232A 32P 
2145245 37 P 
205246 40p 
205247 45P 
2105248 46p 
255249 48p 
255266 288 
2145293 98p 
155294 1.28 
2N5295 1.37 
205296 1.28 
205298 1.37 
205302 3.20 
205303 3,808p 
2N5305 2 5P 
255306 37P 
205307 40P 
205308 25p 
2N5354 19p 
2145355 19p 
2N5358 7 3p 
205366 26p 
252Nfi101 367 

28p 
255415 1.IÓ 
255416 1.64 
255447 180 
255448 19P 
205449 21p 
205450 234 
255451 264 
205457 35P 

2N5458 36p 
2N5459 36p 
255460 72P 
255481 OOP 
265462 g 
2N5484 40p 
2N5485 40P 
2N5990 1.37 
2N5492 1.56 
205494 137 
2N54% 1.59 
255543 6.00 
255551 37p 
2N5640 450 

2.5788 SÓ 
2N58132311,,,,_p 
2N6027 
2N6030 B.p60 

2Ñ 
18.00 

2Ns111 1.00' 
84p 
58p 

I 

206123 81p. 
206124 S6p 
206125 59p 
256126 71p 
256129 79p 
206130 930 
206131 98p 
2N6132 83 pBC118 
206133 1.14 
206134 1.36 
256253 1.45; 
2N6259 1.55BC725 

SC 1306 86p 
2SC 1444 2.60 
2SC2078 1.70 
2SJ49 3.98 
2SK 134 3.98 
314128 1.98 
30138 3.60 
30139 3.30',,130141 
314140 2.37 
3N143 2.85 
30152 3.00 
3N153 2.47 
30154 2.56. 
30200 6.93 
30201 Z.%: 
40250 2.12 
40251 2.77 
40254 2.75 

2.631 
40280 2.00!, 

40290 2.00.';BC149C 
1.80. 

40311 97 p, 
40312 1.64 
40313 1.89 
40315 1.941 
40316 1,83 
40324 1.86 
403Z5 2.16 
40326 1.90 
40346 1,30 
40347 1.40 
40348 1.95 
40360 1.70 
40361 500 
40362 50 P` 
40363 2,71 
40364 2.90 
40372 1.80 
40373 2.60 
40374 2.84 

1.24 
40390 2.72 
40392 1.20 
40394 1.10 
40394 170 
40406 1.39 

000108 1.59 
1.12 

9-90 
40411 0 
440412 1.50 
40422 2.96 

40513A 1.75 
40537 p' 49543 19601 

4054095 1.20AÌ 
40600 2.58 

2.36 
90602 1.88 
40603 2.06 
40fi00 1.85 
40608 2.44 
40622 1,45 

40625 1. 
I40fi31 190 
40632 2.12 
40635 1.35 
40637 2.00 
40643 1,80 

gp673 95p 
40822 1.80 
40871 1.00 
40872 1.00 
AC125 35p 
AC126 26p 
AC127 25p 
AC120 25p 
AC132 394 
AC151 51p 
AC152 45p 
AC153 55p 
AC153K 64p 
AC176 27p 
AC178K 37p 
AC187 24 
AC187K 28p 
AC188 25p 
ACtegK 40 
gCV17 7gpff 
ACY18 90p1 
ACY20 75pfffff 
ACV21 75p 
ACY22 75 
ACV28 75 
ACY44 98p, 
AD136 7.901 
AD745 7.65 

1.10 
AD750 1.31 

AD162 52p 
AF206 754 
AF10'J 75p 
AFI14 66p 
AF117 70p 
AF118 890 
gF124 72p, 
AF125 72P1 
AF126 72p1 
AF139 53p 
AF170 86P 
AF172 SBp{ 
AF176 980 
AF200 65p', 

AF201 75D' 
AF239 1.24 
AF240 1.00 
AF279g 75p 
AF2790 759. 

IAL102 3.49 
AU110 2.20 
AU113 2.301 
BC107 13P1 
8C707A 44pt 

BC108B 12p1BC2 
8C108A 13p 
BC1088 1/p 
8C108C lop 
BC109 1 

BC1096 13p' 4P 
BC709C 15 p 
BC113 30pf 
BC114 
BC115 2641 
8C116 32P 

-BC716A 37 
BC777 25p 

26' p 
8C119 38P 

i BC121 820' 
80123 820 

37P 
90132 39p 
gC134 36 p 
00135 154 

1BC136 45p 
8C137 39p 
BC138 55p 

iBC140 33p 
37p 

BC142 
BC143 34Pp 
00147 11 P 
BC147A 12p 
801476 13P 

8C14802 C 11p 
BC148A 12p 
BC148B 13P 
BC148C 13P 
130149 

p BC1498 12 

1 P 3p 
BC152 35p 
BC153 23p 
eC154 27p 
BC157 llp 
BC757A 12p 
907578 134 
gC158 11P 

BC758A 124 
BCiSHB 13p 
BC159 11 p' 

j2p 3p 
BC159C IBp 
B0160 42P50249C 
BC161 48 P 
BC167 12P 
BCi67A 13p 

13p 
BC168 B 129 
BC168B 13P80436 

13C16940389 G p 12p 
5C7696 13p 

,gC169C 13P 
' BC770 15p 

BC170A 17p 
gC1708 17P 
gC770C 18p 
BC171 12p 
BC171A 15p 

BC1728 t240410 

BC772A 15p' 
BC1728 15p 
BC172C 16p 

C173C 16p 
130174 21p 
00174A 24p 
001746 29p 
8C175 75p 

BC1A tap' 
801770 26V 

00178 22p1 
p 

BC1788 25pr'BC418 
8C179 73p 
6C179A 25p, 
BC1796 25p 
gC179C 27 
BC182 11p 
5C182A 12p1'BC479 
BC18213 13p 
BC182L 12p 
BC182LA 13D 

i 

BC182L8. 14v 
BC183 10p, 
8C193A 1191 
8018313 1241 
B01/330 13p 
BC183L 1201 
BC183LA 13p 
BC183L0 13p 
BC183LC 14p, 
80181 114 
501846 12p 
BC184C 13p 
BC186L 72p 
gC784Lg 13p 
BC184LC 14p 
60186 39p 
gC187 40p:BC55H8 
BC204 29p, 
80205 29 
BC206 2 p 9p 
BC207 29p, 
BC208 29p 
BC209 T9p 
BC212 11p' 
8C212A 12 P 

BC212LB 12p, 
BC212LA 13p 
8021218 144 
00213 10p 
BC213A 11P 
BC2138 124 
BC213C 13p 

- tyL 12p' 
BC213LA 13P. 
BC213LB 13p' 
BC213LC 14P 
BC214 Ilp, 
0C214B 12p; 
BC214C 13p 
Bf214L 12p 
BC214L8 13p 
8C214LC 14p 
80237 15p 
1302374 16p 
BC237B 17p 
BC237C 18p 
13C238 /Ip 
BC238A 15P 
802388 15p 

BC239G 
14 
15p' 

13C239A 16p 
BC2398 17P 
BC239C 18p 
8C250 22 
BC250A p 23p 
BC250B 21 p 
BC250C 25p, 
8C251 25p 
BC251A 26P' 
BC251B 27p I 

13C252C 22 
p BC25213 23P 

8C252C 240 
BC253 Y1p, 
BC253B 234 
BC253C 24p 
BC2% 25p 
BC256A 28p 
0C2%B 270 
BC257 261, 
BC257A 27p 
BC258 24pe 
BC258A 25p 
802588 26p 
BC259 25p 
BC2598 28p' 
BC259C 27P 
8C260 30p 
8C260B 32P 

00261p C 3. 
.BC261A 34p 
BC2816 35pBFS98 
BC267C 36P 

34 
BC262A 32n 
BC262B 33P 

BC262C 31p 
BC263 300 
SC2630 31p 
BC263C 31P 
BC269 40P 
8C2648 420802430 

r Bf.2fi6 35p 
'BC2fi6A 369 
BC2fi613 37P 
BC300 15p 
BC301 a4 
BC302 13p 
80303 17p 

8C307 134 
8C307A 11p 
BD3D713 15p 
80308 12 
SC308A 134 
BC308B 11P 
BC309 11P 
003090 154 
003090 16 
0C309C 17P 
8C317 15p 00318 

15407p 

BC320 25p 
BC321 25p 
BC327 14p 

BC338 15p 

BC328 14p 

BC347 20p 
130350 2 8C382 30p.20 
BC383L 39p 
BC384 30 

BC407 L 3p0p 

BC408 24p 

BC413 25pp 
8C414 2 

gC415 304' 
30p 

80140 324 
8C441 33p 
8C460 32p 
BC461 3 

1 
3p 

BC478 29p 
30p 

' 6C518 40p 
1 BC517 40p 

8C547 13p 
¡13C547A 14p 

8054713 lip 
ff BC548 12p 
i BC548A 134 

BC5489 14p 
,8C54BC 15p 
80549 13p 

BC549B lip 
1 8C5490 150 
180550 30p 
BC550C 33p 
OC 557 1Fip 
BC557A 16p 
BC557B 16P 
BC558 14p 
BC558A 15p 

18p 
BC5580 I7p 
BC559 15 
BC559B 16p P254 
00559C l7p 
eC560 32p 
BC560C 34p 
BC727 Np 
BC737 44pSF180 

64 
' 130W 0 ß 1.15 
BCY30A 1.30 
BCY31 1.15 
BCY31A 1,30 
BCY32 1.15 
gCY32A /,30 
BCY33 800 
aCv33A 1.00 
BCY34 804 
gCY31A 60o 
00y54 1.81 

BCY5B 33p 
BCY59 33p 
BCYeB 1.80 

BYC67 2.00 
BCY70 17p 
BCV71 14 
BCY72 36p 
BCY77 314 
50078 220 
BCY79 22P 
BCY87 6.80 
BCV10 1.90 

1300 89 4.10 
4.00 

BCZ11 4.60 
80115 68p 
8D116 2.50 
BD121 2.25ME6001 
0D724 1.60ME6002 
BD131 1{p 
80132 B0P 
8D735 40p 
gD138 40P 
BD137 42P 
0U130 42P 
BD739 
0Di40 b 
BD142 2.40 
00153 1.25 
60155 1.20 
60157 1.20 
BDlSg 1.40 
BOtfiO 3.80 
BD1H1 1.75 
00182 BD182 2.50 
B0183 2,70 
8D1H7 1.09 
80201 1.30 
BD202 1.39 
6D204 1.44 
80220 1.50 
BD221 95p 
00223 1.00 
9D224 95p 
80232 1.11 

1313234 7 

60233 
2p 

80230 
B0239A 57P 

ÓÁ ggpp BD24 
BD240C 73 p 
BD241A 6/0 
BD241C 6]D 
80242A 85p 
00242C 70p 
BD243A 72p 

864 
BD244A 82p 
BD244C 1.00 
60245A 1.11 
8D245C 1.30 

BD246C 7,50 
BD249A 2.00 

2.31 
BD250A 2.11 
802500 2.46 
BD433Q 

79p 
BD436 el 81MP5/356 p 
1313437 

130438 Bp P. 
00439 90p 
BD4a0 91p 
0044 91P 
BD442 93P' 

29 1.20 
130630 1.30 

75p 

BD 
6 

780p 
80538 

130639C 1,39 %16 

BD540C 1L 

SD676 ñ2 
BD677 78P' 

807190601 

, 

1 t.p321 
80712 1.32, 

,BDX32 3, 

5,5 
Ì7' 

BOY10 2.00' 
00X11 2.50 
03.17 2.89 

BDY23 3.40 
0DY25 3.75 
80Y38 1.74 
gDY54 1.99 
8Y055 2.09 
80X58 2.35 
00X57 6.25 
BDY58 6.15 
BD760 2.80 
BDV61 2.80 
BOX62 2.34 
BDY92 3.75 
BF115 38p 
BF119 1.00 
8F121 75p 
8F723 70p 
8F127 39p 
BF153 39p 
BF154 18P 
8F157 580! 
SF158 5 

1 8F15g SBp 
gF160 5 5p 
BF181 58p¡'BU408 
13F163 50p, 
8E166 674 
BE167 30p' 
BF170 79' 
8F173 6 
BF774 77p 
BF177 26p 
BF778 30p 
13F179 35p 

3 5p 8F181 3, 
BF162 36p 
BF183 38p 
80184 3gp 
BF185 37 
BF194 12p 
gF195 12P 
BFl% 1 

BF197 12y 
BFI% 15p 
BFl% 15p 
0F200 27p 
BF224J 32p 
BF225J 35p 
BF240 38p 
13F247 38 
BF244A 30p 
BF2446 
BF245A p p 
BF246g 373p 

8F246A 39p' 
BF2468 39p 
BF247A 400 

BF2 55 38 
p 

BF2%B 130 
45p 

BF257 30p25p 
BF258 30 
BF259 350 
BF262 80p 
BF2fi3 90p 
BF270 8 
BF271 584 

BF274 p p BF324 38p 
00336 360 
80337 38p 
BF338 lep 
85355 60p 
BF362 85p 
BF363 85p 
gy457 4Bp 
gF458 68p' 
80459 ny 
eF469 
BF 470 

6gP 

13FR39 ?5p 
p 8FR10 25p 

0FR41 254 
BFR79 25p 
80880 254 
86887 25p 

90 211 
gFSTB 2.% 

1eN 

BFS61 1.00 
1.10 

8FT19 1.85 
BFT19B l.p 
BFT88 2.18 
8FW10 1.48 
BFW10 1,40 

BFW11 1.48 

BFW43 2.17 
BFW59 1,08 
BFW87 1.53 

BFX12% 1,00 
gFX13 91MP6121 
BFX19 0'" 
BFX20 80p 
80X29 304 
BFX30 35p 
B5X30 1.00 

BFX43 70p 
gFX88 1.00 
BF X84 35p 

I B00X85 FX86 
I BFX97 32 
BFX88 338 
SFX89 1,08 
BFV18 1.15 
gFY19 1.10 
SFY37 1.20 
13FY39 60p 
8FY41 1.16 
SFX50 pee, 

BFv58 . 
00VS6A 85p 

00078 50p1 
EIFT77 50P 

I IVY 90 96p 
BSV81 88wat 054 
99W87 1.00 
BSW70 1.00' 

BSX20 25p 
BSX21 404 

BSX26 60p 
B5X27 78p I, 
130X28 
BSX29 
0SX39 
80X60 75p 
BSX87 50p;. 
BSX76 60p 
BSX77 55p 
BS024 77p 
BSY25 1.00 
135728 360 

'BSY29 70p 
BSX39 47p 

185Y5q 
135Y65 58p 
BSY95A 25p 

BU10/ 3.1).v 
8U105 1.70 
BU106 3.00 

,130226 1.66 
,8U204 2.25 
BU205 1.75 
80206 2.00 
BU208 2.00 
BÚ3265 2.25 

1.45 
130407 1.46 
811408 1.36 
BU409 1.26 
130500 2.60 
BUV20 11.00 
BUV21 10.80 
BUV23 13.80 
13UV2/ 12.10 
BUV25 16.00 
BUX20 17.00 
gUY185 
J3011 j 
J310 53p 
MA8001 45p 
MA8002 02 p 
MA8003 39p 
MD7000 2.80 
ME0401 2 
ME0402 Op 
ME0404 25pp 
ME0411 35p 
ME0412 36P 
ME0413 364 
ME0414 18P 
ME0461 45p 
ME0g62 
ME1001 Ifip 
ME1002 
ME1075 464 
ME1100 
ME1120 48p 
ME3002 26p 
ME1001 16p 
ME4002 ISp 
ME4003 

ME4101 25p 
ME4103 
ME4104 2p6p 

2 5p 

ME6003 25p 
ME6i01 29p 
ME6102 28p 
ME8001 47 p 
ME8002 82p 
ME8003 50p 

ME9002 Mp 
MFE3004 29 
MJ400 2,40 
MJ420 1.80 
MJ430 1.27 
M3440 1.00 
M3181 2.79 
MJ491 3.64 
MJ802 4.48 
MJ900 2.90 
MJ901 3.10 
MJ1000 2.50 
MJ1001 3.00 
MJ1800 3.50 
MJ2500 3.50 
MJ2501 3.70 
MJ2955 1.00 
MJ3000 3.30 
MJ3001 3.60 
MJ3701 2.55 
MJ4502 4,48 

MJE3Ó 72p 
MP 

MJE371 79p 

MJE521 77p D 
MJE1490 3.65 
MJE1100 3,65 
MJE2907 3.66 
MJE2955 1.00 
MJE3055 750 
MJE3739 4.55 
MP8111 1.00 
MP8112 1. 

1.ñ 
MP8122 1,40 
MPg123 1.16 

M102 l' 
450 

MPF103 400 
MPF104 
MPF105 bppp 

MPF112 09,1 

MMP"21 
1.21 

P53838 27p 
MPS36/0 404 

SSP 

MP56518 17 
P MP56530 37p 

MP56580 32P 
MP56562 32p 
MPSA05 20p 

MPSAig 254 
412 280 

MPSAt6 3 
MPSA20 65p 509 

MPSA43 
' .0505, 
MPSA56 30p 
MPSA85 40p 

MPSÁ70 /56 4 
MPSA92 66p. 

,MPSA9346-0 

MPSL51 MP 

METALOXIDE/F1LM 
RESISTORS 

3.75 r 17 3.30 47gr17 420 
420 o 245mm 

1954 

Very high thermal & electrical 
lability, EatnmNy low noise 

0.4W 10R.1MS22%624 5p SP 
U.4W 10f2 154321% E24 

VO Board 1.60 
bip BOartl 3.25 
Track Cutter 1.15 
Pin inserter 1.59 
100 Pins 50' 

Ferric Chloride 
6n% Snh,tlon 

250.41 b0ttl ç 
61,60 

LOW OHMIC VALUE RESISTORS 
l'4 W OR '/. W I 

0.22128.252672 11p 

Verebloc 3.70- 
Ven wiring 

Pen 1 Spool 3,00 
SRareSpool 72P! 

Si/amCollet 
Knobeas need 
on professional 

studioequ;pment 

WIREWOUND RESISTORS 5% 
Combs 6p' All ht#" 

Standard 23W0.22S2 33011 [12 10p 
47W0.4712 6K8 E12 33R 1011W1002 33KE12 37p 

1 2 

1000vdeCepa 
11300VACIAxial ' 
1nF,22nF 23p'1 

spindles 
PleasesPecify 
gre95761406 

LOW NOISE 
ROTARY POTS 

E3Seriea 
4 7K 2M Lin 32p. 
4.7107MLo932p 
As above with 
DP swatch BOp 

M,n, Vert /4p 
MiniHoriz 1/pI 

I Standard Veri0 
17 

StandardHorizp- 

7numhwheelmp, 

47nF,6.8nF26p, 
I. 10p. 
12nF,33nF 37p1 
47nF 45p 
1004F 48p 
220nF 74p 
470nF 1.10 

15mm 
5 hott 43p253055RCA 
Wilhline 489 
Standard 44p 
With line 490 
snort wing 58p, 
Standartlwm,t 

60p Assbavebut 
tenip 
swtdd 904 

#'Spindle/or 
SlandaldPre 
tietsonl 

v Bp 

1500VDCCa Fs 
1300VACIAxial 21mm 

Snort 53 
P 

MICRO -MINI 
1nF,2,2nF 30p 
3.3nF, 4,7nF 

withiine 6Bp 

1PLATECAPSCERAMIC 

5%orbene' 

U,F 
E 12 

iík,is )p 

Cermet20Turn 
Praci4ìonPrenoto 

20032002. 1002, 500f2 

324 

2000VDCAxie1 
1100nF20% 78 p 

CeramicHiVoR 

Standard 58 
Wimllnº eb 
Shortwing 68p 
Standard wing 

DISCOUNTS ()N 
01145111Y 
PLEASE PHON 

1K,7K,5K. 
10K, 20K, 
50K. 100K.P Disc Capacitors 

100p,1KV 20D 
..101p/2KV 24p 

CAPSCoburs. 
81k, Red, Yel, 
Gro. Blu, Gry 5p 

SIEMENS 63V 
MINI 

750K, 500K 
99p leach 

; 1110p23KV 269 
t00n/4KV 2Bp 

AsabOve r line "-in 
MONOLYTHIC 

CERAMIC 
10nF 10p 

160V 1847874810 
CapaS%ºr 

t220P/6KV 30p1 
470p/26V 274/ 
470p/6KV 32p' 

5 0405 
, 

040 

M 
22nF 10p 
33nF 1 Op 
47nF 10p 
88nF lOp 
IWnt 

banter 11n/2KV 
tOpF, 15pF, 
2297, 270F, I 

33pF.39pF, 
47 F,68 F i 

28p 
1n26KV 32p 
2n2 /?KV 30P 
202/40V 32p 
202/5KV 334 

NutCovere 
Forl5mmonl y 

ColoursesCaps 
lOp 

1 b 
220nF 17p 

v p. 
10M0p0F, 15OpF, 
1 F,2 F. 

31,3/2KV 31p 
3113/4KV 32p 

Dials ISvecifY 
15or21mmJ 

SIEMENS 
POLY -C 

5%7,5mm250V 
CAPACITORS 

612 
1nF 68nF 1 

270pF,330pF, I 

3900F, 4700F, 
690pF,8200F, 
1nF.1.5nF, 
2.2nF,3.3nF, 
I4.7nF,IUnF 

4n7/4KV 33p 

100V Polyester 
Capacitors 

;27nFI.F. 1 
SP 

3.3nF.4.7nF 

Black 1 Point 
26 

Grey 1 Point 
26p 

ClearFaPer 28p 
Clearl 10 28p 203512 82nF 150nF 15p 72peaeh 

19p 

5%7.5mm100V 
CAPACITORS 

E17 
f00nF 180nF 12p 

j CZ80o.Equiv 
PolyesterCape 

I 
Radial Long 

r 

20p 

BBnF'47nF. 22 p 

OTHER KNOBS 
ALWAYS IN 

220nF,270nF1 Sp 
330nF, 3%nF20p 
470.1F,56onF27 p 
680.rF 324 

( Leads 
tOnF, 150F, 
24F. 3311F, 
47nF.6BnF. 

100r1F,150nF26p206121BF25gC 
220nF 330p 58p 
4701F BBp 

MinìBuzzM 
Warnlnll I7CVices 
fiV nam buz/m 

ggp 
1 F 110mm1 3 p' 6D 
Complete range 
of other voltages 
Ikspacin95in 
stock. Please 

10Ú,F 9p 
154E, 224F, 

11p 
330rF,470r,FiBp 
580nF,1yF 24p 

Wire & Cable 
IPricespermetre 

Solid Hook up 

W1fe 

12V,nmibzzel 
ggp 

b 2aV Piºz 
lo, 99p 

P28F0,AnYcolour Ironu t SPF.2/4 MiniRsaNeon 

SILVER MICA 
CAP51%500V 
Cement coated 

'..z 1 EmlCS 
ByMatsushitaorSiemerw 

260V with 
Chrome Bezel 

]5 
p 

Extremely ateble 
2 2 F, i 3 F p p. 
18pF 20p 
200F 100pF 20p 
12011F220pF25p 
25(qF 470pF 30p 
680pF1nF 33p 

(other good makes may be sent o41, 
kt the rare evert of su difficulty) supply ry 
AXIALS 
uFd V Beautiful 
47 63 Sp Mini Radial 
,47 /pl 9p Low Voka a 
.47 350 30p Matsushita only 
I 63 OP 

TRANSISTORS 
Probablythe 

Imgesireta,l 
ar,etyinUK. 

vltyoudon't 
seewhatyou 

1ple 

TANTALUM 
BEADS 

.I/35V 17p 

.22/35V 17 R, 

.33/350 17p 

.47/35V 17P 

.68l35V 170; 

2.2ri6V 17P1.0.150 

17pI 

2.2/35V 22p' 

4.7/16V 22p 
4,7/35V 21p 
8,0725V 28P 
6 8/35V 251 
10/16V 254 

Fd V 
1 100 Op 10 16 Bp 
1 500 40p 71 10 Op 
2.2 25 Sp 71 16 7p 
2.2 63 9p 47 10 7p 
22 1W 11p 47 16 ,8p 

.2 350 30p 100 10 9p 
3 25 10p 100 16 10p 
3.3 40 11P 120 10 11P 
3.3 63 12p 210 16 12p 
q 7 16 O4 470 10 l7p 
4.1 

25 Op 170 16 18p 
4.7 40 11P 1000 10 20p 
4.7 63 12p 1000 16 2{p 
1U7 100 14p 2200 10 31p 

Op25 2200 16 44p 
10 en 12p 

,,,,--,',,,,7,",',-,.. 

aslhisisnol 
full list 

25404 1.50 
20914 20p 
20916 39p 
259173 

2N918 33BFR p 
2N929 36p 
2N929A 45P 
20930 20p 
20930A 30p 
201137 25p 
2N1132 25P 
251302 65p 
201303 654P 

`251304 60v 
10/35V 31p 
15/10V 22P 
15/76V 30p 
15/25V 32p 
22/6-3V 25p 
22/1fiV 32P 
33/100 380 
47/6.3V 43p 
100/3V 37 

10 B3 14p 
10 KV 16P 

71 25 llp 
22 11P 
22 63 16p 
22 100 2/0 
47 25 14p 

tl 

Maina/$Peaker 
CablelPermetre; 
1wm14mp 1 

iwm 2'/z amplóp 
3Core2'/,amp 

1Bp 
3 Co, e6 amp 31p 
3 Core 73an>u%p 

251306 75p 
251308 754 

201370 584 
201420 66P 

'2N14B3 2.% 
12N1485 3./7 
2N1507 42 p 

ZN7702 
151524 3268C759g 

Feedthrough 
Capacimr 

10005F 500V 70 

47 1W 28p 
gg 25 18p 
68 63 25P 

11W 1fi 14D 

Sol:d Muhkore 
4 Core 33p 
eCo,e 3gp 

251711 354 
2N1889 

50p 
-201890 se 

2N1H93 3op 

MINIFILM 
MULLABD 

1100 

25 16p 
00 40 12P 
1W 63 25V 

12 Core 
50Core 1027 

201974 1.58 
220 7.1P/ 

TRIMMERS 
1.15-5pF 
I800MHz1 234 
210pF 
I600MHi1 27p 
222pF 
1400MHzI 29p 
5.565PF 
1200MHz1 36p 

100 1W 30p 
720 10 18p 
220 16 17p 
220 25 12 

p 
120 40 15p 
220 63 30p 
2220 100 40p 
330 16 19p 3 25 22p 

Screened Cable 
Single 14p 
Stereo 27p 
MlnlSin le 12 g P203790 
Mau Stereo 15 
4 Core 4 Screens 

44p 
4 Core I Screen 

,./p, 

202217 39p 

2N20ÌZ18A 3B18 p P 
202219 27p 
2N22t9A 25p 
252220 22P 
252221 22P 
2022214 230 
202222 25p 

83DVDC250VAC 
POLYESTER 

330 

28 

53 38p 

p 

4 
'7 

nºe 80p t2615141 2N2222A 31p 

2022230 4,4202223 

2 
BG5 CAPS2N2303 

10nF 12p 
15nF 18p 
22nF i8D 
17I1FF 32p 

5p 

220nF 
154F 

Ì4p 

40 
470 63 43P, 
470 tU0 SOP' 
1000 .16 30p 
/000 25 38p 
1(IW 40 IBp 

Bjpp 

Aerial Cable 
S052 RG58A 36P2N3827 
7552 UHF 36p 
75f2 VHF 

1Bp 30032 Flat Up 

702369 
2142368 

1,... 

2N2369A 20P 
202405 

202411 

470nF 70p 
16 

2200 25 63p Fleinblaw 

2N2a12 80p 
2912477 95p 

Fully enclosed 1 

Pihar Pre.aets 
E3Series 
10052 10M 

2200 40 70p 
2200 63 134p 

4700 25 9p0p 

Ribbon Cable 
IU Way 840 

p 
40WaV 270p 

2N24H3 2ópi 
252484 2Bp 
2N2491 8.00 
202646 19p 

'252647 . 

MPSU01 
34PC1101 1, 

MPSU05 Rp 
MPSU06 MP 
MPSU07 75p 
MPSU51 i6p 
M5PU55 BIp 
MPSU56 06p 
MPSU57 1.20 
005421 pee 
MFR450A ,vw 
MRF453 ;we 
MRF454 pon 
MRF475 7.56 
MRF477 PP* 
0100479 40e 
MRF604 Poe 
NKT124 1317 
NKT125 
NKT126 470 
NKT128 424 
NKT129 40p 
NKT135 40p 
NKT137 420 
NKT210 42p 
NKT215 409 
NKT216 99p 
NKT21g 44p 
NKT219 40p 
NKT224 40p 
NKT225 400 
NKT229 440 
NKT238 46p 
NKT239 440 
NKT210 42p 
NKT241 40p 
NKT242 40p 
061243 OOp 
NKT243 alp 
NKT2/4 Opp 
NKT254 4017 
NKT261 lep 
NKT262 40p 
NKT271 400 
NKT272 4(0, 
NKT275 4pp 
74KT2B1 Qp 
NKT404 2.88 
NKT405 2.11 
NKT006 2.50 
NKT453 2.40 
NKT603F Oip 
NKT813F 56p 
NKT674F 55p 
NKT677F 564 
NKT713 474 
NKT717 524 
061734 66p 
NKT7% 68p 
NKT773 40p 
NKT781 430 
NKT12329 60p 
NKT12429 pp 
NKT13329 SOp 
NKT13429 54p 
NKT16229 600 
NKT20329 
0C20 2-30 
0C22 2.40 
0023 2.00 
0025 2.0) 
0028 1.71 
0C29 2.36 
OC35 2.36 
0C41 ' a0p 
0043 
0044 

784 

007 M0 
0071 Nip 
00720082 6Áp 

óD 
P346A 
620088 2.14 
R20108 1.118 
SC107 Z7p 
SC108 27p 
SC109 27p 
TIP29A 30p 
TIP29C Mp 
TIP30A 11p 
TIP300 f3p 
TIP31A 440 
TIP31C 624 
TIP32A 444 
TIP32C pp 
TIP33A 7Sp 
T1P33C 884 
T1P34A 
TIP34C 1.N 
TIP35A 1.26 
TIP35C 1.58 
TIP36A 1,88 
11P36C 1.78 
TIP41A Rip 
711741C > 
TIP42A 694 
TIP42C g0pppp 

TIP49 1,28 
TIP50 1.44 
TIP53 2.34 
TIP54 LM 
TIP110 740 
TIP112 10p 
TIP116 810 
TIP117 Np 
TIP12D No 
TIP122 1.00 
T1P125 1.26 
TIP127 1.27 
TIP130 1.50 
TIP132 1.08 
TIP135 1.50 
TIP137 1,88 
TIP140 1.96 
TIP142 1.40 
TIP145 210 
TIP147 1.41 
TIP2955 770 
TIP3055 700 
71037 qp 
11543 400 
11505 81R 
71546 SBp 
11047 4fp 
T1548 9191 

11549 9fp 
11550 04 
T1551 qp 
01552 78p 
TIS53 97p 
11554 080 
11555 Np 
11058 

8 Eli AUGUST 1982 



ET A D DEAL R RI KLEWO D: OVER 300 PRICE CUTS NOW EFFECTED 
Cricklewood is the shop in London with the largest variety of brand new, full -spec, guaranteed elec- 

tronic components. Just look at our range and thats only part of it! Items not covered on this list in- 

clude soldering equipment, tools, meters, tri -colour LEDS, D -connectors, fuses, knobs switches, 

plugs and sockets, transformers cases etc. etc., all at competitive prices, all under one roof. We 

have a 95% stock situation with all in stock items posted the same day. OFFICIAL ORDERS FROM 

SCHOOLS, GOVT. DEPTS, ACCEPTED. OVERSEAS ORDERS WELCOME (CWO) PLUS ADE- 

QUATE POSTAGE. QUANTITY DISCOUNTS BY NEGOTIATION. 
TELEX NO 914977 CRIKEL G. 

11060 429 7151192 1.75 6 amp type 
11062 440 1I151194 1.66 Square with hole 
11564 67p1 101194* 1.80 
71587 00p 1N1198Á 2.41 
TISB8A 52p 1611984 2.85 
71590 24 1N1201A 97p 
TIS91 30p 1N1204A 1.00 
TIS92 304 101206 1.20 
71593 54p 153063 36P 
V1410KM 50p 163065 4811 

VN46AF 84p )N3492 1.85 
VN68AF 85p 163493 2 
27X107 10p 163493R 

' ZTX108 10p 153602 
ZTX109 top 1143804 
19X300 13p 163768 
21X301 150 153788 
21X362 15p 193768R 
270(303 23p 1144001 40 
370304 159 164002 4p 
21X310 35P 154003 6p 
21X311 32p 164004 7p 
373312 35p 154005 Bp 
37X313 154008 

Op 310320 240 154009 209 
270330 35p 1144149 2Op 
21X34 28p 164158 6p 
2703011 28p 164150 22p 
27050 140 154448 22p 
23-X5021 lop 16572 3p 
21X503 lop 165172 30p 
21X503 247p 105400 5411 

27X501 24p 105400 
21X530 24p 1145402 
21X53024p 195403 
27X531 2511 195403 

t 165400 16p 
MACS 1N5405 170 

BR100 40p ! 155106 up 
ST2 2911 155407 19p 

105408 2011 
155024 Shp 
155625 OOp 
105626 420 
155627 p 
1544 10p 
15131 Rep 
15134 
15421 1.00 

p 

151210. 1.00 
15940 lip 
15941 10p 
16961 2211 
44118 2811 

44129 570 
AA144 249 
AAY30 449 
A 4611 

AAZ17AY33 27p 
BA100 24 
BA102 16p 
84115 254 
BÁ133 40p 
BÁ138 30p 

TIC1064 114 BÁ142 20p 
TIC106s 47p BA144 154 
TIC1061 48p BA155 15p 

4A 7101080 59p 84156 38p 
TIC106M 88p 8A182 40p 

BÁ201 18p 
134202 26p 
130316 25p 
BA317 25p 
BÁ318 30p 
BAV10 18p 
BAVIS 160 
8ÁV20 16p 
BAV48 15p 
80X13 10p 
BAX16 lip 
BAY38 20p 
130144 15p 
BAY93 10p 
881038 70p 
80103G 704 
081048 80p 
08104G 80p 
BB105 820 
681060 67 
1381058 Sep 
B8109G Sop 
81126 20p 
BY127 22p 
131134 
81182 1.26 
BY188A 88p 
81206 384 
81207 354 
81223 1.66 
BY297 48p 
81299 56p 
131W114300 140 
BYW11.1000 

.30 
81912.100 12.30 
8VW12.200 1.40 
01W12.400 2.00 
BYX50 30p 
51(50.2006 2.00 
B1096350 92p 
81X71-350 1.10 
131X71600 1.52 
11133 14 
11144 1 p 
111921 í5p 
111923 p 
1772002 27p 
M02361 1.80 
0410 20p 
0447 20p 
0490 1Op 
0491 100 
OÁ95 20p 
04200 20p 
04202 20p 
RASSOOAF 75p 
SP09000 75p 
50139002 989 

THYRISTORS 
Sensitive Gele 
Small Signal 

2145060 30p 
2N5061 32p 
205062 35p 
205063 37p 
2N5064 40p 
130101 764 
65139 60p 
B0155-100 80p 
86155-300 67p 
B0156 60p 
TIC« sop 
11C47 60p 

1. 8 8 12 Amps 
Tau410220 

Suffix: A = 100V 
B = 200V 
C=330V 
D = 400V 
M = 600V 

1111184 BBp 
TIC1168 480 

84 TIC118C 71p 
TIC118D 73p 
TIC116M BOp 

71C126A 729 

12A TIC1268 729 
TIC126C 730 
TIC126D 77p 
TIC126M 95p 

SIEMENS 
THRISTOSS 

1.2 amp plastic 
B 6 E101061100% 

Bm 6011312300 
70p 

Bet 13014617013V) 
1.12 

4.7 amp plastic 
B at 502051100% 

Bat 502131200 
1,10 

80000246(700V) 
2.00 

TV ThydMOre 
264444 1.80 
B T/01.500R 1.40 
81108 1.60 
81118 Use 
TIC116M 
81119 
81120 
BT121 

1.70 
1.50 
1.30 

TRIALS 
Texas 400V 

10220 Ca» 
T1C208014A168p 
TIC225016A17/p 
T112280184/ 880 
T112360I12AI 

1.18 
T112460116A1 

1.22 
TIC2530120A1 

1.90 
7(17830125*) 

2.11 

Other Triaca 
214575611051 

1.44 
256155 (101271 

3.39 
4043210uedrecl 

2.23 
4048611061 1.85 
40512 2.70 
40576110861 

3.33 
40842 1.92 

PW0111001 SOp 
PW021200) 7611 
PW0414001 85p 
PW0618001 90p 

25 amp type 
Metal clad with 
hole 
K011100 2.20 

220 K021210)) 2.30 34 K041400) 2.90 

W4 K061600/ 3.40 

4.60 Proprietory 
4.60 Bridges 

84001500 1.20 
880C3700 1.80 
61164 55p 
01179 92p 

VA1053 40p 
VÁ1055 40p 
VA10S6 4011 

VA1065 40p 
VA1067 40p 
VA1074 404 
VA1086 40p 
VA1091 404 L55307141.06 VA1098 4op LM307N 55p VA110 40p 

LM3084H 3.15 
VA1104 9 

VA1103 0p 
LM308AN 2.14 

VA1108 40p LM308H 969LM308N 

88p VA1109 40p 
VA1110 40p LM309K 2.90 VA15 LM310H 1.86 
0025053705 1.,25 LM31014 1.04 

GD25 7,25 LM311H 1.04 
Many other LM317K .86 

7her11 
stock 

LM317K 1.04 
a etph LM3171 1.04 

please phone 
LM318H 2.40 
LM318N 1.85 
LM319H 2.40 
LM319N 2.10 
1M325 - See 

New LEDs 79XX series Volt. 
Now in crock Regulators 
R -red 1M3240 40p 
G --green LM337K 4.75 
V yellow LM337M0 1.85 
Large diffused , LM3371 1.89 

1 + 50 a LM339AN 1.60 
1050 99 7p LM339N 5111 

t G5D 15p 120 LM340 '- See 
950 15p 129 78XX Series Volt. 
Small diffused Regulators 
820 Op OP LM345K 3.80 
G20 129 10o LM3486 82P 
120 14 10p LM34914 1.16 
Micro 0./' LM35011 4,60 
RID 269 22p LM359N 1.44 
GI 27p 289 LM360N 3.88 
110 274 25p, 143766 65p 
Large dear LM377N 1.55 
R5C 12p lop LM3786 3.40 
GSC 17p 13p 1M3790 5.80 
16C 17p 130 L43808414 754 
Super bright 1438008 1.50 
Large 1100 1M381AN 2.26 
times brighter) LM381N 1.40 
RSU gap 29p LM382N 1.25 
050 420 34p 1M3831 3.40 
VhU 42p 3411 LM384N 1.40 
Tri -colour 1438501 880 
flat LM386144 1.20 

I RGYB 830 7811 LM38851 1.32 
14391060 1.70' 
LM391N80 1.93 
LM392N 760 

ZENER DIODES 
400.500nW 
E24 Series 

2 4í7V 10p 

1.3 Watt 
E24 Series 
3.3-82V 24 

1211 2 5 Watt 
739 I E24 Series 

1.5 
7.5 75V 1.10 

5W wire ended 
following 
volts es only 

3V3. 318, 4V3, 
4V7, SVB, 715, 
8V2, 1V7, 9V1. 
10V. 12V, 20V, 
33V, 51V, 62V, 
681 1,28 

lOW Poe. Stud 
Following 
voltages only 
7V5, 13, 18, 20, 
24,27,30,33. 
68. 82, 91. 100, 
110 1.25 

20W Poe. Stud 
( BZY93 series) 
E24 values 
7V5.75V 2.00 

VOLTAGE 
DEPENDENT 
RESISTORS 

DIODES 
10344 
114821 
151823 
15914 
10916 
/ 11'' 

300 
704 
92p 

1.17 

BRIDGE 
RECTIFIERS 
(Ply shown in 

brackets/ 
1 amp 
WO)11typ001e 209 
W02(200) 204 
W041400) ep 2 
W0818001 40p 

2 amp type 
Square with hole 
001)100{ 37p 
5021200) 40p 
634 (400) 40p 
50818301 65p 

OPTO 
ELECTRONICS 

265778 
205779 
4525 
BP100 
BP104 
89025 
BPX29 
BPX48 
B9X60 
BPX61 
BPX83 
BPX79 
BPX98 
C0X13 
CC/X23 
CGX33 
1D30A 
LD38A 
LD37A 
LD52A 
LD56A 
LD57A 
LD52C 
LD56C 
LD57C 
LDBOA 
LDBSA 
1.0870. 
LD242 
10271 
LD461 
LE/166 
LD468 
L 047 
LD476 
L0478 
LD479 
L D481 
LD486 
104813 
LD489 
L D599 
ORP12 
59150 
RP163 

T11.32 

TIL63 
TIL64 
11165 
11186 
TIL67 
TIL78 
TIL81 
TIL99 
011116 
111.138 
TIL 139 
TIL209 
711_211 

T1L212 
TIL224 
111228 
111312 
111313 
16401 
111403 
TIL406 

1.09 
1,10 
1.40 
1.00 
2.47 
2.47 
8.76 
4.75 
3.48 
2.53 
4.60 
4.15 
40p 

484 
104 
12p 
12p 
12p 

16p 
3911 

30p 

159 
22p 

75p 

255 
1.45 
1.55 
27p 
1.20 
1.45 
1.65 
27p 
1.25 
1.70 
1.89 
111p 

1,20 
2.65 
2.05 
71p 
1.96 
1.95 
2.26 
2.30 
2.35 
500 
180 
1.35 
1.10 
2.40 
240 

loop 

429 
1.85 
1.86 
3.50 
3.50 
4.10 

NEW OPTO 
DEVICES 

To be brought 
into Stock 

please phone 

THERMISTORS 
VA1010 44 
VA1028 40p' 
VA1033 40p 
VA1034 40p1 
VA1035 40p 
VA1037 40p. 
VA1039 40p; 
VA1040 

LINEAR IC, 
AN103 2.20 
A01-0212 6.60 
AY3-0215 7,95 
491-1320 3.20 
411-5050 1.40 

4111270 8.70 
413.8910 5.95 
AY3-8912 6.15 
415.2378 10.50 
CA3000 4.80 
CA3001 4.95 
CA3002 4.60 
CA3005 3.15 
CA3007 4.92 
CA3010 1.30 
CA3012 1.75 
CA3013 4.12 
CA3014 2.36 
CA30t5 2.62 
CA3018 769 
CA3018A 2.00 
CA3020 2.00 
CA3020A 3.90 
CA3021 3.20 
CA3022 3.12 
CA3026 1.52 
CA3028A 1.21 

CA3028B 2.53 
CA3029 1,44 
CA3030A 2,97 
CA3033 5.44 
CA3034 5.18 
CA3036 2.75 
CA3039 150 
CA3041 3.47 
CA3042 3.47 
CA3043 3.92 
CA3016 69p 
CA3047 4.80 
CA3048 2.99 
CA3049 3.21 
CA3050 4.11 
CA3051 3.80 
CA3052 2.92 
CA3053 1.00 
CA3054 1.86 
CA3059 2.80 
CA3060 4.09 
CA3062 13.84 
CA3065E 4.62 
CA3068 4.23 
CA3070 3.20 
CA3071 3.30 
CA3075 2.26 
CA3076 3.42 
CA3078T 2.25 
CA3080 1.89 
CA30804 3.95 
CA3080E 70p 
CA3081 1.90 
C13085 1.35 
CA3086 .55p 
143088E 2.36 
CA3089E 1.96 
CA309040 3.70 
CA 3130E 874 
CA31307 190 
CA3140E 46p 
CA3140T 85p 
HA1366W 2.40 
HA7388 2.40 
1117106 7.40 
ICL7107 9.50 
ICLBO38 3.20 
ICM7555 90p 
1C7120 3.20 
117130 3.20 
16351 470 
1E353 94 
LF355 0310 

1E358 92p 
1E357 1.09 
1613201 2.99 
1F13331 3.10 
1913741H 88p 
LF13741N 

LM1OCH 4.26" 
LMI1CH 4.60 
LM114 6.75 
LM137K 11.52 
LM301AH 1.00 
LM301AN 26p- 
LM305AH 2.90 
LM305H BBp 

96p, 
LM394H 
LM396K 13.52 
1.470908 84p 
LM709CH 1.00 
LM710CH 89p: 
LM710CN 54 
LM711CH 1.38 
LM711CN Tlp 
LM723CH 1,21 
LM723CN 40p 
LM725CH 3.40 
LM725CN 3.30 
LM733CN 77p 
LM741CH 96p 

LM741CN 15p 
LM741CNI4 80p 
LM717CN 74 
LM748CH 1.00 
LM748C5 380 
LM1303N 1.20 
LM1304N 2.50 
LM3305N 3.10 
LM1307N 2.75 
I M13100 1.45 
.M1330N 2.25 

* THE LAZY WAY Phone your order through on Access, Barclaycard, Visa or American Express 

for immediate service; no extra charge, no minimum order. 
* THE TRADITIONAL WAY Send cheque, PO or credit card number- Cash not encouraged but 

accepted Ino coins please). All in stock items shipped same day. 

* THE IDEAL WAY Call in and collect- We are on the main Edgware Rd IA5) just 1 } miles from 

Staples Corner and approx 3 miles from Marble Arch. 
VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad. 

POST, PACKING tt INSURANCE Standard small order charge is 70p (more for heavier goods). 

Export orders minimum £1.50. 

MC3340 1.45i TDA1010A 

MC3401 = TDA1022 

LM3401 7001034 
5.113403 - TDA1034 
143403 TDA2020 

MC3405 = TDA2030 

1M3405 TDA2522 

NE5315 1.36 TDA2530 

NE543N 2.60 11342540 

NE544N 9,60 TDA2541 

NE555 lOp 1042560 

NE556 45p TDA2571 

NE688 1.43 TDA2581 

NE560 325 TDA2590 

NE562 3.97 1002591 

NE555 1.18 TDA2600 

NE566 1.50 TDA2610 

6667 1.37 1042611A 

NE570 4.72 T0A2640 

5671 4.12 TDA3000 

N65344 1.25 11061 

PLL02A 4,95 TL062 
P1L03A 1275 11064 

O 14136 OfP 
11071 

55668 2,50 TL072 

SA01024A 12.96 
TL071 

545580 1,65 
TL081 

SAS570 1.65 T11 
SA5580 2.20 11084 
SAS590 2.20 TL170 
SFF96364 8.28 ' T1430 
SL610C 4.00 0AA170 
SL611C 4.00 U44180 
516121 4.00 ULN2003 
SL620C 6.00 UPC575C2 
S1621C 6.00 

11911156SL623C 
10.00 XR22gg 

SL630C 6.00 25414 
51640C 6.00 ZN419 
516411 6.00 

5N78008 3.90 

ZN1034 
05780010 2.80 ¿741010 

1 
SN76018 3.90 

ZZ TK0 
0078003N 2.95 
SN76013N 295 
00702314. 
S 8033N 
5N780:N7aN 2.95 
SN78110 2.26 
SN76115 2.85 
5N76116 2.75 
5676226 - 3.45 
05176228 2.90 
5576477 1.70 
0578530 1.50 

1.41458 44p 
LM1496 1.08 
LM1800 3.24 
LM1801 147 
LM1812 8.00 
LM1818 2.99 
LM1820 2.15 
LM1828 4.79 
141630 2.75 
LM1845 4.12 
LM1848 2.89 
LM1850 2.76 
1M1871 4,75 
LM1872 4.75 
1M1806 7.44 
LM1809 3.77 
LM2907N 2.75 
LM290768 2,80 
LM2917N 1.90 
LM2917N8 1.80 
LM3524 6.77 
I.M3301 1.60 
143302 96p 
LM3401 650 
193403 85p 
1M3405 1.45 
1.513900 48p 
LM3905 1.25 
1M3909 75p 
LM3911 1.20 
LM3914 2,00 
1M3915 2.20 
1M3916 2.20 
LM4250CH 2.631 
LM4250N 2.39 
1413600 1.25 
MB3712 2.36 
M83756 3.80, 
MB8719 7.951 
M53200 8.54 
MC1303 -141303N 

MC1304 
1M1304N 
MC1305 = 
LM1305N 
MC1307 - 
1.6113076 
MC1310 
LM1310N 
MC1330 - 

LM1330N 
MC1352 1 75. 
MC1458 1.90 
MC1458 = 

14 1458 
MC1496L e-77' 
MC1495L 3.75' 
MC1496 - 
L 1486 

0078550 
0078666 
SO41P 
00429 
747210 
TÁ7204 
147205 
147222 
747310 

1.60 
1.60 
1,52 
1.96 
1.20 
1.80 
1.50 

2.25 
5.20 
1.00 
3.20 
3.20 
3.20 
4.20 
3.30 
4.10 
4.10 
4.10 
4.40 
3.75 
5.20 
4.73 
6,15 
3.90 
2.50 
3.64 
2.76 
40p 
60p 
1.10 
36p 
50p 
1.30 
50p 

86p 
1.10 
50p t 
1.97 
1.00 
2,85 
2.75 
2.92 
668 
2.25 
2.00 
6.96 

89p 

74161 
74182 
74183 
74184 
74166 
74186 
74170 
74172 
74173 
74174 
74175 
74178 
74177 
74178 
74180 
14181 
74182 
74184 
74185 
74186 
74188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
7422f 

49p 
499 

499 
69p 
1.25 
2.90 

60p 
559 
509 
40p 
45p 
900 

414 
40p 

BOp 

90p 
4.9! 
2.50 
48p 
4Bp 

48p 
48p 
SOp 

I89 

63p 

85p 
915.0 

$p 

7416283 
7415289 
7415290 
7415293 
1415295 
7413298 
7415299 
)415323 
7416324 
7415325 
7415328 
7415327 
74L5347 
7410348 
7415357 
74L5353 

i ]4i5 
1413366 
7415367 
)4t5368 
7415313 
74L0378 
7413386 
7410390 

,7410393 
7415395 
7410396 
7415398 
7415399 
7415445 
7415490 

` 7415540 
741.5541 
1415640 
7415641 
7415643 
7415644 
7415698 
7415669 
7416670 
7416673 
7416674 

7400 
7401 
7402 
7403 
7404 
7405 
7408 
7407 

7408 

TAA263 1.50 
744300 3.95 
TAA320 2.05 
744350 3.60 
TAA521 1.60 
TAA522 2.47 
TA/1550 73p 
TAA560 2.35 
TAA570 2,35 
TAA621AX1 2.75 
104661A 1.50 
TAA6618 1.70 
TAA700 2.80 
TAA 930 2.60 
TAA9308 2.63 
TAA970 2.45 
TAA991D 2.45 
TAD100 2.00 
113A120AS 75p 
TBA331 1.50 
TBA341 2.05 
TBA395 1.85 
1'84396 1.50 
TBA450 1.95 
TBA460 1.53 
TBA500 2.97 
TBA5000 3.11 
780510 2.95 
TBA5100 3.05 
TBA520 2.57 
7845200 2.75 
1B4630 2.65 
TBA5300 2.76 
1B4540 2.72 
TBA5400 2.74 
784550 3.25 
7845500 3.27 
TB45601 2.87 
TBA570 2.37 
TBA5700 2.48 
TBA581 3.11 
TBA641 3.00 
TBA651 1.90 
TBA673 4,15 
TBA700 2.38 
TBA7W0 2.47 
TBA720A0 2.80 
TBA750 2.25 
TBA7500 2.46 
TBA7904 2.11 

184800 79p 
TBA810 96p 
1E4820 7511 
18A820M 75P 
TBA920 2.70 
TBA9200 2.82 
784950 2.95 
TBA990 2.55 
7849900 2,74 
TCA105 3.00 
TCA160C 2.67 
TCA220 3,44 
7C4270 2.44 
TCA440 2,20 
TCA450 2.86' 
TCA640 4.16 
TCA650 4.15 
1C46608 4.16 
TCA730 4.80 
TCA740 4.80 
TCA750 4.86 
TCA760 2.75 
TCAB30 3.50 
TC48000 3.50 
TCA830S 1.90 

'TCA910 2.00 
114940 1.70 
TDA1002 3.00 
7041003 3.00 
1041004 2.87 
7047005 3.60 

TTL 
llp 
lip 
110 
12p 
12p 
15p 
209 
289 
144 

7408 tbp 
74)0 14p 
7411 16p 
7412 20p 
7413 164 
7414 

7418 249 741722p 
7420 1511 

7421 22p 
7422 20p 
7423 2011. 

7425 280 

íái7 29e 
7428 28p 
7430 150 
7432 224 
7433 259 
7437 289 
7438 26p 
7440 15p 
7441 65p 
7442 32p 

80P 
50p 

eon 
409 

744i 44p 
1511 

7451 1511 

7453 í4p 
7454 tOy 
7460 1511 

7470 34p 
7472 254 
7473 E9 
7474 250 
7475 250 
7476 2 

7480 49p 
7481 108 
7482 68p 
7483 
7464 79p 

p 
20p 
2.20 
25p 
00e 
25p 
25P 
38P 
3611 

9011 

64p 
56p 
220 
264 

00p 
709 
659 
89p 
OOP 

409 

4017 
364 
344 

3611 

app 

3611 

6611 

2.49 
248 

11134 

434 

5P 

4017 
45p 
4011 
40P 
3300P 

p 
OOP 

7443 
7445 
>445 
7446 
447 

7465 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
74100 
74104 
74105 
74107 
74109 

74110 
74118 
74119 
74119 
74120 
74121 
74122 
74123 
74125 
74)28 
74128 
74132 
74136 
74141 
74142 
74143 

)C1/5 

74140 
74150 
74150 
74151 
74153 
74154 
74155 
74156 
74157 
74159 
74160 

74LS TTL 
741600 llp 
741501 lip 
741502 11p 

741303 17p 

741504 140 
741505 12p 

741935 i2p 
741510 124 
741611 12p 
741512 15p 
741513 19p 
741514 36p 
741.515 15p 
741670 13p 
741021 15p 
741022 14 
741027 15p 
741028 24 
741030 15p 
741532 13p 
741533 15p 
741037 18p 
741538 180 
741040 261 
741542 30p 
741047 40p 
741061 14 
741554 140 
711555 14p 

741573 20p 
741574 20p 
741575 20p 
741576 lOp 
mists 20p 
741580 1.20 
74LSB3 40p 

741585 66p 
741S86 20p 

.741090 27p 
741592 334 
741593 304 
741595 364 
741596 964 
7416107 45p 
7410109 29p 
7415112 204 
'616113 264 

5114 234 
7415122 36p 
7415123 360 
7415124 994 
7415125 264 
7416126 254 
/415132 43p 
7410136 29p 
7415138 34 
7410139 38p 
7415145 lOp 

.7410147 1.57 
7415148 
7415151 
7415153 
7010154 
7415155 
7410155 
7415157 
7415158 
7413180 
7415161 
7415162 
7415163 
7415154 
7415165 
7413168 
7410169 
7415170 
7416173 
7415174 
7410175 
7415181 
7115103 
7415190 
7110191 
7410192 
7415193 
7415194 
7416195 
7415196 
7410197 
7415221 
7415240 
7413241 
741.5242 
7415243 
7110244 
7416245 
7415247 
7415248 
7415249 
7415251 
7415253 
7115257 
7415256 
7413259 
7415261 
7415266 
7410273 
7415275 
7415279 
7115280 

4.70 
44 
489 
890 
890 
2.96 
1.76 

1.46 
3.88 
t.36 
2.938 

4p 
1.46 
79p 
790 

7.50 

290 
290 

290 

p 

54 
339 
52p 
50p 

1 9Ó 
2,70 
1.59 
99p 

2.40 
7ip 
BOp 

1.89 
1.59 
2.26 
2.76 
1.19 
1.50 
1.05 
5.50 
7.60 

394 

40p 
404 
279 

39p 

66p 
2.42 

764 
69p 
469 
50p 
99p 
1A 
484 
084 
51p 
47p 
36o 
45p 

Pap 

64p 

p 
66p 

80p 
804 
644 
920 
54p 
654 
694 

40p 
364 

599 
1.49 
29p 
óg9 
1 19 
47p 
157 

745171 
74000 800 
74002 60p 
74004 600 
74508 76p 
74020 60p 
74530 SOp 
74532 1.00 
74040 1.45 
74064 SOp 
74865 1.45 
74574 1.00 
74585 3.25 
74586 2.05 
745112 94 
740113 1.00 
740124 3.50 
74S132 1.80 
745133 1.00 
74S13B 2.36 
740139 2.36 
745140 2.50 
748153 7.96 
745157 2.75 
740163 3.00 
745174 2.80 
745175 3.20 
745188 3.50 
745159 3.50 
745194 3.50 
740200 4.75 
745201 4,00 
745225 5.60 
745261 3.00 
748282 10.00 
740287 3.71 
745288 3.71 
? 4S289 2.81 
45301 3.99 

745470 6.75 
745471 6.75 
745473 12.50 
740474 4.25 
740475 13.10 
745571 9.00 
745573 9.00 

7461 TEL 
74H00 1.45 
74H01 1.45 
74H04 1.55 
74H05 1.55 
74H10 1.45 
74H11 1.45 
74H20 1.45 
74H21 1.45 
74H30 106 
74H40 1.55 
74H51 1.75 
74H53 1.85 
74H54 1.46 
74H55 1.40 
74H80 1.70 
746182 1.75 

741.111 
74102 160 
74110 1..70 
74147 3.27 
74174 1.20 
74195 1.20 
741.86 1.50 
741_93 2.30 
74L98 2.09 

74C CMOS/TTL 
74100 27p 
74C04 29p 
74C10 28p 
74114 89p 
74120 28p 
74130 38p 
74C42 96p 
74148 1.40 
74C73 54p 
74176 57p 
74183 1.74 
74185 1.34 
7aC86 1.10 
74189 5.95 
74190 1.05 
74C93 1.44 
74195 1.00 
74C107 1.20 
741151 2.55 
741154 4.95 
741157 2.20 
741160 1.54 
741161 1.15 
741162 1.18 
74C163 1.16 

4503 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4515 
4518 
4519 
4520 
4521 
4526 
452] 
4528 
4532 
4534 
4538 
4538 
4539 
4543 

741164 1.15 
741165 2.00 
74C173 98p 
741174 1.22 
74C175 1.00 
74/192 1.15 
74C193 1.13 
741194 1.20 
741195 1.06 
74C200 10.00 
741221 1.20 
74C901 1.91 
741902 71p 
74C903 2.30 
741904 1.84 
741905 10.88 
741907 1.91 
741908 1.87 
74C911 9.59 
741912 8.00 
74C914 2.88 
74C915 1.99 
741918 2.60 
74C9200 8.50 
74C922 4.60 
741923 5.00 
74C925 6.00 
741926 8.58 
741928 6.00 
74C929 5.20 
74C930J 7.80 
74C932 3.12 

40CMOS 
4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4011 
40I8 
4019 
4020 
4021 
4022 
0023 
4024 

4553 
4555 
1556 

4560 
4500 
4569 
4584 
4585 

2.25 
3511 

351 
1.57 

175 
43p 
1.00 

COMPUTER ICa 
CPUs 

1802 7.00 
26504 11.99 
6502 3.96 
8800 2.95 
8802 4:00 
6809 9.90 
8035 7.44 
8060 10.90 
80904 3.38 
50854 5.50 
8900 57.75 
9980 21.00 
SCMP1 17.96 
2804 3.60 

114 
lip 
llp 
4911 

1511 

49e 

24 
15p 
30p 
Sap 

584 
394 

p 

489 
384 
444 
48p 
/ee 
154 
324 

4025 154 
10x8 794 
4027 249 
4028 194 
4029 56p 
4030 75e 
4031 1.19 
4032 1.90 
4033 120 
4034 1.56 
4035 Sep 
4036 2.48 
4037 1.30 
4038 999 
4039 2.90 
4040 
4041 509 
4042 444 
4043 464 
4o44 alp 
4046 1.20 
4046 554 
4047 850 
4048 494 
4049 254 
4050 239 

51 444 
4052 4911 

4053 400 

4054 090 
4055 40p 

4056 890 
4050 4.80 

14060 S7p 
4063 96p 
4068 34p 
4081 2.90 
4068 1711 

i 1080 169 
4070 lip 
4071 7p 
4072 

1np 

4073 1611 

4016 1911 

076 
4077 
4078 174 
4081 150 
4082 164 
4085 
4086 72p 
4089 1.50 
4093 27e 
4094 979 
4095 664 
4096 994 
4097 

B7pl 
4099 94 

For higher 
numbners in 40 

Series. su5a84ute 
741 roi 40 

prefix. eg 
40107 = 741107 

MEMORIES 
1702A 5,00 
2101 4.00 
210201.2 1.35 
21111 3.00 
2 1230re1 854 
2532 3% 
2708 1.74 
271615V) 2.00 
4027 3.00 
4044 7.00 
4060 960 
41181200nä 85p 
4118.3 5.00 
4164 5.96 
5204 7.50 
6116 440 
6514 3.30 
6810 120 
7489 2.65 
74189 4.00 
7410289 4.00 

40185 3.50 
745287 3.30 
745288 2.50 

280AP10 3.39 

ZN425E8 3.39 
25426E8 3.39 

ZN427E8 6.38 

ZN428E8 4.97 

ZERO 
INSERTION 

DIL SOCKETS 
24 Nn 499 
40 pin 5.30 

46 CMOS 
4502 Mp 

39p 
1 19 

489 

1.17 
1.17 
69p 
47p 
43p 
564 
1.17 
634 
754 
594 
790 
1% 

2.98 

á 
let 

LOGIC Ils 
including 

COMPUTER 
SUPPORT 

4010800 22.50 
*010815 1490 
4010817 10.08 
415.2376 5.90 
ICM7555 90p 
I551871 20.00 
15181771 21.00 
1501791 30.00 
MC1466L 6.50 
MCI488 55p 
MC1489 5511 

MC4024 3.25 
MC4044 3.25 
MK50250 10.00 
61050398 6.95 
MM5303 6.25 
MM5307 12.75 
MM5357 22.50 
MM57105 14.00 
MM57108 1200 
MM57160 9.00 
MM67181 9.00 
4458174 11.80 
R02513LC 7.50 
R02513UC 7 50 
SAA5000 300 
SA45010 7.10 
SAA5012 7.10 
SAA5020 5.50 
SAA5030 10.00 
SAA5040 15.00 
SAA5041 15.00 
SAA5050 8.50 
5005052 0.50 
TMS8011 3.65 
ULN2003A 99p 
81'26 1.35 
9728 1.35 
8195 
8797 

1.35 
1.35 

811595 944 
811596 120 
811597 9op 
811598 1.20 
6522 4 70 
4532 6.95 
6821 1.55 
6845 10.00 
6847 10.00 
6850 1.40 
5852 2 49 
6875 618 
8131 
8154 

8155 
8212 
8216 
8223 
8224 
8226 
8228 
8238 
0243 
8250 
8251 
8253 
8254 
8255 
8257 
8259 8.00 
8279 9.45 
8304 4 50 
8544 1 60 
8601 1.20 
8678CABN 19.50 
8832 2.60 
8833 2.35 
9097 3.00 
9099 3.00 
9601 5.50 
9602 2.50 
Z804CTC 3.19 
280A0AR1 8.00 
Z80AOMA 12.00 

VOLTAGE 
REGULATORS 

See also 
Linear 1C6l 
positive 
10009* 

701054 304 
781124 304 
781154 30p 
781244 3011 

100mÁ Tos 
78105CH 80p 
78112CH 60p 
781)5CH 60p 
78124CH 800 

500mÁ 10202 
7812M 070 
7812M 47p 
7615M 47p 
7824M 47p 

I Amp 70120 
78061 50p 
78121 504 
78159 50p 
78247 

1.5 Amp 103 
7805K 1.40 

7812K 1.40 
7815K 1.40 

7024K 1.40 

Negative 
100mÁ 1092 

79105 70p 
79112 70p 
79115 70p 

500mA 10202 
7905M 55p 
7912M 55p 
7915M 56p 
7924M 55p 

1 Amp 10220 
79051 60p 
79121 60p 
79151 sop 
79241 SOD 

1.5 Amp T03 
7905K 2.20 
7912K 2.21 

7915K 2.59 
7924K 2.69 

Variable - 

1200124 Pos) 
2.50 

LM137K 12.00 
LM309K 1.50 
LM317K 3.42 
LM317MP 1.84 
LM317T 2.00 
LM337K 4.50 
LM337MP 1.73 
LM3377 2.25 
LM345K 3.80 
LM350K 4.50 
LM396K 13.52 

10.00MHz 2.75 
18.00MHz 2.75 
20.00MHz 3.25 
27.648MHz 2.60 
48 00MHz 3.00 
100.30MHz 5.50 

5.5 MHz 
Ceramic filter90p 

VALVES 
0186/87/802 

1.32 

ECC82 1.22 
ECC83 1.22 
ECC84 1.22 
6185 1.80 
0134 2.89 
0184 2.50 
Ki66 10.76 
KT88 12.50 
PC900 1.76 
PCC84 3.00 
PCC85 3.40 
PCC89 1.89 
PCF86 2.30 
PCF201 3.00 
PCF801 2.57 
PCF802 2.11 
PCL82 1.80 
PCLN5 2.20 
PCL06 2.10 
PCL805 2.20 
PD510 4.95 
PFL200 2.99 
PL504 2.11 
P1508 2.36 
91509 4.76 
9L802 1.17 
9189 1.62 
P15004 2.83 
61.6 2.59 

PLUGS 
SOCKETS 

UHF PL259 types 
Low loas, 

superior quality 
5012 

Lola plug 454 
Reducer 154 
Round skt 40p 
Sqr ski sop 

8515012 
Plug 1.10 
Socket 1.00 
Lone skt 1.15 

'KEYNECTOR' 
Bare Wire Mains 

Safely Block 
E7.95 

RELAY (MINA 
4 pele 2 way 
755/ 6.120 

3 amp Contacts 
E2,80 

DESOLDE RING 
PUMP 

111(11. (bodily 
1161, 544011 n, 

61011.00. 
Anorllaplw,ll, 
Scnw en 1rmo,, 

Dois' 03.85 
Spero Nos, 7SP 

1,000s 0010 
GREAT VALUE! 

CANNON TYPE 
AUDIO PLUGS 

13 PIN XLRI 
Male 1.70 

fnmale 1.65 
Sockets )ChassieI 
Male 150 
Female 2.35 

GRAPHIC 
PROCESSORS 

EF9365 62.00 
FF9366 62.00 

HEATSINKS 
CLIP -ON 

T011411281 18p 
105113P(511 18p 
00181BC109) 

1 

70220 C11029) 
>ß 

Manyother sinks 
m stock u,c^uding 

Po .r si ks 
Please phone 

JACK PLUGS 
Huge Discount 
for quantity 

please phone 
Ys Mono 20p 
Y." Stereo 30o 

- Meta, 
Moro 304 
21, own Mono 12p 
2'4 min Metal 
Mono 20p 
3`1 mm Mono 12p 
3'4 mm Stereo 

354 
3'S mm Metal 
Mono 20p 

Rechargeable 
Bett6riea: 

Gua nmyd 
m530 

harge6 
HP211 2AH12.15 
HP2I4AH1 1.89 
HP711,AH) 1.10 
HPi i li 24H) 

4.20 

Chergero 
376 TYPEH: y PAdrysteblstoó 

eW f any HPt5pe 
430 Above E15.59 

1,-;380 
r,p TYPE P: 

1_90 
PP3E5.50 

2.50 TYPE A. 
250 HP7 (Up m4 
2.50 atatimelE,.K 
5.75 OUARiZ 
4.58 CRYSTALS 
8.85 Ploase enquiry 
3.39 alwut types 
7.85 not lowed 
10.00 32,768616 3.00 
2.90 13001-11 3.00 
8.30 100KHz 3.50 

1 30MH1 3.28 
i.p08MHz 3.50 

2 30MH1 2.50 
2.097152MH7 

50 
3 2768MH1 33..00 

4.f10MHt 3.00 
4.194394MHz 

4.433619111-1 
3 W 

5.00MHz 3.901.46 

6.00MH7 2.75 
6.9375MH7 3.50 
8.004614 2.76 

JACK SOCKETS 
Chassis 

a" Munn 20p 
'74"Sleeeo 25p 
2'n rom Mono 15p 
3 Umm Mono 15p 

Line 
4' Mao 300 
'4 " Metal 300 

" Stereo 300 
Stereo 

Metal «p 
3 lrnm Monº1511 
31,, rom Mono 
Lino 10p 

BOOKS Ina VAT I 
1 Posl roc. 41 /teal 

llowers 6í6)0r 
Manual)8íhlel 

10.50 
111 Data 3.95 
Data raa'oPrs,on 

1.50 
Vol,. R n, Dam 

3.95 
Ink:, ace Data 

3.95 
Memory applic 

695 
Al,hn .0011,0 

LM 4.50 
Spcaal luncuon 
handbook 3.95 

COAX ITVI 
All Metal 

Plug 25p 
Socket 254 
Line Sid 40p 

3'n DIGIT 
LCD 

MULTIMETER 
7 amps AC DC 
1KV1DC1 

750V IACI 
Incmd,ble at 

£34,50 
SAF lamas 

apyryl 
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DICES' 
Beeb's Loss of 
Memory 
Tf you're stuck in the waiting list 
lfor a BBC Microcomputer, 
we've done some simple arith- 
metic that may persuade you to 
cancel your order and choose an 
alternative. One of the major 
selling points of the Beeb machine 
has always been the high resolu- 
tion graphics, but it isn't until you 
let htgh,res loose on your memory 
that you find out the snag. For 
example, the Model A is adver- 
tised as being a 16K machine. In 
fact it's only 16K if it's turned off. 
As soon as you switch on, the 
operating system automatically 
reserves 3328 bytes as its 
workspace, and a further 1K goes 
to the memory -mapped screen if 
you're in mode 7 (40 x 25 teletext). 

In any other graphics mode you 
lose a whopping 8-10K, so a 16K' 
machine actually has a maximum 
of 11.75K of user memory for 
programs, and a minimum of 
2.75K! In the `32K' Model B, the 
screen can steal up to 20K in 
highest -res graphics mode, giving 
27.75K maximum, 8.75K 
minimum. These figures have 
been available since the specs 
were published over a year ago, 
but how many people have 
actually put two and two together 
and come up with 2.75?Not many, 
we suspect. The most charitable 
comment we can make is that 
there could be a lot of 
disappointed customers when 
deliveries are finally made. On the 
other hand, you do get one of the 
best BASIC interpreters around- 
but stick to mode 7 if you want 
enough memory to use it 
properly. 

SDP Shrinks 
Drastically 

Hof on the heels of the BICC- 
Vero Speedwire prototyping 

system, reviewed exclusively in 
the June ETI, comes the SDP -500 
range of digital panel meters. 'I'he 
SDP range (do we detect political 
overtones?) is. into miniaturisa- 
tion in a big way, if that's not a 
contradiction - they measure 
only 48 x 24 x 48 mm. Packed into 
this tiny case we have the latest 

LSI dual -integration A -to -D 
technology for high stability and 
excellent noise rejection (40dB at 
50 Hz), bright 9.2 mm LED 
display with anti -glare filter, 
externally programmable decimal 
points and external hold. The 
eight models cover DC voltage or 
current measurement from 
± 199.9 mV to a 199.9 V and ± 
199.9 uA to ± 199.9 mA. The 
supply is 5 V at 100 mA maximum. 
For a comprehensive application 
guide contact Verospeed, Stansted 
Road, Boyatt Wood, Eastleigh, 
Hants S05 4ZY. 

Plug-in Power 
These smart cases have been 
added to the West Hyde range 

and are designed to house power 
supplies for low -voltage equip- 
ment such as calculators, radios 
and TV games. Two sizes are 
available, both able to accom- 
modate PSU components inclu- 
ding the transformer, and the case 
may be plugged directly into a 
13 A socket. You can have any 
colour so long as it's black or 
white, and the case is moulded in 
impact -resistant ABS. More 
details from West Hyde Develop- 
ments Ltd, Unit 9, Park Street 
Industrial Estate, Aylesbury, 
Bucks, HP20 IET. 

Cut With 
Comfort 

Now hands that do cutting can 
feel soft as your face...with 

these self -opening, cushion -grip 
hand tools. The three tools each 
weigh about 80 grams and com- 
prise an angle side cutter, short 
fine nosed and long fine nosed 
pliers. Each tool costs £2.90 plus 
45p P&P and VAT, and is avail- 
able by mail order from Electronic 
Hobbies Ltd, 17 Roxwell Road, 
Chelmsford, Essex, CM1 2LY. 

That's 
Entertainment? 
Tt seems there's at least one jolly 

wag at Linvar Ltd; they've sent 
us details of the ASAD Work 
Centre. ASAD? - well, that 
stands for All Singing All 
Dancing, to signify the fact that 
it's somewhat versatile. When 

assembled the Work Centre is 5' 
by 2'6", but it can be packed up 
into its tailor-made carton for 
storage. The total cost is £89.90. 
Drawers, cupboards, shelves and a 
host of other accessories are 
available, including a paper 
cutting unit. This features in the 
Linvar Packing Bench, built from 
ASAD components. This more 
specialised work centre is 
designed to be the basis of a cost- 
effective packing department. 
Another aspect of Linvar's 
involvement in small parts 
storage is the `Linbin' range of 
polypropylene containers, one of 
which is shown in the second 
photo. Linvar can be contacted at 
Barkby Road, Leicester, LE4 7LL. 

Flock Of Eagles 
Eagle International, the indus- 
trial electronics company, 

have introduced three new pro- 
fessional public address mixer/ 
amplifiers. These are the TPM 40, 
TPM 80 and TPM 120 models 
which offer - surprise, surprise - 
40, 80 and 120 W RMS output 
power. All three are suitable for 
both four -eight ohm or 100 V line 
speaker systems. General spec is 
30 Hz -15 kHz frequency response, 
priority paging over background 
music, master volume controls 

etc, and two year guarantee. 
Individually, the TPM 40 has 
battery backup for mains failure, 
three mike and two auxiliary 
inputs, plus a tone control; the 
TPM 80 is mains -only with a tone 
control, four mike, one record 
deck and two auxiliary inputs; 
and the "l'PM 120 has the same 
inputs as the 80 but with 
independent bass and treble 
controls and more versatile input 
controls. Further information 
from Eagle International, 
Precision Centre, Heather Park 
Drive, Wembley, Middlesex HAO 
1 SU. 
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Tel: 0206 36412 
Hill Farm Industrial Estate 

Electronics"wY EssexBoxte , Colchester 
Essex C04 5RD 

VRapid 
HARDWARE 

PP3 battery clips 
Red or black crocodile clips 
Black pointer control knob 
Pr Ultrasonic transducers 
*6V Electronic buzzer 
*12V Electronic buzzer 
*PB2720 Piezo transducer 
*64mm 64 ohm speaker 
*64mm 8 ohm speaker 
20mm panel fuseholder 

f 
BP 

15p 
350p 

6op 
65p 
75p 
70p 
70p 
25p 

IYes that s right! It's transistor month at 
Ildpid' 1.111 /III ()Were over t tb received we 

I ive you 10 H(: 1841 general purpose Iran- 
ustrrrs Ivalue /Lip) absolutely tree of 
charge Utter expires 31st August 0Z. 
Please mention this magazine. 

CABLES 
20 metre pack single core connec- 
ting cable ten different colours 65p 
Speaker cable 10p/m 
Standard screened 16p/m 
Twin screened 24p/m 
2.5*3 core mains 23p/m 
10 way rainbow ribbon ebp/m 
20 way rainbow ribbon 120p/m 

FREE TRANSISTORS! 

CONNECTORS 
DIN Plug Skt 
2 pin 9P. 9p 
3 pin 12 10p 
5 pin 13p 11p 
Phono 1Op 12p 
1mm 12p 13p 

Jack Plug 
2.5mm 10p 
3.5mm 9p 
Standard 16p 
Stereo 24p 
4mm 18p 

UHF (CB/ Connectors 
PL250 Plug 406 Reducer 14p 
S0239 square chassis skt 313p 
502395 round chassis socket 40p 
IEC 3 pin 250V/6A 
Plug chassis mounting 

30P Socket free hanging 
Socket with 2m lead 120P 

Skt 
10p 

20p 

17pp 

PANEL METERS 
Size 60 x 46 x 35mm 
0-50uA 0-500mA 
0-100uA 0-1A 
0-500uA 0-50V AC 

VU 
0-300V AC 
0-25V 
0-30V DC 

0-1mA 
0-10mA 
0-50mA 
0-100mA 
496p each 

POTENTIOMETERS 
Rotary. Carbon track Log or Lin 1K -2M2 
Single 32p; Stereo 85p: Single switched 80p: 
Slide 60mm travel single Log or Lin 5K -500K 63p 
each 
Preset. Submin. hor. 100 ohms -1M 7p each 
Cermet precision multiturn, 075W lin 100 ohms 
to 100K 86p each 

BRIDGE 
RECTIFIERS 
A 50V 
A 400V 
A200V 
A 400V 

6A 100V 
6A400V 
VM18 DIL 
0.9A 200V 

Simply phone 
0206 36412 

with your order 
DIODES 

BY127 12 
0A47 
WOO 
OA91 7 
OÁ200 8 
0-0202 8 
1N914 4 
*104148 2 
BZX61 Series 
4V7 -39V 

10 

*104001 3 
1N4002 5 

104006 7 
104007 7 
105401 15 
105404 16 
105406 17 
400mWzen 6 
zeners 1.3W 

15p each 

SOLDERING 
IRONS 

Antex CS 17W Soldering iron 450p 
2.3 and 4.7mm bits to suit 65p. 
CS 17W element 210p 
Antex XS 25W Soldering iron 480p 
3.3mm and 4.7mm bits to suit 65p 
Solder pump desoldering tool 480p 
Spare nozzle for above 705 
10 metres 22swg solder 100p 
Soldering iron stand 
for above 190p 

SOCKETS 

Low Wire - 
profile wrap 

*8 pin 7p 25p 
*14 gp 
*16 P in l p 42 e 5p p 
18 Pin 15P 52p 
20 pin lop g0p 
22 pin 20p lop 
24 pin up 78p 
28 pin 2gp 80p 
40 Pin 32p 98p 
Soldercon pins E0p/100 

VERO 

* Verobloc 350p 
Size 0.1 matrix 
2.5 x 1 

2.5 x 3.75 
2.5 x 5 
3.75 x 5 
VO board 
Veropins per 100 
Single sided 
Double sided 
Spot face cutter 
Pin insertion tool 

22P 
75p 
85p 
95p 

160p 

50p 
60p 

105p 
162p 

BARCLAYCARD 

CAPACITORS 
Polyester. Radial leads. 250V. C280 type. 
0.01, 0.015, 0.022, 0.033 6p; 0.047, 0.068, 0.1 
7p; 0.15 0.22 9p; 0.33, 0.47 13p; 0.68, 20p; 1 u 

Electrolytic. Radial or axial leads, 
0.47/63V, 1163V, 2.2/63V, 4.7/63V. 10/25V: 
7p; 22/25V, 47/25V 8p; 100/25V 9p; 220/25V 
14p; 470/25V 22p; 1000/25V 30p; 2200/25V 
50p. 
Tag end Power Supply Electrolytics. 
2200/40V 110p; 4700/40V 160p; 2200,63V 
140p; 4700/63V 230p 
Polyester. Miniature Siemens PCB 
1 n, 2n2, 303, 4n7, 6n6, 10n, 15n 7p; 22n, 33n, 
470, 68n 8p: 100n 9p; 150n 11p; 220n 13p; 330n 
20p; 470n 26p; 680n 29p; 1u 33p; 2u2 50p 
Tantalum bead 
0.1, 0.22, 0.33, 0.47, 1.0 @ 35V 12p: 2.2, 4.7, I 

10 151 25V 20p; 15/16V 30p; 22116V 27p; 
33/16V 46p; 47/6V 27p; 47/16V 70p; 68/6V. 
40p; 100/10V 90p 
Ceramic disc. 22p -0í01u 50V 3p each 
Mullard miniature ceramic plate 
1.8pF to 1000F Bp each 
Polystyrene. 5% tolerance 
10p-10009 6p; 1500-4700p 8p; 6800-0.012u 
1 

Trimmers. Mullard 808 Series 
2-10pF 22p; 2-22pF 30P; 5.5-65pF 35p 

REGULATORS 
78105 
78112 
78115 
7805 
7812 
7815 

LM309K 
LM317K 
LM317T 
LM323K 

25 
25 
25 
40 
40 
40 

130 
350 
120 
350 

79L05 
79112 
79L15 
7095 
7912 
7915 

LM723 
LM338K 
78H05 
5A 5V 

RESISTORS 
1W 5% Carbon film E12 
series 4.70-10M 1p each 
1W 5% Carbon film E12 
series 4.711 to 4M7 2p each 
1W 1% Metal film 024 
series 100-1M Op each 

OPTO 
*3mm red 8 *5mm red 8 
*3mm green 12 *5mm green 12 
*3mm yellowl2 *5mm yellowl2 
Clips to suit 3p each 
*red 12 11132 40 
green 17 11178 40 
yellow 17 TIL111 80 
71138 40 ORP12 85 
205777 45 TIL100 90 

Dual color 60 
Seven segment displays 

Cam cathode Com anode 
DL7040.3" 95 017070.3" 95 
*500500 0.5" 5005070.5" 90 

80 111.3120.3" 105 
DL704 80 TIL321 0.5" 115 
111313 0.3" 105 
TIL322 0.5' 115 

LCD: 31 digit 580p 4 digit 620p 

COMPONENT KITS 
An ideal opportunity for the beginner or the experienced construe 
for to obtain a wide range of components at greatly reduced prices. 
5W 5% Resistor kit. Contains 10 of each value from 4.711 to 1 

1650 resistors) 480 
Ceramic Capacity Kit. Contains 5 of each value from 22p to 0.010 
1135 caps/ 
Polyester Capacitor Kit. Contains 5 of each value from 0.01 to l u 
165 caps) 575p eac 
Preset K4. Contains 5 of each value horn 100 ohms to 1M Itotal 6 
presets) 425p eac 
Nut and Bolt Kit. Total 300 items 180p 
25 68A I" bolts 
25 6ßA 1" bolts 
50 68A nuts 
50 68A washers 
25 48A 1" bolts 
25 68A 1" bolts 
50 68A nuts 
50 68A washers 

VERO WIRING 
PEN 
Pen + spool310p Pin Insertion 
Spare spool 75p Tool 162p 
Combs 6p 

SWITCHES 
Submin toggle 
SPST55p SPDT60p *DPDT 
Sop 
Miniature toggle 
SPOT 80p SPOT centre off 90p 
DPDT 90p DPDT centre off 
100p 
Standard toggle SPST 
35p DPDT 48p 
*Miniature DPDT slide 12p 
*Push to make 12p Push to 
break 22p 
Rotary type adjustable stop 
1012W 206W 304W all 55p 
each 
DIL switches 
4 SPST 80p 6 SPST 80p 81 
SPST 100p 

TRANSFORMERS 
Please add carriage 
charges to our normal 
post, charges 
Miniature mains 
606V, 909V, 12012V all @ 100mA 100p each 
PCB mounting. Miniature 
3VA 0-6, 0-6 @ 0.25A; 0-9, 0-9 @ 0.15A; 
0. 12, 0-12 @ 0.12A 200p each 
6VA 0-6, 0-6 @ 0.5A; 0-9, 0-9 @ 0.4A; 0-12, 
0.12 @ 0.25A 270p each 
High quality. Split bobbin construction 
6VA 0-6, 0-6 @ 0.5A; 0-9, 0-9 @ 0.4A; 0-12, 
0-12V @ 0.3A 220p each 
12VA 0-6, 0-6 @ 1A; 0-9, 0-9 @ 0.8A, 0-12, 
0-12 @ O.5A; 0-15. 0-15 @ 0.4A 295p (plus 
40p carriage/ 
25VA 0-6, 0-6 @ 1.5A; 0-9 @ 1.2A; 0 12.0 12 
@ 1A; 0-15, 0-15 @ 0.8A 330p each (plus 60p 
carriage) 
50VA 0-12, 0-12 @ 2A, 0-15, 0-15 @ 1.5A 
440p each Iplus 75p carriage) 

ORDERING INF 
All prices exclude VAT. Please add to total 
order. 
Please add 50p carriage to all orders under 
£10 in value. Send cheque/PO or Ac- 
cess/Visa number with your order. Please 
note new address. Callers most welcome 
we are just 10 minutes from the centre of 
Co'chester. Telephone orders welcome with 
Access and Visa. Official orders welcome 
from colleges and schools etc. Export orders 
no VAT but please add carriage. All com- 
ponents brand new and full spec. 

® 
¡[ 

TRANSISTORS 
AC125 36 
AC126 25 
AC127 25 
*AC128 20 
AC176 25 
AC187 22 
AC188 22 
AD142 120 
AD149 80 
AD161 40 

I AD162 40 
AF124 60 
AF126 50 
AF139 40 
AF186 70 
AF239 75 

. BC107 10 
BC107B 12 
*BC108 9 
BC1088 12 
BC108C 12 
*BC109 9 
BC109C 12 
BC114 22 
BC115 22 
BC117 22 
BC1119 35 
BC137 40 
BC139 40 
BCt40 30 
BC141 30 
BC142 25 
BC143 25 
BC147 8 
BC148 8 
BC149 9 

BC157 
BC158 
BC159 
BC160 
BC168C 
BC169C 
BC170 
BC171 
BC172 8 
BC177 18 
8C178 18 
BC179 18 
BC182 10 
*BC182L 8 
BC183 10 
BC183L 10 
BC184 10 
*8C184L 7 
BC212 10 
BC212L 10 
BC213 10 
BC213L 10 
8C214 10 
*BC214L 8 
BC237 8 6F197 12 MPF104 40 

BC238 14 8E198 10 MPSA05 22 
BC308 15 8F199 18 MPSA06 25 
BC327 14 8E200 30 MPSA12 30 
BC328 14 *BF244B 22 MPSA55 30 
13C337 14 BF245 30 MPSA56 30 
8C338 14 BF256B 45 MPSU05 55 
BC477 30 6F257 32 MPSUO6 55 
BC478 30 13F258 25 MPSU55 60 
BC479 30 8F259 35 MPSU56 60 
BC517 40 6F337 40 TIP29A 40 
BC547 7 BFR40 23 TIP2913 56 

BC548 
BC549 

10l BC558 
10' BCY70 
g BCY71 

45 BCY72 
10 BD115 
10 BD131 

g 130132 
10 130133 

BD135 
BD136 
BD137 
BD738 
BD139 
50140 
BD204 
BD206 
BD222 
13E180 
BF/82 
5E184 
8E185 
8E194 
6E195 
8E196 

10 BFR80 25 
10 BFX29 25 
10 BFX84 25 
18 BFX85 25 
18 BFX86 28 
18 BFX87 25 
g0 BFX88 25 
35 BFY50 23 
35 BFY51 23 
50 BFV52 23 
50 BFV53 32 
30 BFV55 32 
30 BFY56 32 
30 BRY39 40 

36 BSX20 20 
35 BSX29 35 

110 BSY95A 25 
110 BU205 160 
85 BU206 200 
35 BU208 170 
35 MJ2955 99 
25 MJE340 50 
25 MJE520 65 
12 MJE521 95 
12 MJE3055 70 
12 MPF102 40 

TIP29C 110 ZTX300 14 *203702 
TIP30A 45 211(301 16 203703 
TIP3013 50 ZTX302 15 *203704 
TIP30C 60 ZTX304 17 203705 
TIP31A 45 ZTX341 30 2N3706 
TIP31C 55 ZTX500 15 203707 1 

TIP32A 45 21X501 15 2143708 1 

TIP32C 80 ZTX502 15 203709 1 

TIP33A 50 ZTX503 18 203772 190 
TIP33C 75 ZTX504 25 2N3773 210 
TIP34A 60 20697 20 *203819 18 
TIP34C 86 20898 40 203820 40 
TIP35A 160 20706A 20 203823 86 
TIP35C 180 2N708 20 203868 80 
TIP36A 170 20918 35 203903 10 
TIP36C 195 201132 22 203904 10 
TIP41A 60 201613 30 2N3905 6 
TIP42A 60 202218A 45 203906 10 
T1P120 90 202219A 25 204037 46 
TIP121 90 202221A 25 2144058 10 
TIP122 90 2N2222A 20. 204060 10 
TIP141 120 202368 25 204061 10 
TIP142 120 202369 16 204062 10 
TIP147 120 202484 25 205457 38 
TIP2955 60 *2N2646 45 205458 36 
TIP3055 65 2N2904 20 205459 30 
71043 40 2512904A 20 205485 36 
TIS44 46 202905 22 205777 46 
11045 45 202905A 22 2N6027 30 
TIS90 30 202906 25 40360 40 
TIS91 30 202906A 25 40361 60 
*VN10KM46 2N2907 25 40362 90 
VN46AF 75 202907A 25 40408 70 
VN66AF 86 202926 9 
VN88AF 95 2N3053 23 
*ZTX107 8 2N3054 55 
*ZTX108 8 203055 50 
ZTX109 12 2N3442 120 

LINEAR 

*555CMOS 80 
*556CM0S 150 
709 25 
*741 14 
748 35 
9400CJ 360 
AY -3-1270 840 
AY -3-8910 800 
AY -3-8912 825 
CA3046 60 
CA3080 66 
CA3089 215 
CA3090AQ 375 
CA3130E 90 
*CA3140E 45 
CA3161E 100 
CA3189 290 
*CA3240E 110 

CL7106 
CL7611 
CL7621 
CL7622 
CL8038 
DL8211A 
CM7224 
CM7555 
1E351 
1E353 
1E356 
LM10 
LM301A 
LM311 
LM318 
169324 
LM334Z 
LM335Z 
LM339 
LM348 

790 
95 

180 
180 
320 
200 
785 
00 
45 
85 
90 

360 
25 
70 

120 
40 

100 
125 
50 
85 

LM358 
LM377 
*LM380 
LM381 
LM382 
LM384 
LM386 
LM387 
LM393 
LM709 
LM711 
LM725 
LM733 
LM741 
LM747 
LM 1458 
LM2917 
LM3900 
*LM3909 
LM3911 

50 
150 

OS_ 

120 
120 
130 
65 

120 
100 
25 
60 

360 
75 
14 
75 
40 

200 
50 
70 

120 

LM3914 
LM3915 
LM13600 
MC1310 
MC1496 
ML922 
ML924 
ML925 
ML926 
ML927 
M1928 
ML929 
MM5387A 
NE529 
NE531 
NE544 
*NE555 
*NE556 
NE565 
NE566 

11064 
200 NE567 100 71071 
220 NE570 400 TL072 
120 NE571 400 71074 
150 *RC4136 68 *TL081 
88 *6C4558 00 *11082 

400 SL480 170 *TL084 
195 SL490 250 TL170 
210 SL76018 150 *UA2240 
140 SN76477 250 ULN2003 
140 SP8629 260 ULN2004 
140 TBA120S 70 *X112206 
140 TBA800 80 20414 
465 TBA810. 96 ZN423 
225 TBA820 80 ZN424 
150 TBA950 290 ZN425E 
205. TOA1008 320 ZN426E 

16 *TDA1022 525 ZN427E 
45 TDA1024 125 ZN428E 

120 TL061 10 ZN459 
150 TL062 60 2141034E 

CM OS 

*4001 
4002 
4006 
4007 
4008 
4009 
4010 
*4011 
4012 
*4013 
4014 
4015 
4.16 

10 
12 
50 
15 
48 
24 
24 
11 
15 
26 
50 
50 
20 

*4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
*4026 
4027 
4028 
4029 
4030 
4031 

38 4036 
45 4039 
25 4040 
50 4041 
50 4042 
50 4043 
16 4044 
33 *4048 
16 4047 
90 4048 
24 *4049 
50 *4050 
60 405t 
30 4052 

125 4053 
140 4054 

4055 95 
4059 480 
4060 65 
4063 65 
*4066 30 
4067 295 
4068 16 
4069 16 
4070 15 
4071 15 
4072 15 
4073 15 
4075 15 
4076 50 
4077 18 
4r: 

4082 
4085 
4086 
4089 
*4093 
4094 
4095 
4097 
4098 
4099 
40106 
40109 
40163 
40173 
40175 
40193 

16' 4502 
65 4503 
60 4507 

125 4508 
30 4510 

120 *4511 
75 4512 

290 4514 
75 4515 
90 4516 
50 *4518 

110 4520 
100 4521 
100 4526 
100 4527 

96 4528 

60 
40 
38 

160 
50 
50 
50 

120 
120 
65 
40 
70 

130 
70 
80 
70 

4529 
4532 
4534 
4538 
4563 
4549 
4553 
4555 
4556 
4559 
4660 
4584 
4585 
4724 

150 
80 

485 
110 
100 
360 
275 
35 
36 

390 
175 
45 
eo 

140 

LS TTL 
*LS00 11 

1.501 11 
LS02 11 
LSO3 12 
1504 12 
1305 13 
LSO8 12 
LS09 12 
LS10 12 
LS11 12 
LS12 12 
*LS13 22 
LS14 38 
LS15 12 
LS20 12 

LS21 
LS22 
L526 
LS27 
LS30 
LS32 
LS37 
LS38 
LS40 
*L342 
*LS47 
LS48 
LS51 
LS55 
LS73 
*LS74 
LS75 

12 
12 
14 
12 
12 
13 
15 
15 
13 
32 
38 
46 
14 
14 
18 
18 
22 

LS76 
LS78 
LS83 
LS85 
LS86 
*LS90 
LS92 
*LS93 
LS95 
LS96 
LS107 
LS109 
LS112 
LS113 
LS114 
LS122 
LS123 

18 
18 
40 
52 
19 
28 
32 
28 
40 
96 
40 
21 

21 
23 
22 
38 
38 

LS125 
LS126 
LS132 
LS136 
*LS138 
*LS139 
LS145 
LS147 
LS148 
LS151 
LS153 
LS154 
LS155 
LS156 
*LS157 
LS158 
LS160 

26 
25 
42 
26 
32 
32 
70 

150 
85 
38 
40 
90 
35 
36 
30 
30 
37 

LS161 
LS162 
LS163 
LS164 
LS165 
LS166 
LS170 
LS173 
LS174 
LS175 
LS190 
LS19I 
LS192 
LS193 
LS195 
LS196 

197 

LS221 
LS240 
LS241 
LS242 
LS243 
*LS244 
*LS245 
LS247 
LS251 
LS257 
LS258 
LS259 
LS266 
LS273 
LS279 
LS283 
LS353 

LS365 30 
LS366 30 
LS367 30 
15368 35 
*10373 66 
LS374 65 
L5375 45 
LS377 70 
LS378 60 
LS390 55 
LS393 55 
LS399 175 
LS541 120 
LS670 160 

TTL 
*7400 11 
7401 11 
7402 11 
7403 12 
7404 13 
7405 15 
7406 24 
7407 25 
7408 
7409 
7410 
7411 
7412 

14 
14 
14 
16 
18 

7413 
7414 
7416 
7417 
7420 
7421 
7422 
7427 
7426 
7430 
7432 
7433 
7438 
7437 
7440 

28 74447442 

2418 7446 
24 7447 
15 7448 
20 7450 
20 7451 
22 7453 
26 7454 
14 7460 
20 7 
25 
25 *4727474 

25 74757473 

15 7476 

32 7480 
90 7482 
65 7483 
40 7485 
45 7486 
16 7489 
16 *7490 
16 7491 
16 7492 
16 *7493 
26 7494 
26 7495 
20 7496 
26 7497 
30 74100 

48 74107 
65 74109 
40 *74121 
60 74122 
20 74123 

180 74125 
21 74126 
45 74132 
25 74141 
25 74146 
38 74147 
35 74148 
40 74150 
95 74153 
80 74154 

74155 
74156 
74157 
74180 
74161 
74162 
74163 
74164 
74165 
74167 
74170 
74173 
74174 
74175 
74176 

74177 
74179 
74180 
74181 
74182 
74190 
74191 
74192 
74193 
74194 
74195 
79196 
74197 
74198 
74199 

TRIACS 
400V4A 50 
400V8A 65 
400V 16A 95 
BR100 25 

SCRs 
TIC45 28 
C106D 30 
400V8A 70 
400V 12A 98 

BOXES 
Aluminium 
30201in 
403011in 
4x3 02in 
604 x 2 
6 x4 3ín 

Plastic 
70p with lid *screws 
86p 3 02 0 lin 55p 

100p 43.3x1} 88p 
120p 7 x 4 x2in 160p 
180p 

PCB MATERIALS 
Alfac transfer sheets - please 
state type le.g. DIL pads etc/ 45p 
Dalo etch resist pen 100p 
Fibreglass board 3.75' x 8" 75p 
Ferric Chloride 250m1 bottle 100p 

CRYSTALS 
10OKHz 
200KHz 
1MHz 
1.008M 
1.8432 
2.0M 
2.4576M 
3.276M 
3.579M 
4.0M 
4 194M 
4.43M 
5.0M 

290 
370 
300 
370 
300 
270 
no 
240 
120 
150 
150 
125 
240 

6.0M 
6.144M 
7.0M 
8.0M 
10.0M 
12.0M 
1ú.0M 
18.0M 
18.432 
19.968 
38.867 
48.0M 
116M 

200 
180 
250 
170 
190 
290 
240 
240 
220 
300 
320 
220 
300 

The Rapid Guarantee * Same day despatch * Competitive prices pTop quality components * In-depth stock 
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS 

Shorts 
A lot of hot air from Heller - 

mann Electric of Plymouth; their 
new heat -guns, the GHM Mite 
and GHW-Triac are ideal for use 
with the "Helashrink" range of 
heatshrink sleeving. 

The ZN435 from Ferranti is a 
new multifunction eight -bit data 
converter. The standard 18 -pin 
DIL IC contains a fast DAC, an up/ 
down counter, a precision voltage 
reference and a clock generator. 
Uses include ramp -and -compare 
and tracking ADCs, low -fre- 
quency waveform generators, 
fader controls and radio channel 
selectors. 

Thorn EMI and JVC have 
postponed the launch of the VHD 
videodisc system in Japan for 
economic and marketing reasons. 
The same decision was recently 
taken in the USA. To achieve a co- 
ordinated launch, VHD won't 
now appear in the UK until 1983. 

Gulf Oil have donated an out- 
of-date IBM computer to the 
Science Museum in London. The 
machine was originally bought in 
1978 for a quarter of a million 
pounds; the Science Museum hope 

to have it in running order 
eventually. 

The first edition of the 
Electroware catalogue is now 
available and contains too much 
to list here; we'll just say it's good, 
it's free (30p P&P, though) and it's 
available from Electroware, 
Dutton Lane, Eastleigh, Hants, 
SO5 4AA. 

Stuck when it comes to metric 
conversion sums? The LC950 
from Casio can switch from one 
system of weights and measures to 
another and has a split level 
display showing both sets of 
figures. RRP is £ 18.95. 

It seems there are people in the 
electronics industry who can 
think up even worse puns than us 
(is this possible, you gasp). MC 
Computers Ltd, of Newbury has 
launched a repackaged version of 
the Apple II personal computer, so 
naturally they've called it the 
Apple Pi. 

The 1982 edition of the IC 
Master (which contains details of 
more than 55,000 ICs) is now 
available in two hardback 
volumes from Paterson, Steadman 
and Partners of Saffron Walden. 
Price is £ 59.00 inclusive, which is 
one tenth of a penny per IC. 

More For Less 
Zemco's latest car computer, 
the CompuCruise, has several 

new features but costs £20 less 
than the previous model. For £ 130 
you get on-line fuel consumption; 
clock with stopwatch facility, 
cruising speed control, distance! 
time/fuel-to-arrive calculations, 
battery voltage indicators, inside 
and outside temperatures and 
about 15 other functions. The car 
freak who has everything (except 
a computer) can contact Zemco at 
66 Earlsdon Street, Coventry, 
CV5 6EJ. 

Candid 
Cameras 

Could this be a prototype TV of 
the future, once satellite TV 

brings us a bewildering choice of 
channels? Nope - it's JUPITER, a 
CCTV control system from Photo- 
Scan Ltd for multi -camera con- 
figurations. The microprocessor - 
based system allows cameras to be 
incorporated in multiples of 32, 
with up to 10 monitors, video 
recorders, remote camera 
controls, controls for up to four 
alarms per camera, and a lot of 
other stuff for security with a 
vengeance. Because the system is 
software -based the surveillance 
system can be modified to meet 
the needs of any customer. Photo - 
Scan are at Dolphin Estate, 
Windmill Road, Sunbury -on - 
Thames, TW 16 7HG, if you want 
to know more - what we want to 
know is, why we never see 
security guards that look like this. 

Fax You Should 
Know 

For a special three-month 
evaluation period, ITT 

Business Systems will allow 
customers to rent a Telefax 
facsimile unit at virtually half- 
price. At the end of the three 
months, they have the option to 
buy the unit or return it. 

Facsimile transmission, as if you 
didn't know, is an electronic 
method of sending test, pictures, 
or graphics: the document is 
scanned, coded and send down a 
telephone line to be printed out as 
hard copy on a receiver anywhere 
in the world - all very clever, 
although the young lady looks 
quite bored by it all. If you're 
interested, ITT Business Systems 
live at Diversey House, Chalk 
Lane, Cockfosters, Barnet, Herts 
EN4 OBU. 

Lithium Cell 
Clicks V odak's new disc camera is revo- 
lllutionary in more ways than 
one - it will be using a high 
performance lithium battery from 
Matsushita. The disc camera does 
not use conventional film - 
pictures are taken on a flat disc of 
film and the camera includes auto- 
matic film advance exposure 
control and electronic flash. The 
lithium battery was chosen to 
power all this lot because of its 
high -rate pulse discharge 
capability (greater than 1 A), wide 
operating temperature range, 

10 -year shell life and high 
reliability and safety. The lithium 
cell is expected to find increasing 
use in consumer products inclu- 
ding cameras, flashguns, radios, 
transceivers, and telephone 
pocket pagers, as well as security 
and emergency equipment. 

Orient On Air 
Here's a novel story - Pye 
Telecommunications have 

won an order to supply mobile 
radio equipment for Chinese 
transport vehicles. It would have 
been nice to report that the 
rickshaw in the picture was being 
fitted with the equipment, but not 

such luck; it's the Kew Kwan 
Motor Road Co. buses that are 
getting the two-way treatment. 
It'll be the first time that China 
has had radio -controlled vehicles, 
and Kee Kwan, who hold the 
exclusive bus tour franchise for 
Macau, expect that the system will 
improve route supervision, effi- 
ciency and safety. 
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AT -80 
Electronic Car Security System 
Arms doors, boot, bonnet and has security loop to protect 
fog/spot lamps, radio/tape, CB equipment 
Programmable personal code entry system 
Armed and disarmed from outside vehicle using a special 
magnetic key fob against a windscreen sensor pad adhered to 
the inside of the screen I Fits all 12V neg earth vehicles 
Over 250 components to assemble 

SpárEADrífELECTRONICS 

NOW AVAILABLE IN KIT FORM 

31 a 

SX1000 
Electronic Ignition 
Inductive Discharge 
Extended coil energy 
storage circuit 
Contact breaker driven 
Three position changeover switch 
Over 65 components to assemble 
Patented clip -to -coil fitting 
Fits all 12v neg. earth vehicles 

SX2000 
Electronic Ignition 
The brandleading system 
on the market today 
Unique Reactive Discharge 
Combined Inductive and 
Capacitive Discharge 
Contact breaker driven 
Three position changeover switch 
Over 130 components to assemble 
Patented clip -to -coil fitting 
Fits all 12v neg. earth vehicles 

SPECIAL OFFER 
"FREE" MAGIDICE KIT WITH 
ALL ORDERS OVER £45.00 

VOYAGER Car Drive Computer 
A most sophisticated accessory Utilises a single chip mask 

programmed microprocessor incorporating a unique programme 
designed by EDA Sparkrite Ltd Affords 12 functions centred 
on Fuel, Speed, Distance and Time. a Visual and Audible alarms, 
warning of Excess Speed, Frost/Ice, Lights -left -on Facility to 
operate LOG and TRIP functions independently or synchronously 

Large 10mm high 400ft-L fluorescent display with auto 
intensity. Unique speed and fuel transducers giving a 

programmed accuracy of + or - 1% Large LOG & TRIP 
memories. 2,000 miles. 180 gallons. 100 hours Full Imperial 
and Metric calibrations. Over 300 components to assemble 
A real challenge for the electronics enthusiast! 

TX1002 
Electronic Ignition 

Contactless or contact triggered 
Extended coil energy storage circuit 
Inductive Discharge Three position 

changeover switch Distributor 
triggerhead adaptors included Die cast 
weatherproof case Clip -to -coil orremote 
mounting facility Fits majority of 486 cyl. 
12V. neg. earth vehicles Over 145 
components to assemble. 

TX2002 
Electronic Ignition 

The ultimate system Switchable 
contactless. Three position switch with 

Auxiliary back-up inductive circuit. 
Reactive Discharge. Combined capacitive 

and inductive. Extended coil energy storage 
circuit. Magnetic contactless distributor trigger - 

head Distributor triggerhead adaptors included. 
Can also be triggered by existing contact breakers. 

Die cast waterproof case with clip -to -coil fitting Fits 
majority of 4 and 6 cylinder 12v neg earth vehicles. 

Over 150 components to assemble 

All EDA-SPARKRITE products and designs are fully covered by one or more World Patents. 

MAGIDICE 
Electronic Dice 
Not an auto item bul.great fun 
for the family 
Total random selection 
Triggered by waving of hand 
over dice 
Bleeps and flashes during a 4 second 
tumble sequence 
Throw displayed for 10 seconds 
Auto display of last throw 1 second in 5 
Muting and Off switch on base 
Hours of continuous use from PP7 battery 
Over 100 components to assemble 

IIIIR 1811.1 AIM INN MI MO MN 
EDA SP ARKRITE LIMITED 82 Bath Street. Walsall. West Midlands. WS1 3DE England. I Tel 10922) 614791 Al/ow 28 days for delivery 

SELF 
ASSEMBLY 

KIT 

READY 
BUILT 
UNITS 

SX 1000 £12.95 £25.90 

SX 2000 £19.95 £39.90 

TX 2002 £29.95 £59.90 
TX 1002 £22.95 £45.90 

AT. 80 £29.95 £59.90 

VOYAGER £59.95 £119.90 
MAGIDICE £9.95 £19.90 

PRICES INC. VAT. POSTAGE & PACKING - MIMIMI 

NAME 
ADDRESS 

I ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR 

£ KIT REF 

CHEQUE NO 
24 hr. Answerphone 
PHONEYOURORDERWITHACCESS/BARCLAYCARD 
SEND ONLY SAE IF BROCHURE IS REQUIRED 

MN MI MI ilk fffff\ - - 

ETI 

Ah IL 
CUT OUT THE COUPON NOW! 
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS 

The Light 
Fantastic 

his bizarre pic arrived at the 
1 office with an announcement 

that General Instrument Lamps of 
Bury St. Edmunds will be 
marketing Tokyo Minilite Ltd 
products in Europe. Assuming 
they haven't cheated with a fake 
flower, then Minilite definitely 
lives up to its name. For further 
information contact General 
Instrument Lamps Ltd, 
Beetons Way, Bury St. Edmunds, 
Suffolk IP32 6RA. Note to ad 
agencies: it's ingenious pix like 

this one that make it worthwhile 
ploughing through the hundreds 
of boring press releases we get 
each week. 

At The Zenith 
egular readers of the mag will 

now the high regard we have 
for Heath Electronics and the 
quality of their kits, so a new 
printer from Zenith Data Systems 
( Heath division) has to be good 

ws. The Z-25 is a bi-directional 
printer with quad tractor feed 
which provides accurate forms 

registration, and a 9 x 9 dot matrix 
head for high quality print. The 
character set includes all 95 ASCII 
characters (upper and lower case) 
as well as 33 graphics characters. 
The high print rate (greater than 
150 characters per second) results 
in a print speed of about 300 lines 
per minute for 10 column lines, 
and 65 lines per minute for 132 
column lines. The operator can 
select from 10, 12, 13.2 or 16.5 
characters per inch, while the 
completely enclosed cabinet 
results in quiet operation. The 
printer interfaces to micro- 
computers via an RS -232C serial 
interface or 20 mA current loop. 
The printer (and other Zenith 
products) are marketed in the UK 
through Zenith Data Systems 
outlets. 

AUSSAT 
Owzat? 

Hughes Aircraft Company 
have signed an agreement to 

build Australia's first com- 
munication satellite system. The 
three satellites, to be known as 
AUSSAT, will provide a variety 
of communication services 
including the first TV transmis- 
sions to many of the communities 
and homesteads in the remote 
outback regions. Other services 
include digital data transmiss- 
ions, telephony, air traffic 
control and maritime radio 
coverage. The first of the satellites 

Stereo VHS 
Sound quality continues to 

improve in the video recorder 
field; the new top -of -the -line 
HR7650 EK from JVC features 
stereo sound amongst a host of 
other goodies. This means that 
the inceasingly frequent 
simultaneous broadcasts on TV 
and FM radio can be recorded, as 
well as allowing playback of the 
fast-growing number of pre- 
recorded stereo video tapes. 
Sound quality is further improved 
by the inclusion of a Dolby noise 
reduction system. There are some 
pretty good extras on the video 
side too, such as insert and 
assemble editing, a special effects 
playback for fast or slow picture 
search, double speed play, still 

will be launched in mid -1985, and 
each satellite is warranted for 
seven years; one hell of a trip for 
the service engineer, though! 

frame and frame advance. A full 
function IR remote control unit is 
also provided. Please can I have 
one for my birthday? 

Change Of Key 
This is a gorgeous young lady 
and that's her hotel key in her 

hand. Well, no-one would dispute 
the first statement, but the second 
probably requires a bit of explana- 
tion. The card is part of a new 
programmable electronic door 
lock system developed by the Yale 
Security Group for better hotel 
security; the system is known as 
Yaletronics. Each lock uses a Yale 
mortice lock and a microprocessor 
synchronised to the central com- 
puter - the locks are each 
battery -powered to avoid any 
costly hard -wiring. The present 
"credit-card" keys are presently 
made from plastic but anything 
could be used; they have the 
advantage of being small, light 
and able to have the hotel's logo, 
room number and other informa- 
tion printed on them. 

Each successive guest at the 
hotel is assigned a different code 
combination from the millions 
stored in the computer on a floppy 
disc with a 5000 -room capacity. 
l'he system has a printer to record 
such information as who made 
each key, the security level and 
the date. There are six security 
levels, from guest keys through 
maid's keys to master keys and 
emergency keys. The receptionist 
uses the system to punch a new 
key for a guest when he checks in, 
the microprocessor in the lock 

cancelling the previous card. 
Hotel owners with security 
problems can obtain further 
information from Yale Security 
Products Ltd, Wood Street, 
Willenhall, East Midlands, W 13 
lEA. 

Of course, it was only a matter 
of time before a security company 
caught up with the private 
detectives on TV, who've been 
opening doors with credit cards 
for years... 

SO THATS TWO 
SCOTCH AND AMERICANS, 

ONE WITH ICE ... 
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THE MULTI -PURPOSE TIMER HAS ARRIVED 
Now you can run your central heating, lighting, hi-fi system end lots 
more with just one programmable timer. At your selection it is 
designed to control four mains outputs independently, switching on 
and off at pre-set times over a 7 day cycle, e.g. to control your central 
heating (including different switching times for weekends), just 
connect it to your system programme and set it and forget it- the 
clock will do the rest. 

FEATURES INCLUDE:- 
0.5" LED 12 hour display. 
Day of week, erNpm end output status indicators. 
4 zero voltage switched mains outputs. 
50160Hz mains operation. 
Benery backup save, stored programmes and continues 
time keeping during power failures. (Battery not supplied). 
Display blanking during power failure to conserve battery power 
18 programme time sets. 
Powerful "Everyday' function enabling output 
to switch every day but use only one time eat. 
Useful "sleep" function -turns on output for one hour. 
Direct switch control enabling output to be turned on 
immediately or after a specified time interval. 
20 function keypad for programme entry. 
Programme verification at the touch of a button. 

(Kit includes all components, PCB, assembly 
and programming instructions). 

et 3 -NOTE DOOR CHIME n d 
Based on the SABO600 IC the kit is suppled with all 
components, including loudspeaker, printed circuit 
board, pre -drilled box (95 x 71x 36mml end full instruc- 
tions. Requires only $ PP3 9V battery end push -switch to 
complete. AN IDEAL PROJECT FOR BEGINNERS. 
Order es XK102. 

E5,00aaas 

For a detailed booklet on 
remote control -- send (IS 
30p & SAE today. 

"OPEN -SESAME" 
The XK103 is a general purpose infra -red transmitter/ 
receiver with one momentary (normally open) relay con- 
tact and two latched transistor output. Designed primarily 
for controlling motorised garage doors and two auxiliary 
outputs for drive/gerage lights at a range of up to 40 It. 
The unit also has numerous applications in the home for 
switching lights, TV, closing curtain., etc. Ideal for aged 
or disabled persons. 
The kit comprises a mains powered receiver, a four 
button transmitter, complete with predrilled box, 
requiring a 9V battery and one opto -isolated solid state 
switch kit for interfacing the receiver to mains appliances. 
As with all our kits, full instructions are supplied. 

Only £23.75 
Extra Solid State Switch Kits IXK7041 end transmitters 
(XK105) can be supplied. 

XK104 f2,40 XK105 f10.50 

OW 
ONLY 

WITH SO MANY EXTRA FEATURES 

OPTIONAL BLACK 
PLASTIC CASE 
EADY DRILLED 

ALL 

PRICES 

EXCLUDE VAT 

£2.50 

HOME LIGHTING KITS 
These lots contain ell necesse,v components end full 
instructione e are designed to replace e standard wall 
switch and control up to 300w. of lighting. 

TOR300K Remote Control £14.30 
Dimmer 

MK8 Transmitter for stove f 4.20 
TD300K Touchdimmer £ 7.00 
TDEA( Extens or 2.w 

switching tor 
kit 

fTD300K £ 2.00 
LD300K Rotary Controlled f 3.50 

Dimmer 

11111 `!' 01. 

THE 
CpNTRLME 

This New Remote 
Control 

Kit CENTRE 
up 

to is 
New 

em appliances 
Control 

you t 
the comfort 

of 
enables 

coded your armchair. in 
o control 

ins wiring 
by receiver 

eddulea oannected which 
ameedei nil 

c rand 
the 

e 
to switch Receivers 

fare 
addressed 

obyhmens. of a 

addressed. pushing 

buttons can become 
rather boring, 

the trans- 

mitteron or 
programme 
heating, 

electric 
computer 

interfaces, trens- 
ettric 

favourite 
,nitro so you dan 

he tang, etc. without tilla rewiring 
e 

et, make your switch lights, 
compore nents r T ring your coffee in Ponants house. 

all 
an 

e 
Pre- po e nts foror e transmitter includes S7 

a 
K er an two re 

all PCBs 
red e transmifter, receivers 

plus sa as XK172 
f42.00 

REMOTE CONTROL KITS 
MES SIMPLE INFRA RED TRANSMITTER 
Pulsed infra red source complete with hand-held plastic box. Requires a 9V battery. £420 MU INFRA REO RECEIVER 
Single channel, range approx. 20h. Mains powered with a tries output to switch toads up to 500W 
et 240V ac. MOO (RC500K -Special Price for MK6 end MK7 together £12.50 
Mitt COOED INFRA RED TRANSMITTER 
Based on the SL490. the kit includes all components to make a coded transmitter and only 
requires a 9V (PP3) batteryend keyboard. 8 x 2 x 1.3cros £3.90 
sent) WAY KEYBOARD 
For use with MKS end MK18 to generate 16 different codes for decoding by the ML928 or ML926 
receiver (MK12) kit. £5.40 
MK71 10 -Channel + 3 Analogue o/p M Receiver 
Based on ML922 decoder IC. Functions include onVstendby output, toggle. control of volume, 
tone and lamp brightness Includes its own mains supply. £12.00 
MK121e-CNANNEL M 
For use with MKS kit with 16 orVoff outputs, which with further interlace circuitry, such as relays 
or tries, will switch up to 16 items of equipment on or off remotely. Latched or momentary out- 
puts -Abase specify when ordering. Includes its own mains supply. Ell.% 

13 11 -WAY KEYBOAM For use with MK8, MK18 and MKt 1 kits. £4.35 
MK16 Maths Powered M Trenrnleter 
Maine powered for continuous operation - single channel, for applications such as burglar 
alarm., automatic door openers, etc. Range approx. 6 h. £2.550 
MK17 12V tie. M RECEIVER 
For use with MK8 or MK16. Relay output with DP 3 Amp change -over contacts, may be used as 
latched, momentary or 'break beam" receiver. Operates from 6-13V d.c. £9.50 Mkt' WON POWER N TRANSMITTER 
Similar to MK8 but with range of approx. 60ft. £6.20 
And6sry Kits : MK2 Solid State Relay 
Opto -isolated with zero voltage switching. No. triec supplied. £2.60 
MK16 DUAL LATCHED SOLID STATE RELAY 
Comprises 2 x solid state relays and latch for use with momentary version of the MK12. 2 output 

trisa required (not supplied). E4.50 

SHORT FORM CATALOGUE - send SAE 

Qa (6" x 9"). We also stock Vero, Books, 
Resistors, Capacitors, Semi -Conductors etc. 

We have the SOFTY 2 
EPROM programmer in 
stock at £169 

eis 

MINI KITS 
NM TEMPERATURE 
CONTROLLEIVINERMOBTAT 
Uses LM3811 IC to sense tempera- 
ture (97°C max.) and trisc to switch 
heater. 1KW [4.00 
MILT Solid Stab Relay 
Ideal for switching motors, ligyht,, 
heater, etc. from logic. Opto - 
isolated with zero voltage switching. 
Supplied without triac £2, 

RAR/DOT DISPLAY 
Displays an analogue voltage on e 
linear 10 element LED display AS a 
bar or single dot. Ideal for thereto- 
metes, level indicators, etc. May be 
stacked to obtain 20 to 100 element 
displays. Requires 5-20V supply. 

MK4 PROPORTIONAL 
rÁ.66 n 

TEMPERATURE CONTROLLER 
Based on the SL441 zero voltage 
switch, this kit may be wired to form 
a "buret fire' power controller, 
enabling the temperature of en en- 
closure to be maintained to within 
0.51C. Met. load 3KW £6.06 
MG MAINS TMLIER 
Based on the ZN1034E Timer IC this 
kit will switch e ursine load on for off) 
tors preset time from 20 mina. to 35 
hr.. Longer or shorter period. may 
be mewed by minor component 
changes. Max. load 1KW. 64,50 

DISCO LIGHTING KITS 
DL 1000K 
This value -for -money kit 
features a bi-directional 
sequence, speed of sequence 
end frequency of direction 
change, being variable by 
means of potentiometers and 
incorporates s master 
dimming dimrning control. Only £14.60 
A lower cost version of the above, featuring 
undirectionel channel sequence with speed 
variable by means of a pm -get pot. Outputs 
switched only at mains zero crossing points 
to reduce radio interference to a minimum. 

Optional opto input DLA1 
Only £8.00 

Allowing audio ("beat-) 60p 
-light response. 

DVM/ULTRA SENSITIVE 
THERMOMETER KIT 

This new design is based on 
the ICL7128 la lower power 
version of the ICL7106 chip) 
and a 31/2 digit liquid crystal 
display. This kit will form the 
belie of a digital multimeter 
(only a few additional resistors and switches 
ere required --details supplied), or a sensitive 
digital thermometer I -60°C to +160°C) 
reading to 0.1°C. The basic kit has a 
sensitivity of 200mV for e full scale reading, 
automatic polarity indication and an ultra 
low power requirement --giving a 2 year 
typical battery life from a standard 9V PP3 
when used 8 hours a day, 

7 days a week. L150es 

THE KEY TO YOUR SECURITY IS IN OUR LOCK 

If the thought of car thieves, house breakers or people tempering with your electrical and 
electronic equipment upsets you, we have just the kit for you. 
Our ELECTRONIC LOCK KIT includes 10 -way keyboard end a special IC which provides a 
750nA output to drive a solenoid or relay (not supplied) when four keys are depressed in the 
correct sequence. This gives over 5.000 possible combinstionel The sequence is prewired end 
may be easily changed by means of a small plug and socket. A "SAVE" function is also 
available enabling the open code to be stored (especially useful in a car when it is left w e 
garage for servicing as the open code need not be disclosed). Size: 70603 cm,. Power 
Consumption is 40uA at 5V to 15V d.c. 

AI only f10.50+ VAT, it will make e 
smaller hole in your pocket 
than a bunch of keysI 

Electric Lock Mechanism 4.13.50 Suitable for use with existing 
door locks end above electronic lock kit. 

24 HOUR CLOCK/APPLIANCE TIMER KIT 
Switches any appliance up to 1kW 
on and oat et present times once per 
day. Kit contains: AV -5-1230 IC, 
0.5" LED display, mains supply. 
display drivers, switches, LEDs, 
Macs, PCBs and full instructions. 

FLIT SERVICE -TOP QUALITY LOW LOW PRICES 
No circuit is complete without a call to - 

CT1000K Basic Kit E14.90 
CT1000K with white box (587131 x7lmm) E17.40 

£22,60 (Read Builtl 

A. d 50p postage & packing +15% VAT to total. 
Overseas Customers; 

Add £1.50 (Europe), £4.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 

9am to 5pm (Mon to Fri) 
10em to 4pm (Sat) OPEN 

CLOCK towIRD 

ELECTRONICS 
11 Boston Road 
London W7 3SJ 

UXBRIDGE ROAD 

CAR 
PARK 

ACCESS 
and 

aARCUycARo 
elco 

Al ING, NORTH 
CIRCULAR f0- 

HANWELL 
LT GARAGE 

TEL ENQUIRIES 

01-567 8910 ORDERS 01-579 9794 
01-579 2842 TECHNICAL Ai tto ir,. 
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MASTER ELECTRONICS NOW! 
The PBACTICAL way! 

This new style course will enable 
anyone to have a real understanding 
of electronics by a modern, practical 
and visual method. No previous 
knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in easy 
steps mastering all the essentials of 
your hobby or to start or further a 

career in electronics or as a self- 
employed servicing engineer. 

All the training can be carried out in 
the comfort of your own home and at 
your own pace. A tutor is available to 
whom you can write personally at any 
time, for advice or help during your 
work. A Certificate is given at the end 
of every course. 

You will do the following: 
Build a modern oscilloscope 
Recognise and handle current electronic 

components 
Read,drawand understand circuit diagrams 
Carry out 40 experiments on basic 

electronic circuits used in modern 
equipment 

Build and use digital electronic circuits 
and current solid state 'chips' 

Learn how to test and service every type 
of electronic device used in industry and 
commerce today. Servicing of radio, T.V., 
Hi-Fi and microprocessor/computer 
equipment. 

NewJob?New Career?NewHobby?Get into Electronics Now! 
nazi 
COLOUR BROCHURE 

I 

I 
POST NOW TO L1O&E1ecO1s School Reading,Berks.RG17BR 

Please send your brochure without any obligation to I am interested in: 
NAME 

ADDRESS 
r i COURSE IN ELECTRONICS 

as described above 

1 RADIO AMATEUR LICENCE 
M IC R OPROCESSJRS 

LOGIC COURSE 

OT!{ER SUBJECTS 

BLOCK CAPS PLEASE 

New Products -- 
HIFI STEREO AMPLIFIER KITS 
From one of Britain's leading esoteric amplifier manufacturers comes an exciting new package of stereo amplifier kits, designed to offer all the advantages of true high fidelity but without the usual price penalty. 
These new kits offer the choice of moving magnet or moving coil inputs, 40 to 100 watts per channel, in fact, everything that made the previous models so popular is included but with added style, easier construction and a full two year warranty. 
The new range consists of The CK 1010 Stereo Pre Amplifier, The CK 1040 WPC Power Amplifier, The CK 1100 WPC Power Amplifier. 
CK 1010 
This kit contains all the necessary parts to build a complete pre -amp. The main PCB is ready assembled and tested therefore construction is simply a matter of point to point wiring and mechanical assembly of the connections and controls to the pre punched chassis. 
The CK 1010 takes its DC supply from the CK 1040, 1100 or, if using a different power amplifier a PSK power supply kit. Inputs for disc, tuner and tape are provided and an optional add-on moving coil input can be fitted to extend its versatility. IMC2K1 
CK 1040 
This is a nominal 40 watt per channel power amplifier kit which features our dual power supply and the DC output for the CK 1010. All components such as heatsinks, wire and connectors are included and protection is provided from short circuit outputs. 
CK 1100 
Similar to the CK 1040 this model provides a nominal 100 watts per channel with extra heatsinking and thermal cutouts are provided as standard. When correctly assembled these kits are guaranteed for two years. 
"It would seem then that Crimson have maintained their position at the top of the commercial kit -build field. There is no oriental amplifier 1 know of that can better the sound of this combination overall at any price and only a few - such as the KA -1000 (1500+ I - are of comparable standard.... I can say no more than that for £250 it (CK 1010/MC2K/ 11001 is a bargain and one that becomes the reference point for kit amplifiers from now on." 

PRICES CK 1010 - RRPf90.00; CK 1040 - RRP (119.00; CK 1100 - RRP £149.00; MC2K - RRP £25.000; PSK - RRP (20.00 
Barclaycard or Access accepted, otherwise send C.W.O. C.O.D. £1.00 extra. All prices include P&P to anywhere in the U.K. Export: Write for pro -forma 

SEND FOR FULL DETAILS ON OUR HIFI KIT PRODUCTS BY WRITING TO FREEPOST ADDRESS BELOW 

Crimson Elektrit 
FREEPOST, 9 CLAYMILL ROAD 

LEICESTER LE4 5ZD. ENGLAND 
TEL. 0533 761920, TLX 34694 
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!HNMVADOUA! 1 

ACTIVE SPEAKER 
A long time ago in a magazine far, far away (well, ETI 
December '75 to be exact), we published a design for an active 
crossover. The idea was to avoid the need for bulky, high 
current coils along with all the problems involved in 
high -power crossover design, and perform the filtering on the 
low-level signal. Each audio band was then fed to its driver via 
its own power amp, removing the need for any conventional 
crossover altogether. For some time now we've been planning 
to go one better by presenting a complete active speaker 
system, with the electronics built right into the speaker 
cabinet. When we tell you it's a joint design with the speakers 
by Badger Sound Systems and the power amplifiers by 
Crimson Elektrik, you'll appreciate how good it is. Don't 
miss the September issue of ETI if you know what's good for 
your ears. 

AUTO VOLUME CONTROL 
We had hoped to bring you this project in the issue you're 
holding but lack of space at the last moment meant it had to 
be held over. The best laid plans of mice and men etc (you can 

decide for yourself which category editorial staff are part 
of ...). Anyway, it's well worth waiting for, because with 
only a four transistor circuit on a small PCB you can replace 
your manual volume control with a completely automatic 
version. Note that this is true volume control, affecting loud 
and soft sounds equally; not a compressor which reduces the 
dynamic range of the signal. It's the ideal upgrade for the mike 
inputs on your public address system. 

Articles described here are in an advanced state of preparation. 
However, circumstances may dictate changes to the final contents. 

ETI AUGUST 1982 

SIGNAL MEASUREMENT 
Tim Orr, our man of many parts (most of them integrated 
circuits), is usually to be found within the pages of ETI 
expounding on the subject of electronic music in one form or 
another. Next month we have something a little different from 
him - an article about audio from the point of view of test 
gear. This is an in-depth feature about several aspects of 
electronic measurement techniques, including true RMS 
conversion, noise measurement, and an explanation of the 
decibel, a unit many people find a trifle confusing. Naturally 
there's also the usual helpful tables and circuits you've come 
to expect from us. 

AUDIOPHILE 
Something for the (relatively) hard of wallet is the subject of 
our (relatively) tame hi-fi expert. The September Audiophile 
will contain a review of the system shown here, which will 
provide you with excellent sound quality for an outlay of 
f500. Deck by Thorens, amplifier by Trio, loudspeakers by 
JBL - we're not sure if it's built by robots too, but it 
certainly delivers as far as performance is concerned. 
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MULLARD SPEAKER KIT 
40 watt R.M.S. 8ohm DESIGNED 
BY MULLARD SPECIALIST TEAM 
IN BELGIUM comprising a Mullard 
8" woofer with foam rolled 
surround, Mullard 3" high power 
dome tweeter and a cleverly 
designed B.K. Electronics crossover 
combining spring loaded loud- 
speaker terminals and recessed 
mounting panel. Supplied complete 
with assembly and cabinet details. 
Recommended cabinet size 240 X 

216 x 445mm. 

PRICE £13.90 + £1.50 PEtP per kit 

Ir Iri.rn typ,. 

STEREO CASSETTE TAPE DECK MODULE. 
Comprising of a top panel and tape mechan- 
ism coupled to a record/play back printed 
board assembly. Supplied as one complete 
unit for horizontal installation into cabinet or 
console of own choice. These units are brand 
new, ready built and tested. 
Features: Three digit tape counter. Auto- 
stop. Six piano type keys, record, rewind, 
fast forward, play, stop and eject. Automatic 
record level control. Main inputs plus 
secondary inputs for stereo microphones. 
Input Sensitivity: 100mV to 2V Input Im- 
pedance: 68K. Output level: 40omV to both 
left and right hand channels. Output Im- 
pedance: 10K. Signal to noise ratio: 45dB. 
Wow and flutter: 0.1%. Power Supply re- 
quirements: 18V DC at 300mA. Connections: 
The left arid right hand stereo inputs and 
outputs are via individual screened leads, all 
terminated with phono plugs (phono sockets 
provided). Dimensions: Top panel 51/2in x 
111/4in. Clearance required under top panel 
21/4in. Supplied complete with circuit dia- 
gram and connecting diagram. Attractive 
black and silver finish. 
Price £26.70 + £2.50 postage and packing. 
Supplementary parts for 18V D.C. power supply 
(transformer, bridge rectifier and smoothing 
capacitor) £3.50. 

NEW RANGE QUALITY POWER LOUD- 
SPEAKERS (15", 12" and 8"). These 
loudspeakers are ideal for both hi-fi and 
disco applications. Both the 12'.' and 15' 
units have heavy duty die-cast chassis 
and aluminium centre domes. All three 
units have white speaker cones -and are 
fitted with attractive cast aluminium 
(ground finish) fixing escutcheons. 
Specification and Price: 

15" 100 watt R.M.S. Impedance Bohm 
59 oz. magnet, 2'' aluminium voice coil. 
Resonant Frequency 20Hz. Frequency 
Response to 2.5KHz. Sensitivity 97d13. 
Price £32 each. £2.50 Packing arid Car- 
riage each. 

12" 100 watt R.M.S. Impedance fi ohm, 50 oz magnet. 2' aluminium voice coil. 
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price 
£23.70 each, 12.50 Packing and Carriage each. 

8" 50 watt R.M.S. Impedance 8 ohms, 20 oz. 1Y," aluminium voice coil, Resonant 
Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 92d13. Also available with 
black cone fitted with black metal protective grill. Price: White cone £8.90 each. Black 
conelgrill £9.50 each. P it P 11.25 each. 

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

TYPE 
'A' 

TYPE 'C' 

TYPE 'E' 

TYPE 'B 

TYPE 'D 

TYPE 'F' 

37 Whitehouse Meadows, Eastwood, Leigh -on -Sea, Essex SS9 5TY immo VISA in 
* SAE for current lists. * Official orders welcome. * All prices include VAT. * Mail order only. * All items packed (where 

applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572. 

TYPE 'A' (KSN2036A)3" round with protective 
wire mesh, ideal for bookshelf and medium 
sized Hi-fi speakers. Price £3.45 each. 

TYPE 'B' (KSN1005A) 3'h" super horn. For 
general purpose speakers, disco and P.A. 
systems etc. Price £4.35 each. 

TYPE 'C' (KSN6016A)2" . 5" wide dispersion 
horn. For quality Hi-fi systems and quality 
discos etc. Price £5.45 each. 

TYPE 'D' IKSN1025A1 2" 6" wide dispersion 
horn. Upper frequency response retained 
extending down to mid range 12KHz). Suitable 
for high quality Hifi systems and quality 
discos. Price £6.90 each. 

TYPE 'E' (KSN1038A)3%" horn tweeter with 
attractive silver finish trim. Suitable for Hi fi 
monitor systems etc. Price £4,35 each, 

TYPE 'F' IKSN1057AI Cased version of type 
'E'. Free standing satellite tweeter. Perfect 
add on tweeter for conventional loudspeaker 
systems. Price £10.75 each. 
U.K. post free (or SAE for Piezo leaflets). 

1000 MONO DISCO MIXER 
A superb fully built and tested mixer/pre-amp with integral power supply. 4 
Inputs 2 turntables (ceramic cartridge). Aux. for tape deck etc., plus Mic. with 
override switch, at with individual level controls. Two sets of active tone controls 
(bass and treble) for Mic. and main inputs. Master volume control. Monitor output 
with select switch and volune control. 
Outputs Main 750 mV Monitor 500 mW into 8 ohms. Supply 220/240V AC50/60Hz 
Size 22)" x 4i' x 21" zpricef39.99 + £250P&P 

1K.WATT SLIDE DIMMER 
Controls loads up to 1KW 
Compact size 

4'/a" x 
13" 
16 

Easy snap in fixing through 
panel/cabinet cut out 
Insulated plastic case 
Full wave control using 8amp 
triac 
Conforms to BS800 
Suitable for both resistance 
and inductive loads 

Innumerable applications in 
industry, the home, and discos' 
theatres etc. 

Price: £11.70 each + 50p P&P 
(Any quantity) 

BSR P256 TURNTABLE 
P256 turntable chassis S shaped tone arm 

Belt driven Aluminium platter 
Precision calibrated counter balance Anti- 
skate (bias device) Damped cueing lever 

240 volt AC operation (Hz) Cut-out 
template supplied Completely manual arm. 
This deck has a completely manual arm and is 
designed primarily for disco and studio use 
where all the advantages of a manual arm are 

required. 
Price: £28.50 r 12.50 P&P 

diePOWER AMPLIFIER MODULES 

Vu Meter 

BK ELECTRONICS 
Prompt Deliveries 

VAT inclusive 

prices 

Audio Equipment 

Test Equipment 

by 

Thandar 

and 

leader 

GENERAL PURPOSE 4t/:" MINI 
SPEAKER 

General purpose full range loudspeaker, ideal 
for mini systems etc. 

Rolled fabric surround *Twin cone *Bohm 
impedance 15 watt RMS 1" voice coil 13oz magnet Frequency range 50/15000Hz 

Price: £6.90 each + 75p P&P 

100 WATT R.M.S. AND 300 WATT R.M.S. 
MODULES 
Power Amplifier Modules with integral toroidal 
transformer power supply, and heat sink. Supplied 
as one complete built and tested unit. Can be fitted 
in an L.E.D. Vu meter available as an optional 
extra. 
SPECIFICATION: 
Max Output Power: 110 watts R.M.S. COMP 1001 

310 watts R.M.S. IOMP 3001 
Loads: Open and short circuit proof. 4-16 ohms. 
Frequency Response: 20Hz - 25KHz 33de. 
Sensitivity for Max. Output: 
500mV at 10K IOMP 1001 1V at 10K IOMP 300) 
T.H.D.: Less than 0.1% 
Supply: 240V 50Hz 
Size: OMP 100 360 x 115 o 72mm 

OMP 300 460 x 153 x 66mm 
Prices: OMP 100 f79.99 each + £2.00 P&P 

OMP 300 039.00 each + f3.00 PbP 
Vu Meter £6.50 each + 50p P&P 

Matching 3 -way loudspeakers 
'and crossover 

Build a quality 60watt RMS system 8ohms 

Build a quality 60 watt R.M.S. system 

* 10" Woofer 35Hz-4.5KHz 

* 3" Tweeter 2.5KHz-19KHz 
* 5" Mid Range 600Hz-8KHz 

* 3 -way crossover 6dB/oct 1.3 and 6KHz 
Recommended Cab -size 26" x 13" x 13" 

Fitted with attractive cast aluminium fixing es- 
cutcheons anti trash protective grills which are 
removable enabling a unique choice of cabinet 
styling. Can be mounted directly on to baffle 
with or without conventional speaker fabrics. 
All three units have aluminium centre domes 
and rolled foam surround Crossover corn 
banes spring loaded loudspeaker terminals and 
recessed now eta nil panel 
Price £22.00 per kit I £2.50 postage and pack- 
ing). Available separately, prices on request 

12" 80 watt R.M.S. loudspeaker. 
A superb genera! purpose twin cone loud- 
speaker. 50 oz. magnet. 2 aluminium 
voice coil. Rolled surround. Resonant fre- 
quency 25Hz. Frequency response to 
13KHz. Sensitivity 95dB. Impedance Bohm. 

Attractive blue cone with aluminium 
centre dome. 
Price £17.99 each r £2.50 P&P. 

B.K. ELECTRONICS 
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FEATURE 

DESIGNING 
MICRO SYSTEMS 
When the chips are down, Ell delivers the goods. In this major new 
series, Owen Bishop takes the lid off computers and the ICs that go 
into them. This is the definitive treatise on hardware. 

his series is aimed at those readers who already know T something about electronics, but who would like to 
know how electronics is being used today in perhaps its 

most important application of all - the computer. The series 
will be concerned with only one of the two types of electronic 
computer, the digital computer. The other type, the 
analogue computer, has several important applications but in 
the main its work has been taken over by digital 
computers. 

We still owe something to the analogue computer, for 
our trusty work -horse, the op -amp, was originally designed as 
its building block. Whereas the analogue computer operates 
with precisely determined voltages which are allowed to vary 
continuously over their range and are analogues of con- 
tinuous physical quantities, the digital computer operates 
with only two discrete voltage levels. The analogue computer 
depends on the high precision of its op -amps, and needs an 
op -amp for every step in its computations. 

As we shall see, the electronic requirements for the 
digital computer are much simpler, allowing designers to 
concentrate on obtaining high speeds of action. The units of 
the circuit are simple logic gates, thousands of which can be 
manufactured on a single slice of silicon, already connected to 
form the complex logic circuits of the computer. This allows 
the digital computer to have great computing power combin- 
ed with flexibility of function. It also allows the computer to 
be mass-produced cheaply so that, today, anyone with a few 
tens of pounds to spend can buy one. 

The Heart Of The Matter 
Figure 1 shows the heart of the computer to be its central 

processing unit (CPU). It is connected to a number of other 
devices - the peripheral devices. Input devices usually in- 
clude a keyboard, so that the operator can send information 
to the CPU. Information may consist of instructions and data. 
Input- devices might include sensors (eg circuits to measure 

INPUT 
DEVICES 

OUTPUT 
DEVICES 

CENTRAL 
PROCESSING 

UNIT 

HI 
Fig. 1 Block diagram of a computer. 

MEMORY 

STORE 

temperature) so that the CPU can obtain its data directly 
without need for intervention by a human operator. One 
essential part of this would be an analogue -to-digital con- 
verter sub -circuit, to convert the analogue quantity (in this 
case temperature), to its digital coded equivalent. 

Output devices allow the CPU to communicate the 
results of its computations to the world outside. There is 
usually a monitor screen on which messages and the results of 
calculations are displayed. There may also be a printer or a 
chart plotter. Alternatively there may be direct control of a 
robot arm or similar device. 

The memory is one place where information is stored. 
The instructions tell the CPU what to do (its program), and it 
is provided with data to work on. The computer is able to use 
part of the memory for storing other data which arises from its 
computations. Information can be transferred between CPU 
and memory very rapidly and in either direction. Memory is 
where the currently -used information is held. The store is for 
information that is not required urgently. The store may con- 
sist of a tape deck or disk drive, by means of which informa- 
tion is stored in magnetic form. Blocks of information can be 
transferred between CPU and store in either direction, but 
only relatively slowly. The amount of information which can 
be held in store is much greater than the amount held in 
memory. 

The CPU 
This has the job of receiving instructions and data, either 

from input, memory or store, processing the data according 
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to the instructions, and then sending the results of its com- 
putation to an output device, memory, store, or possibly to 
more than one of these. In a main-frame computer, the CPU 
occupies several circuit boards, but in the personal computer 
the whole CPU is replaced by a single integrated circuit, the 
microprocessor. This article and the remainder of the series 
will concentrate on the personal computer, or microcom- 
puter, using a microprocessor as its CPU. 

We have been able to use very large scale integration 
(VLSI) to put all the logical parts of the CPU on to one slice of 
silicon. The CPU must include an oscillator, or clock, by 
means of which all its actions and the actions of other 
peripheral devices are synchronised. It is not possible to 
reduce the physical size of the components required for this, 
in particular the quartz crystal, so a least part of the clock cir- 
cuit is external to the microprocessor. The clock circuit and 
microprocessor (MPU) together constitute the CPU of the 
microcomputer. 

We Want Information 
Before we look at what goes on inside the MPU we must 

consider the concept of information in more detail. The unit 
of information is the bit. The term 'bit' is a shortened version 
of 'binary digit'. A bit can have one of two values, '0' or ' 1' 
but not any other value. This binary concept is widespread in 
thought, in logic and also in electronics. Table 1 shows pairs 
of opposite and mutually exclusive states. A binary digit is '0' 
or '1'; it cannot be anything else. A statement is true or false; 
truth is by definition the whole truth, for half-truth is mean- 
ingless. A switch is either on or it is off; it cannot be partly 
on. If the circuits are made so that only two voltages (low and 
high) produce definite results and so that intermediate 
voltages give indeterminate results, then voltages are either 
high or low. Transistors are either fully off, or fully on 
(saturated). Given these binary states, the state of any one 
pair in Table 1 can be used to represent the state of any other 
pair. For example, we can stipulate that the digit '0' is 
represented in a computer circuit by a low voltage, and the 
digit '1' is represented by a high voltage; falsity by '0' or a 
low voltage, truth by '1'. Here we have a system which allows 
numerical values and logical statements to be represented in 
terms of electrical signals. This is the basis of the digital 
computer. 

TABLE 1 

0 
No 
False 
Absent 
Switch off 
Transistor off 
Open circuit 
Low voltage 

1 

Yes 
True 
Present 
Switch on 
Transistor on 
Closed circuit 
High voltage 

Grab A Byte 
In this system, the bit is the minimum quantity of infor- 

mation to be dealt with. Normally a computer deals with far 
more information than this. Bits are usually handled in 
groups. Some of the earlier MPUs handled bits in groups of 
four, but the majority of micros handle them in groups of 
eight. A group of eight digits is called a byte. In the com- 
puter, a byte is represented by a set of eight lines (eg tracks on 
the PCB), each at high ( = 1) or low ( = 0) voltage. Or it might 
be represented by a set of eight flips -flops or bistables, each 
one either set (= 1) or reset (= 0). According to the inter- 
pretation placed on it, the byte could represent: 

A binary value, ranging from 0000 0000 (= 0 decimal) to 
1111 1111 (= 255 decimal) 

The truth or falsity of eight different logical statements. 
A coded instruction to the computer. 
There is more to be said on this subject next month, but 

for the moment we will rest with the fact that the computer 
has to handle binary information represented in electronic 
form. 

On The Level 
For most MPUs the low and high voltages are standardis- 

ed at 0 V and + 5 V respectively. These are the same levels as 
are used in the 7400 TTL series of ICs. These values are 
nominal; a Z80 MPU, for example, interprets any voltage 
between - OV3 and OV8 as low' . Any voltage between 2 V 
and 5 V is interpreted as 'high'. Voltages between OV8and 2 
V produce indeterminate results and must not be allowed to 
occur. The lack of insistence on precise voltage levels allows 
computer circuits to remain relatively simple in electronic 
terms, yet be highly reliable in action. 

Those Important Little Places 
If the CPU is the heart of the computer, the heart of the 

CPU is its arithmetic logic unit. The ALU is where data is 
manipulated according to the instructions stored in memory; 
we shall describe some of its operations next month. The ALU 
is able to operate on all eight bits of a byte in a single opera- 
tion. We say that the word length is eight bits, or one byte. 
Some MPUs, such as the Texas 9980A, have a 16 -bit word, 
but the general principles of its operation are the same as 
described below. 

As an example of a well-known MPU we shall first con- 
sider the 6502 (Fig. 2). This successful but relatively simple 
MPU is used in the Apple, the PET, the BBC Microcomputer, 
and several other popular microcomputers. The ALU operates 
in close conjunction with the Accumulator. This is a set of 
eight flip-flops which temporarily hold a byte which is to be 
operated on by the ALU, or is the result of an operation per- 
formed by the ALU. The two registers known as X and Y may 
also be used to store one byte of data each. Data can be 
transferred between these registers and the Accumulator in 
either direction. These registers are therefore useful for stor- 
ing values obtained in one stage of a calculation, ready for use 
at a later stage. They are also used as index registers, in which 
the values held in X or Y are the base addresses of selected 
blocks of memory. This makes it simpler to access blocks of 
memory; when storing a table of data, for example. 

Since data has to be transferred from one register to 
another, or from a register to the ALU, it speeds the opera- 
tion of the MPU if a whole byte is transferred in one opera- 
tion, rather than bit -by -bit. This requires a set of eight lines 
connecting all the registers and the ALU. This is called the 
data bus. To distinguish it from a similar set of lines which 
connect the MPU with the peripheral devices, it is more 
precisely known as the internal data bus. 

It's Under Control 
The control bus consists of several lines along which 

signals are sent to coordinate the actions of the various parts 
of the MPU. For example, if the data held in register X is to 
be sent to the ALU, a signal must be sent along a control line 
to register X, making it place the data on the data bus. 
Register X makes the lines go 'high' or low' according to the 
pattern of Os and is held in its eight flip-flops. At the same 
time a signal must be sent along another control line to the 
ALU, making it accept the data now present on the data bus. 
The control lines emanate from a special part of the MPU 
called the Control. 

Despite its impressive name, the Control is no more than 
a slave. It knows how to carry out the tasks it is allotted, but 
does not remember what it has just done, and does not know 
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FEATURE : Micros 
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LOGIC UNIT 
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INTERRUPT 
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BUFFER 

ine JACCUMULATOR 
A 

41.3e 

REGISTER X 

REGISTER Y 

PROGRAM COUNTER (2 BYTES) 
_ I I 

STACK POINTERkpllIllIll.e 

STATUS 
REGISTER 

8 BIT BUS I.11> 

SINGLE LINE--> 
CONTROL LINE- - 

Fig. 2 The internal structure of the popular 6502 microprocessor. 

what task it must perform next. The list of tasks (the pro- 
gram) is stored in. memory at a sequence of locations. The 
control simply fetches these instructions from memory, a byte 
at a time, and acts on each immediately it is received. For this 
purpose it needs the Program Counter, a register in which it 
records how far it has reached in the program - a sort of 
'bookmark' . Since a single byte cannot store numbers greater 
than 255 (decimal), and since most programs have far more 
bytes than this, the Program Counter is a double -byte 
register. Its 16 bits allow any number up to 1111 1111 1111 
1111 (binary) to be stored, equivalent to 65535 (decimal). 

During its calculations, the MPU often has to store data 
in the Stack, a special section of memory set aside for this pur- 
pose. As data is added to or removed from the Stack, the 
position in memory of the first item in the Stack (the Top of 
Stack) changes. The Stack Pointer register records the current 
position of Top of Stack, so that the MPU knows where to go 
to retrieve the stacked data. 

Status Symbols 
The status register should be considered as eight in- 

dividual bits, arranged together for convenience as a byte. 
Each bit is set (made equal to 1), or reset (made equal to 0) 
individually as the result of a particular operation. For exam- 
ple, bit 7 is set whenever the result of an operation results in a 
negative value. Bit 1 is set when the result of an operation is 

zero. These bits, which indicate whether a particular event 
has occurred or not, are often known as flags. Bit O holds the 
'carry' digit from additions or subtractions in the accumulator. 

The remaining sections of the MPU are concerned with 
communicating with the peripheral circuitry. There is the 
data bus buffer which detects voltage levels on the external 
data bus and copies these on to the internal data bus. Or it 
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Fig. 3 Switching on any of the transistors generates an NMI 

can operate in the reverse direction. If the data bus is carrying 
an instruction, this is accepted by the instruction register. 
From there it goes to the control which decodes it and then 
acts upon it. The address bus receives outputs from certain 
registers putting voltage levels on the 16 address lines, a sub- 
ject which will be dealt with later. 

Dealing With Interruptions 
The interrupt logic receives signals along any of three 

lines. All three lines are normally held high by pull-up 
resistors. The lines are thus described as 'active -low'. In other 
words, it requires a low level on the line to make the MPU res- 
pond. Most control Iines in the computer are active -low. This 
makes it simple for any number of devices to bring the line to 
its low state. If the line is connected to open -collector tran -k 
sistors, for example (Fig. 3) this is equivalent to a wired -OR 
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configuration. Then if any one of these transistors is turned 
on, the voltage level on the line is made low. If a line is 
active -low, this fact is indicated by a line above its abbrevia- 
tion (eg RST for active -low `reset'). 

The reset line is used to initialize the MPU, either when 
the computer is first switched on or if it gets into a 'latched - 
up' condition, in which normal methods of controlling it do 
not work. There is generally a pull-up resistor holding the 
voltage high, with a 'Reset' press -button hidden in a fairly in- 
accessible place at the rear of the computer. Pressing this but- 
ton temporarily grounds the reset line. 

When the computer is first switched on, resetting is 
usually done automatically, by having a large -value capacitor 
to hold the line low for a short period while the rest of the 
system reaches its full voltage levels (Fig. 4). There is no reset 
button in the Sinclair ZX-81. To reset, you simply turn off 
the power, wait a moment or two and then reapply power. 
Resetting the MPU resets the program counter to zero, so that 
it returns to the beginning of the program stored in memory 
and starts again. 

On receiving a low signal on one of the interrupt lines 
(NMI or IRQ) the MPU finishes whatever operation it is 
engaged in, then stores away (on the stack) any data relating 
to that operation. This takes only a few microseconds, after 

+5V 

PULL-UP 
RESISTOR 
1k0 

RESET 
BUTTON 

ovo 

RST 

1uO 

GND 

h- TOMPU 

Fig. 4 A suitable circuit for generating a power -on reset pulse. 
A manual reset button is also provided. 

Fig. 5 Pinout of the Z80 
microprocessor, with a 

suitable clock circuit. 

+5V 0 

74LSO4 

910R 910R 

which the program counter is sent to the address in memory 
of a special interrupt service program. It performs whatever 
this program requires, then returns to its original program, 
recovers the data from the stack and continues with the 
original program as if nothing had happened. Interrupts are 
used by peripheral devices to gain the attention of the MPU 
when it is urgently required. The non-maskable interrupt 
(NMI) takes priority. It cannot be ignored by the MPU, and, 
while the MPU is performing the NMI task, it cannot be in- 
terrupted again. The Interrupt Request M) has second 
priority. The MPU can be pre-programmed to ignore an IRQ 
altogether. In the 6502, this is done by setting digit 2 of the 
Status Register to '1' . An IR task can be interrupted by an 
NMI. After completing the task, the MPU continues 
with the interrupted IRQ task. When this is completed 
(assuming there is no further NMI) it returns to its original 
program. 

Z80 Anatomy 
Most MPUs have the same kind of organization, or 

architecture, as the 6502. The Z80 MPU, which is the 
processor for a wide range of computers including the TRS-80 
Models I and II, the Research Machines 380Z, and the Sinclair 
ZX-81, has a rather more elaborate set of registers. The main 
set comprises the accumulator (A), the flag register (F, 
corresponding to the status register of the 6502), and registers 
B, C, D, E, H, and L, which are general-purpose registers. 
There is also an alternate set of registers, A', F', B', C', D', 
E', H', and L'. The MPU normally begins operations by using 
the main set, but can be switched over to use the alternate set 
instead, leaving the main set unaffected. It can be switched 
back to the main set again later. 

In addition there are two index registers (IX, IY 
corresponding to X and Y in the 6502), a stack pointer, and a 
program counter. In the Z80, IX, IY, SP and PC are double - 
byte registers (16 bits). Finally there's the interrupt vector 
register (I) in which instructions for a complex series of 
vectored interrupts can be stored, and the memory refresh 
register (R) which is used in connection with refreshing the 
dynamic memory of the system. This topic will be dealt with 
in a later article. 
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Fig. 6 The clock and control signals for the Z80. 
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Making The Connection 
The typical MPU is contained in a 40 -pin DIL package as 

shown in Fig. 5, which uses the Z80 as an example. It requires 
a regulated 5 V DC supply, which is applied between pins 29 
(system ground) and 11 (+ 5 V). The clock circuit supplies 
pulses at 2 MHz in the case of the original Z80 MPU. The 
newer Z80A can operate with a clock rate up to 4 MHz. The 
clock signal may also be taken to peripherals; for example, 
the circuits which control the monitor. 

The eight data lines, DO to D7, come direct from the 
data buffer (Fig. 2). These may act as inputs or outputs, 
though not in both capacities at the same time. The data bus 
is taken to the peripherals, to allow for transfer of data 
between these and the MPU. In order that the peripherals 
will know which one (and only one) of them is to receive or 
transmit data, each peripheral is also connected to the address 
bus. This is a set of 16 lines, AO to A15. Address lines are 
outputs from the MPU. By putting various combinations of 
highs and lows on these lines the MPU can indicate which 
peripheral it is addressing. The peripheral may be a printer or 
a relay on a control board. It may be a single location in 
memory. Since there are 16 lines, there are 65536 possible 
combinations of highs and lows, this being the maximum 
number of locations which can be directly addressed. This 
figure is usually written in its shorter form, 64K, where one 
'K' is not 1000, but 1024 (= 
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Peripheral Procedures 
The remaining pins of the IC are connected to control 

lines which connect the MPU to certain of the peripherals. 
We will consider the input control lines first. The functions of 
II -ST, NMI and INT (= IRQ) have already been dealt with. A 

low level on WAIT causes the MPU to halt its operations. It 
may have asked a peripheral to send data to it but the 
peripheral is not ready _ttoo put the data on the bus. Instead the 
peripheral sends the WAIT signal, and the MPU suspends 
action until the peripheral has had time to put the required 
data on the bus and let the WAIT line go high again. The bus 
request signal (BUSRQ) is used by certain peripherals to force 
the MPU to hand over control of the address bus, the data bus 
and certain control lines. This is used during an operation 
known as Direct Memory Access (DMA) in which blocks of 
data are transferred between memory and other peripheral 
devices without the intervention of the MPU. This is not 
usually implemented on the smaller microcomputers. 

There are eight outputs in the control bus of which we 
shall mention only three now, dealing with the rest later as 

art of specific examples. The Machine Cycle One output 
(Ml, pin 27) indicates when the MPU is fetching an 
instruction from memory. Two outputs of special importance 
are read (RD) and write (WR). When the MPU is to receive 
data from a peripheral it puts the address of the peripheral on 
the address bus and make the RD line low. This indicates toY 
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the peripheral, which is also wired to the RD line, that it is to 
transmit data and not to receive it. When the MPU wants to 
transmit data to a peripheral, it puts the address on the 
address bus and makes the WR line low. 

Clocking On 
With so many signals being passed in several directions, 

and with the data bus being required for transmissions into or 
out of the MPU, it is essential that all these activities take 
place to a clearly defined schedule. Although micros and 
their peripherals act at fantastic speeds, these are only fast 
according to our human scale of appreciation. To an MPU a 
memory which responds in a microsecond is not particularly 
speedy. The MPU even has to wait a while to give it time to 
put the data on the bus, and for the voltages to settle to their 
intended levels. To keep all sections of the system operating 
in an orderly way, and to allow the circuits a finite (even if 
infinitesimal) time to react, the clock is of major 
importance. 

As an example of the way the various parts of the system 
interact, let us consider what happens when the MPU goes to 
memory to find the instruction which it is to execute next. 
Figure 6 shows the voltage levels on the lines concerned. The 
top curve shows the regular pulsing of the system clock at, 
say, 2 MHz. At this frequency, each of the periods T; to T4 is 
0.5 microseconds (uS). The MPU begins by making M1 low, 
indicating that it is about to fetch an instruction from 
memory. At the same time it puts on the address bus the 
address of the memory location in which this instruction is 
stored. It has obtained this address from its program counter, 
which has just been incremented following the execution of 
the previous instruction. The addressed location does not 

know at this stage whether it is to be read or written to. 
On the next low -going edge of clock, the Memory 

Request line (MREQ) indicates that this is an operation 
involving memory (as opposed to a printer, or monitor 
peripheral, for example). Immediately after this, the RD line 
is taken low by the MPU, indicating that this is a read 
operation. The MREQ signal is used to enable (or 'turn on') 
the memory IC so that it is ready to put its data on the bus. 
Since many such ICs are permanently wired to the bus and 
since only one can be allowed to put data on to any line at any 
one time, memories have tri -state outputs. These can be 
high, low or 'high impedance' . The high impedance state 
means that the output is virtually isolated from the bus and 
not able to communicate with it. Outputs are in this state 
until a RD signal is received by the IC. The RD signal can be 
fed to the memory IC so as to make its outputs change to low 
impedance and take the lines of the bus to high or low 
states. 

As soon as the data has appeared on the bus the CPU 
reads it into its instruction register. It has until the next rising 
edge of the clock to do this. Then M1, MREQ and RD are 
made high, indicating that the operation has been 
completed. The total time for the whole operation is 1 uS. 
During the next 1 uS the CPU passes the data along its 
internal bus to its control, where the data is decoded as an 
instruction and then acted upon. While this is happending 
there is no need to take in further data and, since the 
instruction is still being decoded, the time for acting upon it 
has not yet arrived. In the Z80, this period is used for 
refreshing dynamic memories, as will be explained in a future 
issue. 

ETI 

INFRA RED IMAGE CONVERTOR type 9606 ICV1441 114" dia. Requires 
single low current 3KV to 6KV supply. Individually boxed. With data. 
£12.50 ea. 10 off £100. 
INFRA RED QUARTZ LAMPS. 230V 620 Watts Size 13 h x 14" dia. £1.50 
ea. 10 off E10. 240V 1650.Watts Size 22% x h" dia. £3 ea. 10 off £25. 
FANS 115V 13 Watt Size 3'/. x 32 x 1'h". Secondhand f2.50 ea. 
CENTAUR FANS 115V Size 4h x 4/ x 114". New £4.50 ea. 
Secondhand £2.50 ea. 
DELAY LINES 50 nanosecs. Ground -in -out. Size 2 x 7/16 x 5/16". 
New 25p ea. 10 off £2. 
PULSE TRANSFORMERS. Sub min Size 14 x 5/16 x ''/." Secondary 
centre tapped. New. Suitable for Thyristor triggering. 20p ea. 10 off £1.80, 
100 off f 15. 
MOTORS 12V DC with pulley & semiconductor speed control. New £1 ea. 
10 off E8. 
DIAMOND H CONTROLS ROTARY SWITCH Single pole 10 way. Printed 
circuit mount. New 10p ea. 100 off £7. 1000 off £60. 
STEPPING MOTORS - 200 Steps 20 oz/in torque. 12/24V Input. 5 wire. 
f12 ea. 
STEPPING MOTORS - 200 Steps 20 oz/in torque 120V input 3 wire. £4 ea. 
STEPPING MOTORS - 5 Volt 3.3 Amp operation 2 Wire. PPS 0-220. 
RMP 0-250. Used £16 ea. 
STEPPING MOTORS - 6/12 position can be used as a tacho. 12/24V will 
work on 5V £1.50 ea. 5 for £5. 
SINGLE PLY TELEPRINTER PAPER. Size 87/16" x 3 7/16". 1.25 each or 12 
rolls for £12 P&P £3.50. 
BLACK RIBBONS FOR TELEPRINTERS 75p each or 6 for £4. 
MIN KEYBOARD Push contacts, marked 0-9 & A -F & 3 optional. £1.75 ea. 
10 for E15. 
KEYBOARD PAD Size 3 x 2V, x 2" high with 12 Alma Reed Switches. 
Blue keys marked in green. 0-9 & a star with one blank. £4 se. 5 off £15. 
P&P £2.50. 
DON'T TAKE CHANCES Use the proper EHT Cable 10p metre. £7.50 100 
metres P&P £2. 
RAPID DISCHARGE CAPACITORS B mfd 4KV £5 each. P&P £2. 
HUNTS CAPACITOR 0.1 mfd 3KV DC Wkg. Size 1 h" dia o 3". £1.25 ea. 
10 for £10. 
E.H.T. CAPACITOR 500 pf 8KV 20p each. 
DECOUPLING CAPS 0.05mfd 10V; 0.01mfd; 0.047 250V; 330pf. 100 off 
one type £1.50 
CAPACITORS all at 5p. e?ch. 3300pf; 220nf 250V; 0.01 mfd 160V; 0.1 of 400V. 
REMO TV Type MULTIPLIER. Two high voltage outputs & focus £1 each. 
10 for E8. 
RANCO 250V 18A THERMOSTATS with Control Knob calibrated 50-200°C. 
£2.50 each. 
MICROPHONE/EARPIECE INSERTS. Ex Min. Brand New wrapped. 76p ea. 
10 off £6. 
TRANSFORMERS - All Brand New. 
Auto 240V Input 115V 1 Amp output £1.26 ea. 
240V Input Sec 6V 1.86A. Size 2'h x 2 x 2". Good quality £1.50 ea. 
240V Input Sec 12V 100MA. Size 60 x 40 x 42mm 50p ea. 
240V Input Sec 12-0-12V 50MA. Size 53 x 45 x 40mm fl ea. 
115V Input Sec 5V 250MA Size 111/16x 11/2 x 1''/.".2 for 50p 
240V Input Sec 2 windings 12V and 24V 1 Amp. Size 2'h x 2 x 2". f2 ea. 
Sub -Min 0-120-240V Input Sec 12-0-12V rated 4VA. 76p ea. 10 off £6, 
100 off £45. 

TOROIDAL 0-115-230V Input. Output 13.5-0-13.5V rated 8VA. £1.70 ea. 
10 off £15. 

TOROIDAL 0-12240V Input. Output 0-12V; 10VA per winding. Encapsulated 
Identical to R.S. Components at £9.40. OUR PRICE £5 ea. 

TELEPHONES - P&P £1.50 ea. 5-10 units £6. Over by arrangements. 
706 style Black, Grey, Blue, Green £5.50 ea. 10 off £45. Discoloured E4 ea. 10 off £27.50. 

746 style Black or Grey £7.50 ea. Older Black style £2.50 ea. 

SOME EHT TRANSFORMERS & CAPACITORS always available - please 
enquire. 
VARIACS -2 Amo. Ex -equipment. Good condition. £12 ea. P&P £3. 

TRANSISTOR INVESTOR. 115V AC 1.7 Amp input. Switching at 20KHZ. 
Output windings from Pot Core. Can be rewound or broken for components. 
Circuit Supplied. £1.25 ea. P&P £2. 10 off £10 Carriage E6. 

Convert this unti to a SUPER BATTERY CHARGER. Attractive green 
ministry quality case - removable top/bottom plates - heavy duty power 
switches - high power resistors to control current - centre mounted 
amp meter - wing nut terminals on front panel for connecting leads.! 
£3.50 ea. P&P £5 FOUR UNITS £12 Carriage £6. 

Miniature VARIAC 0.6 amp in Blue Case size 101 x 6'/. x 6X" with 20 
coloured screw style 4mm sockets giving multiple voltage & current 
outputs. As new £12 P/P f4. 

AMPLIFIER BOARD complete with Heat Sink & two output Transistors 
type 2N5293 Circuit supplied £1.50 ea. 
CABLE TIES Black 13cm long or White 9crn. 50 for 50p. 
TOGGLE SWITCH. Centre off. 20p each 10 for £ 1.80 
4 CORE CURLY WIRE extending to 2 metres. 20p ea. 10 off í1.B0;100 off £15 
Min Potentiometres - Erie. 1K Lin; 3.3K Lin; 4.7K Lin. All 15p each. 
100 off £12. 

WIRE WOUND RESISTORS 4 WATTS - all at 10p ea; 10 off 65p; 100 off £7 
Values - 1RO; 2R2; 2R4; 750R; 22K - 1R5; 82R; 1005; 150R; 820R; 9K1; 15K. 
MULTICORE CABLE. 18 Way. Multi colour. 76p per metre. 100 metre drum 
£55. Carr £6. 

GEC 4 Button UHF TUNER £1.50 ea. 10 off £ 12. 
GEC 8 Button UHF/VHF TUNER. £2 ea. 10 off £15. 
SOLID STATE UHF TUNER 38MHZ E1 ea. 10 off E8. 
PHOTOMULTIPLIERS - All with information - P&P all tubes £1.60 ea. British 2" window f2 ea; American 2" f3 ea; RCA type 2020 £4 ea. Special 
American by RCA £6 ea; MULLARD 15OAVP Useful die 32mm f4 ea. 
HONEYWELL STRIP CHART PAPER 122ft rolls. Ref ne 378.528-0100 
EVEN 12/68. 60p per roll. 10 rolls £4 P&P £3.50. 
BLUE THERMAL PAPER 430ft roll 8'h" wide £1.50 per roll P&P £2. 6 
rolls £6. Carr. £6. 

POR FULL COMPONENT & TEST EQUIPMENT UST WRITE OR PHONE 

MARCONI AM/FM SIGNAL GENERATOR type 
TF1066B/6S. 10-470MHz in 5 bands. 
£275 each. Carriage £6. 

WAYNE KERR COMPONENT BRIDGE type 6521 tr1-1751. Resistance 1mOhm-1000 Meg Ohm; Capaci- tance S000KuF-1pF; Inductance 1uH-500kH. With copy 
of manual. ONLY £40 each. Carriage £6. 

AVO VALVE TESTER type CT160 122 valve bases) with 
copy of manual £20 each .Carriage £6. 

AVO TRANSITOR ANALYSER type CT446 with copy 
of manual £20 each. Carriage £6. 

AVO SIGNAL GENERATOR No 2 AM/FM. AM 0.45- 225MHz; FM 20-100MHz. With copy of manual £75 each. Carriage £6. 

MARCONI COUNTER/FREQUENCY METER TF1417/2 
with Convertor type TF2400/TM7265 - 500MHz. fái each. Carriage £6. 

TELETYPE PRINTERS KSR33-ASC11 Keyboard £50. 
ASR33 - as above with 8 bit punch and reader £75. 
Carriage £6 each unit. 

MULTIMETER 
Russian type 4324 AC/DC 

volts, AC/DC current; 
ohms etc. 

Brand new, boxed 
£12.50 each P&P £2.50 

SINE & SQUARE WAVE ' 

AUDIO GENERATOR 
Type TE22 

20Hz-200Khz. Portable. 
As new 

ONLY £35 each P&P £4 

SCOPE STYLE CASE size 7K"+71/6" x 13'4" deep 
with attractive blue covers & strap handle. As is a 
TACHITOSCOPE but ideal for the home constructor for 
plaits. E4.50 each POP £2.50. 

PLEASE NOTE - WE WILL BE CLOSED TO 
CALLERS MONDAY AUGUST 9th UNTIL 
SATURDAY AUGUST 21st INCLUSIVE 

MINIMUM ORDER OF GOODS £3. MINIMUM PACKAGING & POSTAGE £1.50. VAT at 15% MUST be added to TOTAL o GOODS & PACKAGING, BUT PLEASE ensure sufficient monies is sent to cover PACKAGING and Postage to avoid delays in us dispatching your order. CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Mdav to Saturday inc. BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. 

+HILTMEAD LTD 
NORWOOD ROAD, READING TELEPHONE NO. READING 669656 (2nd turning left past Reading Technical College in King's Road then first right - look on right for door with "Spoked Wheel") 
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('lemotecifs ('lemopak BangE 
All five of the currently available Memopaks are housed in elegant black anodised aluminium cases, and are styled to fit wobble -free 

onto the back of the ZX8I, allowing more add-ons (from Memotech or Sinclair) to be connected. 

( 68.70 

plus VAT 

£434%1126°° 
plus VAT 

E5Z°° 
plus UAT 

f 3.70 

plus VAT 

MEMOPAK 64K MEMORY EXTENSION 
The 64K Memopak extends the memory of the ZX81 by 56K, and with the ZX81 gives 64K, which is neither 

switched nor paged and is directly addressable. The unit is user transparent and accepts commands such as 

10 DIM A(9000). 
Breakdown of memory areas...0-8K-Sinclair ROM. 8 -16K -This area can be used to hold machine code for 
communication between programmes or peripherals. 16 -64K -A straight 48K for normal Basic use. 

MEMOPAK 32K and 16K MEMORY EXTENSIONS 
These two packs extend and complete the Memotech RAM range (for the time being!) A notable feature of the 

32K pack is that it will run in tandem with the Sinclair 16K memory extension to give 48K RAM total. 

MEMOPAK HIGH RES GRAPHICS PACK 
HRG Main Features - Fully programmable Hi -Res (192 x 248 pixels) Video page is both memory and bit 

mapped and can be located anywhere in RAM. Number of Video pages is limited only by RAM size (each 

takes about 6.5K RAM) Instant inverse video on/off gives flashing characters Video pages can be 

superimposed Video page access is similar to Basic plotlunplot commands Contains 2K EPROM monitor 
with full range of graphics subroutines controlled by machine code or USR function 

MEMOPAK CENTRONICS TYPE PARALLEL PRINTER INTERFACE 
Main Features - Interfaces ZX8I and parallel printers of the Centronics type Enables use of a range of dot 

matrix and daisy wheel printers with ZX81 Compatible with ZX8I Basic, prints from LLIST, LPRINT and COPY 

Contains firmware to convert ZX8I characters to ASCII code Gives lower-case characters from ZX8I inverse 

character set 

MEMOPAK RAM 

Coming Soon HI-RES GRAPHICS 
CENTRONICS le. 

A complete range of ZX81 plug-in peripherals 

Digitising Tablet RS232 Interface 

Please make 
cheques payable to 

I MEMOTECH Ltd. 

Please Debit my 
AccesslBarclaycard 
account number 

2 I 'Please de !ere whichever 
Li does not apply 

c 
a 

I 

We regret we are as yet unable to accept ó SIGNATURE 

orders or enquiries concerning the above I NAME 

products. but we'll let you know as soon 
as they become available. 

Please send me Price No Total 

64K RAM £68.70 + £10.30 VAT £79.00 

32K RAM £43.43 + £6.52 VAT 

16K RAM £26.00 + £3.90 VAT 

HRG £52.00 + £7.80 VAT 

CENTRONICS I/F £34.70+£5.20 VAT 

£49.95 

£29.90 

£59.80 

£39.90 
Packaging & Postage £2.00 per unit 

TOTAL ENC 

DATE 

ADDRESS 

TELEPHONE 

We want to be sure you are satisfied with your Memopak - so we offer a 14 -day money back Guarantee on all our products. 

Memotech Limited, 3 Collins Street, Oxford 0X4 1XL, England Tel: Oxford (0865) 722102 Telex: 837220 Orchid G 

25 



BRITAIN'S LEADING EXHIBITION FOR ELECTRONICS ENTHUSIASTS 

10-14 NOVEMBER 1982 at: 
ROYAL HORTICULTURAL SOCIETY'S NEW HALL 
GREYCOAT ST, WESTMINSTER, LONDON SW1. 

* COMPUTE 
...: 

* AUDIO 
RADIO 

* MUSIC 

TEST G 

* GAMES 

MORE 
COMPR lENSI... 
THAN EVER 

ITS 
&:;01/IP 

MAGAZINES * OOk FFER.. 

SPECIAL TICKET OFFER 
For the fifth consecutive 
year BREADBOARD is 
back with even more to 
offer electronics 
enthusiasts. 
This is the best 
opportunity to update 
yourself on all the latest 
equipment, ideas 
and developments. 
COME AND SEE 
THEM IN ACTION. 

Book your tickets now 
at this special low rate 

N4TF-,Lej 
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0 F (OFFER ENDS SEPTEMBER 30th) Mil IMO O IBM O- BIZ ---M-- 

SPECIAL ADVANCE BOOKING PRICE I ADULTS £1.50 - STUDENTS/SENIOR CITIZENS £1. 

PLEASE SEND tickets @f1.50 and tickets @£1. 
I enclose cheque/P.O. for 

NAME 
ADDRESS 

Send to: BB 82, Argus Specialist Publications Ltd, 
145 CHARING CROSS ROAD, LONDON WC2H OEE. 

Lou am---maam- mom -- Imo -J 
THE EXHIBITION YOU CAN'T AFFORD TO MISS 
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NEW CASIO WATCHES NEW LOWER PRICES NEW KEYBOARDS NEW 

100 METRE WATER RESISTANT 
W-100 
Resin 
case/strap 
(16.95 

W-450 
Stainless 
steel 
024.95 

Time and auto calender. Alarm and hourly chimes. 
Count-down alarm timer with repeat memory function. 
Professional 1/100 second stopwatch. Time is always on 

display, regardless of display mode. Amazing 5 year 

lithium battery life. 12 or 24 hour display. 

50M W/R 

W-35 
£19.95 

100M, W/R 

W -450C 
£21.95 

200M WiR 

DW-1000 
£39.95 

W-35, W -450C and DW-1000 Divers watch. Identical 
functions to the W-450 above. They are all stainless steel 

(W -450C, resin strap). 

ANALOG/DIGITAL 
AX -5 ONLY £19.95 

Black resin version of the AX -250, below 
The World's most versatile watches? 

AX -250 ONLY £24.95 
Analog LCD hours/minutes 
Digital display 

Local time, 12 or 24 hour 
62 day calendar display 
Dual time, 12 or 24 hour 
Alarm time display 
Countdown alarm timer 
with memory function 
Professional stopwatch 
Optional hourly time signal 

Daily alarm: electronic buzzer 
or 3 optional melodies 

50 METRE WATER RESISTANT 

AA -92W 
Analog/ 
digital. 
Stainless 
steel 
£25.95 

W-20 
(Right! 
Resin 
£12.95 

AA -92W. LCD analog time, or digital time and calendar 
display (dual time(. Countdown Alarm Timber and alarm 
have amazing moving graphics. Chimes and professiona 
stopwatch. Night Light. W-20. Alarm, chimes, pio 
stopwatch. 12/24 hour. 

AQ -11 
True analog 
Chrome 
E39.95 

AQ -101 
True analog 
Chrome 
£39.95 

Classical analog with digital hours, minutes, seconds; 
Auto calendar; Alarm and hourly time signal; Professional 

stopwatch; Date memory. 

CT -1000P DIGITALIZED 
SYNTHESIZER 

ONLY £325 Interest free credit available 

10 pre-set instruments, 1,000 switchable sounds, with a 

protected memory for your ten favourites. 5-octabe, split 

keyboard, programmable arpeggio or real time 

sequencer, transposition between -1 and i 0.5 octabes. 
Integral amp/speaker, Output and Headphones jacks. 
Details on request. 

PORTABLE COMPUTERS 
SHARP PC -1500 Colour Computer 

PRICEBEATERS 
PC -1500 Computer (elsewhere £158.951 (157.50 
CE -150 Printer/Interface (£139.951f££££££í£££££££137 50 
CE -151 4K RAM expansion module (£47.951 E46.95 
CE -1558K RAM expansion module 1£77.951 £76.50 
CE -15A 14 application programs on tape £14.95 
16K ROM extended BASIC, 3.5K RAM (expandable(. 7 x 
156 dot matrix dislay. With clock, calendar, alarm and 
around 30 scientific functions on board. 

Colour brochure on request 
MiCROL 1500 SOFTWARE - DETAILS ON REQUEST 

WS -70 (left! 
Stainless 
steel 
£22.95 

SA -50 
Chrome 
Not W/R 
£14.95 

WS -70. Compact and ultra slim, only 5.7mm thick. 
Countdown alarm, professional stopwatch, alarm, hourly 
time signal, calendar, dual time (24 hour). SA -50. Non 
water resistant version, 4.6mm thick. SA -50G. Gold 
plated version of the SA -50 £19.95 

MM -400 
6 Melodies 
Chrome 
E29.95 

MULTI ALARMS 

CA -95 (right) 
2 Melodies 
Calculator 
Resin 
£19.95 

Both have 12 or 24 hour time and calendar display; 
Professional stopwatch; Hourly time signal; Daily alarm 
with pre -alarm; Daily alarm with post -alarm; Weekly 
alarm/extra daily alarm. 
MM -400. Time is always on display. Dual time, 12 or 24 
hour. Monthly alarm/extra daily alarm. 
CA -95 Calculator. CA -951 Metal version £29.95 

CASIO POCKET COMPUTER 
FX-702P.,, i 
Usual Price 

! 

r 
£99.95 
Elsewhere 
£97.95 j L4i 
PRICE -BEATING; 
£95.95 

6,x,1 L1,GY t1 Yil ié Iß9 ta 

tqJ 1,1 if1; iii Q t¡i tir * 444i wisnauw 
c4su tz Gxs r: ï ra ri to me* 

FX-702P PLUS MiCROL Professional Programming Pack 

(worth £9.95 ONLY E99.95 

BASIC programming. UP to 1,680 program steps, up to 
226 memories. 55 scientific functions. 
MiCROL PROCOS Visicalc type softweare on tape £24.95 
FP -10 Printer for 702/602/601/502/501. Usually £44.95 
Price elsewhere £43.95 PRICEBEATING £42.95 
FA -2 Cassette interface for 702/602/1/502/1 £19.95 

PROGRAMMABLES 
FX-602 
Usual price £74.95 
Price elsewhere £71.95 
PRICEBEATING £69.95 
OR with MiCROL Professional 
Programming Pack worth £9.95 
ONLY £74.95 
Up to 512 steps, 
up to 88 memories. 
50 scientific functions. 

OTHER WATCHES 
J-100 Jogging pacer/computer; calculator; alarm; 

stopwatch. Elsewhere £18.95. Pricebeater £19.95 

GM -30 Battleships/ Submarines version £14.95 
A656A. Alarm; Dual time; stopwatch. Chrome £9.95 

CALCULATORS 
Scientifice 
FX-950 50 functions, 10 digits, SOLAR POWER £22.95 
FX-9008 digit version with less functions £19.95 
FX-550 50f, 10d, Lithium battery. Wallet size £15.95 
FX-8100 Clock, calendar, alarms, stopwatch £19.95 
FX-82 £11.95, FX-100 £14.95, FX-7 £9.95, FX-517.95 
Calculating alarm clocks - 

FT -7 Fortune Teller £16.95: BG -15 Boxing game £16.95; 
ML -75 Card size, 12 melody alarms £12.95; BQ-1100 
Biorhythm £16.95; UC -365 Wallet £19.95; UC -360 Card 
size (19.95 
Basic 
LC -950 Metric conversions. Double display. £16.95 
SL -901 SOLAR 18.95; MG -777 3 games, clock £14.95; MG - 
880 f10.95; MG -885 f 10.95 

Price includes VAT and P&P. Send cheques, PO, or phone your ACCESS, VISA or B'CARD number to: 

TEMPUS LEADING CASIO SPECIALISTS 
Dept HE 
38 Burleigh Street, Cambridge CB1 10G 
Telephone: 0223 312866 

DELIVERY 
NORMALLY 
BY RETURN 
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PLAYMATE GUITAR 
EFFECTS/AMP 
The sounds of the superstar in your own room - or in the middle of 
a field! The PLAYMATE will help you on your way. Design and 
development by Phil Walker 

The Playmate is a small practice 
amplifier for use with a guitar 
giving a few watts output for 

easy listening while also providing 
some of the basic effects used by 
many musicians. It is ideally suited to 
those who do not carry all the various 
effects units around in their guitar 
case but would like to be able to 
practice at odd moments or in out-of- 
the-way places. 

In addition to the amplifier and 
standard tone controls etc, various 
distortion and wah-wah effects are 
possible. As a by-product of the 
circuitry a sustain effect is also 
possible. 

The sound output is provided by 
a small internal loudspeaker and the 
whole module is powered from a 
small mains unit or batteries. An 

external foot pedal could be used 
with the wah effect if required. This 
consists of a variable resistor and a 
couple of other resistors to provide 
the necessary control current. The 
internal control is still active at this 
time and can be used to set an 
operating range. 

The Circuit 
The circuit is in general straight- 

forward. It consists of an input buffer 
with a gain of about 50 followed by a 
signal compression stage which 
reduces the dynamic range greatly in 
order to feed the effects circuitry at a 
constant level. The effects consist of 
a distortion -inducing stage for fuzz 
and a variable band-pass filter for the 
wah wah. After the effects stages, the 

dynamic range of the signal is 
restored to normal before being fed to 
the mixer, tone controls and power 
output stages. 

The input buffer consists of a 
single 3140 CMOS op -amp whose 
gain is set at 48 by R2, R3. The 
following dynamic range compressor 
consists of one part of a LM13600 
dual transconductance amplifier. The 
gain of this device is a function of the 
amplifier bias current, the input 
diode current and the load resistor. 
The output buffer of the device is 
used here as a peak detecting 
rectifier which charges a capacitor 
(C3) to the peak value of the output 
signal less two base -emitter drops 
(about 1V4). If this voltage is greater 
than about OV7 the resulting current 
flowing through the input linearising 
diodes causes the effective stage gain 
to decrease and keep the output level 
constant. 

Distorting The Facts 
Distortion effects in this project 

are of two types. The first is mainly 
even harmonic generated by half - 
wave -rectifying the input, inverting it 
and then mixing it with the original 
signal to get from no distortion to 
complete frequency doubling. In 
addition to this, overload type 
distortion is provided by a high gain 
clipping amplifier using non-linear 
feedback (IC3a,3b). 

Wah wah sound effects are 
produced by a current -controlled state 
variable filter. The control current 
determines the centre frequency of 
the pass band while a two -gang 
variable resistor sets the bandwidth 
and compensates for inevitable gain 
changes. 

Tone controls are of a standard 
type and use frequency -selective 
feedback networks around an op -amp. 
The following power amplifier has 
been designed to have a low quiescent 
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PROJECT 

VOLUME 

o -- 

INPUT 
BUFFER 

COMPRESSOR 

}- 
FUZZ 

-Atv- 

WAH EXPANDER 

Fig. 1 Block diagram of the Playmate. 

TONE 

e 
POWER AMP 

-0( 

'DIODE 

-INPUT 

+INPUT 

'ABC 

+VE 

BUFFER OUT 

VE 

_ CURRENT - MIRROR 

Fig. 2 Internal circuitry of the LM13600 - an operational transconductance amplifier! 

Iout Isba 
x q x Yin 

2KT 

Iabc 

26 x 10 ' 

x V;, 

If the diode current is not zero and 
the signal current is less than Io,> then 
the transfer function is: - 

2 X Iabc X I, 

Ill 

where 
I, = signal current 
Iab = amp. bias current 
I, = lin. diode current 
I,,,,, = output current 

'DIODE IABC +VE 

-VE 

Fig. 3 Basic voltage amplifier circuit. 

current. This is important if batteries 
are to be used as many amps of the 
IC variety take 30 mA or more, or are 
designed for single rail working. 

The LM13600 
This device is used for two 

functions in this project. One of these 
is the compressor/expander while the 
other is the wah wah. In both of 
these, use is made of the fact that the 

gain of the device is dependent on 
the amplifier bias current and the 
linearising diode current (provided 
that the input current is less than half 
the diode current). In fact the output 
resistor also determines the gain but is 
not so easily varied. 

If the diode current is zero then 
the manufacturers' data sheet shows 
that the transfer function of the 
device is:- 

If we use resistors for input and 
output, it can be seen that the 
voltage gain of a stage using this 
device can be controlled easily by use 
of the bias and linearising diode 
currents. 

Figure 3 shows the basic circuit 
for a voltage amplifier and from it we 
can show that the output voltage Vo is 
dependent on the bias and diode 
currents. 
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HOW IT WORKS 
The gain of the input buffer IC1 is set by 
R2 and R3 at 48. RI determines the input 
impedance while Cl provides DC 
blocking. The output from this device goes 
to the dynamic range compressor IC2a and 
its buffer IC3a. This part of the circuit also 
provides control signals for the expander 
circuit and, if required, for the wah wah 
effect. The buffered output from the 
compressor then goes via C4 to the first part 
of the fuzz effect circuitry constructed 
around around IC3b. Here an inverted 
half -wave -rectified version of the input 
signal is produced by the action of Dl and 
D2 in the feedback network of IC3b. This 
is applied to RV1 from which a portion is 

selected and mixed with a little of the 
original signal. As the half -wave -rectified 
signal at this point of the circuit is twice as 
great as the straight -through signal, by 
varying the setting of RV1, amounts of 
distortion varying from none to virtual 
frequency doubling can be selected. 

The mixture of signals obtained above is 
now applied to IC3c where they are 
amplified. The amount of amplification is 

determined by the setting of SW1. In 
position 3 minimum gain is provided and 
in fact the whole fuzz section is bypassed. 
Position 2 gives the same gain, allowing the 
first distortion stage to be effective. The 
final position connects D3 and D4 via C5 
and R19 into the feedback circuit of IC3c 
instead of Ri8. This has the effect of greatly 
increasing the small signal gain but causing 
the output to limit sharply, thus clipping 
and squaring the output. This facility is 

available on whatever output is coming 
from IC3b. 

The output from the fuzz stages now 
passes to the wah wah. This effect is produced 
by the current controlled state variable filter 
used in a band-pass mode. The filter is 

realised by using a LM13600 device with a 
controlled bias current providing the 
variable centre frequency. The 'Q' factor is 

controlled by a dual gang potentiometer, 
half of which is used to control the 'Q' 
factor while the other half compensates for 
the effective gain change as this is altered. 
In this type of circuit the frequency range is 

determined by the values of C7, C8, R24 
and R26, while the actual centre frequency 
is controlled by the amplifier bias current. 
If the bias current is allowed to become too 
small it is sometimes found that a thump is 
heard at the output; in order to prevent this 
R34, R35, D5 and R33 are used in the 
control circuitry to keep the current above 
this threshold. 

SW2 selects between the control 
options for the wah wah circuit. The 'off' 
position bypasses the circuit altogether, the 
'pedal' position makes access to an external 
foot pedal if fitted, while the 'auto' 
position connects to an output from the 
compressor stage. This control signal is a 
current which is proportional to the 
amount of signal compression being 

applied to the input signal. The magnitude 
of this current increases as the input signal 
increases. The result of this is that when the 
input signal is loud, the wah wah centre 
frequency is high and as the input decays, 
the wah wah frequency decreases with it. 
The effect of this is to make a wah sound 
automatically whenever a string or chord is 
played. 

The output from this section is buffered 
and adjusted in level by IC3d. After this 
the signal passes to the signal expansion 
stage built around IC2b. C23 provides DC 
isolation and R36 converts the input voltage 
to a suitable drive current for the IC. For 
this application the linearising diode 
current is held constant while the amplifier 
bias current is varied. Q1 in the compressor 
circuit provides the control current for this 
stage allowing a good match in the 
attenuation/gain characteristics of the two 
stages. SW3 selects either the output from 
the expander or bypasses it as required to 
give normal or sustain on the effects 
channel. 

A dual gang potentiometer RV4 allows 
mixing between the original signal and the 
effect -modified signal. This is followed by a 
volume control RV5 to set the output sound 
level. 

After the volume control, IC5a buffers 
the signal before applying it to the tone 
control circuit around IC5b. The 
configuration used here is a very common 
type of feedback arrangement. As an 
approximation, the gain of an op -amp with 
feedback is taken as -(feedback resistor 
value) / (input resistor value). If we replace 
the feedback and input resistors with 
variable impedances, we find that when 
the feedback impedance is greater than the 
input impedance then the overall gain is 
greater than unity, and vice versa. As 
impedances vary with frequency, the gain 
at each frequency will tend to be different. 
The only time the gain does not vary is 
when the input and feedback impedances 
are equal whatever their magnitude. This is 
the general principle on which the tone 
control networks operate. 

The final section to be considered is the 
power amplifier stage. Voltage amplifi- 
cation is provided by IC6 and the output 
from it drives two complementary 
compound Darlington pairs, Q4/Q6 and 
Q5/Q7. Quiescent current through the 
output devices is set by RV8 in conjunction 
with Q3, R54 and C19. R59 and R60 aid in 
maintaining bias stability and provide some 
protection to the output transistors in the 
event of a fault. R61 and C20 compensate 
for load impedance variations at high 
frequency and C18 reduces the high 
frequency gain of the power amplifier to 
reduce the possibility of RFoscillation. The 
large capacitors C21-25 are to reduce the 
effects of aging batteries and prevent low. 
frequency oscillation or intermodulation 
distortion. 

Vo = V;n x 2 x Iab, x RL 

R1 x Ip 

IIt = V;,,/ 
R;,, Therefore 

and the gain Vo 
=2 x 

INPUT 

Vin 

Iabc 

Ip 

FROM 
COMPRESSOR 

IABC +VE 

-VE 

Fig. 4 The LM13600 as an expander. 

Cl 
680n 

Q --II 

INPUT 

R1 
100k 

IC2,4 ARE 13600 
IC3 IS TL084 
IC4 IS TL082 
01,2 5 ARE BC212L 
03,4 ARE BC182L 
06 IS BD132 
07 IS BD131 
D1-4 ARE 1N4148 

+VE 

C13 
680n 

X ).--0-/VW-1 I 
36 

106k 

R33 
100k 

R37 
10k 

RL 
x 

R1 

OUTPUT 

+VE 
o 

z 
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Fig. 6 Circuit diagram for the Playmate. 
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PROJECT : Playmate 

Compressing With The 
LM 13600 
Figure 5 shows the circuit used in 

this project to compress the dynamic 
range of the signal input. For very 
small signals Io is virtually zero and 
the amplifier operates with a very 
high gain. As the signal increases, the 
output peak voltage will reach a level 
sufficient to charge the capacitor C to 
about one diode drop. If the input 

'ABC 

R2 R3 

signal tries to increase further the 
resulting current into the input diodes 
will cause their impedence to fall, 
thus increasing the attenuation of the 
input and maintaining a constant 
output level. 
At any time the current flowing into 
the diodes is:- 
I 2 x 

+VE 

Fig. 5 Here the LM1360O is configured as a compressor. 

R11 
100k 

R12 
100k 

+VE 

4 
R14 R15 
15k 15k 

IC3 

t 11 C4 
-10 
R 

680n 
-VE 

01 

R13 
1k0 

IC3b 

FUZZ 

D2 

RV2 
100k 

OFF SW18 

\31"UN. 2 /' 
1l _'1 _,; 

220k 6n 8Ó 
R1- 

l 9 't 
10M 

R17 
100k 

IC3c 
+/ 

OFF 

(V. - 3 x 0.7) 

R2 

TO EXPANDER 

'ABC 

The 3 x 0.7 represents the voltage 
drops associated with the base -emitter 
junctions of the output buffer 
transistors and the voltage drop of the 
linearising diodes. This voltage does 
vary with temperature and current so 
since another control current is 

required for the expander function, 
this is derived by using a resistor and 
common base transistor. The 
configuration gives a current output 
which tracks the compressor control 
current very closely as it has the same 
number of junctions in series. 

The LM13600 As An 
Expander 
1f the current produced by the 

above circuit is fed into the bias 
current input of a virtually identical 
stage while the diode current is held a 
constant then the voltage gain 
equation above shows that the gain of 
the circuit will be increased as the 
current increases. Moreover the 
product of the two gains will be 
constant giving an invariant overall 
signal transfer function. 

1. -VE 

WAH 
OFF 

EFFECT 
C6 WIDTH 

680n 
-4 
_? SW1b R21 RV4a 

10k 50k 

R20 
2M2 

L 

E 

Mararegieerg 

«0 t 22k 

eR25 
1k 4.1iMr 

SS R24 
R22 S P23 22k C7 

1n5 1k0 1k0 

R28 R29 C8 
1k0 1k0 1n5 

PEDAL 

AUTO TO 

SW2b 

X 

R32 
10k 

R31 
100k 

SW3 
RV6b 
100k 

R41 
686 

-VE 

C10 
680n 

RV6a 
100k 
MIX 

R34 
10k 

R42 
47k 

R43 
47k 

.-L C27 It C29 
10u t0u I C26 

+VE 

t OV 

T10u 

C11 
680n 

RV7 
100k 
VOL 

+ C28 
T10u VE 

R65 
1M 

OVE C12 
8 680n 

ICSa 

4 
VE 

R45 
R44 100k 
100k 

AUTO 
PEDAL SW 2a 

(PEDAL) O-0 
OFF 

R46 
10k 

R47 

TREBLE 
RV8 
22k 

C13 
10n 

C15 
33n 

R50 
100k 

BASS 

R34 
470k 

R33 
15k 

+VE 

VE 

v 
^vv R64 

C14 
47R 

lOn 

R49 
4M7 

RV9 
10k 10k 

C16 
15n 

TONE CONTROL 

IC5b 

R51 
10k 

-VE 

(WAH) 
(FRED) 

RV5 
100k 

R35 
1k0 

D5 
Q VE 

R62 47R 

R27 
5k6 

-VE 

R30 
5k6 

-VE 

C17 
680n 

C21 
1000u 

R581C18 
100k 68P C19 

10u 

R52 
+ 10k 

C22 + 
1000u 

F165 
47R 

R63 
47R 

7 

106 

R55 
10k 

R54 
33k 

R57 
1k0 

Q4 

03 

R56 R58 
10k 1k0 

R59 
2R2 

R60 
2R2 

06 

OUTPUT 
TO 

SPEAKER 
O 

C20 
100n 

+9V FROM 
R61 BATTERY 
6R8 

C24 _ 
1000u 

OV 

-9V FROM 
BATTERY 

POWER AMP 
C25 

1000u 

The construction details, parts list 
and overlays will appear next month. El 
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The toroidal transformer is now accepted as 
the standard in industry, overtaking the 
obsolete laminated type. Industry has been 
quick to recognise the advantages toroidals 
offer in size, weight, lower radiated field and, 
thanks to I.L.P., PRICE. 
Our large standard range is complemented by our SPECIAL 
DESIGN section which can offer a prototype service within 
7 DAYS together with a short lead time on quantity orders which 
can be programmed to your requirements with no price penalty. 

* 114 TYPES TO CHOOSE now 
ORDERS DESPATCHED * 

OF RECEIPT FOR SINGLE OA 

SWILL QUANTITY ORDERS 

* 5 YEAR NO QUIBBLE GUARANTEE 

IYPE 

30 v8 
70.30mm 

0 4569 
Regularon 

18% 

SERIES 
No 

1.010 
1.011 
1.012 
1.013 
1.014 
1.015 
1.016 

SECONDARY 
Volts 

6.6 
9.9 

12.12 
15.15 
18.18 
22.22 
25.25 

EMS 

Current 

2 50 
166 
1 25 
1 00 

0 83 
0 68 
0 60 

PRICE 

£5.12 
[07011 ,08 

88110 117 

50 VA 

1.017 

2x010 

30.30 

6.6 

0 50 

416 TYPE 
SERIES 

No 

SECONDARY 
Volis 

RHO 
Current 

PRICE 

80.35mm 
0989 

2.011 
2.012 

9.9 
12.12 

2 77 

208 225 VA 6.012 12.12 9 38 

Regularon 
13% 

7.013 
2.014 

15.15 
18.18 

166 
1 38 £5.70 110 x 45mm 

2288 
0.013 
6.014 

15.15 
18.18 

750 
625 

2.015 
2.016 

22.22 
25.25 

113 
100 

Regulalwn 
7% 

6.015 
6.016 

22.22 
25.25 

511 
4 50 £9.20 

2.017 
2.028 

30.30 
110 

0 83 
0 45 

10181 la 00 
6.017 
6.018 

30.30 
35.35 

3 75 

3 21 
00 

.VAIt68 
2.029 
2.030 

220 
240 

0 22 

0 20 

6.026 
6.025 

40+40 
45.45 

2 81 

2 50 
10181 012 88 

60 VA 3.010 6.6 664 
6.033 
6.028 

50.50 
110 

2 25 
204 

90.30mm 3.011 9.9 444 6.029 220 1 02 
1Kg 

Regularon 
12% 

3.012 
3x013 
3,014 
3.015 

12.12 
15.15 
18.18 
22.22 

333 
2 66 
222 
181 

£6.08 
ere 1, 6/ 

300 VA 
110.501010 

6,030 

7,013 

7.014 

240 

15.15 
18.18 

0 93 

1000 
8 33 

3.016 
3.017 

25.25 
30.30 

160 
I 33 

Á,1I 16 

/0/811891 
26Kg 

Regularon 
7,015 
7x016 

22.22 
25.25 

6 82 
6 00 £10.17 

3.028 110 0 72 6% 7,017 30.30 5 00 
01Y1200 

3.029 
3.030 

220 
240 

0 36 
0 33 

7,018 

7,026 

35+35 
40.40 

4 28 
3 75 , 83 

12008 4.010 6.6 1000 
7x025 

7,033 

45.45 
50 .50 

3 33 
3 00 

lou, II/ 00 

90, 40mm 4.011 9.9 6 66 7.028 110 2 72 
1260 4.012 12+12 500 7,029 220 1 36 

Regulalwn 
11% 

4,013 
4.014 

15.15 
18.18 

4 00 
333 £6.90 7,030 240 1 25 

4.015 22.22 2 72 180,11,7 500 VA 8.016 25+25 10 00 

4.016 
4.017 
4.018 

25.25 
30.30 
35.35 

2 40 

2 00 
1 71 

.0811, 15 
TWA, 1486 

140.6001m 
4 Kg 

Regulaban 

8.017 
8.018 
8.026 

30.30 
35.35 
40+40 

8 33 
7 14 

6 25 
£13.53 

071,7 35 

4.028 
4.029 

110 

220 

109 
0 54 

4% 8.025 
8.033 

45.45 
50.50 

5 55 
5 00 7 38 

4,030 240 0 50 8.042 55.55 4 54 IOVAi1i8]6 

16098 5,011 9.9 889 
8.028 
8.029 

110 

220 

4 54 
227 

110.4010,0 5012 12*12 666 8.030 240 2 08 
1869 

Regularon 
80,, 

5,013 
5.014 
5.015 
3x016 

15.15 
18.18 
22.22 
75.25 

533 
4 44 

3 63 
3 20 

£7.91 625 VA 
140x75mm 

589 

9.017 

9.018 
9.026 

30.30 
35+35 
40.40 

1041 
8 92 
781 £16.13 

5017 
5.018 

30.30 
35.35 

2 66 
7 28 

7181 44 

MAI U2 

Regulalron 
4% 

9.025 
9.033 

45+45 
50.50 

6 94 
625 

5.026 40.40 2 00 9x042 55.55 5 68 ved 03 

10,028 118 1 45 9.028 110 5 68 1018, it. 11 

5.029 770 0 77 9x029 220 2 84 

5.030 240 0 66 9,030 240 2 60 

IMPORTANT: Regulation -All voltages quoted are FULL LOAD. Please add regulation figure to 

secondary voltage to obtain oft load voltage. 

The benefits of ILP toroidal transformers 
ILP toroidal transformers are only half the weight and height of their laminated 

equivalents, and are available with 110V, 220V or 240V primaries coded as follows: 

For 110V primary insert "O" in place of "X" in type number. 

For 220V primary (Europe) insert "1" in place of "X" in type number. 

For 240V primary (UK) insert "2" in place of "X" in type number. 

How to order Freepost: 
Use this coupon, or a separate sheet of paper, to order these products, or any 

products from other ILP Electronics advertisements. No stamp is needed if you address to 

Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd. 

Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order for 

single and small quantity orders. 
Also available at Electrovalue, Maplin and Technomatic. 

Please send 

Total purchase price 

I enclose Cheque 

Debit my Access/Barclaycard No. 

Name 

Address 

Signature 

Postal Orders Int. Money Order 

Post to: ILP Electronics Ltd, Freepost, 4 Graham Bell House, Roper Close, 

Canterbury CT2 7EP, Kent, England. 

Telephone Sales (0224_54778: Technical (0227) 64723: Telex 965780. 

(a division of 

ILP Electronics Ltd) 

TRAN FS ORMERS 

TECHNOMATIC TECHNOMATIC TECHNOMATIC * SPECIAL OFFER * 
1-24 25-99 

2114L-200nS 100p 90p 
2114L-450nS 90p 85p 
27161+ 5v) 250p 225p 
2532 400p 375p 
2732 400p 375p 
6116P-3 500p 475p 

CONNECTOR SY 
I.D. CONNECTORS 

(SpeedtdodrType) 
No. of Header Recap Edge 

Ways Plug tacle Can. 
10... Sop 90p 209p 
20... 145p 125p 240p 
26... 175p 150p 300p 

34... 200p 160p 360p 
40... 220p 190p 550p 
50... 235p 200p 600p 

D CONNECTORS 
9 way 15wsy 25way 37way 

MALE 
Solder 90p 130p 160p 250p 
Angled 160p 

230p 
295P 4/5p 

FEMALE 
Solder 110p 160p 210p 358p 
Angled 

1 2 Heed 95p 95p 39áp 125p 
IOC Type 25 way M £4.50. P 0.00 

STEMS 

DIP PLUGS 
Sorter IDC 

Type Typs 
14 pin 40p 841 
16 pin 50p 10Op 

24 pin 100p 175p1 

49án 200p 225p 

RAMBLE 

10 way 94 
14 way 99P 

10 wry Sep 
20 wey 105p 

26 way 140p 

34 wry 220p 

NI way 265p 

50 way 301p 

M alai' 370p 

JUMPER LEADS 
24" Cable with DIP Haden 

14 pin 16 pin 24 pin 40 pin 

1 End 145p l6p 240p 3110p 

2 Ends 210pC täp 
with 

510p 

No. of 

1tays 20 34 40 

End 1OOp 210p 2/1p 3110p 

Cable with 0 Connectas 
24" Single End Male E1.50 Female E6 

36' Double End Male £11 Female £1130 
36" MalelFemale E11Á0 

EDGE 

CONNECTORS 
0.1" 0.156~ 

2 x 16 way - 140p 

2x22 way 200p 170p 

2 x 23 way 210p - 
2 x 25 way 225p 220p 

1x43 way 26op - 
2 x 43 way 395p - 
1 x 77 way 700p - 
S 100 E6.00 

EURO 

CONNECTORS 
Phu Skt 

DIN41612 2x32 2214 280p 

2 . 32 Angled 

Pin 238p 330p 

Ipse specify a+da+d 
3x32 way 250p 318p 

IOC 2 . way 470p 

0104161732 031 way 1088 18(bp 

21 way 170p 170p 

ACORN ATOM 
Built 8K + 2K £135 5K + Coloured Card £175 12K + 12K £180 

(p Ef p £3/unit) 
Atom PSU £7 (p 8 p 70p) 3A 5V Regulated PSU £24 (p Et p £1.50) 
F.P. ROM £20 1K RAM (2 x 2114L) £2 Tool Box Room £25 

NEW COLOUR ENCODER CARD £39.00 

Ask for our ATOM list for details on Sound Board and Atom Vision 

PRINTERS 
SEIKOSHA GP100A dot matrix printer, full graphics double width 
characters, up to 10" wide paper, self testing parallel interface 

£189 + Carriage £6 
EPSON MX80 Friction and Tractor, 9 x 9 matrix 80 CPS 

bi-directional with logic seeking, variety of charac. 
MX80 F/T 1 £350 + £6 carr. MX 80 F/T 2 with High Res Graphics 

£360 + £6 
BMC 12" Green Screen Monitor £100 + £6 carr. 

BBC COMPUTER UPGRADE 
MEMORY 

IC61-68 16K RAM 100nS AP3 £25.60 
PRINTER Et USER PORTS 

IC69, 70, PL9, 10 £8.50 SK10 with 36" Cable £2.20 
36" Printer Connector Lead Complete £13.50 

SK9 with 36" Cable £3.30 
ANALOGUE PORT 

IC73, SK6 £6.80 PL6 £1.60 PL6 + Hood with 36" Cable £5.00 
F.D. PORT 

IC77-87 + PL8 £44 SK8 with 36" Cable £3.50 
BUS PORT 

IC71-72 + PL11 £3.30 SK11 with 36" Cable £3.50 
TUBE PORT 

PL12 £3.00 SK12 with 36" Cable £3.90 

SOFTY II EPROM PROGRAMMER 
The complete microprocessor development system for both 
Engineers and Hobbyists. You can develop programs, debug, 
verify and commit them to EPROMs. Will accept most +5V 
EPROMs. Can also be used as a ROMULATOR. Full review in 

September '81 P.E. Built unit complete with PSU and TV lead 
£169 

MENTA 
New Z80 Development System. Plugs into TV and cassette 
recorder. 40 key direct ASSEMBLER/EDITOR, 24 bits of I/O. 

Ideal for study, micro control and robotics. PSU & TV lead incl. 
£115 

TECHNOMATIC TECHNOMATIC TECHNOMATIC 
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74® 
7401 119 
7402 12p 
7403 12p 
7404 12p 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 

209 
11,, 

14p 
18 
i8p 
18p 
28p 
20p 

15P 
20p 
20p 

24p 
28p 
22p 

1M 
22p 

p 
7438 25p, 
7439 
7440 15p 
7441 70p 
7442A 32p 
7443 90p 
7444 90p 
7445 50p 
7446A 
7447A 40p 
7448 45p 
7450 15p 
7451 15p 
7453 15p 
7454 15p 
7480 15p 
7470 
7472 25p 
7473 25p 
7474 20p 
7475 25p 
7476 30p 
7480 50p 
7482 70p 
7483A 38p 
7484 65p 
7485 60p 
7486 20p 
7489 210p 
7490A 20p 
7491 
7492A 25p 
7493A 24p 
7494 35p 
7495A 35p 
7496 40p 
7497 9010 
74100 80p 
74107 
74109 25p 
74110 35p 
74111 55p 
74116 50p 
74118 60p 
74119 80p 
74120 60p 
74121 25p 
74122 40p 
74123 40p 
74125 34p 
74126 34p 
74128 35p 
74132 30p 
74136 28p 
74141 56p 
74142 200p 
74145 509 
74147 90p 
74148 70p 
74150 50p 
74151A 40p 
74153 40p 
74154 60p 
74155 40p 
74156 40p 
74167 30p 
74159 75p 
74160 609 
74161 48p 
74162 48p 
74163 48p 
74164 48p 
74165 48p 
74166 48p 
74170 120p 
74172 275p 
74173 60p 
74174 55p 
74175 50p 
74176 40p 
74177 45p 
74178 80p 
74179 80p 
74180 40p 
74181 11Sp 
74182A 60p 
741844 90p 
74785 90p 
74186 500p 
74188 250p 
74190 48p 
74191 48p 
74192 48p 
74193 48p 
74194 48p 
74195 48p 
74196 48p 
74197 48p 
74198 659 
74199 asp 
74221 56p 
74251 70p 

74259 150p 
74265 55p 
74273 140p 
74276 110p 
74278 100p 
74279 50p 
74283 55p 
74284 175p 
74285 176p 
74290 100p 
74293 100p 
74298 1110p 

74365 40p 
74366 40p 
74367 40p 
74368 50p 
74390 75p 
74393 100p 
74490 96p 

741500 lip 
741501 12p 
741002 129 
741503 129 
741004 129 
741005 12p 
741008 12p 
741009 15p 
741510 13p 
741011 13p 
741512 15p 
741513 

- 20p 
741514 36p 
741515 30p 
741520 12p 
741021 16p 
741522 12p 
741.526 14p 
741027 16p 
741528 18p 
741030 15p 
741032 15p 
741033 16p 
741537 16p 
741038 15p 
741542 30p 
74LS47 36p 
741548 45p 
741551 15p 
74LS54 22p 
741555 159 
741063 120 
74LS73 20p 
741574 16p 
741$75 20p 
741876 20p 
741583 38p 
741085 65p 
741$86 18p 
741590 27p 
74LS92 32p 
741593 27p 
741095 40p 
741596 50p 
7410107 40p 
7415109 30p 
7415112 25p 
7410113 25p 
7410114 22p 
7415122 38p 
7415123 34p 
7415124 90p 
7415125 24p 
7410126 25p 
7415132 40p 
7415133 30p 
74L0136 25p 
7415138 32p 
7415139 32p 
7410145 70p 
7415147 160p 
7410148 75p 
7413151 40p 
7410153 40p 
7410154 90p 
74LS155 36p 
7415156 38p 
7410157 27p 
741$158 30p 
7410160 36p 
7415161 36p 
7410162 36p 
7410163 36p 
7415164 40p 
741S165 60p 
7410166 66p 
7415168 Sep 
7410169 86p 
7415170 75p 
7415173 70p 
7415174 40p 
7410175 45p 
7410181 100p 
7410183 180p 
7415190 45p 
7410191 Á5p 
7415192 Á5p 
741S193 45p 
7410194 35p 
7415195 35p 
741S196 48p 
7415197 60p 
7415221 50p 
7415240 85p 
7410241 Sep 
7410242 Sep 
7410243 Sep 
74LS244 60p 
7415245 75p 
74 LS247 50p 
7410248 55p 
7415249 55p 
7415251 35p 
7415253 35p 
7410257 Sep 
7415258 35p 
7415259 60p 
7410260 22p 
7415266 20p 
7415273 60p 
741S275 225p 

7415279 lop 
7415280 180p 
7410283 40p 
7415290 45p 
7415293 40p 
74LS295 90p 
7415297 f5 
7410298 90p 
74LS299 270p 
7410323 175p 
7410324 160p 
741_5348 120p 
7415352 60p 
7415353 900 
74LS356 450p 
7410363 140p 
7410364 14Op 
741S365 30p 
7410367 30p 
7410368 30p 
7410373 609 
7410374 00p 
7415375 45p 
74 LS377 60p 
7415378 60p 
7415390 50p 
7415393 45p 
74L5395 90p 
74LS399 160p 
74LS445 100p 
7410490 f2 
7410540 76p 
7415541 100p 
7410624 160p 
74LS629 180p 
7415640 160p 
7415641 170p 
7410642 200p 
7410643 34p 
7410644 250p 
7410645 160p 
7410668 1289 
7410669 120p 
7410670 140p 
7415678 550p 
7410682 400p 
7415684 400p 

7450 
74502 60p 
74504 60p 
74505 75p 
74508 75p 
74510 Epp 
74511 Opp 
74520 60p 
74530 60p 
74532 90p 
74537 40p 
74574 90p 
74S85 300p 
74586 180p 
745112 90p 
745113 90p 
740114 90p 
745124 300p 
745132 160p 
745133 75p 
74S13B 225p 
745139 225p 
74S157 250p 
745163 300p 
74S174 250p 
74S175 320p 
745188 350p 
745189 350p 
745194 350p 
745200 450p 
745201 400p 
74S225 550p 
745241 400p 
745260 70p 
745261 
740262 E1Ó 
745287 350p 
745288 350p 
745373 400p 
745374 400p 
745471 660p 
745474 400p 
74S571 900p 
745573 900p 

4000 CM O S 

4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 

40174016 

4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
403 
031 
4032 
4033 
4034 
4035 
4036 
4038 
4040 
4041 

12p 
12p 

ep 
249 

14p24p 

16p 

5Óp 

20p 
3ßp 
45p 
25p 
Sop 
50p 
50p 
111p 

32p lo80p 

24p 

60p 

1óp 
80p 

125p 
140p 
Sep 

275pp 

8Óp 

4042 46p 
4043 
4044 50p 
4045 105p 
4046 55p 
4047 50p 
4048 50p 
4049 24p 
4050 24p 
4051 45p 
4052 60p 
4053 50P 
4054 90p 
4055 90p 
4056 80p 
4059 5009 
4060 
4063 100p 
4066 35p 
4067 
4068 16p 
4069 169 
4070 169 
4071 1ßp 
4072 lop 
4073 16p 
4075 16p 
4076 
4077 i8p 
4078 18p 
4081 16p 
4082 16p 
4086 55p 
4089 1609 
4093 2641 

4094 100p 
4095 75p 
4096 70p 
4097 341p 
4098 80p 
4099 100p 
4501 28p 
4502 60p 
4503 60p 
4504 75p 
4506 35p 
4507 35p 
4608 140p 
4510 app 
4511 48p 
4612 50p 
4514 120p 
4515 120p 
4516 Epp 
4518 40p 
4520 60p 
4521 120p 
4526 6Sp 
4527 75p 
4528 60p 
4532 80p 

U34 470p 
36 300p 

4538 100p 
4539 110p 
4543 90p 
4553 270p 
4555 35p 
4556 35p 
4560 170p 
4566 170p 
4568 300p 
4569 180p 
4572 30p 
4583 90p 
4584 50p 
4585 100p 
40014 
40085 9Óp 
40097 50p 
40102 150p 
40103 180p 
40105 120p 
40106 50p 
40109 100p 
40110 280p 
40163 75p 
40174 75p 
40175 75p 
40193 75p 
40244 180p 
40245 250p 
40373 180p 
40374 180p 
14495 300p 
14500 700p 
14568 
14569 
14599 

ADC0808 990p 
AN103 200p 
AY1-0212 600p 
AY1-1313 068p 
AY1-1320 320p 
AY1-5050 140p 
AY3-1270 825p 
AY3-1350 E4 
AY3-8910 660p 
AY3-8912 660p 
AY -5-3600 DI 
AY5-4007D 

CA3028 12520p0p 

CA3019 80p 
CA3046 70p 
CA3048 225p 
CA3059 300p 
CA3060 350p 
CA3080E 72p 
CA3086 48p 
CA3089E 200p 
CA3090AQ375p 
CA3130E 90p 
CA31307 130p 
CA3140E 50p 
CA3160E 100p 
CA3161E 175p 
043162E 460p 
CA3189E 311053 

043240E 120p 
CA3280G 200p 
07002 4110p 
DAC1408-8 

HA1366 1200p95p 

HA1388 270p 
CL7106 860p 
C17660 £2 
CL8038 300p 
CM7216B E16 
CM7217 750p 
CM7555 80p 
CL7611 90p 
LC7120 325p 
LC7130 325p 
LF347 160p 
1E351 48p 
LF353 100p 
LF356P 95p 
LF357 120p 
1E13331 150p 
LM1OC 4255p 
LM301A 27p 
LM310 120p 
LM311 75p 
LM318 150p 
LM319 225p 
LM324 30p 
LM334Z 100p 
11193357 140p 
LM339 60p 
1.89348 75p 

LINEAR iCs COMPUTER COMPONENTS 
104358P 80p 
LM377 175p 
LM380 75p 
LM381AN 160p 
LM382 120p 
LM386 90p 
LM387 120p 
LM389 95p 
LM391 150p 
LM392N 60p 
LM393 100p 
LM394CH 300p 
LM709 36p 
LM710 50p 
LM711 70p 
LM725 f4 
1M733 70p 
LM741 18p 
LM747 70p 
LM748 35p 
1M1014 150p 
LM1801 300p 
1.M1830 2500 
LM1871 450p 
LM1872 450p 
LM1886 700p 
LM1889 360p 
LM2917 200p 
LM3302 90p 
1M3900 Wp 
1.1913909 95p 
LM3911 130p 
1M3914 210p 
LM3915 225p 
LM3916 225p 
LM13600 110p 
M51513L 300p 
M515161. 500p 
0403712 200p 
MB3730 E4 
MC1310P 150p 
MC1445 250p 
MC1458 40p 
MC1493 100p 
MC1495L 350p 
MC1496 70p 
MC3340P 120p 
MC3401 90p 
MC3403 75p 
MC3480 600p 
MK50938 750p 
M1920 900p 
MM57160 620p 
M562214 600p 
NE531 150p 
NE555 18p 
NE556 50p 
NE564 420p 
NE565 130p 
NE586 155p 
NE567 140p 
NE570 375p 
NE571 375p 

VOLTAGE REGULATORS 
FIXED PLASTIC 

5V 7805 46p 7905 50p 
6V 7606 
8V 7606 

50p 7906 60p 
60 

12V 7812 ß0p 7912 50p 
15V 7815 50p 7915 50p 
18V 7818 60p 7918 60p 
24V 7824 50p 7924 600 
5V 100mA 78105 30p 79105 60p 
61/ 100mA 78106 30p 
BV 100mA 78108 30p 

12V 100m4 78112 30p 79112 60p 
15V 100mA 78115 30p 79115 60p 

OTHER 
REGULATORS 

LM309H IA 5V 100p 78HGKC 600p 
1M309K 1A 5V ,140p 78H05KC 550p 
LM317K 3250 78MGT2C 140P 
LM317T 703 200p 78GUIC 200p 
1413371 225p 79GUIC 225p 
LM323K 3A 5V 500p 79HGKC 7001, 
LM723 150mA ICL7660 200p 
Adj 37p TL497 300P 

200P TL494 400p LM3054H 250p 
2500 

I, 78540 225p 78H12 600p 
290P ' 78P05 £9 SG3524 13.00 

74S SERIES 
74000 60p 
74504 60p 
74506 75p 
74S32 90p 
74S74 90p 
74085 300p 
74586 180p 
745124 300p 
745132 160p 
740133 75p 
745138 225p 
745139 225p 
740157 250p 
745163 300p 
740174 2.50p 
745175 320p 
745194 350p 
745241 450p 

ECLs 
MC4024 325p 
MC4044 325p 
MC10116 70p 

MUM 
74C925 74C925 £4 
74C928 £6 
72168 E16 
ZN1040 670p 

OPTO ELECTRONICS 
255777 
OCP71 
0RP12 

46p 
180p 
120p 

ORP60 
ORP61 
TIL78 
TI L314 
TIL81 
TIL100 

OPTO -ISOLATORS 
ILD74 130p 
MCT26 100p 
MCS2400 190p 
11074 240p 

TIL111 
TIL112 
TIL113 
TIL116 

120p 
120p 
55p 

120p 
90p 
75p 

90p 
90p 
90p 
90p ® 0.2" 

0.125" 711220 Red 12p 
TIL32 56p TIL222 Gr 15p 
111.209 Red 11p 711.228 Vol 22p 
TIL211 Gr 16p Rectangular 
1I1212 Ye 18p LEDa1R,G,YI 30 
711216 Red 18p NSB5881 570p 

T11211 600p "MOM T11312/3 110p 
711321/3 130p 

01704 140p 711330 140p 
D1707 Red140p 7750 60 
FN0357 120p 

150500 90p 
F 050 90p 
MAN3640 
MAN4640 200p 

DRIVERS 

9368 
9370 300p 

250p 

TECHNOMATIC LTD. 

NE5534A 150p 
PLL02A 1300p 
RC4136 60p 
RC4151 200p 
S566B 260p 
SAA1900 1600p 
SAD1024A850p 
SFF96364 800p 
SL490 350p 
SN76477 480p 
SN76488 460p 
SN76489 f4 
SN76495 £4 
SP8515 750p 
747120 160p 
747204 200p 
747205 90p 
TA7222 160p 
747310 160p 
TBA641AX1 

275p 
7848418X1 

TBA661 200p 
TBA800 90p 
TBA810 100p 
TBA820 90p 
T8A920 
TBA950 225p 
TC9109 900p 
TCA210 360p 
TCA220 350p 
TC4940 175p 
T0A1004A300p 
TDA1008 320p 
TDA1010 225p 
TDA1022 520p 
TDA1024 120p 
TDA10348250p 
TDA1170 300p 
TDA2002V325p 
TDA2006 350p 
TDA2020 320p 
71064 100p 
11071 /81 25p 
TL072/82 45p 
71074 100p 
11083 75p 
71084 90p 
71094 200p 
71170 50p 
T1430C 70p 
1.141003-3 950p 
UA2240 160p 
UAA170 170p 
ULN2003 100p 
UL52004 75p 
ULN2068 290p 
ULN2802 £2 
UPC575 
UPC592H 2O0p 
UPC1156H 275p 
XR2206 300p 
XR2207 400p 
XR2211 600p 
XR2216 675p 
ZN414 90p 
2N419C 225p 
ZN423E 150p 
25424E 135p 
ZN425E 350p 
ZN426E 350p 
25427E 625p 
ZN428E 500p 
ZN1034E 200p 
ZN1040E 670p 
ZNA234 850 

TRANSISTORS 

D161/2 45p 
C107/8 13p 
C109C 14p 
C117 20p 
C147/8 9p 
C149 10p 
C157/8 10p 
C159 11p 
C169C 12p 
C172 12p 
C177/8 17p 
C179 18p 
C182/3 10p 
C184 lip 
C187 30p 
C212/3 11p 
C214 12p 
C237 15p 
C327 18p 
C337 16p 
C338 16p 
C461 25p 
C477/8 30p 
C516/7 40p 
C547B 14p 
C548C 12p 
C549C 16p 
C557K8 14p 
C559C 16p 
CY70 l8p 
CV71 22p 
D131 75p 
0135/6 40p 
D139 40p 
D140 40p 
D189 60p 
D232 60p 
D233 75p 
D235 Sep 
D241 60p 
D242 flop 
D379 60p 
D380 60p 
D677 40p 
F244B 35p 
F2568 50p 
F257/8 32p 
F337 30p 
FR39 259 
FR40/1 25p 
FR79 25p 
FR80/1 25p 
FR96 180p 
FX29 40p 
FX30 27p 

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 

((Tel: 01 452 1500, 01-450 6597- Telex: 922800 
305, ED6EWARE ROAD, LONDON W2 Tel: 01-723 0233 

CPUs 

1802CE 
2650A 
6502 
65024 
6800 
6802 
68802 
6809 
68809 
6809E 
8035 
8039 
8080A 
8085A 
INS8060 E11 
TMS9980 E20 
Z8 £24 
Z80 320p 
Z80Á 360p 
Z808 E15 
8088 f15 

700p 
E72 

400p 
500pC3 

350p 
790p 

£15 
350p 

280p 
450p 

SUPPORT 

DEVICES 

3242 
3245 
6520 
6522 
65226 
6532 
6551 
6821 
68821 
6840 
68840 
6850 
68850 
6852 
6854 
68854 
6875 
8154 
8155 
8156 
8205 
8212 
8216 
8224 
B226 
8228 
8243 
8250 
8251 
8253 
8255 
8256 
8257 
8259 
8279 
8284 
8288 
8755 f16 
TMS9918 E60 

800p 
450p 
280p 
450p 
£5.50 
600p 

1 

LA 
140p 

370p 
£7 
£8 

950p 
450Sep 

. 225p 
160p 
104 
200p 
250p 
250p 
3209 

320p 
450p 
300p 

£36 
504 
500p 
550p 

Z80P10 280p 
Z80API0 300p 
Z80CTC 280p 
Z80ACTC 300p 
ZBOADART f8 
Z80ADMA f12 
ZBOSIO-0/1 /2 

£8 

MEMORIES 
2101A 
2102-3L 
2107B 
2111A 
2112-A 
2114-21 
2147 
4027-3 
4044-45 
4116-15 
4116-20 
4118-3 
4184-2 13 
4816AP-3 320p 
5101 loop 
5516 19.50 
6116P-3 1ñ 
6116LP 750p 
6514-45 f3 
6810 120p 
7489 210p 
745189 325p 
74S201 350p 
74S289 325p 
93415 ß00p 
93425 600p 

120p 

p 
300p 
100p 
450p 
300p 
460pp 

5009 

ROMS 

PRO Ms 

745188 
745287 
745288 
748387 
740471 
745473 
74S474 
740570 
74S571 
745573 

325p 
308p 

325p 
650p 
85op 
650p 
650p 
650p 
950p 

EPROMs 
17024 kL 
25161+ 5v1255p 
2532 450p 
2564 f25 
2708 250p 
27181+5v1250p 
2732 450p 
27161350ns1 

27321300ns)600p 
750p 

TMS2716 7509 

CRT 

CONTROLLER 

CRT6545 960p 
CRT5027 E18 
CRT5037 £18 
EF9365 f00 
MC6845 
MC6847 825p 
SFF96364 £8 
TM59918 f60 
TMS9927 £18 

INTERFACE 

ICs 

DAC80 
DM8131 
DP8304 
DS3691 £4 
058830 140p 
058831 140p 
DS8832 250p 
DS8833 225p 
DS8836 150p 
DSB838 225p 
1E13201 450p 
MC1488 55p 
MC1489 56p 
MC3418 950p 
MC3446 300p 
MC3480 850p 
MC3486 500p 
MC3487 300p 
MC4024 325p 
MC4044 325p 
MC14412 900p 
01520034100p 
ULN2004A100p 
75107 i60p 
75110/12 160p 
75114/15 160p 
75121/22 140p 
75150P 140p 
75154 140p 
75182 230p 
75324 375p 
75361 150p 
75363 150p 
75365 150p 
75451/2 72p 
75453/4 72p 
75491/2 70p 
8726 120p 
8728 120p 
8795/96 90p 
8797/98 90p 
811895 90p 
811596 90p 
811897 90p 

A0558CJ 775p 
A0561J f14 
AM25S10 350p 
AM25LS252111 
AM26LS31125p 
AM26LS32125p 
C0M8116 800p 
07002 480p 

E20 
375p 
450p 

LOW PROFILE SOCKETS BY TI 

8 pin 9p 18 pin 16p 24 pin 24p 
14 pin 10p 20 pin 18p 28 pin 26p 
16 pin lip 22 pin 22p 40 pin 30p 

811098 90p 
9602 220p 
9637AP 160p 
ZN425E-8 350p 
ZN426E-8 350p 
25427E-8 650p 
25428E-8 500p 

TELETEXT 

DECODER 

SAA 5020 f6.00 
SAA 5030 £9.00 
SAA 5041 

£16.00 
SAA 5060 £9.00 

DISC 

CODIROU 

ICs 

F01771 
FD1791 
FD1793 
F01795 
FD1797 
WD1691 
WD2143 

120 
130 
£32 
ì3o 
£37 
fi5 

550p 

CHARACTER 

GENERATORS 

803-2513UC 
750p 

RO-3-2513LC 
700p 

SN745262AN 
£10 

KEYBOARD 

ENCODER 
AY -6-23767009 
74C922 500p 

SAUD RATE 

GENERATORS 

MC 14411 700p 
COM8116 800p 
4702A 7500 

UARTs 
AV -3-1015P 

300p 
AY -5-1013P 

300 
GOM8017 300p 
IM6402 460p 
TR1602 300p 

ZIF SKTS 
74(4,70011 
p £8 

28 pin £0 
40 pin £10 

6MHz UHF 376p 
8MHz UHF 450p 

CRYSTALS 

DIL 

SWITCHES 
4 way 709 
6 way 85P 
8 way Sop 
10 way 145p 

32-768KHz100p. 
100KHz 260p 
200KHz 280p 
1.0MHz 290p 
1.008MHz 275p 
1.6MHz 460p 
1.8432MHz 

210p 
2.00MHz 226p 
2.45760MHz 

210p 
2.6MHz 250p 
2.662MHz 250p 
3.276MHz 150p 
3.595MHz 100p 
3.686MHz 300p 
4.00MHz 150p 
4.194MHz 200p 
4.43MHz 110p 
4.608MHz 250p 
4.9152MHz 

5.00MHz 176p 
6.051Hz 150p 
6.144MHz 150p 
7OMHz 160p 
7,168MHz 175p 
8.00MHz 176p 
8.86MHz 175p 
10.00MHz 175p 
10.5MHz 260p 
10.7MHz 150p 
12.00MHz 150p 
14.318MHz 

175p 
14.756MHz 

15.000MHz250p 

16.00MHz 200p 
18.00MHz 200p 
18.432MHz 

150p 
19.968MHz 

150p 
20.000MHz 

200p 
26.690MHz 

150p 
27.145MHz 

200p 
38.6667MHz 

175p 
48.0MHz 175p 
55.5MHz 400p 
116MHz 300p 
145.80MHz 

250p 

WIRE WRAP SOCKETS 

BY TEXAS 
8 pin 25p 18 pin 50p 24 pin 70p 

14 pin 35p 20 pin ß0p 28 pin 80p 
16 pin 10p 22 pin 66p 40 pin E1 

BFX84/5 409 
BFX86/7 27p 
BFX88 27p 
BFX89 180p 
13E130 24p 
BFV51/2 24p 
BFY56 33p 
BFY90 80p 
BRV39 45p 
BSX19/20 24p 
BU104 225p 
BU105 190p 
BU108 
BU109 225p 
BU126 150p 
BUIaoA 120p 
BU205 200p 
BU208 200p 
BU406 145p 
BUX80 £6 
BUV69C loop 
E310 50p 
MJ802 £4 
MJ2501 715p 
MJ2955 9011 
MJ3001 225p 
MJ4502 £4 
MJE340 60p 
MJE2955 100p 
MJE3055 709 
MPF102 40p 
MPF103/4 30p 
MPF105 30p 
MPSA06 30p 
MPSA12 50p 
MPSA13 50p 
MPSA20 50p 
MPSA42 50p 
MPSA43 50p 
MPSA56 32p 
MPSA70 50p 
MPSA93 40p 
MPSU06 63p 
MPSUO7 60p 
MPSU45 90p 
MPSU65 78p 
TIP29A 35p 
T1P29C lop 
TIP30A 35p 

ITIP31A 40p 
TIP31C 46p 
TIP32A 45p 
TIP32C 40p 
TIP33A 70p 
T1P33C 80p 

TIP34A 90p 
TIP34C 120p 
TIP35A 120p 
TIP35C 140p 
TIP36A 140p 
TIP36C 150p 
TIP41A 509 
TIP41C 55p 
TIP42A 60p 
TIP42C 85p 
TIP54 160p 
TIP120 75p 
TIP1P122 21 780p5p 

TI 
TIP142 120p 
TIP147 120p 
TIP2955 78p 
TIP4055 70p 
11093 30p 
2TX108 12p 
ZTX300 13p 
ZTX452 45p 
ZTX500 15p 
ZTX502 i8p 
ZTX504 18p 
ZTX552 55p 
71x652 60P 
ZTX752 70p 
VN66AF 72p 
VNI9KM fi0p 
VN66 80p 
25697 25p 
25598 45p 
257064 30p 
2N708 30p 
2N918 45p 
25930 18p 
2N1731/2 36p 
251613 25p 
251711 25p 
252102 70p 
252160 3509 
2522194 25p 
2N2222A 25p 
2523694 25p 
2N2484 30p 
252646 46p 
252904/5 25p 
2529064 25p 
2529074 25p 
252926 9p 
253053 30p 
253054 65p 
253055 48p 
253442 140p 
253553 240p 
253584 250p 

253643/4 
253702/3 12p 
253794/5 12p 
253796/7 14p 
253708/9 12p 
253773 300p 
253819 25p 
253820 40p 
253823 50p 
253866 90p 
253902 700p 
2N3903/4 lßp 
253905/6 lop 
254037 65p 
254123/4 27p 
2514125/6 27p 
2N4401/3 27p 
254427 90p 
254871 60p 
2N5087 27p 
2N5089 27p 
255172 27p 
255191 90p 
255194 90p 
255245 40p 
255298 66p 
255401 60p 
2N5457/8 lop 
255459 40p 
255460 60p 
255485 44p 
255875 
2N6027 48p 
256052 300p 
2146059 325p 
256107 Sep 
256247 190p 
256254 130p 
256290 65p 
2SC1172 150p 
2SC1306 100p 
2SC1307 150p 
2SC1957 90p 
2SC1969 150p 
2SC2028 95p 
2SC2029 250p 
2SC2078 200p 
2SC2335 250p 
2SC2612 250p 
35128 120p 
35140 120p 
35141 110p 
35201 110p 
35204 120p 
40290 260p 
40361/2 75p 
40408 90P 

10409 100p 
40410 100p 
40411 
40594 120p 
40595 120p 
40673 75p 
40871/2 100p 

DIODES 
80127 12p 
BYX36.300 20p 
0447 Op 
0490/91 Sp 
0495 9p 
04200 9p 
04202 10p 
15914 4p 
1N916 7p 
1144148 4p 
154001/2 5p 
154003/4 6p 
154005 6p 
154006/7 7p 
1N5401/3 14p 
155404/7 19p 
15920 Sp 

BRIDGE 

RECTIFIERS 

14 50V 19p 
14 100V 20p 
1A400V 25p 
14 600V 30p 
2A 50V 30p 
24 100V 35p 
2A400V 45p 
3A200V 60p 
3A600V 72p 
4A 100V 95p 
4A 400V 100p 
6A 50V 80p 
84 100V 100p 
64 400V 120p 

10A400V 200p 
254 400V 400p 

ZENERS 
2.7V -33V 
400mW 9p 
1W 16p 

TRIACS 

PLASTIC 

3A400V 60p 
64400V .70p 
6A 500V 80p 
BA400V 75p 
8A500V 96p 

12A400V 85p 
12A500V 105p 
16A400V 110p 
16A500V 130p 
T2B00D 130p 

THYRISTORS 

34400V 100p 
BA 600V 1Á0p 

124400V 160p 
16A 100V 180p 
164400V 180p 
C106D 45p 
MCR101 36p 
TIC44 27p 
253525 130p 
2N4444 180p 
255060 30p 
2N5064 35p 

PCB 

MOUNTING 
RELAYS 

6 or 12V DC 
Cod SPOT 24 
24V DC 160p 
6 Or 12V DC 
Con DPDT5A 
24V DC 
240VAC 200p 
6 or 12VDC 
Coil SPOT 10A 
24V DC 
240VAC 225p 

RELAYS 

FOR ALL 
ETI 

PROJECTS 
AVAILABLE 
EX -STOCK 

PLEASE ADD 40p PEEP Et 15% VAT (Export no VAT) 
Government, Colleges, etc. ORDERS WELCOME 

VISA Et ACCESS CARDS ACCEPTED 
FULL PRICE LIST ON REQUEST 
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TECH TIPS 
+12v 

100k 

47k 

100k 

SET ,,^^ "T'"v loop 

741 

47k 

4416 

10u 47k 

JUL .'f -^^"r_ - 

/9771 

u0 

4007 

'/, 4416 

VCO CLOCK 
OSCILLATOR 

PREAMP AND 
INPUT 0--e--- LOW-PASS 

FILTERS 

SWib 

VCO 
CLOCK 

0 02 

TWO 
TDA1022s 

DELAY 
LINE 

DELAY 

OUTPUT 
FILTERS 

W1a 

Y. 4416 

Guitar Harmoniser 
S.P. Giles, Edmonton 

This is one for guitarists who cannot 
afford commercial units which cost at 
least £1000 at the moment. Construc- 
tors who have built the CCD phaser 
will be familiar with the pitch- 
changing effect when it is set up in the 
vibrato mode, and must have noticed 
that the longer the delay, the greater 
the pitch change above and below the 
frequency of the input. 

All that this circuit does is to 
silence the output for one half of the 
clock modulation oscillator's cycle. This 
is achieved using a 4416 quad CMOS 
switch, which is controlled by the 
square wave output of the clock 
modulation oscillator. This IC differs 
from the 4016 in that two switches will 
be on and two will be off even when 
the same control signal is applied to 
each switch. Depending on which way 
SW1 is connected, either the raised or 
the lowered frequency of the input will 
appear at the output, which can be 

CMOS Phaser 
S.P. Giles, Edmonton 

This is an extension of the usual op - 
amp phaser, which uses CMOS inverters 
instead. ICla amplifies the input signal 
to compensate for some of the loss in 
gain through the four -stage allpass 
network formed by IC 1 b- if and IC2a- 
2c. The resistance of the four resistors 
marked RX is altered by the enhance- 
ment FETs in IC3 and the changing 
voltage applied to their gates by slow 
oscillator IC2d,e as in the ETI audio 
phaser. 

To set up, adjust RV2 for 
approximately the same level as at X, 
then adjust PR2 until the familiar 
phasing sound is heard with a smooth 
sweep. RV2 can then be adjusted for 
the best effect. These adjustments 
should be made with RV1 at a 
minimum; this is a feedback control 
which gives a deeper phasing effect. 
PR1 should be adjusted so that with 
RV1 full on, the feedback whistle just 
disappears. 

adjusted by the rate control or by 
altering the delay of the TDA1022s. 

There are many circuits available 
for TDA1022 clocks and filters so I have 
not bothered to include them here. 
Constructors must remember that there 
will be a slight tremulant effect as the 
signal in harmony with the input will 
only be present for the time that the 
clock modulation oscillator is high or 
low. 

Mains Remote 
Speaker 
G.M. Perry, West Kilbride 

I have used the idea you recently 
published as the `Ear -stretcher' com- 

munication system to produce an ex- 
tension speaker. The receiver unit 
(slightly modified) has been built into 
a small speaker/cabinet unit, while the 
transmitter is connected to the hi-fi via 
a 20 dB amp and mixer. (This com- 
bines the stereo channels into a mono 
signal). The result is a portable speaker 

+VE FROM 
TRANSMITTER 

O 

NOTE: 
01-5 ARE BC109 

01 

12k 

Q2 

15k 15k 

120k 2k2 

Q4 

15k 

150k 

1k5 470R 

DOTTED COMPONENTS USED DURING SETTING UP 

4u7 

05 

OUTPUT TO 
TRANSMITTER 

560R 

+ 

T 
220u 

0V 
O 

which can be plugged into any mains 
socket in the neighbourhood and pro- 
duce an acceptable audio quality from 
the hi-fi system. In three weeks I've 
been asked to build four units! 

The modifications are as follows. 
The receiver is built as in the Ear - 
stretcher except for the following; the 
mains input is switched and RV1 is a 
220k log pot (not a switched pot); the 
`mute' is wired off; C13, 14 are 100n; 
C15 is omitted; C19 is 3n3. In the 
transmitter, C6, 7, IC3 and RV1 are not 
used and the circuit shown here is used 
to provide the signal input (instead of 
the microphone unit). This is a mixer 
with a high impedance input followed 
by a 20 dB amp. It is important to con- 
nect the positive supply of the mixer 
amp to the regulated side of the 
transmitter power supply. Screened 
cable has been used for all audio con- 
nections and an operating frequency of 
250 kHz was chosen to minimise 
mains -borne RFI on Radio 4. 
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FEATURE 

RV1 
100k 
LOG 

10k 
INPUT o--.1-MN-w- 

100n 

1 22n 

220k 

22n PR1 
470k 

+9V 

1 

IC1a 

8 
100k 

27n 

100k 

IC1b 

ICIc 

1M0 

RX 
100k 

- 
100k 100k 100k 

IC1d IC2b 
100k 100k 

IC11 
100k 4k7 

IC1e IC2a IC2c F---- 0 

27n 27n 27n 

RX RX RX 

100k 100k 100k 

IC3b 

5 

47k 

IC3c 

+ + 
4u7 

7 

47k 

IC3d 

10 

470k 

RV2 
47k 
LIN 

+9V 

1---0 OUTPUT 

100n 

+9V 

IC2d 
9 

8 

330n 

IC2e 
10 71 

220k 

RV3 
220k 
LIN 

12 

220k 

PR2 
100k 

Number -guessing 
On The FX-501P 
David Kenyon, Knaresborough 

I wrote this program for the Casio 
FX-501P and FX-502P, but it could 
easily be adapted for other program- 
mables. The object is to guess a three - 
digit number generated by the 
calculator. To start the gane, press INV 
P8. The display will show the number 
15, which is the number of attempts 
you have. To make a guess, enter the 
number followed by EXE. One of two 
numbers will come up on the display; 
-1 means the guess was too low, while 
2 means the guess was too high. If you 
succeed in guessing the number the 
number of attempts you made will 
displayed. The numbers in the pro- 
gram marked with an asterisk may be 
changed to give a different number of 
attempts. 

CODE 
INV P9 
INV RAN 
x 

LOC 

1 

2 

1 

0 
0 

0 

MIN F 
AC 

INV P8 
GSB INV P9 
1* 
5* 
MIN 0 
LBLS 
HLT 
INVX ..F 
GOTO 3 

INV X F 
GOTO 2 

GOTO 1 

LBL3 
0 

INV DSZ 
1* 
5* 

MR O 

MIN 3 

1 

2 

3 

4 
5 

6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

3 HLT 
4 LBL 2 

5 2 

6 = 

7 INV PAUSE 
8 INV DSZ 
9 GOTO 5 

LBL 1 

1 +/- 
INV PAUSE 
INV DSZ 
GOTO 5 

TOTAL IS 44 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Tech -Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items. 
Ell is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid for at a 

competitive rate. 
Drawings should be as clear as possible and the text should be typed. Text and drawings must be on separate sheets. 
Circuits must not be subject to copyright. Items for consideration should be sent to ETI TECH -TIPS, Electronics Today 

International, 
145 Charing Cross Road, London WC2H OEE. 
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FEATURE : Tech Tips 

Intelligent Alarm 
Switch 
S. S. Norman, Sunbury -On -Thames 

This simple circuit is built around a 
TCA965 window discriminator. It is a 
device which is given a predefined 
"voltage window" set by RV1 (lower 
limit) and RV2 (upper limit). The four 
outputs, which are normally high, in- 
dicate whether the input voltage (pin 
8) is inside, outside, above or below the 
"window". Figures 1 and 2 show two 
possible circuits for normally open or 
normally closed switches. 

The resistors marked * are 
mounted inside or fixed with epoxy to 
the switch to be "defended". RV1 and 
RV2 are set to form a window around 
the voltage at point Z. Once set, any at- 
tempt to cut the wires to the switch or 
short the switch out in an attempt to 
bypass it will pull the voltage at point Z 
out past the window and the output to 
the alarm will go high. Needless to say 
the switch will also activate the alarm in 
the normal way. 

The smaller the window about 
point Z the more sensitive the circuit 
becomes. To set up the circuit, measure 

Fig. i 

r 

L 

REMOTELY LOCATED 
ALARM SWITCHES 

L 

Fig. 2 

lal 

the voltage at point Z (with the circuit 
in its standby condition). Then adjust 
RV1 to set the voltage at point X to be 

NOTE: 
IC1 IS TCA965 
IC2 IS 40110 

11 

12V 

13 INSIDE 

OUTSIDE 

ABOVE 

BELOW 

0V 

+12v 

NOTE: 
IC1 IS TCA965 
IC2 IS 40116 

13 

0V 

TO ALARM 
INPUT 

TO ALARM 
INPUT 

OV5 lower than point Z. Now adjust 
RV2 to set voltage at point Y to be OV5 
higher than point Z. 

Current Saving 
Modifications For The 
Musical Doorbell 
William Leung, Harlow 

In the original Musical Doorbell circuit 
(ETI December '80) IC1 and IC2 can 

Ri 
10k 

PB1 
PRESS 

be replaced by a single CMOS IC. This 
chip has four NAND Schmitt triggers. 
The bistable formed around ICla,b is 
different from that of the original, in 
that it requires a negative trigger pulse. 
This explains why R1 and PB1 are 
transposed, the presence of IC1c as an 
inverter, and R4 being connected to the 
output of ICla rather than IC lb. Next 
comes the astable; this is only gated in- 
to operation when IC1 pin 8 goes high. 

13 

R3 
IC1c 

47k 

8 

11 

312 

IC1d 

9 R5 
4M7 

4--«/W- 

10 
14 

One further current -saving modi- 
fication which I have yet to try out is to 
replace C7, R13 and the speaker with a 
piezo-electric transducer (the 
PB -2720). To go even further, IC4 can 
be an ICM7555 when using TX1, 
although it must be stressed that TX1 
only has a range between 1 kHz and 7 
kHz, so R6 -R10 will need some adjust- 
ment ie they should be reduced. 

OPTIONAL LINK TO ENSURE IC3 IS RESET: 
OTHERWISE GROUND IT AS IN ORIGINAL 

220u 

16 

C2 

T20n 

MODIFIED ASTABLE/BISTABLE SECTION 

IC3 

5 

o o 0 
C 

6 9 il 
R6 R7 R8 R9 

NOTE 
IC1 IS 4093B 
IC2 IS 4017B 
IC3 IS NE555 (ICM7555) 
01 IS BC212L 

15 

13 

8 

/7777 

R10 

T- C4 
T10u 

4 

R1 
22 

IC4 

C8 

C5 
10n 

2 5 

0 
TX1 

P8-2720 

C6 
10on 

B1T 
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THEI 
FOR 

IL IIP 
It's the chance 

every constructor wants 

PRE -AMP 
MODULES 

SEND COUPON 
(NO STAMP NECESSARY) 

FOR YOUR FREE 
I.L.P. CATALOGUE 
AND OPEN UP 

TO A 
NEW WORLD OF 

QUALITY & VALUE 

It's something you have always wanted.... something to build 
your equipment into that's smart, modern, strong, adaptable 
to requirement and not expensive. The 'UniCase' is yet another 
triumph of I.L.P. design policy. It presents totally professional 
appearance and finish, ensuring easier and better assembly to 
make it equal to the most expensive cased equipment. 
The all -metal 'UniCase' is enhanced by precision aluminium 
extruded panels engineered for speedy and perfect aligned 
assembly within a mere five minutes. Designed in the first case 
to accommodate I.L.P. power amps with P.S.U's, the range 
will shortly be extended to house any other modular projects. 

WHAT WE DO FOR CONSTRUCTORS 
Our product range is now so vast we cannot possibly hope to show it 

all in our advertisments without overcrowding or abridging 
information to the point of uselessness. So we have devised a solution 
which we invite you to take advantage of without delay. ALL YOU NEED 

DO IS FILL IN AND FORWARD THE COUPON BELOW TO RECEIVE 

OUR NEWEST COMPREHENSIVE I.L.P. CATALOGUE POST FREE BY 

RETURN. It gives full details of all current I.L.P. products for the 
constructor together with prices, full technical and assembly details, 
wiring and circuit diagrams etc. and it's yours, FREE. You don't even 
have to stamp the envelope if you address it the way we tell you. 

ELECTRONICS LTD. 
FREEPOST 4 
GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY CT2 7EP 

Telephone Sales (0227) 54778 Technical Only (0227) 64723 Telex 965780 

FREEPOST 
Mark your envelope clearly FREEPOST 4 and post it WITHOUT a stamp to 
I.L.P. at address above. We pay postage when your letter reaches us. 

To: I.L.P. ELECTRONICS LTD. 

PLEASE SEND ME I.L.P. CATALOGUE, 

POST PAID BY RETURN 

I HAVE/HAVE NOT PREVIOUSLY 

BUILT WITH I.L.P. MODULES 

Did. 
you 
know- 

I.L.P. are the world's 
largest designers and 
manufacturers of ht -fi audio, 
modules? 

I.L.P. pioneered menial 
power amps and pm -a. 
enhanced thermal stability,'= 
mechanical protection and 
durability? 

There are TWENTY power 
amplifiers from 15 to 240 
RMS including the very 
latest super -quality Mortels 
choose from? 

TWENTY pm -amp modules 
allow you to Incorporate 
exciting professional 
applications to your equipment 
never before available to 
constructors and 
experimenters? 

I.L.P. are suppliers to 
the B.B.C., I.B.A., 'U.S.A.,, 
British Aerospace Marconi, 
Racal Ferranti, G.E.C., Rolls 
Royce etc? 

Goods are despatched within 7 

days of your order reaching us ant 
covered by our 5 year no -quibble 
guarantee? 

Name: 

Address 

I 

I. 

ETI AUGUST 1982 

L. P. products are available also from Henry's, Marshall's, Technomatic & Watford. 
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SECOND GENERATION 

POWERFET AMPLIFIERS 

NEW DESIGNS 
With the introduction of two new boards PANTECHNIC have pushed forward the 
performance and reliability of their powerfet amplifiers. Four key improvements 
have been incorporated in these second generation modules - 
1.) The use of H-PAK powerfets, resulting in improved thermal efficiency and 

consequently enhanced power output capabilities. 
2.) Low CDB drivers now in power transistor packages, maintaining the superb HF 

performance and improving driver reliability. 
3.) Separate driver and input supply rails allowing a 10% increase in available output 

power by increasing output stage efficiency. 
4.) Bridge mode input pin allowing instant bridging between any two amplifiers 

without the need for extra circuitry. 

PFA100 Specification 
Bandwidth 10Hz-100KHz + 1dB 
Output Power into 80 100W IVs = ± 55V) 
THD 120Hz-20KHzl <0.008% 
THD (1 KHz at 100WI 0.004% typ. 
SNR 120dB 
Slew rate 

Gain 

Rin 

Vs max 

>30 V/uS 
x23 

30K 

± 70V 

Price £18.45 
Distortion figures 
worst case 

PFA200 180W into 82 
300W into 42 

PFA100 120W into 82 

PFA200 Specification 
Bandwidth 
Output power into 80 
THD l20Hz-20KHz1 
THD 11KHz at 150W) 
SNR 

Slew rate 

Gain 

Rin 

Vs max 

10Hz.100KHz ± 1dB 
150W (Vs ± 60V) 

<0.005% 
0.002% typ 
120dB 

>30 V/uS 
x 23 

30K 

± 70V 

Price £25.95 
Distortion figures 
worst case 

POWER SUPPLY COMPONENTS 
Toroidal Mains Transformers 

Voltage 160VA 225 VA 300 VA 500 VA 625 VA 

40-0-40 11-51 13-75 15-59 - - 

45-0-45 - 13-75 15-59 20-45 - 

50-0-50 - - - 20-45 27-53 

Special low flux windings. Carriage + VAT included 

25A 400PIV Bridge rectifier 
10,000 uF 80V Electrolytics 

30,000 uF 75V Electrolytics 

£2.50 
4.75 

£11.50 

Phone or write for advice on selecting the right components for your 
particular application. 

All prices VAT inc. Carriage 75p. Trade lists available. 

Ask about our preamps, protection boards 
and lower and higher power amp modules. 

THE POWERFET SPECIALISTS 

pantechnic 
(incorporating J.W. Rimmed 

Mail order only to. 
Dept ETI/8, 148 Quarry Street, Liverpool L25 6HQ 

Telephone. 051 428 8485 
Technical enquiries- 

367 Green Lanes, London N41DY. Tel: 01-8006667 

ACTIVE COMPONENTS 
MAIL ORDER SPECIALISTS 

Lowest Prices - Fastest Delivery 

Device Pria 
MEMORIES 
2114 Low Power 
200ns 0.00 
2708 450ns 2.79 
2716 450m 

1+5v) 2.29 
2716 350ns 1+5V1 

3.58 
271613 rail) 

450ns 5.95 
2732450m 3.90 
2732350ns 4.40 
2532 450n 3.90 
4116 200ns 0.70 

4116 15Ons 0.84 
4118200ns 3.38 
4164 200ns 4.65 
4516/4816 10Ons3.3 
5516 200ns 9.38 
6116200ns 5.10 
6116 LP 200/150ns 

7.81 

UPPERS 
LS95 
LS96 
L597 
LS98 
26A 
28A 
95 
97A 

0.90 
0.80 
0.90 
0.90 
1.20 
1.20 
1.35 
1.35 

ATA 
ONVERTERS 
N425E-8 3.45 
N427E-8 5.99 
N428E-8 4.75 
N433CJ-10 2.50 
432E 10 13.00 

LOPPY DISC 
ONTROLLERS 
01771 12.12 

WD1391 Kit 45.50 
WD1393 Kit 45.50 
WD1395 Kit 45.50 
WD1397 Kit 45.50 
(Kits include FD179X 
+ WD2143, cl + 

WD16911 

Device Price 
MISCELLANEOUS 
SUPPORT CHIPS 
AY -31015 2.99 
AY -3-1270 7.95 
AY -3-8910 5.99 
AY -5-1013 239 
AY -5-3600 7.95 
AV -5-2376 5;99 
DP8304 4.50 
MC1488 0.65 
MC1489 0.55 
MC3446 2.95 
MC3448A 4.25 
MC3480 7.95 
MC3487 2.65 
MC14411 6.94 
MC14412 7.99 
R03-25131 6.99 
R0 -3-2513U 5.99 

DVM CHIPS 
ZN450E 7.91 

ZN450E DOM Kit 
17.35 

UNEARS 
LM301AN 
LM308N 
LM311N 
LM319N 
LM324N 
LM348N 
LM555CN 
LM556CN 
LM725CN 
LM741CN 
LM747CN 
LM748CN 

0.25 
0.89 
0.00 
2.14 
0.30 
0.59 
0.16 
0.45 
3.3 
0.14 
0.64 
0.34 

REGULATORS 
7000 0.39 

7812 0.39 
7815 0.30 
78L05 0.3 
78L12 0.3 
78L15 0.3 
7905 0.55 
7912 0.55 
7915 0.55 
LM309K 0.99 
LM317K 3.3LM323K 

4.95 

790 FAMILY 
Z80 CPU 3.49 

DEvice 
Z800 CPU 
Z80 CTC 
Z808 CTC 

Z80A DART 
Z80A DMA 
2130 P10 
280A P10 
2800 S10-0 
280A 570.1 
Z80A 570-2 
MK3886 
MK3886-4 

8800 FAMILY 
6800 
6802 
6803C 
6809 
6810 
6821 
6840 
6845 

Price 
3.55 
2.95 
3.10 
5.70 

11.95 
2.55 
3.15 
11.99 
11.99 
11.99 
11.00 
14.47 

2.99 
3.99 
12.10 
9.89 
1.12 
1.75 
4.20 
9.90 

30 FAMILY 
Z80 CPU 3.49 

DEvice 
7800 CPU 

Z80 CTC 
7800 CTC 

280A DART 
Z80A DMA 
Z80 P10 
7808 P10 

7800 0100 
Z800 S10-1 
2.800 010-2 
MK3886 
MK3886-4 

8800 FAMILY 
6800 
6802 
6803C 
6809 
6810 
6821 
6840 
6845 
6850 
6880 
6887 
68488 
6875 
6843 
68600 
68602 
68810 
68840 
68850 

6500 elleerih 
6502 
6520 
6522 
6532 

8050 FAMILY 
8085A 
8212 
8216 
8251 
8255 

CMOS 4000 'B' 
SERIES 
4000 
4001 
4002 
4007 
4011 
4012 

Device 
4013 
4015 
4016 
4017 
4020 
4023 
4024 
4025 
4027 
4028 
4040 
4042 
4046 
4047 
4049 
4050 
4051 
4052 
4060 
4066 
4069 
4070 
4071 

4073 

4075 

4081 

Price 
3.99 
2.99 
3.10 
5.70 
11.95 
2.65 
3.15 

11.99 
11.99 
11.99 
11.00 
14.47 

2.99 
3.99 
12.10 
9.9 
1.12 
1.25 
4.20 
9.50 
1;50 
1.07 
0.00 
9.11 
5.82 
13.99 
6.30 
19.11 
2.00 
4.70 
2.88 

345 
2.99 
4.75 
6.65 

5.20 
1.70 
0.80 
3.19 
3.90 

0.11 
0.11 
0.13 
0.15 
0.12 
0.15 

Price 
0.3 
0.50 
020 
0.45 
0.58 
0.17 
0.35 
0.10 
0.30 
0.55 

0.54 
0.54 
0.65 

0.65 

0.3 
0.3 
0.50 
0.88 
0.79 
0.34 
0.17 
0.17 

0.17 
0.19 

0.17 
0.14 

4093 
4508 
4511 
4512 
4518 

0.38 
1.90 
0.48 
0.65 
0.40 

4520 0.00 
4526 0.75 
4528 0.3 
4541 0.99 
4543 0.99 
740.5 SERIES 
74L500 0.10 
74191 
741502 
741003 
741004 
74L S05 
741008 
741009 
74LS10 
741511 
741512 
741013 
741014 
741515 
741020 
741521 
741026 
741527 
74LS28 
741530 
741532 
74L037 

Device 
741538 
741540 
741542 
741547 
741051 
741054 
741074 
741.074 
74LS75 
74L076 
74L563 
741085 
74L086 
741090 
74LS92 
741093 
7315109 
7415122 
7415123 
7415125 
74LS126 
7415132 
7415136 
7410138 
7415139 
7415148 
7410151 
7410153 
74LS155 
7415156 
74LS157 
74LS158 
7410161 
74L5163 
74LS164 
7410165 
7410166 
7410173 
7410174 
7415175 
74L5191 
7415192 
7410193 
7410194 
7415195 
7410221 
74 L0200 
74LS241 
741.0242 
7410242 
7410243 
7410244 
7410245 
7410251 
7410257 
7410259 
7410266 
7415273 
741_0279 

74L 0283 
7410365 
7415366 

Device 
7415367 
7415368 
7415373 
74L374 
7415377 

7410390 
74LS393 

0.11 

0.12 
0.12 
0.12 

0.13 
0.12 
0.12 
0.12 
0.12 

0.12 
0.22 
0.37 
0.12 
0.12 

0.12 
0.15 
0.12 
0.15 
0.12 

0.12 
0.15 

Pria 
0.15 
0.12 
0.33 
0.38 
0.14 
0.15 
0.19 
0.18 
024 
0.20 
0.44 
0.00 
0.15 
0.3 
0.33 
0.33 
0.21 

0.39 
0.39 
0.24 
0.3 
0.44 
0.3 
0.33 
0.35 
0.90 
0.39 
0.3 
0.38 
0.36 
0.3 
0.31 
0.37 

0.38 

0.45 
0.75 
0.84 

0.69 
0.45 

0.46 
0.49 
0.49 
0.45 

0.39 
0.39 

0.54 
0.00 
0.00 
0.76 

0.78 
0.79 

0.80 
0.88 
0.40 
0.43 

0.78 

0.22 
0.70 
0.39 

0.44 
0.34 

0.3 

Price 
0.34 

0.3 
0.3 
0.70 
0.70 

0.54 
0.59 

DIL SOCKETS 
LOW PROFILE 
TIN 
8 Pin 

14 Pin 

16 Pin 

18 Pin 

20 Pin 
22 Pin 

24 Pin 

28 Pin 

40 Pin 

0.07 
0.09 
0.09 
0.13 
0.14 
0.17 
0.19 
0.3 
0.39 

LOW PROFILE - 
GOLD 
8 Pin 

14 Pin 

16 Pin 

18 Pin 

20 Pin 

22 Pin 

24 Pin 

28 Pin 

40 Pin 

0.22 
0.3 
0.31 

0.33 
0.35 
0.10 
0.42 
0.54 

0.81 

OIL JUMPERS 
24" Cable Single 
Ended 14 Pin 1.40 

24" Cable Segle 
Ended 16 Pin 1.00 

24" Cable Single 
Ended 24 Pe 2.65 
24" Cable Single 
Ended 40 Pin 3.3 
6' Cable Double 
Ended 14 Pin 1.90 

60 Cable Double 
Ended 16 Pin 2.05 
6" Cable Double 
Ended 24 Pin 3.10 
6" Cable Double 

Ended 40 Pin 4.85 

12" Cable Double 

Ended 14 Pin 2.00 
12" Cable Double 
Ended 16 Pin 2.15 
12' Cable Double 

Ended 24 Pin 3.3 
12" Cable Double 
Ended 40 Pin 5.10 
18" CAble Double 
Ended 14 Pin 2.05 
18" Cable Double 
Ended 16 Pin 2.3 
18" Cable Double 
Ended 24 Pin 3.40 
18' Cable DOUBLE 
Ended 40 Pin 5.3 

ZERO -INSERTION 
FORCE OIL 

24 Pin 8.30 
28 Pin 7.40 
40 Pin 8.80 

CRYSTALS 
1 MHz 
1.008 MHz 
1.8432 MHz 
3.6864 MHz 
4 MHz 
6 MHz 
8 MHz 

2.90 
2.90 

220 
2.95 
1.65 
1.90 
1.65 

UHF 
MODULATORS 
6 MHz 3.71 
8 MHz 4.40 

BBC MICRO- 
COMPUTER 
UPGRADES 
(Please phone for 
delivery date) 
8BC1 RAM Upgrade 
Kit 3.00 
BBC 2 Printer User 

I/O Kit 9.50 

BBC 4 Analogue I 'P 

Kit 9.50 
BBC 5 Serial Ii0 and 
RGB Kit 11.65 

BBC 6 Expansion BUS 
KiI 7.65 

BBC4/4 connectors 
2.3 

BBC 5/5 connectors 
0.00 

The Oboe Kits make 

up the full model 'A' 
to '8' Upgrade for the 
BBC Micromputer 

Special Price when 
bought complete62.00 

CREDIT CARD USERS 

* All prices exclude VAT and Carriage 10.75 + VAT) on orders under £10 * * All orders despatched on day of receipt with full refund on 0/S items if requested it * Order receipted &.returned with goods If full VAT invoice required please add 050 + VAT * 

VISA 24 HOUR TELEPHONE SERVICE FOR 

ACTIVE COMPONENTS (MAIL ORDER) 
DEPT ETI. HEWITT HOUSE, NORTHGATE STREET, 

BURY ST. EDMUNDS, SUFFOLK IP33 1 HQ 
TELEPHONE: (0284) 701321 TELEX: 817670 
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PROJECT 

KITCHEN 
SCALES PART 2 
The final part of this out -of -the -ordinary, 
state-of-the-art, nifty little gadget 
describes the construction and calibration 
procedures. Design and development by 
Rory Holmes. 

Assemble the PCB in the usual 
fashion, noting the IC orienta- 
tion, and the polarity of ZD I and 

the tantalum capacitors. Also check the 
BC184L pinouts; these often cause 
confusion. Twelve Veropins should be 
inserted at the points marked for 
external connections. Another point to 
watch is the hole marked beneath preset 
PR1; this should be drilled out to 3 mm 
diameter before mounting the preset, 
thus allowing its adjustment from either 
side of the board. Likewise, a 3 mm hole 
drilled on the other centre allows a 
secure 6BA mounting bolt for the 
board. 

When complete, the board may be 
initially tested by inserting all the ICs 
into their sockets and connecting a 9 V 
PP7 battery to the supply terminals as 
indicated. If a scope is available, the 

SECONDARY I SECONDARY 2 
100 TURNS 100 TURNS 

IN 4 LAYERS IN 4 LAYERS 
ALL WINDINGS: 
32 SWG WIRE 
WOUND FLAT 

FERRITE CORE 
DIAMETER 10mm 
(NOT CRITICAL) 
LENGTH 27mm 

PRIMARY 
100 TURNS 

IN 2 LAYERS 

PLASTIC TUBE 
ABOUT 20mm 
OUTER DIAMETER 
(NOT CRITICAL) 

SECONDARIES ARE 
WIRED IN SERIES 
OPPOSING 

Fig. 1 Coil winding details. 

digital sine wave approximation should 
be observed at the junction of R14 and 
C6; it could also be checked with a 
crystal earpiece, when a high pitched 
tone of 10 kHz should be heard. The 
reference supply voltage can be 
measured with a multi -meter across the 
wire link and a 0 V terminal. It should 
be in the region of 5 V if all is well, the 
exact value being unimportant. At this 
stage the transducer should be built and 
wired up before further testing of the 
PCB. 

Winding You Up 
The LVDT is wound using 32 

swg enamelled copper wire on a piece 
of 20 mm diameter plastic tubing of the 
type used for electrical conduit, and 
available from DIY shops. Any similar 
piece of tubing will suffice since the 
dimensions are not critical. Figure 1 

shows the winding arrangements. Two 
separate secondaries are wound either 
side of the central primary winding. All 
the windings consist of 100 turns 
wound in the same direction in flat 
layers; four layers of 25 turns for each 
secondary, and two layers for the 
primary. The accuracy and linearity of 
the LDVT transducer depends upon the 
two secondaries being as similar as 
possible and symmetrically positioned 
about the primary winding. Care should 
thus be take to ensure the layers are 
evenly wound and tightly packed. Super - 
glue may be used to retain each layer as 
it is wound. After completing the 
windings and finishing with a liberal 
coat of glue the two secondaries are then 
wired in series opposition to form one 
coil by connecting together the end of 
each winding. 

The LVDT should now be wired 
up to the PCB using screened leads as 
illustrated on the overlay diagram. On 

DIGITAI 
$3AIE 

CONVERSION 

ETI 

our prototype assembly we used a four 
way `Molex PCB plug and socket for 
this connection since the transducer 
assembly could then be conveniently 
plugged in. 

Figure 2 shows how the LVDT is 
mounted to measure displacement. As 
described last month the mechanics of 
an ordinary pointer scale are utilised to 
provide the linear displacement with 
weight via the in-built spring and pivot. 

For our prototype we used a small 
low cost Salter scale which incorporated 
a ball -race slide mechanism to support 
the weighing pan. Practically any type of 
scales could be converted to a digital 
readout, provided these is room to 
mount the LVDT and its associated 
driver electronics. 

Scaling The Heights 
Obviously, the more precise the 

mechanics of the original scale, the 
greater the degree of accuracy that can 
finally be achieved with the electronic 
transducer. The principle is to attach 
the main coil to a fixed part of the scale 
while the ferrite core is attached via 
some rigid element to the weighing pan 
movement, such that as weight is put on 
the scale the core moves linearly along 
its axis into the coil former. 

In our prototype the two steel 
plates of the slide were used to support 
the transducer as represented in the 
diagram. Two pieces of PCB material 
fixed with epoxy act as brackets for the 
coil former and ferrite core. 

The mounting arrangement is not 
too critical but the following points 
should be observed. The coil must not 
be too close to steel or other magnetic 
material and likewise the ferrite core 
mounting should be non-magnetic and 
non-conductive. Remember to allow 
sufficient leeway on the ferrite mounting 
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The scale mechanics with the LVDT added. Compare with Fig. 2. 

FOUR-WAY MOLEX PCB 
CONNECTOR PLUG USED 

FOR PRIMARY AND SECONDARY 

SPRING 
MECHANISM 

COIL GLUED TO 
PCB BRACKET 

Ale- i 
mr IN/L. 

HTTACHMENT 

FIXED PLATE 

EPDXY 

EXISTING BALL -RACE 
SLIDE MECHANICS 

(SHOWN HORIZONTAL) 
SLIDING PLATE 

Fig. 2 An artist's impression of the sensor to help with construction. 

o+9V 

22 

21 

20 TEST 

19 XB3 

-18. XDP 

17 

16 CLK 

15 XG3 

13 REF 

-12 REF - 
11 REF+ 

I 10 E3 

9 BP 

8 AB 

7 

6REF 

5, REF 

4 COM 

V+ 

(A 
OFFSET 
VOLTAGE O3 
INPUT T _2 
VOLTAGE 

B 

POL 

HI) 

LO) 

) 
IN LO ) 
IN HI ) 
v- ) 

moved to either side of the null position. 
The 100 mV sine wave across the 
primary coil can be observed on a scope 
along with the other waveforms 
illustrated last month. If all is well, the 
electronics can be assembled inside the 
scale. Figure 5 shows how we arranged 
the various components to fit into the 
existing scale box. The back of the case 
has now become the front to allow room 
for the LCD display! The 10 turn 
potentiometer, RV1, should also be 
connected up at this stage, along with 
the on/off switch, so completing the 
interwiring. 

Calibration 
Once you are satisfied with your 

mechanical arrangement for mounting 
the transducer and associated 
electronics, the scale should be 
calibrated using standard or known 
weights. First, the offset voltage input to 
the DVM module, marked as 'A' on 

38 the wiring diagram, should be 
37 temporarily connected to the 2V5 

reference terminal shown on the PCB 
k overlay. The preset PR 1 should be set at 

roughly half travel, and the scale loaded 
up with about 1 kg. After switching on 
the supply, the ferrite core should be 
adjusted relative to the coil until it's 
approximately in the middle at the null 
output position (this corresponds to half 

( M 

DP1 

DP2 

DP3 

COMPONENT SIDE 

Fig. 3 The (corrected) wiring diagram. 

BUYLINES 
The bandgap reference diode ZN423 is 
available from most semiconductor 
suppliers as are all the other more 
familiar semiconductors. Ferrite rods 
and copper wire can be supplied by 
Watford Electronics and 10 turn 
wirewound potentiometers are available 
from Henry's Radio. 

The most expensive item in this 
project is the very neat LCD panel meter, 
a state-of-the-art CMOS module 
available from Verospeed Ltd (known as 
the DPM200, order ref. 89-25453C). 

Suitable mechanical scales are 
available from most large department 
stores from about £5 upwards. The type 
used on our prototype conversion was a 
small Salter scale with a ball -race slide 
mechanism ,(around £6). The PCB 
Service advert is on page 69. 

Alternatively, for the mechanically 
ingenious with a bent to experiment, a 
large selection of springs can be obtained 
from Proops of Tottenham Court Road 
for about £1! 

36-* 
35+ 
34 

33 

32 

31 

30 

29 

28 

27 

26- 
25 

24 

23- 

PCB MATERIAL FORMS 
MOUNTING BRACKETS 

FERRITE CORE 
(GLUED TO 'L' 
SHAPED PCB) 

scale deflection). As the null position is 
approached the DVM will accordingly 
decrease to zero reading. The ferrite 
core should now be fixed permanently to 
its mounting plate using epoxy and 
allowed to set. When set, the DVM 
reading must be brought exactly to zero 
by the addition of small increment$ of 

sugar or salt being ideal. The 
known weight, which can be anywhere 
between 1/2 and 1 kg, should be added to 
the scale pan, and PR1 adjusted until 
this weight is shown on the LCD display 
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power 

for the full displacement (about 1 cm). 
The ferrite core must be central in the 
tube, with the axis of both coil and core 
parallel to the direction of weight 
displacement. Sufficient rigidity can be 
achieved using epoxy glue on the 
transducer, but initially the ferrite core 
should only be secured to its bracket 
with tight rubber bands until the 
calibration procedure. 

Having completed the transducer 
the entire unit can now be tested by 
wiring up to the LCD meter -module. 
Wire up the module according to the 
connections shown in Fig 3 (this has 
been reprinted due to an error in last 
month's diagram). 

The input voltage at point B should 
then be connected to the corresponding 
point on the PCB; point A temporarily 
connects to the 2V5 reference terminal. 
After connecting the DVM supply rails 
to the 9 V terminals on the PCB, 
can be switched on. When the ferrite 
core is near the middle of the coil the 
meter should be close to 0 V and will 
indicate + or - readings as the core is 



PROJECT : Scales Part 2 

9V SUPPLY 
TO DVM 

+9V FROM 
BATTERY 

.+V E 

OV 

Sw1 

LVDT SECONDARY 

OUTPUT VOLTAGE 
SCREEN TO LCO DVM 

2V5 REFERENCE 
(FOR TESTING) 

Fig. 4 Component overlay. 

PARTS LIST 

OFFSET 
VOLTAGE 
TO DVM 

Resistors (all '/<W, 5%) 
R1, 11, 13 1k0 
R2 2k7 
R3 27k 
R4,28 100k 
R5,8 33k 
R6,7,16 22k 
R9,12;17,18, 
19,20,22,24 10k 
R10 220k 
R14 68k 
R15 5k6 
R21,25 1k5 
R23 4k7 
R26,27 270k 

Potentiometers 
RV I 47k 10 turn wirewound 

potentiometer 
PR1 470k miniature horizontal 

preset 

Capacitors 
C1,4,10 22u 16 V tantalum 
C2 220p polystyrene 
C3,7 lOn ceramic 
C5 68n ceramic 
C6 2n2 ceramic 
C8,9 1n5 polystyrene 
C11,12 100n polycarbonate 
C13 220u 16V electrolytic 

Semiconductors 
¡Cl LM324 
IC2 4018B 
1C3 4093B 
1C4 4066B 
Q1 BC184L 
D1 ZN423 
ZDI 2V7 400 mW zener diode 

Miscellaneous 
LVDT (see text); PCB (see Buylines); 
scales (see Buylines); 31/2 digit LCD 
panel meter type DPM 200 (see 
Buylines) 

NOTE: 
k IS CATHODE 
a IS ANODE 

OV FROM 
BATTERY 

LVDT PRIMARY 
COIL 

(turning PR1 clockwise increases the 
reading). 

Now remove the weight to check 
that the reading returns to zero, and 
adjust PR1 accordingly (a few 
adjustments to PR I may be necessary to 
set the correct reading for the known 
weight). 

Finally, the offset input 'A' can be 
disconnected from the 2V5 reference 
and wired to the slider of RV 1. Rotating 
RV 1 will alter the reading and the meter 
can now be easily zeroed for any weight 
measured, including the empty scale 
pan. You may now proceed to calibrate 
the larder. 

The mechanics, seen from above. 

An internal view showing the arrangement of the boards. 

SPRING 

ELECTRONICS 
ON PCB 

CORE 
MOUNTING 

PLATE 

LVDT COIL 

EXISTING SLIDE 
MECHANICS 

ON/OFF 
SWITCH 

9V PP7 
BATTERY 

LCD DVM MODULE 
(MOUNTED AT THE BACK, 

RV1 10 TURN 
NOW USED AS FRONT) 

POTENTIOMETER ETI 

ETI AUGUST 1982 

Fig. 5 Artist's impression of the 'view from the top'. 
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Greenbank 
Greenback Electronics 

(Dept. T8EI, 92 New Chester Rd., New Ferry, 
Wirral, Merseyside L625AG 

(Tel: 051 645 3391) 

TERMS. VAT. CWO. Chenues etc navable to Sreenbank Electronics and crossed. 
Add VAT to eN prices at 15% except where stated otherwise. Post etc UK 50e 

Ir8p VAT -58p) per order. Expon: NO VAT but add 50p IEirel. £1 (Europe) and 

F3.50 elsewhere. Access. Barclaycard. Visa, telephoned orders accepted. 
[Polys. universities. govt depts. etc can telephone their orders for immediate 
despatch on secouai.' 

FREE LEAFLETS 
Please wrote te telephone for !calms, price Fall 
a quantity prices. A large SAE is not essentiel 

but helps us. 

INTERAK 1 COMPUTER SYSTEM 
INTERAK 1 Computer System: International Size Cards. Rack 

mounting, 4 MHz 2804, 16K RAM expandable to 48K. Single card 
VDU suite standard 625 -line television sets (VDU special features: 
"no mow", n "wait" states; character set held in EPROM 

permits user defined graphics characters etc .- effective 
resolution 256 e 240 dots). 2K ZYMON 1 monitor in 2716 EPROM 
£14.95, includes rnanuel with listing. Easy to interlace with 
International size cards from various manufactures, e.g. 
"Kemeon" EPROM Programmer cards, Dual RS.232 Interface, 

Relay output, Optoisolated input, etc. Cards plug into 13 -slot 

IS8US motherboard )any card in any sieri, price £11.50, suits 19" 
x 3U rack. Typical bare -hoard prices: MZB-3 CPU Card £11.50, 
MXD-2 16K Dynamic RAM card £11.50, VDU -K single board VDU 

£15.95. 

INTERAK 1 is also useful in Industrial environments e.g. 
programs can be developed on the complete system, then the 
"target' system can be constructed on a few cheap cards, using 

e.g. ROM and RAM cards Imixed 2716 and 2114 devices). In the 

event of more work being needed on the 'target" system, the 

cards can be brought back to the main INTERAK 1 system and 

simply plugged into the standard ISSUS. 

Note: INTERAK 1 uses no ULA or other "funny" chips; the 

majority of components used are simple 7410 seres gates, 
buffers, etc., and popular i.e.I low cost!) memories such as 4116, 
2114, 2716 etc. Almost any ASCII encoded keyboard is suitable for 
input. Programs and data (Kansas CM standardl are stored on 
your unmodified domestic tape cassette recorder; a special 

Nature of ZYMON 1 is that checksums are embedded throughout 
the data stream for increased data confidence. We have already 

sold several thousand boards from this range, which has been 
established since prehistoric times 119781, i.e. pm -Sinclair, pre. 

Acom, pre -Tangerine etc. 
Corne to us if you want a system which is seid by people who 

know and tam about the system they offer, rather than by 

advertising and media -marketing men. We are a small, and we 
hope, friendly company established 12 years), and we would be 

happy to tell you more if you were to telephone or arrange to call 

and see us, or if you prefer, you can write in fora free descriptive 

laafet, which incl des a price lat. 

74LS, 
741500 
74LSV1 
741S02 
74LS03 
741SO4 
74LS05 
74LS08 
74LS09 
74LS10 
741511 
74LS12 
741013 
741014 
741.515 
74LS20 
74LS21 
74LS22 
74LS26 
74LS27 
74LS28 
74LS30 
74LS32 
74LS33 
74LS37 

11 
11 

11 
12 
12 
13 
12 
12 
13 
13 
13 
21 
38 
13 
13 
13 
13 
14 
13 
14 
13 
13 
15 
15 

74LS40 13 
74LS42 32 
741047 38 
741048 45 
74LS49 50 
741551 14 
74LS54 14 
74LS55 14 
741063 £1.20 

74LS73 18 
74LS74 18 
74LS75 20 
/41076 18 
74LS78 18 
741583 40 
74LS85 52 
741086 24 
74LS90 28 
74LS91 60 
741092 32 
741593 28 
74LS95 40 
741 S96 95 
74LS107 40 
74LS109 28 
7410112 28 
7410113 22 
7415114 22 
74LS122 38 
74LS123 38 
74LS124 95 
/410125 26 
741 S126 25 
741S132 42 
7410133 30 
7410136 26 
74LS138 3' 
7410139 32. 
74LS145 70 
74LS147 £1.50 
7410148 85 
7415151 40 
74LS153 40 
7410154£1.70 
74LS155 3r, 
74LS156 36 

7415157 30 
7410158 30 
i4LS160 37 
7410161 37 
7415162 37 
7410163 37 
7410164 43 
7410165 75 
7410166 75 
7410168 84 
74LS170 85 
74LS173 65 
7410174 50 
7415175 45 
741S181 £1.10 
74L5183E1.80 
7410180 45 
7410191 45 
74KS192 48 
74L5193 45 
7410194 38 
7410195 36 
7415196 50 
74LS197 65 
7410200 £2.75 
74L5202E2.7.i 
7410221 
7410240 
7415241 
74L5243 
7410244 
7415245 
7415247 
7415248 
741 S249 
7415251 
7410253 

55 
7!i 
75 
75 
75 
70 
50 
55 
55 
35 
35 

FEATURED CARD THIS MONTH - VDUK 
* International Size Card 1114 x 204mmI 
* Fast ZBOA CPU runs at full 4MHz. 
* Quartz crystal controlled. 
* Address and data lines fully buffered (four buffer 

chips). 
* Power on reset, and manual reset. 
* Reset line pulsed to maintain Dynamic RAM data 

when reset is active. 
* Z80A Refreshed Dynamic RAMs transparently. 
* On -board 4 -bit address latch included for easy 

interface to Dynamic RAMs. 
* On -board "boot" EPROM socket, addressable at 

any 4K boundary. 
* Boot EPROM can be disabled under software 

control. 
* Power -c ljc mp circuit to any 4K boundary. 
is Epoxy -glass PCB. 

1 * Double -sided board, tinned copper tracks. 
* Gold-plated edge connector on A side. 
* Needs only single 5V rail (if 5V on -board EPROM 

is used). 

DESCRIPTION 
The MZB-3 is a "Kemitron" card which has been 
selected for use in the INTERAK 1 computer, as it is 
ideally suited for this purpose. 
Bus Allocations 
The "Kemitron' allocation for the NWAIT fine on the 
card is position A30, and this needs re-routing to 
position A34 to suit ISBUS-A and INTERAK 1. 

The CPU card is the heart of a computer system (or 
perhaps A is an 
ideal choice 

correctly 
is b rapidly becoming the 

rains"). The 
standard 

8,bit microprocessor. (This is proved by observing 
that many 6502 -based computers now provide "add - 

no" ZBOA adaptors; you never see an add-on 6502 
for a 280A -based computer.) 
Crystal Controlled 
The Z80A is a specially selected fast version of the 
standard Z80, it is used on this card at its full 4 MHz 
operating speed. No "Wait" states are included to 
slow the CPU down, but the NWAIT line on the bus 
is available for use with slow memories. Note that the 

4 

VDU -K and the MXD-2 Dynamic RAM cards do not 
require any wait states, and so the CPU card in en 
INTERAK 1 system can operate at its full speed. 
The "Clock" signal required for the 280A is not a 
normal LSTTL level, but is required to swing right up 
to a- 5V. At full speed an "active pull-up" is needed 
to meet this requirement, and is included on the 
MZB-3 card. A spearate clock of the same frequency 
is output to the bus for those cards which require it. 
Reset 
A power -on reset circuit is included as standard, so 
that the system starts to operate in an orderly 
manner. A push-button switch is provided so that 
the user can reset the system at any time, without 
the need to sacrifice the contents of memory by 
switching the computer off. The reset signal is taken 
to the bus, so that any other cards which require 
resetting can be reset at the same time. 
Dynamic RAM 
As the user can reset the CPU at any time special 
circuitry is needed, and is included on the card, to 
ensure that the reset pulse does not occur in the 
middle of a Dynamic RAM access, and so corrupt 
any data stored. As Dynamic RAM needs 
"refreshing" several hundred times a second, and 
this is carried out by the CPU, it is important that the 
reset pulse is not maintained for too long a time. The 
reset circuitry on the MZB-3 card ensures that this 
requirement is met also. 
Although the Z80A has been chosen primarily 
because it is the best and most well-known micro- 
processor, a very useful built in feature it possesses, 
which is not available to the users of say the 6502, is 
its ability to refresh Dynamic RAM "transparently", 
More will be said on the subject of refreshing, why it 
is needed and so on, on the MX0-2 cana data sheet, 
but there are some aspects which are most 
conveniently covered here. 

The built in ZBOA refresh is described as 
"transparent because it is carried out at a time 
when the ZBOA is not using the bus, and so does not 
slow the Z80A down in any way. The particular time 

used is available after each "op -code fetch"; this is 
when the next instruction of the program has been 
fetched and is being decoded by the ZBOA. Special 
hardware within the Z80A chip outputs the necessary 
refresh signal et this time, without the rest of the 
CPU being involved at all. 
A special 4 -bit latch has to be added to the CPU 
circuit, to feed the top four address lines when 
Dynamic RAMs are being used, and of course this is 
included on the standard MZB-3 card. 
Buffers 
Buffers are needed in a computer system to allow 
each card to drive the bus with sufficient power so 
that neither corruption of data nor damage to 
expensive integrated circuits will occur. It becomes 
doubly important when the CPU is being run at topo 
speed, so that the signals can reac h their full voltage 
levels in the short times available. 
Beware of systems where the buffering is omitted 
simply to give a low price "starter kit", or to cram too 
much circuitry on the introductory card in the 
system. 
Power on Jump 
An important feature of INTERAK 1 is that it has 
RAM starting at location zero. There are many 
technical reasons why this apparent complexity is e 
good thing, and these are discussed in the various 
INTERAK 1 leaflets. Suffice it to say that the 
technique of having RAM at zero solves more 
problems than it causes. There is in fact very little 
benefit in a simple minimum system, but an 
expandable system like INTERAK 1 should have as 
few limits as possible placed on the future needs of 
the more advanced user (for exemple note that the 
well known disk operating system CP/M just will not 
work unless RAM is present from zero upwards). 
At power -on, the RAM at zero will not usually 
contain any useful program and it is necessary to 
torce the Z80A ro "jump" to get its first instructions 
from some other address lusually one at which an 
EPROM is to be foundl. This address can be set by 
wire links to any 4K boundary, and in the INTERAK 1 

system it has been chosen to be E0001hexadecimall. 
One of the first tasks of the program at E000 is to 
disable the power -on jump circuitry. 

74LS257 35 
7415258 35 
74LS259 75 
7415260 22 
7410261 E1.38 
/415266 20 
74LS273 68 
74LS275 £2.25 
7415279 35 
7410293 (1.80 
74LS283 40 
7415290 45 
74LS293 40 
74LS295E1.50 
7410298 95 
741S299 £2,70 
7415300 £1.75 
7415302 £1.75 
741S320 £2.70 
7415323(1.95 
7415324(1.68 
741S325(2.90 
74LS326(2.40 
7415327 £2,40 
74LS347 95 
741 S348 £1.25 
7410352 88 
7415353 88 
74LS362 £7.50 
7415363£1.57 
7415364 £1.511 
741S365 30 
74LS366 30 
7415367 30 
7415368 40 
7415373 65 
74LS374 65 

7415375 45 
74LS377 70 
7410378 60 
7415379 65 
741 0384 £3.95 
14LS385 (2.50 
7415386 86 
7415390 55 
74LS393 55 
1410395£1.25 
7410396E1.90 
7415398E275 
741S399(1.75 
7415445 (1.00 
74LS447 (1.44 
7410471E620 
74L549012.00 
7415541 £1.20 
7410640E1.80 
7410641 £1.80 
7415645 £1.80 
7415668 £1,25 
74LS669 £1.20 
7415670 £1.50 
74LS673 £5.50 

74S 

74C14 30p 
74020 28p 
74C30 28p 
74C32 28p 
74C42 95p 
74C48 £1.43 
74C73 57p 
74C74 50p 
74C76 57p 
74C83 £1.34 
74C85 £1.34 
74C88 67p 
74C89 £4.62 
74C90 89p 
74C93 90p 
74C99 £1.06 

.74C107 £1.27 
74C150 £3.81 
740151 £2.55 
74C154 f3,81 
74C157 £2,29 
74C160 £1.40 
74C161 £1.15 
740162 £1.15 
74C163 £1.15 
74C164 £1.60 
74C765 £1.08 
74C173 93p 
74C174 93p 
74C175 93p 
74C192 £1.15 
74C193 £1,15 
74C195 £1.00 
740200 £7.45 
740221 £1.41 
74C373 £1.79 
74C374 £1.79 

74C00 28p 
74CO2 28p 
74C04 28p 

4008 28p 
74C10 28p 

74C901 57p 
74C902 79p 
740903 57p 
74C904 57p 
74C905 (7'53 
740905 57p 
74C907 57p 
740908 £1.00 
74C909 £1.69 
74C909 £1,69 
74C910 (745 
74C911 f7.39 
74C912 £7.39 
74C914 £1.45 
740915 £1.15 
74C918 £1.10 
74C921 £17.07 
74C922 £3.78 
74C923 E5.49 
74C925 £5.99 
74C926 (5.99 
74C927 £5.99 
74C928 £5.99 
740929 £17.90 
74C930 £17.90 
86C95 85p 
80C96 92p 
80097 85p 
80C98 92p 
82019 £6.20 
88C29 E2.90 
88030 £2.90 

a1,t 
4000 14p 
4001 140 

4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4034 
4035 
4037 
4038 
4039 
4040 
4041 

4042 

14p 
66p 
18p 
62p 
35p 
40p 
15p 
18p 
34p 
75p 
66p 
32p 
48p 
68p 
42p 
61p 
70p 
66p 
20p 
45p 
19p 

£1.30 
38p 
58p 
litt 
50p 

£1.70 
£1.25 
£1.65 
£1.95 

95p 
£1.15 
£1.10 
£2.79 

59p 
78p 

60p 

4043 
4044 
4045 
4046 
4047 
4097 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
4062T 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4081 
4082 
4085 
4086 
4086 
4089 

70p 
65p 

£1.70 
75p 
75p 

£3.20 
55p 
50p 
30p 
78p 
78p 
78p 

£1.25 
£1.25 
£1.20 
(4,80 

90p 
E9.95 

99p 
36p 

£3.99 
22p 
20p 
261, 
20p 
20p 
20p 
20p 
60p 
26p 
26p 
26p 
26p 
85p 
65p 
70p 

£1.40 

4093 
4094 
4095 
4096 
4098 
4099 
40100 
40101 
40102 
40103 
40104 
40105 
40106 
40107 
40108 
40109 
40110 
40114 
40160 
40161 
40162 
40163 
40174 
40181 
40182 
40192 
40193 
40194 
40208 
40257 
4160 
4161 
4162 
4163 
4174 
4175 
4194 

43p 
£1.68 

90p 
90p 
88p 
95p 

E1.92 
£1.30 
£1.80 
£1.75 

95p 
£1.15 

75p 
60p 

£4.50 
£1.00 
£3.00 
£1.77 
£1.54 
£1.54 
(1.54 
£1.54 
£1.54 
E5.03 
£1.90 
£241 
£2.41 
£1.05 
£7.54 
£2.31 

95p 
99p 
99p 
99p 
99p 

f1.05 
£1.05 

4502 
4503 
4505 
4506 
4507 
4508 
4510 
*511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 
4529 
4521 
4522 
4526 
4527 
4528 80p 
4529 £1.30 

4409 E7.90 
4410 f7.20 
4411 E6.95 
4412VP £8.00 
4415V £4.80 
4422 £5.66 
4433 £7.70 
4435V £5.40 
4450 £3.50 
4461 f3.93 
4462 £4.41 
4490PP £3.50 
4490VP £3,14 
4501 29p 

£120 
70p 

£5.71 
50p 
40p 

f2.65 
68p 
68p 
75p 

£1.99 
£1.95 
£1.98 

75p 
£4.15 

42p 
29p 
78p 

£2.00 
£1.11 

95p 
£1.15 

4530 70p 
4531 £1.30 
4532 £1.10 
4534 £5.00 
4536 £2.95 
45371 £26.10 
4538 £1.15 
4539 £1.15 
4541 £1.19 
4543 £1.35 
4549 
4552 
4553 
4554 
4555 
4556 
4557 
4558 
4559 
4560 
4561 
4562 
4566 
4568 
4569 
4572 
4580 
4581 
4582 
4583 
4584 
4597 
4598 
4599 
4700 

£3.95 
£14.85 

£2.99 
£1.38 

50p 
55p 

E3.20 
£1.20 
E3.95 
E1.80 

81p 
£4.95 
£1.59 
£238 
£1.75 

36p 
£4.60 
£2.50 

99p 
90p 
48p 

£2.44 
£2.90 
£5.95 
E1.75 

ICM7038A 
£4.25 

CRYSTALS 
32168KHz (watch £2.50 
60 KHz 6.95 
100.0 KHz (2.90 
200.0 KHz 6.70 
204.8 KHz 6.92 
262.144 KHz £3.92 
307.2 KHz 6.92 
312.5 KHz £3.92 
455.0 KHz 6.83 
1.000 MHz £2.95 
1 008 MHz £3.50 
1.280 MHz £3.92 
1.6 MHz (4,25 
1.8 MHz £4,25 
1.8432 MH £2,99 
2.000 MHz £2,80 
2097152 MHz £3.23 
24576 MHz (2.99 
2.500 MHz £3.92 
2.56250 MHz £3.62 
3.000 MHz £3,62 
3.2768 MHz £2.70 
3.519545 MHz £1.75 
3.93216 MHz E3.92 
4.000 MHz £1.99 
4.032 MHz £1.99 
4.096 MHz £1.99 
4.194304 MHz £1.99 
4.433619 MHz £1.25 
4.608 MHz 6.23 
4.800 MHz £1.99 
4.9152 MHz £3.23 
5000 MHz £188 
50688 MI5 £270 
5.120 MHz £3,23 
5.185 MHz £3.23 

5.24288 MHz 
6.000 MHz 
6.144 MHz 
6.400 MHz 
6.55360 MHz 
7.000 MHz 
7.168 MHz 
7.680 MHz 
7.86432 MHz 
8.000 MHz 
8.08333 MHz 
8.388608 MHz 
8.867237 MHz 
9.375 MHz 
10 000 MHz 
10.245 MHz 
10 700 MHz 
10.92 MHz 
11.000 MHz 
12.000 MHz 
140MHz 
14.31M9 MHz 
16 000 MHz 
18 000 MHz 
18.432 MHz 
19968 MHz 
20.000 MHz 
20.1134 MHz 
24.0 MHz 
26.690 MHz 
270 MHz 
27.145 MHz 
27.648 MHz 
38.6666 MHz 
48.000 MHz 
100.000 MHz 
116.000 MHz 

£4.25 
£2,70 
E2.70 
623 
£1,99 
£1.99 
6,50 
£1.99 
£323 
£1.99 
£3.62 
623 
£2.99 
£323 
£1.99 
623 
£323 
£3,92 
6,92 
£3,50 
£3.92 
E3.62 
£2.90 
£2.50 
£2.90 
£3.g0 
£2,90 
£323 
[3.92 
£2.90 
£3.92 
E3.00 
£323 
£3.50 
£2,70 
£2.90 
£3,00 

MICROPROCESSORS 
280 

Z80A CPU 
Z60A P10 
ZBOA CTC 
280A S10/10 

6502 
6502 
6520/21 
6522 
6532 

E3.30 
£2.90 
£2.90 

£13.95 

£4.25 
£2.99 
£3.50 
£6.95 

6800 
6800 M PU £2.95 
6802 MPU £3,99 
6919 £8.75 
6810 1128 x 8RAMI £1.20 
68A101128 x 8RAMIE1.30 
6820, 6821 PIA £1.25 
6840 £4.20 
6845 £9.50 
6850 ACTA £1.50 
MC6880 £1.20 

SCIMP II RAM 1)0 
SC/MP II 14MHz) £10.47 
INS 8070 £22.37 
INS 8154 RAM I/O £9,52 
INS 82651/0 £3.50 

CMOS 
COSMAC CDP 18020E£6.51 
COSMAC CDP 1802E 570.85 
CDP 1864 £6.45 

STATICS 
21141 200n 84p 
2114L300nS 83p 
6116 CMOS 2K RAM 200nS 

54.75 
4118 - 1K x 8 £3.25 

DYNAMICS 
411616K 200nS 74p 
4164 (795 

UV ERASABLES 
' 204 1512 x 8) £7.95 
2708 1K . 8 (1.98 
2716/2516 2K r 8 single 5v 

51.98 
2532 K4 x 815v) £4.05 
2732 4K x 8v £3.99 

PROM WASHING 
SERVICE 

50p each prom 

SPARE ERASER TUBE 
U -V tube 112") £10.00 

UV PROM ERASER 
UV140 (61.20 
UV141 £77.70 
[PROMPT £33.00 

INTERFACE 
8115 95 
811S 96/97 
8115 98 
1488 
1.189 

75491 
75492 
8126 
8 028 
134 
AY -3 8910 
FD 1771 
8131 

90p 
90p 
90p 
59p 
59p 
70p 
92p 

£1.20 
£1.40 

48p 
£5.95' 

£17.12 
£2.50 

8136 £2.50 
ICM 7209 IPA f2.69 
COM 81161Baud Ratel £8.00 

tiA46050 6.61 
SAA5020 £5.33 

CRT CONTROLLER: Uarts 
AV -5-1013 £3.45 
AY -3-1014A (5.50 
AY -31015 £3.00 
6402 E3.92 
1402 £4.50 
96364E £5.94 

CRAB. GEN. KEYBOARD 
ENCODER 

MK 2302 £15.29 

R0 3 051315v Uppercase) 
6,75 

AY 5 7316 6.99 

FIRMWARE 
0K ZYMON for 28011 x 2516) 

includes commented listing 
£14.95' 

IK ZMON Z80 II x 2516 or I! 
x 2708) 514.95 

2K Tiny Basic for Z80 11 x 

2516) 514.95 
4K NIBL for SC/MP 14 x 27081 

549.95 
4K NIBL-MM for SC.'MP 14 x 

27081 £19.95 
I Description leaflet available) 
1K Elektor Junior (l x 27081-- 

£19.85 
II/2K 51800 13 x 5204165,001 
ETIBUG 11 x 52041 (35.00 
ETIBUGII x 52041 £1495' 

ETIBUG 211 x 5204) £14.95 
SCMP/KB 11 x 52041 £14.95 

UHF MODULATORS 
ÚM1111 536 Vision modulator, 

TV game or cheep compu- 
ter type.... £2.00 

10M1233 E36 Wide bandwidth, 
computer VDU type E450 

UM 286 E36 Combined wide 
b ndwidth vision modula - 
t r with intercarrier sound, 
high performance _..._.6.25 

VOLTAGE REGULATORS 
7805 

7812 
7912 

45p 
55p 
48p 
55p 

VOLTAGE CONVERTER 
MODULES 

Ideal for use in otherwise 5V 
only systems, to obtain + 12V. 

12V. or dual 12V power for 
ASCII keyboards, RS 232 In- 
terfaces, dynamic RAMS, etc. 
All types need +5V input. 
Size of each module lexclud= 
ing pins) 34 x 26 x 10mm. 
Type ADIP-12A10 

12V. output 125-84mAl-£4.95 
Type ADIN-12A10 

12V Output 120-84mAl-N.95 
Type ADID-12A10 
+_ I2V. duel output, 2 x 112- 
42mAl 

£5 25 

SWITCH MODE PSUs 
AC 5221S 5V/10A (69.90 
AC 59216 5V/20A 6920 
AC 992155V/ 10A 12302A 12V/2A53/0.1A 

5126.50 

OPEN CARD SWITCH MODE PSU 
FULLY ASSEMBLED P.C.B. CAn0197 x 106 
52mm Outputs r 5V/6A, 5V/5A. 12V/1A, 12V/tA 
Type AC9251 (61.75 
AC8353 5V/3A, 24V/3A, 12V/0.17A, 187 u 157 
x 52mm (69.50 

NEW Eurocard Switch Mode PSU's 
Fully Assembled Card, 100. 160mm x 7E 30W 
output power 
Type 7150 5V at 6A adjustable to 15V at 2A 

(4140 
Type 7151 .5V at 3A, r I2V at 1.2A 542.10 

SOLDERCON PINS 
100 70p 
531E3.25 1000E6.00 

DIL SOCKETS 
8/14/16 pin 

8p/10p110p 
18/20 16p/22p 
24/28/40 pin 

25p/28p/30p 
24 pin Textool lever 
type zero insertion 
force (5.95 

UV ERASERS 
UV 140,141, for up to 14 PROMS 

UV 140 (no timer) £61,20 
UV 141 lincl. timer) £77,70 
EPROMPT for up to 32 PROMS low cost 
alternative to above erasers 
EPROMPT £33.00 
send for free leaflet 

Z80 DATA PACK 
tmprehensiue information on the Z80, CPU, PIO, CTC 

c., in the bound data books described below. 

ek ZOO Programmais Manuel (amatis 300 

pages) fully detailed explanation of all the Z90 

op-codeslassembly language. 

Mostek ZOO Microcompeeer Data Rook lapprox 

415 pages) contains Z80 instruction set and technical 

information and specifications of the Z80 family 

I,C.'s 

Mostek Micrempmer Systems Date Book (approx 

220 pages) contains details of the Mostek range of 

microcomputer circuit boards and software etc. 

The weight of the data pack is approximately 1.9 

kilos. 

Price: (14,95 (There is no VAT on this item, but 

please add an extra £1.00 towards the cost of the 

p0atagel. 

KEYBOARD CASES 
r. x 210mm Panel size 330 x 188mm £10.75 
10 x 340mm Panel size 430 x 115mm £27.79 

226 x 282 Panel size 145 x 152mm £11,40 

i 
TIMER ICe 

555/556 16p/45p 
EDGE CONNECTORS 
43 way. 0.1" pioh, wire eF-AMPO 
wrap. pelanzieg clac pin 37 IM I Mn DIU 

Single :bled 11x421 £3.11 CA31» 
Double dad (2x 421E4.10 10 3140E 

741 

90p' 
48p 
14p 

VEROed1AR0 
0,1" Pode with copper 

strips 
2' _" x 1" k uf S1 £1.11 

80p 
2 5' 01y 

EL81 
r 81p 

3 x5' £186 
3'i"x17" 6.58 
4.7" x I 79" £4M 

0.1" Plainboard 

ei p 

31i" Y11.0" £132 
Terminai pins £1,55090 
9.0 01P board £1,74 
DIP breadboard (3.M 
Spot lace culler £1.30 
Pin insertion lop 51,78 

lee strips' 

EUROCARD 19" CARD FRAME 
Kit of 2 end plates r angles . 2 front and 2 rear tie bars 

4 guide location strips 01.72 
Accessories 
Card guides (pack of 101 £160 
Connector mounting strips (pair) £3.60 
3/1,19' Instrument Case £38.42 

DIN 41612 Eurocard Connectors 
64 way Plug rows a+c 154/961 
64 way Socket rows a + n164'961 
64 way Plug rows a+5 )64764i 
64 way Socket rows e e b 184'641 

£2.22 
£3.39 I 

£2.71 

£4.24 I 

TRANSISTORS 
BC 107/8/9 10p 
BC 177 20p 
BC 213L 10p 
BC461 34p 
BC 548 14p 
2N 3703/4/5/6 10p 
2N 3820 45p 
TIP 2955 60p 
TIP 3055 60p 

DIODES 
IN 4148 4p 
IN 4001/2 5p 
IN 4003/4/5 Sp 
IN 5401 15p 
IA BRIDGE 150V 22p 

SIL RESISTORS 
7 x 10K 18 pin) 42p 
8 x 10K 19 piel 48p 
8 x 4K7 pin) 46p 
8 x 1K19 pin/ 48p 

DIL RESISTORS 
8 x 33R116 pint 62p 
RESISTORS 
Carbon film, high 
stability Y W E12 
range 2p each 
100 of one value £1.00 

CERAMIC CAPACITATOR9 
tOpl, 15pF, 2211F, 31pF, 470, 

44F,11000,1, 3n3F, 

4n2F,6111,18dsa 40 end 
15nF, 21nF, Vif el lip each 
t00mf et 
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WIRING SYSTEM 
SPECIAL INTRODUCTORY OFFER! 

PROJECT KIT - ONLY £5.40 
MORE THAN 25% OFF 
Normal Price £7.26 
Consists - High density hobby board, 
wiring pencil, 5 x 6" Glue Strips, 4 
coloured enamelled wire bobbins, 1 

tinned copper wire bobbin. - 

ROADRUNNER IRON - ONLY £5.00 
MORE THAN 15% OFF 
Normal Price £5.99 
Spec - 240V 17W High Temp Iron 
suitable for soldering enamelled wire 

ROADRUNNER PRODUCTS IDEAL FOR 
WIRING SIMPLE LOGIC CIRCUITS 
WIRING MICROS & MEMORIES 
WIRING DISCRETE CIRCUITRY 
REPAIRING & MODIFYING PCB's 
USE AS A TRAINING AID 

WIRING SYSTEM E 

e 11140 INIIIOKII 15.99 
PROJECT KIT 7.26 
MINI KI I A 6.68 
MINI KII H 6.21 
Pí:11 111 PAIR KIT 541 
TRAINING KR 8.95 

(GEN GI OF 5111105 20 Prc I 3.10 
II'00101 STRIPS 20.941 3.39 
P 14155 STRIPS 2í1'P01 2.71 
OSI PE NCO 2.99 
TOW PE NCO 2.94 
O 1 111 (IOBBINS 4 -PITT 2.12 
Cl PP( R 1.0101111 2.12 
(ì14E EN COI OIIR 2.12 
PINK (,IX Putt 2.12 
MIXED PACK 014 2.20 
1CW BOBBINS 2'PKI 0.95 
1106111 BOARD S -SIDED 1 75 

011()J1 CT I UROCARG 
9,5113E 11 390 

SINGLE E UIK7CANU 
0/SIDED 4.50 

DGUBI F EUROCARD 
D'SIAED 8.80 

HOBBY BOARD CONNECTOR 
28 WAY MODULAR TYPE 
WW PINS 1.95 
SOLDERTAGS 1.95 

LOW PROFILE IC SOCKETS 
SINNED CONTACTS 
If WAY 9p 14 WAY 12F II, WAY 14p 
IH WAY I6p 20 WAY 18p 
' WAY 21p 74 WAY 22p 

28 WAY 25p 40 WAY 35p 
('.01 O CON IACIS 
H WAY 17p 14 WAY 18p 
16 WAY 20p 18 WAY 24p 
20 WAY 27p 22 WAY 29p 
24 WAY 31p 20 WAY 40p 
40 WAY Sop 

DIN41612CONNECTORS 
:12 waY R IVPe Play 093 
32 way Socket WW P1ns 1.42 
32 waY Socket Solder tag 232 

waY C type PIug 1 46 
IK way Stickel NAN Pm 221 
1,4 way So, FYI Solder lag 3.08 
96 way also :wadable 

EUROCARD SUBRACKS 
KIs of 2 end plates 21ron1 A near 

I 

Nang falls Now,581ew5 and Integral 
IM DIN 41612 C,mnocloIs 
:I1.)'64HP 19 mile !fame 19.86 
31.1_41/HP 10, wale frame 17.90 
31,2111406', 2,140 frame 15.94 
6I1,64HP 19 2,01' frame 2999 

ONE-PIECE GUIDE BLOCKS 
00 CARD Par, 
3U A 611,84HP 2 per llH.1. 2.66 
II) 40HP .. 1 43 
SIJ 20110 ,. 0 78 

1N(IVIUUAI RAILS 0.16 
DIN 4,612 Coon Imo, 

screws 036/20 
"0í5e, ogee:ssores airlaw,e 

ROADRUNNER IRONS 
111911 long Iron 5.99 
General Pon, Iron 5.46 

Wand 482 
Spare Iron 1,51s ,v, 067 

Weller Iron bits. 0,1 

DTSAP1er 01441 e,1 

MIO,IISII:lrs 
X0,10 
Tweezers 
Slmtfa0I Tulle, 
Pot ,ter 
Solder Prns 100 
22 SWG Kersrn kg 
Glue stow a18reswe 

I S5 

0 95 
347 
045 

49 
49 

191 
0.50 

850 
0 44 

USE ROADRUNNER PRODUCTS FOR 
VERSATILITY, ECONOMY AND 

PROFESSIONAL RESULTS 

TAKE ADVANTAGE OF THIS INTRODUCTORY OFFER TO 
THE ROADRUNNER WIRING SYSTEM & ORDER NOW 

WHEN ORDERING ASK FOR THE NEW 
ROADRUNNER CATALOGUE FREE! 

GOOD VALUE FROM ROADRUNNER 
SQ19" Eurocard Subrack complete 

ONLY £1.9.:86 - 
Full range of accessories available. 

IBM BIM 
ADD 5% TO NET ORDER VALUE TO COVER CARRIAGE AND PACKAGING. THEN ADD 15% VAT. 
Please supply requested items. 

I enclose cheque/P.O. for £ 
or debit my Barclay Card/Access No. 

Signature 
IName (Please print) I Address 

1 

........................................... 
Orders 10 ROADRUNNER ELEC. PRODS, 116 BLACKDOWN RURAL INDUSTRIES, 

HASTE HILL, HASLEMERE, SURREY GU27 3AY (0428 53850) 

Mil Mal ME MI - 

For the man who has 
everything else.. . 

there is the ETI binder. Spend your nights enjoying the 
finer things in life, secure in the knowledge that the finer 

magazines of life are safe and sound. Order one now, and 
let the foneses keep up with you. 

ET! Binders cost £4.25 each for UK residents, including 
postage, packing and VAT. For overseas orders add .30p 

Send the completed coupon together with your remittance 
to: 

Ell Binders, Argus Specialist Publications Ltd, 
513 London Rd., Thornton Heath, Surrey CR4 bAR. 

Please allow three-four weeks for fulfillment of order. 

Please send me 1r 
I wish to pay' hr Access, Barclaycard. Please debit ms a( 

ANNA"_ 

?- 

Signed 

1dn1E' 

1 ddre,s 

ORDER FORM 
E I! Binders. ! enclose cheque postal order for 

I_ I 1 I_IL T 

_1I1T1I.T1:_T 
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AlifilA CI ECTRONIer 
RETAILMAIL ORDEREXPORT CALL IN AND SEE FOR YOURSELF 

TEST EQUIPMENT CENTRES ,I 
DIGITAL MULTIMETERS All models complete with leads and batteries 

Hand Held Models3l{, digit LCD 

(UK C/P 65p) 
601 26 range push button 2A 

AC/DC Basic 0.5% 

203311 Similar to above by 
Sabtronics 
703 As 601 but 0.2°.'° basic 

188m/6011 A 15 range + Ale 

tester push button 10A DC 

189m 30 range plus HIe tester. 
Rotary switch 10A AC/DC 
20354 28 range 0.1% basic 2A 

AC/OC push button (Sabtronics) £71.00 
.t_s. 2037% As 2035A plus 2 -temp. 

ranges £77.00 
129 25 range 0.8% basic 10A 

AC/DC rotary switches (Keithleyl £79.35 
130 As model l29 but 0.5% basic £102.35 

£36.50 

£39.95 
£54.00 

£43.50 

£69.95 

Bench Models 3!/a digit LCD 

unless stated (UK C/P 90p) 
2010A LED31 range. 10A AC/ 
DC basic 0.1°%° (Sabtronics) £81.50 
TM353 LCD 27 range 2A AC/DC 
basic 0.15% (Sinclair) £86.25 
201511 LCD3I range l0A AC/DC 
basic 0.1% (Sabtronics) £89.50 
TM351 LCD 29 range 10A AC/ 
DC basic 0.1% (Sinclairl £113.85 
2001 LCD 28 range plus 5 range 
capacitance meter 10A AC/DC 
Basic 0.1% (Panted) £108.00 
1503A 4% digit LCD 30 ranges 
10A AC/DC 4 MHZ counter.4 KHZ 
osc. 0.05% basic (Thurlby) £171.00 
1503HÁ As above but 25A and 
0.03% basic £189.75 

ACCESSORIES 
AC Adaptors (2010A & 2015A only) £5.69 Cases TM351 /353 £6.84 
2001 £7.50 1503 £20.45 Touch and hold probe THP20 £14.95 

GENERATORS 
R -C Pulse: BF Function Audio 
l0O C/P elf 
All models 220/240 VAC 
AUDIO 120 HZ - 200 KHZ 4 band. 

Sine/SQ 0 -PI 

1E220 Max distortion 1% 

£69.95 
LA627 Max distortion 0.5.1°a 
ILEAOERI new model £86.25 
11620211 Max distortion 0.5-1°0 
(TRIO) £78.20 
LAG120A 5 band 10 HZ - 1 MHZ. 

Sine/SQ 0.05.0.8°° diet. £146.00 

INSULATION 
AND CLAMP 
METERS 

ELECTRONIC 
INSULATION 
TESTERS 

LÁ6125 As LAG120A but 0.02% 
dial. (LEADERI £273.00 
AG203 I0 HZ - I MHZ 5 band 
OA% Slne/S0'TRIO) £126.50 
RF !All with Int/Ext mod. variable 
0510011 

TE200100 KHZ -I0 MHZ6 
band 1300 MHZ harm) £59.95 
15617 As above made by 

LEADER - new model £71.30 
SG402 100 KHZ -30 MHZ 6 band 

FUNCTION loll sine/S0/£68 
Triangle/TTL etc.) 

5020A 1 HZ -200 KHZ 

ISABTRONICSI £90.00 
T6100IHZ100KHZ 
ITHANOARI £90.00 
T61020.2HZ-2MHZ 
ITHANOARI £166.75 
PULSE 
T6105 5 HZ -5 MHZ Various 
outputs ITHANOARI £97.75 

weguratem 

Multirange clamps all with resistance range, carry 
case and leads. Also digital and OC clamp in stock. 
(UK C/P 75p) 

ST300 3008.6000V AC. 9 ranges. £25.95 
K2606 300A. 6000V AC. 8 ranges. (Optional £49.50 
temp. probe £13.801 
K2903 900A. 750V AC. 9ranges. £77.50 
Battery operated complete with carry case. (UK C/P El) 

£65.00 
£ 109.00 
£119.00 
£ 149.00 

YF5O1L 500V/100 Meg. Plus 0-100 ohm 

K3103 600V/1 00 Meg. Plus 0-2.6K ohm 

K3106 500V & 1000V. 1000 & 2000 Meg 

K4101 Earth resistance tester 
M500 Hand cranked insulation tester 
500V/100 Meg. 

K8031 1 10V/600V phase tester 

£79.50 
£23.50 

AMATEUR RADIO AND CB TESTING 
[Full lists send S.A.E.l 

KDM6 1.5 In 250 MHZ 6 range DIP meter tillas( £47.95 
RC1000 0/10/100/1000 watts. SWR etc. 150 MHZ max. fillusl 

£45.00 
CVO SWR/Power twin meter to30MHZ.1KW fillusl £8.95 
HM20 20K/Volt multirange multimeter. Plus SWR/Power 
meter 150 MHZ £22.95 
LPM880 RF Power meter 5/20/120W. 1.8. 500 MHZ £84.00 
LPM885 SWR/Power. 20/200/1000W. 1.8. 54 MHZ iillusi 

£54.00 

HAVE A BANANA! 
Low cost reliable meters (All supplied with 
batta/leads) (UK C/P 55p) 

BANANA 15 range pocket 20K/ Volt 
plus cont. buzzer (illus) £20.84 
KRTIOI 10 range pocket 1K/Volt 

£4.95 
T10L 12 range 1K/Volt + overload 

£5.75 
NH55 10 range pocket 2K/Volt £6.50 
ST5 I I range pocket 4K/Volt £7.50 
NH56R 22 range pocket 20K/ Volt 

£11.50 

6 bJ 

YN360TR 19 range plus Hie test 
20K/Volt £14.95 
KRT5001 16 range 10 amp OC 

range double 50K/Volt £17.95 
ST303TR 21 range plus Hfe Test 

20K/Volt £18.95 
TMK500 23 range plus 12A DC 

plus cunt. buzzer 30K/Volt £24.50 
168m 36 range large scale 10A 

AC/DC 50K/Volt £28.50 
360TR 23 range large scale 10A 

AC/DC Hle test 50 meg ohm .1 KV 

AC/DC 100K/Noll £39.95 

Choose from UK's largest range 

OSCILLOSCOPES' 
TRIO C8156611 
20.20 MHZ 

dual trace triggered 
sweep. 5mV/ 0.5 

us/CH2 inV/X 10mag. 
19 sweep ranges. 
Limited offer WAS £363.40 
NOW £320.00 (UK C/P £4.001 

HM307 Single trace 10 MHZ 5mV:0.5 
micro sec. Plus built in component tester 
6 e 7cm display IHAMEG) £158.70 
Optional case £18.43 
3030 Single trace 15 MHZ. 5mV:0 5 micro 
sec. Plus built in component tester. 95mm 
tube. Trig. to 20 MHZ (CROTECHI £172.50 
3035 Single trace 15 MHZ. 5mV.Trig to 20 
MHZ plus built in component lester 0.2 pSec. 
130mm Tube ICROTECHI £189.75 
HM203 Dual 20 MHZ: Trig to 30 MHZ 
5ml:0.5 micro secs. 8 x IOcm display. 
(UNTO' £253.00 
CS1562A Dual 10 MHZ IOmV. 

I pSec. 140mm tube [TRIO) £267.95 
3131 Dual trace 15 MHZ trig. to 35 MHZ 

5mV: 0.5 micro sec. 130mm tube. 
plus component tester. £276.00 
CS1575 Dual 5 MHZ 1 mV 0.5 

p0ec.140mm tube. Phase display 
audio scope. (TRIO) £312.80 
CS1560AII Dual 15 MHZ 10mV. 

0.5 pSec. (TRIO) £341.55 
3034 Battery -mains dual trace 15 MHZ. 

trig to 20 MHZ built in Moods. 5mV. 0.5 
micro secs. (CROTECHI £356.50 

!Eliminator charger optional £28.75) 

OPEN SIX DAYS A WEEK N 0l P EÁ 
¡UK C/P Single track £3 ea. Safgan £3 ea. 
Deal Crack £4 ea. SCI 10 £1.00) 

HM412-5 Dual 20 MHZ delayed sweep - 
trig to 40 MHZ. 5mV 0.1 micro sec 8 x 10cm 
display 'NAMED' £402.50 

Motional case £21.851 
SCI 10* New Model 10 MHZ battery 
portable. l OmV 0.1 pSec. 2 trace. 
All facilities ITHANOARI £171.00 
(Options: Carry case £8.84. 

AC Adaptor £5.69. 
Nicads £8.631 

Cß1820 Dual 20 MHZ 2-5mV 0.1 pSec. 
Delay sweep.140mm tube ITRIOI £483.00 
CS1577A Dual 35 MHZ. 2mV. 

0.1 pSec. Single sweep facility. 
140mm tube. (TRIO) £523.25 
C5183011 Dual 30 MHZ 2mV 

0.2 pSec hilted delay line). Delay 
sweep 140mm tube ITRIOI £626.75 
HM705 Dual 70 MHZ delayed 
sweep: Single sweep: Delay line: 
Trig to 70 MHZ: 2mV: 0.1 micro 
sec. 8 x l0cm display IHAMEGI £667.00 
Range of low cost Dual Trace 

Scopes mains operated. Made in UK to 

exacting standards. Available as 10 MHZ. 

15 MHZ. or 20 MHZ. All Nature 5mV 

sensitivity. 0.5 micro sec. 6.4 x 8cm display. 
ISAFGAN1 

OPTIONS HM203/412/705 
View Hoods £6.90 
Component Tester £28.75 
DT410 Mai 10 MHZ E205.85 
0T415 Dual 15 MHZ £217.35 
0T420 Dual 20 MHZ £228.85 
Scope probes all models - see below. 

a. rr77nn 
o a ªf®-. 

FREQUENCY COUNTERS 800011 n9 
digit 1E0 

031CS9e 
1000 

MHZ 

£178.00 
TF040 H digit LCD 0 MHZ 1600 
MHZ with TP6001 IT ANGARI 

£126.50 
TF200 B digit LCD range 200 
MHZ 1600 MHZ with P6001 

ITHANOARI £166.75 
TP600 600 MHZ prescaler 
ITHANOARI £43.13 

loll models battery operated' 
(UK C/P £I ) 

PFM200A Pocket B digit LED 

200 MHZ 10 mV ITHANDARI 

£67.50 
8110A 8 digit LEO range. MO 
MHZ. Bench (SABTRONICSI 

£77.00 
8610A 8 digit E03 range 600 
MHZ Bench ISAB RONICSI 

£94.00 
86108 9 digit E0 3 range 600 
MHZ Bench (SAO RONICSI 

£113.85 

TOP QUALITY 
ANALOGUE 
MULTIMETERS 
(UK C/P £1.201 
All leaturing AC/OC Volts/Current and Ohms 

ranges. 
MAJOR 29K 29 range 20k/V. 

2 CFA OC 12'/A AC IPANTECI £33.90 
MAJOR 50K 29 range 50K/V. 2:.0 0C.' 
I21,A ACIPANTECI £40.25 
M1200 30 range 100K/V. I5A AC/DC. 

200 Meg. 'ROBIN! £49.95 
PAN3001 34 range 40K/V. 5A AC/OC. 

50 Meg IPANTECI £59.80 
Also 500KHZ 500 MHZ signal Nestor and 

3 range cap. meter. 

PAN3003 42 range 1 Meg/V.5A AC/OC. 
I pA FS0 £66.70 
(NOTE 3001 i 3003 Electronic 
Protection Mirror Scales) 
01400 26 range large scale 20K/Volt: 10A 

AC/OC.20 Meg ohm. 5KV AC/OC £95.00 
K200 39 range ID Meg. ohm input. 
25 HZ - I MHZ £105.00 

VARIABLE POWER SUPPLIES 
Mains input Volts/Amps meter 
(UK C/P £1) 
PP241 0/12.12/24 Volt. 

0/I amp £35.00 
PP243 0/12.12/24 Volt. 
0/3 amp £59.95 

OPTIONS 
T F series carry case £6.84 
AC adaptors £5.69 
8 series AC Adaptors £5.69 
All models probe kits £7.95 

DIRECT READ HV PROBE 

(UK C/P 65p) 
0/40 KV: 20K/Vall 

£18.40 

OSCILLOSCOPE 
PROBE (UK Ca' a' 

50p Per 1103Ç795 

KITS 51-010 £10.só 
X100 £16.95 

DECADE BOXES 
9582 32 value Rosis box. I ohm 
to Meg. £18.50 
CSB20 20 Value Cap box. 470 pl 
to I Id £21.00 

PORTABLE TV COLOUR 
GENERATOR 
MC101 

6 patterns/dols/lines etc. Built in 

Meads. Pal B UHF only. Complete 
with charger. case and leads. 

£162.50 

DIRECT READ TEMPERATURE re TH301 -50 Cle 750 C. LCD 

readout. Complete with battery 
and thermocouple. £68.43 

'SCOPE ADD ON UNITS 

es C¡ ! é.e 

CUBEGATE - -- -aw ram -w--- -- aaar __ _ LIMITED a1 aaaaa. a-aa. - aaaaaaaa. ataa>a lam_ -W !tsW t RI Write" 
301 EDGWARE ROAD, LONDON, W21 BN, ENGLAND. TEL 01-724 3564 
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2 

¡« Ale ay./ 6Abe/I iifftc-CAdL /NxAMD.So-k12 eueSF:LF'o 

LTC905 Semiconductor curve 
tracer IllluaI ILEADERI £95.45 
IUK C/P 85p1 

HZ65 Component lester (HAMEGI 

IUK C/P 65p1 £27.95 

LOGIC PROBES/MONITOR 
Sabtronics LPIO 10 MHZ 

probe £28.50 
CSC LP2 1.5 MHZ probe £19.95 
LEADER L0P076 50 MHZ (with 
easel £56.90 
GSC LMI monitor 1810 16 pin 

IC'al £33.00 
GSC DPI Digital pulser. Single/ 
10 pps £58.50 

In! 

Order by Post 
with CHEQUES/ 
ACCESS/VISA 
or Telephone 
your order 

Allow up ío10 daysfor 
delivery (unless advised) 

fe 
mixed. 
Send large SAE 
(2OpUK) 
Schools, Companies, 
etc. Please write in. 
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FEATURE 

CONFIGURATIONS 
Not ETI's answer to James Burke but a new series aimed at the 
designer. Ian Sinclair will be looking at some of the basic 
workaday circuits that often get eclipsed by the more glamorous 
ICs showing ou how and why they work and how and why to use 
them. We kick off this month with common -emitter transistor bias. 

Configurations is a new series which aims to provide 
you with fundamental circuit design data for a number 
of the most commonly used circuit blocks. A very large 

amount of circuit work concerns these standard arrangements, so 
that by gathering your pages of Configurations each month, you 
will be able to build up a complete designer's handbook of circuits 
and their design data. We're starting this month with the most 
fundamental of all - biasing and calculating gain and bandwidth 
of the single -stage common -emitter amplifier, using a silicon 
transistor with a resistive load. 

(a) TO FIND A VALUE FOR Rb, GIVEN A DESIRED 

VALUE OF VC: 

Rb 
RLh RL.hfe.IVCC-- 0.6) 

VCC - VC 

RL AND Rb IN KILOHMS 

(b) TO FIND WHAT VALUE OF VC WILL BE CAUSED 

BY A GIVEN BIAS RESISTOR: 

V,,.%_ R.h.l V - - 0.6) 
VO 

RL AND Rb IN KILOHMS 

Fig. 1 Simple single - 
resistor bias circuit. 
The value of resistance 
depends critically on 
the value of hfe for the 
transistor. 

The simplest bias circuit, of course, is that of Fig.1, using a 
single bias resistor connected between the base and the supply 
positive. We're not going to spend much time on this one, 
because it's not a very good bias method from any point of view. 
The reason is that the resistor value has to be spot on for this 
method to work, and you have to know the current gain (hie) value 
for that particular transistor (not just the average for the type) to a 
fair degree of accuracy. If you need to use that method and have a 
box of 1% tolerance resistors handy, then the design data is 
illustrated in Fig. 1. One of the few things that can be said for the 
circuit is that a high input resistance is attainable, but more on 
that subject later. 

A Favourable Bias 
A much more practical bias method is illustrated in Fig. 2. 

This makes use of DC shunt feedback between the collector and 
the base of the transistor, and is less likely to be upset by the 
changes that occur in the characteristics of the transistor as it 
heats up. You still have to know the hie value for the transistor, 
but the collector voltage won't be so far out if you just use an 
average value for the type and it happens that the one you're 
using is at one end of the range of values. The formula, like the 
previous one, assumes that the base -to -emitter voltage when the 
transistor is conducting will be OV6 and since this is the quantity 
that changes most as a silicon transistor heats up, it's worth while 
taking a look at how this bias method is affected. 

(a) TO FIND A VALUE FOR Rb, GIVEN A DESIRED VALUE OF VC: 

R 
RL.hfe.(VC - 0.6) 

- 
b 

VCC VC 

RL AND Rb IN KILOHMS 

EXAMPLE: IF RL = 2k2,1110 = 100, VCC = 9V, VC = 3V, THEN 

R = 2.2x100 x2.4 -88k 
B 

(b) TO FIND A VALUE FOR V, GIVEN Rb: 

Rb. VCC + 0.613 L.hfe 
VC Rb+RL.hte 

Fig. 2 Shunt - 
feedback bias. 
The value of 
collector voltage 
is less dependent 
on the hfevalue. 
Note the units, 
with all resistances 
in kilohms. 

Figure 3 shows two calculations of collector voltage, both 
assuming a supply voltage (VJ of + 9 V, load resistor of 2k2, hie 

value of 100, and bias resistor Rb of 88k. However, one uses OV6 
as the V, e figure and the other uses OV 5. The difference in the 
collector voltage is negligible, which points to this method of bias 
as being a very useful one when you are worried about the effect of 
temperature changes on the performance of the transistor. 

ASSUME IN BOTH CASES THAT Rb = 88k, h1,= 100, VCC = 9V, RL = 2k2. 

WHEN Vb..--OV6, 
VC= 88 z 988+0.6+ 

2.2, x2.2100x100 
-3V 

WHEN V =0V5,V =88,9+0.5,2.2,100 -2V93 
be C 88+2.2x100 

DIFFERENCE IN VC = 70 roV 

Fig. 3 Effect of temperature. The Vbe (assumed OV6 for a 
silicon transistor) decreases as the temperature rises. The 
calculations show that the collector voltage value is hardly 
affected. 

The circuit uses feedback, of course, and unless something is 

done to remove the feedback of AC, the gain of the stage and its 
input resistance will be reduced. The reduction in gain isn't 
serious for most circuits, but the input resistance problem can be 
more serious - it's detailed later in this article. Both can be 
tackled if AC is removed from the feedback path by splitting the 
bias resistor into two parts and decoupling it, as shown in Fig. 4. 

Fig. 4 Removing AC 
feedback by splitting 
the bias resistor 
into two sections 
and decoupling. 
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An Arrangement With Potential 
The most -extensively used of all bias methods is our old 

friend in Fig. 5, which uses a potential divider to provide a 
constant voltage (we hope) at the base of the transistor, and DC 
feedback (series feedback this time) through the emitter resistor 
to stabilise the bias. The notable thing about the formula is that hie 

doesn't appear anywhere in it, so that the bias should not be 
affected by the value of hie. This means that the circuit is very 
tolerant of wide ranges of hie values, providing the base current of 
the transistor is not so large that it disturbs the base bias voltage 
set by the potential divider. As a rule of thumb, if the current 
flowing through Rl and R2 (equal to Vee/(R1 + R2)) is something 
like 100 times the base current of the transistor, then the circuit 
will work exactly as per design, and any transistor whose base 
current is within limits can be used with the same bias 
components. If the base current of the transistor is far from 
negligible then complications arise, and it's easier just to use 
lower values of Rl and R2 - but for the effect on input resistance, 
see later. For voltage amplifier stages where the collector current 
is only about 1 mA, values like 6k8 and 1k5 on a 9 V supply will 
suit the circuit very nicely. 

(el TO FIND ReFOR A DESIRED VC: 

VCC.R2 

RL R1 +R2 0.8 
Re . 

VCC - VC 

(b) TO FIND VC FOR A GIVEN Re: 

R . 

(VCC.R21 

L R1+R2// 0.8 

VC - VCC - 
Re 

Fig. 5 The 
potential -divider 
bias method. This is 
particularly useful 
for mass-produced 
circuits, because 
bias does not depend 
on hie values. 

Decoupling Is De Problem 
One disadvantage of the circuit is that there' s an emitter DC 

voltage so that the available voltage swing at the collector is 
correspondingly reduced. The other point, which is important 
where space is limited, is that decoupling of the emitter resistor is 
essential. Without decoupling the gain is low; it's given by RI. /Re 
and will be around two to six times for the kind of values you are 
likely to end up with in a practical circuit. The decoupling 
capacitor operates at low voltage, so that a 3 V or 6 V type is 
normally adequate, but its value has to be large to avoid a 

noticeable loss of gain at low frequencies. It certainly isn't enough 
to have the reactance of the capacitor equal to the resistance value 
of Re at the lowest frequency for which the amplifier is intended to 
be used, because if you make this assumption for each coupling 
and decoupling time constant, you'll end up with practically no 
gain at that frequency. Aim for a capacitor reactance of about one 
fifth of the emitter resistance value at the lowest frequency you 
intend to use and the results will be more acceptable. With C in 
microfarads and Re in kilohms, this means a value given by the 
equation 

5000 
C= 

2rf.Re 

and for a 390 ohm emitter resistor, this indicates a capacitor value 
of around 50uF for a 40 Hz breakpoint. Even at 3 V working, this 
is going to be a component that will be larger than the resistors or 
the transistor. 

IF h1e - INPUT RESISTANCE IN KILOHMS, IC - STEADY COLLECTOR 
CURRENT IN MILLIAMPS, AND h10- VALUE OF CURRENT GAIN, THEN 

h1e 

hb - 404 

EXAMPLE: IF h.e - 400 AND IC - 1mA, THEN hl 
400 

= 19k 40x1 

Fig. 6 Transistor input resistance, hie. Note this is for the 
transistor only, and assumes zero -signal conditions. 

You Know My Resistance Is Low 
The input resistance of an amplifying stage is, as the name 

suggests, the ratio of input voltage to input current for an AC 
signal at a frequency in the middle of the bandwidth. The input 
resistance of a transistor is not constant, but if we take the value 
which it has at the setting of the bias current, with no signal, than 
this is a reasonable average to take for small signal inputs - small 
meaning millivolts. The value is calculated as shown in Fig. 6, 
and it depends on the hie value and the bias current. In general, 
using transistors with high hie values operated at low collector 
currents will give the highest input resistance values for the 
transistor, but you can usually assume values in the region of 1k0 
to 10k. 

These are just input resistance figures for the transistor itself, 
however, and the total input resistance will be affected by the bias 
components. When we use the potential divider bias circuit, for 
example, both Rl and R2 (in Fig. 5) are connected between the 
base and a line which is at 0 V (AC). How so, you ask? Well, as far 
as AC voltage is concerned, the supply positive line is as much of 
an earth as the genuine earth line, since they are connected to 
each other by a whopping great electrolytic in the power supply 
circuit. Hence all of these bias resistors are in parallel across the 
base -to -earth path, considerably lowering the input resistance 
(Fig. 7). If you think that the shunt feedback circuit of Fig. 2 is 
better then think again, because the collector end of the bias 
resistor is connected to a voltage which is in antiphase to (and of 
much greater amplitude than) the base voltage, so it behaves as if 
its value were Rb/G connected to earth. G is the voltage gain of the 
stage, so that if Rb = 88k and G = 50, then the bias resistor is 
effectively 1k76 in parallel with the input resistance of the 
transistor itself. 

r 
I 

TRANSISTOR 
-1 INPUT 
1 RESISTANCE h. 

I j 5k0 

I 

L 

1/RIN= 1/5+1/1.5+1/6.8 (ALL RESISTANCES IN KILOHMS), SO 

RIN - 0.986k - 986R WHERE RIN IS TOTAL INPUT RESISTANCE 

Fig. 7 The effect of 
bias components 
and hie on total 
input resistance. 

Gainful Employment 
The output resistance of a single transistor amplifier consists 

of the output resistance of the transistor itself, usually around 
30k, in parallel with the load resistor. Since load resistor values 
are usually of the order of 1kO to 10k, this in practice means that 
we can use the load resistor value as the value for output 
resistance when we are dealing with resistor -capacitor coupled 
stages. 

The crunch comes when we want to find what the gain of an 
amplifying stage will be. For a silicon transistor which has enough 
hie to class it as being in the land of the living, the maximum 
voltage gain is given by 40 x VRL, where VRL is the voltage across 
the load resistor when no signal is applied - the bias voltage in 
other words across RL. For example, if you are using a transistor 
with 4V 5 across the load resistor, then the maximum gain is 40 x 
4.5, which is 180 times (we showed how to derive this figure in 
`Gm Revisited", April 79), and that's the value which can be 
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FEATURE : Configurations 

measured if you use a low impedance signal generator, a very 
small signal amplitude, and a high -impedance oscilloscope to 
measure the output. 

Practical circuits, however, use higher -resistance devices as 
signal sources and lower resistance devices as signal loads, so that 
the gain when we take into account the potential -dividing effect of 
all these loss -makers is a lot less. For example, if we imagine our 
transistor stage to be fed with a signal from another stage with an 
output resistance of 2k2 and feeding into a stage with input 
resistance of 1k0 (and with these same values itself) then its gain 
(Fig. 8) will be a miserable 17.5 times. It's not the gain of the 
transistor which has fallen, notice; it's the attenuation caused by 
the potential dividers which is dissipating the signal. The moral is 
that input and output resistances are important when you are 
aiming for maximum gain, and that everything you can do to 
raise input resistance and reduce output resistance can be useful. 

VIN 

r TRANSISTOR AND LOAD 
2k2 

OUTPUT RESISTANCE l 

OUTPUT 
RESISTANCE 
OF SOURCE 

TOTAL RESISTANCE 
OF TRANSISTOR AND 
BIAS COMPONENTS 

IF TRANSISTOR GAIN ISM, THEN SIGNAL INTO TRANSISTOR = VIN x 1k0 

3k3 

AND SIGNAL OUT = 180 x VIN 
x 1k0 

SO THAT VOUT = 180 x V-1 x 
1 3k3 3.3 

VOUT 

17.6VIN 

Fig. 8 The effect of input and output resistances in forming 
.potential divider circuits with the internal resistances of 
source and load. 

LOW -FREQUENCY GAIN IS 3dB DOWN ON MIDBAND GAIN WHEN 

1000 IC IN MICROFARADS, R IN KILOHMS) ron RIN 

ORt= 1000 

HIGH -FREQUENCY GAIN IS 3dB DOWN ON MIDBAND GAIN WHEN 
1000 CS 

(f IN HERTZ) 

(CS IN PICOFARADS, RL IN KILOHMS, 

f IN MEGAHERTZ) 

Fig. 9 The time 
constants 
which affect 
bandwidth for a 
single stage. 
Note the different 
units for the two 
equations. 

Strike Up The Bandwidth 
The bandwidth of an amplifier stage is defined as the range of 

frequencies over which the gain does not drop 3 dB below its mid - 
band value. For a simple amplifier stage, the limits of bandwidth 
are set by the time constants of the coupling and emitter- 
decoupling capacitors at the low frequencies, and by the effects of 
stray capacitance at the high frequencies - Fig. 9 shows the 
details. Most modern transistors have good high -frequency gain 
and since stray capacitance can be made small with modern 
circuit layouts, frequencies into the many megahertz range can 
be expected. This is much more than is necessary (or desirable) in 
many cases, and it's a wise precaution to trim the bandwidth for 
the purpose you need. This can be done by introducing a time 
constant into the feedback network of a simple filter. 

All of which brings us inexorably to the subject of feedback, 
and that's where we'll start next month, when we'll be looking at 
feedback pair circuits, their biasing and their gain. ETI 

ENFIELD rLr(IIor1a(s 
SPE CIAL MONTH!. Y OFFER No t 

Hand held Micro Cassette Tape 
Recorder Compact and handy this 
memory device records at two 
speeds providing up 
to one hour of 
reeoldutg. COities 
complete with 
111111 caissette 
earphone and 
carrying 
pouch 

ONLY 
£20.70 

+ 50p p&p 

SPECIAL MONTHLY OFFER No 2 

Illustrated is one of a 

wide range of SWR 
meters in stock. Other 
examples are - 
Model 171 only £16.95 
SWR.SOA -lust £12,95 

ONLY 

+ 
S8.95 

OP P&P 

( 

BELOW IS JUST A SHORT LIST OF OUR TRANSISTORS. 74 SERIES & C MOS 4000 SERIES 
TRANSISTORS 74 SERIES C MOS4000SERIES 

C107 27 :C137 32 :C212810 :CY71 15 :0233 45 7400 av 7480 60 7163 90 
C122 27 : C138 32 : C213 10 : CY72 16 : D234 45 7401 20 7481 176 7164 100 
C125 27 : C139 32 : C213A 10 : CX31 17 : D235 45 7402 20 7482 70 7186 100 
C126 27 : C140 32 : C213810 : 0106 65 : D238 45 7403 20 7483 68 7187 400 
C127 27 :C141 :C213C10 :0115 64 :0237 45 7404 20 7484 295 7170 195 
C128 27 : C142 32 : C214 10 : D118 82 : D238 45 7405 20 7485 95 7173 120 
C141 28 :C143 32 :1)2141310 :0121 80 :0239 45 7408 28 7486 28 7174 90 
C142 28 :C147 12 :C214C10 :0123240 :0240 55 7407 48 7489 195 7175 80 
C176 28 :C148 12 :C214L10 :0131 45 :D240A55 7408 20 7490 36 7176 86 
C187 28 :C149 12 :1)237 18 :0132 45 :0241 55 7409 20 7491 75 7177 85 C188 28 : C153 12 : C238830 : D133 45 : D437 47 7410 28 7492 30 7180 90 
CY18 70 :1)154 12 :C239C30 :0135 46 :0438 47 7411 25 7493 50 7181 200 
CY19 70 : C157 12 : C251 12 : 0136 45 : D506 55 7412 22 7494 75 7182 200 
CY21 90 :C158 32 :1)258830 :0137 55 :D519 47 7413 40 7495 65 7184 200 
CY13290 :C159 32 :1)301 30 :0138 45 :0520 55 7414 80 7496 85 7185 200 
0130100 : C160 32 : C303 30 : 0139 46 : D589100 7418 28 7497 80 7188 500 
0143 95 : C161 32 : C307 30 : 0140 45 : D648100 7417 28 7100 310 7190 100 
0140 95 :C167B32 :1)308 30 :0155 55 :0711 48 7420 20 7104 160 7191 100 

A0149105 : C168 12 : C309 10 ' D175 75 : 0712 48 7425 28 7105 150 7192 95 
AD161 50 :C169 12 :C317 10 B0176 52 :F115 28 7428 30 7107 48 7193 100 
A0162 50 :1)170 12 :C318 10 BD177 87 :F117L26 7427 25 7109 27 7194 90 

F106 50 : C171 12 : C327 10 : D178 68 : F119100 7428 54 7110 25 7195 90 
F114 85 :C172 12 :C328 10 :0179 80 :F121 55 7430 20 7111 60 7196 96 
F115 50 :1)173 12 :C337 12 :0180 80 :F123 80 7432 28 7116 170 7197 85 
F116 65 : C174 12 : C338 12 ' 0185 75 : F125 55 7433 38 7118 95 7198 145 
F126 55 :C177 12 :C384L30 BD186 75 :F127 60 7437 30 7119 340 7199 145 
F127 50 :C178 12 :C440 40 :0187 75 :F152 32 7438 30 7121 36 7221 200 

AF139 52 :C179 12 :C441 32 :0188 75 :F154 15 7440 25 7122 46 7279 95 
C107 12 : C181 12 : C461 30 : 0189 80 : F153 32 7441 60 7123 60 74284 95 
C107812 :C182L12 :C477 20 :0190 80 :F155 50 7442 80 7126 80 74285 95 
C107C12 :C183 10 :1)478 20 :0195 90 :F156 40 7443 100 7135 SO 74366 64 
C108 12 :C183A10 :C479 20 :0198 90 :F157 35 7444 100 7141 80 74390 375 
C108Al2 :C1831310 :C517 12 :D197 90 :F158 35 7445 90 7143 550 74393 195 
1)108812 :C183C10 :1)527 12 :0198 90 :F159 35 7446 90 7144 250 75107 120 
C108C12 :1)184 10 :C537 12 :0199 95 :F180 35 7447 65 7145 80 75108 130 
C109 12 :1)184810 :1)547 12 :0200 95 :F182 32 7448 65 7147 125 75110 240 
C109812 :C184C10 :C548 12 :0201 85 :F163 32 7450 25 7148 65 75140 160 
C109C12 :C184L10 :1)549 12 :0202 85 :F165 30 7451 25 7150 120 75141 95 
C113 18 : C188 12 : C550 12 : 0203 78 : F186 80 7453 50 7151 75 75150 200 
C114 18 :1)187 20 :C556 12 :0204 90 :F167 80 7454 25 7153 85 75154 166 
C115 18 : C204 20 : C557 12 : 0205 e5 : F173 32 7480 25 7154 100 75182 150 
C118 18 :C205 20 :1)558 12 :0206 85 :F177 35 7470 32 7155 80 75451 45 
C117 18 : C207 20 : C559 12 : 0207 95 : F178 32 7472 28 7156 80 75452 45 
C118 18 :C208 10 :CY30110 :0208 95 :F179 32 7473 32 7157 70 75453 45 
C125 C209 10 :CY31120 :D222 45 :F180 35 7474 30 7160 90 75454 95 
C126 32 :1)212 10 :CY32120 :0225 45 :F181 35 7475 44 7181 90 75494 110 
C136 32 :C212A10 :CY70 15 :0232 45 :F182 35 7476 35 7182 90 78003 220 

WE ARE OPEN 9 AM 6 PM MONDAY TO SATURDAY 

4000 
4001 
4002 

4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4038 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 

4068 

22 
20 
22 
30 
26 
36 
3e 
45 
24 
28 

92 
96 
39 
82 
87 
61 
96 
72 
82 
25 
30 
23 

152 
50 

102 
140 
117 
97 

115 
80 
80 
95 
90 

152 
112 
67 
60 
47 
80 
es 
75 

150 4541 11 
13S 4555 
145 4561 
80 4568 8' 
30 4589 

4069 
4070 
4071 27 
4072 2 
4075 2, 
4076 
4077 
4078 
4081 
4082 

2 

44093 5 
4099 15 
4100 1 

4106 1 

4107 11' 
40174 
4160 
4161 
4162 
4163 
4175 
4402 
4412 
4419 
4445 
4446 
4449 
4501 
4502 
4503 
4510 
4511 1 

4512 
4514 20 
4515 21' 
4516 7 
4518 9' 
4526 11 
4528 
4538 15' 
4539 8 

208 Baker Street Enfield Middlesex 01-366 1873 YCrRuo 
i 
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QUALITY DOES NOT HAVE 
TO COST VERY MUCH ! 

ADDAX HI-FI - SPECIAL PURCHASES 
H020825H4C8" Bass mid range Bextrene cone 40/60 watt systems. £9.95 
HD24S452C 10" high performance bass Foam suspension 
60/80 watt systems £12.95 
H013825H4C5'td lass mid range Bextrene cone 40/60 watt systems. 
Heavy magnet £6.95 
HI13025J Smaller magnet version £5.95 
HIF20JSMC 8" bass mid range foam surround. square silver Iront 
30/50 watt system £8.95 
HIF20ESM 8' bass mid range For 30150 watt systems roll surround. 
treated cone 4 ohm £6.958 ohm £7.95 
HIF87BSM0 4" closed back midrange for 30/50 watt systems. £5.50 
6010002566 1" dome tweeter 4" frame for60/80 watt systems 55.95 

All models for 8 ohms urless stated ;UK Post etc Speakers 70p.tweeters and mid range 50p1_ 

TV SOUND FROM YOUR HI-FI (Mk III) 
High quality TV sound converter.plugs into aerial 
socket of your FM tuner 9 volt battery operated 
(battery not supplied). Nothing to look at but just 
listen, Covers all U K UHF Channels. 

*Fitted slow-motion drive )Mk III) £11.50 
Four button push-button version £1450 c/p 65p. (UK Post etc 65p) 

On Demonstration for callers to 301 Edgware Road- 

PIEZO TWEETERS '"'"*".,,."742r"='" -""""-m 

3 

1 Midrange han for discdpa'6mups 

7 Tweeter horn tar to (Miscued 
3 Popular ,o-ó ad disco 

1 tin type htfi 
s soiie..n* a xo 3 

6 Based tree sanding hió were 

0e Pan free 

ORDER BY POST OR PHONE OR CALL IN 
Cubegate Limited 

AUDIO ELECTRONICS 
hittd 301 Edgware Rd. London W2 1 BN 

Tel: 01-724 3564 
Also at Henrys Radio 404 Edgeware Rd. W2 

L 

INCLUDE VAT 

An entire 
range of 
low-cost 
high- 
performance 
instruments 

sabtronics 
'Making Performance Affordable 

2010A 31/2 -Digit LED. Bench DMM 
2015A 31 -Digit LCD. Bench DMM 
2020 31/2 -Digit LED. Bench OMM 

with Microcomputer Interface 
2033 354 -Digit LCD. Hand DMM 

2035A 31/2 -Digit L.C.D. Hand DMM 
2037A 31/2 -Digit LCD. Hand DMM 

with Temp. 
LP -10 10MHz Logic Probe 

6020* 1 Hz-200KHz Function Generator 
6110* 100MHz 8 -Digit Frequency Meter 
8610A 600MHz 8 -Digit Frequency Meter 
8610B 600MHz 9 -Digit Frequency Meter 
80008 1GHz 9 -Digit Frequency Meter 
8700 10MHz Universal Frequency 

Counter/Timer 
PSC-85 600MHz Prescaler 
9005 5MHz Single Trace Oscilloscope 

Also available In kit form. 

Test our low priced test equipment. It 
measures up to the best. Compare our 
specs and our prices- no-one can beat our 
price/performance ratio. 

Full colour illustrated 
brochure and price list from: 
BLACK STAR LTD., 
9a Crown Street, St. Ives, 
Cambs. PE17 4EB 
Tel: (0480) 62440. Telex 32339 

BIln 

CLEF ELECTRONIC MUSIC 
ELECTRONIC 

PIANOS 
SPECIALISTS SINCE 1972 
Clef Pr/110, adopt the nr,i.,1 adrnncerl 
l'orni of luu:L 'cn,iri,eacruin uhieh 

ri 

ml:ue, ln: Kcy arna using a peed electron, teduriyuc 

7; OCTAVE 
DOMESTIC MODEL 

COMPONENT KIT f244 
COMPLETE KIT £399.90 

MANUFACTURED f575 
Iisii Uonrc,tic Madch are zvaihihle 

AP"' I rdrrdim: tiri 88 note f ull 
i 

, rv eerslnn. 
,nn nucrrm,ahhic Soke i',imrnts 

I,cKi.ed ro ohtw:i a Kt i m n nora( 
Peano uric. mcludmg Ila, .,nhrd. 
Huth Soh and Su,r,an Pedal, are bi 
tothow I in th I/siren and Internal 

I lie, t, ale pro, nteil to the lotto id 
I rK roolo. Honks Chorus. and 

I I anc I Idogeo 
\ piion mpldicr nnccr:nr, .nn` thy' 
Pr. ui ni. obrar trim he renio.ed m fro 

11lln,ll',n ..rsi t:In,prran.in 

COMPLETE IT 363.90 

COMPLETE KIT ßd9 

SIX OCTAVE 
DOMESTIC MODEL 

COMPONENT KIT f217 
MANUFACTURED £595 

( ,uuponent Ku, indiul,' Kes hoard, 
her .. itch !Endo :u e. ;uni ail clealrontc 

nnlinene, and in: i he purl Ii,,,cd het 

Kota lag, at ur' est, .:.,t 
(orindete Kn, tin trier ,,renon I'abnxts. 

Ir h:nne,, l'ed:ds trod In Ilec kale ..I' 
I t,un,,r 110x1e1, Minh Power Amplifier 

,1 SI :rker 

Ilre tin ii, ,. ,, Sciec l'i,ue, ha, the 
KKK a'ii- ml llte.t, and 

de,1 
elre 

ell1. In Islaval 
moldier and Speaker. 

SIX OCTAVE 
STAGE MODEL 

COMPONENT KIT £217 
MANUFACTURED £530 

MICROSYNTH 
THE COMPACT MUSIC SYNTHESIZER 

COMPLETE KIT 
WITH CABINET 

23 OCTAVES 
TWO OSCILLATORS 
2 SUB OCTAVES 
SWITCH ROUTING 

THUMBWHEEL 

£118.50 
STRING 

ENSEMBLE 
ta, Published err oarrinmbnn 

ulr l'ruenru/ lilrrrrnnrrs'f 
\ ices puputar K cy huard 
St ntlre,lrer Kri. firr Group or 
H.nne u,,'. with a lour octave 
...pass and split Keyboard 
4icrini 

COMPONENT KIT 

£17900 

ROTOR -CHORUS 
Cnmpr h n. tie two speed 
organ r I r simulator plus a 
three phase chorus generator. 

COMPONENT KIT £09.00 

KEYBOARDS 
Our Square Front Keyboards 

et NOTE (A -Cl E57.00 
73 NOTE IF -F) E47.80 
FIVE OCTAVE í30a00 
FOUR OCTAVE £20.16 

Slue. 1072 ('lei Products hai,' co sistendy produced leading designs 
in Mc held of Electronic Musical Instruments. many of which have 
been published in technical magazines. With musical quality of ie.runt iirpornmcc, ren' tech piques have been evolved and the 

inusrcdly wild technology has hcen incorporated into projects 
o loch parr e been ,ueeessfullc completed by constructors over a wide 
range of technical capability. Back up TELEPHONE advice is 
as ad:ihle to all Olin customers. 

PRICES INCLUDE VAT, UK CARRIAGE & INSURANCE 
(CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for 
our complete lists, or use our telephone VSA/ACCESS Service. 
Competitive quotations can be Riven for EXPORT orden - in 
Australia please contact JAYCAR at Sydney. 

CLEF PRODUCTS (ELECTRONICS) 
LIMITED 

(Dept ET Ir. 44A Brun hall Lane South, Brarnhall, 
Stockport. Cheshire SK/ 1AH 061,439 3297 

"THE COMPUTER BAND -BOX 
(As Published in eeofunCl(an Willi "Practical Electronics') 

COMPLETE 
KIT 

£289 

£399 
MANFD. 

PRICES INCLUDE MASTER RHYTHM 
A revolution in the field of Computer Music Generation! 

.4 41('S/CLANS /\SSRI 11/- VI FOR: 
SOLOS -S - S/SGt-R.S' R1COR11I VG PR 1C17(71,' 

PI RFOR 514 %rt: (011PO.St 11111' 

The RAND BOX provides an Electronic Hacking Trio consisting of 
Drums. Hans. and a ('bord Instrument toue of 16 
Waveform: lìnevelope comhir tionsh with the capicity to store over 
3,000 User Prugrunnnarhle Chord Changes on more than 120 
different ('bords. Using ads anted Microprocessor technology. 
Playback of 50 100 Scores n he executed in any Kes and at chosen 
Tempo Complete Music !hid le tri n -.illy Indexed and stored on 
secondary hantes hack up radii, exists hir composition of Intro. 
Repeat Chorus. and Coda sections including Multiple Score Se 
quenees. Sockets are pros pled for Volume Pedal and Eootswilch plus 
separate and mixed instrument Outputs. Tond size In" x i 1" x 4." 
incorporating ,Maier Ch1'rtmr. 

THE Programmable DRUM MACHINE 
(As Pu/ihshed iu ulprrrrdon with Mien./ /aertruniri') 

EIGHT TRACK 
PROGRAMMING 
/TWENTY-FOUR 
PATTERNS/ 
TWELVE 
INSTRUMENTS 
SEQUENCE 
OPERATION. 
COMPLETE KIT 
U9.00 
MANED. £119.00 

The Clef Master Rhythm i, ea raihle .d ,coring 24 ,electable rhythmic 
drum patterns. invented, modified. and entered ht the Operator on to 

., Eight Instrumentation tracks. three position Instrumentation con 
trot expands the number of instruments available to twelve. grouped 
into sounds q pica! of pia} rng Oral Drumsticks, Brushes, or Latin 
.American Bongos and ('laves. 
Sequence operation allows two 111 1411 sections to he erupted with 
the scennd (H) section appeal -mg at finer, rig Irr or sixteen Bar repent 
lion. All drums can he ardlustei,irr Kiel arid resonance on internal' 
controls Iii sun milli [dual t'isi:. that, prndueing good musical sounds 
in a hatter driven unit 84" x 5" x 2/" 
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ELECTRONIC IGNITION 
Makes a good car better 

TOTAL ENERGY DISCHARGE electronic 
ignition gives all the well known advantages of the best capacitive 

discharge systems. 

PEAK PERFORMANCE 
conditions. 

IMPROVED ECONOMY 
between services. 

FIRES FOULED SPARK PLUGS no other system can better the 
capacitive discharge system's ability to fire fouled plugs. 

ACCURATE TIMING prevents contact wear and arcing 

by reducing load to a few volts and a fraction of an amp. 

SMOOTH PERFORMANCE - immune to contact bounce and 

similar effects which can cause loss of power and roughness. 

PLUS 
SUPER POWER SPARK 3'/ times the energy of ordinary 

capacitive systems - 31/2 times the power of inductive systems. 

OPTIMUM SPARK DURATION 3 times the duration of ordinary 

capacitive systems -- essential for use on modern cars with weak fuel 

mixtures. 

BETTER STARTING 
battery. 

CORRECT SPARK POLARITY unlike most ordinary C.D. systems 

the correct output polarity is maintained to avoid increased stress on the 

H.T. system and operate all voltage triggered tachometers. 

L.E.D. STATIC TIMING LIGHT for accurate setting of the engine's 

most important adjustment. 

LOW RADIO INTERFERENCE fully suppressed supply and absence 

of inverter 'spikes' on the output reduces interference to a minimal level. 

DESIGNED IN RELIABILITY an inherently more reliable circuit 
combined with top quality components - plus the 'ultimate insurance' 
of a changeover switch to revert instantly back to standard ignition. 

IN KIT FORM it provides a top performance 
electronic ignition system at less than half the price of competing ready - 

built systems. The kit includes everything needed, even a length of solder 

and a tiny tube of heatsink compound. Detailed easy -to -follow instructions, 
complete with circuit diagram, are provided - all you need is a small 

soldering iron and a few basic tools. 

AS REVIEWED IN 
ELECTRONICS TODAY INTERNATIONAL June '81 Issue 

and EVERYDAY ELECTRONICS December '81 Issue 

FITS ALL NEGATIVE EARTH VEHICLES, 
6 or 12 volt , with or without ballast 

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS 
Some older current impulse types (Smiths pre '741 require an adaptor -- 

PRICE £2.95 

higher output voltage under all 

no loss of ignition performance 

full spark power even with low 

DIMENSIONS: Length 12.5 cm 
Width 8.9 cm 

Height 4.3 cm 

Lead length 100.0 cm 

"2"7: 713 
KIT 
or 

READY 
BUILT 

TECHNICAL DETAILS 
The basic function of a spark ignition system is often lost among claims 

for longer 'burn times' and other marketing fantasies. It is only necessary 

to consider that, even in a small engine, the burning fuel releases over 

5000 times the energy of the spark, to realise that the spark is only a 

trigger for the combustion. Once the fuel is ignited the spark is insignificant 

and has no effect on the rate of combustion. The essential function of the 

spark is to start that combustion as quickly as possible and that requires 

a high power spark. 

The traditional capacitive discharge system has this high power spark 

but, due to it's very short spark duration and consequential low spark 

energy, is incompatible with the weak air/fuel mixtures used in modern 

cars. Because of this most manufacturers have abandoned capacitive 

discharge in favour of the cheaper inductive system with it's low power 

but very long duration spark which guarantees that sooner or later the fuel 

will ignite. However, a spark lasting 2000pS at 2000 rev/min. spans 24 

degrees and 'later' could mean the actual fuel ignition point is retarded 

by this amount. 

The solution is a very high power, medium duration, spark generated by 

the TOTAL ENERGY DISCHARGE system. This gives ignition of the 

weakest mixtures with the minimum of timing delay and variation for a 

smooth efficient engine. 

SUPER POWER DISCHARGE CIRCUIT Abrandnewtechnique 
prevents energy being reflected back to the storage capacitor, giving 3Y 

times the spark energy and 3 times the spark duration of ordinary C.D. 

systems, generating a spark powerful enough to cause rapid ignition of 

even the weakest fuel mixtures without the ignition delay associated with 

lower power 'long burn' inductive systems. 

HIGH EFFICIENCY INVERTER A high power, regulated inverter 

provides a 370 volt energy source -- powerful enough to st.ire twice the 

energy of other designs and regulated to provide sufficient output even 

with a battery down to 4 volts. 

PRECISION SPARK TIMING 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 damaging un -timed sparks. Only at the correct and precise 

contact opening 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. 

TYPICAL SPECIFICATION TOTAL ORDINARY 
ENERGY CAPACITIVE 

DISCHARGE DISCHARGE 

STANDARD CAR KIT £ 14.85 PLUS SPARK POWER (PEAK) 140 W 90 W 

Assembled and Tested £ 24.95 £ 1.00 
U.K. 

SPARK ENERGY 
(STORED ENERGY) 

36 mJ 
135 mJ 

10 mJ 
65 mJ 

TWIN OUTPUT KIT £ 22.95 
For MOTOR CYCLES and CARS with twin ignition systems 

Assembled and Tested £ 34.70 

P. & P. 

Pr Ices 
Include 
VAT. 

SPARK DURATION 

OUTPUT VOLTAGE (LOAD 50pF 
EQUIVALENT TO CLEAN PLUGS) 

OUTPUT VOLTAGE (LOAD 50pF r 500 KO 

500 pS 

38KV 

160 pS 

26KV 

EQUIVALENT TO DIRTY PLUGS) 26KV 17KV 

VOLTAGE RISE TIME TO 20 KV 

ELECTRONIZE DESIGN (Load 50pF) 25 NS 30pS 

AIL 
Dept. E, Magnus Road, Wilnecote 

Tamworth, B77 5BY 

Phone: (0827) 281000 

VISA TOTAL ENERGY DISCHARGE should not be confused with low power 
inductive systems or hybrid so called reactive systems. 
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M1CROTUTOR PART 1 
BASIC, Pascal and the like are OK but if you want to get the most 
out of your micro then machine code is where it's at. This machine 
code tutor will help you throw off your chains; you have nothing to 
lose but your SYNTAX ERRORS. Design and development by 
Tangerine Computer Systems. 

eal computing was able to escape 

R from the lofty realms of the 
mainframe and into the hands 

of the layman because of two major 
developments. The first was when 
large-scale integration techniques 
enabled the production of small, 
versatile microprocessor chips which 
were adapted into small, relatively 
low-cost microcomputers. (The 
microprocessor was originally 
conceived for use in industrial 
machine control.) The second was the 
invention of the BASIC computing 
language, which allowed the complete 
beginner to write working computer 
programs easily and without any 
knowledge of the system hardware he 
was working on. 

Unfortunately such ease of use can 
only be obtained by means of a 
compromise, and the major drawback 
of the average microcomputer is speed - or rather lack of it. BASIC is 
painfully slow when compared to the 
speed of operation of the 
microprocessor, because each BASIC 
statement requires a series of machine 
code subroutines to be executed. 
Obviously better use can 
be made of the system 
hardware if programs- are 
written directly in the 
language of the 
microprocessor - machine 
code. Direct access to the 
processor means access to 
swift, versatile and 
efficient programming. 

All Systems Go 
Consequently some of the 
most popular 

micro systems haven't had 
BASIC as a language at all! Typical 
products include KIM, SYM, the late - 
lamented MK14 and the AIM 65, still 
a well-known 6502 machine code 
development system. And now there's 
the ETI Microtutor, a project we're 
hoping will coax more of our readers 
away from the security of BASIC and 
into machine code, the real stuff of 
microcomputing. 

The Microtutor has been designed 
for us by Tangerine Computer 
Systems, who were responsible for the 
highly popular Space Invasion game 
we published in November 1980. The 
monitor program for the system is 
based on TANBUG, as used in the 
Microtan 65 computer from the same 
company; this is a remarkably 
powerful monitor with many useful 
programming commands available to 
make machine code easier to 
manipulate. The hardware is designed 
around the 6503, a member of the 
6502 family with the same instruction 
set but an address range of only 4K as 
opposed to the more usual 64K. Thus 
the microprocessor is more compact 

(only 28 pins instead of 40), but any 
software written for it will also run on 
the Microtan 65. Furthermore, once 
you're familiar with the instruction 
set of the 6500 family you should be 
able to write machine code programs 
for home computers based on the 
6502 such as the PET, Acorn System 
1, Acorn Atom, Superboard, UK101, 
Apple, VIC and the BBC machine, 
which should give you plenty of 
scope! (Indeed, the PET is designed 
so that the entire system can be 
reconfigured from software, but you'll 
have to become pretty good to 
attempt that!) 

Give Us The Tool 
The Microtutor is a very 

sophisticated and 
professional -looking piece of 
equipment. The hex keypad is 
mounted directly on the PCB, as are 
the power supply regulator, cassette 
interface, and a VDU with UHF 
output on channel 36 for direct 
connection to a domestic TV set (one 
up on the AIM 65!). The PCB is 
incredibly compact and a masterpiece 
of design, as you can see from the 

photographs. 
The only external 

equipment required is a battery 
charger type power supply 
(supplied with the kit 
from Tangerine), and a 
domestic TV and cassette 
recorder for storing your 
programs (not supplied with 
the kit!). In the interests 
of economy of design 
and cost, the Microtutor has no 
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Fig. 1 Component overlay for the Microtutor. Note that all the ICs have pin 1 pointing upwards. 

graphics and the ASCII set repeats 
through the entire range of 256 
character codes. Only upper case is 
available (see Table 1). 

Apart from a teaching aid for 
machine code programming, the 
Microtutor is also intended to be used 
for I/O experiments; thus all the bus 
lines and control signals are brought 
out to pads on the PCB so that 
external circuitry can be connected. 

The only thing to remember about 
machine code is that it is very 
unforgiving of errors. Unlike BASIC, 
a programming blunder won't 
produce a polite message on the 
screen and a chance to try again; 
more often than not your program 
and data may be corrupted, or the 
thing gets locked into añ endless loop 
until it disappears up its own data 
bus. When developing software for a 
home computer there is often little 
choice at this point but to switch off 
the machine to cure things, causing 
loss of program and laborious re- 
entry. We've had some nasty 
experiences in the office with the PET 
this way! On the Microtutor things 
are more civilised; two buttons are 

SPECIFICATION 
CPU: 6503 (addresses 4K) 
ROM: 2K containing monitor 

program. EPROM is 2716 
(5 V version) 

RAM: 1K. Used for user pro- 
gram and memory - 
mapped VDU 

1/0: 1K space available 
Display: 16 rows by 32 characters, 

upper case only 
UHF Output: Channel 36 

IC23 

7 C17 

$82 

SHIFT 

M 

4 

DF L 

lF 

ESC 

9 

SP 

CR 

E 

O 

The PCB is very compact and uses thin tracks, so a fine bit is essential on your 
soldering iron. 

7 

e. LU8 

Resistor (all +W, 5%) ICI1 74LS32 
RI 75R IC12-14 74LS157 
R2 470R IC15 6503 
R3 220R IC17, 18 2114 
R4-17 22 27 lko 1C19 86S64BWF 
R18, 24 10k IC20 2716 
R19, 23 120k IC21 74LS374 
R20, 21 2k2 IC22 74LS244 
R25, 26, 28 22k IC 23 LM358 

1C24 7805 

Capacitors QI, 2 BC184L 

CI 100u 10 V PCB electrolytic 
Dl -3 1N4148 

C2, 5, 6, 9-17100n ceramic ZDc 6V8 400mW zener 
C3, 8 1On ceramic 

Miscellaneous 

C4, 7 100p ceramic 
XTAL1 6 MHz crystal 
Ll IOOuH choke 

Semiconductors SKI miniature charger socket 

ICI, 8 74LS04 (PCB -mounting) 
1C2 74LS73 SK2 5 -pin DIN socket 
IC3, 9 74LS393 (PCB -mounting) 
IC4 74LS21 PB1, 2 push -buttons (PCB - 
105, 16 74LS74 mounting) 
IC6 74LS08 PCB (see Buylines); hex keypad; UHF 
IC7 74LS11 modulator type UM1II1E36; IC sockets; 
IC10 74LS00 PCB -mounting heatsink for regulator. 
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Fig. 2 Complete circuit diagram for the Microtutor. 
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BUYLINES 

A complete kit of parts for this project, in- 
cluding the power supply, is available from 
Tangerine Computer Systems, The Science 
Park, Milton Road, Cambridge CB4 4BH. 

NOTES: 
C1,8 ARE 74LSO4 
C2 IS 74LS73 
C3,9 ARE 74LS393 
C4 1S 74LS21 
C5,16 ARE 74LS74 
C6 IS 74LS08 
C7 IS 74LS11 
C10 IS 74L500 
C11 IS 74LS32 
C12-14 ARE 74LS157 

IC15 IS 6503 
IC17,18 ARE 2114 
IC19 IS 86S64BWF 
IC20 IS 2716 
IC21 IS 74LS374 
1C22 IS 74LS244 
IC23 IS LM358 
IC24 IS 7805 
01,2 ARE BC184L 
D1-3 ARE 1N4148 
ZD1 IS6V8400mV ZENER 
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HOW IT WORKS 
The CPU (IC15) and the video display share 
the same memory. Access to the memory is 

switched at the processor's 02 clock rate (as 

on the Microtan 65), using the address 
selector IC12-14. This alternately connects 
the CPU and CRT address onto the RAM 
chips IC17, IC18. IC16a is a R/W syn- 
chroniser to ensure the RAM chips get pro- 
per set-up and hold times on the R /W line 
after it passes through the address selector 
IC12. 

The master clock oscillator is built 
around three of the inverters in IC1; XTAL1 
sets the operating frequency at 6 MHz. The 
clock signal enters the counter chain down 
the left of the circuit diagram at pin 1 of 
IC2a. IC3 generates all the character ad- 
dresses along the video line for CRT refresh, 
with IC4a and IC4b/IC5a generating two of 
the timing signals required by the character 
generator IC19. The count length of IC3 is 

determined by the AND gate IC6a. IC7a 
generates the line sync pulses while 
IC5b/IC6b produce the line blanking. The 
line sync pulses also clock counter IC9, 
which together with IC2b generates all the 
line addresses. IC2b, IC7b and the 
associated logic controls the count length of 
the line counter and produces the frame 
sync. IC2b also produces the frame blank- 
ing directly. 

IC19 is the character generator which 
receives data from the memory chips IC17, 
18 during the time interval that the CRT 
refresh address is switched through. Data is 

latched and the character pattern is clocked 
out under the control of the various input 
signals to this chip. The character data is 

mixed with the line and frame blanking in 
IC7c, while the line sync and frame sync 
pulses are mixed in the AND gate IC6c to 
give a composite sync. The output of IC7c is 

mixed with the composite sync in the diode 
circuit (D1, D2 and associated resistors) to 
give an analogue video signal which is fed to 
the UHF modulator. 

The modulator requires a supply of 
about 6V5. To avoid the need for a separate 
PSU, this is derived using the DC -DC con- 
verter based on L1 and Ql, which is driven 
via R6 from the CRT counter chain. 

IC20 is the 2K EPROM containing the 
monitor program. For the EPROM to be 
enabled, All must be high and R/ W in the 
read mode; these lines drive NAND gate 
IC10c which provides the chip select signal 
to pins 18 and 20 of the EPROM. Gates 
IC8c, IC6d, IC10d, IC8e and IC11b,c 
enable the I/O port, controlling the hex 
keypad and the cassette interface. Any loca- 
tion between 400 and 7FF (Hex) will ad- 
dress the port provided the I / O control line 
has not been pulled low externally. When 
reading, IC22 is enabled; when writing, 
IC21 is enabled. IC23 and associated com- 
ponents form the input amplifer for the 
cassette interface. 

The only expansion the Microtutor has is 

for I/O eriments; the address bus, data 
bus, R /W, 62 and I /0 control lines all 
come out to pads on the PCB. If the user 
builds an external I/O circuit then that cir- 
cuit must operate the I / O control, which is 

active low, to disable the keypad circuits, 
otherwise bus contention will result. The 
monitor program assumes that they keypad 
is located at 7FF. Any location in the I/O 
address space will activate the keypad port if 
I/O control is not pulled low, however. For 
further I/O experiments, all eight bits from 
IC21, 22 are brought out to pads. This 
means that users can experiment with I2ligz 

ger ke ads or utilise the unused bits. RST 
and also come out to pads on the PCB. 

ETI AUGUST 1982 
53 



provided, reset and interrupt. Both 
wil get you back into the monitor 
from a faulty program if it gets out of 
hand, without clearing the memory; 
interrupt will do so without losing 
any breakpoints you may have set 
(breakpoints are explained fully later). 

Construction 
The PCB is double -sided but 

through -hole plated, so components 
only have to be soldered on the 
underside. Fit all the low profile 
components first, ie the link, resistors, 
diodes and choke, then the keypad. 
This is stuck to the component side 
of the board with double -sided sticky 
pads; insert the connecting wires 
through the holes in the PCB first 
first, secure the keypad in position 
with the pads and then solder the 
connections. 

Now you can fit all the IC sockets 
and capacitors but don't insert the 
ICs until later. Solder the choke, 
crystal and transistors in place, then 
the UHF modulator. The voltage and 
its heatsink are bolted to the PCB and 
no insulating washers are required. 

Finally mount the two sockets 
(power and cassette) and the large 
push -buttons, then insert all of the 
ICs paying great attention to the 
device type. 

Ready To Go 
Once you've double-checked 

everything, you're ready to connect 
the power supply and TV set. The 
modulator is connected to the TV 
using UHF coaxial cable with a phono 
plug at one end and the usual coax 
plug at the TV end. Switch on the set 
and tune the TV until you get a 
steady black -and -white picture - at 
this point the screen will contain 
garbage. Press the RESET button and 
the screen should announce 
TANBUG. You may now use the 
keypad, as described below, to enter 
the wonderful world of machine code. 

As an example of the sort of power 
you've got at your fingertips, here's a 
direct comparison. Some time ago it 
was necessary for someone in the 
office to check all four -digit numbers 
for certain combinations of digits. A 
BASIC program on the PET took 
about five minutes to write and about 
15 minutes to run. The same 
problem, when solved by the 
Microtutor, took somewhat longer to 
write the program, but checked 
through all 10000 numbers in three 
seconds! 

All About TANBUG 
The TANBUG monitor program is 

located in 2K bytes of read only 
memory (ROM) at the top of the 
address space ie pages 8-15. It 

contains facilities to enter, modify, 
mn and debug programs. TANBUG 
will only operate in the memory map 
of the Microtan system, it is not a 
general purpose 6502 software 
package and has been specifically 
written for Microtan/Microtutor. 

2K ROM 

1K 110 

t 

FFF 

1K RAM 

Fig. 3 Memory map. 

800 

400 

000 

Locations 200-3FF (pages 2 and 3) 

are the visual display memory - 
TANBUG writes to these locations 
whenever a command is typed to the 
monitor. Locations in pages 4 to 7 are 
the addresses of the peripheral 
attachments, eg keyboard. Locations 
10 -1FF (page 1) are used as the stack 
by the microprocessor. Since the stack 
is of the push -down variety it follows 
that the whole of this will not be 
used as stack storage in the majority 
of programs. TANBUG requires to 
use locations 1F0-1FF as stack storage 
(only 16 locations). The rest of this 
area is free for user programs. 
Locations 40 -FF are also available as 
user RAM, the preceding locations 
0-3F being reserved for use by 
TANBUG. User programs which do 

TABLE 1 

Hex Character Hex Character 
20 Space 40 {Qa 

21 ! 41 A 
22 " 42 B 
23 # 43 C 
24 $ 44 D 
25 % 45 E 
26 & 46 F 
27 47 G 
28 ( 48 H 
29 ) 49 I 

2A * 4A J 
2B + 4B K 
2C 4C L 

2D 4D M 

2E 4E N 
2F / 4F O 
30 0 50 P 
31 1 51 Q 
32 2 52 R 

33 3 53 S 

34 4 54 T 
35 5 55 U 
36 6 56 V 

37 7 57 W 
38 8 58 X 
39 9 59 Y 
3A . 5A Z 
3B ; 5B 
3C < 5C \ 
3D = 5D i 

3E 
3F 

> 
? 

5E 
5F 

n 

not use the stack may therefore be 
loaded anywhere in the area 40-1EF. 
For user programs which do use the 
stack, the user must calculate how 
many stack locations are required and 
reduce the upper limit accordingly. 

The keypad is used as follows, its 
layout being shown in Fig. 1. 
TANBUG interrogates the keypad for 
a depressed key, then translates the 
matrix encoded signal into an ASCII 
character which it puts up on the 
visual display. Because of the limited 
number of keys it has been necessary 
to incorporate a shift function on the 
keypad. So, to obtain the character P 
for example, the user presses and 
releases SHIFT, then depresses and 
releases P. The SHIFT key contains a 
self -cancelling facility - if the user 
presses SHIFT twice in succession the 
pending shift operation is cancelled. 
So as an example, using the two keys 
SHIFT and 8 the operations SHIFT P 
yields P on the display. SHIFT SHIFT 
P yields 8 on the display. DEL deletes 
the last character typed. Repeated 
deletes erase characters back to the 
beginning of the line. 

Having described some of the 
background to TANBUG it is now 
possible to describe the commands 
and syntax of TANBUG, ie how to 
use it. An example is shown later on. 
All numerical values of address, data 
and monitor command arguments are 
in hexadecimal. The symbol <CR > 
means on depression of the carriage 
return key, <SP > the space key, and 
< LF > line feed. In all examples, 
text to be typed by the user will be in 
bold type, while TANBUG responses 
will not. indicates the cursor. 
< ADDR > means a hexadecimal 
address, <ARG> means hexadecimal 
data and < TERM > means one of 
the terminators <CR> , < SP> , or 
<LF 
All commands are of the form 
<COMMAND> <TERM > 
or 
<COMMAND > < ARG > TERM > 
or <COMMAND > <ARG> , 
<ARG > < TERM > 
or <COMMAND > < ARG > , 

<ARG>, <ARG><TERM> 
where <COMMAND > is one of the 
mnemonic commands and <ARG> 
is a hexadecimal argument applicable 
to the command. It should be noted 
at an early stage that the longest 
argument will contain four hexa- 
decimal characters. If more are typed 
all but the last four are ignored. As 
an example consider the memory 
modify command M12340078 
<CR > . In this case location 0G78 
will be modified or examined as all 
but the last four characters are 
ignored. 
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< TERM> is one of the terminating 
characters :CR>, <SP>, <LF> or 
<ESC>. In fact TANBUG accepts 
any of the "control" characters (HEX 
code 0-20) as terminator. TANBUG 
will reply with a ? if an illegal com- 
mand is encountered. 

Starting The Monitor 
Press the reset button on the 

Microtutor. TANBUG will scroll the 
display and respond with 
TANBUG 

Note that on initial power -up the top 
part of the display will be filled with 
spurious characters. These will disap- 
pear as new commands are entered 
and the display scolls up. On subse- 
quent resets the previous operations 
remain displayed to facilitate 
debugging. 

Memory modify / examine 
command M 
The M command allows the user to 

enter and modify programs by chang- 
ing the RAM locations to the desired 
values. The command also allows the 
user to inspect ROM locations, modify 
registers and so on. To open a location 
type the following 

M <ADDR> <TERM> 
TANBUG then replies with the cur- 
rent contents of that location. For ex- 
ample, to examine the contents of 
RAM location 100 type M100 <CR> 
TANBUG then responds on the 
display with 

M10Q,OE, 
assuming the current contents of the 
location were E. 

There are now several options open 
to the user. If any terminator is typed 
the location is closed and not altered 
and the cursor moves to the next line 
scrolling up the display by one row. If 
however, a value is typed followed by 
one of the terminators <CR> , 

<LF> or <ESC> the location is 
modified and then closed. For exam- 
ple, using <CR> 

M100,0E,FF 

location 100 will now contain FF. If 
however <SP> is typed, the location 
is re -opened and unmodified. 

M100,0E,FF 
M0100,0E, 

This facility is useful if an erroneous 
value has been typed. The terminators 
<LF> and <ESC > modify the cur- 
rent location being examined, then 
open the next and previous locations 
respectively ie using <LF> 

M10,GE,FF 
M0101,AB,. 

and using <ESC > 
M10$,0E, 
M00FF, 56, 

Using <LF> makes for very easy 
program entry, it only being necessary 
to type the initial address of the 
program followed by its data and 
<LF then responding to the cursor 
prompt for subsequent data words. 

Note that locations 1FE and 1FF 

should not be modified. These are 
the stack locations which contain the 
monitor return addresses. If they are 
corrupted TANBUG will almost 
certainly "crash" and it will be 
necessary to issue a reset in order to 
recover. 

List command L 
The list command allows the user 

to list out sections of memory onto 
the display. It is possible to display 
the contents of a maximum of 120 
consecutive memory locations 
simultaneously. To list a series of 
locations type 
L <ADDR>, <NUMBER> 

<TERM > 
where <ADDR> is the address of 
the first location to be printed and 
<NUMBER> is the number of lines 
of eight consecutive locations to be 
printed. TANBUG pauses briefly 
between each line to allow the user to 
scan them. For example, to list the 
first 16 locations of TANBUG (which 
resides at C(k FFF) type 
LC00,2 <CR>. 
The display will then be 

L C0O,2 
co A2 FF 9A E8 86 17 20 B7 

C08FF8DF3BFA20EBDDI. 

If zero lines are requested (ie 
'(NUMBER > = 0) then 256 lines 
will be given. 

Go command G 
Having entered a program using 

the M command and verified it using 
the L command, the user can use the 
G command to start running his own 
program. The command is of the 
format G < ADDR > <TERM>. 
For example, to start a program whose 
first instruction is at location 100 type 
G100<CR>.When the user program 
is started the cursor disappears. On a 

return to the monitor it re -appears. 

The G command automatically sets 
up two of the microprocessor's internal 
registers: 

a) The program counter (PC) is set 
to the start address given in the 
G command. 

b) The stack pointer (SP) is set to 

location 1FF. 
The contents of the other four 
internal registers, namely the status 
word (PSW), index X (IX), index Y 
(IY) and accumulator (A), are taken 
from the monitor pseudo registers 

(described next). Thus the user can 
either set up the pseudo registers 
before typing the G command, or use 

instructions within his/her program to 

manipulate them directly. 

Register modify / examine 
command R 
Locations 15 to 1B within the RAM 

reserved for TANBUG are the user 
psuedo registers. The user can set 
these locations prior to issuing a G 
command; the values are then 
transferred to the microprocessor's 
internal registers immediately before 
the user program is started. The 
pseudo register locations are also used 
by the monitor to save the user 
internal register values when a 

breakpoint is encountered. These 
values are then transferred back into 
the microprocessor when a P 

command is issued, so that to all 

intents and purposes the user program 
appears to be uninterrupted. 

The R command allows the user to 
modify these registers in conjunction 
with the M command. To 
modify/examine registers, type R 

<CR > and the following display will 

apppear (location 15 containing 00 
say). 

TABLE 2 

15 Low order byte of program 
counter (PCL) 

16 High order byte of program 
counter (PCH) 

17 Processor status word (PSW) 
18 Stack pointer (SP) 
19 Index X (IX) 
IA Index Y (IY) 
1B Accumulator (A) 

R 

M0015,00, 
Now proceed as for the M command. 

Naturally the M command could 
be used to modify/examine location 
15 without using the R command - 
the R command merely saves the user 
the need to remember and type in 
the start location of the pseudo 
registers. Psuedo register locations are 
shown in Table 2. Two typical 
instances of the use of the R 

command are:- 
a) Setting up PSW, IX, IY and A 

before starting a user program. 
b) Modifying registers after a 

breakpoint but before proceeding 
with program execution (using 
the P command) for debugging 
purposes. 

Note that when modifying registers 
in case (b) care must be taken if PCL, 
PCH or SP are modified, since the 
proceed command P uses these to 
determine the address of the next 
instructions to be executed (PCL, 
PCH) and the user stack pointer (SP). ET 
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Bl-PA K 
"IRRES/STABLE 

RESISTOR BARGAINS" 
Pak Na Qty' Description Price 

Soll 400 Mixed All type" Resistors LI 
SXII 400 Pre termed 1/4 'h watt Carbon 

Resistors E1 

SX12 200 4 watt Carbon Resistors LI 
SX13 200 V. watt Carbon Resistors LI 
5X14 ISO is watt Resistors 22 ohm 

2m2 Mixed LI 
SXIS 100 I and 2 wall Resistors 22 

ohm 2m2 Mired El 
Pales SA!? 15 contain a range of Carbon I dm Resistors 

of assorted values from 22 ohms tb 2 2 meg Save 

pounds on these resister paks and have a lull range to 

cower your prefects 
Quantities approximate, count by weight 

AUDIO PLUGS, SOCKETS 
AND ACCESSORIES 

2ÓPieces 
of Audio Plugs Sockets and Connectors 

to include DIN 180'7240", Inlme 3-6 Pin 

Speakers, Phono. lack. Stereo and Mono etc etc Valued 

at well over L3 normal. Order No SX25. Our Price El 50 

per pal. Guaranteed to save you money. 

SX26 3 Prs. of 6 pin 240° DIN Plugs and Chassis 

Sockets 

5X27 I x Right Angie Stereo lack Plug 6.3mm plus 

matching metal chassis mounting socket. 

5120 4 Phono plugs and 2 dual phono connectors 

3X20 I e 2 5mm Plug to 3 5mm Socket adaptor 

5X30 I x 3 5m Plug to 2 5mm Socket adaptor 

3331 1 a 3 5m Plug to Phono Socket adaptor 

Sop 

30p 

3011 

20p 

206 

206 

1 Amp SILICON RECTIFIERS 
Glass Type similar 194000 SERIES 'N4001-184004 

50 - 500v -- uncoded - you select tor VLIS. 

ALL Ceded devices - NO duds Min 50v. 

50 for £1.00 - worth double ORDER N0. SX76 

Silicon General Purpose NPN Transitors TO -18 Case 
Lock fit leads- coded CV7644 Similar to BCr47 

- BC107- 2T89 ALL NEW! VCE 70v IC500mA 

lee 75-250 50 o8 100 a8 500 off 1000 off 

PRICE. £2.00 £3.80 £17.50 £30.00 

Silicon General Purpose PNP Transistors TO -5 Case 

lock lit leads coded CV9507 similar 2N2905Á to 

BFX30 VC 60 IC 600mA Min Hfe 50 ALL NEW, 

50 off 100 oft 500 ell 1000 off 

PRICE £2.50 £4.00 £19.00 £35.00 
Order as CV9507 

BI-PAK PCB ETCHANT 
AND DRILL KIT 
Complete PCB Kit comprises 

1 Expo Mint Drill 10.000RPM 12v DC incl 3 

collets & 1 x 1mm Twist bit. 

1 Sheet PCB Transfers 210mm x 150mm 

1 Etch Resist Pen. 

1 1/21ó pack FERRIC CHLORIDE crystals. 

3 sheets copper clad board 

2 566815 Fibreglass copper clad board 

Full instructions for making your own PCB 

boards. 
Retail Value over £ 15.00 
OUR BI-PAO SPECIAL KIT PRICE £9.75 
ORDER NO SX81 

"CAPABLE 
CAPACITOR PAKS" 

Pak No. Qty.' Description Price 

SXI6 250 Capacitors M,ved 1pes El 
SX17 200 Ceramic Capacitors Miniature 

Mired El 
SX18 100 Mixed Ceramics tot 5 pl El 
219 100 Mired Ceramics 6ßo£ 0,5mí L1 

SX20 100 Assorted Polyester/Polystyrene 

Capacitors LI 
SX21 60 Mixed 0280 type capacitors 

metal toil LI 
SX22 100 Ilectrolyhc, all mars El 
SX23 50 Quality E ler.lrolylics 

SO 11100m1 LI 
SX24 20 Tantalum Beads mixed LI 

Quantities apprnri mate Lunt by weight 

BARGAINS 
SX91 20 rr Large 2" RED lEO LI 
SX42 20 small 125 Red IEOs LI 
SX43 IA Rectangular Green LEO s 2 LI 
5146 30 Assorted lener Diodes 

250mw 2 wart mired voltages 

all coded New LI 
0X47 4 Black Instrument 

Knobs -winged with pointer r." 
Standard strew f d Pie 19 a 

20mm 509 
SX49 20 Assorted Slider Knobs 

Black/Chrome etc LI 

5080 12 Neons and Filament lamps. Low 

voltage and maim - various types 

and colours - some panel mounting El 

Silicon NPN'L' TypeTransitors 
TO -92 Plastic centre collector 

Like BC182L - . 1831 - 184L 
,a 

0080 45 VON30 IC20)mA elfe 100-400 -É 

ALL perfect devices -- uncoded ORDER AS SX183L 

50 oft 100 off 500 off 1000 off 

£1.50 £2.50 £10.00 £17.00 

PNP SILICON TRANSISTORS: 
Similar ZTX500 __ 1102t4 - E -Line 

VCEO 40 VOBO 35 lc 300mA Hip 50400 

Brand New - Uncoiled - - Peteet Cleves 

50 off 100 off 500 off 1000 oil 

£2.00 £3.50 £15.00 £25.00 
Order as ZTXPNP 

\ \ \ 
f- 

BO 

rpose 

mdinSinCl 

BI-PAK SOLDER - 
DESOLDER KIT 
Kit comprises ORDER NO SX 

=/ 1 High Ouaoty 40 watt General Pu 

Lightweight Soldennq Iron 240v 
3/16" 14.7mm1 bit 
1 Quality Desnldering pump High Suction antis 

automatic ejection Knurled anti-corlOSive 
casing and tenon nozzle 

1 5 metres of 0e -soldering braid on drastic 

dispenser 

2 yds I 1.83m Resin Cored Soide- on Card 
1 Heal Shoot tool tweeter Type 

Total Retail Value Over £12.00 
OUR SPECIAL KIT PRICE £8.95 

4 

BI-PAK's COMPLETELY NEW CATALOGUE 
Completely re designed full of the type of component, you require plus some 

very interesting ones you will soon be using and of couine the largest range of 

semiconductors tin the Amateur and Professional you could hope to find 

there are no wasted pages of useless intmmation so often inciuded'n 

Catalogues published nowadays lust solid facts e price description and 

individual features of what we hare available But remembei Bi Pak s policy 

has always been to sell quality roniponents at competitive prices and NAT 

WE STILL DO. 

BI-PAK is COMP( LTELY NEW CATALOGED is ripe available to you you will be 

mama how much you can save when you shop for 
E 

lecrwnt Component; with 

Pak Calaloeue Have one by yon ell the time -it pays to buy BI PAX 

To receive your copy send 75p plus 25p P&P 

Send your orders to Dent ETIB 

t'IPAK PU BOX6 WARE HERTS., 
SHOP AT 3 BALDOCK ST. 

*VAREHERTS. . 

Use your credit card Ring us on Ware 3182 N M and 

get your ceder even faster. Goods normally sent 2nd 

Clew Mail, 

Remember we must add WO al 15% to pour order 

Total. Postage add 75p per Total order 

1 USED f 

j EQUIPMENT 
Ex-P.O. Multimeters in leather 
case. AC/DC Volts, DC current, 
ohms. Absolute Bargain 

TEMPERATURE I Leads not included, 
£6+£1.50 p&p 

LOW-COST RUGGED , 

CONTROL 

, 500V MEGGER I 

Transistorised Insulation Tester 
and four decade resistance 
bridge with four ranges. 
Invaluable piece of test gear. In 

case with carrying handle. Uses 
one PP9 bolt. f15.00 + f2 P&P''. 

HIGH QUALITY 

a TEMP. GAUGE 0' -120°C y/ Remote sensor on 38" 
- capillary, panel mounting 

dial55mm. dia. 

Recent Style P.O. Telephones 
£4.75 + £1.80 P&P 
2 for f9+£2.50.5forf20+f5 

. ONLY £2.50 

I 

COMPACT TELEPHONE 
With wall -mount bell f6.50 
Older style black telephones, 
C. p&p as above. Our leaflet 
explains how to use G.P.O. i 

phones in home intercom 
systems. 

16A 240V RANCO THERMOSTAT 
Wide control range (low room temp. to over boiling point) 
Sensor on 22" capiltiary. £2.30, including control knob 

RANCO THERMAL CUT-OUT 100°C 
15A 240V. Sensing coil on 41in. capilliary panel 
mounting with reset button f1.20 

BUY ONE EACH OF ABOVE FOR £5.50 

5 Digit Counters 48V coil. Non 
resetable 75p 

' 

LIGHT DEPENDENT RESISTORS in plastic housing 
with window, heavy-duty lead. Similar to ORP 61. 
You normally pay well over double for resistor alone. 

UNISELECTORS. 50v, 4 Bank 
+ Homing Bank, 25 way f3.50 

Only 30p or f2.35 for 10. 

GEARED Synchronous motor, 8 r.p.m., 240V A.C. 3 

D CONNECTOR SOCKETS 
with cover. 50 way f2 

Watt f2. 

SOLENOID GAS VALVE. 240V A.C. 5 P.S.I. suitable 
for non -corrosive fluids. £x.20 

60V BA TRANSFORMER. Ideal 
for big power supply unit or 
amplifier £12 inc. p&p. BEAT 
THAT( 

i 

BULGIN 3 pin free plug & panel socket, 2A 240V 

50P 

AUTOMATIC DIAL UNIT. (mains powered). These 

FREE on re Lest - Leaflet 
"0.1.Y. Telephone Systems and 
Automatic Exchange Design'. 

units connect into a telephone and dial a number when 
a punch -card is inserted. Card Fr instructions supplied. 
Cards readily available. Many uses. Only f8+£1 p&p 

SERVICES 
239 RUGBY 

RU 

LEAMINGTON 
WARWICKSHIRE 

TEL: 0926 30622 FOR QUANTITY 
ALL ITEMS - MONEY BACK 

A. 

ADD 50p 
ROAD ORDERS OVER 

SPA CV32IR1Y' f7,50 POST FREE 

DISCOUNTS ETC. 
unless stated otherwise 

IF NOT DELIGHTED. 

SINCLAIR 
COMPUTERS 
We are the leading world-wide Sinclair export 
specialist including Norway. Sweden, Finland and 
Denmark. Write for our surprisingly tow prices. 

PRINTERS 
Buy any of the below and get a free interface kit 
and word processor program for ÚK101 or 
Superboard. Seikosha GP100A £205. OKI Microline 
80 £275. OKI Microline 82A £399. Epson MX7OT 
£259. Epson MX80Ti3 £319. Epson MX80F/T3 
£349. 
Epson MX100/3 £429. 

VIC 20 COMPUTER 
Two special offers: If it is bought with the Vic 20 
we can supply the cassette recorder for £30.43. 
Alternatively, we will supply a free kit with each 
Vic 20 to allow the use of an ordinary cassette 
recorder. Vic 20 £165. Ordinary cassette 
conversion kit £6. Vic 20 cassette recorder £36.50. 
High resolution cartridge £27.95. Machine code 
monitor £27.95. Vic printer £189. Floppy disc drive 
£309. Rann cartridges: 3K f24, 8K £35, 160 E5. Game 
cartridges: Super lender, Alien or Avenger £15 
each. Joystick £6.52. Intro to Basic Pat 1 £13. New 
low cost memory board, no need for a mother- 
board, comes with 3K ram on board + socket for a 
rom + sockets for another 24K of low current 
N os ram (Just plug in chips to expand memory) 
£49. 270 version £109. Extra memory chips f6 per 
2K. 

UK101 AND 
SUPERBOARD 
32 < 48 display expansion kits ÚK101 (9. Series 1 

Superboard £14, Guard band kit for Superboard 

only £10. The below accessories suit both the 
UK101 and Superboard: Extra rarn £2.10 per K. 
Cegmon £22.50. Wemon £14.95. Word processor 
program £10. Centronics interface kit £10. 610 
expansion board £179. Cased minifloppy disc 
drives with DOS single £275, dual £415. 

NEW GENI 1 £299 
EG3014 Expansion box with 16K/32K ram (199/ 
£213. We are Cumana disc drive specialists for the 
Genie. Single sided disc drives: 40 track £105, 
dual 40 track £345, 80 track (269, dual 80 track 
£469. Double -sided disc drives: 80 track £399, dual 
track £699. Double density convenor £12. Parallel 
printer interface £36. 

BATTERY 
ELIMINATORS* 

3 -way type 6/7.5/9V 300ma £3.50. Stabilized model 
316/7.5/9V 400ma £7.95. 100ma radio types with 
press studs 9V £4.95, 9V + 9V £6,25. Car 
convertor 12V input, output 3/4.5/6/7.5/9V 600ma 
f3.0e. 

BATTERY 
ELIMINATOR KITS* 
100me radio types with press -studs 9V £1.79, 9 
9V £2.50. Stabilized 8 -way types 3/4.5/6/7.5/9/ 
12/15/10V 10oma £3.12, 1A £8.50. Stabilized 
power 
kits 2.18V 100ma £3.12, 1-30V 1A £8.50, 1.30V 2A 
£15.30. TTL and computer supplies 5V stabilized 
1.5A £9, 3A £14, 6A £23, 12V car convertors 1A 
£1.62. 

TV GAMES* 
Ay -3-8550 + kit £9.26. 

BI-PAK AUDIO 
MODULES* 
PS12 £1.75. T538 (2.90. ALSO £5.62. BMT80 £6.36. 
Stereo 30 £19. AL80 f8.56. 

SWANLEY ELECTRONICS Postage £3.50 on computers. E4.50 on printers and 
50p on other orders. Please add VAT to all prices DEPT ETI, 32 GOLDSEL RD.. SWANLEY. KENT except those sections marked with a Overseas BR8 8E2 and official credit orders welcome. 

Tel Swanley 10322) 64861 
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To build sabilied PSU for TTL' CMOS 
& micros 1A5 @ 5V 12 V 15V Full 
component and construction details 
suppled....... ._.. _.. ._.BOP 

MAINS ents 
less 

TRANSFORfMERr compact, 
..25017 

constructed byAIR LINK.0-9V20 wellCA3080 
. ..-..... ........- 3500 

HEAT SINK: TO -220 10° C/W _.45p 
CERAMIC CAPACITOR 150VI 
330E to 50nF -2P 
POLYSTYRENE CAPACITORS 1ROVI 
tOpF to 1000pF 3P 
POLYESTER CAPACITORS 1100VI 
10F to 680nF 617 1 uF 105 op 
ELECTROLYTIC CAP IuF/VI 
1/25 to 150/25 6p 160/25 640/16 3p 
220/25 470/25 tOp 470/40mini 1217 

1500/40 2217 2000/18 1417 

ROTARY 2A /250V DPST ._.150 
DIL 3 way SPST _.... _.. 2017 

DIL 3 way SPOT _.. ._ 30P 
RESISTORS 11W 5% carbon film) 
10 ohms to 10 Mohms E12....._. _. 1p 

PRESETS (miniature horizontal) 

; 07D 450p 
CA301811 30p 

CÁ3019 5017 

CA3028AH 40p 
CÁ3048 24517 

CÁ3054 40p 
6517 

CA309040 50p 
lour star boy) 
CA313OE 7017 

CA3160E 100p 
LF351N 32p 
LF356N 60p 

LM1OC 40017 

LM301AN- 
14 2017 

LM308N-8 35p 
(Best Buyl 
L03188 BOp 

10318N loop 
LM339N 40p 
LM380N 55p 
LM381N 90p 
LM382N 70p 
LM1458N äp 

00208 
4021 
4022 
4023 

4027P 
4028 
4029 
4030 
4035 
4041 
4042 
4043 
4044 
4047 
4048 
4049 
4050B 
4066 
1068 
1069 
50708 
4071 
4072 

OSp 
56p 
37p 
15p 

74 
30p 
45p 
65p 
18p 
92p 
75D 
55p 
60p 
40p7489 
9017 

45p 
2817 

2817 

30p 
1817 

14p 
17p 
20p 
23p 

7448 

7451 
7453 
;'454 

744025 

7470 
7472 
7473 
7474 
7475 
7476 
7480 
7482 
7483 

7490 
7491 
7492 
7494 
7495 
'496 
7497 
74100 
74105 
74107 

llp 
6 
.77., 

.,7,...'''. 

220 17 

V 
1417 

1617 

2317 

1617 

250 
SOP 

4517 

110P 
220 
3ßp 
339 

32D 
3517 
äp 

1136p 

70p 
413P 

18p 

Lrek . 
LS00 

LS03/2 
1.504 
LSO8 
LS10 
LS11 
L512 
LS13 

LS20 
LS21 
LS27 
LS32 
LS32 
LS42 
LS47 
LS48 
LS73 
LS74 
LS75 
LS76 
LS78 
LS86 
LS90 

1120 

1 , 
13p 
1417 

1417 

15 
1 p 

0 

517 
1517 

150 

14p 
17 
yap 
4217 

450 
Zr, 

22p 
18p 
38 

äC168 ' 
ßC170 Op 
BC172 5p 
BC173 717Compon 

BC778 1317 

BC179 129 
BC182 917 

BC184L 917 

BC186 19p 
BCt87 15p 
5C212 717 

BC212L 917 

BC213 O17 

BC213L 9P 
BC214 9p 
BC214L 917 

BC237 7P 
8C238 517 

8C2618 7P 

Sayer( BC478) 
BC301 

. 

25p 
BC338 18p 
BC477 18p 

MEMORY 

--_ 

TELEPHONE 
+,{ .._...._. _.___ 

' " Y71Tsalib 
`- +Y18B7 

>4 

tül. i11, I+ ®' 1. ri Æ 

- ` } 
4 - IQ' - ,I 

-f 

can be changed at 
redlalled. Plays 

power or batteries. 
to connect. 12 foot 

battery operated 
Tobie Award for 

for its outstanding 
custom built 

sonar- It has 
between fly 

v, 
..- 

One piece phone with 
will. Last number dialled 
a melody to the called 
Distortion free sound. 
cord. 12 months warranty. 

STOP THIEF! 
volumetric burglar 
1981 and has been 
performance. Unlike 
micro and has self 

-------- 
it or 22 number memory. These numbers 

or any memory number can be automatically 
party when muted. Requires no external 

Electronic bell can be switched off Easy 

11 no mom: 855. 22 no morn: E80. 

This miniature self-contained 
alarm has won the Electronic Industries' coveted 

chosen for London Design Centre 
other home alarms this is controlled by Motorola 
diagnostic features. It works like a submarine 

100 ohms to 1 Mohms .............___. _._. 4p 
POTENTIOMETERS UN. 4K7 10K 224, 

LM1830 170p 
LM3900N 40p 

4073 
4081 

23p 140717 '4109 
'4110 

19P 
520 

LS93 
LS91 

46 

8C547 
7p 

independent range and sensitivity controls and can differentiate a and. 

an intruder over the whole range of 24 ft. The memory rechecks 4 tones before 
All 

100K 1M LOG: 47K 22K 47K 100), LM3914 200p 4082 22P '4118 990 LS709 
9p sounding 100 db gut wrenching alarm that makes coherent thinking impossible. 

220K LM3915 240p 6 
4580 

66P 
BOP 

'4121 
'4122 9017 

LS122 äp 
B382%55454387 

BC558 7P key operated control 
alarms 

minimumn Comese 
to 

duce 
false 

complete with wirednremoter 
drawback 

toese with 
475K 1M 202.. __....___.__2517 LM13600 loop 

0073100 SOp 4516 8217 '4123 46D 
LS123 
LS157 

4017 BC559 1317 
absoluteres 

test and personal attack button. E1íí0.00 

DIODE 
MC1495L 400p 
MC1496P 50p 

4518 
4520 

4017 

92P 
'4125 
01126 

P 
' 

LS163 
LS221 

4 p 
52p 

BCY30 
BCY34 

40p 
4017 

303711 3V3 tZENEo 517 

THYRISTORS 
4A/300V 13D 

1A/200V 17p 
1A/400V 20p 
1Á/600V 170 

0K50398 600p 
ML922 450p 

4528 

TEL "N"11 
75P r4132 

-'4141 
g 

48p 
LS251 
L5253 

5017 

5017BC BCY59 15p 
BF 84 23P 
BFX86 1óp 

TIP34A 40P 
P 

T1036Á 127 

20698 2Op 

20706 917 

20914 
2N3ß63 517 
203866 40p 

16p 2A/100V 
ML926 16017 

NE565 7401 74145 4ßp LS279 3017 BCY72 14p 
BFX87 2317 
BFX88 

TIP2955 540 
20918 íóp 203903 119 

8A/400V12A/100 32p 3A/600V 3p 00p 
NE5625 490p 7402 lip 74147 130p 80115 20p 22p 

BP/50 
TIP3055 48P 
202217 1817 

201131 11p 2N4037 36p 
OPTO NE566 909 7403 10 p 

74150 64p TRANSISTOR 80121 app 2017 
BFY52 18e 202219 1517 

201132 1317 204058 to 
ELECTRONICS 
DL704 70P 
DL707 70p 

DIL SOCKETS 
8 raM 7P 
16 pin 1117 

NE567 1409 
SN76115AN 

-405 
7406 
7407 

1117 

150 
24 

74151 
74153 

74154 

45p 
48p 
40p 

AC127 
AC128 
AC141 
ÁC142 

20p 
22e 
1517 

150 

BD123 
BD131 
B0132 

30o 

äp 
3.517 

BFY53 10p 

85X20 ig p 

ZTX107 10p 

ZTX106 1017 

100 

201304 2317 

201306 23p 
201308 3017 

204061 Bp 

205458 4017 

205459 3ííp 
06012 6517 18 pin 160 7ÁA621 280 7408 160 4155 SOp 

ÁC153 200 
60135 2517 

í3U205 í115p 27X109 2N2222A 15p 206027 18p 
5 mm clip 3p 22 p¡0 16p T0A641 6X11 

P 
7409 1317 /4156 3017 

AC176 200 
80136 2517 8U208 715 27X300 917 202369 7417 30128 201e 

3mm & 5mm 
Red LED 917 

Green 917 

24 Pin 1617 

28 pin 1617 

40 Pin 1617 

725 P 
780651 100D 
7BÁ800 65D 

7410 
7411 
7412 

lip 
17P 
1517 

74157 
74161 
74162 

35p 
29p 

57p 
41p 

ÁC187 
AC187K 
AC188 

12p 
1317 

2017 

90137 
BD138 

25p 
2517 

äD 

MJ2955 805 
MPF104 401, 

MPF105 OOp 
MPF106 40e 

ZTX301 9P 
ZTX303 190p 

27X311 16 
27X341 

202484 lop 
202446 18p 
202900 

0 Yellow 9p 
Rect Green 9p TBA820 80p 

3äp 
7413 
7416 18p 

lop 
74163 
74164 38p A0149 3717 BD140 

80140 

BF167 
35p 
7517 

0028 5017 
160 

ZTX500 110 
202906/7 17P p 
2N2926G top DIODES TDA1004 

7417 16P 
74165 5017 8E173 15p 

TIP29 25p ZTX501 110 203053 20p 

VOLTAGE 
REGULATORS 
500mÁ: 

DÁ91 717 

DÁ200/2 4p 
10916 4p 
104148 4p 

7DÁ100Á ä5P 
UAA170 1500 
20424E 15017 

7420 
7421 
7423 

917 

2317 

2317 

74167 
74173 
74174 

717e 

50p 
46p 

4F124 
ÁF124 
4F125 
ÁF139 
ÁF186 

400 
4017 

360 
4017 

BF178 
BF180 

BFi Bt 

3017 

2217 

7p 

710298 2ßp 
TIP30 25D 
TIP30B 2ßp 

27X502 160 
27X503 14p 
2N697 20p 

203055 4017 

203702 to 

79M12 20p 
200 

1N4005 4p 
CMO4000 

7425 
7426 

21p 
21p 

74175 
74177 

46p 
3717 ASY54 18p 

0F183 
Hp MAIL. ORDER ONLY 

17 Amp 
1 Amp: 
7805 500 

íN5402 13p 
1N5404 14p 
105404 14p 

4000 14p 

40018 1417 

7427 
7428 

íóp 

3517 

74180 
74181 
74182 

app 
90p 

30p 

ASY55 
BC107 
BC108 

1ßP 
Bp 
Bp 2 DELTA TECH & CO. 

712/15 5017 
78618 50p 

4002 1317 

40068 45p 
7432 
7433 

1Sp 
3517 

74184 
74185 

70p 
115 

0C109 
BC113 

8p 
617 

8E195 
BF196 

OP 
717 62 NAYLOR ROAD, LONDON, 020 OHN 

7905 60p 
7912/15 6017 

LINEAR 
4007 11p 
4008 56p 

7437 
7438 

14p 
tip 74190 4%, BC117 

80119 
10p 
1 

8E197 
8F198 

1017 

top 
Tel: 01-445 8224 

7918/24 6017 CIRCUITS 4009 28p 7440 11p 741917 
BC142 2p 0E200 23p Prices include VAT, Add 50p P&P 

1A5 709-8 20P 401013 33p 7441 561, 74193 BC143 2317 BF244C 1017 

7805 7017 71014 200 
741S 2017 

40116 14p 
4012 1517 

7442 
7443 

250 
35p 

74194 
64p 
64p BC147 

7p 
8F257 
0F258 

14p 
21P 

_ -- -- !-- M , Al ('I Y. J f5 All Ir - 1 + I I full spit: r rI 

BRIDGE 747-14 40p 40138 28p 7444 7217 
74195 8417 

44p 
BC148 
00149 7p17 8F259 l pelk + + 

I o t:rnib r. Buy ° and ry.y 1 r This + ., n.. 

RECTIFIERS 748-8 25P 
AY 

4014 58p 7445 3ßP 
74197 
74198 BC158 B BFR39 7ßp ® I: + 20 T-++ 

WO2M 1ßp 
WO6M 17p 

-3-1270ß00P 
AY -3-8812 650p 

40158 £SOP 

4016 200 
7446 
74470 

720 
3517 

74199 Óp BC169 917 
D8E840 FR80 

18p 
2ND "SALE SALE" 

MIL MINIATURE 
ON-OfFSWITCHES 

Gold-plated connects 
Sealed base Ideal for pro 
grammmg 6-170,,,,,, al 
less than halt 
manufacturer s price 

ONLY 

TSP 

socketWA 

fit 
T 

into 14 ern old 

Sp 

d n 

lock 
at 65p ea. per 

HONEYWELL PROXIMITY 
DETECTOR integral 
amplifier. By 0 C,£350 ea 
PHOTO CONDUCTIVE 

CELL, £125. High-powerULTRA 
Cdc cell. 6000 W. for 

n cotr nl circ u 'is 
Resistance ROO ohm m 4K 

Max volts 240 Size 11,2 x t2n 

RIBBON MICROPHONE 
I chasms pre amn on chass C' 
ys 

MULLARD MODULES 
LP7171 LP1179 
If Strip AM FM 
From end P."ß118 

Data 
Lä1186 

Complete with 

v'''''' Men 
8 Long lunar 

ES.W E2.50 

U L T R A S 0 N I C 

TRANSDUCERS 40KCIO. 
lin Complete redon I 

Screened able. E1.7k 
each pairs f2.95. 

SONIC 
TRANSMITTER Complete 
unit ',Lint d regunes 
1 

FOSTER DYNAMIC 
MICROPHONES. 200 ohm 
Impedance Moving cod 

on chassis E1.75 
parr 

CRYSTALS COLOUR IV 
4/33819 mds L125 
SAW elwe type sealed 

DUALITY FANS 

Whisper Model" by Rotors 

low power consumption 

(less than 10 watts) 

Silent running 115e awe 

In series for 230v 5016007) 

Sue 4K 0 41/2 O 1'4 

00(5 f6.50 inc. VAT 

BRAND NEW 
509; less than 

manufacturers once 

u ee NOOMAIOas 

Only £350ií 
II, ,'iWO,0' 

1M380 Amplifier 858 
1 M37RNHI-Slew Oo Amp 

E1 SO 

16.1323K, 5v, Seep reg 
0.50 

LM710N Van, follower 
Amp E720 

LMCompartattor Pe 

El00 
LM384N, 5 -wan Amp Et 29 
103935 Dual Cam SOP 

1905 Reg 5v 7517 

STEREO CASSETTE 

Meehanams her 12 volt 

Camplate with NmdS"Fran 6 

Solenoid 

Brand nee. 

MINIarUPE FnGF 

,, n is 
Wslis'w 

. ,r (Only T1ó5 

TV Convergence Poe OW 

SO ohm 

tin ohm al 
200 ohm SOP 

5K Me each 

MONSANTO 

Halbinch 
70splay 

High APor to 

El each 
set ol4 0750 

STEREO CASSETTE TAPE 
HEADS- Quality 
replacement for most 
recorders 
loierdR cord Repl2Yuf7.80 

MARRIOTT TAPE HEADS 
Quarter track 

TYPO 
X80818 Record Replay 
leach) .00 

000036 Record Replay 
Ieachl £3.00 

Erase reach/ E1.00 

HEWLETT-PACKARD 
DISPLAYS 

50827650 
-- 

HIGH ' 
EFFICIENCY 

AND VERY BRIGHT 
Only Lt.00 each J 

Set orb for E506E 

Ihllnch red common anode we 
replace 0170111 -pm W. 

EX -MOTOROLA 
5+5 -WATT CAR 

STEREO 

AMPLIFIERS 
Complete and tested un Is 
Medium and Long Wave 
Supplied as two bulb units 

15 o 2 x 2m I with circuit 
and data Only ES pair. 
Includes pre -amp " 

Common anode 
14 Pin Oil Package 

BRIDGE RECTIFIER 
800 PIV 35 amps 

1120118 n 1/2 in £3.50 

NATIONAL01011 
F1090S Ores E235 

0216 E1.75 
RECHARGEABLE 

BATTERIES 

VARTA 36 volts QEAC. 
M AH 215 E1 SO 

0851115,volt. 45 amp 

XTAL FILTER 10.7mcls, 

12.508 separation,w 
11/2x11/4.1 inch E700 
1OKCrS r 1 meg 3 -pin -. .02.00 

"'CHERRY" ADD-ON KEYPAD 

LIST PRICE A compact 12 -button 
4 7'04 (22.00 

keypad sortable for use 

4,44.c.4` 4444 OUR 
with Cherry Keyboard 
m extend Its functions rr i PRICE 
plus four extra keys 

brand new 
ONLY S ppll data 

f7750 A 3 x 4 nonencaded 
single mode keyboard 

INC. VAT 

1811146 Modes 
Full spec but mpoladry hard 

là 1.m0 [70 

MINIATURE MP C 

POTENTIOMETERS. Mode! 
M2 High -quality, 5"-17 

tolerance, 2 -watt, with tin 
spindles All values 47 

ohms -474 only 60p each 
per 10, 500 each per 100, 

400 each 

WANTITY DISCOUNTS ON 

otherwise stated). 

DELIVERY from stock - add post 

id. VAT. 

trieleirliffl 
AU items (unless stated), 15% per 10 20% per 50, 25% per 100. All items BRANO NEW )enless 

EXPORT 35p per order. TELEX 282284 
enquiries Transonica 
invited. Mono 1400 

01 -723 9 

Callers to: 401 EDGWARE ROAD. LONDON W21 ED 
AN mail orderslexport enquines, 11)12 Paddington Green, London W2 

itarderete 

contraria"' c" 

Semi-eetor>s 
. Ce8rrtlri 

_._. 

+ USUAL DISCOUNTS + FREE POSTAGE 

DISCOUNTS 
5%on orders over f23 (inc. V.A.T.) 
10% on orders over K57.50 (inc. V.A.T. 
on most catalogue items, but not on 
payments by credit cards. 

POSTAGE 
Not charged on U.K. orders over f5.75 
inc. V.A.T. If under, add 40p handling 
charge. 

SEMI-CONDUCTORSIICsIOPTOs 

COMPUTERS/SOFTWARE etc. 

CAPACITORSIRESISTORS 
CONNECTORSISWITCHESIKNOBS 

POTSIFERRITESIMETERS 
BOOKSISOLDER TOOLS 

AND MOREAND MOREAND MORE 

ELECTROVALUE LTD.28E St. Junes Road, Englefield Green Egham, Surrey TW20 OHO 

Phone: Eg em 33603 (STD 0784: London 871. Telex: 264475 
Northern Branch (Personal Shoppers only) 680 Burnage Lane, Surnage, Manchester MN 1 MA. Phone:10611 42 4945 

THREE 70p REFUND VOUCHERS 
FREE for spending singly at any time 
on any one C.W.O. (U.K.) order 
minimum list value £10. This can 

quickly save you up to £2.10 in 

addition to the other benefits you 
enjoy by buying from Electrovalue. 

Send 747 for Catalogue 82 + 3 free 

vouchers by return Dow 
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FEATURE 

READ! WRI 
Letters for this page should be addressed 
Cross Road, London WC2H OEE. 

Dear Sir, 
I am writing to enquire if your 

magazine or any of your readers have 
heard about or tested an electronic 
device for inducing dream consciousness 
(lucid dreams). 

This bedside machine monitors the 
breathing rate of a sleeper by means of a 

sensitive thermistor attached to the 
nose. During a dream period, the 
breathing rate increases above normal; 
this is used to trigger a mild electric 
signal to the wrist of the dreamer telling 
him that he is dreaming and should 
become conscious in his dream. 

Lucid dreams, being far more vivid 
than normal, are in full colour and three 
dimensional. The dreamer also has full 
control over his dream environment and 
can manipulate it at will. He can dream 
consciously about anything he chooses 
and total dream recall is normal. 

This equipment was designed and 
developed by a Dr. Keith M. T. Hearne 
of Hull University and I believe 
manufactured and marketed by 
Campden Instruments (Incam Ltd) of 
London. But despite persistent enquiry, 
I have seen no test or reports on this 
equipment in electronic magazines. 
Have you or any of your readers seen 
anything? 

I would be very grateful for any 
information you may have come across 
on this interesting device! 

Yours faithfully, 
Mark Botham, 
Northumberland 

Sorry, never heard of it. Sounds like 
it makes video games look a bit sick 
though. Control your dreams at 
will, eh? Interesting...very 
interesting... 

Dear Mr. Harris, 
I am enclosing my entry for your 

Prize Crossword No. 3. However, I am 
sorry to say that I do not find this 
feature up to the usual standards of the 
rest of the magazine. 

May I draw your attention to 
Crossword No. 1 in the January issue. 
Clue 24 Down was "Radiation particles 
are certainly not passive." At first I 

chose "Active" as the answer. 
However, on reflection, a radiation 
particle may be an ion, so I changed the 
answer to "Action." 

You can imagine my surprise when 
you published the answer as "Active." 
The problem really lay in the fact that 

58 

to Read/Write at 145 Charing 

the only letter crossed with this puzzle 
was the letter 'C', common to both 
possible answers. 

Now, five months later, in Crossword 
No. 3, the same difficulty arises. Clue 
22 Across is "Timely happening." The 
only letter crossed with is the second 
letter, which I make an 'E'. Hence the 
possible answers (all having some 
connection with time) are as follows: 
Decay, Death, Delay, Hence, Hertz, 
Leave, Merge, Peaky, Recur, Relay, 
Relic and Telex. 

Many of these are also technical. 
terms and therefore likely to be the 
correct answer. May I remind your 
Crossword compiler that the rule is: ``1f 
a clue is to be made wholly or partly 
vague, the answer must have sufficient 
letter crosses to enable it to be verified 
as the sole answer." The puzzle to be 
solved should involve ingenuity in word 
manipulation, not guesswork or thought 
transfer! 

Yours sincerely, 
Paul M. Richardson, 
Tavistock 

Comments received. Passed on to 
our compiler, who will no doubt 
have a few cross words to say in 
reply. 

Dear Sir, 
I was happy to read the article in your 

April Birthday supplement entitled, 
"Steering Wheel? - Wot Steering 
Wheel?". Enclosed is a copy of a letter I 

sent to the Prime Minister in February 
this year. 

Robert W. Teasdale, 
Newcastle -Upon -Tyne 

Letter to Prime Minister, 
February 1982 

On giving some thought to future 
cars, I thought it would be a good idea if 

they had some form of electronic 
control. 

The system of flashing lights on the 
motorways was a good idea, but 
motorists tend to ignore this system, 
and I though that futuristic systems 
could be devised to electronically control 
the speed of cars (to prevent them going 
too fast under certain conditions, eg 
fog), with a built-in safety device for the 
driver to ignore these signals in an 
emergency: electronically controlled to 
respond to certain speed limits; 
controlled to stop or slow at traffic lights 
(being able to override this signal if 

conditions desired it); controlled to slow 
at pedestrian crossings, crossroads and 
junctions; controlled to keep a safe 
distance from the car in front (with an 
override to overtake for a short period if 
necessary and an exterior signal to 
indicate when on override); controlled to 
slow at obstructions, again with an 
override. 

Fast cars are dangerous and use a lot 
of energy. What is required is a safe, 
controlled car with power to get up hills 
and through adverse conditions. 

I'm sure it would be better to have a 
safe, controlled system rather than fast 
dangerous cars, thus cutting down on 
accidents, death, disablements, and the 
work of all the services involved in 
accidents. I hope these suggestions can 
be put to future scientists and car 
manufacturers. 

Dear Sir, 
As so many of us are now using 

electronically operated quartz crystal 
controlled watches, may I suggest that 
an article giving a detailed description of 
their operation would be of considerable 
interest. 
I am, yours sincerely, 
H. Vernon Kirby (Regular Reader), 
Hayling Island 

Couldn't agree more. You wanna 
write it? 

Dear Sir, 
I know that you are busy men, but 

looking through recent ETIs, I came 
across two speaker systems - the ETI 
V3 (Oct 1981) and the Wharfedale E70 
kit (April 1982). I would be interested 
in knowing your views on them. 

Do you feel that it would be of 
interest to ETI's readership if you 
reviewed all the hi-fi projects and 
compared them to corresponding 
commercial units? 
Yours faithfully, 
M. G. Hill, 
Harrow 

The V3 and E70 are designed to 
meet different criteria. The V3 is an 
`all-rounder' primarily intended for 
use with a wide range of music at 
`normal' (if there is such a thing) 
volume levels. It is designed to be as 
neutral as possible in its portrayal of 
the signal. 

The E70 is a high -efficiency 
speaker with an exciting `lively' 
sound balance. It is most at home 
with the type of music best suited to 
this method of replay. 

As to reviewing ETI projects, 
could you believe anything anyone 
says about their own product? Our 
objectivity would have to be 
suspect. Eli 
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Kit includes tape transport mechanism, ready punched and 
back printed quality circuit board and all electronic parts. 
i.e. semiconductors, resistors, capacitors, hardware, top 
cover, printed scale and mains transformer. 
You only supply solder and hook-up wire. 
Self assembly simulated wood cabinet - only 
£4.50 + £1.50 p+p. 
Featured In April issue of PE. Reprint Sop. Free with kit. 

ELECTRONICS ONLY! 
£18.95Ideal for updating your existing cuss- £ ilß v ette. Includes pcb diagram, all semi- 
conductors, IC's, Capacitors, resistors. +f 1.40p&p 

HIFI STEREO 
CASSETTE 

RECORDER KIT 
NOISE REDUCTION SYSTEM 

AUTO STOP TAPE COUNTER 
SWITCHABLE E Q. 

INDEPENDENT LEVEL CONTROLS 
TWIN V.U. METER 

WOW& FLUTTER 0_I 
RECORD PLAYBACK I WITH 

ELECTRONIC SWITCHING 
FULLY VARIABLE RECORDING BIAS FOR 

ACCURATE MATCHING OF ALLTAPES 

125W HIGH POWER 
AMP MODULE 

KIT: £10e50 BUILT:£14'25 
r Cl.15p&p C1.15 p&p. 

The power amp kit is a module for high power 
applications - disco units, guitar amplifiers, 
public address systems and even high power 
domestic systems. The unit is protected against 
short circuiting of the load and is safe in an 
open circuit condition. A large safety margin 
exists by use of generously rated components, 
result, a high powered rugged unit. The PC 
board is back printed, etched and ready to 
drill for ease of construction and the alumin- 
ium chassis is pm -formed and ready to use. 
Supplied with all parts, circuit diagrams and 
instructions. 

TV SOUND TUNER KIT 

4 , 

ACCESSORIES: Suitable 
mains power supply kit 
with transformer.£7.50 
plus £3.15 p&p. 

SPECIFICATIONS: 
Max. output power IRMSI: 125W. Operating 
voltage (DC): 50-80 max. Loads: 4-16 ohms. 
Frequency response measured @ 100 watts: 
25Hz - 20KHz. Sensitivity for 100 watts: 400 
m V @ 47K. Typical T.H.D. @ 50 watts, 4 ohms: 
0.1%. Dimensions: 205x90 and 190 x 36 mm. 

As featured in E.T.I. Dec. 81. Kit of parts including 
PCB, UHF tuner and sel- 
ector switch with all L 61¢45 +£1.50 
components exc. case. i p&p 

Transformer £1.50 + E1.50 p&p (p&p free on tran- 
sformer if ordered with kit). Ready built LP1183 
Module for simulated stereo. £1.95 + 75p p&p. Reprint 50p - FREE with kit! 

P.E. STEREO TUNER KIT 
This easy to build 3 band stereo 
AM/FM tuner kit is designed in con- 
junction with P.E. (July 81 issue). 
For ease of construction and align- 
ment it incorporates three Mullard 
modules and an I.C. IF System. 
FEATURES: VHF, MW, LW bands, 
interstation muting and AFC on VHF. 
Tuning meter. Two back printed pcb's. 
Ready made chassis and scale. Aerial: AM - ferrite rod, FM - 75 or 300 ohms. Stabilised 
power supply with 'C' core mains transformer. 
All components supplied are to P.E. strict 
specification. Front scale size: 10X"x 2'/e"app. 
Complete with diagram and instructions. 
Self assembly simulated wood cabinet sleeve 
to suit tuner only. Finish size: 11'/a"x 8't." 
o 31/". £3.50 Pius £ 1.50 p&p. 
Reprint 50p -- FREE with kit. 

t 

£17.95" P$á° 
SPECIAL OFFER! TUNER KIT PLUS: 

Matching I.C. 10 watt per channel Power 
amp kit. Mullard LP1183 built pre -amp, 
suitable for ceramic pickup and aux. inputs. 

Matching power supply kit with trans- 
former. Matching set of 4 slider controls 
for bass, treble +vols. £21.95 + £3.80 p&p. 

All mail to: 21E HIGH STREET, ACTON, W36NG. 
Note: Goods despatched to U.K. postal addresses 
only. All items subject to availability. Prices correct 
at 30/6/82 and subject to change without notice. 
Please allow 7 working days from receipt of order 
for despatch. RTVC Limited reserve the right to 
update their products without notice. Send S.A.E. 
for full litt of product.. 
Telephone or mail order. by ACCESS ere welcomed. 

ALL CALLERS TO'. 323 Edgware Rd, London W2. 
Tel: 01-723 8432. 9.30 - 5.30, closed all day Thurs. 
ALL PRICES INCLUDE VAT AT 15%. 

R a 

19" RACK MOUNTING CABINET. 1` 
From Panel 480x150mm Rear Case 425' 250x140mm 

F 19.55 0 
'Or Free Standing' 

'Brushed 
r 

Ali Front 
With 

'CROW HANDLES: 

r ratsn...m .try n abuser ma ,r, v , yet y , nr ein me tierce aasm 
I:etiolates stouray for your eaviorrient,r maintenance This recision ra4 rn uiyi aniner tie la'ut 

c 

Matures 

bottom one ,I.e,e 
e peel h 

* Top 

em 

veble for acce.. * Pietist have he.ny duty grey perm hnran * Front 
heavy gouge 

- 3mrri ewmrnrum * Strong. ecrewee. construction throughout - included * 11vy gauge 
chetah nneeenheq pier s pee deeded end het tout mounter* po.i, ono to ch000. from *Front pans ra of brushed 
Momentum brush crib noel weer twee:, chromed handles 

Many sold to 'TANGERINE 'userss& INDUSTRY. 
ADD V.A.T AT STD RATE & ORDERS UNDER £5.00. P&P. 50p.ABOVE ITEM /.2 Pa.!' 

'metal cabinets' 
These are b.ublully manufactured c.brnets volts an e:umm m base 
end 18 ºeuºe steel c vers They come fitted wnn rubber feet ¡to please 
One misil. louvred tus ventilation end finished in an attractive too tone 
finish. They make .sellent cabinets for power supplies. remote 
control unes and many more protects 

a_ 102leYa Me) a a3(w)mm 
a it -70 

b - 11S0(e). siisi . io3lwlmm b 12.55 

C+ 1s0ldl.70(hl.t341wlmm C..., f3'04 
d_ isqdl tom x teoiwlmm d á 4O8 As k fol 01:1 

Slide Switches 
1'P 21 10p 

2P 3t 1990 

4P 3t 
P.. 35p 

P 

4p4í 45 

FREE Cata 

RECA Á-QU}P 
We EXPORT 

POWERSINK S1 -35p 
flag mouneng type wall fins top and bonnet Avals.< 
either undnlled or dolled to accept two power ran. 
smears of most types includes, To -3, t0-126. To. 
220. 1066. Six 750) . 1021w1 a 25fdlmm Thermal 
resistance mounting surface to ambient -1.0/wan 
12 .Oilmen e,, ve ocrtyl. Mountings 'lace temperature 
rise above ambient 60.0 ki 30W heat dissipation 

Moat Lodge ,Stock Chase, 
MALDON, Essex,U.K. 
Tel 062157242 10am - Spm. 91sá1 

CENTRONICS 306 

Superb professional quality 
fast compact line -printer 80 
columns 120char/sec. 
Parallel O. Beautiful quality 
at a silly price. Vertical for- 
mat unit. To include copy 
of operations manual. ON- 
LY (149.00 Carriage 
(England) E17.50. Tech 
manual 1230 pages! 
E10.00. 

TEKTRONIX 545B/543 Oscilloscopes from ONLY £249.00 
DISPLAY OSCILLOSCOPE. Neat unit but no data hence ONLY 
£55.00 o £10.00 

ADVANCE LF oscillator type SG65. Sn/sq 10HZ-100KHZ. ONLY 
£37.50+ f10.00 

MARCONI RC oscillator type TF1101 20HZ-200KHZ. ONLY 
£65.00 plus £6.00. 

DATA RECORDING EQUIPMENT 4000A 1258-99011 hard disc 
drives, 5 mbyte exchangeable, BRAND NEW boxed, only (500.00 
plus carriage and insurance. 

PLESSEY Static Inventors- 375VA 50Hz mains output from 
4B/56v DC input. ONLY (110.00 

POWER SUPPLY. Modern multirail unit giving 5v at lamp, 12v 
twice at 2.5 amp and 350mA Torroidal transformer. Protection 
features. Ideal for micro applications. ONLY £17.50+f1.80 

5 volt 5 amp reg module. The perfect basis for your custom power 
supply ONLY £2.50 plus 50P carnage. 

DATA DYNAMICS R0390 printer 110 baud ascii 2OmA/RS232. 
ONLY £75.00+£17.50 

MAWSON ASSOCIATES 
124 Lennard Rd, Beckenham, Kent BR3 10P 

01-778 3600 

WE ALSO BUY 
SELECTED 
COMPUTERS 
AND COM- 
PUTER 
PERIPHERALS 

COMPUTER COMPONENTS 
Part 1-9 10-49 50 + Low profile 
2101 1.16 1.04 0.95 DIL Sockets 
2114 200ns 1.05 0.95 0.85 Double side wipe 
4116 250ns 0.80 0.70 0.60 08 pin 0.07 
4118 250ns 3.10 2.80 2.65 14 pin 0.09 
4816 100ns 
BBC Micro 3.00 2.75 2.62 16 pin 0.10 
6116 Rams 4.50 4.10 3.70 18 pin 0.12 
6502 3.98 3.70 3.35 20 pin 0.14 
2716 5 volt 2.20 2.10 2.00 24 pin 0.17 
2716 3 rail 5.90 5.45 4.70 28 pin 0.20 
2732 4.00 3.70 3.35 40 pin 0.30 
2532 4.00 3.70 3.35 

Transformers Er PSU's, Prices on Application 
Mail Order, please add 45p p&p and VAT at 15% 

Credit Card available soon 

WOODFIELD SYSTEMS 
1 Coedcae Road, Abertridwr, Caerphilly, S. Wales 

Tel: 0222 830934 24 hour answering service 
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RUGBY 
CLOCK a 

. 

If you want to know 
the time, ask MSF 
Rugby. This accurate 
and versatile clock / 
calendar is packed with facilities and never needs 
resetting. Design and development by Stephen Makumbi. 

Clock designs appear fairly 
regularly in hobbyist maga- 
zines, but they usually fall into one 

of two basic types. The first type derives 
clock pulses from the 50 Hz mains, and 
while these provide a highly accurate 
long-term performance, mains frequency 
variations in the short term can cause 
errors of several seconds in either 
direction. The second type relies on a 

built-in oscillator, usually crystal - 
controlled which gives excellent short- 
term precision but a steadily 
accumulating long-term error. 

If only you could build your own 
atomic clock! This is a project slightly 

FILTER/AMP 1 

o 

pT 
60kHz 

ILTER/AMP 2 

RECEIVER SECTION 

TONE 
DECODER A/D 

outside the scope of the magazine, but 
fortunately it isn't necessary to go quite 
that far. We can all get to share the 
atomic clock at the National Physical 
Laboratory because it's used to send 
coded time data, 24 hours a day, on a 60 
kHz radio carrier from a transmitter at 
Rugby. The signal is transmitted at 
around 50 kW RF power and can be 
received over most of Western Europe. 
Of course, a specialised receiver is 
required to demodulate and decode the 
time signals, and that's the project we're 
offering; a clock that displays the correct 
time of day, date, day of week, and plenty 
more besides, with no need to ever 

J 

ROM 

RAM 

DISPLAY 
DECODERS 

(x6) 

42 

LCD DISPLAY 

MEMORY 
DECODER 

CPU 

correct it. Even when the signal 
completely disappears the clock senses 
this and automatically switches on to its 
own crystal timebase back-up clock. 

All the information is checked 
thoroughly for parity and validity. As an 
example, February 29th 1983 will be 
rejected and dashes put into the display in 
place of the date. 

We've included a comprehensive 
alarm system comprising no less than 
eight independent alarms. For each alarm 
setting there is a choice of a melody 
(author's 12 bar rock), altering the state 
of eight TTL-compatible lines, or both! 
The eight lines could, of course, be used 

+5V 
O 

PIO 

CONTROL -SWITCHES 

8 PROGRAMMABLE 
OUTPUT LINES 

I/O DECODER 

CTC 

6 STROBES FOR INTERNAL DATA 

TONE BUZZER 

Fig. 1 Block diagram of the Rugby Clock. 
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PROJECT 

Typical time display. Display format is 
set to 12 hour clock. 

Mode 2, phase 2; alarm number 1 has 
been set for buzzer and port to function. 

Mode 2, phase 1; the hours have been set 
at 12 for alarm number 2. 

Mode 2, phase 3; bit 1 of alarm 6 will 
switch high when the alarm goes off. 

to turn on and off eight different electrical 
appliances (through relays). 

There is also a separate timer with a 
unique mode of operation capable of 
recording up to 240 lap times without 
interrupting the count! All this makes is 
simply the best clock available for home 
use - or anywhere! 

General Description 
There are three basic modes of 

operation designated 1, 2 and 3; clock, 
alarm, and timer respectively. On reset 
the clock automatically enters mode 1. 
Another switch would enter mode 2. In 
order to enter mode 3 (timer) you have 
to press reset while pressing one of the 
switches. 

The emphasis in this system is ease 
of expansion and interfacing. To this end, 
all the important CPU lines are brought 
out to a dual 32 -way connector. Also, all 
the information that is transmitted is 
output to six decoded port selects 
(including the timer). We intend to 
publish useful add-on units in the future. 
The entire unit can be controlled by an 
external computer, instead of by the 
push -buttons. 

The Circuit 
At the heart of the system is a Z80 

microprocessor. Several other processors 
were considered including the RCA CPD 
1802 for its low power consumption, 
Intel 8039 for its `all -in -one' design, plus 
good BCD handling, and the Intel 8088 
for its speed and overall superior 
processing power. 

The Z80 was chosen because a good 
interrupt structure was of paramount 
importance in this application. IC4 
decodes the lower 32K of the 64K 
address space into eight blocks each 4K 
long. These eight blocks are allocated to 
the PROM, RAM and six LCD displays. 
It might appear a waste for each digit in 
the display to take up an entire 4K of 
addressing space, but this simplifies 
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I4 
START OF SECOND 

CARRIER ON 

la) 

CARRIER OFF 

1 SECOND 

100 mS 

200 mS 

Ic) 

Id) 300 mS 

Fig. 2 (Above) Coding 
data into one second. 
(a) a 0; (b) a 1; (c) time 
difference; (d) a second 
containing odd parity. 

Fig. 3 (Right) The five 
clock faces available in 
Mode 1. From top to 
bottom they are time of 
day; date; day of week 
and master alarm 
indicator; time since 
clock switched to 
back-up; and 
BST/GMT time 
difference. 

100 mS 

i 

decoding logic and reduces chip count. 
Furthermore, there is 32K of memory 
still free! 

As you may have gathered from the 
above text, the displays are `memory 
mapped'; whenever the CPU wants to 
read or write to memory (in the lower 
32K) pin 3 of IC6c goes high, MREQ 
goes low, and A 15 is low, indicating to 
IC4 that a memory read or write is about 
to take place. If at this time the address 
bus contains 2XXX to 7XXX hex 
(X = don't care) then one of the six LCD 
displays will be selected. Similarly IC19 
is used to decode the input/output 
section. This IC is active when A7, 
IORQ and one of RD or WR are low; 
the port selected depends on the binary 
value that is present on A2 to A4. This 
effectively divides the lower 128 port 
addresses (out of a possible 256) into 
eight separate ports each four addresses 
long and repeating 16 times. 

The CPU clock signal is generated 
by XTAL1, IC5a, R1, Cl, CV1. This 
is fed to IC5b and IC5c which are 
connected in parallel to provide a higher 
drive and isolation. 

IC5d and IC5e together with R2, 
R3, R4, C2, SW5 form the manual and J automatic power -on reset. The RESET 
signal is ANDed with M1 by IC6a, 
IC6b to form a hardware reset for the 
PIO (Zilog ran out of pins and omitted a 
proper reset pin). Incidentally although 
Zilog don't mention it, it's possible to 
reset the PIO by software. This method 
is used in this application, but the hard- 
ware alternative is there in case another 
application using the board requires it. 
(Anyway, we had a couple of NAND 
gates spare!) 

1C9 to 14 are LCD display latch - 
decoders. Information available at the 

HOURS MINUTES SECONDS 

:-...40 

.. 
DATE MONTH YEAR 

DAY AM/PM --'- 
- A L - 

BACK-UP 
ELAPSED TIME 

COLON = RUGBY TIME 

DECIMAL POINT = BACK-UP TIME 

LAG 
COUNT 

LEAD 
COUNT Th 

L H 

FLIP MASTER 
ALARM STATE 

FLASHING = ENABLED 
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data pins (2-5) is latched internally when 
the latch input (pin 1) receives a positive - 
going pulse. Since this is of opposite 
polarity to the signals coming from IC4, 
a hex inverter is used. 

LCD displays require a square wave 
drive signal on the segments in antiphase 
to that on the backplane. IC8c and IC8d 
provide such a signal with a frequency of 

approximately 50 Hz. 
This is fed to the backplane input of 

the display and also to each display driver 
(IC9-14). These ICs perform the phase 
reversal, but unfortunately they don't 
have decimal point and colon outputs so 
these have to be generated externally 
using PIO AO and Al. IC8a and IC8b 
perform the phase reversal on these. 

IC15 performs several functions; 
serial input port (SIO), timer, tone 
generation for radio data, internal timing, 
user timer (mode 3) and alarm tune. 

IC17 also performs several functions, 
including inputting the state of the 
switches SW1-SW4, inputting radio data, 
controlling the display decimal point and 
colon, inputting the default hour format 
(12/24); it's also a programmable output 

port in conjunction with mode 2! 
The receiver follows an unusual 

design. For a start there are no 
cumbersome coils; instead the entire 
tuning section comprises two state 
variable filters in series (IC20, 21). They 
also provide the necessary gain to couple 
to IC22 via FET buffer Ql. The two 
filters provide very good selectivity which 
is required at these low frequencies due 
to interference, especially from TV 
timebase circuitry. When properly tuned 
by PR1-4 it is possible to have the 
receiver closer to a TV set than is 
possible with many current designs. IC22 
is a tone decoder whose output pin goes 
low when a signal within its passband is 
present at its input (pin 3). Q2 inverts 
this signal to high for `carrier on'. There 
are some spare inverters on the main 
board which could have been used 
instead, but the aim was to have a self- 
contained receiver. 

Rugby Transmissions 
The incoming radio carrier is 

switched off and on throughout the entire 
minute to convey the time information in 

INCREMENT 
CURRENT UNIT 

ALARM ALARM ALARM ALARM PM=P ALARM 
HOUR HOUR MINUTES MINUTES or NUMBER 

10s 1s 10s 1s AM = A 

ADVANCE TO 
NEXT UNIT 

(CAUSE TO FLASH) 

Fig. 4 Switch functions for Mode 2, phase 1. 

ADVANCE ALARM 
NUMBER 

ADVANCE TO 
NEXT ALARM 

ALARM A 
NUMBER 

FLIP INDIVIDUAL 
BUZZER ENABLE STATE 
(FLASHING = ENABLED) 

Fig. 5 Switch functions for Mode 2, phase 2. 

ADVANCE ALARM 
NUMBER 

FLIP INDIV DUAL PORT 
ENABLE STATE 

(FLASHING = ENABLED) 

ALARM 
PORT nr 

NUMBER 
LINE 

NUMBER o 
H 

ADVANCE PORT 
LINE NUMBER 

Fig. 6 Switch functions for Mode 2, phase 3. 
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PROGRAM LINE 

- = STAY IN PREVIOUS STATE 

L = SET TO LOW 

H = SET TO HIGH 

binary-coded form. The carrier is 
switched off at the beginning of every 
second, and the point within the first half 
of the second that it comes on again 
determines whether the bit sent within 
that second is a logic 1 or 0, ie, if it 
switches on after 100 mS, then the bit is 

a 0. Otherwise it will switch on after 200 
mS in which case the bit is a 1. Figure 2 

should make this clear. 
As each second transmits only one 

bit of a binary coded number more than 
one second may be needed to transmit a 
whole number. Each unit is allocated the 
minimum number of bits which will 
represent the maximum value of that 
unit; for instance. 'Day of Week' takes 
up three seconds (three bits) since these 
will contain binary combinations 0-8 (8 
not used). 

Seconds 7-16 contain information 
about the time difference between BST 
and GMT. An extra pulse (break in 
carrier) will indicate 1/100th second 
difference. 

The total number of pulses within 
seconds 1-8 represent the number of 
hundredths of a second that BST lags 
behind GMT. Otherwise, those which 
occur in seconds 9-16 indicate BST 
leading GMT by their total multiplied by 
10 milliseconds. 

Seconds 17-51 contain the time, 
date, day of week, month and year. 
Seconds 51-59 contain a unique binary 
code which is used by detecting systems 
to synchronise; although the clock 
presented here uses a different system for 
synchronisation. 

Seconds 52-58 also contain a parity 
checking code on the information that 
was received between seconds 17-51. 
That is to say a pulse 300 mS long 
indicates that the unit in question should 
have an odd number of 1 bits. A pulse of 
Inn mS indiratac an ,'van nnmhar of 1 c 

The first second (0th) contains a fast 
serial code which also specifies the time, 
date and month. 

Just before this code is a very short 
negative -going pulse (carrier off). It is 
the only pulse shorter than 3 mS in the 
entire minute. For this reason it is 
detected by its unique size and used for 
synchronisation. The fast code is then 
read immediately. Synchronizing on this 
code as opposed to the six second ident 
makes it possible to make another 
attempt within 10 mS of the previous 
attempt if the previous one was false. In 
the other case it would take at least six 
seconds to find out if the ident is valid or 
not before the subsequent trial is 
attempted. 

More On Modes 
As mentioned earlier, there are 

three basic modes which the clock could 
be in. In order to economise on front 
panel switches, SW 1-4 are all multi- 
function and the function of each switch 
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PROJECT : Rugby Clock 

Internal view of the Rugby dock 
showing the main PCB and the vertically - 
mounted receiver board. 

depends on which mode, face or phase 
one is in. 

Mode 1 

Mode 1 is the default mode on 
power -on and displays the current time 
and related information. When the unit is 
First switched on a blip should be heard 
from the buzzer in sympathy with the 
incoming signal. This is useful for tuning 
purposes, as the receiver can be tuned 
until a clean blip (generally one a second) 
is heard. 

After some time the blip will stop 
and the display will change from dashes 
to the correct time. The date information 
will take a further minute to appear. 
Now, assuming that you have waited this 
further minute, then pressing SW1 
causes the display to change to date, 
month, and year. Press SW1 again and 
the day of week will appear on the left 
hand digit while the right hand digit will 
be either 'A' or ' P' (AM or PM). The 
middle two digits will contain letters 
'AL'. This is the master buzzer 
enable/disable indicator. If while on this 
third face you press SW4 the letters 'AL' 
will begin to flash, indicating that the 
master alarm is enabled, ie any of the 
eight alarm settings will sound the buzzer 
of the preset time. With the master alarm 
disabled, none of the alarm settings will 
ever activate. Repeatedly pressing SW4 
will toggle the master alarm between 
`enabled' and `disabled'. 

Pressing SW1 once more will move 
on to face 4 which shows the amount of 
time in hours and minutes since the 
clock has switched to automatic back-up 
time. Normally this face will show 

"00.00--" meaning that the clock is 
running on Rugby Time. 

Pressing SW1 once more will move 
on to face 5 which shows the BST/GMT 
time difference information. L indicates 
'lagging' while 'H' indicates `leading' 

Finally, pressing SW1 again will 
wrap round to face 1 to display the time. 
It is possible to do a quick return to face 
1 from any face except face 3 by pressing 
SW4 twice. Pressing SW2 while face 1 is 
displayed will change from 12 to 24 hour 
display and vice-versa. 

Mode 2 
In Mode 2 any one of eight alarms 

may be set to sound the buzzer and/or 
configure the state of the eight lines on 
port B. Each individual alarm can be 
enabled/disabled to sound the buzzer or 
alter the settings of the eight port lines. 

From Mode 1, press SW4. The 
display will show 'AL', indicating the 
alarm mode. From here you can branch 
in any one of three directions depending 
on what you want to do. Let's call this 
point X. If you want to set an alarm 
time, from point X press SW3. The 
display will show a 1 on the right hand 
side indicating that the current alarm is 
alarm 1. The rest of the display will 
contain dashes, and the hour position will 
be flashing meaning that the hours will 
be the next unit to be set (like a digital 
watch). Pressing SW1 will advance the 
hours. Pressing SW2 will cause the 
minute 'tens' to flash. Similarly pressing 
SW1 will alter the minute tens. Pressing 
SW2 once more will advance to minute 
`ones', and then wrap round to hours. 
SW3 will advance through the alarm 

numbers and is effective from whichever 
state the `setting' procedure is in. 

To exit 'alarm set' mode at any time 
press SW4 which will turn the display 
back to time display. Press SW4 again to 
go back to point X. This time we want to 
enable the alarm we have just set to 
sound, so press SW1 and then press SW3 
to the desired alarm number. Now press 
SW1; the 'A' will start to flash. If you 
also want to enable the alarm to alter the 
port lines, press SW2; `P' will start 
flashing. Press SW4 to go to mode 1. 

For the third branch from point X, 
press SW4 again and this time follow it 
by SW2. Press SW3 to advance to the 
desired alarm number, then press SW2 to 
advance to the required bit number. 
Pressing SW1 will cycle through-, H, L; 
refer to Fig. 3 for the significance of these 
letters. Once, again, to exit, press SW4. 

When any of the set alarm times 
come up the buzzer should play a tune 
and the port lines will take up the state 
that was programmed. Anyone who 
dislikes the tune can get it changed for 
one of their choice by sending a good 
quality tape or a manuscript to the 
designer via Technomatic. Details of the 
charge for this service will be available 
from Technomatic. 

When the tune starts playing, 
pressing SW4 will stop it. Pressing SW3 
will start a 10 minute snooze delay after 
which the tune will play again. When the 
tune is playing SW4 and SW3 will 
perform these two functions no matter 
what mode, phase or face you happen to 
be in; the current meaning of those 
switches will be postponed for one key 
depression. 

Mode 3 
This is the timer mode. It is entered 

by pressing SW5 (reset) and SW4 
simultaneously, then releasing reset 
followed by SW4. The display will show 
both the colon and the decimal point. 
Presssing SW4 will start the count; 
pressing SW4 again will stop it. Pressing 
SW2 during the count will latch the 
current display. Repeated pressing of 
SW2 will latch (and store) up to 240 
laps. Pressing SW1 will view the laps in 
store even while counting is in progress. 
Pressing SW3 will display the current 
count, if you happen to be viewing laps 
or have just latched a lap. 

Expansion 
The board was built with expansion 

in mind, hence the 64 -way connector 
which carries all important signals. We 
hope to publish useful add-ons in the 
future. 

Next month we continue this project 
with the circuit diagrams and How It 
Works. 

ETl 
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Professional quality components, brand 
new and fully guaranteed. Mail order by 
return of post. Cash/Cheque/PO;s or 
Banker's Draft with order. payable to 

HEMMINGS ELECTRONICS LTD. Official orders from 
Schools, Colleges and Universities welcome, Trade and 
export enquiries welcome. P&P add 60p to all orders under 
£10. VAT - All prices are exclusive of VAT. Please add 
15% to total cost including P&P. No VAT on export orders 
or books. 
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8251 320p TL071 30p 
8253 800p TL072 50p 
8255 300p TL074 100p 
8257 800p TL081 25p 
8259 880p TL082 45p 
8279 950p TL084 95p 
MC1408 295p 
MC1488 60p SCR 
MC1489 60p Thyristors 
MC3459 266p 81106 150p 
75491 BOp BT116 175p 
75492 80p C106D 45p 
280ACPU 440p TIC44 30p 
Z80APIO 340p TIC45 30p 
Z80ACTC 340p 2N5062 30p 
Z80AOART 2N5064 38p 

7`p 2N4444 125p 

Triaca 
TIC206D 55p 
T2800D 96p, 

6809 
68809 
6809E 
6810 
6821 
68821 

68406829 

68840 
6844 
6845 
6850 
6852 
6854 
6875 

26 
887195 

A 

8T96 

8085A 
8154 
8155 

CRYSTALS 
32.768KHz 150p 
1,0000MHz 350p 
1,8432MHz 
2,0000MHz 240p 
2,4576MHz 240p 
3,0000HHz 240p 
3,5795MHz 120p 
3,6864MHz 240p 
4,0000MHz 240p 
4,1943MHz 240p 
5,0688MHz 240p 
6,0000MHz 240p 
6,8800MHz 240p 
8,0000MHz 240p 
10,0000MHz 170p 
18,4320MHz 240p 
19,6608MHz 240p 
20,0000MHz 240p 
27.0000MHz 170p 
48,0000MHz 19Dp 

MEMORIES 
2114L-200ns 90p 
2114-450ns 90p 
2716-450ns 210p 
2732-200ns 440p 

'4116-200ns 85p 
4164-200ns 590p 
6116-150ns 550p 

IC TEST CLIPS 
14 pin 344p 
16 pin 363p 
20 pin 1182p 
24 pin 1060p 
28 pin 1163p 
40 pin 1804p 

8216 
8224 
8226 

LINEAR ICs 
709 35pp 

741 25p 
7415 55p 
747 
748 35p 
CA30880E 70p 
LF355 80p 
LF356 90p 
LF357 100p 
LM301A 30p 
LM308A 95p 
LM311 N 66p 
LM324 45p 
LM339 55p 
LM348 80p 
LM358 fi0p 
LM380N 95p 
LM393 90p 
LM3909 85p 
MC7310P 120p 

MC1455 66p 
MC1456 135p 
MC1458 45p 
MC3242A 650p 
MC3302 95p 
MC3340P 135p 
MC3401 66p 
MC3403 70p 
MC3456 107p 
MC34001 58p 
NE555 16p 

WE ALSO STOCK: Fuses, Cable, Meters, Resistors, 
Capacitors, Switches, Pots, Tools, Control knobs, 
Transistors. Many Vero and OK Tool products, 
Connectors, Boxes, Solder, Dioden, Wire Wrap 
equipment etc. Please phone for details or send 
S.A.E. for our current price list. 

LEDs 
TIL209 Red 13p 
LD37C Green 17p 
0.2" Red 14p 
0.2" Green, Yellow 18p 
Panel Clips 4p 
0.2" Square Red, Green, Yellow 30p 
Red Flashing LED: 5V 3Hz 50p 
Tri -Colour LEO 85p 

EUROCARD CONNECTORS 
DIN 41612 2 x 32 way 

Socket 345p 
Plug fsolderl 230p 
Plug I W / Wrapl 325p 

TRANSFORMERS 
2 x 15V @ 1A 395p 
2 x 12V@ 1A 396p 
2x30V@0.5A 395p 
2 x 15V @ 0.5A 350p 
2 x 6V @ 500mA 275p 
2 x 12V @ 250mA 276p 
2 x 15V @ 200mA 275p 
2 x 20V @ 150mA 275p 
2%6V@250mA 156p 
2 12V @ 125mA 155p 
2 x 15V @ 100mA 155p 
2 x 20V@67mA 1S5p 

NEVI 
NEC PC8023B 
Dot Matrix 
Printer 

100cps bidirectional logic seeking 
printer. Print types - condensed, 
enlarged, pica, elite, enhanced, 
proportional spacing, high res. and 
block graphics, true descenders. 
Centronics parallel interface. 

SPECIAL PRICE 6365.00 

EPSON M%60F/T PRINTER 
TYPE I £350.00 
TYPE II . £380.00 

PRINCE 12" MONITOR 
24MHz. Green or 8/W display 

£98.50 

C12 CASSETTES 44p 
390p/10 

VIC-20 MICROCOMPUTER 
VIC-20 CPU .... ............................._...........__......_ £173.90 
C2N Cassette Unit .................... _..__... _......_..._ £39.09 
Printer._ ................_.._......_................_..__ £200.00 
Single Drive Floppy £344.35 
RS232C I/F Cartridge . _ .................. _ £30.39 
IEEE -488 I/F Cartridge .............._...._................_ £47.39 
3K Ram Cartridge ................................ _ [25.04 
8K Ram Cartridge.. _ ...................... _.. _............. _ tl0.09 
16K Ram Cartridge ..._........._.........._ ................_ £65.17 
Programmers Aid .._.... ......_ £30.39 
High Res Cartridge ...... ._ £30.39 
Machine Code Monitor . _...._ .................._._ _.£30.39 
Joystick £8.52 
Paddles 11 pair)..........._........._ £11.74 
VIC Revealed ..._.._............_..__........__......__ _£10.00 
VIC Reference Manual...._ ..................................._.....£9.95 
VIC Computing Magazine.._....._.........._ ...................£D.95 
Games Cartridges £17.35 
Introduction to Basic (Pan 11 ...........__..........._ £14.95 

FLOPPY DISCS 
Soft Sectored 5 t" 

SSSD 619.50/10 
DSOD £25.50/10 

BBC MICROCOMPUTER. Please phone for details of RAM expansion, printer and monitor interface cables etc. 

HAPPY MEMORIES 
Part type 
4116 200ns 
4116 250ns 
4816 100ns For BBC comp 
4164 200ns 
2114 200ns Low power 
2114 450ns Low power 
4118 250ns 
6116 150ns CMOS 
2708 450ns 
2716 450ns 5 volt 
2716 450ns three rail 
2732 450ns Intel type 
2532 450ns Texas type 

1 off 
0.83 
0.75 
2.95 
6.15 
1.15 
0.95 
3.25 
4.25 
2.60 
2.60 
5.75 
3.95 
3.95 

25-29 100 up 
0.72 0.66 
0.65 0.60 
2.70 
5.25 
1.00 
0.85 
2.85 
3.65 
2.25 
2.25 
5.00 
3.45 
3.45 

2.50 
4.65 
0.90 
0.80 
2.65 
3.35 
2.10 
2.10 
4.65 
3.25 
3.25 

280A -CPU £4.35 280A -P10 £3.25 280A-CTC £3.25 
6522 PIA £3.98 7805 res 0.50 7812 res 0.50 
Low profile IC sockets: 
Pins 8 14 16 18 20 22 24 28 40 
Pence 9 10 11 14 15 18 19 25 33 
Soft -sectored floppy discs per 10 in plastic library 
case: 5 inch SSSD £17.00; 5 inch SSDD £19.25; 5 
inch DSDD £21.00; 8 inch SSSD £19.25; 8 inch 
SSDD £23.65; 8 inch DSDD £25.50 
74LS series TTL, large stocks at low prices with 
DIY discounts starting at a mix of just 25 pieces. 

Write or phone for list. 
Please add 30p post B packing to orders under f15 and VAT to total. Access 

Et Barclaycard welcome. 24 hour service on 1054 422) 618. Government Et Educa- 

tional orders welcome, f15 minimum. Trade accounts operated, phone or write 
for details. 

HAPPY MEMORIES (ETI) 
Gladestry, Kinston, Herefordshire HR53NY 

Telephone: (054 4222) 618 or 628 

11 
Constructor Series Speakers 

IT'S 
SO 

EASY 
Have fun, save 
money, building 
a Kef design 
with a 
Wilmslow Audio 
CS Total kit. 
No electronic or 
woodworking 
knowledge 
necessary and 
the end result is 
a proven top- 
quality design 
that you'll be proud of. 
Each kit contains all cabinet components, accurately machined for easy 
assembly, speaker drive units, crossovers, wadding, grille fabric, 
terminals, nuts, bolts, etc. 
The cabinets can be painted or stained or finished with iron -on veneer or 
self adhesive woodgrain vynil. 
Easy foolproof assembly instructions supplied. Set of constructor leaflets 
sent free on receipt of large S.A.E. 

Prices: CS1 (B110B/T27A) £110 pr. inc. VAT, pluscarr./ins. £ 5 
CS1A(B110A/T27A) £103 pr. inc. VAT, plus carr./ins. £ 5 
CS3 (B200G/T33Á( £129 pr. inc. VAT, plus carr./ins. £10 
CS5 (B200G/BD139B/T33A) £192 pr. inc. VAT, plus carr./ins. £15 
CS7 (B139B/B110B/T33A) £250 pr. inc. VAT, plus carr./ins. £15 

0625 529599 

35/39 Church Street, Wilmslow, Cheshire SK9 1AS 
1982 Catalogue - £1.50 post free 

Lightning service on telephoned credit card orders! 
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NICADS UK's LOWEST PRICES 
--_,__ 

AlIM1B1T'S NEW CONCISE COMPONENT CATALOGUE IS O:WIT rrum- I 
:vailai 

....... 
_ . .. Y utir ! 

idirEct,for Óirc. - - '.. . 
.2TvTi+(;S 
cr1nK;Te trcnl's(.4T1ÌLX7t1 

Ambit's new 
style catalogue 
continues to 
lead the market 
with low 
prices, new 
items, info, 
3x £1 discount 
vouchers. 
Here's a few 
examples of 
some super low 
prices: 

newsagent 

78XX 1A 37p 
BC237/8/9 8p 
3SK51 54p 
10MHz XTALS £2 

8 Pole 10.7MHz XTAL filters £14.50 

2GHz coax relay 150W £10.95 . 

+ all the usual stuff at rock bottom prices + 
Toko coils, crystal and ceramic filters, 
micrometals toroids, Fairite ferrites, Alps 
switches, OKI LSI, Piezo sounders, RF, IF 
Modules + Kits etc. 

AMBIT interno#inonn 

CAPACITY TYPE 1-9 10-49 
500 mAh AA 80 74 
2200 mAh C 2.35 1.99 
1200 mAh D 2.14 2.06 
4000 mAh D 3.05 2.85 
110 mAh PP3 3.70 3.50 

Prices shown EXCLUDE VAT. 
Access/Barclaycard may be used 

with written or telephone orders, 
official MA details on application. 
E & EO. 

POSTAGE and PACKING 
50p per order 

"E.EP"O%E S'C __"' 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

200 forth Service Rood, Brentwood, Essen 

COMPUTER KIT 
DIVISION 

404 EDGWARE RD, LONDON W2 1ED TEL: 01-4026822 

TANGERINE TANGERINE TANGERINE 

MICROTAN 65 
Microtan 65 is the most advanced, 

powerful, expandable micro- 

computer evadable - it 

also happens to be the 

most cost effective' 

Electronic Tbdev 
International held a 

mammoth survey of kits. 

The result Micratan 65 
WINS COMPUTER CLASS' 

MICROTAN 85 CONTENTS 

Ifgh quality plated thru hate punted circuit board, solder resist and silk screened component identification 6502 

microprocessor 1K moeriro TANBUG Now with V Bug 1K RAM for user programme, stack and display memory, 

VDU alphanumeric display of 16 rows by 32 characters, MICROTAN 65 system Ole binder 136 page, bound, 

users hardwarelaoftware manual with constructional details and sample programmes. logic and discrete com- 

ponents to lily expand MICROTAN 65. 

The MICROTAN 65 kit has won widespread acclaim for its superb presentation. We pay attention to detail - 

Kit Form £69.00+f 16.35 VAT, total f 19.35 

MICROTAN 86 assembled end tasted. 

Specification as above, bat assembled and fully bench tested by ouraehhves 

179.00+í11.65 VAT, total íg0.85 

YOU MAY DEDUCT 

£10 
FROM MICROTAN 65 KITS AND ASSEMBLED UNITS 

LISTED HERE 
ONLY FROM US 

DELIVERY EX -STOCK 
POST PAID 

Limited Quantity Available 

WRONG TIME? 
MSF CLOCK is ALWAYS CORRECT - never gains or loses, 

SELF SETTING at switch -on, 8 digits show Date, Hours, 
Minutes and Seconds, auto GMT/BST and leap year, can 
expand to Years, Months, Weekdays and Milliseconds, 
also STOPCLOCK and parallel BCD output for computer or 
alarm, receives Rugby 60KHz atomic time signals, built-in 
antenna, 1000Km range, GET the RIGHT TIME, £69-60. 

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data 
output, decoding details and ZX81 listing for local, GMT 
and SIDEREAL time, £22-20. 

Each fun -to -build kit includes all parts, printed circuit, case, 
postage etc, instructions, money back guarantee so GET 

yours NOW. 

CAMBRIDGE KITS 
45 (TH) Old School Lane, Milton, Cambridge 

PARNDON ELECTRONICS LTD... 
Dept. No..23', 44 Paddock Mead, Harlon, Ewes CM111 MR. Tel. 0218 32700 

RESISTORS: r/, Watt Carbon Film E24 range rt 5 / tolerance High qualify resistors 
made under strictly controlled conditions by automatic machines aandoliered 
and colon, coded 
f 1.00 per hundred mixed (Min 10 per value' 
fa -50 per thousand mixed ¡Min 50 per valuel 

Special stOck pack 60 values. 10 off each E5-50,/ 

DIODES: 1N4148 3p each Min order quantity 15 items 

f I.60 per hundred 

DIL. SWITCHES: Gold plated contact in fully sealed haw ',di., 
programming problems 
4 Way 86p each 6 Way E I.00 each R Way E120 each 

DIL SOCKETS: High quaky law profile sockets 
8 pin - lap. 14 pin - l 1p. 16 pin - Up: 18 pin lllp. 20 pin - 21p. 

22 Pin ' 23p. 24 pin - 2Sp. 28 pin - 27p. 40 pin - 42p. 

ALL PRICES INCLUDE V.A.T. & POST & PACKING-reo EWYRAS 

MIN ORDER - U.K Cl 00 OVERSEAS LS CASH WITH ORDER PLEASE 
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DESIGNERS 
NOTEBOOK 

This month Rory Holmes provides you with all the design 
information you need to incorporate the DPM200 module into 
electronic measurement circuits. It requires few external 
components and is ideal for portable instruments. 
A major role of electronic equipment is very often the 

measurement and display of some quantity, either from 
the `real world' or an electronic parameter. The new 

generation of digital voltmeter modules allows the inherent 
readout accuracy of a digital system to be simply and conveniently 
implemented due to their low cost, low power and very small size. 

The price of moving coil meters is steadily increasing while the 
price of the solid-state ones is naturally falling. 

Although digital meters lack an indication of analogue 
trends, this will soon cease to be a valid criticism. Medium 
resolution LCD bargraphs coupled with digital readouts will have 

all the advantages of both, with an increasingly attractive 
versatility. 

The DPM 200 module is described as a state-of-the-art 31/2 

digit LCD meter. Briefly, its features are: 
High contrast, wide angle display 
Wide range of programmable symbols 
Ultra -low current consumption 
Single rail supply (5-15 V) 
Auto -zero and auto -polarity 
0.05% accuracy 
Built-in bandgap reference voltage 
Low battery indicator 
Programmable decimal points 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

e 

7 

6 

4 

3 

2 

30 

29 

28 

27 

26 

25 

24 

23 

COMPONENT SIDE 
NOT TO SCALE 

Fig. 1 PCB pin connection diagram for DPM200. 

72 

47 

36 

Dimensions in mm 

Fig. 2 Physical dimensions of the module. Panel cut-out is 68 x 
33 mm. 

It is based around the latest dual -slope integration CMOS DVM 
chip, the 7126, and is certainly the best of its ilk available to the 
hobbiest. 

Figure 3 shows the circuit diagram of the module. The great 
versatility of this device comes from the large number of user 
connections provided (38 in all) as shown on the connection 
overlay of Fig. 1. 

When used in conjunction with other circuitry it offers a 

TABLE 1 

PIN SYMBOL FUNCTION 
1 V - Negative supply rail - always goes to negative 
2 IN HI Voltage input via attenuator and R/C filter (non - 

inverting) 
3 IN LO Voltage input via attenuator and R/C filter (inverting) 

4 COM Low impedance reference level approx. 2V8 below 
positive rail 

5 REF LO Direct connection from IC's internal reference 
(negative) 

6 REF HI Direct connection from IC's internal reference 
(positive) 

7 POL Liquid crystal display drive signal, active when 
analogue input is negative 

8 AB Autorange output for V2 digit 
9 BP Backplane drive signal for LCD display 

10 E3 Autorange output for E3 segment 
11 REF + 100 mV bandgap reference output 
12 REF - Earthy side of bandgap reference for biasing 

13 REF BG 1V2 main bandgap reference output 
14 V + Positive supply rail; + 5 to + 15 V 

15 XG3 Autorange output segment G3 EXORed with 
backplane 

16 CLK 48 kHz module clock output 
17 No connection 
18 XDP Inverted backplane signal for driving annunciators 
19 SB3 Autorange output segment B3 EXORed with 

backplane 
20 TEST Digital ground and "Lamp test" signal 
21 No connection 
22 No connection 
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FEATURE 

BP <º 

V 

IN LO 
I 

COM < a 

IN HI [ z i 

REF LO ( 5 

REF HI 6 > 

TEST < 

CLK<16 1 

V+ I Is 

-I IC1 470 

R2 750 R1 180k 

C2 
220n 

C3 I. 
R3 10M tup 

C4 
100n 

1I4C7p 

- v 
AAr 
R4 180k 

- OSC 1 

8P POL 

G3 AB 

A3 E3 

C3 F3 

G2 7126 83 

V D3 

1NT E2 

BUFF F2 

A, 'Z A2 

IN LO 82 

IN HI C2 

COM 02 

C REF E1 

C REF 01 

REF LO F1 

REF HI Al 

TEST B1 

OSC 3 C1 

OSC 2 01 

V 

LCD 

LOW BAI 

POL 

_'] 

a] °C 

< 351 k 

(1_u 1 I 

1 n, 

c, v 

Q7:11 .-,1A 3 k 

`3cJ M 

C .t 
op 
OP2 

Di 

REF BG J 
REF. < 

REF 1 

R5 
15k 

R6 
220k 

87 
18ká 

VR1 
2k 

C6 
108 

1C2 

8069 

RR R9 
1M 1M 

TRI 

R10 
100k 

10 IC3 
PIN14 

TO C3 
PIN7 

IC3 ,= 4070 

Fig. 3 Circuit diagram of the module. R1, R2 and Cl 
determine the integrator time constant and C2 reduces the 
susceptability to noise of the auto -zero circuitry. The display is 
guaranteed to read zero when the analogue input is 0 V. An 
input filter formed by R3 and C3 assists with overload 
protection for the 7126 IC. The input voltage may exceed the 

IC3d 

IC3a 

L AB 

[_7D 63 

XDP 

L X83 

C,1 XG3 

cow 

s ' 'F>'1 °C kg -' 
I) Il l 

3 13 11i:I_1k 
4 MI. M ! 

supply voltage provided the input current does not exceed 
100 uA. The frequency of the internal oscillator is determined 
by R4 and C5 and provides three samples per second typically. 
The module is calibrated by means of VR1 for a full scale 
reading of 200 mV with link LA in circuit and resistor R, 
omitted. 

number of unexpected bonuses for the designer. A square wave 
clock signal, an extra negative supply rail, a bandgap precision 
voltage reference, a common rail for op -amp references, plus four 
logic signals for autoranging meter circuits - all these signals are 
available for use in external circuits. Table 1 charts the pin 
numbers in numerical order with their symbols and basic 
functions. 

Supply Rails 
The module can be operated from a single supply between 

5 V and 15 V across pins 1 and 14, at a current of 100 uA, using 
the bandgap reference. However, the internal reference can be 
used instead, reducing the current to 50 uA with a minimum 
voltage of 7 V. A low battery warning indicator is set to come on 
at 6V4, determined by the R8/R10 potential divider. R10 can be 
altered if required; 220k gives a 7V2 warning. 

Legends/Annunciators 
The symbols can be enabled very easily by directly 

connecting the XDP output on pin 18 (an inverted backplane 
ETI AUGUST 1982 

signal) to the required segment. This may also be done via logic or 
switches for automatic selection of the decimal points. 

Inputs 
Pins 2 and 3 are the non -inverting and inverting inputs 

respectively; these analogue inputs are truly differential and may 
be operated to within OV5 below the positive supply and 1 V 
above the negative supply. Common mode rejection ratio within 
this range is typically 86 dB. 

Voltage References 
The Analogue Common pin is included primarily to set the 

common mode voltage for battery operation or for any system 
where the input signals are floating with respect to the power 
supply. The common pin sets a voltage that is approximately 2V8 
more negative than the positive supply. This is selected to give a 
minimum end -of -life battery voltage of about 6 V. However, the 
analogue common has some of the attributes of a reference 
voltage. When the total supply voltage is large enough to cause 
the zener to regulate (greater than 7 V) the common voltage will 
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FEATURE : Designer's Notebook 

V, 

V2 

V+ 

REF HI 

REF LO 

IN HI 

IN LO 

COM 

Fig. 4 Measuring the ratio of two voltages. The maximum 
input voltage is ±2 V with a 9 V supply. 

INPUT 
VOLTAGE 

VI 

REF+ 

REF HI 

REF - 
REF LO 

IN HI 

IN LO 

COM 

XDP 

DPI 

V 

Fig. 5 Measuring a floating voltage source with 200 mV full 
scale. Autopolarity indication is implemented, together with 
the decimal point and mV annunciation. 

TABLE 2 

LA 

REQUIRED LA R, 
FSD 
2 V 10M 1M0 
20 V 10M 100k 
200 V 10M 10k 
2000 V 10M Ik0 

200 uA 
2 mA 
20 mA 
200 mA 

LINK 1kO 
LINK 100R 
LINK IOR 
LINK 1R 

have a low voltage coefficient. (0.001%), low output impedance 
(about 15R), and a temperature coefficient typically less than 
800 ppm/°C. 

The analogue -to-digital converter of the IC operates in a 
ratiometric mode, such that the digital display is 1000 V 2N1, as 

shown in the diagram of Fig. 4. Here, the inverting inputs of the 
reference and voltage inputs are both connected to common (REF 
LO and IN LO). REF HI is normally connected to the 100 mV 
bandgap reference from REF + as shown in Fig. 5, thus giving the 
200 mV full-scale deflection. Output REF + is 100 mV with 
respect to REF - when the latter is correctly terminated. REF BG 
is 1V2 with respect to REF - . REF - should normally connect to 
the COM terminal as the diagram indicates. 

To alter the full-scale reading of the DVM module, the link 
LA and resistor R, shown in the circuit of Fig. 3 should be altered. 
Table 2 shows the values required for several ranges of current 
and voltage. 

Outputs 
The polarity output on pin 7 is a square wave in -phase with 

the backplane signal when the analogue input has positive 
polarity and in anti -phase when the input has negative polarity. It 
can be connected directly to the " - " symbol (pin 23) for normal 

polarity indication. The clock on pin 16 may be used for systems 
timing or as an input to override the internal oscillator and 
control the sample rate. If CLK is connected to V - the display 
may be held at a particular value but this should not be connected 
for extended periods as the steady DC potential applied to the 
LCD may cause the segments to "burn" . 

The oscillator frequency is divided by four before it clocks the 
decade counters. It is then further divided to form the three 
convert -cycle phases. These are signal integrate (1000 counts), 
reference de -integrate (0 to 2000 counts) and auto -zero (1000 to 
3000 counts). For signals less than full scale, auto -zero gets the 
unused portion of reference de -integrate. This makes a complete 
measure cycle of 4000 (16000 clock pulses) independent of input 
voltage. 

An oscillator frequency of 48 kHz is used for three readings 
per second. 

Test 
The test pin serves two functions. It is coupled to the 

internally generated digital ground through a 500R resistor 
(digital ground is set at approximately 5 V below + V). Thus 
when operated from a single battery supply, TEST can be used as 
the 0 V rail for externally generated segment drivers, such as 
decimal points (or any other presentation the user may want to 
include on the LCD display), or it may be used as a common mode 
reference level to ensure compatibility with most op -amps. 

If TEST is connected to V + the LCD segments will be 

turned on and the display will read as shown in Fig. 6 (This mode 
should not be used for extended periods, to avoid damage to the 
LCD). 

Fig. 6 The display when in the `TEST' condition. 

SPECIFICATION 

Input impedance: 
Full scale reading: 
Accuracy: 
Power supply: 
Power consumption: 

Sample rate: 
Auto -zero: 
Auto -polarity: 

Overrange warning: 

Bandgap reference 
(50 ppm/°C typ.) 
Digit height: 

Low battery warning: 

Operating temperature: 
Overall dimensions: 
Panel cut-out: 
Display annunciators: 

Auto -zero 

Overrange: 

Polarity 

>100M 
199.9 mV 
0.05% of reading -±1 digit 
5-15VDC 
50 uA (in low power mode), typically 

8,000 hours PP3 life 
3 readings per second 
No necessity to adjust for offsets 
Automatic polarity indication eliminates the 

need to reverse input leads to obtain 
correct reading. 

1 in leading digit with other digits 
suppressed 

incorporated tor excellent stability of 
reading 

15 mm (0.6") can be read at distances up to 
10 metres 

direct display, voltage threshold easily 
adjusted 

0°C to 50°C 
72x36x12mm 
68 x 33 mm 
many useful legends are built into the 

custom LCD which may be activated as 
required 

With the inputs shorted, the display should 
read zero, the negative sign being. 
displayed about 50% of the time 

Inputs greater than full scale will cause 
suppression of the three least significant 
digits, i.e. only 1 or -1 will be displayed 

The absence of a polarity sign indicates a 

positive input reading. A negative input 
is indicated by a negative sign. 

ETI 
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ETI PCB SERVICE 
Up until now PCBs were always the hardest component to obtain for a project. Of course you 
could make your own, but why bother anymore? 
Now you can buy your boards straight from the designers - us! As of this issue all (non - 
copyright) PCBs will be available automatically from the ETI PCB Service. Each board is 
produced from the same master used to build our prototypes, so you can be sure it's accurate, 
and will be finished to the high standard you would expect from ETI 
In addition to the PCBs for this month's projects, we are making available some of the more 
popular designs from our recent past. See the list below for details. Please note that NO OTHER 
BOARDS ARE AVAILABLE. If it's not listed, we don't have it! 

APRIL 79 APRIL 81 FEBRUARY 82 
Guitar Effects Unit £2.64 Musical Box £2.64 Ripple Monitor £2.08 

E Click Eliminator £6.64 Drum Machine (two boards) £5.60 Pest Monitor £1.85 
E Guitar Note Expander £3.20 n 

I Ching Computer (two boards) £5.31 
JUNE 79 Moving -magnet stage £3.80 

E Accentuated Beat Metronome £3.60 JUNE 81 Moving -coil stage £3.80 

FEBRUARY 80 
Tuning Fork 

Mini -drill Speed Controller 
Antenna Extender 

£2.64 Alien Attack 

£2.93 APRIL 82 
£3.20 Contrast Meter 
£2.64 Sound Effects board 

£2.83 
£2.40 

MARCH 80 LED Jewellery: Cross £1.47 High Impedance Probe £1.97 
Signal Tracer £2.27 Spiral (two boards) £2.64 Guitar Practice Amp £7.57 

Star (two boards) £2.65 Accurate Voltage Monitor £2.05 
AUGUST 80 

E CMOS Logic Tester 
E Capacitance Meter 
E Ultrasonic Burglar Alarm 

OCTOBER 80 
E Cassette Interface 

Waa-phase 
£2.64 
£2.93 JULY 80 
£2.87 System A A-MM/A-MC 

System A A -PR 
Smart Battery Charger 

£2.93 

£1.53 
MAY 82 
DV Meg 

£2.65 Analogue PWM 

£5.17 Slot Car Controller 
£1.97 Wattmiser 

E Sound Effects Board 

£2.92 
£3.37 
£4.96 
£4.53 
£2.40 

Fuzz/Sustain Box £3.27 

NOVEMBER 80 
E Touch Buzzer 

Light Switch 
Metronome 
2W Power Amp 
RIAA Preamplifier 
Audio Test Oscillator 

AUGUST 81 

£1.93 System A Power Amp(A-PA) 

£1.93 Flash Sequencer 

£1.93 Hand -clap Synthesiser 

£1.93 E Heartbeat Monitor 
£1.93 Watchdog Home Security 

£3.13 (two boards) 

June 82 
£4.77 Ion Generator (two boards) 
£3.44 Li Ion 'Blinker' 

£1.83 El Logic Lock 
£3.97 MOSFET Amp 

Digital PWM 
£5.31 Optical Sensor 

£6.22 
£2.60 
£6.99 
£3.41 
£3.84 
£1.98 

DECEMBER 80 
Musical Doorbell 

SEPTEMBER 81 
£2.80 Mains Audio Link(three boards) 

Stylus Timer 

£7.35 Oscilloscope (four boards) 
£2.98 

£13.19 

Bench Amplifier £2.53 Laboratory PSU £4.53 
FourinputMixer £2.64 JULY 82 

OCTOBER 81 Mike Switching Unit £2.04 
JANUARY 81 
LED Tacho 
Multi -Option Siren 
Universal Timer 

Enlarger Timer 
£4.13 E Sound Bender 
£3.20 Thermal Alarm 
£3.31 E Micropower Pendulum 

£3.40 TV Bargraph main board) 
£2.65 TV Bargraph channel card) 
£2.63 Hotwire 
£2.21 Bridging Adaptor 

£4.85 
£2.44 
£2.99 
£2.74 

FEBRUARY 81 
Infra -red Alarm (four boards) 
Pulse Generator 

£6.64 NOVEMBER 81 

£3.57 Music Processor 
E Voice -Over Unit 

£7.35 AUGUST 82 

£3.97 Playmate (three boards) £7.92 
MARCH 81 Car Alarm £2.81 Kitchen Scales £2.70 
Engineer's Stethoscope £2.65 Phone Bell Shifter £2.96 Sound Track £438 

How to order: indicate the boards required 
by ticking the boxes and send this page, 
together with your payment, to: ETI PCB 
Service, Argus Specialist Publications Ltd, 
145 Charing Cross Road, London WC2H 
OEE. Make cheques payable to ETI PCB 
Service. Payment in sterling only please. 
Prices may be subject to change without 
notice. 

Total for boards : £ 

Add 45p p&p 0.45 

Total enclosed £ 

i wish to pay by Access/Barclaycard. Please debit 
my account 

BARCLAYCARD 

VISA 

5 2 2 4 
4 9 2 9 

Signed 

Name 

Address 

Atik 
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POWER 
A range of electronic modular dimmers designed to 
suit your custom channel and facility requirement 

Considerable saving over commercial equipment 
All the commercial facilities and more 
Compatable special effects 
Preset/remote/master 
Easily installed and wired 

SPC - Simple but effective 1000W cntroller £15.70 
SPU - Used in conjunction with RS units for £11.90 

Remote desks in 1000 and 2000W versions £23.90 (210 
MC - Master dimmer for SPC/RS units £7.90 
RS - Remote controller for SPU/SPC Units £9.40 
SUP/REF - Supply/signals for up to 50 modules £20.00 
Discounts on above only (order £100 to £199 15% £200 to £299 20% £300+ 25% 

EFFECTS ACCESSORIES 
MXSL - Four channel sound to light £36.90 
MXLS - Four Channel Sequencer £23.70 
MXLC-S Four channel sound chaser £26.70 
PSU - Supply for MX £7.20 

3 CHANNEL SOUNDILIGHT 4 CHANNEL SEQUENCER 
CHASER 05.70 LB41000LS 

LB31000SLC 

£19.20 
A high performance sound to light providing bass, A 4 channel sequence generator for banks of 
mid and treble separation, employing active lamps up to i,000W per channel. Two speed 
filters. Automatic switching to chase in the controls, cross effect to provide settings be 
absence of a music signal lDDOW lchan tween seconds and rapid burst. 

3 CHANNEL SOUND/LIGHT BLUE FASCIAS (White letters) 
LB31000SL Type Knobs Leds Sw Price 

- MULTI 5 4 1 9.70 

1try4 " 41000SLC 2 4 1 920 

£22.70 
31000SLC 5 - 1 8.70 

All the advantages 
of the SLC without chase. 

31000SL 4 - 1 7.70 

Controls: bass/mid/treble/master sensitivity. 

Dont hesitate to write or phone for immed'ate informaton. All prices include VAT. 
Please include 75p post except power dimmer (£1.751. Cheques/PO/C.O.D./ 

Access all welcome 
TEL: 01-689 4138 (Mon to Fri 5-91 

II I. a B ELECTRONIC 45 Wortley Road, W. Croydon. Surrey CRO 3E8 

OPEN FRAME MONITORS AVAILABLE FOR OEM'S 

The'PRINCE"of Monitors 
offers better Monitoring. 

24MHz Bandwidth -ensures o clear crisp display. 
Available with P4 White P31 Green AND L1 ORANGE 

Scan: 625 lines/50 Hz. Deflection: 110°. Active raster: 240x 172mm. 
Bandwidth (3dB): 10 Hz24 MHz (at 3dB points). Character display: 
80 characters x24 lines. Horizontal frequency: 15625 Hz ± 0,5 KHz. 
Vertical frequency: 50 Hz. Horizontal linearity, ± 3%. Vertical 
linearity: ± 2%. Geometric distortion: ± 1.5%. E HT (at zero beam 
current): 13kV ± 0.5kV. Power drain: 30 Watt approx. Voltage 
supply: 110V A.C. 50 Hz/220V A.C. - 50 Hz/240V A.C., 50Hz/ 
± 10% upon request. Video Input: 2 x BNC - or CINCH - or 
PL 259, (composite video) negative sync, input 0.5-4V p.p. across 
75 Ohms. X Ray radiation: conforms to I.E.C. Spec. No. 65. Overall 
dimensions: 320 x 270 x 265 mm. Weight: 7 Kg. approx. Ambient 
temperature: 0.-45°C. 
OTHER CROF TON PRODUCTS INCLUDE: Computer peripheral 
equipment, Frame grabber, Floppy disk drives, Floppy disks, 
Computer power supplies, C.C. T.V. monitors, Uncased monitors, 
Monitor P.C.B's., Cathode ray tubes, VHF/UHF modulators, Video 
switchers, Video distribution amplifiers, Camera housings, Pen and 
tilt units, Camera lens, Camera tubes, Printed circuit board service. 

CROFTON ELECTRONICS LTD 
35, Grosvenor Road, Twickenham, Middx, TW1 4AD. 

Telephone: 01-891 1923/1513 Telex: 295093 CROFTN G 

SC110 FULLY PORTABLE OSCILLOSCOPE 

The new THANDAR SC110 represents a break through in Oscilloscope 
development. The SC110 is only 2" thick and weighs under 2 lbs yet it retains the 
standard features of a bench oscilloscope. 

FULL-SIZED PERFORMANCE 
10MHz band width 
10mV per div. sensitivity 
Full trigger facilities are provided includ- 
ing bright line and auto, with T.V. line 
and frame filtering 
RUNS ON ORDINARY HP11 (four) 
batteries or rechargeables 
Basic price - E159 UK Post free 

Optional extras - 
AC Adaptor £5.69; Rechargeable batteries 
£8.63; X1 Probe £8.05; X10 Probe £9.20; 
X1/X10 Switched Probe £10.90; Carry Case 

£8.86. 

PFM200A FREQUENCY 
METER 

Pocket size B -Digit LED display 
Frequency range 20Hz-200MHz Resolution 
0.1Hz Sensitivity typically 10mV rms 

Timebase accuracy 2ppm Battery life 
10 hours Frequency: 2 ranges, 4 gate times 
Price £67.50 UK Post free 
Optional extras - AC Adaptor £5.69 

LARGE 25p S.A.E. Brings details of: Oscilloscopes, Frequency Meters, Signal 
Generators, Function Generators, Pulse Generators, Analogue and Digital 

Multimeters, Digital Thermometer, C.R.T. Tester, Logic Analyser etc. 

All prices include VAT. Official orders welcome. Mail order only, or callers by prior 
appointment. Barclaycard/Access welcome. Cash/cheque, etc., with order. 

Government and Educational Establishments official orders welcome. 

El B.K. ELECTRONICS 
37 Whitehouse Meadows, Eastwood, Leigh -on -Sea, Essex SSS 5TY VISA 

Tel: Southend 627572 MUM 

LARIVE 
DIY K/TSW BITS 

PROFESSIONAL EQUIPMENT AT DISCOUNT PRICES! 

KITS £32, £50, £75, £85 including full instructionsCONTROL 
PANELS £18, £23, £29, £37BELL BOXES £6.25, £7.50 
PRESSURE PADS £1.06, £1.45, £2.45 4 CORE CABLE 
(100m) £8SIRENS £7.50CONTACTS 72p, 74p, 76p 

ULTRASONCIS £34.50DOOR PHONES £49.426 
BUY A KIT OR DESIGN YOUR OWN SYSTEM 

SEND SAE OR PHONE NOW FOR FREE FULLY ILLUSTRATED CATALOGUE. 
IT TELLS YOU ALL YOU NEED TO KNOWI 

Carriage Included. VAT Extra 15% 

A. D. Electronics, Dept ETI 7, 217 WarMeck Moor, Aintrie, Uverpool I9 OHV 051523 0440 

Trade Enquiries Welcome 

AMARAL Limited 

ETI AUGUST 1982 7n 

LEY, READING RG62RZ, ENGLAND 
Tel: National 0734 864745; International +44 734 864745 
Access or Barclaycard Add VAT 15% 50p p&p, Mail Orders / Tel orders only 

Send SAE for complete list 

CMOS - 4001 15p; 4002 15p; 4006 52p; 4011 15p; 4012 15p; 4013 25p; 4016 26p; 
4017 45p; 4020 53p; 4022 47p; 4023 15p; 4024 40p; 4025 15p; 4027 29p; 4028 50p; 
4029 60p; 4040 50p; 4046 47p; 4046 67p; 4049 25p; 4050 25p; 4051 52p; 4052 52p; 
4053 47p; 4060 76p; 4066 31p; 4068 15p; 4069 15p; 4070 15p; 4076 56p; 4081 15p; 
4082 15p; 4085 39p; 4086 39p; 4511 57p; 4518 59p; 4520 57p; 4543 87p; 4555 43p; 
40106 17p. 
74LS - 00 12p; 02 13p; 04 14p; 08 14p; 10 13p; 11 14p; 14 47p; 20 13p; 21 15p; 27 
15p; 28 18p; 30 13p; 32 13p; 40 13p; 42 40p; 73 24p; 74 22p; 76 24p; 85 71p; 86 17p: 
90 39p; 93 44p; 112 23p; 123 60p; 126 31p; 132 40p; 138 38p; 139 36p; 153 47p; 
155 47p; 157 37p; 164 55p; 166 116p; 173 53p; 174 37p; 175 37p; 193 63p; 221 60p; 
240 83p; 241 83p; 244 73p; 245 90p; 251 46p; 253 51p; 257 44p; 279 39p; 283 45p; 
366 38p; 367 38p; 373 81p; 374 79p; 393 60p. 
MICROS ETC - Z80CPU 345p; ZBOACPU 395p; Z8OCTC 295p; Z80ACTC 295p; 
ZBOP 10 340p; Z80AP 10 370p; 8085 375p; 8085A 525p; M C 1488 58p; M C 1489 58p. 
CRYSTALS - 3.6864125p; 4.0000 125p; 6.144 125p. 
SPECIAL OFFER - Buy a Micro from us and get a crystal for 75p. 
IC SOCKETS - 14 pin 8p; 16 pin 8p; 18 pin 12p; 24 pin 18p; 28 pm 24p; 40 pin 28p. 
REGULATORS - T.O. 220 Type - 7805 38p; 7812 38p; 7815 38p. 
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electronics today international 

BOOK SERVICE 
How to order: indicate the books required by ticking the boxes and send this page, together with your payment, to: ETI Book Service, 
Argus Specialist Publications Ltd, 145 Charing Cross Road, London WC2 OEE. Make cheques payable to ETI Book Service. Payment in 

sterling only please. All prices include P & P. Prices may be subject to change without notice. 

Beginners Guide to Electronics Squires £4.50 
Beginners Guide to Transistors Reddihough £4.50 
Beginners Guide to Integrated Circuits Sinclair £4.50 
Beginners Guide to Radio King £4.50 
Beginners Guide to Audio Sinclair £4.50 
Introducing Amateur Electronics Sinclair £4.50 
Introducing Microprocessors £5.20 
Understanding Electronic Circuits Sinclair £5.30 
Understanding Electronic Components Sinclair £5.30 

TV Typewriters Cookbook £9.35 
CMOS Cookbook £9.85 
Active Filter Cookbook £11.30 
IC Timer Cookbook £8.65 
IC Op -Amp Cookbook £12.20 
ITL Cookbook £9.15 
MC 6809 Cookbook Carl D. Warren £5.30 
PLL Synthesiser Cookbook Kinley £5.85 
8085A Cookbook Titus £10.75 

How To Build Electronic Kits Chapel £3.45 
110 Electronic Alarm Projects Marston £5.25 
110 Semiconductor Projects for the Home Constructor 
Marston £5.25 
110 Integrated Circuit Projects for the Home 
Constructor Marston £5.25 
110 Thyristor Projectors Using SCRs Marston £5.25 
110 Waveform Generator Projects Marston £5.25 
99 Practical Electronic Projects Friedman £4.20 

H What is a Microprocessor? 2 cassette tapes plus a 

72 -page book £10.00 
Beginners Guide to Computers and Microprocessors 
with projects £6.05 
Basic Computer Games Ahl £6.05 
Basic for Home Computers Albrecht £6.60 

LI Illustrating Basic Alcock £4.25 
CI Troubleshooting Microprocessors and Digital Logic 

Goodman £6.10 y Z-80 Microcomputer Handbook £9.35 
CC Microprocessors in Instruments and Control Bibbero 

£15.30 
CO Basic Basic Coan £9.95 
N Advanced Basic Coan £9.95 

o 1001 Things to do with your Personal Computer 
Sawusch £6.00 Q Microcomputers, Microprocessors, Hardware, 
Software and Applications Hilburn £17.40 

o L; Microprocessor Systems Design Klingman £21.95 
Introduction to Microprocessors Leventhal £11.25 
Microprocessor Technology, Architecture and 
Applications £11.30 

3 Basic with Style Nagin £6.30 
Microcomputer Design Ogdin £9.25 
Hands on Basic with a PET Peckham £11.95 
6800 Software Gourmet Guide and Cookbook Scelbi 

Z £9.30 - 8080 Software Gourmet Guide and Cookbook £9.30 
I The 8080A Bugbook Bony £10.05 
D 8080/8085 Software Design Titus £10.05 
a Cl How to Design, Build and Program your own Working 

Computer System £7.10 

o Your Own Computer Waite £2.25 
(, Microcomputer Interfacing Handbook A/D Et D/A £6.35 

Crash Course in Microcomputers Frenzel £14.95 
Musical Applications of Microprocessors Chamberlain 
£20.95 
The Pascal Handbook Tiberghien £12.45 
50 Basic Exercises Lamoitier £11.10 
Learning Basic with the Sinclair ZX80 £4.95 
Microprocessors for Hobbyists Coles £4.25 
Introduction to Microcomputer Programming Sanderson 
£5.25 

Microprocessors and Microcomputers for Engineering 
Students and Technicians Woolland £5.95 
Using CP/M - Self Teaching Guide Ashley Fernandez 
£6.95 
Digital Counter Handbook Frenzel £8.65 

33 Challenging Computer Games for TRS80-Apple-Pet 
Chance £5.75 
How to Build Your Own Working Robot Pet Dalesta 
£5.75 
Microprocessor and Digital Computer Technology 
£16.00 
Guidebook to Small Computers Barden £4.20 
How to Debug Your Personal Computer Huffman £6.30 
How to Troubleshoot and Repair Microcomputers Leuk 

£6.30 
6809 Microcomputer Programmes and Interfacing with 
Experiments Staugaard £11.45 
Wordprocessors Programmed. Training Guide with 
Practical Application £ 
Digital Circuits and Microcomputers Johnson £9.75 
Experiments in Artificial Intelligence for Small 
Computers £7.25 

I- The Oscilloscope In Use Sinclair NEW EDITION 1982 

W3 How to Get More Out of Low-cost Electronic Test 
I-. Equipment Tobery £5.50 

>- 
cr 
o 
W 
_ 
I- 

Digital Signal Processing. Theory and Applications 
Rabiner £26.40 
Electronic Communication Systems Kennedy £8.95 
Principles of Communication Systems Taub £8.40 

Introduction to Digital Filtering Bognor £13.30 
Transistor Circuit Design Texas Instruments £10.95 
Electronic Circuit Design Handbook Design of active 
filters, with experiments: Berlin £6.80 

Li Electronic Engineers Reference Book Turner £42.00 
Electronic Components Colwell £4.00 
Electronic Diagrams Colwell £4.00 
International Transistor Selector Towers New £10.70 
International FET Selector Towers £4.60 
International Op -Amp Linear IC Selector Towers £8.00 
International Microprocessor Selector Towers £16.00 
Dictionary of Audio - Radio and Video Roberts £16.00 
Dictionary of Electronics Amos £16.00 
Dictionary of Electrical Engineering Amos £16.00 
Dictionary of Telecommunications Amos £16.00 
Giant Book of Electronic Circuits Collins £12.75 

World Radio/TV Handbook Vol. 35 1981 £10.50 
How to Build Electronic Projects Malcolm £6.45 
Modern Electronic Circuit Reference Manual Marcus 
£33.50 

Please send me the books indicated. I enclose cheque/postal 
order for £ 

I wish to pay 
count. 
5121214 

4,9'2 9 

by Access/Barclaycard. Please debit my ac - 

Signed 

Name 

Address 

J 
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SOUND TRACK 
Play it again (and again, and again), SAM! 

When you feel like working off your 
aggressions, try to zap the nasties as 

they fly past. Design and 
development by Phil Walker. 

he ETI Sound Track is an `arcade' 

T game you can carry in your 
pocket. It requires no special 

displays as all the cues are sounds. 
The object of the game is to intercept 
all 15 of the attackers with your own 
armament. In order to do this you 
have to judge the best moment to fire 
from the simulated sound of the 
attacker. It is made more realistic by 

the fact that both volume and 
frequency changes due to Doppler 
shift are included. As the game 
progresses the speed of the attack 
increases to prevent you getting too 
used to one pace. Also there are three 
levels of skill which determine how 
difficult it is to hit the attackers at 
all. 

At the end of the game, if 
enough of the attackers have been 
intercepted, an LED will light up to 

give an assessment 
of your performance. 
As an option, an aiming 
control can be fitted, if space 
permits, which will allow 
multiple shots if you are quick 
enough. To start the game, 
press the reset button and wait for the 
first attack. Now it's up to you. Bear 
in mind that your shots are effective 
only at the end of the shooting noise 
and while the target light is on. 

The Circuit 
The circuit for this project uses 

standard op -amps, CMOS counters 
and gates and a special sound effects 
IC. This allows us to make fairly 
realistic sounds to simulate an object 
flying past, some sort of weapon 
being fired and an explosion if a 

successful interception has been 

made. In order to make the 
completed project hand-held, the 
PCB is fairly crowded but quite a lot 
has been put onto it. 

The heart of the system is a 
voltage controlled oscillator operating 
at a frequency of less than 0.2 Hz. 
This provides two outputs; one is an 
asymmetrical triangle wave which 
controls the attack sound effect and 
simulates the position of the target 
while the other output is a logic 
signal to drive the score counters. The 
VCO frequency is modified by the 
attack counter such that the attacks 
proceed more rapidly as the game 
progresses. 

The fire control section of the 
circuit produces two signals. The first 
of these is a long pulse which causes 
the shooting sound to be made by the 
sound generator. The second, 
immediately after, is a short pulse 
which enables the hit detector. If at 
the same time the ramp from the 
VCO is within the limits of the 
window discriminator in the hit 
detector, then a HIT will be 
registered and the HIT counter 
updated. At the same time the sound 
generator will be switched to provide 
an explosion effect. 

The sound select logic and 
analogue control switching (in the 
absence of any other demand) will 

72 
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PROJECT 

assume an attack sequence and 
configure the sound generator to give 
a mixture of white noise and a tone. 
As the ramp voltage from the VCO 
falls, simulating an attack, the 
volume will increase to a maximum 
and then decrease again. 
Simultaneously, as the volume reaches 
its peak, the pitch of the tone will 
decrease rapidly and stabilise at a 
lower level to simulate Doppler shift. 
While the ramp voltage returns to its 
starting level the sound generator is 
inhibited. 

If either shooting or explosion 
effects are demanded, these will take 
precedence over the attack sound. The 
explosion is produced by envelope - 
shaping the white noise source in the 
chip while the shooting sound is 
given by an audio frequency VCO, 
frequency -modulated by a much 
lower frequency triangle wave. 

The display given by the LEDs is 
to give some indication of the 
number of successful interceptions 
made in a game. The first LED will 
light when eight out of the 15 attacks 
have been stopped. The next will 
light at 12, then 14, and finally 15. 
There is one other LED which flashes 
each time a HIT is possible, but note 
that the shoot button usually has to 
be pressed before it lights. 

Construction 
No major problems should be 

encountered in making this project; 
care must be taken when soldering 
the board as there are many places 
where tracks run between IC pins. 
Make sure that all the links are in 

LEI,2 
ANODE AMI 

D7 ANODE 

9Nt(AND R7-91 

LEDI LIWID9PEAM('.E 
CATNCUE 

Fig. 1 Component overlay for the Sound track hand-held `arcade' game. Note that some 
components are mounted off -board; see the photographs. 

place and that diodes, ICs and 
polarised capacitors are the right way 
round. Low profile IC sockets may be 
used but the case we used may then 
be a little tight. 

SW1, R6 and R7 were mounted 
so that they fitted beside the battery 
compartment on one side while PB1 
and PB2 went the other side. The 
LEDS are mounted on the front of 
the box so that they poke through the 
panel; use a little glue to hold them 
in place. Some interconnection work 

PARTS LIST 

and components have to be put on to 
these (D7-10) and this should be kept 
as close to the panel as possible. If 
there is room, fit RV1 and R7 but 
this will only be possible if a very 
small potentiometer is available òr a 
different box is used. 

All interwiring should be carried 
out using thin flexible wire and kept 
as short as practicable. When fixing 
the loudspeaker check first that it will 
fit in the desired position and adjust 
fixing pillars etc. to ensure this. It is 

Resistors (all *W, 5%) 
R1,2,4,12,39 100k 
R3,5,6,22,29, 
30 
R31,32,33,35 1M0 
R7,15 220k 
R8,46 6k8 
R9,10,42 15k 
R11,41 82k 
R21,27 2M2 
R14,23 470k 
R16 180k 
R17,19,37 27k 
R18 150k 
R20 4M7 
R25 47k 
R24,26,38 1k0 
R28,48 10k 
R34,36 22k 
R40 3k3 
R43 4k7 

R44 1k5 
R45 68k 
R47 12k 
R13 is not used 
Potentiometer 
RV1 100k linear 
Capacitors 
C1,8 
C2 
C3,5 
C4,11 
C6 
C7 
C8 
C9,10 
C12 

100n polycarbonate 
220n polycarbonate 
4n7 ceramic 
1n0 ceramic 
2u2 16 V tantalum 
10n ceramic 
68n polycarbonate 
10u 10 V PCB electrolytic 
100u 10 V PCB electrolytic 

Semiconductors 
ICI 
IC2 
IC3 
IC4 

11082 
TL084 
4093B 
4520B 

IC5 
IC6 
IC7,8 
IC9 
IC10 

Q1,2,3,4,6 
Q5 
D1-10 
ZD1 
LED1,3,4,5 
LED2 
Miscellaneous 
SW1 miniature 3 -position slide 

switch 
PB1,2 miniature push -to -make 

push-button 
SW2 miniature slide switch 

(on /off) 
Case (Pac-tec type HP); PP3 battery and 
connector; knob for pot; loudspeaker (1" 
dia, 8 ohm) - see Buylines; PCB (see 
Buylines). 

4012B 
4023B 
4011B 
4066B 
SN76495 (see Buylines) 
BC182L 
BC212L 
1N4148 
5V6 400 mW zener 
Green miniature LED 
Red miniature LED 
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MAKE IT WITH 
BRADLEY 

Marshall's 
OF LONDON 

SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS 
Tel: 723-4242 

PROBABLY THE 
LAMEST STOCK 
OF ICs 4: 
TRANSISTORS 
IN TITIS SOUTH 
TRY MS FIRST 
LAME RANGE OF 

ACCESSORIES 
Plugs 
Sockets 
Audio Connectors 
Veroboards 
IC Sockets 
Soldering equipment 
Screw drivers 

(BANCO) 
Sifam Knobs 
etc. 

LARGE RANGE OF 
ICs . 

Transistors 
Capacitors 
Diodes 
Triacs 
Thyristors 
Opto 
Resistors 
Potentiometers 
Fuses 
bridges 
Please 

OFFER 

STEINAL 
MULTICHECK 

£750 
+ VAT 

Normal price £10 26 

BUY WITH 
ACCESS 

BARCLAYCARD 
A/EXPRESS 

DINERS 
Just phone we do the 

rest 

MAIL 
ORDER 
FASTER 
SERVICE 
PHONE 
723-4242 

SPECIAL BAHCO TOOLS 
SIDE CUTTERS 

2132 £7 111 

2112 £3 M 
END CUTTERS 

2211 £11 43 

PLIERS 
2411 £6 75 
2415 £6.78 

ICE MULTIMETERS 
Microtest 80 £1660 
Supertest 680 R£32 -O0 
Supertest 680E £2450 

EXPERIMENTER 
BREADBOARD'S 

EXP 325 EXP 600 
EXP 350 EXP 650 
EXP 300 EXP 48 

LOGIC PROBES 
LP1 £31.00 
LP2 £18.00 

EXPERIMENTER 
KITS 

PB6 £9.20 
PB100 £11.80 
PLEASE REMEMBER 

r . 116 way, 40 way To ADD 15% VAT 

325 EGWARE ROAD LONDON W2 1BN 

BARCLAYCARD ACCESS DINERS A/EXPRESS 

40 WAY RIBBON 
CABLE £2.20 metre 
Header plugs 14 way, 

Bigger and Better for 1982 
the colourful Wilmslow Audio brochure 
-the definitive loudspeaker catalogue! 

Everything for the speaker constructor - kits, drive units, 
components for HiFi and PA. 
50 DIY HiFi speaker designs including the exciting new 
dB Total Concept speaker kits, the Kef Constructor range, 
Wharfedale Speakercraft, etc. 
Flatpack cabinet kits for Kef, Wharfedale and many others. 

* Lowest prices - Largest stocks * 
* Expert staff - Sound advice * 

* Choose your DIY HiFi Speakers in the comfort of our * 
two listening lounges 

(Customer operated demonstration facilities) 
* Ample parking * 

Send £ 1.50 for catalogue 
(cheque, M.O. orstamps-or phone with yourcredit card number) 

* Access -Visa -American Express accepted * 
also HiFi Markets Budget Card. 

WILMSLOWnnn M 
The firm for Speakers 

35/39 Church Street, Wilmslow, Cheshire SK9 lAS 

0625 529599 

Lightning service on telephoned credit card orders! = 

HOME CONSTRUCTOR 
TURNTABLE KITS 

from 

INPUT DESIGN LTD 
THE LEADING MANUFACTURERS OF 

TURNTABLES IN KIT FORM 

NORMAL RETAIL PRICE £49.50 
SPECIAL 

OFFER TO 
READERS 
OF ETI inc VAT 

(P& P £1.95) 
This kit includes AC Synchronous motor (as used on £350 decks), 
Pulley, Belt, Drive Hub, Spindle, Bearing, Glass Platter, Felt Mat, 
Switch, Electronics, Cable and full instructions together with blue- 
print for plinth assembly. 
Any other parts fie Lid) available as optional extras. 

5 YEAR GUARANTEE- 
MONEY BACK IF NOT SATISFIED 

Pay by Barclaycard, Access or CWO. Export: Write for Pro -forma. 

o INPUT DESIGN LTD 
Victoria house Shortnìead Street, 

ßiggleSWade, Beds. SG1S OAP 
Telephone: ßigs;IesWade (0767) 316655 Telex: 826671 

SUMMERTIME SALE! 
DEDUCT 

FROM THIS ADVL ERTISEMS ENTR 
E10 

All prices include VAT at 15% - just add 50p post 
1982/3 CATALOGUE 

Bigger! Better!! Buy one!!' 
Only 76p inc. post - Look what you get!! 

Vouchers worth Blip 
1st class reply paid envelope 
Wholesale list for bulk buyers 
Bargain List with hundreds of surplus lines 
Huge range of components 
Low, low prices 

Sent free to schools, colleges etc. 

SOLENOIDS AND RELAYS 
W921 Solenoid rated 48V at 25% duty cycle, but 
work well on 24V (700gm pull, 10mm travell push 
or pull 27 x 18 x 15mm 55p 
W922 Mains 240V ac solenoid, 10% duty cycle, 
push or pull, 16mm travel. 50 x 20 x 16mm. Only 
£1.50 
W8959V DC relay 500RSPCO 28 x 24 x 19. 60p 
W733 11 pin plug in relay, 240V ac, 3PCO 5A 
contacts £2,50. Base E36p 
W838 7005 24V 4PCO "continental" relay 35 x 
30 x 18, only 84p; 10/£7.00 
W847 37R 5-10V relay, SP 3A contact, PCB 
mntg 11 x 33 x 20. 95p; 10/£7.50 
W893 Omron 1Y4 mains relay, 4PCO 5A contacts. 
£2.50 
W896 24V ac coil, but works well on 6V DC. 2 x 
10A c/o contacts. Ex -equip, only BOp 

K517 Transistor Pack. 50 assorted full spec 
marked plastic devices PNP NPN RF AF. Type 
numbers include BC114, 117, 172, 182, 183, 
198, 239, 251, 214, 255, 320, BF198, 255, 394, 
2N3904 etc etc. Retail cost £7+. Special low 
price 275p 
K520 Switch Pack. 20 different assorted 
switches - rocker, slide, push, rotary, toggle, 
micro etc. Amazing value at only 200p 
K522 Copper clad board. All pieces too small 
for our etching kits. Mostly double sided fibre- 10W AMP PANEL 
glass. 250g (approx 110 sq ins) for 100p Neat board 115 x .62mm with Class B 
K541 It's back!! Our most popular pack ever output. Uses 2 x 2N5293, 2 x BFY50 - Vero offcuts. This has been restricted for BFX29. Supply can be either 36V or 18-0-18V 
some time, but we have now built up a Input sensitivity 1V for 10W output. Small 
reasonable stock and can once again offer H/S on board: £2.96. Suitable transformer, 
100 sq ins of vero copper clad offcuts, averaoe bridge rect, smoothing and of p capacitor:_ 
size 4 x 3". Offered at around Ya the price of a 6/./. Supplied with circuit/connection 
new board 32op data 

ELECTRO -DIAL 

Electrical combination lock for maximum 
security, absolutely pick -proof I! One million 
combinations!! Dial is turned to the right to 
one number, left to a second number, then 
right again to a third number. Only when this 
has been completed in the correct sequence 
will the electrical contacts close. These can be 
used to operate a relay or solenoid etc. Overall 
dia 65mm x 60mm deep. Finished in bright 
chrome. With combination the price is £9.95. 
Also available without combination, but 
instructions are provided on how to find it. 
Takes about 20mins 62.95 

PACKS PACKS PACKS 'COMPUTER BATTLESHIPS' 
Probably one of the most popular' electronic 
games on the market. Unfortunately the design 
makes it impractical to test the PCB as a working 
model, although it may well function perfectly. 
Instead we have tested the sound chip, and sell 
the board for its component value only (PCB 
may be chipped or cracked): SN76477 sound 
IC; TMS1000 u -processor; batt clips, R's, C's 
etc. Size 160 x 140mm. Only £1.50. 
Instruction book and circuit 30p extra. 

GREENWELD 
76 

443A Millbrook Road Southampton Soi OHX 
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SUBSCRIPTION ORDER 
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FORM 
Cut out and SEND TO : 

Electronics Today International, 

513, LONDON ROAD, 
THORNTON HEATH, 

SURREY, 
ENGLAND. 

Please commence my personal subscription to Electronics Today 
International with the . issue. 

SUBSCRIPTION 
RATES 

(tick D as appropriate) 

£11.95 for 12 issues 
U.K 
£15.75 for 12 issues 
overseas surf ace 
£35.75 for 12 issues 
Air Mail 

I am enclosing my (delete as necessary) 
Cheque/Postal Orderllnternational Money 

Order for ® 
c ioiiaoi, 

(made payable to A.S.P. Ltd) 
OR 

Debit my Access/Barclaycard* 
(*delete as necessary) 

Please use BLOCK CAPITALS and include post codes. 

Name(MrIMrs(Miss) 
delete ac cord,ngl y 

Address 

1 

ISignature 

I Date 

1 ti ta fa ti r fa fi ri ta fa ISM t1 ti fi- f! A, 

NEW DESIGNS 
TO TRY! 

pLus 

ROBOTIECHCS 

MUSIC BUILD 
OCESSOR 

TOVOICE 

OVER UNIT 
FOR DJog... 

... MUSIC.. .nADIO... 
..G01UTINC..... 

--r /-__--_.., :AIE Yol 
LICENCE! 

Drive safely 
with our DIY Aw 

VE oocc 
FtEVIIIEww 

CASIO'S a,> 71-_..e.me 
1.-1-AND. COMPUTER 

aaapMMudw-MNIbaMlrNraaM 
. '. an.r Y. e«aaaa,. Chaplf'sea hlalje.. 

t1D11pTffi 

SUBSCRIPTIONS 
The magazine you hold in your hand is the 

biggest seller in the UK electronics field. 
Why risk your newsagent running out? 
Take out a subscription using the form 

provided, and make sure of getting the next 
12 issues. Don't you deserve not to miss out 

1 on the best? 

It's easy 
to complain 

about 
advertisements. 

The Advertising Standards Authority. 
If an advertisement is wrong,we re here to put it right. 

A.S.A. Ltd., Brook House,Torrington Place, London WC1E 7HN. 
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DATA SHEET 
The HOS-100 high speed, bipolar, voltage follower/buffer amplifier is designed to provide high 
frequencies from D.C. to 125MHz. Featuring a slew rate of 1400V/µs, output drive of ±10mA 
excellent phase linearity (2°) and low distortion (<0.1%). 
Ideal for wide range for buffer applications including high impedance input buffers for fast A to 
comparators, coaxial cable drivers, yoke drivers in high resolution CRT displays etc. 

Features 
D Wide Bandwidth - d.c. to 125MHz 
D High Slew Rate - 1400V/µs 

Operating Temperature Range -25°C to +85°C 
D High Output Drive - ±10V with 100íZ Load 

Applications 
Current Boosters 

D High Speed A/D Input Buffers 
Coaxial Cable Drive 
High Speed Line Drivers 

D Video Impedance Transformation 

Absolute Maximum Ratings 
Supply Voltage (V+ to V-) .................................... 40V 
Maximum Power Dissipation ................................. 1.5W 
Input voltage .............................. Equal to supply Voltage 
Maximum Continuous Output Current ..................±100mA 
Maximum Peak Output Current ......................... ±250mA 
Operating Temperature Range (Case) ...... -25°C to +85°C 
Storage Temperature .......................... -65°C to +150°C 
Lead Temperature (Soldering 10 sec) .................. +300°C 
Maximum Junction Temperature ........................ +1 75°C 

Electrical Characteristics 
(V5 = ±15V, RL = 1 k52, T(' = 25°C) 

current drive at 
into 1 Ka loads, 

D convertors and 

Internal 
Schematic 

INPUT 

Top view 

Figure 1 

CND 

GND 

IE- 

4R 

4R 

IH 

OUTPUT 

Parameters Conditions Min Typ Max Units 
Input Bias Current 5 25 µA 
Input Impedance VIN = 1V rms. f= 1kHz 100 200 ka 
Voltage Gain VIN = 1V rms, f = 1 kHz 0.94 0.96 1.0 V/V 
Output Offset Voltage Rs = 500, 10 25 mV 
Output Offset Voltage Tc Rs = 50n 25 75* µV/°C 
Output Impedance VIN = 1V rms, f = 1 kHz, Rs = 500n 8 12* SZ 

Output Voltage Swing Rs = 50n, ±12* ±13 V 
V5 = ±5V 6 

Supply Current VIN = OV, Vs = ±15, 15 20 mA 
V5=+5 10 mA 

Power Consumption VIN = OV 45Q 600 mW 
Slew Rate VIN = ±10V, R5 = 50n 1000 1400 V/µs 
Bandwidth VIN = 1V rms. Rs = 50n 100 125 MHz 

Rise Time OVIN = 0.5V, Rs = 5052 2 ns 

Propagation Delay OVIN = 0.5V, Rs = 50n 1.5 ns 

Phase Nonlinerearity BW = 1 to 20MHz. Rs = 50n 2 Degrees 

Harmonic Distortion f > 1 kHz, Rs = 50n <0.1 % 

'Applies over full temperature range -25°C to +85°C 
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FEATURE 

Typical Performance Curves 
10 

0.8 

06 

0.4 

02 

V, = ±151/ 
R, = 500 
R, = 1 K 0 
V,, = 1 V,mc 

10 2.0 5.0 10-0 20.0 

FREQUENCY MHz 

Figure 2: Frequency response 

50.0 125 

8.0 

60 

V,=i15.0V 
R, = 100511 

-50 0 50 100 

TEMPERATURE - C 

Figure 3: Output offset voltage vs temperature 
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Figure 4: output voltage vs supply voltage 
Supply current vs supply voltage 

Applications 
Layout Considerations 
As is the case with any high-speed design, proper layout is 
critical to avoid the introduction of unnecessary errors due 
to high -frequency coupling, stray capacitance, and the like. 

Large ground planes should be used whenever possible to 
provide a low resistance, low inductance circuit path, as 
well as shielding the effects of high -frequency coupling. 
Sockets should be avoided, as the increased inter -lead 
capacitance can degrade bandwidth. Input and output 
connections should be kept as short as practical. 

Capacitive Loading 
The HOS-100 has been designed to 'drive capacitive 
loads of several thousand picofarads (such as coaxial cable) 
without oscillation. In these applications, peak current 
resulting from (C x dv/dt) should be limited below the 
absolute maximum peak current rating of ±250mA. 

Also, power dissipation due to driving capacitive loads plus 
standby power should be kept below the total power rating 
of 1.5W. 

Typical Applications 

INPUT 

5 

+15V 

12 
HOS 
100 

R n 43R 

Figure 6: Coaxial cable driver 

500 C0 -AX CABLE 

SOR 

Figure 7: High speed shield/line driver 
ETI 
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FL12 10 FLACK VALUR - T 
RESISTOR KITS 

W 2R2 to 2M2 ((FL12 RANGR)) 10 FLACK VALUR - 730 Res I £5.50'+AVAT 

MULTIMETER - TYPE U4324 - 20,000 O.P.V. 

D.C. Current: 
A.C. Current: 
D.C. Voltage: 
A.C. Voltage: 
Resistance: 
Accuracy: 

PRICES INC VAT P&P 45p 

lan sib \awe 

FAST RESPONSE STRIP CHART RECORDERS 
Series H3020 Made in USSR 

SPECIAL OFFER 

Basic error: 2.5% 
Sensitivity: 8mA F.S.D. 
Response: 0.2 sec. 
Width of each channel: 
Single and three -pen 
recorders: 80mm 
Five -pen recorders: 50mm 

Chart speeds, selected by push buttons: 0.1 0.2 0.5-1.0-2.5-5.0-12.5-25 
mm/sec. 
Chart drive: 200-250V 50Hz 
Recording: Syphon pen directly attached to moving coil frames. 
Curvlinear co-ordinates. 
Equipment: Marker pen, timer pen, 
paper, connectors, ink etc. 
H3020-3 (Three pen): 475mm wide 

inc VAT 
H3020-5 (Five pen): 475mm wide x 

VAT 

paper footage indicator, 5 rolls of 

x 384mm deep x 165mim high 
PRICE £69 

All recorders supplied complete in 
carrying case. 

384mm deep x 185mm high inc 
PRICE £105 

a sturdy custom built wooden 
Carriage: £10.00 per recorder 

MULTI -RANGE UNIVERSAL PORTABLE 

AC/DC RECORDING VOLTAMMETER H390 

(SUPPLIED WITH 5 CHART ROLLS) 

Measurements 
ranges, AC/DC: 

Accuracy. 
Chart width: 
Chart drive: 
Chart Speed: 

PRICE: £70.00 

5-15-150-250- 
500mA, 1.5-5 Amps 

5-15-150-250-500V 
1.5% DC, 2.5% AC 
100mm 
220-250V AC mains 
20-60-180-600- 
1800-5400 mm/hour 
Carriage £6.00 

V - 
PRICE complete with test 
£10.50 inc of VAT 

0 . 0 6 --0 . 6 -60 -600 m A -3 A 
0.3-3-30-300mA-3A 
0.6-1.2-3-12-30-60-120-600-1200V 
3-6-15-60-150-300-600-900 V 
5000-5-50-500kQ 
d.C. 2.5%: A.C. 4% (of F.S.D.) 

leads and fibreboard storage case 
Packing and postage £2.00 

TRANSFORMERS 
British made transformers at very attractive prices 

Primary 
240v: 
240, 
240, 
240v: 

Secondary 
4.5 0ß.5v 

6-0-6v 
6-0-6m 
9-0-9v: 

Current 
400m/a 
100m/a 
500m/a 
200m/a 

1+ 
50p 
58p 
65p 
75p 

10- 
45p 
52p 
60p 
70p 

100+ 
35p 
43p 
48p 
58p 

Manufacturers note. We can supply FROM STOCK 1000+ quantities 
of the above transformers and adaptors below. 

These very high quality British made two pin European adaptors are 
ideal for driving Radios, cassette recorders. TV games, calculators 
etc. The adaptors tir the UK shaver socket. 

REF 
EOB 
EMI 
E09 
ET4 

D.C. Voltage 
4.5V 
6V 
6V 
9V 

Current 
200m/a 
200m/a 
400m/a 
15om/a 

+ 
50p 

E1.00 
C1.50 
E1.50 

Send your orders to: 
MARCO TRADING, (Dept. ETI) 

The Old School, Edstaston, 
WEM, Shropshire SY4 5RJ 

Tel: Whixall (094872) 464 

10- 
45p 
80p 

E1.25 
E1.25 

100+ 
32p 
55p 
85p 
85p 

Send for list of other reduced equipment and component lists. Official orders welcome. Wholesale 
prices upon request. Callers at our office welcome 

MAGENTA 
ELECTRONICS LTD. 

Full kits include printed circuit boards, components, 
hardware, I.C. sockets, cases etc. unless stated (Not batteries/. 

If you do not have the issue of E.T.I. which includes the project - you will need tc 
order the instruction reprint at an extra 45p each. 
Reprints available separately 45p each + p&p 45p. 

E.T.I. KITS 

INSULATION TESTER May 82 £15.98 
AUTORANGING CAPACITANCE METER 
Mar /April 82 £71.99 
ACCURATE -VOLTAGE MONITOR Apr 82 
.......................... £13.63 

AUTOMATIC CONTRAST METER Apr 82. 
less extrusion £26.77 
HIGH QUALITY PHONO AMPLIFIERS Feb 
82. Less case 
MOVING COIL STAGE £17.96 
MOVING MAGNET STAGE £17.68 
PEST CONTROL Feb 82 £6.77 
GUITAR TUNER Jan 82 £28.98 
COMPONENT TESTER Dec 81 £7.98 
CAR ALARM Nov 81 £17.98 
ENLARGER TIMER Oct 81 £26.59 
SOUND BENDER Oct 81...,...., £20.76 
WATCHDOG SECURITY ALARM Aug 81 

£43.33 
RECHARGEABLE BATTERY extra £19.96 

HANDCLAP SYNTHESISER Aug 81 .128.98 
WAH PHASE June 81. Less pedal E13.44 
LED JEWELLERY June 81. Cross E2.47. 
Star E9.41. Spiral £7.20. 
ALIEN ATTACK Jan 81 £19.76 
GUITAR NOTE EXPANDER April 81 £16.47 
DRUM MACHINE April81 £59.98 
ENGINEERS STETHOSCOPE Mar 81 £19.19 
SOUND PRESSURE LEVEL METER Feb 81. 

£39.98 
INFRA RED ALARM Feb 81 £54.98 
4 INPUT MIXER Dec 80 ..... . £19.77 
MUSICAL DOORBELL Dec 80 £11.61 
METRONOME Nov 90 £5.98 
ULTRASONIC BURGLAR ALARM Aug 80. 

£26.82 
CAPACITANCE METER Aug 80 £20.26 
CMOS LOGIC TESTER Aug 80 £10.97 
CLICK ELIMINATOR April79. £61.55 Or less 
case £46.57. 

NEWT SOUND TO LIGHT LADDER 
10 channel drive to line of lights - very effective. 0-300 watts per channel. Total 3000 
watts. Select bar or dot display mode. Also includes 10 channel strobe and chase 
effects. Switch selectable frequency - low - middle - high. Mono or stereo input 
either by direct wire or internal microphone. LED panel monitoring of status. Kit 
includes all parts and instructions. Lights not included. Output via 2 P552 sockets. 
Plugs extra £2.24 each. 

SOUND TO LIGHT LADDER - GREAT NEW KIT 
£49.98 inc. VAT and Postage lime lights) 

MAGENTA ELECTRONICS LTD 
EZ15, 135 HUNTER ST., BURTON -ON -TRENT, STAFFS 

DE14 2ST. 0283 65435. MON-FRI 9-5. MAIL ORDER ONLY 
ADD 45p P&P TO ALL ORDERS 

OFFICIAL ORDERS WELCOME. 
IRISH REPUBLIC S. B.F.P.O. EUROPE. 
Deduct 10% from prices shown Payment. 
must be in Sterling. 
ACCESS and BARCLAYCARD (VISA) 
ORDERS ACCEPTED BY PHONE OR 
POST. 
SAE ALL ENQUIRES. 

Please 

mention 

when replying 
to all 

adverts 
80 
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MONTHLY IN 
ELECTRONICS TODAY - 
YOUR OWN 'WHERETO 

BUY IT' GUIDE 

AVON 

ANNLEY ELECTRO 

190 Bedminster Down Road 
Bedminster Down, Bristol 

Tel: 0272 632622 
Open: Mon -Sat Sam -0.30 pm Wed 9am-2pm 

BEDFORDSHIRE 

BROADWAY ELECTRONICS 
1 The Broadway, Bedford, 

Tel: 0234 213639 
Open: 6 days 9-5.30 V, day Thur 

lunch 1.302.30. 
Specialists in electronic components and 

Acorn computers. 

DORSET 

D.J. ELECTRONICS 
64 Ensbury Park Road, 

Bournemouth. 
Tel: (0202) 515073. 

Open: Mon -Sat 9am-6pm. 

HAMPSHIRE 

GAINES ELECTRONICS 
3, West Street, Fareham. 

Tel: (0329) 234891 
Open: 6 days 9am-5.30pm. 

RS component stockist Wide range of components tur 
the enthusiast. 

HERTFORDSHIRE 

GODDARDS COMPONENTS 
110 London Road, St. Albans. 

Tel: St. Albans 64162 
Open: Mon -Sat 9.30am 5.30pm 

(V2 day Thun 

LOOKING FOR 
COMPONENTS! HARDWARE! 

CASES! TRY YOUR LOCAL 
LISTED STOCKIST 

S. IRELAND 

thewdr7i5 world of electronics 

25 Parnell St, Dublin 1. 
Tel: Dublin 740662 

Open: 6 days 9arn-5.30prn 
Components. Computers. Video games. 

LANCASHIRE 

ETESON ELECTRONICS 
15B Lower Green, 

Poulton-le-Fylde, Blackpool 
Tel: (0253) 885107 

Open: 9.30am-12.30. 1.30-5.30. Closed Wed & Sur. 
Electronic Component Specialists. 

LONDON 

SAMSONS ELECTRONICS LTD 
9/10 Chapel St. 21/23 Bell St. NW1. 

Tel: 01-262-5125, 01-723-7851. 
Open: 10am-6pm. (Sat 11am-5pm). 

Vast selection of components at ridiculous 
prices. 

W. MIDLANDS 

PATH ELECTRONIC SERVICES 
369 Alum Rock Road, B'ham. 

Tel: 021 327 2339. 
Open. 10am-6pm weekdays. 

Sat 9.30arn-5pm. Contact Peter A. 
Thomas. Wholesale and retail supplies. 

NOTTINGHAMSHIRE 

DAMON electronics 
99 Carrington St. Nottingham. 

Tel: 53880 (mail order available) 
Open: 6 days 9.30am-5.30pm. 
Specialists in T.V. F M aerials. 

FOR YOUR BUSINESS TO 
BE INCLUDED, CALL 
ELECTROMART ON 

01-437-1002. 

TYNE AND WEAR 

AITKEN BROS £t CO 
35 High Bridge 

Newcastle Upon Tyne. 
Tel: 326729 

Open: 9am-5.30prn (Sat 5pm) closed Wed. 
Retail and Wholesale supplied. 

S. WALES 

CAFiUilûfifl ELECSPIOilICS 
Chancery Lane, Cardigan, 
Tel: Cardigan (0239) 614483 

Open: Mon -Sat loam-5pm. Closed Wed. 
Electronic components & 
Acorn computer stockist. 

WILTSHIRE 

camlab electronics 
27 Faringdon Rd. Swindon 

Tel: (0793) 34917 
Open: 6 days 9am-5.30pm 

Specialists in loud speakers. Wide selection 17." 18" 

YORKSHIRE 

ACE MAILTRONIX LTD. 
3A Commercial Street, 

Batley. Tel: (0924) 441129 
Open. Mon -Fri 9arn-5.30pm. (Sat ipm) 

Retail and wholesale. 

PLEASE MENTION 
ELECTRONICS TODAY 
WHEN USING THESE 

SHOPS! 

Please include my business details in the next available issue of Electronics Today International: 
Business Name- , es 
Address , 

f 
ONE ATel. 

No.: Open Hrs. 
fl 7+0, 

Contact (Office Use Only' % e 

Post To: Electronics Today, 145 Charing Cross Rd., London WC2H OEE. 
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ETI MOBILE 2 
Regular readers will have 
followed our Motor Control 
series with (we hope!) a curious 

interest. It may have crossed your mind 
to wonder exactly what ETI is up to 
now. All this talk of Robot Control and 
no robot! 

Way back in our April issue we 
showed the base of our Mobile 2, and 
since then have been steadily mounting 
modules into it, building up the basis of 

an advanced robotics project. 
This month it's time to lay out the 

complete series and to involve the future 
participants and designers in the 
project - you! We have developed a 

complete mobile, with arm and 

computer link which we will be 
presenting over the next few months. 
After that it's up to you, our readers. 
We hope to be able to continue the 
series with projects and features based 
upon your designs and programs for the 
Mobile 2. 

Too Mobile? 
The complete ETI Mobile 

comprises a tracked base with servo 
driven arm - for which a low-cost 
metalwork kit is available - infra -red 
proximity detectors, on -board interface 
and control circuitry, wireless link to a 

home computer port and an experi- 
mental positional detection system. 

Enough of this 'you 
and us' attitude - it's 
time for some reader 
involvement. We've 
been publishing 
robot modules thick 
and fast, but now 
it's your turn to be 
inventive; together 
we can make 
beautiful robots. 
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PROJECT 

The home computer acts as the 
"brain" and can be thus programmed 
to make decisions upon the information 
returned to it by the Mobile. The 
latter's motor drive system is linked via 
an eight -bit port arrangement to the 
control board, placing the tracks directly 
under computer control. 

This means that a set of pre- 
arranged instructions can be sent to the 
mobile, causing it to follow a path 
around obstacles and obstructions, thus 
functioning in any environment. As the 
computer carries all the software, 
decisions upon "what to do if..." can 
be modified and expanded at the touch 
of a cursor! 

Similarly, the arm is ported onto 
the bi-directional data link and can be 
software controlled from the computer. 
Alternatively the arm may be used as a 
`stand-alone' design, for which the 
interface has also been configured. 

Some Arm In it 
The servo -driven manipulator we 

are proud of! Produced in conjunction 
with Remcon Electronics, it overcomes 
many of the complex mechanical hang- 
ups which beset earlier constructs. 

It is ideal for teaching purposes, 
being controllable by any of: 
(i) a standard radio control system, 

such as employed in model aircraft, 
etc. 

(ii) a 'tele -operator' which allows direct 
instruction of the arm - and the 
pupil operating it. 

(iii) a microcomputer, using our 
interface. 

Above: The analogue PWM control board and motor driver board for the 
Mobile 2. 

Below: The Mobile 2 with hand controller and servo manipulator. 
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Above: Just when you thought it was safe to go back 
into the workshop...a close-up of the jaws. 

Right: The arm is not limited to use on the Mobile 
2 - it can also find applications as a free-standing 
unit. 

MOBILE 2 - 
MECHANICAL 
SPECIFICATION 

TRACTOR UNIT 
Dimensions: 

Ground Clearance: 
Operational Payload: 
Will climb a 3" stepped 
full payload. 
Ratio of drive units: 

Drive Voltage: 
Starting Current: 
Running current: 
Operational Velocity: 

Smooth Incline 
Capability: 

193/2 ° x 131/2" x 

51h" high 
(unloaded) 
11/4" unladen 
11 lbs. 

obstruction with 

60:1 (variable, see 
Buylines). 
7V2 
9A 
3A5 
2.5 feet per 
second. 

30° 

By varying the type of servo 
employed, the function and power of the 
arm can be selected to suit the 
application required. 

To reduce the load placed on the 
servos, the arm is designed to be self - 
balancing, whatever servos are used. On 
the standard manipulator, high 
resolution types are employed to 
improve accuracy as much as possible 

while under computer control. 
The mechanical set-up of these 

arms is critical for best performance, and 
for that reason we have arranged that 
they be supplied built and tested, as part 
of the mobile metalwork, or as a 

separate item if you prefer. Buylines has 
the details. 

Base Comments 
The heart of the whole system is 

the tractor unit upon which the Mobile 
is constructed. The final design, 
although very simple in appearance, has 
only been arrived at after much debate 
and experimentation. 

Tracks were used for their superior 
abilities with regard to climbing 
obstacles and coping with varying 
surfaces, ie. carpet, concrete, vinyl, etc. 
Infra -red rotation counters are fitted to 
both the motordrive shafts, to enable 
accurate control to be exercised over 
both the base speed and direction. 

A brief spec of the capabilities of the 
base are given elsewhere in this article. 
All the metalwork is purpose built, and 
pre -drilled for our range of modules. 
After having tried out various 
commercial options - model tank 
mechanics, for example - we came to 

the conclusion that not only is it the 
superior to have custom metalwork 
made - it is actually cheaper! Initially 
we had ruled it out purely on grounds of 
expected price level. 

How Close Encounters? 
Mobile 2 is a fairly large beast to let 

loose around your living room (19 x 13 
x 5" approx. not including arm and 
cover!) and so it is important that it be 
prevented from colliding with obstacles. 
Remember that so far as it is concerned 
anything in the way, be it your prize 
drinks cabinet, hi-fi speaker or granny, 
is simply an obstruction. 

In our June 82 edition we published 
our `Proximity Detector' module, of 
which Mobile 2 has four. They are 
mounted above each track corner and 
may be angled, such that even glancing 
contact is prevented. They provide 
adequate protection. 

The control board logic is so 
configured that the IR detectors provide 
an override which halts operation of any 
program, so long as an obstacle is 
present. Unless programmed to do 
anything else, the mobile will halt at any 
obstruction large enough to register on 
two detectors, ie a wall. 
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PROJECT : Mobile 2 

Well Developed Robot 
Our Mobile 2 is presented as an 

open-ended project. We want our 
readers to carry it on and develop it as 
far as they can. The modules to come 
from us will be: 
1) Arm Interface and control circuitry, 

to allow stand-alone control, or 
porting to main PCB of Mobile 2. 

2) Main Control PCB - mounted within 
the mobile and will accept up to four 
eight -bit peripherals, with appropriate 
strobing, and operate in conjunction 
with the link. 

3) Computer Link -a bi-directional data 
transfer system which has as a 
receiver a home computer system to 
which it connects via a standard 
interface. 

4) Experimental Positional System - to 
allow the Mobile to `map its 
environment and thus function more 
precisely. 

One future use for the Mobile - 
which we are still working on - is that of 
office messenger. It would be `called' to 
a particular room or desk, loaded with 
papers, etc, and dispatched to another 
location, programmed at point of 
departure. It will have to avoid doors, 
people and cats whilst doing so! That 
one may be a while coming if left to us, 

but we'll get there! It would use the 
same metalwork and basic electronics. 

"If left to us" is the key phrase 
there - what about that vast reservoir of 
design talent and ingenuity that goes 
under the name of ETI's readership? 
It's about time you got into robotics, 
too! 

Once we complete the basics of this 
project, then its up to you to carry it on. 
Even now, if you have any ideas or 
strong feeling as to how the Mobile 
should grow, let's hear them. We will 
publish what correspondence we can on 
the subject and implement any ideas 
which are practical! 

Next month, we commence 
construction of the Mobile with the 
base, motors and speed control. Past 
modules which will be used in the Robot 
were published in: - 

1) ETI March 82 p. 61-63 
2) ETI April 82 p. 94-97 
3) ETI May 82 p. 34-36 
4) ETI June 82 p. 66-70 

Photocopies are available from our 
offices if you've been foolish enough to 
lose your back issues! (Enclose 
£1.25 - inclusive of p&p - for each 
article. Address your request to: Xerox 
Department, ETI, 145 Charing Cross 
Road, London, WC2H OEE) 

The metalwork for this project is all 
available from Remcon Electronics Ltd, 1 

Church Road, Bexleyheath, Kent (Tel. 
01-304 2055) 

They supply the tractor unit as a 
complete kit with full assembly 
instructions. All injection moulded 
components for track and suspension 
system are included - as is an assembly 
spanner! 'I'he aluminium chassis is ready 
punched and drilled with all required 
fixings. Motors and gearboxes are 
supplied as assembled and coupled to the 

output shafts. the final ratio of the 
gearboxes may be varied between 300:1 
and 3:1 to obtain different performances 
from the mobile. The price complete, 
including VAT and p+p, is £125. Drive 
units are available separately at either 
£21.25`without shafts, or £26.75 with. 
Prices are inclusive. 

The manipulator, supplied built and 
tested and readywired, will be described 
more fully in a orthcoming article, but is 
available now, with high precision 
servos, for £175 all inclusive. 
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MICROMINITURE medium wave matchbox 
radio kit, astound your friends, £5. Ion Elec- 
tric, 72, Willow Drive, Solihull, B90 4HW. 

ANY SINGLE SERVICE SHEET £1 /L.S.A.E. 
Largest stockists Service/Repair manuals. 
Named T.V. Repair data £6.50 (with circuits 
£8.50). S.A.E. pricelists, free publications, 
quotations. Auseti, 76 Churches Larkhall, 
Lanarkshire. 

ADVERTISEMENT 
RATES Semi -Display (min 2 cms) 

1-3 insertions £6.00 per cm 
4-11 insertions £5.50 per cm 
12+ insertionsf5.00 per cm 
Lineage 21p per word (min 15 words) 
Box Nos. £2.00 
Closing date 2nd Friday of the month 
preceding publication date. 
All advertisements in this section must be prepaid. 
Advertisements are accepted subject to the terms and 
conditions printed on the advertisement rate card (available 
on request) 

Send your requirements and cheque/ P.O. to: 

HOBBY ELECTRONICS CLASSIFIED 
ADVERTISING, 145, CHARING CROSS RD 
LONDON WC2H OEE. 

CLOSE ENCOUNTERS GROUP Personal 
introductions and social events. Meet interest- 
ing, attractive people. Local, 051-931 2844 (24 
hours). 

PRINTED CIRCUITS. Make your own sim- 
ply, cheaply and quickly! Golden Fotolac 
light-sensitive lacquer - now greatly im- 
proved and very much faster. Aerosol 
cans with full instructions, £2.25. De- 
veloper 35p. Ferric Chloride 55o. Clear 
acetate sheet for master 14p. Copper -clad 
fibreglass board, approx. 1mm thick 
£1.75 sq. ft. Post/packing 75p. White 
House Electronics, Castle Drive, Praa 
Sands, Penzance, Cornwall. 

ASSISTANT FILM 
RECORDISTS 
(OR TRAINEES) 

Manchester 
To work in sound transfer and dubbing areas operating sound 
recording and reproduction equipment for a wide range of 
programmes. Some mobile film recording work involved. 
Candidates must have professional experience and practical 
knowledge in this field, current driving licence and normal hearing. 

Salary £6384 - £7929 according to qualifications and experience. 
Relocation expenses considered. 
Candidates not possessing all the qualifications may he considered 
as Trainees on a lower salary scale, requiring attendance at the 
BBC's Training Department at Evesham. For appointment as a 

Trainee, 'O' level standard of education or equivalent, preferably 
including Physics and/or Maths and a basic knowledge of 
electronics, plus a practical interest in sound recording, would be 
required. 
Contact us immediately for application form (quote ref. 1396/ET 
and enclose s.a.e.): BBC Appointments, London WIA IAA. 
Tel. 01-580 4468 Ext. 4619. 

We are an Equal Opportunities employer 

tv 

COMPUTER CONTROLLED 
SOUND IS HERE! 

This unique device receives serial data 
from any computer, baud rate up to 4800, 
responds only to its own address code 
(preset by on -board d.i.l. switch) and is 

capable of attenuating any audio signal in 
1.5db steps from 0db to infinity. Once the 
device has been enabled, all other devices 
will ignore the commands until a new 
address has been transmitted. These' 
devices can be built into amplifiers, 
mixers etc, or anywhere computer control 
of audio signals is required. The kit comes 
complete with all parts, sockets etc, and 
is supplied with instructions for use. A 5V 
power supply is required. Up to 1271 
devices can be individually addressed on 
one loop. Order ref: MED01. 

Price £69.50 + VAT P&P £1.50 
Cheques, postal orders crossed and payable to: i 

MEDIATRONICS 
3 Alnwick Drive, Hollins, Bury, Lancs 

061-796 6410 

CENTURION BURGLAR ALARM 
EQUIPMENT Send SAE for free list or 
a cheque/PO for £5.95 for our special 
offer of a full sized decoy bell cover. 
To Centurion Dept ETl265, Wakefield 
Rd., Huddersfield W.Yorkshire. Access 
Ft Barclaycard Telephone orders on 
0484-35527. 

CIRCUIT DESIGN, Prototype construction, 
analogue or Digital, Siangle Circuits or 
Complete Instruments/Systems. Write A. J. 
ATTWOOD, C.Eng., MIERE, Heathercote, 
Heatherton Park, Taunton, Somerset, TA4 

lET, or Phone Bradford -on -Tone (082-3461 

536. 

TOP QUALITY - UNBEATABLE PRICES 
We specialise in top quality equipment for 
groups, disco and HiFi. High power ampli- 
fiers up to 600W, lighting units, consoles, 

power supplies, etc. 
Send for catalogue 60p from: 
SILVERO.UEST LTD 

21 Belmont Road, Luton LU1 ILL, 
Bedfordshire 

Tel: 10582)37226 
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PCB Foil Patterns 

PCB FOIL 
PATTERNS 
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A really compact high 
performance CCTV camera 
for only £ 130.00 plus VAT 
plus P/P, Total £ 152.95. 
Size 3"k 3"x 9": 240v operation. 
1v p -p output. Lens extra. 

CROFTON ELECTRONICS LIMITED 
3b GROSVf NOR ROAR TWII.Kt NHAM 

A".It1ULfSE X TINT 4AD 

1 ele.phune 01 891 1923 01 891 1513 

1i;Iea 29`,0413CROFTN G 

125 WATT firebreglass poweramps toz heat - 
sink + instructions £10.85p. A Law 8 
Cunlïffe Road, over Incatile) Ilkley LS29 9DZ 
- Return ad - Free Pak - Quality. 
Capacitors 

Please 

mention 

E.T.I. 
when 

replying 

to all 

adverts 

CABINET FITTINGS 
Fretcloths, Coverings, Handles, Castors. 
Flight Case Locks & Parts. Jacks. XLRs, 

Bulgins, Reverb Trays. P & N mec Stands. 

ASS Glasshbre Horns, 
CELESTION POWER 
Speakers 

Send 
30p cheque- 

PO for illustrated 
catalogue. Adam Hall (ET Supplies), 

Unit B, Carlton Court, Grainger Road, 

Southend-on-Sea. 

TRITON L5.1 1u.5K RAM, 8K Eprom board 
in single enclosure. remote keyboard. fully 
documented, £125 o.n.o. 0438 2366, 
extension 917. office hours. 

GUITAR/P.A. 
MUSIC AMPLIFIERS 

100 watt superb treble/bass overdrive, 12 months' 
guarantee. Unbeatable at £50; 60 watt C44, 200 watt 
£68, 100 watt twin channel, sep treble/ bass per chan- 
nel £65, 60 wart £52, 200 watt £78, 100 watt four chan- 
nel, sep treble bass per channel, £75; 200 watt £98; 
slaves 100 watt £37, 200 watt £60. 250 watt £70, 500 
wart £140, tuez houes, great sound £12, bass fuzz 
£12.90, overdrive foe, with treble and bass boosters 
£28; 100 watt combo, superb sound, overdrive, sturdy 
conslructron, castors, unbeatable. £100; twin channel 
£115, bass combo £118, speakers 15in. 100 watt £36; 
12in. 112) watt £24, 60 watt £18. microphone Shure 
Unidyn B £28, 

Send cheque/P.O. to: 
WILLIAMSON AMPLIFICATION 

62 Thornctiffe Avenue, Dukinfield, 
Cheshire. Tel: 061-306 2064. 

BURGLAR alarm equipment. Ring Bradford 
(0274) 308920 for our catalogue, or call at our 
large showrooms opposite Odsal Stadium. 
C.W. A.S. Ltd. 

COPPER CLAD BOARD double sided fibre 
glass, 20 sheets, 12 x 8" £6.00. 5 sheets 
12" x 8" £4.00. Including P&P. Davron, 1 

Bankside, off New Street, Chelmsford. 

STOCK CLEARANCE. Mixed Resistor 
Packs: ;/Zw, pre -formed, un -used. 1-1Ib 
pack (2500 -plus) £2.50.50; 2lb pack £4.60; 
Exceeding 2lbs £2.00 per lb. 2A Mains Filters 
RS 238-435, £3.50 each. 16 -pin Headers 
(without covers) 6 for £1. 8 -pin i/c holders 12 
for £1. 20mm Chassis Fuseholders 4 for £1. 
General Purpose Diodes 25v 50ma, 75 for 
£1. TTL Sale: 7412, 10 for £1; 7485, 2 for 
£1; 7491 4 for £1; 74122, 5 for £1; 74123, 5 
for £1, 74188, £2 each. 2N 3055 (full spec.) 
2 for £1, Bridge Rect 26m B10A, 25A/ 100v, 
11/10" sq., £2.50 each. All prices include 
VAT/P&P. Linway Electronics, 843 Uxbridge 
Road, HAyes End, Middx UB4 8HZ. 

PROXIMITY SENSORS infra red. 6 inch 
range 5 to 15v supply. Miniature design 6.5 x 
5 x 2cm. Only £16.50. Leaflet. Cheshire Micro 
Design, 66 Close Lane, Alsager, Stoke-on- 
Trent, Staffs. 

OSCILLOSCOPE £12. Easy built unit plugs 

into T.V. aerial socket and converts it to 

large screen oscilloscope. Costs approx. 
£12 to make. Circuit and plans £3. J. 

Bobker, 29 Chadderton Drive, Unsworth, 
Bury, Lancs. 

T. & J. ELECTRONICS COMPONENTS - 
Quality components, competitive prices. 
Illustrated catalogue 45p. 98 Burrow 
Road, Chigwell, Essex. 

ELECTRONICS component shop in MAID- 
STONE, KENT! Thyronics Control Systems, 
8 Sandiing Road, Maidstone, Kent. 
Maidstone 675354. 

600 RESISTORS 
High quality Carbon Film ''4 W 5% El2 series 

60 values 10 per value 

f5 INCLUDING VAT P&P 

COVE COMPONENTS 
58 Southwood Rd., Cove, 

Farnborough, Hants GU14 OJJ 
Mail Order only 

AERIAL AMPLIFIERS Improve weak 
television reception. Price £6.70, S.A.E. 
for leaflets. Electronic Mailorder, 
Ramsbottom, Lancashire BLO 9AGH. 

WANTED: ELECTRONIC COMPONENTS 
and Test Equipment. Factories cleared. Good 
prices given. Q Services, 29 Lawford 
Crescent, Yateley, Camberley, Surrey. 0252 
871048. 

I{Al)INl'ItlN . 
l)I:1 l':t,1 t)I{ 

PREPARED ¡' 
LENS r ' ' 

, 

ü'IY " 

BE 

VIEW THRU 

THIS DOSIMETER 

WILL AUTOMATICALLY DETECT 

GAMMA AND X-RAYS 

UNIT IS SIZE OF FOUNTAIN 

PEN & CLIPS ONTO TOP POCKET 

PRECISION INSTRUMENT 
METAL CASED WEIGHT 20Z 

In MANUFACTURERS CURRENT 
PRICE OF A SIMILAR 
MODEL OVER £25 EACH 

British design & manufacture 
Tested & fully guaranteed 
Ex -stock delivery - 

R 

16-955Inc SAT 

Post & Pack 60p 

Ideal for the experimenter 

COMPLETE WITH DATA 

i 

Minh 

f 

. EivRys, 
404 EDGWARE ROAD LONDON W2 lED 

MOS-FET AUDIO MODULES 
Hitachi devices, Hitachi spec., glass boards, 
extruded heatsinks, tested, guaranteed 24 
months. 

120 watts/8 ohms; 120v/2A supply; E13.95. 
240 watts/4 ohms, 120v/4A supply; £19.95. 
400 watts/2 ohms; 120v/ 7A supply; £29.95. 

Power supplies/pre-amps available. Post/ 
packing 80p. Stamp for details. Quantity 
discount. 

Audio -Tech., 8 Parsons Close, Church 
Crookham, Aldershot, Hants GU13 OHL. 
Tel: 02514 22303. 
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DO YOU WISH TO LEGALLY TRANSMIT AUDIO SIGNALS 
OVER BRITISH TELECOM CIRCUITS? 

We manufacture approved Interface Equipment for NARROW or WIDE BAND 

PRIVATE WIRE and PUBLIC SWITCHED TELEPHONE NETWORK circuits. also 

TELECOM LINE CIRCUIT SAFETY BARRIERS 

PARTRIDGE -56 Fleet Road, Benfleet, 

ELECTRONICS 
Essex, SS7 5JN, England 
tTelephone 03745 3256) 

The Mixer People 

DIGITAL WATCH REPLACEMENT parts 
batteries, displays. backlights etc. Also 
reports pubications, charts. S.a.e. for full list 
Profords Conersdrive, Holmergreen, Bucks, 
HP15 6SGD 

B.C.N.U. AT THE SUSSEX MOBILE RAL- 
LY 10.30 to 5.0pm on Sunday 18th July 
1982, Brighton Race Ground, Racehill, 
Brighton. It's the winner for radio amateurs. 
Free car parking and many attractions for the 
whole family. Usual trade stands. All under 
cover. 

A LASER FOR £120. Complete in cabinet 
with power supply. Send 50p for details, plus 
information regarding other Lasers, 
Holograms, available new and ex-exibit. DHS 
Developments, 18 Eldred Road, Workington, 
Cumbria. 

MORSE TUTOR KIT, generators, text or let- 
ter/number groups, speed, fully adjustable. 
P.C.B. components, case £21.71 + £3.28 
V.A.T., s.a.e. details. Whitehythe Elec- 
tronics Limited, Ockham Works, Ewhurst 
Green, Robertsbridge, E. Sussex TN325RD 

FIND -A -FRIEND through FIND -A - 
FRIEND'S new confidential, inexpensive 
service. Your ideal friendship/relationship - all ages - countrywide. 
SAE/Telephone: FIND -A -FRIEND (ETI), 
Temple House, 43-48 New Street, 
Birmingham, B2 4LH. 021-429-6346. 

AMAZING ELECTRONICS PLANS. Lasers, 

Super -powered Cutting Rifle, Pistol, Light 
Show, Ultrasonic Force Fields, Pocket De- 

fence Weaponry, Giant Tesla, Satellite TV 

Pyrotechnics, 150 more projects. Catalogue 
95p -- From Plancentre, 16 Mill Grove, 
Bilbrook, Codsall. Wolverhampton. 

LYNX (Audio Processors) - The Great New 
Name in Electro -Music. Revers £29.95; 
Fuzz/sustains £19.95; Drum synthesizers 
£21.95; Autowahs, phasers and custom-built 
multi -music processors. S.a.e. for brochure: 
to: Lynx (Audio Processors) 26 Aldingbourne 
Close, Ifield, Sussex. 

BRYSTEP ELECTRONICS 
10 Camphill Industrial Estate 

West Byfleet, Surrey KT14 6EW 
Tel: Byfleet 109323) 51676 

CMOS 
4001 £0.10 
4007 60.15 
4006 £0.47 
4011 £0.11 
4012 E0.í6 
4013 £0.24 
4015 £0.50 
4016 £0.19 
4017 £0.40 
4016 £0.46 
4021 £0.46 
4022 £0.48 
4023 £0.16 
4024 60.32 
4025 £0.16 
4026 £0.48 
4040 60.49 
4042 £8.40 
4047 £0.58 
4049 60.24 
4050 60.24 
4066 £0.79 
4069 f0.10 
4070 £0.15 
4078 £0.18 
4061 £0.14 
4093 £0.28 
4603 £0.39 
4606 £1.44 
4510 £0.48 
4511 £0.45 
4512 £0.50 
4614 £1.19 
4515 £1.20 
4516 £0.59 
4518 £0.35 
4620 £0.59 
4528 £0.64 
4529 £8.70 
4631 £0.6.5 
4534 63.90 
4541 £0.98 
4685 £0.90 

Many, many Other items held 
stock. S.A.E. for foil stack 

and price fat. Also separate 
list of items which are es- 
Surplusibourdator stock, ai 
bargain price. We fully 
guarantee your money back 
in FULL it any den, fails. 
whether old or 
provided it is returned within 
28 days of receipt. We have 
never had l0 return money 
vet 

D Connectors (Cannon Typal 

9 Way 01780 £0.95 £0.90 
15 Way 11.10 1.50 £0.92 
25 Way 11.50 ß.00 £0.92 
37 Way £2.20 £3.25 £1.7A 

Rt Angle P.C.B. Mtg 
9 Way £1.17 £1.80 

15 Way £1.63 £2.32 
25 Way 13,20 £2.20 
37 Way 12.97 £4.20 

Volt Regulators 
7966 £0.39 
7815 £039 
LM3091( £1.30 
LM323K r4. e8 

Diodes 
104002 rem 
164148 £0.03 
100401 £0.15 
I155406 £0.16 

FREE With every order. 1 130542 
MPH Darlington) 

Sorry. MAIL ORDER ONLY 
Please add £0.30 p&p and V.A.T. 
@ 15% 

SPECIAL OFFER FOR THIS ISSUE 
4011 CO 08 4017 10.30 4534 £3.20 

COPPER CLAD BOARD s/s, 5p sq ins, 50p 
sq ft up to 6" x 6" pr 4' x 3" d/s 7p sq ins, 
80p sq ft inc p&p. 29 Andrews Way, Hatt, 
Cornwall PL12 6PE. 
DIGISOUND Modular synthesiser, three 
vco's, two filters, reverb, etc, 49 keybard, 
cased, £240. Tel 0438 72093 

USE ELECTRONICS TODAY INTERNATIONAL'S CLASSIFIED 
(35p per word, minimum 15 words. Box Nos. £2.50 extra or £10.00 per single column 

centimetre - all prepaid). 
Just write the details on the form below and send it with your cheque, made payable to 

A.S.P. Ltd, to Electronics Today International Classified, 
145 Charing Cross Road, London WC2 OEE 

1. 2. 3. 4. 5. 

6. 7. 8. 9. 10. 

11. 12. 13. 14. 15. 

Please place my ad in the next available issue of E.T.I.: 

Name 

Address 

Tel. No. 

I enclose my cheque/P.O. for the value of £ 
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ICS have 
helped thousands 

of ambitious people 
to move up into higher paid 

more secure jobs in the field of 
electronics - now it can be your turn. 

Whether you are a newcomer to the field 
or already working in the industry. ICS can 

provide you with the specialised training so essential 
to success. 

o.r e`g45 

Personal Tuition and Guaranteed Success 

The expert and personal guidance by fully qualified 
tutors, backed by the ICS guarantee of tuition until 
successful, is the key to our outstanding record in the 
technical training field. You study at the time and pace 
that suits you best and in your own home. In the words 
of one of our many successful students: "Since starting 
my course, my salary has trebled and I am expecting a 

further increase when my course is completed." 

City and Guilds Certificates 

Excellent job prospects await those who hold one of 
these recognised certificates. ICS can coach you for: 

Basic Electronic Engineering (CEtG/ICS) 
Radio Amateurs 

Certificate Courses 

TV Et Audio Servicing 
TV, Radio and Audio Engineering 
Radio Et Amplifier Construction 
Electronic Engineering* 
Computer Electronics* 
Industrial Electronics* 
Radio Frequency Electronics* 
Introduction to Microprocessing* 
Electrical Engineering* 
Electrical Contracting Et Installation 
Quality for !ET Associate Membership 

iCS 

POST OR PHONE TODAY FOR FREE BOOKLET 

Please send you. FREE School ul 

ElecUunics Pi usl n:ctiu 

Subject 
of Interest 

Name . 

Address 

Dept 265X 
ICS School ul Eli 
I1i0 Strwarts Road, 
Louis. Sw8 4UJ 

01 622 9911 
lall hours) 

ADVERTISEMENT INDEX 

Active Component 88 

A.D. Electronics 70 

Ambit International 65 

Amral 70 

Audio Electronics 44 ft 48 

Bi -Pak 56 

BK Electronics 18 £t 70 

Black Star 48 
BNRS 16 

Bradley Marshall 76 

Cambridge Kits 65 

Chiltmead 24 

Clef Products 48 

Cricklewood Electronics 8 ft 9 

Crimson Electrik 16 

Crofton Electronics 70 

Delta Tech., 57 

Electronize Design 49 

Electrovalue 57 
Enfield Electronics 47 

Greenbank Electronics 42 

Greenweld 76 

Happy Memories 64 

Hemmings Electronics 64 

Henrys Radio 57 ft 65 

ILP 32 Et 37 

L Ft B Electronics 70 

L.E.M 56 
Magenta Electronics 80 

Maplin 92 
Marco Trading 80 

Mawson Ass 59 

Memotech 25 

Pantechnic 38 

Powertran 2 ft 91 

Parndon 65 

Rapid Electronics 11 

Relay -A -Quip 59 

T.J. Brine 42 
RTVC 59 

Tempus 27 

Swanley Electronics 56 

Technomatic 32 Et 33 

TK Electronics 15 

Watford Electronics 4 ft 5 

Wilmslow Audio 64 Et 76 

Woodfields Systems 59 
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For more than eleven years Powertran have been designing and manufacturing the finest quality electronic kits. All of 
our now considerable range have featured in the electronics press and literally thousands have been bought and built 
by contractors in the UK and World-wide. 
Our philosophy is always the same - we offer ingenuity and originality in the construction phase by using only top 
class designers. We offer machines with power, versatility and performance - capability fully equal to their factory 
built rivals. We offer only the highest quality materials and components throughout to ensure years of useful and 
reliable service, we offer clear comprehensive and easy to follow construction manuals to place our kits within the 
scope of the careful first time builder as well as the dedicated enthusiast. 

Our hallmark of success lies in the number of our clients who have built our whole range - many assembling several 
units for others to use often on the professional music scene. 

We believe in taking every care throughout - months spent checking and testing the design and development. 
Vigorous checking of every component, constant pre -despatch quality control, careful packaging ...even door to door 
delivery by Securicor! 
We are naturally very proud of our Transcendent range of synthesizers designed by Tim Orr and regularly featured in 
ETI. They represent the best in constructional interest and in musical performance. 

TRANSCENDENT POLYSYNTH - A four octave polyphonic synthesiser with 
outstanding design characteristics and versatility and performance to match. 

Complete kit (275.00 plus VAT (single voice). 
Extra voice (up to three morel 42.00 plus VAT. 

EXPANDER - A new matching 4 voice expander to team up with your 
polysynth for even a greater range and capability._ 

Complete kit £249.00 plus VAT. 

TRANSCENDENT DPX - Offers a five octave keyboard with power to match. 
Two audio outputs (can be used simultaneously) to give harpsichord and 
piano/honkytonk or reed with strings/brass and both are fully polyphonic. Other 
features include switchable touch sensitivity and a chorus ensemble unit with 
strong/mild effect switching. Ari advanced design made simple with our clearly 
laid out instruction manual. 

Complete kit £295.00 plus VAT. 

TRANSCENDENT 2000 - Although only a 3 octave keyboard the '21X10' 

features the same design ingenuity, careful engineering and quality components 
of its {arger brethren. The kit is well within the scope of the first time builder - 
buy it, build it.. play itl You will know you have made the right choice. 

Complete kit £165.00 plus VAT. 

1024 COMPOSER - Come right up to the minute with this new design. It will 
control your synthesiser with a sequence of up to 1024 notes - or an equal 
selection of shorter sequences. The Composer is mains powered with 
automatically charged battery to preserve your programme after switch -off. 

Complete kit £85.00 plus VAT) 

DEMONSTRATION TAPE - Demonstration tape now available of all three 
kits (30 minutes). 

MERMAN TRANSCENDENT 

jabP(IEYSYNiH 
? 
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£2.00 

T20 + 20 - Originally designed by Texas Engineers. 
This is a 20 watt amplifier with true Hi-Fi performance at 
a minimal cost. New features include true Toroidal 
transformer, new wiring, single circuit board and improved 
presentation. An ideal beginners project. Complete kit 
£29.50 plus VAT. Also T30 - 30 - 30 watt version complete 1. 

kit £34.50 plus VAT 

LINSLEY HOOD 75 DE LUXE -A 75 watt amplifier 
originally published in Hi-Fi News. Superb performance 
characteristics with less than .01 °u distortion. Modular 
construction with 14 interconnecting boards - virtually 
no wiring so assembly is easy as is subsequent checking 
and maintenance. Complete kit £75.00 plus VAT 

WORLD LEADERS IN ELECTRONIC KITS. 
PRICE STABILITY: Order with confidence irrespective of any price changes we 
will honour all prices in this advertisement until the end of the month following the 
month of publication of this issue. (Errors and VAT rate changes excluded. 
EXPORT ORDERS: No VAT. Postage charged at actual cost plus £1 handling and 
documentation. 
U.K. ORDERS: Subject to 15% surcharge for VAT. No charge is made for carriage, 
or at current rate if changed. Cheques, Access, Barclaycard accepted. 
SECURICOR DELIVERY: For this optional service (U.K. mainland only) add £2.50 
(VAT inclusive) per kit. FREE ON ORDERS OVER £100. 
SALES COUNTER: If you prefer to collect kit from the factory, call at Sales 
Counter. Open 9á.m.-12 noon, 1-4.30p.m. Monday -Friday 
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A superb new amplifier at a remarkably low price. 

* Over 26W per channel into 8? at 1kHz both channels driven. 

* Frequency respñnse 20Hz to 40kHz ±1dB. 
* Low distortiq , low noise and high reliábility power MOSFET 

output stage. 

* Extremely easy to build. Almost everything fits on main pcb, 

cutting interwiring to just 7 wires (plus toroidal transformer 
and mains lead terminations). 

* Complete kit contains everything you need including pre - 

drilled and printed chassis and wooden cabinet. 

Full details in our projects book. Price 60p. 
Order As XAO3D - 

Complete kit for only £49.95 incl. VAT and carriage. 
Order As LW71N 

DIGITAL MULTI -TRAIN 
CONTROLLER 
Control up to 14 trains individually 

on the same track with any four `4 
simultaneously! Low cost kits available. 

Full details in our projects book. Price 60p. 

Order As XAO2C. 

ELECTRONIC Iiii1íiiljIîII1P SUPPLIES LTD. 
All mail to: 
P.O. Box 3, Rayleigh, Essex SS68LR 
Tel: Sales (0702) 552911 General (07021 554155 

Shops at: 
159 King St., Hammersmith, London W6. Tel: 01-7480926 
284 London Rd., Westcliff-on-Sea, Essex. Tel: (07021'554000 
Note: Shops closed Mondays 

KEYBOARD WITH ELECTRONICS FOR ZX81 
* A full size, full travel 43 -key keyboard that's 

simple to add to your ZX81 (no soldering in 

ZX81). 

* Complete with the electronics to make "Shift 
Lock", "Function" and "Graphics 2" single 
key selections making entry far easier. 

* Powered from ZX81's own standard power 
supply -with special adaptor supplied. 

* Two-colour print for key caps. 

* Amazing low price. 

Full details in our projects book. Price 60p. 
Order As XAO3D 

Complete kit for only £19.95 incl. VAT and 

carriage. 
Order As LW72P 

M ATI N É E O R G A N 
Easy -to -build, superb specification. 

Corn ara e with or n hl a s for P 9 selling 
up to £1,000. Full construction, details 
in our book. Price £2.50. 
Order As XH55K. 

Complete kits available: 

Electronics -£299.95, 
Cabinet- £99.50 (carriage extra). 

Demo cassette price £1.99. Order As XX43W. 

HOME SECURITY SYSTEM 
Six independent channels -2 or 4 wire 

operation. External horn. High degree 

of protection and long term reliability. 

Full. details in our projects book. 

Price 60p. 
Order As XAO2C. 

MILES PER GALLON METER 
Digital display shows you how 
economical your driving is as you go 

along. 

Complete kits available. 

Full details in our projects book. 

Price 60p. 

Order As XAO2C. 

Don't miss out -get a copy of our catalogue now! 

Over 1.40,000 copies sold already! 

On sale now in all branches of WHS\IITH he+ price f1. 

320 big pages packed with data and pictures of over 5,500 items. 
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Post this coupon now! 
Please send me a copy of your 320 page catalogue. I enclose £1.25 ìnc. 25p p&pl. H 

I am not completely satisfied I may return the catalogue to you and have run more! 
refunded. 

If you live outside the U.K. send £1.68 or 12 International Reply Coupons. 

Name 

Address 
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