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REFRESH
YOUR
MEMORY!
64 K DRAM
project

suits 6502/
6800 based
micros
highly cost-
effective
design
readily
adaptable to
different
configurations



Free
SECURICOR

DELIVERY
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Free Soldering
Practise Kit on

request with your
first kit - useful

tips, well
illustrated.

Component
packs for most

kits' are available

See
free
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details of all
our range

SALES
COUNTER

Collect your order
from the factory.
Open 9-12/1-4.30
Mon-Thurs. Easy

parking, no
waiting

Star sounds* *
Star quality* *

Star features* *

DJ90 Stereo Mixer - this 1s a really 
versatile new mixer that enables the 
constructor DJ to produce a profes­
sional performance every time. There 
are two stereo inputs for magnetic cart­
ridges, a stereo auxiliary input and mike 
input. 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 completei Complete kit £97.50 +VAT 

TRANSCENDENT 2000 - Although only 
a 3 octave keyboard the '2000' features 
the same design ingenuity, careful 
engineering and quality com­
ponents of its larger brethren. 
The kit is well within the 
scope of the first time 
builder - buy it, build it 
- play it' You will know
you have made the right
choice.
Complete kit £165.00 + VAT

Digital Delay Line - With its ability to give 
delay times from 1.6 mSecs to up to 1 .6 
secs. Many powerful effects including 
phasing, flangine, A.D.T., chorus, echo & 

·- --

This versatile modular mixer. featured as a constructional article in Practical Electronics 
can be built up to a maximum of 24 inputs, 4 outputs and an auxiliary channel. Each input 
channel has Mic and Line inputs, variable gain, bass and treble controls and a para­
metric middle frequency equalizer. There are send and return jacks, auxiliary, pan and 
fader controls and output and group switching. The output channels have PPM displays 
and record and studio outputs. The auxiliary channel also has a PPM display and there is 
a headphone monitor jack and a built-in talk-back microphone. The mixer modules plug 
into base units each of which takes up to 6 channels. To eliminate hum, the power supply 

vibrato are obtained. The basic kit is ex­
tended 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) 

is in a separate cabinet. 

Input channel 
Output channel 
Auxiliary channel 
Blank Panel 

KIT PRICES 
£19.90 

£18.50 

£22.50 

£3.00 

Base unit and wooden front 
Pair of mahogany end cheeks 
Power Supply and cabinet 

All prices are VAT exclusive 

TRANSCENDENT POL YSYNTH - A four octave poly­
phonic synthesiser with ·outstanding design characteristics 
and versatility and performance to match. 

Complete kit £275.00 plus VAT (single voice) 
Extra voice (up to three.more) £42-00 plus VAT 

£130 + VAT 
Parts for extra 400 mS delay 

£9.50 + VAT 

MPA 200 - 1s a low price. 
high power 1 OOW amplifier. 
its smart styling, profes­
sional appearance and per­
formance, make it one of our 
most popular designs. With 
adaptable inputs the mixer 
accepts a variety at sources 
yet straightforward con­
struction makes rt ideal for 

the first lime builder. Compl'ete kit £49.90 + VAT 
Chromatheque 5000 - a 5 channel l1ght1ng 
system powerful enough for professional discos 
yet controllable for home-effects. Sound to light. 
strobe to music level, random or sequential 
effects - each channel can handle up to SOOW 
yet minimal wiring is needed with our unique 
single board design. Complete kit £49.50 + VAT 

ETI VOCODER - 1 4 channels. 
each with independent level con­
trol, for maximum versatility and 
intelligtbillly: Two input amplifiers 
- for speech/excitation - each 
with level control and tone control 
The Vocoder is a pow-erful yet f!eX1ble 
machine that is interesting to build and 
thanks to our easy to follow constructmn 
manual, 1s w1th1n the capab,hty of most enthu-
siasts. Complete kit £175.00 + VAT 
SP2 200 twice the power with lwo of !he reliable. 
durable and economic amps from the MPA 200; fed by 
separate power supplies from a common loro1dat trans­
former. Superb finish and quality components throughout -
up to (even over) !he standard of high prices facto,y-burlt un11st 
Complele k,I £64.90 + VAT 

WORLD 

LEADERS 

IN 

ELECTRONIC 

KIT DESIGN 

AND SUPPLY 

PORTWAY INDUSTRIAL ESTATE 
!:!ANDOVER, HANTS SA10 3NM.llllf!r 

ORDER BY PHONE (0264) 64455 -
Simply request your chosen kit and quote your Access 

or Barclaycard Number. 
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WATFORD ELECTRONICS 
250 High Street, WATFORD, WD1 2AN, HEATS. 

MAIL ORDER & RETAIL SHOP 
Tel: (0923) 37774 Tix. 8956095 WA TFRD 

ALL DEVICES BRAND NEW & FULLY GUARANTEED. SEND CHEQUES, P. .s 
BANK DRAFT OR ACCESS/MASTER CHARGE & VISA CARD NUMBER WITH 
ORDER. GOVERNMENT & EDUCATIONAL ESTABLISHMENTS' OFFICIAL 
ORDERS ACCEPTED. P&P ADD £1 TO ALL CASH ORDERS. OVERSEAS ORDERS, 
POSTAGE CHARGED AT COST AIR/SURFACE. PRICES SUBJECT TO 
CHANGE WITHOUT NOTICE AND AVAILABLE ON REQUEST. 

v AT Export ordera no VAT. Applicable to U.K. Cuatomer1 only. U n l H a  atated othewlN,
all prtcea are exclualve of VAT. P l e a H  edd 15% to the total coat Including P&P. 

We atock thouaanda more ltema. It paya to vtaff: ua. Neare,t Underground/BA Station: Watford High S t , . . L  
Open Monday to Saturday: 8.00am to 1.00pm. Ample , , . .  Car parking 1 p a c •  avallable. 

ELECTROLYTIC CAPACITORS: (Values in uF) 500v; 10uf52; 47 78p: 63V: 0.47, 1 .0, 1.5,2.2.3.3.4. 7 Sp 10 10p, 
15.22 12p; 33 12p: 68 20p; 100 19p; 220 26p; 1000 70p: 2200 19p; SOY: 68 20p; 100 17p:220 24p: 
40Y; 22 9p: 33 12p; 330.470 32p; 1000 48p: 2200 90p: 25Y: 1.5.4.7.10,22,47 ep; 10011p: 15012p: 2201Sp: 
330 22p; 470 25p; 680. 1000 34p, 1500 42p; 2200 50p; 3300 76p; 4700 92p; 16V;47,68, 100 9p; 125 12p; 330 
16 ; 470 20p: 680 34p'.  000 27p: .. 1_SD9_ 1p:   00 2Sp 4:00 72p 

TAG-END CAPACITORS: 83Y: 2200 120p; 3300 145p; 4700 2'5p; 50Y: 2200 95p; 3300 155p; 40Y: 4700 
160p; 25Y: 2200 70p; 3300 8Sp; 4700 10,000 250p; 15,000 270p; 18Y: 22;000 200p. 

LYE.STER CAPACITORS: Axlal Lead Type 
SIEMENS pcb 

= .
v
, :e   ·s'o \  ; ;

2
2i  ; ,31 ; ·3 :   :n4;J ·s   ·s  · 11, :: !  2  : r .  Type Miniature 

paly Cap1c1tor1 1000V: 1nF 17p; 10nF 30p; 15n 40p, 22n 36p; 33n 42p; 47n, 1D0n42p.1.5u a p ;  2.2uf   
280V POLYESTER RADIAL LEAD CAPACITORS: 250V FEEi> THROUGH 1nf-, 1n5, 2n2, 10n, 15n.22n,27n8p; 33n,47n,68n, 100n8p; 150n.220 CAPACITORS 3n3. 4n7, 8n8, 

10p; 330n, 470n 15p; 680n Hip;  1 u5 40p; 2u2 48D. 1 OOOpF/450V 10p 10n, 15n 7p 
18n, 22n. 27n, 

TANTALUM BEAD CAPACITORS POTENTIOMETERS: Carbon Track 33n.39n,47n •• 
35V: 0.1uF, 0.22, 0.33 15p  0.47, 0.88, Rotary 0.25W Log & LIN Values. 39n, 58n 12p 
1.0, 1.5 18p; 2.2, 3.318p; 4.7, 6.8 22p  470 n ,  1 K & (Linear only) 82n, 100n 11p 
10 28p; 18V: 2. . 3.3 1 l p ;  4.7, 6.8, 10 

: -     rn  e-Cii.i;B·L···a:i.·;n·::::: = 100Y 1 I p ;  15, 38p; 22 45p; 33, 4 7 50p; 1 00 
95p; 10V: 15, 22, 21p; 33,47 50p; 100 5K-2M Single Gang oP°iwltch • • • • •  1DOp 100n, 120n 10p 

eop; e v : 1 oo 55p. 5K-2M Double Gang Log & Lin . . . .  110p 150n, 160n 12p 
220n. 270n ,.. 

MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS 330n, 390n 20p 

100V: 1 nF,"2, 4, 4nF, 10 8pj 15nF, 22n, 0.25W log and linear values 80mm 
470r,.. 560n 28p 
680n 30p 1uF 

30n, 40n, 47n 7p; 56n, 100n, 200n 9p; S K - 500K single gang 80p 34p 2u2 50p 
50V: 470nF 12p. Graduated Bezels for above , s p  

CERAMIC CAPACITORS SOY: PRESET POTENTIOMETERS 
TMS6011 ... 
TMS9914 ... 

Range: 0.5pF to 10nF- 4p 0.1 W Miniature Horizontal or Vertical TMS9927 £14 
15nF, 22nF 33nF; 47nF Sp 1oon·10 4M7 Sp TMS9926 .,. 

TMS9929 .,. 100nF/20V 7p 200nF/6V 8p 0.25W Larger 100R 10 3M3 Hort 12p 
ULN2003 75 0.25WLarger200R to4M7 Vertical 12p 

POLYSTYRENE CAPACITORS, UP07002 440 
10pF to 1nF8p; 1.5nF to 12nF 10p. 

 " cermet muUiturn preaet W01691 £14 
100 n: to sooi,. WO 1770 .,. 

8212 180 WD2143 150 SILVER MICA (Values in pFJ 
8214 ... 280ACPU 4M 3IO 2, 3.3, 4.7, 6.8, 10, 12, 15, 18, 22, 27, 33, 39, 47, 8218 150 280 CTC 285 

50, 58, 68, 75, 82, 8224 300 ZSOA CTC 310 
85, 100, 120, 150. 180pf 15p each 8226 300 280 DART 650 
200, 220, 250, 270, 300, 330, 380, 390, 470, 8228 310 280A DART ... 

2114 275 8243 250 ZBO OMA m 580, 800, 820pl 21p each 2147 300 8251A 350 ZEIOAOMA m 
1000, 1200, 1800, 2200pf 30p NCh 2516 300 8253 1370 280 PIO 250 
3300, 4700, 5600pf 80p  ach 2532 ... 8255 300 280A PIO 315 

25L32 ... 8256AC .,. 280 510·1 150 
MINIATURE TRIMMERS Capacltora 258' 411 8257 5 ... Z80A SIO [I 
2 t o 6 p f ,  2 to 10 256KOram ... 8259 ... ZS0ASl0·2 " 
2-25pF 5-65pF 26501 75 8271 ... 

2718-5V 20D '272 £11 10-88pF 
2732-4 ... 8279 750 
2764•250 115 8282 450 RESISTORS Carbon Film, miniature, Hi·St1b, Slit.. 
27C64 SH 8283 450 RANGE Val 1·99 100+ 27128-250n1 ... 828' 470 

0.25W 202  - 10M E24 3p 1p 27256 541 8268 £11 555CmOI IO 
702 .. 0.5W 202  - 4M7 E12 3p 1p 27512 1IIO 87<8 Ill 709C 8 pin .. 1W 202  - 10M E12 6p 4p 3242 ITS 8T28A " 

4027 .. 8T27 180 710 .. 
2% Metal Film 5 1 o - 1 M  E24 6p 4p 4116·200n .. 8T31 ... 741 8 pin ,. 
1% Metal Film 5 1 o - 1 M  E24 Sp 4p 418' 115 8TB5 .. 747C 14Pin 00 
1 0 0 +  price applies to Re1iators of each type not 4418-2 311 8T97N .. 748C 8 pin .. 
mixed ,4818-100ns 100 9802 220 110 1IO 

14864 111 9837A 250 IMOOCJ :171 
RESISTORS NETWORK S.I.L ,6118 150 150 AM26LS31C 121 AOCD808 1000 

7 Commoned: (8 pins) 1000, 6800. 1K 2k2, 18118L-120 215 AM28LS32A 121 AY-1-1320 226 
18117-1000 m AM28LS33 180 AY·l-5050 " 

4K7; 10K, 47K, 100K 18p ,8167-6 715 AM7910 .,. AY-3·1350 ... 
8 Commoned: (9 pins) 1 son. 1800. 2700. 3300, 6264l·15 AY-3-8910 ... ,,. AY-3·1015 300 
1K, 21<2, 4K7, 6KB, 10K, 22K, 47K ! 100K ill!:. 83AOO £10 AY-5-1013 ... Booklet for 

8'02 ... CD<4724 150 AY·3-8Cl10 150 
6502CPU 325 COM8017 275 AY·3-8912 410 
6502A ... 08748 '33 AY-5-1317A 13D 
65C02 750 DM8131 275 AY-5-1350 ... 
8503 ... OP8303 450 AY-5-8100 575 

AA119 8 8504 ... OP8304 ... CA3011 130 
AA129 10 6504 250 550 0$38'7 ... CA3012 175 
AAY30 8 6505 ... OS3691N 350 CA3014 275 
BA100 10 •65C12 ... DS3692 ... CA3018 .. 

10 6520PIA 175 DS88LS120 ... CA3019 .. BY100 
8Y126 12 6522VIA 340 058820 110 CA3020 210 
8Y127 10 6522A ... 058830 140 CA3023 210 
CR033 118 6530 £11 0$8831 125 CA3028A 110 

OA9 10 6532AAJOT 450 D58832 20D CA3035 BS 

OA47 ,. 6545ATC ... E9364 ... CA3035 270 • 6551ACIA 850 E9365 £28 CA3043 275 
OA70 6592PC £1S FD1691 .,. CA3045 385 
OA79 10 CA3046 70 

10 65C112 ... FD1771 .,. OA81 6800 220 FD1791 £22 CA3059 211 
OA85 10 6802 275 FD1795 ... CA3075 . , .  
OA90 12 68A02 ... HD26501 7 '  CA3080E IS 
OA91 15 6803 ISO HD4315 250 CA3081 100 
OA9:5 8 8605 170 HD6301 22S CA3085 110 
OA200 • 6808 520 HD63A03AP 700 CA3086 .. 
OA202 5 6809E ... HM6845SP 7511 CA3090A2 250 
1N914 4 6810 1IO IM&402 425 CA3123E 1H 
1N916 5 75107 ... INS8060N 1250 CA3130 .. 
l N4001/2 5 75108 6820 150 MC 1488 70 CA3140 45 
1 N4003 a 75110 00 8821 150 MC 1489 70 CA3180 15 
1 N4004/5 • 75114 139 68621 220 MC 14411 175 CA3181 110 
1 N4006/7 7 75115 139 6840 375 MC 14412 n 5  CA3162 540 
1N4148 4 75121 121 .... ... MC3242 510 CA3189 ... 
1N5401 12 32 75122 120 6845 ... MC3446 ... CA3240E 100 
1N5404 ,. 40 75154 111 6845SP 175 MC3447P 315 CA3280 250 

MA1336W 175 1N5406 1 48 75158 131 6847 ... MC3486 225 
1 N5408 ,. 8 0  75159 ,.. 8850 ,.. MC3487 225 HA1366W 1IO ... 8852 250 MC6845 625 HA1388 235 15'4 l to 75160 
15921 78 75162 145 6654 52S MC68'6 125 ICL7106 175 

75182 .. 88BS4 750 MK3886-2M r:, ICL7107 175 
6A/100V •• 75184 I I  8859 .. MM52600 ... ICL7611 .. 
6A/400V 185 75188/9 70 68000 £11 MM5303 836 ICl.7600 250 
6A/800V 150 75322 140 8017 275 MM5307 1275 ICL8038CC 300  

180 75324 ... 8035 350 MM5387A 155 ICL8211 225 
38 75325 21S 8080A 425 MM5817d 175 ICM7205 1150 
24 75361 131 8085A 300 MM74C922 420 ICM7217A £11 

755 21 75363 131 8088 ... A0-3-2513l 700 ICM7224 .. 75365 210 8123 160 A0-3-2513U 150 ICM7240 ... 
32 75450 70 8131 470 SAA5050 175 ICM7555 .. .. 75451 49 8150 ... SFF9364 ... ICM7556 140 

130 75-452 41 8155 400 SP0256Al ... LA3550 250 
75453 70 8156 ... TCJ3101J m LA4031P 340 
75454 81 81LS95 175 TMS2716-3V 725 LA4032 215 
75491 02 81LS96 175 TMS4047 100 LA4400 350 
75492 .. 81LS97 175 TMS4164 195 LA4422 320 

81LS9B TMS4-418 355 LC7120 300 175 
8202 ... TMS4500 £12 LC7130 300 

ST2  205 ... TMS4532 LC7137 350 

T R A N S I S T O R S  

AC12B/7 BC337/8 12 
AC141/2 ec.41/61 M 
AC176 econ 22 AC187 SC518/7 30 
AC188 BC547/8 12 ACY19/21 BC549C 12 ACY22/41 75 BC656/7 15 
A0142 120 BC558/9 15 
A0149 71 SCY38/40 I I  
A0181 .. BCY41/42 30 
A0162 .. SCY415 80 
AF11:5/6 I O  SCY:58/59 H 
AF166 ao SCY70/71 11 
AF124/28 I U  8CY72 11 
AF139 40 BCY78 30 
AF178 75 80114 180 
AF186 70 80121 .. 
AF239 •• 80124 115 
SC107 12 80131/32 5S 
BC107B ,. 80133 80 
8C108 12 90135 45 
BC108B ,. 90138/37 S I  
BC108C ,. 'B0138/39 35 
BC109 12 90140 40 
BC109B ,. 80144/45111 
BC109C 14 B0158 .. 
8C114/5 20 80184 38 
8C117/6 25 80205/B 110 
8C119 35 80245 .. 
BC137/9 40 80378 70 
BC140 21 80434 70 
8C142/3 .. 80:517 75 
BC147 12 80845 to 
BC1478 15 80695A 150 
BC148 12 80896A 180 
BC1488 ,. 8F115 .. 
BC149 12 BF154/8 30 
BC149C 15 BF167 .. 
8C182L 10 8F173 .. 
BC183L 10 BF177 .. 
BC184 10 BF178 .. 
8C184l 10 BF179 40 
8C186/7 28 BF184/5 38 
BC212 10 BF194/5 12 
8C212L 12 8Ft98/9 , a  
BC213 10 8F200 .. 
BC213L 12 BF224A 40 
BC214 10 BF2248 40 
BC214L 12 BF245 38 
BC237/8 10 BF248 .. 
BC256B 35 BF256A 45 
BC3078 15 BF2568 50 
BC308 12 8F257/H 32 
BC318 e o  BF259 30 
BC327/8 12 8F275 •• 

LF347 120 TA7204 
LF351 .. TA7205 
LF353 00 TA7222 
LF355 .. TA7130 
LF350 .. TA7130 
LF357 100 TAA700 
LF3  ... TAA900 
LM10 325 TAD100 
LM301A 30 TBA120S 
LM307 .. T B " " °  
LM308T 75 TBA5500 
LM311 .. TBA641 
LM318N 150 TBA800 
LM319 100 TBA810S 
LM324A .. TBAB20M 
LM334Z 120 TBA920Q 
LM337 250 TBA9900 
LM330 .. TCA2700 
LM'.348 .. TCA280A 
LM349 125 TCA940 
LM350 .. TCA950 
LM377 210 TCA965 
LM380 .. TDA1008 
LM381N 171 TDA1010 
LM382 100 TDA1022 
LM384 225 TDA1024 
LM3511 .. TDA1034 
LM387 200 TOA1054 
LM389 1IO TOA1480 
LM313 .. TDA2002 
LM394CH 3IO TOA2003 
LM558 170 TOA2004 
LM72:5CN ... TOA2006 
LM733 .. TOA2020 
LM1458 .. TOA2030 
LM1871 ... TOB0791 
LM1869 ... TL170 
LM2907 315 TL487 
LM2917 250 Tl497A 
LM3900 70 TL507 
LM3909N .. TL509 
LM3911 145 TL081CP 
LM3914 20D Tl062CP 
LM3915 ... TL064CN 
LM3916 300 TL071CP 
LM13600 110 TL072CP 
LS7220 310 TL074CN 
LS7225 310 TL081CP 
M51513l 230 TL082CP 
M51515l 320 TLD83CP 
M51518L 475 TL064CN 
MB3712 200 TL091CP 
MB375e - UA2240 
MC1310 135 UA78S40 
MC1455 50 UA9637 
MC1458 35 UAA170 
MC1469 300 UAA180 
MC1488 70 ULN2002A 
MC1489 70 ULN2003 
MC1494 ... ULN2004 
MC1495 ... ULN2803 
MC1496L 70 ULN2283 
MC1598 225 UPCS56 
MC3302 7 '  UPCS75 
MC3401 50 UPC1025H 
MC3403 .. UPC1156H 
MC3404 .. UPC1181 
MC3423 .. UPC1182 
MF10 ... UPC1366 
MFC6040 75 XR2206 
ML92-4 275 XA2207 
NE515 275 XR2211 
NE529 225 XA2216 
NE531 120 XR2266 
NES34K 200 2N409 
NE544 100 2N414 
NE555 " 2N423E 
NE556 .. 2N424E 
NES58 170 ZN425E 
NES80 350 2N426E 
NE5&4 420 2N427E 
NE56SA 120 2N428E 
NE566 150 2N429E 
NE567 .. 2N459 
NE570 ... 2N1034E 
NE5532 100 2N1D40E 
NE5S34A 120 2NA234A 
OM335 8'5
AC41360  
AC4558 
SA83209 425 
SAB3271 41S 
SABA4209 29S 
SG3402 295 
SLd90 300 
SL6270CO 100 
SN78227N 15 
SP8629 350 
SP0265AL2 391 
TA7120 1 

BF336/7 35 MPSA70 40 
BF394 40 MPSU02 
BF451 40 MPSU05 80 
BF494/5 40 MPSU06 55 
BF594/5 30 MPSU52 •• 
BFRJQ/40 30 MPSU55 80 
8FR41/79 25 MPSU56 •• 
BFRS0/81 25 OC26 170 
8FR15 105 OC28 220 

.BFX29 28 OC35 80 
BFX81 , 5  OCJB/41 75 
BFX84 35 OC42/75 75 
BFXS!S/8 35 OC71/72 80 
BFYS0/51 30 OC61/62 50 
BFY52. 30 OCB3/84 70 
8FYS3 .. OC170/71 75 
BFY55/:5oe H OC200 75 
8FY84 40 TIP29A 32 
BFY61 120 TIP29C .. 
BFYIO ao TIP30A .. 
BRY39 80 TIP30C 37 
BSX20 28 TIP31A .. 
BSX25/29 32 TIP318 31 
BSY26 .. TIP31C 45 
BBY95 .. TIP32A 43 
BU10:5 180 TIP32C .. 
BU205 180 TIP33A 70 
BU208 200 TIP33C 75 
eu2oe 170 TlP34A .. 
euveec 22s TIP34C 108 
M08001 250 TIP35A 120 
MJ29:515 to TlP35C 130 
MJE170 180 TtP36A 130 
MJE180 150 T1P36C 140 
MJE340 .. TIP41A 50 
MJE370 100 TIP418 52 
MJE371 100 TIP42A 58 
MJE520 50 TIP42B .. 
MJE521 to TIP120 70 
MJE29:55 H TIP121/2 73 
MJE30:5ei 70 TIP141/2 120 
MPF102 40 TIP147 120 
MPF103 30 TIP295  70 
MPF104 30 TIP3055 70 
MPF105 30 Tl544/:5 45 
MPF108 40 Tl588A 80 
MPSAOS 23 Tl590/91 30 
MPS-'08 30 UC734 .. 
MPSA12 21 VK1010 .. 
MPSA55 30 VN10KM .. 
MPSA:56 30 VN46AF t o  

VN66AF 110 
VN8SAF 220 
VN89.A.F 120 
ZT:.'107 12 
ZTX10&f9 14 
ZTX212 28 
ZTXJOO 13 
ZTX302 ,. 
ZTX303 25 
ZTX304 17 
ZTX326 30 
ZTX451 23 
ZTX500 ,. 
2TX501/2 115 
2TX503 1a 
2TX504 20 
2TX531 125 
2TX550 20 
2N697 23 
2N69EI 40 
2N699 .. 
2N70SA 25 
2N708 25 
2N918 40 
2N1131/2 40 
2N1302 45 
2N1307 70 
2N16718180 
2N2160 295 
2N221' A .. 
2N2220A 28 
2N2221A 20 
2N2222A 20 
2N2368 20 
2N2369A 18 
2N2483/4 27 
2N2848 IO 
2N2 4/5 21 
2N2 8/7 21 
2N2907A 28 
2N292SG 10 
2N3053 20 
2N3054 55 
2N3055 50 
2N3252 48 
2N3441/2 180 
2N361-'/5100. 
2N3663 20 
2N3702/3 10 
2N3704/5 10 
2N3706/7 10 

2N3708/9 10 
2N3713 140 
2N3771 171 
2NJ772 ,.. 
2N3773 210 
2N38HI 35 
?N3820 60 
2N3822/3 .. 
2N3886 125· 
2N3003/4 11 
2N3905/6 15 
2N3906 17 
2N4037 80 
2N40:58 15 
2N4081/2 15 
2N4264 30 
2N4286 25 
2N4289 25 
2N4314 78 
2N4400 25 
2N4427 120 
2N4871 75 
2N5135/6 3() 
2N5138 20 
2N:5172 20 
2N:5179 45 
2N5180 40 
2N5190/1 75 
2N5194 80 
2N5305/8 30 
2N5457/8 30 
2N5459 30 
2N5485 38 
2N5777 .. 
2N5879 180 
2N6027 32 
2SA.671 280 
2SA715 75 
25C49:5 es 
25C498 85 
2SC1oe1 250
2SC1098 
2SC1162 45 
2SC1173 12:5 
25C1308100 
2SC1307150 
2SC1449 •• 
2SCt678140 
2SC1679180 
2SC1923 50 
2SC1945 225 

2SC1883 
2SC1957 I O
2SC1l69180 
2SC2028 15 
2SC2029 200 
2SC2078 170 
2SC2091 15 
2SC2J14 
2SC216B 105 
2SC2335 200 
2SC2547 40 
2SC2612 200 
290234 74 
2SK45 8 0  
2SK288 225 
2SJ83 225 
2SJ80 225 
3N128 115 
3N140 115 
40315 t o
40316 
40324 100 
40326/7 70 
403'7 t o  
403'8 120 
40360 80 
40381/2 70 
40407/8 70 
00.11 285 
00.12 t o  
40407A 130 
40<488 
40594 108 
40803 110 
40873 75 
40871/2 t o  

ACCESS & 
VISA 
orders 

AF Choke1 Miniature PCB type Just phone your 
/1uH. 2u2. 4u7. 10u. 22u. 33u. 47u, 100u. 220u. 330u. 470u 35p orders through 
1mH. 1m:5, 2'Tl2. 4m7. 10mH 40P we do the rest. 
122mH. 33mM. 43mH. 47mH OOp IPI: 
,100mH. 220mH 70p 0923 5023' 

150 74157 70 00 HC2d1 100 L5173 80 
150 74159 175 HC24.? 100 LS174 80 
120 7400 22 74160 to HC244 100 LS175 80 
140 7401 22 74161 to HC245 110 LS181 180 soo 45 
275 7402 22 74162 to HC25'cl t o  LS183 185 S02 40 74163 to LS190 315 7403 25 74164 110 HC373 110 7S S03 40 
101 7404 25 74165 to HC3.'d OS L5191 05 S04 40 
70 7405 20 74166 130 HC393 110 L5192 75 sos 40 

275 7406 38 74167 200 HC640 165 L5193 70 SOB 40 
330 7407 38 74170 180 185 LS194 70 S09 40 
200 

7408 .. 74172 380 LS195 80 S10 40 7409 25 IO 7410 25 74173 100 LS196 7S S1t 50 .. 7411 25 74174 100 LS197 75. S15 80 
75 7412 25 74175 80 LSOO 22 LS221 85 S20 40 

20D 7413 35 74176 e o  LS01 22 LS240 e o  S22 80 ... 7414 00 74177 80 LS02 22 L5241 e o  S30 50 74178 120 ... 7416 30 74179 to LSOJ 22 LS242 e o  S32 50 
220 7417 30 74180 85 LS04 22 L524J 80 S37 50 
175 7420 25 74181 230 LS05 22 L5244 70 S38 70, 
200 7421 30 74182 .. LS0a 2S L524  88 5'0 40 
1IO 7422 30 74184 180 LS09 22 LS247 75 S51 40• 

742.1 32 LS248 100 S64 40 310 7425 32 74185 180 LS10 22 LS249 100 sos 40 220 7426 31 74190 117 LS11 22 
74191 140 LS:' 1 •• S74 70 ... 14'27 30 74192 111 LS12 22 L525J 70 S6S 215 110 7426 30 LS1J 30 ... 7430 22 74193 110 LS14 50 LS25,6 to S68 100 

110 7432 21 74194 80 LS15 l L5257 55 $.1.1 . t}l)
74195 to 350 7433 30 74196 83 LS19 l,.S258 u 9113 120 ... 7437 21 LS20 22 LS2 9 to S114 12074197 85 70 11D 7438 31 LS21 22 LS260 9124 300 

7440 25 74198 180 LS281 100 S132 t o  230 7441 85 74199 180 LS2  22 LS286 25 5133 80 320 744; 85 74221 •• LS24 50 LS273 80 S134 80 320 744:. •• 74246 120 LS2e 22 LS275 380 S13 110 100 7444 100 74247 120 LS27 22 LS279 •• 5138 170 ... 7445 100 74248 140 LS28 24 LS280 180 5139 170 50 7446 too 74249 172 LS30 22 LS283 70 74251 to L532 22 5140 75 150 7447 .. 74259 140 LS33 23 LS290 ao S151 140 115 7448 .. 74263 75 LS37 22 LS292 750 S153 140 110 7450 25 LS293 75 7451 30 74265 80 LS38 25 S157 200 110 7453 74273 150 LS40 22 LS294 ••• S158 180 .. 25 LS295 130 7454 .. 74276 150 LS4'2 50 5162 300 .. 7460 25 74276 150 L5'7 75 LS297 850 5183 300 .. 7470 48 74279 70 L548 75 LS296 100 S174 250 .. 7472 30 74283 110 L5'9 •• LS299 220 5175 30070 7473 40 74284 300 LS51 22 LS320 210 5188 180 110 7474 36 74285 310 LS52 25 LS323 300 5189 220 
30  7475 48 74286 to LS54 22 LS324 140 S194 280 .. 7476 40 74290 85 LS5'5 22 L5325 150 S197 75 7480 50 74293 80 LS63 .. LS326 280 5201 250 100 7481 175 74297 ,.. LS73 25 LS327 280 S225 500 .. 7482 to 74298 156 LS74 28 LS347 120 S226 350 120 7483 80 74351 175 LS348 140 S240 375 7484 100 LS75 38 225 7485 100 74365 88 LS76 28 LS352 115 S241 370 ... 7486 35 74366 58 LS78 3 '  LS353 85 S244 475 

201 7489 170 74367 58 LS83 85 LS355 220 S251 225 ... 7490 •• 74368 •• LS85 70 L5356 200 5257 220 
75 7491 85 74376 117 LS86 30 LS363 140 S258 225 
7! 7492 •• 74390 100 LS90 40 LS264 150 S260 70 
75 7493 50 74393 103 ea LS365 .. S262 £10 

100 7494 to 74426 85 
L591 LS366 42 S287 200 LS92 50 150 7495 85 74490 61 LS93 45 LS367 42 S288 180 ... 7496 72 L595 •• LS368 42 S289 200 

275 7497 170 LS96 to LS373 80 S301 350
375 74100 ,.. LS107 40 LS374 e o  S365 250 ... 74104 88 LS109 45 LS37:5 •• S373 375 74105 58 100 74107 40 LS112 40 L5377 100 S374 375 
425 74109 80 LS113 38 LS378 85 .S412 380 
19S 74110 •• L5114 38 LS379 127 5'70 320... 74111 55 LS122 .. LS380 310 5'7t IOO ... 74112 180 LS123 50 LS382 310 5'72 400
575 74116 180 LS124 120 LS384 457 5'74 400
875 74119 100 LS125 37 LS385 310 5'75 420 
3IO 74119 150 LS126 37 LS386 50 S571 300 
180 74120 to 

HCOO LS132 02 LS3SO 80 S573 450 .. 74121 •• LS133 .. LS393 45 
130 74122 50 HC02 30 LS135 28 LS395 100 
130 74123 73 HC08 30 LS398 115 74125 50 LS136 30 ... 74126 50 HC10 30 LS138 48 L5398 180 
200 HC20 30 LS399 115 74128 55 LS139 45 LS445 12S ... 74132 80 HC24 55 LS145 to LS447 75 450 74136 83 HC32 40 LS147 130 
240 74141 80 HC42 50 LS148 11S LS465 130 
115 74142 230 HC51 

: I t  ;1 •• LS490 1'5 
200 74143 250 HC74 80 L5540 100 ... 74144 225 HC86 50 LS154 120 L5541 15 
135 74145 as HC107 40 LS155 .. LS624 ,.. 

74147 130 HC109 50 LS156 •• L5629 120 
74148 10S LS640 150 
74150 130 HC139 65 LS157 47 LS641 140 
74151 80 HC153 60 LS158 48 LS645 ,. . 
74153 70 HC160 30 LS160 ao LS668 87 
74154 135 HC161 80 LS161 50 LS669 80 7d155 75 HC164 eo LS162 50 LS670 150 74156 to HC165 es LS163 80 L5673 800

HC173 90 L516d 70 LS674 800 L5165 •• LS676 275 HC174 90 LS166 ea LS684 300 HC175 100 LS168 138 HC240 120 LS887 300 LS169 to LS688 275 HC249 110 S170 120 



SPECIAL OFFER
1 10+

2764-250nS 185p 175p
27128-250nS 245p 235p
6116LP-3 170p 145p
6264LP-150nS 315p 305p

PANEL 
IDC CONNECTORS IWITCH!I DIP SWITCHH VERO M!TEAI 

TOGGLE 2A. 250\1 1SPST1 4 way 15p; 6 way 80p; 8 *aY 85p; FSO PHOTO D1!C1 

�s;���o;J:� 
10 way 1 25p 1SPon 4 WI)' 1top 80 ll •6 X 35mm 

SPST on/ott Hp t---------------1 VPO 90AROI G.1" 0-50JA,A 
V•obloc1'1 . . . . . .... PCB Plugs F•mala Fe'Tlale 

s De<: . . . . . . . . . . .... W•lh lalCl"I He•der Card 

SPOT clover 94p ,tQTAJIIY IWtTC ... !I 2% " 1 · · • ·  · · · · · · · 30p 0-lOOJA,A 
SPOT Cel\He oft 15p {Ad1ustabte Slop type} 2'h" 3v. · · · · Np 0-500ll,A 

-- ·- P1r"1S P,ns Ptug Edge 
8'mboarct . . . . . .. S1Sp s,s Angle Conct 

::�: b .. s� �!;Ip 
1 pole/2 to 1 2 w1y:2 pole/2 I06way.3 POle/2 to ;� : �r.· : :  . . . .  : :  :::: g:��: 

OPOT 6 llgl 80p 
4 way. 4 polel2 to 3 ""'IY 55p ;;: : �7 :: = g:�g�: 

Supentrip $52 . 1  .... 
, o ... a)· ••• ••• ••• 100p 
16 way 75p 75p IOp 
20 way ••• top ••• 1a5p 

g:g; �;,n:;�::ep 
lll()TARY: M1,ns OP 250V4 An,� 0t1,oll Np � �;; : .. : : : : :  g:;gg�: Wlys 145p DIP Board . . . . . . .  lllp 0-1A 

COPPER CLAD 26 way 10Sp 1 10p 1 1 Sp 230P 
BOARDS 34 way , 1 5p 1 30p 135p 320p 

40 way 1 40P USp 110p 335p 

�:,��!:0''110;isp IIIOTARY: IM.1ke-a·s•1lchl 
Vero Strip . . . . . . . .  Hp 

t!:v •·POie 2 ••v 220p 
�.•,"

•
.:.u:::

•
!,c!;'':c!��:te':S:;

b
11! VIRO PWt: per 100 0-SOv 

Ftbt"-= Single· Double-
glass """' sided 50 way 1 e5P 1 70p 1 75p 300p 
6" � 6" .... 125p 60 way 115P 210p 22!1p 495p 
IJ' • 12'. 17So 22s, 

RELAYS 

M1r,,ature, enclosed. PCB mount 

SINGLE POLE Changeover 
"L-·1 205A Cod; 12V DC. t10VS to 
19.5V). 10Aat 30VDCor250VAC 1 Hp 

DOUBLE POLE Cha�eover. eA 30V 
DC or 2501/ AC 
RL-1 1 3·53R Coil 6V DC(5V4 to 9V9) 180p 
flLl•1 1 1  205A Coil. 1'2V DC(10V7 to 
1 SIV5) 115p 
RLl· 1 1 <t  7'-0R COII. 24V 0C i22V 10 
37V) 200p 

IUDE 250\1: 6 waters 1mu. 6 POlef12 way + OP 1w1tchJ �ngi. E=- . . . .  
:: 

I--
D
-
AL
_

D
_

•
_

T
_

C
_
H

---t--------·------1 0-300V AC 
DPDT ,A 14p MKhan,sm Dl'ly top :r�

bl

;r� S/E : : :  
·
115p RESIST PEN EURO CONNECTOAS 

M5p 
ASTEC UHF MODULATORS g:g; !,� c/ofl � :: WA.lflRS: 1make belore break) 10 ht the abo"e r.c

W
::l,e,:

W
c,,,:11>,:0.,,/:-E-

. _. 21_'"
-tt-

P'-"'-'-"-"-'-''_100_P
-t 

g���:��,sned '�:1• 
�

�:1 ���· Pl..., 1-
-

-
---

-1 Standard 6MHz 37Sp 
switch mechanis.m 1 pale/12 way: 2 pole/6 VIAO TOOLS FERFIIC "'"' "·�• l',ei ";.�� CRYSTALS 

'h'td&bll'ld SM Hz 550P 

w�·,�:��u�l:n
lA. 

:!�n! ��
e

�1sa.:;,:���·:1:
way

, g
o

J
2 Way 

::: :rn°:nf:�l����� �= ��bL�a�
l
��riydrous �t:�y

6 1 7  
1 25p - - 1 75p SPOT latching 1 50p Spacers4p. Screen Ip. t-------i 125 • SOP p&p OIN4 1 6 l 2  OPDT latcri1n� 200p 1---------------1 VIRO WIRtNO 2 ,. 32 A + 8 200p - 175p -OPDT moment 200p 

AOCKER 8WITCHII PEN - Spool . . .  3IOp 1---------1 OIN4, 61 2 
ROCKER 5.V250V SPST 2lp Spare Spool . . . . . .  75p 2 x 32 A + C  225p - 115p210p Mini Non Loctr.ln11 

Push 10 Make 1Sp 
Push 10 e,.,1,, 25p 

DtGITUT Swttch 
Assorted COlou,s 

75p each 

ULTRASONIC 
TRANSDUCERS 

40 Khz 475p (pr). 

GAS/SMOKE 
DETECTORS 

ROCKER 10.V250V SPOT 3lp Comb, . . . . . . . . . . . .  Ip EDGE OIN4 1612  3 l 32 
ROCKER 10A/250V OPDT e/oN Hp Pen • Sp00l + coms:. CONNECTOFIS

1
·· 

156
"
' 

A +  8 + C 210p 280p H5p 300p 
ROCKER tOAJ250V OPST w,tt\ neon asp 2, 6 way 75p 

THUMIWHIEL Mtri1 lront mOul"lhng sw1!ChH 
Oeead• Switch Module 320p 
9 C.D Sw11cl\ Module 350p 
Mounting Che«ks jper pa,rJ tsp 

JUMPER LEADS 1R,bbon Cable Asse mblyl 

Length t 4 oon 16 p,n 24 o•n 40 pm 

DtL soac:ns 
LO'l'f Wire Turned 

Pin Pro! Wrap P1r1 
8 8p 20p 18p 

14  101) 23p 28p 
16 1Qp 40p 28p 
,a 16p -"OP 33P 
20 20p 58p 37p 
22 22p 600 39p 
24 25p 68p 42p 
28 28p 78p 52p 
40 JOp 89p 72p 

2 • 12 way 160p 
2 • 15 way 165p 
2 • 1a way 1750 160p 
2 • 22 '!'fly 200 170p 
2 •  23 way 15Qp 
2 • 25 WIY 250p 245p 
2 •  28 way 18Qp 
2 • 30 way 280p 
2 • 36 way 300P 
2 • 40 way 320o 
2 • 43 way 4000 

OIL P\.UG (HHde,, 
Solder IOC 

14 pin 40p tSp 
16 pm 45p t()Op 
24 pm 85p 1 35p 
28 P'" 1 50p 200P 
40 pin 200p 255p 

RIBBON CABLE 
price per foot 

Grey Color 

10 way 15p 2ap 
16 way 25p 40p 
20 ...... y :,Op 50p 
24 way 40p a5p 

Zllf Tt:XTOOL 28 way 5Sp 80p 
DfL SOCKETS 34 way &Op ISp 

Single ended DIP (Header Plug) Jumper 
:1, inches 145p ,asp 240p .lllOp 

2 • 75 way 600p 
24 �n 

t-------''------r---t 28 pm 
40 pin 

40 way 70p 80,> 
550D 50 way 100p 135p 
ltlp 64 way 1 20p 190p 
.... 

32 798KHz 100 
1001<.Hz 400 
200KHz 370 
455KH 370 
1MHz 215 
1 .008M 275 

BUZZERS
miniature. sohd-1ta1e6V: 9V& 1 2V .70p 

P!EZO TRANSDUCERS F82720 70p 

: :��:' iE 1---L-O_U_DS_P_E_A_K_E_R_S ___ • 
1.8432M 2,0 
20MHz 225 
2<t578M 200 
3 12MHz 240 
3.278M 1 50  
3 5794M 15 
3.8864M 300 

M1n,ature. O 3W· a Ohm 
2in. 2'rn 2'.11'1. 3'n 80p 
2' 11n 400. 6.dn or son 80p 
6" .11 4" en 2oop 
7" .. s .. en 225p 
e·· a. 5- 81"! 250p 

40MHz 140 !--�=���------• 
:��!�0':.: �: BT TELEPHON E 

:.:g�t'!f �· CON N ECTOR 
4.80MHz 200 
5.0MHz 150 UU 1 /4A. Min, line Master 435p 

UU 1 1aA. M1n1 Line Slave 295p TGS812 or 
TGS 813 
ISOp 

F.,,.ale IDC HNd• Jumper L"* 31 lnchN '°"U 
20p1n 26 01n 34 pin 40 pm 

A.HUX SOLDERING IRON 
C-15W IOOp CS17W 120p 

5 185MHz 300 
SIL t------�-------1 5 2428SM 380 SDCKET 'D' CONNECTORS O.OMH, 125 

UU 2/4A. Line Master 370p 

Holders for 
abOVe i40p 

s,ngt• endrld 1 eop 2oop 2eop 300p 
Ocable 9flCled 280p 370p 480p 525p 

G-1SW 120p XS25W 150p 
Spare l11)S auortld size 100p 
Spare e1emer11s 245p 
Iron stand .,...;1ri sponge 115p 

0 1" p11ch I 15 25 37 6.144MHz 140 20 way wey wey wey wey 9.5538MHz 225 65p Mele 7.0MHz 1 50  
Solder lugs S5p 80 p  1 2 0 p  150p 7.188MHz 175 

UU 218A. Line Slave 250p 
UU 3/4A. Flush Master 370p 
UU 3/tlA. Flush Slave 2,op 
UU 1D/3A. Dual Splitter 475p 

<t WA.YBT Plug 85p --------'---------.-------_..-------.-----'-----+ Angle pms 1 10P 17Sp 225p 300p 7 88MHz 200 
VOLTAGE REGUU.TOAS SOLDt:ftCON PINI 

Ideal !or mak,rlO SIL 
01 OIL Sockets 

PCB pins 100p 100p 180p 250p 8.0MH.11 UQ 
1A T0220 PIHhc Cn•"O Femele 8 .089333M 319 

VIDEO MONITORS
VIDEO MONITORS 

TJIA.NSfOfllMIRS + v• - ve Solder lugs 80P 12Sp 110p 275p 8 86723M H!t 
3·0·3V. 6-0-6V, 9-0·iV. 1 2-0·12V. 1S-0·1SV @ 
100mA 1 30p 
PCB ft'IOuntong M,noalure. Spht bot)bon 

sv 
12V 
,sv 
18V 
24V 

7805 45p 7905 50p 
50p 
OOp 
OOp 
OOp 
... 

100 ptns 35p A"Qle pms 150P 200p 210p 380p 9.00MHz 200 
7812 .Up 7908 500 pins 100f> PCB p1ns tOOp 1 25p 1Hp 355p 100MHz 1 70 • 14J1 - MICROVITEC Mfldtum rnofulion 14'' 
7815 Up 7912 1024MHz 200 

3VA.: 2it8V/0 25A. 21t9V/O 15A.; 2.1112\1/0 1 2A. 
2115V/0 2A 235p 
IVA.: 2i6V/05A.; 2.119V/0 3A. 2il 2V/0 25A. 
2115V/0.2A 280p 
St1ndetd Soilt 8obbm t'fO" 

7818 •Sp 791 5 Covers 75p 70p 70p 15p 10.5MHz 250 • 1451 ��rc�1!Wc
1 

· i:11gh· · rno1�i;on '�� 
RGB, 1uit1ble for 80 column . . . . .  £225 

IVA.: 2A6V/0 5A. 2l9V/Q O,. :t'.111 2V/0 3A, 
2.1115V/0 25A 2S0. 

7824 4Sp 7918 
7924 

10QmA T092 P',ashc oackage 
SY 78L03 30p 79L05 ••• 
6V 78L06 30p 
ev 78L06 :,op 

12V 78l12 30p 
15V 76ll5 50p 

ICL7860 2.Up 
FIC419� 37Sp 
FIC4 195 180p 

79L 1 2  <t5p 
79L15 45p 

TA.A550 50p 
TOA1 4 1 2  1S0p 
H.497.A 18Sp 

A.LUM 1011!8 
3 11 2 11 1  tip 
4 • 2'/:z • 2 100p 
4 11 2\f.i • 21a, 10:lp 
4 • 4 • 2  105p 
4 • 4 • 2'/: 120Ji 
5 • 4 • 1 1h tip 
5 1' 4 • 2'1:z 120p 
s 11 2v. • 1 1,, 90p 
5 11 2o/. " 2,4 ,,op 

!DC 2, way ·D Plug 385p Socket 450p 

25 ••Y '0' CONNECTOR (A9232) 
Jum-,., Leed Cable AIMmbly 

1a long Smgle end. Male <t75p 
,a lono. S,ng1e end. Female 510p 
36 long. Double Ended. M/M ff5p 
36 1ono. Double Endeo. F/F £10 
35· 'lono. Dout>le Enoed. "'4/F 995p 

107MHz 150 
1 2.0MHz 150 
12.528M 300 
14.31814M 1 70 
1 5.0MHz 155 
1 6 0MHz 200 
1 80MHz 1 50  
1 8 432M 1 50  
19.968MHz t 50 
20.0MHz 1 50 
24 0MHz UO 

• KAGA Vision It High resolu110n RGB colour 
rnon11or . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  u10 

• KA.GA VifloOn lit• Ultra High resolution RGB 
colour moni1or. 
TEX n\OOI SWl!Ch allows monochrOm41 11, 
dis.play . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1330 

• KAGA KX1201G Hi-res Green Monitor . . .  tlO 
• KA.GA KX1202G Vllra Hi-re3 Green 

Mor,ltor . . . . . . . . . . . . . . . . . . . . . . . . • . . . .  r.1115 
1 KAGA KX1203A Ultra Hi-res Amber 

MonilOI' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t105 

12VA.: 2•<t 5V,IAJ. 26V·1A. 2J:9V/06A. 2ll2V/ 
a.SA; 2a1 SV-04A. 2•20VI0 3A. :i•spt35p p&p) 
2•VA: 2x6V/1 5A. 2•9V/I 2A. 2•1 2V/1A., 2•15Vf 0.8A; 2.1120V/06A 385p f5()p p&p) 
50VA.: 2�V/<tA. 2l'9V/2.5A:. 21112Vt2A 2l1 5V/1.5A. 
2a20V/1.2A.:. 2a2SV/1A.. 21130V/0.8A S20p(60p DIR 
50VA: Output, +5V/5A. + 12V. +25V. -5V. 
-12V at 1A a20pf6Qpp&p) 
1 00VA.: 2l1 2Vl•A. 2ll15V/3A. 2l20V/2.5A. 
2l25V/2A. 2•30\1/1 SA. 2•50V/1A 155p (75p) 
P&P ct11,ge to b9 1dded over Ind 1bove our no,· 
m•t 001111 cria,ge 

LM30�K t35p 78H05 + 5V/SV 550p 
78H12+12V15A 

6 11 4 • 2 120p 
6 11 4 11 3  150p 
7 11 5 11 3  180p 

!--------------1 �:::�tMHz �:� 

• ZENITH 12H Hi,,u11 monl!Of. Ideal for WO(d 
proc•slrig II Ila GrNM or Amber screen Is 'lery 
rnTl'ul to raad 
• ZVM1220 Amber Hl-res er& 
• ZVM1230 Green Hi-ree . . . . . .  ; . . . . . . . . .  C72 

CMOS 
"""' 
,0,11 """'"""'
... 7 """' 
.... 
4010 
4011 
4012 
4013 
401' 
4015 
4010 
4017 
4018 
4011 
4020 
4021 
4022 
4023 
4024 
402' 
402'! 
4027 """ ..,.. 
"""' 
"'31 
4032 ""' 
4034 
"'35 """ 
"'37 
"'38 """"""
40'1 
40'2 
4043 ..,... 
.... 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
405' 
4055 
4056 
4057 
4050 
4060 
4061 
4062 
4063 
·4066 
4007 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
,,&()76 
4077 

, 4078 
4061 
4062 

.. 4066 
20 4066 
20 4060 
10 ""' 
.. """.. "°"'
.. """'.. ""'7
20 """' 
20 "°"" 
U 4180 
10 4191 
40 4182 
21 41193 
40 4174 
51 -4175 
•o 419,4 
40 4408 
•• 4400 
IO 4410 
20 4411 
35 4412 
20 4415 
IO 4419 
30 "22 
.. "35 .. ""° 
.. "50 

121 4451 
.. .. 80 

130 4500 
146 45()1 

70 4502 
2IO '503 
11S -4504 

,. '505 ., . ....
45 4607 
.. .... 
4$ 4510 
t5 451 1 
50 4512 

110 4513 
10 4514 
50 4515 
50 4516 
25 4517 
as 4518 
50 4519 
.. '520 
ICI 4521 
70 4522 
70 4526 
70 4527 

1000 4528 
... .... 
70 '530 

... '531 
911 -4532 
10 4534 
.. ,.,. 

230 .4538 
20 • .,. 
20 4541 
22 ..., 
.. .... 
20 .... 
20 '553 
25 .... 
10 4555 
25 4556 

LM317K 
LM317KP 
LM323K 
LM337 
LM723 va, 
78540 

200, 
<OOp 
<OOp 
175p 

30p 
225p 

H5p 
7SHG+5'110+25V15V 
5A 550p 
79HG 5V I0·24V/5A 

8 IC 6 II J 210p 
10 11 4 • 3 240p 
10 • 7 • 3 275p 
12 11 5 • 3 2IOp 

A.MPHt:NOL CONNECTOAS 

24 "''Y IEEE Pl11Q 
24 WII)' lfEE Ski 

IDC IOLOUI 
4e5p <tlOp 
'85p 480p 
37Sp 380p 
'80p 450p 

: ,ss1 200 OPTO 
: = = ELECTRONICS 
10 4580 110 

120 4581 104 
.. .... ... 
70 4.561 180 
70 4588 2IO 

100 4519 171 
210 4572 41 

10 .... ... 

110 4.581 111 
.. ;-4682 .. 
N 4513 100 
.. .... .. 

.. .... .. 

N 4597 3a 
105 4591 151 
105 40085 IO 
U0 400lil7 41 
110 40006 42 
725 40100 211 
JIO 40101 130 
toS 40102 100 
IIO 40103 412 
2IO 40104 120 
170 40105 22G 
na 40108 40 
100 40107 10 
• o&01oe ns 
110 o&0109 100 
ao 40110 m 
115 40114 MO 
40 40161 150 
so 40163 75 
'5 40173 100 

100 ,&()17-4 75 
2IO 40174 10 
100 40111 220 
'6 40182 IO 

130 40192 71 

LEO. w1!P'I ChOS 
Tl l209 10 
TIL211 GAN 14 
TIL2 1 2 Yel 1 4  
TIL220 2 Red 1 2  
2 Green Yellow or 

Amt>tt 1 4  
0 2  e ,  cotou• 
FltdlG•eeri t �  
Green/�ellow 1 1 5p 
02 Tr. colour 
R•d!Grean/YeUow IS 
H•·BrightneuReo SI 
Flashing red 
02 rtO S5 
Square U:.Os. Reo. 
Green. Yellow 30 
Rectangle Stack1.t>11 
LEDs 
R•d. GrHn or Vallow 1 a 
Tr,angular LEDs 
Red 1 8  
Green o, yellow 22 
L0271 lnlla Red .. 
S�H205 DelKtor 1 1 I 
T!L32 lnlta Red 52 
TIL 78 De1ec1or 55 
T1L38 SO 
Tll!OO 75 
BARGRAPH ARRAY 
Ten Segments 
M\157164 Red . . . .  22S 
MVS4164 Grn . . . .  230 

ISOLA.TORI 

:: •:�: � :t��4 1�= 
15 ·-40195 75 tL07-4 275 

1: ::g� �= r���11i�;lin9ton ,: 
111 '40257 1N Trl117 125 
50 'o&0373 220 TIL127 120 

275 ·,&()374 220 4N33 Photo 
50 ·45106 5115 Oarllngton 1H 
35 7 le11ment Dl1ple)'II 

1: Tl l31 2 .3 . CA 120 
1: i:t�1� -� g� �: 
1C1 TtL322 5•· CC 1.tlO 
45 T!L729/730 1 .tlO  
10 DL704 .J·· CC 1 25 
10 DL707 .3 CA 1 25, 

120 1-----__, FND357 A.cl 1 20 
tl OPTO FND500 1 )0 

Ml 0CP71 1 20 3" GrHn CA 1 50  
2 IO  ORP12 85 .e .. Green CA 215 

IO ORP61 ae .3 . ± I Red CA 1 50  
80 BPX25 250 .3" ± 1 Green CA 1 50  
15 8PW21 320 LCD 3 '  1 Dig,11 4H 
15 TIL 139 225 LCD -4 Digits 530 
.i: LCD 6 O.g1t1 aH 

�: =������
iv

iP�::�
a

�!i���
ch

,1�i1�; · i� � 
50 Components. .  . . . . . . . . . . . . . .  ffl 
.. 

715p 

ACCESS 
& VISA 

orders 

12 • 8  • 3 2Hp 

Just i:,hone your 
orders through 
we do the rest 

Tel 
0923 50234 

36 way C•ntror11c& pluQ 
36 w1y Ce,.tronics Sk! 

COM PUTER CORNER 
BBC Master 128K MicrocDmputer . . . . . . . . . . . . . . . .  £425 
Seikosha GP50A & GPSOS Printers . . . . . . . . . £ 19 
EPSON LX80 Dot matrix Printer . . . . .  . . . . . .  £188 
LX80 TractDr Feed Attachment . . . . . . .  £20, 
LX80 Cut Sheet Feeder . . . . . . . . . . . . . . . .  £49 
Epson FX85 Dot matrix Printer . . . . . .  £315 
Centronics GLP (NLO) Printer . . . . . . . .  £ 99 
Tractor feed attachment for GLP . . . . . . . . . . . . . . . . . . . . .  £ 9 
KAGAIT AXAN KP810 Printer. . . . . . . .  £210 
KAGA/TAXAN KP910 Printer . . . . . .  . . . . . . .  £339 
Brother HR15 Daisy Wheel Printer. . . . . . .  £285 

£1 
.. 

£21 
.. 

CALL IN AT OUR RETAIL SHOP FOR A DEMONSTRATION OF 
ANY OF THE ABOVE PRODUCTS. BE SATISFIED BEFORE YOU 
BUY. YOU MAY WRITE IN FOR OUR DESCRIPTIVE MICRO 
CATALOGUE. 

51,4" Disc Drives tor the BBC 
(Al1 Drives are supplied cased with 

Power Supply and Utilities Disc 
• C8200 - Epson single drive 40 track double sided 2()()1( 

. . . . . . .  £111 
• CMOOS - Ml11ubl11hl single drive -40/80 track dooble sided 400K 

. . . . . . . . . . . . . . . • .  £124 
e CotaO - Epson Tw111 dnve 411) lf&ck doubte sided 400K 

. . . . .  £206 
• CDIOOS -· Mitsubishi twin drive -40/80 track double s.ided 800K 

. . . . . . . . . . . .  £211 
• TWIN Dlac DtM C4tM - With Power supply 

and Gables to house your own slim line drl-.es. . . . . . .  £35 
e AU the above smgle drt-.es are supplied In a twin case for later 1nclusionol a secorld 

drive. 
(Securico, Carriage oo dnves £7) 

DISC INTEFIFA.CE KIT complete . .  . . . . . .  t.50 
EWS MANUAL {oomprehensive) (No VAT) . . . . . . . .  U 
Top Quality sy;· Disc: 
10 • M4 Single Sided Double Density 40 track . . . . . . . . . . . . . . . . . . . .  £10 
10 )t MS Double SiPed Double Density 40 track . . . . . . . . . . .  £12 
10 x M7 Double Sided Double Density 80 track . . . . . . . . . . . . . . . . . . .  £17 

27 6<tSM 1 70 
27.145M 190 
38 6667M 240 
48 0MHz 240 
1000MHz 215 

1�� r:g�1:1��u8plied with connecting leads to 

• Cerrlage on monitor, t7 {Securlcor) 

SPDOS 
The only professional D isc 

Interface for the Spectrum Micro. 

SPECIAL OFFER £60 

GANG OF EIGHT 

EPROM PROGRAMMER 

Copies up to eight at a pass. 2716 to 27256. 
EPA OM type 1s set by switches. Erasure is 
checked automatically. Simple control. 
Atpha liquid crystal display. Cheksum 
facility 6 hex digits. FAST or NORMAL 
programming. 

£385 

MENTA - The Z80 TUTOR 

Designed for Schools and Colleges to 
teach ZBO Machine code. Menta uses TV 
fDr display. Shows STACK & PROGRAM 
in HEX. Editing facility includes: direct 
keyboard ASSEMBLER, RS-232 Output 
DISASSEMBLER. Used to write & debug 
short machine code routines. Menta is a 
complete controller with 24 bits of 1/D 
used tor ROBOTICS. 

£99 

BBC MICROCOMPUTER 

& ACCESSORIES 

BBC Master 128K £425 
We stock the full range of BBC Micro peripherals, 
Hardware & Software like, Disc Drives (Top quality 
Epson & Mitsubishi), Diskettes, Printers, printer, 
Paper, Interface Cable, Dust Covers. Cassette 
RecDrder& Cassettes. Monitors. Connectors(Ready 
made Cables. Plugs & Sockets). Plotter (Graphic 
Tablet) EPROM Programmer, Lightpen Kit, Joys· 
ticks, Sideways ROM Board, EPROM Eraser. 
Machinecode ROM. The highly sophisticated Wal· 
lord's 16K BEEB DFS, WORDWISE. BEEB-CALC, 
Software (Educational Application & Games), 
BOOKs, etc. etc. Please send SAE tor our descrip· 
live leaflet. 



01-452 1500 TECHNOMATIC: LTD 01-450 6597
/J}. : .(j]· � Micro Computer

� Please phone for availability 

WORD PROCESSOR 'VIEW' 
16K ROM £52 

TELETEXT ADAPTOR 
£195.00 

J 

BBC Model A£299 
BBC Model B £399 
(incl VAT) Carr £8/ unit

Model A to Model B 
Fitting charge £15 

Individual upgrades 
also available 

PR ESTEL ADAPTOR 
£90.00 

2nd PROCESSOR 6502/ZSO 
£170 

FLOPPY DISC I NTERFACE 
Incl. 1.0 operating system 

£95 + £20 installation 
Phone or send for our BBC leaflet 

· BBC FLOPPY DISC DRIVES
Single drive 5%" 100K £235 + £6 carr.
Dual drive'5%" BOOK £799 + £8 carr.

BBC COMPATIBLE DRIVES
These are drives with TEAC FQ50 mechanism 

and are compl�e with power supply 
SINGLE: 100K £190; 200K £260; 400K £340 
DUAL: 200K £360; 400K £490; BOOK £610 

ACORN SOFT/BBC SOFT/GAMES PADDLES IN STOCK OFFICIAL. {JJ /J} (B, DEALER

CASSETTE RECORDER 
Ferguson 3T07 £26.50 & £1.50 carr

Cassette Leads £3.50 
Computer Grade Cassettes 

£0.50 each £4.50 for 10 & £1 carr

NEC PC 8023 BE-C. 
1 OOCPS, 80 cols 

Logic Seeking, 
.Biditactional, Forward and 
Reversa Une Feed, 
Proportional Spacing, Auto 
Underline, Hi-Res and Block 
Graphics, Greek Char. Set. 

Only£320 ·­
+ £8 carr. 

RUGBY ATOMIC CLOCK 
This ZBO micro controlled clock/calender 
receives coded time data from NPL Rugby. 
The clock never needs to be reset. The 
facilities include 8 independent alarms and for 
each alarm there is a choice of melody or 
alternatively these can be used for electrical 
switching. A separate timer allows recording 
of up to 240 lap times without interrupting 
the count. Expansion facilities provided. 
See July/August ETI for details. Complete Kit 
£ 120 + £2.00 p&p 

MICROTIMER 
6502Based Programmeable clock timer with 
* 224 switching times/week cycle 
* 24 hour 7 day timer * 4 independent switch outputs directly interfacing to 

thyristorltrl8cs 

MO,NITORS ,.\ACORNATOM,f 
Jasic Built £135 Expanded £175 

lcarr £3 per unitl 
3MC BM 1401 14in Colour Monitor 

RGB Input £166 + £8 carr 
KAGA RGBI 12in Colour Monitor 

RGB Input £236 + £8 carr 
KAGA 12in Hi-Res Green Monitor 

£170 + £6 carr 

MICROVITEC 1431 M/S 14in 
Colour Monitor £269 + £8 carr 

Hi Res Green Monitor £99 + £6 carr 
RGB Lead for BMC/KAGA £10 

Composite Video Lead £3.50 

Atom Disc Pack Q.911 + £6 carr 
3A 5V Regulated PSU £21'+ £2 carr. 
Phone or send for our BBC Atom 

list. 

PRINTERS EPSON MX 80 and 1 OOF/T3 
.. SEIKOSHA GP 1 OOA 

80 Cols 30 CPS 
Full ASCII e GRAPHICS 
1 Q" Wide pap_er 

Now only£175 + £6 carr. 
Ask for details on GP 250A 

Parallel Printer lead for BBC/ Atom to most printers £1 3.60 
Variety 9f interfaces, ribbons in stock 

2,000, fan fold sheets 9!' X 11" £13.60 + £3 p & p 

1.0. CONNECTORS 
(llpNdblock Typ,ol 

No of HNder Recep- Edge 
wave Plug tacle Conn 
10 80p 90p 300p . 
20 1411p 121p 240p 
28 1'1ip 11Gp 300p ' 
3 4  300p 180p 3IOp : 
48 230p 190p IIIIUp , 

60 23&p 300p IOOp 

CONNECTOR SYSTEMS 
JUMP LEADS AMPHENOL CONNECTORS . 

41n Ribbon Cable with headers 
14 pin 11 pin 24 pin 40 pin 

1 end 141p 111ip 240p 3IOp 
2 ends Z,Op 230p 34lp 64llp 
241n Ribbon Cobio with IOCk.,. 

211 pin 211 pin 34 pin 40 pin 
1 end 180p Z,Op 270p 300p 
2 ends 2IOp -.. 490p 64llp 
241n Ribbon Cobio with 0. Conn 

25 way Malo IIOOp Female IIIIUp 

36 way Solder Type Plug 
, (centronix type) 660p 

36 way Solder Socket 
(centronix typel &&Op 

36 way IDC Plug 
(centronix type) 500p 

24 way Solder Plug 
(IEEE typel 600p 

24 way Solder Socket 600p 
24 way IOC Plug_ 486p 

: Rll232CONN8(25wayDl • EURO , , 24" Single end Male £6.60 
0-CONNECTORS , 24" Single end Female £8.00 CONNECTORS 

MX 80 80CPS 80 cols 
MX 100 1 OOCPS 1 36 cols · 

Logic Seeking, Bi­
directional, Bit Image 
Printing, 9 x 9 Matrix 

Auto Underline 
MX 80 F/T3 £325 

MX 100 F/T3 £430 
(£8 Carr/Printer) 

RIBBON 
CABLE (Grey), 

10wsy 
14wsy 
16 way 
20wsy 
26 way 
34 way 
40wsy 
50wsy 
64wsy 

15 
140p 

22Dp 
2ll&p 
33IJp 
310p 

EDGE 
CONNECTORS 

•-Y llway 2l5woy37woyl 24:;Female-Femele £11.00 llndlrectE"9oConnl 
MALE ' 24 .. Male-Male £10.00 OIN STD Plug Slct 2xl8 way 

Solder 90p 130p 180p 2IOp 24 Male-Female £11.60 , 4181 7 21 way 1'11p 1'11p lx22 way 

0.11n 0.11111n 

Angled 1eop 230p 211p 421p:. DIL HEADERS 4181131 way . 1eop 1eop 2x23way FEMALE older IDC 1812 2 x32way 2IOp 32llp 2x25way 

* 6 <!igit 7 aag. displays to indicate real time, ON/OFF and Reset. 
times 

Solder 110p 1-., 210p 3IOp I type type Angled 2>C32 way 3111p 311p tx43·way 
Angled 1'11ip 240p 310p IIOOp' 14 pin 40p 100p 1812 3>C32 way Zllip 3IOp 2x43 way 

- 140p 
300p 1711p 
Z,Op -
22l5p 230p 
2IOp -
... -

* Output to drive day of week switch-and status LEOS. 
Full details on request. Price for kit £57 .00 

DISC DRIVES FOR THE FORTH COMPUTER
51/4" Teac FD55 Slim Line Mechanisms
FD55 40 track SDD 250kbytes unformatted
    bare £135 Cased £155
2 x FD55A 40 track SSDD 500kbytes unformatted
    cased + PSU £350
FD55E 80 track 500kbytes unformatted
    bare £180 Cased £205
2 x FD55E 80 track SSDD 1 Mbyte unformatted
    Cased + PSU £475
51/4" Mitsubishi M4853 Slim Line Mechanism
80 track DSDD 1 Mbyte unformatted
    bare £225 Cased £245
2 x M485 2 Mbytes    Cased + PSU £590
Single drive cable £8 Dual Drive Cable £12
Other parts for FORTH COMPUTER available please send SAE for details.

Hood llp llp llp l21p \ 18 pin 150p 110p Angled 3>C32 way • 400p 2JC50 way ' I 24 pin 100p 180p >C32 way Zide a+ C • li2llp 1x77 way 700p -· l 40p1n 300p 2215p Clor2>C32wayopoc:llya+bora+cl S100Conn - IOOp 

SPECIAL 
OFFER 

2114L IOp 
��� ( + Sv} 

=. 41 16-2 

310p� 

SOFTY II INTELLIGENT PROGRAMMER 
The complete microprocessor development system for Engineers and Hobbyists. You 

can develop programs debug, verify and commit to EPROMS or used in host 
computers by using softy as a romulator. Powerful editing facilities permit bytes, 
blocks of bytes changed, deleted or  inserted and memory contents can be observed 

on ordinary TV. Accepts most + 5v Eproms. Softy II complete PSU, TV lead and 
Romulator lead £169. 4184-2 _,.. 6118P-3 

UV ERASERS 
TRAINER KITS f 

UVIB up to 6 Eproms £47.511} ! f&l2 Junior Computer fli.00, 
UVITwith Timer · £ID.OD· · &al2 Nancomp I tll.00, 
U\1140 up to 14 Eproms m .&O 6119 Nancomp II ill.GO 
UV141 with Timer £18.DD 11N12 Micro Trai!ler ll4 
(Carr £2/eraser) Ell Manta £115 

Z80 Mente £115 

BOOKS (No VAT p&p £1)
CMOS Cook Book 0.7& 
CRT Controller H/Book £5 .. 
Programming the Z80 t11.fill 
Z80 Mlcrocomp. handbook m• 
Programming the am tl0.25 

amAssy. Lang. £12.10 
am Applications £10.20 
am Software Design DI.II& 
am Games £10.S2· 

PLEASE SEND SAE FOR PRICE LIST
(fully b�ilt and documented) 

All erasers are fitted 
with mains switches 
and safety interlocks Full details on request 

Large salectlon of databook1, Inter­
facing booka, books on BBC, etc In 

stock. Al for our list. 



50p

74 S

4 02

7ASC-4

74505

EIS

310Op
1411p

450p
450p
SR*

410p

VOLTAGE REGULATORS

se,

OTHER REGULATORS

250p
1100p
300p
300p
210p

AD758,
ROCCIPTO

EPROMU
SUPPORT
DEVICES

CRT
CONTROLLER
CRT5027
CRT5.7
OF1,515
E, 936a
EF 5356
Ef
[f X67

Meep

111166 Ell
8257C.5 Nip
646004
Isis

pin UP 001
14 pin Nip 24 pin
16 pin lip 20 pin
18 pin lip 40 pin
20 pin 119

P10367 100,
INNT.140:7114 100,
MA171/01707 100,
NA143640 17ip
11132 11170
71131A 175p 71111
70.100

Np
8P1306

ILull 1IN 111111 ity
lAC726 1019 11.112 Top
50:82400 1110p 711113 719
511003020 imp 711116 719
11074 Nap 101137 Nap

LEDS

20L22

LINEAR ICs COMPUTER COMPONENTS
CPU 007581

ADC0868

LIE AD558CJ 771p
A0581J £20El REAL TIME

CLOCK
M 6818P 400p
MM58174AN

990p
MSM5832RS

350p

TELETEXT
DECODER

SAA5020 800p
SAA5030 700p
SAA5041 818
SAA5050 900p

815596 14op
81LS98 1409
81LS97 1409
SILSBEE 1409
88LS120 3009
9802 300p
963454 1009
963709 1009
9838 1009
Z/4425E8 asc,
ZN4203E8 7800
ZN427E 11100p

ZN428E8 4800
261429E 2100
2/44476

EMORIES

4006.
4009
200p
5009

RAC IF Ft
GENE ROTORS

.03-32513
SIC 859p
LC 850p

KEYBOARD
ENCODER*

0 5 2376 iisop
40922 500p
40923 203p

BAUD RATE
GENERATORS

14411 715Ip
Bile 4869

02B Thep

UARTs
Y -3-1015P015P

Y-5.1613P

4009 300p

2500 ME12,17 201p

400p
200p

6402

300p MODULATORS
260p
300p 375p684 Hz UHF

2709 MHz UHF 4509

450p Sound  VIkon
YAP 284H2 £12

5609 CRYSTALS
4009
790p

264LP15 340p
260p

.788 KHz
100p

2259
100 6142 400p

0609
1.00MHz 210p

2260
Frog In MI13

0009
poop

1.8432
200
245780

225p
254
21:0p

4009
2.5 2609

2.882 2809
3.12MHz 175p
10.006992 175p
3.278 150p

ROMS/PROW
35795
4.00

1009
140p

28122 400p
4.194
443

1509
100p

200p 4.808 2500
200p A9152 200p
200p 5000 1509
1169 500 140p
225p 17.734 2000
11109 700 1109
225p 7.168 1750
150p 800 1509
1 8.887 175p

DISC 1050 2609

CONTROLLER 1010 1509

IC*
11.00 3009

310
12.00

14.00

1509

1750
El 14.318 150p
48 14.756 250E,

312 15.00 2009
613 113.00 2009

620 18.00 170p
020 18.432 1509
uo 19.969 150p

022 20.00 1759

627 24.00 1509

627 48.000 1759

CIS 116 2509

C1 9X01000 612

Twined Pin Low
Profile Sockets

11 .8 p n
14 pin
16 pin
18 pin
20 pin

p
30p 24 pin
35p 28 pin
40p 40 pin 90p
45p

LOW PROFILE SOCKETS BY TEXAS I WIRE WRAP SOCKETS BY TEXAS
Sap 22 pin

14 pin 10p 24 pin

50p

18 pin
20 pin

169 40 pin
159

OPTO-ELECTRONI S DRIVER

COUNTERS

740925 650p
740926 650p
740928 650p

TIL31A TILEI1 7e11040 670p

TIL100 90 SFH305

OPTO-ISOLATORS
11074 130p TIL 11 7.
MCT28 100p TIL112 70p
MCS2400 190p TIL113 709

7400 30p!
7401
7402
7403
7404
7405
7408
7407 
7408 
� 

7410 
7411 
7412 
7413 
7414 
7418 
7417 
7420 
7421 
7422 
7423 
7425 
7428 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7439 
7440 
7441 
7442A 
7443A 
7444 
7445 
7448" 
7447A 
7448 
7450 
7451 
7453 
7454 
7480 
7470 
7472 

7473 
7474 

7475 
7.c76 

7480 
7481 
7483A 
7484A 
7485 
7488 
7489 
7400A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74100 
74107 
74109 
74110 

74111 
74116 
74118 

74119 

74120 
74121 
74122 

74123 
74125 
74128 
74128 
74132 
74136 
7.C141 

74142 
74143 
74144 

74145 
74147 
74148 
74150 
74151A 

74153 
74154 
74155 

74158 
74157 
74159 
74180 
74161 

74162 
74163 
74184 
74185 
74188 
74187 
74170 
74172 
74173 
74174 
74175 
74176 
74178 
74179 
74180 

74181 l40p 74l.5182A 7lp 74508 IGp 4063 llp 
74182 14Gp 74l.5183A 7lp 74510 IGp 4088 4Gp 
74184 1111p 74l.5184 7lp 74511 7lp 4087 Ullp 

10p 74185A 1111p 74LS185A 11Gp 74520 IGp 4088 2lp 
.__ -

A07M1 U.00, 400p TBA231 
-174190 110p 74LS185A 11Gp 74522 IGp <4089 24p ADCl*9 um,o - -30p

1 
74191 110p 74L5188 110p 74530 IGp 4070 24p A Ml910DC LM710 - TBA810 

... 74192 11Gp 
J 
74LS169 100p 74532 lllp 4071 24p AN103 LM711 1- -

IOp 74193 111p 74L5170 '14Gp 74537 IGp 4072 24p AY•1.-0 um, - -

4Gp 74194 11Gp 74l.5173A 100p 74538 lllp 4073 24p AY..S.1350 Ull2ICN 400p -
4Gp 74195 IDp 74LS174 7lp 74S40 IGp 4075 24p AY-3-8910 LM733 - -

LM741 - Tct1c» 
IOp 74196 110p 74LS175 71p 74551 "" 4076 .... AV-3,,,1112 

�"" 1 LM747 ... TCAMO IOp 74197 11Gp 74LS181 200p 745&1 "" 4077 2lp CA3CIIIIA -1 LM748 - TDA1010 
IOp 74196 nap 74LS163 11Dp 74574 7Gp 4078 2lp CA30II ... LM1011 - TDA1022 
IOp 74199 nap 74LS100 7lp 74585 200p 4081 24p - - LM1014 1- TDA1024 
IOp 74221 11Gp 74LS191 ·71p 74588 100p 4082 2lp CA30IO - LM1I01 - TDA11708 
IGp 74251 100p 74LS192 IDp 74S112 11Gp 4085 IGp CA-.E 1lp Ul1030 - TllA2002 
7Gp 74259 110p 74LS193 IDp 745113 1211p 4088 71p CA30M - LM1171 - Tl'"2003 ... 74285 UOp 74l.S194A 7lp 745114 110p <4089 1211p 

=Q 
... LM1172 - TDA2004 

4Gp 74273 200p 

I 

74l.S195A 7lp 745124 200p 4093 llp - Ul11N - TOA200I 

ilOp 74276 14Gp 74LS196 IDp 745132 100p 4094 IDp CA3130E - Ul1- - TDA2000 

IGp 74278 17Gp 74LS197 IDp 74S133 IDp 4095 IDp 
CA3130T 11e, UG917 - Tl"'2030 
CA3140E ... ,.._ - T.,..... 

Np 74279 IOp 74LS221 lllp 745138 110p 4096 lllp CA3140T 1- u.moo - TOA3110 
Np 74283 101p 74LS240 lllp 745138 11Dp 4097 27Gp CA31IOE - ....... 1- TDA70DD 
40p 74285 3211p 

I 
74LS241 IDp 745139 11Dp 4096 71p CA3111E - ...... ,, 1- TEA1002 

4Gp 74200 lllp 74L5242 lllp 745140 100p 4099 lllp C-'31112£ -· ...... ,. - TUJl1CP 
4Gp 74293 lllp 74LS243 lllp 74S151 110p 4501 Np C-'31- - UIOl15 - rum 

74298 1111p 74LS244 IDp 74S153 11Gp 4502 .... CA3240E 1- LM3118 - TLDl4 43p 
74351 200p 74L5245 1111p 74S157 200p 4503 

_/:: 
CA3'IOCl - LM13IOO 1- TLD71 

ilOp 
D7002 n M515131- - TL072 

Np 74385A lllp 74LS247 110, 745158 200p 4504 
74388A lllp 74LS248 11Gp 74S183 200p 4505 3IOp Do\C14DM - M51518l - TLD74 

ilOp DAODIDD ""3712 - TLDl1 74LS249 110, 745189 IOOp 4508 IOp -
ilOp 7438" lllp � - MC1310P 1- rum 
4Gp 74387A lllp 74LS251 71p 7.CS17.C 200p 4507/4030 MC1413 TI.al3 - Tip 
4Gp 74388A 7Gp 74LS253 71p 745175 32llp llp HA1- 1- MC1481 ... TLDl4 
4Gp 74376 1111p 74LS256 IOp 745188 11Dp 4508 1211p ICL7108 l1lp MC14"5L - TLDl4 

IOp 74300 110, 74l.S257A 7Gp 745189 11Dp 4510 llp ICL7t11 - MC14N ... TL17D 
7Gp 74393 112p 74LS258A 7Gp 74S194 300p '4511 llp ICl.7"80 - MC3340P - UA7!1t 

100p 74400 14Gp 74LS259 1211p 74S195 200p 4512 llp ICl7eeD - MC3401 ... UA224D 

110, 74LS260 71p 74S196 IOOp 4513 110p ICU03I - MC34DD .. UM170 

ICM7211B m MF1DCN 400p UCN41D1A 100p 74L5261 1211p 74S200 4IGp 4514 110, ICM7217 ·- Ml<80240 - ULN2003A 
100p 74LS288 IOp 74S201 32llp 4515 110, ICM7 ... - - - UlH2DCMA 
100p 74LS00 24p 74LS273 121p 745225 1211p 4516 llp ICM7565 1- ML92D - UlN2DII 
1211p 74LS01 24p 74LS279 7Gp 745240 400p 4517 nap LC7120 - MU22 - UUl2802 
Np 74LS02 24p 74LS280 110p 74S2.C1 400p 4518 .... LC7130 - IMl221A - ULN2I03 

llp 74LS03 24p 74LS283 lllp 74S244 IOOp 4519 Up LC7137 - NE531 1ap UlN2llD4 

74LS04 24p 74LS290 lllp 74S251 21Gp 4520 IOp Lf347 1ap ...... 18" Uf'C075 Hp 
Hp 74LS05 24p 74L5292 IOOp 74S257 21Gp 4521 111p Lf351 - - - UPC5l2H 

llp 74LS08 24p 74LS293 lllp 745258 21Gp 4522 IDp U'353 - NEOM - UPC1158H 

IGp 74LS09 24p 74LS295 14Gp 745280 100p 4528 7Gp LfW .. NEOM - UPC1115H 

LF3ll5N "" Nel& 1- ""210 
llp 74LS10 24p 74LS297 £f 745281 200p 4527 lllp Nel& 1- lCR22DI Lf357 100p 
llp 74LS11 24p 74LS298 100p 74S283 27Gp 4528 .... Ul1DC - NEM7 1ap lCR22G7 
IGp 74LS12 24p 74LS299 nap 745287 22lp 4529 100p Ul301A .. NE570 - XR2211 
IOp 74LS13 :l4p 74LS321 37Gp 745288 200p 4531 71p LM3D7 ... Ne71 - XR2211 
"" 74LS14 IGp 74LS323 200p 745289 22lp 4532 � Ul3DICN Tip - - XR2240 

.... 74LS15 24p 74LS324 3211p 74S299 IIGp 4534 UOp LM310 - ........ 1- ,,.... 
1111p 74LS20 24p 74LS348 200p 745373 400p 4536 210p Ul311 - - 1- ZN414 

74LS21 74LS352 1211p 74S374 400p 4538 71p Ul311 18" Ne5334P 1 .. ZN419P 10lp 24p 
LM319 1- NEll634AP 18" ,,..,.. 121p 74LS22 24p 74LS353 1211p 74S387 22lp 4539 71p 
LM324 4lp OP-Q'IEP - ZN424E 

110, 74LS24 IGp 74LS356 210, 4541 IOp LM334Z 111p PLL02A - ,,...... 
74L5383 110p 4543 7Gp 42p 74LS26 24p LM33eZ 1ap RC413e llp ,,..... 
74LS384 110p 4551 1DOp 210, 74LS27 24p Ul33I ·- RC4151 - ZN427E 

llp 74LS28 24p 74LS385 IOp 4553 24Gp Ul33t ... RC455I - ,,..... 
7Gp 74LS30 24p 74LS388 IGp 4000 2llp 4555 Np Ul348 - - - ZN42IIEI 

7Gp 74LS32 24p 74LS367 IGp 4001 24p 4556 IGp L.M35IP .. SM1900 r;, ZN447E 

llp 74LS33 24p 74LS368A IGp 4002 2lp 4557 24Gp Ul377 -- --

110, 74LS37 24p 74LS373 IOp 4006 7Gp 4580 14Gp .......... 18" SIMO - ZN4IOE 
SN78033N - ZN481CP 

IOp 74LS38 24p 74LS374 IOp 4007 2lp 4588 14Gp ....... 1-
UIOl1AN 1n. SN7l4II - ZN1034E 

IDp 74LS40 24p 74LS375 71p 4008 IOp 4588 24Gp LM312 - SN'l8486 - ZN1040E 
210, 74LS42 IOp 74L5377 1110p 4009 "" 4589 17Gp LM313 ... SP02MAL2 - ZNA134J 
110p 74LS43 110p 74LS378 .... 4010 IGp 4572 "" Ul384 .. TA7'20 1 .. ZNA234E 

IOp 74LS47 lllp 74L5379 1110p 4011 24p 4583 IOp Ul3ION-1 100p TA7130 140p 

t 
74LS48 IOp 74LS381 4IGp 4012 2lp 4584 .... UIOl7 mp TA7204 1-
74LS49 100p 74LS385 32lp .C013 Np 4585 IOp ....... 18" TA7205 .. 

llp 74LS51 24p 74LS390 IOp 4014 IOp 4724 110p ...... , 18" TA7222 1 .... 
170, 74LS54 24p 74LS393 100p 4015 70p 14411 71Gp LM3l2N "" TA7310 1-
110p 74LS55 24p 74l.S395A 100p 4018 Np 14412 71Gp 

I • 170, 74LS73A ilOp 74LS399 14Gp 4017 , llp 14418 200p 
1DOp 74LS74A 5lp 74LS445 11Dp 4018 IOp 14419 NOp FIXED PLASTIC 

llp 74LS75 "" 74LS465 1211p 4019 IOp 14400 4211p 
7Gp 74L576A Np 74LS487 1211p 4020 IDp 14495 410p 1A +,e + .. 
IOp 74LS83A 70p 74LS490 11Gp 4021 IOp 14500 IIGp 5V 7805 

5
7005 

.... 74LS85 71p 74L5540 1DOp 4022 7Gp 14599 200p 8V 7808 7008 
llp 74LS88 5lp 74LS541 100p 4023 ilOp 22100 IOOp 18V 7808 7008 

74LS90 .... 74LS808 700p 4024 .... 22101 7D0p 12V 7812 7912 
llp 15V 7815 

i
7915 

71p 74L591 IOp 74LS610 1IOOp 4025 24p 22102 700p ,av 7818 7918 
7Gp 74LS92 llp 74LS612 1IOOp 4026 IOp 40014/4584 24V 7824 7924 
IOp 74LIH .... 74LS824 IOOp 4027 4Gp 40108 5V 100mA 78L05 79L05 

2IGp 74LS958 71p 74L5526 22lp 4028 IGp .... av 100mA 78L08 
27Gp 74LS96 IOp 74LS628 22lp 4029 71p 40085 1211p 12V 100mA 78L12 79L12 
27Gp 74LS107 4Gp 74LS529 121p 4030 5lp 40097 Np 15V 100mA 78L15 ilOp 79L15 
110, 74LS109 40p 74LS840 200p 4031 121p 40098 4Gp 
170p 74LS112 "" 74LS840-1 4032 1DOp 40100 110p I • 
14Gp 
171p 

7Gp 
IOp 

14Gp 
IOp 

100p 
lllp 

171p 
110, 

IOp 
110p 
110, 
120p 
110, 
140p 
400p 
200p 
4211p 
14Gp 
110, 
10lp 
100p 
11Gp 
1 
100p 

74L5113 "" 200p 4033 121p 40101 121p 
74LS114 "" 74LS841 110p 4034 21Gp 40102 1110p -....-. 
74LS122 7Gp 74LS642-1 4035 7Gp 40103 200p LM309K 1A5V 
74LS123 IOp 300p 4036 7Gp 40104 1211p LM323K 3A5V 
74LS124/ 74LS843 2IGp 4037 110, 40105 11Gp 78H05KC SASV 

121/140p 74LS843-1 4038 100p 40108 .... 78H12 6A 12V 
74L5125 IOp 200p 4039 2IGp 40107 llp 
74L5128 IOp 74L5844 IOOp 4040 IOp 40108 3211p Variable RegulatDra 
74LS132 .... 74LS645 200p 4041 llp 40109 20p LM3 05AH 
74LS133 IOp 74L5845-1 4042 IOp 40110 22lp LM317T T0-220 
74LS136 "" 400p 4043 IOp 40114 22lp LM3 17K TOO 
74LS138 llp 74LS888 IOp 4044 IOp 40147 21Dp LM337T 3A+VAR 
74LS13� llp 74LS889 IOp 4045 100p 40163 100p LM350T 5A+VAR 
74L5145 llp 74LS670 17Gp 4046 IOp 40173/4087 LM396K 10A+VAR 
74LS147 171p 74L5882 21Gp 4047 IOp 1211p LM723N 
74LS148 14Gp 74L5684 IOOp 4048 Sip 40174 100p 78HGKC SA+VAR 
74LS151 .... 74LS887 IOOp 4049 Np 40175 100p 79HGKC SA+VAR 
74LS152 200p 74LS888 IOOp 4050 llp 40192 100p 78GUIC 1A+VAR 
74LS153 .... 74LS783 1:21 4051 llp 40244 110p 79GUIC 1A+VAR 
74LS154 110p 4052 IGp 40245 11Gp 8wllchlng Regulators 
74LS155 .... 7411!RIH 4053 IGp 40257 1111p ICL7660 
74LS156 .... 4504 lllp 40373 1111p SG3524 
74LS157 IGp IOp 4055 IOp 40374 1111p TL494 
74L5158 .... 50p 4056 llp 80C95 71p TL497 
74l.5160A 7lp IGp 4059 400p 80C97 71p 78540 74l.S181A 7lp IGp 4080 7 80C96 71p 

TECHNOMATIC LTD
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 EDGEWARE ROAD, LONDON W2

1-
-
-
-
1lp 
-
-
-
111p 
-
-
11tp 
-
-
1-
-
-
-
-
-
-
-
-
-
-
-
-
1lp "" 
-
-
... 
·-
-
-
-

150p 
1,-
-

Tip 
1lp 
-
11e, 
1-
1-
-
-
-
-
-
-
-
-
l1lp ... 
18" 
-

111p 
1 .. 
1ap 
-
-
-
-
-....... 
-
-
-
-

-
m 

-

IDp 
IDp 
IDp 
IDp 
IDp 
IGp 

"" 

:: 

i= 
17Sp 
750p 

2IOp 
150p 
240p 
22Sp 

4m 
50p 
MO 

175p 
22Sp 
2IOp 

1802CE IIGp 
- 1DIOp lffll .,, 
6502 400 8282 300p 
6502A 4IGp .. -

65C02,A .111 112117 -

8800 2IOp ...., -
118112 -

.,..,. £11 
-· £14 

8809 IIGp TMStl01 -
- n TMS9002 -
61111()9 t10 TMStlt1 £11 
6IIII09E t12 TMS:9114 t14 
611Gro-LB Ell Z80PtO -

ZIOAPIO -
8035 .... Z80IIPtO -
8039 4IOp zec>CTC -
80C39 7llllp ZIOACTC -
8080A 4IOp Z80BCTC -
II085A ,oop ZIODAAT -

80C85A 900 =:: ': 
8086 TMSOI01 -
8088 1710p TMSIOD2 -
8741 £12ZIDOMA -
8748 t11 ZIDADMA -
TMS9980 £1UO �It;:. 
TMS9995 £12 zaoap1o -
Z80 2IOp Z80BCTC -
Z80A 2lllp ZIODAAT -
Z80B IOOp - p<o-
Z80CMOS 7IGp - end 
cClictS ZIO) �= ��

.... -

2518+5\I -
2510-35 -... , t12 2532 -

3242 - 2532-30 -
32 .. - 2514 £11 
1520 - 27DI -
1522 - 2718+5Y -
1522A - 2710-35 -
1532 - 2732 -
6551 - 2732A-2 -
1121 18" 2732A-35 £7 
-21 300p 27M-25 -
1129 ...... 27CM-25 .,. .... .... 271�25 250p 
55840 - 27125-30 -
8l50 ..... 27251 £5 
- 300p TMS2718 -M52 -.... -..... -..,. - £11 .. .. - ... 
1156 - .. 
.... - n 
.... - .. 
1212 - .. 
1211 - .. 
5224 - MCM45 · -.... - MC5l45SP 

.... - -
1243 - MCIM7 -
125D - SFF19314 n 
... 1A - TMSt918 £11 
.....,... - TMStt21 £10 
ll256AC-5 TMS9129 ... 

£11 
·-

AM25S10 -
AM20Ul2521 

-
AM20LS2038 

-
AM2"Ul31 

.... 
AM20LS32 

.... 
07002 .. 
DACIO-C81·V ... 
DM813t -
OP8304 -
OS3I01 -
O$ll30 ....
OS8131 1-
OS8l32 ... 
OSll33 -
- -
OSll36 ... 
OSll36 -
MC1 ... .... 
MC1 ... .. 
MC344II -
MC3469 -
""3470 411p 
MC34IO -
""3411L -
MC3480 -
""3447 -
MC4024 -
MC4D44 -
MC14411 -
MC14412 -
.,._ ,.. 
ULN2D04A 

Tip 
UlN2DII -
UU,2802 18" 
ULN2I03 1-
UlN20D4 1-
75107 .. 
751DI .. 
751DI 1ap 
75110 .. 
75112 18" 
75113 1., 
75114 14" 
75115 ... 
75121 141p 
75122 14" 
75100f' 1 .. 
751 .. 1-
75159 -
751111 -
75181 -
75112 -
75172 -
75112 .. 
75155 .. 
75119 ....
75316 ... 
™50 .... 
75451 .. 
75452 .... 
75453 ,.. 
70464 ... ,,.... 18" 
75491 llp 
75412 llp 
IT20 1 .. 
IT25 1-
IT96 1., 
., .. 1 .. 
ITU 1-
ITN 1-

llp 8 pin 
Mp 14 pin ... 18 pin 
IOp 18 pin 

20 pin 

-
MAN6810 
NSB5881 
T1L311 

MAN8810 

2011-150 
2101 
2102 
2107B 
2111A-35 

2114-ll 
2147 
4111-15 
"'416-15 
4532·20 
4816AP� 

5101 ........
8118P-3 
8118l.P-3 
8264-15 

5510 
74$1119 
745201 
74S2119 
.,.,. 
93l422 

.,.,. 

24$10 
155030 
18SA030 
74$188 
74$2117 
74"218 
748317 
12523 
82S123 

758".... 
5271 
8272 
0715A 
FOtn1 
FD1701 
F01703 
F01797 
W02793 
WD27117 
WD1Ml1 
WD2143 

ilOp 22 pin 
ilOp 24 pin 
42p 26 pin 
IGp 40 pin 
.... 

= 
l70p 
IIGp 

1211p 

75p 
12Gp 
100p 

TIL2091'led 12p 

50p 

llp 
llp 

71p 
71p 

11JOp 
1110p 

TIL211 Green 15p 
TIL212 Yellow 20p 
Tllj20 Red 15p 
TIL 12 Green 18p 
Tl�226 Yellow 22p 

Bar Arrays 
Red (10) 225p 
Green (10) 225p 

RECT. LEDS 
Red, Green, Yellow 30p 

Please note all
prices are subject to 

change without
notice. 

We also stock a large 
range of Transistors, 
Diodes, Bridge Rectifiers, 
Triacs, Thyristors and 
Zeners. Please call for 

details.

PLEASE ADD 40p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 

Orders from Government Depts. & Colleges etc. welcome.
Detailed Price List on request.

Stock items are normally by return of post.
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Carriage Orders up to f 199 are sent by 1st class post,
and f 200 by Securicor
0 1100 0 50 1100 1199 1 25 1200 + 5 00 by Securicor
Prices quoted 1 + carriage charges) are exclusive of VAT
and are subject to changewithout notice
Quantity Discounts are available on many products.
please ring for details.
Official Orders are welcome from Education Establish
ments, Government Bodies and Public Companies
Credit Accounts are available to others subject to status
Payment is due strictly nett by the 15th of the month
Credit Cards are accepted (Access and Visa) for telephone
and postal order and NO SURCHARGE is made
Out of stock items will follow automatically, at our
discretion, or a refund will be given if requested

MIDWICH COMPUTER COMPANY LIMITED
RICKINGHALL HOUSE. RICKINGHALL, SUFFOLK IP22 1 HH

TELEPHONE (0379) DISS 898751

NM INN En IIIN INN MIN MI
tPlease complete this coupon for a copy of our FREE
catalogue.

NAME

IADDRESS

BBC COMPUTERS 
Model B 346.95 
ModetB + Oise Interface 441.95 
(Carriage 6.50 by Securicor) 
Please phone to check delivery 
NB Credit cards are not accepted in pay-
nient for BBC Microcomputers. 
.BBC COMPATiliLifoisc DRIVES 
Cased drives. finished to match the BBC Micro are 

,supplied complete wllh connecting cables. manual 
and utilities disc. 

All single cased drives may be expanded lo dual con-
figuralion by the addition of the 8.ppropriale un-
cased mechanism. 

Olac capacity Slngl• Dual UncaHd 
100K 195.00 335.00 142.00 

200K 235.00 449.00 216.00 
400K 290.00 545.00 260.00 

1
Trade/quantity discounts are available. 

BBC MICRO UPGRADE KITS 
BBCA2B Complete A to B Upgrade 44.75 
BBC 1 16K Memory 18.00 
BBC 2 Printer/User 1/0 Kit 7.50 
BBC 3 Disc Interlace Kit 95.00 
BBC 4 Analogue Input Kit 6.70 
BBC 5 Senal 1/0 & RGB Kit 7.30 
BBC 6 BUS Expansion Kit 6.45 
All Kits are supplied with full fitting instructions 
PRINTERS 
NEC 8023 Printer (Carriage·IO.OOJ 320.00 
BBC CONNECTORS 
BBC 21 Printer Cable and Amphenol Plug 

(not assembled) 13.00 
BBC 22 User Pon Connector and Cable 36" 2.46 
BBC 23 Cassette Lead 3.50 
BBC 24 7 Pm DIN Plug 0.60 
BBC 25 6 Pin DIN Plug 0.60 
BBC 26 5 Pin DIN Plug 0.60 
BBC 25 Oise 1/0 Cable 34W IDC to 2x34 

way card edge 12.00 
BBC 36 Disc Power Cable 6.00 
BBC 44 Analogue Input Plug and Cover 2.25 
BBC 66 IM Bus Connector+ 36" Cable 3.50 
BBC ACCESSORIES 

· BBC 45 Joysticks (per pair) 11.30 
BBC 71 Teletext Receiver 225.00 
BBC 72 Second Processor (65021 170.00 
BBC 73 Second Processor (Z80) 170.00 
ACORNSOFT FOR THE BBC 
SBE03 Business Garnes 8.65 
SBE04 Tree of Knowledge 8.65 
SBE02 Peeko Computer inc'Manual 8.65 
SBE01 Algebraic Manipulation Pk 8.65 

. SBXOl Creative Graphics Cassette 8.65 
SBX02 Graphics and Charts Cassette 8.65 
SBBOl Desk Diary inc Manual 8.65 
SBL01 LISP Cassette 14.65 
SBL02 FORTH Cassette 14.65 
SBGOl Philosophers Ou est 8.65 
SBGOJ Sphinx Adventure 8.65 
SBG03 Monsters 8.65 
SBG04 Snapper 8.65 
SBG 15 Planteoid 8.65 
SBG06 Arcade Action 10.35 
SBG05 Rocket Raid 8.65 
SBG13 Meteors 8.65 
SBG14 Arcadians 8.65 
SBG10 Chess 8.65 
ACORNSOFT BOOKS FOR THE BBC MICRO 
SBDOl Creative Graphics 7.50 
SBD02 Graphs and Charis 7.50 
SBD04 LISP 7.50 
SB003 FORTH 7.50 
Please ring for current delivery on Acornsoft 
Products before ordering. 
BBC MICRO COMPONENTS 
4516 IOOns 2.25 8271 36.00 
6522 3.19 20Way Header 1.46 
74LS244 0.59 26 Way Header 1.76 
74LS245 0.69 34 Way Header 2.06 
74LS163 0.34 40Way Header 2.32 
DS3691N 4.50 15Way D Ski 2.15 
DS88LS120N 4.50 6 WayDINSkt 0.90 
UPD7002 4.50 Sway DIN Ski 0.90 

BliC SOFTWARE IN EPROM 
Wordprocessor "View" 52.00 
l.2 M0S 10.00 

DATA SHEETS are SPECIAL available on items 
OFFER marked D. 

Spectrum 32K 01 0.75 05 2.50 
Upgrade Kil 02 1.00 06 3.00 

03 1.25 07 4.00 
24.95 04 2.00 

MEMORIES F0\795 06 28.00 
21 l4L 200ns 01 0.80 F0\797 06 28.00 
2706 450ns 02 2.95 WD1691 02 12.00 
2716 450ns 01 2.45 WD2143-01 02 6.99 
2716 350ns DI 4.95 INTERFACE DEVICES 
2716 3 rail 01 7.25 6402 3.80 2532 450ns 02 3.45 75107 0.47 2732 450ns DI 3.45 75110 0.56 2732 350ns DI 5.45 75150 0.64 2764 300ns DI 5.99 75154 0.77 4116 150ns 02 0.85 75160 2.56 4116 200ns 02 0.80 75161 2.80 4118 150ns DI 3.25 75162 3.95 5516 200ns 02 9.45 75172 1.95 6116 150ns DI 3.30 75173 1.44 
6116 Low Power 75174 1.95 150ns 02 4.95 75175 1.44 4164 150ns Tl 03 4.45 75182 0.50 4164 200ns Tl 03 3.95 75183 0.50 4164 ;sons 75188 0.37 

Mnstek 03 4.45 75189 0.37 451614816 IOOns 02 2.25 75451 0.22 
4532 200ns 02 2.95 75452 0.22 

75453 0.22 6800 FAMILY 75454 0.22 6800 07 2.25 75468 0.88 6802 05 2.50 75491 0.31 6809 06 6.30 75492 0.42 6810 01 1.15 AY31015 02 3.00 6821 03 1.00 AY31270 6.47 6840 04 3.75 AY38910 06 4.40 6845 05 6.50 AY53600 02 6.70 6850 02 1.10 dPS304 01 2.50 68488 02 7.30 MC1488 01 0.37 68800 07 5.25 MCl489 01 0.37 68809 06 12.00 MC3242A 6.30 68810 01 2.26 MC3446 01 2.50 68621 03 2.20 MC3448A 01 3.75 68840 04 6.00 MC3480 05 7.30 68850 02 2.20 MC3487 01 2.00 
280 FAMILY MC14411 01 7.65 
Z80ACPU 02 2.99 MC14412 9.45 

• Z80BCPU 02 9.00 R032513L 01 6.50 
Z80ACTC 01 2.80 R032513U 01 6.50 
Z80BCTC DI :·: . UHF MODULATORS ZSOADART 01 

6:95 UM1111 6MHz 
01 

ZBOADMA 
Z80AP10 
Z80BP10 
Z80AS10 
8080 FAMILY 
8085A 
8212 
8216 
8224 
8228 
8251A 
8253 
8255A 
6500 FAMILY 
6502 
6502A 
6520 
6520A 
6522 
6522A 
6532 
FLOPPY DISC 
CONTROLLERS 
8271 
F01771 
FD1791 
F0\793 

02 

01 

01 

2.75 UM1233 8MHz 9.00 
01 

04 9.00 
BUFFERS 
81LS95 

04 3.50 81LS96 1.10 81LS97 1.00 81LS98 2.10 8T26A 3.27 8T28A 
05 2.50 8T95 4.00 8T97A 
05 2.25 8T98 

D3 3.25 LINEARS 
03 5.00 L203 
DI 2.50 LF398N 
DI 3.16 LM301AN 
05 3.19 LM308N 
05 5.50 LM311P 
02 5.50 LM319N 

LM324N 
LM348N 
NE555P 

4B.OO NE556CP 
05 15.00 TL010 
06 22.00 TL011 
06 23.00 Tl012 

2.60 

3.90 

0.80 
0.80 
0.80 
0.80 
0.90 
0.90 
0.90 
0.90 
0.90 

0.65 
4.75 
0.24 
0.48 
0.50 
1.99 
0.30 
0.60 
0.16 
0.45 
0.39 
0.32 
0.34 

TL014 0.36 4010 0.24 04 
TL021 0.34 4011 0.10 05 
TL061 0.29 4012 0.16 08 
TL062 0.49 4013 0.20 09 
TL064 0.98 4014 0.40 10 
TL066 0.29 4015 . 0.36 11 
TL068 0.32 4016 0.20 12 
TL071 0.29 4017 0.32 13 
TL072 0.47 4018 0.36 14 
TL074 1.00 4019 0.36 15 
TL081 0.26 4020 0.36 20 
TL082 0.46 4021 0.40 21 
TL084 1.58 4022 0.40 22 
TL091 0.40 4023 0.13 26 
TL092 0.58 4024 0.32 27 
TL094 1.34 4025 0.13 28 
TL487 0.62 4026 0.74 30 
TL489 0.62 4027 0.20 32 
TL494 1.63 4028 0.32 33 
Tl496 0.60 4031 0.94 37 
TL507 1.33 4033 1.80 40 
725 1.60 4034 0.94 42 
741 0.14 4035 0.38 47 
747 0.48 4040 0.36 48 
748 0.27 4041 0.36 49 

4042 0.34 51 
REGULATORS 4043 0.36 54 
78l05 0.30 4044 0.36 55 
78[12 0.30 4045 1.35 73 
78L15 0.30 4046 0.42 74 
7805 0.40 4047 0.70 75 
7812 0.40 4048 0.38 76A 
7815 0.40 4049 0.23 78A 
7905 0.45 4050 0.23 83A 
7912 0.45 4051 0.38 85 
7915 0.45 4052 0.44 86 
LM309K 1.20 4053 0.44 90 
LM317K 2.40 4054 0.85 91 
LM323K 4.50 4055 0.85 92 
LM338K 6.25 4060 0.39 93 

4063 0.85 958 DATA CONVERTERS 4066 0.24 109A 
UP0/002 01 4.26 4068 0.14 112A 
ZN425 01 '3.45 4069 0.14 113A 
ZN426 01 3.00 4070 0.13 114A 
ZN427 01 5.99 4071 0.13 122 
ZN428 01 4.75 4072 0.13 123 
ZN429 01 2.10 4073 0.14 125A 
ZN432 01 13.00 4075 0.13 126A 
ZN449 01 2.55 4076 0.43 132 
CRYSTALS 4077 0.13 136 
IM 2.75 4078 0.15 138 
1008M 2.75 4081 0.13 139 
1 .8432M 1.92 4082 0.13 145 
2.4516M 2.00 4085 0.50 148 
3.6864M 1.86 4086 0.44 151 
4M 0.64 4093 0.20 153 
6M 0.86 4502 0.46 155 

4507 0.32 156 SM 0.86 
9.8304M 1.68 4508 0.96 157 
19.6608M 2.48 4510 0.40 168 

4511 0.41 160A 
DIL SOCKETS (TEXAS) 4512 0.40 161A 
PINS TIN GOLOWW 162A 4514 0.96 
8 7 16 25 4515 0.96 163A 

14 10 26 35 4516 0.40 164 
16 10 29 40 . 165A 4518 0.40 
18 13 33 50 4519 0.27 166A 
20 15 37 60 4520 0.40 173A 
22 17 38 65 4521 0.90 174 
24 21 46 70 4522 0.52 175 
28 24 55 80 4526 0.52 181 
40 30 16 99 4527 0.52 190 
ZIF SOCKETS 4528 0.41 191 
(TEXTOOLI 4532 0.72 192 
24pin 5.75 4541 0.50 193 
28 pin 8.20 4543 0.50 194A 
40 pin 9.75 4553 1.57 195A 

4555 0.35 196 
CMOS4000 4556 0.35 197 
4000 0.10 4585 0.75 221 
4001 0.10 240 
4002 0.12 74 LS SERIES 241 
4006 0.42 00 0.11 242 
4007 0.14 01 0.11 243 
4008 0.32 02 0.11 244 
4009 0.24 03 0.12 245 

TEL. NO.--------------

-------

0.12 
0:12 
0.12 
0.12 
0.12 
0.12 
0.12. 
0.12 
0.25 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
028 
0.35 
0.45 
0.12 
0.12 
0.12· 
0.12 
0.18 
0.16 
0.18 
0.17 
0.18 
0.36 
0.42 
0.16 
0.22 
0.60 
0.32 
0.22 
0.40 
0.27 
0.20 
0.20 
0.22 
0.28 
0.34 
0.24 
0.25 
0.34 
025 
0.25 
0.27 
0.57 
0.70 
0.40 
0.40 
0.30 
0.35 
0.25 
0.30 
0.32 
0.35 
0.35 
0.35 
0.40 
0.50 
·o.60 
0.55 
0.40 
0.38 
0.90 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.45 
0.45 
0.46 
0.55 
0.55 
0.55 
0.55 
0.55 
0.70 

248 0.55 
249 0.55 
251 0.30 
253 0.35 
257A 0.30 
258A 0.35 
259 0.55 
261 1.00 
266 0.20 
273 0.54 
279 0.30 
283 0.40 
290 0.39 
293 0.39 
365 0.27 
366 0.27 
367 021 

368 0.27 
373 0.62 
374 0.62 
375 0.35 
377 0.60 
378 0.60 
379 0.90 
386 0.35 
390 0.45 
393 D.45 
DIL JUMPERS 
Single Ended 24" 
14 pin 1.45 
16pin 1.65 
24 pin 2.40 
40 pin 3.80 
Double Ended 

6" 12" 18" 
14PIN 1.85 1.98 2.42 
16PIN 2.05 2.15 2.51 
24 PIN 3.00 3.15 3.96 
40 PIN 4.65 4.90 6.18 

25 WAY D-TYPE 
CONNECTORS 
Male-Male 

36" Cable 12.00 
Male-Female 

36" Cable 12.00 
M�l; .. s��t� ended . 

4.95 
Female single ended 

18" Cable 3.95 

IDC CONNECTORS 
(with ejectors) 
(Right Angle PCB Mfg) 
lOPIN 0.86 
14PIN 1.22 
16PIN 1.34 
20 PIN 1.46 
26PIN 1.76 
34 PIN 2.06 
40 PIN 2.32 
50 PIN 2.35 
60 PI.N 3.20 
IDC SOCKETS 
Fined with 36" cable 
lOPIN 1.40 
14PIN 1.82 
16PIN 2.10 
20PIN 2.48 
26 PIN 3.24 
34 PIN 3.50 
40 PIN 4.90 
50PIN 5.48 
60 PIN 6.38 
DATA BOOKS by 
Texas Instruments 
Linear Control 

Circuits 4.00 
Voltage Regulators4.50 
MOS Memory 3.95 
Interface Circuits 7.00 
TIL 5th Edition 8.50 
Bipolar Micro 4.50 
TTL Pkt Guide 3.50 
Linear Pkt Guide 2.50 



Typewriter Interface 

We've come across what must be one of the more 
crazy situations in electronics - namely that you can't 
buy a daisy wheel printer for less than around £400, 
but you can buy a typewriter with a daisy wheel 
printing mechanism and a keyboard for just over £200! 
Needless to say, it didn't take one of our contributors 
long to get out his soldering iron and find out exactly 
how you can interface the typewriter in question to a 
micro - well, not a micro, but just about any micro! 
And the make of the typewriter, well, we're not foolish 
enough to tell you that until next month.

 
Another New Series 

Following on from our attempt to de-mystify audio, 
we're about to embark upon an even more arcane 
area, the mention of which will usually bring a look of 
despair to even the most hardened engineer's face - 
machine code programming. This series will be so 
simple that even the Editor - a confirmed microphobe 
- will be able to understand it. 

... And While We're Talking About 
Series ... 

John Linsley Hood will be continuing his look at 
audio design with a discussion of ICs for audio 
applications and a look at some gremlins - noise and 
distortion being two of the best known of this breed. 

IC Update 
Almost without us thinking about it, this seems to 

have sprung into being an established series in the 
magazine; well, it seems to be one of the most useful 
roles we can play - that of disseminating information on 
new devices. To try and counterbalance all these micro-
based projects (and to keep our Editor happy), we'll be 
looking at some up-to-date linear devices.

ZX Backup Supply 
This must be. one of the simplest projects we've 

published in a long while - and such a simple idea that 
it's surprising no one else has thought of it. What it 
does is to keep your ZX going if there should be a 
temporary supply interruption, or a blown fuse - or if 
grandfather should trip over the power connector! 

ALL THIS AND MORE IN THE OCTOBER ISSUE OF ETI, ON SALE SEPTEMBER 2ND. PLACE 
YOUR ORDER NOW, OR RISK MISSING OUT! 
Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.
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TYPE
'A'

TYPE 'C'

TYPE 'D'

· MULLARD SPEAKER KITS
PurpoEefully designed 40 watt R.M.S. end 30. 
watt R.M.S. 8 ohm speaker systems recently 

,developed by MULLARD'S apeclaliat teem In 
Belgium. Kits comprise Mullard woofer (8" or 
5"') with foam surround and aluminium voice coil. 
Mullard 3"' high power domed tweeter. B.K.E. 
buitt and tested crossover based on Mullard 
circuit, combining low loss componentsi glass 

, fibre board and recessed loudspeaker terminals. 
SUPERB SOUNDS AT LOW COST. K;ts supplied 
in potystyrene packs complete with instructions. 
8" 40W system - recommended cabinet size 240 
x 216 x 445mm 
Price £14.90 each + £2.00 P & P. 
5'"' 30W system - recommended cabinet size 
160 x 175 x 295mm 

·Price £13.90 each + £1.60 P 8 P. 
Designer approved flat pack cabinet kits, 
including grill fabric. Can be finished with iron on. 
veneer or self adhesive vinyl etc. 
8'" system cabinet kit £8.00 each + £2.50 P & P ./ 
5 • system cabinet kit O .00 each + £2.00 P & P. 

STEREO CASSETTE TAPE DECK MODULE. 
Comprising of a top panel and tape mechanism 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. Autostop. Six piano 

't type keys, record, rewind, fast forward, play, stop and 
eject. Automatic record level control. Main inputs plus 
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· Output level: 400mV to both left and dght hand 
channels. Output Impedance: lOK. Signal to noise 

'ratio: 45dB. Wow and flutter: 0.1%. Power Supply 
requirements: 18V DC at 300mA. Connections: The 
left and right hand stereo inputs and outputs a're via 
individual screened leads. all terminated with phono plugs 

(phono sockets provided!. Dimensions: Top p)nel 5Jin 
x 11 lin. Clearance required under top panel 2fin. 
Supplied complete with circuit diagram 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) 
£3.60. 

I LOUDSPEAKERS

1

16" 100 watt R.M.S. IHI-Fl, P.A., DISCO, 
BASS GUITAR) Die cast chassis, 2" 
aluminim voice coil, white cone with 
aluminium centre dome. 8 ohm imp., Res. 
Freq. 20Hz., Freq. Resp. to 2.5KHz., Sens. 
97dB {As photograph). Price: £32.00 + 
£3 carriage. 
12" 100 watt R.M.S. IHI-Fil Die cast 
chassis. 2" aluminium voice coil. Black 
cone. 8 ohm imp., Res. Freq. 20Hz., Freq. 
Resp. to 4.5KHz. Sens. 95dB. {As 
photograph). Price: £23.60 + £3 carriage. 
8'' 60 watt R.M.S. IHI-Fl, P.A.J 1 % " 
aluminium voice coil. White cone. 8 ohm 

. imp. Res. Freq. 40Hz., Freq. Resp. to 6KHz. 
Sens. 92dB. Also available with black cone 
fitted with black metal protective grille. (As 
photograph). Price: White Cone £8.90, 
Black cone/ grille £9.60 P&P £1.25. 
12'' 86 watt R.M.S. McKENZIE C1286GP {LEAD GUITAR, KEYBOARD, DISCO) 2" 
aluminium voice coil, aluminium centre dome, 8 ohm imp., Res. Freq. 45Hz .• Freq. 
Resp. to 6.5KHz., Sens. 98dB. Price: £22.00 + £3 carriage. 
12" 86 watt R.M.S. McKENZIE C1286TC IP.A., DISC0) 2" aluminium voice coil. Twin 
cone. 8 ohm imp., Res. Freq. 45HZ., Freq. Resp. to 14KHz. Price £22 + £3 carriage. 
15" 160 watt R.M.S. McKENZIE C16 IBASS GUITAR, P.A.13" aluminium voice coil. 
Die cast chassis. 8 ohm imp., Res. Freq. 40Hz., Freq. Resp. to 4KHz. Price: £47 + £4 
carriage. 

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' (KSN2036A) 3·· round with protective 
wire mesh. ideal for bookshelf and medium 
sized Hi-fi speakers. Price £3.45 each. 
TYPE 'B" {KSN1005AI 3 Y," super horn. For 
general purpose speakers, disco and P.A. 
systems etc. Price £4.35 each. 
TYPE ·c· IKSN6016AI 2'" v 5" wide dispersion 
horn. For quality Hi·fi systems and quality 
discos etc. Price £5.45 each. 
TYPE 'D' {KSN1025AI 2" Y 6" wide dispersion 
horn. Upper frequency response retpined 
extending down 10 mid range (2KHz). Suitable 
for high quality Hi-fi systems and quality 
discos. Price £6.90 each. 
TYPE 'E' {KSN1038AJ 3¥," horn tweeter with 
attractive silver finisti trim. Suitable for Hi fi 
monitor systems etc. Price £4.35 each. 
TYPE T {KSN1057AI Cased version ol ll<J)e 
'E'. Free standing satellite tweeter. Perfe'c1 
add on tweeter for conventional loudspeaker 
systems. Price £10.75 each. 
P&P 20p ea. {or SAE for Plezo leaflets). 

OMP80 LOUDSPEAKER
The very best in quality and value. 
Ported tuned cabinet in hard wearing 
black vynide with protective corners and 
carrying handle. Built and tested, 
employing 10 in British driver and Piezo 
tweeter. Spec: 80 watts RMS; 8 ohms; 
45Hz· 20KHz; Size: 20in x 15in x 12in; 
Weight: 30lbs.

Price: £49.00 each. £90.00 per pair
Carriage: £5.00 each. £7.00 per pair

1K.WATT SLIDE DIMMER 

• Controls loads up to 1 KW 
• Compact size 

43/.."x � .. x21h" 
16 

• Easy snap in fixing through 
panel/cabinet cut out 

• Insulated plastic case 
• Full wave control using Samp 

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 fHzl • Cut-out 
template supplied • Completely manual arm. 
This deck has a completely manual arm and is 
designed primarily for disco and studio use 
where alt the advantages of a manual arm are 

required. 
Price: £28.50 + El.50 P&P 

(ft1, Pll'!IIER AMPLIFIER MODULES 

Matching 3-way loudspeakers 
and crossover 
Build a quality 60watt AMS system Sohms 
Build a quality 60 watt R.M.S. system. 

* 10" Woofer 35Hz-4.5KHz
* 3" Tweeter 2.5KHz-19KHz

* 5" Mid Range 600Hz-8KHz

BK ELECTRONICS 
Prompt Deliveries 

VAT inclusive 
prices 

Audio Equipment 
Test Equipment 

by 
Thandar 

and 
Leader 

KEYBOARDS 

• 

manufactured from a tough poly-carbonate film mounted on 1 mm · 
glass fibre printed circuit board 
assembly incorporating silver plated 
contacts. 
16 way numeric keyboard 

j Standard keyboard providing 0-9 
and A-F functions. 

fSize: 100mm x 100mm x 2mm. P-rict: £S�9Q-+ j;p p&p 

i :� �
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t: 
i commonly requited functions in a 

I 
Owertyarray. Ma�ixoutput via a 16 pin 
Oil socket. 

, Size: 350mm x 100mm x 2mm. Price; £13.99 + 50p p&p 

100 WATI itM.S. AND 300 WATT R.M.S. 
IMOQUJ.E.S _ --· _ · -- .,:_ 

Power Amplifier Modules with integral torotdal 1 
transformer power supply, and heat sink. Supplied , 
as one complete built and tested unit. Can be fitted 1 
in minutes. An LED Vu meter is available as an 
optional extra. 

SPEC- IFICATfoN: -- .. -·--- - --

Mex Output Power: 110 watts R.M.S. COMP 100) 
. 310 watts R.M.S. IOMP 3001 
Load,: Open and short circuit proof. 4-16 ohms. 

i Frequeney RNponn: 20Hz - 26KHz ± JdB. 
t S.n1ltfvlty for Max. Output: 
1 soomV at lOK IOMP 1001 tV at 10K IOMP 3001 
T.H.D.: lea than 0.1%· 

1:::�oi1r�r60 )( 115 X 72mm 

I PricH���t�
46

J;'.k
1

�c� ���00 P&P 
OMP 300 £89.00 each + 0.00 P&P 

Vu Meter £6.50_ e�c�_+ 50p � __ 

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

Fitted with attractive cast aluminium fixing es­
cutcheons c,11d me�h protective 91 db which are 
removable enabling a unique choice of cabinet 
styling. Can be moun1ed directly on 10 baffle 
with or without conventional speaker fabrics. 
All lhree units have aluminium centre domes 
and rolled foam surround. Crossover com· 
h1nes spnng loaded loudspeaker terminals and 
recessed mount1na 1Janel 
Price £22.00 per kit + (2.50 postage and pack­
in� Available separately, prices on request 

12" 80 watt R.M.S. loudspeaker. 
A superb general purpose twin cone loud· 
speaker. 50 oz. magnet 2 aluminium 
voice coil. Rolled surround. Resonant fre­
quency 25Hz. Frequency response to 
13KHz. Sensit i v ity 95d8. Impedance Sohm. 
Attractive blue cone with aluminium 
centre dome. 
Price f.17.99 each + £3.00 P&P. 

TYPE 'E' 

�;��itehou� M�d·o.!; ��sr�en�!.�� SS9 STY QE:E 0
* 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. 
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DIGEST 
The first-ever LCD pocket colour 
television in the world has been 
developed in Japan by the Epson 
Corporation and Suwa Seikosha 
Company Ltd, the parent company 
of Epson (UK) Limited.
Measuring 16cm x 8cm x 2.8cm, 
the pocket TV utilizes new picture 
display devices invented by Seiko in its 
development of a TV watch. This flat 
display - which provides the key to 
the ultra-miniaturization represents a 
breakthrough in picture tube 
advancement and will play an 
important role in the progression 
towards a picture style colour TV, the 
technological goal of research 
organisations all over the world.
Amongst the pocket TV's advantages 
Epsom claim no colour aberration at 
corners, or distortion of pictures, and 
good visibility in dark or light situations.
There are no plans to market the TV 
in the UK. Epson (UK) Limited, 
Dorland House, 388 High Road, 
Wembley, Middlesex. 
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Is It Clicket?
A new micro-miniature switch 
is available through Cambion 
Electronic Products, and it's 
called the Clicket. As you can 
see from the photograph, 
it's pretty small, with a 0.1" 
leading space, and it has a 
push-on, push-off action. 
Cambion Eletronic Products 
Division, Cambion Works, 
Castleton, nr Sheffield S30 2WR. 

Silicon On Insulator Success 
Mitsubishi Electric Corporation has 
succeeded in manufacturing on an 
experimental basis a silicon-on-
insulator (SOI) structure 
complementary metal oxide 
semiconductor (CMOS) device with 
the worlds shortest delay time of 280 
picoseconds, using a laser beam 
recrystallization technique. This delay 
time is only a quarter of that of a 
conventional SOI device and even 
shorter than that of a device using a 
single-crystal silicon wafer.
Mitsubishi Electrics success in trial 
manufacture of the new SOI CMOS 
marks a major step toward the 
realization of three-dimensional 
integration - integration greater than 
the conventional very large scale 
integration (VLSI). To make a 3-D 
integrated circuit, it is necessary to 
cover integrated circuits on every tier 
of the multiple layers with oxide or 
nitride film for complete electrical 
insulation, and to place a single crystal 
of silicon on top of this film for the 
next ICs.
Transistors and other devices are 
integrated on the surface of single 
crystal silicon in conventional ICs. In 
the case of the SOI structure IC, single-
crystal silicon is formed on an 
insulator substrate; such as silicon 
oxide. When an SOI structure is 
employed, there is no malfunctioning 
from short circuits or in-terference, 
even if the distance between devices 
is made shorter 
for higher integration. 
In conventional methods of making an 
SOI structure, polycrystalline silicon is 
melted by a laser beam or an electron 
beam for recrystallization into a single 
crystal. But the single crystal thus 
formed is small and the direction of its 
growth is not fixed, causing 
electrical leakage and shortening of 
circuits.

Lead Free 
Solder 
Jimi Heat of Watford announce the 
introduction of a new British made all-
purpose solder to replace their 
widely acclaimed, imported, all-metal 
solder launched around 12 months 
ago.
Supa Solda is lead free, non 
corrosive and capable of handing all 
metals including aluminium. It can be 
shaped, polished and even chromed.
Its relatively low melting point and 
capillary action is claimed to make it 
suitable for even the most delicate 
applications that formerly 
required expensive silver-based 
solders.

The suggested retail price of a 
'bubble pack' of Supa Solda is £1.65 
and it is available from Halfords and 
other selected retail outlets.

NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

Worlds
Smallest
Colour TV

Mitsubishi Electric solved these problems 
by developing a revolutionary 
recrystallization method, under which the 
scanning speed, the intensity and the 
direction of the laser beam are adjusted 
to control the direction and size of crystal.
Mitsubishi Electric expect their SOI 
technology to have a wide variety of 
applications:- as the key technology for 3-
D integrated circuits of the future; for 
high speed and highly reliable CMOS LSI's 
without latch-up; and for thin film 
transistors for driving liquid crystal 
displays.
The work was performed under the 
management of the R & D Association for 
Future Electron Devices as part of the R & 
D project of Basic Technology for Future 
Industries, sponsored by the Agency of 
Industrial Science and Technology, MITI, 
Japan.
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LINEAR

555CMOS 80
556CMOS 150
709 25
.741 14
748 35
9400CJ 350
AY -3.1270 720
AY -3-8910 370
AY3-8912 540
CA3046 60
.CA3080 65
CA3089 190
CA3090AQ 375
CA3130E 85
.CA3140E 36
CA3161E 100
CA3189 290
.C432406 110

LM339 45
LM348 60
LM358 50

CL7106 790 LM377 170
CL7611 95 .LM380 65
CL7621 180 .LM381 120
CL7622 180 LM382 120
C.038 295 LM384 130
CL8211A 200 LM386 65
CM7224 785 LM387 120
Cm7206 80 LM393 100

 LF355 4$ LM709 25
LF$43 66. LM711 60
L0356 90 LM725 350
Lf1440 360 LA4733 75
LM3040. 25 0,04., 14
LM314 7. 011747 60
LM318 120 1,01458 40
LM324 40208
Lm334z '100

LM*00
45

LM335Z 125 ',Wm,*

LM3911 120
LM3914 175
LM3915 195
LM13600 105
MC1496 68
MC3340 135
.MF10CN 350
ML922 400
M.24 195
ML925 210
ML926 140
ML927 140
ML926 140
ML929 140
MM5387A 465
NE529 225
NE531 150
NE544 205
.NE555 16
.NE556 45
NE565 110

NE566 140
.NE567 100
.NE570 370
NE571 370
.RC4136 55
.RC4558 60
SL480 170
SL490 250
SL76018 150
OSN76477 380
SP8629 250
TBA1206 70
TBA800 75
TBA810 96
T6.20 70
TBA950 220
TDA1008 320
.TDA1022 490
TDA1024 125
7L061 40
TL062 60

TL064
TL071
TL072
TL074
.TL081
7L082
TL084
TL170
UA2240
ULN2003
ULN2004
XR2206
ZN414
ZN423
ZN424
ZN425E
ZN426E
ZN427E
ZN428E
ZN459
ZN1034E

96
30
50
95
25
45
95
50

120
85
90

290
100
135
135
350
330
650
480
285
200

TRANSISTORS
BC51'F 40M(IF33, 40 MPSU56 60 ZTX108 8 2N3055 50
BC547 Ae7,,9FR49, 23 TIP29A 30 Z7X109 12 2N3442 120
BC548 124 8E880 23 TIP298 55 ZTX300

AC125 35 BC149 9 BC549 TIP29C 37 Z7X301 16.4=02 :
AC126 25 8C157 8 BC558 19A, 86 3g29,,,46,,TIP30A 35 27)(302 15 .2N3704 6
AC127 25 BC158 10 BCY70 18 8f3(6.4 25MIIP308 50 ZTX304 17 2N3705 9
10-AC128 20 BC159 8 BCY71 18 9035 25011P30C 37 Z7X341 30 2N3706 9
AC176 25 8C160 45 BCY72 18 8fX66 28 TIP31A 35 ZTX500 15 2N3707 10

AC187 22 BC168C 10 60115 55 13E07,, 25 TfPOIC 37 ZTX501 15 2N3708 10

AC188 22 8C169C 10 80131 35 BF XOBW25 .,:M6697A 35 Z7X502 15 2N3709 10

AD142 120 5C170 8 B0132 35 8EY50 24Mlle32e,,37 ZTX503 18 2N3772 170
AD149 80 BC171 10 BD133 50 BFY51 ,212WIIINIOOkt 00 " Z7X504 25 .2N3773 195
AD161 40 8C172 8 80135 40 BFY52 23 M3C 75 2N697 20 .2N3819 18
AD162 40 5C177 18 80136 30 8FY53 32 44pw 60 2N698 40 2N3820 40
AF124 60 8C178 18 80137 30 BFY55 32 .11934C 85 2N706A 20 2N3823 65
AF126 50 8C179 18 80138 30 BFY56 32 1/P35A 105 2N708 20 2N3886 90
AF139 40 8C182 10 .130139 35 BRY39 40 TtP35C 125 2.919 35 2N3903 10

AF186 70 .8C182L 8 PrEID140 35 136)(20 20 TIP36A 125 20402 22 2N3904 10

AF239 75 8C183 10 BD204 110 85)(29 35 TIP36C 135 2N1643 30 2N3905 6
BC107 10 8C183L 10 BD206 110 BSY95A 25 TIP41A 45 N2 4 2N3906 10
BC1078 12 BC184 10 80222 85 BU206 160 TIP42A 45 ;(42149445 2N4037 45
OBC108 9 8C184L 7 8E180 35 BU206 180 T1P120 90 A2N2221A 20 2N4058 10

801088 12 BC212 10 8F182 35 BU208 170 TIP121 90g4N2222A 09,2N4060 10

8C108C 12 BC212L 10 8E184 25 MJ2955 99 TIP122 90 ,2142354,,25,4144061 10
.8C109 9 BC213 10 9E186 25 MJE340 50 TIP141 98 2142306,,,44 2N4062 10

8C109C 12 8C213L 10 8F194 12 MJE520 65 71P142 98 2N2454' 745 36
5C114 18 BC214 10 BF195 12 MJE521 95 71P147 110 2N2566 48 $4$6 36
BC116 22 .8C214L 8 BF196 12 MJE3055 70 TIP2956 60 2N2904 29,-21!48454 30
8C117 18 BC237 8 8E197 12 MP F102 40 TIP3055 55 2N2904,22 ,4N54.4.26
BC119 35 8C238 14 BF ,98 10 mpp I 04 40 TIS43 40 2N2905 '42 wom
BC137 40 BC308 12 8F199 18 MPSA05 22 TIS44 45 2N2905A 221111r4,
BC139 40 BC327 14 BF 200 30 MPSA06 25 71590 30 2142906 aqk40,
BC140 28 BC328 14 .8F244B 22 MPSA12 30 71691 30 2N2906A 25 40.361

BC141 30 BC337 14 8E245 30 MPSA55 30 VN1OKM 45 2142907 25 40 5(9

BC142 25 5C338 14 BF2568 45 MPSA56 30 VN46AF 75 2N2907A 25 40405
BC143 25 BC477 30 BF257 32 MPSUO5 55 VN66AF 85 2N2926 9
8C147 8 BC478 30 25 MPSUO6 55 VN88AF 23
80148 8 8C479 30 8E259 35 MPSU55 80 ZTX107 8 2N3054 55

SWITCHES

Subrnin toggle:
SPST 55p. SPOT 605. DPDT 655.
Miniature toggle:
SPDT 80p. SPDT centre off 90p.
DPDT 90p. DPDT centre off 1005
Standard toggle:
SPOT 35p. DPDT48p
Miniature DPDT slide 12p.
Push to make 12p.
Push to break 22p.
Rotary type adjustable stop.
1P1 2W, 2P6W, 3P4W all 55p each.
DI L switches:
4SPST 80p 6 SPST 80p. 8SPST
100p.

VERO

VEROBLOC 4 .

Size 0.1 matrix
2.5 x 1
2.5 x 3.75
2.5 x 5
3.75 x 5
VQ board
Veropins per 100:
Single sided . .

Double sided .

Spot face cutter .

Pin insertion tool
Wiring Pen and spool . .

Spare spool 75p Combs

350

22
75
85
95

160

50
60

105
162
310

6

TRANSFORMERS Please add carriage charges
to our normal post charges.

Miniature mains:
-606V, 909V, 12012V all @ 100mA 100p each.
PCB mounting. Miniature:

'3VA 09, 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 @ 0.3A; 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:042,0 -12V @ 0.3A 220p each.
12VA 0-6, 0-6 @ IA; 09, 0-9 @ 0.8A, 0.12, 0-12 @ 0.5A; 0.15, 0.15
@ 0.4A 295p (plus 40p carriage).
25VA 0-6, 06 @ 1.5A, 0-9, 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 (plus 75p carriage)

HARDWARE

PP3 battery clips . . .

Red or black crocodile clips
Black pointer control knob
Pr Ultrasonic transducers
.6V Electronic buzzer
.12V Electronic buzzer
.P82720 Piezo transducer
.64mrn 64 ohm speaker
.64mm 8 ohm speaker
213mm panel fuseholder

6
. 6
.15
350
60
65
75
70
70
25

DIODES

BY127 12
0A47 10
0A90 8
0A91 7

0A200 8
0A202 8
1N914 4
.1N4148 2

01N4001 3
1N4002
1N4006 7
1N4007 7
1145401 12
1145404 16
1145406 17
4001nWzen 6

BOXES
Aluminium

Plastic with 30201" 70
lid +screws . 4x3 x1," 85
30201" 55 4x3x2" 100
4,x3x1," 88 60402" 120
7x4x2 160 6,40" 150

SCR
.C10613 30
400V 8A 70
400V 12A 95

CABLES

20 metre pack single core connect-
ing cable ten different colours.65p

Speaker cable . . . 10p/m
Standard screened . . 16p/m
Twin screened . . . 24p/m
2.5A 3 core mains . . 23p/er
10 way rainbow ribbon 65p/m
20 way rainbow ribbon 120p/m

BRIDGE
RECTIFIERS

1A 50V
1A 400V

2A 200V 40
2A 400V 45
6A 100V 80
6A 400V 95

20 VMI8 DIL 0.9A
35 200V . 50

CONNECTORS

MAIL ORDERS:
Unit 1, Hill Farm Industrial Estate,
Boxted, Colchester, Essex C04 5RD.
TELEPHONE ORDERS:
Colchester (0206) 36412.

12=115

ACCESS AND
BARCLAYCARD

WELCOME

MICRO
2114L-2 75
2716 205
2532 340

BEST 2732 340

PRICES 4116 P20 70
51154,2150nS 365

ANYWHERE! 4164 440

28.04k CPU 290 81 LS96 85
280A P10 260 811.597 85
280A CTC 260 1486 55
280A SIO 900 1489 55
2130A DMA 1150 Epson Printers and D
280A DART 500 Connectors now avail -
81 LS95 85 able at low low prices.

CMOS

4000
4001
4002
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015

10
10
12
50
14
36
24
24
10

15
20
45
40

4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031

20
30
45
25
42
40
45
16
33
12
75
20
40
45
14

125

4034
4036
4039
4040
4041
4042
4043
4044
4046
4047
4048
4049
4050
4051
4052
4053

140
249
280

40
40
38
40
40
40
35
38
21
21
42
48
48

4054
4055
4059
4060
4063
4066
4067
4068
4069
4070
4071
4072
4073
4075
4076
4077

78
80

430
42
80
22

225
14
13
13
13
13
13
13
45
14

4081
4082
4085
4086
4089
4093
4094
4095
4097
4098
4099
40106
40109
40163
40173
40175

CRYSTALS

100KHz 235 4.43M 100
1MHz 275 6.0M 140
1.8432M 200 7.0M 150
2.0M 225 8.0M 140
2.4576M 200 10.0M 170
3.579M 95 12M 170
4.0M 140 16M 200

12 40193 65
12 4502 60
48 4503 32
50 4507 35

125 4508 110
18 4510 45
68 4511 40
65 4512 40

290 4514 115
70 4515 115
70 4516 55
40 4518 40
110 4520 50
60 4521 130

100 4526 60
75 4527 50

4528
4529
4532
4534
4538
4543
4549
4553
4555
4556
4559
4560
4584
4585
4724

45
150
60

400
60
50

360
215

35
35

390
140
35
60

140

LS TT L

LSOS
LSO1
LSO2
LSO3
LSO4
LSO5
LSO8
LSO9
LS10
LSI1
LS12
LS13
LS14
LS15

11

11

11

12
12
12
12
12
12
12
12
19
30
12

LS20
LS21
LS22
LS26
LS27
LS30
LS32
LS37
LS38
LS40
LS42
LS47
LS48
LS51
LS55
LS73
LS74

12
12
12
14
12
12
13
14
15
13
28
35
45
14
14
18
17

LS75
LS76
LS78
LS83
LS85
LS86
LS90
LS92
LS93
LS95
LS96
LS107
LS109
LS112
LS113
LS114
LS122

20
17
17
35
48
16
24
25
24
38
95
40
21
21
21
22
35

L0123
LS125
LS126
.132
LS136
LS138
LS139
L.S145
LS147
LS148
LS151
LS153
LS154
LS155
LS156
LS157
LS158

34 LS160 35 L0197 45
24 LS161 35 L5221 50
25 LS162 35 LS240 60
35 LS163 35 LS241 55 LS367 28
26 LS164 40 LS242 55 LS368 29
30 LS165 55 .243 55 LS373 58
30 LS166 60 LS244 55 LS374 60
70 LS170 75 LS245 70 LS975 43

150 LS173 60 LS247 48 LS377 60
75 LS174 45 LS251 28 L9378 57
38 LS175 45 LS257 32 LS390 46
38 LS190 35 L0258 32 LS393 40
75 LS191 35 LS259 55 LS399 156
33 LS192 35 L5286 20 1.5541 78
36 LS193 36 LS273 58 LS670 135
26 LS195 32 LS279 30
29 LS196 45 LS283 38

LS353 60
LS365 28
LS366 28

DIN Plug Skt Jack Plug Skt
2 pin 9p 9p 2.5mrn 10p 10p
3 pin 120 10p 3.5mm 9P 9P
5 pin 13p 11p Standardl6p 20p
Phono 10p 12p Stereo 24p 25p
1 rnm 12p 13p 4mm 18p 175
UHF (CB) Connectors:
PL259 Plug 40p. Reducer 14p.
S0239 square chassis skt 38p.
602396 round chassis skt 40p.
IEC 3 pin 250V/6A.
Plug chassis mounting . . 38p
Socket free hanging . . 605
Socket with 2m lead . . 120p

MULTIMETERS

HT -120 4,000 050
A smart looking 11 range pocket
sized multimeter with an impressive
spec. Complete with battery, etc.
6500 each.
HT 320 20,000 oPv.
Highly sensitive 19 range multi -
meter including transistor tester.
Overload protection. DC volts -
1000, AC volts - 1000; DC current
0.25A. 4 resistance ranges.Complete
with batteries, leads, etc. 1395p

7400 11

7401 11

7402 11

7403 12
7404 12
7405 14
7406 197 19

13
4 13

l.t7.410 13
441T 0i5

7413
7414
7416
7417
7420
7421
7422
7427
7428
7430
7432
7433
7437
7438
7440
7442

17
23
19
19
14
19
19
18
25
13
20
20
23
24
14
30

7444
7446
7447
7448
7450
7451
7453
7454
7460
7472
7473
7474
7475
7476
7480
7482

Pottage, radial leads. 250v. C280
typa41.01, 0015, 0.022, 0.033 -
Sp: 03/47, 0068, 0.1 - 0.15,
0.22 - 9p; 033, 0.47 -.13t40.68 -
200; lu  23p. NNI,,,
Electrolytic, ree30--
0.47/63V, 1/
10/25V - 7p;
100/25V 9p; 2 /25Vil.
470/25V 22P; 1000/25V
2200/25V - 50p.
Tag end power supply
2200/40V  1105; 4700.
22110/63V - 1405; 4700/63 V
Polyester, miniature Siemens
1 n, 2n2, 3n3, 4n 7, 608, 100,1
22n,33n, 47n, 68n, 8p; 100n, 9,3
150n, 11p; 220n, 13p; 330n, 20p,'
470n 26p;680n, 29p; 1033p,2u2,
500.
Tantalum bead:
0.1, 022, 0.33, 0.47, 1.0 @ 35V -
12p. 2.2, 4.7, 10 @ 25V - 20P;
15/16V - 30p; 22/16V - 27p; 33/
16V - 45p; 47/6V - 270;47/16V -
70p; 68/6V - 40p; 100/10V - 90P.
Cer. disc. 220-0.01u 50V, 3p each.
Mullard miniature ceramic plate:
1.8pF to 1000F 6p each.
Polystyrene, 5% tol: 100-10005, 60:
1500-4700, 8p; 6800 0.012u, 105.
Trimmers. Mullard 808 series: 2-10
pF, 22p; 2-22PF, 30P: 5.5-65pF,35p

RESISTORS

SW 5% Carbon film 512 series 4.7
ohm - 1M. . . . 10 each.
,W 5% Carbon film 512 series 4.7
ohm to 4M7 . . . 2p each.
OW 1% metal film E24 series 10
ohm - 1M

. 6p each.

85 7483
58 7485
36 7486
43 7489
14 7490
14 7491
14 7492
14 7493
14 7494
22 7495
24 7496
19 7497
26 74100
25 74107
45 74109
65 74121

30 74122
60 74123
19 74125

180 74126
19 74132
34 74141
24 74145
24 74147
33 74148
33 74150
38 74153
86 74154
78 74155
22 74156
24 74157
24 74160

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, 0.75W
," 100 ohms to 100K - 685 each.

30 79L05 65
30 79L12 65
30 79L15 65
35 7905 40
35 7912 40
1.5 7915 40

4001, LM723 35
209;- LM338K 475
120 .79H05 5A
3512glltl64. . 550

SOLD 1%C IRONS

38
38
33
33
30
54
48
75
60
48
38
47
36
36
28
55

74161
74162
74163
74164
74165
74167
74170
74173
74174
74175
74176
74177
74179
74180
74181
74182

TOOLS

46 74190 40
46 74191 .40
46 74192 40
46 74193 40
46 74194 40

150 74195 40
115 74196 40

58 74197 40
53 74198 80
45 74199 80
35
42
75
38

100
55

Smell trimming tool . 22
Smell pocket screwdriver 16
Large pocket screwdriver 13
6 piece precision screwdriver set
in plastic case . . 170
Low cost side cutters . 160
High quality side cutters 650
Low cost pliers . . . 160
High quality pliers

. . 650
Wire strippers 120
Expo reliant drill 695
Expo Titan drill . . . 1025
Drill stand . . . . 1200
Reduced shank drill bits for
above 0.8m, lmm, 1.4mm 60

Antex CS IN4Sol6Ptint n86 460
2.3 and 4.714021,as to 401,,:,:45
CS 17W iron4459,410(4(Ant 2:00
Antex XS 25W 4e0
3.3 end 4.7mm bitalti suit & $5
Solder pump desold4049490 480,.
Spare nozzle for 70
10 metres 22swg solder .tali:'

PCB MATERIALS.
Allan transfer sheets - please state
type (e.g. DI L pads etc.) . 45
Delo etch resist pen . . . 100
Fibre glass board 3.75,8" 80
Ferric chloride 250m1 bottle. 00

NEW CATALOGUE r NEW CATALOGUE11,11,11
Our latest catalogue has just been released containing
over 2000 stock lines all at extremely competitive
prices backed by Rapid's return of post service.
Stocks include Denco coils, tools, Verocases, data
sheets etc. etc, Send 45p for your copy now (sent
free of charge with all orders over £10).

SOCKETS

8 o.rt
14 p,
16 p,
1877,n
20 pin
22 ow
24 yin
28 pin

40 pin
Soldercon

12p
13p
76p
18,3
23,
258

600 100

3p
55

,2p

Jo
7..
Sop
950

COMPONENT KITS

OPTO

.3mm red 7 .5rnm red 7

.3mm green 10 .5mm green 10

.3mm yellow10 5rnrn yellowl 0
Clips to suit  3p each.
Rectangular TIL32 40
la red 12 TIL7S 40
green 17 11-711.111 60
yellow 17 ORP12 85
.7,38 40 TIL100 90
2145777 45 Dual colour 60
Seven segment displays:

,Com cathode Com anode
)474.-704 0.3" 95 DL707 0.3" 95
l:..4rFND500 END507
0.5" 100 0.5" 100
TIL313 0.3"115 T1L3120.3"115
7,3220.5.115 TIL3210.5"115
LCD: 3% digit 5800. 4 digit 620p.

TRIACS 400V 8A 65
400V 16A 95

400V 4A 50 6R100 25

An ideal opportunity for the beginner or the experienced constructor
to obtain a wide range of components at greatly reduced prices. 'OW 5%
Resistor kit. Contains 10 of each value from 4.7 ohms to 1M (total
of 650 resistors) . . . . . . . . . . . 480
Ceramic Cap. kit. 5 of each value - 22p to 0.01u (135 caps) . . 370
Polyester Cap. kit. 5 of each value front 0.01 to tuF.165 caps) 575
Preset kit. Contains 5 of each value from 100 ohms to 1M (total
65 Presets . . 425
Nut and Bolt kit (total 300 items): 180p
25 68A '4" bolts 50 6BA washers 50 68A nuts
2568A h" bolts 2548A ," bolts 50 6BA washers
50 6BA nuts 25 6BA , bolts.

The Rapid Guarantee
* Same day despatch * Competitive prices
* Top quality components * In-depth stocks

ORDERING INFO. All components brand new and full specification. All prices exclude VAT.
Please add to total order. Please add 50p carriage to all orders under £15 in value. Send cheque/
P.O. or Access/Visa number with order. Our detailed catalogue costs 45p (free with orders over

101. Callers most welcome. Telephone orders welcome with Access or Visa. Official orders
accepted from colleges, Schools, etc... Callers most welcome, we are open Monday to Saturday.

_ _ _ _ _



Industry's 
Fastest RAM

New Micro 
With ROM 

Monolithic MicrophoneZ800 Details 
Zilog have revealed details of their 
new Z800 family of 8/16 bit 
microprocessors. The new CPU's will 
run on all existing Z80 software at 
object code level and will provide 
up to five times greater 
performance operating at clock rates 
of 10 to 25 MHz. 
The Z800 also saves board space 
and reduces system design costs by 
including DMA functions, counter/
timers, serial I/O and refresh logic 
on the chip. Using these on-chip 
peripherals a small system can be 
designed with only the Z800 CPU, 
external memory and a clock crystal. An 
on-chip memory management unit 
(MMU) and cache/local memory are 
also included to increase the 
power and flexibility of the Z800.The 
MMU extends the Z800 CPU's logical 
addressing space up to 16 megabytes 
compared to the the Z80s maximum 
of 64 kilobytes. This is achieved by 
dividing the logical address space into 
pages which are mapped into larger 
physical memory. The MMU also 
provides all the  features necessary  
to implement a virtual memory 
system transparent to the applications 
program.
The 256 byte cache memory on the 
Z800 chip provides the CPU with high 
speed access to instructions and 
data that would otherwise reside 
in slower external memory. Since 
this feature coupled with 
programmable bus timing allows the 
CPU clock speed to differ from the 
memory clock speed, fast processors 
(up to 25 MHz) need not 
be accompanied by equally fast 
memory devices as was necessary 
with earlier designs. 
The Z800 CPU instruction set includes 
all those in the Z80 set plus a 
number of new enhancements. New 
instructions allow the Z800 to 
perform 8 and 16-bit hardware and 
multiply and divide, 16-bit arithmetic, 
16-bit load, system call (for 
controlled operating system access 
by the user) and test and set (for 
multi-processing support). A 
group of extended processing 
instructions similar to those used in 
the Z8000 and Z80,000 allows the 
Z800 CPUs to be used with any co-
processor compatible with Zilog's 
extended processing architecture, 
including the Z8070 floating point 
processor.
Several new addressing modes have 
also been added to the Z80 CPU's 
original set: index with a 16-bit 
displacement, base index, and stack 
pointer relative. A program counter 
relative mode exists for the Z80 chip 
but in the Z800 chip it is enhanced 
to allow 16-bit displacement. 
Furthermore, the Z80 CPU register 
set has been improved by allowing 
byte access to both the IX and IY 
registers (providing four additional 8-
bit registers) and the use of two stack 
pointers instead of one.

Four versions of the Z800 will be 
available, known as the Z8108, Z8116, 
Z8208, Z8216. The Z8108 and Z8208 are 
intended for the smaller systems and 
employ the same 8-bit non-multiplexed 
bus as the Z80, allowing them to be 
used with either the existing Z80 
peripherals or the Z8500 family. The 
Z8116 and Z8216 are 16-bit multiplexed 
Z-Bus devices and can, therefore be 
used with the same peripheral chips 
used by Zilog's 16-bit Z8000 CPUs, the 
Z8002, Z8001, Z8003 and Z8004. 
Although all four Z800 CPUs have the 
peripheral support circuits integrated 
within the chip, only the Z8208 and 
Z8216 include the necessary address 
lines to permit access to the UART and 
the DMA functions. The versions of the 
Z800 (Z8216 and Z8208) with all the 
peripheral features are supplied in 64-
pin packages and support extra signal 
such as bus buffer control, multiple 
interrupts and global bus Req/Ack. The 
Z8108 and Z8116 which do not allow 
access to the DMA and UART functions 
are supplied in 40-pin packages. The 64-
pin package used for the Z800 has pin 
spacings of 70 mil, therefore the 
package is approximately the same size 
as the standard DIL 48-pin package, 
currently used by the Z8001 and the 
Z8010 MMU.
The Z800 CPU is aimed at traditional 8-
bit applications including personal 
computers, workstations, I/O 
processors, network controllers, etc, 
that now require 16-bit performance to 
meet market demands. Zilog (UK) 
Limited, Zilog House, Moorbridge Road, 
Maidenhead, Berks, SL6 8PL.

New, Large
EPROMS
Now available in the UK from Bytech 
Ltd are the latest Intel range of UV-
Erasable Proms. Both D2764 (8K x 8) 
and D27128 (16K x 8) devices are being 
stocked, in industry standard approved 
JEDEC 28-pin packages. Both devices 
are available in a choice of 200, 250, 
350 and 450ns access times.
The 2764 is a 5V only, 65,536-bit UV 
erasable and electronically 
programmable EPROM fabricated in 
HMOS technology. Access time is 
compatible to high performance 
microprocessors such as Intel's 8MHz 
8086-2. In these systems the 2764 
allows the microprocessor to operate 
without the addition of WAIT states 
devices is that the Output Enable (OE) is 
separate from the Chip Enable (CE). The 
(OE) control eliminates bus contention 
in multiple bus microprocessor systems. 
The standby mode reduces the power 
dissipation without increasing access 
time. The active current is 100mA, 
whilst the standby mode is achieved by 
applying a TTL-high signal to the CE 
input. Bytech Ltd, Sutton's Industrial 
Park, London Road, Earlye, Reading RG6 
1AZ

The industry's fastest RAM has 
been introduced by Motorola. It's 
the new bipolar 64-bit ECL RAM 
(MC10H145) with an address time of 
3ns (typ) and 6ns (max). The 
MC10H145 is organised as a 16 x 4 
memory array and is a member of 
the MECL 10KH family. These very high 
speeds were achieved through new 
circuit designs as well as advanced 
processing techniques. Because the 
device is a member of the 10KH 
family, its gate structure was 
changed from 10K configuration 
to include both constant current 
source gates and a voltage 
regulator. Thee additions, as well as 
new configurations of logic, reduce 
gate delays thus producing these 
high speeds. Since the device is in the 
MECL 10KH family it is processed 
with Motorola's new oxide isolated 
process called MOSAIC (Motorola 
Oxide Self-Aligned Implanted Circuit - 
but it took them quite a while to think 
that one up:; which achieves 
smaller device geometries, 
improved bandwidth and reduced 
parasitic capacitances. The European 
Literature Centre, Motorola 
Semiconductors, 88 Tanners Drive, 
Blakelands, Milton Keynes.

Honeywell has developed a process for 
building zinc oxide acoustical 
microphones and microelectronics on 
single silicon substrates. The "mike-on-
a-chip" offers high performance, 
sensitivity and reliability at a fraction of 
the cost and size of current available 
ceramic acoustic microphones.
The chip-sized microphone is made 
possible by a new Honeywell technique. 
The company recently developed a 
reproduceable process for depositing 
high-quality zinc oxide thin films, 
substances similar in electronic 
response to piezoelectric ceramics but 
compatible with standard integrated 
circuit processing. Honeywell used 
existing semiconductor processes and 
equipment to fabricate the zinc oxide 
thin-film sensors and electronic 
conditioning circuitry on silicon.
The advantages of Honeywell's 
integrated acoustical microphones over 
ceramic devices are many. The 
integrated microphones operate at 
frequencies down to 0.1 hertz, whereas 
ceramics lose sensitivity at about 20 
hertz. The integrated sensors also offer 
greater reliability because they are solid 
state, there are no parts to glue or 
solder, as with ceramic devices. The 
Honeywell sensors are also smaller and 
lighter than their ceramic counterparts. 
In addition, the sensing element is a 
passive device and the electronics draw 
less than 40 milliwatts, which means it 
can remain working in the field for

months before requiring battery 
recharge or replacement.
Zinc oxide, like piezoelectric ceramic, 
produces an electrical charge when 
strained. However, zinc oxide is also 
pyroelectric, it produces a voltage change 
in response to thermal change, and this 
effect must be minimised in low-
frequency applications of this device. 
Honeywell eliminated the thermally-
induced voltage fluctuations through a 
unique design of concentric electrodes, 
that cancel all pyroelectric-induced 
electrical signals.
The "mike-on-a-chip" is very sensitive. It 
can detect one microbar of pressure (one 
bar equals one atmosphere or 14.69 
pounds of pressure per square inch) and 
will exhibit signal-tonoise ratios of 5:1 at 
one microbar. Honeywell's "mike-on-a-
chip" could have various applications, 
including hearing aids. Honeywell has 
applied for a patent on its integrated 
acoustical microphone technology.
Honeywell Control Systems Ltd, 
Honeywell House, Charles Square, 
Bracknell, Berkshire RG12 1FB.

The NEC uPD7809G contains the largest 
on-chip ROM capacity of 8K among 
current commercially available products, 
as well as 256 bytes of RAM. In addition 
to the powerful instruction set with 16-
bit arithmetic/logic instructions, the 
device contains versatile functional 
blocks such as 8-comaparator input lines, 
watchdog timer, programmable wait, 
hold function, 16-bit event/timer 
counter, two 8-bit programmable timers 
and serial interface (UART). The new 
unique 8-bit comparator input lines can 
be used, for example, for direct interface 
with the keyboard and the watchdog 
timer will prevent the program from 
running out of control in a noisy 
environment.
The 7809 (seem to have seen that 
number before!) features a high speed 
instruction cycle time of 1uS, which 
under 12MHz, allow much faster 16-bit 
multiply/divide operations. It is estimated 
at 1.5 to 5 times faster than conventional 
micros.
In addition to on-chip memories of 8K for 
ROM and 256 for RAM, external memory 
expansion up to 56K bytes is also 
provided for, with battery back-up 
operation applicable to some on-chip 
RAM under stand-by mode.
NEC Electronics (UK) Limited, 116 
Stevenson Street, New Stevenson, 
Motherwell ML1 4LT, Scotland.
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SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS
325 EDGWARE ROAD, LONDON W2 1BN Tel: 01·723-4242 Telex: 295441 

CRIMSON ELEKTRIK JOIN THE PROFESSIONALS 
No Modules 
2580 CE 608 40WMono 
2581 CE1!)04, 100W4 Mono 
2582 CE1008 100W8 Mono 
2583 CE1704 170W4 Mono 
2584 CE1708 170 W8 Mono 
2585 CE3004 300W4 Mono 

Price 
18.26 
21.30 
23.90 
30.43 
30.43 
42.60 

WE ALSO STOCK ALL 
THE POWER 

SUPPLIES TO DRIVE 
THESE MODULES

PS. THESE KITS AND
MODULES ARE 

EXCLUSIVE OF VAT

No 

2615 Complete Pre'Amp Kit CK1010 
2616 Complete 40W Stereo Amp Kit CK1040 
2616a Complete SOW Stereo Amp Kit CK1080 
2617 Complete 1 OOW Stereo Amp Kit CK 11 00 
2618 Add on Moving Coil Kit MC12K 
2619 Pre:Amp Power Supply Kit PSK 

Price 
£80.00 

£105.00 
£116.00 
£131.00 
.£21.74 
£17.39 

2585a FE. 908 90WFET. Mono 
2585b FE1704 170W FET Mono 
2585c BD1 Bridge Unit ror Modules 
2608 CPR 1X Pre-Amp Module 

VELLEMAN KITS
No 

K610 
K1798 
K1874 
K2571 
K2569 
K2575 
K2544 
K2032 
K2557 
K2545 
K615 

Description 
Mono UU using LEDS. 
Stereo UU using LEDS 
Running Light Kit 

_Light Compuler with EPROM 
Three Tone Chime 
Microprocessor Doorbell 25 tunes 
Complex Sound Generator 
Digital Panel Meter 
Digital Thermometer 
50Hz Crystal Time Base 
High Precision Stopwatch 
Description 

TELETEXT KIT 

25.65 
33.48 

7.13 
41.70 

TS70 70° Thermal Switch 
HS50 ·5omm Heats ink 
HS100 100mm Heatsink 
14.95 150mm Heatsink 

PLEASE NOTE ALL CRIMSON MODULES ARE GUARANTEED FOR 2 YEARS. 

Price 

10.05 
18.77 
14.95 
36.23 

8.57 
15.53 
10.26' 
16.61 
26.57. 
12 .00 
50.29. 
Price 

WE STOCK A WIDE 
RANGE OF BOXES TO 
HOUSE THESE KITS 

IN  FROM VERY SMALL 
TO VERY LARGE 
19"MAXIMUM
PS. ALL KITS
INCLUDE VAT

Some are easy some are hard 

No 

K2543 
K2555 
K2566 
K2572 
K2574 
K2577 
K2579 
K2583 
K1682 
K2580 
K2551 

Transistor Ignition 
Digital Freq Counter for Receivers 
3 Channel Coloured Light Organ 
Universal Stereo Pre-Amplifier 
Universal 4 Digit U/0 counter with memory 
Electric Motor Speed Control 
Universal Start/Stop Timer 
Heating Controller 
Microprocessor Universal Timer (no case) 
Electronic Power Switch Dimmer 
Central Alarm Unit 

11.16 
45.40 
19.19. 

6.56 
44.72 
11.17 

7.45 
81.45 
61.72 
12.37 
15.48 

This unit will make your TV fully remote control (Infra-red) and bring you closer to the amazing world of teletext. The kit can also be updated to incorporate full Prestel, and with a keyboard this can give you full 
message facilities for ordering foods or sending and receiving messages (E.G.) Booking your Holidays!

With a microcomputer as an alternative keyboard the world is even greater adding bulk updating to view data computers an receiving tele-software for implementation to any personal computer. 

Even without · the Prestel option, Telesoftware ·  from the Teletext pages free! 
The full features of Teletext, including subtitles are all included in the basic kit. 

An attractive stylish case·is available to complement the finished kit. 

PR ESTEL ADAPTOR 

A Prestel microcomputer adaptor to give full autodialing to your  computer. All the usual Prestel 
facilities are added via this unit, plus many more, and, can operate lo any viewdata computer. 

You can shop from home, bank transmit messages and receive software, which means 
thal the uses your micro can be put to are limitless. 

The unit is not restricted to just the UK, for at least 28 countries use the Prestel viewdata 
format, so you can also mail-order from anywhere. The Prestel unit is suitable for most micro 
computers even the ZX-81, so at the push of a button, the technology of tomorrow is in your 
home today. 

COMPONENTS
Device 
Z80A 
Z80A PIO 
ZSOA CTC 
6800 
6810 
6821 
6502CPU 
2114(200ns) 
2708 
2716 
2732 
2532 
2764 (200ns) 
ADC0816 (8 bit) 

Price 
3.20 
3.20 
3.20 
6.50 
3.00 
4.25 
7.50 
1.80 
3.00 
3.20 
7.50 
3.50 

11.00 
14.90 

EDGE CONNECTORS 
ZX81 E.G. 2.98 
Spectrum E.G. 3.78 
VIC 20 E.G. 3.78 
50 Way E.G. 3.30 
18 Way E.G. 2.80 
64 Way EC.Plug 2.50 
64 Way E.C. Socket . 4.80 
31 Way E. C. Plug 2.00 
31 Way E. C. Socket 2.10 

We stock a very wide range of opto-
devfces, from Infra-Red to LED's to 
Opto-Couplers. 
Check us out for competitive prices 
and helpful service. 

We also stock 7 4 series 7 4LS, CMOS, transistors, capacitors, resistors, LED's, 
zener diodes, diodes, jack plugs, mains plugs, XLR plugs, cannon plugs, arrow 
switches BNC connectors , reducers, photolak, developer, PC board, sensitive & 
normal, boxes, wire cutters, strippers, Edge connectors, pots, batteries, digital 
pulse rs, logic probes, proto-boards, Veroboard. 
This is         just a small sample of what we stock, if you like to see more send £1.00 to us 

for our NEW 1983 CATALOGUE

Basic Teletext Kit (no box) £130 + VAT P/P £2.50 
with box £144.95 + VAT P/P £3.00 

box by itself £14.95 + VAT P/P 75p 

ANTEX

Soldering Irons 
XS25 25W 5.46+ 
ex 11w s.3o+ 
C "iron" 1 5W 5.20+ 
CCN "ceramic" 15W ·5.00+ 
Wide range of bits and elements in 
stock now. 
Soldering iron stand 2.40 
We stock multicore solder for normal 
use or fine. 

BOOKS
•New Books 

ORYX
lso-tip Cordless Iron 31-90+ 
Miniature low voltage 
soldering station 13.95+ 
Oryx50 SOW temp controlled 1 5.50 
Oryx super 30 5.90+ 
All irons are 240V mains. Earth 
Leakage current is less than 3 ua.-· 
The temperature controlled· iron can 
be controlled within ± 2% tempera­
ture range from 2oo·c. to 400°C. 

Please Note. Books are VAT exempt but add £1.00 to cover P/P 

The 9900 Family Data Book 
The Opto-Electronics Data Book 
The B.ipolar Microcomputer Databook 
The Interface Circuits Data Book 
The TIL Data Book 
MOS Memory Data Book 
The Linear Control Circuits Data Book 
The Voltage Regulator Data Book 
The Power-semiconductor Data Book 
•n1 Data Book Volume I 
•n1 Data Book Volume II 

10.00 
4.00 
4.50 
7.00 
8.50 
3.95 
4.00 
4.50 
9.00 
9.00 
8.00 
5.00 
9.50 
9.95 

301 Circuits 
Towers Transistor Equivalent 
Towers Digital Selector
Towers Linear 10 Selector 7.50 

Why not try our mall order service, It's fast and efficient. We take 
Barclay, Access, Am Exp, Diners or Cheque. 
Cheques made payable to Bradley Marshall Ltd. 

PLEASE REMEMBER TO ADD VAT AT 15% + 70p P&P 
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Electronic Memo Pad 
90mm (H) x 9mm (D) about the 
same size as a cigarette case, and 
will therefore fit in the pocket or 
the handbag. Called the Biztek Pad 
it will be percolating through. the 
shops with a retail price of £69.95, 

A unique totally British designed 
electronic memo pad which can 
carry out the functions of a 
calendar, diary, address book, note 
pad and a expense account log has 
been 
launched into the UK by Domicrest 
Ltd. The unit measures 136mm (W) x 

New 
Portables(??)
The portables market is getting just 
silly, as these two pictures show. 
Top is the latest offering in this field 
from Aiwa - it's styled so that all the 
various 'components' (the tuner, 
the cassette deck, etc) look like 
separate units all just glued 
together. Actually, you can detach 
the speakers, but when they're 
attached to the unit, a special port 
is opened between them and the 
main case, which brings a passive 
radiator into play and boosts the 
bass response. Total output power 
is 28 Watts per channel (peak), and 
the thing has a built-in five-band 
graphic equaliser (readers wanting a 
proper graphic equaliser should 
turn to page 41, where they'll find 
part two of our own, 28-channel 
equaliser). Price is a cool £199.95. 
(It's the CA-70, from Ai-ee-wah UK 
Ltd, 163 Dukes Road, Western 
Avenue, London W5 OSY). 

The other of these monsters has, 
as you can see, a B & W TV as well 
as the usual tape and radio 
facilities. But won't you bump into 
people if you walk along holding the 
TV in front of you? And how strong 
do your arms 

Vital Safety 
Device 
New from B & R Electrical Products 
is the Power Breaker-S, which is a 
residual current circuit breaker 
mounted in the same body as a 
double 13A socket. Like the HI ELCB 
(Dec 1982), the device works by 
detecting any difference of more 
than 30mA between the two supply 
lines from the mains, and cutting off 
the supply before this can result

supply before this can result in 
electrocution. Why every electronics 
hobbyist doesn't protect his or her 
equipment supply with one of these 
(or a similar) device, we'll never 
know let it suffice to say that we 
very strongly recommend doing so. 
B & R Electrical Products Ltd., 
Temple Fields, Harlow, Essex CM20 
2BC. 

Another Video 
"Standard" 

RCA Corporation and Hitachi Ltd 
have announced jointly that they 
plan to introduce the Capacitance 
Electronic Disc (CED) system in the 
United Kingdom this autumn in time 
for the Christmas selling season. 
RCA will make the video disc albums 
and Hitachi will supply the players 
for the UK launch. 

Players are expected to be 
priced at under £300, and discs will 
be between £12.95 and £21.95, 
with many titles under £20. 

have to be the weight isn't 
stated in the press release? This 
beast costs £149.95 and is made 
by Heron Electronics, Heron 
House, 19 Marylebone Road, 
London NW1 5JL (confusingly, 
it's called the Ingersoll XK 500). 

There must be a whole 
generation of youth growing up 
with one arm longer than the. 
other due to carrying these 
things around when will 
manufacturers think of fitting 
wheels to them? 

ZX Music
Board
There are now two ready-made 
cased versions of the ZX81 Music 
Board (ETI April and May this year), 
one for the ZX81 which costs £24.95 
inclusive, and one for the Spectrum, 
which costs £26.95. A demonstration 
cassette is available for £1.25, from 
Petron Electronics, 1 Courtlands 
Road, Newton Abbot, South Devon 
TQ12 2JA.
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Telephone:
(0277) 230909

Telex: 995194 Ambit

200, North Service Road, BrentWood,
Essex CM14 4SG

AVAILAI3LE AT NEWSAGENTS, OR DIRECT FROM

New cats for old!
SEND US THE COVER FROM ANOTHER COMPONENT SUPPLIERS CURRENT 
CATALOGUE, PLUS A 40p STAMP, AND WE'LL SEND YOU A FREE COPY OF THE 
LA TEST (SUMMER) AMBIT CONCISE COMPONENT CATALOGUE AL TERNA TIVEL Y 

YOU CAN SIMPLY BUY A COPY FROM YOUR NEWSAGENT- OR SEND 8Op TO
THE ADDRESS BELOW
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IMPECTRON SELL SHARP
LC DISPLP'

·New Line for TV
· A slow-scan TV system currently 

undergoing field tests in prototype, will 
bring slow-scan television within reach 
of the average amateur pocket. 
Designed and built by Davtrend Limited, 
it will be introduced in late summer with 
the launch of the Model SST-1000 Slow-
Scan Receiver, which will be offered at 
the highly competitive price of less than 
£200.
· The receiver will have facilities for 

accommodating a transmitter PCB that 
will upgrade the equipment for two-way 
communications. This PCB will be 
introduced at a later date to coincide 
with the launch of the full transceiver 
system, designated as the SST-2000 
Slow-Scan Transceiver.
·System specifications will be standard: 
that is, 128 by 128 discrete picture 
elements each encoded into 16 grey 
shades to produce one picture every 8.5 
seconds. Davtrend Limited, Sanderson 
Centre, Lees Lane, Gosport, Hampshire 
PO12 3UL.

Versatile LCD Display 
A 175 x 50mm LCD display  panel, 
featuring a fully programmable 240 x 64 
dot matrix, has been introduced by 
lmpectron Ltd. The panel, 
manufactured , by Sharp of Japan, is 
designated the Model LM-24002G and 
incorporates LCD display panel, CMOS-
LSI driver circuits and interconnection 
facilities.
The new unit is capable of displaying 
graphs, diagrams or animated pictures

as well as letters, figures or symbols. 
Viewing angle is a minimum of 40°, 
whilst contrast ratio is typically 3.00 
and response speed better than 300 
milliseconds. The back of of the 
display contains ten CMOS control 
and driver chips, which ensure 
complete applications flexibility. 
lmpectron Ltd, Foundry lane, 
Horsham, West Sussex RH13 SPX. Cheap DMM 

Possibly the best value for money hand-
held DMM in the UK is available from 
the House of Instruments and hi! 
distributors.
Metex type 3000 is a 31/2 digit LCD hand 
held DMM with a basic DC accuracy of 
0.5%. It comes fully guaranteed for 12 
months complete with test leads, 
battery, spare fuse, operating manual 
and free carrying case at £29.50 
including post and packing (but exclusive 
of VAT).
There are 30 individual ranges of 1000V, 
10 amps, 20M ohms, and diode test and 
zero check functions. Zeroing, over-
range, polarity and low battery 
indication are all catered for 
automatically. Normal overload 
protection is provided as well as high 
voltage surge to approximately 3KV. 
House of Instruments, Clifton Chambers, 
62 High Street, Saffron Walden, Essex, 
CB10 1EE.

Fibre Optic Photodiode 
Video
Recorder
Head
Testers 
Two Video-Head Testers have been 
added to the Leader range of test 
equipment marketed by Thandar 
Electronics designated LHC-909V (VHS) 
and LHC-909B (Beta) the tester will 
measure the amount of wear in video 
heads. The unit costs £45.00 plus VAT, 
and for further details contact Thandar 
Electronics Limited, London Road, St 
Ives, Huntingdon, Cambs, PE17 4HJ.

New Cards Make Apples Grow 

High Voltage 
Reed Relay
A new high-voltage reed relay developed 
by Hamlin Electronics uses a vacuum reed 
switch with tungsten contacts to give an 
excellent isolation interface, with hold-off 
voltages ranging from  5kV up to 20kV

DC. The new HE5100 Series is available 
with a selection of switching voltages 
from 3.5kV DC to 17.5kV DC. Minimum 
insulation resistance is 101°0, and 
maximum initial con-tact resistance is 
0.10; coil voltages are of 5, 12, 24 and 
48V DC.Hamlin Electronics Europe 
Limited, Diss, Norfolk, IP22 3AY.

Norban Electro-Optics Limited, sole 
distributors of RCA fibre optic components 
in the United Kingdom, have launched a 
new trans-impedance pre-amplfier photo 
diode module for "second-window" fibre 
optic applications.
The RCA C30986E utilise the new Indium 
Gallium Arsenide PIN photo diode which 
has excellent responsivity  between 
900nm and 1700nm and it is ideal for use 
at the low attenuation wavelength of 
1300nm increasingly used in fibre optic 
systems.

The trans-impedance preamplifier 
employs a low-noise gallium arsenide 
FET front end and a cascode feedback 
circuit. An emitter follower stage 
been added for improved output 
coupling efficiency. Additional device 
features include a system 
bandwidth of typically 250 MHz end 
and a signal to noise ratio of typically 
22 db for a bit error rate of 10-9. 
Norban Electro-Optics Ltd., Norban 
House, Boulton Road, Reading, Berks 
RG2 0LI.

New from Hawk Electronic Test 
Equipment is a GP1B interface card 
which allows the Apple to become an 
IEEE 488 controller for test 
measurement and control. The board 
will run up to 14 separate controllable 
devices with a transmission path of up 
to 20 meters. The on-board software 
interfaces directly with basic and 
Applesoft strings, making the Apple 
into a powerful and east to use IEEE 
488 GP1B controller. The price of the 
card is £189.00 inclusive.
Also form Hawk is a 32-channel I/O 
card for the Apple, which enables 
external control and data feedback for 
the Apple, with four 8-bit bi-directional 
I/O parts, four 16-bit timers, two serial 
to parallel, parallel to serial, parallel to 
serial register and handshake 
capability. The price of £49.50 also 
includes documentation and example 
program. Hawk Electronic Test 
Equipment, Bircholt Road, Parkwood 
Industrial Estate, Maidstone, Kent 
ME15 9XT.

From Owl Micro-Communications 
comes a new multi-function 
communications interface card that 
turns the Apple microcomputer into a 
highly versatile communications 
device, with applications ranging from 
electronic mail to IBM terminal 
emulation.
The new Owl Multicom card is 
available for the Apple II plus, Apple 
IIe and Apple III computers and 
provides all the standard 
communications interfaces - a V24 
(RS232) serial interface for 
synchronous and asynchronous 
communications, a parallel printer 
interface and clock/timing functions - 
from a single slot in the Apple Card-
frame. Owl Micro-Communications, 
The Maltings, Station Road, 
Sawbridgeworth, Herts CM21 9LY.
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.BUILD YOUR OWN 

�··-�•r �z 
�·1& bit, 64 RAM 

colour computer 
Standard 
features-
• High speed 24K byte extended basic interpreter

• Powerful TMS9995 16 bit microcprocessor

• 48 bit floating point gives 11 digit accuracy

• High resolution (256 x 192) colour graphics 

• Screen memory does not use up user memory 
space

• 16 colours available on the screen together in
graphic mode

• Fast line drawing and point plotting basic 
commands

• High speed colour shape manipulation from
basic

• Full textual error messages

• String and Array size limited only by memory size

• Real time clock included in basic

• Interval timing with 10mS resolution via TIC
function

• Named load and save of basic or machine code
programs

• Auto-run available for any program

• Powerful machine code monitor

• Assembler and Disassembler included as 
standard

• Auto line numbering facility

• Full renumber command

• Simple but powerful line editor

• Buffered i/o allows you to continue executing 
the program while still printing 

• Flexible CALL statement allows linkage to 
machine code routines with up to 12 parameters

• Basic programs may contain spaces between
key words to make programs readable without 
using more memory 

• Over 34K bytes available for basic programs 

• Extended basic includes IF-THEN-ELSE

• Supports up to 16 output devices:
Screen and cassette interfaces included as
standard

• Supports bit manipulation of variables from
basic

• Error trapping to a basic routine included

• Basic supports Hexadecimal numbers

• Separate 16K video RAM for graphics

With this powerful machine (featured in Electronics Today 
International as a constructional project) you have access to highly 
advanced systems and software developed specially by MPE Ltd for the 
CORTEX. For business, education, R & D - or simply increasing your 
knowledge and understanding of computers - it beats comparably priced 
off-the-shelf machines hands down! 

STATEMENTS PRINT 
IF 

TIME RENUM MAG 
WAIT BOOT TOF 

ELSE 
ON 
GOTO 
GOSUB 
POP 
REM 
FOR 
NEXT 
ERROR 
INPUT 

SAVE GRAPH TON 
LOAD TEXT DIM 

1 UNIT MOTOR PLOT LET 
BAUD ESCAPE UNPLOT DEF 
CALL · NOESC COLOUR NEW 
DATA RANDOM CHAR END 
READ ENTER SPRITE BIT 
RESTOR LIST SHAPE CRB 
RETURN PURGE SPUT CRF 
STOP NUMBER SGET MEM 

Self assembly kit 

£295 
Ready built £395 

All prices+ VAT 
Carriage paid 

MWD : () INT POS 
BASE @ 
COMMANDS # U 

LOG CO L 

RUN FUNCTIONS ��� ��8 >: 
SIZE FNA-FNZ TIC KEY < 
CONT :, ABS SGN OPERATORS<= 
MON % ADA BIT OR <> 
DELIMITERS � ��� g�� A

LO
N

R
D � TO SIN / 

TAB I COS MEM LAND 
STEP · EXP MWD NOT ii 
THEN & FAA LEN LNOT MCH LXOR 

Optional extras 
RS232C interface kit £9.20 Ready built 
Floppy disc interface £65.50 CORTEX B-Basic machine 
Pair of 5V2" disc drives and + RS232C £410.00
hardware kit £365.00 CORTEX C-as above + disc drives £895.00 
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POWERTRAN cybernetics 
Partway Industrial Estate, Andover SP10 3NM. Tel: 0264 64455 
�------------�--�I To POWERTRAN CYBERNETICS, Partway Industrial Estate, I Andover, Hants SP10 3NM. 

I Please send me I 

I 

I 

I 

I 
I enclose cheque for ____ or charge to: 
I 

I 

1 

Name....................................................................................................................
Address.................................................................................................................
..............................................................................................................................
.............................................................................................................................. I

I Tel............................................... J 
�---------------� 

I 



A

● Mini discs are here! Advanced
Memory Services Ltd., Woodside
Technology Centre, Green Lane,
Appleton, Warrington are now selling
3" Hitachi disc drives for the BBC
micro, at £225 for the single version,
and £399 for the double.
● Jingoistic jig: apparently British
standards have been adopted for 98%
of view data and Teletext TV sets
throughout the world. But does it
make us any money? It must have
been done before, it seems such an
obvious idea — GenRad Limited,
Norreys Drive, Maidenhead, Berkshire
have produced a noise dosimeter that
can be worn in a shirt pocket.
● Jump on your micro! Crofton
Electronics, 35 Grosvenor Road,
Twickenham, Middlesex TW1 4AD
have introduced a metal case for the
BBC, at a price of £39.50 inclusive.
They intend to introduce another
version, with integral floppy disk
housing.
● Take your floppy for a walk with a
new Winchester/floppy disk exerciser
from Monitest Ltd, Highdiffe House,
411-413 Lym-ington Road, Highcliffe,
Christchurch, Dorset BH23 5EN. It's
called the AVA 103D, and is intended
as a piece of test equipment.
● A new leaflet, Power Darl-ingtons
For Semiconductor Ignition (we think
they mean for car engines) is available
from Telefunken Electronic GmbH,
Postfach 1109, D-7100, Heilbron, W.
Germany.
● Now we really are getting into
leaflet territory: PSP Electronics, Unit
2, 2 Bilton Road, Perivale, Greenford,

Middlesex UB6 7DX have issued a
leaflet on the range of connectors that
they sell.
● Greenpar Connectors, PO Box 15,
Harlow, Essex CM20 2ER have issued
a leaflet on their coaxial cables.
● Could someone please tell us why
around half the leaflets we're told
about are for connectors? This one is
from Thorn EMI Electrical Components
Ltd., Great Cambridge Road, Enfield,
Middlesex EN1 1UL, and it details
electrical connectors to BS 9522
N0001.
● Cotswold Electronics Ltd., Unit T1
Kingsville Road, Kingsditch Trading
Estate, Cheltenham GL51 9NX have
issued a leaflet on their budget range
of off-the-shelf transformers.
● A new range of Suzuki electronic
products is now available in the UK
through Craftmaster (UK) Ltd, Tower
House, Lea Valley Trading Estate,
London N18 3HR. The range includes
some rather neat jack connectors and
cables, microphones, pianos and a
personal stereo amplifier/speaker.
● Sony UK have launched their own
mag for CD users, which will be
distributed free to owners of Sony
players.
● There's something in the air — and
it could be coming from the UoSAT
satellite. A newsletter on this facility
for amateurs is available from UoSAT
Group, Dept of Electronic and
Electrical Engineering, University of
Surrey, Guildford, Surrey GU2 5XH
(large SAE required).
● Camel Products have introduced a
4K ROM/RAM unit, along similar lines

as the unit reported in Digest, January
(“High-Rise RAM''); however, this
makes it only half the capacity of the
ETI PseudoROM! Camel Products were
too modest to attach their address to
their press release, but it is One Milton
Road, Cambridge CB4 1YU.
● More jingoism: Gould Micro Power
Products Division, 11 Ash Road,
Wrexham Industrial Estate, Wrexham
LL13 9UF have been awarded a
contract from NASA worth more than
$100,000 to provide zinc-air power
packs for the Space Shuttle.
● Prentice-Hall International, 66
Wood End Lane, Hemel Hemptead,
Hertfordshire HP2 4RG have released
a booklet on the personal computing
and micro books that they publish.
● It had to come! Zemco (UK) Ltd, 66
Earlsdon Street, Coventry CV5 6EL,
have introduced a handlebar mounted
computer for cyclists — so that you
can keep a check on your speed,
average speed, etc — all for £19.95
inclusive. Incidentally, your dear Editor
saw one of these in use during the
recent London to Brighton ‘Fun Run',
but it didn't seem to help its owner go
any faster.
● Jackson Brothers have been busy
producing new capacitors, including a
nigh voltage air dielectric variable type
(the TX5), a new precision trimmer
(the MT5) and a differential sensor
capacitor that can be used to measure
angular displacements. Jackson
Brothers (London) Ltd., Kingsway,
Waddon, Croydon CR9 4DG.
● New catalogues! Electrovalue, 28 St
Judes Road, Englefield Green, Surrey

TW20 0HB will send you theirs for free,
but Bi-Pak, The Maltings, 63A High
Street, Ware, Herts SG12 9AD will take
75p plus 25p p&p off you for theirs.
● Axiom Electronics tell us that they
now hold ‘in-depth' stocks of the
MC68008, a reduced data bus version
of the 68000. Axiom Electronics
Limited, Turnpike Road, Cressex
Estate, High Wycombe, Bucks HP12
3NR.
● The latest edition of the IBA
Technical Review has landed on our
doorstep, and it contains a survey of
recent developments in Teletext. ETI
readers may obtain copies by sending
a large SAE to IBA Information Service,
Crawley Court, Winchester, Hants
S021 2QA.
● A new company has been formed
to exploit the microprocessor and
micro computing innovations at Bath
University. Called Sirius Microtech
Ltd., the company is at Ashchurch
Industrial Estate, Tewkesbury,
Gloucestershire, and it would surprise
us at ETI if this were not one of many
such companies to be formed.
● Rifa have introduced a longlife
electrolytic capacitor specifically for
use in switched mode PSUs, with low
ESR and ESL. The PEH 179 series is
available through RIFA AB, Market
Chambers, Shelton Square, Coventry.
● AB Engineering Co have issued a
catalogue of their range of tool kits for
professional engineers. AB Enginering
Co, Timber Lane, Woburn, Milton
Keynes MK17 9PL.

Shorts

So far as we know, this has got absolutely nothing to do with electronics, but we thought that it might interest you anyway. It's a 
steam car that Acheson Colloids are sponsoring in an attempt on the land speed record for steam cars (set in 1906 at 129 mph).
In case you are wondering what's happened to our caption photo, none of us here seem to have quite the same warped sense of 
humour as Peter Green who used to do them!

NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS
64K Mask ROM
· Mitsubishi Electric have been busy 

lately! Their semiconductor division is 
now mass producing its newly 
developed 64K mask ROM chip at the 
monthly rate of 100,000 units. 
Operating on a single 5V 
power source featuring low 
power consump-tion - maximum 80mA 
- it is capable of fast reading 
with a maximum access time of 
250 nanoseconds.
This new M5M2364P 64K ROM is 
totally compatible with the 64K 
EPROM, so EPROM chips used in 
experimental models may be replaced by 
the mask ROM chip without any 
modifications. It is ideally suited for 
use in personal computers, 
word processors, various peripheral 
equipment and video games.

· In line with the increasing memory 
capacities of EPROM chips, such as 128K and 
256K, Mitsubishi Electric plans to develop 
mask ROMs compatible with them, 
expanding its share of  the mark ROM 
market. Mitsubishi Electric (UK) Ltd., 
Centre Point, 103 New Oxford Street, 
London WC1A 1 EB.  
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AUDIO DESIGN

T
here is a great deal of satisfaction to be gained i .n
building something to one's own design, and finding 

. that it works as well as one had hoped, particula.rly if 
this is the sort of thing which one can do, on one's own, 
without the need for a lot of technical facilities or expen-
sive components. 

This is an advantage which we share with some of the_ 
manual crafts like pottery or carpentry, but with the. addi­
tional benefit that if we are not pleased with what we have 
done, we can take it to pieces and re-use the parts. 
Moreover, the scope of electronics is exceedingly wide, 
and this adds enormously to the interest which it will give 
to the experimenter. 

However, there is a truism in engineering that a good 
design will not necessarily cost more than a poor one, in 
materials and labour, indeed it may .sometimes cost even 
less, but will give much more satisfaction in use, and may. 
have a longer trouble-free service life. Therefore, it pays in 
electronics, as in other forms of engineering, to know ones 
materials and their strengths and weaknesses. In this part, I 
propose to have a look at the active components (bipolar 
transistors and FETs) which we are likely to wish to use, 
ana to discuss the characteristics of the passive com­
ponents (resistors,' capacitors and ind_uctors) only as and 
when we come across them in the circuit design, and 
when we need to be particularly concerned with their 
qualities in order to obtain the b�st results. 

Transistors Or ICs? 
Most of the things which we need to do in audio cir­

cuit design c�n now be done just as well by the use of in­
tegrated circuits as they can be done by any assembly of 
transistors and separate components .. Moreover, it is near-. 
ly always a lot cheaper to us� an IC, if. a suitable one is 
available, and it will also occupy a lot less space. 

Unfortunately (I say this sincerely, since I am as lazy as 
the next person, and I like my design work to.be done for 
me) there are still a few fields in which discrete compo­
nent circuitry will perform rather better than the­
equivalent ICs, or in which suitable ICs. are just not 
available. These are high voltage systems, with supply 
voltages in excess of some 45 volts, high power systems, 

. very low noise circuitry (though ICs are beginning to make 
·inroads here), and very high fidelitr systems, particularly
where these also involve low signa levels .. 

There are, indeed, some very gooa ICs of recent origin 
which are aimed specifically at the hi-fi field, and one 
would _be foolish to ignore their existence, so I will talk 

about some of these later. However, discrete component 
(resistor/transistor) circuitry is still the mainstay of audio 
electronics, so I will start with this. 

Bipolar Junction Transistors 
These, the 'transistors' of common use, are now 

almost exclusively silicon planar devices, made frorri a 
slice of mono-crystalline, very high purity silicon, 500' to' 
750 microns thick, and 75 to 100 millimetres in diameter. 
During manufacture this slice is photographically masked 
in an intricate and repetitive series of patterns across its 
face, and controlled quantities of specific impurities are' 
selectively diffused in a vacuum oven through the suc­
ceedin& mask patterns, into the slice. This gives a con-. 
struction of the type shown in cross section in Fig. 1, when 
the large slice is cut down into a thousand or more in­
dividual segments or 'dies'. 

PLASTIC
ENCAPSULATION 

METAL 'HEADER' 

Fig. 1 (a) Cross section of a die; (b) a complete small-signal transistor. 
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BASE

The object of this series is to de-mystify audio design, and show that 
even a comparative beginner can design circuits that work, and work 
well. But don't let the apparent simplicity of the approach fool you 
- there will be something here for all, including the most experienced of 
our readers.
In this first part, John Linsley Hood looks at transistors, both 
bipolar and field effect, and how to do simple yet very useful 
calculations on them.

When connections are attached to the impurity regions and 
the whole lot is encapsulated in a pea-sized piece of plastic, 
or, more expensively, mounted in a small hermetically-sealed 
metal container, this becomes the 'transistor' which is shown 
in the conventional circuit drawing of Fig. 2.
The enormous commercial success of the silicon transistor
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Fig. 2 Transistor circuit symbols - these should be all too familiar to you!
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transistor, which has now almost completely superseded the 
earlier germanium type, stems from the fact that this method 
of construction makes them very cheap to produce. I don't 
think that I am letting too many secrets out of the bag if I say 
that a large scale commercial user would probably be 
reluctant to pay more than 1 to 2p each for these devices in 
any large quantity, and even at this price it is possible for the 
manufacturer to make a living. 
Discrete junction transistors of this silicon planar type 
are, conveniently, available in NPN (positive supply line)and 
PNP (negative supply line) types, and they can be used for an 
enormous range of applications. However, the one which 
comes most readily to mind is that of a voltage amplifying 
stage of the type shown in. fig. 3(a) or (b). Of these, the 
circuit shown in 3(b) is much more predictable in its 
characteristics, and would therefore be preferred by the 
experienced circuit designer if a single transistor amplifying 
stage would be adequate for his purposes. 

(a) (b)

That last comment is, however, an important one, in that the 
performance which can be gained from the use of a group of 
transistors, acting in combination, is so much. better than that 
of a single device that there is seldom any good reason for not 
using a more complex construction.
A typical two transistor amplifying stage, using  
complementary (NPN and PNP) devices is shown in Fig. 4.This 
employs some negative feedback (much more on this topic 
later on) to improve its linearity and bandwidth, and control 
its AC stage gain. With the circuit values shown, this has a gain 
of 100, a bandwidth of 10-500kHz, an output voltage swing of 
28V p-p, and,a distortion of less than 0.01 %, as compared 
with a gain of about 40, a bandwidth of only about halt this, 
and a distortion of some 5% for the single transistor circuit.

This type of circuit can be elaborated still further as shown in 
Fig. 5, which will amplify DC as well. However, I am running 
ahead a little too fast. If we are to make use of circuits of this 
type, we must first be able to decide upon 

Fig. 5 DC amplifier (with a gain of 10) using an input iong-tailed pair, Q1 and 
Q2.

our component values and types, with the intended use in 
mind. So let us do this for the circuit of Fig. 3(b), and while 
we are at it examine why 3(b) is a better circuit than 3(a). 
All we need at this stage is a knowledge of Ohms Law, a 
little familiarity with transistor characteristics, and a pocket 
calculator! 

A typical small-signal plastic encapsulated transistor 
will have a maximum permitted dissipation of around 300 
milliwatts, a current gain of 100 to 500, which will depend 
a little on collector current and a maximum operating 
voltage in the range 20-80 volts, with 30 volts being a 
typical value. In addition, to make the transistor work, 
there will need t<;> be a forward bias voltage between the 
base and emitter of some 0:55 volts at room temperature 
(0.2 volts for a germanium device). 

So, let us choose a 30 volt supply line for Fig 3(b), and 
decide to have about 15 volts across the transistor itself. Pl
collector current of 5 mA will give a. dissipation of 7.9 

milliwatts (Pw,tts · = VI or = ILR), which is comfortably withiri 
its permitted range. This sort of collector current will also 

. giye a reasonable small signal performance. If we choose 
an emitter potential of 3 V, the required base voltage will 
be 3.55 volts, and the collector voltage will be 18 V, giving 
a voltage drop of 12 V across R3 • 

' 

From the ohms law relationships V = IR, which can be 
rearranged as R = V/1 or I = V/R, where V is in volts, I is in 
amps, and R is in ohms, we can work out that R3 should 
be 12/0.005 or 2k4 ohms. For 3 volts dropped across R4, 
this resistance, which carries virtually .the same current, 
will need to be 1/4 of this, or 600 ohms. lf we assume a 
minimum current gain for the transistor of 100, then the 
base current will be 50 uA. To make sure that this doesn't 
i'nfluence the voltage drop in the potential divider chain 
R 1 /R2 too much, let us make the currenr through this 0.5 
mA, which gives values for these resistors, calculated as 
above, of 53k/7k1, to provide a base voltage of 3.55 V. 

. �Rounding these values off to the nearest 'preferred' 
values will give R1 = 56k, R2 = 6k8, R3 = 2k7 and R4 = 

680 ohms. This will not affect the desired operating poten­
tials too much. At this sort of collector current, the input 
impedance of the transistor itself will be about 5k, giving 
an input impedance to the whole amplifier circuit of some 
2k7. (R;

0 
= 1/(1/Rl + 1/R2 + 1/R1,.)). A calculator with a 

reciprocal (1/x) function make this kind of calculation very 
easy. 

This leaves us only with the task of deciding what 
values to use for Cl, C2 and C3, which will be determined 
by the lowest frequency we want to amplify. The impe­
dance of a capacitor is given by the formula Zc = 1 /(21rfC), · 
yVhere f is the frequency, in Hz, and C is the value of 
the capacitor, in Farads. Cl and C3 should both have im-

. pedances which are a bit smaller at this frequency than the 
input impedance (2k7) and the output load impedance 
(ZL) presented to the circuit - say 1 Ok. Zc2 should be less 

Fig. 3 (a) and (b) single transistor amplifier stages. Both these employ 
feedback in the setting of the operating point, but not in the signal path 
(assuming that the source output impedance is much lower 
than the value of R1 in (a).

Fig. 4 A two stage transistor amplifier with a gain of 100.

NOTE:
Q1 IS BC182
Q2 IS BC212
ALL RESISTORS
ARE 0.25W

NOTE:
Q1 IS BC184
Q2 IS BC184
Q3 IS BC212
ALL RESISTORS
ARE 0.25W
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than ·R3/M, w"here M is the hoped-for value of stage gain � 
say x 100. Doing these calculations gives Cl - 6 u, C2 -
600 u and C3 - 1.5 u, for a lowest operating frequency of 
10 Hz. . 

The upper operating frequency will be dete�mined 
·mainly by the output stray capac.itances of the circ�it and
its ass·ociated wiring, but could be a few hundred pf. The
-3dB roint (at which the output is down to 70% of its
origina value) is that frequency at which 'Zc

s 
is eq1Jal to �3 

in parallel with ZL. The userful form1,1la here 1s. 
f, - 1/2:a-R3CS .. If CS .. 300p, ft will, be 250 kHz. 

Using the calculated resistor values shown above, we 
could swap transistors in the circuit of Fig. 3(b) with very 
little change in the DC operating conditions. How about 
Fig. 3(a)? In this case, the base c'urrent is determined by the 
collector-base voltage and the value of Rl. If, as before, 
we make Ve� ... 15V, and decide on a collector current of 
5mA, then R2 will be 3k. If we assume a current gain of 
·100, then R1 - 14.45/0.00005 = 289k. However, suppose
that the transistor current gain turned out to be .500, in­
.stead of .100, then the collector current would increase
and the collector voltage would fa.II to about 5.5 V tb
preserve the status quo. The circuit would still work, but
one wouldn't be able to get nearly as much output voltage.
· swing before it began to clip. So, although simpler, and a
bit cheaper in components, the circuit of Fig: 3(a) would
be much more influenced by transistor cha.racteristics than
that of 3(b).

Going thiough the same sort of calculations as above
gives the component values shown for the two transistor
circuits Figs. 4 and 5. A further advantage of the two tran­
sistor circuits not mentioned earlier is that the ·use of the
internal negative feedback·loop substantially increases the
input impedan·ce of the circuit, a�v� the r�ther inc<_>nv�­
nie�tly low valu�s given by the circuits ot Fig. 3, wh1ch . 1s
typically a few kilohms. · . 

· The other frequently used transistor circuit configura­
tions are the common collector (collector at zero AC
potential) also referred to as emitter follower, and the
common base, which is used mainly in RF circuits or low

· impedance,· very low noise circuit configurations. ·
These are shown in Figs. 6 and 7. Once again the emit­

ter follower unity gain circuit can be improved by the us.e
of more than one transistor, giving in a two-transistor form
the very valuable compound emitter follower arrange­
ment of Fig. 8. This has a very high input impedance,
determined mainly by the input resistor network, and a
very low output impedance, so that it can drive low im-.
pedance loads with very little !oss �f sig�al. Moreover, a� acircuit, it has a 'Very low d1stort1on indeed, and, with
suitable transistors and operating values, also very low
circuit noise, making it usable in a whole variety of low ·
signal level arrangements. All in all, the two transistor
compound emitter follower is one of the most useful of the
unity-gain circuit building bloc�s, which can be made,

' . 

with complemeritary trans'istor types, to work from either a· 
positive or a negative supply rail. 

A word of warning is necess;iry at this point. All feed­
back c.ircuits (and this includes those in Figs. 4,5,6 and 8) 
can oscillate if enough phase. shift occurs within the 
input/output feedback loop. The emitter followers of Figs. 
6 and 8 are very prone to this with suitable (though often 
unintended) combinations of lead inductance and stray 
circuit capacitance on input or output. To prevent this, it is 
useful to put a small value of resistance - a few hundred 

.ohms will often suffice, or a bit more if the circuit condi-
tions will tolerate this - in the input and output leads. This 
will not normally have any adverse effect on performance. 

Combinations of transistors can be used to make 
oscillators and other waveform generators, but the 
numbers of circuits used for this are legion, and there is in­
adequate space to disucss these here, though they do have 
a part to play in ·audio testing. 

Field Effect Transistors 
These come in two basic types, junction FETs - usual­

ly referred to as just FETs - and insulated gate FETs, nor­
mally known as MOSFETS, because of their construction 
(metal-oxide-silicon). Both types are made by much the 
same general manufacturing processes as bipolar tran­
sistors. However, they tend to be quite a bit more expen­
sive, partly because they do use rather a larger area of the 
slice, but mainly because they are not made as discrete 
transistors in such large quanitities (though very large 
numbers are made in CMOS · and NMOS ICs) and 
therefore don"'t benefit from the same economies of scale. 

· Both of these devices have a much higher input im­
pedance than · bipolar devices - usually measured in 
millions of megohms - but do not give as high a stage gain 
as junction transistors when used in equivalent circu1ts. 
Junction FETs are not much bothered by static electrical 

. charges, though some care is needed in handling 
MOSFETs.However, having said that, the only instance I 
have ever come across of them failing in haridling was 
when a colleage of mine soldered them into=-�m earthed 
circuit with a soldering ir ·on whose c�se was ·not earthed 
and floated somewhere around 120 VAC! 

The junction FET, whose circuit drawing is shown in . 
Fig. 9(a), is now almost exclusively use.cl in small signal cir­
cuitry - though Sony did produce some high power ones, 
a few years ago - with maximum working voltages in the 
range up to 50 VDC, and dissipations of a few hundred 
milliwatts. It is, however, a very linear device with a very 
high dynamic impedance. MOSFETs are ve,ry fast devices, 
capable of operating up to the 500MHz range, and, until 
comparatively recently, have been used almost exclusive­
ly as RF amplifiers. In the past few years, though, high 
power MOSFETs have come into service in audio output 

Fig. 6 A basic emitter follower. Fig. 7 Common base circuit, shown. 
as an RF amplifier.

Fig. 8 Compound emitter follower, with gain 
very close to unity and 300k input impedance.
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Fig. 9 FET circuit symbols: (a) junction FETS and (b) N-channel MOSFETs 
(P-channel would have the small arrow on the source pointing in the 
opposite direction).

Fig. 10 Single stage FET amplifier. 

The design of FET amplifier stages follows similar 
general principles to those indicated earlier in respect of 
bipolar circuit designs, but with a few significant differences, 
which we ·can consider in relation to the single. FET amplifier 
circuit of Fig. 10, and the rather better two stage circuit 
shown in Fig. 11. To begin with, the normal junction FET is 
what is referred to as a 'depletion mode device, which is to 
say that it normally passes current, which is reduced by the 
application of a bias voltage {negative in respect to an N-
channel device, and positive in respect of a P-channel one) to 
the gate electrode. This means that an input biasing network 
of the kind shown in Fig. 3 is unnecessary, and the correct 
operating conditions can be established by a resistor in the 
source lead, in an identical manner to that of cathode bias in 
the case of a thermionic valve.
The second practical difference is that, unfortunately, the 
characteristics of FETs are nowhere near as precisely

Fig. 11 (Left) Two stage FET amplifier with overall negative feedback gain will 
be 100 and input impedance will be 10 Megohms.
Fig. 12 (right) Use of a junction FET as an adjustable constant current source.

controlled as in the case of the normal bipolar junction 
transistor, which will always begin to turn on at a forward 
bias between 0.5 and 0.6 V on its base. By contrast, the 
specification quoted by Motorola for their 2N5457 N-
channel small signal junction FET, which is quite a popular 
and representative type of device, merely claims a current, at 
zero bias, somewhere in the range 1 to 5 mA, a slope (gm) 
which lies between 1 and 5 mA/volt, and a cut-off 
negative gate voltage between -0.5 and -6 volts. Happi-ly 
these are extreme limit values quoted so that the users 
won't throw too many of their FETs back at them as being 
'outside spec'. Nevertheless, although a typical 2N5457 
might have a cut-off voltage of -2 to -3 V and a zero bias 
drain current of 2 mA. 

In the case of the circuit shown in Fig. 10, the very low 
input leakage current means that we could make R, 10 M, 
which lets us use a relatively small and cheap input 
capacitor, while still having a good LF response. For a 
drain current of 1 mA, a source bias resistor of 1 K will 
give an effective negative gate bias voltage of 1 V, and a 
10K drain resistor will give (at 20V positive supply and 1mA 
drain current) a drain voltage of +10V. Unfortunately, this 
doesn't give a very good stage gain. The simple formula for 
stage gain, where one knows the device gm, is Gain = gmRL. is 
still 10K, then the gain is 10 for a slope of 1mA/volt.

To retain the FET advantage of a very high input 
impedance, while still having a useful stage gain, coupled with 
the ability to use the stage with normal load impedances, we 
need to use a two stage circuit such as that shown in Fig. 11. 
In this, by using a very high current gain (C grade) transistor 
for Q2, and remembering that the input impedance of a 
transistor amplifier stage depends at LF on its base current, 
which becomes less as the current gain B increases, we can 
operate the FET at a low drain current, and a fairly high 
resistor for R2. By making R2 and R4 of the same value, the 
voltage drop across both, due to the drain current {0.55_/27k 
-20 uA) will be 0.55 V, and the output DC voltage, at Q2
collector will be about + 11 V, with the FET having, say, -1.5 V
effective gate bias. As in the circuit shown in Fig. 4, the gain is
controlled by negative feedback to a value of 100; and the
circuit will have a good output swing, very low distortion, and
a wide bandwidth. This circuit is also quite tolerate of FET
characteristics, in that variations in cut-off voltage will only
make smallish changes in the DC output level.

To summarise, apart from their very much higher input 
impedance, and their low intrinsic distortion characteristics, 
FETs tend to offer rather better noise levels in high 
impedance circuitry than bipolar devices, but for very low 
impedance circuits, as would be used, for example, in a 
moving coil head amp, even the best of the FETs are less good 
than suitably chosen bipolar types. At low impedances 
MOSFETs tend to be rather noisy. One very useful facility of 
the junction FET is its capability of being used as a 'two 
terminal' constant current source, as shown in Fig. 10. The 
ability of the source current flowing through the adjustable 
source resistor to bias the device to a drain current level 
which is almost completely independent of drain voltage, 
within its possi-ble working limits, makes an almost ideal 
arrangement for giving a constant, though adjustable, current 
source which is usable right up to the maximum gate-source 
voltage of the FET. This could be used to provide an almost 
perfect 'fail' for the long-tailed pair circuit (Q1 and Q2 in Fig. 
5).

In the next part of this series, I propose to have a look, at 
ICs, and some of the circuit configurations which can be used 
with these in the audio field, before going on to look in rather 
greater detail at some of the problems such as noise and 
distortion and other unwanted effects.

stages, where their fast response and good linearity has 
conferred useful advantages. On the debit side, they do need 
more careful treatment in circuit design (mainly because 
their very high speed makes wiring inductances and circuit 
capacitances important where they are not even noticed in 
normal power transistor output stages) if troubles are to be 
avoided, which is why there are still relatively few power 
MOSFET audio amps in general use.

FEATURE

NOTE:
Q1 IS 2N5457
or 2N4302

NOTE:
Q1 IS 2N5457, 
2N4302 or BF245
Q" IS BC214C



Have you got our FREE ORANGE CATALOGUE yet?
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It's packed with details of all our KITS plus large range
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etc. We also stock VERO and Antex products as well

as books from Texas Instruments, Babani and Elektor.
ALL AT VERY COMPETITIVE PRICES.
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HOME LIGHTING KITS 
TheN kite contain ... necnUI y component• and full 
inatrue1k)n1 • .,. dM19,-d to teplke • 1tanct.,d .,,.,.u 
Nrilch Ind control up lo 300w. of ligtlting. 

.:-e::�.�
1:·�o�-. 

TD300K TO<Jchd;mmor £7,00 
� 

TOEIK ���.:,�:=IV£ 2.00 
LD300k Rotary Controlled 

Dimmer £3.50 /0 

Thie New Remote Control Kit enables you to 
control up to 18  different appliances any­
where In the houaa from the comfort of your 
armchair. The transmitter Injects coded 
pulHI into the mains wiring which are 
received by receiver modulN connected to 
the aame mains supply and uaad to ewltch on 
the appliance addreaed. Receivers are 
addrNled by means of 1 18-way keyboard, 
followed by an on or off command. Since 
pushing button, can become rather boring, 
the transmitter also includN a computer 
interface so you can programme your favour, 
ite micro to ewitch llghte, heating, electric 
blanket. make your coffee in the morning, 
etc., without rewiring your houee. • JUST 
'THINK OF THE POSSIBILITIES. The KIT 
i�ludN all PCBa and components for one 
tranemitter and two receivers, plus a drilled 
box for the tranemitter. 
0.- • XK112. £42.00 

Addltlonal Recleven XK111 £10.00 

ELECTRONIC LOCK KIT XK101 
Thie KIT contains a purpose designed lock IC, 
10-way keyboard, PCBs and all componenll 
to construct a Digital Lock, requiring a 4-key 
sequence to open and providing over 5000 
different combination,. The open eequence 
may be easily changed by means of 8 pre­
wired plug. Size: 7 x 6 x 3 ems. Supply: 5V 19 
15 V d.c. at 40uA. Ouput: 750mA, max. 
Hundreds of uses for doors and ga_rages, car 
anti-theft device, electronic equipment, etc. 
Will .drive moll relays direct. Full instructions 

MINI KITS 
Mlt1-1\IIIE 
�AT 
u ... LM3911 IC to NnN tempera· 
ture (ao-t m•x.) and triec to lwitch 
hMtor. 1KW f.4 ... 
Mlt2--1Wey 
�':�;,' �c��� m:O°r:.· I��'! 

isolated with zero voltage twitchin
&; 

��
ou

�v 
a. 

fr:i� :.::n�t yd=�:: 
ber or 1inel• dot Ideal for thef'mo­
mater1, lev•I indicators, etc. May be 
stacked to obtain 20 to 100 element 
diapleya. Requirn 5-20V 1uppty. 
Wl4l'IIOPOll'TIONA f.4.IO 
-1\IIIE COfffllOU.EII 
8ned on the SU41 aro vottege , 
switch, thia kit may be wired to form 
, .. bu,st fire"' power controller, 
enabling the tempe;aw,e of 1n en­
cloeure to be maintained to within 
O.S'C. Max. load 'J/1.W a.Ill 
---
Baaed on the l.N103tE Timer IC thia 
kit will twitch• meint toid On (or off) 
for a pr .... time from 20 mina. to 35 
hra. Longe, or ahorter periods may 
'be rNfiNd by minor companent 
chongn. Mox. load 1KW.fA.IO 

n 3-NOTE DOOR CHIME n
Balld on the SAB0800 IC the kit is supplied with all 
components, including loudspeaker, printed circuit 
boord. • pre-drilled box 195 x 71 x 35mml and full 
instructions. Requiras only a PP3 ':IV battery and push­
awitch to complete. AN )DEAL P ROJECT FOR 
BEGINNERS. Order as XK102 £&.00 

XK113 MW RADIO KIT 
Balld on ZN414 IC, kit includel PCB, wound aerial and 
crystal earpiece end ell components to make a oensitive 
miniature radio. Size: 5.5 x 2,7 x �ms. Requiras PP3 
':IV battery. IDEAL FOR BEGINNERS. £&.00 

COMPONENT ACKS 
PACK 1 660 Resistors 47 ohm to 10 Mohm - 10 per 

value £4.00 
PACK 2 40 x 18V Electrolytic Capacitors 10,.F to 

1000,.F - 5 per value £3.211 
PACK 3 80 Polyeetlf Capacitors 0.01 to 1µF/250V -

5 per value £11.1111 
PACK 4 45 Sub-miniature Presets 100 ohm to.1 Mohm 

- 5 per value £2.IO 
PACK 6 30 low Profile IC Sockets B, 14 and 16 -pin 

-10 ofeacht2.40 
PACK I 25 Red LEDi 15mm die.I rt.211 

DVM/UL TRA SENSmVE 
THERMOMETER KIT 

This new dnign is bated on 

� 
the ICL7128 la lower power 
version of the ICL7106 chip) Eil!IJ and a 31/z digit Hquid crystel 
display. "This kit will form the 
basis of a digital multimeter 
(only a few addrtional reli1tor1 and twitches 
are required-details supplied), or a aensitive 
digital thermometer (-WC to + 1 SO-C) 
reading to O. 1-C. The basic kjt hH a 
sensitivity of 200mV for a full scale reading, 
automatic polarity indication and an ultra 
low power requirement-9iving a 2 yNr 
typieel battery life from a standard 9V PP3 
when used 8 hours a day, 7 dtys I weet. 

Price £15.50 

DISCO LIGHTING KITS 

��s
1

::.for-money kit fea .
.. tures I bi·directional se­

Quence. speed of sequence 
and frequenc.· of directtOn 
change, being var.able by means of Polen· 
tiometers and incorpc�ates a maste, dim· 
ming control. 

£14.IO 
DLZ100K 
A lower cosl version of the above. fNturing 
undirectionll channel MQUenC:e with speed 
variable by means of a Prl·Mt pot. Outputs 
switched only 11 mains zero crossing points 
to reduce radio interference to a minimum. 
Optional opto mput DLA 1 Only D.OI 
-ngoudKJ l"l>Nt"I - !;ght 
""'""''"· IOp 
DL3000K 
This 3 chennel sound to light kit features 
zero voltage switching, automatic level con· 
trol and built in mic. No connecttons 10 
speaker Of amp required. No knobs to adjust 
- simpay connect to mains suPS>'Y and 
lomps. (1Kwchonnell Only£11.96 

·oPEN-SESAME·
The XK 103 is a general purpose infra-red trans­
mitter/receiver with one momentary Cnormalty 
openl relay contact and two latched transistor 
output. Designed primarily for controlling 
motorised garage doora and two 1uxillary out-

t�-�:��t�:Oi!:i��!:s
a

'::tr:;&,:. 
in the home for switchi"9 lights. tv, cla.ing 
curtains, etc. kklal for aged or disabled 

��'K��omprisea a mains J)OW9r9d receiver, 1 
four button transmitter, complete with pre-­
drilled box, requiring a 9V battery and one 
opto-isolated solid state switch kit for inter­
facing the receiver to· mains appliances. Aa 
with all our kits, full instructions are supplied. 

ONLY£23.75 

supplied. 
ONLY£10.50 

Eleclric ·locli mechanism for UM with latch 
locb and above kit 

£13.50 

Hfranges including DC voltage 1200 inv-1000v) and 
AC vol1age, DC current 1200 mA-10AJ and resist­
ance 10-2 Ml + NPN & PNP transistor gain 'and 
diode check. Input impedance 10M. Size 155 x 

REMOTE CONTROL KITS 
Mltl-.£1-RED� 
Pulsed infra red source complete with hand-held.plastic boX. Requires a 9V battery. 
MK7-REORECEIVER 

f.4.20 

Single chan�. range approx. 20ft. Mains powered with a triac output to switch loads up to 50f1'N 
���RB>�

C500K-Special Price for MK6and MK7 together tlZ.IO 

88; 3
1

1":,';;� i��tu�:;' PP3 9V battery. £29.00 

THE MUL Tl-PURPOSE TIMER HAS ARRIVED. 
Now you can run your centre! heating, 'lighting, hi-fi system and lots 
more with just one programmable timer. At your selection it is 
designed to control four mains outputs independently, twitching on 
and off at pre-set timea O't'er a 7 day cycle, e.g. to control your central 
heating (including different �itching times for weekends). just 
connect it to your system progr.amffl8 and set it and forget it-the 
clock will do the rest.. 
FEATURES INCLUDE:-
• o.s· LED 12 hour d;oploy. 
• Dey of WNk., am/pm and output status Indicators. 
• 4 zero voltage twftched mains outputs. 
• 50l80Hz maiftl operation. 
• 8atteJy backup aavw atored programmn and continun 
. time kloping during - follurN. {B11t1ry not ouppHed). 

• Oieptay blanking during pcwrer failure to con...-ve battery power. 
• 1lprogrammetirMNCa. 
• Powarful ·evervdrf· function enabling output 

to IWitc:h every drf but UH only.on.-t1m·e Mt. 
• UNful "'aleep· function-tume on output for one hour. 
• Dil'9Ct IWitc:h.control enabling output to be turned on 

immediatety or after a apedfled time interval. 
• 20 function lcoypod for p,ogro.mmuntry. 
• ProQranun. veriflcetion at the touch of a button. 

(Kit lncludn all components, PCB, aSMmbly 
and programming IMtructlons). ORDER AS CT5000 
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'o make a coded transmitter and3.'
: 
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��:, �g.�::f a to generate 16 different codes for decoding by the ML928 or ML.921 roceiver{MK12lkit. ff.40 .,, ,._.... + ,.......,_o1, .. _ 
Based on ML922 decoder IC. Function, include on/standby output, 109911, control of volume, =;:,���des its own mains supply. !12.00 
For uH with MKS kit with 18 on/off outputs, which with further interface circuitry, such a, relays or triacs, will switch up to 16 items of equipment on or off remotety. Latched or momentary out-
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Mlt11MeiM,-IIT-
Main1 powered for continuous operation - single channel, for application, such as bu

tf
lar 

::.;-
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;�l:=�
nera, etc. Range approx. 6 ft. IO 

For UH with MK& or MK16. Relay output with DP 3 Amp chan
\.

e-over contacts, may be used n 
��3,=:�

eceiv.er. Operates from 13Vd.c. 
. 

a.It 
Similar to MKB but with range of approx. 60ft. tl.20 
_..,Kite: Mlt2 8olld -!Wey 
Opto-isolated with tefO voltage switching. No. triac supplied. a.eo 
•11 DUAL LA n:ttED 80UD STAT£ IIELA Y ' 
CompriMI 2 x solid state relays and latch for use with momentary 

· version of the P:1K12. 2 output triac. requ·ired (not 1up�iedl. 14.50 

24 HOUR CLOCK/ APPLIANCE TIMER KIT 
Switches any appliance up to 1kW 
on and off at preHnt times once per 
day. Kit contains: AY-5-1230 IC, . 
0.5 "' LEO display, mains supply, 
display drivers, switches, LEDi, 
tri1c1, PCB, end full instructions. 

CT1 OOOK Basic Kit ........................................ ...... t14.IO 
CT1000K with white box (561131 x 71mm) . ...... t17.40 
(Ready Bullti ....•..............•.....•.............. , ...........••. f:22.IO 

Add 55p postage & packing +15% VAT to total. 
Overaaae Customers; 

Add £2.60 (Europe), £8.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 

Goods by return subject to availability. 

OPEN 9am to 5pmlMon to Fri) 
10am to m 1Sat) 



COMPUTER WAREHOUSE
THE ALADDIN'S` can OF CO i A "

HARD DISK DRIVES
Fully refurbished Diablo/DRE Series 30 2.5 mb hard
disk drive for DEC RKO5, NOVA, TEXAS etc.

Front load £550.00 - Top load £295.00
PSU type ME3029 for 2 drives £125.00

DRE 44A/4000A/B 10 mb 5+5 all configurations from
£995.00. Call sales office for details.

5 AMP MAINS FILTERS
Cure those unnerving hang ups and data glitches
caused by mains interference. Matchbox size - Up to 5
amp 240 v load. As recommended by the ZX81 news-
letter. Suppression Devices SD5A £5.95.

COOLING PAPE
Keep your hot parts C OL and ELIABLE
with our range of BRAND NEW professional
cooling fans
ETRI 99XU01 Dim. 92 x 92 x 25 mm.
Miniature 240 v equipment fan complete with
finger guard £9.95.
COULD JB-3AR Dim. 3" x 3" x 2.5" compact
very quiet running 240 v operation. NEW £8.95
BUHLER 69.11.22. 8-16 v DC micro
miniature reversible fan. Uses a brushless
servo motor for extremely high air flow,
almost silent running and guaranteed 10,000
hr life. Measures only 62 x 62 x 22 mm.
Current cost £32.00. OUR PRICE ONLY
£12.95 complete with data.
MUFFIN -CENTAUR standard 4" x 4" x 1.25"
fan supplied tested EX EQUIPMENT 240 vat
£6.25 or 110 vat £4.95 or BRAND NEW 240v
at £10.50. 1000's of other fans Ex Stock.
Call for Details Post & Packing on all fans £1.60

DISTEL
The UK's FIRST free of charge, 24 hr. public
access data base. Get information on 1000's
of stock items and order via your computer

and credit card. On line now, 300 baud.
CCITT tones, full duplex, fully interactive.

7 Ws per
DON'T MISS THOSE BARGAINS

CALL NOW, IT'S

0141831133week"hm

COMPUTER 'CAB'
All in one quality computer
cabinet with integral switched
mode PSU, Mains filtering, and twin fan cooling.
Originally made for the famous DEC POPS computer
system costing thousands of pounds. Made to run 24
hours per day the PSU is fully screened and will deliver a
massive +5v DC at 17 amps, +15v DC at 1 amp and -15v
DC at 5 amps. The complete unit is fully enclosed with
removable top lid, filtering, trip switch, 'Power' and 'Run'
LEDs mounted on Ali front panel, rear cable entries, etc
etc. Units are in good but used condition -.supplied for
240v operation complete with full circuit and tech. man.
Give your system that professional finish for only
£49.95 + Carr. Dim. 19" wide 16" deep 10.5" high.
Useable area 16"w 10.5"h 11.5"d.
Also available LESS PSU with internal dim. 19"w, 16"cl,
10.5"h, £19.95". Carriage & insurance £9.50.

8" FLOPPY DISK DRIVES
IlitUnbelievable value the DRE 7100 8" floppy disk drives

'
utilise the finest technology to give you 100% bus
compatibility with most drives available today. The only
difference being our PRICE and the superb manufactur-
ing quality!! The 7100 single sided and 7200 double sided
drive accept hard or soft sectoring IBM or ANSI standard

formats giving a massive 0.8 MB (7100) 1.6 MB (7200) of storage. Absolutely
SHUGART, BASF, SIEMANS etc. compatible. Supplied BRAND NEW with user
manual and full 90 day warranty. Carriage and insurance £9.75.
7100 Single sided £225.00 + Carr.7200 Double sided £295.00 + Carr.
Optional accessories: Full technical manual £20.00 alone. £10.50 with drive. Refund
of difference on drive purchase. DC and AC power connector and cable kit £8.45. 50
way IDC connector £5.50. 50 way ribbon cable £3.20 per metre.

SUPER DEAL? NO - SUPER STEAL!!
The FABULOUS 25CPS TEC Starwriter

Daisy wheel printer at a fraction of its original cost.
BRAND NEW AT

ONLY E499+ VATA

Made to the very highest
the TEC Starwrlter

FP1500.25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb registration and
print quality. Micro-
processor electronics
offer full DIABLE/QUME
compatibility plus Bi
directional printing, 10 or 12 pitch, 136
or 163 chars per line, full width 381 mm
friction or single sheet paper, - order now or call sales office for more
Information and print sample. Please specify RS232 or CENTRONICS interface.
Supplied complete with FREE dust cover and daisy wheel.
Optional extras RS232 data cable £10.00 -Tech manual £7.50. Carriage & Ins (UK)
£12.50.- Tractor feed option Et 20.00

RECHARGEABLE BATTERIES
CYC LON type D001 sealed lead acid
maintenance free 2v 2.5 ah. will deliver over
300 amps on short circuit!! Brand new at
only E2.95
SAFT VR2C size 'C' 1.2v 2 ah. nickel

cadmium EI.50 each 10 forEf /.50

DATA MODEMS
Join the communications revolution with our
range of EX TELECOM data modems Made to
most stringent spec and designed to operate
for 24 hrs per day. Units are made to the
CCITT tone spec With RS232 i/o levels via
a 25 way 'D' skt. Units are sold in a tested
and working condition with data Permission
may be required for connection to PO lines.
MODEM 13A compact, async, same size as
telephone base. Up to 300 baud, full duplex
over 2 wires, but call mode only £75.00
MODEM 2B/C Fully fledged, up to 300 baud
async, ANSWER & CALL modes, auto answer,
auto switching, ideal networks etc Just 2 wire
connection to comms line. £85.00
MODEM 20-1 Compact unit for use with
PRESTEL or full duplex 2 wire link. 75 baud
transmit - 1200 baud receive. Auto answer.
£130.00
MODEM 20-2 same as 20-1 but 75 baud
receive 1200 baud transmit £130.00
MODEM 20-3 Made for data rates up to 1200
baud in full duplex mode over 4 wire circuit or
half duplex mode over 2 wires. £130.00
Carriage. 13A £4.50.29/C & 20 £9.50.

For more details contact sales office

rer O

t7'

TELETYPE AS1133
I/O TERMINALS lark '"FROM £195VAT
Fully fledged industry standard ASR33 data
terminal. 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. Supplied in
good condition and in working order
Options: Floor stands 12.50 + VAT
KSR33 with 20ma loop interface£/25.00 +

Sound proof enclosure E25500 +VAT

SOFTY 2
The amazing SOFTY 2. The complete "toolkit"
for the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
of the 2516,2532 variety. Many otherfeatures
include keyboard, UHF modulator. Cassette
interfaceetc Functions exceed capabilities of
units costing 7 times the price! Only
£169.00 pp £1.95 Data sheet on request

D C., POWER SUPPLY SPECIALS
Experimentora PSU' Ex-GPO unit all silicon electronics. Outputs give +5v @ 2 amps.
+12v@ 800 ma -12v@ 800 ma +24v@ 350 ma. 5v@ 50 ma.floating.Dim 160 x 120 x
350 mm. All outputs fully regulated and short circuit proof. Removed from working
equipment, but untested. Complete with circuit. Transformer guaranteed. Only
£14.50 +£2.50 pp.
CUSTOM POWER C055 5v @ 3 amp.Very compact unit dim. approx60 x90 x190 mm.
Semi open chassis, full crowbar overvoltage protection. Tested Ex Equipment.
£11.95 + pp £1.25
MINI SYSTEM PSU Ex equipment unit ideal for the small micro. Outputs give 5v @
3 amps. +12v @ 1 amp and -12v @ 300 ma. Crowbar overvoltage protection and
current limit. Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuit only El 2.95
+ £2.00 pp.
PERIPHERAL SYSTEM SUPPLY. Fully cased unit supplied in a Brand new or little
used condition Outputs give 5v @ 11 amps, "+" 15-17v @ 8 amps 15-17v @ 8 amps
and "+" 24v @ 4 amps All outputs are crowbar protected and the 5 volt output is fully
regulated. Fan cooled Supplied tested, with circuitE55.00 + £&50 can.
MAIN FRAME SUPPLY. A real beefy unit designed for MINI or MAINFRAME use
Outputs give 5 volts @ 50 amps. +12v @ 5 amps -12v @ 10 amps All output are fully
regulated with crowbar overvoltage protection on the 5v output Supplied with circuit

and tested Ex-Equip.110v AC input Only £49.95 + can-. £10.50.

66% DISCOUNT
ELECTRONIC
COMPONENTS
& EQUIPMENT

Due to our massive bulk purchasing programme which enables us to bring you the
best possible bargains, we have thousands of la's, Transistors, Relays, Cap's, P.C.B.'s,
Sub -assemblies, Switches, etc etc surlplus 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 play plus we always
include something from our ads for unbeatable value!! Sold by weight

2.5klsE425 + pp £1.25 5kIsE5.90 + pp £1.80
1 Oki:3E10.25 + pp £2.25 20kIsE/7.50 + pp £4.75

ALL PRICES PLUS VAT

VIDEO
MONITORS

MOTOROLA 9" open chassis monitor.
Standard 240 v AC with composite 75 ohm
video input, bandwidth in excess of 18 mhz.
Monitors are ex equipment and although
unguaranteed they are all tested prior to
despatch, and have no visible bums on the
screens Dim approx 9" x 9" x 9". Supplied
complete with mains and input lead. Ideal
ZX81 etc or giving the tele back to the
family!! Black and white phosphor. £35.00
+ £9.00 Carr.
12" CASED. Made by the British KGM Co.
Designed for continuous use as a data
display station, unit is totally housed in an
attractive brushed aluminium case with ON -
OFF, BRIGHTNESS and CONTRAST
controls mounted to one side. Much
attention was given to construction and
reliability of this unit with features such as,
internal transformer isolated regulated DC
supply, all components mounted on two
fibre glass PCB boards -which hinge out for
ease of service, many internal controls for
linearity etc. The monitor accepts standard
75 ohm composite video signal via S0239
socket on rear panel Bandwidth of the unit
is estimated around 20 Mhz and will display
most high def graphics and 132 x 24 lines
Units are secondhand and may have screen
burns. However where burns exist they are
only apparent when monitor is switched off.
Although unguaranteed all monitors are
tested prior to despatch. Dimensions
approx 14" high x 14" wide by 11" deep.
Supplied complete with circuit 240 volt AC
operation. ONLY E45.00 PLUS E9.50 CARR.
14" COLOUR superb chassis monitor made
by a subsidiary of the HITACHI Co. Inputs
are TTL RGB with separate sync. and will
plug direct into the BBC micro etc
Exceptional bandwidth with good 80 col.
definition. Brand new and guaranteed.
Complete with full data & circuit 240 v AC
working. Dim. 14" x 13" x 13".
ONLY E199.00 PLUS £9.50 CARR.

SEMICONDUCTOR
`GRAB BAGS'

Mixed Semis amazing value contents
include transistors, digital, linear, la's triacs
diodes, bridge recs., etc etc. All devices
guaranteed brand new full spec with manu-
facturer's markings, fully guaranteed,
50+52.911100+55.M
TTL 74 Series A gigantic purchase of an
"across the board range of 74 TTL series
la's enables us to offer 100+ mixed
"mostly TTL" grab bags at a price which two
or three chips in the bag would nnormally
cost to buy. Fully guaranteed all la's full
spec 100+56.90 200+512.30 200+519.50

OLIVETTI(
TE300
REDUCED TO CLEAN
Complete input output terminal with integral8
hole paper tape punch and reader. Unit
operates at 150 baud in standard ASCII. Ideal
as a cheap printer for a MICRO etc 120
columns, Serial data i/o. Supplied complete
with data, untested, unguaranteed04.00
+£11.50 can.

Allpricesquotedarefor U.K Mainland, paid cash with orderin Pounds Stirling PLUSVAT.Minimumordervalue£200,MinimumCredit
Card orderEl0.00. Minimum BONA Fl DE account ordersfrom Government depts, Schools, Universities and established companies

£20.00 Where post and packing not indicated please ADD 80p + VAT Warehouse open Mon -Fri 9.30 - 5.30. Sat 10.15 - 5.30.
We reserve the right to change prices and -specifications without notice. Trade, Bulk and Export enquiries welcome.

rl rr Tr) rr 64-66 Melfort Road, Thornton Heath, Near Croydon, Surrey
-C. 11-1.- I I\ it 111-D- 01.689 7702 -01.689 6800 Telex 27924
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7 NICAD
BATTERY

NICAD CHARGER/ 
REGENERATOR
Nickel-cadmium cells are becoming 
increasingly popular as replacements for 
conventional dry batteries in a wide 
range of equipment. Properly used, 
they can give an enormous cost saving 
over the life of the equipment, but if 
misused, tend to fail early. 

Since Ni-cads have a tendency to 
self-discharge over a few months, they 
have to be charged regularly. 
Furthermore, to avoid the 
inconvenience of a flat battery, they are 
often "topped up" with charge even 
when far from discharged. This leads 
to an effect known as 
whiskering, where fine deposits of 
cadmium build up, which can partially 
short-circuit the cell, as well as 
reducing the active electrode size. This 
leads to a loss of capacity; a 500mAh cell 
may be reduced to 300mAh after a year 
of light service and frequent charges.

It has been found that "cycling" Ni-cads 
can return them to an almost-new 
condition. This process involves 
discharging the battery hard (at the 1 
hour rate, e.g. 500mA for a 500mAh 
battery), until it reaches the minimum 
safe voltage - Ni-cads can be easily 
damaged by over-discharging. A full 
charge at the 10 hour rate follows. This 
rather rough treatment disintegrates the 
whiskers of cadmium, and the full charge 
redeposits the metal on the electrodes. 
However, cycling Ni-cads "by hand" is 
a risky business, since they can easily be 
damaged.

The ETI Ni-Caddy was designed to 
cycle Ni-cads correctly and easily. It 
uses a minimum of components, and has 
two "programs": cycle and charge.

Operating the unit is very 
straightforward: the Ni-Cad is 
connected to it, and the appropriate 
button for the required program

Many a Ni-Cad charger has graced these pages in the past; the Ni-
Caddy is a bit different, in that it will regenerate the battery 
automatically for you. Design and development by Mike Punnett.

HOW IT WORKS
The power supply section is quite 
straightforward, using a very simple 
voltage regulator. Vcc is not critical, but 
the reference voltage, Vref, must be 
stable, even though the precise voltage is 
not important. With a separate 
regulating transistor (Q1) the circuit 
shown is quite adequate. The two 
reference levels (the points at which 
discharge and charge respectively 
terminate) are derived by RV1 and RV2. 

IC1 is a dual comparator which has a 
number of advantages over similar 
units, including single-rail operation, 
the ability to accept inputs at near-
ground potential, very low offset, and 
open-collector outputs. In the circuit, 
the output of IC1a goes low to indicate 
that the battery has reached minimum 
voltage, and that of IC1 b goes low when 
maximum voltage is reached. 

IC2 is wired as two flip-flops, one for 
discharging (IC2a,b) and one for charging 
(IC2c,d). Pressing "Cycle" sets the 
discharge flip-flop and clears the charge 
flip-flop (via 02). When the battery 
reaches minimum voltage, or "Charge" is 
pressed, the discharge flip-flop is 
cleared and the charge flip-flop is set. 
The battery reaching full charge clears the 
charge flip-flop but does not set the 
discharge flip-flop. The status LEDs are 
driven directly by the two flip-flops, 
which also drive the output stage. The 
latter consists of a discharge circuit - 
when Q4 is turned on, the battery 
discharges through R11 - and a constant 
current circuit consisting of QJ and its 
ancillary components, which is turned on 
by an active-low signal (when IC2 pin 11 is 
high, QJ is driven fully off and passes no 
current).

Fig. 1 Circuit diagram.

PROJECT
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voltage cells ohms/watts  ohms/watt

2 10 210/1 4.7/2 
4 8.2 160/0.5 10/4 

6 5.1 100/0.5 13/7 

8 3.6 68/0.25 18/10 

battery which is known to be in full 
working order; at this stage the circuit 
should perform as described above, 
except that it will not turn off after 
charging. The charging current can be 
checked; it should be 0.1 of the cell 
capacity (e.g. about 50mA for 500mAh 
(AA) batteries). The test battery is then 
left on charge for a long period - 20 
hours, if flat. This guarantees that it 
stabilises at full charge voltage. Since 
the charging is constant-current, there 
is no risk of damaging the battery by 
charging for too long. At this point, 
VR2 can be slowly turned down until 
the circuit just switches off, and the 
setting re-checked. The unit is now 
completed.

Modifications 
The circuit was originally 

designed for AA size (500mAh) 
Ni-Cads, since these are the most 
widely used, but it can easily be 
adapted for other sizes by changing 
R9 and R10. These are calculated from 
the quoted values simply by reducing 
the resistance and increasing the 
wattage in proportion to the capacity; 
so for a 1 Ah six-cell battery, R9  
would be 50R 1W and R10, 6R 15W. 
(The values do not have to be 
absolutely exact, of course). For cells 
over 1 Ah capacity, it is best to 
upgrade Q3 and Q4; since the circuit 
will be on for long periods it is 
advisable to rate components 
generously, especially heat sinks. 
Replacing Q3/Q4 with BD132/BD131 
respectively, mounted off the PCB on 
a suitable heat sink, will enable the

Nothing to cause any problems here. 
PCB through PCB service page, case a 
la carte (to choice), semiconductors 
all readily available -when was the 
last time we published such a 
trouble-free project? 

PARTS LIST 

2k2 
10k 
1k2 
See text 
10k multi-turn 
preset pot 

RESISTORS (all 1/4W 5% unless stated
R1,7,8
R2,3,6 
R4,5 

R9,10 
VR1,2 

CAPACITORS
C1 1000u 4-0V PCB 

mounting 
electrolytic 

Cl 100u 25V PCB 
mounting 
electrolytic 

C3,4 220n.,polyester 

SEMICONDUCTORS 
IC1 LM3J9 
IC2 40118 
Q1 BC108 
Q2 BD131 
QJ. 2N�905 (but see 

text) 
Q4 2N305J (but see 

D1 
text) 
18V 400mW Zener 

D2 1N4148 or similar 
DJ 400mW Zener (see 

Table 1) 
LED1,2 Any 0.125" LED 
BR1 W02 or similar 

bridge rectifier 

MISCELLANEOUS 
PB1,2 Min tush-to-make 

switc es 
SW1 Tw.o-rle mains

sw1tc 
FS1 1A mains fuse and 

holder 
T1 Mains transformer; 

15V 1A secondary 
(but see text) 

Two 14-pin OIL sockets, case to suit, 
battery connectors, heatsinks as 
required _(see text)._

unit to cope with cells up to about 4 
Ah. As a rough guide, allow 1 Watt 
dissipation per Ah cell capacity when 
choosing heat sinks.
Remember that the heat sink on Q1 
may need upgrading also. Allow a 
dissipation of 1.2 W per Ah cell 
capacity. 

pressed. Cycle mode discharges the 
battery to its minimum safe voltage, 
and then switches to charge mode, in 
which the unit functions as a constant-
current charger, automatically turning 
off when the battery reaches full 
charge. If the Ni-Cad is already below 
its minimum safe voltage when 
connected up, the unit will 
automatically enter charge mode, 
overriding the switches, which are re-
enabled when the battery rises above 
minimum safe voltage.

Construction 
Construction of the unit is quite 

straightforward, either on the PCB or 
Veroboard. Sockets are recommended 
for the ICs, particularly IC2 which is a 
CMOS device. Do not forget the three 
wire links on the PCB. 

Table 1 gives component values 
for AA size (500mAh) cells (see later 
for details of use with other battery 
sizes). The circuit will work with 
batteries of up to eight cells. 
Remember that R11 will get hot, 
since the battery is discharged 
through this. For power ratings over 
4W, this component should be 
mounted off the board, preferably 
outside the box, to aid heat 
dissipation. Some of the transistors 
are fitted with heat sinks; Q1 has an 
aluminium heatsink (see overlay), Q3 
and Q4 have pusj fit TO5 heat sinks.

Testing and Calibration 
Check the voltages across C3 and C4. 
Both should be in the range 1·6.5 - 
17.4 V. If not, the power supply 
section should be investigated. The 
precise values do not matter, since 
the calibration will allow for some 
variability. 

If the power supply is working 
properly, the unit can be calibrated. 
RV1 is set to the minimum safe 
voltage for the battery; this is 1 .1 V 
per cell (4.4V for a four cell battery).

An accurate, high resistance 
voltmeter connected to pin 8 of IC1 
will enable the voltage to be checked. 
RV2 (full charge voltage) must be set 
rather more accurately, since the step 
in voltage which a Ni-Cad exhibits as it 
reaches full charge is quite small. The 
best method is to set the voltage too 
high at first; about 1.7 V per cell on 
IC1 pin 11 is adequate. The operation 
of the unit is then checked with a

BUYLINES

PROJECT
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THE POWERFET
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THE POWERFET SPECIALISTS

pantechnic
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Dept ETI/9 148 Quarry Street, Liverpool L25 6HQ
mem,. cei 428 8485

Technical enquiries
Phil Rontlnot 01 .81X16667
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pantechnio 

OEM USERS 
Pantechnlc present the most adaptable high powered amplifier ever. 

FET SYSTEM AMP 
Features: 
e HIGH POWER. 1.2KW (single ended). 
e LOW VOLUME. 1/15 Cubic foot Inc. Heat Sink. 
• VERSATILE. Delivers more than 1 KW into Y1 to 8 ohms. 
OR 2 x 600W into 2 to a.n 
OR 4 x 300W Into 2 to 4 n (200W Into n 

S 1 xsoow into 210 an 
OR 

1
1 x 300W into 2 to4Sl 
1 x 150W lnto4tosn 

Etc. Etc. 
Having been closely Involved In a wide variety of OEM appllcatlons of 
their amp boards, Pantechnic became aware of numerous Imple­
mentation problems often left untackled by other amp board menu· 
lecturers. These problemnpeclflcally of size and thermal efficiency 
�came particularly aggravated at high powers and considerably 
lengthened OEM product development time. 
Bylncludingthermaldeslgnlnthe totalityofboarddeslgnithasbeen 
possible to reduce the size of the electronics, and increase the · 
efficiency of the transistor to heatsklnk thermal circuit The com­
bined effect of this has been to dramatically Increase the volumetric 
efficiency of the amplifier/heatslnk assembly. The SYSTEM Amp 
offers 1.2KW of power In a space of 102mm x 102mm x 77mm, 
excluding PSU and Fan. 
The basis of this considerable aavance is the PANTECH 74 Heat 
Exchanger, newly designed and manufactufed by us. By 
eliminating the laminar airflowfound in conventional, extruded heat 
sinks, heat transfer to the environment is greatly enhanced 
The flexibility of the 1.2 KW amp stems from Its division into 4 poten· 
tially separate amplifiers of 300W each (down rateable with cost sav­
ings to 150W.) These can be paralleled, Increasing currentcapablllty 
or serlesed (bridged In pairs) doubllng voltage capability. In conse­
quence a large variety of amplifier/load strategies can be imple­
mented. 
As ever Pantechnlc offer a full range of customising options includ­
ing DC coupling, ultra high slew etc. Contact Phil Rimmer on 01·800 
6867 with your particular application problem. 
P.S. Specs, as ever, are exemplary. 

Mod•I 
•PFA 100 
•PFA 200
PFA/HV 

OT.HER POWERFET AMftLIFIER MODULES 
Price Rllnga l)yft-loeda, NGIN 
20.e& 
27.35 
ae.04 

(RmaJ 
50·150W 

100-300W 
200-300W 

PhyaieeUy small (32 X 78 X 

1 08mm) 
4 "• 5.11 High wa tts/£ ratio 
4 ,S11.1&n 5dBdynamicheadroom 

Or1vea 70V fine direct. 
·PFA500 42.00 250-600W 2.n,4n,8.n 2.5Aconloutpu tcurrenl 

82.50 mounted on type 74 Heat E,cchanger (aae below). 
*The P,ower output of these amplifiers can be increased by approx 
15%with no diminution In quality by adding PSU102(£7 .81)to your 
existing power supply. 

Some Other Product. le Components 
Type 74 Heat Exchanger. Dissipates 300 W (1.2KW fan cooled) 
£7.50 
2 5 A  400PIV Bridge Reel £2.1 7 

1 O,OOOuF 80v electrolytic with clip £4. 75 
PAN20 Pre-amplifier module. Very low noise and distortion £7 .81 
PAX2/ 2 4  2 Way active crossover (specify frequency) 1!10.1 O 
PSU103 Powers 2 x PAN20 + 2 x PAX2/24 £8.91 . 
PAN 13 97 20y,J power amp. (LOW TH D) £5.04 
PSU101 Powers 2 x PAN1397 £3.43 
Transformer for above £4.30 (Inc. postage) 

Nom .VAC 
40-0·40 
45-0·<15 
50-0·50 
70·0-70 

TOROIDAL TRANSFORMERS 
with special tow flux windings 

160VA 225VA 300VA 500VA 625VA 750VA 
10.43 12.00 13,04 

12.00 13.04 HI.IHI 
111. H 111.84 22.00 
111.H 

(for PFA/HV) 
Transformer prices Include 1)981age. A sk for leaflet "Choosing a Transformer.• 
Carriage 75p:Add VAT at 1596 to all prices. 
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*Gold service available.
21 days manufacture for urgent
deliveries

. The to'roidal transformer is now accepted as the stan;dard in 
inaustry, 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.LP., 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. 

. *Orders deepatched 
within 7 days of 
receipt for single or 
sm.all quantity orders. 

*S year no quibble
guarantee.

TYPE 
SER1ES SECONDARY RMS 

PIIICE TYPE SERIES SECONDARY RMS 
PRICE TYPE SERIES SECONDARY RMS 

PRICE 
No Volts Current No Volta Cur,ent No Volts Current 

t-\��\ t-\t�' 
t-\��\ 120VA 4x010 6+6 10.00 300VA 7'013 15+15 10.00 

90x 40mm 4x011 9+9 6.66 110x 50mm 7x014 18+18 8.33 
15VA Ox010 6+6 1.25 1.2Kg 4x012 12+12 5.00 2.6Kg 7x015 22+22 6.82 

62 x 34mm Ox011 9+9 /,.o.83 Regulation 4x013 15+15 4.00 
£7.42 Regu1a11on 7x016 25+25 6,00 

£10.88 0.35Kg Ox012 12+12 0.63 
£5.12 

11% 4x0.U 18+18 3.33 6% 7x017 30+30 5.00 
Regulallon Ox013 15+15 0.50 4x015 22+22 2.72 +p&p£1.72 7x018 35+35 4.28 +p&p£2.05 

19% Ox014 18+18 0.42 + p& p£0.78 4x016 25+25 2.40 +VAT£1.37 7x026 40+40 3.75 + VATl:1.94 
Ox015 22+22 0.34 +VAT£0.89 4x017 30+30 2.00 TOTAL£10.51 7x025 45+45 3.33 TOTAL £14 .,87 
Ox016 25+25 0.30 TOJAL£6.79 4x018 . 35+35 . 1.71 7x033 50+50 3.00 
Ox0\7 30+30 0.25 4x028 110 1.09 7x028 110 2.72 

(encased in ABS plastic) 
4x029 220 0.54 7x029 220 1.36 
4x030 240 0.50 7x030 240 1.25 

30VA 1x010 6+6 2.50 
SOOvA 70 x 30mm 1x011 9+9 1.66 

£5.49
160VA 5x011 9+9 8.89 8x016 25+25 10.00 

0.45Kg .lx012 12+12 1.25 110x 40mm 5x012 12+12 6.66 140 x60mm 8•017 30+30 8.33 
Regulation 1"013 15+15 1.00 +p&p£1.10 1.8Kg Sx013 15+15 5.33 4Kg 8x018 35+35 7.14 

£14.38 18'!4> 1x014 18.+18 0.83 +VATl:0.99 . Regulation 5x014 18+18 4.44 
£8.43 

Regu!ation 8x026 40+40 8.25 
1x015 22+22 0.68 TOTAL£7.58 8% 5x015 22+22 3.63 4% 8x025 45+45 5.55 + p&p£2.40 
1x016 25+25 o.60 5x016 25+25 3.20 +p&p£1.72 8x033 50+50 5.00 +V ... T£2.52, 
1x017 30+30 0.50 5x017 30+30 2.66 + VAT£1.52 8x042 55+55 4.54 TOTAL£19.30 

5x018 35+35 2.28 TOTAL£11.67 8x028 110 4.54 
SOVA 2x010 6+6 4.16 5x026 40+40 2.00 8x029 220 2.27 

. 80 x 35mm 2x011 9+9 2.77 5x028 · 110 1.45 8x030 240 2.08 
0.9Kg 2x012 ·12+12 2.08 5x029 220 0.72 

Re9ula1ion 2x013 1.5+15 1.66 
£6.13 

Sx030 240 0.66 
13'!b 2.x014 18+18 1.38 

625VA 2x015 22+22 1.13 + p& p£1.35 9x017 30+30 10.41 
2x016 25+25 1.00 + VAT£1.12 140 x 75mm 9x018 35+35 8.92 
2x017 30+30 0.83 TOTAL!:8.60 225VA 6x012 12+12 9.38 5K9 9x026 40+40 7.81 

£17.122x028 l10 0.45 110x 45mm 6x013 15+15 7.50 Regulation 9x025 45+45 6.94 
2.x029 · 220 0.22 2.2Kg 6x01,4 18+18 6.25 4% 9x033 50+50 6.25 + p&p£2.55 
2>030 240 0.20 Regufalion 6x015 22+22 5.11 

£9.81 
9x042 55+55 5.68 +VAT£2.95 

7% 6x01'6 25+25 4.50 9x028· 110 5.68 TOTAL,£2262 
SOVA 3x010 '6+6 6.64 6x017 30+30 3.75 + p&pl:2.05 9x029 220 2.84 

90x30mm 3x011 9+9 4.44 6x018 35+35 3.21 +VAT£1.78 9x030 240 2.60 
1Kg 3x012 12+12 3.33 

£6.66 
6x026 · 40+40 2.81 TOTAL £13.64 

RegulaCion 3x013 15+15 2.66 6x025 45+45 2.50 
t2% 3x014 . 18+18 2.22 + p&p£1.72 

::m 
50+50 2.25 

3x015 22+22 1.81 + VAT£1.26 110 2.04 
ALSO AVAILABLE 3x016 25+25 1.60 TOTAL£9.64 6x029 220 1.02 

3x017 30+30 1.33 6x03b 240 0.93 Sizes up to and including 5KVA are 
3x028 .110 0.72 manufactured to order. 3x029 220 0.36 
3x030 ,'240 0.33 

The be111fi1s af ILP toroidai lransformers 
ILP toroidal transfOl'rners are only half lhe weight and height of their laminated 

equivalents. a� are available with 110V. 220Vor 240V primaries coded as follows: 

For mall order please make your c�ossed cheques or postal 
orders payable to I LP Electronics Ltd. Barclaycard/Access_ 
welcome. Trade orders standard terms. 

IMPORTANT: Regulation - All wllages quoted an FUll lOAO. Please add regulatlcn llgure 10 secondary 

@ 
Post 10. tLP Electronics lid, Graham Bell �ouse. Rgper Close. 

vClbgl ID aotain all 1111d vellagt. C.lnle<bury CT2 7EP. Kent. Er,gland. 

For 110V.primary insert "o·: in place of "X" in type number. 
Telephone (0227154778: Telel< 965780. 

For 220V primary (Europe) insert ''t" in place of "X .. in type number. (a d1VJSioool 
For 240V prima[Y (UK) msert "2" in place ol "X" in type number. ILP Becirooocs Udl 

Also available at Elec_trovalua,Maplin,Technomatic and·Barrie Electronics. TRANSFORMERS 

LOW COST PROFESSIONAL TEST INSTRUMENTS 

Write or phone for illustrated test 
instrument catalogue and price list 
Black Star Ltd. 
9A, Crown StrHt 
St. Ives, Huntingdon 

Cambs. PE17 4EB 
Tai: (0480) 62440 Telex 32339 



RC PRECHARGE

P/N IN

R/W IN

RMW IN

R/W OUT

RAS ENABLE IN

RAS OUT

GND

UCC

RC CAS LO

REFRESH IN

START IN

RC RAH

ROW/COL OUT

CAS HOLD

CRS OUT

7 RAG OUT

e 0/00/ 0 !' /c)`' 04 ..x 4,s

.v /05 8 GND
9 CAS OUT

H H 11 L H t L

H L H L H t L

H H L L H t L

10 CAS HOLD IN

IC UPDATE
Here are some more new ICs this month - ones that we do 
know you can buy!

7 4LS608 Memory Cycle 
Controller
• Provides correct timing for memory cycles
- read cycle
- write cycle
- read-modify;write. cycle.
-"RAS"-only refresh cycle
• Page or normal modes
• Stand alone controller for CPU-to-memory interface
• Also designed to be part of a three-chip set consisting
of LS600 through LS603, LS604 through LS607, and LS608
• RAS output is 3-state to share bus with LS600
• Critical times are user RC-programmable to optimise 
system performance 

The LS608 memory cycle controller is designed to 
interface between a microprocessor and dynamic 
RAM memories. It contains six RS latches, five D-type flip-
flops, and more than 50 miscellaneous gates on a 
single chip. The LS608 combines maximum flexibility 
and ease of programming via RC nodes to allow 
optimum memory cycle performance. 

After the user has selected and attached RC networks 
to pins 1, 12 and 15, the LS608 will deliver proper 
RAS, CAS, and READ/WRITE output signals to execute 
one memory cycle as the start input is switched from 
low to high. The actual cycle executed will depend _upon 
steady state input conditions of the LS608 as indicated 
in the table below. 

MEMORY CYCLE 

READ 
WRITE 
REA[).MODIFY-WRITE 
READ 

MODE 

PAGE 

WRITE NORMAL 
READ-MODIFY-WRITE 
REFRESH 
EXTERNAL REFRESH 

REFRESH 

INPUT CONDITIONS 

L H H L H t L 
L L H L H t L 
L H L L H t L 

L 
H 

H 
H 

t H 
L 

H • High; L • Low; • - lrrelvant; t • low-to-high transition 

Absolute Maximum Ratings
Supply voltage, Vcc
Input voltage 
Off state output voltage 
Operating free-air temperature range

7V 
7V 

5.5V 
0°C to 70°C 

PIN PIN NAME 

TOP VIEW 

Fig. 1 Pin out of the 74LS608. 

Pin Function Table 
FUNCTIONAl DESCRIPTION 

f RC PRECHARGE User-programmable timin..&_!!lode for 
precharge/'cAs high and RAS high). 

2 P/N IN 

3 R/W IN 

.4 lWW IN 

5 R/w OUT 

When low, allows a normal read or write 
cycle. When high allo�age mode read 
or write cycle. Holds RAS continuously low 
while CAS and column addresses are 
sequenced. 
When high, initiates a read cycle (holds 
R/W OUT high) and. when low, initiates a 
write cycle (holds R/W OUT low) if pin 4 
is high and pin 14 is low. 
When low, enables read-modify-write cycle. 
R/W IN must be high at the start of the 
RMW cycle. 
When high, indicates a read cycle is in pro­
gress. When low, indicates a write cycle is 
in progress. Normally ties to a W memory 
input in a system. 

6 RAS ENABLE IN When low, enables RAS output. When 
high, m is in the high-impedance or third 
state. 
3-state row-address-strobe output controlled 
by RAS ENABLE IN. In the three-chip con­
troller set the lti3 output of the 'LS608 ties 
to the m output of the refresh controller 
(LS600 through LS603).
Device and substrate ground.
Column-address-strobe output. 
When low, allows as to latch in low state. 
When high, latch is removed. Can be used 
to improve data retrieval during read cycle. 

11 ROWlcoI. (or · Drives memory address multiplexer select
MEMBSY) OUT input, and indicates BUSY condition to 

12 RC RAH 

13 START IN 

14 REFRESH IN 
15 RCCASLO 

processor. . 
User-programmable timing mode• for row 
address hold time (high level at ROWta5i: 
oun. 

When changed from low to high, initiates a 
memory cycle. 
When high, enables RAS-only refresh cycle. 
User-programmable timing mode• for col­
umn address strobe low time. 

16 Va: 5-volt power supply terminal.
• All timing modes require a resistor to Va: and a capacitor to ground Pro­
grammed time is approximately 0.29 RC.

FEATURE



START_171
RAS EN

CRS

ROW/COL

CRS HOLD

r--1 r-1

r-1 L_J
HICH
HI:

RC RAH
(PIN 12)

RC CAS LO
(PIN 15)

4 11.

RC PRECHARGE
(PIN I)

STRPT

RAS

CAS

ROW/COL

R/WOUT
1

tPHL

tPHL

STPRT

CRS

ROW/COL

R/VV IN

R/W OUT

1.
tPHL

TPLH

START -F-1

CRS

ROW/COL

RMW

tPHL

tPHL

Fig. 2 Normal read mode. 
Note that the read-modify-write cycle requires that R/W 
should go low at a suitable time after CAS (depending on the 
memory used). This cycle can be aborted (no write) by taking 
RMW high to terminate it, as shown in Fig. 5.

Fig. 3 Normal write mode. Fig. 5 Normal read-modify-write with abort after read. 

Switching Characteristics (see waveforms for more detail) Vcc - 5V, T A = 250c, CL = 45 pf to GND 

PARAMETER

t,..l 

t,.,. 11 I 
t,,..(21 
l,u, (1) 
t,..l(2) 
t,.,.(1 I 
t... 

1-(2) 
1-,.131 
1-
t,.,.14) 
t,.,. 
1-u(SJ
� 
t.n 
l,.a 

l,u 

FROM
(INPUT) 

START I 
START I 
START I 
START I 
START I 
START I 

CAS HOLD! 
START I 
START I 

RIVI/ I 
R/wT 

mW! 
RMWf 

RAS ENl
it43ENI 
RAS ENI 
it43ENI 

TO
(OUTPUT) 

RAS 
RAS 
00 
m 

Rfw 
R/W
7"R

ROW/COL 
ROW/COL 

R1w 
R/w 
m 

ROW/COL 
RAS 
RAS 
m 

RAS 

TEST CONDITIONS MODE

NORMAL READ 

RL - 667 R to V cc

NORMAL WRITE 

R, - 2 kO to Vee 

NORMAL READ 

R4L - 667 R to Vee NORMAL RMW 

Rl - 667 R to GND
RL - 667 .R to Vee NORMAL READ RL - 667 R to GND 
RL - 667 R to Vee

TYP UNIT

12 ns 
425 ns 
140 ns 
405 ns 
115 ns 
440 ns 
10 ns 

125 ns 
670 ns 
14 ns 

355 ns 
40 ns 
120 ns 
15 ns 
17 ns 
10 ns 
17 ns 

NOTE: Measurement point for all t,..z output pulses is 2.9 V. Measurement point for all t,u output pulses is 0.8 V. All other measurement 
points �re 1.3 V. 
(1) Depends on RC network at pin 12 (2k0, 180 pf used for testing) and the RC network at pin 15 (SkO, 180 pf).
(2) Depends on RC network at pin 12 (2k0, 180 pf).
(3) Depends on RC network an pin 12 (2k, 180 pf), pin 15 (SkO 180 pf7, and pin 1 (SkO, 180 pf).
(4) Depends on RC network at pin 1 S (SkO, 180 pf).
(SJ Depends on RC network at pin 1 (SkO, 180 pf7.

Fig. 4 Normal read-modify-write mode. 

NOTE: TAKING RAS EN HIGH TAKES RAS TO HIGH IMPEDANCE STATE AS INDICATED

FEATURE



ROW/COL

FROM
PROCESSOR

ADDRESS
BUS

REFRESH
ADDRESS
COUNTER

SEL

18 TO 8

OE

TO MEMORY
DEVICES
AO -A7

TOP N 14
74L5608

HIGH FOR
REFRESH.
LOW FOR
READ/WRITE

DISABLE DISABLE

IN4 D4 S4 *IV S3 D3 IN3 IN4 D4 54 4-Ucc 53 D3 IN3

8

INI DI SI Up -VEE S2 D2 IN2 INI DI SI Vp -VEE 52 D2 IN2

TOP VIEW TOP VIEW

DISABLE

IN4 D4 S4 *VEE S3 D3 IN3 IN4 D4 54 .VEc NC 53 D3 IN3

2 11 10 9 I6 15 14 13 12 11 10 9

'NI DI Si Vp -VEE S2 D2 IN2

TOP VIEW

INI DI SI -VEE VR

TOP VIEW

IN4 D4 S4 +Vcc NC S3 D3 IN3

S2 D2 IN2

INI DI 51 UR 52 D2 IN2

TOP VIEW

Recommend Operating Conditions MIN NOM MAX UNIT

Supply Voltage, V, 4.75 5 5.25 V
High-level output current, ROW/COL -0.4
lo -2.6 mA

All others -1.2
Low-level output current, ROWS 8

IOL All others 24

RIW, RAO, PR or
Set up time, t,p REFRESH to START 20

nS
CAS HOLD to CAS 20

Hold time, tp 0 nS

RC, RAH 0.1 2 co
External timing resistor, RC t LO, RC
Rem PRECHARGE 1 6

Operating free -air temperature, TA 0 70 °C

Fig. 6 Typical circuit for use with 64K by 1 DRAMs; for refresh, pin 14 is taken high, pin 13 is pulsed high, and refresh address is placed on the 
memory devices address pins.

LF13331/2/3, LF13201/2 Quad
Analogue Switches 

Fig. 7 Pin outs: LF1331 is four normally open switches with disable; 
LF13333 is two normally closed and two normally open with disable; 
LF13201/2 are as LF13331/2 but without disable.

These devices are a monolithic combination of bipolar and 
JFET technology producing the industry's first one chip quad 
JFET switch. A unique circuit technique is emoloved to 
maintain a constant resistance over the analog voltage range 
of ± 10V. The input is designed to operate from minimum TTL 
levels, a�d switch operation also ensures a break-before-
make action.
These devices operate from ± 15V supplies and swing a ± 10V 
analog signal. The JFET switches are designed for applications 
where a DC to medium frequency analog signal needs to be 
controlled. 

General Information 
"ON" resistance are essentially independent of 

analog voltage or analog current. The leakage currents 
are typically less than 1nA at 250C and less than 100nA 
at 125°C in both the "OFF" and "ON" switch states and 
introduce negligible errors in most applications. Each switch 
is controlled by minimum TTL logic levels at its input and is 
designed to turn "OFF" faster than it will turn "ON". This 
prevents two analogue sources from being transiently 
connected together during switching. 

Because these analogue switches are JFET rather than 
CMOS, they do not require special handling.

Logic Input 
The logic input (IN}, of each switch, is referenced to two 
forward diode drops (1.4V at 25° C} from the 
reference supply (YR} which makes it compatible with 
DTL, RTL, and TTL logic families. For normal operation, the 
logic "O" voltage can range from 0.8V to -4.0V with respect 
to VR and the logic "1" voltage can range from 2.0V to 
6.0V with respect to VR, provided Vin is not greater than (Vcc 
- 2.5V). If the input voltage is greater than Vcc - 2.5V,
the input current will increase. If the input voltage exceeds
6.0V or -4.0V with respect to VR, a resistor in series with
the inputs should be used to limit the input current to less
than 100 µA.

Analog Voltage 
Each switch has a constant "ON" resistance (Ron) for 
analog voltages from (Vee + 5V) to (Vcc - 5V). For analog 

FEATURE



-1-Vcc

VIN

1VDISRBLE
=IV

voltages greater than (Vee - SV), the switch will remain 
ON independent of the logic input voltage. For analog 
voltages less than (Vu + SV), the ON resistance of the 
switch will increase. Although the switch will not operate 
normally when the analog voltage is out of the previously 
mentioned range, the source voltage can go to either 
Nu + 36V) or (Vee + 6V), whichever is more positive, and 
can go as negative as Yee without destruction. The drain 
cor voltage can also go to either (VEE + 36V) or (Vee + 6V), 
whichever is more positive, and can go as negative as (Vee 

� 36V) without destruction. 

Analog Current 
With the source (5) positive with respect to the drain 

(D), the Roo is constant for low analog currents, but will in­
crease at higher currents (>S mA) when the FET enters the 

· saturation region. However, if the drain is positive with
respect to the source and a small analog current loss at

Fig. 8 Use of the disable node. 

PARAMETER 

"ON" Resistance 

"ON" Resistance Matching 
Analog Range 
Logical "1" Input Voltage 
Logical "0" Input Voltage 
Delay Time "ON'� 
Delay Time, "OFF" 
Break-Before-Make Time 
Source Capacitance 
Drain Capacitance 

CONDITIONS 

VA -. 0, 10 � 1 mA 

Vs - ±lOV 
Vs=±lOV 
Vs• ±lOV 
Switch "OFF," Vs • ± 10V 
Switch "OFF," V0 = ± 10V 

high analog currents is tolerable, a low RoN can be main­
tained for analo� currents greater than 5 mA at 25°C. 

Power Supplies 
The voltage between the positive supply (Vccl and

either the negative supply (VEE) or the reference supply NR)
can be as much as 36V. To accommodate variations in in­
put logic reference voltages, VR can range from VEE to Nee 

- 4.SV). Care should be taken to ensure that the power
supply leads for the device never become reversed in
polarity or that the device is never inadvertently installed­
backwards in a test socket . If one of these conditions oc­
curs, the supplies would zener an internal diode to an
unlimited current, and result in a destroyed device .. 

Disable Node 
This node can be used, as shown in Fig. 8, to turn all 

the switches in the unit off independent of logic inputs. 
Normally, the node floats freely at an internal diode drop 
( =0.7V) above VR. When the external transistor in Fig. 8 is 
saturated, the node is pulled very close to VR and the unit 
is disabled. Typically, the current from the node will .be 
less than 1 mA. 

Absolute Maximum Ratings 
Positive Supply - Negative Supply Nee - VeEl 36V 
Reference Voltage VEE < VR <Vee 
Logic Input Voltage 

Analog Voltage . 

Analog Current 
VEE <VA �Vee +6V; VA Yee.+ )�Y· 

ltAl<20 mA 
· Power Dissipation (Note 1)
· Moulded DIP (N Suffix)

Cavity DIP (D Suffix)
Operating Temperature Range

TA - 25°C
TA"'! 25°C
TA= 25°C
TA• 25°C
TA = 25°C

MIN 

±10 
2.0 

TYP 

150 
200 
10 

±11 

500 
90 
80 
4.0 
3.0 

MAX 

250 
350 
so 

0.8 

SOOmW 
900mW 

0°C to +7 0°C 

UNITS 

0 

O· 

0 

V 
V 
V 
ns 
ns 
ns 
pF 
pF 

Active Source and Drain
Capacitance 

"OFF" Isolation 
Crosstalk 

Switch "ON," Vs - V0 • OV

(Note 3} TA • 25°C
TA - 25°C
TA = 25°C
TA = 25°C

5.0 pF 
-so dB 

Analog Slew Rate 
Disable Current 

Negative Supply Current 

Reference Supply Current 

Positive Supply Current 

(Note 3) 
(Note 4) 
(Note 5) 

All Switches "OFF," Vs • ± 10V 
All Switches "OFF," Vs - ±lOV 

All Switches "OFF," V5 • ± 1 OV 

T, - 25°C 

TA - 25°C

-65
50 
0.6 
0.9 
4.3 

2.7 

7.0 

dB 
V/µs 

1.5 mA 
2.3 mA 
7.0 mA 

mA 
5.0 mA 

mA 
9.0 mA 

mA 

Note 1: For operating at high temperature the molded DIP products must be rated based on a +1000C maximum junction
temperature and a thermal  resistance of + 1500C maximum junction temperature and are rated at + 1000C/W.
Note 2: Unless otherwise specified, VCC = +15V, VEE = -15V, VR = 0V, and limits apply; -250C TA +850C for the LF13331,
2, 3 and the LF13201,2.
Note 3: These parameters are limited by the pin capacitance of the package.
Note 4: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates.
Note 5: All switches in the device are turned "OFF" by saturating a transistor at the disable diode as shown in Fig. 8. The 
delay times will be approximately equal to the ton or toff plus the delay introduced by the external transistor.

FEATURE



• 

• • • •

• • • • • •

Friday November 25th

Saturday November 26th

Sunday November 27th

Improved venue 

10am -6pm

10am -6pm

10am -4pm

We have transferred Breadboard to Cunard International Exhibition Centre, so that we can offer improved facilities 
to the visitor, including car parking and ease of access by rail, tube and car, all in a modem attractive setting. 
We have also arranged a reduced hotel/rail fare package to a,ttract enthusiasts from all parts of the country. 

Planned features include 
1. Full range of lectures planned over 3 days to cover most aspects of electronics and computing.
2. Electronics/Computing Advice Centre - manned by experts.
3. Demonstration of electronic organs and synthesisers.
4. Holography presentation.
5. Practical Demonstration on "How to produce printed circuit boards".
6. Computer Corner - extensive display of computer hardware - "Try Befpre You Buy".
7. Amateur radio Action Centre.
8. Computer controlled model railway competition.
9. Pick of the Projects - Demonstration of the best from ELECTRONICS TODAY INTERNATIONAL,

HOBBY ELECTRONICS and ELECTRONICS DIGEST over the past ten years.
10. Giant T.V. screen video games.
11. Robotic display.

Why not bring the family to the show and enjoy a weekend in 
London? We have arranged a complete hotel package for our visitors 
to the exhibition. All inclusive rail tickets also available. Send now for 
details of what we, the organisers, can offer you.

Write to: Breadboard '83 
ASP Exhibitions 
145 Charing Cross Road 
London WC2H OEE 



BEGINNERS GUIDES 
D Beginner's Gulde to Basic Programming Steph�ns�n 
D Beginner's Guide to Digital Electronics 
D Beginner's Guide to Electronics 
D Beginner's Guide to Integrated Circuits 
D Beginner's Guide to Computers 
D Beginner's Guide to _Microprocessors 

COOKBOOKS 
D Master IC Coo-kbook Hallmarl< 
D Microprocessor Cookbook M. Hordeski 
D IC Op Amp Cookbook Jung 
D Pll Synthesiser Cookbook H. Kinley 
D Active Filter Cookbook Lancaster 
D TV Typewriter Cookbook Lancaster 
D CMOS Cookbook Lancaster 
D TTL Cookbook Lancaster 
D Micro Cookbook Vol. 1 Lancaster 
D BASIC Cookbook K. Tracton 
O MC6809 Cookbook C. Warren 

ELECTRONICS 

O Principles of Transistor Circuits Amos 
O Design of Active Filters with experiments Berlin 
O 49 Easy to Build Electronic Projects .Brown 
o Electronic Devices & Circuit Theory Boylestad 
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UNIVERSAL EPROM
PROGRAMMER

To use our Universal EPROM programmer, you've got to have 
the software to drive it. Mike Bedford fills us in on what's 
needed. 
The logical choice of programming 
language for a software package which 
is required to perform critical 
timing .and which contains large 
frequently repeated loops, is 
assembler. On the other hand, the 
obvious choice of language for a 
package which is intended to run on a 
variety of different personal computers 
is BASIC. The software presented here 
is a compromise between the two: a 
BASIC program which performs the 1/0 
but which calls an assembler 
subroutine for the time critical or 
time consuming tasks.
The assembler routine starts at address 
1C00, but this may need to be 
relocated in order to fit in with the 
memory map of some systems. If this 
routine is relocated, the variable MC on 
line 290 of the BASIC program will have 
to be changed to the decimal start 
address of the routine. Another 
portion of the BASIC program which 
may require tailoring to a particular 
system is line 310. The variable PA on 
this line contains the start 
address of the EPROM programmer 
hardware as selected by the links on 
the board. This address should also be 
updated in the assembler subroutine 
on line 23 which equates IC9PIA to the 
start address.
Microtan 65 BASIC uses the 
statement I = USR(X) to call a machine 
code subroutine, having first POKE'd 
the low order byte of the M/C address 
to 34 and having POKE'd the high order 
byte to 35. This is done on lines 
4040-4060, 5030-5050, 6040-6060 and 
7040-7060 of the BASIC program 
and may require modification on 
other machines.
Finally, the programming timing loop in 
the assembler routine assumes a 
processor clock frequency of the 
750KHz as used on the Microtan. The 
value loaded into register Y on line 143 
of the routine will have to be modified

stamped addressed envelope (or 
international reply coupon) to the ETI 
office -please mark the outer envelope 
"PROGRAMMER 
LISTING". Most users will find it 
easiest to enter the hex code 
directly. 

Once the program and 
subroutine have been entered and 
recorded on cassette, it will be 
worthwhile investing some time 
carefully checking through the 
program. It is quite possible that a 
mistake may cause more than the 
appearance of the all too familiar 
SYNTAX ERROR on the screen: an error 
in the software could easily 
turn an EPROM programmer into an 
EPROM destroyer! 

accordingly for other clock speeds (use 
hexadecimal 27 for 1 MHz). 

As far as entering the program is 
concerned, the main BASIC 
program is rather long and it would be 
advisable to enter it in relatively small 
portions, saving it after the 
addition of each new section. This 
suggestion is made for two reasons: 
firstly it is difficult to concentrate for 
sufficiently long to enter the whole 
program at once without making 
errors; and, secondly it would be 
extremely frustrating if the computer 
were to crash for some reason after 
having typed in over 200 lines of code! 

The assembler listing is rather long, 
and will only be of interest to readers 
wishing to modify the 
software. For this reason we haven't 
reproduced it here, but a copy may be 
obtained by sending a large 

Sample Run 
On page 39 is a reproduction of 

ICOO 4C 4C IC 00 00 OU 00 00 (:)0 00 00 00 00 JC JC JC 
ICIO JC JC JC 34 34 34 18 18 18 10 10 18 12 10 12 JC 
IC20 JC 3C 34 34 3C 3C 3C 3C 08 08 08 05 25 08 22 00 
IC30 22 01 01 01 01 01 08 02 08 02 06 06 06 06 06 05 
IC40 06 05 06 01 01 01 01 01 00 01 00 01 20 87 10 AD 
IC50 OB IC C9 02 DO 03 4C BC IC A9 30 80 25 BC A9 00 
IC60 80 24 BC A9 34 80 25 BC AE OC IC BO OD IC 80 23

IC70 BC A9.00 80 20. BC A9 JC 8D  25 BC BO 16 IC 80 26 
IC80 BC 20 9C ID 20 62 ID DO 03 4C 13  ID 20 17 ID AD 
IC90 25 BC 49 08 80 25 BC 20 9C ID AD 24 BC 80 OA IC 
ICAO A2 OU AC OB IC FO 10 JO 07 C9 FF FO BB 4c·13 ID 
ICBO Cl 3� FO B4 4C 13 ID 81 35 4C 68 IC A9 30 80 25 
ICCO BC A9 FF 80 24 BC A9 34 80 25 BC AE OC IC BO OD 
ICDO IC BU 23 BC A9 00 80 20 BC BO IF IC 80 25 BC BO 
ICEO 2a·1c 80 26 BC 20 9C ID 20 62 10 FO 26 20 17 ID 
ICFO A2 CX) Al 35 80 24 BC AE OC IC BC 3A IC B9 20 BC 
I 000 50 31 IC 99 20 RC AO 10 A2 FF CA DO FD 88 DO FA 
1010 4C CB IC 20 87 ID 60 AD 05 IC 80 22 BC BO �J IC 
I 020 FO 09 AD 06 IC 80 20 BC 4C 52 10 AD 20 BC OD 09 
1030 IC 80 20 BC AD 06 IC 29 10 FO 08 AD 20 BC 09 08 

ID40 80 2.0 RC AD 06 IC 29 08 FO 08 AD 26 BC 09 01 80 
1050 26 BC AD 06 IC 29 20 FO 08 AD 23 BC 09 08 80 23 
1060 BC (:f) EIS 35 UO 02 E6 36 EE 05 IC· DO 03 EE 06 IC 
1070 AD 06 ·IC 29 1::7 80 09 IC AD 05 1c· CD 07 IC DO 06

ID80 AD 06 IC CD ua IC 60 A6 35 A4 36 AD 03 l,C 85 J5 
ID90 AD 04 IC 85 36 81:: 03 IC BC 04 IC 60 AO 80 88 00

I DAO FD (fJ

Fig. 1 Hex dump of the machine code -see text for details of how to obtain the 
assembler listing, should you need it. 
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LIST 

18 REN ••• EPRll'I SUPPORT PACKAGE 
28 REN ••• H O BEDFORD MARCH 83 
31 OIH C.<9) 
41 OATA •t.Jtw•, ·&As£·, ·HE.LP·, "READ" 
58 OATA •PROO�£•, ·VERIFY", •TEST" 
" DATA "LI sr·. "HOOi FY" 
71 FOR ""'I TO 9 
81 READ C.<N> 
98 NEXT 
Ill DIN Hf<l:S> 
111 DATA "I 1234!16789A8COEF� 
128 READ HHf 
131 FOR ""'I TO l!I 
148 H$CN> • HIO.CH...-,N+ 1, t)
158 NEXT N 

161 OIH TS(9> 
171 DATA ·2�8', "2716° ,"2516", "2732' 
181 DATA "2732A" ,"2!132° ,"2764", '2564' 
191 DATA "27128" 
2H FOR ""'I TO 9 
'211 READ TS<N> 
221 NEXT N 
231 DIN S<9> 
235 DATA 1924,2848,2948,4896,4196 
241 DATA 4196,8192,8192, 16394 
251 FOR ""'I TO 9 
261 READ SIN) 
271 NEXT 
281 REN ••• START ADDRESS OF IVC ROUTINES 
291 HC-7168 
311 REN, •• START ADDRESS OF PROGRAtflER 
311 PA-48168 
328 HR • INT(HC/256) 
338 LR • HC-2!161HR 
368 POKE PA+ 1,48 
378 POKE PA,2!15 
388 POKE PA+ 3, 48 
391 POKE PA+2,2!1!1 
08 POKE PA+7,48 
418 POKE PA+6,2!5!5 
781 PRINT CH�C'l2) 
718 PRINT "EPRll'I PROGRAl'l1ER SUPPORT PACKAGE" n8 
PRINT,PRINT 

731 GOSUB IIH 
748 GOSU8 2988 
751 GOSUB 3818 
755 GOSUB 13818 
768 PRINT 
778 INPIJT •1• ;M 
788 IF -·E• OR -·EXIT' THEN STOP 
791 FOR ""'I TO 9 
888 IF -C.<N> OR -LEFTS<C.<N>, I) THEN 828 
818 NEXT N 
828 Di N GOSU8 1888,2188,3888,4188,:SHl,6881,7888,8888,9888,988 
838 PRINT 
8'18 GOTO 771 
988 REH ••• NO SUCH � 
918 PRINT ·c-o ltf.lALID" 
928 RET\JllN 
1881 REH ••• <N>81 
1818 INPUT "EPRll'I TYPE' 1M 
18211 FOR �I TO 9 
1888 IF -T8(EN) THEN 1965 
1841 NEXT EN 
18:51 PRINT 'TYPE INVAILO' 
1161 GOTO 1818 
186!5 POKE HC+12,EN-1 
1871 RETURN 
2HI REH ••• <B>ASE 
2111 INPUT 'BASE ADDRESS' 1M 
21121 GOSUB 11111 
2838 IF .,_.99999 THEN 28 II 
2848_,_ 
2151 R� 
3111 REH ••• <IOELP 
3811 PRINTtPRINT 
3121 PRINT •C'(M,wjDS -ILABLE t • 1PRINT 
3831 PRINT • <N> DI' 1TAB< 16) 1 • <B>ASE' 
3841 PRINT '<R>EAD' 1TAB< 16) t'<T>EST' 
38!59 PRINT • <P>R00-· 1TAB< 16> t' <V> ERIFY' 
3e68 PRINT "<L>1ST'1TAB<l6> t"<H>DDJFY• 
3871 PRINT • (H) ELP' 1TAB< 16> 1 • <E>XIT" 
3181 PRINT 
3891 PRJNT 'TYPE • '1T8<EN>1TABll6>1'BA8E • '1-
3111 RETUllN 
4111 REH ••• ( R) CAD 
4111 POKE HC+ 11, I 
4121 GOSUB I IHI 
4131 GOSUB 141H 
4141 POKE 34,LR 
4151 POKE 3!1, HR 
4161 I •USR< X> 
.4171 G0SU8 13111 
4181 RETURN 
5111 REH ••• <P>ROOAAl-t1E 
511!5 POKE HC+ 11,2 
5111 GO- !IHI 
11121° oosue 14111 
:5131 POKE 34, LR 
5141 POKE 35, HR 
5151 I •\ISR( )() 
:sue oosue 681!5 
5171 GO- 13111 
5181 RETUllN 
<lltl REH ••• <V> ERIFY 
61 II OOSUB I II ti 
"Ill Ufa-I 
6121 POKE 11C+ 1 I, 128 
<1131 OOSU8 14111 
6141 POKE 34,LR 
6151 POKE 35,HII 
6161 l•UIR<X> 
6171 S-256IPEEK<HC+6> +PEEK<l1C+5) 
6111 IF l)FA THEN ,231 
"" __..PEEK<IA+I> 
,111 GO- 12111 
,111 -

Fig. 2 The main BASIC program.

. '121 ---· 
'131 OOIUI 1211 I 
,141 c._ 
'11!t 1¥'PIEKIHCt 11) 
,11515 QOIUI 12111 
, 1,1 LN-LN+ I 
4171 II' LN< 115 THJ:N '211 
..... CIJT ,. 
"" II' AICIJll • 13 THJ:N ,2u 
••• &,Hott , ,,. ,wr
4211 l'RINT c.1• EPRll1 • ·1HID8<M,3,2>1' HEHOl!Y • ·1HID8(11,3,2) 
6221 QJrO 6141 
<1231 GOSUB 13118 
6241 RETURN 
?8H REH, •• <T>EST 
?811 POKE HC+ II, I 
i828 -l1FAaB<EN>-I 
7138 OOSUB 14191 
7848 POKE 34 ,LR 
78 !51 POKE 3!1, HR 
7161 1 •USR(X) 
78?8 IF 2!561PEEK<HC+6) +PEEK(HC•:S»FA THEN 7111 
7881 PRINT 'EPROH NOT ERASED" 
?891 GOTO 7111 
7181 PIIINT 'EPROH ERASED' 
1111 oosue 13888 
7128 RETURN 
8888 REH ••• <L> 1ST 
8818 OOSUB 11818 
8128 •PRINT 
8131 Ufa-I 
8848 FOR N-BA+SA TO BA+FA 
8151 LH-LN+ I 
8868 IF LN( 1:5 THEN BIii 
8178 GET M 
8889 IF ASC(M> • 13 THEN 8171 
8891 UfoltPRINT 
81H --BA 
8119 OOSUB 128H 
8121-
8138 AaPCEK<N> 
8132 ze-• • 
8134 IF A)32 AND A< 128 THEN Z8aCHR8<A> 
8141 Gosue 129ee 
8158 PRINT ll1TA8(7) 1HID8(M,3,2) 1TAs·c 12) ,z• 
8168 NEXT N 
8178 RETUllN 
91H REN ••• <H>ODIFY 
91 II ltPUT "ADDRESS' 1M 
1'821 OOSUB 11991 
9825 'IF A-99999 THEN 9818 
9131 -
9141 AaPEEKCA+BA> 
9851 GOSUB 12181 
98,a PRJNJ. •VAL.UE • •1Hlot<AS,3,2>;TAB(16)5•N£W ivALUE • •; 
9878 INPUT M 
9875 IF -·x• THEN 9111 
9181 �·ee•+M 
981'8 OOSUB 11881 

. 9895 IF.-9999 THEN 9868 
· 9118 POKE 8+8A,A 

9118 ·RETURN 
118H REH ••• HEX DECODE 
11818 IF LEN<AS> <>4 THEN 18179 
18121 Aal 
LH38 FOR N-1 TO 4 
11841 FOR 1•9 TO 1:5 
111:58 IF Hf(I) • HID8CM,N,I> THEN 18888 
18168 NEXT I 
18178 .,_.99999100TO 11118 
18181 -•1116'(4-N) 
18898 NEXT N 
18188 GOTO 18121 
11118 PRINT 'INVALID" 
18128 RETURN 
11118 REN ••• START, FINISH ADDRESSES 
11118 INPUT 'START, FINISH ADORESSES' 1M,88 
11128 oosue aeue 
1112!1 IF A-99999 THEN 11818 
11138 SA-A 
11148 _ .. 
11158 OOSUB 11881 
11155 IF A-99999 THEN 11818 
11168 F-
11871 IF SA<•FA THEN 11188 
11181 PRINT 'FW,jO[ INVALID' 
11898 GOTO 11818 
11,iee IF FA-SA+. 99 <•S< EN> THEN 11138 
11118 PRINT 'R#IOE/TYP.E INCOHPATIBLE' 
11121 GOTO 11811 
11139 RETUllN 
12888 RD1, •• HEX ENCODE 
·12918 Ae-.. 
1211!5 JJ•l6116116 
12128 FOR J•3 TO 8 STEP -I 
12131 l•INT(A/JJ> 
12148 --IIJJ 
12158 M-+Hf(I) 
128!15 JJ•JJ/16 
12868 NEXT J 
12178 RETURN 
13888 REH, •• ZEROISE PIA'S 
13182 POKE .PA•7,52 
13884 POKE PA•6,4B 
138 11 POKE PA+ I, 52 
13128 POKE PA, I 
138:58 POKE PA+5,48 
13868 POKE PA•4,2!55 
13878 POKE PA•:S,!52 
13888 POKE PA+4,I 
13891 POKE PA+3, 52 
131H POKE PA•2,8 
13118 RETUllN 
14888 REN ••• IVC PARAMETERS 
14818 IF SA>8 THEN 14838 
14821 Hl•25!51L0-25S100TO 148:51 
14838 Hl•INT«SA-1)/2:56) 
14848 LO-SA-l-2561HI 
14858 POKE HC•5,LO 

14861 
14862 
14164 
14178 
14188 
14198 
14181 
14118 
14128 
14131 
14141 
141!19 
15118 

OK 

POKE HC+6,HI 
IF SA•BA>8 THEN 14178 
Hl•2:S:StL0-25!51GOTO 14898 
Hl•INT< <SA+BA-J>/256) 
LO-SA•BA-1�2561HI 
POKE HC•3,LO 
POKE HC•4,HI 
Hl•INT< <FA• l>/2:S.S> LO-FA
+ 1-2:S.SXHI. 
POKE HC•? ,LO 
POKE HC•8,HI 
RETUllN 
ENO 

PROJECT



N.

a printout obtained by running he 
EPROM programmer support package 
on a Tangerine Microtan system. Note 
that a base address of 2000 has been 
selected - this being the lowest 
reasonable-size area of RAM on the 
system, the BASIC program occupying 
about 6K and the machine code 
routine being 

CPROt1 PROG-R SUPPORT PACKAGE 

EPROt1 TYPC? 271, 
IASE AODREtl? 2111 

CCHWC>S -ILA8LC 1 

(l{)[N 
(Jl)£AO 
<P>IIOO-.iE 
<L>IST 
(H>CLP 

TYl't: • 271<1 

I? T 
EPROt1 NOT ERASED 

I? R 

(l)ASE 
(T>CST 
(V>ERJFY 
(H>OOIFY 
<E>XIT 

8ASE • 2818 

START, FINI SH ADDRESSES? eaee ,87FF 

17 L 

START, FI NI SH AODM:6SES? aeee, 8198 

IHI 12 
IHI 13 
1112 14 
HU 15 
... , 16 
HIS 17 
1116 18 
1117 19 
1118 IA 

I? H 

ADDRESS? 017 
VALUE • 19 N£N VALUE = ? AF 

located at 1 C00. 
In answer to the question about 

EPROM type, a response of 2716 was 
given. A 2716 EPROM was inserted 
into the ZIF socket when the first *? 
prompt was printed and this was 
tested for erasure using the (T)EST 
command. The program indicated that 
the device was not

I? p 
START, FINI SH ADDRESSES? 1117,1117 
1117 £PROt1 - 99 MEMORY - AF 

I? N 
[PROt1 TYPE? 2732 

nR 

START, FINI SH ADDRESSES? 8888, 9FFF 

I? L 
START, FINISH ADDRESSES? 8288,8218 

8288 £9 

828 I 86 
0292 SE 
8283 52 R 
8284 26 I< 

8285 48 H 
9286 89 
8287 14 
8288 26 I< 

9281' 58 p 
828A 89 
8288 16 
12,c 26 I< 

t28D 48 I! 
821E 89 

921F 18 
9218 83 

)? [ 

BREAK IN 788 
01< 

erased. At this point, the entire 
contents of the 2716 (0000-07FF) was 
transferred into computer memory 
using the (R)EAD command before 
listing the contents of a portion of 
this data by use of the (L)IST 
command. The (M)ODIFY command 
was then used to modify location 
0007 before attempting to re-program 
this single byte in the EPROM using 
the (P)ROGRAMME command. It will 
be noticed that this was unsuccessful, 
a fact indicated by the verification 
message. This should come as no 
surprise in view of the fact that an 
attempt to re-program an non-erased 
device had been made and that 
programming can only set high bits 
low (ultra-violet erasure being 
required to set low bits high). 

At this point the 2716 was 
replaced by a 2732 and the 
programmer was instructed of this 
change by use of the (N)EW 
command. Its entire contents 
(0000-0FFF) were read into memory 
and listed as before, by use of the 
(E)XIT command. Note that the (L)(ST
command gives both the hexadecimal
value of each byte and, where
appropriate, the ASCII symbol.

IT llVES AGAIN! 
From the past it came growing daily, striking terror into the hearts of lesser publications, and spreading its influence across the 
country in its quest to infiltrate every town, every home every mind.
Not a horror story, but a success story. And if electronics theory strikes terror into you then you need the help of 
Electronics - It's Easy. Originally a long-running series in Electronics Today international, Electronics - It's Easy was printed as a 
set of three books. They sold out. It was reprinted as a single volume It sold out Now this phenomenally successful 
publication is available again. In its third reprint Electronics - It's Easy is a comprehensive and simply written guide which explains 
the theory (and the practice) of electronics step by step. Every aspect of the subject is covered, starting with the basic 
principles and working through to the how and why of today's technology.
You can obtain your copy of Electronics - It's Easy by mail order using the coupon below. Make cheques or postal orders 
payable to ASP Ltd. alternatively you may pay by Access or Barclaycard.

Send to: Sales Office (Specials)

513 London Road, Thornton Heath

Surrey CR4 6AR

Please send me .......... copies of Electronics - It's Easy.

I have enclosed ￡.......... (￡4.95 each including p&p)

NAME......................................................................................

ADDRESS................................................................................

.................................................................................................

.................................................................................................

Please debit my account

My Access/Barclaycard No is ............................................

Signature..............................................................................
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IN KIT FORM

SPECIAL OFFER
-FREE- MAGIDICE KIT WITH
ALL ORDERS OVER £45.00
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I 
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I 

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 usir,g a special 

magnetic key fob against a windscreen sensor pad a_dhered to 
the inside of the screen .• Fits all 12V neg earth vehicles 

• Over 250 components to assemble 

··sx1000
Electronic Ignition

• Inductive Discharge 
• Extended coil energy 

stor,age circuit 
• Contact breaker driven 
• Three position changeover switch 
• Over65 components to assemble 
• Patented clip-to-coil fitting 
• Fits all 12v neg. earth vehicles 

A 

SX2000 
Electronic Ignition 

• The brandleading system 
on the market today 

• Unique Reactive Discharge 
• Combined Inductive and 

Capacitive Dischar11e 
• Contact breaker driven 
• Three position changeover switch 
• Over 130 components to assemble 
• Patented clip-to-coil fitting 
• Fits all 12v neg. earth vehicles 

VOYAGER Car Drive Computer 
• A most sophisticated accessory. • Utilises a single chip mask 
pro11rammed microprocessor incorporating a unique programme 
designed by EDA Sparkrite Ltd.• Affords 12 functions centred 
on Fuel. Speed. Distance and Time.• Visual and Audible alarms. 
warning of Excess Speed. Frost/Ice, Lights-left-on.• Facility to 
operate LOG and TRIP functions independently or synchronously 

• Larae 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 enthusiastt 

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 or remote 
mounting facility • Fits majority of 4 &6 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 SPARKRITE P:oducts and cfesfgns are futiy covere,fby one or more World Patents. 

• MAGI DICE
1 Electronic Dice 

. 

�> 
•Nolan aulo item but greal fun 

for the fam,ly 
• Total random selection 
• Triggered by waving of hand 

over dice 
• Bleeps and flashes during a 4 second 

tumble sequence 

• Auto display of last throw 1 second ,n 5 
• Muting and Off sw,1ch on base 
• Hours of conttnuous use from PP7 battery 
• Over 100 components to assemble 

• 

• Throw displayed for 10 seconds 

-- -------SPARKRITE I 82 Bath Street. Walsall. West Midlands. WS 1 3DE Engla (0922) 614791 Allow28days for deliver;,. 

NAME�----�-------����� 

ADDRESS----------------

SELF t 

•.. ASSEMBLY KIT 
.. s-x 1000 · - ' £12.95 i 

,.. sx 2000 
- .. £19.95 -l 

I ENCLOSE CHEOUE(S)/POSTAL ORDERS FOR 
t TX 1002 - £22.95 : 

-TX 2002 - ·£32.95 .,. 

· ;_AT80 £32.95 
' 

£ KIT REF--------

. I VOYAGER- - f64.95 j 

-;· MAGIDIC� £9.95 .,

··-

L. PRICES INC. VAT. POSTAGE & PACKING 

�-----

CHEQUE 

b. CEI__ .._ ___ _ 



1/3 OCTAVE
GRAPHIC 

EQUALISER PART 2 

We conclude this studio-quality unit with the constructional details. 
Design by Dave Tilbrook, with additional work by Phil Walker.

The third octave equaliser divides 
the audio frequency band into 28 
segments so a total of 28 slider 
pots are used.
Cutting the required slots in a front 
panel is an extremely difficult task 
so we strongly recommend using 
the special case from Newrad - see 
Bylines for details. We've 
deliberately chosen to use fairly 
small switches and indicator on the 
front panel - if you use larger ones, 
you can always enlarge the hole 
sizes.
Construction of the PCB is not 
difficult. The usual precautions 
should be taken with the 
orientation of all polarised 
components such as electrolytic 
capacitors, transistors, diodes and 
ICs. Note that the two voltage 
regulator ICs are mounted in the 
same direction.
Check the component overlay for 
the correct orientation. It is 
probably wise to leave the insertion 
of the quad op-amps until last since 
these are FET devices and are 
therefore more 

sensitive to static electricity than 
the other components in the unit. 
Be careful when handling these 
devices before insertion on the 
board. Use an earthed soldering 
iron and discharge yourself by 
touching an earthed metal 
appliance before handling the ICs. 
The inputs are protected and 
should therefore be reasonably 
safe from damage by static 
electricity.
The method of construction we 
have chosen is to mount the slider 
pots directly on to the front panel 
(using short, countersunk M3 bolts) 
with the PCB behind.
The potentiometer wipers are 
attached alternately to the top and 
bottom of the PCB; if you use a 
type of pot that has only one wiper 
connection (as we did), then you'll 
have to make sure that adjacent 
pots are reversed on the front 
panel.

Interwiring 
Before we mounted the PCB 
into the case, we soldered leads 
into the correct position on the PCB 

for joining onto the potentiometer 
wipers. Note that the tops and 
bottoms of the slider tracks should 
all be joined up before the board 
is mounted. 

We mounted the board using 
metal struts and plastic pillars. The 
struts can be attached to the 
aluminium extrusion by sliding the 
head of a 1/2" (we really mean 
12mm!) M3 bolt into the 
aluminium extrusion, and then 
clamping this in the correct position 
using a nut (or three, in our case, 
to get the spacing of the strut 
correct). If you don't use plastic 
pillars, you'll have to make sure 
that the PCB tracks are not 
inadvertently earthed by the fixing 
screws. 

We've left the drilling of the 
holes in the rear panel to you, as 
you'll almost certainly decide to 
use different connectors, etc, from 
us! Because the case is fairly 
compact (neat, in ETl speak) you'll 
need to take care over the 
positioning of the fuse, mains 
input socket and transformer, to 
make sure that you 

PROJECT
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This photograph shows the 
connections between the slider 
pots on the front panel and the 
PCB - and the mounting of the front 
panel using struts and spacers. Note 
that we couldn't fit the prototype 
PCB into our equipment and 
had to make it in two sections - 
hence the join!

Fig 1 Overlay diagram for the PCB. 

don't foul the PCB. Remember 
that the earth on the input and 
output sockets must be kept 
separate from the case. But make 
sure that the case and the 
transformer are well earthed - we 
suggest making doubly sure by 
removing paint or 

varnish around the earthing 
point(s) (on the inside, in the 
case!). To cut down mains hum, 
we used a screened twin cable for 
the internal mains lead - this needs 
to have adequate conductor and 
insulation thickness, though. 

PROJECT
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We used universal adhesive to glue 
on the pot knobs, otherwise they 
all kept falling off! 

Power up 
Once construction is complete, 

check all power supply wiring 
before powering up. This is 
especially important if a 
transformer has been included 
inside the case. In the latter case, 
make certain all 240 V connections 
are secure and check the chassis 
earth. If all is correct, power the 
unit up. The LED should light to 
indicate that the unit is on· 

An equaliser in/out switch has 
been provided to ensure that a flat 
response can be obtained easily 
and without the necessity of 
changing the equalisation that may 
have · taken some time to set up. 
The equaliser is intended for use 
immediately before the power 
amplifier. If used in this. position 
the level control will probably not 
be used. In this case turn the 
control fully counterclockwise. The 
overall gain of the equaliser with 
the controls set at centre will be 
approximately unity. If the equaliser 
is intended for use from a typical 
line level output, the gain control 
can be used to supply the output 
levels needed by the power 
amplifier input.

PARTS LIST 
RESISTORS (all tW, 5%) 
R1, 5, 6 15k 
R2 47k 
RJ, 9, 11, 
13, 15, 17, 
19, 21, 23, 
25, 27, 29, 
31, 33, 35, 
37, 39, 41, 
43, 45, 47, 
49, 51, 53, 
55, 57, 59, 
61, 63 1k 
R4 100R 
R7 100R 
R8 100k 
R10, 12, 14, 
16, 18, 20, 
22, 24, 26, 
28, 30, 32, 
34, 36, 38, 
40, 42, 44, 
46, 48, 50, 
52, 54, 56, 
58, 60, 62, 
64 
R65-80 
R81 

220k 
10R 
1k5 

RV1 
RV2-29 

rotary pot, 10k log 
slider pots, 100k or 50k 
linear (see Buylines) 

CAPACITORS 
Cl, 10 470n 
C2, 7 47u/25 V 
C3 3p3 ceramic 
C4, 6 33p ceramic 
CS 4p7 ceramic 

·C8 680n 
(9, 18 .180n 
C11, 20 150n 
C12 399n 
C13,22. 120n 
(14 330n 
C15, 24 100n 
C16 270n 
C17, 28 68n 
C19 56n 
C21, 30 47n· 
C23,32 39n 

C25,36 27n 
C26 82n 
C27, 38 22n 
C29 18n 
C31, 40 15n 
C33 12n 
C34 33n 
C35, 44, 
70-78 10n 
C37, 48 6n8 
C39 5n6 
C41, 50 4n7 
C42 12n 
C43, 52 3n9 
C45, 56 2n7 
C46 8n2 
C47, 58 2n2 
C49 . 1n8 
C51, 60 1n5 
C53, 62 1n2 
C54 3n3 
C55 1n0 
C57 680p polystyrene 
C59 560p polystyrene 
C61 470p polystyrene 
C63 390p polystyrene 
C64,65 10u polycarbonate 
C66, 67 2200u/25 V electro 
C68, 69, 79, 
80 4u7/16 V tantalum 
SEMICONDUCTORS 
IC1, IC2 NE5534A (or N) 
IC3-9 TL074 
IC10 . 7812 
IC11 7912 
D1-4 1N4001 
LED1 red !JD 
MISCELLANEOUS 
Tl 12..0.12V, 6 VA 

transformer 
SW1 DPST mains switch 
SW2 SPOT toggle switch 
Mains neon (or LED plus 1k5 resistor; 
cable clamp; fuse (500 mA) and holder; 
insulated connector sockets to choice 
(jacks, phono, BNC, etc); 28 knobs for 
sliders; case (see Buylines); PCB; nuts, 
bolts, wire, etc. 

The case is available by post only from 
Newrad Instrument Cases Ltd, Tiptoe Road, 
Wootton, New Milton, Hants BH25 551 for 
the special price of £21.00 all inclusive to ETI 
readers only (this is for either the rack 
mounting version we used or one with plain 
ends - please state which you require when 
ordering). The PCB is, as ever, available 
through our PCB service. We've already 
mentioned the slight problem of obtaining the 
capacitors and how we solved it, last month. 
None of the other components should 
present problems, though as you'll be buying 
a number of slider pots, it's obviously worth 
shopping around for a good price. The 
cheapest we found were those from Rapid, 
and that's where we bought ours from.

Note that the value of R65-80 is 10R, not 1k0 as 
shown on the circuit diagram. We recommend 
that you switch the unit out of circuit (using the 
EQ OUT switch) before removing or connecting 
the supply, because it is capable of issueing a 
nasty squalk!

BUYLINES

OOPS!
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SUPERIOR QUALITY CARBON
FILM RESISTORS, HI ETAS

LOW NOISE
%W 10111011 5% 624 2p
9.100.10840 5% 624 3p
1W ion ,104n 6% 612 fp
2W 1053 iomn 6% 612 1.

METAL OXIDE /FILM
RESISTORS

Very high 00011 S siocurkal
04161115 Extremely low who

04W 1053 11111 2% 624 5p
0 4.10(1 1640 1% 624 or

LOW OHMIC VALUE Amnon
114.011 0331

022128283E12 110

WIRE WOUND RESISTORS 6%
2 3.0 2252 3300 612 29p
4 7190 4721 660 612 339
10 11W 1 011 336 612 370

SIEMENS
POLY .0

5% 7.6.1.1 2508
CAPACITORS_

612
1nF 68nF 10p

82nF 15011E 159

5% 7.5mm 1008
CAPACITORS

612
100.F 1130nE 12p
220.F. 270nF 15p
330n, 390nF20p
47017, 580nF 27p

1380nF 32p
15F 110.1 36p
Complete range
of other volt..

pec,. in
stock Please

phoy,.

SILVER MICA
CAPS 1% 360V
CHnent coated
Feuer/NH stable

,2 2,F, 3.39F.
16pF 20p
20pF 1120pF 2174,

12077 220pF 25p
250pF 470pF 300
680pF InF 33p

Mini Vert 14p
Mint Hera lip
standard Vert

17p
Standard Hors

lip
Thurnbwh.1 or
4 Spindle for
Standard Pre
sets only 00

Corn'. 20 Turn
P rocillon Pres.
0001. 10021.
20051. 50012
1K, 2K, 5K,
10K, 20K,
506, 100K.
2506. 5006

95p each

IMV Polystyran
Caps 5% or

bone.
10pF. 15pF,
22pF. 2707.
33pF. 39pF.
47pF, 65pF.
100pF. 150.,F.
180pF. 220pF
270pF. 330pF.
3900F, 470pF.
egtOpF. 8209F.
In, 1 S.F.
2 2nF. 3 3.F.
4 S.F. .F

12p each

C.Oor Eater
Polyester Ceps
Rdial Long

Loads
1.F. I5nF.
2.F. 33nr
47nF.68nF
1000E Op
150.F. 220n,

Ilp
330nF.

1380nF, 106 240
1.50F. 2 2uF 440

Veroboard 0.1.
Copper clad

3.5 43.734
2.6 st 55

10

93p
3.75,.3.75 90p
3.75 5 1330
2.54 17 20.
3.75.17 355p
4.79 a 17 46.
VO Board lisp
Dip Board 375p
Track Cutter 1350
100 Pins 52p
Verobloc 3999

Vero Wiring
Pen  Spool 3600
Spare Spool 72p
Combs Op

1003.14 Cap*
1350VACI Axial
1nF, 2 2n7 23p
4 InF. 6 80 264
10SF 280
22nF. 33nF 37p
47.7 45p
100nF 45p
220rIF 740
470nF 1.10

1500VDC Cal.
1300VACI Axial
1nF. 2 2nF 30p
3 MF. 4 7nF 329

2000VDC Axial
100nF 20% lip
Ceternic Hi Volt

13144 Capacitors
tiMpa 1K V 215,
100p/2KV 240
100p/3KV 250
1000/4K V 215
220p/ 6K V alp
4700/2KV 27p
4700/6K V 32p
In/2K4 2110
In /SKY 32p
2n2i2KV 30p
In214KV 32p
2n2/5K4 33p
303/2KV 315
303/4KV 32p
407r4KV 330

400V Polyester
Capacitors

1 5nF
2 2nF 180
1.3nF.4 InF.
6 8nF lip
I.F. 250 F.

2.7 20p
33nF.47nF.
68nF 22p
100sF. 150nF rap
220nF 300
:130nF Mp
47.F 640

Wire 6 Cable
Paces per metre

Solid Hook up
Wore

Any colour Sp

TANTALUM
READS

.1/30V 149

.22/35V 14p

.33/35V 14p
,47/35V 14p
.68/35V 14p
1.0/35V 14,,
2.2/16V 14p
3.3/35V 2.1
4.7/16V 2201
4.7/35V 24p
98/20/ 210
1323/35V 20p.
10/113V 269.
10/35V 34
15/10V 22p
15/159 300
15/25V 32p
22/6.3V 2.
22/16V 32p
33/10V 3.
47/13.38 43p
100/3V 375

FeohltreughCop..
10000F 500V 711

14%
lap
31.
31.
37p

Fully one..
Plher Prowste
3Stcri.

1001-10M

°malty ElectrolytIcs
B Y Matsushita or Siemens
;ether good makes may be sent Only
r. the rare eveni ot .01.....
AXIALS Boeutifulafd
47 63 Op Mini Radial
41 166 9P Low Voltage
47 350 30p Matsusn,ta only

63 6P dFd v
100 SP 10 16 6p

500 40p 22 10 6p
.2 25 141 22 16 7p
.2 63 9p 47 10 7p
2 100 Ilp 47 16 Op
2 350 30p 100

13 25 109
M 911

100 16 10p
40 119
63 129

220 10 Ilp13
220 16 12p

47 16 5p 470 10 17p

ii40 119
25 tp 470 16 18p

1000 10 20p
63 129 MOO 16 240

110)

25 Sp
7

10014p
40 129

2200 10 36p
2200 16 449

1,1,3 63 1.
2i1

MO 150
25 llp CM1iL:li:Tp:KPM:1' 74)

Twin I amp lip
22 40 lip Twin 2'4 4.16p

2'2

63 10p
100 215

3 Core 2, amp

1027

25 14p
40 17p
63 21/0

3 Core 6 arnp It'
3Com 13 amp

we47 100 Mo
100 . 14p Solid Multicore

25100 lip
100 40 22p :trri: ;;I;I. 63 290 12 Core 460
100 I. 300 50 Core 1.37no 10 11.

E 1616
lip U.«. Cable
22p Single 14p

ne 40 260 Stereo 275
2e0 63 30p Allem 5ongle 129

E 160 40p Men; Stereo 15p

3% 22p25
16 193, 4 Core 4 screen

00 16 22p
330 63 341, 4 Core 1 Scree614p

470 25 Plo 8 Cof e 61p
CO 60
470 63 43p

3.9 12 Core 60P

410 100 005
8300 16 30p
low 25 399 50t1 1:G55.7.36.,

850
." 1 2, :1 Pf, .77t 11,',-11, it 21:14.

2300 25 630
2200 40 70p
2800 63
4700 6

1340 Rainbow
1 760 Ribbon Cable

4703 25 BOP 10 Way Bhp
24 Way 150p
40 Way 210p

Ferric Chloride
Pellet. makes
ne litre with

water
Per bag 1.92

ETCH RESIST
TRANSFERS

I Then lines
2 Thock Imes
3 Thin bends
4 Thick bench
5 D. pads
6 Transistor

pads
7 0018 r hdes
8 0 1. edge cons
9 Minnie
Any

Sop
of

above 30p
Set of 13 sheets)
13.00
PHOTO
SENSITIVE PCB
1st Class EPosY

Glass For betteri
results than!

7,11;"
Single sided
100 . 160 1.99
203 / 220 1.90

203 114 1.46
233 / 220 3.99
Double sided
100.160 1,85
203. 220 2.15

203 114 2.21
233 / 220 4.55
DwoloPet for
aDove 100 not
use
Sothum
Hydroxide/
500.11 250

MALO ETCH
RESIST PEN

spare nob 90p

ANTEX
SOLDERING
IRONS
C240 115W1 4.59
425125W1 4.68
Iron stand 1,65
C240 Element

1.99
825 Ektmern 2.05
O ils C240
Not ISmalll 662,
No3 Wed, 66p
No6151Wol 66p
O ils 025 -

No501..111 66.
No5116.1ed1 136p

No52 ILgel 4164

SOLDER 1259ms
18 swg 2.96
22 swa 3.10

TRANSISTORS
Probably the

largest relail
variety in UK
gym, don't
see what you
want please

phone or sera°
as this is nol

atoll list

20404 1.50
20914 20p
21.16 39p
25917 65p
20918 33p
20929 36p
299294 450
29930 OP
29930A 300
301131 240
291132 25p
341302 46p
2N1303 060
201304 60P
30306 11.
291308 /150

IVY wp
21111420 500
291483 2,95

2N1485 347
251507 42p
201524 N.
2N1702 3.20
201711 35p
201889 500
2141890 50p
251893 300
291974 1.50
252060 7.14-
202102 3.
2N2217 390
21112218 32p
2922186 2517
2N2219 27p
21422194 280
202220 22p
292221 22p
2N2221A 230
21112222 24p
2922224 251/
292223 2.90
252223A 015
202303 38p
262368 750
262369 19p
102369A lip
262405 51.
202410 1 IS
202411 360
202412 10.
252477 9Sp
252483 250
252484 269
252491 8.00
292646 45p
752647 Wu

702114 13p 293900
342848 1100 343901
292875 2.20 293002
/52890 1.10 2N3903
52891 2.21 343904
N2892 3.00

2392904427p 2,137,,,
292905 280 293945
27129054 29p 293962
292906 25p 263964

211290729°6A 2"059 225394139.
2529076 210 254032
392920 147 294036
292923 25. 294037
2391%92254 160 2N4054- 204059
292926 10p 2640.
253010 75p 264061
229533°01191 5062p. atti
25033005543 562200 22010'749
293055 6.9 204092
2630650 120p 2,44.3

15'133100001 44 229N44112221
203109 1:ip: 204123
203232 ,44
.329°

204124204125

253251 Pip
313300 SOp 294220
2N3301 6114 264221

229933312 "-B°2'. 22'94222232293391909 4224
2533914 264234
2N3392 .9 254236
293393 2. 3,4237
2113394 20p 264238
2N3396 260 254239
253396 261, 294240
253397 30 254248
253402 350 254249
253403 600 254250
253404 500 264258
293405 SOp 254266
253416 24p 254275
293417 23p 254284
263420 2 50 254285
7N3439 SSP 294,287
203440 80p 254288
253441 1.25 254289
293442 1.35 294290
2534420CA 1.85 254291
293444 1.70 254292
263445 4.50 254294
253446 6.09 254297

253447 5.72
253448 6.56

1430
204303
254304

253468 1.00 254314
793512 1.06
203653 2.0 254342

263563 20p
2543472543"

263564 25s, ,N4,56
253565 205 2,.0401

2%355'67 55450 2' 55410'32
253568 50p 294409
253569 504 254410
753570 2.54 294427
253571 2.19 294440
253572 2.06 294870
253584 2.59 254871
253585 2.59 294888
253605 _9 294898
253606 gp
253607 20p 2,490
253632 9.08 25,903
253638 35p 254904
2536384 37p 254905
253639 36p
2255 33664421

1225054449E

253643 159 254909
.3504 299 264910

293646 28p
203645 33p 2N4913

203662 15p 294915
203663 18P 254916
293691 11.
253692 20p i=18
253693 25p Nsg. g

2253322 11, 96:0 3:. 22544962210
229933770043 LOPp 2291444992232

2256337705 100 % 225544992'64

293707 1. 254927
203708 10p 254328
293709 10p 2,,,496e
293710 10p 254965
203711 151, 204960
293712
293713 1731 22,4N44:87

203714 2.M 294969
293715 3.31
363716 3.60

205010

293724 75p 22413101

253725 Boo
203730 4.65-

295033

293732 2.811
295035
2950362'93734 1.30 265039263725 2.45 255086293738 2.00

253740 2.39
295087
255088

253741 2.70 205089
2113766 2.90 205126

293711 1,76 295127

253772 1.83 265128
203773 2.05 255129
203779 1.70 295130
253789 3.27
253790reir1331
293791 .5135
293792 255136
253794 25p 2115137

293819 210 205138
253820 38P 205139
22553388222 1 1.84 295140

295141
205143

INIR 295172
253826 780 255175
353827 Tip 295179
253854 44p 21.15180
353855 30, 255183
203855A 400 205184
253856 450 2951.
253858 31p 295189
21138584 37p 245190
51138594 31p 2145191
253860 31p 345193
253865 9. 35194
3138774 31p 255209
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CRICKLEWOOD ELECTRONICS LTD.
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. Tel: 01-452 0161. TELEX: 914977 CRIKEL G

LOW NOISE 
tlOTARY,OTS 

EJS.rln 
4 7K 2M Lin 32p 
4 7K 2M log Up 
A1ab0va w,th 
DP switch IOp 
A11bovab1.11 
s11reolno 

IWtlch) ..!!! 
MIC"O·MINI 

100V CEJIAMIC 
Pt..ATE CAPS 
1,0,bene, 

El2S.r,as 
luflOnF 7p 
DISCOUNTS ON 
QUANTITY 
PLEASE PHONE 

IIIEMENlffi 
MINI 

MONOLYTHIC 
CUIAMIC 

IOnF 10p 
22nF 10, 
3JnF 10p 
47nF 10, 
&8nF 10p 
IOOnF Hp 

MINIJl!'ILM 
MULLAtlO 

TIIIMMERS 
1.4-S.SpF 
IIOOMHil 23p 
2·1(1pF 
l&OCIMHzl 27p 
2-22pF 
140CIMHzi 2lp 
5.5·65pF 
1200MHi) 3lip 

UDVOC IIOVAC 
POl.YESTEJI 

CAI'$ 
IOnf 
15nf 
22nF 
47nF 
100nF 
150nF 
220nF 

GrHIOM 
GI ... PCI 

1in9le Sided 
178 • 240mm 

... 
420 • 195mm 

130,, 
420" 24!,mm 

1 .... 

a. 
... .... 
11p 
11p 
11p 
11p 

:: 
1.42 
... 

u,, 
10,, "• 
12p 
10,, 
10o 
1.11 
1.00 
75p 
... 

1.20· 
... 
... 
21p 
3lp "• 
27• 
75p 
.. 
97p 
97p 
.. 
.. 
... 
1.21 
... 

1.00 
3.00 
15p "• "• 
75p 
... ... 
J2p 
l5p 
45p 
22. 
15p 
.. 
.. 
... 
... 

2.50 
""...
... 
60p 
... 

2.2, 
1 16 
15p 
27p 
lOp 
lOp 
36p 
42n 
79p 

12,51 
IOp 
... 
!l2p 
1.21 
Ut 
3.52 
3.24 
2.75 
3.2S 
3.42 
3.20 
l.7D , .. 
1.95 
2.59 
2.H 
2 ... 
... 
47p 
... 
1.21 
1.34 

.. 
t2p 
... ... 

1.59 
27p 
25p 
25p 
25p 
2Sp 
lip 

8.50 
9.37 
44p 
... 
1.60 
1.95 
J.90 
)Ip 
lip 
Jlp "· 
... 
lip 
lip 
lOp 
Jlp 
22p 
22p 

=: 
23o 

�= 
25p 
25p 
25p 
1Sp 
... 
= 
1.� 

2N5210 
2N5219 
2NS220 
2NS221 
2N5222 
2N5223 
2NS224 
2N5225 
2NS226 
2N5227 
2N5232 
2NS232A 
2NS245 
2N5246 
2NS247 
2N5248 
2N5249 
2N5266 
2N5293 
.lNS294 
1NS295 
2N5296 
2NS298 
2NS302 
2N5303 
2N5305 
2N5306 
2N5307 
2NS308 
2N53S4 
2N5355 
2N5358 
2N5366 
2N5367 
2N5401 
2NS415 
2NS416 
2NS447 
2N5448 
2"'5449 
2NS450 
2N5'451 
2N5-457 
2NS458 
2NSC59 """"' 
2N5461 
2NS462 
2NS484 
2N5485 
2NS490 
2NS492 
2NS.94 
2NS496 
2N5543 
2N5551 
2N5640 
2N!>654 
2N5786 
2N5813 
2N5884 
2N6027 
2N6030 
2N6082 
2N6099 
2N6101 
2N6109 
2N6111 
2N6121 
2N6122 
2N6123 
2N6124 
2N6125 
2N6126 
2N6129 
2N6130 
2N6131 
2N6l32 
2N6133 
2N6134 
2N6253 
2N625-4 
2SC1306 
25(1307 
2SJ49 
2SJ50 
2SJ82 
2SK 134 
2SK135 
2SK226 
3N128 
3N138 
3N139 
3N140 
3N14J 
3N1S2 
3N153 
3N154 
3N200 
3N201 
40280 
40290 
40309 
40311 
40312 
40313 
4031S 
40316 
40324 
40325 
40326 
40346 
40347 
40348 
40360 
40361 
40362 
40363 
40364 
40372 
40373 
40374 
40389 
40390 
40392 
4.Q}94 
40394 
40406 
40407 
40408 
40410 
40411 
40412 
40422 
40467A 
40513 
40537 
49543 

1.10 40594 
1.11 40595 
1.00 40600 
11p 40601 

= =� 
=:: 

� 
25p 
11p 
25p 
2lp 
1Sp 
... 
25p 
25p 
25p 

= 
l7p 
... 
... 
...... 
2.a 
... 
1.21 
1.37 
1.21 
1.37 
3.20 
J.80 
25p 
Jlp 
...
21p 
1tp 
1tp 
,,. 
25p 
21p 
l5p 

1.10 
1.54 
15p 
1tp 
21p 
23p 
25P 
2lp 
2lp 
2lp 
72p 
... 
IOp ... 
2lp 
1.37 
1.56 
1.37 
1.59 
5.00 
37p 
... 
l5p 
IOp 
23p 
7.28 
... .... 

11 .• 
1.211 
1.30 
1 15 
1.00 
... 
... 
... 
... 
... 
71p , .. .,. 
... .,. 

1.14 
1.36 
1.45 
1.55 
95p 
1.60 
3.98 
4.45 
4.29 
3 .• 
.... 
4.28 
1.12 
3.50 
3.30 
2.37 
2.85 
3.00 
2.47 
2.56 
6.93 
2.fl 
2.00 
2.00 
1.80 
t7p 

1.64 

� 
1 .• , ...
1.11 
1.30 
.. 
1 .• 
IOp 
11, 
11, 

2.22 
2.90 
1.1( 
2.k 
2.8' 
1.24 
2.7' 
1.20 
1.10 
1.70 
1.31 
75p 
1.51 
1.IO , ..
to,, , .. 
1.21 
1.75 
... 
1.60 

2.51 
2.31 
1.a 
1 ... 
1 .• 
2 ... 

_!J 

40625 
40626 
40631 
40632 
40635 
40637 

�1 
40822 
40871 
40872 
AC125 
AC126 
AC127 
AC128 
.A.C132 
AC151 
AC1&2 
AC153 
AC153K 
AC176 
.A.C176K 
AC187 
.A.C187K 
AC188 
AC188K 
.A.CY17 
ACY'18 
.A.CY20 
ACY'21 
.A.CY22 
ACY28 
ACY44 
AD136 
AD145 
A0149 
A01SO 
A0161 
AD162 
AF106 
AF109 
AF114 
AF117 
AF118 
AF124 
AF125 
Af126 
AF139 
AF170 
AF172 
AF178 
AF200 
AF201 
AF239 
AF240 
AF2798 

:t;�
9G 

AU110 
AU113 
BC107 
8C107A 
8C107B 
8C108 
8C108A 
8C1088 
BC108C 
BC109 
8Ct098 
8C109C 
8C113 
8CT14 
8Cl15 
8CT16 
BC116A 
BC117 
8C118 
8C119 
8C121 
BC123 
8C12S 
8C132 
8C134 
8C13S 
8C136 
9Cl37 
8C138 
BC140 
8C141 
BC142 
8C143 
BC147 
BC147A 
8C1478 
BC147C 
BC148 
8C148A 
8C148B 
8C148C 
8C149 
8C1'98 
BC149C 
BC152 
BC153 
BC1S4 
8(157 
BC157A 
9C157B 
8C1S8 
8C158A 
8(1588 
8C159 
8C159A 
8C1598 
8C159C 
BC160 
8(161 
BC167 
8C167A 
8(1678 
8C168 
BC1688 
8C168C 
BC169 
8C1698 
BC169C 
8c110 
8C170A 
BC1708 
BC170C 
8C171 

·BC171A 
BC1718 
BC172 
8C172A 
BC1728 
BC172C 
BC173 
BC1738 
8C173C 
8C174 
BC174A 
BC1748 
8C175 
BC177 
EiC17/A 
BC1778 

1.IO 
3.20 

;:�! 
1.35 
2.00 
1.IO 
Sip 
1.IO 

= 
... 
21p 

... 

... 
... 
... 
27p 
J7p 
25p 

rs: 
... , .. 
9Cp 
7Sp , .. 
7Sp 
7Sp 
... 

6.75 
1.65 
79p 

1.31 
39p 
39p 
75p 
1si, 
... 
70p 
... 
72p 
72p 
72p 
53p 
... 
llp 
... ... 
75p 

1 24 
1.00 , .. 
!� 
2.20 
2.30 
10,, 
12, 
12p 
10,, 
12p 
12p 
14p 
10p 
12p 
12p 
30p 
1tp 
22p 
J:2p 
l7p 
1tp 
1tp 
lip 
82p 
82p 
37p 
39p 
J6p 
... 
45p 
lip 
... 
2tp 
37p 
2tp 
34p 
10,, 
10,, 
10,, 
20p 
10,, 
12p 
1lf> 
13o 
10,, 
12p 
1lf> 
J5p 
2lf> 
21, 
11p 
12p 
130 
10p 
12p 
1lf> 
11p 
12, 
1lf> 
11p 
42p 

10,, 
1lf> 
10,, 
10,, 
10,, 
10p 
10p 
10p 
15p 
17p 
17p 
11p 
12p 
1Sp 
1S, 
12p 
15p 
1Sp 
11o 
11p 
lip 
,.. 
21p 
24p 
24p 
75p 
11p 
2S,, 
_._. 

BC178 
8C178A 
BC1788 
BC179 
8C179A 
BC197B 
8C179C 
8C182 
BC182A 
BC182B 
BC182L 
8C182LA 
BC182i,:.B 
BC183 
BC183A 
RC1838 
BC"183C 
8C183L 
BC183LA 
BC183LB 
BC183LC 
BC184 
8C1848 
8C184C 
BC184L 
8C194L8 
BC184LC 
BC186 
BC187 
BC204 
BC205 
8C206 
8C207 
8C208 
8C209 
BC212 
BC212A 
BC2128 
BC212L 
BC212LA 
BC212LB 
8C213 
BC21JA 
ilC2T38 
BC21JC 
BC213l 
8C213LA 
BC213LB 
BC213LC 
BC214 
BC2148 
BC214C 
8C214L 
8C214LB 
8C214LC 
BC237 
8C237A 
BC2378 
BC237C 
BC238 
8C238A 
BC238B 
BC238C 
BC239 
BC239A 
BC2398 
BC239C 
8(250 
BC250A 
8C2S08 
BC250C 
BC251 
8C2S1A 
BC251B 
BC2S1C 
BC252 
BC2528· 
BC252C 
BC2SJ 
BC2530 
BC253C 
BC256 
BC2S6A 
BC2S6B 
BC257 
BC257A 
BC258 
BC25BA 
BC2588 
8(259 
8(2598 
8C259C 
8(260 
8(2608 
BC260C 
8(261 
BC261A 
8(2618 
8C261C 
8(262 
BC262A 
BC262B 
BC262C 
BC263 
BC2638 
BC263C 
BC264 
BC2648 
BC266 
BC266A 
BC2668 
BCJOO 
BC301 
8C302 
BC303 
8C304 
8(307 
8C307A 
BC3078 
BC308 
8C308A 
8(3088 
8(309 
'1C309A 
BC309B 
BC309C 
8(317 
8(318 
BC320 
8(321 
BC327 
8C328 
8(337 
BC338 
BCJ47 
8(350 
8C382 
BC382L 
8C383 
BC383L 
BC3B4 
9C3B4L 
3C407 
3C408 
3C409 
3(413 
3C414 

1op 
24p 

= 
27p 
10,, 
12p 
1lf> 
10,, 
13p 
14p 
10,, 
11p 
12p 
13o 
10,, 
13p 
1lf> 
14p 
10p 
12p 
13p 
10,, 
13p 
14p 

2tp , .. 
2tp 
29p 
29p 
29P 
10,, 
12p 
1lf> 
10,, 
13p 
14p 
10p 
11p 
12p 
13p 
10,, 
1lf> 
13p 
14p 
10p 
12p 
1lf> 
10,, 
1lf> 
14p 
14p 
16p 
17p 
11p 
14p 
15p 
16p 
17p 
15p 
16p 
17p "• 
22p 
23p 
24p 
25p 
25p 
26p 
27p 
21p 
22p 
2lf> 
24p 
22, 
23p 
24p 
2Sp 
25p 
27p 
26p 
27p 
24p 
2Sp 
21p 
2Sp 
21p 
27p 
30p 
32p 
Jlp 
33p 
:l4p 

= 
lip 
32p 
Jlp 
:l4p 
30p 
lip 
32p 
40,, 
42p 
l5p 
l&p 
Jlp 
45p 
44p 
43p 
47p 
46p 
Up 
14p 
15p 
12p 
13p, 
14p 
14p 
15p 
15p 
17p 
15p 
15p 
25p 
25p 
14p 
14p 
15p 
15p 
20p 
20p 
30p 
30p 
:,Op 
lOp 
lOp 

24p 
30p 
25p 
25p 

11Cm 
8C416 
8(418 
8('140 
BC441 
BC460 
8(461 
BC478 
8079 
8C516 
8(517 
8(547 
BCS47A 
BC5478 
BC548 
BC548A 
BC5488 
8C548C 
BC549 
BC5498 
8C549C 
BC550 
BC550C 
BC557 
BC557A 
8C5578 
BC558 
BC558A 
BC558B 
BCSS8C 
BC559 
BC5598 
BC559C 
BC560 
BCS60C 
HC650 
8C651 
BCW32R 
BCY30 
BCY30A 
BCY31 
BCYJlA 
BCY32 
BCY32A 
8CY33 
iliCY]JA 
BCY34 

�1:v:.t 
8CY58 
ecvs9 
BCY66 
BYC67 
8CY70 
BCY71 

:t/:1
2 

3CY78 
BCY79 
HCY87 
8CY88 
BCY89 
BCZ10 
BCZ11 
B0t1S 
80116 
80121 
80124 
80131 
80132 
8013S 
80136 
80137 
S0138 
80139 
80140 
80142 
80153 
80155 
80157 
80159 
80160 
80181 
80182 
80183 
80187 
80201 
80202 
80204 
80220 
90221 
80223 
90224 
80232 
80233 
80234 
80237 
B02J8 
80239A 
8D239C 
80240A 
80240C 
80241A 
BD241C 
80242A 
B0242C 
80243A 
B0243C 
80244A 
BD244C 
80245A 
80245C 
80246A 
80246( 
B0249A 
S0249C 
80250A 
802SOC 
80433 
80434 
80435 
80436 
80437 
80438 
80439 
80440 
80441 
80442 
80529 
80530 
B053S 
80536 
80537 
80538 
80539 
80539C 
BD540 
BD540C 
80675 
80676 
80677 
80678 
80711 
80712 
80X14 
BDX18 
BOX32 

- 311p 
... 
lOp 
32p ,,.
J2p 
,,.

... 

... 
1lf> 
14p 
14p 
12p 
1lf> 
14p 
15p 
1lf> 
14p 
11p 
lOp 
J3p 
15p 
11p 
16p 
14p 
15p 
11p 
17p 
15p 
11p 
17p 
l2p 
:l4p 

= 
60p 

1.15 
1.30 
1.15 
1.30 
1 15 
1.30 
,Op 
1.1'1 
80p 
... 

1.91 
32p 
Jlp 
1.IO 
2.00 
llp 
15p 
19p 
... 
� 
....

..., 
4.10 
4.60 
. ... 
58p 

2.50 
2.25 
1.50 
... 
= 
... 

� 
39p 
2� 
1.25 
1.20 
... ... 
3.80 
1.75 
2.50 
2.70 
1.ot 
1.30 
1.31 
1.44 
1.00 
. .. 
1.00 
... 
1.11 
70p 
72p 
.. 
.. 
57p 
64p 
59p 
7Jp 
51p 
67p 
... 
10,, 
72p 
... 
82p 

1.00 
1.14 
1.30 
1.20 
1.50 
2.00 
2.31 
2.11 
2.41 
7tp 
56p 
11p 
81p 

91p 
91p 
93p 

1.20 
1.30 
75p 
75p 
... 
IOp 
IOp 
1.10 
... 

1.20 
72p 
np , .. 
l3o 
1.32 
1.32 
1.30 
1.51 
3.47. 

80¥10 
BOY11 
80Y17 
8DY23 

m� 
80¥54 
BYDS5 
80YS6 
80¥57 
BOY58 
BDY'60 
BDY61 
BOY'62 
80¥92 
8F11S 
8F119 
BF121 
SFi23 
BFl27 
8F153 
8F154 
BF157 
BF1S8 
BF159 
BF160 
BF161 
BF163 
8F166 
8F167 
BF170 
BF173 
8F174 
8F177 
BF178 
BF179 
8F180 
8F181 
BF182 
8Fl83 
8F184 
BF185 
8F194 
BF195 
BF196 
8F197 
8F198 
BF199 
8F2DO 
BF224J 
8F225J 
BF240 
8F241 
8F:.'.44A 
BF2448 
BF245A 
BF2458 
8F246 
BF246A 
BF2468 
BF247A 
8F2478 
BF254 
8F255 
BF256A 
8F2568 
BF256C 
BF257 
BF258 
8F2S9 
BF262 
BF263 
BF270 
8F271 
8F273 
BF274 
BF324 
8F336 
BF337 
8F338 
8F355 
BF362 
8F363 
BF457 
8F4S8 
Bf4S9 
8F489. 
BF470 
8FR39 
BFR40 
8FA41 
8FR79 
8FR80 
8FA81 
8FR90 
8FS28 
8FS61 
8FS98 
8FT19 
8FT198 
8FT66 
9FW10 
BFWIO 
8FW11 
8FW43 
SFW59 
8FW87 
BFW90 
8FX12 
8FX13 
8FX19 
8FX20 
BFX29 
BFX30 
BFX34 
8FX37 
8FX43 
8FX68 
··-
8FX85 
8FX86 
8FX87 
BFX88 
BFX89 
BFY'18 
8FY19 
BFY'37 
8FY39 
8FY41 
8FYS0 
8FY51 
8FY'52 
BFYS3 
8FY'56 
8FY'56A 
BFY75 
BFY76 
8FY77 
8FY78 
8FY90 
8SV81 
8SW41 
8SW67 
8SW70 
BSX19 
BSX20 
!!SX21 

2.00 
2.50 , ...
3.40 
3.75 
1.74 
1.111 
1.71i 
I.Ill 
5.25 ._,. 
1.IIJ 
2.80 
2.34 

'� 
1.00 

� 
IOp 

� 
! 
= 
I 
77p 
2Sp 
... 
3Sp 
3Sp 
3lp 
lip 
lip 
3lp 
Jlp 
12p 
12p 
12p 
12p 
15p 

,1:; 
32p 
lip 
lip 

� 
39p 
... 
S1p 
52p 
39p 
53p 

:: 
39p 
42p 
lip 
.. 
42p 
30p 
32p 
35p 
... 
9Cp 
... ... 
... 
... 
lip 

� 
... 
... 
... 
......
......
lip 

� 
25p 
25p 
2Sp 
25p 
25p 
2.11 
2.95 
1.00, 

�:::I 
:::1 
1.41 
1.41 
1.41 
2.47 
1.08 
1.53 
1.53 
1.00 
91p 

27p 
1.00 
70p 
10,, 

1.00 
27p 

= 
= 
1.75 
.. 
1.10 
1.20 

50p 
1.16 
23p 

� 
31p 
31p 
.. 
7Sp 

50p 
IOp ... 
75p 
1.11 
... 
1.00 
1.00 

:: 
"°!>. 

8SX27 
8SX28 
8SX29 
8SX39 
8SX60 
8SX61 
BSX76 
8SX77 
BSY24 
8SY2S 
8SY26 
BSY'29 
8SY'39 
8SY'54 
BSY'65 
8SY9SA 
BU104 
8U105 
8U109 
8U126 
8U204 

�� 
BU208 
8U326S 
BU406 
8U407 

,� 
8UV20 
8UV21 
8UV23 
8UV24 
8UV25 
8UX20 
BUX48 
8UY'18S 
8UY47 
EAJO 
E430 
J300 
J310 
MAB001 
MA8002 
MA8003 
M07000 
ME0401 
ME0402 
ME0404 
ME0411 
ME0412 
ME0413 
ME0414 
ME0461 
ME0462 
ME1001 
ME1002 
ME1075 
ME1100 
ME1120 
ME3002 
ME4001 
ME4002 
ME4003 
ME4101 
ME4101 
ME4103 
ME4104 
ME6001 
ME6002 
ME6003 
ME6101 
ME6102 
ME8001 
ME8002 
ME8003 
ME9001 
ME9002 
MJ400 
MJ420 
MJ430 
MJ440 
MJ481 
MJ491 
MJB02 
MJ900 
MJ901 
MJIOOO 
MJ1001 
MJ15003 
MJ15004 
MJ15015 
MJ15016 
MJ2500 
MJ2501 
MJ2955 
MJ3000 
MJ3001 
MJ3701 
MJ4502 
MJE340 
MJE370 
MJE371 
MJE520 
MJE521 
MJE2955 
MJE3055 
MJE3739 
MP8111 
MP8112 
MP8121 
MP8122 
MP8123 
MP8512 
MPF102 
MPF103 
MPF104 
MPF105 
MPF112 
MPF121 
MPS3638 
MPS3640 
MPS4356 
MPS6517 
MPS6518 
MPS6530 
MPS6560 
MPS6562 
MPS.A.OS 
MPSA06 
MPSA10 
MPSA12 
MPSA13 
MPSA14 
MPSA16 
MPSA18 
MPSA.20 
MPSA42 
MPSA43 
!MPSA55 
MPSAS6 
MPSA65 
MPSA66 

]MPSA70 
MPSA92 
MPSA93 
MPSL0-1-, 

- ,.,,.
..
34p 
...., ... ...... .... 
n,, 
1.0J 
:,,;, 
10, .,,'°"
51, 
2'p 
2.ZI 
1.70 
3.:� 
1.-17 
2.25 

U.I
1.91 
2.31 
1.45 
1.45 
1.36 

.�!.� 
11.00 
10.90 
13.IO 
12.10 
15.00 
17.00 ,_,. 

3.S 
2.97 
.... 
5.60 
... 
53p 
45p 
62p 
39p 
2.60 

� 
25p 
l5p 
35p 
35p 
... 
... 
... 
...... 
... ... 
41p 
25p 
... 
... 
... 
25p 
25p 
25p 
25p 
25p 
2Sp 
2Sp 
29p 
2lp 
47p 
62p 
50p 
... 
... 
2.91 
2.2& 
2.91 
1.00 
1.61 
1.72 
3.91 
2.90 
3.10 
2.50 
3.00 
4.85 
5.55 
2.45 
3.34 
2.19 
2.25 
1.W 
2.19 
2.25 
2.56 
3.90 
53p 
97p 
... 
!l2p 
... 
... 
.. 
4.51 
1.00 
1.31 
1.35 
1.40 
1.15 

! 
1.lt 
27p 
... 
60p 
47p 
47p 
37p 

25p 

e 
= 
... 
.. 

:: 

47p 
... 

= 
42p 

,MPSL!>l 4lp 
MPSU01 .... 
¥PS1JIH 1.3:? 
·IAPSUOS 55;, 
VlPSU06 Sip 
"'1PSU07 7lp 
'vtPSU51 llo 
"'1PSU55 51p 
MPSU56 li9p 
MPSU57 1.20 

�:�4..2�A: 
MFIF453 P" 
MFIF454 poe �=�:;� ;,_ss 

MRF479 P'OI 
MFIF604 poe 
NKT124 llp 
NKT125 49p 
",1KT126 '7p 
'IKT128 C2P 

1���rs : 
·1KT137 42p 
..JKT210 42p 
"IIKT215 4C)p 
'IKT216 ISp 
NKT218 4Cp 
NKT219 C(lp 
NKT224 40p 
NKT225 

:::
� NKT229 -., 

'..JKT238 
NKT239 
NKT240 42p 
NKT241 40p 

�rn:1 ... :: 
NKT243 
NKT244 40p 
NKT254 40p 
NKT261 40p 
NKT262 40p 
NKT271 40p 

��i��� ::: 
NKT281 47p 
NKT404 Z.11 
NKT405 2.80 
\IKT406 2.50 
t\lKT453 2.40 
NKTSOJF 56p 
NKT613F 55p 
IIIKT674F 55p 
NKT677F 55p 
NKT713 47p 
NKT717 52p 

���i�� = 
NKT773 40p 
NKT781 4Jp 
NKT12329 50p 
NKT12429 57p 
NKT13329 50p 
NKT13429 54p 
NKT16229 59p 
NKT20329 lip 
OC20 2.JO· 
OC22 2.00 
OC23 2.00 
OC25 2.50 
CJC28 1.70 
OC29 2.3S 
OC35 2.36 
OC41 10p 
OC43 70p 
OC44 l2p 
OC70 50p 
OC71 

=
50p 

OC72 
OC82 
OC820 70p 
�f:A ::: 
R20088 2.14 
R2010B 1 .• 
SC107 27p 
SC108 27p 
1�':A � 
T!P29C lip 
TIP30A 35p 
i:��i = 
i:�;� = 
TIP32C ,Up 
TIP33A l5p 
l1P33C 7lp 
TIP34A 74p 
TIP34C llp 
TIP35A 1.m 
TtP35C 1.a 
TIP36.� Ut 
TIP36C 1.31 
TIP41A 4lp • 
T/P41C 5lp 

;:;:�� = 
�::� t: . 
TIP53 1.57 
TIP54 1 .• 
TIP110 7Cp 
TIP112 90p 
TIP115 11p 
TIP117 tip 

�:���g = 
TIP125 1.20 
TIP127 1.27 
TIP130 1.50 
TIP132 1.IO 
TIP135 1.10 
TIP137 1.8, 
TIP140 1.C. 
TIP142 1.C 
TIP145 1.1 
TIP147 1.1: 
ilP162 4.86 
TIP2955 T1p 
TIPJOS5 70j . 
TIS43 '°r' 
TIS45 Mi: 
TIS46 ... 

� .. TIS47 
TIS48 

::::r.z ::: 
-�:�� �

TIS53 97p 

i:�� = 
TIS58 12p, 



r

71562 44p
TIS64 .7p
TIS87 600
TIS884 42p
11S90 260
11591 30p
11092 30p
T1S93 540
VN1OKM 60p
VN464F 04p
VN664F 95p
ITX107 10p
ZTX108 10p
ZTX109 10p
ZTX300 139
ITX301 14
2,1302 1

Z7X303 23p
ZTX304 15p
ZTX310 360
270311 32p
ZTX312 35p
ZTX313 36p
ZTX314 24p
Z7X320 35p
ZTX330 3515
210341 29p
ZTX500 14p
ZTX601

4Z7X502 11.1;
ZTX503
21X504 245
ZTX610
270530 24p
2TX531 2615

21X650 46p

DIACS
06100 40p
612 250

THYRISTORS
Sensitive Gate

2N4444 .0
811015006 1.40
81106 2.19
265063 37p
255064 405
88101 760
1311739 *Op
88755-100 600
011755-300 67p
05156 500
11044 35p
T1C47 50p

Other Trims
255756 (1051

1.44
2561551101271

3.39
404321Cluadracl

2.23
4048611051 1.65
40512 2.70
40576 (70661

3.33
40842 1.92

(51192 1.76
151194 1.:
1N11944 1

1611964 2141
1511984 2.66
151201A ffp
1512044 1.00
151206 120
1N3063 36p
1N3065
153492 1"4
163493 2.20
153493R 2.20
163602 3.
153604 4.
1N3766 300
153768 4.50
1N37686 4.50
164001 415

164002 44p
164003 530
164004 54
154005
154006 6ip
154007 1p
1N4009 20p
164148 Sp
164150 1.
154448 22p
154517 228
155172 30p
165176 94p
165400 12p
165401 13p
165402 14p
'65403 16p
195404 16p
155405 17p
155406 18p
155407 111p
1N5408 20p
155024 52p
155625 60p
165626 62p
IN.627 66p
1544 10p
15131 40p

4 11431 "3.00

21811

1.00
10p

15941 11p

147:8 28p
44129 57p
44144 25p
60130 44p
AAY33
44217 27p
134100 22p
BA102 25p
6A115 25p
0A133 40p
64138 30p
04142 20p
0A144 150
BA155 lbp
84156 309
04182 40p
0A201 180
04202 26p
04316 25p
134317 259
134318 30p
BAVIO 16p
BAV19 15p
BAV20 15p
BAV49 15p
BAX13 10p
BAX16 11p
BAY38 20p
04744 15p
BAY93 10p
1301038 70p
1361030 70p
081048 81.

SIV1COV "P52p
881054 57
0810513 58p
138109G 65p
137126 20p
07127 22p
69134 52p
6Y182 1.26
1371884 65p
57206 36p
07207 38p
87223 1.56

87299 56p
BYW11.800 1.40
BYW11.1000

2.00
BYW12.100 1.30
BYW12.200 1.40
074112.400 2.00
87010 31.
BYX50.20011 2.00
137X55.350 62p
87071.350 1.10
87X71.600 1.52
17133 15p
11144 10p
ITT921 10p
117923 150
1112002 27p
MZ2361 1.80
0410 70p
0447 205
0490 10p
0491 10p
0495 20p
04200 209
04202 20p
RAS5084F 750
5509000 75p
SPD9002 9515

BRIDGE
RECTIFIERS
/P19 shown in

brackets,
tieetp type
W011100) 20p
W021200/ 24p
W041400) 209
W0818001 40p

amp type
Square with hole

PW0111001 50p
PW0212001 79p
PW0414001 85p
PW06 (600) 90p

25 amp type
Metal clad with

00111001 2.20
K0212001 2.30
K0414001 2.110
000 1600) 3.40

;rprlotofy

84001500r 1.20
080C3700 1.00
517164 650
87179 lap

ZENER DIODES
400-500m.
024 Series

2.4.47V 1.

1.3 Watt
024 Series
3.3-62V 15p

2.5 Wan
024 Series
7.5.76V 1.10

5W wire ended
following
voltages only
393, 3V6. 493,
497, 596. 795.
892, 897. 991.
10V, 129, 209,
33V, 519, 62V.
6111.1 1.25

10W Pos. Stud
Following
voltages only
7V5, 13. 15,20.
24.27. 30. 33.
68, 82, 91, 100,
110 1.26

20W Pos. Stud
182993 series)
024 values
7V5.75V 2.00

3rTOELECTRONICS
256777 7815
295778

"P295779 1.09
4525
1351001.101.40
05104 100

1= 2.47
2.47

ng'204.75
BPX61 3.40
0FX63 2.93

4.60
4.15

gg',
409
53p

COX33 480
L13304 15p
1036A 12p
L0374 12p
1052A 12p
LD564 159
LD574 16p
LD52C 30p
1056C 30p
LD5:2:02C

18p
10866 22p

10876229

75p

2i761

40p
2515

i
1145

l=g21 1.65

104767
2715

1.20

2478
1.45

4;: 1.5

tE:L 1 27p.25
10488 1.70
10489 1.89

1052132
8115

1.20ii11P

p`43
2.65
2.65

71132 71p
1)163 1.95
11164 1.95
1)165 2.25
11166 2.30

1167 2.35
11178 60p
71181 1_60
11199 1.35
111116 1.10
111138 2,40
TIL139 2.40
TIL209 15p

T:t1
19p
19p

711224 32p
711228 42p
711312 1.65
711313 1.65
711401 3.50
1)1403
711406I6

3.80
4,10

NEW OPTO
DEVICES

i;;; ass ott

CONNECTORS
25 WAY

Solder type
Male 1.60
Finale 2.06
Angled PCB
Male 2..F.. 2.90
Covers fen

GLASS FUSES
10011nA.5 Amp
State value in

amps and we will
supply nearest

to above
20mm slow 17p
20mm quick 10p
1.25" slow 17p
1.25" quick 10p

ICE
MULTI -
METERS
Meow 80

E18.06
Superset! 6800

tom
NEW OPTO
DEVICES

Now LEDs
Now in stock
R =red
G= preen
Y. yelbw
Large diftveecl

1 a 50a
1150 Sp 7p
G50 1515 12p
Y5D 15p 12p
Smell diffused
R20 Bp Sp
G20 12p 10p
Y2D 12p 10p
Micro 0.1.
RIO 25p 22p
GI D 27p we
YID 27p 25p
Large clear
R5C 17.0 10p
G5C 17p 13p
Y5C 17p 13p
Super bright
Large 1100
terms Onghte0 -
RSV 389 bp
5U 42p 34p

vs0 420 50
Tri.c.our
tut
RGYB 830 780

LINEAR ICs
AV1-5050 95p
AT3-8910 5.39
AY3-6912 5.59
475101034 3.00
475-2376 5.88
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
CA3015 2.62
CA3018 7Sp
CA30184 2.00
CA3020 2.00
CA30204 3.90
CA3021 3.20
CA3022 3.12
CA3026 1.52
CA3028A 1.21
CA30280 2.53
CA3029 1..
CA30304 2.97
CA3033 .44
CA3034 5.18
CA3036 2.75
CA3039 1.50
CA3041 247
CA3042 3.47
CA3043 3.92
CA3046 69p
CA3047 4.60
CA3048 2.99
CA3049 3.21'
CA3050 4.11.
CA3051 3.80
CA3052 2.92
CA3053 1.00
CA3054 1.66
CA3059 2.00
CA3060 4.09
CA3062 13.94
CA3065E 2.96
CA3068 4.23
CA3070 3.20
CA3071 3.30
CA3075 2.25
CA3076 3.42
CA30781 2.25
CA3080 1.99
CA3080A 3.06
CA.3080E 70p
CA3081 1.90
CA3085 1.35
CA3086
CA3088E
CA3089E 1.95
CA309040 3.70
CA 3130E SIp

Eq3311i8I
CA31407 115p

641366W 2.40
1141388 2.64
1C17106 7.40
1017107 9.44
ICL7611 1.18
ICL8038 2.99
ICM7555 80p
LC7120 3.20
LC7130 3.20
LC7137 400p
LF351 47p
LF353 52p
10355 B.
LF356 925
LF357 1.09
1F13201 2.90
1E13331 3.30
1E347 1.80
1913741H 613p

1F1374119 590

LMIOCH 4.26
LMI ICH 4.50
15114 6.76
LM137K 11.52
L19130145 1.60
19130145 25p_
.1.3054H 2.
119130511 090
1.110307H 1.06
LM3075 560
LM300AH 3.16
LM300AN 2.14
LM300H 960
1583065 610
LM309K 2.00
LM310H 1.96
1M3105 1.00
LM311H 1.04
1.3116 709
LM317K 2.90
LM317MP 1.04
LM31/T 1.50

TAIT 21
11431911 2.49
LM319N 2.10
167320 - See
79XX Series Volt.
ReoulatOIS
1043245
1M3370 4.
LM337MP 1.65
LM337T 1..
1.33945 1.00
LM3395 47p
1M340 - See
78XX S.. V.
Regulators
LM345K 0.60
LM3485 62p
LM3495 1.10
LM350K 4.80
L.3595 1.44
LM360N 3.88
1.3765 65p
1.3775 1.09
L103785 3.40
1,3795 4.79
1.380614 75p
LM380198 1.50
1.1438146 2.26
L.3815 1.40
1111382111 1.12
1M383T 3.40
1.3845 1.40
I.M38651 1189
1.386194 1.20
LM3886 2.43
1.391660 1.70
L.391150 1.93
LM392N 76p
1.3935 96p
LM394H 3.80
LM396K 13.52
1.70958 64p
LM709CH 15
LM710CH 89p
LM710a9 52p
LM711CH 1.38
LM711CN 70p
LP1723CH 1.21
LM723C5 40p
1M725CH 3.40
11.4725CN 3.19
L.733 699
LM741CH 96p
1574105 15p
LM741C1914 80o
LM747CN 69p
LM748CH TOD
LM748CN 3515

1M13035 1.20
LIP11304/9 2.50
LM1305N 3.10
LM1307N 2.75

LL -141313'N'
1.15

1M1458
1M1496 1.09
LM1800 3.24
1M1801 2.99
L.11812 8.00
LM1018 2.99
LM1820 2.15
1M1628 4.79
LM1830 2.44
1M1845 4.12
1M1848 2.85
LM1850 2.71
1581871 4.39
11101872 45
1_11011386 7.44
1M1889 3.77
M29075 2.76

LM29071118 2.90
1.29175 1.15
15829176 110
LM2524 0.77
11143301 1.60
153302 74p
1583401 agp
LM3403 75p
1003405 1.46
153900 4.
LM3905 1.26
LM3909 79p
1M3911 1.20
LM3914 1.75
1M3915 1.90
LM39I6 2.19
LM4250CH 2.83
15842506 2.38
LM13600 1.09
M83712 1.90
M03756 3110
M58719 7.95
5853200 9.51
MC1303 =
LM13035
MC1304 =-
1.13046
MC1305 =
LM1305N
MC1307 =
LM13075
MC1310 =
LMI 3105
MC1330 =
15813306
MC1352 1.75
MC1456 1.60
MC1458 =
1.1458
MC14661 677
MC1495L 3.75
MC1496 =
1581495

5C3340 1.46
NE531N 1.36
NE543N 2.50
61540 4.96
NE5446 1.80
NE555 16p
NE556 45p
NE558 1.89
60560 3.25
NE565 1.18
NE566 1.49
NE567 1.37
NE570 3.75
NE571 3.75
NE5534A 1.25
067335

1PLL02A 4.95."
511034 12.75
RC4136 59p
RC4194 3.95
RC4195 2.95
S5660 2.59
SA01024A pot
SAS560 2.59
SAS570 2.50
SAS580 2.59
SAS590 2.59
SFF96364 7.99
SL470 3.47
SL490 3.47
SL610C 4.00
SL611C 4.00
SL612C 4.00
51620C 6.00
51621C 6.00
SL623C 10.00
SL630C 6.00
SL6.0 6.00
516410 6.00
55760915 2.00
5N76008 3.90
SN76018 3.90
05760035 2.95
S5760136 2.95
55702319
5197603351
Sti1760336 2.95
567600 2.25
0576115 266
3676116 2.75
5N76226 3.45
3576228 2.90
SN76477 4.49
51976530 -1,80
51976550 80p
SN76666 2.90
5041P 1.0
5042P 1.60
147210 1.49
747204 1.95
TA7205 89p
7A7222 1.45
TA7223 3.74
TA7310 1.49
TAA263 3.99
144300 3.95
TAA320 2.05
144350 3.60
7AA521 1.50-
144522 2.47
TAA550 735
TAA560 2.36
TAA570 2.35
7446214X1 2.75
7646614 1.50
1446618 2170

TAA 930 2.50
74493013 2113
144970 2.45
1.449910 245
140100 2.00
1.412045 750
184331 1.50
1134341 2.05
784395 1.65
784396 1.50
TBA450 1.96
T8A460 1.53
184500 2.97
1045000 3.11
104510 2.95
11345100 3.06
TBA520 2.67
TBA5200 2.75
184530 2.55
18A5300 2.76
1045451 2.72
1045400 2.74
184550 3.5
TirA5.0c5013 3,24

104670 2.37
1845700 2.
154581 3.1
584641 100
T0A651 1.80
104673 4.15
184700 2.31
1007000 2.47
113472040 2.60
164750 2.25
1647500 2.46
1047904 2.11
184800 70p
1134810 969,
584820 759
784820M 75p
TBA920 1.96
1849200 1.97
1134950 2.26
TBA990 2.
11349900 2.7
TCA15 3.
104160C 2.6
7C4220 3.
104270 2.
104440 2.
TC4450 2.
TCAE40 4.1
TC4650 4.1
TC46608 4.15
7C4730 4.80
TCA740 4.80
104750 45
7C4760 2.75
TC4.800 3.08
TCA8000 3.66
ICAMOS 1.90
TCA910 2.19
TC4940 1.60
TDA1002 3.38
1041003 1.96

-CRICKLEWOOD -STOCKING PARTS OTHER STORES CANNOT REACH!
Items hot fully covered on this list include: OPTO 7 seg LEDs, LCDs bezelled LEDs, Lamps, * THE lAZY WAY Phone your order through on Access, Barclaycard, Visa o, American Express 
Lampholders, FUSES: 20mm 11 inch, slow or Quick blow. Fuseholders. CONNECTORS: OIL. DIN. for immediate service; no extra charge, no minimum order. 
Phono, 1mm, 2mm, 4mm. Bulgin USA. I.E.C. KNOBS: Plastic, Aluminium, Anodised, Collet, Pointer. * THE TRADITIONAL WAY Send ch&Que, PO or credit card number. Cash not encouraged but 
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All in stock items lthat"s 95%1 posted same day. OFFICIAL ORDERS FROM SCHOOLS. GOVT Staples Corner and approx 3 m�es from Marble Arch. 
DEPTS ETC WELCOME. OVERSEAS ORDERS WELCOME ICWO + ADEQUATE POSTAGE). VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad. 
QUANTITY DISCOUNTS BY NEGOTIATION. POST; PACKING rt INSURANCE Standard small order charge is 70p !more for heavier goods). CRICKLEWOOD ELECTRONICS LTD .. 40 CRICKLEWOOD BROADWAY. LONDON NW2 3ET. Export orders minimum £1.50. 
TEL: 01-462 0161. Telex 914977 

4. 8& 12Amps 
Texas T0220 

Suffix: A= 100V 
8 200V 
C ; 300V 
0 = 400V 
M = 600V 

TIC106A 4lp 
T1C1068 47p 
TIC106C 4lp 

4A TtC1060 59p 
TIC106Mllp 

TIC116A Mp 
TIC1168 llp 

�A TIC 116C 71p 
TIC1160 llp 
TIC116M 80p 

TIC126A 72p 
2A i:�:� � 

TIC1260 np 
TIC126M 95p 

SIEMENS 
THYRISTORS 

1.2 amp plastic 
Bst 801061100V ) 

60p 
Bst 80113 t200V ) 

7Dp 
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7409 
7410 
7411 
7412 
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7432 
7433 
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7438 
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7450 
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7489 
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3.99 
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HP7 HAHi 9lp 
HP1111.2AHJ 

2.21 
Char9ers 

TYPE H· 
Adjustab le lO I 
of eny H P  type 
Above £15.SI 
TYPE P 
PP3CS.S0 
TYPE A 
HP7 tUp to 4 

at a 1imel Ci.• 

OUAR"TZ 
CRYSTALS 

Please e n quire 
about types 

not lis1ed 
���:Hz :.: 
200KH:r 2.71 
I.OOMHZ 2.5' 
1.008MHz 2.7. 
2 .OOMH:r 2.21 
2 .097152MHz 

3 .• 

t����, r:
ill. 194394M Hz 

l.00 
4.433619M Hz 

1.tt 
5.00MHz 1.11 
6.00MHz 1 .• 
6.9375MHi 3 .• 
�.')OMH:r 1.11 

VALVES 
OY86/87/802 

1.32 
1.22 
1.22 
1.22 
1.IO 
z.n 
2.50 

10.75 
12.50 

1.71 
3.00 
uo 
1.n 
2.30 
3.00 
2.157 
2.11 
1.IO 
2.20 
2.10 
2.20 .... 
2.1 9 
2.11 
2.31 
7.71 
4.17 
1.12 
2.13 
2.59 

ECC82 
ECC83 
ECC84 
EFB6 
EL34 
EL84 

KTB6 
KT88 

PC900 
PCC84 
PCC85 
PCC89 
PCFB6 
PCF201 
PCFB01 
PCF802 
PCL82 
PCL85 
PCL86 
PCL805 
P0510 
PFL200 
PL504 
PLS08 
PLS19 
PL802 
PYBB 
PYSOOA 
6L6 

PLUGS6 
SOCKETS 

' UHF PL259 !fpe• 
lowklh 

superior quality 
son 

Linc plug 45p 
Reducer 15p 
Round s kt 40p 
Sqr ski 40p 

BNCSOH 
Plug 1.10 
Socket 1.00 
Urieskt 1.15 

'KEYNECTOR' 
Bare Wire Mains 

Safety Bloc k 
£7.95 

RELAY !MINIJ 
4 pole 2 way 
1sn 6 nv 

3 amp con1ac1s 
£2.80 

CANNON TYPE 
AUDIO PlUGS 

!3 PIN XLRI 
Ma!e 1.70 
1:emale 1.65 
Socke t s 1Ch assisl 
Male 1.50 
F.?male 2� 

JACK PLUGS 
Huge Oiacount 

for quantity 
plHae p hone 

'lo H Mono 20p 
'lo - Stereo lOp 
1.-Meta l 

IJlono 30p 
iYJmm Mono12p 

,:.'.\',mm Meta l 
Mono 20p 
3'1,mm Mono12p 
;. '!,mm S1ereo 

35p 
::Yi mm Me tal 
Mono 20p 
JACK iock@TS 

ChHsis 
'!. H Mono 20p 
'!. H S1ereo 25p 
2 Y, mm Mono 15p 
3\'imm Mono15p 

line 
% M Mono 20p 
% H Metal 30p 
\'• H Stereo 30p 
% - Stereo 
Me1a 1 40p 
3 'hmm Mono 15p 
3'1,m m M ono 
Line 20p 

f exas Books 1n 
s1ock . Send for 
Free leaflet 
BOOKSlnoV ATI 
cPos 1 inc prices! 
Towers 
Tra n s,stor 

Ma nual 18,blel 
10.50 

lTL Data 3.95 
Data convers,on 

4.50 
Volt Reg Daia 

3.95 
ln1erface 3.95 
Memory aplic 

4.95 
Audio/Radio 
Hbk 4.50 

Special function 
handPook 3.95 

COAXCTVl 
AIIM.tel 

Plug 2lp 
Socket Zip 
L.ineSkt 4Dp 

l'I, btGIT 
LCD 

MULTIMETER 
2amps AC-D C 
1KV !OCI 

750V IACI 
lncred,bte a1 

£34.50 
ISAE br,ngs 

soecsl 



SERVICE  SHEET 
Enquiries 
We receive a very large number of enquiries. 
Would prospective enquirers please note the 
following points: 

We undertake to do our best to answer enquiries 
relating to difficulties with ETI projects, in 
particular non-working projects, difficulties in 
obtaining components, and errors that you think 
we may have made. We do not have the 
resources to adapt or design projects for readers 
(other than for publication), nor can we predict 
the outcome if our projects are used beyond 
their specifications;

Where a project has apparently been con-
structed correctly but does not work, we will 
need a description of its behavior and some 
sensible test readings and drawings of 
oscillograms if appropriate. With a bit of luck, by 
taking these measurements you'll discover 
what's wrong yourself. Please do not send us any 
hardware (except as a gift!);

Other than through our letters page, Read/Write, 
we will not reply to enquiries relating to other 
types of article in ETI. We may make some 
exceptions where the enquiry is very 
straightforward or where it is important to 
electronics as a whole;

We will not reply to queries that are not ac• 
companied by an SAE (or international reply 
coupon). We are not able to answer enquiries 
over the telephone. We try to answer prompt-ly, 
but we receive so many enquiries that this 
cannot be guaranteed.

Be brief and to the point in your enquiries. Much 
as we enjoy reading your opinions on world 
affairs, the state of the electronic  in-dustry, and 
so on, it doesn't help our already overloaded 
enquiries service to have to plough through 
several pages to find exactly what information 
you want.

Subscriptions 
The prices of ETI subscriptions are as follows:
UK £13.15
Overseas £16.95 Surface Mail

£36.95 Air Mail
Send your order and money to: ETI Subscriptions 
Department, 513 London Road, Thornton Heath, 
Surrey CR4 6AR (cheques should be made 
payable to ASP Ltd). Note that we run special 
offers on subscriptions from time to time 
(though usually only for UK subscriptions, sorry). 
ETI should be available through newsagents, and 
if readers have difficulty in obtaining issues, we'd 
like to hear about it.

Back-numbers 
Below we list the back-numbers that 
are available from our back-numbers 
department. Please note that this list will be out 
of date if you use an old copy of the magazine. 
Back-numbers cost £1.50 (UK or overseas by 
surface mail) and are available from: 
ETI Back-numbers Department, 513 London 
Road, Thornton Heath, Surrey CR4 6AR 
(cheques should be made payable to ASP 
Ltd).

Even if the copy of ETI you need is not listed, all 
may not be lost, because we run a photoco-pying 
service. For £1.50 (UK and overseas) we 
will photocopy an entire article (note that parts 
of a series of articles count as separate articles). 
Your request should clearly state what 
article you require and the month and year 
in which it appeared (the index for 1980 
and 198 I was published in January 1982, and 
the index for 

1982 appeared In December 1982). Send your 
request to ETI Photocopies, Argus Specialist 
Publications Ltd, 145 Charing Cross Road, London 
WC2H OEE (cheques should be made out to ASP 
Ltd).
November 78 June 81
November 79 November 81
April 80  December 81
September 80 March 82
October 80 May 82
November 80 June 82
December 80 July 82
January 81 August 82
February 81 September 82
March 81  October 82
April 81  December 82
May 81  February 83

Write for ETI
We are always looking for new contributors to 
the magazine, and we pay a competitive page 
rate. If you have built a project or you would like 
to write a feature on a topic that would interest 
ETI readers, let us have a description of your 
proposal, and we'll get back to you to 
say whether or not we are interested and give 
you all the boring details.

We don't bother with the bureaucracy for Tech-
Tips - all you do is to send in your idea, stating 
clearly if you want an acknowledgment of 
receipt. If possible, please type your explanation 
of why the circuit is different, what it does and 
how it works, on a separate sheet from the 
circuit diagram·; both sheets should carry your 
name, address and the circuit title. We'll let you 
know (within a month or so) if we want to use 
your Tech Tip.

Trouble With Advertisers 
So far as we know, all our advertisers work hard 
to provide a good service to our readers. 
However, problems can occur, and in this event 
you should:
1. Write to the supplier, stating your com-plaint 
and asking for a reply. Quote any reference 
number you may have (in the case of 
unsatisfactory or incomplete fulfillment of an 
order) and give full details of the order you sent 
and when you sent it.
2. Keep a copy of all correspondence.
3. Check your bank statement to see if the 
cheque you sent has been cashed.
4. If you don't receive a satisfactory reply from 
the supplier within, say, two weeks, write again, 
sending your letter recorded delivery, or 
telephone, and ask what they are doing about 
your complaint.

If you exhaust the above procedure and still do 
not obtain a satisfactory response from the sup-
plier, then please drop us a line. We are not able 
to help directly, because basically the dispute is 
between you and the supplier, but a letter from 
us can sometimes help to get the matter sorted 
out. But please, don t write to us until  you have 
taken all reasonable steps yourself to sort out 
the problem.

We are a member of the mail order protection 
scheme, and this means that, subject to certain 
conditions, if a supplier goes bankrupt or into 
liquidation between cashing your che-que and 
supplying the goods for which you have paid, 
then it may be possible for you to obtain 
compensation. From time to time, we publish 
details of the scheme near our classified ads, and 
you should look there for further details. 

OOPS! 
We have in the past published small corrections 
to projects on the letters page, and major 
corrections separately. From now on corrections 
will appear on this page, and will be repeated 
for several months (just to increase our 
embarrassment). If a correction is too large to fit on 
here, we will publish it just once, but will note the 
fact that a correction does exist, and that copies of 
it can be obtained from us provided you send in an 
SAE. But please request copies only if you really do 
need them; if this service is abused, we may be 
forced to withdraw it.

ZX A to D (Jan '83)
D2 is shown the wrong way round on the overlay; 
wires on the RH side of the switch SW1 should go 
to top contacts. Some of the early PCBs had an 
error: pins 2 & 4 of IC1 should go to pin 16 (top) 
of edge connector (published foil pattern is OK).

Stage Lighting Unit (Jan, Feb, April, May 
'83)

Transformer specs are as follows: Primaries all 250 
V; secondaries T1: 0-6, 0-6 V, 12 VA tot; T2: 0-12, 
0-12 V, 12 VA tot; D: 0-6 V, 3 VA. ICs 34, 35, 36
are 7805 SV regulators.

ZX Sound Board Design Comp. results, Feb 
'83)
The first line of the program has to be entered in 
reverse order to get it to go in (COS, GOSUB, 
COPY, ASN and RND are functions). The line 
should read: 

10 REM :"Y -=?COS GOSUB 5 COP Y ??
ASN ?RNDF??RND

Alarm Module (March '83)
R21 ls 220k (parts list OK, circuit diagram 
wrong) Q5 is BC182L (left off parts list).

Max Min Thermometer (April '83)
A revised foil pattern was published in July ETI. To 
get original PCB to work, replace D4 and D5 with 
wire links, cut tracks from pins 7 and 8 on IC6, and 
solder 15k resistor across cut - remove ICs while 
doing this! (It's messy but it works.)

Real Time Clock (April '83)
Frequency of XTAL1 is 32.768 kHz.

NDFL Power Amplifier (May '83)
C13 is 33pF (parts list correct, circuit diagram 
wrong).
Table 1: lengths of wire quoted do not allow for 
lead lengths -add 40 mm or so to them. This is 
particularly important for L3. Resistors R29 and 
R30 can be wire wound types, it isn't necessary 
to use carbon  types (their inductance will be 
small).

Flash Sequencer (July '83)
Q1 should be BC184L; Q2-5 should be BC182L.

Telescope (August 1983)
We had a shower of annotation falling off our 
diagrams! On Fig. 1, C19 (below IC14) was not 
labeled nor was Q2 (above R1), and there were 
two C23s -one should be IC22 and it doesn't 
matter which. In Fig. 5, IC1 2 was not labeled. 
Unfortunately, there was a mistake in the 
correction (blush!): C14 is the 22µF tantalum on 
the -5 V line.

Universal EPROM Programmer (August 1983)
We had the same problem with falling annotation as 
above. On the overlay, IC7 is between SK2 and 
SK1; IC6 is between SK1 and C10; IC1 1 is 
between R7 and R10.

Z80 Controller Computer 
Same problem yet again. On the overlay, SW1 
is the rectangle beside IC5 and 6; a link 
through was missed to the right of pin 18 IC11.
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TECH TIPS 
Dual Trace Unit 
John Hesketh, 
Pontefract 

There have recently been two 
circuits published in ETI which allow 
two waveforms to be displayed 
simultaneously on a single beam 
oscilloscope. Both of these circuits 
have drawbacks, namely poor preamp 
performance, inadequate control over 
waveform position, a tendency 
towards instability and poor 
switching circuitry. The design shown 
overcomes these problems and will 
display waveforms clearly over the 
frequency range DC to 200kHz. 

The design may be divided 
into three sections, two pre-
amplifiers (one for each channel) 
and a switching circuit. The 
switching circuit is identical to that in 
J. C. Harris's circuit (ETI Feb 82).

The input signal is applied to
an attenuator network either via a 
100n capacitor for AC coupling or 
directly 

for DC coupling. The attenuated 
signal is then fed to IC1 which is 
wired for a gain of one and functions 
as an impedance matcher. This stage 
gives the instrument a high input im-
pedance (approximately 9MO). A 
portion of the output signal from IC1 is 
derived via RV1, which serves as an 
amplitude control, and is fed to IC2 
and associate components which is 
also wired for a gain· of one. This 
stage provided a means of shifting the 
vertical position of the waveform by 
introducing a DC voltage onto the 
non-inverting input of IC2 via RV2. 
This stage inherently inverts the 
waveform and therefore a further in-
verting stage is employed (IC3 and 
associated components) to restore 
the original sense of the waveform.
The outputs from the preamplifier's 
IC3/6 are fed into the signal switching 
arrangement consisting of IC7 and 
IC8. The output from the electronic 
switch is then fed to the oscilloscope.
In order that a wide range of

signal frequencies may be displayed, 
two modes of switching are 
employed. The two modes are 'chop' 
and 'alternate' and the mode of 
switching is determined by SW5. 
When displaying frequencies from DC 
to 15 kHz, it will be necessary to use 
the 'chop' mode but for frequencies 
above 15 kHz the 'alternate' mode 
should be used. 

The settings of VC1-4 are quite 
critical at high frequencies (200 kHz), 
and the following procedure should 
be adopted in order to obtain the op-
timum setting of these trimmers. (The 
procedure is described for channel 
No 1 as channel No 2 is identical). Inject 
a 200 kHz 1Vp-p square wave into 
channel No 1 input and set the 
attenuator switch (SW2) to the 1/1 
position. The setting of SW1 is 
unimportant. Set RV1 to maximum and 
RV2 to mid position. Connect an 
oscilloscope to the output of IC2 and 
adjust VC1 for a perfect square wave 
with no overshoot or corner 
rounding. Remove the oscilloscope 
and connect to the output of IC3. 
Adjust VC2 for a perfect square 
wave. Repeat the procedure for 
channel No 2. 

Note that the circuit requires a 
split supply of± 9V. 

FEATURE
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superimposed on 240V AC above earth. 
The switch and the 470nF capacitor 
must be types designed for mains 
operation.

output of the system is high for a given 
4-bit number, then the output of IC5d,
etc, will be low, and so current will flow
from the +ve supply, via the selected
analogue switch (resistance of which is
conveniently about 160R) through the
appropriate LED. If the output of the
system is low, then the output of IC5d,
etc, will be high, and so no current will
flow.

This means that an illuminated LED 
represents a "1" from the system, and 
an unlit LED a "0". 

Figure 2 shows the arrangements of 
LED's 1-16 required to obtain the 
desired Karnaugh map display. 

Low-Cost Mains Time Delay Switch 
Alex Gray,
Emberton, Bucks
This circuit offers a cheap, reliable 
replacement replacement for 
mechanical. and pneumatic time-delay 
switches such as used for corridor lights. 
It can also be used to protect equipment 
which is upset by power being applied 
and removed too rapidly.
When the switch is closed and 
reopened, the load is switched on for a 
preset time -1.1 R1 C1. During this 
period, the circuit also switches on its 
own power. At the end of the time-delay 
both the load and the circuit are 
disconnected. In the event of a circuit 
failure, the push button will still allow 
the load to be switched on for safety 
(e.g. in corridor lighting).
If the switch is a normal latching type, 
the load will be powered as long as the 
switch is closed, subject to a minimum 
period. This prevents rapid cycling of the 
power on and off and may be used to 
protect equip-ment susceptible to 
damage from this situation.
There are only three connections and 
the circuit may be wired in at the ceiling 
rose of a conventional 'looped through 
circuit without any additional wiring.

Karnaugh Map Display 
K. J. Beeden,
Crawley
The Karnaugh map is a common way of 
representing the function of a four-input 
logic system. It is often taught in schools 
and colleges, when students are given a 
logic system and have to draw the 
Karnaugh map for it. This device allows 
the student to go away and test his map 
with the actual map generated by this 
device and a wired-up system on a 
breadboard.

The usual precautions with mains wiring 
must be observed. In particular, 
remember that, although the 555 is on a 
12V supply, that supply is

IC5a and b form an astable, which clocks 
the 4-bit binary counter IC1. The outputs 
of this are fed into the quad 
true complements buffer, IC2, 
providing buffered true and inverted 
outputs to the system under test. 
The counter outputs are also used 
to decode the display -the three LSBs 
are used as select lines for the 
eight-way analogue switches, IC3 and 
4, and the MSB is used to select the chip 
by connecting the true value to INH IC3 
and the inverted (by IC5c) value into 
INH IC4.
The output of the system is connected to 
the input of IC5d,e,f. Thus if the output

FEATURE
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Inc. Cabinet & Stand 
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KEYSWITCH ITEMS ALSO AVAIL· 
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N EWt 
MODULAR AUTOMATIC 

�
24.�J• TELEPHONE SYSTEM £1 

Each rHdy built module la a complete exchang 
providing up to ten extension I Ines * Simply connect 'phones and power supply * Only two wires to each telephone * Uses ordinary dial or push-button 'phones * Complete privacy for conversations * Range of several miles * Fully expandable system 

· Each module allows two 'phones to be used at one time,
two modules allows four, etc. 

RECONDITIONED 
TELl!PHONH 
1'111h Button TrlmphonH £15 
t2_�J-80 pap. 2 tor £28 +

Push Bunon 748 Cll.75 +
C 1 .80. 2 for £11 + C2.50 Recent Style Dlel PhonH 
U.75 + Cl.80. 2 lor 21 + 
C2.50. 5 for £20 + C5 
Second, (In QOOd working 
order) 
CIHI 1 £3.50 + C1.80. 5 for 
£15+ cs 
c1 .. , 2 \diacolouredl £2.25 +
Cl.SO. 5 O< El+ C5 

UNISELECTORS. 50v, 4 Bank 
• Homing Bank, 25 way £3.50 

Oesk·lop Ten Wat Manual Ex· 
cha�:'t,(�e/irtJ/::�sunll) 

£8 + £1 .80 P&P 

Send S.A.E for free leallel on 
telephone systems. 

TEMPERATURE GUAOE o,12o·c Remote sensor on 38" caplllla,y, panel mounllng dial 
55mm. dla. Only £2.50 

10A 240V RANCO THERMOSTAT 
Wide oontrot ra"l)ellOw room 1emp. lo011er boiling point). 
Sensor on 22· cap,llary. 2.30, Including eonlrol knob 

BUY ONE EACH OF ABOVI! l'OR £5.50 

GEAREDSynchronousmolor. 8r.tt.m.24'11/A.C.3Watt 
£2, 

S0LENOIDGASVALVE.240VA.C.5P.S.l.suilablelor 
non-corrosive fluids. £2.20 

BULGIN 3 pin tree plug & panel soc,kel. 2A 240V 
SOp 

DIAL·OUT WITH YOUR COMPUTER. PCB.'s convert 
biriary lo dialing pulses and enable your eompuler todial·out (with suitable interface� Ex-equipmenL 
Tes1ed. £12 with e,planalory notes. 

M
L.E.M,SERVICES
22 Emacote Road, 
Warwick, 
Warwickshire 
Tel: 0926 490740 

AOD50pP&P. 
ORDERS OVER 
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uni-� ottlerwlM 

All ITEMS - MONEY BACK IF NOT DELIGHTED 

BUILD A BETTER AMPLIFIER!

How can you own a top claH HIFI ampllfler, or comparable standard to Nalma, Meridian,, Quads etc., for an outlay of leH than £250? 
- Simple! Built It yourself - with a Crimaon kit. · · 

It Is not necessary to spend a small fortune to obtain true Hifi performance. Cdmson Kits offer all the features and sound quality of the most 
esoteric amplifiers available and their ease of assembly ensures that they work first time and continue to do so. Not only do Crimson Kits offer 
outstanding value, but they also have the flexibility to adapt to any users needs. All the P.C.8.'s are ready assembled and tested (they are not"pot· 
ted� as we believe disposable modules are rather extravagant!) therefore constructing a kit is pleasurable in itself and, once built, will give years 
of untroubled service. So, whether you use a simple record player or a.compact disc, you can be sure to get the most from your system. E.T.l.said. 
in their review of the CK1010/1100: "I can say no more than that for £250 it is a bargain and one that will become the reference point for kit 
amplifiers from now on." Need we say more? 
PRICES * Summer Speclal Offer: Buy a CK1010 and any CK power ampllfler and get an MC2K board treeu• * 
CK1010 - STEREO PRE-AMPLIFIER (moving magnet, tape, tuner input) takes power from any CK power amp or separate p.s.u. type 

P.S.K £92.00 
CK1040 - STEREO POWER-AMPLIFIER 40 watts R.M.SJChanel £121.00 
CK1080 - STEREO POWER-AMPLIFIER 80 watts R.M.SJChanel £134.00 
CK1100- STEREO POWER-AMPLIFIER 100 watts R.M.S./Chanel £151.00 
M C2K - Moving coil add on kit for CK1010 £25.00 
P.S.K. - power supply for CK1010 (if not used with a CK power amp) . · £20.00. 
CRIMSON also supply power amp, pre amp and electronic crossov ules, power supplies end hardware - too much to list here - but·on 
receipt of an S.A.E. we will be happy to supply full details. 

· 

TO ORDER Send C.W.O. or quote your acce s card no (phone orders accepted) Crimson Products are also available from Bradley Marshall Ltd, 
325 Edgeware Road, London. 

• Offer closes 31st July 1983 (Return this ad with your order) 

[m CR�§Q!�L�,h�oK!!l!!AM�!QKE 
PHOENIX WORKS, 500 KING STREET, LONGTON, STOKE-ON-TRENT, STAFFORDSHIRE. sn IEZ ,r 0782 330520 

CLEF PRODUCTS (ELECTRONICS) LIMITED (Dept ETI)
44A BRAMHALL LANE SOUTH BRAMHALL

STOCKPORT CHESHIRE SK7 1AH
TEL 061439 3297
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THE DIGGER 
No, no, it's nothing to do with tubes of amber nectar, billabongs, tucker 
bags or any other antipodean artifacts. Just a device for digging around in a 
digital circuit using an oscilloscope - a digital trigger. Design,   development, 
and bad puns by Phil Walker.

The ETI Digger is a very simple device 
which will make fault finding on 
digital circuits very much easier. The 
basic unit is in reality an eight bit 
comparator which provides an output 
signal when the input. signal is the 
same as that set up on the unit's 
switches. The unit as described will 
handle up to eight logic inputs which 
will probably be sufficient for most 
purposes. However, it is designed so 
that additional units may be plugged 
into the first to expand the total 
capability in blocks of eight. 

Use
The unit must be provided with a 

normal TTL type + 5 volt power supply 
(probably conveniently derived from 
the equipment under test}. The output 
can then be taken to the external 
trigger input of your oscilloscope. In 
case you hadn't guessed, your next 
move is to set the scope to external 
trigger; you may have to adjust the 
trigger controls for best results, 
especially if the circuit under test 
contains ripple counters. The reason 
for this is that signal propagation 
delays in the devices will cause 
glitches in the 

HOW IT WORKS
Not much to say here really. The LED, 
switch and resistor combination on four 
inputs to each IC provides a low when the 
switch is open and a high when it is closed. 
Also when the switch is closed the LED 
will light showing that a high has been 
selected for that channel. 

When the logic input pattern on the 
input pins matches that on the switches the 
output from each IC will change state and 
thus trigger a scope connected to the final 
output. The outputs from one IC will 
directly drive the cascade inputs of another 
and so extend the width of the comparison. 
The inputs from the test circuit are 
provided with pull up resistors so any 
unused input will appear as a high and this 
must be set on the cor­responding switch. 
Cl and C2 are pre­sent to decouple the 
supply rails. R1 is a pull up for the "=" 
cascade input.

Fig. 1 Circuit diagram. 

output from the Digger unit. This is 
not a fault, as the input conditions 
are in fact true, even if only for a 
short time. Actually this property of 
the Digger could be quite useful if you 
suspect this action in your own 
circuit. 

The leads from the device can be 
connected to the test circuit in any 
order but remember to set the 
switches in the corresponding order 

or your results will be wrong. It is a 
good idea to use the input nearest 
(he output as a clock input, as this 
will eliminate a good many 
ambiguities. Don't forget to set any 
unused input channels to HIGH or 
the unit will not trigger! 

The Circuit 
The circuit for this device is very 
simple. Most of the work is 

PROJECT
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TO SCOPE -
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FROM
PREVIOUS

STAGE

RESISTORS (1/4 W 5% carbon film unless 
stated)
R1 2K2
R2 - R9 1K (SIL resistor

pack 8 x 1K)
R10 - R17 2K2 (SIL resistor

pack 8 x 1K)

CAPACITORS
C1 100nF ceramic
C2 10uF 16V electrolytic

SEMICONDUCTORS
IC1, IC2  74LS85
LED1 - LED8 3mm Red LED

MISCELLANEOUS
SW1 - SW8 8 pole SPST DIL

switch
10 way PCB socket 0.1" pitch; 5 way PCB 
socket, 0.1 " pitch; 5 way right angle PCB 
plug 0.1" pitch; box (Vero G.P. plastic box 
72 x 50 x 25 mm 202-21025K); PCB; 10, 5 
way free plugs and 5-way socket for above.

done by the two ICs which are 74LS85 
devices. These are TTL four-
bit magnitude comparators, and 
give outputs which show whether 
one of the two four-bit binary 
numbers presented to their inputs is 
equal to, greater than, or less than 
the other. In addition to the normal 
inputs, there is also a set of inputs 
which take the outputs from another 
similar device. When these are 
connected, the final output 
depends on all the 
comparisons of all the inputs to the 
devices connected in this way.

The rest of the circuit is devoted 
to providing the requisite comparison 
inputs to the ICs and giving a visible 
indication of it. The method of doing 
this is to use resistors to hold the 
inputs normally at a low level, but 
with switches that can force them 
high via an LED which will light up to 
show that it has been selected. The 
logic inputs from the test circuit are 
provided with pull up resistors so as 
to define unused inputs. 

Construction
Construction of the PCB is quite 

simple so long as the ICs are inserted 
the right way round. The LEDs and 
capacitors must likewise be put in 
correctly. If you are going to use 
resistor packs as we did, the end with 
the dot or similar mark is the common 
terminal. Verify this with a meter if in 
doubt. If you use discrete resistors, 
mount them vertically and join all the 
top ends to the common terminal with 
a piece of stripped solid-core wire. 

It will be necessary to use a 16 pin 
wire-wrap type socket for the DIL 
switch so that it can be positioned 
through a hole in the box. The LED 
leads will probably be long enough 
without extension. We would also 
recommend using ordinary sockets for 
IC1 and IC2. 

There are 5 links to insert on the 
board as marked on the overlay which 
connect the inputs to SK2. Use thin 
insulated wire for these. Mounting the 
PCB in the box is a little tricky. First 
make sure that the corners have been 
cut off at the marks shown and check 
that the board will fit into the box. 
We found it easier to fit the PCB 
upside down in the box (with the track 
side facing the lid), so that only a little 
of the side walls have to be cut away to 
allow SK1, SK2 and PL 1 to fit. Also 
a rectangular cut-out must be made in

the bottom of the box to allow SW1-
SW8 through. Finally eight 3 mm holes 
should be drilled for the LED's.
The PCB can now be bolted to the lid 
and the box put together. Connections 
to the outside world are made via the 
plugs and sockets. If you use right-
angled plug parts, then a small piece of 
Veroboard soldered to them makes a 
robust connector. The socket should be 
a socket housing with crimp terminals.
For greatest convenience the power 
connections can be made via the free 
socket and PL 1 while the trigger output 
goes from SK1. The switch can be 
mounted either way round in its socket 
allowing you the option of the test leads 
coming out of the top or bottom of the 
device, while the switch position is still 
up for high, for example.

Nothing in this project should cause 
much difficulty; the SIL resistors are 
fair­ly widely available from suppliers 
such as Watford, Cricklewood, etc. The 
con­nectors are available from Maplin, 
and the PCB is available through our 
very own service.

Two or more Diggers can be cascaded. 

Left: Overlay of the Digger; above: the Digger 
itself, less case.

BUYLINES

PROJECT

PARTS LIST

DIGGER DIGGER
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Superior Quality Precision Made

NEW POWER RHEOSTATS

VARIABLE VOLTAGE TRANSFORMERS

CROWN 42 rpm 110/230V AC 50 11. 100 An appro. nwaraima
gaarad Motor Foca 112.15  Et 50 pip WAN ,ncl VAT cel.isi
TRANSFORMER 240V AC. °POMPOM £1 2.10 + Cl pap 110111 Inc
VAT £1 5.07)
341.3 rpm GEARED MOTOR. Tonlual 35Ibin rinnaniaola I I 5VAC inc. Man
capacitor. once CII .58 + C2 p&p (total Incl. VAT C15.51114.M.S.
Sulfate* TRANSFORMER 230V AC. operation. Fria I.4.10 + 50p pip
110111 incl. VAT E5.75)

NEC. GEARED MOTOR. 152 rpm 20010 in
230V A C SOMe. Ratio 9 2 to 1. Non MVP.°

a Fraction of maker'. price
(41.25 Carr VAT NMS

GEARED MOTORS 

INPUT 230/240V e.c. 50/&0 OUTPUT 0-2&0V 
200W h�p Inc. 1.c. vohae• £15.00 

"' , 

Sn,m1.0VAC. Mf.byC.rto, U"CI ... olD.11 one VAIi 
1� M o10, ll)Pf�• 30tb ,n 110V AC com:1)1•:ewtth t,,,,.,it-un""f to, 
240\/ A,C, (10,7' • (I SO p&p CI01al 1nc VA Ttl4 .otl 

New c1,1mic co11struct1on, f'ltlvy duty b,u,h 
==��fc:)k�;����:J2S0t300/500J1Kt1 I !itll0.11.• lO!oe>aoCll111 1nc VATI 
MWATTnotlBIO • SOoe>aolUN"'C VAIi 
MIWATT l�I0/1S/SOl100/1SO/SOO/lk11/I ,011115'1113 51111 
n .J$ 1'o p&p ID.le Jn< VA Tl 

mXfs'�:/:tzAx) g:� �. . � � 
Zl(VAIIOamc>MAX) £41.00 d" ,, 1:'��: 
3KVA l151mpMAX) U9,00 ;:,:,:,;:: ::',-:; SKVAf251m1>MAXI 09.00 ::a::�.!: ;;:":".;, 
10)(.VAt50ampMAXI 1174.00 i:H::!: �� 15KVA(751fflpMAXI t270.00 

__. ..,_, ..._. ltaot, cthbtatld ttt Noa 1 9. I 1?in d•• btass t>ua:h 
1Mo11.,.,bov1_1.,,>c1p .. ·VAT · 3-PHASE VARIABLE VOLTAGE 
SOLID STATE E.H.T. UNIT TRANSFORMERS 
tnpu4 1)0Y AC Fully ,solatld .t.pp,0111 1$1CV Bu,t,.,n 10 He r,m,, Duallnr,vt 100·240V o, 380�415V Star connected 
£u1tv moo1hed fo, 10 sec 30 sec 10 c:onhnuous op•ration s,11 J KVA S amp P1'' 1>hne mu t111 . .c> 
155• IS· 50mm P,tttS , 75c,'o6p Uottl •nc: VAT te.6H • 6 KVA 10 ,mp per phasoma111 £170.10 
240V A.C. SOLENOID VALVE 

,o KVA 6•mp ••• ph,oe mo• E345.45 

71rpm WVNSCALE moto, 1pp,o• 101b ,nch 
A.C . 1upplltd with •uto ttanatoune, 260\/ 
A.C opotlllOft (IO:,Sp&pCIS0((14..,nc VAT: NMS 

Comprehensive range of L.T., AUTO (110-240V). ANO. 
ISOLATION TRANSFORMERS available for 1ni- INDUSTRIAL STROBE KIT 

De� fol AMIG•sittC,..7 Wa11rO Sp11 lnl111ou1te1 lg forgedhru1 
body M,nyf Oewttsw11ct1 Asco 

METERS (New) - 90mm DIAMETER ..-.,. 
"''" BIO Clo&o1n ... onc VAll NMS 

0: e:: ��62T7: 0. IA. 0-SA, 0- IOA. 
mediate delivery. Leaflet on request. 

�;: �"::.:':�.�� �':,����"';:' ,':'� �"": :z,� '7?:i�
r.:: ::: v�'\'c� Su,uble C.M Ind Reftecto, tll.$0 (1 p,a0 

2ft 2t wMU u..zo. Pos, Ct 15 ff&.17 ,nc V/. T & 

2KVA VOLTAGE CHANGING 
TRANSFORMER 

COMPRESSOR ���@�::.�.���,,1
1=

pl,pl 
tFof use"" ttiftehrd bt pin f1thng1t 
l&lwMtfUI. · •Se>1D.97onc VAT .,&pl 
tiftlwMtOM · 15910.n,� VATo&o1 
...,,wlftQ,$0.. • '5PIB1ttft<" VAT olol 

Auto wound with taps 0·5·100·125·150·175· 
190·200·225·230·240·250 Volt. Also in· 
eludes a separate LT. winding 0·5·1 OV. at 
15A Price: £22.00 + £4.00 p&p (total incl 
VAT £29.90). :�:"!1:1·:i� (����r��v�'�ltJ'. �o =;,!�,!�:C:,�� �

13012.0VAC a,.,s,n<t VAl 
BLOWERNACUUM PUMP 

Complete N11nt u� to, ether 6V W c,, t'lV tube 2YN AC 09 ts.SO 
Pott S5o rtl ti 1n,c VAT o,&p• Also ava.tabtt fo, 1 '1V OC £$.SO Po$f 55o 
ltltlonc VAT ()&pl 

FROM STOCK AT PRICES 

THAT DEFY COMPETITION, 

3 ohlH AC mot.Of 120l2St1V Of llOIMOV t 415 ,o,n. 19 hp cont O.,ect 
couatt<I to w,11..,,. Allday Ale.ow �rt,on vane blowettv,cuum OJfflCI 
09cfmlh� W · C,p&phOl .. ond VAfD9.NJ 

BLACK LIGHT BULBS 
Sett h.lHHt9d Me,cury u V 17SW 8�1bt Av•ttahle to ,  e11t,er e C n, ES 
f,n,ng Pocel11.11rncl p&pandVAT 
MJOW UV t..AMPANO BALLASf compte1e fltOO P05t (3 50 (£47.13 1t1c 
VAT 6 o&D, 4"'1W UV LAMP on)y t1, 00 po1t (2 00 Cfll,40 111< \JAT 8r 
l>&uJ 

.. 

M 
����..i"',!,��� 
operattan.. Puce £4..75 • C1 p&c, <total tnci VAT 
U.'21. 

. 

AC GEARED MOTORS 
DC MOTORS 
MICROSWITCHES 
RELAYS 
REED SWITCHES 
SOLENOIDS A.C. or O.C.
PROGRAMME TIMERS 

C.F. BLOWERS
AC CAPACITORS
STROBE KITS
FLASHTUBES
CONT ACTORS
SYNCHRONOUS

MOTORS
--"" Phone in your enquiries-.c.....1eUafpe,ts .... �,olncll,oe12"8W11tt2$31Ang.stTwbt,IIIIIII if---·-r,0011, ....... , ....... ct1onolthep1loeaf• 

��C.:�:0--:'{1""'°'tt-:::�r:l':r1,c:::or.°"awltehal'ldd,eli!t. 
......... f"illbt UNCII ill lftiscin:Jr:tlgt,� danGeot0t.11 lo Che eyes. Unh MUST b911Htd fn 

INSULATION TESTERS NEW
500 VOi.TS SOOmegol>ms Ut.00 p&pC2 ICH.15 ,nc VAl & p&ol 
1000 VOLTS 100011 £55.00 p&p C2 00(£15.55 ,nc VAl & p&pl 
SAE for IHffet 
SANGAMO WESTON TIME SWITCH 
T�S..51 XIOJ�AC 1 onl1ot1 �ry 14 hours 10 amc,scontl<tl 
Wllhove,,,o,e sw.cc.h �tf!f 4 ·l o,a b .SOQ&p (I tt12.0I 
inc VAf. o,&pJ Als.o<iVltlaolewch '°''' Ol,I R&T 
Atso 1v1t11ble S8"91mo Wesaon 60 ,,.,o arid AEG 80 arno flt,one 
IOf det•tts 
�:: �:'. 'rcr'o6P '.t�C:�*"::J:'::ss.dayom1ft1"9dt'VC8 
fn,• $)11. As above, plus 36 hour-1 sp,M'� reserve ltti o,et'JPI'• 
oove, P,1ce t13.00 · fl r'l&D (£11, 10 1nct VATJ N MS 

57 BRIDGMAN ROAD, CHISWICK, LDNDON W4 5BB, 01-995 1560
ACCOUNT CUSTOMERS MIN. ORDER ￡10.00

ITKfM-Mos. 

Personal callers only. Open Saturdays 
9 Little Newport Street 
London WC2H 7JJ 
Tel: 01-437 0576 

ELECTRONIC COMPONENTS ANO 

TEST EQUIPMENT 
35. HIGH BRIDGE. NEWCASTLE

UPON TYNE NE11EW TEL: 0632 326729 

-
MULTI METERS 
n.ANDAR TM351 
• Bench/portable e 3YH!igit 0.5" LCD e 0.1% 
basic accuracy• 29 ranges. e Battery life 
typicany 2000 hrs• Complete with batteries & 
test leads. £113.85. -

FREQUEN CY COUNTERS 
THAN DAA TF200 1 OHz to 200 MHz 
e Bench/portable e 8-digit Liquid Crystal Dis· 
play. e frequency range 10 Hz · 200 MHz• 
Resolutlon better than 1 ppm • Sensitivity 
typically 1 OmVrms • Time base accuracy 0� 
ppm. • Battery life 200 hours • Frequency, 
time average period, totalize & reset· 2 ranges, 
5 gate times; external clock facility • Complete 
with batteries. £1 &8.75. 

r'•te 

Accesaories:Carrying case £8.84. Universal 
test lead set £12.85. Service Manual £3.00. 

THAN DAR TM353 
• Bench/portable • 3Yi-dlgit 0.5" LCD e 0.25% 
basic accuracy• 26 ranges • Battery I We 
typically 3000 hrs • Complete with batteries & 
test leads £88.25. Accessories as TM351. 

n.ANDAR TM354 
• Pockel size.• 3Yi·digll o.5" LCD,• 0.75% 
basic accuracy.• 14 ranges• Battery life 200 
hTI £45.94. Carrying case £3.45. Universal 
test lead set £12.85. Service Manual £3.00. 

THAN DAR TM451 
• Bench/portable • 4Yi·dlglt 0.4" LCD • 0.03% 
basic accuracy• Full auto-rang in!! or manual 
• Sample hold • Audible continuity test 
• Complete with battery and leads £171 .35. 
AC Adaptor £7 .99, Unlversal test leads £12.85. 
Service Manual £3.00. 

0SC1t:L08COPE 
n.ANDAR 8C11 OA 
• Bench/portable • Low power• t O MHz 
bandwidth • 1 OmV aensltivlty £171.35. Carry· 
Ing case £8.34. AC Adaptor £7 .99. Aecharg· 
able battery pack£12.85. Xt probe ta.OS. X10 
probe £8.20, X1 X10 Switched probe £10.93. 
Sprung hook lrimmer pack £2.88. Manual 
£3.00. 

G!NERATORS 
I�:fAR TG100 Funotlon 1 Hz to 100 KHZ 

TG102 Function 0.2 Hz lo 2 MHz £188. 75 
TG105 Pulse 5 Hz lo 5 MHz £97.75 

Mi, 

-..... 

I& 

THANOARTF040 10 Hz to 40 MHz 
• Bench/portable • 8·diglt Liquid Crystal Dis­
play. • Frequency range to Hz· 40 MHz 
e Resolution t Hz. e Sensitivity 40 mV nns. 
e Timebase accuracy 0.5 ppm • Battery life 80 
hours. • Frequency, totallze & reset: 2 gate 
times • Complete with ba1terles. £1 2&.50. 

ACCESSORIES FOR TF200 & TF040 AC 
adaptor£7.99, Carryingcase £8.48, Xt Probe 
es.OS, X10 Probe £9.2 , Service manual 
£3.00. TPeOO preeca1er£51.75. TP1000pre­
ecaler £74,75. 

THAN DAR PFM200A 20 Hz to 200 MHz 
• Pocket size • 8·digit LEO display • Fre­
quency renge 20 Hz· 200 MHz. • Resolution 
0. 1 Hz. Sensitivity typically 10 mV rma. Timebase 
accuracy 2 ppm e Battery life t O hours. • Fre· 
qucny; 2 ranges, 4 gate times• BNC Input soc· 
kets £77 .&2. Accessories. Carrying case £3.45, 
AC adaptor 27 .99, XI probe £8.05, X10 probe 
£9.20, Service Manual £3.00. 

Full spac av11/1b/e on all Instruments. 1ust phone 
or write: 

Schools, colleges. universities supplied on 
ofllclal orders. 
Prices Include VAT. Please add£ t .00 postage to 
orders under £20.00. 

SERVICE TRADING COAmple parking space
Showroom open
Monday - Friday
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Accurate Digital Multimeters at
Exceptional Prices

28 RANGES, EACH WITH FULL OVERLOAD
PROTECTION

6010
5% Accuracy

£29.95

ah

NEW ANALOGUE METER WITH CONTINUITY
BUZZER AND BATTERY SCALE

NEW
HM102 BZ

£13.00

HM 101 POCKET SIZE MULTIMETER
SPECIFICATION

Quantity discount for trade on application.

Interak 1

THERE'S NO LIMIT TO
WHAT A COMPUTER WITH

NO CARDS CAN DO!
It's the oldest trick in the book to grab your attention with a
stupid title, but in this case there's a grain of truth in the
statement above.

The Interak 1 Computer System is a 4MHz ZBOA develop-
ment system, one which you build yourselt, perhaps ter
enthusiastic home use, or more often for industrial or
educational purposes.

The fundamental structure is a 3U 19" rack which has
space for 13 cards ("International" size, i.e. 4.5" x B") on 1"
pitch, with space for a power supply at one end of the rack.
International size - rack mounting: Inter-rak Interak!
13 cards 4.5" by 8" gives a total potential board area of over
400 square inches,enoug h for a couple of hundred c hi ps or
more: there's no real limit on what that could do Is there? (It
would leave a few of today's marvels a bit in the shade
eh?)

But don't be Seared, you don't have to build a Frankens-
tein's monster until you're ready. The first few cards are
pretty straightforward:' First the VDU -K. which can be con-
nected to your own T.V. (or monitor), then the ZBOA-CPU
card, the brains; then dynamic RAM, and finally the Key-
board inter face (to any standard parallel ASCII keyboard),
and you've got a computer - with the ultimate resource: 9
empty slots for the future. (Perhaps use one of them for a
2400 baud tape interface or later floppy disks.)
Example prices (excluding VAT), everything is available
separately and lull after sales service in case you make a
mistake: ZBOA CPU card £10.95, Manual £1.50, Main
Parts £13.41.

40 type -written pages of description, Specification, price
lists etc. areyours for theasking (a 25p stampand/or SAE is
a help, but not essential), or telephone if you prefer. You'll
have to livewith your computer for a long time, so make the
effort and find out allabout Interak now:a coupleof minutes
is all it takes to ask for a leaflet!

Greenbank

Greenbank Electronics (Dept. T9E), 92 New Chester Road,
New Ferry, Wirral, Merseyside L62 5AG

Telephone: 051-645 3391

TYPE161B 

Brcmime 

aia.fllu...,, 

DUAL POWER SUPPL V KIT 

INCORPORATES A POSITIVE & A NEGATIVE REGULATED SUPPLY 

BOTH ARE ISOLATED & ADJUSTABLE 1.3V TO 16V D.C. 

Interconnect to give 2.6V to 32V or 
-1.3V/0/+1.3Vto -16V/0/+16V

Output current 1 A at 16V to O .35A at 1 .3V 
Ripple is less than 1 mV 

·£25.99
,nc P&PandVAT 

Built & Tested ￡37.95 inc.P&P and VAT

Comprehensive design details with calculations are included so 
that the kit is an excercise in power supply design. The kit, which 
uses quality components, is complete with instructions. Case 
punched and stove enamelled in attractive blue and grey with a 
printed front panel to give a professional finish.
Excellent for the beginner, the experienced amateur and as a 
tutorial for schools and colleges.

SEND CHEQUE OR P.O.  ALLOW 21 DAYS FOR DELIVERY 

BRANIME MARKETING LTD DEPT ETI/9
BALTHANE IND. EST. BALLASALLA. ISLE OF MAN 

5"ECIFICATION MODELS 
6010 & 7030 

• 10 omp AC/DC 
• BatMry: Single 9V dryatli. Lile: 200 hrs 
• D,menoions: 170 " 89 • 38m.m. 
• W.;ght: 400g inc. battery. 
• Mode S.lact: Push Butt.on. 
• AC DC Current 20<¥,IA to IOA 
• AC Voltage; 200mV to 750V 
• DC Voltage: 200mV to tOOOV 
• Rt1fstance: 20oi1 to 20Mn 
• Input Impedance: 10Mn 
• Display: 3� Digit 13mm LCD
• 0/load Protection: All ranges 

OTHER FEATURES: Auto polarity, 
euto zero, battery low indicator, ABS 
pfntlc cne with tilt stand, battery and 
test leads Included, optional carrying 
Call, 

NEW HM 102 BZ 
SPECIFICATION 

DC Voltage: 0-25. 1, 2.5, 10, 25, 100, 250, 1000 
volts 20,000 ohms/volt. 

AC Voltage: 0-10, 25,100,250, 1000volts 
10,000 ohms/volL 

Decibels: • ·20 to +22dB 
DC Current� 0-50. soo,.iA. 0-5, 50, 500mA 

• Ohmmeter: 0-6 Megohms in 4 ranges. 
30 ohms Centre Scale 

Power Supply: One 1.SV size • A' battery linctl 
• Size & Weight: 135" 9t "39mm, 280gr. 

DC & AC Voltage: 0-10, 50,250, 1000volts, 
2000 ohms/volts 

Dec,btls: ·10 to +22dB 
DC Current: 
Ohmme1er: 

0-100mA 
0-1 Megohm in 2 ranges, 
60 ohm1 Centro Scale 

• Power Supply: Ona 1.6V size' A' bottery Onell 
• Size & Weight: 90" 60 x 29mm, 92gr. incl. bltwry 

• Price 
balllry 
ts.SO 

Add 15% to your order for VAT. P&P is free of charge. Payment by Cheque with Order. 
Access & Barclaycard accepted. 

@ Cottrell House. 53-63 Wembley Hill Road. Wembley. Middlesex HA9 88H. England 

ARMON ELECTRONICS LTD



AUDIOPHILE
Audiophile returns with a look at a new version of an old 
favourite. Ron Harris (Who's he? -Ed) has been playing with 
little boxes.
What do you mean "Oh no, not again?" Thought you'd got 
rid of me, huh? It's not as easy as that my friends. Audiophile 
returns to ETI with a look at some new boxes with an old and 
revered name - Minimax 2.
The Minimax 2s are a two-unit ported design of tiny 
proportions. This is a complete redesign from the originals 
and the speakers have a lot to live up to. 
All by themselves, the original Minimaxes practically rewrote 
the hi-fi gospel that speakers must be big to be credible. This 
led to a host of manufacturers taking a serious look at the 
idea of high performance small enclosures, witness the

The boxes in question, in semi-naked glory! 
Note the-bass reflex port: the old 
Minimaxes didn't have that!

· plethora of imitations there are now.
· Presumably the idea behind the redesign is to re-establish the
Videotones as the leading small speakers and the indications
are that they are selling very well. Celestions magnificent SL6s
have unquestionably taken this field a good deal further
forward, but at a price. The Minimax 2s are considerably
cheaper and are not intended to be directly competitive.

Moving Experiences 
The main problem with ·any small box is how to move the 

mass of air required to produce useful bass response when the 
speaker is too compact to house a large driver. Because the 
enclosure is smaller than the wavelength of the sound it is 
producing, cancellation occurs between the air mass in front of 
the driver and that behind the box. In short, as the unit tries to 
push the air away from it, instead of traveling outwards, the 
wave just 'wraps around' and dissipates most of its energy 
before reaching the listener. 

This is why small speakers produce better bass close to a 
wall. You can't cancel a wall. The more solid the better, as the 
mass is what ,counts. As an added help, the bass driver should
be of the long excursion variety in order to transfer as much 
energy into the air as possible. If you must use a small paddle 
then you have to move it further for the same effect as would 
be obtained with a larger surface area. 

Field Work 
In order that the bass driver should be able to move 

freely and without inducing gross distortion, the coil and 
magnet within which it moves must be made longer also, so 
that the coil never moves out of the linear region of field and 
is therefore evenly driven at all signal levels. 

Also, although a smaller set of wooden panels should be 
easier to damp, and thus have their resonances kept under 
control, in a real box any bracing material used is more likely 
to affect the overall sound quality. This is simp-ly because the 
volume of the bracing subtracts from the volume of 
the .enclosure, and the less there is to start with, the less left! 
It is the bass which suffers, so a trade off is required. 
Resonating panels will colour the sound, too much bracing will 
reduce the base ... hmm, perhaps we could launch a computer 
game called 'Design A Speaker'. 

FEATURE
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In Use 
Having now run briefly through the horrors of designing 

small speakers, how do the Minimax 2s measure up? Despite 
all the pitfalls do they actually produce a creditable 
result? In a word yes. The originals were very worthy units 
and the Mark 2s should carry on the tradition admirably. 

I wired in the units, somewhat unfairly, in a direct 
comparison to my usual reference speakers, KEF105 II's 
which are anything but small. The Minimax was positioned 
off the floor, clear of walls and for a second attempt on a shelf 
flat against the wall to simulate more usual conditions of 
usage. 

The amplifier was a Denon PRA2000/POA3000 Class A 
set-up and the record source provided by the well 
trusted TD160S/SME Ill carrying a Shure V1 SV cartridge.

To those of you who think it 'unfashionable' to use an 
SME rude words and expletives. Unaffected by the frantic 
pursuit of something new for the sake of it often to the 
detriment of the results the SME continues to out-perform 
the pretenders. So there! 

On an absolute scale the Minimax 2 is a worthwhile 
product. Taking into account its size, it is positively 
brilliant. Its greatest asset is the ability to project the sound 
image away from the enclosures, out into the room: This 
makes it very easy to forget the boxes and the size of them. 

The Wall 
Used in 'free-space' i.e. clear of all room boundaries, the 

Minimax understandably loses body in its presentation. 
Given a wall to help out, however, it can make a 
nonsense of its dimensions. 

The new high frequency unit appears to improve both the 
smoothness and the spread of the presentation. The image 
is now much less dependent upon the listener's position 
and is free of any noticeable frequency response 
irregularities. Integration between the two units is good 
and the mid-range has a good solid sound to it.

Someone used to big, free standing enclosures, with a 
good deal of power behind them, would of course notice the 
lack of bass extension at once. However, as a starting point 
in hi-fi, or as a compromise answer in a small room, the 
Minimax 2s have much to recommend them. At the low 
price of £75 per pair, they are very good value and 
should be listened to seriously if you are thinking of buying a 
pair of small speakers, for whatever purpose.

One word of caution, they are relatively inefficient 
and hooking up less than 20W a channel is unlikely  to 
elicit the best results from these diminutive demons.

would recommend around 50W per channel, despite the 
manufacturer's indrawn breath of cowardice. Take it easy on 
the volume, to the extent of not pushing in Status Quo full up, 
and you will be returned a smooth, well imaged sound with 
good hi-fi extension and more bass than you thought 
feasible from a box this size! 

The Preamp And The Packing Case! 
Also this month I was going to review Musical 

Fidelity's "The Preamp", an audiophile unit of modest cost 
and high aspirations. Due entirely to the fact that I am moving 
house and my entire reference system, nay life, is packed into 
cardboard boxes and is presently being shuffled through the 
lanes of Kent, I am unable to do so!

My apologies for this and as soon as normal service is 
resumed I will complete the findings. Meanwhile, have a 
topless photo.

Exit Ron Harris pursued by the office chapter of the 
Womens Liberation Movement, in a none-too benevolent 
mood.

The Preamp. Not royal, but well titled. Soon, all will be 
revealed in even more detail!

Above: the trusted reference. An SME Ill doing it's bit whilst sat on a 
Thorens TD160S. A great deal of mud has been slung at several excellent 
products lately, including the SME. Ignore it. Let your own ears decide. 
The SME will stand up to ANY properly conducted comparison (i.e. 
scientifically). If you think I'm getting upset you could be right. I'm 
thoroughly cheesed off with unqualified, unprincipled and unsound 
review techniques. A mandatory qualification for producing some of this 
stuff seems to be that the applicant must be able to prove he has 
achieved brain death. End of tantrum. 

FEATURE



When you need to update yourself with all 
that is available in the "Do-it-yourself" 
market, then you need the Hobby Herald. 

Packed with product information essential 
to the electronics enthusiast, th.is new 
electronics catalogue lists over 60 exciting 
products ranging from All Purpose Cutters 
to Verobloc, the solderless breadboard. All 
products are·available throughout the U.K. 
from over 200 stockists. 

HOBBY 
HERALD 
Alternatively ordering 
products through the 
Herald is simplicity 
itself, and you can pay 
by either cheque, 
Barclaycard br 
Access. 
So make 
sure you 
get your copy 
of Hobby Herald by 
ringing 

(04215) 62829. 

BICC-Vero Electronics Ltd., ma 
Industrial Estate,  

 Chandlers Ford, Hampshire, 
S053ZR.

vero 

. 17 exciting electronic projects 
to build and run on your own micro. 

I
LIGHTPEN 
PICTURE DIGITISER 
KEYPAD 
MODEL CONTROLLER 
WEATHER STATION 
+ OTHER EXCITING &
INTERESTING PROJECTS

REALISE THE REAL WORLD POTENTIAL OF 
YOUR MICRO. 

A newly released book written by well known author 
Owen Bishop and published by Bernard Babani 
gives fully descriptive details on how to build all 17 
projects - all are fairly simple and inexpensive to 
construct - The most complex component (the 
DECODER) is supplied in kit form ready to assemble 
with all components and plated through PCB. -
Components for the projects are readily available 
locally or found in your workshop drawers. 
Once assembled and connected to your micro the 
decoder is able to run any or all of the projects 
simultaneously. 
Simple Programmes are included to get you started 
but of course the more experienced programmer 
can have hours of fun writing complex programmes 
to t�ke full advantage of these easy but exciting 
proJects. 

------------� 
Please Send By Return (allow 28 days for delivery) 

I QTY REF DESCRIPTION PRICE TOTAL I 
HB/2000 "EASY ADD-ONS" + DECODER I KIT & BOOK . £24.00 I 

I
I .�::! ���:i:��ti��

ONLY 
�:: •

• HB/2003 DECODER PCB ONLY £8.00 

I TOTAL I Price Inclusive of VAT &carriage. Pl ease allow 

I 21 days fordeUve,y. Cheques, po·sorsigned Access orders welcomed. I 
I Please Send Full Hobbyboard Mail Order Catalogue D [f, iJ I
I 

w'.th full range of PCB materials & Hardware 
I

I 
Name ...................................................... 

IAddress .................................................... . 
I .............................................................. I 
I .............................................................. I 

'I L.-L.0...
111

11..--,-.11 
•dlvl1lonof I 

I 
al lUUUII � KELAN ENGINEERING Ltd 

I. ti . Hook1tone Part 
I 

· 
Haft'Ollt•, N. Yort• I 

\ complete P.C.B. workshop
IETI 9/83 

._. ______________ , 



Full Kits Inc. PCBs, hardware, elec-
tronics, cases (unless stated). Isms
batteries.

,

,

BECOME A
rlaDIOAMATEUR

Train now for the Radio Amateur Licence 
examination. No previous knowledge . 
needed, only a few hours per week of home �!!!IA 

for details or tel. 0734 51515 (24 hr service) • .�::i�·' 
study for 3 to 6 months. Post coupon now �L' 'Al - y • .. 

I 
British National Radio & Electronics School. Reeding, eerk,.;·��-�;R r------------, 

_.. FREE brochure without obligation from:-
1 :::.:.:::.= British National lladio& Electronics School I CACC READING, BERKS. RG1 1 BR 

I 
. 

I Name ....................................... . 

I 
Address ............ , · . · , · · · · · · · · · · · · · · · · · · · · · 

I 
L E.Tli9/846 ·.:.;_· �. � ·.:.;_· .... �e�·K�P�LE.cl,E .J 

,.E�U�;-O;A� 
I ELECTRONIC 

I KITS

I 

:RADIO 
I KIT 
•• 

I 

This AM radio is supplied with bu(lding instructions plus comprehen· 
sive electronic theory, exercises and test procedure. A complete 
learning package, requiring only a 9V battery. 
Thelargefibreglassprintedcircuit board has been designed in 3sec· 
lions- a TRF radio, a bass treble control and an amplifier push·p1,1II 
output circuit Each section can be built and tested as a separate 
project. 
This comprehensive radio circuit shows an application of tuned 
circuits, I.C.'s, field effect and bipolar transistors, common emitter 
and collector configurations, stabilizer circuits, feedback circuits, 
complementary output stages, etc. 

I 

I

I

I 

I 

I 

I 

I 

I 
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I 

I 

I 

I 

I 

I 

The radio project kit should given entertainment and interest to the 
novice, yet provide valuable learning material for the electrical 
student. Particularly relevant to current T.E.C. electronic courses. 
The price is only £16. 70 inc. VAT + £1.50 p&p. (Allow 28 days 
delivery). 

•• 
Educational and quantity enquiries welcome. 
Send cheque or postal order to:-

HAZZLEWOOD ELECTRONICS LTD., 
· Sales Department, 

149 Main Street, 
Grenoside, 

Sheffield, $30 3PN. 
Tel: 0742 463585 

.1 

I 

I 

I 
Send an S.A.E. to receive a list of our current electron lo project kits . 
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Viluef Olep&ay Unlu 
Burroughs MT686 VDUs 
These ve<$alie mic,o 
controtled programmable 
tMminals have 3 RCA 
1802 CPUs and 64K of 
memory. 12" Green 
s creen (80 " 251 RS232. 
106 key detached key· 
board. Can also be used 
as quality vkteo monitor. 
£149 + £15 carr. WHILE 
STOCKS LAST. 

CENTRONICS 308 
LINE PRINTERS 

professional fas1 
compact lin&-printer. 80 
columns, 120 char /sec. 
Parallel i/f. Quality at a 
sAly p,ice. Vertical format 
unit. To inc. operadons 
manual. ONLY £149.00. 
Carriage t England I 
£17.50. Tech manual 
1.230 pag<15I £10.00. 

FLOPPY DISC DRIVES 

Fantastic MEMOREX 
550 9• discs fflOUl)ted in 
attractive case with 
powe, supply and fan. 
Shugan standard 50 way 
interface. Space for 
second drive. £199 tcarr. 
1:9.501. 

MAWSON ASSOCIATES 
124 Lennard Rd, Beckenham, Kent BR3 1QP 

wtAlS08UYCOMPUTlRS 01-778 3600 �wt1-byappoin1mon1 
ANO COMM(A P£1UPHEIIAlS 1/h ltemt IOld working but !'IOI g'1Nd 

MULTIMETERS 
(UK C/P 66p} 
RANGE DOUBLER 10A DC1 
Special price ........... : ................ £15.95 
ETC 5000/6001 121 Ranges 
60K/V Range D,oubler 10A DC 
................................................. ,£16.50 
TMK 600 23 Ranges 30K/V 12A 
DC Plus cont. buzzer .............. £23.95 
NH56R 20K/V 22 Range Pocket.
.................................................. £10.96 
360TR 23 Range 100K/V. Large 
sc;ale 10A AC/DC plus Hfe .... £36.96 
ATI 020 18 Range 20K/V. Deluxe 
plus Hfe Tester. ....................... £17.50

ST303TR 21 Range 20K/V plus Hfe 
Tester ...................................... £16.96 

SPEAKERS 
(Hi·Fi, P.A., Disco, Bass Guitar} 

8" 60W ... £11 .95 

10
11 

sow ... £12.95

12" 1 oow ... £26.95 

18" 1 oow ... £39.95 

MOTOROLA PIEZO 
TWEETERS IN STOCK 
RETAIL• MAIL ORDER 

EXPORT • INDUSTRIAL 

EDUCATIONAL 

Order t,y Post 
with cheques, 
AceM.S/V't11 o,
vou can 
telephone vour 
Of'd«s. 

ALL PRICES 
INCLUDE 

VAT 

FREE 
CATALOGUE 

SEND LARGE 
SAE 

(UK20p} 

MUSICRAFT 303 EDGWARE RD. LONDON W 2 TEL 01-4029729 2898 

Digitise at up to 10 MHz. Store, then display on a UHF 
TELEVISION. Single shot Capture up to 250 KHz. Storage Facility 
for less than £ 100. 
The Tele-Scope is a new concept in data capture utilising the 
latest Digitising techniques. The Tele-Scope acts - controls - 
displays much like a conventional scope but does much 
much more. 
A kit version is available for£89 and a Built unit for£109. A 
manual is included and specialist parts are available 
separately. 
Prices exclude V.A.T. at 15% with postage and packing at 
£2.95 inc. The manual is available separately for£ 1.50 inc . which 
is refundable on subsequent purchase of a unit.

NAME & ADDRESS ......................................................................................................

Cheques PO. made payable, I enclose cash £ 

HAWK ELECTRONIC TEST EQUIPMENT
Blrcholt Road, Parkwood Industrial Estate, Meldllone

Kent ME15 9XT. O622 686811 
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Z80 CONTROLLER 
COMPUTER PART TWO 

The only way to give MARVIN a sense of proportion is to 
connect him with the outside world. Peter Grigson and David Harris 
show us how it's done.

No computer can talk to the outside 
world on its own - it needs interfaces 
to achieve this. As we've already 
mentioned, MARVIN is a modular 
computer, and so his interfaces are 
built on separate boards. There are 
two types of interface - the I/0 board, 
and the interrupt board, both of 
which we will now proceed to 
describe. 

HOW IT WORKS
I/O BOARD 

The circuitry divides into three parts - the 
control logic (IC1 and 2), Port A (IC3 and 4) 
and Port B (ICS and 6). In fact there are 
four ports per board the input, and to 
enable the relevant IC. Note that separate 
but sharing the same addresses. 

The port selection logic is very simple; 
four AND gates are used to detect. when 
one of the ports is being addressed and to 
enable the relevant IC. Note that the 
selection signals are active low. Because 
the system is quite simple, it was not 
judged necessary to include cir­cuitry to 
avoid more than one port being enabled at 
once. 

The output ports (ICs 3 and 5) are 
based on the 74LS373 octal 0-type 
transparent latches: while the EN G input is 
high, the outputs follow the in­puts. When 
EN G is taken low, the lat­ches will be set 
to the current data. There is also an output 
control which may be useful in some 
circumstances. When this is taken high, the 
outputs from the 74LS373 go into a high 
impedance state, irrespective of the latch 
contents. However, the latches themselves 
are unaffected by the output control, and 
they will retain their cur­rent data, or can 
be set to new data. R1 and R2 keep the 
output control (OC) inputs, to ICs 3 and 5 
respectively, low in the case of no external 
control signal. 

The input ports (ICs 4 and 6) use 
74LS244s: these are octal buffer/line 
drivers with tri-state outputs (the out-
cuts are connected directly to the data bus 
Internally, the buffers are in two groups of 
four, with separate gate inputs (G1 and 
G2), and when these inputs are taken low, 
whatever information is at their data inputs 
will be placed on to the data bus. 

The I/0 Board 

The I/0 board is seen by the CPU 
board as two I/0 ports, which we've 
labelled A and B. Each port 

has eight output lines (ie, one byte in 
either direction) making a total of 
sixteen lines and eight either direction 
per board. As we

Fig. 1 Circuit of the I/0 Board. 

PROJECT
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G ET
BIG POWER

@a. F Modular
Amplifiers 

the third generation 
Due to continous improvements in components and design ILP 
now launch the largest and most advanced generation of 
modules ever. 

BIPOLAR MODULES 

Module Output lood 
NumNI' ,.,_ ·-

W•n1 .n.
.... 

HY:JU 15 4 -8 
HYfiO 30 4-8 
ltYGU60 30 + 30 4-8 
HY124 60 4· 
HYl28 60 8 
HY:.M4 120 4 
HY2'1ff 120 8 

HY:J&1 180 4 
HYJGH 180 8 

WE'RE INSTRUMENTAL 

IN MAKING A LOT 

OFPOWER 
In keeping with I LP's tradition of entirely self-contained modules 
featuring, integral heatsinks, no external components and only 5 
connections required, the range has been optimized for efficiency, 
flexibility, reliability, easy usage, outstanding performance, value 
for money. 
With over 10 years experience in audio amplifier technology ILP 
. are recognised as world leaders. 

MOSFET MOD ULES 

DISTORTION ·- .... WT ,, ... _ .. Ou1put lood DIST OR TION Supply Size 

T.H.O. I.M.D. v- - .... Inc. 
Typot IOtb/ TYi' VAT 
1kHz 7KHa4:1 

0.015% <0.006" ± 18 76x68x40 240 (8.40 
0.015% <0.006% ± 25 76x68x40 240 (9.55 
0.015'" <0,()()6,r. ± 25 120x78x40 420 £18,69 
O,Ot% <0.006% ±26 120x78x40 410 £20,75 
0.01% <0.006% ±35 120x78M40 410 £20.75 
0.01% <0.006% ±35 120x78x50 520 £25.47 
0.01% <0.006% ±50 120• 78x 50 520 £25.47 
0.011' <0.006% ±45 l20·x 78 x 100 1030 £38.41 
0.01% <0.006% ±80 120x78x100 1030 £38.41 

Nv ...... - ·- T.H. D •. I.M.D. Voltogo mm 

- .n. Typat 60tb/ Typ 
""' 1KH2 7KH& .. :1 

MOS 128 80 4-8 <0.005% <0.006% ± 45 120x 78Jt 40 
MOS 248 120 4-8 <0.005% <0.006% ± 55 120x78x80 
MOS364 160 4 <0.005% <0.006% ±55 120x 78x 100 

Prot1tetion: Able to cope with complek loads without the need for very special 
protection circuitry (fu5" will suffice). 

Slew rate: 20v/t,is. Rise time: J+Js. S /N ratio: 100db 
Frequ ency rnponse 1-JdB) : 15Hz -100KHz. Input sensitivity: SOOmV rrns 
Input impedance: 100KJ'l. Damping factor: 100Hz >400. 

Pro1ec1ion: Full load line. Slew Rate: 15"/µs. RitetirM: 5J,11. S/N ratio: 100db. 
Frequency response 1-JdB) 15Hz - 50KHz. Input 1en1itivity: ISOOmV rm,. 
Input Impedance: 100K.fi. Damping factor: 100Hz>400. 

'NEW to ILP' In Car Entertainments 

C15 

PRE-AMP SY STEMS 
Mono Powu Booster Amplifier to increase the output of you r existing car radio 
or casNtte player to a nominal 15 watts rms, 

WT 
. ... 

420 
850 

1025 

Modul• -. .. Funi:tlons -
Number .. _ ... 

,. ......
VAT 

Very easy to uM, 
Robust construction. 
Mounts anywhere in car. 

£9.14 (inc. VAT) 

HY6 Mono preamp Mic/Mag. Cartrkfge/Tuner/Ttlf}le/ 
Aux + Vol/Bass/Treble 

HY66 S1ereo pre amP Mic/Mag. Cartrtdge/Tune,{Tape/ 
Aux + Vol/Bass/Treble/Balance 

HY73 Guitar pre amp Two Guitar (Bass Leadl and Mic+ 

10mA £7.60 

20mA (14.32 

20mA (15.38 

Aut�tfc switch on. 
0utpUt power maximum 22 w peak into 4fi 
Frequency rnponM l-3d8) 15Hz to JOKHz, T.H.0. 0.1%at 10w 1KHz 
SIN ratio 1DIN AUDIOI BOdB, Load Impedance 3J"L 

P,;« 
inc. 

VAT 

£30.41 
£39.86 
(45 .54 

separate Volume Bass Treble+ Mi,c 
HY78 Stereo pre amp As HY66 less tone controls 20mA £14,20 Input Sensitivity and lmped9nce (selectable) 700mV rms into 15Kfi JV rms into 811. 

Size 95 x 48 x 60 mm, Weight 256 gm,. 
Most pre-amp modt,!les can be driven by the PSU driving th• mlin Po...,. amp, 
A separate PSU JO is avail1ble puraly fo, p,e amp modul• if required for 
£5.47 (inc. VAT). Pre- amp and mixing modulft in 18·dlfferent veriatlons. 
Pleasa send for detai ls, 
Mountint Bo•ds 
For ease of conmuction we recommend the 81 for moduln HY8-HY13 £1.06 
(inc. VATI and the 886 for moduln HY66-HY78 £1.21 (Inc. VAT). 

POWER SUPPLY UNITS (Incorporating our own toroidal transformers)

Model ForU.With ,. ....... -
N umber VAT -

PSU 21 X 1 or 2 HY30 £11.93 PSU 52X 
PSU41X 1 or 2 HY60, 1 x HY6060 , 1 x HY124 £13.113 PSU 53X 
PSU 42X 1 x HY128 £15 .90 PSU 54X 
PSU 43X 11rMOS128 (16.70 PS U  55X 
PSU 51X 2 x HY128, Ix HY244 £17.Q7 PSU 71X 

Pleau note: X in P,,rt no.' indicates primary volt .... Pie-ln•rt " O" in SMaa of 

2 x HY124 
2 x M06128 
1 x HY248 
1 x MOS248 

2 x HV244 

X for 110V. "1 " in place of X for 'Z2flV, end .. ,... In P!ate of X for 2.tOV. 

C111i1& 
Stereo venlon of C15. £17.19 (inc. VAT) 

Size 95 k 40 x 80. Weight 410 gms. 

ForU..Wlth l"riceirc, - ForU.Wrth Prieti Inc. 
VAT Nv- VAT 

£17.07 IPSU 72X 2 x HY248 [22.54 
£17.86 PSU 73X 1 x HY364 (22.54 
£17.96 PSU 74X 1 x HYJ68 £24.20 
£19.52 PSU 75X 2 k MOS248, 1 x MOS368 £24.20 
£21.75 
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Unicase 
Over the years I LP has been aware of the need for a complete 
packaging system for it's products, it has now developed a 
unique system which meets all the requirements for ease of 
assembly, adaptability, ruggedness, modern styling and above 
all price. 
Each Unicase kit contains all the hardware required down to 
the last nut and bolt to build a complete unit without the 
need for any special tools. 
Because of I LP's modular approach, "open plan" construction 
is used and final assembly of the unit parts forms a compact 
aesthetic unit. By this method.construction can be achieved in 
under two hours with little experience of electronic wiring 
and mechanical assembly. 

Hi Fi Separates 
UC1 PRE AMP UNIT: Incorporates the HY7B to provide a 
"no frills", low distortion, ( < 0.01 %), stereo control unit, 
providing inputs for magnetic cartridge, tuner, and tape/ 
monitor facilities. This unit provides the heart of the hi fi  
system .and can be used in conjunction with any of the UP 
Unicase series of power amps. For ultimate hum rejection the 
UC1 draws its power from the power amp unit. 
POWER AMPS: The UP series feature a clean line front panel 
incorporating on/off switch and concealed indicator. They are 
designed to compliment the style of the UC1 pre-amp. 
Performance for each unit which includes the appropriate 
power_supply, is as specified on the fi!Cing page. 

Power Slaves 
·our power slaves, which have numerous uses i.e. 
instrument, discotheque, sound reinforcement, feature in 
addition to the hi fi series, front panel input jack, level 
control, and a carrying handle. Providing the smallest, 
lowest cost, slave on the market in this format. 

UNICASES 

Price inc. 
HIFIS-..atN VAT 

UCl Preamp £L>i.St5 
UPlX 30 + 30W/4-Bn Bipolar Stereo HiFi £54.95 
UP2X 60W/4fl. Bipolar Mono HiFi £54.95 
UP3X 60W/8fi Bipolar Mono HiFi £54.95 
UP4X 120W/4fl. Bipolar Mono HiFi £74.95 
UP5X 120W/Bfi Bipolar Mono HiFi £74.95 
UP6X 60W/4-8Jl MOS Mono HiFi I £64.95 
UP7X 120W/4-8.Cl MOS Mono HiFi £84.95 
Po-Slav• 

·USlX 60W/4fl. Bipolar Power Slave £59.95 
US2X 120W/4Il Bipolar Power Slave £79.95 
US3X 60W/4-8Il MOS Power Slave £69.96 
US4X 120W/4-8Il MOS Power Slave £89.95 

Please note X in part number denotes mains voltage, Please insert ·o· in place of 
X for 110V, '1' in place of X for 220V I Europe), and '2' in place of X for 240V 
(U.K.) All units except UCl incorporate our own toroidal transformers. 

TO ORDER USING OUR FREEPOST FACILITY 
Fill in the coupon as shown, or write details on a separate sheet of paper, 
quoting the name and date of this journal, By sending your order to our 
address as shown at the bottom of the.page opposite, with FREE POST 
clearly shown on the envelope, you need not stamp it. We pay postage for 
you. Cheques and money orders must be crossed and made payable to 1.L.P. 
Electronics Ltd. if sending cash, it must be by registered post. To pay C.O.D. 
please add £1 to TOTAL value of order. 

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF 
REQUIRED 

· Post to::::.:�.!!; 
�et!,,

Cantemury CT2 7 EP, Kent, England. @ LF Telephone: (0227154n8. 
ELECTRONICS LTD Technical: 102271 64723. 

I 
Telex: 965780. 

Please send me the following _______________ _ 
Total purchase price-------------------
I enclose ChequeO Postal OrdersO Int. Money OrderO 

Please debit my Access/Barclaycard No. _ _.. ________ 
Name _______________________ 
Address ____ �-----------------

Signature ______________________ _ 
--------------- .... 

I 
I 

I 

I 

I 

I 

I 

I 

I 
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Mucking around in memory? Seeking space? Look no further, 
here's a bounty (no connection with those distracting TV ads) 
of bits, rapacious in real-estate, for your 6502 or 6800 system to 
gorge itself on. Design and development by Bob Campbell.
Most microcomputer users find out 
fairly quickly that there is no such thing 
as too much memory. But even today 
with memory as cheap as it is, many 
systems are on sale with less, often 
considerably less than the 64K that 
most eight-bit microprocessors are 
capable of addressing. The 
independent suppliers are usually very 
quick to-provide units to fill this gap, 
but one system not well covered in this 
respect is the Tangerine Micron/
Microtan 65. Until recently, there was 
only the TAN RAM, but now there is 
the CMOS alternative. However, 
despite advantages in power 
consumption and battery back-up, the 
CMOS unit, like the TANRAM, is large 
and fairly expensive. More than one 
board is required to provide the 
maximum possible memory.
The approach here is to use the highest 
density dynamic RAM chips readily 
available and allow the user to access 
all of it except where it would clash 
with essential EPROM, I/0 or CPU 
board RAM. This leads to an extremely 
flexible and cost ef-fective system. 
Although specifically designed for the 
Microtan 65 computer together with 
either a disc system or TUG's Eprom 
Storage Card (the MOS Disc concept) 
the design retains enough flexibility to 
accommodate almost any desired 
configuration of computer and 
operating system, the only prerequisite 
is a 6502 or 6800 CPU.

Design

The board uses the latest 64K by 1 
bit dynamic RAM chips, TMS 4164-15. 
These are decoded into 64 1K blocks, 
with all but four of the blocks used in 
its standard configuration. Making 
almost 6 1/4% of the RAM effectively 
redundant may at first sight seem a 
little extravagant, however even 
allowing for this the cost per K is less 
than £1.00. If one adds the other 
savings on hardware, sockets, power 
supply requirements board space etc., 
the 

64k chip route stands out above all the 
other alternatives. 

The heart of the system is the 
74LS608 memory cycle-controller 
(MCC). This chip generates all the 
signals the RAM requires to perform 
the two types of cycles necessary for 
proper operation. The MCC generates 
these signals from the CPU's clocks 01 
and 02 together with the decoded 
signal RE, RAM enable. It is important 
not to confuse this signal with the 
Tanbus signal RAME. The only signals 
used from the bus are the address and 
data lines together with R/W, 01 and 02 
and because of this and the use of a 
PROM address decoder, this board is 
very flexible. in design and easily 
adapted to suit other systems. 

Dynamic RAMs 

The two great advantages of 
dynamic RAM are its extremely low 
power consumption and its packing 
density. This is achieved by the design 
of the actual memory element which is 
in fact a very small capacitor. The logic 
level stored being defined by the 
presence or 

absence of a charge on that capacitor. 
Because all capacitors have a finite 
leakage, the charge on the capacitors 
must be periodically topped up. This 
procedure is called refreshing and is 
accomplished by performing what is 
known as a RAS only refresh cycle. 

This RAS only refresh cycle 
consists of first setting up an eight bit 
address at the input latches and 
strobing RAS low, while maintaining 
CAS high. The complete chip is 
refreshed when all 256 row addresses 
have been treated similarly. Data 
retention is assured if all these 256 
cycles are completed at least once 
every 4 msec. 

Apart from the necessity to 
refresh every 4 msec there is one other 
penalty to pay for the 16 pin packing 
density and that is the multiplexed 
address bus. Figure 1 shows the 
internal architecture of the 4164. 

To address every memory element 
within the IC, 16 address bits must be 
applied; These are separated into the 
row address and the column· address, 
each latched onto the multiplexed 
address bus 

Fig.1 Internal architecture of the TMS4164 DRAMs used in the project. 

64K DRAM BOARD
PROJECT
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Fig. 2 Processor and memory cycle controller timing. 

Obviously the sequence and timing of 
the two cycles, refresh and 
memory, is extremely important. The 
RAS only refresh cycle is 
particularly significant for two 
reasons: firstly, it is necessary to 
perform it regularly (256 times 
every 4 msec), and secondly, it 
is effectively a dead cycle, when 
the CPU cannot access memory.
Refresh cycles can be carried out in 
either burst mode or hidden 
transparent mode. Burst refresh is 
a technique where all the 
memory elements are refreshed 
consecutively whilst the processor is 
held in a wait or halted state. This 
dead time is called the refresh 
overhead, which, more accurately, 
is defined as the ratio of the time 
taken to refresh all the memory 
elements and the maximum refresh 
interval. In well-designed 
systems with the 4 msec 64K 
rams this overhead can be as low as 
2%. As the circuitry needed to 
maintain this type of refresh 
system is complex it is not 
commonly used outside the realms 
of very fast microcomputers, minis 
and mainframe systems. 

The other technique, hidden refresh, 
is the more commonly used. This 
technique relies upon the fact that the 
CPU will always have a period within 
any instruction or machine cycle when 
it will not access the system bus, and 
one refresh cycle can be accomplished 
during this period. Thus after a 
maximum of 256 instruction cycles all 
the memory elements will have been 
serviced. This technique has the great 
advantage of a zero refresh overhead 
rate and is totally transparent to the 
CPU and thus the user.
In this design the two cycles, refresh 
and memory, are sequenced by the 
main CPU clocks 01 and 02. While 01 
is high, the CPU sets up the R/W and 
address lines, the rising edge of 02 
signifying a valid memory address. This 
edge of 02 is normally used to enable 
the address and data buffers. Thus 
while 01 is high, the CPU is normally 
isolated from the system bus, and the 
refresh cycle can be accomplished 
during this period. In addition by 
using 01 to clock the eight bit refresh 
row address counter all 256 row 
addresses can be refreshed 
sequentially. Figure 3 shows exactly 
the relationship and timing of these 
events.

PROM Program Design
The memory map of the RAM board is 
controlled directly by the TBP24S10 
PROM, which acts as a complex 
address decoder. Before programming 
the PROM, the desired memory map 
must be established. The minimum 
requirement for most systems will be 
the system monitor, the I/0 area and 
unless there is a serial VDU as the 
screen, some screen memory. Some 
systems use a relocatable area of 
memory for the screen RAM, the 
video controller accessing the system 
bus directly. If the target system is of 
this type then no provision should be 
made for the screen RAM in the 
PROM program. Remember the 
overriding factor when designing the 
memory map is that there must not 
be two components within the system 
which have the same address. Taking 
the standard configuration of the 
Microtan as our worked example, the 
minimum memory map is as shown in 
Fig 4.
Once you've determined the memory 
map(s) required, the upper six 
address lines should be written out bit 
fashion (bit by bit ... ?). Each bit 
corresponds to a PROM address bit; 
however because of the PCB board 
layout, the one-to-one

upon the appropriate signal RAS or 
CAS.
In full, the memory cycle consists of 
five stages. Firstly the row address 
pins and RAS pulled low. Then the 
address multiplexers are switched 
placing the other eight bits, the 
column address, onto the address 
pins and CAS pulsed low. This last 
operation enables the chip and, 
depending on the status of the R/W 
line, enables the input or output 
buffers, thus completing a read or 
write cycle.
There are two other possible types of 
cycle, the page mode read/write and 
the read modify write cycles. 
However since neither of these apply 
to the 6502 or 6800 type of processor 
it is not necessary to consider them 
further here. 
It is important to note that the 6502 
operates in what is known as the 
early write cycle where the R/W line 
is set up long before CAS goes low. 
This enables the data in (D) and data 
out (Q) pins to be connected together 
and thus have a common data bus.

PROJECT
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Fig. 3 Memory timing for various operations and approximate timing round the MCC. 
respondance is not in numerical 
order. 

In addition, by using the two extra 
PROM address lines A7 and A8, 
there is the facility to have up to 
four programs and therefore four 
memory maps resident on the board at 
one time, selectable by means of the DIL 
switch SW1. Using the two tables 1 and 
2 it is possible to calculate all the PROM 
addresses which are required to be 
'blown'. 

Remember that PROMs are not 
erasable, once a memory location is 
altered from the "all 1's" condition, it 
cannot be reversed. There is however an 
escape route if a mistake is, made 
during programming. The program is 
created by blowing only the operative 
bits within the data word from a 1 to a 
0.In this design, only one of the
four bits available is used (bit 4). If an
error is made during programming, then
it is possible to use an alternative bit by
breaking the PCB track at pin 9 IC15,
installing a link to either pin 10, 11 or 12
(bits 1-3 inc.) and reprogramming the
PROM using the appropriate data word.
(Alternatively, this would make it
possible to hold a total of 16 memory
maps in the PROM).

It is beyond the scope of this article 
to describe the methods for actually 
programming the PROM, suffice to say 
that the amount of programming by 
nature of it's use, is small, so it would be 
feasible to use the switchbox type of 
programmer.

Construction and Setting Up
The construction of the board is very 
straightforward, particularly if the PCB 
design presented here is followed 
exactly: there are, after all, only 18 ICs. 
The PCB is a double sided design but to 
keep costs down it doesn't use plated-
through holes. To make the necessary 
interconnections, track pins or short 
lengths of wire must be soldered 
between the two in the positions 
marked on the overlay diagram with a 
black dot. These pins must be soldered 
in first, 

AREA 
A)TANBUG

RAM

B) I/O 

RAM

C) CPU BOARD 
RAM

HEX ADD 
FFFF
F8OO
F7FF
C000
BFFF
BCOO
BBFF
0400
03FF
0000

SIZE 
2K 

14K

1K

46K

1K

Fig. 4 Minimum memory map for the Microtan.
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prior to any other components, as 
there are some beneath the DIL 
sockets; I advise checking the 
continuity of each one thoroughly, as 
mistakes are difficult to rectify later. 
The remainder of the soldered 
components can be assembled in 
almost any order, but I've found that 
it pays to be systematic and to follow 
a list, checking off each component as 
it is soldered in.
All the usual checks should be carried 
out before the ICs are in-serted into 
their sockets. Particular attention 
should be given to avoiding solder 
bridges in the daisy chained RAM area 
of the board.
It is useful to insert the chips in three 
stages and perform some functional 
checks on the system at each stage. 
The first of these stages is to insert the 
PROM and all the TTL, with the 
exception of the 74LS608 

(IC16) and the 7 4LS245 data bus 
buffer (IC14). Now powering up the 
board on the bus can be performed 
with all the Tanex RAM and EPROM 
still resident without the risk of any 
memory conflict occurring. This 
procedure will allow you to check the 
following items with the system 
running.
A dual beam oscilloscope is really 
desirable particularly if you have

SYSTEM ADDRESS 

A15 A14 A13 A12 All 

1 1 1 1 1 
1 1 1 1 1 

1 0 1 1 1 

1 0 1 1 1 

0 0 0 0 0 

0 0 0 0 0 

Table 1 Revised system memory map. 

Fig . 5 Circuit diagram of the complete project.

deviated from the timing 
component values for any reason. 
However it should be possible if you 
don't have access to a oscilloscope to 
use a good logic probe to check that 
all the appropriate signals are present. 

The most relevant signals to 
check first are 01 and 02 and their 
complements 01, 02, RE and DBE 
should be active only when a valid 
address within your programmed 
memory map is accessed. Next check 
that the two address buffers, IC2 and 
IC11, are switching correctly

HEX ADD. COMMENTS 

A10 

1 FFFF TANBUG 
0 F800 

1 BFFF 1/0 

1 BCOO 

0 03FF CPU BOARD RAM 

0 0000 

PROJECT

Power lines & decoupling capacitors. 1u0 all tantalum. 10u tantalum or low leakage solid electrolytic.



exactly 180° out of phase with each 
other, and that the refresh address 
counter IC1 is functioning correctly as an 
eight-bit counter. The final 
check at this stage is to measure the 
pulse delay and shaper circuits formed 
by the diode/resistor networks and 
IC17. The three signals RAS cycle start 
(RCS), memory cycle start (MCS) and 
refresh (RFSH) should all correspond to 
the timing diagram in Figure 3. Any 
deviation should be adjusted by 
altering the value of the capacitor 
and/or resistor within the relevant RC 
network. However if the stated 
tolerances of the components are 
adhered to there should be 
no problems.
Having completed all the checks and 
adjustments so far the next stage is to 
insert the 74LS608 memory cycle 
controller, which should produce the 
necessary signals RAS, CAS, MUX and R/
W. These four main signals should be
checked against the timing 
diagrams in Figures 2 and 3. The 
important factors are the 
relationships between cycle start, 
CS, and RAS, MUX, CAS sequence and 
the RAS refresh cycle. The row 
address hold time RAH, CAS low and 
the precharge time are the major 
controlling times and are all 
programmable via the three RC 
networks on the 74LS608. Under 
standard conditions with the 750KHz 
Microtan system clock these times 
have quite a large latitude. However 
with faster clock rates the times 
become proportionally more critical. All 
these times can be calculated from the 
memory data sheets.
One fault which may occur at this point has 
the symptoms RAS permanently low, 
CAS, MUX and R/W permanently high. If 
this situation exists try shorting very 
briefly pin 12 to ground. If the 
controller then starts to function 
correctly then the 74LS608 is at fault. I 
understand from Texas that on a 
number of the older batches of chips 
there is a fault with the power-on-reset 
circuit, newer batches, I am assured, 
are all O.K.
Having checked that all the 
relevant signals are present at the 
RAM chip sockets, the RAM chips 
themselves can now be inserted. 
Power down first. These are very 
static sensitive so take all the usual 
precautions, they are also upside down in 
relation to the other ICs on the 
board.

HOW IT WORKS
As so much detail has been given in the 
general section, this 'How It Works' is 
going to be fairly brief. During 01 high the 
main bus buffers IC11 and IC13 are disabled, 
removing the RAM from the system bus. 
The refresh row address counter IC1 is 
connected directly to the RAM ICs (IC3-10) 
via the enabled buffer IC2. The rising edge 
of 01 is first buffered by two OR gates and 
then, via the pulse generator network D1, 
C1, R1, IC17, it applies a pulse to the 
REFRESH ENABLE pin (14) of the memory 
cycle controller IC16. The same rising edge 
is delayed by D2, C2, R2, IC17, before 
reaching the CYCLE START pin 13 of 
IC16. This delay is necessary to satisfy the 
refresh hold time of the memory cycle 
controller, and must be maintained at 20ns 
minimum. The MCC then responds by 
pulsing RAS low for a period of time 
determined by the RC network at pin 12, the 
row address hold time. The rising edge of 
RAS is the end of the refresh cycle. 

The memory cycle starts with the rising 
edge of 02 (falling edge of 01) at which 
point the address bus buffer is enabled 
directly by 02 and assuming the address is 
within the memory map, the PROM output 
04 is already high. This output combned 
with 02 produces via IC18 two signals DBE 
and RE. 

DBE enables the data buffer IC13; RE 
delayed via 03, C1, R3, IC1 7 is fed to the 
CYCLE START input of IC16 the memory cycle 
controller. This last event causes the MCC 
to start the actual memory access cycle. The 
RAS output (pin 7) goes low then, after the 
programmed RAH time, the R/W line is 
allowed to pass through and the MUX 
output then goes low switching over 
the address multiplexers IC12 and IC14 to 
the column address. CAS then goes low for 
a period of time CAS LO. All three outputs 
RAS, CAS, MUX then go high. This point 
should coincide with the falling edge of 02 
when the data from or to the RAM is latched 
by either the CPU or the memory depending 
on the status of the R/W line.

The next refresh cycle then occurs on the 
rising edge of 01 and so the system carries on 
until the power is removed. 

64K DYNAMIC RAM BOARD PROM PROGRAMMING SHEET ... OF ... 4

SYTEM ADDRESS SW1   SW2   11   10   13   14   15   12 HEX PROM ADD
PROM ADDRESS 8          7       6     5     4    3     2     1          BLOW TO 07

0          0       0     0     0    0     0     0 00
0          0       1     1     1    1     1     1 3F
0          0       1     0     1    1     1     1 2F
0          0       1     1     1    0     1     1 3B

Table 2. Programming sheet for the PROM.

PROJECT

Be warned that if they are inserted 
with pin 1 to the upper edge of 
the board they will be 
irrevocably damaged, and at £4.00 
each a mistake could be very 
expensive. Finally insert the data 
buffer IC13. With construction 
and testing completed there 
is still one task to finish before 
the board is inserted back into the 
rack and powered up. Remove all 
Tanex RAM and EPROM, and all 
other memory map conflicts, for 
example the hires graphics board, 
failure to do this will probably destroy 
ALL the memory components in the 
system. 

After powering up the board in the 
now "minimised" system, unless you've 
chosen to create a memory map option 
which retains the Tanex EPROM your 
system will be running in Tanbug 
or TUG bug. The quickest way to 
check the RAM from here is to boot 
up Basic and XBUG from disc or ESC 
and let it do the check. 47103 BYTES 
FREE should appear as the message 
header. Note some difficulties may be 
experienced because the F7F7 error 
jump will not exist immediately. This 
will show up only if an error occurs 
during the boot up procedure e.g. 
miss keying; simply RESET and start 
again to recover.

Assuming this initial check 
appears to be OK then a more 
comprehensive memory test routine 
should be performed; the one 
published in the November 1981 
issue of Computing. Today is most 
suitable. However it should be noted 
that these types of test do not pick out 
the periodic bit drop out and only 
extensive usage in BASIC or similar 
will show up this problem.

Other Systems
The board relies only upon signals 
derived directly from the CPU 01, 02, R/W 
and the address and data buses. 
Since all these signals will be present in 
any 6502-6800 system, conversion 
is. relatively simple.
The only component that needs to be 
altered in anyway is the PROM which 
does all the decoding. The essential 
considerations are those concerning 
the design of the memory map and, 
in particular, possible address conflicts.
Remember no two components, 
be they RAM or I/0 should have the 
same address! A suggestion for those 
with a Microtan but no discs or ESC is 
to leave the XBUG EPROM resident (F000-
F7FF) and us the tape routines instead. 

Those who design their own PCBs 
should take care to heed the 
memory manufacturer's 
recommendations on decoupling and 
PCB layout around those chips.
Particular attention should be given to the 
ground and power supply lines, which 
effectively surround each chip; the 
arrangement of interlocking fingers on the 
typical breadboard is definitely out. 
Similarly the decoupling of the TTL 
chips should be comprehensive enough 
to avoid too much power supply noise, 
a major culprit of periodic bit drop out.
Lastly, the 74LS608 MCC gets hot, but 
since the lead-frame is directly coupled 
with both the substrate and the ground 
pin, a large area of copper around pin 8 
should alleviate the problem and 
improve reliability.
With regards to systems employing 
faster clock rates than 1 MHz, as long 
as, the RAH, PRECHARGE CAS low times 
and the refresh hold time for the MCC 
are satisfied (calculating them from the 
manufacturer's data sheets), no 
significant problems should occur.
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ABOVE: Jull a few exmplH Send SAEJList 
ADO: 65p p&p to all orders under £5.00 
VAT: add 15% VAT to tolal order value 

PARNDON ELECTRONICS LTD. 
OeJ)I. 23. 44 Paddock Mead. Harlow, Essex. CM18 7RR. Tel 0279 32700 

RESISTORS: � Watt Carbon Alm E24 range± S\t tolerance 
Bandollered and colour coded. Full Range I RO . I OM. 

£1.00 per hundred mixed (Min 10 per value) £8.50 per lhousand mixed (Min 50 per value) 
Special stock pack 60 values. 10 of each £5.50 

RECTIFIERS S� Digit LCD Dlaplay. 1 colon, 3 decimal points 

sov
lOOV 
200V 
400V 
600V 

IOOOV 

OIL 

1 Amp 3 Amp 
3p 14p 
4p 14p 
Sp 14p 
6p 19p 
Sp 20p 
9p 25p 

plus/minus sign and lo bat Indicator. 
Cc,rnp.te v.(th low power 7106 A/0 convener display driver. 

Driver Ml £8.95 
Dt.play £S.50 Driver£6.SO 

DIODES: IN4148 £1.60 per hundred 

8 pin- lOp. 14 pin - llp. 16p pin-12p. 18p pln-19p. 20p pln-21p 
SOCKETS 22 pln-2-'p. 24 pln-25p. 28 pin-27p 40 pln-42p. 

Full U.t Available - Send SAE 
ALL PRICES lNCWDE VAT. & POST A PACKING - NO EXTRAS 
MIN ORDER - UK £1.00 OVERSEAS£5 CASH WITH ORDER Pl.EASE 

Same Day Despatch 

BUY NOW WHILE STOCKS LAST! 

:: 

TRANSFORMERS Btitish made transformers at very attractive p,k:es. 
Primary S.condary Currant 1 + 10 + 100 + 

240v: 4.5-G-4,5v 400m/a 50p 45p 3 5p 
240v: 6-0-6v 100m/a 58p 52p 43 p • 240v: 6-0-6v. 500m/a 85p &Op 48p 

(Postage & Packing: 45p per transformer or C1.60 per 10, 
C4.50 per 100) 

These very high quality British made two pin European EUROPEAN 
adaptors are Ideal for driving Radios, cassette rec order�, ADAPTORS , 
lV games. calcul ators etc. The adaptors fit the UI\ 
&haver socket 

REF. O.C. Voltage Current 1 + 10 + 100 + 

EOB 4.5V 200m/a 50o 45p 3 2p 
EM3 6V 200m/a £1.00 BOp 55p 
EOII 6V 400m/a £1.50 Cl.25 85p 

(Poatage & Packlng: 45p per adaptor or £1 .60 per 1 O 
1:4.50 per 100) . 
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Inc ludes special offer list. order form and pre-paid 
envelope. 
Pleaae add 15% VAT to the above prices. 

MARCO TRADING, DEPT. ET9, 
THE MALTINGS, HIGH STREET, WEM, SHROPSHIRE, SY4 !SEN 

All orders depatched by return of mail. Tel: (0939) 32783 

PROBLEMS WITH 
THAT PROJECT? 

We will-* BUILD 
*TEST
*.REPAIR

All your Electronics Kits and projects. 

Prices from only £5.00 

* Call us now for a quote. *

WEB Logic Systems Ltd 
15 High Street, Harpenden, Herta. 

05827·62119 

FEEL HEALTHIER 
WITH ZEPHION 

Bring fresh clean air into your home with 
the Zephion Air Ioniser.

Air free from smoke, dust and other pollutants of modern day living 
can bring to many the relief of breathing comfortably once again. 

We are confident that you will be delighted with the Zephion 
Air Ioniser, but If you are not entirely satisfied a full money back 
guarantee is available if items are returned in good condition 
within 28 days. 

·BUILD IT YOURSELF! 

TO:• 0.taplua Devolopaenui 
81, Cholaeley road 

NAME.............................................

Read Ina• Berka. 

RCI :lt.Y TEL:- 0734 67027 

ZIPHION KITS • C24.15p 
(/(i/s include!./..!. parl1) , D 

D 
ZIPHION AIA TONERS 
BUl�T AND nsn:o. • £34,SOp 

Money il'NM-dl•lely refunded If 
hems ,..tu,-ned in good COf'ldlUon. 

Pric.s indwe VAT(, post�; •llw l4 days for d�li�ry. 

Happy 
Memories 

Part type 
4116 200ns 

1 off 

4816 lOOnsForBB Ccomp 
4164 200ns 

.90 
1.95 
3.85 
1.15 2114 200ns Low power 

2114 450ns Low power 
4118 250ns 

.95 
3.95 
3.35 
3.25 
2.35 
5.75 
3.35 
3.35 
4.55 

6116 150ns CMOS 
2708 450ns 
2716 450ns 5 volt 
2716 450ns three rail 
2732 450ns Intel type 
2532 450ns Texas type 
2764 250ns 

ZSOA·PU 
6522 PIA 
88LS120 

£2.99 
£3.70 
£2.20 

Pins 8 14 
Pence 12 13 

Z80A·PIO £2.99 

7805 reg .50 

Low profile IC sockets: 
16 18 20 22 
14 16 18 22 

25·99 
.81 

1.85 
3.45 
1.00 

.85 
3.55 
3.00 
2.95 
2.10 
5.00 

3.00 
3.00 
4.05 

Z80A·CTC 
3691 
7812 reg 

24 28 
24 27 

100up 
.78 

1.75 
3.30 

.90 

.80 
3.40 
2.85 
2.80 
2.02 
4,65 
2.85 
2.85 
3.90 

£2.99 
£2.75 

.50 

40 
38 

Soft-sectored floppy discs per 1 O In plastic library case: 
5 Inch SSSD £17.00 5 Inch SSDD £19.25 5 Inch OSDD £21.00 

5 Inch OSQD £26.36 
8 Inch SSSD £19.25 8 Inch SSOD £23.65 8 Inch DSDD £25.50 

7 4LS series TIL, large stocks at low prices with DIV discounts 
starting at a mix of Just 25 pieces. Write or'phone for list 

Please add 50p post & packing to orders under £15 and VAT to 
total. Access & Visa welcome, 24 hr service on (054 422) 618. 

Government & Educational orders welcome, £ 16 minimum. 
Trade accounts operated, 'phone or write for details. 

Happy Memorlea (ETI), Gladeatry, Kington, 
Herefordshire. HRS 3NY. Tel: (054422} 618 or628 

ADDRESS.......................................

........................................................

........................................................



READ/WRITE 
Switch Troubles 
Dear Sir, 

I have recently had an unfortunate 
incident with an EPROM programmer, 
in which two PIRs and a 7805 regulator 
were destroyed. The incident 
happened when throwing a switch 
(which swapped a certain supply line 
between 25V and 5V). The result was 
that the programmer went dead, along 
with the 5V power supply and the two 
PIR's. (The 25V supply was not affected 
as it was simply two car batteries in 
series.) The cause was simple, when 
the switch was half way across when 
switching over, it joined the 25V and 
the 5V supplies with the aforementioned 
results. 

To be honest I now consider myself 
lucky that the 5V power supply was only 
supplying the programmer, if it supplied 
the rest of the computer as well then I 
have no doubts. whatsoever that I would 
be left with a PCB of fried chips of the 
silicon sort of course. 

To get to the point, I am now very 
wary about what switch I use for such 
purposes, and I would advise that others 
watch out for these type of switches, 
which should not really be sold.

Yours faithfully,
R. P. D. Mallett,
Sandwich, Kent

P.S: If you don't believe that a firm
would make such a switch then try out 
the enclosed one. (You can keep it!) 
P.P.S: Thanks for an excellent magazine!

This reader has demonstrated all too 
effectively that it's important to 
distinguish between make-before-break 
and break before-make types of switches! 
For instance, so far as we are aware, all 
toggle switches are break­before-make, 
and a large proportion (but not all) slider 
switches are make-before-break. In fact, 
it was a slider switch that was sent to us 
by the above correspondent. 

Induction Loops 
Dear Sir, 

I was very impressed by the 
excellence of the article on 
'Inductance Loops' by Vivian Capel in 
the February 7983 issue of Electronics 
Today. It is a very clear exposition of 
the way to design an induction loop for 
hearing-aid users and to decide on the 
amplifier and transformers required for 
most systems.

As manufacturers of every sort of audio 
transformer for more than 40 years we 
have been approached on many 
occasions to give advice on inductor 
installation, particularly in churches, 
where frequently there is a limited 
budget and the volunteer from the 
congregation who undertakes the work 
is generally non-technical. In future we 
propose to refer him to Mr Vivian 
Capel's article and to co-operate by 
supplying the most reasonably priced 
transformers for the project. These can 
be specially designed without 
additional cost to fit in with the usual 
PA system amplifier already installed or 
separate amplifier if desired. The 
transformer audio outputs we have 
encountered within the last year or so 
are mostly between 20 and 700 watts, 
although last year in a large theatre up 
north, we supplied four 700 watt 
transformers which were used 
presumably for the stall, circles and 
gallery areas. 

Inductor loops are not new although in 
connection with deaf aids they have 
come into prominence of recent years. 
In about 1934 - nearly 50 years ago- the 
following pioneering experiments were 
carried out by the undersigned who was 
building a new house at the time. It was 
decided for the purpose of listening to 
radio to install a continuous twin wire 
cable behind the wainscottin  around 
every room in the house with sockets 
provided so that a loudspeaker could be 
plugged in anywhere and this still exists. 
Whilst working on inductor devices for 
HM Services at that time, it occurred to 
me that by putting my twin wires in 
parallel and feeding the loops in the 
rooms from my amplifier with two LS5 
valves for output, I was creating an 
audio magnetic field everywhere. I then 
took various annealed mumetal rods 
about 1/4" diameter and tried them on 
different search coils which were 
connected to my very sensitive S.G. 
Brown A type adjustable gap earphones 
normally used for my ham radio 
reception 

(my call sign then, and now was 
G205). Incidentally these phones had 
conical diaphragms like miniature 
moving coil speakers which were 
operated by a cantilever reed. 

I found that by wearing the phones 
connected to the search coil I could sit 
in any room without being connected 
by wires and listen to the radio 
programs. It did occur to me that by 
having loops upstairs and downstairs I 
had a Helmholtz coil system which 
tended to give excellent magnetic field 
distribution, particularly in the middle 
of the room. (We use much smaller 
Helmholtz coils nowadays to determine 
the screening effect of mumet I can by 
taking voltages picked up by a search 
coil in air and then enclosed in the can). 

All my experiments were published 
by me in an article in the Wireless 
World in the mid 1930's. l remember 
suggesting that the pick up device in 
cinemas and theaters could be in the 
form of a mumetal walking stick or 
umbrella stick fitted with a search coil, 
and for the ladies (shades of Queen 
Victoria) - a mumetal handle with 
search coil on lorgnette spectacles.

I do not claim to be the originator 
of induction loops but my amateur 
pioneering experiments were certainly 
carried out arid published more than 
45 years ago.

Yours truly, 
Dr G. A. V. Sowter,

Consultant to Sowter Transformers 
PO Box 36, Ipswich IP1 2EG 

Holophony 
Dear E.T.I.
I was interested to read about Mr 
Zuccarelli and his Holophony in July 
ETI, and thought you might be 
interested to hear of my own 
experiments with the idea.
About 15 years ago, having built a 
stereo tape recorder, I then got to 
wondering why two microphones did 
not give a very clear recording when 
two ears were obviously adequate for 
us. The obvious difference seemed to 
be the ears. 

I then conducted experiments at 
the dead of night under the 
bedclothes (not having an anechoic 
chamber!), trying to decide in the dark 
where the tick of a pocket watch 
appeared to come from. I discovered 
that the various lobes on the outer ear 
give us a means of judging direction 
of sound. By pressing down and 
'blanking off' different bits of the ear I 
discovered which bit did which - those 
at the 



top tell us about sound above the head, 
and the bits at the back are to do with 
front-back direction, and so on. 

I then modeled two Plasticine ears 
and fitted them to omni-directional mic 
inserts. Fitted to a paper-mache head 
(filled with cloth , to damp self 
resonance), the results were quite 
spectacular - especially using 
headphones. 

I enlisted the help of a few school 
friends and found that the 'head' gave 
quite repeatable results. We found we 
had to put felt 'hair' on the back to aid 
front-back discrimination. 

There seemed to be some variation 
in perceived results between different 
people - which seemed to be due to 
variations in the size of ear, and 
different hair lengths. 

When I was at university, I 
excitedly announced my findings to my 
tutor - who was at one time an 
accomplished recording engineer - He 
Said: "Oh yes, they did all that research 
in the '30's at Bell Telephone Labs!" So 
there I rather left it - but I am sure the 
principle has possibilities, although 
there will always be greater or lesser 
variations between the dimensions of 
the head and ears used to record and the 
head and ears which receive the 
recording, and therefore

some subjective variation of results.
As to the idea being new - it seems 
that truly nothing is.

Yours sincerely
Richard Buswell

Buswell Machine Electronics
Skelmersdale

We're now convinced that there is 
something more to the 
holophonic technique than we 
thought when we published 
Vivian Capel' s report. This is due 
to Dave Bradshaw having had the 
opportunity of visiting Hugo 
Zuccarelli and hearing holophonic 
sound at first hand, through 
loudspeakers as well as 
headphones. We're hoping to do 
a full report on this at some stage 
in the future, time and space 
permitting, but in the meanwhile 
ETI readers might like to try 
explaining the results of the 
following experiment, that you can 
do for yourselves.  It takes two 
people, one of whom we'll call the 
experimenter, and the other is the 
subject.

The subject should shut his or 
her eyes, and firmly jam a finger 
in one ear, so that all sound is 
excluded (so far as possible). The 
experimenter should take a box 
of matches (or a ring of keys) and 
shake it, moving it around the 
subject's head. The subject should 
be asked to point in the direction 
from which the sound is coming. 
Most people with normal hearing 
(provided their ears aren't blocked 
up with wax!) should be able to 
point approximately in the 
direction of the sound, even when 
it is on the other side of the head 
from the open ear. To make the 
conditions more stringent, you 
could start shaking the matches 
from this side, so that there is no 
possibility of the brain having a 
'reference sound with which to 
refer the (ear lobe modified) sound 
to.
If any of our readers have access to 
an anechoic chamber we'd be most 
interested in hearing of the results 
of doing the above experiment in 
it. We'd also like to hear of anyone 
who has access to a conventional 
dummy head recording 
(Sennheiser did have such a 
recording, but their UK office was 
unable to help us). 

THE

* Exciting range of authentic voices
* Preset sounds Piano, Harpsichord, Hawaiian Guitar (with glide),
Banjo (with repeat), Accordion
* 16 modern rhythms with superb sounds including handclap
* Ful1 range of 'Easi-Play' features *Custom Programmed ROM
*
Walking Bass on Lower Manual and Pedals
* Real wood veneer cabinet with American walnut finish
* The only organ with update facilities for synthesizer and
"add-a-chord" unit
* Starter kit from ￡98.80 + VAT
* Full kit ￡280.54 + VAT Carriage extra on kits

Send for a demonstration tape today only ￡1.95 inclusive. Hear the difference yourself. 
Full details & specification on request 

LEIGHTON ELECTRONIC SERVICES 

17 BRIDGE STREET, LEIGHTON BUZZARD, BEDFORDSHIRE LU7 7AH TELEPHONE (0525) 382504 

ORGAN VICTORY



TICK THE FREE BOOKLET YOU
WANT AND POST TODAY WI MONITOR in attractive case. Non Standard

Input. With Into 05 each. Carr C7. Matching ACSII
coded Ouerty Keyboard with Numeric Keypad and
27 Function Key. 225 each P&P CS The PaIr240.
Can C7.
12"MONITOR. Cased. Non Standard Input With
Intor220e4ch.CanC7.WilhMatchingASCIluseled
Ouertgeyboardwith NUM. Pad and 24 Function

aitC 2183hbtal:rtik WgriteVrionItor. Video In 250.TV
style 20" Monitors 230
INSTRUMENT CASE standard 19' width a 16"
depths 10" high each. Carr C7.
FLOPPY DISKDRIVE 13" by MEMOREX.Connection
details £75 each PIP C5
CREED 75 TELEPRINTER. Very good con
Mien. £25 each. Carriage £7.

ELECTROLYTIC CAPACITOR 15.000 mid 25V.
20p ea. 10 off 21.80.
SLOTTED OPTO SWITCH with data SOp. 10 off
ea.
INFRA RED QUARTZ LAMP 230V 620 Watts
Size 131/2 dia 41.50 ea. 10011£10.
FERRANTI PHOTOCELL type MS15 - 50p ea.
10 011 E4
AMPLIFIER BOARD complete wlh heat sink 5 2
output translators type 2N5293. 12/24V Input. At
least 5 Watt output. Circuit supplied 21.50.
VARIAC 2 amp Eked. Good condition £12 ea.
PIP Ca.
LED type 711209 Red with holder - Bp ea. 10
oft 70p
I.C. SOCKET 16 pin EP
GEARED MOTOR 117/234 Volt Input 50112.4" di*

M15 I" deep, 0" theft. New 13 each POP C4
OTOR t2V DC Input. 3" die x 41" deep, r

Net New 1160 each POP 0.
DC MOTOR 6-12 Volta. Mechanical Constant

eed Control 1 0" die. CI each.
MOTOR 12V DC with pulley b wenhcavAuctor
speed control. CI each.
SYNCHRONOUS MOTOR 2 Phew 9 volt AC. 375
RPM. Good torque (mods 30.40 mfd mocha.
Suitable for Robibcs/Flottere etc. LI each.
OTHER SYNCHRONOUS/STEPPING MOTORS

AVAILABLE. PLEASE ENQUIRE
GEARED MOTOR I 20V 50HZ 4 Watt I rpm. 2" dm
x I f' deep. LIAO each.

CENTAUR FANS 41", 115V New, 0.50 each.
MUFFIN 115V 41', unwed, 0 each POP 12.
TRANSFORMERS - All brand now, all 240 volts
Yip r.
See 26.6V 2.5A. Sinai a 21 x 21". 12.50 each.
Sao 115V1A Imo/ 0.26 each. Sec (3V 1.66A C1.190
SIN 12V 100MA 50p each.
TRANSFORMER 120 Volt Input. Sec 10.0.10V IA
759 each
Sub Mn TRANSFORMER 0.120.240V Input. Sec
12.0.12V 4VA 750 emit 10 off Ce
TOROIDAL TRANSFORMER 0.115.230V Wpm.
Sec 13,6-0.19.6V 8VA. £1.60 each 10 off C12
TOROIDAL TRANSFORMER 0.120.240V Input.
Sec 0-12V; 0.12V IOVA per winding. Ennamieted.
tA each. 10 off OS.

Sub Mn PULSE TRANSFORMER. Sec centre lap -
pad. Suitsber for Thyristor triggering 20p each. 10
off E1.83.
RAPID DISCHARGE CAPACITOR 8 mid 4KV
each PEW 0.
TELEPHONES. 706 ety% NA& blue, grew, my,
£5.50 each. 10 oft £45.
Discoloured 0 each. 10 off 00. 746 Mee Neck or
grey

ts.
050 each. POP 0 each. 4.10 units 0. Over

10 by arrarpornen
TOKIN NOISE FILTER VG2I5FU. 250VAC 15A
50/60HZ. With Ming bracket. New 0 each.
VU METER. Scaled 0.5, Me 11 x 7/8-, SOp each
10 off Et
I.T.T. LOUD SPEAKER. 3 1" dis. 50 ohm 02 Wan.
New. 75p each. 10 off 050.
E.H.T. CABLE. Overell die 5rrirn. 10p per mane.
100 metre Man 0.60 POP £4.
Multi Colour RIBBON CABLE 10 nay. 50p per
mated 10 metre. £4, 14 my 76p per metre. 10
metros 13, 100 metre. 00.
ILLUMINATED ROCKER SWITCH. 2 pole 250V 8
Amp, orange, 50p each. 10 off CA
JOYSTICK SWITCH 4 Mentions 0 moth. POP
112.

PCB KEYBOARD PAD. 19 push mamas. 0.9; A -F
plus 3 kwal, El SO malt. 10 off 02.
KEYBOAcmRD PAD. 12 Alma Reed Switches push
to make, 0-9; *; Er BMA. sirs 3 x 21 x 2" high, DI
e ach. 10 off £15. POP 13.
EPROM 2718 Single rei, 0.50 each. 2564 £3
SPECTRAL RELIANCE TEN TURN POT. 100 olMI

1%. Brand raw, 715p each 10 off ff.
SLIDER POTENTIOMETER. Twit Gang. 200K or
2M, 115p each 10 off 0.
PANEL MOUNTING FUSE HOLDER tor 1" tor,
30p each. 10 off CIAO.
B ELLING LEE CHASSIS MOUNTING FUSE
HOLDER for 1 1- hiss 16p each. 10 off
I.E.C. MAINS LEAD. 2 metre length, heany duty.
0p each. 10 off 13.
4 CORE CURLY WIRE extending to 2 metres, 20p
each. 10 off CLL.
MICROPHONE/EARPIECE INSERTS. Brand
new. 75o each. 10 off LS.

EXECUTIVE TELEPHONE -PUSH BUT-
TON. Functions include 10 number
memory; repeat dialing; internal Mic-
rophone 5 Speaker and separate handset
etc. Will connect direct to British Telecom
System. BRAND NEW. ONLY E25 ea.
P&PE4.
PUSH BUTTON TELEPHONES for Inter-
nal Systems. BRAND NEW. P&P £2 ea.
746 style Two Tone Grey £8 each.
KRONE type FeTAp 731. Beige. £6 on.
Quantity discount - Please Enquire
Minlmem Order of Goode CI Mlninturn POP
£1.50. VAT et 15% MUST be added to TOTAL OF

GOODS IA PACKAGING.
May more components and Net equipment

I1.0%. S.A.E. or teMphom for Ids

FREE CAREER 
BOOKLET 

Train for success in Electronics 
Engineering, T.V. Servicing, 
Electrical Engineering-or running 
your own business! 

ICS have helped thousands of ambitious people to 
move up into higher paid, more secure jobs in the 
fields of electronics, T.V., electrical engineering-now it 
can be your turn. Whether you are a newcomer to the 
field or already working in ·these industries, ICS 
can provide you with the specialised 1raining so 
essential to success .. 

Personal Tuition and 80 Years of Success 

The expert and personal guidance by fully qualified 
tutors, backed by the long ICS record of success, is the 
key to our outstanding performance in the 
technical field. You study. at the .time and pace that suits 
you·best and in your own home. 

You study the subjects you enjoy, receive a formal· 
Diploma, and you're ready for that better job; better pay. 

T.V. &AUDIOELECTR0N1cs 

ENGINEERING 

A Diploma Course, recognised 
by the Institute of Engineers 
&·Technicians as meeting all 
academic standards for 
application as an Associate. 

D 
ELECTRICAL 

ENGINEERING 

A further Diploma Course 
recognised by the Institute of 
Engineers & Technicians, a!so 
covering business aspects of 
electrical contracting. 

D 

SERVICING· 

A Diploma Course, training 
you in all aspects of installing, 
maintaining and repairing T.V. 
and Audio equipment, 
domestic and industrial. 

D 
RUNNING YOUR 

OWN BUSINESS 

If running your own 
electronics, T. V. servicing or 
electrical business appeals, 
then this Diploma 'Course 
trains. you in the vital business 
knowledge and techniques 
you'll need. 

D 

ICS

FOR HI-Fl & ELECTRONICS ENTHUSIASTS 

CONCEPT ELECTRONICS LTD 
, 51 Tolllngton Road,London N7 6PB 

• Mall order only 

We are 1he speclallstof electronic kits and rack mounting cabinets. A catalogue Wllh 
complete range of pfoducts Including pre·amp modules, power amp modules, pre 
and power amplifier modules. complete kits ol amplifiers. equalizers, reverberation 
amplifiers (with cases� alarm clocks. appliance timers. CB amplifiers. test 
equipmen� control modules, music generalor. battery flourescent light and high 
quality rack mounting cabinets etc. with lllustrallve pictures now available at the 
cost of 35p + 25pp&p. 
Professional rack mounting cabinet Panel Size Rear Box Price 

W H (Inch) W H O AL STEEL 
19x5 17 x4.5x 10 27.54 23.54 
19x4 17x3.5x10 25.24 21.24 
19x3.5 17 x3 x 10 24.09 20.09 
19x3 17x2.5x10 24.09 
19x2.5 17x2.xl0 22.94 1&94 
19 X 6 17 X 5.5 X 12 28,89 24.69 
19 X 5 17 X 4.5 X 12 27.54 23.54 
19x4 17x3.5xl2 2524 21.24 
19 X 3.5 17 K 3 K12 24.09 20.09 
17x3.5 
17 K 
2,5 
17•4 
17 X 3 

15.5x3x9 21.79 17.79 
15,5 K 2 X 9 20.64 1&64 
15.5x3.5x1225.24 21.24 
15.5 K 2.5X 12 24.09 20.09 

Please add £2.50 p/p per item 
* Wholly made of black anodised aluminium sheets * Suitable fOf high quality amp 
lifers and many other purposes * Top, side and rear cover removable for access 
•Separate front mounting plate* Heavy gauge front panel Is of brushed 
aluminium finish enhanced with two provessional handles * With ventilation $ltts 
and plastic feet• • 
The low cost steel version Is also available. The size and features as well as the 
front panel Is !he same as the aluminium cabinets except the rear box is 
manufacture<! from steel painted in black.  
TA-700 60W power amplifier 

Kit £12.50 Inclusive 

Speclflcatlons:-
Power output: SOW rms into 8 ohms 

80W rms into 4 ohms 
Frequency response: 5Hz -1 
OOKHz Power bandwidth: OHz • 
150KHz THO: L.ess than 0.01% 8R 
1 KHz 
Tl D: Less than 0,006% 
Sensitivity: 1V/60W outpul 
S/N ratio: better than 100<18 
Speaker impedance: 4·16 ohms Ass. £18.50 Inclusive. Power supply: ±,30-36V 2.SA 

TA-700 is a high quality poweramplllierwith the following advanced features: 
* IN put stage is the latest mirror circuitry using two DUAL TRANSISTOR 
PACKAGES. (dual transistor package is two transistors encapsulated on a single 
chip of silicon ensuring that they have very closely matched characteristics) * 
Output stage using two high power Darington transistors -DC coupling 
throughout * Extra low TIO (Transient Intermodulation Distortion)* Each module 
includes a large 20 extrusion gold anodised heatslnk. 

STEWART �F READING 
111 WYKEHAM ROAD, READING, BERKS. RGI 1Pl 

Tel: n•1 
Callera walcoma 9 am-6.30 pm Monclav to Saturday lnclull .. 

NAME..................................................................................................................

ADDRESS...........................................................................................................

............................................................................................................................

............................................................................................................................

Dept L625
160 Stewarts Road
London SW8 4UJ
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YOUR CAR 

AS GOOD AS IT COULD 81 ? 
* Is it EASY TO START in the cold and the damp? Total Energy 

Discharge will give the most powerful spark and maintain fu tput 
even with a near flat battery. 

* Is it ECONOMICAL or does it "go off' 
ignition performance deteriora 
much more output and · · 

* Has it PEAK P 
where th1f 
a,moiic 
f' '

* " 
T<aal . 
el� filter sm 

ark of 
· t an 

etc. 
* Do the ging to bring the 

y 1sc arge eliminates contact 
heavy electrical load. The timing 

contact condition doesn't affect the 
performa larger plug gaps can be used, even wet or· 
badly fouled plugs can be fired with this system .. 

* TOTAL ENERGY DISCHARGE is a.unique system and the most 
powerful on the market· 3 � times' the power of inductive systems· 
3 � times the energy and 3 times the duration of ordinary capacitive 
systems. These are the facts: 
Performance at only 6 volts (max. supply 16 voltsf 
$PARK POWER - 140W, SPARK ENERGY 
SPARK DURATION - 500µS, STORED ENERGY 
LOADED OUTPUT VOLTAGE 

36mJ 
135mJ 

50pF load 38kV, 50pF + 500k - 26kV 
We challenge any manufacturer to publish better performance 
figures. Before you buy any other make, ask for the facts, its 
probably only an inductive system. But if an inductive system is 
what you really want, we'll still give you a good deal. 

* All ELECTRONIZE electronic ignitions feature: 
EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER 
SWITCH, STATIC TIMING LIGHT end DESIGNED IN 
RELIABILITY (14 years experience and a 3 year guarantee). 

* IN KIT FORM it provides a top performance system at less than half 
the price of comparable ready built units.The kit includes: pre-drilled 
fibreglass PCB. pre-wound and varnished ferrite transformer, high 
quality 211F discharge capacitor, case, easy to follow in�tructions, 
solder and everything needed to build and fit to your car. All you 
need is a soldering iron and a few basic tools. 

Most NEW CARS already have electronic ignition. Update YOUR CAR· 

fill in the coupon and send to: 

PROTECT 

YOUR CAR 

WITH AN 

EllCTRONIIE 

ElECTRONIC AlARf1 

* 2000 COMBINATIONS provided by an electronic key - a 
miniature jack plug containing components which must match 
each individual alarm system. (Not limited to a few hundred 
keys or a four bit code I. 

* 80 SECOND ALARM PERIOD flashes headlights and sounds 
horn, then resets ready to operate again if needed. 

. * 10 SECOND ENTRY DELAY allows owner to dis-arm th,a, 
· system, by 'inserting the key plug into a dashboard mounted 

socket, before the 'alarm sounds. (No holes in external 
bodywork, fiddly code systems or hidden switches). Re­
closing the doot will not cancel the alarm, before or after it 
sounds, the key plug must'be used. 

* INSTANT ALARM OPERATION triggered·by accessories or
bonnet/boot opening. 

* 30 SE.COND DELAY when system is armed allows owner to
lock doors etc.

* DISABLES IGNITION SYSTEM when alarm is armed. 

* IN KIT FORM it provides a high levf!I of protection at a really. 
low cost. The kit includes everything needed, the case, 
fibreglass PCB; CMOS IC's, random selection resistors to set 
the combination, in fact everything down to the last nut and 
washer plus easy to follow instructions. 

FITS ALL 12 VOLT NE�ATIVE EARTH VEHIC.LES. 
SUPPLIED COMPLrn WITH All NECESSARY LEADS 
AND CONNECTORS PLUS TWO KEY PLUGS 

Don't Wait Until Its too Late ... 

Fit one NOW! 

l&ICTRONIIE DESIGN Dept E · Magnus Rd · Wilnecote ·Tamworth. 877 5BY · tel 0827 281000 
-------------------------------------------����-

TOTAL ENERGY DISCHARGE (6 or 12 volt negative earth) 
0 Assembled ready to fit �O £19.96 
D D.I.Y. parts

. 
kit £1,j:9b £14.95 

TWIN OUTPUT for cars and motor cycles with dual ignition 

0 Twin, Assembled ready to fit . £� £29.95 
O Twin, D.I.Y. parts kit £� £22.95 

INDUCTIVE DISCHARGE ( 12 volt only) 

0 Assembled ready to flt £1� £12.76 

Prices Include VAT. P+P £1-00 (UK) D 

CAR
.

ALARM 

0 Assembled ready to fit 
D D.I.Y. parts kit 

£37.95 

£24.95

I enclose cheque/postal order OR debit my Access/Visa card 

.Ji!. UI I I I I I I I I I I I I I I � 

Address -------------------

�----��------,-- Code ----� 
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AVON

LOOKING FOR COMPONENTS! 
HARDWARE! 

CASES! TRY YOUR LOCAL 
LISTED  STOCKIST 

.

LANCASHIRE

158 Lower Green
Poulton-le-Fylde, Blackpool

Tel: (0253) 885107 

FOR YOUR BUSINESS TO 
BE INCLUDED, CALL 
ELECTROMART ON 

01-437-1002
Open: 9.30am-12.30. 1.30-5.30. Closed Wed & 

Sun. Electronic Component Specialists

MERSEYSIDEANNLEY ELECTRO
· 190 Bedminster Down Road
· Bedminster Down, Bristol l

Tel: 0272 832622
Open Mon-Sat 9am - 6.30pm 

Wed llam-2pm 

BEDFORDSHIRE

BROADWAY ELECTRONICS 
1 The Broadway. Bedford, 

Tel: 0234 2136311 
Open: 6.days 9-5.30 1/2 day Thur.

Lunch 1.30 - 2.30
Specialists in components

and Acorn computers.

DORSET

D.J. ELECTRONICS
64 Ensbury Park Road,

Bournemouth
Tel: (0202) 515073

Open Mon - Sat 9am - 6pm

HERTFORDSHIRE

GODDARDS COMPONENTS 
110·Loridon Road, St. Albans. 

Tel: St. Albans 64162 
Open, Mon-Sat 9.30am-5.30pm 

(1/2 day Thur)

MYCA ELECTRONICS 
2 VICTORIA PL; SEACOMBE FERRY, 

WALLASEY, L44 6NR, 
Tel: 051838 8847 

Open Mon-Sat 10am-5.30pm 
Mail Order price list 50p refundable

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982 47 

Whitechapel Tel 0512365489 
Liverpool 2 

THE  ELECTRONICS  SPECIALISTS
Open: Tues-Sat 9.30-5.30 

W. MIDLANDS/WARCS

WAVEBANDS
CoventrySt Kldderminster

· Components, computers, car radios, C.B.s, 
Amateur Radio

and all electronic hobby equipment
Open: Mon-Sat 9-6, Sun 10-2

Tel: 0562 2179

NORTHAMPTONSHIRE 
* A new company selling electronic components
* Mail order and walk round supermarket
* Vast stocks and very competitive prices 

High March, Daventry NN11 4HQ
Telephone 03272 5523 Telex 311245
Off A45 opposite John O' Gaunt

S. WALES

STEVE'S ELECTRONIC
SUPPLY CO. LTD. 

45 Castle Arcade, Cardiff 
TEL: 0222 41905 

Open: Mon-Sat 9-5.30 
For components to computers 

WARWICKSHIRE

Charlotte St, Rugby. Tel: Rugby 78138 
Open 5 Days 10-6 (closed Wed) 

Wide range of components and R.S. stockists 
1983 Mail Order Catalogue 75p

YORKSHIRE

ACE MAILTRONIX LTD.
3A COMMERCIAL STREET
Batley. Tel: (0924) 441129

Open: Mon-Fri 9am-5.30pm. (Sat 1pm)
Retail and Wholesale

Please include my business details in the next available issue of ELECTRONICS TODAY 
INTERNATIONAL:

TEL NO .................................................................................................................................................................................................................

RETAIL D WHOLESALE 0 MAIL ORDER O (Please tick) 

CONTACT: (FOR OFFICE  USE ONLY) ............................................................................................................................................

ETESON ELECTRONICS

EMOS

EE
STAFFORDSHIRE

ELECTRONICS SUPPLIES
105 HIGH STREET

WOOLSTANTON
NEWCASTLE

Tel: 0782 636904 
Open Mon-Wed 9-6, Thurs 9-12 & 5-7,

Fri & Sat 9-9, Sun 11-2

TP

Horizon
Electronics

OPENING HOURS................................................................................................................................................................................................

BUSINESS NAME .....................................................................................................................................................................................

ADDRESS................................................................................................................................................................................

................................................................................................................................................................................................

................................................................................................................................................................................................

................................................................................................................................................................................................



ALWAYS QUOTE THE PCB CODE WHEN ORDERING PLEASE

0

0
0

0

0
0
0
0
0
0

0

1979
Ef794-1 Guitar Effects Unit 2.64
E/794-2 Click Eliminator 6.64
E/796.1 Accented Beat Metronome 3.60

1980
5/803-1 Signal Tracer 227
E/808-1 CMOS Logic Tester 2.64
E/808-3 Ultrasound Burglar Alarm 2.87
E/8010-1 Cassette Interface 2.93
E/8010-2 Fuzz/Sustain Box 3.27
E/8011.5 R IAA Preamp 1.93

E/8011.6 Audio Test Oscillator. . 3.13
E/8012-1 Musical Doorbell 2.80
E/8012-3 Four Input Mixer 2.64

1981

E/811-1 LED Tacho
E/811.2 Multi -Option Siren
E/813-1 Universal Timer
E/812-1 IR Alarm (4 boards) . .

E/812-5 Pulse Generator
E/813.1 Engineer's Stethoscope.
E/814-2 Drum Machine (2 boards)
E/814-4 Guitar Note Expander . .

E/816.8 Waa-Phase
E/816.9 Alien Attack

4.13
3.20
3.31

. 6.64
3.57

. 2.65

. 5.60

.320
1.53
3.48

E/817-1 System AS- Input
(MM or MC) 2.65

E/817-2 System A - Preamp . . . 5.17
E/817-3 Smart Battery Charger . . 1.97
E/818-3 Hand Clap Synth 3.97
E/818-5 Watchdog Home Secuity

(2 boards) 5.31
E/819-1 Mains Audio Link

(3 boards) 7.35
 E/819-4 Laboratory PSU 4.53
 E/8110-1 Enlarger Timer 3.40

STRICLY CASH WITH ORDER

 E/8110.2 Sound Bender 2.65
 E/8111.1 Voice Over Unit 3.97

 E/8111-2 Car Alarm 2.81

 E/8111-3 Phone Bell Shifter 2.96
 E/8112-1 Alcohometer (2 boards) 5.21

 E/8112-3 Bodywork Checker . . 1.75

 E/8112-4 Component Tester 1.49

1982
E/821-1 Parking Timer 2.20
E/821-3 Guitar Tuner (2 boards) . 5.55
E/822-1 Ripple Monitor 1.92
E/822-2 Allez Cat Pest Repoli°, . 1.68

E/822-5 Moving Magnet Stage. . . 3.49

5/822-6 Moving Coil Stage 3.49

E/823-4 Capacitance Meter (2 Bd) 10.14
5/824-5 Voltage Monitor 1.86

E/825-1 DV Meg 2.72

E/825-2 Analogue PWM 3.06

E/825.3 Slot Car Controller 4.51

5/826-1 Ion Generator (3 Bds) . . .8.00
E/826-4 MOSFET Amp Module. . . 6.78

E/826-5 Logic Lock 3.06

E/826-6 Digital PWM 3.34

E/826.7 Optical Sensor 1.74

E/826-9 Oscilloscope (4 Boards) 11.60

E/827-7 TV Bargraph Main 4.56

E/827-3 TV Bargraph Channel . . 228

6/827-4 Hotwire 2.63

E/827-5 Bridging Adaptor 2.38
E/828-1Playmate (3 Boards) 720
6/828-4 Kitchen Scales 1.84

E/828-5 Sound Track 4.25

E/829-1 Auto Volume Control . . .1.84

 E/829-2 Dual Logic Probe 1.93
 E/8210-1 Message Panel (2 Boards) 10.70
 E/8211-4 Pulse Generator 5.29
 E/8212-1 ELCB 2.41

- OFFICIAL ORDERS ARE NOT
ACCEPTED

Prices Quoted are valid until 1st November 1983

 E/8212-2 Servo Interface (2 Boards)5.87
 E/82124 Spectracolumn 4.82

 1983
 E/831-1 Fuel Guage 3.00
 E/831-2 ZX ADC 2.25
 E/831-3 Programmable PSU 3.00
 E/833-1 Sound Board 11.16
 6/833-2 Alarm Module 3.15
 E/833-3 ZX81 User Graphics . . 0.93
 E/833-4 Logic Probe 2.17
 E/834-1 Real Time Clock 7.60
 E/834-2 Thermometer (2 Boards). 8.47
 E/834-4 Stage Lighting - Main . . 11.94
 E/834-5 Stage Lighting - Display 3.00
 E/835-1 Compressor/Limiter . . . 5.38
 E/835-2 Single PSU 2.75
 6/835-3 Dual PSU 3.49
 E/835-42 NDFL Amp 6.85
05/835-5 Balanced Input Preamp 2.81
 E/835-6 Stage Lighting - Autofade 5.38

E/835-7 Stage Lighting - Triac
Board 4.12

 E/836-1 to 3 PseudoROM (3 Bds) 3.15
 E/836-4Immersible Heater 2.00
 E/837-5 Atom Keypad 4.50
 E/837-6 Switched Mode PSU . . . 14.00
 E/836-5 Atom Keypad 4.50
 E/837-1 Flash Sequencer 2.32
 E/837-2 Trigger Unit Main Board 2.32
 E/837-3 Trigger Unit Transmitter . 1.44
 E/837-4 Switched Mode PSU . . 14.00
 E/838.1 Graphic Equaliser 7.91
 5/838.2 Servo Fail -Safe (four off) 2.55
 E/838-3 Universal EPROM prog. . 8.38
 5/839-1 NiCad Charger/Regan . . 328
 6/839-2 Digger 2.96
 6/839-3 64K DRAM 12.24

PCB Code Means
The first two numerals indicate the year
in which the project was published; the
third the year. The numeral after the
dash uniquely identifies the board within
those boards published that month.

What The

ETI PCB SERVICE
Up till 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 board 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 notes that NO OTHER BOARDS ARE AVAILABLE. If it's not listed, we don't have it!

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 WC 2H OEE. Make cheques 
payable to ETI PCB Service. Payment in sterling only 
please. Prices subject to change without notice.

Total for boards £..............................
Add 45p p & p ............................0.45
Total enclosed £.................................

Signed ........................................................................................................

NAME ........................................................................................................

ADDRESS ...................................................................................................

....................................... ...........................................................................
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Sorry! Due to lack of space, foil patterns for Marvin's interface boards and the NiCaddy will have to wait until 
next month. 

PCB FOIL PATTERNS 
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ALARMS71

ELECTRONICS TODAY INTERNATIONAL 

Lineage: 
35p per word (minimum 15 words) 
Semi"Display: (minimum 2 ems) 
£10.00 per single column centimetre 
Ring for information on series bookings/discounts 
All advertisements in this section r,ust be prepaic;t. 
Advertisements are accepted subject to the terms and . 
conditions printed on the advertisement rate card (available on request) 

CLASSIFIED 

01-437.1002

EXT 282

Send your requirements to: 
Julie Bates, 
ASP Ltd., 
145 Charing Cross Road, 
London WC2H OEF 

ALARMS 

FREE BOOKLET if 
on 

BURGLAR ALARMS 
with 

LOWEST U.K. DIV PUBLISHED PRICE·$ • . • t • • • 

PHONE OR WRITE FOR YOUR COPY 

051-523 8440

BOOKS & PUBLICATIONS 

PARAPHYSICS JOURNAL 
(Russian translation); psycho­
tronics, kirlianography, heli· 
phonic 

. 
music, telekinetics.

Computer software. . SAE. 
4 x 9",. Paralab; Downton, 
Wiltshire. 
MANUALS for test and com· 
municatlons equipment. Send 
SAE. forlist P. Mack, 14 Court 
Eight, Hemingway Road, 
Witham, Essex CMS 20U. 
ETI 1973 TO DATE . Offers , 
around £40. Numerous 

. 
other

odd mags Included. Phone 
01·636 9499 (�.30: 4.30). 

WIRES AND CABLES 

ENAMELLE. SWG 11b 802 4o2 202&-3 4 3.63 2.0 9 1.10 B8p35 -39 3.8 2 2.30 1.2 6 9Gp 42-43 5.20 2.9 1 2.25 1.80 44-47 8.5 8 5.80 3.49 2.7548 15.9 8 9.58 8.38 3.89SILVER·PLATED COPPER WIRE 14-30 9.09 5.20 2.93 1.97TINNED COPPER WIRE 14-30 3.97 2.41 1.39 O.IM 
Price, Include P&P and VAT. OrdMS under 
£2 add 20p. Dealer /nqulrlH welcome. 

AD ELECTRONICS FOR SALE 

. 217 WARBRECK MOOR �
AINTREE, 'LIVERPOOL L9 OHU ....

0,1 m 3483 

A1 INTRUDER AlARMS LTD 

WHOLESAlE SUPPLIES 

M�ll OROE'R DlPT 

Bell �xes:: ............ .' ....... £8.00
Dummy Boxes •..........•...... £4.50 
Bell 6" .....•..• · ................. £7 .50 
SIRENS 

· Minimite .............. ...... ; ... £4.50 
Electronic.' ............ : ......... £7 .50 
Gable (4 core) .................. £7 .00 
PRESSURE MATS 

Stair..� .............. : .......... £0.95
Standard ....................... £1.50
CONTROL PANELS 

Battery T /E/E .............•.•. £20.00
F.S.N. 20140 ... � .............. £36.00
CONTACTS 

. •  

Aluminium ..•.. .' ................ £1.85
Surface ......................... £0. 75 · 
Fluah .......•...•.. : .. .......... £0. 85 
Quickfits ....................... £0. 75
BEAMS 

Infra Re<I .. : .. : ................ £31.50 
Ultrasonic comp ........•...... £36.00 
Rec Battery .................... £8.95 

__ _..,., ___ _ 
VAT 

__ ,,__a, __ 
OWIIC#--

A1 AU.IM9 lJ'D 

• D•rlly Lan•. Old Sw•n. Uve,pool 13 

COMPONENTS 

MAIDSTONE ELECTRONIC 
COMPONENTS shop. Thyronics.
Control Systems 8,Sandling Road, 
Maidstone, Kent, Maidstone 675354.

SOLID STATE AC RELAYS 5-32 V.D.C. 
input P.I.V. 400 V.A.C. 10 amp £5.50; 3 
amp £3.50. Axial fans 24 D.C. brush less, 
120mm £15.00, 80mm £13.00 24V D.C. 
Drive motors (servo type) £2.00. Cash 
with order. Collectric, 28 Leygreen Close, 
Luton, LU2 0SQ

BURGLAR ALARM EQUIP· 
MENT:As usedinthetrade.JN 
Security Centre, 176 Syden· 
ham Road, London SE26 5JZ. 
01"77.8·1111. Showrooms 
open six days. 

For all 
your classified 
· requirements

.contact 
·Julie
· on

01·4371002 
·extn.282

0 C. SEC ELECTRONIC ORGAN KEY·D.I.Y. ELECTR NI . -BOARDS andotherpartsbeing URITY SYSTEMS. British . standard, residential and cable cleared out as special offer. 
I 'd Elvins Electronic Musical free burg ar alarms, vi eo, Instruments, 40A Dalston Lane, audio and· card access, door 

.entry systems, all systems fully London ES. O 1 ·986 8455 . . 
guaranteed, vehicle alarms. SHEETMETAL FOLDERS 18" Send a large sae or visit our 18 s 1 6G Al · · · 
showroom.CobraSecurlt�Sys- x · c · tee• 1 umimum 

bench or vice held. Hobby or terns Ltd, 1 55 Station oad, Light industrial use. £38. Chingford, London E4 SAG. 01· 890-7838. Day/evening. 

VALVES 

EXT-GOV VALVE and 
Semiconductor Equivalents Guide. 
Contains an up to date fully 
comprehensive cross reference 
guide to British and American 
Service valves and semiconductors, 
£2.50 plus pp 30p. Valve List. 
Valves from 1925 to 1980. Many 
obsolete types. Modern TV, radio 
and transmitting valves. Send 60p 
(refundable on purchase). Or free 
with Ex-Govt., Valve Guide. We sell 
valves of all types.  Please send SAE 
for your requirements. DEPT ETI 
Myers Electronic Devices, 12/14 
Harper Street, Leeds LS2 7EA. Tel: 
(0532) 452045.

This column 

is read by over 

55,000 potent.ial 

buyers. Make· 

sure you don't 

miss them. 

Advertise in 
Classified 

Tel: 01-437 1002 
·Extn. 282

PB2720SOUNDERS.3for£1. 
5mm LEOS with clips, red or 
green, 10 for£ 1. Push to ma�e 
swHches 10 for £ 1 P.C.B. con­
taining NE555 and 4011 B 25p 
each 1 OOuf or 1 Out caps 10 for 

· £1. Post/packing 40p. Micro­
tech Industries, Brlghouse, 
HD6 1PO. 

FOR .SALE. Touch sensitive, 
polyphonic transcendent DPX
Synthesizer. Assembled but 
notcompletelydebugged.Only 
£250. (Origin.al kit cost £300).
Phone 02357·3560 after 6pm. 

LABORATORY CONTENTS 
DISPOSAL. Wide variety of 
test equipment. Suitable indivi· 
duals, colleges, etc. Tel: 040-
376 6236. 

3 SUPERB POWERSLAVES.
• • 1 20 Watt case & sliders/ 
£10.85 . . .  100 Watt modules/
£7 . . .  60 + 60. cased 240 volt,
selec.tor & controls/£20 .. KIA-8,
Conliffe Road, llkley.

P.C.B. MATERIALS. We buy
in bulk tokeepyourcostsdown. 
Copper clad fibreglass board 
12' x 6" £0.90. Etch-resist pen 

£0.95. Five assorted transfer 
sheets £2.1 O. P.C.B. drills · 
0.8mm, 1.0mm, 1.2mm £0.75
each. Ferric chloride (1/2lb) 
£0.95. Post and Packaging 40p. 
Deron· Electronic Supplies, 
New Enterprise workshops, 
Albion Row, Byker, Newcastle 
upon Tyne, NE6 1 LO. 

CLEARANCE S�LE of panel 
meters. Over 1 ,000 in stock 
from 50p each. Send 30p for 
list. Rainbow E.lectronics, 7 
Greenfield Road, Colwyn Bay, 
Clwyd LL29 BEL. Tel. 0�92 
2992. 

THE SCIENTIFIC
WIRE COMPANY

811 FOREST ROAD, LONDON E17
01-5311566



IPrinted Circuit Boards
to your specification
from artwork through to
finished board.

QUICK DELIVERY - I
COMPETITIVE PRICES I

O r't+uirete
00,0

 Heat compact
onehtnisina

Siparb 2+tay
sposch quality
 British Tshaat
approynd

Rotor& up to
B hours an a madam!
C1213 tan* £95 ( + £2 p&p)

Johnson Eloctronles (Works). Star Worehaus*.
Camden Good. Depot. Chat Fsnn Rood.

London 1041 05-2805113

AERIALS 

AERIAL BOOSTERS 
NEXT TO THE SET FITTING. 84!1H/O·UHFTV.Gainaboul20dbs. Tunable over,the complete UHF 1V band. Price £8. 70. 
Bll·VHF/FM RADO. Gain about 14dbs. When on the off position con· nects the aerial direct to the radio. Prtce27.70. 
All bcosterswe make use a PP3/006PI 6F22 type battery or av to 18v DC .. 
P&P 30p per order. Electronic Mallorder Ud 

82 Bridge St . .1.. Ramsbottom,Lanes, tsLO 9AG .. Tel: (070882) 3038 Access/Vlsa Canis Welcome, sae leaflets 

Sllf-T\\·AR1 /\l'f'l lCATIONS 

SPY CASSETTE. Spectrum/ 
ZX81 let's you stop and copy 
any previously unstoppable 
tape. Simply press C for instant 
copy, If a Spectrum £3.95. 
ZX81 version £2.50. Bobker, 29 
Chadderton Drive, Unsworth, 
Bury, Lancs 

SOCIETIES 

ALWAYS WELCOME, new 
members ·to help support free 
enterprise in space, promote 
space exploration and oppose 
the Moon Treaty. For further 
information write to: Free 
Space and Space Settlers 
Society. (ETI), c/o Chris Forrest, 
8 . Bartoli Bridge Close, 
Raglan, Gwent. 

Refer to 
Classified 

for seeking 
new members, 

clubs, etc.
Tel:

01-437 1002
Extension 282

KITS 

DIGITAL WATCH 
REPLACEMENT parts, batteries, 
displays, backlights etc. Also 
reports publications, charts: 
S.a.e. for full list Profords 
Conersdrive, Holmergreen 
Bucks. HP15 6SGD

PRINTED CURCUITS Make your 
own simply, cheaply and quickly! 
Golden Fotolac light-sensitive 
laquer now greatly Improved 
and very much faster. Aerosol 
cans with full instructions, 
£2.50. Developer 35p. Ferric 
Chloride 60p. Clear acetate 
sheet for master 15p. 
Copper clad fibreglass board 
approx. 1mm thick £2.00 sq. 
ft. Post/Packing 75p. White 
House Electronics, Castle 
Drive, Praa Sands, 
Penzance, Cornwall.

TIME WRONG? 
M�:v;��:a�,l��:AJfln�Sl;i swltch·on, 8 digits show Date, Hours, Minutes a,,nd Seconds, auto GMT/SST 
���,,�;�:f�Ji� �t�aJ�1

1 

t���i� etc, receives Rugby s8KHz atomic lime signals, bullt-rnantenna, 1 OOOKmrange, 1;72.70. 80KHz Rugby Receiver, as In MSF Clock, £24,20. Sine/Square 01clllator, 1 Of!z·200KHz, £21.60. Each fun-to-bu/Id kit lncJudes ell parts, 
printed circuit, case, instructions, bl"' 
ratur11 postage etc. money back as· 

surance, GET yours NOW. 

CAMBRIDGE KITS 45 (TW) Old School Lane, MIiion, Cambrldae 

TUNE SYNTHESISER KITS. 
25 well-known tunes plus 3 
chimes, using door chimesorin 
toys £12.15. Made-up units 
attractively boxed. £21. 3 note 
chime kits £5.20. Prices 
include VAT and P&P. R.J.P. 
Electronics, 27 Denham Way, 
C:amber, East Sussex, TN31 
7XP. Tel: 0279 22.5549. 

EQUIPMENT 

35 Grosvenor Road,· 
Twickenham. Middlesex 
TEL:01·8911923/1513 Telex,29509 

BURGLAR Alarm Equipment. 
Please visit our 2,000 sq. ft. 
showrooms or write or phone for 
your free · catalogue. C.W.A. S. 
ltd., 100 Rooley Avenue, Brad· 
ford BD6 1 DB. Telephone 
0274 308920. 

RS232 CABLES and D·type 
connectors at competitive 
prices. 25·way D connector 
plate/wallbox for only £5.25. 
Write or phone for details. VEP 
Limited, 5 Hewens Road, Ux· 
bridge UB10. Tel: 01·848 7207. 

COMPUTERS 

CORTEX GOMPUTER with 
RS232 working fast and power­
ful. £310. Phone Mr Hill, Mid­
hurst 3632 after 7pm. 

For All ETI Classifieds 
Tel: 01-437 1002 

ext282 

WANTED 

EXCHANGE ANYTHING rela­
ted with electronics, computers, 
music synthesisers, etc. For 
immaculate Yamaha nsoo
Enduro Motorcycle worth 
£500. Tel: 07744 35788. 
TURN YOUR SURPLUS 
tran­sistors, IC's etc into cash. 
Con· tact Coles Harding & Co.,
103 South Brink, Wlsbech, 
Cambs. Tel: 0945 

 
584188. 

Immediate·  settlement.

PLANS 'N DESIGN 

AMAZING ELECTRONICS 
PLANS. Lasers, super-powered 
cutting rifle, pistol, light show, 
ultrasonic force fields, pocket 
defence weaponry, g ·iant tesla, 
satellite TV pyrotechnics, i 50 
more projects . .  Catalogue £1 
(refundable) from Plancentre, 
'Bromyard Road Industrial 
Estate, Ledbury HRS. 

SE RV ICES 

Promote your 
service in this 

space by ringing 
ETI Classified

CLASSIFIED ADVERTISEMENT - ORDER FORM 
Advertise nationally In these columns, to over 100,000 readers for only 35p per word (minimum charge 15 words).

Simply print your message In the coupon and send with your cheque or postal order made payable to 
Argus Specialist Publications Ltd to:

CLASSIFIED DEPT., ELECTRONICS TODAY INTERNATIONAL 
145 Charing Cross Rd., London WC2H OEE. Telephone: 01-437 1002 

Please indicate classification required. 

Name ................................................................................................................................................................................................
Address .............................................................................................................................................................................................
Tel. No. (Day)................................................................................................................................................

WE TAKE ACCESS AND BARCLAYCARD 
Please place my advert In E.T.I. for .......... months. Please Indicate number of Insertions required. 



ELECTR
Understandably

Britain's most popular 
and relied upon 

suppliers of 
SEMICONDUCTORS 

I.C.s
COMPONENTS

COMPUTING EQUIPMENT
TOOLS, BOXES, CONNECTORS

OUR SUMMER PRICE LIST TELLS ALL
Send for your FREE copy by return

BETTER PRICES, BETTER CHOICE, BETTER SERVICE
Don't forget to mention Electronics Today Int with your request

Electrovalue Ltd
Head Office, Mail Order Dept and Shop

28c St Judes Road, Englefield Green, Egham Surrey TW20 0HB
Telephone Egham (STD 0784; London 87) 33603; Telex 264475

Manchester branch for personal shoppers

680 Burnage Lane, Burnage, Manchester M19 1NA. Telephone061-432 4345

EV Computing shop-(Member of the Microvalue Group)

700 Burnage Lane, Manchester. Telephone 061-431 4866

MAIL ORDER PROTECTION 
SCHEME 

If you order goods from Mail Order Advertisers In this 
magazine and pay by post in advance of delivery, this 
publication will consider you for compensation if the 
advertiser should become insolvent or bankrupt, provided:
1. You have not received the goods or had your money 
returned; and
2. You write to the publisher of this publication explaining 
the position not earlier than 28 days from the day you sent 
your order and not later than 2 months from that day.
Please do not wait until the last moment to Inform us. 
When you write, we will tell you how to make your claim 
and what evidence of payment is required. 
We guarantee to meet claims from readers made in 
accordance with the above procedure as soon as possible 
after the advertiser has been declared bankrupt or 
insolvent to a limit of £1,800 per annum for any one 
advertiser, so affected, and up to £5,400 p.a. in respect of 
all insolvent advertisers. Claims may be paid for higher 
amounts, or when the above procedures have not been 
complied with, at the discretion of this publication, but we 
do not guarantee to do so in 'view of the need to set some 
limit to this commitment and to learn quickly of reader's 
difficulties.
This guarantee covers only advance payment sent in direct 
response to an advertisement in this magazine (not, for 
example. payments made in response to catalogues. etc, 
received as a result of answering such advertisements):

CLASSIFIED ADVERTISEMENTS ARE EXCLUDED

E.T.I.
SEPTEMBER 83 

ADVERTISERS INDEX 

Aitken Bros ••......•.•••••••...•.. 53 
Ambit International .••...•....... 16 
Armon Electronics ............... 54 
Audio Electronics ................ 29 
Bice Vero •••••••...•...•.........• 57 
BK Electronics ••........•.••..... 1 O 
Black Star .•.••••..........••.•... 30 
B.N.R.S . .....................••.•. 58 
Bradley Marshall ................. 14 
Branime Marketing ......•..••••. 54 
Clef ·Products ... � ••••••••••..••••• 50 
Concept Electronics ............. 74 
Cricklewood Electroncis ..... 44,45 
Crimson Elektrik � ................ 50 
Dataplus Development .••••....•. 71 

· Display Electronics .....•.....••• 26 
Greenbank Electronics ...•...•.• 54 
Happy Memories ..•.•.•••••.•.. · •.• 71 
Hawk Electronics ................ 58 
Hazzlewood Electronics ......... 58 
Horizon Electronics .............. 71 
ICS •..•....••••••.................. 7 4 

· ILP ........................• 30,62,63 
Kelan Engineering ............... 57 
L.E.M. Services .................. so· 
Magenta Electronics ............. 58 
Maplin .......................... OBC 
Marco Trading ................... 71 
Mawson Assocs . ................. 58 
Midwich ........................... 8 
Musicraft ......................... 58 
Pantechnic ..•.••••.........•.•... 29 
Parndon Electronics ............. 71 
Powertran ............. · .. IFC, 18,1.BC 
Rapid Electronics ................ 12 
Service Trading ................ ;, 53 
Sparkrite ••.....•••.•••......••... 40 
Stuarts of Reading ................ 74 
Technomatic .................... 6, 7 
TK Electronics ................... 25 
Watford Electronics ••........... 4,5 
W.E.B. Logic Systems Test Ltd .... 71 



HEBOTT II

GENESIS P102 PROCESSOR BOX, HAND HELD
CONTROLLER AND CORTEX COMPUTER

Get moving with these new developments in UK Robotics 
- advanced electrohydraulic designs for 
education, industry and now available to 
the home constructor.
Hebot II ,s a turtle-type robot which takes programming 
out of the two dimensional world of the VDU into the real 
three dimensional world Given a DC supply of 9-15V 11 can 
perform a bewildering number of moves under computer 
control - forwards, backwards, left and right - with each 
.vheel independently controlled It has blinking eyes. bleeps 
,11th a choice of two tones and has a solenoid operated pen to 
chart 11s progress Touch sensors coupled to ,ts shell return 
data, about its environment, 10 the computer for it to calculate 
evasive or exploratory action. Hebol II connects directly to 
an 1/0 port or alternatively with the universal interface board 
to the expansion bus of a ZX81 or other computer. 

Robotic experience is becoming as essenl!al a subject as co putmg 
MICROGRASP provides the lowest cost means of acquiring that 
experience but despite its ultra low price the robot has considerable 
versatihty There are 5 axes each using a servo motor and there is 
feedback from each of the arm movements. Control is by any 
computer with an expansion bus - the ZX81 being particularly sU1table 
Servo,ng ,s achieved with hardware on the ,nterface board to keep 
programming simple and the robot ,s operaled under BASIC 
commands with no computer specific software required. The interface 
board 1s memory mapped using only 64 bytes al any of I 024 switch 
selectable locations. 
MICROGRASP robol kil with power supply 
Universal computer interface board kit 
23 way edge connector 
ZX81 peripheral/RAM Pack splitter board 

up to the nano-second hard, firm and softwar 
cevelopments embodied in a complete system. 
, eg_a Hertz 16 bit CPU; 64K upwardly compatibl 

DRAM; separate 16K video DRAM and 24K Tl Powe 
3asic with overwrite. Supports up to four Disc drives o 
""lixed type with 16 serial 1/0 ports. Programmable Baud 
·ate and comprehensive E Bus interface designed to
support real world applications.

Very high resolution graphics gives 3D simulation in 16 
colours on 36 prioritised planes of user definable characters. 
Software FORTH coming includes this trendy language along 
,. h NOS C/PM. 
.... ardware components available separately with details in Nov, 
Dec, and Jan issues of ETI. Software features include; Real time 
clock, full renumber command, buffered 1/0 to free machine whilst 

-oo of the range is the Genesis P102 which has dual speed 
control, continuous servo operation and double acting 
c, nders for increased torque on the wrist and arm rotation 
o 1 s. The microprocessor based control system has addi­
: 1al memory, position interrogation via the RS232C inter­
·ace increasing the versatility of computer control and inputs 
a·e provided for machine tool interfacing. 
" a, s system READY BUil T £1950.00 
0: ·,ertran CORTEX 16 bil 64K computer Kil £295.0Q; READY BUil T £395.00 

(Eleclronics Today International December issue on CORTEX) 

Example prices and 
specifications 

Gehesls S101 
Base: 19.5'" x 11" x 7 5" 
Ufl,ng capacity 1500gm 
Arm lilt: 6.6" 
Weight: 29Kg 

4 axis model in kil form £390 
5 axis model 1n kil form £445 
5 axis model Ready Built £790 

Genesis P101 
Base: 19.5" x 11" x 7.5" 
Lifling capacity: 2000gm 
Arm lengths belween axles· 14 o·· 
Weight: 34Kg 

4 axis model 1n kit form £495 
6 axis model in kit form £595 
6 axis model Ready Buill £950 

Complete Systems as shown in 
Photograph above 

Genesis S101 
4 axis system 1n kit form £635.50 
5 axis system 1n k1l form £695.00 
5 axis syslem Ready Built £1355 

Genesis P101 
4 axis system in kit form £742.00 
6 ax,s system 1n k1l form £852.00 
6 ax,s system Ready Built £1525 

All prices exclusive of VAT 

£125.00 
£48.50 

£2.50 
£3.00 MICROGRASP, INTERFACE BOARD AND ZX81 

printing, call to machine code routines, hexadecimal support and user­
friendly textual error trapping messages. 

If computers interest you then the Cortex will expand your under­
standing infinitely more than off the shelf machines. Use it in 
business, education, research or just play with the incredible 
graphics capability. At Powertran we are using these machines in 
conventional roles, in product control and R & D. We _shall co­
ordinate the Cortex user group and distribute software for the 

TMS 9995 CPU. Complete 16 bit 64K computer kit £295.00 + 
VAT. Complete 16 bit 64K computer ready built £395.00 + VAT. 

With prices starting below £1,000 the Genesis range of general purpose robots 
provide a first rate introduction to robotics for both education and industry. 
Each has a self-contained hydraulic power source. which enables loads of 
several pounds to be smoothly handled. The system operated from a single 
phase 240 or 120V AC supply or a 12V DC supply. The machine can be supplied 
with up to 6 axes each of which is fully independent but capable of simultaneous 
operation. Position control is achieved by means of a closed-loop feedback 
system based around a dedicated microprocessor. Movement sequences can 
be entered, stored and replayed by use of a hand held controller. alternatively the 
systems can also be interfaced to an external computer via a standard RS 232C 
link. 

GENESIS S101 AND GENESIS P101 WITH PROCESSOR BOXES 
AND HAND-HELD CONTROLLERS 

WORLD 
LEADERS 

IN 
ELECTRONIC 

KIT DESIGN 
AND SUPPLY 

(CYBERNETIC DIVISION) 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER HANTS SP10 3NM 
Phone Enquiries (0264) 64455 
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I_cootealExchange programs with friends, leave or read messages from the 
various Billboard services. talk to computer bureaux, or place 
orders and check stock levels on Maplin's Cashtel service. A 
Maplin Modem will bring a whole new world to your computer and 
vastly increase its potential.
Now you can exchange data with any other computer using a 300 
baud European standard (CCITT) modem and because the Maplin 
Modem uses this standard, you could talk to any one of tens 
of thousands of existing users.
Some computers need an interface and we have kits for the 
ZX81, VIC20/Commodore 64, Dragon and shortly Spectrum and 
Atari whilst the BBC needs only a short program which is listed in 
Project; Book 8. A Maplin Modem will add a new dimension to your 
hobby. 
Order As LW99H (Modem Kit) excluding case. Price £39.95.
YK62S (Modem Case). Price £9.95
Full construction details in Projects Book 5.

NEW MAPLIN STORE 
OPENS IN MANCHESTER 

Our new Manchester store offering the 
full range of Maplin's electronic 
components. computers and software 
will be opening 16th August, 1983. 
Part of the new store will be a self-
service area where you can 
browse around and choose the parts 
you want. Counter service will be 
available as well. Upstairs you will find 
our computer demonstration area with 
displays of hundreds and hundreds 
of different software packages for 
Atari, BBC, Commodore 64, Dragon, 
Sord MS, Spectrum and VIC20. 
You will find us at 8, Oxford Road 
opposite the BBC, between Piccadilly 
and the University complex. We're 
just a few steps from 

Great Projects 
From E&MM 

Our new book "Best of E&MM Projects 
Vol. 1" brings together 21 fascinating 
and novel projects from E&MM's first 
year. 

Projects include Harmony Generator, 
Guitar Tuner, Hexadrum. Syntom, Auto 
Swell, Partylite, Car Aerial Booster, 
MOSFET Amp and other musical, hi-fi 
and car projects.

Order As XH61R. Price £1.00.

Manchester's Oxford Road station and 
about five minutes walk from the city 
centre. There is excellent parking on 
meters in the adjacent side roads and 
we're about five minutes drive 
straight in from junction 10 on the 
M63 at the start of the M56. Call in and 
see us soon! 

- 1983 �
CATALOGUE

Over 390 pages 
packed with data 
and pictures and all 
completely revised 
and including over 
1000 new items. On 
sale in all branches of 
W.H.Smith Price 
£1.25. Or send £1.50 
(imcluding P&P to our 
mail order address.

Full details in our project books. Price 70p 
each. 
In Book 1 (XA01 B) 120Wrms 
MOSFET Combo-Amplifier: Universal 
Timer with 18 program times and 4 
outputs : Temperature Gauge : Six 
Vero Projects.
In Book 2 (XA02C) Home Security 
System : Train Controller for 14 trains on 
one circuit : Stopwatch with multiple 
modes : Miles-per-Gallon Meter. 
In Book 3 (XA03D) ZX81 Keyboard with 
electronics : Stereo 25W MOSFET 
Amplifier : Doppler Radar Intruder 
Detector : Remote Control for Train 
Controller. 
In Book 4 (XA04E) Telephone Exchange 
for 16 extensions : Frequency Counter 
1OHz to 600 MHz : Ultrasonic 
Intruder Detector : I/0 Port for ZX81 : 
Car Burglar Alarm : Remote Control for 
25W Stereo Amplifier.

In Book 5 (XA05F) Modem to 
European standard : 100W 240V 
AC Inverter : Sounds Generator 
for ZX81 : Central Heating 
Controller : Panic Button for Home 
Security System : Model Train 
Projects : Timer for External Sounder. 
In Book 6 (XA06G) Speech 
Synthesiser for ZX81 & VIC20 : 
Module to Bridge two of our 
MOSFET amps to make a 350W 
Amp : ZX81 Sound on your TV : 
Scratch Filter : Damp Meter : Four 
Simple Projects. 
In Book 7 (XA07H) Modem 
(RS232) Interface for ZX81/ VIC20 : 
Digital Enlarger Timer/ Controller : 
DXers Audio Processor : Sweep 
Oscillator : CMOS Crystal Calibrator. 
In Book 8* (XAO8J) Modem 
(RS232) Interface for Dragon : VIC 
Extendiboard : Synchime : Electronic 
Lock : Minilab Power Supply : Logic 
Probe : Doorbell for the Deaf. 

• Projects for Book 8 were in an advanced 
state at the time of writing, but 
contents may change prior to publication 
(due 13th August 1 983).   

LEARN ROBOTICS 

� 

with Hero 1; the new robot who sees,
hears. speaks and  detects movement.
This remarkable microprocessor-controlled
robot is the perfect robotics training
system for industry, home and schools.
Hero 1 can see, hear, speak, detect
moving and stationary objects and 
determine their distance, pick up small 
objects, move in any direction and can 
learn from your instructions.
Hero 1 is a superbly documented 
Heathkit kit.
Order As HK20W (Robot Kit) Price 
£1,599.95. 

n1an,11:11n 
Mail Ordor: P.O. Box 3. Rayleigh. Essex SS6 BLR. Tel: Southend-on-Sea (0702) 552911. 
Shops at: 159-161 King Street, Hammersmith, London W6. Tel: 01-74B 0926. 

2B4 London Road, V\lestclitt-on-Sea. Essex. Tel: (0702) 554000. 

ELECTRONIC SUPPLIES L TO 

Lynton Square, Pcrrv Barr, Birmingham. Tel: 021-356 7292. 
8 Oxford Road, Manchester. Tel: 061-236 02B1. (Opens 16th Aug. 1983) 
All shops closed Mondays. 

All prices inc ludo VAT & carriage. Please add 50p handling char9e ,I total order value is under £5. 

Maplin's Fantastic Projects




