
AN ARGUS SPECIALIST PUBLICATION

INTERNATIONAL SEPT 1986          £1.20

L O W  C O S T  F R A M E S T O R E
T O  B U I L D

BATTERY
POWER -
THERE’S
LIFE IN
THE
OLD
CELLS YET

CLEAN UP
YOUR
MAINS

JLLH
ON BIAS

AUDIO . . . . COMPUTING . . . . MUSIC . . . . RADIO . . . . ROBOTICS . . . .





electronics today
SEPT 1986 VOL 15 NO 9INTERNATIONAL

EDITORIAL AND ADVERTISEMENT OFFICE
1 Golden Square, London W1R 3AB, Telephone 01-437 0626,

Telex 8811896.

Gary Herman: Editor
Ian Pitt: Deputy Editor
Paul Chappell: Project Editor
Jerry Fowler: Technical Illustrator
Paul Stanyer: Ad. Manager
Duncan Neilson: Classified Sales Executive
Andrew Selwood: Copy Control
Dave Bradshaw: Group Editor - Electronics

PUBLISHED BY:
Argus Specialist Publications Ltd.,
1 Golden Square, London W1R 3AB,
DISTRIBUTED BY:
Argus Press Sales & Distribution Ltd.,
12-18 Paul Street, London EC2A 4JS
(British Isles)
TYPESET AND ORIGINATION BY:
Design International
PRINTED BY
The Garden City Press Ltd.,
COVER DESIGN BY:
Argus Design
COVERS PRINTED BY:
Loxley Brothers Ltd.,

Member of the
Audit Bureau of
Circulation

DIGEST..............................................7
News from everywhere.

READ/WRITE.....................................16
Electronics for employees!

TECH TIPS.........................................56
This month, ETI readers provide a variable
pulse burst generator and a high voltage
constant current source.

ETCETERA.........................................64
Alf constructs a curious LED matrix and
announces prize winners and last month's
solution while Keith Brindley's Open Channel
makes some predictions. Scratchpad returns
and we review IC Master Linear IC Equivalents
and The Microwave Debate.

CROSSWORD....................................70
Auntie Static is on holiday.

ABC

FEATURES

PROJECTS

CHARGE OF THE LIGHT BRIGADE....19
Andrew Armstrong surveys the burgeoning
battery scene and asks if this could be the
hard cell?

BIAS REPORT....................................24
John Linsley Hood's unbiased view of tape
recording.

MICROCOMPUTER-AIDED CIRCUIT
DESIGN..............................................28

Julian Burt transfers his attention to transfer
functions and transforms our appreciation of
Laplace transforms.
HARDWARE DESIGN CONCEPTS......33
Mike Barwise investigates the ins and outs of
the software semi-synchronous FIFO used as
a printer buffer.

THE COLOUR BROWN.......................62
We join the retail trade to find out why brown
goods are silver, yellow, red or blue - any
colour but brown.

LOW COST FRAMESTORE.................36
Daniel Ogilvie's new design digitises, stores
and manipulates a video image — and all at
an affordable price.

THE ETI MAINS CONDITIONER.........42
Clean up your mains and get rid of your
glitches, crackles, putts and splutters with
this small project with a large range of
applications.

EXPERIMENTAL PRE-AMP.................45
Jeff Macaulay turns his attention to
transistors and builds the solid state
equivalent of last month's valve design.

UPGRADEABLE AMP.........................49
Graham Nalty tones up the output stages.

We regret that due to pressure of space, we have had to
hold over the second part of Intelligent Call Meter until
next month.

REGULARS

INFORMATION
SUBSCRIPTION COUPON.................11
NEXT MONTH’S ETI...........................12
READERS’ SERVICES........................57
PCB FOIL PATTERNS.........................58

PCB SERVICE....................................60
AD INDEX..........................................67
CLASSIFIED ADS...............................68

Electronics Today is normally published on the first Friday in 
the month preceding cover date. The contents of this 
publication including all articles, designs, plans, drawings and 
programs and all copyright and other intellectual property rights 
therein belong to Argus Specialist Publications Limited. All 
rights conferred by the Law of Copyright and other intellectual 
property rights and by virtue of international copyright 
conventions are specifically reserved to Argus Specialist 
Publications Limited and any reproduction requires the prior 
written consent of the Company. © 1986 Argus Specialist 
Publications Ltd U All reasonable care is taken in the preparation 
of the magazine contents but the publishers cannot be held 
legally responsible for errors. Where mistakes do occur, a 
correction will normally be published as soon as possible 
afterwards. All prices and data contained in advertisements are 
accepted by us in good faith as correct at time of going to press. 
Neither the advertisers nor the publishers can be held 
responsible, however, for any variations affecting price or 
availability which may occur after the publication has closed for 
press.

Subscription Rates. UK: £18.10. Overseas: £22.50.
USA: $29.50. Airmail: £49.50.



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 



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. 



1TL74 VOLTAGE 
7400 20 7432 28 REGULATOR 
7401 20 7437 28 7805 35 7912 40 
7402 20 7'440 24 7812 35 7915 40 
7403 24 7451 30 7815 35 7918 40 
7404 24 7470 45 7818 35 7924 40 
7405 24 7473 40 7824 35 LM323K400 
7406 37 7474 35 7905 40 7407 24 7483 80 
7408 24 7485 95 DILSOCKETS 7410 24 7486 34 
7412 24 74121 44 low profile 
7416 34 74123 72 8 pin 5 
7417 34 74147 125 14pin 8 
7420 24 74164 100 16 pin 9 
7423 30 74176 75 18 pin 10 
7428 30 74192 100 20 pin 12 
7430 22 74198 165 22 pin 14 

24 pin 16 
28pin 18 

74LS 40 pin 20 

LSOO 15 LS154 90 SWITCHES LS01 15 LS155 41 
LS02 15 LS156 48 Dtl 4way 65 
LS03 18 LS157 30 Sway 75 
LS04 15 LS158 32 Sway 80 

10way 95 LS05 15 LS160 48 
LS08 15 LS161 50 Sub-min Toggle 
LS09 18 LS163 46 240v2A 
LS10 15 LS164 44 SPST (2tag) 55 
LS11 15 LS165 65 SPOT (3tag) 60 
LS12 18 LS166 74 DPOT (Stag) 55 
LS13 22 LS168 90 240V 1A 
LS14 28 LS169 65 SPST (2tag) 55 
LS15 15 LS170 80 SPOT (3tag) 80 
LS20 15 LS173 80 SPOT (3tag 
LS21 15 LS174 40 centre off) 85 
LS22 18 LS175 40 DPDT (6tag) 85 
LS26 15 LS190 55 DPDT (6tag 
LS27 15 LS191 52 centre off) 80 
LS28 15 LS192 52 
LS30 15 LS193 50 . Rockers 

LS32 17 LS195 52 10A/250v SPST 25 
LS33 18 LS196 62 10A/250v SPOT 35 
LS37 16 LS197 55 10A/250v SPST 
LS38 17 LS221 55 (neon) 80, 
LS40 16 LS240 55 CRYSTALS LS42 32 LS241 55 
LS48 55 LS242 55 100kHz 380 
LS54 16 LS243 60 200kHz 350 
LS73 3 0  LS244 50 1.0MHz 260 
LS74 24 LS245 50 1.008MHz 260 
LS75 28 LS247 50 1.6432MHz 175 
LS76 28 LS249 90 2.0MHz 180 
LS78 28 LS251 30 2.4576MHz 85 
LS83 42 LS253 50 3.278MHz 100 
LS85 45 LS257 42 4.0MHz 9 0  
LS86 30 l.S260 40 5.0MHz 120 
LS90 32 LS266 30 6.0MHz 80 
LS92 38 LS273 52 6.114MHz 105 
LS93 30 LS279 40 8.0MHz 80 
LS95 4 8  LS280 140 10.0MHz 80 
LS96 60 LS283 70 12.0MHz 8 0  
LS107 32 LS290 30 16.0MHz 8 0  
LS109 34 LS293 30 18.0MHz 90 
LS112 36 LS295 125 20.0MHz 120 
LS114 35 LS298 100 
LS123 42 LS299 200 RIBBON CABLES 
LS124 84 LS348 135 price/ 
LS125 36 LS353 84 foot 100ft 
LS126 36 LS363 135 10way 14 700 
LS132 40 LS386 36 16way 24 1100 
LS133 34 LS367 36 20way 28 1400 
LS136 36 LS373 55 24way 36 1700 
LS138 36 LS374 55 26way .38 1800 
LS139 36 LS375 60 28way 50 2000 
LS145 82 LS378 84 34way 58 2100 
LS151 82 LS393 50 40way 67 2700 
LS153 40 LS395 9 8  50way 84 3400 

COMPUTER IC's 
ET41116-3 75 
UP041256·15 400· 
HM4884·15 200 
HM8116·3 150 
A6532 5 0 0  
R6551 525 
F6800 200 
MC6802 250 
MC6809 550 
F6821 150 
MC8840 350 
MC6845 600 
DP8216 150 
Z80ASIO 650 
ZBOACTC 250 
Z80 PIO 250 
ZBOADART 680 
ZBOCPU 180 
2764-25 200 
27128·25 240 

LINEAR 
LM301 25 LM388 100 
LM310 60 LM389 160 
LM311 35 LM556 90 
LM318 130 LM557 90 
LM319 160' LM709 35 
LM324 35 LM723 40 
LM339 40 LM747 60 
LM348 60 MC1488 70 
LM387 100 MC1489 70 

CMO 
4 0 0 0  13 4050 20 
4 0 0 2  13 4051 38 
4006 35 4052 37 
4007 37 4053 37 
4009 20 4060 40 
4011 13 4066 20 
4012 13 4068 15 
4013 20 4069 15 
4015 34 4070 15 
4016 18 4071 15 
4017 32 4072 15 
4018 33 4073 15 
4019 28 4075 15 
4020 35 4076 4 5  
4021 36 40n 15 
4022 36 4078 15 
4023 15 4081 15 
4024 25 4082 -13 
4025 13 4085 40 
4027 18 4089 80 
4028 30 4093 20 
4029 :-,s 4 0 9 9  45 
4031 90 40106 40 
4034 80 40107 55 
4035 45 4501 30 
4038 50 4510 38 
4040 35 4511 40 
4042 30 4516 40 
4043 36 4517 120 
4044 38 4518 38 
4046 45 4519 30 
4047 45 4520 36 
4049 20 

DISC DRIVES (uncased) 
400k 5.25 TEAC Slimline £99 
400k 5.25 TEAC Slimline, 
complete with a 40/80 
switch £104 
400K 5.25 Namal Drive £75 
400K 3.5 NEC Drive £ 70 
(p&p £5.00 for above items) 

TOROIDAL TRANSFORMERS 
VA 1-9 These prices are for single primar; 
15 5.47 
30 5.56 

with two secondary taps, with 8" 

50 6.31 
colour coded fly le&ds, Each trans· 

80 6.82 
former is supplied with a mounting 

120 7.40 
kit, consisting of one steel washer, 

160 
two neoprene pads, and a nut and 

8.72 bolt. 
225 9.70 P&P £2.50 for above Items. 
300 10.84 
500 14.47 
1000 29.76 
1.2KVA 34.32 

SERIAL CABLES 
APPLE lie to NIGHTINGALE MODEM/JUKI 6100 
APPLE lie to NEC Printer 
APPLE ill to BROTHER HR/25/EPSON DX 100 
MACINTOSH to IBM pc/DIABLO 630/EPSON PXB/ 

MACINTOSH/BBC MICRO 
We can supply serial cables for all other popular compu-
ters. Please contact us for details. 
Introductory Price £12 each 

DRIVE ACCESSORIES 
Single disk cable 
Dual disk cable 
Single disk drive case 
Dual disk drive case 
Single disk drive case with own power supply 
complete with signal and power cable 
Twin disk drive case with own power supply 
complete with signal and power cable 
p&p £2.50 for above items. 

TRANSISTORS 
AC128 28 BC183A 12 BC449 
AC187 24 BC183L 10 B C 4 n  
AC187K 40 BC184 10 BC546A 
ACY18 130 BC184L 11 BC547C 
ACY20 125 BC205 10 BC548C 
ACY22 110 BC208 10 BC549 
ACY40 120 BC212B 10 BC556 
ACY41 120 BC212L 11 BC557B 
ACY44 120 BC213A 10 BC558C 
BC107 11 BC214 9 BC559 
BC108 10 BC214L 10 BC560 
BC109 11 BC232A 14 BCY42 
BC109C 12 BC237B 9 BCY58 
BC110 12 BC238B 9 BCY65 
BC113 10 BC238C 10 BCY70 
BC114 10 BC239 10 BCY71 
BC125 10 BC258A 9 BCY72 
BC126 10 BC258B 10 BCY78 
BC143 25 BC2598 10 BCY79 
BC147A 12 BC259C 12 BCY91 
BC148 10 BC268 15 BD116 
BC149 10 BC307 10 BD131 
BC149C 12 BC309 8 BD132 
BC159 10 BC318 10 BD135 
BC160 30 BC319 8 BD136 
BC168B 10 BC327 8 BD137 
BC172B 10 BC328 8 BD138 
BC173C 12 BC337 10 BD139 
BC1nB 15 BC378 18 BD144 
BC179C 15 BC394 20 BD233 
BC182 10 BC407 10 BD234 
BC182L 12 BC409 10 BD236 

'D' CONNECTORS (mlnlaturel 
male 9 15 2 
80kler 50 80 120 
angled 110 170 220 
female 
solder 85 120 175 
angled 150 200 250 
cover 70 70 70 

£5.50 
£7.50 
£8.00 

£16.00 

£17.00 

£25.00 

20 
30 
10 
12 
12 
10 
10 
10 
10 
10 
10 
30 
35 
24 
20 
18 
18 
18 
18 
90 
50 
40 
40 
30 
30 
30 
25 
25 
90 
30 
30 
35 

37 
145 
290 

270 
380 

8 0  
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DIGEST 
Low-Cost Digital Storage 'Scope 
H amegclaimtheirnewoscillo-

scope costs less than any 
other dual-channel DSO in the 
world. The price, including 
probes, is just £448.00 plus 
VAT. 

The HM205 provides all the 
facilities usually found on a 
20MHz analogue oscilloscope 
while the storage facility allows 
slowly-changing signals to be 
captured and displayed without 
flicker. Signals with periods of up 
to 50 seconds can be viewed in 
this way. Other features include 
an integral component tester and 
a1 kHz/1 MHz calibrator and there 
is also a two-level graticule 

No Boom Yet' 
T he electronics Industry 

emerged fl'.om the first half of 
1986 in better shape than most 
other sectors of British industry, 
but is still showing little sign of 
sustained growth. 

BusineH information company 
Dun & Bradstreet Ltd report 
roughly the same number of 

illumination system which makes 
it easier to take photographs of 
the screen. 

The maximum sampling rate of 
the HM205 is 100kHz and the 
resolution of the stored image is 
1024 x 256 points. The storage 
facility can be used either in re-
fresh mode, in which the display 
is updated each time a new 
sample is taken, or in single-shot 
mode. Signals stored in single-
shot mode remain in memory for 
as long as the instrument is 
powered-up, even ifthe'scope is 
used in the meantime to display 
other signals in analogue form. 

An active video tris8er allows 
business failures in the first six 
months of this year as in the same 
period last year. Within these 
figures, company liquidations 
were slightly down while bank-
ruptcies among individuals, firms 
and partnerships were 7% higher. 

The trend is reflected in a survey 
by temporary staff specialists 
Manpower Ltd which shows no 
improvement in job prospects 

Plasma Display Terminal 
T he Triad computer terminal 

from Perdix Components is 
said to be the first in the world to 
use a high resolution plasma 
display. 

As well a providing a flat, flicker-
free alternative to CRT-based ter-
minals, Perdix say the Triad offers 
better visibility tl'Jan existing flat-
screen terminals which use LCDs. 

The viewing area of the screen 

is equal to that of an 11" monitor 
and carries a full BO-column, 25 
line display in the orange colour 
which is fast becoming a Euro-
pean Standard. The display unit 
measures about 12" square by 
less than 3" deep and comes with 
either a separate, full-sized key-
board or in portable form (illus-
trated above) with an integral 
keyboard which folds up over the 

stable triggering of noisy and 
. distorted TV signals and there is 

also a variable hold-off control to 
permit triggering of other com-
plex signals. Three rear-panel 
BNCsocketsprovideaZmodula-
tion input and vertical signal and 
sweep outputs, and an optional 
add-on unit allows the memory 

throughout industry as a  ole. 
However, the picture is a little 
brighter in the electronics manu-
facturing sector. Slightly fewer 
employers plan to increase their 
staffs than this time last year but 
only half as many actually expect 
to reduce their workforce in the 
next quarter. 

Both Manpower and Dun & 
Bradstreet make the point that 

display when not in use. 
The Triad's controller board is 

software-programmable to ena-
ble it to emulate many of the 
industry's terminal standards, 
with VT-100 and I BM-PC available 
now and others due shortly. Stan-
dard connectors allow easy con-
nection to the host system and to 
a printer, and there is also an 
optional on-board modem which 
.meets the relevant European and 
American standards and operates 
at up to 1200 baud. 

There is considerable concern 
in some quarters over possible 
health risks associated with the 
type of radiation emitted by 
CRTs. The Triad terminal is free of 
such risks and as such is expected 
to be of enormous interest to 
companies worried about Trade 
Union opposition to the use of 
standard VDU technology. In 
addition, the Triad terminal is said 
to offer far greater data security 
than CRT-based terminals because 
it is almost impossible to bug. This 
makes it an attractive alternative 
to the complexscreeningsystems 
currently employed where secur-
ity is important 
• The desk-top Triad-EX with
separate keyboard is available

contents to be fed out to a chart 
or X-Y recorder. 

The HM205 is covered by a 
two-year warranty and will be 
available from selected Hameg 
distributors. Hameg Ltd, 74-78 
Collingdon Street, Luton, Bed-
fordshire LU1 1 RX, tel 0582-
413174. 

these figures have come in spite of 
encouraging enconomic indic• 
tors such as the fall in Inflation and 
the drop in interest rates. Accord-
ing to Manpower, the question is 
at what stage the reductions in 
employers' costs will be reflected 
in an increased willingne11 to take 
on and retain staff. If the present 
trend continues, . they say, 1 job 
prospects for 1986 could worsen. 

now and the portable Triad-PT 
will be available shortly. Perdix 
Components Ltd is part of Densi-
tron International, and full d"tails 
can be obtained from the1.1 at 
Unit 4, Airport Trading Estate, 
Biggin Hill, Kent TN16 38W, tel 
0959 71011. 

• Whilst on the subject of flat 
screen displays, Hitachi have 
introduced a large, high-contrast, 
wide-viewing-angle LCD which, 
they claim, offers over 100% 
improvement in visibility com-
pared with existing LCDs. The
LM585X has a screen area of 220
x 166mm which is comparable to 
a 10" CRT and its resolution is 
640 x 200 pixels. The ·improve-
ments result from the use of what 
Hitachi call 'X-Technology' and 
'high duty ratio dynamic drive 
techniques'. Neither is explained 
in any detail in the press release. 
The display is compatible with 
CRT control systems, and Hitachi 
expect its low power consump-
tion and 12mm depth to make it 
a popular choice for portable 
equipment Hitachi Electronic 
Com(tonents (UK) ltd, 21 Upton
Road, Watford Hertfordshire 
WD1 7TB, tel 0923-46488.



 MANCOMPLTD.
add £0.50 P&P ORDERS ABOVE £5 add £1.80 P&P + 15% VAT to all orders. 

(Dept. E. T./.8), Printworks Lane, 
Levenshulme, 
Manchester M19 3JP. 
Tel: 061-224 1888/9888 



Testing, Testing 
A new 

tronics has 
·examination 

been 
in 

established 
elec-

by th  Associated Examining 
Board, an independent self-sup-
porting body which offers a range 
of testing and training services to 
industry, commerce and educa-
tion. The examination will be in 
line with the series of Basic Tests 
run by the Board. Subjects in this 
series include Life Skills, Com-
put r Awareness, the World of 
Work, Science and Graphicacy-
(sic). The electronics test will 
be classified as a Basic Test 
(Specialist). 

The AEB claim that the syllabus 
and examination were devised 
after research showed that em-
ployers wanted a test of basic 
electronics skills for potentia  
employees. John Day, Secretary 
General of the AEB, claims that, 
'There are various tests available 
to employers in such things as 
mechanical aptitude, which 
are useful, but there is nothing 
appropriate in the field qt elec-

tronics.' 
The draft syllabus and trial 

paper produced by the AEB for 
consultation bears a resem-
blance to City & Guilds 214 - a 
course designed for test engineers. 
There are, of course, a number of 
examinations available to edu-
cational and training establish-
ments to test the capabilities of 
students of electronics at all 
levels. Apart from the City & 
Guilds tests, there are those held 
under the auspices of TEC and 
GCE boards. TheAEB syllabus will 
be taught under four headings: 
components; electronic systems; 
measurement, instruments and 
fault-finding; and safety. 

The first examination is 
scheduled for May, 1987. So far 
there is no indication of who will 
recognise the examination at that 
time. Further details may be ob-
tained from The Associated Ex-
amining Board, Stag Hill House, 
Guildford, Surrey GGU2 5XJ (tel: 
0483 506506). 

Clamp It-Damp It 
E MC Datacare have introduced 

a domestic version of their 
clamp-on interference suppres-
sor. The suppressor is claimed to 
drastically reduce interference 
from all sources and is designed 
to be used with cables up to 
9.9mm in diameter. The device 
consists of a ferrite core pair 
which just clamps on to the cable, 
so allowing suppression without 
having to remove connectors, cut 

• As from next month, we'll be 
featuring a free readers' ad 
coupon In every issue. As from the 
subsequent month, we'll be 
featuring the free ads as well. The 
ads are designed for individuals 
not operating businesses chiefly 
as a means of selling or exchang-
ing unwanted equipment They 
will, of course, be subject to a

or splice wires or open up equip-
ment casing. 

The company is producing two 
kits: the D918 'professional' ver-
sion containing 8 core pairs and 
selling at £23.50 in small quan-
tities and the D91 version with 4 
core pairs for £13.95. EMC Data-
care invite dealership enquiries 
and may be contacted at Power 
Court, Luton, Bedfordshire LU1 
3JJ (tel: 0582 450747). 

number of conditions ..:.. among 
which will be a limitation on num-
ber of words and the absence of 
any guarantees on our part 
Provided people read the con-
ditions on the ad coupon before 
buying or obtaining goods or 
services, there should be no pro-
blems. We hope the service will 
be popular and useful. 

An Italian View 
I n a recently issued paper titled 

'The strategic importance of 
semiconductors to our societies',
Pasquale Pistorio, President of 
Italian electronics giant SGS, has 
predicted that 'by 1987 Japan will 
occupy the three top positions' in 
the list of the world's largest 
semiconductor suppliers. 

Pistorio says that 'this is the 
result of awarwhich although not 
officially declared h� been fought 
by Japan with the purpose of con-
quering the worldwide electronic 
market' He claims that Japanese 
companies have been allowed to 
grow by the lack of national and 
supra-national strategies to sup-
port the Eutopean and American 
semiconductor industries. 

The European and American 
semiconductor industries may 
continue their retreat into in-
creased specialization, having 
already given up on memories. 
Despite (or perhaps because of) 
thecurrentdisputebetween Intel 
and NEC over microcode copy-
right. the SGS president sees US 
and European firms.handing over 

Fair Hearing 
F eaturlng heavily at this year's 

British Music Fair (Olympia, 
29th July to 3rd August) are a 
number of new MIDI products. 
Akal are exhibiting their latest 
MIDI compatible mixer - the 
MG1214 - as well as the AX73 
controller keyboard with voice 
unit and the MPX820 fully pro-
grammable 8-channel mixer. 
Casio introduce a guitar style 
remote keyboard (the AZ1) with 
41 touch sensitive keys and com-
plete control over program 
change via MIDI. Meanwhile, 

• Allan Bradley of component 
supplier Bradley-Marshall has set 
up a partnership to distribute 
Velleman electronics kits. High-
Q Electronics has exclusive UK 
distribution rights to the kits and 
will be supplying them to all the 
usual retailers, including Bradley. 
Marshall themselves. Two new 
products are to be released short-
l y - a car alarm kit(K2638) and a
Liquid Level Control. Allen Brad-
ley is actively seeking new retailers 
and can be contacted at H igh-Q 
Electronics, 382 Edgware Road, 
London W2 1 EB (tel: 723 5963). 

the microprocessor market to the 
Japanese while they fall back on 
semicustom chips to provide the 
significant market of the future. 

This may enable the Japanese 
to end up with such a big share of 
the market that their position will 
be unassailable. 'If we follow the 
path of increased specialization,' 
Pistorio says, 'the semiconductor 
industry will no longer exist out-
side of Japan: 

For Pistorio, that would mean 
the end of an electronics industry 
outside of  Japan - and maybe 
worse. When one no longer con-
trols semiconductor technology,' 
he says, 'one has relinquished 
control over one's industrial or 
technological destiny.' 
· The road of advanced niche
production leads nowhere unless
it is supported by the basic tech-
nology and silicon foundry capa-
bilities of 'successful large, broad
range, suppliers.' Europe as a
whole, concludes Pistorio, must 
support its semiconductor indus-
try at all levels and across the
board if it is to maintain any fndus-
t')' at all. 

Rose-Morris are unveiling what 
they describe as a 'Ml DI guitar 
system from Ovation.' Roland's 
new MCSOO MIDI recorder is on 
show and Toa are launching the 
04 and 04-E MIDI mixer and 
expander. 

We hope to have a full report 
next month. In the meantime, 
among the more interesting pro-
ducts on show are MTR' s portable 
4-track, described as 'the ulti-
mate in price busting', Rlcken-
backer's5 and 7 string basses and 
Peavey's fully programmable 
combo amp witl\MIDI interface. 

Seven llluminatiog Case Studies', 
and 'A Practical Guide To The 
Analysis of Linear Electronic Cir-
cuits on a Personal Computer -
With 15 illustrative Case studies'. 
They are priced, respectively, at 
£6.99 and£5.99 inclusive and are 
available from Spaceheights Ltd., 
6 Prospect Place, Weymouth 
DT4 JJY (0305 77197 4). 

• In response to our request for 
EPROM programming services, 
we have received a number of 
replies. Midland Electronics, Sa 
Gregory Street, Lenton, Not-
tingham NG7 2LR (tel: 0602 

• Spaceheights Ltd of Weymouth 7839369) offer programming from 
announce the publication of two a listing. Ed Turnbull, Hydro Bun-
'practical guidebooks' aimed at galow, Allendale Road, Hexham, 
manufacturers and professional Northumberland NE46 2NB (tel: 
electronics designers as 'con- 0434 607264) offers a com-
sumer guides' to software that prehensive service, induding 
mayberelevanttothem. Theyare • copying, programming from BBC 
'A Practical Guide To The Control disk or cassette and manual entry. 
of Assemblies, Sub-assemblies, Unfortunately, we can give n _&. 
Labour, Materials and VAT on a further details nor offer any'r 
Personal Computer - With assurances as to these services. 

NEWS: NEWS: NEWS: NEWS: NEWS: NEWS: NEWS: NEWS 
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Hi-Finances? 
H i-fi equipment manufac-

turers Quad are really push-
ing the boat out in their fiftieth 
anniversary year. Not long after 
the introduction of their 306 
poweramplifier(see News Digest, 
April '86 ETI) comes anothernew 
power amplifier, the Quad 606. 

The 606 uses Quad's famous 
feed-forward error correction or 
'current dumping' system and is 
described as having a similar cir-
cuit topology to the 306 'with 
more of what matters where it 
matters'. Maximum power out-
put is 180 watts per channel into 
eight ohms on speech and music 
(140W on sine waves) and roughly 
double that amount of power 
into four ohms. The retail price 
will be £449.00 including VAT. 

Along with the information on 
the 606 came a glossy, 8-page 
brochure called" Q u a d - the first 
fifty years" which contains a 
history of the company in pic-
tures. There was no accompany-
ing note to say whether further 
copies are available ornot, but we 
expectthey'II send you one if you 
ask nicely. The address is Quad 
Electroacoustics Ltd, Hun-
tingdon, Cambridgeshire PE18 
7DB, tel 0480 52561. 

• Another item of Hi-fi equip-
ment well worth looking out for is 
the new Mirage system. It con-
sists of a three-way active loud-
speaker arrangement in which
each drive unit is fed from a
separate power amplifier. The 

amplifiers are fed from an elec-
tronic crossover unit which in turn 
is driven from a control amplifier. 
The complete system is said to 
offer extremely high output levels 
and will cost a lot more than most 
of us have in our piggy-banks. 

Features include the use of 
, balanced connections between 
units, high overload margins on all 
inputs and an extremely high 
signal-tc>-noise ratio. The X10 
electronic crossover includes 
time delays to correct for phasing 
in the loudspeakers and both this 
unit and the Cl O control amplifier 
are fed from an external power 
supply. The P100 power ampli-
fiers use a four-,wire output sys-
tem which places the loudspeaker 
connections inside the feedback 
loop and their rated output is 
100Winto8R, 180Winto4Rand 
2SOW into 2R. Completing the 
line-up are the S10 loudspeakers 
which have a cabinet volume of 8S 
litres and feature a 38mm ferrc>-
fluid treated HF unit, a dome mid-
range unit and a 318MM bass 
unit. 

First samples of the new system 
should be available by the time 
this issue goes on sale. We'll let 
you know if we get our hands on 
one! 

• Following the launch of their
32-bit reduced instruction set 
computer chip, Acorn have in-
troduced an evaluation system 
for the device. The kit includes
both hardware and software and 
is available in two versions, one 
for the BBC and Master series 
micros and one -for the IBM-PC 
and AT and compatible machines. 
The BBC/Master version is avail-
able now and costs £4,500 plus 
VAT, and the IBM-PC/AT version 
will become available during the
last quarter of this year. Acorn 
Computers Ltd, Fulbourn Road, 
Cherry Hinton, Cambridge CB1 
4JN, tel 0223-245 200. 

• Satellite enthusiasts may like to
know that Comex Systems sell a 
TVRO (television receive only) 
receiver k i t  It consists of a board 
and components for the RF, IF, 
video, control and sound IF cir-
cuits and two complete modules, 
one a tuneable converter cover-
ing 950-1450MHz and the other 
an IF processor and wideband FM 
quadrature detector. They can 
also supply much of the necessary 
add-on equipment For price and 
other details contact them at 
Comet House, Unit 4, Bath Lane, 
Leicester LE3 5 BF, tel 0533-25084. 



AN ARGUS SPECIALIST PUBLICATION 

GET DOWN TO BUSINESS WITH OCTOBER'S ETI 

Take The Plunge 
In the next ETI, we'll be starting a short series of supplements to 
help readers thinking about starting their own businesses. 
Electronics offers a huge range of opportunities for small 
businesses - component supply, technical services, design, 
manufacture. We'll be profiling successful businesses started by 
hobbyists and trying to fathom the reasons for their success. But we'll 
also offer useful information and advice from experts on legal, 
financial and technical matters. 

You'll find out how to organise your business, why you need a 
business plan, where to get financial backing, how to negotiate the 
law and more. Our a,m is to give you enough information to begin 
any new venture you may be considering by the end of the series, 
and to begin it with confidence and a good chance of success. 
A Good Buy 
We're also announcing the start of a Free Readers' Ads service, to 
give readers a forum for selling, buying or exchanging equip-ment 
Watch out for the coupon appearing in next month's issue.

Optical Memory 
The CD-ROM is almost with us, but even before its arrival 
the idea that optical storage is restricted to read-only 
memory is already outdated. This feature examines the 
whole field of optical storage and looks forward to the 
CD-ROM in particular.

PLL Digital Frequency Counter 
Our project section leads off with a spectacular piece of test 
equipment, designed by Graeme Durant The counter is fully 
auto-ranging between 15Hz and 1OM Hz with a four digit display plus 
range indication. A frequency multiplier allows updating to occur two 
and a half times a second on all ranges -invaluable for audio work. We 
think this design is the equal of commercial designs costing hundreds 
of pounds and yet the whole thing contains only standard components 
and can be built for well under £100.

Plus: News, Reviews, Tech Tips, Read/Write and all our regulars. 

THE OCTOBER ISSUE OF ETI ON SALE 5th SEPTEMBER 
All the articles listed above are at an advanced stage of preparation, but  circumstances beyond our control may prevent their publication. 

Unit 38, St. J1m11 lndu1trl1I E1t1t1, Wo1lh1mpnott Road, Chlch11ttr, 
Wt1t S u u u  P019 4JU 

BRIDGE RECTIFIERS 
3A/50V 28p 3A/200V 33p 
3A/400V 38p 3A/600V 44p 
6A/100V 70p 8A/400V 78p 

10A/200V 1.85 10A/800V 2.65 
25A/200V 2.00 25A/800V 2.95 

DIP SWITCHES 
1 way 30p 2 way 50p 
4 way 65p 6 way 70p 
B way 80p 10 way 1.30 

OIL SOCKETS Double Face Wipe Turned Pin 
8 way 4p 16p 

14 way 7p 28p 
16 way 8p 32p 
18 way 9p 36p 
20 way 10p 40p 
22 way 12p 44p 
24 way 13p 48p 
28 way 14p 56p 
40 way 19p 80p 

ZIF OIL SOCKETS with detachable lever 
24 pin 4.65 28 pin 6.10 

BUZZERS 
12 volt 70 dB 1.10 6 volt 80 dB 50p 

1-28 volt 60/90 dB 2.00 2-3 volt 85 dB 70p 
Also available High Output Types - up to 110 dB 

ENCLOSURES 
Beige ABS Cases 100 • 120 • 40 mm - Four part snap together assembly 3.99 

CONNECTORS 
Turned Pin .1 Sockets 
S.I.L. 36 way 90p 0.1.L. 72 way 1.80 
Pin Headers • Tin 63p 0.1.L. 72 way 1.26 

CABLE ASSYS & WIRE 
Contronlc1 to 34 way IOC 5.00 
Phono to Phono with 2 mtrs cable 1.00 
Phono to  Co-Ax 75 ohm with 2 mtrs cable 1.20 
7/0.2 and 16/0.2 - Various Colours - Reeled or cut to length 

Please add £1 to all cash orders to cover P & P. 
All prices are exclusive of VAT. Please add 15% to cash total inc. P & P. 

PHONE 0243 771748 FOR OUR SPECIAL OFFERS 

The modular audio processing/effects system, as 
used by many commercial studios is available 
to you In easy to build kit form. Here at Tantek 
we put performance and features to the fore with 
no compromise on quality. 
Our Digital Sampler Del?Y (illustrated) features: 
1 SKHz bandwidth up to 1.4sec • Delay or Sampling 
up to 8 sec• 86 dB input dynamic range• Full 
sample editing and over dubs • Single or loop 
play• Velocity sensitive dynamics• 
Other modules include Pro-Gate, Comp. Limiter, 
Infinite Fl anger, Psychoacoustic Enhancer. to 
name but a few so get the ultimate in 'build it 
yourself' from the Tanrak range. 

DON'T COMPROMISE - CHOOSE TAN RAK for 
free brochure and full price list phone Tantek on 
(0438) 310120 or write to 
TANTEK Business & Technology Centre 
Dept. ETI 
Bessemer Drive Stevenage, Herts. SG1 2DX. 



NEWS: NEWS: NEWS: NEWS: 
DIARY 
Optical Fibre Teleco�munlcations - August 31st-September 5th 

University College of North Wales, Bangor. For details see August 186 
ETI or contact the I EE at the address below. 

Radio Amateurs' Examination Course - September 3-Sth onwards 

North Trafford College, Manchester. Preparation for the City& Guilds 
RAE and the Post Office morse test which can betaken on two evenings 
a week or as a full day's study each Wednesday. There is also-an advan
ced morse course running on Monday evenings. Enrolmenttakes place 
on the above dates at the college, Talbot Road, Stretford, Manchester 
M32 OXH, tel 061-872 3731 extension 53. 

The Evolving Local Telecommunications Network - September 7- 
12th 

Aston University, Birmingham. Vacation School organised by the I EE 
and designed to bring newcomers to the field of telecommunications 
equipment design up to date with the conditions and requirements of 
the existing network. For details contact the IEE at the address 
below. 

Electrical Measurements, DC to VHF- September 7-12th 

Imperial College of Science and Technology, London. For details see 
August '86 ETI or contact the I EE at the address below. 

Radio Amateurs' Examination Course - September &-10th onwards 

Paddington College, London. For details see August '86 ETI or contact 
the college, 25 Paddington Green, London W2 1 NB, tel 01-402 
6221. 

ESSDERC '86- September &-11th 

University of Cambridge. Confe-rence covering the latest develop
ments in solid state device research. For details contact the Institute of 
Physics, 47 Belgrave Square, Lonct'on SW1 X 8QX, tel 01-235 6111. 

Commodore Horizons Show - September 13/14th 

UMIST, Manchester. For details contact Database Exhibitions at the 
address below. 

Television Engineering Course - September 17th onwards 

The IBA, London. Series of 29 two-hour lectures to be held on one 
evening each week at 6.30pm. Covering all aspects of television 
engineering. the course is aimed both at those new to the industry and 
those already in it who wish to revise or bring their knowledge up to 
date. For details contact the Royal Television Society, Tavistock House 
East, Tavistock Square, London WC1 H 9H R, tel 01-387 1970. 

People and Computers: Designing For Usability - September 22-
16th 

University of York. Conference organised by the Human-Computer 
Interaction group of the British Computer Society. The event features 
workshops and tutorials to provide practical expertise in the latest 
techniques as well as an accompanying exhibition and a varied social 
programme. For details contact the BISL Conference Department, The 
British Computer Society, 13 Mansfield Street, London W1 M OBP. 

Electron & BBC Micro User Show- S�ptember 26-28th 

UMIST, Manchester. For details contact Database Exhibitions at the 
address below. 

Electromagnetic Compatibility - September 30th-October 3rd 

University of York. See August 186 ETI or contact the Institution of 
Electronics and Radio Engineers, 99 Gower Street, London WC1 E 2AZ, 
tel 01-388 3071. 

Sound Comm '8.6 - October 1/2nd 

New Century Hall, Manchester. Exhibition of sound equipment for PA, 
discos, sound reinforcement, etc. Organised by the Association of 
Sound and Communications Engineers. For details contact Brenda 
White on 06286 - 67633. 

Addre11es 

Database Exhibitions, Europa House, 68 Chester Road, Hazel Grove, 
Stockport SK7 5NY, tel 061-456 8835. 

Institution of Electrical Engineers, Savoy Place, London WC2 OBL, tel 
01 -240 1871. 

l?@uiUGuright 

������-���-���� � � -��� . . . . .
introductory and advanced Forth 
courses with notes and working 
software ................................. £375.00 

����-���-�:,:,� �� �:���� . . .
ROM-code 

Core (buy only once) ... . .. £250 
Targets (each) .... . ...... ... ........... £175 

6502, 6511Q, 6800, 6801/3, 6809, 
68000,280,8080.8086, 1802,28, 
99xxx, LSI 11. 

���� �-� . .  �-�;;��;�· . . . . . . . 
1 megabyte programs, graphics, 
floating point, assembler, 
strings.... .. ............ £230 

����;������ ;�� ;��-� �; . . .
OS9 

Editor, assembler. full system 
integration, cross compilers 
available. £175 

Micro Processor 
Engineering Ltd 
21 Hanley Road, Shirley 
Southampton S01 SAP 
Tel: 0703 780084 

DIGITAL METERS 
��

0 
IUK C/P 65pJ 

·_.c, · � 
50815range £1.9.96 . ·-: ',··· � 
528T 13 range• TR Chtck. £26.04 • · · c 
90919 range• TR chtck £31.26 
8010 28 range IOA AC/OC £33.50 
131110 tOnrn tide poclcll au-, l'lllgl•ilms £20.83 
OM73 A uto nngt pon • bumr £36.30 
57120 r,nge auto rang,• memory.• hold £34.l!O 

ANALOGUE METERS IUKC/P65p) .,,,.,;...,..,.,,..,"=""""'�-I 101515 range 10 K/V £7.l!O 
I 031 t grange 20 K/V t OA OC £9.52 
ID21Z 19 rang, 20 K/V • 111 IOA A /DC £12.81 
IIIIIM 211'1111112 K/V Ill,\ AC/DC wllh- £22.57 
174m28ranoa50K/Vwlthcm lO A /DC £19.00 

LCD DIGITAL CAPACITANCE
� METERS IUKC/PEl.001 : 

8013 LCD 8 rana11 200 pf to 2000 _ , • MFD ban. opmttd £59.uu = 
CM2INI Btnch vmlon lblH/m1lntJ £89.00 

!I ; - QI 
FREOUENCY

, : ·�.- • • · COUlUERS 
2201240V AC m1ln1. 8 digit 

LEO . O.IHZ ruolutlon. SmV 11n1ltlvlty. IUK C/P £1.00J 
ICNI MHZZ nng11 £99.00 
800 MHZ 3 nng11 £128.00 
1000 MHZ 3 nng11 £175.00 
IIIOO MHZ 3 rangH £199.00 

FUNCTION I .:: . . 
GENERATOR \ i O O .. 
220/240V AC. Slnt/1quan/ 

1---------====-----t lrllnt)ll lnd m oulpul. 0.1 HZlo 500 KHZ. 
•/- 30V 0/P. MaoMl 1iOO £110.00 IUK C/P £1.001 

NICADS Rtch1r911blt b1tltrltt. lUK C/P IOp 
por 4: mind 8 - lrNJ AA 1ln 4 lar £3.04 
C 1tn 4 lor £7 .39 D 11114 lor £7 .83 



BB 
BBC Mealer Serie• 
AMB15 BBC MASTER Foundation 

computer 128K .... ...... ... .. £395 (a) incl . 1770 controller .............. £35 (a) 
AMB12 BBC MASTER Econet computer 1.2 OS ROM··· ···· ............. . £15 (d) 

128K (only ANFS) ........... . £319 (a) DNFS ROM ................... £17.50 (d) 
AMC06 Turbo (65C102) Expansion ADFS Rom (for B with 1770 

Module .... . . ................. £102 (b) DFS & B Plus) ................. £26 (d) 
ADF13 Rom Cartridge ............ £

£4
13

3 
(
(
d) 

:����r1U�k�b�1:�
us ....... £35 (d) 

ADF10 Econet Module . . . . . . . . . . . c) 
ADJ22 Ref. Manual Part I • • • • •  £14.95 (c). Econet Starter kit . .... · ........... £ 8 5 (d) 
ADJ23 Ref. Manual Part II . . . . .  £14.95 (c) Econet Socket Set ............... £29 (c) 
ADJ24 Advanced Ref. Manual . £19.50 (c) Econet Bridge .................. £174 (b) 
ACORN ADD-ON PRODUC TS File Server Level II . . . . . . . . . . . . . .  £179 (d) 
zso 2nd Processor . ............. £329 (a) Printer Server Rom .. ............ £41 (d) 
65 02 2nd Processor . .. .......... £160 (b) 10 Stallion Lead set .......... . ... £26 (c) 
Multiform ZSO 2nd Processor .... £299 (b) Adv. Econet User Guide ...... .... £10 (d) 
Acorn Teletext Adaptor ......... £125 (b) COMMUNICA TIONS. ROMS 
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· . .  £269 (a) Termulator ............................................ £25 (d) 

Communicator ..............•...................... £49 (d) 

rn;i��o\61�i;oo·.;,;ih ·rechnori,a�!
9 

(a) grr,:B�::::::::::::::::::::::::::::::::::::::::::: m l�l 
PDSOOP dual drive with built-in BBC FIRMWARE & SOFTWARE 
monitor stand ................ £449 (a) Database Management Systems. Word 

UPGRADE KI TS Processors, Languages . S preadsheets, Utilities 
1170 DFS Upgrade for Model B £43.50 (d) For full details on the wide range of above 
Dual Disc Controller Board for Model B packages please write to us. 

TORCH UNICORN prOCIUC!S incrudliig the IBM Compatible GRADUATE In stock 
For detailed 1peclllcatlon or Information on our comprehensive BBC range please write to u1. 

EPSON P .RlNTERS
LX-80NLQ . ..... . .... . ....... £195 (a) 
Optional Tractor Feed •. .. . . ... £20 (c) 
FX85 (80col) NLQ BK RAM . . . £321 (a) 
FX80 . . .. . ..... . . . .. . . ... .. .. £26 0 (a) 
FX105 (136col) ....... . ....... £449 (a) 
LOBOO (80col) . ....... .•..... £479 (a) 
LQ1000 (136col) ... . . . • •...•. £729 (a) 
JXBO 4 colour ......... ... . ... £420 (a) 

TAXAN KP810 (80col) NLQ . . .  £225 (a) 
TAXAN KP910 (156col) ..... . .  £36 9 (a) 
JUKI 5510 (80col) NLQ .... . . .  £239 (a)
JUKI 6100 Daisy Wheel ..... . £249 (a) 
BROTHER HR15 Daisy Wheel £325 (a)
BROTHER M1109 (80col) ... ..  £179 (b) 
BROTHER M1409 (80col) . . . . .  £299 (a) 
BROTHER M1509 (136col) ..• £399 (a) 
CANNON PJl080A ........ ... £409 (a) 
EPSON HIBO A4 Plotter .... . .. £325 (a) 

Paper: 
2 000 Sheets Fanfold: 
9.5" X 11" .................................... £13 (b) 
14.5" X 11" ............................. £18.50 (b) 
Labels: (per 1000) 
3.5" x 11115" Single row-•••••••••• £5.25(d) 
27116" x 17116" Triple row ......... £5.00 (d) 

ACCESSORIES 
!l'ION 

FXplus.-f-.................................... .£111.GO(b) 
LXIIOSheetf-......................................... .t-(b) 
P- Roi Holder •.•...•..•...•.• ••.•.• • • .•....•...•.• • • • • •  .£17.00 (d)
i=xao Tractor attachment ............................... .!37.00 (c) 
lnterfaceo: 81"3 RS232 .................................. .taaa (c)

8148 RS232 + 2K ........................ .t57.00 (c) 
8132 Apple 11 •••••••••••••••••••••••••••••• • • .ttO.OO (c)
8166 IEEE+ cal>le .•.•••.• • ••••.••..• .... .teUO (c) 

Serial & Pardel , __ lorgor --· 
Ribbons: RX/FX/MX80 •..• •.• • • .• ...• ..• . • • ...•...•...• .ta.oa (d) 

RX/FX/MX100 •.• • • ••..• • .• •..• • .• • •....... .t10.00 (d) 
LXIIO .• • • • •.•...• • • •...•...• • • ...• ..• ...•........... .tUO(d) 

Spare pens !or H1IIO ................................. .t7.IO/set (d) 
FX80 Tractor Attachment tff (c) 
KAOATAXAN 

RS232 lnterfece + 2K Buffer .............................. .£11 (c) 
Ribbon KP810/910 .............................. , ........... .te.oa (d) 
JUKI: 
RS232 lnterface ................................................... .tll (c) 
Spare Dally Wheel .................• ...................... .£14.GG (d)
Ribbon .............................................................. .£2.IO (d) 
SheetFeede< .......... ........................................... .t112(a) 
Tractor Feed Attachment ................................. .£121 (a) 
Bll0TM!RHll11: 

Shee1Feeder ..................................................... .t1N(a) 
Tractor Feeder ..................................................... .tll {a) 
Ribbons Carbon or Nylon ..•• .........•.................. .£4.50 (d) 
Red Correction Ribbon ........ : .........................• .£2.00 (d) 
IIIIC-� 

Perallel ('2") .......... ..... ................... ................... .£7.00 (d) 
Serial·························· ....................................... .£7.00 (d) 
Printer Leads can be 

MODEMS 
- All modems listed belov, are BT approved

MIRACLE 3000: 
A new range ot microprocessor based 
modems offering of upto 2400 baud; fulf 
duplex . Featuras Include 'HAYES' protocol
cornpatlblflty, auto answer. auto dial. speed 
bufle(ing, printer port. data security o ption etc . 
Mains powered. 
WS3000 V 2123 (V 21 & V23) .............. .£2H (b) 
WS3000 V22 (as above plus 1200 baud full 

:i
1

;kv22bi;24oci··1;;··�;;;;··rl .... :i&i 
baud full duplex) ................................ .£1511 (b) 
MIRACLE 2000 
A world standard modem covering V21, V23 
(Bell 103/113/108 outside UK) and including 
75, 300, 600, 1200 baud ratings. Optional 
Auto dial, auto answer cards, complete 
control from computer keyboard. WS2000 

£95 C 

GANG OF EIGHT 

GEC DA TACHA T 1223: 
BABT approved modem complying with 
CCITT V23 standard. Supplied with
software .. .... .. .. . ... . . . ..... . . .  £69 (b) 
Data Cables tor above modems available for 
most computers. 

Serial Teat Cable 
Serial Cable swttcheble at bolh ends allowing pin 
opOona to be re-routed or linked at either end using a 1 O 
way swftch making tt possible to produce almost any 
cab• conflguraUon on site. 
Aval lab le as M/M or M/F U4. 75 (d) 

These are fully cased and wired drives with slim line high quality 
mechanisms. Drives supplied with cables manuals and formatting disc 
suitable for the BBC computer. All 80 track drives are supplied with 40/80 
track switching as standard. All drives can operate in single or dual den
sity format. 

PDBOOP (2 x 400K/2 x 640K 40/BOT 
OS) with built in monitor 
,stand . . .................. £259 (a) 
PDBOO (2 x 400K/2 x 640K 40/BOT 
OS) . ............ . . .  , .... £239 (a) 
TDBOO (as PDSOO but without 
psu) ... . . . . ......... ..... £209 (a) 
TS400 1 x 400K/1 x 640K 40/BOT 
.os ...................... £109 (b) 

PS400 with psu 1 • 400K/1 x 640K 
40/BOT OS .... ........... £129 (b) 

3.5" DRIVES 
1 x 4 00K/1 x 640K BOT OS TS35 
1 ............... . ...  · .. . . . .  £109 (b) 
PS35 1 with psu ... . . ...... £121 (b) 
2 x 400K/1 x 640K BOT OS TD35 
2 . . . ..... .......... ... . ...  £189 (b) 
PD 35 2 with psu ..... ... .. £209 (b) 

3M FLOPPY DISKS
High quality discs that offer a reliable error free performance for life . Each 
discs individually tested and guaranteed for life. Ten discs are supplied in a 
sturdy cardboard box.

51/4" DISCS 3112" DISCS 

40T SS DD £11.00 (d) 40T OS DD £15.00 (d) 80T SS DD £20.00 (d) 
80T SS DD £16. 50 (d) 80T OS DD £18.50 (d) 80T OS DD £27.00 (d) 

DISC ACCESSORIES 
FLO PPICLENE. Disc Head Cleaning Kit with 20 disposable cleaning discs ensures 
continued <?Ptimum performance ofthe drives: ..• 3%" £16 (d), SY,"£14.50 (d) 
Single Disc Cable .................................... El (d) Duel Dl9C Cable .. .............................. £LIO (d) 
10 Diec Library Caae .......................... . £1.IO(c) 30 Diec Case ........................................... � (c) 
40 Diec Lockable Box ........................... £14 (c) 100 Diec Lockable Box ........................ £19 (c) 

MICROVITEC 
All 14" monitors now available In plastic or metal cases, please specify your 
requirement 

14"RGB 14" RGB with PA L & Audio 
1431 AP Std Res . ... .... . £195 (a) 
1451 AP Med Res ........ £275 (a) 

1431 Std Res ........................... £179.(a} 
1451 Med Res ......................... £225 (a) 
1441 Hi Res .............................. £365 (a) 
Swivel Base for Plastic 14" Microvitecs . . ......................................................... £20 (c) 

20" RGB with PAL & Audio 
2030(.S Std Res ............ : .•..... £380 (a) 2040CS Hi R'.35 .......................•. £885 (a) 

TAXAN SUPERVISION Il l with amber/green option, BBC & IBM .. . £325 (a) 
MITSUBISHI XC1404 14" RGB Med Res IBM & BBC Compatible . .  £229 (a) 

MONOCHROME MONITORS: 
TAXAN KX1201G Hi Res 12" Etched Green Screen ... . . . . . ..... . .. £90 (a) 
TAXAN KX1202G Hi Res 12" Long Persistence (P39) .......... . . . . £98 (a) 
TAXAN KX1203A Hi Res 12" Etched Amber Screen ..... ... •....... £98 (a) 
PHILIPS BM7502 12" Hi Res Green Screen .•.•••••. . . ..... ..... . .. £75 (a) 
PHILIPS BM7522 12" Hi Res Amber Screen ............ . . . . .. ..... £79 (a) 
Swivel Base for Kaga Monochrome fitted with Digital Clock ........ £21 (c) 

SPECIAL OFFER 

2764-25 . . . . . . £2.00 

27128-25 ...... £2.50 

6264LP-15 .... £3.40 

Serial Mini Patch Box 
Allows an easy method to reconfigure pin functk)ns 
without rewiring the cable sky. 
Jumpers can be used and reused . £22 (d) 

CONNECTOR SYSTEMS 

ATTENTION 
Alf prices In this double page advertisement 

are subject to change without notice. 
ALL PRICES EXCLUDE VAT 

Please add carriage 50p unless 
indicated as follows: 

(a) £8 (b) 22.50 (c) £1.50 (cl) £1.00

Serial Mini Teat 
Minttors RS232C and CCITT V24 

Transmissions, indicating status with dual cotour LEO. 
on 7 molt aigniflcant lines . 
Con.-s In Line . £22.IO (dJ 

INTELLIGENT FAST I.D. CONNECTORS EDGE CONNECTORS AMPHENOL RIBBON 

EPROM COPIER 
Copies UP. to eight eproms at a time and accepts all 
single rail eproms up to 27256. Can reduce pro-
gramming time by 80% by using manufacture(s
suggested a1

11.,
orithms. Fixed Vp p of 21 & 25 volts 

and variable pp factory set at 1 2.5 volts. LCD 
display with alpha moving messaga £395(b). 

SOFTY 11 
This low cost intelligent eprom programmer can 
program 2716, 2516, 2532, 2732, and with an 
ad

w
or, 2564 and 2764 . Displays 512 byte page

on - has a serial and parallel VO routines. Can 
be used as an emulator, cassette interfaca 
Softy II. ... .......... ... ........ .. ..... . £195(b)
Adaptor for 2764/2564 . £25. 00(c} 

\JV ERASERS 
All erasers with built in safety switch and mainr 
indicator. 
UV1 B erases up to 6 eprom& at a time . ... £47

!
c

! UV1 T as above but with a timer . ......... £59 c 
UV140 erases up to 14 e�rcrns at a time. £88 (bl 
UV141 as above but with a timer ... ... . .. £88_ (b) 

No of 
(
5J:::!

10

���:r.' Edge 
W�6S Plug tacle Conn. 

90p 85p 120p 
20 145p 125p 195p 
26 175p 150p 240p 
34 200p 1110p 320p
40 220p 190p 340p 
50 235p ·200p 3110p 

'D CONNECTORS 
lllo ofWaya 

9 1 5  25 37
MALE: 
AnfcPins 120 180 230 350 
So der 60 85 125 170 
IDC 175 275 325 • 
FEMALE: 
St Pin 100 140 
Anfcpins 160 210 
So der 90, 130 

210 380 
275 440 
195 290· 

IDC 195 325 375 • 
St Hood 90 95 100 120
Screw 130 150 175 • 
Lock 

TEXTOOLZIF 
SOCKETS 24-pin £7.50
28-pln tuo 40.pin £12 

0.1·· 0.156·' 
2 ·: a.way (commodore) 300p 
2 .< 10-way 150p 
2 x 12-way (vie 20) 350p 
2x 18-way 140p 
2 x 23•way (ZX61) 175p 220p 
2x 25-way 225p 220p 
2 x 28-way (S pectrum) 200p 
2x 36-way 250p 
1 x 43-way 260p 
2 x 22-way 190p 
2 x 43-way 395p 
1 x 77-way 400p 500p 
2 x 5().way(S100conn) IOOp 

EURO CONNECTORS 

DIN 41612 Plug Socllet 
2 x 32 way St Pin 230p 275p 
2 x 32 way An

� 
Pin 275p 320p 

3 x 32 way St in 260p 300p 
3 x 32 way Ang Pin 375p .400p 
IDC Skt A+ B 400p 
IDC Skt A+ C , 400p 
For 2 x 32 way 

/
lease specify 

spacing (A+· B, + C). 
MISC CONN S 

21 pin Scart Connector.200p 
8 pin Video Connector,200p 

CONNECTORS 
- ZDC 

36 way plug 500p 475p 
36 way 1kt 550p 500p 
2-iway plug 

IEEE 475p 475p 
24 way skt 

IEEE 500p 500p 
PCB M1g Sk1 Ang Pin 

24way700p 36way750p 

GENDER CH ANGERS 
25 way Dtype 

Male to Male ........... £10 
Male to Female ........ £1 O 
Female to Female ...... £10. 

RS 232 JUMPERS· 
(25 way 0) 

24" Slngle end Male 
24" Slngle end Female
24" Female Female 
24" Male Male 
'.2���1e Fe�ale 

4-way 90p 6·way 
S·way 120p 10·way 

I • 

1Qreyfmetre) 
10.way 40p 34-way 18-0p
16-way 80p 40 •way 1110p 
20 .Way 85p 50-way 200p 
26-way 120p �-way 28-0p 

OIL HEADERS 
Solder IDC 

14 pin 40p 1 00p 
16 pin 50p 1 10p 
18 pin 80p 
20 pin 75p 
24 pin 1 00p 1 50p 
28 pin 110p m�40 pin 200p 

TECH NOLI NE 
VIEWDATA SYSTEM 
Using 'Prestel' type protocols 
for information and orders 
phone 01-450 9764. 24 hour 
service. 7 days a week. 



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 

TECH:\'()�L\TIC LTD 
\tAIL ORDERS TO: 17 Bl"R'.\LE\' ROAD, LO!'iDO'.'i l'iWIO IED 

SHOPS AT: 17 Bl"R'liL[Y ROAD. LO'liDO'.'i '.\WIO 

1T,·I.Ol 2U1, 11--,T,·k,.ll2>,0C 
305 EDGWARE ROAD. LO'.\DO'.'i 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 

'PhNINnoleall 

pricee are subject 
to change without 

notice.' 

TIL2091'led 12p 

50p 

llp 
llp 

71p 
71p 

11JOp 
1110p 

TIL211 Green 15p 
TIL212 Yellow 20p 'We also stock a large 
Tllj20 Red 15p of Transistors, TIL 12 Green 18p range 
Tl�226 Yellow 22p Diodes, Bridge Recti-Bar Arrays 
Red (10) 225p fiers, Triacs, Thyristors 
Green (10) 225p 

RECT. LEDS and Zeners. Please 
Red, Green, Yellow 30p 

call for details. 

PLEASE ADD 50p p&p & 1SOJo VAT 
(Export: no VAT, p&p al Cost) 

Orders from Government Depts. & Colleges etc. welcome. 

i:::::J De1ailed Price L1s1 on req.uest. -J� Stock items are normally by re1urn of post 



READ/WRITE
Mud Slinging 
Dear Sir, 

As a regular reader of ET/ since 
its inception, I have enjoyed the 
often outrageous leg-pull articles 
usually reserved for your April 
Issue. I read your July feature 
"JOBS FOR A CHANGE" and 
.wondered ... 

Can there really be a vast 'data 
base' at the end of that often 
muddy, weed-infested, single cart
track cul-de-sac so aptly named 
Green Lane in the tiny village of 
Marshfield? The thought of hordes 
of consultants, advisors and peace
loving applicants trying to pass 
each other in the lane, let alone 
park as they flock to avoid 
alleged extortionate rates of 
registered employment agencies, 
or rushed to the aid of a post
graduate research worker looking 
for material for his thesis, really 
made my eyes water. Could the 
tiny one-roomed village Post 
Office survive the volumes of mail 
that the proposed modus operandi 
of Exchange Resources would 
generate? 

A point that puzzled me even 
more is that there appear to be no 
records to show that Exchange 
Resources has the necessary 
license required under the 
Employment Agencies Act 1973 
and Employment Protection Act, 
1975, or indeed local planning 
approval, to operate as a legal 
entity and so 'advertise' its past 
and proposed agency 
achievements in a feature article in 
ET/.· 

Once licensed, an agency or 
business must sign a Certificate of 
Compliance which is an 
undertaking to operate within the 
respective Acts. All aspects of the 
business, in particular the 
handling, storage and access to 
confidential documentation 
received and generated on behalf 
of applicants and clients, are 
regularly inspected by the Area 
Employment Agency Licensing 
Office to ensure strict compliance 
with the Acts. For example it would 
be illegal to reveal any matters of 
confidentiality obtained in the 
conduct of business in an article 
for ET/, or to feature jobs available, 
except by formal and competitive 
advertisements. 

At this point I feel that I should 
make it clear that I have no 
interests in the employment 
agency business whatsoever, but 
am a Director of a Technical 
Services Division comprising three 
hi�h technology companies. As 
with all such companies in this 
area. we have an interest in cost 
effective recruitment which we 
know is a highly personal and 
confidential process requiring 
specialist training and experience. 
We operate in the 'real world' 
which is quite different from that 
envisaged by your article. 

There are some 300 licensed 
agencies in the proximity of 
Exchange Resources contact 
address and contrary to the ET/ 
article, which contains nothing 
new whatsoever, all of the services 
proposed in the article and many 
more are currently provided for. 
The facts are that licensed a�encies 
within a 50 mile radius of Bristol, 
cooperate with each other and 
with other organisations to provide 
cost-effective recruitment. 
Incidentally, in some 40 years of 
experience I have yet to find a
confessed pacifist turn down high 
remuneration, a company car and 
other 'perks' because he does not 
want to be associated with the 
'defence industry'. 

To cater for the 'smaller client 
companies' which your article 
appears to believe are neglected, 
the Bristol Chamber of Commerce 
and Industry issues a
comprehensive guide on 
"Successful and Cost Effective 
Recruitment" prepared through its 
Sma/Vlndependent Business 
Committee. I enclose a copy for 
your information. 

Cost effective recruitment is 
time consuming and therefore 
costly, if the right person is to be 
selected for the job. The cost of 
the total process of selection for a
typical specialist electronics design 
engineer position in a major 
company could be about £1,000. 
Unfortunately, if .the agency 
selectJon is not approved by the 
client the agency stands to lose its 
costs against operating overheads. 
You cannot 'shortcut' this process 
by using a so called 'data base' no 
matter how large the main frame. 
The VDU does not permit you to 
probe the brain of the individual 

on file for which your client is 
paying, even if you could keep 
your records up to date with the 
varied and nomadic changes of 
which your applicants fail to inform 
yoµ. 

In the real world, very few 
clients are prepared to help you 
overcome 'cash flow' problems of 
your business or agency with pre
paid service contracts - why 
should they when they can take 90

days or more credit at your 
expense by delaying payment of 
your invoices/ Furthermore you 
need only about ten 
subcontracted staff who want to 
be paid on a weekly basis, against 
your clients contracted terms of 
monthly payment to find that you 
need a £30,000 overdraft at the 
end of 90 days. Which is why you 
rarely see a Porsche or a Roller 
parked in front of houses of those 
entrepreneurs who invested their· 
money in the employment agency 
business. If you believe that average 
�gency charges of some 12% of 
placement's annual salary is .. 
extortionate then may I remind 
you that industry and most other 
business gross profit margins are 
pitched at 40% of turnover. 

It is strange how some people 
will pluck defence expenditure 
figures out of the blue without 
considering the true 
apportionment. Some four fifths of 
defence costs are spent on 
salaries, transportation, 
administration, buildings and 
purchases of common user items 
manufactured outside of the 
defence industry, without which 
the whole of the commercial base 
of this country would collapse. In 
the electronics industry almost all 
of the bulk materials are common 
user items made to specification, 
and who is to say which BC108 
goes to domestic or defence 
electronics. 

Finally, with memories of my 
1937 school days when many 
schools spent many hours winding 
basket weave variometer inductors 
destined for home made crystal 
sets to be distrib.uted by some 
charity to the far flung outposts of 
the British Empire - do the 
people of Eritrea really need three 
wave band radios to make, when 
you can buy far eastern made sets · 
for less than £10 in Asmara? Surely 



it would be chaper to buy these 
plus periodic replacement 
batteries on a charitable basis. 
lncidently, I seem to recall that the 
basket weave inductors finished up 
as the centre piece for ornate 
native hair arrangements, but there 
was an even greater demand for 
two inductors which finished up as 
an ornate but uncomfortable bra!/ 
So much for the crystal sets. 

Yours Sincerely 
AH.E. Welch, DFC. TD. 
Corsham, 
Wiltshire 

We showed Mr. Welch's letter to Tony 
Wilson, whose proposals for a 
recruitment agency operating in the 
electronics industry formed the subject 
of the JOBS FOR A CHANGE feature. 
This is his reply: 

I had been expecting the cheap jibes 
and prejudice contained in Mr Welch's 
letter. The letter does however have 
some points worthy of reply, so let's 
start at the beginning. 

Yes, Green Lane can be muddy, and 
does have weeds (countryside plants 
and flowers) - and thankfully it isn't 
yet completely- gentrified. There won't 
be hordes of people visiting this 
address - as with most agencies there 
will be other means of communication, 
and there will be other offices in some 
of the major cities. The village PO 
does actually manage to cope 
admirably with our mail and with that 
of several large postal businesses (how 
many PO s have more than one public 
room anywayl) 

Mr Welch really should check his 
facts much more thoroughly than he 
does. We had a DoE licence to trade 
well before the date of his letter, and it 
is prominently displayed on these 
premises (which.he could easily have 
checked during his daring venture up 
Green Lane). 

Mr Welch's patronising tone does 
him no credit; he seems to assume that 
people who wish to advance from the 
status quo by using our resources 
more effectively are complete dupes, 
incapable of getting anything 
professional together. I have been 

. trading on my own account since 1976 
and am a fellow of the Institute of 
Quality Assurance. Within the agency 
there is similar expertise and business 
experience. We are also being advised 
by several reputable and successful 
agencies in the U.K. 

There is a very real gap in the 
market, and I have proof of that from 
the interest shown by employees, 
consultants, employers and other 
agencies - and by our backers. This is 
the 'real world� Mr Welch, where many 

many, people are sick of this country's 
over commitment to so-called defence. 
They fervently wish to see change, and 
that change will come about despite 
resistance caused by fear and self. 
interest. I am a 'confessed pacifist' 
whatever you mean by that. What I 
mean by it is that 1· am committed to 
peace and am prepared to take high 
personal risk to that end. I have 
repeatedly turned down big 
remuneration, company cars and 
perks, and a very well paid career. I 
still work in defence, despite the 
sometimes severe problems this cases 
me and my family, because I believe 
we need an effective defence and that I 
have an absolute right to influence it 
from the inside. I could show you many 
more people willing to put their money 
where their mouths are. What risks in 
your every day life do you take for your 
beliefs Mr Welch? 

The Bristol Chamber of Commerce 
is one of many local agencies providing 
good service to the small business 
person - but they do not provide 
tailored, flexible services. We intend to 
do that. We are very well aware of the 
high costs of staff placement and of 
the skills and expertise needed. In this 
respect we have the services of 
experienced people and organisations 
throughout the UK. Their services do 
not come cheaply but we believe that 
with the right approach we can do the 
whole job more cheaply than most 
agencies. I do see 'Porsches and 
Rollers' belonging to well-heeled 
agents - some of whon:i I know very 
well. If it wasn't so profitable I doubt 
if there would be' some 300 licensed 
agencies' near here, as you claim. 
General business profit margins may 
(or may not) be pitched at 40% of 
turnover, but agencies do not 
"turnover'' a placement's salary, they 
never even see it, so that is a crass 
comparison to make. In any case there 
are agencies which approach or 
exceed 40% (for example, many office 
temping agencies). 

I'm well aware of the dependence 
of the commercial sector on defence 
procurement and the use of services. 
The degree of that dependance is to do 
with government priorities - it's not 
God given or inevitable. We could 
spend very much less on 'defence' and 
give more support to industry to make 
it more cQmpetitive, · invest in new 
technologies, R & D, and education 
and training (even the conservative CBI 
and Institute of Directors are 
beginning to recognise this). 

In your final paragraph I find your 
racist assumptions that the people of 
Eritrea can only deal with technology 
in your comic book terms, and are only 
fit for charity and hand outs, 
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particularly objectionable. Their 
request to us is to provide a beginning 
for an indigenous technology base, so 
that they are not dependent on the 
patronage of you and me forever more. 
Their country has been ravaged by 
wars financed by Western, and now 
Soviet, money. The only way they can 
regain their own power is to become 
self sufficient - I will be very pleased 
if I can help in a small way. 

Incidentally, Mr �elch, to help 
move your education out of the 1930's 
and to begin to understand the 
brilliance, courage and resourcefulness 
of the Eritreans, why not send for more 
information on the sophisticated 
social, technical and other systems 
that have been set up under a state of 
siege in Eritrea, by Eritreans. Send a 
request and an AS SAE to: Eritrean 
Information Service, 391 City Road, 
London EC1V1NE, or 'phone (01) 837 
9237. 

Tony Wilson BA FIQA 

Dear Sir, 
I have recently started reading 

ET/ again after a lapse of a few 
years, due to the increases in 
subscription price and an excess 
of articles of the bolt-on computer 
goody/1001 more-boring-things
to-do-with basic theme, and I have 
been delighted to see a more 
intelligent, questioning and 
rational approach to the problems 
of the connection between 
electronics and the 'defence' 
industry. 

I look forward to reading a 
regular feature on Exchange 
Resources, and all I can say to 
those misguided individuals who 
have cancelled their subscriptions, 
presumably anxious to.retain their 
cosy cost-plus contract jobs, 
supported by the hard-earned 
taxes of hard-working commercial 
software engineers like myself, is 
that I hope I can afford to tc,.ke out 
a subscription again, if I don't win 
it in the reader survey/ 

Yours faithfully, 
Alexander Monro 
Jericho, 
Oxford. 

• Around twenty letters have been
received in response to the JOBS
FOR A CHANGE article, some sent
to us at ETI and some sent directly
to Exchange Resources. With the
exception of the two letters printed
here, all of the replies have been, from
people who either wish to make use of
the services offered by Exchange
Resources or who are interested in
participating in one of the projects
mentioned in the article. - Ed. 

ETI 



The DLSOOOK is an 
8·way sequencer
kit which contains 
an EPROM pro
grammed with ao 
different sequen
c e s  inc l u d i n g  
standard flash and chase routines. The kit 
comes complete with pcb, instructions and 
includes an opto-isolated sound to light· 
circuit, zero voltage switching, LED mimic 
lamps, manual sequence speed adjust and
sequence selector switches. The max. output 
Is 300W per channel. 
SO DON'T CHASE AROUND FOR ANOTHER 
SEQUENCER- YOU'VE FOUND ONE THAT 
WILL DO THEL OTanditsonly-£28.50 

£39.00 
XK114. Relay Kit for CT6000 includes PCB, 
connectors and one relay. Will accept up to 
4 relays. 3A/240V c/o contacts £3.90 
701 115 Additional Relays £1.85 

We also STOCK a wide range of COMPONENTS, MUL Tl METERS, TOOLS, 
BOOKS and over 30 other KITS for timers, infra-red remote control, disco 

lights, etc. PLUS VELLEMAN and PANTEC kits. 

ELECTRONICS SEND" x 6" SAE TH 13 BOSTON RD OR CALL AT SHOP 
· MON-FRI 9-5pm 

LONDON W7 3SJ SA TU RDA Y 10-4pm 

TEL: 01-567 8910 

�· =a: FREE P&P on orders over £20 (UK only), otherwise add 
75p + VAT. Overseas P&P. Europe £2.75. Elsewhere 

£6.50. Giro No. 529314002: SCHOOL OR LOCAL AUTHORITY 
ORDERS WELCOME. Goods by return subject to availability. 

@a.•FROM �AVTEE 

THE SPECIAL DISTRIBUTOR FOR SPECIAL AMPUAERS 
ILP have long been recognised as manufacturers of top quality 
amplifiers. 

All ILP products are built to extremely high specification for the 
ultimate in hi-fi performance. They're unique in being completely 
encapsulated with integral heatsinks, and can bolt straight onto the 
chassis. They're also extremely robust, ensuring high levels of reliability 
as well as performance. . 

ILP Amplifiers are now available through Jaytee. The UK Distributor 
with the availability and service to match the quality of the amplifiers. 

POWER BOOSTER AMPUAERS 
The C15 and C1515 are power booster amplifiers designed to increase 
the output of your exisiting car radio or cassette player to 15 watt rms. 
C15 ................. 15 watts ................................... : ............. £10.65 
C1515 .............. 15 + 15 watts ........................................ £19.78 

Ill' LOUDSPEAKER 

::.��.'.'.'.'.'.'.'.'.'::::::����
rms NEW £78·6··1 

impedance ....... 8 ohms 
range ................ 20 Hz to 5 KHz  

FOR FREE DATA PACK PLEASE 
WRITE TO OUR SALES DEPT. 

OSCILLOSCOPES COIIUNICATIOII RECEJvtRS 
TELEQUIPMENT 075 Dual Trace 50MHz Delay Racal RA17L 500l<Hz·30MHz ... ONLY £140 ac11 with 

maooal 
Sweep ............................. !200 
COSSOR CDU150. Dual Trace 35MHz Solid Stale. Eddystone 730/4 480KHz·30MHz only £11 D eachPortable Bx10cm display. With Manual .... !200 with manual. GOULD OS255. Dual Trace 15MHz ....... !200 ADVANCE AM/FM SIGNAL GENERATOR Type SG63A TELEOUIPMENT 061 Dual Trace 10MHz. With • 7.5·230MHz ............................. !75 Manual ............................ £150 ADVANCE AM SIGNAL GENERATOR SG62B. tSO KHz· 
S.E. LABS SM111. Dual Trace 18MHz Solid State. 220MHz ................................ £46 
Portable AC or External DC operation Bx10cm ADVANCE AM SIGNAL GENERATOR Type 62. 1SOKHz· 
display. With Manual .................. !150 220MHz ................................ 1311 
TELEQUIPMENT 043. Dual Trace 15MHz. Wilh METRIX WOBBULATOR Type 210. 5·220MHz ... £20 • 
Manual ............................ £ 100 PHILIPS WOBBULATOR GM2Bns 5·220MHz & 440· 
TELEQUIPMENT S54A . Single Trace 10MHz. Solid 880MHz ............................... £100 
State. With Manual ................... £110 . LABGEAR COLOUR BAR GENERATOR CM6037 

(P&P £4) ............................... £110 
PHILIPS DIGITAL MULTIMETERS VIDEO CIRCUITS V31A CRT ANALYSER/BOOSTER 

(Scratched Case) ......................... tlD 4 digit, auto ranging. Co�lete with batteries and WAYNE KERR COMPONENT BRIDGE B52t (CT375) · 
leads ,,,. £51 100uH·5DOK�: tpF·5F: t milliohm·1000Mohm ... 135 
TYPE PM2517X (LCD) ................. !75 
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MULTIMETERS MARCONI TF2604 (Later version of TF 1041 VTVM)
AVO 9 Mk 4 (I dentical to AVO 8 Mk4 but scaleddif· 20Hz·1500MHz: AC/DC/Ohms AC 300mV·300V 
lerently) Complete with Batteries & Leads ... £55 FSD ................................... !ID 
AVO 8 Mk 2 Complete with Batteries & Leadst45 MARCONI VALVE VOLTMETER TF2600 10Hz·tOOMHz: 
Above Items in GOOD WORKING ORDER • appear· 1mV·300V FSD .......................... £40 
ance not A 1 hence the price PHILIPS COLOURBAR GENERATOR type 5501 

· AVO TEST SET No 1 (Military version of AVO 8) (P&P £5) .............................. £100 
Complete with batteries, leads & Carrying PHILIPS COLOURBAR 

�
ENERATOR typr 5508. Video 

Case ............................... £85 out. Many Furctions.. . . ........... : ..... £ 125 
· AVO Model 7x. Complete with batteries. leads & ISOLATIN& TRANSFORIERS 

�;
r

tM100":'1:i: iockei Muliiineie.: iAria1oii�/: 240V INPUT • 240V OUTPUT 
ran

g
es. Complete with batteries.& leads ..... £11 500. VA £15ea P&P £5 200 VA £Bea P&P £3 

AV 72 - S1m1lar to above but no AC current range. 
Ntw EQUIPMENT With batteries & leads .................. £10 

AVO TRANSISTOR TEITEJI TII 69 HAMEG OSCILLOSCOPE 605. Dual Trace 60MHz. 
Handled. GO/NO GO for In-situ Testing. Complete ��:E�c"tc1�=J 

T
��: ·o�· r;.;;,· 20�

5

�: with batteries, leads & instructions. C001)00ent Tester ........................ £270 
(p&p £3) NOW ONLY £12 All Other Models Available. 

PROFESSIONAL 9" GREEN SCREEN MONITORS BLACK STAR FREQUENCY COUNTERS P&P £4 
made by KGM for REUTERS Gives quality 80 colunv, Meteor 100 - 100MHz ..................... £811 
x 24 line display. Composite video in. Cased. Good Meteor 600 - 600MHz .................... £1211 
condition .................... ONLY !32 llcll Meteor too - 1 GHz .................... : . £175 
DISK DRIVE P8U.240V IN: 5V I.IA & 12V 1.5A •t. BLACK STAR JUPITOR 500 FUNCTION GENERATOR. 
81ZI: Wl25mm. H75111111. DIBDM. CHIii. Un-uallf. C:j....,./"-··---JTri<>nnla. n_Hh _-.;.;._�;;,� D•D r& flln 
Only £10.00 •cit (P&P £2) HUNG CHUNG DMM 6010. 3V. digit. Hand held 28 ranges 
Qwerty keyboard (as in Lynx Micro). Push to make. including 10 Amp AC/DC. Coo,plete with batte<�s & leads. 
Cased ................... £5 IIICII. (P&P £2) P&P £4 ................. .. ....... ... !33JO 

Various 5 'I, Floppy Disk Drives and Stepping OSCILLOSCOPES PROBES. Switche,f xt: x10. P&P 
£2 ...................... , ... , .......... £11 Motors Available. 

-

Used equipment • wilh 30 days guaranlee. Manuals supplied if possible. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability before 

ordering. CARRIAGE all units £12. _VAT to be added 10 Total of Goods & Carriage. 

� 
-

STEWART OF READING � 110 WYKEHAM ROAD, READING, BERKS RG61PL 
Telephone: 0734 68041Callera welcome 9 am • 5.30 pm Mon.-Frt. (until 8 pm Thurs.) 

PREAMPLIFIER MODULES 
All modules are supplied with in line connectors but require potentionmeters,
switches, etc. If used wilh our power amps lhey are powered from the 
appropriate Power Supply. 
Typ� Application Functions Price 
HY6 ........ MonoPreAmp . . ..... ... Full Hi Fi facilities.. £8·45 
HY66 ...... Stere0Pre-A1.1p... . . ..... ... Full Hi Fi facilities .................... £13·95 
HY73 ...... Guilar Pre-Amp . ................. Two Guitars plus Microphone.£ 14•45
HY78 ....... Stereo Pre-Amp ... .............. AsHY66 less tone controls ...... .£13·45 
NEW' HY83 Guitar and Special EffeclsPre-Amp as HY 73 Plus Overdrive and 
Reverb £18·95 
MOUNTING BOARDS: For ease of construction we recommend the 86 
for HY6 £0·95. B66 for HY66-83 £1-45. 

MOSFET MODULES Type Output load Price 

Ideal for Disco's, public address and 
Power lmpedence 
VV.tts (rmsl (l 

applications with complex toads (line MOS128 60. ........... 4·8 .. . (34·45
transformers etc.). Integral Heatsink MOS248 120 .... ...... 4·8 .. ... (39·45 
slew rate 20v/µs distortion less than 0.01 °to MOS364 180 . .... 4 .  . .... (64 ·45 

BIPOLAR MODULES 
Ideal for Hi Fi. Full load pro tection 
integra�H!'atsink,slew rate 1Sv/µs 
Type Output load Price 

Power Impede nee 
Watts lrms) ' 0 

HY30 ...... 15 ........... .4-8 ...... (10·45 
HY60 ...... 30 ............ 4·8 ...... £10·45 
HY6060 30 + 30.. ..4·8 .. ... (21 ·95 
HY124 ..... 60... .4 .. ...... (17·45 
HY128 ..... 60 ............ 8 . ....... (17 45 
HY244 ..... 120. . .... 4 ........ (22·45 
HY248 ..... 120. . ... 8 .  . (22-45
HY364 .... 180 ........... 4 ...... (33 ·45 
HY368 .... 180 ........... 8 ........ (34·95 
Distortion less than 0.01 �1o 

POWER SUPPLY UNrT 

Type For Use Wllh 
PSUJO ..... PRE AMP... ......... (6.45 

PSU212 ... 1 or 2 HY30... . . .. . ................. £16.45 

PSU412 ... 1 or 2 HY60, 1 HY6060. 1 HY124 .... (18.45 

PSU422 ... I HY128 ... . ... £20.4� 

PSU432 ... 1 MOS128... . .... £21.45 

PSU512 ... 2 HY128, 1 HY244.. . . ....... £22.45 

PSU522 ... 2 HYt24 • £22.45 

PSU532 ... 2 MOSl28. . .... .......... £22.95 

PSU542 ... t HY248 ... . . ................. £22.95 

PSU552 ... 1 MOS248.. . ..... £24.95 

PSU712 ... 2 HY244 ...... . ......... £26.45 
PSU7Z2 ... 2 HY248 ... .. £27.45 
PSU732 ... I HY364 ..... £27.45 
PSU742 ... 1 HY368 ... . . .......... £29.45 

PSU752 ... 2 MOS248, MOS364 .. . .... ............ £29.45 

All lho - .. to, 240v --

ilE!JWJl§§ 
Jaytee Electronic Services, 143 Reculver Road, Beltinge, 
Herne Bay, Kent CT& &PL Telephone: (0227) 375254
All Prices include VAT, Post & Packing 



CHARGE OF THE 
LIGHT BRIGADE 

U2 can be an expert on batteries, with a little help from 
Andrew Armstrong. 

I 
n the design of electronic equipment, the power
supplyofteil used to be left until last and then designed
· almost as an afterthought by the most junior member

of the design team. Nowadays, there are specialist en
gineers and companies concerned only with power 
supplies, and it is recognised that the choicr of power 
supply can in.fluence the overall equipment aesign very
significantly. . 1 

So it is with batteries. Increasing numbers of electronic 
products need a portable power source, and the correct 
choice of battery can determine the product's viabWty. Of 
course, there have been specialists in the design and 
manufacture of batteries since they started to be manufac
tured commercially, but this is a discipline allied to chemis
try rather than electronics .. 

Because chemists design batteries and engineers 
design the batteries into machinery, the choice of battery 
type is sometimes less well informed than it might be. The 
two types of experts do not speak the same language, so it 
is not surprising if the criteria for choice are imperfectly 
understood. 

Chemistry 
A detailed knowledge of the chem'istry involved in an 

electric cell is not necessary for the electronics designer, 
but a knowledge of what goes into a cell and how it is 
assembled is useful background information. 

The basic idea behind an electric cell is to have two 
chemicals reacting in an ionic form, such that'spare' elec
trons accumulate at one side of the reaction. If the physical 
construction of the cell is such that the electrons can only 

Fig. 1 The chemical 
reaction which takes 
place inside a mercury 
cell.

return to the·other side via an external circuit, then useful 
energy can be extracted. This effect is illustrated most 
simply by the reaction used in a mercury cell (Fig. 1 ). 

On the left we see an pxygen ion 0- leaving the mer
curic oxide· c:;athode and taking with it two.electrons from 
the mercury atom. This oxygen is being attracted towards 
the zinc anode, which has a greater affinity for oxygen than 
the mercury. 

Once it has left the cathode, the oxygen reacts with a 
molecule from the water electrolyte to form two hydroxyl 
ions, OH-. One of these joins with the zinc, and the hyd
rogen is released, leaving behind its electron. The hyd
rogen, H-, rejoins the second hydroxyl ion, reforming the 
water molecule. Now the cathode has lost two electrons, 
the anode has gained two, and the water is unchanged. 

Assuming that no external circuit is connected, this 
reaction will continue until the electrostatic repulsion bet
ween the excess electrons on the anode, and the hydroxyl 
ions balances the extra affinity of zinc for oxygen com
pared with mercury. The point at which this occurs deter
mines the EMF of the cell. 

If an external circuit is connected, the reaction pro
ceeds, and the spare electrons on the anode flow through 
the circuit to replace those missing on the cathode. 

It is not easy to give within the scope of this article a 
deeper explanation. In general, atoms of elements consist 
of a nucleus containing protons (with one positive charge) 
and neutrons (with no charge) and a number of electrons 
equal to the .number of protons. Thus, the charges balance. 

The electrons are arranged in shells - groupings of 
similar energy states - and for maximum stability each 

+
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Rg. 2 The internal construction of a zinc-carbon cell 

shell should contain its full complement of electrons. Most 
elements do not have the exact number of electrons to fill 
all the shells used, so the outer she I I (in which the electrons 
have the highest energy level and are least strongly bound 
to the nucleus) is often short of a few electrons. Elements 
combine into chemical compounds to complete their 
outer shells by sharing electrons. 

Why then should oxygen prefer to share two electrons 
with zinc rather than with mercury? The answer is that zinc 
has 30 electrons, as against mercury's 80,This means that. 
zinc's outer shell is closer to the nucleus (lower in energy) 
than that of mercury. If all else is equal, systems try to attain 
the lowest energy levels (like a ball rolling to the bottom of 
a hilO, which explains the direction of the reaction in a mer
cury cell. 

If you want to know why the electron shells need a 
· specific number of electrons - it beats me. If anyone
knows please write and tell me.

Primary Cell Types 
In practice cells are more complicated than the mer

cury cell illustration. Other chemicals are added to assist 
the reaction, prevent deterioration, etc. We will take a look 
at some of the main types of cell, beginning with primary 
(non-rechargeable) cells. 

The zinc-carbon cell, illustrated in Fig. 2, is perhaps the 
most widely used in consumer applications. The anode is 
made of zinc, the active surface of which is amalgamated 
with merucry. The zinc electrode forms the outer case of 

'the battery as well, t�ough some manufacturers add an 
outer steel case. 

The cathode is made of manganese dioxide, with a car
bon rod to collect the current The electrolyte is a solution 
of ammonium chloride (NH4CI) and zinc chloride 
(ZnCl2), which is acidic. 

The heavy duty zinc-carbon cell is very similar to the 
ordinary variety, but the difference is that its electrolyte 
is zinc chloride only. This gives an increased ability to pro
vide heavy currents, though it has no greater energy 
storage. 

The alkaline-manganese cell uses similar electrode 
materials, but its electrolyte and construction are different 
from the zinc-carbon cell. This is illustrated in Fig. 3. The 
anode is made of powdered zinc, amalgamated with mer
cury, and the current is collected by a metal collector (the 
'nail') in�tead of a carbon rod. This provides a low internal 
resistance for the cell. 

The electrolyte is potassium hydroxide, an alkaline 
solution which is highly conductive. The cathode is made 
of electrolytically-produced manganese dioxide, which is 
purer and has more oxygen per unit volume than the 
naturally occurring substance. This means that the energy 
content of the cell per unit volume is greater than that of 
the zinc-carbon type. 

· These are the most commonly used cells, but a number
of other types are used where other qualities are needed. 
Most of these are button cells, designed to meet special 
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needs. The mercury button cell is illustrated in Fig. 4 and.its 
basic chemical reaction has already been described. Its 

· output is 1.3 V. A cell_with a silver oxide cathode provides
1.6 V, and can be used where the extra voltage is needed, or
where the environmental effects of disposing of mercury
cells are unacceptable. The silver cell is even more expen-
sive than the costly mercury cell.

Zinc-air cells (also illustrated in Fig; 4 to show the rela
tive sizes of the anodes) have been around for some time,
but have not turned out to be the panacea which some

.. people initially believed them to be. Their major advan-
tage is that they get their oxygen from the air rather than

· from an oxygen beiiring chemical, so that foragiven energy
· storage they are smaller and lighter than many other types
of cell. · · 

They have two main disadvantages. One is that zinc-air
cells require air to operate, so they cannot function in a
sealed environment I recall a story circulating at a com
pany where I worked about the zinc-air batteries manufac
tured by another part of the group. Apprently these had
been iristalled in digital watches in considerable quan
tities, and all had gone well for a while. After about two
months there were complaints that the watches had all
stopped working; though when examined they appeared
to be working correctly. It was eventually discovered that
the battery stopped working when it had used all the
oxygen contained in the watch, and restarted when the
back was taken off to investigate. ·

The other d iff icLi lty with zinc-air cells is that once the air
seal has been removed to allow the cell to work, the elec
trolyte starts to dry out Normal cells remain lJsable for
about three months, although some special.low drain ones
are meant to last thre.e years. Rumour has it that these are
not always satisfactory. . . _ · 

The lithium cell has been heralded as a major advance in
battery technology. In fact there is not one type of lithium

. cell but about a dozen variations. Some exam pies of these
are lithium copper oxide, lithium sulphuroxideand lithium
thionyl chloride.

The energy per unit weight is high because lithium is a
light metal, the third lightest element in the periodic table
after hydrogen and helium. Lithium is extremely reactive,
which you might think wquld result in a rapid or explosive

. self discharge of the cell. What actually happens is that the
surface reacts and forms a non-reactive oxide layer which
prevents any unwanted reaction. The resu It is that the cells
have a long shelf life, typically ten years.

Secondary Cells 
So far all the cells nientione_d have been of the primary, 

or non-rechargeable type. Secondary (rechargeable) cells 
have been around for some time now, and they are being 
used more and more. The first widely used rechargeable 
battery was the lead acid car battery, but this is not practical 
for use in portable electronic equipment 

When a cell is recharged, current is forced through it in 
the reverse direction. The oxygen leaves the anode, restor
in� it to its metallic state, and returns to the cathode. Small 
primary cells are not capable of this process to a worthwhile 
degree, because the anode material swells up as it oxidises 
(just like rust on a car) and its shape is distorted and pieces 
may break off. · 

In the nickel cadmium cell (NiCad) this problem is 
largely solved by containing the anode and cathode 
materials in porous, conductive plates. The individual par
ticles of electrode material can change siZe without 
seriously changin� the shape of the overall structure, so 
recharging is possible. 

Nickel cadmium cells may be stored in any state of 
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charge, but if they are stored completely discharged for
long periods a probelm can arise There is a tendency for·
crystaline cadmium 'whiskers' to grow towards the oppo
site plate of the battery. If the cell is charged, then a short 
circuit will melt thewh1sker back onto the anode. lf there is 
no charge in the battery this cannot occur, and it is possible 
to reach the stage where no practical amount of current fed 
into the cell will remove the whisker. The cell is then of no 
further use. 

Sealed lead-add cells and batteries are also available 
and are widely used in industrial emergency lighting and 
back-up supply systems. They are also to be found in some 
professional portable tape recorders (for example, the 
type us�d �Y many radi_o joumalists) an� are beginning to 
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Fig. 4 The internal construction of a mercury button cell (left) and a zinc-air cell (right). 

appear in domestic audio equipment The Sony Discman 
II CD player reviewed in ETI recently uses a battery pack of 
this type. 

Sealed lead-acid cells have a nominal operatingvoltage 
of 2.2V so they cannot be substituted directly for zinc
carbon or manganese-alkaline cells. They come in two 
types- the flat plate type, normally supplied as 6 V or 12V 
batteries, and the Cyclon cylindrical cell type, normally 
supplied individually. Both types should be stored in a 
charged state. 

Less commonly available are silver-zinc rechargeable 
cells. These have about double the energy density of 
Ni Cads, and a constant voltage over most of the discharge. 
They are little used in amateur or consumer equipment 

0( more future interest are the new rechargeable 
lithium cells, which provide double the energy density of 
NiCads, and weigh less. The anode is made of lithium foil 
and the cathode is made of molybdenum disulphide pow
der bound to a substrate. The electrolyte - which the 

· manufacturers Molicell do not identify- acts only as a car
rier for ions and does not react chemically with the elec
trode materials.

There appears to be no oxygen involved in the reaction,
which is si�nificant As mentioned above, the lithium elec
trode in a lithium primary cell forms a non-reactive layer on
its surface, which prevents the untimely discharge of the
cell. This would also prevent the lithium from being plated
back on to the anode, so a rechargeable cell must use a very
different system.

The charge retention of these cells is good for a
rechargeable type- approximately 10% charge loss over a
year is claimed at 22°C. This would remove the need for
float charging in some applications.

An interesting characteristic is that the discharge curve
is well defined, and the voltage falls from 2.2 5 Vto 1.3 V pre-�
dictably (though not linearly) as the cell discharges. This�



makes a state of charge indicator possible. Unfortunately, 
it can also cause problems for equipment which requires a 
constant voltage, so Molicell have developed some volt
age converter aesigns suitable for use with their cells. 

Currently these cells are very costly, and it is likely to be 
a year or two before the price falls enough for anyone to 
consider using them for consumer applications, bl.it keep 
your eyes open because they look interesting. 
. The main reclSon why an electronics c;:l�signer should 

want to consider the subject of batteries seriously is so asto 
be able to choose a battery for a given application. For this 
purpose we need to know about the discharge characteris
tics of primary cells, and both the discharge characteristics 
and the charging requirements of seconaary cells. 

Primary Choice 
· The choice between zinc-carbon and alkaline man

ganese cells is fairly simple. Fig. 5 shows the relative energy 
recovered from the two cell types plotted against current 
drain. Thisshowsamaximumofseventimesasmuchenergy 
from the alkaline-manganese cell, at a fairly high current 
drain, but much less at very low currents. If cost is the 
criterion, then the breakeven point is approximately as 
shown t>y the dotted line on the graph, and alkaline
manganese cells are more cost effective at current drains 
greater than that shown. 

In practice, this means that ordinary transistor radios 
could well be powered by zinc-carbon cells, but cassette 
players, due to the current consumption of the motor, 
should be powered by alkaline manganese cells. 

Another consideration is the shelflife of the battery. In 
many cases torches are left in a cupboard or glove box for a 
long time until needed. For this type of use it might be 
tempting to choose zinc-carbon cells, because the whole 
capacity of the cell is unlikely to be required. However, 
alkaline-manganese cells deteriorate much more slowly 
than zinc-carbon cells do, largely because of the alkaline 
electrolyte. Alkaline cells will remain ready for use long 
. after zinc-carbon cells have quietly expired. 

If, though, the torch is to be used regularly but for brief 
periods (for example, by a meter reader), then the use of 
alkaline-manganese cells gives little or no advantage. 
Without a sustained heavy current drain the high power 
capability of alkaline-manganese cells is no advantage, and 
the regular use means that shelf life is not a problem. 

There is one area in which the choice of cell type is clear. 
It is widely recognised that alkaline-manganese cells are 
appropriate for use in personal stereos. As I sit here listen
ing to mine, I am contributing to a growin� though as yet 
unquantified, environmental problem. This cell type con
tains mercury in an amalgamated form, and there is 
obviouslyat leastsomerisk thatafterdisposalthiscouldget 
into drinking water or even food. 

It is likely that without the personal stereo, too few 
alkaline-manganese batteries would have been used to 
constitute a problem, but if the present trend continues, 
the environmental impact will probably require considera
tion. It is interesting to note that mercury cells, which con
tain more mercury, are no longer used in Japan. 

The choice between primary and secondary systems 
followsadifferent set of criteria Nickel cadmium batteri.es, 
the most commonly available secondary system, store 
about a quarter as much energy as alkaline-manganese 
cells of the same size. Some of the cells on sale to the 
public store only about an eighth as much as the alkaline 
cells, which necessitates irritatingly frequent recharging. 
They also supply only1 .2Vinstead of the 1.5V supplied by 
the equivalent primary system, which can occasionally 
cause problems. The cha�e retention of NiCads is also 
unimpressive, with a self discharge rate of 20% to 30% of 

the remaining charge each month. 
On the plus side, the internal resistance of NiCads is 

much less than that of alkaline-manganese cells, so with a 
high current load the available voltage from the NiCads 
may be higher than that available from alkaline-man
ganese cells. 

In addition there is the obvious advantate that, once 
the cost of the cells and the charger is paid, recharging is 
very cheap and considerable savings can be made in 

4.0 
3.8 
3.8 
3.4 
3.2 
3.0 

� 2.8 
u 2.6 
iii 2.4 

g•• 2.2 

5 2.0 
:Z: 1.8 
I: f.6 

; 1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 

� 
I I'.. 
I 

' 

' 

1, ALKALINE 
I".. MANGANESE 

...... 
..... 

..... 
r,...� 

-

ZINC CARBON 

._,,,._ 

O 100 200 300 400 500 600 700 800 900 1000,1100120013001400 1500 

MILLIAMPERES 

Fig. 5 A comparison of the energy recovered from zinc and alkaline-
manganese cells over a range of discharge rates.

applic�tions requ!ring frequent charge/.discharge cycles. 
There 1s the proviso here that the equipment must not 
completely discharge the batteries between recharges . 

Rechargeable Choice 
The three varieties of rechargeable cells available to the 

home user are the NiCad, the flat plate lead acid and the 
Cyclon-type lead acid. These are all suitable for use in 
slightly different ways and need to be charged differently. 
For 'off the shelf equipment designed to function with 
ordinary primary cells, NiCads are usualll the only choice
b.ecuase they come in the same range o sizes as primary 
eel Is. If a piece of equipment is to be designed from scratch 
the choice is no longer so constrained. 

For an application requiring a high discharge current 
and frequei:it deep dis�harges, NiCads are almost always 
the most suitable. The sintered plate cells can routinely be 
dis�harged at rates of up to 1,0C, with pulses of up to 1 OOC. 
(C 1s the rate to charge or discharge the rated capacity of 
the cell in one hour, so 1 OC would dischar�e it in 6 minutes 
provided the capacity is undiminished at this high discharge 
rate). 

Nickel cadmium button cells cannot match this perfor
mance, but they can provide high currents and are the only 
choice for small rechargeable battery r,acks. 

NiCads exhibit a'memory' effect-1f they are repeated
ly cycled over a certain fraction of their total capacity they 
eventually reach a stage at which the voltage on load will 
fall if any attempt is made to discharge them below this. 
One deep discharge cycle will remove this effect The only 
problem is that the voltage may fall to such an extent that 
the equipment will not run correctly, and the battery pack· 
may have to be discharged separately using a resistor. 

Lead acid cells have a shorter life than N iCads if theyare 
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BIAS REPORT
John Linsley Hood explains the functions of HF bias in tape recorders 
and offers some hints on selecting and setting an optimum value. 

B
ias can mean many different things depending on 
whether one is a politician, a dressmaker, a bowls 
enthusiast, the owner of a valve hi-fi amplifier, or a 

tape recordist With the spread of cassette recorders, we 
are almost all in this last category, and if our bias is wrong 
the results we obtain will be poor. 

In the tape recording field, bias - or more correctly 
HF bias - is an AC signal a good bit higher in frequency 
than the highest audio frequency weare likely towantto 
record, which is fed into the recording head simultaneously 
with the desired signal. Its main purpose is to reduce the 
distortion of the recorded signal, but it has a wide range 
of other effects too, and it is these which I propose to 
take a look at 

Unfortunately, there isn't a single best value for the 
size of this added HF signal, so some sort of compromise 
has to be made. This must take into account the perfor
mance of the machine and the qualities of the tape 
which is to be used with it 

- Up-market tape machines are usually fitted with a
control for adjusting the bias, and often incorporate a 
test tonefacility to make it easier to set the bias level cor
rectly. In other machines, the manufacturer will have 
pre-set the level on some internally-accessible control 
(usually a trimmer potentiometer) to give the best 
results with a particular kind of tape. This is fine provided 
thatthe setting is right, and thatthe machine is then used 
with tape of tllat type. 

However, as I have said, the bias value chosen is a 
compromise anyway, so let us look at how changes in its 
level will affect various aspects of a tape machine's 
performance. 
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Fig. 2 Distortion of recorded signal due to tape characteristics. 

As is fairly well known, magnetic materials respond in 
a characteristic way to an applied magnetic field (Fig. 1 ). 
The ma�netising force, H, is plotted against the induced 
magnetic flux in the material, B, and the result is known 
as the 8-H curve. 

The pointX(orX') on the vertical axis is what is known 
as the 'remanent magnetism', or 'remanent magnetic 
flux' if one is a bit more pedantic. It shows how mag
netised the material would be if, as in this case, the 
applied field H had been strong enough to take the 
magnetic material into saturation (the condition in 
which B doesn't get any larger even if H is increased). 

Reducing Distortion 
There is a big difference here between'soft' and'hard' 

magnetic materials. Soft materials are those which do 
not retain very much ma�netism, such as soft iron and 
mild steel. Hard magnetic materials retain their mag
netism and can therefore be used as permanent mag- . 
nets; among them are high-carbon steels and some of 
the special nickel-cobalt-aluminium-iron alloys used in 
things like loudspeakers. 

The difference between the two types of material is 
shown in the curve of Fig. 1. As well as having a low level 
of magnetic retention, the soft materials also have a low 
'coercivity'. This means that the force which needs to be 
applied to make them take up magnetism is small. 

For recording purposes, we want the tape to retain 
what we have recorded on it for ever, or at least until we 
change our minds. For this we need a material with high 
remanence. It will also be useful if it doesn't pick up 
unwanted bits of signal from layers of tape below or on 
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Fig. 3 Use of HF bias to remove distortion. 

top of it (the fault known as print through) so it is a good 
thmg if it has a fairly high coercivity. 

Unfortunately, this will lead to the kind of B-H curve 
shown in Fig.2, which has aflat bit atthe middle where all 
the small signals will lie. If we try to record on this, by pull
ing the tape over the gap in an electromagnet to which 
we are feeding our desiredaudio signal, the result will be 
both small and very distorted, like an amplifierwith a bad 
case of crossover distortion. 

A solution was found to this problem fairly early on in 
the days of tape recordings. It was to superimpose a high 
frequencysinewave signal on the desired audio input, so 
that the composite signal looked like that in Fig. 3. 
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Fig. 4 Variation of THD with HF bias for different signal frequencies. 

The way in which this works is really not fully under
stood, but one theory_ is that as the tape is drawn 
away from the recording head, the HF magnetic flux 
decays more rapidly than that due to the lower 
frequency signal, so that it is only the wanted signal 
which remains. 

The snag with this theory is that it has been found 
that high frequency audio signals will also act as a bias 
input, reducing the need for the other bias signal. 
Another theory is that all the composite signal is 
recorded, but that the very high frequency bit 
disappears because the length of the little magnets 
induced in the tape coating is so short that they 
demagnetise themselves, leaving only 

the lower frequency signals which we want Whatever 
the explanation, it works. 

The optimum value of bias to give the lowest distor
tion will vary from one make of tape to another, b.ut 
usually the best value won't be too far away from that 
which is best for other things. A minor sna� is that less 
bias is usually required to-give the lowest distortion on, 
say,a 1 OkHzsignal, than would beneededfora330Hzor 
1 kHz signal. This is shown in Fig. 4. 

It is sensible to choose the value which is best at the 
lower frequencies because the distiortion introduced in 
tape recordings is mostly third harmonic (provided that
it is not of the crossover type caused by gross under
biasing). The third harmonic of 1 OkHz is 30kHz, which 
will not be reproduced or audible anyway, whereas the 
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Fig. 5 A simple signal muting circuit. 

third harmonic of 1 kHz is 3kHz, which is near the ear's 
most sensitive region. 

A modest degree of under-biasing will lead to an 
increase in third harmonic distortion, due to the lack of 
straightness in the middle of the B-H curve. Too much 
bias will also lead to an increase in distortion since it will 
push the signal voltage swing towards the point at which 
the B-H curve flattens out, and this flattens off the tops of 
the reproduced sinewaves. 

As an aside, while we are dealing with distortion, the 
maximum recording level (usually indicated as +3 or 
+4 on the recording level meter) is generally chosen as
the value which will give3% THO using the makers' pre
ferred tape. Better tape materials will allow more output
for the same TH D.

Noise 

Noise in tape recorders comes from two different 
sources: electronic noise in the replay or microphone 
amplifiers (the record amplifier usually has a decent
sized signal to work on and shouldn't cause problems) 
and that due to the tape. 

In commercial equipment, the audio channel is nor
mally muted when the tape is at rest so the user doesn't 
hear any hiss. In modern equipment, this is done by a 
transistor switch of the kind shown in Fig. 5. This would 
be a simple addition to DIY gear. 

Tape noise is basically due to the random nature, of 
the distribution of the tiny permanent magnets (known 
as domains) throughout the tape, and has an effect 
similar to graininess in a photographic enlargement In a 
perfect world, a clean tape would consist of micro
scopicallysmall domains, uniformly distributed in such a 
manner that they all cancelled each other out 

In practice, they are large enough to generate an aud- � 
ible signal as they individually pass over the replay head r

FEATURE: Bias 
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Fig. 6 The effects of bias on the characteristics of ferric cassette tape. 

and they are random in their distribution, which means 
that there is a finite possibility that they will gather into 
clumps having a significant magnetic moment 

Sadly, the bias signal and its accompanying audio 
signal will tend to exaggerate this clumping, which 
means that the noise tends to increase with bias and also 
with audio signal. This causes what is known as modula
tion noise or'noise behind the signal', which decreases 
when the signal disappears. 

Since the recorded output from the tape increases 
with bias at lower values, the normal curve of signal-to
noise ratio shows a dip in the modulation noise curve as a 
function of bias. This rs shown in Fig. 6, where I have plot
ted the way in which the various tape characteristics 
change as the bias is altered. 

The notional mid-point on the bias graph is usually 
chosen to give the flattest practicable fequency res
ponse in cassette recorders, or the lowest TH D value in 
higher-speed reel-to-reel machines. 

Sensitivity and Maximum Output Level 
The major and most conspicuous feature of bias 

adjustment is the way in which the sensitivity changes at 
various frequencies as the bias value is increased. It 
simply is not possible to choose, in the case of cassette 
machines, a value which is best for both HF and LF 
signal components. 

Because the use of the best setting for HF would 
mean that a lot of other qualities would be a lot worse, it 
is usually accepted that HF output must be sacrificed. 
The normal practice isto chooseasettingwhich will lead 
to the replay output at 1 OkHz being 1 OdB lower than 
that at 1 kHz when both are recorded at the same 
signal level. 

The replay amplifier. equalisation characteristics are 
then adjusted to give a reasonably flat frequency res
ponse from the recorder. So, if the bias settings are 
rncorrect forthetapethat is being used, the HF response 
will either be peaky or poor depending on the direction 
of the error. 

Also, as can be seen from the graph of Fig. 6, the bias 
setting affects both the low frequency maximum output 

level (the value at which there is 3% TH D) and the high 
frequency saturation output level (the output level 
beyond which one cannot get). The inability of standard 
ferric tapes to provide high outputs at HF is probably the 
major failing of the cassette recorder as a hi-fi medium. 
Both chrome and ferro-chrome (dual layer) tapes are 
better in this respect as Fig. 7 shows, but not by a lot The 
major advantage from the use of chrome-type tapes is 
the fact the they are replayed at a 70us time-constant 
This means less replay HF boost than with ferric types 
and gives a better signal-to-noise ratio. 

Setting The Bias Level 
If our cassette recorder has a built-in facility for set

ting the optimum value of bias then there is no problem. 
Most machines don't have this facility, but it isn't difficult 
to locate the bias control and to build a small signal 
generator for use as a signal input A suitable device 
which will provide a choice of at least two spot frquen
cies is shown in Fig. 8. 

This will run from a single 9V battery, and will provide 
a stable output of about 0. 5 V RMS at a range of frequen
cies which can be chosen by the constructor. I have 
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Fig. 7 The effects of bias on the characteristics of chrome cassette tape. 

indicated appropriate component values. At least two 
such output frequencies, for example 330 Hz and 8kHz, 
are needed to give a useful set-up range, but more could 
be used by switching capacitance values if the user 
wished. 

The actual value ofTH D generated by the oscillator is 
not very important provided that is small in tape terms. 
In this circuit I have used a pair of back-to-back ger
manium diodes to provide output stabilisation in an op
amp Wien-bridge oscillator. This gives about0.5% TH D, 
and is a lot less expensive than the use of a vacuum 
envelope thermistor which would be needed were very 
low TH D values required. 

The design of the little oscillator is such that it will not 
be affected very much by AC fields, so an inexpensive 
plastic box will make an entirely suitable housing. 

If you already have a sine wave generator of reason
able quality you may not need to use the circuit shown 

FEATURE: Bias 
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your machine. To do this, record a series of test tones at 
different frequencies on each tape and then note on the 
VU meter which tape gives the most uniform response 
on playback. You could also use the VU meter to deter
mine which recording level results in the most uniform 
response on playback. 

If you do not mind finding andadjustingthe bias level 
control then you can attempt to set the machine up to 
give optimum performance with your preferred brand 
and type of tape. The most reliable way of doing this is 
probably to obtain a numberof identical blank tapes and 
to record the test tones at the beginning of each. Use a 
different bias settin� for every tape and write on it what 
that bias setting is (1f your bias control is not calibrated 
you will have to find some way of marking its positions). 
Replay the tapes and note which one gives the most 
uniform readings on the VU meter, then set the bias con-

. trol to the setting used to record that tape. 

Fig. 8 Circuit diagram of a simple spot frequency oscillator. 

here. However, it is far more convenient to be able to 
switch rapidly between frequencies rather than having 
to tune a dial and it also ensures that you always use the 
same few frequencies for each stage of the testing. 

There are several ways of using the test oscillator 
depending upon whether you wish to fiddle with the 
bias setting on your recorder or not If not, the best 
approach is to obtain a quantity of different blank tapes 
-and find out which one best suits the existing bias level of 

[� 
I"·-; 

f.-:-.-.1 

11r.::�1 

-

--- --� - --
.!!!,JI, I 1f1 � 

., • .;.cr.o 

As a final thought, it has been suggested by one 
manufacturer that different types of music have dif
ferent output spectra and will therefore require dif
ferent bias settings for optimum performance. The 
theory is that rock, pop and vocal music will be handled 
best at standard bias settings while orchestral music, 
which has its highest signal levels in the low-to-middle 
frequency range, will sound better at about 15% above 
the standard bias settins- Electronically synthesised 
music, which has a very wide sound bandwidth, will be 
handled best at about 15% below the standard bias 
level. Equipment made by the manufacturer in question 
incorporates a switch to select bias levels above and 
below a pre-set standard. 
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MICRO-
COMPUTER AIDED 
CIRCUIT DESIGN
Non-linear analysis doesn't frighten the micro. But, says Julian 
Burt, watch out for the transform scene. 

W
en we design circuits we make many simplify

ng assumptions about component behaviour. 
One major simplification is the assumption of 

linearity. We freely use Ohm's Law, E (or V) = I.R, to 
describe the operation of a resistor althou�h this implies 
complete linearity which, in practice, is impossible to 
achieve. 

There are several sources of non-linearity for even 
the simple resistor: the capacitance and inductance of 
the carbon spiral it may be made of, the effects of tem
perature and so on. Some components have particularly 
non-linear responses- for example, diodes (Fig. 1 ). The 
diode can, if biased correctly, be regarded as linear only 
for very small signal fluctuations. In general, a diode's 
response when forward biased follows an exponential 
law: 

I= 1.( eqvtKr-1), 

where I, is the reverse or saturation current, e is the base 
of natural logarithms (2.7183), q is the charge on an elec
tron (1.6 x 10 -14 coulombs), V is applied voltage, K is 
Boltzmann's constant (1.38 x 1 o-n Joules/°Kelvin and T 
is the absolute temperature in Kelvin. 

l(mA) 

Fig. 1 Typical diode characteristic. 

Suppose we wished to find the voltage across the 
diode in Fig. 2. Sincewearetalkingabouta DCsupplywe 
can make the simplifying assumptions that, eventually, 
the inductor will appear as a short circuit and the 
capacitor as an open circuit The whole circuit can be 
redrawn (Fig. 3) sothat thesupplyvoltage is shown to be 
equal to the voltage across the resistor plus the voltage 
acrossthediode(Kirchoffs Laws). The voltage across the 
resistor can be obtained from Ohm's Law sincewe know 

Fig. 2 Simple circuit for non-linear analysis. 
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-
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Fig. 3 The circuit of Fig. 2 under DC conditions. 

that the current through the resistor is equal to the 
current through the diode which, in turn, is given by the 
diode equation above. 

Alternatively, we can rearrange the diode equation to 
solve it for the voltage across the diode. In this case, we 
would find that: 

Vd
=(KT/q) loge((I/IJ+1) 

and I would be given by Ohm's Law asthesupplyvoltage 
minus the diode voltage all divided by R. 

This is a very simple circuit. Yet solving the equations 
involved is not a straightforward matter, involving, as it 
does, exponential or logarithmic expressions. Imagine 
the complexity of a circuit with several diodes or a tran
sistor or two. 

The. Numerical Solution 

There are two basic techniques for solving non-linear 
equations without resorting to the cakulation of com
plex exponentials or logarithmic expressions. The first is 
graphically, which is impractical for use on a micro-based 
system, and the second is by means of a numerical 
algorithm. 

The commonest numerical method is the Newton
Raphson method in which an initial guess at the solution 



is refined by means of a formula derived from a Taylor 
series:· 

where 
X

ll 
is the nth approximation to the solution, 

. f\X) is the equation to be solved, and 
f (X) is the first derivative of f(X). 

-This method is perfectly acceptable for single vari
able equations but becomes considerably more com
plex as more and more dependent variables are 
introduced. For instance, if we have two unknowns, X 
and Y, such that 

f,(X,Y)=O and f2(X,Y)=O and 

Xn
=Xn_,+X and Yn

=Yn_,+Y 

where X and Y are very small compared to X" and Y 

then expanding Newton's method means that we will 
have the problem of solving a partial derivative matrix 
or Jacobean. 

The Jacobean, would have to be recalculated and 
inverted for every consecutive approximation; so mak
ing solution a slow process. Newton's method con
verges to an accurate solution with surprising speed, but 
the time taken to cal cu late each Jacobean and its inverse 
is a major drawback. ., , . 

Several attempts have been made to find an alterna
tive method with a similar speed of convergence in 
which Jacobeans do not have to be explicitly calculated. 
These methods are still being developed and one of the 
most practical ways -to evolve so far is Broyden's 
method. .:.{:.' 

Broyden's meth-o"d is a streamlined version of the 
Newton-Raphson method iii which the inverted Jaco
bean which provides the successive solution to the 
approximations is not calculated. Instead, an approxi� 
mation to the inverted Jacobean is updated using 
alreadr known values of the functions involved in the
orgina equations. Also, Broyden's method incorporates 
a' damping factor' to ensure that successive approxima
tions actually do converge to the solution. Perh�ps it.s 
major advantage is that it can be described in a reason-. 
ably simple eight step algorithm. 

The Transfer Function 

The transfer function of a network is an algebraic 
expression that relates the output of the network to its 
input (Fig. 4). It is found by taking the Laplace transform 
of the impulse function,h(t). The input of the circuit or 
network is described byV;(t) in the t1me domain. Its out
put is V

0
(t). The impulse function is that function in the 

time domain which convertsV;(t) toV
0
(t). ln thesimplest 

cases the circuit might bean amplifyingblock or a poten
tial divider and h(t) would be a straightforward linear 
function. 

IMPULSE 
FUNCTION 

hit) 

1/J' 
TRANSFER 
FUNCTION 

His) 

0/P 

Fig 4 The transfer function describes the circuit behavior in the frequency 
domain and can be derived from the impulse· function of the time domain. 

FEATURE

The Laplace transform of a function, h(t), is given by 
the formula: 

F(s)= I .h(t) e-stdt 
0 

where's' is a variable describing a complex frequency, 
o+2nfj (u can be thought of as a damping factor and f 
the frequency). 

The transfer function F(s), will relate the output to 
the input of the circuit or network under investigation, 
butth1stime in the frequency domain. At first glance, this 
may seem like a long-winded and pointless technique 
for circuit analysis. Actually, Laplace transforms greatly 
reduce the mathematics involved in analysis- in simple 
ter,ns, by removing the differential equations that des
cribe a circuit in the time domain. (Also, tables of Laplace 
transforms are widely available). 

Consider the response of a capacitor and an inductor. 
For a capacitor, the time domain equation 

v(t)= (1/C) f i(t) 
' . 

becomes V(s)=(1/sC) l(s) and an inductor's V(t)= L di 
(t)/dt becomes V(s)=sll(s). We can also show how a 
transfer function, H(s), can be used to generate time 
domain response, gain and phase frequency.responses 
and the phase and group delays of a circuit 

From Time To Time 

The time domain response can be found simply by 
reversing the process of calculating the Laplace trans
form ::._ m other words, by using the inverse transform. 
The-general formula for the inverse Laplace transform is 
known as the Bromwich integral: 

f(t)=(1/,2rrj) f ��]: F(s)esids. 

Precisely because s is a comple� quantity, this integral 
can often be evaluated. by straightforward numerical 
means. In particular, if we assume that F(s) takes the form 
P(s)/Q(s) where P(s) and Q(s) are polynomials and Q(s) 
is of a degree at least one higher than P(s), then it can be 
shown that f(t) is equal to the sum of the residues, of 
F(S}est at all poles.A pole, in this context, being a value of 
s S!,JCh that F(s) E:quals infin_ity or, bearing in mind the 
ratio of polynomials above, 1t 1s one root of Q(s) or one 
actual value of s that satisfies the equation Q(s)=O. 

The residues of a function can be found in a number 
of ways. The concept itself, like poles, is actually defined 
mathematically by reference to Laurent's theorem 
which gives a way of expanding a function in the com
plex plane. If the function has simple (first-order) poles, 
p;, such that s tends towards p; for each i, then each 
residue can be found by multiplying F(S) by s-p; and 
evaluating the result as s tends towards p;. 

Since the function F(s) is assymed to be equal to 
P(s)/Q(s) and since we can rewrite Q(s) as (s-p,) (s-p2

) ••• 
(s-p"), it is possible to show by means of partial fractions 
that 

n 

F(s}= I K/(s-p;}
i=1 

where K; is the ith residue of F(s). Listing 1 will calculate 
these residues for any function with simple poles, on the 
assumption that P(s) is a similar polynomial to Q(s) giv
ing rise to zeroes, rather than poles, of F(s). (There will be 
·fewer zeroes than poles.) The routine is a direct transla
tion from FORTRAN and may seem to be rather in-• 
efficient 



Once the residues have been found it is easy to work 
�ut the inverse transform by applying the formula men
t1o�ed above. Since f(t) is equal to the sum. of the 
residues of F(s)e•1 at all poles and since est has a positive 
value at all poles, f(t) is equal to 

l: K;epit. 

Listing 2 gives the time domain response of a.circuit 
between times TSTART and TSTOP calculating the out
put of a circuit under transfer function f(t) at intervals of 
Tl NC. It is important to choose a suitable value of TI NC, 
especially for step function responses, as oscillations 
may be missed if TINC is too large. A good program 
would allow TINC to be redefined and the response 
recalculated as required. 

Delays, Delays 
The transfer function, F(s), is a complex quantity- a 

function of the complex variable s. In the first article of 
this series, we showed how the. magnitude and phase 
change represented by a complex number can be found 
through the modulus and argument of the number. By 
evaluating F(s) for different frequencies we can obtain 
a set of complex numbers which will describe a circuit's 
response. By setting s equal to 2rrfj, (ignoring the damp
ing factor), it is possible to work out the �ain and phase 
response of a circuit from F(s). Still assummg our transfer 
function has simple poles the gain or modulus of F(s) is 
equal to the product of the moduli of the zero terms (s-z;) 
divided by the product of moduli of the pole terms 
(s-pJ, all multiplied by a constant, A, the gain factor. List
ing 3 is a routine that will do the job. It will also find out 

1590 DEF PROCRESID 
1600 FOR I=1 TO M 
1610 S(1l=P<I,1l:S(2l=P<I,2l 
1620 ZM C l'l =1: ZM (2) =O 
1630 PM(1)=1:PM(2l=O 
1640 IF N=O GOTO 1700 
1650 FOR J=1 TO N 
1660 PR0Ccomplex(S(1l,S<2>,Z<I,1l,Z(I,2l,2l 
1670 · PFWCcomplex CZM(1) ,ZM(2) ,outreal ,outimag,3) 
1680 ZM<1l=outreal:ZM(2l=outimag 
1690 NEXT J 
1700 FOR J=1 TO M 
1710 IF (J-I> =O GOTO 1750 
1720 PROCcomplexlS(1),S(2l,P<J,1l,P<J,2),2l 
1730 PROCcomplexCPM(1l,PM(2l,outreal,outimag,3) 
1740 PM(1l=outreal:PM(2l=outimag 
1750 NEXT J 
1760 PROCcomplex(ZM(1),ZMC2l,PM(1l,PM<2l,4) 
1770 PROCcomplex(G,O,outreal,outimag,3) 
1780 RK<I,1l=outreal:RKCI,2)=outimag 
1790 NEXT I 
1800 ENDPROC 

Listing 1 A routine to calculate the residues of a simple pole transfer 
function (Z is the zeros array with N values, Pis the poles array with M 
values, G is the gain constant of the transfer function, and the residues 
are stored in array RIO. 

the phase shiftbysubtractingthe sum of phase contribu
tions of each pole term away from the sum of the con
tributions of each zero term. 

Listing 3, of course, requires a frequency specifica
tio�. We could plot the modulus of F(s) and its argument 
agamst2rrf on a graph to show the frequency response of 
the circuit This means that we could actually assess the 
transfer function of a circuit from a graph of its fre
quency response. 

The transfer function can also be used to calculate 
phase and group delays in a circuit If a sinusoidal input is 
applied to a network it will be found to have suffered a 

1850 DEF PROCTRESP, 
1860 PROCRESID 
1870 NO =INT(1+(TSTOP-TSTART)/TINCl 
1880 FOR I=1 TO NO 
1890 RESP C I ) =O 
1900 NEXT I 
1910 T = TSTART 
1920 FOR "I=l TO NO 
1930 FOR J=1 TO M 
1940 EPR=EXP CT*P ( 1, J) l *COS CT*.P <J, 2) l 
1950 EPI=EXP<T*P<J,lll*SIN<T*P<J,2ll 
1960 PROCcomplex(RK<J,ll,RK<J,2),EPR,EPI,3) 
1970 RESP(Il=RESP(Il+outreal 
1980 NEXT J 
1990 T=T+TINC 
2000 NEXT I 
2010 ENDPROC 

Listing 2 Routine to calculate the time domain response of a transfer 
function. (Response magnitude is stored in the array RESP with NO as the 
number of responses evaluated). 

phase change at the ouput (assuming the network is not 
purely resistive). The phase change corresponds to a 
delay in passing the signal through the network. This is 
known as phas� delay and is given by the formula: 
-arg(F(w))/w, where w is a frequency and arg(F(w)) is
the argument of F(s) at the frequency w.

Group delay is given by the similar formula:' 
-d(arg(F(w)))/dw, where we are, of course, talking·
about differentials. Calculating phase delay is clearly a
simple matter of dividing phi;lse shift as calculated above
by the frequency at which it is calculated. Group delay
could be calculated somewhat more elaborately by
means of numerical differentiation - calculating the
phase shift at two close frequencies and dividing the dif
ference between the phase shifts by the difference in
frequencies. Unfortunately, these differences must be
very s mal I for the calculation to be accurate and the com
puter (especially, a micro) introduces round-off errors
which will upset the results.

!here is a be�t�� method which involves substituting
2rrfJ for s and ut1hsmg some crafty complex arithmetic. 
The result is that group delay can be shown to be given by 
the real part of 

m 

I 1 /(s-pJ - I 1 /(S-Z;)
k=1 

with s equal to 2 rrfj. 

Listing 4 extends Listing 3 to include the computation 

1340 DEF PROCFVAL 
1350 S(1)=0:S(2)=2*PI*FR 
1360 ZMC1)=1:ZMC2)=0 
1370 PMC1)=1:PM(2)=0 
1380 IF N=O GOTO 1440 
1390 FDR 1=1 TD N 
1400 PRDCcomplex(SC1l,SC2),ZCI,1l,ZCI,2),2) 
1410 PRDCcomplex CZM(ll,ZM(2),outreal,outimag,3l 
1420 ZM(1)=outreal:ZM(2l=outimag 
1430 NEXT I 
1440 FDR 1=1 TD M 
1450 PROCcomplex<S(ll,S(2l,P<I, 11,P(I,2),2) 
1460 PR0Ccomplex(PM(1),PM(2l,outreal,outimag,3l 
1470 PMCl)=outreal:PM<2)=outimag 
1480 NEXT I 
1490 PR0Ccomplex(ZM<11,ZM(2l,PM<1l,PM(2),41 
1500 PROCphasemod(autreal,outimag) 
1510 HMOD=G*modZ 
1520 HLMOD=20*LOGCHMODl 
1530 PHl=phaseZdeg/2*PI*FR 
1540 ENDPROC 

Listing 3 Routine to calculate frequency domain gain and phase shift. (FR 
is the frequency at which responses are calculated. HMOD is the gain at 
FR, HLMOD the gain in decibels and PHI the phase at FR). 

FEATURE



1000 DEF PROCFVAL2D 

1010 ' W=FR*2*PI 
1020 5(11=0:5(21=W 
1030 ZM<11=1:ZM(21=0 
1040 PM<11=1:PM(21=0 
1050 GDC(ll=O:GDC(21=0 
1060 IF N•O GOTO 1150 

1070 FOR I=l TO N 
1080 PROCcomp I ex ( 5 <1 I , 5 ( 2 I , Z < I , 1 I , Z ( I , 2 I , 2 > 

:A=outreal:B=outimag 
1090 PROCcomplex (ZM(l),ZM(2),outreal,outimag,31 

1100 ZM(ll=outreal:ZM(21=autimag 
1110 PROCcomplex(l,O,A,B,41 

1120 PROCcomplex (GDC(ll,GDC(21,outreal,outimag,2) 
1130 GDC(ll=outreal:GDC(21=outimag 
1140 NEXT I 
1150 FOR I=l TO M 
1160 PROCc:omple,: (5(11 ,5(21 ,P<I, 11 ,P(I,2) ,21 

:A=outreal:B=outimag 
1170 PROCcomplex (PM(l),PM(2),outreal,outimag,3) 
1180 PM(l)•outreal:PM(2)=outimag 
1190 PROCcomplex(l,O,A,B,41 
1200 PROCcompl ex (GDC < 1 I, GDC (21, out real, out! mag, 1 > 
1210 GDC<l>=outreal:GDC(2)=outimag 
1220 NEXT I 
1230 PROCcomplex (ZM(11,ZM(21,PM(1),PM<2>,4> 
1240 PROCphasemod(outreal,outimag> 
1250 HMOD=G*modZ 
1260 PHI= phaseZdeg 
1270 GD=GDC(l) 

1280 PD=GD 
1290 IF FR<>O PD=PHI/�I 
1300 ENDPROC 

Listing 4 Extended version of Listing 3 giving group delay (GD) and 
phase delay (PD). (Note: all routines use routines given in first article). 

of phase and group delays. These calculations are most 
useful in analysing the real behaviourof filters and deter
mining to what exte.nt they depart from the ideal 'brick 
wall' response for both large and small frequency changes. 
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• Access any part of the diagram raP1dly by
entering an index name. e.g. TR6, RS etc., to
d1<;play a spec1f1c se<:t1on of the diagram, and
then scroll arCXJnd to any other part of the 
diagram ugng the cursor kevs. 

• Up to 128 icons rl)ay be predefined for each 

diagram, e.g. Transr;tors. resr;tors etc.. 1n full 
mode o def1n1t 1on,  up to 32 p i xe ls
horizontally by 24 vertically 

• Hard copy pnntCXJts 1n varying prnt gzes 
· up to 18 mooe O screens on an A4 9ze sheet, 
compatible with most dOt mafnx printers. 

• Many other features 1ndud1ng. selectable 
display colours. comprehensve line draw1rg 
fac1ht1es. TAB settings, etc. 

• The latest vers,on of DIAGRAM 15 mw fully 
compatible with the Marconi Tracker Ball, 
whieh allOws 'scrolling' or the screen and 
many of the ed1t1rg features to be carried 
CXJt using the tracker ball. 

• DIAGRAM 15 supplied 1n an attractive hard 
backed disc wallet with. keysmp and
comprehens,ve instruction manual. 

39 Brownlea Cardens, seven Kings. llford. 

Essex IC3 9NL � Tel 01-5991476 

MICROBOX II THE6809 SINGLEBOARDCOMPUTERTHATYOUBUILDYOURS ELF 

I 

SYSTEM EXPANSION BUS 

BATIERY BACKED REAL-TIME 
CLOCK/CALENDAR 

128KBYTES SHARED MEMORY 
RAMDISC 

HIGH SPEED SILICON DISC 
ACTS LIKE A STANDARD 
'FLEX' DISC 

ALPHANUMERIC DISPLAY 
108 x 24 CHARACTER 
FORMAT. 

USER DEFINABLE 
CHARACTERS. 

STANDARD VDU 
CONTROL FUNCTIONS 

EXTREMELY FAST, VERY HIGH RESOLUTION GRAPHICS 
768 x 576 MONOCHROME DISPLAY 
HARDWARE VECTOR GENERATION BY ADVANCED NEC7220 
DEVICE. LINE, POINT, ARC, PATIERN, TEXT, AREA FILL ETC. 

*NOTE: MICROBOX II WILL BOOT 'FLEX' FROM

ANY STANDARD SYSTEM DISC.

PRINTER SERIAL PORT SERIAL PORT · 
PORT 

· 

POWERFUL 68B09E 8/16 BIT 
MICROPROCESSOR 

SYSTEM SUPPORT MONITOR 
(8KBYTES) containing: 

DISC AND INPUT/OUTPUT DRIVERS 
GRAPHIC PRIMATIVES 
TERMINAL EM ULA TOR 
UTILITY AND DIAGNOSTICS 
"FLEX" BOOT AND CONFIGURE 

60KBYTES USER MEMORY 

FLOPPY DISC INTERFACE 
SUPPORTS SINGLE OR DUAL, 
40/80 TRACK, SINGLE OR 
DOUBLE DENSITY DISC DRIVES 

EPROM DISC (AND PROGRAMMER) 
HIGH SPEED READ ONLY SILICON Disc· 
ACTS LIKE A STANDARD 'FLEX' DISC 
PROVIDES 'INSTANT' SOFTWARE 

BARE PCB'sAND DOCUMENTATION 

+ SYSTEM SUPPORT MONITOR

Ex VAT 

+ SYSTEM UTILITIES DISC-£95.00

FLEX + EDITOR + ASSEMBLER £75.00

2 ST. STEPHEN'S ROAD • CHELTENHAM • GLOUCESTERSHIRE GL51 SAA 
Telephone: Cheltenham (0242) 510525 
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LOW COST C.A.D . 
"ATTENTION . ALL ELECTRONICS CIR CUIT 

DE-SiGNER SII" 
IBM PC (and compatlblei) ti-SC MODEL B, B+ and 

MASTER , AMSTRAD CPC and SPECTRUM 48K 
ANALYSER I and II compute the A.C. FREQUENCY RESPONSE of linear (analogue) circuits 
GAIN and PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE and GROUP DELAY (except 
Spectrum version) are calculated over any frequency range required. The programs are in use 
regularly for frequencies between 0.1HZ to 1.2GH-z. The effects on performance of MODI FICA-, 
TIONS to both circuit and component values can be speedily evaluat�. 
Circuits containing any combination of RESISTORS, CAPACITORS, INDUCTORS. TRANS-
FORMERS, BIPOLAR AND FIELD EFFECT TRANSISTORS and OPERATIONAL AMPLIFIERS 
can be simulated - up to 60 nodes and 180 components (IBM version). 
Ideal for the ana�is of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO AMPLIFIERS, 
LOUDSPEAKER ROSS-OVER NElWORKS, WIDE-BAND AMPLIFIERS, TUNED R.F. 
AMPLIFIERS, AERIAL MATCHING NETWORKS, TV I.F. AND CHROMA FILTER CIRCUITS; 
LINEAR INTEGRATED CIRCUITS etc. STABILITY CR.ITERIA AND OSCILLATOR CIRCUITS 
can'be evaluated by "breaking the loop". 
Check out your new designs in minutes rather than days. 
Used by INDUSTRIAL, GOVERNMENT, and UNIVERSITY R & D DEPARTMENTS worldwide. 
IDEAL FOR TRAINING COURSES. VERY EASY TO USE. Prices from £20-£195. 

"LOW COST COM PUTER DRAUGHTING" 
ON THE BBC MODEL B, B+ 

"DRAWER" enables quality drawings to be created, and·modHied, quickly, easily and with 
the minimum of hardware. All of the major program elements are written in machine code 
giving exceptional speed of operation. 

FEATURES 
• Rubber Banding for drawing lines. 

• 
--- ···· ·· ·-·

• Solid or Dotted line types. 
• Circles, Arcs and partial or complete Ellipses. 

r"'4 • Vertical or Horizontal Text. 
• Pan and Zoom. 

IJ 
• Merging of drawings and library symbols from 

disc. 
'" Up to 20,000 lines on a drawing. E • Snap to a user defined grid. 

[I ..... '·" 
• Absolute or Relative cursor co--ordlnates 1-u'-" 

displayed on screen. -,� .1:.U.!..' � • Input from analogue joystick, mouse or 
trackerball. �:::;;::::"1�1;;::: ..... �.1·::n.1": p; • Output to standard dot matrix printer. 

• Prices from £45 - ex VAT. 
Minimum Hardware Required:- BBC Model B. Single or Dual 5.25" Disc Drive - 40 or 80 
track. T.V. or Monitor. Games Joystick, Mouse or Trackerball. Dot Matrix Printer (Epson 80 
series or Epson compatible - BBC default model). 

FULL AFTER SALES SERVICE with TELEPHONE QUERY 
HOT LINE and FREE update service. 

for illustrated leaflets and ordering information please contact:-
NUMBER ONE SYSTEMS LIMITED (REF ETY) 

Crown Street, Sl Ives, Huntingdon, Cambs PE17 4EB 
Tet 0480 61778;' 

Ll·GHTING 

THEATRE - BAND - DISC - CLUB 
At MJL we supply a range of stage lighting 
equipment within everyones budget. With 
world wide sales we have the backing and 
expertise to deliver just the system you need to 
'Light Up' that Play, Gig or Dance Floor, from 
Basic 6 channel dimming to 30 channel rock 
mixing desks. So if you are a lighting engineer, 
stage manager or rig technician, or simply an 
amateur Drama group, we're the Professionals. 

FOR FREE COLOUR BROCHURES 

Write to: 

MJL (International) LTD. 
45 Wortley Rd., W. Croydon, 

Surrey, u .. K. CRO 3EB 
or Phone: 

01-689 4138

[05448) 557 

Be sure to ask for our 
various catalogues. 

Just starting to refurbish 

CCTV Cameras, and 

Monitors, Ask For Details. We have a full range of 
products including: 

1-Discrete listening
devices

2-Plugs/ sockets/
connectors/leads

3-Television accessories
4--Security products
5-Computer products
6-NEC cased and

uncased monitors

First Come First Serve, 

these are very popular 

items and won't last 

long. 

CCTV camera at 
attractive prices 

t---c:-----:-:-,:-:---::---,-,,-----,c:-----,-....,..,--,--,.,,..,,....,...,--1 
II you would llke all our catalogues - Please send a 38p 9 x 12 S.A.E. 

THERE'S ALWAYS A SPECIAL DEAL 

FOR YOU AT CROFTON 

This 9 inch metal cased, mono
chrome monitor offers you the 
chance to obtain a high quality 
product at a budget price! 

SPECIAL OFFERS 
BRAND NEW professional board and green 
tube to make 12" T.T.L./comp open home 
monitor. ONLY£30 + VAT and carriage. ZX81 
Full sized keyboard in metal case £13.80. 
COMPUTER DESKS £20. 

'If we haven't listed what you are 
looking for, please ask, we probably 

PHILIPS BM7502 
Also In stock: PHILIPS BM7522 

PHILIPS CT2007 

Phone tor todays best price 

have it in stock. 

CROFTON ELECTRONICS 
KINGSHILi., NEXTEND, L YONSHALL, 
Nr KINGTON, HEREFORDSHIRE HRS 3HZ 



HARDWARE
DESIGN

CONCEPTS
Mike Barwise continues his series on the general considerations 
brought to bear on peripheral design with some particular thoughts ...

L 
ast month, we introduced some of the central ideas
in the field of buffer design. Now it's time to turn 
our attention to an actual type of circuit This 

implementation requirestwopointerstoasinglestorage 
array. One pointer is used for storing data from the host, 
and the other is used for writing data to the printer. 
Whereas in our first buffer the array had a finite start and 
end, we now allow the buffer to wrap around, so that the 
next byte loaded after the highest RAM address is the 
lowest again. 

A good analogy to the mechanism is that of a clock 
face with two independent hands (Fig. 1). The array 
addresses are distributed clockwise around the face. 
One hand points to the current storage location to be 
written to from the host (loaded), and the other hand 
points to the current location to read out to the printer 
(unloaded). This clock is like the Kiddie Clock used in 
infant school to teach ti me of day, with one major excep
tion: neither hand is ever allowed to overtake the other. 
If either hand catches up with the other, it must wait until 
it has been left behind again before advancing further. 

T�e buffer in Fig. 1 is 12 Kbytes in length, and curren
tly contains about BK of valid data 

This is like the Kiddie Clock used in 
infant school, with one major exception: 
neither hand is ever allowed to overtake 
the other.

In the operational direction (notional clockwise) the 
storage pointer will always be in advance of the output 
pointer. In the special case when there are no characters 
to pass on fo the printer, the input/output pointer dif
ference will be one byte, otherwise it is the actual num
ber of bytes waiting for pass-on plus one. This difference 
is the crucial factor: the absolute value of either pointer 
is practically immaterial, .so long as the buffer can wrap 
around and the pointers are preserved when transferring 
control between read and write operations. 

· The resulting device is a software semi-synchronous
FIFO. Transfers from the host are requested asyn
chronously, and synchronized by the buffer CPU's 
interrupt to its internal operations. 

If the buffer has free space, a READY flag is· presented 
to the host, indicating that  data maybe passed to the 
buf-

fer. At this time the buffer will be either sending charac
ters to the printer, updating its output flag as it goes, or 
idling with no characters to send and an output pointer 
difference of one. 

Writing a byte into the host interface port causes an 
interrupt to the buffer CPU. This cancels the READY flag, 
stops idling or sending to the printer, and saves its
current output pointer. The character is read from the 
host interface, and stored according to the current value 
of the storage pointer, which is then updated and saved. 
The output pointer is restored before return from the 
interrupt 

Fig. 1 The Kiddie Clock analogy. 

On return from the interrupt, the input/output poin
ter difference must be greater than one, as a character 
has been loaded into the buffer. The output routine 
therefore sends characters to the printer until either the 
input/output pointer difference is one again, or another 
interrupt occurs, whichever happens first 

I f at any time the buffer is almost full, the READY flag 
is cancelled until the buffer is free to acquire more data 
It is important that the flag is cancelled while there is still 
room for several characters, to cover any potential con-� 
fusion at the interface due to the asynchronicity of the,. 
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host and buffer processors. It is also a good idea to allow 
the buffer. to partially empty before re-allowing the 
READY flag. Typical parameters for this hysteresis are: 
almost full with the greater of 16 bytes or 1/256 of the 
buffer size to spare, and half full (half empty if you're 
pessimistic) before re-allowing the READY flag. The 
capacity point at which the buffer starts accepting 
characters again is worth experimenting with: the 
greater the hysteresis, the less efficient the buffer, but 
fhere must be sufficient to pr�vent it acting as a single 
character drop-through port, as a bursttransferof several 
bytes is more efficientforthe hostthan one character at a 
time. 

Buffer Ports - Input And Output 
Now for the buffer's ports to the outside world. 

Forget about peripheral interface chips - we will use 
�ood old-fashioned TIL (or CMOS!). This is not just pre
judice: the job to be done is very simple, and for practical 
purposes requires no modifications when changing mat
mg equipment If programm.able interfaces were used, 
timings and sequences of operations would have to 
be performed by software, which is feasible but 
unnecessary. 

The commonest printer interface is the Centronics 
parallel standard, and this is the interface I have chosen 
for our printer buffer. Readers with serial printers could 
append a parallel to serial converter to the output of 
the buffer. 

The Centronics interface· uses a minimurrLQf eight 
data lines and three control lines: data strobe (STB), ack
nowledge (ACK) and BUSY. Optional lines can provide 
detailed information on printer function status (for 
example, paper end) but we will ignore these, as they are 
rarely implemented on home micros, and they only 
define BUSY status in more detail. 

Forget about peripheral interface chips - 
we will use good old fashioned TTL.

Data strobe, STB, is a negative-going pulse supplied 
by the host computer to the printer or buffer to indicate 
that anew data byte has been loaded into its printer port 
data register (PPDR). Acknowledge, ACK, is a negative
going pulse supplied by the printer or buffer to the host 
computer to indicate that it is finished with the data byte 
in the PPDR, and the host computer is allowed to supply 
the next byte. BUSYisan activehigh state line which indi
cates that the printer or buffer is not reagy_for the next 
data byte yet BUSYiA�hfromjust afterSTB until either
just before or during , and under certain fault condi
tions (for example, no paper, off line). The host com
puter must only supply data while BUSY is low. 

There are two modes of operation usin� these three 
control lines: busy poll, where ACK can be ignored, and 
handshake, where the printer can be supplied by the 
host micro with data under interrupt _ 

In busy poll mode, the host generates a STB after 
loading its PPDR with a byte. lt then sets up a loop which 
repeatedly checks BUSY until it goes low.At thrs time itis 
assumed that the printer is free for the next character. 
This is a very common mode of operation on the earlier 
home micros which are not interrupt driven. 

In handshake mode, there are two methods of con
trol. The most interesting is the use of the ACK to 
generate an interrupt to the host The service routine 
aoes a quick check of BUSY (not polling, but just'are we 
busy now?') and, if not busy, supplies the next character 
to the printer. Other tasks can be carried on in the 

foreground subject to suitable host software, but it 
should be noted that the firsJ character of a P.rintingjob 
cannot be supplied under iriterruRt, as the ACK which 
causes the interrupt is a reply to a STB. 

The alternative method of operation in handshake
mode is to use STB and ACK to tog�lea hardwareflip-flop 
in opposite directions, and to poll its output as a pseudo
BUSY signal. 

Figure 2 is a diagram of representative timing rela
tionships for the Centronics interface. The stated minima 
and maxima are approximate, but the interface should 
function normally in most cases if they are adhered to. A 
safety margin of s�y 50% applied to all timings should 
guarantee operation without problems. 

The buffer input interface (Fig. 3) consists of a data 
register (74LS374) and a control flip-flop. It is advan
tageous to use an edge triggered flip-flop to improve the 
sequential timing of the interface. As edge triggered flip
flops are not readily available, a D-type (7 4 LS? 4) is used 
in conjunction with a monostable (74LS221). 

In normal operation, them from the host micro 
trips the monostable (IC2a) which generates a negative 
going pulse. As soon as this is low, the D-type (IC3a) is 
reset, taking its Q output hi_gh to indicate BUSY to the 
host Simultanteously , the Q output of IC3a drives the 
interrupt line of the buffer microprocesor. 
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Fig. 2 Centronics interface timings and pin-out. 

When the monostable pulse ends, its rising edge 
clocks the data on the interface cable into the buffer data 
register (BDR-IC1). The duration of the monostable 
pulse guarantees that data are stable at the BDR, allow
mg for the propagation delays of the host PPDR and the 
Centronics cable, but is less than the interrurt service
time of the buffer processor read routine. I the pro
cessor is very fast, it maybe necessary to introduce a wait 
at the start of the interrupt service routine: either an 
absolute wait or a poll of a register bit driven by the out
put of IC2a 

Either way, when you know the BDR holds a valid 
byte, it is read and sto_red by the buffer processor as 
discussed rreviously. When all housekeeping is finished,
any WRIT to DECODE 1 causes a negative-going pulse 
which clocks the D-type (I C3a) back to its previous state 
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cancelling BUSY, and simultaneAcky trips the mono
stable (IC2 b) which generates an to the host micro. 
The buffer software can then return to its previous task of 
outputtlng characters to the printer. 

The output port of the buffer is shown in Fig. 4. There 
is considerable freedom in the design of this port, 
depending on the mode of operation you can decide to 
use. The primary invariable 1s the data output register 
(DOR-IC4) and the STB generator (IC5a, b). 

Data are latched into the DOR on the trailing (rising) 
edge of the write cycle of your software STORE instruc
tion - DECODE 2. The same rising edge trips the first 
monostable (IC5a) which provides a delay dictated by 
the Centronics protocol (Fig. 2, D). The trailing edge of 
this pulse trips the second monostable (IC5b) which 
generates the STB signal to the printer. 

A read status port (IC6) reflects the state of the Cen
tronics BUSY line to the buffer processor, and (option-
ally) a flip-flop (IC3b) similar to the input port flip-f

�Y).may be used to generate a second signal (NOT READ ,
toggled by the write to the DOR and the CentronicsA K. 
Both signals must be low to allow data transfer. 

Note the inverse sense of the D-type operation: it is 
RESET b·:e�e leading signal (5TB), and SETbythe trailing
signal (A ). This is to allowthegeneral RESET line of the 
buffer microsystem to clear the ports toa READY state on 
initialisation without using extra logic gates, by using the 
D-type PRESET inputs.

Of course you could use compatible CMOS logic
throughout instead of the suggested TTL 

Use Of Interrupts 
I do not recommend trying to run both input and out

put of the buffer under interrupt The critical data direc
tion (input) should be run under interrupt, and the 
output to the printer should be under polled transfer. 

Fig. 3 Centronics iriterface input port. 
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The reduction in the output rate as a result of this will 
scarcely be noticed. 

When the buffer is temporarily full, the buffer micro 
simply returns from interrupt without writing to the ACK 
generatorof the input port As soon as the buffer has free 
s�ce, the foreground output program can generate the ·
A K, thus resetting BUSY. 

It will be necessary to control the interrupt masks in 
addition if you use a maskable interr�t which is level
sensitive (for example, the 6502 IR signal), as the 
interrY.Q!_line will remain low for the whole period bet
ween STB resetting IC3a and ACK clocking 1t again. 

If the processor is very fast it may 
be necessary to introduce a wait at 
the start of the interrupt service 
routine.

Alternatively, it is quite feasible to use an edge 
triggered interrupt (for example, the 6502 NM1 signal), 
so long as it is pointed at a null routine durin� initialisa
tion and extended BUSY periods, as a precaution against 
noise triggered false interrupts. 

The third option is to stay with a maskable level 
triggered interrupt, and interpose a 1 Oµs monostable, 
edge triggered by the output of IC3a This will provide a 
long enough low pulse to register as a valid interupt, but 
will then lock out further interrupts until ACK has 
occurred. 

Next on my list is stand-alone arithmetic processing. 
This covers both straight maths and data encryption/ 
decription. Quite a lot has appeared in ET/ recently on 
this last, so you might like to refresh your memory (if it's 
dynamic!) in time for next month. 

Fig. 4 Centronics interface output port. 
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LOW COST 
FRAMESTORE
Want to grab some of the action. Need a frozen frame for the 
hot weather. Dan Ogilvie of Oggitronics has the wherewithal -
an affordable video frame store with all the trimmings allowing 
storage and processing of medium resolution images.

0 ver the next few issues of
ETI we will cover the. 
design and construction of 

an affordabfe video framestore 
that can capture and process 
video images, whether they be 
from cameras, video tape recor
ders or broadcast in real time. A 
full kit of parts will be available for 
the construction of the PCB, or the 
plated through hole PCB can be 
purchased alone for those wishing 
to make their own way. A cased, 
tested and complete framestore is 
also available for those whose feet 
tend to be level with their head for 
the greater proportion of the time. 

The techniques of interfacing 
the framestore to a micro
processor will be explained by 
means of_ an example in the form 
of an add-on RS232 interface 
which provides a comprehensive, 
albeit slow, access to the store. 
Again a kit of parts and PCB will be 
made available. Finally some 
EPROMs will be available with 
some simple and not so simple 
image processing algorithms in 
them to run on the M_PU.board. 

Decision Time 

At the outset, some decisions 
had to be made as to how much 
memory and what type to use, 
what resolution is satisfactory and 
affordable and, generally, what to 
include and what to leave out of 
the specification. To appreciate 
the decisions that were made, it's 
useful to have some idea what the 
incoming video looks like. 

Video is sent as a sequence of 
lines of information, each one 
slightly below the previous one 
and each lastin� 64 microseconds, 
of which 52 µ.s 1s visible. The other 
12µ.s is time used to get the trace 
back to the beginning of the next 
line. 

In all, 625 lines are sent'to 
describe the complete image. 
They are sent in two goes, 3121/2 
each time, the half ensuring the 
second lot lie in between, or 
'interlace' with, the first lot Each 
lot is called a field, 3121/2 lines of 
64µ.s each; lasting a total of 20ms. 
The two fields together are called 
a frame. About 575 of the 625 
lines are visible, the others being 
blanked during flyback, when the 
spot gets back to the beginning of 
a field. 

Figure 1 illustrates what the 
composite video signal looks like. 
There are two obvious parts to it 
The first is down the bottom of the 
signal (about 0.3 V of it usually) 
and is the synchronizing 
information. 

This consists of 4 µ.s pulses to 
mark the beginning of each line 
and longer pulses to mark the 
beginning of each field. Within the 
field pulse is information which 

enables us to determine which 
field is which within a frame. 

Although a monochrome signal 
would not have it, I've shown 
where the colour burst pops up. 
This performs the same job as the 
line and field syncs for the colour 
decoder .On top of the sync 
signals and about 0.7V in 
amplitude is the video itself. 
Where the syncs stop and the 
video starts (on the back porch) is 
defined as black. As the video 
signal approaches 0.7V, it would 
appear progressively whiter. 

· Memories

To store one video image, we
are going to break it up into little 
packets (pixels), which represent 
the brightness of the image at each 
point on a notional screen and 
hold them in a digital memory. The 
more pixels there are in memory, 
the better the reconstituted image 
will look. 
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Fig. 1 The video signal. 
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To make full use of memory 
ICs, we must choose the number 
of pixels to be stored with care. 
Nearly all memories store 2n bits 
of information. We could store 
575 x Y2, or 287Y2 lines per field. 
The nearest power of 2, gives 256 
(28) lines. No real problem here,
64 µ.s are available to store each
line and this is plenty of time for
modern RAMs.

How many pixels per line 
should be stored? Well what about 
256 again? Sounds reasonable, 
doesn't it? This means that one 
image will be composed of 256 x 
256, or 64K, pixels. The pixels will 
require a certain number of bits to 
represent brightness levels, all of 
which means a fair amount of 
memory which could turn out 
quite expensive. Cost indicates 
dynamic RAM.

What should the access time of 
the RAM be? To make full use of 
the RAM, we should only store 
what is known as the active period 
of the line, the 52 µ.s that doesn't 
comprise fly back. So each pixel is 
52/256 µ.s or 203ns wide. Let's call 
it 200ns and use a 5MHz sample 
clock - nice round numbers. 

Just a small snag here though -
200ns is too fast for dynamic RAM.
The popular 64Kx1, 150ns DRAM 
actually requires 260ns to access 
it, allowing time between accesses 
for the DRAM to settle down a lit
tle (the precharge tim.e). One way 
around this is to store two 
successive pixels temporarily in a 
register and then present them to 
two dynamic RAMs (one for each 
pixel). Now 400ns are available for 
storage, which is plenty, and the 
slight increase in hardware com- 
plexity is negligible. 

As far as accuracy is concerned, 
one factor overrides all. As I only 
have 200ns to convert a signal 
level video into a binary number, a 
parallel or flash converter must be 
used. Until recently, a 4 bit (16- 
level) flash converter could cost 
£40 or so - the 6-bit (64-level) 
device being over £100. To our 
rescue comes STC' s recently 
introduced 8-bit combined ADC 
and DAC in a single package cost
ing about £40 complete. The IC 
will be looked at in more detail 
next month - suffice to say that 
the price is a result of plastic pac
kaging and anticipated high 
volume production for television 
and video equipment 

Unfortunately, to use more 
than four bits the amount of 
hardware (including memory) 
would have to be 'doubled, most 
TTL I Cs being four or eight bits 

The framestore showing an untreated image. 

wide. To keep costs down. It was 
decided to use four bits with an 
option to expand this later. 

Although we' re only using four
bits, since two RAMs are required 
for each storage operation we still 
need eight RAMs altogether. Hav
ing settleq on DRAM and having 
400ns av�1lable for an access, it 
was decided to use a read-modify. 
write cycle instead of a conven
tional read or write cycle. 

By delaying the application of 
the write pulse, the DRAM will 
assume it is in a read cycle and will 
present the information at its Q 
outputs - that is, at the address 
requested. We take this informa
tion and display it We also send it 
to an arithmetic processor which 
has access to the data waiting to 
be written into memory. The out
put of the arithmetic unit is then 
presented to the D inputs of the 
DRAM after any required process -
ing. This enables the frame store to 
do things like add or subtract pre
vious and present information 
before writing it into RAM. 

Another simple benefit is that 
an image is still displayed even if 
continuously writing into the store. 
To do this with static RAM would 
require a read followed by a write 
cycle: 300ns in total, which is too 
long. A read-modify-write cycle for 
DRAM takes only 25ns longer than 
a conventional read or write cycle. 
Also, 8Kx8 static RAM (the most 
cost effective at the moment) uses 
common 1/0 pins so that the read 

information must be latched and 
held for the arithmetic logic unit 
(ALU) - which means more 
hardware. 

In the actual circuit (Fig. 2), the 
hardware to interface to DRAM 
allows a simple upgrade to 256Kx1. 
memories (by adding one address 
like) which enables up to eight, 
fields to be stored. Also, since the 
contents of the DRAMs are being 
read all the time, the stored image 
is always viewable and the DRAMs 
can be refreshed automatically in 
the read-modify-write cycle as 
long as the address Rresent when 
row address strobe (RAS) goes low 
is the lowest order byte of the full 
address. This changes 128 times a 
line or 256 times every 128 
microseconds. 

The DRAMs are not accessed 
during the flyback period when 
nothing is being stored. This repre
sents 312%-256 = 56.5 lines 
per field or 56.5 x 64µ.s, which is 
3.616ms. This is the longest time 
the DRAMs are required to hold 
data without refresh. This is too 
long for some DRAMs which 
require 128 cycle refresh every 
2ms. DRAMs which only need a 
256 cycle refresh every 4ms 
present no need to worry about 
refresh at all. The last row to be 
refreshed will have to wait 
3.616ms plus 128µ.s, or 3.744ms, 
which is fine. 

However, 2ms DRAMs will pro-
bably work if used at room tern- � 
perature or thereabouts so that r
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the tiny capacitors used to hold 
the charge representing a one or 
zero bit ao not discharge quickly. 
If you already have eight 2ms 
RAMs (Hitachi, Motorola or 
Toshiba, for instance) socket them 
and try them out If you are buying 
RAMs from scratch, get Texas or 
Samsung or any other 4ms 
devices. The kit will supply the 
correct RAMs. 

Just A Wee DRAM 
Those who are familiar with 

DRAMs may skip this bit (as it Is 
the last section this month, this 
has distinct attractions). To save 
on packaging, 64Kx1 DRAMs 
receive the 16 address bits 
required to select one of 65_536 
(216) locations as two bytes into
the RAM. A write enable pin, two 
supply pins (watch out- they're 
the opposite way round to 
everything else on this earth!) and
separate data in and out pins (D 
and Q) mean we can fit a 64 Kx1 
RAM into a 16 pin package. Pin 
one is unused (a little lie here, . 
since it can be used for an auto 
refresh function) and allows a 
simple fourfold expansion to 
256K. 

To access the DRAM, the first 
(and fower) eight bits are set up 
and RAS is taken low (see Fig. 4). 
This initiates the cycle and latches 
the first address byte. After the 
RAS address hold time, the 
address is changed, by the LO line 
here, and LAS taken low to latch . 
the high order byte. After the CA5 
address hold time (45ns), we no 
longer need to hold the address 
steady and can do with it as 
we will. CAS also turns on the data 
�ut drivers. Some 150ns after

or 1 OOns after CAS, whichever 
is the later, valid data appears on 
Q, representing the information at 
the location latched in. This is sent 
to the ALU and some function per
formed to combine it and the 
incoming converted ADC data 
The output of the ALU is then sent 
to the data input of the RAM. 

If the RAM is to be read as in a 
normal display access cycle, the 
output data is just latched so it is 
ready for the digital-to-analogue 
converter. The access..9'.'.fle is then 
terminated by taking RAS and CAS 
high. The RAM may now no longer 
be accessed until the precharge 
time has elapsed (1 OOns). During 
this time the data that was read is 
automatically written back into the 
location from wherever it was 
destructively read. Hence the lack 
of an additional refresh 

+svn--------------------------

PIN 14 PIN 16 

PIN 7 PIN 8 100n PIN 8 100n ICl,11 PIN 20 IC2,12,18. 
13.14, IC17,26, 19,20,24, IC22 IC23 IC3-10 15,16, 27,43 29.30,32, PIN 1 PIN 4 PIN 16 21,25 PIN 10 40,43 
PIN 7 PIN 8 

OV 
100n 100n 100n 100n 100n 100n 

Fig. 3 Power connections to the logic section. 

requirement 
Should we wish to write new 

information in to the RAM, once 
the ALU had valid data we need 
only take write (\N) low for at least 
45ns to write new data in on its 
falling edge. The cycle terminates 
as before. 

Inside the framestore. 

YO I 
sons-. 

Yl 

10MHz CLOCK 

LO (MUX 
�OOE·�----� 

Y2 Y3 

Next month we'll deal with the 
ADCIDAC circuit and complete 
the description of the framestore. 
The parts list, buylines and details 
of where to purchase the kit will 
then be covered, a/on� with con
struction and connection details. 

Y4 YS Y6 Y7 

,
CAS ADDRESS VALID An 

CAS ACCESS TIME= lOOnS 

OOUT (01
1----------------JI" 

SHIFT/LOAD 
�------------' 

OUTPUT 
DATA CLOCK 1---------' 

WRITE 

INPUT DATA 
CLOCK 

Fig. 4 Dynamic RAM timing diagram. 

ARITHMETIC TIME �sons 
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HOW IT WORKS

The master oscillator is formed from 
two TTLinverters (IC15b, c - Fig 2) and 
a 10MHz crystal O<TAL 1). (An option 
is also provided to feed in an exte�nal 
dock signaD. This is fed via two further 
delay gates (IC15 a, d) and a binary 
counter (IC29) to the select inputs of a 
3-to-8 mulitplexer (IOO). The outputs
from this consist of a series of negative
going pulses in order from YO to Y7
repeating continuously. These pulses
are used to set and reset the four RS 
latches of IC24. The outputs from
these form the RAS and CAS signals for
the DRAMs and the multiplexing
signals for the output data and the 
addresses. 

The 2.5MHz from IC29 clocks IC22, 
the sync pulse generator. This chip 
(actually designed to produce test pat
terns) generates a mixed ;ync and 
mixed blank signal. In external sync 
mode these signals are generated from 
the incoming video signal. The mixed 
sync output is fed directly to the out
put mixer stage and is also buffered by 
Q1 to provide a 75 R drive to the sync 
input of a camera if required. The 
mixed blank output is fed via an inver
ter and differentiating network (IC2 
and associated components) to IC13, 
pin 1. This resets the flip-flop at the 
end of the blanking period of every line 
(start of the display period or active 
line period), enabling the pixel counter 
IC1. 

IC1 counts the Y7 pulses from 100 
until 128 have elapsed whereupon the 
Q4 ouptut on pin 8 goes high, clock
ing IC13, pin 32, and resetting the 
counter. Only 128 addresses are coun
ted because two pixels are stored in 
each location. 

The mixed blank output of IC22 is 
integrated and level detected in a com
parator, IC23. This detects the field 
pulses . in the mixed blank output.
Similarly this pulse is differentiated, 
dears IC13, pin 13 and enables the 
counter IC11. When 256 lines have 
been counted the Q4 output on IC11, 
pin 8, returns low and clocks pin 11 of 
IC13 via IC21d. This resets the line 

counter. 
The outputs of the line and pixel 

counters are presented to IC2 and 
IC12, which are 2-to-1 multiplexers. 
The select signal on pin 1 of the two 
multiplexers presents the lower 
address bits for latching into the 
DRAMS with RAS and then switches 
them over to present the remainder of 
the address for latching by CAS. The 
upper address bit is used to select one. 
of the two halves of the DRAM, allow
ing two images to be stored. The mul
tiplexed address lines drive the 
DRAMs, IC3�10, via 33R resistors; 
These help to prevent damaging nega
tive overshoot of the address and con
trol lines caused by the steep edges 
and high capacitance of the DRAM 
inputs. Pin 15 of ICs 2 and 12 allow the 
addresses to be tri-stated. The m, 
CAS and W inputs of the DRAM can 
also be tri-stated via IC25. This allows 
external memory access. ICs 3 to 6 
store the 4 bits of one pixel, and ICs 7 
to 10 store the 4 bits·of the adacent 
pixel. 

The data from the DRAM is clocked 
into a 4-bit wide parallel in, serial out 
shift register formed by latch IC17 and 
the 2-to-1 multiplexer IC18. The shifV 
load signal is provided by pin 13, IC24. 
In the latter part of the. DRAM cyde 
the multiplexer selects the data from 
the DRAM and the clock pulse latches 
in both pixels of data. The multiplexer 
then connects IC17 as two 4-bit wide 
latches, clocking the two pixels out 
sequentially to the DAC whilst the RAM 
is accessing the next two pixels of 
information. 

The data from the ADC is clocked 
into 103. Two sequential pixels are 
stored before being presented to the 
DRAM. The data may be passed from 
103 unmodified via multiplexers IC19 
and IC20. This occurs if the NORM 
input of the function switch is groun
ded (pin 1 of the multiplexers). Alter
natively the data from 103 is 
presented to two arithmetic logic 
units (ALUs), IC26 and IC27, each 

operating on one pixel of the latched 
data. The other input to the ALU is 
from the appropriate RAM chip's 
output. 

A read-modify-write cycle is used 
by the DRAMs. This allows them to 
present the · previous stored data 
before rewriting occurs. The output 
data from the RAMs is presented to the 
ALUs together with the corresponding
new-incoming data. The output from 
the ALU is sent to the RAM via IC19 
and IC20. The function of the ALU is 
selected by 102. This chip provides a 
3-bit binary code in response to
grounding one of its eight inputs. The
'unmodified/ALU' select line and the
ALU function can be tri-stated if
required to allow external control.

The write signal to the RAM is 
derived from 100. The load switch is 
debounced by IC14 and the leading 
edge of the pulse is latched into one 
half of 101. The Q output of this is 
sent to the D input of the second half 
which is clocked by field pulses from 
IC23. An integral number of fields is 
therefore always stored, although no 
distinction between first and second 
field is made, either being stored. The 
load enable output gates pulses from 
100, pin 9, which are sent to the RAM 
via tri-state buffer, IC25b, and a damp
ing resistor. An external load input can 
be provided by momentarily grounding 
pin 4 of 101. Holding this pin low con
tinuously loads new data into the RAM 
so that the TV monitor shows a 
digitized live image. 

IC28 synchronizes external 
accesses to the RAM by, for example, 
an MP U, ensuring no conflict with the 
precharge or other critical timings. No 
refresh is provided for the DRAMs. By · 
presenting the least significant address 
lines to the RAMs o·n the RAS clock 
edge, reading the RAMs ensures that 
all 256 cycles are refreshed within the 
4ms requirement. Incidentally, IC22 
also provides crosshatch, dot and 
greyscale outputs that can be used in 
setting up the framestore or monitor.. 

Send for full 
details or come 

to our Showroom 
and see the 

units on 
demonstration. 

Monday to Friday 
9amto5pm 

CloHd Wednnday 
Saturday 9am to 1pm 

PROJECT: Frames tore 



THE ETI MAINS 
CONDITIONER 
Paul Chappell gets your mains supply into trim. 

T 
he domestic mains supply in
this country bears about as 
much relationship to a 240V 

sine wave as the Sinclair CS does 
to a motor car. Transient spikes of 
200Vor more above the'peak 
mains voltage are common, and RF 
noise is present in copious 
quantities, both of which can 
degrade the performance of 
sensitive electronic equipment 
Hi-fi enthusiasts will be familiar 
with the effects, which range from 
the obvious and annoying cracks 
and pops to more subtle effects 
- a general feeling that the sound
reproduction is not quite as
perfect as it could be. As for
computers, there is nothing more
frustrating than having a program
crash for no apparent reason, or
finding vital data corrupted.

The ETI Mains Conditioner has 
been designed to remove the 
irregularities and leave your supply 
clean and relatively unpolluted. A 
voltage dependent resistor absorbs 
most of the energy from transient 
spikes, and a filter removes the 
remaining RF noise. The PCB is 
small enough to fit inside just 
about any hi-fi amplifier or tuner. 
With home computers and other 
equipment where space is limited, 
it can be built into a small plastic 
box and connected in series with 
the mains lead. 

Construction 

The circuit is built according to 
the component layout shown in 
Fig. 1. The toroid is wound with 
two coils, each consisting of 20 
turns of 22SWG enamelled copper 
wire. Be sure to wind the coils in 
the direction shown in the diagram, 
otherwise the filter will not work 
correctly. 

lfJ.ou use a nylon coated
toroi , the coils can be wound 
strai�ht onto it An uncoated 
toroid will have to be insulated 
first - a few coats of polyurethane 
varnish should be enough. The 

RESISTORS 

R1 

VDR1 

CAPACITORS 
C1,C:2 

O,C4 

MISCELLANEOUS 

220k1hW 
Metal oxide 
varistor, rated 
275V AC working, 
26). 

10n 250VAC, 
dass"X. 
4n7 250VAC, 
class Y. 

Ferrite toroid, 22SWG enamelled wire, 
cable ties, PCB. 

toroid can be held temporarily in 
place by twisting the wires together 
behind the PCB, then fixed firmly to 
the board by means of two thin 
cable ties through holes M and BB. 
After adjusting the coils so that the 
turns are evenly spaced, the whole 
assembly can be given another coat 
of varnish. Finally, the leads should 
be trimmed and soldered to the 
PCB. Most modern 'enamelled' wire 
is coated with a substance that will 
melt with the heat of a soldering 
iron, and is self-fluxing. The melting 
point may be fairly high, so the 
solder joint will probably take 
longer than usual. 

Please be sure to use the 
capacitor types specified for this 
project Connecting capacitors 
across the mains can cause fires and 
potentially lethal electric shocks 
under fault conditions. Class X 
capacitors must be used for 
connection between 'live' and 
'neutral', and class Y devices must 
be used for connections to mains 
earth. These capactitors are designed 
so that any failure that may occur 
will not have disastrous results. 

The circuit as it stands is suitable 
for equipment drawing up to SA, 
limited by the wire gauge of the 
toroid winding. The PCB will 
accommodate a larger toroid and 
heavier gauge wire if you wish to 
increase the rating. 

Fig. 1 Component overlay. 



The completed mains conditioner -  note missing resistor, R1. 

IN 

HOW IT WORKS 

FROM 
MAINS 
PLUG 

:: .,,f f" � f�
I 
I ¥" ::

C4·r 1C3 

TO 
EQUIPMENT 

The VDR is rather like a bi-directional 
zener diode. It has a high resistance 
until the voltage across it reaches the 
varistor voltage, 430V for the device 
used in this project, above which point 
the resistance drops rapidly to a very 
low level, removing most of the 
energy from transient spikes and 
limiting the maximum voltage. For the 
length of a pulse - a few µs - the 
varistor will absorb large amounts of 
energy and pass currents of several 
hundred amps, If necessary. 

The inductive element of the filter is 
wound with two coils in opposite 
directions on the same core. Equal 
currents flowing in opposite 
directions through the two coils, as 
will be the case with the normal mains 
current, will have no net magnetic 
effect on the core. Any unbalanced 
current flow due to noise on the line 
will see the full Inductance of the coils, 
and will be attenuated by the filter. 

BUYLINES
A suitable VDR is available from 
Maplin (see their ad in this issue) 
under the name of 'mains transient 
suppressor', order code HW13 P. Class 
X and Y capaci tors are available from 
the same source. A suitable toroid is 
type 59-64001401 from Cirkit, who 
also advertise in ETI. A complete set 
of parts for the project is available 
from Specialist Semicondutors, who 
also have an ad in this issue. 

E0�---------..;_-----�-1----t------�OE 

Fig. 2 Circuit diagram. 

RACK MOUNTING CABINET 
• Suitable for instruments, high quality amplifiers and' many other purposes• Black anodisied 
aluminium front panel enhanced with two handles• Aluminium version, wholly made of black 
anodised aluminium sheets • Metal version, rear box is manufactured from steel painted in 
black with aluminium front panel. Customer who requires further details, please send SAE. 
Panel Size Rear Box Price 
W H (lnch)W HD . Steel AL 

19•2.5 17x2x1Q 22.50 27.50 
19•3.5 17x3x1Q 24.50 29.50 
19•5.25 17x5x10 26.50 31.50 
19•3.5 17x3x12 25.50 30.50 
19•5.25 17x5x12 "27.50 32.50 
19•5.75 11xs.sx12 28.50 33.50 
'17•2.5 15.sx2xg 16.50 20.50 
'17•3.5 15.5x3x9 17.00 
• 19•3.0 11x2.sx10 20.50 
'19•4.0 17x3.Sx1Q 16.50 19.50 
'19•4.0 17x3.Sx12 19.50 22.50 

• Discontinued sizes, special price valid while stock last. Please add £3.00 PIP for the first item 
and £1.50 for each additional rtem. Quantity discount available. A limited quantity of electronic 
kits at give away prices. Large SAE for details. 

Mail order only. To order send cheque/postal order, 7 days for cheque clearance. 

T J A DEVELOPMENTS 

53 Hartington Road, London E17 SAS. 

MAKE YOUR INTERESTS PAY! 
More than 8 million students throughout the world have foUnd It worth their While! An 

ICS home-stud'( course can help you get a better Job, make more money and halle more 
fun out Of life! ICS has over 90 years experience In home-stud'( courses and Is the largest 
correspondence school In the world. You leam at your own pace, When and Where you 
want under the guidance Of expert ·personal" tutors. Find out hOW we can help YOU. 
Post or phone today fer your FREE INFORMATION PACK on the course Of your choice. 

Electron!� D Radio, Audio 
D and TV servicing 

Basic Electronic Radio Amateur Ucence Engineering <City & Cullds> D Exam (City & CulldS) D 

Electrical Engineering D car Mechanics D 

Electrical contracting; 
D 

computer 
D Installation Programming 

GCE over 40 ·o· and "A' level subjects D 

ICB  International Correspondence Schools, 312/314 High St.. Sutton.

* High accuracy 
±0.1%+1digit.

• 
* Operates from single 1 

supply 7-12V. . , 
* Reads - 99mV to 999mV

which is easily
extended. 

* Large Bright 0.43" LED
Displays ..

We are pleased to once again offer this 
tried and tested Digital Voltmeter module 
which is suitable for use in a wide range of test equipment. Supplied with full 
details describing how to easily extend the basic range, measure current 
resistance and temperature. The module, which is fully guaranteed, has been 
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KIT DT10 , blGtOO!e: : 
A simple though effective r ;> r 
module which, when c · 
constructed, provides a linear 
output of 1 OmV per 0c over the temperature range+10 0°C to -10°C. 
The unit is ideal for use in conjunction with the above DVM module, 
providing an accurate digital thermometer suitable for a wide 
range of applications. 

• 

DUAL POWER SUPPLY PS 209 

This fully built mains power 
supply provides two, 9V 
stabilised outputs up to 250mA 
each. The unit is ideally suited for 
use with the Digital Voltmeter and the 
Temperature Measurement unit DT10. 

O,do, by po,t o,do, by phone --=, :,iAdd15° oVAT loellpnces � I r
 R"SCOM  

[), I I f l I 1 051POPPYROAD 
U K ordera odd 70p post & pack mg 

PRINCES RISBOROUGH E•port o,do" po,t & pock mg•• C-::J 
LIMiTED BUCKS co•t � Toi 1084 44) 6326
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Cirkit Distribution Ltd 
Park Lane, Broxbourne, Herts. ENIO 7NQ. Telephone (0992) 444111.Telex 2247

BUILD THE ETI VIRTUOSO PREAMP 

Standard Standard Upgraded Upgraded 
version version version version 

Tone controls No tone controls Tone controls No tone controls 

COMPLETE KIT £177 £138 £372 £256 
MC stage component 

pack £12,50 £25 
MM (RIAA) stage pack £23 £58 
Tone control board 

pack £29.60 Not needed £89.40 Not needed 

Switches & Connectors 
pack £24.95 £16.25 £77.30 £49.50 

Output stage pack £11.60 £11.60 £28.25 £29.25 
Power supply excl. 

transformer £15.50 £29.50 

VIRTUOSO preamp case - state whether tone control option. £49 
All parts Including pcb's available separately. SAE tor price list 

IAR WONDER CAP S  Holco 0.5% 50ppm/° C 
resistors 1;,w any E96 value 

uF V Lx Dia Price 20R-442K 

O.Q1 630 21 9 £2.25 1-9 35p each 

0.1 425 30 8 £2.50 The improvement in 10+ per value 30p each 

0.22 630 50 14 £4 sound quality when 
Top Quality Transistors 0.33 425 40 10 £2.50 you replace your 

0.47 425 50 14 £3 caps with Wonder by Motorola 

0.68 425 50 16 £3 caps or bypass your BC184C 12p 

1 425 57 17 £5 electrolytics with BC214C 12p 

2 425 57 20 £6 Wonder caps is BC547C 12p 

3 425 57 25 £8 WONDERFUL 
BC307C 12p 

4 425 57 27 £9 MPSA06 25p 

5 310 57 20 £7.50 MPSA56 25p 

6 310 57 23 £8.50 90139 50p 

8 310 57 26 £10 90140 60p 

10 310 57 29 £11 MJ11015 £6 
MJ11016 £5.50 

BUILD THESE SUPERB ETI PROJECTS WITH AUDIOKITS COMPONENTS 
SYSTEM A SYSTEM A AUDIO DESIGN AUDIO DESIGN VALVE PREAM P 

preamp power amp preamp power amp Aug 86 

Please ask for our parts price list which Includes all electronic parts to build the projects 
and top quality components which enable owners of these amps to substantially upgrade 
the sound. Resistor and Capacitor pack tor ETI Valve preamp £220.10. Includes Holco 
resistors, Wonder caps and the beat computer grade electrolytlcs.
Alt prices Include VAT. SAE.or IRCs with all enquires. 
EXPORT orders. Deduct VAT (multiply by 0 .87) and add £2 extra tor postage. 
Please add 5Op P&P tor orders under £10. 

AUDIOKITS 
6, Mill Close, Borrowash, Derby DE7 3GU 

Tel: 0332-674929

BEST PRICE MEMORIES 

·BRAND NEW PRODUCTS 
·LARGE STOCKS ·DESPATCH 

BY RETURN ·ESTABLISHED 

COMPANY 

DRAM 

4164 
41256 
4416 
41464 
37 
$64 

5v NMOS 1SOnS (Not Sam
sung or Texa·1) 

64k X 1 .99 
256k X 1 £2.35 

16k X 4 £2.80 
64k X 4 £5.90 

128k X 1 £5.90 

(IBM AT UPGRADE) 

SRAM CMOS 150nS 
2114LP 1k ,c 4 £1.50 
2128LP 2k ,c ·8 £2.50 
6116LP 2k X 8 £1.40 

SRAM 5v CMOS 1SOnS 
6116LP 2k X 8 £1.40 
6264LP 8k X 8 £2.65 
62256LP 32k x 8 £39.50 

EPROM NMOS 350NS 
2716 2k X 8 £2.85 250NS 
2732 4k ,c 8 .£2.65 250NS 
2764 Bk x 8 £2.50 250NS 
27128 16k X 8 £2.40 250NS 
27256 32k X 8 £3.90 250NS 

10% DISCOUNT 
ON ALL ORDERS OVER £25 

REGARDLESS OF MIX. ADD 15% 
V.A.T. P&P FREE 

Data sheets available on all 
products sold. 

We believe our prices to be the moat 
competitive In the market. If you can do 
better please let ua know and we'll try 
and match It. 

EPROM 5v CMOS250nS 
27C64 Bk x 8 £7.50 · 
27C256 32k x 8 £15.00 

We shall be moving to 
new premises as of 1st 
September 1986. New 

250NS 
250NS 

address will be Mlkroklt 
Ltd Blaskesley, Northants 

NN12 8RB 

OUR EXTREMELY POPULAR EX-

EQUIPMENT MEMORIES 
GUARANTEED UV ERASED, CLEANED 
& TESTED. 
1000's sold to delighted customers. 
4116 16k x 1 DRAM 60p 10 For£5.S0 
2716 2k x 8 EPROM£1.50 10For£14.00 
2732 4k x 8 EPROM£1.50 10 For£14.00 
2764 Bk x 8 EPROM£1.50 10 For£14.00 

ORDERS UNDER £25 ADD 15% V.A.T. 
PLUS 50p P&P U.K. OVERSEAS ORDERS 

WELCOME ADQ £2.00 P&P NO V.A.T. 
(PAYMENT IN £ STERLING PLEASE). 

S END S.A.E. FOR FULL LISTS 
74HC CMOS LOGIC, DISK 
CONTROLL ERS, ETC. 

TELEPHONE 0933 626420 (24 HOUR SERVICE) 
MICROKIT· LIMITED 

MANOR PARK RAUNDS NORTHANTS NN9 6PD 

FEATURED IN ETI, 
JULY 1986 
Ions have been described 
as ·vitamins of the air' by 
the health magazines, 
and have been credited 
with everything from 
curing hay lever and 
asthma to improving concentration and putting an end 
to insomnia. Although some ol the claims may be 
exaggerated, there is no doubt that ionised air is much 
cleaner and purer. and seems much more invigorating 
than 'dead' air . 

The DIRECT 19N ioniser caused a great deat of 
excitement when it appeared as a constructional project 
in ETI. At last. an ioniser that was comparable with 
(better than?) commercial products, was reliable, good 
to build ... and fun! Apart from the serious applications, 
some of the suggested experiments were outrageous! 

We can supply a matched set al parts. fully 
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,
66 components. case. mains lead, and even the parts 
!or the lester. According lo one customer, the set costs 
'about a third of the price ol lhe individual components·. 
What more can we say? 

DIRECT ION 

PARTS SET £9.50 

No ordinary amplifiers, 
these. When our first 
customers took an 
interest. ii was for the 
diminutive size (both 
modules will fit in a 
matchbox!). the total disregard for power supplies and 
speaker impedances. and the impressive power outpul 
from these little amplifiers. When they re-ordered. ii was 
for the sound quality. 

Two amplifier modules were described, both based on 
the powerful L 165V IC. The single IC version will deliver 
over 20 Watts with a suitable speaker and power supply. 
The bridge version can provide up to SOWi Although the 
specified supply voltage and speaker impedance mus! be 
used to achieve mu:imum power, both modules are quite 
happy to work from any voltage between 12V and 32V, and 
will accommodate any type of speaker. The bridge version 
is ideal tor giving a boost to car Hi-Fi systems, driving two 
4 Ohm speakers in parallel Ofl each channel lor best effect. 

Both designer-approved parts sets consist of a roller 
tinned printed circuit board and all .components. The 
L 165V tCs are also available individually. with a free mini 
data shee1 giving specifications and suggested circuits. 
SINGLE IC 'MATCHBOX BRIDGE 
AMPLIFIER' SET AMPLIFIER SET L 165V IC, 

(20W into 4 Otims) (SOW 1010 8 Ohms) with data, £6.50 £8.90 £3.90 

ETI MAINS CONDITIONER.£4.60 

Orders should be sent to Specialist Semiconductors 
at the address below.including 60p towards postage 
and packing. Please allow up to 14 days for delivery. 
There is no telephone service'at the moment, but all 
letters or requests for lists will be answered (at top 
speed if'you send SAE!) 

AUDIO KITS
PRECISION AUDIO COMPONENTS



EXPERIMENTAL 
PRE-AMPLIFIER

Following on from last month's valve preamplifier design, Jeff 
Macaulay looks at possible explanations for the difference between 
valve and semiconductor amplifier performance .and describes a
transistor preamplifier which puts his conclusions to the test.

A 
great deal of debate has
been entered into recently 
about the use of negative 

feedback in audio equipment The 
negative feedback protagonists 
argue that the use of overall 
feedback allows cher p and nasty 
parts to give a good performance, 
the negative feedback linearising 
the load line. The anti-feedb�ck 
lobby insists that it is far better to 
design the stages to be linear 
without the use of negative 
feedback. 

The fly in the ointment as far as 
the latter argument is concerned is 
that most of the devices presently 
available are far from linear without 
the use of negative feedback. The 
exceptions to this rule are triode 
valves and FETs. These however 
,have low voltage gains. On top of 
this valves are expensive and 
difficult to use, and suitable FETs 
are just awkward to obtain. 

· This appears to leave us back
'where we started with a choice of 
either op-amps or transistors. 
Suitable op-amps for audio 

preamps are a bh of a thorny topic. 
The choice is between ultra-low
noise devices with no real slew rate 
or high slew rate devices with 
relatively high noise. Transistors 
seem to have gone out of favour 
lately, and having heard some of 
the preamplifier designs that used 
them it's not surprising! The typical 
two transistor magnetic cartridge 
equaliser used to run out of 
overload and consequently distort 
terribly at the slightest provocation. 
This would be particularly 
noticeable to those whose record 
collections contain direct cut 
records. 

When I first tried to build a 

VALVE PREAMPLIFIER UPDATE 
First, we got it wrong last month when 
we said that the. kit for the valve pre
amplifer doesn't include a case. Bew
bush Audio have since informed us that 
it· does! Our apologies to anyone who 
was misled by this. 

Second, .since publishing. the article. 
we ·have come up with a few further 
suggestions for component sources. 
Barrie Electronics tell us that they can 

· supply a suitable transformer for the 
preamplifier. Known as the V1 it has a 
mains primary and secondaries giving
250-0-250V at 80mA, 6.3V at 3A a11d 
6.3 V at 2A tapped to give 5 V at 1 A The 
cost is .£10.51 inclusive of VAT and

postage and the address is unit 211, 
Stratford Workshop, Burford Road, Lon
don E15 2SP, tel 01-555 0228. We have 
also discovered that Marco Trading can 
supply multi-section, high-voltage 
capacitors. Their address is given in the 
Buylines section. 

Fin.ally, Graham Nalty's ·company, 
Audiokits, can supply a complete kit of 
high quality parts for the valve pream
plifier. A· sheet containing prices and 
some suggested improvements can be 
obtained from them at the address 
given in this month's Upgradeable 
Amplifier article. 

go�d preamplifi�r I didn't expect 
to hear much difference between 
it and my existing circuit which 
used a TL072 op-amp. The sound, 
however, was.a revelation - the 
stereo image, the dynamics and 
the detail rendition all improved 
enormously. 

This was gained only through 
the use of valves, and it naturally 
led me to wonder whether the 
same improvement might be 
obtained from solid state circuitry? 

Now we all know of those who 
insist that the valve is the pinnacle 
of audio development and cannot 
be surpassed. I for one don't hold 
these views and feel that a rat1onal 
reason must be sought One 
possible reason is that all the 
stages in valve equipment operate 
!n class A, and because of the high
impedances employed are not
loaded by the other circuit
elements.

Furthermore, because of the 
highly linear nature of valves, the 
distortion generated is minimal 
even without the use of negative 
feedback. In a preamplifier the 
actual signal voltages present at 
the anodes are very small 
compared with the output swing 
capacity. In consequence each 
stage is working optimally without 
loading the next 

Compare that to an op-amp 
circuit in which the output 

PROJECT: Preamplifier



opera�es in Class B and the 
frequency response has been 
deliberately rolled off to prevent 
instability when feedback is 
applied. To compound matters the 
feedback loop itself loads the 
output stage so that even if it 
doesn't run out of drive capacity 
the output sees non-linear loading. 

One of the troubles with valve 
circuitry is that the only linear 
devices available, triodes, have low 
voltage gain. If we were to 
compare a transistor and a valve 
both working from a typical valve 
HT voltage of, say, 250V, we would 
find that the valve would have a 
smaller output voltage swing 
because of its anode resistance 
and a much smaller voltage gain. 
However, the valve would 
probably offer the lower distortion 
figure. If we can find a way to 
reduce the distortion of the 
transistor stage, we should obtain a 
performance equal to that of the 
valve circuit 

In fact we can do rather better 
than just equal the valve's 
performance. Applying a little local 
negative feedback to a transistor 
will produce a stage that is non
microphonic, requires no heater 
voltage and has a better output 
swing and distortion performance 
than a valve with a comparable 
input impedance. 

All this by the simple expedient 
of adding an emitter resistor! of 
course this raises another question: 
if it's so simple how come nobody 
has done it before? Well for starters 
getting economically-priced 
transistors that would work at that 
kind of line voltage was very 
difficult until recently. Another 
reason is that we are all 
indoctrinated into thinking of 
transistors as low voltage devices. 
After all, that's their real advantage 
compared with valves. 

Equalisation 
Having decided to use 

transistors with local feedback as 
the basis for the design, all that 
remains is to decide how to 
equalise for the most important 
signal sources. 

Despite their technical 
superiority, most people do not as 
yet use CD players as their main 
music source. Instead most of us, 
myself included, will be using the 
vinyl disc for some time to come. 
In consequence most attention will 
be focussed upon the disc EQ 
stage. 

In modern valve preamps, the 
types that are raved about by the 

BIAS 
SUPPLY HT1 

R5 
33k 

HT2 

NOTE. C2 
2n2 

01·5 • MPSA42 

R3 
330k 

C1 
· 10u 
16V 

o-j_+ 

MAGNETIC 
CARTRIDGE 
INPUT R4 

3k3 

TUNER/ 
AUX R9 
INPUT 47k 

co 

INPUT RB 
47k R10 

10k 

R14 
18k 

Fig. 1 Circuit diagram of one channel of the experimental preamplifier. 

pundits and which cost an arm and 
a leg, EQ is done passively. This has 
the arawback of insertion loss but 
the EQ obtained can be more 
accurate than that obtained from 
an active filter. This is especially 
true of the HF rolloff which in 
active designs doesn't continue 
indefinitely because non-inverting 
feedback amps cannot have a gain 
of less than unity. One of the 
consequences of this is to m�ke 
such designs more prone to pick 
up interference. 

Input Stage 
In this design a some'what 

different approach has been used. 
The input signal is turned into a 
signal current and this is apelied to 
a passive network for the EQ. 

The input voltage is turned into 
an output current because the 
input voltage is developed across 
the emitter resistor. This provides a 
pure current drive at the collector . 
In fact it is more convenient to 
make the collector load the 
equalisation network 

Fig. 1 shows the circuit diagram 
of the preamp. Instead of using a 
single transistor a Darlington pair 
configuration is used. This has the 
advantage of having a much hi�her 
current gain than a single transistor 
and thus increases the input 
impedance to several tens of 
megohms. 

Base bias for the pair is 
obtained from the bias network 
R17 and R18. To set the required 
input impedance to SOk for correct 
loading of the cartridge, R1 and R2 
are also used. C7 effectively 
removes any noise or ripple 
voltages from the line which might 

otherwise be amplified by the 
transistors. The cartridge is coupled 
into the base of Q1 by C1 which 
isolates the base from any DC 
present A voltage identical in 
amplitude to the input appears at 
the emitter of Q2 across R4. 

The resulting current is fed from 
the collectors of Q1 and Q2 to the 
filter network R3, RS, C2 and C3. 
At low frequencies, below SO Hz, 
the gain is set at 100 by the ratio of 
R3 to R4. Above SO Hz the 
response falls off at 6dB/octave 
until SOOHz due to the shunting 
effect of C3 and RS. From SOOHz 
to 21 SOHz the response is again 
flat, and thereafter another 6dB/ 
octave rolloff occurs due to the 
shunting effect of C2. · 

Q3 is connected as an emitter 
follower presenting a high 
impedance to the filter network 
but a low impedance drive at its 
emitter to the volume control. The 
stage as it stands has an overload 
capability of 40d B with reference 
to a SmV input and is therefore 
effectively overload proof. Even 
the most energetic direct-cut discs 
have not managed to overload the 
prot�type. 

Other Sources 
So much for magnetic 

cartridges, what about the other 
sources? Most other sources 
normally encountered are flat and 
don't require any kind of 
equalisation. Generally speaking 
there are only two other major 
signal sources to be catered for, 
CD and tuner. The tuner input has 
a sensitivity of 1 OOmV for SOOmV 
out and an input impedance of 
1 OOk CDs generally have a much 
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NOTE, 
06= MPSA42 
01-4 = 1N4007 

Fig. 2 Circuit diagram of the experimental preamplifier power supply. Note the use of two 6V 
mains transformers in series to produce a cheap 240V:240V transformer. 

higher output level, up to 2V 
maximum. In any event the 
sensitivity of this input has been 
set at 200mV in for SOOmV out 
Having the volume control at this 
point in the circuit allows an 
infinite input overload figure on 
both inputs. 

The line preamp consists of the 
two transistors Q4 and QS. These 
are again used in the Darlin�ton 
pair arrangement but there 1s 
nothing to be gained by employing 
high voltage lines here. Instead the 
250V line voltage is reduced to 
SOV by the decoupling network 
consisting of R19, 20 and CB. 

A low output impedance is 
achieved by gain dumping. That is 
to say that R16 shunts the collector 
load resistor R14. Overall voltage 
gain from the stage is set at the 
ratio of R16 to R15. R11 and R12 
provide base bias for the pair 
whilst the input impedance is set 
at 330k by the value of R13. 

Obtaining a high voltage with 
low ripple is not the easiest of 
tasks. However, since the current 
consumption of the preamplifier is 
only some 3.SmA the problems are 
somewhat simpler to solve than 
those posed by a valve preamp. 

HT transformers are expensive 
and hard to obtain. There are a few 
companies producing mains 
isolating transformers (giving a 
240V isolated output from a 240V 
mains input) but these usually 
have high VA ratings and are 
therefore large and costly. It 
would also be possible to use one 
of the HT transformers 
recommended for last month's 
valve amplifier and simply ignore 
the low-voltage heater windings. 
The other obvious method of 
producing HT, an 'inverter, is not 
really feasible in audio equipment 
because of the RF hash radiated by 
the switching circuitry. 

One solution is to use a pair of 

BUYLINES
A complete kit of parts for the 
experimental preamplifier (including 
PCB and case, etc) can be obtained 
from Bewbush Audio, 47b Elmer Road, 
Middleto,,..on-Sea, Near Bognor Regis, 
Sussex P022 6DZ. The price is £24.9S 
and the order code is kit HTP1. Those 
who prefer to find their own parts 
should not have too much difficulty 
with most of the components but the 
transistors, the transformer and the 
capacitors might present a problem. 
The transistors are available from a 
number of suppliers but not all of 
them trouble to list the device in their 
catalogues. Two companies who do 
are Cricklewood and Marco Trading. If 
you decide to use two 6V transformers 

as suggested in the text you will have a 
wide choice of potential suppliers. If 
you prefer to pay a little more and use 
a single transformer, try the RS Com
ponents type 196-072 or the one men
tioned in the Valve Preamplifier 
Update over the page. We do not 
know of anyone who stocks 
100+100u/320V capacitors as 
specified here, but Marco Trading have 
a large range of multisection 
capacitors including a fairly cheap 
100u + 100u + 100u + 1SOu + 1SOu 
320V type which might be suitable. 
Their address is The Maltings, High 
Street, Wem, Shropshire SY4 SEN, tel 
0939-32763. The PCB will be available 
from our PCB Service, see page 60. 

standard 6V mains transtormers 
back to back. The mains voltage is 
applied to the primary of T1, the 
secondary of which is connected 
directly to the secondary of an 
indent1cal transformer, T2. Thus 
the stepped down mains voltage is 
stepped up again to appear on T2's 
primary. An incidental advantage of 
this method is that we obtain 
double isolation from the mains. 

The HT voltage is full wave 
rectified by the oridge rectifier, 01 
to D4 inclusive. C1 Ob smoothes 
the raw DC from the rectifiers and 
this is fed to the RC smoothing 
circuit formed by R22 and C1 Oa 

At this point the ripple voltage 
across C10a is about 1 mV. 
However this is not really low 
enough and further smoothing is 
required. This is achieved by 
means of the capacitance 
multiplier formed by R21, C9 and 
Q6. 

This circuit, also called a gyrator, 
is a very efficient way of reducing 
ripple voltages. It works as follows. 
R21 and C9 form a filter which 
effectively removes the ripple. The 
resulting smooth DC is applied to 
the base of Q6. At Q6's emitter an 
equally smooth voltage is obtained 
but at a very low impedance. 
Because of the transistor's gain, the 
preamplifier sees an effective 
capacitance of some 8000µ.! 

Construction 

No case has been specified for 
this project, so it is up to the 
constructor to choose something 
suitable and then work out the 
appropriate mounting hole 
positions, etc. 

When the holes are all drilled, 
deburr them, clean down the case 
and then paint it &s required. Allow 
the paint to dry for some time 
(overnight if possible), then apply a 
light coat of varnish and leave to 
dry again. This is to make it easier 
to apply the lettering since most 
rub-down transfers adhere better 
to varnish than they do to 
paintwork. Use Letraset or a similar 
lettering system and when 
complete, apply another coat of 
varnish for protection. 

The case can now be put aside 
to dry thoroughly while the PCB is 
assembled. This should cause no 
problems at all if Fig. 3 is followed 
carefully, but take the usual care 
with the transistors, diodes and 
electrolytic capacitors, all of which 
must be inserted into the board 
the right way around if they are to 
work correctly. If you have decided 
to use a 250-0-250V HT

PROJECT: Preamplifier



TO SW1 FROM RV101 WIPER 

FROM TRANSFORMER 

Fig. 3 Component 
overlay for the 
preamplifier PCB. This 
board carries both 
right and left channels, 
the right channel 
component numbers 
being the left channel 
numbers plus 100. 

C10 

PARTS LIST
RESISTORS (all 1i.W, 5% 
unless otherwise stated) 

or better 

R1, 2, 7, 21, 101, 100k 
102,107 

R3, 13, 102, 113 
R4,104 
RS, 105 
R6, 106 
RB, 9, 108, 109 
R10, 110 
R11, 111 
R12, 14, 112, 114 
R15, 115 
R16, 22,116 
R17 
R18 
R19,20 
RV1,101 

330k 
3k3 
33k 
220k 
47k 
10k 
470k 
18k 
470R 
4k7 
1M2 

22k 
220k�W 5% 
220k single-gang 
logarithmic 
potentiometer 

transformer in the circuit, don't 
forget to leave out diodes D2 and 
D3 and connect the ends of the 
HT winding to the anodes of D1 
and D4. Cneck and board carefully 
for errors and dry joints. 

You can now install the board, 
the transformer(s) and the other 
major components into the case 
and wire them up. R7-10 and 
R107-11 O should be mounted on 
the back of the input selector 
switch, SW1, and the connections 
between the switch, the 
potentiometers and the PCB 
should all be made using screened 
cable. Bear in mind that quite high 

CAPACITORS 
C1, 5, 7, 101, 105 

0,102 
0,103 
C4, 104 

C6,106 

C8 

C9,10 

10u 16V radial 
electrolytic 
2n2 polystyrene 
10n polyester 
1 OOn polyester, 
250V working 
10u 25V radial 
electrolytic 
100u 63V radial 
electrolytic 
100u + 100u 320V 
electrolytic 

1 

SEMICONDUCTORS 
Q1-6, 101-105 MPSA42 
D1-4 1N4007 

volta�es are present and use 
sleeving where appropriate to 
reduce the risk of shocks and 
accidental short circuits. 

Testing should be a simple 
matter of connecting the 
preamplifier to the mains and 
providing a suitable input source 
and a means of monitoring the 
output With luck, it will work first 
time. If not, begin by checking that 
the power supply is giving an 
output (check at the emitter of 
Q6) and then,work throu�h from 
the input with a suitable signal 
present The power supply has 
quite a low output impedance and 

MISCELLANEOUS 
FS1 1A 20mm fuse and 

panel-mounting 
holder 

SW1 3-pole, 4-way
rotary switch (one
section not used)

SW2 DPDT mains toggle
switch (or
substitute
potentiomenter
with internal DP
switch for RV1 or
RV101)

TI, 2 6V 1A mains 
transformers 
(see text) 

PCB; case; PCB mounting pillars; input 
and output sockets; knobs; nuts, bolts, 
etc. 

can deliver a nasty shock, so take 
particular care when probing 
around within the preamplifier 
while it is switched on. 

When the preamp is tested and 
working, the only remaining task is 
to connect it up to the rest of your 
system and check for hum-loops. It 
is most likely that your existing 
equipment will already be earthed, 
and using a separate earth on the 
preamplifier will merely give rise to 
hum. In this case, simply 
disconnect the mains earth to the 
preamplifier. 
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H
aving covered the di.sc inP,uts
of the Virtuoso preamplifier 
in the first few articles in this 

series, we now come to the heart 
of the system and the big question 
- do we want tone controls, filters
or any other form of signal pro
cessin�? If a particular facility is
essential then it must be included,
but it must be borne in mind that
every additional switch, capacitor,
resistor, wire or active circuit will
degrade (or rather distort) the
sound from the preamp. Using the
best quality components you can
afford will limit this distortion, but
even the best circuitry will have
some effect on the sound.

For this reason, I shall describe 
two options. The first provides all 
the usual facilities including MC/ 

BUYLINES
Complete kits of parts for -the· tone 
board and the output board will be 
available from the author at 6 Mill 
Close, Borrowash, Derby DE7 3GU. 
The tone board costs £29.60 for the 
standard version and £89.40 for the 
fully-upgraded version, while the out
put board costs £11.60 for the stan
dard version and £29.00 for the 
fully-upgraded version. All prices are 
inclusive of VAT and postage and cover 
all components for one (mono) board 
including the PCB. The PCBs will also 
be available without components in 
stereo pairs. The cost is £10.00 for two 
tone boards and £6.00 for two output 
stage boards. A case for the complete 
preamplifier is also available and costs 
£49.00 inclusive. It is drilled and 
labeled ready to accept the modules 
described in this series of articles. Two 
versions are available, one with 
provision on the front panel for tone 
controls and one without. Please 
specify which you require when 
ordering.

MM disc input switching, two flat 
and two tape inputs, stereo/mono 
switching, bass and treble tone 
controls and standard volume and 
balance controls. The second, 
'minimalist' option has 1·ust the
absolute minimum faci ities, a 
special feature of which is the use 
of separate volume controls for 
each channel. The advantage of 

. this arrangement is that the signal 
only passes through one 
potentiometer in each channel 
instead of the two used in a 
normal balance and volume 
arrangement A further advantage 
is that this makes it possible to 
further upgrade the preamp by 

. using 23 position gold-plated 
switched attenuators. This 
upgrade will not be covered in the 
present series of articles but may 
be described at a later date. 

Setting The Tone
A good tone control should:-

1) raise and lower high 
frequencies without affecting the 
low frequencies, 

2) raise and lower the low 
frequencies without affecting the 
high frequencies, and 
    3) offer a flat frequency 
response at a defined position. 
As we have already used passive 
circuitry for the RIM

A little confusion crept into the 
description of shunt and series feedback 
equalisers in last month's 
Upgradeable Amplifier article. In 
columns two and three on page 47, 
references to shunt feedback 
arrangements both in the text and in the 
illustration captions should read series 
feedback, and vice versa.

equalisation in the disc amplifier, 
we might consider a passive tone 
control. 

The circuit of Fig. 1 is a 
switched treble cut circuit It 
meets our requirement for a 
defined flat response, but when it 
is expanded to include boost and 
cut at both bass and treble 
frequencies a large number of 
components are needed. 

The most popular form of tone 
control is the shunt feedback 
network shown in Fig. 2. If Z1 and 
Z2 were replaced with a linear 
potentiometer and its wiper 
connected to the amplifier input, 
the oyerall gain would be x 1 with 

R 

Fig. 1 A switched tone control providing 
treble cut. When the switch is in position 
1, the response will be flal 

Fig. 2 a basic shunt-feedback tone control. 

OOPS!

UPGRADABLE
AMPLIFIER
Graham Nalty leaves no tone unturned in his quest for the perfect 
preamplifier.
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Internal view of the complete Virtuoso preamplifier in its standard form. The two sets of tone and output boards can be seen in the middle of 
the case. 

INPUT 

Fig. 3 Unless the input and output 
networks offer the correct impedance 
match, the shunt feedback circuit will 
not have a flat-response position.

the potentiometer at its centre 
position. If we added a frequency 
selective network with equal value 
components either side of the 
wiper the potentiometer would 
control the gain, but at the centre 
position the gain would be x 1 at 
all frequencies. The arrangement 
therefore includes a position at 
which the frequency response is 
flat 

V+ 

INPUT OUTPUT 

Fig. 4 A shunt-feedback tone control in which the input and output impedances are 
adjusted by buffers to ensure a flat response in the center position.

Unfortunately this is not so 
easy to achieve in practice. Fig. 3 
shows a shunt feedback tone 
control. This circuit does not give a 
flat response at the centre position 
of the tone controls. The 
impedance seen by the amplifier 
is not Z 1 & Z2, but (Z1 +
E)Otentiometer impedance) and 
(Z2 + collector resistance). To 
ensure a flat response at the 
centre position, it is necessary to 
control the input and output 
impedances to which the tone 

control network is connected. 
The circuit of Fig 4, which is 

derived from a couple of designs I 
built many years ago from 
published circuits (Refs 1, 2.), 
achieves this by using the low 
impedance of emitter followers. A 
special feature of this, and of the 
circuit actually used in the 
Virtuoso preamplifier, is DC 
coupling of the tone network. This 
means that there are no blocking 
capacitors to add their distortion 
to the circuit and affect the 
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+12V SUPPLY 
TO TONE IC9 +15V FROM POWER SUPPLY 
BOARD R42 C61 

68k R45 R46 220n NOTE. 
1k0 1k0 . IC9 • 78L 12 

IC10 • 79L 12 
012, 16 • BC214C 

R60 
013-15, 17 • BC184C 

56k 

} """""'' "" "'"'
VIA STEREO WIDTH 

INPUT FROM CONTROL RVS 

VOLUME R47 
CONTROL 1kq 

R61 
10k 

ov ov 

R44 C62 
5k6 220n 

-12V SUPPLY 
TO TONE -15V FROM POWER SUPPLY 
BOARD 

Fig. 5 The tone control circuit in its standard form. The component numbering follows on from that of the earlier modules in this series, 
but a number of parts used during development have been excluded, leaving gaps in the sequence. 

INPUT FROM 
VOLUME 
CONTROL 
RV2 0------11.....,+-� 

NOTE. 
IC7,9 • 7812 
ICB.10 = 7912 
012.16 = BC214C 
013-15.17 = BC184C 
D7.9 · J500 
08 1508 
•qr, J5f11 

R57 
10k 

Fig. 6 The tone control circuit in its fully-upgraded form. 

HOW IT·WORKS - TONE BOARD
The tone amp consists of emitter 
followers Q12 and Q13 which provide a 
low impedance output. Two emitter 
followers are used to obtain a DC level very 
close to 0V. A supersonic filter made of 
R43 and C59 separates the emitter 
followers to prevent supersonic oscillation in 
the tone amp. The tone control frequency 
shaping network comprises R45 - R48 
and C50 - C53 and is varied by treble 
control RV3 and bass control RV4. 

The amplification in the tone stage is 
provided by Q14 - Q17. This 
arrangement is similar to that used in 
previous circuits but has an additional 
output emitter follower for low impedance 
and an additional capacitor, C54, to maintain 
stability. The tone amplifier can amplify 
the signal if required (for example, to drive 
directly an inverting power amplifier). This is 
achieved by using R54 and R55 to give 
output gain as shown in Table 1 whilst 
maintaining the same resistance as R45.

Stereo image control is carried out by RV5 
and R60 - R65 as described in the text.

R54 
1 kl 
1 k2 
1 k5 
2k0 

RSS 
11 k 
6k2 
3k0 
2k0 

Gain = R54 + R55 

R54 

Gain 
11 
6 

3 

2 

Table 1. Values of R54 and R55 to give 
various levels of gain in the tone amplifier.

+15V FRQM 
1----r, POWER 

· SUPPLY 
C61 
220n 

OUTPUTS TO TONE BOARD 
VIA STEREO/MONO 
SWITCH SW5 

C62 
ZZOn 

-15V FROM 
,__..__,.., POWER 

SUPPLY 

response at very low frequencies. 
The only disadvantage in using 

a shunt feedback tone control is 
that the phase of the music signal 
is inverted. Many music lovers and 
hi-fi enthusiasts regard the 
preservation of correct phase as an 
essential element of high fidelity 
reproduction and claim to be able 
to detect a difference in the nature 
of the sound when the phase is 
reversed. To provide correct 
phase, a shunt feedback output 
amplifier follows the tone 
amplifier. 

This output amplifier is a very 
useful building block for increasing 
'the versatility of the preamp. It can 
be used as a unity gain buffer for 
tape outputs, an inverting 
amplifier for bridged power 
amplifiers or to provide a reverse 
phase output for the preamp. 

With the circuit already chosen 
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TONE AMP 

Fig. 7 A simple stereo width control. 

'�i� { RVS 

NOTE. 
ICl 1 • 78L12 
IC12 • 79L 12 
018, 19 • BC184C 
020 • BC214C 
021 • J112 

C l-"VV\,.._. 

OUTPUT AMP 

+12V FROM 
TONE BOARD 
OR IC11 

OUTPUT 

021 

MUTE CONTROL 

for the tone and output amplifiers, 
it is fairly simple to provide a 
crude stereo image width control 
with just a few extra resistors and 
a dual linear potentiometer. This is 
achieved by feeding the other 
channel into the inverting and 
non-inverting inputs of tl1e buffer 
amplifier in different amounts, and 
is illustrated in Fig. 7. 

The circuit suffers from the 
disadvantage that, as the image 
control is widened, centre stage 
information is attenuated. At the 
centre position the amounts of the 
other channel fed into each input 
is equal and they, cancel each 
other out to give a stereo signal in 
both channels. With the control 

+ 12V SUPPLY TO 
OUTPUT BOARD 

C69 
470n 

ov .----------ov 

ovo-----.----"=t-----------------<> ov 

R7' 
6k8 

--12V FROM 
TONE BOARD 
OR IC12 

12V SUPPLY TO 
OUTPUT BOARD 

C70 
470n 

C72 
22Qn 

--- IC12 ---;J����i�PLY 

Fig. 8 The circuit of the output stage in Its standard form. When used with tone controls, the output stage draws its 
power from the 12V regulators on the tone board. When used without tone controls, the output board must be fitted with 
the IC regulators shown here.

HOW IT WORKS 
OUTPUT BOARD

The output amplifier is based 
on Q18-Q20. It functions as an 
inverting amplifier when used with 
the tone board or as a non-
inverting amplifier coupled directly to 
the volume control if the tone amp is 
omitted. The basic, three-transistor gain 
stage is similar to that used elsewhere in 
the upgradeable amplifier and its operation 
has already been described. The output 
mute is provided by R73 and Q21. When 
the amplifier is switched on the gate 
of Q21 is at 0V and Q21 acts as a 
low resistance between drain and 
source, attenuating the signal at R73. A 
control circuit in the power supply 
enables the gate voltage to rise slowly to 
about -8V at which point the FET becomes 
open circuit and allows the signal to 
pass with negligible effect. Regulators 
IC11-IC12 are fitted as required to 
provide a clean, low Impedance power 
supply.

NOTE. 
IC11 = 7812 
IC12 = 7912 
018,19 = BC184C 
020= BC214C 
021 =·J112 
D11=J500 
D12 =.J507 

R65 

INPUT F��f'>---'VlV
Ok

V---ll-----"=t-----' 

+15V FROM 
---OPOWER 

SUPPLY 

+15V FROM 
-+--<>POWER 

SUPPLY 

Fig. 9 The circuit of the output stage in its fully-upgraded form. Note· that this version of 
the board has its own regulators and is therefore not dependent on a tone board for its 
power supply.
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INPUTS 

+15V FROM POWER SUPPLY 
(UPGRADED VERSION AND 
ALSO ON STANDARD 
VERSION WHEN NO TONE 
BOARD IS INCLUDED) 

OUTPUT 

OV 

MUTE CONTROL 

-15V FROM POWER SUPPLY 
(UPGRADED VERSION AND 
ALSO ON STANDARD 
VERSION WHEN NO TONE 
BOARD IS INCLUDED) 

Fig. 10 Component overlay for the output board. See the parts list and the notes accompanying Figs. 8 and 9 regarding 
the two regulator ICs.

fully anticlockwise, the amount of 
the other channel fed into each 
non-inverting input is zero, whilst 
the amount of the other channel 
fed into each inverting input is the 
same as the first channel, giving 
a mono signal. This arrangement is 
used in the standard version of the 
preamplifier only, a simple mono/ 
stereo switch taking its place in 
the upgraded version. 

A final but essential part of the 
design of a high quality 
preamplifier is the output muting 
circuit which prevents swit€h-on 
and switch-off transients from 
reaching the loudspeakers. There 
are three ways of achieving this:-

a) slow charge and discharge
power supply 

b) output muting· by controlled
· attenuator

c) output muting by relay.
. A controlled attenuator, such as

the FET used in the Virtuoso,
requires a much simpler power
supply than a relay and is used for
that reason.

Construction 

The component overlay for the 
output board is shown in Fig. 10 
and the overlay for the optional 
tone control board in Fig. 11. These 
overlays apply to both the 
standard and fully-upgraded 
versions, the difference being that 
some of the components shown

RESISTORS 

PARTS LIST- OUTPUT BOARD

Standard Version 
(all 1"/e metal film 

Upgraded Version 
(all Holco H8 0.5% 

unless otherwise stated) SO PPM/'C unless otherwise 
stated) 

R62, 64 10k 
R63 100k 22k1 
R6S 22k 10k 
R66, 68 Sk6 Sk62 
R67 47k see D11 
R69, 72 220k 221k 
R70 33R 33R2 
R71 6k8 seeD12 
R73 1k0 1k0 

CAPACITORS 
C6S 4u7 polyester 4u7 polycarbonate 
C66, 67, 68 3n9 or 4n7 polystyrene 
C69, 70 470n polyester* 470n polycarbonate 
C71, 72 220n polyester* 220n polycarbonate 

SEMICONDUCTORS 
IC11 78L12* 7812 
IC12 79L12* 7912 
Q18, 19 BC184C BC184C 
QlO . BC214C BC214C 
Q21 )112 )112 
D11 see R67 JSOO 
D12 see R71 )507 

MISCELLANEOUS 
PCB; PCB pins, 7 off; 4 off transistor pads for upgraded version only. 

All of the components listed above (including the PCB) are for one channel only. Two of each will 
be required for stereo. 

*These components will only be required if a standard version of the preamplifier is built without
tone controls.
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PARTS LIST - TONE BOARD

RESISTORS 

R41 
R42 
R43, 4S, 46, 47, S3, SS 
R44 
R48, 49, S7 
RSO, S2 
RS1 
RS9 
R60 

R61 

RV 3 

RV4 

CAPACITORS 
C41, S9, 60 
C42, 47, 48, S7, S8 
C43,44 
C4St

46 
C49 
CSO, S1 

CS2, S3 

CS4 
css, 
CS6 
C61, 62 

SEMI CON OUCTO RS 
IC7 
IC8 
IC9 
IC10 
Q12, 16 
Q13-1S, 17 
07 
08 

09 

010 

Standard Version 

(all 1% metal film unless 
otherwise stated) 

68k 
68k 
1k0 
Sk6 
10k 
Sk6 
47k 
6k8 

S6k 
10k 

10k dual gang linear 
potentiometer 

100k dual-gang linear 
potentiometer 

470n polycarbonate 

1 no polystyrene 
10n polystyrene 

47n 5% polyester 

47p polystyrene 
4u7 polyester 

220n polyester 

78L12 
79L12 
BC214C 
BC184C 
see R42 
see R44 
see RS1 
See RS9 

Upgraded Version 

(all Holco H8 0.5%, 
SO PPM/°C unless otherwise 
stated) 
68k1 
see 07 
1k0 
see 08 
10k 
Sk62 
see 09 
see 010 
10k 
221k 

10k dual gang linear 
potentiometer, Bourns 
91 A conductive plastic 
100k dual-gang linear 
potentiometer, Bourns 
91 A conductive plastic 

470n polycarbonate 
3n9 or 4n7 polystyrene 
220n polycarbonate 
470n polycarbonate 
1 no polystyrene 
19n extended foil 
polystyrene 
S6n extended foil 
polystyrene 
47p polystyrene 
4u7 polycarbonate 
10n polystyrene 
220n polycarbonate 

7812 
7912 
7812 
7912 
BC214C 
BC184C 
JSOO 
JS08 
JSOO 
JS07 

MISCELLANEOUS 
PCB; PCB pins, 10 off for standard version, 8 off for upgraded version; 6 off · transistor pads for 
upgraded version only. 

All of the components listed above (including the PCB) are for one channel only. Two of each 
will be required for stereo.

Test Points 
Output IC7, IC9, ICl l - ground 
Output IC8, IClO, IC12 - ground 
Emitter Ql 2 - ground 
Emitter Ql 3 - ground 
Emitter Ql 4 - ground 
Emitter Ql 8 - ground 
Across RSO, R66 
Across R56, R70 
Emitter Ql 7 - ground 
Collector Q20 - ground 

Test Voltage 
12V 
-12V
0.6V
less than 0.1 V
-:0.6V
- 0.6V
0.7V
O.lV
less than 0.1 V
less than 0.2V 

Table 2 Test voltages at various points around the two circuits. 

are omitted on the standard 
version board or replaced with 
comP.onents of another type. FulJ 
details are given in the parts list If 
you are a particularly experienced 
constructor your may decide to 
build a partially-upgraded version, 
but if you are at all unsure it is 
better to choose one version or 
the other and stick to it 

Having decided which version 
to build, and whether to build the 
tone board or not, begin 
construction by installing the PCB 
pins for the flying-lead 
connections. These should be 
tapped lightly through the board 
from below and then soldered. 
Next install the resistors and then 
the semiconductors. Note that 
R67 (standard version) and D11 
(upgraded version) each have 
their own set of holes, and that a 
link must be inserted in place·of 
whichever component you are not 
using. The capacitors, some of 
which are physically very large, are 
best left until last Note that 
several hole positions are 
provided for the tone control 
capacitors, C50-.53, allowing 
different types and sizes to be 
used. 

The output board can be tested 
simply by connecting it to a 
suitable power supply and 
applying a signal to the input A 
±12V regulated supply should be 
used to test the standard version 
l;>ut the upgraded version has its 
own ±12V regulators and can be 
powered from any regulated or un
regulated supply of between ±15 
and ±2 5 V. The operation of the 
muting transistor, Q21, can be 
checked by applying a negative 
voltage to its gate when the stage 
is passing a signal. 

The tone board will have to be 
connected up to potentiometers 
RV3 and RV4 before it can be 
tested. Both versions of the board 
include regulators so any supply of 
between ±15 and ±25V can be 
used to test them. Connect an 
input source and monitor the 
output by connecting it to another 
ampliffier. If all is well, you should 
find that the controls behave in 
the normal fashion. 

References 

1. Quilter, P.M. Low distortion
tone control. Wireless World, 
April 1971. 
2. Ellis, J. N. High quality tone
control. Wireless World, August 
1973. 
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INPUT 

ov 

'--y-1 '-re-' 
RV3 RV4 

Fig. 11 Component overlay for the tone control board. 

INSULATED WIRE LINK 
(STANDARD VERSION ONLY) 

+12V SUPPLY TO OUTPUT BOARD 
(STANDARD VERSION ONLY) 

ov 

-12V SUPPLY TO OUTPUT BOARD 
(STANDARD VERSION ONLY) 

The final article in this series will describe the construction of the power supply board and the 
wiring and assembly of the complete Virtuoso preamplifier. 

NEW NAME IN 

OMEGA 
COMPONENTS 

ELECTRONIC AT UNBEATABLE 
COMPONENTS PRICES BY 

SPECIALIST IN COMPUTER /C'S 
RETURN DESP. 

ALL NEW HI-SPEC LA TEST AND FASTEST DEVICES 

COMPUTER IC"S 
DRAM Sv NMOS 1SonS 
4164 64K x 1 . ........... ............ £1.00 
41256 256K x 1 ..............••...... £2.60 
4416 16K x 4 .................•...... £2.00 
41464 64K x 4 ................•...... £4.90 
SRAM 5v CMOS 1SonS 
6116 2K x 8 ......................... £1.80 
6264 SK x 8 .•....................... £3.25 
EPROM 5v CMOS 2SonS 
27C64 SK x 8 ................ . .... £7.00 
27C256 32K x 8 ........... . . . . . ... £12.00 
Z80 CPU a INTERFACE 
Z80A CPU ...... .................... £1.80 
ZSOA PIO ........................... £2.00 
ZSOA CTC ................••........ £2.00 
Z80A SIO ........................... £5.00 
ZSOA DART ......................... £5.80 

0.15 
4001 0.15 
4002 0.15 

0.45 
4007 0.15 
4008 0.40 
4009 0.29 
4010 0.32 
4011 0.15 
4012 0.15 
4013 0.25 
4014 0.35 
4015 0.35 
4016 0.19 
4017 0.31 
4018 0.33 

4000 CMOS 
4019 0.28 
4020 0.38 
4021 0.40 
4022 0.38 
4023 0.15 
4024 0.26 
4025 0.15 
4026 0.89 
4027 0.28 
4028 0.32 
4029 0.38 
4030 0.20 
4031 0.90 
4032 0.80 
4033 1.25 
4034 0.89 

4035 0.47 
4036 2.25 
4037 1.05 
4038 0.75 
4039 2.65 
4040 0.38 
4041 0.52 
4042 0.30 
4043 0.38 
4044 0.38 
4045 1.05 
4046 0.48 
4047 0.45 
4048 0.29 
4049 0.18 
4050 0.20 

4051 
4052 
4053 
4054 
4055 
4056 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 

00 
02 
04 
08 
10 
11 
14 
20 
27 
32 
42 
51 
74 
86 

8 
14 
16 

0.38 4076 0.45 4510 0.38 
0.37 4077 0.15 4511 0.49 
0.37 4078 0.15 4512 0.45 
0.60 4081 0.15 4514 0.15· 
0.60 4082 0.15 4515 0.80 
0.60 4085 0.40 4516 0.40 
0.45 4086 0.35 4517 1.99 
0.75 4089 0.80 4518 0.40 
0.24 4093 0.23 4520 0.40 
1.30 4094 0.48 4526 0.80 
0.15 4095 0.70 4527 0.50 
0.15 4098 0.50 4528 0.42 
0.15 4099 0.80 4532 0.80 
0.15 4501 0.40 4555 0.48 
0.15 4502 0.50 4556 0.49 
0.15 4503 0.38 4584 0.35 
0.15 4508 0.90 4585 0.42 

74HC CMOS 
24p 107 35p 174 &Op 
24p 109 40p 175 70p 
25p 123 50p 240 99p 
24p 132 &Sp 241 85p 
24p 138 52p 242 85p 
24p 139 52p 244 8Sp 
SOp 153 52p 245 95p, 
24p 157 56p 257 SSp 
24p 158 56p 259 75p 
36p 161 75p 273 90p 
50p 164 60p 373 90p 
24p 165 &Sp 374 85p 
45p 166 &Op 640 100p 
4Sp 173 80p 

IC SOCKETS (LPROR) 
6p 18 12p· 24 18p 
Sp 20 14p 28 20p 
9p 22 16p 40 25p 

ON ORDERS OVER £25 P&P FREE ADD 15% VAT OTHERWISE ADD SOp P&P + 15% 
VAT. OVERSEAS ORDERS WELCOME NO VAT ADD £2.00 P&P. 

ANY IC SUPPLIED - IF IT EXISTS WE WILL FIND IT 
QUOTATIONS FOR QUANTITY ON REQUEST 

OMEGA ELECTRONICS Tel: 01-952 4802 

189 Beverley Drive 
Edgware, Mlddx. HAS SNL 

MAIL ORDER ONLY 

Prices are subject to change without notice. 

Universal Semiconductor Devices Ltd. 

17 Granville Court, Granville Road, • 
Hornsey, London N,4 ,4EP, England. 
Tel: 3,48 M20/M25* The 25157 usdco fl 

We offer one of the largest ranges of semiconductors at highly economlcat 
prices. The following semiconductor types are available from stock. If we 
don't stock what you need then we can get It fast from our facilities In West 
Germany and USA upon request 

TRANSISTORS - Blpolars - Germanium and SIiicon 
Small signal 
Power 
i;>arllngtons - all shapes and sizes 
VHF/UHF devices - all shapes and sizes 

FETS - Power Mosfets /P) 
Unljunctlons 

� 

DIODES - Germanium and SIiicon 
Rectifiers and Bridges 
Opto-Electronlc devices 
LEDs of all shapes and sizes 

THUISTORS and TAIACS - All shapes . -$"° ..$ Stzes ratings 

INTEGRATED CIRCUITS: Consumer- Digital/Analogue 
Microprocessors and Peripherals 
IC Sockets 

JAPANESE COMPONENTS - Vast range of dlscrete's and consumer IC's 
System A - All semiconductors available from USD. Amp - £75.00 Incl. VAT & 
p&p. Pre-amp - £90.00 Incl. VAT & p&p. 

" 
Mail order customers: Please send for our lsYSTEM A 

!�ailiible 
comprehensive price list, enclosing £1.00 in All semi-co�ducto £90 amp 
stamps. Cheque or postal order. A<!!P plus g��;8£r� 'j

""··-
Catalogue sent lrff qi charge, when requeoted on olflclal letterhead (wllllout 
refund), to OEM',, School,, Collegeo, Unlveroltleo, Government lnotltuUono, 
Computer FIims, Electronlc Repair Firm, and Dlotrlbutoro. Speclal dlocounts and 
payment term, are available to above ln1tltutlon1. 

Please enquire for quantity discounts. 

WE WELCOME TELEPHONE AND TELEX ENQUIRIES! 

PROJECT: Preamplifier



TECH TIPS circuit The base-emitter voltage of 
Q1, which is a Darlington device, is 
about 1 VS when Q1 is on. If the 
collector current begins to increase 
through a load attached across the 
output of the circuit, then the volt
age developed across resistors R2 
and RV1 will increase. Thus, the 
voltage on the transistor's emitter 
rises with respect to the 7805 com
mon pin. While the transistor is 
biased into conduction, the voltage 
on its base will be forced to rise. 
Since the 7805 maintains a constant 
SV across its output and common 
pins, the voltage across R3 will, 
therefore, drop- ensuring a reduc
tion in base current which coun
teracts the initial rise in collector 
current The same process applies 
should collector current try to 
decrease. 

Variable Pulse Burst 
Generator
L. Robertson
Aberdeen

This circuit will produce bursts of 
from 1 to 8 pulses from a clock 
input depending on the setting of 
the three switches, SW1, 2 and 3 
(See Table 1), with a delay 
between each burst determined 
by the 4047 monostable, ICS. 

For example, if bursts of 4 
pulses are required, the switches 
are set so that SW1-0, SW2-0 and 
SW3-1 are fed to the 3-input NOR 
gate, IC1 b. The input pulses are 
counted into the 4029 binary 
counter, IC2, via IC1 a After the 
fourth input pulse all the gates on 
IC1 b will go low causing a positive 
going pulse to reset the counter via 
the reset enable pin. This pulse 
also sets the 4027 flip flop, IC4, 
setting Q high and thereby holding 
the circuit output low through IC1 
c. Only the first four input pulses in
this case will p _ass through to the
output

The positive edge of Q also 
triggers ICS whose output will go 
high for a period, T, equal to 2.48 
RC seconds, where R is between 1 
Ok and 1 MO and C is greater than 
1 nO and is non-polarised and a 
low leakage type. This disables the 
input to IC1 a so that no more 
pulses can go to the counter as 
long as the monostable is active. 
At the end of the monostable 
period, ICS's output goes low, IC1 
a is enabled and the cycle repeats. 

Pulses in burst 

1 

2 

3 

4 

5 

6 

7 

8 

SW3 SW2 SW1 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

0 0 0 

High Voltage 
Constant Current 
Source 
E. Hunter Dundee

+Vee 

INPUT 

ZD1 

OV 

NOTE: 
IC1 • 78L05 
01 • MJ10003 

OUT ZD1 • BZYBB-BV 

01 

The circuit described here provides 
a constant c:urrent source adjust
able up to a current of about 60mA 
and at a voltage of up to 350V. The 
resistor, R1, and the zener diode, 
ZD1, provide 8V at the input of the 
regulator, a 7805, with respect to its 
common line. This is high enough to 
ensure that the regulator has suffi-

. cient voltage to work with and low 
enough to keep dissipation to a 
minimum. 

The regulator tries to maintain 
SV between its output and its com
mon pins and this voltage is applied 
to the transistor Q1 's base-emitter 

The variable resistor, RV1, gives 
adjustment of the current and the 
fixed resistor,· R2, limits th.e max
imum available current The vari
able resistor should be a 3W wire
wound type to cope with the power 
dissipated in it 

A Darlington transistor was 
chosen because its higher gain 
maintains a more constant current 
The one used in the circuit is rated at 
400Vand 150W at 25°C, so it is well 
within its safe operating area 
Nevertheless, it should be provided 
with a heat sink to minimize the 
effects of temperature rise if more 
than a few milliamps are required. 
_The circuit values can easily be mod
ified to suit different voltages and 
currents, provided component rat
ings are not exceeded. 

IC4 IC5 

- 2 8 
Q +VE TRIG 

NOTE: 

T 
,--0--., 

JULJIL 

OUTPUT 

10 
0 

PE--+------__, 

ICl • 4025 
IC2 • 4029 
IC3 • 4069 
IC4 • 4027 
IC5 • 4047 
T • 2.48RC SECS. 
*SEE TEXT 

ov 



SERVICE SHEET
Enquiries 
We receive a very large numberof enquiries. Would 
prospective enquirers please note the following 
points: 
• We undertake to do our best to answer en
quiries relating to difficulties with ETI projects, in 
particular non-working projects, difficulties in ob
taining 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 construc
ted correctly but does not work, we will need a des
cription of its behaviour and some sensible test 
readings and drawings of oscillograms if approp
riate. With a bit of luck, by taking these measure
ments you'll discover what's wrong yourself. Please 
do not send us any hardware (except as a giftl); 
• 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 excep
tions where the enquiry is very straightforward or 
where it is important to electronics as a whole; .
• We receive a large number of letters asking if we 
have published projects for particular items of 
equipment Whilst soine of these can be answered 
simply and quickly, others would seem to demand 
the compiling of a long and detailed list of past pro
jects. To t,elp both you and us, we have made a full 
index of past ETI projects and features available 
(see under Backnumbers, below) and we trust that, 
wherever possible, readers will refer to this before 
getting in touch with us. 
• We will not reply to queries that are not accom
panied by a stamped addressed envelope (or inter-
national reply coupon). We are not able to answer 
queries over the telephone. We try to answer 
promptly, 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 electronics industry, and so on, it 
doesn't help our already overloaded enquiries ser
vice to have to plough through several pages to find 
exactly what information you want 

Subscriptions 
The prices of ETI subscriptions are as follows: 
UK:. £18.10 . . . 
Overseas: £22.50 Surface Mail 

$29.50 Surface Mail (USA) 
£49.50 Air Mail 

Send your order and money to: ETI Subscriptions 
Department, infonet Ltd, Times House, 1 79 The 
Marlowes, Hemel Hempstead, Hertfordshire, HP1 
1 BB (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 sub
scriptions, sorry). 

ETI should be available through newsagents, and 
if readers have difficulty in obtaining issues, we'd 
like to hear about it 

Backnumbers 
Backnumbers of ETI are held for one year only 
from the date of issue. The cost of each is the 
current cover price of ETI plus SOp, and orders 
should be sent to: ETI Backnumbers Department. 
lnfonet Ltd, Times House, 1 79 The Marlowes, 
Hemel Hempstead, Hertfordshire HP1 1 BB. 
Cheques, postal orders, etc should be made 
payable to ASP Ltd. We suggest that you 
telephone first to make sure there are still stocks 
of the issue you require: the number is (0442) 
48432. Please allow 28 days for delivery. We 
would normally expect to have ample stocks of 
each of the last twelve issues, but obviously, we 
cannot guarantee this. Where a backnumber pro 
ves to be unavailable, orwherethe issue you 
require appeared more than a year ago, 
photocopies of

individual articles can be ordered instead. These 
cost £1 .50 ( UK or overseas surface maiO, irrespec-

. tive of article length, but note that where an art� 
cle appeared in several parts each part will be 
charged as one article. Your request should state 
clearly the title of the article you require and the 
month and year in which it appeared. Where an arti
cle appeared in several parts you should list these 
individually. An index listing projects only from 
1972 to September 1984 was published in the 
October 1984 issue and can be ordered in the same 
wayas any othe� photocopy. If you are interested in 
features as well as projects you will have to order an 
Index covering the period you require only. A full 
index for the period from 1972 to March 1977 was 
published In the Aprll 1977 issue, an index for April 
1977 through to the end of 1978 was published in 
the December 197.8 issue; the index for 1979 was 
published In January 1980, the 1980/81 Index In 
January 1982, the 1982.lndex in December 1982, 
the 1983 index in January 1984, the 1 984 index in 
January 1985 and the 1985 index in December 
1985. Photocopies should Ile ordered from: ETI 
Photocopies, Argus Specialist Publications Ltd, 1 
Golden Square, London Wl R JAB. Cheques, postal 
orders, etc should be made _payable to ASP Ltd. 

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 onatopic thatwould interest ETI readers, let 
us have a description of your proposal, and we'll get 
back to you to say whether or not we're interested 
and give you all the boring details. ( Don't forget to 
give us your telephone number). 

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 complaintand 
asking for a reply. Quote any reference number you 
may have (in the case of unsatisfactory or incom
plete fulfilment 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 
supplierwithin, 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 supplier, 
then please drop us a line. We are not able to help 
directly, because basically the dispute is between 
you anGl the supplier, but a letter from us can some
times 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 con
ditions, if a supplier goes bankrupt or into liquida
tion between cashing your cheque 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! 
Corrections to projects are listed below and normally 
appear for several months. Large corrections are 
published just once, after which a note will be inser
ted to say that a correction exists and that copies 
can be obtained by sending in an SAE. 

Digibaro (February 1986) 
Capacitors Cl, CJ, CS and C7 should be 470u 25V 
types as shown on the circuit diagram, not47u 25V 

' types as stated in the parts list. We have also been 
told that one of the companies mentioned in 
Buylines, Hawke Electronics, no longer supply the 
MPX1 OOa pressure transducer. The other company 
recommended, Macro Marketing, should still be 
able to help. 

LEDS on Fig. 7, page 28, the component overlay, is 
shown as having 16 pins. It should have 18 pins and 
be extended rightwards to the two pads shown. In 
the author's prototype the LED displays used were 
both MAN671 O 2-digit types, LED4 having pins 16, 
1 7 and 18 removed. 

RS232-Centronlcs Converter (March, 1986 ) 
On the circuit diagram (Fig. 2, p. 53), pin 11 of IC2d 
should be marked pin 13. Pin 10 of IC3 is missing 
and should be shown connected to ground. Pin 9 of 
IC7f becomes pin B and vice versa Also, in Table 1, 
thefigure'8' in column SW1 b should be a zero and 
the '8' belongs in the 'DATA BITS' column. The 
specification of 74LS121 and 74LS07 is wrong. 
since LS types do not exist for these devices. They 
should be replaced with standard TTL Finally, some 
confusion seems to have been generated over 
XT AL 1. Although not mentioned in the text, a simple 
calculation should demonstrate that XTAL 1 needs 
to be 6.144 MHz to produce the baud rates 
shown. 

Microlight Intercom (May, 1986) 
In Fig. 1 (p.29) the link between pins2 and 3 of PL3 is 
not shown. Cl 3 is shown as a polarised capacitor. 
The battery check contact on SK1 should be shown 
as normally closed. the PCB foil pattern on p.59 is 
shown as from the component side. It should be 
reversed. The miniature loudspeakers mentioned 
in the article cost £2.50 each, not per pair as 
incorrectly noted in Buylines, p.32. The author of 
the article suggests that it may be advisable to insert 
a suitable capacitor between R9 and IC3, pin 3. 

Baud Rate Converter (May, 1986) 
In Fig. 4 (p. 35), some confusion has crept in to the 
ins and outs of the circuit diagram. IC6a and ICSc 
need to be turned round and pins 20 and 25 of IC2 
swapped round. In Fig. 5 (p.36), D4 and D3 are 
shown the wrong way round on the overlay. This 
could of course lead to the destruction of Cl O as 
well as the presence of a second+ 1 2V rail instead of 
the required-12V. In Fig. 6 (p.37), SK4.3 andSK3.3 
must be swapped over. In the Parts List, Cl O should 
be 1 OOOuF, not 1 OOuF. 

RF Oscillators (June, 1986) 
Fig. 12 (p.23) does not, in fact, show a working 
oscillator. For a series fed arrangement, take the link 
from CV1 a,b junction to R3 and Ql emitter junction 
and not OV, remove Cl and move C2 to shunt R2. 
For a shunt-fed arrangement, break the link bet· 
ween L 1 and Vee-and take Ql collector to Vee via a 
4 k7 resistor. 

Speaking Alarm Clock (August, 1986) 
In the circuit diagram, Fig. 2 (p.53), diode D3 and 
resistor Rl 4 should be in parallel not series as 
shown. The link from IC10, pin 1, to battery positive 
should be removed. 



PCB FOIL PATTERNS 

The Mains Conditioner foil pattern. 

The Experimental Preamplifier foil pattern. 



The foil pattern for the Upgradeable Amplifier tone control board.

0 

 The foil pattern for the Upgradeable Amplifier output board. 

PCB FOIL PATTERNS 



ETI PCB SERVICE

E8107-1 System A Disc Input bd 
MC-MM ................... F 

E8107-2 System A Preamplifier Main ... K 
E8108-1 System A Power Amp ........ L 
E8109-2 System A PSU ............... F 
E8201-2 Infant Guard ................ C 
E8202-5 MM Stage Disc Preamp 

(Tilsbrook) ................ G · 
E8206-5 Logic Lock .................. F 
E8208-1 Playmate Practice Amp 3bds 

SA1 ...................... K 
E8212-1 ELCB ....................... F 
E8301-2 Analogue to digital conv (ZX81/ 

Spectrum) .•........•..... E 
E8305-3 Dual Audio Power Supply, 

Linsley Hood ....•........ G 
E8305-5 Balanced Input Preamplifier 

.••.••••••.•••.•••••.•••..• F 
E8307-2 Flash Trigger-sound or FR ..... F 
E8308-1 Graphic Equaliser 

1h Oct/Chnl .............. M 
E8308-2 Servo Fail-safe .............. C 
E8309-1 NICAD Charger/Regenerator 

.....................•..... F' 

E8310-3 Typewriter Interface - EX42 ... F · 
E8311-1 Mini Drum Synth .· ........... F 
E8311-8 Moving Coil Pre-Preamp ..... F 
E8312-3 Light Chaser EPROM Controlled 

(2 Boards) ................ K 
E8402-1 Speech Board .............. M 
E8402-2 Modular Pre-amp Disc Input 

Mono ................•.... F 
E8402-3 Modular Pre-amp Stereo 

Output ................... F 
E8402-4 Modular Pre-amp Relay, 

PSU ....................... F 
E�402-5 Modular Pre-amp Tone Main 

Mono ..................... F 
E8402-6 Modular Pre-amp Tone Filter, 

Stereo .................... F 
E8402-7 Modular Pre-amp Balanced 

Output ................... F 
E8402-8 Modular Pre-amp Headphone 

Amp ...................... F 
E8404-2 Mains Remote control Receiver 

........................... F 

Auto Light Switch ............ F 
ZX81 EPROM Programmer ... N 
Mains Remote Control 

Transmitter ............. :. H .• 

E8405-4 Centronics Interface ..... : ... F E8508-1 RCL Bridge ................. N 
E8405-6 Drum Synth ................. F E8508-2 EX42/BBC Interface .......... E 
E8406-1 Orie EPROM Board ......... 0 E8508-3 EPROM Emulator ......... ; .. L 
E8406-2 Spectrum Joystick ........... E E8509-1 Spectrum ................... F 
E8406-3 Audio Design RIAA Stage .... G E8509-2 Direct Injection Box ......... E 
E8406-4 AO Buffer/Filter/Tone ....... H E8510-9 Sunrise Light Brightener ...... K 
E8406-5 AD Headphone Amp ......... F · E8511-1 MTE Waveform Generator ... H 
E8406-6 AD Preamp PSU ............. K E8511-2 Millifaradometer ............ H 
E8406-7 AD Power Amp ............. H EBS 11-3 Cymbal Synth ................ J 
E8406-8 AD Power Amp PSU .......... J E8511-5 Chorus Effect ............... H 
E8406-9 AD Stereo Power Meter ....•. F · E8511-7 Enlarger Exposure Meter ..... F 
E8406-10 AD Input Clamp ...... : ..... C EBS 11-8 Switching Regulator .......... E 
E8407-1 Warlock Alarm .............. M E8511-9 Second Line of Defence ..... M 
E8408-2 EPROM Emulator ........... N E8512-1 Specdrum connector ......... F 
E8408-3 Infrared Alarm Transmitter ... E EBS 12-2 MTE Pulse Generator ........ H 
E8408-4 Infrared Alarm Receiver ...... F EBS 11-3 Specdrum ................... L 
E8409-1 EX42 Keyboard Interface ..... F E8601-2 Walkmate ................... L 
E8409-2 Banshee Siren Unit .......... F E8601-3 MTE Counter-timer ......... M 
E8410-1 Echo Unit ................... F E8602-1 Digibaro ..........•.... · ..... 0 
E8410-2 Digital Cassette Deck ....... N E8603-2 Programmable Logic Evaluation 
E8410-3 Disco Party Strobe .......... H Board ............. , ....... H 
E8411-5 Video Vandal (3 boards) ..... N E8603-3 Sound Sampler Analogue 
E8411-6 Temperature Controller ..... D Board ..................... R 
E8411-7 Mains Failure Alarm •........ D E8604-1 JLLH PA PSU ................ H 
E8411-8 Knite Light .................. D E8604-2 Matchbox Amplifier ......... C 
E8411-9 Stage Lighting Interface ...... F E8604-3 Matchbox Amp Bridging 
E8411-10 Perpetual Pendulum ......... E Version ................... C 
E8412-1 Spectrum Centronics Interface E8604-4 MTE Analogue/Digital 

•••••....••••••....•.•.•••• F Probe ................... M 
E8412-4 Active - 8 Protection Unit ..... F E86.05-1 Microlight Intercom ......... E 
E8412-5 Active - 8 Crossover .......... F E8605-2 Baud Rate Converter ........ M 
E8412-6 Active - 8 LF EQ .............. F E8605-3 Baud Rate Converter 
E8412-7 Active - 8 Equaliser ........... F 
E8501-3 Digital Delay (2 boards) ...... T 

PSU Board ............... G 
E8605-4 Portable PA ................ ."H 

E8502-1 Digital Delay Expander ...... N 
E8502-2 Data Logger ................. J 

E8606-1 Midi-CV Converter Board .... H 
E8606-2 Midi-CV Converter PSU ..... D 

E8503-1 Combo Preamplifier ......... F E8606-3 Troglograph ................. F 
E8503-2 TH D Meter mV & oscillator E8606-4 80m Receiver ............... H 

bds (2 boards) ............ K E8606-5 Sound Sampler .............. R 
E8503-3 THO Meter Mains PSU : . ..... F E8607-1 Direction ................... E 
E8504-1 Framestore Memory ........ M E8607-2 Upgradeable Amp, MC stage 
E8504-3 Framestore Control ......... N (Stereo) ................... G 
E8504-4 Buzby Meter ................ E E8607-3 BBC Motor Controller ........ F 
E8504-5 CCD Delay .................. F E8608-1 Digital Panel Meter .......... G 
EBSOS-5 Stereo Simulator ............. F E8608-2 Upgradeable Amp, MM stage 
E8506-1 Audio Mixer Main ............ J (mono) ................... H. 
E8506-2 Audio Mixer PSU ............ F E8609-1 Mains Conditioner ........... E 
E8506-3 Audio Mixer RIAA ........... D E8609-2 Experimental preamp ........ F 
E8506-4 Audio Mixer Tone Control ... D E8609-3 Upgradeable amp, Tone board 
E8506-5 EPROM Prog MKII .......... 0 , (mono) ........•..•......• H 

E8609-4 Upgradeable amp, Output 
board.(mono) .............. F' 

Make your project in style -
and avoid bird's nesting

- with a properly designed PCB!



Price 
Code 

C 

D 

E 

F 
G 

H 

J 
K 

.L 

M 

N 

0 

p 

Q 
R 
s 
T 
u 

V 
w 
X 

Price (inc VAn 
£ 

1.80 

2.50 

3.23 

4.00 

4.75 

5.50 

6.62 

7.20 

8.80 

10.60 

13.10 

15.80 

17.90 

21.80 

23.90 

25.90 

29.00 

32.20 

35.80 

37.90 

40.70 

Please use the form below (or a photocopy 
of it) to make your order. Be sure to quote 
the board reference number and price code 
correctly - mistakes will delay your order. 
The board reference number tells you when 
a particular project was published: the first 
two numbers are the year and the third and 
fourth numbers tell you the month; the 
number after the hyphen indicates the 
particular project. Reprints of all articles are 
available for a small charge from our 
photocopy service - see the separate page 
(not printed in every issue of ETI). Please 
note that complex projects are usually 
published in several parts.

Please allow 28 days for delivery

ORDER FORM 

TO: ETI READERS' SERVICES DEPARTMENT
 Argus Specialist Publications Ltd 
PO Box 35, Wolsey House, Wolsey Road, Hemel 
Hempstead, Herts HP2 4SS, UK

Please supply: 
No. required Board reference Price
per type         number letter

Price each Total for 

E 

E 

E 

E 

POSTAGE & PACKING 

TOTAL ENCLOSED 

£ board type £ 

£ 

£ 

£ 

£ 

p £ 

p £ 

p £ 

p £ 

p 
p 
p 
p 

£ 0.75p 

£ . p 

ORDER TO BE SENT TO: (BLOCK CAPS PLEASE)

Name 

Address

Postcode 

(Make cheques payable to ASP Ltd) 
ACCESS and VISA credit card orders can be taken on 0442 41221 
(office hours only).

Our terms are strictly cash with order. 
Unfortunately we cannot accept official 
orders, but we can supply a pro-forma 
invoice for you to raise a cheque against. 
We must stress, however, that your order 
will not be worked on until payment is 
received.
The boards listed below are all that are 
available at the moment. We hope to make 
more types available in the future, but no 
details will be available for some while (so 
please don't phone us to ask!)



THE COLOUR
BROWN
Andrew Armstrong reports from the consumer front-line. Are 
brown goods getting better or just more colourful? 

' 
p

op up ·to town' said the invitation from Marantz. 
The invitation was to visit their part of what u·sed to 
be the Audio Trade Fair. This is a disparate, not to 

say dissipated, event which takes place at a number of 
separate venues in the inner London area 

It is interesting to check u·p on advances in the field of _ 
electronic consumer products from time to time. At this 
show, some of the 'advances' were risible; a few were 
technically interesting, and most were a bit ho hum. In 
short the show, like tile goods, was brown. 

Because of its geographical proximity to the offices of 
ETI, the first port of call was the Grun�ig exhibition. The 
people at Grundig, who are partly owned by Philips, 
seemed to be most excited about their 'flatter, squarer 
tubes' (on television, that is). This seems to be the most 
important advance in the domestic market I am not sure 
about the subjective effect of the tube being flatter, but 
it does seem sensible to havea squarer tubeto make use 
of all the picture information transmitted and not_ lose 
the corners as with older designs. 

On the business front, Grundig were offering a'com
. petitive' telephone answering machine at £3 50. Two of 
·the special features are remote access, co_ntrolled by a
user-settable seven-bit code- to prevent your com
petitors from listening in, and that it uses the same tape
cassettes as their dictaphones. This allows the business
man to leave dictation for his secretary without leaving
his girlfriend's flat!

Back on the television front, two developments
were noticeable.

There is now a TV with video recorder built in. The
VCR is removable, and both TV and recorder can work
independently. This uses a picture enhancement tech
nique called CTI (colour transient improvement), which
reduces the inevitable smearing of colours caused by
narrow chrominance bandwidth. I am still waiting for
someone to produce a colour set which makes use of
most of the luminance resolution currently transmitted.
_That would reduce the justification for introducing High
Definition Television.

Grundig had one or two interesting things, such as a 
small and deceptively simple satellite receiver. The 
works which matter are in a metal cased module, which 

· is only repairable by the factory. The dish which goes
with it has two head amps, for X and Y polarisation,
instead of the usual circular polarisation. Electronic
switching selects the besf signal. This should gain the
odd dB or so. The overall noise figure quoted is a credit
able less than 2.2dB, and the RRP for the whole works
comes to £1750.

Squarer But Not Flatter
Telefunken, in the same hotel, were showing

televisions with squarer, but not flatter screens.
Apparently, Telefunken believe that the picture looks
better on convex screens. Not to worry, if the picture
or the pro gramme fails to please - just press a
button and the remote control unit lights up! A great
boon if you are watching TV in the dark. We are told
that their video recorders were 'In a transitional phase
- new models will be out in September.' I think that
sums it up adequately.

Now on to the next hotel, where there were several 
more exhibitors. 

Black And Brown· 
Marantz were showin� more black �oods th_an 

brown ones. Their main stock in trade is high quality 
audio equipment They have introduced a 16-bit, 4 
times oversampling CD player- the only other 
people to aspire to these levels,as faras I know,are 
Philips. TheCD65,as it is designated, also provides a 
digital output to allow the use of an external 
digital-to-analogue converter (DAC). When pressed the 
technical man said that the 16-bit specification of the 
CD65 is genuine and linear, but that it is still possible 
to gain extra quality by using an external DAC 

Grundig had 
one or two interesting 

things, Telefunken had a rounder, squarer tube. 
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with very superior components around it The DAC u.nit 
is likely to retail at about the same price as the CD65, 
whose RRP is £349. 

Still on the subject of digital audio, Marantz expect to 
introduce a digital audio recorder next year. The quality 
should be similar to that of the compact disc player, and 
the machine will use a rotary head. Apparently standards 
have been agreed. Watch this space. next year for 
more details. 

Marantz have also introauced another Dolby surround 
sound processor. They introduced the idea for, the first 
time _last year, and they appear to be pressing forward 
with it Apparently, 35 mm feature films often have front 
and rear channel infqrmation encoded on them, and this 
is carried over to prerecorded videocassettes. Dolby 
labs licence the decoding circuitry just as they license 
the use of Dolby Band C noise limiter circuits. 

Just to confuse matters, Sansui have also introduced 
a surround sound processor, reputed to be of similar 
quality to the Marantz offering. The Sansui version does 
not, however, use the offjcial Dolby decoding circuit, 
although the way it works is similar enough to sound 
more or less right .. 

. Sansui had a neat looking car CD player on display. 
This is expected to retail for £434 including VAT. This 1s 
only for the player, of course. You also need an amplifier. 
The amplifier which they recommend costs £93, so the 
whole system is likely to cost more than many living 
room hi-fis. 

Car CD players are very attractive up to the moment 
when you see the price tag. Remembering that the 
acoustic environment of a car is not ideal for the 
appreciation of music, the main justification of having 
one must be to listen to your CDs without first having to 
record them on to ca·ssette. 

It may come to pass that, if the real price of CDs ever 
comes down, and more people own more of them, then 
car CD players will be widely used. 

My main impression of the show was that brown 
goods manufacturers are trying to come up with new 
gimmicks to persuade people to replace or upgrade. 
their present domestic entertainment facilities. This 
search for ways to revitalise the market was neatily illus
trated by one ofTatung's innovations- a wiae ran�e of 
different coloured cases for one of their television 
models. 

In-Car entertainment from Sansui :- 47+47W amplifier, a seven band 
graphic equalizer and 'a three spot beam laser CD player! 

NEXUS EPROM DEVELOPMENT SYSTEM 

The Nexus EPROM Development system is ari EPROM 
simulator/programmer of enhanced capabilities. One is 
available now for the Atari ST range of computers. It plugs into 
the cartridgefort and will allow you to: 
o Develop S cartridge software without ever having to 

program an.EPROM. 
o Use your ST as a professional 68000 hardware development

system, 
o Blow EPROMs 16 bits wide or 8 bits wide (depending on

target system architecture),
o Manipulate data between its 64K of EPROM simulation RAM

and tlie ST's disk drive(s) and serial port in binary and a
variety of hex formats.

Of far .higher specification than probably any available 
dedicated EPRQM programmer/simulator, amongst the 
systerr,.'.s features are: 
Internal (ST) and external (target systerr) EPROM simulation 
with 64k of static RAM, the first ever true 16 bit 
simulator/programmer, LS and MS EP.ROMs programmed 

. simultaneously in two ZIP sockets, autbmatic transparent 'split 
. and shuffle', intelligent programming of all EPROMs 8k and 

above, SID style GEM window on simulation RAM or EPROM(s) 
including slider, icon manipulation etc, Edit, Locate a Value, 
Block Move, Fill/Clear, Checksums, Blank check, Program 
Check, Automatic or Manual Verify, External EPROM Simulation 
autonomo'us from ST operation, on-board Vpp generation etc. 
In the now envied Atari tradition of "Power without the Price" 
the cost of this remarkable system is £175.00. Included in this 

. price is the high'ly professional GEM software and extensive 
comprehensible manual. 

For delivery of your ·Ne.xus EPROM Development System by return 
of post. send chtlque/PO for £.Z.01.25 to include VAT. PJ!,P to: 

Also available: 

Nexus Technical Services Limited 
38 Melrose Avenue, Reading RG6 2BN 

Tel: (0734) 664559 

Socketed ST cartridge boards to take lour EPROMs Sk or above leg. 4 x 27256 = 128k) . 
£14.75 inc. VAT, P&P 

... that there is a real difference at Cricktewood Electron;cs. 
That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS 

COMPONENTS CATALOGUE, for sheer variety, com �jtive prices and service 
from the U.K. 's number one 100% component s gimmicks, no gadgets or 

u C!'�l(ll\the phone (a, a pen) to get your 
- computers. just components, 
millions �

f the asily available by mail order, 

FREE copy now lno SAE C!)eAJhave nothing to lose. 

CRICKLEWOO���itTRONICS LIMITED 
40 Cricklewood Broadway, London NW2 3ET 

· Tel: 01-450 0995/01-452 0161 
Telex: 91 4977 

� .. ! rr=::=,1
aiiiiii!ll � 1 _C•·J 

FEATURE



ALF'S PUZZLE 220R resistor in place of one of 
them. What do you think hap
pened as Alf turned up the supply 
voltage? Did some LEDs light 
before others? Did all the LEDs 
light eventually? If you're not 
sure, why not try it for yourselfl 

Last Christmas, Alf promised to 
make some decorations for the 
ETJ offices. True to his word, he's 
done it The fact that he presen
ted us with his LED nativity scene 
in August is hardly worth men
tioning. 

The circuit that Alf used is 
shown in Fig. 1. To save the 
bother of calculating lots of resis
tor values, his idea was to connect 
the entire LED string via a single 
220 R resistor to a variable poweF 
supply, and to turn up the voltage 
until all the LEDs lit at a reason
able brightness. As he didn't have 
quite enough LEDs to complete 

. his pattern, he connected another 

LE01 

RED 

LE02 

GREEN 

The answer to last month's 
puzzle:

The circuit is a kind of dual 
rectifier - one output is the part of 
the waveform above the average 
voltage, the other is the wave
form below the average voltage 
(Fig. 2). If the current drawn by 
the op-amp for its own internal 
circuitry is constant, any current 
drawn from the output will in
crease the voltage drop across 
R2 since it must come from the 
positive supply. This will leave 
the voltage across R3 constant 
Conversely, any current 
supplied to the input will result 
in an increase of voltage across 
R3, leaving the voltage across 
R2 constant.

A more sensible circuit to 
achieve the same result is 
shown in Fig. 3. Once again, 
imbalances in the supply 
currents are caused by the 
variation in current through R1, 
but the input is at a much higher 
impedance and there is no 
fiddly setting up to do. The 
performance of the circuit 
will depend very much on 
the characteristics of the 
chosen op-amp. Its

LE03 

RED 

Fig. 1 Alf's LED array. 

MAIL ORDER 
ADVERTISIN-G 

Brtt11h Code of Aclvertlelng Practice 
Advertisements in this publication are . required to conform to the 
British Code of Advertising Practice. In respect of mail o�der 
advertisements where money is paid in advance, the code requ1rn 
advertisers to fulfil orders within 28 days, unless a longer delivery 
period is stated. Where goods are returned ur,damaged within seven 
days.the purchaser's money musl be refunded. Please retain proof of 
postage/despatch, as this may be needed. 

Mall Order Protection Sch-
If you order goods from Mail Order advertisement� i� this m!lgazlne 
and pay by post in advance of delivery, Argus Spec1ahst Pubhcatlons 
Ltd 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, summarising the 

situation not earli'er than 28 days from the day you sent your order 
and not later than two months from that day. 

Please do not wait until the last moment to inform u_s. When rou write, 
we will tell you how to make your claim and what evidence o 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 (up to a limit of £2,000 per annum for 
any one Advertiser so affected and up to £6,000 per annum In rnpect of 
all insolvent Advertisers. Claims may be paid for higher. amounts, or 
when the above procedure has not been co·mplled with, at the 
discretion of this publication but we do not guarantee to do so In vi-of 
the need to set some limit to this commitment and to learn quickly of 
readers' difficulties). 
This guarantee covers only advance payment sent In direct rnpon1eto 
an advertisement in this magazine (not, for example, payment made in 
response to catalogues etc., received as a rnult of an,-rlng 1uch 
advertisements). Classified advertisements are excluded. 
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Fig. 2 Last month's solution. 

supply current should be inde
pendent of supply voltage, and 
the current drawn from the out
put should have as little effect 
as possible on the current 
required by the remainder of 
the circuit 

Fig. 3 A better version of the circuit 
in last month's puzzle.

July Competition Results
The July puzzle was sent in by 

Henry Earle, who came to some 
odd conclusions when thinking 
about the circuit of Fig. 4. The . 
energy stored by a capacitor 
depends on the charge and the 
final voltage reached. If the 
switch in Fig. 4 is closed, a certain 
amount of charge will be trans
ferred from the supply to the 
capacitor, and this charge and the 
final voltage reached will be the 
same no matter what the value 
of the resistor. Mr. Earle reasons 
that since the quantity of charge 
transferred and the work done in 
transferring it, is the same for any 
value of R, it must also apply 
when R is zero. In other words, no 
.matter what the value of R, the 
energy from the supply must 
equal that stored by the capaci
tor, and must all be recoverable. 

,� 
I 

Yet the resistor has current flow
ing th rough it whilst the capacitor 
is charging, and so must d·issipate 
some heat Could this be the 
basis of a free room heater? 

The flaw in the argument is 
apparent when we consider what 
would happen if the switch was 
closed with no resistor in series 
with the capacitor. From an ab
stract circuit theory point of view, 
we are forced either to allow that 
infinite current will fiow at the 
instant the switch is closed, or 
else to introduce some other ele
ment into the circuit- an induc
tor, perhaps, which we can justify 
in terms of the inductance of the 
capacitor's leads. From a practical 
point of view I would suggestthat 
the outcome would be a heating 
and possible welding of tlie 
·switch contacts if the power 
supply had extremely low inter
nal resistance, or else dissipation 
of heat in the supply itself- most
likely a combination of the two.
The point is that the question was 
posed back to front: the pro
blem is not where the extra 
energy comes from when the 

. resistor is present, but how the 
surplus is disposed of when it is 
absent Our competition winner 
- George Andronov of North
field, Birmingham - suggests 
that the extra energy would be 
lost as electromagnetic waves, 
with the capacitor and induc
tance of the leads acting as a 
tuned circuit

�'-o+v l SW1 
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Fig. 4 Full to capacity! 



SCRATCH PAD 
by Flea-byte 
Quote of the month comes from 
a British Telecom press release 
singing the praises of their Voice
bank messaging system.' Britain's 
business people,' chirps the re
lease, 'can spend up to seven 
working daysayearwaitingtotalk 
to someone on the telephone.' 
Ain't it the truth! I sometimes 
spend that long trying to get 
through to directory inquiries. 

Wages of Sin
Those of you concerned for the 
welfare of former Thorn-EMI 
chairman, Peter Liaster, will be 
pleased to hear that the com
pany's latest financial report 
shows that Laister was paid a 
£420,000 golden handshake 
when he and Thorn parted over 
some unpleasantness. This 
compares very favourably with 
the £95 m Laister paid for In 
mos when the Government off-
loaded it Unlike Laister, lnmos 
continues to lose Thorn-EMI 
money, despite Thorn's new 
management 

The Wages of Sinclair 
With his optimism as yet un

dimmed, Sir Clive Sinclair (known 
affectionately as 'the knight on 
the tiles') has bounced back with 
yet another new company, Ana
martic, to handle the wafer scale 
integration project Anamartic 
are looking for £6m to develop a 
proposed wafer scale silicon 
RAM disk by 1987 and, with 
Sinclair apparently taking a 
well-advised back-seat, they 
might get it - despite WSl's · 
historyof failure. lf they dogetthe 
money it will be no testament to 
Sinclair's scientific genius, nor to 
his business acumen, but to the 
profound equation that greed 
plus· lack of technical education 
produces financial backing. 

OPEN 
CHANNEL 

Only a few days after I write this 
column the Monopolies Com
mission is due to issue its findings 
about the proposed GEC take
over of Plessey. I foresee that it 
will conclude the takeover to be 
sound and not of such a type as to 
give GEC a monopolistic.control 
of the telecommunications mar
ket in Britain. 

That is not, however, to say that 
the takeover is right on other 
grounds. There is a strong case 
which argues that many Plessey 
jobs (and for that matter some at 
GEC) will have to go in the pro
cess - simply because GEC will 
not wish to have duplicated jobs 
within the new o'rganisation. 
Figures in the order of tens of 
thousands of job losses have 
been suggested (albeit by Plessey
sponsored consultants), and 
even if these figures are high, by 
say 50% or so, there will still be 
many redundancies. And person
nel directly employed by GEC 
will not be the only victims of the 
takeover. Many smaller busi
nesses who supply raw materials. 
to Plessey will also suffer. 

Job losses will not be enter
tained lightly by the Government 
which, at this stage in its electoral 
timespan, will be looking towards 
the next election with a view to 
improving, reducing, or even 
simply stemming the rise in un
employment figures. The Mon
opolies Commission reports 
directly to the Department of 
Trade and Industry, which is to 
give its final decision regarding 
the proposed takeover some
where around the time when you 
are reading this issue of ETI. 

So, although I foresee the Mon
opolies Commission giving the 
OK to the takeover, I also foresee 
the DTI saying"no". For Plessey's 
sake, or more correctly for its 
employees sake, I hope this to be 
the case. 

If an advertisement 
is wrong we're here 

to put it right.
If you see an advertisement in the press, in print, 

on posters or in the cinema which you find 
unacceptable, write  to us at the address below.

The Advertising Standards Authority.
ASA Ltd, Dept 3 Brook House, Torrington Place, London WClE 7HN

After these forecasts of impen
ding telecommunications events, 
I'm going to give a long range 
forecast on another event (one of 
my favourite topics of discussion) 
- satellite television. Over recent 
months' I've chronicled the com
ings and goings of direct broad
cast satellite (DBS) television
systems, satellite master antenna
television (SMATV) systems and
anything else of any conse
quence to the potential user. 

Stereovision 
At the present time DBS does 

not exist in Great Britain, and is 
still a long way off. Arguments 
about satellite costs, suppliers 
and controllers have caused 
general disarray among potential 
broadcasters, leaving many deci
sions yet to be taken. SMATV 
does exist, however, and has 
been 'adopted' by many televi
sion equipment suppliers as a 
satellite television system which 
individual customers (ie, the likes 
of me), will be interested in 
purchasing. Nearly two dozen 
channels are available via fairly 
low-powered satellites, giving a 
wide range of music, film and 
general entertainment pro 
grammes for the viewer. The low
powered transmissions require a 
consequently large dish aerial 
(about 1.5 metres in diameter) 
for adequate reception, com
pared with the 0.6 metre dishes 
envisaged for DBS transmission 
reception. 

Costs, unfortunately, are pro 
hibitive to most potential viewers. 
Aerial and decoding equipment 
to allow users to receive transmis
sions from one SMATV satellite 
and display them on an existing 
625-line television receiver start 
at around £1000. To receive
transmissions from more than
one satellite a complex controll
able aerial and more complex
decoder will set you back up to
twice this price.

Satellite television systems 

ETC

have three potential advantages 
over existing terrestrial television 
systems: (1) by using the wider 
bandwidth available to satellite 
television channels, increased 
definition can be obtained -
higher quality pictures are the 
potential result; (2) again using 
the higher bandwidth, stereo 
sound of improved quality is 
potentially available; (3) a greater 
number of channels is available. 
Depending on your point of 
view and the nature of the pro
grammes transmitted on these 
channels, this last may not be 
such an advantage at all - who 
wants wall-to-wall Dallas? 

The first advantage of higher 
definition is only an advantage if 
users are prepared to replace 
their existing television receivers 
with ones capable of displaying 
the higher definition pictures. 
This, of course, means extra cost 
which users might not think 
desirable. 

The second advantage- stereo 
high quality sound - is, in· fact, 
now possible via terrestrial televi
sion. The BBC and the IBA have 
recently agreed a system of digit
ally encoding the stereo sound 
signal and transmitting it along 
with the ordinary television signal. 
Thus existing television receivers 
can be used: at most a simple de
coder is required fo feed the 
stereo sound signal to a hi-fi 
system. It is envisaged that the 
system will be operational nation
wide by the early 1990s -
possibly before DBS systems! 

All this adds up to my third 
forecast of the month. Because 
DBS has not yet got off the ground 
and because of the high costs in
volved in satellite television 
systems, terrestrial television has 
still got a long life lelt There may 
even be enough life left in the old 
dog to fight off DBS once and for 
all. DBS may simply be remem
bered by future generations as 
the 'pie in the 1980's sky'. 

Keith Brindley 

'Scot/ands newest components shop' 

OMNI ELECTRONICS 
We stock a wide range of components: 

transformers, switches, pots, ICs, capacitors, resistors, diodes, boxes, 
triacs, LEDs, cable, connectors, PCBs-

in 'fact, all you need for your projects. 

Send for our 21 page catalogue - 20p + 12p postage or call at our 
shop Mon-Fri 9am - 6pm, Sat 9am - 5pm. 

174 Dalkeith Road 

EDINBURGH EH16 5DX. 

031-667-2611



REVIEWS-BOOKS 
1986 IC MASTER 
Hearst Business Communications, Inc. Price: £80.00 

Available from: J.B. Tratsart Ltd., Dept. ET-R, 
154a Greenford Road, Harrow, Middx. HA1 3QT

It must be every designer's dream 
to have at their fingertips 
information about all currently 
available ICs. I don't know if 
anyone has ever added up the 
number of ICs in production; my 
own estimate is around 120,000 
type numbers, representing 
perhaps 30,000 different types. 
To produce a guide with, say, a 
page or so of data on each, selec
tion tables, functional and elec
trical equivalents, and enough 
information to be able to com
plete a design without referring 
to any other source, would be 
such a huge task that nobody has 
yet attempted it 

There are a number of 
references which give a certain 
amount of information about a · 
range of ICs, from the out
rageously expensive and virtually 
useless D.A T.A books (our set of 
five IC references cost £250 and 
has not been referred to once, 
with any success, during the past 
year) to the much less ambitious 
Towers guides, and the Babani 
·book reviewed below.
' The IC Master claims to be a
complete guide to currently
available ICs. The publishers are
yiutious enough notto claim that
it includes a// current ICs - it
doesn't - but if you want infor-

mation on devices made by the 
70 or so manufacturers represen
ted, it's hard to find an IC that has 
been overlooked. 

A 200 page index, with about 
400 entries per page, lists all the 
ICs included. The index is in dic
tionary order, so the 7400 comes 

before the 7 41, for instance, 
because O comes before 1 in the 
'alphabet'. It's a bit confusing at 
fast, if you're used to numerical 
order, and you may think an IC 
has been missed when in fact 
you' re looking in the wrong place, 
but it doesn't take long to get 
used to. 

Another means of finding your 

LINEAR IC EQUIVALENTS AND PIN CONNECTIONS

Adrian Michaels. Price £4.95 
Bernard Babani (publishing) Ltd., The Grampians, 
Shepherds Bush Rd., London W6 7NF

Much less ambitious than the IC 
Master, this book gives equiva- · 
lents and pin-out diagrams for a 
selection of I Cs from 24manufac
turers. The most striking thing 
about the list of manufacturers is 
the omissions -no Ferranti, with 
their popular range of ND and 
DIA converters; General Instru
ment doesn't get a look in (where 
is their ubiquitous AY-3-8910 
sound generator IC, for instance?), 
and the only Japanese com
panies represented are NEC and 
Toshiba-how about Sanyo, Pan
asonic, Hitachi, and the rest? 

Flicking through the pages in 
search of I Cs from recent ETI pro
jects - the Am6072, CMP01, 

L165, and so on - I was disap
pointed in every case, although 
the manufacturers (Advanced 
Micro Devices, Precision Mono
lithics and SGS, respectively) are 
all included, and the Am6072 
certainly has a pin-equivalent in 
the Precision Monolithics DAC88. 

The equivalents table, on the 
whole, sticks to second source 
products - that is to say, situa
tions where two or more manu
facturers, by agreement, produce 
exactly the same IC. The informa
tion is fairly detailed, in the sense 
that versions of the same IC with 
different package styles and tem
perature ranges are listed indi
vidually with their exact equiva-

way around the directory - if 
you're looking for an IC to do a 
particular job - is the functional 
index, which'points you to the 
section listing the type of IC you 
are interested in. 

The IC data itself is.in general 
sections: digital, microprocessor, 
interface, linear, and so on. The 
sections are broken down into 
sub-sections, so the linear 
section includes amplifiers, com
parators, phase locked loops and 
regulators, among others and 
these are further subdivided 
according to the IC characteris
tics -so op-amps are classed as 
high speed, high voltage, low 
drift, wide band, and so on. 

The information given about 
each IC is meagre, but in general 
is enough to enable designers to 
choose a group of devices that 
would be suitable for their pur
poses. Beyond the tables, further 
information about certain ICs is 
provided at the whim of the 
manufacturers, so there is fairly 
comprehensi·ve data on a few I Cs 
and little or nothing about 
others. 

Other sections· of interest 
include a guide to part numbers, 
so that IC codes can be inter
preted. The manufacturers logos 
can also be a useful first step in 
identifying unknown ICs. The 
application note directory lists 
sources of detailed information 
on ICs, and is interesting. to 
browse through if you are seacch
ing for ideas on how to proceed 
with a design project The 
manufacturers and distributors 
directory, giving 'phone numbers 
ofmanufacturersandtheiragents 
and distributors, is invaluable for 
following up other information. 

· My first test of the IC master

lents, but the same information 
could have been given far more 
concisely in the form of a list 
of manufacturers' codes: The 
equivalents table could then 
have contained only the generic 
device types, and the resulting 
space saving of two thirds of the 
book could have been used to 
include a few of the common I Cs 
that have been overlooked ... 

The pin-out diagrams are of 
varying degrees of usefulness 
according tothetype ofdevice
for an op-amp, for instance, you 
could probably get by on know
ing which pins the inputs, output 

· and power rails were connected
to. For more complex I Cs, the pin
outs can be completely baffling
-one diagram in particular has the
following pin labels: 'Input 2',
'lnput2', (that's nota misprint, by
the way - there really are two
lnput2s, and two lnput 1 s too, for
that matter), 'Node', 'Q', 'Strobe',
'XFR', 'APU', and so on ... If you'd

was to search the index for some 
of the less common ·I Cs used in 
ETI projects or just mentioned 
over the past year-the Am607 2 
companding DAC, the WD2002 
DES data encryption IC and the 
L165. power op-amp. All were 
included, which was an 
encouraging start - although 
there were some errors. 

The index in each case pointed 
to an entry in a table of similar 
devices-the Am6072 for exam
ple, was listed alongside the DAC 
86 and 88 and the AM6070. 
Information about the ICs 
included settling time, linearity 
error, logic co_mpatibility and 
dissipation -enough to allow a 
decision on whether or not it 
would be worthwhile to send for 
a full data sheet 

My n�xt test was to look for an 
IC for a particular function. One 
of our contributors had recently 
been bemoaning the unavaila
bility of high speed A-to-D flash 
converters, so I wondered what 
the IC Master would· come up 
with. A quick scan through the A
to-0 converters section gave a 
number of possible devices, of 
which the AD9000 seemed the 
most suitable. The manufac
turers' directory gave the UK 
number for Analog Devices, and 
one phone call later I knew the 
price, and a data sheet was on its 
way. The whole process took 
about ten minutes. 

I can thoroughly recommend 
the IC master- despite its limita
tions (it is only 5,000 pages long 
after all!) it is a genuinely useful 
reference, and by far the best 
book of its type that I have 
come across. 

Paul Chappell 

just found this IC in a mixed bag 
from PIK-A-PUKKA-PAK, I doubt 
if you'd be any the wiser about 
how to use it 

The most infuriating thing about 
the book is that the author has 
apparently got fed up with filling 
in the column which points to the 
pin-out diagrams for the listed 
ICs. Fartoooftentobe forgiven
for several ICs on every page, in 
fact- the reader is referred to the 
section in which the pin-out dia- ·

gram appears, and left to guess 
which of the dozens of diagrams 
shown there is the right one. 

The one redeeming feature of 
this book is the price - £4.95. 
However, if you're looking for a 
low cost IC reference, it would be 
well worth your while to scrape 
together the extra few pounds for 
the infinitely better Towers' 
Selector. 

Paul Chappell 

ETC



THE MICROWAVE DEBATE 

Nicholas H. Steneck 

The MIT Press, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02142, United States 
of America 

ISBN 0-262-19230-6 
Price: £29. 95

When microwave ovens first 
appeared in this countr.y the 
question of safety concerned a 
lot of people. Articles on the sub
ject appeared in both the special
ist and popular press and not a 
few writers expressed grave· 
doub.ts, but industry sources and 
others were quick to dub such 
views' alarmist'. Safety standards 
were stringent, they insisted, and 
'provided microwave ovens were 
used correctly there was no 
danger. With time this view 
seems to have prevailed. What 
public debate there was has sub-

The Microwave Debate
Nicholas H. Steneck

sided arid the only questioning of 
safety standards and emission 
levels which takes place now is in 
the pages of specialist technical 
journals. 

The situation in America, as 
described by Nicholas Steneck in 
this book, is very different Initial 
public scepticism there has not 
abated. Rather it has increased, 
fuelled by articles such as the first 
product review on microwave 
ovens by the American Con
sumers Union which had 'Not 
Recommended' stamped across 
each page . The objection was 
based not on any concrete evi
dence of health risk but on the 
fact that they could not find an 
expert prepared to state une
quivocally that there wasn't a 
health risk. 

Public consciousness of micro 
wave hazards has also 
developed on another front. 
The American 

cable television· companies use 
satellite links to exchange and 
'network' their programmes, and 
this involves the use of micro
wave ground stations generally 
known as uplink facilities. The 
highly de-centralised nature of 
the ·cable television system has 
led to a number of applications to 
build uplink facilites in small rural 
townships, The inevitable plan
ning inquiries have formed a 
strong focus f9r public attention 
and led, in many cases, to the for
mation of-citizens' action groups 
to oppose the applications. 

The fears which lie behind this 
opposition have very little to do 
with such obvious 'dangers as 
burns and other heating effects. 
Medical opinion is generally 
agreed upon the level at which 
tissue heating is likely, and the 
safety standards have been set 
well below this level. What has so 
worried the American press and 
publi<;: is the possiblity that RF 
and microwave energy might be 
capable of introducing biological 
changes other than through 
tissue heating. 

. The evidence for this is des
cribed in detail by Steneck. It 
suggests that long-term exposure 
to low-levels of microwave and 
RF radiation can cause cataract_s, 
blood disorders and merital and 
personality problems. Those res
p6nsible for setting safety stan
dards in America have generally 
dismissed such studies as being 
faulty either in methodology or in 
underlying assumptions, but 
their own research has not always 
been well received either. A 
series of studies designed to 
prm1e conclusively that low-level 
microwave radiation is not harm
ful drew similar criticisms regard
ing methodology and objectivity 
and led to considerable disagree
ment among experts. 

The 'official' line continues to 
be that levels of microwave radia
tion too low .to cause heating 
effects in the body do not have 
any effect on health; but the dis
senting view has· proved strong 
enough to sway some coui:ts. 
Workers have been awarded 
damages for loss of health as a 
result of exposure to microwave 

radiation, even though the medi
cal profession do not recognlse 
this as an occupational illness, and 
citizens' action groups have 
successfully opposed the build
ing of microwave stations on 
health grounds even where the 
operators have been able to 
prove that their emissions will be 
well within the official limits. 

Steneck chronicles blow and 
counter-blow in this debate, 
moving from events which took 
place within the military estab
lishment during the early years of. 
microwave research through to a 
period just a few years ago when 
the latest revision of the safety 
standards was published. His 
stan·ce is that of a historian rather 
tnan a scientist and he avoids get
ting caught up in unnecessary 
technical description. This is wise 
since he is aiming the book as 
much at politicians, historians 
and sociologists as he is at scien
tists and engineers. At the same 
time,the rigour with.which he tac
kles all aspects of the material is 
sufficient to ensure that technic
ally-inclined readers are unlikely 
to feel short changed. 
. He is at pains not to take sides 

in such a contentious matter, and 
this is evident throughout. the 
book. Neither side in the dispute 

escapes without criticism. This 
is admirable, but there are 
moments when . the delicate 
balancing act becomes almost 
too much to sustain and is reflec
ted in a tortuous mass of quali
fications and guarded criticisms. 
One becomes obsessed with try
ing to find out which side Mr. 
Steneck himself favours and longs 
for a little more candour. This aside 
the book is written in a relaxed 
and accessible style and we can 
readily forgive him the occasional 
Americanism such as" ... has got-
ten much stronger ... ", or" ... will 
likely get worse ... ". 

Good as it is, though, one can't 
help wondering how many peo
ple will be prepared to pay almost 
·£30.0 0 for this book. At the
moment, I suspect, not that many.
However, if the advent of cable
television or some other service
leads to the widespread use of
microwave ground stat\ons on
this side of the Atlantic, we may
find community groups spring
ing-up to fight them in the same
way as their American counter
parts. If so, this book will provide
a useful summary of the debate
so far and a valuable source-book
for further discussion.

Ian Pitt 
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AD ELECTRONICS 
217 WARBRECK MOOR �1 
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RADIO PAGING CAR ALARM - DETECTS A THEFT IN

PROGRESS BEFORE THE VEHICLE IS ENTERED. Tamper
protection is achieved by 'Resonance sencing', a method which can detect
say someone trying to pick a lock, operate a door handle, smash a window,
or even a vehicle collision. Additionally the alarm can be triggered by
courtesy light switches, motion detectors etc. 
On triggering, the transmitter will send out its coded signal (via the car 

. radio antenna) to your pocket pager, which will alert you will a clear
bleeping tone. Control for automatic·antennas is included, which will 
extend the antenna, allow the signal to be transmitted, and then retract it to
its original position. 
A COMPLETE KIT is available which includes an ALARM &
TRANSMITTER UNIT, ROCKET PAGER, HORN SIREN, AND TWO 
RESONANCE SENSORS.
K1 ... PAGING CAR ALARM .. UP TO 1 MILE RANGE .... ............ £129.00 + VAT 
K2 ... PAGING CAR ALARM .. UP TO 4 11,\ILES RANGE ............... £149.00 + VAT 

NOTE: THESE ALARMS NOT LICENSABLE IN THE UK. PLE
PLEASE ADD £5.00 POSTAGE AND PACKAGE (UK) £12.00 OVERSEAS

MEL DESIGN PRODUCTION LTD.  
UNIT 8, NEWGATE COURT, 

PARADISE STREET, COVENTRY, 
WEST MIDLANDS, CV1 2RU

TEL. 0203 26262

LOWEST PRICED TOP QUA· 
LITY fire and lntruderr alarm 
equipment. etc. SAE for catalogue 
Security Services. 62 High St. 
Hythe. Kent CT-21 5JR. 

COILS & CHOKES 

MAXI-Q 
COILS ANO CHOKES 

PREVIOUSLY MADE BY DEN CO 
SAE. PRICE LIST

8 BRUNEL UNITS, BRUNEL RO, 
GORSE LANE IND. ESTATE, 

CLACTON, ESSEX C015 4LU. 
TEL: (0255) 424152 

BOOKS 

PARAPHYSICS Journal (Russian 
Translatioo); Psychotronics 

K i r l i a n o g r a p h y ,  H el i p ho n ic
; 

Music, Telekinetics. Computer 
Software. S.A.E. 4 x 9", Paralab, 
Downton. Wiltshire.

COMPUTER 
ADD-ONS 

AMSTRAD OUTPUT PORT. 
Plugs into printer port and provides 
seven open-collector outputs. 
Easy to use from Basic or M/C. 
£14.95 inc. S.A.E. for details. 
NCJ Electronics, 13 Binfield 
Square, Ella Street, Hull HUS 3AP.

COMPONENTS

PROMs - EPROMs - PALs 
ANY PROGRAMMABLE IC

SUPPLIED OR BLOWN 
PRICES (Including Programming) 
2716 £2.85 2732 £3.10 
2764 £2.60 27128 £3.85 etc. 

BIPOLAR PROMs from £1.50 
e.g. 825123. 18S030, 74S288 

PALI, PLDs etc. from £4.05 
e.g. 82S153. 16L8, EP300 

Full design and prototyping service 
Any quantity programmed - SAE or 

phone for details 

P.L.S., .16 Wordsworth Drive, 
Cheam, Surrey, SM3 8HF 

Phone 01-644 8095 

METAL FILM RESISTORS 
AT CARBON FILM PRICES 
0.25 Watt 5% and 2%. Specification 
meets: EIA RS196A. JIS-C-6402. IEC 
115-1 
5% 1R to 10M£7.00 for 1000 per value 
2% 4R7 to 4M7 .. £12.00 for 1000 per 
value 
LEADS CUT AND BEND TO YOUR 
SPEC £8.00 per 40,000 OFF 
Prices exclude VAT. Please add £1.50 
P&P to orders less than £20.00 

MEL Design Production Ltd 
Unit 8 Newgate Court, 

Paradise Street, Coventry, 
West Midlands, CV1 2RU. 

Tel: 0203 26262. 

PROOPS 
DISTRIBUTORS LTD. 

N.E.C. BAR GRAPHIC L.E.D.'S
Green only packet of 18 £1.00

inc P&P SEND NOW TO
PROOPS DISTRIBUTORS LTD. 

HEYBRIOGE ESTATE, CASTLE ROAD, 
LONDON NW1 STD 
TEL: 01-267 6911

FOR SALE 

AUTOMATIC GARAGE DOOR
OPENERS £65.00. SAE. for de
tails to Mulberry Ltd, 116 Grosvenor 
Road, Aldershot, Hanis. 

COMPONENT PANELS. Ex
equipment. Each pack (13 panels) 
includes:- CPU, 11/0 ports, rams, 
battery, 23 LEDs, 11 7 -segs and, 
drivers, many more chips, 29 push 
buttons, 6MHz crystal. Numerous:
Transistors, diodes, resistors,
capacitors, chokes. pots, plugs,
sockets, etc., etc. All this for £12
per pack + £1 P&P. VS.E. 212
Dudley Hill Road, Bradford 2, W.
Yorks. (027.4) 636652. 

FOR SALE 

MUL Tl METERS 
Avo 7 £55 + VAT
Avo 8 (TS 1) £89 + VAT
Multiminor £34 + VAT

C/W Case and Leads
All SERVICED AND GUARANTEED 

12 MONTHS 

SMITH INSTRUMENTS 
157 Chapel Street 
Leigh WN7 2AL 
(0942) 606674 

SURPLUS & Equipment power
amps. Glass/ PCB & integral 
heatsinking, tested + instructions. 
60 watt/£5 - 100 watt/£8. Superb 
sound quality - T.H.D. 0.02%. KIA-
8, Cunliffe Road, llkley .. 

ITEMS FOR SALE. Resistors to
.M.P.U. 's New unused good 
prices, send large SAE for list to 
D. Parker, 9 Wallbridge, Stroud, 
Glos. GL5 3JA. 

KITS 

ECOLIGHT 
DETERS BURGLARS FROM 

EVEN ATTEMPTING A. 
BREAK-IN. 

As features in ETI July 1984 and 
Electronic Digest Spring 1986. 
Full kit of parts .............. £23.00 
PCB only ...................... £4. 75 
Reprint of article ................ 75p 

G.P. ELECTRONIC SERVICES, 87, 
WIiiow Tree Avenue, 
Durham DH1 1 DZ. 

ETI KITS assembled and tested 
by electronic trainees under 
supervision within a purpose built 
electronic workshop for as little as £10.00 
(depending on type of kit and 
complexity). Contact:- A.J. Smith, Dept 
K.A. Electronics Workshop, Lincoln I.T.E.C. 
Dean Road, Lincoln LN2 4JZ. Tel. 0522 
43532

LINSLEY HOOD Designs. Send 
S.A.E. for details to 
Teleradio Electronics. 325 Fore Street, 
London N9 OPE.

MISCELLANEOUS 

HEATHKIT U.K. Spares and 
service centre. Cedar Electronics, 
Unit 12, Station Drive, Bredon, 
Tewkesbury, Glos. Tel. 0684 
73127



KITS AND 
READY BUILT 

FM TRANSMITTERS Same day 
despatch MINIATURE MODEL 
frequency 60-145 Mhz. range 1 
mile. Glass fibre P.C.B. All 
components. Full instructions 9-
1 2 V o p e. ra t i o n .  b roadcas t  
recept ion.  Super  sensi t ive 
microphone. Pick up on FMNHF 
radio. £6.95 inc or ready built 
£8.95. Size 57 x 19 x 12mm. HIGH 
POWER MODEL 3 watts 80-108 
MHz. Professional broadcast 
performance. Low drift varicap 
controlled. Range up to 7 miles. 
12V operat ion.  Any input  
audio/microphone. All compo
nents P.C.B. diagrams and 
instructions. Size 103 x 39 x 29mm. 
Kit 13.99 inc or ready built £18.99 
inc. TONE GENERATOR 3-
selectable functions; PIP, Warble 
and pulse tone: All components, 
instructions & P.C.B., feed into any 
audio input or transmitter; variable 
frequency and gating controls. 6-
12V operation 53 x 38 x 14mm. 
£5.50 incl. TONE GENERATOR 
P O W E R  A M P L I F I E R. A l l 
components, instructions and 
P.C.B. turnstone generator into a.
high power siren for alarms; 18 
watts max. at 12-15V. 62 x 38 x 
14mm £7.00 inclusive DIGITAL 
C LOCK/TIMER MODULE. 
12/24 hour & seconds '(0.7inch 
LED) d isp lay, 8- funct ions .  
Applications: uncommitted output 
transistor for switching on Tape
recorders: Lighting, Security, etc. 
External Loudspeaker Output. 84 x 
38 x 16.25mm. Full instructions & 
Modular PCB £17.49 inclusive. 
MAINS TANSFORMER for above 
if required: £5.24 incl. DIGITAL 
CODE LOCK MODULE: 4 
18V .D C o p e r a t i on; 1 0,0 0 
combination quality key pad; 
programmable code; low-power 3- 
outputs (0.2A); 3-LED status 
indicators; All components, 
instructions & PCB. Applications; 
Alarms; garage doors; cars, etc. 39 
x 62 x 9mm. Kit: £15.95 incl. Ready 
built; £19.95 incl ZENITH ELEC
TRONICS. 21 Station Road 
Indus!. Estate, Hailsham, E. Sussex 
BN27 2EW. Tel: 04353 2647.

ORGAN 
KEYBOARDS 

ELECTRONIC ORGAN KEY
BOARDS and other parts being 
cleared out. Special Offer: Elvins 
Electronic Musical Instruments, 
40A Dalston Lane, London EB. 

PLANS & DESIGNS

AMAZING ELECTRONIC plans, 
lasers, gas, ruby, light shojws, high 
voltage tester, van de graph sur
veillance devices ultrasonics, 
pyrotechnics, new solar genera
tor, 150 more projects. catalogue. 
S.A.E. Plancentre, Old String 
Works, Bye Street, Ledbury HRB 
2AA. 

DUNCAN NEILSON 
FOR 

ADVERTISING DETAILS 
PHONE ON 01-437-0626

POWER SUPPLIES 

240v AC ELECTRICITY from 
two 12v batteries!! Encapsulated 
ready built electronic module with 
screw terminals!! Comprehensive_ 
instructions supplied. Just add 
transformer and other easily 
obtained accessories. 250W out
put. Limited number available. £25 
(inclusive). Chatalgne Products. 
Green Lane, Great Horkesley, 
Colchester, Essex, C06 4HO. 
(Proprietor J.A. Richmond.) 

150W SWITCHMODE PSU. +5V 
at 8.4A; +12V at 4.BA; +24V at 1.7A; 
-12V at 0.2A. Perfect working
order. over £70 in Henries Radio
£29 + Carr. 0245-50927 after 
6.00pm. 

REPAIRS

TRIDENT ENTERPRISES LTD. 
COMPUTER REPAIRS 

Spectrums £18 lfnclu1lveParts, P&P, VAT. 
VIC 20 ..... £12.50 C64 .. ..... £15.00 

OL ... ..... £20.00 BBC ....... £20.00 

1541 DISK DRIVE £20.00 

(All Exlusive of Parts P&P. VAT) 

Plus all Commodore Computers, D!Drives 
& Printers. Send Faulty Machine To 
Unit 2, Wentworth Industrial Court, 
Goodwin Road. Brltwell, Slough. 

Tel: (0753) 21391 

FIXED CHARGE REPAIRS to 
Spectrum, Commodore, BBC, 
Electron E.G. Spectrum £17.95: 
Commodore £29.95. Mansfield 
Computers, 33 Albert Street, 
Mansfield NG 18 1 EA. Tel 0623 
31202. 

BBC REPAIRS FROM £12.50 by 
Microfix, the Acorn Specialists. 
AISQ disc drives, printers etc. 
Microfix, 191 Freston Rd, London 
W10. (01) 968 9214. 

INSTRUMENT REPAIRS oscillo
scopes, generators, multimeters 
and more. Viking Electronics. 
Potkins Lane, Orford, Suffolk IP12 
2SS (0394) 450006. 

FREE OFFER 

READERS OFFER. Free 10 
Ferranti Transistors!! Comprising 
4, ZTX 500 (PNP) 2, ZTX 107 
(NPN) 2, ZTX 108 (NPN) 2, ZTX 
109 (NPN) + 200 watt mixer and 
amplifier project. Simply return 
this advert + SOp coin (P&P) to 
KIA-8 Cunliffe Road, llkley LS29 
9DZ (one per household). 

SATELLITE T.V. 

SATELLITE TELEVISION, build 
your own system from £220 to 
£1,800. We can supply all the parts 
yo.u will need, via MAIL ORDER, for 
Technical how to build manual 
send £2.95 (or catalogue, only 
95p). To C & S TV Paul Kendall, 
11 Wensley Gardens. Leeds LS7 
2LY. 

SERVICES

jvM..,j ELECTRONICS 
* PROFESSIONAL PCB DESIGN

* SINGLE SIDED TO PTH
' 

* PRODUCTION FACILITIES AVAILABLE

* QUICK TURN ROUND

For'quotes or further details contact us at; 

JMJ ELECTRONICS 
14, BLENHEIM CLOSE, SHEPRETH, NR. ROYSTON, 

• HERTS. SGB 6PT. 
Tel: (0763) 62184 

DESIGN SERVICES, micropro
cessor, special interfaces. ana
logue, digital, signalling, alarm 
systems, PCB design and artwork. 
Prototype and small batch pro
duction. ALAB ELECTRONICS. 
Grantham (0476) 860089. 

FREE PROTOTYPE of the finest 
quality with every P.C.B. artwork 
designed by us. Competitive hourly 
rates. and high standard of work. 
Halstead Des igns L imi ted ,  
Finsbury House, 31 Head St. 
Halstead, Essex C09 2BX. Tel: 
0787 4 77 408. 

ELECTRONIC Design Services, 
EPROM programming (2708- 
27512), PAL programming from 
Masters or Fuse Plots. Also PAL 
Design Services from Text, 
Boolean Expressions, etc. U.E.D. 
Ltd., Castlebellingham, Co. Louth, 
Ireland. Tel: 042-72127. 

SWITCHES

VOICE/SOUND ACTIVATED 
SWITCHES easy to follow dia
grams and uses only £1.00. Com
ponents and P.C.B's available: 
Herrington, 63 Home Farm Rd, 
Hanwell, London W7 1 NL. 

SPECIAL OFFERS 

CLEARANCE BARGAINII Thou
sands of LED 7 Segment Display', 
brand new 14 pin OIL RED .43 inch 
common anode display 0-9 with 
right and left decimal point in stock. 
1 O pieces £2.50 (25p each) 50 
pieces £1 0.00 (20p each) 100 
pieces £15.00 (15p each) 1000 
pieces £100.00 (1 Op each). Tele
phone your order to 0296 613816. 

FREE MEMBERSHIP to a new 
national electronics club. For 
details and a free gift of com
ponents worth over £1 O send only 
£1 p&p to Woodside, Dowsett 
Lane, Ramsden Heath, Essex 
CM11 1JL. 

BOXES, KNOBS, and other hard
war� in aluminium, steel made to 
your specifications. Send drawing 
andS.A.E.for quote to C.D.Burgess, 
13 Leymoor Road, Longwood, 
Huddersfield HD3 43W. 

PCB ARTWORK DESIGN. Low 
cost 7-day turnaround • Prototype 
PCB's • Circuit design • Call 
systems • -PCB hand assembly. 
Phasor Circuits, 12 Kendal 
Road, Rushey Mead, Leicester. 
Tel: (0533) 830953. 

PCB's M A N U F A C TU R E D .  
Medium/large volume production 
runs produced to high standards 
by qualified engineers using latest 
computer technology. Single/ 
double sided, conventional, flex
ibles, multilayer etc. Competitive 
rates. 48hr service available. Also 
artwork service and PTH screen 
printing. Free Quote, Translab 
Electronic Services, (PCB sector) 
Tel: (0788) 536626. 

SITUATIONS 
VACANT 

WANT THE RIGHT 
PERSON FOR THE 

JOB? THEN WHY NOT 
ADVERTISE WITH 

E.T.I.

ELECTRONICS 
TEACHER WANTED 

Part-time work available from 
September to teach Basic 
Electronics, Radio & T.V. and 
Micro-Electronics. Please Apply

BOX NO. ET.01 
CLASSIFIED DEPT. 

NO. 1 GOLDEN SQUARE, 
LONDON W1 R 3AB



SCOPES 

TEKTRONIX oscilloscopes: cali
brated, good condition. 454A dual 
trace 150MHz, delay sweep £495. 
502A dual beam 100 microvolts, 
1 MHz £95.00, 547 .dual trace 
50MHz delay' sweep £195, 5486 
dual trace 24MHz delay sweep 
£135. Telequipment D83 50MHz 
delay sweep £385,. r;nanuals, 
spares, other test equipment. Tel: 
01 868 4221. 

MENDASCOPE LTD. 

REPAIR & RECALIBRATE 
OSCILLOSCOPES. 

· ALL MAKES ALL MODELS. 
NAT°IONWIDE COLLECTION & 

OELIVERY 
FREE ESTIMATES 

Phone 069-17�597 

WANTED

STAN WILLITS -37 High St. 
We'st Bromwich, West Midlands. 
Will pay cash for portable video 
equipment and mains equipment. 
TVs, Hifi� surveylance equipment, 
ampli'fyers, films (or anything 
useful). 

WANTED: Cortex Computer any 
condition considered. Also have 
spare 9909 chip - offern? 29 
Burnside Park, Salerno, Edinburgh 
EH14 7LY. 

WANTED

Turn your surplus transistors, IC's 
etc., into cash. Immediate 

settlement:  We also welcome the 
opportunity to quote for complete 

factory clearance, Contact: 
Coles Harding & Co. 

103 South Brink 
Wlsbech, Cambs.

ESTABLISHED OVER 10 YRS Tel: 
0945 584188

CLASSIFIED ADVERTISING 
TERMS & CONDITIONS 

Our terms -tor new advertisers semi-display and 
lineage) are strictly proforma payments until 
satisfactory reference can be taken up (excluding 
recognised advertising agencies). Cheques 
PO's should be crossed and made payable to:

ARGUS SPECIALIST 
PUBLICATIONS LTD

and send together with the 
advertisement to: 

THE CLASSIFIED DEPT
NO: 1 GOLDEN SQUARE 

LONDON W1R 3AB
There are no reimbursements for cancellations. 
Advertisements arriving too late for a particular 

issue will be Inserted In the following issue 
unless accompanied by instructions to the 

contrary. 
All advertising sales are subject to Government 

regulations concerning VAT. Advertisers are 
responsible tor complying with the various legal 
requirements in force eg: The Trade Description 

Act, Sex Discrimination Act & The Business 
Advertisements (Disclosure) Order 1977.

FULL TERMS & CONDITIONS 
OF ADVERTISING AVAILABLE 

ON REQUEST 

Solution to Crossword No. 7 
ACROSS

1) Dielectric
7) Hack
8) Word
9) Audio
10) Knob
11) Inch
12) Probe
13) REM
15) Rain
16) Hole
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3 5 ELECTRO SUPPLl,ES
NORTHERN COMPONENT SPECIALISTS 
Test Equipment, Computers, Poripharals 

. SEND FOR CAT ALOGU.E Trade Enquiries Welcome 

'5 LOWER HILLGATE. 
STOCKPORT, CHESHIRE. 

oe, <1111212 

alto al SHAWCLOUGH ROAD, 
WATERFOOT 

ROSSENDALE BB• IJZ. 
070I • 215558 

LIVERPOOL

PROGRESSIVE RADIO 87/93 Dale 
Street. Tel 051 236 0154 

47 Whltechapel Tel 051 236 5489 
Liverpool 2

'THE ELECTRONICS SPECIALISTS' 
Open: Tues-Sat 9.30-5.30

SCOTLAND

FOR YOUR PRE
CHRISTMAS 

ADVERTISI NG 
PHONE 01-437 0626 

CROSSWORD No. 8

TERMS 

17) THD
19) Radon
20) Boom
21) Data
22) Diode
23) Mast
24) Beta
25) Reed Switch

DOWN

1) Dew Light
2) Eurocard
3) Clamping Diode
4) Radio Channels
5) Choke
6) Octode
13) Resonant
14) Mismatch
18) Heater
19) Radar

ACROSS

1) Describes two waves of the same 
frequency which peak and trough at the 
same time (2, 5).
8) Low voltage, high current sparking (6).
9) Not in focus (7).
10) A computer language (5).
12) Microsoft's disk operating system (5).
13) Describes an imperfect soldered joint 
(3).
15) As regards current, the opposite of 
source (4).
16) Disconnect from the power supply 
(7).
17) ---- ceramic, a type of capacitor (4).
18) A logic gate type (3).
19) The company who manufacture the 
520ST microcomputer (5).
20) A second fainter image on a television 
screen (5).
24) It moves across the scale of a meter 
(7).
25) Unwanted noise from a radio receiver 
(6).
26) Computer software package for aiding 
the design and debugging of further 
software (7).

DOWN

2) Found in 5 down maybe, but holding no 
characters (4, 6).
3) A frequency which is multiple of a 
fundamental frequency (8).
4) ---- rate, the speed at which the output 
of a circuit can change given a theoretical 
instantaneous voltage change at the input 
(4).
5) A storage area in computer memory set 
aside for keeping tabulated data or strings 
(5).
6) Acronym for hi-fidelity (2-2).
7) Automatic Gain Control (1, 1, 1).
10) Unwanted open circuit in, say, a 
copper track on a PCB (5).
11) Describes the multi user, multi task 
version of the CPM operating system for 
16 bit micros (10).
14) Record the number of occurrences of 
an event, such as a pulse (5).
15) A predefined symbol marking the 
beginning or the end of a sequence of 
data (8).
18) Universally-accepted table of codes 
for characters stored and processed by 
computers (1, 1, 1, 1, 1).
21) Device which reads or records 
information on a magnetic medium (4).
22) Microprocessor input/output channel 
(4).
23) Single side band (1, 1, 1).
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• base. Buy, browse or place YOUR OWN AD for. 
: goods or services to sell. 1 OOO's of stock items,•
• spares and one off bargains. Updated daily. :

• ON LINE NOW. CCITI, 8 bit word, no parity. • 
• For 300 baud modems call 01 ·679 1888 : 
• For 1200· 75 baud modems call 01 ·679 6183 •• .....•••..•.........................

FREE 
Your monitor from its computerl! For 
only £24.95 it becomes a SUPERB 
HIGH QUALITY• COLOUR• TV SET 

The fabulous TE LEBOX, an INVALUABLE MUST for the owner of 
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benefit to ALL the family!I D on't worry if your monitor �oesn't have 
sound-THETELEBOXeven has an lntegral4 watt audio amplifier 
for driving an external speaker, PLUS an auxiliary output for superb 
�

ality television sound via your headphones or HI Fl system etc. 
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tuneable 7 channel push button tuner, Auto AGC circui� SAW filter, 
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LIMITED QUANTITY- DON'T MISS THIS OFFER!!! 
ONLY £24.95 OR £19.95 if purchased with ANY of our 

DON'T MISS THE CPM Deal 
OF the CENTURY 

The FABULOUS CPM TATUNG PC2000 
Professional Business System 

A cancelled export order and months of negotiation enables us to offer this professional 

. .· PC,CPM system, recently on saleat OVER £1400, at a SCOOP price just over the cost of 

� the two internal disk drives!! Or less than the price of a dumb terminal!I 
. ./,g Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR 

,,;,; ,�c;//4 PC2000 comprises a modern stylish three piece system with ALL the necessities for the 

SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with 
the THOUSANDS of proven, tested and available CPM software packages such as 

WORDSTAR, FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT 
BE BEATEN!! 

Video monitors. Supplied BRAND NEW with full instructions and 2 YEAR II.IILl.l..;i;.&.11.:li� .. U.UI.IJL..a.l�·-L::U:LJ 

Join the communications revolution with our super 
range of DATA MODEMS. prices and specifications 
to suit all applications and budgets ...... 
BRAND NEW State of the art products. 

�"'""i!tRfiiM 
'SYSTEM ALPHA' 14" COLOUR MULTI INPUT MONITOR 
Made by the famous REDIFFUSION Co. for their own professional computer 
system this monitor has all the features to suit your immediate and future 
requirements. Two video inputs. RGB and PAL Composite Video, allow direct
connection to BBC/IBM and most other makes of micro computers or VCR'a, 
including our very own TELEBOX An internal speaker and audio amp may be 
connected to computer or VCR for superior sound quality. Many other features: 
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plug for R
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Supplied BRAND NEW and BOXED, complete with DATA and 90 day 
guarantee. ONLY £-149.00 as above OR IBM PC Version £185.00 
15 Day 'D' ski £1.00: BNC skt 75p 8BC interface cable £5.50 
DECCA 80 16" C OL OUR mo nitor. RGB Input. 
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£99.00, a P.rice for a colour monitor as yet unheard ofl! Our own interface, 
safety modification and special 16" high definition PIL tube, coupled with the 
DECCA 80 series TV chassis give 80 column definition and quality found only 
on monitors costing 3 TIMES OUR PRICE. The quality lor the price has to be 
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DECCA 80 16" C O LOUR monitor. Composite video lnpul Same as above 
model but /itted with Composite Video input and audio amp for COMPUTER, 
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr. 
REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 75 ohm 
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cations. Supplied in AS NEW or little used condition ONLY £145.00 + Carr. 
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors. 

All units are fully cased and set for 240v standard working with composite video 
inputs. Units are pre tested and set up for up to 80 column use. Even when 
MINOR screen burns exist - normal data displays are unaffected 30 day 
guarantee. 
12" KGM 320-1 8/W bandwidth input will display up to 132 x 25 lines. £32.95 
12" GREEN SCREEN version of KGM 320·1. Only £39.95 
9" KGM 324 GREEN SCREEN fully cased very compact .unit Only £49.00 

Carriage and insurance on all monitors £ 1 0.00 
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11 x 6 cm. 110 or 240v input. BRAND NEW only £18.95 
GOULD G6·40A 5v 40 amp switch mode supply NEW £130.00 
AC·DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a 
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v 
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overvoltage 

Carriage on all PSU's £3.00 
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AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB 
with 116 keya Many features such as On board Micro. Sing le 5v rai\ full ASCII 

coded character set With 31 function keys. numeric keypac:l cursor pad 
and 9600 baud SERIAL TIL ASCII OUTPUTI! Less than half price 

_ Only £89.00 with data Carriage on Keyboards £3.50 
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TELEPHONil' (tone dial) with 5" CRT monitor and 
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over £600!1 Our price BRAlljD NEW AND BOXED at 
only £99.00 
DECCAFAX VP1 complete Professional PRESTEL 
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standard R�B colour monitor. Many other features 
include: Printer output, Full keyboard input, Cassette 
port etc. BRAND NEW with DATA. A FRACTION OF 
COST only £55.00 
ALPHATANTEL. Very compact unit with integral FULL 
ALPHA NUMERIC keyboard. Just add a domestic TV 
receiver and you have a superb PRESTEL system and 
via PRESTEL the cheapest TELEX service to be 
found!! Many features: CENTRONICS Printer output, 
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NEW only £125.00 
Posl and packing on all PRESTEL units £8.50 

liC1iZ,Z1:l1i'iUftfii,fi1fWUI 
4164 200 ns D RAMS 9 for £11 4116 ns 
£1.50 2112 £ 10.00 2114 £2.50 2102 £2.00 
6116 £2.50 EPROMS 2716 £4.50 2732 £3.00 
2764 £4.95 27128 £5.5D 8800 £2.50 6821 £ 1 
68A09 £8 6 B 809 £ 1 0 8085A £5.50 8086 £ 1 5 
BOBB £8 NEC765 £8 WD2793 £28 8202A 

£22 8251 £7 8748 £15 ZBOA DART £6.50 
ZBDA CPU £2.00. Thousands of IC's EX STOCK 
send SAE for list. 

Japanese 51/," half heiti 80 track double sided disk 

��Y3!�N1��·,,���ay �e:r���! 'l:\�LY £85.00 
TEC FS-503 Double sided HH 40 TRK NEW£75.00 
SUGART SA400 SS FH 35 TRK £55.00 
SIEMENS FDD100 SS FH 40 TRK £65.00 
carriage on 51/," drives £5.50 
Brand NEW metal 5'1<'' DISK CASES with internal PSU. 
DSKC1 for 2 HH or 1 FH drive £29.95 +pp £4.00 
DSKC 2 for 1 HH drive £22.95 +pp £3.50 
DKSC 3 As DSK1 LESS PSU £12.95 +pp £2.50 
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m�r��flg ���QUIPM��r +pp £2.00 

SHUGART 800/801 SS £175.00 +pp £8.50 
SHUGART 851 DS £250.00 +pp £8.50 
TWIN SHUGART851 '12 Mb totalcapacityln smart case; 

iti�i�llhf�'i\r/8��i3 8" DS 1 Mb equiv. to s�t��
SA8SOR. BRAND NEW at £275.00 +pp £8.50 
DYSAN 8" Alignment disk £29.00 + pp £1.00 
Various disk drive PSlJ s Ex Stock SEE PSU section. 
HARD DISK DRIVES 
DRE/DIABLO Series 30 2.5 Mb front load £525.00 

5'/iia�8�)�R"J�l,9g·� �E
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CDC HAWK5+5 Mb£795.00. CDC 9782 80 Mb RM03 
etc. £2500.00. 
PERTEC D3422 5+5 Mb £495.00 
RODI ME 5W' Winchesters ex-stock from £150 CALL 
Clearance Item,- Sold as seen - No guarantee. 
IC L 2314 BRAND NEW 14" Mb Removable pack hard 
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sales office for detaila 

DACOM DSL.2123 Multi  standard 300-300, 1200-75 
Auto answer etc. · £268.00 
DACOM DSL.2123AQ Auto dial, smart modem witb 
multi standard AUTO· SPEED detect and data buffer 
with flow control etc. £365.00 
DACOM DSL.2123GT The CR EAM of the intelligent 
modems. auto dial, auto cal\ index, buffer 
etc. etc. £498.00 
Steebeck SB1 212 V22 1200 baud FULL DUPLEX 
sync or async, optional auto dial £465.00 
TRANSDATA 307A Acoustic coupler 300 baud full 
duplex, originate only, RS232 interface £49.00 ....................................................... 
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MICRONET etc. £39.95 +pp £6.50 
MODEM 20-2 1200·75 baud Same as 20·1 but for 
computer end £85.00 +pp £6.50 

, DATEL 2412. Made by SE Labs for BT this two part 
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include 2 or 4 wire working, self test auto answer etc. 
COST OVER £800. Our price ONLY £199 +pp £8.00 
DATEL 4800, RACAL MPS4800 t:iaud modem, EX 
BT good working order, ONLY £295.00 +pp £8.00 

SPECIAL OFFER 
MO DEM TG2393. Ex B T, up to 1200 baud full 
duplex 4 wire or half duplex- over 2 wire line. ONLY 

£85.00 PER PAIR +pp £10.00 
For more information contact our.Salea Office. 

t�tt1:l#:IJ:11.'i1i:U 
SPECIAL BULK .PURCHASE of these compact, high 
speed matrix printers. Built in Japan for the Hazeltine 
Corporation this unit features quality construction 
giving 1 OOcps bidirectional, full pin addressable. 
graphics, 6 type fonts, up lo 9.5"' single sheet or 
tractor paper handling, RS232 and CENTRONICS 
parallel interface. Many other features. BRAND NEW 
and BOXED. COST £420. Our price Only £199.00' 

LU!/:t l:i£llUJ:i ii2 4:hJ• 
Dry Fit MAINT ENANCE 

.
FREE by Sonnenschein 

& Yuasa . 
A3DO 07191315 12v 3Ah NEW £13.95 
A300 07191312 6v 3Ah NEW £9.95 
A300 07191 202 6-0·6v 1.8Ah TESTED Ex . Equip £5.99 



Pick up a copy of our new 1986 catalogue from most 
branches· of W.H. Smith for just £1.45. 
Or post this coupon now, to receive your copy by post for just 
£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or 
11 International Reply Coupons. I enclose £1.85. ,· 

Name ..................................................................................... . 
Address .................................................................................... . 

'Some branches are now out of stock. er,19,86 

MAPLIN ELECTRONIC SUPPLIES LTD. 
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 SLR. 
Telephone: Southend (0702) 554161 

SHOPS 
• BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 
• LONDON 159-161 King Street, Hammersmtth; W6. 

Telephone: 01-7 48 0926. 
• MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 
• SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. 
• SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. 

Telephone: 0702-554000 
Shops closed all day Monday. 




