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7
MICROBOX II THE 6809 SINGLE BOARD COMPUTER THAT YOU BUILD YOURSELF

VIDEO KEYBOARD
OUTPUTS PORT

SYSTEM EXPANSION BUS

BATTERY BACKED REAL-TIME
CLOCK/CALENDAR

1 28KBYTES 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, PATTERN, TEXT, AREA FILL ETC.

'NOTE: MICROBOX II WILL BOOT 'FLEX' FROM
ANY STANDARD SYSTEM DISC.

Micro Concepts

PRINTER SERIAL PORT SERIAL PORT

Ex VAT

POWERFUL 68609E 8/16 BIT
MICROPROCESSOR

SYSTEM SUPPORT MONITOR
(8KBYTES) containing:

DISC AND INPUT/OUTPUT DRIVERS
GRAPHIC PRIMATIVES
TERMINAL EMULATOR
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's AND DOCUMENTATION
+ SYSTEM SUPPORT MONITOR
+ SYSTEM UTILITIES DISC - £95.00
FLEX + EDITOR + ASSEMBLER £75.00

8 SKILLICORNE MEWS QUEENS ROAD  CHELTENHAM GLOUCESTERSHIRE GL50 2NJ
Telephone: Cheltenham (0242) 510525

OMP POWER AMPLIFIER MODULES
,r

Now enith i

mar .  ,ce Four models
L

av,ii.,,,, , .., , , , ,, hobb, ., industry. Leisure
Instrumental and H, F, etc When comparing prices NO IL all models include Toroidal
power supply Integral heat sink Glass fibre P C B and Drive circuits to power compatible
Vu meter Open and short circuit proof Supplied ready built and tested.
OMP 100 Mk1lAmp Module 1 10w R M S 4ohins I P Sens 500mV - 10K
Size 360 115  72mm Price. £32.99 12 50 P&P
OMP MF100Mos-Fet Very high spec 110wR MS borh4 & 8ohrns I PSens
50OrnV - 10K Site 300 123  60mm Price £39 99 (2 50 P&P
OMP MF200MosFet Very high spec 200wR M S 4ohms I PSens 500ryn.
-10K Sire 300 150 100mm Price. £62 99 f3 50 P&P

OMP MF300Mos-Fet Very highspec 300wR M S 4ohrns I PSens 500mV
-10K Sue 330 147  102mm Price f79 99 /4 50 P&P

Vu Meter 11 LEDs Plastic Case Sqe 84 27  45mn Price (8 50  50P P&P

Full specifications available on request.
NOTE Mos Fets are supplied as Standard 11001SH, bandsAndIn & Input Sensitivity 500mV) II required
P A version 1501(8, bandwidth & Input Sensitivity 775,11\0 Order Standard or P A

MF100

LARGE (28p)
SAE FOR
CURRENT

LIST

Vu METER

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piero revolution The low dynamic mass (no voice coil) of a Piezo
tweeter produces an improved transient response with a lower distortion
level than ordinary dynamic tweeters As a crossover is not required these
',nits car, be added to existing speaker systems of up to 100 watts (more if 2
put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH
TWEETER. TYPE 'A (KSN2036A) 3" round with protective wire

mesh ideal for bookshelf and medium sized Hi I,
-7.105 speakers Price (4 90 each 40p P&P

TYPE '8' IKSN1005A13':' super horn For general
purpose speakers disco and P A systems etc Price

s''' (5.99 each 40p P&P
4 TYPE 'C' IKSN6016A) 2" 5" wide dispersion

19" STEREO RACK AMPS Professional 19" cased MosFet stereo amps LOUDSPEAKERS
with twin Vu meters twin toroidal power supplies
XLR connections MF600 Fan cooled Three
models [Ratings R M S into 4ohrnsi
MF200 (100 100IW (16900 Securicor
MF400 (200  2001W (228 85 Delivery
MF600 1300 3001W /274 85 (10 00

arts

-!mr.7-1?!.--.

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 5 band L li
R graphic equalisers and twin 10 segment
L E D Vu Meters Many outstanding features
5 Inputs with individual faders providing ,i
useful combination of the following
3 Turntables 1Magl 3 Mics. 4 Line plus
with talk over switch Headphone Monitor
Pan Pot L & R Master Output controls ("),,t
put p75mV Sire 360 280 90rrn

Price 11 34 99 - (3 00 P&P

HOBBY KITS. Proven designs including glass
fibre printed circuit board and high quality
components complete with instructions.

FM MICROTRANSMITTER IBUGI 90 105MHz with very sensitive
microphone Range 100 300 metres 57 46 14mm 19 volt)
Price. £8.62 75p P&P
3 WATT FM TRANSMITTER 3 WATT 85 115MHz varicap Controlled
professional performance Range up to 3 miles 35 84 12mm
(12 volt) Mc*: 614.46 + 750 P&P. 3 wan FM

POSTAL CHARGES PER ORDER £1.00 minimum. Transmitter tilr

Cabinet fix
mg in stock
S A E for
details

POWER RANGE
8 50 WATT R M S HiFi Disco
.0 in magnet 1 . ally voice coil Ground ally fixing escutcheon Res Fred 40Hr Freq Resp ti
1,Kel, Sens 92d8 PRICE/10 99Available with black grille (11 99 P&P It 50 ea
12' 100 WATT R M S HiFi Disco
-.0 oz magnet 2- ally voice coil Ground ally fixing escutcheon Die cast chassis White cone Res

51-11 Fred Resp to 4Kett Sens 95dB PRICE 128 60 (3 00 P&P ea
15- 100 WATT R M S Hi-Fi Disco
,(.3oz magnet 2 ally voice coil Ground ally firing escutcheon Die cast chassis White cone Res
red 2011, Freq Resp to 2 5KHr Sens 97dB PRICE (3749 13 00 P&P ea

SOUNDLAB (Full Range Twin Cone)
5 60 WATT R M S HiFi Multiple Array Disco etc

voice coil Res Freq 63Hr Fred Rosy to 20KHz Sens 86dB PRICE (9 99 11 00 P&P ea
6 ,," 60 WATT R M S Hi-Fi Multiple Array Disco etc
1" voice coil Res Fred 56Hr Freq Resp to 20KHz Sens 89dB PRICE (1099 (I 50 P&P ea
8 60 WATT R M S Hi-Fi Multiple Array Disco etc

," voice coil Res Freq 38Hz Freq Resp to 20101/ Sens 89dB PRICE (12 99 II 50 P&P ea
McKENZIE
12" 95 WATT R M S C1295GP Lead guitar keyboard Disco
2 ally voice coil Ally centre dome Res Freq 451-1, Frog Resp to 6 5KHz Sens 98dB PRICE (24 99

12" 85WATT(3°°P
EP eaR M S C121115TC P A Disco 2' ally voice cod Twin cone

Res Freq 45Hz Fred Resp to 14KHr PRICE 124 99 (300 P&P ea
15" 150 WATT R M S C15 Bass Guitar Disco
3 ally voice coil D ,,,tiassis Res Freq 4.lfAt Fred Resp to4KHz PRICE C4999 - (4 00 P&P ea

horn For quality H, I i systems and quality discos etc
Pnce (6.99 each 40p P&P
TYPE 'D' IKSN1025A) 2" 6" wide dispersion
horn Upper frequercy response retained extending
down to mid range i2KHzI Suitable for high quality
Hi fi systems arid quality discos Price (9.99 each

TY4P0EP P'ES P'1KSN10 38A) 3',' horn tweeter with
I attractive silver fin', trim Suitable for Hi fi monitor

systems etc Price (5.99 each 40p P&P
LEVEL CONTROL Combines on a recessed mount
mg plate level control and cabinet input jack socket
85 85 mm Price (3.99 - 40p P&P

Loudspeakers 5 to 18' Up to 300W R MS SAE fur full
lists McKenzie speakers at advantageous prices All
speakers listed 8 ohm imp

* SAE for current lists * Official orders welcome * All prices include VAT * ales Counter *
UNIT- 5, COMET WAY. SOUTHEND Ofsi-sEA

ESSEX SS2 6TR TEL 0702-527572Be K. ELECTRONICS fi
VISA



INTERNAIIONA1

MAINLINE
MUSIC

THE

SNAK
Us v TO

COME

EXPAND
YOUR

CORTEX

tiomoww.

tiA
its

Gary Herman: Editor
Ian Pitt: Assistant Editor
Paul Chappell: Project Editor
Jerry Fowler: Technical Illustrator
Paul Stanyer: Ad. Manager
Caroline Faulkner:
Classified Sales Executive
Sue Couchman: Copy Control
Dave Bradshaw: Group Editor

- Electronics
Peter Welham: Publishing Director

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)

PRINTED BY:
The Garden City Press Ltd.
COVERS DESIGNED BY:
MM Design & Print.
COVERS PRINTED BY:
Alabaster Passmore.

ABC
Member of the
Audit Bureau
of Circulation

Electronics Today is normally published on the I irst Fm
day in the month preceding cover date U The contents
of this publication including all articles, designs, plans,
drawings and programs and all copyright and other in-
tellectual property rights therein belong to Argus
Specialist Publications Limited All nights conferred by
the Law of Copyright and other intellectual properts
rights and by virtue of international copyright conven-
tions are specifically reserved to Argus Specialist
Publications Limited and any reproduction requires the
prior written consent of the Company. © 1985 Argus
Specialist Publications ltd L, 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 nor-
mally be published as soon as possible afterwards All
prices and data contained in advertisements are ac
cepted 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 publsca-
Pon has closed for press
 Subscription Rates. UK £16.30 including
postage. For further details and Airmail rates

`etc, see the Readers' Services page.

SEPTEMBER 1985 VOL 14 NO 9

____......_ ...._ .._ .......--...-... -...--
1 Golden Square, London W1 R 3AB. Telephone 01-437 0626.

Telex 8811896.

FEATURES

DIGEST 7 THE REAL COMPONENTS 26
Hot news. John Linsley Hood turns his atten-

tion to power switching devices.

READ/WRITE 16 DATA ENCRYPTION 30
The page to read, right? A new look at computer data-ing.

THE SHAPE OF THINGS TO THE SECOND LINE OF
VIEW 19 DEFENCE 36
Square pixels for square eyes.

out de burglars.

TRAINING FOR THE1

It takes more than de fence to keep

FUTURE? 23 TECH TIPS 60
Has it been shunted into a siding? There's no rubbish in our tips.

PROJECTS

SPECTRUM EPROM BOARD ... 40
Peter Foden takes a sideways look at
memory expansion.

DIRECT INJECTION BOX 43
Does your PA system need a fix?

ETI 'SORCERER' STRING
SYNTHESISER 48
Keep stringing along for part two of
this project.

. - -
.

fr

PARALLEL I/O FOR THE
CORTEX 53
In, out, in, out, ... Richard Roberts
indulges in a little mental exercise.

ETCETERA

REVIEWS 62 PLAYBACK 63
Paul Chappell examines a couple of Vivian Capel records the debate
books on microprocessors. over tape copying.

OPEN CHANNEL 62 TRAINS OF THOUGHT 63
The satellite TV question still hangs Roger Amos sends his trains some
in the air. Keith Brindley reports. irregular signals.

INFORMATION

NEXT MONTH'S ETI 39 CLASSIFIED ADS 64
READERS' SERVICES 52 ADVERTISERS' INDEX 66
FOIL PATTERNS 59

ETI SEPTEMBER 1985
3



WATFC)RD ELECTRONICS
RF CHOKES Miniature PCB type

lull. 2u2 4u7. 10u. 22Lo. 33v 47u 100, 220u 330u. 470,
ION, 1n05. 2..12, 4n17, 10n174 409
228171. 33(704. 437101 47i704

35p

1506

250 HIGH STREET. WATFORD, HERTS. ENGLAND.WD1 2AN TRANSISTORS l . 75poon.. 220m74

4CI26/7 35
MAIL ORDER, CALLERS WELCOME AC141/2 35

AC176 35
Tel. Watford (0923) 37774/40588 Telex. 8956095 AC187 35

5C185 35

13C337/8 15
9C441/15.
9C477 40
80516/7 40
5C547/8 12

BF451 40
8F494/5 40
13F594/5 30
8F639/40 30
BF641/79 26

MP50545 SO
0C28 170
0C215 220
0C35 50
0036/4. 75

710302 15
ZTX303 25
71)(304 17
I1X.326 30
Z70451 23

2743906 17
264037 60
264058 15
264081/2 15
264264 30

29183 225
25185 225
39128 115
39140 115
40315 90

ALL DEVICES FULLY GUARANTEED. SEND CHEQUE. P.O.s. CASH. BANK DRAFT WITH
ORDERS. TELEPHONE ORDERS BY ACCESS/MASTER CHARGE ACCEPTED.
GOVERNMENT & EDUCATIONAL ESTABLISHMENTS OFFICIAL ORDERS WELCOME
P&P ADD ft TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES
SUBJECT TO CHANGE WITHOUT NOTICE.

VAT Export orders no VAT Applicble to U.K. Customr only Unless stated oth0144.
all once. are exclusive of VAT. Please 804 15% to the total cost including PIP

We stock thousands mon. mama. It pays to Nen .0 Now*. Undionaround/BR StatiOn 1.40010 74196 Streot
Open Monday to Saturday; 9.009m to 6.00pm. 67091.4 Free Car parking pac available.

ELECTROLYTIC CAPACITORS: (Values ,nuF3 500y. 10uf 52. 47 780.153V 0 47.1 0.1 5.2 2 3 3.4 7 Op 10100.
10 22 12p 3) 150 47 120. 58 200.100 19p. 220 28p, 1000 700 2200 99p; 5017 88 200 100 170220 240.
40V 229p. 33120. 330.470 320 1000 489 220090p. 251/ I 5.4 7 10.22.47 ep 100 110.150 129.220 150.
330 220.470 269 680. 1000 349,1500 429.2200509.3300 760,4700 92p 1 SV 47.88.100 99.125 129.330
16p 470 20p 880 349 1000 27p. 1500 31p. 2200 269. 4700 720

TAC0END CAPACITORS' 64V: 22001209; 3300 1459; 4700 245p; 60V: 2200959: 3300155p; 409: 4700
160p; 25V: 2200 70p: 330085p; 4000 4700 759; 10,0002509; 15.0002709; 1810 22000 3009.

AC119/21 75
AC122/41 75

AAS",44: 1r,
50161 42
50162
AF11505 90

2:42,26 :2
AF139 40
AF178 76
AF 018 70
AF239 55
BC107 12
601078 14
BC106 12
BC10813 14
KINK 14

:001 -
g99 0 12 14

Bcicorgc 14
80114/5 30
8C117/6 25
130137/9 40
BC140 35
130142/3 38
1301417 12

BC549C 15
5C556,7 15

:25,355,4',940 a

130141/42 30
BCY45 50
BCY58/59 36

22017:" 32
BCY78 30
80114 190
B0121 95
60124 115
80131/32 55
130133 70
E$13135 45
E10136/37 40
90138,39 40
60140 40
90144/45199
80158 ea
80205/6 110
80245 63
80378 70
B0434 70
80517 75
80645 90

BF 880/81 25
8F698 106

35
:FFxxe! 45
BF 084 35
BFX85/15 35
BFY50/51 30

2',:: :2
BFY55/58 66
8F164 40
ern), 120
BFY90 90
1313139 50
85020 30
85926/29 45
851213 313

85195 35
BU105 190
80205 180
8o206 200
80208 200
BUYMC 225
MD8001 250
M12955 90
MJE170 160
MJE180 150

0C42/75 75
0071/72 50
0075/78 56
0081/52 50
0083/64 70
OC170/71 75

n:22 ;:
710290 38
71P30A 35
0030C 37
711631.5 36
T11731B 39
7iP31C 45
7IP32A 43
7IP32C 45
TIP33A 70
118330 75
71P3/1 58
71P34C 106
718355 120
TIP35C 130
0 8364 130
71P313C 140
71041.5 50
1iP40.1 52

ZTX500 14
ZTX501/2 14
Z70503 14
ITX504 34
270531 124
715550
26697 22

:',1222 22
274706A 21
20708 24
26918 40
261131/2 40
261302 45
261307 71
2616718 180
262160 325
262219A 241

2742220A 24
262221A 23
262222A 24
262368 24
2742369A 14
262483/4 2'
262646 44
262904/5 21
262906/7 24

2744256 25
264259 25
264314 75
264400 25
264427 80
264871 55
2651356 30

::121:: ::
205179 45
205180 45
265160 , 75
2745194 90
265305,8 30
2654576 30
2745459 30
265485 36
2N5777 45
265879 ISO
266027 32
255671 250
255015 75
250495 85
290496 85
25C105' 550
2SC1096 65
25C1162 45

40316 95
40324 100
40326,7 70
40347 90
40348 120
40360 90
40361/2 70

22:1/8 2::
40412 90
404670 130
40468 65
40594 106
40603 110
50673 75
40871/2 90

74HC
0000 55
0002 55
HC08 55
NCIO 35
HG20 55
0032 se
74042 135
)4C51 55
11074 70
740.86 60

POLYESTER CAPACITORS: Axial L.441 Type
400V: 174. 175, 272. 3n3, 4n7 6n8 11p; 10, 15n, 187, 22n 12p; 33n, 47n,
68n 1810 1007 200; 220n 30p; 330n 42; 470n 529; 680n luF 118p; 2u2 82p.
1000V: InF 17p; IOnF 309; 15n 409: 22n 36p; 33n 429; 470 100n 42p.

SIEMENS pcb
Type Miniature
020Capaclor9

80/478 15
80148 12
13C1485 15
BC149 12
8C149C 15

130895A 160
130696A ISO
BF115 45
5F154'8 30
BF 167 36

MJE340 54
M2E370 100
7.4.1E371 100
MJE520 65
MJE521 94

71042A 56
T1P4213 611

T10120 70
01021,2 73
09,1,2 120

2542907A 24
7629260 10
263053 23
263054 58
203055 50

2501173 125
2SC1306 100
25C1307 150
2SC1449 95
2SC1878 140

00107 70
740109 75
00139 100
00153 35
740160 35

POLYESTER RADIAL LEAD CAPACITORS: 2600
107 157, 227. 27n 80; 33n. 47n.68n.100 15; 150n. 220n
10p; 330n. 470n 150; 880n 190: 1u5 40p: 2u2 45P.

FEED.114ROUGH
CAPACITORS
10.34070/450V 10p

21508
1nF. in5. 2n2
303. 4n7. 628.
IOn. i 6,, 79

BC182L 10
8C183L 10
1301134 10
BC10341 10

BF173 36
8E177 35
13F178 35
61E179 40

MJE2955 99
MJE3055 70
7.4PF102 40
MPF103 30

04047 120
L,82955 70
103055 70
T1543 50

263252 44
2634402100
263614/5180
263663 20

25C1679 190
2501923 65
2501945 225
2501963 80

740161 135
00,s4 135
00165 070
60173 120

TANTALUM BEAD CAPACITORS
35V: 0 luF. 022. 0 33 150 047. 068.
10. I 5 16p; 2 2 3 3 189; 4.7, 68 22p
10 280; 18V: 2 2. 3 3 180; 4 7, 6 8. 10
189; 15. 3459; 22 459; 33.47 50p; 100
91410 1010 15.22, 2450: 33.47 509; 100
900; 6V: 100 55p.

POTENTIOMETERS: Carbon .01104.
Rotary 025W Log I LIN Valois.
4708. 11( 8 211 (1.0ear 0010
S;ngle Gang 35p
59 - 2M Single Gong Log 8 Lir. 359
57( - 2M Single Gang DP Switch 959
5K - 2M Double Gang 99p

188. 22n. 27n
33,392472 9p
39n. 56n 12p
52n. 100n Ilp
100V
100n. 120n 10p
50n . 150n 12p

220n. 2707 159

00156/7 59
80165 6/7 25
BC I2 10
BC212L 12
BC213 10
807131 12
BC214 10
BC214L 12
80237/8 15

1.0034.5 35
BF044,5 12
8F198,9 16
BF200 80
ElF2240 40
8F2248 40
BF245 50
BF25134 4S
8F25613 50

541PF104 30
MPF105 30
MPF1043 40
PA PSA05 30
MPSA08 30
MPSAI 2 32
#05555 30
MPSA513 30
MPSA70 40

7/544 5 45
1'S880 50
7159091 30
UC 734 99
v0,010 99
0741007.4 70
V74415AF 95
v7466AF 110
07488AF 120

263702/3 10
263704/5 1.)
2743706/710
263708/9 10
263713 144)
263771 174
263772 195
263773 210
263819 33

2501957 80
2SCI969 160
25020213 65
2502029 200
2502078 170
2502091 85
25C23'4 86
2522166 106

2SC2335 200

001,74 120
00175 120
00240 195
HC249 195
HC241 195
440242 135
140244 195
HC245 195
HC259 270

MYLAR FILM CAPACITORS
1001/: 1nF, 2 4. 4nF 10 so; 15nF. 22n.
30n. 40n. 47n 7p; 560 100n, 200n 9p;
5010 470nF 12p.

SLIDER POTENTIOMETERS
025W log and lonear values 60,nrn
501 - 50041 single gang 509
Gradual.) Bezels for above 455

330n. 390n 206
4700.5607 266
680n 30p
1,0 34p 2u2 50p

BC256B 35
8030713 15
80308 IS
BC318 90
BC327 15

8F257,8 32
BF259 40
13E275 55
13E336,7 35
8E394 40

M1.5002 58
MPSUO5 60
MPSUO6 60
mPS102 65
MPSU55 GO

01989A0 120
Z7X107/8 12
ZT0109 12
7102 2 29
IT0300 13

263820 60
293822/3 GO
263868 90
2743903/4 II
263905/6 IS

2502547 40
2502612 200
250234 74
29645 SO
2541288 225

74C373 225
HC374 225
8C383 223
008410 240
140645 240

CERAMIC CAPACITORS 506,
Rang* 0 500 to 10nF 4p
15n0 22nF 33nF, 47nF Sp
100nF/300V 7p 2007F/60 Sp

PRESET POTENTIOMETERS
0 1W Min.ature Vart.cai or
Mon/0 tat 100R to 4M7 a

0 25W Luger 100R to 3M3 Ho,. 129

ACCESS
Orders

0 at phone your
001. through00 do 0,0 00

CA3035 266
CA3036 270
CA3043 275
CA3045 3415
CA3046 70

M515151 320
M515161 475
M83712 200
MB3756 440
MC1204 250
7.401301 90
MCI3.0P 150
MC.55106 695
741C1555 50
MC1458 35
I4c i 469 300
MC1494 695
MC1495 300
MC14961 70
MC1596 225
MC1709G 90
10C3302 75
MC3401 50
#03403 65
MC3404 e5
MC.3405 ISO
#03423 50
M03487 00
MCA016 00
MF10 300
MFC6040 75
531024 275
66515 275
NE529 225
NE531 120
605430 225
6E544 190
6E555 20
6E556 50
NE558 170
66560 350
NE5628 410
19E560 420
NE565A 120
NE566 ISO
NE5670 140
NE570 400
6E571 300

66553447485532

115200

07.4335 650
8041380 55
604558 55
556643 210
5AB3209 425
SAB3271 485
5585209 295
5G3402 295
51490 300
516270CD 150
56762276 95
5676477 470
51176488 525
5976489 400
508629 350
SP0256A1 525
TA1002 465
707120 120
1A7200 150
147205 90
187222 150
TA7310 120
744/381,4 190
744700 276
TA°000 300
7A131042 110
740100 159
71341205 70
035900042 3,9,85

TAB1
TAD100 159
7841205 70
7059200 200
7809900 350
705220 350
772,42700 350

42804 220
7C5940 175

7CA9135 180
IDA i 034 350
71341008 310
70A1010 220
T051022 400
7041024 110
7041034
7041490 350
7053002 325
1052003 1907474
7042004 230

7052006 320
1002020 320
034.2030 190
10E10791 420
71170 50
71430C 90
0.497A 165
71507 110
TLSO9 110
0,061CP 40
71062CP 60
0.064C74 95
7L071CP 40
11072CP 70
7..074C6 110
71081CP 35
7106208 55
71.083CP 75
71084C N 100
TL091CP 60
UA2240 120
LA78550 225
ULN2003 75
0162004 75
0162253 150
01.742803 190
080575 275
UPC102514 375
LIPCI156H 295
upCt162 426
UPC1368 195
082206 375
xR2207 400
052211 505
0R2216 675
0142266 360
26414 80
714423E 130
76424E 130
264251 595
26426E 200
ZN427E 600
ZN428E 450

9E 8240,5

274150
2610346 200
ZN1040E 665
2714,234E 925

7476 46
7480 60

7481
175

7448843 00°810

7485 00
7496 40
7489 200
7490 65
7491 70
7492 110
7493 50
7494 100
7495 80
1496 73
1497 200
74100 SO
74104 70
74105 70
74107 46
74109 70
74110 55
74111 55
74112 170
74116 IGO
74118 110
74119, 1:00

74121. 45
74122 65
74123 75
74125 60
74126 55
74128 55
741324 70

136 .6
74141 85
74142 235
74,43 250
74144 250
14145 100
74147 160
1_1 f 15 In
fl' 50 '
74151 60

74154 130
74155 75
77.41,5567 9075

74159 170
74160. 0.000

'5.5' is".74162 100
74183 100
74164 110
74165 100
74166 13074,7 300
74170 190
74172 400
777445111777543

74176 100
75177 110
74178 130
14179 13074180 10074,0,
71441188.2 11?:

74185 170
74190 120
74191 120
74192 120
74193 120
74194 100
74195 75
74196 120
74197 100
74198 200
74199 200
74221 150
14248 130
7424774247 120
74248 145
74249 175
74251 90
74259 150
74263 73
74265 00
74273 ISO
74276 130
74278 160
74279 80
74283 100
74784 440
74285 300
74286 80
74290 120
74293 50
74291 175
74298 160
74351 180

74365 70
74366 70
74367 70

77744433906768 ;002°78

74393 100
50

77.1.141 100

5573 450

74LS

L500 25
LSO, 25
1502 05
LSO3 25
1504 25
1505 25
L508 25
1509 25
LS10 26
L511 25
1512 2S
1513 35

LS 5 2
4515 45
LS20 25
1521 25
L522 25
Ls24 50
LS26 25
1527 25
LS28 25
1530 25
1532 25
15.33 25
L537 25
1538 2S
1550 25
1542 SO
1.547 90
1545 90

I'LL VS45281

10 02253

L554 25
LS55 25
1563 55
1573 30
L574 33
11557785

404
1570 40
LS83 70
L585 70
L sae 35
LS90 50
1591 90
1592 56
LS93 55
LS95 70
1096 90

4540

1S113 40
1S114 00
318122 70
15123 50
L5124 125
31St 25 50
LS126 50
1S132 80
1S133 50
L5135 28
L5136 45
15138 GO
LSI 39 60
L5145 95
1S147 165
L5148 130
15151 70
10153 70
1S154 155
15155 70
15156 70
15157 80
15158 60
151130 70
L5161 70
15162 70
15163 70
L516,1 75
L51135 110
151613 150
1917343 140
15169 100
315170 140
L5173 100
15174 75
318175 70
1S181 190
15153 190
15190 485

LS191 85
LS192 100
L5193 90
05194 75
LS035 75
151943 55
318097 55
LS221 65
315240 SO
L5241 90
1S242 95
LS243 95
315244 80
15245 100
LS257 106
LS248 105
LS249 106
L0251 7S
LS253 75
LS256 90
LS257 75
15258 75
LS259 125
LS260 70
15261 100
10286 GO
15273 120
LS275 350
LS279 70
LS280 190
LS283 90
LS290 80
15293 80
L52401 999
LS295 140
15297 550
LS298 100
LS2912 225

1S324 160
LS325 150
LS326 290
LS327 290
LS347 120
L153534582 1,40,0

L5353 110
LS355 220
L5356 200
15363 ISO
1S2134 ISO
LS385 SO
15366 50
15367 50
LS388 50
315373 100

s35S3.37,7575

15378 95
LS379 130
LS380 310
L5382 310
15384 400
318385 330
15388 50
L5390 50
15393 100
15395 110
LS396 300
LS398 195
LS399 135
15445 125
15447 60
LS485 140
15490 150
1S540 100
15541 100
15624 155
15629 130
1S640 200
L.S641 150
LS645 195
LS668 90
1S669 90
15670 170
L5673 890
L5674 800
15878 275
LS6432 250
15884 350
315687 350

POLYSTYRENE CAPACITORS:
IOpF to 1nF Sp; 1 5nF to 12nF 100

0 25W Larger 200R to 4M7 Vertical 120 ei 0923 50234 C53059 25
CA3075 219

SILVER MICA (Values in pF)
2. 33. 7, 6 8, 8.2.10. 12. 15, 18.
22. 27. 33. 39. 47. 50. 56. 68. 75. 82.
85. 100. 120, 150, I 80pF 1S5 ech
200. 220. 250. 270. 300. 330. 360
390. 470. 800. 800. 820 21p ilisch
100. 1200. 1800. 2200 300 iiiach
1300.47000E °

Flotecho
256K
DRAM
010

2764
250na
E2 99

COMPUTER
ICs

2102L ISO
2114 275
2147 300
2516 300

8123 ISO
8131 475
8150 800
8154 750
8155 400
8158 400
811595 175
8, LS96 175
811597 175
811598 175

MC6646 625
mK31386,2M C7
50.452800 594
M7.45303 636
MM5307 1275
MM 5387A 8115
MM58114 575
M1.470C922 420
50-3-25131 700
PO -02513U 650

CA3080E 70
W08' ISO
CA3085 180
C43086 go
CA309040 375
CA31231 165
CA3130 50
CA.3140 45
CA31 60 90
00.300 leo
CA3162 640

74 2

74C244 1507402, "07.'"°' -
774428327:455026

740923 900
74C925 650

MINIATURE TRIMMERS Capaicitore
2.73pF 20 OpF 225; 2-25pF 5-65oF
309; 10.88oF 369.

27128
250,

-

2532 360
25132 450
2564 600
256KOraro 716

8202 C25
8205 323
6212 220
8214 405

SA/15050 978
SFF9364 800
880256 476
SP0256.512 475

CA3159 270
N141336W 175
NA1388 235
017106 675

17107 975
RESISTORS Carbon Film. miniature. Hi -Slab. 5%

RANGE Val 199 100 0
025W 292 - 10M 624 3p 1p
05W 202 - 457 112 3p ip
iw 202 - 1054 E12 6p 4p
2% Metal Folm5113 - IM E24 60 40
1% Metal Film 510 - IM E20 5p 4p
1000 pnce pp1611 to Resistors of each type not
rnmed

26501 75
271660 350
27324 350
2764-250 399
77064 1000
27128-250 995
04E1.0 2586"D'
RAM 15074S 610
3242 675
4027 95
4118.200n 125
4054.15On 200

8216 150
8224 300
8226
8228 310
0236 00
0243 290
8250 411
82510 350
8253 1370
8255 400
8256AC 015
8257-5 400

70431014 £13TU5271630 72574S
TMS41134 200
75544,8-2 365
71054500 £12
1M54532,3 350
19455100 600
0054011 500
71459914 895
71159927
0059928 £16

17611 95
17660 250
L8038CC 300
L8211 225
5472,5 10 50
M72113AJ C22
CM7216C C22
0572175 150
CM7224 E11

417240 300
M7555 80

SOO 45
SO2 40
S03 40
504 40
505 40
S08 40
809 40
SIO 00
Sn n 40

52 852 601' ''

S30 50
S32 50
537 50
S38 70
S40 40
se,4551 4400

565 40
570 70
585 295
SS6 100
S112 150
5113 120
5114 120
5124 300
5132 90
5133 SO

5140 175
S140 75

140
5153 140
5157 200
5158 190
S162 300
5163 300
5174 250
S175 300
5188 190
5189 22S
$194 280
5197 300
5201 250
5225 500
5226 350

375
S24I 375
5244 475
5251 225
5257 225
5258 225
5260 70
5262 610
5287 200
5288 150
5289 200
S301 350
5365 250
5373 375
5374 375
S412 360
5470 125
5471 500
5.472 400
5474 SOO
5475 625
5571 SOO

RESISTORS NETWORK SI. L
7 Commoned 18 p.76) 1000. 680n. 1K 2k2. 4417.
100 4710 10010 115p

8 Cornrrooned (9 pone) 1500. 1500 700. 3300 110
2412. 497. 61(5. 1010 2211. 474/ 1 10041 20p.

4416-2 335
4532.3 250
45324 250
4816.100ns 100
4884.15 200
5514 250
6118150 298

8259 400
8271 (49
8272 C15
8279 750
8782 450
8283 450
5294 550

71459929 516
7059995 CI 2
1062003 75
UP07002 440
W01891 £14
W01770 C15
W02143 /460

M7556 140
LA3550 250
LA40310 340
1A4032 295
LA4400 350
LA4422 320
LC7130 320

DIODES BRIDGE
REC11710115

75 SERIES
61160120 300
6117000n 575
61876 795

8288 C11
8748 C55
8726A 99

180080 25 295
Z800CPU 4143110
Z80 CTC 25

LC7120 300
1C7137 350
1F347 120,
1E351

A4119 8
*4179 10
5130 a
BA, 00 10
81100 15
81126 12
131127 10
CR033 199
059 1

0547 1

05/0
0479 1

0081 I
0A85 1

100508 IS
1821008 20
1/04000 25
1.5/15000 30
250508 26
2A./200V 40
210400V 42
2.50300V 50
6A/100V 53
ISA.14000 96
10N200V 213
10/../600V 296
25A/200V 240

395

75107/8 95
75110 90
75114/5 I55
75121/2 130
75150 125
75154 125
75158 150
75159 195
75160 420
75162 650
75182/4 99
75188/9 100
75322 140
75324 360
75325 00

Z:4031 15
£147

6402 350
646410 5 CI 1
650,02 650
6502CPU 325
55070 545
6503 350
6503 550

00 600
650.1 250 650
6505 650
0305 600
657001,4 175
85220 545

:113271 150
330

8798 90
079774 90
88L S, 20 395
9602 220
96370 230
04281531C 125
00210032A 125
AM26L 533 150
*M7910 C30
0031015 300
AY -50013 300
C04724 150
007.48017 275

ISOA CTC 310
25013C101 III
280 DART 950
2800 DART 900
180B es
ISO DMA 795
ZSOADMA 925
2710 NO 360
780A PIO 315
280 5100 050
Z80A 5.0 IS9
Z80005102 69

LF353 SO
LF355 90
1F356 90
LF357 WO
LF398 495
L.I.410 325
153010 30
LM307 45
17.43087 75
LA4311 60
1M31874 150
1.01319 160
1413245 45
LM334Z 110
LM3352 130

T7L74
,,,

7..1?)? --
...
7402

25
25

7403 25
7404
7405 3305

7406 40.0
7407 00
7408 .20
7409 ;;
7410

--
i4112

,4
25

7413 4:80.

7414
7416 00,7417

......
7420
7421 4.7422 0.7423
7425 33;

7426 40
7427

,,.
:LI

7428 .f.:
77443302

30
r0030 00

30
7438

307440 00,7441
4.1"4

7442 ;00
)-.7-1'''''7445 110
110

7447 95
110

7450 30
7451 30
7453 35
7454 35
7460 30
7470 50
7472 50
7473 50

45
7475 55

0090
0091
0095
04200

25/0600V
81164 56 75381/3 150

75365 00
75450 85

6577015 340
6530 [11
653256107 650

08748 533
DM8131 2751.0337
088303 450

LINEAR ICs
250

114339 40
L.M348 80

04202
16914
174916
164001/2
1714003
164004/5
164006/7
164148165401 I030
165404 I165406 1.$7
165408 I

ZENERS

Range 2177 to
39V 40Ornw

Sp each
Range 303 to
330 1 3W

i 50 ,,,eh

7545" '''''
75454 70
7549102 65

SCR
isovRiSTORS

5A/40V 32

506008 48
SA3000 so

13545117C 609
65510010 650
8592 00
859200 620
6800 220
6802 225
654,02 345
6803 650
13805 670
6808 S20
5,3090 Gm
6810 ISO
6820 150

DP8304 350
053807 600
05369119 350
OS8815120 300
058820 110
DS8830 140
258831 125
058832 200
E9364 800
E9365 C28
001591 015
F01771 t15
FD1791 C22

555Crnos 95
702 75
709C 8 pm 35
710 63
741 5 Dm 15747C 14 pin 700.
748C 8 pin 30
735 8 inn 1416
810
0400c, 37,ADC0808 10005240
Mr 1.1320 225

141349 125

154358 50
141377 210
141379 495
194380 120
1413816 175
L M382 190
141384 225
11,4350 90
141387 200
LP.4389 IGO
154393 65

1544
15921
5.40100V 40
8/0030V 50
6828000 50

TRIACS
806000 90
125100v 75
12A400V 98
12A5000 188

5527 150
68821 220
6840 375
5543 800

F01795 E28
H026501 75
4404315 250
006301 225

*Y-1-5050 99
A10.5051 160
5116720 210
419,31270 730

LM394C0 350
11.45543 170
1M725CN 300
17.4733 65
11.41458 35

3A2000 54
34.4000 50
841000 50
804008 69
808000 115

87106 150
81116 180
C1060 36
71044 24
T1CA5 29

5545 650
6845S0 7543

6847 650
6850 120

6852 250
8854 625

HD63A03RP (14
i9M68458P 755
iM6402 380
INS8043051 1250
MC141418 100
MC1489 100

A131350 330
*1-38910 390
B00109110,
5038910 150
A1-38912 500
4'051317A 630

1141871 300
1141859 400
7.7.42907 395
1M291 7 300
1413900 70

VARICAPS

12A1008 75
1204008 52
1248000 136
16100v 103
185.4008 106

11C47 30

2,15062 32
7745064 3S
7744445 130

881354 750
6059 E4
68000 (30
801 1 275
8035 350

5014411 875
MC14412 725
mC3242 500
MC3446 250
MC3447P 315

005.1350 356
CA3011 130
CA3012 175
CA3014 275
CA3018 65

3g0g6) 65
L'43911 185
11143914 300
153915 345

1439161141360 300

BB; 058 40
88106 40

1,83,098 45

1648000 220
2505000 220
2558000 296
72800 125

DIAL

572 25

80800 425
8085 E5
8085A 950
8088 CI 5

7.4034813 225
5403487 225
0.46402 350
7.4C6845 62S

CA3019 go
003020 210
CA3023 210
CA30780 110

1501LS7220
280

550681 150
14515131 230
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SWITCHES
TOGGLE 2A. 250V
SPST 35p DPDP Alp
SUB -MIN TOGGLE
SPST on/oft 5110
SPOT c/ovim 640
SPOT centre oft SOP
SPOT based own
ways 1060
OPOT 6 tags SOP
(3001 canoe on 880
OPOT Pima boll,
ways 1460
OPOT 3 posrhons
on/on/on 185p
opoio 2 way 2200

ELIDE 2506:
DPDT IA 14p
DPDTIAc, on 160
DPOT '7A 13p

PUSHBUTTON ISA
write 10mm Button
SPOT lalchong 150p
DPDT latching 1000
SPOT rnonwnt 160p
DPOT monpant 2000

Mini Non Locking
P.m to Make 16p
Push to Break 26p

DIGITAST Switch
Assort.) Coro,.

750 earn

DIP SWITCHES
(SPST) 4 way Up; 6 way 1100; 8 way SOP;
10 way 125p ISPDT1 4 way 1900

ROTARY SWITCHES
14diustatho Stop type,

1 801e/21012 way. 2 pote/2 to6 way.] pote/2 to
4 way 4 001./2 to 3 waha 4S0

ROTARY. Mns DP 250V 4 Amp onion Up

ROTARY: iMakoommtch)
Make  multrway Switch Shafting mernbiy
has adtualable atop Accommodates up to
6 waters (max 6 po1e/12 *ray  DP switch)
Mechanism Only OOP

YER01106/10 Olin
2'1.3'. 1150

.5 1100
33.30.110p

5 12Sp
17 420p

4k. . 17 590p
Pk, 01,00 rens 550
Spot face cutte11500
Pit *senior 18h

1650

00 Board
DIP Board
Vero Strip

195P
395p
95p

VERO WIRING PEN
o woo, 3800
Spare spool 7Sp
Combs Op

PROTO DEC.
Voroblock 480p
S Dec 3950
E urobreadboard

6600
Bimboard 1 875p
Superstrip 552

13500

DALO ETCH
RESIST PEN

Plum**, 72 1000

IOC CONNECTORS

PCB Plugs Flannel./ Famed
with latch Header Care
Pins Pin. Plug Edge
Strt Angle Conct

10 way 900 99p 550 1200
16 way 1309 'op " °Pv.,* 1450 'eeP '250 1954
26 way 175p 200P 1500 2404
34 way 2000 2360 160p 3204
40 way 220p 2500 1801, 340.
50 *05 235p 270P 2000 3500
60 wara - - 2300 4950

ULTRASONIC
TRANSDUCER

40641, 475 Pr

FERRIC CHLORIDE
o tag Anhydrous

195p  SOP P&P

tmake before D7881010111106 above
WO mechanism 1 pole/12 way. 2 pole/6
way 3004/4 way 4 pole/3 way. 60/2 Way Up
Mains DP 4A Switch to hl Alp
Spacers 4p. Screen Sp.

COPPER CLAD BOARDS

Fibre Schou,. DouDie
glass aced sided
6 .6 'COP 1250

12 1750 2250

ROCKER SWITCHES
ROCKER 511./250V SPST
ROCKER 100/2500 SPDT
ROCKER 100/2500 DPDT croft
ROCKER 104.12500 DPST with nor

28p
380
95p
850

GAS/SMOKE
DETECTORS

TGS812 01
TGS813

£6 each
Holders 10,
above 40p

JUMPER LEADS (Ribbon Cable Assembly,
Length 14 pin 16 an 24 pn 40 Pin

Sink, ended DIP IHeader Pug) Jumper
24 inches 145p 11350 2400 3800

Double ended DIP Model Plug) jumper
2 Inches 1960 3150 3150 4000

24 inches 2100 236p 3450 5400
36 niche. 2900 3200 4800 51250
IDC Frnalt. Hoods, Socket Jumper Leads 36

206n 26 pin 34 pr. 40 pin
Sing* ended 1600 2000 280P 3000
Ocktie ended 2900 3700 480p 5250

DIL SOCKETS
Low Was
Prof Wrap

8 prn Op 250
'4 pin 10p 350
16 pin 10p 420
18 pin 160 S2P
20 pm 200 601,
22 pin 220 650
24 p.m 250 70p
28 p.'. 280 BOP
40 pm 300 900

EDGE
CONNECTORS

1 Ise
2.130av - 750
2.12 woy - 1400
2.15 vow - '850
2.16 esy 1750 'a°.
2.22 way 2000'700
2.23 way 1500 -
2.29 Ow 2600 2450
2.28 aver tip. -
2.30 aver 2000
2.36 8.7 3000
2.40 war 3200
2.41..7 4000

000p

EURO CONNECTCRS
crom eenos
:cm.%
014441817
31 way
DIN41012
2  32 A  13
DIN41612
2 32 A  C
D17441812 3.32
A  B  C

r4eee moo Hoe 6v9
N» "- m w.

170p - - 1750

275p 220p2850

sgsp 2400 300P

360p 3851 280p 31210

PANEL

FSD
60.48.35n
0-501A
0-1000k
0-5000k
0-I mA
0-SmA
0-10mA
0-60.4
0-10OrnA
0-500mA
08.
0 2A
025V
0 50V AC
0 300V AC

VU" 4460.4,^

RELAYS

Miniature, ainc1osed, PCB mount

SINGLE POLE Changeover
RL-91 205R Coil. 120 DC,110VS to
19 5010Aet 30V DC or 250V AC 195p

DOUBLE POLE Changeover.8A 30V
DC or 250V AC
RL/113 53R Coil 6V DC 15V4 to 90911900
RU6/111 2058 Cori 12V DC1,007 to
 9051 1950
RUM 14 740R Coil. 24V DC 1220 to
37V) 2000

SIL SOCKET I ./ r 20 way 650

ANTEX SOLDERING IRONS
CI SW 525p: CS, 7W 545p
C11516/ 550p; 8525W 570p
Sp... BC. 850: Elements 2300
Iron Stand 175p; Heat Shunt 30p

OIL PLUG IH4
Solder IOC

14 pin 40p 9Sp
16 pin 450 1000
24 an 850 135p
28 p.n 1500 200I,
40 pin 200p 255p

ZIF TEXTOOL
OIL SOCKETS

24 Gin 575p
28 ph 695p
40 Ph 845p

RIBBON CABLE
pro., P.: fool

Grey Color
10 way 150 Zap
16 why 25p 430
20 wiry 30p 5.20
24 way 40p 5.5p
28 wLy 55p 800
34 *Ly 60p 8.5p
40 way 700 OOP
SO way 1000 11.50
84 out 1200 1600

TRANSFORMERS
3-030 6-0-65 9-0-90 12-0120 15-0-15V
100mA 130p
PCB mounting Minlure. SW bobbin
3VA: 2.80/0 256. 2.90/015A, 2512 WO 12A
2.158/0 26 2350
OVA: 2.60/0 SA 2.911/0 3A. 2.12V/0 25A
2,150/02* 2800
Standard Split Bobbin holm
6104: 21611/0 SA. 2.90/0 4A. 2.120/0 3A
1.150/0 25A 2600
12VA: 2450/103. 2.50-14, 2.90/080 2.120/
OSA. 2.155-0 4A, 2.208/0 3A 1480 135p 0901
24VA: 246V/1 SA 2.98/12A, 2.120/1A 2.150/
OSA, 2.200/06A 355p 160p p&p
BOVIC 246V/44 249V/2 542.120/242.150/15A
2.20V/12A 24250/1A.22.63V/OLIA 52001600 PSIS
SOYA: Outputs +58/5*. .12V, +250 -5V
-12V at IA 6200 1600 0401
100VA: 2.125/4A, 2,150/3A 2.200/2 SA
2.250/20. 2.300/1 5A. 21.500/1A 955017501
P&P charge to be added over and above out nor-
mal postal charge

VOLTAGE REGULATORS
' A Piastc Ca ing

 ye - .e
5V 7805 500 7905

120 7812 500 7908
15V 7815 450 79,2
18V 7818 43p 78,5
240 7824 500 7918

7924
00mA T092 Plastc package

5V 78LO5 30p 79L05
60 78L06 300 -
8V 18L08 300 -

12V 781.'2 300 7902
150 78L15 SOP 7905

ICL7660 248p
RC4194 375p
RC4195 160p
LM3096 1350

1.7.13176
LM317
LM323K
LM337
LM723 Val
713640

2500
99p

50p
1750
306

225p

500
613p
500
500
50p
50p

50p

509
600

TAASSO 600
TDA1412 1500
78H06  58/S8 550p
78/112+12V/5A

5950
78HG + 5V lo  25V
SA 9650
7960 - 2 250 to
-24V SA 7660

SOLDEPICON PINS
10.11101 rnlort SIL

or OIL Sockets
100 pr. 45p
500 pins 1950

ALUM BOXES
I . 2 I

4. 215 .2 
4 . 2* a 2V2
4 I 4 It 2"
4.4.21,
5  4  1in
5.4.2'-.

.21/4. I.
5 a 2k.. 2'r
6.4.2
8.4.37.5.3
8.6.310.4.3
10.7.3
12.5.3
12.8.3

500
1000
1030
1050
1200

99p
1200

900
1308
1200
150p
1800
2100
2400
2758
2800
2950

24 way IEEE plugs
24 way IEEE ski
36 way GewtrOw..1 099
36 We, CeltoniC ell

Male
Solder lugs
A g1e pin
PCB p ns
Frnal
Sold.r lugs
Angle pens
PCB p

D' CONNECTORS
9 15 25 37

wy way way weY

55p 800  200 150;
I lop 175p :250 304
cop too* 160p 2506

90p
1500
1000

1250
2000
25p

Co..,, 75p 700

'BOO
40p
950

70p

275p
3900
3550

135p

25 way 'Cr CONNECTOF (RS232)
Jumper 1. Cable Auembly

18 long. Single end. Male 475p
18 long, Single end. Fern.* 51CP,

36 long. Double Ended, kt At 9950
30 long. Double Ended, F F E50
36 long. Double Ended 12 F 992p

AMPHENOL
IOC SOLDER

4650 4504
4650 4806
3756 3900
460p 500

CRYSTALS
32788,10, 100
100KHz 400
2006Ha 370
455611 370
'MB, 265
1008M 275
 28MHz 450
 6MHz 200
 OMB, 545
' 8432M 220
2 Ok1H7 225
2 45760 200
3 12MHz 240
3278M ISO
35794M 96
3 6864M 300
4 OMB, ISO
4 032MHz 290
419430M 200
4433819M 100
4 608MH2 200
4 80MH1 200

OMH, ISO
5 185MH1 300
524288M 390
6 OMHz 140
6 144MH: 140
6 5536MH, 225
7 OMHz 150
7 168MH: 175
7 7328MH4 250

68MHa 200
8 OMH. 150
8089333M 395
886723M 175
900M04 200
10 01.1Hz 175
10 24MHa 200
10 SMIla 250
10 7MHa ISO
i 2 OMB, ISO
12528M 300
1431814M 170
1S OMB, 155
16 OMHz 200
18 OMH: ISO
18432M 150
19 968MH a 150
20 OMHz 150
24 OMHz 150
24930M8, 325
2669M 150
27648M 170
27 145M 180
386667M 240
48 OMHa 240
1000MHz 295

ASTEC UHF MODULATORS
3752
5500

BUZZERS
miniature. solid Mate 60 90812V 70p

01E20 TRANSDUCERS PB2720 700

LOUDSPEAKERS
Miniature 0 3W-
21, ruin 27.1in 3in
2'7in 400 64nor 800

6 it 4" 80
7  5' 80

5: 80

891,
800

2000
2250
2500

MONITORS

 ZENITH - 12" Green, HI -
Resolution Popular E66

 MICROVITEC 1431 14"
Colour RGB input Connecting
cable Inc, E175

 MICROVITEC 1451 14"
Medium resolution £237

 KAGA Meares RGB
Colour Has licher-free Charac-
ters Ideal for BBC. Apple. VIC.
etc £225 (car £71

 KAGA 12' As above but
H, -Resolution £310 (car £71

 Connecting Lead tor KAGA
£5

Carriage £7 Secuhcor

SPECIAL OFFER

10+
2764-250nS 299p 275p
27128-250nS 695p 675p
61161-P-120nS 250p 255p
6264LP-150nS 73Sp 699p

CMOS

4000 20
400, 25
4002 25
4006 70
4007 25
4008 60
4009 45
4010 40
4011 25
4012 25
40,3 35
4014 60
40,5 60
40,6 40
4017 55
4018 60
4019 60
4020 eo
4021 60
4022 70
4023 30
4024 50
4025 25
4026 90
4027 45
4026 45
4029 75
4030 35
4031 130
4032 65
4033 130
4034 146
4035 70
4036 250
4037 115
4038 75
4039 200
4040 60
4041 60
4042 50
4043 45
4044 50
4045 110
4046 60
4047 60
4048 55
4049 40
4050 35
405, 70
4062 60
4053 60
4054 85
4055 85
4056 85
4057 1000
4059 420
4060 70
4061 500
4062 988
4063 90
4066 45
4067 245
4068 25
4069 25
4070 25
4011 25
4072 26
4073 25

4075 26
4076 70
4077 28
4078 25
408, 25
4082 25
4085 50
4086 60
4089 125
4093 40
4094 70
4095 95
4096 100
4097 275
4098 80
4099 110
4160 95
4161 96
4162 96
4163 96
4174 96
4175 105
4194 105
4408 850
4409 850
4410 725
4411 750
4412 805
4415 590
4419 280
4422 770
4435 eso
4440 900
4450 360
4451 350
4490 450
4500 395
4501 40
4502 60
4503 40
4504 100
4505 350
4506 100
4507 45
4508 130
4510 55
4511 55
4512 55
4513 150
4514 t15
4515 115
4516 55
4517 275
4518 50
4519 35
4520 55
4521 115
4522 125
4526 60
4527 65
4528 70
4529 145
4530 90
453, 120
4532 55
4534 365
4536 250
4538 80
4539 80
4541 95

4613
4548
4549
4553
4554
4555
4556
4557
4558
4559
4580
456,
4562
4566
4568
4569
4572
4580
4581
4582
4583
4584
4585
4597
4599
40085
40097
40098
40100
40101
40102
40103
40104
40105
40106
40107
40108
40109
40110
40114
40161
40183
40174
40175
40181
40,82
40,92
40,93
40194
40195
40244
40245
40257
40373
40374
45106

70
4o

400
245
180
35
55

250
120
395
ISO
104
350
ISO
250
175

45
255
125

99
100

55
55

330
155
00
45
42

215
130
140
412
120
220

60
55

325
100
235
240
194

75
75
76

220
80
76
96
70
76

196
196
196
220
220
586

OPTO

OCP7,
ORP12
ORP81
BPX25
BPW21
713,39

120
se
se

200
320
225

OPTO
ELECTRONICS

LEDe with clips
TiL209 10
TIL211 GRN 14
TIL212 Yet 14
711.220 1 Red 12
2 Green. Tenow or
Amber
0 2 Bi cot..
Red/Green 1000
Green/0068w 115p
02 In odour
Med/GreenzYetiow 55

. Brightness Red 58
High-Bri Green or
Yel 611

Fiaahing red
0 2 red 55
Sow,. LEDs. Rea
Green. Yellow 30
Rectangle SI4C1010,4
I ED,
0.62 Green or *mow 18
Triangular LEDs
Red 18
Green or yellow 22
L0271 Infra Red 48
SF H205 Detector 118
TIL32 Infra Red 52
1678 Detector 55
1638 50
T1L100 75
BARGRAPH Rea to
segments 275

ISOLATORS
iL74 145
iL074 145
1L074 275
711.111/2/4 70
ILCT6 Darlington 135
TIL117 125
4433 Photo
Darlington 13e

7 Segnimel DiaoHno
T1L312 3 CA 120
TIL313 3 CC 120
TIL321 5 CA 140
TIL322 5 CC 140
711729/730 140
01704 3 CC 125
DL707 3 CA 125
F N0357 Red 120
FND500 '30
3 Green CA t50
6 Green CA 215
3 2 t Red CA 150
3 21GreenCA ISO
LCD 3'7 ()opts 494
LCD 4 Digits 530
LCD 8 Dols 825
Reltectrve Switch 225
SLOTTED Optics,
Switch similar to RS
Comps 295

TURNED PIN
Low Profile

P10.233.0.1
DIL SOCKETS

8 9,6 25p
14 pin 400
16 pm 42p
18 pin 47p
20 pin 60p
22 pin 700
24 pin 72p
28 pin 900
40 pin 1 20p

BT TELEPHONE
CONNECTOR

LJU 1,4A
LJU 1/6A
LJU 2/4A
LJU 2/6A
LJU 3/44
LJU 3/64
WU 10/34

4 WAY

4.171, r. hlesle
Mini Line Slave
Lire Master
Lire Slave
Flesh Master
Flesh Slave
Dual Splitter
BT Plug

.35
205p
3-00
2500
3-00
2.00
550p

SPECTRUM 32K UPGRADE
Upgrade your 16K Spectrum to full 48K With our
RAM Upgrade Kit. Very simple to tit. Fitting
Instructions supplied.

£20

COMPUTER CORNER
EPSON RX80 Pnnter
EPSON RX80 F/T Printer
EPSON F480 Printer
EPSON F0100 PrInter
VAGA/TAXAN ILP810 Printer
KAGA/TAXAN 6P910 Printer
BROTHER URI S Daisywheel

E209
1:219
E316
E429
£252
:339
E329

Cable for MOO./ printers to interlace with BBC Micro C 7

TEX EPROM ERASER - Erases up to 25 Eproms Has a boll in
safety switch
SPARE UV Lamp Bulb
C12 Computer CASSETTES in Library came
8', 8 9' a Fan Fold paper 11000sheetal

(Securicor Carriage charge on printers le C7)
CALL INAT OUP SHOPFOR A DEMONSTRATIONON ANY OF THE ABOVE
ITEMS BE SATISFIED BEFORE YOU BUY OR WRITE IN FOR OUR
DESCRIPTIVE MICRO PERIPHERALS LEAFLET

E30
E8

350
E7 (Carr. 150p)

BBC MICRO
WORDPROCESSING

PACKAGE
A complete wOrdprOCeSSing package 1which can .

neayily modified to your requirements maintaining lar..;,
discount) We supply everything you need to get a BF
Micro running as a word-prOCeSSor Please call In IC
demonstration
Example Packager
BBC Micro, with DFS Interface. WordwIse, Twin 400K TE
Disc Drives, 12" High-res green monitor, Brother HP
Daisywheel printer, Beebcalc 8 Database software
DiSC.10 3M DISCS. 500 sheets of paper. 4 way mains traii
socket. manuals and all cables

Only: £999

51/4" DRIVES
for the BBC Micro
(All Drives are supplied cased with

Power Supply and UtiliSes Disc

c62oo - Epson Single 2008.40 track Double 2499d

CS400S - Mesubosh; Smote 400K, 901, Double skied
40 track switchable

CD400 - Epdon Yein 4001(.40 track Double s.ded

C DBOOS - Mitsubishi Twin 8006. 80T 40/130 POCK switchable

E120

E140

£189

£265
TWIN Disc drive case with Power supply
And Cables to house your own doves E35
A11 Single Doves with Power supply are Supplied in  twin case lzu later

lusion al a second dove
1Secuncor Carriage on Drives Ell

DISC INTERFACE KIT complete
DFS Mnual icomprehenevel1NO VAT

E75
El

BBC & MICROCOMPUTER
& ACCESSORIES

BBC Model B Only £299

We stock the full range of BBC Micro periphera
Hardware & Software like. Disc Drives (Top qual..,
Cumana A. Mitsubishi), Diskettes. Printers, printer.
Paper, Interface Cable. Dust Covers. Cassette
Recorder & Cassettes. Monitors. Connectors(Ready
made Cables. Plugs & Sockets). Plotter (Graphic
Tablet) EPROM Programmer. Llghtpen Kit, Joys-
ticks, Sideways ROM Board. EPROM Eraser,
Machinecode ROM. The highly sophisticated Wat-
ford's 16K BEEB DES. WORDWISE. BEEB-CALC.
Software (Educational Application & Games)
BOOKS. etc. etc. Please send SAE for our descrip-
tion leaflet.
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COMPUTES WAREHOUSE
1000's OF
BARGAINS
FOR CALLERS-1

TNE 'ALADDIN'S' CAVE OP COMPUTER AND ELECTRONIC S a UIPMINT

RECHARGEABLE BATTERIES
Dry Fit Maintenance FALL by Sor,nensr hem
A300 07191315 12v 3 AH same as RS 591.770 NEW
£13.95 A300 07191202 6-0-6 1 8 AH same as RS 591-
382 EX EQUIP £4.99 Miniature PCB mount 36v 100
Mali as RS 591-477 NEW £1 .00 SAFT VR2C 1 2v "C"
size NICADS in 18 cell ex equipment pack Good condition
- easily split to single cells £10.50 + pp C1 90

EX -STOCK INTEGRATED CIRCUITS
2732 ex equip £3.25. 27128 - 250ns NEW £12.00
6116-200 £4.50.6116-250 £3.95,
62641P-150 E22.00. 4164-200 m50.4884-150 C4.00
4116-300,£ I .20.2114 £1.75. 8800 C2.50, 6821 E1.00,
88A09 £8.00. 68809 £10.00, 88809E £14.50,
08085AH-2 C12 00. 08086 £20.00, 280A £2.99

OLING Elli
Keep your hoiCOparts COOL and RELIABLE
with our range of BRAND NEW professional
cooling lent
E TRI 99XU0I Dim 92 92 x 25 mm
Miniature 240 v equipment fan complete With

Vzr guard C9.95
LD JB-3AR Dim 3' x 3" . 2 5" compact

vent quiet running 240 v operation NEW t6 95
B UHLER 09.11.22. 8.16 v DC micro
miniature reversible fan. Uses  brusilless
servo motor for extremely high air flow
almost silent running and guaranteed 10.000
hr Nfe Measures only 62 a 62 a 22 mm
Current cost C32 00 OUR PRICE ONLY
1[12.95 complete with dela.
MUFFIN -CENTAUR standard 4" a 4" . 1 25
tan suPPlied tested EX EQUIPMENT 240 y al
06 25 or 110 vat C4 95 or BRAND NEW 240
at [1050 1000's of other fans Ex Stock

II for Details. Post 8 Packing on all fans t.

BUDGET RANG
VIDEO MONITORS
t a price YOU can afford. our range of EX
QUIPMENT video monitors defy
ompetitioni, All are for 240v working with
tandard composite video input Units are
re tested and set for up to 80 col use on

BBC micro Even where MINOR screen
urns MAY exist - normal data displays are

unaffected
I000's SOLD TO DATE

12" KGM 320-321. high bandwidth input
will display up to 132 columns a 25 lines
Housed in attractive fully enclosed
brushed alloy case B/W only £32.95
24" KGM large screen black 8 white
monitor fully enclosed in light alloy case
I ktainhsoiloihoprsr.ira.lgue bsetc0.00

DATA MODEMS
Join the communications revolution with
our super range of DATA MODEMS with
prices and types to suit all applications
and budgets,'
Most moderns are EX BRITISH
TELECOM and are made to the highest
standard for continuous use and reliability
RS232 interfaces are standard to all our
modems, so will connect to ANY micro etc.
with an RS232 serial interface.

DATEL 28 see SPECIAL OFFER centre of
this ad
MODEM 13A, 300 baud. Compact unit only
2 high and same size as telephone base
Standard CCITT tones. CALL mode only
Tested with data ONLY MVO + PP E4.50.
MODEM 20-1. 75-1200 baud. Compact unit
for use as subscriber end to PRESTEL.
MICRONET or TELECOM GOLD Tested with
data WAS + PP 511.50.
MODEM 20-2 same as 20-1 but 1200-75
baud 1110.00
TRANSDATA 307A. 300 baud acoustic
coupler. Brand new with RS232 interlace
ONLY £49.96
DACOM OSL2123 Multi Standard Modem.
swrIchable CCITT or USA BELL 103 standard
V21 300-300. V23 75-1200. V23 1200-75 or
1200-1200 half duplex
Auto answer via MODEM or CPU CALL or
ANSWER modes plus LED status indication
Dim 2 5 a 8 5 a 9 BRAND NEW fully
guaranteed ONLY E1611.00 + PP 54.50.
DATEL 2412 Made by SE LABS for BT this
two part unit is for synchronrous data links at
1200 or 2400 baud using 2780/3780
protocol Many features include Auto answer
2 Or 4 wire working etc etc COST OVER
£800. OUR PRICE EIOS.00.
DATEL 4800. RACAL MPS4800 high speed

good condition £215.00 CARR MOO

NOT LINE DATA Lin

DISTEL©
THE ORIGINAL FREE OF CHARGE dial up data base
1000's of stock items and one off bargains
ON LINE NOW- 300 baud full duplex CCITT tones 8 bit
word no panty 01-679 11118

MAINS FILTERS
L u,e ti,use unnerv.ny ',any ups drq1 yoci.es if

by mains inte rfe re nce
SDSA As recommender, by 1%131 news letter
size up to 1000 wan load ES SS
L2127 compact completely cased unit wire

Up to 750 watts ES 99

Anderson Jacobson
AJ810 VIDEO
DISPLAY TERMINAL
Made by one of the USA's
largest peripheral manufacturers

the AJ510 Professional VDU
terminal has too many

features to include in space
available - lust a few are:

internal Z80 Cpu control, very
readable 15 non glare green

screen. 24 lines by 80 characters.
128 ASCII character set with lower

Case and graphics, standard RS232 interface. Cursor
addressing, numeric key pad etc Supplied in good
TESTED second hand condition with full manual
£225.00 + can £10 00 Data sheet on request

A Major company's over production problems, and a special
BULK PURCHASE enable TWO

COLOUR MONITOR SPECIALIALS
'SYSTEM ALPHA' 14" Multi Input Monitor.
Made in the UK by the famous REDIFFUSION Co. for their own professional
computer system this monitor has all the features to suit your immediate and future
monitor requirements. Two types of video input. RGB and PAL Composite Video,
allow direct connection to most makes of micro computers and VCR's. An internal
speaker and audio amplifier may be connected to your system's output or direct to
a VCR machine, giving superior colour and sound quality. Many other features
include PIL tube, Matching BBC case colour, Major controls on front panel,
Separate Contrast and Brightness - even in RGB mode, Two types of audio input
Separate Colour and audio controls for Composite Video input, BNC plug for
composite input, 15 way 'D' plug for RGB input, modular construction etc etc.

This must be ONE OF THE YEAR'S BEST BUYS!!!
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
SUPPLIED BELOW ACTUAL COST - ONLY £149.00 + Carr

DECCA RGB 80-100 Monitor.
Little or hardly used manufacturer's surplus enables LA to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00. a price for a colour monitor as yet unheard of!l Our own interface, safety
modification and special 16" high definition PIL tube, combine with the tried and
tested DECCA 80/100 series chassis to give 80 column definition and picture
quality found only on monitors costing 3 TIMES OUR PRICE. In fact, WE
GUARANTEE you will be delighted with this product, the quality for the price has to
be seen to be believed. Supplied complete and ready to plug directo to a BBC
MICRO computer or any other system with a TTL RGB output. Other features
include internal audio amp and speaker, Modular construction, auto degaussing
34 H a 24 D. 90 day guarantee. Supplied in EXCELLENT condition, ONLY £99.00
+ Carr. Also available UN -MODIFIED but complete with MOD DATA. Only £75.00.
Carriage and Insurance on monitors £10.00

SPECIAL 300 BAUD MODEM OFFER
Another GIGANTIC purchase of these EX BRITISH TELECOM. BRAND
NEW or little used 2B data modems allows US to make the FINAL
REDUCTION. and for YOU to join the exciting world of data
communications at an UNHEARD OF PRICE OF ONLY £29.95. Made 1
the highest POST OFFICE APPROVED spec at a cost of hundreds of
pounds each, the 2B has all the standard requirements for data base.
business or hobby communications. All this and more"
 300 baud full duplex ,r_.  CALL. ANSWER and AUTO modes
 Full remote control  4 416° ar Standard RS232 serial interface
 CCITT tone standards 21 NOW ONLY' -  Built in test switching
 Supplied with full data ....... E29.95 k,  240v Mains Operation
 Modular construction 1. is   1 year full guarantee
 Direct isnlatnd rnnnef! r T  Just 2 wires to ,omms I.ne

',1,' , ... ... ..- ,,I, , ks last Cdr.,,ige ant! ..

,rsilv SUPER PRINTER SCOOP
BRAND NEW Tn. 'Do Everything Printer at oral" that w.li

0 CENTRONICS
739-2

NEVER cw rot:maid Standard C NTRONICIII
persiwi intedece for direct connection to MC.

ORIC. DRAGON etc Susan, Phol quality *nth toe
on addressable oir end 4 we fonts Oka

11101t DEFINITION maim&
e
mwoorriO4W. SPACED

MODE for WORD PROCESSION weircabcos 190'132
cononnt goers snort smocks? a ra copy nrimiling Plus

much more Availabas ONLY frOnt DISPLAY ELECTRONICS
al the nOlculoull Once Of eferlfares VAT Cornrows with

0/619 manual etc LinutwO Quantity -Hurry while stocks Last
°anon& 'Monaca cable

ay
(Specify) tor BBC OrsC

7 DRAGON or CENTRONiCS 38 w pig [12 50 Spore ntobon
E3 50 sch8BC gnspn.cs screen dump uhbty program 0860

Carnaoe and ins c r 0 oo . vAT

HUNDREDS OF PRINTERS
EX STOCK FROM £49.00. Call Sales Office for Details.

1 only large CALCOMP 1036 AO 3 pen drum plotter and
offline 915 magtape controller. Good working order.

ADD VAT T I ALL P ICES 12500.00.

ES STOCK

DEC CORNER
PDP 1140 System comprising U
' .'4K memory + MMU 16 line RS232

terface RPO2 40 MB hard disk drive.
''.110 9 track 800 BPI Mag tape drive, dual

k system. VT52 VDU etc etc Tested
rid running £3750.00

BA1 1 -MB 3 5" Boa. PSU. LTC C385.00
DH11-AD 16 x RS232 DMA

interface £2100.00
OLV11-J 4 a EIA interface £310.00
DLVII-E Serial. Modem support £200.00
DUP11 Sycn Serial data i/o £650.00
00200 Dilog - multi RK

controller E495.00
DZ11-13 8 line RS232 mua board £650.00'
KOF11-6 M8189 POP 1123+ £1100.00
LA36 Decwriter EIA or 20 ma loop £270.00
LAX34-AL LA34 tractor feed £85.00
MS11-JP Unibus 32 kb Ram C80 00
MS11- LB Unibus 128 kb Ram 0450.00
MS11-L0 Unibus 256 kb Ram C850.00
MSC4804 Obus (Equiv MSV11-Li

256 kb £499.00
PDP11/05 Cpu. Ram, i/o. etc C450.00
PDP11/40 Cpu. 124k MMU £1850.00
R711 vet 3B documentation kJ C70.130
RKO5-J 2 5 Mb disk drives 0650.00
KLBJA PDP 8 async i/o C175.00
MI8E PDP 8 Bootstrap option £75.00
VT50 VDU and Keyboard -

current loop £175.00
VT52 VDU with RS232 interface £250.00

1000's of EX STOCK spares for DEC
POPS. PDP8A. POP11 systems &
peripherals Call for details All types or
Computer equipment and spares wanted
for PROMPT CASH PAYMENT.

prices quoted are for U K Mainland. paid cash with order in Pounds Sterling PLUS VAT Minimum order value £2.00
Minimum Credit Card orderE/0.00 Minimum BONA FIDE account orders from Government Depts.Schools. Universities and
established comparnesE20.00 Where post and packing not indicated please ADD CI 00 + VAT. Warehouse open Mon -Fri
9 30-5 30 Sat 10 30-5.30. We reserve the ri.ht to chan.e prices and specifications without notice. Trade. Bulk ,ir. .11 x.ort,_ris-1-70 ri si 32 Biggin Way, Upper Norwood, London SE19 3XFL L L L I I\ 1-01 I V- -1- Telephone 01-679 441 4 Telex 894502 Data 01-679 1888 .
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DIGEST
Poor Employment Prospects
In The Electronics Industry

Employment prospects in the
Electronics industry have de-

clined over the last few years and
show few signs of improving in the
coming months.

Those are some of the conclu-
sions of reports recently published
by staff and recruitment agencies
working in the industry.

Stragegic Recruitment Ltd,
who specialise in recruiting pro-
fessional engineers, say that even
the most inexperienced of young
electronics engineers could
readily find work last year pro-
vided they were prepared to
travel. This year the situation is
very different and many elec-
tronics graduates, especially
those with weaker degrees, are
finding jobs very hard to come
by.

The company believed that this
has been caused in part by the
decline, in real terms, of defence
spending in the UK. They suspect
that many of the companys affec-
ted have reacted by reducing
their intake of less -promising
graduate trainees.

Figures published by the Stand-
ing Conference of Employers of
Graduates are a little more opti-
mistic but not much. They show a
5% increase in demand for recent
graduates in the electronics and
computing industries compared
with 1984, but the demand for
recent graduates in other manu-
facturing areas has increased
by around 20% over the same
period.

Leaving aside the graduate rec-
ruitment agencies and looking at

PCB Service
Once again we must apologise
to our readers for the con-

tinuing problems with our PCB
Service.

As we pointed out in the last
issue, the company who manu-
facture our boards have recently
moved premises and this has led
to considerable delays in sending
out boards.

Unfortunately, they have since
decided that they no longer wish
to operate the service and have
suggested that we look for
another supplier.

At the time of goingto press we
are in the process of negotiating
with potential suppliers but noth-

ing has been decided. For this
reason, it is not possible for us to
supply PCBs and so we have not
included the PCB Service page in
this issue.

We have no idea how long it will
be before the Service is operating
normally again but we hope it will
be fairly soon. Those who have
already placed orders may leave
them with us and we will fulfill
them as soon as we have a new
supplier, but if readers prefer we
will happily give them a full
refund.

We do apologise for the incon-
veniences these delays have
caused and trust that those affec-
ted will bear with us until we sort
things out

the picture for all staff, the figures
show that there ale currently
more jobs being created than lost
but that the trend is turning
downward. Temporary Services
agency Manpower Ltd carried out
a survey of major employers in the
electronics industry and found
that 37% planned to increase their
staffing levels in the next three
months while 14% planned to cut
jobs. These figures are sl ghtly
worse than those for the last quar-

ter when 42% of employers said
they planned to take on staff and
only 12% said they planned to
make cuts.

Manpower found that the situa-
tion in the electonics industy is in
line with that in other sectors. Pro-
spects are a little better than they
were last summer but the rate of
improvement has slowed down
when compared with the two pre-
vious years.

Real Time I/O Facilities
For The BBC

Paul Fray Ltd have introduced
an add-on for the BBC micro-

computerwhich provides a range
of BASIC commands to deal with
real-time input and output events
and also enables the computer to
cope with more than one input at
a time.

The device is called the Spider
because, the manufacturers say,
it is designed to capture events in
the same way that a spider cap-
tures a fly. It consists of a butterfly
board which plugs into the first

sideways ROM socket and the
User VIA socket and carries ROM
based software and 8K of RAM.

The additional commands are
stored in the ROM while the RAM
allows the unit to capture input
events which arrive while the
computer is dealing with an
earlier event. The later event can
be dealt with in turn. Spider also
provides a set of process timers
which can time out independen-
tly of signals from external
devices.

The spider is available in
three versions, an economy
model called Spider -B which
works with the User Port and Prin-
ter Port only, an industrial model
called Spider -X which uses the
high performance 1MHz bus on
the BBC, and a version called
Spider -E which is designed for
use with the range of industrial
control Eurocards produced by
Control Universal Ltd. Spider -E
consists of ROM and RAM chips
which plug directly into the Euro-
cards and does not therefore
include a butterfly board.

The manufacturers say that the
Spider can be used on control
and measurement systems,
robotics, burglar alarms and for
running experiments in chemis-
try, psychology, engineering, etc.
Spider -B costs £65.00 inclusive
and the other two models cost
£115.00 inclusive and all come
with a comprehensive handbook
which includes fitting instruc-
tions and programming examples.

Paul Fray Ltd, Willowcraft,
Histon Road, Cambridge CB4
3HD, tel 0223-66529.

u _

precision pick-up arms
Please call or write:
SME Limited, Steyning, Sussex, BN4 3GY
Telephone: 0903 814321 Telex: 877808 G
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=Rapid
Electronics

MIN. D CONNE C TORS
9 we, ' NOV 37 way

/1 o 550 660 90u 1500tht .ngl 90p 1350 200p 350p
s.,. 1 '1. -0800 100p 1350 26017
H 120p 180p 290p 4290
Co. 1000 900 1000 1102

CONNECTORS

DIN Piug S., um, P tag Sc,
2 pin 9p 9p 2 5rnrn 10p 10p
3 Pln 12p 10p 3.50101 gp gp
5 pin 13p 110 Stendarr1160 201,
Pnono 10p 12P Stereo 740 250
10110 120 130 4mrn lap 17p
UHF ICBI Connectors
PL259 Plug 400. Reducer 14p
S0239 square chess., skt 380.
S0239S round chassis skt 40p
I EC 3 pin 250V/64
Plug chases mounting . 38p
Socket free twnging 600
Socket with 2171 lead 120p

SWITCHES
Subrnin toggie
SPST 55p SPOT 600 DPDT 650
Mlniature toggle
SPOT 80p SPDT centre oft 90p
DPDT 90p. DPDT centre off 100p.
Standard toggle
SPST 35p DPOT489
Miniature DPDT slide 14,
Push to make 15p
Push to break 220
Rotary type adpustable stop.
1912W, 2P6W, 3P4W all 559 each.
OIL switches
4SPST 80p 6 SPOT 8017 B SPST 100.

DPDT slide 149 Push make 15.

SOCKETS

8 pm
14 pin
16 pin
18 pin
20 pin
22 pm
24 en
29 pm
40 pm

Low Woe
Profile wrap
7p 28p
80 45p
10p 559
120 60P
130 613p
15p 75p
17p 82p
159 95s.
259 135.

Professional Z1F sockets
74 pin 430,. 29 0.n 480,
40 pm 595p

LINEAR
555CMOS 80
556CMOS 150
709 35
741 16
748 35
4131270 720
8138910 390
AY38912 430
CA3046 65
CA3080E 65
CA3069 200
CA3090A0 375
CA31301 B5
CA31405 38
CA3160 95
CA3136 100
CA3189 760
CA3240E 100
1CL7106 680

MICRO

2716 310
2532 380
2732 one one
programmable

280
2732 430
2784250 41U
2764 -BBC 430

* * *

27128250 650
6116P3 310
6784P15 850
4164.15 300
41256 15 970
4164 15 300
41256 15 7850
Z1304 CPU 290
180A PlO 320
Z80A CTC 320
1808 510 880
Z804 DMA 880

COMPONENT KITS

SOLDERING IRONS

Antes CS 17W Soldering iron 430
2.3 and 4 7mm bits to suit 85
Ante. XS 25W soldering non 530
3.3 and 4 7rnen bits to sad 85
Solder pump dwolderino toot 480
Spare nozzle for above 70
10 metres 22 sw9 solde, 100
0.569 22 swg solder 750

VI 1111

Verobloc 395
Veroboard Sae 0.I in me In

2.5 X 1 , 26
2.5 s 3.75 95
3.75 a 5 . 120
3 75 a 17 350
4 75 17 455
VO board 190
Veropins per 100
Single sided 55
DoubW sided 65
Spot face cutter 145
Pm msertion lord 185
Wring pen 375
SP.. woe 75p Comb. 8

6800
6807
6809
6810
6821
6840
6850
6852
6875
6880
6502

200
280
600
140
140
360
165
240
500
100
370

6522
6537
6551
8085A
8156
8251
8253
8255
8259
MC1488
MC1489

330
520
540
320
380
350
370
320
400

70
70

0 25W Resistor K., Content 1000 0 25W 5% resistors from 4 7 ohms
Mb. to 10M OuantIties depend upon popularity e 10.10R,
30.0170R, 30.100, 25.4700 Just E7 90
CararniC capacitor Kit. Total of 250 miniature c Wan, from
229 to Olu Just 56 90
Polyester capacitor Kit. Total of 110 miniature poiywter capacitorsfrom 0.01u to 0470.Just E6 90
Preset Kit Total of 110 miniature preset resistors from 100R tp 1M
Horizontal mounting type Jun E6 90
Radial Eleetrolync Capacitor Kit. A pack containing a tow, of 93
miniature caps from 1u to 2200u Just E7.50
Nut and Bolt K., Contains 800 assorted 'terns 103 each 888 Von,
Alb nuts and enters. 4BA Son, Son, nuts and wshrs Just E3.20

C7611 98
C17621 190
CL7622 200
(.L8038 795
CL8211A 220
CM7224 785
CM7555 80
CM7556 150
11347 150
1E351 40
11353 75
1E356 90
LMIOC 315
LM3014 30
LM311 45
LM318 135
LM324 45
LM3342 85
LM3357 125
LM339 40
LM348 60

TRANSISTORS

AC125 35
AC126 30
AC127 30
AC128 30
AC176 25
AC187 25
AC1Et8 25
A0142 120
AD161 42
AD162 42
AF 124 60
AF126 50
AF 139 40
81196 70
AF 239 55
BC107 10
BC107B 12
SC108 10
BC101313 12
BC108C 12
BC109 10
BC109C 12
EIC114 22
BC115
BC117
BC119
BC137
BC 139
BC140
BC141
BC142
BC143
BC147
8C148
BCI49
SC157

22
22
35
40
38
29
30
28
30
0

10
10
11

LM3915
LM377 210 LM1360C
LM380 80 MCI310
LM381 150 MC1496
LM387 130 MC3307
LM384 140 MC3340
LM386 90 MF 1005
LM387 120 ML922
LM393 60 ML924
LM710 48 ML925
LM711 60 ML976
LM725 70 ML927
1M733 70 ML928
LM741 16 ML929
LM747 60 5E579
LM748 35 5E531
LM1458 35 NE544
LM291758 195 5E555
LM3900 45 NE556
LM3909 85 NE565
LM3914 265 NE566

285
110
150

70
75

130
330
390
290
290
210
210
210
210
225
135
170

20
45

115
140

NE587
NE570
klE571
5E5532
NE5554
RC4136
RC4558
SL486
51490
5576018
5576477

130
370
370
160
105
65
40

195
220
150
380

SP8629 250
SP02564 L 7425
Speech dew 50
1138800 70
TBA810 90
TBA820M 65
TB 8950 220
TCA940 165
TDA1008 320
TDA1022 490

BC158 11
8C158 10
BC159 10
BCI60 40
BC16EIC 10
BC169C 10
BC170 8
BC171 10
BC172 8
9C177 16
BC178 16
BC179 18
BC182 10
8C1821 10
BC183 10
BC1831 10
8C184 10
BC11341. 10
BC212 10
BC2121 10
BC213 10
8C2131. 10
BC214 10
BC214L 10
13C237 7

BC238 7

BC308 10
EIC327 8
BC328 8
BC337 8
BC338 12
BC477 22
BC478 22
BC479 22
9C517 30
BC547 5

BC548
6C549
BC557
8C558
BCV 70
BCv71
BCV 72
BD115
60131
80132
60133
BD135
60136
BD137
BD138
80139
80140
80204
130206
80272
61180
BF 182
61184
BF 185
BF 194
131195
81196
8E197
BF 199
BF 199
8E200
BF 2448
66745
BF 7568
131257
BF 758
BF 259
13E337
BER40

5 BER40
10 BF R80
10 BER81
10 131X79
16 61084
16 BF 085
16 BF X86
55 BF 087
40 BF X88
40 31 150
50 61151
35 BF Y52
35 BF Y53
35 BF 155
35 8E156
35 8E1.'139
35 BSX20

110 850 29
110 BSY95A
85 BU205
35 BU206
35 BU208
35 M.12955
25 MJE3C)
12 MA 520
12 MJE521
12 MJE3055
12 MPF 102
15 110P1104
18 MPSA05
35 MPSA06
35 MPSA12
35 MPS455
45 MPS456
31 MPSUO5
30 MPSUO6
30 MPSU55

MPSU56
251181

23
23
23
30
30
30
30
30
30
27
27
27
30
30
30
50
22
35
30

160
200
170
99
50
50
90
70
40
40
23
25
79
30

55
55
55

251613 30
2522188 45
2522194 28
252221 0 25
2522224 20
757368 25
252369 18
2N2484 27
2n2646 60
252900 28
2529044 18
252905 28
2529054 28
252906 28
252906A 78
21(2907 24
25 7907A 24
252926 10
753053 28
753054 55
753055 50
253442 120
253707 9
253703 10
253704 9
253705 10
753706 0
253707 10
253708 10
253709 10
753772 170
253773 195
253819 32
753870 50
753873 65
753866 90
253003 10

253906
254037
254058
254060
2N4061
254062
40360
40361
40362
40408
255457
255458
255459
2n54135
255777
25697
25698
2571.168
25708
25918
TIP29
TIP298
T1P298
TIP29C
T1P30
TIP30A
T1P3013
TIP3OC
TIP314
T9.3113
TIP31C
TIP32A
119326
TIP32C
719338
T1P33C
T,P34A

10
45
10
10
10
10
40
50
50
50
30
30
30
35
45
20
40
20
25
35
35
35
35
35
35
35
35
40
35
35
40
35
38
40
65
75
70

TDA1024 115
TL061 40
TL062 65
11064 105
TL071 38
11072 60
TL074 110
TL081 30
T L082 50
TL084 105
TL170 50
U42240 140
UL 52003 80
UL 52004 80
x67206 365
Z5414 80
Z5423 135
25424P 130
Z5425E 350
ZN426E 300
IN427E 600
25428E 450
Z5459 285
1510346 200

11935C 125
TIP36A 115
TIP36C 130
TIP41A 45
TIP424 45
TIP120 60
TIP121 60
TIP122 60
TIP141 110
T1117142 120
119147 120
TIP2955 70
T1P3055 60
(i543 40
11543 40
71544 45
TIS45 45
71590 30
T1591 30
VN1OKM 65
VN4647 94
V566AF 110
V58841 120
ZTX107 11

ITX108 11

20)(109 11
210300 14
ZT X301 16
ZT X302 16
ZT X304 20
ZTX341 20
ZTX500 13
IT X501 18
71 x 502 18

03 18
4 25

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

MAIL ORDERS:
Unit 1, Hill Farm Industrial Estate,
Boxted, Colchester, Essex C04 5RD.
Tel. Orders: Colchester (0206) 36412.
Telex: 987756.

CABLES

20 metre pack s.nqw core connect
.ng cable ten different coiours 750
Speaker 0.51. 10o rn
Standard screened 16p ,11
Twin screened 24p 'm
2 5A 3 core manta 230'm
10 way rainbow ribbon 260 II
20 way rmnbow ribbon 47p It
10 weer fiery 0089^ 14P It
20 way grey ribbon 280/9

REGULATORS

78L05
781.12
78115
7805
7812
7815
LM317K
LM3171
LM323K

30 79195
30 79117
30 79115
4() 7905
40 7912
45 7915

270 LM723
go 781105

420

416

45
45
45
45
45
IC

550

DIODES

B Y127 12
0A47 10
0890 8
0891 7

08200 8
04202 8
15914 4
O 154149 3

P1N4001 3
154002 5
154006 7
154007 7
1N5401 12
155404 18
155406 17
400mWren 8
1 3W :grubs 13

3rnm red 8 5mm red 6
3mm green 11 5rnino green 11
3rnrn yellow 11 Errnrn yellow, 1r
Clips to suit 30 ewh
Rectangular TIL32 4C
red 12 T11.111 6(
peen 17 TIL76

ow 17 ORP 2 85
11.074 95 11.074 185
TIL38 35 T1L100 73
255777 45 Trocolor Led 35
Seven segment displays
Can c ath ode Cam anode
01704 0 3" 95 0L707 0 3" 95
F 505000 5-100 F5D5070 5-1133
10 bar DIL LED display, red 180
5rnm superbpsor LED 250mcd

red 30

Hf SIS TORS
arbon dm Is

'kW 5%4 7ohrn  10M 2p
frrW 5%4 lohm 4M7 30
Metal film
'4W 1% 10ohrn  1M 4p 3p
25. price appltes to 251 Pe,
value not milled

400V BA 85
400V 16A 95

400V 4A 50 8R100 25

* * * ***
NEW 1 CZ ALOGUE

Our n.w fully illustok
roe 50 p.9. de14101d
.nforrnat,on on over
3000 product lines at
the most cOmpetitwe
prices .n the market.

The catalogue costs
lull 700 irw1uding pot.
tag. or free with orders
over 520 in value. Send
for your COPY toclev.

* * * * * * * * *
COMPUTER CONNECTORS

IX81 2.23 way
yore wrap for 2X81 150
SPECTRUM 2 28 way edge
connector Mere wrap 200
AMPHENOL PLUGS
24 way IEEE IDC 450
36 wa Centroni. IDC 490

Grey Ribbon cab.. rice per loot
10 way 14 34 way 58
16 way 25 40 way 68
20 way 28 50 way 90
26 way 38 60 way

CRYSTA1
100K01 235
1MHz 275
1 8432M 200
2 OM/, 225
24576M 200
3.276M 150
3.579M 95
40110, 140

4.1514MHz
4.43111,
5009110,
6.01aHr
13.144MHz

CAM,
8 OMHz
100141.1
12 0M10

113018

150
100
240
140
150
150
140
170
170
200

Aluminium
3 2 1" 65

Plastic won lid 4 a 214 a 1',4" 95
6 screws 4 20te 2" 95
7146.22rnm 50 6 a 4 a 2" 120
95x71,t35rnm 86 7  50 2)4" 165
14(P90055mm 140 8.6 a 3" 205

7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411

25
25
25
25
25
25
45
45
25
25
25
25

7412
7413
7414
7416
7417
7420
7421
7422
7427
7428
7430
7432
7433
7437
7438

25
36
60
43
43
25
30
30
30
30
25
35
35
43
45

744C
7442
7444
7445
744 7
7448
7450
7451
7453
7454
746C
74 72
74 73
74 74
7475

25
74

105
130
98
98
25
25
25
25
25
35
40
36
55

7476
7480
7483
7485
7486
7489
7490
7491
7492
7493
7494
7495
7496
7497
74100

40 74107
50 74109
65 74171

110 74122
38 74123

170 74125
55 74176
80 74132
55 74141
55 74145
90 74147
70 74148
80 74150

170 74153
125 74154

85
130
105
130

70
135

40 74157
60 74160
50 74161
50 74162
92 74163
50 74164
50 74165
go 74167
90 74170

741 73
741 74
74175
74176
74177
74179

so
90
90
90
90

115
90

200
170
100
100
80
80
80
90

74180
74181
74182
74190
74191
74192
74193
74194
74195
74196
74197
74198
74199

85
230

85
120
120
120
110

80
63

120
65

195
195

C MOS

4000
4001
4002
4006
4007
41)38
4009
4010
4011
4017
4013
4014
4015

4016
4017
4018

18 4019
18 4020
18 4021
65 4022
18 4023
50 4024

4075
4076
4027
4078
4079
4030

42 4031

40
40
18
18
76
50

26
43
55
35
48
55
60
18
35
18

120
28
40
45
18

125

4034
4036
4039
4040
4941
494?
404 3
4044
4046
4147
414..3
41449
4150
4151
4052
4053

145
270
270

46
55
45
45
60
40
52
50
26
26
48
48
60

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

70 4081
70 4087

400 4085
70 4086
80 4089
74 4093

230 4094
18 4095
18 4097
22 4098
18 40106
18 40109
18 40163
24 40173
60 40175
24 40193

8 4502
20 4503
60 4507
60 4508

120 4510
26 4511
70 4512
70 4514

260 4515
70 4516
38 4518

100 4520
75 4571

100 4526
75 4527
90 4528

so
45
45

115
48
50
50

115
115
48
48
4

110
70
60
46

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

80
65

390
70
65

190
215

50
50

390
110

38
65

140

LS TTL
LS20
LS21
LS22

1500 72 1026
LSO1 22 LS27
1502 72 LS30
LSO) 22 1.532
LSO4 22 1.537
LSO5 22 L538
1508 22 LS40
LS09 22 LS42
LS10 72 L547
LS11 22 1548
1517 72 LS51
LS13 35 L555
LS14 45 1573
L515 22 LS74

25e
19
2P

11All1/11VAlif

PP3 battery 01101
Red or black ceOCC8ftlethps
Sleek Pont., controi krob
P. Ultrasonic traneduCere
106V Electronic bum.
1012V Electronic buzzer
I/P132720 PICIO transducer
1064mm 64 ohm weaker
P64nwn 8 ohm speaker
200101 panel fuaeholclet
Red or black pfobe clip
4rnm terminals
12 way 'choccdate' block
ultra -min. 6 of 12y re, SPDT
ditto, but DPDT

6
. 15
350
85
70

75
70
70
25
35
33
21

130
195

I IIRI /NNE ( 10115
Gold fla.hed RI angle Wireeet4P
contacts Plug socket
64 we/ 413 195 230
64 way A.0 220 270
96 tray AeSeC 320 330

L375
1576
1579
L583
1585
L088
1.590
L392
1.393
1395
1396
L5137
15139
15112
13113
1.5114
L3122

TRIALS

38 15123
28 15125
28 LS126
68 15137
87 15136
35 LS138
40 10139
50 15145
45 L5147
58 LS148

170 L5151
42 L5153
42 L5154
47 L5155
32 L5157
32 L5158
56 LS160

ft HHHH -
ACCESS AND

BARCLAYCARD
WELCOME

CAPACITORS

Polyester. radial Wads 250v C280
tyre/ 0.01, 0.015. 0022. 0 033
60. 0.047. 0.068, 0.1 7p. 0.15.
0.22 - 9p. 033.047  130.0 6E1
20P, lu  23p
Eleetrolypc, radial or natal leads
0.47/63V. 1/83V. 2.2/63V.4.7/63V,
10/25V 70; 22/25V 47/25V  Op,
100/25V  9p. 220/25V - 14p;
470/25V . 22p, 18430/25V 3017:
2200/25V  50p.
Tag end power supply electrolytic..
2200/40V. 1100.4700/40V  1600
2200/63V 140p. 4700/63V  230p
Polyester, m.niature Siemens PCB
In, 2n2, 3n3, 4n7, 6n8, 10n. 15n, 7p,
22n, 33n, 47n, 68n, 8p loon, 9p.
150n. 11p. 220n. 13p, 330n, 20p.
470n 26o. 6133n. 29p. lu 330.

Tantalum bead
0.1, 0.22, 0.33, 0.47, 10 @ 35V
12p 2 2,4.7.10 @ 2x. V - 200.
15/16V 30p. 22/16V . 270,33/
16V  45p. 47/13V 27p; 47/16V
70P. 68/6V  40p. 100/10V . 900.
Car. diw 220-0.01u 50V, 30 each.
Mullard miniature C4z1XHIC plate
1.809 to 100pF 6p each.
Polyety rend, 5% 101 10p 1000P, 6p
15004700, 8p.6800 0.012u, 100
Trtmmers. Mullsrd 808 Yen. 2-10
09,229. 2 22pF. 300.5 5-65pF. 35P

2A 230V 40

iS 2A 400V 45
A 100V 90

6A 400V 95
20 VM18 OIL 0.9A
35 200V . 50

IDC CONNECTORS

PCB
Plug
St

10 70
16 way 75
20 way 90
26 von. 105
34 way 115
40 wey 140
50 way 165
60 way 195

PCB Socket Edge
Plug
Rt ang

70 70
80 80
90 95 130

110 115 155
130 130 180
140 145 210
165 170 240
195 200

70 LS161 60
37 15167 60
37 L5163 60
53 15164
35 1.5165
48 L5166
48 LS170 170
92 LS173

130 L5174
115 LS175

55 LS190
80 L5191

720 15192
55 LS193
48 LS195
48 L 5196
60 LS197

BOXES

15221
LS240
L5241

70 15242
95 15243
88 15244

LS245
90 15247
60 15251
60 L5257
75 L5758
55 I.5259
75 LS266
75 15773
60 LS279
75 LS283
75 LS353

78
105
80
80
80
80
88
71

55
55
55
90
28
80
55
70
85

LS365
LS366
L5367
L5368
15373
L5374
L5375
LS377
LS378
L5390
15393
L 5399
15541
LS670

42
42
42
42
80
80
55

100
88
82
82

115
115
170

ORDERING INFO. All components brand new and to lull spec. All prices exclude VAT.
Please add to 101.1 order, Please add 70p carriage o all orders under IWO trl value Minimum
order E5. Send cheque/P.O. Of Access/Visa number with order. Our new 50 page catalOgue
is given free with all orders orer E20. Available at 709 each. Telephone
Order. Welcome with Access or Visa. Official orders accepted from colleges, schools etc.
Export orders no VAT but pease add for carriage. We are open Monday to Friday.

ETI SEPTEMBER 1985



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

 0 K Industries have published a
colour brochure which describes
their range of PacTec ABS
moulded cases. The range in-
cludes small cases for hand-held
devices such as calculators and
control boxes, bench top cases
for instruments and computer
and video terminal housings. All
are available in kit form with a
range of accessories. OK Indus-
tries UK Ltd, Dutton Lane, East-
leigh, Hampshire S05 4SL , tel
0703-619 841

 Cambridge kits are offering
their Sound Meter kit at £23.20
inclusive until the end of Octo-
ber, a saving of £4.00. The unit has
been designed to comply with
the requirements of BS5969 and
offers 'A' weighted measure-
ments from 40-120 dB. A knob
sets the measurement level and
an LED flashes if it is exceeded.

The kit comes complete with
PCB, instructions, etc, and can be
obtained from Cambridge Kits, 45
Old School Lane, Milton, Cam-
bridge CB4 4BS, tel 0223-860150.

 Electro-Match are primarly a
trade and industrial compo-
nent supplier but theywill handle
small orders from individuals as
well. Their range includes slide,
toggle, push-button and rotary
switches along with plain and
illuminated rocker and paddle
switches, LC and crystal filters to
commercial and MIL specifica-
tions for applications up to 500
MHz, quartz crystals and oscilla-
tors, terminal blocks, indicators
and miniature lamps and circuit
breakers and other protection
equipment Electro-Match Ltd,
Daux Road, Billingshurst, Sussex
RH14 9SJ, te10403 81-4111.

Hitachi
Micro-
processor
Design Kit

itachi have introduced a kit
I which contains everything
necessary to enable designers to
use the company's 6301 family of
microprocessors.

The kit includes an EPROM -on -
chip CMOS microcomputer, the
HD63701X0C, an adaptor which
converts the 40 -pin microcom-
puter pin -out to a 28 pin arrange-
ment so that the on -chip EPROM
can be programmed in standard
EPROM programmers, and a full
set of documentation including a
user manual, data sheets, etc.

Hitachi say that the kit will be
useful because of the wide range

diGe1101,)wo...r...,
,4 skfits"

F.

of choices available with the 6301
family.

The complete kit costs £80.00.
For further details contact Stuart
Miller at Hitachi Electronic Com-
ponents (UK) Ltd, Hitec House,
221-225 Station Road, Harrow,
Middlesex HAl 2XL, tel 01-861
1414.

A Rhum Do
The Islanders of Rhum may not
have to rely on the Pony

Express but their local com-
munications system does have a
certain element of old-tecF in it.

For the fifteen telephone cus-
tomers on the tiny island off
Scotland's west coast rely on an
exchange which is powered by
water.

A man-made dam in a rocky
stream channels water to the
generator and the main prDblem
the island's part-time British
Telecom engineer has to cope
with is debris obstructing the
flow. More serious problems
mean that an engineer has to
make the five -hour journey from
the msinland - and risk being
stranded for days if the weather
turns bad.

 Texas Instruments have added
two new titles to their product
reference library, The TTL Data
Book: Volume Two and a Supple-
ment to the TTL Data Book:
Volume Two, both of which deal
with Advanced Schottky (AS) and
Advanced Low -power Schottky
(ALS) devices.The Data Book lists
over 300 devices with informa-
tion on packaging, function, rat-
ings, operating conditions, etc
and includes a glossary and a
function selector. The Supple-
ment completes the specifica-
tions on 51 devices and includes
a complete functional index of all
TI logic devices. The Data Book
costs £8.00 and the Supplement
costs £5.60. Post and packing
costs £1.50 per book. Texas In-
struments Ltd, PO Box 50, Market
Harborough, Leicestershire.

New Goonhilly
Antenna Uses
Advanced
Transmission
Technologies

D ritish Telecom International
U have announced that their
latest satellite dish antenna will
be one of the first in the world to
operate in four frequency bands.
This, along with the use of advan-
ced transmission technologies,
will enable it to handle four times
as many calls as existing
antennas.

The 32 -metre diameter Goon -
hilly 6 antenna at Goonhilly
Downs Earth Station in Cornwall

will become fully operational
lateron thisautumn. Unlike other
antennas at Goonhilly, it will
transmit in two frequency bands,
14GH z and 6 GHz, and receivie
simultaneously at 11 GHz and 4
GHz.

The new antenna has been
designed to work with new trans-
mission technologies known as
Time Division Multiple Access
(TDMA) and Digital Speech Inter-
polation (DSI). Whereas tradi-
tional methods allocate a
different frequency to each call,
TDMA information is sent in
separate bursts on one frequency
with each burst having its own
time slot DSI exploits the fact
that each participant in a tele-
phone conversation is usually
silent for about two-thirds of the
time,and uses these blank periods
to interpose bursts from other
conversations.

TDMA allows a satellite to
receivea numberof signals simul-
taneously from different dish
antenna which need not be at the
same location. Four satellite earth
stations situated in the USA,
France, Germany and Canada
send reference signals to trans-
mitting earth stations to ensure
that the TDMA bursts do not
overlap but arrive at the satellite
in sequence every two
milliseconds.

Goonhilly 6 will work to an
Intelsat satellite over the Atlantic
and, like the otherantennasatthe
earth station, will handle ordinary
telephone calls, telex, computer
data, facsimile transmissions, tele-
vision signals and new, specialist
services such as teleconferenc-
ing. The TDMA system will han-
dle telecommunications traffic at
64 kbit/s but can also be used for
digital applications at speeds of

up to 2 Mbit/s.
In addition to Goonhilly 6, BTI

are converting three aerials at
their other satellite earth station
at Madley, in Herefordshire, to
TDMA working, Aerial 2 at Madley
will work to an Intelsat Atlantic
Ocean satellite, Aerial 1 will work
to an Intelsat Indian Ocean satel-
lite and Aerial 4 will work to a
Eutelsat satellite to provide TDMA
services to Western Europe.

Eutelsat, the European satellite
organisation, intend to carry all of
their telephone and data trans-
missions using TDMA while Intel-
sat expect that about 30 percent
of their global telecommunica-
tions traffic will be TDMA-based
by 1990. BTI expect most Western
European Countries to install ter-
minals similar to Goonhilly 6 and
anticipate excellent export sales
of the TDMA/DSI equipment.
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Zero -Crossing Relay
NIorbain Electro-Optics are
distributing a new solid state

relay manufactured by MSI Elec-
tronics. Designed for use where
RFI and line disturbances must
be kept to a minimum, the relay
will only switch the AC supply to
the load when the voltage is
below 20V.

The EZ240D10 series relays
have maximum load currents of
10A, 25A and 45A and corres-
ponding peak single cycle surge
capacities of 115A, 250A and
400A. In additon, they can with-

stand a continuous one second
overload of 24A, 60A and 80A
respectively.

The control circuit requires an
input of from 3 to 32V and has
must -operate and must -release
voltages of 3V and 1V respec-
tively. The input is optically iso-
lated to provide an isolation
voltage of 2.5 kV and the response
time is 10ms.

Norbain Electro-Optics Ltd,
Norbain House, Boulton Road,
Reading, Berkshire RG2 OLT, tel
0734-864411.

EPROM Protects Software
Rapid Recall are distributing a
new Intel EPROM which

includes a data protection
mechanism. The 128K device
encrypts its data according to a
user -selected key number and
can be arranged so that it will only
reveal its contents when connec-
ted to one or more similarly
coded devices.

Intel have chosen to call the
newdevicea KEPROM. The 27916
KEPROM is organised as 16K x 8
and is pin compatible with the
standard 27128 EPROM. It has an
access time of 25Ons, an intelligent
programming algorithm for fast
program ming and a standby mode
which reduces current consump-
tion to 40mA without increasing
access time.

The data protection features
are selected by programming a
special EPROM bit. In the KEP-
ROM configuration, an initialisa-
tion sequence involving a

handshake between two devices
must be carried out before the
data can be read. One device
sends its encrypted key to the
other for comparison and if the
two agree, they then swop roles
and repeat the procedure. Only
when both comparisons have

proved favourable is the stored
data made available to the system
user.

The second configuration is
called Key Manager and can be
used where a system contains
many KEPROMS. It allows the
authentication handshake to be
carried out with devices having
different keys and access gained
only to those which are author-
ised. The Key Manager is capable
of handshaking with up to 1024
different keys.

In the third configuration,
27128, the KEPROM is fully erase -
able and fully re-programable and
resembles the standard 27128
EPROM in every respect. All stan-
dard 27128 modes are available
for use in this configuration.

The key is a 64 -bit number pro-
grammed into a special portion of
the device. Without knowing this
key, no one can gain access to the
memory array. It cannot be read
once programmed and is known
only to the system or software
designer.

Rapid Recall Ltd, Rapid House,
Denmark Street, High Wycombe,
Buckinghamshire HP11 2ER, tel
0494 -26271.

TOROIDALS
The toroidal transformer is now accepted IS the standard in industry,
overtaking the obsolete laminated type. Industry has been quick to
recognise the advantages toroidal' offer in size, weight, lower radiated
field and, thanks to PRICE.

Our large standard range is complemented by our SPECIAL DESIGN
section which can otter a prototype service within 14 DAYS together
with a.short lead time On quantity orders which can be programmed to
your requirements with no price penalty

DISHED
WASHER

OUTER
INSULATION

SECONDARY
WINDING

INSULATION

PRIMARY
WINDING

CORE

ENO CAPS

NEOPRENE
WASHERS

15 VA
62 341,,n 0 351M1

R.41.1tion 19%

REMUS MICOMOARY RW
N. Von. Conowl

0.010 6.6 125
0.011 5.9 063
0.012 12.12 063
0.073 15.19 050
0.014 18.18 042
0.015 72.27 0 34
0.0,6 2525 030
0.01, 30.30 025

lasicassid Ni ABS plassiel

so VA
70  30riwn 0.451Le

Reeelshon 19%

1.010
1.011
1.012
1.013
14014
14015
i.016
1.017

6.6
MO

12.12
15.15
16.16
22.22
25.25
30.30

250
1 64
1 25
1 00
0 83
ON
050
090

60 VA
90 . 3fonm 0 9K g

R419..111.0.1 13%

2.010 6.6 4 16
2.011 MI 2 77
2.072 12.72 206
2.013 15.19 144
2E014 'We 134
2.015 22.22 113
2.016 2525 100
211017 30.30 063
2.025 110 045
2.029 220 0 22
2.030 240 0 20

10 VA
90 . 30nan. lee

Regulehon 12%

3.0,0
3.011
3.012
3.073
3.074
3.0,5
3.016
3.077
3.028
3.021
3.030

6.6
9.9

12.12
1575
14..18
22.22
25025
30.30

110
220
240

664
4 44
3 33
2 64
222
t 67

40
1 33
072
0 36
0 33

120 VA
90 40nwn 1.21Ce

Repletion 11%
4.010
4.077
4.072
4073
4.044
4.0,5
4.076
4.017
4.078
4.028
4.021
4.030

6.6 10 00
9.9 616

12.12 900
15.15 400
184,18 333
22.22 272
25.25 2 40
30.30 200
3535 1 7,
ilo 109
220 0 54
240 050

ISO VA
110 4Ornen 1.11Ke

Regulation 5%
5.011 9.9 $ 89
5.012 12.12 666
5.073 '5.75 5 33
5.074 78.78 444
5.015 22.22 3 63
5.016 25.25 320
5.017 30.30 266
50111 3535 2 24
5.0711 40.40 200
9.025 110 1 45
5.029 220 0 12
5.030 240 066

225 VA
110 45nun 2.2Ks

ROMESPOR 7%

6.012 12.12 938
5.013 1515 750
6.014 16.75 625
6.075 22.22 517
5.016 75.25 450
6.017 30.30 3 75
6.016 35E35 321
6.025 40.40 2 al
6.025 4545 250
6.033 50.50 2 25
11.0211 110 204
6.0211 220 107
6.030 240 0 93

7100 VA
110  Karen 2.11K9

Regulation 6%
7.01' 15.75 1000
7.014 11.16 833
7.015 22.22 6 82
7.016 25.25 600
7.017 30.30 500
7.018 35.35 424
7.024 40.40 3 75
7.025 45.45 333
7.033 50.50 300
7.028 110 2 72
7.079 220 7 36
7.030 240 7 25

500 VA
140 60Htrn 401

R40.14tion 4%

8,0,6 25.25 10 00
8.017 30.30 8 33
8.0,8 35.39 7 14
5.026 40.40 625
8.025 4545 5 55
8.033 5050 500
8.942 55.55 a SS
5.025 770 454
5.029 220 2 27
8.030 240 2 08

625 VA
140 a 76rnal Ike

Repoletion 4%

9.077 30.30 70 41
9.018 35.35 $12
9.026 40.40 7 81
9.025 45.45 5 94
9.033 50  50 6 25
9.042 5555 5 64
9.025 Ito
9.021 220 2 84
9.030 240 260

Why a Tamed?
Smaller size & weigh, to meet

modern .0 Imhof,' requirements.
' Low electrically induced
noise demanded by compact
e quipment.

High efficiency enabling
conservative rating whilst main-
taining size advantages

Lower operating temperature.

tNtsy ILP7

Ex stOcic delivery for
standard 240v range

Fast prototype service
available

3 weeks despatch for
special orders.
' 2 year no quibble
guarantee.

No price penalty for call -off
orders

hem molvelne Par end VAT

VA Size C VA Size
15 0 7.06 160 5 12 17
30 1 7 67 225 6 13 75
50 2 8.90 300 7 14 97
80 3 1006 500 8 19 60
120 4 10 65 625 9 22 30
Fo. 110V Armory otsort 13" In RIM, of "X" so type numb',
Fe. 220V Aflame, lEuropol mein, "I" in Mom of "X" In type monsoon,
So. 240V primary (UK, inatt "2' In place of X' oN typo norrom.
IMPORTANT Rogulstsen All voltago. ouotod aro FULL LOAD
Room .44 nroulet.on togurs to omorteary .ot tam to obta.n 4.77 Ioed rottegl.

Mee Order Please make your crossed
cheques or postal Orders IseVehil 10 ILP
Electronic' Ltd
Triode - We will open your tredot ccount
immediately upon 'scalp! of your lire
order

Aft VISA

Post to: ILP Electronics Ltd., Dept. 9,
Graham Bell House, Roper Close,
Canterbury, Kent. CT2 7EP
Tel: (0227) 454778 Telex: 965780

ELECTRONICS LTD..
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Clamp -On RF Choke
E MC Datacare have intro-

duced a clip -on choke which
can be attached to existing cables
to reduce radio frequency inter-
ference (RFI) in audio, digital and
telecommunications equipment.

The D910 series common mode
chokes are built up from pairs of
ferrite 'U' cores, allowing them to
be slipped over cables without
having to first disconnect one of
the cable ends. Cables up to 10mm
in diameter can be accom-
modated while multi -turn chokes
can be fashioned in thinner cables
simply by forming a few loops
before the 'U' sections are
attached.

EMC Datacare say that most
REI problems arise because cables

act as aerials, and that the unwan-
ted signals which result can be
reduced without affecting normal
operation of the equipment. They
suggest applications for the
chokes in domestic radio, TV and
audio equipment as well as in
computers, process control and
telecommunications systems.

An introductory kit containing
eight choke modules is available
for £22.00 plus VAT. The kit
includes application notes to
enable the user to install the
chokes successfully. A data sheet
for the 910 series chokes is avail-
able on request. Contact Richard
Marshall at EMC Datacare Ltd,
Power Court, Luton, Bedfordshire
LU1 311, tel 0582 450 092.

 Electro Cables have published
a new catalogue describing their
range of computer, co -axial ,multi -
core, control and instrumenta-
tion cables. The range includes
cables manufactured to DEF and
various other international stan-
dards and copies of the catalogue
can be obtained from Electro
Cables Ltd, Faraday House,
Faraday Road, Hinckley,
Leicestershire LE 103DE, tel 0455
617422.

 International Rectifier have
published a 4 -page leaflet which
describes their range of gate turn-
off (G TO) thyristors. The devices
described have voltage ratings
up to 2500V and current rat-
ings up to 550A, and copies of the
leaflet can be obtained from Inter-
national Rectifier, Hurst Green,
Oxted, Surrey RH8 9BB, tel
08833 - 3215.

 Axiom Electronics are distribu-
ting a folder which contains

brochures on three of the Pan-
asonic product ranges the com-
pany handles. One brochure
describes the range of super -high
capacitance memory back-up
capacitors, the second covers opto-
electronic devices including LEDs,
seven segment displays, level
meters and one to four digit
numerical displays, and the third
covers brushless DC fans. Copies
of the folder are available free
from Axiom Electronics Ltd, Turn-
pike Road, Cressex Estate, High
Wycombe, Buckinghamshire
HP12 3NR, tel 0494 - 442181.

 General Instrument Lamps
have issued a new guide to spark
gap tubes. As well as describing
their own range of products, the
8 -page leaflet explains the opera-
tion of spark gap tubes in protec-
tion circits and gives advice on
how to choose the most suitable
device for each application.
Copies are available from General
Instrument Lamps Ltd, Beetons
Way, Bury St. Edmunds, Suffolk
I P32 6RA, tel 0284 - 62411.

ELECTRONICSisrV iv

Its no secret...
that there is a real difference at Crocklewood Electronics

That S why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE. for sheer variety. competitive prices and service

from the U K 's number one 100% component shop. No gimmicks. no gadgets or
compJters. lust components, millions of them. all easily available by mail order.

ailing or credit card telephone orders Just pick up the phone (or a pens to get you,
FREE copy now no SAE requiredl You have nothing to lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel 01 450 0995/01-452 0161
Telex 91 4977

[71 ETI

r FREE CAREER BOOKLET
Train for success, for a better job, better pay!

Enjoy all the advantages of an ICS Diploma Course, training you
ready for a new. higher paid. more exciting career.

Learn in your own home, in your own time, at your own pace.
thrOugh ICS home study, used by over 8 million already!

Look at the wide range of opportunities awaiting you. Whatever
your interest or skill, there's an ICS Diploma Course there for
yOU to use.

Send for your FREE CAREER BOOKLET today - at no cost or
obligation at all

>--
Choose from over 40

GCE 0 and A level subjects

COMPUTER
PROGRAMMING H

CAR
MECHANICS III

BOOK-KEEPING &
ACCOUNTANCY L_1

INTERIOR
DESIGN

POLICE
ENTRANCE

_,

Li
HOTEL
MANAGEMENT

ELECTRONICS L.j
COMMERCIAL
ART

Please send FREE DE-AILS for the courses ticked above.

Name

Address

P Code

Dept. EBS95,312/314 High Street, Sutton
Surrey SM1 1PR. Tel: 01-643 9568, 9 or
041-221 2926 (both 24 hours)ICS
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 Greenweld Electronics have
sent us a copy of their 1985 cata-
logue. Its 48 A4 pages list a wide
range of components as well as
test gear, books and modules and
include a six -page bargain list of
once -only offers. The cost is f 1.00
inclusive from Greenweld Elec-
tronics, 443 Millbrook Road,
Southampton SO1 OHX, tel 0703
772 501.

 Electronic Brokers have star-
ted a quarterly newspaper for test
and measurement equipment
buyers. The 12 -page first issue
describes new products from
Philips and other manufacturers
with whom Electronic Brokers
have distribution agreements, and
there are also articles on second-
hand equipment along with cur-
rent prices. Electronic Brokers
Ltd, 140-146 Camden Street, Lon-
don NW1 9PB, tel 01-267 7070.

 The Indium Corporation of
America have published a 20 -
page A4 colour brochure which
describes their range of special
solders for the electronics indus-
try. It includes a guide to the pro-
perties of popular alloys such as
tin/lead and a glossary of solder -

mg terms. The brochure is geing
distributed in this country by
Dage (GB) Ltd, Intersem Divi-
sion, Rabans Lane, Aylesbury,
Buckinghamshire HP19 3RC, tel
0296-33200.

 Daturr manufacture a wide
range of cases and accessories
including 19" racks, small
moulded cases with or without
sloping panels, and industrial
tools, assembly benches, test
equipment trolleys, etc. They are
principally industrial suppliers
but will accept orders from any-
body subject to a minimum value
of £25.00 Daturr Ltd, Albany
Park, Camberley, Surrey GU1 5
2PL, tel 0276 - 681212.

 Century Communications have
published an 'Epson Printer
User's Handbook'. Covering the
FX, MX and RS series printers, it
moves from the installation and
connection of the machines with
different computers to the pro-
cedures used for printing special
characters and typefaces. The
book can be ordered through
regular booksellers and costs
E9.95. The ISBN number is
0 7126 0561 4.

PCB Co -Axial
Cable
Terminators

Dean Electronics have intro-
duced a rar ge of cable

terminators which allow co -axial
cables to be attached securely to
printed circuit boards.

The terminators have built-in
strain relief which overcomes the
problem of breakage caused by
flexing which is common with

directly soldered cables. They are
also far cheaper than the existing
alternative, which is to use a pair
of mated connectors.

The terminators have been
designed for use with 2 mm and 3
mm wire or with RG178/U and
RG188/U co -axial cables. They
are available in versions to suit
either vertical or right angle take-
off of the cable.

For furtherdetails contact Dean
Electronics Ltd, Glendale Park,
Fernbank Road, Ascot, Berkshire
SL5 8JB, tel 0344-885661.

ATTENTION ALL
WRITERS . . .
. . . or just those of you who sometimes think "1
could do better than that!"

We want to hear from you!
The magazine you hold in your hand is part of ASP's electronics group of titles. These include ETI, Ham Radio Today,
Digital and Micro Electronics, and our new magazine, Electronics. All these magazines are looking for new authors, so
if you've desired something for yourself that you think may be of interest to others, or if you've a subject you'd like to
write a feature article on, then drop us a line with an outline of what you have in mind.

We pundit.* need:
 Projects for the Commodore Vic 20 and 64, the Amstrad, the BBC A and B, and the Electron computers;
 Simple projects that do something useful, perhaps in a novel or instructive way;
 Radio projects (not necessarily for radio amateurs);
 Features on amateur satellite radio.

If you're interested in writing for us, send an outline of your proposed article to: Dave Bradshaw, Group Editor (Electronics),
Argus Specialist Publications, 1 Golden Square, London W1R 3AB.

Please note that while we take ever care, we cannot be held responsible for the loss of unsolicited manuscripts. We advise all authors to keep a
photocopy or carbon copy of any article they send us.
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Diary
Personal Computer World Show - September 4 -8th
Olympia, London. For details see July '85 ETI or 'phone 01-
486 1951.

Electronics for Peace: London Group Meeting - September 5th
London New Technology Network, Camden, London, 7.30 p.m. A
debate on the need for nuclear weapons in the UK defence pro-
gramme. For details contact Louis Barman, 89 Acre Road, Kingston-
upon-Thames, Surrey KT2 6ES, tel 01-541 1825.

Vacation School On Cable Television - September 9 -13th
Leeds Polytechnic. Residential course organised by thelEE in associa-
tion with the I ERE. For details contact the I EE, Savoy Place, London
WC2R OBL, tel 01 - 240 1871 extension 270.

Radio Amateurs Examination Course - September 10th
Bradford & Ilkley Community College, Bradford. Enrolment com-
mences for three courses, one leading to the City & Guilds 765 Radio
Amateurs Examination, one in preparation for the Post Office Morse
Examination and one project -based course on construction for the
Radio Amateur. Contact the Course Tutor, P. Nurse, Bradford & Ilkley
Community College, Great Horton Road, Bradford, West Yorkshire
8D7 1AY.

Interconnection Europe '85 - September 10 -12th
Cumberland Hotel, Marble Arch, London. For details see February'85
ETI or 'phone 0582 -417438.

Programming in C: Hands-on Workshop - September 24 -27th
Venue to be announced. For details see July '85 ET! or 'phone 0372
- 379211.

Computer Graphics Course - September 24 -27th
Venue to be announced. For details see July '85 ETI or 'phone 0372
- 379211.

Semiconductor International - October 1 -3rd
NEC, Birmingham. For details see August '85 ETI or contact Cahners at
the address below.

System Security Conference - October 2/3rd
Tara Hotel, London. For details see August '85 ET! or contactOnline at
the address below.

Internepcon UK - October 10 -11th
Metropole Hotel & Brighton Centre, Brighton. For details see August
'85 ETI or contact Cahners at the address below.

Technology Engineering Fair - October 8 -11th
N EC, Birmingham. For details see August '85 ET! or contact Cahners at
the address below.

Computer Graphics '85 - October 15 -18th
Wembley Conference Centre, London. For details see August '85 ETI
or contact Online at the address below.

Electronic Displays '85 - October 29 -31st
Kensington Exhibition Centre, London. Exhibition and conference
coveringall aspects of electronic displays. For details contact Network
Events Ltd, Printers Mews, Market Hill, Buckingham MK18 1J X,
tel 0280-815226.

Cellular Communications International - November 5 -7th
Wembley Conference Centre, London. Conference and Exhibition
which covers manyaspects of the subject includingtechnical develop-
ments, regulation and control, marketing, etc. The cost is £465.00 for
the full three days. Contact Online at the address below.

Addresses:
Cahners Exhibitions Ltd, Chatsworth House, 59 London Road,
Twickenham, Middlesex TW1 3SZ, tel 01 - 891 5051.
Online Conferences Ltd, Pinner Green House, Ash Hill Drive, Pinner
Middlesex HA5 2AE, tel 01 - 868 4466.

ETI

1 1 ELECTRONICS
MICROPROCESSORS

1-1 RADIO AMATEUR LICENCE
I 1

CITY & GUILDS EXAMS

Interak 1
A METAL

Z80A COMPUTER
Colleges, Universities, Individuals: Build your
own modular Z80A-based metal 19" rack
and card Interak computer. Uses commonly
available chips - not a single ULA in sight
(and proud of it). If you cariget your own parts
(but we can supply if you can't) all you need
from us are the bare p.c.b.s and the manuals

Interak 1's greatest
4-'

I
ii asset - space for

expansion.
41 . .

a
e

i

(Up to 8 more cards r ''
41/2" x 8- each) -

(P c.b.s range in price from £10.95 to £17.75
+ VAT; manuals £1 - £5.)
The I nteraktion User Group has 14K BASIC,
Assembler, Fig Forth, Disassembler, Debug,
Chess and a Book Library, Newsletters etc.
No fears about this one going obsolete -
now in its fifth successful year! Send us your
nameandaddresswith a2lpstampandpstampandwe'Il
send you 40 pages of details (forget the
stamp if you can't afford it!) You've already
got a plastic computer for playing games,
now build a metal one to do some real work
Interak, Interak Interak!

Greenbank
Greenbank Electronics (Dept T8E), 92 New Chester Road,

New Ferry, Wirral, Merseyside L62 5AG
Telephone: 051-645 3391

Master
Electronics -Microprocessors

-Now! The Practical Way!
 Electronics - Microprocessors

- Computer Technology is the
career and hobby of the
future. We can train you at
home in a simole, practical
and interesting way.

 Recognise and handle all
current electronic components
and 'chips'.

 Carry out full programme of
experimental work on electronic computer circuits
including modern digital technology.

 Build an oscilloscope and master circuit diagram.
 Testing and servicing radio - T.V. - hi-fi and all types of

electronic/computer/industrial equipment.

NewJob?NewCareee?NewHobby?
SEND THIS COUPON NOW.

ME! COLOUR BROCHURE

rn

Lu
Other Subjects

!Lid& lationallallallsozooks Mod PO.Box'7,11lignmouth,DevaLTQ141:12.1.

Plena aenn your brodwre ea note any otINatoon to

NA

OR TELEPHONE US 062 687 2598 11
OR TELEX 22758 124 HR SERVICE( (ACCT

I am interested in

AD DDE 55
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01-208 1177 Ti(nmyvvvri( LID 01-208 1177
BBC Micro Computer System

ACORN COMPUTER SYSTEMS
BBC Model B Special offer
BBC Model B+Econet
BBC Model B+DFS
BBC Model B+DFS +Econet
BBC B Plus

UPGRADE KITS
DFS Kit
Econet Kit
ACORN ADO -ON PRODUCTS
Z80 2nd Processor
6502 2nd Processor
Tettext Adaptor
IEEE Interface
Music 500
RH Light pen

C300 la)
Basic II ROM E22.50 (d)
View 12 1 Word Processor ROM 24111.00 (C)

£335 a) Wordwise Plus £40.00 (d)
£346 a) BCPL ROM/Disc £52.00 (b)
£399 a) Disc Doctor/Gremlin Debug ROM MI (d)
£409 a) EXMON/TOOL KIT ROM £23 ea (d)

Printmaster (FX80)/Graphics 22$ ea (0)
tee id)
(55 id)

£348 la)
C175 ,a)
C190 b)
0282 (b)
£173 to)

£29 (C)

BSC FIRMWARE
1 2 Operating System £7.50 (d)

TORCH UNICORN products including the IBM Compatible GRADUATE in stock
For detailed specification on any of the BBC Firmware/Peripherals listed Isere

or information on our complete range please write to us.

ULTRACALC spreadsheet ROM IMO ea (c)
VIEW STORE/VIEW SHEET 112 ea (c)
ISO PASCAL/LOGIC CIO w (c)
Oxford PASCAL/G-FORTH/LISP ROM.
£43 ea (C)
ACCF: ERATOR (BASIC Comoi'er) £56 )Cl

COMMUNICATION ROM
Term, Emulator
Comm unIcator
Commetar
DATABEEB

£28 (0)
£59 Id)
£29 (d)
£25 (d)

DISC DRIVES
These are fully cases and wired drives with slim line high quality
mechanisms. Drives supplied with cables manuals and formatting disc
suitable for the E BC computer. All 80 track drives are supplied with 40/80
track switching Ls standard. All drives can operate in single or dual den-
sity format.

1 x 100K 40T SS:TS:5A
PS100 with psu

1 x 400K 40/80TDST355F
PS400 with psu

°Val Millie
Stacked Version

- 90 w.t., Os..

...E16(b)
£123 (b)

£125(a)
£149 (b)

C200 la)

PD800 with psu £300 (a)
Plinth Versions

P0200P with pea 4220 (a)
PD800P with psu E2111(b)

PRINTERS
EPSON

RX8OFT £205 (a) RX8OT £215 (a)
LX80 the new NLO printer£242 (a)
FX80 £315 (a) RX100 £335 (a)
1-X100 £435 (a)
JX80 4 Colour Printer £475 (a)
H180 4 Colour Plotter £399 (a)
KAGA TAXAN:
KP810 £245 (a) KP910 £339 (a)
DAISY WHEELS:
JUKI 6100 £310 (a)
BROTHER HR15 £315 (a)
Paper:
2000 Sheets Fanfold:
9.5"x 11" £13 (b)
14.5" x 11" £17.50 (b)
Labels: (per 1000)
3.5" x 17/16" Single row £5.25(d)

27/16" x 17/16" Triple row £5.00 (d)

ACCESSORIES
32K Internal Buffer Parallel £99 (b)
EPSON
Serial Interface: 8143 £28 (c);
8148 with 2K £59 (c)
Paper Roll Holder £17 (d);
FX80 Tractor Attachment £37 (c)
Ribbons: FX/RX/ MX80 £5 (d)
FX/RX/MX100 (d)
RX/FX80 Dust Cover £4.50 (d)
KAGA TAXAN
RS232 with 2K Buffer £85 (c)
KP810/910 Ribbon £6.00 (d)
JUKI 8100
RS232 with 2K Buffer £85 (c)
Ribbon £2.50 (d)
Tractor Attachment £99 (a)
Sheet Feeder £180 (a)
BBC Parallel Lead £7 (d)
Serial Lead £7 (d)

3M 51/4" FLOPPY DISCS
High quality discs that offer a reliable error free performance for life. Each
disc is individual ytested and guaranteed for life. Ten discs aresupplied in
a sturdy cardboard box.

40T SS DD £13 i c) 40T DS DD £18 (c)
80T SS DD £22 i c) 80T DS DD £24 (C)

MODEMS
- All modems listed below are BT approved

MIRACLE W52000:
The ultimate world standard modem coverall
all common CCITT standards (BELL stan-
dards outside the UK) up to 1200 Baud. Allows
communication with virtually any computer
system in the world. The optional AUTO DIAL
and AUTO ANSWER boards enhance the con-
siderable facialities already provided on the
modem. Mains powered £129(b). Auto Dial
Board/Auto Answer Board 1:30(c) each
(awaiting BT approval) Software lead £4.50.

BUZZ BOX:
This pocket sized modem complies with V21
300/300 Baud and provides an ideal solution
for communications between users, with main
frame computers and bulletin boards at a very
economic cost. Battery or mains operated,
1312(c). Mains adaptor OM.

BBC to Modem data lead £7.

Ask for details on WS3000

TECHNOLINE VIEWDATA SYSTEM
Jsing 'Prestel' type protocols for information and orders phone 01-450 9764 24 hour service.
7 days a week

DRIVE ACC ESSORIES
FLOPPICLENE D.:, 'sad Cleaning Kit with 20 disposable cleaning discs ensures continued
optimum perlorman= of the drives E14.50(c)
Single Disc Cable ..... .. C5 (d) 10 Disc Library Dual Disc Cable £5.50 (d)
Case 21.50(c) 30 Disc Case £5 (c(
40 Disc Lockable Box £14 (C) 100 Disc Lockable Box £19 (C)

3M 31/2" Single Sided Double Density Drives
Pack of 10 EU c:

MONITORS
MICROVITEC 14" RGB:
1431 Standard Resolution £185 (a)
1451 Medium Resolution £240 (a)
1441 Hi Resolution £399 (a)
1431 AP Stc Res PAL/AUDIO £210 (a)
1451 AP Med Res PAL/AUDIO £280 (a)
1451 DQ3 Med Res for QL £239 (a)
Above monitors are now available in plastic or metal cases,
please spec fy your requirement.
KAGA Super Hi Res Vision III RGB £325 (a)
Hi Res Vision II £225 (a)
MONOCHROME MONITORS 12":
Kaga Green KX1201 G Hi Res £99 (a)
Kaga Amber KX1201 A Hi Res £105 (a)
Sanyo Green DM8112CX Hi Res £90 (a)
Swivel Stand for Kaga Monochrome £21 (c)
All monitors are supplied with leads suitable for the BBC
Computer. Spare leads available.

SPECIAL OFFER
2764-25 £3.50
27128-25 £6.00
6264LP-15 £7.00,

GANG OF EIGHT
INTELLIGENT FAST

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 manufacturer's
suggested algorithms Fixed Vpp of 21 8 25 volts
and variable Vpp factory set at 12.5 volts LCD
display with alpha moving message £395(b).

CONNECTOR SYSTEMS

ATTENTION
: ::, ()age advert ,c-ent

;f' Without no'

ALL PRICES EXCLUDE VAT
Please add carriage 50p unless

indicated as follows:
(a) £8 (b) £2.50 (c) £1.50 (d) £1.00

SOFTY II
This low cost intelligent eprom programmer can
program 2716, 2516, 2532. 2732, and with an
adaptor, 2564 and 2764 Displays 512 byte page
on TV - has a serial and parallel I/O routines Can
be used as an emulator, cassette interface
Softy ll £195(b)
Adaptor for 2764/2564 £25.00(c)

UV ERASERS
All erasers with built in safety switch and mains
indicator
UV1 B erases up to 6 eproms at a time, £47(c)
UV1 T as above but with a timer £59(c)
UV1 40 erases up to 14 eproms at a time £88 (b)
UV1 41 as above but with a timer £71 (b)

I.D. CONNECTORS
(Spatidblock Type)

No of Header Recap. Edge
ways Pltgpug t aec4e, Cionn

20
26

145p 125p
175p 150p

195p
240p

34 200p 160p 320p
40 220p 190p 340p
50 235p 200p 390p

D CONNECTORS
No of Ways

9 15 25 37
MALE:
Ang.Pins 120 180 230 350
Solder 60 85 125 170
IDC 175 275 325
FEMALE:
St Pin 100 140 210 380
Ang.pins 160 210 275 440
Solder 90 130 195 290
IDC 195 325 375
St Hood 90 95 100 120
Screw 130 150 175
Lock

TEXTOOL ZIF
SOCKETS p,,1 E2.50
28 wn ts.se Liz

EDGE CONNECTORS
0 1" C 156"

2 -- &wav (commodore) - 300p
2 , 10 -way 150p -
2 x 12 -way Inic 201 - 350p
2 x 1Bway - 140p
2 x 23tiay (2/0311 17Sp 220p
2 x 25.way 225p 220p
2 x 28 -way (Spectrum) 200p -
2 x 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 S0-waytS100connl 600p -

AMPHENOL
CONNECTORS

sold. zee
36 way plug 500p 475p
36 way akt 550p 500p
24 way plug

IEEE 475p 475p
24 way ski

IEEE 500p 500p
PCB 1.41g Skt Ang Pin

24 way 700p 36way 750p

TELEPHONE
CONNECTORS

4 way plug
6 way plug
6 way rtangskt
Flexible cable
4 way
6 way

110p
180p
180p

50p/m
7 2 p/m

EURO CONNECTORS
DIN 41612 Plug Socket
2 x 32 way St Pin 230p 275p
2 x 32 way Ang Pin 275p 320p
3 x 32 way St Pin 260p 300p
3 x 32 way Ang Pin 375p 400p
IDC Skt A + B 400p
!DC Sxt A + C 400p

For 2 x 32 way please spec ly
spacing (A + B, A + C)

GENDER CHANGERS
25 way D type

Male to Male .. £10
Male to Female £10
Female to Female £10

RIBBON CABLE
10way
16 -way
20.way
26 way

tdrey,netrel
40p 34 -way
60p 40 -way
85p 50 -way

120p 64 way

160p
1110p
200p
2130p

RS 232 JUMPERS
(25 way Di

24" Single end Male
24" Single end Female
24" Female Female
24" Male Male
24" Male Female

£5 00
E5.25

£10.00
E9.50
f9.50

DIL HEADERS
Solder IDC

14 pin 40p 1009
16 pin 50p 110p
18 pin 60p -

20 pin 75p
24 pin 100p 150p
28 pin 160p 200p
40 pin 200p 225p

DIL SWITCHES I MISC CONNS
4 -way 90p 6 -way 105p 21 pin Scart Connector.200p
8 -way 1200 10 -way 150p 8 pin Video Connector200p

14
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7402
7403
7404
7405
74013

7407
7400
7409
/410
7411
7412
7413
7414
7416
7417
7420
7421

7422
7473
7425
7426
7427
7425
7430
7432
/433
7437

zpse
7439
7440
7441

74424
74434
7444
7445
74416A

74474
744$
7450
/451
7453
7454
7400
7470
7472
7473
7474
7475
7476
/460
7481
741134

74644
7445
7446
7469
74904
7491
74924
74934
7494
74954
7496
7497
74100
74107
74109
74110
74111
74116
74110
74119
74120
74121
74122
74123
74125
74124"In
74132
74136
74141
74142
74143
/4144
74145
74147
74146
/4150
741514
74153
74154
74155
74156
7415?
74159
74160
/4161
74162
74143
74164
74165
74166
74167
14170
74172
74173
74174
741/5
74176
74176
74179
74160
74141
74182
74184
741854
74190
74191
/4192
74193
/4194
74196
74196
74197
/4196
74199
74221
74251
74259
74265
74273
74276
1'4275

74270
74243
7430
74290
74293
74294
74351

743654
743664
74344
743674
7431164

74376
74390
74393
74490
4434

410
1067
3204
409
904

1100
2409

1104

909
109
409
709

1609
114
117
1409
1009

74L5 SERIES

741 500
70501
741502
741503
741 504
741505
741508
741509
741510
74/571
74/512
741513
741514
741.515
741620
741521
741$22
741524
741526
741$77
741528
741530
74/532
70533
74/537
741538
741540
70542
/41543
741547
741544
741551
70554
741555
7415734
7415744
70.575
7415764
7415434
141546
70586
741590
74L591
74/592
741.1143
7415954
7415%
74/5107
705109
7415112
7415173
74/5114
7415122
741.5173
7415124,

6211/1404
7415125 SO4

7415126 509
705732 659
705133 509
7415136 459
7415136 Sip
7415719 559
7415745 969
7415747 1754
7414144 1404
/05151 47
7415152 2007
7415753 659
7415154 144
74/5155 464
74151543 459
7415157 609
7415156 654
70511304 714
74.51614 754

74/51624 77
7051634 759
705164 77
741.51664 117
7051664 1104

7415168 1309
7415169 104
7415170 7649
741.51734 1009
7415174 759
7416175 759

7415161 2039
/05163 1409

74/.5190 759
74/5191 ?Sp

7415792 1451
705193 009
7051944 744
741.51954 759
7415105 NW
7415197 1104

7415221 1444
74/5240 NO
7415741 407
74/5242 409
7415243 904
7415244 NO
7415245 1009
7415247 114
74152441 1100
7415249 1109
74/5251 719
7415213 77
/05256 109
74152574 /Op
744.52584 709
7415259 1209
7415260 759
74152131 1209
74152613 009
7415273 1259
1415279 709

244

244

249

249
244
244
202
240

244
240

509

2509

244
249
249
509
244
000
240

244
240
249

27
249
244
509

1504
104
409
249
240

309
354
459
364
704
759
134
404
109
550
349
759

407
409

404
459
459
59
709

469

7415290 19114

7415263 4111

7415290 Up
7415292 040
7415293 144
7415295 14114

741.5797 469
705296 1009
7415299 2209
/415327 1704
7415323 5009
7415324624

1404
7415303 2009
741 5352 1209
7415353 1204

705354 2109
7415363 144
741 5364 147
7415346 KO
7413366 Kip
7415367 NM
74153664 404
7415373 404
705374 07
7415375 lip
74/5377 1400
7415374 1140

7415379 1409
7415361 447
705390 609
7415393 1100
74153956 1004
705399 1404
7415445 107
7415466 1204
7415467 1209

705490 1624
7415540 1004
7415541 1039
741 5606 NOP
7415610 111004

7415412 1111110

705624 294
7µ56M 2217
74156211 2219
1415629 1409
77.5640 1404
741 5640- 1

3009
7415641 2409
1415642.1

3009
7413643 2504
741 5613- 1

141544
7415645
7415645.7

741.5665
7415669
7415670
74/5662
ressee.
744.56497

7415666
74/57113

NIP
3104
2039

949
4009

947
1109
2509
3619
2104
11N9

221

745 SERIES

74500
74502
74504
74505
74508
74510
74517
74570
14522
7453C
74537
7453'
74538
74540
74551
14544
14574
74565
74586
745172

14:7772"

745124
145132
145133
145130
745160
745151
745153
74515/
745154
745163
745169
745774
745175
745184
745149
745794
745196
745194
745200
745701
745225
745240
745241
745244
745251
745757
145258
745280
745241
745763
745757
745768
745289
015299
05373
745374
45387

509
509
509
509
SO9

509
754

549
1004
14
649
009
759
509
434

754
3009
ION
1504
1204
1209
5604
1009
409

1007
1009

1109
11134

1109
2149
4009
7004
1004
3209
104
2269
2009
2004
1509
4104
3204
1204
400

4009
5047
2109
2009
1109
1009
3004
1204
2217
2007
Nip

411110

44147

2219

4000 SERIES

4030
4141
4002
4006
400'

209
249
254
709
24

4000
4/09
4010
4077
4012
4013
4014
4015

4016
4017
4014
4019
4020
4021
4022
4023
4024
4025
4026
4027
4025
4079
4030
4031
4032
4033
4034
4035
4036
4037
4035
4639
4.0
6.1
4407

4.3
4044
4.5
4.6
4047

8
049

4050
4051

4052
4053
4504
4055
4056
4059
4060
4063
4066
4067
4066
4069
4070
4071
4072
4073
4075
4076
4077
4078
4081
4067
4085
4086
4089
4093
4094
4095
4096
4097
4094

4507

4502
4503
4504
4505
4506
45077401C

429
1109

244
119
309

1104

744

304
179
164
1110

Sp
704
704

287
414
244
1104

MN.
1104
714

317
1264
1004
2504
2904
709
704

7109

7409
2504

604

604
604
604

7049

604
517

3s0
300

654
6110

40p
464

004
4004

704
654
400

2100*
49

'41

1.0

64
*v

461

NNW
Maga
-MOM
40,47:00
454-7260
414-3741370
114.34110
40-3-1072
CA1014
CANNA
CANN
CA3060
CANN
GUNK
CANN
CANN
6473714460
C437201
0617101
CA31401
CA3140,
0431804
CAM vt
CA31400
60314E
C.4324N
GUNN
C4NO
13.0014
0403102
00040
00318
64130

!.

POMO

049565
.95611
sC7720

/
M

Clot
030
/9315,
030

9345
4576
124,
404c
1020
64577

6024104
6074
6412
6430
6074
1024
5141,
60267
14324
60311
64344
293469
4077
64319 a
16176
142.5749.
lent
Lan

NON
174147

5044

51706
10413

LINEAR ICs
PIS

04111
011

14414
1.44
9614
044.
4614
4077
7014
Imp

714

104
114

0174
044

10/
147
04

1144

1444144

nap
14,
nep

a
roc
2470
7-.
470
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c22

4777

777
4444

Imo

444

71114

*am
for
477

2:94
4477

nap

110
lap
i104
47
104

740414

1114
104

140/

N4
014
n.19
1Np
Ism
1104
1104

014
4970
6977
m723

142504
1.1

4041
6947
1044
614012
1000
1042,
617.2
441,
44077
6978
64044
40477
77674.
747.
60404
03471
0N0
60416
60474
491100

6457514.
05004
742772
640,3704
.0073
64.01444
sectak
6.47414
7.604
70407
70403
74740d
704240
64650244
7000
65472
6742714
71531
.44.444
N.0
4457
64544

64545
RE.
92547
03,73

488142
665632,
6655334
RE55134.
105.64/.
c474744
Ps t.024
40.41211
0407
444564
56401
50,100
794.114
.440
7942277.
567444
36005
504840.442
7,7120

t620.1
 7705
"47272
 4/370
70.11
411434
014640

VOLTAGE
REGULATORS

PiXED PLASTIC

104

0019 ev
Np 18V

2704 17v
4. 159

"P fle
KO 50 10004

100714
139 100944

10034
15V 10034

S54
259
444

71506 1104
4510 S19

1 SIP
2 Sep

1517
1109
107
514

2204
449
37
vs

1714
409
744
404
659

1409
757
649

5104
2309

754
?Sp

404
704

1004
2404

344
109

4409
7404
1404
2409
7704
437
409
419

.8/4 489
7806 304 '516 504
7808 509
7013 464 '912 509
7475 Sap '975 Np
zeos sop ,sie sosp

7824 914 '924 604
0606 109
77.06 347
GROG 3114
7012 70 79112 INF
74/15 751.15 004

OTHER
REGULATORS

Mood 84777604774
1.503004 IA 5V
1503231 34 5v
78400514C 54 50
71702 54 721/
78905 104 SV
IMP14610 0747,06005
10305414
1113177 70-220
1313176 703
150337?
103501 ICIAvAR
1.5439491 70.4  VAR
11472314
71410KC SA. VAR
77405C SA. VAR
3717.71C 74800

,J1C 7404171
4774771574114771141475
101. '600
503524
7141M
11497

4084200
*114829
NANO
0414
CIPIO
CAPIO
C4270
C.4480
WOW
0417077
D AMN
Om ma
was
B UM
0.704
011.1(01
0.020
0.030
042143
043410
WOOD
64402

610.4
s(140

LON
/077
/072
7.06
L041
042

1am
0114
174

t..24
14010002
04754
u82240
.41/0
1706440
01.100024
01612004.7
75/0044
u00402
000403
1460704
04.76
V406426
09077144
04410.
wow
01274
6.207
NOV,
4,720
667240
36404
879
/64744
26427
7024F
04420/1
8.0848
Dann
mos
124.8484
2600
TANI
D44401
00810,
1610446
21410400
00704)
644730

S.
147479

moo

trip

4444
7777

341
,499
444
081.
1:044
4.09
4444
71744

Na
Nap

044
4114

044
744

'No

77
1404
017

4114IS
4044
347
1144
044
41144

114

IN.
7104
777725
1407.
5449

470
575.

1719
Imo
7477
No

77159
75m

'-pp
7449
14444

moo

41 re
1044

a
4464

444

REAL TIME
CLOCK

MCISSISP 111417

M44817447
110114

5055056370$
38114

TELETEr,
DECODER

SAA 5020
54.7457334
544504
5445054

NO4
7004

/4
4009

COMPUTER COMPONENTS

1807CE 0509
054
3504

7.74 2404
1009
6509

ns 741 412

77-7 412
trt. f t le
1, .8 f27

1609
4209

A 4204
47 A 3004

67.st C22

wi 17509
8748 C11

0451601 612
71159960 012
75349995 £12

WD55 11410
280 mop
260* 3259
zeoe 7159
/110 7147

117454
TMS9903
73159911
'91551914
.760810
184440

1004070
ZIO4CIC
0500071.
I800414,
2004C013-
0154500
05990'

.1.716940:

.7.7D5t

027

010
610

1100
204
1010
2404
2719
4004
954
7004

C171

5009
5009
7009
7509

7009

SUPPORT
DEVICES

LOW PROFILE
SOCKETS EIV

TEXAS

1404
3509
5754
6404
4004

2609
1504
2714
2244

014
504
019

1719
2354
2509

2144
PPM
4209
3004

()PTO ELECTRONICS
4179
Map
67114

0177

141,
74744
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74/n41 9.n Lots
Profile Sockets

2651

3242
3245
6520
6622
65224
6532
16551

6821
65421
6629
6640

661340
6850
64850
6652
9411
66859
6475
8154
61551

8205
6212
6216
6224
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6243

5243
5250
42514
02530.5
82554075
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8257C0
025905
4771
6275
8279
8284

C12

0404
4509
3004
1504
5509
4109
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1409

2209
41250

177
6004
1604

2509
157
5504
0007
5004
4500
1804
3447
2259
2209
1609

3044
427
4509
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5509
3257
Soo

3010
CIO

NO4
4009
PCM

621

Nee
011

MEMORIES

2016.150
2101
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21079
21116 35
2114-71
7147
4116-15
4116.20
4118-3
4164.'5
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4164-20
4416-15
4532.20
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5616
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05189
'45201
'45249
43715
431477
733475
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2504
4664

1144
1047
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4009
7504
2009
3704
4509
5509
3509
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2219
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0109
0004

111311494140144
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1504
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7516.5. 3609
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Nip
1404
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CR ' 5027 C14
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199340 121
999367 en
1106445 ION
MC664559
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1406647 INN
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1209
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425
1306131 6009
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058633 2250
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488 1104
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READ/WRITE
Radiation Effects

Dear ETI,
Congratulations on your June

issue. It is a very informative and
interesting issue. I particularly
liked the two articles 'The Job
Market', about conditions in
Scotland, and 'The Number
Jungle', which detailed device
description codes.

Please let's have more in similar
veins. I would find most useful an
article - or series - on
electromagnetic radiation through
the spectrum, propagation
methods (aerials, etc.), an
explanation of terms, and of the
effects of fields of all kinds on the
common things around us and on
people.

Not too tall an order for people
of the calibre of your contributors!

Best wishes
Tony Wilson,
Bath

From the Electronics Personality of
The Year to the Electronics Magazine
of The Decade (well, if you can't blow
your own trumpet, who will?), praise
indeed. Thanks, and we hope to do
even better in the future. As far as
electromagnetic radiation is
concerned, we're working on it. Well-
founded rumour suggests that Michael
Heseltine might have had his brain
softened by exposure to an
electromagnetic field at the right
frequency in the vicinity of some
nuclear base or other. On the other
hand, he could have been born like
that. We think we should be told ....
- Ed.

Help -line
Dear Sirs,

Re: Mr. Leslie's letter, ETI, May
1985

1) Slider pots under 40mm. Try
Cirkit.

2) Stepped rotary pots. These
were very popular with the BBC a
while ago, and I believe they were
made by Painton or Welwyn; but a
good one can be made using a 24
or more pole switch and a resistive
attenuator network. (It could save
a great deal of money. There are
several 'small' production
companies who could make them
up - try Datong, Bramley, Leeds
as a start).

3) Stepped sliders. As above,
but the switches were very noisy.
Try the plastic pots from Penny &
Giles at Christchurch, Dorset.

4) Knobs. Contact Cirkit or
Sifam direct (Vero or BICC-Burndy
may help). Other firms who may
help include BCD Electronics, 200
Hessle Road, Hull, or Chase
Electronics in Harrogate.

5) Notes. Strange designs of
pots may be obtained from Flight
Link controls of Hampshire. They
sometimes advertise in the
electronics press.

Yours sincerely,
D. R. Coomber,
Staffs.

Plug -compatible
Dear Sirs,

We would very much
appreciate your having us
mentioned in your magazine.

Our club was established in
December, 1983 and has divisions
in Antwerpen, Limburg, West-
Vlaanderen, Oost-Vlaanderen and
Brabant.

Actually we have about 700
members.

Meetings take place twice a
month on the first and third Friday,
at 8pm in Antwerpen.

Contact address:
Section ANTWERPEN:
VZW CCCBA
BINDSTRAAT 19
B-2600 BERCHAM ANTWERPEN

Greetings from Antwerp
Secretary Antwerpen

Commodore Computer Club
Belgium
E. De Decker.
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LETTERS

AUNTIE STATIC'S PROBLEM CORNER
Having recently acquired
aspirations above our station in
life, we have decided to employ the
services of an agony aunt. Claire
Rayner watch out. Our very own
Auntie Static is keen to receive
questions from ETI readers of a
revealing and intimate nature! To
start the ball rolling, Auntie has
picked a couple of letters from our

mail bag. Please write to us with
any technical queries at the usual
address: ETI, ASP Ltd., 1 Golden
Square, London W1R 3AB. We
can't guarantee to answer all
questions, but we'll do our best. It
would help us if your letter were
typed and the envelopes marked
'Technical Problems'.

General Purpose

Dear Auntie Static,
I have found a circuit in an

electronics book that I would like
to build but it uses a TRS1046B
transistor that nobody has heard
of. Do you know where I can get
one, or can you suggest an
equivalent? The circuit is for a BFO.

Also, can you tell me why there
are so many different types of
transistor when they all do more or
less the same thing?

Yours sincerely,
Michael Fluke,
Wirral.

As you didn't send the circuit of the
Beat Frequency Oscillator, it is not
easy to advise you. The chances are,
however, that any small -signal
transistor that will operate at a high
enough frequency will do the trick. If
the transistor is NPN, you won't go far
wrong if you choose a common or
garden BC109.

Asking why there are so many types
of transistor is much the same as
wondering why there should be so
many types of car. Transistor
manufacturers are constantly juggling
with the various parameters at their
disposal. Perhaps one with extra
luggage space would be useful? Maybe
we could make a four wheel drive
version of the BC109? Would people
buy one that was more tough -on -the -
streets than a 2N3055?

At any level of technology it is only
possible to improve one parameter -
fast switching time, let's say - at the
expense of another - gain, perhaps.
As technology marches on, it becomes
possible to achieve faster switching
times AND higher gain, or maybe
super -fast switching and the same
gain, and a whole new set of parameter
combinations becomes possible,
giving rise to a splurge of new types.

Unlike cars, however, in transistor
terms the old model Ts and Ford
Populars continue to be produced
alongside the latest sleek and glossy
models, so the list continues to expand
indefinitely.

For shopping trips and suchlike, any
old car will do. Similarly, if you just
want a bit of gain, any old transistor
will be OK. By all means buy the most
advanced type if it takes your fancy.
Who am Ito say you shouldn't do your
shopping in a Ferrari? But you will be
just as well off with a cheap 'n' cheerful
one. A BC109 will be perfectly OK for
95% of magazine projects, even if the
author does specify a HGK 89-pr/12
NM56 issue 16, or whatever.

The time you have to be careful in
your selection is when the circuit
requires something special in the way
of fast switching, high gain, low noise,
and so on. When this happens, you
have to use the type specified or take a
careful look at the data books to find a
suitable substitute. Otherwise, just
stick to general purpose devices -
Auntie.

Towers of Strength?

Dear Auntie Static,
Please can you tell me why an

IC as popular as the TL072 does
not appear in 'Towers
International Linear IC Selector?'
Also, is the IC a TL -072 or a TLO-
72? Is the prefix TL or TLO?

Yours sincerely,
Andrew Morris,
London NW8.

I can't really say how the compilers
of data books go about selecting the
devices to be included. Perhaps the
TL072 was introduced after all the data
was collected? If you would like
information on this op -amp, however,
the place to look is the Texas 'Linear

Circuits Data Book' available from RS
Components at £9.00. RS will only
supply trade and professional
customers, but you can order through
Crewe -Allan and Company, 51
Scrutton Street, London EC2, who will
make a small charge to cover their own
expenses.

The prefix is 'TL' which stands,
believe it or not, for 'Texas Linear'. The
prefix 'TLC' is also used, for linear
CMOS devices - Auntie.

ETI welcomes all letters and
contributions large or small. Any letter
we receive is liable to be published
unless marked 'Not For Publication'.
We reserve the right to edit letters for
reasons of space.

In general, please type your
contributions using double-spacing
and wide margins. Any diagrams
should be neatly drawn in ink on plain
paper and PCB foil patterns (if
enclosed) should be at 2:1 scale.
Please print any program listings at 41/2
inch column width or (if more suitable
to the listing) we may accept listings at
9 inches column width. The
specifications for listings are meant to
facilitate layout and avoid errors that
may creep in if listings have to be re-
typed. As a guideline, 41/2 inches is
most suitable for BASIC or other high-
level language listings while 9 inches
would suit hex -dumps or annotated
assembly language listings. Please
send any letters and contributions to
ETI, ASP Ltd., 1 Golden Square,
London W1 R 3AB.
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LETTERS

Shame ...
Dear Sir,

As a regular reader of your
magazine, I would be very thankful
if you will please publish the
enclosed letter plus my name and
address

As a member of a band of
home computer constructors,
which has a good newsletter, lots
of software, including two BASICs
and Forth, I took the trouble to
write to five top chip manufactures
asking for details and data sheets
on various ICs - interfacing, real
time clock, DACs, etc.

The idea was to build up a
'DATA BANK' so members could
get the information that they need
to use that special chip, for
whatever they're adding to the
system next. It may have even
appeared as a newsletter article
describing its function and use.

However, things went wrong as
only one manufacturer bothered
to reply. This was Ferranti, who

supplied a good deal of useful
information. In fact, I wrote again
and they sent details of the ZN447-
9 ADCs, the ZN1035E
programmable timer (.01 sec -3
months, MPU bus compatible) to
name but two!! WELL DONE
FERRANTI!

To those like Motorola,
Nat Semi, Cl, etc., who found it all
too much trouble, I say shame on
you, we the public are the ones
who buy your products, you
should keep us informed, it can
only help your sales?. . . .

Our system is the INTERAK.
Newsletter is INTERAKTION.

Suppliers:

Greenbank Electronics,
92 New Chester Rd.
New Ferry,
Wirral,
Merseyside,
L62 5AG

Lastly, anyone out there in
manufacturing or retail business
who would like to send us Data

sheets or details would be most
welcome!

Yours faithfully,
Mel Saunders,
Leicester.

Readers who would like to
comment are invited to reply to Mel at
7, Drumcliff Road, Thurnby Lodge,
Leicester, LES 2LH. For our part, I must
confess to ignorini3 the Interak system
in our editorial. This is an omission we
hope to rectify soon - keep taking ETI
to find out more. As for the IC
manufacturers, the point is well made.
Unfortunately, they only seem to be
interested in volume manufacturers
and not in the ordinary consumer. This
seems to be very short-sighted of
them, since 'the ordinary consumer' is
often the person who comes up with a
startlingly new (and profitable)
application. Tell them you're John or
Susan Smith from Everytown and you
might as well not exist. Say that you're
actually representing United
International Amalgamated Products
Inc., and you'll never hear the end of it.
Some advice: get yourself some
headed notepaper and .... Well, I'll
leave the rest to your imagination -
Ed.
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Happy Memories
Part type
4116 200ns

1 off
1 25

25-99 100 up
1.15 1.10

4164 15Ons Not Texas .99 .89 .84
4128 15Ons 5.45 4.99 4.70
4256 150ns 3.65 3.35 3.10
2114 200ns Low Power 1 75 1.60 1.55
2016 150ns 2.45 2.30 2.20
6264 15Ons Low power 5.00 4.45 4.00
2716 450ns 5 volt 3 85 3.45 3.30
2732 450ns Intel type 4.75 4.25 4.10
2732A 350ns 5 25 4.69 4.50
2532 450ns Texas type 3 85 3.45 3.30
2764 300ns Suit BBC 2.95 2.65 2.50
27128 300ns Suit BBC 3.95 3.55 3.35
Low profile IC sockets: Pins 814161820242840

Pence 12 13 14 16 18 242738

Available now - The ROAM BOARD for the BBC Micro. Reads
Roms via a Low Insertion Force Socket and saves their

contents as files, then reloads a file into its sideways Ram as
required. Full details on request.

74LS series TTL. wide stocks at low prices with DIY discounts
starting at a mix of just 25 pieces. Write or 'phone for list.

Please add 50p post & packing to orders under £15 and VAT to total.
Access orders by 'phone or mail welcome.

Non -Military Government & Educational orders welcome., £15 minimum.

HAPPY MEMORIES (ETI),
Newchurch, Kington,

Herefordshire HR5 30R.
Tel: (054 422) 618
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FEATURE

THE SHAPE OF
THINGS TO VIEW
Keith Brindley looks at the technologies competing for space on
your walls and in your pockets. From now on, he says, the
viewing figure that matters will be flat and squarish.

Television owes its largest debt to John Logie
Baird who, in 1925, demonstrated a mechanical
system. By 1936 the world's first quality televi-

sion service was opened by the BBC, using an elec-
tronic 405 -line monochrome system developed by
EMI, and broadcasts using this system have continued
to within only the last few months, when the service
was finally closed to make the radio wavebands avail-
able for other services.

The first major change to television - in Britain, at
least - occurred when 625 -line broadcasting became
common. The higher number of scanned lines,
coupled with better electronic transmission methods,
improved picture quality enormously. The second
change came with the advent of colour broadcasts,
some twenty years ago.

You may be forgiven if you think that these
changes in television weren't particularly mind bog-
gling. However, we're now about to witness a com-
plete revolution in television technology (or, to be
more precise a number of revolutions) which will
completely change television, turning it into a much
more sophisticated system and providing us with
near -perfect pictures and sound, coupled with fea-
tures and facilities John Logie Baird would never have
thought possible.

Flat Round The Corner
Three of the changes - digital television, satellite/

cable television and higher definition television are
still a way off in worldwide terms. A fourth change,
however, is about to take place now.

No-one will have missed the recent emergence of
Sir Clive Sinclair's tiny, pocket -sized television: the TV
was first announced some four years ago, but has only
recently been readily available (having been pipped
to the commercial post by a much more expensive
clone, based on similar principles, by Sony of Japan).
It is one of the first examples of flat -screen television,
that is, a TV receiver whose picture is shown on a thin
display device.

The display device used in Sinclair's TV is not a
new concept, merely an ingenious adaptation of
existing methods. The device used till now in all com-
mercial TV receivers is the basic cathode ray tube
(CRT), shown in principle in Fig. 1. The operation is
well known. An electron gun at the rear of the tube
fires an electron beam towards the inside front
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Fig. 1 Traditional cathode ray tube.
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surface of the tube (the screen), while the beam is
electronically or electromagnetically focused, directed
and controlled in strength, to make up the picture on
a phosphor layer on the screen's surface.
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Fig. 2 The Sinclair flat screen tube.
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Sinclair's adaptation (Fig. 2) has the electron gun
mounted at the side of, and parallel to the screen.
Instead of hitting the inside front surface of the
screen, Sinclair's electron beam bends backwards and
the picture is viewed through a Fresnel focusing lens.
The electronic controlling circuitry is largely.
unchanged.
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The CRT has been with us for a long time. All prac-
tical television systems have been based around the
CRT as a display device, right from those early days of
the 1930s. Until recently, no real alternative existed
which was capable of the high resolution and operat-
ing speed required. To give a rough idea of the resolu-
tion which a typical television affords, it's useful to
think in terms of pixels (picture elements). Standard
625 -line British television allows a picture composed
of something like a quarter of a million pixels to be
created on the screen. CRTs can easily be manufac-
tured to display this number of pixels, and, in fact,
CRTs capable of displaying well over three times this
number of pixels are readily available in the OEM
markets, for special-purpose products such as arcade
games or computer graphics.

But the CRT does have its drawbacks. First, it's
bulky, often measuring more from back to front than it
does in the width of the viewing area. Second, it's a
vacuum device, which largely defines the maximum
screen size (the larger the screen the thicker the glass
needed to prevent collapse). Third, the CRT uses a

The Epson Elf, the first LCD colour television in the world.
The Elf's two inch LCD flat -panel - a completely integrated
display.

great deal of power, making long-term battery opera-
tion in a portable television impossible. These three
factors have prevented the economic manufacture of
really small or really large CRTs for use in TVs.

Knowing these drawbacks, some manufacturers
have been looking round for alternatives to the CRT.
The first of these to get off the production line is the
LCD television. A number of Japanese manufacturers
have recently launched colour televisions using LCD
'flat -panels', although none as yet in the UK. Two of
these manufacturers, Seiko and Epson (a Seiko
subsidiary), have produced their televisions as part of
a research and development programme concurrent

LIQUID
CRYSTAL

LIGHT

I a I UNENERGISED

LIGHT

TRANSPARENT
ELECTRODES

GLASS PLATES

OVAL MOLECULES ARE ALIGNED
AND LIGHT PASSES THROUGH,
REFLECTING BACK OUT

I b1 ENERGISED. THE MOLECULES BETWEEN THE ELECTRODES
ROTATE AND SO BLOCK LIGHT. THE AREA COVERED BY THE
ELECTRODE APPEARS DARK WHEN VIEWED FROM ABOVE.

Fig. 3 Incident light LCD uses organic molecules rotated
by an electric field.

with their work in computers. The third manufacturer,
Casio, makes digital watches, so it's interesting to
speculate what Casio's future products may be.
(Another watchmaker, Citizen, is also developing a
colour LCD television, although it's only in prototype
form as yet.)

The Dark Crystal
In contrast with CRTs (pun intended) basic LCD

devices have a number of differences. They are non -
emissive, generating no light on their own, merely ref-
racting or not refracting (as the case may be)
background light, as shown in Fig. 3. Computer-type
LCDs presently available on many portable computers
use this non -emissive facility to allow background
light to be reflected in a controlled manner, making
up the required display pattern. Generally, in such an
LCD, the individual pixels of the display are addressed
by multiplexing If the individual liquid crystal ele-
ments could operate fast enough, this same system
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Fig. 4 A rear -illuminated LCD can be used for colour
displays.

could, in principle, be used as the display for a mon-
ochromatic television - the light and dark areas
created on the LCD making up the picture in much
the same way that light and dark areas created by the
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FEATURE: Flat Screens
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Fig. 5 Exploded view of a colour television LCD flat -panel.
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electron beam on the screen of a monochrome CRT
create a picture.

For a colour television simple multiplexing isn't
good enough. There is no colour and basic multi-
plexed LCD pixels don't show great contrast because
each pixel in effect, is off for longer than it is on due to
the serial nature of the multiplexing process and the
existence of a threshold voltage below which the pixel
remains translucent. The first problem is simple to
beat: colour LCDs must be backlit with either a built-
in light of some sort, or an external light source, such
as sunlight. Light passing through the LCD is then
filtered by electronically controlled red, blue and
green filtersto produce the colour display (Fig. 4).

It is the second problem, however, which has held
back the development of colour LCD televisions till
now. The answer has been to use thin film transistors
(TFTs) operating as bistable switches, one at each junc-
tion of column and row in the multiplexed matrix.
Each pixel has its own TFT which, when addressed in
the matrix, rapidly turns on, in turn switching the LCD
pixel on. The associated TFT keeps the pixel opaque
(on) once it has turned on and also greatly reduces
the pixels' response time, to a value approaching that
of CRTs.

The technology of TFTs is not new. It has been
used for many years in the production of silicon -on -
sapphire CMOS ICs, where layers of semiconductor
crystal materials are physically grown on to a sapphire
substrate. ICs built using this method are extremely
fast since the sapphire is an insulator and circuit
capacitance is therefore very low.

In the new colour LCDs the TFTs, along with the
LCD rear electrodes, are made by growing the
semiconductor material onto a glass substrate (also an
insulator). The whole arrangement complete with a
layer of liquid crystal, a common, transparent, front
electrode, and red, blue, and green filters, is
sandwiched between the glass substrate and another
Wass sheet (Fig. 5). Two polarising filters are
included,one at the front and one at the rear of the
sandwich.

The operation of such LCDs is illustrated in Fig. 5.
They are a variety known as twisted nematic liquid
crystals where light from the rear is rotated through 90
degrees when the device is inactive. The rear polaris-
ing sheet ensures that all light enters in the same
plane. The front polarising sheet, on the other hand,
has an axis at 90 degrees to the rear one, so the light,
after twisting, leaves the pixel and passes through a
red, blue or green coloured filter and is thus visible
when viewed `rom the front, as a coloured dot. In this
state the pixel is inactive.

When the TFT at that pixel is addressed and die
device is made active, the light passing through the
pixel is not rotated through 90 degrees, and so cannot
pass through the front polarising sheet. No colour is
seen and the effect is of a black dot.

In the same way that a colour picture is made up
on the screen of a colour CRT in triads of red, blue,
and green dots, so the LCD picture can now be com-
posed. There are still, however, significant disad-
vantges to LCD television displays:

 as each dot may only be fully on, or fully off (unlike
a CRT dot which can be of any intensity between full
on and full off), the display is only capable of produc-
ing a maximum of eight (that is, 23) colours, including
pure black and pure white;
 the quality of the colour display is limited largely by
the variation in thicknesses of the various layers in the
LCD sandwich - the more constant the thickness of
the layers, the more constant and non -varying are the
colours produced. Obviously, it becomes increasingly
difficult to manufacture constant thickness layers the
larger they are, so this problem will have to be over-
come before large -sized LCD displays can be made;
 the resolution of LCD televisions is, at present,
much lower than CRTs. The Epson/Seiko 50mm LCD
device, for instance, has only 52,800 pixels in a 240 by
220 matrix. Once the constancy problems of making
larger devices has been overcome, it will be a simple
enough step to make them with greater numbers of.
pixels.
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LCDs do have advantages, though, not the least of
which is their extremely low power consumption,
making long -life battery consumption an easy goal.
They are also extremely light. It's easy to see that LCD
displays are going to make significant inroads in the
television market, in the near future.

Bright Lights
There are, of course, other alternatives to the

CRT after the LCD. Electroluminescent (EL) displays
will probably be the next type to surface as television
displays. And their potential is possibly greater than
the LCD's, purely because the brightness of individual
pixels is variable. Their power consumption is,
however, much greater than LCD flat panels.

The EL display works in much the same way that a
LED does -a voltage is generated across a thin layer
of material, which then produces light. Zinc sulphide
is typically used in EL displays; it is a phosphorescent
material similar to those used on the inside screen
surface of CRTs, but which is excited to generate light
merely by the application of an electric field rather
than by being struck by electrons. Other phosphores-
cent materials may also be used. Like LCD flat -panels ,

the basic EL panel is formed by sandwiched layers of
electrodes and glass, as shown in Fig. 6.

Coloured television displays using EL panels will
be more tricky to make, however - whichever
phosphorescent material is used only emits light of
one frequency. The answer will probably be to overlay
three thin-film EL layers, one of red, one of blue, and
one of green, in a single flat -panel. One Japanese
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Fig. 6 Electroluminescent display.

manufacturer has already reported such a prototype,
so it won't be too long before EL flat -panel colour
displays for televisions are commercially available.
Unlike LCD flat -panels, the size of EL displays is not
restricted by production quality.

There are no other emissive displays which have
the potential of EL The other contenders, plasma
panels and vacuum flourescent displays, both require
high operating voltages and are non -solid-state. They
would be little better than the CRT. But there is one
more non -emissive display which may become a con-
tender in the television display race: the elec-
trochromic display (ECD). ECDs are only a recent
development and few viable devices have as yet been
made.

Electrochromism is the property of a material to
change colour by redox reaction. Furthermore, the
reaction is reversible and so the material changes
back in colour, too. Manufacture is, compared with
LCD flat -panels, relatively simple as the demands of
constant thickness layers are not required. However,
present ECDs have a very slow response time and
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The latest LCD display from STC using smectic A liquid crys-
tals which retain their opacity and therefore do not need
thin film transistors.

poor long-term reliability They will, no doubt, be
greatly improved over the coming years, to the extent
where they may take a significant slice of the market.

The State Of The Art
In summary, we can see that although the CRT is

still the only real device presently capable of display-
ing television pictures to the high standard expected
of them, other devices are most definitely on the
horizon. At present there are two main contenders to
take over from the CRT, the LCD and the EL flat-
panels, but others may soon arrive.

The technologies of LCD and EL displays are still
quite young. A number of manufacturing improve-
ments to each of these, roughly equivalent to the
manufacturing improvements obtained when ICs
began to replace discrete components, could boost
their potential enormously. The development of LCD
flat -panels using TFTs is the first step towards such
manufacturing improvements, and within only a few
years we can expect to see display devices matching
the complexity of modern integrated circuits, in a
single panel.

It may be that large EL panels will assume the role
of the home -based, high -quality flat -panel, hung on
the living -room wall. Here their relatively high power
consumption will be of no problem. LCD flat -panels,
on the other hand, are more likely to be used as the
display in truly pocket -sized portable televisions, with
long battery life. Whatever happens, the effect on
television itself will be dramatic.
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TRAINING FOR
THE FUTURE?
Cassandra foretold the downfall of Troy, but she was right. Are
the Cassandras of the UK electronics industry just as right? Gerry
Kelly investigates.

Alarm bells, which for some time have been
ringing loudly outside, seem to be resonating
at last in the corridors of the Department of

Trade and Industry. The cause for concern is the grow-
ing shortage of trained personnel and graduates in the
information technology sector of the electronics
industry.

In April, 1984, a committee composed of politi-
cians, civil servants, academics and several big
cheeses from the electronics industry was set up.
Under the chairmanship of John Butcher MP, the
Parliamentary Under Secretary at the DTI, the com-
mittee has so far produced two reports. A third should
have just been published.

Announcing the publication of the first report in
July 1984, John Butcher MP said that, 'the major
supply side constraint within the UK IT capacity is the
shortage of people with appropriate IT skills'. The
object of the report, according to Butcher, was 'to face
the problems of manpower shortages head on and to
focus attention on the best way forward.' But many
commentators and policy -makers from all sides of the
electronics industry have already condemned the
committee 5 work as 'too little, too late.'

It is estimated that the shortfall in IT trained per-
sonnel was 1,500 in 1984 and that this will rise to
around 5,000 by 1987-8. All of this is most alarming
for an industry already falling badly behind its foreign
competitors. But the problem was seen by others
some time ago.

Butcher, Baker ...
The National Economic Development Council IT

sector working party warned as long ago as February
1983 that a national policy, including action for train-
ing, was needed for the IT Industry. Viewed in isola-
tion, the sector working party stated, trends in the UK
IT Industry were satisfactory, but when judged against
its competitors the picture was worryingly different. It
still is.

Information Technology is the fastest growing
industry in the world. The UK industry is expanding at
a rate of 8% per annum. The world average growth
rate, however, is 15%. According to the first report of
the Butcher IT Skills Shortage Committee, 'in some
sectors such as semiconductors and data com-
munications the world growth rate is 20%'. They go on
to stress that manpower constraints are losing market
share for the UK.

The UK share of the IT market worldwide is 5%
and decreasing. In fact, it's been decreasing at least
since the NEDC sector working party warned - in

Geoffrey Pattie: froze cash for microelectronics support
programmes.

1983 - that current trends will see future decline.
Despite the apparent concern of John Butcher's com-
mittee, other moves at the Department of Trade and
Industry, in the words of the Electronics Bulletin pro-
duced by the Association of Scientific, Technical and
Managerial Staffs (ASTMS) 'spell bad news for the
microelectronics industry.'

The former IT Minister, Kenneth Baker, left the DTI
months ago to oversee the break up of the GLC and
the Metropolitan councils. The first action of his
successor, Geoffrey Pattie, was to freeze Government
spending on microelectronics support programmes to
industry. The DTI's support for training initiatives
through schools, colleges and ITeCs has been just as
fearlessly progressive! Mr Pattie and his Department
are, as ASTMS argues, 'neatly sidestepping the issue of
the crucial shortage of professionally qualified IT staff.'

ITSA Knockout
The DTI has promoted an IT Skills Agency (ITSA) to

act as a link between industry, universities and
Government. The first Butcher report recommended
'a new partnership between Industry and the Educa-
tion system.' Tne ITSA seems to be badly equipped
for anything so grandiose. Sited within the confedera-4
tion of British Industry, it will be staffed by only two to
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four people. Tim Webb - an ASTMS national officer
- says that, 'it will have no proper database, no
facilities to analyse what skills are needed and where
and how to obtain them in the necessary short period
of time . At best it may improve communications.
More likely it will provide a permanent smoke screen
for government inaction.'

But why, it is fair to ask, is there a skills shortage,
anyway? One popular, common myth is that the
universities and polytechnics are overflowing with
undergraduates occupying themselves with sociology,
or delving into the mysteries of Middle English at the
expense of technical and technologically based
courses. A myth it is, though. The real picture is that
despite the fact that the output of graduates with IT
skills continutes to decline, in 1983 nine out of ten
applicants for computer science courses were turned
away at ten universities.

The fact is revealed in an article by Peter Large in
The Guardian on 10 April this year. Large, the paper's
technology correspondent, was musing on Mrs.
Thatcher's recent Far East tour and wondered if her
'Victorian vision of British education might be dented'
by seeing the successes in the electronics field of
some of Britain's Far Eastern competitors.

Despite some fanciful nonsense about a future,
post-industrial 'Nation' (which has dispensed with
both capitalism and marxism), Large pinpointed pro-
blems in the Government's training policy, or rather
lack of it, which should have the electronics industry
reaching for a very big bottle of aspirin.

Blaming lack of investment through all the
Thatcher years and during the Labour governments of
the seventies, Large charges, 'it's astonishing that
ministers are able to get away today with their talk of
tackling "skills shortages" when the evidence was
before them years ago.

One example he cites is a National Economic
Development Office warning in 1980 that Britain was
short of at least 25,000 computer specialists. N EDO
said that even without that problem the UK would still
need 500 new computer programmers a month until
1986. If tackled immediately, the problem could have
been resolved by 1985. This warning seems to have
been received with the same scant attention given to
other attempts to give notice of the approaching
crisis.

Crisis Management ...
Peter Large thinks that the Government is missing

the point. Japan, South Korea and Singapore are pour-
ing lots of money into higher education but the invest-
ment is not 'aimed merely at meeting the narrow,
cannon -fodder demands for particular (and perhaps
short-lived) technical skills.' Instead, the emphasis is
on producing multi -skilled graduates, able to adapt to
rapidly changing needs in an an industry which is
subject to sudden and great shifts.

Thatcher's government, on the other hand seems
to be wasting massive amounts of money in what
Large dismisses as 'low-level "vocational stuff" -
mainly serving the needs of the past and trying to
appease the squeals of outdated industrial bosses.

Despite talk of 'the urgency of the situation', the IT
Skills Shortage Committee hardly seems to be an ade-
quate response .In the first place, Tim Webb alleges,
the Government only responded to the crisis when
they were pressed to do so by the powers that be in
the electronics industry. The Government had always

John Butcher: his committee's report was condemned as
'too little, too late'.

regarded the evidence as hearsay and had apparently
ignored the various reports from bodies like the
NEDC, some of which predicted dire consequences
for the electronics industry if drastic action was not
taken.

It was Plessey who raised the alarm and it was the
CBI who took notice. The Butcher committee includes
among its members T.G. Rogers, Personnel and
Europe Director of Plessey. Also on the committee are
Robert Telford, Chariman of Marconi, David Baldwin,
the UK Managing Director of Hewlett Packard, and
Professor J. Parnaby, the Group Director of Manufac-
turing Technology for Joseph Lucas Limited. The IT
Skills Agency, woefully inadequate though it may be,
was the initiative of the CBI Education Foundation
and was established in line with the proposals of the
first report of the IT Skills Shortage Committee.

... What Crisis ...
Perhaps the inadequacy of the Government's

response stems from their belief that there is very lit-
tle wrong with the present educational set-up. Their
view seems to be that existing structures for training
and education are 'capable of meeting the challenge.'

They see their role not as one of providing the bulk
of the material needed to meet the situation but as
acting as a catalyst.

The second of the IT Skills Shortages Committee
reports states that the Government considers that
training must be regarded by employers as a vital
investment for the future.' Tim Webb, when asked
about the Government's policy said,'Oh, they do have
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a policy. It is to have no policy. Like their policies
elsewhere, they believe that market forces will regu-
late the situation.'

This was certainly echoed by one source we spoke
to at the Department of Trade and Industry. He said
that there was no policy on training of academics or
other personnel. The Butcher Committee had looked
into the shortfall in the number of engineers or pro-
perly qualified people and produced two reports, but
the Government's attitude was, he said, that training
was a matter for industry.

. What Management?
In the first Butcher report, the 'New Partnership

Between Industry and the Education System 'seems to
be a plan to get the industry to provide the means to
resolve the crisis. Among the proposals are the setting
up of 'IT Training companies' and increased industrial
sponsorship of students on relevant under -graduate
and post -graduate courses .They also expect industry
to provide expensive leading -edge equipment to
universities and polytechnics .Needless to say, there is
very little talk of increased Government investment in
education. Indeed, the brief of the Butcher Commit-
tee seems to be merely to note the difficulties and
suggest how other people can sort them out .

There is no doubt, though, that the situation is
serious. Plessey recently complained to a House of
Lords Sub -Committee that, had they been able to,
they would have recruited an extra 700 engineering
graduates in the past three years. They are talking

about a 12.5% gap between the supply of and
demand for suitably qualified staff for the foreseeable
future.

Hewlett Packard is worried that there will be a
serious shortage of skilled personnel in the latter part
of the decade. A Policy Studies Institute survey warns
of the microelectronics industry already having 21,000
less engineers than it needs.

Knowledge, And Then What?
All of this is noted in the IT Skills Shortages Com-

mittee reports, but are the measures suggested ade-
quate to deal with the problem?

The NEDC Sector Working Party was saying that,
although the UK should be able to excel in IT, 'nega-
tive factors ... are of such significance that unless they
are addressed as a matter of urgent national priority,
by 1990 the UK could be out of the IT business.'

And the biggest 'negative factor of all is the skills
shortages' problem.

'The reports from Butcher are all good stuff, but
were all pretty well known beforehand,' says Tim
Webb. He accuses the Government of 'sleight of
hand'. Not only have they ignored the omens in the
past, but, he believes, they are going to do very little
to avoid the problems of the future.

'If you see a man hanging from a ledge by his
fingertips and you walk past and do nothing to help
him, then I suppose you could be said to have taken a
position, to have a policy. That's what the Govern-
ment's position on the IT industry is.'
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HIGH QUALITY ELECTRONIC MODULES

100W Mono & Stereo professional amplifiers shown in last months
issue £98 & £140.
Disco Lighting Module 750 watts per chan. 4 than, forward reverse
chase £15.40.
Disco Sequencer Moduel 1024 sequnces, 1000 watts per chan V4chan
(selectable), zero cross and inductive load. £40.85.
Amplifier Modules Mos-fet Low distortion .008%, on board protection
fuses and power supply requires only transformer & heatsinks,
saves UT's.
Amplifier chassis from 100W Mono to 250W Stereo. Professional Mos-
fet for O.E.M. from £38.95. All amplifiers are fitted with redpoint black
on Heatsinks for reliability. Input Impedance 47K ohm, Input sensitivity
0.775 volts. Total harmonic distortion .008%, Damp factor > 400. fre-
quency response DC - 40KHZ & Slew rate 70 v/us.
Heatsinks Ex Stock. 2.1 D/w redpoint heatsinks £2.50.
Send 20p and a large S.A.E. for specifications 8 price list on above
products and more!!!

Send to TECHNOCROWN LTD
42 Fallowfield, Luton, Bedfordshire LU3 1PX
Tel: 0582-598167
Mail order only.

Postal charges per order £1. Welcome schools, colleges, and
Trade. - Securicor £10.00 delivery.

OSCILLOSCOPES
COSSOR CDU 150. Dual Trace 35MHz
Solid state Portable. 8 x 10cm display With
manual £200
8.E. LABS 8M111. Dual Trace 18MHz Solid
State Portable AC or External DC Opera-
lion E x 10cm display With manual t150
TELEOUIPMENT 854A. Single Trace 10
MHZ Solid State. With manual ..- . - 2110

NEW EQUIPMENT
HAMM OSCILLOSCOPES606. Dust Trace
60MHZ Delay Sweep. Component Tester

0215
HAMEG OSCILLOSCOPE 203.5 Dual Trace
20MHZ Component Tester £270

BLACK STAR FREQUENCY COUNTERS.
P&P £4

TELEOUIPMENT D43. Dual Trace 25MHZ. Meteor 100-100M HZ Clal
With manual £110 Meteor 600-600MHZ £1211

TELEOUIPMENT S43. Single Trace 25 Meteor 1000-1GHZ C175
MHZ. With manual £78

HUNG CHANG DMM 6010.3' digit. HandEX -MINISTRY C7436. Dual Beam 6MHZ.
Size 10 x 10 x 16ins. With manual £75 held 28 ranges including 10 Amp AC/DC.
NEW PROBES AVAILABLE. Switched x1; Complete with batteries & leads. p&p
x 10 £11 £4 233.50

PHILIPS DIGITAL MULTIMETERS ADVANCE AM/FM Sig Gen type SG63 7.5
4 DIGIT. AUTO RANGING. Complete with - 230 MHZ C75

batteries and leads (P&P £5) AVANCE AM Sig Gen type SO62 150KHZ -
TYPE PM2517E (L.E.0.1 C75 220MHZ £35
TYPE PM 2517X (L.C.D.) £15 LABGEAR COLOUR BAR GENERATOR

Type 6037. P&P £5 NO
MULTIMETERS LABGEAR CROSSHATCH GENERATOR

UNBELIEVABLE - AVO 8 MkIV end AVO CM6004. P&P £2 C15
9 MkIV. Complete with Batteries & Leads
for only £55 MARCONI RF MILLIVOLTMETER TF2603.
AVO "EST SET No. 1 (Similar to Avo8 Mk3). 50KHZ - 1500MHZ; lmV-3V.FSD £175
Complete with batteries, leads & Carrying MARCONI ELECTRONIC VOLTMETER
Case DSO TF2604. 20HZ - 1500MHZ; AC/DC/OHMS
AVO Model 73. Pocket Multimeter AC 300mV - 300V. FSD £95
(Analogue) 30 ranges. Complete with bat- MARCONI VALVE VOLTMETER TF2600.
*ries 6 leads 226 10HZ - 10MHZ; 1mV - 300V.FSD 240
AVO 72 - Similar to above but no AC

AVO TRANSISTOR TESTER TT1611Current range. With Batteries & Leads
£18 Handheld. GO/NOGO for In -situ Testing.

Complete with Batteries. leads & instruc-
IPA" FLOPPY DISK DRIVES lions (P&P £3) NOW ONLY £12

TANDON ,h Height. Brand New AVO TRANSISTOR ANALYSER CT4411.

Single Sided Double Density cm Suitcase style - battery operated. (Bat -
Double Sided Double Density .... ....... £106 teries not supplied). With information

ONLY £20 seek
MPI DoubleI sided. I Double Density
80 Track unused £100 PROFESSIONAL MONITORS

P&P all drives £5 COTON 12" Green screen un-used CIO
KOM 9" Green screen used (Slight burns -

THIS IS A VERY SMALL SAMPLE OF does not display) 240
STOCK, SAE Or Telephone for LISTS CHERRYaffectKEYBOARD - SERIAL/ASCII
Please check availability before ordering. standard OWERTY with numeric pad. New.

Carriage all units £12 Cased. With Circuit. (P&P £4) £18 smelt
VAT to be added to Total of Goods &
Carriage.

STEWART OF READING
POI= 110 WYKEHAM ROAD, READING, BERKS RG6 1PL

Telephone: 0734 68041
Callers welcome 9am to 5 30pm Monday to Saturday inclusive
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THE REAL
COMPONENTS

John Linsley Hood continues his series on components with a look
at power switching devices.

It is tempting to think of electronics as being neatly
divided into analog and digital, with everything
falling into either one category or the other.

However, there is a third field which, in terms of the
sheer quantity of cash involved, is probably as big as
either of the others, and that is the field of power
switching systems.

The development of power switching devices
began with the invention of the circuit shown in Fig. 1.
Some clever but unsung electronics engineer realised
that if two silicon transistors are connected so that
each receives a base input current from the other,
both will always be on or off at the same time. Thus, if
either of the transistors is caused to conduct, both will
turn hard on and remain so until the DC supply is
removed. The circuit will not work with germanium
transistors because of their high leakage currents.

This useful little circuit could be employed, for
example, to latch on a relay after the arrival of a pulse.
When a brief positive pulse is applied to the base of
Q2, as shown in Fig. 2, the circuit will switch on and
continue conducting until it is switched off by remov-
ing the supply. Alternatively, in the case of a simple
DIY thyristor like this, the circuit can be switched off
by applying enough voltage to the base of Q3 to pull
Q2 base below the 0.55V required for it to remain in
cond uction.

Using a couple of small -signal transistors in this
way produces a very sensitive thyristor, but it is pru-
dent to include a couple of resistors in the base cir-
cuits (R1 and R2 in Fig. 2) to reduce the likelihood of
inadvertent switch -on due to leakage currents.

DI
1N4148

TRIGGER
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BC182
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BC712
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10k

02
BC 18?

ov

Fig.1 Two silicon transistors arranged as a thyristor and
Fig, 2, a latching relay using the circuit.

Having devised this circuit layout, it was observed
that the two transistors could be combined as shown
in Figs. 3a and 3b, to give the four -layer PNPN device
of Fig. 3c. The connections on this will normally be
labelled cathode (K) and anode (A), by analogy with a
thermionic rectifier diode, and the trigger electrode
(Q2 base) will be labelled as the gate.

For the device to work, the product of the current
gains of Q1 and Q2 should be greater than unity.
Commercial devices of this kind tend to have fairly

PNP
TRANSISTOR

119651
-ak

NPN
TRANSISTOR

ANODE I.VEI

119601

FOUR LAVER Eke. THYRA RON
DEVICE

CATHODE
GATE

COMMERCIAL SCR

I c

SPOT DENOTES
GAS FILLING

Fig. 3 The evolution of the Silicon Controlled Rectifier (or
SCR) type of thyristor.

thick base regions, which allow for much higher work-
ing voltages and greatly reduce the likelihood of
spurious triggering by very brief voltage spikes or the
inevitable leakage currents.

The Silicon Controlled Rectifier
A number of names have been used for this

device, of which the two most common are thyristor
- by analogy with the thyratron valves which they
have largely supplanted - and silicon controlled rec-
tifier (SCR) which is a good description of the way it
works. Typical characteristics for an SCR are shown in
Fig. 4. The comparison with a rectifier explains the
choice of circuit symbol, shown in Fig. 5. However, all
of these four and five layer devices are correctly
known as thyristors and the common SCR should
strictly be called a reverse blocking triode thyristor -
but people seldom do!

A thyristor will normally be open -circuit for poten-
tials applied in either direction, but in the case of a
forward voltage, a small trigger current injected into
the date will rapidly switch the device into its con-
ducting mode. The forward voltage drop depends to
some extent on the size of the device in relation to
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the amount of current passing through it, but it can be
as low as about 1./.

The practical advantage of this kind of device is
that massive amounts of current can be switched by
the relatively brief application of a smallish trigger
current to the gate. 500-1000 amperes can be con-
trolled by a gate current of as little as 50mA. Most
popular transistors only have current gains in the
region of 5-25 at high collector currents, so for these
to switch 1000 amps would require a pretty hefty
base drive.

A further advantage of the SCR is that, because the
internal current gain doesn't need to be very high for
it to work, the junction layers can be fairly thick and
not very heavily doped. This means that the maximum
hold -off voltage can be very high - in excess of
5000V for some types.

However, there are snags. They are slow in opera-
tion, even the best of contemporary devices having
practical frequency limits of only 15kHz or so, they
can be triggered inadvertently by a too-rapid rise in
the applied anode voltage, and they only conduct in

CURRENT

'HOLDING
CURRENT' Fo.

CAN BE TRIGGERED
ANYWHERE IN
THIS REGION

.v

REVERSE
AVALANCHE

REGION FORWARD

ANODE
VOLTAGE

GATE

ANODE (Al

CATHODE IKI

Figs. 4 & 5 The characteristics of an SCR and its symbol.

one direction. Bidirectional operation can be
achieved by putting the SCR in the middle of a rec-
tifier bridge, as shown in Fig. 6, but for lowish currents
a simpler answer is to use a triac (or bi-directional
triode thyristor, if you prefer its proper title). I will
come to these later.

Another drawback is the need to maintain a hold-
ing current through the SCR once it has been
triggered. As can be seen from the curve in Fig. 4, if
the current through the SCR falls below this level at
any time, conduction will cease until another trigger
pulse is received at the gate.

A further problem is that, for current flows larpr
than the holding current level, the only way of turning
the device off again is to momentarily reverse the
potential applied to its anode. However, this does not
bring about an instantaneous switch off because
stored charge in the device will take some short time,
ranging from a few microseconds up to a fraction of a
millisecond, to disappear through recombination.

Unfortunately, most of the techniques used to
increase the stand-off voltage capability or the max-
imum operating current will also make the devices
slower in turn-off time. So high voltage or high power
thyristors are likely to be more sluggish than their
lower voltage or lower current brothers.

The problem of the device being turned on by a
sudden increase in its anode voltage is almost ines-

capable and arises from the internal capacitance bet-
ween the anode and the gate -a situation similar to
the Miller capacitance in a transistor or valve. This
internal capacitance does have one minor advantage,
however, in that it allows the device to be turned off
just a bit more easily if the rate at which the anode
voltage is made to collapse is made high enough. This

Fig. 6 An SCR connected for bidirectional operation.

is often employed in commercial usage where the
devices are being used in a commutating mode. Here
an external LC network can be used, in conjunction
with another SCR, to suddenly reverse the anode
potential and so turn off a conducting device.

SCRs In Use
The most common use of SCRs in industry is to

convert DC Into AC, on a high power scale, by the use
of circuitry such as I have shown in Fig. 7. The incom-
ing AC is rectified and smoothed to produce DC
which is then converted into variable -frequency AC
for variable speed motor drive applications. For sucha
circuit to work reliably the inherent problems of the
SCR must be accommodated.

In the particular case of the circuit of Fig. 7, it is
imperative that SCR2 should not be turned on while

AC OUTPUT
TO LOAD

AC INPUT
(NORMALLY
THREE PHASE)

Fig. 7 A high power industrial AC -AC converter using
SCRs. The trigger circuits have been omitted for clarity.

SCR1 is still concucting or fuses will blow. This
depends partly on the correct operation of the trigger-
ing circuit - coupled to the SCRs in this instance by
pulse transformers - and partly by the operation of
the quench circuit (SCRS/6 and L1 C1 or SCR7/8 and
L2C2) which rapidly forces the main power SCRs into
reversed polarity and turns them off.

A further use with which many electronics
enthusiasts will be familiar is in the electronic ignition
systems of cars or motorcycles.
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Fig. 8 The circuit of a typical transistorised car ignition
system using an SCR.

Here, a transistorised DC inverter is used to
generate a DC voltage in the region of 350-450V,
which charges a capacitor, C, by way of the series
inductor, L, and the primary of the ignition coil. At the
correct point in the timing cycle, the thyristor is fired
and becomes a very low resistance path which
discharges the capacitor through the primary of the
coil, producing the required high voltage on the
secondary. The series inductor allows the capacitor to
recharge more rapidly than a series resistor would.

Such systems offer much more consistent spark
energy than the conventional high current and contact
breaker arrangements, but can be a bit hard on the
coil insulation if it is not designed for this application.

Diacs
For the proper operation of a thyristor, it is very

important that the trigger pulse should be of adequate
magnitude to turn it on fully and rapidly. If a slow or

a) b I

CURRENT

it
VOLTAGE

Fig. 9 A diac consisting of a pair of diode junctions formed
on the same piece of P -type material.

low energy switch -on pulse is used, damage may
sometimes occur to the thyristor because only that
region of the thyristor chip immediately adjacent to
the gate may be turned on, and the channeling of the
discharge current through this limited region may
cause overheating. Careful design of the thyristor chip
to spread the turn -on region can help, but a better
solution is to include a trigger device like a diac in the
gate circuit.

These are two -terminal, bidirectional, trigger
devices which are non -conducting until a certain
input voltage threshold is exceeded, when they
suddenly conduct. They are constructed by diffusing a
pair of diode junctions, back-to-back, on the same P-
type silicon slice, as shown in Fig. 9a. Their circuit
symbol is shown in Fig. 9b and the current/voltage
characteristics in Fig. 9c.

The doping and method of construction gives
these diodes avalanche or zener characteristics, in
which the reverse leakage occurs at a precisely
chosen voltage level. This leakage current injects car-
riers into the P region, which then behaves as the base
in an NPN transistor and allows current to flow at a
reduced total device voltage, to inject a suddden
pulse into the thyristor gate.

A rather superior type of device, also known as a
diac, is, in effect a pair of parallel thyristors, chosen so
that their breakdown voltage is only some 10-20V.
This has the circuit symbol shown in Fig. 10a and the
electrical characteristics shown in Fig. 10b.

Unfortunately, manufacturers do not always
disclose the actual construction used, but the circuit
of Fig 10c can be used to identify which device is
which. If the voltage across the device in its on condi-
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Fig. 10 An alternative method of constructing a diac using
two parallel thyristors.

tion is only about 1V, it is of the type shown in Fig 10a.
Better still, if the voltage source is 50V AC (50Hz) and
an oscilloscope is connected across the device, it will
draw the pictures of either Figs. 9c or 10b.

Triacs
These are a pair of four layer SCRs, one PNPN and

one NPNP, which are combined together to make a
five layer, NPNPN device which will work as an SCR
in either direction. I have shown the arrangement in
Fig. 11a and a typical device (a GE triac) in 11b. The
circuit symbol used for this device is shown in Fig.
11c.

The voltage/current characteristic is of the kind
shown in Fig. 10b, but with the difference that it can
be caused to conduct or remain open -circuit depend-
ing on whether a trigger pulse is applied to the gate.

As it is an AC device there is no anode or cathode,
so the contacts are described as main terminal 1

Fig. 11 The evolution of the triac.
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(MT1) and main terminal 2 (MT2) to distinguish these
connections from the gate. Apart from the require-
ment that the gate trigger voltage should be applied
with respect to MT1, these devices are quite symmet-
rical in operation.

Because they are used on alternating voltage cir-
cuits in which the potential reverses every half cycle,
they automatically reset after each conduction period.
This allows power control by phase angle timing of the
firing pulse, as I have shown in Fig. 12.

240V AC

MT2

TRIAC

MT1

Fig. 12 A simple phase angle control lamp dimmer circuit
using a triac.

This is a most useful type or circuit, and is mucn
used for living -room lamp dimming and similar
applications. It is also used in fade -dissolve circuits in
photographic slide projection, though in these
applications it is usual to employ more exotic firing
circuits to allow prearranged rates of fade or operation
from pre-recorded input tone signals.

Sadly, the triac is a rather less muscular device
than its SCR relative, and is limited to perhaps 50A
and 800-1200V. They also require a higher trigger

A

K

Fig. 13 The circuit
symbol for a gate turn-
off thyristor.

current than tne uniairectional SCR. On the other
hand, economies of scale in manufacture have
allowed normal mains voltage units of up to, say, 25A,
to be offered at 60-70p each.

The Gate Turn-off Thyristor
Also known as a GTO device, this is a recent

development of the SCR which can be turned off by
the application of a reverse bias to the gate trigger
electrode. Although only some 10-50 mA may be
needed to turn it on, perhaps a fifth of the total con-
ducting current must be drawn out of the gate in
order to turn it off again.

Nevertheless it is a useful device, and is rather
faster in action than the typical SCR though at present
less capable of handling high powers. The circuit
symbol is shown in Fig. 13.

The Unijunction Transistor
This is a most useful little device which can be

employed as a relaxation oscillator or pulse generator.
Its construction takes the form which I have shown in
Fig. 14, and it is sometimes described as a double
base diode.

ETI SEPTEMBER 1985

Fig. 14 The construc-
tion of a unijunction
transistor.

The two bases are ohmic (non -rectifying) connec-
tions to a strip of fairly low conductivity N -type silicon,
into which a P -type 'emitter has been diffused. If a
potential is applied between the bases, a small
current will flow down the strip which is referred to as
the leakage current. The potential -divider action of
the silicon strip reverse biases the NP diode and pre-
vents it conducting. This potential, related to the
applied voltage across the strip, is known as the
intrinsic stand-off ratio or ETA.

If the emitter voltage is raised so that it exceeds
this potential by some 0.55V, the diode will conduct
and inject carriers into the strip. These will be swept
into the region of base 1, and cause the diode to

Fig. 15 A sawtooth
generator circuit using
a unijunction transistor.

become even more strongly forward biased. The emit-
ter current therefore increases regeneratively until it is
limited by the external resistance. This allows the con-
struction of a very simple 'sawtooth' generator, of the
form shown in Fig. 15.

Programmable Unijunction Transistor
This is a four -layer thyristor, with an anode gate, as

distinct from the cathode gate of the normal SCR. If
this is connected in the circuit shown in Fig. 16, the
device will remain non -conducting until the voltage
across C has risen sufficiently for the gate to be nega-
tive biased by one forward diode potential (about

Fig. 16 A sawtooth
generator circuit using
a programmable uni-
junction transistor or
PUT.

0.55V), when it will suddenly conduct and discharge
the capacitor. When the current flow falls below the
holding value, the device will turn off and the charge
cycle will begin again, as in the normal unijunction
transistor circuit shown in Fig. 14.

However, the advantage of the PUT is that, as its
name suggests, the trigger voltage can be pro-
grammed by the ratio chosen for R3 and R4. ETI

29



DATA
ENCRYPTION
More and more people are finding it necessary to protect their data
against unauthorised interference. Paul Chappell looks at the
systems used and the theory behind them.

At the time of conjunction of Mercury and
Venus , in the year of the great horned toad,
there shall come to pass a dark time of com-

puting from which not even the lowliest household in
the land shall be excluded. The shadow of the com-
puter will fall upon our central heating systems,
income tax returns, the education of our children ,

verily it shall rule our lives, yea, even unto the sixth
generation.

So quoth the sages a decade or so ago. As it turns
out our central heating and tax returns remain pretty
well inviolate and the only educational benefit seems
to be in teachin& children to program computers -
rather like claiming that video recorders should be
used in schools because they teach children to
operate video recorders.

The latest prediction from the crystal ball gazers is
that we shall shortly cease to write letters. The reason-
ing, such as it is, goes like this: the price of conveying
bits of paper from one place to another is going up,
the price of sending data by electronic means is going
down, therefore we will soon abandon letters and use
electronic mail. QED.

The most baffling thing is that when all this comes to
pass we will, apparently, all be afflicted with a sudden
passion for secrecy. Why on earth this paranoia will
suddenly descend on us when, for the past century or
thereabouts, we have been blithely sending letters that
can be steamed open and talking on telephone lines
that can be tapped, is beyond my powers of com-
prehension. Nevertheless, as the subject closest to
our hearts will shortly be data encryption, ETI Cloak
and Dagger Dept thought it was time to find out
something about it.

Codes And Ciphers
Codes and ciphers have been used throughout

history to protect information. Julius Caesar is reputed
to have used a simple shift cipher, well known to all
schoolboys, in which the original message (plaintext in
the jargon) is enciphered by replacing each letter with
the next letter of the alphabet. This is a shift of one;
the next -but -one letter would be a shift of two, and so
on. Thus ETI would become FUJ, and very tasty it is
too.

There is a difference between a code and a cipher,
by the way. Suppose I agree with you that the word
'fusebox' means 'meet me outside the newsagent' and
'fish' means 'I've lost my copy of Electronics Digest'.
To make use of this form of communication I might
write you a letter and contrive, in the most natural way
possible, to include a sentence like 'There is a fish in
my fusebox'. You would instantly recognise this as
meaning 'I have lost my copy of Electronics Digest so
meet me outside the newsagent '.This is a code.

A cipher, on the other hand, is a general purpose
method of substituting new symbols for those used to
express the original message. The shift cipher is one
example, morse code (morse cipher?) is another

Codes have the advantage of being impossible to
break given only the coded message. As any word can
quite legitimately be used to represent any other
word or phrase, there is no way for anyone without
extra information to get any leverage. The drawback of
codes is that they can only be used to convey
messages for which code words have previously been
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arranged. If I wanted to say 'meet me outside the chip
shop' there is no way to modify 'fusebox' to convey
this new message.

Ciphers, with a few exceptions, can be cracked
given sufficient time and computing power but have
the advantage of being able to convey any message at
all.

For electronic data communication we are con-
cerned almost exclusively with information that can
be represented in binary form. The preceeding discus-
sion applies equally well to this; a code may involve
agreeing that 010 will mean 1101011100, a cipher
may say that every third '1' in the plaintext message is
changed to '0' and every second '0' is changed to '1'.
The general term for scrmabling a message is encryp-
tion, and unscrambling is called decryption. How is it
done?

Requirements
Before leaping in to a description of current data

encryption techniques, it would be as well to take a
look at what we'd like them to do.

First of all, it goes without saying that we'd like the
system to be secure - nobody should be able to
make sense of any message they intercept, nor should
they be able to inject their own message into the

Time after time, systems that were
judged to be secure have been
broken . . .

system and have it accepted as genuine. Oddly
enough, it is not difficult to make a completely secure
system if this is the only requirement.

An example of such a system is the one-time pad.
Both the sender and the receiver have identical lists
(or pads) of random numbers. The encryption process
proceeds in the same way as the shift cipher, except
that the number of letters you shift by is taken from
the number on the pad -a different shift for each let-
ter. Each page of the pad is used once and then
thrown away; hence the name.

This kind of system is unconditionally secure
because no matter what information a cryptanalyst
may be given - copies of plaintext messages and
their encryption, anything at all short of a copy of the
unused pages of the pad - he will be unable to dec-
rypt any future messages.

The drawback of this system is that it is extremely
cumbersome to use. A pad of numbers at least as long
as the total number of characters in all the messages
that are to be sent must be prepared and conveyed in
some safe way to the intended recipient, and must be
closely guarded against prying eyes. The encryption
process can be automated but will not be easy to use
because somebody must feed in the numbers as well
as the text to be sent. The system is, in fact, in daily
use for communication between governments and
military commanders, but is not suitable for general
use.

If we can't have an unconditionally secure system
we must content ourselves with a computationally
secure one. The idea is that, although the system can

be broken with unlimited time and computing power,
the effort and time involved would be so immense
that it is for all practical purposes perfectly secure.
Here we hit another little problem: how can we tell
how much computation a cryptanalyst will be faced
with?

I'll come back to this later on with reference to
specific systems, but I should mention that it's not
enough just to calculate the astronomic number of
permutations that would have to be investigated on a
trial and error basis. Time after time, systems that
were judged to be secure in this way have been
broken by the discovery of a mathematical pattern in
the cipher that the designer was not aware of.

If a system is to gain wide acceptance it must be
convenient to operate. From the user's point of view
this means that the security aspect should be left as
far as possible to the hardware. It should be possible
to enter the message and have it conveyed safely to
the intended recipient without having to take any
further part in the encryption process or observe any
special precautions. It may also be necessary to use
the system to communicate with a number of dif-
ferent people, so standardisation of the hardware is
essential.

Now, if the hardware is to be standard and readily
available, any kind of encryption that involves per-
forming some fixed process on the plaintext will not
be secure. Transposing characters, substituting one
symbol for another and similar procedures, however
complicated, just won't do. Anyone intercepting the
ciphertext can also buy the hardware and use it to
obtain the original message.

The way around this is to standardise the hardware
but allow it to be personalised by means of a key, in
the form of a string of digits chosen by the user which
controls the way the message is encrypted. The point
is that anyone intercepting the message will also need
to know the key to make any sense of it.

Finally, the possibility of adding a Signature' to the
message would be useful. It would allow the system
to be used for transmitting contracts, for instance, and
in general would allow verification that the sender is
who he claims to be.

Now we know roughly what we'd like, let's see
what's on offer.

Private Key Encryption
In this system the encryption algorithm is standar-

dised and security depends on the use of a private
key. The following example demonstrates how it
works.

My algorithm is simple - modulo 2 addition. This
is built into my encryption machine and I make no
attempt to keep it secret. What I do keep secret is my
key: 10010110. Let's suppose I want to send a
message to the Editor explaining why this feature is a
month late. The first thing I must do is to send him my
key by courier (Jane, give this to Gary, will you? No,
don't open it, it's secret!) Then I type in my message 'I
overslept', whereupon my encryption machine
generates the corresponding ASCII codes (ciphers?): -

1001001 0100000 1001111 1010110 1000101
0 V

My private key is added modulo 2 to each group of 8.
bits -
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plaintext
10010010000010111100101101011010001

key
10010110100101101001011010010110100

ciphertext
00000100100111010101110111001100101

The editor's decrypting machine uses the same key
and also applies modulo 2 addition to give the plain -
text version of my message. Try it for yourself!

A more realistic system would involve using a
much longer key. The key itself would not be added
to the message but would be used to generate
pseudo -random sequences of bits to be added.

This type of cipher is known as a stream cipher
because it operates on each bit of the data stream
individually. Another type that is widely used is the
block cipher where chunks of data, or even the entire
message, are altered as a whole by a combinatorial
process controlled by the key. As the public key

PLAINTEXT 0110010001

01 10 01 00 01
INITIAL VECTOR -0- Qi

MODULO 2 ADDITION 11 00 00 01 10
ENCRYPTION 10 01 01 11 00

CIPMERTEXT 1001011100

r7:II\L,
DECRYPTION 11 0 0 01 1

INITIAL VECTOR -a. 10 10 010 01 110
MODULO 2 ADDITION 01 10 01 00 01

%,X,7:/'
PLAINTEXT 0110010001

Table 1 An example of data encryption using the Chain
Block system.

system described a little later uses this method I won't
say anything more about it for the moment.

By far the most common private key system is DES,
the Data Encryption Standard adopted in 1977 by the
American National Bureau of Standards. The key used
in this system is 56 bits long. ICs incorporating the
DES algorithm are available from a number of
manufacturers and a detailed description of the Intel
8294 is given further on in this article.

The Data Encryption Standard
A DES IC will operate on a 64 -bit input block to pro-

duce a ciphertext block of the same length. The easiest
way to use one is to split the plaintext message into 64 -
bit blocks and encrypt each block individually. This is
known as an Electronic Code Book implementation. It is
suitable for use with data to be stored on disk which
would be dealt with in blocks anyway. For general pur-
poses, however, it violates a golden rule of security;
never encrypt data in the same way twice as this makes
the system easier to break

With a little extra hardware a Chain Block system can
be made. The first data block of 64 bits is added modulo
2 to an Initial Vector, which is just an impressive name for
a 64 -bit long string of l's and 0's. The vector for the first
block to be encrypted will probably be supplied by the
hardware - the person who is to receive the message

must also have the vector. The result of the modulo 2
addition is then encrypted by the DES algorithm .

When the next block of 64 bits is read in, it is added
modulo 2 to the encrypted version of the previous block
and the result is then processed by the DES algorithm.
The encrypted version of each block thus becomes an
initial vector for the subsequent block

An example will make the process a little clearer. For
this we will use the ETI miniDES algorithm which, in the
form of a look -up table, goes like this:

Input
Key=0 Key=1
Output Output

00 01 10
01 11 00
10 00 11
11 10 01

You will see that miniDES operates on two bit data
blocks and has a single bit key. For the purposes of the
example we'll assume that a key of 0 has been chosen,so
it's the first two columns of the table we're concerned
with.

Let's suppose our plaintext data is 0110010001. The
Electronic Code Book encryption of this will be
1100110111. Notice that whenever the plaintext block
01 is enciphered, it always results in 11.

Now we'll chose an initial vector for the Chain Block
system, let's say 10. The encryption process wi II now pro-
ceed as shown in Table 1.

Notice that the plaintext block 01 is encrypted a dif-
ferent way on each occurrence: first as 10, then 01 and
finally 00. Another feature of this arrangement is that
errors in any block will carry through into all subsequent
blocks (perhaps not in this simplified system, but they
certianly do with the real DES algorithm). This prevents
anytampering with the encrypted message. For instance
if someone attempts to alter'delete file 14' to'delete file
15', the entire message will be corrupted.

Other possible implementations are Cipher Feed-
back and Output Feedback. Output Feedback in effect
uses DES as a random number generator for a stream
cipher. Cipher Feedback is similar, but the random num-
bers generated are 8 -bits long and are added modulo 2
to 8 -bit blocks from computer peripherals, etc.

Public Key Encryption
The main drawback of the private key system is the

inconvenience of having to distribute the key to
everyone you wish to communicate with. As the key
should be changed from time to time, ideally after
each message, and as multiple encryption with dif-
ferent keys is often used for additional security, the
question of key distribution can become quite a
headache.

Just imagine that a system could be developed
which would allow any user to send this key quite
openly to another, or even publish it in a public direc-
tory. It seems impossible at first sight - armed with
your key and the method you've used to encrypt your
data, even an amateur should be able to decipher any
messages you send! Surprisingly enough, it is possible.
The theoretical method was published in the mid '70s
and the basis of a practical implementation shortly
afterwards. The process described here is the Rivest-
Sham ir-Aldeman system, named after its inventors.

The basis of the system is a mathematical trick
known as a one-way function. Many arithmetic pro -
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cesses are more difficult to perform in one direction
than the other. For instance, it is generally more dif-
ficult to find square roots than it is to find the square
of a number. For some mathematical functions the dif-
ficulty of reversing them is so immense as to be vir-
tually impossible, or at least infeasible given the
current state of computing power and mathematical
theory. These functions can form the basis of a public
key encryption process.

Imagine for a moment that you are a cryptanalyst in
the pay of Universal Generality Inc (UGI to their
friends) and you have just intercepted a message
intended for International Monolithic Co (IMC). The
message is the encrypted form of a single ASCII
character and looks like this: 0110010

From a public directory, you obtain IMC's encrypt-
ing keys which are: a)5 and b)221.

You also know that IMC use a standard form of
encryption which is: raise the message to the power of
the first key, 5, and express the answer modulo the
second key (mod. 221). The result is the encrypted
message:

Can you decipher it?
It seems as if you have plenty to work with - you

know how the encrypted message was produced from
the plaintext and you also know the keys used to
generate it. Surely you can just reverse the process to
get back to the original message?

For some mathematical functions the
difficulty of reversing them is
so immense as to be virtually
impossible . . .

A little experiment will quickly convince you that
this is indeed a one-way function; you can't go back
by the same route that you took on the way out. But
where does that leave IMC? Surely they can't get the
plaintext message back either? Here we have the
essence of the Public Key system: yes, IMC can
recover the message because there is a trapdoor in
the encryption process which allows them to go back
by a different route. IMC can use this trapdoor
because they have the deciphering key, UGI can't
because they haven't.

As an expert cryptanalyst you will have even more
information at your disposal than I have already given
you. You will know how IMCs secret key can be
generated! IMCs second public key is the product of
two prime numbers, 'p' and 'q'. These were selected
at random by IMC when they were first setting up the
system. The product of the primes (221) is published,
but the primes themselves are known only to IMC.

The secret key was generated as follows: one was
subtracted from each of the primes 'p' and 'q' and
another number 'r' was formed by multiplying
together the results, so r = (p-1) x (q-1). The secret
key 's' was then formed by taking the multiplicative
inverse modulo r of the first public key (5), in
other words a number s was found such that s<r and s
x 5 = 1 modulo r. Decryption is then carried out in the
same way as the encryption process, with the secret
key substituted for the first public key.

Your main task as cryptanalyst to UGI is to factorise
IMCs second public key. If you can do this, you will
be able to generate their private key and decipher

their message. In tiis case it is not difficult, but
suppose the second public key had been 6533431.
Can you find the factors of this? (It can be factorised!).

Finding primes and testing for primality is a fairly
fast process - to test a 130 digit number for primality
would take a matter of minutes on an average mini-
computer. On the other hand, to find the prime fac-
tors of a 130 digit composite formed by multiplying
together two 65 -digit primes would take quadrillions
of years with the fastest computers and most efficient
factorisation algorithms available today. It is this vast
difference in computinF, times that allows the system
to be set up, yet makes it infeasible to break

Before getting too carried away by big numbers, it's
worth remembering that a public key system devised
by mathematicians at Stanford University in the USA,
using a different process, has already been broken -
and that was just for a $100 bet. If anyone can find a
factorisation algorithm that will operate in a time com-
parable with finding primes the system will be useless
- it would take as long to set up as it would to break

Odds And Ends
There are many more facets to data encryption

than it has been possible to mention here. If you are
intrigued by the sub ect and would like to read more,
the papers listed below will interest you. Martin
Gardner goes into a little more detail about public key
encryption and also explains how it offers the
possibility of 'signing' messages. Diffie and Hellman
describe public and private key systems, public key
distribution systems, and have a good deal to say
about encryption in &eneral. This one may be a bit
heavy going but the ideas are not complicated and
there's plenty of interesting detail. Finally, Rivest,
Shamir and Adleman explain the mathematical basis
of their public key system, suggest ways of finding
large primes and give an algorithm for encrypting and
decrypting efficiently. The paper is very readable and
the maths is not at all complicated.

The way to get hold of these papers is to copy out
the details below, take them along to your local lend-
ing library and ask them to get copies for you. It will
probably take a week or so as they will amost certainly
have to send away for them, and there will be a charge
for the photocopying.

Last of all, a quote from the paper by Diffie and
Hellman. "Skill in production cryptanalysis has always
been heavily on the side of the professionals, but
innovation, particularly in the design of new types of
cryptographic systems, has come primarily from the
amateurs." So get your thinking caps on, folks.

Further Reading
M. Gardner "Mathematical Games". Scientific

American, 237(2), Aug 1977, 120-124.
W. Diffie and M. Hellman "New directions in Cryp-
tography". IEEE Transactions on Information Theory,
IT -22(6), Nov 1976, 544-654.
R. L Rivest, A. Shamir and L Aldeman. "A Method for
Obtaining Digital Signatures and Public Key Crypto-
systems". Communications of the ACM, 21(2), Feb
1978, 120-126.
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Intel 8294 Da

In this article -within -an -article, Brian
McArdle describes an IC which can be
used as the basis of a US standard data
encryption system.

The Intel 8294 Data Encryption Unit is a 40 pin inte-
grated circuit which implements the US Data Encryption
Standard (DES). The standard was selected by the
Federal Bureau of Standards in 1977 to safeguard com-
puter data and must be implemented in hardware to
avoid modifications by users.

The standard uses an algorithm to encrypt a plaintext
block of 64 bits under the control of a key block of 56 bits
to generate a ciphertext block of 64 bits. The same key
block must be used to decrypt the ciphertext block and
recover the plaintext block The purpose of the key is to
vary the encryption/decryption operation.

A user can choose from 256 possible keys. The
designers of the standard estimated that a computer
that could make a search of the possible keys in approx-
imately one day would not be available before 2000 AD.
This now seems unlikely but for the present the standard
is cryptographically secure.

Organisation
The 8294 device has 4 main registers:

(1) Data Input Buffer: data written into this register
can be part of a key, data to be encrypted/decrypted or a
DMA block count depending on the previous
command.
(2) Data Output Buffer: data read from this register is the
output of the encryption/decryption operation.

ADDRESS LINES

DATA LINES (DO D7(

7404

a

WR
RD >
RESET

CLOCK
ALE
10/M

7404

7404

0

CSO

CS1

CS2

CS3

CSC

CSS

CS6

CS7

-ROM
1,11C

-N'C
.-K/D CONTROLLER
SRAM
-RAM

74'-0)8

9

.1.5V 0

Fig. 1 The 8294 Data Encryption Unit connected to an
8085 microprocessor.

z
0

RESET t

cc
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WR 111
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DACK

(3) Command Input Buffer: the commands to the
device are written into this register.
(4) Status Output Buffer: the status of the device is avail-
able in this register at all times. The functions of the
various bits are

7 6 5 4 3 2 2 0
x x x KPE CF DEC IBF OBF

OBF=1 indicates that the output from the encryption/
decryption operation is available in the Data Output
Buffer. I BF=0 indicates that data can be written into the
Data Input Buffer or commands into the Command
Input Buffer. DEC=O implies the encryption mode.
DEC=1 implies the decrypt mode. CF=O indicates the
end of an eight byte transfer. KPE=0 indicates that the
eight key bytes have the correct parity(odd).

The four registers are accessed as follows:

AO RegisterRD WR CS
1 0 0 0 Data Input Buffer
0 1 0 0 Data Output Buffer
1 0 0 1 Command Input Buffer
0 1 0 1 Status Output Buffer

where 0 and 1 correspond to +5V and OV respec-
tively(active low).

An interfacing arrangement for an Intel 8085 micro-
processor in an SDK -8085 kit is illustrated in Fig. 1. The

$4
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to Encryption Unit
START

ENTER SET MODE COMMAND'

NO

ENTER KEY MODE COMMAND

ENTER KEY BYTE

NO

NO

NO

ENTER ENCRYPT/DECRYPT COMMAND

YES

I ENTER DATA BYTE

READ DATA BYTE

NO

NO

NO

NO

NO

NO

I HALT I

Fig. 2 A data conversion sequence for the circuit shown
in Fig. 1.

kit has two unused chip select outputs at addresses
$3000 and $3800. CS6=0 (address $3000) gives CS=0
and A0=1. CS7=0 (address $3800) gives CS=0 and
A0=0. The Data Lines D 0 to D7 are connected to the
system 's data bus. The MR IClock,WE and RE inputs are
connected to the corresponding outputs on the
microprocessor.

Operation
The data conversion sequence is as follows:

(1) a set mode command is given by writing $0D into
the Command Input Buffer;
(2) an enter key command is given by writing $40 into
the Command Input Buffer;
(3) a key block is ertered as eight bytes into the Data
Input Bufferand each byte must have odd parity (he key
blocks consists of 56 bits and the eight redundant bits
are used as parity bits );
(4) an encrypt command is given by writing $30 into the
command Input Buffer or, alternatively, a decrypt com-
mand is given by writing $20 into Command Input
Buffer;
(5) a data block is entered as eight bytes into the Data
Input Buffer;
(6) an encrypted/decrypted block is read as eight bytes
from the Data Output Block.
The flow chart n Fig. 2 illustrates the procedure for the
example in Fig. 1.

The program is written in machine code and is stored
in locations $2000 to $2083. The key bytes are stored in
locations $2084 to $208B and the data bytes are stored
in locations $208C to $2093. In the example
K=1A1,60,C1,DO,E0, F1,A1,1301 and P=[11,22,33,44,55,
66,77,881. After execution of the program the ciphertext
block C=[B8,9F,F5,92,BE,53,05,261 has replaced the
plaintext block. Successive plaintext blocks can be
encrypted in this manner. The decryption operation is
executed by placing $20 in location $2042.

Conclusions
The Intel 8294 Data Encryption Unit can be used to

construct an inexpensive and secure cryptosystem. The
encryption/decryption operation happens entirely
within the device which is controlled by the micro-
procesor. However these operations would be simplified
considerably for an operator by using an advanced
microprocessor kit or microcomputer which would
permit the key and data blocks to be entered during
execution of *e program.

BIBLIOGRAPHY
"Intel 8294 Data Encryption Unit"S DK-8085 Hardware
Manual, Intel Corporation.
"Data Encryption Standard", FIPS PUB 46, National
Bureau of Standards, Washington DC, USA (1977).
Kinnucan, Paul; "Data encryption Gurus: Tuchman and
Meyer", Cryptologia, volume 2, number 3 (1978).
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THE SECOND
LINE OF DEFENCE

Summer's here and the time is right for breaking into houses -
or so Vivian Capel thinks. He lets us intrude on his thoughts in
this prelude to a simple but ingenious project.

Any alarm system should only be considered a
second line of defence. The best investment you
ould make is on good strong doors and win-

dows and on the locks to go with them. Once your
premises are as a physically secure as you can make
them, you can start thinking about an alarm system to
detect and deter intruders.

Some Alarming Thoughts
It is sometimes said that an alarm is of little use

because no-one takes any notice when it goes off any -
way. The main purpose of an alarm, however, is not to
summon aid - although that is desirable - but to
deter the thief. The very presence of a bell can be a
deterrent, and many intending burglars will give a
house with an alarm system in evidence a wide berth.
Even if no-one comes running, an alarm attracts atten-
tion and that is the last thing the burglar wants, with
its attendant risk of future identification.

If a thief should attempt an entry, either disbeliev-
ing or not noticing the bell box, a sounding bell will
almost certainly scare them off. Burglars are usually
scared and jumpy, especially when first entering. If a
loud bell suddenly starts ringing, their overwhelming
reaction is !panic and to get out quickly. This is what
you want: forget about catching the thief, it is more
important to protect your property.

Many alarm systems have inherent reliability pro-
blems - which can render them useless. For exam-
ple, all electronic components have a specified failure
rate of so many items per thousand, set against time of
use. There is a British Standard covering this (BS
4200). Active components, ICs and transistors are less
reliable than passive ones. Yet many alarm circuits
fairly bristle with ICs. But a circuit that does all
required of it can be produced with very few active
components, and so with greater reliability. Next
month's project is an example.

It's estimated that 99% of alarms in the London
area in which the police are called are false. False
alarms clearly diminish the credibility of genuine ones
and in addition can easily disturb neighbours.

Many system designers are so intent on ensuring
that nothing gets past their sensors that their systems
become too sensitive and prone to false alarms. The
choice of sensor is important, since some types have
an inherent false alarm liability.

Powering arrangements are also important. The
current requirement of many systems make mains
power necessary. This means that battery back-up
must also be provided with automatic switch -over in
the event of a mains failure. Most likely any mains

supply interruption will be short and well within the
capacity of the battery to cover, but not necessarily. A
48 -hour capacity is common, but what happens if a
circuit -breaker trips while you are on holiday? Fridges,
deep-freezes, door bells, video recorders and more
are all often left connected to the mains in their
owners' ebsence. A trip -out at the start of a fortnight
away could leave the premises unprotected for most
of that time.

Some systems use so little current that they can be
run permanently on batteries, avoiding the risks of
mains failure or malfunction of the automatic switch -
over circuit, but limiting the power available to the
alarm bell itself.

When the alarm is triggered, it should scare off the
intruder and, possibly, alert neighbours and police
within ten minutes or less. There is no point in the
alarm continuing for a protracted period. This only
creates annoyance and, in a battery system, drains the
power source. The bell itself could be mains powered
but many systems now include a timing device to limit
the sounding of the alarm.

Some timers completely de -activate the system -
which means that, if the intruder returns later, there is
no alarm. One of the tricks of the professional burglar
is to try to set off the alarm without any visible signs of

Alarm kit showing (clockwise from bottom right) surface
mounting proximity switch (reed plus magnet), flexible
tamper -proof jumper lead for bridging doors and windows
(in two parts) and flush mounting proximity switch - all
sitting on an undercarpet pressure mat.
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ETI SEPTEMBER 1985



FEATURE

attempted entry. Either the system switches off after
20 minutes or so, or the owner concludes that there
has been a false alarm due to a fault, and so switches
the system off until it can be checked. Then the
burglar comes back and tries to set the alarm off again .

If it doesn't function, the burglar can enter in safety. If
it does go off, the owner may well feel certain there is
a fault and switch the system off. This ploy is com-
monly used on industrial premises where the manager
has to be hauled out of bed from home and is only too
ready to switch off to prevent a re -occurrence of an
assumed false alarm.

Some timers avoid this problem by resetting so
that any futher intrusion will again initiate an alarm.
Obviously, this is a desirable feature.

Tamper protection is provided on some systems
with a microswitch under the cover of the control or
bell box. Any attempt to remove the cover sets off the
alarm whether switched on or not. This is a necessary
feature on industrial or business premises where the
system could be easily nobbled during the day in pre-
paration for a nightime visit.

With a domestic system it is really superfluous.
Most visitors to your home are people you know or
can check up on, and most systems have a test facility
which would reveal any fault on switching on. There is
no point in such protection at night or when you are
away as the intruder would set the alarm off in getting
in, before laying hands on the control box.

The same applies to self -actuating bells. These
have internal batteries which power the bell if the
cable from the control box is cut. While a prudent
protection for industrial premises, it is unnecessary for
domestic ones. The bell should be mounted in an
inaccessible place and the cables passed through the
wall to the back of the bell. In fact, there is a major
disadvantage with self -actuating bells because the
battery has to be renewed and tested from time to
time, which involves climbing up to it.

Isabelle ...
Sirens can give a higher sound output than bells,

but current is usually higher, from half -an -amp upward
for a motor type siren against 80-100 mA for some
bells. Such a siren may need mains power, although
there are some electronic sirens that give a healthy
output at only 20mA.

The sound output of some devices is given at 1 m
distance, with others at 3m. As sound pressure levels
decrease in proportion to distance from the source, a
3m figure should be a third of a lm one for the same
source, or 10 dB less. So simply subtract 10dB from a
1m specification to give the level at 3m.

These days there are so many sirens in general use
on the roads that one used for a house security system
could easily be lost. While individual preference may
be exercised, this is a strong argument in favour of the
bell.

Some bells are completely weatherproof and, in
the case of underdome units, are very difficult to
silence by physical attack. The centre dome screw
usually needs a special tool to remove it, and there is
little reason to house the bell in a box which will only
reduce the sound. A box can also be filled with foam
or other substance to effectively silence the bell, so an
open bell, mounted well beyond access, can be less
vulnerable than a boxed one. It also shows that you
really have an alarm system and not just a dummy
box.

The bell is usually mounted at the front of the
house where it can be seen, but more illegal entries
are made at the rear. There is a strong case for having
two bells at the front and rear, or for having one inside
the house. If fitted high in a stair well, an interior bell
can make a terrifying noise. Two bells also give a
margin of safety in case one should be defective. It is
far better to spend money on two bells than to
surround the first with a tamper -proof box.

Space Saving
The traditional alarm system with wiring all over

the house to door and window contacts looks out-
dated. Ultrasonic, microwave or infra -red devices
seem more attractive and less trouble to instal, but
appearances may deceive!

Ultrasonic devices use the Doppler effect at sound
frequencies from around 23-40 kHz. The microphone
is usually housed in the same unit as the generator
and receives direct sound and reflected sound from
the room (Fig. 1). If anything moves in the protected
area, the reflected frequency changes due to the Dop-
pler effect. When mixed with the direct sound, a beat
note is produced which is separated by a low-pass
filter in the receiver, amplified, and used to trigger an
alarm circuit.

HE
OSCILLATOR

TRANSMITTER

TO ALARM
CIRCUIT

Fig. 1 Block diagram of ultrasonic detector.

Because it protects the space rather than the
perimeter, the device is known as a volumetric sensor.
You really need one alarm for each room, especially
since the targets of burglary may be cash and
jewellery found in a bedroom as easily as the living
room or video hi-fi. Current requirement is 50-100
mA, so mains power is needed.

Ultrasonic alarms are extremely sensitive and vir-
tually foolproof, which is also their main snag. They
will respond to air turbulence caused by draughts,
convected air from radiators, down -draughts from
windows, or to the movement of curtains, pets - and
even mice.

Some of the more elaborate ultrasonic alarms
employ circuitry to recognise certain patterns made
by turbulence and ignore them. But there is still a high
probability of false alarms - they have even been
known to respond to high-pitched external sounds
such as brakes squealing.

Microwave detectors are also volumetric. They
operate typically at 10.7 GHz, though other fre-
quences are also used. The principle is similar to that
of the ultrasonic sensor, utilizing the doppler effect,
but current is greater at 150-250 mA.

Microwaves are not affected by air movement bute
they can travel through windows, doors, and even
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walls. Movement outside or neighbours on the other
side of a party wall can set off the alarm. Sensitivity
can be adjusted, but careful setting is required to get
it right.

One unit is usually needed for each room although
adjacent rooms could be covered with a high
sensitivity setting. Deflector plates can be fitted to
give a variety of polar patterns which is useful for
awkwardly shaped areas, especially in industrial loca-
tions. Some microwave systems use the beam -
breaking method rather than the doppler shift, but
these are more suitable for outdoor perimeter
protection.

Infra -red devices can be either active or passive.
Active ones generate a beam across a protected area
or along a perimeter to a receiver. The beam can be
made to criss-cross the area or go around corners by
means of reflectors. A receiver detects the beam and
triggers the alarm if it is interrupted. The beam is mod-
ulated with a frequency of around 200 Hz, so that the
system cannot be defeated by shining an infra -red
lamp into the receiver. If the frequency is absent, the
alarm is triggered. These systems are not very prone to
false alarms and are commonly used for industrial
protection.

Passive detectors are comparatively new. They are
sensitive to the infra -red radiated from a human body,
distinguishing between a body and sources like heat-
ing appliances or light bulbs by only responding to
movement. The sensor has a curved reflector behind
it, broken up into facets so that the polar response in
front consists of a number of lobes with gaps in bet-
ween (Fig. 2). Any source moving across the lobes pro-
duces a series of pulses in the detector, while
stationary sources give rise to a steady signal. The
alarm circuitry responds only to pulses.

A 90° total spread enables a corner -mounted
sensor to cover the whole area of a room with a range
up to 40 ft (some models with a narrower polar
response extend this to 160 ft.). Current requirement
varies between 15-30 mA which is still rather high to
be sustained solely by batteries, but a battery back-up
to a mains unit should give reasonable emergency
protection.

Passive IR detectors are undoubtedly the best
volumetric sensors. They are much less prone to false
alarms than the others, although pets can be a pro-
blem. You still need one for each area to be protected,
and the control circuitry is often very sensitive.

Around the Houses
The conventional method of fitting contacts to

vulnerable doors and windows protects the perimeter
of an area rather than the space inside. If properly
installed, with safeguards built in to the control unit,
perimeter systems should give no false alarms other
than those caused by forgetting to switch off!

The main disadvantage is the time and trouble
taken in installation . Once installed, a simple
perimeter system has more practical advantages than
most exotic volumetric systems .

A variety of sensors can be used, but the simplest
types employ a closed loop connecting a number of
contacts in series .Reed switches are often used, the
contacts fitted to the frame and the magnet in a
matching housing to the door or window. Reeds have
several advantages over microswitches or contact
plates. There is no physical contact, and the magnet
influences the contacts even when there are quite
wide gaps between frame and door. Usually, the door
38
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Fig. 2 Response lobes of infra -red detector. There can be as
many as 15 lobes to each detector.

or window can open about an inch before the con-
tacts switch, so rattling and vibration are no problem.
Mechanical failure is rare. Contacts and magnets can
be either flush or surface mounted, security and
neatness being traded against convenience.

Conductive aluminium -foil tape can be applied to
windows or other glass areas and included in the loop.
Blocks are available for connecting foil to wiring.

More elaborate devices include vibration detec-
tors for glass, so that blows or forcing will be detected
even if no breakage occurs. Then there are acoustic
detectors which sense the sound of forced entry such
as breaking glass. These have a limited frequency
response, usually between 6-8 kHz and are not very
sensitive to other sounds. Some of them are small and
light enough to be fixed to glass directly. Inertia
sensors can be used to detect movement on fences
and gates that would be difficult to protect otherwise.
Such sophisticated sensors have specialized applica-
tions, and are not necessary in domestic systems.

One kind of sensor is both useful and cheap - and
that is the pressure mat. Two metal foil sheets are
separated by a layer of sponge -plastic with a large
number of small holes. Pressure compresses the plas-
tic allowing the two foils to make contact through the
holes. Unlike door and window contacts, these are
normally open -circuit and are not connected in the
loop. But most control units will be able to use them.

The pressure required to make contact is rarely
quoted by manufacturers and will certainly vary from
make to make. A typical sample operated at 2.5-3 lb
per square inch. The weight of a rug or carpet under
which they are usually placed would not affect them,
nor would a small animal be detected. It is easy
enough to make your own pressure pads and they are
extremely useful supplements to door and window
sensors.

The beauty of a perimeter system using a simple
loop and pressure mats is that it affords maximum
protection and reliability for the minimum investment
and complexity. Instead of sophisticated, expensive
and error -prone sensors and control circuits, a handful
of transistors and associated componets, along with
some simple switches and pressure -pads, are all that's
required. Next month, we feature an alarm circuit that
could be built and installed in an evening, provid-
ing all the features of an elaborate microprocessor -
controlled system at a fraction of the cost,
guaranteeing trouble -free operation and frustration -
proof protection. ETI
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Modular Test Gear To Build
We introduce a short series giving designs for a power
supply, pulse generator, waveform generator, counter -
timer and logic probe (not shown). Really useful test
equipment you can build yourself for very little outlay.
Perfect for the small lab or workshop.

Sunrise Light Brightener
As autumn begins to shorten the days, this ingenious
project will allow you to waken easily with a gently
brightening bedside light as your alarm. Using phase
control and triac switching, the brightener can be preset
or operated manually to turn on large loads (photo-
floods, for example) slowly. A controllable rate of voltage
increase requires only a simple modification.

Automatic Test Equipment
ATE is not new, by any means, but it is an increasingly
important area of research and development. The latest
generation of ATE reflects the changes that are taking
place daily in electronics and will also help to bring about
more and more profound changes. We throw some
much needed light on this complex topic in order to
guide you round the maze of sophisticated fault-finding,
functional testing and in -circuit testing.

Electron Plus -N
The Acorn Electron is a cheap computer which can be
easily upgraded intoa very useful machine. We publish a
project designed to avoid the cost of buying commercial
upgrade units - an interface unit with all the facilities
built-in. With apologies to Acorn, we've called it the
Plus -N, because it includes so many more features than
the shop -bought Plus -One and Plus -Three. Interfacing
the Electron is now only a question of how much
imagination you can muster.

SAW Came and Conquered?
From time to time we'll be dealing at length with new
developments in component technology. To kick off, we
listen to the latest sounds on the electronics hit parade.
Surface Acoustics Wave devices use sound waves them-
selves to undertake complex filtering tasks -a radical
departure from traditional electronic technology. Are
they here to stay, or are they just a lot of noise?

Digital Sound Samplers
A review of some samplers within the reach of the
individual purse is rounded off by an ETI project to build
your own to be used in conjunction with a home micro.
Until recently, sound samplers were extremely expen-
sive and only available in the context of professional
recording studios. But this exciting recording, synthesis
and sound treatment technique is now within your
reach. And whiie oursampler will be cheap to build, it will
include features usually found only on pricey equipment.
Compression -expansion, filtering, anti-aliasing and
more.

PLUS:
Reviews, News, Comment, Tech Tips etc.

ALL THIS AND MORE IN THE OCTOBER
ISSUE OF ETI. ON SALE SEPTEMBER 6TH.

Articles described here are at an advanced stage of preparation. However, circumstances beyound our control may dictate changes tothe list 01 contents.
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SPECTROM
EPROM CARD
Peter Foden describes a simple technique for improving your
Spectrum's memory plug an EPROM into the beast, but first
read this.

This project consists of a board
that can be plugged into the
rear expansion socket of the

spectrum. It disables the top 32K
of RAM and frees the area for an
EPROM with a size of 2Kx8 up to
32Kx8 (2716 to 27256). The lower
16K RAM is left intact for use with
disassembler programs or BASIC
programsi;lat can call the EPROM
routines.

The board is simple in design
and uses the minimum amount of
components required to interface
an EPROM to the Spectrum data/
address bus. By a simple
modification to the Spectrum's
32K RAM section a RAM chip -
select line is provided, enabling
the EPROM -board to function.

The Problem
One of the problems of trying

to add an EPROM card to the
Spectrum is the fact that all
memory locations from 0 to 65535
(FFFFh) are completely accounted
for: 0 to 16383 (3FFFh) for the
ROM; 16384 (4000h) to 32767
(7FFFh) for the video and RAM;
and 32768 (8000h) to 65535
(FFFFh) is occupied by the 32K
RAM on an expanded 48K
Spectrum. In the ZX81, Sinclair
provides an RAMCS line as well as
a ROMCS line (RAM and ROM
chip select) in the Spectrum this
was not carried over.

It is a simple matter to modify a
48K Spectrum to have a RAMCS
line - at least, it is with Issue 2
machines onwards. The track
between IC24 pin 8 and IC23 pin
10 is cut and a resistor of 2 K7
inserted across the break The
unused edge connector position at
4A (between the keyway and D7)
is then connected to pin 10 of IC
23. ICs23 and 24 are marked on
the PCB, just next to the Z80. The
track to be cut leads from IC24 pin
8 on the component side of the

board and disappears under IC23.
IC23 is a 74LS32 quad OR -gate,
while IC24 is a 74LS00 quad
NAND gate.

Construction And Use
A PCB overlay can be seen in

Fig. 2, showing the three active
components: an EPROM (IC2), the
decoding chip IC1 and the diode
D1. The EPROM is plugged into a
28 -pin DIL IC socket and care
must be taken when inserting and
removing it. If you are feeling rich
use a ZIF socket. By means of the
links on -board any 2716, 2732,
2764, 27128 or 27256 EPROM (or
equivalent) can be plugged in. The
links are shown in Fig. 3 and can,

of course, be replaced by suitable
switches. The PCB consists of a
double sided board, but since the
circuit is simple, it could be built
on Veroboard. However, this
would complicate connection to
the Spectrum. This can best be
done by soldering the leads of a
28 -way double -sided edge
connector directly onto the PCB,
as shown in the photograph.

Because of the minimal address
decoding, if a 2716 is plugged into
the EPROM card, echoes of the 2K
bytes used are produced
throughout the memory -map.
Similarly for the 2732, 2764 and
27128, at 4K, 8K and 16K intervals
respectively. Only a 27256 uses
the whole 32K available.

5V
360

NOTE:
ICI 74LS02

4A SKI - 28.1VAY OIL SOCKET0 RAMCS
2880

LK20-, 1LK62A0
LK I LK3 LK4

180 0

1 28 26 23
2526A0
242780

27A0 21

MREO16A
5 14

OE
2ID. MDIV)

113A

A15lA
13 a

3A

sp
12

190
9A 180

1710A 0
1612A 0
15 SKI11AO
13IMO
127A0
116A0
109130
910130

1160
712E10
624E1
523130

22130 4
321E10

142130

68800 0V

Fig. 1 Circuit diagram of the EPROM card.
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The component side of the EPROM card ,note the soldering of the edge -connector.

O

LINK 1

t INK

(28 PIN)

L INKS 1 6 SF T THE EPROM TYPE

INK i

 LINK

I INK 4...... an n. CI IN nn

E PR OM

O

Fig. 2 Overlay diagram for the EPROM card.

2

HOW IT WORKS

The circuit diagram for the EPROM
Card can be seen in Fig. 1. The 32K
RAM is addressed whenever Al5 is
high, this line is intercepted and inver-
ted by IC1a. This provides the CS for
the EPROM. To ensure that the
EPROM is only enabled at the correct
time, control lines MREQ and RD are
used to provide the OE (output ena-
ble) line for the EPROM via IC1b and
IC1c. Only when M5 is high and
MREQ and RD are both low will the
EPROM put data onto its data output
(DO to D7) and so on to the Spec-
trum's data bus.

The data stored in the EPROM can
be inspected by means of the PEEK
command or machine code routines
held there and run by the USR
command.

On power up the RAMCS line is
held at +5 by D1, the Spectrum goes
through its initalisation process and
promptly sets itself up as a 16K
machine. This can be verified by carry-
ing out the instruction, PRINT PEEK
2372+256'PEEK 23733. This should
return the value of 32767 (indicating
the last usable location of RAM).
Without the board, the 32K RAM is
enabled and this can be verified by
repeating the above PEEKs. This time
the value returned is 65535 - correct
for a 48K Spectrum.
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LINKS REQUIRED BY EPROMS:

LK1 LK2 LK3 LK4 L.K5 LK6

271

2732

2764

27128

27256

Fig. 3 EPROM pin -outs, board links
and wiring for a rotary switch.

SW1

o

OFF

LK1

SW2 SW3
o

OFF

LK2

OFF

SW4

o

OFF

LK3 1114

ROTARY SWITCH CONNECTIONS

SW5

o

I OFF

LK5

2/16

2732
124 PIN)

N/C N/C VPP VPP VPP
.../

VCC VCC VCC N/C N/C

N/C N/C Al2 Al2 Al2 A14 PGM PGM N/C N/C

A7 A7 A7 A7 A7 \-1

EPROM

Al3 Al3 N/C VCC VCC

A6 AS A6 A6 A6 A8 A8 A8 A8 A8

A5 A5 AS AS AS A9 A9 A9 A9 A9

A4 A4 A4 A4 A4 All All All All All

A3 A3 A3 A3 A3 OE OE OE VS; OE

A2 A2 A2 A2 A2 A10 A10 A10 A10 A10

Al Al Al Al Al CE CE CE CE
PGM

AO AO AO AO AO D7 D7 D7 07 07

DO DO DO DO DO D6 D6 D6 D6 06

D1 DI DI DI D1 05 D5 D5 D5 D5

D2 D2 D2 D2 D2 D4 D4 D4 D4 D4

OV OV 01/ OV 01/ D3 D3 D3 D3 D3

27256

27128

2764

SW6

LK6

PARTS LIST
RESISTOR
R1 2k7

SEMICONDUCTORS
IC1 74LS02
IC2 any suitable

EPROM
1 N4148D1

MISCELLANEOUS
PCB, 28 -pin DIL IC socket, wire links
or suitable switch/es, for example, 6 -
pole, 6 -way rotary switch. Double -
sided, 28 -way edge connector (0.1 in.
pitch).

IC24

ONBOARD
SPECTRUM

RI
2k7

RAMCS

14A)

- .54

NOTE.
ICI = 74LSO2
IC2  EPROM
(SEE FIG 3 FOR PIN OUTS)
IC2324  ON SPECTRUM
Dl  1N4148
FIGURES IN BRACKETS 138)
INDICATE POSITIONS ON
SPECTRUM EDGE CONNECTOR

SPECTRUM
EDGE -CONNECTOR

1381

DI

11 14
A15 11A) 13

12

( AO Al4
)9B, 108, 11B, 1213, 248, 238, 22B,
21B, 26A, 27B, 288, 28. 2A, 18)

DO -07
16A, 7A 8A, 11A, 12A, 10A, 9A, 3A)

MREQ 5

RD

01/

CS

OE

5V

IC2

OV

Fig. 4 Block diagram of the complete system.

Disassembly Of EPROMS
The card can be used to

disassemble the machine code
contained in EPROMS. The
Spectrum's RAM can contain a
disassembly program such as the
excellent one available from D
K'tronics, DISTRON. This is
relocatable, which makes it useful
when the machine code is stored
in memory normally occupied by
the disassembler. EPROMs can be
checked and their contents
displayed on the screen or
dumped to a printer.

All that is needed is an EPROM
programmer to put the data in
there in the first place.

BUYLINES

The PCB will be available from our PCB
service (but see the note in News Digest).
If you choose to use a switch, it will have
to be made up from a Mak-a-Switch or
Wafa Switch kit. These are available
from Watford and Cricklewood and
probably many other places. Or you
could use a six -way DIL switch, which
is even more widely available.
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DIRECT
INJECTION
BOX
Do people make fun of your PA system? Andrew Armstrong
explains how extracting the mike can make things a little better.

Even with the large number of
electric musical instruments
in use today, sound is still

frequently transferred from
instrument to PA system by means
of a microphone. Electric guitarists
often regard their stage amplifier
as part of the instrument and wish
the sound to include the
distortions, cabinet resonances
and even the microphony in the
case of a valve amplifier. This
demands a microphone placed
directly in front of the musician's
loudspeaker, with all the
consequent problems of distortion
and increased risk of feedback.

Microphones have to be used
in any case for vocalists and
acoustic instruments, which makes
it all the more important to avoid
using them on electric instruments
wherever possible so as to keep
the risk of feedback to a minimum.
Electric keyboards can usually be
fed directly into the PA system,
but an on-stage amplifier may still
be required so that the sound can
be heard by the musician and
acoustic instruments too may
need local amplification in the
noisy environment of an amplified
band.

BUYLINES

Most of the components are widely
available from our regular advertisers
and from the usual mail-order
suppliers. Maplin stock the ICL8211
and the diecast box used for the pro-
totype was obtained from Cirkit. We
used a low-cost plastic XLR connector
for SK2 but the standard metal type
would be just as suitable. The PCB will
be available from our PCB service, but
see the note in News Digest.

The solution to some of these
problems is a direct injection box,
a unit which takes the incoming
signal from the instrument (or
from the microphone in the case
of an acoustic instrument) and
splits it to produce two outputs,
one of which is fed to the main PA
while the other is taken to a
nearby amplifier and 'speaker
controlled by the musician. A DI
box (as they are generally known)
usually has a high impedance
input, a low impedance output for
the mixer which is sometimes
balanced, and either a high or low
impedance output for the stage
amplifier.

Well Balanced Design
The design to be described

here is based around a very low
noise dual op -amp which allows it
to be used at low signal levels
without significant noise
problems. The gain is normally set
at unity but a voltage gain of 2:1
can be achieved by making a few
component changes. The unit
operates from a single 9V battery
and powers up automatically
when a jack plug is inserted into

the input socket. In addition, a
low -voltage detector is included
which lights an LED when the
battery needs replacing.

The unbalanced output can be
taken from the output of the first
op -amp which gives a reasonably
low impedance drive or, if
preferred, can be connected
directly to the input. The
advantage of this arrangement is
that the unbalanced output will
then continue to operate even if
the unit develops a fault or the
battery runs down. The input
impedance of the DI box circuitry
is quite high and will not
excessively load a connection
made in this way.

The mixer output is balanced
and can either be used directly
with high impedance balanced
inputs or set at 600R by adding
two 300R resistances. A circuit for
a low impedance balanced input
has also been included, along with
a Veroboard layout, to enable the
unit to be used with equipment
which does not already have a
balanced input.

The normal type of balanced
line to use for audio work is 600R.
To be completely correct, the

INPUT

BUFFER WITH
OPTIONAL

GAIN

ALTERNATIVE
CONNECTIONS

300R

0
OUTPUT

4-0

UNBALANCED

BALANCED
OUTPUT

Fig. 1 Block diagram of the direct injection box.

LOW
VOLTAGE

DETECTOR

ti
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source resistance for each signal
connection should be 300R and
each one should be terminated
with a 300R resistance to ground
at the receving end. In many cases,
a high impedance is used at the
receiving end and the sending end
impedance is just slow'.

As long as the signal level is
suitable, this unit may be used as a
proper 600R driver. The 5532 op -
amp specified has very low noise,
typically 5 nV/ so very low
level signals may be used without
a severe signal-to-noise penalty.
The voltage swing which the op-
amp can drive into 600R is
somewhat less than it could drive
into, say, 10k, so, taking account of
the reduced efficiency when
operating from a single 9V supply
rather than a dual 15V supply,
signals of over two volts peak to

R1
36k

Uf
v,

BALANCED R3
INPUT 12k

R4
12k 40

Fig. 2 Standard differential input
arrangement.

peak may clip. When the battery is
at its end -of -life voltage, the 5532
may only manage two volts peak
to peak into a high impedance.
This should be adequate for most
purposes, but if it is not, the
project may easily be adapted to
give more output.

If the box is operated with
300R output resistors into a
terminated 600R line, the output
signal will be potted down by 2:1.
To compensate for this, voltage
gain is provided by the addition of
optional components R4 and C2.
Equally, if the input signal is of a
very low level, adding these
components will boost it to a level

considerably above that of the
interference picked up on the line.
This is particularly useful to
prevent buzz from phase
controlled lamps being audible on
microphone circuits. For the
purpose of driving a balanced line,
a voltage gain of times two is
required.

In order to gain the greatest
benefit from the DI box, its output
should be fed into a balanced (or
differential) input. Unfortunately,
the equipment you use it with may
not have a differential input, in
which case read on.

The circuit in Fig. 2 shows the
conventional configuration of a
differential receiver. Most text
books show all four resistors in the
circuit to be of equal value, but
that is not always the best way to
do things. At first glance, it would
appear that the impedance on the
non -inverting input is R3 + R4,
while that on the inverting input is
R1. This is not so. If the op -amp is
working linearlly (ie not clipping)
then for all practical purposes, the
voltage on the inverting input of
the op -amp is the same as that on
the non -inverting input.

BALANCED
INPUT

CI
470n R3

36k

C2 R4

470n 12k

R9
47k

R1
3006

R2
3006

45?,

Fig. 3 Practical circuit for a differential input stage.

0 VE SUPPL Y

1 UNBALANCEDOUTPUT

O ov

The non -inverting input has on
it half the positive signal voltage,
and since the inverting input has
the same signal present, resistor
R1 has a voltage across it equal to
half the positive input signal plus
the negative input signal. The
signals are meant to be balanced,
so the voltage across R1 is 1.5
times the negative input signal.
The current flowing in this resistor
is therefore 1.5 times as high as
would be expected if R1 were
feeding a virtual earth point, so the
apparent impedance is 1/1.5 times

Fi&. 4 Low voltage warning circuit
using the Intersil ICL8211.

the value of R1. Therefore R1
should have a value of 1.5 times
the desired input impedance.
Another way to visualise this is to
think of the virtual earth point as
being one third of the way along
the resistor from the inverting op -
amp input to the input signal.

The component values shown
in this circuit are for a 48k input
impedance, 24k on each line.
Should a 600R input impedance
be required, it is probably best to
use 300R resistors to load the
input, rather than using very low
value resistors round the op -amp.
There are two reasons for this.
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INSPKUT1

B1 T
9V R1

4700

R2
100k

IC a

R3
47k

R4
47k

C2

T

L

R5
300R

R7
10k

CO
47u
lOy

R8
10k

R6
10k SIC/134

30ORR 1° C5

lOV

C3 + R9
10u 10k

Fig. 5 Complete circuit diagram of the direct injection box.

R11
1004

R12
100k

C6
47u
10V

SK2
BALANCED
OUTPUT

6
SK3
UNBALANCED

0----01 OUTPUT

R13
470k

R14
2M2

R15
100k

2

IC2

1E01

First of all, the differential
impedance of the circuit shown is
correct, but the common mode
impedance is not balanced. The
addition of 300R load resistors will
swamp any differences and the
best performance will be
obtained. The second reason is
that the op -amp would be
required to drive heavy currents
into its feedback resistors if low
value resistors were used round
the op -amp, and this would
restrict the output swing.

Power Consumption
The one drawback of the

excellent NE5532 dual op -amp is
that its current consumption is
quoted as eight milliamps typical,
sixteen maximum. If the DI box is
to be used with reasonably large
signals and not into a low
impedance load, it may be
preferable to use the LM358 op -
amp in order to cut the power
consumption. The fain bandwidth
product of this device is only
1MHz, so there is not a lot of
scope for providing voltage gain
without the risk of slight
degradation of sound quality.

Another alternative would be
the TL072 which has a gain
bandwidth product of 3 MHz and
a noise figure of 18nv/ IV -71z, both
of which are quite acceptable. This
is a Bifet device, so it would be
possible to use a very high input
impedance if necessary, a
megohm for example. The
maximum current consumption of
this is 5mA total, so the battery life
should be reasonable.

If the application requires
substantial voltage drive into a
600R load, the DI box may be
constructed with 25V rated

HOW IT WORKS

IC1A works as a buffer with selectable
gain, R4 and C2 being added only if
voltage gain is required. The offset
voltage on the inputs is minimised by
having a similar net DC resistance on
each input. The output of this buffer
drives the in -phase output and also a
unity gain inverter, IC1 B, which in turn
drives the other output. Both outputs
have their impedance set by series
resistors and are DC blocked by elec-
trolytic capacitors. The capacitors are
polarised by load resistors R11 and
R12.

The low battery detector is based on
a purpose designed IC which contains
a very low current band gap voltage
reference, a comparator, and a current
limited output drive circuit. For this
reason, the LED needs no current limit-
ing resistor.

electrolytic capacitors and
powered from two 9V batteries in
series. There is not room in the
case of the prototype unit for
another battery, so a large sized
case would have to be used. The
low battery warning would have to
be recalculated to work at a
different voltage as well, of course,
in order to give warning before the
unit stopped working correctly,
rather than afterwards.

Low Battery Alarm
Mention of the power

consumption brings us neatly on
to the battery voltage detector.
This uses an I ntersil IC, the
ICL8211. This handy chip draws a
quiescent current of about 25µA
and provides a current limited LED
drive which switches on when the
voltage on its threshold input falls
below 0.15 volts. Referring to Fig.

4, the threshold voltage for the
LED to switch off is given by the
formula

+ Rb
V = 1.15 X

Ra
Rb

volts

Hysteresis is added by Rc, (R14 in
the final circuit), but if this is not
required pin 2 should be left open
circuit.

The addition of hysteresis does
not affect the switch off voltage
but the switch on voltage is
lowered. This voltage is calculated
from the formula

(Ra X Rc + Rb)V - Ra + Rc X 1.15
Rb

The component values specified
in the circuit diagram give nominal
switching voltages of 6.55 (off)
and 5.60 (on). If this end of life
voltage is too low, it may be raised
by reducing Rb in the sensing
circuit.

Construction
Before starting to assemble the

DI box, you must decide which of
the various circuit options you
wish to incorporate. Some of these
will affect your choice of
components while others, like the
choice of unbalanced output take-
off point, will only involve wiring
changes. The components which
may be affected are all marked in
the parts list.

Assembling the PCB should
present no problems at all. None
of the components are static
sensitive but take care that the
two ICs are inserted the right way
around and be careful when
soldering the more closely
grouped pads to avoid bridging.
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INPUT GROUND
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Fig. 6 Component overlay for the DI box PCB.

IBALANCED
OUTPUT

L EDI ANODE

OUTPUT GROUND

LED1 CATHODE

PARTS LIST

RESISTORS (1/4 W 5% unless
otherwise stated)
R1,2,11,12,15
R3
R4
R5,10
R6,8
R7,9
R13
R14

CAPACITORS
C1
C2

C3

C4, 5,6

100k
47k
47k (see text)
300R 1%
10k 1%
10k
470k
2M2 (see text)

470n polyester
1120 tantalum
(see text)
10µ 10V radial
electrolytic
47p. 10V radial
electrolytic

SEMICONDUCTORS
IC1 NE5532 dual op -

amp (see text)
IC2 ICL8211

micropower sensor

MISCELLANEOUS
SK1 3/4" stereo jack

socket
SK2 XLR 3 -pole chassis

plug (XLR-3-32 or
equivalent)

SK3 1/4" mono jack
socket

PCB: diecast box, approx 110 x 60 x
30mm (BIM5003, Eddystone 7134P or
similar; panel -mounting bush for LED1;
PP3-type battery connector; nuts and
bolts to mount SK2 and the PCB.

86
10.

LED1

ALL DIMENSIONS IN MILLIMETRES

Fig. 7 Layout of the major components within the case.

Preparing the case involves a
little more work. Almost any
diecast box of the right size or a
little larger should do but avoid
ones which have PCB slots on the
inside. The slots are not needed
for this project and they make it
more difficult to fit the jack
sockets and the LED.

In order to fit everything in, the
PCB should be installed first. It
should held as far to one end of
the box as possible and the four
mounting holes drilled through the
board into the metal, thus
ensuring that they match up. The
holes should then be countersunk
on the outside of the box.

A line should be drawn, centred
between lid and base, along both
long sides. This is to enable the
sockets and the LED to be
mounted in line. The PCB should
be temporarily dropped into place
and a jack socket positioned next
to it, not quite touching. The
centre point of the socket should
be marked and a hole drilled
where this intersects the centre
line. Few people will have drills of
the size required and there is not
room enough to use a chassis
punch, so, unless you like filing,
the use of a conecut is highly
recommended. Conecuts take off
metal at an alarming rate so check
the fit often.

Once the first jack socket is
fitted, the second one should be
positioned next to it. There should
be space for the battery between
the second socket and the end of
the case. The XLR socket should
be positioned opposite the jack
socket, again taking care to leave
space for the battery. You will
probably find that the upper fixing
bolt of the XLR will be in the way
of the lip on the lid of the diecast
box. The lip should be filed away
in the appropriate place to allow it
to fit snugly.

The input socket is a stereo
jack, even though the signal is
mono. This enables the spare
contact to be used to connect the
battery negative to the PCB only
when the input is plugged in. The
negative wire from the battery clip
should be connected to the
middle connection of the input
jack.

The unbalanced output may be
connected either to the input, as a
loop through arrangement, or it
may be connected to the output
of the first stage. A pad for this is
provided next to the positive
power supply pad on the PCB.
Care should be taken to connect
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the LED with the correct polarity
because it will only switch on, or
fail to do so, when the battery runs
low.

Thin co -ax is best for the
connection of the input, which
may be a very low level signal,
while three wires twisted together
should be used for the balanced
output. The convention for the
connection of XLR connectors is
that the ground is connected to
pin 1, the in -phase signal is
connected to pin 2 and the out -of -
phase signal is connected to pin 3.
XLR connectors usually have the
pin numbers marked on them.

Testing
If a regulated power supply is

available it should be used for
initial testing. Set the power
supply to about 4V and connect
up. If the LED does not light, then
reverse its connections and try
again. Once the LED works,
increase the voltage until the LED
goes off, then reduce it until the
LED switches on again. Measure
the voltage and check that it is
about 5.6V. Individual units may

INPUT

R2

Fig. 8 Suggested Veroboard layout for the differential input stage.

OUTPUT

V E

OV

vary due to component tolerance,
but if the voltage is not acceptable
the value of R13 or R15 should be
changed.

Now apply 9V, either from a
battery or from the power supply,
and use a voltmeter to check that
the op -amp output pins are at
about 4.5V and that the outputs
are at OV. If they are not, the most
likely fault is a reversed
electrolytic capacitor. Finally,
connect up a signal source and a
suitable amplifier and check that
everything works correctly and
that the sound is all it ought to be.

A practical circuit for a

differential input is shown in Fig. 3
and a Veroboard layout is shown
in Fig. 8. The 300R input resistors
are optional but should be
included if the input is connected
to a 600R balanced output. The
power may be drawn from any DC
source with a voltage in the range
6-30V or a dual rail supply could
be used and the biasing
component omitted. If the
arrangement is to be battery
powered, it might be an idea to
include a low voltage monitor of
the type used in the main DI box.
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North Branch, 680 Burnage Lane. Manchester M19 1NA
Telephone 061 432 4945

Please mention this publication when replying

BRITAINS FOREMOST QUALITY COMPONENT SUPPLIERS

For Education,
Training and Industry

NEPTUNE I

NEPTUNE II

NEPTUNE - for clean
hydraulic power -
- tap water is the
hydraulic fluid!

NEPTUNE 16 axes. 8 bit control system. 2 5Kg
capacity. I 120mm reach.

NEPTUNE II 7 axes, 12 bit control system.
2 5Kg capacity. 112Ornm reach.

MENTOR DC servo desktop robot. 8 bit
control system. 300gm capacity, 420mm reach

Robots programmed from keyboard or hand
',id simulator (model robot I

Robots may also be taught by 'lead by the
nose' method

Extensive software Is supplied free with
each robot.
Leads available for connection to BBC. IX
Spectrum. Apple Ile. Commodore 64 and
VIC 20
Most other micros are also easily usable with
these robots

Robots also available ready built

Please phone for brochure: 0264 50093.
West Partway Industrial Estate, Andover SPI 0 3ET.

kylesreitie
IMEg pplIcatleas

A private and independent company giving prompt.
personal service
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ETI SORCERER
STRING
SYNTHESIZER
Graeme Durant's design performs the magic, turning digital
strings into violin strings.

n last month's ETI, we
introduced the Sorcerer and
dealt with the keyboard

circuitry and the key encoding
system as well as the VCO and the
power supply unit. This month, as
promised, we deal with the major
sound processing facilities - the
chorus board and the envelope
shaper. The circuits are shown and
the principles of operation are
handled.

Readers of the first part of the
article will recall that so far we
have seen how touching a key
produces a trigger and a gate
voltage as well as a binary number
which is converted using a D -A
device and a voltage -to -frequency
converter into a note (or, rather,
into three notes at octave gaps). In
this month's enthralling episode,
we see how the notes are filtered,
delayed and mixed for chorus
effect (if desired) and ,finally,
gated on and off and shaped by
the envelope circuitry ready to
astound your friends and amaze
your neighbours.

Next month, we'll bring you full
constructional details, PCB
patterns and component overlays
and some guidance on how to fit a
moving mechanical keyboard to
the Sorcerer - not to mention the
Parts Lists and Buylines. For now,
read on ...

HOW IT WORKS
CHORUS CIRCUITS

The chorus circuitry takes the pulse train
outputs from the VCO, filters them to
make a smoother sound and feeds them
to a bucket brigade delay line system to
provide an apparent multiplicity of sound
sources (Fig. 6). Before being fed to the
delay lines, the mixed and filtered pulse -
trains must go to a low-pass filter to
remove the upper harmonics, which pre-
vents aliasing.

The chorus effect is produced here by
feeding the signal through three parallel
delay lines, and mixing the outputs
together. For maximum effect, each line
delay time is modulated 120 degrees
out -of -phase with the other two. This
produces a rich enough chorus to simu-
late the multiplicity of sound sources
required.

The delay times of the lines are deter -

INPUTS

16'

FILTERS
AND

MIXING

HE AND LF
THREE
PHASE

OSCILLATOR

VCO

VCO

DELAY
LINE

DELAY
LINE

VCO

DELAY
LINE

CHORUS

N
IN OUT

I

OUT

Fig. 6 Block diagram of the chorus section.

-0 OUT
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mined by the frequency of three VCO
clock generators controlled by a three-
phase oscillator. The delay line outputs
are mixed after being fed through low-
pass filters, needed to remove the clock
breakthrough onto the signal as a result
of the untreated input signal.

The circuit diagram is shown in two
parts: the clock generation section (Fig.
7) and the audio section (Fig. 8). IC29
and IC30 (Fig. 7) form two simple three
phase oscillators, each made up out of
three integrators, wired up in a loop. The
circuit is inherently unstable and will
always oscillate, the outputs being
roughly trapezoidal in shape and 120
degrees out -of -phase with each other.
The oscillator built around IC29a, IC30c
and d, runs at about 0.5Hz, whereas the
other built around IC29b, IC30a and b,
runs at around 5 Hz. The oscillator output
pairs are mixed and then filtered by C37,
C40 or C43, to produce three roughly
sinusoidal outputs. each consisting of a
large 0.5Hz signal with a smaller 5Hz
signal superimposed on top. These are
used to modulate the clock VCOs, IC31,
IC32 and IC33, and give a realistic
tremolo effect.

The VCO ICs used are CMOS 4046
phase -locked loop devices. These con-
tain several building blocks suited to the
construction of PLL circuits, but we only

use the VCO and an internal exclusive
OR gate wired up as an inverter. The
delay lines require a two phase clock
signal and the inverters are used to pro-
duce a second phase.

The VCOs are programmed by the
capacitor across pins 6 and 7, and the
resistors on pins 11 and 12. We want to
sweep between about 50k Hz and
100k Hz, to produce delays of between
5ms and 2.5ms respectively. The line
delay in the devices used in Sorcerer is
equal to 256 divided by the clock fre-
quency and the VCOs are programmed
accordingly.

The VCO ICs are powered from +10V
and -5V, as are the delay line chips, and
the supplies are well decoupled to stop
clock signals leaking onto the supply
lines. The outputs from the VCOs, at pins
4, and the inverted second phase at pins
2, go to the delay line circuits.

The three octave spaced signals are
filtered by passive high and low-pass
filters formed by C56 to C64 and R177 to
R184 (Fig. 8). The three filtered signals
are mixed at the virtual earth input of
IC34a and a variable DC bias level is
added to the signal by RV10. This is
adjusted so that the input signal is at the
centre of the delay line's linear operation
region. IC34b is wired up as a 10k Hz low-
pass filter to further eliminate aliasing.

IC35 to IC37 are the delay line devices.

Sorcerer uses a little known Matsushita
crevice, the MN3010, which is a dual 512
stage analogue bucket brigade device.
Unfortunately, the two lines cannot be
iidependently clocked, because of on -
chip intermodulation, although lower
noise operation is gained by paralleling
the lines in each IC.

Another cause of intermodulation is
the coupling of the clock frequencies
between channels, via other common
connections like the supply rails. This is
avoided by very heavy decoupling at
every opportunity. C71 to C73 decouple
clock frequencies feeding back out of
the delay line inputs. The two resistors
connected to pin 4 of each delay line hold
the gate supply voltage at about one volt
above the negative rail.

The signal outputs, via presets from
Sins 8 and 13 which null out some of the
-wavy signal clock content, go to more
10k Hz low-pass filters (IC38 to IC40) to
remove the rest of the clock breakthrough
from the signal. The three outputs are
combined at IC41 -a virtual earth mixer.
IC42 is a quad analogue switch half of
which is controlled by the front panel
switch SW5 to route either the chorus
signal or the pre -chorus signal to the
envelope shaper without going to the
front panel. C83 blocks the input DC
bias, if the pre -chorus signal is selected.
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SERVICE SHEET
Enquiries

We receive a very large number of enquiries. Would
prospective enquirers please note the following
points:
 We undertake to do our best to answer 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 gift!);
 Other than through our letters page, Read/
Write, we will not reply toenquiries relatingtoother
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 some 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 help 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 f16.30
Overseas: £18.30 Surface Mail

$24.00 Surface Mail (USA)
£43.30 Air Mail

Send your order and money to: ETI Subscriptions
Department, Infonet Ltd, Times House, 179 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 50p, and orders should be
sent to: ETI Backnumbers Department, Infonet Ltd,
Times House, 179 The Marlowes, Hemel Hemp-
stead, 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, or where the issue you require
appeared more than a year ago, photocopies of

individual articles can be ordered instead. These
cost f 1.50 (UK or overseas surface mail), irrespec-
tive of article length, but note that where an arti-
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
way as any other 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 April 1977 issue, an index for April
1977 through to the end of 1978 was published in
the December 1978 issue, the index for 1979 was
published in January 1980, the 1980/81 index in
January 1982, the 1982 index in December 1982,
the 1983 index in January 1984 and the 1984 index
in January 1985. Photocopies should be ordered
from: ETI Photocopies, Argus Specialist Publica-
tions Ltd, 1 Golden Square, London W1R 3AB.
Cheques, postal orders, etc should be made pay-
able 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 on a topic that would interest ET! 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 complaint and
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
supplier within, say, two weeks, write again, sending
your letter recorded delivery, or telephone, and ask
what they are doing about your complaint.

If you exhaust the above procedure and still do
not obtain a satisfactory response from the supplier,
then please drop us a line. We are not able to help
directly, because basically the dispute is between
you and the supplier, but a letter from us can 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 foryou 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.

Audio Design Buffer (September 1984)
There has been some confusion due to the cases of
the various transistors (Fig 4, p.61). Q1 and Q11 are
T092(E) (gate, source and drain for pins 1, 2 and 3),
while Q2 and Q12 are T092(F) types (gate, drain
and source). Q3, Q 4, Q13 and Q14 should be 'L'
types with a T092 (A) case (base, coll ector and emit-
ter). The pin positions marked on the overlay are
correct. The pins themselves may need to be bent
to fit the PCB.

Single Board Controller (March 1985)
There were a number of errors in the parts list RP2 is
listed as a 10k SI L pack but is actually four separate
resistors, and the same applies to RP3. RP4 is also
listed as a SI L pack but should consist of seven corn-
moned resistors. R13 is always required, not just
when a cassette interface is used as stated.

The Real Components (May 1985)
In Fig. 1 on page 20, the connections for the Texas L
and 2N transistors are incorrectly shown. They
should read B, C and E from the top.

Heat Pen (June 1985)
The instruction in the penultimate paragraph on
page 49 should read "... adjust RV2 for 2.73V ...",
not 2.37V as stated.

Low Cost Audio Mixer (June 1985)
In Fig. 6 on page 39, the PCB foil pattern has been
incorrectly shown as though from the copper side.
The board is shown correctly from the copper side
in the foil pattern pages. In Fig. 10 on page 40, the
positive power rail at lower left should be shown
connected to pin 8 of the TL072s, IC1-5).

Noise About Noise (July 1985)
In Fig. 5 on page 24, no connection should be shown
between the cathode of the diode and the negative
side of the 470u capacitor.

Printer Buffer (July 1985)
The case specified is actually larger than the one
used for the prototype. It will, of course, work per-
fectly well, but if you want to a compact unit use a
Verocase 202-21038H (180 x 120 x 65mm) rather
than a Verocase 202-21035. The regulator IC17
should be bolted to the back of the case to provide
heatsinking or, alternatively, fitted with a TO220
heatsink

Printer Buffer (July 1985)
There would seem to be a problem with the
TM54416 dynamic RAMs used in this circuit They
require an 8 -bit row address refresh, while the Z80
only issues a 7 -bit row address refresh signal.
Luckily, the 4416's are quite tolerant with regard to
refresh cycles, but if you leave your printer off-line
for any length of time, you may lose data. The
easiest, though not the cheapest, solution is to
replace the 4416's with Hitachi HM 48416DRAMs,
which are compatible in every way except that only
7 -bit rowaddress refresh signals are required.These
ICs are available from Hicom Components, The
Genesis Centre, Garrett Field, The Science Park,
Birchwood, Warrington WA3 7 BN (0925-825065)

at a price of f4.30 each, plus VAT and 12.75 for post
and packing.

From A to D ... (August 1985)
On Fig. 5, p. 25, the bottom end of Q1 's emitter
resistor should go to -Vcc, not earth. The non -
inverting input of the op -amp is connected to OV,
while the bottom right of the diagram should not be
labelled OV.
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PROJECT

PARALLEL I/O
FOR THE CORTEX
Now your Cortex can have a Centronics port, two joystick ports
and 22 lines of programmable I/O. The brains behind this
operation is Richard Roberts of MicroProcessor Engineering.

The Cortex project was
initially featured in ETI in
November and December

1982 and January 1983. The
currently available Cortex II has a
circuit and PCB which are the
same as those featured in these
articles in all major respects. The
E -bus circuit is dealt with in ETI,
December 1982 and is designed
around the 74LS2001 chip which
handles the bus arbitration and
control logic. This is IC89 on the
main board. Other chips involved
in the E -bus interface which may
not be present on existing Cortex
boards are ICs 90 to 99.

The 74LS2001 is unavailable
unless you have very good
connections, so we have included
a small circuit (Fig. 1) which can be
built on a header and used to
replace the 2001. It works for both
the CRU (Communications
Register Unit) I/O and memory
expansion, and requires no
modifications to the Cortex main
board. The circuit does not allow

HEADER

0

19
0
9

0
10
0

2

3

0
2

R1
10k

16
0
10
0

14

C2a

7

14 114
PR Vcc CLR

CLK ICla

NOTE
IC1 = 74LS74
IC2 = 74LS04

Fig. 1 Circuit of the header
to replace the 74132001.

for multiprocessors or bus time-
out as it stands ,but these features
can be added. For those who are
interested, a complete description
of the E -bus, together with many
examples of its use, can be found
in 'E -bus System Design', Texas
Instruments, Part No. MP402.

The 2001 replacement uses a
74LS74 dual latch to synchronise
the E -bus READY line to the
Cortex. One section of a 74 LSO4
hex inverter is used to invert the
bus request signal to generate a
bus enable.

Construction Of
The Header
As this is such a simple circuit,

we have not produced a PCB, but
advise the use of a small piece of
veroboard. Construction should
begin by cutting spots as shown in
Fig. 2. Then push 20 wire wrap
pins, or a 20 -way wire wrap DIP
socket, into the header position
(top left). Solder these and the
two pin IC sockets into place, fix
R1 across pins 4 and 17 of the
header and then insert and solder
the wire links. Finally, push the ICs
into their sockets.

Installing The E -bus
Plug the header into the

74SL2001 position - the 20 -pin
IC socket on the main board
marked IC89. For the E -bus to
work, the links to ground by IC94
should be cut .Use a sharp knife to
break each of the four tracks from
pins 2, 4, 6 and 8 of this IC. If you
have fitted the memory mapper
(IC26), the four wire links below it
should be removed. If any other

E -bus components (ICs 90 to 99,
in particular) have not been fitted
then now is the time to fit them.

Switch on, and you should have
a working E -bus interface. If the
Cortex signs on, then it is likely
that the E -bus will be functioning
cc rrectly. Any faults will probably
be due to miswiring on the header
(check the wire wrap pins), or to
solder splashes on the main board.
The E -bus can be connected to a
backplane for easy insertion and
removal of cards, such as the one
featured here. Suitable backplanes
are widely available. They should
be designed for 32+32 way
Eurocards (DIN 41612) and the
backplane will fit a 64 -way right-
angled male A+C plug attached to
the main board of the Cortex. The
backplane sockets should be
female for use with the following
and subsequent expansion boards.
Alternatively, 64 -way rightangled
female A+C sockets are available,
respectively of IC7 and the
Cortex board for direct connection

al -1175
a

MO;

00
0
0

0
( )

0 

008
0

I

8:

BREAK IN TRACK

Fig. 2 Veroboard layout
for the header.
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of the parallel I/O board through
the access port in the case.

Construction
The PCB desired to

accomodate the interface is a
standard double -sided through -
hole plated Eurocard. Check the
PCB for any shorts, especially on
the component side. Fit all the IC
sockets and DIN 41612 connector
followed by all the passive
components. If you are going to
use the board only as a Centronics
interface for the Cortex ,link out
the fifth switch position on SW1
(address line A4, connector pin
A15), otherwise fit SW1. Now fit
the two D -connectors and the two
IDC strips. Refer to the
photograph and overlay diagram
(Fig. 4) for guidance. If you are
planning to use a card front, use
wire wrap pins in place of the D -
connectors and wrap them, along
with the Centronics port, onto
connectors on the panel. Last of
all, fit the ICs. None require any

HOW IT WORKS

The circuit used in the parallel board's
CRU interface (Fig. 3) is designed to
be generally applicable when attaching
devices to the Cortex E -bus. Address
decoding is performed by ICs 2,3 and
5 - remembering that with TI 9900
series devices the least significant bit is
A15. A six way DIP switch connected
to the appropriate inputs of ICs land
3 ensures that the board can be
mapped according to the following
table:

SWITCH No.Address Line
1 A8
2 A7
3 A6
4 A5
5 A4
6 A3

Address
0080h
0100h
0200h
0400h
0800h
1000h

To map the board at 800h (as for a
Cortex Centronics port), only switch 5
should be on.

Two NAND gates in IC6 and two
inverters from IC4 give the two active
low signals SE LA and SELB which go to
the chip enable pins of IC7 and IC8
respectively (the TMS9901 input/
output devices). A third inverter from
IC4 is used to produce CRUCLK from
CRUCLK on the E -bus.

CRU is gated on to the bus with a
three -state buffer latched with
BRDSEL (IC1b). The interrupt request
(INTREQ) line from the 9901s is
converted to the required open
collector signal by IC1a.

Output to the printer is taken from
IC7. PO to P7 are the data bits, P9
provides the BUSY input and the
inverted output of P8 is the STROBE
signal. A pull -down resistor is placed
on the BUSY line to produce a 'non -
busy' signal when no printer is
connected. If your printer requires an
active low BUSY and an active high
STROBE, refer to the section on
testing.
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Fig. 3 Circuit diagram of the Parallel I/O board.
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PROJECT: Cortex PIO

special anti -static handling and
IC 8 is only necessary if you want
the separate I/O lines .

Testing
When you plug the board into

the Cortex, remember that the
Cortex doesn't look like an E -bus
back -plane but an E -bus board. On
power -up the Cortex should act as
normal. If it doesn't, your problem
will most likely be a short on the
address or bus control lines. If
everything's okay (and assuming
that you have mapped the board
at 0800h), type UNIT 4 followed
by a carriage return and there
should be no visible response.
Power down, plug the printer
cable in and put the printer on
line. Type UNIT 4 followed by a
carriage return again and now, if
you press any key followed by a
carriage return, it should be
echoed to the printer. If this fails
check that your printer requires an
active low STROBE signal and an
active high BUSY signal.

If this is not the case, you will
have to swap round P8 and P9
leads from pins 27 and 28,
respectively of IC7 and the
STROBE and BUSY lines on socket
SK4. The easiest way to do this
would be to cut the tracks near
pins 27 and 28 of IC7 and near
pins 1 and 11 of SK4 and then use
short wire links to connect up the
tracks in the new configuration.

The joysticks can be tested as
outlined below. After you have the
Centronics port working, any faults
will probably be due to minor
errors in the wiring or soldering.

Programming
The software to drive the

Centronics port is already in the
Cortex PROMs, which makes it
very easy to use, The command,
UNIT 4, enables the Centronics
port and UNIT -4 disables it. The
board must be mapped at 0800h
to work with the PROM -based
software.

Software to drive the joysticks
is quite simple to write using the
BASE and CRB commands. BASE is
used to set the address of the port
for use with the CRB function,
which returns a value from a
specified offset address. The port
is wired so that the following
offsets are low (value returned by
CRB=0) when the relevant
Joystick is active:

0

SK4

cx

it

111221111113

T-

b4t000000000000f000
4 0 1: 0

Fig. 4 Component overlay for the Parallel I/O board.

0

Offset Function Joystick

10 Right 1

11 Left 1

12 Down 1

13 Up 1

14 Fire 1

17 Fire 2

18 Up 2

19 Down 2

20 Left 2

21 Right 2

The offsets are arguments for
the CRB function, so a very simple
picture drawer could use the
following program with a joystick
in port 1:

100 BASE 0800H
110 X=100
120 Y=100
130 IF CRB(13)=0 THEN X=X-1
140 IF CRB(12)=0 THEN X=X+1
150 IF CRB(11)=0 THEN Y=Y-1
160 IF CRB(10)=0 THEN Y=Y+1
170 IF CRB(14)=0 THEN
GRAPH: X=100: Y=100
180 PLOT X,Y
190 GOTO 130

Line 100 sets the base address
and lines 130 to 170 test for
movement of the joystick or fire
button.

Of the uncommitted I/O lines
available from the second
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TMS9901, 16 can be used as input
only. Applying an input current to
an output pin can damage the
TMS9901. The signal SELB is
activated by address line A 9 going
high and, therefore, the second
9901 is addressed 40h above the
base set on the board. All lines can
be read like the joystick ports after
changing the BASE address to
0840h. Bits can be set or reset by
the CRB command. To set each of
the 16 outputs in turn, run;

100 BASE 0840H
110 FOR 1=1 To16
120 CRB (I) = 1
130 NEXT I

For complete details of how to
use the TMS9901, consult
'TMS9901 Programmable Systems
Interface', Texas Instruments (part
no. MP003).

Extensions
If you want further Centronics,

or other, ports on your Cortex ,you
can patch a 16 word (32 byte )
long address table at memory
location 84h. Each 32 -bit word
holds either the address of a CRU
mapped TMS9902 serial interface
chip, or the address of a machine
code program. If the lowest
significant bit is set in this word,
then the address is that of a
TMS9902. If the MSB is set, then
any output on that unit will have a
delay on return characters. On
current Cortex PROMs, the table is
as follows:

PARTS LIST

(MAIN BOARD)
RESISTORS (all 1/3W, 5%)
R1 1k2
R2 10k
RP1,2,3 7 -pin 10k SIL resistor pack

CAPACITORS
C1, 2 47µ, 16V electrolytic
Cx 10n, 0.2 pitch decoupling

SEMICONDUCTORS
C1 74LS125
C2, 3 74LS86
C4 74LSO4
C5 74LS30
C6 741S 00
C7, 8 TMS9901

MISCELLANEOUS
SK1 64 -way right-angled, male A+ C

DIN 41612 card connector
SK2, 3 9 -pin right-angled, male D

connector
SK4 13x2 right-angled IDC

connector
SK5,6 13x2 straight IDC connector
SW1 6 -way DIL switch
two 40 pin DIL sockets, six 14 pin DIL
sockets, printer cable, PCB.

PARTS LIST
(2001 REPLACEMENT)

RESISTOR
R1 10k

SEMICONDUCTORS
IC1 74LS74
IC2 74LSO4

MISCELLANEOUS

Veroboard, wire -wrap pins or wire -
wrap socket (20 -way), two 14 -pin DIL
sockets, wire for links

Address
84h
86h
88h
8Ah
8Ch
8Eh
90h
92h
94h
96h
98h
9Ah
9Ch
9th
AOh
A2h

Unit Value
01 808h
02 081h
03 181h
04 754h
05 000h
06 000h
07 000h
08 000h
09 000h
10 000h
11 000h
12 000h
13 000h
14 000h
15 000h
16 000h

Event
I/O to screen
I/O to RS232
I/O to cassette
Centronics I/O
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used

Notes
mc routine
TMS9902
TMS9902
mc routine

**

*

If you want your Centronics
printer on unit 5 instead of unit 4,
for example, change memory
location 8Ch to 754h, Typing
UNIT 5 followed by a carriage
return will now activate your
printer port.

Connections
The following section gives the

pin outs for sockets SK1 to SK6.

BUYLINES
The TMS9901 should be widely
available, as should all other chips. Con-
nectors and printer leads are available
from Maplin, Watford, Technomatic,
Cricklewood, etc. The PCBs are available
exclusively from MicroProcessor
Engineering Ltd., 21 Hanley Road,
Sh,rely, Southampton SO1 5AP (tel:
0703 780084) at a price of £13.00 for the
bare board, £36.00 partially populated
or £48.00 fully populated.

(N/C means not connected or
reserved).

SK1
PIN
1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

A -ROW
Function
GND
PRES
+12V
IORST
+5V
+ BATT
N/C
N/C
N/C
INTEN
XAO
XA2
A/D/INT 0
A/D/INT 2
A/D/INT 4
A/D/INT 6
A/D 8
A/D 10
A/D 12
A/D 14
AREADY
DEN
GRANTIN
PWRFAIL
GND
+15V
ANACOM
-15V

C -ROW

GND
BUSCLK
-12V
NMI
+5V
N/C
N/C
N/C
N/C
ALATCH
XA1
XA3
A/D/INT 1
A/D/INT 3
A/D/INT 5
A/D 7
A/D 9
A/D 11
A/D 13
A/D 15/CRUOUR
MEMEN
READY
GRANTOUT
BUSY
GND
ANAHI
ANALO
CRUIN

#WE- +5STBY
+5V +5V
MEMWIDTH CRUCLK
GND GND

SK2 AND SK3
PIN FUNCTION
1 UP
2 DOWN
3 LEFT
4 RIGHT
5 N/C
6 FIRE
7 +5V
8 GND
9 N/C

PIN
1

2
3
4
5
6
7
8
9
10
11
12
13
14-24

SK4
FUNCTION
STROBE
DATA 1
DATA 2
DATA 3
DATA 4
DATA 5
DATA 6
DATA 7
DATA 8
ACKNLG
BUSY
PE
SLCT
GND

SK5 AND SK6
PIN FUNCTION PIN FUNCTION
1 I NT7/P15 2 INT6
3 INT/8/P14 4 INT5
5 6 I NT4
7 INT 10/P12 8 I NT3
9 INT11/P11 10 INT2
11 INT12/P10 12 INT1
13 INT13/P9 14 P6
15 INT14/P8 16 P5
17 INT15/P7 18 P4
19 GND 20 P3
21 GND 22 P2
23 GND 24 P1

25 GND 26 PO
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PROJECT: Cortex PIO

4

The cortex parallel I/O board configured for Centronics port &- nd two joysticks only.
ETI

oftez
16 SIT  6 COWL R MICROCOMPUTER

t _! _!_.  aboNill I

POWERTRAN cybernetics ltd

SPECIAL OFFER
For a limited period and only to readers of ETI, Powertran
Cybernetics Limited are offering the Cortex 1116 -bit micro in
kit form at only f199 plus VAT.
This represents a saving of f50 on the Cortex II, which is
undeniable value for money.
The Cortex was originally featured as an ETI project in 1982/83 and
since that time has continued to feature in the magazine. A wide
range of languages, utilities, games and hardware add-ons are avail-
able for the mac -line including Winchester and floppy disc con-
trol ers, PASCAL, FORTH and word-processing. The entry-level kit
includes a sophisticated BASIC and MONITOR program in firm-
ware and the machine is equipped with cassette, RS232 and TV
interfaces.

To get your Cortex //, till in the coupon and send it to Power-
tran Cybernetics Ltd.. Port way Industrial Estate, Andover,
Hampshire SP10 3ET with your remittance for f 199 plus VAT
at 15%, so that your letter is post -marked no later than 5
September 1985. It's easy.

Please supply one Cortex II kit at f199 plus VAT at 15%.

NAME.

ADDRESS.

SIGNED:

Offer valid until 5 September 1985.
ACCESS/VISA cardholders can order by phone: 0264
64455.
Please allow 21 days for delivery.
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I Subscription Order Form

To: ETI Subscriptions Department, Infonet Ltd,
Times House, 179 The Marlowes, Hemel Hempstead,
Herts HP1 1BB.
Please commence my subscription to Electronics Today
International. I enclose a cheque*/Postal Order*/Interna-
tional Money Order* for the appropriate fee, made out to
ASP Ltd.
Please debit my Access*/Barclaycard* account number

1 I I I 1 1 1

Signature
(5 delete as appropriate)
Please indicate subscription required
enclosed
UK & Rep of Ireland:
Overseas (Acclerated Surface Post)
USA (Accelerated Surface Post)
Overseas air mail:

and fee

£16.30 0
f18.30
524.00 0
£43.30 0

PLEASE COMPLETE YOUR NAME AND ADDRESS
IN BLOCK CAPITALS
Name

Address

PLEASE INCLUDE POSTAL CODE AS APPROPRIATE
Date of order

I Binder Order Form

I

To: ETI Binders Department, Infonet Ltd, Times House,
179 The Marlowes, Hemel Hempstead, Herts HP1 1 BB.

Please send me binder(s) for ETI.
I enclose a cheque*/Postal Order5/International Money
Order* to the value of £5.00 per binder ordered, made
out to ASP Ltd (5 please delete as appropriate).

Total money enclosed £
PLEASE COMPLETE YOUR NAME AND ADDRESS IN
BLOCK CAPITALS

Name

Address

PLEASE INCLUDE POSTAL CODE AS APPROPRIATE

Date of order
Note that binders cost the same for UK and overseas;
overseas orders will be send by surface mail.

............. goi mm En un on gm gm am amp-
This coupon is valid until 30th September 1985 This coupon is valid until 30th September 1985

Bacccnumber Order Form I Photocopy Order
To: ETI Backnumbers Department, Infonet Ltd, I To: ETI Photocopies Department,
Times House, 179 The Marlowes, Hemel Hempstead, 1 London W1 R 3AB.
Herts HP1 1BB.
Please supply me with the following backnumber(s) of ETI

I Month Year

Month Year

Month Year

I enclose cheques/Postal Orders/International Money
Order* to the value of £1.60 per magazine ordered,
made out to ASP Ltd (5 delete as appropriate). 1

Total money enclosed £
PLEASE COMPLETE YOUR NAME AND ADDRESS IN
BLOCK CAPITALS

Name

Address

PLEASE INCLUDE POSTAL CODE AS APPROPRIATE
Date of order
Note that the cost is the same for orders from overseas as
for UK orders; overseas orders will be sent by surface mail. I
PLEASE NOTETHAT BACKNUMBERSARE HELD FORONE
YEAR ONLY AND SOME ARE NOW OUT OF STOCK.

This coupon is valid until 30th- September 1985

1 Golden Square,

Please supply me with the following photocopies:
Month Year Article

Page No

Month Year Article

Page No

Tick box if you require INDEX (cost £1.50) 0
I enclose cheque*/Postal Order5/International Money
Order* to the value of £1.50 per photocopy ordered, made
out to ASP Ltd (5 delete as appropriate).

Total money enclosed £
PLEASE COMPLETE YOUR NAME AND ADDRESS IN
BLOCK CAPITALS

Name

Address

PLEASE INCLUDE POSTAL CODE AS APPROPRIATE
Date of order
Note that the cost is the same for overseas orders as for UK
orders; overseas orders will be sent by surface mail.
PLEASE REMEMBER TO INCLUDE MONTH AND YEAR
WHEN ORDERING.

This coupon is valid until 30th September 1985



FOIL PATTERNS

0

0

The foil pattern for the direct injection box board.

0 0 GEN=0------41MIMM
MEM
1=11111I
IN=I=
IMMO

0'

CD
GS OD MIMI
CB MP 11=IIII
11311 MDO oalli
CB CS 0 0MOM

IIMif
4; o 00 - OEM

MI

Cr"---.
O

a.1.-

IIMIIIMII

The top and bottom foils for the SpectROM board.
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This practice amp was designed for
use with a portable keyboard, but
could equally be used with an elec-
tric guitar or other instrument. It
consists of two parts: the amplifier
which uses the ubiquitous LM380
audio amp IC and a metronome
whose volume can be adjusted from
zero and whose beat rate can be
adjusted from 40 to 108 per minute
- which happens to be the normal

TECH TI PS
Audio Attenuator
D. R. Coomber
G8UYZ
Staffordshire

Noise -free attenuation of audio
signals may be accomplished by the
use of a simple rotary switch and an
MC3340P electronic attenuator
chip. The chip uses supplies from 9
to 10 Vdc, with input levels up to
500 mV, and output level above 2
VI!. Values of resistance will depend
a great deal upon input and output
levels and supply voltage. As will be
seen, the suggested steps require a
24 pole switch. Values of step resis-
tance should be in the range of 4k to
33k ohms, which will give from
-90dB to +13dB gain, so few
presets will enable the constructor
to arrange the step levels to those
used in broad -casting.

Practice Amp and Metronome
J.C. Barker range of a clockwork metronome. A

555 timer is used in the astableLeeds mode, its output being shaped by
C7, R6, D3 and R7. A suitable power
supply is shown, built-in.

A third part of the circuit can be
added before C6. This is a pre -amp
which can be used if the output from
your instrument is unable to fully
drive the LM380. The components
are C4, R3, R4, R5, RV2, C5 and Q1
and these can be left out if the pre -
am p facility is not required. RV2 sets
the required pre -amp level and
should be a preset.

In use the amp can be simply
adjusted for volume by setting RV3
with the metronome volume con-
trol (RV4) turned right down. Musi-
cal novices - most electronics
hobbyists - or even experienced
performers rehearsing can bring in
the metronome by turning RV4 up.
The LM380 used here (is the 14 -pin
version, with an output power of
around 2W. A low impedance
headphone could be plugged into
the jack socket for personal
practice.

T1 DI
909V

SW/

E 0

!A.; D2

Cl
2200u

16V
R2
1k0

RV1
500k
L IN

Al
100k

6

PRE -AMPIN CH I
CO

220n

171 8

IC 1

R4
470k

R3
47k

R5 C6
47k 220n

0
AMP IN

II

C7 Rg
47n 150k

C2 +
2u2 C3
50V T 100nT

5

IP

RV2
3k9

RV3
47k

LOG

D3

T16V

R7
151

as

r.

RV4
47k
LOG

14

IC2

R

56k 16V T

C9
47u
18V

NOTE
IC1 555
IC2 M380
01 - BC109
D1,2 1N4001
D3= 1N4148

10,11,12
+C11
470u

R10 16V
2R7

C10
100n

JACK

LS
8R
2W
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Sensitive
Continuity Tester
M. J. Punnett
Swanky

This design is fairly simple using
only four ICs, and could be built by
an inexperienced constructor. The
only possible difficulty lies in the
calibration process, which requires
a reasonable multimeter and a
little patience.

For calibration, a voltmeter must
be connected across the points
marked on the circuit diagram and
RV1 adjusted fora reading of 70mV.
Known resistances should then be
connected between the probes and
RV2 adjusted for correct sensitivity
on the HIGH thresholds range. In
theory, the LOW range thresholds
are given by R6/R5 multiplied by
the HIGH thresholds. The specifica-
tion requires the device to respond
to 1K but not 3K on HIGH and to
respond to ORS but not 1 R5 on
LOW. These specified values
should be used in the calibration
process. With a little care the thres-

hold on HIGH can be set to within a
couple of hundred ohms. Multiturn
pots are recommended for RV1
and RV2.

The circuit action is simple. D1,
D2 and the associated resistors and
pots form a source of two stable
reference voltages - one positive
(set by RV1) and one positive or
negative (set by RV2). IC1 is used as
a voltage follower, to keep a poten-
tial of 70mV at the testing point
marked on the diagram). The selec-

ted HIGH or LOW resistor (R5 or

R6) and the resistance between the
probes act as a potential divider and
IC2 as a comparator, comparing the
probe voltage to the second refer-
ence voltage. There is no need to
offset -null this device, as RV2 allows
enough adjustment for it to be com-
pensated for on the input. Since the
test voltage is only 70mV, no semi-
conductor junction (not even ger-
manium detector diodes) will be
biased into conduction and no
damage can be caused to delicate
ICs.

iN

COTA

C2

41

1-

CI
22..

C2
220n

COME

IN

111/1

001

113
to.

NOTE
ICI  71106
C2  71106
IC3 4  711
01  SC1111
012.3  1104111

.t,,

1601 70,(a.,.
3 16144

Os
470

1.0

PROSES

OUT

N T H L Y
The NewcomerS Magazine for Electronic Projects

You can subscribe to Electronics Monthly
by sending the form to:

Electronics Monthly (subscriptions),
Infonet Ltd.,
Times House,
179 The Marlowes,
Hemel Hempstead,
HP1 1BB. Tel: (0442) 48432.

Please start my subscription with the

issue.

Subscription Rates (tick as appropriate)
£15.30 for 12 issues UK
£17.30 for 12 issues overseas
(accelerated surface)
£23.00 for 12 issues USA
(accelerated surface)
£42.30 for 12 issues airmail 0

I em enclosing my (delete es necessary)
Chedue/Postel Order/Intemetionel Money

Order for ..... . . .

(made payable to ASP Ltd)
OR

Debit my Access/Bercleycerd
(*delete as necessary)

Insert card no.

116  .4,tos T1T

11 -:?111_

Please use BLOCK CAPITALS and include post codes.

NAME (Mr/Mrs/Miss)
joist. occotOrptv

ADDRESS

POSTCODE

Signature

Date
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REVIEWS

AN INTRODUCTION TO
MICROPROCESSORS
Thorn EMI Home Electronics, Macmillan Education,
Houndmills, Basingstoke, Hants RG21 2XS. price:
f5.95

MICROELECTRONICS AND
MICROPROCESSOR BASED SYSTEMS
Noel M. Morris, Macmillan Education, Houndmills,
Basingstoke, Hants RG21 2XS. price : f8.95.

Two books on microprocessors
have come my way this month.
The first, and cheapest, is 'An
Introduction To Microp-
rocessors' which, despite the
general title, deals exclusively
with the 6502. The second,
'Microelectronic and Microp-
rocessor Based Systems' is
based on the 8085.

Both books cover the usual
ground. There is the obligatory
introduction to binary
arithmetic, without which no

book could ever be considered
complete, although in the 6502
book it is tucked away in an
appendix. There are diagrams of
the internal architecture of the
respective microprocessors,
details of control signals and
bus lines and such like, a pinch
of software, a fairly large
measure of D -to -A and A -to -D
conversion, some odds and
ends about interfacing, and
there you have it.

For some reason, no book on

microprocessors ever gets
published without an explana-
tion of how to light up a single
seven -segment display (we've
come a long way since the 555
and an LED) and both books
cover this essential information
in great detail.

* * *
Both books are similar in quality
and presentation. The dif-
ference is in quantity - the
8085 book goes into greater
detail and covers more ground
than the other.

For the beginner who knows
the basics of electronics and
logic but nothing at all about
computers, I would not be
inclined to recommend them. It
would be like being lost in the
desert with a map which details
each grain of sand but doesn't
actually say where the edge of
the desert might be, or where it
is in relation to the rest of the
world.

For the reader who has some
experience with micropro-
cessors, perhaps to the extent
of writing machine code pro-
grams for a home computer or
building a magazine project
incorporating a microprocessor,

they may well be useful. There
comes a point in expermenting
when the ideas that have been
formed need to be sharpened
up and extended. Either book
would help here.

* * *
My general reservation about

books of this type is that they
tend to make heavy going of
what are essentially very simple
ideas . If a book is based on a
particular microprocessor, it
automatically takes on board all
the baggage that goes with the
chosen device -the detail that
makes it versatile and con-
venient to use in 'real life'. The
book then falls between two
stools: on the one hand the
morass of detail obscures the
point the author is trying to
make, on the other hand the
information is not complete
enough to apply to a practical
design.

Nevertherless, there is a good
deal of solid and useful infor-
mation in both of these books,
and as long as you are not a raw
beginner or a professional
engineer, you'll find plenty to
interest you.

Paul Chappell

OPEN
CHANNEL

One of the major problems with
writing a column for a monthly
journal such as as ETI is that
press schedules and deadlines
are such that the copy - the
words I write, to the uninitiated
- have to be on the editor's
desk some seven or eight weeks
before you, the reader, see the
magazine on the news-stands.
This means that anything writ-
ten may well be out of date
before publication occurs.
Nowhere is this state of affairs
more prevalent than in the
world of electronics, where
decisions taken by individuals,
organisations or governments,
can have extremely rapid and
fundamental consequences.

In The Air Again?

As I write, the news has just
broken that the direct broadcast
by satellite (DBS) venture ,
which I have paid so much
interest to over the last few
months, has finally collapsed ,

with all sides in the negotiations
firing broadsides at each other,
and blaming all other parties for
what was really a shambles of a
situation.

To sum up, there have

62

traditionally been two interes-
ted parties in the affair the Club
of 21, which is (was?) the
operating consortium of com-
panies wishing to take part in
the broadcasting venture; and
Unisat, the organisation consist-
ing of satellite manufacturers
and and operators who were to
lease the necessary satellites for
the job. The whole affair was
originally set-up in this par-
ticular way by the Government,
which is officially disinterested
in how DBS is run, as long as it is
on a commercial basis.

* * *
If you've followed this

column over the preceding
months' editions of ETI, you will
have noted from my scepticism
how badly I thought this situa-
tion has been handled. For a
start, the officially disinterested
Government appears to have
been doing a certain amount of
behind -the scenes wheeling
and dealing to keep the Club of
21 from changing satellite
suppliers. Second, Unisat seems
to have priced the rent of their
satellites abnormally high
(although this changed over the
last few weeks when the price
was lowered significantly to pre -
vent the club of 21 from pulling
out altogether).

Technically, there is no pro-
blem which could not be over-

come by the organisations
involved. At root, the high cost
of setting -up and running DBS
along the lines laid down has
proved too expensive by far.
The Club of 21 could not be
expected to provide a service
which was so expensive that no-
one would use it - such a
service is no service at all - and
yet that is what everyone
seemed to be expecting of it.
And so the game reached a
stalemate only days ago, with
the club of 21 saying that
enough is enough, bringing to an
end the matter of DBS, in one
form at least

So now we have to make two
decisions (and when I say 'we', I
really mean the Government):
whether or not Joe (or Jo) Public
actually does want DBS, and
whether or not it is necessary. If
DBS is wanted by the popula-
tion, then the price which it is
prepared to pay for it presents a
problem which must be
resolved. It could be argued
that the Club of 21 has already
found that out If DBS is
deemed to be a necessary step
forward then the government
must take up the gauntlet and
pay for it - perhaps outright -
with the taxpayers' money.
Rumour has it that certain
pawns in the government's
game are now frantically run-
ning around trying to get the
Club of 21 to reconsider, by

offering financial inducements
and concessions. These are too
little and too late.

The French Government's
attitude to DBS gives us the
classic example of what I'm
suggesting our Government
ought to be thinking about In a
heavily subsidised deal (the
Government has a one-third
stake in the organising body,
and is giving cash hand-outs left,
right and centre to concerned
electronics organisations),
French DBS is scheduled to
come on -air by the end of 1986
with a wide range of pro-
grammes, all paid for by
advertisingg.

If we really do need DBS at all
(something which I, for one, am
not sure about), then let's cut
the cackle and do it! If we don't,
then let's forget all about it and
concentrate on other matters.

* * *
Finally, if you read this

column to find that my news is
out of date and that further
developments on the DBS front
have occurred since my pen
met paper, please try and
remember the problems of the
troubled journalist with long
copy dates. I'll try and get it
right, next time, and not write
about such a volatile topic.

Keith Brindley
- -
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PLAYBACK

Another salvo has been fired in
the continuing war between the
British Phonographic Industry
and practically everyone else. In
their efforts to stamp out tape
copying, the BPI circularised
dealers, not too long ago, tryingto
warn them off selling twin cas-
sette recorders because they
could be used to duplicate copy-
right pre-recorded tapes. Manu-
facturer Amstrad, who makes a
model having a twice normal
speed copying facility, took them
to court in July to establish that
there was nothing unlawful in
selling such decks because of a
possible use. They further poin-
ted out that a warning concern-
ing illegal copying was included
in their instruction book

Unfortunately, Amstrad's gam-
bit backfired and the High Court
judge found in favour of the
defendants, ruling that Amstrad
had 'incited the procurement of
copyright infringement.' The BPI
is now asking for the withdrawal
of all twin cassette decks from the
shops, although they magnani-
mously have said that they will
not ask for machines already sold
to be returned!

By the same token, the police
should ask for the banning of all
private motor sales because
some vehicles will be used, in-
evitably, as get -away cars from
robberies. The sale of crowbars
should be stopped because they
are used for house -breaking. Or, a
closer analogy, the sale of photo-
copiers should be prohibited
because they are used exten-
sively at libraries and elsewhere
to reproduce copyright material
from books and magazines.

* * *
The BPI want to have their cake
and eat it. They are pressing the
government to impose a levy on
all cassette tapes sold to cover
the 'loss' from copying pre-
recorded tapes, yet they want to
ban the means of doing it. They
quote substantial loss figures, but
how do they arrive at them? How
can they possibly determine how
many sales are lost through this
means? Someone may buy a tape
for his home hi-fi, then copy it for
use in the car. If prevented from
doing so, would such purchasers
buy a duplicate tape, or would
they just take the original when
travelling?

If tapes are copied, where did
the originals come from? Some-
one had to buy them: Unlike
video piracy, in whcih films are
often 'borrowed' from cinemas,
there must be very few cases of
tapes stolen for the primary pur-

puse or copying, In tact, copying
may actually stimulate sales.

* * *
No one wants to deny artists the

just reward of their labours, but
when the life styles of most pop
stars are considered, and the
balance sheets of the recording
companies are taken into account,
there doesn't appear to be a great
deal of actual deprivation.

Imposing a tape levy would
shift the injustice from those able
to bear it on to the shoulders of
those who are not music students,
amateur musical groups, drama-
tic societies, reading classes,
language students, nature recor-
dists, blind talking books and
magazine compilers, to say noth-
ing of ordinary folk who use blank
tapes for a variety of quite legal
purposes.

Authors have been subject to a
similar injustice for years by hav-
ingtheir books loaned bylibraries
by the thousands of issues with-
out any recompense. Now they
have been given a desultory sum
of less than a penny a loan by the
government With the modern
way of life, some injustices are
inevitable. Activities of organisa-
tions like the BPI would add to

than otherwise.
Vwian Capel

TRAINS OF
THOUGHT

The most obvious application of
electronics in railway modelling
- indeed, in any other form of
modelling - is the control of DC
motors. The rheostat -type con-
trollers still available from some
suppliers are, to say the least,
crude devices; they starve the
motor of current just when its
demand is greatest as it starts
from rest, causing trains to move
with all the gentleness of a bullet
from a rifle.

Two electronic techniques vie
for the attention of the modeller,
each with its own peculiar advan-
tages and disadvantages.

Pulse Racing
Pulse width modulation (PWM)

regulates motor speed by chop-
per action. During pulses the
motor is free to draw all the cur-
rent it needs to overcome inertia
and get the load moving. Con-
trollers can generate their own
pulses, using a 555 set up as a
multivibrator, for instance, or -
my favourite technique - using
the rectified mains as a source of
pulses. In this latter case, the nulls

Please
mention
E.T.I.

when replying
to all

adverts

NEWRAD INSTRUMENT CASES LTD
Menufactvrers for the Electronics Industry

UNIT 19  WICK INDUSTRIAL ESTATE  GORE ROAD
NEW MILTON  HANTS 111125 611J

Telephone: NEW MILTON 611295

WE MANUFACTURE BEAUTIFUL ENCLOSURES
At prices you will find difficult to beat.

Alloy boxes from Shp to rack mounted units from £15 and a host of ranges and sizes in
between. Well made - well finished - and all British.

Send large SAE for catalogue which includes El in vourchers.

could trigger a 555 set up as a vari-
able interval timer.

The advantages of PWM are
excellent starting and low -speed
running and the avoidance of
heat sinking on the output device.
It is also comparatively easy to set
up a circuit which will monitor the
motor EMF (the back EMF)
between pulses to give a direct -
reading speedometer capable of
servicing a speed -locking feed-
back loop. The disadvantages are
motor noise and, worse still, motor
heating, The latter is most prob-
lematic at sustained low speeds
orwhen the motor is in a confined
space, for example, in N -gauge
model locomotives.

Going Loopy

The alternative to PWM is a
simple closed -loop, (voltage -
follower) system. At its simplest,
this need consist of no more than
a Darlington in emitter -follower
configuration with its input from a
pot across the supply. The supply
may be smoothed or unsmoothed.
More complex designs use the
741 or similar op -amps to com-
pare the motor EMF with the
setting of the speed control.
IR Compensation can be pro-

vided by monitoring the motor
current and incrementing the
input voltage proportionately -
this has the effect of speed
locking.

The advantages are the total
absence of motor noise and heat-
ing the disadvantages are the
need for substantial heat sinking
on the output device and the lack
of smoothness when starting as
compared to a PWM circuit of
similar sophistication.

Two -in -one

The two techniques are by no
means mutually exclusive. The
author's 'PWAyMan' controller
combined the best features of
both techniques. The speed con-
trol directly set the output pulse
height, while pulse width was
controlled by a comparator mon-
itoring both speed control and
motor EMF (between power
pulses). At low speeds, pulse vol-
tage was low eliminating both
motor noise and heating while
the feedback system kept trains
rock steady over the most tor-
turous of curves and gradients. A
direct reading speedometer was
also provided.

Roger Amos
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ETESON ELECTRONICS
15B Lovor Green,

Poulton-la-Fylda. Blackpool
Tel: 10253) 886107

Coen 9 30a,r, 12 30 1 30.530 Closed Wed Er Sun
Electronic Component Specialists

WHY NOT
ADVERTISE

IN ELECTROMART?

MERSEYSIDE

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982

47 Whitechapel, Tel 051 236 5489
Liverpool 2

THE ELECTRONICS SPECIALISTS'

Open: Tues Sat 9 30-5.30

COMPUTER
ADD-ONS

EXTERNAL VIDEO BOARD for
the CORTEX and other
computers using the TMS9929
V.D.P. Fully synchronises the
computer to a video fed from
camera or V.T.R. Produces a
combined picture at the outputs.
Unpopulated P.C.B. circutis and
details - £30.00. Fully built
£100.00. Tim Gray, 1, Larkspur
Drive, Featherstone, Wolver-
hampton, West Mids. WV10 7TN.

*** TANGERINE OWNERS 
6809 CPU board, Flex O/S, 14K
RAM card overlay Tanex, 32K -
RAM -EPROM -BATTERY BACKED
BOARD address switchable page
selectable all available from
STOCK also all the hard to get
Tangerine chips in stock, loads of
FLEX programmes, power sup-
plies, Access/Barclaycard, s.a.e.
fordetails. Ralph Allen Engineer-
ing, Forncette-End, Norwich,
NR16 1HT. Tel: 095389 420.

COLOUR GRAPHICS MEMORY
ARDAY. Professionally designed,
fully buffered, on -board shifts
registers 4/8 planes 64K x 16/8
bits (4146). Unpopulated PCB +
App. Circuits £125.00. SAE 65
Northgate St., Colchester, Essex
CO1 1EY.
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MICROCOMPUTER
REPAIRS

ZX SPECTRUM. Vic20, C64, BBC,
OL 15 40/41, Commodore com-
puters, printers and floppy discs.
Send faulty machine to: Trident
Enterprises Ltd., 37 Linden
House, Common Road, Langley,
Slough, Berks. Tel: (0753) 48785.

WANTED

TURN YOUR SURPLUS tran-
sistors, IC's etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. Immediate
settlement.

APPOINTMENTS

DUDLEY HEALTH AUTHORITY

MEDICAL PHYSICS
TECHNICIAN III

To maintain Electronic. Bin medial and Audio
Equipment. working in close co-operation wrth
Medical and Engineering staff
Applicants must possess ONC in Electronics and
have 3 years experience in the held
JOB DESCRIPTION AND APPLICATION FORM
AVAILABLE FROM DISTRICT ENGINEER.
DUDLEY HEALTH AUTHORITY. FALCON HOUSE,
THE MINORIES. DUDLEY. DY2 8PG OR TELE-
PHONE MR R DRURY. SENIOR ENGINEER,
DUD! FY 5691text 235
Closing dole 31 NI July, 1985

request)

01-437 0699 Ext 323

Send your requirements to:
Caroline Faulkner
ASP Ltd.,
1 Golden Square,
London W1.

EQUIPMENT

VRIPMATE°
Ne-- ELECTRONIC ENGINEERS NEED

'EXTRA HANDS' FOR
SOLDERING GLUEING
AND ASSEMBLING
This essential compact tool comes
complete with 4 crocclip flexiarms
to hold components positively and
rapidly with infinite positioning
ONLY Sr USEFUL ACCESSORIES

VP4t eiALL PRICES INCLUDE VAT- POST  PKG
MAGNET FLEX! -ARM C1.50
48,,,,, 2.5. MAGNIFIER FLEXI-ARM £2.50

SEND NOW! CHQ/PO OR SAE DETAILS DIRECT FROM THE MAKERS

KEMPLANT LTD (DEPT. 2)
TEL

04B 649 344

DURFOLD WOOD. PLAISTOW. BILLINGSHURST WEST SUSSEX RH14 OPN

EPROM COPIER - STAND ALONE
2716-27128 £175.00

TELEPHONE CONVERSATION
RECORDER E75.00

2 LINES INTO 1 ANSWERING
MACHINE
Switching Unit £30.00

From LK.F. Systems Ltd
St. Albans. Tel: 55084

USED TEST EQUIPMENT!!
ELAN 548 EDITING PROGRAMMER £4501
ELAN 540 EDITING PROGRAMMER £2501
GP 4000 GANG PROGRAMMER £2001
MSS ME10 ERASER (AS NEW) £501

ASS Electronics, fltonstoridge Mills,
Slonebridge Lane, Wortley,

Leeds L812 5NO
Tel: 0532432131

ESR
13a Station Road
Cullercoats - North Shields
Tyne & Wear - NE30 4P0

Telephone 091 2514363

TRANSISTORS - RESISTORS - CAPACITORS -
DIODES - LED'S - SCR'S - ICS - VOLTAGE
REGULATORS - DISPLAYS - AUDIO & EDGE
CONNECTORS - VERO/PCB'S - INSTRUMENT
CASES & BOXES - POWER AMPLIFIERS &
MODULES - MICROPHONES & STANDS.

WRITE OR PHONE FOR FREE PRICE LIST.

PLANS 'N DESIGN

AMAZING ELECTRONIC plans,
lasers, gas, ruby, light shows,
high voltage teslas, van de graph
surveillance devices, ultrasonics,
pyrotechnics, new solar
generator, 150 more projects,
catalogue. S.A.E. Plancentre,
Old String Works, Bye Street,
Led bury HR8 2AA.

BOOKS

PARAPHYSICS JOURNAL
(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer software. S.A.E.
4 x 9", Paralab, Downton,
Wiltshire.
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FOR SALE

100W AMPLIFIER - £9.95 built
or use the same board for 50W,
150W, 200W into 4 or 8 ohms,
etc., by using alternative output
transistors and P.S.U. S.A.E. for
full details to:- ESS Amplifica-
tion, 269 Hessle Road, Hull.

KIA RETURN AN AD. No. 22...
NEW variable automatic protec-
tion power supplies 12-40c/5A/
STAB ... return AD22+ £5.90 - 8,
Cunliffe Rd., Ilkly . . . Saletime,
1000 amplifiers - Giveaway
prices!!

PRIVATE SALE. Ten years ETI.
1974 - 1983 £5.00 per twelve plus
postage. Michael, 415 Blackstock
Road, Sheffield S14 1LB.

ETI BACKNUMBERS Jan '77 -

Jan '84. (84 issues) at £1.35 each
or £37 the lot. HOBBY ELEC-
TRONICS Oct '78 - Dec '83 (63
issues) £30 o.n.o. LEP P.O. Box
830, London W9 1QL.

TECTRONIX OSILLOSCOPES.
8 -trace 19 MHz Dual -Beam type
55 1 £235. 556 Dual -beam 4 -trace
50MHz Delay sweep £345. 54M
Dual trace 50MHz Delay sweep
display - switching £250. 585A
Dual -trace 85MHz Delay -sweep
£250. 502A Dual -beam 100 micro-
volts 1MHz £105. Philips type 3212
dual -beam 25MHz £335. Storage
oscilloscopes, spectrum analy-
sers, semi -conductor curve -
tracers, manuals, plug -ins, spares,
Nova -3 mini -computer. Other test
equipment. Ring 01-868-4221.

CLEARANCE BARGAIN!!
LED 7 SEGMENT DISPLAY. BRAND
NEW 14 PIN DIL RED .43 inch. COMMON
ANODE DISPLAY 0-9 WITH RIGHT AND
LEFT DECIMAL POINT.

9 pieces £1.50 (30p each)
10 pieces E2.50 (25p each)
50 pieces £10.00 (20p each)

100 pieces £15.00 (15p each)
1000 pieces £100.00 (10p each)

TELEPHONE YOUR ORDER TO
0296 613616

J. Linsley Hood Designs
P.P

Distortion Analyser Kn 025.00 Cl .D0
Millivoltmeter Krt C12.25 C0.75
C.30 end Panel for above C12.00 C1.00
ETI Moslem P A Kit £51.00 01.50
Audio Signal Gen

1.02.4> Klt C28.50 C1 50
Audio Signal Gen

(00240 Made £46 00 02.00
Fixed Freq. Sig/Gen

100240 C14.00 C0.50
Case for above 09.50 00.75
Reg P S U. 1.5/35 vOltS

horn 012.80 MOO
SAE Ion lull information

TEL!RADIO ELECTRONICS
125. Fore Street. London N9 OPE. Tek 107 3711

SHEETMETAL FOLDERS. 24" x
166" vice or bench model £50
leaflet 01-890-7838 day/eves.

 USED EPROMS 
ERASE

2708 50p
2716 60p
2732 £t.50
2532 £1 50

used 280 50p each
AB ELECTRONICS

241 Tong Rd., Leeds LS12
Tel: (0532) 632131

AS IS
30p
40p

Et 30
£1.30

COMPONENTS

IRISH
READERS

MAIL ORDER COMPONENTS
Top quality components

Great prices
Return -of -post service

Write or phone for free pr ce list
WAVEFORM ELECTRONICS

12 Effra Road, Rathrninea, Dublin 6.
Pbona(01) 0001 If England 987507

Mail order only please

HUNT ELECTRONICS 1985.
COMPONENTS CATALOGUE.
send 50p in stamps. Refunded
with first order, to P.O. 57, Derby,
DE6 6SN. Tel: (0283) 703071.

NI -CAD BATTERIES. AA, 500
MAH £1.00. C 1200 MAH £2.00. D,
1200 MAH £2.20. PP3 110 MAH
£4.80. P&P 40p. Free price list!
Spectrum Radio & Electronics, 36
Slater St., Liverpool L1 4BX. 051-
709-4628.

64K D RAM 150ns £2.95, from
unfinished project. Any quantity
50p P&P. T. Stiemerling, 38 Cow-
per Rd., Bristol BS6 6NZ. Tel: 744
824. Only after 6pm.

TRANSISTORS Special Offers.
No VAT to add. (P&P 50p on
orders under £20)AD161/AD162/
BD135/BD136/2N22 18A/2N3053/
2N5401 - all 30p each. BC114/
BC117/BF198 - all 15p each.
BC 107/BC 107B/BC108B/BC 149/
BC159/BC182/BC209/BC320/
BF195 - all 10p each - HUNT
ELECTRONICS, P.O. Box 57,
Derby DE6 6SN.

RESISTORS, CAPACITORS.
1,000 mixed carbon film 1/2W, 1,4W,
1/2W, 2%, 5%, 10% resistors £2.95
+ 50p P&P. SAE for details to: D.J.
Hooker, Romney Marsh, Elec-
tronics, Clark Road, Greatstone,
New Romney, Kent TN28 8PB.

TRANSISTORS
Guaranteed top -spec devices

BC107. ht.> 125. Ic0.1A, 50pc £7
BC109. hfe> 240, Ic0.1A, 50pc £9

BC184C. hte>450. Ic0.2A, 50pc £6
For 100+ pc deduct 15%

All orders add 40p PAP + 15% VAT
Connexion Services, P.O. Bei 1

Paths, Leicester LEG OXU

SECURITY
Alarm Systems

FREE COMPREHENSIVE CATALOGUE,

 LOWEST DISCOUNT PRICES
 HIGHEST QUALITY EQUIPMENT
 FREE DIY DESIGN GUIDE
 FULLY ILLUSTRATED
 MICROCHIP CIRCUi TRY
QUICK DESPATCH SERVICE
 FULL INSTRUCTIONS

SEND SAE OR PH DNE
CTE Pt El.
Stephens Way. Goose Green.
Wigan WN3 6PH
Tele, hone (0942 42444)

KITS

ELECTRONIC ORGAN K EY-
BOARDS and other parts being
cleared out as special offer.
Elvins Electronic Musical
Instruments, 40A Dalston Lane,
London E8. 01-986 8455.

MINIATURE FM TRANSMIT-
TERS. Frequency 60-145 MHz,
range 1/2 mile S.G.F. - P.C.B. All
components. Full instructiors 9-
12v operation, broadcast recep-
tion. Super sensitive microphone.
Pick-up on FM radio. £6.95 irc; or
ready built £8.95: Same day des-
patch - Zenith Electronics, 21
Station Rd., Industrial Estate,
Hailsham, E. Sussex BN27 2EW.

PRINTED CIRCUIT BOARDS
AND PLANS TO BUILD: Head-
light activated switches, timers,
metronomes. sirens etc. Two
ready drilled boards £2.85 p&p
50p Send to: Chataignes Product,
Green Lane. Great Horkesley,
Colchester. Essex, CO6 4H0.

MINIATURE TRANSMITTER,
transmits all voices and sounds to
any VHF/FM radio up to 5 miles
away, size 2in x I/2in, tunab e 70-
150 MHz complete kit, including
sensitive microphone, £4.95 send
cash/cneque/PO: Tectroniks, 22
Lambardes N.A.G., Nr. Dartford,
Kent DA3 8HX. Mail order cnly.

PRINTED CIRCUIT BOARDS
one -offs and small quantities
supplied. Artwork carried out.
Fennel Industrial Electron cs, 54
Watling Street, Nuneaton, Warks
CV11 6JL. Tel: 0203 382296.

NEED A TWO OCTAVE keyboard
for your synth project? Sorcerer
etc. We have them. Brand new C -C
£7.00. W.E.M. Unit 119, 62 Tritton
Road, London SE21. 01-761
6568.

SERVICES

PCB DESIGN & LAYOUT.
Taped artworks to your
specifications and requirements.
TRAX Limited, 497 Hitchin Road,
Luton, Beds.

FREE PROTOTYPE of the
finest quality with every P.C.B.
artwork designed by us. Com-
petitive hourly rates, and high
standard of work. Halstead
Designs Limited. Tel: halstead
;0787) 477408.

ETI. VCDO authentic musical in-
struments in EPROM £9.95. 0.
Lucas, 45 Fotherby Ct., Maiden-
head, Berks SL6 1SU.

LOWEST PRICED TOP QUALITY
fire and Intruder alarm equip-
ment, etc. S.A.E. for catalogue.
Security Services, 162 High St.,
Hythe, Kent CT21 5JR.

POWER SUPPLIES

CLAIRTRONIC 3 -Pin Plug AC
Power Units. 240/12V at 400 mA
rms. 2 -Metre Jack Lead. In-built
Thermal Fuse. Price £3.65. P&P &
VAT included. CLAIRTRONIC
LTD, Churchfield Road, Chalfont
St. Peter, Bucks. SL9 9EP.

ADAPTORS

TELETEXT (Ceefax/Oracle) ex-
ternal adaptors fit any television
free cordless remote control.
£159.95 inc. VAT and delivery.
Access/Visa. Nufax Ltd., Free-
post, Bristol BS6 7YZ. Tel: Bristol
(0272) 744500.

MISCELLANEOUS

HEATHKIT U.K. Spares and ser-
vice centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewksbury, Glous. Tel: 0684
73127.

ALARMS

FREE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440
AD ELECTRONICS

AINTREE, LIVERPOOL L9 OHU 5111/
21 7 WARBRECK MOOR

D
E
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BOOKS & PUBS.

THE ART OF MICRO DESIGN
by A A Berk £14.95
PRACTICAL DESIGN OF
DIGITAL CIRCUITS
by Ian Kampel £11.50
INTERACING TO MICRO'S
AND MICROCOMPUTERS
by Owen Bishop £6.75
PRACTICAL ELECTRONICS
HANDBOOK
by Ian Sinclair £6.75
FOUNDATIONS OF
WIRELESS AND
ELECTRONICS 10th Edition
by M. G. Scroggie £9.95

 PRICES INCLUDE P&P 
Many more titles available
SAE for illustrated catalogue and
FREE MEMBERSHIP of our
EXCHANGE BOOK CLUB

JAMES ELECTRONICS (ETI)
PO Box 2, Rothwell, Leeds LS26 OUY

WHO NEEDS A LOGIC
ANALYSER? Illustrated guide
shows you how to decode microp-
rocesses Buff signals using a stan-
dard oscilloscope. Price £4.99 4
40p P&P. Crossed cheques/P.O.'s
to:- Mr M Rimmer 20, Duddle Lane.
Walton -le -Dale, Preston. Lancs
PR5 4UD.

REPAIRS

POWER SUPPLY REPAIRS. We
offer a fast repair service on most
makers of DC power units in the
range of 1 amp to 30 amps. Crow
bars etc, also fitted. Full details
ring: 0536 743 496.

EQUIPMENT

Flanger/Chorus parts
re E.T.I. Jan 84

Reoerb Springs. Pedal Gases. Dummy Key
boards. Microphones. Audio leads and adaptors.
clearance bass effects pedal and many more
items
Send S A E. for free price he to -

SOLAR SOUND LTD
Is Berton way
Gros ley Green
RIcemansworth
Nests WD3 30A

TEST EQUIP.

TOP PRICES PAID
tor surplus electronic test

equipment
ALWAYS a good selection of

SIG-GENS, METERS, and
SCOPES for sale.

Phone 0920-871430

COURSES

CONQUER THE CHIP ...Master
modern electronis the PRACTI-
CAL way by SEEING and DOING
in your own home. Write for your
free colour brochure, now to:
British National Radio & Elec-
tronics School. P.O. Box 7,
Teignmouth, Devon TQ14 OHS.

SERVICES

DESIGN SERVICES, micro-
processor, special interfaces,
analogue, digital, signalling,
alarm systems, PCB design and
artwork. Prototype and small
batch production. ALAB ELEC-
TRONICS. Grantham (0476)
860089.

SPECIAL OFFERS

FREE!! Electronic components
plus catalogue send £1.00 to cover
p&p. E.C.P.S, 7 HARE HILL CRES-
CENT, WINGERWORTH, CHES-
TERFIELD, S42 6SS.

WIRES 'N CABLES

THE SCIENTIFIC
WIRE COMPANY

Ill 1 Forest Road, London E17
01-53.11111

ENAMALLED COPPER WIRE
SWG 1Ib 8oz 4oz 2oz
8-34 3.63 2.09 110 88p
35.39 3.82 2 30 1.26 93p
42.43 5.20 2.91 2.25 1.60
44.47 8.56 5 80 3.49 2.75

48 1596 9.58 6.38 3.69
SILVER-PLATED COPPER WIRE

14.30 9.09 5.20 2.93 1.97
TINNED COPPER WIRE

14 30 3.97 2.41 1 39 0.94
Prices Include P&P and VAT Orders under
f2 add 20p Dealer inquiries welcome

SERVICES

JBA ELECTRONICS
Specialists in manufacture and
design of:
Microprocessor. Telemetry, and
Audio -based systems.

UNIT 1,
BRECON INDUSTRIAL ESTATE,

BRECON. POWYS, S. WALES
Tel: (0874) 5844

ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT ORDER FORM

If you have something to sell now's your chance! Don't turn the page - turn to us!
Rates of charge: 40p per word per issue + 15% VAT (minimum of 15 words).

and post to Electronics Today International, Classified Dept., 1 Golden Square, London W1.
Please place my advert in Electronics Today International for issues commencing as soon as possible.

or debit my Access/Barclaycard
(delete as necessary)

I -

Classified advertisements under El 0 must be paid for in advance

Please use BLOCK CAPITALS and include post codes
Classification
Name (Mr/Mrs/Miss/Ms)
Addreesa °°°" rpfyt

Signature Date
Daytime Tel. No.

I am enclosing my Cheque/Postal Order/International Money
Order for (delete as necessary) £.... (Made payable to A.S.P. Ltd)

Que
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electronics today international

OK SERVICE
How to order: indicate the books required by ticking the boxes and send this page, together with your payment to: ETI Book Service,

Technical Book Service, Oak House, Cannon Hill Way. Maidenhead SL6 2EY. Make cheques payable to Technical Book Service. Payment
in sterling only please. All prices include P & P. Prices may be subject to change without notice.

BEGINNERS GUIDE

Beginner's Guide to Basic Programming
Stephenson
Beginner's Guide to Digital Electronics
Beginner's Guide to Electronics
Beginner's Guide to Integrated Circuits
Beginner's Guide to Computers
Beginner's Guide to Microprocessors
Beginners Guide to Microcomputing

£5.85

£5.85
£5.85
£5.85
£5.85
£5.85
£5.85

COOKBOOKS

L Microprocessor Cookbook M. Hordeski
 IC Op Amp Cookbook Jung
 Active Filter Cookbook Lancaster
 TV Typewriter Cookbook Lancaster
 CMOS Cookbook Lancaster
 TTL Cookbook Lancaster
7 Micro Cookbook Vol.1 Lancaster

MC 6809 Cookbook

£10.65
£15.50
C14.95
£12.50
£13.95
£12.95
£15.30

£7.25

ELECTRONICS

Electronic Devices & Circuit Theory Boylestad
Principles of Electronic Instrumentation De Sa
Giant Handbook of Computer Software
Giant Handbook of Electronic Circuits
Giant Handbook of Electronic Projects
Electronic Logic Circuits Gibson
Analysis and Design of Analogue Integrated
Circuits
Basic Electronics Li.,
Lasers. The Light Fantastic
Introduction to Digital Electronics & Logic Joynson
Electronic Testing and Fault Diagnosis Loveday
Electronic Fault Diagnosis Loveday
Essential Electronics A -Z Guide Loveday
Microelectronics Digital & Analogue circuits and sys-
tems
Power FETs and their application Oxner
Electronic Drafting and Design Raskhodoff
Electronic Fault Diagnosis Sinclair
Digital Systems: Principles and Applications Tocci
Master Handbook of Telephones Traister
Gowar J. Optical Communications Systems
Graf Encyclopedia of Electronic Circuits
Horowitz/Hill The Art of Electronics
Senior J. Optical Fibre Communications:
Principles & Practice
Tomel Principles and Practice of Electrical and
Electronic Troubleshooting
Wilson/Hawkes Optoelectronics: An introduction

£15.95
£11.45
£12.95
£22.95
£13.60

£6.45
£42.50

£13.00
£10.90

£6.25
£7.85
£6.25
£7.50

£12.25

£41.00
£26.65

£4.50
£14.95
£12.50
£17.95
£30.45
£19.50

£14.45

£15.70
£15.70

COMPUTERS & MICROCOMPUTERS

From BASIC to PASCAL Anderson
Microprocessor Interfacing Carr

C Microcomputer Interfacing Handbook A/D & D/A
Carr

 Troubleshooting Microprocessors and Digital Logic
Goodman

 How to Design. Build and Program your own working
Computer System Havilland

 Microcomputer Builders' Bible Johnson
Digital Circuits and Microcomputers Johnson

 PASCAL for Students Kemp
 The C Programming Language Kernighan
 Theory and Practice of Microprocessors Nicholas
 Microprocessor Circuitss Vol.1. Fundamentals and

Microcontrollers hell
 Microprocessor Applications Handbook Stout
 Handbook of Microprocessor Design and

Applications
 Programming the PET/CBM West
 The Art of Microdesign Berk A A
 Starting FORTH Brodie
 Thinking FORTH Brodie
 SCR Manual 6th Edition General Electric.
 Videodisc and Optical Memory Systems Isailovic
7 A Practical Introduction to New Logic Symbols

Kampel

£11.30
£8.S0

£12.80

£12.80

£13.90

£14.75
£16.95

£6.95
£24.45
£11.45

£9.80

0

Computer Techr.iques Handbook Margolis
Build your own Expert System Naylor
Interactive Video Parsloe
Programming with D Base III Progue
Artificial Intelligence Shirai/Tsujii
Superfine Programming In C Stewart W.
The Big Red Book of C Sullivan
VLSI Technology SZE
A Lser Guide to the UNIX System Thomas
Going from BASIC to C Traister
Introduction to Pascal Welsh/Elder
PASCAL 3rd Edition Find,ey/Watt

£17.70
£8.45

£12.45
£17.70
£12.00
£17.70

£8.50
£12.90
£21.45
£22.15
£11.45
£10.95

REFERENCE BOOKS

 Electronic Engineers' Handbook Fink
 Electronic Designers' Handbook Giacoletto
 Handbook for Electronic Engineering Technicians

Kauffman
 Handbook of Electronic Caculations K ,ff
 Modern Electronic Circuit Reference Manual

Marcus
C Handbook of Microcircuit Design & Applications

Stout & Kaufman

C
C

nternational Transistor Selector 1: owers
nternational Microprocessor Selector Towers
nternational MOS Power and other FET Selector
nternational Digital IC Selector Towers
nternational Op Amp Linear IC Selector Towers
Ilustrated Dictionary of El actronics Turner

£66.60
£77.75
£40.50

£42.25
£57.45

£49.95

£14.50
£16.00
£10.95
£10.95

£9.50
£19.75

VIDEO

 Servicing Home Video Cassette Recorders Hobbs
C Complete Handbook of Videocassette Recorders

Kybett
C Theory and Servicing of Videocassette Recorders

McGinty
 Beginner's Guide to Video Matthewson
 Video Recording: Theory and Practice Robinson
 Video Handbook Van Wezel
 Video Technique White
 Grob Basic Television and Video Systems

£19.05
£10.50

£15.45

£5.85
£16.00
£24.00
£16.25
£14.95

ELECTRONIC DATA BOOKS
 THT 83/84 Data dictionary and comparison table
 TVT A -Z Transistor equivalent book
C TVT 2N Transistor equivalent book
 DAT 1 Part 1 of co -npendiJm covering transistors A -

BUY
 DAT 2 Part 2 covering C -Z transistors
 DAT 3 Part 3 covering 2N21 -2N6735
 DAT 4 Part 4 covering 2SA.2SB,2SC,2SC,2SJ.

2SK.3N.3SJ.3SK.4000 LIN 1 Linear operational amplifiers data and com-
parison tables

 LIN 2 Linear voltage stabs izers. data and
comparison tables

 TTL TTL digital data and equivalent book
 DCV/1 Part 1 European diode data equivalent book
 DC V/2 Part 2 American and Japanese diode data and

equivalent book

£9.50
£5.00
£5.30
£8.40

£10.50
£9.30

£10.50

£6.50

£6.50

£7.80
£7.90
£7.90

I Please send me the books indicated. I enclose cheque/postal order for
Prices include postage and packing.

I wish to pay by Access/Barclaycard. Please debit my account.
£46.45 I £46.45

I

Signed
Name
Address

£13.00  ....... =I ..... OM I= IMP IM

£20.25
£15.45
£23.10
£19.95
£19.20
£42.55



More This Month
at Maplin
Colour -coded IDC cables

16-woy (X1280B) ONLY 32p per metre.
20 -way (XR81C) ONLY 40p per metre.
26 -way 1XR82D) ONLY 54p per metre.
34 -way (XR83E) ONLY 70p per metre.
40 -way (XR84F I ONLY 82p per metre: -
50 -way (XR85G) ONLY 99p per metre.

4 -way flat flexible telephone lead 1XR86T)
ONLY 18p per metre.

Stepper motor 48 steps/rev, 12V 0 13A per
phase, 4 -phase unipolar, 57g, working
torque 8mNm max. ONLY £9 951FT730

Driver chip for motor, SAA1027 ONLY £3 75
(0Y76H(

*SAVE* 1 Kit containing everything you need
motor, SAA1027, data sheet and passives
ONLY £13.35 ILK76H).

Sounds Terrific

Professional Quality
High Power Loudspeokers
featuring-
* Virtually indestructible high -temperature

voice -coil reinforced with gloss -fibre.
* 100% heat overload tolerance.
* Advanced technology magnet system
* Rigid cost alloy chassis
* Linen or Plastiflex elastomer surrounds
* 5 -year guarantee in addition to

statutory rights)
Prices from £18.95.

Send S A.E for our free leaflet XH62S

Top Ten Kits

THIS/LAST
MONTH DESCRIPTION CODE PRICE BOOK

1e631 £295 4:)

2 LW51F £1595 3es.E&mm

3 m LW781( £749 4 XAO4E

4 4 10/93B £1095 Best E&MM

5 m 1W83E £1095 4 XAO4E

6 * 84 47 L, I.W36P £4 95 Catologi,e

7  Logic Probe 11(13P £10 95 8 XA0.9.1

8 M Syniorn Drum Synth LW861 £1195 Best EMMA

9 I* Coinputodrum 1K52G £995 11 XA I 2N

10  tint Pen LKSIF £1095 12 XA12N

Over 100 other kits also available. All kits
supplied with instructions. The descriptions
above are necessarily short Please ensure you
know exactly what the kit is and what it
comprises before ordering, by checking the
appropriate Protect Book mentioned in the list
above

Is it a turtle?
Is it a robot ?
Is it a buggy ?
Yes ! it's Zero 2.

IN May be used by any computer with RS232 facility.
IN Stepper Motor controlled.
II Half millimetre/half degree resolution.
III Uses ordinary felt-tip pens.
MI Built-in 2 -tone horn, line -follower. LED indicators.

The Zero 2 Robot is the first truly micro robotic system available
and remarkably it costs less than £80. Complete kit (only
mechanical construction required) £79.951LK66W).
Full details of power supply and simple interfacing for BBC,
Commodore 64 and Spectrum, in Maplin Magazine 15
price 75p (XA15R).
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MAPLIN ELECTRONIC SUPPLIES LTD
Mail-order. P.O Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 552911
SHOPS
 BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-350-7292
 LONDON 159-161 King Street. Hammersmith, W6
Telephone) 01-748 0926.
 MANCHESTER 8 Oxford Rood, 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. Shoos closed all dov Monday.

More Choice In
Multimeters

A new range of very high quality multimeters
offering truly amazing quality at the price
Pocket Multimeter, 16 ranges, 2,0000/V DC/AC
£6.95 (YJO6G1
M-102BZ with continuity buzzer, battery tester
and 10A DC range, 23 ranges, 20,00011/V DC
£14 95 (Y.107H)
M-20205 with transistor, diode and LED tester
and 10A DC range, 27 ranges, 20,000i1A/ DC
£19 95 IYJO8J1
M -5050E Electronic Multimeter with very high
impedance FET input, 53 ranges, including
peak -to -peak AC, centre -zero and 12A AC/DC
ranges £34.95 (YJO9K)
M-5010 Digital Multimeter with 31 ranges
including 2012 and 20µA DC/AC FSD ranges,
continuity buzzer, diode test, and gold-plated
pcb for long-term reliability and consistent high
accuracy 10.25% +1 digit DCVI £42 50 (Y11011

The Maplin Service
A in -stock goods despatched same day for a
orders received before 2 00 pm
All our prices include VAT and carriage (first
class up to 750g)
A 50p handling charge must be added if your
total order is 'ess than £5 00 on mail-order
(except cot,: -glue)

Minge101

Phone before 2 00 p

1985

CATALOGUE

Pick up a copy now
at a branch of
W.H. Smith or in
one of our shops.
Price £1.35, or by
post £1.75 from
our Rayleigh
address
(quote CAO2C).
'Some branches are
now out of stock.

Aft. NSA

m for some day despatch

Malogiin ;r-

All offers subject to availability.
Prices firm until 9th November 1985.


