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ROBOTIES -

Powertran’s

“Hebot II"” and AN
*MicroGrasp” kit %
offer unrivalled
value for money

Cortex Il. 16 Bit. 16 Colour.

M'C'OG’aSD Cortex |l offers the speed and power of
is a fully true 16-bit processing at the same price
programmable that you might pay for some of the 8-bit
electric robot arm with closed games machines on the market.

loop feedback for positive . .
to ppositioning. Thpe robot The standard kit has interfaces for TV
can be driven from cassette and RS232 - others are
virtually all micros available as optional extras. Add disc
" drives, printer and a monitor for a fully-
Robot kit with fledged business system. Price:
power supply £24 i v
£215 + VAT - 4 AT
colleges, Universal A=
schools and interface

board kit
£60 + VAT

individual enthusiasts.

Put the kit together, plug into
your micro and off you go!

Hebot Il can perform a bewildering

variety of actions under the control of a

simple BASIC program. Features include Powertran kits are complete down
independent control of two wheels. to the last nut and bolt, with easy- "
flashing “eyes” two-tone hooter and a to-follow assembly instructions.
retractable pen.

Complete kit £85 + VAT .
Universal computer interface
board kit £11+ VAT

e POWERTRAN *

Powertran's range of quality audio

~ 4

products offers top quality at low, low
prices. All the products are finished in
rugged metal cabinets suitable for 19
rack mounting or as free standing units.

MPA 200 100 watt mixer-amplifier.
Complete kit £79.50 + VAT

SP2 200 2-channel 100 watt amplifier.
Complete kit £85 + VAT
Chromatheque 5000

5-channel light show controller.
Complete kit £79.50 + VAT

Headphone Amp
2 x 3 sets of stereo
phones from either one

Our Doppler Radar Alarm can detect
intruders early enough (and loud

4 | g §§ enough) to offer your home real
or two m?uts. £89 + VA RRSARRA protection. Standard kit inciuding
Synth mix two transmitters £119 + VAT

Stereo keyboard mixer MCS-1 MIDI-controlled sampling unit - Pair of extra transmitters £39 + VAT

with 3 aux sends on doubles as a high quality effects unit.  gpecial offer: extended kit including
each of its 6 Complete kit £599 + VAT four transmitters £139.50 + VAT
inputs.

Send for demonstration tape to sample some of the sounds available£2.50 +VAT

——————————————--——————————-—--L-—

P
! To Powertran Cybernetics Limited, Portway Industrial Estate, Andover, Hampshire SP10 3ET

£169 + VAT

I Please send me the following kits

| enclose Cheque/Postal Order, value £ (Don't forget to add V.A.T))
g Name Address
! =TI
| Please allow 21 days for delivery. Offers subject to availability. Prices are exclusive of V. AT Accens | &J

and correct at time of going to pre Overseas customers - please contact our Export par

T A UGG _—-*_-';_"_______..__..___;_________r...-

Access/Visa cardholders - save time - order by phone: 0264 64455,
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WATFORD ELECTRONICS

TRANSISTORS

250 HIGH STREET. WATFORD, HERTS, ENGLAND.WD1 2AN
MAIL ORDER, CALLERS WELCOME
Tel. Watford (0923) 37774/40588 Teiex. 8956095

BC327 15 | BF336/7 35 | MPSUOE 80 |ZTX107/8 12 | 2N3820 80 | 25C2335 200
BC337/8 15 | BF394 40 | MPSUS2 85 | ZTX109 12 | 2N3822/3 80 | 25C2547 40
| BC441/61 BFa51 40 | MPSUS5 60 | ZTX212 28 | 2N3B66 90 | 25C2612 200
[8Cary

BC516/7

BF494/5 40 | MPSUS6 60 | ZTX300 13 | 2N3903/4 18 | 25D234 74
BF594/5 30 | OC26 170 | ZTX302 18 | 2N3905/6 15 | 25K45 80
BFR39/40 30 | OC28 220 | Z¥X303 25 | 2N3906 17 | 2SK288 228
BFR41/79 25 | OC3sS 50 | ZTx304 17 | 2N4Q37 60 | 25483 228
BFRBO/B1 25 | OC36/41 7S | ZTX326 30 | 2N4058 15 | 2Su85 225
BFR98 105 | OC42/75 75 | ZTX451 23 | 2N4061/2 15 | 3N128 115

34

40

4

12

ALL DEVICES FULLY GUARANTEED. SEND CHEQUE, P.O.s, CASH, BANK DRAFT WITH ::

15
BCY39/40 85 | BFX29 38 | OC71/72 50 |ZIX500 14 | 2N4264 30 | 3N140 115

30

50

e

18

28

30

ORDERS. TELEPHONE ORDERS BY ACCESS/MASTER CHARGE ACCEPTED.

GOVERNMENT & EDUCATIONAL ESTABLISHMENTS OFFICIAL ORDERS WELCOME BFXB1 45 | OC75/76 55 |ZTx501/2 18 | 2Na286 25 | 40315 90

TIP29C 38 | 2N699 48 | 2N5138 25 | 4038172 TO
TIP30A 35 | 2NTO6A 28 | 2N5172 25 | 40407/8 75
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as

3s

3s
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42

42

80

80

70
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55

We stock thousands more Items. It pays to visit us. 12
14 |1 80131732 85 | BFY90 TIP3OC 37 | 2NTOB 25 | 2N5179 45 | 40411 285
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PAPA BCY4S BFX84 38 |OC81/82 50 |2Tx503 18 | 2Na289 25 | 40316 98
&P ADD 75p TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES BCYS8/50 BFX85/6 38 | OC83/84 70 | ZTxsos 28 | 2na31a 78 | 40324 100
FUBJECT TO CHANGE WITHOUT NOTICE. AF124/26 8CY70/7t BFYS0/51 30 | OC170/71 75 [ 21831 125 | 2N4as00 28 | 40326/7 70
AF139 40 | 1BCY72 BFY52 30 | OCT0 40 | ZTXS550 25 | 2N4427 B0 | 40347 2C
AFY78 BCY78 BFYS3 38 | OC200 75 | 2N697 23 | 2N487Y 85 | 40348 120
VA Export orders no VAT. Applicable to U.K. Customers only. Uniass stated othewise, AF186 BD114 190 | BFYS5/56 38 | NP29A 32 | 2N698 40 | 2Ns135/6 30 | 40360 80
all price: e exclusive of VAT. Pi e add 15% to the total cosl including PAP. 40
120
80

1 /BR Migh Street.
80133 70 | BRY39 50 P31A 38 | 2N918 40 | 2N5180 4 40412 20
Open Monday to Ssturday: 2.00am to 8.00pm. Ampla Free Car parking space avsilable. 80135 a8 lego 30 “PJ!B 39 | 2N1131/2 40 | 2Ns190/1 ,: a0467A 130

BD138/37 4C | BSX26/29 45 | IP3IC 45 [ 2N1302 45 | 2N5194 8O | 40468 85

ELECTROLYTIC CAPACITORS: (Values in uF) S0Ov. 10uf 52; 47 78p.63V.0.47,1.0.1 5,2.2,33.478p 10 10p;

¥ BC109 80138/39 40 | BSY26 38 | MP32a 43 [2N1307 70 | 2N5305/8 30 | 40594 105
5,22 12p, 33 15 47 12p, 68 20p. 100 19p, 220 26 1000 70p, 2200 PIp; 50V: 68 20p. 100 17p, 220 240: | C 1008 80140 40 | BSv9s 38 | MP32C 45 | 2N18718160 | 2NBa57/8 30 | 40603 110
40V: 22 9p.3312p. 330.470 32p, 1000 48p, 2200 90p. 25V 15,4.7,10,22,47 8p. 100 119, 150 12p: 220 18 | BC109C BD144/45198 | BU10S 180 | TIPI3A 70 | 2N2160 328 | 2N5459 30 | 40673 75
33022p.47025p.680. 1000 34p, 1500 4247 2200 30p, 3300 76p; 4700920 16V: 47,68 10099, 125 $2p: 330 | BCT14/5 BD158 88 | BU205 180 | TIP33C 75 | 2N2219A 28 | 2N5485 38 | 40871/2 90
16p. 470 20g 680 34p, 1000 27p, 1500 31 g 2200 26p; 4700 T2p BC117/8 B0205/6 110 | BU206 200 | TiP3aa 85 | 2n2220a 28 | 2NSTTT  as
BC137/9 BD245 85 | Bu208 200 | TIP3sC 105 | 2N2221A 25 | 2nse7e 180
TAG-END CAPACITORS: 84V: 2200 120p; 3300 145p; 4700 248p; 50V: 2200 95p; 3300 188p; 40V: 4700 | BC140 80378 710 B%VGQC 225 | IP3SA 120 | 2N2222A 28 | 2N6027 32
180p; 25V: 2200 70p; 3300 85p; 4000, 4700 75p; 10,000 250p; 15000 270p; 18V: B8C142/3 8D434 70 | MDBOO1 250 [ TIP3SC 130 [ 2N2368 25 | 25A671 250 AF
¥ P 4 200 15,000 270" S s00napon 8C147 80517 75 | MU2955 90 | TIP3BA 130 | 2N2369A 18 | 28A715 78 | Aoy Es
POLYESTER CAPACITORS: Axisl Lead Type BC1478 80645 80 | MJET170 150 [ TIP36C 140 | 2N2483/a 27 | 2SCass 85
400V: 1nF, 105, 202, 3n3, 4n7, 6n8 11p; 100, 150, 18n, 22n 12p; 33n, 471, SIEMENS pcb BC148 BD69SA 150 | MJEIBO 150 | TIP4JA 50 | 2N2646 46 | 25Cas6 88 | Minlature
- g i y 3 ) Type Miniature BC148B B0696A 150 | MJE3A0 54 | TIPasB 82 [ 2N2904/6 28 | 25C1061250 | PCB type
68n 18p; 150n 20p; 220n 30p; 330n 42; 470 52p; 680n 1uF 88p; 2u2 B2p. 4
achy Gewmchdrs BC149 BF115 48 | MJE370 100 | TiPa2a 88 | 2N2906/7 28 | 25C1096 88
1000V: 10F 17p; 10nF 30p; 150 40p; 22n 38p; 33n 42p; 47n. 100N 42p. BC149C BF154/8 30 | MJE371 100 | TIP426 88 | 2N2907A 28 | 28C1162 45 | o o o
UM, Ju, o
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED THROUGH - Bo1seL AL B A [ L O R Lt
10N, 150,220, 270 8p; 330, 47n.68n, 100N Bp; 150N, 2200 CAPACITORS A P 8C184 8F177 38 | MIE2955 98 | 1P141/2 120 | 2N3058 55 | 25G1307 150 ;;u 1004
10p; 330n, 470n 15p; 6B0n 19p; 1uS 40p; 2u2 48p. 1000pF /450V 10p | 10n 150 7p | BC184L GF178 35 | MJE30S5 70 | TIP1a7 120 | 2N3055 S0 | 25C1a49 oS "g: 3 o
. 18n, 22, 27n, BC186/7 28 [BF179 40 | MPF102 40 | TIP29s5 70 | 2N3252 48 | 25C1678 140
TANTALUM BEAD CAPACITORS POTENTIOMETERS: Carbon Track, 33n39n47n 8p | BC1BB6/725 [BF184/S 38 | MPF103 30 | TIP3085 70 | 2N34a1/2140 | 25C1679 180
3sV: 0.1uF, 0.22, 0.33 18p 047, 0.68, Rotary 0.25W Log & LIN Values. 39n 560 12p 8CY2 10 | 8F194/5 12 | MPF10sa 30 | TiSa3 s0 | 2N3614/5180 | 25C1923 85 ;"‘;"“'“;’
10,16 18p; 2.2, 3.3 18p; 4.7, 6.8 22p 470R, 1K & 2K (Linear onty) 82n.100n 11p |BC212L 12 |@F198/9 18 | MPF105 30 | TiSaass 48 | 2N3663 20 | 25C1945 228 | 2M2. am

10mH 40p
10 28p; 16V: 2.2 3.3 16p; 47,68, 10 | Single Gano asp 8C213 10 |8F200 80 | MPF106 40 | TISBBA 50 | 2N3702/3 10 | 25C1963 80
18p; 15, 36p; 22 45p; 33, 47 50 SK—2M SingieGangLogsLin 35p | 10OV |BERIRL 1D | QERRIE 0 | Mboaes e | L& P! 20 | EN37oue 1o | 33€ymeT o0 | 22m sam.
93p; 10V: 16, 22, 26p; 33,47 50 5K —2M  Single Gang DP Switch 950 | 1500 1300 12p |BC214L 12 [BF245 50 | mPSA1z 32 | w1010 99 | 2N3708/8 10 | 25C2028 68 | 43™ 80P

80p; 8V: 100 B5p. 5K — 2M  Double Gang 999 | 2200 2700 18p [BC237/8 15 | BF256A 45 | MPSASS 30 | VNIOKM 70 | 2N3793 140 | 25C2029200 [ 1%
3 F P 46AF
MYLAR FILM CAPACITORS SLIER POTENTIOMETERS oneon 300 |SGTe " 13 |przsvia 32 | MpSATO 40 | wear 170 | anarzs 198 | socaen: ee
100V: 1nF, 2, 4. 4nF, 10 8p; 15nF, 220, 025W log and inear values 60mm 680N 30p BC308 18 |BF259 40 | MPSUO2 58 | VNBBAF 120 | 2N3773 210 | 25C2314 86
30n. 40n, 47n 7p; 56n, 1000, 2000 9p; 5K — 500K  single gang 80p | 1uF 34p2u2sop |BC318 80 (BF275 58 | MPSUOS 80 | VNB9AF 120 | 2N3819 35 | 25C2166 105
S0V: 470nF 12p. Gradualed Bezels for above 45p E
CA32035 235 | M70681 150 | TDA1024 74283 100 |s471 600 |LS181 190
CERAMIC CAPACITORS 50V: PRESET POTENTIOMETERS ACCESS CA3036 270 | MS1513L 230 ;’guo:u ;:gg; 440 | 5472 400 JLS183 190
Range,0.5pF 10 10nF 4p. 15nF, 22nF 1W Miniature Vertical or Orders CA3043 275 | MS1815L 320 AV 4g0) S474 400 |LS190 63
:n:g. 47:r sp. voo:r:aoov Tp. r'}omonuuooa lofM7 ap | Jus! phone your CA3045 388 | MS1516L 475 | TOA2002 ;:ggg 80 | s475 425 |LS191 8S
200nF/6V Bp. 025W Larger 100R to 3M3 Moz 12p | $/98S tnrough. CA3046 70 | MB3712 200 | TDA2003 14290 §571 300 |LS192 100
L ‘ @ P | We do the rest CA3059 325 | MB3ITS6 440 | TDA2004 293 80 480 | LS193 100
POLYSTYRENE CAPACITORS: 0.25WLarger 200R104M7 Vertical  12p | Yol 0923 50234 g:gg;gc 2;5 zg‘gg‘ zgg ¥3:;ggg 74207 tg:g; ;:
» p 0 1301
SECHTONNELSR:; BIESE (oAanEMOp, 8123 180 | Me3sseam c7 | CA308T 180 | MC130d  os ;guo:o S196] o8
8131 478 | MM52800 698 | CA3085 180 | MC1304P 260 80791
:';:E:;‘;C;;V;""z‘:';"ﬂ - 8150 800 | MM35303 638 | Caoss 60 | MC1310p 150 [ TLi70 L3230y B2
. 4 , 12,15, 18, 8154 750 | MM5307 1275 | CA3089E 200 | MC1445 230 | TL430C LS241 80
22,27, 33, 39. 47, 50. 56. 68. 75, 82, 8155 400 | MM3387A4 B85S | CA3090AQ 378 | MC145106 895 | TL49TA LS242 93
85. 100, 120, 150. 180pF  1Sp each 160 | 8156 400 | MM58174 875 CA3123E 185 | MC1455 50 | TLSO7 LS243 95
200.220.280.270, 300330, 38 AR e ol e (get: 3o
2 300 -25 CA3140 48 | MC1469 300 L5245 120
?gg égba?gbﬁ‘)g'z%? §",: ::2: 350 | 81LS97 175 | RO-3-2513U 880 | CA3160 90 | MCy4g4 895 | TLO62CP L5247 108
- ] : €399 | 2532 400 | 81LS98 175 | 5AAS050 875 | CA3161 180 | MC1495 350 | TLOG4CN L5248 108
3300, 4700pF oy 25132 40 | e202 €8 s:rgasa 800 | Ca3162 528 | MCragsL 70 ;Lg;‘(c:: Ls2e9 108
2564 800 | 8205 SP0256 880 | CA3189 275 | MC1s96 228 | TLO?2 s1
MINIATURE TRIMMERS Capacitors 127128 | Scexpram c16 | 8212 220 [ SPO256AL2 478 | HA1338W 178 | MC1648 290 | TLOT4CN LS253 75
2:6pF 2-100F 22p; 2:250F, 5-85pF |250ns | 26501 s | 8214 498 | 7CJ3101J €13 | WA1388 235 | MC1709G 90 [ TLOBICP 74C244 1 LS256 120
30p; 10-88pF 36p. €875 | o7165v  3s0 | 8216 180 | TMS2716:3v 725 | ICL7106 675 | MC3302 78 | TLOB2CP 74C245150 LS257 75
2732-4 480 | 8224 300 | TMS4047 100 | ICLT107 875 | MC3401 80 | TLOBACP 74C373 180 LS258 75
RESISTORS Carbon Film. miniature, Hi-Stab, 5% | 2764:250 425 | 8226 300 | TMS4184 305 | ICL7611 99 | MC3403 95 | TLOBACN 74C374 428 L 229 ‘35
AANGE val 189 100+ | 27C64 1000 | 8228 310 | TMS4416-2 595 | ICL7660 248 | MC3204 8% | TLOSICP L5289 2
0.25W 202 — 10M E2¢  3p 0] [ etk 985 ggig 200 | TMCas95.3 389 IEtS???“ bH :28’“3 e 3:;:;20 74C925 850 L3255y &
& 342, 8
0.5W 202 —4M7 E12  3p 10 | RAM 150NS £25 | 8250 €11 | TMSS100 600 | ICM72054 1150 | mMC3487 00 | ULN2003 tg“z’;g ;:8
w 202 — 10M E12  6p 4p | 3242 675 | 82514 350 [YMS6011 500 | ICM7215 1080 | MC4016 00 | ULN2004 i 18278 70
2% Metal Film 510 — 1M E24  6p ap | 4027 98 | 8253 1370 | TMS991a 895 | ICM7216A1€22 | MF10 300 | ULN2283 4s (5280 180
1% Metai Fllm 510 — 1M E24  Sp ap | 4116-:200n 125 | 8255 400 mggg?; f;‘: '2”‘35'?“ ;” MFC6040 1: 3';2:;23 L5283 B8O
4164-150n 425 | B256AC €18 2 1 ICM7217A 750 | ML924 27 LS290 BO
100+ price appiies to Resisiors of each type nof 44165 425 | 8257.5 400 | TMS9920 €18 | (CM7224 €11 | NESIS 278 | UPC1025H 378 LS293 60
mixed 4532-3 250 | 8259 400 | TMS9980 €12 | ICM7240 300 | NE529 225 | UPCY1156H 295 L5204 999
ResiSToRs NETWORK .11 Tyt |l | e, i ESl G40 Sy s
7 Commoned: (8 pins) 100n. 6800, 1K 2k2. 4KT) 4gg4.15 425 | 8279 750 | UPD7002 725 | LA3550 250 | NES44 200 | XR2206 375 LS298 100
10K 47K 100K  28p 5514 250 | 8282 450 | WD1691 €14 | LA4O3IP 340 | NESSS 25 | XR2207 400 L5299 225
8 Commonea (9 pins) 150a, 1806, 2700, 3300, 1K 6116-150 328 | 8283 450 | WD1770  £20 | LA4032 298 | NESS56 es | xR2211 578 LS320 210
2K2. 4K7, 6KB, 10K, 22K 47K & 100K  26p. 6116L-120 350 | 8284 550 | WD2143° 830 | LA4400 350 | NE5S8 170 | XR2218 675 $322 360
117-100n 575 | 8288 t;; zaofcpg 2.;2:3 L‘A:4422 320 | NE560 350 ;nz:ss ug '[353 :%
81676 798 | 8748 3 ZBOACPU 4 LCT130 320 | NESE28 410 | ZN4aYe 8
DIODES BRIOGE 75 SERIES [Ty RPRNE ST I Pt 99 | Z80CTC 288 | LCT120 300 | NES64 420 | ZN419E 180 peazsms
RECTIFIERS 63403 £14 | at27 150 | 28002CPU 00 | LC7137 350 | NES65A 120 | ZN423E 130 13357 290
75107/8 6402 aso | eral ::g éeo;é:rc 310 | LF3a7 150 | NES66 188 §:azas 130 L8347 120
75110 6464L-15 €11 | 8Y95 80BCPL €11 | LF3s1 80 | NES67V 140 425E 595
7511475 85C02 850 | 8TOIN 90 | zsoDART @50 | LF353 90 | NESTO 410 | ZNa26E 200 g TS
BA10C 1a/400v 28 | 7512172 6502CPU . 328 | 9602 220 | 280A DART 800 | LF355 90 | NE571 400 | ZN427E 600 1S353 110
1A/600V 30 | 75150 65024 545 | AM26LS31C 125 | 2808 €8 | LF356 90 ( NESS32 150 | ZN428E 450 (S355 220
2a/50v 26 | 75154 6503 350 | AM26LS324 128 | Z80DMA 798 | LFas? 100 | NESS34A 160 | ZN429E 240 LS356 200
24,200 40 | 75158 6503 850 | AM26LS33 150 | ZBOADMA 925 | LF398 495 | OM335 650 | ZN459 815 L5363 150
2a7400v a2 | 75159 6504 600 | AM7910 €30 | Z80PIO 280 | LM10 325 | AC4136D 60 | ZN1034E 200| 74187 75 | 388 LS264 150
2A/600V 50 | 75160 6504 280 - 550 A;-awo:; 300 §°N§,T>° 315 ngg;A 3g RCAsss B85 | ZN1O40E 885 | 74150 1701 208, Lsass 30
7518 6505 850 | AY-51013 300 | 280SI0-1 850 | L 45 | ss68
o, B A 6505 600 | CDa724 150 | 280A810 €9 | Lm308T 75 | Sam3209 el R LS367 50
10A200V 218 | 75188/9 6520PIA 175 | COMEO17 275 | Z80ASIO-2 €9 | LM311 60 | sas3210 100 | 8124 Loass ' 150
uwsggv 208 | 75322 65224 598 | COMB116 150 | SAB3271 10| s132 t»g;g :%
v 240 | 75324 6522VIA 340 | DB748 180 | SAB4209 1 133
BY16a 58 | 75361 8532RAIOT 650 [ DP8303 150 | SLa90 e = 250 | s13s IS
75365 6545RATC 890 | DPB304 350 MEEESC o5 | LM335Z 135 | 516270CD 150 | 7403 28| 74170 % 138 170 | LS114 40| 33,0 (ap
75450 £SSTACIA 880 | DS36a7 600 [ 353Cmos B2 ) Lmaa7 278 | Sn7e227N 98 | 7aoa 30| 73172 400 s139 170 | LS122 70} 355 339
] 7545172 6592 00 | DS369IN g5 | 702 38 | tmaae 40 | SN76477 470 | 7405 30| 14373 133 st40 LS123 100 | 19309 310
75454 6592PC €20 | DSBBLS120 498 “(9 pn 20 | Lm3as 80 | SN76488 528 | 7406 40| 74175 y00( S'S) 140} LS124 125 | 1534, 4g0
ZENERS [RETIyF 6800 220 | DS882 10 | 0 e n 1s | LM349 125 | SPge2g 350 | 7407 40| 74178 100| 5133 140 LS125 100 | 5385 3
1N4001 /2 8802 275 | Dsea3 140 | 2 v 70 | LMas8 S0 | seozseaL azs | 7408 25| 7av77 130l S167 200 J1 o128 2E] isaee) S0
Renge 2V to s 68402 345 | 058831 125 | O Ao 39 | LM377 210 | Tarco2  ams | 7409 % ;::;g :gg :gg :"g 19135 s | LS3s0 .eo
| 1Naoowrs @ | sov doomw 6305 70| eo3ea. oo | 73s8em 188 | {USIS 92| TUTI20 leo | 7an 3| 74160 100 Ste3 00| L5135 28 | 15303 11o
[ 1n4006/7 8p ench 810 160 412 3| 74181 300| S$174 250 | L8136 45 | /2308 450
| iNatas P 6808 520 | €965 €28 | 810 199 | Lm3ein 175 | var2os 90 | 7413 51 74182 120| S175 300 | LS138 s0
1N5401 2 6809€ 880 | FD1691 €15 LM382 200 | TA7222 150 av4 0 2 1 80 LS398 195
| 1N540 12 | aaviiaw S/ FD1771 5 | apcosos 1000 | V3 22 ) S| 74184 170| s1gs 200 | LS130 15399 138
1N5404 18 18p asch 6810 180 D77 €1 AY-1.1320 228 LM384 5 | TA7310 128 M s 74185 170 189 225 | L5145 98 L5448 125
| 1Nsa0s 17 6820 150 | FD1791 €22 | SU1020 220 | Lm3ss 90 | TaAsB1A 190 | 741 74190 120 [ S194 280 [ L5147 165 | 2550
INS408 19 8821 150 | FO179s  g28 | SO 1T000 B8 | LM387 200 | Taazo0 275 | 7420 3| 74191 120| S1e7 300 | LS148 130 Eaaeh e
1544 ° 68821 220 | HD2650 73 | av.18720 210 | LM38® 180 | TAA900 305 | 7,5, ao| 74192 120} so0v  2s0 | LS1SY 70| [2gls (yn
18921 ° 6840 375 | HDa31s 250 | JWIOTA0 D0 | £M3e3 85 | TAB1042 110 | 7453 35| 73193 120) s22s s00 | LS153 70| [Soln 440
6A/100V 40 6843 800  MD6301 223 | QY1278 TS0 | LM394CH 380 | TADIOO 189 | 7425 35| 74192 '90| s226 as0 | Lsis4 185 | 3500 (OO
8A400V 80 6845 850 [ HD63A03RPEI4 | AV-3 808 300 | LMSS8 170 | TBA120S 70 | 7426 ao| 74198 (T3 s2a0 378 LS155 7O [ 2200 149
SABOOY @ 68455P 750 | HMEB45SP 78S ! LMT25CN 300 { TBA900 39S | 7427 s| 7417 100 S24t 375| LS156 TO | 2850 134
6847 850 | IM6402 380 53°"'°' o a0 | LM733 85 | vaB1042 110 | 7428 S| 74198 200 S244 474 | L3157 801\ 5646 200
6850 120 | INS8OBON 1250 :vg:g:g 19| tmrase 38 | TaDoo 159 P 5| 74199 200 S251 2251 L9188 80| 564y yso
6852 250 | MC1ag8 100 | AVIEIZ 2A0 | Lmie7y 300 | Teat2os 70 | 7932 S| 74221 200| S2s7 225 | LSte0 70| g64s yos
6854 625 | MC1489 100 Av.gmso 38q | LM1889 400 | TBAV20Q 200 | 7437 0| Ta2ée 130| S8 225 | LSiel 70 [Seee
66854 750 | MCladty o7s [ A¥513 350 | LM2907 395 | TBA990Q 380 | 7a3p ag| 72T 129 sggg “g 12185 70| LSee® 90
6859 €4 | MCiaa12 728 | CA30 178 | tM2e17 325 | tCA220 330 | 7430 30| 72245 175| 257 o0l Lstea 73| L3670 170
6875 800 [ MC3242 590 [ Zo o 278 | LM3900 70 | TCA270Q 3%0 | 7441 90( 74557 90| 22as 180} LS16s 110 | L5673 890
VARICAPS 30 68000 €30 | MC3446 250 | € LM390aN 85 | TCA280A 220 | 7442 88| 74230 130| saon 353| [2i%e 1ao | Lsers eoco
8017 278 | mCasazp 215 | CA3018 8% | tmaor1 188 | Tcasao 175 [ 7443 190] 74263 75| 3301 3s0)| LStes 1ag | L5678 215
8035 3s0 | mMC3see 22 | CA3018 90 | (M3g14 300 | TCAves 180 | 7444 100] 74265 60| 3365 250 | L1890 100 | L3882 250
BOBOA 425 | MC3487 225 CAgO53 210 LM3915 345 | TDA1004 350 7446 910] 74273 180| 5373 375 | Lsi70 140 tggg; :x
8085 £6 | IM6402 350 | Zi028A 110 | tM3916 300 | TDA1008 310 | 7447 ps]| 74276 130| g374 375 LS173 100
8085A 950 | MC6B45 825 el LM13600 150 | TDA1010 235 | 7448 1490| 74278 180] 549 380 | LS174 78
8088 £15 | MCe846 825 LS7220 280 | TpA1022 498 | 7450 30] 74279 BO| 5470 325] LS175 70
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SWITCHES DIP SWITCHES VEROBOARD O1ln | VQBoard  198p IDC CONNECTORS PANEL AELAYS
TOGGLE' 2A 250V (SPST) 4 way 85p; 6 way 80p; 8 way 85p; 2% a1 3% 95p DiP Boarg 395p METERS
SPST 35p DPOP 48p 10 way 125p (SPDT) 4 way 190p 2w 110p | Vero Strip 95p Plugs Female Femaie FSD Miniature, encicsed. PGB mount.
PCcB g
SUB-MIN TOGGLE 3% x 3% 110p with  iatch Meader Card 60 x 46 x 3Smm
SPST on/oft S8p 3% a5 128p PROTO DECa Pns  Pine  Plug  Edge 0-50,A SINGLE POLE Changeover
SPODT c/over  84p ROTARY SWITCHES I x17 420p Veroblock 480p SN Angie Conct 0-100,4 RL-91 205R Coit, 12V DC. {10V5 to
SPDT centre off 8Sp (Adyustabie Stop type) 4% x 17 590p | S-D: 39%p 0-500,4 19.5V). 104 at 30V DC or 250VAC  195p
SPDT biased both 1 poie/2 10 12 way, 2 pole/2 106 way, 3pole/210 | Pxiot100pins 88p| Ewobreadboard 10 way 90p 99p B8Sp 120p O-1mA
ways 108p 4 way, 4 poie/2 10 3 way 48p | Spotface cutier 150p 90p 18way 130p 130p 110p - 0-5mA DOUBLE POLE Changeover, 8A 30V
DPDT 6 1ags  80p Pin insertion tool Bimboard 1 575p 20 way 145p -188p 125p 19Sp 0-10mA OC or 250V AC
DPDT centre oft 88p 188p | Swperstnp 582 26 way  175p 200p 150p 240p 0-50mA RL-100 53R Coil, 6V DC (5V4 109V9) 190p
DPOT biased both ROTARY: Mains DP 250V 4 Amp on/o  88p 1350p 3away 205p 238p 180p 320p 0-100mA m.m 11 20SR Cail. 12V (IC uovT to
ways 145p VERO WIRING PEN 40 way 220p 250p 180p 340p 0-500mA 198,
DPDT 3 positions + spool 380p DALO ETCH 50 way 23Sp 270p 200p 398p 0.aA nu |u 740R Coil 24V XC {22V to
on/on/on 185p ROTARY: (Make-a-swilch) Scare spool  78p RESIST PEN 60 way - —  230p 49%p Q2A arv) 200
4-poie 2 way 220p Make a multiway swich. Shatting assembly Combs Bp Plus sparetip 100p 0.25v
has adjustabie siop. Accommodales up 10 050V AC
SLIDE 250V: 6 waters (max. 8 pole/12 way + DP swich). 95:"'00" AC
DPDT 1A 14p Mechanism only 90p | FEARIC CHLORIDE ULTRASONIC RO CONNECTORS il ASTEC UHF uoouurons
DPDY 1A c/oft 18p 1 Ib bag Anhydrous TRANSDUCER ESRDIG VU 490p each | o\ 1 4ard BMMHZ arsp
DPDT wA 13p 1950 + 500 pdp 4CKH2 475 pr Gold Flasne.y vRDae S0t (haer P9 BMHZ 830p
WAFERS: imake before break) 10 1t the above Courct B dx P e
PUSHBUTTON 6A swilch mechanism 1 pole/12 way. 2 pole/6 COPPER CLAD BOARDS DIN41617 CRYSTALS
with 10mm Button way, 3poie/d way, 4 pole/3 way, 6p/2 Way up 31 way 170p — - 175p 32.768KMz 100
SPDT iatching 150p Mains DP 44 Switch 1o fit Fibre  Singie Double DING1612 100KHz 548 22€ER:
DPDT latching 200p Spacers 4p. Screen 6p. glass sided  sideéd 2x32A+8 275p - 220p 285p 200KMz 370 miniglure, solid-state 6V.9v4 12V 70p
SPDT momeni 150p 6" x8  100p 125p DIN416812 455KH aro
DPDT moment 200p 6*x12° 175p  228p 2x32A+C 29%p 240p 300p 1MH2 265 | piEZO TRANSDUCERS FB2720  70p
ROCKER SWITCHES DING1612 3 x 32 1.008M ars
Minl Non Locking ROCKER: 5A/250V SPST 28p €0GE A+B+C 360p 385p 280p 395p 1.28MH; 450
Push to Make 15p ROCKER: |oz250v ‘s)PD} 38p CONNECTORS 18MMHz 200
Push to Breah 25p ROCKER: 10A/250¥ DPDT c/off 95p DIL SOCKETS A& _yae 18MH2 545 OSPEAKIZRS
ROCKER: 10A/250V DPST with neon ~ 88p Low Wire| 26 way — 78p DIL PLUG {Headen 184320 230 | \iosiure '5‘3&.2
DIGITAST Switch Prot Wrap| 2012 way ~ 160p Saider 1DC 20MHz 228 | 50 '3uin, 2win, 3in 80p
Assortea Colours 8 pin 8p 25p | 2113 way 185p 14 pn 40p 90p 2.4576M 200 2%in 400 64001 B0R 80p
78D each THUMBWHEEL Mini front mounting switches 1apin  10p 38p | 2018 way 178p 160p 16 pin 48p 105p | RIBBON CABLE 312MHz 240 | o0 O] 200p
Decade Switch Module 275p 18 pin  10p 42p | 2:22 way 200p 170p 24 pin BBp 178p price per foot 3278 150 b : 5" 8n 225p
B8CD Swich Module 298p 18pin  18p 32p | 2623 way 150p — 26 pin 290p 203p Grey Coior | 35794m 98 | g x5 8n 250p
e Mounting Cheeks {per paif) 75p 20 pin  20p 80p | 2x25 way 250p 243p 40 pin  250p 255p :2 ::; ;-';: Zg: i:a@:v :‘u;g
22pin  22p 63p | 2:28 way 180p — 4 H
MPER LEADS (Ribbon Cable Assembi 4 70, 260p - 20 way 30p S0p | 4032MHz 290
o RTINSO | BD MR IR R [ gereen | i | dives B MoNTORS
GAS/SMOKE Single ended DIP (Header Plug) Jumper 40 pn  30p 90p | 2240 way 320p — DiL SCCKETS el oo: sp 4 ‘332"9” 100 J .
DETECTORS | 24 inches 145p 185p 240p 380p 2143 way 4009 - .- o ki Tdor el ]| a2 pne 250 | ® ZENITH — 12" Grezn. Hi-
Double ended DIP (Header Plug) Jumpar 275 way 8000 — o 2050 | 50 way 100p 138p | SBOMMz 200 | T gesolution Popular £ee
6 Inches 185p 20Sp 300p 485p . I
TGS812 or 12 inches 198p 215p 31Sp 480p SIL SOCKET 0.1° Pach 20 way 83p 40 pin 845p | 64 way 120p 160p g;g;;ﬂa':: 2% e MICROVITEC 1431. 14
1GS813 24 inches 210p 235p 345p 540p ? ut. Connectin
£6 h 6 Imcnes zi)op :wop uaop 528 ANTEX SOLDERING JRONS 60MH2 140 Colour RGB Inp 9
eac 9 4 [ ? 4 8144MHz 140 cabie Incl £165
Holders fc IDC Female Header Socket Jumper qudl 36 C15W 528p;, CSU/W S545p ‘D' CONNECTORS 65536MHz 225 .
ETL To0n 2000 300s a00s | Siow asop: xsasw 3705 9 15 23 85530MH: 225 | g MICROVITEC 1451. 14
ingle ended L] P P P Spare Bits. 88p;, Elements P way way way way i esolution £237
Double ended 290p 370p 480p 325p Iron Stand 175p; Heal Shunt  30p Male < ;;gg:":‘:" ;gg Med""“_' solut
Solder lugs 55p BOp 120p 150p 7.68MHz ® KAGA 12°. Medrres 3GB
VOLTAGE REGULATORS Angle pins  110p 175p 228p 300p 80MHa 150 Colour. Has flicker-free chasac-
14 T0220 Piastic Casing SOLDERCON PINS PCB pins 100p 100p 160p 250p 8089333m 395 for BBC Apple. VIC
+ve = Ides! for making SIL ters ldeal for pple. .
TRAANSFORMERS Female 88672aM 220 225 £7)
3-0-3V, 6-0-6V; S-0-9V, 12-0-12V. 15:0-18V @ o e Tl LG i (D1 S Solderiugs  90p 123p 180p 273p 900MHz 200 | ©'C €226 (ear
A : 3 1300 12v 7812 50p 7908 eop 100 ping 450 | anglepins 150p 200p 260p 390p 100MH2 175 | @ KAGA 12, As above but
o 15V 7815  4Sp 7912 s0p 300 pins 1980 | pCB pine 100p 128p 195p 355p .
ocb mounting, Minatbre. Spfit: Bobbin 18V 7B1B  4Sp 7015 50p Y028 Nz A0S Hi-Resolution €310 (car £7)
IVA: Z-SVNM 2x9V-0.154 znzv-o‘zk 2av 7824 Sop 7918 s0p ot i 75p 7op 70p 8Sp :g-’m:: 3:3 o T
2x15V-0.1A 7924 s0p : onnecting Lea
q d ALUM BOXES 12.0MM 150
GO Al AT “*’25* 100mA TO92 Plastic package s 3x2xt 85p | IDC 25 way ‘D' Plug 385p. Socket 450p sl il €5
Standard Spiit Bobbin type P e L 4x2%mx2  100p 1431814M 170 | Carriage £7 Securicer
BVA:  2x6V-Q5A  2x8V-04A,  2x12V-0.3A, B _ 4x2%x2%" 103p 15.0MHz 200
2x15V-0.25A 250p 8v.  76LO8  30p andan2 105p 28 way ‘D' CONNECTOR (RS232) 160MHz 200
3 3R 268V-1A, 259V-06A. 2x12V- 12v. 78L12  30p  79L12 sop axax2w  120p Jumper Lasd Cable Assembly 180MMz 180
12VA: 2x45V-1.3A 2u5V-1A, 249V-0 V. e e s eop 7S
o IO 2r20v.0. 04 At Qabietn) ICL7860 248 g TAASS50 S0p g l: : ;‘\: I::: :: :Zm gmg:e m: :’“rl:alc 510: :g';gg::m ::g <
3 X . X} 15v- IcL x4 ng Single end. Fe
S;\szsg&s‘.g: 2:9V-1.2A 2:;:;/" 1:02;!’:“/" AC4194 :ns: TDA1412 150p | 5xz2%x1%” 90p 36 .on‘é Dos?bla Ended M/M 998p 200MHz 200 SPEC'AL C'FFE R
SOVA: 2:6V4A, 2:9V-2.8A, 2x12V-2A, 2x15V-1.5A; AC419S 1600 76r05 +5V/8VSS0p | Sx2%x2%" 1300 | 36" long Double Ended F/F og;o 240MHz 170
2x20V-1 2A, 2125V-1A; 2x30V-0 8A 520pm60p pap) LM309K 138p 7amznzv'5A“Op : g g :;g: 36 long Double Ended M/ P ;;hggamuz azs o
Specially wound for Multirail computer PSUs. LAy
50VA: Oulputs +5V/5A +12V. +25V. -5V, LM317K 280p uHG +5Vio + zsv 7Ta5x3 180p 27648M 170 | 5004 500G 399 389
12V e 1A 220sTieop fie QP SCUIERE L A8En M Rt v AMPHENGL P Sasserm 240 | 27128-250nS 875 865
100VA:  2212V-aA,  2x15V-3A  2x20V-25A LM323K 450p 79NG 225V lo 10x4:3"  240p AR 326&6’:” o0
2x25V-2A; 2:430V-1.5A; 2x50V-14  965p (75p) LM337 ngn —2aV, SA s8sp :g x ; -g ;lgv Lsny :;:‘E“om Foin T mé’w:., 203 | 6116LP-120nS 325 310
P&P charge 10 be added over and above ouf nor- LM723 var 30p 182 P way . 1
mai pos!awlechuge J 78540 2280 122813  295p | 36 way Female 480p 450p 116.0MHz 300 | 6264LP-150nS 895 B6S
CMOS 4072 2s | as36 250 C 0
owoBlsE Bl e BT CONNECTOR SPECTRUM 32K UPGRADE
3000 20| 1072 L e o5 | ELECTRONICS ) Upgrade your 18K Spectrum to tull 4BK with our
T 23| Lor7 28 | 4543 70 LI 1 feh MTnl[tines hipelEy 4% RAM Upgrade Kit. Very simple to tit. Fitting
4002 25 LU 1/8A Minl Line Siave 295p
4006 o d s 5 Jae -\ o CEDSHANIGDS! instructions supplied.
4007 2s | 4081 28 | 4549 400 | TIL208 1 LU 2/4A Line Master 370p £22
AH eo | 2082 28 | 4553 245 | TiL211 GAN 14 W 2/64 Line Slave 250p
orid & 4gs: 8 | 'agos i Runz yeis 14 LU 10/3A  Dual Splitter 550p
408 &0 55 L2202 Rea 12 - 85
RO 25| 4089 125 | 4556 55 | 27 Green. Yellow or ARV BT Bt P
ot | 25 | 4083 40 | ass7 250 | Amber 14
4013 3s | 4094 70 | ass8 120 | 0.2 Bicolour
4018 eo | 4095 03 | ass9 395 | Red/Green 100p
4096 100 | 4560 150 | Green/Yelow 118p
o Qi melue ool COMPUTER CORNER BBC MICRO
ot 17 ss | 4098 80 | as62 380 | Red/Green/Yellow 85
4099 110 | 4566 160 | HrBrighinessRed 58 OC SS G
4015 bt ‘:g'-;’ 5 :ggg | B aeTsemor o8 @ EPSON RX80 Printer €209 W 0 R D P R E l N
4020 80| % @ EPSONRX80 F/T Printer £219 G
1 o6 4 i
o2 ) e o [kl 2 |Gon g ss ® EPSON FX80 Printer €316 PACKAGE
a2 o] 4172 96 | 4581 125 | Square LEDs Rec. | ® EPSON FX100 Printer €429 i
‘4024 so | 4175 108 | 4582 99 | Green. Yetlow 30 ® KAGA/TAXAN KP810 Printer €252 A ocessing ge (which can be
-4025 2s | 4194 105 | 4583 100 | Rectangie Stackable | & KAGA/TAXAN KP910 Printer €339 heavily modified to your requirements. mainlaining large
4026 90) | 4=D8 ol Tonr fsEs ® BROTHER HR1S Daisywheel €329 | discount) We supply everything you need to get a BBC
4027 6. [[7R03 900 jrepse g | Bedasaroirsowter |} ! MICro rupning as a word-processor. Please call In for a
s S|G0 RS RSl | Coneter s snier o metace wan 86 Mo o
4029 18 = " Package:
3 4412 B80S | 40085 90 | Green of yellow 22 e T PROM ERASER — Erases up 1025 Eproms Has a builtin Example Package:
:gg? 130 | 4415 $90 | 40097 48 | (D271 Ints Rec 48 s:,:ley Mgfh £30 8B8C Micro, with DF S Interface, Wordwise, Twin 400K TEC
14032 ag || 818 280 | 40098 42 | SFH208 Detector 118 ® SPARE UV Lamp Bulb €8 Disc Drives. 12" High-res green monitor, Brother HR15
033 13| U3 8s0 |40t 130 [ TivaDewcir 33 | ® C12Computer CASSETTES inLibrary cases e I R T R e Faied
:gg; ‘;8 4440 800 | 30102 140 | TiL38 50 | @ 8%"89% FanFold paper {1000 sheeis) £7 {Carr. 150p) D.sg 103M Discs, 500 ‘sheellso'paper way mainstraing
4036 280 | 4450 360 | 40103 412 1’"-iGR B socket, manuals and all cables
. 4451 350 | 40104 120 | BARGRAPH. Rea |o Securicor Carriage charge on printars te £7) .
o 128 | aas0 430 | 40105 220 | segments o2 i Only £1,089
[4030 20 | 4500 399 40106 60 e OLATORE CALLINATOURSHOP FOR ADEMONSTRATIGN ON ANY OF THE ABOVE
9 80 | s02 60 | 40108 325 | 174 145 ITEMS. BE SATISFIED BEFORE YOU BUY OR WRITE IN FOR OUR |
183; ;’3 4503 40 | 40109 100 | ILD74 145 DESCRIPTIVE MICRO PERIPHERALS LEAFLET. |
4043 as | 4504 100 | 40110 235 | LO7a 213 =
4508 350 | 40114 240 | TiL111/2/4 70
4044 $0 ]
4506 100 | 40161 194 | ILCT6 Deriington 135 MICROCOMPUTER
:g:g ';g 4507 45 | 40163 78 m.vnp 126 DR|VES BBC & C C h
4508 130 | 40174 75 | aN33 Pnoto
da7 %10 s |40rs 73 | Dawegons  1as DRIVES CASED with PSU & CABLES & ACCESSORIES
3 o2 a12 sl WWRiIT Sepment Displays
e 70 | 4513 150 | 40192 78 | L3123 gA zg @ CS100 — Epson double sided 30 irack 200K 5% - BBC Model B Only £299
4514 115 | 40193 95 | TiL313 3'°CC 1 Single disc drive . .
4052 80
4053 60 | 4515 115 | 40194 70 | TIL321 5°CA 440 @& CS400S — Mitsubishi Double sided 40 Track 800K 5% We stock the full range of BBC Micro peripherais.
4054 Bs | 4516 £y | Qi ]| R St Singie orve. c23e Hardware & Software like, Disc Drives (Top quality
4055 as | g517 5] [y Va8 || ezairgo 3 P 4 4COK 5% C & Mitsubishi), Diskettes, Printers, printer.
4056 a5 | 4518 S50 | 40245 198 | DL704.3" CC 125 CD400 — EPSON Double sided 40 track 4COK 5 umana ul i 3 3 g
1057 1000 | 4519 35 | a0257 108 | DL707 3" CA 125 TWIN disc drives. €149 Paper. Interface Cable, Dust Coveis. Cassette
4059 420 :g;? .?: :gg;i ;;g ::gg&’) Rea 1 ® CDBOOS — Mitsubish: double sided 80 track BOOK 5% - Recorder & Cassettes, Monitors. Connectors (Ready
o0 701 4522 125 | as106 588 | 3" GreenCA 150 RN B made Cables, Plugs & Sockets). Piniter (Graphic
4061 ot 15 ® DFS Manual (comprehensivel (NO VATY €7 ; :
4062 988 | 4526 60 57 GreenCA 2 Tablet) EPROM Programmer, Lightpen Kit, Joys-
4063 90 | 4527 85 OPTO 3“2 1RedCA 150 ® TWIN Diac drive case with power supply a Sid s ROM Board. EPROM Eraser
4066 as | 4528 70 | OCP?1 120 | 32 1GreenCA 150 b Hoaselyots ownladyes £38 ticks. eway! F aser,
4067 248 | 4529 148 | ORP12 85 | LCD 3% Digns ‘gg Machinecode ROM. The highly sophisticated Wat-
4068 ;: :gg? ‘:g g:::; z:g tgg é gg;:: :" NBAI single dives wilh power supply wilk be supplied In a lwin case lor later tord's 16K BEEB DFS. WORDWISE, BEEB-CALC
:g‘;’g 25 | 4532 65 | BPW21 320 | Refiective Switch 225 inclusion of a second Drive Software (Educational Application & Games),
4071 agiif et 89 JiTL139E 229 LS OLIEDLOmcall o BOOKSs, etc. etc. Please send SAE for our descrip-
Comp’s 298 N B Carriage on Drves €7 securcor tion leaflet
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MAIL ORDERS: ==

-
3 Rapld Unit 1, Hill Farm Industrial Estate, &

Boxted, Colchester, Essex CO4 5RD. ACCESS AND

—1 -
- Tel. Orders: Colchester (0206) 36412. BARCLAYCARD
v ' Telex: 987756. WELCOME

MIN. D CONNECTORS SOLDERING IRONS CABLES HARDWARE CAPACITORS
9 way 15 way 25 way 37 way Pl i
20 metre pack single core connect- P3 battery clips 8 { Polyester, radial leads. 250v.
Plugs soider lugs 550 66p 90p 1 Antex CS 17W Solderingéron 430 ing cable ten different colours. 76p || Red or black crocodile clips . 6 wp::‘oet;:.o.(;! ;ao 02;05 t,c:’%qo
:0'2:‘ angle | 90p 1350 200p  350p 2.3 and 4.7mm bits 10 suit 85 Speaker cable top/m | Blackpointer control knob 15 | 6p; 0.047, 0.068, 0.1 - 7p; 0.15,
3 Meu u;hlder ug‘go.w 100p Antex XS 25W soldering iron ‘530 M Syandard screened 16p/m | Pr Ultrasonic transducers 390 §0.22.9p;0.33,0.47 - 13p; 0.68 -
ccl:/e"mue 10&3 |gg 3.3 and 4.7mm bits 10 suit 85 Twin screened 2ap/m || 6V Electronic buzzer 65 0 20p: 1u-23p. =
Solder pump desoldering toot 480 2.5A 3 core mains. 23p/m P12V Electronic buzzer 70 Electrolytic, radisl or axial leads:
* % % # %a: :\mx‘l,;hr abolt’e '(7)8 10 way rainbow ribbon  26p/ft :232720 Piezo transducer. 76 §0,47/63V, 163V, 2.2/63V, 4./63V,
etres 22 swg solder 20 way rainbow ribbon 4 7p/ft mm 64 ohm speaker 70 R10/25V - 7p; 22/25V, 4726V - 8p;:
CONNECTORS ;.; 23882938 0.5kg 22 swy solder 750 10 way gery ribbon 14P/ft »64mm B ohm speaker 70 § 100725V - &,?;%/2'5\,7,/35:. e
DIN Plug Skt Jack  Plug Skt ag ;é,w B o 20 way grey ribbon 28p/fr | 20mm panel fuseholder 25 §470/25V - 22p; 1000/25V - 30p:
2pin 90 9 2.5mm 10p 10p ¥ e Ll Red or black prob ciip 35 § 2200/25V - 50p. :
3pin 12p 10p 3.5mm 99 9p 3E +22338R9% VERO T Egfemien s 33 I Tag end power supply electralytics:
5pin 13p 11p Standardi6p 20p 3 SuddNnNTN REGULATORS 12 way ‘chocolate’ block 21 2200/40V - 110p; 4700/40V - 161
Phono 10p 12p Stereo 24p 25p § & F o Ve oot 308 ultramin. 6 or 12vrel. SPDT 130 § 2200/83V - 14%;;4700/33v ° 23%‘;
imm 120 13p 4mm 180 17p 8 2222328R8 eroboard Size 0.1 In matri 78L05 30 79LUS 45 | d'tto, but DPOT 195 § Poiyester, ministure Siemens PCB:
+ et 3 Vi ize 0.1 in matrix
UHF (C8B} Connectors: = P R E LT T m|L12 30 79L12 45 1n, 2n2,3n3,4n7,6n8, 10n, 16n, 7p;
PL259 Plug 40p. Reducer 14p. g2 EEEEEE I 78L15 30 79L15 45 EURO CONNECTORS 22n,33n,47n,68n, 80; 100n, 9p;
50239 square chassis skt 38p 3° §i% 5 7805 a0 7905 45 |l e lattiae: 150n, 11p: 220n, 13p: 330n, 20p;
502395 round chassis skt 40p E 3 32 w8 i 7812 a0 1912 35 | contacs. P angle Wirowrap 84700 26p;580n, 299 T 33p;
1EC 3 pin 250V/6A. k- “ 7818 48 71915 45 plug socket
Plug chassis mounting 38p 0?9 wa anN LM3t7K 270 LM?723 a0 | 64 way A48 195 230 p—
‘]
Socket free hanging 60p z E £& £I ; 1 LM317T g0 78MO5 560 | S4wav AsC 220 270 e
Socket with 2m lead 120p & g 28 §§ e e 55 f] LM323k 420 96 way A+B+C 320 330 e el
o &3 2 Doubie sided 65 15/16V - 30p; 22/16V - 27p; 33/
& 5% BB Y scot face cutter 145 QGILYeR 200V 8A 65§16y - asp: 47/6V - 27p;47/16V -
SWITCHES o ERl i insertion toor 185 400V 16A 95 § 300: 68/6V - 40p; 100/10V - 50p.
Submin toggle: S a8 R Wiring pen 3715 » 1N400% 3 S00Viaa 50 BR100 2> Car. disc. 22p-0.01u 50V, 3p each,
SPST 550, SPOT 60p. DPDY 65p 5 Soare spool 750 :x:% g ® K %k ¥ Kk Kk F £ ¥ ¥ % % | Mullerd ministura ceramic plate:
SPOT o - 184006 7 I NEW 1985 CATALOGUE J1.80F t0 1000F 60 such.
L. centre of D. Our new fully illustra- §l Pol rene, 5% tol: 10p-1000p, ;
1 12 \ 3 'olystyrene, tol: 10p- , 6p;
DFDT 90p. DPOT conure off 1000 oy 2 tod 50 page detalled [ 15004700, 8p: 6800 0.012u, 10p.
:::snr 3':;03%‘57490 INsa06 17 [ Re¢ | informaton oo over  l Trimmers. Mullard 808 series: 210
Miniature DPDT slide 14, 2788 310 400mWzen 6 | et 3000 product lines at - § pF, 22p; 2-220F, 30p; 5.5-650F, 350
P e i 2532 380 1.3W zeners 13 ;";:“;:" “:'“’r‘:'.'z'
Uyl . u i1 e mar
2732 one time
Push to break 22p. 4125615 2850 «cs | The catalogue costs BRIDGE 2A 200V 40
Rotary type adjustable stop p'og"mmn;;o Z80A CPU 290 E"“D'::-'\“ just 70p inciuding pos- REC‘! IFIERS Eiab a5
1P12W, 2P6W, 3PAW all 55p each. | o) 3 ZB0A P10 320 Comhiome Jtage or tree with orders SA 100V 80
QI sediches 296425 410 SooASIS 320 6880 100 mciass 70 f3mmred 8  Smmred 2 over £20 in value. Send S I 485
45PST 800 6 SPST 800 8SPST 100] 7764.88C 430 590A DMA B0 6802 370 mc14gs 7o J3mmawen 11 Smmgreen 11 for your copy todav! § 1450 20 YMIS DIL0.9A
Min. DPOT slide 14p. Push-make 15 Immyellow 11 Smmyellon 11 1% % % % % % % % % % %% | 1A400V 36 200V 50
— e —— . —— Clips to suit - 3p each . -
sockeTs (PR COMPONENT KiTS SRCEL SR | COMPUTER CONNECTORS B e coNNECTORS
| Sotas ) weam o 5 ced 12 Tk 60 X81 2 x 23 way edge connector
o 14 28p 0.25W Resistor Kit. Containg 1000 0.25W 5% resistors from 4.7 ohms green 17 TIL?8 40 [l wire wrap for ZX81 150
"P';‘m thru 10 10M. Quantities depend upon popularity f.e. 10x10R yoilow 17 ORP12 85 | SPECTRUM 2 x 28 way edge PC8 PCB Socket Edge
16 pi 30x470R, 30x10K, 25x4 70K Just £7.90 ILD74 95 ILO74 185 | connector wire wrap 200 Plug Plu Conn
1. ::: Ceramic capacitor Kit. Total of 250 miniature ceramic capacitors from YiL38 35 TIL100 75 | AMPHENOL PLUGS st Ry '.”g_ |
20 pin 23RiejolIu, . _ SISUEE R0 2NS777 45  Tricolor Led 35 f 24 way IEEE IDC. 450 lyowey 70 70 70
22 pin Polyester capacitor Kit. Total of 110 ministure polyester eaogc;Jorl Seven segment displays 36 way Centronix 10C 490 1Bway 76 80 80
. from 0.01u t0 0.47u Just £6. C thod C o]
;: ::: a0 Preset Kit. Total ot 110 miniature preset resistors from 100R 10 1M Dr;‘O?O.g '95 D‘:"]‘o‘;o_::"’ 95 RIBBON CABLE : ::‘; 'gg 1?8 ‘?g :gg
20 pin :o;-lz?r;a- :""‘L':‘c"‘é B A A ,J::;u fj-gg FND5000.5100 FNDS5070.5*100 G;v Ribbon :;b'-ad"fe e ’°‘;‘S 34 way 115 130 130 180
L adial Electrolytic Capacitol ing 1
Professional ZIF sockets ministure caps from 10 10 22000 Just £7.60 10bar OIL LED diplay.red 180 20y - O o wey | 68 Ji0vav 140 140 135 210
24 pin 4.‘;00 28 pin 480p Nut and 8ot Kit. Contains 800 assorted (tems. 100 each 8BA %in &“r‘:l::gnerbngm LED 250mcd 20 way 28 50 way 90 23 way :gg :gg ;(7)8 240
40 pin  595p %in, nuts and wihrs, 4BA %in, %in, nuts and wshrs.  Just £3.20 I 26 way 38 60 way 100 R
1C7611 CUSEE o0 LM3015. 265 NESS! 130 TDAI078 115 CRYSTALS [Etlibe
ICL7621 Lxg;; 2;8 ngeoo 110 :gg;c‘) g;g TLOGY zg = 4.43MH: 100 m
L MC1310 150 TLo62 VYN A ol o | ooxkz 235 5.008MMz 240 Aluminium
LM3g1 150 MCi496 70 NESE32 160 Tioga 105 [ uWSkalonm-tom 20 1p |19 208 sowMr 140 i )
ICLB211A Lw3gz 130 mc3302 75 NEssse 105 Tiory 38 Muwskatonm-amz 3 m | IBAN 320 SLaM 120 feiescwmnia  4x2kxine 95
1CM7224 LM384 140 MC3340 130 RC4136 65 TLO72 60 [ Metal film 3A876M 200 Tomm e fascrenws 4x2%x2
1CM7555 LM386 90  MFI0CN 330 RC4558 40 TLO74 110 W %W 1% 10ohm-1M 4p 3o f§3276M 150  jooMHz 170 [71x46x22mm 60 6x4x2* 120
720 ICM7556 LM387 120 ML922 390 5L486 195 TLo81 30 [ 25+ price applies 10 25¢ per 3579 95 j20MMz 170 [95x71x35mm 86 7x5x2% ‘°g
390 T | MLG24 200 SLas0 220 TLOS2 50 Muaiue notmixed. 4.0MHr 140 16.0MHz 200 §140x90x55mm 140 Bx6x3" 20
430 ML 0 SNTE018 150 TLOB4 105
65 3 tM711 60 ML926 210 SN76477 380 TL170 50 741 4
66 LM725 70 ML9Z7 210 segeze 250 Uazaeo 120 I [N B ko e R S Ab B AR DS
LM733 0 ML928 210  sP0256AL2425 ULN2003 80 7414 60 7444 105 7483 65 74121 S0 74161 90 74182 85
CA3090AQ 375 (M3IDIA LM741 16 ML923 210 Speechdata 50 ULN2004 80 B 5400 25 7416 43 7446 130 7485 110 74122 60 74162 90 74190 120
CAJ130E 85 LM311 LM747 60 NE529 225 TBABOO 70 XR2206 365 7401 25 7417 43 7447 98 7486 38 74123 92 74163 90 74191 120
CA3140€ 38 LM318 LM748 35 NES3Y 135 78AB10 90 2ZN414 80 N 7402 25 7420 25 7448 98 7483 170 74125 50 74164 115 74192 120
CA3160 95 LM324 LM1458 35 NES544 170 78AB20m 65 2N423 135 W 9403 25 7429 30 7450 25 7490 S5 74126 50 74165 90 74193 110
CA3136 100 LM33a2 LM2917N8 19 ::5555 20 TBA950 220 2ZN424P 130 B 3404 25 7422 30 451 25 7491 B0 74132 60 74167 200 74194 80
CA3189 260 LM3362 125 LM3900 45 NES556 42 TCA940 165 ZN425E 350 B 3405 25 7427 30 7483 25 492 55 7411 Bo 74170 170 74196 63
CA3240€ 100 LM339 40  LM3909 85 NESES 115 1DA1008 320 2N426€ 300 M 3406 45 7428 30 7454 25 7493 BS 74145 85 74173 100 7419 120
ICL7106 680 LM348 60 LM3914 NE566 140 TDA1022 490 gz:g;g 3‘5’3 ;:gg ;g 7430 gg ;4«;0 gg ;:gg % 74147 130 ;::;; 128 74:3; 8s
X 7432 472 74148 105 7 195
4 N
TRANSISTORS BCo45 10 BFRBO 23 NZ21BA 45 N407 49 INvooitdog J72oe 25 a3 35 7473 40 74% B0 74150 130 41% 80 74199 195
e BCS5S7 10 BFRE1 23 2N2219A 28 2N4058 10 7410 26 7437 43 7474 36 7497 170 74183 jo 7M177 80

AC125~ 35 BC158 11 gCs58 10 BFX29 30 2N2221A 25 2N4060 10  Tip3sc 125 J /°!' 25 7438 45 7476 55 74100 125 74154 135 74179 90
AC126 30 BC1S8 10 BCY70 16 BFX84 30 2N2222A 20 2N406% 10  TIP36A 115
AC127 30 BC159 10 BCY71 16 BFX85 30 2N2368 25 2N4062 10 TIPIBC 130 4016 26 8034 145 4054 70 4081 18 4502

50
AC128 30 BCI60 40 BCY?72 16 BFX86 30 2N2369 18 40360 40 Tipat1a a5 as
AC176 25 BCI68C 10 gDI15 65 BFXB7 30 2N2484 27 40361 50 Tipa2s 45 4018 55 3039 270 4059 400 4085 60 4507 4§
AC187 25 BC169C 10 @gD131 40 8FX88 30 202646 60 40362 50  TIP120 60 4000 18 4019 35 1040 46 4060 70 4086 60 4508 115
AC188 26 BC170 8 BD132 40 BFYS50 27 2N2904 28 40408 50 Tip123 60 [ 4001 18 4020 48 3041 S5 4063 80 4089 120 4510 48
AD142 120 BC171 10 gD133 50 BFYS1 27 2N2904A 28 2N5457 30 1122 60 @ 4002 18 4021 55 4042 45 4066 24 4093 26 4511 50
AD161 42 8C172 8 80135 35 BFY52 27 2N2905 2B 2NS458 30 Tip1a1 110 f 4006 65 4022 60 4043 45 4067 230 4098 0 4512 50 4653 215
AD162 42 BC177 16 BD136 35 BFYS3 30 2N2905A 28 2NS459 30  Tip1a2 120 f§ 4007 18 4023 18 4044 50 4068 18 4095 70 4514 116 50
AF124 60 BL178 16 BD137 35 BFYS6 30 2N2906 28 205485 35  Tip14) 120 4008 50 4024 35 4046 GO 4069 18 4097 260 4515 115
AF126 50 BC179 18 BD138 35 BFYS6 30 2N2906A 28 2N5777 45 TIP29556 70 4009 40 4025 18 4047 52 4070 22 4098 70 4516 48
AF139 40 BC1B2 10 D139 35 BRY39 50 2N2907 24  2N697 20  TiP3055 60 4010 40 4026 120 4048 50  a0m 18 40106 38 4518 48
AF186 70 BC182L 10 BD140 35 BSX20 22 2N2907A 24 2N698 40  ris43 a0 N aon 18 4027 28 4049 26 4072 18 40109 100 4520
AF239 55 BC183 10 BD204 110 BSX29 36 2N2926 10 2N706A 20  TIS43 40 4012 18 4028 40 4050 26 4073 18 40163 75 4521 110
BC107 10 BC183L 10 BD206 110 BSY9SA 30 2N3053 28 2N708 26  TiSa4 as N a013 26 4029 45 4051 4B 4075 24 40173 100 4526 70
BC1078 12 BC1B4 10 8D222 85 8U205 160 2N3054 65 2N91B 35  T1548 a5 4014 S0 4030 18 4052 48 4078 B0 40175 75 4527 60
BC108 10 BCISSL 10 BF180 35 BU206 200 2N3055 50 TIP29 35 Tisoo 30 M 4015 42 4031 125 4053 60 4977 24 40193 90 4528 45
BC1088 12 BC212 10 BF182 35 BU208 170 2N3442 120 TIP29A 35 TISO1 30
BC108C 12 BC212L 10 BF184 35 MJ2955 99 2N3702 9 TIP298 35 VNIOKM 65 I

LS20 22 LS’5 38 LS123 70 LSI61 60 LS221 LS366 42
BC109 10 BC213 10 BF185 25 MJEI40 SO0 2N3703 10 TIP29C 35 VN4GAF 94 [R RIS (521 22 S76 28 LS125 37 LS162 60 LS240 106 LS366 42
BC109C 12 BC213L 10 BF194 12 MJE520 50 2N3704 9 TIP30 35 VNGBAF 110 LS22 2 (s8 28 L5126 37 LS163 60 LS241 80 LS367 42
BC114 22 BC214 10 BF195 12 MIES21 90 VNBBAF 120 Lsoo 22 22 LS83 68 LS132 53 LS164 70 LS242 B0 L5368
BC11S 22 BC214L 10 BF196 12 MJE308S 70 ZTX107 11 Lso1 2 22 LSB5 82 LS136 35 1S165 95 '$243 80
BC117 22 BC237 7 BF197 12 MPF102 40 2TX108 1% Ls02 22 22 LSB6 35 LS138 48 18166 88 LS244 80
BC119 35 BC238 7 BF198 15 WPF104 40 " LS03 22 22 LS9 40 LS139 48 LS170 120 LS245 88
BC137 40 BC308 10 BF199 18 MPSAQS 2 LS04 22 22 LS92 B0 LS¥45 92 LS173 Ls247 17
BC139 38 BC3I27 B BF200 35 MPSAO6 25 LS05 2 2 1LSs93 45 LS147 130 LS174 60 LS251 95
BC140 29 B8C328 8 BF2448 36 Lso8 n 2 LS95 58 LS148 115 LS175 60 L5267 56
BC141 30 BC33? 8 BF245 35 LS09 2 60 LS96 120 LS15% 55 1S190 75 LS258 5§
BC142 28 BC338 12 BF2568 45 LS10 2 78 LS107 42 LS1583 B0 LS191 55 LS259 90
BC143 30 8C477 22 BF257 32 Ls11 22 78 LS109 42 LS154 220 LS192 75 iS26 28
8C147 10 B8C478 22 BF258 30 Ls12 22 22 LS112 42 18155 55 1S193 75 LS273 80
8C148 10 BC479 22 BF259 30 LS13 35 22 LS113 32 LS157 48 1$195 60 LS279 85
8C149 10 BC517 30 BF337 38 LS14 a5 28 L5114 32 15158 48 LS19% 75 LS283 70
BC1657 11 BC547 5 BFR40 35 2N118L 22 0 LS15 22 28 LS197 85

el 4 ORDERING INFQ All components brand new and to full spec, All prices exclude VAT,
e ' uaran ee Please add to totai order, Please add 70p carriage o all orders under £20 in value Minimum
order £5 . Send cheque/P.0. or Access/Visa number with order. Our new 50 page catalogue
* Same day despatch * Competitive prices is given tree with all orders aver £20, Available at 70p each. Telephone
* Top qua’i'y Components * In'depth stocks Export orders no VAT but please add for carriage. We are open Monday to Friday.

orders welcome with Access or Visa. Official orders accepted from colleges, schools etc.
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DIGEST

TOBIE Award

for EfP Co-ordinator

T ony Wilson, co-ordinator of
the group Electronics for
Peace, has won the 1985 TOBIE
award for Electronics Personality
of the Year.

Tony, who was interviewed in
the April issue of ETI, was presen-
ted with the award at the All Elec-
tronics Week Ball held at the
Grosvenor House Hotel in Park
Lane. The presentation was made
by Mick McClean, editor of Elec-
tronics Times.

There were three nomina-
tions for the award, one of seven

given annually for Technology Or
Business Innovation in Elec-
tronics. The othernomineeswere
Sir Kenneth Corfield, chairman of
STC and Tony Jannece and Alan
Mansfield, directors of a small
electronics company. The votes
were placed by the readers of
Electronics Times.

Of the other TOBIEs, the
application award went to Louis
Woolfson of Pathway Com-
munications for his Braillewriter,
a portable terminal which is uni-
quein being able to produce hard

Photo courtesy of Electronics Times.

copy in English from a braille
input. Product of the year was the
MG1 workstation from
Whitechapel Computer Works
and Greenwich Instruments won
the Componentofthe Yearaward

for their range of ncn-volatile
memories. Deryck Hcrsham of
Chelsea College won the
Research Award for his high
speed analogue to digital conver-
ter design.

U2 Can Save On Batteries

B iles Engineering are distri-
buting a miniature, high
efficiency, 1.5V DC to 12V DC
converter with amaximum output
current of SO0mA. tis designed for

use where 9-12V rails must be
derived from a single 1.5V cell,
and the manufacturers claim that
it can offer a considerable saving
in battery costs since 1.5V cells
are almost invariably cheaper

than higher voltage batteries of
similar watt/hour capacities.

The Verkon V12 is a variable-
drive switch-mode step-up con-
verter which is encapsulatec in
epoxy resin and sealed in a seam-
less steel case. A high degree of
screeningresults and thedeviceis
also rugged enough to be used in
portable equipment where shocks
and vibrations can be expected.
No heatsinking is required and it
can be directly mounted ona PCB
orchassis mounted usinga30mm
capacitor clip.

Inuseitmustbe connectedtoa
capacitor of 470ufF minimum
mounted as close to the pins as
possible, and a decoupling capa-
citor on the input may be required
depending on the distance from
the cell to the pins. The V12 can
withstand a momentary short cir-
cuit but should be protected
against long term shor- circuits. A
fuse of 100mA or less is recom-
mended between the output
capacitor and the load.

The V12 could be used to
supply equipment directly at 12V
from a 1.5V cell or the output
voltage dropped through a regul-
ator to the more commonty used
9V. In this case, the supply to the
equipment would probably be
more stable than if it were taken
directly from a 9V battery. In
either case, the use ofaVi2anda
15V ‘D’ cell should work out
cheaper than using 9V batteries.

The manufacturers point out
that an alkaline ‘D’ cell costs only
about half as much as the alkaline
PP3 but has three times the watt/
hour capacity. Given the V12’s
80% conversion efficiency, even
with a 25% voltage drop in a
regulator the life of the ‘D’ celt will
still be around twice that of a PP3,
with consequent savings in cost.

The V12 costs £5.25 including
VAT plus £0.45 post and packing.
it is available from ). Biles
Engineering, 120 Castle Lane,
Solihull, WestMidlands B92 8RN,
tel 05432 -22382.

Epson Introduces New Printers

E pson have launched the first
two models in a range of ink-
jet printers which, they claim,
offer the speed of dot matrix
machines and quality compar-
able with that of daisy wheels but
without the noisiness of either.

They say they have avoided .

the problems usually associated
with ink-jet printers by using a
specially formulated ink, a cap
which automatically seals the
printing head when the machine
is not in use, and an instant head
cleaning system available at the
touch of a button.

The SQ-2000 is at the top of
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the range and offers 105 CPS in
letter-quality mode and 176 CPS
in draft mode, The head uses 24
nozzles and a wide range of type-
faces are included. Further type-
faces and a range of slot-in inter-
face boards can be added.

The HS-80 is a brief-case
sized A4 printer which has a nine
nozzle head and offers 160 CPS
(not including line throws). It
should be available in the
Autumn.

Epson (UK) Lid, Dorland
House, 338 High Road, Wem-
bley, Middlesex HA9 6UH, tel 01
-902 8892,




1000's OF
BARGAINS
FOR CALLEK

Anderson Jacobson

RECHARGEABLE BATTERIES HOT LINE DATA BASE AJB10 VIDEO

Dry Fit Maintenance FREE by Sonnenschein.
A300 07191315 12v 3 AH same as RS 591-770 ?;E1W Made by one of the USA's
582 EX EQUIP 14,00 Winiatare PCB moun 3 6v 100 | THE ORIGINAL FREE OF CHARGE dial up data base lergest peripheral manufacturers
Mah as RS 591-477 NEW €1.00 SAFT VR2C 1.2v "C" [ 1000's of stock items and one off bargains Bbit the AJ510 Professional VOU
size NICADS in 18 cell ex equipment pack Good condition ON LINE NOW - 300 baud, full dupfex CCITT tones. 8 bi terminal has too many

easily splitto single cells £10.50 + pp £1.90 word, no parity o ' features to include in space

avallable - just a few are:

Internal 280 cpu control, very

EX-STOCK INTEGRATED CIRCUITS MAINS FILTERS oSS st
2732 ex equip £3.25. 27128 - 250ns NEW €£12.00. fe those unnerving hang ups and dala glitches caused 128 ASCII character set with lower
8116-200 £4.50,8118-250 £3.95, by mains interterence case and graphics, standard RS232 Intertace, Cursor
8284LP-150 £22.00. 4184-200 £3.50,48684-150 £4.00 SD5A As recommended by Z XB1 news lefter matchbos addressin. numer'ic key pad etc. S lied In p od
4116-300,£1.20 2114 €1.75. 6800 £2,50, 6821 £1.00, size up 10 1000 watl load £5.95 JESTED 9. iy y P it ,Ugff’ ﬁ gol
88A09 £8.00, 88B09 £10.00, 68BOYE £14.50, L2127 compact completely cased unn with 3 pin fittedt R iecon 1an condition with full manual
D8085AH-2 £12.00, DBO8S £20.00, 280A £2.99. <ocket Up 10 750 watts £9.99 . carr £10.00. Data sheet on request.

ey COOLING FANB Y A Major company’s over production problems, and a special
i e e el BULK PURCHASE enable TWO outstanding offers.

XUOt Dim 92 x 92 x 25 mm
Minature 240 v equipment fan complete with
finger guard £9.95.

Grgu JB-3AR Dim 3" x 3" x 2.5" compact

running 240 v ration NEWE£6.95 4 .
BLERDY 1.0 5 16 OC mre ‘SYSTEM ALPHA’ 14" Multi Input Monitor.
miniature reversibie fan Uses a brushless Made in the UK by the famous REDIFFUSION Co. for their own professional
servo motor for extremely high air flow, . computer system this monitor has all the features to suit your immediate and future
simast silent running and guaranteed 10.000 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
inciude PIL tube, Matchlng 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. y
Little or hardly used manufacturers surplus enables us 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! Our own interface, safety
modification and special 16” high definition PIL tube, combine with the tried and
tested DECCA B80/100 series chassis to give B0 column definition and picture
uality found only on monitors costin% TIMES OUR PRICE. In fact, WE
UARANTEE 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
IS ) g include.internal audio amp and speaker, Modular construction, auto dngaussln
24" KGM large screen bfa ,:'a ﬁ*""?ase 34 H x 24 D, 90 day guarantee. Supplied in EXCELLENT condition, ONLY £99.
gg;‘°g ,"U“g e"g'c?;:‘_’,'gstge' NS + Carr. Also available UN-MODIFIED but complete with MOD DATA Only £75.00.
NL?ISOSQ. Carriage £10.00 Carriage and Insurance on monitors £€10.00

FE
DATA MODEMSLSPEC/AL 300 BAUD MODEM OFFER

Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND ER ISEO0NK

NEW or littie used 2B data modems allows US to rlr:jak;z(;he FINAL DEc CORNER
iti ta
oin the communications revolution with JREDUCTION, and for YOU to join the exciting worid of da

Bur Super 1ange of DATA MODEMS wih communications at an UNHEARD OF PRICE OF ONLY £29.95 Made tofl pop 1140 S commprigiB b5 B
Dvnées and types to suit ail applications the highest POST OFFICE APPROVED spec at a cost cf)f h:ndr(—tz)ds of 45 merg.;p 2*4%"‘&% ;16 '6"3 RS232
and budgelst! pounds each, the 2B has all the standard requirements for data base nterface ard disk drive
Most modems are EX BRITISH N n TU10 9 track BOO BPI Mag tape drive, dual
TELECOM and are made 1o the highest [jPusiness or hobby communications. All this and more 9

rack system. VT52 VDU etc. etc. Tested
standard for continuous use and reliability. i ® 300 baud full duplex .‘\w‘wl ® CALL. ANSWER and AUTO modes ar ning

£3750.00
RS232 Interfaces are standard to all our @ Full remote control @ Standard RS232 serial interiace o v

modems, so will connect 10 ANY micro et CCITT tone standards B yow ONLY - ® Built in test switching gm : _'\Aﬂg 4 gg;agSgMLATc £385.00
with an RS232 seriat interface Supplied with tull data <" £29.95 : ® 240v Mains operation

interface £€2100.00

= ® Modular construction y ] S ® 1 year tull guarantee : .
3:::& 2B1scpiSRECIALORERER YS! [l Direct Isolated connection '+ P ® Just 2 wires to comms _line gtaleJsd :laEI.I:AZ‘('j:rr:\a;sD A 23}?'.00::
;*f;?;,,"ggg;ggg,gg;g-.g;;;w:;;; ) Order now - while stocks last. Carriage and Ins. £10.00 DUP11 Sych Serial data /16 . £650.00

Standard CCITT tones, CALL mode or;ll y!.’ 0Q200 Dilog - multi RK

Tested with data. ONLY £45.00 + PP EA U ‘ l TE coo contro £495.00
MODEM 20-1, 75:1200 baud. Compact unit ¢£250 5 P P ” 5 P DZ11-B 8line RS232 mux board £650.00 !
for use as subscnber end to PRESTEL Z 4 KDF11-8 M8189 PDP 1123+ £1100.00
MICRONET or TELECOM GOLD. Tested with - T BRAND NEW T e inat war | LA36 Decwriter EIA or 20 ma loop £270.00
data. £39.95 + PP £6.50. L NEVER e reneated Stancsrd CENTRONICS ] LAX34-AL LA34 tractor feed £85.00
$20-1 but 120075 CENTRONICS e 19 Girott socnechon 10 8
MODEM 20-2. same as 20-1 but 12 parallel intertace tor direct connection to 88C, ll MS11-JP Unibus 32 kb Ram £80.00
!T)g‘txi'fggﬂ N T, Ay WS ORI DraION eic Superd print quality with 1ul Il MS11-LB Unibus 128 kb Ram  £450.00
! Sousti "
rand new with RS232 interace HIGH DEFINITION nternal PROPORTIONAL SPACED fll MS11-LD Unibus 256 kb Ram  £850.00
w“‘i'e'éa and B S MODE for WORD PROCE SSOR apphications, 80-132 | MSC4804 Qbus (Equiv MSV11-L
ONLY £49.95 Y s (Equi )
DACOM DSL2123 Muiti Standard Modem columns, single sheet, sprocket or roll paper handling pius 256 kb £499.00
switchable CCITT or USA BELL 103 standard e e S S TSPUAVELECTRONICS B PDP11/05 Cpu. Ram, /0. elc.  £450.00
V21 300-300. V23 75-1200. V23 1200-75 or tull manual etc. Limited quantity -Hurry while stocks last. fll POP11/40 Cpu. 124k MMU £1850.00
1200-1200 half dupiex. Options Intertace cabie (speciy) for BBC, ORIC RT11 ver. 38 documentation kit £70.00
Auto answer via MODEM or CPU. CALL or ORAGON of CENTRONICS 36 wa: €12 50 Spare nbbon Ml RKO5-J 2,5 Mb disk drives £650.00
ANSWER modes plus LED slalgs indication €3.50 uc'éBBC o'aomc;s xé:araoupcﬂl"'v orogram £8 60 KL8JA PDP 8 async i/o £175.00
Dim25 x85 x9 BRAND NEW tully arniage and Ins i

At a price YOU can afford, our range of EX
QJI)PMENT video monitors defy
ompetitlon! Alf are tor 280v working with
tandard composite video input. Units are

pre tested and set for up to 80 cof use on

BBC micro. Even where MINOR screen

burns MAY exist - normal data displays are

unattected.

naftected: 10005 s0LD TO DATE
12" KGM 320-321, high bandwidth input
will display up to 132 columns x 25 fine
Housed in attractlve fully enclosed
brushed allov case B/W only £32.95

- MI8E PDP 8 Bootstrap option £75.00
uaranteed ONLY £2685.00 + PP £4.50. VTS50 VDU and Keyboard
412 Made b BS for BY this y!

'W‘:-’T:al;'z‘"‘-"%-‘i ig' gy"\éf’%klgus dg;aai-"ks - ”UNDRGD:FOFO PRE’:JS%J V'l(’:gg ?/rgllloeo'h RS232 interface c‘:z?a%%
1200 of 2400 baud using 2780/3780 ; ; i i .
il sy e e s 2 S EX STOCK FROM .UV, Call Sales Office for Details. - B
2 or 4 wire worknr;gueslwl COST OVER | '1’([))%% S:BEQXASL%CP.: fpar?s tor EEC
£800. OUR PRICE £185. N Srere
DATEL 4800, RAGAL MPS4800 high snees B 1 ONly large CALCOMP 1036 AO 3 pen drum plotter and \ y

H " pherals Call for details. Ali types of
P 000 condltion £285.00 CARR £10.00 offline 915 magtape controller. Good working orderfl Eomoer equpment and soarer wamted

ADD VAT TO ALL PRICES £2500.00. [ (o PROMPT CASH PAYMENT.

All' prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum CreditCard order£/0.00. Minimum BONA FIDE account orders from Government Depts.. Schools. Universities and
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specitications without notice Trade, Bulk and Export

32 Biggin Way, Upper Norwood, London SE19 3XF
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 .4
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@ Texas instruments have pub-
lished two new semiconductor
brochures, one dealing with
linear and interface circuits and
the other with industry standard
line circuits. The first brochure
covers the complete spectrum of
Tl analogue and interface circuits
and includes an alpha-numeric
listing and equivalents table,
while the second describes inter-
national standards such as
RS232, RS423, IEE488, etc. The
brochures are available on
request from Texas {nstruments
Ltd, Manton Lane, Bedford MK
41 7PA, tel 0234 - 63211,

@ Carston Electronics are offer-
ing the DEC Rainbow and several
other personal computers at a
greatly reduced price for alimited
period. The Rainbow costs £1350
for the 64K version or £1750 for
the 128K version, the Decmate 2
costs £2350 and the Professional
350 costs £3200, all exclusive of
VAT, Carston Electronics Ltd, 99
Waldgrave Road, Teddington,
Middlesex TW11 8LL, tel 01 -
943 4477.

® The Amateur Computing Club
have sent us a copy of the latest
issue of  their  journal,
ACCumulator. It contains articles
on the C language and robotics
amongst others and those inter-
ested in joining and receiving

ACCumulator should contact
Andy Leeder, Church Farm,
Stratton St. Micheal,

Norwich.

Rural Radio
Payphone

P lessey Radio System has
developed a stand alone,
rural payphone system which
could put the Third World on the
telephone. The roadside tele-
phone needs no conventional
wires for communications
because it is powered by solar or
combined solar and wind energy
and uses radio to link up with
the exchange.

Solar or wind power, ora com-
bination of both, charge an in-
built battery system whichin turn
powers the radio and payphone.
The payphone, which is of the
type extensively used by British
Telecom in the UK, is equipped
with ringing facilities, tariff signal-
lingandaliquid crystal readout of
coin values. It is housed in a van-
dal proof case.

In operation, speech is car-
ried through an integral transmit-
ter to the nearest exchange or
junction to gain access to the
country’s trunk network, enabl-
ing the caller to have full national
or international telephone facili-
ties. The payphone is also able to
actasadirect local link, ona point
to point basis, so that remote
villages can communicate with
each other. The radio is available
on 450MHz and 1.5GHz

The payphone is able to
recognise 24 different currencies

and an inbuilt cash management
system reports whenthe coinbox
is 75 per cent full. For simple
installation a metal plate at the
foot of the payphone pole is
dropped into a concrete base.
An adaption of the payphone
configuration has already been

installed in Turkey where a com-
pletely mobile post office with
full service facilities is bringing a
new communications technol-
ogy to villages and seaside
resorts. Early discussions are now
taking place with a South
American country.

Well Protected
DMM

H arris Electronics are market-
ing the TMK VF9 multimeter,
a pocket-sized, push-button digi-
talmultimeterwith a 3% digit LCD
display. Ithas a basic DCaccuracy
of 0.5%, automatic over-range
and low batteryindication and the
manufacturers claim that it has
been designed throughout with
safety in mind.

The VF9 will measure up to
100V DC and 750V AC with a
minimum resolution of 1mV. The
fourresistance ranges cover 1R to
20M and the DC current ranges
allow measurements from 1uA to
2A. A 2amp fuse forms part of the
overload protection system and
allinputs are fuily protected onall
ranges, including resistance.

The LCD display has %" high
digits and includes polarity indi-
cation. The low battery warning
appears when about 10% of the
battery life remains, and Harris
claim that a life of about 2000
hours can be expected with
alkaline cells. The input jack
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sockets and the testieads comply
with UL 1244 and VDE 0411
_safety requirements.

The VF9 measures 130°x 75 x
28mm and weighs 195g. It is
$uaranteed for twelve months
and costs £34.95 plus VAT com-
plete with battery, manual and
test leads. Harris Electronics
(London), 138 Grays Inn Road,
London WC1X BAX, tel 01-837
7937.

L

Active
Loudspeaker
Stands

T aking anovel approachto the

problem of getting more bass
from smallloudspeakers, Asscom
have come up witha hollowstand
which couples to a ‘speaker to
increase its effective volume. The
stands come in kit form and are
designed for the Wharfdale Dia-
mond, but the manufacturers say
they can easily be adapted to suit
other small loudspeakers.

The stands are made of wood
and incorporate a tapered
column which is tuned to boost
low frequencies. The loudspeaker
attaches to the front of the stand
and acoustic coupling is achieved
by means of a hole in the front
face of the stand and the hole in
the back of the loudspeaker which
normally carries the connector
panel. In the case of the
Wharfdale Diamond, this hole is
about 3” in diameter. Once the
panel has been removed, the
loudspeaker can be screwed to

the stand using the connector
plate fixing positions and the wir-
ing extended to a new connector
plate position on the back of the
stand.

Asscom claim that the active
standsextendtheresponseofthe
Diamonds downwards by about
30Hz and do so without affecting
the upper base and midrange.
They say that the eftect is to add
weight to the sound without
introducing any of the artificial
boominess often associated with
cheap loudspeakers  which
attempt to imitate an extended
bass response by emphasising
the upper bass region.

The kits include p-e-cut panels,
battens, screws, pins, wadding
damping, woodgrain-effect vinyl
covering material, etc. Asscom
will consider producing a ready-
built version if the demand war-
rants it. The kit costs £29.95 per
pair plus £4.95 post and packing
and an instruction manual con-
taining the plans and details of
some other modificationsis avail-
able for £4.95.

Asscom, Unit 3, Mossedge
Industrial  Estate, Linwood,
Renfrewshire PA3 3HR,’
tel 0505 - 35974.
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BEGINNERS GUIDE

Beginner's Guide to Basic Programming
Stephenson . 1
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Beginner’s Guide to Integrated Circuits
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Beginner’s Guide to Microprocessors
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Microprocessor Cookbook M. Hordeski
1C Op Amp Cookbook Jung

Active Filter Cookbook Lancaster

TV Typewriter Cookbook Lancaster
CMOS Cookbook Lancaster

TTL Cookbook Lancaster

Micro Cookbook Vol.1 Lancaster

MC 6809 C ookbook

ELECTRONICS

O
[®]
O
O
a
o
[®]
O
[®]
(]
0
0
a
O
O
[®]
O
O
[®]
[®]
[®]
[®]
[®]

Principles of Transistor Circuits Amos

Electronic Devices & Circuit Theory Boylestad
Principles of Electronic Instrumentation De Sa
Giant Handbook of Computer Software
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Giant Handbook of Electronic Projects

Electronic Logic Circuits Gibson

Analysis and Design of Analogue Integrated
Circuits Gray
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Electronic Testing and Fault Diagnosis Loveday
Electronic Fault Diagnosis Loveday
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From BASIC to PASCAL Anderson

UNIX - The Book Banaham

280 Microcomputer Handbook Barden

Digital Computer Fundamentals Barter
Microprocessor Interfacing Carr

Microcomputer Interfacing Handbook A/D & D/A
Carr

Microcomputers/Microcomputers - An Intro Gioone
Troubleshooting Microprocessors and Digital Logic
Goodman

Let your BBC Micro Teach you to program Hartnelt
Programming your ZX Spectrum Hartnel

How to Design, Build and Program your own working
Computer System Havilland

BASIC Principles and Practice of Microprocessors
Hefter

Microcomputer Builders’ Bible Johnson

Digital Circuits and Microcomputers Johnson
PASCAL for Students Kemp

The C - Programming Language Kernighan

Guide to Good Programming Practice Meek
Principles of interactive Computer Graphics
Newman

Theory and Practice of Microprocessors Nicholas
Microprocessor Circuitss Vol.1. Fundamentals and
Microcontroliers Noll

Microcomputer Based Design Peatman

Digital Hardware Design Peatman

BBC Micro Revealed Ruston

Easy Programming for the ZX Spectrum Stewart
Microprocessor Applications Handbook Stout
Handbook of Microprocessor Design and
Applications Stout

O Programming the PET/CBM West
O Computer Peripherals that you can build Wolfe

REFERENCE BOOKS

Electronic Engineers’ Handbook Fink

Electronic Designers’ Handbook Giacoletto
Handbook for Electronic Engineering Technicians
Kauffman

Handbook of Electronic Calculations Kauffman
Modern Electronic Circuit Reference Manual
Marcus

Handbook of Microcircuit Design & Applications
Stout & Kaufman
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International Transistor Selector Towers
International Microprocessor Selector Towers
International MOS Power and other FET Selector
international Digital IC Selector Towers
International Op Amp Linear IC Selector Towers
Illustrated Dictionary of Electronics Turner
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Servicing Home Video Cassette Recorders Hobbs
Complete Handbook of Videocassette Recorders
Kybett

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
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D Electronic Devices and Circuits Bell

O CP/M - The Software Bus: A programmers guide
Clarke/Eaton & Powys-Lybbe

O Electronic Instrumentation and Measurement
Techniques 2nd Ed. Cooper

O Graphics on the BBC Microcomputer Cryer

0 The BBC Microcomputer for Beginners
Dunn/Morgan

[0 Engineering approach to Digital Design Fletcher

O A UNIX Primer Lomuto

O Understanding Digital Logic Circuits Middleton

0 CP/M Primer Murtha/Waite

O Introducing Computers Peleu

[J Dictionary of Computers/Data Processing and
Telecommunications Rosenberg

O Computer Networks Tenenbaum

0 UNIX Primer Plus Waite/Martin & Prata

[0 Introduction to PASCAL Welsh/Eider
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£66.60
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£40.50

£42.25
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ELECTRONIC DATA BOOKS

O THT 83/84 Data dictionary and comparison table

[0 TVT A-Z Transistor equivalent book

[0 TVT 2N Transistor equivalent book

D DA; 1 Part 1 of compendium covering transistors A-
BU

D DAT 2 Part 2 covering C-Z transistors

[0 DAT 3 Part 3 covering 2N21-2N6735

O DAT 4 Part 4 covering 25A,25B,2SC,2SD,28J,
2SK,3N,358J,35K,4000

O LIN 1 Linear operational amplifiers data and com-
parison tables

O LIN 2 Linear voitage stabilizers, data and
comparison tabies
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Containerised TV Station

ncomtel have developed a

powerful television transmitter
station which is totally self suffi-
cient within muiltiple 20’ long
steel containers and can begin
broadcasting within days of arriv-
ing on site, anywhere from a
remote jungle clearing to an iso-
lated desert range.

Incomtel claim that this is the
fastest way to introduce a TV
service to a region, and the
savings forthe customerwillbe in
time and money since no perma-
nent buildings will be needed
and relocation is fast and simple,
Other customers, with established
TV networks, have also shown
interest in a containerised station
to back their permanent installa-
tion, ensuring broadcasting con-
tinuity around the clock in the
event of an emergency or break-
down. The only civil engineering
works required are mast founda-
tions and concrete bases for the
main containers and the diesel
generating set.

In this first station three of the
containers have been designed
to accommodate two 10kW Band
111 TV transmitters, together with
two high voltage power transfor-
mers, two programme inputracks
and test equipment. The UHF
link receiverrack, notch diplexer,

aural and visual dummy loads
with  changeover  switches
together with the pressurisation
system for the antenna coaxial
cable and UHF waveguide are all
installed within the three con-
tainer "heart’ of complex.

Eachof the steelfullyinsulated
ribbed SO containersareair con-
ditioned and special precautions
have been taken to inhibit the
ingress of fine dust and sand. A
specially designed sun roof
canopy will protect the entire
complex in countries with ex-
treme temperature conditions
and each station will be totally
independant with its own water,
power and fuel supplies.

A custom-designed Rolls
Royce 125kW generating set
complete with bulk fuel tank fits
into a single container which has
been sound-proofed to a high
standard. Also provided within
the complex are reception, staff
accommodation and recreation
areas, office and stores. To com-
plete the pakage there is a 150
metre mast fitted with a 12 panel
double dipole Band Il direc
tiona! antenna system and a 13
GHz parabolic link antenna.

Incomte! Ltd, 225 Goldhawk
Road, London W12 858, te! 01 -
743 5511.

RS232C Optical Fibre Link

B elling Lee Intec have intro-
duced a full duplex optical
fibre transceiver which plugs
directly into the standard ‘D’ type
connector used for R$232C inter-
faces. They claim that it allows
highperformance transmission of
data over an extenced distance
without the need for data cables.

The L2840 can be used with
fibre optic cables of 100 microns
and upwards and is fitted with
9Imm SMA-style fibre optic con-
nectors. Data rates from DC to
64k baud can be accommodated

and a special feature is the ability
to be configured internally as
either a data terminal equipment
(DTE) or data communications
equipment (DCE). The supply
voltage is 9V connected via a
miniature jack plug from an exter-
nal mains adaptor.

A data sheet describing the
L2840 is available from the manu-
facturers, Belling Lee Intec Ltd,
540 Great Cambridge Road
Enfield, Middlesex EN1 3QW,
tel 01 - 367 0080.

® We have received a lot of
requests for cut-price back-
numbers following our offer in
these pages last month. We have
sold out of many of the issues
listed but still have copies of
November 1982, January 1983,
May 1983 and December 1983
going for 50p each. If you want a
copy of any of these issues, just
send us a cheque or postal order
for the appropriate amount and,
to save us time, enclose your
name and address on a gummed
label or atleast on a piece of plain
paper which we can paste down.
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Soldering Iron
Thermometer

Designed for use in applica-
tions where solderingiron tip
temperature must be precisely
controlled, West Sussex Instru-
ments have introduced a digital
electronic thermometer which
will provide readings of tip tem-
perature in seconds.

The WSI 500 has an integral
sensor mounted on the front
panel and will measure tempera-
tures from-50°Cto+500°C. Ithas
a resolution of 1'C and an
accuracy of0.5% + 1 digit plus the

deviation of the thermocouple.
The liquid crystal display has
12.5mm high digits and the meter
will operate for approximately
1000 hours from a PP3 alkaline
battery.

In operation, the soldering iron
is simply pressed against the
sensor and a reading is obtained
withinseconds. An areaof sponge
surrounds the sensor so that the
bit can easily be cleaned.

The WSI1500 costs £39.50 plus
carriage and VAT and is available
from West Sussex Instruments
Ltd, 12A Coronation Buildings,
Brougham Road, Worthing, West
Sussex BN11 2NW, tel 0903 -
212303.




Introducing...

under £2000!

Serpent SCARA assembly robot

On show at
Training & Development NEC 9—11th July

AND To be featured as a
i. i “.,.“%g constructional project in
i pplicatisns Practical Electronics
0264 50093  September issue.

ALL ITEMS ON
DISPLAY

————
OPEN 6 DAYS
A WEEK

You can depend on

ELecTROVALUE)

to supply the fine
range of test &
measurement

FREE 44 PAGE
PRICED AND
{LLUSTRATED

@® multimeters

@ scopes
CATALOGUE ON
REQUEST @ signal
@ Over 6000 items stocked generators etc.

ELECTROVALUE LTD 28 St, Jude's Road, Englefield Green, Egham,
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 1NA
Telephone 061 432 4945
Please mention this publication when replying

BRITAINS FOREMOST QUALITY COMPONENT SUPPLIERS

ROBOTS

For Education,
Training and Industry

5 NEPTUNE | 1
NEPTUNE II *

NEPTUNE - for clean
hydraulic power

— lap waler is the
hydraulic fluid!

&

MENTOR
Kitfrom 38
£345

SCOPES a?
(UKC/P 8 s, TER (uk c/ps50)
.00 or £15. Large LCD display B ranges
secuncorh 0.1pt to 2500 m!; £69 50
HAMEG Al with
Component Testers DlGlTAL
HM203/5 Dual MULTIMETERS
RIMHZ aace Eg?g 9 (UK C/P 65p) (o With case}
HM204/2 With Sweep delay £ae2 22 +KD305 (5} 14 Range £28. 80 ]
HM605 Dual 60MHZ g 10A DC 2M ohm
HITACHI (All models availabie) «KD615 (R) 18 range 10A DC 20 M
V212 Oual 20MHZ £378.35 | v te tester 39.95
CROTECH All with Component Testers *KD 55C {R} 26 Range 10A AC/DC
3030 15MHZ Single Trace Portable 20M ohm £44.50
a5 = i by GE R Eg;g%g 3100 Pen type 16 range AC/DC vons
e id K T
ponent . ange 10 20M
m;:;!r:o: OC regulated outputs £35880 ohin Hie lestevgcunl buzzer EltG 52
Xi-X10 Scope Probes with adaptors £11.50 | rcﬁ;g %’MM::,{.AU‘O TP £47 73
ANALOGUE = [TRANSISTOR ~ * ¢ |
MULTIMETERS o | TESTER (uxc/pesn) 8
(UK C/P 65p} 31 Dwect reading of Hie and leakage @y
NHSGR 10K/vol : tor NPN/PNP transist <
22 Range ’ £12.95 . 2 & dodes S £27.95 ‘-'!OI
10282 20K /vol —
22 Range 104 0c £14,95 b DC POWER
YN360TR 20K/volt 19 Range pius SUPPUES
;';):';:)Uvm Range doubler £l 595 220/240AC input
104 DC{20M ohm £21.95 (UK C/P £1.00)
1203 13.8 vot 3 Amp DC
:an":eg(:;{"vou EERBAAT/EL £24.95 | output (for all 12 von ¢ aqulamemf £12.95
— —————————=——1 241 Meter indicator Amps/vonis 0/30
LOGIC i volt D/el Arlnp ' — £37.95
PROBES m masmgwse  £59.95
(UK C/P 55p) ALSO IN STOCK-range of counters, generators
10 MHZ OTL/TTLCMOS. 1P £24, 95 and bench DMMs. Ask for leafiets.
ORDER BY POST OR PHONE OR CALL IN AND SEE FOR YOURSELF

() Compietg

| Equipment

. Londo g | Catalogue
Up 10 £1000 instant credit Avaiiable I Large su\
{Lombard Tricity Finance) 1 \ 1250 VLAY,

NEPTUNE 1 6 axes: 8 bit cantrol system: 2.5Kg
capacity; 1120mm reach.

NEPTUNE N 7 axes; 12 bit control system;
2.5Kg capacity: 1 120mm reach

MENTOR DC servo desktop robot; 8 bit
control system; 300gm capacity, 420mm reach.

Robots programmed from izeyboard or hand
held simulator {modei robot).

i: .i iyhnrnc(?

plications persona) senjce

Robots may also be taught by “lead by the
nose’ method.

Extensive software Is supplied free with
each robot.

Leads available for connection to 88C, 2X
Spectrum, Appie lie, Commodore 64 and
VIC 20.

Most other micros are also easily usabie with
these robots

Robots also available ready buitt.

Please phone for brochure: 0264 50093

West Portway Industrial Estate, Andover SP10 3ET.
Ic A private and independent company giving prompl
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Events Diary

Unix Training Course - June 11-12th

Plessey Microsystems Training Centre, Towcester. Training in Unix
system 111 or V, including hands-on experience using a Plessey
System 68. Aimed at data managers and software staff interested in
multi-usercomputertechniques. Contact Piessey Microsystems, Sales
Office, Water Lane, Towcester, Northamptonshire NN12 7)N,
tei 0327 - 50312,

Computer Graphics Course - June 11-14th

Cafe Royal, Regent Street, London. A comprehensive overview which
moves from fundamental concepts to the selection and effective use
of top-flight workstations and software. The cost is £585.00 plus VAT
and details are available from ICS at the address below.

European Unix User Show - June 12-14th
Olympia 2, London. For details see June issue or ‘phone 01 - 837
3699.

Computers In Manufacturing Show - June 24-27th

Olympia 2, London. For details see June issue or ‘phone 01 - 891

3426.

Networks - June 25-27th

Wembley Conference Centre, Wembley, Middlesex Exhibition and
conference covering Local Area Networks, electronic mail and other
data exchange networks. The full conference programme costs
£395.00 + VAT, exhibition entrance costs £5.00 and the organisers
expect about eighty exhibitors. Contact Online at the address
below.

Condition Monitoring In Hostile Environments - June 26th
Regent Crest Hotel, London. For details see June issue or ‘phone
0372 -374151.

Living With Quality Demands BS5750 - June 27th

PERA, Melton Mowbray. One day seminar organised by the
Production Engineering Research Association and designed to help
production and quality control staff understand and implement the
requirements of BS5750. Cost is £125 + VAT with adiscount for PERA
members. PERA, Melton Mowbray, Leicestershire LE13 OPB,
tel 0664 - 501329.

Personal Robotics Conference & Exhibition - July 2-4th

West Centre Hotel, London. Sponsored by a numberof bodies includ-
ingthe |EE, the eventincludesa conference attended by speakers from
the USAand Europe, specialist workshops and the UK finals of the Mic-
romouse competition. The cost is £250.00 + VAT which includes all
refreshments, etc. Oyez Scientific & Technical Services Ltd, Third
Floor, Bath House, 56 Holborn Viaduct, London EC1A 2EX, tel 01 -
236 4080.

Programming In C: A Hands-On Workshop - July 2-5th

Cafe Royal, RegentStreet, London. Each participant is givenaccesstoa
Unix system witha C compilerand instructed in the writingand execu-
tion of C programmes. The costis £635.00 + VAT and details are avail-
able from ICS at the address below.

Leeds Electronics Show - July 3-5th
University of Leeds. See June issue for details or‘phone 0799 - 26699.

Cable - July 9-11th

Metropole Hotel, Brighton. Conference and exhibition expected to
attract 60-70 exhibitors. Conference topics include technology now
and in the future, teleshopping and other interactive services and the
question of subsidy versus investment. Exhibition entrance costs
£10.00, full conference programme costs £330.00 + VAT and details
are available from Online at the address below.

Personal Computer World Show - September 4-8th

Olympia, London. The main exhibition covers home and educational
computing whilea separate exhibitionin Olympia 2 caters forbusiness
and professional users. For details contact Montbuild Ltd, 11
Manchester Square, London W1M 5AB, tel 01 - 486 1951.

Addresses:

ICS Publishing Company (UK) Ltd, 3 Swan Court, Leatherhead, Surrey
KT22 8AD, tel 0372 379211,

Online International Ltd, Pinner Green House, Ash Hill Drive, Pinner,
Middlesex HAS 2AE, tel 01 - 868 4466.
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Fresh Orange

astle Associates have intro-
duced the latest version of
their ‘Electronic Orange’, a noise
monitoring system intended for
use in places cf entertain-
ment. The new mocel has been
designed specifically for use in
dicotheques and removes the
mains supply to the sound con-
sole if the noise level exceeds the
threshold and the D) ignores
warnings to reduce the volume.
The Mk1V Electronic Orange
consists of a microphone, a con-
trol unit and the distinctive
orange warning lamp. The mic-
rophone should be mounted in
the main dance area and its out-
put is fed to the control unit. A
sound level circuit built to the
requirements of BS 5969 Type 2
compares the incoming signal
with a preset level ard illuminates
the warning lamp if it is exces-
sively high. If the D) does not
respond to the warring by reduc-

ing the sound level, the unit will
allow a short delay and then
briefly interrupt the supply to the
disco console. This short period
of silence provides an effective
deterent and ensures that the
volume is generally maintained at
areasonable level.

Castle Associates point out
that complaints about high noise
levels from places of entertain-
ment feature regularly in the
Environmental Officer's league
table of complaints and that the
recent Local Government (Mis-
cellaneous Provisions) Act 1982
gives Local Authorities the power
to prescribe conditions and res-
trictions before licensing a place
of entertainment. The complete
Electronic Orange system costs
£350.00 plus VAT and comes with
comprehensive installation
instructions.

Castle Associates Ltd, Slater
Road, Cayton Low Road indus-
trial Estate, Scarborough, North
Yorkshire YO11 3UZ, tel 0723 -
584250.

BBC Headphone Protector

he  BBC's Engineering

Designs Department has
developed a compact limiter
which  protects headphone
listeners against excessively high
sound levels. The device intro-
duces no distortion until the
limiting level is reached, draws its
power from the signal so that no
other power source is required,
and the design is now available to
UK firms fo manufacture under
licence.

The protector is smaller than a
matchbox and is wired into the
lead between the amplifier and
the headphones. The limiting
level is set during assembly to a
value in the range 95 to110 dBA
and an averaging network pre-
vents the limiter operating on
short duration peaks. To allow for
the dynamic range of the signal,

the operation ofthe averaging cir-
cuit is such that the mean pro-
gramme level must be about 5 to
8dBbelow the limiting level ifitis
not to be clipped. A weighting
network is included to prevent
the limiter acting on the less
harmful low frequencies.

The BBC say that some form of
protection is essential where
headphones could inadvertently
be connected to the loud-
speaker output of an amplifier,
and that there is also a need
because listeners often use head-
phones at high volume levels,
especially where there s
ambient noise.

The Engineering Information
Department, BBC, Broadcasting
House, London W1A 1AA, tel 01 -

927 5432,
ETI
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BBC Micro Computer System VRS .
These are fully cases and wired drives with slim tine mechanisms of high
ACORN COMPUTER SYSTEMS BBC FIRMWARE quality, Shuggart A400 standard interface. Drives supplied with cables
BBC Model B Special offer ............£300 (a) 1.2 Operating System ..... L£7.50 (d) manuals and formatting disc suitable for the BBC computer. All 80
BBC Modei 8+Econet..... £335(a) Basic NROM............ ..£22.50 (d) track drives are supplied with 40/80 track switching as standard. All
BBC Model B4+DFS......... £348 (a)  View Word Processor ROM .£48.00 (c) drives can operate in single or dual density format.
BBC Model B+DFS +Econet ........... £399 (8)  WOrdwise ............ ..£34.00 (d) \ e oAt
UPGRADE KITS BCPL ROM/Disc . EER00 () RSl f;f.;’s"’?,“ ——— (g; 2 x 400K 80/481' DS: TD! 5275 (a)
Ato B Upgrade KM.......................... 588 (d)  Disc Doctor/Gremiin Debug ROM £28 (d) 1 x 400K 40/80TD3 TS55F . £125(a) PDBOO with psu.. -£300 (a)
f orskn .£95(d)  EXMON/TOOL KIT ROM.. -£28 ea (d) PS400 with psu ; £149(b)  Plinth Version
Econet Kt Printmaster (FX80)/Graphics ROM.. 2 x 100K 407 SS TD200P.............. £195 (a)
Speech Kit e AT () i -£20 oa () eplot g o ) "gggg"eggggs#a%;« -8228 ga;
‘ersion: X » - a)
ACORN ADD-ON PRODUCTS ULTRACALC sproadsheat ROM 219 oa (c) 2 x 100K 40T SS 1D200............... £175 (a) PDBOOP With PSU ... £315 (b)
ZB0 2nd Processor .......
6502 2nd Processor £175 (a)
Tehext Adaptor .... COMMUNICATION ROM 1"
IEEE Intertace ..... Termi Emulator 3M 5%” FLOPPY DISCS
Prestel Adaptor.... Communicator ............ High quality discs that offer areliable error free performance for lite. Each
AH LIgNt PN womwevene COMMSAEY .. discisindividually tested and guaranteed for life. Ten discs are supplied in
TORCH UNICON products including the IBM Computible GRADUATE in stock a sturdy cardboard box.
For detailed specification on any of the BBC Firmware/Peripherals listed here
40T SS DD £13 (c) 40T DS DD £18 (¢)
informatlo i
or information on our complete range please write to us. 80T SS DD £22 (c) 80T DS DD £24 (C)
PRINTERS
EPSON DRIVE ACCESSORIES
RX8OFT£225(a) RX80T£215(a) FX80£315(a) FX100£435(a) FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures continued
KAGA TAXAN optimum penorma.noe of the drives ......... ..£14.50 (c)
Single Disc Cable ....... £6 (d) 10 Disc Library Dual Disc Cable ..
KP 810 (80col) £225 (a) KP810 (156col) £349 (a) Case...... i .£1.80(c) 30 Disc Case...
JU K1 6100 £325 (a) BROTHER HR1 5 £325 (a) 40 Disc Lockable Box ...... L4 (c) 100 Disc Lockable Box
ACCESSORIES
32K Internal Buffer Parallel £99 (b) MONITORS
EPSON » 3
Serlal Interface: 8143 £28 (c); 8148 with 2K £59 (c) MICROVITEC 14 RGB.'
Paper Roll Holder £17 (d); FX80 Tractor Attachment £37 (c) 1431 Stan_dard Resolu'tlon ..................................... £165 (a)
Ribbons: FX/RX/MX80 £5 (d) FX/RX/MX100 £10 (d) 1451 Medium Resolution.............ccceceeiieeniciennneens £240 (a)
RX/FX80 Dust Cover £4.50 (d) 1441 Hi ReSOIUtioN ..o £399 (a)
KAGA TAPXA'j 1431 AP Std Res PAL/AUDIO.........ccceecricvieennee £210 (a)
PR 21 Eiiser f:a :3 :1 3(1)0 BN () 1451 AP Med Res PAL/AUDIO ............ccccoevvvennen. £280 (a)
1451 DQ3 Med Res for QL .......coviiiiviieviieviceene £239 (a
REEEE VOV C1 Sl A9 () PR Te (6) Above monitors are now availablein plastic or metal cas(es)
Tractor Attachment £99 (a) Sheet Feeder £180 (a) , A P :
BBC Parallel Lead £7 (d) Serial Lead £7 (d) please specify y_our reqqurement.
2000 Sheets Fanfold Paper with extra fine perforation KAGA Super Hi Res Vision Ill RGB £325 (a)
9.5" x 11" £13 (b) 14.5” x 11" £17.50 (b) Hi Res Vision I . . £225 (a)
L aPek o 1000 sbuile nos 816" % 171 MEaE) | 0 ] TR B ION fhrnie o it s Sk o
e Bt s Dl MONOCHROME MONITORS 12:
Kaga Green KX1201 G Hi ResS.....c..ccccevvviiiieesiiniccnns £99 (a)
MODEMS Kaga Amber KX1201 A Hi ReS........ocvvverreerrerrnene £105 (a)
— All modems listed below are BT approved Sanyo Green DM8112CX HiRes...........cccocnunnne. £90 (a)
" Swivel Stand for Kaga Monochrome...................... £21 (c)
MIRACLE WS2000: BUZZ BOX: d ; o i
The ufimats world standard modem coverall  This pocket sized modem complies with V21 All monitors are supplied with leads suitable for the BBC
a al I S an ideal ution 1
B et o T i LB tast i sorS BaRe L, wWhvsl: Computer. Spare leads available.
tually any computer system in the world. The trame computers and bulietin boards at a very
optional AUTO DIAL and AUTO ANSWER economic cost. Battery or mains operated, ATT ENT'ON
boards enhance the considerable tacialities £62(c). Mains adaptor £8(d).
gm%a pvggg?:)' °2m'§ i Dr;lmgg;rdy:mg B88C to Modem data lead £7. SP Ec I A L o FFER
Answer Board £30(c) each. (awalting BT 2764-25......ccoveeneeieannnnns
approval) Software lead £4.50. ALL PRICES EXCLUDE VAT 27128-25 !
Please add carriage 50p unless = )
TECHNOLINE VIEWDATA SYSTEM RV R
Using ‘Prestel type protocols for information indicated as follows: 6264LP-15 ........coonveennl £7.5(
and orders phone 01-450 9764, 24 hour ser- (a) £8 (b) £2.50 (¢) £1.50 (d) £1.00
vice, 7 days a week.
GANG OF EIGHT CONNECTOR SYSTEMS
TELEPHONE
IN;E ;(L)IS légrEARST I-D-(Sotibff Ek(‘;TO\RS EDGE CONNECTCRS RO CONNECTORS
peedblock Type' older
Coplesuf(oenghtepromsata(imeand acceptsall Noof ‘Header Recep Edge | (commodom) o1 018 — 550'80 427"5‘; g:gy D::g }ggp
single rall eproms up to 27256. Can reduce pro- WAL g e e Kio.ciowe 150p ]| Py s50p 5000 | g s ?tag Kt 160p
gramming time by 80% by using manufacturer's 20 145p  125p  195p 2% 12- wa, (vic 20) E 350p | 2¢ way piug Flgxl i ca%li P
suggested algorithms. Fixed Vpp of 21 & 25 volts 26 175p  150p  240p 2x 18w = 140p \EEE 4150 475p 2 50p/m
and varlable Vpp factory set at 12.5 volts LCD 34 200p 160p  320p 2% 23- way (ZX81) 175p 220p Bzl pS :flg)’ 72p/m
display with alpha moving message £385(b). L e, B e e ory 2285 oy 2209 \EEE 500p 500 Yy L
P p ] x 28-way (Spectrum) 200p P P
2x 36 way 250p — PCB Mig Skt Ang Pin RIBBON CABLE
SOFTY Il DCONNECTORS | Jx3vs) I e W i evimeire
This | t Intelligent er can Q10T RS 2yl 395p - 10way  40p  3away  160p
o St S SRR | e O 15 2 a7 BN ES ww| GENDERCHANGERS | hiy B B D
ada tor, 2564 and2764. Dnsplays512 byte page Ang Pins 120 180 230 350 5 w P y LNYP) 26way 120p  64.way zso:
/-(—’ hasasenall a(nd pavall?:vio(ro#nnes Can Sg%erns &0 85 125 170 Male to Male. £10 :
ntertace =
b e 8 oot cassti werage I0C .15 278 325 EURO CONNECTORS  [Fémal o Female . €1 Ol der ibc
Adaptor for 2764/2564. £25.00(c) StPin 100 140 210 380| DIN 41812 Plug Socket RS 232 JUMPERS 14 pin  40p 100p
Angpins 160 210 275 440| 2 x 32wayStPin 230p 275p 16 pin 50p 110p
UV ERASERS Solder 90 130 195 290 2 x 32 way Ang Pin275p 320p ; (25 way D) 18 pin  80p -
: IDC 195 325 375 3 x 32way StPin 260p 300p |ZiZinclecndlale - €5.00 | 20pin  75p .
All erasers with built in safety switch and mains JStHood 90 95 100 120| 3 x 32way Ang Pin 375p 400p A e £10I00 24 pin  100p 150p
indicator. Screw 130 150 175 IDCSktA+8B 430p 24" Male Male £9.50 28 pin  160p 200p
ld¥:$e£as§: :pblc;fs? r:m:::a time. .. £47§C{ Lock IDC Skt A+ C 430p | 24" Male Female £9.50 40 pin  200p 225p
asa Ad ut wi .
UV140 erases up to 14 eproms at a time. £88 (b) TEXTOOL ZIF :07 2 x 32 way&:lease specily DIL SWITCHES ~ MISC CONNS
t ) pacing (A + B, A + C). 4. 90p 6 105p | 21 pin ScartC 101200
SYjl4 agiabove bt thia i mer, £71(b) gggo:?ofw f:::: "::g 8-:::’ 1202 1(;(::!y 1502 8 pipn":/idceao Co(r)\r:\r;(t:o(v).'ZOOpp
~S——
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14279 Sop
14283 108p
0p 742685 320p
0p | 74290 op
op | rezes 0p
30p | 14290 180p
ep | 14351 200p
30p T4365A op
40p | 743664 0p
40p [ Ta3sA [nd
0p TAI6TA 0p
0p 743684 T0p
0p | 74376 180p
p | 74390 110p
p 74393 112p
S0p ( 74430 140p
TOp-| 7443A 100p
Mp
op
o s a4
dep | 74LS01 240
2ep 740502 24p
wp | 74503 24p
40p T4LSO04 24p
op 74L506 240
ap T4LS08 24p
sop | 740809 24p
ep [ 74L510 24p
op | 74L511 24p
op | 74802 2p
wp | 74513 34p
aop | TaLS14 50p
wp | 74518 240
sop | 74L520 24
rop | 7482 24p
100p raLS22 24p
viop | 74LS24 Sop
wop | 74L526 249
voop | 741527 24p
oop | 74LS28 2p
120p | 74LS30 24p
sep | 741832 24p
350 | 74L532 24p
sep | TALSW 24p
Jep | 74LS38 24p
ssp | 741540 24p
sop T4LS42 Sop
ssp T4LS43 150p
sso | 74547 wp
swp | 74548 »0p
sop 74L881 24p
asp | T4LSs4 24p
s | 74588 24p
ao0p | 74LS73A 300
vosp | 74LS74A  3sp
1289 | T4LSTS 43p
110p | T4LSTEA p
azp | 7415834 10p
210p | 74LS8S 7%
wsp | 741586 89
00 | 74L5%0 asp
rop | 74891 sop
sep | 741592 58p
viop | 741883 34p
sop | 745958 T8
»p 740596 #0p
210p | 74LS107  aop
1oop | 745100 eop
sop | 145112 asp
780 | 748113 45p
789 | TASIN4 45p
st | Tesizz rop
170y | 7485120 80p
110p | T4LS124/
170p 929/140p
1o0p | 7405125 sop
ssp | 74LS126  s0p
700 | 795132 esp
wp | 7415133 sop
asp | 74LS136 asp
ssp | 74LS138  ssp
ssp | TUS13 s
750 | T4LStes  ssp
Top | T4LS147 1730
s0p | 745148 140p
280p TALS151 83p
270p | 74LS152 200
2mop | T4LS153 esp
110p | 74LS154 100p
1rop | 7418158 esp
1e0p | 745156 esp
178p | 7aLS157  sop
70p | 745158 asp
0p TALS160A 789
taop | THSIA TR
sop | 74LS1E2A  TIp
100p | TALS163A  78p
wp | TSI 780
15p TALS165A  110p
110p | 74LS166A 1%0p
sop | 74LS168  130p
110p | 74LS169  100p
1100 | Tas170  100p
120p | TALSITIA 100
110p | TALSI74 %
vaop | Tasizs s
00p | 74LS181  200p
200p | 7405183 190p
azop | 745190 50
1e0p | 74LS191 730
110p | TUS192 [oed
10sp | 7SIB s0p
100p | 74LS194A 789
180p | 74LS195A  73p
130p | 74LS196  0p
wop | 74Ls197  wop
240p | 7415221 100p
Ve0p | 74LS240 Sop
i100p | 74LS241  wOp
100p | 745242 909
130p | 7415243 wop
130p | 745244  a0p
110p | T4LS245 100
15p | 74L5247  110p
110p | 7405248  1V0p
0p | 7405249 ti0p
130p | 7485251 0
110p | 7405253 59
220p | 74L52%6 0p
220p | TALS25TA  Top
110p | 7452584  TOp
100p [ 745259 Y209
150p | 745260 %
p | 7415281 1209
200p | 7415266  sop
140p | 7405273 12%
170p | 745279  TOp

48290 190p
283 80p
740 0p
TALS292 %Op
74L5293 0p
TaLS295 140p
TaLS297 p
TaLS298  100p
TALS299  220p
r4L8327  370p
7405323 800p
TALSI24/624
3s0p
7405348 200p
745352 120p
7405353 1200
74LS356  210p
7405363 180p
74L5364  180p
7405365  sOp
T4L5386 S0p
74,5367 Sop
74L5368A  SOp
7415373 0p
7405374 op
7418375 59
48377 t40p
T4LS378  9%p
74LS378  te0p
415281 450p
7415390 $op
T4L S 110p
T4L5395A  100p
7405399 V40p
7415445 180p
74L5465 120p
7415467 120p
7405490  1%0p
7415540  100p
T4L5541 100p
74L5606 700D
7405810 1900p
7415612  1800p
74L5824  350p
T4L5626 2289
7405628 1280
T4L5629  140p
74L5640  300p
74156401
300p
T4LS64Y  200p
74L5642-9
300p
7405643 2%0p
T4LS643-1
300p
T4LS644  380p
7415645 200p
T4L5645.1
400p
T4L5668 »0p
7405669 p
TALSETO  180p
7405682  IS0p
T4LS684 330p
74L5687  3%0p
74L5688  330p
745780 £29
74500 Sop
74502 Sop
74504, Sop
74505 Sop
74508 %0p
74510 S0p
74811 7%
74820 Sop
74522 100p
74530 Sop
74532 0op
14537 sop
74538 TS
74540 Sop
74551 48p
T4S64 480
74574 8p
r4585 300p
74386 100p
745112 130p
745113 120p
748114 120p
745124 350p
745132 100p
745133 60p
748138 180p
745140  100p
748151 150p
745153 1%0p
745157 0p
745158 200p
745183 400p
748169 To0p
745174 300p
745175 3209
748188 180p
745189 2289
745194 300p
745195 300p
745196 3s0p
745200 480p
745201 320p
745225 S20p
745240 400
748241 400p
745244 S00p
745251 250p
148257 250p
745258 250p
748260 100p
748261 300p
745283 2M0p
745207 225
745288  200p
745289 22%p
745290 $s0p
748373 400p
745374 400p
745387 2280
4000 g
s0c1 249
4000 5p
4006 T0p
907 289

200p | 721688

45p
s0p | ao78et e Lmros 2
20p] & neow  LMYI0 a0
2sp] AMTRIOOC €2 Lw Bl
LS noy  LM720 op
p1 av.r.s080 1005 LM7ZSCN iy
sop| Av31%0 sy (M "y
Top] AY34010 0y (MPey Ll
Y 3-890 “xp  LMTET b
bosd D el 000 LMT48 b
88| Cazoten 100 LMYOTT asop
$0p | CANCEA 110 (MI014 1300
sop CA0e op  LMBOT 00p
cAe8 ne LM 1300
0p{ cadso W LM1eTY 000
#0p | cazomoe rop  LMT2 3000
7op | CAISS o e ssep
] Uhsees asop
0P| Ca3m0AQ  ITI9  (M2oT? 2000
aop| casime wy L0 oy
24| Cas1307 190 00 "y
0p CAIVA0E Ay LMWOR o0y
Caytaor 1000 LMY 100p
40p| cazreoe "oy Lo 3309
sop| casiere 000 (MO9S oo
50| a2 oo LMBTE 208
CA10€ 0% LM13000 1500
350 caszeoe %P MBI 1309
1250 | CAI80G 1rep SIS 309
100p] 07002 £ MBIz o0p
260p | OACII8 & 00 MCIIOP 1009
2500 | D00 2000 4Cta1 59
300p  MC1ASE ASp
00| 0GI08 3000 WCY ot g
mim S S E
1100 7610 = .
100p| iCLres0 0p I 5o
230p| L7080 1500 WMEI0CN 009
s0p| umw '2 MR50240 »00p
T2y w1038 o
::: cmra1? 000 MS20 so0p
L ©p w27 AQ0p
o0p | G356 R T
*0p wnx 0P MESDT 120p
cn 0P NESA 160p
1000 1C7137 30 MESSS o
e 10p  NEsse w0y
::: 1 ] aop
LF363 oo NESES 1980
350 Lrams 00 wEse 300
sp| U 10 NEss? 1150
28p] Lr¥? 1000 WES?0 s00p
ssp LM10C AWp  NESTT 300y
LaoIA Ho wESe2 op
30p| ae0? 3o nESSIZP 150
sop| o 39 1000
™me ‘t20p
:: oy 1300
Y 1500 so0p
5p 180p 00p
4 430 330
‘;: 1130 7000
130p Sop
Ld Teop 700
40p o
230p, -
P 3005
3000
24p) 2000
"~ oo
1209
24p] 140p
24p] s
oo
24p| -
1300
1209
oy
o
op

VOLTAGE
REGULATORS
FIXED PLASTIC

230p
10-220 150p
03 240p
%0

10A+VAR  400p
10A+ VAR 08
S0p

SA4VAR 850
SA+VAR 8759
1A+ VAR 1%
1A+VAR 250p

OPTO-ISOLATORS

1%0p TIL111 T0p
709
709

TIL209 Reg
TH211 Grean
TH212 Yetiow

120 TH222 Green 18
18p
p
CXQ9S

)
TIL220 Racr

COWNTERS

74C925
74C926
T4C928

(brcolow)  100p Array{10) 04228
3 Leds
0p

2N1040

cHNoMmaTIcC LT

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NWi0 1ED

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10
(Tel: 01 208 1177) Telex: 927800
305 EDGWARE ROAD. LONDON W2
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LINEAR ICs

TBARIOM b
184820 000
©o g 26504
108 sa0p
TCAIN g
T 3s0p | 6502
TCAZ70 3%0p | 65024
TCAP0 e | 65C024
TDAI010 e
DAI0Z2 oy | 65028
TDA1024 1 | 6800
TDA11705 000 | 5802
TDAZO0 g
1042000 veop, | 8809
1042004 200y | 6809€
TDAZ008 1200 | 68809
1042020 1209 | 68809€
ToAZ00 2%0p
1DAZS8) soay | 58000-LB
1DAJ10 730p { 8035
TDATO00 ss0 | 6039
TEA1007 7900 | 0080
To81cP Pl
Tioar oy | 80854
*op
TLor1 ed
nor rop.
o 1108
Lo e
TLowz I d
Tiom g
TLose o
Lo 005
i p
TLAC 105
UARIOIST Bl
uATSe 3709
1309
UAAT70 srep
. seop
ULNZOmA e
ULN2004A e
Lross v
L2807 1000
waen 1000
N804 00
uRCsTs g | 6522
UPC 1156 K -
orCiiesr  soop | 6532
xR210 w0 | 16551
xRT208 ;4’-: 6821
w2211 wng | 2520
xAzZI6 orsp | 6829
w2 6840
68B40
6850
68850
6852
6854
68854
6875
8154
B1SS
8156
8205
a2
&6
8224
REAL TIME
CLOCK
MMS8 1 T4AN
5
MSMS8I2RS
TELETEXT
ODECODER

LOW PROFILE
SOCKETS BY
TEXAS

§

8755A. t1e
TMS9903 €25
TMS9911 s
TMSIHI4 e
2Z80PW) 240p
280APIO 250p
Z80BPIO  500p
280CTC 250p
ZBOACTC  27%
Z80BCTC  S00p
TMS4300 ia )
TMS9301  500p
TMS9902  500p
Z8ODHA 700p
Z80ATMA  750p
ZBOASIO-0/1/2

9

441615 400p
453220 250p
48184P-3  200p
510 700
5514 4s0p
5518 $50p
6116P-3  3%0p
6116LP.3  400p
6264 15 730p
6810 150p
745189 225p
145201 380p
748289 a2sp
90415 600p
422 950p
93425 600p
ROMS/PROMS
mz 400p
248%0 2500
185000 200p
1854030  200p
745388 100p
745287 2%
745768 100p
745287 2%

2510 5¢
2515-35

Turned Pin Low
Profde Sockets

ADYS1/2 4sp | BFX29
8C107/8 e | BFX30
B8C109C 20p | BFX84/S
BC169C 10p | BFXBE/7
ac17? 18p | BFX8s
BC171/8 0p | BFYSQ
BCITY 30p | BFYS1/2
B8C182/3  15p | BFYSE
BC184 18p | BFYS0
B8c18? s0p | BAYIS
BC212/3 18p | BSX19/20
BC214 100 | BUDS
eca3r 1 | BUS
8C327 16p | BUYOS
8cas’ 18p | BUIOS
ec3se 18p | BUT2S
BC4€1 s0p | Bu206
BCATTIS d6p | BU20S
BCS16/7  S0p | Bu4os
BCS478 20p | BUXBO
BC548C 18p | BUYSIC
BCS549C 18p | E3V0
BCSsTE 189 | MA1I
BC5%9C 26 | MuB02
e8cY’?0 0p | MJ2501
BCYTY 30p | MI2965
BD11 78p | MJ3001
80132 op | mas02
B0135/8  s0p | MIE340
BO139 a0p | MUE296S
BD140 «op | MUE30SS
BD139 80p | MPF102
80A2 sop | MPF103/a
80233 78p | MPF108
BDZ35 83p | MPSAOG
BDG41 op | MPSA12
BOG42 o0p | MPSAI3
80279 sop | MPSA20
80380 eop | MPSASZ
BOETT 40p | MPSA4]
BFza48 a0p | MPSASE
BF 3568 S0p | MPSATO
BF3S7/8 40p | MPSAR
8F37 36p | MPSUOS
BFRI9 p

izp

32

zp
BFR96 1e0p

R R AT

s¥idsEied

8§

-

sea3selsssssssssssils

TIP32A asp
Te32C 4op
T334 Top
T™E3C s0p
TIPJ4A 0p
Tie34C 120p
TP3SA 120p
TP35C 140p
TIP38A 140p
Tie36C 150p
TP41A sop
TP41C S8p
TP42A S0p
TP420 5p
P54 180p
P35 1009
w120 89
TPI2Y %0
P12 »0p
w128 7%
™28 0p
™42 120p
TP147 120p
TIP2955 *0p
TIP3085 709
Nse 0p
VNIOKM  S0p
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READ/WRITE

Logical Captain

Dear Sir,

| thought technical people
were logical thinkers — but I'm
afraid the letter from Mr.
Wakeham (ETI, May 1985) didn’t
appear too well hung together to
me. Judging from the Editor’s little
piece, it would appear he thought
it was a bit up in orbit too . ..

Of course, the usual paranoia
about ‘communism’ was seen. Yet
there are a large number of
‘communist’ philosophies —
Christian communism, Libertarian
communism (I’'m sympathetic to
that), etc. | suspect Mr. Wakeham
means the corrupt old business
said to be based on a few things
that a certain Karl Marx went on
about. Then we read all about
being phone-tapped — with bated
breath! (By our democratic State!
— Britain — land of the free —
shame on you Mr. Wakeham .. .)
Yet we read a ‘curse on both your
houses’ — Communism and
Capitalism.

| wonder if Mr. Wakeham
realises that FREEDOM is the
name of the Anarchist newspaper
(started by a scientist, Peter
Kroptkin, last century — and
circulation said to be rising quite
quickly at the moment)!?

Now we come to the
‘objectives’. Well, yes, there has
been talk about pressing a button
to vote via the media, but
someone has shown that it would
be extremely easy for hackers of
some genre or another to juggle
the figures by underground input
— to their heart’s content. Next,
Big Brother is watching you . . .
and ‘the legislation is just and
unambiguous’, see, comrade no.
63 — or if you don’t you it’'s Room
101 for you! (By the way, I'll
control your mind — don’t you
argue with me — I’'m a technician,
and I've ceased to be meekl)

Now (to which we come at last)
here’s a thing. We must “discover’
those who are fit’ and who can
be ‘trusted with power’. Who will
do this programming? Why those
who already have the power —
and those with a drive or a thirst
for it! Mr. Wakeham’s near-
religious faith in ‘the technical fix’
is touching, but hasn’t he come
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across the ease with which you can
twist any of that knowledge to say
nearly anything you like! (Alas,
just look at some of the fiascos of
technology in recent times . ..)
Yet this is not to say that
technical projects etc. are not
fascinating and action packed. But
from the power point of view
there is some nice work in
existence showing a tendency for
the growth of what might be
called ‘Techno-fascism’. There is
no space to go into that here, but
an eye should certainly be kept
on it

No, I'm afraid old Lord Acton
was right when he said’ Power
corrupts, and Absolute Power
corrupts absolutely.” Any
technicians tempted to follow the
absolutist path might like to try
reading that excruciating book by
Jacques Ellul called ‘The
Technological Society’, and also
that by Dr. Alex Comfort called
‘Power and Delinquency in the
Modern State’, which has a whole
lot of medical argument to
illustrate the peculiar state of
mind of anyone who is driven to
seek political, or other, power
over ... No mention is made in
these analyses to the effect that a
God-like absolute truth can be
found in any computer, IT
processor, TV set, or Technician
for that matter . . .

Yours sincerely,

Ken Smith

University of Kent

Canterbury.

I’'m not sure | like that reference to
my little piece, but it does strike me
that the idea of technicians bein
qualified for power by virtue of their
technical expertise is about as stupid
as the idea that an actor might be fit
to become President of the United
g:’ates by virtue of his acting ability —

Write/Read

Dear Sir,

I have recently started to read
(and hopefully teach myself)
about electronics. | have bought a
number of the publications on
the subject and find that yours is
by far the best. However, | am
having difficulties and | hope that

you may be able to help me.

My main interests are
amplification and
microcomputers. | would
therefore be grateful if you could
recommend any worthwhile
reading on these subjects. The
libraries in my area do not have
any appropriate books, and of the
books on the market | am stuck
for choice. A typical question that
you have probably heard before is
this: is it worthwhile my investing
in an electronics course, either by
correspondence or in my local
ITeC?

Yours,

J. Birch-

St. Helens

Merseyside.

Advising on electronics books is
difficult because | don’t know what
level you've reached or what your
special needs are. | can only suggest
mﬁnd a good college or university
kshop and browse, until you find
the book or books that seems
readable and addresses itself to what
you want to know. | can, of course,
also recommend that you read our
review pages which regularly feature
new textbooks. This might ?ve you
some idea of what’s available. In
general, practical experience is
probab‘y vital in order to develop an
understanding of electronics. We
hope our projects may be of some
use, but undertaking a course of
some sort is undoubtedly a good
idea. | would recommend a college or
an ITeC (if it's a good one), if only
because the on-the-spot assistance
you would get is invaluable — Ed.

What A Bind!

Dear Sir,

CHEAT.

I refer to the cover photo of the
March 1985 issue, pretty impressive
circuit board for a home constructor,
but unless I’'m mistaken (which I'm
not) the board shown is resting (in
peace) gathering dust on the top of
my wardrobe, bought for a few
pounds from a surplus store as a
video game.

The probability that this is a
genuine mistake is 9245804:1 (this is
also my phone number). Now that'’s
improbable.
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Seriously though, keep up the
good ‘work’ and how about a
reward for spotting the deliberate
error or a bribe to keep quite.

Yours hopefully,

A J. Moore,

Liverpool.
(PS: I believe you are looking for
good homes for binders).

Dear A. J., you're not wrong. We
were going to offer you the bribe, but
we blew it.

Mixing with JLH

Dear Sir,

Reference JLH’s mixer of June
edition 1985. | take the point that
JLH is not aiming at ‘ultimate fi’ but
would like to point out that the
Gramophone input circuit as
published strays by almost 5d8s in
the upper bass region from the
RIAA playback curve. This is easily
remedied by changing the value of
C34 from 49nF to 29.2nF (from
27nF and 22nF inf)arallel to 27nF
and 2n2F in parallel), this, by
chance, makes the values in the
feedback very nearly those used by
QUAD in the infamous '33’: can’t
be bad!

I would also like to recommend
that an extra capacitor be added in
parallel with the ‘mixer pot’ (RV12

as drawn), on the RIAA input stage.

This will help the response at the
higher frequencies where the
attenuation of the series feedback
arrangement tails off, the response
will then be more like that of a
‘shunt feedback’ layout almost
mentioned by JLH. In addition to
the accuracy gained to the RIAA
curve, this extra C helps par-
ticularly with scratches and other
record noise. The value my "‘BBC’
and | recommend is 8n2F and is
not significantly affected in the
audio band by the setting of RV12.

Yours faithfully,

J. R. Charlesworth

Pickering

N. Yorks.

Help-line

Dear Sir,

I feel | must reply to the letter
on page 15 of your May issue, from
Mr. R, Leslie. Firstly, may | com-
mend him on his action in taking
his hobby further, but more impor-
tantly, I must warn him of the
dangers of what he requests. In
supplying equipment, a company
should undertake to provide a

service, that is to say the use of
shorter than 40mm sliders pro-
vides no benefit, they are more
difficult to adjust and more impor-
tantly if he has them mace to
order, then a customer with his
machine may find that in a few
years it is impossible to cbtain a
replacement if, for example, Mr.
Leslie’s company has dropped that
product. So, in conclusion, by all
means use custom knobs, but
please don’t add to the confusion
of special spares available only
from the manufacturer (or not at
all). In my own work | have often
had to scrap customer’s equip-
ment due to lack of availability of
special spares.

Yours sincerely,

David Mcintyre

Kirkcaldy.
Please send letters of Help-line queries
or contributions to Read/Write, ETI,

ASP Ltd., 1 Golden Square, London
W1R 3AB. Any letter we receive may
be published unless marked ‘Not for
publication’, and we reserve the right
to edit letters for reasons of space. We
have received a note addressed to
Help-line detailing a commercial
service, Please note that the place for
commercial services to advertise is in
the classified section of ETI. ETI]

| tell you, there was
No gate marked on
the drawingsi
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THE REAL
COMPONENTS

Prepare to be LED along even stranger paths as John Linsley
Hood tunnels his way into the eerie world of diodes.

looked, when | was describing how transistors
I evolved, at the basic P-N junction (Fig. 1). These

are created by taking a rod, some 2-4 inches in
diameter, of very higth purified silicon or other
semiconductor material in single crystal form, and cut-
ting it into slices with a diamond edged circular saw.
The very thin discs so formed are cleaned and
polished, and finally heated in a vacuum oven with a
carefully chosen atmosphere so that selected
impurities will diffuse into the semiconductor material
to a precisely controlled depth.

Silicon is tetravalent, which is to say that the atomic
structure is such that there are four surplus valenc
electrons present in the outermost electron shell
within the atom. If one diffuses in a trace quantity
(one or two parts per million) of an impurity such as

A\

............................... DEPLETION
REGION
________________

%w

Fig.1 A basic PN junction.

arsenic which is pentavalent (it has five outer orbital
electrons), the net result will be that there are some
‘spare’ electrons floating around in the crystal
structure.

We call such a material an N doped silicon, or
simply N type. If the material is heavily doped, we call
it N+, if it is lightly doped we call it N— and so on.

Similarly, if we diffuse in boron which is trivalent (it
has only three outer valency electrons), the result will
be a number of holes where electrons should be, but
are not. These holes behave like positive electrons,
but are a bit more sluggish. This is because their
movement takes place only as a result of an electron
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Fig.2 Voltage/current characteristic of a junction diode.

coming from somewhere else to fill the gap, leaving
another hole where it had been, and so on. | like to
think of this as a kind of electronic leap-frog.

When a P and an N doped semiconductor material
are in contact, usually as a result of deliberately con-
trived impurity zones within the single crystal slice,
there occurs a diffusion of these ‘spare’ electrons and
holes across the junction. This leaves a depletion zone
on either side of the notional junction region which is
completely stripped of both holes and electrons, as
shown in Fig. 1.

This depletion region is, therefore, effectively a non-
conductor, so even in the conducting direction of the
diode it is necessary to apply a certain forward voltage
before any current will flow, to give the electrons
enough kinetic energy to traverse the potential gap.

¢ 'AMPLDFD.ED

. « 0.8(R1+R2
Vee _'(—Ri_)

DIODE
STRING

Fig. 3 Arrangements which can be used instead of a zener
diode where a voltage drop is required in low noise
circuitry.
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The effect of this is to make the depletion zone
appear to decrease in width, to the point at which it
disappears when the forward conduction potential for
the junction is reached. The converse is true for a
reverse biased junction.

This results in the voltage/current graph shown in
Fig.2a. A very important characteristic to note is that
the forward voltage drop, Vf, for a diode connected in
its forward biased mode is one of pure conduction
and is therefore not very noisy, whereas operation in
the reverse conduction mode is very noisy indeed.

So, when you need a voltage drop in low noise cir-
cuitry, use a string of forward diodes or an ‘amplified
diode’ as shown in Fig.3 rather than a zener diode, in
which the conduction occurs as a result of reverse
breakdown.

A consequence of the greater mobility of electrons
and holes as a result of tﬁermal excitation is that the
forward voltage drop of a PN diode decreases with
temperature. This seems to contradict the concept
that the depletion region arises as the holes and elec-
trons migrate across the junction, so that greater
mobility of these should cause a wider depletion
zone, but in reality the increased carrier mobility
simply acts to lessen the forward bias which needs to
be applied before conduction occurs.

However, an important feature of doped regions is
that the width of the depletion zone at the junction
decreases as the impurity concentration, and the con-
sequent number of holes and electrons, is increased.
This phenomenon is used in tailoring device charac-
teristics, as shown later.

Small Signal Diodes

There are three different types in general use:-

Germanium point-contact diodes, useful for very
low level signals in radio applications, but otherwise
tending to become obsolescent.

Cermanium diffused junction diodes, similar in
characteristics to silicon ones, but with a lower for-
ward voltage drop ( 0.15V typically, as compared with
0.55V for silicon), worse reverse leakage current (by a
factor of about 1500x), and worse temperature coeffi-
cient and maximum working temperature.

Silicon diffused junction diodes, such as the
1N4148. These are inexpensive and very reliable (if
from a good manufacturer), and can be used as low
power rectifiers up to about 30V RMS and 50maA.
Their four nanosecond recovery time (the length of
time which it takes for the electrons and holes
generated by current flow to recombine, so that the
diode would be non- conducting in the reverse biased
direction) limits their use to about 100MHz. For
higher frequency use more suitable diode types are
available.

Power Rectifier Diodes

These are basically similar to the small signal diode.
However, the power handling capability of the diode
is determined gy the maximum junction temperature,
which, in turn depends on the conducting resistance
of the diode which determines the power dissipation
for any given current and the ease with which the heat
generated in the junction can diffuse away. These will
usually have a large junction area to minimise the con-
duction resistance, in good thermal contact with a
metal plate or stud whereby the heat can be taken to
some Eind of heat sink.
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Fig. 4 The sides of a high voltage rectifier chip are etched
awayatan angle to deflect electrostatic stress away from the
edge of the junction.

Also, such diodes must be able to withstand a high
reverse voltage. This is achieved partly by their junc- -
tion geometry, as shown in Fig.4. In early designs of
rectifier diode, it was noted that failure almost always
took place at the edge of the junction area. If the sides
of the chip are etched away at an angle, the electrical
stress at tﬁe edge of the junction can be reduced so
that this kind of breakdown is prevented.

The other technique employed is to keep the dop-
ing impurity levels relatively low, so that the depletion
region is wider and the stress, per unit thickness, is
consequentlz less. This, unfortunately, increases the
resistance of the silicon per unit area with a conse-

uently higher forward voltage drop - hence more
thermal dissipation for a given current. In lower
voltage rectifier diodes relatively high doping levels
will be employed, simply to reduce the forward con-
duction power losses.

Avalanche Diodes

A further technique which is used in power rec-
tifiers is to tailor the diffusion process and the doping
levels of the P and N regions on either side of the jun-
ction so that the depletion region is very uniform in
thickness. Then, provided that the doping levels are
not too high, any carrier (electron or hole) entering
the depletion region under conditions of reverse bias
will be so accelerated that impacts with atoms will

enerate further electron-hole pairs. These, in turn, will

e accelerated by the applied electric field and will
collide with other atoms, giving rise to a situation very

+l

{FORWARD)}

—V - +V

IREVERSE)

AVALANCHE
REGION

Fig. 5 Voltage/current characteristics of a typical
avalanche diode.
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similar to that of an avalanche of rocks falling down a
sloping hillside.

his process is known as ionisation but is most com-
monly seen only in gases, such as neon signs or
sodium vapour street Iamr)s.

The purpose of the avalanche diode approach is to
avoid destructive damage to the rectifier occurrinE as
a result of ver?/ short duration high voltage spikes
These arise all too frequently on power lines. A
straightforward rectifier diode could break down
under these conditions, and the very high tempera-
tures generated by even small local current flow at
high reverse voltages could fuse portions of the junc-
tion, leading to a short-circuit.

A typical voltage/current graph for an avalanche
diode is shown in Fig. 5. In a well designed device, the
reverse turn on is very abrupt and conduction will be
distributed uniformly across the whole of the
junction area.

Although a maximum static thermal dissipation of
some tens of watts might be permitted for such a
diode, this could well absorb a spike energy
equivalent to tens of kilowatts for a duration of only a
few microseconds without any harm.

Zener Diodes

These are very heavily doped diodes, with, in conse-
quence, a very thin depletion region between the PN
junction. The reverse bias electrical stress across this
causes ionisation of the semiconductor material in the
depletion zone, and consequent current flow. Beyond
about 7V, zener diodes are not used. All of the so-
called zeners above this voltage will, in fact, be
avalanche diodes. As mentioned above, reverse
leakage current is noisy, and a zener diode will make
quite a good wide-band noise source.

. The fact that zeners are all very highly doged tends
to give them a low and fairly sharp turn-on characteris-
tic in the forward direction, which can be useful.

High Frequency Diodes

The major requirements in this application are high
carrier mobility and low junction capacitance. These

GOLO BUTTON

T T CONTACT
GOLD BUTTON WIRE

METAL
METAL (NICr) LAYER CONTACT
(NiCr) LAYER WIRE

§i0, PASSIVATION

P Si0,
X222l
/ T K / ! !
N TYPE SILICON N TYPE SILICON

(s) {b)

Fig. 6 Cross-sectional views of a) a normal Schottky diode
and b) a hybrid Shottky device.

requirements are met fairly well by the old point con-
tact or gold-bonded Germanium diodes, but the most
commonly employed tyﬁe nowadays is the Schottky
diode, shown in Fig.6a. This relies only on majority car-
rier action (electron flow), and is, in consequence, fast
in action. The snag is that there are sharp corners
where the metal inlay abuts on the N type silicon
slice, and the electricarstress at these points leads to a
low reverse breakdown voltage which can be as little
as 5V. The advantages of this construction are that the
forward voltage drop is reduced to some 180-220mV,
and that the operating frequency can be as high as 18-
20CGHz.

The electrical stress at the edges of the metallic
layer in a Schottky diode can be lessened by the inclu-

sion of an annular ring of P-type silicon under the
edge, as shown in Fig. 6b. However, although it can
increase the reverse breakdown voltage to 60-70V,
the maximum operating frequency is reduced to
about 4GHz. These are sometimes called hybrid
Schottky diodes.

Depending on the construction employed, the junc-
tion capacitance can be as low as 1pF - compared
with S-SOJ)F for a standard small-signal silicon junction
diode and 500-5000pF for a rectifier diode.

An important characteristic of diode behaviour,
which influences ﬁulse and switching performance in
addition to RF behaviour, is the transient response of
the diode junction. This is determined by a variety of
phenomena such as:-

CARRIER
STORAGE

TIME

RISE FALL
A\
} —-»l L— —>I -—

—— T |M €

Fig. 7 Carrier storage following a reversal of the applied
voltage in a PN junction diode.

Carrier storage, due to the minority carriers (holes)
still left uncombined at the conclusion of a forward
conduction period. This causes conduction to con-
tinue for a short period following a reversal of poten-
tial, as shown in Fig. 7a. The stored charge can be
expressed in pico-coulombs (1 coulomb is the
charge stored in a 1 farad capacitor at an EMF of 1
volt), and typical values are 100-10,000pC.

Turn-on transient, due to the time taken for conduc-
tion to settle down to a steady value. Typically 10-
100ns for a small-signal silicon junction diode.

Voltage dependence of junction capacitance is a
characteristic which is exploited in varicap diodes, but
occurs in all reverse-biased PN junctions and has
some of the characteristics of inductance.

Varicap Diodes

The capacitance of a reverse biased PN junction is,
roughly, inversely proportional to the square of the

ouT out
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Fig. 8 The use of varicap diodes to provide remote voltage
controlled tuning.
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FEATURE : Real Components

voltage across it. Such a diode appears to consist of
two conductin%.| regions separated by the depletion
layer between them, which acts as a dielectric. Typical
devices have capacitance values in the range 3-50pF,
depending on device and applied voltage.

The way in which they can be used as a remote
voltage-controlled tuning element is shown in Fig. 8.
Back-to-back connection is frequently employed
where large signal levels are likely, to prevent the
signal voltage itself from modulating the capacitance.

A similar type of construction is employed in the
varactor diode, in which the diode is connected
across an oscillator coil and the dependence of the
capacitance on instantaneous voltage is used to
generate harmonics of the signal.

Step Recovery Diode

This is a device which is designed, by geometry and
doping levels, to have a very abrupt switching charac-
teristic when the applied potential is reversed. It can
be used to shock excite a coil into oscillation at a
much higher frequency (up to the sixth harmonic)
than the input voltage. This is useful for microwave
signal generation, as is the impatt diode.

Impatt Diode

This is a device whose design is deliberately con-
trived to give a very wide depletion layer, assisted by
the inclusion of a layer of intrinsic (un-doped) silicon,
in the form shown in Fig 9a. When this is used in the
type of circuit shown in Fig. 9b., quite useful amounts
of microwave power (up to TW CW at 50GHz, or 50W
pulsed) can be generated. The trepatt diode is a struc-
tural modification of this to cause bunching of the
Ielecltrons, which allows some increase in power
evels,

Vv

L
,K‘l N+ P | P+ )"Cc\ RFou
T c

ov

OEPLETION
REGION {b } OSCILLATION OCCURS WHEN APPLIEO
VOL TAGE IS INCREASED TO THE POINT AT
(a) WHICH REVERSE BREAKDOWN OCCURS

Fig. 9 The construction of an impatt diode and b) a micro-
wave power oscillator using the device.

Gunn Diode

In spite of its name, this isn’t really a true diode at
all. Made from N-type gallium arsendide, it is what is
known as a two-valley semiconductor in which the
conduction band (that energy level in which the elec-
trons can move as in a normal conductor) has two dif-
ferent levels, with different mobilities.

When current is caused to flow through a slice of
this material between two ohmic contacts, the fast
electrons overtake the slow electrons to form a bunch
which travels through the slice. The result of this is an
accumulation of charge at the cathode, until it neut-
ralises the field due to the applied voltage at the con-
tact. Charge accumulation then stops, and the charge
domain then travels through the semiconductor slice
in the form of a sharp spike of current at a speed

ETI JULY 1985

determined by the applied voltage. This process then
repeats to generate a rapid series of such spikes.

Such devices are often used as the microwave
power sources in such things as microwave Doppler
intruder and fire alarms.

Tunnel Diodes

A decade or so ago, these devices were seen as the
bright new hope for simple RF oscillator circuits.
Unfortunately, their price never became low enough
for them to achieve popularity, and they may soon
become just a historical curiosity. They are based on
the use of a very highly doped junction, with a conse-
quent very thin depletion layer.

T NEGATIVE
RESISTANCE
REGION

— -V

Fig. 10 Voltage/current characteristics of a typical tunnel
diode.

At very low reverse bias levels, the thermal energy
of the electrons in the semiconductor is high enough
for them to ‘tunnel’ through this depletion layer, and
the junction conducts. However, as the reverse
voltage is increased the thickness of the depletion
layer increases, so the tunneling effect, even with an
increased potential ditterence, begins to lose ground.
The current then begins to fall as the potential is
increased, giving what is known as a negative resis-
tance characteristic .

In due course, the leakage current begins to
increase once more leading to the type of reverse
voltage/current graph shown in Fig 10. If this is con-
nected in series with a coil as shown in Fig. 11, a
simple HF oscillator circuit with a stable output

" voltage is produced. However, tunnel diodes are quite

easily damaged by excessive currents.

Light Emitting Diodes

Apart from the ubiquitous transistor, this is, | think,
the bit of modern semiconductor technologr which
has made the biggest impact on the public at large, as
a long-life replacement for filament indicator bulbs.

These work because radiation is emitted by an atom
when an electron, having been excited into a higher
energy level by some input of energy such as a
current, falls back into its original rest level; a similar
mechanism operates when an excited electron falls
into a hole. The process is known as
electroluminescence.

Since the light is emitted from the junction, the
diode must be designed so that the light can escape,
and usually they are encapsulated in a plastic mould-
ing so designed that it acts as a magnifying glass with
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the junction at its focus. In order to get radiation emit-
ted in the visible part of the spectrum, it is necessary
to have a material with a Iar%e energy band gap, such
as gallium arsenide (red), gallium arsenide phosphide
(amber and yeIIow),dgaIIium phosphide, (yellow or
green, depending on doping).

Early LEDs were not very efficient in terms of the
light output for current input, efficiencies of the order
o? 0.005% being not untypical. However, more mod-
ern ‘high-brightness’ LEDs can reach 3% efficiency,
especially in the red coulours where they are begin-
ning to compete with filament bulbs. Also, by tailoring
the geometry of the device, semiconductor lasers are
possible and these are used as the ‘reading’ device in
compact disc players.

Care must be taken not to reverse bias an LED (light
is emitted when current flows in the forward direc-
tion) since reverse breakdown will damage the
device. An LED can be used on an AC source if it is
shunted by an ordinary silicon diode as shown in Fig.
12,

Reverse Leakage

This is one of the major problems with semiconduc-
tor diodes, apart from reverse breakdown, and is
strongly dependent on temperature. Such leakage
currents increase by 10% for each 1°C rise in tem-
perature, which means that the leakage current will
double every 8°C. This sets an upper limit for the use
of germanium diodes at about 70°C and for silicon at
about 160°C.

Although diodes do not appear to have a lot to do

+V
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PROVIDE 1o

RF OUTPUT
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20mA a——>
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o

Fig. 11 (left) A simple HF oscillator circuit using a tunnel
diode and Fig. 12 (right), driving an LED from an AC

o

supply.

with 1Cs, most microcircuits are made on a substrate
of silicon with all the bits of circuitry isolated from the
substrate simply because they are sitting on top of a
reverse-biased diode junction.

As | mentioned above, such leakage currents are
noisy, and this was (and to a lesser extent, still is) the
reason why low noise circuits built up from discrete
semiconductors would often be better than their op-
amp equivalents. However, technology improvements
have lessened this penalty, and nowadays, for most
v,sractical purposes, iPan IC is available to do the job it
is not sensible to do it any other way.

Having said that, | propose to have a ook next
month at the world o'pthe linear IC, with particular
reference to the operational amplifier. ETI
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NOISE ABOUT

NOISE

In this personal view, hi-fi designer Neil Munro sounds off
about about power supplies, capacitors and hi-fi designers

with audible results.

had always thought that the only real differences in
I pre-amps were down to hiss and thefacilities offered,
once adequate specifications had been achieved.
But then, in between repairing and designing various
small bits of hi-fi, studio and PA equipment for others, |
knocked together a disc pre-amp for myself. | brought it
to the shop where | was working at the time and one of
the sales staff set it up for a comparison with a newly
introduced, expensive commercial design. | sat down,
closed my eyes and listened. Tomy amazement, my pre-
amp gave a noticeably clearerand less cluttered perfor-
mance. | could hear the difference.

Since both pre-amps used broadly similar circuitry
(based on the NE5534 and TLO72 op-amp chips), both
had less than 0.01% distortion at normal levels and both
hadsimilarlyaccurate EQ, | had noidea why they should
sound so different. | set about developing the design,
replacing the moving magnet input witﬁ one for a mov-
ing coil cartridge. After playing withseveralideas, | found
the familiar LM394FNE5534 hybrid configuration
worked well. Unlike a similar circuit by Barry Porter,
published in ETI, December 1983, | filtered the supply

7815 +15v
— |

Wpp

< —g 11

?m

47R

Ween,

= 47n = 47n

-15v

NOTE: ALL LARGE CAPACITORS REMOVED

Fig. 1 Injecting modulation into power supply.

tothe LM394 input’pair and was rewarded with perfect
stabilityandasensible slewrate, This MC circuit was pre-
dictably noisier than my original pre-amp but it sounded
evenclearer.|could easilytell iftﬁree orfourvoiceswere
singing or if a guitar was nylon or steel strung.

Thisdidn’tseemtometobeentirely dueto cartridge
variations, since a very expensive commercial MM pre-
amp was justas clear. | was puzzled. What was behindall
these evident differences?

| checked for marginal stability in the 5534 circuit,
but it was fine. | considered power supply rejection in
the 5534 stage. The MC circuit used a 5534 stage and it
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performedverywell. Infact,the 5534 has astated power
supply rejection ratio (PSRR) of 100uV/V and a stated
common mode rejection ratio (CMRR) of 100dB. But
this started me thinking. The figures are referred to input
and should be reduced by whatever gain follows.
They’re also quoted at DC. And then there was the fact
that the MC circuit’s gain comes mostly from the LM394
input’pair while the 5534’s inverting and non-invertin
inputs are fed from equal impedances - so that it shoul
have an easy job.

| telt that | needed to check the real wideband PSRR
referred to output, in order to get a true idea of what
would happen when you actually listened to some
music. | rigged up’ a power supply with a modulating
input (Fig. 1%, injected 1V p-p on both the positive an
negative supply rails and checked the output of the MM
circuit. The modulation appeared at —30dB to —40dB.
Taking into account an assumed figure — 70dBV for
main supply noise, the modulation noise would drop to
—100dB to —110dB when referred to anominal 1V out-
put from the pre-amp.

This was good news. But when | came to replace the
330 ohm dummy load atthe input tothe pre-amp with a
real MM cartridge (typically 500 R + 1200mH), my jaw
dropfed slightly. In the 5-20kHz re%ion, the modulated
supply noise increased to —10dB. With the power
supply back to normal and the cartridge still in place, |
found that high frequencyinput signals gaveupto3 mV
or— 50dBV of rubbish, which could appear at the output
ataworrying—60dB. Onthe other hand, when | came to
test the MC circuit | found that it fared well with a real
cartridge in place (these are predominantly resistive at
between 3R5 and 30R. It was even acceptable open
circuited: —30dB to —40dB except at 20Hz (and this
was cured by enlarging the input coupling capacitorand
using an active filter for the LM394 stage). The trouble
with that capacitor was that low frequency reactance
caused an impedance mismatch which reduced CMRR,
And onreflection, | realised that it was the inductance of
the MM cartridge that caused amismatch on the invert-
ing and non-inverting inputs to the 5534 op-amp, which
zumed) the PSRR and CMRR figures for the MM circuit

Fig. 2).

47u NES534/0P27
it >—ﬂ
—_—
200mH J- -
150p §47k | SV, S—
3k3/1k
500R -l- %270!‘/100"
Fig. 2 PSRR test circuit with MM cartridge. k‘
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The Heart of Noise

These things were all curable, yet they didn’t reach
tothe heartofthe problem-the powersupply noiseinan
actual circuit. Clearly, the first place to look for noise ina
regulated power supply is the regulation itself. | was
using 78/79 types and, as luck would have it, their quies-
cent noise (20-20kHz hum and hiss) was —70 to —
80dBV. Later, | bought a batch for evaluation and found
that some showed as much as —40dBV and often came
complete with nasty splutterings.

But that's only part of the story. In operation, active
circuitry tends to draw varying current. In Class A
amplifiers, this is in step with the signal, butin Class B it
becomes half-wave rectified as the positive and nega-
tive sections of the audio signal are driven into low
impedance loads. The output impedance of the supply
and the impedance of intervening wires and connectors
become important, introducing modulation on the IC
terminals. From this point-of-view, the quality of the
power supply is irrelevant. What matters is the
modulation.

The all-too-common practice of decoupling with a
filter (typically, composed of a 10R resistor and 10uf
capacitor) can actually make things worse because it
assumes that the local signal commonis OV, But conven-
tionally, the OV rail is also signal common and should be
treated asasignal path. Youwouldn’t connect capacitors
from the suppliesto the actual signal path, because they
will inject noise and modulation rubbish into it which,
because of the practical finite impedance of the signal
path, will produce a potential that adds to the signal
output.

A 10uF capacitoralso hasanimpedance of Bohms at
20kHz, sosignal modulation willbe worse. Usingalarger
capacitor, say 470uF, will help - but at the cost of inject-
ing noise more efficiently (Fig. 3). The only really effective
approach - if an expensive one - to ensuring stability on
the signal common is to use local active regulation. Even
here, care must be taken to avoid injecting DC or other
noise into signal common,

Another problem resulting from the finite impedance
of signal common is that heavy load currents will
generate errors. Thisis usuallyinoffensive froman acous-

d
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_ Fig. 3 PSU noise resulting from impedance of leads
and signal common corruption in class AB out- put stage.

O-Vee

ticpoint-of-view, but with discinput stages the feedback
current is the pre-emphasised version of the signal with
high frequencies boosted. The result can be nasty harsh
noise when added to the equalised output. There are
several methods for avoiding this - the use of true
independent supplies in different stages, differential
sensun%\of output, shunt feedback or OV regulation. |
chose the last of these as it kills two birds with one stone
(Fig.4). The feedback is handled by a local op-amp that
transfers it to the opposite supply line instead of signal

common - effectively reducing signal common
impedance to the output impedance of the op-amp (for
OR1
AAA% -0 +Vee
+
O
> oD }ouwur
INPUT{
OR1
220k
[ pe
UR1
. MW O-Vee
Fig. 4 Constant current series feedback giving 0V
regulation.

2x5532 in unity gain configuration this is 10 milli ohms,
rising to 30 milli ohms at 20 kHz). Also, the increase of
currentin the stage outputis complementedby a reduc-
tion in the OV regulator - which means that while the
amplifieris operating in Class A mode (about 99% of the
time), overall current consumption is constant.

This is especially important in a modular design like
ours, using stage connectors, since the power supply
modaulation is negligible.

My comments on the 5534 op-amp and the 78/79
seriesvoltage reFuIators arenotintendedasslagging. I'm
sure the original designers would fall about laughing if
they saw some of the uses these devices are put to. The

. | py—— .
LA R i ps v
2200u + 18V
28V-T 2
2 - 0V
i <
24 +
220 It § 2200 =24
VT—
m% *
= EA on
Fig. 5 Suggested PSU regulation circuit.

78/79s are perfectly good general purpose regulators,
but they're not intended for precision supplies. The
computer-optimised LM340 series (for example, the
LM340T-15) are consistenly better, though the com-
plementary LM320 series is rather expensive for nega-
tive supply regulation. The LM337 series are better
value, especially if TLO72s are used, since their negative
supply input is very noise sensitive. The 5534 is an
excellentline processing block when driven from lowish
kilohms with clean supplies. The power supply
circuit shown (Fig.5) has noise in the 20-20kHz range
better than - 80dBV with 100mA drawn and an output
impedance of around OR3 at 100kHz thanks to the
470uF output capacitors.
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On the general topic of power supplr decoupling,
the use of separate filters for each channel is not recom-
mended. It would be rather like isolating two people
with the same contagious disease - it doesn’t cure either
of them. It's actually useful to have two channels sharing
the same supply at each stage, since one can be driven
with a signal and the other used to detect any noise
generated in the process.

A Couple of Points

And now to capacitors. A 1958 Radio & Electronics
handbook that | unearthed has an excellent section on
power supply topography and mentions that paralleling
a 220uF electrolytic with a 100nF film type overcomes
some of the problems connected with the equivalent
series resistance (ESR) and leakage of the electrolytic. |
was giving my mother hell for bringing me into the world
when that was written and it still applies if you're talking
aboutthe stability of wideband amplifiers - as long as the
bypass capacitor is placed close to the circuitry not the
Bower supply. But anyone who believes that such

ypassing has a significant effect in the audio band
either hasn’t bothered to look into the characteristics of
modern electrolytics or is still using 27 year old ones!

For example, the 220uF/16V cap used in my power
amp feedback decoupling has an ESR of 0.3 t0 0.4 ohms
at 20kHz and 15°C (it was winter!). A 470n Ftpolyprop/
pogester/polyanything has impedance of 17ohms
under the same conditions - so what's bypassing what?
It's only when you get above the 500kHz range that
inductive reactance starts taking over and the
impedance of electrolytic and film cap begin to match.
Bypassing at ICs can be important because inductive
supliesinthe MHzregion can easily cause instability, but
10-47nF is quite adequate, cheaper and lessens noise
injection into signal common.

And then you should be asking yourselves, why the
Fursuit of pure capacitance in coupling components?

deally, a coupling component should block DC and
have zero or constantimpedance from at least 20Hz up
to 20kHz. A perfect capacitor would do the former but
would have 1000:1 variation in impedance over the
audio band. Admittedly, in dB terms this variation is
miniscule, but the point still stands. Now, a large elec-
trolytic can approach the second requirement for a
coupling component. The variation of impedance with
frequency in an electrolytic is not simple and there is a
‘break’ frequency at which the slope flattens out. The
electrolytic can be chosen so that this frequency is very
low and in the critical mid to high frequency area ESR is
gractically constant. Inductive reactance is negligible

elowabout 500kHzin anyreputable make of capacitor
in the sub 1000uF range.

So why do electrolytics sometimes sound odd? I've
found that ESR can vary, particularly with temperature,
by up to 0.10hms. In conjunction with a 10R resistor - as
in all too many MC inputs (Fig.6) - the variation can
amount to - 40dB. With considerably higher resistances
(above 1 kilohm), this figure drops to - 80dB or so.

Voltage modulation can also affect the performance
of coupling electrolytics. In a competently designed cir-
cuit an electrolytic is operated well above its break fre-
quency so that the voltage drop across it is a small
fraction of the applied voltage - at most hundreds of
millivolts. | have found no evidence of acoustic effects at
this level. Even these slight reverse voltages can be
eliminated by using predictable offsets to polarise the
electrolytics to the peak expected reverse voltage. We
have done this with our design, and while I’m not convin-
ced thatithas any significantimpact, it certainly does no
harm (Fig. 7 and 8).
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Fig. 6 ESR variation in electrolytics - typical
configurations.

Electrolytics mayalso sufferfrom microphony-afea-
ture used to positive advantage in capacitor mic-
rophones. At 200uV sensitivity, microphony in input and
feedback car)acitors in an MC inﬁut stage is hardly
surprising, although it varies with type and make.
Generally, tantalums produce a’boing’ while aluminium
electrolytics give a duller‘dumph’ — which may explain
whytantalums are out of favour. In both cases, mounting
in a dollop of silicon rubber helps enormously, damping
the resonance duetovibration of the body relative to the
leads. Incidentally, other components can suffer from
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microphony — particularly FETs. It can be helpfultogen-
tly tw all components with a plastic pen to test them.

hen it comes to power amp main capacitors,
bypassing becomes even sillier. To achieve 100
miﬁiohms at 20kHz would require 80uF of pure
capacitance (can | speak to the bank manager, please?).
There is no substitute for low ESR electrolytics, now
widelyavailable thanks totheir developmentfor switch-
mode power supplies. Sprague, Mullard, STC and RIFA
all do 10,000uF 63V types with a specified maximum of
26 milliohmsat 10kHz. In most cases a few inches of wir-
ing is enough to equal that.

Stiff and Nonsense

Before getting obsessed with basic power supply
impedance, it's useful to stop and ask, ‘why does it mat-
ter?’. In asense, the on:}' power supply to an amplifier is
usually the mains, conditioned as required for the sake
of convenience so that an input voltage can control this
power source to produce an analogous output. All too
often, designers — especially the strange hi-fi breed —

become obsessed with the intermediate energy store
(that's all a PSU is) and do not view the systems as a
whole. So we get beliefs about ‘stiff supplies using
massive transformers and capacitors with the idea that
this will achieve quality, not just (overkilled) quantity.
Once you realise the irrelevance of this, you can start
investigating what itis about the intermediate store that
corrupts the process by whichitis controlled by an audio
input voltage.

There are many more complicated factors than the
ones I've been able to deal with here: induced coupling
from supply and load cables to the input stage, transfor-
mer induced hum, the accuracy of reference points, as
well as capacitative coupling and voltage modulation.
Voltage modulation is crucial — which seems blindingly
obvious to me since, if the power rails are jumping up
and down, thenthey will hinderthe‘brains’ of the opera-
tionin carrying outits task. The most effective way of pre-
venting this happening is to regulate the driver section
and only letthe outputstage sutfertheabusesofajump
supply (Fig. 8). In our design, this results in crosstalz

noise on one undriven channel of —110dB at 20Hz
while the other channel is delivering 75W into 8 ohms,
As | mentioned earlier, in connection with the pre-amps,
acommonsupplyisused forboth channels, so the figure
shows true reljection capabilities.

As with all engineering, there is no ‘right’ answer to
the subtle problems of audio design. There are only bet-
ter answers judged aFainst a whole range of criteria:
subjective sound quality, cost, reliability, consistency,
availability of components and, for a commercial pro-
duct, appearance and the quality of the finish. As for the
designer's ego — well that can be massive. An important
partofdesigningis togetan’objective’ assessment of the
results of process. It's too easy to convince yourself thata
technique will improve performance and so find,
through your prejudice, that it does. It's equally easy to
find yourself not knowing when to stop developing a
design, even though the improvements you are making
no longer affect the final sound.

I've concentrated on power supplies because far
too often theglarejust an afterthoughttacked ontosome
sophisticated low noise, ultra low distortion circuit. In
reality, the PSU and the circuit itself are complementa
and mustbe designed togethertaking only the mains A
input as given — warts and all.

The thing | find most astonishingis that all this is well
known. That 1958 book | mentioned analyses power
supply design and the various corruptive possibilities
very clearly. Yet too many designs still completely
overlook these things. Part of the blame, surely, lies with
the approach to ICs that takes them as perfect circuit
buildingblocks. It'san approach encouraged by the very
existence of ICs. Using them, you can &row a circuit
togetherthat will work fairly well. Using discrete compo-
nents requires understandingto get the circuittowork at
all. The pay-off is that the shortcomings of your design
are far more obvious. Although a contented user of ICs, |
stronglyrecommend that full dataandinternal circuts be
consulted and that the chips are treated not so much as
ICs but as Cls — circuits that have been integrated, a
subtle but philosophically fundamental difference.
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inputs far dats. Line seiect and sutodial. LTU 1} W 4% d ”;/ . _;; . . ALSO men e
giract coupler oquired See above. Oats supplled. VN SRt S 12V. 105 x 100 x 40 mm. €5.50 (UK C/P 65p)
PRESTEL modam card £9.95 | £4.50 (UK c/PeSp) o CHERRY ADD- ;
% ~ ON KEYPAD '| MARRIOTT TAPE HEADS
Ve THERMAL [ 1712020 | 16 utonpad mmsrcates . e el a T
——\ PRINTER CABINET ™ | £5 GE (UK C/P SO por 1102 T2\, 4 TRACK XAPE36 Lowimg. £330
’ e e o e ; XEET) frasaorabeve -£1.28
: _——] FuLL HANDBOOK il kayboard cue WLI ; STEREO RADIO TUNER L e LT f
_,-—~ e ERSLETAFEN :::I ll« innoll'c.buvr:mwhrl Raadybiibhete Oy Erase lor abeve 2128

Steres FM By well knewn
Wi-Fi manulacturer Approx
8% 1 3% x 1'%5" With Onta

£4.95 (x c/? 6501

CASSETTE MEABS

Storse: £2.95 Mone £1.83 Swrseond  £1.00
ALSO IN STOCK Large range of tools. components.
spaskers, accessories, peizos. mics. micads, (8, ec.
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SERVICE SHEET

* o

Enquiries

We receive avery 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 replyto enquiries relatingto other
types of article in ETI. We may make some excep-
tions where the enquiry is very straightforward or
where it is important to electronics as a whole;

@ We receive alarge 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 afull
index of past ET| 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 st d addr: d 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 pointin yourenquiries. 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: £16.30
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
1BB(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).
ETl should be available through newsagents, and
if readers have difficulty in obtaining issues, we'd
like to hear about it

Backnumbers

Backnumbers of ETl 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 1BB. 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-
vestobe unavailable, orwheretheissue yourequire
appeared more than a year ago, photocopies of
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individual articles can be ordered instead. These
cost £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
monthandyearinwhichitappeared. Whereanarti-
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 youareinterested in
features as well as projects you will have toorder 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 indexin January 1984 and the 1984 index
in January 1985. Photocopies should be ordered
from: ET| 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 onatopicthat wouldinterest ETI readers, let
us have a description of your proposal, and we'll get
back to you to say whether or not we're interested
and give you all the boring details. (Don‘t forget to
give us your telephone number).

Trouble With Advertisers

So far as we know, all our advertisers work hard to
provide a good service to our readers. Howexver,
problems can occur, and in this event you should:
1. Write to the supplier, stating your complaintand
asking fora reply. Quote any reference numberyou
may have (in the case of unsatisfactory or incom-
plete fuliilment 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 youdon't receive a satisfactory reply from the
supplierwithin, say, twoweeks, write again, sending
your letter recorded delivery, ortelephone, and ask
what they are doing about your complaint.

If you exhaust the above procedure and still do
notobtainasatisfactory response fromthe 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 foryouto obtain compensation. Fromtime
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 whichanote will be inser-
ted to say that a correction exists and that copies
can be obtained by sending in an SAE.

AM/FM Radio (November 1984)

In Fig. 2, the oscillator and IF sections should be
shown connected to ground; the PCB is correct. In
Fig. 4, C31 should be 10n to give the 75us
deemphasisshowninFig. 3,but4n7 hasbeenfound
to give a brighter midrange. R38 in Fig. 5 should, of
course, be 820k rather than 280k and it and the
bottom end of C38, C44 etc should be shown con-
nected to ground. In the construction section on
page 25, four pieces of 8mm plywood are men-
tioned but in fact only three are needed — the
fourth side is the front panel. See also the note in
DecemberNews Digest regarding availability of the
inductors.

Digital Control Port (November 1984)

The second sentence in the “'Testing” section on
page 30 should include the words ‘without any ICs
inplace’ Inthe second paragraph of that section, the
check for +5V should be made on pin 3 of IC101,
not IC1. At the bottom of the first column on page
31, the last sentence should finish with B3 = 0,

Video Vandal (November 1984)

In Fig. 8 on page 54, R16 and R17 should be shown
connected to the base of Q4, and C12 and SW2
should be in the D output line rather than the OV
line. It may also be beneficial to add a diode across
R3 with its anode connected tothe sliderof RV1. In
Fig. 10, R52 and LED2 are shown connected across
the+12Vsupplybutitis betterto place themacross
the —12V supply so as to even-up the dissipationin
the ICs.

Electron Speech Board (November 1984)
in the parts list on page 58, IC3 should be listed
asa7z4l58273.

Digital Delay Line (December 1984 - January 1985)
In Fig. 6 on page 21 of the Decemberissue, C19 and
C20 are both 100uF. In Fig. 8 on page 62 of the
January issue, C3 should be marked 33p. On the
overlay diagram (Fig. 9, p.64), R37 is missing and
should be connected between pin 3 of IC9 and the
0V line; R20 is missing and should be located in the
holes immediately to the left of R18; R50 is missing
and should be connected between pins 1 & 2 of
1C14. Some components on the overlay have also
been wrongly numbered:- C20 should be marked
C19andC21 shouldbemarked C20;R12 (between
ICs 5 & 6) should be marked R22; R48 should be
R44, R49 should be R45, R57 should be R46, R51
should be R47, RS0 should be R48, and R47 should
be R49. The unmarked capacitor directly above
what is now C19 is an un-numbered 100n ceramic.
C30 does notappearon any diagramor parts listand
this is correct.

“Sonneti’” Combo (March 1985)

The foil pattern on the overlay diagram has been
shown as though from the copper rather than the
component side. The foil is correctly shown on the
Foil Patterns page from the copper side.

VCDO (March 1985)
RV2 should be 10k (right in parts list, wrong on cir-
cuit diagram).

Single Board Controller (March 1985)

There wereanumberof errorsinthe parts list. RP2 is
listed as a 10k SIL pack but is actually four separate
resistors, and the same applies to RP3. RP4 is also
listed asa SIL pack but should consist of seven com-
moned resistors. R13 is always required, not just
when a cassette interface is used as stated.

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.
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THE JOB MARKET

Gerry Kelly and Ted Wood investigate the claims and counter-
claims about the growth of the British electronics industry and
the jobs it will create, concentrating on Scotland in this article.

another feather in its cap on 17 April this year. Ata

press reception held at the Scottish New Towns
London Office, it was announced that EKC Technology
Inc., which operates six manufacturing and distribution
facilities in California’s Silicon Valley, is to set up a plant
in East Kilbride. East Kilbride is a growing new town and
part of Scotland’s attempt to be tﬁe CaIiFornia of Europe
(‘Silicon Glen’ its promoters call it). Along with other
Scottish new towns it has already attracted large
amounts of foreign investment.

At the reception we were treated toa slide show and
talk on the success story of East Kilbride, glossy
brochures outlining its attractions to prospective
investors, large amounts of food and drink and much
heavy glad-handing from John Housley, EKC’s Vice-
President Marketing. On the way out we got an armful
of freebies, including a miniature bottle of‘Spirit of East
Kilbride’ scotch.

The setting up of EKC'’s plant is undoubtedly impor-
tant to both East Kilbride and the semiconductor indus-
try in Scotland. The photoresist strippers they produce
will contribute substantially to the infrastructure of the
industry. As J. Allan Denholm, Chairman of East
Kilbride Development Corporation, puts it: ‘The deci-
sion by EKC to locate here confirms our ‘role as
Scotland’s leading centre for overseas investment and
adds a new dimension to our growing contribution to a
Scottish production chain that goes all the way from raw
silicon production to wafer fabrication, contract
assembly, test and packing and printed board
assembly.’

S cotland’s growing microelectronics industry put

AVERAGE HOURLY WAGEE
JOB TITLE (Exc. Shift and Overtime)

General Production East Kilbride Scotland
Assembler 1.75 2.44
Assembler (senior) 1.85 2.65
Forklift Truck Driver 2.20 2.38
Goods-in Inspector 2.60 3.17
Grinding Machine Operator 3.00 2.45
Lathe Operator (Turner) 3.00 2.76
Machine Shop Inspector 3.25 2.58
Machine Tool Setter 3.20 2.75
Maintenance Electrician 2.50 3.08
Milling Machine Worker 3.30 248
Plant Labourer 2.00 2.40
Radial Drill Operator 2.30 242
Semi-Skilled Production

Operator 2.10 2.85
Storeman 2.20 253
Tester 2,70 3.40
Toolmaker 3.20 2.90
Welder 3.20 3.14
Wage rates for unskilled and skilled workers in East
Kilbride (figures from the East Kilbride Development Cor-
poration, 1984).
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The rubisthat EKC’sinvestment,aninitial £1 million
plus government grants (the amount of which John
Housley was very reluctant to reveal) will produce or'y
25 jobs over two years, ‘dependent on the marke

That seems to fit in with a general pattern o che
British electronics industry. While seeing increased
investment and output, it seems to be failing to create
jobs on anything like the scale needed to replace those
lost through the decline of traditional industries.

Awkward Questions

A week before the EKC reception a report was
published which not only highlighted this problem but
also asked some rather awkward questions about the
electronicsindustry. The mention ofitsnameatthe Scot-
tish New Town’s London Office was about as welcome
as Princess Michael’s father at a Buckingham Palace gar-
den party. The Scottish Development Agency was
moved to issue a statement criticising it as ill-informed
and misleading.

Published by Scottish Education and Action For
Development, the report - entitled ‘Electronics And
Development: Scotland And Malaysia In The Inter-
national Electronics Industry - has little doubt that, in
Scotland at least, ‘the electronics industry cannot be
expected to make a major contribution to meeting (the)
future need for jobs.’

Scotland’s “electronics industry now employs
around 43,000 people. In 1949 there were only 5,000.
But as Scotland has lost 200,000 jobs in manufacturing
and miningin the last decade, employment provided by
the electronics industry will ogviously not fill this
massive gap. The SEAD report states that’'some experts
believe that the industry will do well to increase its
labour force by 7-8,000 by the end of the decade.’

The conclusion seems to be that the electronics
industry, as it becomes more capital intensive and
automated, will provide onlyasmallincrease in jobs. On
a larger scale than EKC, National Semiconductor pro-
posed a £100 million investment in Greenock, another
ofthe’Silicon Glen’ towns. Thishas been postponed, but
in any case would have created only 1,000 jobs.
Motorola, the ‘jewel in the crown’ of East Kilbride, are
investing £60 million in an automated assembly plant
which will provide only 800 jobs.

This is all part of the general trend in British
electronics. Ina paper published in 1983 - entitled ‘' Policy
forthe UK Information Technology Industry -the NEDC
Information Technology Sector Working Party admitted
that‘the UK emplcyment implications of current trends
in Information Technology are not encouraging. The
overall decline in employment levels’ said the paper,’....
is unlikely to be arrested.” The Sector Working Party’s
best hope was that the industry might contribute
indirectly to the creation of new jobs in service
industries.

ETIJULY 1985



Boom And Gloom

This gloomy prognosis is backed up by Luc Soete in
the third volume of Gower Publishing’s ‘Technological
Trends and Employment’ series, Electronics and
Communications.

‘Despite the UK electronics industry’s remarkable
outputgrowth pattern pointing directly to the significant
ofthe sectorasa”’motor” forthe economic recovery, first
estimates of employment suggest that this boom has
been accompanied with little employment creation.’

While Soete concludes that the potential for job crea-
tion is still considerable, taking the‘optimistic scenario’,
the growth in electronics employment does not com-
pensate for the loss of jobs in the rest of engineering. The
respective figures are +70,000 and —81,000. The
‘pessimistic scenario’ sees employment in the rest of
engineeringas declining by more than 350,000 by 1990,
while the compensation in increased electronics jobs is
only 15,000. The NEDC Sector Working Party’s paper
agrees witha pessimistic forecast ofa declinein employ-
ment in the UK IT manufacturing industry.

Any estimate has to assume an ability on the part of
the electronics industry in Britain to combat foreign
competition. According to Luc Soete, ‘it is still debatable
how farimport penetration or fiercer competition on the
UK export markets could curb the UK Industry’s growth

otential and press towards a speedier introduction of
abour saving rationalisation investment.” The NEDC
paper says that although the UK IT industry has
strengths, ‘these strengths in isolation are not however
sufficient; they need to be brought to§ether not least by
industry itself into a national policy if the industry is to
prosper.’

Inthe T sector, UK companieshave a minority share
in most of the UK’s markets while foreign-owned mul-
tinationals have the majority. The British companies are
structurally weak in comparison with their foreign com-
petitors and there seems little chance that their perfor-
mance will improve drastically. According to the NEDC
SWP, the target for the UK IT industry, as part of a
national policy, should be to break even on balance of
trade by 1990. A modest enough goal.

In  Scotland, by the Scottish Development
Agency’s own reckoning, Scottish owned firms account
foronly 16.5% of employment in the electronics indus-
try. The semiconductor industry is wholly foreign-
owned, with five US firms providing 90% of the jobs and
one Japanese company supplying the other 10%. Lead-
ing US firms also figure prominently in the information
systems sector in Scotland (including IBM, DEC, Hon-
eywell, Burroughs and Wang) though new Scottish-
based firms have emerged here. Meanwhile, Scottish
Education and Action for Development argue that the
‘complete dependence of Scotland’s semiconductor
industry on a small number of companies... has
prompted fears for the long term future of the
industry in Scotland.’

All Work And No Pay?

But whatever the arguments about the long term
prospects foremployment creation in electronics, in the
shortterm jobs themselves don’tseem to be the priority.
One of the attractions East Kilbride offers investors is
wage rates significantly lower thanin the rest of Scotland
(see Table). Where comparatively good rates operate,
this is due to one fact alone: ‘the biggest union in the
town is the Amalgamated Union Of Engineering
Workers.” (Note that assemblers are mainlr women).
The Scottish New Towns as awhole boast of alow level of
unionisation and generally ‘trouble free’ factories.
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Manyofthe US companiesin Scotland have arecord
of anti-unionism. HavinF resisted unions’ attempts to
organise in ‘Silicon Valley, they are hardly likely to
welcome them in ‘Silicon Glen’.

When asked about this, John Housley of EKC com-
mented that, although company policy was not anti-
union, EKC in the States is non-union because ‘none of
our employees have expressed the desire to join.’ He
followed this with the ambiguous assertion that com-
panies who got the union in, generally deserved it.
Significantly union membership is also particularly low
among electronics workers in the London-Bristol
corridor,

While some would argue that any employment is
good employment, the quality and conditions of work
should also matter. More often than not these things are
determined by the presence of trade union organisa-
tion. This, at least, is the view held by Scottish Education
for Action and Development:

‘In the most practical terms the absence of trade
unions leaves the workers vulnerable to company
pressure tofitin with changes in working practices, such
asnew shiftarrangements or short-term contracts. It may
make them frightened to speak up onhealth hazards for
fear of losing t%\eirjobs. In periods of recession it leaves
them dangerously exposed to the company’s need to
adjust it’s costs.’ For some, however, such considerisa-
tions are secondary. ‘Speaking personally,’ said Alistair
Dalziel, of the East Kilbride Development Corporation,
‘I don’tthinkitmatters’. He was replying to our question-
ing the amount of employment the Scottish eletronics
industry is creating. ‘'It's the investment that matters.’

NEW EQUIPMENT
HAMEG OSCILLOSCOPES 605. Dual Trace
60MHZ Delay Sweep. Component T;ssm

O8CILLOSCOPES
CO8SOR CDU 150. Dual Trace 35MHz
Solid State. Portable. 8x 10cm dllplly.vgg
[

manual 18
8.E. LABS 8MIll. Dual Trace 18MHz Sofid HAMEG OSCILLOSCOPE 203.5 Dual Trace
State. Portable AC or External DC Opera- 20MHZ Compontent Tester .............. £270
tion. 8 x 10cm display. With m, I..£150

TELEQUIPMENT A. Single Trace 10 BLACK STAR FREQUENCY COUNTERS,
MHZ. Solid State. With manuai .......... £110 P&P €4

TELEQUIPMENT D43. Dual Trace 25MHZ. Meteor 100-100MHZ..... ...................... £99

) 10 Meteor 600-600MH2Z

Meteor 1000-1GHZ ...........................

HUNG CHANG DMM 6010. 3'% digit. Hand

heid 28 ranges including 10 Amp AC/DC.

g‘t:mpbte with batteries & leads. p8p
£33

50
MULTIMETER type U4324."33 Ranges.
PIBLE ..o v e erreens €16

£1
TELEQUIPMENT 843. Single Trace 25
MHZ. With manual £75
EX-MINISTRY CT436. Dual Beam 6MHZ.
Size 10 x 10 x 168ins. With manual ........ £75
NE:I PROBES AVAILABLE. Switched x1;
x £11

MULTIMETERS
UNBELIEVABLE
AVO 8 Mk V. for only.............. ..............
Complete with Batteries & Leads

PHILLIPS DMM2517. 4 digit. Auto ranging.
Cc»mpletel with  batteries & leads.
-used

£95
AVOTEST SET No. 1(Similar to Avo8 Mk3).
gomplete with batteries. leads & Carryi

ADVANCE AM/FM Sig Gen type SG63 7.5

- 230 MHZ £75

AVANCE AM Sig Gen type SG62 150KHZ -

220MHZ [

PHILIPS  WOBBULATOR
Z

5-220MHZ 8 440-880MHZ................... £68
LABGEAR COLOUR BAR GENERATOR

ase Type 6037
AVO 'Modei 73, 'Pocket ~ Multimeter £60. P&P €5
(Anllo‘alue) 30 ranges. Complete with bat- LABGEAR CROSSHATCH GENERATOR
t0ries & 10808 .............orrorrn £25 CM6004
AVO 72 — Similar to above but 1o AG £15. P&P £2
Current range. With Batteries & Leads
£18

35%" FLOPPY DISK DRIVES

TANDOM % Height. Brand New LR
Single Sided Double Density .............. £70
Double Sided Double Density —......... £100 AVO TRANSISTOR TESTER
SHUGART SA460. Double Sided. TT169

Handheld. GO/NOGO for In-situ Testing.
Complete with Batteries. ieads &
instructions

MAINS ADAPTOR. New. 240V input 9V DC
800MA Output. Plugs directly into 13A Soc-
Ket. PEPED ...t £5 ea.
DELPAK D15-200 POWER SUPPLY MOD-
ULE. Encapsulated Ex-eq. 210-250 Input

Double Density. 80 Track. Ex-eq.......... £75

P&P all drives £5

THIS 18 A VERY SMALL SAMPLE OF

STOCK, SAE Or Telephone for LISTS

Please check availability before ordering.
Carriage all units £12

VAT to be added to Total of Goods &

Carriage. +/= 15V 200MA Ouptut. PAPE2 ......... £5
STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
b o Telephone: 0734 68041 EN
Callers weicome 9am to 5.30pm Monday to Saturday inclusive
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THE NUMBER

JUNGLE

A lot of people have written to us asking for an explanation of
the numbering systems used on ICs and other semiconductors.

John Linsley Hood, somethinﬁ
his continuing series proves,
guide.

design, since many clever engineers have thought

out neat ways of achieving the desired end, in con-
veniently packaged and often quite inexpensive circuit
blocks. However, there are two main snags. The first of
these is knowinghwhich is the right IC to use, and the
second, when this problem has been solved, is to
decide which version of the IC in question is the device
one wants.

The circuit diagram may show a 741, but the

Ilntegrated circuits are the easy route to circuit

catalogue lists a whole range of these from
Prefix Manufacturer
AD Analog Devices
AM Advanced Micro Devices
CA R.CA.
DS, LM, LF, LH National Semiconductor
DG Siliconix
H, HA, HI Harris
HA Hitachi
ICL, ICM Intersil
IR International Rectifier
MC Motorola
OP, PM Precision Monolithics
N, NE, SE Signetics (Mullard)
RC, RM Raytheon
SG Silicon General
SL, SP Plessey
SN, TL Texas Instruments
HA Fairchild
UCN, UDN, ULN Sprague
XR Exar
Z,ZD Ferranti

Table 1 The codes used in the manufacturers prefix. These
form the first group of letters in an 1C type number, appear-
ing before the number itself.

Suffix

1 (Harris only)
M (2 for Harris, 54 for TTL)

I
C (5 for Harris, 74 for TTL)

Temperature range

—55°C to +200°C
—55°C to +125°C
—25°C to +85°C
0°C to 70°C

Table 2 Permitted temperature range. One of these letters
{or numbers in the case of Harris ICs and TTL) will usually

appear immediately after the 1C number.
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of an expert on components as
as put together the following

MC1741SCG to LM1741CJ-14. What does this mean?
And the problem doesn’t stop there, there are all the
digital 1Cs too.

Well, to start with, the first two letters in the
specification refer to the maker of the device. MC, for
example, refers to Motorola, pA to Fairchild, and
so on. The letters at the end of the specification refer
to the packaging, the temperature range for permitted
operation, or the reliability guarantee. Here C stands
for commercial (0°C to 70°C) and M for military
(-55°C to +125°C), which will be a whole lot more
expensive. Say £15 for the military version, as com-
pared with 40p for the plastic encapsulated commer-
cial device.

Transistor type designations are a good bit simpler
since they do not usually have a prefix identifying the
maker or a suffix specifying one of a range of package
forms. The package is usually implied by the actual
type number of the transistor. Unless they are very
popular devices, like a BC109 or a BC212, a particular
transistor will only be available from one or maybe
two manufacturers,

The BC type designation is, incidentally, a euro-
pean Pro Electron designation, which actually gives a
description of the general type of the device in its let-
ters. The USA JEDEC listing, TN-, 2N- and 3N-, only
refers to the time at which that particular device was
registered with the US military authorities, so a
2N5068 is a much more recent device than a
2N697.

There is, however, a small measure of type iden-
tification in that 1N- means diodes, 2N--means bipolar
or junction field-effect transistors and 3N- means
MOSFETS. United States sourced transistors (and ICs)
are usually second-sourced (which means that there
are at least two manufacturers), whereas the Pro Elec-
tron devices may come from one manufacturer alone.
This is awkward if some inconsiderate designer (like
me) specifies a favourite device such as a Motorola
BC449 which is probably not stocked by Bloggs Radio
just round the corner, though they could have supplied
a BF257 which might, at a pinch, have done the
same job,

The letters at the end of the transistor type num-
ber, for small signal devices, usually denote the
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Metal can Plastic DIL Ceramic DIL Power plastic

Manufacturer
TO99 TO100 T — A e e ——— ——

8 pin 10pin 8 pin 14 pin 16 pin 8 pin 14 pin 16 pin TO92 TO220
Advanced Micro Devices P P P D D D
Analog Devices )
Fairchild H T P P R D D w U
Intersil K
ITT N N N D,) D,) D.)
Harris (H, HA, HI) 2* a» 3* 3 1* 1* 1°
Motorola H,G P P P \ L L P T
National Semiconductor H,G N N N ) J ) V4 T
Precision Monolithics ) P P P z Y Q
Raytheon H DN D8 MP DE DC DD S U
Signetics H N,V,N.E FAN,H B,NJ FE FH F)
Siliconix A ) ) ) K K K
Sprague H M A A H H H Y z
R.CA T
Texas Instruments H P N N )G ) ) LP KC

mainly mainly commercial mainly military transistor

linear ICs or industrial types or industrial types types
Table 3 IC package description. One or more letters will usually be placed immediately after the temperature code letter,
except in the case of Harris ICs where numbers are used (marked with an asterisk) and placed before the type number.

current gain range or the pin configuration.

In digital ICs, the device classification, if it isn’t
bog-standard TTL or CMOQOS, is tucked into the middle
of the part number. The LS in 74LS68 indicates a low
power Schottky device, for example, while the HC in
74HC160 stands for high speed CMOS.

As a general rule, plastic encapsulations are
cheaper than metal can or ceramic dual-in-line pac-

kages, and commercial temperature range devices are
cheaper than the industrial or military versions of the
same. Although | have my favourite brands (often
those manufacturers whose data books are more solidly
represented on my office book shelves or whose
distributors | happen to have a trade account with),
my experience is that most modern devices from
Western Europe, Japan or the United States (and this

must include such ‘off-shore’ factory sites as Taiwan or

San Salvador) are reliable in performance and packag-

Family type Description Propagation Average e = the- CRFIPANges I Gusston would have gone
delay Power bust in this competitive age if this were not the case.

(per gate)  (per gate) Finally, while there are very few magic differences

74 ALS .. Advanced between one device and another for a given voltage,
Low-power power and current range — an NPN small signal tran-

Schottky 3-4ns 1.2mwW sistor tends to be much about the same as another

741LS.. Lor‘?"POWe’ NPN small-signal transistor — nevertheless it is fairer

4 gfa,?éta‘:é L }8:: Cpd to the designer if you try to use the particular device

748 .. Schottky TTL  3ns 20mwW specified — there may be good reasons for the choice.
74L.. Low-power TTL 33ns 1mw For my part, as a designer, | will try to identify in future

74 Cor CD CMOS 50ns <luW designs which are the critical devices amd which ones
Table 4 The letter codes used in the middle of 7400 could, in all probability, be substituted without any
series TTL type numbers to indicate the technology used. great effect on performance. ETI

First letter Second letter Third letter Number Final letters
(if any)
A = germanium A = small signal diode lead-out arrangement:-
(Pin view)

B = silicon B = varicap or rectifier diode
C = gallium C = small signal transistor

arsenide D = power transistor not usually manufacturers 8o

E = point contact diode significant catalogue cloe >
number ELe

s = high frequency transistor

O

R = special purpose device NOLETTER
S = switching diode or transistor
T = thyristor or triac

U = high voltage transistor

O om
\‘ooo'

)

current gain at 1mA:-

X = same as B g\f40-120
Y = power rectifier < = 150 - 460
Z = zener diode = 270- 800

Table 5 The European Pro Electron classification system used to identify discrete semiconductors.
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ETI “Sorcerer” String
Synthesiser

Those readers who say we publish too few music pro-

jects should get knotted, or better still, get tied up in the

construction of this excellent design. The Sorcerer
features full chorus, tremolo and various depth stop set-
tings and can be built either with a low-cost touch
keyboard or interfaced to a standard keyboard for staﬁe
use. The basic unit covers two octaves but this can easily
be increased by adding extra modules. Build the
Sorcerer and unravel your creativity.

EX42 Interface For The BBC

In October 1983 we described an interface to allow the
relatively cheap Silver Reed EX42 daisy-wheel type-
writer to be used as a computer ﬁrinter. The original
design was intended for use with the Microtan 65, and
we were promptly inundated with requests for a mod-
ified version for use with other computers. Inan attemgt
to pacify at least some of our readers, we will be describ-
ing the most frequently requested version, an interface
to allow the EX42 to be used with the BBC micro.

Data Encryption Using The
Intel 8294

The ability to transfer computer data over telephone
lines has revolutionised the way in which governments,
companies and even individuals handle information.
But with increased mobility of data has come a new pro-
blem — the vulnerability of the system to’hackers’. Any-
one with a telephone, a computer and a modem can
break into the system if they can only find the correct
passwords, and once inside they can examine or modify
ﬁersonal records, industrial secrets or even, perhaps,

ighly sensitive military information. We will be taking a
look at the problems involved in protecting data from
hackers and atthe Intel 8249, an |IC which offers protec-
tion in accordance with the US Data Encryption
Standard. -

A Fresh Look At RCL Bridges

RCL bridges might seem a little old hat in these days of
autoranging digital capacitance meters, precision resis-
tance ranges on DMMs and the rest, but for sheer ver-
satility theyare hard to beat. In this informative article, L.
Boullart describes the theory and operation of RCL
bridges before going on to present a practical design
which should cope withjust agout everyresistor, capaci-
tor and inductor you are ever likely to meet.

ROM Board For The Spectrum

A useful facility on some microcomputers is the provi-
sion of ‘sideways’ ROM sockets, allowing the existing
ROMtobeexchanged at willforan alternative operating
system, language or whatever. This board allows such a
facility to be added to the ZX Spectrum and can accom-
modate the popular2716 and 27256 EPROMs as wellas
all the sizes in between.

A-D And D-A Conversion

We have published numerous designs for various conver-
ters, from single channel to sixteen channel and for use
withawide ranse of micro-computers, but we have never
taken a detailed look at the process involved. This article
looks at the operation of both A-D and D-A converters,
explaining the different techniques used and discussing
the advantages and disadvantages of each type.

The Real Components

John Linsley Hood continues his look at the ins and outs
of components with an examination of the not-so-
humble operational amplifier.

Plus...

Tech Tips, News Digest, Oﬁen Channel, Read/Write,
Scratch Pad, Trains Of Thoughtand book and equipment
reviews, It's all in next month’s ETI,

THE AUGUST ISSUE WILL BE ON SALE FROM
JULY 5TH. ORDER YOURS NOW AND MAKE
YOUR SUMMER HOLIDAY COMPLETE!

e

All of the articles described above are at an advanced state of prep
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but circ

1ces beyond our control may dictate changes to the final list of contents.
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PROJECT

PRINTER BUFFER

Have you ever waited twenty minutes for your computer to
print the program listing for your latest hyper-space mega-
adventure game? This project won’t make the printer run any
faster, but it will stop the computer being tied up for the whole
time and let you get on with your programming. Design by

Nick Sawyer.

he printer buffer is design-
T ed to appear to the

computer as an ultra high
speed printer, with up to 48K of
memory and capable of accepting
data at a rate of several kilobytes
per second. This data is then
passed on to the printer at the
much slower rate required, about
several tens of bytes per second.
As the unit appears to the micro
as a printer with a standard Cen-
tronics interface, it is not specific
to any one type of computer, and
can be used with any system
having a Centronics - type facility.

The buffer has been designe

to be flexible in the amount of
memory that can be fitted. It can
contain either 16, 32 or 48K of
memory, sO you can start with
16K and upgrade at any stage
simply by plugging in more
dynamic RAM chips. The softwdre
contained in a pre-programmed
2176 EPROM looks after the
complicated aspects, and if you

feel that you need more than 48K
of memory then merely put two
or more complete units in series.
Remember though, that 48K is
about 15 A4 paFes of BASIC list-
ing, which should be more than
enough for home use.

The buffer features a compre-
hensive push-button initiated self
and RAM test, with printed
results. An abort buton is also
provided for completely re-setting
the buffer and its memory.

What is a Centronics - type
interface? It is basically a method
for transferring data in seven or
eight bit wide chunks from one
device to another, and includes a
‘handshake’ mechanism to control
the speed of transfer. The
sequence of events is shown in
Fig.1.

Valid data is set up on the
parallel data lines and the
STROBE line is then pulled low
by the transmitting device
(computer). The receiving device

STROBE L I

DATA | VALID I

BUSY I |

ACK | l

Fig. 1 Timing signals for a Centronics-type interface.

ETI JULY 1985

(printer) responds by pulling the
BUSY line high for as long as is
necessary to process the data
received. The BUSY line is then
pulled back low and a short
‘active low’ pulse is output on the
ACK line to indicate that the
transfer is complete and the next.
data byte may be transmitted.
The busy period may be anything
up to one second during carriage
return on a slow printer, and the
transmitting computer is normally
idle during this time.

Construction

The printer buffer is built on a
double sided board without
plated through holes for reasons
of cost. This means that where
tracks are joined to components
on both sides of the PCB, they
will need to be soldered to the
component on each side of the
board. This presents no problem
so long as it is remembered to
leave components, IC sockets in
particular, standing slifghtly roud
so as to allow access for a thin-
tipped soldering iron. In addition
there are several connections
which will need to be made
through the board using either
pins or bits of wire, again sold-
ered on each side.

Sockets should be used for the
microprocessor IC1, the EPROM
IC5, and the six dynamic RAM
chié)s 1C9-14. All remaining ICs
and the other components may
be soldered straight in, taking
care not to overheat them.
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Fig. 2 The circuit diagram of the printer buffer.
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PROJECT:

Printer Buffer
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el e

6V AC
-~

6V AC

Fig. 3 Component overlay for the
printer buffer PCB. Note the cut-out
in the top, right hand corner which
allows room for the transformer.

cT

* = THROUGH BOARD
CONNECTION

u -
2o 2 - X . 7 |
© © 0600066C e e
| s 5K
CJ
\V w2 sw1 \\
LED2 LED1
RESISTORS (%W, 5% unless otherwise Q1 BC557
stated) D1 1N4148
R1 ak7 D2,3 1N4001 All of the semiconductors anfi the othgr
R2,3,9,10,12,13  1k0 LED1, 2 0.2” Red LED with general components are widely avail-
R4 a7k panel-mounting able from companies advertising in
RS 22 R bW holder these pages. The box in which the
R6. 7 470 R prototype is hdused is a Verocase,
RB: 1 10k MISCELLANEOUS number 202 - 21035, and. is available
RP1 1k0 x 8 SIL resistor SK1 36 iy i gl from El.ectrovalue, Maplin and' TK
" : Electronics among others. The right-
pac Centronics-type - 3
PCB mounting angle 36 way Centronics connector is an
CAPACITORS sodkiet RS Components part, catalogue
LR 474, 16V electrolytic SK2 26 way IDC plug number 470-639. RS will only handle
’ u, rolyti 3
@ g niiieg SW1, 2 womentary action orders from tr‘ade and professional
&0 by 1 puchi-to-make customers, but if you are unable to use
- n ceramic 5 p :
pr T T ulitchon panel them because of this you can obtain the
r SN — part through Crewe Allan & Co of 51
electrolytic 8 . Scrutton Street, London EC2 on pay-
T 6-0-6V, 6 VA chassis ¢
g ment of a small handling charge. A pre-
SEMICONDUCTORS & i SsTnin programmed EPROM is available from
IC1 780 XTALT MMz crvstal Tronik Designs, 68A Broomfield
1C2 7415368 i l Avenue, Palmers Green, London N13
1C3 741574 4)P, and costs £7.85 inclusive. Please
1C4 741502 allow 10 days for delivery. A double-
IC5 2716 sided PCB is available from the same
1C6 7418139 address for £10.75 and 28 days should
IC7,8 7418157 PCB; 26 way ’i!’b°" cablg; DIL IC be allowed for delivery. Please note that
1C9-14 TMS4416 sockets, 6 off 18 pin, 1 off 24 pin and 1 off the PCB will not be available through
IC15, 16 7418374 40 pin; plastic case 250 x 140 x 75mm; our own PCB Service.
1IC17 7805 nuts bolts, wire etc.
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PROJECT: Printer Buffer

HOW IT WORKS

At the heart of the circuit is a ZBO micro-
processor (1C1) running at 2MHz. The
single phase 2MHz clockis provided by a
simple crystal controlled oscillator using
three LSTTL inverters {part of 1C2), and
a pull up transistor to provide the non-
standard clock levels required by the
Z80. Power-on reset for the micro-
processor is provided via an RC network
with a time constant of around 200 ms.
The diode D1 is provided to ensure a
reset occurs should the power supply fail
momentarily.

The two function switches, test and
abort are connected to the two active-
low interrupt inputs of the ZB0, INT and
NMI respectively. The inputs are
normally connected to 5 volts via a
resistor and are grounded if a switch is
pressed, causing an interrupt which is
processed by the software. The software
itself is carried in a 2716 EPROM (1C5)
which is a 2Kx8 device requiring eleven
address lines. An active-low decode
from the address decoder is connected
to the chip select line of the 2716, and
this is used in conjunction with the RD
line to gate data from the EPROM onto
the data bus for addresses 0000 to OFFF
Hex. In fact only addresses up to 07FFh
are used as these are sufficient to decode
2KBytes.

Address decoding is performed by
two halves of a 7415139 dual two to four
line decoder, 1C6a&b. 1C6a decodes
address lines A14 and A15 to give four
segments of 16K each. The lowest of
these segmentsis further decoded using
address lines A12 and A13 to give four
segments of 4K each. This therefore
gives the addressing capability shown in
the memory map.

The possible 48K of RAM is made up
from six TM$4416 dynamic RAM 1C’s,
each of which is organised as 16 Kx4 bits.
This means that two devices are needed
to make each 16K segment. in common
with most types of dynamic RAM, the
required fourteen address bits have to
be multiplexed onto eight lines. This is
done to keep the package size down.
Eight address bits are strobed into the
IC's by a falling edge on RAS (Row
Address Strobe), and the remaining six
bits are strobed in by a falling edge on
CAS (Column Address Strobe).

These strobe signals are generated
by a combination of the signals MREQ,
RFSH, and the 2MHz clock signal. The
signal MREQ s connected directly to the
RAS lines of all the RAM chips, so that an
address is strobed in each time MREQ
goes low. This will occur on two
occasions, when the micro is requesting
data from memory and when an auto-
matic refresh cycle is being performed
by the Z80. These refresh cycles are
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necessary for proper operation of the
dynamic RAMs. When the micro is re-
questing data from the memory, the
RFSH line will be high and a delayed
version of MREQ will be clocked into the
flip-flop 1C3a by the clock signal. The Q
output of the flip-flop is used to switch
the two adress multiplexer chips, 1IC7&8,
and also to enable the address decoder
1C6a. The NOR gates, 1C4, are presentto
provide some delay for this signal and
also ensure that it goes back high at the
same time as the MREQ. The signal used
for CAS is the appropriate output of the
address decoder and this will latch the
second half of the device address into
the DRAMs. Incase of arefresh cycle, the
signai RFSH will go low and prevent the
signal MREQ being clocked into 1C3a, so
preventing the above procedure but
ensuring that the refresh requirement of
the dynamic RAMs is met.

The pins G and W on the RAMs are
connected to RD and WR respectively
and these control the direction of in-
formation for both read and write cycles.
The data pins are connected directly to
the data bus of the Z80 as no buffering is
needed.

The two 74L5374s hold the inform-
ation for transfer to and from the outside
world. Data is presented from the
computer at the D inputs of IC15. When
the STB line from the computer goes low
it causes the Q output of the flip-flop
1C3b to go high. This is connected to the
clock line of IC15 and so data is strobed
intoits latches. The Q bar outputof IC3b
is also fed back to the ZBO via a tri-state
buffer 1C2d, and this informs the soft-
ware that data has been received. This
line is also fed back to the transmitting
computer via an inverter 1C2e thus
serving as the BUSY line. The state of this
line is shown by LED1, which will illum-
inate when the line is low to indicate
buffer ready.

When the Z80 reads the latches in

tg

,d
£

i

SVvA

1C15, the read strobe generated is also
used to clear IC3b thus removing the
BUSY signal, and is also fed back to the
transmitting computer to serve as the
ACK signal. The above procedure is
repeated until the transmitting
computer has no more data or the buffer
runs out of space, in which case the
buffer will keep the computer waiting
until space becomes available as data is
output to the printer.

Data to be output to the printer is
written by the Z80 into the octal latch
1C16, the outputs of this latch being fed
to the data inputs of the printer. The Z80
monitors the BUSY line of the printer by
enabling, with IORQ, the tri-state buffer
1C2f, and when it discovers that the
printer is no longer busy the STB line is
pulled low for a few microseconds. This
strobes data into the printer which will
then go BUSY again. This sequence is
repeated until the buffer has been
emptied. It should be mentioned that the
input and output processes take place
simultaneously, the software being in
control at all times. The state of the
printer busy line is also shown by LED2,
which will illuminate when the printer
BUSY line is low to show that the printer
is ready.

The power supply is quite straight-
forward, consisting of a centre-tapped
transformer whose output is rectified
and smoothed by D2 & 3 and C11. The
resulting DC is fed to the voltage
regulator 1C17, which maintains a
constant output of5 volts. Capacitor C10
is provided for further smoothing, and
capacitors 3 to 9 are for de-coupling.

Testing, Connection and use of
the printer buffer will be
described in a concluding
article which we hope to
publish next month, along with
a complete listing for those
diehards who prefer to program

their own EPROMs! ETI
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NOISE GATE

There are those who say they can’t tell
the difference between the music and
the noise these days, but lan Coughlan’s
versatile unit is not so easily fooled. And
when it’s not opening up the way to
noise-free music, you can use it as an

envelope shaper.

very musician knows the pro-
E blems caused by noisy leads
and effect-units: whenever

Kou stop playing, the snaps, crac-

les and pops are still there. This
state of affairs is acceptable when
practising, but is a major headache
when recording or playing live.
One solution is a noise-gate, the
electronic equivalent of pulling
the jack-plugs out every time you
stop playing. Needless to say, the
noise-gate does it so unobtrusively
that you’'d never know it was
there, which is the whole idea!

Important parameters of a

ood noise-gate are:

hreshold: this is the input signal
level reguired to open the gate,
and is adjustable from -35dBm
down to -65dBm approximately.
Normally it will be set just above
the noise-floor, so that when play-
ing begins, the increase in signal-
level is sufficient to open the gate.
Response time: this is the time
taken for the noise-gate to begin
opening once the threshold has
been crossed (some manufac-
turers of noise-gates call this the
attack-time, which is not strictly
correct, ldeally it should be instan-
taneous, and in practice should be

less than a millisecond and not
adjustable.

Attack-time: this is the time the
gate takes to go from fully closed
to fully open. Most noise-gates
open instantly, which is what is
usually required. This design will
do so if you want it to, but can also
be adjusted to take up to 100ms
to open,

Hold-time: this is the period for
which the noise-gate remains fully
open after playing has stopped. It
is adjustable between 100ms and
2s.

Decay-time; this is the time taken
for the noise gate to close after the
Hold-time has elapsed. This is
really what sets this design apart
from others: it will reach the fully
closed state within 100ms if you
want, but it can also be set to take
as long as two seconds, causing

any noise to go away unobtrusively
rather than abruptly.

As well as being triggered by
the incoming signal, the noise-gate
may also be opened by another
signal connected to the EXT. KEY
socket, by a logic level on the REM
socket, by a switch contact (also
on the REM socket), or by the
built-in footswitch. Whichever

MYSIC STOPS

RESPONSE

AMPLITUDE
TIME

/‘ }‘ ATTACK TIME |

MUSIC
STARTS |

HOLD TIME
- -

Fig. 1 The response envelope produced by the noise gate.
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TIME

our IN REM oV

triggering method is used, the
attack, hold, and decay controls
still function. Because the
envelope shape is completely
adjustable and the unit can be
controlled by a variety of inputs, it
can be used as an envelope shaper
in its own right.

Construction

Before soldering anything into
lace, check that your PCB has a
ole under PR1 and, if not, care-

fully drill a %" hole there. This will
allow the preset to be adjusted
from the underside of the board
when the unit is assembled into its
case. When the bare board is
ready, commence assembly by
installing the wire link, the four

The gate is 1C2, a transconductance
amplifier whose gain is controlled by
the current flowing into pin 5. The two
halves of IC1 are connected as unity
ain buffers, one before and one after
the transconductance amplifier. The
ain of the transconductance amplifier
is adjusted to unity by PR1, so the
overall gain of the audio pat‘: is also
unity when the gate is open,

The threshold detector consists of
IC3d and the two halves of 1C4. The
input is taken either from the main
audio path, immediately after the buf-
fer stage 1C1a, or from the EXT. KEY
socket. R15 and C9 form a low-pass
filter which removes RF noise and the
signal is then passed to the amplifier
stage 1C4a whose Tﬁain is set bJ the
sensitivity control. This is followed by a
fixed gain stage, 1C4b, which ensures
that sufficient level is available to reach
the threshold of the comparator.

The window comrarator is based
around 1C4d and is slightly unusual in
using only one op-amp. When the out-
put from 1C4b is of sufficient
amplitude, it will push pin 2 of 1C3d
higher than pin 3 via DS, or pull pin 3
lower than pin 2 via D4. Provided the
%‘ate is not in the bypass mode, pin 5 of
the NAND Schmitt trigger 1C5a will be
at a logic high level and the stream of
negative going pulses from the output

38
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Fig. 2 The complete circuit diagram
of the noise gate.
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NOTES
ICY = TLO72

1IC2 = LM3080

IC3 = LM324

1C4 = TLO62

ICS = 4093

Q1.3 = 2TX300

D111 = INd148

2012 =~ BZV88C 4V3

LEDY = MINIATURE RED LED

HOW IT WORKS

of 1C3d will produce positive going
pulses on pin 4 of the Schmitt.

As long as these pulses are present,
diodes D6 and D7 will conduct and
hold the two ends of C16 at the same
potential, preventing it from charging.
1IC5b and 1C5d both have one input
connected to the positive supply and
will thus act as Schmitt inverters. Pin 1
of 1C5b will be held high via R30 caus-
ing its output to stay low, and this low
appearing on pin 12 of 1C5d will force
pin 11 high.

When the pulses at the output of
IC5a cease, D6 and D7 will no longer
conduct and C16 will begin to charge
via D8 from the logic high on IC5d’s
output. The rate of charging will be
determined by the setting o? RV4. As
the voltage across the capacitor rises,
the voltage across R29 and RV4 will fall
and pin 1 of 1C5b will be pulled low via
R30. At a point determined by the
operation of the Schmitt, 1C5b will
change state, its output going high and
switching 1C5d whose output will go
low. Since it was the voltage from this
Fte which charged the capacitor, no
urther charging can now take place
and the circuit will remain in this state
until a further train of pulses is
received from 1C3d and IC5a.

If bypass mode is selected either by
operation of SW1 or by means of a

logic signal into SK5, 1C5a pin 5 will be
held low via the Schmitt inverter 1C5c.
This will cause 1C5a pin 4 to remain
high, whereupon D6 and D7 will con-
duct, IC5b pin 1 will be held high via
R30 causing pin 3 to go low, and the
resulting low on pin 12 of 1C53d will
cause pin 11 to remain high. This pin
will then stay high for as long as the
unit is in the bypass mode.

This high level drives the GATE
OPEN LED via Q3 and R31, R32 and
also provides a voltage into pin 12 of
1C3c. This voltage is held down to 4.3V
by ZD2 and R14. 1C3c is a unity gain
buffer stage which, on receiving an
input volage, charges C8 via R13 and
RV2. The time taken to charge C8 is
the attack time and is adiustechy RV2,
The voltage on this capacitor is buf-
fered in turn by 1C3d and used to crive
Q2 which then charges C7. The voltage
across this capacitor corresponds to
the decay portion of the envelope
shape and the discharge period is
adjusted by RV1. 1C3a is another unity
gain buffer which couples the com-
posite envelope shape voltage to the

ain-determining pin of the transcon-

uctance amplifier, IC2. PR1 allows the
overall fain of the audio path to be
adjusted back to unity.

The complete circuit operates as
follows. When the input signal exceeds

the threshold, pulses will be produced
at pin 1 of 1C3d in the manner pre-
viously described. Just one of these
Rulses is sufficient to senct 1IC5d pin 11

igh with no apparent delay and this in
turn produces 4.3V at pin 14 of 1C3c.
1C3b pin 8 will also rise to 4.3V but will
do so exponetially because of the
action of C8, R13 and RV2. C7 is much
larger than C8 but it will charge at the
same rate because it is fed from the
low resistance source provided by the
emitter follower Q2. As the voltage on
this capacitor rises, so will the current
flowing into pin 5 of 1C2 and so the
gain will-increase.

When the input signal falls below
the threshold, the pulses on 1C3d pin
will cease and pin 11 of I1C5d will go
low after a period of time determined
by the setting of RV4. The output of
1C3c will then also go low and C8 will
discharge through R13 and D1. C7 will
also discharge but at a rate determined
by the settmg of RV1. This falling
voltage will reduce the current flowing
into pin 5 of 1C2 and hence the gain of
the audio path will fall.

Most of the circuit operates directly
from the OV and +9V supply, but some
parts of it require a centre tap to pro-
vide something approaching dual-rail
operation. This intermediate voltage is
provided by ZD1 and Q1.
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Fig. 3 The
component overlay
for the noise gate
PCB. Note the use
of insulated wire
links across the
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EARTH POINT FOR EXT. KEY RV4 HOLD RV10ELAY
POTENTIOMETERS SOCKET Sk4
AND SK4
RESISTORS (all %W, 5% unless other- SEMICONDUCTORS The %" jack sockets used in the pro-
wise stated) Ic1 TLO72 totype are made by Cliff and are
R1 6k8 1C2 LM3080 designed for PCB mounting. They are
R2 470k I3 LM324 not readily available in small quantities
R3, 7. 30, 33 10k ICa TLO62 but their pin spacing is the same as
Re 39K IC5 4093 that of Cliff’s panel mounting %” jack
R5. 6. 9 510R 1-3 ZTX300 sockets which are available from Elec-
R8 11 29 34 100k 81 _'1 1 IN4148 trovalue. The panel mounting type have
R10 910R ZD1. 2 BZYB8C 4V3 solder tags with eyelets rather than
R12 %0 LED% il d LED pins, but it is a simple matter to cut
R13. 14 22k m"tnhl ure ’eu i away one side of the eyelet so as to
R15 12k :' IR —— leave a pin narrow enough to suit the
R16. 19 1M0 erg holes in the PCB. Other makes of
g jack socket available from other
z}g' & 27 ﬁgkzi% MISCELLANEOUS u suppliers may also be suitable if so
R20 330k SK1 3.5mm miniature modified but we have not tried this.
R21 18k jack socket, PC The potentiometers used are also
mounting, with supplied by Electrovalue and are from
:312;' 23,25, 26 g?gk % switch their P20 range. RS components stock
R31 47k SK2 Y% stereo jack a suitable switch (catalogue number
R32 3k9 socket, PC mount- 339-241) and a 15mm button for it
RV1, 2,4 2M2 logarithmic - e o Bran Bt they g0 vot tomk 3
gl‘g %8" Ioga;‘lth_mict | socket, i l;c shroud as used on the prototype. A
kelet 0"1:’" u mounting switch with a shroud is available from
skeleton prese SK4 3.5mm miniature ! Electromatch for £4.15 including post
CAPACITOR S jack socket, panel and packing. The part numbers are
a3 100u 16V radial mounting, with MPA106D for the switch, C23 for the
electrolytic switch button and G13 for the shroud and you
et | ey o e o W T L
s b - ) =
c4 $ue0 ro1yg|\f radial ing, with switch tion. The tl:ox ;; 3n‘;a‘)de by gTC a£nd9is
electrolytic swi1 SPDT alternate type number 73399B. it costs £1.97
Sl :,uo 35</t e acﬁor pushtgwitch, glaucski: AIf’robmm S?éllé?legr:;icpg:tviac:‘:
ead panel mounting .

8 47n multi-layer PCB; case; knobs, 4 off; battery con- (L:t&mfszlrlu)t;urgll\l ;’}Iat{;e ::;‘I:rw'cof:;:
a9 680p polystyrene nector; %" (20mm) high mounting e Brelavailablellivamlous an s
C10, 12 100n  multi-layer pillars, 2 off and screws or bolts to suit; advertisers and the PCB is available

C14 15p polystyrene 14-pin DIL IC sockets, 2 off; thin foam from our PC8 Service

C15 220n multi-layer rubber; 9V battery, PP3 or similar. i
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PROJECT : Noise Gate
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Fig. 4 Drilling details for the case, shown here actual size.

jack sockets and, if desired,
sockets for ICs 3 and 5. The jack
sockets must be of the recommen-
ded type if they are to fit correctly
into the prepared holes on the
PCB.

Continue assembly by solder-
ing into place the resistors and
capacitors, making sure that all the
capacitors near the connector end
of the board are mcunted flat so as
to make room for the poten-
tiometers when the board is
installed in its case. Next fit the
diodes, transistors and ICs 1, 2 and
4 which must be soldered directly
to the board or they, too, will not
clear the potentiometers. ICs 3
and 5 are well clear of the poten-
tiometer positions and will not
cause problems if fitted using
sockets. Cut to length four pieces
of ordinary insulated connecting
wire and solder them between the
points shown on the PCB overlay,
then fit the two battery guide
pillars and the PCB is complete.

The next job is to prepare the
box. It is best to use the recom-
mended box if you want a par-
ticularly compact unit, but if you
tannot obtain it then use a slightly
larger box so as to avoid problems
with the potentiometer mounting.
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Drill all the holes as accurately as
you can, clean the box thoroughly
with steel wool soap pads to
remove any traces of grease or dirt,
then gaint it. When the paint is
dry, the legends can be applied
using rub-down lettering and a
coat of clear varnish sprayed on to
protect them. A piece of thin foam
rubber should be glued to the
inside of the box to prevent the
battery from rattling around.

It is important to use the
recommended potentiometers,
switch and EXT. KEY socket or dif-
ficulty may be encountered in get-
ting everything to fit within the
space available. Mount the LED,
the socket and the potentiometers
through their respective holes in
the front panel and connect them
up to the PCB, taking care not to
use greater lengths of wiring than
is necessary. Solder the battery
connector leads to the board and
place one fibre washer on each of
the three larger jack sockets.
Mount the switch through its hole
in the front panel but do not
tighten it up.

Offer the PCB up to the case,
Euiding theﬂ'ack sockets into their

oles and aligning the switch pins
with the pads provided. A little bit

of force may be necessary, but any
serious opposition should be
investigated lest anything be
damaged. When the PCB has
settled into place, solder the
switch pins onto their pads,
tighten the switch mounting from
the front panel and secure the
large jack sockets with the nuts
provided. Construction is then
complete.

Setting Up And Use

Connect up a9V battery,
switch on, and apply a signal of
about 2V peak-to-peak to the
input. The LED should light up.
Monitor the output with an osc-
illoscope or an AC millivoltmeter
and adjust PR1 until the output
level is of the same arnplitude as
the input level. This is the only
adjustment necessary and if all is
well the base can be screwed into
place and the unit is ready for use.

In use, the noise-gate should
come between any effects and the
amplifier or tape-recorder. Con-
nection should be by a screened
cable as short as is practical. The
unit is switched on by connecting
a (mono) jack to the input socket.

When setting the noise-gate up
initially, turn the sensitivity control
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PROJECT : Noise Gate
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ON PCB

TO D1/IC3
PIN 14

TO RS

Fig. 5 Connecting details for the front panel components.

fully clockwise and the attack,
hold and decay fully anticlockwise.
The LED should be off: if it isn't,
press the footswitch. If using any
effects, switch them on to produce
all the noises you're trying to get
rid of, and rotate the threshold

able to hear the noise getting
through to your amplifier). Turn
the threshold control slightly
clockwise, raising the threshold
just above the noise-floor. The LED
should go off, and the noise
should stop.

that the other controls are still at a
minimum, and should now be set
to suit. Normally the attack will be
left at a minimum, giving a short
rise-time, with the hold and decay
at about a second or so.

Pressing the footswitch will
open the noise-gate regardless of
input level, and i1s very useful
when tuning-up. A remote
footswitch can be connected to
the REM socket, disconnecting the
unit’'s own switch.

The noise-gate can also be
used as an envelope shaper with
the attack-hold-decay crcle being
triggered in a number of ways. An
audio signal can be connected via
the EXT. KEY socket and will trigger
the envelope shaper but still allow
the threshold control to be used.
Alternatively, the EXT. KEY should
be shorted with a miniature jack
plug and the unit triggered from
the REM socket either by making
and breaking a mechanical contact
or by applying a logic signal. Clos-
ing the REM contacts or applying a
0V level will close the gate while
opening the contacts or applying a

control anticlockwise (thus lower- As you play your instrument, + 5 to +15V signal will open it
mithe threshold) until the LED the gate should open, and should
lights (at this stage you should be close when you stop. Remember ETI
—_— R\
TOROIDALS =
WASHER -_—‘}' ’
OUTER =
INSULATION
The toroidsl transformer is now accepted 8s the standaerd in industry,
overtaking the obsolete laminated typs. |ndustry has been quick to
recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY NEOPRENE

field and, thanks to I.L.P,, PRICE.

Qur large standard range is complemented by our SPECIAL DESIGN
section which can ofter a prototype service within 14 DAYS together

WINOING L B3]

INSULATION

with ashort lead time on quantity orders which can be programmed to PRIMARY
your requirements with no price penaity WINOING
15VA 50 VA 120 VA 225 VA 500 VA
62 n JM4mm 0.35Kg 80 n 35mm 0.9Kg 90 x 40mm 1.2Kg 110 x 45mm 2.2Xg 140 x 60mm 4Kg .
RAegulation 19% Regulation 13% RAsgulation 11% Regulation 7% RAeguiation 4% Why 8 Toroid?
! , 3 q
SERIES SECONDARY  AMS 21010 66 416 41010 66 10 00 61012 1212 9128 82016 25-25 10 00 Smalfer size &' walﬂ.ﬂ 1o meet
"o Vors Curremt 21011 949 277 401t 99 666 61013 15015 750 81017 30430 833 modern ‘siimiine’ requirements.
2:012 12412 208 45012 12492 $ 00 62014 18018 628 81018 3535 714 * Low electrically induced
05010 646 125 21013 15415 166 41013 15415 400 61015 22.22 s 81026 40440 629
001 949 083 21014 18418 138 404 18418 33 61016 25425 450 8:02% 4545 § 58 noise demanded by compact
0x012 12492 063 20019 22.22 113 41015 22022 272 61017 30+30 ars 8:03) 50+50 $ 00 equipment.
0:013 15415 050 2016 25425 100 41016 25.25 240 6:018  39.35 32 82042  55.5 454 ®  High effici bl
01014 1818 042 2:017  30.30  08) 4017 30430 200 61026 4040 281 8:028 110 45 PR FTRERCY TREhiag .
g-g:: ;§~;§ g g(‘a 22020 10 045 42018 3539 (R3] Glogg ;g~;g ;;2 82029 220 227 conservative rating whilst main-
. S 21029 220 022 42028 1o 109 610 . 81030 240 200 u !
0017 30430 025 2030 240 020 w029 220 054 o e o 525 VA . Inl'.r;gv:cl:%;‘:‘r,:tnl:\a:::;np atur
. . x 0 10, erature.
{encased in ABS plastic) L Jo:‘o VA s 42030 |s: SA 050 §a020 3% a2l 14D a 757"“‘ “5“
m ton
e A NEa 1105 40mm 18K 300 VA S Why ILP?
MOnIGRm | 045Ky s3Zatien Aegulation 8% 110 x SOmm 2.6Kg 9017 30430 041 | |
Regulation 18% ool Iy & 0 - o o Regulation 6% 91018 3535 $92 Ex stock delivery for
12010 846 250 3x011 9.9 444 52012 12412 666 75013 15415 10 00 328§§ :2:2 6:‘ standard 240v range.
16011 9.9 166 3:012 12492 333 51013 15415 533 7:016 18418 833 91033 5050 625 *  Fast prototype service
1012 12412 129 31013 15415 266 51014 18418 a4 74015 22422 682 91042 55255 568 |
1013 15415 100 3:014 18.18 222 S:015 22022 363 2016 25425 600 X0 5 s avallable.
10re 18418 083 31015 22022 '8 $1016 25425 320 71017 30430 500 91029 220 284 3 weeks despatch for
12015 22422 068 = -2 160 54017 3030 266 73018 3535 428 91030 240 260 special orders
12016 25025 060 3:017  30.30 133 54018 35419 228 7:026  40.40 378 4
12017 30.30 050 3:028 110 072 91026  40+40 200 74025 4545 13 2 year no Quibble
::g;g gfg g:g 51028 ;50 s;; 72033 5050 300 guarantes,
51029 0 71028 "o 212
4 ok ooe Tom e L * No price penalty for cali-off
71030 240 125 orders.
Prices including P&P and VAT Mail Order — Please make your crossed i :
v o RIS % prve gy AL e Lt S Post to: ILP Electronics Ltd., Dept. 7
' 0 706 160 5 1217 Electronics Ltd. Graham Bell House, Roper Close,
30 767 225 6 1375 Trade — We.will open your credit account Canterbury, Kent. CT2 7EP
50 2 880 300 7 1497 immedistely upon receipt of your first Tel: (0227) 454776 Telex: 965780
80 3 1006 500 8 1960 order : ( ) .
120 4 1065 625 9 2230

For 110V primary insert "0 in place of "X in type number.

For 240V primary {UK) insert '2" in place of ‘X" in type number
IMPORTANT : Regulstion - All voitages quoted sre FULL LOAD.

For 220V primary {Europe) insert "1" in piace of 'X"" in type number.

PMease sdd reguistion figure to secondary voltage to obtain otf lesd voltege.
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PROJECT

ELECTRON
SECOND
PROCESSOR

It doesn’t take ESP to know that we’re dealing with the software
for John Wike’s Electron add-on.

aving described the
H hardware for this project
last month, it is now time to
consider the software. When RUN
the program creates a 2K machine
code file on tape or disc called
E2PCODE. This latter is what must
be *RUN to operate the second
rocessor. Alternatively, if you
ave a disc it can be renamed as
IBOOT and run using shift-break.

The listing given in this article
has been produced using a
formatting program to line it up
nicely. If you intend to enter it
yourself you must leave out all the
spaces (except those after the "’
labels) or it will not fit into
memory.

The beauty of the Acorn
machines is that in order to
intercept the input/output
operations of any language it is
only necessary to modify eleven
well-documented operating
systems (OS) routines. Detailed
descriptions of these can be found
in ‘The Acorn Electron Advanced
User Guide’ by Holmes and
Dickens, and ‘The Advanced User
Guide for the BBC Micro’ by Bray,
Dickens, Holmes. The operating
system calls are the same for both
machines and while one book also
covers the special hardware in the
Electron, the other is more readily
available in the shops.

Memory Usage

In this article the Electron
processor will be referred to as the
I/0O processor because that is its
main function in the new
environment. The second
processor will be called 2P for
short.

The E2PCODE program loads
into addresses 2800 h to 2FFF h in
the I/0O memory, as shown in the
memory map. This is below the
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highest resolution screen. It uses
memory (again 1/O) at0 to 70 h
and 400 hto 40B h soiitis
important that no user programs
corrupt these three areas of 1/0
memory.

The main program is in three
sections. Lines 190 to 4880 run
where they are in I/O memory.
Lines 5930 to 7250 are copies to
the 256 byte sideways ROM area
and exist at 8000 h in I/0 memory
and FFOO hin 2P memory. Finally,
lines 7300 to 11100 are passed to
2P memory at F800 h to FAFF h.

Communication

The protessors communicate
with each other by way of various
locations in 2P RAM which are
used as status and data registers.
Their functions are listed in Table
1 and, together with the 28byte
Oswrch buffer, they overwrite the
2P reset routine in lines 6020 to
6230. As there is no hard reset that
routine is not needed again
anyway. With all the registers,
except the buffer pointers, a zero
value indicates that the message

data has been received and acted on.

Facilities

This implementation has the
ability to reset into the 1/0
ﬁrocessor by pressing B-break, ie.

old down the B key while

pressing BREAK. Programs can
then be developed in the I/O
memory without switching off. In
I/O HIMEM is set to 2800 h to
protect the program. In 2P HIMEM
1s 8000 h and PAGE is 800 h .

If you execute *HELP while in
2P you will get the message “E2P
0.1”. This does not appear if you
are in the 1/0.

Just one word of warning. Do
not use any EVENT handlers in 2P
that call OS routines. If you do the
system will most probably hang
up.
A You will have to find out by trial
and error which programs will
work with a second processor.
Anything that accesses screen
memory or hardware directly will
not work, since this can only be
done by OS commands across the
interface.

Address 1/O(2P) Function

Possible Values

800D(FFOD) h

8013(FF13) h
8019(FF19) h

8018(FF1B) h
801E(FF1E) h

801D(FF1D) h
8014(FF14) h

Pass Instruction to 2P

Pass OS call to 1/O
Status for /O to 2P
data at 801A(FF1A) h

Status for 2P to 1/O

data at 801C(FF1C) h
Oswrch buffer insert pointer
Oswrch buffer remove pointer
Flush Oswrch buffer flag

8 h Start memory read(0)

9 h Start memory write(1)

C h Run program(4)

28 h Stop memory read/write
40 h Handle Event code

80 h Pass BRK error message
CO h Set/Reset Escape flag
FF h Initialise 2P (Reset)
Address of I/O OS routine
40 h Data is text

80 h Data is not text

CO h End of data

As for 8019(FF19) h

Pointers equal if buffer empty

Equal to 801E(FFTE) h

Table 1.

Communication protocols.
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1/0 OPERATION

When the program is run the 1/O pro-
cessor enters the cold start routine at
line 1250. At lines 1350 to 1630 it
checks each ROM number from 7
down to 0 for a block of RAM of 256
bytes or less. If it finds one it assumes
that it is the E2P card and stores the
ROM number in location ‘this ROM’, if
not it returns to the language ROM
and prints the error query, 2.

If the ROM is not logged in already
(1640-1670), it then cycles through the
RAM (1690-1720), loads the RAM
(1740-1770) and clears the 2P reset
(1780). The RAM is then cycled to ref-
resh it (1800-1820) until the 2P signals
that it is ready (1830-1840). It then
initiates a 2P memory write and
transfers the 2P operating system
routines over (1860-2040) before soft
resetting itself (2050).

During 1/0 reset' the operating
system calls the sideways ROM service
routines at 8003 h (line 5940) with
the Tube reset code FE h in the
accumulator. This is detected at line
2350 and the Osbyte vector is changed
(2480-2570) to aliow the new routine
(3000-3140) to set HIMEM and inhibit
the memory clear facility. Lines 2590-
2670 check for the B key(64 h in line
2630). If it is not pressed the Tube pre-
sence at Osbyte EA h and the 1/0/
second processor flag at isec are set.
The 2P is initialised (2700-2740). The
vectors are changed, the soft character
set is exploded, the filing system status
is set and the sign on message is prin-
ted (2670-2920) before leaving the
service routine,

Before the 1/O can communicate

HOW IT WORKS

with the 2P it must select the correct
sideways ROM location. This is done
with the routine at 3230-3320.

If the Tube presence flag is set dur-
ing 1/0 reset the operating system will
not start up a language but will jump
instead to location 400h. This has
been loaded at line 2690 (via lines 380-
430) with the code in lines 210-240. So
it will enter the warm start routines at
line 4120. Pointers are set up to
transfer the current language to 2P
memory either at 8000h (4130-4180)
or at a specified relocation address
(4190-4300). If the language has been
selected by a * command (4320), of if
this is a cold start (4330-4340), or if it
is a hard reset (4350-4370), and it is
not Plus One control ROM at 0Cn
(4380-4410), then the language will be
transferred to 2P memory (4430-4550).
The language will then be started up in
2P by issuing a Run Program command
(4590-4680).

The actual routines to give instruc-
tions to 2P start at line 3340. The
operating system will enter thse via the
relocated line 230 at 406h, but they
are called directly within this program.
Lines 3340-3500 allow different filing
systems to claim the 2P interface by
entering with their file number plus
COh in the accumulator and waiting
for the carry flag to be set. They release
the interface using 80h plus the file
number. The read, write and run
instructions (0, 1 and 4 respectively)
enter with YX pointing to two consecu-
tive locations which hold the action
address for the 2P. This address is sent
in lines 3550-3660 then the actual
instruction number ORed with 8 so that

170

2p

0.8. ROM &FFFF os &FFFF
&FF38
“TUBE" BYTE RhF00 o
| =& FCES “TUBE” BYTE
&FC00 a—&FEES
OS5 Ao RAM REFRESH &FCO00
REPEATS OF &C000 ol &FBOO
&8000-&80FF i
— UNUSED WITH —&F800———
OSWRCH BUFFER NORMAL
STATUS/DATA [N asozs LANGUAGES
REGISTERS &B01F o
SIDEWAYS ROM 28000 |}
RECOGNITION CODE B ALs?g/(\;/'i’sAwGEr c
IDEWAYS ROM
4 ENTRIE? N &B006
£8000 HIMEM
DISPLAY &8000
__________ AVAILABLE
HIGH-RES DISPLAYS &86000 c ggg ::‘A_,%»gza s
E2P SOFTWARE &3000
HIMEM |
o .
~USER P
/////ARE
NN ©/
et 0.5./LANGUAGE g b a3 \ %0800 —
WEirACE ogamset
0000

0000
Memory maps of Electron and second processor board.

it cannot be zero is sent (3690-3710).
If the instruction is to run a program,
the 1/O processor will enter its main
loop, otherwise it will return (3740-
3820).

The main loop routine (5540-5880)
maintains the rotating Oswrch buffer
remove pointer at 801D(FFID)h. If
the buffer is not empty its contents are
printed. If it is empty the status regis-
ter at 8013(FF13) h is examined and an
OS call is executed if desired.

2P OPERATION

When the 2P reset is cleared it
jumps via its reset vector at FFFC h
(7240) to line 6020. Here it loads a 128
byte RAM refresh routine twice into
FBOOh to FBFFh. This consists of
‘compare accumulator immediate’
instructions (C9h), which are two
bytes long and take two cycles to
execute. Thus it will access 128 bytes
in 128 cycles, or 64 microseconds. The
last few bytes of the routine contain
lines 6170-6230 which modify the call-
ing routine to scan the other 128 bytes
next time round (6170-6190) and
check the status register at
800D(FFOD) h to see if any instruc-
tions need to be executed.

Normally the NMI routine (6400-6420)
will call the cycle routine (6350-6380)
to perform the refresh. However while
the 1/O is writing or reading 2P
memory via the data register at
FCES(FEES) h the 2P must respond
quickly to the IRQ line. So the NMI is
disabled and the 2P goes into the loop
(6680-6700) where it is continually
cycling to do the refresh. The read/
write function is performed by modify-
ing the three locations at ivec (6270) in
the irql routine (6250-6330) to read or
write the specified start address
(6470-6550). If it is a read the first
location is read by a software interrupt
(6610-6620).

The other instructions are looked for
in the test routines (7460-8310) and
the appropriate action taken.

The 2P OS routines (8330-9720)
interact with their 1/0 counterparts
(450-1230) via the register at
8013(FF13)h. Some routines need to
pass over the processor A X and Y
registers. Some need to pass text and
some need block data. These are
handled by the routines at lines 4700-
5360, 6730-6780, and 9740-10320.

The Osword routines transfer dif-
ferent amounts of different size blocks.
The tables at 10480-10910 are used to
determine how much to send.

The 2P Osbyte routine checks for
the memory functions 82h to 84 h
(8420-8540). these give the machine
high order address (FFFF h for 1/0,
0000 h for 2P), PAGE, HIMEM, and
HIMEM in other Modes, in that order.
It also checks (8560-8640) whether the
Oswrch buffer is being flushed
(Osbyte DA h ,0,0) and sets the flag
at 8014(FF14) h.

’
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Listing of Electron program to run second processor. Copyright John Wike, 1985.
SO REM  AS SPACE 18 SHORT WHEN 1210 JSR osrdi 2370 :
60 REM USING DISCS, THE CODE IS} 1220 LDX #&D 2380 Tva 3530 .instré4  PHF
70 REM  ASSEMBLED INTO SCREEN 1230 JMP blkoutl 2390 PHA 3540 SEI
80 REM MEMORY BEFORE SAVING. 1240 . 2400 JSR LFFE7 3530 STY &13
90 : 1250 .cst SEI 2410 LDA #%A6 3560 8TX 12
100 MODEG 1260 LDA %40 2420 LDX #0 3570 STA &16
110 VDU28,0,24,39,12 1270 STA &DOO 2430 LDY ®&FF 3580 LDA uF4
120 vDU30 1280 LDA wtAA 2440 JSR XFFF4 3590 PHA
130 : 1290 LDX ®0 2450 STX &1D 3600 JSR pselect
140 U%=%2800: V%=8&6100 1300 LDY ®&FF 2460 STY %1€ 3610 :
150 A¥%=U%: B%=U% 1310 JSR &FFF4 2470 : 3620 LDY #1
160 FOR I=4TO6STEP2 1320 STX 4F6 2480 LDA %208 3630 .instrS LDA (&12),Y
170 0%=V¥:P%=UY 1330 STY &F7 2490 CMP #newosh DIV 256 JE80 514, BEOLORY
180 [ OPT I 1240 : 2500 BEQ RservS eSO DEY
190 JMP cst 1350 LDX &F4 2310 STA oldosbsi 3660 BFL instrS
200 : 18D LOY #7 2520 LDA %204 2620 ¢
210 .cod400  JMP wst 1370 .cstl TvA 2530 8TA oldosb 3680 LDY %13
220 JHP esc RS JSR sidesel 2540 LDA #newosb DIV 256 BE30 CORNMIE
230 JMP instr 1390 LDA &B0OOO 2350 STA %20B 3700 ORA #8
240 .osjmp JMP osrdch 1400 CMP &B100 2960 LDA #newosb MOD 256 3710 .instr7 JSR pcoomm
2%0 : 1410 BNE cstS 2570 STA %204 3720 PLA
260 .pload LDA (0),Y 1420 EOR WLFF 2880 3 3730 JSR sidesel
270 INC O 1430 STA %8000 2590 RservS  LDA #L7A 3740 LDA %16
280 BNE pload2 1440 CMP 88100 2600 JSR &FFF4 3750 CcMP u4
290 INC 1 1450 PHP 2610 LDY #0 3760 BNE instr9
300 : 1460 EOR #&FF 2620 STY isec 3770 s
310 .ploadz  STA &FCES 1470 §TA &B000 2630 CPX 8564 3780 .instrB LDA u&B80
320 ' 1480 PLP 2640 BNE Rserv? 3790 STA %14
330 LDY #7 1490 BEQ cst7? 2650 LDA #878 3800 JMP main
340 .delay DEY 1500 1 2660 JSR LFFF4 3810 .instr3 FLP
350 BNE delay 1510 .cstS DEY 2670 JMF Rservio 3820 FTS
360 RTS 1520 BPL cstl 2680 3 3830 '
370 ' 1530 TXA 2690 .Rserv?  JSR codld 3840 . esc PHP
380 .codld LDX #&C 1540 JBR sidesel 2700 LDA #&FF 3850 SE1
390 .codld3 LDA cod400-1,X 1550 BRK 2710 STA isec 3B&0 LDA &F4
400 STA &3FF, X 1560 BRK 2720 LDY ®&EA 3870 PHA
410 DEX 1570 EQUS "7 2730 STA (&1D),Y 3880 JSR pselect
420 BNE codldS 1580 EQUB D 2740 JSR pcomm 2890 LDA &FF
430 RTS 1590 BRK 2750 : 3900 5TA L8010
440 ¢ 1600 : 2760 LDA #newbrk MOD 256 3910 LDA #LCO
450 .osrdch  JSR MFFCB 1610 .cstvec  EQUW tclear 2770 STA %202 3920 STA %1€
460 .osrdl JSR regmo2 1620 t 2780 LDA #newbrk DIV 256 3930 BNE instr7
470 .osret LDA %0 1630 .cst? STY thisROM 2750 STA %203 3940 :
480 STA %8013 1640 LDA (&FE),Y 28G0 LDA #newovent MOD 256 3950 .newevent STA %19
490 .anrts RTS 1650 BEQ cst10 2810 STA 8220 3960 PHP
500 g 1660 CMP 48006 2820 LDA #newevent DIV 236 | 3970 LDA LF4
510 .omcli JSR datin 1670 BEQ cst16 2830 STA 8221 3980 PHA
520 JSR &FFF7 1680 t 2840 F 3990 JSR pselect
530 IMP osr et 1690 .cst10 LDX #0 28%0 LDA w14 4000 STX LEOOE
40 : 1700 .cst1l LDA %8000, X 2860 LDX & 4010 .STY %800F
550 .osbyte JSR regsin 1710 INX 2870 ISR AFFF4 4020 LDA %19
860 JSR MFFF4 1720 BNE cstil 2880 LDA #LBO 4030 STA L8010
370 JSR regsout 1730 f 2830 STA %14 4040 LDA ®&40
s80 JMP osret 1740 .cst12 LDA B%,X 2900 : 4050 JSR pcomm
590 ' 1750 STA &8900, X 2910 LDX #messageZ-messagel | 4060 PLA
€00 .osword LDA %BO16& 1760 INX 2920 JSR prnmes2 4070 JSR sidesel
€lo BNE oswdS 1770 BNE cst12 2930 L 4080 LDA %19
620 JSK datin 1780 LDA &FCES 2940 .Rserv10 PLA 4090 PLP
€30 STX O 1790 ) 2950 TAY 4100 RYS
640 STY 1 1800 .cst1S LDA &B8000, X 2960 LDA w0 4110 '
650 TXA 1810 INX 2970 .Rservl3 LDX &F4 4120 .wst cLI
€60 TAaY 1820 BNE cstiS 2980 RTS 4130 LDY %0
670 ISR &FFF1 1830 LDA %E00D 2990 : 4140 STY O
€80 JSR regso3 1840 BNE cst13 3000 .newosb CMP #&B4 4130 STY %17
690 JSR osret 18%0 . 3010 BEQ newosb2 4160 LDA #&B80O
700 BCS anrts 1860 .cst16 LDX #cstvec MOD 256 3020 CMP #LES 4170 STA 1
710 JMP txtout 1870 LDY #cstvec DIV 2S€ 3030 BNE newosbS 4180 STA %18
720 : 1880 LDA #1 3040 .newosb2 LDX #AX MOD 256 4190 LDA e&20
730 .oswdS LDY #&20 1890 JSR instr 3050 LDY #AZ DIV 256 4200 AND LBOOE
740 JSR datainl 1900 ¥ 060 RTS 4210 BEQ wst2
750 LDX #%20 1910 LDA ®CY% MOD 256 2070 : 4220 :
760 LDY ®0 1920 STA O 3080 .newosbS CMP %8 4230 LDX 38007
770 LDA %8016 1930 LDA % DIV 236 3090 BNE newosb? 4240 . wstl INX
780 JSR &FFF1 1940 STA 1 3100 XA 4250 LDA &B000,X
790 JSR osret 1950 LDY #0 3110 AND #&FD 4260 BNE wstl
800 JSR regsin 1960 STY langflg 3120 Tax 4270 LDA %B001,X
810 JMP blkoutZ2 1970 i 3130 LDA #&CO 4280 STA 317
820 ' 1980 .cst17 JSR pload 3140 .newosb? JMP. (aldosb) 4290 LDA &BOO2,X
830 .osargs JSR datin 1990 LDA O 31%0 . 4200 STA 818
g0 ISR Se 2000 CMP #D% MOD 256 3160 .pcomm  STA LB0OOD 4310 :
es0 JSR &FFDA 2010 BNE cst17 3170 .pstat NOP 4320 .wst2 BCS wst4
860 JSR osrdl 2020 LDA 1 3180 NOP 4330 BIT langflg
g;g JMP blkout 2030 CMP ®D% D1V 256 3130 LDA %B0OD 4340 BPL wst4
L 2040 BNE cst17 3200 BNE pstat 4350 LDY #&FD
890 .osbget  LDY L8018 2050 JMP (&FFFC) 3210 RTS g 4360 LDA (&1D),Y
900 ISR &FFD7 2060 : 3220 a 4370 BEQ wst99
910 JhFroardl 2070 .message! EQUB &D 3230 .pselect LDA tnisROM 4380 .wst4 LDA &F4
920 : 2080 EOUS "E2P 0.1 3240 ISR sidesel 4390 CMP m»&l
930 .osbput JSR regsil 2090 EQUE %D 3250 JMP pstat 4400 BNE wst3
940 JSR &FFD4 2100 EOUB O 3260 1 4410 JMP %8000
950 JMP osret 2110 ' 3270 .cidesel STA LF4 4420 ¢
960 ' 2120 .message2 EQUS "SECOND PROCESSOR" | 3280 LDA #&C 4430 ,wstS LDA w1
970 .osfind  JSR regsil 2130 EQUB &D 3290 STA LFEOS 4440 JSR wst100
980 BEQ osf3 2140 EQUB &D 3300 LDA 2F4 4430 .wst? JSR plead
990 PHA 2150 EQUE © 3310 STA &FEOS 4460 BIT 1
1000 JSR datin 2160 s 3320 RTS 4470 BVS wst12
1010 PLA 2170 .prnmes  LDX %0 3330 i 4480 :
1020 .o0s13 JSR &FFCE 2180 .prnmes2 LDA messagel,X 3240 .instr CMP #&B80 4490 .wstl1C LDA ©
1030 JMP osrdl 2190 BEQ prnmesS 3350 BCC instr4 4500 cLC
1040 : 2200 JSR LFFE3 3360 CMP #3CO 4510 ADC 217
1050 .osfile JSR datin 2210 INX i 3370 BCC instr3 4320 LDA 1
1060 JSR datin 2220 BNE prnmes2 | 3380 ASL %14 4330 ADC %18
1070 8TX O 2230 .prnmesS RTS 3390 BCS instri 4540 CMP ®&FB
1080 STY 1 2240 ' 3400 CMP 313 4530 BCC wst?
1090 LDY 80 2250 .Rserv CPX thisROM 3410 BEQ instr2 4560 '
1100 LDA &801& 2260 BNE Rserv3 3420 cLe 4570 ,wst12 LDA #&FF
1110 JSR AFFDD 2270 ' 3430 RTS 4580 STA langflg
1120 JSR osrdl 2280 CMFP %9 3440 .instri STA &15 4590 .wst93? LDA #4
1130 LDX #&12 2290 BNE Rserv2 3450 .instr2 RTS 4600 ¢
1140 LDY #2 2300 BIT isec 3460 .instr3 ORA #&40 4610 .wst100  PHA
1150 JMP blkout?2 2310 BPL Rserv2 3470 CMP %15 4620 .wst110 LDA #&FF
1160 H 2320 JSR prnmes 3480 BNE instr2 4630 JSR instr
1170 .osgbpb JSR datin 2330 LDA #9 3490 LDA #180 4€40 BCC wst110
1180 LDY ®#0O 2340 5 3500 STA %14 4650 PLA
1190 LDA %8016 2330 .Rserv2 CMP WLFE 3510 LDA #220 4660 LDX #&17
1200 JSR LFFD1 2360 .Rserv3d BNE Rservis 3520 1 4670 LDY #0
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4680 IMF 1nstr 3840 BNE ma1n3 7000 LDA &FC 8160 PHA
4690 : s8s0 t 7010 IMP  (8202) 8170 TYA
4700 .regsout STY 58018 3860 STA os jmp-cod400+8401| 7020 .irq? LDA &FC 8180 PHA
4710 .regsol STX 48017 3870 JSR o8 jmp-cod400+&400| 7030 RT1 8190 JSR tclear
4720 .regso2 STA $£HO1E se80 JMP main 7040 t 8200 LDX #0
4730 .regso3  FOL A 5890 1 7050 . ev mp JMP (8220) 8210 STX &FD
4740 STA 88015 5900 BA=0A-V%+UX 7060 1 8220 LDY #&FD
4750 FOF A 3910 Pu=LFFOO 7070 JIMP (&21C) 8230 STY &FE
4760 TS 5920 € OPT 1 7080 IMP (%21A) 8240 JSR datinio
4770 : 5930 IMP wst 7090 JMP (&218) 82350 PLA
4780 .regsin  LDX %8017 5940 JMP Rserv 7100 JMP (&216) ‘8260 TAY
4790 .regsi1l  LDY %8018 5950 EQUB 82 7110 JMP (8214) 8270 PLA
4800 LDA *gulE 5960 EQUB 8 7120 IMP (212) 8280 TAX
4810 RTS S970 EQUB © 7130 JMP (%210) 8230 FLA
4820 q 5980 EOQUS "(CH" 7140 CMP #&D 8300 8TA &FC
4830 .datin LOY %0 $990 EOQUB O 7150 BNE &FFEE 8310 JMP (%202)
4840 .datinl  LDX #O 6000 EQUB &FF 7160 LDA #8A 8320 :
4850 .datin2  RIT %8013 6010 : 7170 JSR AFFEE 8330 .osrdch10 LDA #osrdch MOD 236
4860 BV datinS 6020 .reset LDX ®&FF 7180 LDA #&D 8340 JSR oscomm
4870 BMI datin9 6030 XS 7190 JMP 1 %20E) 8350 JMP regsini2
4880 LDA Zg01A 6040 .reset2 LDA codtabe-&FF, X 7200 JMP t820C) 8360 3
4890 STA 8700,y 6050 .resetd4 STA &FBOO, X 7210 IMP (204> 8370 .o8cli10 LDA #oscli MOD 236
3900 BVS datin? 6060 STA &FABO, X 7220 JMP (%208) 83go STA &FF13
4910 : 6070 DEX 7230 EQUW anrt: 8390 JSR txtout10
4920 .datinS  BFL datin. 6080 CMP #&C9 7240 EQUN reset 8400 JMP osstat
4930 chY WL 6090 BNE reset2 7250 EQUW anrta 8410 ]
1940 BlL dating 6100 DEX 7260 1 8420 .ombytelO CMP #882
4350 LY 820 6110 BMI remetd 7270 C%=0%-Vi+U% 8430 BCC osbytelS
4960 BCC datin? 6120 LDA #test7 MOD 256 7280 P%=LFBOO 8440 CMP 886
4970 LEY #%T70 6130 STA &FFFC 7290 [ OPT 1 8430 BCS osbytelS
4980 BFS datin? 6140 BNE test?7 7300 .tclear LDA &FF1E 8460 TAX
4330 g 6130 : 7310 STA &FF 14 8470 LDY osbtab-482, X
S000 .datine LDA &BULA 6160 CHMP %0 7320 LDA #0 8480 LDX #o
5010 STA U, v 6170 LDA cycle+t 7330 STA &FF13 8490 .anrts10 RTS
5020 .datin’/ €LV 6180 EOR %380 7340 STA &FF19 8500 ]
8030 .datin? STx L8U1S 6190 STA cycle+l 7350 STA &FF1B 8510 .osbtab  EQUB ©
S040 INY 6200 LDA &FFOD 7360 3 8320 EQUB 8
5050 BVC datin. 6210 CMP %90 7370 .tclear10 LDA #1rqS MOD 256 | 8330 EQUB %80
5060 LDY #7 6220 STA 890 7380 STA &FFFE 8340 EQUB &80
5070 FTS 6230 .codtabe RTS 7390 LDA #nmi MOD 236 8330 1
5080 : 6240 s 7400 STA &FFFA 8360 .ombytelS CMP #&DA
530 .bllout LDX %3 6230 .1rql PHA 7410 : 8570 BNE osbyte20
S100 .blloutl LDY #0 6260 LDA &FEES 7420 .tclear20 LDA #0O 8380 TXA
5110 .bllout> SiX 1A 6270 .ivec STA %200 7430 STA &FFOD 8390 BNE osbyte18
5120 .blluut3 LDX #&dn 6280 STA &FEES 7440 RTS 8600 TYA
%130 .blkoutS CPY %1A 6290 INC ivec+l 74350 z 8610 BNE osbytel8
5140 BEO tatouts 6300 BNE 1rq2 7460 .test12 CMP #&C 8620 LDA &FF1E
5130 LDA O, Y €310 INC 1vec+2 7470 BNE test1S 8630 8TA &FF14
5160 JUF datout 6320 .1irq2 FLA 7480 LDX ®&FF 8640 .osbytel18 LDA #&DA
170 INY 6330 .anrt: RTI 7490 XS 8650 .ombyte20 JSR regsol0
s160 BNE blkouts 6340 ' 7300 LDA &FF11 8660 LDA #osbyte MOD 236
8190 s 6350 .cycle JSR &FBOO 7510 PHA 8670 JSR oscomm
S200 .txtout LDX %840 6360 BED cycleS 7520 LDA &FF10 ae80 JMP regsini0
s210 LDY #¢ 6370 ORA %0 7530 PHA 8630 s
S220 .txtout> LDA &70u,Y 6380 .cyclheS RTS 7540 SEI 8700 .osword10 8TA &FFle
s$230 JSK datuut 6390 ' 7550 PHP 8710 LDA #osword MOD 256
S240 INY £400 . nm1 FHA 7560 JSR tclear 8720 8TA &FF13
5250 LMF %D 6410 ISR cycle 7570 LDA #1 8730 LDA &FF16
5260 BNE tatuuts 640 BEQ 1rq2 7580 RTI1 8740 BNE oswd1S
8270 .txtuuth LDX #8wLu 6430 ] 7590 : . 8750 LDA #S
3280 £ 6440 .test cMP %9 7600 .test1S CMP #8289 8760 JSR blkout10
S290 .datout  NOP €450 BIC test2 7610 BEQ test92 8770 JER osstat
3300 NOF £4€0 BNE testlO 7620 BCC test92 az8o JSR regsinl2
5310 BIT L801B 6470 LDA #48D 7630 : B790 BCS anrts10
s320 BVE datout €480 BNE testd 7640 CMP W&FF 8800 LDY #0
8330 BMI datout 6490 . 7650 BNE test20 8810 LDA (&93),Y
5340 STA 8801C 6500 . tent2 LDA #8aD 7660 TAX 8620 TAX
33350 STx w8018 6510 .testd STA 1vec 7670 XS 8830 INY
5360 ®TS €50 LDA %FF10 7€80 INX 8840 LDA (&93),Y
5370 ' £530 STA 1vec+l 7630 STX &FF 8850 TAY
8380 .newbrk  LDY #4FF £540 LDA &FF11 7700 LDx #3823 8860 JMP datinio
8390 .newbrk2 INY 6550 STA 1vec+2 7710 STX &FF1E 8870 :
S400 LDA (&FD),Y £560 : 7720 .test17 LDA vectab,X 88680 .oswd1S  STX &FOQ
85410 STA &20,Y 6570 LDA #irgl MOD 2%6 7730 STA %200, X 8890 CMP WLE
S420 TAX 6580 STA &FFFE 7740 DEX 8900 BCC oswdi17
5430 BNE newbrk2 L5390 LDA #anrt: MOD 236 7750 BPL test17 a910 LDA #&E
5440 VA 66110 STA &FFFA 7760 : 8920 :
5430 BEQ newbrk2 6610 BCS testé 7770 .test18A JSR tclear 8930 .oswd17  TAX
5460 INY €40 BRI 7780 .testlB JIMP testid 8940 LDA oswifrm-1,x
5470 STY &1A 6630 NOP 7730 : 8950 STA &FF18
5480 LDY #&20 L4 : 7800 .tewt20 CMP #LCO 8360 LDA oswito-1,X
8490 JSR pselect 6650 .testE cL1 7810 BNE test2S 8370 STA &FF17
5300 LDA %80 6EED .test7 LDA #0 7820 LDA &FF10 8980 LDA oswoto-1,X
S$310 JSR pcomm 6670 STA &FFOD 7830 STA &FF 8990 LDX &FO
5520 JSR blkout3 6680 .test8 JSR cycle 7840 BMI test92 9000 JSR bliouti0
33530 3 6690 BNE test 78%0 : 9010 JSR ocastat
5540 .main LDX #&FF €700 BEQ test8 7860 .test90 LDA AFFFA 9020 LDA %FF18
S350 XS 6710 .test10  JMP test12 7870 CMP wanrt: MOD 256 | 9030 AND #31F
3360 .main2 8EI 6720 ' 7880 BNE test93 9040 JSR datintt
537 LDA thisROM 6730 .regsinid LDY &FF18 7890 IMP test? 9050 JMP bllout19
s580 JSR sidesel 6740 .regsinl)l LDX &FF17 7900 t 060 H
5390 cL1 6780 .regsinl2 LDA &FF1S 7910 .test92 JSR tclear10 3070 .osargs10 JSF regsolO
5600 .main3 LDX %8014 6760 ROR A 7920 PLA 3080 LDA #osargs MOD 256
3610 BEQ main4 6770 LDA &FF16 7930 RTI I STA &FF13
3620 STX &801D. €780 RTS 7940 3 9100 LDY #0
5630 LDA ®#0 6790 s 7980 .test9S  JSR tclear20 9110 LDA #4
3640 STA %8014 6800 .irqS STA &FC ! 7960 PLA 9120 cLD
5630 ' 6810 PLA 7370 RTI1 91130 JSF blhoutl0
S660 .main4 LDX &801D €820 ORA #4 7980 1 40 JSR osstat
567 CPX &B801E €830 PHA 7990 .test25 CMP #&40 9150 JSF datini0
5680 BEQ maing 6840 AND %210 8000 BNE test30 9160 IMF regsinll
5690 1 6830 BEQ irq7 8010 TXA 9170 :
5700 INX 6860 ' 8020 PHA 9180 .osbget10 STY LFF1@
710 CPX Mirql MOD 236 |6870 TXA 8030 TYA 9130 LDA #osbget MOD 256
3720 BCC main? 880 PHA 8040 PHA 9200 .osbget12 JSR os:omm
3730 LDX #&1F €830 TSX 8030 LDX &FFOE 9210 JMP regsini2
3740 .mai1n7 LDA 88000, X 6900 LDA 8103, X 8060 LDY &FFOF 9220 :
8750 STX &801D 6910 cLD 8070 LDA &FF10 9230 .osbputl10 JSR regsoll
8760 JSR &FFCB 6920 SEC gogo JSR ev jmp 3240 LDA #osbput MOD 256
8770 I ma1n3 6930 SBC #1 8090 PLA 9250 BNE osbgeti12
5780 ' 6940 STA &FD 8100 TAY 260 1
$790 .maind LDA %8013 6930 LDA 2104,X 8110 FLA 9270 .o0sf1nd10 JSR regsol0
5800 BEQ main2 6960 SBC #0 8120 TAX 9280 FHA .
5810 ' 6970 STA AFE 8130 JMP test90 9290 o LDA #osfind MOD 256
8820 LDX 801D 6980 PLA 8140 ' 9300 STA &FF13
5830 CPX &80O1E 6990 TaX 8150 .test30 TXA 9310 PLA
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9320 BEQ osfind20 985« INY 10380 BCC osurchls| 10910 EQUB %30
9330 JSR txtoutlO 9860 CMP #%4D 10390 LDX ®&1F 10920 B
9340 i 9870 BNE txtoutl2 10400 .oswrchl3 CPX &FF1D } 10930 .vectab EQUW anrts10
9350 .o0sfind20 JSR osstat 9880 .txtoutlS LDX »&CO 10410 BEQ oswrchiS | 10940 EQUW test18A
9360 JMP regsinlO : 10420 3 10950 EQUW irq7
9370 R 9900 .datoutl1Q BIT AFF19 10430 STA &FFO0,X | 10960 EQUW irq?7
9380 .osfilelQ STA &FF1E 9910 BVS datoutlO 10440 STX &FF1E 14 EQUW oscl1il0
9390 LDA #osfile MOD 256 9920 BMI datout 10 10450 LDX &9F 109680 EQUW osbytelO
9400 STAa &FF13 STA &FF1A 10460 RTS 10990 EQUW oswordlO
9410 LDA #&12 9940 STX LFF19 10470 : 11000 EQUW oswrchl10
9420 JSR 1€ 9950 .d S 10480 .oswoto EQUB O 11010 EQUW osrdchi1C
9430 _DY #C 99€0 10490 EQUB 35 11020 EQUW osfilell
944C LDA (& ), Y . TA 8 10500 EQUB © 11030 EQUW osargslQ
9450 Tax o T 10510 EQUB 5 11040 EQUW osbget 10
9460 INY 9990 STY %94 10520 EQuB 4 11050 EQUW osbputlQ
9470 LDA (&93),Y 000 ‘-2: “;50 10530 EQUB S 11060 EQUW osgbpb 10
9480 TAY 1C L # 10540 EQUB 8 11070 EQUW osfindi0
9430 JSR txtout10 10020 .b 10550 EQUB XE 11080 EQUW anrts10
9500 JSR osstat 10030 10560 EQUB 4 11090 EQUW anrtslO
9510 LDX 893 10040 LbA 10570 EQUB 1 11100 EQUW anrts10
9520 LDY 294 1005 JSk 10580 EQUB 1 11110 :
9530 LDA w2 1 INY 10590 EQUB S 11120 b]
9540 .0sfilelS JSR datinil i 10600 EQUB 0 11130 D%=0%-V%sU%
9550 LDX 293 =1 10610 EQUB %10 11140 P%=D%
9s€0 LDY %94 1 10620 ' 11150 € OPT I
957C JMP reguini2 : 13230 .oswifrm EgU: :gg 11160 .langflg EQUB QO
9580 " ( 10640 EQU 11170 .isec EQUB O
9590 .o0sgbpb10 STA LFF16 101 106350 EQUB &20 11180 .oldosb  EQUW O
9600 LDA ®osgbpb MOD 236 T d s I‘g(ggg Egﬂ: :gg 11190 .thisROM EQUB
9%10 STA &FF13 0 -datin " 11200 ]
9620 LDA #&D : 10680 EQUB %20 11210 NEXT
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In which Gordon Bennett jumps to all the right subroutines so that

you can blow

our EPROMs and blow your minds with the

software for Mike Bedford’s better programmer.

hen the original articles
Wfor the Universal Eprom

programmer were

ublished, | was in the process of

ooking for a new Eprom blower,
as the one | was using was horren-
dously slow. It was a much mod-
ified serial driven device originally
published in the December 1978
'ComputinF Today’, when this was
still a supplement given away in
ETI.

However, it was several
months before | embarked on the
construction of the Universal
Eprom Programmer board. It then
became apparent that the control
software was somewhat unwield
in its form of both a machine code
and BASIC program and that
something easier to load and use
was required. This prompted me
to write a suitable control Eprom
for use in the spare slot at E800h
in the Microtan memory map.

This Eprom eventually found
its way into the hands of Mike
Bedford and led to a phone call in
which he asked if | would be
interested in writing the software
for a new enhanced version of the
programmer that was under
development. The new program-
mer was to be capable of support-
ing the interactive programming
algorithms which allow the larger
devices to be programmed in
much reduced times, a 27128 in
about 2 minutes and a27512in7
minutes.

The resulting program is
described in this article. An idea of
the Eproms supported can be
gained from Table 1, which also
gives a list of those that have

a8

actually been programmed using
the new hardware and software.
One reason for creating the

software package in an Eprom is
that it saves considerable time not
having to load both a BASIC and
machine code program from tape.
Those with discs will not find this
so much of a problem, of course.
Another reason for using an Eprom

based package is the efficient
memory utilisation. There never
seems to be enough memory avail-
able even when you have a lot.
People with small memories
(Sorry! people with small com-
puter memories) are in an even
worse position. It is annoying to
have a large chunk of your com-
puter memory taken up by the

EPROM SOFTWARE ALGORITHM WHETHER
TYPE SUPPORTED FAST/SLOW PROGRAMED
2758 YES S NO

2716 YES S YES

2516 YES S NO

2732 YES S YES
2732A YES S NO

2532 YES S YES

68732 NO

2764 YES F/S YES

2764A YES F/S NO

2564 YES F/S NO

68764 NO

27128 YES F/S YES
27128A YES F/S NO

27256 YES F/S YES

27512 YES F/S NO
27513* NO

2816* NO

2864 NO

to allow the use of this device.

*The 27513 is selectable in four 16K banks, each of which is programmed
as if it were a 16K Eprom in its own right. Although the programmer software
will handle 16K Eproms there is no ability built into it to allow to allow the
bank selection mechanism to operate. .

** The 2816 Eprom requires only a short pulse to initiate the internal pro-
gramming cycle followed by a delay of 10ms to allow completion. The
software does not support this as it stands but would need minimal changes

Table 1 EPROMs supported by the programmer.
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control programs. It often means
making two passes when
programming.

Ease of use is of prime impor-
tance in a package of this type and
to this end it has been made as
simple as possible to move back
and forth getween Eprom pro-
grammer software and Tanbug
monitor. The programmer software
has both a cold and warm start
vector, the cold start is at EBOOh
and the warm start is at E803h.

The software should always be
entered the first time at EBOOh
as this performs the initialisation of
the P1Os. If it becomes necessary
to leave the programmer, when
developing software with an
assembler or using the Tanbug
monitor facilities, then re-entry is
via E803h.

The provision of memory mod-
ify and list commands was not
necessary. The ease of movement
in and out of the program makes it
simple to use the Tanbug and X-
bug monitor commands for mod-
ification, listing and disassembly.
There is one command, however,
that is useful for displaying the
contents of memory, both on the
screen and on a printer: the Dump
command. It was developed as an
aid to give hexadecimal printer
dumps of areas of memory, during
Eprom development.

The software actually imple-
ments three different Fast pro-
gramming algorithms depending
on the type of Eprom being pro-
grammed. For the 2764 and 27128
the flowchart is similar to the one
featured in the original article (ETI,
August 1983). The 27256 and
27512 are slightly different and
this is reflected in the flowcharts
of the algorithms for these two
Eproms (Figs. 1 and 2). The
method used by the 27512 should
be quicker than that for the
27256, and approximate times for
those Eproms programmed so far
are shown in Table 2.

Points Of Note

The present package (EP3V75)
will support the new hardware for
both fast and slow methods of pro-
gramming. It will not support the
original hardware as 1/0O bits are
assigned to the PIO portsin a
different way. Whilst the package
will work with Tanbug V2.3 and
V3.1 it will not work with V1.0,
because of the way in which the
system routine calls are vectored
through the jump table at the
beginning of Tanbug.

In a 2K package such as this it
is not possible to include all desir-
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EPROM PROGRAM

TYPE SIZE SLOW FAST TEST VERIFY

MEASURED TIMES

2716 2K 1.75m — 1.25s 1.25s

2732 4K 3.5m — 2.5s 2.5s

2532 4K 3.5m - 2.5s 2.5s

2764 8K 7.5m im 5s 55

27128 16K 15.5m 2m 10s 10s

27256 32K 30m 4m 20s 20s

ESTIMATED TIMES

2758 1K 0.8m — 0.6s 0.6s

27512 64K 60m 7m 41s 41s
Table 2 Approximate programming speeds.
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Fig. 1 Flowchart for 27256
programming routine.
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[Pass
DEVICE PASSED

Fig. 2 Flowchart for 27512
programming routine.

able features — particularly totally
comprehensive error checking.
Providing a sensible approach, the
error checking should be ade-
quate. Entering only the command
letter when parameters are
required will cause the command
action to operate on the first byte
at the present Base. Entferin
Barameters in the wrong order will

e trapped and a ‘? displayed.

Testinga 27512 Eprom must

be done in two 32K parts, and will
produce two 'EPROM ERASED
OK’ messages, aﬁproximateiy 20
seconds apart. This is not an error
— honest!

Hardware Configuration

The program assurnes that the
Eprom Programmer board is based
at address BC20h. The original
Microtan screen is assumed for
obtaining parameters, and in the
clear screen routine. Locations in
zero page from 45h tc 5Fh,
are used. The Eprom programming
software re-initialises the locations
it needs when entry is made at
E800h. If other user programs are
in memory at the same time
occupying any of these locations
the contents will be overwritten.

Menu And Cornmands

The program us started from
the Tanbug monitor by typing
GEB00<CR>. You are then asked
to enter the type of Eprom that
you wish to program and the base
address at which your object code
resides in memory. You should
then see a display of current
Eprom type, current base address
and the menu of available
commands.

This screen display is shown
below. It can be obtained at any
time, when not actually executing
a command, by pressing the ‘H’
key.
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EPROM=XXXXX BASE=$HHHH

(H)elp
(Q)uit
(T)est
(R)ead

(V) erify
(F)ast prog.
(S)low prog.
(D)ump
(N)ew type
(B)ase

The command input format
uses the capital initial letter of the
command, as shown on the helf)
menu. Some commands — ‘Help’,
‘Quit’ and ‘Test — execute
immediately. Others, like ‘New
type’ and ‘Base’, prompt for a
further input. The rest require a
parameter range. The normal for-
mat is:

X,ssss, ffff

(X is the start address in hex
and ffff is the finish address in
hex).

The delineator can be any non
alphanumeric.

Unlike the old version of the
software the range parameters do
not require leading zeros. All of
the following are valid commands:

R,0,7FF or R,0000,7FF reads 0
to 7FF.

5,801,802 slow programs 801
and 802.

F,FFF,FFF fast programs location
FFF.

D/0/2FF and D—100,1FF both
dump to the screen.

All commands that act on the
Eprom socket also turn off the
green LED and, in case of a pro-
gramming command, turn on the
red LED.

If the range of the parameters
entered is too big for the Eprom
type selected, the message
‘EPROM SIZE EXCEEDED’ will be
displayed.

120 Command Description

An explanation of the com
mands may be useful since there
are many new features.

HELP:- gives a displag of the
current Eprom type, base address
and the commands available,
exactly as it you had just entered
the program from Tanbug,
QUIT:- takes you back into the
Tanbug monitor and resets the
stack, after making the PIO out-
puts safe.

TEST:- examines the Eprom to
see if all locations contain FFh. If
they do, you should get a message
‘EPROM ERASED OK'. Otherwise
you will get a display of the
addresses and contents. If there
are more than fourteen locations
not containing FFh, the program
waits for you to press ‘CR’ before
displaying the next lines. To aban-
don the display press SPACE BAR
and you will be returned to the
menu.

READ:- reads into memory the
contents of an Eprom currently in
the programming socket. Requires
a parameter range.

VERIFY:- verifies that the Eprom
holds the same code as the object
code in memory at the current
base address. If not, the code in
both the Eprom and the memory
will be displayed. Like the errors
reported in the Test mode, this will
be shown fourteen lines at a time,
‘CR’ will show the next screen full
and the SPACE BAR will return you
to the menu. Successful verifica-
tion will produce the message,
‘EPROM VERIFIED OK'. Requires a
parameter range.

FAST PROG.:- invokes the

fast programming mode for
Eproms of 8k and larger. With a
smaller Eprom currently in the pro-
gramming socket, it will auto-
matically default to the slow mode
to avoid damage. After successful
pro§rammingt ere is an automatic
verify of the whole range pro-
grammed, indicated by the
message ‘EPROM PRO-
GRAMMED, VERIFYING’, which
gives way to the’'EPROM
VERIFIED OK’ report on comple-
tion. Lights red LED. Requires a
parameter range.

SLOW PROG.:- the mode for pro-
gramming Eproms smaller than 8K.
With an Eprom of 8K or larger,
selection of this mode allows pro-
%ramming in the standard way.

his allows a certain degree of
flexibility, since you can program
Eproms of uncertain size with a
tried and tested method. The
messages used are the same as for
the Fast mode. Lights red LED.
Requires a parameter range.

DUMP:- gives a hex dump to the
screen and printer in the following
format: the absolute address in
memory followed by the relative
address from the start of the
dump, then sixteen hex bytes of
data and finally a two byte check
sum computed from the previous
sixteen data bytes. To get printer
output, enter the command and

garameters then press CTRL-P
efore the carriage return. Don’t
forget to turn off printer control
afterwards, with another CTRL-P,
or the program will appear to
‘hang’ for 10 seconds, whilst the
print output routine times out.
Requires a parameter range.

NEW TYPE:- the command to
change the type of Eprom you are
working with.

BASE:- the means of changing the
start address in the memory to that
of any new object code.

Way Out

A common feature of all the
commands that require para-
meters, is that the command
sequence can be aborted at any
time before pressing carriage
return by use of the SPACE BAR.

Without using the ‘QUIT’ com-
mand, the program can be left b
pressin eitherthe ‘ESC’ key or tne

RESET button. Neither is recom-
mended, since they both interrupt
commands at indeterminate
Boints. The ‘ESC’ key is particularly

ad as it will leave the program-
ming socket with power and
signals present. If ‘RESET’ is used it
will be necessary to restart the
programmer software via the cold
start vector. The reset is also
issued to the PIO's, setting the
ports to a safe state. They will then
need to be re-initialised {)efore
they can be used again. It should
be obvious when the socket is
unsafe, because the green LED will
not be lit.

The best method of exit is the
‘QUIT’ command which can only
be issued when the programmer is
in a safe state and wﬁich allows
faster re-entry via the warm start
vector at E803h.

If you should chance to use
‘ESC’ or'RESET’, re-entry to the
program will re-initialise the P1O
ports and set the socket to a safe
state.

Waveform Diagrams

The outputs of the program-
mer hardware during fast program-
ming change rapidly compared to
those resulting from the 50ms
pulses of the slow programming
mode.

Figures 3, 4 and 5 show the
programming voltage VPP, the
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PROJECT: Programmer

supply voltage VCC and the actual Future Developments )
program pulse, NPGM (Not PGM), The author's systgm includes a —HOW IT WORKS__,
as they appear on a oscilloscope TUG Eprom Storage Card (ECS) Onentry through the cold start the PIO's
for a number of different Eproms and he is currently developing a are initialised to the correct inputs and
in fast mode. 4K software package with enhan- outputs and then zeroed to a safe state.
Figure 3 shows the waveforms ced error checking and additional The header messageis displayed and the
for the 2764 and 27128. The routines for use with this. Features type of Eprom to be operated on is
2764A and 27128A are the same, planned include support for other requested along with the base address in
except that VPP is only 12.5 volts. devices. new utilities, such as memory where the object code resides.
Figure 4 is the diagram forthe | memory fill and relocation, and Then the help menu is displayed and the
27256 and shows the effect of access to programs on the’ESC and software waits for an input.
having chip enable (CE) on the disc. The program runs a background loop
same pin as the programming Currently being developed is a (GETCMD) waiting for characters typed
pulse. hardware interface to connect the at the keyboard. When an input is re-
Figure 5 shows the waveforms programmer to a BBC Microcom- ceived the characteris checked againsta
for the 27512, in which output uter and a sideways rom to allow list of valid commands. On finding one, a
enable is on the Fame pir:jas the % its use. The hardware has actually jump is made to the corresponding sub-
programming voltage, and as wit s routine, otherwise the program simply
the 27256, CE and PGM share a _f,’if,‘:;’:vg’y‘gsﬂfrﬂ ,a:,ﬂ ﬁ?éegégggp_ returns to the background loop.
pin. ment, (Keep watching ETI — Ed.). Entry through the warm start vector
does not initialise the P1Os or ask for
21 4— 0.65 Eprom type and address, as these are
assumed. Instead, the menuis displayed
vep and control passes directly into the
background loop. This is intended for a
ol p- - — s quick return to the program after using
the Tanbug monitor facilities. If a pro-
2 ol N gram has been run, such as a two pass
g wvee assembler, which might have corrupted
0 L _— zero page locations used by the Eprom

programmer software, it would be wise
to return through the cold start vector.
Immediately after the two vectors (at

=~ | et LIT

wTa| vEw X |0 | | .
52| EZ8] | B3 [8( . x syme prOGRAMPULSE |BS| "™ | TME s> EB00h and E803h) in the Eprom there are
wiz €5 > X} .
Ble el « 5 the tables used for setting up the P10
& o § =X ports in the configurations required for
w2

Fig. 3 Timing diagrams for 2764/271 208. the functions and Eproms supported. To
- add other Eprom types to the software

1 these tables would have to be extended

128 0.65

and further entries made in the type and
length parameters stored from E861h
and EBCYh. This is not easy without a full
disassembled listing and the use of a two

VPP

o

ms

(2 .
= 64 pass assembler. There is no further
S 5" space available in the current Eprom, s
> ke p in urr prom, so
~ - something would have to be removed,
} which should be no great problem as all
P subroutines are modular.
CEaM l_l [_] I_ The screen clear routine (CLRSCN) is
0 5
NETIRIE o only called twice, from the header at
g 5'§§| | Eo l °| (X Gime PROGRAM PULSE E9CF h and by the help routine at EA23 h.
= 'go,;’g,lz r It will not work with 80 column boards. It
(3] B . . .
ic. 4 Timing diagrams for . is the last subroutine in the Eprom at
Fig g diagrams for 27256 EFEC h.
1251 0.65
] ______BUYLINES
o k For those not wishing to type in the code
) | 1 - @& ™ from the hexdump, a ready programmed
» LEOS Eprom complete with assembler listing
'E'; g 1? 1 I 1 I is available for £10.00, from G. ). Ben-
> vce |
L

nett, 35 Fowler Road, Cove,
ms Farnborough, Hants. Alternatively, the
source code (for use with the TUG two

5 pass assembler/editor) and object code
CE/PGM | ﬂ D I | | on tape are available for £5.00 from the
0 T - — ms same address. Please allow 28 days for

Asw| | >w E
3358 ,§§§ 3 S LN = delivery.
o1 1 PROGRAM .
e 582, g PULSE PULSE The hex dump and full disassembled
, . ; € 015w isting wi i :
Fig. 5 Timing diagrams for 27512, |8 listing will appear in ET1 next month.
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TECH TIPS

Frequency Fine
Tuning for ETI

Distortion Meter

Walter Wirth
Sri Lanka

In the text of his Distortion Meter
Eroject (ETI, February 1985), John

insley Hood bemoans the lack of
low resistance dual gang pots for
fine tuning the frequency of the
notch filter. However, high resis-
tance dual pots are available. In-
stead of using a low value dual
pot, the same result can be ob-
tained by using a high value dual
pot in parallel.

The diagram shows the relevant

circuitry from the original design
with the additional components

NOTE:
SEE ETI, FEBRUARY 1985, p38
FOR ORIGINAL CIRCUIT.
RS IS CHANGED, AND RV3
REMOVED FROM ORIGINAL

RVx Rx
500k %7
]
i
RV2a |
RS
560R
+VE TOSwn

-VE

TO R1,C2.SW2a

TO SWwb

TOR7,C11,SW3

TOR?28

attached by dashed lines. A 500k
linear dual pot (designated RVa, b)
in series with 4k7 resistors (to
prevent too low a minimum resis-
tance) is wired across notch fre-
quency control RV2a, b and
associated resistors RS and Ré6.

Note that R5 and R6 are given
the same value of 560R. RV3 in the
original circuit is deleted being re-
placed by the 500k dual pot which
will give the necessary non-inter-
active fine tuning caf)ability men-

Pulse Group

Generator

Paul Cuthbertson
Inverurie
Aberdeen

Theideaforthis circuitarose when |
needed to modulate a transmitter
with a burst of TkHz about 100mS$S
long every second. The circuit costs
less than a pound and has the fol-
lowing advantages:

a) less complex than the usual
two 555s in series;

b) low power consumption at
about 800pA (not including output
stage);

c) guaranteed known number
of pulses in each group or burst, all
the same width (no glitches due to
non synchronised gating);

d) extremegl flexible, with
pulse grouping depending only on
diode contiguration. (The only re-
striction on this is that each burst or
burst of bursts contains 2" pulses
where nisawhole numberbetween
1 and 12);

e) duty cycles and pulse
arrangements do not vary with
frequency;

f) frequency is easily varied by
altering the resistors on pin 10 or by
chopping an existing pulse train
injected at pin 11;

g) maximum attainable fre-
quency typically 8MHz, minimum
operating voltage theoretically 1V,
but not at the same time!
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The circuit works by dividing
the square wave on pin 9. Various
counter outputs are available to do
the gating. in the example shown,
only when 8, 9 and 10 are all high
will pulses be output. R1,R2and C1
set the operating frequency using
the 4060’s internal clock circuitry.
R3 prevents the O outputs conflict-
ing with pin 9. There are residual
pulses remaining when the O out-
puts are low, and R4 and R5 form a
divider which prevents the output
transistor, Q1, turning on with these
0.7V pulses. (Afoward-biased diode
in the base of the transistor often
serves the same purpose.)

On a more speculative note:

a) use the 4040 or 4020 ‘sister
chips’ (ouch, that Hertz!) which
have different sets of outputs avail-

tioned in the original article.
able (but no built-in clock
circuitry);

b) turn the diodes round (all of
them, note) to get a‘disabled high’
with different patterns;

c) some of these chips have
Schmitt inputs - inject a sine wave;

d) use another transistor to
invert a set of diode outputs, summ-
ing the result of this back into the
system to get bursts of pulses other
than 2" in number;

e) feed one of the Qs back to
reset input;

f) use a series of changeover/
centre off switches to switch diodes
out of circuit, orto aninverter or the
normal matrix;

g) usethegatesignalitselfasan
output giving precise control over
duty cycle at varying frequencies
of input.

012

SEE TEXT
[slo]o] 2] -
S

07 .1

Vss RESET a7k

Bl_‘ﬂ

+3.15v

R6
1k0

@0 NOTE:

IC1 = 4060

Q1 =2N3904 OR EQUIVALENT
01.3 = IN4148 (SEE TEXT)

R1,2,C1 CORRESPOND TO BASIC
FREQUENCY OF ABOUT 1kHz
QUTPUT IN THIS CONFIGURATION
CONSISTS OF GROUPS QF 128
PULSES INTERSPERSED BY
GROUPS OF 896 ‘MISSING’ PULSES
TRANSISTOR STAGE INVERTS

mn

ov
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Simple CMOS
Frequency-Window
Discriminator

Thomas Schaerer
Switzerland

If you have to convert any environ-
mental signal (temperature, pre-
ssure or humidity, for example)
using a voltage-to-frequency con-
verter, and you have to pay atten-
tion to an allowed range of signal
values, then you should use the
following very simple circuit. The
circuitry consists of two CMOS
ICs, two transistors and associated
passive components. It requires a
clean pulse wave input, so if your
signalis noisy orirregularyoushould
add a Schmitt-trigger stage at the
front end of the circuit. The supply
voltage can be between +5V and
+15V — although this will affect the
precise pulse widths involved,
whichshould thereforebeindepen-
dently measured for accurate calib-
ration. With a low Vcc, R4 can be as
lowas470R. If Vccis 15V, however,
R4 should be a minimum of 1kS5.

IC1 is a dual, retriggerable
monostable.

ICla detects the input fre-
quency. A positive-going input
pulse will trigger an output pulse of
width given by R1xC1. If another

pulse appears on the input before
the output pulse finishes, the out-
put will be retriggered. So, if the fre-
quency of the input exceeds a given
limit, fmax (equal to 1/R1xC1), the
output on Pin 6 will be high for the
duration of the input signal (and for
a short time thereafter until IC1a
resets itself). The signal on pin 12
(the input of IC1b) will theretore go
high and stay there, so that the out-
puton pin 10 willbeasingle pulse of
width given by the time constant
R2xC2.

If the frequency of the input is
below the limit fmax, the output cn
pin 6 will be a pulse wave of fre-
quency equal to the input but of
pulse width equalto R1xC1. Now, if
this frequency is higher than fmin
(equal to 1/R2xC2) the output of
IC1b will be continuously ret-
riggered giving a high on pin 10 for
the duration of the input signal (and
forashorttime thereafteruntil IiC1b
resets itself). If the frequency is
lower than fmin, the outfut of IC1b
will be a pulse wave of frequency
equaltotheinput but of pulse width
equal to R2xC2.

In short, an input frequency
above fmax will result in a single
Fulse of width R2xC2 on pin 10 of

C1; an input frequency below fmin
will result in atrain of R2xC2 pulses
on pin 10; and an input frequency
between fmax and fmin will resultin
ahighleveloutputon pin10.The RC
networkon pin 10 should have com-
ponent values which ensure that

TECH TIPS

R2xC2 pulses do not reach logic
high on theinput to IC2a, a Schmitt-
triggered NAND gate wired as an
inverter. R3 and C3 should have a
time constant at least three times
greater than R2xC2. R4 should be
considerably lower than R3 (bet-
ween 470R and 1K5R, depending
on Vcc). Along with the steering
diode, D1, R4 ensures a rapid.dis-
chargeof C3, while R3 is designed to
charge it slowly. With suitable
values, pin 1 and 2 of IC2 will be low
except when the input signal fre-
uency lies between fmaxand fmin.,
his low will enable 1C2c,d to
transmit a 10Hz signal provided by
the simple oscillator formed by
IC2b, R5 and C4. This signal is direc-
tly available on pin 4 of IC2 and is
also fed to the LED via a constant
current source comprising transis-
tors Q1 and Q2 and associated com-
ponents. The constant current
source ensures that LED brightness
does not vary with supply voltage. It
should be noted that R1 and R2
must both be greater than 5K,
although there is no limiton C1 and
C2. The maximum input frequency
in this circuit can be in excess of
100kHz, although the accuracy of
the circuit at this end of the range
and even more so, at the low end of
the range when using large-value
electrolytics, may be uncertain, For
adjustment of ranges and calibra-
tion, it would be possible to replace
R1 and R2 by suitable pots in series
with fixed resistors of 5k or more.

SV-15V
§R1
5 3 114 13] 18
B C 8 € Vpp
2 14
o + (is
1 -=C1 15 _,_2\6?,
IC1a Ic1b
o1 [] 12 a 02 10
4 — —
INPUT O———xt A o1 L7 02"—
Vss
8
D1,2,3 = IN4148
R1,2,34,C1,2,3 SEE TEXT
ov
mn
IN 01 02 out
i (max/P< T1<T2 | | I | I | l l |' l - I 12 'l m
| e | 10Hz
(Rl
tmax” fin” Imin/ T 1<P<T2 I | I | I I | I | I I I
| e |
I71]
frmax” frmin> fin/ T1<T2<P I | I l | I | I I I T2 | I | | | i |
10Hz
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ET1 PCB SERVICE

In order to ensure that you get the correct board, you must

uote the reference code when ordering,

The code can also be used to identify the year and month in wh|c a particular project appeared: the first
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the
rticular project.
Note that these are all the boards that are available — if it isn’t listed, we don’t have it.
Our terms are strictly cash with order — we do not accept official orders. However, we can provide a
pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until after we receive payment.
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OooooO0OOo0O000O0O0QgOooOoOO0003 000000o0o0Ooooo

E/8106-8 Waa-Phase.............. 1.76
E/8106-9 Alien Attack............. 4.00
E/8107-1 System A-lnput (MM/MQ .. 3.05
E/8107-2 System A — Preamp ..... 5.95
E/8107-3 Smart Battery Charger ...2.27
E/8108-5 Watchdog Home

Security (2 boards) 6.11
E/8109-1 Mains Audio Link (3 bds). ..8.45
E/8109-4 Laboratory PSU ......... 5.21
E/8110-1 Enlarger Timer........... 3.91
E/8110-2 Sound Bender. .......... 3.05
E/8111-1 Voice Over Unit......... 4.57
E/8111-3 Phone Bell Shifter......... 3.40
E/8112-4 Component Tester....... 1.71

82

E/8202-2 Allez Cat Pest Repeller...1.93
E/8202-5 Moving Magnet Stage. ... 4.01
E/8202-6 Moving Coil Stage . ...... 4.01
E/8203-4 Capacitance Meter(2bds) 11.66
E/8205-1 DV Meg ]
£/8206-1 lon Generator (3 bds) ....9.20
E/8206-4 MOSFET Amp Module ...7.80
E/8206-5 Logiclock.............. 3.52
£/8206-6 Digital PWM [
E/8206-9 Oscilloscope (4 bds).... 13.34
£/8212:2 Servo Interface (2 bds) ...6.75
E/8212-4 Spectracolumn

83

E/8301-1 Fuel Gauge .
E/8301-2 ZXADC.........cnnunnn 2.59
E/8301-3 Programmable PSU...... 3.45
E/8303-1 SoundBoard

E/8303-2 Alarm Module............ 3.62
E/8303-3 ZX81 User Graphics

E/8303-4 Logic Probe .
E/8304-1 Real Time Clock . ........ 8.74
E/8304-4 Stage Lighting— Main ... 13.73
E/8304-5 Stage Lighting — Display 3.45
E/8305-1 Compressor/Limiter ..... 6.19
E/8305-2 Single PSU.............. 3.16
E/8305-3 Dual PSU :
E/8305-4.2 NDFLAmp ............ 7.88
E/8305-5 Balance Input Preamp....3.23
E/8305-6 Stage Lighting Autofade.. 6.19
E/8305-7 Stage Lighting — Triac bd . 4.74
E/8306-1 to 3 Pseudo ROM (3bds) . 3.62
E/8306-5 Atom Keypad............ 5.18
E/8307-1 Flash Sequencer. ........ 2.67
E/8307-2 Trigger UnitMainBoard. . . 2.67
E/8307-3 Trigger Unit Transmitter 1.66

000000000000000000000O0O0O0 O 0030000000000000000000000

E/8307-4 Switched Mode PSU. ... 16.10
E/8308-1 Graphic Equalisr......... 9.10
£/8308-2 Servo Fail-Safe (4 off) ....2.93
E/8308-3 Universal EPROMprog ...9.64
E/8309-1 NiCad Charger/Regen ...3.77
E/8309-2 Digger.................. 3.40
E/8309-3 64 K DRAM
E/8310-1 Supply Protector ........2.19
E/8310-2 CarAlarm............... 3.98
E/8310-3 Typewriter Interface
E/8311-1 Mini Drum Synth ........ 3.07
E/8311-2 Alarm Extender.......... 3.21
E/8311-3 Multiswitch ............. 3.59
E/8311-4 Multiple Port :
E/8311-5 DAC/ADCFilter ... ...... 3.22
E/8311-6 LightPen ............... 4.60
E/8311-7 LogicClip............... 2.51
E/8311-8 MC Head (JLLH)......... 3.17
E/8312-1 Lightsaver
£/8312-2 A-to-D Board ]
E/8312-3 Light Chaser (2 bds) ..... 7.54
E/8312-4 ZX Alarm ............... 6.04
84

E/8401-1 Vector Graphics......... 8.27
E/8402-1 Speech Board

(Mini-Mynah)
E/8402-2 MP (Modular Preamp) Disc

input (Mono) ................... 3.73
E/8402-3 MP Output stage (stereo) 3.73
E£/8402-4 MP Relay/PSU........... 3.73
£/8402-5 MP Tone, main (mono) ...3.73
E/8402-6 MP Tone, filter (stereo)...3.73
E/8402-7 MP Balanced output (st)...3.73
E/8402-8 MP Headphone amp (st) ...3.73
E/8402-9 MP Mother board
E/8403-1 Power Meter............ 5.81
E/8403-2 ZBO DRAM. ............. 9.79
E/8403-3 Obedient Die
E/8404-1 School Timer
E/8405-1 Auto Light Switch
E/8405-2 ZX81 EPROM Prog, ....10.53
E/8405-3 Mains Borne RC......... 5.07
E/8405-4 Centronics Interface..... 4.09
E/8405-5 Vario................... 6.62
E/8405-6 Midi Drum Synth .. ...... 3.59
E/8406-1 Oric EPROM Bd g
E/8406-2 Spectrum joystick ....... 3.30
E/8407-1 Warlock Alarm . . ........ 8.19
E/8408-1 Joystick Interface........ 3.07
E/8408-2 EPROM Emulator. ... .... 9.11
E/8408-3 Infrared Transmitter
E/8408-4 Infrared Receiver........ 3.98

How to order: indicate the boards required by ticking the

boxes and send this page, to

ETI

PCB Service. Payment in sterling only
please. Prices subj

wit

ether with your payment, to:

PCBService, ArgusSpecna%lst Publications Ltd, 1 Golden
Square, London W1 R 3AB. Make cheques payable to ETI

hout notice.

Total for boards

Ad

d 45p p&p

Total enclosed

ject to change FpPLEASE

28 DAYS FOR
DELIVERY

CoOoooooo oooooodo O 000000000030000000000000000000000C0O0

E/8408-5 CMOS Tester............ 4.60
E/8409-1 EX42 Kybd. Interface ....3.82
E/8409-2 Bansheee Siren
E/8409-3 Dry Cell Charger ’
E/8410-1 Echo Unit............... 3.92
E/8410-2 Digital Cassette d
E/8410-3 Disco/ Party Strobe . . .. .. 4.80
E/8411-1 AM/FM Radio (4 bds) ... 13.02
E/8411-2 Control Port-control bd 12.15
E/8411-3 Control Port-1/Obd ..... 6.33
E/8411-4 Capacitance Meter. ...... 3.55
E/8411-5 Video Vandal (3 bds) ... 12.10
E/8411-6 Temperature Controller. . . 2.88
E/8411-7 Mains Failure Alarm. . . ... 2.54
E/8411-8 Knite Light.............. 3.25
E/8411-9 Stage Lighting Interface...3.73
E/8411-10 Perpetual Pendulum....3.14
E/8412-1 Spectrum Centronics ....3.51
E/8412-2 Experimenter s DRAM. .. 14.08
E/8412-3 Active-8: Motherboard . .. 9.37
E/8412-4 Active-8: Protection Unit 3.67
E/8412-5 Active-8: Crossover ...... 3.67
E/8412-6 Active-8: LF EQ
E/8412-7 Active-8: Equaliser
E/8412-8 Active-8: Delay Unit.
85

E/8501-1 Active Bass Speaker 5
E/8501-2 DRAM Card Update. ... .. 3.66
E/8501-3 Digital Delay (2 bds) ... 26.00
£/8502-1 Digital Delay Expander. . 10.79
E/8502-2 Data Logger 5
E/8503-1 Combo preamplifier. . . ... 4.49
E/8503-2 THD meter mV & osc. bds 7.02
£/8503-3 THD meter mains PSU ...3.49
£/8503-4 THD meter battery PSU ... 1.36
£/8503-5 ParaGraph Equaliser
1IP/MSP & OP/PSU bds. ........... 9.30
E/8503-6 ParaGraph Equaliser
filter bd
E/8504-1 Framestore Memory .
E/8504-2 Framestore ADC/DAC. Nei5%
E/8504-3 Framestore Control . ...
£/8504-4. Buzby Meter............ 4.38
E/8504-5 CCD Delay
E/8505-1 6802 board. ............. 7.87
E/8505-2 EPROM prog. upgrade ... 4.71
E/8505-3 Scoreboard controller,

PSU and opto-isolator bds
E/8505-4 Scoreboard digit driver . .
E/8505-5 Stereo Simulator... ....... 3 55
E/8506-1 Audio mixer main bd
E/8506-2 Audio mixer PSU bd
E/8506-3 Audio mixer RIAA bd
E/8506-4 Audio mixer tone ctrl
£/8506-5 EPROM Prog Mkt
E/8507-1 NoiseGate.............. 5.72

Address ........ccoocuvennnne T e e 0t TGP EE e
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528T Multitester

Hardware

Semiconductor Supplies
International Ltd.
Dawson House

128/130 Carshalton Road
Sutton

Surrey SM1 4RS

price: £31 plus VAT
DM30 Multitester

Hardware

Selectronix
Tower House
Lower Kings Road
Berkhamstead
Herts HP4 2AB

price: £39 plus VAT

There seems to be a smailish
flood of low price digital mui-
timeters incorporating transistor
testers comingtothe marketright
now. The two reviewed here are

typical of most cheaper DMMs.
Theinclusionofthe transistortest
facility, however, makes them
definitely attractive to the home
constructor.

Understandably, thereisacer-
tain amount of resistance to the
idea of using DMMs. As with digi-
tal watches, the display is no-
where near as immediate as the
scale on an analogue meter. Per-
sonally, | find the lack of a calibra-
tionfeature alsoannoying— | can
never quitetrustthe reading | get,
even though the accuracy is
clearly high and the DMM cir-
cuitry undeniably reliable.

The manufacturers of the
DM30 claim an accuracy of 0.5%
on the DC voitage scales, while
the 528T's manufacturers claim
0.8% on the same scales. There
was a distinct difference in their
readings under test, although in
both cases the accuracy was
clearly betterthan 1% and the dif-
ferences were barely significant.
Inthatrespect these meters were
both undeniably useful instru-
ments, despite my prejudices.

Both meters originate in
Taiwan, the DM30 coming via a
Swedish distributor. The 528T,
although cheaper, is the most
attractive of the twoand includes
an integral stand, an idiot proof
socket for transistors under test

and standard % inch probe
sockets. Unfortunately, it only
boasts 14 ranges (including the
Hge measurements scale for test-
ing transistors).

Both meters incorporate tead-
able 3% character, ¥2 inch LCD
displays, but the DM30 has 29
ranges (if you include NPN and
PNP transistor testers, a battery
tester, a diode tester and con-
tinuity buzzer setting). The
DM30 allows AC current
measurement and a wider range
of AC voitage measurement than
the 528T. There is a 10A DC
currentrange, too. Itaisogives an
indication of alow battery condi-
tion when the meter's internal
PP3 battery runs down to less
than 1 V.

Major disadvantages of the
DM30 are the price (£46.57
including VAT and post and pack-
ing), the somewhat confusing
and non-standard probe sockets
and the rotary range setter which
couldlead toproblemswith NPN
and PNP transistors being tested
for HFg and with AC and DC
ranges. The meter does seem to
be well-protected, but this leads
metooneother problem withthe
DM30.

In the course of reaching these
shores, it seems to have acquired
the title ‘'DM30’ from nowhere.

The manual makes no reference
to this model, recognising only a
105, a 208 and a 305 version of
the meter. It doesn’t take a great
deal of detection to work out that
the DM30 is acutally the 305 ver-
sion (where are the other two?),
but the need for any detection
doesn’t exactly inspire con-
fidence in what is otherwise a
comparatively full and usefui
guide (including somewhat con-
fusing but potentially vaiuable
circuit diagrams).

That said, the choice between
the two meters comes down to
this: the 528T is the winner
ergonomically and in terms of
style; while the DM30 is undoub-
tably the more versatile. Unless
you're desperately counting your
pennies (in which case, I'd
recommend a cheap analogue
meter), the DM30is probably the
better buy. Aithough it couldn’t,
for example, be used with ETI's
Heat Pen (unless you take the
10A socket to be at earth poten-
tial, since otherwise common
and voltage sockets are not
spaced at % inch), itincorporates
all the voltage, current and resis-
tance ranges you're ever likely to
need. | think that's worth an extra
£10 or so.

Gary Herman

It s no secret...

that there is a real difference at Cricklewood 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

calling or credit card telephone orders

component shop. No gimmicks. no gadgets or
computers. just components, millions of them, all easily available by mail order
Just pick up the phone (or a pen} to get your
FREE copy now {no SAE required). You have nothing to lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

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

= =EN

gt ETI

you to use.

( FREE CAREER BOOKLET

Train for success, for a better job, better pay!

Enjoy all the advantages of an ICS Dipioma 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

Send for your FREE CAREER BOOKLET today — at no cost or
obligation at ail.

Choose from over 40
GCE ‘0’ and ‘A’ level subjects. D
COMPUTER CAR
PROGRAMMING [ | MECHANICS O
BOOK-KEEPING & INTERIOR
ACCOUNTANCY DESIGN OJ
POLICE HOTEL
ENTRANCE (] | MANAGEMENT [
COMMERCIAL
ELECTRONICS O | &pT
Please send FREE DETAILS for the courses ticked above.
Name e
Address - S

P. Code

Dept.EBS75 312/314 High Street, Sutton,
surrey SM1 1PR. Tel: 01-643 9568/9 or
% 041-221 2926 (both 24 hours) J
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MICRO
PROFESSOR
MPF-1/88

Hardware

Flight Electronics
Flight House
Quayside Road
Blitterne Manor
Southampton
Hampshire SO2 4AD

price: £325 plus VAT

With so many cheap microcom-
puters around, it's a legitimate
and often asked question as to
why anyone should want to pay
well over the odds for an
evaluation/development system
— little more than a microp-
rocessor, some operating system
ROM and afew K’'s worth of RAM.
The system under review, for
example, contains one 27128
ROM and two 6116 static RAMs
along with the 8088 mpu and
associated bits and pieces. That's
20K of memoryfora price of £300
odd — not, at first sight, a
bargain.

Of course, the MPF-1/88 — like
its Z80-based predecessor, the
MPF1-P is not intended to be
direct competition for a micro-
computer — home, office or
otherwise — andthat’'s where the
answer to the question comes in.
The system is a development
tool, to be sure, but its major use
will undoubtably be as an educa-
tional aid. To understand its
appeal and to evaluate its worth,
then, it's important to bear in
mind where the MPF-1/88 will
end up: not in a bedroom
plugged into a spare television
set, nor on the desk of a busy
secretary or tired executive, but
on workshop benches in col-
leges, ITeCs and even, perhaps,
schools.

The original Microprofessor
MPF1-Pwasnotable foranumber
of features. It was a single board
systemsoldinalargish book-style
plasticbinder. Based on the Z80,
it included a small rubbery, key-
board and a four character LED
display, by means of which the
programmer could directly
access, read and alter the con-
tents of memory. The firmware
included a fairly basic machine
code monitor and a very basic
BASIC (which was practically
unusable and which has, thank-
fully been dropped from the
MPF1/88). What was exceptional
about the Microprofessor was
the documentation. Despite
occasional lapses into Taiwanese
English (the MPF1-P and the
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MPF1/88 are both produced in
Taiwan by the Multitech Indus-
trial Corporation), the manuals
were a model of clarity and
comprehensiveness.

The importance of documen-
tation in the microprocessor field
cannot be overstated. There are
really two reasons why an ordin-
arymicrois notof much use when
it comes to learning about MPUs:
the firstis the typical lack of mon-
itor or assembler facilities (often
combined with the complexity of
system firmware which makes it
difficult to get to grips with the
heart of the machine); the
second- mostcrucial- istheabys-
mally low standard of documen-
tation for micros, especially on
the hardware and system firm-
ware level. The MPF1-P over-
came both of these problems by
offering a simple monitor with
useful input-output devices and
documentation which was —
relatively speaking — a joy to
use.

With the MPF-1/88, Multitech
and their UK agents (Flight Elec-
tronics) have moved on to higher
ground. The 8088 is clearly a
compromise MPU, but an effec-
tive and a welcome one. The
device is equivalent, from the
user's point-of-view, to the Intel
8086 which+s the industry stan-
dard 16-bit processor. The 8088
is, in fact, used in the |IBM PC,
while the 8086 can be found in
the majority of true 16-bit
machines.

The differences between the
8088 and.the 8086 are subtle but
significant. The '8 uses an 8-bit
data bus, allowing for downward
compatability with much hard-
ware developed for the 8080 and
Z80 MPUS, whilethe’6 usesa16-
bit data bus with the advantage of
increased execution times. From
a software point-of-view, both
processors are identical — the ‘8
being designed to fetch or write
16 bits in two consecutive bus
cycles, while the ‘6 performs the
same operationin onlyone cycle.
Both devices can also directly
addressupto 1M byte of memory
by means of a 20-bit address
bus.

The MPF-1/88 makes good use
ofthe 8088. On the one hand, itis
compatible with many |BM add-
on cards and can also read and
write data in |BM tape format. On
the other hand, a fairly simple
modification enables many Z80
boards devised for the original
Microprofessor to be used. In
fact, Flight are supplying an inter-
face which accepts up to three
IBM-style cards and also recon-
figures the bus to accept Z80
peripherals: an EPROM program-
mer, printer, sound generator
and speech synthesizer. |BM-
style cards available from Flight
include an RS232c interface and

a video board.

The basic system is attractive
even without these add-ons.
Unlike the original Micro-
professor, the MPF-1/88 s
properly cased and includesafull
QWERTY keyboard (of adequate
quality). The visual display has
also been improved, by use of a
two line by 20 character LCD
screen, There are actually 24
‘logical’ screen lines which canbe
scrolled by use of the/ALT keyon
the keyboard.

The board itself is easily acces-
sible and you can get to the two
spare ROM sockets and the one
spare RAM socket. Each of the
three ROM sockets can take 8K
or 16K ROMs while the RAM
sockets can take 2K or 8K chips.
Also accessible is the expansion
bus— 2x31 holerowsarranged to
take an H-connector and taken
out to a 64-pin card-edge con-
nector at the back of the
machine. On the back, there is
also a Centronics compatible
printer port, tape in and out
sockets and the PSU socket.

The upgraded features like
the keyboard and the LCD dis-
play have been made available,
'm sure, because of the added
complexity of the 8088. The
MPF-1/88 incorporates a
machine-code monitor and what
the manufacturers describe as a
‘line assembler, which is a
straightforward and fairly com-
prehensive assembler/disas-
sembler. The assembiler, in part-
icular, is easy to use and powerful
— the more so because the
operating system includes a
number of subroutines called by
using the 8088 software
interrupt.

As a relative newcomer to
8086/8088 operations, | have to
say that they are both lucid and
powerful. It is worth considering
getting hold of an MPF-1/88 to
teach yourself 8088/8086 code,
if only because these chips are so
well thought out.

The documentation was only
slightly disappointing. Regret-
tably, it is provided in three
booklets — the User Manual, the

Reference Manual and the Mon-
itor Program Listing — and this
means you may find yourself
chasing a piece of information
across acres of paper. The situa-
tion is worsened by the lack of
any sort of index.

All the necessary information
is available, if you're prepared to
look forit,and the standard of the
translation has actually improved
since the days of the MPF1-P. All
the same, | found it annoying to
have to turn to the user manual
forthe 8088 pin-outsand instruc-
tion set when the reference
manual contains circuit diagrams
and an appendix entitled ‘Intro-
duction to 8088 Assembly
Language’. Logical presentation
is not a strong point.

Inone other respectthe MPFI/
88 documentation is less ade-
quate than that provided with its
predecessor. The earlier system
manuals came complete with a
useful number of well-explained
model programs. There is no bet-
ter way of learning programming
languages — high or low level —
than by entering someone else’s
program and seeing how it works.
Unfortunately, the MPF-1/88
documentation pays scant atten-
tion to this aspect of the learn-
ing process.

A more general question
remains, Why spend time and
money learning about 16-bit or
pseudo 16-bit microprocessors
when we have far from exploited
all the possibilities of the familiar
8-bits? There really is no ade-
quate answer to that, except to
invoke the virtues of knowledge
for its own sake and, by the way,
to say again that the 8088/8086
are more powerful and, in some
ways, more logically designed
MPUs than the best-known of the
8-bits. If you're starting out with
microprocessors, 1'd seriously
suggest you consider starting out
with an 8088. If you're an old
hand, wellthe 8088 should come
easy. In either case, the MPF-1/88
will give you every oportunity to
learn whatthe thing candoandto
do a great deal of it.

Gary Herman
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OPEN
CHANNEL

It appears there is more to this
satellite TV thing than first meets
the eye. | reported, last month,
the position ofthe Club of 21 (the
consortium which is to operate
Britain’s DBS television services),
which does not feel inclined to
acceptthedealarranged bysatel-
lite supplier, Unisat. The price for
Unisat’'s satellite services, says
the consortium, is much too high.
They would prefer to accept ten-
ders from other organisations
first, then choose the most desir-
able. The Government, however,
does not see the situation in the
same light, apparently preferring
the Unisat solution.

The Governmentalsoholds the
cards within another area of the
satellite TV game: that of satellite
master antenna television
(SMATV) systems. SMATV refers
to the type of satellite reception
systems which deliveraselection
of television channels, in cable
form to a number of users, from a
single parabolic receiving aerial,
It's anticipated that such systems
will be used initially in hotels,
council housing estates, shelter-
ed old peoples’ homes, hospitals
and blocks of flats — much like
existing terrestrial based com-
munity aerial television systems,
Itis not unreasonable to assume
that individual households may
also take advantage of SMATV.

And it's this last fact which is
worrying not only to the existing
cable television operators, but
also the Club of 21 with its pro-
posed DBS television services,
because both cable and DBS
services would be undermined if
individuals sidestep them and
buy their own SMATYV receivers.

Channel choice

Thorn EMI is one of the biggest
organisations looking to SMATV
for future television services. It
already owns and runs three
SMATV television channels: the
pop video channel Music Box,
the film channel Premiere and

the kiddies’ Children’s channel. -

Apart from operating three of the
proposed six or seven SMATV
channels though, Thorn EMI is
also hoping to provide much of
the necessary receiving equip-
ment — parabolicaerials, conve

ters etc — to franchises around
the country. They, in turn, will

ETIJULY 1985

ETC

lease the equipment to SMATV
users. The other existing SMATV
channels are: Ten — The Movie
Channel (a direct competitor of
Premiere), the general entertain-
ment Sky Channel and Screen
Sport. The other channel in the
pipeline (or should | say in the
air) is Cable News Network.

You pays your money. ..

Knowing this, it's easy to see
why the Club of 21 may be
worried about individuals using
SMATYV: the programme content
ofthe SMATV channelsisofavery
high entertainment level. Of the
six DBS channels, on the other
hand, four must be the existing
BBC and IBA channels. Only two
channels of DBS transmissions,
therefore, are free for new enter-
tainment channels — even if the
Government allows their use for
such. The Clubof 21, withits legal
obligation to relay four old-hat
channels, must be feeling pretty
down and worried about its com-
mercial viability, Potential users
of satellite television services
may view the high entertainment
content of SMATV channels as
being worth the one-off initial
outlay of SMATV receiving equip-
ment. Particularly so bearing in
mind that the four BBC and IBA
channels are already receivable
‘off-air, anyway, and that DBS
receiving equipment is not going
to be cheap.

Sothe Government hassoonto
put its cards on the table and
decide how best to optimise the
possible services. The decision is
not easy, and becomes more dif-
ficult as time creeps by. ldeally,
the decision should have been
reached years ago. We might all
have had improved television
services now if it had.

Meanwhile, one of the main
reasons for even considering
satellite television systems over
ordinary terrestrial television —
that of stereo sound — appears to
have been knocked down by
BBC engineers.

Using adigital coding system, a
stereo signal may be transmitted
alongside the existing signal so
that television receivers equip-
ped with suitable decoding cir-
cuitry can provide high quality
stereo sound. The system is fully
compatible with existing mono
television receivers and the BBC
says that stereo transmissions
couid begin as early as 1987,

Do we really need cable or
satellite television systems?

Keith Brindley
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HARDWARE
SOFTWARE

MDEX disc O/S + BASIC £95
MDEX Professional Dev. Sys. £275
CORTEX POWER-BASIC disc extensions "£43
MDEX Extensions
Editor £35
Relocating Assembler/linker £35
FORTH — screen editor, assembler £55

— graphics — better than BASIC £35
PASCAL — by Pre Brinch Hansen £35
QBASIC — tast BASIC compiler £150
UCSD Pascal, SPL, META, WINDOW, SPELL
CORTEX tape software
Pengo — fast machine code action £6
Golf — excellent animation £6
Micropede — rampant caterpillar £6
Space Bugs, Pontoon, Breakout each £6
Cassette/CDOS word processor £13
Add £2 for software on CDOS disc
Disc Drives
80 track double-sided double-density £190
40 track single-sided double density £120
E-BUS Floppy/Winchester Controller £135
E-BUS 64/128 Kbytes DRAM card £145/£245
E-BUS Joystick * centronics blakcboard £13
80°24 Character video blank card £48

State disc format and add VAT to all prices

) MICRO PROCESSOR ENG LTD
21 HANLEY ROAD SHIRLEY

SOUTHAMPTON
SOt 5AP
i TEL: 0703 780084

NEWRAD INSTRUMENT CASES LTD

Manufacturers for the Electronics Industry

UNIT 19 - WICK INDUSTRIAL ESTATE - GORE ROAD
NEW MILTON - HANTS - BH25 68J
Telephone: NEW MILTON 621195

WE MANUFACTURER BEAUTIFUL ENCLOSURES

At prices you will find difficult to beat.

Alloy boxes from 80p to rack mounted units from £15 and a host of ranges
and sizes in between. Well made - well finished - and all Britisr.

Send large SAE for catalogue which includes £5 in voucners.




TRAINS OF
THOUGHT

If you have ever visited a signalbox
(or tower as they call them in
North America) you may well
have been impressed bythe mimic
diagrams in which white lights
indicate routes that have been
set up for approaching trains;
these then change automatically
to red as the train enters the
section of track being represen-
ted. Many railway modellers have
been captivated and not a few
now employ these on their own
layouts.

The white lights pose few pro-
blems. The real difficultyishowto
obtain reliable information as to
the present whereabouts of the
trains — how does the system
know when to change the white
lights to red?

Traditionally railway modellers
have resorted to non-electronic
techniques such as the use of
relays. One method is to isolate a
very short length of rail at the
entrytoasectionand arrange that
when train wheels bridge the gaps
they complete the circuit of a
latching relay. At the start of the
next section a similar arrange-
ment applies and the latching of
the second relay cancels the first.
Spare relay contacts abound for
mimic diagrams, automatic sig-
nalling and accessory operation.
Allvery straightforward but costly
and also, by virtue of its depen-
dence on‘dead’ sections of track,
itis not conducive to the smooth
running of trains.

Two electronic methods of train
detection are now rival claimants
for the attention of railway mod-
ellers — and neither conflicts with
smooth running,

Method number 1 is an elec-
tronic counterpart to the latching
relay. Each section uses a bistable
latch. Each latch may consist of a
pair of TTL NAND gates or even,
as with one layout | visited recently,
pairs of BFY51 transistors with
oodles of collector current capa-
city for mimic diagram or signal
lamps. Inputs to these bistables
are most oftenfromtrack-mounted
reed switches activated by train-
borne magnets, less often from
‘dead’ rail lengths (as with the
relay system) orfrom LDRs shaded
by passing trains.

TO OTHER
TRACK SECTIONS

Typical return-rail bidirectional track circuit delivering
TTL-compatible logic low when section of track is occupied.

AV
10k
CONTROLLER
N
N
—
e TRACK
_;_;_; SECTION

NOTE: [s]]

Q1.2 = BD43?

Q3 = BC667

Q4 - BC547 Q4

+5V

OCCUPIED

”J" LAYOUT COMMON RETURN

ov

This kind of system suffers from
three major shortcomings. (1)
Model railways are of necessity
an electrically noisy environment
and unless great care is taken any
bistable is likely to suffer from
spurious settingand resetting. (2)
At switch-on the latch may settle
in the untrue state. (3) The system
in its simplest form only works for
one-way traffic; it can be mod-
ified for two-way traffic by doubl-
ing the number of detectors.

Method number 2 emulates
the practice of track circuiting on
British Rail by monitoring the elec-
trical continuity of a section of
line. Practice is to monitor the
current flowing into the section
from the controller (throttle) but
leaving a trickle from an auxiliary
supplyto keepthe detectorgoing
when the controller is off orat a
stop. Most often the detector
takes the form of a pair of small-
signal NPN transistors in reverse
parallel monitoring the voltage
drop across a reverse parallel pair
of rectifiers and transistors by
using small power transistors such
as the BD437 (see figure ).

A fascinating aspect of this bit
of circuitry is that it uses the tran-
sistor as a‘fractional-gain amplifier,
sincethe base bias maybe as high
as 1A while collector current is
less than 1mA! Numerous varia-
tions on this theme arein use and
generally the system gives consis-
tently accurate train detection
without any problems other than
a0.7V'diode drop’ between con-
trolierand train. On myown layout
the track circuit units monitor the
live and return rails alternately
with ‘overlap zones’ between
sections to allow for the length of

the train — since only the loco-
motives are detected.

This kind of reliable bidirec-
tional train detection system with
its TTL-compatible output opens
the door to exciting possibilities

ranging from simple TTL-based
automatic signalling to mind-
boggling computer-linked train
control systems — of which more
in later issues.

Roger Amos

-MFA100.
&
SFA100

tion:
Output load. 8 ohms to 4 ohms.
Input Impedance 47k ohms.
Slew rate 50 v/us.
S/N ratio 100dB below 125 watts.
Damping factor > 400.

No thermal runaway.
Case

Modets

Power Output 125 Watts into 4 ohms.

Mos-fet Ampilifiers

Input Sensitivity 0.775 volt (full output).

Distortion T.H.D. - 005% @ 1KHZ typical.

Distortion I.M.D. - 005% 80HZ/7KHZ.

Frequency response. 10Hz - 100KHz (—3dB).

Protection Handle reactive loads, Open circuit, Mismatch, Short circuit,
Matt black texture finish 1mm thick mild steel case with strong
leather handle, with pienty of ventilation.

MFA100 mono 100w power slave.
SFA100 stereo 100w + 100w power slave.

Compare the MFA100 & SFA100 performance with the top range of

ampiifiers, “then make the right choice”.

Guarantee 2 years parts and labour.

MFA100 £98 inc.

Sendto: TECHNOCROWNLTD
42 Fallowfield, Luton, Bedfordshire LU3 1PX

Tel: 0582-598167
Mail order onty

Postalcharges per order £1. Welcome Schools, Colleges,
and Trade. Securicor £10.00 delivery.

SFA100 £140 inc.
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SCRATCH PAD

by Flea-Byte

| note with apprehension that
video versions of the new Francis
Ford Coppola megaflick, ‘The
Cotton Club’, will be issued with
an anti-piracy system built-in.
The so-called spoiler signal has
long been the holy grail of the
record industry- the Beatlesonce
even paid acertain Alex Mardas a
lot of money partly because he
claimed to have invented a
device which would prevent
home taping in this way. All that
‘Magic’ Alex (as he was known)
came up with, in the event, was a
box that flashed lights in an
apparently random sequence.

But now a San Jose company
called Macrovision have deve-
loped a spoiler for domestic for-
mat video. Estimates of the
extentof back-to-backing(thatis,
recording pirate videos from
commercially available originals
using two VCRs) suggest that it
accounts for 20% of sales in the
US and up to 100% of sales in
some parts of the world. A spoiler
would be a valuable property for
its inventor.

The problem with audio
spoilers is a simple one. For the
system to work it must prevent
you recording a listenable signal,
but at some point in an audio
system a clean signal must be
available, whatever you do to
distort or encode it during the
amplification process. This may
only be at the loudspeaker — but
agood microphone could pickup
this signal, nottomentiona pairof
wires attached to the speaker
terminals.

Video is different, and the
Macrovision system takes advan-
tage of the differences. Apparen-
tly it works by ‘confusing’ the
automatic gain control which is a
feature of all domestic video
recorders. Copies of protected
tapeswillthen come out’dimand
noisy’: notunwatchable, but only
watchable with difficulty. The
point is that video requires all
sorts of signal processing devices
toensure reasonable quality repro-
duction. There is no simple
electrical connection compar-
able to that between the output
of one amplification stage and
the input of the next as in an
audio system,

| would guess that Macrovi-
sion have developed atechnique
formodulatingtheline sync pulse
ofthe video signal with noise. The
noise appears tobe introduced at
duplication stage, by means of a
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‘black box’ between the one-inch
master and each VCR slave.
When played back through an
ordinary VCR and television or
monitor, the noise should be
removed by the sync separator
circuitry, without detrimental
effect. On trying to record from
such a noise-treated signal,
however, video AGC stages
(which come before sync separa-
tion) will read false signal levels.
VideoAGC stages usuallyemploy
a combination of keyed (or line
gated) and peak detection
methods. Both of these may be
‘confused’ by noise on the line
sync pulse itself or, with the
keyed method, noise on the back
porch of the pulse. Suitable AGC
stages are to be found in the
tuner-IF stages of a TV and in the
record-mode videoamplification
stage of a VCR — which means
the noise would be effective for
baseband or VHF routed signals.
If my guess is correct, the result of
introducing noise into the line
sync pulse before it reaches an
AGC should be ‘dim and noisy
pictures on the tape as the record
level decreases when itshouldn’t
and increases when it's un-
necessary.

All this is guess work —
inevitably, since Macrovision are,
not surprisingly, reluctant to
reveal precise information. They
claimthattheirprocess maintains
100% playability and integrity of
the original cassette, disk orother
videosource’ —aclaimwhichhas
not been substantiated with
other, earlier, spoiler processes.
They only hire out the necessary
black boxes to duplicators on a
royalty basis. Inventor John Ryan
admits that his system could be
circumvented by crafty pro-
fessionals, but that it was
designed primarily to prevent
casual home-taping. While I'm
aware that home-taping may be
illegal and unethical, I'd be inter-
ested to hear ET| readers’ views
onthe Macrovision process. After
all, anti-piracy has to be better
than the best pirates!

_ I hadintended not to mention
Sir Clive Sinclair this month, but |
guess the habit's become to
strong to resist. Amidst all the
rumours of the impending col-
lapse of Sinclair Vehicles and the
recent critical performance of
Sinclair Research (two com-
panies which are totally distinct!),
the financial press seem set on
perpetuating myths. For the n-th
time, | read in a recent Sunday
Times that Sinclair introduced
the first pocket calculator in
1972.Sometimes, heevenseems
to have invented it. This is odd,
since | seem to remember Texas

Instruments doing something of
the sort in 1968, and it's rather
like describing Freddie Laker as
the inventor of the jet engine.
Indeed, the Sunday Times goes
on to comment that Sinchair ‘has
been described as the Freddie
Laker of electronics.’ Quite who
made this perceptive com-
parison is not quite clear, but the
two men do seem to have a great
deal in common — their knight-
hoods being perhaps the least of
it. The Sunday Times alsc claims
that Sinclair introduced his
matchbox radio in 1974, which
doesn’t square with my memory
of having bought one in 1971 or
thereabouts. The Observer,
meanwhile, agrees with its com-
petitor that Sir Clive is no busi-
nessman, recommending that he
get out of the boardrocm ‘and
back into the laboratory. The
great man, it appears, has
‘tremendous contributions to
make’ in the field of micro-chip
technology. | for one would be
more confident that this was a
well-considered proposal if plain
old Clive (as he then was) hadn’t
once told me that he had no
interest whatsoeverin computers.

The fact that the Standard
Ohm at the International Bureau
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of Standards in Paris is not all it's
cracked up to be may have some
disturbing implications. Eviden-
tly, recent measurements show
that the Ohm is actually only
worth 0.99999999851 ohms.
Now, this may simply be the
result of inflation — you know the
sort of thing, a banner headline in
the Financial Times: ‘Ohm Falls
Against Volt — An Electric
Shock!'. But the question is, how
long has it been going on? If the
Standard Second is equally inac-
curate, we may never knowand it
could be that Ohm's law is not
only wrong but unenforceable. |
think we should be told....

Among the mountain of press
releases that I'm fortunate
enough to have to wade through
every day there is little in the way
of light relief. | was, therefore,
pleased to come across the
announcement of the publica-
tion ofa new’datadirectory from
ERL Technical Books recently.
The directory, which answers to
the name ‘tht’, is — according to
the press release — ‘comprehen-
sive’, covering ‘all types of thyris-
tory and triacs.’ | am driven to a
conclusion that Henry Ford once
very nearly reached. Thyristory
is bunk....
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+ VAT; manuals £1 - £5)

Interak, Interak, Interak!

Greenbank

. [+ | Interak 1's greatest |- .
L3 asset — space for éé
expansion.

{Up to 8 more cards
4%" x 8" each)

(P.cns'r'ange in price from£10.85t0 £17.75

The Interaktion 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
nameandaddresswitha21pstampandwe’ll
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 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 can get 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.

¢
¢ of

Very fram!
scang "
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Greenbank Electronics (Dept T7E), 92 New Chester Road,
New Ferry, Wirral, Merseyside L62 5AG
Telephone: 051-645 3391




ELECTRONICS TODAY INTERNATIONAL CLASSIFIED

Lineage:

40p per word (minimum 15 words)'
Semi Display: (minimum 2 cms) E f
£14.00 per single column centimetre:

Ring for information on series bookings/discounts

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card (available on request)

R JONES ELECTRONICS
267 Rectory Rd., Grays, Essex
Tel: (0375) 33158 « 24hr answer phone
Components, IC's, Fuli After Sales Services
Electronic repairs — Industnal & Domestic
Open 9-5.30pm 6 days a week

LANCASHIRE

ETESON ELECTRONICS
e .Poultomloﬁ%l::, .I'ngl:;::l
Tel: (0253) 886107

Open: 9.30am-12.30 1.30-5.30. Closed Wed & Sun.
I Electromc%omponom Specialists.

MERSEYSIDE

PROGRESSIVE RADIO

93 Dale Street. Tel 051 236 0382

47 Whitechapel, Tel 061 236 5489
Liverpool 2 .
THE ELECTRONICS SPECIALISTS’

- T>20I-O0mMrm
- DP>20TI-O0MrmMm

Open: Tues-Sat 9.30-5.30

COMPUTER
EDUCATIONAL

EXTERNAL VIDEO BOARD for

EXTERNAL VIDEO BOARD for - NIVLETTRTILELINZNE

computers using the TMS8929 -
VD.g. Fully synchronises the wxxmmm.m
computer to aT \Frildeg of"ed from courses from ideal Schools.
camera or V.T.R. Produces a MODERN CTRONICS
combined picture at the outputs. m.o,.mf,lﬁ“w”
growing industrial sector.

Unpopulated P.C.B. circutis anﬂ
detalls — £30.00. Fully bui

£100.00. Tim Gray, 1, Larkspur
Drive, Featherstone, Wolver-
hampton, West Mids. WV10 7TN.

*** TANGERINE OWNERS ***
6809 CPU board, Flex 0O/S, 14K
RAM card overlay Tanex, 32K- |
RAM-EPROM-BATTERY BACKED
BOARD address switchable page
selectable all available from

CONQUER THE CHIP . . .Master

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 Alien Engineer-
Ing, Forncette-End, Norwich
NR16 1HT. Tel: 095389 420.

MICROCOMPUTER
REPAIRS
X SPECTRUM. Vic20,C64,BBC,
QL 15 40/41, Commodore com-
puters, printers and floppy discs.
Send faulty machine to: Trident
Enterprises Ltd., 37 Linden

House, Common Road, Langlgg.
Slough, Berks. Tel: (0753) 48785.

modern electronis the PRACTI-
CAL way by SEEING and DOING
in your own home. Write for your
fre@ colour brochure, now to:

| British National Radio & Elec-
* tronics School.

P.O. Box 7,
Teignmouth, Devon TQ14 OHS.

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.

N 01-437 0699

Send your requirements to:
) Caroline Faulkner

ASP Ltd.,

1 Golden Square,

‘London W1.

EQUIPMENT

W

v YOU ARE NEVER FAR FROM A

= PARTRIDGE
ﬁ/ COMMUNITY
BROADCAST MIXER

56 Fleet Road, Benfleet, Essex SS7 5JN
03745 3381 or 03745 3256 for full details

EPROM COPIER — STAND ALONE USED TEST EQUIPMENTI
2718-27128............ £175.00 ELANS4S R
TELEPHONE CONVERSATION v bt
RECORDER ............. £75.00 AP 4000 SR e R i
2 LINES INTO 1 ANSWERING MSS ME10 ERASER (AS NEW) £501
MACHINE
Switching Unit ........... £€30.00 AAB Electronics, Stonebridge Mills,

Stonebridge Lane, Wortley,

Leeds L812 5NQ
Tel: 0532-832131

From L.K.F. Systems Ltd
St Albans. Tel: 535084

13a Station Road
Cullercoats - North Shields

Tyne & Wear - NE30 4PQ
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.

)

PRE-AMPS

r YV VYVYVVWVYYPF
¢ AIWA PRE-AMPLIFIER

SPECIAL PURCHASE .

SAC 80 £26.95
SAC 30 £22.95
BERRY'S OF HOLBORN

37-39 High Holborn WC1V 6BG
01-405-6231

Add £5 P&P.
Send S.A.E for details

MISCELLANEOUS

ROSIN CORED SOLDER. Half
kilo £7.50. Post paid. Matthew
Grant, Brantimpin, Saint Anns,
Lockerbie, Dumfrieshire DG11
IHL.

HEATHKIT U.K. Spares and ser-
vice centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewksbury, Glous. Tel: 0684
73127.
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PRINTED CIRCUITS Make your
own simply, cheaply and quickly!
Golden Fotolac light-sensitive
laquer - now greatly improved
and very much faster. Aerosol
cans with full instructions, £2.50.
Developer 35p. Ferric Chloride
60p. Clear acetate sheet for
master 15p. Copper-clad fib-
reglass board, approx. 1mm
thick £2.00 sq. ft. Post/packing
75p. White House Electronics,

.Castle Drive, Praa Sands, Pen-

zance, Cornwall.

J. Lmslewood Designs
Distortion Analyser kit £25.00 (p&p £1)
Millivoltmeter kit £12.25 (p&p 75p)
Cased Panelforabove £12.00(p&p€£1)
ETI Mosfet P.A. kit £51.00 (p&p £1.50)
Audio Signal Gen. ( - 02%)
£28.50 (p&p £1.50)
Audio Signal Gen. (002%)
£38.80 (p&p £2.00)
Fixed frequencyGen. £11.00(p&p 50p)
Reg. P.S.U. 1.5/35 volts
from £12.80 (p&p 75p)
SAE for tull information
Teleradio Electronics
325 Fore St., London N19 OPE

Tel: 01-807 3719

MINIATURE TRANSMITTER,
transmits all voices and sounds to
any VHF/FM radio up to 5 miles
away, size 2in x ‘2in, tunable 70-
150 MHz complete kit, including
sengitive microphone, £4.95 send
cash/cheque/PQO: Tectroniks, 22
Lambardes N.A.G., Nr. Dartford,
Kent DA3 8HX. Mail order only.

.

MINIATURE FM TRANSMIT-
TERS. Frequency 60-145 MHz,
range % mile S.G.F. — P.C.B. All
components. Full instructions 9-
12v operation, broadcast recep-
tion. Super sensitive microphone.
Pick-up on FM radio. £6.95 inc; or
ready built £8.95: Same day des-
tch — Zenith Electronics, 21
tation 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, C06 4HO.

ELECTRONIC ORGAN KEY-
BOARDS andother partsbeing
cleared out as special offer.
Elvins Electronic Musical
Instruments, 40A Daiston Lane,
London E8.01-986 8455.

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,
Ledbury HR8 2AA.
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IRISH
READERS
MAIL ORDER COMPONENTS

Top quality components
Great prices
Return-of-post service

Write or phone for free price list
WAVEFORM ELECTRONICS
12 Effra Road, Rathmines, Dublin 8.
Phone(01) 0001 i England 987507
Mail order only please

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.

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 150Ms £3.50, from
unfinished project. Any quantity
50p P&P. T. Stiemerling, 38 Cow-
per Rd., Bristol BS6 6NZ. Tel: 744
824. Only after 6pm.

CHEAP CASES

A o rack 0 & free stand-
ing. NEW, but manuiactorers seconds. No

damage.
Send s.a.e. for list.
C. Phillips, ‘The Laurele’ Tiptes Roed
Weston, Now Miten, Hants BH2S §8J
MAIL ORDER ONLY

* USE EPROM *
ERASE AS IS
2708 50p
27186 L]
2732 £1.50

2532 £1.50
Used Z80 50 pence each!
AB ELECTRONICS
Tel: (0532) 632131 (Sales)/
788241 (Service)

RESISTORS, CAPACIOTORS.
1,000 mixed carbon film %W, aW,
%W, 2%, 5%, 10% resistors £2.95
+ 50p P&P. SAE for details to: D.J.
Hooker, Romney Marsh Elec-
tronics, Clark Road, Greatstone,
Romney Marsh, Kent, TN28 8PB.

WIRES 'N CABLES

THE SCIENTIFIC

WIRE COMPANY
811 Forest Road‘ ngsdon E17
ENAMELLED COPPER WIRE
SWG 1lb 8oz 402 202

8-:34 363 209 1.10 88p
35-39 382 230 1.28 1939

. . 80
44-47 8656 6580 349 275
48 15968 9.58 638 3
SILVER-PLATED COPPER WIRE
14-30  9.00 1.97
TINNED COPPER WIRE
4- 241 1

14:30 397 39 0.94
Prices include P&P and VAT, Orders under
£2 add 20p. Dealer inquiries welcome.

BARGAINT!
LED 7 SEGMENT DISPLAY, BRAND
NEW 14 PIN DIL RED .43 inch, COMMON
ANODE DISPLAY 0-9 WITH RIGHT AND

LEFT DECIMAL POINT.
pieces £2.00 }409 each
10 places €£3.50 35p each
50 pieces £15.00 (30p each)
100 places £25.00 (26p each)
1000 pleces £250.00 {20p each)
TELEPHONE YOUR ORDER TO
0296 613818

KIA RETURN AN AD.No 20 . ...
quality FET 100 watt fibreglass to 3
poweramp module + relay protec-
tion . . . return ad + £10.00 — 8
Cunliffe Rd., likley.

TECHTRONICS OSCILLO-
S8COPES 556 Dual Beam four
trace 50 MHz. Delay Sweep £395,
547 Dual trace 50 MHz Delay
Sweep display —. switching £250
581A Dual trace 85 MHZ £1.95,
545A dual trace 24 MHz Delay
Sweep £135. A.F. Spectrum ana-
lyser system £225. Storage oscil-
loscopes, curve — tracers,
manuals, plug-ins, spares. NOVA
3 minicomputa. Other test equip-
ment. Tel: 01-868 4221.

STEREOAMPS 120 WATT
(60+60)...Case — D.I.N. sockets
andcontrols...9-40V/Smoothing
. . . protected outputs 3/15 —
0.H.M. tested and diagrams £10/
inc. . . KIA-8 Cunliffe Rd., likley.

FLOPPY D/DRIVES: Micropolis
5%" 1071, S100 Controiler, Soft-
ware 8" Siemens FDD 120-8,
Shugart 800-2, Ail £95 EA. ONO.
06513-2553.

08CILLOSCOPE — Heath Model
082 perfect working order, un-
calibrated controls, very compact
£36. Bob. 01-441-1050. Daytime.

SHEETMETAL FOLDERS. 24" x
166" vice or bench model £50
leaflet 01-890-7838 day/eves.

PARAPHYSICS JOURNAL
(Russian transiation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer software. S.AE.
x 9", Paralab, Downton,
Wiitshire. ‘

ADAPTORS

TELETEXT (Ceefax/Oracie)
external adaptors fit any
television free cordless remote
control. £159.95 inc. VAT and
delivery. Access/Visa. Nufax
Ltd., Freepost, Bristol BS6 7YZ.
Tel: Bristol (0272) 687801-
744500.

P.C.B.’s manufdctured to your
specification. Small/Large pro-
duction. FAST PROTOTYPE SER-
VICE. Photography. Sensitised
Laminate Supplied, U.V. Exposure
Equipment from manufacturer.
ORBITECHNIC, 38 Torquay Gar-
gee?g. Redbridge, Essex. 01-550-

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. O.
Lucas, 45 Fotherby Ct, Malden-
head, Berks SL6 1SU.

PCB DESIGNS and layout. Con-
tact: Elpincrest Ltd., 46 Argyle St.,
London N18 2PP. Tei: 01-807-
9276.

JBA ELECTRONICS
Specialists in manutacture and
design of:

Microprocessor, Telemetry, and
Audio-based systems.

UNIT 1,
BRECON INDUSTRIAL ESTATE,

BRECON, POWYS, 3. WALES

Tek: (0874) 5844

SCOPES
Repaired & recalibrated, all
makes, all models.

Scopex Safgan Older TEK TQ
MENDASCOPE LTD
Otter House
Western Underwood, Olney
Bucks MK46 5JS
Tel: Bedford (0234) 712445

P.C.B. DESIGN & LAYOUT,
manuaily taped artwork pro-
fessionally produced at competi-
tive prices. James Gledhill. Tei:
01-674-8511.

POWER SUPPLIES

CLAIRTRONIC 3-Pin Plug AC
Power Units. 240/12V at 400 mA
rms. 2-Metre Jack L.ead. In-built
Thermal Fuse. Price £3.65. P&P &
VAT included. CLAIRTRONIC
LTD, Churchtield Road, Chalfont
St. Peter, Bucks. SL9 9EP.

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. Fuil details
ring: 0538 743 496.




FREE BOOKLET
on
BURGLAR ALARMS

with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440

QUANTUM
PRODUCTS

From

S.A.E. or Phone for details.

TECHNOLOGY

Airwave Communication Ltd.
Manufactures to your design, specification
or brief. From bare boards to systems.
One offs, prototypes and small batch runs.

Projects, Repairs, P.C.B. Service

AD ELECTRONICS
217 WARBRECK MOOR
AINTREE, LIVERPOOL L9 OHU

SECURITY
Alarm Systems

FREE COMPREHENSIVE CATALOGUE!
® LOWEST DISCOUNT PRICES
@ HIGHEST QUALITY EQUIPMENT
@ FREE DIY DESIGN GUIDE
@ FULLY ILLUSTRATED
@ MICROCHIP CIRCUITRY
@ QUICK DESPATCH SERVICE
@ FULL INSTRUCTIONS

SEND SAE OR PHONE
CTEC SECURITY Dept E1
Stephens Way, Goose Green,
Wigan WN3 6PH
Telephone {0942 42444)

LOWESTPRICED TOPQUALITY
fire and intruder alarm equip-
ment, etc. S.A.E. for catalogue.
Security Services, 162 High St
Hythe, Kent CT21 5JR.

BOOKS & PUBS.

HACKER'S! LIST THE UNLIS-
TED. A GUIDE FOR THE novice,
trace unlisted computer phone-
numbers, auto-dialler informa-
tion, log-on, Networks, telephone
medium, legal notes. £6.75.
Andersons Computer Services,
56 Waterloo Road, Freemantle,
Southampton.

Airwave Communication Ltd., /VO,O

JOB L Lisandra House, Sl
e N% GMALY o ahect Eastloe, Q0 < 1C&
10 Cornwall PL13 1AD. 4R

(05036) 4739 or 3407

EVENTS BOOKS

YOU AREUNDER
STARTERS
ORDERS!

For the BIGGEST Mobile Rally in the South Of
England on JULY 14th 10 a.m. to 5.p.m. at the
Brighton Race Ground . ..

THE SUSSEX®
MOBILE RALLY|

Huge “Bring & Buy Stall”, 20,000 sq. ft under
cover exhibition area, plus attractions for the
YXL and children, restaurant facilites. The Rally
which caters for the whole family. Talk IN S22
and 3.5 Mhz. Admission £1 children free if
accompanied by an adult. For further dstails
ring:

07918 - 5103

THE ART OF MICRO DESIGN

by A. A. Berk £14.95
PRACTICAL DESIGN OF
DIGITAL CIRCUITS

by lan Kampel £11.50

INTERACING TO MICRO’S

AND MICROCOMPUTERS

by Owen Bishop £6.75

PRACTICAL ELECTRONICS

HANDBOOK

by lan Sinclair

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 0UY

£6.75

.. .with ET1. CLASSIFIED...

WHO NEEDS A LOGIC
ANALYSER? lllustrated guide
shows you how to decode microp-
rocesses Buff signals using a stan-
dard oscilloscope. Price £4.99 +
40p P&P. Crossed cheques/P.O.'s
to:- Mr M Rimmer 20, Duddle Lane,
Walton-le-Dale, Preston, Lancs
PRS5 4UD.

PHONE
YOUR
REQUIRE-
MENTS
TO
CAROLINE
01-437 0699
Ext 323
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CLASSIFIED ADVERTISEMENT — ORDER FORM

If you have something to sell now’s your chancel Don’t turn the page — turn to usl |
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.

Classified advertisements under £10 must be paid for in advance.

Please use BLOCK CAPITALS and include post codes.
Classification
Name (Mr/Mrs/Miss/Ms)

ADAress

Signature Date
Daytime Tel. No.

| am enclosing my Cheque/Postal Order/International Money
Order for (delete as necessary) £.... (Made payable to A.S.P. Ltd)

=@

or debit my Access/Barclaycard
(delete as necessary)

___\ LLTEPTTT]

[ LTI

MAILORDERADVERTISING

British Code of Advertising Practice

ADVERTISEMENTS IN THIS PUBLICATION ARE REQUIRED TO
CONFORM TOTHE BRITISH CODE OF ADVERTISING PRACTICE. IN
RESPECT OF MAILORDER ADVERTISEMENTS WHERE MONEY IS
PAID IN ADVANCE, THE CODE REQUIRES ADVERTISERS TO
FULFILORDERS WITHIN 28 DAYS, UNLESS A LONGER DELIVERY
PERIOD IS STATED. WHE RE GOODS ARE RETURNED
UNDAMAGED WITHIN SEVEN DAYS. THE PUURCHASER'S MONEY
MUSTBC REFUNDED PLEASE RETAIN PROOF OF
POSTAGE/DESPATCH, AS THIS MAY BE NEEDED

Mail Order Protection Scheme

If you order goods from Mail Order advertisements in this
m.agazine and pay by post in advance of detivery

will consider you for compensation if the Advertiser should become
nsolvent or bankrupt, provided

1. You have notreceived the goods or had your money
returned; and

2. You write to the Publisher of this
publication;: summarising the situation not earlier than 28
days from the day
you sent your order and not later than two months from
that day.

Ptease do not wait until the 1ast moment to inform us. When
you write, we will tell you how to make your claim and what
evidence of payment s required.

We guarantee to meet claims from readers made in
accordance with the above procedure as soon as possible
after the Advertiser has been declared bankrupt or insolvent
{up to a limit of £2,000 per annum for any one Advertiser so
affected and up to £ 6.000 per annum in respect of all
insolvent Advertisers. Claims may be paid for higher amounts,
or when the above procedure has not been complied with. at
the discretion of this publication. but we do notguarantee to
do so in view of the need to set some limit to this commitment
and to learn quickly of readers’ difficulties.}

This guarantee covers only advance payment sentin direct
response to an advertisement n this magazine (not, for
example, payment made in response to catalogues etc,
received as a result of answering such advertisements)
Classified advertisements are excluded.
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— ATTENTION: ALL CLASSIFIED ADVERTISEMENTS MUST NOW CARRY 15% VAT ———

[t5 easy
to complain about

an advertisement.
Once you know how:

One of the ways we keep a check on the
advertising that appears in the press, on
posters and in the cinema is by responding to
consumers’ complaints.

Any complaint sent to us is considered
carefully and, if there’s a case to answer, a full
investigation is made.

If you think you've got good reason to
complain about an advertisement, send off
for a copy of our free leaflet.

It will tell you all you need to know to
help us process your complaint as l

quickly as possible.
The Advertising Standards Authority.

ASA Ltd, Dept 1 Brook House,
Torrington Place, London WC1E 7HN

If an advertisement is wrong, were here to put it right.

This space is donated in the interests of high standards of advertising.




[OMP POWER AMPLIFIER MODULES towenjor o] LARGE (2891 ] P€20 ELECTRIC TWEETERS _ MOTOROLA

Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo]
world-wide reputation for quality. reliabifity and performance ai a realistic price. Four models} § A E. FOR | tweeter produces an improved transient response with a lower distortion

e o Bl e s Fonni] CURRENT | level i cdiny i tsers . cossovr ot eauied s
power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible LIST SO saenes) FREEOE.;(lI’sL:Ua:q'eoanev' EVESA;:TE?S“SPJ?’PI(.)IOEv[;avl'\ll?](':[ér:(l:'pzu
Vu meter. Open and short circuit proof.  Supplied ready built and tested. TWEETER.

TYPE ‘A’ {(KSN2036A) 3" round with protective wire
mesh, ideal for bookshelf and medium sized Hi-fi
speakers. Price £4,90 each + 40p P&P

TYPE "B’ (KSN1005A) 3%, super horn. For general
purpose speakers, disco and P.A. systems etc. Price
£5.99 each + 40p P&P

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

OMP 100 Mk {l Amp. Module. 110WwR M.S.  dohms. I/P Sens. 500mV = 10K
Size: 360 X 115 X 72mm. Price: £32.99 + £2 50 P&P
OMP/MF100 Mos-Fet. Very high spec. 110wR.M.S.  both4 & Bohms. /P Sens
500mV = 10K. Size: 300 X 123 X 60mm. Price: £39.99 + £2.50 P&P ¥
OMP/MF200 Mos-Fet. Very highspec. 200wR M S, 4ohms. 1’P Sens. 500mV
=10K. Suze: 300 X 150 X 100mm. Price: £62.99 + £3.50 P&P TN N .
OMP/MF300 Mos-Fet. Very highspec. 300wR M.S.  4ohms.1/P Sens. 500mV & A ey
=10K Size 330 X 147X 102mm. Price: £79.99 + £4.50 P&P MF1G0

o ¥ TYPE Price £6.99 each + 40p P&P.
Vu Meter. 11 LEO's. Plastic Case. Size: 84 X 27 X 45mm. Price: £8.50 + 50p P&P TYPE ‘D’ (KSN1025A) 2 = 6" wide dispersion
o i ”~ horn. Upper frequency response retained extending
Full specitfications available on request. | '\_ down 1o mid range (2KHz). Suitable for high quality
Hi-fi systems and quality discos. Price £9.99 each
NOTE: Mos-Fets are supplied as siandard { 100KHz bandwidth & Input Sensitivity S00mV}. If required PE O 40p P&P

l 'p" .

P.A version (50K Hz bandwidth & Input Sensitivity 776mV). Order — Standard or P.A Vu METER TYPE ‘E° (KSN1038A} 3%, horn tweeter with

‘_ 3 attractive siver fimish trim. Suitable for Hi-frmonitor
19" STE R Eo R ACK AM PS Professional 19" cased Mos-Fet stereo amps. LO U DS PEA KE R S systems etc, Price £5.99 each + 40p P&P

with twin Vu meters. twin toroidal power supplies . LEVEL CONTROL Combines on a recessed mount-
XLR connections. MF600 Fan cooled. Three C‘“’f“‘" fix- ng plate, level control and cabinet input jack socket
models (Ratings R.M_S. into 4ohms) 'S"QA"‘ES“:C“' 85 x 85 mm Price £3.99 + 40p P&P

MF200 (100 + 100W. £169.00  Securicor : or #

: details.
MF400 (200 + 200)W. £228.85 Delivery Loudspeakers 5 to 18" Up to 300WRM S S.A.E. for full
MF600 (300 + 300W £274.85 £10.00 lists. McKenzle speakers at advantageous prices All

= STER EO DISCO MIXER gog\gazﬁNé}i‘S A GLET - A speakers listed 8 ohm imp

20 oz. magnet 1 ally voice coil. Ground ally fixing escutcheon. Res. Freq 40Hz. Freq. Resp. tol

» STEREO DISCO MIXER with2 X5 band L. & 6KHz. Sens 92dB PRICE£10.99Available with black grille £11.99 P&P £1.50 ea.

R. graphic equalisers and twin 10 segment 12”100 WATT R.M.S. Hi-Fi/Disco

L.E.D. Vu Meters. Many outstanding features 50 oz. magnet 2" ally voice coil. Ground ally fixing escutcheon. Qie-cast chassis. White cone. Res
i 5 Inputs with individual faders providing a Frag

useful combination of the following: 25Hz. Freq. Resp. 1o 4KHz Sens 95dB. PRICE £28.60 + £3.00 P&P ea

3 Turmables (Mag). 3 Mics, 4 Line plus Mic 15" 100 WATT R.M.S. Hi-Fi/Disco

with talk over switch. Headphone Monitor 50 oz. magnet 2" ally voice ¢oil Ground ally tixing escutcheon. Die-cast chassis White cone Res

- . Pan Pot L & R. Master Output controls. Out Freq. 20Hz. Freq. Resp. 1o 2.5KHz. Sens. 97dB. PRICE £37.49 1 £3.00 P&P ea
put 775mV. Size 360 X 280 x 90mm SOUNDLAS (Full Range Twin Cone)

6" 60 WATT R.M.S. Hi-Fi/ Multlple Array Disco etc.
voice coll. Res. Freq. 63Hz Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 ¢ £1.00 P&P ea
;" 60 WATT R.M.S. Hi-Fi’Multiple Array Disco etc.

Price £134.99 — £3.00 P&P 1
6
1" voice coil. Res. Freq. 56Hz Freq. Resp. to 20KHz. Sens. 89dB. PRICE£10.99+ £1 50 P&P ea.
8
1

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

FM MICROTRANSMITTER (BUG) 90/ 105MHz with very sensitive

microphone. Range 100/300 metres. 57 X 46 X 14mm (9 voli)

Price: £8.62 X 75p P&P

3 WATT FM TRANSMITTER 3 WATT 85/ 115MHz varicap controlled TR A, 128670 | EIAD o T

professional performance. Range up to 3 miles 35 X 84 X 12mm ¢ FRes. Freq 45H:z Freg Ress to 14KH1.PRI(SZCE°£24aQSV "‘?g"os%gpwea cone

(1022900) Py res AT IR Ty (A7 3 watt FM 4 157 150 WATT RLM.S. C16 Bass Guitar/ Disco !

POSTAL CHARGES PER ORDER £1.00 minimum Sty = 3" ally voice coill Die-castchassis Res Freq 40Hz Freq Resp to4KHz PRICE £49 99 + £4 OOP&P ea
*

AE for current lists. # Official orders welcome. & All prices include VAT ales Counter. &

60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

‘ voice coil. Res Freq. 3BHz. Freq. Resp. 1o 20KHz. Sens. 89d8 PRICE £12.99 + £1 50 P&P ea
McKENZIE
12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/ Disco
2" ally voice coil Ally centre dome. Res. Freq. 45Hz Freq. Resp. to 6.5KHz Sens. 98dB. PRICE £24.99

UNIT 5, COMET WAY. SOUTHEND-ON-SEA
B. Kn ELEcTRa”Ics ESSEX SS2 6TR TEL 0702-527572
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The NEW educational product range from Flight Electronics Ltd, all of which may
a'so be used as low cost development systems for engineers working on low budgets.

1 DT-O1 Digital Trainer

For breadboarding, digital
circuits, flip-flops and
monostable multivibrators,
counters, encoders, decoders,
multiplexers, demultiplexers
and sequencers, registers,
LED and 7 SEGMENTS LED
displays,memory devices, etc.

SPECIFICATION

AC ADAPTOR JACK: I/P DC
+12V, 800mA.

PO0WER SW: AC ADAPTOR.
BATTERY, 1.5V x 4

PULSE SW: Twe bounce-free
pushbuttons.

LOGIC SW: Eight logic level
switches in DIP type.

DC O/P: DC +5V, 750maA for
user.

B-023 BREADBOARD: Solderless
breadboard with 1580
nterconnected tie points.
CLIP TERMINAL: Logic probe
¢lip terminal.

BATTERY HOLDER: 1.5V x 4.
LED DISPLAY: Eight LED
buffered logic level indicators.
BNC JACKS.

SELECT SW: Clock range
selection.

LOW: 10 - 40 HZ.

HIGH: 1K - 20K HZ.

BANANA JACKS.

CLOCK ADJ: Fine adj. of clock
frequency.

Includes Logic Probe.

2 MPf-1/88

MICROPROCESSOR: 16 bit CPU,
Intel 8088, 4.77 MHz version
with an 8-bit data bus.

RAM MEMORY: 4K standard
RAM on two 2K byte RAM chips.
Expandabie to 24K by using
three 8K byte RAM chips.

ROM MEMORY: 16K standard
ROM on two 8K byte ROM
chips. Expandable to 48K by
using three 16K byte ROM
chips.

ROM memory contains program
code for the monitor, line
assembler, and disassembler.
DISPLAY SCREEN: 20 character
X 2 line LCD display shows any
2 lines of a 20 character x 24
line logical screen.

KEYBOARD: 59-key, full-size
QWERTY keyboard.

PRINTER INTERFACE:
Centronics standard parallel
interface with 16-pin connector.
CASSETTE INTERFACE: Can be
used with any monaural
cassette recorder.

RECORDING SPEED: 1000-2000
bits/second.

BUS CONNECTOR: 62-pir} IBM

3 MPF-1/65

SPECIFICATION SPECIFICATION SPECIFICATION SPECIFICATION

ADVANCED INTERACTIVE
MONITOR: The heart of the MPF-
1/65 software resides in 16K
bytes of ROM.

DISASSEMBLER: The built-in
disassembler allows the user to
list 502 microprocessor
instructions on both printer and
video display.

SCREEN EDITOR.

TEXT EDITOR.

TWO PASS ASSEMBLER.
PRINTER DRIVER.

DEBUGGING FEATURES.

INPUTS AND OUTPUTS
AUDIO SPEAKER.

AUDIO CASSETTE INTERFACE:
1000-Baud

PARALLEL PRINTER INTERFACE:
Centronics/EPSOM

VIDEO MONITOR INTERFACE.
COLOUR TV INTERFACE.
SYSTEM EXPANSION
CONNECTOR: 50 pin connector
to provide interface with RS-
232¢ or ROM cartridges.
KEYBOARD: Standard calculator
49 key keyboard with 153 ASCII
codes.

PROFESSIONAL
DOCUMENTATION: User's
Manual and Monitor Source
Code Listing Manual are
standard.

4 MPF-1P

Z80 CPU high performance
microprocessor with 158
instructions.

4K RAM, Battery Back-up
circuits provided for the user to
keep the contents of the RAMs
8K ROM. sophisticated monitor
expandable to 16K.

8K of sophisticated monitor.
including text editor, two pass
assembler, line assembler, break
point, system initialization,
keyboard scan, display scan,
tape write and tape read,
register and memory
modification, insert, delete,
move relation, fill and step
execution.

20 digits, 14-segment green
phospherescent display

49-key alphanumeric keyboard
including editing and functional
keys.

Audio cassette interface: 165
baud average rate for data
transfer between memory and
cassette

Extension connectors: all CPU
buses usable for expansion.
2.25" diameter speaker.
9V,1.0A adaptor provided.
Three complete self-learning
textbooks with expenments and
applications.

FLIGHT ELECTRONICS LTD

Flight House, Quayside Road, Bitterne Manor, Southampton, Hampshire SO2 4AD.
Telephone (0703) 34003/27721. Telex 477793 KEMPSA G.

5 MPF-1B

CPU: Z80 CPU high performance
microprocessor with 158
instructions.

RAM: 2K bytes expandable to 4K
bytes.

ROM: 2K bytes of sophisticated
monitor expandable to 8K bytes.
INPUT/QUTPUT: 24 system I/0
lines.

MONITOR: 2K bytes of
sophisticated monitor. Monitor
includes system initialization,
keyboard scan, display scan,
tape write and tape read.
DISPLAY: 6-digit, 05" red LED
display.

AUDIO CASSETTE INTERFACE:
165-Baud

EXPANSION FACILITY:

Z80-P10 16 uncommitted lines.
Z80-CTC 4 uncommitted timer
channels.

USER AREA: Provides a 3.5" x
1.36" wire wrapping area for
user's expansion.

POWER REQUIREMENT: 9V, 1.0A
adaptor is provided.

KEYBOARD: 36 keys including
19 function keys, 16 hex digit
keys, and 1 user-defined key.
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Right-angle pcb mounting rotary switche s I a uggy
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Stepper motor 48 steps/rev, 12V 0.13A per Yes ' It s ero
phase, 4-phase unipolar, 57g, working torque ® ®

8mNm max. ONLY £9.95 (FT73Q PP T
Driver chip for motor: SAA1027 ONLY £3.75 ety
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A new range of very high quality muitimeters
Hering truly omazing quality at the price

Pocket Multimeter, 16 ranges, 2,00061/V DC/AC

£6.95 (YJO6G)

M-102BZ with continuity buzzer, battery tester

and 10A DC range, 23 ranges, 20,0000/V DC

£14.95({YJO7H)

M-2020S with transistor, diode ond LED tester

ond 10A DC range, 27 ranges, 20,0000/ DC

£19.95(vJ08J)

M-5050E Electronic Multimeter with very high

impedance FET input, 53 ronges, including

peak-to-peck AC, centre-zero and 12A AC/DC

ranges £34.95 {YJO9K

M-5010 Digital Multimeter with 31 ronges

including 2002 ond 20pA DC/AC FSD ronges
ontinuity buzzer, diode test, and gold-plated

pcb for long-term reliability and consistent high

a

. {0.25% +1 digit DCV} £42.50
\

Sounds Terrific

Professional Quality

High Power Loudspeakers

featuring

* Virtuaolly indestructible high-temperaoture
voice-coil reintorced with glass-tibre

* 100% heat overlood tolerance
* Advonced technology magnet system
+* Rigid cast olloy chassis
* Linen or Plostitlex elostomer surrounds
* S5-yeor guorantee (in addition to statutory
ngh'
Prices from €17 97 -
Send S.A.E.tor our free leaflet XH62S >
” R L2 Y
TOp Ten Kits B May be used by any computer with RS232 facility. —
o~ B Stepper Motor controlled. . o
B Half millimetre/half degree resolution. The Moplln Service
a US?S prdlnory felt-hp.pens. _ Allin-stock goods despatched some day for o
‘. B Built-in 2-tone horn, line-follower. LED indicators.  orders received betore 2.00 pm
, All our prices include VAT ond carriage (first
THISLAST The Zero 2 Robot is the first truly micro robotic system available class up to 750g
MONTH DESCRIPTION CODE PRICE  BOOK and remarkably it costs less thon £80. Complete kit (only A 50p hondling chorge must be odded if your
1 e . » A14Q) mechonical construction required) £79.95 (LKé66W totol order is less than £5.00 gn mail-order
2 o 75WMostet Amp LWSIE €1595  Besreamm  FUll details of power supply ond simple interfocing tor BBC, except catologue
3. (2] e Party W93B €09 tamm  Commodore 64 and Spectrum, in Maplin Magazine 15 "
4. (4] e CorBurglar IW78K €749  4XAM4 price 75p {XA15R] --‘-'::‘! :“ ﬂ ?
5. (9] e Usoniclnt WB3E £ 4 XA ir S o S
6 o Computadrum p £9.95  12xA12
7. 18 e LighiPen €
8 - £
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Pick up o copy now

l ‘& Phone before 2.00 p.m. forsome doy despotch.
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MAPLIN ELECTRONIC SUPPLIES LTD ot ony bronch of

Mail-order: P.O. Box 3, Royleigh, Essex 556 8LR. W.H. Smith orin

Telephone: Southend (0702) 552911 one of our shops.

SHOPS Price £1 .35, or by s
Over 100 other kits olso avoilable. Al kit o BIRMINGHAM Lynton Squore, Perry Borr, Tel: 021-356-7292. | Po! £1 I75 L’o"‘ -
supplied with instructions. The descriptions e LONDON 159-161 King Street, Hommersmith, W6. OZLROY €9 / >,
obove ore necessarily short. Please ensure y« Telephone: 01-748 0926. oddress o
know exactly what the kit is and what it ® MANCHESTER 8 Oxford Rood, Tel: 061-236 0281 tauote CAD2C). . of / i A\ R

mprises before ordering, by hecking the o SOUTHAMPTON 46-48 Bevois Volley Road. Tel: 0703- 225831 . L4

oppropriote Project Book mentioned in the list e SOUTHEND 282-284 London Rd, Wescliff-on-Sea, Essex All offers subject to ovoilobility.

above Telephone: 0702-554000. Shops closed ol doy Mandoy. Prices firm until 10th August 1985.




