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ADCOLA
101 ELECTRONIC ACCESSORIES
CONTROLLED include:
SOLDERING SIDE CUTTERS

STATION \_,
for precision soldering > -

with accuracy suitable
for use on MOS, FET etc
240V input - 24V on tool.

Temperature range SNIPE NOSE PLIERS

120-420°C >
Many extra features .
Prm—.
‘K’ SERIES | /-
SOLDERING TOOLS L ———
FOR ALL E \
APPLICATIONS PLUS

® Desoldering Braid
® Desoldering Guns

K1000 micro soldering
® Tip cleaners

K2000 general electronic

soldering N ® Soldering aids
K3000 heavy duty soldering ED /) ﬁ/So/q/er/hy ® Lamps, Lenses etc
® Small selection of L/Ds SEE Us AT
AD_'RON@ LONG L":E B42LL B38LL BSOLL Br4LL B35LL B4aLL B36LL B37LL B46LL B4OLL
SOLDERING TIPS INTERNDPCON
itable f Il Adcol
zg;daeriig?;oans. ;i STAND 1701
: | BLUE HORN
é D C O L & For a no obligation demonstration, please contact:
T8egd Trade Marh ' ADCOLA PRODUCTS LIMITED Gauden Road London SW4 6LH

ELECTRONIC PRODUCTION EIJIIIPMENT Telephone Sales (01) 622 0291 Telex 21851 Adcola G
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This month’s front cover
picture shows the
National Semiconductor
32 bit microprocessor
smashing a “memory
barrier'”” formed by a
floppy disc. Courtesy of
National Semiconductor.
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SPACEWATCH wath Dr, Patrick Mooce « ROBOTICS BEVIEW

OUR NOVEMBER ISSUE WILL BE ON SALE FRIDAY, OCTOBER 4th, 1985 (see page 27)
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» BFR98 105 | TIP30C 37 |2N914/5 32 | 2N54589 30
D ELECTRONICS TRANSISTORS gggg/ea g R;g}A 38 | 2N918 40 |2N5485 36
[3 45 | 2N930 20 | 2NS777 4S5
WATFORD, HERTS WD1 2AN, ENGLAND AC127/8 BC3088 prxgese 35 | Tieaaa i (i ter= ansz7 32
4 2N1303/4/5 2N6109 60
‘ 40588. Telex: 8956095 WAELEC Bgs(ym gg HP33A 90 | 2N1307 70 | 2N6290 70 |
BFY52 P33C 75 |2N1613 30 | 25A636 250
Y DESPATCHED BY RETURN OF POST ‘BFY53 35 | TIP34A 85 | 2N1671B 160 | 25A671 250
BFY55 35 |11 105 |2N2160 325 |25A715 75
~  AND FULLY GUARANTEED. SEND CASH, P.0.’s OR CHEQUE BFYS56 35 | T 120 | 2N2219A/20A/ | 25C495/6 85
JUCATIONAL INSTITUTIONS OFFICIAL ORDERS ACCEPTED BFY64 40 | TIP3 130 |21A22A 25 |2SC1061 250
23 50234). TRADE AND EXPORT INQUIRY WELCOME. P & P BFY90 80 |TIP36A 130 |2N2369A 18 |25C1096 85
RSEAS POSTAGE AT COST. PRICES SUBJECT TO CHANGE. BRY39 TIP36C 140 | 2N2646 45 |25C1162 45
N 55 | BC5589 15 | BSX20 30 | TIPA1A 50 | 2N2846 80 | 25C1172/3 125
. customers please add 15% VAT to total cost incl. p&p. We 42 [ BCYa1/42 30 | BSX29 45 | TIP41B 52 | 2N2904A/05A/ 2SC1306 100
3. It pays to visit us. Nearest 9! itish Rail i 14 | BCY70 18 | BSY26 35 | TIPA2A 55 | 06A/0TA 26 | 2SC1307 150
Monday to Saturday, 9.00am to 6.00pm. Ample FREE Car parking. :: gga; gg BSYI5 35 | TIP42B 58 | 2N2926G 10 |25C1449 95
53 ' | ACITORS: 250V; 10n, 20n, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 8p; 150n, i B e | (AT 8 | W PVETE - Seom g
= . ~sUn 15p; 680n 19p; 1 23p; 145 40p; 242 46p. 13 |BD1312 85 gl 2N3054 55 | 25C1678 140
3 BU206 200 |TIP141 120 | 2N3055 50 |25C1923 65
v C CAPACITORS (Values in iF). 500V: 10pF 52p; 47 78p; 63V: 047, 1:0,1-5, 2.2, 33, 8p; 47 :10 gg}lgg z BU208 200 |TIP142 120 |2N3a42 % 25C1945 225
.0 10p: 15, 22 12p; 33 15p; 47 12p; 68 18p; 100 19p; 220 26p; 1000 70p; 2200 99p; 50V: 68 20p; 100 29 |Bp13e7 a0 MJ2955 90 [TIP147 120 | 2N3615 199 | 25C1953 90
¥/p; 22024p; 40V 15p; 22 9p; 33 12p; 330, 470 32p; 1000 48p; 220090p; ~25V: 47, 10, 22,47 8p; 100 | peian 21 EREEE 7 MJE340 54 | TIP2955 70 | 2N3663 20 |25C1957 90
11p; 150 12p; 220 15p; 330 22p; 470 25p; 680, 1000 34p; 1500 42p; 2200 50p; 3300 76p; 470092p; 16V: | pxio s 3g | gp14g 40 MJE371 100 | TIP3055 70 |2N37023 10 |2SC1963 165
25, 40 8p; 47, 68, 100 9p; 125 12p; 220 13p; 330 18p; 470 20p; 680 34p; 1000 27p; 1500 31p; 2200 38p; 4700 | piage 32 | BD158 pr MJE2956 99 | TI 50 | 2N3704/5 10 | 25C2028 85
29p. MJE3056 70 45 |2N37067 10 | 25C2029 200
BC1478 15 | BD245 65 | MPF102 40 | TIS88A 50 | 2N370&/9 10 |2SC2078 170
TAG-END TYPE: 64V: 4700 245p; 3300 145p; 2200 120p; | POTENTIOMETERS: Carbon Track, BC148C 10 | B 70 | MPF103/4 30 | TIS90 30 | 2N3710 10 | 25C2091 85
50V: 3300 155p; 2200 95p; 40V: 4700 160p; 2200 70p; 3300 | 0-25W Log & Linear Values. BC149 12 | BD695A 150 | MPF105 30 | TIS91/93 32 | 2N3mT 179 | 25C2166 165
85p; 4000, 4700 75p; 10,000 250p; 15,000 270p;  16V: 2200 | coo 1k & 2K (LIN ONLY) Single  35p BC149C 15 | BD636A 150 | MPSAQS 30 |VK1010 99 |2N3772 195 |25C2314 85
200p; 25V: 4700 98p; 10,000 320p; 15,000 345p. IMQ si g BC153%4 30 | BF11§ 45 | MPSAO6 25 |VNIOKM 70 |2N3773 210 |25C2335 200
Y s S o ey 3 |BCis7e 14 |BEIs¥s 30 |MpSAse 30 |VNdGAE @5 |2N3819 35 |28C2dc6 123
TANTALUM BEAD CAPACITORS: 8KO-2MQ dual gang stereo 29 BC159 11 | BF167 35 | MPSA12 32 | VNGBAF 110 | 2N3820 60 |25C2547 40
35V: 01y, 022,033 15p 047,068, 1-0,16 16p 2:2,3318p 47, 9ang P_| BC167A 14 | BF173 35 | MPSASS VNI 120 |2N38223 60 | 2SC2612 200
6822p 1028p 16V:22,33,16p 47,68,°018p 1536p 22 | g \nER POTENTIOMETERS BCl68C 12 | BF17?7 35 | MPSAS6 30 |VNSIAF 120 3866 90 |25D234 75
36p 33, 47 50p 100 95p 220 100p 10V: 15, 22 26p 33, 47 0.25W log and linear values 60mm track BC169C 12 | BF178 35 | MPSA70 40 |zZrxi07/8 12 | 2N39034 15 | 28K45 20
50p 100 75p. g : BC171/2 12 |BF179 40 | MPSUO2 S8 |ZTX109 12 |2N39065 15 |25K288 225
5K-500KQ Single gang 80p [BC173 15 |BF1945 12 |MpSU 21X N
SILVER MICA (pf) SIEMENS mulitlayer miniature S B B el . 2 212 28 |2N4037 60 |25J83 223
2,33, 47, 68, 82, 10, 12, 18, | capaditors. PRESET POTENTIOMETERS gl S s a2 MPS 06 60 |ZTX300 13 [2N4058 15 |2SJ85 225
25,27, 33, 39, 47, 50, 56, 68,78, | 250V: 1nF, 1nS, 2n2, 3n3, 4n7, | 0-1W 500-2:2M Mini Vert. & Horiz. _8p | BC181 %0 | BF22a e[ e ZIX3012 16 | 2N406i2 15 }3N128 115
8285, 100, 120, 150, 180 15p. | 6n8, 8n2, 10n, 15n, 22n 7p; 18n, | 0.25W 2200-4M7 Vert. & Horiz. 12p |BCi823 10 |BF244A 28 MPSUS5 60 [ZTX303 25 |2N4264 30 |3N140 115
220, 750, 270, 330, 360, 350. | 27, S3n, 47n Bp; Jon, 56n, 68n BC1a4 0 [ NS (T e O D s o | B M [ T
470, 600, 800 & 820pF 21p. | 9P, n p- - - S
B 0 o amin | T00V: 1000, 130n, 30p; 150n 11p; | REISTORS Histab, finiathe=lis BT 2 Lo s el O acp2 20 500/1 14 [2N4400 25 [40313 130
3300, 4700 60p each | 220n 13p; 330n 18p; 470n 23p; NEE vaL 199 100+ |BCreat 10 |BR2sie 32 OC41/42 75 |ZTX5023 18 |2N4427 80 |40361/62 70
580n 30p; 1MF 34p; 2M2 S0p. s oA R f 0C70 40 |ZTX504 25 |2N4859 78 40408 76
= i p p |BC1867 28 | BF259 40 | 0C72 50 |ZTX531 25 |2N5135 30 | 40412 30
CERAMIC Capacitors: 50V POLYSTYRENE Caps: 05W 202-4M7 E12  3p 1p |BC2123 12 | BF3%4 40 |0C7%76 55 |ZTX550 25 |2N5138 25 | 40467 130
Range 1pF to 6800pF 4p; 10nF, 10pF to 1nF ép w 202-10M  E12 6p 4dp BC212L 10 | BF451 40 | OC76 50 | 2N696 30 |2N5172 25 | 40468 85
15n, 33n, 47nF Sp; 100nF/20V 7p 1ng 0 12nF 10p 1% Metal Film 51Q-1ME24  8p 6p BC213L 12 | BF4S4/5 40 | 0C81/82 50 | 2N697 23 | 2N5180 45 | 40594 105
220nF/6V 8p- BC214 10 [BF594/5 30 | OC83/84 70 | 2N698 40 | 2N519% 75 | 40595 110
BC214L 12 | BFR3%/40 25 | TIP29A 32 |2N699 48 |2N5194 8O | 40603 110
RESISTORS S.1L. Package: 7 Commoned, 1000, 4700, 6800, 1K, 2K2, 4K7, 10K, 47K, 100K 18p. BC237/8 15 |BFR41/79 25 |TIP29C 38 |2N706A 25 |2Ns305 24 | 40673 70
8 Commoned: (9 pins} 150Q, 1800, 2700, 3300, 3300, 1K, 2K2, 4K7, 6K8, 10K, 22K, 47K, 100K 20p. BC307B 15 | BFR80/81 25 | TIP30A 35 | 2N708 25 | 2N5457 30 | 4087172 90
£3| 11459928 £16(745280 00{7472 50| 74221 150| LS91 90{1S326 2904040 604527 65
8228 310| TMS9929 £16(745281 00|7473 50| 74246 130|LS92  55(LS327 29014041 60 | 452! 70
6§55 CMOS 8243 290 | ULN2003 751748283 00(747a  45|74247 120{LS93  55|1S347 12014042 504523 145
702 £11|UPD7002 440|745287 200|7476  55|74248 145[1S95  70|1S348 1404043 45{4530 90
709C 8 pin 8251 350| UPD7007 725(745288 1807476 45| 74249 1751596  90|1S352 110|4044 4531 120
710 8253 370{WD1691 £14745289 200|7480 60| 74251 LS107 4011S353 110/4045 110(4532 65
741 8255 400 WD1770 £15]745299 540|7481 175 74259 150|LS109  45|LS355 2204046 60(4534 365
747C 14 pin 8256A £15(wD2143 850745301 350]7482 100 74265 260|15112 45|1S356 2004047 4536 250
748C 8 pin 8267A 780CPU 26  295|745365 250(7483 100]74273 180/LS113  40|LS363 1504048 55| 4538 80
753 8 pin 8259 400| ZE0ACPUAM 380745373 3757484  110/74276 130[LS114  40|LS364 150/4049 4014533 80
810 8271 £49| Z80ACTC 310|745374 375|7485 100| 74278 160{LS122 70|LS365 504050 354541 95
9400CJ 8272 £15 2808 £8745412 38017486 40| 74279  80}LS123 BO|LS366 504051 7014543 70
ADCO808 8279 750! Z8ODART 650745470 325|7489 200(74283 100|LS124 125(LS367 4052 604544 150
AY-1-1320 8282 450 Z80ADART 800745471 6800|7430 55/74284 440(LS125 50|LS368 504053 60[4549 400
AY-1-5050 8283 450 | Z80ADMA 900745472 4007491 70| 74285 300|LS126 50|LS373 1004054 85(4553 245
AY-1-6720 8284 550 [ Z80DMA 7951745473 007432 110[74200 80/1S132 60|LS374 100|4055 85/4554 180
AY-3-8910 8288 £11|2Z80P10 250745474 4007493 50| 74293 LS133 50(LS375  70(4056 85 [ 4555 35
AY-3-8912 8748 £33 Z80AP10 315|745475 4257494  100{74297 17515135 28]1S377 1304057  £10|4556 55
AY-5-1317A 8T26A 992805101 8501745571 300|7435  60|74298 160[LS136 45(LS378 9514059 4204557 250
AY-5-3500 8727 150 | ZBOAS10 900 745573 450|749 75| 74351 180{LS138 60|LS379 130|4060 704558 120
AY-5-8100 8731 Z80AS10-2 200{ 74365 70[LS133  60(LS380 3104061 £6/4569 395
CA3011 8T95N 1S145 95/1S382 310{4062 995(4560 150
CA3012 8T97N LS147 16515384 63 90[4561 104
CA3014 9364AP LS148 130|LS385 4066 454562 350
CA3018 9602 LS151 70|15386 504067 245|4566 160
CA3019 AM26LS31C LS153 70/LS3%0 604068 25|4568 250
CA3020 AM26L. LS154 155(LS393 1004069 25(4569 175
CA3023 AM26L533 15155  70|LS3%6 11014070 254572 45
CA3028A AMT7810 LS156 70|LS3%6 300{4071 25(4580 255
CA3035 AY-3-1015 LS157 60|LS398 1954072 25(4581 125
CA3036 AY-E-1013 L5158 60{LS399 1404073 2514582 99 !
CA3043 AY-5-1350 LS160 70|LS445 1254075 254583 100 |
CA3045 AY-5-3600 LS161 70|1S447 8014076 70| 4584 55
CA3046 CD4724 L5162 70|LS465 140|4077 254585 55
CA3059 COMB017 LS163 70|LS467 120(4078  25(4599 155
CA3075 DM8131 LS164 75{LS4%0 1504081 2540097 4S5
CA3080E DP8303 LS165 110|LS540 100} 4082 2540098 42
CA3081 DP8304BN LS166 150!LS541 1004085 60{40100 215
CA3085 DS3647 15168 140(LS624 1554086 40101 130
CA3086 DS3691N LS169 100/LS629 130[4089  125(40102 140
CA3090AQ DS8820 LS170 140{1S640 200|4093 40103 412
CA3123 DS8830 LS173 100|LS641 150 7040104 120
CA3130 DS8831 LS174 75|LS645 1954095 9540105 -220
CA3140 DS8832 LS175 70|LS668 904096  100(40106 60
CA3160 DS88LS120 LS181 190{LS669 90|4097 275(40107 SS
CA3161E E9364 £5183 190|LS670 1170|4098 8040108 325
CA3162 E9365 1S190 85[LS673 820|4099 7540109 100
CA3189 899! FD1691 LS191 85!LS674 800{4160  95(40110 235
CA3240 FD1771 L5192 80|LS682 2504161 99140114 240
HA1366 'FD1791 LS193 80([LSes7 350(4162 9940161 194
HA1388 FD1793 LS194 75 4163  99(40163 75
ICL7106 FD1795 LS195 75 Emana 99140174 75
ICL7107 FD1797 LS19%6 85 4175 105[40175 75
ICL7611 HD26501 LS197 85(4000  20|4134  105(40181 220
ICL7660 HD4315 LS221 854001 25 850(40192 75
ICLBO38CC HD6301 LS240 804002 254409 850[40193 95
1CL8211 HM6845 LS241 804006 70[4410 725|40194 90
ICM7217A IMB402 LS242 954007 25(a411  750(40195 80
ICM7224 INS8060N LS243  95|4008 60{4412 BOS|40244 195
ICM7240 M58174 LS244,  80|4009 454415 590140245 19§
ICM7555 MC1488 1S245 1004010 40[4419 280140257 198
ICM7556 MC1489 1S247 1054011 25{4422 770(40373 220
LA33 MC14411 LS248 1054012 25(4433  770{40374 220
LA4031P MC14412 LS249 1054013 35/4435 8
LA4032 MC3242 15251 75/4014 6014440 999
LA4400 MC3446 1S253 754015 60}4450  350|74HC00 55
LA4422 MC3447P LS256 904016 40|4450 450{74HC02 55
LC7120 MC3486 LS257  75|4017 55/4500 395|74HC04 S5
LC7130 MC3487 LS258  75{4018 60| 4501 40|74HC08 55
LC1137 MK3886-2M LS259 1254013 60/ 4502 60|74HC10 55
LF347 MM85280D 15260  70|4020 8014503 40{74HC20 S5
LF351 MM5303 1S261 1004021 604504 100|74HC32 S5
LF353 MMS5307 LS266 604022 70|4505 350|74HC24 135
LF355 MM5387A LS273 1120|4023 304506 100{74HCS1 55
LF356 MM58174 1S275 350{4024  50|4507  45|74HC74 70
LF357 RO-3-2513L LS279 70[4025  25{4508  130|74HC86 60
LF398 RO-3-2513U LS280 1180|4026  90|4510 55| 74HC107 70
LM10 SAA5050 LS283  80|4027 454511 65|74HC109 75
LM301A SFF96364E LS290 80|4028 454512 55| 74HC139 120
LM307 SP0O256AL2 LS293  80|4029 75[4513  150|74HC153 135
LM308 TCM3101J LS294 9994030 35[4514  115|74HC160 35
LM311 800| TMS2716-3 LS295 140{4031 130[4515  125|74HC161 135
LM318 135 TMS4047 LS297 850|4032 854516 65| 74HC164 135
LM319 95 TMS4164-15 15298 100(4033 130|4517 275} 74HC165 270
LM324 470| yusT PHONE |B156 400| TMS4416-2 1S299 225(4034 140{4518  50|74HC173 120
LM334Z 525! vOUR ORDER, | 8202 £25| TMS4500A LS320 210|4035  70{4519 35|74HC174 129
LM3352 1 400 WEDO | 8212 220] TMS45323 1S322 3604036 250|4520 55
LM337 425! yueResT |8214 495 TMS6011 LS323 4004037 115|4521 1315 1
LM339 350 8216 150] TMS9914 1S324 150(4038 754522 125
LM348 TA7120 120 BNE 8224 £3| TMS9927 (S325 1504039 280)4526 60




SPEAKERS OPTO 0:5' LCD VOLTAGE REGULATORS DIL Tumed
gﬂn, 0-3W, 2"; 225", 25", o LEDS price includes Clips D]ISPLAYS T0220 Plastic Casing SSSKE S S: SPECTRU M
Taw, 257 s00; o e RSN CL T | Yl S AR T LR
gL 80P | 111212 Yellow 14 12v 7812 4sp 7908  55p | 8Pin - 8p  28p 25p
TIL220 -2" Red 12 15V 7816  45p 7912  55p |l4pin  10p P 30p
RICDES BRIDGE 02 Yel, Gm, Amber 14 9PTO By 7e1e asp 1915 ssp 16pin  10p 42p 35p
AA119 8 | RECTIFIERS | Rictangular LEDs with e - 12 7824 4sp 7918 sSp |18 g;: ;g: ggs :‘;:
AT ) KA R o e o 5 i 133’"‘ Toge. Zos e 05 sop |2pn 220 esp 708 | Upgrade your 16K Spectrum to full
BA10 10 | 147100V 20 | LEDS 18 10 | & 78LgZ 30p i - R B with our RAM Upgrade Kit. Very
ngxe) ey % g"?'}?:!:;'n;ELDEs; e IteTe Dariinglon 13y e g% 912 s0p 2 pin _ 30p 99p sop | simple to fit. Fitting instructions
BY127 10 | 24550V 26 | 0-2" Bi colour LEDs 15V 78115  30p 79L15  S0p supplied ONLY £18
TIL111 70 ZIF SOCKET pplied.
CRO33 198 | 2A4/200v 40 | Red/Green 100
0OAg 10 | 28a00v 42 | Greenvellow a0l ICEZIES MZ0Nil c17660 248 1M31I7K 250 Al T .
0A47 10 | 2A%600v 50 | 0-2" Tri colour LEDs 78H05 5V/5A 550 LM317 99 way P IDC CONNECTORS (Speed block type}
0A70 9 | 64100V 83 | Red/Green/Yellow gs 2N5777 50 | 78H12 12V/5A 640 |M323K 500 o Gy (o
0A79 10 { 6A/400v 95 | 0-2" Red High Bright 59 N33 135 | 78HG+5 to LM337T 175 DY S PCBMale  Female  Female
0A81 10 | 6A%600V 125 | High Bright Green or gg‘hd'!’de 720 | 4aay 5A 695 LM723 30 e (e with latch Header Card-Edge
0A85 10 | 1047200V 215 | Yellow 100 i 79HG ~2.25V to TBA625B 75 e R 2rows Stt.  Angle Socket Connector
0AS0 8 | 10A%600v 298 | LD271 Infra Red (emit) 46 _Receiver 715 | “54y 54 785 RC4194 375 fins older Pins  Pins
0A91 8 | 25A/200v 240 | TIL32 Infra Red (emit} 52 oPTO LM309K 120 RC4195 180 }G 45; 51’508’ }ga:v 19329 1?_’%9 1!:559 :ggp
e e T R R S A RT3 R o 8 S
0A202 8 TIL38 50 | Reflective SWITCHES 2 150p  195p 26 way 175p 200p 150p 320p
INOTS g TiLe1 82 TLioo 90 | JOW 0225 ) e psov TOGGLE 2A 250V |— vy =5 e 2 00Pe 2300 1a%n, B
N6 Mo a2 o — 10 RS 186 | 1A DPDT 14 SPST 35 | RIBBON CABLE Eoy 2355 270p 2008 a70p
i o0s 2 ZEN| s 2*1"'5':"0‘ R A DPDT C/OFF 15 DPDT 48 {price per foot)
1N4004/5 6 Range: 2V7 to 321 - 0 ALW.BOXES 2ADPon/on/on 40 4 pole on off 54 Ways Grey Colour
3 S | asv a00mw TIL322 -5" C.th 140 | 4x212x2" 100 10 15p 25p SPECIAL OFFER
1N400&/7 8p each | DL704 3' C.Cth 125 | ax23ax212103 e 6 20p 30p
INag 4| 8P DL707 -3' C.Anod 125 | axax2V2" 120 | PUS SUB-MIN 20 25p  aop L% ot
IN5401 12 | Range: 3V3to | END357 or 500 130 | 5x4x2" _ 105 | Sering loaded TOGGLE 2 amp % 20 P 2764 - 250ns 250 245
1N5404 14 | 33v. 1-3W .3" Green C.A. 140 | 5x234x 112" 90 | Latching or SP changeover 84 | 34 50" » 27128 - 250ns 400 395
IN5406 15 15p each | +1 .3 Red or Green 150 | 5x234x212130 | Momentary 6A SPSTonoff S8 | a9 aop a°" 6116LP — 150ns 250 235
:345:08 13 VARICAPS Bargraph 1(35 seg. Red 275 | 5x4x12" 99 | DPDT cover 200 gpir goff 85 | g4 50p 125p 6264LP — 150ns 580 575
Bargraph NSM3814 500 | sxax2'2" 120 SPDT Biased 105
15921 9 \881058 40 6x4x2" 120 DPDT 6 1. 80 |
6A/100V 40 | BBIO6 40 | FERRIC CHLORIDE xdx3 150 | MINIATURE oPOT COFF a8 | 2 €O NNECTORS: & 3, | TRANSFORMERS
e A Crystals 1ib 7x5x3* 180 | Non Locking DPDT on/on/on 185 way ey ey vemy | BO3V606V: 909V 12012V, 15015V @I0OMA..... 1300
6A/800V 65 8x6x3" 210 | Push to make 15p DPDT Biased 145 PCB mounting; miniature; Spit bobbin.
TRIACS 150p + 50p p&ip 1gx4‘/ax3” 240 Pus#Ab’;evak(Ad 25 goie 2 e 220 | mALE IVA:  2x6V /025A;  2x9V /D1SA;  2XI12V /B-12A;
3M100v 48 10x7x3" 275 | RO justable Stop Type Sold: 55 80p 120p 150 XI5V O2A .. )
SCR's 3wap0v 56 | DALO ETCH RESIST il Lo e o FR 0 Ry, JeA T CUTZEE S Angle 110p 1759 225 300p |6VA: 2x6V /05A 2OV D3A:  2xiaV D-25A;
Thyristors 3A/800v 85 | Pen plus spare tip 100p | 12x8x3" 295 | 2 to 4 way, 4 pole/2 to 3 way 48p | strait 100p 100p 160p 250p | 2x15V O2A ... . k . mp
y BA/I00V 60 :
23’301)‘3,"" g 8A/400v 89 | COPPER CLAD BOARDS ROTARY: Mains 250V AC, 4 Amp  68p | FEMALE 2&""”" 3‘;"‘5533'22-”""’2st f4A;  2x12V /03A;
SA/A00V 40 | 8A/800V 115 | Fibre Glass  single sided  double sided E Solder 90p 125p 180p 275p | 7x 15y 2SA .
SAGO0V 48 | 124100V 78 DIP SWITCHES: {SPST) 4 way 85p; Angle 150p 200p 2600 3008 | NIV EOBA
8A/300V 60 12A/400¥ gz 6"x6" 100p 125p (Gs»";snai)p 8:4;3 87p; 10 way 100p; Strait  100p 125p 195p 358p 12V2%VZI>$\8/5 11A3; 2XV /0A6; 2X12V MASSZ}%/D/DQ:))
BA/GOOV 95 | 127800V 135 | &'x12" 175p 2250 way 190p. :
VA: X6V /1AS;  2X9V A1AZ 2X12V /1A;
124100y 78 16A100v 103 AMPHENOL CONNECTORS RS e Ok 20p B V2o oA
12A/400V 16A4/400V 105 IDC 25 way blg. 385p, Ski. 450p 380 (600 php)
12000 195 | 16n800v 220 | VEROBOARD — IDC  Solder SIVA: 2X6V /4A; 2x3V [2A5; 2X1V 72A; 2X15V /1S
BT106 150 | 25A400v 185 3, 2 Plain o Board  1spp | 24 way IEEE plugs 465p  460p EDGE CONNECTORS | 5520y /1A2; 2x25V /1A; 2X30V /0A8 .. 520p {65p p&p)
212x3%" 95 — P k) 1 )
AR 553 B0V 296 | 77 s op — DPBoard 395p |24 o JEEE Skl s ggg: ggg: ax Bway  —  3ep | SIVA maltirail: +5V/BA 12V, 4+ 25V, 5V, 12V @( 1A m;
C106D 38 Oy _. Vero strip 95p 2x12 = 160p 65p p&p
fjcas™  H2a. . 450 AhNT o moTeies 36 way Centronics skt 480p  450p | g |oxibway —  168e | 100VA: 2X12V /AA; 2XISV /3A; 2X2NV 12A5; 2X29V A
Ticas 29 33ax17" 420p 275p Veroblock 4so Sockets|2X18way  175p  160p | 2% 30V AIAS; 2X50V 1A 9550 (75p plip}
T2800D 125 P P i
Tcay 35 434x18" §90p — S-Dec ASTEC UHF MODULATORS 0.1" 2x22way  200p 1700 | ipS pio charge to be added over & above our noma\ postal charge)
2N5064 38 Pkt. of 100 pins  §5p Eurobreadboard590 6MHz Standard 375p | 20 way way  150p
pi 2X25 way  250p 245p
2N4444 130 SOLDERCON | Spot Face Cutter 150p glmb?;rd 1SSZ £13 8MHz Widebanpd 550p 3259 2% 28 way i80p - JUMPER LEADS
Pin Insertion Tool185 uperstrip Way  12x30 wi 2 -
PINS 85p vty iDC
100 asp | VERO WIRING PEN and Spool 380p | ANTEX Soldering Irons SSERS s o ey e e e P
DIAC 500 200p | Spare Wire {Spool) 75p; Combs 8p ea. | C15W 800p C517W 620p 2x43way  400p — 1 end 160p 20p 20p J0p
ST2 25 Wire Wrapping Stakes 100 250p | Gisw 620p XS25W 650p 2x7Sway  60Op — 2 ends 20 mp 4a0p 0
BT TELEPHONE CRYSTALS
COMPUTER CORNER T TELERIHON S BBC MICROCOMPUTER
A LJU 1/4A Mini Line Master 435p
® EPSONLX80Printer NLQ...................c...... £225 | 0 1ea Mini Line Extension 2950 ZOOKHz 370 | SPECIALOFFERTHISMONTH ... ONLY £289
A AR B e iz 3781 We stock the full range of BBC Micro peripherals, Hard-
® EPSONRX8OF/TPrinter.................cccccoooev.. £219 LJU 3/4A Flush Master 370p 1.008M 275 ware & Software |Ike, Disc Drives (TOD quallty Cumana &
| D S 2% | 13W%° 38| Mitsubishi), Diskettes, Printers, Printer Paper, Interface
® EPSONFXS80Printer ... -£315 | Sway BT plu 16MHz 595 | Cable, Dust Covers, Cassette Recorder & Cassettes, Mon-
plug 65p M
1oMHz 535 | itors, Connectors (Ready made Cables, Plugs & Sockets),
® EPSONFX100 Printer ... DISC ALBUMS 2.0MMz 225 | Plotter (Graphic Tablet) EPROM Programmer, Lightpen
Attractively finished in beige | 24576M 200 | Kit, Joysticks, Sideways ROM Board, EPROM Eraser,
4 C 2.5MHz 225
® KAGA/TAXANKP810Printer ..................... £239 | |eather-vinyl, these conveniently | 286250M 220 | Machinecode ROM, The highly sophisticated Watford's
store up to 20 discs. Each disc | 32768M 150 | 16K BEEB DFS, WORDWISE BEEBCALC, Software (Edu-
©® KAGATAXANKP910Printer ... . £339 | can easily be seen through the | 3o 3% | cational Application & Games), BOOKS, etc. etc. Please
clear view pockets. 20MHz 350 | send SAE for our descriptive leaflet.
1 4.032MHz 290
® BROTHERHR15 Daisywheel Printer............... £325 ONLY £4.25 4134304M 200
i 1/,
4433619M 100 51" DISC DRIVES CASED
$ - - 4608MHz 200
® Centronics PRINTER CABLE for all the above 5Y4" Disc Drive agoMiz 200 WITH POWER SUPPLY & CABLE
printerstointerface with the BBCMicro.............. £7 HEAD CLEANING KIT g:%ﬁ;m % ® CS100-TEC Single sided 40 track 100K 54"
. £9 524288M 390 Single DiscDrive......cc.ooviiiiceiiiiiiiiicen £107
® KAGA KX1201G Hi-RES, Green Monitor.  £90 GOMHz 140 9
BBC MICRO S5stmiiz 200
{ 200 .
® ZENITH 12' Hi-RES, Green Monitor 40/80 WORD PROCESSING 70Miz -~ 1s0 | @ €S200 — Epson Double sided 40 track 200K
1 I itch, value f £66 7168MHz 175 5VYa" Single Disc Drive ....................... £110
column select switch, value for money. PACKAGE S TR T IBIE DI DA -y
- 2 150
® MICROVITEC 14" colour monitor. RGB input. Lead A comp:(lete wor:d hproceiS- seorzm 178 | @ CS400S — MITSUBISHI Double sided 80
incl. ing package {which can be | %0MH: 200 14" Si i i
hega\le mgdif(ied ich can be | som. 35 track 400K 54" Single Disc Drive............... £135
" . " ’ OMHz 175
® MICROVITEC 1451 Hires 14" Monitor_incl | quiroments, maintaining | SO 12| @ CD400— EPSON Double sided 40 track 400K
Lead £229 3 U i 50 . }
i large discount). We supply il L0 5Va" TWIN Disc Drives.........coccvceccvrerricennn, £185
® KAGA Il 12° Hi-RES, RGB Colour Monitor £255 | everything you need to get | 12528MHz 300
i i 4.7256M 175 CD. - | i
® KAGA Il 12" ULTRA HI-RES, RGB Colour a BB Wice ‘runn|ng o }4'755'““1 ;5'-‘ o tra ksg(())osK 5V "MTI\./\r/|sNUgss'[;I i e s'deéjzsggo
e 5 £310 word-processor. Please call Is0MHz - 280 C! 4 IscUrnives ..
) . 220
in for a demonstration. R 220
A 1842 150 [ @ DFS Manual (comprehensive) .....£7 (NO VAT)
® TEX EPROM ERASER. Erases up to 32 ICs in | Example Package: e e [ e I Ay G S S USSR AAS) occoo
15-30 min. £30 | BBC Micro, with DFS Inter- | 209z 130
- ; 2a950mHz 335 | @ TWIN Disc Drive CASE with Power Supply to
® Spare ‘UV lamp bulbs s | face, Wordwise, Twin 400K | 253500 328 house your own Drives £38
TEC Disc Drives, 12" High- FEeay ! RS s e &
1/ 14 i . . g ’ ,
® 84" or 9Y2" Fan fold paper (1000 sheets)  £7 (150p) | res green monitor, Brpther z7145M 190 [ N B A} single drives with power supply with be
HR15 Daisywheel printer, | %cteorm 340 PR B ool Ceri o BT e o
3366667M 240
MANY MORE PRINTERS, MONITORS, INTERFACES, | gocpcalc & Database soft. | 8oMi 280 | SaPblec i @ twin Lase for fater inclusion of a
AVAILABLE. CALL IN AT OUR SHOP FOR DEMON- 7 : 5 At secon ve.
STRATION OR WRITE IN FOR OUR DESCRIPTIVE | ware on Disc, 10 3M Discs, | [tz ~ 295
LEAFLET. 500 sheets of paper, 4 way | 1458MHz (Carriage on disc drives £7 Securicor)
mains trailing socket, man-

{P&P on some of the above items is extra)
Call in at our shop for demonstration of any of the uals and all cables.
above items. Be satisfied before you buy. Only: £999

FORD ELECTRONICS

Tel. (0923) 40588 Telex. 8956095




AUDIO EFFECTS

64K DDL & MCS MORE P.E.

DIGITAL DELAY LINE & MICROCOMPUTER -
CONTROLLED SAMPLER FOR SUPERB MUSICAL EFFECTS

MONO-STEREO ECHO-REVERB (P.E. Sept. ‘84) 200ms echo (extendable), tengthy
reverb, muttitacking. Kit as published. Set 2188K £57.66
ENHANCED PHASER {P.E. Oct "84) Enhanced phasing with modulated filter shifting.
Kit as published. Set 2268K £42.36
RING MODULATOR (P.E. NOV. '84) Fabulous effects %eneration. With multiwave-
form VCO, noise gate & ALC. Kit as published. Set 231BK £45.58
X i ., 1 MONO-STEREO CHORUS-FLANGER (PE. Jan. '84) Superb dual mode music
Published in Practical Electronics enhancement. Kit as published. Set 235BK £59.99
CYBERVOX (E.E. Apr. ‘85) Amazin%(robot type voice unit, with ring modulator and
reverb. Kits as published. Set 2288 £44.76
STEREO NOISE GATE & VCA {P.E. May ‘85) Automatic noise reduction circuit for
mono or stereo. Kit as published. Set 2278K £26.61

Full 64K memory. Up to 67KHz sampling rate. Audio bandwidth over 15KHz. Features special wow-
less circuit controliing musical detay range from 4mS to 8 seconds. Maximum special effects delay
65 seconds. Companding ADC & DAC converters with equivalent of 15 bit sampling. Infinite loo

sample storage. Controlling sweep modulator. Intemal and extemal digital and voltage control.

Effects generation for chorus, double tracking, reverse tracking, echo, flanging, phasing, reverh, SIGNAL GENERATOR & F-V (P.E. Jan. '85) Audio test equipment. Multiwaveform

vibralo, looped repeat and pitch variation, microprocessor control. BBC, Apple, Commodore and VCO, & freg. to voltage converter, & sweep gen. Kit as pub. Set 233 £46.96
simifar micros, or stand-alone. Mains powered. €T 234-BK £275.00

MICRO CONTROLLED SAMPLER FOR ECHO, gy kel e TR o L ot gl VY

REVERB AND OTHER DDL MUSIC EFFECTS ENVELOPE SHAPER: Note triggered ADSR with VCA SET 174 BK  £2520

FREQUENCY DOUBLER: Guitar octave raiser & tone changer SET 98 BK £15.30

% 8 s y “u RUZZ: Smooth distortion, retains attack & decay character SET 209F BK  £1958

o N v TN GUITAR SUSTAIN: Extends note decay time, with noise gate SET 222 BK 253

O O‘ O @ Q O GUITAR TO SYNTH INTERFACE: With voltage & trigger outputs SET 173 BK fna

- .- HAND CLAPPER: Auto & manual variable clap effects SET 197 BK £26.69

; g ' MOCK STERED: Splits mono signal into stereo simulation SET 213 BK £24.37

:\bridged version ;’]f me;ggvisalmplgr excl:dmg °"(;b°.a'.‘|jam‘im‘;%:s"d “m;.)na%d&; ‘K’B’E‘g"[’;ggl MUSIC MODULO: 8 variable tremolo & wah guitar effects SET 195 BK  £2356

rom @ micro such as BBC, Apple, Commodore and similar. Includes compagem 2 RHYTHM GENERATOR: Computer driven, BBC, Apple, 64 & similar SET 185 BK  £3464

computer interface, mix, feedback, filter, gain, level, PSU. SET 246-BK £95.00 STORM EFFECTS: Auto & manual wind, rain & surf effects SET 154 BK 2360

DDL & MCS published texts can be bought separately at £1.50 plus large SAE. Other texts available TOM-TOM SYNTH: Sound triggered, multivariable drum effects SET 190 BK £1937

separately at 50p plus large SAE. R i ) A TREMOLO; Mono variable depth & rate moduation SET 136 BK 1582

Boxes are steal & aluminium with black finish. All kits include PCBs, parts, instructions, boxes, VOCODAVOX: Modular vocoder, 7 chans extendable SET 152 BK £79.9

wire, solder. VODALEK: Simple robot type voice modulator SET 155 BK £18.31

For catalogue of over 70 kits. Send 9x4 SAE. {for overseas catalogue send £1 or § {RC’s). . "
Mail orderg Payment to Phonosonics, CWO, CHQ, PO, Access, Visa. Insurance cover 50p per £50 WAH-WAH: Auto, manual & note triggered, switchable SET 140 BK £24.36
{obligatory on credit card orders. Details correct at press. ESOE. Despatch usuaily 10-14 days. Add 15% VAT. Add P&P £1.50 each kit. (Overseas Rates in Catalogue).

BECKER-PHONOSONICS, DEPT PE50, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED.
TEL: ORPINGTON 37821 (STD 0689, LONDON 66).

BOxgs DIGITAY,
- Lock

TOR ) op KIr

PASSQgi C’f;ﬁﬁﬂfﬁ 0. astic, dj Crates from 5 1o, | gy e
pbody heat at up to
10m. 12Vdc supph(

Output N/c contacts
uggo 135 £45.00

FREE 28 page
catalogue. Send 9x6 SAE
NOW!
Telephone orders —
RAccess & Barclaycard
RING 01-567 8910 (24hrs)

Term nato,
36p /prrs

BATTERIES
10X NIiCADs eg AA 90p

h *
size 80750 180 & Chargers

ELECTRONICS ORDERING INFORMATION:

13 BOSTON RD ALL PRICES EXCLUDE VAT

FREE P&P on orders over £20(UK only), otherwise add
LONDON W17 BSJ 75p + VAT. Overseas P&P: Europe £2.75. Elsewhere
Tel. Orders: 01-567 8910 £6.50. Send cheque/PO/Barclaycard/Access No.
Enqniries: 01-579 9794 with order. Giro No. 529314002.
b LOCAL AUTHORITY AND EXPORT ORDERS
Shop Hours: Mon-Fri. 9am-5pm WELCOME
Sat. 10am-4pm. GOODS BY RETURN SUBJECT TO AVAILABILITY
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UNIVERSAL
NI-CAD CHARGER

wiéh batten'/: te,s;tp:f;acility and LED
indicators. For )
AA, C & D cells. £5-99

D.C. RELAYS
B1A. 14-PIN DIL, 1-pole /o 1A contact. Coit 5v-
12V, 1200R. 75p ea. 5 for €3 or 10 for £5
PCB mntg. Reed 5V Coil
E1M0 1-pole n/o 2A. 175R 90p ea or 5 for-£2.50;
E1MC 1-pole n/c 2A. 140R 90p ea or 5 for £2.50;
E2NZ|52-p0Ie 1 n/o. 1 n/c. 2A 100R. £1.10 ea or 5

£4.

62L 1-pole c/o 10A contact. Coil 4V-8V 70R 26 x
10mm footprint, 25mm tall £1.90 ea or 3 £4.70
G2v 2-820Ie /0 1A contacts. Coil 4V-8V 60R PCB
M

ntg. £2 ea
KH11 4-pole c/o 3A contacts. Coil 12, 150R.
Solder tags £2 ea or 3 for £5.50
K52 2-pole ¢/o 6A. Coil 9v-18V, 180R. PCB mntg.
£2 ea or 3 for £5.50

NI-CAD RECHARGEABLE CELLS axn
HP7 500 mA Hr. Pack of 4 £1.50 or 4 pks for
only £5. (Ex-equip, tested & guaranteed)

PANEL VOLTMETER 3 x 3ins Dual
range, 50V + 10V, tmA fsd D.C. mnfcd. by
ERNEST TURNER - Tropicalised. Gives the
professional look to any equipment £4.50 ea. 2
for €8 or 5 for £15

ELECTRET CONDENSER MICRO-

PHONE mo¢. EM109 a small mic. for
cassette recorders etc. High output. Excellent
guality. Fitted with a 3.5mm jack plug, incl. Bat.

4.50 ea or 2 for £8
A K13 as above but 12-20V, 430R - same price
ELECTRET MIC. INSERTS omm dia x | kg™ 0 o 6A sontacts. Col oy, Son- ocB

6mm with integral amp. Requires normal 1.5V mntg. £2.50 ea
£1.10 ea or 6 for £5 K6W 2-pole /o 6A contacts. Coil 6V, 30R. Solder

PRECISION THERMISTORS low cur- ?F?Escﬁl_.esa—ex»euuip good. 2-pole /o contacts. 1-

' \ 1
rent, v. fast response, nominal resistance at 20 tal plug-i v coil. 7
degs C. M0, MO, 300K, 100K & 1K any mix | ooy corumental plign. 12V coil, 700R. 70p ea. 5

for £2 or 10 £3.50

BLEEPERS & BUZZERS
MINI-BLEEPTONE 2-tone, 5-30V DC, 5-15mA
£2.50 ea 3 for £6 or 10 for £18 (advertised
elsewhere for £5.05 ea!)

MINI-PANEL MNTG. with 100mm wire leads

%22 x 15 x 15mm} 400Hz, 70dB at 30cm. 20mA
ype MB6 6V. Type MB9 9V. Type MB12 t2v

£1.60 ea 3 for £4

MINI-PCB MNTG. 3 types as above but PCB

mounting — same price.

HIGH POWER PANEL MNTG. 100mm leads

D.C. MOTORS
HIGH TORQUE 40W Reversible, 1000rpv 3V-18V.
2A max working. dia 28 x 50mm + shaft (15 x
2‘3&1)m dia). Torque at 2A = 0.54 Ibs.inch approx.

CHUCK with 3 coilets fits above motor to use as
drill. Takes up to 2.5mm drills £2
HSS DRILL BITS WITH SHANKS. 1mm ~ § bits
£1.50. 0.8mm or 0.6mm - 5 bits £2.50 (not rec.
for glass fibre PCB) .
TINY virtually inertia-less motor i.€. no iron in rotor.
1.6-3V 15mm dia x 30mm + shaft 6 x 1.6mm. With
overnor - can be bypassed £1.50
OMIN\?(I:. R1 2V motor won;ls %%wn tnd1V gx-unused
v equip. transport mech. 33mm dia. 30mm o/a
S%Smm dia x 17mm) 50mA 400Hz 8B at | + shaft 12x2mm a bargainat 75peaor 3 for £1.75
cm. Type LB6 6V. Type LB9 9V. Type LB12 MINI TOY motors 1-3V 19 x 18 x 9mm 50p ea or §
12V £1.70 ea or 3 for £4.50 for £2

GOODS SENT BY RETURN POST — PLEASE ADD 80p P&P TO TOTAL ORDER
Shop open daily 10 am-5.30 pm (closed Wednesdays)

CROYDON DISCOUNT ELECTRONICS
40 Lower Addiscombe Road, Croydon CRO 6AA. Tel. 01-688 2950

Master
Eleclronics -Microprocessors
-Now! The Praclical Way'!

@ Electronics — Microprocessors
— Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way.

@ Recognise and handle alt
current electronic components
and ‘chips’.

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

@ Build an oscilloscope and master circuit diagram.

@ Testing and servicing radio — T.V. — hi-fi and all types of
electronic/computer/industrial equipment.

NewJob? New Career? New Hobby

SEND THIS COUPON NOW.

[ FReS! s oo === =S Sos

FREE! COLOUR BROCHURE or TELEPHONE US 062 67 6114 [—oiii -]
OR TELEX 22758 (24 HR SERVICE) |[CACC

I Please send your brochure without any obligation to I
| ~Name I am interested in 1
] T I ELECTRONICS 1
p DoRESS [ MICROPROCESSORS i
12 S [___1RADIO AMATEUR LICENCE |
(] [C—JCITY & GUILDS EXAMS 1
-~
1 Other Subjects . ... ... I

| ectish National Ratios Biectronics Sctoat Ro.Boxm\eigmmum,Devm,mm_)g
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Crofton

THE VIDEO SPECIALISTS

if you need a monochrome or colour monitor, digitiser, T.V.
camera, or door entry system Crofton must be your first
choice — here are a few reasons why!

-

ST

THE
CROFTON
PM101

This 9 inch
metal cased,
monochrome
monitor is
incredible
value at ONLY

£82.80

THE NOVEX
1414

This superb
metal cased 14
inch RGB/
COMPOSITE
COMPUTER
COLOUR
MONITOR is
unbelievable
value at ONLY

£165.15 g

— -
i‘“\ "
R -
k y
L) N \ -
N ~
Cameras \
may vary
from illustration 5

Short mains lead version requiring case respray available from £66.70)
Weatherproof housings, motorised pan & tilts etc. available at extra cost.

THE CROFTON SPECIAL CCTV OFFER

The Crofton special CCTV package and the door entry system described
by P.E. in the September 1985 issue are available at the following prices
SPECIAL CCTV PACKAGE £193.00
DOOR ENTRY SYSTEM £103.45
NOTE: We can also offer a muttiscan system enabling the outputs from 4 cameras to
be displayed simultaneously or individually on a single screen.

ELECTRONIC KEY FOB — Quickly locate mislaid keys. Fob emits a shrill tone
in response to your whistle! ONLY £10.53.

ALL THE ABOVE INCLUDE VAT, CARRIAGE & INSURANCE AND A
THESE PRICES OUR STOCKS CANNOT LAST LONG.

DON’T DELAY — PHONE YOUR ORDER TODAY!

MOST MAJOR CREDIT CARDS ACCEPTED
Delivery within 28 days.

CCTV CAMERAS

Though not new these cameras
have n completely refurbished to
a high standard in our own
workshops and come complete with a
standard lens, ready to work

ONLY £78.20

Be sure to request our free catalogue describing our range of T.V. cameras, fixed
and zoom lenses, sequential switchers, special and general monitors (colour and
b/w including the PHILIPS 7502, PHILIPS 7522 and PHILIPS 2007 plus the full

IKEGAMI range), video digitisers, light pens, eprom erasers efc.

CROFTON ELECTRONICS = 01-891 1923

35 GROSVENOR ROAD, TWICKENHAM, MIDDLESEX TW1 4AD
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s Top Value In Test

Equipment

e

Select the Function and It
Selects the Range
Automatically

2295
£699

e Folds Into Compact Case
With Wrist Strap

25-Range Folding Multimeter. Features include fuse and
surge-absorber protection, banana-type probe jacks and 4” 3-
colour mirrored meter with automatic shunt protection (when
folded shut). DC Volts: 0 to 1200. AC Volts: 0 to 1200. DC
Current: 0-60uA, 3-30-300 mA. Resistance: 0-2-20-200K-2
megohms (centre scale 24). dB; —20 to +63 dB. Requires

e Automatic Power Off When Case Is Shut
e Automatic Polarity

Folding LCD Multimeter With Autoranging. Features
extra large 11/16” non-glare display with adjustable viewing
angle, a “beep” indicator for quick continuity testing, and zero-
ohms adjust for super-accurate low resistance
measurements. DC voits to 1000. AC volts to 500. Up to 10
amps AC and DC. Resistance to 2 megohms. Open: 107/ x

TAA” battery. ~22-2 0k = e ts. .2 TR .. .. s £22.95 45/g x 112", Requires two “AA” batteries. 22-193 .. £69.95

Transistor Checker and

Refer Book
Digital Logic Probe e

=g
£Q95 £4 495 "ng—‘: ST
— '!
Dynamic Transistor Checker. Makes Go/ / - . ' g
No-Go tests on small-signal and power types A s
and allow you to match similar transistors.

Indicates relative current gain, “opens” and
“shorts™. Requires “AA” battery.
22-025" 4 Ll e e rome SR - e £9.95

Digital Logic Probe. The fast way to
“peek inside” TTL, LS and CMOS digital
circuits. Colour-coded LEDs indicate
high, low or pulsed logic states (up to

Semiconductor Reference Guide.
1985 edition! Exclusive cross-reference and
substitution section lists over 80,000 types.
276-4008 ...........cccooeieieeciens £4.49
Getting Started In Electronics. The
perfect introduction to the exciting world of
electronics. Leam to build your own circuits.

10 MHz). Minimum detachable pulse Overload | 128 pages. 276-5003 ............... £2.49
Wl‘)?th: 50 "S'f 36 .Ieaqts vgth tCI"i"S and Timer 1C Mini-Notebook. An excellent
E ain pow‘:‘; [Feim E UG, Polarity | reference and hobby book. Large schematic

Ow currentdrain. Protected | diagrams. 32 pages. 276-5010 .......... 99p

22:302 oy ety £14.95

Take A Look At Tandy, Today!

Visit your local store or dealer and see these and many more bargains. We service
what we sell - over 2,900 exclusive lines!

See Yellow Péges For Address Of Store Nearest You

Known As Radio Shack In The US.A.

Prices may vary at Dealers
Offers subject’to availability

OVER 9,000 STORES & DEALERSHIPS WORLDWIDE
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VOLUMVIE 21 N°10

OCTOBER 1985

21 YEARS
ExT month PE has been around
for 21 years. | do not intend to
go on too much about it now as we
will be carrying a special feature

{and an extra eight pages) next

month. In the feature we will look at
the history of PE, some of the
“landmark’* projects along the
way, the personalities, the moves,
some advertisers etc. In addition to
the special anniversary issue we
will increase the size of the maga-
zine—by adding about 20mm on
the height. This is the second time
in the history of PE that the page
size has been increased—if you do
not know when it happened before,
find out next month!

Twenty one years is a long time
in electronics, however, it may sur-
prise some younger readers just
what hobbyists were building all
those years ago. Although | was in
no way connected with PE when it
was launched, there are still people
on the staff who were; people who
have made it a success and who,
with your help, ensured the maga-
zine prospered and continued. In
fact when PE was launched, | was
just starting an apprenticeship with
the Ministry of Aviation and never
dreamed | would eventually edit the
exciting new magazine we appren-
tices read so avidly.

Interestingly, our history is based
on three sets of seven year periods
with major changes at the end of
each seven years—and strangely it
does seem to be happening again
now!

PRICES

Perhaps it is unfortunate that we
have to keep up with all aspects of
progress; | am thinking of inflation
and the way it affects the cost of
the magazine. With this in mind !
must teill you that from next month
PE will cost £1.10. For some time
our cover price has been lower than
our competitors and we have main-
tained this situation for as long as
possible, but economics now force
us to go up 10p. For your informa-
tion the first issue cost 2/6 {12ip
for those who do not remember
£.s.d.); that’'s about 750 per cent
inflation in 21 years. However, a
single transistor was then around
5/- {25p) which would be equiva-
lent to over £2 now, instead of the
15p or so we actually have to pay.

For those who may consider the
10p price rise is to pay for extra
paper the new size issue will re-
quire, let me assure you that due to
the complexities of Web Offset
printing the size increase has not
added to our printing or paper
costs.

We do try our best to contain the
cover price and keep up the quality
and content of each issue. You may
have noticed that our type size is
much smaller than some publica-
tions which means more words per
page and, therefore, more informa-
tion in each issue.

BACK NUMBERS and BINDERS . ..

Coples of most of our recent
issues are available from: Post
Sales Department (Practical
Electronics), IPC Magazines Ltd.,
Lavington House, 25 Lavington
Street, London SE1 OPF, at £1
each including Inland/Overseas
p&p. When ordering please state
title, month and/or issue

required.
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Binders for PE are available
trom the same address as back
numbers at £5.50 each to UK or
overseas addresses, including
postage, packing and VAT.

Editor Mike Kenward
Secretary Pauline Mitchel!
Editorial Tel: Poole (0202) 671191

Advertisement Manager
David Tilleard 01-261 6676

Secretary
Christine Pocknell 01-261 6676

Ad. Make-up/Copy
Brian Lamb 01-261 6601

Classified Ads
Mandy Morton 01-261 5846

Queries and letters concerning
advertisements to.

Practical Electronics Advertisements,
King's Reach Tower,

Stamford Street, London SE1 9LS
Telex: 915748 MAGDIV-G

Letters and Queries
We are unable to offer any advice on the
use or purchase of commercial equipment
or the incorporation or modification of
designs published in PE. All letters requiring
a reply should be accompanied by a stam-
ped addressed envelope, or addressed en-
velope and international reply coupons, and
each letter should relate to one published
project only. We are unable to answer
letters relating to articles more than
five years old.

Components are usually available from
advertisers; where we anticipate difficulties
a source will be suggested.

Old Projects

We advise readers to check that all parts
are still available before commencing any
project in a back-dated issue, as we cannot
guarantee the indefinite availability of com-
ponents used. We are unable to answer
letters relating to articles more than
five years old.

Technical and editorial queries and letters to:
Practical Electronics Editorial,

Westover House,

West Quay Road, Poole,

Dorset BH15 1JG

SUBSCRIPTIONS

Copies of Practical Electronics are available
by post, inland for £13, overseas for £15
per 12 issues, from: Practical Electronics,
Subscription Department, IPC Magazines
Ltd., Room 2816, King’s Reach Tower,
Stamford Street, London SE1 9LS.
Cheques, postal orders and international
money orders should be made payable to
IPC Magazines Limited. Payment for sub-
scriptions can also be made using a credit
card.

Phone:
Editorial Poole (0202) 671191

Wae ragret that lengthy technical snquiries
cannot be answered over the telephone.




Items mentioned are available
through normal retail outlets,
unless otherwise specified.
Prices correct at time of going
to press.
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ROOM FOR EXPANSION

According to British Telecom sources, if the whole of the telephone
network could be ‘monitored’ at any one time during the average day,
25 per cent of numbers being dialled would be unanswered. If BT
could persuade more people to employ answering machines then, of
course, those calls could be answered. The potential increase in
turnover further broadening the smiles of shareholders.

Since the majority of big businesses now
have well established intercommunications
set-ups, it is the smaller businesses and the
man in the street that are presently being
courted by BT marketeers. The machines
displayed in a recent exhibition were aimed
at this market.

ltems of particular interest were multi-
function desk phones with many switching
capabilities that will undoubtedly in the long
run make the standard switchboard (and
it's operator) redundant. Also in the pipe-
line are "'desk phones of the future”” which
might well incorporate a ‘mini’ data printer,
it is expected, by then, that the telephone
system will be essentially digital as will the
desk sets—making present-day modems
obsolete.

The data-transmission field has just been
boosted with the launch of BT's communi-
cations service enabling the transmission
of text, photo’s, data and speech. This
new service Integrated Digital Access (IDA)
will, according to Mr Kane (BT Director of
Marketing), "‘Transform communications
in the UK and have a major impact on the
business community”’

The system at present is only linked from
London to several key areas in the south.
As the Advanced Integrated Services Digi-
tal Network (ISDN) is progressively ex-
panded, the facility will become available to
us all. It is planned that by 1987 around
190 centres in the UK will be able to use
IDA.

A similar innovation is already in use,
using the analogue system (via A/D con-
verters). IMTRAN (image Transfer} con-
sists of a portable receiver/transmitter unit
which plugs into a standard telephone
socket. It can be connected directly to a
body-scanner, or to a TV camera focused
on X-ray pictures or medical records etc.
High resolution images are received on a
TV monitor screen, enabling doctors to
analyse the pictures at far off locations
soon after they have been taken.

A ‘sound-meter’ kit is now available from
Cambridge Kits, with £4 off for PE readers.

This self-contained, hand-held unit, de-
signed to BS 5969 with “A" weighted fre-

high frequency annoyance, measures all
limits in factories and residential areas etc.
appliances, lawn mowers, paper shredders
or double glazing.

measurement range is from 40dB (public

library)=to 120dB (overhead jet take-off). It
features peak sound level response, even with

SOUND INVESTMENT

quency response to compare both low and
types of sound and checks whether legal
are being met. It is ideal for comparing
etc. or measuring the effect of sound proofing

There is a built-in calibrator and the

pulsating or irregular sounds. There is a
linear dB sound scale and knob to set the
measurement level, which makes an led.
Jlash when exceeded, or the operator can
watch the l.e.d. and turn the knob to measure
the sound level—there is no flickering meter
needle to guess at. The meter runs from an
internal PP3 type battery or external 9V
supply.

The kit is available at an introductory
price of £23.20 including VAT and UK
postage if ordered from Cambridge Kits, 45
(JF) Old School Lane, Milton, Cambridge,
before the end of October 1985. Allow 28
days for delivery. From | November 1985 the
regular price will be £27.20.

Three from
Groydon

Where would you find the specifications of
over 20,000 British, European and Japa-
nese transistors? In Towers’ International
Transistor Selector (sorry, no acronym!) of
course.

This compendiuni gives a comprehensive
tabulation of basic transistor specifications
and offers information on characteristics;
case details: terminal identifications; apph-
cations use; manufacturers and equivalents.
The devices covered are a selection of the
more common current and widely used
obsolete types.

Since its introduction in 1974, the book
has been updated three times, the most
recent (update 3) is presently retailing for a
daunting £12.95.

Those of us, however, who appreciate
that its predecessor (update 2, 1980) would
be a very handy tool, can buy this equally
extensive reference source for just £6.75,
inc. VAT and p. & p., from Croydon
Discount at the address below.

Also available from the same supplier is
the ‘Monacor’ DMT-700, a handy-sized (67
x 112 x 25mm) 34 digit lcd. digital
multimeter—ideal for the hobbyist/service
engineer.

Ranges as follows: 0-1kV d.c. (4 ranges);
0-500V a.c. (2 ranges); 0-200mA d.c. (3
ranges); 0-2kQ2 (4 'ranges); Diode test;
Overload protection; Auto-polarity.

This manageable, well priced multimeter
is being offered to PE readers at the special
price of £29.95 inc. VAT.

For readers interested in robotics (see:
Experimenting with Robots, page 46) it
should be noted that d.c. motors, micro-
switches, relays and other ‘robotalia’ can be
sourced at this address. Croydon Discount
Electronics, 38 Lower Addiscombe Road,
Croydon, Surrey CRO 6AA (01-688 2950).
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IMARKES PLACE

CLEAN
MAINS

Most home computing enthusiasts will per-
haps by now be aware of the frustrating
problem of an unstable mains supply creat-
ing havoc with a micro.

Mainsborne ‘spiky’ transients and r.f.
interference can crash a program or hope-
lessly corrupt computer data, necessitating
many hours of further work. Several surge-
filtering devices are presently available, and
the peace of mind that comes with one could
be well worth the purchase price.

New from Tony Firshman Services is the
competitively priced ‘Computer Cleaner’.
Housed in a typical double-adaptor casing
the basic unit incorporates capacitive filter-
ing (1-30MHz), an inductive element forr.f.,
up to around 130MHz; and a mains transient
suppressor.

The unit is capable of protecting more than
one computer, but has only one outlet. A
double-adaptor could be plugged into the unit
for this purpose. A four-way trailing socket
version is also available for those with a need
to supply larger amounts of laundered power.
The basic *‘Computer Cleanet’ plug costs £14
and the four-way socket £24, prices inc. VAT
and p&p. (Allow 28 days for delivery). From
Tony Firshman Services, 43 Rhyl Street,
London, NW5 3HB. (01-267 3887).

POINTS
ARISING...

MODEMS Part 3
August ‘85

The telephone number given for access to
the Prestel ‘Enterprise’ computer {page 24}
cannot be used from outside the London
area. If in London 618 1111 /s correct;
unfortunately it cannot be prefixed with
'‘01-" as printed. People outside the London
area should ring the Prestel Information
Office on 01-822 1122 for the number
relevant to their area.

CYLINDER THERMOSTAT
May ‘85

The tendency of the cylinder thermostat
relay to ‘chatter’ is the result of mains
spikes (generated when the relay contacts
open and close) being picked up by the
sensitive parts of the circuit.

The easiest cure is to put a time delay in
the circuit so that short interference pulses
do not get through to operate the relay. In
most cases a 100uF/10V electrolytic ca-
pacitor connected across R11 will provide
a complete cure. This value can be in-
creased to 1000uF or more in severe
cases. The negative terminal of the capaci-
tor is connected to the end of R11 nearest
to the centre of the board.

It is also possible that interference may
enter the circuit via the sensor lead in
situations where the environment is parti-
cularly prone to electrical noise. To prevent
this a 10K resistor should be inserted
between the inverting input of IC2 and the
sensor terminal block TB2.2 This can be
inserted by breaking the pcb track where it
passes between TR1 and VR2 and solder-
ing the resistor across the break. It may

also be advantageous to increase the value
of C2 to 100nF.

The amount of electrical interference
generated when switching inductive com-
ponents such as pump motors and boiler
solenoids is surprising. With hindsight it is
clear that the modifications should have
been designed in. Perhaps this experience
will be of help to those designing similar
circuits in the future.

Briefiy...

Availability of a BBC-B interface for the
‘Memocon Crawler Robot’ has been an-
nounced by Red Giant, it will retail at £6.95.
In the near future a further BBC-B interface
will be launched for the Fischertekiic Robot
Kit. this will cost around £25 with a 20 per
cent reduction for schools. Details from, Red
Giant Sofiware Lid., 3a Oakcroft Close,
Pinner. Middlesex.

The new Greenweld catalogue has just
been published. It contains a wide range
of components, books, meters, connec-
tors and all the usual requirements of
the electronics hobbyist. A special list-
ing within the catalogue (list No. 21),
offers exceptional prices on a wide
range of ‘returned’ goods. The cata-
logue’s one pound purchase price can
be redeemed with discount vouchers.
From, Greenweld Electronic Compo-
nents, 443 Millbrook Road, Southamp-
ton SO1 OHX (0703 772501).

® O s @

DID YOU KNOW that Prestel charge 6p per
minute for computer time between 8 a.m.
and 6 p.m., Monday to Friday and between
8 a.m. and 1 p.m., Saturday. However, at
all other times the service is FREE.

London L

Compec Nov. 12-15. Olympia K2
Electron & BBC User Nov 14-17. New Horticultural Hall,

Goumidown . ..

Please check dates before setting out, as we cannot guarantee
the accuracy of the information presented below. Note: some
exhibitions may be trade only. If you are organising any electrical/
electronics, radio or scientific event, big or small, we shall be glad to
include it here. Address details to Brian Butler.

Personal Computer World Show Sept. 18-22. Olympia 2 M
Electron & BBC User Sept. 27-29. UMIST, Manchester L
Amstrad User Exhibition Oct 5/6th. Novotel F2

Computer Graphics Oct. 16-18. Wembley Conf. Centre. O
Cellular Communications Int. Nov. 5-7. Wembley Conf. Centre. O
Electronic Publishing Nov. 5-7. Wembley Conf. Centre. O

Computers In The City Nov. 19-21. Barbican Cntr. O

Scottish Home Computer/Electronics Show Nov. 22-24. Anderston
Centre, Glasgow W2

Leeds Electronics Show Sept. 24-26. University E

Al Inst. Electronics & 0706 43661

E Evan Steadman & 0799 26699

F2  Computer Marketplace (Exhibitions) Ltd. & 01-930 1612

K2 Reed Exhibitions, Surrey Ho., | Throwley Way, Sutton,
Surrey.

L Database @ 061-429 8157

M Montbuild = 01-486 1951

(0] Online @ 01-868 4466

T1  Cahners @ 0483 38085

W2 Trade Exhibitions Scotland & 041-248 2895
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Bytebox

PART 1---RAY STUART

INCE its introduction the BBC microcomputer has been widely
S accepted in education, industry and the home with over
400,000 units having been sold to date. This has given birth to a
large quantity of software such as alternative languages to BBC
BASIC, e.g. PASCAL, FORTH and LISP, and a wide range of
utilities such as word processors, data bases, and machine code
monitors. Much of the above mentioned software is only available
in Read Only Memory (ROM) or Erasable Programmable Read Only
Memory (EPROM). These are devices, programmed with the code
for that particular utility, which retain theif data when power is
removed.

The BBC microcomputer is designed to support up to 16 of
these ROMs, called “‘SIDEWAY (or PAGED) ROMs*’, numbered O
to 15, but has only room for 4 such devices on its printed circuit
board. BASIC and Disc Filing System (DFS) being the two
commonly fitted ROMs. In order to allow the full complement of 16
ROM s to be available to the user, an additional printed circuit board
has to be fitted to the BBC microcomputer.

This article describes BYTEBOX, a system that fulfils this and
other requirements.

DESIGN PHILOSOPHY

The experiences and views of several users in education and
industry as well as those of home users were considered when the
design of BYTEBOX was undertaken. The system was therefore
designed to allow simple installation with no soldering being
necessary.

A second view expressed was that of overheating. Some
people had found that the inside of their BBC microcomputer
became too hot when an internal ROM board was fitted, particu-

larly if it was also powering a disc drive and/or other peripheral

devices. This they said caused ‘’'funny things'* to happen after the
computer had been switched on for some time. Some had cured
this by running the BBC microcomputer with its cover removed.
However, they found this impractical as they then tended to drop
screwdrivers, coffee and the like into the exposed circuitry,
sometimes with disastrous results. With this in mind the design
allows the system to be housed in an external box of similar finish
to the BBC microcomputer.

Most users said that they would, at some time, if not imme-
diately, require some Random Access Memory (RAM} in their
system. Some people required 16K of RAM, whilst others only
wanted 2K or 4K as they found it hard to justify the £70 or so re-
quired for two 6264s. Others said that they wanted battery
backed RAM with write protect facilities. In order to provide all
these requirements it was decided to provide 16K of optional RAM
as standard, but also to provide additional plug-in units for greater
versatility. Whatever RAM was to be used it was considered
essential that this would be automatically selected whenever the
SIDEWAY memory area was written to. In addition the fitting of
RAM onto the main board should not require links to be altered and
still allow 15 ROM/EPROMs to be supported.

EPROMS

It is well known that the BBC's printed circuit board is designed
for ROMs rather than EPROMs, with the result that some EPROMs
from certain manufacturers will not function correctly. This is
caused by incorrect, as far as EPROMs are concerned, termination
of one of the ROM's pins. This was to be rectified in the design so
that any make of EPROM could be used.

The inclusion of a Zero Insertion Force (ZIF) socket was thought
to be a very useful addition, especially by users who evaluate or
frequently change ROMs, who are developing their own or have
more than 16 utility ROMs. This socket, which was to be
accessible from outside the unit, was therefore included in the
design specification.

The 27128 type EPROMs are expensive and sometimes difficult
to find. However, 2764s are easier to find and the cost of two such
devices is less than that for one 27128. An option was therefore
included to allow two 2764s to replace one 27128.

in order to fulfil the first requirement, i.e. easy to install, it was
necessary to find a suitable way of extracting ail the required data,
address and control signals as well as power via a single socket.
As with all computers and microprocessor based systems it is the
Central Processing Unit (CPU) that generates these signals. In the
BBC microcomputer a 6502 microprocessor is used (see Fig. 1}).
There is only one socket in the BBC microcomputer from which all
this information is available, namely, the 6502 socket.
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I COMPUTING PROJECT

The decision was therefore made to design a system in which
the 6502 microprocessor is removed from the BBC microcom-
puter and located in the external system. This system is then
connected to the BBC microcomputer via a 40-way ribbon cable
which is plugged into the socket left vacant by the 6502.

The additional circuitry necessary for the full complement of 16
ROM/EPROM/RAMSs to be supported would impose unacceptable
loading on the 6502 microprocessor’s outputs. Therefore one of
the design objectives was to buffer all address, data, and controi
lines used by the system. All of these objectives have been
achieved in the BYTEBOX system described in this article.

SIDEWAY (or PAGED) ROM

Before BYTEBOX can be discussed in detail it is necessary to
understand the concept of sideway or paged ROMs as they are
sometimes called. The reason that they are called sideway ROMs
is due entirely to their physical location within the BBC, in that they
are located on the side of the printed circuit board, hence
"SIDEWAY"’.

The BBC microcomputer is an 8-bit {one Byte = 8 bits) machine
with 16 address lines that enable it to directly access 2'¢{65,536)
bytes of memory. This is normally called 64K bytes as 1024 is
referred to as 1K. However, it can be seen that as each ROM can
contain 16K bytes (if 27 128 type devices are used) and, as there
can be 16 such ROMs in the system the total memory contained by

Fig. 1. 6502 pin out details
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Fig. 2. The BBC Micro memory map

the ROMs alone is 256K bytes. This is far in excess of the address
range of 64K. In addition, the BBC microcomputer has a further
16K of Operating System {(0.S.) ROM and 32K of System RAM,
thereby making a grand total of 304K of memory. How can this be
so when it can only access 64K bytes?

The memory map of the BBC microcomputer is shown in Fig. 2.
It canbe seen that all 16 SIDEWAY ROMs in fact occupy the same
memory area between &8000 and &BFFF. {Addresses are in Hex
notation, a convention that will be used throughout the article and
denoted by &). This is acceptable as only one ROM can be selected
at any one time, thereby occupying the 16K bytes available. This
can be likened to a book containing 16 pages, only one of which
can bé read at a time, hence the term PAGED ROMs.

In practice the BBC microcomputer may appear to use more than
one ROM at a time, but what is in fact happening is that the
Operating System is constantly switching between ROMs. For
example, if one is running a program in BASIC {(one ROM), it is
possible to call a ¥ command contained within another ROM; say
* CIRCLE in a graphics generator ROM. In this case the Operating
System will find the graphics ROM, execute the % CIRCLE
command, and then return to the BASIC ROM. Whichever ROM is
selected is called the “"current ROM’". The method by which the
current ROM number is decided is complex and outside the scope
of this article, but is well detailed in books such as * ‘The Advanced
User’s Guide”". -

ROMs and EPROMs have a pin designated “‘chip select’” {CS)
which, when taken to logic 1 disables the device. This.in effect
removes that device from the system and it no longer plays an
active role. However, if this pin is now connected to logic O the de-
vice is enabled and can now take an active role in the system. The
trick therefore of having 16 ROMs in the system is to only enable
one at a time.

In the BBC microcomputer this is achieved by arranging for a
hardware 4-bit latch, located at address &FE30, to contain the
number of the currently selected ROM. Only the upper two bits are
decoded thereby limiting the number of useable ROMs in the BBC
microcomputer to four. BYTEBOX, however, uses all four bits of
its latch which are subsequently decoded to provide 16 chip select
lines. The circuit is designed such that only one of these 16 lines
can be atlogic ‘0’ at any one time, thereby preventing a number of
ROMs trying to access the system at the same time.

BYTEBOX

BYTEBOX was designed as an external system, housed in its
owﬁ’ case and taking its power from the host BBC microcomputer.
The block diagram, Fig. 3, outlines the system design, with Fig. 4
showing the circuit in detail.
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Fig. 3. Schematic diagram of the Bytebox system

BUFFERS

The main printed circuit board forms the heart of the system and
contains all the buffers and decoders required to support the 16
ROM/EPROMs.

As mentioned above, the design philosophy requires that the
6502 microprocessor, normally located inside the BBC microcom-
puter, is moved onto this board. The BBC microcomputer is
connected to the Romboard, via a 40-way ribbon cable that is
plugged into-SK1. The 6602 (IC1) is connected in'parallel with this,
thereby allowing all the signal lines to pass to the BBC microcom-
puter as norm