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SEND FOR NEW CONCISE LERFLETS, ~ R 2

ADCOLA
101 ELECTRONIC ACCESSORIES
CONTROLLED include:
SOLDERING SIDE CUTTERS

STATION ‘\\

for precision soldering > an
with accuracy suitable oy
for use on MOS, FET etc

240V input - 24V on tool.

Temperature range SNIPE NOSE PLIERS
120-420°C

Many extra features = ,
j =
f

PLUS \—

® Desoldering Braid
K1000 micro soldering ® Desoldering Guns
K2000 general electronic < ® Tip cleaners
soldering ® Soldering aids

K3000 heavy duty soldering - ED / ’11/ SOM/’//Z? ® Lamps, Lenses etc
>
® Small selection of ( L/0S
B46LL B4OLL

AD-IRON® LONG LIFE
SOLDERING TIPS
suitable for all Adcola
soldering irons.

é D C O L B For a no obligation demonstration, please contact:

1Rego Trage Mork’ ADCOLA PRODUCTS LIMITED Gauden Road London SW4 6LH
ELECTRONIC PRODUCTION EQ“'PMENT Telephone Sales (01) 622 0291 Telex 21851 Adcola G

‘K’ SERIES
SOLDERING TOOLS
FOR ALL
APPLICATIONS

B42LL B38LL BS50LL BI4LL B35LL B4dLL B36LL B37LL
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HEART BEAT MONITOR by P. Leah o5 > "% " o o o i 10 |
Digital readout of your heart beat

AUTO SHUT-DOWN MULTIPLE REGULATOR by Tom Gaskell BAfHons) CEng MIEE . . e B (3]

Monitor system for a three rail power supply I
LOW COST BBC SPEECH SYNTHESISER by A. Foord .. AN e s . <D il

Effective speech synthesls for the Beeb

MODULAR AUDIO POWER SYSTEM—Part 2 by M. Tooley BA and D. Whitfield MA MSc CEng MIEE . .
Dummy Load; Pre-amp; Mixer and Tone Controls

NEPTUNE AND MENTOR ROBOTS by Richard Becker and Tim Orr oy e Ayt 1§ e .. 48
Part Seven: Commissioning and testing of Mentor

GEENERAL FEATURES |

SEMICONDUCTOR CIRCUITS by Tom Gaskell BA(Hons) CEng MIEE . . - v = 7,
Quad Supply and Line Monitor (UC 3903)

MARS ELECTRONICS by Richard Barron . . =3 S ¥ ¥ ” ¥ 8 g 2.2
Computer applications and control jn industry

INGENUITY UNLIMITED .. "5 . . ¥ o g T g i 26, 50
Readers’ circuit ideas

BBC MICRO FORUM by D. Whitfield MA MSc CEng MIEE . . o o X< * g, .. 36
A scintillating cauldron of new ideas for BBC wizards

SPACEWATCH by Dr. Patrick Moore OBE . . M ol s tot - T L oy 252
SEQUENTIAL LOGIC TECHNIQUES by M. Tooley BA and D. Whitfield MA MSc CEng MIIEE .. .. b4

Part Six: De-multiplexing and time domain multiplexing
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- The INMOS CAD design

R opress DAARCE system lays out and
ElEcTHONIc simulates VLS| circuits.

ninGp 88 Al A d A designer instructs the

system where a transistor,

or other structure is to be

EXTHA
BPAGES!
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HEARTREAT |
(I

NewBBCFORUM g |
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placed, and the screen dis-
plays an appropriate
layout, obeying the design
rules. It also stops the
designer from for example,
attempting to put two
structures too close
together.

Created for the design
of INMOS® transputer the
system is now available
from Racal Redac as part
of their CIEE electronics
design and engineering
package.

... See Page 28
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105 | TP30C | 37 | 2N914% 5" TNoaoas 30 | |
35 | TIP31A 38 | 2N918 2N5485 38
36 | TIP3IC 45 | 2N930 zo 2NS777 46
250, HIGH ST., WATFORD, HERTS WD1 2AN, ENGLAND 38 (TP32A 43 gmégyiﬁ a0 | aneoz7 32
Tel. Watford (0923) 40588. Telex: 8956095 WAELEC 38 30 |TPmA 70 |aNI07 70 | 2NeZX0 70
P33 75 | 2N1613 30 | 254636 250
ORDERS NORMALLY DESPATCHED 8Y RETURN OF POST 35 35 | TIP3sA 88 | JN1671B 180 | 25A671 250
120 35 | IP34C 105 | 2N2160 325 | 2SA715 75
ALL DEVICES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. SEND CASH, P.0.’s OR CHEQUE 3 ggg}f” 40 | BFY56 35 | TIP35A 120 | 2N2219A/20A/ | 25C495/6 85
WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS ACCEPTED e 7/8 12 | BFY84 40 | TIP3SC 130 | 21A/22A 25 | 25C1061 2850
(ACCESS ORDERS BY TELEPHONE 0923-50234). TRADE AND EXPORT INQUIRY WELCOME. P & P ‘g ch’sc :g BFY90 80 | TIP36A 130 | 2N2369A 18 | 25C1096 85
ADD 70p TO ALL CASH ORDERS. OVERSEAS POSTAGE AT COST. PRICES SUBJECT TO CHANGE. 55677 BRY39 50 140 | 2N2646 45 | 25C1162 45
55 | BC5S5&/3 15 | BSX20 30 | TIPHIA 50 | 2N2846 80 | 25C117213 125
Export orders no VAT. U.K. customers please add 15% VAT to total cost incl. plp. 12 | BCY41/42 30 | BSX29 45 | TIP41B 52 | 2N2904A/05A/ 25C1306
VAT We mek thousands more nom: It p.]s to visit us. We are situated behind Watford 14 | BCY70 18 | BSY26 35 | TIP42A 55 | 06A/07A 28 | 25C1307 150
. Open M y to 9.00am to 6.00pm. Ample FREE Car parking. :: ggﬁ; §‘; BSY95 35 ‘n;aza 2N2926G 10 | 25C1449 95
BU105 180 [ MP120 70 | 2N3053 5 | 25C1679 190 | |
?otvf(g%o R:\zlgnl. ‘I..‘EADGé:O:P‘Asgﬂ"?‘Rst z.'»&\g 4133 20n, E‘u’ 22n, 27n 6p; 33n, 47n, 68n, 100n Bp; 150n, 12 | BGY?8 SoMlETz0s asolburis yulaNERE - LI
b P: ; B: 14 { BD131/2 65 | BU206 200 | TIP141 120 | 2N3055 50 | 25C1923 65
ELECTROLYTIC CAPACITORS (Values in iF). 500V: 10uF 52p; 47 78p; 63V: 0-47,1:0, 15, 22 33 8p; 4.7 gg:?% :‘“‘) gg}g 2‘5’ BU208 200 | TIP142 120 | 2N3442 140 1 228
9p; 10 10p; 15,22 12p; 33 16p; 47 12p; 68 18p; 100 19p; 220 26p; 1000 70p; 2200 99p; SOV: 68 20p; \00 MJ2955 90 | TIP147 120 | 2N3615 199 | 25C1953 90
17p: 220 24p; 40V: 68 18p; 32 9p; 33 12p; 330, 470329.1000489, 220090p; _25V: 47,1 BC117/8 25 | BD136/7 40 | MJE340 54 | TIP2955 70 20 | 25C1957 90
||p, 150 12p; 220 16p; 330 22p; 470 25p; 680, 1000 34p; 1500 42p; 2200 50p; 3300 76p; 4 g ggm’!’ g mgggés 19’3 Egggﬂ ;g g:ggzg :g gggggg Igs
5, 40 Bp; 100 9p; 125 12p; 220 13p; 330 168p; 470 20p; 680 100027.150031 ,2200 5
2530 TregioRe /4 e TR g g 12 {BDIS8 68 [ MJE30S5 70 | TIS44 45 | 2N37067 10 | 252023 200
15 | BD245 65 | MPF102 40 | TIS88A 50 | 2N3708/9 10 | 25C2078 170
TAG-END TYPE: 64V: 4700 245p; 3300 145p; 2200 120p; POTENTIOMETERS: Carbon Track, BC148C 10 | BD434 70 | MPF1034 30 1S90 30 | 2N3710 10 | 2SC2091 85
S0V: 3300 155p; 2200 95p; 40V: 4700 160p; 2200 70p; 3300 | 0-25W Log & Linear Values. BC149 12 | BD695A 150 | MPF105 30 | NS91/83 32 | 2N3771 179 | 2SC2166 168
85p; 4000, 4700 76p; 10,000 250p; 15,000 270p; 16V: 2200 500W, 1K & 2K {LIN ONLY} Singi 38, BC149C 15 | BD6%6A 150 | MPSAOS 30 | VK010 99 | 2N3772 195 | 2SC2314
200p; 25V: 4700 98p; 10,000 320p; 15,000 345p. ; ! Ml P |BC1534 30 | BF115 45 | MPSA06 25 | VNIOKM 70 | 2N3773 210 | 25C2335
K 2iIsingle gang icn o3P |BCISZ/8 14 | BFISUB 3D | MPSAOB 30 | VN46AF 2N3813 35 | 25C2a65 125
5KQ-2MQ) single gang D/P switch  95p
TANTALUM BEAD CAPACITORS: 5KO-2MQ dual BC159 11 | BF167 35 | MPSA12 32 | VNBBAF 110 | 2N3820 60 | 25C2547 40
38V: 011,022,033 15p 0-47,0-68,1-0,1-516p 2-2,3-318p 47, £ ual gang stereo 99 | BC167A 14 | BF173 35 | MpSASS 30 | VNSBAF 120 | 2N3822/3 60 | 25C2612 200
6822p 1028p 16V:22.33, 16p 47,68, 10 18p 1536p 22 SLIDER POTENTIOMETERS BC168C 12 | BF177 35 | MPSAS6 30 | VNB9AF 120 | 2N3866 90 | 2SD234 75
368p 33, 47 50p 100 95p 220 100p 10V: 15, 22 26p 33, 0.25W log and linear values 60mm track BC169C 12 | BF178 35 | MPSA70 40 | ZTX107/8 12 | 2N3903/4 15 | 2SK45 20
50p 100 75p- 5KQ-500K0) Single gang 80p BC171/2 12 | BF179 40 | MPSUD2 58 | ZTX109 12 | 2N3906/5 15 225
N o 9 BC173 15 | BF1945 12 | MPSUOS 60 | ZTX212 28 | 2N4037 60 | 25J83 225
SILVER MICA { SIEMENS muiitlayer miniature BC177/8 16 | BF1989 18 | MPSUO6 80 | ZTX300 13 NA058 15 | 25U85 225
2,33, 47, 68, 82, 10, 12, 18, | capacitors. PRESEY POTENTIOMETERS BC179/81 20 | BF200 30 | MPSUS2 65 | ZTX3012 16 | 2N406)/2 18 | 3N128 115
22.27,33,39, 47,50, 56,68, 75, | 250V: 1nF, 1n5, 2n2, 3n3, 4n7, | O-1W 500-2.2M Mini Vert. & Horiz.  _8p | BC181 30 | BF224 40 | MPSUS5 80 | ZTX303 26 | 2N4264 30 | 3N140 118
82, 85, 100, 120, 150, 180 18p. | 6n8, 8n2, 10n, 15n, 22n Tp; 18n, | 0-25W 2200-4M7 Vert. & Horiz. 12p |BCI1823 10 | BF244A 28 | MpSUS6 80 17 | 2Na28s 25 | 40253 150
220, 250, 270, 330, 360, 390, | 27n, 33n, 47n 8p; 39n, 56n, 68n BC184 10 | BF2448 29 | 0C23 170 | ZTX320/26 30 | 2N4289 25 | 40311 80
470,.600, 800 & 820pF 21p. | 9p, 100nF 11p. RESISTORS Hi-stab, Miniature, 5% BC182L 10 | BF245 80 | OC28/36 220 | ZTXS50041 14 § 2N4400 25 130
1000, 1200, 1800 30p each | 100V: 100n, 120!\ IOp 150n 11p; Carbon. BC183L 10 | BF256B 50 | 0cat/a2 75 | ZTX5023 18 | 2N4a27 80 | 40361/62 70
3300, 4700 60p each | 220n 13p; 330n 18p; 470n 23p; RANGE val. 1-99 100+ |[BC184L 10 | BF257/8 32 | OC70 40 | ZTx50a 25 | 2Nagss 78 78
680n 30p; 1MF 34p; 2M2 50p. 0-25W 202 - 4M7 E24 3p 1p |BC1B&7 28 | BF259 40 | oC72 50 | ZTX531 28 | 2N5135 30 | 40412 90
05W 202 - E12 3p 1p |BC21Z3 12 | BF3%4 40 | O0C75/76 55 | ZTX550 25 | 2N5138 25 | 40467 130
CERAMIC Capacitors: 50V POLYSTYRENE Capu 202 - IO E12 6p 4p |BC12L 10 | BF451 40 | OC76 50 | 2N696 30 | 2N6172 25 | 40468 85
Range 1pF to 6800pF 4p; 10nF, 10pF to InF I% Metal Fifm 510-1ME24  Bp 6p BC213L 12 | BF4%4/5 40 | ocsi1/82 80 | 2N697 23 | 2Ns180 45 | 40594 105
15n, 33n, 47nF 5p; 100nF/30V 7p. 1n5 to 12nF IOp BC214 10 F594/5 30 | 0C83/84 70 | 2N698 40 | 2N5191 7% | 40595 110
BC214L 12 | BFR3%/40 25 | TIP29A 32 | 2N699 48 | 2N5194 80 | 40603 110 |
RESISTORS S.1L. Package: 7 Commoned, 100Q, 4700, 680(), 1K, 2K2, 4K7, 10K, 47K, 100K 24p. BC237/8 15 | BFR41/79 25 [ mpooc 38 | 2N706A 28 | 2N5305 24 | 40673 70 | |
8 Commoned: (9 pins) 1501, 1800, 270Q), 330Q), 3301}, 1K. 2K2, 4K7, 6K8, 10K, 22K, 47K, 100K 26p. BC307B 15 | BFR8(81 25 | TIP3gA 3! 2N708 25 | 2N5457 30 | 4087172 I
2ZN429E-8 150 { TMS9914 895(745260 707453 30{74196. 120 70 2104035 70 L519 32
£3 | TMS9927 £14{745262 £10|7454 30{74197 100[1S85  80(LS322 360(4036 2754520 53 l
555 CMOS  95{1M334Z £3 | TMS9928 £16[745274 007460 30(74198 200fLS86  35(LS323 3604037 115(4521 118
75( LM335 270} TMS9929 £16{745275 007470 50/74199 200(LS%0  50(LS324 150)4038  75(4522 128
709c 8pin  35{LM337 300 | TMS9980 £12{745280 00(7472 80(74221 200|1LS91  90(LS325 1504033 280 |n526 60
10 48|LM339 SN76013N £11 | TMS9995 £12)745281 00(7473 50(74246 130|1592  55{15326 2904040 604527 65
741 16| LM348 350 | ULN2003 75(745283 00(7474  45[74247 120[LS93 59
747C 14 pin 70| LM349 6488 370 |UPD7002 7251745287 2007475 55| 74248 145[1LS%5 70
748C 8 pin 30| LM358 SPO256AL 400 (UPD7007 725745288 1807476 45(74249 175|159 90 4530
7538 pin  185|LM377 £15 |WD1691 £14 745289 2007480 60[74251 90[LS107 45
810 159(LM379 400 [WD1770  £19.95[{745299 540|7481 1765|7425 150|LS109 45 P
9400CJ 375| LM380 400 |WD2143 8501745301 3507482 100|74265 260|LS112 46 .
ADCO808 885/ LM38IN £70(Z80CPU 25 300745365 250(7483 100|74273 180[LS113 40
AY-1-1320 225 LM382 £15(Z80ACPUAM 378745373 375(7484 105/74276 130[LS114 40 4538 '
AY-15050  99|{M384 780 [ ZBOACTC 310(745374 375(7485 100{74278 160{LS122 70 |
AY-1-5051  160|LM386 450 | Z80B £8 (745412 3807486  40{74279 80|LS123 100 |
AY-1.6720  210{LM387 450 | 280DART 685 (745470 325/7489 200{74283 100(LS124 125 |L!
AY-3-8910 390 LM389 550 | ZB0ADART 820745471 600(7430  60{74284 440[LS125 S0
AY-3-8912  500(LM393 £11|Z80ADMA 900 | 745472 400}7491 70{74285 300{1S126 50 /
AY-5-1317A  630|LM394CH £45 | Z80DMA 7951745473 0017492 70(74290 80|LS132 60 ’
CA3011 130| LM558 99 | 280P10 250 {745474 400 (7493 50(74293 80|LS133 50 i
CA3012 175 LM725CN 150 | Z80OAP10 300(745475 425|7494 100174297 175|18135 28
CA3014 275|LM733 350 | Z80S10-1 860745571 300|7495  60|74298 160{LS136 50
CA3018 86 |LM1871 90 | ZBOAS10 900745573 450|749 78(74351 180/15138 60
CA3019 LM1889 90 | 280AS510-2 £9 7497 200(74365 70({LS139 60
CA3020 210§ LM2907 550 | Z8002CPU 00 74100 17574366 70|LS145 115 |
CA3023 210] LM3300 9602 220 5107809 95| 73104 70(74367  70{LS147 165 |
CA3028A  130(LM AM26LS31C 125 A 74105 70(74368 70[LS148 130 |
CA3035 255 LM3911 4146 140{ AM26LS32A 125 | 74500 a0|? %0 L 70
CA3036 270{LM3914 4164-150 395 AM26L533 1850 | 74502 40 o0 70
CA3043 275 LM3915 4416-2 425/ AM7910 £30 74503 40 200
CA3045 365{ LM3916 4532-3 250{ AY-3-1015 300 | 74504 40 70
70| LM13600 4816-100ns 200 AY-5-1013 30074505 40 70
220157220 4864-15 425 AY-5-1350 388174508 40 60
CA3059 325| M51513L 6514 250 AY-5-3600 750 [ 74509 40 80
213| M51515L 6116-150 350( CD4724 150 | 74510 40 70
CA3080E 75| M51516L 6116L-120ns  350| COMB017 278 (74511 40 70
CA3081 190| MB3712 6117-100n 575|COM8116 70074515 60 70
CA3085 160| MB3756 6167-6 795| DM8131 27574520 40 70
CA3086 60| MC1204 6264L-15 £14| DP8303 450 {74530 60 80
CA3089E 200 MC1301 £14 | DPB304BN 35074522 40 110
CA3090AQ  375{MC1303 3! 53647 00 (74530 40 150
CA3123 165{ MC1 6502 CPU 325| DS3691IN £8 74532 50 140
CA3130 90| MC1310P 6502A 545 DS8820 11074537 50 128
CA3140 50| MC1445 6503 650| DS8830 140 (74538 70 160
95| MC1455 6504 600/ DS8831 125 (74540 40 100
CA3161E 199 MC1458 6505 650| DS8832 200 | 74551 40 100
CA3162 528 MC1469 6620 175|DS88LS120  395|74S64 40 70
CA3189 275 MC1494 6522 VIA 340/ E9384 800 74565 40 190
40 110| MC1495 6530 RRIOT ~ £11{E9365 £28 (74574 70 190
HA1366 175| MC1496L 6532 RIOT 650| FD1691 £15 74585 295 | 7401 2874147 160|LS02 25(1S5190 85
HA1388 235|MC1596 6545 CRTC 898| FD1771 £15 (74586 100 (7402 25{74148  130{LS03  25[(S191 85
ICL7106 890| MC1648 16551 ACIA 650| FD1791 £22 1745112 1007403  25]74150 170|LS04  25((S192 85
ICL7107 975| MC3302 66592 00| FD1793 £23745113 100 | 7404 30{74151 60| LS05 25/15193 85
1CL7611 99| MC3401 6800 220| F01795 £28 (745114 100 | 7405 30{74153  70{LS08 25(1S134 75
ICL7660 248| MC3403 6802 275|FD1797 £28745124 300(7406  40(74154 130]LS09  28|(S195 75
1CLBO3BCC  380[ MC3404 6803 880| HD26501 75|745132 90 | 7407 4074155  75|LS10 25/1S1%6 85
IcLa21 225| MC3405 6805 670| HM6845 7551745133 50| 7408 28{74156  90|LS1 26| 1S197 85
ICM7205  1150( MC3442 6808 520 IM6402 3801745134 60/7409  25|74157 75(LS12  25{1S5221 88
1CM7207 476| MC3423P 6809E 750 | INSB060N 1250745135 110|7410 25{74159 170|LS13 35118240 95
ICM7216  1050( M! 90| 6810 150 M58174 8265 |745138 170{7411 25[74160 100(LS14 55(1S5241 95
ICM7216A MC4016 68821 220|MC1488 60745139 1707412 28|74161 100|LS15  25|1S242 985
ICM7217A  £11] MF10 6821 150 | MC1489 60 (745140 6017413 5074162 100 LS19 45/15243 95
ICM7224 £11{ MFC6040 375} MC14411 875745151 1407414 60(74163 100| LS20 25|5244 95
ICM7240 300} ML924 6843 800{ MC14412 726745153 14017416 25(74164 100{LS21 25| 1S245 160
ICM7556 105] NE515 850 MC3242 590745157 2007417 35(74165 100] LS22 25115247 105
ICM7556 150 NE529 6845SP 750§ MC3446 250745158 190 | 7420 25(74166 130|LS24 58 105
LA3350 250] NE531 6846 625{ MC3447P 315745162 300 | 7421 50(74167 250 LS26 25015249 106
LA4031P 340| NE543 6847 850| MC3486 175745163 300 7422 4074170 1190|1827 2815251 75(4013 604435
LA4032 295 NES44 6850 180 | MC3487 176745168 007423 35(74172 A400|LS28 25 7614014 80 {4440
LA4400 350 NESSS 6852 250 | MK3886-2M £7745169 00 7425 35(74173 130 LS30 28115266 1754015 60 [4450
LA4422 320| NESS6DB 6854 625 | MM5230D 895745174 2567426  40/74174 -100|LS32  B0|1S257  75|4016 404490
LC7120 300/ NE558 68854 750! MM5303 838 | 745175 300 | 7427 35(74175 100|LS33 28115258 75{4017 60 [ 4500
LC7130 320 NES60 UPC1025H 6875 600 ] MM5307 1275745181 00 (7428 3574176 1001837  25/1S259 1254018 60 4501
LC7137 350] NES62B UPC1156H 68000 £25| MM5387A 865 | 745182 00(7430  25{74177 110|LS38  30/1S260 70(4019 8814502
LF347 150 NE564 8035 360! MM58174 8751745188 200 | 7432 30(74178 130|1S40  25{1S261 100(4020 904503
LF351 70| NES65A 8080A 400|R0O-3-2513L  700{745189 2265|7433 30/74179 130(LS42  55{1S266 604021 68 {4504
LF353 90! NES66 8085A 600|RO-3-2513U  650{745134 280 [ 7437 30!74180 100| LS47 %0 120 (4022 87 {4505
355 90 NES67 8088 £15| SAA5050 875745195 2757438 40174181 300|LS48  90i1S5275 3504023 30 {4506
LF356 90| NES70 81L595 140 | SFFI6364E 800 (745196 00[7440 30174182 120(LS49 100|1S5279 70(4024 50 [4507
LF357 100| NE571 811596 170 | SP0256AL2 495745197 3007441 90/74184 170|LS51 30| 15280 185 (4025 224508
495| NES532 81LS97/98 140 TCM3101J £13 745201 250 | 7442 656]74185 170| LS52 25 80 (4026 904510
LM10 325} NES534 8123 160| TMS27163  725{745225 7443 180|74186 70|LS54  30|1S250 80 |4027 484511
LM301A 30} OM335 8131 475| TMS4047 100745226 500(7444 100]74188 78|LSS5  30|15292 880(4028  45(4512
LM307 45| RC41360 8154 780| TMS4164-15 395745240 3758|7445 110{74190 120|LS63  55/1S5293 804029  75(4513
LM308 76| RC4558 8155 400 TMS4416-2 595 [ 745241 375|7446  110/74191 120|LS73 30115294 9994030 35 (4514
LM311 80| 55668 ZN425E-8 8156 400| TMS4500A £12]745244 4747447 95{74192 120(LS74  35|[S295 1404031 1304515
LM318 150| SAB3209 ZNA426E-8 8202 £25| TMS46323 350745251 225(7448 110{74193 120|LS76 48] S297 4032  I0J4516
LM319 180 SAB3210 ZN427E-8 8212 220{ TMS5100 600 [ 745257 228 | 2450 74134  100|LS76
LM324 45| SAB3271 485 |ZN428E TMS6011 500 | 745258 228 | 7451 30{74195 78(LS78  40||S299 2285|4034 140(4518
/! L
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SMMKERS OPTO 0-5" LCD VOLTAGE REGULATORS 205
80, 0:3W, 2°; 2:26", 25", LEDS price includes Clips DIISPLAYS 1A T0220 Plastic Casing SOCKETS 3
3 80P | 111209 Red 3mm 10 | 3'2digit 495 o Low  Wire
s> #3012:640 ar TH211 Green 3mm TARICIIEERES0 Y ey 7805  asp 7305 s5p : proffe g iRp)
LA 80P | Ti212 Yellow 14 [Odiot 628 v 7s1z  asp 7908 ssp | (O Torn 32K UPG RADE
TIL220 -2* Red 12 15V 7815  45p 7312 S55p i
e . A eEERs |07 Yel Gm. Amoer 18 OFTO |18V 7818 4sp 7918 5sp aeipin 100) 42
AA120 10 | (iastic case] Rectangular LEDs with BPW21 320 |20V 7824 45p 7918 55p b g:g 20: 503
AAY30 8 | Tamov 18 a”egt;’:", IFRSH Y S apxey .az04 ToomA T2 PastiaChong IR s tiR 22p 65p Upgrade your 16K Spectrum to full
o 19 [1aiov 20 |€ps"” palgLD74 gas & Jates 300 - 28 oim Zaainn 48K with our RAM Upgrade Kit. Very
lar LED: . 8v 20 = - " 4o : :
vize 12 Iweooy 30 }'}"”‘F?;‘sﬂfn;ﬁg,)“"gfd ® ILCTS Dartington | 15 B . o el 30p  99p simple to fit. Fitting instructions
S0 13 (o, g 0Z Bl colour LEDs T 35 v 7815 30p  79L15  50p [ oo soggsr supplied. ONLY £22
A3 10 | 2aa00v 42 CP71 120 (TEXT
ORI 101 54600V e 50, | o e lEps ~he  OREIZN & (78 [Nh7CS0, . S2ABEIMSITC EL250; 4 ey 575p IDC CONNECTORS (Speed block type)
oy 3 |6at00v 83 | Red/Green/Yellow S5 N2Na777 50 |78H1212V/5A 640 LM323K 500 goywey) 835 PRSI
o B Ga00y 98 | 0.2 Red High Bright 59 AL A 78HG 45 1o LT 178 COTED Edap Tl St R e I ot
0AS 10 | foazoov 215 |fmerom GO o S THG 225V 10 5% Thaesss 79 L U e ares SRR el SRR et S8 ConnZnto
R0 8 | 10A/600V 298 || D271 infra Red (emit) a6 _Recciver 715 | 54y 68s RCA194 375 | Pins  Sold 0%y (i, S 120
3% Oy 70 732 infra Red fomit) 82 [geyg LM309K " 120 pCa1ss 160 a4 L e 16 way 130p 150p 1100 195
S| 5 {detector] 118
0A200 8 : SWITCH 24 88, 138p 20 way 145p 166p 125p 240p
0A202 [ o2 Hg {detector} 5 | Reflective 28 185p  200p 26 way 175p 200p 150p 320p
1N914 4 TIB1 82 TiL100 90 | TL13® 228 SWITCHES 40 195p  218p 34 way 205p 236p 169p 340p
iN916 5 4 Slotted similar | SLIDE 250V TOGGLE 2A 250V 40 way 220p 250p 190p 420p
IN4OOY2 5 ZENERS = o to RS 186 | 1A DPDT 14 SPST 35 | RIBBON CABLE 50 way 235p 270p 200p 470p
A [N S o P prrereeag AT B s S ) I L L
(N4D04/S 6 y » & on/on/on pole on of ays rey lour
39V 400mW TIL322 5 Cth 140 | 4x212x2" 100 25
Nevoe7 7 8p each | DL704 -3 C.Cth 126 | ax23ax212103 00 Ba Tshs SPECIAL OFFER 1+ 1o
INS401 92 |Range: 3V3to | DL707 -3 C.Anod 125 | 4x4x21 120 |PUSH BUTTON SUB-MIN 2 25 a0p 764 — 250ns £4.50 4.25
INS404 13 |33V.13W FND357 or 500 130 | 5x4x2" 105 | Spring loaded TOGGLE 2 amp % 30 85 27128 ~ 250ns £13.00 £11.50
5406 15p each |-3" Green CA. 140 | 5x234x112” 90 | Latching or SPACh AT EEover 63, P P 6116LP — 150ns £3.50 £3.25
m&ws :g +1.3 Red or Green 150 | 5x234x212"130 | Momentary 6A SPST orlott 58 | 2 65g: gg: 6264LP ~ 150ns £15.00 £13.00
B G os M5 Sl | ShTeme e ST B R % W
13921 a | VARICAPS argrapl 5xax212 120 PDT Biased 105
BA102 30 6x4x2" 120 DPDT 6tags 80 | -pr \ =7
digy 8| B lewcomomor |UEE I wwarme  DBIEGE S| mooweoow |, [muowesi e e |
5 N 65 | BB106 40 | Crystals 1lb 7x5%3” 180 | Non Locking DPDT on/ornvon 185 . 0.1 Yy ; /
SA/BOOY rystals 8x6x3 210 |Pushtomaks 15p DPDT Biased 145 way way way way 12-0-12V 75mA; 15 0-15V 75mA. 130p
195p + 50p p&p 10x4Vax3 280 | Push break  25p 4-pole 2 way 220 P PR T PR
' 10x7x3" 275 | ROTARY: (Adjustabla Stop Type) Yoker s5p  BOp 120p 150 g\}ivzzisz 3A; 2X6V-1-2A; 2X12V5A; u
TRIACS DALO ETCH RESIST 12x6x3 260 | 1 pole/2 o 12way, 2p12 10 6 way. 3 polel | Angle 110p 175p 225p 300p | 2x15V-4 aop, (350 o
SCR's. 3A100V 48 | Pen plus spare tip 100p | 12x8x3" 295 to 4 way, 4 pol to 3 way 48p Strait  100p 100p 160p 250p | 2aVA: GV 15A 6V-1-5A; 9V-1- 2A 9V-12A.
hyri 3A/400V 56
SRt 52 SN0V 85 | COPPER CLAD BOARDS .- ROTARY: Mains 250V AC, 4 Amp 649 | FEmALE R S iean i o5 (60p p&p)
, BA/100 60 ibre ingle- uble- g " CEA- DA
R A O ae [ oree Singl Dot DIP SWITCHES: (SPST) & way S5 Soider 90p 125p 180p 275p | 50VA: 2XBV-8A: 2x9V-2-5A; 2X12V-2A; 2X15V.
_ Angle 150p 200p 260p 330p | 1-5A; 2-20V-1- 2A; 2X25V-2A; 2x30wn 8A
B 8w w2V W B ummimieonnds | SIS S ST oo
W00V 60 x P P way 100VA: 2X 12V-4A; 2X 15V-3A; 2X SO0 5A;
RS 195 |12/t B2 T 2 oL it COVERS75p 70p 70p  85p | 2x30V-1.5A; 2x40V-1- 25A; 2X50V-1A
:%1883 39 |i6aoov 03 | VEROBOARDS A vQ" Board 180 Z 4 10C " Sotis: || PR Yaylo Sa0e, SKiESDy SE2P)00 Pl
12A/800v 188 | 16A/400V 105 | 21/7x334" 95 — ‘DIP’ Board 39! 24 way |EEE 465p  460p !
3TI06 150 | 16A/B00V 220 [21ox5" 110 — Vero Strip i o Coniroris asop  475p ECGEICONNECIORS AN Lo Proffe Frofessions)
3T116 180 25A/400¥ ;85 33ax33a 110 — 24 way Female 480p 450p 2x18 way  210p 8 pin 25p 22 pin 70p
106D 38 |25A/800V 295 | 334xp” 125 95p PROTO-DECs 36 way Centronic Female 470p 500p 14 pin 404 24 pi 72
icar 24 | 25A71000V 3%x17"  420275p Veroblock 480 SIe 2522y 2 £ 4 pn 2
3 i By 510 ¢ bes Sockets| 2x23way  175p 16 pin 42 28 pin 900
1C45 29 | oy 120 |a%xiE 890" — SDec ASTEC UHF MODULATORS o 2x25 way 2859 18 pin 47p 40 pin 120p
1C47 35 A/400 Pkt. of 100 pins  55p Eurobreadboard 590 20 pin 60
ING064 38 |T28000. 125 | Spot Face Cutter 150p Bimboard 1 69! gl izndard 3750 2UNEY 2xzapay 10p L ¢
N4ad4 130 Pin Insertion Tool 185p Superstrip $S2 £13 Gedi R 2500 g'\:vay g;gg xg; g;g: JUMPER LEAD
SOLDERCON | VERO WIRING PEN and Spool 380p | ANTEX Soldering Irons 95p 2x40way  380p oc FEMALEZORE"?EPT‘Z‘gg‘ Jurpggiesds 30y
PINS Spare Wire (Spool) 75p; Combs 6p ea. | C15W 535p C517W 545p 2x43way  450p 1 12 s 2
N b . 2x75 way  650p end 160p  200p  260p  300p
DTl;C oy 3;:0 Wire Wrapping Stakes 100 280p | Gisw 580p XS25W 560p 2 ends 290p 370p 480p stp
> 25 P .
astic Li CRYSTALS BBC MICROCOMPUTER
COMPUTER CORNER l;’IIs étg:_r 6‘;:2& b Al o,
D EPSONRXS8OPrinter ... £209 CASES 200kH: 370 | SPECIALOFFERTHISMONTH ... ONLY £315
i £1.80 otz 320 We stock the full range of BBC Micro peripherals, Hard-
B EPSONRX8BO F/TPrinter ... £219 | Holds ten 5Y4" Diskettes £1. Moou 335 | ware & Software like, Disc Drives (Top quality Cumana & p
DISC ALBUMS 128MHz 450 | Mitsubishi), Diskettes, Printers, Printer Paper, Interface E
D EPSONFX80Printer..............cccocoooevnnn. . £31é it 329 | Cable, Dust Covers, Cassette Recorder & Cassettes, Mon-
Attractively finished in beige | 1awn, s45 | itors, Connectors (Ready made Cables, Plugs & Sockets),
B EPSONFX100Printer .........c.ccccooeeie. . £429 | leather-vinyl, these convenient- iEtar 250 Piotter {Graphic Tablet) EPROM Programmer, Lightpen
A ly store up to 20 discs, Each disc | 50505, 328 { Kit, Joysticks, Sideways ROM Board, EPROM Eraser,
D SEIKOSHAGP100A ... ... can easily be seen through the | 2smH: 225 | Machinecode ROM, The highly sophisticated Watford's
: : 9
I clear view pockets. 3223&'“ ?53 16K BEEB DFS, WORDWISE, BEEBCALC, Software (Edu-
® KAGA/TAXANKP810 Printer ... .o... £242 ONLY £4.25 3.57954M os | cational Appiication & Games), BOOKS, etc. étc. Please
) 2_8%%:“" m send SAE for our descriptive leaflet,
P KAGA/TAXANKP910 Printer .................... £332 5Ya" Disc Drive 4032MH: 280
D BROTHERHR15 Daisywheel Printer £329 | HEAD CLEANING KIT | &iSom 300 DISC DRIVES FOR BBC MICRO
4608MHz 200
; £12 fHECaNHA O o 8(321 %Ot TkE(S:VC,zlxs;egOv'znh own Power Sutqlp.llg
P Centronics PRINTER CABLE for all the above SMHz 160 rac 4
printersto interface with the BBC Micro ............ £7 S A .
BBC MICRO 6:0MHz 120 | @ CD200 — TEC Twin Cased with own PSU, S/S,
R R . Y e WORD PROCESSING Glaaiz 150 40 track, 5%4", 200K £236
2 1- , Green onitor PACKAGE 7-0MHz 150
column select switch, value for maney. £68 o ool @ EP?OSI:} "Si;gk'a( Cased with own PSU, D/ES,:O
_ | 80MH. 150
J LWllCROVlTEC 14" colour monitor. RGB Input. A com;')(lete \(NO}:d hprocesbs 8-0833§M 395 track, 54", 200 149
ead incl £165 | ing package (which can be | 88e7235m 175 ? :
heavily modified to your re- 200Mrz R a0 @® EPSON Twin Cased with own PSU, D/S, 40
D MICROVITEC 1451 Hi-res 14" Monitor incl. : i 100MHz 175 track, 54", 400K £299
Lead £250 quirements, maintaining 105MHz 250
; 107MHz 150 - . :
| nervroneTieT on  g239 | 2rge discount). We supply | igziuf, 200 |@ MITSUBISHI5Y:" Slim line Disc Drives double
L mccEi=all Shn 9 | everything you need to get | 120tz 178 | = gided, double density, track density 96 TPI,
3 i i 4.31818M i
) TEX EPROM ERASER. Erases up to 32 ICs in | @ BBC Micro running as a AT track to track access time 3msec.
15-30 min. £30 | word-processor. Please call 1a76sMH; 250 M) . >
y in for a demonstration. leomiz - 240 | @ SINGLE MITSUBISHI Slim line — Cased with
P Spare ‘UV lamp bulbs £8 180MH 180 own PSU, DS/DD, 1 Megabytes (400K with
¥ 18432M 150 BBC) £165
) C12 COMPUTER Grade BASF Cassettes in E)B(aCmN‘l"le Pac"t(:%ef;s o LSiacandiel ‘s
i icro, wi nter- ; - . t
iy Cases SEp face. Wordwise, Tevin 400K | fisus, 120 |@ TWIN MITSUBISHI Slim line ~ Cased with
145" or 914" i opl 5 ) 29.695MHz 150 own PSU, DS/DD, 2 Megabytes (800K with
p 8Y2" or 92" Fan fold paper (1000 sheets) £7 {150p) TEC Disc Drives, 12" High- %gf;'gmi gg BBC) s A -l
P Teleprinter Roll {no VAT) £4 | res green monitor, Brother | 27145M 130
) . 27648MHz 300
HR15 Daisywheel printer, | 3scese7m 240 513/4" Disketies (Life Time Warranty)
MANY MORE PRINTERS, MONITORS, INTERFACES, | goobcaic & Datab fi. | @omn 260 | @ 10 3M Diskettes S/S D/D £14
WAILABLE. CALL IN AT OUR SHOP FOR DEMON- | Beebcalc & Database soft- | ecomiz 200
STRATION OR WRITE IN FOR OUR DESCRIPTIVE | ware on Disc, 10 3M Discs, | {igom. 300 10 3M Diskettes D/S D/D £22
LEAFLET. 500 sheets of paper, 4 way | 1468MH: 225 ® (SRS
FORD ELECTRONICS
all in at our shop for demonstration of any of the l(’)a ? an£ alt cables.
bove items. Be satisfied before you buy. nly: £1,119
e sotjefieg G y: g-11 Tel. (0923) 40588 Telex. 8956095




Mail order & shops:

441 PRINCES ROAD, DARTFORD, KENT DA1 1RB
Telephone: (0322) 91454

ORDERING INFORMATION: p/p 50p on orders less than 620 in
value otherwise post free. All components full spec & guaranteed.
Discounts available on orders over £50 — phone for details. For unlisted
components phone for price. Goods normally despatched by return

NEW CATALOGUE NOW AVAILABLE

CONTAINING THOUSANDS OF LINES
MANY ILLUSTRATED

This incredible volume contains everything
required by the home constructor, amateur
radio and CB user and computer enthusiast.

We think the semiconductor section contains
more types than have ever been offered to
the hobbyist.

Sections are headed as follows:

Aerials, Amplifiers, Audio Accessories,
Batteries, Boxes, Bulbs, Capacitors,
Crystals, Car Components, Car Audio,
CB & Ham Equipment, Computer
Connectors, Fuseware, Hardware,
Headphones, Knobs, Lamps, Leads,
Loudspeakers, Microphones, Meters,
OPTO, PCB, Resistors,
Semiconductors, Special Effect
Equipment, Switches, Power Supplies,
Test Equipment, Tools, Transformers,
Wound Components.

In addition to listed items we continue to
provide a procurement service for obsolete
and difficult to obtain types.

How many suppliers do you have at the
moment that offer a service like this?

Please fill in coupon below and send with
£1.25. Print clearly as coupon is used as
address label.

Catalogue contains £2.50 discount order form
— You make a profit straight away.

FREE DATA CARD!

Shows where to find voice,

morse, teleprinter and slow-

scan television in the HF
amateur bands.

PLUS NEW SERIES

AMATEUR TELEVISION

A practical approach to transmission
and reception on the 23/24 cm. band.

L et Seng, —R283
gf % o amgepeenx

Eleclronics -Microprocessors
-Now! The Praclical Way'!

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

@ Recognise and handle all
current efectronic 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.

I_I'REE! COIDUR EROCHURE OR TELEPHONE US 062 687 2598

,l Please send your brochure without any obligation to OR TELEX 22758 {24 HR SERVICE) l
| name 3 I am interested in ]
] [__"JELECTRONICS 1
P A [ MICROPROCESSORS |
1 [C_1RADIO AMATEUR LICENCE |
13 C___JCITY & GUILDS EXAMS 1
e 1 Other Subjects . . .............. .. 1

Practical Electronics March 1985




I-PAK BARGAINS

HIGH QUALITY MODULES FOR
STEREO, MONO & OTHER
AUDIO EQUIPMENT

Audio Amplifiers

POWER O/P MAX SUP.
RM.S. VOLTAGE  PRICE
10 Watts 30V £4.95
25 Watts £5.92
35 Watts £8.75
50 Watts f15.22
AL 250 125 Watts £20.60

Stabilised Power Supplies —

Qutput current 25 Amps
0/No. AC Input Price

40-48V £8.05
50-55V £8.05
60-65V £8.05

Mono Pre-Amplifiers — Operating Vig. 40-65V
0/No. Price
MM 100 Suitable for Disco Mixer £14.75
MM 100G Suitable for Guitar Pre-Amp

Mixer £14.75

Magnetic Cartridge Pre-Amplifier
0/No. MPA30. Sup Vtg. 20-30V.

Manographic Equaliser
GE 100 MKil 10 Channel OUR PRICE ONLY £20.00

Full §

Price £429

and Data available on request
Please send self-addressed envelope.

OPTO 7-Segment Displays
Brand new 1st Quality
LITRONIX DL 707R 14-pin

Red 0.3 Common Ancde Display 0-9 with right
hand decimal point TTL compatible. Sv OC Sup-
ply. Data supplied.

{60p each)
{50p each)
(40p edch)
(35p each)
{30p each)

5 pieces

10 pieces
50 pieces
100 pieces
1,000 pieces

THE MORE YOU BUY
THE LESS YOU PAY

BI-PAK’S OPTO SPECIAL

A selection of large and small sized LED's
in various shapes, sizes & colours, togeth-
er with 7 Segment Displays both anode &
cathode plus photo transistors emitters
and detectors. Cadmium Celf ORP12 and
Germ. photo transistor 0CP71 included. In
all a total of 25 Opto pieces valued over

£12 Normal Price
\Order No. VP57
Qur Super Value
Price Just
£5.00

DIGITAL VOLT METER MODULE

3 x 7 segment displays Bass Circuit.

0-2v instructions provided to

\ extend voltage & current ranges.
Operating voltage 9/12v. Typ

Power Consumption 50mA,

0/Ne. VP39 Once only price

i
SINGLE SIDED FIBREGLASS ’ A
BOARD
Order NoPieces  Size Sg. Ins. Pnu’

9 x 2" 100 £150

1M1 x3 100 £150

Bx3I 15 f200
DOUBLE SIDED FIBREGLASS
BOARD
FB4 z

14 x4 110 £2.00

EDGE CONNECTORS
50-way X 2.1 pitch Edge Connector (Gold)
{0/No. AMP163279 2} £128 each. £50 per 50 off

PICK-UP COIL

Large telephone pick-up coil for high

sensitivity. Suction pad to stick to tele-
¥ phone. %0cm lead o 3.5 jack plug. Con-

mects direct to cassene recomer DImS

1
sucker. O/No YP87

'VALUE PACKS

Qty Description
Assorted Resistors Mixed Types
300 Carbon Resistors Y4-'2 Watt Pre-Formed
200 '8 Watt Min Carbon Resistors Mixed
2 Watt Resistors 100 ohm-1M Mixed
Assorted Capacitors All Types
Ceramic Caps Miniature — Mixed
Mixed Ceramics Disc. 1pf — 56pf
Mixed Ceramic Disc. 68pf - 015pf
Assorted Polyester/Polystyrene Caps
€280 Type Caps Metal Foil Mixed
Electrolytics — All Sorts
Bead Type Polystyrene Min Caps
Silver Mica Caps Ass. 5.6pf ~ 150pf
Silver Mica Caps Ass. 180pf - 4700pf
DIuF 250v Min. layer metallised Polyester Capacitors
Wirewound Res. 3W (avg) Ass. 1 ohm ~ 12K
Metres PVC Covered Single Strand Wire Mixed
Colours
Metres PVC Covered Multi Strand Wire Mixed Colours
Metres PVC Single/Multi Strand Hook-Up Wire Mixed
Rocker Switches 5 Amp 240v
2’ High Bright RED LED's in plastic encapsulation large
area light source
Sq. Inches Total, Copper Clad Board Mixed Sizes
Assorted Slider Pots. Mixed Values
Slider Pots. 40 mm 22K 5 X Log. 5 X Lin
Slider Pots. 40 mm 47K 5 X Log. 5 X Lin
Small 125" Red LED’s
Large .2” Red LED'S
Rectangular .2” RED LED'S
Ass. Zener Diodes 250mW - 2W Mixed Vits. Coded
Ass. 10W Zener Diodes Mixed Vits. Coded
5 Amp SCR's T0-66 50-400v Coded
3 Amp SCR's TD-66 Up To 400v Uncoded
Sil. Diodes Switching Like IN4148 D0-35
Sil. Diodes Gen. Purpose Like DA200/BAX13/16
1 Amp IN4000 Series Sil. Diodes Uncoded All Good
Black Instrument Type Knobs With Painter 14" Std
Black Heatsinks To Fit T0-3, T0-220 Ready Drilled
Power-Fin Heatsinks 2 X 10-3 2 X TD-66 Size
BC107/8 Type NPN Transistors Good Gen. Purpose
Uncoded
BC177/8 Type PNP 'Transistors Good Gen. Purpose
Unceded
Siticon Power Trans. Similar 2N3055 Unceded
Precision Resistors. 2-1% tol.
1N4002 Sil. Rects. 1A 100v preformed pitch
40A Power Rectifiers Silicon T048 300PIV
BY187 12KV Sil. Diedes in carriers 2.5mA
100K tin. Multi-turn pots ideal vari cap tuning
Assorted pots. inc. Dual & Switched types
Soiid Tantalum Caps. Mixed Values

OPTICALLY COUPLED MODULES
1 pair SD1/131 Consisting 1 x LS600 Silicon Light Sensor & 1x Matched
Galfium Arsenide Light Source — Type TiL23, on ready mounted fibre
glass board. Including Oata.
BI-PAK Price ONLY £0.60 pr.
ideal Alarm projects etc. 0/No. VP147.

LED DISPLAYS

RED 7 Seg. CC 14mm x 7.5mm ROP FND353
GREEN 7 Seg. CA 6" LDP XAN6520
RED 7 Seg. CC 6" LDP XANG340
RED Over-fiow 6" 3 x CA 3 x CC 6630/50
GREEN Over-flow .6" CA XANG530
REQ 7 Seg. CA .3" XAN3061
DUAL RED 7 Seg. 5" CA DL527 DPR
DUAL RED 7 Seg. 51" CA DL727 DPR
38 Assorted LED Displays - Our mix with Data
RDP = Right Hand Decimal Point CC = Common Cathode
LDP = Left Hand Decimal Point CA = Common Atode

ANTENNA SWITCH 2 and 3 WAY
Co-axial switch for one transceiver to two
or one to two tr
Dims: 86 x 55 x 32mm-(Body).
0/No. VP 113

As above but 3-way.
0/No. VP 114

IR S ey el B e S SR B B R I B 0 | EREDI e

] L]
SBE8EE B 2222333333 33338888 BRBBEIZIIRBBBBRBR R

g g z=gpssy

B30 883

£4.50
£4.75

CB/TV. High pass fiter. Reduces unwanted

signals picked up by antenna. Dims: 45 x 25
X 17mm. 0/No. VP 115 45p

LOW PASS FILTER
o

Oesigned to reduce harmonics
on the VHS and TV band.
Cut-off frequency: 30MHz.
V.SWAR.: Less than 1.2 10 1.
Insertion loss: —0.2d8 @ 27MHz. |
Impedance: 50 ohms.

Dims: B0 X 55 x 40mm. =
0/No. VP 116

| LOW-PASS FILTER l
L 0 "
AEC

1C BARGAINS
40 Assorted TTL CMOQS INTEGRATED C!RCUITS 74 Serles & CD4000
Series - All new Gates. Flip-Flops - MSI etc. GREAT VALUE Data
Book & Sheets included. 40 Pieces {Our Mix) £4.00  0/No. UP40

Send your orders to Dept PE3 BI-PAK PO BOX 6 WARE. HERTS

SHOP AT 3 BALDOCK ST. WARE, HERTS

TERMS CASH WITH ORDER, SAME DAY DESPATCH, ACCESS,
GIRO 388 7006

182,
ADD 15% VAT AND £1.00 PER ORDER POSTAGE AND PACKING

’.PAK BARCLAYCARD ALSO ACCEPTED. TEL. (0320) 31

TRANSISTOR PACKS
BC183B Sil. Trans. NPN 30v 200mA Hfe240+ TO92
BC171B Sil. Trans. NPN 45v 100mA Hfe240+ TO92
TIS90 Sil. Trans. NPN 40v 400mA Hfe 100+ TO92
TIS91 Sil. Trans. PNP 40v 400mA Hfe100+ TO92
MPSAS56 Sil. Trans. PNP 80v 800mA Hfe50+ TO92
BF595 Sil. Trans. NPN eqvt. BF184 H.F. TOS92
BF495 Sil. Trans. NPN eqvt. BF173 H.F. TO92
ZTX500 Series Sil. Trans. PNP Plastic
ZTX107 Sil. Trans. NPN eqvt. BC107 Plastic
ZTX108 Sil. Trans. NPN eqvt. BC108 Plastic
E5024 Sil. Trans. PNP eqvt. BC214L TO92
BC183L Sil. Trans. NPN 30v 200mA TO92
SJE5451 Sil. Power Trans. NPN 80v 4A Hfe20+
NPN/PNP pairs Sil. Power Trans. like SJE5451
2N6289 Sit. Power Trans. NPN 40v 40w 7A Hfe30+
BFT33 NPN Sil. Trans. 80v 6A Hfe50-200 TO39
BFT34 NPN Sil. Trans. 100v 5A Hfe50-200 TO39
BUY69C NPN TO3 VCB 500 10A 100w Hfe15+
BC478 eqvt. BCY71 PNP Sil. Trans. TO18
BXS21 eqvt. BC394 NPN Sil. Trans. 80v 50mA TO18
Assorted Power Trans. NPN/PNP Coded & Data
BF355 NPN TO-39 Sil. Trans. eqvt. BF258 225v 100mA
SM1502 PNP TO39 Sil. Trans. 100v 100mA Hfe100+

LLLLLLLLLLLL LY
23333332888383388388888;!

TRANSISTORS
Silicon NPN Transistors. All Silicon PNP Transistors. All Per-
Perfect. Coded Mixed. Types fect Coded. Mixed. Types With
With Data And Eqvt. Sheet No Data and Eqvt. Sheet. No Rejects.
Rejects. Fantasic Value. O/No. Real Value.
BP38 £3.00

O/No. 8P39 £3.00

The best known Power Transmitter in
the world 2N3055 NPN 115W.

Our Bi-Pak Special Offer Price. BD312 COMPLIMENTARY PNP POWER
0

TRANSISTORS TO 2N3055. Equivalent

100 off  p2955 BD312 T03 Special Price £0.70
- f £6.

SEMICONDUCTORS FROM AROUND THE WORLD
100 A collection of Transistors, Diodes, Rectifiers & Bridges, SCRs, Triacs, I.C.s
& Opto’s all of which are current every day useable devices. Guaranteed Value
Over £10 Normal Retail Price. Data etc. in every pack. Order No. VP56
Our Price £4.00

TRANSISTOR CLEARANCE
400 Alt Sorts Transistors. A mixed bag NPN-PNP Silicon & Germ. Mainly
Uncoded You To Sort Pack includes instructions for making Simple
Transistor Tester, Super Value.
Order No. VP60. £1.00

150 De-soldered Silicon Transistors from boards 10mm leads ail good. O/No.
VP173 £1.00

THE ELECTRONIC COMPONENTS AND
SEMICONDUCTOR BARGAIN

TECASBO OF THE YEAR!

This collection of Components and Semiconductors for the hobbyist is probably
the most value-packed selection ever offered, it consists of Resistors, carbon
and wirewound of various values. Capacitors: All types, sorts and sizes
including electrolytics. Potentiometers — single, duat, siider and preset. Switch-
es, Fuses, Heatsinks, Wire, P.C.B. Board, Plugs, Sockets etc., PLUS a selection of
Semiconductors for everyday use in popular Hobby Prbjems. These include:
SCR's, Diodes, Rectifiers, Triacs & Bridges as well as a first class .

mix of Transistors and I.C.’s. In all, we estimate the vailue of this in ]ust
current retail catalogues to be over £26! So, help yourself 1o a

great surprise and order a Box TODAY — ONLY at BI-PAK. £7 00
Remember, stocks are limited so hurry! You can call us on 0920 v
318273442 and order with your Barclaycard or Access Card — 24hr Answerphone
Service NOW. Order No. VP 85.

ANTENNA COUPLER
Transceiver/car radio antenna coupter. With
co-axial cables. One co-axial terminates in
antenna plug and the other in PL259 plug.
Oims; 67 x 46 x 30mm.

£2.00

O/No. VP 117

PRECISION MORSE KEYS
™ Well designed beginners key.
Fully adjustable. Dims: Base
B2mm x 45mm
OfNo. VP 122. £1.85

ELECTRONIC SIREN 12v DC
Red plastic case with
adjustable fixing brack-

et. Emits high-pitched
wailing note of varying
pitch — 100 cycles per
minute.

Dims: 30mmf{dia)
60mm(depth)

Power: 12v DC

Our Price: £5.50

POWER SUPPLY
OUR PRICE £3.75
Power supply fits directly into
13 amp socket. Fused for safety.
Polarity reversing socket. Volt-
age switch. Lead with multi
plug input — 240v AC 50Hz Out-
put -3 456 75 9 & 12v DC.
Rating 300ma Mws8.

(LEARN A LINGO)
PILLOW SPEAKER
2" speaker. 15m Iead with

3.5mm mono jack plug. Black. \g
Dims: 65{dia} X 17mm.
VP 88

TAPE RECORDER SWITCH

Unit to control motor of tape
recorder. 1.8m cord and 2.5mm plug
attached. On/Off switch. Dims: 55 X
20 X 20mm.
O/No. VP 127 £1.00

Use your credit card. Ring us on Ware 3182 NOW
and get your order even faster. Goods normally
sent 2nd Class Mail.

Remember you must add VAT at 15% to your order.
Total Postage add £1.00 per Total ‘er.




ELECTRONIC SIREN

KIT

Produces an extremely
loud piercing swept
frequency tone from a
9-15V supply. Enable
input for easy connection

to alarm circunts.

Includes Sin. Horn Speaker. £7.90

&

Mini Siren

As above, but with a small speaker {instead
of horn speaker) for internal use.

Complete with box £4.30

SECURITY PRODUCTS

Protect your home
and property and Fwm
save by building

your own burglar

alarm system.

Stair Mat 23 x 7 in (950 120} £1.70
Floor Mat 29 x 16in {950 125} £2.60
Tamper-proof connecting block

{950 110) £0.30
Door/Window Contacts. Flush

mounting, 4 wire, Magnet/switch

Per Pair. (950 140) £1.05
Window Tape 0.5 wide. 50m

(950 1495) £2.50
Window Tape Terminations

Per pair. {950 150} £0.36

Key-operated Switch. 1.5A/250V
SPST Heavy chrome metal.
(350 128) £4.50
Passive Infra-Red Detector
Detects intruder's body heat. Range
10 metres. 12V DC. n/o & n/c contact.
1950 135} £40.00
Alarm Control Unit. 4 input circuits, 2
instant and 2-delayed. Adjustable entry,
exit and alarm times. 8uiit and tested. Full
instructions supplied. Size: 180 x:130x
30mm. Supply: 12v oC.
{950 160) £26.00
Ultrasonic Burglar Alarm. Self-contained
mains or battery powered unit complete
with horn and AC adaptor. Imputs for pres-
sure mats and other sensors together with
exit/entry delays enable this unit to be used
as a complete system. £45.00 + p&p £2,20
8W Horn Speaker. 5.5 ins. 8 ohm. ideal
for sirens, etc. 2.5m lead and 3. 5mm jack
plug. 1403 148) £6.15

IR GARAGE DOOR
CONTROLLER KIT

For controlling motorised garage doors
and switching
garage and drive
lights on/otf up to
arange of 40 ft

vt
Lots of apph \ i
cations like g ”@_l___ﬁ_‘l_l
controling hghts

and TVs,

etc. in the home. Ideal for aged or dis
abled persons, this coded kit compnises of
a mains-powered infra-red receiver with a
normally open relay output plus two
latched transistor outputs. battery
powered transmitter and opto-isolated
solid state mains switch.

XK103 £25.00
XK105 Extra transmitters £10.50
PN2 FM Micro Transmitter £7.50

PN3 Stabilised Power Supply £13.70
PNS 2 x 1Ow Stereo Amplifier £14.50
PN6 2 x 40w Stereo Amplifier  £24.95
PN7 Pushbutton Stereo Preamp £12.80
PNB Tone & Volume Control £13.60

PN11 3w FM Transmitter £11.95
PN13 Single Channel FM

Transmitter £9.80
PN14 Receiver for above £15.50

1,

TOP QUALITY .

.. TOP SERVICE

BOTTOM PRICES!

For FREE CATALOGUE send 9" x 6" SAE — contains full list of stock
range all at very competitive prices. Cash with order {except account
customers). Access or Barclaycard telephone orders welcome. Add
75p p&p + 15% VAT to all UK orders. Overseas customers add £2.75
p&p Eutope, £650 elsewhere. Giro No. 529314002. Goods by return
subject to availability. Shop open 9am— 5pm (Mon-Fri}. 10am—4pm

Sat). ALL PRICES EXCLUDE VAT

Jhese kits are designed to enable infra-
red remote control to be incorporated into
virtually any application from switching
car locks or alarms to controiiing Hi-Fi.or
TV. The application will determine the
interface circuitry between the receiver
and the controlled device. General in-
structions and applications are supplied
The kits are coded and provide a high
dearee of security and noise immunity.
MK 18 Transmitter Kit - for use with
MK 11/MK 12 receivers. Requires PP3 bat-
tery. Size: 8x 2 x 13cms. Range approx
0 ft £6.80
Keyboards for MK 18
MK9 4-way for use with MK12 £1.90
MK 10 16-way for use withMK 12 £5.40
MK 13 11-way for use withMK11 £4.35
MK 11 Receiver Kit mains powered
Prowdes 10 latched plus 3 analogue out
puts ideal for ¢ontrolling audio amplifiers,
TV or lighting where control of light
brightness is required £13.50
MK14 AC Power Controller Kit for
(phase) controlling AC ioads from MK 11
analogue outputs, eg lamp dimming
£5.20

COMPONENT PACKS

PACK 1 650 Resistors 47R 10M

10 per value £4.00
PACK 2 40 - 16V Electrolyncs

10- 1000uF . 5 per

value £3.25
PACK 3 60 « Polyester Capa

citors. 0.01 1uF 250V

Svalues £5.55
PACK 4 45 Presets 100R 1M £3.00

PACK S 30 Low ProtigIC
Sockets 8. 14 & 16pin £2.40
PACK 6 25 Red LEDs {S5mm} £1.75

—O
—QapD—

N
LCD DIGITAL

LOW COST! 10M ohm. 3% digit 0.4 in
display. Auto zero and polarity, low batt.
indication, overload protection. includes
test leads, battery, spare fuse. manual.
carrying case.

AC Volts: 0— 200 500.

OC Volts: 0-2-20-200-1000.

DC Current: 0-20m-200maA.

Resistance: 0-2k-20k-200k-2M.

Size: 138 x 86 x 36mm.

(405 202) £25.95
Professional 10M, 0.5 in. 3% digit.
Dverrange and low battery indication.
Overload protection. Includes leads,
spare fuse. battery. manual and case.
Transistor Checkér, Size: 175x 93 x
42mm.

AC Volts: 0-200-750.

DC Voits: 0-200m-2-20-200-1000.

DC Current:  0-20u-2m-20m-200mA.
0-10A

Ohms: 0-200-2k-20k-200k-2M. 0-20M.
(405 204) b £33.50

INFRA-RED REMOTE CONTROL KITS

(-~ -

MK 19 Stereo Amplifier Controller Kit
for remote control of bass, treble and
volume (or balance) by MKII. Includes a one of
10decoder remote channel or input selection.
May be connected between the pre-amp and
power amp of aimost any audio system.
£10.70

MK 12 Receiver Kit mains powered
with 16 fatched or momentary outputs.
Latched version is for applications re
quiring one output on at a time eg TV
channel selection. Momentary type gives
an output only during transmission. Lines
may be latched as required

Size: 9x 4 x 2cms £13.50

MK 15 Duai Latched Solid State Relay

for switching mains loads such as lamps,
TVs. etc. from the outputs of the MK 12
{momentary). 15 items may be switched
independently using 8 MK 15s. Triacs (not
suppiied) switch at mains zero to reduce
interference £4.50

BT STYLE PHONE
CONNECTORS

g Line Jack Units
Master Unit (first
- tine unit} has bell
Al capacitor and

surge  ariester
Flush or surface mounting. Screw con
nectors
Master (fiush} {960 110\ £3.00
Master (surface) {960 1 12%3.00
Master (mini surfacet (960 113) £3.50
Secondary (flush) 1960 114) £2.65
Setondary (surface) (960 116) £2.65
Secondary {mini surfl 1960 117) £3.00
Dual outlet adaptor (960 118 £4.20
4.way linecord  with piug to spade ter
minals {960 120} £2.00
4-way finecord (960 130) £0.20 per.m

MULTIMETERS
fFee Auto Ranging. 3Y%
(=] e, 10m i,
ﬂ Continuity buzzer,

low battery, overload
4 and range indication.

fha= 10A internal shunt

for AC/DC current

Gﬁ; measurement. Carry-

ing case supplied.

AC Volts: 0 2-20-200-600.

DC Volfs: 0 0.2-2-20-200-1000.

AC Current: 0-200mA. 0-10A,

DOC Current: 0-200mA/0-10A.

Resistance: 0-200- 2k-20k-200k. 0-2M

Size: 160 x 85 x 29mm.

{405 206} £44.85

High Sensitivity, Temperature Probe.

For use with a multimeter to measure

temperatures from —50°C to + 250°C.

Accuracy! 1.5°C@25°C. 2°C@100°C.

Response time (in water), 5 seconds

Includes case, calibrated scale and in-

structions. (405 220§ £8.50

11-13 Boston Road

London W7 3SJ

ORDERS
01-567 8910

ENQUIRIES
01-579 9794

1-579 2842 TECHNICAL AFTER 3pm

MICROPROCESSOR

TIMER KIT

Designed to con
tro! 4 outputs
independently
switching on and
off at preset times
over a 7-day
cycle. LED dis
play of time and day, easily programmed
via 20-way keyboard. ideal for central
heating control  linciuding different
switching times for weekends}). 8attery
back-up circuit.Includes box

18 time settings

CT6000K £39.00

XK114. Relay Kit for CT6000

includes PCB, connectors and

one refay. Will acceptup to 4

relays. 3A/240V c/o contacts £3.90

701 115 Additional Relays £1.65

ELECTRONIC LOCK KIT

With hundreds of uses indoors. garages,
car anti-theft devices, electronic equip-
ment, etc. Dnly the correct easily
changed four-digit code wilt open it! Re-
quires a 5-15V DC supply. Dutput
750mA. Fits into standard electrical wall

box

Complete kit (except front panel)
XK101 £11.50
Electric Lock Mechanism for use with
existing door locks and the above kit.
{Requires relay.) 12V AC/OC coil.

(701 150} £14.95

These kits are 1]
designed to s

replace a stan )4
dard wall switch |}

t ntrol \ .

o control up to P T

300w of hghting

TDR300K Remote Controiled

Light Dimmer £14.95
MK6 Transmitter for

above £4.50
TD300K Tough Dimmer £7.75
TS300K Touch Switch £7.75
TOE/K 2-way extension

for above kits £2.50

LD300K Rotary controtled
Light Dimmer £3.95

DL1000K - This value-for-money 4-way
chaser features bi-directional .sequence
and dimming. 1kW per channel. £15.95
DLZ1000K - A lower cost uni-directional
version of the above. Zero switching to

reduce interference £8.95
Optional opto input allowing audio beat’/
light response (DLA/1) 70p
DL3CO0K 3-channel sound to light kit

features zero voltage switching, auto-
matic level control and built-in micro-
phone.. 1kW per channel £12.95

DVM/ULTRA SENSITIVE
THERMOMETER KIT

Based on the ICL 7126 and a 3% digit
fiquid crystal display, this kit will form the
basis of a digital multimeter (only a few
additional resistors and switches are re
quired details supplied}l, or a sensitive
digital thermometer {50°C to + 150°C)
reading 0.1°C. The kit has a sensitivity of
200mV for a full-scale leading automatic
polarity and overload indication. Typical
battery life.of 2 years (PP3) £15.50
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CHIPS FOR EVERYONE

IN JUST a few short months the chip
' suppliers have seen the market
change from one where demand out-
stripped supply to one where they are
laying off staff and shelving immediate
development plans because there are
now chips for everyone. While this is
good for present users since it has
resulted in the reduction of chip prices
(although with the present pound to
dollar ratio, these reductions are un-
likely to show in the UK as most com-
ponents are priced in dollars for sale
around the world) the situation is
worrying for the progressive future of
high technology in general.

Over recent months up to 3,000
workers have been laid off by chip
manufacturers in America and develop-
ment planned for semiconductor plant
In Scotland has been shelved. These
cut backs are a direct result of the sup-
ply and demand situation; fortunately
many of the manufacturers are in-
dicating that their long term develop-
ment plans are not being significantly
changed. For instance NEC (a
Japanese company)} is planning to ex-
pand its Scottish factory and Hughes
Microelectronics are also planning in-
vestment in Scottish plant.

The industry in general invests
massive amounts of money in the
development of new production
methods, larger wafers, new base
materials, bigger chips and improved
plant. Without the continuing profitable
massive sale of chips that investment

in future product cannot continue. The
semiconductor industry is in the
doldrums. and the fifth generation is
possibly staying out of reach because
of it.

FUTURE

We do of course still have Sir Clive
who is promising wafer scale chips
from his research centre; perhaps he
will sell even more computers if chip
prices fall this year. Interestingly Sir
Clive may make more profit because of
the supply/demand situation and it
may be that he invests that profit in the
future of the industry, rather than the
chips makers. Of course he will need a
manufacturer to build the chips since it
is highly unlikely that Sinciair will buy
'or build the necessary factory. Provided
someone in the business is prepared to
invest development should continue.
That ability to invest may also be tied
up with the future sales of the C5
vehicle!

Wafer scale chips will probably play
a very important role in our future
which seems to be tied up with fifth
generation and the massive industrial
advantage it could bring. One company
has already shelved wafer scale
development because of the massive
costs involved.

BACK NUMBERS

s e
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and BINDERS...

Copies of most of our recent
issues are available from: Post
Sales Department (Practical Elec-
tronigs), IPC Magazines Ltd.,
Lavington House, 25 Lavington
Street, London SE1 OPF, at £1
each including
p&p. Please state month and
year of issue required.

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

Inland/Overseas

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

Advertisement Manager
David Tilleard 01-261 6676

Secretary
Christine Pocknell 01-261 6676

Classified Supervisor
Barbara Blake 01-261 5897

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

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.

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

0ld 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.

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

Waestover House,

West Quay Road, Poole,

Dorset BH15 1JG

SUBSCRIPTIONS

Copies of Practical Electronics are available
by post, inland for £13, overseas for £14
per 12 issues, from: Practical ‘Electronics,
Subsceription Department, IPC Magazines
Ltd., Room 2816, King's Reach Tower,
Stamford Street, London SE1 9LS. Che-
ques, postal orders-and international money
orders should be made payable to |PC
Magazines Limited. Payment for subscrip-
tions can also be made using a credit card.

Phone:
Editorial Poole (0202) 671191

We regret that lengthy technical enquiries
cannot be enswered over the telephone.




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

»HEWS &

Last year the Government granted 25
year licences to the two operating
networks—British Telecom/Securicor with
their Cellnet system and Racal with their
Vodaphone system. The licences stipulate
that each operator must have sufficient
transmitter coverage to accommodate 90
per cent of the UK population by the end of
the decade.

In marketing their respective wares the
two organisations have appointed many
well established retail outiets, who will sell,
lease, install and connect the hardware. The
AA for instance are one of Vodaphone's
distributors who with their membership of
5.6 million motorists have a ready made
cligue of potential carphone customers.
Another interesting appointment is that of
Granada by Cellnet. They will deal through
their massive chain of High Street shops
which lengthened last year when they
bought out Rediffusion. Prospective roving
orators will be able to get hands-on ex-
perience at these outlets.

The cost of the various options will vary,
those quoted here therefore should be
treated as indicative; they pertain to the
Cellnet price structure.

A Class 1 carphone will cost around

et Batte Gommence

The arrival of cellular radio in the UK this year could be said to be the thin
end of a wedge that will soon provide pioneering business people, com-
mercial enterprises and the ‘'well off’ with a carphone or portable handset.
The thick end of that wedge will eventually put us all within reach of such
communicative luxury—when prices fall or market saturation convinces
us all that we cannot live without one!

£1500 if bought outright, this includes in-
stallation and connection. To lease such a
unit would cost around £60 per month, this
includes a £25 per month subscription
charge.

A portable unit will cost around £3000,
to lease such a unit will be around £80 per
month including the subscription charge.

Call charges will be 25 pence per minute
during peak periods and 15 pence per
minute at other times.

The principle of cellular radio lies in the
constant re-use of radio frequencies by
utilising small adjacent cells each contain-
ing its own transmitter. This principle repre-
sents a revolution in mobile communica-
tions. Cells vary in size from one to two
kilometres across in urban areas to far
larger cells in rural areas where demand is
lower. As a user travels from one cell to the
next his call is automatically transferred to
the new cell's frequency without any in-
terruption. The original cell, as a result,
becomes free for the use of other sub-
scribers. All of this allows the network to
support a far greater number of
simultaneous calls than any current system.

For further reaaing see ‘Cellular Radio’
Practical Electronics, Jan '85; and
‘Leading Edge’ in this issue.

NEW SHOP FOR
JKYBRIDGE

Skybridge Lid., have announced the opening
of their new shop in Dartford, Kent.

‘Their product range includes the usual dis-
creet components, which are stocked in depth,
with the general product range being divided
into categories. They include Audio and Elec-
tronics; Home radio; Computer; RC; Servic-
ing, test equipment, etc. In many cases several
options of the same product are available
enabling cost conscious buyers to stick to a
budget. ‘

Customers at the shop can consult a
technical library covering subjects from com-
ponent data to constructional information;
helpful advice is also on hand. A catalogue is
presently being compiled so that a mail order
service can be introduced. Skybridge Ltd. can
be found at 441 Princes Road, Dartford, Kent
(0322) 91454.

There are many avenues open to the construc-
tor who wishes to develop prototype circuits
quickly and economically, stripboard and
plug-in blocks being a couple of obvious ex-
amples. A quite new option has now been
developed by UK based E & H Electronics.

Protocard is a pcb 'measuring 210 x
100mm which houses six, 16 pin d.il. sockets
whose pins are routed to large area solder
pads. These extra large pads allow compo-
nents to be tacked easily onto their surface for
quick assembly of prototype circuits. There
are also eight transistor pads on the board.
Each i.c. is marked with a pin location, and
supply tracks, signal tracks, etc., run the full
length of the board.

A

Once the circuit has been proven the board
can be stripped and used again. Admittedly, a
rather self-indulgent aid for the true amateur,
but nevertheless a very handy item.

Protocard costs £8.50 inc. VAT and p & p;
it is supplied with 10 circuit planning cards
and a small quantity of equipment, wire and
solder. From E & H Electronics, 33 North
Street, Keighley, West Yorkshire BD20 3SL
(0535 44103).
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 MAREKEE PLACKE

SPACE
FLIGHT
SIMULATOR

The Mitsubishi Electric Corporation, jointly
with Korakuen Stadium Co., recently started
marketing the “Flying Cabin”, an amusement
machine that moves in synchronisation with
the image on a screen inside the cabin.

A six-axis hydraulic system used for a flight
simulator is employed in the Flying Cabin for
computer-controlled sychronisation of the
moves of the 44-man cabin with the screen’s
crisp images and six-channel sound.

The Flying Cabin simulates space travel:
the cabin sways, careens and dives in line with
changing realistic scenes of ground surfaces
and deep space, projected on a huge screen.

The two companies hope to sell 20 systems
in Japan and 40 abroad in the coming five
years, chiefly to amusement parks and science
museums etc. The Flying Cabin will cost over
£] million.

& TR

[

TV SWitch

For use in the fast growing number of
homes where the family TV set is now the
heart of an increasingly complex array of
electronic entertainment equipment, Ross
Electronics have introduced their RF-170
television control centre.

Measuring 205 x 90 x .65mm, the
centre provides instant selection of TV,
video recorder, home computer, video
game, Cable TV or additional VTR dubbing
and monitoring facilities. It has inputs (1
phono, 5 co-axial sockets) which may be
freely interconected through a bank of six
low-loss slide switches.

Supplied with a switching chart, the RF-
170 retails at circa £31.95. Further detalls
from Ross Electranics, 49/53 Pancras
Road, London NW1 2Q8B. (01-278 6371)

Briefly...

The British Amateur Electronics Club
{(BAEC) is an amateur electronics club
based in the UK, helping all who are in-
terested in electronics. The key to the

1
club’s success lies in their quarterly
Newsletter which contains many
pages of circuits, advice, letters, news
and exchanges etc. The club was for-
med in 1966 and now has many mem-
bers from beginners to experts.

Membership for UK and Eire mem-
bers is £7.00, overseas £8.50 (£12.50
air-mail). Please enclose remittance in
sterling with a s.a.e. to: C. Bogod Esq,,
“’Dickens’’, 26 Forrest Road, Penarth,
S. Glam. CF6 2DP.

ot e Ne" e
In 1983 Britain’s exports to the USA were
around £8% billion and it is expected the
final 1984 figure will be around £11%
billion. Furthermore City brokers estimate,
at present pound/dollar levels, an additional
£4 billion worth of business could be won
this year. This would mean that the UK visi-
ble exports to the USA could be said to
have tripled in five years. High quality
manufactured goods such as Jaguar cars
and Wedgwood china have spearheaded
this trend.

& @ e @
A progressive application of l.c.d. technology
has been adopted by Nissan for their new car,
the Laurel. Its rear view mirror has an
automatic feature that protects the driver from
headlamp reflections. The front of the mirror
is covered by an lLc.d. which is normally
transparent. A photosensor in the casing
detects the excessive light and activates the
l.c.d. which darkens; thus reducing the dazzle.

® ® ® ®
According to Computing, the Newspaper, ]
Acorn Computers is withdrawing from the
education market in the USA. Their hopes
of capturing 10 per cent of the market were
dashed following approval delays from the
Federal Communications Commission. A
further spanner in their works was the BBC
micro’s lack of success against Apple.

details to Mike Abbott.

Goumdown ...

Please check dates before setting out, as we cannot guarantee the ac-
curacy 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

burgh. Al

Field Service & Repairs April 30-May 2. Olympia 2. E

Automan (manufacturing) May. NEC. T1

IBM Computer User May 14—16. NEC B/ham. O

Business Telecom May 21-23. Barbican, London. O

Scotelex 4 June 4-6. Royal Highland Soc., ex. Hall; Ingliston, Edin-

Networks June 25-27. Wembley Conf. Cntr. O
Cable July 9-11. Metropole, Brighton. O

Personal Computer World Show Sept. 18-22. Olympia 2. M

Component Fair March 10. Carleton Community Cntr., Pontefract (on

Al to Darrington). F2

London Medical March 12-15. Earls Court. S2
IFSSEC (fire/security) April 15-19. Earls Court, London. § F2
Cast (Cable & Satellite) April 16—18. NEC, Birmingham F5 F5

Communications April 23-25. Olympia. I
Photoworld April 23—May 6. Earls Court. I
CAD April 26—28. Metropole, Brighton. K2

Al Institute Electronics ¢ 0706 43661
E Evan Steadman ¢ 0799 26699

Pontefract Am. Rad. Soc. N. Whittingham ¢ 0977 792784
¢ 01-487 4397

| ITF ¢ 021-705 6707
K2  Reed Exhibitions, Surrey Ho., L Throwley Way, Sutton, Surrey
M Montbuild ¢ 01-486 1951

Fibre Optics & Lasers April 30—May 2. Olympia. E (] Online { 01-868 4466
Custom Electronics & Design Techniques April 30—May 2. E S ¢ 01-387 5050
All Electronics Show/ECIF April 30—May 2. Olympia 2. E S2

Circuit Technology March 26-28. E

Fairs & Exhibitions Ltd., £ 01-831 8981

T1 - Cahners £ 0483 38085
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HERE are a wide variety of methods to measure beats of

the heart from feeling the pulse in one’s wrist to monitor-
ing the differences in electrical potential through the body
using an electrocardiograph. Such methods have their ad-
vantages and disadvantages. The primary disadvantage of all
these methods is that they involve direct contact to the body
and consequently impose a safety hazard if any mains
operated electrical equipment is associated with the heart
beat measurement. In this particular design of a heart beat
monitor, light from a 12V bulb is shone through the finger
onto a photodiode.

As there are no electrical contacts to the body, this
method of pulse detection is inherently very safe. Each time
the heart beats, a surge of blood is sent through the body
which increases the density of the small fleshy parts of the
body, particularly the fingers. Consequently the light passing
through a finger will vary at each heart beat, and this varia-
tion is detected by the photodiode. The output from the
photodiode is amplified in a detector circuit to provide a
CMOS compatible pulse each time the heart beats.

In this particular design, the photodiode and 12V bulb are
mounted on opposite sides of a 1 inch diameter plastic tube
which is secured in an instrument case. For measurements
to be taken, the finger is inserted into the plastic tube until it
covers the photodiode and is held steady.

As a digital readout is preferred to an analogue one, the
time between successive pulses from the detector is ac-
curately measured and digitally converted into beats per
minute which are subsequently displayed on a 3 digit l.e.d.
display. The display is latched for approximately 3 seconds
before being updated by the next measurement.

GENERAL PRINCIPLE

A conventional frequency measurement technique of
merely counting the pulses from the detector over a known
time period cannot be used when measuring the relatively
slow time periods associated with heart beats. Even a fast
heart rate such as 150 beats per minute would take at least
8 seconds to obtain an accurate reading. A low heart rate of
around 60 beats per minute would take around 20 seconds
to obtain an accurate reading. Consequently a novel, but
simple measurement and conversion technique has had to
be used which avoids the need for sophisticated devices
such as microprocessors.

The block diagram of the unit is shown in Fig. 1. The out-
put from the detector circuit to the main unit initially
measures the time interval between three successive output
pulses from the detector. Assuming that the detector is
monitoring heart beats at 60 beats per minute, the time in-
terval between three successive pulses is 2 seconds.’

10

cart Beat
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Counter A is enabled for this period and is subsequently
clocked from an 83-3Hz clock train. Hence, 166 will be
counted and stored in the Counter A. The output from this
counter is used to preset counter B to 166. Exactly 10,000
pulses are then passed into the presettable counter B. The
output pulses from this counter of 10,000/166 = 60 are
then counted and stored in the display counter before being
displayed on the l.e.d. display. The 83-3Hz clock pulse and
10,000 pulse train generator are derived from an accurate
100kHz oscillator.

DETECTOR CIRCUIT DESCRIPTION

The detector circuit, shown in Fig. 2, comprises four
operational amplifiers connected in series. A dual op amp
(CA3240) IC1 was chosen for the initial amplification
because of its relatively low noise and high impedance FET
input. IC1a is connected as a simple amplifier which am-
plifies the variations in reverse leakage current through
photodiode D3. The greater the intensity of light shining on
the diode, the greater will be the reverse current through the
diode. Resistor R17 provides additional bias current in order
to ensure the output voltage of IC1a remains within the ac-
tive region of the amplifier, even under extreme conditions of
illumination. Resistor R13 is the feedback resistor for IC1a.
Under direct illumination from the 12V bulb, the output of
IC1a at pin 1 will be at almost OV and will change to about
5.5V when placing a finger in front of D3. This output
voltage is connected via resistors R19, R18 and C9 to the
second operational amplifieg IC14b.

This amplifier is connected as a second order, low pass
filter with a cut off frequency of 15Hz, so that any mains fre-
quency interference of 50Hz or 100Hz is attenuated. The
output from this filter is coupled via C10 to another amplifier
IC14a, which is connected as a straightforward, non-
inverting, amplifier with a gain of approximately 50. The out-
put from this amplifier is connected to IC1b via resistors R24
and R25. This amplifier is connected with positive feedback
by connecting R26 between the amplifier output at pin 7 of
IC1 and its positive input at pin 5, This feedback ensures the
amplifier output voltage switches almost between the sup-
ply rails Vbp and OV. Also, it ensures that the amplifier will
switch between states at very small differences in input
voltage, and will remain in the state to which it has
switched, similar to a Schmitt trigger. As R24 and R25 are
identical the current flowing through these resistors into pins
5 and 6 of IC1b will be identical. However, an additional
current will flow into pin 5 from the output pin 7 via R20.
Hence, if the amplifier output is at Vb, pin 5 will be positive
with respect to pin 6. A sudden change in light intensity im-
pinging on the photodiode D3 will cause a rapid drop in
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voitage at pin 1, the output of IC1a. This fall in voltage will
also appear at pin 5 of IC1b but due to the capacitor C12,
pin 6 will be slower to respond to the voltage change. Con-
sequently pin 5 will go negative to pin 6 and the amplifier
output will switch states to OV. Due to the positive feedback
described earlier, the output of IC1b will remain at OV until a
positive going voltage appears at the output of IC1a.

Before connection to the Main Unit, the output pulse from
IC1b is connected via the CMOS monostable of IC13a and
IC13b. The amplification circuit is very sensitive, and the
monostable ensures double switching does not occur, as the
output pulse from the monostable is approximately 80ms.

Resistors R15 and R16 provide a voltage divider chain
which supplies Voo/2 for the bias voitage required for the
operational amplifiers. C6 and C7 are supply decoupling
capacitors.

MAIN UNIT CIRCUIT DESCRIPTION
The conversion and display circuits on the Main Unit are
shown in Fig. 4 with CMOS being used throughout. The out-

MAIN UNIT
= 0
DETECTOR ENABLEL  counER B COUNTER L STome AND
=
cIRCUIT A B e
83 34z 10kHz 100kHz
CloCK -  PULSE e  cClOCK
GENERATOR GENERATOR OSCILLATOR
Fig. 1. Block diagram of the Monitor
Voo lcal

IC15

D1
X}

LM 360K
- oy INGOO
240V .
a.c. 02 1
»n > 4 c1s
LPY | |

»1 150
IN4OO i

1500
ci6 e
T“’“ 150

3
Fig. 2. Circuit diagram of the Detector circuit
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put pulse from the detector is.initially buffered by NOR gate

1C2a, before clocking the binary counter 1C6a. During the

time interval between the 3rd and 5th pulse from ‘the
detector, pin 4 of IC6a will be in the high state.

The signal from pin 4 1C6a is used to enable counter ICZ.
After the fifth pulse from the detector, pin 5 of IC6a will be in
the high state apd inhibits further counting of IC6a.

IC7 is also a binary counter in which the two counters are
cascaded together to form an 8-bit binary counter. IC7
counts and stores the number of pulses from an 83-3Hz
pulse train that can be counted during the time the counter
is enabled from IC6a. The 8-bit parallel output from IC7 is
immediately preset into the presettable down counter IC8.

The 83.3Hz train is derived from a 100kHz oscillator
comprising IC11a and IC11d. The oscillator can be varied by
adjusting VR 1 to compensate for component tolerances.

IC11¢ buffers the oscillator output before connection to
1C3, a dual decade counter. These counters are connected in
series to provide an output of 1kHz which is connected to
1C4b. This counter divides the pulse train by six, using gates
IC12¢ and IC12d. The 166-7Hz pulse train from (C4b pin 13
is connected to IC6b where it is divided by 2 to obtain the
83-.3Hz clock, required at the clock input of IC7.

The 1kHz pulse train from IC3 is divided further by decade
counter IC4a to produce 100Hz, and by decade counter
IC5a to produce 10Hz at pin 6 of IC5. IC5 is only enabled
after the 5th pulse from the detector has been received and
counted by 1C6, and IC7 has consequently counted and
stored the 83-3Hz pulses as explained earlier. Initially ail
outputs from IC5 are at zero. When enabled, pin 5 will even-
tually change to high which clears the old preset number in
IC8 and clears the display counter at [C9. Approximately 1
second later pin 11 of IC5 goes high which inhibits the
“clear’ output of pin 5 via the NAND gate IC12b. The output
from pin 11 of IC5 is a pulse train of 56Hz having an equal

OUTPUT
FROM

DETECTOR
3 IC13a  300ms
e

10

1C1 = CA3240E
1C13= 14001
1CV4= u747

Voo

Fig. 3. Circuit diagram of the Power Supply Unit
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Fig. 4. Circuit diagram of the Main Unit

mark to space ratio. Hence, logic level 1 appears for exactly
100ms which is the exact time it would take 10,000 pulses
to be counted from a 100kHz clock. This 100ms pulse
enables |IC8 while the 100kHz clock pulses from IC11¢ clock
IC8. The resulting pulse train output from IC8 is clocked into
IC9 to be counted and displayed. The falling edge of the
100ms enable pulse activates the reset monostable com-
prising IC2c and IC2d. The resulting reset pulse of approxi-
mately 3 seconds duration, resets counters IC5, IC6 and IC7,
while inhibiting further counting during those 3 seconds. Af-
ter the three second period has elapsed a further measure-
ment may commence and the whole cycle will repeat.

IC9 is a three digit BCD counter which provides a mul-

12

tiplexed output, ideal for use with l.e.d. displays. The four
BCD outputs are connected to IC10 a BCD-seven segment
decoder driver which drives the l.e.d. displays X1, X2, X3
directly via current limiting resistors R6 to R12. The digit
driver transistors TR1, TR2 and TR3 operate directly from
the digit select outputs of IC9 to switch on the displays as
appropriate.

The decimal point of all digits are commoned to provide
an indication that a pulse is being received from the detec-
tor. If the decimal points are not illuminated it is an indica-
tion that no pulses are being received from the detector. Its
usefulness will become evident when actually measuring
heartbeats. Resistors R3 and R5 are the bias resistors for
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Fig. 5. P.c.b. design for the Detector and p.s.u.
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COMPONENTS
Semiconductors
Resistors D1,D2 1N4001 (2 off)
R1,R2 4k7 {2 off) D3 IPL 33 photodiode o
R3.R21,R26 100k (3 off) TR1,TR2,TR3 2N3702 (3 off)
R4 390k TR4 BC109
R5,R15,R16, IC1 CA3240E dual JFET op amp
R20,R22 1k {5 off) 1C2,1C13 4001 quad NOR gates (2 off)
R6-R12 680 {7 off) IC3,IC4,IC5 4518 dual BCD counter (3 off)
R13,R14 1M (2 off) 1C6,1C7 4520 dual binary counter (2 off)
R17.R27 1M5 (2 off) IC8 40103 256 presetable counter
R18,R19 18k (2 off) 1C9 4553 3 digit counter
R23 47k 1IC10 4511 7 segment display driver
R24,R25 2k {2 off) IC11,1C12 4011 quad NAND (2 off}
R28 150 1IC14 747 op amp
R29 390 1IC15 LM340K + 5V regulator
Al resistors $W carbon X1,X2.X3 l.e.d. 7 segment display {3 off)
ﬁ Capacitors Miscellaneous
ci 680p polystyrene S1 s.p.d.t. miniature toggle switch
c2 10u 16V tant VR1 1k miniature hor. preset
c3 1n5 ceramic ; T1 9--0-9V transformer 0-5A
C4.C5 10n polyester (2 off) Spartolight map light (Halfords)
C6,C7.C16 47u 16V tant (3 off) Single sided p.c.b. 100 x 120mm and 125 x 126mm
Cc8 1n ceramic 0-1” stripboard 1” x 0-4"
(ofc] 22 polyester Instrument Case 220 x 174 x 100mm
Cc10 220n polyester Red perspex filter 25 x 65mm
Cc11 1u polyester Various 4BA and 6BA mounting nuts and bolts
C12 2u2 16V tant Interconnection wire 0-4mm and 0-6mm
C13 100n polyester Co-ax cable {150mm length)
l C14,C15 1500u 25V elect (2 off) Soldercon pins or d.i.l. holders
} © .
;
[
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TR4, the decimal point drive transistor. Capacitors C4 and

C5 are decoupling capacitors.

POWER SUPPLY

The unit requires a regulated power supply of 180mA at
around 8V d.c. to drive the logic and detector circuits, and
around 300mA at 12V d.c. for the lamp. The p.s.u. circuit
diagram is shown in Fig. 3. Briefly this comprises an 18V
centre tapped transformer which is full wave rectified by
diodes D1 and D2 to provide a peak voltage of 12V. This is
smoothed by reservoir capacitors C14 and C15 before con-
nection to the 5V regulator chip IC156. Any variable or +5V
regulator i.c. which provides at least 500mA will suffice. The
resistors R28 and R29 effectively boost the output voltage
to around 8V, yet maintain regulation. Good regulation of
the supply is necessary to prevent noise on the supply rail
being picked up by the detector, and to ensure that the
100kHz oscillator remains within tolerance. The power to
the 12V lamp is taken directly from the two 15,000uF
microfarad capacitors C14 and C15. Such a high
capacitance value is essential to reduce the ripple on the
supply to the lamp to less than 800mV. Excessive ripple will
cause variations in light intensity emitted by the lamp which

DETECTOR

Voo ov (/P

will be detected by the photodiode and hence causes
spurious readings.

PRINTED CIRCUIT BOARDS

Two printed circuit boards are required. The detector and
power supply circuits were laid out on one p.c.b. while the
Main Unit, containing the counters and display circuits, was
laid out on the other. The component layout of the detector
circuit p.c.b. is shown in Fig. 5 while the component layout
of the counter and display p.c.b. is shown in Fig. 6. Particular
care should be taken in placing the CMOS devices on the
counter and display p.c.b. as the orientation of the chips
varies. This was necessary to aid the track layout.

ASSEMBLY

The printed circuit board for the power supply and detec-
tor circuit is mounted directly on the base of the instrument
case along with the mains transformer.

The positioning of the 1" diameter plastic tube, and the
lamp to each other is critical however. It is essential that the
lamp is held rigid in the instrument case as any movement,
due to vibration etc., of the bulb will cause errors in the heart
beat measurement. For this reason, a portable car map

o= § -#.
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Fig. 6. P.c.b. design for the Main Unit
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Fig. 7. Assembly diagram for the Monitor

reading lamp of the type sold by Halfords was chosen. Not
only is it convenient to mount into the instrument case, but it
has a bayonet style bulb which provides a superior light
source. It is necessary to cut the bottom off the lamp holder
in order to fit it into the instrument case, and to ensure the
on-off switch is permanently ‘on’. The lamp is secured by a
1" diameter vertical mounting capacitor clip, as shown in
Fig. 7.

The plastic tube was cut so that it mounted directly onto
the base of the case using a similar 1” diameter capacitor
mounting clip as the lamp, and just protruded above the lid
of the case. Hence the lid provides support against sideways
movement of the plastic tube. The plastic tube must be
mounted as close as possible to the lamp and immediately in
front of it as shown in Fig. 7. Two holes should be drilled in
the tube directly opposite each other. One hole of approx-
imately 10mm diameter should be drilled in front of the lamp
and the other of 4mm diameter should be drilled to mount
the photodiode. It is essential that the photodiode is
positioned exactly opposite the lamp.

The photodiode is mounted on a piece of Veroboard on
which the screened cable to the detectqr circuit is ter-
minated. The photodicde is then positioned in the 4mm hole
in the plastic tube.

As the display circuit is mounted on the main p.c.b. it
must be attached to the lid of the case using mounting holes
drilled through the lid. A rectangulat hole 13mm x 35mm
must be cut into the lid for thé display and should be backed
by red perspex, araldited to the lid to(emp_hasise the digits.

Further holes for the on-off switch and the mains cable
must also be drilled.

TESTING AND SET UP

Testing and setting up the Monitor is greatly eased if an
oscilloscope is available. Only the 100kHz oscillator needs
to be accurately set up by adjusting VR1. This can simply
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be achieved by monitoring IC11c¢ pin 10 and adjusting VR1
until a reading of 100kHz is obtained.

An initial test should show that, when the unit is first
switched on, only the lamp is illuminated. This indicates the
power supply is operating correctly. Moving a solid object
such as a screwdriver in front of the photodiode should
cause the decimal points of the display to illuminate each
time the screwdriver moves across the photodiode. This in-
dicates the detector circuit is operating correctly. Rapidly
moving the screwdriver in front of the photodiode five or six
times should cause a number to appear on the l.e.d. display.
This indicates the counter and display circuit is operating
correctly. The display will not automatically reset to zero, but
will be retained until replaced by a subsequent reading.

If this sequence of events is detected the Monitor will be
operating correctly and heart rate readings may be taken,
after reading the Practical Considerations section.

FAULT FINDING

If the unit fails to operate correctly check for the obvious
things first such as the correct voltage on the power supply.
Next check the voltage levels at the output of the operational
amplifiers. Check that the output of IC1a pin 1 and the out-
put at pin 10 IC14 is approximately 5-5V when no light
shines on the photodiode, and is approximately OV when
light from the 12V bulb shines directly on the photodiode.
When actually measuring heartbeats, no detectable change
in waveform will be apparent, however, at these outputs.

The output of IC14 pin 12 should be a 3-5 d.c. level with
any light intensity shining on the photodiode, on which a
200mV pk-pk waveform should be superimposed when
measuring heartbeats. The output of IC1 pin 7 should show
OV to 6-5V transitions at each heart beat.

If the counter/display circuit is suspected as being faulty,
again check the power supply voltage, and then the os-




cillator output, at IC11 pin 10. Check that there are
waveforms of 100Hz and 167Hz at 1C4 pin 6 and pin 13
respectively. If all is correct so far, the conversion or display
circuit must be at fault. However, if the l.e.d.s are displaying
something, even if it's all zeros it indicates the display circuit
is operating correctly.

When fault finding on CMOS circuits, the low logic level
should be at OV while the high level logic state should be 8V.
However, any voltage below 3-5V will appear as a low logic
state while any voitage in excess of 4.5V will appear as the
high voltage state to the input of a CMOS device.

PRACTICAL CONSIDERATIONS WHEN USING THE
MONITOR

As explained previously, the detector circuit amplifies dif-
ferences in light intensity which impinge directly on the
photodiode. Consequently it is very sensitive. The dif-
ferences in the levels of light being measured are very small,
and any movement of the lamp, or the plastic tube in which
the photodiode is mounted, or any movement of the finger
itself will result in a false measurement. It is therefore essen-
tial that the finger is held perfectly stationary while measure-
ments are being taken. Hence, it is recommended that the
finger is placed directly onto the surface of the photodiode,
without applying excessive pressure, in order to steady the
finger while measurements are being taken.

The three decimal points on the l.e.d. display will iliu-
minate each time a heart beat is detected. Hence it should
be obvious when the -instrument is correctly detecting
heartbeats, and any double switching etc. will be indicated
by several quick flashes of these decimal points. If this con-
dition is prevalent, move the finger to a new position or
alternatively, use a different finger. Note it may take a few
seconds for the Monitor to 'settie down’ before regular
readings are obtained.

If the three decimal points appear continuously il-
luminated, the detector circuit is picking up noise, and the
IC1b monostable is continually being activated. As the
monostable has an output pulse of approximately 80ms,
pulses at 80ms intervals will be passed to the counter cir-
cuit. As this equates to 750 pulses per minute, readings on
the l.e.d. display of 714 or 769 will occur. Such noise is
probably caused by airborne interference as detected by the
photodiode if a mains operated tungsten filament is shone
directly at the photodiode.

The heartbeat monitor is accurate to within 1 beat per
minute over the range 40 to 200 beats per minute. Below
40 beats per minute, the readings become random. Above
200 beats per minute, the quantisation error involved in
digitally converting a time period measurement into a fre-
quency measurement, becomes significant. Hence, accuracy
decreases with increasing frequency.
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LARGE quantity new components for sale.
Resistors, capacitors, semiconductors. Also lots
of. magazines, PE, EE, ETI. John Rinaldi, 36a
Durham Road, London SW20. Tel: 01-879 3439
(days)

FOR sale. Service manuals for Heathkit IM-230
voltmeter, GD-1U Griddip meter, HD-10 efec-
tronic keyer. £5 each. Mr. M. Small, 8 Cherry
Tree Road, Chinnor, Oxon. OX9 4QY.

WASP or other secondhand synth under £40
wanted. Mr. P. J. Andrews, 4 Watford Close,
Cranley Road, Guildford, Surrey GU1 2EP. Tel:
0483 572705.

1 AM interested in electronic music. Wanted cir-
cuit diagrams, manuals of drum machines, syn-
thesisers, effects. Pawel Buczkowski, Emilii
Plater 36 M 29, 00-113 Warszawa, Poland.
TEKTRONIX oscilioscope dual-trace 24 MHz.
Good condition £ 130. Curve tracer for transistors

£85. Marconi LCR bridge £75. Mr. T. J. L. Haley.
Tel: 01-868 4221.

SATELLITE television 4GHz L.N.A. down con-
verter. 2 metre/70cm transceivers. VDU ter-
minal. Other equipment. SAE for full list. D. C.
Chapman, 6 Pickhurst Green, Hayes, Bromiey,
Kent 8R2 7QT.

CCIARCIAS 280 build your own micro project.
Anyone interested in forming a self help group
contact: T. S. Houghton, Well Farm, Great
Ouseburn, York YO5 9RQ. Tel: Green Hammer-
ton 30620.

HELP and advice needed on equipment required
for recording 78 RPM acoustic records to accep-
table quality. R. Newsome, 50 Carn Bosavern,
St. Just, Penzance, Cornwall TR19 70X. Tel:
Penzance 787111,

UK101 64K memory basic X basic 6 Cegmon
via board disc drive vortex operated word wizard

disc £190. D. E. Meiton, 35 Lyndhurst Road,
London E4. Tel: 01-627 4492,

COMMODORE 64 computer with cassette and
software. Original cost over £4560. Will accept
£200. Marwen E. Eisabban, Corpus Christi
College, Oxford OX1 4JF. Tel: 0865 52500
{evenings).

WANTED transistor fundamentals volume | and
11, Jack Anderson, 22 Landau House, Chatsworth
Road, London NW2 48W. Tel: 01-451 3093.
SOLARTRON CX 1444 sweep-delay X-amp.
CX 1443 X-amp sub-unit. Both unused in
original packings with .handbooks. Tel: 09368
23215.

WANTED any broken C.B.s, linears,
transceivers, etc. Cash paid. Write to: A. Jordan,
23 Tytton Lane East, Boston, Lincs.

WANTED manual and circuit diagram for Hart-,
ley oscilloscope type CT436. Tel: 0303 42054.
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QUAD SUPPLY & LINE MONITOR (UC3903)

ODERN electronic equipment is par-

ticularly sensitive to deviations from its
normal power supply voltages. An excessively
high voltage can often cause permanent
damage, whereas a low voltage results in
malfunction of the circuitry. The problem is
compounded in muitiple supply systems,
where a low voltage on one supply rail can
cause damage if another rail is held at the
nominally correct voltage. A good example of
this is in split rail supplies, where the loss of
just one rail can cause damage to some types
of op-amp. In order to help the designer ayoid
these problems, Unitrode have introduced a
new i.c., the UC3903, which is intended for
use as a supply voltage monitor in multiple
supply rail systems.

BLOCK OPERATION

The block diagram of this i.c. is shown in
Fig. 2. Essentially, it is a quad window detec-
tor capable of monitoring four voltages
simultaneously. These four voltages are con-
nected to the sense 1, 2, 3 and 4 inputs. The
sense 4 input has an internal inverting op-amp
provided which allows that input voltage to be
either positive or negative, depending on the
arrangement of external components used.
Each sense input voltage is compared with
two internally derived reference voltages, one
which determines the over-voltage threshold,
ie. the maximum allowable limit of input
voltages, and the other which determines the
under-voltage threshold, which corresponds to
the minimum allowable input voltage.

+VE INVERTING

SUPPLY EINPUT

VREF NON-INVERTING | GENERAL
7 PURPOSE

(+2:5%) 7] MR LI

ov E] OUTPUT

WINDOW

ooy @Lme/swnmsn SENSE

SENSE 4

INVERTING[ 5 | [1¢] PoweR oK.

INPUT

SENSE 4 [ 6 | E UV, DELAY

SENSE 3 [Ti—l UV FAULT

SENSE2 [ 8 | [ JovFRuLT

SENSE 1 [ 9 | 10 ] o.v.DELAY
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If one or more of the input voltages exceed
the over-voltage reference, the O.V.Fault out-
put transistor is turned on after a suitable

delay period.

then

the Power
U.V.Fault transistors are all

DUCTOR
TS T0M GASKELL 80 (Hons) GEng Wi

U.V.Fault output transistor to turn on. If all
the supplies are within the two voltage limits
0.K., O.V.Fault, and

turned off.

Similarly, an under-voltage causes the However, if either an over-voltage fault or an
= 1 Minimum . Maximum !
Characteristic Notes Value Typically et Units
Supply Voltage Spec’s measured at + 15V 8 40 Y
{normal operation} supply unless otherwise
stated
No faults 6 1 mA
Quiescent Current
U.v,, 0.V., and line fault 10 18 mA
Temperature Range 0 +70 (0
Supply Under Voltage Below this supply voltage 5-5 7-0 8.0 \%
Threshold threshold, fault outputs
are disabled
Minimum Supply to 3.0 4.0 \Y
Enable ‘Power O.K."
Output
Reference Voltage VRer. at 25°C 2-465 2.5 2-535 \%
{and see Fig. 4)
Reference O/P Current i.e. From pin 2, at 25°C 40 mA
Reference Load O/P current {pin 2) = 1 15 mV
Regulation Oto 10mA
Reference Line Supply = 8 to 40V 1 8 mV
Regulation
Open Coliector Output Pins 11,12 and 14 40 Y
Voltage
Open Collector Output Pins 1, 12 and 14, 40 70 mA
Current {max) O/P =2-0V
Open Collector Pins 11,12 and 14, 0.25 0.45 Vv
Saturation Voltage O/P current = 12mA
‘ Sense Input Bias Current} Pins6,7,8,9 and 15 +1 +6 pA
{max)
Pins 6,7, 8 and 9 -0.3 +20 \%
Sense [nput Voltage
Pin 15 —0-3 +40 \
Fig. 1. Pinout and specifications
17




+YE
SUPPLY

— e e e oW S s e cme S e e s e enm eimes  ———— amse  Wass — — — - — — —
r ] ' b |
l |
+VE SUPPLY =t |
i UC3s03 TOREST OF 1.C. i |
18
OP-AMP OUTPUT ‘}'—'m' SUPPLY
i PURPOSE UNDER-VOLTAGE
) OP-AMP SENSING
OP-AMP INVERTING (il
INPUT 1
|“ OVER-VOLTAGE 4
OP-AMP NON-INVERTING +———‘ + COMPARATOR | |
INPUT 11
e 1# - OV FAULT ‘
: m—
Tk .
sstsz§° QELAY | | |
e
sstmF | é
s & sokoyoetar ‘
sstsa{%
| SENSE S | |
NVERTIN 1
5 OP- AMP 13 {
SENSE 4 INVERTING INPUT UNOER-VOLTAGE U.Y.DELAY
i COMPARATOR 1 |
: S LA GV FAULT
; NDER- ‘
VOLTAGE
| Tov 1]'/ DELAY N 1
VREF OUTPUT (+2-5V) 9= ‘ WLRERERENCE > LATCH - |
REFERENCE E |
: EFERENCE | ov REFERENCE ) "
SR LINE/SWITCHER -
-0V Wi
WINDOW ADJUST 9= RE g e e LS POWER OK.
R
|
3 + 1
OV SUPPLY OV SUPPLY
TOREST OF LC. u
LINE /SWITCHER SENSE %’ / i
ov
[ BB w0t n LT B vt e N S S N e L e L ]

under-voltage fault is detected, then the Power
O.K. transistor is turned on, somewhat
paradoxically showing that power is
specifically not O.K.! To avoid false alarms,
internal circuitry detects when the supply to
the i.c. itself is at a low level (usually during
turn on or turn off) and disables the outputs
during this period. A separate line & switcher
sense input is provided, which controls only
the Power O.K. output to provide early warn-
ing of mains voltage or other power source
failures. Finally, a ‘general purpose’ op-amp is
provided to extend the flexibility of the i.c.;
this is ideal for use when two negative supplies
need to be monitored.

Fig. 2. Block diagram

INPUTS AND THRESHOLDS

The four sense inputs have a permissible
range of —0-3 to +20V, as can be seen in Fig.
1. In fact, the input circuitry includes a series
2k resistor and a 5-7V Zener diode to 0V, so
at voltages above 5-7V the input impedance
will be fairly low. This will rarely be a problem
in practice because the i.c. is designed for a
‘normal’ input, i.e. a valid input voltage, of
2-5V. The input impedance at around this
voltage is very high indeed, so the various
voltages to be monitored can be scaled with
potential dividers (or amplified externally if re-
quired) to the nominal 2-5V level.

The over and under-voltage thresholds are

3.125 +25%
| -]
30 +20%
-~
S -
2875 = +15%
L
-
275 - +10%
=~ HYSTERESIS
-~
2:625 +5%
< -
FAULT WINDOW A 9 FAULT WINDOW
(AS A YOLTAGE) FAULT (AS A PERCENTAGE)
T WINDOW|
2375 ~ -5
o~
\ -
2:25 —10%
y e
2:125 —15%
~
~
~ »
20 S fads
1-875 —8°h
0 05 10 5 20 25
WINDOW ADJUST VOLTAGE, PIN 4

Fig. 3. The effect of the window adjust voltage on the fault window
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set by voltage reference circuitry within the
i.c., in conjunction with a ‘window adjust’
voltage applied to pin 4. The effect of this can
be seen in Fig. 3. At low window adjust
voltages the fault window (in this case the
range of ‘acceptable’ input voltages) is narrow,
so the i.c. is very critical of errors in the sense
input voltages.

At high window adjust voltages the fault
window is wide, so the i.c. is very tolerant of
variations in sense inputs. Typically, 1 volt on
pin 4 will allow the inputs to vary by +10%
from nominal. Hysteresis prevents ‘hunting’ of
the i.c. around the threshold points, and this is
also shown in Fig. 3. Pin 4 is a fairly high im-
pedance point so a simple pair of resistors can
be used as a potential divider from the 2-5V
reference output, pin 2. Incidentally, the
voltage reference is ideal for use in other parts
of the circuitry, if required. It has reasonable
regulation, and tracks well with temperature
as shown in Fig. 4. Furthermore, it has a high
output current capability—typically 40mA.

NEGATIVE INPUTS

The sense 4 input of the UC3903 can be
used as either a positive or negative voltage
monitoring point. By connecting pin 5 to a
high voltage the inverting op-amp output will
be reverse biased, allowing pin 6 to behave as
a perfectly normal sense input. However, if a
resistor is connected between pins 5 and 6,
and a negative voltage is connected to pin 5
via a second resistor, the op-amp will invert
the negative voltage (with whatever gain or at-
tenuation is set by the ratio of the resistors)
and allow the sense 4 facility to monitor this
positive derivation of the original negative
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Fig. 4. Variation on 2-5V reference with
temperature

voltage. The spare ‘general purpose’ op-amp is
provided for any suitable application, one ex-
ample of which is to invert a second negative
voltage, and feed this into sense 1,2 or 3in a
similar arrangement to that used for sense 4.
The op-amp can source over 20mA of current,
so it will come in useful for many other pur-
poses in other parts of the circuitry.

OUTPUTS

The three outputs from the comparators
section of the i.c. are all open collector tran-
sistors. Hence, to get a voltage swing out of
these outputs a pull-up resistor to a positive
supply will be needed in each case. All the
transistors can switch 40mA or more, so they
are ideal for directly driving relays or in-
dicators. Total dissipation for the whole i.c.
should be kept below 1W (at 25 degrees cen-
tigrade). Naturally, if driving inductive loads,
protection diodes should be added between the
i.c.’s outputs and the load’s positive supply
rail.

The UC3903 is provided with sophisticated
protection against erroneous outputs during
power-up and power-down. Until the i.c.’s
own supply has risen above a supply under-
voltage threshold (between 5-5 and 8-0V) all
the outputs are disabled, and the start-up latch
is reset. The latch prevents any under-voltage
fault being signalled until all the sense inputs
have gone above their under-voltage
thresholds for a first time since power was ap-
plied. When they have all gone above the
threshold the first time, the latch is set, and
normal operation of the U.V.Fault output can
begin. This has all been designed to allow for
slow-starting or supply sequencing, but should
be borne in mind if immediate response to
under-voltage conditions, when power is first
applied, is required.

The line/switcher sense input is a general
purpose facility that directly affects only the
Power O.K. output. No time delay is included,
and its threshold is nominally 2-0V rather

MONITORED {PESD3A]
SUPPLY VOLTAGE Vg

R1
SENSE INPUT 1,2,30R 4
OF UC3303
R2 R3
2:5v REFERENCE
(PIN 2 OF UC3303)
ov
R1R2
Fault window = + 10{Vadj). [ R3+ RT+A3)
R3
; Vs.R2
(Assuming that ———==+= 2-5V for correct
(R1+R2) value of Vs)

Fig. 5. Widening an individual fault
window

- than the 2.5V used elsewhere. The Power

O K. transistor is turned on (i.e. power is NOT
0.K.) when the line/switcher sense input drops
to below this threshold. Its intended use is to
allow the monitoring of voltage levels earlier
on in a power supply system, either from the
secondary of the mains transformer or from a
power transformer in a switching regulator. In
both these cases the waveform would have to
be rectified (by a series diode), smoothed
(capacitor and resistor to 0V) and attenuated
prior to monitoring. The smoothing capacitor
should be made as small as possible to allow
fast reaction to any loss of power. This
arrangement could allow the UC3903 to shut
down other circuitry and systems before
serious damage might be caused.

DELAYS

Both the under and over-voltage systems
have a delay facility. This is activated by con-
necting capacitors from pin 10 and 13 to OV.
The effect is to delay the activation of the
U.V.Fault or ‘O.V.Fault outputs by a time of
typically 30ms per microfarad. If the fault
condition at the sense input is removed during
the delay period then the delay is cancelled
and no fault output is signalled. This arrange-
ment allows for immunity against noise spikes
on the supply causing spurious fault outputs.
Leaving pin 10 or pin 13 open circuit provides
the fastest possible response to fault condi-
tions, but the least tolerance of noise on the
supplies.

It is important to note that the delay cir-
cuitry was designed primarily to operate in the
microseconds and small number of millise-
conds range. Although fairly large capacitors
can be used to give several seconds delay, they

Ri
MONITORED
SUPPLY )
VOLTAGE Vs UC3903s GENERAL
PURPOSE OP AMP
R2
2:5V REFERENCE
(PIN 2 OF UC3903)
L SENSE INPUT 1,2,30R4 OF
UC3903

: = 1 R2LI8S
Fault window = + 10(Vadj). BT+R2) %
Fig. 6. Narrowing an individual fault
window

can cause the start-up latch to -operate in-
correctly. Specifically, the use of large
capacitors results in_under-voltage sense in-
puts triggering the U.V.Fault output (after the
appropriate delay) directly after power-up,
without having to first be taken above the
under-voltage threshold as would normally be
the case. (This is due to the inability of cir-
cuitry within the i.c. to charge up very large
capacitors quickly enough.)

ADJUSTING WINDOWS!

Figs. 5 and 6 show techniques which can be
used to alter an individual sense input’s fault
window. This can be necessary when just one
particular input requires either tighter
tolerance monitoring, as in the case of a preci-
sion reference, for example, or wider tolerance
such as might be required for an unregulated
supply.

The UC3903 is a very cleverly thought out
device, which is ideal for use in monitoring
supplies in larger electronic systems. Its uses
don’t end there of course, as it makes an ex-
cellent general purpose window detector for
many types of transducer input, giving warn-
ing of variations in liquid level, temperature,
light level, etc., as appropriate. Other devices
in the family are the UC1903 and the
UC2903, which are functionally identical to
the 3903 but feature extended temperature
ranges and slightly better specifications.

AVAILABILITY

The UC3903 can be obtained from
House of Power, Eléctron House, Cray
Avenue, St Mary Cray, Orpington, Kent
BR5 3QJ, or Thame Components, Thame
Park Road, Thame, Oxfordshire.

AUTO SHUT-DOWN
VIULTIPLE REGULATOR

HIS circuit uses the UC3903 ic. to
monitor three supply voltages, as part of a
three rail power supply system. The circuit
diagram is shown in Fig. 7, and its Veroboard
layout in Fig. 8. If any of the supplies are
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taken further than +10% from their nominal
value, ALL the supplies are shut down, and
are kept shut down by blowing a pair of fuses!
This offers a comprehensive, if cautious ap-
proach to ensuring that imbalance in multiple

supplies and over-voltages do not cause
damage to the circuitry being powered by
them.

IC2, IC3 and IC4 are the three voltage
regulators in question, giving supplies of
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+15V and +5V from unregulated +20V in-
puts. These are provided with the usual
protection diodes and stability-maintaining
capacitors. R11 and R12 tap down the +15V
supply to a nominal +2-5V to feed into IC1,
and likewise R13 and R 14 feed IC3’s output
to IC1. IC4 uses the sense 4 inverter, with
R15 and R16 allowing, again, +2.5V to be
present at pin 6 of IC1. Pin 8 is used to
provide a push-button test facility, SI, which

15, is not used, so is kept biased to the positive
supply rail by R17, and the general purpose
op-amp likewise is unused, so it is connected
as a voltage follower (pin 16 is connected to
pin 18), with the non-inverting input tied to

VREF-
SHUTTING DOWN

The automatic shutting down is not a subtle
affair, but it is effective! CSR1 and CSR2 are

occur. (Naturally, if a 7805 is not used this
voltage restriction does not apply.) The supply
should have enough current capability to drive
the required current out from the regulated
supply outputs, plus a littie in hand. Naturally,
FS1 and FS2 should be matched to this max-
imum current capability. It may seem surpris-
ing that slow-blow types are recommended,
but in practice the thyristors blow them effec-
tively instantaneously, and their otherwise

lC7 5! T' ,
R17
100 R18
DisC 1N4002 & = 680
wl1c2 1or] o '\XA! L 8
ov 1 7815 |
33k ) J R19
c1 CoM c2 o
100n -y 7 3
DISC TANT ]
6
. v
4 oK e
IN4002 s e G s
r ucasos
+20V FS1 s BOER [ R13 ] %
O eI
7605 R20
(SEE TEXT) k I]__J i‘ 4k 10k
SLOW BLOW c3  [com o RIS
100n ] 33k
R2 R | pisc TANT 17
10k Trd 10k :
BC558 [
R14 12
) C N R21
v 11
D4 DS 1
Am Am o
4002 4002 1t /
R3 R10 R12 ?
2k2 39k 6k8 T -
2 a& 2T Lc R22
CSR1 RS 10k
TIC126M cs” cs
UNREG-— ov YA
ULATED ¢ O—
SUPPLY FE
DOWN|
e
1N4002
CSR2 4
TIC126M = [
.Ecs c6
100n W
DISC | TANT
COM
S F52 .I/PI 1C4 IO/P_ ;
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SLOW BLOW 3
Bl L
1N4002 o B ot
OV =15V, OV +5V, OV H5V
N U7 o 0, ()
—15v +5v +15V
SUPPLY  SUPPLY SUPPLY
OuTPUT OUTPUT OUTPUT

tests the effect of an under-voltage at the sense
2 input. In normal use, sense 2 is biased to
+2-5V by R20.

Resistors R18, R19 (two resistors keep the
power requirement down) and D7 provide a
‘Power O.K.’ le.d. facility. When the Power
O.K. output transistor of IC1 turns on,
current from R18 and R19 is sunk by IC1 pin
14, and the l.e.d. turns off. R21 and R22 set
the window adjust voltage at pin 4 to 1-0V,
which defines the fault window as +10%, as
shown in Fig. 3. C8 and C9 are connected as
shown between terminal pins A, B and C,
since their values might need some ex-
perimenting with. The line/switcher input, pin

20

Fig. 7. Auto shut-down multiple regulator

8 amp thyristors triggered by TR1 and TR2
respectively. TR2 in turn is turned on by TR3
and TR4, with associated resistors, which
provide level shifting to the negative supply
rail from the all-positive supply used by IC1.
The U.V.Fault and O.V.Fault outputs are
wired together so that the thyristor circuit is
triggered by an over-voltage, an under-
voltage, or even both simultaneously. When
the thyristors are triggered they immediately
blow both fuses and clamp the regulated sup-
plies near to OV via D1, D2 and D3.

The unregulated supply should be
nominally +20V. The positive haif should not
exceed +24V, since damage to IC3 might

slow action prevents .inadvertant blowing due
to minor {fransient pulsing of the thyristors
themselves when power to the circuit is turned
off. The choice of thyristor is not critical, but 8
amp types were used in this case to be safe
with surge current handling capability. The
thyristors only conduct for a fraction of a
second before the fuses blow, so there is no
time for them to get hot and no need for heat-
sinks. IC2, IC3 and IC4 have been placed
close to the edge of the board to allow easy
fitting of their heatsinks, via insulating kits
due to the internal connection of their metal
tabs to the centre pin. Any momentary switch,
local or remote, can be used for S1.
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SELECTING THE DELAYS

UNREGULATED SUPPLY
-

Capacitors C8 and C9 should be selected to 20V
give the delays required. Typically, it is
suggested that the response to over-voltages
should be fast, as circuits are at considerable

o
<

+20v"

risk, whereas under-voltages are less serious. &
The prototype circuit used InF for C8 giving
an over-voltage delay of approximately 30us, 5]

delay of 3ms. Be aware that too short a delay ]
for under-voltages can result in false triggering
due to the regulators not charging C2, C4 and
C6 fast enough during turn-on, and too long a
value can cause the effects described earlier. If
a regulator output is under-voltage (for exam-
ple, shorted to OV) when power is first applied,
l the circuit will fail to shut down; the UC3903
requires that the sense input must first be
taken above the under-voltage threshold. It
can be impractical to use the Power O.K. out-
put, since that goes into the ‘nof O.K.> condi-
tion during power-up. If this is a concern,
however, it is a fairly straightforward process
to add extra circuitry to combine all three out-
puts satisfactorily to provide shut-down under ,
even these conditions.

The circuit can prove rather tedious to test,
since the first thing that happens if there’s a
fault is that it blows the fuses, at which point
there’s nothing to test any more! Initial tests
should be done with R1 and R4 omitted,

o] CSR2 () ] -
and 100nF for C9, giving an under-voltage i G tuta ks k_g ,g

.——-:‘ @- i .@e !b i

which prevents CSR1 and CSR2 being
triggered. When the fuses have been blown,
the supply should be turned off and the un-

ll

. —15V 415V 0V
regulated supply allowed to discharge before pleal g0y
. 3 im. —15v SUPPLY +15V SUPPLY +5v SUPPLY
new fuses are inserted, or they will blow im S Py N aia

mediately in all likelihood. PCB fuse clips are
used in Fig. 8, but off-board fuseholders could
equally well be used, of course.

Fig. 8. Veroboard layout of the multiple regulator

P.E. MONO-STEREQ ECHO-REVERB (SEP84) 200ms echo, lengthy
reverh, multi-tracking kit as published ~ BLK box: SET 218 £55.66

P.E. FILTER-SHIFT PHASER (0CT84). Enhanced Phasing with
modulated filter shifting. Kit as published — BLK box: SET 226
£3!

P.E. RING MODULATOR (NOV84). With multi- wavefarm veo,
Noise Gate & Auto-level Control. Kit as published - BLK box:
SET 231 £39.99

- =2 = -
PE MONO-STEREQ CHORUS FLANGER (JANSS). Superb dual
mode music enhancement. Kit as published — BLK box: SET 235
£55.66
BLK BOX - steel & aluminium, black plastic finish. STO BOX — plain aluminium, lipped fid.
SET codes include PCBs, parts, instructions, boxes, wire, solder.
More details & kits in catalogue — send S.AE. {Overseas £1 or 5 IRC’s).

PHONOSONICS, DEPT PES53, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED.

CODE
BASS BOOST: Increases volume of lower octaves SET 1388
BLOW BOX: Voice operated VCF & VCA for fascinating effectSSET 214
CHORUS (SIMPLE}: Multipiied solo enhancement SET 162
COMPRESSOR: Limits & levels maximum signal strength SET 133
ENVELOPE SHAPER: Note triggered AOSR unit with VCA  SET 174
EQUALISER: Variable combinations of Low, Mid, Top & NotcSET 217
EQUALISER: 10 Channels fully variable SET 134
FAQER: Voice operated with 5 response controls SET 167
FLANGER (SIMPLE): Fascinating phased resc effects SET 153
FREQUENCY CHANGER: Tunable note & waveform modifier SET 172
FREQUENCY OOUBLER: Guitar octave raiser & tone changerSET 98
FUNKY-WOBULO: Modulates a singing voice SET 149
FUZZ: Smooth distortion, retains attack & decay SET 91
GUITAR OVERORIVE: Heavy fuzz with selectable qualiies SET 56
GUITAR SUSTAIN: Extends note decay time, with noise gate SET 222
GUITAR TO SYNTH INTERFACE: With voltage & trig outputs SET 173
HANOQ CLAPPER: Auto & manuat variable clap effects SET 197
HEAOPHONE AMP: 2 watts into phones or speaker, variable SET |56M
JABBERVOX: Voice disguiser with reverb & tremoio SET t
METRONOME: With audio output & visual beat & downbeat SET 143
MIC PRE-AMP: Variable again & switched tone response  SET 147
MIXERS: Several in catalogue
MOCK STEREQ: Splits mono signal into stereo simulation  SET 213
MULTIPROCESSOR: Fing, Rvb, Faze, Fuzz, Wah, Trem, Vib  SET 189
MUSIC MOOULO; 8 variable tremolo & wah guitar effects  SET 136
MUSICAL CALL SIGN: Programmed call sign generator SET 12t
NOISE GATE: Reduces tape & system noise SET 145
PHASER (SIMPLE): Auto & manual rate & depth controls . SET 164
REVERB: {SIMPLE) Mono/stereo, variable depth & delay SET 203
RHYTHM GENERATOR: Computer driven, 9 drum effects SET 185
RHYTHM GENERATOR: 15 pre-programmed rhythms, 9 effectsSET 170
ROBOVOX: Versatile robot type voice modifier SET 165
SPEECH PROCESSOR: Clearer speech and level control SET 110
STORMS EFFECTS: Auto & manual wind, rain & surf effects SET 154
SWEEP GENERATOR: Auto sine wave 20Hz-15KHz, variable SET 169
TOM-TOM SYNTH: Sound triggered, multivariable SET 190
TONE CONTROL: Bass, mid, treble, gain & cut SET 139
TREBLE BOOST: Ipcreases volume of upper octaves SET 138T
TREMOLO: Mono variable rate & depth modulation SET 136
VOLTAGE CONTROLLEQ FILTER: 12dB, variable modes SET 178
VOCOOAVOX: Modular vocoder, 7 chans, extendable SET 152
VOOALEK: Robot type voice modulator SET 155
VOICE OP SWITCH: Variable sensitivity & delay SET 123L
WAH-WAH: Auto, manual & note triggered SET 140°

P.E. AUDIO EFFECTS AND OTHER SUPER SOUND KITS!

STD BOX BLK BOX

£8.46
£24.33
£31.40
£10.86
£17.15
£22.33
£37.83
£14.21

£9.71
£17.02
£64.31
£12.44
£13.41
£17.26

MAIL OROER: Add 15% VAT & £1 P&P to all orders {overseas details in cat). Payment CW0, CHQ,
PO, ACCESS, VISA. Oetails correct at press. E&OE. Oespatch usually 10-14 days.

Tel: Orpington 37821 (STD 0689, London 66), Mon-Fri 10-7.
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MARS ELECTRONICS

s most readers of Practical Electronics will know, we have,
over the last few years, maintained extensive coverage of
modern developments such as micro computers and robot
technology. In keeping with this policy, we are now looking at
the applications and effects of these technologies in practical
use.

TECHNOLOGY IN INDUSTRY

The scope and possibilities for the use of modern technology
in all areas of commerce and industry are enormous. In a very
short period of time, we have seen the introduction of com-
puters, microprocessor control systems and robotics. Such
acronyms as CAD/CAM, ATE and AGV have become every-
day terms. Despite this, there are very few companies who have
utilised this modern technology to any where near its full poten-
tial. Indeed it seems that the so called second industrial revolu-
tion is proving to be a fairly slow change.

The failure to respond by many firms, may well bring about
their own downfall. However, one company which is committed
to new technology is Mars Electronics which, for the last five
years, had maintained a growth of 50 per cent per annum.

22

Mars Electronics are associated with Mars, the confectioners,
and were originally set up to promote further outlets for their
confectionery products. This was achieved by setting up their
Money Systems Divisions in the seventies, which produced coin
validation and acceptance mechanisms for vending machines.
They now supply over 90 per cent of the European and 80 per
cent of the world market in coin mechanisms.

Since then Mars have diversified their product range by
setting -up a Marine Systems Division which launched Vigil
Radar in 1983. This product quickly established them as a
market leader in small boat radar, a position which they look
likely to maintain. In December 1984 they launched two new
products, Vigil-2 and Vigil-RM which they claim will give them
global supremacy for years to come.

At the moment they are working on Automatic Test Equip-
ment (ATE), which they think will give many small electronics
companies their first chance to buy advanced electronic test
gear. Much of the ATE now available is far beyond the reach of
these companies with prices often in the region of £100,000.
Once again Mars confidently predict their superiority in the
market place.
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* the way ahead

The key to the success of Mars lies in their unique manufac-
turing concept and clever marketing strategy. According to their
Systems and Automation Manager, Nigel Kingsley “An ulti-
mate aim of the company is to have total automation of stock
handling and manufacturing processes.” This together with their
niche marketing strategy has made Mars oné of the fastest
growing companies in Europe.

“An ultimate aim of the company is to
have total automation of stock handling
and manufacturing processes”

COMPUTER INTEGRATED MANUFACTURE (C.1.M.)

In one of their two British factories at Reading, Mars have
created a futuristic working environment. In a fairly small
building tailored to their own needs are housed over 200 ter-
minals (keyboards and VDUs) all linked by their own local area
network (LAN). With a total staff of only 600, working on three
shifts per day, this gives an average of one terminal for each
employee.

The factory itself is completely open plan, fully carpeted in all
areas including the production line. No one has an office and the
canteen caters for management and staff alike. Some rooms are
cut off from others but for reasons of security rather than per-
sonnel importance.

The computer network is split into several sections each deal-
ing with a particular task, such as design, manufacturing and
commercial activity. Because all these functions are interelated
information is being constantly transmitted between sections,
enabling a very flexible and cost effective system to operate. Us-
ing this system almost every process is computer aided or con-
trolled. A block diagram of the C.I.M. model is shown in Fig. 1.

COMPUTERS IN ACTION

The first stage irr the production of a finished product is the
design. This is only started after extensive market research into a
particular area. The policy of Mars Electronics is to aim at a low
to medium size market and then arrive at a product which they
believe cannot be matched either in quality or price. This
strategy allows them to lead a particular field and by constant
improvement maintain this lead. (The reason for aiming at low
to medium size markets is that it would be impossible at this
stage to compete with mass production, and at the same time
would drastically reduce flexibility.)

Much use is made of their CAD/CAM system (VAX 11/34),
which is connected to the LAN and runs ‘Aplicon BRAUD’
software. The six work stations connected to the system provide
a comprehensive CAD/CAM facility enabling advanced design
capability. Plans are now ahead to take the system further by
direct connection to the process machinery. This will allow
design and manufacturing data to be transferred directly to the
automated process machines making for a more efficient
system.

Once a product has been designed, then the required
materials are entered into the manufacturing computer system
and a production line and test area is set up. At all times there is
a facility to change at very short notice to another product, or
modify designs to suit the manufacturing processes. In fact the
Mars factory currently produce between 600 and 700 different
products. This is achieved by their system of modular design
whereby different production lines can easily be set up to meet
changing demand.

The ‘Manufacturing’ computer (HP3000/48) has 3 Mbytes of
on board memory with single 125 Mbyte and 404 Mbyte disc
systems. Software such as: Manufacturing Management,
Quality Assurance, Sales Specification and Administration are
all carried out using around 40 terminals connected to the
system.

Richard Barron

_l__ COMPONENT INSERTION

USERS et AL EXISTING LINES
L pCs HP-150
1BM PC.
PROPOSED LINES
LAN.
N T
! i
6 WORK ) ' H
STATIONS CAD/CAM 1 MANUFACTURING COMMERCIAL ! MARKETING 1
) HP000/48 3 Mbyte ‘ h
T 1 | O ~
: i U 1 1 X125 Mbyte DISC U
| EXPERT SYSTEM 1 X 404 Mbyte DISC
siuLaTioN == 1 40 20
: SCHEDULING HH ¢ TERMINALS I TERMINALS
i i LEEE =
) ! DECISIONS s MATERIALS
i ! SYSTEM : G HeT L 2X64 Mbyte DISCS
) 1 _: HP1000 A6000
I T 3 3
| 1 i Fig. 1. Block diagram of
LT R, S e & the C.1.M. model
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PROCESS  f——— 5MD PLACEMENT MATERIALS | 3 STACKER CRANES
MACHINES PINNING MACHINE SYSTEM AGY. CONTROL
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There are existing connections between this system, and the
Commercial and Materials Control computer (HP 1000) via the
DS/300 link. A further 20 terminals have access to the Com-
mercial computer which performs: Sales order processing,
Payroll, and various Ledger functions including Purchasing and
Sales, to mention but a few. The Materials Control Computer
has twin 64 Mbyte disks and provides all the necessary control
data for the stock control system and the AGV’s.

At this point automation really comes into its own. The com-
puter’s data store (memory) has all the necessary information to
maintain stock levels and keep the production running smoothly.
Much of the production is automatic and components can be
distributed to any section of the assembly line or storage space
as required. This is made possible by the use of Automatic
Guided Vehicles (AGVs).

AUTOMATIC STORAGE AND RETRIEVAL SYSTEM

When stock is delivered to the factory it is manually placed
into trays and bar coded. At the same time the relevant details
are fed into the computer. AGVs then transport the trays to the
storage area where they are transferred to ‘automatic fork lift
cranes’. The cranes move the materials to the required storage
space under the guidance of the Materials System computer.
This means that once goods have entered the factory, the com-
puter has a record of the level and whereabouts of all materials.
A diagram of the stock control system is shown in Fig. 2.

Throughout the factory there is a network of buried foil
tracks which can guide the AGVs. This allows the movement of
goods to any required area under complete control of the
operating system. For example, suppose a batch of resistors is
needed at a particular production area, then it is a simple task
for a manual operator to key in the required code. The system
will respond by checking the storage location of the item re-
quired and instructing the stacker cranes to retrieve the correct
tray, and pass it to an AGV. The AGV will take the items to the
selected area where they are accepted by a manual operator who
will read the bar code. This will cause the computer to update its
stock files and respond accordingly, maybe by producing an
order form for more components.

At any one time there may be a number of AGVs moving
around the factory, transporting and retrieving materials from
all areas. This system offers many advantages over the old
fashioned manual method of stock handling, such as: increased
efficiency, smaller storage and total reliability.

PROCESS MACHINES
The process machines are not at the moment directly connec-

Above: An AGV delivering materials to the store.
Right: Complex machinery gives total control

ted to the LAN, but plans are under way for future development.
Even so there are facilities for any machine to be serviced by the
CAD/CAM and the AGVs, thus even at this stage there is little
manual input. Mars have several process machines in operation
including automatic sequencers, axial inserters, d.il. inserters,
pin inserters and flow soldering equipment.

AUTOMATIC SEQUENCER

When a production run is decided upon, then the required
stock which is recorded in the computer can be retrieved as and
when necessary. The stock is distributed between the various
departments for use at the required time. All axial components
such as resistors, capacitors, diodes and inductors can be
automatically inserted into the p.c.b. This is quite a complex
operation and must be done in a strict sequence. To ensure this
sequence an automatic sequencer will load bandeleros of com-
ponents to be fed into the insertion machine. It does this
under the control of a computer program which instructs the
machine to extract particular discrete components from a series
of feeders and place them one at a time in the bandelero (similar
to that of a machine gun). The bandelero is then transferred to
the insertion machine which need not be programmed with the
type of component but merely the insertion sequence.

STORAGE AREA

STACKER CRANE
UNOER COMPUTER

MATERIALS CONTROL CONTROL

@ Goods received, packed in trays and bar coded. ]

@ Stacker crane receives trays.

@ Trays automatically stored at appropriate shelves.

COMPUTER LINK — / @
o B ®

@ AGV. system transports materials around the factory.

N AGYVs UNDER
COMPUTER

CONTROL

Foil TRACK

UNDER FLOOR

Fig. 2. Schematic diagram of
the Automatic Storage And
Retrieval System
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INSERTION

Most of the components are automatically inserted, other
than such items as relays and three terminal devices like tran-
sistors and regulators. The axial components are fed into the in-
sertion machine already sequenced so it is a relatively straight-
forward task. The leads are formed to the required spacing and
the p.c.b. is positioned under the insertion head. Each compo-
nent is handled in much the same way. It is inserted into the pre-
drilled p.c.b., the leads are cut and then bent over to provide
mechanical strength. All parameters (lead length, bending etc.)
are preprogrammable and may be altered at any time, so the
whole operation may be done with the minimum of human
supervision.

The d.il. package insertion is done in a similar way, except
that the sequencing is an integral part of the operation. Feeders
are loaded with a variety of devices, each feeder having a
particular device. The p.c.b. is automatically positioned under
the insertion head and the machine will select components in the
required order, insert them, cut the leads, anq bend them to the
required pitch.

After these two operations are completed the p.c.b. is then
transferred to the human operated production area via conveyor
belts or AGVs. Here they are finished with any other compo-
nents necessary before being transferred to the flow soldering
machine. At any time throughout any of these operations a par-
tially completed job may be taken back to the stores for tem-
porary storage and at all times the computer would be aware of
the progress and location of any particular component or part-
work.

FLOW SOLDERING

When the p.c.b.s have been assembled they are fed into the
flow soldering machines which exposes them to several
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processes. The boards are heated and fluxed before being fed
into the solder bath. After this process the manually inserted
component leads are cut and the whole board is immersed in
cleaning fluid. When the boards come out they are fitted with the
last few components which couldn’t be immersed or exposed to
heat. From here they are passed to the inspection and testing
sections.

The testing departments make extensive use of ATE which on
most occasions has been made or modified for their own par-
ticular needs. Test jigs are set up for each particular type of
board and tests can then be made for component values and
tolerances, and p.c.b. faults such as short or open circuits.
Following this stage they are passed to mechanical assembly
which at the moment is essentially manual.

1 ',lll-.

Photo illustrating
an off-loading bay
for the AGV.
There are many of
these situated
around the fac-
tory at con-
venient positions.
At the present
off-loading is a
manual operation
but a five-year
roboti¢s plan is
underway which
will eventually
make all stock
handling auto-
matic
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PEOPLE

The working environment for manual production is a far cry
from the sweatshops and soul-destroying tasks of the first in-
dustrial revolution, although there are still a number of boring
manual jobs which have to be done. “It is the aim of the com-
pany to eventually replace any manual tedious operations with
robots.” They are presently equipping a factory adjacent to their
existing premises which will have all the current facilities but will
be enhanced by a five year robotics plan. Particular emphasis
will be on “Pick and Place” robots.

“It is the aim of the company to even-
tually replace any manual tedious opera-
tions with robots”

As was mentioned earlier the bulk of the mechanical
assembly is done manually but to increase reliability and ef-
ficiency Mars have moved away from the traditional linear
production line by introducing a Swiss idea of circular produc-
tion. Here one person may be responsible for a complete
assembly instead of being forced to a single task of, maybe in-
serting one type of component all day long.

This system works by having a rotating work station split into
several sections. Each section will have a working area with the
main assembly, and a parts tray. The idea is to fit one part to the
assembly and then rotate to the next section and fit the same
part to that assembly. When the initial section is reached
another part may be fitted and the sequence repeated. At the end
of the operation the result is a number of complete assemblies all
being the responsibility of one person. This gives rise to a much
greater sense of satisfaction than could otherwise be achieved
under the old system.

THE FUTURE

The consequence of modern technological developments and
their use in industry has not yet been seen and it will be a few
years before their full effects are appreciated. It is certain that

The human input—a fairly relaxed working environment—
carpets all round!

many laborious and repetitive tasks will be undertaken by
automatic machinery and that the field of communication and
commercial business will become computer controlled.
However, with the predicted increase in consumer goods
manufacture and the so called computer revolution there may
well be a social problem requiring a complete change in social
attitudes.

The promised employment opportunities in the new industries
have not happened and it looks now as if they never will. A
report from the National Economics Development Office
showed that employment in the industry has dropped by 12 per
cent since 1980. It is a catch-22 situation where governments
and individual companies face a difficult decision. If new
technology is adopted then new jobs are unlikely in great num-
bers, but without it firms will find it difficult to compete with
efficient manufacturers. The way ahead?

ngenuity
nlimite

A selection of readers’ original circuit ideas.

Why not submit your idea? Any idea published will
be awarded payment according to its merits.

Each idea submitted must be accompanied by a
declaration to the effect that it has been tried and
tested, is the original work of the undersigned, and
that it has not been offered or accepted for publica-
tion elsewhere. It should be emphasised that these
designs have not been proven by us. They will at any
rate stimulate further thought.

SHOP COUNTER BELL

NYONE who has worked in a shop ot
similar workplace, having a customer
operated bell, will agree that an awful lot
of people are persistent button pushers.
03-15v This circuit was designed to give a

lcounen ! .L I ;
Ct ic1

single pulse train at a set frequency for a
LS set duration. Any subsequent button
pushing will be of no avail, until the circuit
is manually reset by the operator.

100 The circuit is of simple design, employ-
- ing a CMOS i.c. 40106 as an astable and a
51;,'?35 monostable. The monostablé sets the os-

cillator into operation when the counter
switch S1 is pressed and the oscillator
drives a speaker via TR1. Once activated,
the oscillator will run its course and further
operation will be inhibited until the reset is
activated.

M. Miller,

D1
R1 1NG148 1) 1
10k 1CY PIN 7 4(:17 1C1d INA14s ﬁ‘%%n
{ T coies T

26

Topsham,
Devon.
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A COMPLETE SECURITY
SYSTEM FOR
ONLY £39.95

+ VAT
Control Unit CA 1250
Enciosure HW 1250
Key Switch & 2 keys KS 3901
LED's ED1
5%" Horn Speaker HS 588

4 quality surface Magnetic
Switches

With only a few hours of your time it is possible to assemble and instail an
effective security system to Kyolecl ‘your family and property, at the amazingly
low cost of £39.95 + V.A.T. No compromises have been made and no corners
have been cut. The outstanding value results from volume production and direct
supply. Assembly is straight forward with the detailed instructions provided.
When Instailed you can enjoy the peace of mind that results from a secure home.
Should you wish to increase the level of security, the system may be extended at
any time with additional magnetic switches, pressure pads or ultrasonic sensors.
Don’'t wait until it’s too late - order today.

Ordercode CS 1370

Don't put it off
any longer!

e

tect our family and property
i’mt“to!n know hgw m:g tzur
ity modales. Comp
ss%:lermys start from as littie as

e

—

CA 1250 — 2 zone alarm control unit with built in
alarm & power supply £19.95 + VAT,
HW 1250 Enclosure & Hardware Kit for above

£950 + VAT,
LED 1 - Set of 4 Le.d.'s in chrome bezels + Push

Switch to fit HW 1250 £2.15 + VAT,
KS 3901 — 3 position Key Switch £343 + VAT,
HS 588 - 512" Horn Speaker, output of 11-dbs with CA
1260 or St 157 £625 + VAT

Wide range of modules and accessories
etc. Send S.AE. for detaiis.

US 5063 — advanced Digital Ultrasonic Detector, high
sensitivity, with false alarm suppression

£1395 + VAT
SC 5063 — Enclosure for US 5063 £29%5 + VAT
IR 1470 ~ Infra-red system to provide 50’ invisible
beam, includes both transmitter and receiver
£2561 + VAT.
£295 + VAT,

SL 157 - Siren Module 12V

Add 15% VAT to all prices

Add 70p post and packing to all orders
Units on demonstration

Shop hours 9.00105.30 p.m

Closed Wednesday

Please allow 7 days for delivery

Ssturdey 9.00t0 100 p m
SAE with all enquirie?
Order by telephone or post

i () LiMIiTED

SELF-CONTAINED ULTRASONIC UNIT CK 5063

Requires no installation. Easily assembled using our
professionalfy built and tested modules.

@ Adjustable range up to 25 ft

@ Built«in entrance and exit delay

@ Built-in timed-alarm

@ Key opecated switch - Off, Test-and Operate

@ Provision for an extension speaker Only

@ Fully seif-contained £37 00
@ Uses US 5063, PSL 1865 Key, Switch :
3901, 3" Speaker 3515 + V.AT.

Now you ¢an assemble a really effective intruder alarm at this low price using
tried and tested Riscomp modules. Supplied with full instructions, the kit
contains everything necessary 1o provide an effective waming system for your
house or flat. With a built-in LED indicator and test position the unit is easily set
up requirlng no installation. !t may simply be placed on a cupboard or desk.
Movement within its range will then cause the built-In siren to produce a
penetrating 9‘10dbs of soqn_g, or even 110dbs with an additional speaker. All

parts and wi 1 ions for ease of.assembly.
Size 200 x 180 x 70mm Order as CK 5063

RiSCOMP Dept PE27,

21 Duke Street

Princes Risborough,

Bucks. HP17 0AT.

Princes Risborough (084 44) 6326

with a kit from Heathkit. The beautifully
illustrated documentation and step-by-

a relaxing, absorbing pleasure! Choose
from their huge range of fascinating kits
and self-instruction electronics and
computing courses.

The Heathkit range includes the ultimate
in amateur radio kits, computerised ;
weather stations, a highly soph- § ==
isticated robot, a 16-bit comp- p AN
uter kit and a range of
home (or classroom)
learning courses. These
state-of-the-art courses
have easy-to-under-
stand texts and
illustrations,
divided into sect-
ions so that you can
progress at your
own pace, whilst
the hands-on exper-
iments ensure long-
term retention of the
material covered.

Bring the enjoyment back into your hobby

step instructions make building a Heathkit

£

You'll find Heathkits available for Amateur Radio
Gear ® Car Test Equipment ® Kits For The Home
o Self-Instruction Courses ® Computer Kits ® Test
Instrument Kits ® Kits For Weather Measurements.

. All the most popular kits and educational products

are fully detailed in the 1984 Maplin catalogue (see
outside back cover of this magazine for details) or
for the full list of Heathkit products send 50p for

4 complete with a UK price list of all

A

4

the Heathkit International Catalogue

items.

.

Yy
l‘ :
: All Heathkit products available in
the UK from:

Maplin Electronic
Supplies Ltd.

P.O. Box 3, Rayleigh,
Essex, SS6 8LR.

Tel: (0702) 552911.

(For shop addresses see back cover.)




Post to: Crotech Instruments Ltd., 2 Stephenson Road, St. lves,
Huntingdon, Cambridgeshire, PE17 4WJ. Tel. (0480) 301818.

28

Please complete both parts of the coupon in BLOCK CAPITALS

PE/CROTECH OSCILLOSCOPE OFFER
{UK'READERS ONLY)

Quantity

Please supply ‘_ 3132 @ £299f | |
{Prices include VAT L 3030 @ £183|F i
and delivery) 3035 @ £199if _ I
ACCeSSINGY o hode. L g i AT LIS N S TNt v Wity I
SigNAtUTEkirye: aanied Ay - L Rr S sy sy - L TAR. R o3 I
|'enclose chequUeNNG! . .. ot it . M T e ot o il
IN It ™l ivorihr. - Alheseicrt et o, gt 198 i 4 | B o  tpEfoad I
Addressima dikeats,. . Sedr 2% ] et os i85 s apr Sbadl; bl oo Nf 4 :
........................................................................ j
Please allow 28 days for delivery I
OFFER CLOSES Friday, 19 APRIL, 1985 I
Namellm: o dueatbe: . s oosbt HREMLD Avhibiy. o tabs ;b bi o svk. :
o [e [HETH TR ANPRRRT | S0 T 5 5. - o AP SO L s 0 I

Post to: Crotech Instruments Ltd., 2 Stephenson Road, St. I
lves, Huntingdon, Cambridgeshire, PE17 4WJ.

Total Value l )

Crotech

Type 3132

Dual Trace 20MHz

2SS 2D D 20 5 N

£299

2mV/division to 10V/division {12 steps) calibrated sen-
sitivity (+ 3%)

DC-20MHz bandwidth (—3dB). Rise time 17ns

X-Y operation

130mm cathode ray tube

40ns/division to 0.2s/division (18 steps) timebase (+ 5%)
14 trigger functions

Triggering to 40MHz

Z modulation

10 x 8 division display

Component comparator

DC source outputs

Measures 2T0OH x 280W x 450D (mm), weight 8kg
{approx.)

LCrotech

Type 3030

Single Trace 15MHz

£183

“URETD (5we SINGLE Tace osc«uoscovs
LEVEL lﬁ‘(
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Crotech

Type 3035

SingleTrace 15SMHz

£199

- ot —————

s ST BFAN QSTILLOGCOPE  Ea i

T sase
IR

smV/division to 20V/division (12 steps) calibrated sen-
sitivity (+ 3%)

DC—15MHz bandwidth (—3dB). Rise time 23ns.

X-Y operation

130mm cathode ray tube

200ns/division to 0.2s/division (18 steps) timebase
(+5%)

6 trigger functions

Triggering to 20MHz

10 x 8 division display

Component tester

Measures 160H x 265W x 317D (mm), weight 6kg
{approx.)

L2 2 B A B B 5 I

h Y

5mV/division to 20V/division {12 steps) calibrated sen-
sitivity (+ 3%)

DC-15MHz bandwidth (—3dB). Rise time 23ns.

X-Y operation

95mm rectangular cathode ray tube

200ns/division to 0.2s/division {18 steps) timebase
(+ 5%)

6 trigger functions

Triggering to 20MHz

10 x 8 division display

Component tester

Measures 125H x 240W X 335D (mm), weight 4.6kg
{approx.)

B 2 2 B A S B B S
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PRACTICAL ELECTRONICS is pleased to be
able to offer these quality CROTECH os-
cilloscopes to readers at special discount prices
which include VAT and delivery. The ‘scopes
can be purchased using Access to spread the
load.

Any of these three items would be an in-
valuable addition to the test gear used by an
amateur or professional engineer. Each unit is
supplied with an input lead, instruction manual
and a free copy of “Getting The Best From Your
Scope’’. Additional probes and accessories are
also available.

The ‘scopes have the additional facility of a
built-in component comparator or tester which
allows in-circuit testing of both passive and ac-
tive devices and, on the 3132 direct com-
parison of components. Each “scope employs
regulated internal supplies and features a
1KHz, 200mV P-P calibration output.

THESE CROTECH PRODUCTS ARE
ALL COVERED BY A TWELVE MONTH
GUARANTEE.

Unfortunately we can only make this offer to
UK readers due to delivery problems overseas.

EVERYDAY Suls v

ELECTRONICS

and comﬁter PROJECTS

MARCH 1985 ISSUE ON SALE FRIDAY, FEBRUARY 15

HEADLIGHT
ACTIVATED SWITCH

MONITORS...
Buyer’s qude'

|On |

This new ragular feature will
be of particular Interest to
Spectrum owners. Each
month, 8 ditferent aspect of
the machine will be ex-
amined, including softwara,
interfacing, and hardware
add-ons.

29
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B DISASSEMBLER: The built-in disassembler allows the user to list 6502
microprocessor instructions on both printer and video display. The disassembied
data, in mnemonic symbols, translates the comptex machine language of the
microprocessor into symbolic form with 3 letter abbreviations. Understanding of
low level operations provides learners with a comprehensive understanding of the
6502.

B SCREEN EDITOR: The screen editor altows for rapid alteration of data displayed on
the video output console. Commands previously entered onto the screen can be
veritied, monitored and changed accordingly. With word processor-like functions,
the screen editor is an attractive feature for programmers and industry alike.

@ MPF-1/65 MONITOR INDUSTRIAL COMMAND SUMMARY: The commands of the
system monitor allow for single key programming convenience. Such software
includes the foliowing features:

Display/Alter of selected memory contents

Move/Verify of a block of memory contents

Display/Alter Registers

Select display page/mode

Mnemonic form listing of instructions

Single key program execution

Read/Write data to or from cassette tape

Easy printer select for hard copy results

B TEXT EDITOR: The text editor provides the power of changing; adding, or deleting
instructions anywhere in the program without affecting any other portions of the
program. The text editor's simple commands may be displayed on video output or
in hard copy form. Source code in the machine's editing buffer can be efficiently
translated into machine code for faster operation. The text editor also combines
with other features to provide a powerful debugging tool.

B TWO PASS ASSEMBLER: The two pass symbolic assembler provides 6502
programmers with the ability to write extremely efficient programs for applications
requiring fast execution speed. OEMs and professionals can more efficiently
develop complex programs.

Students of the 6502 can use the functions of the two pass assembler to grasp the
fundamentals of microprocessor programming.

B PRINTER DRIVER: The printer driver resident in ROM provides software drive
interface with Epson printers.

B DEBUGGING FEATURES: The MPF-1/65 also packs features that provide software
forlp:jogramming simplicity and efficiency via strong debugging functions. These
include:

Setting, clearing and displaying breakpoints

® Single step program execution on printer or display

® Tracing of one instruction

® Displaying register contents

MEMORY
. B USER MEMORY-64K dynamic RAM.
(6502 Microprocessor) B PERMANENT MEMORY: 16K of ROM stored in two 8K by 8:bit chips
W DISPLAY MODES: TEXT: Two pages of 40 X 24 text
u Professional Documentation A" the Instru0tion GRAPHICS: Bit mapped graphics in six colours controlied by machine code

instructions.

You Need. -
* Inbeing a total learning tool, the MPF-1/65 supports g aU0i0 SAEAKER. 225 meh 8 ohm speaker.
the user with clear, operating documentation. Both the

User's Manual'and Monitor Program SOUFCG LIStlng ' a é&gslgie(t)tg/t&aspsel:'ﬁE INTERFACE: 1000 bit per second data transfer from memory to
Manual are wrltten W'th the begmner and professmnal n B PARALLEL PRINTER INTERFACE: With Centronics printer interface and EPSON
mind. software driver.
The User’s Manual |nc'll'1(.jes a Complete mtrodug:tnon B COLOUR TV INTERFACE: R/F-modulator with video and sound output provides for
Ao the features and capabilities of the system. Detailed colour TV interface.
descriptions of both hardware and software. B SYSTEM EXPANSION CONNECTOR: 50 pin connector to provide interface with

The Source Code Listing Manual provides complete =~ RS:232cor ROM cartridges.
listings of the monitor software. For the programmer and 8 KEYBOARD: Standard QWERTY 49 key keyboard with 153 ASCIk.codes.
learner, this provides insight into all the capabilities and @ 232.mpr.1/65 CARTRIDGE: The optional RS-232¢ cartridge provides for an industry
functions of the complete system. standard asynchronous serial communications capability.

TeChnlca/ SDG‘CIﬁC& flOﬂ Send for the latest catalogue Now!

See the latest syst d ies; Single Board C t ith 280,
W ADVANCED INTERACTIVE MONITOR: The heart of the MPF-1/65 software resides in §502 and the loest 8088.16 bit microprocessor

16K bytes of permanent memory (ROM) located on board. The monitor is designed
to provide a user friendly interface by presenting language that the microprocessor Name
understands in an easily understood format. Self prompting single key commands Addre
also provide an easy yet powerful means of input. These features provide for the
most effective means of understanding the real way in which a microprocessor
operates.

The MPF-1/65 monitor includes a wide range of powerful features that offer user
convenience, easy-to-learn commands and powerful programming capabilities.
These include the screen editor, disassembler, text editor, two pass assembler, Signature
printer driver routines and special debugging commands. Date

FL ’ G H T Quayside Rd, Southampton,
Hants SO2 4AD.

Electronics Ltd. tei (0703)34003/27721. Telex 477793.

Muititech
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Low Cost

BBC Speech
Synthes1ser antnonyroora

number of designs have been published in the elec-

tronics press for speech synthesis units, either intended
specifically for the BBC Computer or more widely compa-
tible. They are generally connected to the parallel printer or
user port. This ties up one port and takes up valuable desk
space.

A much neater solution is provided by Acorn themselves.
Their system consists basically of two integrated circuits for
which provision has been made on the main p.c.b. The com-
puter’s internal speaker and amplifier are used and the
operating system takes care of the interfacing requirements.

On consideration however, the Acorn unit does appear to
have two drawbacks; firstly, it is preprogrammed, giving only
a limited selection of words and, secondly, it retails at over
£50.

The design presented here uses the popular General In-
struments Speech Processor to give a virtually uniimited
vocabulary. If constructed as described it may simply be
plugged into one of the sockets inside the computer; no
track cutting or other modifications are necessary. It is com-
patible with the operating system, and retains the other ad-
vantages offered by Acorn’s system (but will not, of course,
produce intelligible speech with software written for the
Acorn Unit). As a bonus, two different volume levels can be
selected under program control and the total cost should not
be more than about £15.

SYNTHESIS

There are several possible techniques for the production
of artificial speech. One method is to record the required
phrase in digital form and then play it back—hardly syn-
thesis really. With adequate data rates this can sound ex-
tremely good (compact discs are an example). Acceptable
quality can only be achieved at the cost of large amounts of
memory, making this approach somewhat inflexible. At the
other extreme, electronic analogues of the human vocal tract
have been built. These consist of a number of filters, an os-
cillator and a noise source, all controlled from the computer.

At the present time the systems in widespread use fall
into one of two classes. Either information describing com-
plete words is stored (in a compacted form to reduce
memory requirements); or, a collection of basic sounds,
known as ALLOPHONES, are used, which may be strung
together to form any desired word.

The latter approach is inherently more versatile, and it is
this method which is used in the General Instruments SP-
0256 i.c. The attendant disadvantage is that whereas
human beings can subtly adjust the individual allophones,
depending on the neighbouring sounds, to produce smoothly
connected speech, electronics (as yet) cannot. Both
methods are capable of adequate (though rather mechanical
sounding) results.
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The SP-0256 can produce 59 separate sounds (and five
pauses of varying lengths) which enable English words to be
built up. It should be noted that both the SP-0256 and the
Texas Instruments TMS5220, used by Acorn, have digital,
Pulse Width Modulated outputs. This takes the form of a
series of pulses at a frequency of several kHz. Varying the
width of the pulses alters the mean output voltage and this
average level is recovered by low-pass filtering to give an
audio signal.
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Fig. 1. Circuit diagram of the Special Synthesiser
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CIRCUIT DESCRIPTION

The heart of this circuit, like many others, is the SP-0256
i.c. This device is responsible for the actual speech synthesis.
The remainder of the circuitry is required to allow it to
replace a TMS5220, and to provide two switched volume
levels. The circuit diagram is shown in Fig. 1.

All the necessary filtering and amplification is performed
by components already present in the computer. The SP-
0256 accepts a six bit binary input which corresponds to
one of sixty four possible output sounds (including the five
which are silent). This is taken from lines D@ to D5, and is
stored in internal latches on receipt of an active-low WS
pulse. The remaining data lines, D6 and D7 are latched by
the 4013 dual D-type flip-flop. Inverter IC3b is included as
the 4013 expects an active-high clock signal. D6 is taken
high by the computer as part of the procedure to reset the
TMS5220, and so is used (in inverted form) to reset the SP-
02586. This ensures that the unit remains silent on power-up
and BREAK. D7 is used to select between volume levels.
Both the output of the SP-0256 and that of the 4013 are
buffered by inverters. If D7 is a logica!l “1’, then the cathode
of D1 is taken to +5V. It thus has no effect on circuit opera-
tion and full volume results. A logical ‘O’ causes the cathode
to be taken to ground and the diode clamps the voltage ex-
cursion at the output, reducing the volume obtained.

The SBY output of the SP-0256, which goes high when it
has finished speaking or is reset, is inverted to give RDY.
This is an active-low signal informing the computer that it
may send the next data byte. Using the active-low output of
the SP-0256 would prevent the computer from successfully
executing a reset operation as this too goes high, inhibiting
the transfer of data.

L1, C1, C2 and C4 are frequency determining components
for the SP-0256 internal oscillator. C4 enables some adjust-
ment of the vocal pitch to be made, and it is worthwhile try-
ing the effect of different settings. Increasing frequency also
makes the computer talk slightly faster. Finally, note that a
4049 must be used. A 4069 has a reduced output capabi-
lity, and may be too slow for this application.

CONSTRUCTION

The method of construction' adopted for the prototype
(see photographs) is slightly unusual in that it involves
soldering the p.c.b. directly to the d.i.l. header at right angles.

This is recommended as it results in a single, rigid, self-
supporting assembly and cuts down on off-board wiring.
However, it is perfectly possible to use the more conven-
tional length of ribbon cable, and even to build the circuit on
matrix board. If you make your own p.c.b. from the layout
given, be sure to cut it to the size shown. There is very little
clearance inside the BBC Computer.

The first step is to mount all the components on the p.c.b.,
not forgetting the eight wire links. IC1 is a relatively expen-
sive MOS device and should certainly be socketed. It is
probably worth using sockets for the other i.c.s. as this will
save a great deal of trouble if any problems occur. Soldering
calls for some care as several tracks run very close to each
other.

The 28 pin headers used to be hard to find, although this
seems no longer to be the case. An alternative is to chop up
a 40 pin header. Anything else is definitely not a good
idea—sticking bits of wire in may damage the BBC's socket.
The next step then is to glue the p.c.b. to the header.

First tin the tracks where they are to be soldered to the
header. The p.c.b. should be placed so that it is between the
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Fig. 2. P.c.b. and component layout of the Speech
Synthesiser

two rows of pins and so that the tracks line up with the pins.
A bracket is needed to hold it in this position. For the
prototype a length of }” plastic channel which is generally
available at modelling shops, was used, but a similarly sized
strip of wood could be employed. With the p.c.b. located as
shown in the photo and pressed against the header pins,
glue the bracket to both it ‘and the header, using a quick
setting epoxy resin compound. This is the only tricky part.
When this has set the six flying leads may be wired from the
p.c.b. to the header, as shown in Fig. 2.

On the prototype it proved necessary to slightly file down
one edge of the header to clear a capacitor in the computer.

[ COMPONENTS 4
Resistors Semiconductors
R1 10k D1 1N4148
R2 330 1C1 SP-0256
Alf resistors +5% JW carbon IC2 4013
IC3 4049
Capacitors See our p.c.b.
C1 39p metailised ceramic plate service on
Page 60
C2 27p metallised ceramic plate ?
C3 100n disc ceramic Mlscéllanaous
C4  22p miniature trimmer g';‘;‘ﬁiﬁgiket
14 pin i.c. socket
16 pin i.c. socket
Inductors 28 pin d.i.l. header
Yo

L1 100u %" plastic angle
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" INSTALLATION

Fitting the unit is very straightforward. The top of the
computer is secured by four screws. These are situated one
either side at the back and underneath at the front.

All further directions assume the computer is viewed from
the normal position, i.e. the keyboard is in front. Thus the
power supply lies to the left. The speech processor socket
(labelled IC 99) is the righthand of the two adjacent 28 pin
sockets by the p.s.u. With the computer switched off, the
speech synthesiser should be plugged in so that the p.c.b. is
on the left side and extends towards the back. This can be
seen in the photographs. Care should be taken to ensure that
all the pins are correctly sited and pressed fully home.

The sound quality will be dramatically improved if the top
is put back on the computer, although it would perhaps be
tempting fate to replace the screws before testing the
system!

OPERATION

To send a byte to the speech synthesiser, use is made of
the BBC Microcomputer's OSBYTE. call (CALL &FFF4). This
is entered with A% set to the parameter to be passed. An
illustration of this is given by PROCspeak in the demonstra-
tion program. The program allows ten words to be defined
and spoken. It was developed on a computer fitted with OS-
1.2. To keep it as short as possible few REM statements
have been included, but it should be quite self explanatory.
PROCspeak expects data to be stored as character strings,

Allo- Alto-
phone phone
No. +128 | Example | No. |+128]Example
0 128 10mS 32 160 | shOUt
1 129 30mS 33 161 | Dot
2 130 50mS 34 162 | Got
2 131 100mS 35 163 | liVing
4 132 200mS 36 164 | Gear
5 133 toyY 37 165 | SHoe
6 134 | tIE 38 166 | meaSure
7 135 pEt 39 167 | tRap
8 136 Conge 40 168 | Fat
9 137 Pet 41 169 | taCK
10 138 | roGer 42 170 | Cat
il 139 tiN 43 171 | Zap
12 140 tin 44 172 | kiNg
13 141 Tin 45 173 | Lit
14 142 Rat 46 174 | Wet
15 143 dUck 47 175 | AIR
16 144 Mix 48 176 | WHy
17 145 peT 49 177 | Yet
18 146 THat 50 178 | CHip
19 VAN SHEATS 51 179 | sIR
20 148 pAY 52 180 | tURN
21 149 founD 53 181 | gO
22 150 tUtor 54 182 | oTHer
23 151 tALk 55 183 | Sit
24 152 tOp 56 184 | Not
25 153 YEt 57/ 185 | Hook
26 154 cAt 58 186 | OR
27 165 Hit 59 187 | pARt
28 156 haBit 60 188 | EAR
29 157 THick 61 189 | Go
30 158 hOOk 62 190 | paddLE
31 159 mOOn 63 191 | Bat

Table 1. Complete list of available allophones
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Word Allophones
B.B.C. 6319263 192555519
Computer 42231694922 13 51
Exterminate 7425517511612 112017
Peter 9191351
Piper 96951
Picked 9124117
A 15!

Peck 9741

Of 2340

Pickled 912416217
Pepper 97951

EXTT. 1921319
Phone 4053 11
Home 575316

Table 2. Some (appropriate) examples of word construction

other solutions are possible, such as integer arrays.

The numbers recognised by the speech synthesiser are
listed in Table 1, together with their corresponding sounds.
Values in the range O to 63 will cause the allophones to be
spoken quietly, while those in the range 128 to 191 will
result in the same allophones being spoken with greater
volume. Numbers between 64 and 127 or 192 and 255 in-
clusive will turn the unit off, as will the BREAK key.

Table 2 contains some examples. Constructing words
becomes very easy with a little practice. It is important to
think of them as strings of sounds and to pay no attention to
spelling. There are several very similar allophones, and the
best result may only be obtained through trial and error. Not
all the sounds are equally good, the 'TH's seem particularly
bad, and here- substitution of another allophone is often
worthwhile. The short vowels such as ‘E" {No. 7) and the 'S’
and 'F* sounds can be.used twice in succession to stress a
syllable. It is also possible to place short pauses in words to
good effect. A 50ms pause is about right between words in
a phrase, and a longer pause between phrases. It is impor-
tant to end with a pause or the last allophone will continue
to sound. This is taken care of in PROCspeak.

There are algorithms which convert written text to
allophones and one of these might be implemented. Ob-
viously they cannot be perfect in a language which allows
“cough” and “rough”’, and pronounces “lead” differently in

Photograph illustrating the position of the 28 pin socket
(1C99) for the Speech Synthesiser
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different contexts, but with judicious mispelling they are a
big help, and often incorporate a dictionary of such excep-
tions. In addition to speech, some fascinating sound effects
are possible, try a string of ‘i's or ‘p’s or random allophones.

Like most speech synthésisers, it is much easier to un-
derstand if you are used to it and know what is being said.

Apart from its obvious applications for the blind and situa-
tions where you cannot watch a television screen, it is hard
to suggest a compelling reason to build it, although there is
great scope for experimentation with speaking alarm clocks
etc. But, it is one of the cheapest computer peripherals
availabte, and most people still find a speaking machine sur-
prisingly impressive.

DEMONSTRATION PROGRAM 450 IF reply$<>"" AND VAL(reply$)> —1
AND VAL(reply$)<64 THEN
10 MODE 7 word$=WORD$+CHR$(VAL{reply$))
20 DIM name$(9) 460 UNTIL reply$=""
30 DIM allophone$(9) 470 IF word$<> THEN allophone$(index%)=word$
40 PRINT TAB(6,2); “SPEECH DEMONSTRATION 480 PROCmenu(index%)
PROGRAM" 490 PROCspeak(allophone${index%),0)
50 PRINT TAB(6,3); " == 500 FOR count%=19 TO 23
EE e — 510 PROCwipe{count%})
60 REM title$ 1S ALLOPHONE STRING FOR TITLE 520 NEXT
70 title$="71S2C! GPXK7MgT%XK Clg5=gZP" 530 ENDPROC
80 PROCspeaktitle$,1) 540 REM PROCgetword GETS WORD FROM MENU
90 REM SET UP USER DEFINED KEYS CORRESPONDING TO KEY PRESSED
100 *FX225,128 550 DEF PROCgetword
110 *FX226,138 560 PRINT TAB(2,23);"Type ‘A’ to Alter menu.”
120 FOR index%=0TO 9 570 PRINT TAB(2,17);"{SHIFT) to raise volume.fO—f9 ?’;
130 allophone${index%)=CHR$(0) 580 reply$=GET$
140 PROCmenu(index%) 590 IF reply$="A" THEN speakmode=FALSE
150 NEXT :PROCwipe(17):PROCwipe(23):ENDPROC
160 speakmode=FALSE ‘600 index%=ASC(reply$)-128
170 REPEAT 610 ifindex%<0 OR index%>19 THEN 580
180 IF speakmode THEN PROCgetword ELSE PROCupdate 620 If index%>9 THEN loud=TRUE:index%=index%—10:
190 UNTIL FALSE ELSE loud=FALSE
200 END 630 PROCspeak(atllophone$({index%),loud)
210 REM PROCupdate ALLOWS MENU TO BE ALTERED 640 ENDPROC
220 DEF PROCupdate 650 REM PROCmenu PRINTS ONE LINE OF MENU
230 PRINT TAB(2,23);"Type ‘S’ for Speech mode.” SELECTED BY index%
240 INPUTTAB(2,17);"WORD NUMBER (0-9)"; reply $ 660 DEF PROCmenulindex%)
250 PROCwipe(17) 670 PROCwipe(index%+6)
260 PROCwipe(23) 680 PRINT TAB(2,index%+6);index%
270 IF reply$="S" THEN speakmode=TRUE: ENDPROC 690 PRINT TAB(6,index%+6);name$(index%)
280 index%=VAL(reply$) 700 ENDPROC
290 IFindex%>9 THEN 240 710 REM PROCwipe ERASES ONE LINE SPECIFIED
300 PRINTTAB(2.19); name${index%) BY Y% Y %,
310 PRINT TAB(2,20); 720 DEF PROCwipe(Y%)
320 FOR count%=1TO LEN{allophone$(index%)) 730 PRINT TAB{0,Y%);SPC(40);
330 PRINT;ASC(MiD$(allophone${index%), count%,1)):" ;740 ENDPROC
340 NEXT 750 REM PROCspeak OUTPUTS STRING TO SPEECH
350 PRINT TAB(2,23);Press (RETURN) to continue SYNTH
360 INPUTTAB(2,17);"WORD NAME ";reply$ 760 DEF PROCspeak({word$,loud)
370 IF reply$<> " THEN name$(index%)=reply$ 770 IF loud THEN offset=128 ELSE offset=0
380 PROCwipe(17) 780 A%=159
390 PROCwipe(23) 790 FOR count%=1 TO LEN{word$)
400 word$="" 800 Y%=(ASC(MID$(word$,count%,1)) AND & 3F)+offset
410 REPEAT 810 CALL &FFF4
420 PRINT TAB(2,23); “Press (RETURN) to continue.” 820 NEXT
430 INPUT TAB(2,17); “ALLOPHONE NUMBER 830 Y%=offset
(0-63) ; reply $ 840 CALL &FFF4
440 PROCwipe(17) 850 ENDPROC
A y

34 Practical Electronics March 1985



all in your

A standard time signal is transmitted from Rugby containing in-
formation about the time, date and year. This project will enable
you to decode the time signal and produce a digital display of the
date, hours, minutes and seconds. A further option will aflow you
to decode the actual day as well as the date.

Power Control Interface

Another useful add-on for any computer with an 8-bit output
port. The Power Controller Interface is capable of proportional
a.c. power control with complete isolation at up to 10 amps.
Designed to control heater elements, it may be used for many
power applications.

A wide range of the currently available
printers for computer systems are featured
in this buyer’'s guide together with an
explanation of specifications.

PRACTICAL

ELECTRONIGS

O —

ROBOTICS - MICROS - ELECTRONICS - INTERFACING
APRIL 1985 ISSUE ON SALE FRIDAY, MARCH 1
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BBE Miero Forum...

David Whitfield wmamsc ceng miee

ELCOME to BBC Forum, P.E’s new

monthly page devoted to the BBC
Micro. You may be wondering why we are in-
tending to devote a whole page, every month,
to this machine. After all this is an electronics
magazine, and such columns have a habit of
being full of software listings of interest only
to an eccentric minority; no fit subject for a
soldering iron user. Have no fear, the
emphasis will be on practical applications of
electronics to computers, and not computing
for computing’s sake. In this first column,
therefore, we would like to take a little time to
explain our approach to the subject. Inciden-
tally, Sinclair owners may be interested to
hear that our sister publication, Everyday
Electronics, will be running a similar series
aimed at the Spectrum.

Over 370,000 BBC Micros have been sold
since the machines first became available in
early 1982. It boasts a performance which still
compares favourably with its most recent
competitors, it’s well equipped, widely used in
schools, there’s plenty of software available
for it, and it can be used at the heart of all
sorts of systems. Price is the BBC Micro’s
major drawback, but this does not prevent it
from having a wide and enthusiastic follow-
ing. I must confess to being a convert to the
cause myself.

So much for the potted biography of the
machine, but what about the reality of owning
a computer? We are constantly told that com-
puters will revolutionise our lives, but for
many people ‘home computer’ is just another
word for ‘games machine’. At the next level,
we see users moving on from proprietary
software to writing their own, usually in
BASIC. Equally, the trend is away from
games to applications which actually set the
machine to work, e.g. word processing. As our
understanding of the machine increases, the
more directly we are able to apply the power
at our disposal, e.g. central heating control. To
make this final step, however, we usually need
to move away from BASIC, and look at the
hardware of the computer itself. In this way
we can add hardware to the computer to con-
trol our own peripherals such as lamps and
valves, rather than the more traditional
printers and cassettes already catered for. This
is the objective of this column!

The projects and techniques that we will be
looking at will not involve opening up the
micro, and will only connect to the interfaces
supplied as standard on the model B.
However, even if you do not have a BBC
Micro, many of the projects will be readily
adaptable for many other machines, par-
ticularly those with a 6502 microprocessor
such as the Commodore 64 and Apple Ile.
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INTERFACES

The BBC Micro is particularly well en-
dowed with interfaces. Even if not actually fit-
ted with a particular interface when delivered,
the main circuit board, case and power supply
are all designed to take all of the interfaces
without the need for external add-on boxes or
adaptor modules. In this way, any BBC Micro
can be upgraded to the full specification if re-
quired. The interfaces which can be supported
are as follows:

Cassette Interface

RS423 Port

Analogue Input Port

Light Pen Input

RGB Monitor

UHF Television

Composite Video

Parallel Printer Port

Floppy Disc Interface

User Input/Output Port

1MHz Bus Interface

Processor Bus Interface

Econet Interface

Speech Synthesiser

Paged ROMs

The model B is supplied with all of these
fitted except the floppy disc interface, Econet
and speech synthesiser. With the now discon-
tinued Model A 16k RAM is fitted, and the
interfaces are limited to UHF television, com-
posite video and the cassette port. The BBC
Micro can thus reasonably be described as
having enough I/O facilities to be going on
with! Indeed, the problem is a little more like
being spoilt for choice. Over the next few
months, therefore, we will be exploring these
interfaces, their strengths and weaknesses.

Wherever possible, we will be including a brief
discussion of the internal hardware which.sup-
ports the interfaces.

USER PORT

We start this month with a look at the user
input/output port. Next month we will be
describing this port and its uses in greater
detail, but for the moment we will start by
looking at its connections. The user port is the
centre one of the five connectors located on
the underside of the keyboard. As shown in
Fig. 1, the port has eight input/output lines
and two control lines. The 20-pin user port
connector requires a mating insulation dis-
placement cable mounting socket and ribbon
cable for connection to the outside world.
These are available, either separately or made
up as leads, from a number of advertiser’s in
P.E. The RS part number of a suitable connec-
tor is 469—881, and of corresponding 20-way
ribbon cable is 357-867. NEXT MONTH:
Using the 1/0 Port. *

FINALLY

I would be delighted to hear from readers
with suggestions, hints for inclusion or
problems, but would like to stress that any
reply will only be through this column.
Correspondence should be addressed to ‘BBC
Forum Letters’, at P.E.’s editorial address.

Anyone considering purchasing a BBC
microcomputer can obtain pre-sale advice
from a number of sources, including; BBC
Microcomputer System, PO Box 7, London
W3 6XJ (send a large SAE).

€81 (B2 PBO PBI PB2

+S5v 45V ov ov ov

ov

Fig. 1. Viewed looking into the socket

ov ov ov ov BOTTOM

Practical Electronics March 1985



PUT BBC BASIC IN CONTROL

WITH BIG CONNECTIONS

BATTERY REAL TIME
BACKUP CLOCK CALENDAR

—— EXPANSION BUS

IEEE RACKING
. SYSTEM

TUBE
INTERFACE

BBC 8K
MOS BASIC USER EXPANSION RAM

Single Eurocard —can stand alone and run BBC BASIC programs.

Program your control applications in BBC BASIC . . .
... FORTH, PASCAL or any other language ROM.

Adds 1/O expansion to your BBC via the 6502 bus connector.
Tube Interface for fast development.

Battery backed up Real Time calendar clock.

Runs BASIC programs in ROM or from battery backed up RAM.
Complete set of software utility modules available in ROM.

A full range of Eurocards for use in target applications.

Ideal for industry, education, research and commerce.

- A =
) ‘ 44a Hobson Street Cambridge
r \» Cambridge CB1 1NL Microprocessor
L1 (0223) 324141 Systems Limited
g N <

ADC-DAC INTERFACE
DIGITAL 1/0 SERIAL
COLOURGRAPHIC

USE THE 6502 2ND PROCESSOR
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DISHED
WASHER
OUTER
INSULATION
The toroidal transformer is now accepted as the standard in
industry, overtaking the obsolete laminated type. Industry has SO
been quick to recognise the advantages toroidals offer in size, SECONDARY WASHERS
weight, lower radiated field and, thank to I.L.P., PRICE. WINDING
Our large standard range is complemented by our SPECIAL INSULATION ——
DESIGN section which can offer a prototype service within 14 CORE
DAYS together with a short lead time on quantity orders which PRIMARY
can be programmed to your requirements with no price penalty. WINDING END CAPS
15 VA 50 VA 120 VA 225 VA 500 VA
62 x 3Amm 035Kg | 80 x 35mm 0.9Kg | 90 x 40mm 1 110 x 45mm 22Kg | 140 x 60mm_ 4Kg v
Reguiation 19% Regulation 13% Regulation 11% Regulation 7% Regulation 4% Why a Toroid? r
SERIES SECONOARY RMS 2%010 646 416 | 4x010 646 10.00 | 6x012  12+12 9.38 | 8x016 25+25 1000 | * Smaller size & weight to meet
No. Voits  Cument [ 2x011  9+9 277 2X8]& £ g% g;g]g 1osds ggg gxg}; TEZ] g3 modern ‘slimline’ requirements.
0x010  6+6 125 | 2x012 12412 2.08 x / : x } ] H ! ! )
0x0M 948 083 | 2x013 15415 166 | 4x013 15415 400 | Bx015 22422 511 | 8x026 40+40 625 | 4 Low g'egtgmc"y '"d‘(‘;ed el
Ox012 12+12 063 | 2x014 18+18 138 | 4x014 18+18 333 | 6x016 25+25 450 | 8x025 45+45 5.55 emanaded by compa
Ox013  15+15 050 | 2x015 22+22 133 | 4x015 22422 272 | 6x017 30430 375 | 8x033 50+50 500 | equipment.
0x014 18+18 042 | 2x016 25+25  1.00 | 4x016 25+25 240 | 6x018 35+35 321 | 8x042 55455 454 | * High efficiency enabling
0x015 22+22 034 | 2x017 30+30 083 | 4x017 30+30 200 | 6x026 40+40  2.81 | 8x028 110 454 | conservtive rating whilst
0x016 25+25 030 | 2x028 10 045 | 4x018 35435 171 | 6x025 45+45 250 | 8x029 220 2.27 FoA ENed
0x017 30+30 025 | 2x029 zg(o) 8’% ﬁxggg ;123 a.g g;gg 501%50 %gg 8x030 240 2.08 :nE'ntaln'ng S;Zt? a tva"taggtS-
% : . x I I ower operating temperature.
{encased in ABS plastic) | 2030 2 4x030 240 050 | 6x029 220 102 625 VA 2 BRCTR
30 VA 80 VA 6x030 240 093 | 140 xR75m'm. - 5Kg
90 x 30mm 1Kg 160 VA 300 VA egulation 4% \
(A %()J;lrlvl‘ation 182/;45'(“ Regulation 12% 110 x 40mm 18Kg | 110 x 50mm 26Kg | 9%017  30+30 1041 | Why ILP? )
1X010 646 250 | 3x010 646 6.64 Reguiation 8% Regulation 6% 9x018 36+35 892 | * Ex-stock delivery for standard
13011 949 766 | 3x01 949 444 [ 5x011 949 889 | 7x013 15+15 1000 [ 9x026 40+40 781 | 240v range.
1%012 12412 125 | 3x012 12412 333 | 5xpl2 12412 666 | 7x014 18+18 833 | X025 45445 . 634 | 4 pag prototype service
1%013 15415 100 | 3x013 15415 266 | 5x013 15+15 533 | 7x015 22422 682 | 9x033 50450 628 | oo
1x014 18+18 083 | 3x014 18418 222 | 5x014 18+18 444 | 7x016 25+25  6.00 9><04§ 55+55 568 | @ - .
1x015 22422 068 | 3%015 22422 181 | 5x015 22+22 363 | 7x017 30+30 500 | 9x02 10 5.68 3 weeks despatch for special
1%018 25125 060 | 3%016 25425 160 | 5xQ16 25+25 320 | 7x018 35+35  4.28 | 9x029 220 284 | orders.
107 30430 080 | $X017 30230 133 | 5x017 30430 266 | 7x02 40440 375 | X0 0 2680 | 47 year no quibble guarantee.
g +. . X + R .
3x029 220 0.36 5;825 40+40 200 | 7x 50450 300 * No price penalty for call-off
3x030 240 033 | 5x028 110 145 | 7x028 110 272 orders.
5x029 220 072 | 7x029 220 136
5x030 240 066 | 7x030 240 1.25
Prices including P&P and VAT Mail Order — Please make your crossed cheques Post to: ILP Electronics Ltd., Dept. 2
VA Size £ VA Size £ or postal orders payable to ILP Electronics Ltd.  Graham Bell House, Roper Close,
;% ‘1) ;gg ;gg 5 {'2-;7 Trade — We wil open your credit account Canterbury, Kent. CT2 7EP
20 g Al 3 g 12:9;’ immediately upon receipt of your first order. Tel: (0227) 454778 Telex: 965780
80 3 10.06 500 8 19.60
120 4 10.65 625 9 2230
For 110V primary inéc.en "0)'"In plao? of ”Xl" in t\;pexmim$r. - o
For 220V prima uro nsert “1” in place of “X” In type number.
For 240V primax UK) Pnien “2" in place of "X in the number. VISA F
IgdPORT%ﬁT: Relgu_lati%n - Al vonageg quoteﬁi aretF Lé.t I’OA?ﬂ o P
lease a regulation figure to secondary voitage to ol ain o 0230 voltage.
. ELECTRONICS LTD..

Auto-lectronics of the future.

KITS
FOR SELF-
ASSEMBLY

ELECTRONIC CAR ALARM & SECURITY SYSTEM
% GLéard doors, boot and bonnet from unauthorised

entry.
*k AT-40 — Armed/disarmed using concealed switch.
%k AT-80 — Armed/disarmed by magnetic key fob.

Spark

*k Flashes headlights and sounds horn.

AT-UL ULTRASONIC INTRUDER DETECTOR
%k Supplementary to AT-40 and AT-80.

%k Detects attempted break-in.

Other kits in the SPARKRITE range include:
Electronic Ignitions SX1000 {£13.95), SX2000 (£20.95), TX1002 {£24.95) and TX2002
{£3795).

Name
Address __

I enclose Postal Order/Cheque/Access/Barclaycard No.
for g ,Kit Ref.

Prices include VAT, Postage and Packing.
Telephone: (0922) 614791. Aliow 28 days for delivery.

ELECTRONIC
CAR ALARM



THE LEADING EDCE

COMMERCIAL BREAK

I make no apologies for coming back so
soon to cellular radio. In no other area of
electronics is so much of such importance
happening so fast. By the time you read
this, Britain should have its first cellular
system. We shall by now be seeing how the
Government policy of splitting the service
between two rivals works in practice.

To recap very briefly, on the one hand
there is TSCR, a joint venture between
British Telecom and Securicor which will
provide a service called Celinet. The rival
company is Racal which will provide the
Vodafone service.

Technically both services are compatible,
with transmission on the 900MHz UHF
band, and 25kHz channel spacing. The
British system TACS (Total Access Com-
munication System) is derived from the
American AMPS (Advanced Mobile Phone
System) which operates at around 8 50MHz
with 25kHz spacing.

Under the terms of the Government
licence given to TSCR and Racal the two
services have to be completely separate
and running by March. The intention, of
course, is to stimulate competition. In fact
the situation is made even more com-
petitive, because TSCR and Racal are only
allowed to provide a service and sell air
time. They cannot sell hardware to end
users. This has to be done through retailers
and it's where the real commercial battle is
being fought.

The cellutar service with the best retail
backing is the one which will show a profit
in the long run. In the short term it won't
matter. There is a pent-up demand from
people who desperately want a phone in
their car or briefcase. They will buy from
anyone. But once this pent-up demand has
been satisfied, the service will have to be
sold with a capital S.

COMPUTER SWITCH

Racal played a quiet, clever game. While
saying little to the press, the company
struck a deal with Ericsson of Sweden to
provide the computer switch. This is a
daunting piece of equipment. It controls all
the base stations in a city area, so that as a
mobile moves from one cell to another the
signal is “handed off” from one transmitter
to another with a different frequency for
each call.

If you talk to anyone in the armed forces,
the odds are they will have heard of Racal.
The company makes radio communications
and location equipment for the services. So
Racal knows about frequency hopping and
chose Ericsson for the switch, because the
Swedish company also has a big market in
the defence sector. Moreover, Ericsson built
the switches for the NMT, which is the Nor-
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dic Mobile Telephone Service. This provides
cellular. radio for 120,000 subscribers
across Finland, Sweden, Norway and Den-
mark, on the 450MHz band.

The Ericsson switch has two central
processor units, run in synchronism, so that
if one goes down the other drops in. The
program is stored in a dual memory, of 1-5
megaword capacity. The words are 18 bits;
16 data plus 2 for error correction. The data
store, for subscriber numbers and billing in-
formation, is of similar 1.5 megaword
capacity. The power supply is 48V floating
from the mains on batteries. All memories
are doubled up for security.

One switch can support around 60,000
subscribers. The first Ericsson switch went
to Racal for use in London and the next
should by now be installed in Birmingham.

Choosing Ericsson for the switch helped
Racal pull in its prize catch, retail support
from Pye and Philips. In domino fashion the
Pye-Philips liaison helped convince the AA
to back Racal and so put the company
automatically in touch with its 5-6 million
members. These are all potential sub-
scribers to cellular radio, although only a
fraction will be able to afford it.

In a careful run-up to launch, Racal has
been investing heavily in TV advertising
which does nothing more than familiarize
the public with the Racal name. Behind the
scenes Racal has been talking to journalists
in specialized areas, for instance broad-
casting, telling them how valuable cellutar
radio will be to a news team on the run.

The deal with answering machine com-
pany Answercall, with Dixons as an outlet,
puts Racal in touch with the high street. In
fact, few people reckon that cellular radio
will be a real consumer item. What is a con-
sumer? “Someone who pays for what they
buy out of their own pocket,” says Len
Davis of Philips, which is just about the
best definition I've heard.

ONE-STOP FITTING SERVICE

Most people who use cellular radio will
be spending company money. Dixons will
have to organise some sort of “one stop”
fitting service, where customers can leave
the car in the morning and pick it up at
night, with dial tone buzzing. Buying and
fitting piecemeal is a potential disaster.

Cleverly, Racal has insisted that all
retailers use the service name Vodafone.
This should cut through some of the confu-
sion which is bound to arise when two
competitive, different but compatible, rival
cellular systems hit the market.

CELLNET UPDATE

At ludicrously short notice TSCR held a
press conference to bring us up to date on
Cellnet activities. Invitations for a Wednes-

day meet were received through the post
on Tuesday. With or without justification
TSCR blamed the BT share flotation.

When you get behind some of the PR
and management front at Celinet, the
engineering expertise is impressive. TSCR
uses Motorola computer switching. Each
unit handles around half the number of sub-
scribers handled by the Ericsson switch
used by Racal, around 30,000 instead of
60,000.

This will let Cellnet make its service
dynamic, that is shrink and change the size
of cells, reduce transmission power and
change reception and hand-off thresholds
to suit special requirements. For example, if
every company director with a car or por-
table phone goes to Wimbledon tennis next
summer, the Cellnet service can make more
channels available for them by tightening
the cells in that area. How will McEnroe
react to the sound of phones ringing?

The dynamic approach may make it
easier for Cellnet to provide a service for
small hand portables rather than fixed car
phones or bulkv transportable units. These
need higher signal strength and smaller
cells.

At their last-minute demonstration,
Cellnet showed frequency re-use. All
demonstrations before that had relied .on
cells using different frequencies. But, of
course, cellular theory relies on different
cells in the same area re-using the same
frequencies. Cellnet ran two 4 kilometre
cells, around 15 kilometres apart, each us-
ing the same 10 channels, without mutual
interference.

To test signal strength, Cellnet engineers
have been driving around Britain for the last
year with a Rover car equipped with a
magnetometer. This plots its position ac-
curately by reading the Earth’'s magnetic
field. The car also has a signal strength
measuring system which logs reception
data every three centimetres which the car
travels. This lets the engineers try out
transmitter sites and see how they cover an
area in practice.

BE WARNED

In America some manufacturers are now
selling off Japanese cellular equipment very
cheap. It is likely that some of this will find
its way into Britain, and will be offered for
sale at under the going price of around
£1,500 for a mobile transceiver.

Be warned. Unless you buy from an
authorised dealer, the transceiver won't
work with either the Cellnet or Vodafone
system. US frequencies and channel spac-
ings are different. The UK main computers
just won’t accept any calls unless the sub-
scriber’s number is stored into the Celinet
or Vodafone service memory with an OK
code.
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ermits testmg all of the power amplifier

dules and cbn'figuratlons described without the need
idequ te y'fated loudspeakers. A further obvious advan-
that testing can take place without damaging one’'s

speaker systems which it replaces, the load is small, light-
weight and inexpensive.

Although the load is somewhat conservatively rated at
100W continuous r.m.s. output power, it is capable of hand-
ling power levels in excess of 200W for short periods. Essen-
tially the load consists of ten parallel connected flameproof
ceramic resistors, each rated at 7W. The complete arrange-
ment is immersed in an oil bath which aids cooling, hence
raising the maximum total power dissipation.

The load is conveniently housed in.a tlb Golden Syrup tin,
the seal between the outer case and lid being perfectly ade-
quate to contain the oil without risk of spillage whilst the
outer tin-plate casing provides further effective heatsinking.
If desired the case can be painted matt black in order to
assist with radiation of heat.

The load is also provided with a simple signal detector
which, with the aid of a d.c. meter and the calibration graphs
supplied, will enable constructors to ascertain the output
power level achieved with a reasonable degree of accuracy.

ci R
[ 4k7
SK1 SK3
(RED) (RED)
RI-RI10
INPUT (SEE TEXT) AOAS, OUTPUT
(BLACK) (BLACK)
5?2 SK4

Fig. 2.1. Circuit diagram of the Dummy Load

The circuit of the dummy load is shown in Fig. 2.1 whilst
the physical construction is shown in Fig. 2.2. The tin lid is
prepared by marking out ten equidistant points on the flat
section {near the outer rim). These points should be at inter-
vals of 36 degrees and should be indented using a centre
punch before driling with a Tmm diameter drill. The four
sockets should then be mounted and sealed (to prevent oil
excaping from the container) using an epoxy resin based
adhesive.

Next, the resistors should be mounted on the tin lid which
provides a common termination for the resistors. The
resistor leads should be fed through the 1Tmm holes and
soldered on both sides of the lid before trimming. The other
end of the resistors are then fed to a ‘star’ point which is
linked to SK1 using a substantial conductor {e.g. 16/0-2mm
stranded PVC covered wire). The remaining components are
then assembled and soldered into place following the layout
shown in Fig. 2.2.

RIONUINAFANID N e

”g‘- ums or alienating the neighbours! Unlike the loud-
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Finally, the tin is filled with clean multi-grade oil to within
10mm from the top and then the lid assembly is lowered
into the oil, checking that the resistor bodies are fully im-
mersed. It is, of course, important to check that the lid is
firmly in place before using the load.

Calibration graphs for 4 and 8 ohm dummy loads are
shown in Figs. 2.3 and 2.4 respectively. Measurements are
made with a d.c. milliammeter connected between SK3 and
SK4 and with a 1kHz sinusoidal input. A suitable signal
source based on a 741 operational amplifier will be
described in Part Three.

PLAN

SIDE VIEW

(ONLY 2 LOAD RES—
ISTORS SHOWN)

VIEW OF
UNDERSIDE
R1-R10,C1 &K




- [ componenTs . .. ]
> | DUMMY LOAD
Resistors
R1-R10 39 or 82 ohm 7W ceramic
{for the 4 and 8 ohm versions
respectively) {10 off)
‘ R11 4k7 0-25W
Capacitor
Ci 1u 250V polyester
X Miscellaneous
' D1 0A91
SK1 4mm socket {red)
SK2 4mm socket (black)
SK3 2mm socket {red)
SK4 2mm socket (black}
11b Golden Syrup tin (see text)
400mi (approx) multi-grade oil (see text)
A\ J

POWER OUTPUT
W)
200
180 4——1
160 +
160 ———

120

100

60

BEENNLE

20 I SRR e R

POWER QUTPUT
(W)

= 100 4— i —
[ !
T 90 T

|

— 40

SOt
/’

0

Fig. 2.3. Calibration
graph for a 4 ohm load
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Fig. 2.4. Calibration
graph for an 8 ohm load
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PRE-AMPLIFIER/LINE DRIVER

The power amplifier module described last month requires
an input of approximately 1V r.m.s. for full output. Where a
signal source is unable to provide such an output ievel, extra
gain will be required. Furthermore, in many applications one
or more power amplifier modules will have to be driven from
a remote signal source. In such applications, low impedance
distribution is advantageous as is the ability to provide a
balanced output.

The pre-amplifier/tine driver module provides a modest
value of voltage gain which is adjustable from 1 to 5 approx-
imately. The pre-amplifier/line driver has both low and
medium impedance balanced and unbalanced outputs and
operates from nominally +30V and —30V. These rails can be
derived either- from the power amplifier itself or from the
power supply module described in Part Three.

CIRCUIT DESCRIPTION

The circuit of the pre-amplifier/line driver module is shown
in Fig. 2.5. A simple inverting operational amplifier is formed
by IC1 and associated components. The gain of this stage is
made adjustable by means of VR1. IC2 and its associated
components form a unity gain phase inverter. Signal outputs
at 1 and 2 are thus of equal amplitude but are in anti-phase.
A Darlington transistor, TR1, is used as an emitter follower
to provide a separate low-impedance unbalanced output.
The supply voltage rails for IC1, IC2 and TR1, are regulated
by means of shunt Zener stabilisers, D1 and D2.

=3 )
COMPONENTS . . .
Resistors
R1,R2,R3 47k (3 off)
R4, R6 1k {2 off)
R5 470
R7,R8 100 (2 off)
R9,R10 100k {2 off)
R11 22
R12,R13 1k 0-5W (2 off)
VR1 220k min. horizontal skeleton pre-set

VR2 100 min. horizontal skeleton pre-set
Except where otherwise stated, all fixed resistors are
0-25W 5% carbon.

Capacitors

CiNCZ 220n 250V polyester {2 off}

C3 100u 16V p.c. electrolytic

C4,C5 220u 16V p.c. eletrolytic (2 off}
Semiconductors

D1t,D2 BZY88 C9V1 (2 off)

TR1 TIS1561

IC1,1C2 TLO7 1 {2 off)
Miscellaneous

P.c.b.

8-pin d.i.l. sockets (2 off)
Terminal pins {13 off}
Small instrument case (see text)

SK1, SK2 standard 0-25in. closed circuit jack
sockets (2 off)
SK3, SK4 5-pin 270 deg. DIN sockets (2 off}
\ J
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O OUTPUT 1

SKt
INPUT

SK3

—O COMMON

p——-O0OUTPUT 2

SK&

Py COMMON

RS

100k TR1

TIS151

c2
220n

uine oriver =—Tj >

INPUT.
(SEE TEXT) == i VR2

OUTPUT LEVEL

——0 OV > SK1

100k 100 i—{]"—"—‘l
c3 LINE OUTPUT
100u -9V ANN—o0 -10v J
R13
” »
Fig. 2.5. Circuit diagram of the pre-amplifier/line driver module

e | INPUT e e (@—=4—»- COMMON
SK2

ORIVER] Nl ® @5 Teur

(@ —t—>-OUTPUT |
SK3

&> CoMmON

19———»COMMON
SK4

@——+>ouTPUT 2

COMMON +6,
SK1
INPUT  oteei®) @t -30v
@&t 0V
- (@t 30V
Fig. 2.6. P.c.b. design for the pre-amplifier/line driver
CONSTRUCTION In applications where the power amplifier module is to be

With the exception of the input and output signal connec-
tors, all components are mounted on a single sided p.c.b.
measuring approximately 65mm x 115mm (i.e. identical in
size to the power amplifier module). The component overlay
for the p.c.b is shown in Fig. 2.6. Components should be
assembled on the p.c.b. in the following séquence; terminal
pins, i.c. holders, resistors, capacitors, transistor, Zener
diodes, and pre-set resistor. Care should be taken to ensure
the correct orientation of all polarised components.

When the p.c.b. wiring is complete, the underside of the
board should be carefully checked for solder bridges and dry
joints whereas the component side should be examined
paying particular attention to the correct placement of
components.
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used in the proximity of the signal source (as would be the
case in a ‘domestic’ environment) the pre-amplifier/line
driver module may be conveniently mounted within the
same enciosure as that used for the power amplifier module.
In this case the supply rails can be simply derived from the
power amplifier.

Alternatively, where the power amplifier module is located
remotely, the pre-amplifier/line driver module may be
mounted in almost any small instrument case. In this case a
typical wiring layout is shown in Fig. 2.7. As before, the
supply rails may be derived from the power amplifier module
using a 3-core cable plus a separate screened signal lead. in
some applications (i.e. where a very long cable run is
necessary) such an arrangement may not be convenient and
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hence the separate mains powered module {to be described
in Part Three) should be utilised.

The line-driver input may be linked to either of the pre-
amplifier outputs or, where remote distribution is concerned,
may be used separately to monitor the signal input with
medium/high impedance headphones.

SYSTEM CONFIGURATION

Various system configurations are possible depending
upon the number and location of power amplifier modules
and on the total output power required. Six typical arrange-
ments are shown in Fig. 2.8.

Fig. 2.8a shows the arrangement for driving a single
power amplifier from a pre-amplifier/line driver module. In-
terconnection is by means of a screened cable which may be
up to 10m in length. Where convenient, power for the pre-
amplifier may be derived from the power amplifier module.
In this case, three extra wires will be necessary in the inter-
connecting cable. These, however, need not be screened
and, under no circumstances should they be contained
within the same screened cable as the audio signal.

For long cable runs a ‘local’ pre-amplifier power source is
preferable. In this case a single screened cable should be
used to fink the pre-amplifier/line driver module with its
associated power amplifier. In Part Four we shall be describ-
ing a simple power unit which is suitable for use with up to
four pre-amplifier modules.

Fig. 2.8b shows how further power amplifiers can be
‘daisy-chained’ from a single pre-amplifier/tine driver
module. As many as ten such units can be driven from a

TS ) MR L)
UTPUT 1 fm g —————— S INPUT RED ®
COMMON| H COMMON
BLACK
PRE-AMPLIFIER/ LINE POWER AMPLIFIER
DRIVER MODULE MODULE
Fig. 2.8a
QUTRUT 1 j‘_'_'_'_'_'_‘_'_'_"_'_" INPUT RED o
COMMON o
i BLACK
v
L 1
o
I
gt
[ NI
[} Rl
INPUT RED *
COMMON
A BLACK
i
HH
To next power amplifier module
Fig. 2.8b.
sK1
________ -
e dweur RED
K IF COMMON
i
a BLACK
0l
OUTPUT 1 S:(‘B """" Al g
She = & &gl
comvon |-
OUTPUT 2 G}
COMMON e T
Sk ] SKI
Bl 7
INPUT RED
5 N ]
] common
. BLACK ®
Fig. 2.8c.

OUTPUT TO POWER AMPLIFIER MODULE(S)

UNBALANCED LINE OUTPUT

=

yorw

SIGNAL INPUT : |
g Y ‘.- (See text)

Fig. 2.7. Wiring diagram for the pre-amplifier/line
driver module

Fig. 2.8. Typical system configurations
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RED L)
— INPUT
COMMON
BLACK |
OUTPUT 1 ’*) """""" ‘)
ouTPUT2 Rl - e (
COMMON ﬁ
| RED
INPUT
-COMMON
BLACK o
Fig. 2.8d.
I gl N !
i INPUT
a4 ] common RED
)
A h BLACK
!
1
OUTPUT 1 i J0
coMMON I T TTTTTTT [
OUTPUT 2 -G T
common ¥~ ------ 3 i
Ak
FEB3IP] [ et
S e INPUT RED
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Fig. 2.8e.
RED
INPUT
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BLACK L —
OUTPUT 1 )““'““"‘("]
ouTPUT 2 ________.___\r
COMMON -j
RED
L INPUT
COMMON
s BLACK
Fig. 2.8f.
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single pre-amplifier module. Each power amplifier must,
however, have its own associated loudspeaker system since
parallel output connection is inadvisabile.

Since the pre-amplifier provides anti-phase outputs, it is
possible to drive two power amplifiers separately, as shown
in Fig. 2.8c. Here the important consideration is that, if the
loudspeaker systems are serving the same area, or are in the
same enclosure, it is essential that one set of speakers is
connected with reverse polarity.

A useful alternative to Fig. 2.8c is shown in Fig 2.8d. Here
the two power amplifiers are physically adjacent and thus a
twin screened (balanced) cable can be employed. Like the
previous arrangement, it is essential to ensure that one set
of speakers is reverse phased.

A bridge output stage is shown in Fig. 2.8e. This arrange-
ment is ideal where a single loudspekaer system (suitably
rated) is to be operated at very high power levels (up to
200W from the power amplifier modules described in Part
One). It is essential that both the loudspeaker system and
the common outputs of the power amplifier are linked
together using a very substantial conductor since, at 200W
output into 4 ohm, the current in this link will be approx-
imately 7A1

Fig. 2.8f shows an alternative bridge arrangement in
which a twin screened (bafanced) cable is employed. This
balanced arrangement is instrumental in reducing the effects
of hum and induced electrical noise and is much to be
preferred in situations where cable runs in excess of 50m are
unavoidable.

PRE-AMPLIFIER, MIIXER AND TONE CONTROL

Whilst the simple pre-amplifier/line driver described
previously is ideal for driving one, or more, powetr amplifier
modules from a single source, there will be many occasions
where several signals of varying levels are to be combined
before sending to one, or more, power amplifier modules.

A typical example is where a microphone is to be mixed
with the output of an electric guitar or synthesiser. In such a
case, a simple mixer arrangement is required coupled with
some additional tone controls and a master gain control. The
unit described was designed to satisfy just such a require-
ment and yet is simple to build and uses only low-cost,
readily available components.

The simplified block schematic of the pre-amplifier, mixer
and tone ‘control is shown in Fig. 2.9. The pre-amplifier,
mixer and tone control provides four input channels, each
having its own individual gain control, has separate treble
and bass controls and a master gain control.

The overall voltage gain of the pre-amplifier is well in
excess of 200 and thus the maximum input sensitivity is of
the order of 10mV to drive an associated power-amplifier
module to full output. The frequency response of the
prototype unit is shown in Fig. 2.10.

oUTPUT 1
MIXER AMPLIFIER gme
St
TONE
CONTROL | OUTRUT 2
o_vﬁ INVERTER
.

Fig. 2.9. Simplified block schematic of the pre-
amplifier, mixer and tone control unit
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8 1
COMPONENTS . . .

Resistors
R1-R4 (see text)
R5-R8 100k (4 off)
RS9 22k
R10 1™
R11,R12 10k (2 off)
R13,R14 4k7 (2 off)
R15 100k
R16 1k 0-5W
R17 470
R18 1k 0-5W
R19,R20 100 (2 off)
VR1-VR4 50k log carbon pot {4 off}
VR5VR6 100k lin carbon pot {2 off)
VR7 5k log carbon potentiometer
Unless otherwise stated, all fixed resistors are 0-25W 5%
carbon.
Capacitors
ci1-Cc4 220n 160V polyester {4 off)
C5,C10,C11 10p 16V p.c. elect. (3 off)
C6,C7 47n 250V polyester (2 off)
C8,C9 10n 250V polyester (2 off)
C12,C13, 220p 16V p.c. electrolytic
Cc14 470p ceramic
Semiconductors
D1,D2 BZY88 C9V1 (2-off)
IC1 TLO74
Miscellaneous
P.c.b.

SK1 to SK4 standard 0-25 in. closed jack sockets (4 off)
Low profile 14-pin d.i.l. socket :

Terrninal pins {20 off)

'SK5 and SK6 5-pin 270 degree DIN (2 off)

Lz Case and matching knobs (7 off) J
+16 ! T ‘T".‘r"[" 1 T
R “i {i ! IHL+ [._._. 'l N li 1 ”
+12 ft A ™t 4 =
+104— / i ‘u'f""d_' | ) l i
o] LN LU :
64—+ 1’ \ T ‘ / BE \ ['
0y BT C N / I L
+2 ' . Lo} \ l ! ) i
| [ \' ] | | |
ode4— il ;/ 551‘ » q T T
-2 b = i .
& L T 1 NHE T4
el N\ T
D el BRI f -Lh[ /|| | ) |
DA 1 | LN T
| A | I |
-104— - 1 4 -H
S| T B \_ ] R
el LU T L L [l [ [0
1 10 100 113 10k 100k ™
FREQUENCY N Hz

Fig. 2.10. Frequency response of the pre-amplifier,
mixer and tone control unit
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VRS
100k LIN

C1 RS

SKt 220n 100k

C2 R6
2200 100k

R3#

C3 R7
220n 100k

5 >

LOG

SK3

N

b AAA= ouTPUT 2

;COMMDN
7%

—AAA—0oUTPUTI SK6

R20
100

SKS

;=
-3
3
15

R22
Lk

Fig. 2.11. Complete circuit diagram of the pre-amplifier, mixer and tone control unit

R4 *

C4 R8
SK& 220n 100k

VR4

50k

LOG

Z
% SEE TEXT
CIRCUIT DESCRIPTION

The complete circuit diagram of the pre-amplifier, mixer
and tone control unit is shown in Fig. 2.11. A low-noise quad
operational amplifier is used and this is operated from +9V
and —9V supply rails stabilised by means of D1 ‘and D2
respectively.

VR1 and VR4 act as the individual channel gain controls
and R1 to R4 may be added in order to match a variety of in-

puts (see Table 1). IC1a forms ,a summing amplifier which
provides a voltage gain of -approximately 10 on each
channel. IC1d is an active Baxandall arrangement which
provides a maximum ‘cut’ and ‘boost’ of around 16dB at
both LF and HF. C14 is added in order to ensure uncondi-
tiona! stability of the arrangement when maximum treble
boost is selected.

IC1c operates -as an inverting amplifier with a fixed

| internal view of the pre-amplifier
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' Requires Npmmal Nt Ipput
Signal source own input sensitivity resistance
pre-amp?|impedance R1 to R4
Dynamic microphone
thigh output) No 50kQ 10mV | s/c
Dynamic microphone No 600Q 10mv o
{low output)
Electret microphone No 50k 10mV s/c
Tape-deck No 500k 100mV 470kQ
Ceramic pick-up No TMQ 200mV TMQ
Magnetic pick-up Yes 600Q 10mV s/c
Tuner No 500k 100mV 470kQ

Table 1. Typical signal sources and input arrangements

voltage gain of approximately 20 (if desired, the gain may be
increased to approximately 40 by raising the value of R15 to
220k). The output of IC1c is at a relatively low impedance
and will directly drive as many as ten parallel connected
power amplifier modules.

IC1b acts as a unity gain inverter and provides the low-
impedance anti-phase output required for the differential
and bridge output configurations described earlier.

CONSTRUCTION

The pre-amplifier, mixer and tone control unit is built on a
single sided p.c.b. measuring approximately 65mmx115mm
(i.e. again identical in size to the power amplifier module).

~
=]

33
|8
)

+ 30V =Py

ov =

;
i
T

- VR4 SLIDER

2
@ ¢-VR3 SLIDER

3

T‘

b ém ; ( <2 ) @=—1vr2sLiDER

bS] - - € O P @=—vrisLioer
17 ‘ +® @t V6 END

OUTPUT 2t @) @t VR6 SLIDER

R
COMMON =tae®) Dms ﬁ Ocu - @—!7 —e-VRE END
CoMMD N2 r v e @———e-vR5 END
R12 cs

ouTPuT 1@ ] Oc7 @®2—}vrs suoer
O @ vrs EnD
@ vr7 END

: R4 - @—-"2 - VR 7 SLIOER

il
13 1 e VR7 END

f

Fig. 2.12. Component layout of the pre-amplifier and tone control unit

VOLUME TREBLE BASS

7
REAR o\

PANEL

Fig. 2.13. Wiring diagram for the front and rear panel mounted controls and sockets
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1

600
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|

Fig. 2.14. Input arrangement for low-impedance
unbalanced microphones

B i

INPUT

|
[
1
]
| 50k T0
PEYSS0P) |
1
1
.

Fig. 2.15. Input arrangement for low-impedance
balanced microphones

Fig 2.16. Input arrangement for ceramic pick-up
cartridges

Rear view of the pre-amplifier case

The component overlay for the p.c.b. is shown in Fig. 2.12.
Components should be assembled on the p.c.b. in the
following sequence; terminal pins, i.c. holder, resistors,
capacitors, and Zener diodes. Care should be taken to ensure
the correct orientation of all polarised components.

When the p.c.b. wiring is complete, the underside of the
board should be checked for solder bridges and dry joints
and the component side should be examined paying
particular attention to the correct placement of components.

As before, and depending upon the individual construc-
tor’'s preference, the pre-amplifier may be either mounted in
the same enclosure as that used for the power-amplifier
module or, alternatively, may be mounted in its own equip-
ment case. This latter arrangement is, of course, preferable
when one, or more, power amplifiers are to be used from
remote locations.

A suitable internal wiring diagram is shown in Fig. 2.13
and the corresponding front panel labelling is shown in the
photograph. Connectors, SK5 and SK6 will, of course, not
be required where the pre-amplifier and power-amplifier
modules are housed in the same cabinet.

NEXT MONTH: Signal source and power supply module.
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20KQN d.c. & KON ac.
28 RANGES WITH PROTECTIVE FUSE
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RICHARD B. H. BECKER — SYSTEM DESIGN AND MECHANICAL ENGINEERING.

TIM ORR — COMPUTER INTERFACE AND CONTROL ELECTRONICS.

ONSTRUCTION of the MENTOR robot starts at the base plate
C of the robot (Fig. 7.1) to which the power supply board and
transformer are fitted. The main wiring loom passes through a
slot under the board ready for connecting to the interface board
which is later sited beneath the robot.

s

b

Fig. 7.1. Base plate assembly

ASSEMBLY

The two side plates are next fitted to the base plate and the
top plate and then screwed down (Fig. 7.2). In the top plate is a
60mm nylon bush through which the centre column is passed.

Fig. 7.2. Main chassis assembly
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PART SEVEN

At the base of the column is attached a gear which then engages
with another gear fitted to axis 0 motor which is then secured to
the base plate.

The arm assembly is secured to thé column with a nut on
axis 1 axle (Fig. 7.3) and the large counterbalance weights fitted.
These result in the robot’s position being stable when there is no
power applied to the motors. They also increase the accuracy of
the robot in that no error signal from the servo system is
required simply to hold a position.

Fig. 7.3. Arm assembly

The wrist motors which together provide elevation and roll
can now be screwed to axis 2 arm (Fig. 7.4) and the gears fitted.
There are two pairs of spur gears to transfer torque from the
motors to the wrist axles and three bevel gears to turn the torque
through 90 degrees to the gripper assembly.
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Fig. 7.4. Wrist motor assembly

The gripper components are now fitted (Fig. 7.5). A pair of
torsion springs open the jaws after tension is released on the
Bowden cable which closes them. The cable is driven by a motor
attached to the cover of axis 1 arm (Fig. 7.6).

POTENTIOMETERS

Next, the wiring harness and position sensing potentiometers
are fitted. The potentiometers are adjusted such that the voltage
on the wiper will be about 10% of the 10V supply voltage when
the axis is at its minimum position. The harness passes up the
column and through the axles branching out on the way to con-
nect to the potentiometers and to the motors via terminal blocks.

The interface board is now screwed to its plate (Fig. 7.7) and
after checking that the power supply is operating correctly the
power supply lead and the harness are plugged into the board
and the robot is then ready for connecting to a computer for
calibration.

Fig. 7.5. Gripper assembly

CALIBRATION

The robot is operated as if it were part of the memory of the
computer and instructions consist of POKEs for sending data
and PEEKs for receiving data. Axis O is at the lowest address in
the block allocated to the robot. As the system is defined in 8
bits each axis has 256 possible positions to which it may move,
i.e. there is a resolution of 1 part in 256 (0.04%) and the data
sent to each axis may be any integer from O to 255. To send
each axis to its centre position using the BBC computer the
instructions are as follows:
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CALIBRATION PROGRAM

10 A=&FD00

20FORI=0TO 5: 2(A+I)=128 NEXT I

Or for a ZX Spectrum:

10 LET a=32

20 FOR i=0 TO 5: POKE a+i,128: NEXT i
Or for a Commodore VIC20:

10 A=8192

20 FOR I=0TO 5: POKE A+1,128: NEXT 1
Or for a Commodore 64.

10 A=56832

20 FOR I=0to 5. POKE A +I, 128: NEXT I

8
Fig. 7.6. Gripper motor assembly

The Commodore 64 plugs onto the same edge connector as
the VIC20. The only significant difference between the interfaces
is at the computer end where the board which plugs into the car-
tridge slot is laid out on a 0.1” pitch whilst the VIC20 is on
0.156" pitch. Virtually any 8- or 16-bit micro system or com-
puter can be used provided there is access to the address, data
and control bus.

Fig. 7.7. Interface board
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Fig. 7.8. The complete Mentor Robot

With mid-position data sent to each axis the wrist is set by
slackening the gripper assembly, moving it and securing in the
centre position. Fine adjustment is carried out with pre-sets
P203,204.

Axes 0,1,2 are set by sending them in turn to position 0 and
adjusting pre-sets VR200,201,202 so that the axis stops just
before the end stop is reached. VR205 is used to make the
gripper start to operate at some convenient datum such as 50.

POSITION DATA

There are ADCs on the interface board to enable the posi-
tions of the simulator and the robot axes to be read. To operate
the robot it is not necessary to use the ADC but it is useful to
know for certain when the required position has been reached.
Otherwise a transit time would have to be calculated based upon

the size of the position change.

The arm ADC is read by first writing to it, with a POKE in-
struction, which axis is to be read. This is defined by the top 4
bits of the data byte so the data is the axis number multiplied by
16. The ADC is then written to at the next address to tell it to
start conversion. After that the arm position is ready with a
PEEK instruction. For the BBC computer the instructions to
read axis O position are as follows:

30 2(A+6)=0

40 2(A+7)=0

50 DAO=2A+17)

Similarly for axis 2:

60 2(A+6)=32

70 2(A+7)=0

80 DA2=1A+17)

The simulator is read similarly except that the multiplexer ad-
dress is defined by the bottom 4 bits of the data byte so the data
is the axis number and the ADC is at an address one lower so to
read axis 2 of the simulator via a BBC computer. The instruc-
tions are:

90 2(A+6)=2

100 (A+7)=0

110 DS2=7(A+16)

By use of the following program the MENTOR will copy in real
time the movement of the hand-held simulator showing clearly
the ease of use of the MENTOR control system.

10 A=&FD00: FOR N=0to 5

20 2(A+6)=N: A(A+7)=0

30 2(A+N)=2(A+16)

40 NEXT N: GOTO 10

Furthermore by being on the bus of the computer it is very
simple to add additional devices into the system. The BBC com-
puter is particularly suited to this as the IMHz bus is buffered
and daisy-chaining of other robots, sensors etc. is easily
implemented.

Constructors’ Note

MENTOR and NEPTUNE are available as kits or ready-built
from: Cybernetic Applications, West Portway In-
dustrial Estate, Andover, Hants.
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HIS circuit can detect the waves and
oscillations of the movement of the
earth. The sensitivity of the instrument de-
pends upon the sensor and its construc-
tion. In this case it consists of a pendulum
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made up of a magnet supported by a long
steel wire. The longer the wire and the
heavier the bob, the greater the sensitivity.
To get the most reliable and accurate
measurements the magnet should be in
close proximity to the pick-up coil, L1.
When the magnet is disturbed by move-
ment, a current is induced into the coil and

a signal is passed to IC1. This acts as a

standard low pass filter with a cut-off fre-

quency of around 10Hz. The filtered signal
is amplified by IC2 and fed to an os-
cilloscope, where it can be monitored.

The signal is also fed to IC3 which is
used to indicate an overload condition via
D1, and VR2 is used to set the level of the
oscilloscope signal.

K. Alizadeh,
Tehran,
Iran.

Practical Electronics March 1985



MARCO TRADING

DIODES

LINEAR I.C.'s

N916 0.04 AATT9 A3011 . Vaw Pack 10 each value E12 10R-1M
ilyanoy (5 0l CAshI2 1.75 Total: 610 resistors ONLY £4.48
IN4004 0.06 AAY30 CA3014 2.38 B
A YaW Pack 5 each value E12 10R-1M
INA00S 0.06 BA100 CA3018 1.10 2 28p
IN4007 0.07 BY126 CA3020 2.10 Total: 305 resistors ONLY £2.75 4
:m::g g*gg gmg; o1e | CA3028A 1.30 12W Pack 10 each value E12 2R2-2M2 ng
IN5400 012 BY184 0.40 EASOSS 255 Total: 730 resistors ONLY £5.25 28p
IN5401 0.15 OQA47 0,10 | CAS080E 1.80 152W Pack 5 each value E12 2R2-2M2 28p
IN5402 0.15  OA90 0.08 | CA3085 20 Total: 300 resistors ONLY £3.50 28p
IN5404 016 0A91 0.09 (é:SOBGAQ 0-88 25p
IN5406 0.18 OA95 0.18 3090 .00 LDERING AID TELECOM E
IN5408 0.20 OA200 0.06 | CA3130E 1.40 eX ir" & L L O QuIE ::g
1544 0.06 0A202 0.15 | CA3140E 0.60 . o = X
s oo o o fyarsien 3| Aner O i g T
LM324N 0.5 i ‘00 IBT 4 bl P
MIN.D CONNECTORS LM339 dles AT 95 |£1200/100M &
5 37| LM348 0.90 | Antex stands 1.90 22”
PLUGS way way way way |LM380 1.65 | Desolder Tool 4.50 33p
Soider Lug 52p 65p 88p £1.45 | LM38IN 1.45| Spare nozzle LRl ROTARY POTS 28p
Right Angle  89p £1.34 £1.98 £3.48 | IM382N ) 25W Kit-iron with 13A plug & 23p
SOCKETS LM386 ' ONLY £6.20 |0.25W Carbon Log & LIN 1K-2M2 38p
Solder Lug 78p 98p £1.33 £2.48 | ‘py3gy " 32p ea. £3/10. Ls122 70p
Right Angle  £1.18-£1.78 £2.70 £4.15 | '\iooqy Any 100/£28.00 L5138 45p
R 95p 95p 98p £1.00 :
25C1173Y SOVEES = LM3914N .55 Universal charger to charge ::::g? gg”
Ry LM391SN  260| pp3, AA, C, D. PRICE:  £6.00 RVSIeGIeY Y] a7 o
25C1957 MULTI-METER -SPECIAL ; 2:/z>< 3V 85p| LS157 45p
25C2028 ” . 2V2x5 £1.00 | LS158 58
25C2029 Requi.ras AA cells (not supplied} and leads, etc. k :-;g' ‘:{]‘/ggg 212 % 17 £3.07 { 1.S160 60:;
25C2078 Russian type U4324 20,000 O.P.V. SAS5608 1.85] Loty 230, a/a50 |378% 17 £1.05 | | 5161 70p
25€2166 DC. Voltage: 08, 12, 3, 12, 30, &, SAS570S 185 235, 4875 |314% 18 £115 | crer 720
35K88 120, 600, 1200; 5L9018 : O S 1338 x 17 £4.10 [ oy 00 80p
40673 AC. Vohtage: 36, 15, 60, 150, 300, 600, 900; | SL9178 Ed VOLTAGE 434 x 1738 £4.95| o o0 1.95
D.C. Intensity M/A: 0.06, 0.6, 6, 60, 600, 3000; | TA7205AP E Pkt of 100 pins 50p pe
AC. Intensity MA: 033, 30, 300, 3000, | TA7222P XF] REGULATORS Spt facecutter £1.43 | L8170 15
" Resi - 092 5 50 500 5000 kOhm: | TDA1004 K 8LOG/12/ Pin Insert. tool £1.85 .
British made transformers at very attractive prices| 0.C. Resistance: 0.2, 5, 50, 500, 5000 kOhm; TLo72 98p | 78051215 Vlgro Wiring Pen & Spool £4.50 | L5245 2.00
Primary ndary Curent 1+ 10+ 100+| ge. level dB: —10to +12 TLOBY 68p | 7905/12/15 Dip Board £3.85 | LS257 3p
2, 0yl Somar Sl Al e 2 SFANTASTICS REC A RCE Frioss 1.28| LM317K Vero Strip £1.25 | L5393 115
240v: 606y 500mVa 65p 60p 48p including P/P and VAT : . .
P&P 45p per transformer £1.60 for ten.
ORDERING: All components are brand new and to full specification..Please 1985 CATALO
MARCO TRADING (DEPT PE3) add 45p postage/packing {unless otherwise specified) to all orders then add Our latest 123 page cata-
The Ma|tings T 15% VAT to the total. Either send cheque/cash/postal order or send/ logue over 4000 items
i == & telephone your Access or Visa number. Official orders from schools, fully illustrated. Send 65p
ngh Street ) — zg\iversilfies, collegesglfc most ;»éealgome.. s ) now for your copy. FREE
. 0 not forget to send for our catatogue — only 65p per.copy. withorders over £5.00,
Wem' ShrOPSh"e Sy4 5EN All orders despatched by return of mail.
Tel: 0939 32763 Telex: 35565 NEW RETAIL 1000 squ ft shop now open Mon-Fri 9.00-5.00. Sat 9-12.00.

RESISTOR KITS

there for you to use.

obligation at all.

GCE

FREE CAREER BOOKLET

Train for success, for a better job, better pay
Enjoy all the advantages of an ICS Diploma Course, training
you ready for a new, higher paid, more exciting career.
Learn in your own home, in your own time, at your own pace,
through ICS home study, used by over 8 million already!
Look at the wide range of opportunities awaiting you._
Whatever your interest or skill, there’s an ICS Diploma Course

Send for your FREE CAREER BOOKLET today — at no cost or
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Over 40 ‘O’ and ‘A’ Levet subjects from which to
choose. Your vital passport to career success.
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]
J COMPUTER RADIO AMATEUR’S I
1 PROGRAMMING LICENCE |
- INTERIOR I
! ELECTRONICS DESIGN Jl
'COMMERCIAL WRITING FOR 1
| ART PROFIT |
[TV, RADIO &
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:BOOK-KEEPING & ACCOUNTANCY

Please send FREE DETAILS for the course ticked above.
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ICS Dept. EDS 35
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ROBOTS

For Education,

Training and Industry

NEPTUNE | 6 axes; 8 bit controi system; 2.5Kg
capacity; 1120mm reach

NEPTUNE H 7 axes; 12 bit control system;
2.5Kg capacity; | 120mm reach.

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

Robots programmed from keyboard or hand-
held simulator {model robot).

| =

iv
a pplicatisns ,erson; sepvice.

. NEPTUNE |

NEPTUNE Il
NEPTUNE —for ciean

hydraulic power —
— tap water is the
hydraulic fluid!

MENTOR
Kit from
£345

Robots may also be taught by ‘lead by the
nosa’ method.

Extensive software Is supplled free with
each robot.

Leads available for connection to BBC, ZX
Spectrum, Apple lie, Commodore 64 and
VIC 20.

Most other micros are aiso eastly usabie with
these robots.

Please phone for trochure; 0264 50093.
West Portway Industrial Estate, Andover SP10 3FE.
A private and independent company giving prompt,
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MARTIAN HEAD

Much has been heard recently about the
‘head’ on Mars, and I think I must deal with
it—though as briefly as I can!

In the 1970s the Viking landers came down
on Mars, one in the ochre desert of Chryse
and the other in Utopia. Both sent back in-
valuable data. No definite traces of Martian
life were found, but we learned a great deal
about the nature of the surface and the
atmosphere.

We were also able to study pictures of the
areas round the grounded spacecraft. One
rock bore an almost uncanny resemblance to
a human face. Of course this was pure coin-

_cidence; but now, for some curious reason,
there have been sensational reports that we
really are seeing a piece of Martian artwork!

I have examined the evidence and the rele-
vant pictures. There is absolutely no doubt
that we are dealing with nothing more than a
natural rock, with its attendant light and shade
effects. Enough said.

There have been comments about the Solar
Polar Mission, a joint ESA-NASA venture
now officially renamed Ulysses. It is scheduled
for launching in May 1986, from the Shuttle,
and will travel out as far as Jupiter, passing
round the giant planet and then coming back
to pass over the Sun’s poles in 1990. All kinds
of investigations will be carried out, ranging
from solar wind studies to measurements of
the solar and interplanetary magnetic fields.

The number of asteroids with well-known
orbits continue to increase. The total has now
passed the three thousand mark. However, the
four spaceprobes which have so far passed
through the asteroid belt (two Pioneers and
two Voyagers) have emerged unscathed, so it

"may be that there is less scattered material
there than was once feared. No doubt time will
tell.

BETA PICTORIS

The southern constellation of Pictor, the
Painter, is by no means conspicuous. It con-
tains no star brighter than the third
‘magnitude, and has no obvious shape. We
remember it mainly because a fairly bright
nova flared up in it in 1925. Pictor is not
visible from Britain; it is too far south, and it is
in fact close to Canopus, which is the brightest
star in the sky apart from Sirius (and is much
more luminous and remote).

The second star of Pictor is Beta Pictoris,
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of magnitude 3.8; it has no individual name. It
is white, with an A-type spectrum,; its distance
from us is 78 light-years, and it is approx-
imately 60 times as luminous as the Sun. Up
to now it has been dismissed as a very
ordinary star indeed. But Beta Pictoris has
suddenly leaped into the scientific headlines.
The story began in 1983, with observations
carried out from the infra-red astronomical
satellite JRAS. It is fair to say that JRAS was
one of the greatest successes of the space age
so far. It transmitted for the best part of a
year, discovering thousands of new infra-red
sources and also detecting comets, dust-tails
to known comets and even a strange asteroid
which ventures perilously close to the Sun.
When the ‘equipment was being checked,
infra-red excesses were found associated with
several stars, including Vega and Fomalhaut.
This was attributed to the presence of cool
material which might well be planet-forming.
One star studied in this way was Beta Pic-
toris, and a few months ago two American
astronomers, Drs. Bradford Smith and
Richard Terrile, decided to make an optical in-
vestigation. They went to the Las Campanas
Observatory in Chile, where conditions are ex-
ceptionally good. Las Campanas comes under
the same management as Mount Wilson in
California, and like Mount Wilson it has a
100-inch reflecting telescope—thé main dif-
ference is that the Mount Wilson 100-inch is
old (it was completed in 1917) whereas the
Las Campanas instrument is ultra-modern.
Smith and Terrile used the telescope
together with a CCD or Charge-Coupled
Device, which is much more sensitive than
any photographic plate. The results were start-
ling. Beta Pictoris is surrounded by a disc of
material which extends nearly 50,000 million
miles from the star. The disc is seen nearly
edge-on, and is probably no more than a few
hundred million years old.

LIFE FORMING

It is possible to make a shrewd estimate of
the composition of the disc. Ices, silicates and
carbonaceous substances are strong can-
didates. Now, these are the materials from
which the planets in our own Solar Systen
were formed well over 4,000 million years ago.
Analysis of the density of the Beta Pictoris
ring material indicates that planets may have
been formed there too, and by extrapolation it
seems that the interior particles in the disc
have been swept away, possibly by orbiting
planets.

What can we make of allthis?

The main importance is that for the first
time we have actually seen what may be an
extra-solar planetary system; up to now we
have had to rely either upon infra-red work, or
upon the admittedly very uncertain measure-
ments of nearby stars which ‘wobble’ slowly
as they are perturbed by associated bodies
which may be of planetary rather than stellar
mass. There is absolutely no doubt that the
Beta Pictoris shell does exist, and although we
cannot be over-confident it seems that a
planetary system is much the most likely ex-
planation for it.

Beta Pictoris itself is a normal star; neither
particularly luminous nor particularly dim,
neither a cosmic heavyweight nor a stellar
minnow. And if it is indeed the centre of a
family of planets, the evidence in favour of
numerous similar systems becomes almost
overwhelmingly strong.

Investigations are proceeding, and there is
every hope that more discs of the same kind
will soon be found round other stars. Whether
any of these hypothetical planets are inhabited
is quite a different matter, but there seems no
valid reason why not. Beta Pictoris has taught
us a great deal, even though as yet we cannot
claim to have done more than scratch the sur-
face of the main problems.

IRAS (International Infra-red Astronomical Satellite), shown here on test at
the Fokker B.V. plant in the Netherlands. This was probably one of the
greatest successes of the space age so far.
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THE SKY THIS MONTH

Throughout this month the early-evening sky con-
tinues to be dominated by the planet Venus. It reaches
its greatest brilliancy on 26 February, when its
magnitude will be 4.3. Under such conditions it is easily
found with the naked eye even when the sky is still
bright, and is obvious with binoculars—though | must
again repeat my oft-given warning never to sweep
around with binoculars or a telescope unless the Sun is
completely below the horizon.

As Venus draws in towards inferior conjunction, which
will be reached on 3 April, its phase decreases. The
amount of disc illuminated is 44 per cent at the beginn-
ing of February and only 25 per cent into March.

This being so, it may seem strange that Venus is at its
brightest when less of the suhlit face is turned toward us.
The answer is that as the phase decreases, the apparent
diameter increases, because the planet is coming closer
to us. At its very closest, of course, it is at inferior
conjunction—more or less between the Earth and the
Sun—and cannot be seen at all.

The only chances of seeing Venus when it is directly
aligned with the Sun occur at the times of transit.
However, the last transit took place as long ago as 1882,
and the next will not be until 2004.

Of the other planets, Mercury is to all intents and pur-
poses out of view, Jupiter and Saturn are morning ob-
jects, but badly placed,; Mars is still visible in the even-
ing, but its magnitude s now only 1.4, so that no
telescope will show much on its surface. The apparent
diameter of Mars is now less than 5 seconds of arc.

HALLEY’'S COMET

Halley’s Comet is now under regular observation, and
is becoming brighter as it moves inward, but it is still

beyond the reach of any but giant telescopes. However,
there is one mildly encouraging sign. The comet is
starting to become active earlier than expected, and it
may eventually be brighter than was at first predicted,
though it will certainly not be spectacular—as it has
been at some past returns. The most we can really hope
from Britain is that it will become a naked-eye object late
this year.

Among the stars, Orion remains dominant. It is high in
the south during February evenings, and is quite un-
mistakable, together with its brilliant retinue. Sirius also
is at its best. It js a pure white star of spectral type A, but
because it is so bright, and because it is never very high
up as seen from Britain, it seems to flash various colours
of the rainbow.

Sirius is, in fact, the supreme “‘twinkler”’, though when
seen from countries south of the equator, where it can
pass overhead, it looks much steadier. It is rather sur-
prising to remember that Sirius is an ordinary Main
Sequence star, a mere 26 times as powerful as the
Sun—whereas Rigel in Orion, which looks well over a
magnitude and a half fainter, is equal to 60,000 Suns
combined. :

There are opportunities this month for seeing Algol, in
Perseus, at minimum light. Algol is an eclipsing binary.
Its “rest’ magnitude is just below 2, approximately equal
to the Pole Star, but during mid-eclipse the magnitude
falls to below 3.

Fading takes 4 hours, and minimum lasts for only 20
minutes, after which a further 4 hours is needed for Algol
to regain its lost light. Minima occur at 3.1 hours GMT
on 18 February, 23.9h GMT on 20 February, and 20.7h
GMT on 23 February. Of course, there are mimima every
23 days; | merely give these as being convenient to
observe.

MJI 102 — a new NumBER

IN BRITISH 'SCOPES . . .

Simple Operation — Fully Automatic Trigger —
Single Beam — 100mV to 50V/Div. — Sensitivity —
10mS to 1uS/Div. — Sweep — X - Y Facility —

nghtwelght and Compact W

and at a very lightweight price
MJ Instruments

SEND FOR DETAILS NOW!
HILLTOP HOUSE, THINGOE HILL,

BURY St EDMUNDS, SUFFOLK, IP32 6BE. Tel: (0284) 67104
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Sequential Logic
Techniques [Part 6

M.TOOLEY BA and D.WHITFIELD MA MSc C Eng MIEE

N Part Five of the series we looked at
a family of devices which allow us to
route several incoming data signals
along the same path. We shall now
look at the opposite problem; that -of
connecting a single incoming line to
one of several output lines.

When explaining the action of the
de-multiplexer we can, as before, use a
simple switch analogy. A four-way de-
multiplexer is, like its multiplexer coun-
terpart, equivalent to nothing more
than a single pole four-way switch. The
important distinction is that, in the
case of the data multiplexer data is be-
ing selected from one of four incoming
signal lines whereas, in the case of the
de-muitiplexer, data is being routed to
one of four outgoing lines. This vital
difference is illustrated in Fig. 6.1.
Furthermore, since digital multiplexers
and de-multiplexers rely on logic gates
{(which are unidirectional devices) for
their operation, the two functions are
quite distinct.

TSt ad Bob
| |
| I
1 |
0ATA
ADETER | | OUTPUT
(- !
r———)
| !
L‘T__. 1 i’ ol
SELECT INPUTS
A S
| |
==
DATA
INPUTS ™) i QUTPUTS
| |
—_—
| ]
P T > -T— 5
SELECT INPUTS

Fig. 6.1. Simplified switch equivalents
of four-way data multiplexers and
de-multiplexers; (a)} four-way multi-
plexer, (b) four-way de-multiplexer

54

THE 74LS139

The 74LS139 is a common example
of a data de-multiplexer which contains
two independent four-way de-
multiplexers within a 16-pin d.i.l.
package. Each four-way de-multiplexer
has a single active-low enable input,
EN, two select inputs, SO and S1, and
four outputs, O to 3. The pin connec-
tions for the 74LS139 are shown in
Fig. 6.2. As for its data multiplexer

B8
r LA na

DATA SELECT DATA OUTPUTS

Q‘g_]auss7e

N S1 0 1 2 3 ov

™)

DATA SELECT
-
A

DATA OUTPUTS
}

Fig. 6.2. Pin connections for the
74LS139

m !(2) 3

Ve

(%) (5) ®8) [(7)
1] 1 2 3

-

counterpart (the 74LS153) the two
halves of the device (referred to as A
and B) are conveniently brought out to
pins on opposite sides of the package;
the A-side using.pins 1 to 7 whilst the
B-side uses pins 9 to 15. The supply,
which follows the normal convention of
pin-8 (OV) and pin-14 (+5V) is com-
mon to both halves of the device.

The internal logic of the 74LS139 is
shown in Fig. 6.3. This shows how the
two select signals, SO and S1, are
gated with the enable signals, EN, in
each of the four three-input NAND
gates. It should be noted that, since
NAND rather than AND gates are em-
ployed, the outputs go to logic O in the
selected state and revert to logic 1 in
the de-selected state. This is important
since, in typical applications, the
74LS139 is used in conjunction with
other devices which have active low
select or enable inputs. If this is a little
hard to follow don’t despair as we shall
be returning to this topic with a prac-
tical example a little later!

The complete truth table for the
7415139 is shown in Table 6.1. This

EN S0 sl
(15) (14) (13)

W)l

02) () (10) (9)

®mQ

Fig. 6.3. Internal logic of the 74LS139
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INPUTS OUTPUTS
EN | S0 S1 3 2 1
1 X X 1 1 1 1
0 0 0 1 1 1 0
0 1 0 1 1 0 1
0 0 1 1 0 1 1
0 1 1 0 1 1 1

x=don't care

Table 6.1. Complete truth table for the
74L$139

truth table is, of course, identical for
each half of the device. When the EN
line is at logic 1 all four outputs go to
logic 1 regardless of the state of the
select inputs, SO and S1. When both
select inputs are at logic O and the EN
line is taken low, the O output line goes
to logic O (the other three outputs
remain at logic 1). With SO at logic 1
and S1 at logic O the 1 output line goes
to logic O, and so on.

Developing the four-way switch
analogy a little further, it should be
noted that, the enable line effectively
acts as a data signal input; the selected
output reflecting the state of this line.
To further explain this action, if we
have selected output O (by placing a
logic O on both SO and S1), the O out-
put line will follow the logical state of
the EN input; i.e. when EN goes low
the O output will go fow and when EN
goes high the O-output will go high.

We shall now turn our attention to a
practical investigation of the 74L5139
using the circuit arrangement shown in
Fig. 6.4. It should be noted that only
one half of the device is used. The
74LS139 should be inserted into
socket C of the Logic Tutor with pin-1
aligned with C1. The following connec-
tions should then be made:—

C1 toS3 (S3 acts-as the enable
input)

C2 toS1 (S1 acts as the SO input)

C3 toS2 ({S2 acts as the S1 input)

C4 toD1 (D1 shows the state of
output O)

C5 to D2 (D2 shows the state of
output 1)

C6 toD3 (D3 shows the state of
output 2)

C7 to D4 (D4 shows the state of
output 3)

C8 toOV {(common)

C16 to +5V (supply)
(A total of 9 links)

The enable input is produced by
.latching switch, S3, which should in-
itially be adjusted to produce a logic 1
(disabling the de-multiplexer). The two
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Fig. 6.4. Circuit arrangement used in
the practical investigation of the
74L8139

momentary action switches, S1 and
S2, will in the absence of a depression
produce logic O on both of the select
inputs, SO and S1. 1n this state all four
of the output indicating l.e.d.s, D1 to
D4, should be illuminated.

S3 should now be adjusted to
produce a logic O to enable the de-
multiplexer. D1 should now become
extinguished showing that, with the SO
and S1 inputs both at logic O, output O
has been selected. Now, leaving S3 at
logic 0, S1 should be depressed. D2
will then become extinguished show-
ing that, with SO at logic 1 and S1 at
logic O, output 1 has been selected.

S1 should then be released and S2
depressed. D3 will now be ex-
tinguished confirming that, with the S1
input at logic 1 and the SO input at
logic O, output 2 is selected. Finally, S1
and S2 should be simultaneously
depressed. D4 will then become ex-
tinguished showing that output 3 is
selected when both select inputs are at
logic 1.

The results of this investigation have
been summarised in the truth table of
Table 6.2. This table has been con-
structed on the basis that the de-
multiplexer is always in its enabled
state. Readers should, however, con-
firm that whenever S3 is set to logic 1,
all four outputs will immediately revert
to logic 1 (illuminating all four l.e.d.s)
regardless of the state of the two select
inputs.

s@ | s1 3 2 1 0
{s1) | (s2) | (D4) | (D3) | (D2) | (D1)
0 0 1 1 1 0
0 1 1 1 0 1
1 0 1 0 1 1
1 1 0 1 1 1

Table 6.2. Truth table for the practical
investigation of the 74LS139

FOUR-CHANNEL SEQUENCER
USING THE 74LS139

In Part Four we showed how a
sequencer could be constructed using
a shift register. We shall now consider
an alternative arrangement based on a

LOGICY +5v .
|| ||6
2 5 s
= [] o = B of— 04
! 3
CLOCK , V2741574 d X,
CLK 7415139 A
2= 02
Jo] 2 <
4 SQ__
7 Q =] 3~ D1
& 1 L]
LOGIC 1 LOGICO ov

Fig. 6.5. Four-channel sequencer using
the 74LS139

74LS139 de-multiplexer as shown in
Fig. 6.5.

The two select inputs of the
74L5139 are fed from the outputs of a
simple binary divider configured
around a 74LS74 D-type bistable ele-
ment. The select inputs are thus sup-
plied with a binary count sequence and
thus a low is transferred from one out-
put of the de-multiplexer to the next on
each falling clock edge.

The 74LS139 should be left in
socket C whilst the 74LS74 should be
inserted in socket B checking, as usual,
that pin-1 aligns with B1 on the Logic
Tutor. The following connections are
required:—

B1 tologic 1

B2 toB6

B3 toclack

B4 tologic 1

B5 toC3

B7 to OV (common)
B16 to +5V (supply)
C1 tologic O (active-low enable)
C2 toB3

C4 to D1

C5 toD2

C6 toD3

C7 toD4

C8 to OV {common)
C16 to +5V (supply)
{A total of 15 links)

The sequence produced by the circuit
should follow that shown in the timing
diagram of Fig. 6.6. This shows that, at
any time, three of the output indicating
l.e.d.s are illuminated and one is ex-
tinguished. The effect is that a logic O
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Fig. 6.6. Timing diagram for the four- Fig. 6.7. Time domain multiplexing using. 74LS153 and 74LS139 devices

channel sequencer

circulates from D4 —> D3 —> D2 —>
D1 and then restarts at D4.

TIME DOMAIN MULTIPLEXING

Thus far we have only separately
considered the actions of the mul-
tiplexer and de-multiplexer. The time
has now come for us to put these two
devices together in an arrangement
which allows us to send several data
signals over a common path and yet
still separate them again at the far end.

Since we have restricted ourselves
to the use of four-way multiplexers and
de-multiplexers in this series we shall
provide for four inputs at the ‘sending
end’ and four outputs at the ‘receiving
end’. The multiplexer at the sending
end provides us with a means of
routing each data line to the common
signal path for a pre-determined time
whilst the de-multiplexer at the receiv-
ing end connects the common signal
path to each output line for a similar
pre-determined time.

It is, of course, important to ensure
that the data appearing on each data
input line is correctly routed to the
corresponding data output  line. It
should, therefore, be apparent . that
some means of synchronising the data
at the sending and receiving ends of
the path is of paramount importance.
To this end we shall need to generate a
common set of select signals at each
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end of the path.

Data communication systems of this
typé rely on the availability of a com-
mon clock signal at both the sending
and receiving ends. At this point we
should perhaps point out that, in most
practical data communication systems,
we would almost certainly prefer to

CLOCK &
SELECT O
SELECT 1 J I ]

T I ST e Tl ) Sl
DATA LINE | el e RISl (o Bt (e L e
DATML .°°=°’=°z=°3=D°;D'gozgmg
9 Cat S s (1= S [T I E

Fig. 6.8. Timing diagram for the clock
and select lines of the arrangement
shown in Fig. 6.7

have an asynchronous arrangement in
which the data was ‘self-clocking’.

The circuit arrangement employed in
our practical investigation of time
domain multiplexing is shown in Fig.
6.7. The common select signals are
generated from the Logic Tutor’s inter-
nal clock operating in conjunction with
a single-stage binary divider based
upon a 74LS73 J-K bistable. Fig. 6.8
shows the timing diagram of the clock
and select input lines. Each data line is
activated for half of the clock cycle

period and follows the sequence, DO,
D1, D2, and finally D3. The sequence
is then repeated with one complete cy-
cle of all four data inputs occurring.in a
time equal to one cycle of the signal on
the S1 line.

The four data inputs are applied to a
74LS153 multiplexer and, from there,
follow a time shared common data
path. Since the 74LS139 has an
active-low enable input, a single in-
verting stage {using a 74LS04) is in-
cluded in the common data path.
Furthermore, due to the inverting ac-
tion of the internal logic of the
74LS139 (remember that the selected
output line goes low whilst the other
three lines remain high) we shall need
to invert each of its data outputs. This

is achieved using a further four in-

verting gates of the 74L.504.

The integrated circuits should be in-
serted into the Logic Tutor in the
following manner:—

Socket A= 7415153
Socket B= 7415139
Socket D = 741.S04
Socket E = 741573

In each case it is, as usual, important to
check that pin-1 of the integrated cir-
cuit is correctly aligned with pin-1 of
the Logic Tutor's connecting strip.

The following links are required:—

A1 toOV (active-low enable)

Practical Electronics March 1985



A2 toE14 (select1)

A3 toS4 (S4 acts as the D3 input)
A4 toS3 (S3 acts as the D2 input)
A5 toS2 (S2 actsas the D1 input)
A6 toS1 (S1 acts asthe DO input)
A7 toD1 (time shared data output)
A8 toOV (common)

A14 to E1 (select O)

A16 to +5V (supply)

B1 toD2 (inverted time shared data
input)

B2 toA14 (selectO)

B3 toE14 (select 1)

B4 toD3 (inverted DO output)

B5 toD5 (inverted D1 output)

B6 to D11 (inverted D2 output)

B7 to D13 (inverted D3 output)

B8 toOV (common)

B16 to +5V (supply)

D4 to LED D1 (D1 shows DO output)
D6 toLED D2 (D2 shows D1 output)
D7 toOV {common)

D10 to LED D3 (D3 shows D2 output)
D12 to LED D4 (D4 shows D3 output)
D16 to +5V {(supply)

E1 toclock

E2 tologic 1

E3 tologic 1

E4 to +5V (supply)
E13 to OV {common)
E16to E3

(A total of 31 links)

All four of the input switches, S1 to S4,
should initially be adjusted to produce
logic O data inputs. In this state, all four
of the output indicating l.e.d.s should
be extinguished showing that all four
data outputs are similarly at logic O.
Now depress, and hold down, S1 to
produce a logic 1 on the DO input line.
The lLe.d. indicator D1 will shortly
become illuminated showing that the
DO output has gone to logic 1. Note,
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Fig. 6.9. Timing diagram for a signal on
the DO line in Fig. 6.7
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however, that D1 only remains il-
luminated for the duration of each
alternate low cycle of the clock (com-
pare the indications produce by the
clock l.e.d., D9 and the DO output in-
dicating l.e.d., D1). The corresponding
timing diagram is shown in Fig. 6.9.

Readers should now check each one
of the other data lines in turn, noting
the correspondence between the
switch depressed and the l.e.d. which
becomes activated. Finally, all four
switches should be adjusted to
produce a logic 1 on all four data input
lines. In this state the four l.e.d.s will
flash in sequence, clearly showing the
time shared characteristic of the
arrangement.

Readers may now be wondering
whether there is any way that a
received logic 1 can be preserved for a
period equivalent to the select 1 signal,
thus maintaining the logical state of
the output. This can, of course, be
achieved by simply adding a suitable
bistable latch to each data output such
that data is latched each time the
respective data line is enabled. Further-
more, if we were to use bistable

latches in which the Q output was

LOGICO +5v
16
3 - . RAM 1
EN 0 TS 16k
{070 16,383)
s __  RAM2
1 €S 16k
(16,384 TO 32,767
7415139
Al , 3 RAM 3
=150 2 Ics 16k
AOORESS (32,768 70 49,151)
LINES | A5 5
—-q G}
7 RAM S
3 CS 16k
(49,152 T065,535

ov
Fig. 6.10. Circuit arrangement used in
the 64K memory address space

decoder (Note: addresses are specified
in decimal)

made available, we could dispense
with the four output inverters. We will,
however, leave this particular exercise
for the more adventurous reader!

ADDRESS DECODING
Finally, we shall consider a typical
example of the use of a de-multiplexer

in the form of an address decoder for
use in a microcomputer system. Let's
assume that we have a 64K memory
space which is occupied by four 16K
random access memories (RAM). The
data inputs and outputs of these
memories are all .connected to the
system data bus (conventionally 8 bits
wide). Each RAM is assumed to have
fourteeen address input lines (AQO to
A13 inclusive) and one active-low chip
select {CS) line. The address lines on
each RAM are connected to the simi-
larly numbered address line on the
system address bus hence, unless we
do something to prevent a conflict, we
would find that all four RAM devices
were being written to or read from at
the same time. What is needed, of
course, is a means of decoding the two
most significant address lines, A14 and
A15, in order to activate the four RAM
chip select lines. A suitable decoding

ADDRESS ADDRESS
LINES CHIP RANGE
A15 |A14|SELECTED| (decimal)
0 0 RAM 1 Oto 16,383
0 1 RAM 2 16,384 to
32,767
1 0 RAM 3 32,768 to
d 49,151
i 1 RAM 4 49,152 to
65,535

Table 6.3. Truth table for decoding the
64K address space

scheme is shown .in Table 6.3. In ef-
fect, we have divided the total 64K ad-
dress .space into four blocks of 16K,
each associated with a particular RAM.
RAM 1, for example, corresponds to the
lowest 16K (decimal addresses O to
16,383 inclusive) whilst RAM4 corres-
ponds to the highest 16K (decimal ad-
dresses 49,152 to 65,535 inclusive).
RAM1 is selected whenever address
lines A14 and A15 are both at logic O
whilst RAM4 is selected when these
two address lines are both at logic 1.

The problem of decoding the two
most significant address lines is easily
resolved using a 74LS139 in an
arrangement similar to that shown in
Fig. 6.10. The inverted logic of the
74LS139's outputs being just what is
required for the active-low RAM chip
select lines. (This, of course, is no mere
coincidence!)

NEXT MONTH: We shall be con-
cluding the Sequential Logic
Techniques series with a look at
binary full adders. We shall also in-
clude an Index to the complete
series.
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ORIC AND SINCLAIR COMPUTERS
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Oric 1 computer 48K £85 (£82) £92. Oric
Atmos comguter 48K .£171 (£158) £168.
Oric Colour Printer £134 (£123) £140. Sin-
clair flat screen TV (£113) (£105) £115.
Sinclair Spectrum Plus Computer £182
£176) £187. Sinclair QL Computer £406
£410. Sinclair Spectrum 48K £131

£131) £143. Microdrive £51 (£50} £60.
5232 interface 1 £51 (£50) £60. Special
offer:- Microdrive + Interface 1+ 4 car-
tridges £102 (£100) £120. Blank micro-
drive cartridges £6.50 (£6) £7. Standard
floppy_disc interface for Spectrum £102
(£92) £112. (See Cumana disc section for
suitable disc drives). Fuller FDS keyboard
for spectrum ) £62. Fuiler master
unit (£56) £62. Interface 2 £20.45 (£20)
£24. 32K memory upgrade klt for 16K
spectrum (issue 2 and 3 only) £31 (£28)
. Spectrum Centronics printer inter-
face £51 (£47) £52. ZX printer has been
re Iaced by the Alphacom 32 £71 (£69)
ﬁnnter rolls {state whether Slnclalr

or Alp acom) £13 (£16) £21. ZX81 com-
guter £45 (£44) £54. 16K ram packs for

X81 £28 (£25) £30.

COMMODORE COMPUTERS
Commodore C16 Starter Pack £145 ((£142
£162. Commodore Plus/4 £305 (£28
£301. Commodore 64 (£215) £235.
Convertor to allow most ordinary mono
cassette recorders to be used with the Vic
20 and the Commodore 64: £9.78 (£9)
£11. Bargain package:- cassette convertor
+ compatible cassette recorder £37 (£38}
£44. Commodore cassette recorder £43
(£44) £50 Printer mterfaces for Vic 20 and
the Commodore 64:- Centronics £45 {£41)
£46. RSZ32 £45 (£41) £46. Disc drive £233
£209) £234. 1520 printer/plotter £165
£148) £159. MPS801 Printer £235 (£220)
45. Light pen £29 (£29) £33.

SWANLEY ELECTRONICS
The Computer Export Specialists
Dept PE, 32 Goldsel Rd., Swanley, Kent BR8 8EZ, England.

Tel: Swanley (0322964851 Official orders welcome. UK prices are shown first and
The second price in brackets is for export customers in Europe

include /:zosl and VA
and inclu

des insured air mail postage. The third price is for export customers outside
Europe fincluding Australia etc) and includes insured airmail postage.

ACORN COMPUTERS
Electron £173 (£179) £199. BBC Model B
404 (£357) £387. Kenda double densl
dnsk interface system £149 (£131) £14
See below for suitable disc drives.
CUMANA DISC DRIVES
To suit disc interfaces of Sinclair spec-
trum, BBC B and Videogenie. Single:- 40
track single sided £176 {£158) £178, 40 tr
double sided £218 (£195) £215), 80tr ss
£207 ( 86) £206. 80tr ds £234 (£209]

£229. D s £299 (£280)

ds £395 (£353) £393, 80tr 5 £372( )
£374, 80tr ds £437 {£390) £

PRINTERS _ e

Oki Microline 80 £138 (£135) £165. Brother
HRS £162 (£146) £170. Shinwa CTl CPA80
£237 (£228) £258. Cannon PW1080A £382
(£344) £374. Epson RX80 £277 (£2%1)
£282. Epson RXBOF/T £314 (£286) £316,
Epson FX80 £399 (£358) £388. Combined
matrix printers and electric t]/ ewriters:—
Brother EP22 £173 (£166) £ Brother
EP44 £258 (£235) £260. MCP40 Oric colour
printer/ﬁlotter £134 (£123) £140. Interfaces
to run the above printers from Vic and the
Commodore 64 £45 (£41 We can
sup?ly interfaces to run the above print-
ers from Sharp computers £58 (£52) £55.
UK101, SUPERBOARD AND
VIDEOGENIE

We stili support these Computers. Write
for our list.

COMPUTER REPAIRS

We offer a world-wide repair service.
Wirite for a quotation.
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Public Ownership

The privatisation of British Telecom
transformed Britain from a nation of
shopkeepers to a nation of shareholders.
Up to that point the company with the
largest spread of shareholders was ICl with
350,000. Including overseas holdings BT
enjoys the support of over 2 million
sharehoiders. The initial figure was some
2.3 million, since whittled down by profit-
taking. But this is no bad thing. First-time-
ever investors, whether selling for a quick
return or holding, have had a sniff of excite-
ment which is bound to encourage them in
future investment.

A Labour Party pledge to renationalise
BT should they form a government fell on
deaf ears. With a substantial share ow-
nership among the electorate my guess is
that the threat will be convienently forgot-
ten and that, in any case, the famous
Clause 4 was all but dead before the BT
sale. Old style public ownership is out, new
style public participation is in.

Self-Interest

The BT unions, following Labour policy,
opposed privatisation and recommended
members to ignore the share offer. in the
event the free shares were taken up with
gusto and the vast majority of the em-
ployees bought extra shares.

This wasn’'t the only example of self-
interest triumphing over ideology. Strikes in
the docks and in the automobile industry
collapsed last year through lack of popular
support. Steelmen resisted all attempts to
entice them to limit output which sup-
posedly would help the miners in their
struggle. And the most extraordinary hap-
pening of all was union members taking
their leaders to court.

The mining dispute, whatever the out-
come, is bound to end in tears. A soap
opera dragging. on through months of farce
as well as tragedy. The industria! result is
that no government, no company, no
householder will ever again rely entirely on
coal as an energy source. Not the miners
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but their leaders have alienated the markets
that alone would secure their future.

No wonder that progressive union
leaders are seeking better ways to improve
their members’ prospects and, incidentally,
their own standing in society. These include
expanding the market instead of destroying
it, consulting the membership, perhaps
even encouraging share ownership in the
enterprises in which they are employed.
Self-interest can be just as noble as martyr-
dom if it also leads to the common good.

Change

It is of little use looking back to the great
battles of 1926 (lost) or 1974 (won) as do
the miners’ leaders. The world is moving on
and moving fast. Enterprise, the freer the
better, is the fashion for the 1980s.

As | often mentioned in the past two
years, China is the last of the truly great
markets to be opened up. The Peoples’
Republic has looked at South Korea,

Singapore, Hong Kong and Taiwan, -all

booming economies not entirely unrelated
to expertise in production of electronics
goods. Why can’t China be just like them?

No reason at all except that it is
politically as well as practically difficult to
dismantle 35 years of Chinese socialist
planning overnight. So capitalism remains a
dirty word while “responsibility” is newly
acceptable. The first of the “responsibility
systems’’ came in agriculture,-boosting out-
put and enriching many farmers and
merchants. Now it's the turn of industry
with incentives generating new levels of ef-
ficiency and more cash for workers to
spend on luxuries.

Another Chinese euphemism is the
“social channel” which, translated, means
an individual having a financia! holding in a
company, in short becoming a shareholder
and now permitted in some enterprises and
likely to spread. In China, as in the Soviet
Union, nobody is officially unemployed
although plenty of people are, the blemish
on society easily overcome by describing
them as “waiting-for-jobs people”,

Our most vigorous operator in the
Chinese market is Cable & Wireless which
has done wonders since privatisation. With
a strong base in Hong Kong and the newly
acquired Hong Kong Telephone Company
there is no shortage of technical expertise
and Chinese-speakers to assist the Peoples’
Republic in modernising and expanding its
communications systems, the prerequisite
for industrial growth. In fact such is the
technical standing and business trust of the
company in Chinese eyes that a number of
commentators suggest that C & W as a
British flag carrier creates openings for
newcomers.

It is interesting, too, to note that socialist
France has reverted to capitalism and
sound economics and that the newly
elected Labour government of Mr Bob
Hawke in Australia has swung decidedly
right. Who could have imagined six months
ago that Mrs Thatcher and President Mit-
terand, once mutually hostile, would be
seen on TV in embraces of friendship? And
yet so itis in a changing world.

Change indeed! Ever since semiconduc-

tor production started in bulk it has been
the custom to send the part-finished
product to the Far East for packaging
because of lower wage costs. Today we see
building work on a major packaging plant at
lrvine, Scotland. The company is Indy, a
U.S. specialist, who expect to employ 500
people when in full production.

With rising wage levels and transport
costs in the Far East and improved methods
of production the crossover point has now
been reached when it is cheaper as well as
faster to package in Europe. Packaging, in
this context, includes die separation, wire
bonding, sealing, testing, lead finishing and
marking. Far East losses are Scotland's gain
where other companies are also
researching the economics and possible
sites for a European packaging base.

Oversold

Not that the free enterprise system is
faultless.” It did well in popularising the
home computer and bringing it cheaply to
the buyer. But it has done some harm in
overselling the product and in a frantic rush
to get to market quality has suffered.

In a survey of 100 retail outlets it is
reported that the top seller had a return rate
of 25 percent, others between 13 and 4
percent. Three-quarters were due to
technical faults, the remainder because of

customer dissatisfaction.

Product promotion has been first-class in
respect of games. Utility is a different
matter. Does any household of reasonable
intelligence need a computer to handle sim-
ple accounts or compile an address book?
An amusing exercise, perhaps, but hardly
economic, time-saving or necessarily more
accurate than old-fashioned pen and paper.
As for word-processing you need ‘to go well
up-market for a really competent machine.

With so many companies making a
fleeting appearance and then disappearing,
the Japanese MSX approach has much to
commend it with its standardised software
and complete compatability between
makes. Critics are saying MSX will retard
technical progress but at least customers
are safe from loss of supply and know what
they are paying for.

Fifth Generation

We hear a ot about fifth generation com-
puter research with Japan often quoted as
potential world leader. Yet at the fifth
generation computer conference in Tokyo
last November the British were prominent
and highly respected contributors. Not
least, interest was enormous on the Inmos
transputer and its Occam language
together with aspects of the British Alvey
programme in which industry and the
government are equal partners.

It was a surprise to see how open the
Japanese were on their government-funded
Icot research programme and exchanges
between computer scientists from all the
leading countries, including Israel, showed
that while competiton is healthily fierce the
outcome will benefit world industry.
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PRINTED GIRGUIT

Printed circuit boards for certain PE constructiona!l projects are now
available from the PE PCB Service, see list. They are fully drilied
and roller tinned. All prices include VAT and postage and packing.
Add £1 per board for overseas airmail. Remittances should be sent
to: PE PCB Service, Practical Electronics Editorial Offices,
Westover House, West Quay Road, Poole, Dorset BH15

1JG. Cheques should be crossed and made payable to IPC’

Magazines Ltd.

Please note that when ordering it is important to give project
title, order code and the quantity. Please print name and address in
Block Caps. Do not send any other correspondence with your order.

Readers are advised to check with prices appearing in the
current issue before ordering.

NOTE: Please allow 28 days for delivery. We can only
supply boards listed here or in the November 1984 issue.

DARD SERVIGE

PROJECT TITLE Order Cost
Code
MAR ‘84
Spectrum Autosave 403-01 | £1.83
APRIL ‘84
Microstepper 404-01 [ £10.7
MAY ‘84

Sustain Unit 406-02 | £2.82
Audio Signal Generator 405-03 | £4.28
F 405-04 | £2.51
JULY ‘84
EPROM Duplicator
Alarm System
Oscilloscope Calibrator

407-02 | '£3.74
407-03 | £3.19
407-04 | £4.23

PROJECT TITLE Order Cost
Code
FEB '81
Siave Light Dimmer 102-01 | £1.88
MAR ‘81

103-01 | £1.79
103-02 | £1.83
103-03 | £2.25

27/28MHz Converter
Microphone Mixer
Period Power Tester

APRIL ‘81

Speech Processor 104-01 1 £1.656

Mini Drill 104-02 | £1.60
MAY '81

Digisounder 105-01 | £6.65

Thermometer 105-02 | £1.49
JUNE ‘81

pH Meter -4 106-01 | £2.06
SEPT ‘81

109-01 | £3.16
109-02 | £3.11
# 109-03 | £2.97
Analogue Frequency Meter 109-04 | £2.87
Ignition System 109-05 | £2.47

o 109-06 | £2.28

Horologicum

"

APRIL ‘82
Med. Resolution Equaliser (UK 101)
Enlarger Timer

204-01 | £1.73
204-02 | £4.02

AUG 82
Automatic Photographer
Home Alarm

208-01 | £1.94
208-02 | £3.21

JAN '33

Audio Booster | 30101 | £3.32
FEB ‘83

Radio Booster 302-02 | £1.80
MAR ‘83

303-01 | £3.99
303-02 | £1.35
303-03 | £3.69

Into the Real World
Accessory PSU
4} Digit Frequency Meter

JONE ‘83

Program Conditioner 306-01 | £2.30

ISERIFE3
Guitar Active Tone Control
Ground Communication System

309-01 | £2.27
309-02 | £2.13
309-03 | £2.31

DEC'83

Expanding the Vic 20 312-01§ £5.18

FEB 84
402-04 | £1.85
402-05 | £2.61

Temp. Controller

.
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AUG ‘84

Comm. 64 RS232C Interface 408-01 | £3.02
Field Measurement { 408-02 | £3.19
5 408-03 | £2.76

Simple Logic Analyser 408-05 | £2.93 |

SEPT ‘84

Parallel to Serial Converter 409-01| £2.92
Through the Mains Controller 409-02 | £2.88
% . 409-03 | £2.71

OCT 84
Logic Probe 410-01| £1.90
NOV ‘84 -y
Computer DFM Adaptor 411-01| £2.76
DEC '84

Ni-Cad Charger 412-01| £2.40

JAN ‘85
Outrider Car Computer {Set of 2 boards}
FEB ‘85
Modular Audio Power System
Pt-1: Power Amp Board
Spectrum DAC/ADC Board
MARCH '85
Modular Audio Power System
Pt-2: Pre-Amp/Line Driver

501-01/2 £9.10

502-01 | £4.19
502-02 | £3.69

503-01 | £5.00

Main Board 503-02 |'£56.12
Heart Beat Monitor :
Detector 503-03 | £8.90

503-04 | £6.62
503-05 | £3.42

Main Circuit Board
Low Cost Speech Synthesiser

C R K K N K N F N F ¥ ¥ ¥ 3 W
§

J PE PRINTED CIRCUIT BOARDS SERVICE I
’ Please send me the following p.c.b.s.

i e Order Code Quantity Price i
B e T . R T I
e TR e RIS e 1 [ |

/]

I : ........... PR o D S it 2 LM . 5% o 1 @l e l
I E .......................................... '
I 5 l enclose cheque /POfor £ ............oooviiiiiiiiiiininn I
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AFFORDABLE ACCURACY
QUALITY MULTIMETERS FROM ARMON
ANALOGUE DIGITAL

HM-102BZ HC-6010 0.5% Accuracy. Standard Model
10ADC Range, 20K(/VDC, Buzzer, Battery Test
HC-50107T 0.25% Accuracy. TR Test Facility
£39

Scale £13.00

19 measuring ranges I

HM-102R All models have full functions and ranges and
feature:

312 digit 0.5” LED display
Low battery indication
general Auto zero & Auto polarity
.. £7.80 ABS Plastic Casing & Tilt Stand
DC AC 10amp Range
Overload Protection on all ranges.
Battery, Spare Fuse, Test Leads and Manual

Low end voltage & current ranges Jack for
Audio o/p Voltages.... ....£11.00
20 measuring rnnges

H-1018

Rugged, Pocket sized meter,
purpose use..
16 measuring
Battery, Test Leads and Manual included with

each model.
FULL DETAILS ON APPLICATION FROM:-

=¥ ARMON ELECTRONICS LTD

DEPT 1, HERON HOUSE, 109 WEMBLEY HILL ROAD, WEMBLEY, MIDDLESEX HA® 8AG
LEPHONE 01-902 4321 TELEX 923985
PLEASE ADD 15% to your ofdar'of VAY. P&P Free of l:hur Payment by chaque with order
Offer applicable to mainland Ul
Trade enquiries Invited

Pbau.lowzld-yl'wdolvory

- )
ASTER RHYTHM
PROGRAMMABLE DRUMS

for

HC 7030

0.1% accuracy
£39.50

88/72 NOTE PIANOS
CIALISTS SINCE 1972

Usmg Etented electronic technique to give
advanced simulation on Piano Key Inema
COMPONENT KITS
including Keyboard
88 NOTE £266
72 NOTE £234
The above may also be

BAND-BOX
PROGRAMMABLE BACKING TRIO

THE CLEF CMS

purchased in four parts.
SQUARE FRONT
KEYBOARDS 4 "
. h 88 NOTE As Published in P.E.
The FULLY programmable digital synthesiser 49 NOTE THREE PIECE BACKING BAND
that you can AFFORD T = Rhvth 3 able| 73 NOTE Generates the sounds of three in-
THE NEW CLEF COMPUTER MUSIC SYSTEM Dwem\"v-| (():‘r:irne wiﬁ Evelgéoig\s&tlmrrr'\‘ents 30 NOTE strumentalists to back Soloists
is so user programmable that you need a Eiwr:? sef:ﬁons e eonded. ta a3z | KEYSWITCH ITEMS DRUMS + BASS + KEYBOARDS
BBC Micro to run it! 32 harmonically pro- m%asu,es for two bar programming. ALSO/AVAILAGLE Over 3,000 chord changes -(60
grammable oscillators. 32 programmable en-| Sequence operation and instrument tone | ALL PRICES (NC. VAT. CARR & TELEPHONE SOVICE. el 192 ﬁ,'g:{:,"}aﬂ;,?{:: T
velopes. 5 octave touch sensitive keyboard, | adjust. . COMPLETE KIT £79 imfmf& &"&‘:’BRCESSGS' %ﬁ?ﬂ%eﬁgﬁﬁs@g‘iﬁﬁg& SbSé gt ;
C/E STRING ENSEMBLE £198 501 7 % 2
ip (o 4, B LBl Sypon nolet Real time, se* TR SE DR given for export, Allow 3-14 days for normal despatch. | FULL KIT £265 BUILT _ £370
quencing. Massive potential for future soft- MICROSYNTH P.C.B. & ELECT KITS
ware. Complete system (without BBC Micro) P94 CLEF PRODUCTS (ELECTRONICS) LIMITED
£495 built. Phone or write for details. Modular} pepcussion SYNTH P.CB. & ELECT (Dept P.E.) 44A BRAMHALL LANE SOUTH BRAMHALL
systems also available. KITS £97.90 STOCKPORT CHESHIRE SK7 1AH TEL 061-439 3297
1BAS30 1,000 pC
Mz e | somo s | sun w0 | ASE T | IO | s | SO 40 | Dane BY MAIL ORDER
AAY32 0.030 Y72 0150 | BU20¢ 0.75¢ | TBASG0 1000 | 237731000 | 25A73 0.300 | PCF200 1350 | RED 0050
ACI0? 0280 115 0260 | BU205 0700 | TBABDO D350 | 2M.40310280 | 2SA104 0.320 { PCF8O1 1100
ACI26 0170 124P 0.500 ( BU20G 0 TBAJI0S 0600 | 2N.40360.280 | 25A196 0.220 Pcrauz nm LED 3mm
AC127 0180 124 1000 | BU208A0.300 | TBAB2D 0.750 | 2N.40370.280 { 25A203 0 PCF8 YELLOW 0.100
KR | BN G | | e | BEE | s | EE | e
ACIK 0300 132 0250 | BUGE 0350 | 7RAM0 1.000 50614 254 0250 | pisip asag | SREEN 0100
AC14K 0.300 135 0200 | BUO7 0750 | 10AB0 2.000 N 37900 300 538337 1200 | PCL82 083 | LEDSmm
AC1S3K 0.230 135 8200 | BUGS 1000 | tragig ypoo | 2M.52960300 | 32855¢ o700 | PCLE4 0.500 | RED  0.080
ACT76 0180 137 0200 1 BUSOO 1300 | pan1701.000 $1060. 25460 0210 | PCLBS 0.5%0 D
AC176K 0.200 130 0200 | BUS26 0800 | Thajapop00 | N6%70.400 |-38¢4as o'gap 186 0550 | LEDSmm
AC187 $150 199 0200 | BY126 0060 | roraord e | 2N81098400 | 526733 giagg | PCLBOS 0880 | YELLOW D00
ACTBTK £.200 10 0200 | BY127 0000 | yuSotyspn | awize asso | 25CH81 1100 | PFL20O 0.880
180 0470 144 0900 | BY13d asn | pePadde | T8 S | oscirevrsen | PL3S 0800 LED Smm
AC1B8K 0230 150 0.300 | Bvies 0220 - 3 4 5et12790240 | PLS0s asso | GREEN 0100
ACYIS D430 157 0360 | Byi7e oso | IDAZN1A00 RREise a0 | s 17w
ACY19 0.480 158 0360 | Byig o3so | I0AZSZ20.80 | oM 0020 | golen Bl | S g
ADW42 0.600 166 0300 | Bvisz 0320 | TOAZS301.000 | (N.400t 8840 | SR b OO | e pio
ADWY  0.450 175 0.300 | BY184 0.326 5321.000 | $N.4002 0.040 Bt | oo Ta
ADI6Y 0.220 177 9300 | Bvigr oo { [DAZ0100E | INA003 004D | oo o v RIOGE
AD162 0.220 179 0320 | BYY 200 | TDa2se0t000 | IN4D04 D04 | BB RECTIFIERS
A2 0250 181 G.as0 | Bv2s 110 | TOAZSG3y00g [ IN-4005 0.040 | SOREOPAO AT A/S0V 0160
AF125 0.250 201 023 | 6vaa7 ome | owseovops | IN-4908 D.0u0 | BSESOMTY | TEMERS TA7100V 0.1
AFI26 0250 202 0380 | Br223 0720 | TiPoy  oso [ IN40OT 0080 [ ocroiitag | ADOMY. 1A/200V 0180
AF127 0.250 203 0.420 | BYN10 0150 | TiP29a 0220 5 U0 Bt | 25K138 4000 %;&35‘%‘ ¢ m;ggw;;g
il L o VR Bl T R - R
ALNZ 0700 225 o310 | CA30s6 0o | Tpaa nzep | N3402 0100 | TURR SO0 I B2X61Range | 2A100v0.380
ALI3 0300 292 o310 | CA3OBO 1300 | mipgp gap | IN3423 8110 70120 | 24/200v0.380
ASZS 1000 257 gz [ CA3240 0.900 | Tipsa czap [ [o-404 0410 24/400v01420
ASZ17 1000 238 0.240 cio60 0230 TIP31  0.800 IN.SIOG D“” 2A/800V0.340
433 0200 ne3e osoa | N 306 D [ s WERGRIES 2A1800V0.580
AUNID 1300 437 0280 MC1327 700 TIPAYA 0,220 ¢ SOCKETS 214 2000 W OVUM
AY102 1800 535 030 | MJ2500 1000 | mipaiC n2so | ™48 0130 | o moso f 33 100 00v0.800
¥ 106 536 0380 ( MJ250) 1300 [ Tipi2A 0.220 Hon 080 | 27 4a00 Shisooverio
8DS37 0.400 | MJ29550.550 | TIP42C 0.258 Woin 0090 1 9590 400 BA/200v 1,000
BAYS 1. 80538 0.400 ; P47 9400 | VOLTAGE won 020 | 3732 4580 | eave0ovo o0
BAY4E 0100 B80X32 1000 MJ300% 1180 P4 400 REGULATORS 20pn 434 W 01780 25A1100v
BA154 0.4 BOX5S 0.800 MJE29A 0 300 1P 400 7803 0380 2 018 6116 0, 1.800
3:7 m:;z‘g £160 0160 xjggg“;g: P10 0.470 ;g:g ,‘3;3 Mpn 0180 1 uss, giage
5103 0380 | o3 020 | WIEISD080a | Tiee oasa | 7ee vsso | Shn §220 BRSO [ et ouic
81058 0.180 F180 0200 | MJES200.300 | Tipviy osep | 7824 0.350 , 8 4700UF-16Y
B205B 0.240 F185 0200 | MIE2955K0900 P20 8430 | 7005 30 - CAN - 0.200
C107 0.070 | 8F194 0.050 P21 0480 | 7912 g : h723 0320
108 0070 | BFYGS GOS0 | DA4Z 0080 | TIPI22 0470 | 75 gugo | YALVES MR k)
G A | SN G| | s | oan S | M
1P126 0. 7924 0.400 082 0. LM3900 0.250
CH ot | i o | S AL | IO | e o | O B | MEETHE s . FREE POSTAGE
oy A | b om0 f ot um | eamii | S LR LR s 0 | s GOOD DISCOUNTS ¢
i B G | 0 R TR L amw  om .
i X
Crun 0055 | bow 0700 | ocr o3 | rser lee Ma09K 100p | ECLBQ D570 600 0.300 | i GODQ SERViCE
G149 0055 | BF362 0300 | oc72 0s00 e agon | cie 5w | Bviss —
Cis7 00ss | BFazz 0210 | ocooo taos | 2N 23040200 | UNT a0 | ECLB: 0870 {600 0300 g
b I ER OE S AR )t | G e, ~ NDS OF
i 0 | g B | S N | Mmwah ) Wam | G G0 e STOCK ITEMS |
R E b | O R | SRk 0 D) !LLU TRA ED .
! 0, Z B ; 3
. FX87 0150 N 30630180 | 7BGUIC 1900 | grigy gasg f s00 0310
i St | s o | SO | il | hobcane | 3% | oo 3 PHONE YOUR ORDER -
C2 0.060 FY! QL) N.30§50.320 EL3¢ 1900 80 0.360
Ca1ot 0080 | BFYS1 01 | sasse 1300 :’3"‘5‘55':5’:: Edg  adw | grxry : CCESS OR
C213 0060 | BFYS2 G140 | SAS5?0 1100 EY87 0810 | 600 0800 2 :
SR IE o) RS R e ON REQUEST BARCLAYCARD
Schia Sou | orvea Shietimiis [ Please add 50p P&P and VAT at 15%, Govt, Collagos, ofc. : a
C237 0.070 Ig;t:g ::;: SH7603381.500 orders accepted
gg:s %m b G 2:‘,7753"’3;‘;,733 Ouolalions?lven'ov Large Quantities
C301  0.180 X21 0160 | SN762250900 Please allow 7 days for delivery
1 €302 0380 | BSX26 0180 | SN752278.800 All brand-new Components. All valves are new and boxed
g{c:gg] :;:g 5;52 {;:g e Ring for items not listed. We stock 3,000 items
{ Bz jipea 'i.}'g :§§§ . GRANDATA LTD ELECTROVALUE LTD 28 St. Jude's Road, Englefietd Green, Egham,
| BEEER 000 | B Som | hBaisioio . Surrey TW20 OHB Phdne Egham (0784) 33603. Telex 264475
BCY32 1500 | BTI20 1000 | TaAsS 0160 9 & 12 THE BROADWAY, PRESTON ROAD North
gcrdd 1sm | Buwe e | vexiigsedso WEMBLEY, MIDDLESEX, ENGLAND orth Branch, 680 Burnage Lane, Manchester M19 1NA
4 . .
y scrdz a3t | auios 1oun | Jokee 0600 Telephone: 01-904 2033 & 904 1115/ Phone 061432 4945 .
80Ys6 0160 | BUTIO twbo | TRa%eD 1.000 Telex: 932885 Sunmit Please mention this publication when replying
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When replying to Classified Adver-
tisements please ensure:

(A) That you have clearly stated
your requirements.

-(B) That you have enclosed the
right remittance.

(C) That your name and address
is written in block capitals, and

(D) That your letter is correctly
addressed to the advertiser.

This will assist advertisers in pro-
cessing and despatching orders
with the minimum of delay.

SMALL ADS

The prepaid rate for classified advertisements is 36
pence per word (minimum 12 words), box number 60p
extra. Semi-display setting £12.00 per single column
centimetre (minimum 2-5 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed “Lloyds Banks Ltd"". Treasury notes should
always be sent registered post. Advertisements,
together with remittance, should be sent to the
Classified Advertisement Dept., Practical Electronics,
Room 2612, IPC Magazines Limited, King’s Reach
Tower, Stamford St, London, SE1 9LS. (Telephone

01-261 5846).

NOTICE TO
READERS

Whilst prices of goods shown
in classified advertisements are
correct at the time of closing
for press, readers are advised to
check with the advertiser to
check both prices and
-availability of goods before
ordering from non-current
issues of the magazine.

RECEIVERS AND COMPONENTS

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 16V, 25V, 50V.
047, 1.0, 2:2, 47 & 10 Mfds. = Sp.
22 & 47—-6p. 100—7p. (50V—8p). 220—8p. (50V—10p}.
470—11p. {40vV—16p), 1000/15V—15p. 1000/25V—25p.
1000/40V—35p. 4700V/25V—70p.

bead T, | { ics.
01, 022, 047, 10 @ 35V, 47 é 63V — 14p.
2:2/35V, 4.7/25V-—15p. 10/25V, 15/16V—20p.
22/16V,  33/10V, 47/6V, 68/3V & 100/3V—32p.
15/25V, 22/25V, 47/10v—35p. 47/16V—80p.
Subminiature Ceramic Caps. E12 Series 100V.
2% 10 pf. to 47 pt—3p. 56 pf. to 330 pf—4p.
10% 390 pf. to 4700 pf—ap.
Vertical Mounting Ceramic Plate Caps. 50V.
E12 22 pf to 1000 pf. E6 1500 pf. to 47000 pf—2p.
Polystyrene E12 Serias 63V. Horizontal Mntg.
10 pf. to 820 pt—3p. 1000 pf "to 10,000 pf—4p.
Miniature Palyester 250V Vert Mtg. E6 Series.
01 to 468-4p. 1—5p. 15, -22—8p. 33, 47—10p.
-68 12p. 10 — 15p. 15 — 22p. 22 — 24p.
Mylar (Polyester) Film 100V. Vertical Mounting.
-001, -0022, -0047—3p. 01, 022—4p. 04, 05, 0:-1—5p.

High Stability Mini Fi'm Resi s 5%.

iW E24 Series 0.51R - 10M0. — 1p.
JW E12 Series 1RO to 1OMO. — 1ip.
1W E12 Series 10R to 10MO. — 5

p.
W metal film E12 Series 10R-1M0. 5% - 2p. 1%-£24 ~ 3p.
1N4148—2p.  1N4002-—4p. 1N4006—6p.  1NA007—7p.
BC107/8/9—12p. BC147/8/3, BC157/8/9, BF195 & 7--10p.

8 Pin ics. 741 Op. amp—18p. 555 Timer—24p. |

DIl Holders 8 pin—9p. 14 pin—12p. 16 pin—14p.
LED's. 3 & 5mm. Red—10p. Green & Yellow—14p.
Grommets for 3mm.—1ip. Grommets for Smm—2p.
20mm. Q.B. Fuses 15, 25, 5, 1, 2, 3 & S5A—S5p.
20mm. Ant} Surge 100mA to 5-0A—8p.
20mm. Fuseholders P.C. or Chassis Mtg.—8p.
Battery Snaps {pairs) PP3—6p. PP9—12p.
400mW Zener diodes E24 series 2V7 to 33V—8p.
Prices VAT inclusive Post 20p. {Free over £5.00).
THE C.R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S8 ORN.

RESISTORS 1,000 MIXED Y&w, Vaw, aw. 2%, 5%, 10%. C. Film
£3.45 inc P&P. D. ), HOOKER, Romney Marsh Electronics,
Pennywood, Clark Road, Greatstone, Romney Marsh, Kent
TN28 8PB.

HOME SECURITY

TURN YOUR SURPLUS capacitors, transistors, etc into cash.

Contact COLES  HARDING & CO., 103 South Brink.
Wisbech, Cambs. Tel. 0945 584188. Immediate settlement.

BELLS TELEVISION SERVICES for service sheets of Radio, TV,
etc £1.50 plus SAE. Colour TV Service Manuals on request.
SAE with enquiries to B.T.S,, 190 Kings Road, Harrogate,
N. Yorkshire. Tel. (0423) 55885.

BOURNEMOUTH/BOSCOMBE. Electronic components special-
ists for 33 years. FORRESTERS (NATIONAL RADIOQ
SUPPLIES), Late Holdenhurst Road. Now at 36, Ashley
Road, Boscombe. Tel. 302204. Closed Weds.

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 PHON
C-TEC SECURITY, Dept PE.
Unit 1. Stephensway Ind. Estate. Goose Green
Wigan WN3 6PH. Telephone (0942) 42444

Enquiries
€icome

HOME SECURITY CONT.

CENTURION
— ALARMS

Manufacturers of r/"
Professional Alarm A
Equipment, for DIY

& the TRADE. Send

now for our New 16- ¥

page Brochure, Full /&
of Information & the | o
towest prices. ALARVIS
e e g
= -
A CENTURION Dept PE
Tel: (0484) 93 Wakefield Road,
21000 Huddersfieid.

HDS 9AB
or 35527 24 hr.  W. Yorks.
@"CEN'UR!ON' 15 0 Registered Trademaork of Centunon Alava

insertions. | enclose Cheque/P.O.for€ ...

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please insert the advertisement below in the next availble issue of Practical Electronics for

{Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to-Practical Eiectronics)

PRACTICAL ELECTRONICS
Classified Advertisement Dept., Room 2612,
King's Reach Tower, Stamford Street,
London SE1 9LS Telephone 01-261 5846

Rate:
36p per word, minimum 12 words. Box No. 60p extra.

Company registered in England. Registered No. 53626. Registered Office: King's Reach Tower, Stamford Street, London SE1 9LS. 3/85




EOUCATIONALTUITION AERIALS
AERIAL BOOSTERS [
IMPROVE YOUR PROSPECTS Next to the set fiting
SﬂVTe-l;HFdW#ﬂ%gin £a&bout 20dbs, Tunable over the complete
: 7 i and. E £8.70.
mhaﬁ;lsv}:: :Nith mm s‘:f:,r; BII-VHF/FItAh RI\DIO,I gain about 14dbs, when on the off position
connects the aerial direct to the radio. £7.70.
oour::s fm“;'dea’ deso " All 8?’onst&rs gg r:;;l;e‘r?o%ﬁ}’?lﬁ‘mplﬁﬂ type battery
IODERN ELECTRONIC or 8v to 14v DC. p D
Train for success in the fastest ever ELECTRONIC mll. gﬁDEH [I;.TD., ? Bridg)e St, Ramsbottom,
owing i ; cs BLO 9AG. Tel. {070682) 3036
CO;;UTER"‘:;S?:ZI;::::MNG Access/isa Cards Welcome - SEA Leaflets
The demand for Programmers is
increasing constantly — don’t miss out!
For free booklet write today to FOR SALE
IDEAL SCHOOLS .
’ & 1 (Ret. PE2) SPECIAL OFFERS. SE250C signal injector £2.20. 15 watt ampli- AC/DC COMPONENT PACKS
][DE Q | 60 St. Enoch Sq fier board £7.65. Antex C sfiron £5.95 P&P 40p. Thousands : : -
v - Glasgow G1 UK. of components in stock. Phone or write for price list. Pack Qty Description Price
e 4 Tel: 041-248 5200 SPECTRUM RADIO & ELECTRONICS LTD, 36 Slater No.
Street, Liverpool L1 4BX. 051-709 4628. TF 1 12 RED 5mm LED £1.00
TF12 30 500mz ZENERS 5% £1.00
COURSES TF 15 50 1 amp Rect. Diodes.in 4000
BOOKS ANO PUBLICATIONS series £1.00
S TF 16 ] 1 amp Bridge Rect. £1.00
TF17 | 100 Transist d £1.00
FU LL-TI IVI E FULI._ SIZE, top quality service shee§ £2.50 + lsa.e. CTV/ TF 18 20 A;asn’s::jssgg ggmsm £1.00
Musnc'Centr&s £3.§0 + }.s.a:e. Repgn’ dat@ almost any named TF 19 10 3A Rect. Diodes £1.00
TV-Video £10.50 inc. circuits. L.s.a.e. brings any quote free TF 110 2 DRP 12 £1.00
TRAI NI N magazine/price lists. TISPE, 76 Churches, Larkhall, Lanark- TF111| 5 | BR 100 DIAC £1.00
shire. 0698 883334. TF1t2 | 10 B8C1098 £1.00
Co U Rs Es TF113 | 10 [LC's all different £1.00
TE 14 | 50 BFR 86 £1.00
TE15 | 12 8 pin DIL sockets £1.00
MISCELLANEOUS v o
116} 20 10mm Horiz. Pre set
2 YEAR (10 values) £1.00
B_TEc NA‘“ONAL DlPLOMA OND SPEED COWOL KIT - Pulsc.\_vid!h. D.C. Motors 4/4-24V 15A TF f‘l] 10 Slide Pots ~ 3K
ELECTRONICS & ( , max. £5.95 incl. p. (Enquiries S.A.E.) EVEREST ELEC- all the same £1.00
TRONICS, 11 Gordon Street, Sutton in Craven, Keighley, TF118 | 10 Mixed Pots £1.00
COMMUNICATIONS ENGINEERING W. Yorkshire. TF 119 10 | Feed throughs £1.00
TF120 | 25 Electrolytic Caps £1.00
15 MONTHS BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920 TRzt | 50 | Polyester Caps B0
B-TEC NATIONAL CERTIFICATE (ONC) for our catalogue or call at our large showroom, opposite TF 122 § 100 M';‘:& 'ﬁr':twognd £1.00
ELECTRONIC EQUIPMENT SERVICING e e TF 123100 | Mixed Transistor Hardware | £1.00
TF124 | 25 5mm LED clips and rings £1.00
15 MONTHS CLEARING LABORATORY, scopes, generators, P.S.U.’s, bridges, TF125( 10 BC 107 £1.00
B-TEC NATIONAL CERTIFICATE (ONC) analysers, meters, recorders etc. Tel. 0403-76236. H_ :%g lg [B;C 1085 = gg
COMPUTING TECHNOLOGY reen Smm i
TF128 | 6 | Yellow 5mm LED £1.00
9 MONTHS AFTORS " P‘;"’é’ S:pt‘;:llilcs g’{iwérélg[““g;l?;“"; 3 TF129 (150 | Mixed nuts/bolts/washers/
X puters etc. Send for details. , Britania approx. If t. £1.00
B-TEccg:aglﬁ?ll':eTTlggl:\ltOCL%RGTY(HNc, Mil, Rossendale, Lancs. BB4 8BA. # 130 %5 | Mixed SEE&LWS Axial £1.00
1311 25 Mixed Efectrolytics Radial £1.00
THE SCIENTIFIC WIRE CO ANY e .
& ROBOTICS 811 Forest Road, London E17. nuph#- 01-531 1568 | ;E :g 558 '\Mﬂgxeg EO:ye::er QXI;I | ggg
ENAMELLED COPPER WIRE xecapyesterahacia :
THESE COURSES INCLUDE A HIGH SWG 11b 8 oz 4 0z 20z TF134| 15 BC 337 £1.00
PERCENTAGE OF COLLEGE BASED 81034 363 2.09 1.10 -0.88 }'; 135 | 20 500MACA/S 20mm Fuse £1.00
35 to0 39 3.82 2.31 1.27 0.93 136 | 50 Mixed Ceramic Discs £1.00
PRACTICAL WORK T0 FENH&,'\é(é%SFUTURE 4010 43 6.00 320 225 161 TF137 | 50 Mixed Ceramic Plates £1.00
EMPLOYMENT PRO 441047 8.67 5.80 3.49 2.75 TF 21 | 200 47 pf 160V Polystone Cap £200 -
SHORT COURSES WITH PREVIOUS R b Tz )10 | IM30N £200
KNOWLEDGE 14 t0 30 9.09 5.20 2.93 197 23 | 10 | Mixed DTL £200
B TINNED COPPER WIRE TF 24 5 4700 mf 25V Tag Elect 27x1" | £2.00
Prospectus from: ’1:;1 10 30 397 241 1.39 094 TF25 | 10 1000 mf 63V Ax Elect £200
uxcore TF 26 50 1022 mf 400V RAD PDLY £2.00
Solder 5.90 3.25 1.82 0.94
LONDON ELECTRONICS Pricss include P&P VAT. Orders under £2 add 20p. }E g }g ;O;r":}flao\yrﬁ)’;yester RAD %
Y or list of copper and resistance wi 4 1
COLLEGE Dealer enquiries welcome. 5 # %?0 }g \I{ADRZ T tadiet) gg
ixe sefies
i SUPERB INSTRUMENT CASES by Bazelli, factured froi TF211| 4 2N 3055 H(RCA) £2.00
Dept: AA, 20 Penywern Road, PVC. Faced steel. Vast range ycor:zetjtiv‘:an:ic:s start af § TF 213 | 200 IN 4151 Diodes £2.00
A 2 €, pe P! t 3 !
London SW5 9SU. Tel: 01-373 8721. low £1.50. Punching facilities at very competitive prices. - TF 214 | 200 IN 4148 Diodes £2.00
BAZELLI, (Dept. 23), St. Wilfreds, Foundry Lane, Halton, TES1 {100 White/Red 5mm LED £5.00
Lancaster LA2 6LT.
TF 52 50 BC 108C £5.00
F TF54 | 2KG | Reel 22g ersin multicore £5.00
SERVICES HEATHKIT. U.K. sp?res and. service centre. CEDAR TF 55 10 2N3055 H(RCA) £5.00
ELECTRONICS, Unit 12, Station Drive, Bredon, Tewkes- TF 56 5 DCP 1 £5.00
bury, Glos. Tel. (0684) 73127. TF 57 3 | 10,000 mf 40V Comp. grade
INVENTORS TEsa |20 | v Corbon fim Twetomw | o
Think of something new? CAB'NET FrrT'NGS ten values £5.00
Write it down! — TF59 | 25 {1,000 mf 25V Axial £5.00
A g hclias # Ehees Fretcloths. Coverings. Handles. Castors, TFS510 | 25 1,000 mf 25V Radial £5.00
USACET - (IeILSERT - Gl (Do) Flight Case Locks & Parts. Jacks, XLRs, -
royalties for your innovations and new Bulgins. Reverb Trays, P& N mic Stands ALL PRICES INCLUDE VAT — ALL GOODS
products. We offer free confidential ASS Glassfibre Horns s ket NE&I\\; %gﬁgm%gTDESPATCHED
SliSekasTiues fhagistrat ool SHE P vt CELESTION POWER TERMS: Cash with order. POST & PACKING:
g;ons,ultatlon in London reggrdlng your Speakers Please add 75p to total order.
idea’s potential value. Write without
delay for your free information AC/Dc ELECTRON'CS
package. Send
American Inventors Corporation 53 f309”°“$q‘1‘9d co M PO N ENTS
82, Broad Street, Dept PT or tllustrate :
Westfield, MassachusetFt)s 01086 ~ catalogue. Adam Hall (PE Su";)pli;s). DEPT P.E., 45 CHURCH STREET,
United States of America. Unit G, Casfgzz'hf::-féhfis"zrge' oad, ENFIELD, MIDDLESEX.
A fee based marketing company. o




* BAKER *

GROUP PA DISCO
AMPURERS post £2
150 watt Qutput, 4 input Mixer pre-amp. Hlustrated ...
150 watt Qutput, Slave 500 mv. input 3 Speaker Qutputs
150+ 150 watt Stereo, 300 watt Mono Siave 500 mv.
150 watt P.A. Vocal, 8 inputs. High/Low Mixer Echo Socket £129
100 watt Valve Model, 4 inputs, 5 Outputs. He: duty. ... E125
60 watt Mobile 240v AC and 12v DC. 4-8-16 ochm+100v line £89
Reverb Unit for Microphone or Musical Instruments £35 PP £1.
Electronic Echo Machine for mic/etc £85 PP £1. Deluxe £95.

BAKER LOUDSPEAKERS Post £2 each
T% Modet Size Watts Ohms '
P. isco/Group DG50/10 10 50 8&/16

5

Midrange Mid 106/10 10 100 8 £25.00
Hi-Fi Major 12in 30 4/8/16 £16.00
Hi-Fi Superb 12in 30 &/16 £26.00
P.A/Disco/Group DG4S 12in 45 4/8/16 £16.00
Hi-Fi Woofer 12in 80 8 £25.00
Hi-Fi Auditorium  15in 60 816 £37.00
P_A /Disco/Group DG75 12in 75 4/8/16 £20.00
P.A/Disco/Group DG100 12in 100 8&16 £26.00
P.A/Disco/Group DG100/15 15in 100 &16 £35.00

'DISCO CONSOLE Twin Decks, mixer pre amp £145, Carr £10.
Ditto Powered 120 watt £199; or Complete Disco £300.
120 watt £300; 159 watt £360; 300 watt £410. Carr £30. -

DELUXE STEREO DiSCO MIXER/EQUAUSER as above plus LE.D.
V.U. displays 5 band graphic equaliser, leftright fader, switchable
inputs for phone/line, mike/line.
Headphone Monitor, Mike Talkover Switch £124 PP £2
As above but 3 Deck inputs, 4 Line/Aux inputs, 2 Mic. inputs, 2
Headphone Monitors £145,

P.A. CABINETS (emsw) Single 12 £32; Double 12 £38. carr £10.
WITH SPEAKERS 7! £54; 90W £73; 150W £82; 200W £90.
HORNBOXES 200 Watt £32, 300 Watt £38. Post E}‘

WATERPROOF HORNS 8 ohms. 25 watt £22. 30 watt £25. 40 watt
£33. 20W plus 100 volt line £38. Post £2.

MOTOROLA PIEZO ELECTRONIC HORN TWEETER, 3%in. square 5
100 watts. No crossover required. 4-8-16 chm, 738x3'4in. £10

CROSSOVERS. TWO-WAY 3000 ¢/ 30 watt £3. 60 watt £5. 100 watt £5.

3 way 950 cps/3000 cps. 40 watt rating. £4, 60 watt £6.50, 100 watt £10.
-LOUDSPEAXER BARGAINS Please enquire, many others in stock.

4 ohm, 5in. 7x4in. £2.50; 62in. 8x5in. £3. 8in. £150. 6l/2in. 25W £7.50.

8 ohm, 298in. 3in. £2; §X3n, 6x4in, Txdin, Sin. £2.50; 612in, 8 X 5 £3; 8in.
£4.50; 10in. £5; 12in. £6. 8in. 25W €6.50. 8in, Twin Cone 60W £12.50.

15 otum, 2Y4in, 3V/2in, 5x3in, B 4in. £2.50. 61/2in 10W £5. 8in. £4. 10in. £7.
25 ohm, 3in £2; 5x3in, 6x4Tn, 7x4in. £250. 120 ohm, 3V/in dia. £1.

Make Model Size  Watts Ohms Price Post
AUDAX WOOFER 5025 8  £1050 £
GOOOMANS HIFAX Taxalan100 8 £84 £
GOOOMANS HB WOOEER gin. 60 8 £1as0 £l
WHARFEOALE WOOFER gin. 30 8 350 £
CELESTION 0ISC0/Group W0n S0 816 £21 £
AKA WOOFER 2in. 80 & f16 £
GOOOMANS HPG/GROUP 12 120 815 £3000 £2
GOOOMANS H 12in. 10 V15 £3000 £2
HNH 0ISCO/GROUP 15in. 4316644 - £4
GOOOMANS HP/BASS 5in. 250 8 £ £4
GOOOMANS HPO/BASS 18in. 220 8 £M  £4

Computer Monitors
Colour TV/Monitors
boards @ Light Pens (BBC)
Cameras @ Lenses @ Video Digitisers

@® Eprom Erasers @ etc.
HIGH QUALITY PRODUCTS AT AMAZING PRICES

CROFTON ELECTRONICS

35 GROSVENOR ROAD, TWICKENHAM, MIDDLESEX TW1 4AD

DON'T MISS OUT ON

CROFTON

NOwWwW

CASH & CARRY BARGAINS

TELEPHONE 01-891 1923

for details of

Combined
ZX81 Key-
® TV

METAL GRILLES 8in. £3.00, 10in. £3.50, 12in. £4.50, 15in. £5.50,
18in. £7.50. Loudspeaker Covering Vynair etc. Samples. S.AE.

DISCO SOUND / LIGHT CONTROLLER
Ready Built Deluxe 4 Channe! 4,000 watt sound chaser.+ speed +
programme controls £69. Mk.2 16 programmes, £89, PP £2.

MAINS TRANSFORMERS

Price Post
£7.00 £2

250-0-250V 80mA. 6.3V 3.5A. 6.3V 1A .00
350-0-350V 250mA. 6.3V 6A CT £12.00 Shrouded £14.00 £2
250V 60mA. 6.3V 2A. £5.00 £1

220V 25mA. 6V 1 Amp £3.00 220V 45mA. 6V 2 Amp £4.00 £1
Low voltage tapped outputs available

1 amp 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £6.00 £2
ditto 2 amp £10.50 3 amp £12.50 5 amp £16.00 £2
31-26-0-26-33 volt 6 amp £14.00 £2
LOW VOLTAGE MAINS TRANSFORMERS £5.50 each post paid
9V, 3A; 12V, 3A; 16V, 2A; 20V, 1A; 30V, 112A; 30V, 5A+ 17-0-17V,
2A; 35V, 2A; 20-40-6QV, 1A; 12-0-12V, 2A; 20-0-20V, 1A; 50V, 2A.

£ £8.50 post 50p MINI-MULT! TESTER
@' Pocket size instrument. 0.p.v. DC volts 5, 25, 250, 500.
AC volts 10, 50, 500, 1000. DC 0-250ua; 0-250ma.
Resistance 010 600K. De-Luxe Range Doubler Meter,
50,000 o.p.v. 7 x 5 x 2in. Resistance 20 meg in 5
ranges, Current 50pA to 10A. Volts 0.25/1000v DC,
10v/1000v AC. £25.00 post £1

PANEL METERS 50p.A, 1004, 5004A, TmA, 5mA, 100mA, 500mA,
1amp, 2 amp. 5 amp, 25 volt, VU 21/ax2x14ln. _€5.50 post 50p

EQUIPMENT CASES. Black Vinyl Covered Top, Ali Base

4 x 212 x 2Vain. £2.50; 6 x 4 x 1V2in. £3.60; 8 x 5 x 2in. £4.00;

11 x 6 x 3in. £5.50; 1134 x 6 x 5in. £9.00; 15 x 8 x 4in. £12.00.

ALl ANGLE BRACKET 6 x 34 x 34in. 30p.

ALUMINIUM PANELS 18 s.w.g. 12 x 12in. £1.80; 14 x 9in. £1.75;

6 % 4in. 55p; 12 x 8in. £1.30; 10 x 7in. 96p; 8 x 6in. 30p; 14 x 3in.

72p; 12 x 5in. 90p; 16 x 10in. £2.10; 16 x 6in. £1.30.

ALUMINIUM BOXES. MANY OTHER SIZES IN STOCK.

4x 212 x 2in. £1.20; 3 x 2 X 1in. £1; 6 X 4 x 2in. £1.90; 8 x 6 x 3

g £3.00; 12 X 5 x 3in. £3.60; 6 X 4 x 3in. £2.20; 10 x 7 x 3in.
.60.

20420/350V .. 75p

HIGH VOLTAGE ELECTROLYTICS
16/4 32+32/500V

50V ... 50p 220/400V .. .. £2
75p  B+8500V ... £1  32432/350V ...
45p  B+16/450V .. 75p  32+32+432450V.. £
.95p 16+16/350V .. 75p  16+32+32/500V . .. £2

SINGLE PLAY DECKS. Post £2.

Make Drive Model Cartridge Price

BSR Belt 12 Volt Ceramic  £20

BSR Beft P232  Magnetic £28

BSR Rim P207  Ceramic  £20 l
AUTOCHANGER BSR  Ceramic  £20

AUTOCHANGER GARRARD Ceramic €24

DECCA TEAK VENEERED PLINTH space for small amplifier
Board cut for BSR or Garrard 18%4in. x 14Vain. x 4in. £5. Post £1

TINTED PLASTIC COVERS for Decks. £5 each. Post £1
1778 x 1313 x 3V4in. 18V4 x 1212 x 3in. 2112 x 14Y4 x 22in.
17 x 1278 x 3%2in.  1418x13x3Va 1412 x 1313 x 234in.
2258 x 1378 x 3in. 1698 x 13 x 4in. 21 x 1338 x 41A3in.

RADIO COMPONENT SPECIALISTS

Dept 4, 337, WHITEHORSE ROAD, CROYDON
665

AGCESS)  SUMAEVUK Tol: 01684 1
Same day despatch. Ciosed Wed. Lists 34p.

VISA
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(' NEW THIS MONTH )

12V SOLENOID, 10mm travel. Overall length 46
X 13 x 15mm. Coil 75R. Only £1.

2924 Super Modem panel 260X 175mm with a
host of top quality parts. 2x4way Dit switch-
es, 2 BCD switches, 31 LS chips, TR1602B
UART, 2211/2206 £SK Rx and Tx chips. £5.00.
LEADS AT SILLY PRICES!!

PL616 DC adaptor lead for Walkman, 1.8m long

30p.
PL528 2 pin DIN line skt to phono plug 0.2m
long 20p.

PL508 5 pin DIN to 3 pin DIN audio tead 1.2m
long 40p.

PL541 Intercom extn lead. 3.5mm line skt to
35mm plug. 6m long 40p.

PL708 Video lead. PL259 piug to F type plug.
3m low loss coax 85p.

FM TUNING MODULE. This neat unit
75x40x 19mm as used in car radios etc. Stan-
dard 10.7MHz IF output. 8-12V DC supply. Full
connexion data supplied. £2.40.

ktereo Cassette Head. Only £1.00. )

SHOP SALE

23rd Feb to 9th Mar.
Many bargains — worth a visit!!

1W AMPLIFIER
2914 - Audio amp panel 95x65mm with
TBA820 chip. Gives 1W output with 9V supply.
Switch and vol. control. Just connect batt and
speaker. Fuil details supplied. Only £1.50, 10 for
£12; 25 for £25.
AM TUNER PANEL

7916 - For use with mono amp above. Neat
panel 60x45mm. Only £150; 10 for £12.00.

20 WAY RIBBON CABLE
Twisted and flat computer grade for lower
crosstalk. Reformed into flat sections every 21"
for IDC connectors. Only £70p/21" or £25 per
100ft reel.

PCB MOUNTING NI-CADS
Much sought after 4.8V 150mA batts with PCB.
mntg tags on 25mm pitch. Batt size 25X 16 @.
|deal for parallefing. 38p ea; 10+ 85p; 25+
0p; 100+ 60p.

NI-CAD CHARGER SCOOP!!

Ever-Ready model CH4, this charger will take
up to 4 AA, C or D cells plus 2 PP3 if required.
Smart two tone grey case 212X97X60mm.

Only £7.95.

1984/85 CATALOGUE
84 page A4 size - Bigger, Brighter, Better - more
components than ever before! With each copy
there’s discount vouchers, Bargain List, Wholesale
Discount Ust, Bulk Buyers List, Order Form and
Reply Paid Envelope. Al for just £1.00!1 Winter
Supplement out Now. - Send large SAE for your

free copy.

“TREKKER"’
Computer-controlied Rabot buiit around the gear-
box descnbed below. Complete kit .of parts inc
PCB, program listings for BBC {other micras soon).
£44.85. 20W ribbon cable (min 3m recommended -
5m better) £1.30/m. SAE for itlustrated leaftet.

The unit has 2 X 3V motors, linked by a magnetic
clutch, thus enabling turning of the vehicle, and a
gearbox contained within the black ABS housing,
reducing the final drive speed to approx S50rpm.
Data is supplied with the unit showing various
options on dnving the motors etc. £5.95. Suitable.
Two new types of wheels can be supplied (the
aluminium discs and smaller plastic wheels are
now sold out). Type A has 7 spokes with a round
black tyre and is 100mm dia. Type B is a solid heavy
duty wheel 107mm dia with a flat rigid tyre 17mm

wide.
PRICES: Gearbox with data sheets:

£595 ea

Wheel type A: £0.70 ea

Wheel type B: £0.90 ea
FIBRE OPTICS

Scoop purchase of single and twin cable. For use
with visible light or infra-red. Core tmm dia, overall
2.25mm dia. Single 50p/m; 20m coil £6.30. Twin 30p/
m; 20m coif £11.00.

Official orders welcome ~ minimum invoice
charge £10. No. mip. on CWO.

Our store has enormous stocks of (o .
components and is open from; Mm|mum Access
9-5.30 Mon-Sat. Come & see usi! order £5.00

GREENWELD

443C Milbrook Road uthampt
SO1 OHX Tel (0703} 772501/783740
ALL PRICES INCLUDE VAT: JUST ADD 60p P&P
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From a gentle purr to a mighty roar,
the tightly controfled power of the

beast s yours to command! Our huge range of top quality electronic components at very competitive

prices are all detailed in our catalogue, and with well over 600 new lines
PROFESSIONAL QUALITY

in our 1985 edition and many design improvements, it's welfworth

HIGH PUWER I-o DSPE A ns 77‘:’}:::733 ;an gobi;;bf;earfea,‘r;g#i; ; )f.ew examples from the catalogue.

* Most phono and jack plugs now with integral strain relief sleeve - gold-plated
types also available from 14p (gold from 70p)

* Stereo Disco Mixer with cross-fade, talk-over, cue monitoring, aux input,
slide controls. Only £58.95 (AF99H)

A new range of superb quality loudspeakers.

* Virtually indestructible high temperature
voice-coil reinforced with glass-fibre

* 100% heat overload tolerance

* Advanced technology magnet system

* Rigid cast alloy chassis

* Linen or Plastiflex elastomer surrounds

* 5-year guarantee (in addition to statutory rights)

Available in 5, 8, 10, 12, 15 and 18 inch models with 8¢} and some 16} meter; and with spectrum analyser - from £77.95
impedances and with input powers ranging from 50Wto 300W e.qg.
5in. 50W 950B B0 XG39N / 160): XGAOT £17.956 _
8in. 100W 98dB 8(Q2: XG43W £29.95§ <
10in. 100W 100dB 8(): XG46A £29.95§ * Digital Delay Line permits Slap-back, Doubling, Flanging, Chorus and Echo.
12in. 100W 101dB 8): XG49D £29.95§ 11 controls. Only £195.00 (AF98G)
12in. Twin Cone 100W 100dB 8Q: XG50E / 16€): XG51F £31.95§ * Video Enhancer improves picture quality when recording from one VTR to
Note - the output power doubles for each 3dB increase (ref IW @ 1m). another, and with TV's with monitor input. Only 28.95 (XG59P)

* Detailed descriptions of the exciting new 74HC range of IC’s which combine
the advantages of CMOS and TTL. From 46p
* Keyboards: sloping keys, two-tone grey, mounted in steel frame, very smart
cases (exira) available. 61 keys, only £33.95 (YJ12N)

79 keys, only £37.95 (YJ13P)
* 1% Resistors now 50ppm/°C, 0.4W, only 2p each!
* Auto transformers 120/240V 50VA, £10.75§ (YJ56L). 100VA £14.95§
(YJ57M). 150VA £16.95§ (YJ58N). 250VA £21.95§ (YJ59P).
* Digital Clinical Thermometer. Only £13.95 (FK51F)

B

A new range of very high quality multimeters offering truly amazing

quality at the price. Check our 1985 Catalogue
. for all our other fascinating &
Pocket Multimeter, 16 ranges, 2000€)/V DC/AC £6.95§ (YJ06G) new lines.

M-102BZ with Continuity buzzer, battery tester and 10A DC range, 23 ranges,
20,000€1/V DC £14.95§ (YJO7H)

M-2020S with Transistor, Diode & LED tester and 10A DC range, 27 ranges
20,000Q/V DC £19.95§ (YJ08J)

M-5050E Electronic Multimeter with very high impedance, FET input, 53
ranges including peak-to-peak AC, centre-zero and 12A AC/DC ranges

£34.95§ (YJO9K) Pick up a copy now at any branch of W.H.
M-5010 Digital Multimeter with 31 ranges including 20 and 20A DC/AC FSD ® Phone before 2pm for Smit.h orin one of our shops. The price is
ranges, continuity buzzer, diode test, and gold-plated PCB for long-term same day despatch.A still just £1.35, or £1.75 by post from our

reliability and consistent high accuracy (0.25% +1 digit DCV) £42.50§ (YJ10L) Rayleigh address (quote CAD2C).

l

N.B. All our prices include VAT and Carriage. A 50p handling charge must be

added if your total order is less than £5 on mail order (except catalogue). Post this coupon now for your copy of the 1985-catalogue.

Price £1.35 + 40p post and packing. If you live outside the U.K.

MAPLIN ELECTRONIC SUPPLIES LTD. send £2.40 or 11 International Reply Coupons. | enclose £1.75.

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 552911

SHOPS Name

« BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-3567292. 0 |l NAMe l
© LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926. N AUTES ST s e - St b SR T ekl LR

® MANCHESTER 8 Oxford Road, Tel: 061-236 0281.
« SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 070325831, | | i A B
® SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. Tel: 0702-554000 | | oo SR o B s Nl el
Shops closed all day Monday. PE /85

= S = e

m— -l - s ———y
§ Indicates that a lower price is available in our shops. All offers subject to availability. Prices firm until Feb 9th 1985.
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Once again, Powertran and E&MM combine to bring you
versatility and top quality from a product out of the
realms of fantasy and within the reach of the active
musician.

The MCS-1 will take any sound, store it and play it back
from a keyboard (either MIDI or Iv/octave). Pitch bend or
vibrato can be added and infinite sustain is possible
thanks to a sophisticated, looping system.

All the usual delay line features (Vibrato, Phasing,
Fianging, ADT, Echo) are available with delays of up to 32
secs. A special interface enables sampled sounds to be
stored digitally on a floppy disc via a BBC
microcomputer.

The MCS-1 gives you many of the effects created by top
professional units such as the Fairlight or Emuiator. But the

eentiolledisamplingluni

Specification

Memory Size: Variable from 8 bytes to 64K bytes.
Storage time at 32 KHz sampling rate: 2 seconds.
Storage time at 8 KHz sampling rate: 8 seconds.
Longest replay time (for special effe«:.:ts): 32 seconds.

Converters, ADC & DAC: 8 bit companding. Dynamic
range: 72 dB.

Audio Bandwidth: Variable from 12 KHz to 300 Hz.

Internal 4 pole fracking filters for anti-aliasing and
recovery.

Programmable wide range sinewave sweep generator.
MIDI controt range: 5 octaves.

+1/V/octave coritrol range: 2 octaves with optional
franspose of a further § octaves.

MCS-1 doesn’t come with a 5-figure price tag. And, if
you're prepared to invest your time, it's almost cheap!

Infroduced in 1982, Powerlran’s
DDL has brought digitat quality
‘effects to thousands of
‘musicians. Stilt available in

POWERTg4y_

Write or phone now to place an order. IR

VISA

PllW[IlTII cybernetics Itd

Powertran Cybernetics Limited,
Portway Industrial Estate,
Andover, Hants, SP10 3PE.
Teiephone: 0264 64455




