


Powertran’s
“Hebot H” and
“MicroGrasp” kits
offer unrivalled
value for money

MicroGrasp

is a fully
programmable
electric robot arm with closed

GOMPUTING

Cortex Ii. 16 Bit. 16 Colour.

Cortex Il offers the speed and power of
true 16-bit processing at the same price
that you might pay for some of the 8-bit
games machines on the market.

© looppf;seitdgﬁicngc%rhpeorsgg\get The standard kit has interfaces for TV,
can be driven from cassette and RS232 - others are
virtually all micros. available as optional extras. Add disc
drives, printer and @ monitor for a fully-
Robot kit with fledged business system. p. ..
Ry
colleges, Universal
schools and interface
individual enthusiasts. board kit
£60 + VAT

Put the kit together, plug into

your micro and off you go!

Hebot Il can perform a bewildering
variety of actions under the control of a

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

TOPKITSFRON

POWERTRAN

Universal computer interface
board kit €11+ VAT
MPA 200 100 watt mixer-amplifier.
Complete kit £69.50 + VAT ’
SP2 200 2-channel 100 watt amplifier.
Complete kit £85 + VAT
Chromatheque 5000
5-channel light show controller.
Complete kit £79.50 + VAT
Digital Delay Line Studioquality effects
-upto 1.6s delay. £149 + VAT
Patchbay 16 pairs of jacks - for studio
or stage. £35 + VAT

\»

Powertran’s range of quality audio
products offers top quality at low, low
prices. All the products are finished in
rugged metal cabinets suitable for 19"
rack mounting or as free standing units.

Headphone Amp
2 x 3 sets of stereo
phones from either one
or two inputs £89 + VAT

Synth mix
Stereo keyboard mixer
with 3 aux sends'on
each of its 6
inputs. £169 + VAT

Our Doppler Radar Alarm can detect

intruders early enough (and loud
enough) to offer your home real

I protection. Standard kit including

two transmitters £119 + VAT

Pair of extra transmitters £39 + VAT

doubles as a high quality effects unit.  gpecial offer. extended kit including

Complete kit £599 + VAT four transmitters £139.50 + VAT

' Send for demonstration tape to sample some of the 'sounds available £2.50 +VAT
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| ToPowertran Cybernetics Limited, Portway Industrial Estate, Andover, Hampshire SP10 3PE
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MCS-1 MIDI-controiled sampling unit -

" Please send me the following Kits
| enclose Cheque/Postal Order, value £
, Name __ Address®

' Please allow 21 days for delivery. Offers subject to availability. Prices apply to UK only, are exclusive of VAT. !-

L and correcl at tume otﬁ-m_%lo press Overseas CUstomers please comact our Expon Depanmenl

Access/V|sa cardholders = save tlme order by phone 0264 64455

(Don't forget to add V.A.T )
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We regret that due to circumstances beyond our control Part Two of RUR will not be published unil next month

This month’s cover shows a
cluster of probes monitoring a
thin-film circuit while
nichrome resistors are trim-

med to a tolerance of closer
than five hundredths of a per
cent—courtesy of Mullard.

bt b

OUR AUGUST ISSUE WILLBE ON SALE FRIDAY, JULY 5th, 1985 (see page 23}

© IPC Magazines Limited 1985. Copyright in all drawings, photographs and articles published in PRACTICAL ELECTRONICS is
fully protected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable precautions are taken by
PRACTICAL ELECTRONICS to ensure that the advice and data given to readers are reliable. We cannot, however, guarantee it,

and we cannot accept legal responsibitity for it. Prices quoted are those current as we go to press.
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37 | 2N9145 32 | 2N54589 30

WATFORD ELECTRONICS TARCSISTTE 20 @ mses 38

BFX 45 | 2N930 20 [2NS777 48

250, HIGH ST., WATFORD, HERTS WD1 2AN, ENGLAND BFX; 2 N2 40 anewzs 32

Tel. Watford (0923) 40588. Telex: 8956095 WAELEC 70 | 2N1307 70 |2Ne2s0 70

ORDERS NORMALLY DESPATCHED BY RETURN OF POST 3 78 iZNie1a) 180 ZSAES 1250

:g : 103 2160 325 223;2/6 75

ALL DEVICES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. SEND CASH, P.0.’s OR CHEQUE BFY56 35 120 | 2N2219A204 | 2! 85

WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS ACCEPTED y ;g ggggg@ :g BFY64 40 | IP3C 130 (21A22A 25 | 25C1061 250

(ACCESS ORDERS BY TELEPHONE 0923-50234). TRADE AND EXPORT INQUIRY WELCOME. P & P P e BFY90 80 | TIP36A 130 | 2N2369A 18 | 25C1096 85

ADD 70p TO ALL CASH ORDERS. OVERSEAS POSTAGE AT COST. PRICES SUBJECT TO CHANGE. S [EEE > 32;3% 353 }152‘{’& 1453 gmgm S ggg ;%3 1;:

Export orders no VAT. U.K. customers pléase add 15% VAT to total cost incl. . 12 | BCY41/42 30 | BSX29 45 | TIiPa1B 52 | 2N2904A/0587 25C1306 100

VAT We stock thousands more items. It pays to visit us. We are situated behind Watfo, 14 { BCY70 18 | BSY26 35 | TIP42A 55 | 06A/07A 26 | 25C1307 150

Football Ground. Open Monday to Saturday, 9.00am to 6.00pm. Ampls FREE Car parking. :: Bgz; 2(5) BSY95 35 | TIP42B 2N2926G 10 | 25C1449 95

POLYESTER RADIAL LEAD CAPACITORS: 250V; 10n, 20n, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 8p; 150n, o [ 2 e Tioo T I Selors 120
220n 10p; 330n, 470n 15p; 630n 19p; 1y 23p; 1p5 40p; 242 46p. 14 | 8013172 /

s ; : 14 REDIN o 83206 200 Hpm 120 | 2N3055 50 2251923 65
ELECTROLYTIC CAPACITORS (Values in pF). 500V: 10yF 52p; 47 78p; 63V: 0-47,1-0,15.22,33 8p; 47 BU208 200 P142 120 | 2N3442 140 {2SC1945 225
9p; 10 10p; 15, 22 12p; 33 15p; 47 12p; 68 16p; 100 19p; 220 26p; 1000 J0p; 2200 99p; 50V: 68 Z0p; 100 SSH?,S ;’g 3313535/7 45 |Mi29s5 . 90 |TIP1a7 120 [ 2Nsols 199 25C1953 90
17p; 220 24p; 40V: 68 15p; 22 9p; 33 12p; 330, 470 32p; 1000 48p; 2200 90p; 25V:47,10,22,47 8p; 100 | pcq a0 35 |BDige 40 MJE340 TIP2955 70 | 2N3663 20 | 2SC1957
11p; 150 12p; 220 15p; 330 22p; 470 25p; 680, 1000 34p; 1500 42p; 2200 50p; 3300 76p; 4700 92p; V6V: I <100 38 | D140 40 | MJes71 100 | TIP3055 70 | 2N3702/3 10 | 25C1969 165
2.5, 40 8p; 47, 68, 100 9p; 125 12p; 220 13p; 330 16p; 470 20p; 680 34p; 100027p; 1500 31p; 2200 38p; 4700 | pcizm 72 | pD1sS8 &5 mgggg gg ues 2 %mg;% :g ggggggg zgg
Z39P. BC1478 15 | BD24S 65 | MPF102 40 | TiSssA 50 {2N3708/3 10 | 25C2078 170
TAG-END TYPE: 64V: 4700 245p; 3300 145p; 2200 120p; | POTENTIOMETVERS: Carbon Track, BC148C 10 | BD434 70 | MPF103/4 30 | TIS90 30 | 2N3710° 10 | 25C2001
50V: 3300 155p; 2200 95p; 40V: 4700 180p; 2200 70p; 3300 | 0-26W Log & Linear Values. BC149 12 | BDE5A 150 | MPF105 30 | NSs1e3 32 | 2N3TN 179 | 25C2166 165
85p; 4000, 4700 75p; 10,000 250p; 15,000 270p; 18V: 2200 | .o\ 1\ 'a ok (LN ONLY) Single 35 BC143C 16 |BD696A 150 | Mpsaos 30 | VK1010 99 | 2N3772 195 | 25C2314 85
200p; 25V: 4700 98p; 10,000 320p; 15,000 345p. ST e P |BC15¥4 30 | BF11S 45 | MPSAOE 25 | VN1OKM 70 | 2N3773 210 | 25C2335 200
. SKOMOsinglegang . 3%P [BCIS7 14 | BF1SAs 30 | MPSAOS 30 VNGAF 95 |aN3319 35 125
TANTALUM BEAD CAPACITORS: SKO-2MI) single gang D/F switch  Jah |BC1S9 11 | Brie7 35 |MPSA12 32 | VNGBAF 110 | 2N3820 80 | 25C2547 40
35V: 0-1p, 0-22,0-3315p 0-47,0:68,1-0, 15 18p 2:2,3318p 47, ugigang BC167A 14 | BF173 35 | MPSAS5 30 | VNBSAF 120 | 2N3822%/3 60 | 25C2612 200
6822p 1028p 16V:22 33,16p 47,68,1018p 1536p 22 | o \nep BOTENTIOMETERS BC168C 12 |BF177 35 | MPSASE 30 | VNBSAF 120 | 2N3866 90 | 2! 78
36p 33, 47 50p 100 95p 220 100p 10V: 15, 22 26p 33, 47 | Soeaf ~o s o es 60mm track | BC18C 12 BF178 35 | MPSA70 40 | ZTX107/8 12 | 2N39034 15 | 25K45 20
50p 100 7Sp. S E00RG Singt BCi71/2 12 | BF179 40 [ MPSUO2 58 | ZTX109 12 | 2N3%06/6 15 | 25K288 225

ingieygang 80p |pci73 15 [BF1945 92 {MPSUO5 60 |ZTX212 28 |2Na037 60 [25)83 225
SILVER MICA (pf) SIEMENS mulitlayer miniature BC177/8 16 | BF1988 18 | MPSUO6 60 | ZTX300 13 |2N4058 15 |25J85 225
2,33, 47, 68, 82, 10, 12, 18, | capacitors. PRESET POTENTIOMETERS BC179/81 20 | BF200 30 |MPSUS52 65 | ZTX301/2 18 |2N4061/2 15 [3N128 115
22,27, 33,39, 47,50, 56,66, 75, | 250V: 1nF, 1n5, 2n2, 3n3, 4n7, [ 0-1W 5002:2M Mini Vert, &Honz.  8p |BC181 30 |.BF224 40 | MPSUSS 60 | ZTX303 = 25 | 2N4a264 30 |3N140 118
82,85, 100, 120, 150, 180 15p. | 68, Bn2, 10n, 16n, 22n 7p; 18n, | 025W 2200-4M7 Vert. & Horiz 12p (BC1823 10 |BF244A 28 [ MPSUS6 60 X 37 | 2nazss 25 | 40251 150
220, 250, 270, 330, 360, 390, | 27n, 33n, 47n 8p; 39n, 56n, 68n d = BC184 10 | BF244B 29 | O 170 | ZTX320/2630 | 2N4289 25 | 40311 80
470, 600, 800 & 820pF 21p. | 9p, 100nF 11p. RESISTORS Hi-stab, Miniature, 5% BC182L 10 | BF245 50 | OC28/36 220 34 | 73N4200 25 | 40313 130
1000, 1200, 1800 30p each | 100V: 100n, 120n, 10p; 150n 11p; Carbon. BC183L 10 | BF256B 80 | OCca1/42 75 | ZTX502/3 18 | 2N4427 80 | 40361/62 70
3300, 4700 60p each | 220n 13p; 3300 18p; 470n 23p; RANGE val, 1.9 100+ |BC184L 10 | BF257/8 32 0 40 | ZTXs04 25 | 2Nagss 78 76
680n 30p; 1MF 34p; 2M2 50p. 025W 202-4M7 E24 3p 1p. |BCI8&7 28 | BF259 40 | oc72 50 | ZTXe31 28 | 2Ns135 30 | 40412 20
05w 202-4M7 E12 3p 1p |BC2123 12 | BF3%4 40 | OC75/76 55 | ZTX550 25 | 2N5138 25 | 40467 130
CERAMIC Capacitors: 50V POLYSTYRENE Caps: w 202-10M €12 6p 4ap |BC212L 10 | BF451 40 | 0676 50 | 2N696 30 | 2N5172 25 | a04ss 8s
Range 1pF to 6800pF 4p; 10nF, 10pF to 1nF 8p 1% Metal Film 510-1ME24  8p 6p BC213L 12 | BF484/5 40 | OC81/82 50 | 2N697 23 | 2N5180 a5 | 40594 105
15n, 33n, 47nF 5p; 100nF/30V 7p. | 1n5to 12nF 10p ggg:iL :g S;g%;/,sw :zag OCgygd 70 | 2N698 a0 | 2N8191 75 | 40895 110
TIP29A 32 | 2N699 48 | 2N5134 80 | 40603 110
RESISTORS S.1.L. Package: 7 Commoned, 1000, 47002, 6800, 1K, 2K2, 4K7, 10K, 47K, 100K 24p. BC237/8 15 | BFR41/73 25 | TIP29C 38 | 2N706A 25 | 2N5305 24 | 40673 70
8 Commoned: {9 pins) 1500, 1800, 2700, 3300, 330Q), 1K, 2K2, 4K7, 6K8, 10K, 22K, 47K, 100K 26p. BC307B 15 | BFR8W81 25 [ TIP30A 35 | 2N708 25 | 2Nsas7 30 | 408712 %0
.
LINEAR IC's 150{ TMS9914 295 7:2260 c7o 7453 30| 74196 120[LS83  70|LS322 36014035 70[4513 3%
, £3|TMS9927 14{745262 £10|7454  30[74197 100|LS85  70|LS323 400{4036 2504520 55
555 CMOS 95| LM339 £3| TMS9928 £16|745274 007460  30;74198 200|(S86  35|LS324 1504037 11514521 116
702 75| LM 310| TMS9929 £16(745275 00[7470 50/ 74199 200[1LS30  50|LS325 1150|4038 75]|4522 125
709C 8 pin  35[(LM349 290 | TMS9980 £12]745280 007472 50| 74221 200] LS91 80|LS326 290/4033 280|456 60
710 48| LM358 £11 | TMS9995 £12{745281 00]74; 5074246 130[LS92 55 7 804527 85
74 16/ LM377 350} ULN2003 75{745283 007478 45| 74247 120{LS93  55|LS347 1204041 60(4528 70
747C 14 pin 70| LM379 370{ UPD7002 726745287 2007475 5574248 145(LS95  70[LS348 1404042 50(4529 145
748C 8 pin  30( LM380 400 | UPD7007 725|745288 180(7476 45| 74249 175|LS96  90|LS352 1104043  45/4530 90
7538 pin  185| LM38IN £15|WD1691 £14|745289 2007480  60{74251 90|LS107 40]1S353 110|404 50(4531 120
810 159 (M382 400|WD1770  £19.95|745299 540{7481 175|74269 150{LS109 45[LS355 2204045 1104532 85
9400CJ 375/ LM384 400 [ WD2143 850 (745301 3507482 100 74265 260| LS112 366 200 |4046 604534 365
ADCOB08  £10[ LM386 £50|780CPU 25  295{745365 250(7483 100]74273 180[LS113  40(LS363 1504047 60/4536 250
AY-1-1320  225(Lm387 £15|Z80ACPUAM  380|745373 375(7484  105/74276 130{LS114  40|LS364 15014048 554538 80
AY-1-5050 99 1M389 750 Z80ACTC 310(745372 375|7485 100{74278 160[LS122 70|LS365 50(4049 404533 80
AY-1-6720 210 LM393 450 z80B £8745412 3807486 40/ 74279 80[LS123 100|LS366 504050 354541 95
AY-3-8910 390 LM33%4CH 450 Z80DART 650745470 325(7489 200{74283 100|LS124 125(LS367 504051 70[4543 70
AY-3-8912  500| LM558 550 | ZBOADART 800745471 8600|7490 55]74284 440(LS125 100(LS368 50|4052 60(4544 150
AY-5-1317A 630 LM725CN £11Z8OADMA 900| 745472 400|7491 70| 74285 300!1S126 50|LS373 1004053 80|4549 400
CA3011 130] LM733 £45 | ZBODMA 795745473 00[7492 110{74290 80| LS132 60|LS374 1004054 854553 245
CA3012 175| LM1871 99| Z80P10 250745474 400|7493 50|74293 80|LS133 B0|LS376 7014055  85|4554 180
CA3014 275|LM1889 150 | ZBOAP10 316|745475 425(|7494 100| 74297 175|1S135 28{LS377 1304056  865]4555 35
CA3018 86| LM2907 350(280510-1 850(745671 300|7435 60| 74298 160{LS136 46|LS378  95|4057  £104556 55
CA3019 90| LM 80| Z80AS10 900} 745673 450|749 75| 74351 180|LS138 60|LS379 130(4059 420(4557 250
CA3020 210| LM3909 90| Z80AS10-2 £9 7497 200|74365 70|LS139 60[LS380 3104060 70(4558 120
CA3023 20| LM3911 6501 8002CPU 00 74100 175(74366 70| LS145 95]1S382 3104061 £5|4669 395
CA3028A  110|LM3914 220 5107/ 9574108 70174367 70|LS147 1685|LS384 48014062 99514560 150
CA3035 255( LM3916 125 T e Ja|74105  70|74368 70115148 130 LS385 3304063 904561 104
CA3036 270| LM3916 12574500 a0[75110 30174107 45174376 120|LS151  70|LS3sE 50 4066 ~ 45(4562 350
CA3043 275/ LM13600 50| 74502 4017212 Oo[74100 70 100[ LS153 70|LS390 604067 245|4566 160
CA3045 365/ LS7220 74503 40|78130 128174110 55/74393 100|LS154 15515393 100 4068 25)|4568 250
CA3046 70{ M51513L 300 74504 40(75158 135174111 s5|74425 60[LS155  70|LS3% 110 4069  25|4569 175
CA3059 325| M51515L 300 74505 40(75158 120174112 170|74426  60[LS156  70|LS3% 300 4070  25(4572 45
CA3075 213| M51516L 38874508 40(75198  A29|74116 16074450 100|LS157  60|L538 195 [ 4071 254580 255
CA3080E 70{ MB3712 75074509 a0|7018%  CZol74118 100 LS158  60|LS3%9 1404072 25)4581 125
CA3081 190| MB3756 15074510 4070102 - Ooa[74119 180 LS160 70|LS445 12540 254582 99
CA3085 160| MC1204 275|74511 40| 701828 L00|74120 90 LS161  70[LS447 80[4075  25(4583 100
CA3086 60| MC1301 700} 74515 80 (29 190/24121 450y  4po|LS162  70]LSAES 140 4076 70|4584 55
CA3088E  200[MC1303 275174520 40(75322 180(74122 65| co95 50| LSIE3 70 120 254585 55
CA3090AQ  375| MC1304P 45074530 60(75353 09174123 75|53  ygo|LS164  75[LS4%0 150 4078  25(4539 155
CA3123 165| MC1310P 35074522 40(7800  29|74125 60| (37q  4o6|LSI65 110 1S540 1404081 2540097
CA3130 90| MC1445 0074530 40(78365 00174126 80| 32, 2| L5166 150(LS541 1140|4082 25140098 42
CA3140 45| MC1455 £5 74532 50}7 Jo|74128 55| cg3  gag| L5168 140|LS624 1554085 60140100 215
CA3160 90| MC1458 110|74537 5017000 ) 5274132 70\ ¢g5 gm0l L5169 100|L 29 1304086 40101 130
CA3161E 180 MC1469 14074538 70|7201% 35[74136 50 LS170 140|LS640 200|4089  125(40102 140
CA3162 525| MC1494 12574540 40|70 ao|74141 85 LS173 100{LS641 150}4093 40/40103 412
CA3189 275| MC1435 200174551 40 74142 235 LS174 75|LS645 196[4034 70(40104 120
CA3240 110{ MC1496L 395{ 7. so R TIpZ74143 25000 =S L8175 70|LS668 90]4095  95[40105 220
HA1366 175| MC1596 800 74565 40 74144 250 LS181 190(LS669 90409  100[40106 60
HA1388 235| MC1 £28]74574 70 | 7400 26(74145 100| LSO01 25/ 5183 190[LS670 170(4097 27640107 55
ICL7106 675 MC3302 £15 74585 2957401 28{74147 160|LS02 25/1$190 85(LS673 8904098 80{40108 325
ICL7107 975} MC3401 £15]7 100 | 7402 25/74148 130 LSO3 25/15191 85|LS674 800}4099 75140109 100
ICL7611 99{ MC3403 £22|745112 1807403  25!74150 170 t504 Zg LS192 100|LS682 250/4160  95{40110 235
ICL7660 248| MC3404 £23|745113 4120|7404  30{74151 60[LS05  25/15193 100{LS684 350]4161 99140114 240
ICLBO3BCC  345| MC3405 £28|745114 1207405 30|74153 70| LS08 2515194 76(LS687 350]4162 9940161 194
cL821 225| MC3442 £28 745124 300 | 7406 40|74154 130{ LS09 25/15195 7% 4163 99040163 75
ICM7205 1150 MC3423P 75745132 980(7407  40[74155 75]LS10  25/15196 asnmuu 99(40174 75
ICM7215 1050 MC3487 755 (745133 50| 7408 25(74156 90| LSH1 Zg LS197 85 4175 108/40175 75
ICM7216A  £22| MC4016 350745134 607409 25i74157  75|LS12  25|1S221 854000 204194 105|40181 220
ICM7217A  £11| MF10 1250745135 110|7410  25{74159 170({LS13  35|1S240  80(4001 264408 850[40192 75
ICM7224 €11 MFC6040 825745138 170|741 2574160 1100|1814  50|1S241 804002 28(4409 850(40193 95
ICM7240 300} ML924 100 745139 170|7412  25|74161 100(LS15  25{1S242 954006 70(4410 725(40194 90
ICM7555 105 NE515 100745140 807413 50|74162 100|LS18 45/ 15243 954007 25fa411  750|40185 80
ICM7556 150! NE529 878745151 140(7414 80[74163 100[LS20  25|LS244 80|4008 804412 BO5|40244 195
50 250( NES31 728|745153 1407416 26|74164 “100] LS21 2515245 120)4009 45|4415 590/40245 195
LA4031P  340| NE543 590745157 200|7417 35(74165 100{LS22  25(1S247 105(4010  40{4413  280(40257 198
LA4032 295! NES44 250 | 745158 1907420 25|74166 130| LS24 50| L5248 1056|4011 25|4422 770|40373 220
LA4400 350 318( 745162 300 7421 50|74167 250|LS26 25115243 105{4012 25(4433 770|40374 220
LA4422 320| NESS6DB 176| 745163 3007422 4074170 190| LS27 25|1S251 75(4013 384435 850
LC7120 300| NE558 175]745168 300(7423 35|74172 400|LS28 254 |S2 754014 804440
LC7130 320| NES60 £7745163 3007425 36|74173 130{LS30  25{ 5256 1120|4015 60[{4450 350
LC7137 350| NE562B 695 (745174 2507426 40[74174 100| LS32 50(1S257 754016 40[4430 450
LF347 150| NES64 6745175 7427 35{74175 100(LS33  25|1S258 75(4017 56(4500 395
LF351 80| NES65A 1276|745181 £11(7428 3574176  100| LS37 2515259 125(4018 804501 40
LF353 90| NE566 865745182 250 7430 26(74177 110|LS38  25/1S260 70(4013 604502 60
55 90{ NE567 876745188 200 | 7432 30|74178 130{1540  25/1S261 100|4020 80(4503 40
LF356 90| NES70 700{745189 2257433 30(74179 130|LS42 3 LS266  60}4021 604504 100| jyer
LF357 100| NES71 650745194 2807437 3074180 100 LS47 80|Ls273 120 4022 7004505 350 pLONE
LF398 495 NE5532 878745195 275(7438  40(74181 300|LS48 400| Ls275  350|d023 30l4506 100 ‘youRr
LM10 325| NE5534 800 745196 350 | 7440 30|74182 120 LsLSdQ gg LS273  70|4024 50| 4507 45| oapER,
LM301A 30| OM335 496745197 300 | 7441 9074184 170 Ls51 LS280 1804025 25 130| ‘wepoO
LM307 45| RC4136D £13}745201 2650 | 7442 6574185 170 LSS52 28| 5283 . 80|4026 904510 55! TME REST,
LM308 78| RC4558 728745225 5007443 100{74186 70|LS54  25|1S200 80 45(4511 55| ' 0923
LM311 80 100745226 , 500(7444 100]|74188 75| LS55 28| 1S293  80{4028 45)4512 85| w0234
LM318 150| SAB3209 396745240 375(7445 11074190 120| 55(S294 9994029 784513 180
LM319 180| SAB3210 595745241 37617446 110[74191 120{LS73 30| |$295 1404030 364514 115
LM324 45| SAB3271 £12]745244 4747447 9s5/74192 120[LS74 38| 1S297 850(4031 1304515 125
LM3342 150 SAB4209 350/ 745251 228(7448 11074193 120|LS75 45| 15238 1004032 654516
LM3352 135} $G3402 600745257 2257450 74194 100{LS76  40||S299 225(4033 1304617 276
LM337 275| SL4%0 500 | 745258 2287451 30|74195 -78/LS78 40| S320 210|4034 140|4518 50 ‘

—

PP o



SPEAKERS L O OPTO 0-8° LCD VOI.TAGE REGULATORS b
gP' 03W, 7'; 2.26", 26", LEDS gnca includes Clips D"SP.L.AVS T0220 Plastic Casing SOCKETS
L TIL209 10 34d_|g|t 495 e —ve Low - Wire
R sleoaieaaicy TI211 Green 3mm 14 4digt 830 | o 7o asp 7905  S5Bp k profite wrap
- mmee opto e g o o@iaw % w | 32K UPGRADE
20 -7 Red 12
BRIDGE OF Vol Gim Amber 14 OPTO 18V 73 asp 7915 5Bp 16 pin 10p 42p
x:;g "', el : Rectangular LEDs with g% 280 | 2av asp 7918  BBp ;g g:g ;g: gg:
MY 8 |GG g R i e Y 4% mexes a2 | V™A T?Sfoé"a“'go,c?s'“g R leosii= 22l 22p 8sp Upgrade your 16K Spectrum to full
Bei0g 18 |lMimv 20 | L£DS o 18 KGre |y s 3w - 2ipin =e > 48K with our RAM Upgrade Kit. Very
BYizs 12 |iaoov 30 e el hay 88 ILCT6 Dariington | 12v s 3B i sop | %o 30p 99 simple to fit. Fitting instructions
2A/50V 28 | 0-2 Bj colour LEDs 15V 78L15 30p 79L15 SOp supplied ONLY £22
CRO33 198 TIL11Y 70 ZIF SOCKET ppliea.
OAS 10 | Paoov 42 B eriow %8 ocPT 20 | cL7660 248 LM317K 280 (TEXTOOL)
0447 10 N BO | 02 Tri colour LEDS ORP12 28 {7305 BVEA  SEO LM317P &5 24 way 575p IDC CONNECTORS {Speed block type)
0A70 9 | 6A/100V 83 | Red/GreervYellow gs 2NS777 B0 [ 78H12 12V/5A 640 [M323K 500 28 way 895p PCB Mal . .
& 10 | 6A/400V 95 | 0.2 Red High Bright ~ 69 4N33 138 78HG+5 to LM337T 175 Ky, g S S
AB1 10 { 6A/600V 125 | High Bright Green or Pin diode 720 4V 599 LM723 30 with latc] leader T ge
o 10 | 1042200V 215 | Yellow 100 Schmitt 79HG ~226V to TBAGZSB 78 ADIREEUCSIHSR#cL) 2oy St BRANGIE egockell SEConEcto
0A90 8 | 10A/500V 288 | LD271 Infra Red femit) 45 _Receiver 715 | 34y 5a 635 RCA134 378 Pins  Solder IDC Rinsge dFins
OA3t 8 240 | TIL32 Infra Red (emit) 82 LM309K 120 RC41%5 160 1 38p  95p 10iwayi S0pRMSapEREH 1209
0A%5 8 396 | SFH205 (detector) 118 | 9PTO 78540 225 16 42p  100p 16 way A30p, 1360 \130p I9SP
e B B R [ TG R e T
A202 8 focti p
| IN914 4 e Y rianol ree T3 228 SWITCHES 40 195p  218p 34 way 205p 236p 169 340p
| IN916 5 J Slotted similar SUIDE 250V TOGGLE 2A zsov 40 way 220p 250p 190p 420p
IN40012 B ZENERS B o to 186 | 1A DPDT PST RIBBON CABLE 50 way 23Sp 270p 200p 470p
- 1N4003 [-3 Range: 2V7 to | TIL321 5" CAn 140 e ‘A DPDT C/OFF 15 DPOT 48 (price per foot)
1N40045 .3 39V 200mW TI322 .5 Cth 1480 | 5x20x2 100 2A DP orvorvon 40 4 poie on off 54 Ways Grey Colour SPECIAL OFFER
WNis o 8p sach | DL704 -3 C.Cth 125 | 4x2%x212103 19 0.y oy Hy
IN5401 12 | Range: 3V3to | DL707 -3 C.Anod 128 | axax2lr 120 | PUSH BUTTON SUB-MIN 20 250 aop 2764 - 250ns azs 415
INSa04 18 | BV 13W FND357 or 500 130 | 5x4x2 _ 105 | Spring loaded TOGGLE 2 amp 26 20p 86p 27128 — 250ns 875 865
INSI06 15 18p each | 3" Green CA. 140 | 5x23ux11 90 Latching or SP changeover 84 | 34 s0p 80p 6116LP — 150ns 325 313
IN5408 19 +1:3" Red or Green 180 |-5x23ux2124130 | Momentary 64 SPSTonoff 68 | 40 8op 20p 6264LP - 150ns 895 885
S b Bargraph 10 seg. Red 275 | 5xax1vzr 9@ | SPDT dover 160  cony yof 86 | 6 90p 126p
12921 ° 5 Bargraph NSM3914 800 gx:xzw :;g DPDT dover 200 [s);;g‘{ giased 1gg
‘ BA102 x4x7" P ; Y
G BlEe B[mweoes  |SHE e SHEE B ROWEOR a g (BURWRewie
6A/800v @B | BB106 40 | Crystals 1lb 2x5x31 - 2180} INopiLocking DPDT orvorvon 185 way way way way |12012V 75mA; 15-045\/’ 75mA " 130
8x6x3T 210 | Pushto make 18p DPDT Bissed 145 Y \ Y GVA: SV BN 2 aV-AA: 2R 12V-0- 3A P
: 198p + 50p p&p 10x414x3" 240 | Push break 28p gole 2way 220 | parE 2x15V-25A
: ARcs DALO ETCH RESIST gt ol m:,'z“{o “‘;‘\’Nmmsway 3)pole/ Solder  s8p  80p 120p 150p | 12VA: 2X4VS1-3A; 2X6V-1-2A; ZXI2V.A;
SCR’'s %138& :g Pen plus spare tip 100p | 12x8x3" 295 | 2 to 4 way, 4 pole/2 to 3 way S"g:‘e :;g: :& fgg: ;o_r.g: g:\}i g\?—ﬁl\ 6V-1-5A; 9V-1- 2A 3\7?‘9225') p&p)
el V 85 | COPPER CLAD BOARDS ROTARY: Mains 250V AC,4 Amp 8P | FEMALE R h o e e
SRV OB mTn i M [orewromsenewun | o .00 B 1% T | meunens om sl
SA/600V 438 V 118 | 6"x6" 100p 1257 6 way 80p; 8 way 87p; 10 way 100p; S"git 100p 125p 195p 355 3 < i 520p (60p p&p)
sA300V 60 | 12M/100V 78 | E'x12 17% 228p (57D 4 way 190p. g P P | 100va: 2x12v.4n; 2x18Vv.3A; 2x20V.2-58:
BA/BO0V 96 COVERS78p 70p 70  8Sp |2X30V:1-5A: 2x40V-1: 25; 260V 1A
12A/800V 135
}%;ggx 2 :&lggg :g V‘ERO:OARIBDC' e o i AMPHEINOL PLUGS o St IDC 25 way Plg 388p, Skt. 450p 965p {60p p&p)
;%_A/ao(me OV ::3 lenBoov 220 g‘g:g. 4”‘23:: ~ op Board 398p :2’3 :zz gfrftronlx ‘509465? :‘0975‘, EDGE CONNECTORS BlliRgOEgKPE"IN Low Profile Professional
BT116 180 ] 25A/400V 188 [ 334x334'y10p  — Verostrip 95p | 24 way Female 480p 450p e 8 pin 25p 22 pin 70p
C106D 38 | 254800V 298 | 3d4x5" 126p 96p 36 way Centronic Female 470p 500p 2x18 way  210p 14 pin o 24 pin 72p
Tic44 24 | 2541000V 334x17° 420p 278p Veroblock 480 SiL X2y RN 5P 16 pin a2p 28 pin 30p
Tics 29 480 | 43ux18" 890p  — SDec 395 | ASTEC UHF MODULATORS | e 18 pin 47p 2on o
TIC47 38 | 30A/400V 828 | Pkt. of 100 pins  BBp Eurobreadboerdm SMHz Standard 27 o 2x25 way  285p 20 pin 80p
2N5064 38 | T2800D 126 t Face Cutter 150p Bimboard 1 BMHI v;%‘e;' d S Sp 20way 2%28 way  190p
2N44ds 130 Pin Insertion Tool188p _ Superstrip SS2 e 2 Tceoar =) e S S JUMPER LEADS
SOLDERCON | VERO WIRING PEN and Spool 380p | ANTEX Soldering Irons 95p 2x40 way  380p IDCIFEMALE GECERTACL S impalCedds 351y
PINS Spare Wire (Spool) 78p; Combs U;;; CI15W 528p CS51IW 548p g:;g way :50;: T 15'39 4 26‘(;);; 3&9
%C o ;-,88 3;3: Wire Wrapping Stakes 1 G18W 8B0p XS25W 570p i 5o 2ends  290p  370p  480p  525p
COMPUTER CORNER Plastic Library CRYSTALS BBC MICROCOMPUTER
E . DISC STORAGE a2pot 100
® EPSONRXSO Printer .. £209 JookHz 57 | SPECIALOFFERTHISMONTH ... ONLY £299
CASES : )
V" Disk £1.80 455KHz 370 | We stock the full range of BBC Micro peripherals, Hard-
® EPSONRXB0F/TPrinter ................... hézpymactsiten S oKtes Sl Yoosw  27g | ware & Software like, Disc Drives (Top quality Cumana &
p ] DISC ALBUMS 128MHz  as0 | Mitsubishi), Diskettes, Printers, Printer Paper, Interface
® EPSONFXE80 Print £316 . 5 ; y lsMHz 320 | Cable, Dust Covers, Cassette Recorder & Cassettes, Mon-
MINTOF e Attractively finished in beige | qgmu: 845 | itors, Connectors (Ready made Cables, Plugs & Sockets),
- leather-vinyl, these convenient- ;lauMaaM AT Plotter {Graphic Tablet) EPROM Programmer, Lightpen
® EPSONFX100Printer ... £429 | Iy store up to 20 discs. Each disc | 3356, 200 | Kit. Joysticks, Sideways ROM Board, EPROM Eraser,
can easily be seen through the | 25mHz 225 | Machinecode ROM, The highly sophisticated Watford's
® KAGA/TAXANKP810Printer .................. £252 | clear view pockets. 25625M 220 | 16K BEEB DFS, WORDWISE, BEEBCALC, Software (Edu-
ONLY £4.25 357954M  es8 | cational Application & Games), BOOKS, etc. etc. Please
® KAGA/TAXAN KP910 Printer £332 im;ﬂ :‘!:g send SAE for our descriptive leaflet.
.................... 54" Disc Drive oMz 180
® BROTHERMR15 Daisywheel Printer ........ £320 | HEAD CLEANING KIT | 4i35°% 00| DRIVES CASED WITH PSU & CABLES
£9 A W2 CS$100 — TEC Single sided 40 track. 100K 5Ya
® Centronics PRINTER CABLE for all the above 5.0MHz 160 Single DiscDrive.........c.ccoccviieeiniciiicinnnn. £119
printersto interface with the BBC Micro .............. £7 GUEEILE ey
BBC MICRO 353%3: 1% | @ €5200 — Epson Double sided 40 track 200K
6144MHz 180 4 ] :
y ) WORD PROCESSING 65536MHz 200 5V4" Single Disc Drive .........ccoovecveninninnne. £139
® ZENITH 12" Hi-RES, Green Monitor 40/80 PACKAGE . b
column select switch, value for money. £68 i "
— I % | 1M 200 | @ €S400S — MITSUBISHI Double sided 80
: i A complete word process- | sogum 398 | track 400K 5%’ Single Disc Dri £149
® MICROVITEC 14" colour monitor. RGB input. | jng package (which can be | 886723m 178 rac 4’ oIngle LIscLrve .....c........
Lead inch. £165 h H . - 900MHz 200
eavily modified to your re- | sarssmHz 350 ]
. 4l  YOULTS" | oows 17 | @ CD400 — EPSON Double sided 40 track 400K
® MICROVITEC 1451 Hires 14" Monitor incl. [ QUIreMents, maintaining | sz 260 | = g3/ TWIN DisCDAVES.......rervrerrrrrsssererecen £215
Lead £237 | large ﬂ[scount). Wedsupply 1026k 200
everything you need to get | 129z~ 178 | :
® KAGA 12" MED-res £225 E . e ® CD800S — MITSUBISHI_DOuble sided 80
Svc?r?jc rhontlz‘;;c;orrunPr::ar;gseazaﬁ lazescm 178 track 800K 5" TWIN Disc Drives ............. £295
® KAGA 12’ Hi-res £310 . forr; demons.tration 150MHz 240
1 3 jeom: 220 | @ DFS Manual {comprehensive) .....£7 (NO VAT)
® TEX EPROM ERASER. Erases up to 32 ICs in 18432M 150
| 15-30 min. £30 | Example Package: 19968MH: 150
BBC Micro, with DFS Inter- | 29Mriz 2601 @ r‘\I'WIN Disc Dnvg CASE with Power Supply to
. ® Spare 'UV lamp buibs £8 | face, Wordwise, Twin 400K | 2330mMhz 328 ouse your own Drives £38
TEC Disc Drives, 12" High- | 2&670MH 325
Y 2" V74 f 27-125MHz 295 N . c J
® e o 0031 10| o groan monir, Boter | SEEES |48, vl aives s e sl it b
MANY MORE PRINTERS, MONITORS, INTERFACES, | HR15 Daisywheel printer, | meeserm 240 | oo prive.
AVAILABLE, CALL IN AT OUR SHOP FOR DEMON- | Beebcalc & Database soft- | sssmie 300
STRATION OR WRITE IN FOR OUR DESCRIPTIVE | ware on Disc, 10 3M Discs, | 1390, 306 {Carriage on disc drives £7 Securicor)
LEAFLET 500 sheets of paper, 4 way | 1458VHz 228 rag e £ SCUICO
i on o f s e x| e o sockt, man FORD ELECTRONICS
Call in at our shop for demonstration of any of the uals and all cables. ‘
above items. Be satisfied before you buy. Only: £1,089 Tel. (0923) 40588 Telex. 8956095




* % NI-CAD BARGAINS * *

Ex-equi 9 d 100%. geabl
cadmium batteries VASTLY REDUCED.
Type DEAC 1000DK Button Stacks. 6 cells (7.2V) Capacity
1AH. Measures 214 x 2" Diameter.
£3.00 each inc. VAT (p&p 25p).
Type DEAC 600DKZ Button Stacks.
3 cells (3.6V} Capacity 600mAH.
Measures %4 x 1Va" Diameter.
£1.50 each inc. VAT {p&p 25p}.

* % STEPPER VIOTORS *

Brand new stock of 'ASTROSYN' Type 20PM-A055 stepper
motors. 28V DC. 24 steps per rev. 15 pz-in torque @ 100PPS.
Body length 2V, diameter 2", shaft '4" diam x 474" spirally
threaded. Weight 160z. Price each £11.50 {p&p 50p). Connec-
tions supplied. INC. VAT.

* % J-PHASE STEPPER MOTORS NEW STOCK & *

We have managed to obtain a new stock of the 6V steppers as
previously sold, - D , with | blg} 300:1 i

gearhox. Complete with driver board requiring just a single 6VOC rail
and a pulse input which gan be run straight from a micro’. Motor
dims 12", gearbox Y4 x 234", Qutput shaft 316”. Soid compiete with

connections, general .
Ca
it P
-

information on  4-
phase steppers, and
now with electro-me-
chanical 4 PPS pulse
generator] £850 inc
OPTICAL ISOLATORS
SPERRY UNIVAC M4000 opto-isolator units providing 2KV of insula-
tion between Modems and Terminals. Zg way 0" connectors
(RS232C Interface} in and out Measures 9x5x7". Complete with
handbook e " ... £1650inc VAT & p&p.

vat. {pp 50p).
BECKMAN TURNS
- COUNTER DIALS

Miniature type {22mm diam). Couring up to 15
tum "Hahso!s". Brand new with mounting instructions. Onty £2.50
each inc VAT & p&p

nickel-

TELEQUIPMENT D83 S50MH.
COSSOR CDU150 35MHZ dual trace £200
TEKTRONIX 453 dual trace 50MHz sweep

Carriage £5.

12V DC Battery input to 230V AC. Output
@ 125 watts crystal-controlled 50Hz
time-b oscill , fully d in
blue-steel cases with integral 13A socket.
Dimensions approx. 4 X 6 X 10". BRAND

RALFE ELECTRONICS

10 CHAPEL STREET, LONDON, NW1 TEL: 01-723 8753

HEWLETY-PACKARD 141A Storage Oscilloscope.
z dual trace £450

delay £600

TELEQUIPMENT D75 dual trace 50MHz sweep delay £450
DYNAMCO D7100 30MHZ dual trace £200
TEKTRONIX 515A Single beam 15MHz £75

TELEQUIPMENT DM63 15MHz STORAGE
1KW POWER AMIPS

H&H PROFESSIONAL AUDIO POWER AMPUFERS MODEL $500-D. Available in
excellent, little-used condition at vastly reduced price. Speg includes duai-channel
500 + 500W. THD 0.005% IMD 0.02%. Output impedance 2Y2-16 ohms. Frequency
response *+1db 10Hz-20KHz. Forced-air cooled dissipators for reliability and cool
operation, Size 19" rack mount x 2U (32"). Price only £275 inc VAT & handbook.

* 125W MAINS INVERTERS * COUTANT LINEAR PR UNITS

Model ASA2000. 240V.AC Input to
5V 20A Output £35 inc. VAT
Model ASC300/25. 240V input to
24V Output £20 inc. VAT
{Carriage +£4 and £2 respectively)

* COMPUTER PERIPHERN!S »

1.6MB 8” FLOPPY DISC DRIVES -
New Stock

BRAND-NEW AT SURPLUS PRICE, Fully Shugart compatible
‘MFE CORORATION' Model M-700 DOUBLE SIDED industry
standard 8" Floppy disc drives. Doubie-density up to
16MBytes. Power requirements *+5V and +24V @
1.1A.240V50Hz. LOWEST PRICE EVER - £160 inc. VAT,
CARRIAGE & HANDBODOK.

* DRE 4000A DISC DRIVES *

Data Recording Equipment Model 4000A. 5+5MB
Top-loading disc drives in stock. Brand new includ-
ing full technical manual. Few remaining £250 each +

VAT.

SHUGART 8" Flexible disc drives model SA800. Con-
dition as new £150 + VAT. (including postage and
handbook copy).

* MULTI-RAIL LINEAR PSU's *

Recent stock of brand new COUTANT ESM-Series
Power Supplies at surplus prices. Model ESM16.2
giving regulated, stabilised DC outputs 5V @ 15A
and +12Vto *+ 15V @ 1.5A each and an un-stabilised
24V @ 2A. 240V AC input. Measures 5xBx 11", Fully
enclosed. In original cartons with handbooks. £45
each + VAT {p&p £2).

* S "ITCH-MODE POWER SUPPLIES *»
Fully tested and guaranteed PSU's now at LOWEST EVER
PRICES. Manufactured by FARNELL, GOULD/ADVANCE.
W%mamps 5 £18 . 12V16A(110Vin) ... e
SV@20amps ...

L V@60amps..........
19V @ 15amps .. £3% 12V@15amps........... fa0

All prices now include VAT, packing and posting.
* CENTRIFUGAL BLOWERS »

TORIN’ Type U62B1. 230V Cap'Start (supptied}, very
powerful {200W, 3,000 rpm) centrifugal fans for farge

| _NEW. £60 inc VAT and carriage.

rack cooling or enclosure extraction applications.

* MAINS STABILISERS *
ADVANCE MT140A 230V 150W £20 + VAT (pp
£2). GOULD TCVN 220V 1500W £35 + VAT {pp

£5). CETRONIC REGUVOLT 220V 3KW £350 +
VAT. G.E. 220V 50Hz. input — 110V 60Hz Output
£350 + VAT.

LABGEAR COLOURMATCH CM6004PG.

UHF television pattern generators giving

cross-hatch, dot and grey scale patterns.

Fully tested and guaranteed. NOW JUST

£20 inc VAT & pép.

LABGEAR COLDURMATCH CM6010RG Gated Rainbow coiour
patiem generators. Cross-hatch/dot & gated rainbow {RGB)
colous barpatterns. g fB5inc

% SWEEPERS *
TELONIC 2003 System. 800-1500MH: £325
TELONIC S| with 500-900MHz piug-in £175
KNIGHT KG-687 3-220MHz £150

Overall dimensions 20xX12 cms, outlet 6x4 cms.

% % ESCAP DC MWTORS * * gR:oND NEW. Surplus stock. £15 each inc. VAT, p&p
Precision Swi de 6V.0C motors (iron-I
rotor) with 70:1 reduction gearbox giving a final
drive speed of 16rpm @ 6V. Measures 2.5cmax
4 cms long. Price inc VAT and cariage £5.

(Ex testod &

* INSTRUMENT COOLING FANS *

Recent stock of BRANO NEW 5-bladed axial ¢
cooling fans measuring 32 x 3%2 x 1*
*

UNAOHM £0684 PAL Colour-bar & pattem gen. ...
KORTING 82512 PAL/NTSC Colour & pattem gen.

Mail Order customers please add £250 postage each item. condfiogedydiersinecasse i ol

PLEASE NOTE All the pre-owned equiJ;mem shown has been carefully tested in our workshop and
in firstclass operational condibon and most items camy 8 three

months’ guarantee. For our mail order customers wa have a monay-back scheme. Repairs and servicing to alt

equipment at very reasonable rates. PLEASE ADD 15% VAT T0 AlL PRICES. EGUIPMENT WANTED.

{stimling fans).
30 %

*

230V AC 10 watts
NSVAC 13watts.. ... £5.50 5
1svalaxalaxiley 500 5
*

Now including VAT (p&p 50pl.

to supply the fine
range of test &
measurement

13a Station Road
Cullercoats - North Shields
Tyne & Wear - NE30 4PQ

Telephone 091 2514363

TRANSISTORS - RESISTORS - CAPACITORS -
DIODES - LED'S - SCR'S - ICS - VOLTAGE
REGULATORS - DISPLAYS - AUDIO & EDGE
CONNECTORS - VERO/PCB'S - INSTRUMENT
CASES & BOXES - POWER AMPLIFIERS &
MODULES - MICROPHONES & STANDS.

WRITE OR PHONE FOR FREE PRICE LIST.

FREE 44 PAGE
PRICED AND
ILLUSTRATED
CATALOGUE ON
REQUEST

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

BRITAINS FOREMOST QUAL{TY COMPONENT SUPPLIERS

BUTTON TYPE BATTERIES 1.5V For
watches, cameras etc. 4 types any mix
£1.50. AG13-1158 dia x 54mm. AG12-118
dia X 42mm. LR41-85 dia X 3.5mm.
AG10-1158 dia x 3mm. Any 8 for £250.
MAINS TRANSFORMERS 240V pri. Sec.
24V cft gives 0.2A d.c. at 12V £1.00 each.
Sec. 115V at tAmp £3.70 each. Sec. 20V-0-
20V gives 0.8A d.c. at 20V £290 each.
ELECTRET MIC. INSERTS Only 9mm dia
X bmm very sensitive with integral amp.
Requires normal 1.5V £1.10 each, or 6 for
£5.00.
SOLDERING IRON 12V 10W. Fine bit in-
dispensible for the smaller jobs but
enough heat for the average P.C.B. £3.50.
Please add 80p P&P per order
Many other items for callers.
Goods normally sent by retum
CROYDON DISCOUNT ELECTRONICS
40 Lower -Addiscombe Rd.,
Croydon CRO BAA

SPEED CONTROL KiIT
~ FOR MINI-DRILLS

controi unit in smart box with

room for transformer. The only

connections to make are 2

wires to a suitable transformer.

The control unit will handle 2A

continuous, 3A intermittent. £4.50

Suitable transformer for above, 15V, 1A continuous,
15 intermittent, for smaller type drill. £290. Brand
new stock. The compiete controller is advertised by
major manufacturer for over £20!

RESISTOR FLES In box containing 73 pkts of 10
each 5% 1/4 W carbon film resistors. Continuous
E12 range, from 10 Ohm to 10 M Qhm. £8.50

D.C. RELAYS P.C.B. MOUNTING 21X 18x 16mm, 1A
contacts 2 pole c/o 3V 27R or 9V 170R or 12V 300R
£1.60 each, any 4 for £5.00.

AA-HP? size NI-CADS Pack of 4 £1.50
Ex-equpment but tested & guaranteed. 4 packs £5.

PRECISION THERMISTORS Glass encapsulated. 6
types, any mix for £2.50. Resistance at 20 degrees C.
5MQ, IMO, 300K, 200K, 100K & 1KO.

Practical Electronics July 1985



| MARCO TRADING

! MIN.D CONNECTORS SOLDERING AIDS TELECOM EQUIP SERVICE AIDS  TRANSISTORS 74LS
PPel ALL SERVISOL AC128 0.30 LS00

o

9 15 25 37 |AntexISWiron 5.00 [ BT Plug & 3M lead 38
PLUGS  way way way way | amex J8Wiron 390 | BT MASTER SOCKET 285 JTIIINES AU A 228 [ "o
Solder Lug  52p 65p 88p £1.45 | Antex Elements 2.00 | BT Sec Skt 1.95 | Switch F(Ileaner 098 010 026 LSo2  28p
Right Angle 89p £1.34£1.98 £3.48 | Antex Bits 095 | BT d-core cable 1M 0 15 | Circuit Freezer L 1 026) LS03 28
| Antex stands 190 100M 12.00 Foam Cleanser 096 0.10 . p
[ | SOCKETS Desolder Tdol 450 (A;"‘ K)e)ne Sikcone Greals;z 3.10 gg: LS03 32p
Solder Lug 78p 98p £1.33 £248 | Spare nozzle 0.65 ez 12 b 08 28
F Right Angle £1.1BE1.786270 £4.15 | 20W Kitiron with 134 plug & N 0TS S Soray ','g 009 0,50 téog g
staud ONLY 7.20 } g 25w Carbon-Log & Lin | ot sea 0.09 aes i
) COVERS  95p %p 98 £100  jrmryvrryyerem 1K-2M2 ach 0.32 | Eotieihe, g 2 e 15| Lsio 28
: uL 4 LS11 28,
E RESISTOR KITS Universal charger to chavFe PP3, | An 10[1)022 88 \5’332 HMe:;‘(éI‘z?ner g: 0.09 0.90 LS12 25p
Vaw Pack 10 each value E12 10R-TM e s d s Eri ol 0.0 00| Ls13 33::
Total: 610 resistors ONLY 4.80 IR0 VEROBOARD VUUAL‘E 0.15 0.52 LS14 58,
. . p
J VaW Pack § each value E12 10R.1M 1663 45, 0 [ 212 % 3% 085 REGULATO e 048] Lsis 2sp
k otal: resistors ' % i x5 . . -
HPIl L . 0.30 LS20 28p.
16W Pack 10 each vaiue E12 2R2-2M2 215 x 17 307 032 o2l sz 2mp
i Total: 730 resistors ONLY 5.25 Fuseholders 3% x 17 1.05 032 060| S22 28p
} 1%W Pack § each value E12 2R2-2M2  fikihad g 3Yax5 115 032 060 |S30 30
Total: 365 resistors ~ ONLY 3,50 | 20mm Panel Mounting 3% x 17 4.10 0.32 0.88 2
L iy 20mm Chassis Mounting .06 | 434 % 17% 495 ‘08 0.40 LS32 28p
50v Ceramic Kit 5 each value 1Yain Panel Mounting . v a v LS37 23
u 125 Per Kit £3.50 } 114in Chassis Mounting Pkt of 100 pins 0.30 0.10 0.45 P
1 Carline 1'/4in Mounting 030 | Spt face cutter 148 0.10 0.68 LS74 38p
PRE-SETS Pin insert tool 1.85 | 7805 0.10  25C1173Y 0.82| LS122 70p
FUSES Vero Wiring Pen & Spool (s UGS & OCKFTS 0.20  2SC1306 092 5138 45p
Vert + Horiz 100R to 1M 10p, 100 for | QB 20mm 100mA to 6.3A: 6p each, 100 L 0.20  25C1307 0401 15939 68p
i { £6.50 for £350. Slow Blow 20mm 100mA'to | Dip Board 385 etal Go-ax Plug 0.26  2SC1957 0.76
ip Boa Plastic Co.ax PIo o3| Lsis1 780
200mA: 20p, 100 for £15.00. 20mA to Vero Strip 1.25 | Sngi Jincion L T—. 028 25C2028 . o185 60
CERAMIC CAPACITORS 800mA: 12p, 100 for £7.50. 1A to 6.3A: hon 0.30  2SC2 2.10 L P
10p, 100 for £5.00. PLASTIC BOXES Fmggs 22” 5 25C2078 1.05 LS157 45p
All 50V, 1p to 10 nf 4p each, 100 for ; . 25C2166 1.20 LS158 58
£2.75 . i LELs I3Ix2x1” 0.35 fam nPIasnc Mono ng ﬂ . 35K8s 0.65 LS160 60'(;
T H L ves M I8 s et (S 70p
i gl my 4x3x 1% 083 X
1 e — S 1o sach T0or El000 | 8 4 x 2V 115 | 3 Chaan Socker 1 DIODES LS162  72p
! Tlnlned + Enameiled Copper Wirtlz. 20z 'Pﬂgs?ﬁcf::e et e 812 x5 x 3" 2.15 gsp'ﬁ,“\/‘if:ﬁ‘gnﬁ"é*g‘sm m%& X mrg 0.1§ L§163 18092
' reels: 14 to 30 swg £1.00 per reel. . Colour Black, alt "-1 A . 2 0.1 LS166 A
i ZENER DIODE SPECIAL OFFER boxes with lids and screws. %ucke{"" Mo 020 mﬁggg Qﬁrgg g;ﬁ LS170  1.75
: The complete set of three strip-fix 7 % pin (Aln Mona Chassis | IN4OOT ¢ BY126 012 LS244 1.00
= plastic signs, containing over two 9v 300MA 3 Pin % 315 v 3 LS245 2.00
£6.00, T watt 23 10 Z00v: V6 cach, | hrentaol it | Power Supply €275 |imnaiemessdn__ 48| NGRS 0% BWZ Q10| sz 7
100 for £12.50 etc: Three for £3.75. This is a fraction of our vast range of components. See our catalogue. IN5400 b BY184 0.40 LS393 1.15
ORDERING. All components are brand new and to full specification. Please add 50p £ 1985 CATALOGUE MARCO TRAD'NG (DEPT PE7)
ostage/packing {unless otherwise specified to all orders then add 15% VAT to MARCO
:’he lolgal ‘E)ilhev sgend cheque/cash/posla‘ljorder or send/tetephone your Access or \ 85 Ourlcu"em 1234288% The Malt'ngs
Visa nunther. Official orders from schools, universities, colleges, etc, most | ::ltlay ?"g:;rg‘!’:é Send“ems High Street &
] . (D 1 fi t d f 1985 catal, - ly 65| d ics 3 .
o e s Sralinich e TSN genino| Browio ol S Wem, Shropshire SY4 SEN
NEW RETAIL 1,000 sq. ft. shop now open. Mon-Fri 9.00-5.00, Sat 9.00-12.00 Catalog® {ores Tel: 0939 32763 Telex: 35565

Master
Eleclronics - Microprocessors

1/ PRICELCD DMM
WITH GARRY CASE
EXCLUSIV Iy |

M 3'2 DIGIT I 26 RANGE

I AUTO ZERO W AUTO POLARITY

' B AC/DC 10 AMPS I TEST LEADS,
CARRY CASE, BATTERY & INSTRUCTIONS

‘ Sranges AC/DC volts 5 ranges AC/DC current

g 6 ranges Resistance to 20 meg ohms
Size: 161 x 87 x 25mm

- Now! The Praclical Way'!

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

List price £71.39 and interesting way.

(UK C/P & ins. gsyp) @ Recognise and handle all

" %UE?IO ﬁLﬁCLTld?OﬂICS

gware Road, London, @. a1
2G5 794 ST 4 —— current electronic components
and ‘chips’.

: : @ Carry out full programme of
experimental work on electronic computer circuits
including modern digital technology.
@ Build an oscilloscope and master circuit diagram:
@ Testing and servicing radio — T.V. — hi-fi and all types of
electronic/computer/industrial equipment.
should never be without the FREE

2? 2 s
CRICKLEWOOD  ELECTRONICS  COM- NewJob? New Career? New HObbv s

PONENTS CATALOGUE, for sheer variety, SEND THIS COUPON NOW.
competitive prices and service fromthe UK.'s

¢ detivery

that there is a real difference at
Cricklewood Electronfcs. That's why you

n number one mo;/n component shop. 'Ns: mEE' COLOUR BROCHUEE  or ALEIRRE b
gimmicks, no gadgets or computers, ju: . :
components, millions of them, all easity avail- l Please send your brachure without any obligation to OR TELEX 22758 {24 HR SERVICE} CACC I
able by mail order, calling or credit card 1 nName Marnanteresteahe 1
(sleph)one on:ers. J:;tEEick up the p:mnesj:Er » . ] ELECTRONICS |
a pen) to get your copy now {no ADDRESS o -]
required). You have nothing to lose. 5 Py AT TS T = ZLCDFng’:SETEgiC;RSCENCE :
CRICKLEWOOD ELECTRONICS LTD. = — [—
40 Cricklewood Broadway NW2 n‘é T CITY & GUILDS EXAMS 1
01-450 0995 & 01-452 0161 Other Subjects . . . . .. 1
ALL MAJOR CREDIT CARDS ACCEPTED
Telex 914977 Phone or write today Immmawseog EO_BO_XZ’I\e_gr_urﬁuthPevm ’I_‘QMOHSI
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COMPUTER ICs LINEAR ICs
245 6852 240
495 Z80ACPU 199 .
6821 140 Z780ACTC 19 180
150 ZBOAPID 199 1.80
6.50
MEMORIES 9%
1%
me 30 2764 L¥. 450
an 320 6810 1.25
by}
SCRs 7
1060 28 BASIV 35 % 350
TICI06D 40 6A20OV 35 ICMBa3g 3.1 250
LF351 L) 135
CRYSTALS T 135
. 1.00 JLF3s6 8 185
Ity LM324 L) 205
18432 230 41%5M 180 LM33Z 85 n
{ IM33Z 120 %90
32768M 160 6144M 1.40 § 3mm red 9 LM139 4 120
i dmmgeeen 12 Smmgreen 12 JLM34B 55 198
Inm yellow 12 Smm yellow 12 JLM358 L) o
BT STYLE PHONE [JELI I w20 &
Rectangular, square, arrow or LM381 1.4 1.30
CONNECTORS triangular tfiat lace) iM382 1.10 45
Reg 15 Green 18 Yellow 18 JLM386 B8 70
s A Ekgﬁiﬂ Mpfs"EES Beoow 65 RashngLEDs  JIMIDS 395 130
X Tricolour Red 5 JiMuss  m 35
Secondary, 20m cable, line cord, e, 2 Red M2 190 ©
clips, etc. al you need o rewite ¥ gocjanguiar 45 Contruous 55 JIMI00 68 1.00
b slm?:ﬁons 950 IATILNY 85 MDC3020  1.10 JLM3909 8 50
aster {flush} 280 Lare 1.70  MOC3040  1.50 178 1.20
et race) s homiz s omEn 3 20 850
Master {mini surface) 300 S S (0 s s 249 y
Y OL704 3cc 75 4-Dig 187 cc 5
Secondary (flush) 200
FNO5005¢cc 85  DIRECT DAIVE
Secondary {surface) 200 FNOSOT.
Secondary {mini surface) o LRI L Display 1.00
Oval outlet adaptor 360
4-way line cord with plug to 400V TRIACS
spade terminals 175
Extension Leads: AR 4 8 2
Sman  smam im0 | B foled & A7 2 210 IN0ME
4-way line cord (per m) 20 2siby
Unapproved to BT connector 2.00 4218 @ E::c l:g REGULATORS
Plug-in Extension Ringer 6.00
et JBLO5I21S 30 78051215 S0
InCnsetmoniioot il SPECIAL OFFER T ]

Cable Clips (per 25) »
NOTE: 10C normally supplied,

CT1000K  Clock/Timer £14.90
CT1000KB* Clock/Timer + Box £17.40
XK101 Electronic Lock £11.50
XK102° 3-Note Door Chime £5.50
XK104 Solid State Switch £2.40
XK112 Mains Wiring Remote

Control £42.00
XK113 MW Radio £5:50

TD300K ¢  300W Touchdimmer £7.75
TS300K+  300W Touchswitch £7.75
LD300Kt  300W Lightdimmer £3.95
TOR300K 1 IR Remote Controlled
Lightdimmer £14.95
MK6* 1R Transmitter for
TDR300K and MK7 £4.50

TDE/K ¢ Touchdimmer extension £2.50
TSA300Kt Time Delay Touch

Switch {300W) £5.00
MK1 Thermostat £4.60
MK2 Solid State Relay £2.60
MK4 Proportional Tempera-

ture Controller £6.50
MKS Mains Timer (1KW) £4.50
MK? Single Channel Infra

Red Receiver {240V)  £10.50
MK16 Mains Powered IR

Transmitter £3.50
MK17 Single Channel Infra

Red Receiver {12V) £10.50
* Includes box. t Includes front panel.
All kits include PCBs, components and
assembly instructions.
For further details send S. A €.

DL 1000K This value-for-money 4-way
chaser features bi-directional sequence
and dimming. tkW per channel. £15.95
DLZ1000K - Alower cost uni-directional
version of the above. Zero switching to
reduce mterference. £8.95
Optional opto input allowing audio ‘beat’/
light response (DLA/Y) 70p
DL3000K -- 3-channel sound to light kit
features zero voltage switching. auto-
matic level controt and built-in micro-
phone. 1kW per channel £12.95

27128 EPROM £7.50

FOR FREE 28pPaGE
CATALOGUE SEND 9x6 SAE TODAY!
TELEPHONE ORDERS =)

N ACCESSSBARCLAY CARD midie

RING 01-567 8910 (24HRS)
FIVE SIX SEVEN EIGHT NINE TEN

Variable LM723 40
LM338K(5A)5.50
LM317T .3

MICROPROCESSOR
TIMER KIT,

Designed to con
trol 4 outputs
independently
switching on and
off at preset times
over a 7-day
cycle. LED _dis
play of ume and day, easily programmed
via 20-way keyboard. Ideal for central
heating control  (including different
switching times for weekends|. Battery
back-up circuit. Includes box

JBtime setungs

CT6000K £39.00
XK 114. Relay Kit for CT6000
includes PCB. connectors and
one relay. Will accept up to 4
relays. 3A/240V c/o contacts £3.90
701 115 Additional Relays £1.65

These kits are ]
designed to e
replace a stan L{
dard wall switch

to control up 10

300w of hghting - T

TDR300K Remote Controlied

Light Dimmer £14.95
MK6& Transmstter tor

above £4.50
TD300K Touch Dimmer £7.75
¥S300K Touch Switch £7.75
TDE/K 2 way extension

for above kits £2.50
LD300K Rotary controlled

Light Dimmer £3.95

11 13 BOSTON

LONDON W7 3SJ

Tel Diders 01567 8910
ENDUIRIES D1 579 9794

Shop Haurs Mon i Sam
Sat 10am dom

ORDERING INFORMATION: ALL PRICES EX-
CLUDE VAT. FREE PBP on orders over £20 {UK
(A1 3 only) otherwise add 75p.» VAT. Overseas PaP. Europe
£2.75. Eisewhere £6.50 Sne cheque/PO/Barclaycard/
Access No. with order. Giro No. 529314002

LOCAL AUTHORITY AND EXPORT DRDEj

[ WELCOME. GODOS BY RETURN SUBJECT TO
AVAILABIITY.

INCLUDING VAT & CASE PLUS £2.75P & P

For a special offer price of only £29.95 we’re offering you this super
Quaser Cassette Deck Kit. Including tape transport mechanism,n,
ready punched and back printed quality circuit board and all elect-
ronic parts i.e. semi-conducters, resistors, capacitors, hardware, top
cover, printed scale, mains transformer and a self assembly simulated
wood cabinet. You only supply solder and hook-up wire,

SPECIFICATIONS:
Case size 285x260x90mm approx. Mechanism with automatic stop
and tape counter with reset button. Tape Speed: 4,76¢cm/sec {1 7/8
infsec). Wow & Flutter: Typically 0.1%. Drive Motor: 12V d.c. with
electrical governor. Play Torque: 40-75g/cm (DYNAMIC). Rewind
& Fast Forward Torque: 60-140g/cm (STATIC). Rewind & Forward
Time: Less than 100 sec. for C60 tapes. Bias/Erase Oscillator,
Externally variable, frequency 60-100kHz. Output: (Adjustable} Up
to 1 volt r.m.s. Mic. Sensitivity: 1TmV @ 47k, DIN Sensitivity: 30m
V @ 47k. Frequency Response; 30Hz-12.4kHz (—3dB). Signal to
Noise Ratio. Noise reduction OF F-50dB. Noise reduction H.F.
-56dB Noise reduction FLAT-70dB Cross Talk: Typically-50dB.

CALLERS WELCOME: 323 EDGWARE RD., LONDON W2,
— Oopen 6 davs a week 9.00 — 5.30,
21 HIGH ST., ACTON LONDON W3 6NG
Tel: 01-992 8430 — Open 6 days a week 9.30 - 5.30
% day closing Wednesdays
To: RT-VC, 21B High St., Acton, London W3 6NG

| Kitss |

|
i
l One deck kit costs £29.95 plus £2.75 p&p (£32.70)
|
|
i

Please send me L

I enclose PO/Cheque No . . ... ... Vallie gt g e
INETNES ¢ o lemtnimna oo ¢ HEE oL B TR A ) R A
A eSS e o R . St r N e
I Access ‘phone orders 01-992 8430
| To: RT-VC, 21B High Street, Acton, London W3 6NG l
I +Please allow 14 working days for delivery. l
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UK LOSING GROUND

"WE ARE rapidly losing ground to
our competitors in education
generally, in technical education
specifically’”. The words of the Chair-
man of STC to the Parliamentary infor-
mation Technology Committee. With
\/irtuany the whole of the UK elec-
ronigs industry now -needing qualified
engineers, it does seem that the
educational system is failing the em-
ployers. Fortunately schemes are being
set up, in some cases with industry
funding, to overcome these deficien-
cies. However we still appear to have
some way to go before our educational
system convinces our children (of both
sexes) that engineering is more impor-
tant and of higher standing socially,
than the arts. Do we find it odd that
art colleges still exist when we have
no software colleges or IT colleges
etc., outside of those funded by the
industry?

The AEB ‘O’ level electronics course,
based on a systems approach, which
requires the student to build a project
as part of the examination, claims less
than 6,000 examinees this year. This
course is thée only true GCE ‘O’ level
electronics course with .more than a
few hundred participants, and while.it
is growing each year the number still
seems very small for such a large
potential area of employment. it seems
to us rather sad that such an in-
teresting and rewarding 'O° level

course can claim so few students when
there are over 800,000 students of
suitable age in the UK.

Our sister publication, Everyday
Electronics, which caters for the
“learning”’ end of the hobby seils more
than 35,500 copies every month and,
together with PE, could be said to be
doing more for the industry than our
educational system.

TWENTY YEARS OF
STAGNATION

When | was at school—now more
than twenty years ago—the electronics
club and Ohms law in physics were the
nearest we got to learning “elec-
tronics”’. It is a sad indictment of the
system that for many students the
situation has not changed in those
twenty years, unless of course you
know better? We would be very in-
terested to hear from both students
and teachers on just what is, or is not,
going on in schools around the country
as far as electtonics is concerned. We
would also like to hear any views you
have on where the problems lie or even
if you think everything is just finel Let
us hear from you so that we can ex-
pand on the above.

-

BACK NUMBERS and BINDERS . . .

tronics),

overseas

Practical Electronics July 1985

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

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

Inland/Overseas

including

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

Advertisement Manager
David Tilleard 01-261 6676

Secretary
Christine Pocknell 01-261 6676

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

Classified Ads
Mandy Morton 01-261 5846

Quéries and letters.concerning
advertisements to:

Practical Electronics Advertisements,
King's Reach Tower,

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

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

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

Old Projects

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

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

Westover House,

West Quay Road, Poole,

Dorset BH15 1JG

SUBSCRIPTIONS

Copies of Practical Electronics are available
by post, inland for £13, overseas for £15
per 12 issues, from: Practical Electronics,
Subscription Department, IPC Magazines
Ltd:;, Room 2816, Kinhg's Reach Tower,
Stamford Street, London SE1 9LS. Che-
ques, postal orders and international money
orders should be made payable to IPC
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 answered over the telephone.
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Items mentioned are available
through normal retail outlets,
unless otherwise specified.
Prices correct at time of going
to press.
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recorder is the wiser buy.

The MC3810 from Waltham Electronics
of Munich has already established itself in
its home market. As a purpose-designed
data recorder the unit has a precision tape

drive with a transfer rate of 1,200 baud.
Motor control is from the computer, level
control and switch off are automatic.
“Ready”, "Save”,'“Load” and “Control”
modes are displayed by a series of indicator
lamps on the front panel. This unit is com
patible (via interface cable} with the follow-
ing micros: CBM64, VIC20, Atari 600/800,
Spectrum, Spectrum plus, BBC, Electron,
Sanyo Laser and MSX. An additional power
supply unit is required for all but the Com-
modore machine. The read/write head is
ajdustable from the outside of the machine,
which also features an oil-damped eject
mechanism with tape counter. A monitor
socket is sited on the front panel. Prices are
as follows: Recorder unit £25.95; Power
Supply £5.70; Interface Cables £3.99
{prices include VAT). Further details from

Mitsubishi (Tokyo} has developed what is
believed to be the world's first
maintenance-free UPS (Uninterruptable
Power Supply). The machine will maintain a
power supply if the regular supply suffers

§ 'drop-outs’ or voltage ‘dips’. The system is

designed to continue to provide power to
computers or controllers of factory automa-
tion equipment and FMS (Flexible
Manufacturing Systems}.

A conventional UPS uses storage bat-
=

Twillstar Computers Ltd., 17 Regina Road,
Southall, Middx. UB2 5PL (01-574 5271).

The second unit featured here is the
Binatone data recorder, once again a
purpose-designed unit with optimised
“Load’’/"'Save’ circuitry. The model
01/6560 is plug compatible wih the
CBM64 and the VIC20. The model
01/6565, on the other hand, is compatible
with a much wider range of machines,
namely: BBC, Electron, Dragon, Spectrum,
Spectrum plus and the MSX machines. This
model features output level control and a
monitor socket. Both models feature a
‘pause’ button and a soft eject mechanism.

The 01/6565 costs £29.95 and the
01/6560 £34.95 (prices include VAT}.
From Binatone International Ltd., Binatone
House, 1 Beresford Avenue, Wembley,
Middx. HAO 1YX (01-903 5211).

IMAINTENANCE-FREE UPS

teries whereas the new system employs a
high-speed flywheel and a power generator
hermetically sealed in a vacuum chamber.

The flywheel rotates at around 30,000
r.p.m. on utility power, when the supply is
cut its inertia will provide 5kVA of power
for up to one minute. High magnetic induc-
tion is achieved by using a rare earth
magnet—eliminating the need for brushes.
This gives the equipment a maintenance-
free life of up to 10 years.

A load off our minds THATS HAN)

T e problems encountered by micro users when loading programs via

rdmaw cassette machines are by now legendary. Advice like ‘turn up
the volume’ and ‘is the head clean?’ often only serve to further aggravate
the frustrated user. Cheap High Street audio units may initially look like
good value but perhaps, in the long run, a purpose-built cassette data

The availability of a very handy, 3} digit
multimeter has been announced by SSI Litd.
The 528T has a built-in transistor tester and
measures just 115 X 65 X 24mm. Automatic
zero and polarity adjustment are featured
along with overload circuit protection.

Ranges are as follows: Voltage a.c.
0-500V; Voltage d.c. 0-1kV; Current d.c.
0-200mA; Ohms 0-2kQ2; Transistor hFE
(forward current gain) 0—1000-pnp/npn.

Housed in a convenient ‘book-like’ case
with manual, battery, leads and spare fuse, the
528T costs £37.15 inc VAT and p&p. From,
Semiconductor Supplies International Ltd.,
Dawson House, 128/130 Carshalton Road,
Sutton, Surrey SM1 4RS (01-643 1126).

BROCHURE

Saxon Entertainments, the disco and PA
equipment manufacturer, has introduced a
new brochure. The product range can be split
into four main categories; disco console and
loudspeakers, amplifiers (including slave and
PA units), lighting equipment and accessories.
A custom-building service is also available.

The company are the only disco equipment
manufacturers to obtain GLC safety approval.
In the twelve years since Saxon began trading
they have developed a good reputation for
quality and fair prices. All their products
carry a two year warranty.

The free brochure can be obtalned from
Saxon Entertainments, 327/333 Whitehorse
Road, West Croydon, CRO 2HS (01-684
8007). Please enclose SAE.
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Crofton’s
Bonanza

The very latest from Crofton Electronics is
the imminent re-introduction of the PM-
101, nine-inch monitor. This popular, metal
cased monochrome unit was originally dis-
continued when the market trend swayed
in favour of 12 inch units. Such trends,
however, have a habit of reversing them-
selves and once again the nine-inch
monitor is in demand. The PM-101 is
available with a green or B/W screen and
costs £82.80 inc. VAT and p&p.

b

A

For those who think that monitors are
only useful as computer VDU's, then think
again. The above monitor would make an
ideal companion for the Ikegami one-inch
vidicon camera when used as a simple
Closed Circuit Television {CCTV) system.
Why the Ikegami one-inch? Simply because
this camera is presently on offer from Crof-
ton. These cameras are refurbished units
and are guaranteed for 12 months. They re-
quire a 240V mains supply and have a one-
volt composite video output. Their low price
would facilitate the construction of a very
cheap CCTV system when used with the
PM-101 monitor. The lkegami one-inch
vidicon camera (with a 16mm iens) costs
£69.00 inc. VAT and p&p.

Both the above mentioned items have in-
deed been brought together as a complete
CCTV package which includes a camera to
monitor connacting lead and even a mains
plug. This package along with ‘many more
D1Y security kits will be featured in our
special DIY Intruder Alarms—Buyers Guide
in the September issue of PE.

For the moment, however, more informa-
tion can be obtained from, Crofton Elec-
tronics, 35 Grosvenor Road, Twickenham,
Middx. TW1 4AD (01-891 1923).

1S YOUR VIDEOSAFE? |

A useful anti-theft device is the latest VHS
video accessory from Thorn EMI Ferguson.
The “Videosafe” is shaped like a conven-
tional video cassette but when armed and
placed in a VHS video recorder it will emit a
98 decibel audible alarm if the machine is
moved or an attempt is made to efect the
device.

The unit is activated by simply locking it
with the key supplied and a 15 second
delay allows time for loading into the video
recorder before it is armed. When de-
activating, the eject mechanism brings the
device to the eject flap where it is then un-
locked with the key which turns off the
alarm and releases the unit from the
recorder. Videosafe costs around £25 and

is available in the High Street.

Because Ferguson do not manufacture a
Beta format machine they have not
developed a Beta version of this idea—now
there's an opportunity!

ROBOTICS

A construction kit which could be very useful
Jfor experiments with robotics will shortly be
available from Magenta Electronics Ltd. The
kit is for the Stepper Motor Interface which
will be described in our sister publication
Everyday Electronics (August '85 issue).
Magenta also supply a very useful motor-
gearbox assembly, the Fischertechnik robotics
kits (with Spectrum and BBC interfaces) and
a general range of well over 100 kits for
published projects.

The range includes such items as: an In-
sulation Tester, a Computer Cassette Load
Simplifier, Spectrum and Amstrad amplifiers,
BBC Storage Scope Interface, Digital Mul-
timeter, Mains Cable Detector, Ultrasonic
Burglar Alarm, Quasi Stereo Adaptor, Ioniser
and many other projects for the home-owner,
musician, motorist and photographer etc.

A complete catalogue with price list is
available for £1 in stamps or the price list can
be obtained free by sending a 9 x 4 stamped
self-addressed envelope. From Magenta (mail
order only), 135 Hunter Street, Burton-on-
Trent, Staffs DEI14 2ST (0283 65435).

DRILLSPEED
GONTROLKI

If you are constantly having trouble with stop-
ping your mini-drill going “walkabout” on
your printed circuit board due to excessive
speed of the chuck, then we can recommend
the latest Speed Control Kit for Mini-Drills
from Croydon Discount Electronics.

The speed controller is specially designed
for the small mini-drills that are so useful for
delicate p.c.b. work and only requires the con-
nection of two wires to a suitable transformer.
The control unit is claimed to be able to
handle 2A continuously or 3A intermittently.

The unit is built in a strong plastic case
which also has space to take a suitable
transformer. The front panel acts as the
mounting plate for the control potentiometer,
l.e.d., fuse, p.c.b. and drill input socket.

For the smaller type of drill, a suitable
transformer rated at 15V 1A continuous,
1-5A intermittent is available from Croydon
Discount for the sum of £2.90 plus 80p
postage and packing.

It is usual for this type of controller to be
advertised at the asking price of anything bet-
ween £10 to £20 and over, but the price for
the Mini-Drill Speed Control Unit kit is just
£4.50 plus 80p postage and packing.

If the kit and transformer are ordered
together it will only be necessary to include
one remittance for postage and packing. For
more details readers should contact Croydon
Discount Electronics, 40 Lower Addiscombe
Road, Croydon, CRO 6AA (01-688 2950).
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DISPLAY DUD

Two dedicated 12" monochome monitors
have been introduced by Ferguson. They
differ only in the colour of the screen
phosphor. The MMO2 {Green) and the
MMO6 {Amber) are both fitted with anti-
glare face plates.

A dynamic-focus feature allows sharp
focusing of all characters and maintains
spot size consistency across the whole
screen. A comprehensive range of sync in-
puts gives a high degree of user flexibility.
Both linear and TTL inputs are acceptable
and a shaded display can be produced with
a linear input. Fast line flyback makes it
possible to display up to 100 characters per
row (25 rows). Available from good com-
puter outlets at around £80.

Briefiy...

From Japan comes the news that multi-layer
p.c.b.s for hybrid circuits are being produced
with capacitors, resistors and other compo-
nents actually within the layers. The 10 to 15
layer boards are made in such a way as to
coat each layer with an electroconductive or
insulating paste material that functions as a
capacitor or resistor.

~

A unique new £1}M historical/tourist adventure entitled ‘Wheels’'— Live the
Legend of the Motor Car, was officially opened this week (June 5) by HRH Prince
of Wales, at the National Motor Museum, Beaulieu.

Visitors are transported in pods through
a series of twenty individual display areas,
each of which concentrates on a separate
“theme” from the history of motoring in
Britain, including robotic car manufacture
to lunar space vehicles.

Sound

Four basic sound systems are used in the
“voyage". The first is the commentary given
individually in each pod. This equipment
was designed by Electrosonic of Greenwich
and the ES1320 Digital Sound Store cap-
tures any conventional recorded sound in
digital form in non-volatile EPROM.

Background music originates from 16-
track tape machines working in tandem.
Special sound effects emanate from
Mackenzie message repeaters and digital
sound stores.

In the event of an emergency, a sound
system with battery back-up has been in-
stalled to give evacuation instructions.

Video

All the required film to be used
throughout the ride has been transferred to
laser disc, with the appropriate sections
transferred by Philips Laser disc players to
the appropriate TV monitors.

POINTS
ARISING...

RUGBY CLOCK

AprillMay 85

The following points have been brought to
our attention regarding this project.

The four i.c.s IC4—IC7 should be 4015's
and not 4008's as published.

For maintenance purposes the Rugby
transmission is shut down for four hours
on the first Tuesday of each month. Addi-
tionally there is a two week annual main-
tenance period which this year was May
23rd to June 10th.

For further information contact: The

National Physical Laboratory, Queens
Road, Teddington, Middx. TW11 OLW.

SIGNAL GENERATOR

February ‘85

When the sig/gen is used with power sup-
ply voltages greater than about 10V, the
comparator trip point of 1C3 requires that
either the reference zener diode D5 is
changed to approximately half the PSU
voltage (e.g. 6V2 for a 12V PSU), or that
the voltage at IC3 pin 14 be restricted to
about 9V or 10V. For the latter insert a
resistor of around 4700 between IC3 pin
14 and the + ve line, with a 9V1 or 10V
zener between pin 14 and OV line, and a
22uF capacitor across this zener. Note that
the output frequency amplitude at [C3 pin 8
is at the level set by D5.

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

details to Mike Abbott.

The Computer Fair June 13-16. Earls Court K2
Networks June 25-27. Wembley Conf. Cntr. O

Cable July 9-11. Metropole, Brighton O
Video Software Sept. 1-3, Olympia G3

Personal Computer World Show Sept. 18-22. Olympia 2 M 0

Leeds Electronics Show Sept. 24-26. University E

Electron & BBC User Sept. 27-29. UMIST, Manchester L
Computer Graphics Oct. 16-18. Wembley Conf. Cntr. O

Cellular Communications Int. Nov. 5-7. Wembley Conf. Cntr. O
Electronic Publishing Nov. 5-7. Wembley Conf. Cntr. O

Compec Nov. 12-15. Olympia K2

Electron & BBC User Nov 14—17. New Horticultural Hall, London L
Computers In The City Nov. 19-21. Barbican Cntr. O

E Evan Steadman ¢ 0799 26699

G3  Link House Video ¢ 01-686 2599

K2  Reed Exhibitions, Surrey Ho., 1 Throwley Way, Sutton, Surrey.
L Database { 061-429 8157

M Montbuild £ 01-486 1951

Online ¢ 01-868 4466

g
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HE Memotech MTX500 and MTX512 computers have
Tfeatures which make them an attractive proposition for
anyone wishing to use a computer in control or measure-
ment applications. Two features of this type are the built-in
assembler and the user port which provides eight digital in-
puts and eight digital outputs. One obvious omission from
the specification is any form of analogue to digital converter
(ADC). Although these machines have two Atari/Com-
modore type joystick ports, they do not have a simple
resistance sensitive A to D converter of the type fitted to
Atari and Commodore computers.

It is not difficult to add an analogue to digital converter to
the MTX computers though, and a circuit of this type can be
added to either the user port or the expansion port. This
design is for an eight channel converter which connects to
the expansion port. Using the expansion port rather than the
user port has the advantage of leaving all 16 user port lines
free for use, and gives the computer a formidable interfacing
capability. Fitting the converter to the expansion bus rather

than the user port does not result in a significant increase in
its complexity, and the unit is in fact very simple.

7581 ADC

The simplicity of the circuit is facilitated by the use of a
sophisticated ADC, the 7581. Fig. 1 shows the block
diagram for this CMOS chip.

At the heart of this device is a fairly conventional suc-
cessive approximation converter. This compares the input
voltage with the output of an 8-bit DAC. Initially the eight in-
puts to this converter are set low, apart from the most
significant bit (bit 7). If the output voltage from the DAC is
greater than the input potential bit 7 is set low by the com-
parator, but if not it is left high. Then bit 6 is set high, and
this bit is reset by the comparator if the output potential of
the DAC is higher than the input voltage. Next bit 5 is set
high and the same basic procedure is repeated. In fact this
routine is repeated, in turn, for all 8 bits, until at the end of

m——
O
o—— |
ANALDGUE J O———1 1 T08
INPUTS o MUX
e
e—
O
8-8IT VOLTAGE
JEEE DAC COMPARATOR
TRISTATE 8 BY 8 ————]
DATA BUS | BUFFERS RAM ——_I
SUCCESS [VE
APPROXIMATION
REGISTER
~ " a
At‘)gsﬁg S Cfgg"*gl Fig. 1. Block diagram of the A to
" D Converter 7581
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Voltage Controlled Amplifier (dbx 2150A)

N the early 1960’s Dr. Robert Moog

proposed a new method of controlling audio
signals which was known as ‘voltage control’.
The concept was that all parameters of an
audio frequency signal should be controlled in
a linear way by applied voltages. Hence, the
frequency, amplitude, and spectral content
(tone, or timbre) of a signal could all be varied
independently by applying d.c., or even low
frequency a.c. signals to relevant points in the
circuitry. This apparently straightforward
principle was quite revolutionary at the time,
and led the way towards the first Moog syn-
thesiser, forerunner of most modern music
synthesns equipment. Voltage control tech-
niques did not stop with synthesisers,
however, as they proved ideal for other pur-
poses in audio reproduction. Specifically, the
Voltage Controlled Amplifier, or VCA, has
been an important ‘building block’ in audio
compressor/limiters, automatic gain systems,
recording studio mixing desks, and sound
reproduction equipment of all types.

Unfortunately, the VCA has achieved a
certain notoriety with audio engineers and
enthusiasts over the years. The design of a
wide ranging, low noise, low distortion voltage
controlled amplifier is an extremely
demanding exercise, and for many years the
results were either extraordinarily costly and
complex, or were severely lacking. in perfor-
mance; sometimes even both! With the advent
of ‘automated’ and computer controlled audio
mixing desks, the industry was ¢rying out for
a high quality, low cost, simple to use VCA. A
number of manufacturers have been providing
hybrid or modular VCA devices for a number
of years now, but at considerable cost.
Recently, however, the American audio com-
pany ‘dbx’ have produced an 8-pin monolithic
VCA integrated circuit which seems to answer
most audio requirements—it is smali, easy to
use, high quality, and inexpensive. That device
is known as the dbx 2150A, and is the
featured i.c. this month.

BASIC OPERATION

The dbx 2150A is a bipolar i.c. fitted into
an 8-pin single inline package. The pinout is
shown in Fig. 1, with the basic principle of
operation being shown in Fig. 3. The i.c. is a
current in/current out device. To produce a
varying input current from a varying signal

dbx 2150A
INPUT ) \
6C2 ;
GAIN SETTING
PINS oS
DISTORTION
ADJUST

-

Iset

ov

+Ve SUPPLY

OUTPUT

L

Fig. 1. Pin-out of the VCA

voltage an input resistor R; is used, the input
pin of the i.c. being effectively a virtual earth
point. The output of the i.c. is connected direc-
tly into the inverting input of an op-amp which
has a feedback resistor Ry This arrangement
converts the output current from the dbx i.c.
back into a voltage. The voltage applied to the
control input determines the gain or attenua-
tion of the circuit; with a control law of ap-
proximately 5-9 millivolts per dB change in
output level. The 2150A is an inverting device,
so when combined with the inverting action of
the op-amp, the overall result is no inversion
of the signal.

INPUTS AND OUTPUTS

The input to the i.c. must be a.c. coupled to
ensure that d.c. offsets from other circuitry are
not varied when altering the gain of the VCA.
The input pin must be loaded with a source
impedance of less than 20k at high frequencies
(above 100kHz) to maintain stability. This is
ensured by taking a resistor and capacitor to
0V; R2 and C2 in Fig. 7. At the recommended
biasing current (i.e. the current drawn from
pin 5) of 3mA, the maximum peak input
current should not exceed 1-5mA.

The op-amp must have a small capacitor
connected between its output and its inverting
input to ensure stability. This capacitor should
typicaily be in the range 47pF to 100pF. The
audio quality of the final circuit is largely
defined by the op-amp, so a BIFET type is
recommended (TLO71, + a TLO72, or + of a

R e e .. T e A S = |

TLO74), or for the highest quality systems, a
5534 or part of a 5532. At the recommended
biassing current of 3mA, the sum of the input
and the output currents should not exceed
1-78mA r.m.s. (The output current of the
VCA i.c. is equivalent to the output voltage of
the op-amp divided by its feedback resistor.)

CONTROL OF THE VCA

There are actually three gain control inputs
to the VCA: GC1, GC2, and Distortion Ad-
just. A positive voltage on pins 2 or 4 will give
gain, and a negative voltage will give attenua-
tion. A positive voltage on pin 3, on the other
hand, will give attentuation, and a negative
voltage will give gain. More than one of these
control inputs may be used simultaneously to
give combinational effects of control inputs.
Distortion can be adjusted, i.e. minimised, by
applying a voltage between pins 2 and 4. Pin 4
should normally be driven by an impedance of
50 ohms, and pins 2 and 3 preferable from a
very low impedance—less that 1 ohm. This
would normally require an op-amp to drive
directly into pin 2 or 3, but in Fig. 7 a higher
impedance arrangement has been used for
simplicity, albeit with a slight increase in dis-
tortion at higher levels.

In practice, it is normally GCI (pin 3)
which is used as the control input, with GC2
grounded, and the Distortion Adjust input
taken slightly above and below OV by a preset
and potential divider, to allow nulling out of
the distortion. The control law is between
—5.8mV/dB and —6-OmV/dB at pin 3. The
control law has a temperature coefficient of
+0:33% per degree centigrade; in other
words, at high temperatures, more control
voltage is necessary to get the same gain or at-
tenuation, and conversely if the control
voltage is held constant, then the amount of
gain, or the amount of attenuation, caused by
the VCA will be reduced as the temperature
rises. In practice, this effect is rarely a problem
at normal operating temperatures, but if wide
ambient temperatures are likely to be encoun-
tered and gain accuracy is important, then
some form of temperature variation of the
control voltage will be necessary to compen-
sate for this effect.

The range of control of the i.c. is from
—100dB to +40dB; a very considerable range
which is adequate for most practical audio
purposes except for variable high gainm am-
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- Minimum 4 Max
Characterist : 3 i
racteristic Notes Value Typically Value Units
Supply Voltage All spec’s measured at +12V +4.0 +12 +15.0 \
Bias Current, Iset Current drawn from pin 5 0 4.0 mA
Power Dissipation 330 mw
Temperature Range o) +65 °C
Total Signal Current Current into pin 1 + current out of pin 8 175 750 BA
Input Bias Current No signal {current measured into pin 1) 5 8-0 nA
Gain Linearity —60dB to +40dB gain +1 467 %
Output Noise Input and output 0dB gain -93 —88 dBu
(C.C.I.LR. Weighted) resistors = 20k +16dB gain 84 —82 dBu
Output Offset Inpuf and output LN +3-0 MY
Voltage resistors = 20k +15dB gain + +3.0 mV
+40dB gain +10 +15 mV
Gain Control Constant Over range —60dB to +40dB 5.8 5.9 6-0 mV/dB
gl panene Total signal 0dB-gain 0-015 0-03 %
Distortion (T.H.D.} Current je,
at 1kHz into pin 1 + out of +1 i
pin 8 = 180pA A1 5UE. e 0-05 0-07 %
Intermodulation Measured as:
Distortion,
10kHz and 12kHz 2kHz product level 0-01 Sy %
. X O,
mixed equally (10kHz signal level +12kHz signal level) 190%
Fig. 2. Specification
Rf plifiers such as microphone amplifiers. A .con-
rsa sty trol voltage of OV produces a gain of 0dB

. AUDIO
e o/P OUTPUT
1/P dbx2150A
CONTROL
ov
CONTROL

Fig. 3. Basic principle of operation

OuUTPUT
OFFSET
CURRENT

{MA)

tos \

=40 [¢] +40

GAIN(dB) ———=

Fig. 4. Effect of gain on output offset
current
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Fig. 5. Effect of gain on output noise
current

T.HO. INPUT RESISTOR
(" =20k

0.05
3
0.01
-20 0 +20
INPUT LEVEL(dBu)—"

Fig. 6. Distortion vs. input level for
different gains (worst case)

(unity, or xI gain) with a tolerance of +1dB.

When very rapid gain changes are made to
occur in the i.c., a small transient d.c. offset
may be produced at the VCA output. This is
due to bias shifts within the VCA, and may be
significantly reduced by connecting a 10k
resistor between pins 3 and 5—R6 in Fig. 7,
for example. Fig. 4 shows the effect of gain on
the output offset current.

USING THE i.c.

As with all audio circuitry, there are
tradeoffs and compromises to be made, es-
pecially between distortion and noise. 10k
input and op-amp feedback resistors will
produce the best noise performance; typically
—99.5dBu with a 5534A op-amp as opposed
to —94.5dBu when using 20k resistors.
However, headroom and distortion are wor-
sened. With 10k resistors, the maximum input
level before clipping is extrentely variable from
one i.c. to the next, and is typically between
+15.5dBu and +17.5dBu. The distortion
prior to the onset of clipping varies from
around 0-01% THD to 0-04% THD at 1kHz.
With 20k resistors, the maximum level is
higher than +19-5dBu, and the distortion just
below clipping is almost exactly half that ob-
tained with 10k resistors. (These figures are
taken after distortion has been nulled out with
the distortion adjust preset.) Fig. 5 shows the




effect of different gains on the output noise
current, and Fig. 6 shows the effect of dif-
ferent input levels and gains on distortion. In
practice, the noise is sufficiently low that in
most systems 20k or 22k resistors are the op-
timum choice.

The distortion adjust preset can only be set
correctly by using a distortion measuring in-
strument or spectrum analyser. The distortion
is worst at low or mid frequencies, so setting
the preset for minimum total harmonic distor-
tion at 1kHz is quite adequate.

Fig. 7 shows a simple circuit for use in
general purpose uncritical applications. R7
and R8, with RS, scale the control input to
“give a contro! law of 100mV/dB] somewhat
more practical than 5-9mV/dB. R9 has been
increased from the normal 3-0k to allow for
the i.c. being operated at +15 volt supplies,
although this will still give a worse perfor-
mance than if +12 volt supplies were used.
Also, as previously explained, the relatively
high impedance at the GC1 pin produces
more distortion than the i.c. would normally
be expected to produce with an impedance of
less than 1 ohm at GCI1. The way to reduce
this distortion is to ‘buffer the control input
with an op-amp, selecting the gain of the op-
amp to give the required ‘millivolts per dB’
control law. This is more thoroughly covered'
in this month’s applications project.

APPLICATIONS

The dbx 2150A is ideal for use in a myriad
of audio applications, from a simple remote
level control to a complex mixing desk. As a
voltage controlled gain element it can also
prove ideal for use in test equipment, voltage
controlied oscillators, equalisers, filters, etc. If
the i.c. is being considered for non-audio ap-
plications, be aware that it is not intended to
operate down to d.c. The frequency response
is limited in practice by the input and output

SHV,

+15V
VR1
: 47k
Fig. 7. Simple VCA 58
circuit 100k
I ~15v !
R g !
input S Rl 3 GiE ouTeuT
0—-—|D—/\M /P dbx 21504
2 22k " o
25V GCi  GC2 1ser
R2
18k 3 2
R6
" 10k
R&4 RS R
Imo;; %” 3 10k
X ov
r7 < R8 RS
8k2 & 560 3k9

CONTROL
{100mv/d B}

decoupling capacitors, and by the op-amp’s
feedback capacitor. Also note that the control
law is linear volts per dB of gain; in other
words, linear control voltage changes produce
logarithmic gain changes. Since only 5-9mV
of control change is necessary to produce
1dB’s worth of level variation, then care must
be taken to prevent noise or interference from
getting into the control pin. Such effects would
immediately manifest themselves as audio
noise or distortion.

Two other similar i.c.s are aiso available
from dbx; the 2151 and the 2155. The former
is a ‘selected’ 2150A, guaranteed to have
slightly better specifications, and the 2155 is a
lower input/output current version. The 2151
is unlikely to be very much better than the

2150A, however, since the latter seems to be
very consistent in performance, and usually
exceeds its specifications by a considerable
amount.

The dbx 2150A has done much to dispel
the concern that once was rampant in the
audio industry about the poor quality of
VCAs. It offers an excellent solution to a
whole range of level control problems, its per-
formance is good, and the price is very
reasonable.

AVAILABILITY

The dbx 2150A is available from Sonic
Sound Equipment Ltd., Unit 2, 10 William
Road, London NW1 3EN.

A HI-FI STEREO VCA SYSTEM

GENERAL purpose stereo VCA circuit

for use in the most demanding audio
systems is shown in Fig. 8. Its Veroboard lay-
out is given in Fig. 10. Most of the principles
employed in this circuit have already been
described, but specifically note that although
+15 volt rails are assumed for the circuit as a
whole, separate +12 volt regulators have been
provided for the VCAs to obtain maximum
quality. The values of R10 and R28 have been
adjusted to suit this ideal supply voltage. R4
and R22 have been made 51 ohms, giving a
more correct ‘50 ohm impedance at pin 4,
rather that the ‘nearest fit’ 47 ohms used in
Fig. 7. The audio buffer op-amps have been
chosen to be halves of a 5532 very-high
quality op-amp. R8 and R26 provide some
measure of decoupling capacitive loads from
the op-amp output, maintaining stability, while
R7 and R25 in series with the feedback
capacitors again help stability at very high fre-
quencies, sustaining the gain of the op-amps.

IC4 is an ordinary quad op-amp—any
quad ‘741’ or similar type will be quite ade-
quate. (The prototype circuit used an
MC3403P.)) R11 and C8, and R15/C9Y,
provide simple low-pass filters on the control
inputs to help reduce h.f. interference and
noise. The first op-amp for each control input
is merely a unity gain buffer. The second op-
amp in each case is in an inverting configura-
tion with the resistor values being chosen to
scale down the control voltage to give the
equivalent of a nominal 100mV per dB. VR3
and VR4 adjust the control attenuation to give
precisely the required control law, while C10
and C11 provide yet more h.f. roll-off to
remove interference. DS to D10 are arranged
to limit the output voltage range of the op-
amps under fault conditions, to help prevent
damage to the VCAs. Because of the inverting
action of IC4 in the two control paths, note
that the control inputs now give gain for
positive voltages, and attenuation for negative

voltages, over the range —100dB (—10V) to
+40dB (+4V).

C1, C2, C3, and C4 are currently a matter
of controversy in the audio world! Hi-Fi
purists would try to leave them out altogether,
but unfortunately «C1 and C2 at least are
necessary, and some Hi-Fi purists wouldn’t be
seen dead with anything like a VCA anyway!
For the rest of us, the sensible and safe rule is
probably to try to avoid electrolytics if
possible—go for unpolarised 1uF capacitors
or larger, such as polycarbonate or polyester,
but watch the roll-off at low frequencies due to
the input capacitor and the 20k input im-
pedence. If response down. to around the 15Hz
mark is important to you, then put several 1 or
2-2uF capacitors in parallel for C1 and C2, or
try ‘audio quality’ reversible electrolytics.
Please note, though, that I am definitely going
to sit on the fence when it comes to how
audible, or not, these various types of
capacitor actually are!
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effect of different gains on the output noise
current, and Fig. 6 shows the effect of dif-
ferent input levels and gains on distortion. In
practice, the noise is sufficiently low that in
most systems 20k or 22k resistors are the op-
timum choice.

The distortion adjust preset can only be set
correctly by using a distortion measuring in-
strument or spectrum analyser. The distortion
is worst at low or mid frequencies, so setting
the preset for minimum total harmonic distor-
tion at 1kHz is quite adequate.

Fig. 7 shows a simple circuit for use in
general purpose uncritical applications. R7
and R8, with RS, scale the control input to
give a control law of 100mV/dB] somewhat
more practical than 5-9mV/dB. R9 has been
increased from the normal 3.0k to allow for
the i.c. being operated at +15 volt supplies,
although this will still give a worse perfor-
mance than if +12 volt supplies were used.
Also, as previously explained, the relatively
high impedance at the GC1 pin produces
more distortion than the i.c. would normally
be expected to produce with an impedance of
less than 1 ohm at GC1. The way to reduce
this distortion is to ‘buffer the control input
with an op-amp, selecting the gain of the op-
amp to give the required ‘millivolts per dB’
control law. This is more thoroughly covered!
in this month’s applications project.

APPLICATIONS

The dbx 2150A is ideal for use in a myriad
of audio applications, from a simple remote
level control to a complex mixing desk. As a
voltage controlled gain element it can also
prove ideal for use in test equipment, voltage
controlled oscillators, equalisers, filters, etc. If
the i.c. is being considered for non-audio ap-
plications, be aware that it is not intended to
operate down to d.c. The frequency response
is limited in practice by the input and output

415V
VR1
- r 47k
Fig. 7. Simple VCA -
circuit 100k
) ~15v .
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decoupling capacitors, and by the op-amp’s
feedback capacitor. Also note that the control
law is linear volts per dB of gain; in other
words, linear control voltage changes produce
logarithmic gain changes. Since only 5-9mV
of control change is necessary to produce
1dB’s worth of level variation, then care must
be taken to prevent noise or interference from
getting into the control pin. Such effects would
immediately manifest themselves as audio
noise or distortion.

Two other similar i.c.s are also available
from dbx; the 2151 and the 2155. The former
is a ‘selected’ 2150A, guaranteed to have
slightly better specifications, and the 2155 is a
lower input/output current version. The 2151
is unlikely to be very much better than the

2150A, however, since the latter seems to be
very consistent in performance, and usually
exceeds its specifications by a considerable
amount.

The dbx 2150A has done much to dispel
the concern that once was rampant in the
audio industry about the poor quality of
VCAs. It offers. an excellent solution to a
whole range of level control problems, its per-
formance is good, and the price is very
reasonable.

AVAILABILITY

The dbx 2150A is available from Sonic
Sound Equipment Ltd., Unit 2, 10 William
Road, London NW1 3EN.

A HiI-Fl STEREO VCA SYSTEMV

GENERAL purpose stereo VCA circuit

for use in the most demanding audio
systems is shown in Fig. 8. Its Veroboard lay-
out is given in Fig. 10. Most of the principles
employed in this circuit have already been
described, but specifically note that although
+15 volt rails are assumed for the circuit as a
whole, separate +12 volt regulators have been
provided for the VCAs to obtain maximum
quality. The values of R10 and R28 have been
adjusted to suit this ideal supply voltage. R4
and R22 have been made 51 ohms, giving a
more correct ‘50 ohm impedance at pin 4,
rather that the ‘nearest fit® 47 ohms used in
Fig. 7. The audio buffer op-amps have been
chosen to be halves of a 5532 very-high
quality op-amp. R8 and R26 provide some
measure of decoupling capacitive loads from
thé op-amp output, maintaining stability, while
R7 and R25 in series with the feedback
capacitors again help stability at very high fre-
quencies, sustaining the gain of the op-amps.

IC4 is an ordinary quad op-amp-—any
quad ‘741’ or similar type will be quite ade-
quate. (The prototype circuit used an
MC3403P) R11 and C8, and R15/C9,
provide simple low-pass filters on the control
inputs to help reduce h.f. interference and
noise. The first op-amp for each control input
is merely a unity gain buffer. The second op-
amp in each case is in an inverting configura-
tion with the resistor values being chosen to
scale down the control voltage to give the
equivalent of a nominal 100mV per dB. VR3
and VR4 adjust the control attenuation to give
precisely the required control law, while C10
and C11 provide yet more h.f. roll-off to
remove interference. D5 to D10 are arranged
to limit the output voltage range of the op-
amps under fault conditions, to help prevent
damage to the VCAs. Because of the inverting
action of IC4 in the two control paths, note
that the control inputs now give gain for
positive voltages, and attenuation for negative

voltages, over the range —100dB (—10V) to
+40dB (+4V).

C1, C2, C3, and C4 are currently a matter
of controversy in the audio world! Hi-Fi
purists would try to leave them out altogether,
but unfortunately C1 and C2 at least are
necessary, and some Hi-Fi purists wouldn’t be
seen dead with anything like a VCA anyway!
For the rest of us, the sensible and safe rule is
probably to try to avoid electrolytics if
possible—go for unpolarised 1uF capacitors
or larger, such as polycarbonate or polyester,
but watch the roll-off at low frequencies due to
the input capacitor and the 20k input im-
pedence. If response down to around the 15Hz
mark is important to you, then put several 1 or
2-2uF capacitors in parallel for C1 and C2, or
try ‘audio quality’ reversible electrolytics.
Please note, though, that I am definitely going
to sit on the fence when it comes to how
audible, or not, these various types of
capacitor actually are!
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Fig. 10 Stripboard layout of the VCA
system

APPLICATIONS OF THE CIRCUIT

As a very simple example of the type of
control techniques which are available, Fig. 9
shows three different control input circuits.
The remote volume control allows for the gain
of the circuit to be varied over the range 0dB
to —80dB with a 10k linear pot. The 5-6k
resistor limits the maximum attenuation to
80dB (i.e.—8V) even though the regulated

12V supply is used to derive the control

voltage from. In Fig. 9(b) a capacitor is
charged and discharged to act as a ‘slow mute’
control. When the switch is closed the audio
level is turned down over the period of a
second or so, and when it is released it rises up
again fairly slowly, taking several seconds to
reach full volume. This would make an ex-
cellent and very high quality mute circuit for
use with a Hi-Fi system (when answering the
telephone, for example), or even an automatic
fader for use at the end of recordings. Finally,
Fig. 9(c) shows a +20dB gain trim circuit, to

illustrate the use of a positive control voltage
to give gain.

Further applications could involve noise-
sensing circuitry to change the Hi-Fi volume
depending on the-background noise level in the
room, and a sophisticated remote level control
using infra-red signalling and remote control
i.c.s. Unlike so many systems with this type of
facility, a dbx 2150A based circuit would
benefit from the excellent sound quality and
performance that these VCAs are capable of
producing.
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Prospects

With employment now the dominant
topic of political and economic debate,
there is ample reassurance for qualified
electrical and electronic engineers and for
those studying to enter the profession.

This year's |EE salary survey reveals that
unemployment in the membership is just
0-6 per cent compared with 1-1 per cent
for the previous year. The national average
is of the order of 13 per cent although there
are considerable variations in types of oc-
cupation and in geographical locations.

The {EE figures highlight once again the
chronic shortage of engineers. The Man-
power Services Commission estimates an
immediate shortfall of 1,500 engineers in
the field of information technology alone
and still rising and it is by no means the
only engineering discipline in need of ad-=
ditional engineering skill.

It is safe to assume that qualified
engineers will continue to be in demand.
The prospects for the three million plus
registered as available for, but not in, work
is less certain. It is worthy of record that
none of the major political forces now of-
fers a cure for unemployment, only a
suggestion that if certain courses are adop-
ted some alleviation should follow.

World Trade

The future of our industry depends far
rmore on external than internal events. The
great locomotive of economic advance, the
United States, is running out of steam.
Countries like Brazil and Argentina are
grotesquely in debt. South Africa is in tur-
moil. lrag and lIran are still fighting after
four years. And Sudan has a new military
government following a bloodless coup.

The entry of Spain and Portugal into the
European Common Market will have little
immediate impact on the UK electronics in-
dustry, aithough in the longer term there
should be more opportunity for exports of
capital equipment in telecommunications
and industria! electronics.
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China and Russia provide more intriguing
probabilities. China’s dash for growth has
run into inflationary difficulties with a con-
sequent freeze on wages but the moder-
nisation programme involving western
technology should not be affected.

Kremlin watchers have so far been un-
able to determine how 54-year-old Mr Gor-
bachov will drag the USSR into the com-
puter age or, indeed, whether he will be
able to do so. First signs are that he is anx-
ious for increased trade with the west in the
general interest of the economy and in par-
ticular in importing more western
technology.

There is growing nervousness over the
success of the Hungarian experiment in
permitting, albeit limited, free enterprise
which has been successful and poputar, not
to mention the dramatic economic growth
of China since their reforms started in
1978. My guess is that he will have to
reform the economy in the light of raised
domestic expectations but will only be able
to hasten slowly.

A heartening sign for world trade is that
Japan, under increasing pressure from the
USA and Europe, is to allow easier access
to the Japanese market. It is a reluctant
concession and in no way weakens Japan's
determination to become the world's
greatest economic power.

The world development that is having
the most immediate effect on the UK
economy is the volatility in currency rates.
An increase of 20 per cent in the value of
the pound against the dollar in as many
days, as happened last March, is unhelpful
to industry planners whether importing or
exporting. it refiected uncertainty on the
stability of the US economy and reminds us
once again that world trade is influenced
more by confidence than bald statistics.

Big Package

GEC, frustrated in an earlier attempt to
buy British Aerospace, finally opted to
spend some of its cash mountain on the
purchase of naval shipbuilder, Yarrow.

It seems odd to write of GEC as ship-
builders, but the acquisition makes good
sense. GEC can now offer the complete
naval package incorporating Marconi com-
munications, radar, navigation equipment,
action information systems, weapon control
and even some of the weapons.

Naval hulls should have a service life of
at least 20 years. But because electronics
and weapons systems advance technically
at a very much faster rate a typical frigate,
for example, will be completely re-fitted
and updated to new standards at least
twice, more often three or four times during
the lifetime of the ship. It's almost worth
supplying the original equipment at cost
and take profit later during modernisation. [
don't suggest that GEC performs in this
manner, the point | am making being the
on-going business following the initial sale
with the customer virtually locked in.

On the other hand, GEC is not too proud
to play a iesser role as a sub-contractor. For
example, supplying under sub-contract to
Hyundai of Korea the v.h.f. and u.h.f. train

radio system for Iraq’s railways. This sub-
contract, worth some £2 million to Mar-
coni's mobile radio division, demonstrates
the international nature of the electronics
business and a little of the complexities of
overseas trade.

Another example, again involving Mar-
coni, is a prime contract for the supply of an
earth terminal for the Yemen Arab
Republic, but the order came from Cable &
Wireless. The earth station will work
through the Arabsat satellite and will be
ready for use next September, only nine
months after signing the contract.

High Density

Further to my comments last month on
surface mounting of components and con-
sequent increase in circuit complexity per
square inch of p.c.b. | note that British
Telecom is also folléwing the fashion.
System X, largely modular, allows rapid
adaptation to different operational require~
ments and improved manufacturing
methods. in the new System X trunk ex-
changes the processor subsystem does the
same job in two racks as the original design
did in ten racks. As System X has been
around for some years | imagine the saving
is through the availability of VLS| super-
seding LS| rather than surface mounting
but the principle is the same and the result
equally uncomfortable for employment.

Oh, for the happy days of yester-year
when every telephone subscriber had his
dwn uniselector at his local exchange,
costly to manufacture and to maintain but
employing thousands of people. But how
rotten the service then compared with to-
day. Electronics is both a curse and a boon.

Wealth

The purchasing power of the pound steri-
ing today is only about five per cent of that
in 1938. This means that today's
millionaire ain’t what he {or she) used to be.
In fact, the richest hundred people in the
UK all command at least £6 million ac-
cording to inland Revenue figures. Those
below are still millionaires but compared
with the top hundred can be classified only
as also-rans.

Readers may be pleased, disgusted,
proud, horrified, envious, jealous, critical or
congratulatory in the knowledge that the
top hundred include 40 electronics
millionaires. Of the newer entrants Sir Clive
Sinclair variously estimated as being worth
around £100 million, is probably the
wealthiest but he is a poor man compared,
say, with pop star Paul McCartney with an
estimated £250 million.

Readers in the disgusted category may
derive some satisfaction from the fact that
few of the very rich can go to the bank and
draw out a million. Their fortunes are in
paper shares in their companies and they
have to work harder than most of us
producing results to maintain their value.

Myself, | say good luck to them. For |,
too, am a millionaire—if measured in Italian
lira.
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An inexpensive circuit idea that can extend the life of projector or photoeflood lamps,
by allowing them to progressively reach their rated power

M 0ST PHOTOGRAPHERS will be aware that projector lamps
and photoflood lamps have a very limited life, in the
case of photofloods as short as a few hours. The main
reason for this is that these lamps are slightly overrun to give
a brighter and whiter light that is more suitable for
photographic work. It will also have been noticed that these
lamps, indeed lamps in general, almost always fail when
switched on from cold.

Obviously something happens to the lamp when it is first
switched on to cause it to blow. Can anything be done to
extend the life of these lamps? What is the reason for the
failure at switch-on?

LOW RESISTANCE

The answer to the second question is quite simply that the
flament of an incandescent lamp, be it photographic or
otherwise, has a very low resistance when the lamp is cold,
and its resistance increases with increasing temperature.
When power is first applied to the filament, the current flow
rises to a peak value, which is many times higher than the
lamp is rated for, and then falls back to a lower value as the
resistance of the filament rises to its working value. This in-
rush of current reduces the working life of the lamp, and is
the reason that an old lamp usually fails at switch-on.

The answer to the first question, “’Can the life of the lamp
be extended?” is yes. The circuit described here reduces the

switch-on current surge and thus increases the lamp life. It is
intended for use with projector or photoflood lamps which
have very limited lives and are very expensive to replace, so
the saving made by extending the life of the lamp can offset
the cost of the circuit quite quickly.

The resistance of a typical projector lamp is shown in-
creasing in Fig. 1, as its power and therefore its temperature
increases. The resistance was found by passing varying
currents through the lamp, and measuring the voltage
developed across it. The graph shows that the resistance of
the lamp is approximately 0-11Q when cold, therefore a
current of over 50A could in theory flow if a six volt supply
was connected across the lamp. Fortunately, the lamp
supply will have a certain internal resistance, and so the
current surge will be limited. While doing these measure-
ments, a current surge of more than eight times the rated
current for the lamp occurred if the six volt supply was con-
nected across a cold lamp. The surge peak only lasted for a
few milliseconds, and then fell steadily to the rated current.
The power supply used for this experiment was of very low
internal resistance, and so the surge was very large, but it
clearly shows the short warm-up period of the lamp.

A very simple way of preventing the current surge through
a lamp is to wire a high power thermistor in series with it.
The thermistor has the opposite characteristics from the
lamp filament, i.e. the resistance of the thermistor falls as its

0-8 —
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Fig. 1. The graph, opposite,
shows the increase of a 02
lamp’s resistance with
power increase. Above,
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temperature increases. Unfortunately its resistance never
falls to zero, so the thermistor always limits the current
through the lamp, and thus the lamp will never reach its
working current. Also the thermistor has to dissipate a large
amount of power, and thus will run very hot. A switch could
be wired across the thermistor to short it out after a few
seconds, but this must be done before the thermistor gets
too hot, and then returned to the un-shorted position at
switch-off so it is ready for the next time. The circuit shown
here provides automatic control of the lamp current, and
manual intervention is not required.

CIRCUIT OPERATION

The circuit uses a triac in series with the lamp as the
current-controlling device, much as is done in conventional
lamp dimmers. If the triac is turned on by a pulse on its gate,
it will continue to conduct until the current through the
device falls to zero. This occurs at the end of each half cycle
of the supply, as shown in Fig. 2. If the gate pulse occurs late
in each half-cycle, then the current through the lamp will be
small, and the lamp dim. If now the pulse occurs earlier in
each subsequent half-cycle, then the lamp current will
gradually increase, and the filament will have time to warm
before it receives full current. Thus the usual current surge
will be eliminated.
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Fig. 3. The circuit for increasing lamp life

rectification of the a.c. voltage. The supply line is not filtered,
thus the voltage at base 2 of the unijunction reaches zero at
the same time as the a.c. supply. When this happens, the
unijunction triggers and discharges the capacitor through R4

so that the circuit is synchronised

L/&_JJ |

TRIAC CONOUCTS OURING SHAQED AREAS
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with the a.c. supply. The
capacitor will now begin to
charge again, and after a period
determined by R3 x C2 (a little
over 9ms) will be discharged into
the transformer.
Up to this point, the circuit
would allow only a small current
/\ / to flow in the load, and the ad-

ditional components R1, R2, C1,

VOLTAGE [ @ 20mS \// \ \

D2 and D3 are required to make
the circuit gradually increase this

current after a short warm-up
period. When power is first ap-
plied to the circuit, C1 is dis-

Fig. 2. Representation of the controlled increase in lamp current after switch-on

The circuit, Fig. 3, uses a unijunction transistor to
generate the trigger pulse for the triac. This pulse is coupled
to the triac gate via the 1:1 pulse transformer T1, and this
isolates the trigger circuit from the supply side. The unijunc-
tion circuit is basically a conventional relaxation oscillator.
The capacitor C2 is charged through R3 until the emitter
voltage of the unijunction reaches the peak point voltage
(about 0-7 times the voltage between B2 and B1).

TURN-ON POINT

At this point the unijunction transistor turns on and the
resistance between the emitter and base 1 becomes very
low. C2 then discharges through the emitter/base 1 junction
and through the primary of the transformer and thus induces
a pulse across the secondary of the transformer. The time
taken for the peak point voltage to be reached is approxi-
mately R3 x C2. When the emitter voltage falls to about two
volts, the unijunction ceases to conduct, and the capacitor
begins to charge again from this two volt pedestal.

The supply for the trigger circuit is provided by full-wave
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charged and begins to charge
through R2 and D2 (some
current also flows through R 1). The voltage at the junction of
R2 and D2 which is about O-6 volts above the voitage on C1
will slowly rise until D3 becomes forward biased. This allows
additional current flowing through R2 to charge C2 and
causes a change in the trigger point; refer again to Fig. 2.

When C1 is fully charged, the time constant becomes
R2 in parallel with R3 x C2, which with the values given is
less than 1ms. Therefore the triac will conduct for most of
each half-cycle. The diode D2 prevents C1 from discharging
back through R2 as the supply falls to zero at the end of
each half-cycle, or to charge C2 through D3. R1 is included
to provide a discharge path for C1 when the supply is
removed so that the circuit will operate correctly if switched
back on after a short period. The time constant of R1 and C1
is about 12 seconds. The components across the triac
reduce the amount of radio-frequency interference caused
by the circuit.

The circuit as it stands can be used on a.c. supplies up to
about 20V, but for use on 240V mains, the circuit must have
some additional components as shown in Fig. 4. The Zener
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diode D1 and R7 limit the maximum voltage swing to 20V.
The value of R7 is calculated to limit the current through the
Zener diode to less than 20mA, so its value for 240V mains
will have to be about 15k for a Zener current of 16mA. The
power rating of R7 will also have to be sufficiently high,
because it will dissipate 3-3W, therefore a 5W device will be
required. The current and voltage rating of the triac must
also be adequate for the application. A triac with a minimum
voltage rating of 50V is adequate for a 20V a.c. supply, but a
400V triac would be required for use on 240V mains. The
current rating of the triac will depend upon the wattage of
the lamp, and can be found by dividing the lamp wattage by
its voltage.

& L-----,

fmme—m————-

AS CIRCUIT CONTAINED
WITHIN DOTTED LINES
ON FiG.3

240V

Fig. 4. Alternative additional circuitry for operating 240V a.c.
mains lamps. The resistor R7 must be adequately rated for
the power dissipation required, and so must the triac

CONSTRUCTION

The circuit, which can be built on a piece of Veroboard
1.5 x 3 inches, is small enough to mount inside the case of
most projectors. Because of the small size and simplicity of
the circuit, a p.c.b. was not used; a suitable Veroboard layout
is shown in Fig. 5. It is impossible to give fitting instructions
because of the great variety of projectors, but some simple
guidelines may be given.

AC
INPUT
é R2 02 TRIAC
o3 R4 MT2 MTH
a1
@/ é (f ® J G
R3 3
R
mé 82 T 1
TR
D O
c2 I R6
c3

Fig. 5: Layout of components on Veroboard, shown actual
size. The triac is mounted separately

All components are mounted on the board with the excep-
tion of the triac, which will need a heatsink. Either a proper
heatsink can be used, or a suitable metal surface inside the
projector can be utilised. Many projectors have fan cooling,
and if possible the triac should be mounted in the air flow to
assist cooling. The triac should be mounted using an in-
sulated mounting kit, so that it is electrically isolated from
the equipment. This is important even if a low voltage supply
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COMPONENTS . ..

Resistors
R1 27k
R2 4k7
R3 100k
R4-R6 100 (3 off)
R7 15k 5W (optional)
All W +5% except R7
Capacitors
C1 470u 25V elect.
c2 100n 50V ceramic
C3 100n 500V ceramic
Semiconductors
REC1 WO4 bridge rectifier
D1 BZY88C20 Zener (optional),
D2.D3 1N4001 (2 off} ;
TR1 2N2646
CSR1 Triac (see text)

Miscellaneous
T1 1:1 pulse transformer,
Veroboard; heatsink; triac mounting kit; optional diecast
box (e.g. M5004); stand-off spacers.

\ S

is used, because the supply may be connected to chassis at
some point inside the machine. Great care must be taken to
ensure that there are no whiskers of solder between
Veroboard tracks, and that all the breaks in the tracks have
been made, especially between the primary and secondary
of the transformer. If this is not done, then thé circuit could
well be destroyed, especially if it is being used to control
mains lamps.

If the circuit is to be used with photoflood lamps, then it
will have to be built into a box of some kind,. preferably a
metal box which will conduct the small amount of heat dis-
sipated by the circuit to the outside air. A diecast box would
be ideal for the job because of its robustness. A few simple
precautions should be taken to make the circuit as safe as
possible. The first of these is to ensure that all parts of the
circuitry are well insulated from the metalwork of the box.

An air gap of at least half an inch should be allowed
between any component and the box, and the board should
be mounted on insulating spacers to ensure a similar gap.
The triac should be mounted on a small heatsink which
should be insulated from the box. The box must be well
earthed so that in the event of a live wire coming adrift and
touching the metal, the fuse will blow and thus protect the
user.

IN USE

| have had this circuit installed in my own projector for the
last sixteen months and find that it has functioned very well
and has apparently lengthened the life of the lamp. | say ap-
parently, because | have no way of knowing how long the
lamp would have lasted without the circuit. Because the
lamp life is affected by the number of on/off cylces as well as
the time it is illuminated, it is very difficult to get a measure
of improvement, but eliminating one cause of premature
ageing is obviously a good move. The previous projector
lamp | used lasted about eleven months, so the present lam
is already ahead.
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| Semigonductor
| Circuits-
Universal Timer

The data sheet this month covers the HEF4753B Universal Timer, an
extremely versatile i.c. capable of complex counting and timing
operations. The project based on this device is a Digital Egg Timer with ’ © i
audible warning -

Computer Envelope Shaper

Electronic music generation using digital techniques is common now, but “’stand-alone’ units
are expensive. This project shows how to use a Commodore or BBC computer to provide the
complex control and memory circuitry for a relatively simple add-on sound synthesiser, which
nevertheless offers over 100 different gain levels and virtually any envelope shape desired.

‘ AUTOMATIC
| FISH FEEDER

.,"~ & We show you how to feed your pond fish whilst on holi-

{i¥ day {you—not the fish!). Alternatively, the self-test elec-
1 W tronics could be used to water your tomatoes every
12/24 hours.

. Vot .
Moaems - %Z’Mf /4
This final part of our short series looks at modem applications and includes
a “getting started” Buyer's Guide.
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BBCE Mizre Forum....

David Whitfield mamsc ceng mice

HIS month features software for the real

time clock project described in the last
BBC Micro Forum. Also starting in this issue
is Book Corner, a look at a selection of the
books. available for the BBC Micro. Having
explored the user port in some detail (but not
yet exhausted its potential!), it is then time to
start looking at another of the micro’s ports;
the analogue port.

SETTING THE CLOCK

Listing 1 shows a BASIC routine for setting
up and starting the clock. The overall scheme
followed is first to stop the clock, reset it, load
the chosen start time into the clock registers,
and finally re-start the clock when the chosen
instant arrives. As before, the listing includes
only the basic elements necessary for a work-
ing program. It excludes any error handiing,
range checking, comments or ‘pretty’ screen
formats. Multi-statement lines have also been
used in the interests of space economy. The
program instructs the user to change the mode
switch between read and write modes at the
appropriate points. When the clock has been
started, the clock read program (here called
“RTCread”) is CHAIN’ed. The structure of
the program is summarised in Table 1

WHAT TIME IS IT?

Having set the clock running, the next re-
quirement is obviously to be able to read time.
After all, there is little point haying a clock
without a “face™! Listing 2 shows a program
suitable for producing a continuous time dis-
play; if you are using it in any other year than
1985, it will be necessary to alter line 240,
since it is not possible to read the clock’s year
register. Exit from the program is achieved by
pressing ESCAPE.

The overall structure of the program is
summarised in Table 2. The actual read
routine is written in assembler to achieve the
necessary speed. The problem otherwise is
that the clock will tend to ‘lose’, depending on
how often it is read, because of the length of
the read strobe when driven from BASIC. The
routine makes use of the area in memory be-
tween &70 and &S8F (called Time in the
listing) which is reserved in BASIC for user
applications. The valid contents of registers 2
to 12 are copied into locations (&70+2) to
(&70+12). These are then picked up by the
BASIC part of the program, and displayed to
the user. In passing, this program is an in-
teresting demonstration of the way in which
BASIC is good for the overall stucture and
user display functions, while the time-critical
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and hardware 1/O operations are best carried
out in assembler.

TIMELY REMINDERS?

The read program above is obviously only
a demonstration, and will need to be amended
for inclusion in any practical application. This,
for example, could be a program which runs
automatically whenever the micro is switched
on, and checks a file of birthdays or other im-
portant dates to give a timely warning. Could
this end the need for “Sorry I Sforgot”
greetings cards?

For the adventurous, the second of the
books in Book Corner may encourage you to
add some new * commands specially for the
clock. Similarly, there is no reason why the
machine code routine to read the clock cannot
be present even when another BASIC
program is running. The technique for this
was described (for the numeric keypad) last
month. All that is then needed is an interrupt
to trigger the reading of the clock at ap-
propriate intervals. One useful way of doing
this (which also allows much of the keypad
code to be re-used) is to make the clock
generate a suitable interrupt, e.g. every minute.
Fortunately the clock i.c. includes the
necessary facilities to cause such interrupts, as
shown in Table 3, and the clock circuit
already has the interrupt line connected to
CBI.

If the clock set-up routine is amended so
that an appropriate value is written to register
15 before the clock is started, the clock will
then raise a user interrupt (IRQ) on CB1 when
the chosen interval has elapsed. The setting of
bit 3 in the register determines whether the
timer is in a one-shot or a continuous mode,
The interrupt is reset by reading back the
value in register 15, and this automatically
restarts the timer when in continuous mode.
The value read from register 15 will be shown
in Table 4, and to ensure correct operation,
the clock interrupt should be serviced within
16 7ms. These facilities should allow the keen
machine code programmer to create a cons-
tant display of the time in a dedicated screen
area, and update it every minute. Readers with
suggestions for solution to this problem are
encouraged to write to BBC Micro Forum
Letters.

THE ANALOGUE PORT

Even now there are still many unexplored
aspects of the user port. For the moment,
however, readers should by now have a basic
idea of its capabilities, and so I will move on to

10- 70 Initialisation and symbols

80-110 Stop/reset clock, set mode
120-160 Clear interrupt latch
170-220 Request start time from user
230-320 Set start time on clock
330-370 Start cl on user command
380-440 Write value to a register
450480 Wait for space key
490-540 Read a register value

Table 1. RTC set-up program structure

10- 80 Initialise and assemble code
90-280 Main loop: read/display time
290-300 Error handler and exit
310 Read register value from
“Time”
320-450 RTC register read routine

Table 2. RTC read program structure

[ Function D3 D2 DI DO

l No interrupt X 0 0 0

| Interrupt at 60 sec intervals (0/1 1 0 0
Interrupt at 5 sec intervals {0/1 0 1 O
Interrupt at 0-5 sec intervals (0/1 0 0 Re

D3 = 0 for single
interrupt

D3 = 1 for continuous

Table 3. Interrupt register (write)

Interrupt Status D3 D2 D1 Do
Reset 0 0 0 O
60 sec signal 01 1 0 O
5 sec signal 01 0 1 0
0.5 sec signal RO IO 01

D3 =0 for no interrupt D3 = 1 for interrupt

Table 4. Interrupt register (read)

look at the analogue port. As with the rest of
the micro, this port is a little more than the
name suggests, and I will begin this month
with a quick look at the port’s connector.
Even a brief look gives a hint that the
analogue port is really more of a collection of
ports which happen to share a common con-
nector, than a single port.

I have (quite rightly) been taken to task by
Mr. Boylett of Letchworth for skating ove
some important practical points when it come:
to describing connectors, and I will do my bes
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80 ?DIR = Out

440 ENDPROC

470 REPEAT UNTIL GET=32
480 PRINT:PRINT: ENDPROC
490 DEF PROCInput(Reg%)

450 DEF PROCSpace:*¥FX15,0
460 PRINT "Press SPACE when ready '";

10 REM BBC Micro Forum RTC Set-up 10 REM Reel Time Clock Display

20 UG 252 e = ¥ S s oI B o S pipai i — 20 REM ~--—=—m—m—m—mmmmm o — =
30 MODE 7:PCR = &FE6C:InOut = &FE60 30 DIM MC% 100:0N ERROR GOTO 290
40 DIR = &FE62:In = &F0:0Out = &FF 40 InOut = &FE60:DIR = &FE62

50 PRINTTAB(10)CHR$141"Clock Set-up" 50 PCR - &FE6C:Time = &70

60 PRINTTAB(10)CHR$141"Clock Set-up" 60 PROCAssembler: ?DIR=&FO0

70 9PCR = (2PCR AND &1F) OR &EO 70 MODE 7:VDU 23,1,0;0;0;0;

80 ?PCR = (?PCR AND &1F) OR &EO

90 PRINT '"Set mode switch to WRITE" 90 REPEAT:CALL ReadTime

100 PROCSpace: PROCCutput(0,0) 100 Secs%=FNInput(2)+FNInput(3)¥*10
110 PROCOutput(il,0):PROCOutput(15,0) 110 Mins%=FNInput(4)+FNInput(5)*10
120 PRINT "Set mode switch to READ" 120 Hours%-FNInput(6)+FNInput(7)¥*10
130 PROCSpace:?DIR = In 130 Day%=FNInput(8)+FNInput(9)¥*10
140 FOR I = 1 TO 3:PROCInput(15):NEXT 140 DoW%=FNInput(10)

150 PRINT "Set mode switch to WRITE" 150 Month%=FNInput(11)+FNInput(12)
160 PROCSpace:?DIR = Out 160 IF DoW¥%=1 Day$=" Mon'

170 INPUT '"Year: Y% 170 IF DoW%-2 Day$=" Tues"

180 INPUT '"Month (1-12): "M% 180 IF DoW%=3 Day$-=-"Wednesg"

190 INPUT "Day of Month (1-31): "D¥% 190 IF DoW%=4 Day$=' Thurs"

200 INPUT "Day of Week (1=Mon): '"DoWX% 200 1F DoW%=5 Days=" Fri®

210 INPUT "Hours (0-23): "Hrs% 210 IF DoW%=6 Day$='" Satur'

220 INPUT "Minutes (0-5%9): "Min% 220 IF DoW%=7 Day&-=" Sun"

230 PROCOutput(4, (Min% MOD 10)) 230 PRINTTAB(7,9)Day$;'day ";DayX%:
240 PROCOutput(5,(Min% DIV 10)) 240 PRINT " / ";Month%;" / 1985 "
250 PROCOutput(6, (Hrs% MOD 10)) 250 FOR I = 12 TO 13:PRINTTAB(13,1);
260 PROCOutput(7, (Hrs% DIV 10)) 260 PRINT CHR$141;Hours%;'" : ";MinsX%;
270 PROCOutput(8, (D% MOD 10)) 270 PRINT " : ";Secs¥%;" ":NEXT I
280 PROCOutput(9, (D% DIV 10)) 280 UNTIL FALSE

290 PROCOutput (10, DoWX%) 290 VDU 23,1,1;0;0;0; : PRINTTAB(O,15)
300 PROCOutput(1ll, (M%¥ MOD 10)) 300 2PCR = (?PCR AND &1F) OR &EOQ:END
310 PROCOutput(lz, (M% DIV 10)) 310 DEFFNInput(Reg¥%) = ?(Time + Reg¥k)
320 PROCOutput(13, (27 (4-(Y% MOD 4)))) 320 DEF PROCAssembler

330 PRINT ‘"Clock set up ready to go' 330 FOR opt% = O TO 3 STEP 3:P% = MCX%
340 PROCSpace: PROCOutput(id,1) 340 [OPT opt¥%
350 PRINT '"Clock now running'" 350 .ReadTime LDA #2:STA Time

360 PRINT "Reset mode switch to READ" 360 .NextReg LDA Time:ASL A
370 PROCSpace:CHAIN '"RTCRead" 370 ASL A:ASL A:ASL A:STA InoOut
380 DEF PROCOutput(Reg%,ValueX) 380 LDA 2&DF:AND PCR:SEI:STA PCR
390 Value% = Value% AND &OF 390 LDX InOut:ORA #8&20:STA PCR:CLL
400 Resg% = (Reg% AND &OF)*16 400 TXA:AND F&0OF: CMP #&0F
410 ?2InOut = Value% OR Regik 410 BEQ ReadTime:LDX Time:STA Time, X
420 ?PCR = (?PCR AND &1F) OR &CO 420 LDA ZF#12:CMP Time: BEQ Done
430 ?PCR = (2PCR AND &1F) OR &EO 430 INC Time:JMP NextReg

440 ,Done RTS
450 INEXT opt%:ENDFROC

Listing 2. Clock read

500 ?2InOut = (Reg¥% AND &OF)*16

to make amends this time. Fig. 1 shows the
analogue port connector, and the view shown
is looking info the connector from outside of
the micro. The connector itself is a 15-pin D-
type, with a socket on the micro; the plug
mounts on the cable. Unlike the user port,
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Analogue Ground 14 Reference Volts
Lightpen Strobe 15 ADC Channel O

510 ?PCR = (92PCR AND &1F) OR &CO
520 Temp = ?2In0Out I +5 Volts
530 ?PCR = (2PCR AND &1F) OR &EO g gxﬂw
iNDPROC alty
g - 4 ADC Channel 3 10 Push-button 1
Listing 1. Clock set-up 5 Analogue Ground 11 Reference Volts
6 0 Volts 12 ADC Channel 2
7 ADC Channel 1 13 Push-button O
8
9

Bld.E S gRa il

0 0 0 0 0 0 00

there is no confusion as to which way up the
connector fits. Hopefully you will now be able
to avoid my mistake; anybody got a project 0000000
which involves a 15-pin D-type socket? 5 % 1B Zn 109
Remember, you need a plug to connect to the
analogue port.

Fig. 1. Analogue port connector
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BOOK CORNER

This month Book Corner takes a brief look
at two books, one old and one new. The first is
the Advanced User Guide, by Bray, Dickens
and Holmes, published by the Cambridge
Microcomputer Centre at £12-95. This book
is described as an essential companion for the
User Guide, so much so that it even resembles
the original in size and presentation. The book
covers the MOS in great detail, and is perhaps
best described as an advanced user’s guide to
the MOS. The AUG is available either spiral
bound (like the standard User Guide) or in a
hard folder. A matching folder is also
available separately for the User Guide.

The AUG starts with a 10-page re-run of
the operating system commands (the * com-
mands). This is not really new, but it does
provide a usefu!l reference section. The next
section of 4 chapters covers assembly
language programming. This comprises a 20-
page introduction to the subject (not quite
enough if you really are new to the subject),
followed by 60 pages detailing the assembler
mnemonics. The third section covers the
operating system interfaces, and provides a
wealth of invaluable detailed information
covering the full set of FX calls, the use of
memory, vectors, interrupts and the paged
ROM system; beware, the latter may cause

your head to ache! The remaining filing
systems, however, receive only a cursory ex-
amination. The final section is concerned with
the hardware, and provides detailed coverage
of the various interfaces. As before, coverage
of the optional filing system interfaces is
rather limited. Finally, there are a number of
useful appendices. These include summaries of
the various calls (VDU, FX, OSBYTE and
PLOT), a description of the p.c.b. links, and
step-by-step disc upgrade instructions. Very
useful at this point is that the manual also in-
cludes a full circuit diagram for the micro.
Verdict: Highly recommended.

The second book really picks up one of the
aréas covered by the AUG; the sideways
ROM filing system. The discussion in the
AUG is complete, but may leave you feeling
that a gentler introduction might restore your
battered ego! If this is the case, then The BBC
Micro ROM Book, by Bruce Smith, published
by Collins at £9-95, is an excellent remedy.

The book is written in a pleasantly readable
style, and is well illustrated with software ex
amples and screen illustrations. The sideways
ROM paging system is explained in a detailed

and logical manner. The method of writing
your own ROM software is built up a step at a
time. As with all subjects of this type, practical
examples of other people’s work is always the
easiest way to learn, and this book makes
profuse and effective use of extracts from
commercial ROMs to get its points across.
The first 9 chapters cover the various stages
in writing your own ROM-based software.
There is then a chapter on the merits of the
various add-on ROM/RAM systems. This is
followed by a design (software and hardware)
for an EPROM programmer. The next two
chapters look at a selection of BASIC toolkit
ROMs, and other language ROMs, respec-
tively. Finally, there is a section on the BASIC
1I ROM. If you do not own an MEP bar code
reader, this is effectively where the book stops,
because what remains is 70 pages of bar code
listings of the longer programs in the book. If
you have a suitable reader, this will save your
fingers, but if not the listing will provide en-
couragement to ifntvestigate this concept
further (a contact address is provided).
Verdict: A good book, long overdue.

NEXT MONTH: BBC Micro Forum will be
looking at the analogue port in greater detail.

"
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LOGIC ANALYSER

Used with the BBC Micro and Disc Drive
for test and repair, development,
education etc, etc, etc.

8 NHz 8 channel

Selectable trigger and trigger position
Diagnostic capabilities

TTL or CMOSS inputs

Complete with operating software probes and
comprehensive documentation

High-quality equipment with full specification at
under £300.00

For technical
information contact;
Alastair France B.A.

Softlife Ltd 7 Rose Crescent
Cambridge CB2 3LL Tel: (0223) 62117
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HOBBY ROBOT

DESIGNER APPROVED KITS

AVAILABLE FROM

A complete kit of approved parts

for the construction of the RUR

HOBBY ROBOT as featured in PE
is available as follows:

BASIC KiT £249
plus 15% VAT

ADD-ON ARM & ELEVATED
TRAY £280

‘ plus 156% VAT

! CARRIAGE EXTRA Please write for a quotation

OFFICIAL ORDERS accepted from approved industrial or educational
establishments, otherwise terms strictly CASH WITH ORDER

REEKIE ROBOTS

Beaufort Works, Beaufort Road, Richmond Road,

East Twickenham, Middlesex, TW1 2PQ.
Please allow 28 days for delivery

Practical Electronics July 1985

P




Robotics Review ;'

HE Russians might soon be enjoying

the latest in British micro-technology.
Cybernetic Applications of Andover, one
of the leading innovators in small robot
arms, has appointed an agent for the
USSR. Richard Becker, managing director,
said that he had not had any orders yet but
was looking forward to the day when Nep-
tunes and Mentors would be heading
behind the lron Curtain.

The move is part of the growing ap-
preciation of British innovation in personal
robots all over the world. Becker himself
has sold his machines, which cost from
£500 to £2,800, to the major markets in
America and Germany as well as Australia
and Norway.

But he is not holding his breath waiting
for a red order. He is busy adding more
robots to his range. The latest, named the
Serpent and costing around £1,700, was
launched at Automan in May.

It is a scara robot which Becker
describes as like a normal arm but working
on its side, hence the name of Serpent. It
has four axes plus a gripper, can lift 1kg and
has a claimed accuracy of Tmm.

it is powered by DC motors with poten-
tiometers providing the feedback. Most of
the popular micros, BBC B, C64 and Spec-
trum, can control it and software is being
developed for these machines.

. . Commander X ‘“‘a hero
figure’ . .

The robot market consists of three fairly
distinct sections—toys, hobbyist and
educational. Many products however break
down those classifications and the latest of
these is the robotics kits from Milton
Bradley.

MB, an American company, is already
well known in Britain for its Big Trak robot
truck. The company has decided to in-
troduce a product which is a little more
complicated with kits that can be used to
build a variety of devices.

Unlike the Fischertechnik kit, which has
been on sale for some time and is intended
as a tool for learning robotics, the
imaginatively-named Robotix series is
biased towards the toy market.

There are three main kits available,
which can be used to build Commander X,
""a hero figure” with a 12 page explanatory
booklet, a Space Technician or Dr Steel
“with removable helmet”.

Imagination and two kits of extras will
allow the more serious robotier to escape
from having to play with dolls.

The essential elements are high torque,
bi-directional motors and power droids
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which control the motors, a five-channel
control console and any number of plastic
components. The control console s
available only with the most expensive kit.

One accessory kit contains a motor and
power droid, the other more plastic parts.

One of the kits has been on sale in
Harrods since before Christmas. The top
people’s shop was so impressed that it im-
ported them specially.

For the rest of us the kits will cost be-
tween £20 and £80.

Remaining in the serious toy market, the
Movit range is expanding. Commotion has
taken over the distribution and another five
models have been added to the original five
already on sale in Britain.

At £16.95, Peppy 3 is a three-wheeled
model which is sound activated, and
Medusa 3 is a tripod which moves in
response to the voice and costs £19.95.
Avoider costs £29.95 and has an infra-red
obstacle sensor and for the same price
Navius is a programmable mobile. It is con-
trolled by a card which is coloured to give
the required instructions.

Top of the range is the Wizard. It costs
about £75 and can be controlled from a
Commodore 64.

As with the earlier Movits the new range
comes in kit form, which is said to be
simple to put together. Only a screwdriver
and nimble fingers are required.

Commotion is also launching a Com-
modore version of the highly-successful
Snap vision system. Until now the system
has only been available for the BBC B at a
cost of about £120.

The available software allows the system
to capture images, freeze and print them,
store and replay a series of images and
build-up a grey-scale picture. It can also
recognise non-overlapping objects.

. . simple mobile robots or
‘’beer-can buggies’’ . .

For the inquisitive who prefer to learn
about robotics under skilled tutors rather
than play around with kits there is an event
being held for the first time at the beginning
of July.

In association with the First European
Personal Robotics Conference and Ex-
hibition there will be a series of workshops.
Details were being worked out as we went
to press but it was intended that a wide
range of practical assistance would be
available including the use of control
languages like Logo and the building of
simple mobile robots or ‘‘beer-can
buggies”.

There are also plans to hold the first
public competition in the Robat contest.
That is the latest challenge issued by John
Billingsley, the man behind the
Micromouse contests.

Robat is a form of robot table tennis. It
was first announced more than a year ago
since when interest has been high on both
sides of the Atlantic and enthusiasts have
been working hardeto produce a workable
device.

A workshop was held earlier this year for
the swapping of ideas and it is hoped that
some good solutions will be on display.

. . 70 entries in the Robot
Butler section . .

Another contest that is reaching its
climax is BP Qil’'s Build-a-Robot, part of
the company’s Challenge for Youth. There
have been 70 entries in the Robot Butler
section and 50 in the freestyle group for
any domestic task.

About ten regional finals will be held
throughout this month (July) with the finals
on October 28 at the Army School of Elec-
tronic Engineering at Arborfield, Berkshire.
All the regional winners, as well as other
good entries, will compete for the first prize
of £1,000 in the finals. There is total prize
money of £3,000.

The butler, working in an enclosed area,
will have to offer drinks to two people, ask-
ing them what they want from a list and
serve it to them. The freestyle section can
be for moving or stationary devices but they
must be able to carry out some domestic
task such as cutting the lawn or vacuum
cleaning a carpet.

lan Pitkethly, BP Qil's community affairs
manager, said: “This time the challenge is
more ambitious but we are sure that to-
day’s youngsters are equal to it.”

The company held its first robot competi-
tion in 1983 when 400 schools throughout
the country expressed interest and 20 en-
tries reached the finals which were also
held at Arborfield.

Robotics projects and features
published in PE have generated so
much reader interest that we are
pleased to bring you a regular
monthly update on news  and
developments in this field.

If your company produces items
which might be of reader interest
please let us kriow.
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analogue or digital multimeter to provide voltage readings
up fo about 24 volts, and with some additions could be ex-
tended to any voltage. This makes it particularly suited to
working under car bonnets or testing equipment where a
‘slipped probe’ could mean disaster.

o andin4a ’ con gured ué E
- drive the voltmeter. Because of the high gail
it would be prone to oscillation, which n-

co

vented by’ the inclusion of C2. Power is supplied by three
PP3 batteries which allows readings to be taken up to about
25V d.c. A single AA size {1.5V) battery provides a separate
negative supply to bias the transistors.
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Fig. 1. Block diagram of the i e N
Voltmeter Memory Adaptor -1-5v

Fig. 2. Full circuit diagram of the Voltmeter Memory Adaptor

CIRCUIT OPERATION

From the block diagram (Fig. 1.), it can be seen that the
set-up is quite simple. The voltmeter is connected between
the output and the non-inverting input of a high gain d.c.
amplifier; and the test leads between the output and the in-
verting input. Aiso the inverting input is tied to the output via
a capacitor, Cx. When a voltage is applied to the test leads,
the amplifier will develop a voltage (V out} across the meter.

V out = V in {1-1/G) [where G = gain]
Since the gain is very high, 1/G is negligible, so we can
assume that V out = V in.

When the test leads are removed, the input voltage will be
held on the capacitor, which provides strong differentiating
negative feedback which will resist any change in the output
voltage. This causes the output voltage to remain stable for
about one minute after the probes have been removed—
plenty of time to surface from the depths of the car electrics
to check the reading.

Volimeter

CONSTRUCTION

Most of the discrete components are mounted on a small
p.c.b. and normal care should be taken when soldering to
avoid component damage or short circuits. The order of
mounting the components is not critical as there is ample
space and no hidden difficulties.

For the prototype a small case measuring 120 x 65 x
40mm was used to house all the components, batteries and
the p.c.b. There is little space to spare so great care must be
taken when mounting the switch, sockets and the battery as




Fig. 3. P.c.b. assembly and wiring diagram of the Voitmeter
Memory Adaptor
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slight misjudgements could cause a problem. The 9V bat-
teries were held in place by suitably adapted P-clips which
proved to be satisfactory and the AA size battery was held in
place by a purpose made holder.

As can be seen from the wiring diagram and the
photographs, wiring was very easy, the wires held in form by
small cable clips. The meter cable is taken from the back of
the unit via a grommeted hole and the input test leads are

EXPANSION

As was mentioned earlier the unit can be adapted to
measure much greater voltages. There are, however, a few
points which must be taken into consideration.

One of the main problems is the availability of a suitable
power supply with sufficient voltage output. Because the
unit is designed to be easy to use and portable, it is unlikely
that you will find suitable batteries. Also the transistors used

fitted into 4mm test sockets mounted on top, together with must be capable of withstanding higher operating
an l.e.d. to provide power-on indication. voltages.
\ Pin 1. Collector | ——
COMPONENTS . .. : Pin 2. Base e
Pin 3. Emmitter =
ReRs;?;grs 1M (2 off) Fig. 4. Pin connections of TR1-TR5 (Perss76)
R2 10M
R3 20M
R4 300k
RS 1M2
R7 2k7
All resistors $W 5% carbon
Capacitors
C1 470n encapsulated radial
Cc2 47n encapsulated radial
Semiconductors
D1 0-2" red l.e.d.
TR1,TR3-TR5 2N3393 (4 off)
TR2 2N4126
Miscellaneous
PL1,PL2 4mm test sockets (2 off)
{ SK1,SK2 4mm test plugs
P.c.b. PE506-01
) Batteries and holders
\ Test leads
P-clips

Wire, solder, etc.

Constructor’'s Note
If alternative transistors are used for TR1-TRS, any
general purpose types will do providing that they have

low leakage characteristics. ’
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Photo illustrating the internal view of the Voitmeter
Memory Adaptor
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STARBURSTS

It cannot yet be said that we have a com-
plete picture of the evolution of a star, but at
least we are on much firmer ground than we
used to be only a few years ago. There is no
doubt that a star begins its career by condens-
ing out of interstellar gas and dust: in fact, out
of the material in a nebula. The Orion Nebula,
M.42 is a typical stellar birthplace, and we
have even caught stars in the act of blowing
away their enveloping cocoons.

Our Galaxy is a spiral system, containing
about 100,000 million stars; it is of the order
of 100,000 light-years in diameter, and the
Sun lies about 30,000 light-years from the
galactic centre (the exact value is still a matter
for debate). It is thought that “pressure
waves” rotate around the nucleus and stars
form inside these pressure waves.

The most massive stars, which run through
their evolutionary cycles quickest, pass
through their main sequence and giant stages,
and many explode as supernovae; while they
are obtrusive we see a spiral arm. This means
that no spiral arm is a permanent feature.

Not all galaxies are alike, and by no means
all are spiral. Recently there has been a great
deal of interest in a strange system known as
Arp 220. It lies in the constellation of Serpens
Caput (now high in the evening sky) and is
only of the 14th magnitude.

Originally it was thought to be either com-
posed of two. galaxies in collision, or else an
unusual galaxy with a double nucleus. It is ex-
ceptionally powerful in the infra-red, and was,
of course, carefully surveyed by the very suc-
cessful JRAS satellite, launched in January
1983 and which continued to operate for most
of the rest of that year. It has been calculated
that Arp 220 emits about fifty times as much
energy at infra-red wavelengths as our Galaxy
does at the whole range of wavelengths!

FALSE IMPRESSIONS

Earth-based researches carried out mainly
at the Whipple Observatory on Mount
Hopkins, in Arizona, by R. Burg and R. E.
Schild seem to show that these early inter-
pretations were wrong. It is more likely that
Arp 220 is simply a single galaxy crossed by
an obscuring dust-line, giving the false impres-
sion of a double nucleus.

It is, however, one of a pair of galaxies, the
other being IC 4554, and there may well be
tidal interactions between them. Moreover, ob-
servations carried out with the 1000-foot
Arecibo radio telescope indicate that Arp 220
is an intense source of hydroxyl (OH) maser
emission.

Bearing in mind that the distance of Arp
220 is of the order of 300,000,000 light years,
it is hardly surprising that we cannot observe
it in detail, but there are grounds for believing
that it is one of those systems which are
becoming known as “starburst” galaxies. In
other words, the intense emission and the very
high luminosity indicate exceptionally
energetic star-formation is going on there.

According to the JRAS data, the main
infra-red source is comparatively small (less

than half a minute of arc in diameter as seen
from Earth). Obviously it is tempting to infer
the presence of a super-massive Black Hole.
This is by no means out of the question; it
may well be that active galaxies do have cen-
tral Black Holes—notably the Seyferts, which
have relatively condensed nuclei and only
weak spiral arms. On the other hand, we must
be cautious. Some astronomers tend to regard
Black Holes in the same light as some politi-
cians regard North Sea oil: as remedies for
everything!

Another starburst galaxy is M.82, in Ursa
Major (the Great Bear), which is the smaller,
irregular companion of the more conspicuous
M.81. (Both are visible in small telescopes,
and I can glimpse M.81 with good binoculars,
though M.82 has eluded me unless I use
a telescope; keener-eyed observers may do
better.)

M.82 was formerly believed to show indica-
tions of a cataclysmic internal outburst. This
is not now thought to.be correct, and that tidal
interactions with M.81 are responsible for its
characteristics, but this does not mean that
there is no starburst phenomenon; there
probably is.

Material from M.8 1 streams down on to the
nucleus of M.82, and shock-waves produced
by the compression trigger off starbursts. But
though M.82 is a strong infra-red and radio-
wave emitter, it is by no means as powerful as
Arp 220, and it is also very much closer to
us—only about 8,500,000 light-years, not so
very far beyond the boundary of our Local
Group.

The idea of starbursts is relatively new, but
it is of great importance. IRAS is dead, and
we must wait for some years for the launch of
its successor, planned for the early 1990s;
meantime the JRAS data is still being
analyzed, and ground-based infra-red work is
being carried out at many observatories, in-
cluding that on the top of Mauna Kea at an
altitude of some 14,000 feet above sea-level.

THE SKY THIS MONTH

The June nights are obviously the worst for star-
gazing. as the hours of darkness are short, and when the
Moon is obtrusive there is no proper darkness at all. This
month the Moon is full on 3 June, and new on 18 June;
the next full moon is on 2 July, so that only the middle
part of the month will be suited to see the stars in their
full glory.

Of the planets;, Venus continues to be visible as a
brilliant morning object in the eastern sky. it reaches its
greatest western elongation from the Sun (46 degrees)
on 12 June. Jupiter is also brilliant, in the south-east in
the morning, but it is so far south of the celestial equator
that British observers will have problems when trying to
chart telescopic detail. Saturn, in Libra, is also in the
southern hemisphere, while Mercury and Mars are too
close to the Sun in the sky to be seen at all.

The night sky—when dark—is dominated by the three
brilliant stars Vega, Altair and Deneb, which make up a
large triangle—about a quarter of a century ago, in a Sky
at Night programme, | nicknamed this the “Summer
Triangle”, and everyone now seems to use the term,
though it is completely unofficial, and the three stars are
in different constellations; Vega is the leader of Lyra (the
Lyre), Deneb of Cygnus (the Swan) and Altair of Aquila
(the Eagle).

Of the three, Deneb appears much the faintest but, as
so often in astronomy. appearances are deceptive.
Deneb is a true cosmic searchlight, at least 60,000 times
as luminous as the Sun, and is so remote that we are
now seeing it as it used to be in the time of the Roman
Occupation, whereas Altair is a mere 10 times as power-
ful as the Sun, and is less than 17 light-years away. Of
the first-magnitude stars, only Sirius, Procyon and Alpha
Centauri are closer to us than Altair.

The brilliant orange Arcturus, in Bodtes (the
Herdsman) is high in the north-west. while the Square of
Pegasus is just starting to come into view in the east in
the early hours of the morning. This is the best time of
the year to look for the Scorpion, led by the red super
giant Antares, and the star-clouds of Sagittarius, the
Archer. Both may be seen low in the south after dark. It
is a pity that they are always so low down from Britain
(from North Scotland they barely rise at all); the Sagit-
tarius star-clouds indicate the direction of the centre of
the Galaxy, which we cannot see directly because of
interstellar dust.

If you have a telescope, look at the globular cluster
M. 13, in Hercules, which is now very high up. It is just
visible with the naked eye; the only two globular clusters
which are brighter, Omega Centauri and 47 Tucanae, are
too far south to be seen from anywhere in Europe.
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Arp 220 and other systems of the same
kind have presented us with many problems,
but there is no reason to doubt that within a
few decades from now we will have found out
just what is really happening inside them.

IN BRIEF

Uranus, the planet discovered by William
Herschel in 1781, is very much in the news. (It
comes to opposition, this month, on 6 June,
when it will be 2,703,000,000km from the
Earth, and of magnitude 5.8, so that it is just
visible with the naked eye; it lies in the rather
barren constellation of Ophiuchus). Voyager 2
is now on its way there, and will rendezvous
with Uranus next January. Pictures of the

planet have already been obtained, and are
superior to any Earth-based photographs,
though as yet they do not show much detail.

The rings of Uranus were discovered in
1977, as a result of observations of the oc-
cultation of a star; both before ‘and after oc-
cultation the star “winked”, and the existence
of the rings was subsequently confirmed
visually by infra-red and then by CCD Charge
Coupled techniques. On 25 June thgre may be
an occultation of a 9th-magnitude star, SAO
184819, by the rings though not by the planet
itself.

The predicted time of closest approach is
21.45 GMT. Energetic efforts will be made to
observe the phenomenon, particularly to look

for any unknown satellites, but sophisticated
equipment will be needed to obtain any
worthwhile results.

Meanwhile, occultation techniques have ted
to the suspicion of a ring round Neptune. |
had forecast that there would be no Neptunian
ring, because of the presence of a large
satellite (Triton) moving in a retrograde orbit;
if these observations are confirmed, I will have
to eat my words!

On a sad note, we must record the death of
William Hoyt of the Lowell Observatory. He
was one of astronomy’s leading historians,
and published two major books, one dealing
with Mars and the other with Planets X and
Pluto.

FREE! READERS’' ADVERTISEMENT SERVICE

BAZAAR

ICL Termiprinter, 300 baud, RS232 interface,
with keyboard. £90. Buyer to collect. Mr. S.
Morgan, 17 Willenhall Road, Bilston. Tel: 0802
403416.

FOR SALE Dartronics Model 510 oscillo-
scope/single trace. Perfect working order. £70. |.
M. Hercus, "'Rokeba’’, Carch Avenue,
Lenzie, Glasgow, G66 4HT. Tel: 041 776 3130.
PW DEC. 75 disco stereo amp pre amp power
supply. 100W each channel. Offers plus postage.
L. T. Hill, 14 Rothesay Terrace, Bedtington,
Northumberland.

I WILL SWAP 2732 Eproms for Victorian or
Edwardian British stamps. One 2732 for five
stamps. Mr. Andrew Wylie, 56 Rue Liotard,
1202 Geneva, Switzerland.

WANTED to borrow or buy handbook for tele
quipment oscilloscope Type D56. N. Roche,
Knills Cottage, Instow Town, Bideford EX39
41L0.Tel: 0271 860777.

SIGNAL GENERATOR for TV Pye 940225
40-70MHz piston attenuator, metered £22.90.
Tel: 0424 221636.

SERVICE MANUALS Freedom Flexowriter
teletype 32.33.35 Vol 1 & 2 paper tape punch
B.R.P.E. spare lists, Elliot TRM 250 type reader.
Offers. L. T. Cowell, 69 Crewe Road, Haslington,
CW1 10X. Tel: Crewe 581157

MAPLIN 8-digit frequency counter,
10Hz-600MHz, mains or 12V d.c. Fully working.
£58 ono. G. S. Fox, 27 Windermere Road,
Handsworth Wood, Birmingham. Tel: 021 523
7240.

CELESTION speaker wanted {3-5” x 7") ellip-
tical, ridged lines radiating from centre of
diaphragm. Contact Mark—Tel. Medway (0634)
30822.

UK101, Wemon, games, case available if
required. £60. Mr. P. Richardson, 30 Whitehouse
Avenue, Great Preston, Leeds 26. Tel: Leeds
(0532) 871291

PE July 80 -May 85. EE May 79-April 85. Plus
24 other magazines. Offers. Whole or part. SAE
to: Mr. A. P. Clark, 12 Cricket Lane, Lichfield,
Staffs. WS14 9ER.

TELEPRINTER—Creed 444 50 baud speed.
As new. £45. Buyer must collect. K. W. Scott, 38
The Gardens, Monkseaton, Whitley Bay, Tyne &
Wear NE25 8BG. Tel: 091252 7141.
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for any transaction arising between readers as a result of a fiee ad
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BI-DIRECTIONAL dot matrix printer. Very
tittle use £85. Complete with manual. Seen
working. Phone Southampton 788278.

EXCHANGE Nakamichi BX2 tape deck + cash
for portable, modernish, dual trace oscilloscope.
Roy S. Fletcher, 29 Hirst Close, Long Lawford,
Rugby, Warwicks.

TELETEXT adaptor Ayr modei T11. Converts
any television «o. teletext and remote control.
£70. Mr. J. B. Rudge, 138 Mendip Road,
Halesowen, W. Midlands B63 1JH. Tel: 021 650
1273.

WANTED software/hardware manual EG2330
or technical information in any form for colour
Genie EG2000. Muneer A. Khan, BS-160 Bagh
Sardaran, Rawalpindi, Pakistan.

PE 1969-78; PW 1959-65: PW 1969-76 and
EE 1971-77 in Easibinders. Offers for all or part.
C. T. Watts, 27 Fairview Court, Manor Road,
Ashford, Middx. TW15 2SN. Te: 07842 51486,

WANTED Audio timer or control unit. Exchange
with speed reading course or cash. S. Leadte, 1
Church Close, Ormesby, Middlesbrough,
Cleveland TS7 9AN. Tel: 0642 322124.

TEKTRONIX oscilloscope 502 with factory
manual. Good condition. A comprehensive iow
frequency scope £60 o.n.o. Mr. A. Bouskill, 129
tyminster Road, Sheffield S6 1HY. Tel: 0742
311191,

ADVICE needed on equipment required for
recording 78 RPM accoustic records to accep-
table quality for tapes. C. W. Burnell, 6
Meadhurst Road, Chertsey, Surrey. Tel: 09328
62417.

AQUARIUS COMPUTER. Help wanted—
manual or any information required. Various
collection of computer parts. Offers? R.
Reynolds, 32 Common Approach, Benfieet,
Essex SS7 3LA.

CLEARING OUT 1000 components for only
£2. Plus £1 postage and packing. Paul Birt, 44
Mathie Crescent, Gourock, Renfrewshire,
Scotland PA19 1YX.

DISC DRIVES 5} Shugart SA400 £80 each,
£140 pair. Controller FD1771 £12. Radar
modules CL8960 £20. K. Termie, 6 Parkland
Drive, Oadby, Leicester. Tel: 0533 717516.

STUDENT requires scope for experimental
work. Donation would be appreciated but can
afford up to £30. S. Laws, 68 Nunnery Street,
Castle Hebingham, Halstead, Essex. (0787}
61637.

SOFTY Eprom programmer/emutator, £100
post paid. Mr. D. H. Stater, 16 Blenheim Terrace,
fFoulridge, Colne, Lancashire BB8 9BJ.
ROBOTICS, Genesis P101 6 axis robot arm and
processor, £500. Equipment worth £1000+
built, tested and working. Mr. T. Smith, 79 Ford
Lane, Tricketts Cross, Ferndown, Dorset BH22
84B. Tel: Bournemouth 895925.

PRINTER RS232C 300 Baud suits UK101
80Co! letter quality. Offers please. Also Kode
power supply (large). C. J. Hellen, Vine Cottage,
Main Rd., Alresford, Colchester CO7 8UD. Tel:
(020622) 5671.

PE Nov. 1964 to Jan. 1974, orily three missing,
most in binders, any offers? Mr. A. E. Bourne, 27
Nightingale Drive, Epsom. Surrey KT19 9EN
2764 Eproms £2.50. {TT Cannon RC rack and
pane! plugs and sockets, 16 pin, £2.50 per set.
N. E. Spiers, 114 Grenway, Tunbridge Wells,
Kent TB2 3JN. Tel: (0892) 44070

FOR SALE Solartron Solar Scope dual beam ex-
army 64 valves, very heavy, needs three vaives
£80. John Horton, 149 Mill Road, Deal, Kent
CT14 9BB.

PHILIPS 1700 video tapes wanted. Tel: 034
61376 evenings.

CASIO FX-702P pocket computer, mini printer
with charger and cassette interface, as new. £40.
No splits. Chris Warwick, 8 Hartfield Road,
Chessington, Surrey KT9 2PW. Tel: 01-397
9878.

PE Gemini stereo power ampilifier with Sugden
C51 pre-amp high qualjty sound, £50.
Brentwood (0277} 2196389.

SECURITY pressure mats, large. £3.50 each +
50p post; also 9V d.c. buzzers, high output, 90p
each + 20p post; all new, Mr. P. C. Bellamy, 137
Garland Road, Redhill, Surrey RH1 6NY.

ATARi 400 computer, £40. Jim Fulton, Derry-
raseen, Dromore, Co. Tyrone BT78 3BE.

200 assorted components for £1.90. 650 assor
ted semi-conductors for £4.00. S. Russell, 203
Southbourne Road, Eastbourne, EN22 8RG. Tei:
0323 641036.
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HIS month we continue our study of modems by looking at some of the

techniques currently available for designing a modem. At the very outset,
however, we must stress that before any modem can be connected to the BT
system, it must first have been approved for the purpose. We will not,
therefore, be including practical modem constructional details. Instead we
will be concentrating on the fact that a knowledge of modem techniques can
be of great value in trying to assess the suitability of a particular unit for an
application. In addition, the diagnosis of problems in practical situations is
considerably simplified if you know what should be happening at each point
in the communications link.

We will start, therefore, by looking at the regulations which must be
satisfied in order for a modem to gain approval for connection to the public

NEYWOPK, SINTE These a1t Mt UnARTITINE TRUNRIHRANS (Ot ThAnY TR AR

features.

THE REGULATIONS

The regulations which relate to modems exist for two broad
categories of reasons. The first is to ensure the safety of both the
modem user and other BT users, and the second is to ensure
technical compatibility with the telephone system, both national
and international. The principal requirements which must be
satisfied by modems are described in a series of British Stan-
dards, of which the principle ones are listed in Table 1,

Since 1983, the responsibility for approving modems for con-
nection to the BT network (and awarding that essential green
approval sticker) has been with the British Approvals Board For
Telecommunications (BABT). (The board’s address is included
in Table 1.) The original intention behind the transfer of ap-
proval authority from BT to BABT was to speed up the ap-
proval of telecommunications equipment, following the relaxa-
tion of the BT monopoly under the 1981 legislation. Unfor-
tunately, the move has not greatly reduced the time,
bureaucracy or cost of gaining approval for a modem.

The 1983 scale of fees, for example, indicates that to gain ap-
proval for a modem will cost around £2,800 in fees alone. If you
think that is a bit steep, it costs £1,238 just to gain approval for
a type 601A jack plug! However, although in true British
fashion the mechanics of the process may arguably leave room
for improvement, the underlying reasons for the approval
regulations remain extremely sound. In the USA, for example,
the FCC have similar approvals procedures, but they do seem to
be able to carry them out rather more rapidly.

SAFETY

The safety considerations applied to modems are intended to
safeguard users, BT’s staff and its equipment. The requirements
for safety are contained in BS6301, and BABT require to be
satisfied that this standard has been met before approval can be
given. The standard relates to the protection from hazards aris-
ing from the modem, and to protection of the user from the line
potential.

This is all very weli, but it may leave you wondering what is
dangerous about a telephone line? A standard BT liné operates
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on a nominal 50V d.c., rising to around 75V a.c. when ring-
ing current is being transmitted. The line current is limited at the
exchange to a maximum of around 120mA. Although not lethal
to a healthy adult, the line potential is enough to give a shock,
and could have more serious effect on young children or anyone
not enjoying full health. It is important, therefore, that the design
of a modem should protect the user from exposure to the line
potential.

In addition, BT is rightly concerned for the safety of both its
staff and its other customers. To ensure continuity of service,
BT also needs safeguards against the possibility of damage to its
network equipment. Of particular concern in this area is the
possibility of mains voltages being accidentally connected to the
BT network. Clearly, the advent of the new-style BT plugs and
sockets as standard fittings for all new installations serves to
heighten concern over safety since user equipment is now nor-
mally connected directly to the network.

TECHNICAL COMPATIBILITY

In order not to upset the efficient working of both the BT
network and the international networks, it is necessary that a
modem is compatible with the telephone system. The regulations
in this area serve to prevent undesirable effects on the network’s
normal operation being caused by a modem. There are various
frequency bands where signals are not permitted because of the
possible effects on BT’s signaling equipment. The requirement
(described in BS6305) concerning transmitted spectra is
illustrated in Fig. 1. This shows that the bandwidth available for
data transmission is quite small, and hence the design of modem
filters is an exacting task. Other technical requirements which
must be satisfied are detailed in BS6305.

DESIGNING A MODEM 5

The British Standards and the various signal standards (Bell,
CCITT, etc.) give a starting point for designing a modem by
specifying some of the requirements that must be satisfied. The
remainder of this article looks at three different ways of ap-
proaching the modem design problem. This brief survey does

Practical Electronics July 1985




MODEM APPROVAL
Addresses
BABT, Enquiry Section,
Mark House, British Standards Institution,
9/11 Queen’s Road, Linford Wood,
Hersham, Milton Keynes,
Walton-on-Thames, MK 14 6LE.
Surrey, KT12 5NA.
British Standards

BS6301 Safety requirements for apparatus for connec-
tion to British Telecommunications networks.

BS6305 General requirements for connection to the
British Telecommunications public switched telephone
network.

BS6320 Modems for connection to the British Telecom-
munications public switched telephone network.

Approvals

The following standards have been approved by the
Secretary of State:
82/001S Plugs suitable for connecting subscriber’s
apparatus to BT networks.
82/002S General safety requirements for apparatus for
connection to the BT networks.
82/003S General requirements for connection to the
PSTN run by BT.
82/004S Simple extension telephones for connection to a
single exchange line of the BT PSTN.

82/005S Data modems and associated call set-up equip-'

ment for connection to the BT PSTN.

COMPUTING PROJECT N

not claim to be complete; indeed, that would require a book just
to do justice to the subject of filter design. Instead, it serves to
illustrate some of the techniques which can be found in today’s
modems. The techniques are discussed in chronological order of
their introduction, and it is a measure of the speed of technical
advance that examples of all three can be found in modems
which are on the market at the present time.

We start our study of modem design techniques by briefly
reviewing the basic elements required in a modem. These basic
elements are illustrated in Fig. 2, and their functions are sum-
marised in Table 2. Our interest this month lies in the different
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Fig. 2. Basic modem elements

Table 2. Functions of modem elements

Table 1. Gaining approval for a modem

Fig. 1. Permitted transmitted spectra (BS6305)
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MODEM FUNCTIONS
Transmitter
Translator Converts from the RS232 levels to the logic
levels used within the modem, usually TTL-compatible.
Modulator The FSK modulator is a voltage controlled os-
cillator whose output frequency depends on the data level
to be sent (logic O or 1). Different frequency pairs need to
be produced for different speeds, standards and modes.
Filter The transmit filter must prevent unwanted frequen-
cies from being passed to the telephone line. This is par-
ticularly required to suppress any harmonics of the
transmit signal which may be produced by the VCO.
Amplifier This matches the transmit signal to the level
required by the line interface.

Receiver

Amplifier This boosts the a.c. signal from the line to the
necessary level for the receiver circuits.

Filter This is a critical stage in determining the perfor-
mance of the modem. The filter must remove any ex-
traneous signals, and have a sharp roll-off characteristic
to exclude the locally generated transmit frequencies. It
must also have good phase characteristics to avoid
corrupting the received pulses.

Limiter The limiter provides the following stages with a
symmetrical square wave from a sine wave.

Demodulator The FSK demodulator is a combination of
a PLL and comparator. The comparator output repre-
sents the direction of the frequency difference between the
carrier and the received signal.

Detector The carrier detector indicates whether an in-
band carrier has been detected.

“Translator These convert from the logic levels produced
by the receiver to the RS232 levels.

33




ways in which these basic elements may be realised in practice.

For today’s modem user, the prospect of building a modem
totally from discrete components is best regarded as an
academic ‘exercise. To meet the exacting demands imposed by
the various standards, this represents a cumbersome and expen-
sive approach. Modern designs are all based on integrated cir-
cuit technology of one sort or another, and our study therefore
concentrates on this area. Anyone interested in the ‘traditional’
methods may be interested to note that the cheapest such
modem in 1980 cost around £1,500. Not surprisingly, modems
were then almost exclusively the province of professional and
commercial users!

Technology has now advanced to the point where operational

amplifiers are 3-terminal devices, and are used in much the same
way as the robust transistors of the late *60s and *70s. Gone, for
the majority of applications at least, are the compensating
networks and offset null arrangements of yester-year. Anything
which once required large numbers of discrete transistors can
now be accomplished by a small handful of operational am-
plifiers, often at a substantially lower cost.

The filters used in modems are now almost invariably of the
active type, based on operational amplifiers as their active ele-
ments. Similarly, many of the discrete circuit configurations
have now been incorporated into integrated circuits, including
some specially designed for digital data communications ap-
plications. The factor which tends to separate the various design
approaches now tends to be the scale of integration, i.e. the
number of different functions which are included on a single
chip.

SMALL SCALE INTEGRATION

The receiver in a basic SSI modem is usually based on an i.c.
phase-locked loop (PLL) device. The input to the receiver is
derived from the telephone line interface, via an amplifier and
bandpass filter. The PLL itself operates by detecting frequency
shifts away from the nominal carrier frequency. The digital data
is then recovered from the received signal via the phase com-
parator, which measures the difference between the input signal
and the locally-generated carrier. A typical device used for the
heart of a PLL receiver of this type is shown in Fig. 3.

Fig. 3. Typical PLL receiver device (XR2211)
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Fig. 4. VCO transmitter section

In the transmitter stage, the digital. data to be sent is
modulated onto the audio carrier by means of a voltage con-
trolled oscillator (VCO). Fig. 4 shows the basis of a transmitter
of this type. The two frequencies used for logic 1 and logic O are
set by the combination of C1 and VR2/VR3, respectively. The
input logic level from the computer determines the effective
resistance in the oscillator section by means of the active switch,
TR1. Following the VCO section is a filter to prevent unwanted
frequencies being passed to the line interface.

In the transmitter and receiver circuits shown, the interface to
the telephone line is via an acoustic coupler. This is simply to
illustrate one type of connection; the basic circuit ideas apply
equally to direct connect modems. In the descriptions above, we
have omitted any consideration of the signal filter sections. Even
so, performance is clearly dependent on the R—C timing compo-
nents; and hence such a modem is dependent on the accuracy
and stability of these components. One consequence of this
dependence is that this type of modem is susceptible to tem-
perature effects. Designing a modem to meet the performance
requirements can thus be an exacting task.

MEDIUM SCALE INTEGRATION

Moving on from small scale integration, the next level of in-
tegration provides all of the basic signal processing on a single
chip. An example of this approach is provided by the MC14412,
which is available from Motorola and a number of other
manufacturers. In this device the basic FSK modulator and
demodulator stages are all included on chip, along with pin-
programmable frequency bands for the standard Bell and
CCITT standards.

Baud rates of 300 or 600 are selected by a single control line.
The type (US or CCITT) and mode (answer or originate) are
also selected by two more control lines. The modulator encodes
the binary data from the computer into two discrete frequencies.
The pair of frequencies generated are determined by the stan-
dard (USA or CCITT), the data rate, and the mode selected.
The demodulator performs the logically opposite functions, and
decodes the received pair of frequencies into binary data. All of
the functions performed are digital, and are controlled by a
master crystal clock.

Fig. 5 shows a typical configuration for a modem using the
MC14412. Whilst it would be possible to extend this circuit to
operate in any of the possible modes, the additional bandpass
filters and switching tends to make this rather unattractive in
any cost-conscious system. To give an idea of the circuitry in-
volved in the filter stages, Fig. 6 shows a suitable bandpass filter

for a 300 baud Bell 103 originate modem. This input filtering is
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Fig. 6. Bandpass input filter stages

necessary in order to remove unwanted extraneous signals, and
to give the signal detection circuits the best chance of working.
The bandpass filter needs to be carefully designed to have a
small and constant group delay over the passband; if not, the
pulse edges will be smeared in time, and data errors will occur.
Also it must allow data to be received at the same time as the
modem is transmitting on another pair of frequencies along the
same line.

Typically, a 6-pole filter is used in the receiver, but a simpler
filter usually suffices for the transmitter. The limiter stage which
follows the receiver filter is included to provide the demodulator
with TTL/CMOS-compatible signals. The carrier for the
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transmitter is a digitally synthesised sine wave. The transmit
filter prevents the transmission of unwanted signals.

By comparison with the acoustic coupling arrangement
described earlier, a direct connection to the telephone line using
a transformer-coupled arrangement is shown in Fig. 7. The most
important item to note here is the transformer. This needs to be
a 1:1 60012 isolating type which meets the appropriate spegifica-
tions (e.g. HED 25819). High voltages (mains in particular)

. must be prevented from reaching the line, and this is usually

effected by the transformer.

Another key feature of the transformer must also be its ability
to maintain its signal performance whilst carrying up to 120mA
d.c. in the primary (line) winding. Other requirements include a
very high proof voltage, good isolation, linearity over a wide
signal level range and very low insertion loss. Surprisingly, in
view of these stringent requirements, such transformers are
actually available at quite reasonable cost.

Fig. 7. Direct connect arrangement-
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As we have seen, this scale of integration gives a convenient
way of producing a single-mode modem. The same circuit
layout is suitable for any of the possible configurations of mode,
speed and standard. To change any of these requires only a dif-
ferent set of filter components and control input settings. A dual-
mode modem is a reasonably straightforward switching
problem, but thereafter things become rather more involved. At
this point, the attractions of the simplification offered by the LSI
approach begin to predominate over the rather high chip costs.

LARGE SCALE INTEGRATION

With the increasing popularity of modems, it was perhaps
inevitable that a custom, all-singing, all-dancing modem chip
would arrive on the scene before too long. Not surprisingly, it
came from the home of the hacker, the USA. Even when in-
troduced here in 1983 at around £55 in one-off quantities (yes,
that was pounds each!), AMD’s Am7910 World-Chip FSK
Modem caused quite a ‘stir. It requires only a quick look at the
specification sheet to see why it was greeted with such
enthusiasm,

Fig. 8 shows the schematic for a minimum configuration
multi-mode stand-alone modem using the Am7910. The first
thing which strikes you in this circuit is the lack of filters and ex-
ternal components; indeed, the lack of external circuitry in
general. However, all that is missing is a power supply
(+5 volts).

Having looked earlier at the circuitry normally necessary to
produce a modem, even using i.c.s, this is clearly a significant
advance from the designer’s viewpoint. “How does it work?”
seems the next obvious question, and to answér this we really
need to look inside the 28-pin package; after all, there is very
little else to look at in the circuit!

Starting with a few block diagrams of the i.c. soon gives a
clue as to the true nature of this impressive device. Fig. 9 shows
the transmitter section, Fig. 10 shows the receiver section, and
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Fig. 10. Am7910 receiver block diagram

the remaining section, shown in Fig. 11, is the interface and con-
trol section. This last section is responsible for supervising the
operation of the TX and RX sections, and it interfaces the con-
trol functions to the outside world.

DIGITAL PROCESSING
The Am7910 has eliminated the need for those most difficult
of all sections of a modem (particularly for multi-mode types);
the analogue filters. It does this by performing all of its signal
processing operations digitally, and this is the reason for the
ADC and DAC elements in the receiver and transmitter sec-
tions, respectively. The ADC samples the audio line signals to
11 bits of precision, and the digitised signals are then
manipulated by a digital signal processor. This has 24k of ROM
Continued on page 42

Fig. 11. Overall Am7910 schematic
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Introducing... CCTV CAMERAS
ONLY £69
| EACH!

INCLUDING VAT
& CARRIAGE

Crofton Etectronics are pleased to announce that they are now
able to supply a C.C.T.V. camera, complete with a standard
lens for the amazing price of £69 inclusive of V.AT. and
carriage. Though not new, each camera has been completely
refurbished to a high standard in our own workshops and
comes ready to work with any suitable monitor, digitiser, VCR
etc. (may also be used with a domestic T.V. set by the addition
of a simple modulator — kit available). From an input of 240
volts ac, the cameras give an output of 1 volt peak to peak and

l are equipped with mounting points for standard tripods.
under £2 OOO - With applications as diverse as education, amateur dramatics
and shop/industrial/domestic security systems demand is sure
to be high and orders will be dealt with in strict rotation.

DONT DELAY - PLACE YOUR OFFER TODAY!
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BOOK
REVIEWS

INTERFACING THE BBC MICROCOMPUTER

Author Brian Bannister and Michae! Whitehead
Price £7.50 limp

Size 230 x 150mm 153 pages

Publisher Macmillan

ISB 0-333-37157-7

GOT a Beeb? Interested in hardware and interfacing? If the answer is
yes to both questions then this might be the book for you. It’s a
bit pricey at £7.50, but it’s got lots of useful information about BBC
hardware which is not covered in the standard manual.

This book is not intended for the beginner in either electronics or
programming, but it does include plenty of background information
which should prove useful to budding interfacers at any level. Also in-
cluded are a selection of data sheets on some of the most common inter-
facing chips for the 6500 family.

Chapter One is a genera! introduction to hardware facilities offered
by the BBC Computer, and the following chapters go on to deal with
the subjects of: the user port, analogue signal handling and the 1Mhz
bus, in great detail. The last chapter introduces a few applications using
a variety of transducers and input/output methods, with a little bit of
electronics thrown in. Appendices include: TTL, machine code,
memory map and a summary of connections.

On the whole, I think it is a well organised and clearly illustrated
guide {o iriterfacing the BBC micro, and on second thoughts it’s not
that expensive at £7.50.

R.M.B.

DYNAMIC SEMICONDUCTOR RAM STRUCTURES

Author A. Cardon and L. J. L. Fransen
Price £60 Hardcover
Size 235 x 150mm. 488 pages

Publisher Pergamon Press
ISBN 0-08-030578-4

THls SURVEY of the evolution of dynamic random-access memory
siructures (DRAMs) must rank as the definitive text. The authors
are examiners at the European Patent Office, The Hague, but they have
not confined their review to those patents filed only in Europe—there is
extensive analysis of Japanese and U.S. documents as well, and one
from the Soviet Union.

The introduction is a wide-ranging but economical survey of the
development of single-cell-technology DRAMSs, from 1k memories to
256k and IM chips. The authors expect 1M DRAMs to be in mass
production before 1990, using deep UV, X-ray, or electron-beam
exposure techniques: the minimum exposable linewidth of a photoresist
image has now reached the limit at 1-5 microns.

The technology to produce 1M and larger DRAMs exists, but their
production will obviously depend on demand. The market for memory
chips is volatile: at the time of writing there is no longer a shortage of
64k chips, for example, but a glut. The experience of the last 20 years,
however, seems to indicate that when a faster, more compact, higher-
density memory circuit exists, it will find a market. And eventually the
device becomes widely available.
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The glossary is placed sensibly at the beginning of this monograph,
and includes such exotic items as GIMICs, MESFETs, HEEs, and
LOCOS. At the end, the topic is separately indexed by subject, com-
pany, inventor, and patent number. .

The survey devotes the initial 43 pages of the main body of the text
to the structure and mode of operation of the basic one-transistor
MOSFET cell. This invention was first claimed by R. H. Dennard of
I.B.M. in 1967, though it was to be a further ten years before mass-
storage memory chips became widely available in the U.K. The authors
trace the evolution of single-cell structures in chronological order,
pointing out the limitations of each proposed improvement, as well as
the advantages. The graphs and illustrations are as comprehensive as
the text, though the diagrams are neither simple nor simplified.

The following two chapters, which comprise the bulk of this work,
detail proposed improvements both to the standard one-transistor cell,
and to other basic cells. In every case, the authors are meticulous in
their discussion of the implications; they are not offering opinions, but
presenting (and clarifying) a portfolio of ideas from the research
laboratories of the world.

Soft-error prevention, an increasingly important consideration as
chip density increases, is discussed at length, as is non-volatile backup
for RAMs. Finally there is an excellent review of alternative
technologies for dynamic cells, including bipolar circuits.

The claim that this book is “uniquely authoritative . . . compiled by
specialists in the subject disciplines-concerned” is fully justified, and it
seems destined to become the standard reference for some time to
come.

D.A.B.

SERVICING PERSONAL COMPUTERS

Author Michael Tooley
Price £17.95 limp

Size 235 x 165mm
Publisher Butterworth & Co.
ISBN 0-408-01502-0

T HE personal computer market continues to be one of the largest
grewth areas of this decade and there must be thousands of books
available which relate in some way to this subject. Despite this, there
seems to be little information available on computer servicing techni-
ques and procedures, which generally means servicing is left to the
manufacturers or appointed agents.

This book may go some way towards changing this situation by
providing a fairly comprehensive guide to computer and peripheral ser-
vicing. It starts with a wealth of background information on computer
hardware, numbering systems, software and firmware, which is essen-
tial to any engineer or technician not already familiar with these
products and concepts. A second chapter gives a useful guide to
organising and setting up a servicing workshop, as well as providing a
detailed list of the necessary test equipment and their uses.

The nitty-gritty of servicing micro computers is a very difficult sub-
ject to deal with, but Michael Tooley has managed to cover this vast
and complicated topic precisely and succinctly within one chapter. This
chapter is split into several key areas including: fault diagnosis, testing
the memory and CPU and a guide to miscellaneous faults. It is all
backed up by a number of software diagnostic programs which make
up a large part of micro servicing techniques.

The last two chapters go into detail about peripherals such as:
cassette and disk drives, monitors and printers. Without this informa-
tion, no book on micro servicing would be complete.

With all these subjects combined in one book, you have an indispen-
sable reference manual for computer service engineers and technicians.
However, for the hobbyist, it might be a little extravagant at £17.95,
unless regularly engaged in computer servicing.

R.M.B.
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The Amstrad CPC464 computer has proved
an extremely popular machine, although itlacks a

proper user port. This project provides just such a port, at a
reasonable cost and with a minimum of hardware.

TRAIN SIGNAL

This unit incorporates
a buzzer so that short
circuits can be easily
and quickly detected.

Diodes and the ma- » ] i ] "
jority of electrolytic All model train enthusiasts will want to build this

capacitors can also be signal controlier. The red signal stops a train from

checked. entering a zone in which there is already another
train. When the line is clear, the signal changes to
green and the train can move.

doing it/

Spread out before you are the following items: One magazine constructional article, a
selection of small tools, a soldering iron and reel of solder, a p.c.b. and packets of
electronic components. What do you do next? If you are a beginner, the answer is
simple. Read this new regular column.

EVERY DAY SRS,

ELECTRONICS

and computer PROJECTS

JULY 1985 ISSUE ON SALE FRIDAY, JUNE 21
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A COMPLETE TTL COMPATIBLE DATA TRANSHMISSION SYSTEM

EDU-LINK

Inciudes:
B » Conneciors

= FIBER OPTIC KIT

(602) 965-0323

N FIBRE-OPTIC cables, the signals are transmitted in the

form of energy packets (photons) which have no electrical
charge. Consequently, it is physically impossible for high electric
fields (lightning, high-voltage, etc.) or large magnetic fields
(heavy electrical machinery, transformers, cyclotrons, etc.) to
affect the transmission. Although there can be a slight leakage of
flux from an optical-fibre, shielding is easily done with an
opaque jacket, so signal-bearing fibres cannot interfere with
each other or with the most sensitive electric circuits, and the
optically-transmitted information is, therefore, secure from
external detection.

Jacketed fibre-optic cables can tolerate more mechanical
abuse (crush, impact, flexing) than electrical cables of com-
parable size; moreover, fibre-optic cables have an enormous
weight and size advantage for equivalent information capacity.
Properly cabled optical-fibres can tolerate any kind of weather
and can without ill-effect, be immersed in most fluids, or used in
polluted air. The higher the carrier frequency in a communica-
tion system, the greater its potential signal bandwidth. Since
fibre-optics work with carrier frequencies in the order of 10" to
10" Hz as compared with radio frequencies of 10° to 10° Hz,
signal bandwidths are theoretically 10 times greater.

A single fibre is capable of replacing a very large bundle of in-
dividual copper wire. For example, a typical telephone cable
may contain over 1000 pairs of copper wires and have a cross
sectional diameter of 70 to 100mm. A single optical-fibre cable
capable of handling the same amount of signal might be only
5mm in diameter. The actual fibre is a great deal smaller. The
additional size is the jacket and strength element, and the weight
reduction in this example should be obvious. Length for length,
optical-fibre exhibits less attenuation than does twisted wire or
coaxial cable. Also, the attenuation of optical-fibres unlike that
of wire, is not signal frequency dependent.

In many wired systems, the potential hazard of short circuits
between wires or from wires to ground, requires special
precautionary designs. The dielectric nature of fibre-optics
eliminates this requirement and the concern for hazardous
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FIBRE
OPTICS ?

ERIC HOFFMAN

Including a Review of the
EDU-LINK Kit

sparks occasioning short circuits. Optical-fibre costs are con-
tinuing to decline while the cost of wire is increasing. In many
applications today, the total system cost for a fibre-optic design
is lower than for a comparable wired design. As time passes,
more and more systems will be decidedly less expensive using
optical-fibres.

EDU-LINK REVIEWED

The EDU-LINK kit is designed to give hands-on experience
in the design and assembly of a fibre-optic transmitter and
receiver. The package contains two pre-designed p.c.b.s and all
the necessary components. The le.d. is a Siemens 665nm red
emitter with a 5ns rise/fall time whilst the detector is a newly
designed photo PIN diode with a 0-2uA/uW responsivity and
Ins rise time.

Mode OSE TXD Operation state
1 X (0] L.e.d. off
2 (0] 1 L.e.d. on
3 1 1 Built-in oscillator enabled
3 1 Open Built-in oscillator enabled
3 Open 1 Built-in oscillator enabled
4 0 Data in L.e.d. follows TXD input
0 & 1 =TTL logic levels
Key { X = Doesn’t care
TXD = Transmit data
Table 1. Transmitter truth table
TRANSMITTER

The transmitter contains a built-in oscillator so that link
operation can be observed without the need for an external
signal source. EDU-LINK is also capable of being driven from
an external TTL level signal source, should one be available. The
transmitter has four primary modes of operation as described in
the transmitter truth table (Table 1.). Modes one, two and three
are used in the exercise described later. Mode four is the data
transmission mode which responds to external signals applied to
the TXD input.
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Fig.1. The transmitter circuit diagram

OSCILLATOR OPERATION

Referring to Fig. 1, the transmitter schematic IC1a and IC1b
make up a two-gate relaxation oscillator. To understand its
operation, one needs to understand the relationship between the
various time constants in the circuit. The shortest time constant
is the propagation delay time of the gates themselves. This is the
time it takes the gates outputs to respond to changes to their in-
puts and is typically about 10ns. The next longest time constant
is about 2 microseconds and is associated with input (pin 2) of
IC1a. It is determined by the value of R2 and the input
capacitance (5pF) of the gate. The longest time constant is that
of the network of R4 and C1 which is 0-3ms.

As you will discover, the relative size of these time constants
is necessary for proper operation of the oscillator. For example,
input pin 2 should track the voltage at TP1 (Test Point) with a
small time delay (Fig. 2). This delay is provided by R5 and the
input capacitance of gate IC1a.

44 HH e HH T
IRl i I [
: L
P : HHH
] A INHEEH N
:lI'j"'i‘ Nt = b 11 N
A TENCE Py i T :_fi\'&-pﬂ:ﬁ
oA i A A
Jéannnunnn lnyd e
Jisaanse: (A .%.L:lttﬁ:;,_‘_
REEEEES T YT T T T T
To ]

Fig. 2. TP1 waveform

When OSE is low, the output of both gates are high,
preventing oscillation. In this state the l.e.d., D1, will respond to
TTL level signals applied to TXD input. Assume now that OSE
is switched to a high state at time=t(0). Due to the input
capacitance associated with input of pin 2 of IC 1a instantaneous
voltage changes cannot occur on input pin 2. With both inputs
now high, the output of ICla goes low. Note that before the
change in the state of OSE, one of the inputs of IC1b was low
the other high. Such is the case now also, except reversed.
Therefore the output of IC1b remains high. With IC1a output
low and IC 1b output high, the voltage developed across R1, and
appearing at TP1 is high at t(0+), and holds the output of IC1a
output low, forcing completion of the charging half cycle of C1.
The charging cycle is complete when the voltage at TP1 decays
below the threshold value representative of a logic 1 at time tl.
At t1, the oscillator changes states, ie IC 1b output goes low and
the discharge of C1 begins.
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OUTPUT GATE AND LED DRIVER

When the trahsmitter is in mode four the l.e.d. is turned on
and off in response to TXD logic levels 1 and O respectively.
Nand gate, IC1c acts as an inverter, which cancels the inverting
action of driver transistor TR1. When TXD is driven high the
output of IC1 goes low, turning of TR1 and allowing the
l.e.d. to be forward biased through R2.

When TXD is driven to a logic low the output of IC1c goes
high, turning on and saturating TR1, consequently the le.d. is
switched off. The advantage of this type of transmitter design is
that the power supply drain current remains constant whether
the le.d. is on or off, reducing supply transient generation. Its
disadvantage is its constant power drain.

RECEIVER

Referring to the receiver schematic in Fig. 3. IC2a, PIN
diode, D2 and R7 form a wide bandwidth current to voltage
converter commonly referred to as a transimpedance amplifier
(XZA). Its function is to convert the output current of the PIN
detector to a voltage for further processing and level detection.
The PIN diode can be modelled as a high quality (high
resistance and low capacitance) current source, and responds
linearly to optical flux incident upon it.

The output voltage of the ZXA is also a linear function of the
received optical power. Receiver band width and sensitivity is
most effectively determined in the first stage of amplification, the
ZXA, and the effective input time constant determined using the
relationship: B=A/2R(C;, where A, is open loop gain, R¢is the
feedback resistor (R1), and C; is the input capacitance. The
smaller the effective input capacitance for a given bandwidth,
the larger R can be, resulting in greater XZA gain (sensitivity)
and higher signal-to-noise ratios for a given input flux level.

IC2b of the receiver is a peak signal detector. Its purpose is to
hold a sample of the peak signal for reference purposes during
extended periods of time between signal peaks. This stored
reference signal allows one to sample the incoming signal at its
point of minimum distortion, thereby reducing pulse width dis-
tortion. In particular, note that the voltage divider of R9 and
R10 divides the detected peak signal by two relative to a com-
mon reference voltage for presentation to the input of output -
comparator IC2c. The reference voltage is generated by R11
and R12 which is buffered by IC1d to provide a low impedance
source. As a result, incoming optical flux generates a signal
current in D2 which is amplified by the XZA and used to drive
output comparator IClc.

Fig. 3. The receiver circuit diagram
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CONSTRUCTION AND USAGE

From the photo it can be seen that very few components are
needed to construct this interesting kit. The p.c.b.s are of a
professional’ quality and the full kit can be assembled in a
reasonably short time. The l.e.d. and the PIN diode fit neatly in
their special connectors and only then should they be soldered to
the board and finally secured with the screws supplied. Care
must be taken when the actual fibre-optic cable is to be ter-
minated as this is the key to optimum optical transmission. A
sharp knife should be used to trim the edge to ensure a smooth
surface otherwise some loss of transmission is inevitable.

The manual supplied with the kit gives full detailed descrip-
tions accompanied by easy to follow diagrams of how to ter-
minate the fibre-optic cable to the connectors.

Once the kit is completed and working it can be used first
with the supplied exercises to give the constructor some hands-
on experience of how a fibre-optic link operates. These will in-
clude some transmit/receive power calculations, pulse width dis-
tortion measurements, and finally how light through the fibre-
optic cable can be affected by wrong use of the hardware.

Now that we understand how fibre-optic transmission works,
the kit can be used to replace any means of ordinary wire
transmission, whether connecting your computer to a remote
printer or observing your software coming from your tape
recorder. The use of the link is, of course, unlimited and as we
can see in the fast growing technical industry the hard wiring is
being replaced by fibre-optic alternatives in greater numbers
every day.

CONCLUSION

The EDU-LINK is a well désigned kit, easy to construct and
by using the inclusive exercise sheet, will provide an in-depth un-
derstanding of fibre-optic data transmission. *

Typical example of an
industrial multi-strand
fibre-optic cable

The EDU-LINK kit is available for £22.57 (inc VAT and p&p)
from G. A. Stanley Palmer Ltd., Elmbridge Works, Island Farm
Avenue, West Molesey Trading Estate, Surrey, KT8 OUR (01-
979 7254).

mocjems

CONTINUED FROM PAGE 36

and 1-3k of RAM allow it to perform digital filtering, modula-

tion and demodulation; even the carrier used for the transmitter
is digitally synthesised in this section. Other functions included
in the chip are auto-answer and analogue/digital loopback
testing.

This approach gives all of the advantages of digital tech-
niques, with filters which are stable, predictable and not subject
to temperature and ageing effects (other than those affecting the
master crystal). Also gone with the digital approach, to the relief
of all of us not over keen on 6-pole filter equations, is the
problem of designing filters which can be built using ‘sensible’
component values. The result is typified by Fig. 12, which is an
example of the output spectrum from the transmitter at 1200
baud.

OPERATING MODE

The operating modes of the modem are set by the five TTL-
compatible control lines, MCO to MC4. These may be set
manually by switches, or under software control from the com-
puter. The level converters in the circuit are required in order to
convert the chip’s TTL levels to the standard RS232C/CCITT
V.24 interface levels. In practice, many computers will not han-
dle the full range of RS232C signals, and additional gating may
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be necessary. The phone line interface, which completes the pic-
ture, provides any additional filtering and protection necessary
to meet local regulations.

This has clearly only been the briefest of looks at what is a
very sophisticated device. The possibilities for this chip are
almost endless, especially when it is combined with other i.c.s
from the World-Chip series, and other computer peripheral sup-
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Fig. 12. V.23 spectrum at 1200 Baud

port chips. Although the Am7910 has been discussed, it is but
one example of the latest in LSI modem technology.

NEXT MONTH

This completes our brief look at modem design tech-
niques. Next month we conclude this short series with a
buyer’s guide and a brief look at modem applications.
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FREE! READERS’' ADVERTISEMENT SERVICE

BAZAAR

UNEMPLOYED—wants trainee position in
electronics. Will travel anywhere. R. O. Taylor, 76
Brownings Avenue, Chelmsford, Essex CM1
4HY.

STUDENT of Elec/Electronic engineering re-
quires year of industrial training from August.
Please write for my full CV. Jonathan Miller,
4 St. Josephs Road, Brentry, Bristol BS10 6QL.
Tel: 0272 503364,

GREAT OFFER! Spectrum Interface Il in good
condition. Only 3 weeks old. Only £16.40. Send
postal. order to: E. Schooling, Cunningham
House, Queen Victoria School, Dunblane,
Perthshire FK15 OJY.

KEYBOARDS. Two new K-A keyboards in
original packing. 37-note. £10 each, plus
carriage. H. C. Parr, 57 Westmorland Way,
Newton Ayctiffe, Co. Durham DLS 4NN.
PRINTER 30 c.p.s. RS232C 300 baud.
Keyboard. Letter quality {sample available).
Works with UK101. Offers under £100. C.
Helten, Vine Cottage, Main Road, Alresford,
Colchester, Essex CO7 BDD. Tel: 020622 5671.
HELP wanted to repair Premier Microsystems
Sprite colour board for UK101. J. P.
Anderson, 5 Clarence Road, West Croydon, Sur-
rey CRO 2EN. Tel: 6B9 20B3.

AVO valve characteristic meter MK4 with data
book £55 o.n.0. ASR 33 300 baud 20Ma loop
£45. P. R. Ledger, 43 Harper Street, Oidham OLB
1BB. Tel: 061-652 9378B.

ALMOST complete set E.T.. August 76 to
February BS {4 missing). £10 to cancer research.
Mr. Lambert. Byfieet 41772.

MAGAZINES, books covering most electronic
subjects—about 100 and complete home study
course of I.T.E.C., offers. A. Kennedy, 22 Envilie
House, Otley Way, South Oxhey, Watford, Herts.
WANTED Vocoder. Any make. Price to be
agreed by both sides. Phone Leicester (0533}
740432.

FOR SALE Newnes Radio & TV Servicing
1963/74—offers. Many other books/
magazines—details on request. Mr. F. D. Brown,
6 Ryan Close, Ferndown, Wimborne, Dorset
BH22 9TP. Tel: Ferndown {0202) B77620.
CAPACITORS, 52 x 20,000 HF computer
grade capacitors- with bus bars and tray (ex ICL
7021 line printer). Offers. |. G. Milton, 29 Down-
ing Crescent, Bedworth, Nuneaton, Warwicks.
Tel: 0203 491598B.

Please publish the following small ad. FREE in the next available
issue. 1 am not a dealer in electronics or associated equipment. |
have read the rules. | enclose a cut-out valid date corner.

S IGNALUTE P ieiert el Sl o S S8 S Date

Please read the RULES then write your advertisement here—
one word to each box. Add your name, address and/or phone no.
COUPON VALID FOR POSTING BEFORE 5 JULY, 1985

'One month later for overseas readers.)

SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH15 1JG.

RULES Maximum of 16 words plus address and/or phone no.
Private advertisers only (trade or business ads. can be placed in our
classified columns). items retated to electronics only. No computer
software. PE cannot accept responsibility for the accuracy of ads. or
for any transaction arising between readers as a result of a free ad.
We reserve the right to refuse advertisements. Each ad. must be
accompanied by a cut-out valid “date corner”. Ads. will not appear
(or be returned) if these rules are broken.

COMPONENTS, i.c.s, relays, motors, transfor-
mers, wire, nuts, bolts, washers, solder tags, 3kg.
assortment. £7.50 post free. K. Bailey 40
Seymour Close, Selly Park, Birmingham B29
7JD.Tei: 021 472 36BB.

WANTED Crotech 3030 or 30365. Tel: 01-451
3093.

NEW BRAIN AD Computer, built-in display,
PSU leads, handbook, information on software.
£100. Tel: 01-397 3952 (evenings)

BBC-B COMPUTER DFS basic wordwise view
plus 20 software packages plus games manuals
£5B0. Practically new. London SW16. Tel: 01-
764 0B39.

WANTED any surplus electronic equip-
ment/components for a school introducing elec-
tronics into the syllabus. Mr. J. K. Bell, Orleans
Park School, Richmond Road, Twickenham. Tel:
01-B9101B7.

WANTED tape deck type 2937 for Bush Arena
BS3032 new or new condition. Mr..E. L. Yates, 5
Whinney Moor Lane, Retford, Notts. Tel: Retford
704995.

FOR SALE 3 channel sound to light £25 and
compatible light chaser £25: mini drum syn-
thesiser £23. C. Gough, 16 Chartres Court,
Middleton Avenue, Greenford, Middx. UB6 BBP.
Tel: 01-57B 4305 after 6.00 p.m.

MULTICORE CABLE new, 20-way, telephone
type, rating about 1 amp/core, 45p/metre. Post
at cost. K. Bailey, 40 Seymour Close, Selly Park,
Birmingham B29 7JD. Tel: 021-472 36BB.
MICROTAN wanted in exchange for Texas T1
99/4a. Non-worker considered. T. Burnett, 33
Berkdale Road, Low Fell, Gateshead, Tyne &
Wear. Tel: 091-4B2 4307.

SPECTRUM 48K, interface 1 microdrive, 3 car-
tridges, software, hardly used, £120. Can
separate. Tel: 01-997 01B1.

MICROTAN boards for sale, Eprom program-
mer, Eprom switching and Tanex with basic
X-bug assembler, etc. D. Francis, 50 Eastpark,
Southgate, Crawley, W. Sussex RH10 6AS. Tel:
24620.

TELEQUIPMENT D51 oscilloscope dual trace
plus many spares. £90 o.n.o. for quick sale. Tel:
Hartlebury (0299) 250224.

CB RADIO 40 channel legal band, New. Un-
wanted present. £20., Mr. G. Marshali, 16 In-
verness Road, Southal, Middx. Tel: 01-571
2252.

WANTED: 10MHz singie trace oscilloscope.
For sale eight 4116 memories. As supplied. £10
the lot. Adam Richard Cooper, '‘Broomside”,
Loggerheads, Market Drayton, Salop. TF9 4NZ.
Tel: Ashley 2634,

CUSTOM BUILT 61 note electronic organ.
Touch sensitive keyboard with piano sound £100
o.n.0. D. S. Francis, 22 Clifton Wood, Holbrook,
Ipswich IP9 2PY. Tel: 0473 32B013.
SOLARTRON Solarscope Type CD7115.2, dual
beam ex-army 64 valves + 3 valves needed,
£B0. Mr. J. B. Horton, 149 Mill Road, Deal, Kent
CT14 9BB.

MICROGRASP robot arm + interface part
assembled + computer, cost £440, bargain
£160 o.n.o. 7 Carlton Road, Boston, Lincs.
TRS801 Level tI 32K microcomputer (ex-
panded), LPVI} Dot-matrix printer {BBC etc. com-
patible), comp-monitor, Cass recorder, + £200
software/books (cost £1160). Offers over £325.
Tel: St. Helens (0744)B11B16.

PRINTER dot matrix for sale teletext or A4 or
Fanfold BBC compatible. £B0 o.n.o. Bargain.
Peter Vanaardt, 4 Cheavley Ciose, Andover,
Hants. Tel: 0264 54949.

DRAGON CHIPS, 6BO9E and 74LS7B3, £4
each, £35/10; 2764 £3 each £27/10; capacitors
22u 16V £1/100. Nic Spiers, 114 Greenway,
Tunbridge Wells, Kent TN2 3JN Tel: 0B92
44070.

LYNX 48K. Information regarding memory ex-
pansion, interfacing memory and screen address
locations, etc. required. Please contact: S. J.
Burn. Tel: 091 251 4761.

WANTED audio i.c. type HA112B for Kingsonic
mono portable TV model TB1239 and also cir-
cuit diagram., George Grieve, Makerhouse,
Dounby, Orkney KW 17 2HS. Tel: 085 677 245.
COLLECTOR of old electronics seeks early
semiconductors and circuit cards. Write for
details and prices. Mr. Andrew Wylie, 56 Rue
Liotard, 1202 Geneva, Switzeriand.

WANTED  Practical Wireless ‘‘Sandbanks”
metal detector with or without search coil. Mr J.
Dean, 26 Halcyon Way, Burton-on-Trent, Staffs.
DE14 2JR. Tel: Burton 34678B.

WANTED ET1 Powertran Vocoder or Elektor
Vocoder working or needs looking at. Any infor-
mation appreciated. Paul Peet, 7 Coleman Close,
off Coleman Road, Leicester, Leics. Tel: 0533
740432,

Name & Address:

BLOCK CAPITALS PLEASE

For readers who don't want to damage the issue send a photostat or a copy of the couponh {filled in of course) with a cut-out valid “date corner"]
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Digital Delay
& Sound Sampler

WITH COMPUTER INTERFACE

John M.H. Becker

DELAY SELECTION

In many digital delay units that are available the selection
of the delay factor is controlled by varying the rate at which
data is sampled and retrieved. In those cases, the write and
read addresses always have a fixed relationship, and the fine
tuning of the delay selection is controlled by varying the
master clock oscillator rate, and coarse selection made by
switching between either more or less memory blocks.

Up to a point this is a good way of doing it and with
analogue delay units it is probably the only way available. it
is also partly available here but another, and probably a bet-
ter way is aiso used. It takes full advantage of the random

Part 2

it back, that is the delay time. Having read back address 1,
both the Write and Read addresses are stepped forward one
place. You write into 3 and read back 2. Still the same delay
of 1ms applies. Taking it further, suppose the memory is full
of data, and you read back not the previous focation but the
one 65535 steps earlier, the delay then becomes 65535 x
1ms, over 65 seconds.

Of course if you read back the 65536th step earlier, that
is the same as reading back the data just this instant fed in,
so no delay occurs, apart from that required in shifting from
write to read mode. The same clock signal applies to both
the read and write addresses, and only the displacement fac-

S5 vAz0 s5 VR14 VRIS ot i DELAY kil s 'y o

I\ \ X \ \ 1.34MHz 67kHz 3-83ms 22-3kHz 3-83ms
, 400kHz 20kHz 12.88ms | 6.66kHz | 12-88ms
1.34MHz 67kHz 100ms 22.3kHz 3.83ms
e 2 AL \ 400kHz 20kHz 335ms 6-66kHz | 12-88ms
1.34MHz 67kHz 1s 22-3kHz 3.83ms
W X X / 400kHz 20kHz 3.28s 6.66kHz | 12-88ms

/ /I\ \ \ 142kHz 7100Hz 36ms 2-36kHz 36ms

. 37kHz 1850Hz 138ms 616Hz 138ms

o S /F / i 142kHz 7100H: 937ms 2.36kHz 36ms

y 37kHz 1850Hz 3.56s 616Hz 138ms

s /r % )2 142kHz 7100H: 9.37s 2.36kHz 36ms

v 37kHz 1850Hz 35.28s 616Hz 138ms

Wise J/ \ \ 59.4kHz 2970Hz 86ms 990Hz 86ms

165kHz 750Hz 341ms 250Hz 341ms

T \L VA \ 59.4kHz 2970Hz 2.24s 990Hz 86ms

15kHz 750Hz 8-87s 250Hz 341ms

59.4kHz 2970Hz 22.4s | 990Hz 86ms

v AT J/ X / 15kHz 750Hz 87s 250Hz 341ms

X = Don’t Care

access nature of the memory address and data relationships.
Normally the sampling clock is maintained at a constant fre-
quency, and in theory a delay range of zero through to
65536 separate steps is possible. Such resolution of delay
factors is not necessary in practice, and here, it is limited to a
choice of 255 discrete delay steps. In this way the wow nor-
mally associated with varying clocking frequencies is
avoided.

The principle is very simple. Say for example you put data
into address 1. Step forward to address 2 and put in more
data, you can now read back the data already at address 1. If
it has taken 1 ms to put data into address 1 before you read
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Table 2. Delay control settings

tor varies. When the clock counter reaches the final address
number, it automatically resets to the first address so that a
constant loop is maintained.

MASTER CLOCK OSCILLATOR

In Fig. 7, 1C26 is a voltage controlled oscillator, where the
frequency is determined by the timing capacitor, the control
voltage at pin 9, the current at pin 11, and the line voltage.
The latter is derived directly from the nominal 8V rail, for
although most of the logic requires a 5V line, IC26 has a fre-
quency range too low if only 5V is used to supply it.

With S4 open, pin 9 is held at 5V. VR20 controis the fine
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Fig. 7. Timing components and trigger interfaces 1623

selection of oscillation, and at minimum resistance with only
C38 in circuit, a frequency of around 1MHz is generated.
Switch in C39 and the minimum frequency reduces to
around 400kHz. With S5 open and VR20 at maximum
resistance the lowest clock rates then become about 60kHz
and 15kHz respectively. With S5 closed, the resistance
range of VR20 is reduced by R72. For normal musical use
S5 remains closed and S6 open, so keeping the sampling
rate sufficiently high to maintain a respectable signal
bandwidth. R69 and D3 restrict the output voltage to 5V
maximum, as required by the other controlled circuits.

Modulation of the clock frequency for phasing, flanging,
vibrato, chorus etc, is effected by the standard triangle wave
oscillator around 1C25a and IC25b. The modulation rate is
determined by C36 and the resistance of the panel control
VR18. With S4 closed the modulation depth is controlled by
VR19. Photos 11 and 12 show some effects of modulating
the oscillator.

The output of IC26 is the controlling clock for the two A to
D converters. These also need a negative line voltage of
around —3V for correct operation. This is derived by buffer-
ing the high frequency by IC31a and IC31b, and using a
diode pump around C42, C43, D1 and D2. In order to enable

Practical Electronics  July 1985

the A to D converters to perform their conversions within a
given period of the timing sequence, they are driven by a
higher frequency than the rest of the control network.
Remember from earlier these need eight clock cycles to
perform their task.

1C23b divides the original high frequency by two, which is
a sufficiently reduced rate to maintain the remaining syn-
chronisation factors. By matrixing the outputs of the decade
counter, 1C27, through the various OR gates IC28 to IC30,
the required polarity and duration of the control pulses is
easily achieved. Take CAS for example, the line needs to be
high for three clock cycles, down for one, up for three, down
for two and then up again on the 10th.

Photo 11. 660Hz Photo 12. 1-2kHz
Upper trace—final audio output. Lower trace—modulated
waveform
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The output of IC29a will be high on the 1st, 2nd, 3rd and
10th cycles. This is fed to the gate IC30a. The output of
IC28b will be high on the 5th and 6th cycles, and also goes
to IC30a, as does the 7th cycle so that the output here will
be high on cycles, 1,2, 3, 5,6,7, 10 as required.

Photos 13 and 14 show practical oscillograms of some
aspects of the timing sequence.

Photo 14. Upper trace—
RAS. Lower trace—CAS

Photo 13. Upper trace—
test point. Lower trace—
clocking oscillator

ADDRESS COUNTER

Every 9th output of IC27 steps the address counter 1C8
on by one place (Fig. 3). This is a 12-stage ripple counter,
each stage dividing by two. The 12th output triggers the
next counter IC9 on every 4096th pulse from the address
trigger. This is a 7-stage ripple counter, though only four out-
puts are used. Between them these two counters go through
their full count once every 65536 trigger pulses.

The first eight outputs of IC8 are used as the row address
selectors, the last four and the first four of IC9 are the
Column address selectors. Assume for the moment that
IC10 and IC11 just allow the column address straight
through, then the set of row and column addresses pass to
the muitiplexers IC12 to IC14. Each has 3 sets of twin in-
puts, and 3 equivalent outputs (only 2 are used on IC14).
These i.c.s act as gates and if their controlling signal is high
then each gate will open to only one side of the twin inputs,
and allow the data to pass to the output. If the control signal
is low, then the first side closes, and the second opens, so
allowing the other lot of data to pass through.

By constantly taking the control up and down, so these
gates repeatedly switch between the row and column ad-
dresses. 1C28d is the OR gate delivering these control
voltages. As things stand the Write address is always the
same as the Read address throughout all 65536 steps. We
need to displace the Read address in relation to the Write
address in order to achieve the desired time delay.

ADDRESS DISPLACEMENT

All we need is to add another number to the Write address
in order to get the Read address. As stated earlier, it would
be possible to have an address displacement available for
each of 65536 delay factors, but this resolution is far too
close to be of practical use. 255 separate delay factors
controlled from the panel are quite enough.

IC7 is another A to D converter, and works in the same
way as IC5, needing a clock, a convert trigger, and an output
enable. These last two occur at different timing points to
IC5, and the other difference is that the analogue voltage is a
d.c. level set by VR14 and VR15. VR16 and VR17 are used
to restrict the voltage seen by IC7 to within only the required
limits of the 1 to 255 output range. IC7 samples the voltage
programmed by VR15 and of course produces its binary
equivalent. In practise on the prototype it was found that
sampling this voltage too frequently was apt to produce a
possibility of a high speed variation of the output number if
the pot was set so that the voltage was really just between
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two numbers. Consequently the sampling rate is restricted
to once every 8192 cycles (213).

At this point 1C23a is triggered, then on receipt of the
pulse from the timing network pin 9 iC27 the output
changes state and triggers the monostable IC24a. Thereafter
it will not trigger again until the next 8192nd pulse.

Although this sampling takes place so comparatively in-
frequently, the data of each sampling is held by IC7 which
can allow it through any time instructed. The timing
sequence tells it to do so each time the memory needs to be
read for the delayed data. At this point the data passes
through to the two adders IC10 and IC11. These
automatically add this number to the column number
presented from IC8 and IC9. If the actual answer is above
255 the adders ignore the overflow, and treat the number as
though it were 255 numbers less. Thus the displacement ad-
dress has been produced. R52 to R59 ensure that the ad-
ders IC10 and IC11 regard the input from IC7 as zero when
that chip is closed, and so the write address has nothing
added to it.

POWER SUPPLY

The power supply rquTr/ed is basically a 5V single
stabilised line and is shown in Fig. 8. In the prototype the
transformer used has two identical 6V windings each at 3VA
and coupled in parallel to produce 6V with a 6VA capability.
Full wave rectification of 6V a.c. produces about 8.5V
d.c. This reduces slightly to roughly 8V on load, and supplies
power to the LFO around 1C25, the HFO around 1C26, and
the compander around 1C2 and IC3. In the latter two cases
ripple is rejected by the insertion of R68 and C37, and R80
and C14. The max. current is around 65mA.

Ny IC36
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cs8
220n €48
100n
ov
- >—0

€473
loowT

H

i 0
N, A

ov

5V

= P M
e R

10 CAPACITORS AT
A STRATEGIC POINTS
“ THROUGHOUT.

J:
i

Fig. 8. Circuit diagram of the p.s.u

IC36 takes the 8V and produces a stabilised output of 5V.
Despite the good regulation of this type of IC, it still takes
time to correct for transient current changes, and so some
HF spikes are still expected on the power lines. Various
capacitors such as C51 to C60 are placed at strategic points
throughout the printed circuit boards to minimise them.
R25, R26 and C21 supply a split level reference to IC1 and
IC4.R17,R18 and C13 do likewise for IC2 and IC3.

That then concludes the main circuit. We will leave the
details of interfacing with a computer, and the associated
circuitry until after the main unit assembly has been
described. So for the moment ignore 1C24b, IC35a and b,
IC31¢c, and assume that IC33 and IC34 allow the control
signals to pass straight through to their ultimate destination.
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64K DIGITAL DELAY & SAMPLER £295

LOW COST DIGITAL TECHNOLOGY FOR SUPERB MUSICAL EFFECTS

AFFOR|

BECKER g

[ reain o P § L3 T § ”

OO@®®@®®eé

19 INCH RACK MOUNTING UNIT KIT 234-R: £295
MORE P.E. AUDIO EFFECTS AND OTHER SUPER SOUND KITS!

MONO-STEREO ECHO-REVERB (P.E. Sept. '84) 200ms echo (extendable), lengthy
reverb, multltacklng Kit as published. Set 218BK £55.66
ENHANCED PHASER (P.E. Oct. ‘84) Enhanced phasing with modulated filter shifting.
Kit as published. Set 226BK £39.13
RING MODULATOR {P.E. NOV. "84} Fabulous effects generation. With multiwaveform
VCO, noise gate & ALC. Kit as published. Set 231BK £39.99
MONO-STEREO CHORUS-FLANGER (P.E. Jan. ‘84) Superb dual mode music enhance-
ment. Kit as ubhshed Set 235BK £55.66
CYBERVOX (E.E. Apr. ‘85) Amazmg robot type voice unit, with ring modulator and
reverb. Kits as published. Set 228BK £37.40
STEREO NOISE GATE & VCA (P.E. May ‘85) Automatic noise reduction circuit for
mono or stereo. Kit as published. Set 227BK £26.

SIGNAL GENERATOR & F-V (P.E. Jan. '85) Audio test equipment. Multiwaveform VCO
& frequency to voifage converter, & sweep generator. Kit as published. Set 233  £46.96

Add 15% VAT. Add P&P £1.50 each “BK~ Kit, £3.00 for Rackmounting Kits.
{Overseas Postage Rates in-Catalogue).

Project texts & circuits can be bought separately at 50p each plus large S.A.E. “BK”
unit boxes are steel & aluminium with black finish. Most kits aiso available with lower
cost plain aluminium boxes. Prices in catalogue. All kits include PCBs, parts, instruc-

tions, boxes, wire, solder.

catalogue & enguiries send £1 or 5 IRC's).

Over 90 kits in catalogue. Send S.AE. (9x4 or bigger), & with all enquiries. (Overseas

Mail order. Payment to Phonosonics, CWO, CHQ, PO, Access, Visa. Insurance cover
50p per £50. (Obligatory on credit card orders). Details correct at press. E&OE.

BECKER-PHONOSONICS, MAIL ORDER DEPT. PE57, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED.
TEL: ORPINGTON 37821 (STD 0689, LONDON 66).

PUBLISHED [N PRACTICAL ELECTRONICS JUNE 1985

FULL 64K MEMORY. UP TO 67KHZ SAMPLING RATE. AUDIO BANDWIDTH OVER 15KHZ. FEATURES
SPECIAL WOW-LESS CIRCUIT CONTROLLING MUSCIAL DELAY RANGE FROM 4mS TO 8 SECONDS.
MAXIMUM SPECIAL EFFECTS DELAY 65 SECONDS. COMPANDING ADC & DAC CONVERTERS WITH
EQUIVALENT OF 15 BIT SAMPLING. INFINITE LOOP SAMPLE STORAGE. CONTROLLABLE SWEEP
MODULATOR. INTERNAL AND EXYERNAL DIGITAL AND VOLTAGE CONTROL. EFFECTS GENERATION
FOR CHORUS, DOUBLE TRACKING, ECHO, FLANGING, PHASING, REVERB, VIBRATO, LOOPED PITCH
VARIATION.

CODE

BASS BOOST: Increases volume of lower octaves SET 1388 BK £1146
BLOW BOX: Voice operated VCF & VCA for fascinating effects SET 214BK 2833
CHORUS (SIMPLE): Muttiplied solo enhancement SET 162BK £34.90
COMPANDER: Mono companding, or stereo compression or expan-

sion, switchable SET 238BK 2293
ENVELOPE SHAPER: Note triggered ADSR unit with VCA SET 174BK £20.65
EQUALISER: Variable combinations of Low, Mid, Top & Notch SET 21718K £2583
EQUALISER: 10 Channels fully variable SET 134BK fa183
‘FLANGER (SIMPLE): Fascinating phased resonance effects SET 153BK £2624
FREQUENCY DOUBLER: Guitar octave raiser & tone changer SET 98BK £12.80
FUZZ: Smooth distortion, retains attack & decay SET 91X BK £18.57
GUITAR OVERDRIVE: Heavy fuzz with selectable qualities SET 56BK £23
GUITAR SUSTAIN: Extends note decay time, with noise. gate SET 222BK £25.31
GUITAR TO SYNTH INTERFACE: With voltage & trig outputs SET 173BK £36.37
HAND CLAPPER: Auto & manual vanabie clap effects SET 197BK £25.69
JABBERVOX: Voice disguiser with reverb & tremolo SET 150BK £27134
MOCK STEREQ: Splits mono signal into stereo simulation SET 213BK £2337
MULTIPROCESSOR: Fing, Rvb, Faze, Fuzz, Wah, Trem, Vib SET 189BK £61.14
MUSIC MODULO: 8 variable tremolo & wah guitar effects SET 196BK £21.79
REVERB (SIMPLE): With new longer delay chip. For mono or steree SET 203X BK £36.54
RHYTHM GENERATOR: Switchable pre-programmed rhythm chip

40% combinations - 9 effects instruments SET 240BK £59.99
RHYTHM GENERATOR: Computer driven, 9 drum effects SET 185BK £34.64
ROBOVOX: Versatile robot type voice modifier SET 165BK £2453
STORMS EFFECTS: Auto & manual wind, rain & surf effects SET 154BK £19.36
TOM-TOM SYNTH: Sound triggered, multivariable SET 190BK £18.05
TREBLE BOOST: increases volume of upper octaves SET 1387 BK £11.13
TREMOLO: Mono variable rate & depth modulation SET 136BK £f1271
VOCODAVOX: Modular vocoder, 7 chans, extendable SET 152BK £68.31
VODALEK: Robot type voice modulator SET 155BK £15.44
WAH-WAH: Auto, manual & note triggered SET 140BK £20.76

DESPATCH USUALLY 10-14 DAYS

A COMPLETE
SECURITY
SYSTEM

FOR ONLY
£39.95 + var

contams.
Control Unit

Enclosure & mechanical fixings
Key Sw‘(ch & 2keys

5% Hum Speaker
4 hign qualily surface mounting Magnetg Switches

With only a few hours of your time it 1s possible to assemble and install an
effecuve secunty system to protect your family and property, at the amazingly
low cost of £39.96 +V AT. No compromises have been made and no corners
have been cut. The outstanding value results from volume production and
drect supply Assembly is straightforward with the detaded nstructions
provided When installed you can enjoy the peace of mind that resuits from a

Price £19.95+VAT.
The heart of any alarm sysiem 1s the control
unit, The CA 1250 offers every possibie feature
that s likely 10 be required when constructing a
system whether a highly sophsticated
nstallation or simply controling @ single
magnetic switch on the front door.
= Built in electronic siren dreves 2 loud
Speakers
*Provides exit and entrance delays together
with fixed alarm time
«Battery back-up with trckle charge faciity
«Operates with magnetic switches, pressure
pads. ultasonic or 1. unts

secure home Should you wish the le: secunty,

be extended at any time with addilional magnetic Switches, pressure pads or
ultrasomic sensors. Don't wart until it's 100 fate - order today
Order Code: CS 1370

EXTENOEO.SYSTEM CS 1480 Price £62.50 + VAT.

Thus system contans, i addition o the CS 1370, an ultrasonic detecior type
US 5063 + ts enclosure. an additional horn speaker and a further 2 magnetic
switches This systam represents outstanding value for money for the high
level of secunity mcvvdeﬂ

Qrder Code: CS 1480

and panic facility

-Subnhseu Qutput voltage

« 2 operating modes full alarmiant tamper
and panc Tacility

* Screw connections for ease of INstallation

*Separate relay contacts for external loads

* Test loop facilty

TIMER SWITCH & POWER SUPPLY MOOULE
OP 3570 Price £13.95 + V.AT.

The OP 3570 consists of an adustable tme: switch and stabrised 12V power
supplyforusena I secunty, hgl

and automatic switching

The timer section of me module prqvldes swl(cmng 01 10ads up to 3A for pre
settimes, e setby the 10 secs and
& mins. The tumed per od may be tnggered by el np:m'\g of a loop or the
closing of external contacts. with the umed perod commencing
wnstantaneously or delayed ta provide a form of entrance delay.

The power supply section of themodule pravides a 12V output of up to 250mA
which 15 sutficient for mos: applcatons. The module operates from either
240V arc supply of 3 12V hattery for which trickle Charge facilmes are hichuded
Connections 1o the module are by means of screw terminal connectors withno
soigening needed

For mounning the umt an attracuve moulded
enclosure 15 avarlable.

ME 357 only £2.85 + VAT

&

INFRA-REO SYSTEM IR 1470 oniy £25.61+AT.

Consisting of separate transmitter anod receiver both of which are housed m
atreactive moulded cases. the system provides an nvisibie modulated beam
over distances of up (o SOt operating a relay when the beam I8 broken
Intended for use m security systems. but also wieat for photographic and
measurement applications S12e 80 » 50 » 35mm

LA |

SELF-CONTAINEO ULTRASONIC
ALARM UNIT CK 5063 only £37.00 + VAT.

Requires no nstallanon. Easily assembled using our.

professionally built and tested modules.

«Adyustable range up 1o 250

*Buill 10 entrance and exit delay

*Built-n umed alarm

*Key operated switch Off. Test and Operate

«Provision for an extension spaaker

«Fully self-contaned

*Uses US 5063, PSL 1865 Key Switch 3901.

I Speaker 3515

Now you can assemble a really effective mtruder atarm at this low price using
tred ‘and tested Riscomp modules. Suppbed with full instructions, the kit
contains everything necessary 10 pravide an effective warning system for your
hause or flat With a built-in LED indicator and test position the unit s easily set
up requinng no installation. It may smply be placed on a cupboard or desk
Movemerit within its range will then cause the builtin swen to produce a
penetrating 30dbs of sound of even 110dbs with an additlonal speaker. Al
parts included and supplied with full nstructions for ease of assembly. Size
200 x 180 x 70mm Order as CK 5063,

RISCOMP
LIMITED

Dept PE31

21 Duke Street,

Princes Risborough,

Bucks. HP17 0AT

Princes Risborough (084 44) 6326

Practical Electronics July 1985

HARDWARE KIT
HW 1250

only
£9.50
+ VAT

This attractive case is designed to house the
control unit 50. together with the
appropriate LED indicators and key switch.
Supphed with the necessary mounting piltars
~ana punched tront panel, the umit is given 8
professional appearance by an adhesive silk
screened labet Size 200 x 180 x 700m

SIREN & POWER
SUPPLY
MOOULE

PSL 1865

only
£9 95 + VAT

A complete sren and power supply madule
which 15 capable of providing sound levels of
110dbs at 2 metres when used with a horn
speaker In addmon, the unn provides &
stablised 12V output up to 10OmA A
switching relay is also inciuded 5o that the unit
may be used in conjunction whh the US 5063
to form a complete alarm

OIGITAL ULTRASONIC
OETECTOR
US5063 XK@

ULTRASONIC MOOULE
ENCLOSURE

only
*3levels of discnmination against false alarms.
£1395 + VAT «Crystal control for greater stabiity

justable range up to
*Built«n delays 12V aperation
This advanced module uses digital signat processing to prowide the
Mighest levet of sensitwity whilst discrimingting against potential false
alarm condtions

RiSCOMP
THE SEC(RITY
SPECIALISTS!

Add 15% VAT 10 all pric
Add 70p post and pscking 10 all ardars
Units on demonstration

Shop hours 9 0010 § 30 p-m

Closed Wednesday

Suttable metal enclosure for housing an
ndividual ultrasonic module type US 5063 or
US 4012 Supphed with the necessary
mounting pillars and screws etc For US 5063
order SC 5063, for US 4012 ordes SC 4012

RANGE OF
ACCESSORIES
STOCKED
SEND SAE FOR
DETAILS

wsng o
your credn card (W
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CONSTRUCTION

It is well worth while assembling and testing methodically
and. in easy stages. Assemble each board in the usual order
of resistors, diodes, small capacitors, i.c. sockets, presets
and then any larger components. Omit C31 unless the com-
puter only version is being built (see later). Save all the long
cut off wires as they can be used to make most of the short
wire links on the p.c.b.s.

For the long matrixing topside wires on the memory board
strip the covering off about 12 to 18 inches of ordinary
stranded wire. Take one of the strands, insert one end
through the top of the p.c.b. into the first hole in the series to
be connected, and solder it on the other side. Feed the other
end through the top of the 2nd hole, and pull fairly tight,
then push the same end back through the same hole and puil
until a short loop remains under the PCB. Sotder the loop but
don’t cut it off yet. Repeat the process for each hole along
the series. Now again go along each loop pulling it while the
iron is applied, ensuring that the wire is taut enough on the
top side of the board to prevent adjacent wires from
touching, then the loops can be cut off and the next series
wired likewise. It doesn’t take long and is a simple low cost
way of getting a double sided board for the price of a single.

In industrial circles a board using chips of this nature
would probably be designed so that the matrixing tracks ac-
tually pass between the individual i.c. legs. This is superb if
you then have industrial soldering equipment, such as a flow
soldering bath. For most enthusiasts though the accurate
soldering of such a board is probably beyond the capabilities
of all but the most experienced. On the other boards where
the resistor cut off leads may not be long enough, a similar
linking method can also be used. As there are quite a few in-
terconnecting wires, use 1mm terminal pins, to which the
wire can be soldered on the top side. Now drill out the

48

Fig. 9. Pre-amp, filter and external triggers p.c.b. layout

cabinet, apply control legends and mount all pots, switches
and sockets, but at this stage do not attempt any interwiring
between boards or controls and also leave out all i.c.s except
for the regulator IC36. This should be mounted horizontally
out from the p.c.b. to avoid touching the board to be stacked
above it. Note that most i.c.s are MOS and so always dis-
charge static from yourself by touching an item of earthed
equipment before handling them. (The rest of the p.c.b.
designs and wiring diagram will be shown next month).

Constructors’ note:

A full kit of parts or separate p.c.b.s are available from
Phonosonics, Dept. DDL, 8 Finucane Drive, Orpington,
Kent BR5 4ED. (Send s.a.e. for details.)

NEXT MONTH: The remaining p.c.b. designs and the
wiring diagram. Also complete testing procedures and
setting up.

Practical Electronics- July 1985
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WRONG NUMBER

Recently | discovered something so ex-
traordinary about cellular radio, that | have
to pass it on for the benefit of anyone who
plans to use the system, or who plans to
call a celi radio subscriber.

In America cell radio subscribers are
charged computer time both for calls which
they make from a mobile phone and for
calls which they receive. As you can im-
agine this is highly unpopular, especially
when someone with a maobile is pestered by
junk calls, for instance trying to sell them
life insurance which they don’t want.

in Britain a decision was taken early on
that subscribers would not be charged for
incoming calls. They would pay only for
calls keyed out from the mobile. The price
varies up to 25p a minute depending on the
time of day.

Originally {in a British Telecom price fist
issued in June 1984) the Cellnet service
{run by British Telecom and Securicor)
made no mention of how much would be
charged per part minute. The rival service
Vodafone, from Racal, then jumped in and
promised to charge only in fractions of a
minute. So Celinet then switched to charg-
ing per half minute. Obviously this makes a
lot of difference because on a minute
charge basis you would pay for 2 minutes if
you spoke for 61 seconds.

What no-one has made really clear is
that this is a flat rate which applies across
the whole of Britain. So you pay 25p a
minute to call from a mobile to a house
down the street, which is exhorbitant, and
you pay 25p a minute to call from a mobile
in London to a house in Scotland, which is
cheap. At the time of writing, it costs 10p
for a 3 minute local call, house to house.

But this is not the extraordinary dis-
covery which | recently made. Both ser-
vices, Cellnet and Racal, have assured me
that they make no charge for incoming
calls. BT's June price list says in black and
white “Cellnet subscribers are not charged
for incoming calls”.

it's true. But what the services haven't
publicized, and for very good reason | am
sure, is that anyone who phones a cell radio
mabile from a domestic or business phone,
pays at the Irish Republic rate for that calll
This means that you pay 43p a minute, in-
stead of the local rate of around 3-3p a
minute, to call someone on cell radio.

The awful truth of this will not emerge
untll the service has been running for at
least six months, because people will not
realise that their bills are high until they
have received several quarterly charges.
Perhaps the worst part is that mobile users
may well make a one minute call at 25p,
and ask the recipient to phone back, think-
ing it will be cheaper. It will be, but only for
the mobile user. For the poor unfortunate
caller, using a domestic or business
telephone, the rate will be 73 times the rate
for a normal local call.
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ORBITING COSTS

Why do direct broadcasting sateliites (DBS)
cost so much?

The British Government wants Unisat, a
consortium of British Telecom, British
Aerospace and GEC Marconi, to build the
direct broadcasting satellite for Britain. For
three years rumours have been flying
around about the high prices Unisat want
to charge and how it would be cheaper for
Britain to shop abroad.

For three years Unisat have refused to
talk about pricing. Now, under pressure
from the consortium members, Unisat has
talked to the press. And the talk is not par-
ticularly reassuring.

Originally the British DBS service was to
be two channels, of 240W transmission
power each. This high power should let
people on the ground with small dish
aerials get clear pictures.

The price being quoted to the BBC, three
years ago, was £24-4 million per year over
seven years. After the BBC realised it could
not afford to run a DBS service, the ITV
companies and several independent firms
like Thorm-EM! and Granada joined in to
make the so-called Group of 21. They plan-
ned a three channel service, still with
240W transmitters. The price was put at a
staggering £80m a year.

At first Unisat refused to comment. Now
Unisat says the cost of providing a three
channel service could be anything between
£40 million and £80 million a year, spread
over 10 years. The highest price is for three
satellites, two in orbit and one on the
ground. That gives 95 per cent probability
of service without interruption.

But how is probability measured? Not
very accurately! If there are one hundred
satellites in orbit for ten years, then 95 per
cent probability means 95 of them will still
be up there and transmitting after ten years.

This is a bizarre concept, because there is
only one DBS satellite in orbit, and that is
the Japanese craft which has three
transmitters of only 100W each and two of
them failed almost immediately. No-one
has ever even tried to fly a craft with 240W
transmitters. So how on earth can anyone
even guess at how a hundred craft will per-
form over ten years?

The biggest question mark is over what
happens when the satellites pass through
eclipses. inevitably any solar-powered craft
in orbit will have to shut down its transmis-
sions when the sun’s rays are eclipsed. The
orbital slots (31 deg. West for Britain) are
chosen so that these eclipses will happen in
the middle of the night, when no-one is
watching television. But they happen 88
times a year, in two clusters of 44.

The eclipses vary In duration from be-
tween 2 minutes and 90 minutes. At these
times, the travelling-wave tube (TWT) am-
plifiers which generate the microwave
power, go from hot to cold to hot again.
Just like an electric light bulb being

ADING EDGE

switched on and off, that's when they are
most likely to fail. It is what happened with
the Japanese satellite. The tubes that faiied
in the Japanese sateliite were made by
Thomson-CSF of France.

Although Unisat has now talked to the
press about costing, it has still not
demonstrated any of the technology. This is
because there aren’t any 240W travelling
wave tubes in Britain. For one demonstra-
tion, which was not opened to the press,
Marconi borrowed a 240W TWT from the
German company, Telefunken-ANT. This
went back to Germany immediately
afterwards.

If and when Marconi decides it is worth
demonstrating to the' press, | have a lot of
questions to ask.

PAPER CHASE

If you run @ computer with a printer y'lou
have a choice of either feeding in separate
sheets one at a time, perhaps through a
stack feed, or using a tractor feed and con-
tinuous paper from a fan-folded box. Here
are a couple of tips that can save you time,
money and frustration.

When buying continuous tractor feed
paper with rows of feed holes down each
edge, choose “microperf’ type. On this
paper the edge strips are secured to the
main area of the paper by a continuous line
of tiny perforations—rather like sheets of
hi-tech toilet paper on a roll. In this way,
after printing out text or graphics, you can
strip off the paper edges.

The individua! sheets are also joined
together by microperfs so that these too are
easily separated. Because .the perfs are
micro you end up with ordinary-looking in-
dividual sheets. But there's a snag.

Computer printers usually work on a
basic format of six lines to the inch. Exotic
printers can be set up by computer wizards
to move the paper in smailer fractions. But
movement is still on a fraction of an inch
basis.

The metric standard for A4 size paper is
a page length of 297mm. This does not
convert accurately into fractions of an inch.
It works out at 11.693 inches. And one-
sixteenth will not divide neatly into 11.693.

Some paper firms sell pseudo A4 paper,
which is 112 inches long. This matches an
inch printer. But other firms sell genuine A4
metric paper for continuous tractor feed. If
you use this paper on an inch printer the
text will gradually get out of step with the
page breaks so that the headers and footers
gradually creep up or down the page and
eventually onto and over the perforations.

The answer is to use 11in paper or 12in
paper or pseudo A4 at 11%. Don’t be
bullied into buying genuine metric A4
unless you are sure your printer can cope.

BARRY FOX
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Ingenuit
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.

Articles submitted for publication should conform
to the usual practices of this journal, e.g. with regard
to abbreviations and circuit symbols. Diagrams
should be on separate sheets, not in the text.

INTELLIGENT
LEVEL
CROSSING
WARNING
LIGHTS
CONTROLLER

ODEL railway enthusiasts have iots

of tiny road signs available with built
in le.d.s. This circuit provides automatic
control of level crossing lights, without
affecting the railway circuitry. This is
achieved with the use of two infra-red
beams shone across the track.

The circuit 1s bi-directional, in as much
that the dircction of the train is irrelevant,
because the circuit can ‘remember’ which
detector was interrupted first. It will then
concentrate on the second detector to es-
tablish when the train is clear of the
roadway. Fig. 1 shows the general layout.

As the circuit consists of two identical
parts, only one part is described. If the
train breaks either beam, say from D],
then the output from TR1 will go low.
VR3 and C1 allow a small delay before
allowing IC7a to go low. This prevents the
circuit from being affected by breaks in the
train between carriages.

St 1))

TR1
TIL78

IC7a

AN

VR3
500k

c1
= L
+12V

TR2
TiL78

]

e A\ Y

IC7c
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Fig. 1. Typical layout of the
Controller
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At this point the output of IC7b will set
the latch IC 1a; this in turn feeds an Ex-Or
gate which sets the final latch. The output
of this fatch should be connected to a
simple flasher unit.

When the train has cleared the first
detector, the beam is re-established. The

INFRA RED
TRANSMITTER

AND
RECEIVER

I
1

will cause the output of IC2 to go high
which will send a reset pulse to IC1a, IC1b
and IC3. This will cause the final output to
go low and the flasher circuit will be turned
off. The infra-red beam works well on any
track layouts, up to two N-Gauge tracks.
If a wider gap is used, then an amplifier

train will then break the second beam and circuit will be required to pulse the
the same action will occur, except that the transmitter.
Ex-Or gate will give a low output. This will R. S. Bacon,
reset the input to the final latch, IC3. Luton,
Re-establishment of the second beam Beds.
Fig. 2. Circuit diagram of the IC5d
Controller P
FiNAL OUTPUT
TO SIMPLE
1IC7b IC6a $ FLASHER UNIT
03 12 ICla IC4
% el 3 J 1csl,
1NG148 2o ,—) /.giza G

I€s1.2.3.4.687 PIN14

0s

l INL1LS8
+
c3

L

INL1L8

12v.0.C
(EG. FROM TRAIN CONTROLLER)

SUPPLY VOLTS:
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7-SEGMENT
LOGIC PROBE

NLIKE most logic probes, this

design will indicate the state of the
logic under test with a letter and
decimal point on a seven-segment dis-
play. The decimal point is used to in-
dicate an open circuit or a pulsing condi-
tion, and ’'high’ is indicated by 'H’ and
‘low’, 'L’. From a 5 to 18V supply with a
probe input resistance of about 15K it

—-—-w

circuit condition. This is indicated by the

-decimal point being permanently lit.

if the probe is taken ‘high’, then IC1a
does not change, but TR1 is switched
on via R1 and R2. This causes the dis-
play to indicate a ‘high’ condition by
lighting the appropriate segments. At
the same time, pin 2 of IC2 is taken high
and the decimal point is switched off
after a short delay caused by the
monostable.

When the probe is taken low, TR1 is
switched off and the appropriate seg-

open circuit condition causing the
monostable to be triggered. The delay is
about § second, causing a short pulse to
be stretched. This will cause the puise
condition to be indicated by the decimal
point, together with either the 'H" or L’

D5 prevents damage due to supply
reversal and TR2 together with R8 and
D6 provide a 5V supply from any input
voltage above 6V, enabling the probe to
be used with CMOS circuits. If the
supply is only 5V the switch should
bypass TR2.

will draw only 20maA. ments are lit to indicate this condition. If M. Pocook,
When pins 5 and 6 of IC1 are low, a pulse train is present there is a short Taunton,
1C2 is triggered if the probe is in an open time when the probe is effectively in an Somerset.
R4
AN et
100 e
TR1 = X1 IS A 7-SEGMENT COMMON INLO0Y
BC109 A gg  CATHODE LED. DISPLAY.
D1 X1
5l -
B |
% a
I-Ji—l E - R8
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HAVE A GO!

F you’re a regular Practical Electronics reader and have not

yet submitted an idea for Ingenuity Unlimited, why not

have a go now? We will pay £40.00 per page for any article
published.

We are looking for original ideas which may be simple or
complex, but most importantly are useful and practical.
Areas of particular interest are ideas for car electronics, test
gear designs, home projects and computer interfacing.

What to do

Just send in your idea to our editorial offices, together
with a declaration to the affect that it has been tried and
tested, is the original work of the undersigned and that it has
not been offéred or accepted for publication elsewhere. It
should be emphasised that these designs have not been
proved by us, but are included to stimulate further thought.

Quality

To help us to process articles which are offered for
publication, all subject matter should conform to the usual
practices of this journal. Special attention should be paid to
circuit symbols and abbreviations and all diagrams should
be on'separate sheets, not in the text. Also manuscripts
should be typed with wide margins and double line spacing
or neatly hand written in the same fashion.
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THE START OF
SOMETHING NEW

If you are leaving College and planning a career in modern
communications or if. your present job lacks interest and
challenge . . . why not join us in GCHQ? We are recruiting

RADIO OFFICERS

who after initial training will become members of an organisa-
tion that is in the forefront of communications technology.
Government Communications Headquarters can offer you a
satisfying and rewarding career in the wide field of communica-
tions. Training invelves a 32 week course (38 weeks if you come
straight from Nautical College) which will fit you for appoint-
ment to RADIO OFFICER.

Not only will you find the work as an R O extremely interesting
but there are also good prospects for promotion, opportunities for
overseas travel and a goodp salary. Add to this the security of
working for an important Government Department and you
could really have the start of something new.

The basic requirement for the job is two years’ radio operating
;/)I(ﬁeGr(i?nce or hold a PMG, MPT or MRGC or be about to obtain a

Registered disabled people are welcome to apply.

Salaries start at £4,762 at age 19 to £5,755 at age 25 and over
during training and then £6,399 at 19 to £8,510 at 25 and over as
a Radio Officer. Increments then follow annually to £11,741
inclugive of shift and weekend working allowances.

For full details and application form ’phone 0242 32912/3 or
write to:

Recruitment Office, Government Communications Headquarters,
Oakley, Priors Road, Cheltenham,
Gloucestershire, GL52 5AJ.
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PRACTICAL ELECTRONICS Parallel to Seriat Converter 409-01 | £2.92
Through the Mains.Controller SEPT '84 409-02 | £2.88
PRINTED GIRGUIT BOARD SERVIGE | s0s.03 ] 271
Printed circuit boards for certain PE constructional projects are now g oCT ,84 o LSl TG
available from the PE PCB Service, see list. They are fully drilled Computer DFM Adaptor NOV ‘84 411-01| £2.76
and roller tinned. All prices include VAT and postage and packing:. Ni-Cad Charger DEC '84 412-01| £2.40
AddPEE1 Bgrﬂbo;lrd fpr ov:rseas- ailrngil. RemittanEczs shot;ldot;g sent JAN ‘85
to: ervice, Practica lectronics litoria, ices, ; A
Westover House, West Quay Road, Poole, Dorset BH15 Quirider (ar .Computer(Set of 2 boards) 501-01/2 £9.10
1JG. Cheques should be crossed and made payable to IPC Modular Audio Power System
Magazines Ltd. . Pt-1: Power Amp Board FEB '85 502-01| £4.19
Please note that when ordering it is important to give project Spectrum DAC/ADC Board 502-02 | £3.69
title, order code and the quantity. Please print name and address in Modular Audio Power System
Block Caps. Do not send any other correspondence with your order. Pt-2: Pre-Amp/Line Driver 503-01| £5.00
Readers are advised to check with prices appearing in the Main Board 503-02 | £5.12
current issue before ordering. Heart Beat Monitor MARCH ‘85
NOTE: Please allow 28 days for delivery. We can only Main Circuit Board 503-03 | £8.90
supply boards listed here. Detector 503-04 | £6.62
| Low Cost Speech Synthesiser 503-05 | £2.42
PROJECT TITLE Order Cost Power Control Interface 504-01 | £3.36
Code Disc Drive PSU 504-02 | £6.54.
Modular Audio Power System  APRIL ‘85
Spectrum Autosave MAR'84 | 403-01] £1.83 Pt-3; Test Signal Source 504-09 | £4.20
Sustain Unit 405-02| £2.82 Power Supply 504-10 | £4.17
Audio Signal Generator MAY ‘84 405-03 | £4.28 Amstrad Synthesiser Interface 505-01| £4.23
s 405-04 | £2.51 - Rugby Clock Pt-2 504-03 | £24.22
Cross Hatch Generator JUNE '84 406-01 | £3.52 « MAY '85 ggtgg gg?g
Simple Logic Analyser | 407-01( €£7.73 504-06 | £9.54
EPROM Duplicator 407-02 | £3.74 504-07 | £5.40
Alarm System JULY ‘84 407-03| £3.19 # 5Q04-08 1£1024
Oscilloscope Calibrator 407-04 | £4.23 CBM64 MUSIC KEYBOARD
. -02| £4.55
Comm. 64 RS232C Interface 408-01| £3.02 S JURE85° 1 FRRSSE g, R
Field Measurement AUG '84 408-02 | £3.19 JULY '85
. 408-03 | £2.76 MTX 8 Channel A to D 507-01 £3.92
Simple Logic Analyser || 408-05| £2.93 Voltmeter Memory Adaptor 506-01 £3.28

Ever been in the middle of a project
only to find the next issue sold out?

An annual subscription to PRACTICAL
ELECTRONICS solves the problem.

SUBSCRIPTION
RATES

U.K. £13.00

DON'T MISS AVITAL COPY!

r_ PRACTICAL

ELECT

Overseas £15.00

Annual Subscription Rates
UK

Overseas

Student number)

£13.00
£15.00
(Students: deduct £1 and quote

COMPLETE
AND POST
THIS

l

|

|

I

I

|

|  Complete this form and
| post it, with payment or
I

|

I

|

Practical Electronics
Subscription Dept.
ORDER FORM (Oakfield House,
35 Perrymount Road,
TODAY' Haywards Heath,

/fL West Sussex RH16 3DH
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credit card authorisation to:

Wherever you live you'll receive a
copy regularly each month. It's the
quick, practical way to solve delivery
problems.

oulcs SUBSCRIPTION
ORDER FORM

POST COPIES TO

NAME = g o -

ADDRESS e—xiu K & suf.

Lt PEST.CODEL "N IRl by

1 enclose my cheque/PO. payable to IPC Magazines Ltd. for £
Charge my credit card A/C at quoted rate 0 C™E JQ

[IITTTTITTITT I I T T e el

Card valid from:__ E s

toL -
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E BAKER'S DOZEN PACKS

DRDER 12 AND GET DNE EXTRA FREE!
ALL GOODS BRAND NEW EXCEPT WHERE STATED
Please add £1 post if order under £20
Pack Qty Pack Oty
No. - No.
1- 5 13 amp ring main junction boxes 43- 5 Rocker switches 10 amp SPDT Centre Off
2- 5 13 amp ring main spur boxes 44- A Rocker switches 10 amp DPDT
3- 25 13 amp fuses for ring mains 45- 1 24 hour ime swilch mains operated {s.h.}
4- 5 surface mounting switches suitable 46- 1 6 hourtlockwork time switch
insulated for mains volage 47- 2 2Jever switches 4 pole changeover up and
- 3 flush switches intermediate type, will ditto down
also replace 1 or 2 way switches 48- 2 6w operated reed switch relays
6- 5 inflex line switches 49- 10 neon valves - make good night lights
7- 4 inflex line switches with neons 50- 2 x12v DC or 24v AC 4C 0 relays
8- 2 B0 watt brass cased elements S1- 1 x12v 2C 0 very sensitive relay
9- 2 mains transformers with 6v 1a secondaries §2- 1 x12v4C 0 relay
10- 2 mains fransk ith 12 i 53- 2 mains operated relays 3 x 8 amp
11- 1 extension speaker cabinet for 672 speaker changeovers (second hand)
12-  § octal bases for relays or valves S4- 10" rows of 32 goid plated IC sockets {totat 320
13- 12 _ glass reed switches sockets)
14 4 %CP 70 photo transistors - 1 locking mechanism with 2 keys
15- 25 assorted gemanium transistors 0C45 etc - 1 Miniature Uniseiactor with circuit for
16- 4 tape heads, 2 record, 2 erase elactric figsaw purzie
17- 2 uhrasonwc transmitters and 2 ditto recevers §7- S dolis house switches
18- 2 15000 mfd computer grade electroilics 58- 2 telsphone handsets incorporating
19- 2 light dependent resistors similar ORP 12 ear piece and mike (p)
2- 5 dit micro switches §9- 2 flat solenoids - ideal to make current
21- 2 mains interference suppressors transformer etc
22- 2 25 watt crossover units 60- 5 femite rods 47 x /16" diameter aerials
23- 1 40 watt 3 way crossover unit 61- 4 ferrte slab aenals with L & M wave coils
24- 250 various screws and self tappers 62- 4 200 ear pieces "
25- 1 of each wafer switches - 6p 2 way; 63- 1 Mullard Thyristor trigger and modules
4p 3 way; 2p 6 way; 1p 12 way 64 - 10 assorted knobs V4 spindles
2%- 2 tape deck counters 65- S different thermostats, mainly bi-metal
27- 1 6 digit counter t2v 66 - Magnetic brake - stops rotation instantly
28- 1 6 digit counter mains voltage 67 - Low pressure 3 level switch
28- 1 BOAC in flight stereo unit (second hand) 68 - Heavy duty 4 pole contactor - 24v coil
30- 2 NICAD battery chargers 63- 2 25 watt pots 8 ohm
31- 1 key switch with key 70- 2 25 watt pots 1000 ohm
32- 2 humidity switches 71- 5 wire wound pots ~ 18, 33, 50 and 100 ohm
33- 2 aerosol cans of ICI Dry Lubricant 72- 1 1250 watt dimmer Uttra ref SE20
34- 9% 'x 1 metre lengths colour-coded 73- 4 3 watt wire wound pots 50 ohm
connecting wires 74- 50 173 watt carbon film resistors food spread
35- 4 battery operated model motors 10 vaiues
36- 2 air spaced 2 gang tuning condensors 75- 20 .2 watt carbon resistors 10 values
31- 2 solid diaelectric 2 gang tuning condensors 76+ 30 1 watt carbon resistors 15 diff values
38- 10 compression trimmers n 1 time reminder adjustable 0-60 mins
39- Long & medium wave tuner kit 78- 1 55 amp stud rectifiers 300V
40- 4 x 465 KC iF transformers 79- 4 2a bridge rectifiers 400V
41- 8 Rocker switches 10 amp malns SPST 80- 2 10a bridge rectifiers 30V
42- 6 Rocker switches 10 amp mains SPDT 81- 2 30a panel mounting slydlok fuses
Most items ilable in ity at good d
& BAR R

J.BULL (Electrical) Ltd.

(Dept. PE), 34-36 AMERICA LANE,
HAYWARDS HEATH, SUSSEX RH16 3QU.

REE 80-PAGE

MAIL ORDER

COLOUR CATALOGUE

TOOLMAIL

CATALOGUE
s xHome Security

TOOLMAIL |

*%kLadders and
scaffold towers

% Buying power tools
* Exterior painting

MAGAZINE
Full of good ideas for
the home, car and garden

ractical

fouseholder

| FOR DIY AND HOME IMPROVEMENT  July issue OUT NOW

POPULARI.C.'S AT INCREDIBLE PRICES!!!
CPU'S

6502 £3.49 Z80A
£499 Z80B

6800 £1.99

£1.99

£6.49

SUPPORT DEVICES
6522 £3.49  Z80APIO

£8.99  Z80ASIO-O
£199 8271

£1.99
£6.49
£52.50

MEMORIES

4116-15
4164-15

£1.20
£1.75

6116-LP3 £3.20
8118 £2.50

EPROMS

2764-25
2764-30

£3.20
£3.00

27128-25
27128-30

£6.00
£5.50

7437 £0.45
£0.20
£0.20
£0.20
£0.20

7415123
7415163
74LS244
7415245
7415393

£0.75
£0.70
£0.70
£0.90
£0.90

4000 SERIES
4013 £0.30 4020

1. All prices exclude VAT and carriage
2. Carriage charge £1.00 (orders up to £100.00)
FREE (above £100.00)
3. Strictly cash with order or credit card
(Access or VISA)
4. Delivery by return post.

RING NOW BEFORE
WE CHANGE OUR MINDS

HI-TECH

COMPONENIS  Norrorx e sev

£0.60
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When replying to Classified
Advertisements 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
processing and despatching orders
with the minimum of delay.

RECEIVERS AND COMPONENTS

BOURNEMOUTH/ BOSCOMBE. Electronic components special-
ists for 33 years. FORRESTERS (NATIONAL RADIO
SUPPLIES), Late Holdenhurst Road. Now at 36, Ashley

Road, Boscombe. Tel 302204. Closed Weds.

BARGAIN BUMPER BOX
OF BITS

Contains: working calculator, working watch
module, Various ICs, transistors, display tubes,
PCBs, diodes batteries, gears, switches etc., etc.,
etc. All useful items. Would cost much, mush
more if bought separately. ONLY £15 (inc VAT
and P&P). Send cheque/PO to:

Barbara Page, Spares Dept., Decimo Ltd,
4-18 Chobham St., Luton LU1 3BS

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 Bank Ltd"". Treasury notes should always be sent
registered post. Advertisements, together with remittance
should be sent to the Classified Advertisement Dept.,
Practical Electronics, 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.

CEDAR
Bredon,

HEATHKIT. UK spares and service centre.
ELECTRONICS, Unit 12 Station Drive,

HOME SECURITY

Tewkesbury, Gloucestershire. Tel. (0684) 73127.

P.CBs SINGLE AND DDUBLE SIDED (not through plated).
P.C.B.s prepared to customers specifications. High quality,
quick service. Send transparency or scale drawing, making
clear whether view is from copper side or component side, and
we will send you a quote by return. GOVAN ITEC, Holm-
fauld Road, Linthouse, Glasgow G51 4RY.

R J. HEAP ELECTRONICS. Professional or hobbyist services.
SAE details: Church Hill Works, Sydenham Dameral (Tavis-
tock), Devon PL19 8PU.

TURN YOUR SURPLUS capacitors, transistors, etc into cash.
Contact COLES HARDING & CO., 103 South Brink,
Wisbech, Cambs. Tel. 0945 584188. Immediate settiement.

BRAND NEW COMPONENTS BY RETURN

Tel: (0484) 193 Wokefield Road,
2-‘000 Huddersfield.
HD5 9AB
or 35527 24 hr. 'W. Yorks.

‘ B "CENTURION" 15 a Registered lrademark af Centurion Alarms ‘

CENTURION
— ALARMS ——

Manufacturers of
Professional Alarm
Equipment, for DIY
& the TRADE. Send
now for our New 16-, . #
page Brochure, Full’ —
of Information & the |
Lowest prices.

=~

A

==

CENTURION Dept PE

Eiectrolytic Cag.citon 16V, 25V, 50V.
047, 1:0, F2 7 B8 10 Mfds. — S5p.

22 & 47—8p. 100—7Tp. (50V—8p). 220—8p. (50vV—10p),
470—11p. {40V—16p), 1000/15V—15p. 1000/25V—25p.
1000/40V—36p. 4700V/25V—70p.
i bead T: ytics.

01, 022, 047, 10 @ 35V, 47 @ 63V — 14p.
2.2/35V, 4.7/25V—15p. 10/25V, 15/16V—20p.
2216V, 3310V, 476V, 683V &  100/3V—32p.
15/25V, 22/25V, 4710V—35p. 47116V—80p.

Subminiature Ceramic Caps. E12 Series 100V.
2% 10 pf. to 47 pf.—3p. 56 pf to 330 pf—dp.
10% 330 pf. to 4700 pf.—4p.
Vertical Mounting Ceramic Plate Caps. 50V.
€12 22 pf. to 1000 pf. E6 1500 pf. to 47000 pf—2p.
Polystyrene E12 Series 83V. Horizontal Mntg.
10 pf. to 820 pf.—3p. 1000 pf. to 10,000 pf—ap.
Miniature Polyester 250V Vert. Mtg. E6 Series.
‘01 to -068-—-4p. -1—5p. 15 .22—6p. -33, -47—10p.
68 — 12p. 10 — 15p. 1.5 — 22p. 2-2 — 24p.
Mylar (Polyester} Film 100V. Vertical Mounting.
001, 0022, -0047—3p. 01, 022—4p. -04, 05 0-1—6p.
High Stability Miniature Film Resistors 5%._

V4W E24 Series 0.5TR — 10MO. — 1p.
12W E12 Series 1RO to 10MO. — 1V2p.
TW E12 Series 10R to 10MO. — Sp.

VaW metal film E12 Series 10R-TMO. 5% — 2p. 1%-E24 - 3p.
1N4148—2p. 1N4002—4p. 1N4I . 1N4007—T7p.
BC107/8/9—12p. BC147/8/9, BC157/8/9, BF195 & 7—10p.
8 Pin ic's. 741 Op. amp.—20p. 555 Timer—24p.
Dil Holders 8 pin—9p. 14 pin—12p. 16 pin—14p.
LED’s. 3 & S5mm. Red—10p. Green & Yellow—12p.
Grommets for 3mm.—1V2p. Grommets for 5mm—2p.
20mm. Q.B. Fuses ‘15, 25, 5, 1, 2, 3 & S5A—S5p.

20mm. Anti Surge 100mA to 5-0A—8p.
20mm.  Fuseholders P.C. or Chassis Mig.—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 $8 ORN.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS
Please insertthe advertisement below in the next availble issue of Practical ElectroniCS fOr ...

insertions. | enclose Cheque/P.O.for£.... ...
{Cheques and Postal Orders should be crossed Lioyds Bank Ltd. and made payable to Practical Electronics)

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. 7/85
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FOR SALE

SERVICE SHEETS

SHEETMETAL FOLDERS 24" X 16 G vice or bench model, £50.

Leaflet 01-890 7838, day/eves.

PROMS - EPROMS - PALs

EPROMS from £3.25 (2716/2732/2764 etc}

PROMS from £1.50 (TBP/82S/63 series etc)

PALs from £4.25 (12H6/16C1/16L8 etc)
Full Progr ing Service availabl
SAE for full price list {incl. RAMs etc)

Any i.c. supplied — if it exists we will find it
PLS, 16 Wordsworth Drive, Cheam, Surrey SM3 8HF.
Phone 01-644 8095 (usually manned 0800-2000 hrs)

Private and professional enquiries weicome.

SERVICES

INVENTORS
Think of something new?
Write it down! —

American industry offers potentidl
royalties for your innovations and new
products. We offer free confidential
disclosure registration and initial
consultation in London regarding your
idea’s potential value, Write without
delay for your free information
package.

American Inventors Corporation
82, Broad Street, Dept PT
Westfield, Massachusetts 01086
United States of America.

A fee based marketing company.

COURSES

FULL-TIME
TRAINING
COURSES

2 YEAR
B-TEC NATIONAL DIPLOMA (OND)
ELECTRONICS &
COMMUNICATIONS ENGINEERING

15 MONTHS
B-TEC NATIONAL CERTIFICATE (ONC)
ELECTRONIC EQUIPMENT SERVICING

15 MONTHS
B-TEC NATIONAL CERTIFICATE {ONC)
COMPUTING TECHNOLOGY

9 MONTHS
B-TEC HIGHER NATIONAL CERT (HNC)
COMPUTING TECHNOLOGY
& ROBOTICS

THESE COURSES INCLUDE A HIGH
PERCENTAGE OF COLLEGE BASED
PRACTICAL WORK TO ENHANCE FUTURE
EMPLOYMENT PROSPECTS

SHORT COURSES WITH PREVIOUS
KNOWLEDGE

Prospectus from:
LONDON ELECTRONICS
COLLEGE

Dept: AA, 20 Penywern Road,
London SW5 9SU. Tel: 01-373 8721.

Practical Electronics July 1985

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.

BOOKS AND PUBLICATIONS

RULL SIZE, top quality service sheets £2.50 + ls.a.e. CTV/
Music Centres £3.50 + Ls.a.c. Repair data almost any named
TV-Video £10.50 inc. circuits. L:s.a.e. brings any quote free
magazine/price lists. TISPE, 76 Churches, Larkhall, Lanark-
shire. 0698 883334,

BOOKS WANTED FOR CASH

Top prices paid for your unwanted elec-

tronics and computer books.

We also have a wide selection of new and

used books and magazines in stock.

For list of currently available titles and details

of our guaranteed buy back plan SAE please
to:

JAMES ELECTRONICS (DEPT. P.E.)

P.O. Box 2, Rothwell, Leeds LS26 0UY

MISCELLANEOUS

SUPERB INSTRUMENT CASES by Bazelli, manufagtured from
PVC. Faced steel. Vast range, competitive prices start at a
low £1.50. Punching facilities at very competitive prices.
BAZELLLI, (Dept. 23), St. Wilfreds, Foundry Lane, Halon,
Lancaster LA2 6LT.

BURGLAR ALARM FQUIPMENT. Ring Bradford (0274) 308920
for our catalogue or call at our large showroom, opposite
Odsal Stadium.

TINPLATE YOUR PCB'S for easy soldering. Hot solution dip for
ten minutes. Half gallon kit £6, post paid. HERBERT, 93
Carisbrooke Road, Newport, 1.O.W.

CLEARING LABORATORY, scopes, generators, P.S.U.’s, bridges,
analysers, meters, recorders etc. Tel. 0403-76236.

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17. Teiephone 01-531 1568
ENAMELLED COPPER WIRE
SWG 1Jb 8 oz 4 o0z 2 oz
8to 34 3.63 2.09 1.10 0.88
3510 39 3.82 231 1.27 0.93
40 10 43 6.00 3.20 2.25 1.61
44 10 47 8.67 5.80 3.49 2.75
48 15.96 9.58 6.38 3.69
SILVER PLATED COPPER WIRE
14 10 30 9.09 5.20 2.93 1.97
TINNED COPPER WIRE
14 10 30 3.97 24 139 0.94
Fluxcore
Solder 5.90 3.25 1.82 094
Prices include P&P VAT. Orders under £2 add 20p.
SAE for list of copper and resistance wire.
Dealer enquiries welcome.

CABINET FITTINGS

Fretcloths. Coverings, Handles. Castors,
Flight Case Locks & Parts, Jacks, XLRs,
Bulgins, Reverb Trays, P & N mic Stands.
ASS Glassfibre Horns

CELESTION POWER

Speakers

Send
30p cheque/
P.O. for iliustrated
catalogue: Adam Hali (PE Supplies),
Unit G, Carlton Court, Grainger Road,
Southend-on-Sea,

* BAKER %

GROUP P.A. DISCO
AMPUAERS post £2

150 watt Qutput, 4 input Mixer pre-amp. litustrated y

150 watt Qutput, Slave 500 mv. Input 3 Speaker Qutputs . £80
1504 150 watt Stereo, 300 watt Mono Slave 500 mv. Inputs £125
150 watt P.A. Vocal, 8 inputs. High/Low Mixer Echo Socket £129
100watt Valve Model, 4 inputs, 5 OQutputs, Chassisonly

60 watt Mobile 240v AC and 12v DC. 4-8-16 ohm+100v line £89
Reverb Unit for Microphone or Musical Instruments £35 PP £1.

Electronic Echo Machine for mic/eté £85 PP £1. Deluxe £95.

?AKER LOUDSPEAKERS Post £2 each

ype Madel Size Watts Ohms  Price
P.A/Disco/Group DG50/10 10in 50 816 £18.00
Midrange Mid 100/10  10in 100 8 £25.00
Hi-Fi Major 12in - 30 4816 £16.00
Hi-Fi Superb 12in 30 816  £26.00
P.A/Disco/Group DG4as 12in 45 4/8/16 £16.00
Hi-Fi Waofer 12in 8 8 £25.00
Hi-Fi Auditorium  15in 60 816 £37.00
P.A/Disco/Group DG75 12in 75 4816 £22.00
P.A/Disco/Group DG100 12in 100 816 £26.00
P.A/Disco/Group DG100/15 15in 100 816 £35.00

DISCO CONSOLE Twin Decks, mixer pre amp £145. Carr £10,
Ditto Powered 120 watt £199; or Complete Disco £300.

120 watt £300; 150 watt £360; 300 watt £410. Carr £30.

DELUXE STEREO DISCO MIXER/EQUALISER plus LED. V.U.
displays 5 band graphic equaliser, left/right fader. switchable
inputs for phone/line, mike/line.
Headphone Monitor, Mike Talkover Switch £1 29 PP £2
As above but 3 Deck inputs, 4 Line/Aux inputs, 2 Mic. Inputs, 2
Headphone Monitors, Stereo Graphic + LED Display £145.

P.A. CABINETS (empty) Single 12 £34; Double 12 £40. carr £10.
WITH SPEAKERS 75W £56; 90W £75; 150W £84; 200W £92.
HORNBOXES 200 Watt £32, 300 Watt £38. Post £4.

OUTDOOR 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, 338in. square £
100 watts. No cressover required. 4-8-16 ohm, 734 x3%n £10
CROSSOVERS. TWO-WAY 3000 ¢/s 40 watt £4.50. 60 watt £5. 100 watt €6
3 way 950-cps/3000 cps. 60 watt £6.50, 80 watt £7, 100 want £10.
LOUDSPEAKER BARGAINS Please enquire, many others in stock.

4 ohm, Sin. 7x4in. E250; §'22in, 8xSin. £3. 8in. £3.50. 6}2in. 25W £7.50.

8 ohm, 23in. 3in, £2; 5X3in, 6x4in, 7x4in, 5in, £2.50; 612in, 8 X 5in £3; 8in.
£4.50; 10in. £5; 12in. £5. 8in. 25W £6.50. 8in. Twin Cone 60W £12.50.

15 ohm, 2VAin, 32in, 5x3in, 6x4in. £2.50. 612in 10W £5. 8in_ £4. 10in. £7.
25 ohm, 3in. £2; 5x3in, 6x4in, 7X4in. £2.50. 120 ohm, 3%4in dia. £1.

Make Madel Size Watts Ohms Price Post
AUDAX WOOFER 5\2m. 25 8 £1050 f£1
GOODMANS HIFAX V2xalsin 100 8 £ £2
GOODMANS HB WOOFE 8n 60 8  £1350 €1
WHARFEDALE WOOFER 8n. 3 B 950 £
CELESTION DISCO/Group 10in. 50 816 £1 £2
SEAS WOOFER 10in 5° 8  £1850 £2
GOODMANS HPG/GROUP 12in. 120 815 £3500 £2
GOODMANS HPD/DISCO 12n. 120 815 £3300 £2
H+H DISCO/GROUP 15in. 100 4816 £44 £4
GOOOMANS HP/BASS 15n. 250 8 £ €4
GOODMANS HPD/BASS Bin. 20 8  £87 €
PEERLESS TWEETER 3in. 60 8  £150 £
AUDAX TWEETER 2Yin. 30 8 2] £1

METAL GRILLES 8in. £3.00, 10in. £3.50, 12in. £4.50, 15in. £5.50,
18in. £7.50. Loudspeaker Covering Vynair etc. Samples. S.A.E.

0ISCO SOUND / LIGHT CONTROLLER
Ready Built Deluxe 4 Channel 4,000 watt sound chaser + speed +
programme controts £69. Mk.2 16 programmes, £89. PP £2.
DISCO “PARTY UTE", Sound Flashing, Light Show, 4 lamps, self
contained unit 240v A.C. No other connections needed £34.95. PP £2.

MAINS TRANSFORMERS Price Post
250-0-250V 80mA. 6.3V 3.5A. 6.3V 1A, £7.00 £2
350-0-350V 250mA. 6.3V 6A CT £12.00 Shrouded £14.00 £2

220V 25mA. 6V 1 Amp £3.00 220V 45mA. 6V 2 Amp £4.00 £1
250V 60mA. 6.3V 2A. £5.00 £1
Low voltage tapped outputs available

1amp 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; 20-40-60V, 1A; 12-0-12V, 2A; 20-0-20V, 1A; 50V, 2A.

fro o £8.50 post 50p MINI-MULTI TESTER

4 Pocket size instrument. DC volts 15, 150, 500, 1000,

4 AC volts 15, 150, 500, 1000. DC 0.1ma, 0-150ma.
Resistance 0 to 100K. De-Luxe Range Doubler Meter,

50,000 o.p.v. 7 X 5 x 2in. Resistance 20 meg in 5

ranges. Current S0pA to 10A. 0-25V to 1000V DC. 10V

to 1000V AC. £25.00 post £1

PANEL METERS 50pA, 100pA, S00pA, TmA, 5SmA, 100mA, 500mA,
1amp, 2 amp, 5 amp, 25 volt, VU 2V4x2x174in.” £5.50 post S0p

.

PROJECT CASES. Black Vinyl Covered Steel Top, Ali Base

4 x 2V2 x 2Vain. £2.50; 6 x 4 x 12in. £3.60; 8 X & X 2in. £4.00;
1 x 6 X 3in. £5.50; 1134 x 6 x 5in. £9.00; 15 x 8 X din. £12.00.
ALUMINIUM PANELS 18 s.w.g. 12 x 12in. £1.80; 14 x 9in. £1.75;
6 x din. 55p; 12 x 8in. £1.30; 10 x 7in. 96p; 8 X 6in. 90p; 14 x 3in.
72p; 12 x 5in. 90p; 16 X 10in. £2.10; 16 x 6in, £1.30.
ALUMINIUM BOXES. 4 x 4 x 2V4in. £1.60; 7 x 5 x 212in. £2.90;
3 x 2 % 1in. £1; 4 x 212 x 2in. £12 £1.

10 % 7 x 3in. £3.60. 12 x 5 x 3in. £3.60; 12 x 8 x 3in.
10xal2x3in. £2.80; 4x5Vax2V2in. £1.50; ax234x112in.

HIGH VOLTAGE ELECTROLYTICS 20+20/350V
16/450V ... S0p 220/400V .. £2  '32432/500V
20/500V 7Sp  8+8/500V ... £1 32432350V 5
32/350V 45p  8+16/450V . 7Sp  32+32+32/450V.
32/500v = 953 16+|6/350V7 75p 16+ 32+32/500V
SINGLE PLAY RECORD DECKS. Post £2.

Make Drive Model Cartridge Price

BSR Belt 12 Volt  Ceramic. £20

BSR Rim P207 Ceramic  £20

AUTOCHANGER BSR Ceramic  £20
AUTOCHAEJGEB GARRARD Ceramic £24

DECCA TEAK VENEERED PLINTH space for small amplifier
Board cut for BSR or Garrard 18%4in. x 14V4in. x ain. £5. Post £1

* % % “STOP PRESS™ % % *
H & H 1000 Watt stereo/mono. Professional Power
plifiers S500D Reconditi , guaranteed. £275, carriage £5.

ADI0 COMPONENT SPECIALISTS

Dept 3, 337, WHITEHORSE ROAD, CROYDON
SURREY, UK. Tel: 01-634 1665
Post 65p Minimum. Caliers Weicome.
Same day despatch. Closed Wed. Lists 34p.
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88/72 NOTE PIANOS
SPECIALISTS SINCE 1972

Using Patented electronic technique to give
advanced simulation on Piano Key Inertia.
COMPONENT KITS a2
including Keyboard
88 NOTE £266
72 NOTE £234
The above may also be
purchased in four parts.
SQUARE FRONT
%NS-EEYBOARDS - As Published in P.E.
- 4 s Published in P.|
e e gl citl syhedier s o
enerates the sounds of three in-
THE NEW CLEF COMPUTER MUSIC SYSTEM Bm::tml;ggirne wﬁhadfem;g;f{ﬂ;‘;?&f 30 NOTE strumentalists to back Soloists
is so user programmable that you need a Eight sections are extended to 24732 | KEYSWITCH ITEMS DRUMS + BASS + KEYBOARDS
BBC Micro to run it! 32 harmonically pro-| measures for two bar programming, hALSO AVAILABLE Over 3,000 chord changes (60
grammable oscillators. 32 programmable en- | Sequence operation and instrument tone | ALL PRICES INC. VAT. CARR & TELEPHONE ADVICE. | scores) on 132 different chords - 16
velopes. 5 octave touch sensitive keyboard, | adjust. COMPLETE KIT £79 | SAE. for full Specs & MANF. PRICES. VISA-ACCESS- | chord sounds. Master Rhythm aiso
up to 4 OSC/ENVS per note. Real time se-| STRING ENSEMBLE £198.50 AMERlCAN EXPRESS. Competitive quotes can be | required.
quencing. Massive potential for future soft-| ROTOR-CHORUS £98.00 | 9iven for export, Allow 3-14 days for normal despatch. | FULL KIT ~ £265 BUILT

ware. Complete system (without BBC Micro) | MICROSYNTH P.CB. & ELECTKITS - Kol o e Tt S oyt eI Lot TR )
£495 built. Phone or write for details. Modular | percussion SYNTH P.CB. & ooy KO SR ARLY S LT Y Y U YT X Y [T
systems also available. KITS £97.90 STOCKPORT CHESHIRE SK7 1AH TEL 061-439 3297

BAND-BOX
PROGRAMMABLE BACKING TRIO

THE CLEF CMS

AST
PROGRAMMABLE DRUMS

£370°

AFFORDABLE ACCURACY
QUALITY MULTIMETERS FROM ARMON
ANALOGUE DIGITAL

10282 HC-8010 0.5% Accuracy. Standard Model
10ADC Range, 20K(/VDC, Buzzer, Battery Tast
3.

Scale ........ £13.00 HC-5010T 0.25% Accuracy. TR Test Facility
19 measuring ranges £39.50
HM-102R

All models have full functions and ranges and
i Low end voitage & current ranges, Jack for feature:
Audioo/pVoltages.......c..cccoorcccci.....£11.00
20 measuring ranges. 312 digit 0.5" LED display

1018 Low battery indication
Auto zero & Auto polarity
ABS Plastic Casing & Tilt Stand
DC AC 10amp Range
Overioad Protaction on ali ranges.
Battery, Spare Fuse, Test Leads and Manual

Rugged, Pocket sized meter, for generaf
[(JTLETeLT-RTE.7- SOOI -« X )
16 measuring ranges

Battery, Test Leads and Manual included with

each model.
FULL DETAILS ON APPLICATION FROM:-

=¥ ARMON ELECTRONICS LTD

DEPT L, HERON HOUSE, 109 WEMBLEY HILL ROAD, WEMBLEY, MIDDLESEX HA9 8AG
TELEPHONE 01-902 4321 TELEX 923985
PLEASE ADD 15% to your order for VAT. P&P Free of Payment by cheque with order
Offer to mainiand UK only
Please allow 28 days for delivery

Trade enquiries invited

INDEX TO
ADVERTISERS

MAIL ORDER
ADVERTISING

BE I I ERJOB IN Qdcola Products 1.B.C.
DS S 54 - o "
AMETCAN IMVENIOTS COMP . v 55 British Code of Advertising Practice
I i LECTRON ICS A'm.O"E?EC"O'f"“ 56 Advertisements in this publication are required to
AudioElectronics 5 conform to the British Code of Advertising Prac-
Everyday more people are needed to gf"llﬁES 53 ::;1;'; '?ss":::d"'ir:"Z’LS;:“C;a‘i‘;\:"':(’;(‘;"‘;::;::
Ao R utl J. 3
des'gn’ |_nsto||, BEEHLE and service advertisers to fulfil orders within 28 days, uniess
electronic systems :
Y i Centurion Alarm............ccoviiicncincncncne. . 54 a longer delivery period is stated. Where goods
It's big business and the career glr?élssfggésﬂectronir: 52 are returned undamaged within_seven days, the
opportunities are both limitless and richly Crofton 37 purchaser's money must be refunded. Please re-
rewording. Croydon Discount Electronics. 4 tain proof of postage/despatch, as this may be
: b C.R.SupplyCo. ......... 54 needed.
Prepare yourself for a future in Electronics cYbernztpicyAppncaﬁonm“““_“““m“.n“““““m.“m 37
with an ICS Home-Study Course quickly, - -
easily and in your own time. et Mail Order Protection Scheme
Proven teaching methods Else'gtrovalue : If you order goods from Mail Order adver-
ICS is the world’s largest correspondence tisements in this magazine and pay by post in ad-
school with over 90 years experience. GCHQ 51 vance of defivery, PRACTICAL ELECTRONICS
[ Grandata 37 will consider you for compensation if the Adver-
So far nearly 9 m'",'on people have 'Cken Hall Adam Suppli 55 tiser should become insolvent or bankrupt.
advantage of our tried and tested teaching H?—Techa{:nomu;opnf:ts 53 provided:
methods. (1) You have not received the goods or had your
. ICS intertext 56 money returned; and
med o 'F‘E‘gE"Yefcc’" hflp YOU'Eeﬁd today PPN T - {2) You write to the Publisher of PRACTICAL
(Lr'_you( information pack. No ames GONICSSA N oyl o Wit g, . M A ELECTRONICS summarising the situation not
obhigation. London Electronics COllege ............c..coouevvernnnn. 55 earlier than 28 days from the day you sent
- e S (R i o Sy 3 ¢ d your order and not later than two months
3 Please send me full details of Maplin Supplies...............cooco.. 08¢ from that day.
the Electronics Course e il 5 Piease do riot wait until the last moment to in-
Phonosonic: 47 form us. When you write, we will tell you how to
NAME: Powertran ”» 1F.C. make your claim and what evidence of payment
Program Log 55 is required.
ADDRESS R . 7 We guarantee to meet claims from readers made
R.CS. 55 in accordance with the above procedure as soon
Reekie Robot 26 as possible after the Advertiser has been declared
P.Code ____ Riscomp 47 bankrupt or insolvent.
Intemational Comrespondence Schools, RT.V.C 6 This guarantee covers gnly advance payment sent

Dept. EDS75, 312/314 High Street, Sutton, in direct response to an advertisement in this

Surrey SM1 1PR. OR PHONE ggﬁﬂ:g'c Wire Co. gg magazine not, for example, payment made in
01-643 9568/9 or rasponse to catalogues etc, received asa result of
\ @ 041-221 2926 (24 hrs.) ? T.K.Electronics 6 answering such advertisements. Classified adver-
\ 1 . tisements are excluded.
Watford Electronics............... ...2&3

Published on approximately the 7th of each month by IPC Magazines Limited, Westover House, West Quay Road, Poole, Dorset BH15-13G. Printed in England by McCorquodale Magazines
Ltd., Andover, Hants. sole Agents for Australia and New Zealand - Gordon and Gotch (Asia) Ltd.; South Africa — Central News Agency Ltd. Subscriptions INLAND £13 and OVERSEAS £15
payabie to IPC Magazines Ltd., “Practical Electronics™ Subscription Department, Room 2816, King’s Reach Tower, Stamford Street, London SE1 9LS. PRACTICAL ELECTRONICS is sold
subject to the following conditions, namely that it shall not, without the written consent of the Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade
at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way
of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.
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101 ELECTRONIC
CONTROLLED
SOLDERING
STATION

for precision soldering
with accuracy suitable
for use on MOS, FET etc
240V input - 24V on tool.
Temperature range
120-420°C

Many extra features

‘K’ SERIES
SOLDERING TOOLS
FOR ALL
APPLICATIONS

K1000 micro soldering
K2000 general electronic
soldering

K3000 heavy duty soldering

&

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

B42LL B38LL BSOLL BI4LL B3SLL BadLL B36LL B37LL

(——ED/ 4 So/gebr‘/shy ﬁm i

ndustrial Solderin
Equipment-for th

g 4
3

\\.‘ e

ADCOLA

ACCESSORIES
include:

SIDE CUTTERS

=

SNIPE NOSE PLIERS

=

-
PLUS \.—

® Desoldering Braid
® Desoldering Guns
® Tip cleaners

® Soldering aids

® Lamps, Lenses etc

i

ADCOLR

I..'d Trode Mork)

ELECTRONIC PRODUCTION EQUIPMENT ISRl SNl

For a no obligation demonstration, please contact.

ADCOLA PRODUCTS LIMITED Gauden Road London SW4 6LH
Telex 21851 Adcola G



More This Month
at Maplin

256K D—RAM 41256 — 150ns ONLY £9.95
[QY74R}.

256K EPROM 27256 — 250ns ONLY £18 95
[QY75S).

Right-angle pcb mounting rotary switches:
1P12W - FT56L; 2P6W — FT57M; 3P4W «
FT58N; 4P3W — FT59P. All £2.95 each.
Stepper motor 48 steps/rev, 12V 0.13A per
phase, 4-phase unipolar, 57g, working torque
8mNm max. ONLY £9.95 (FT73Q).

Driver chip for motor: SAA1027 ONLY £3.75
[QY76H).

*SAVE* 1 Kit containing everything you need:
motor, SAA1027, data sheet and passives
ONLY £13.35 (LK76H).

Protessional Quality
High Power Loudspeakers
featuring:

* Virtually indestructible high-temperature &
voice-coil reinforced with glass-fibre. %
100% heat overload tolerance.
Advanced technology magnet systern. N
Rigid cast alloy chassis.

Linen or Plastiflex elastomer surrounds.
5-year guarantee (in addition to statutory
rights).

Prices from £17.97.

Send S A E. for our free leaflet XH62S .

Top Ten Kits

* % % % %

THIS/LAST

MONTH DESCRIPTION CODE PRICE BOOK
1. (-} = live-Wire Defector LK63T ~ £2.95 14 XANQ
2. 1) ® 75WMosfetAmp.  LWSIF £1595  BestE&MM

3. (2}  Porylite lwW93B  £1095 Best E&MM
4. {4} o CorBurglorAlorm  LW78K  £7.49 4 XAQ4E
5. [9) & UisonicIntrudr Dictr LWB3E  £1095  4XAQ4E

6. (10} & Computodrum LKS2G €995 12 XAI12N
7. (B} = lightPen LKSIF  £1095 12XAI2N
8. {11} = Syntom DrumSynth. (W86T  £1295  BestE&MM
9. [7) e 8W Amplifier LW36P  £4.95 Cotologue

10. (6) « ZX811/O Port LW76H  £1049 ;. 4XA04E

AN

Over 100 other kits also available. All kits
supplied with instructions. The descriptions
above are necessarily short. Please ensure you
know exactly what the kit is and what it
comprises before ordering, by checking the
appropriate Project Book mentioned in the list
above.

Isitaturtie?

Isitarobot?
Isit a buggy ?

Yes! it's Zero 2.

B May be used by any computer with R5232 facility.
B Stepper Motor controlled.
B Half millimetre/half degree resolution.
B Uses ordinary felt-tip pens.
B Built-in 2-tone horn, line-follower. LED indicators.

The Zero 2 Robot is the first truly micro robotic system available

and remarkably it costs less than £80. Complete kit {only
mechanical construction required) £79.95 {(LK66W).

Full details of power supply and simple interfacing for BBC,

Commodore 64 and Spectrum, in Maplin Magazine 15
price 75p (XA15R).

nAAPLIN

MAPLIN ELECTRONIC SUPPLIES LTD
Mail-order: P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702} 552911

SHOPS

e BIRMINGHAM Lynton Squore, Perry Barr, Tel: 021-356-7292.

o LONDON 159-161 King Street, Hammersmith, Wé.
Telephone: 01-748 0926.
o MANCHESTER 8 Oxford Road, Tel: 061-236 0281.

e SOUTHAMPTON 46-48 Bevois Valley Road. Tel: 0703-225831
e SOUTHEND 282:284 London Rd, Westcliff-on-Sea, Essex.

Telephone: 0702-554000. Shops closed all day Monday.

More Choice In
Multimeters

A new range of very high quality multimeters
offering truly amazing quality at the price.
Pocket Multimeter, 16 ranges, 2,0000/V DC/AC
£6.95 (YJ06G)

M-102BZ with continuity buzzer, battery tester
and 10A DC range, 23 ranges, 20,0000/V DC
£14.95 (YJO7H)

M-2020S with transistor, diode and LED tester
and 10A DC range, 27 ranges, 20,0000/V DC
£19.95 (YJOBJ)

M-5050E Electronic Multimeter with very high
impedance FET input, 53 ranges, including
peak-to-peak AC, centre-zero and 12A AC/DC
ranges £34.95 (YJO9K]

M-5010 Digital Multimeter with 31 ranges
including 20Q and 20pA DC/AC FSD ranges,
confinvity buzzer, diode test, and gold-plated
pcb for long-term reliability and consistent high
accuracy. (0.25% + 1-digit DCV) £42.50 {yJioL)

The Maplin Service

Allin-stock goods despatched same day for all
orders received before 2.00 pm.

All our prices include VAT and carrioge (first
class up to 750g).

A 50p handling charge must be added it your
total order is less than £5.00 on mail-order
(except catalogue).

B Phone before 2.00 p.m, for some doy despotch.

1985
CATALOGUE

Pick up o copy now

L ——
MAPLimg
at any branch of

W.H. Smith or in @@’
one of our shops. é
Price £1.35, or by } 2

post £1.75 from I vy 4
our Royleigh ’"'g:h
oddress 4/ | 3 s

(quote CA02C).

P /s DT

/ / Vi @
All offers subject to ovailobility.
Prices firm until 10th August 1985.




