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Much more than just kits
quite simply the best way
to make music . ..

Powertran have been designing and manufacturing high-quality electronic kits for more
than a decade. Thousands have been purchased and assembled by constructors
throughout the UK and world-wide. Many of our regular clients have built the entire range
— several times! A Powertran kit makes an excellent gift for the electronics enthusiast; and
is a gift that, when constructed, may be given again.

Our reputation rests on these unshakeable foundations — we use the most imaginative and
ingenious designers; we use high grade components subjected to rigid quality controi; our
kits are complete, even screws and wire are included; we take care with packing and
despatch; our instructions are clear and always fully comprehensive . . . and if that weren’t
enough we back it up with our money-back guarantee. Powertran care and your skill gives
you that something special.

Among the most popular of our kits are the fabulous 'Transcendent’ range of synthesisers. Designed by the expertin the
field, Tim Orr, and featured in Electronics Today International — those kits represent the zenith in both constructional
ingenuity and musical performance. Thanks to our fully illustrated, carefully diagrammed 30 pages plus of constructional
notes the ‘Transcendent’ range is comfortably within the capability of most enthusiasts. A great many ‘first time builders’
have completed them without difficulty and are justifiably pleased with the results.

TRANSCENDENT POLYSYNTH - brilliant design work and high technology

components give the home constructor a machine of such versatility and range,

equalled only by factory-made units costing thousands of pounds.

Despite the advanced electronics the kit is mechanically simple

- with minimal wiring and ribbon cable connectors. Solid teak

g #f; & ? 3 5 i ﬁ i s i i i ‘ A cabinet, fully finished metalwork — a 100% compiete kit to give
E ; 2 ¥ RY u- S L . —— . totally professional result.

. Single Voice COMPLETE KIT £275 (+ VAT)

m ; = F = \ Four Voice COMPLETE KIT £395 (+ VAT)
i Team the Polysynth with the new matching 4 voice expander.

COMPLETE KIT £249 (+ VAT)

TRANSCENDENT DPX — a versatile 5 octave keyboard. The two audio
outputs can be used simultaneously to give harpsichord and piano/honky-tonk
or reed and strings/brass both fully polyphonic. To add more excitement there
is a chorus/ensemble unit with strong or mild effect switching. The DPX is an

advanced design . . . yet care, and our superb construction manual, make it a
kit for every enthusiast. COMPLETE KIT £295 (+ VAT)

e e R e s

TRANSCENDENT 2000 — a 3 octave keyboard yet with all the design
ingenuity and thorough engineering that makes a superb and versatile
machine. Quality teak cabinet and quality components throughout
- complete down to the 13 amp plug. Buy it — build it — then

plug-in and play it! A truly professional sound.
COMPLETE KIT £159 {+ VAT)

= - - 1024 COMPOSER — one of our latest designs. The Composer controls the
synth. with a sequence of up to 1024 notes or equal selection of shorter
sequences. Mains powered and with trickle-charged battery to preserve pro-
gramme after switch-off. COMPLETE KIT £85 (+ VAT)

.. . write or phone for NEW 40 page ‘81/82 catalogue — FREE!

PRICE STABILITY: Order with confidence. lrrespective of any price
changes we will honour all prices in this advertisement until March 31st, 1982.
if this month's advertisement is mentioned with your order. Errors and VAT
rate changes excluded.

EXPORT ORDERS: No VAT. Postage charged at actual cost plus £1
handling and documentation.

U.K. ORDERS: Subject to 15% surcharge for VAT. No charge is made for
carriage, or at current rate if changed.

SECURICOR DELIVERY: For this optional service (U.K. mainland only}
add £2.50 (VAT inclusive) per kit. FREE ON ORDERS OVER £100.
SALES COUNTER: if you prefer to collect kit from the factory,
call at Sales Counter. Open 9 a.m.-12 noon, 1-4.30 p.m.
Monday-Thursday.

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3WN
(0264) 64455.
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MINIATURE SCORPIO CAR IGNITION by Mike Rees .. .. .. - .. X 20
Updated and scaled-down version of a popular design

BENCH PSU .. 3 b G .B I A 26
A protected and metered supply glvmg up to 30V and 2A

INFRA-RED REMOTE CONTROL Part 1 by Bart Trepak . . L .. .. .. .. 32
ldeal for power operated garage doors

TV CAMERA Part 2 by Philip Gaffney . o .. s 23 " o r 42
Video and Logic boards construction

PE RANGER BASE STATION Part 2 by Michael Tooley BA and David Whitfield MA. MSc - 48
Construction

PE ROBOTS Part 4 by Richard Becker, Tim Orr and Richard Monkhouse .. . 2 ki 52
The processor board, infra-red receivers, solenoid controller and control base p.c.b.s

PE BANDBOX Part 4 by Alan Boothman BSc v .. . .. .. - 62

Conclusion of series

GENERAL FEATURES

SEMICONDUCTOR UPDATE by R. W. Coles .. o - o .. . .. 25
Featuring WD2123 OP-27

DIGITAL DESIGN TECHNIQUES Part 7 by Tom Gaskell BA 54 -8 .. °E LB 36
When Analogue meets Digital

MICROPROMPT . .. . . L 60

Hardware and software exchange pomt for PE computer pro;ects

NEWS AND COMMENT

EDITORIAL s P .. LY - o .. .. .. .. 10
NEWS&MARKETPLACE 2 48 5z .. - d a- L e 16
Including Countdown

INDUSTRY NOTEBOOK by Nexus . . L — o - ol " . .. 19
What's happening inside industry

SPACEWATCH by Frank W. Hyde . . o8 T+ ¥ o = s o = = 41
Progress of the shuttle

POINTS ARISING .. L .. .. .. .. - .. . = .. 51
Space Evaders

PATENTS REVIEW | B -E B - . o . - P ; - 66

OUR MARCH ISSUE WILL BE ON SALE FRIDAY, 12th FEBRUARY 1982.
{for details of contents see page 31)

© IPC Magazines Limited 1982. 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 responsibility for it. Prices quoted are those current as we go
to press.
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TRANSISTORS BFX29/84 28 [TIP30C  S8[2N1131/2 24 |2N5777 46
BC3078 14 |BFX85/86 28 |TIP31A 45|2N1303/4 65 |2N6027 32
35| BC3088 16 | BFX87/88 28 |TIP31C 56 |2N1305/7 60 [2N6109 60
BIoce 1[omar® BiTeuE sizviee saliveaes o
2N1613  30{2SA
33/35, CARDIFF ROAD, WATFORD, HERTS WD1 8ED, ENGLAND 30|BCaai~ 34 |BEvEs  32|TIPI3A 65 anicain 160 |a5cias oo
Tel. Watford (0923) 40588. Telex: 8956095 WAELEC 28| BC461 34 |BFY64 35 [TIP33C  78|2N2160 295 |2SC496 70|
A 32| B8C477/8 40 |BFYB1 120 {TIP34A  74|2N2219A 28|2SC1096 85
ALLD ES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. ORDERS DESPATCH ACY17/18 70| BC516/7 40 |BFY90 80 |TIP34C  88|2N2220A 26 |2SC1172 125
BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.0.s OR BANKERS DRAFT | ACY19/20 75| 8C547/8 14 [BRY39 40 |TIP35A 160 |2N2221A 26125C1173 125
WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS | ACY21/22 75|BC549C 14 [8SX20 20 |TIP35C 185 |2N2222A 25 (25C1306 150
ACCEPTED (TELEPHONE ORDERS BY ACCESS NOW ACCEPTED Minimum £10-00 pleass), | ACY28 75| BC556/7 15 |8SX29 34 |[TIP36A 170(2N2369A 18 [2S5C1307 220
TRADE AND EXPORT INGUIRY WELCOME. P & P ADD 50p TO ALL ORDERS UNDER £10.00 -+120| BC558/9 15 |BSY96A 25 [TIP36C 199 |2N2646 45 ]|25C1449 85
EXCL. VAT, OVERSEAS ORDERS POSTAGE AT COST. AD149 72 BCY70 16 {BU105 170 |TIP41A  55{2N2846 80|2SC1678 140
Export ders no VAY. Applicable to U.K. Customers only. Unless stated otherwise, all 4218CY71/2 20 |BU108 240 |TIP41B  60|2N2904 28|25C1923 50
VA xclusive of VAT, Please add 15% 10 the total cost incl, n&p. 96| BD121 95 |BUIOS 210|TIPA2A 60 [2N2905A/6 26 | 251945 225
k many mors itema. It pays to visit us. We are situated behind Watford Football 40§ 8012 115 |BU20S 190 [TIP428 7512N2907A 26(25C1953 90
Ground. N.nu-t Br. Rail 8 : Watford High Street. Open Monday to Saturday 9 7518D131/2 BU206 200 (TIP120 90 [2N2926G  102SC1957
2.m.-8 p.m. Ampie Free Car Parking space svailable, BD133 0 |8U208 200 | TIP121 9912N3053 26 125C1969 198
12| 8D135 45 |E421 250 |TIP141  120[2N3054 58|25C2028 85
POLYESTER CAPACITORS: (Axisl Lead) 400V: 1nF, 1n5, 2n2, 3n3, 4n7, 6n8 11p; 10n, 15n 18n, 10§ BD136/7 40 [MDB80O1 250 |TIP142 120|2N3055 48)25C2029 200
22n 129 33n, 47n_ 68n 18p; 1000, 150n zoE 220n 30p, 330n 42p; 470n 52p; 680n 80p; 68p; 12§8D138/9 40 [MJ2955 90 |TIP147 120(2N3442 140[25C2078 175
2u2 47'85p, 160V: 100F, 12n, 100n 11p; 150n, 220n 17p; 330n, 470n 30p; 680n 38p; 1,,#42,,1,,5 12]8D140 40 |[MJE340 54.|TIP2955 60 [2N3565 15|25C2091 85
45p; 2,2 48p; 447 58p. 1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 36p; 330 42p; 47n, 100n 50p. :g gg;gg :?g m.jgg;? }gg ‘{_:22055 gg 2N3614 199[2S5C2314 85
POLVESTER RADIAL LEAD CAPACITORS: 250V; 10n, 15n, 22n, 27n 6p; 33n, 47n, 68n, 100n 7p; 32lBD245 45 |MIEs20 9% |Ticdaas RalaNoclS 132125C2166 185
g i 2N3663  15|2SC1679 190
150n, 220n 10p; 330n, 470n 13p; 680n 19p; 1v ZJp,lpS 40p; 2u2 48p. 20| 8D378 70 | MIE2955 93 |TiS4s 50 |2N3702/3 10|25D234 7B
ELECTROLYTIC CAPACITORS (Values in uF). BOOV: 10 62p; 47 78p; 63V:0.47,1.0,1.5,2.2, 3.3, | 8C140/42 30{BD434 55 |MJE3055 70 [TISBBA 50 (2N3704/5 10(25K45 90
8p; 4-79p; 6-8, 10 1op 15,22 12 33 15p 47 12p; 100 19p; 1000 70p; BOV:47 1zp;sezo ;zzo BC143 ~ 3018D517 75 [MPF102 66 |TIS90 30|2N3706/7 10(3N128 112
24,, 470 32p; 2200 90, 22, 9p; 3 50 90p; 4700 120p; 25V: 1-5,6-8, 10, 22 BC147/8 9| BD695A 99 | MPF103 36 TIS91/93 32 [2N3708/9 10|3N140 112
”8 1 np, 1589129,%01159,23230229, 470 25p; 680, 1000 34p; 2200 §0p; 3300 76, 80 gg}gg }g gggggA 1:3 m;:g; gg \%17310 gg ;N ;10 ;o 20095 zsg
, 100 9p; 1 2p; 220 13p; 470 20p; 680 1000 27p; 1500 31p; ; N3711 10|4010! 1
S o, T e ewr 2300 ot 2300 1om oo S50 1ot 20t | SSL25C IojEDYED dgo |werice 4 \viokM 42\2Np7i wjsldoiol
'I’AG END TVPE 70V: 4700 245p; 64V: 3300 198p; zzoo 138p; 50V: 3300 1 2200 7812N3772 19540250 85
110p; 40V:4700 160p; 25V: 10, 00 320p; 15,000 34 . S4p; BC149C 12| BF167 29 |MPSAO6 25 |VN6BAF 85 |2N3773 27040251 97|
BC153/4 27| BF173 27 |MPSA12 32 |VNBBAF 94 |2N3819 2240311 60
TANTALUM BEAD CAPACITORS: POTENTIDMETERS: Carbon Track, | BC157/8 10| BF177 25 |MPSAS5 30 [ZTX107/8 11|2N3820 45/40313 130
35v: 0- 1y, 0:22, 0-33 15p; 0-47, 0-68, 1:0, 1 51ep 2-2,3-3 0-25W Log & Linear Values. BC159 11| BF178 80 | MPSA56 30 (ZTX109 12 2N3822/3 65{40315 60)
e 8 24p; 10 280; _ 16V: 2253 1om 5000, 1K & 2K (LIN ONLY) Single 29p | BS180, 48|BE179 35 |MPSA70 30(2rX212 28 |2N386 40316 95
15 339, 22 30p; 33, 47 wp, 00 759,2 aap 1ov. BKO-2MO single gan gl 235 P | BC167A 10| BF180 38 | MPSUD2 58 (ZTX300 13 |2N3903/4 18]40317/20 60
15.152 26p; 33, 47 35p; 100 55p. BKO-2MA Ql 9 QD/P h 78 BC168C 10| BF194/5 12 |MPSUOS5 55 {ZTX301/2 16 |2N3905 15|40 40
single gang D/P switc| P 1 BC169C 101 BF196/7 12 |MPSUO6 55 [ZTX303  25{2N3906 17|40361/62 50
5K0-2MQ dual gang stereo 88p 0 o
ko2 ok 415 | BC170 15| BF198 16 |[MPSU52 65 |ZTX304 17 |2N4037 46|40406 75
MYLAR FILM CAPACITORS: ire-wound 500)- 158 | gC171/2 11| BF199 18 [MPSUS5 60 |ZTX314  25|2N4058  10|40407 80
100V: 1nF, 2n, 4n, 4n7, 10 6p; 15nF, 22n, 30, 40,47 7p; 56, [ SLIDER POTENTIOMETERS 8C173 1| BF200 30 |MPSU56 60 [ZTX320/26 30 | 2N4061/? 10|40408 70
100n.200 8p;  50V:470nf 12p. 0-25W log and linear values 60mm track | BC177/8 20| BF224 25 [0C23/26 170 |ZTX341 30 | 2N4069
: 5KQ-500KQ Single gang 7o, BC179 20} BF244A 28 |0C28 130 [ZTX500/1 14 |2N4427
- 10K0-500K0 Dual gang 1100 | BC181 20| BF244B 29 6 120 |ZTX502/3 18 |2N4859
CERAMIC CAPACITORS: {50V} Self-Stick graduated Alum. Bezels 40,, BC182/3 10| BF2568 35 |OC41/42 120 (ZTX504 ]
Range 18': to 6800pF 49, lOnF 15nF, 22nF, 33nF, 47nF 5p; B8C184 10| BF257/8 4 120 |ZTX531 25 |2N5135/6
100nf/30V 7p; 220nF/6V 8p. PRESET POTENTIOMETERS Bci182L 10 35 {OC45/70 40 |ZTX550 25 [2N5138
0-1W 500-2-2M Mini Vert. & Horiz. 7p | BC183L + 10f BF274 42 |0C71/72 40 [2N696 30 [2N5172
0-25W 1000-3-3M0 Hom larger 10p | BC184L 10| BF336 40 50 |2N697 23 [2N5179
POLYSTYRENE CAPACITORS: 0-25W 2500-4-7MQ V 10p | BC187 26| 8F451 35 |0CB1/82 50 {2N698 40 [2N5180
10pF to InF 8p 1.5nF to 12nF 10p. Precision Cermet 1W |oon 100K BDp B8C212/3 10| BF594 30 | OC83/84 40 |2N699 48 [2N5191
BC212L 10| BF595 39 |0C170/1 86 |2N706A 19 |2N5194
su.vzn MICA( F) SIEMENS muitilayer miniature | RESISTORS—Hi-stab, Minimum, | BC213L 10| BFR39/40 2310C200  85|2N708 19 |2N5305
2,3:3.4.7,6.8, g.z, 10, 12, | capacitors. 6%, Carbon. eczu 10| BFR41/79 23 |TiP29A 36 [2N914/5 32 [2N5457 3
18, 22, 27 33, 39, 47, 50, 1 260V: InF, 1n6, 2n2, 3n3, 4n7, RANGE  Val. 1-99 100+ | 8C214L 10| BFR80/81 25 |TIP29C 52 |2N918 35 |2N5458/9
56, 68, 75, 82, 85, 100,120, | 6n8, 8n2, 10n, 12n, 15n, 22n | 0-25W202-4-M7 E24 2p 1p 80237/8 14| BFR98 105 |TIP30A  48|2N930 20 |2N5485
150 180 15p each | 7p:; 18n, 27n, 33n. 47n 8p; 0-5W 2012-4-M7 E12 2p ip
220, 250, 270, 330, 360, | 39n, 56n, 68n 9p. 1W  202-10M E12 3p 7441 68 [ 74173 85 [1S42 35 |LS251 40 [4023
390 470 600, BOO & 1oov 100n, 120n, 10p; 150n | 2% Metal Film 100-1M sp ap 7442 38 174174 72 |LS47 40 |1S253 40 [4024
82 p asch 8 220n 13p; 330n 18p; 1% 0-5W 510-1M24 8p 6p 7443 90 | 74175 72 |LS48 80 |LS257 48 |4025
1000 1200, 1800 3Dp each n EO 680n 30p; 1uF 100+ price applies to Resistors of 7444 90 | 74176 55 |LS49 60 | LS258 40 | 4026
3300,4700 80p sach 34p 2p2 P. each type not mixed values. 7445 65 [74177 75 |LS51 15 | 1S259 85 |4027
LF355 85 |NE564 420 | ULN2003 85 |6850 175 {74S S P ;ﬁg gg ;21% gg ngg :’!5 ngso 121 4828
. arias 1 L 0 | LS261 195 | 4029
LINEAR IC’s | 355 90 |NES65A 120 | ULN2004 125 6852 255 | ;45132 138 | 7448 50 {74180 65 {LS63 150 | LS266 25 [4030
555 CMOS 80[LM10 425 |NE566 155 | ULN2283 100 (6875 S50 1745133 60 | 7450 18 174181 140 |1S73 25 |1S273 90 | 4031
702 75(LM301A 26 |NE567 150 | XR2206 300 [8080A 350 [;45138 210 | 7451 16 | 74182 75 |LS74 25 | LS275 290 [ 4032
709C8pin  35/LM308 95 |NES70 450 | XR2207 376 085A 550 | 545188 210 [ 7453 16 | 74184 99 [LS75 28 |LS279 88 [ 4033
710 48[LM311 70 |NE571 420 | XR2211 576 11595 90 | 743189 158 | 7454 16 | 74185 99 |1S76 20 | LS280 250 | 4034
741 141LM318 200 |NE5534 150 | XR2216 675 11596 90 (543194 360 | 7460 16 | 74188 290 [1S78 24 (LS283 45 | 4036
747C 14 pin  70[LM319 225 | RC4136D XR2240 245 1LS97 90 (542209 o | 7470 3574190 70 [LS83 50 [LS290 57 | 4036
748C8pin 36|LM324 45 | 55668 245 | XR2266 750 166 00 | 745275 525 | 7472 30 |74191 70 |1SB5 70 |1S293 46 | 4037
753Bpin  185{1LM339 54 |SAB3209 425 [ ZN414 88 123 125 745241 540 | 7473 30 (74192 70 | LS86 38 | LS295 215 | 4038
810 159| LM348 64 [SAB3210 275 | ZN419CE 190 (8202 £25 943262 850 | 7474 25174193 65 [LS90 35 [1S298 130 | 4039
9400CJ  350|LM349 115 |SAB3271 485 | ZN423E 195 |8212 170 | 545287 300 | 7475 40 [74194 75 |1S91 80 |LS299 420 | 4040
AY-1-0212 675|LM358 75 | SAS560 150 | ZN424E 130 214 425 745288 210 -7476 30 | 74195 65 ['LS92 36 | LS300 175 | 4041
AY-1-1313A660| LM377 175 |SAS570 150 | ZN42SE-B 350 |8216 70 | 745289 290 | 7480 4874196 65 |LS93 38 | 15302 175 | 4042
AY-1-1320 225|LM379 480 | SL490 350 | ZNA26E-8 325 |8224 250 543387 300 [ 7481 12074197 65 |1S95 45 {15320 270 | 4043
AY-1-5050 99§ LM394 350 [SG3402 295 | ZN427E-8 625 226 250 | 745470 325 | 7482 70 (74198 99 |1S96 120 | LS323 270 | 4044
AY- 1 5051 160{ LM725CN 325 | SN76003N 350 | ZN42BE 478 228 250 | 745471 620 | 7483 50 (74199 99 |1S107 43 |1S324 200 {4045
100 | SN76013N 350 | ZN429€-8 210 |8251 370 { 745472 1150 | 7484 8074221 80 [LS109 30 | LS325 320 | 4046 4
415 | SN76023N 350 [ ZN1034E 200 253 799 | 745475 825 | 7485 9574246 150 [1S112 30 |LS326 330 | 4047 4
75 | SN76033 350 | ZN1040E 675 255 375 { 343571 620 | 7486 26 74247 150 |LS113 40 |LS327 315 {4048 4
Y-3-8910 1 145 | SN76115N 215 267 800 74B9 205 | 74248 150 | LS114 35 | LS347 150 | 4049 4
AY-3.8912 625 LM382 125 [SN76131 125 |cOMPUTER |8126° 99 7490 28 | 74249 150 [LS122 44 | LS348 190 | 4050 4
AY.5.1224A235] LM384 140 [ SN76227N 95 y T27 150 X 7491 45174257 80 [LS123 55 |LS352 185 | 4051 a4
AY-5-1230 450| LM386 90 [SN76477 175 IC's T28A 135 |75 Saries | 7492 30 |74259 195 [1LS124 105 | LS353 185 | 4052 4
AY-5-1317A630[ LM387 120 [ SN76660 120 {1702 299 | 8731 350 | 75107 95 | 7493 30 [74265 65 |LS125 30 |LS365 37 |4053 4
AY-5-4007D520| LM389 95 | SP8629 299 1802CP 750 | 8T95N 135 | 75110 115 | 7494 34 |74273 195 |LS126 30 | LS366 37 [ 4054 4
AY-5-8100 775| LM393 100 | TA7205A 225 |2101-2 110 | 8TI7N 35175108 350 | 7495  50-{74276 150 |1S132 45 | (S367 37 | 4055 4
CA3011 110} LM3302 95 TAAsz1Ax1250 2112-2 250 | 9364AP 550 | 75950 125 | 7496 45174278 160 | LS133 35 | LS368 90 (4056 120 | 4534 500
CA3012 175/ LM394CH 290 | TAA6B1A 155 |2114-450 90 |AM26LS31C 125 | 75954 150 | 7497 120 | 74279 90 [LS136 28 [LS373 75 [ 4057 1915 | 4536 295
CA3014 157| LM2917 195 [TAA700 250 |2114L-300n 90 [ AM26LS32A 125 [ 75182 115 | 74100 85174283 90 [LS138 35 |LS374° 75 | 4059 480 ] 4538 115
CA3018 68| LM3900 44 | TAA900O 00 |2114L-200n 95 [ AY-3-1015 350 | 75183 115 | 74104 54 | 74284 199 [ 1LS139 38 |LS375 48 {4060 90 | 4539 115
CA3019 70| LM3909 70 | TAA960 2118- 250 | AY-5-1013 350 | 75188 65 | 74105 55174285 199 |1S145 76 |LS377 90 | 4061 1225 | 4541 140
CA3020  186|LM3911  125|TAD100  159(2532-450n 525 [AY-5-2376  700°| 75189 65 | 74107 32 [74290 105 |LS147 199 |LS378 69 | 4062 995 | 4543 135
CA3023 1/LM3914  210|TBA120S 702708 200 | FD1771 €18 | 75322 165 | 74109 3574293 125 [1S148 99 | LS379 65 | 4063 4544 150
CA3 120 LM3915 220 |TBA550Q 330 [2716-5 250 | IM6402 380 | 75450 95 | 74110 40 |74297 236 [LS151 39 |LS384 250 | 4066 36 | 4549 395
[ LM3916 0 | TBAG41-A12/ |2732-450n 455 | MC1488 62 | 7545172 70 | 741 5574298 100 | LS153 39 | LS385 378 [ 4067 399 [ 4553 299
CA3036  115|LM13600 125 |8X1 or 8X11275[2147-3 425 | MC1489 62 | 76454 225 | 74112 170 [ 74361 195 [LS165 39 |LS390 62 | 4068 22 [ 4554 130
CA3043  275{1S7220 280 |TBA540 2504027 240 | MC14411 695 | 75499/2 70 | 74116 88 | 74365 55 |LS166 39 [LS393 60 (4069 20 | 4555
CA3045 365 M252AA  625| TBA651 190(4116-150 100 { MC14412 800 74118 8074366 56 [LS157 35 [1S395 199 | 4070 26 | 4556 55
CA3046 70| M253AA 1150 | TBABOO 804116-200 85 | MM528| 695 74119 90 {74367 55 [1S168 36 |LS399 220 | 4071 20| 4557 320
CA3048 214| MC1303 88 TBAB10S 9514118-250 450 | RO-3-2513L 700 .| 74120 75 (74368 55 |LS160 41 [LS445 140 (4072 20| 4558 120
CA3059 195{ MC1304P 260 820 701 4164-200 798 | RO-3-2513U 600 | TTL 7400 | 74121 3074390 991iS161 41 |1iS471 620 [ 4073 20| 4559 395
CA3075 13| MC1310P 150 | TBA920Q 260]4315-4K 795 | SFF96364E 800 | (TEXAS) 74122 45174393 99 [1S162 41 |LS490 245 | 4075 20| 4560 180
CA3080E  B5{MC1445 150 |T8A950  300|4334-3 SFC71301 820 | 7400 11 | 74123 50 | 74490 120 [LS163 41 [LS541 135 { 4076 60 | 4661 104
CA3081 190| MC1458 40|TBA990 280 ((CMOS 2114) 325 | TMS2716-3V 875 | 7401 11 | 74125 42 . LS164 48 [ LS640 225 { 4077 28| 4562 495
CA3086 48| MC1494 694 [TCA270  350]|4864-3 64K 785 | TMS6011 365 | 7402 11 | 74126 40 LS165 145 | LS641 226 | 4078 26 | 4566 178
CA30689E 215/ MC1435 350(TCA940  175{6116-3 16K ULN2003 100 | 7403 14 | 74128 42 | 74LS LS166 85 |iS645 210 | 4081 26 | 4568 250
CA3090AQ 375{MC1496L 70| TCA965  120{CMOSRAM 855 Z80CPU 2.5 360 | 7404 14 | 74132 48| 1S00 12 |LS168 86 |1S668 175 [ 4082 21| 4569 175
CA312 150| MC1596 225 | TDA1004 290 6502 CPU 450 [ ZBOACPU 4M 425 | 7405 18 | 74136 35| .S01 13 |[LS170 170 | LS669 150 | 4085 65| 4572 36
CA3130 90| MC1648 290 | TDA1008 310 850 [ 280 P10 300 | 7406 28 | 74141 70 | LSO2 14 | LS173 72 | LS670 175 | 4086 70| 4580 460
CA3140 48 039G 90]TDA1022 575} 6504-250 495 | Z80A P10 325 | 7407 28 | 74142 190 | 1SO3 14 |LS174 72 | LS673 550 | 4089 140| 4581 250
CA3160 95| MC3302 150 | TDA1024 105] 6505 95 | 280 CTC 00 | 7408 16 | 74143 250 | LS04 15 | LS175 58 | LS674 75 “43| 4582 a9
CA3161E  135|MC3340P 120|TDA1034 350|6520 PIA 310 | 280A CTC 325 | 7409 16 | 74144 250 | ISO5 15 {LS181 1 4094 168 | 4583 99
CA3162E 450] MC3360P 120|TDA1490 290|6521 0 | ZBODMA 999 | 7410 14 | 74145 70 [ LSo6 15 {Ls183 275 | CMOS 4095 90| 4584 a8
CA3189  200] MC3401 52[TDA2002 3256522 VIA 350 | 280S10-1 €15 | 7411 20 | 74147 99| 1S08 15 |LS190 58 | 4000 14 | 4096 90| 4585 99
CA3240 110[MC3403  110|TDA2020 320| 6530 RRIOT 1350 | 280AS10 £23 | 7412 20 | 74148 75| 1S09 15 | LS191 58 | 4001 14 | 4097 320 4597 330
ICL7106 750} MC3405 150 [ TDA2030 320} 6532 RIQT 750 | Z80 DART 728 | 7413 24 | 74150 80 | LS10 15 | LS192 58 | 4002 14 | 4098 88| 4598 290
ICL7107 975} MC4016 oo TDBO791 "420|6 1450 | ZBOADART 775 | 7414 32 | 74151 45 | 1S 15 | LS193 65 | 4006 66 | 4099 95| 4599
ICLBO38CC 300| MFC6040 TLOBICP  40[ 6551 ACIA 785 7416 25 | 74153 45 | 1S12 15 |1S194 40 | 4007 18 [ 4160 95} 40097 88
ICLB211  450| MK50398 035 TLO62CP 60| 6592 PC £26 7417 25 | 74154 75 | 1S13 30 | LS195 40 | 4008 62 [ 4161 93] 40100 215
ICM7204 550| MM5303 5( TLO6ACN 98| 6800 375 7420 16 | 74155 75 | LS14 48 | LS196 58 | 4009 35 | 4162 99| 40101 130
ICM7205 1150] MM5307 1275 TLO71CP 30| 6802 500 7421 20 | 74156 75 | LS15 15 |LS197 85 | 4010 40| 4163 99| 40102 180
ICM7207 475f MM5387A 475| TLO72CP 50| 6803 1350 7422 20 | 74157 45| 1S20 15 | LS200 345 | 4011 15 | 4174 99| 40103 175
ICM7215 1050f MSM5526 820| TLO74CN  100{ 6804 160 7423 22 {74159 99 | 1S21 15 | LS202 345 | 4012 18 | 4175 105| 40104 95
ICM7216A 1950| NE515 275|TLOBICP  25{ 6805 670 7425 28 | 74160 60 | LS22 15 |LS221 60 4013 34 | 4194 105[ 40105 115
ICM72168 1950| NE529 225|TLOB2CP 45/ 6808 520 7426 30 | 74161 60 [ (S26 18 | LS240 96 | 4014 75 | 440B 790| 40106 75
ICM7217A 7901 NE531 140| TLOB3CP 75| 6809 999 7427 27 | 74162 62 | 1S27 15 |LS241. 96 | 4015 66 | 4409 790 | 40107 60
ICM7224  785| NE543 210| TLOB4CP  95] 6810 175 7428 28 | 74163 LS28 20 [ LS242 85 | 4016 32 | 4410 725| 40108 450
ICM7555 80| NE544 185| TLO91CP 551 6820 175 7430 16 | 74164 1S30 18 | LS243 85 | 4017 48 | 4411 695| 40109 100
LA4032 295| NES55 16| TL170 50| 6821 150 7432 26 | 74165 @2 | LS32 15 | LS244 80 | 4018 68 | 4412 800 | 40110 300
LC7120  385|NE556D8 55| UA2240  245| 6840 470 7433 27 | 74166 85 | LS33 16 | L5245 90 | 4019 42 | 4315 480 | 40114 240
LC7130 495 NE560 325|UAA170 170 6843 1450 7437 27 | 74167 185 | LS37 16 |LS247 40 | 4020 61 | 4319 280 | 40163 108
LF347 150} NE561 395} UAAI80 170 6845 975 7438 27 | 74170 168 | LS38 16 |LS248 65 {4021 70 | 4422 770 | 40193 108
LF351 48| NE5S62B  410| UAA1003-3 935 | 6847 850 7440 17 | 74172 290 | 1S40 16 |LS249 68 | 4022 66 | 4433 770 | 45106 595
e e — —_—
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—
SPEAKERS 2N5777 45 | OPTO ELECTRONICS DIL SOCKETS
SO 220 2 (I 38 | RSl | SPECIALOFFER Foxas WATFORD'S
g P 71 Red ow ire - B
0.3W, 2.5" 400; 640 or | ORP12 86 [TIL211Green 125 18 ) 1+ 50+ profile wrap Ultimate Monitor [C.
800 80p | ORPe1 95 | TIL212 Yellow :a NE555 16p 14p B §§"
oo T — 05 LIGUID |0 5o ael omamber 18| 2114L-3 87p 80p 100 435 | A 4K Monitor Chip specially designed 1o
AA118 15| RECTIFIERS | CRYSTAL Red. Green and Yellow 2114L-2 87p 80p 16p 52p | produce the best from your: Superboard
ey ;j {plastic case} ?;%f;h‘vs,w Rectagg oilEDe. 6 221 2708 195p 180p ;g: ggg Series | & |l, Enhanced Superboard &
BY126 12| 130, 29[23igt 750 |02" Fiashing LED Red 55 | 2532 500p 425p | %apin 25 70p | UK101. As reviewed by Dr. A. A. Berk In
8;127 L2 1vacov 28 6digt 850 g.zd;glculuurLEDs - 2716 210p 195p gg pin  28p ‘gg: Practical Electronics, June 1981.
reen pin — .
N = ;://ggev 32 [ neons AR, ga | 2732 425p 390p | ;58n  s0p 99p | Price only £15.95 + 50p P&P.
DAYy 12| 2a7200v 80 | Red or Amber | 0-2* Tri colour LEDs 4116 75p 68p
OATO 12| w00y ag | Roundor Roips e B3 |ich22 3s0p 320p | T EPSON MX Serles PRINTERS
0AB5 15 %ﬁﬁgg& 2:5, 30p each | LD271 Infra Red lomit) a8 | 7805 1A/5V 4a5p 35p PLUGS Faa Now available from stock at very
8:3? 8{ 6A/400V 95 E'é&%&g‘ﬁ Rad(e;nlt) gf -2” Red LED 11p 8p 1(:0.«1«:; . | competitive prices.
8 T etector] L i "
Ty 8 ?S/A(jgggvgg g;'ll‘;gs:vl CH TIL78 ldetecton 24 | ‘2" Green LED 12p 10p ‘Gg;: 5 10 way ® ngor 10" Tractor Feed, 9x_9
0A200 8| 10a/600v3s0 | TILI38 170 [TIL10O 90 24pin 88 |20 way matrix, 80 column Speed 80 CPS bi-
‘ch(‘)g : 25A/200V240 | Slotted similar | 7 Segment Diapiays ) ) 40 pin 255 P directional. Centronics Interface, Baud
iNote 5| Vias 38 [ 198 a2 2Ep 1is | BF COKES: Miniature PCB rate 110-9600 (RS232) £355
m:gg&/z g vM18 50 AL;JM1 aoxsas DL704 -3* C.Cth 99 | Mounting Type. SPEAKINGICIBEK ® MXBOFT Has Friction & Tractor Feed
Ix2x1” DL707 -3° C. ’
INGOOA/S 8| zemems | 4x2ix2. 88 DL7(4)746' E_é:gg)d 159 | 1uH. 242 447, 10p, 33p, 471, 100w, | Eai~'Kit of parts now plus all the MX80T's facilities ~ £395
1Na00e/7 7| o ZENERS f4,51x24° 103 | 8+ Orange CA 250 | 220w, 330y. 470y 30p | aveitable Only:€37.50 | @ MXBOFT2 Has high resolution
INd148 4| 3088, 500 0 | axax2} 120 | FND357 or 500 120 | 1mH, 1m5, 2m2, 4m7 35p Graphics option plus all  the
IN5401 18 8p each |Bx4x2 105 |.37Green CA. 120 | 10mH, 22m, 33m, 43mH 60p | ZERO Insertion Force MXBOFT's facilities £435
1N5404 16 5x24x1 90 | $1-3" Red or Green 150 ‘ . ‘ DIL Sock
IN5406 17 Bange w3t | 5x2 x2;'130 Bargraph 10 seg. Red 225 | 100mH 75p | D)t oo 59';;_ 28 way ® MX100 132 Column plus all the
}gﬁoe 1; 150 anch 5x2x;;. ‘;g 120mH 80p | 850p; 40 way 875p facilities of MX80OFT2. Value for
13921 H oxax3# 120 | FERRICCHLORIDE money. £570
6A/100V 40 | VARICAPS  [6x4x3" 180 | 1Ibbag Anhydrous
BA/400V 50 [ MVAM2 165 7x5x3" 180 | 495 S 50, V& 3 HEATSINKS ‘D' CONNECTORS TRANSFORMERS {mains_Prim. 220-240V)
6A/800V 65 [ MVAM115 158 [ 8x6x 210 Crer Zebep 5 A ¢ ) 6-0-6V 100mA: 9-0-9V 75mA: 12-0-12V
BA102 30 |0x4*x3” 240 T05;7018; 7092 12p (Caggonitype Covers | 55ma 98p
BB1058 40 | 10x7x3* 278 | DALOETCH RESIST | T03.TO066, 30p Plugs Sockets plestic | §VA type: 6V-5A 6V--5A; 9V-14A OV-. 4R
SCR's BB106 40 }gxgxg' ;gg Pen + Sparetip  90p | T0220 26p ‘g‘;g\; ‘ggg :932 1508 :gvAaA 125v1 gA 15:;259;5\‘/;- 253 11609
Thyristors x8x3” VA: 4-5-1-3A 4.5V-1-3A; 6V-1. V-
25way 170p 250p 130p 5 #' L
?:/9010?10\1 3| Woise Diode | GOPPER CLAD BOARDS Tiwe 2005 338 dase | JAAIZCIATNSA | Frea(oop 7
\Waoov 70| 2ei* Oiodss | Fibre Single-  Double- SRBP | ANTEX Buy 12V-1A 12V21A; 15-8A 15--8A; 20V--8A
SA/300v - 38 foe %0 e % 4 i ZIMVANKD: CONNECTOR SOVA: 6V—0A 6Y-4A; 9V-2.5A 9V'2 54 120,
a0y, 8 . 6°x12* 150p  195p Soldering Jamper Lead Cable ASSemblY. 20| 24 12V-2A: 15V-1:-54 15V-1.5A" 20V-1-2A
BASOOV 80 IAHOOV 48 [ SOLDERCON PINS lrons | 18 ong.single end; Femate 525 Zov-1«2A:25v-1Azsv.m:a%\g-s«g?eaov‘;&e‘s
BA/600V z . * long. double ended M/M 1020
124/100v 78| JA/490V 58 | 100 pins 70p 500 pins 325p | C19W 22 36 fong. double ended F/F 1010 100VA; 12v.48 12v-48 1‘5;:;3:501\15 V34
13800v188 Sviogy g9 VEROBOARDS 017 1 VQ' oard vsoi| SSHRSWASEES ERlonaNdoubiEénded /WP IaEg 40V-1:25A30V-1.25A S0V-1A30V-1A
ain 1P 8 ] P p&pl
g;:?g ::g ?Q/Aa/?ggv‘;g 24x33" 73p 52p \?e,zs&?;d 322 Spare bits 50 ::(I:ir:.b‘n. {N.B. P&P charge to be added above our normal
%1(:04640 g: 12a/a00v 82 | 2 xg‘:} :gp — §S100 8Board £14 | Elements 200 Just phone G EOGE CONNECTORS postal charge).
12A/800v135 | 31x33" 83p  — Ironstends 160 | your order contacts. double type JUMPER LEADS Ribb
TIC45 29 3i 5% 5 79 ROTO-DE A 1 156 L ibbon Cable Assembly
TiCa7 35| 18Na00va08 | 3fx 170 32sp 219p Verobiork " 375 | Heatshunt 25 | through, we [ 3P" 5901 2.10may -  138p | $inole endad DIP 24 ength Cable
2N5062 32| 46a/800v220 [ 43x 18" 428p  — [S-Dec 350 do th t. |16  390] 2x15way — 1a0p [ }2pin 1450 16 pin 165p;
2N5064  3B| 554/200v185 | Pkt. of 100 pins 50p | Eurobreadboard 520 Otheireat 18 815| 2x 18 way 180p 14Bp 24 pin 240p; 40pin 380p.
2N4442 130 95/800v295 | Spot Face Catter 118p | Bimboard 1 895 [T GAS & SMOKE 20  945( 2x22 way 199p 200p | Double ended DIP - :
25A/1000V_ | Pin Insertion Tool 162p | Superstrip SS2 1350 | "DETECTORS ULTRAsONIC |22  1035| 2x25way 226p 220p | . 1dpn 18pin  29pin 40 pin
DIAC TGS812 & TRANSDUCERS |24  1130] 2x30 way 245p — 19 Y98n 2150 3155 e
£ 25| 30A/400V525 | VERO WIRING PEN and Spool 310p | 813 875 | 40KHz Transmitter & | 28 1245| 2x36 way 295p — S o L TN LR
T2800D 120 | Spare Wire {Spool) 75p; Combs 8p ea. Sockets 40 | Receiver 395p/pair ig :ggg g;:g:::z g;g:___ 36" 2302 250: 375: 595:
VOLTAGE REGULATORS |CRYSTALS K
COMPUTER CORNER WU e e e [ 3 gl il e
:gv ;gus’ 145p 7912 220p ggg:n: g?g MICRO EXPANS|ON SYSTEM
. 15 1450 7915 220p . ! :
® EPSON MX SERIES PRINTERS: see topright | 18v 7818 1s0p = |MHx . 233 | Designed by Watford Electronics, this extremely
hand side of this advertisement. 8 T922QPastcCasiod s ssp |1-8MHz 395 [ yersatile and economical Expansion System as
12V 7812 S50 7912 55: 1-8MHz 395 | Versa a < 52 [ s leMm 8
@ SEIKOSHA GP80A — Unihammer Printer, gives ;gg 7815 50p 7915 55p }:ggg;"M g;g published in E.T.l., starting from Dec., 81 issue,
normal and double width characters as wellasdot | ;5 78)3 556 7918 % 20MHe 240 offers a low cost flexible expansion facility for
;etsorl;montgrdaprgcs 8" Tractor feed. P:;:rilé%l 190ma 1032 PlasncCaslngLos con | 3.:2768M 2201 ZX81, UK101, SUPERBOARD, ACORN ATOM,
DEL e gg 1962 30 =" |3g195am 150 | PET, TANGERINE, VIDEO GENIE, ECT.
® SOFTY-2. As reviewed in PE September 1981. | 12v 78112 389 79L12 e0p [4OMHz 200 | 1o pMotherboard (Interfaces with the Computer)
The complete microprocessor development | 15V 78L15 30p 7915 eop |3032MHz 250 ; )
system for Engineers & Beginners. New powerful — o LM309K 135 |a.39a30aM 200 | has capacity to accept up to five daughter cards
instruction. Accepts any 24 pin 5V single rail | [Maodn 160 MBI 280 |4:833819M 120 | and can be paralleled for even more daughter
EPROM. Supplied fully built, tested & enclosed in | LM305H 140 (M317K 350 |5.185MHz 300 | cards.
a black ABS case. Price incl. encapsulated plug in | 73HO5 5V/SA 550p LM323K 500 |5.24288M 390 -
power supply. £169 ;,34\,5,;25 s9%p LM327N z;o g‘?g'mm 220 | All PCBs are of Computer grade finish and are
HG —2.25V to M723 5 MH. iedin Ki
® VIDEO MONITOR 9 fully cased. B&W, Fully | 24V 54~ 7850 T6A6258 75 |T.omma " 309 | SuPPlied in Kit form. y
guaranteed. Excellent value for money at only £69 SWITCHES g égm’x" 280 | Just look at the expansion possibilities:
8-0MHz 200 | M - fi
® TEX EPROM ERASER. Erases up 10 32 ICs in | supeasov  Togete 24 250y [3.0833am 338 | OTHERBORAD =AccoatsSupmiyiiee EEER-.
15-30 min. £33 | 1apeoT  1a SeST 33|8867237M 280 ards Full Kit: £36.50
» 313 N o
® TEX EPROM ERASER with integral 30 min. | jADPonionion 40 4poleonoht 54 [3372MHr 380 | SOUND CARD — Utilising up to three AY-3-8910
Electronic timer Eas i oo 199z 290 | Sound chips. (one supplied with every Kit)Full
® spare ‘UV lamp bulbs £9 Spring loaded SUB-MIN 10-24MHz 200 | Kit: £24.95
T A | 1288 330 | PIO CARD — Usi 6520 PIA chips, thi
@ 5V/5A PSU Ready built and tested £26 | Momentary 6A | SP changeaver 60/ 13 355VEN 390 =5 SNgRtwY Ik, UALK,
SEDTclover 99 |SPSTonoff  24],60mH: 250 | Board offers Centronics parallel printer dri
® Attractive Beige/Brown ABS CASE for |DPDTeover 135 SeoTcof  es| 2QW: 220 | =oarc otiers fentronics paratel printer driver,
Superboard/UK 101 or Home Brew £26 | MINIATURE DPDTGx:Eg psfi8 anzmM,  2ag digital to analogue converter and a host of other
Non Locki PDTC/OFF 88 2 - iliti it:
® Extra 4K of RAM (8 0ff 21141-300nS)  £7.95 | Pusn temoks 155 | DPOT Simses 145 200MHz 325 | Out-put facilities. _ Full Kit: £19.95
RS S £ T N el g6 |Push ok 250 | 3poleciover 208 2 O e 20| PROM PROGRAMMER — This simple but ex-
P P ROCKER: 5A. 250V, SPST 28p| 26.69M 290 | tremely useful card can blow 2716 or 2732 singl
® Full ASC11 coded keyboard type ‘756’ £39 |ROCKER: (white) 10A 250V SPDT|26-670MHz 326 S Y selticaraied o single
’ 38pf27.648M 330 | rail EPROMS. Full Kit: £19.95
i i ROCKER: With lights red wh 27.145M )
® 4 x 4 matrix keypad (reed switch assembly) £4 104 250V, o "’e""Ng s red when o 127 12 252 | PROM CARD — P.C.B. cards for housing four
= I ROCKER: (White) 10A/250V DPDT 72p|38.-66667M 290
@ C12 Cassettes in Library Cases Q0P | ROTARY: Make oar oo Matinae| aa.omm 23 | 2716 or two 2732 EPROMS.
@ 8} Fan fold paper {500 sheets) (no VAT) £6 gzzgs'ap‘ﬁ'g'x: "sf‘sse"‘b'v acw’"goo; :?g:gmni gzg (4x2716) Full Kit: £9.95
[ 9‘ " Fan fold paper {500 sheets}) {no VAT) £6 | Break before make Wafers_ Silver contacts. (2 X2732) Full Kit: £9.75
) 1 pole/12 way; 2 pole/6 way; 3 pole/| ASTEC
® Teleprinter Roll {no VAT) £3.50 |4 way: 4 pole/3 yvav:GFOIa/Z way B5p UMF RAM CARD — 8K RAM card. Accepts 16x2114
Mains DPST Switch to it 45p h . .
e B e 6e| Modulators | RAMs. The Board is supplied fully populated.Full
ROTARY: (Adjustable Stop Type} | e 280 | Kit: £28.50
B i pol 10 way, 2p/2 to & way, 0l MHz Wide-
(P&P on most of the above items is extra) D o oA ATy Y, 945; A (N.B. PCBs may be bought separately)
ROTARY: Mains 250V AC,4 Amp 56p
Call in at our shop fqr demonstration of any of the mL swrrcuss (SPST) 4 way 70 FORD ELE TRONI S
above items. Be satisfied before you buy. r 8 way 90p; 10 way :Ep,
- (5Pom £ ey 505. Tel. (0923) 40588 Telex. 8956095
e



Having trouble containing yourself?
Then why not
BOX CLEVER

with one of our
STANDARD or CUSTOMISED

BIMENCLOSURES

Instrument Cases
Small ABS Desk Consoles
Low Profile Keyboard Consoles
Easy Access Hinged Lid Consoles
Diecast and ABS Multi-Purpose Boxes
All Metal or Genuine Wood Panelled Consoles

BIMCASES
BIMBOXES
BIMCONSOLES

FOR PROFESSIONAL QUALITY
AT REALISTIC PRICES

BOSS

INDUSTRIAL  MOULDINGS LTD

James Carter Road, Mildenhall, Suffolk.
Mildenhall (0638) 716101
Telex: 818758

svgc\h for PRACTICAL
oﬁfj\ ELECTRONICS
readers

GI0GASSETTES

A MAJORNEW
PRODUCT FROM
VIDEOTONE

These C90 LH cassettes
are manufactured specially
for Videotone by a major
European manufacturer.

98 Crofton Park Road, London SE4
[ N N B N |

Please tick the appropriate ’
box for the quantity required. Post Coupon with confidence I
5 @ 64p ea. + P&P 40p. £3.60 D of prompt delivery by return.

10 @ 59p ea. + P&P 50p. £6.40 [] or Phone 01-690 8511 using |

Available at this price due
to Videotone's direct selling
operation. All cassettes are
covered by a complete
money back guarantee - if
not completely satisfied
return goods within 21 days
for complete refund. All
orders will be dealt with

by return post.

LOOK OUT FOR NEWS
OF THE NEW VIDEO-
TONE RANGE!

+ P&P 14.25 your Access or Barclaycard.
SEE BPE1 E U Ask for extension No. 32,
Dl enciose Cheque/P.0. for i

DDeductamountfromAccess/B.cardNoI I I Il l ] l I l l l IJ
I VVIDEOTONE

Signed —
Name
Address

Post to Videotone, Crofton Park Road, London SE4.

MUSIC KITS

ALL WITH PRINTED CIRCUIT BOARDS!

Kimber-Allen Keyboards See Lists Drum-synthesiser SET119 50.11

Enlarger Timer SET93 39.22
128-Note Sequencer  SET76 120.45 Formant Synthesiser See Lists 342.7%1
16-Note Sequencer SETB6 84.63 Frequency Doubler SET98 11.78
3-Channel Mixer SET107 21.80 Funny Talker SET99 16.55
3-Microphone Mixer SET108 12.99 Guitar Effects SET42 18.92
6-Channel Mixer SET90 96.67 Guitar Multiprocessor  SET85 79.15
Analogue Reverb SET83 45.92 Guitar Overdrive SET56 21.17
Audlo Effects SET105 15.12 Guitar Sustain SET75 11.77
Chorosynth SET100 125.04 Headphone Amplifier SET104 21.15
Compressor SET120 28.05 Metronome SET118 10.58
Digital Reverb SET78 75.50 Microphone Pre-amp  SET61 11.32
Discostrobe SETE? 39.78 Noise Limiter SET97 15.96

NEW LIST NOW READY!

SEND S.A.E. FOR FREE COPY

P.E. Minisonic Synth SET38 181.56 String Ensemble SET77 214.47
Phaser SET88 21,08 Switched Treble Boost SET89 12.51
Phasing & Vibrato SET70 36.25 Synthesiser Interface ~ SET81 9.49
Practice Amplifier SET106 22.18 Transient Generator SET83 16.86
Pulse Generator SET115 24.84 Tremolo SET116 13.47
Rhythm Generators SET103 See Lists Tuning Fork SET46 37.04
Ring Modulator SET87 13.62 Voice Operated Fader  SET30 9.85
Sewar SET101 31.85 Voice-scrambier SET117 21.81
Signal Tracer SET109 17.50 Voltage Cont Filter SET85 18.58
Simpie Phase Unit SET25 10.54 Wah-wah SET58 14.01
Smooth Fuzz SET91 11.68 Waveform Generator ~ SET112 23.13
Speech Processor SET110 12.18 Wind and Rain Unit SET28 11.39
Split-phase Tremolo SET102 29.98

Sets include PCBs, U.K. P.&P., 15% VAT, Res, Caps, S'C.s, Pots,
Knobs, SW's, SKTs, Wire, Solder, Box, Photocopy of original text.
Fuller details and more great kits in our FREE catalogue.

Prices correct at press, E. & Q.E., subject to stock.
Delivery frequently by return but please allow 14 days.

PHONOSONICS

Dept. PE22, 22 High Street, Sidcup, Kent, DA14 6EH.
Telephone: 01-302 6184
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MASTER
ELECTRONICS

NOW'!

The PRACTICAL way!

This new style course will enable
anyone to have a real understanding
of electronics by a modern, practical
and visual method. No previous
knowledge is required, no maths, and
an absolute minimum of theory.

You learn the practical way in easy
steps mastering all the essentials of
your hobby or to start or further a
career in electronics or as a self-
employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write personally at any
time, for advice or help during your
work. A Certificate is given at the end
of every course. i
You will do the following:
@®Build a modern oscilloscope
@ Recognise and handle current electronic

components

@®Read,draw and understand circuit diagrams

@Carry out 40 experiments on basic
electronic circuits used in modern
cGuipment

@®Build and use digital electronic circuits
and current solid state ‘chips’

@ Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi-Fi and microprocessor/computer
equipment.

NewJob? New Career?New Hobby ?Get into Electronics Now!

NN IS I I DD DD GEE DS DEE DS DD B BEE GEE BEE .
' Please send your brochure without any obligation to | am interested in:

I H ] COURSE IN ELECTRONICS
ibed above
COLOUR BROCHURE NAME as describe
. == ] rRADIO AMATEUR LICENCE
I £ ADDRESS 1 MICROPROCESSORS
[ LOGIC COURSE
I OTHER SUBJECTS I
I POST NOW 10 — BLOCK CAPS PLEASE PE/2/82

British National Radio& Electronics School Reading Berks.RGl 1BR. y

9y
B NN T DD D N T I SR D B aE R I S

Practical Electronics February 1982 5



BRITISH MADE
27/81 (Project described in

Peracticat Electronics, Sept

27FM CB PORTABLE

THE RANGER CB rig has been The unit plugs into the mains, 12V car

designed to fit the new legal Home outlet, or runs on built-in re-chargeable
Office specification, and starts off as batteries (built-in charger). EXCELLENT
a hand held unit complete with range in town to keep in touch with family
aerial, mic., and rechargeable batteries. and friends.

SXLEGALISATIONX¢  seec.
Sm ﬂFFER R.F. Power Qutput %-1 Watt

AF {internal speaker) % Watt

(KIT) Modulation: FM: freq. 27.6MHz-28MH2z
{CB Band) (excellent speech quality)
. VAT + £2.95 P.P) No. of channels {(max): 6

£97’m pair :::Il‘\‘eg:%:cted against bad aerial
(INC. VAT + £5.90 P.P.) '

This offer price includes rechargeable BASE STATION KIT
batteries,smic., aerial, mains lead and * NOW AVAILABLE %

2 channels, i

Extra channels £2,25 each + 50p P.P. + VAT p|us££21p&9p'u§£m

Extra aerials £3.95 each + 80p P.P. + VAT 12V (NOMINAL) MAINS
(Pestage free with kit) ADAPTOR KIT £5.50

Whip aenal magnetnc or permanent plus £1.50 p&p
Despatch within 14 to 21 days

(SAE FOR FURTHER DETAILS)

Permanent £13.95 - P. P £1.00+ V.AT.
Magnetic £15.95— P.P. £2.00 + V.AT.

LI (el o : Lo f R AN o g (o )\ I [oX- 3 ocsi67 38 |vwesar 82| im3so 72 | xmoze6 725 | 4070 22 | THYRISTORS | BRIDGE
0-8V/100V 30 | RECTIFIERS
) 12 | VNBBAF 90 [ LM3B1 140 | 2Nd14 80 | 4071 20 | (L ooy 58 [ 1a80v 19
67 Vicarage Road, Watford, Herts 13 [2N1131/2 28| LM3B2 120 | 2N425E 345 | 4072 20 | 1aj4c0v @8 | 1A/100v 20
Telephone WATFORD (0923) 36234 1 13 [ 2N2217/18 38 | LM3B4 135 | 2N1034€ 199 | 4073 20 5A/100V 36 | 1A/400v 30
13 | 2N2221 21| (M387 118 4075 20 | gas300v 37 | 1a/600v 35
All prices subject to VAT at 15% extra 14 |'2N2222A 22 | LM38BS 90 [ cmoOS 4076 80 | SaiBa0v a6 | 2a/50v 39
Export orders welcome BCY4 18 | 2N2369A 18 ( LM1310 145 | 4000 14 | 4077 22 | gaiagoy 60 | 2a200v 42
39 40 | LM3401 55 | 4001 14 | 4078 22 BOOV 50 | 2a/a00v 49
39 | 2N2904/5 28 [ LM3900 40 | 4002 14 | 40B1 25 2A/600V 6
All devices brand new, full spec. and fully guaranteed. Orders despatched by BD138/39 139 | 2N2906/7 28 | LM3909 68 | 4006 65 | 4082 21 12A/100v 75 600 9
return of post. Terms of busmess PO Eheque/Cash or Bankers Draft with B8D140 39 | 2n2926 j0 | LM3911 120 4007 16 4085 85 12A/400v 90 | 6A/100V 85
order. Go and official orders accepted. Trade BF115 32 | 2N3053 28 | LM3914 2t0 4008 60 | 4086 70 12A/800v 145 | 6A/400V 99
and export enquiries welcome. P&P add 50p to all orders under £9 nett. BF154/8 20 | 2N3054 65| LM3915 218 4009 32 4093 40 871086 139 | 6A/BoovV 129
Overseas orders postage at cost. Access orders accepted. BF167/73 24 | 2N3055 45 | LM3916 218 | 4010 36 | 4098 86 €106D 35 }8://%883 ggg
BF1B4/85 24 | 2N3108 40 | MC1303 85 | 4011 15 | 4093 95 | TiC4d 28 | 2587300V 276
Pol; ester capacitors radial lead type = 250 TRANSISTORS [ BF194/95 10 [ 2N3702/3 9| MC1310 145 | 4012 18 | 4502 90 | a3 3a | 25A/600V 449
1ON. 15N, 22N, 27N. 6p; 33N, 47N, 100N, 7p; £ 10N, 220N, AC125 25 | gF196/97 12 2N3704/5 8| MC1468 39 4013 32 | 4503 50 | 5\ coe) 30
10p; 330N, 470N, 18p; 680N, 1uF, 20p; 1.6MF, 2.2uF, 43p. [a¢126/7 18 | BF2248B 24 [ 2N3706/7 9| MC1496 70 | 4014 75 | 4507 39 [ 5\2ned 36
- A 8 30 | 2N3708/9 9| NE529 220 ( 4016 30 | 450B 260 | 5y aqzy a8
Tantalum bead capncnors 35V: | Ceramic capacitors: SOV | sc141/2 30 34 | 2N3710/31 9| NES31 135 | 4017 45 | 4510 68 74LS
0.1uF, 022, 0.33, g 0.47, [range 1PF to TONF dp; [ AC176 25 | BF259/74 34 [ 2N3819 23| NES43H 210 | 4018 65 | 4511 68 [ TRiaCS LS00 12
0.68, 10 15 169.22 3 18p; | 16NF, 22NF, 33NF, |aCY17/18 69 | BFR39/89 30 [ 2N3903/4 9| NE544 179 | 4019 40 | 4512 75 | 3a-100V 45 | LSO1 13
4.7, 8.8, 22p; 10, 28p; 16V: 2.2, | 47NF. 100NF, 150NF, [ACY19/20 69 | BFx84 25 | 2N3905/6 8 | NE555 16 | 4020 60 | 4514 190 | 3a/400v 65 | LSO2 14
3.3, m;, 47,68 101 8 ; 15, | 220NF, 9p ACY21/22 69 | BFX85/6 26 | 2N4061/2 9 | NES56 S5 { 4021 70 | 4515 195 | 3a/600v 65 | Lso3 14
36p; 2 303); 33, 47, 100. ‘75p. ACY28 69 | BFX87/8 26 | 2N4286 15| NE564 410 | 4022 65 | 4516 75 | gA/100V 59 [ LS04 15
OV: 15. 22. 26p; 33, 47, 35p; ZENERS AD161/62 40 | BFY50/51 22 | 2N4289 20 [ NE566 120 | 4023 20 | 4518 40 | BA/400V 65 | LSO5 15
100, 55p. 6V: 100 42p. Range: 2V7 to 39V [AF114/5 49 | BFY52 22 | 2N5135/6 22 | NE566 150 | 4024 42 | 4519 28 | ga/BOOV 98 [ LSO8 15
400mW 7@ each AF116/7 49 | BU205/8 190 | 2N5190/1 79 | NE567 145 | 4025 18 | 4520 78 | 12A-100V 68 15
Pol¥styrene capacitors: 10PF to | Range 3V3 to 33V, |AF125/26 MJ2955 90 | 40673 5| NE570 445 | 4026 130 | 4522 125 75 | LS10 15
1NF 9p: 1.5NF to 12NF 12p. 1.3W 14p each AF127 59 [ MJE2955 95 NES71 418 | 4027 35 | 4526 85 | 12A/800V 125 | LS11 15
8C107/8 10 | MJE3055 85 [ LINEARIC'S | RC4136 69 | 4028 55 | 4527 110 | 16A/100v 95 | LS12 15
M|n<ature type trimmers: 2-6PF, 2-10PF, 24p; 2.25PF, 34p; |BC108C 12 | MPF1 45 | 709 32 | RC4151 199 | 4029 75 4528 80 | 16A/400v 98 | LS13 30
10-88PF, 34p. B8C109 10 | MPF103/4 35 | 741 14 | SA5560 145 | 4030 50 | 4529 150 | 1ga/800v 195 | LS14 a6
8C109C 12 | MPF105/6 35 | 747 68 | SA5570 145 | 4031 169 | 4532 100 | T2800D 124 | LS15 15
Transformers: 606, | DALO ETCH 8C117/119 24 | MPSAO5/6 22 | 748 34 | SL490 340 { 4033 160 | 4538 110
909, 12012, 85p Resist Pin 85p |BC141/2 22 | MPSA12/55 30 [ CL7106 995 | SN76013240 | 4035 90 | 4541 140 ULTRASONIC
osoanss o | TERRIC cHLomDE HAE el Rl v T i I I
VEROB ARD 9
lad " Plein 1ib bag Anhydrous 130p + 50p | g¢149 8 | ocas 38 | CA3080 62 | SN76226295 | 4042 59 | 4555 50 40KHz 350 pr.
24x33"  73p p&p. 8C157/8 9 | OC71/72 38 | CA3130 88 | SN76227 95| 4043 70 | 4556 55 °
24x5 839 — | COPPERCLAD BOARDS BC159 9 {0Cc81/82 48 | CA3140 45 | SN76477175 | 4044 65 | 4566 170 LEOS | .
3ix33"  83p — Fibre Single-  Double- |BC160/1 38 | TIP30/31 40 | LF351 45 | SN76660 118 ( 4045 168 | 4584 48 125 -2
31x5 95p  79p Glass sided sided B8C167/8 9 | TIP32A 45 [ LF353 90 | TBABOO 79 [ 4046 75 | 4685 95 Red 10p 10p
33x17* 325p 211p| 6°x6" 89p 99p BC169/70 9 | TIP34A 72 | LF355 82 | TBAB10O5 92 | 4047 75 | 40106 75 Green 12p 12p
41x18" 425p —| 6"°x12" 145p 190p BC172/3 9 | TIPa1A a8 | LF356 90 | T8AB20 60 | 4048 &3 Yellow 12p 12p
Pkt. of 100 plns S0p 8C182/3 8 | TIP42A S8 | LF357 115 | TDA1022 570 | 4049 29
Spot Face Cutter ‘Ilap VERO WIRING PEN and Spooi 310p | BC184L 8 | TiP120 88 LM301A 29 | TDA1034 349 4050 29 DIL SOCKETS
Pin Insertion Tool 162p [Spare Wire (Spooll 75p; Combs 6p |8C212/3 8 | TtP121/2 96 | LM308 92 | TDA2006 230 | 4051 76 Low Wire
8C214L 8 | TIP141/2 119 | LM31IN 69 | TDA2030 320 | 4052 76 Prot. | Wrap
% SPECIALOFFER * 8C237/8 12 | TiP2955 S8 | i{M318 195 | TLO71 29 | 4053 76 8 pin
14 104 8C239 12 | TIP3055  §8 | LM324 42 | TLO72 §5 | 4054 125 14 pin 10 34
2114L-3 95p 90p B8C252 12 | 2TX107/8 10 | LM334 95 | TLO74 99 | 4055 12§ 16 pin 10 a0
4116-2 72p 89p 8C237/8 12 | 27X300/1 15| im339 55 | TLO81 29 | 4060 88 18 pin 15 50
2718 235p 225p BC307/8 14 | 2TX501/2 15| Lm34B 62 | TLO82 44 | 4063 98 20 pin 22 59
2732 475p 445p 8C327/8 14 | 2TX503 20 | LM349 110 | TLOB4 95 | 4066 35 22 pin 25 69
741 13p 12p BC337/8 12 | 2TX504 24 | M377 165 | XR2206 299 [ 4067 390 24 pin 25 69
NEG55 15p 14p 8C441/61 32 | 2TX650 24 | LM378 199 | XR2207 370 | 4068 20 28 pin 28 79
981072 :gp gp BCA477/8 38 | VN46AF 78 | LM3795 399 | XR2216 650 | 4069 20 40 pin 30 99
BC109 p p
iN4 148 3p 2p VOLTAGE REGULATORS RESISTORS— ELECTROLYTIC
IN914 3 2p | 1AT0220 Plastic Casing Erie make CAPACITORS (Values in UF) ALLDELIVERIES
LED 5v 7805 45 7905 50 | 5% carbon Miniature High 63V: 1, 2-2, 3-3 8p; 4-7,
Red—-zl.S' gp ;n }gg ;g:g :g ;g}g gg Stablh? Low Noise. al 6-8, 10 10p.
- P P AN Val. 1-99 100+ : ; 47,
DIL SOCKET 100ma TO92 Plastic Casin: 0-25W2 2-4.-M7 E24 2p 1p ?gc\)"a‘: 122 33 149 | glRDERs
8 pin 70 6p 5V 78L05 25 79L05 55 | 0.5W 2 2-4.-M7 E12 2p 1p 6 8, 10 22 ap, 33,47, i ELCOME
14 pin 9p 8p 12v78L12 25 79L12 55 | 100+ price applies to Resistors of 100
18 pin 9p 8p 15V 78L15 25 79L15 85 | each type not mixed values. 28V: 220, 330 18p,
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THE NEw 1982 (CASIEC) wWoRLD BEATERS

WE WILL BEAT ANY LOWER ADVERTISED PRICE BY 5% providing the advertiser has stocks

NEW CASIO FP-10 MINI PRINTER

AN
INCREDIBLE

£44.95

(RRP £49.95)

Compatible with the FX-501P, FX-502P, FX-601P, FX-602P and FX-702P. This Sx7
dot matrix electric discharge mini printer stores up to 30 characters and prints up to 20 per
line, at the fast speed of 2 lines per second. Four AA size batteries will print from 6,000-
9,600 lines approximately, depending on type. The rechargeable pack, NP-4M (price £6.90)
will print approximately 13,000 lines. The AC adaptor, AD-4150 (price £5.00) will also
recharge the NP-4M in situ. Dimensions: 43.5H x 157.5W x 82.5D (13’ x64'* x 31"")
Weight 372g (13.1 oz).

CASIO FX-702P
PROFESSIONAL COMPUTING SOLUTIONS

To the busy professional, time spent writing computer K‘rograms is time wasted. Ordinary
programmable calculators are hard to program and suffer from limited memories. Desk-top
computers are expensive, seldom feature accurate math functions, and are still hard to
rogram.
glow there is a revolutionary solution, the product of more than 2,000 hours development
by MiCROL, onc of Britain’s most progressive Computer Companies. Its name is
PROCOS.
Used with Casio’s advanced FX-702P computer/calculator, PROCOS will enable you to
create powerful, reliable programs in just minutes — even if you have never programmed a
computer before.
PROCOS uses the FX-702P to create the electronic equivalent of pen and paper, giving
you simple, one-touch commands to write information wherever you wish, and to move
from one electronic page to another.
Using PROCOS, computer programs that meet your exact needs can be created in as little
as 10%-20% of the time taken by conventional programming, saving you many hours of
valuable time.
And PROCOS is powerful. With full 10-digit accuracy and 55 math and advanced
statistics functions, your programs can use as many as 80 variables (data memories).
PROCOS is versaxif); too. Supplied in two versions, PROCOS A is ideal for complex, multi-
variable calculations, while P?(OCOS B provides many of the features of *Visicalc-type’
modelling systems, helping you answer ‘what if° questions-and analyse trends.
PROCOS A & B are supplied together on a ready-to-run cassette, with a comprehensive
User Manual. Available exclusively from TEMPUS, price £24.95 (but see below
for special system prices).

World’s Most Powerful BASIC Pocket Computer

FX-702P | I BEADY FAE F4-TOZP 'ml =
RRP £134.95 [T ST R ST Y | T Y

[T T TS T T T 1=
GUuULLLLENEDERBEE
luwuuuuunnnuuu
JutuEneunee
—

ONLY
£119.95

Plus FREE MiCROL Professional Programming Pack® (RRP £9.95).
Flattens the Sharp PC1211

Alpha/numeric dot matrix scrolling LCD. Variable input from 1680 steps,
26 memories, to 80 steps, 226 memories, all retained when switched off. Up to
10 programs. Subroutines; 10 levels, FOR:NEXT looping; 8 levels. Debuggin
and Editing. 55 built-in functions, including Regression and Correlation, all usable
in programs. Program/Data storage on cassette via optional FA-2 adaptor
(£19.95). Auto Power Off. 17x165x82mm. 176g.

PACKAGE DEALS - SAVE UPTO £50 ON RRP
PACK A: FX-702P (RRP £134.95) + MICROL Professional Programminf Pack
(£9.95) 119.95
PACK B: FX-702P + FA-2 rem/control cassette interface (£24.95) + PPP +
PROCOS £155.00
PACK C: FX-702P + FP-10 Mini Printer + FA-2 + PPP + PROCOS £194.50

CASIO FX-602P 512 step Programmable with FREE MiCROL PPP* (£9.95) £74.95

Y
CASIO’S INCREDIBLE BOXING GAME

BGI-IS Calculating Alarm Clock ONLY £16.95
Display.

'}5.53§§3N“

F-P1

RLOCTAONID cLoCK &
CALCVLATOR QGAME 80-8

Fight up to 100 challengers of 10 different weights and increasing speed and technique, All
the realism of the ring with eight 30-second rounds per bout, with points scoring. You must
win every bout on points or by KO to continue the game — scores are incremental. Raise or
lower your guard in defence and attack, sway back to avoid a blow, or forward for
maximum power. Throw stamina sapping combination punches (with digital display of
stamina rating), high scoring counterpunches, knock-down and knock-out blows and lucky
gunches. You can even be saved by the bell} Digital display of hours, minutes and seconds.

4 hour alarm function. 8 digit calculator with full memory, % and sign change. Two silver
oxide batteries last azﬂroximaxely 18 months. 7.3 x 68.5 x 113.7mm (5/16 x 2§ x44"").
66g (2.3 0z). With wallet.

NEW SPACE INTERCEPTOR WATCH
GM-10 Alarm Chronograph (RRP £22.95) £19.95

LCD readout of hours, minutes and seconds, with
continuous display of Space Interceptor graphics.
Automatic day, date and month calendar function. Daily
alarm mode, with hourly time signal option. 1/100 second
storwatch measuring net, lap and 1st and 2nd place times
to | hour.

Interceptor Game

The UFO beams, travelling from left to right, have to be
Intercepted by changing the altitude of your defences and
firing along the beam. A number will light up in the zone of
the hit and when 4 zones are lit up a high bonus game
starts, Shoot down 16 UFOs without losing 3 mussiles and
the next, speeded up, round starts. Sound effects are

incomated,
One lithium battery lasts approx 15 months. Black resin
case/strap. Metal bezel. Mineral glass face.

World’s Most Versatile
Alarm Chronograph Watch

AX-210

10 alternative displays; over 60 functions. LCD
ANALOG display of time, plus: DIGITAL dis-
play of: Time (12 or 24 hour); Calendar; Fuil
month calendar (this month and next month);
Dual time (12 or 24 hour); Alarm time;
Countdown alarm timer with memory function;
Professional 1/100 second stopwatch with laps,
ctc. Hourly time signal. Alarm — electronic buzzer
or 3 sclectable melodies. Rapid forward/backward
setting. 9.4x35.4x36mm.

(RRP £34.95) ONLY £29.95

J-100 PACE RUNNER
Sets the pace for 1982

Displays hours, minutes and seconds (12 or 24
hours system), day and date. Auto calendar;
calculator; professional 1/100 second stopwatch
measuring net, laps and 1st and 2nd place times;
Pacer mode. Can be used as a metronome to pace
{nour runnintor any other event.

put data: Length of stride. Pacer signals, from
394 pips per minute to 63 pips per minute.
Output data: Elapsed time, up to 24 hours,
Distance covered, number of strides, and speed.

(RRP £22.95) ONLY £19.95

SHORT FORM CATALOGUE of latest calculators, key-

boards and watches available on request. 14p stamp appreciated.

| DELIVERY NORMALLY BY RETURN OF POST.

PRICE includes VAT and P&P. Send your company order, cheque, PO or phone your Access or Barclaycard.

T E M P Us L ——

Dept. PE,
38 Burleigh Street, Cambridge CB1 1DG
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Sinclair ZX81 Personal Comg
the heart of a system
that grows with you.

1980 saw a genuine breakthrough -
the Sinclair ZX80, world's first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

In March 1981, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000 in the first 3 months!

Today, the Sinclair ZX81is the
heart of a computer system.:-You can
add 16-times more memory with the
ZX RAM pack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Softwarelibrary is growing every day.

Lower price: higher capability

With the ZX81, it's still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro-processor,
butincorporates a new, more power-
ful 8K BASIC ROM - the ‘trained
intelligence’ of the computer. This
chip works in decimals, handles logs
and trig, allows you to plot graphs,
and builds up animated displays.

And the ZX81 incorporates other
operation refinements — the facility
to load and save named programs
on cassette, for example, and to
drive the new ZX Printer. ;

v
3 |
A QO%“%!MNG e i

New IC manual

Every ZX81 comes with a comprehensive, specially- written
manual - a complete course in BASIC programming, from
first principles to complex programs.

Kit:
£49.%

Higher specification, lower price —
how’s it done?

Quite simply, by design. The ZX80
reduced the chips in a working
computer from 40 or so, to 21. The
ZX81 reduces the 21 to 4!

The secret lies in a totally new
master chip. Designed by Sinclair
and custom-built in Britain, this
unigue chip replaces 18 chips from
the ZX80!

New, improved specification

@ Z80A micro-processor —new
faster version of the famous Z80
chip, widely recognised as the best
ever made.

® Unique ‘one-touch’ key word
entryr the ZX81 eliminates a great
deal of tiresome typing. Key words
(RUN, LIST, PRINT, etc.) have their
own single-key entry.

@® Unique syntax-check and report
codes identify programming errors
immediately.

@ Fuli range of mathematical and
scientific functions accurate to eight
decimal places.

® Graph-drawing and animated-
display facilities.

@® Multi-dimensional string and
numerical arrays.

® Up to 26 FOR/NEXT loops.

® Randomise function — useful for
games as well as serious applications.
® Cassette LOAD and SAVE with
named programs.

@ 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.

® Able to drive the new Sinclair
printer.

® Advanced 4-chip design: micro-
processor, ROM, RAM, plus master
chip — unique, custom-built chip
replacing 18 ZX80 chips.

Kit or built —it’s up to you!

You'll be surprised how easy the
ZX81 kit is to build: just four chips to
assemble (plus, of course the other
discrete components) —a few hours’
work with a fine-tipped soldering iron.
And you may already have a suitable
mains adaptor ~-600mA at9Vv DC
nominal unregulated (supplied with
built version).

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black and white)
and cassette recorder.




16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your

Sa D

the ZX Printer
foronly £49.>

Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers full alpha-
numerics and highly sophisticated
graphics.

A special feature is COPY, which
prints out exactly what is on the
whole TV screen without the need
for further intructions.

At last you can have a hard copy
of your program listings —particularly

7

| weMimm |
Available now- &l
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useful when writing or editing
programs.

And of course you can print out
your results for permanent records
or sending to a friend.

Printing speed is 50 characters
per second, with 32 characters per
line and 9 lines per vertical inch.

The ZXPrinter connects to therear
of your computer - using a stackable
connector so you can plugin a RAM
pack as well. A roll of paper (65 ft
long x 4 in wide) is supplied, along
with full instructions.

How to order your ZX81

BY PHONE - Access, Barclaycard or
Trustcard holders can call

01-200 0200 for personal attention
24 hours a day, every day.

BY FREEPOST - use the no-stamp-
needed coupon below. You can pay

by cheque, postal order, Access,
Barclaycard or Trustcard.

EITHER WAY - please allow up to

28 days for delivery. And there’s a
14-day money-back option. We want
you to be satisfied beyond doubt -
and we have no doubt that you will be.

data/program storage by 16! To: Sinclair Research Ltd, FREEPOST , Camberley, Surrey, GU15 3BR. Order

Use it for long and complex | Qty | item Code | itemprice | Total
programs or as a personal database. | SR R Free s = £ |

g g A inclair ersonal Lomputer Ki .Fricei uaes
Yetit COStS, as little as half the price I ZX81 BASIC manual, excludes mains adaptor. 12 49.95 I
of competltlve additional memory. Ready-assembled Sinclair ZX81 Personal Computer(s).

With the RAM pack, you can | Price includes ZX81 BASIC manual and mains adaptor. 11 69.95 |
also run some of the more sophisti- | Mains Adaptor(s) (600 mA at9 V DC nominal unregulated). | 10 8.95 |
cated ZX Software —- the Business & | 16K-BYTE RAM pack. 18 49.95 I
Household management systems Sinclair ZX Printer. 27 49.95
for example. | 8K BASIC ROM to fit ZX80. 17 19.95 |

I Post and Packing. - 295 I

I [J Please tick if you require a VAT receipt TOTALE I

| *l enclose a cheque/postal order payable to Sinclair Research Ltd, for £ I

I *Please charge to my Access/Barclaycard/Trustcard account no. I

= a I 'Pleasedelete/co\ngleteasapplicable. l,L i | sl l | | | l | ] I
SimncCl=ir 7

| Name:memrsiviss L1 1 1t 1 1 1111144l

ZX8| | dreselabl 2 4 5 4t gt 1 b1 B SESE T jeiee A

T T T P A Y 1 (W |

6 Kings Parade, Cambridge, Cambs., CB2 1SN.

FREEPOST —no st ded. Offe lies to UK only.
Tel: (0276) 66104 & 21282. L- e pappies tolaED

PREoz_l
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DIGISOUND 80
MODULAR SYNTHESISER

A synthesiser for the professional and amateur
keyboard player, for education and for the
beginner. The DIGISOUND 80 suits all levels of
keyboard 'skill. If you want to know how, then
read on.

O0.0’ v - @
- 00
*.e

BEGINNERS: A small synthesiser may be assembled at
a price comparable with pre-set types. The DIGISOUND
80 has unique facilities and you can learn about
electronic music synthesis with the aid of our User's
Manual: When you are ready to go beyond the ‘mini-
synth’ stage then simply add more modules to suit your
requirements and your purse.

EDUCATION: The modular concept is ideal for teaching
both music and the physics of sounds. The
microprocessor add-on converts it to a project of even
wider application.

KEYBOARD PLAYERS: The use of the ALPHADAC 16
microprocessor controller allows up to 16 voices in the
polyphonic mode as well as providing many other real
time keyboard control routines. NEW
recording/composing/sequencing programs provide you
with the opportunity to create exciting music — imagine
playing back a composition with each voice set to a
different instrument!

KEYBOARD SKIiLL: The ALPHADAC programs have
facilities for composing and recording in both real time
and not real time. The latter allows entry of notes at any
speed and subsequent playback at the required tempo.
The not real time mode is essential to synthesists of
limited skill and a boon to the experienced player.

THE DIGISOUND 80 - IN ANY
CONFIGURATION - OFFERS YOU THE
BEST PRICE/PERFORMANCE
CHARACTERISTICS.

Kits supplied ex stock and ready built modules,
or complete synthesisers, are available to order.
NEW IC’s from Curtis Electromusic Specialties;
NEW modules; NEW users manual plus easy to
follow construction notes.

Write or telephone for more information from
the ELECTRONIC MUSIC SPECIALISTS:—

ot

DIGISOUND LIMITED,

PRESTON, LANCS. PR4 2NQ.
Tel: 0772 683138
(VISITORS BY APPOINTMENT)
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CB users. Home base

POWER SUPPLY 3A
Rugged Powerful British Made
FEATURES w Safe 3 Amp operalion # 13,8V Fully
regulated  Electranic short circuit & overload
protected # Latest technology I.C. design
+ Aftractive compac! case  Compelitively priced
SPECIFICATIONS * Input voltage — 240 Va.c. S0Hz
# Quiput voltage — 13.8Y d.¢. =1% Maximum with
mains input varlation =109 load 0-2.54 * Output
current — 0-3Amp & Ripple ~ less than 2mV up to
full load % Dimensions — 1751 x 100w x 75h (mm)

oua pace 0Ny £15.00 oroer no.36a

CB Rigs and Accessories in stock. Send
S.A.E.for full listings.

8 Bit MICROPROCESSOR
National INSBOBOAN 40 Pin DIL N. Channel Silicon
GATE MOS TECHNOLOGY As used in. Nationals
N8080 Micro Computer Family
Instruction Cycle Time 2 uS
Supplied with functional
Block Diagram
BRAND NEW —

NOT seconds or reclaims
100% perfect ORDER NO. SXB080 only
Norma! Sell price £4.50 each-
Our BI-PAK Special Price £.2.. 00
S0 HURRY — LIMITED STOCKS

40 Pin IC Socket to it SX8080 Offer price
ORDER NO. 1609 30')

CASBOTY

The Electronic Components and Semiconductor Bargain of the Year. A host of Electronic
components including potentiometers — rolary and shider, presets— horizontal and vertical.
Resistors ol mixed values 220hms to 2M2 — 1/8 to 2 Walt. A comprehensive range of
capacitors including electrolytic and polyester types plus disc ceramics etcetera.

Audio plugs and sockets of varioys types plus switches, fuses, heatsinks, wie, nuts/bolls
gromets, cable clips and tyes, knobs and P.C. Board. Then add to that 100 Semiconductors
1o include transistors, diodes, SCR's opto’s, all of which are cursent everyday usable devices.
Inalf a Fantastic Parcel. No rubbish all identifiable and valued in current catalogues at well

over £25.00. Qur Fight Against Inflation
— Beal the Budget
— Down with Depressio(

Price -

JUST £6.50.

Fantastic Audio Bargains

Consisting of — ORDER NO. STA15
2 x AL60 ampliliers
1 x PA100 pre-amplifier
1 x SPMBO power supply
1 x 2034 Iransformer
2 xcoupling capacitors for 8 ohms 470mld
50v and necessary wiring diagrams.
- now only

r 15 walts per channel stereo amplifier kit 1

Cawover£100nlhiskil£26.00 .

5 watt (RMS) Audio Amp

High Quality audio amplifier Module. Ideal for use in
record players, tape recorders, stereo amps and

cassette players. etc. Full data and back-up diagrams -

with each module.

Specification:
® Power Qulput 5 watts RMS ® Load Impedance 8-16
ohms ® Frequency response S50Hz to 25 KHz—3db ®
Sensitivity 70 m for full output ® Input Impedance
50k ohms ® Size 85 x 64 x 30mm @ Total Harmonic
distortion less than-5%
BI-PAK’S give away price

£2.25

You could not Build one
for this price.

1 Amp SILICON RECTIFIERS
Glass Type similar IN4DOO SERIES IN40C1-IN4004
50 — 500v ~— uncoded — you select lor VLTS.
ALL perfect devices — NO duds Min 50v.

50 for £1.00 — worth double ORDER NO. SX76

Silicon General Purpase NPN Transilors T0-18 Case
Lock fit leads — coded CV7644 Similar lo BC147
— BC107— ZT83 ALL NEW! VCE 70v IC500mA
Hte 75-250 S0 off 100 off 500 off 10000"g
pAICE: £2.00 £3.80 £17.50 £30.00 =

Silicon General Purpase PNP Transislors T0-5 Case
Lock fit leads coded CV3507 similar 2N2905A to

BFX30 VC 60 IC 600mA Min Hfe 50 ALL NEW!

S0 oft  100off 500 oft 1000 ok

PRICE: £2.50 £4.00 £19.00 £35.00

Order-as CV4507

L
>
=}
£

ih ers

BI PAK PO BOX 6 WARE HERIS

COMPLETE
AUDIO CHASSIS

STEREQ 30 Compiete 7 watt per channel Stereo amp
board — includes amps, pre-amp. power supply, front
panel, knobs and Transformer

Almost 14 PRICE

£12s0

ORDER NO. ST30

Practical Electronics

MONO PRE-AMPLIFIERS

MMI00 suitable for disco mixer, MMI0OG sutable for
Quitar pre-amp mixer.

The MMI00 and MM100G mona pre-amplifiers are
compatble with the ALG0, ALSC AL20 and AL250 power
ampifiers and ther associated power supples

MM100 Supply voitage 40-65 inputs. Tape Mag P.U.
Microphone Max output 500mv  £134%” MM100G Supply
vohage 4065 inputs 2 Guitars, Microphones Max output
SO0y ‘

£1243
sach £10
Silicon NPN‘L’ TypeTransitors

T0-92 Plastic centre collector
Like BC182L — 183L — 184L
VCBO 45 VCEQ 30 1C200mA Hie 100-400

ALL perfect devices — uncoded ORDER AS SX183L

500 1000 5000 1000 off
£1.50 £2.50 €£10.00 £17.00

PNP SILICON TRANSISTORS:

Similar ZTX500 — ZTX214 — E-Line

VCEQ 40 VCBO 35 Ic 300mA Hfe 50-400

Brand New — Uncoded — Pefect Devices

500 off  100oft 500 off 1000 off

£1.00 €3.50 €£15.00 £25.00
Order as ZTXPNP

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

Remember you must add VAT at 15°% to your order
Total. Postage add 50p per Total arder

February 1982



I-PAK BARGAINS

““IRRESISTABLE
RESISTOR BARGAINS’*

PakNo.  Qty*  Description Price
SX10 400  Mixed "All Type” Resistors L1
Sx11 400  Preformed %-% watt Carbon
Resistors £
Y% watt Carbon Reststors £l
% watt Carbon Resistors £l
% watt Resistors 22 ohm-
2m2 Mixed £1
1 and 2 watt Resistors 22
ohm-2m2 Mixed £l
Paks SX12-15 contain a range of Carbon Film Resistors
of assorted values from 22 ohms t0 2.2 meg Save
pounds on these resistor paks and have a full range to
Cover your projects.
“Quantities approximate, count by weight.

Sx12 200
SX13 200
Sx14 150

SX18 100

TRIACS — PLASTIC

4 AMP — 400v — T0202 — TAG 136G.
10FF 10 OFF 50 OFF
40p £1.75 £17.50

B AMP 400v — T0220 — TAG 425
60p £5.75 £21.%0

Everyday Electronics .
rg,.cm:’n " \ “C"\J.hﬁ'
Kit 1 E15.85 (Kits 1 & 2 combined "Ecwﬁ‘agt

Kit2£ 894 price £23.00/

SX40 250 Sihcon Diodes— Switching like
IN4148 DO-35. All good—uncoded. Worth
doubleour price. 45¢75mA. £1.25

SX41 250 Silicon Diodes—General Purpose, like
0A200/202. BAX13/16. Uncoded.
30-100v200mA. DO-7 £1.25

SX44 10 5A SCR'sTO64. 32 50v. 3 x 100v, 2x
200v. 2 x 400v. Super value less than Y%

price. %]
SX45 10 5A SCR's T066. 2 x S0v. 2 x 100v. 4 x

200v. 2 x 400v. Ali coded. Brand new. a

giveawayat E

B Red LED'S
AZSW Green LED'S 2
et Diodes
250mw-2 watt mixed yolages.
2l coded Neur_mm .
i B&l)abcsh—‘:?:\:' wi_(h _poinz(;r“h
?\‘andatd screw. Fitsize

5 watt (RMS) Audio Amp

High Quaity audio amphfier Module. Ideal for use in
record players, tape recorders, sterea amps and
cassette players, etc. Full data and back-up diagrams
with each module.

Specitcation:
® Power Qutput 5 watts RMS @ Load Impedance 8-16
ohms @ Frequency response S0Hz to 25 KHz—3db @
Sensitivity 70 my for full output @ {nput Impedance
S0k ohms ® Size BS x 64 x 30mm @ Total Harmonic
distortion less than5%
BI PAK'S give away price

£2.25

You could not Build one
for this price

Practical Electronics February 1982

““CAPABLE
CAPACITORPAKS'

Pak No. Qty* Description Price
SX16 250  Capacitors Mixed Types £1
sx17 Ceramic Capacitors Miniature
Mixed £l
sKs Mixed Cetamics 1pf- Sl 4]
SX19 Mixed Ceramics 68of- 0.5mf  £1
SX20 Assorted Polyester/Polystyrene
Capacitors
Sx21 Mized C280 type capacitors
metal foil
S$X22 Electrolytics, all sorts
SX23 Quality Electrolytics
$0-1000mt
SK24 20 Tantalum Beads, mixed
*Quantities approximate, count by weight.

AUDIO PLUGS, SOCKETS
AND ACCESSORIES

25 pieces of Audio Plugs, Sockets and Connectors
to include DIN 180°-240°, {nline 3-6 Pun,
Speakers, Phono, Jack, Sterec and Mono, etc. etc. Valued
at well over £3 normal. Order No. SX25. Qus Price £1.50
per pak. Guaranteed 1o save you money,

SX26 3 Prs. of 6 pin 240° DIN'Plugs and Chassis
Sockets.

hel
SX27 1 x Right Angle Stereo Jack Plug 6.3mm plus
matching metal chassis mounting socket
SX28 4 Phono plugs and 2 dual phono connectars
SX29 1 x 2.5mm Plug to 3.5mm Socket adaptor.
SX30 1 x 3.5mm Plug to 2.5mm Socket adaptor
$X31 1 x 3.5mm Plug to Phono Socket adaptor

SEMICONDUCTORS FROM AROUND THE WORLD

A Collection of Transistors. Diodes. Rectifiers, Bridges. SCR's. J
Tnacs. IC’s both Logic and Linear plus Opto’s all of

which are current everyday usable devices

Guaranteed Value over £10 at Normal Retail Price

‘R, L4000, ®
'l ) . P ) 'S b
n "u«%;:%@ "o -

BI-PAK’'S OPTO BARGAIN OF THE YEAR!

Valued at over £10—Normal Retad—we offer you a pack of 25 Dpto
devices to inctude LED's Large and Small in Red, Green. Yellow and
Clear. 7 Segment Displays both Common Cathode and Common Anode
PLUS bubble type displays—like DL-33. Photo Transistors—similar to
OCP71 Photo Detectors—like MEL11-12. This whole pack of 25

0D7""gd=00 25

AND we guarantee your money bach if you are not /
completely satished. FULL data etc included.

Order No. 8X57.

AN

MORE BaARGA/Ng,

SIS1 60 mey,
es PVC
wIre Single ang ggf::;ga“wup
ASsorted TT|
sxs0 'Sgr‘ves. 740]-7‘60ms By
2 ss0rted fiip Fiops angd M5t

SX60 gOrASSolled Shiger
Otentiometeys
SX61 25 Assorted Potentiometey
9t fgr‘ary, Dual, etc. 3
oy Y ssorted Pre. Segs Hor/Vert
10 Reed Switcp,
3 Micro Switches — wlr:ﬁe?e‘r

75147k b0
b A7k Lok

169 5 x 100k Ln
?l?&g:zlzltLLlong SK706x 1 meglLin

Al at 509 ?%‘aﬂ;ﬁt- Manutacturers out ot

Youtest
?'(‘,opper clad Board. ie:)v:
¢ and double sided. T

163 5 x 470 ohms
e

£l
speconvoltsor 2!

A mined bunde
SN glass and papet- Sag!

fantastC BB, Geymanium PP o

ine MULLN
st ;»:;‘"‘;‘.':M':%..m New 10 for

BI-PAK's COMPLETELY NEW CATALOGUE

Completely re-designed. Full'of the type of components you require. plus some
very interesting ones you will soon be using and of course, the largest range of
sermiconductors for the Amateur and Professional you could hope to find.
Thete are no wasted pages of useless information so often included in

Catalogues published nowadays Just sohd facts 1.e. price, description and

individual features of what we have available. But remember, Bi-Pak’s policy
has always been to sell quality components at competitive prices and THAT
WE STILL 0O.

B1-PAK'S COMPLETELY NEW CATALOGUE is now available to you. You will be

a XL

S$X32 1 x Standard Jack Plug to Phono Socket
adaptor

SX33 1 x Toggle Switch SPST Miniature. 125+ 10A

SX34 1xToggle Switch SPDT Miniature. 125v 10A

SX35 1 x Rocher Switch SPDT Miniature. 240v 5A

SX36 1 x Right Angle Mono Jack Plug

SX37 20 preces. 1. 2 & 4mm plugs and sockets
{Banana). Matching colours and sizes.

SXS0 10 Assorted Switches Toggle, Slide. Rocker.
Push button.

SX77 25 mixed cable'clips and ties round grommets &
plastic feet. Always sought by the project
builder 50p

£1FREE -«

Get ‘a £1 FREE PACK. Orders'over £10 excluding VAT
Choose"£1 Pack free (o 2 x 50p) add Ht to your order and
save even more money

This offer only applies 10 this advertisement

Satisfaction or your money back has
always been BI-PAK's GUARANTEE and it still 1
All these Sale items are in stock; in quantity and
we will despatch the same day as your
order 15 received

IC SOCKETS
The lowest price ever.
The more you buy the cheapes they come!
Pin.  100ft SOoff 100 off
8 75 £3.00 £5
14 20p £3.25 £5.50
16 80p E3.25 £550 ¥

VOLTAGE REGULATORS "
T0220 ositve +  Negative + (please

7805-50p 1905550 .o
12500 7912-55 o
BIS-50p 191555 ok
7824 —50p 7924 —55p E9U
Other types: LM340K — S volt — 18 volt ~ 24 valt
103 ~ 40p. UA723 — 14 pin DIL — 40p

SX52
6 Black Heatsink wdl fit T0-3 and
T10-220. Ready drilled. Half prce
value. £1
SX53 1 Power finned Heatsink. This heatsink
gives the greatest possible heatidissipation
1n the smallest space owing to its unique
staggered fin design, pre drilled.
10-3 Size 45mm squarex20mm high. 40p
10-66512e. 35mmx 30mmx 12mm.  35p
1 Heat Effictency Power Finned Heatsink.
30mm x B0mm x 35mm High. Drilled to
take uptod x
10-3 devices
£1.50 each

100 Swhicon NPN Transistors—all perfect.
Coded mixed types with data and equt
sheet No rejects. Real vatue. £2.50
100 Silicon PNP Transistors—all perfect.
Coded mixed types with data and equt
sheet. No rejects. Fantastic value. £2.50

The best known Power Transistors in the
Wortd — 2N3055 NPN 115w.

Qur BI-PAK Special Offer Price:

100t 50 oft 100 ott
£3.50 £16.00 £30.00

amazed how much you can save when you shop for Electronic C with

a Bi-Pak Catalogue. Have one by you all the time—it pays to buy BI-PAK,

To receive your copy send 7 S plus 25p pap

Send your orders to Dept PE2, BI-PAK PO BOX 6 WARE HERTS,
SHOP AT 3 BALDDCK ST. WARE HERTS
RMS CASH WITH DROER. SAME DAY DESPATCH. ACCESS.
CLAYCARD ALSO ACCEPTEO TEL {D92D) 3182. GIRO 388 7006.
15% VAT AND 50p PER OROER POSTAGE AND PACKING

80312 COMPLIMENTARY PNP POWER
TRANSISTORS: TO 2N3055. ¢
Equivalent MJ2955 — BD312 — 103 4
SPECIAL PRICE £0.70 sach ~\
10 off £6.50 ‘w”_.

Use your credit card. Ring us on Ware 3182 NOW and
gel your order even faster Goods normaily sent 2nd
Class Mai

Remember you must add VAT at 15% 10 your order
Total. Postage add S0p per Total orde-




MICROCOMPUTER COMPONENTS AND SYSTEMS

LOWEST PRICES FASTEST DELIVERY

Devics Price | Devica Prics | Devics Price | Device Price | Device ‘Price
99
NEC 12” MONITOR MEMORIES LMSSSCN  0.16 | CMOS4000°'8 | 4543 098 | 74510 049
21141-200ns 2; mg tmséggr:‘ 048 | SERlES 4553 200 | 7415191 049
! M 20 | 4 o1 |4 30 | 7415192 049
L en mevecmamsar |, 08 |l g6 g8 0 aee o
: R . 013 |4 82 | 7415194 039
# BUILT IN AMPLIFIER AND Video Monitor optimisedforuse [ 70 a50ns  14+1.75 | iM748CN 034 | 4006 oso | 082 | T 9%5 039
SPEAKER as a computer video display 254188 4007 0.15 | 74LS SERIES 741519 050
) terminal (unfike most CCTV 2716 450ns 14249 | REGULATORS 4008 0.55 | 74LS00 0.10 | 7418197 0.85
* £149.85 each excludi monitors available). The green | (Sindle +5V 254225 | 7805 039 | 4009 028 | 741501 011 | 74lS221 054
carmage (£10.00) and VAT. phosphor CRT display greatly 2716 350ns 695 | 7812 039 | 4010 035 | 741502 012 | 74LS240 089
(15%) | 2532 450ns  1+4.50 | 7815 03g | 4011 012 | 741503 012 | 7415241 089
reduces eyestrain. The 25+425 | 78105 020 | 4012 0.15 | 74504 012 | 7415242 078
* EX-STOCK* built in audio amplifier and 2732 450ns 14399 | 7812 029 | 4013 028 | 741505 0.13 | 7415243 0.79
' speaker make it specially 254380 | 7515 029 | 4014 0.58 | 741508 012 | 7415244 065
i for persory oo Y ters | 2732 380ns 750 | 7605 055 | 4015 056 | 74509  0.12 | 7418245 089
pes omputers. | 4116 200ns  1+0.74 | 7012 085 | 4016 025 (741510 012 | 74LS247 083
B1o10 | 715 0ss | 4017 045 | 741511 012 | 74Ls2és 083
4116 150ns  1+093 | 79L05 058 | 4019 32"’3 ;3 3}3 3;‘% 74 tggm gﬁ
EPROM PROGRAMMERS AND ERASER 25+0.80 | 79L12 058 | 4020 058 [74L514 036 | 7415253 039
4118 200ns 2;1322 R‘L;OSQK lllﬁ 4021 060 | 741515 0.12 ;4L8257 0.44
I 4 4 41525
EP4000 EMULATING PROGRAMMER g;:g ;50ns %uu mg;;z 319;: dggg gla'zl ;ﬁ%? g::% 74@253 g?lg
00ns  12.50 95 | 4024 035 7415261
* COPY/PROGRAMME/EMULATE 2704/2708 8116 2000 798 | LM3BK 475 | 4038 o |2 Mz ¥ 093
2716/2508/2516/2532/2732 EPROMS 6116LP 200ns 950 4026 099 | 741527 0.12 | 7418273 075
+ 4K x 8 STATIC RAM 6116LP 150ns  9.95 | 28O ‘f}:ll’ 948 :8% gg 741528 0.15 ;:tgggg &3'
*VIDEQ 0/P AND 8 DIGIT LED DISPLAY ch ' | o 2 4@
T CONTROLLERS ZB0ACPU 389 | 4031 | 74182
* POWERFUL EDITING FACILITIES Peraie B R st ok | PR R
* COMPHEHEASNE 0 ASST0(RS232 T SHE oM SR aR| s %A R wge o
20mA PARALLEL DMA) EF9I66P §2.90 | Z80A DART 1200 | 4040 0.54 %ﬁ@% & :'rz' 7415367 lnmu.
% £545,00 excluding carriage (£10.00) and R has Do | oabM 1008 | 4 9|z o)A bs
VAT. (15%) d i e o u:; 741547 03¢ 7:LS!“ 0.74
741548 080 | 74LS3 074
T pum | B G 8w U e 8
811596 090 | ZB0A SI0-0 11.99 | 046 088 | 740554 7415378 0.69
P4000 PRODUCTION PROGRAMMER B1iSo7 oa0 z0 flgf(}- , 10g0 a7 b || S s s os
X 054 | 741573 019 | 7415386 028
* gmgﬁﬁwéguusi JO 8 EPROMS 87264 120 | 2808102 1088 | 4049 028 | 741574 0.16 | 741390 054
* COVERS SAME EPROMS AS EP4000 Srap 138 s
* INDEPENDANT BLANK CHECK/VERIFY e 135 PRICES DOWN onsookeTs
r g?&gﬁé% ”G%EES \ NOW MIDWICH'S PRICES ARE EVEN LOWER 8 pin 0.07
NS s INCREASED BUSINESS HAS MEANT BETTER BUY e
* 5.‘;&5.?105 0i));cludmc_; carriage (£10.00) and 7NAZ6E-8 300 PRICES — AND WE HAVE PASSED THESE SAVINGS DN, }3 ﬁﬂ 3;??,
ok oo o REMEMBER — MIDWICH 1S UNIQUE! o o
S0 2oaa || FORSERVICE  ALLEX-STOCKORDERSRECENEDUP | | 2301 o
LR z;sg T04.00 PM OESPATCHED SAME DAY 40 o 0%
ZN440 56.6 FOR QUALTY  TOP QUALITY BRANDED PROD
UV141 EPROM ERASER INAIZE-10 14.75 ! PEUSOgUR 12 MONTH NO-GUIg(B:IE [ NEW ]
zuar sid GUARANTEE LOW PROFIE
. GOLD
* 14 EPROM CAPACITY 7N449 320 FOR PRICE LOWEST PUBLISHED PRICES IN THE 8 pin 022
* SAFETY INTERLOCKED INDUSTRY 14pn 029
# ELECTRONIC TIMER e aee 0156 .
pin X
- ; FDI774 1712 | Z80A 102 11.99 | 4050 026 | 74575 D24 | 20 pi 035
* £78.00 e;<0|udlng Carriage (£5.00) and FD1791 3261 | MK3886  11.00 | 4051 0% | 740876 20 | 225 0.40
VAT (15%) FD1793 3261 | MK38864 1447 | 4052 0.88 | 74L578 0.18 | 24 pin 0.42
# EX-STOCK* ;5)(;1739951 ﬁgz :822 ?;g 741883 0.44 | 28 pin 054
.50 { 6800 FAMILY 741585 085 | 40 pin 081
WD1393 45.50 | 6800 2.09 | 4055 120 | 741586 015
WD1395 4550 | 6802 309 | 4060 079 | 741590 o030 | CE
Wortabor  Ses |0 WD 0ee O3 [7ilSe:  oae | romceon o
. 6 . .
KEYBOARD AND ENCLOSURE WD1691 1067 | 6810 125 | 4068 017 | 701563 034 | 24pn 6.30
6821 125 17 | 741595 043 | 28 pin 740
. ! NE .
CASE Attractively styled personal computer enclosure constructed of structured foam top and steel YSCELANEDLS o530 3o s i e e LY
base (similar to the top selling Apple). Finished in charcoal and black. AY-3-1015 3.25 | 6862 8.91 | 4072 0.17 | 7415113 023 | CRYSTALS
£49.95 excluding carriage (£10.00) and V.AT. (15%) Sen o N e ) 00| Musiiy OSBRI 5
AY-5-1013 345 | 6887 0580 | 4076 062 | 7415123 030 | 18432MH: 250
e — Rt B AR L
igh quality electromechanical oK i 5
g 0P8304 450 | 6843 1399 | 4081 014 | 7405126 025 | 6 MHz 190
ASCIl Encoded keyboard which can be MC1488 059 | 68800 470 | 4082 019 | 7415132 045 | 8 MHz 1.95
fitted in ab(l)ve case or used separately. Fult ML 959 | 6se0z 19.11 | 4085 063 | 7415136 028 [ 14MHz 345
upper and lower case provided : 68821 229 0.68 | 74LS138 0.34
i A MC3448A 425 | 68B10 2.00 | 4093 030 | 745139 0.35 | CEJuKe
VAT Qo oo carmage (£200) and Ml lp|mws sl e e B EAe
AL . g 4507 .39 : z
MC14411 894 | £8000C4 110.00 | 4508 190 | 74L5151 039 | 8 MHz 440
14412 799 4510 060 | 7405153 029
ROIZSISL 125 | 6300 FAMILY 4511 049 | 7415155 030 | DATABOOKS
TRANSFORMER Mains transformer suitable for +5V at 25A and 12V at 1A Mounts on special | fovvaoaaiizos) 083 | coo o || o Qe | SISl e
lugs inside enclosure. 6522 475 | 4515 149 | 7415158 031 | (inc p&p) 5.95
£10.95 excluding carriage (£1.00) & VAT. (15%) LA | et S| 4= o | e | Data Corveto
f . jal
HEATSINK Heatsink for T03 Regulators which mounts inside rear of enclose. SHSOEDVMT 2500 (e | 028 | 7aistez D38| ncote 15
£2.50 excluding V.AT. (15%) NEW LINEARS 8212 70 | it 190 | 74514 047 | oavasmeets
G dmEE fmisz s imge ) omel
¥ | 4 7 heety avaiiable for
SPECIAL PRICE FOR CASE, KEYBOARD, TRANSFORMER & HEATSINK IF PURCHASED | {3331 | | Url ok RPN ot | sl
TOGETHER: LM319N 220 | 8251 360 | 4528 070 | 74L5174 047 | per page ex p&p
£09.05 excluding carriage (€15.00) & V.AT. (15%) LM324N 030 | 8253 795 | 4532 025 | 748175 0.4 | VAT Pease
LM348N 059 | 8255 380 | 4541 090 | 7405181 128} telephore for getails
——————
= -
RS EEEEME ., OUR TELEPHONE SERVICE FOR CIpWnIvY
ORDERS CREDIT CARD USERS | DISCOUNTS
WELCOME AVAILABLE

PLEASE SEND S.AE.gOP) FOR OUR NEW 1982 CATALOGUE. FREE REPLIED PAID ENVELOPE WITH EVERY ORDER. ALL PRICES
EXCLUDE P & P ON ORDERS UNDER £10 (50p) AND V.AT.(15%). ALL ORDERS DESPATCHED ON DAY OF RECEIPT WITH FULL
REFUND FOR OUT OF STOCK ITEMS IF REQUESTED.

MIDWICH COMPUTER COMPANY LIMITED

DEPT PE, HEWITT HOUSE, NORTHGATE STREET, BURY ST. EDMUNDS, SUFFOLK P33 1HQ
TELEPHONE: (0284) 701321 TELEX: 817670




Practical Electronics

DISCO LIGHTING KITS

DL1000K
This value-for-money kit
teatures a bi-directional
sequence, speed of sequence
and frequency of direction
change, being variable by
means of potentlometers and
Incorporates a master
dimming control. Only £14.60
DLZ1000K
A lower cost version of the above, featuring

irectional q with speed supplied complete with
variable by means ot a pre-set pot. Outputs a printed circuit board,
switched only at mains zero g points peaker and drilted
to reduce radio interference to a minimum. box and requires only

Only £8.00 Bl 9V battery and push button
common to most households.
It may also be switched by logic in such
applications as car alarms, clocks, toys,
P.A. systems, etc. The unit produces a
150mW output and draws less than one TuA
from a PP3 battery when the tone ceases,
Supplied complete with circuit and
assembly instructions.
IDEAL PROJECT FOR BEGINNERS —
ONLY £5.00

DO YOU LONG TO HEAR
YOUR DOORBELL RING?

Our latest kit gives
you a pleasing three- g
note havmonlgally ELECTRONIC  DOOR ¥
related tone sequence

{not a microprocessor

controlled buzz or the

same old ding dong)

at a touch of a button.

This kit, based on a new

integrated circuit, is

Qptional opto input DLA1 feeii.....80p
Allowing audio ("beat”)—1light response.

DVM/ULTRA SENSITIV
THERMOMETER KIT

This new design Is based on
the ICL7126 (a lower power
version of the ICL7106 chip)
and a 3% digit liquid crystal
display, This kit will form the
basis of a digital multimeter

(only a few addltional resistors and switches
are required—details supplied), or a sensitive 400V Plastic Case (texas) 3A TIC206D ... .

digital thermometer (—50°C to +150°C) ??AT#?(Z;S?;{?D :gp
reading to 0.1°C. The basic kit has a —, 16AT|CZ460“969
sensitivity of 200mV for a fult scale reading, . 29A TIG2630 iDOp
automatic potarity Indication and an ultra 6A with trigger QE00BLT 263D . DSS
W i — ae E

o o e I v o g [l BA isolated tab TXAL2288 85p
Diac.. ..

typical battery life trom a standard 9V PP3 189
Opto Isolated triac MOG3020 0.6A/400V 110p,

when used 8 hours a day; 7 days a week.
Price £15.50

IF YOU CAN'T (REMOTE) CONTROL YOURSELF . . .

Published remote control systems tend to be quite
complex, requiring difficult-to-get components and a W
well-equipped lab to get them to work. If this has put you
oft making your own system we have just the kits for you.
Using infra-red, our KITS range from simple on/oft
controllers to coded transmitter/ receivers with 16 on/off
outputs or three analogue outputs for controlling, e.g.,
TV or Hi-Fi systems. The kits are easy to build and simple to set up—and they are extremely
versatile, controlling anything from garage doors to room lighting just by adding the required
output circuits, i.e. relays, triacs, etc.
M you can design your own system, we stock a wide range of remote control components at
very competitive pricas.
We have compiled a booklet on remote control, containing circuits, hints, data sheets and

details of our remote control kits and components, So don't control yourself—

SEND US 30p and a stamped addressed enveiope for your copy TODAY!

THE MULTI-PURPOSE, TIMER HAS ARRIVED

Now you can run your central heating, lighting, hi-fi system and lots
more with just one programmable timer. At your selection it is
designed to control four mains outputs independently, switching on
and off at pre-set times over a 7 day cycCle, e.g. to control your central
heating (including dilterent switching times for weekends), just
connect it to your system programme and set it and forget it—
clock will do the rest.

FEATURES INCLUDE—
«0.5" LED 12 hour display.
» Day of week, am/pm and output status indicators.
« 4 26ro voltage switched mains outputs.
#50/60Hz mains operation.
# Battery backup saves stored prog and
(Battery not supplied).
 Display blanking during power failure to conserve battery power.
# 18 programme time sets.
* Powertul "Everyday” function enabling output to switch every day but use only one time set.
# Uselul “sleep” function—turns on output for one hour.
# Direct switch control enabling output to be turned on | )
time interval.
* 20 function keypad for programme entry.
& Programme verification at the touch of a button.
THERE HAS NEVER BEEN A CLOCK CAPABLE OF SO MUCH AT SUCH A LOW PRICE—
ONLY £45.00
{including com ponents, assembly and programme Instructions in an attractive case).

time

during power tailures.

or after a specifi

FAST SERVIGE - TOP QUALITY - LOW LOW PRIGES

No circuit is complete without acallto-

ELECTRONICS

11 Boston Road [
London W7 3SJ

February 1982

ALL PRICES
EXCLUDE VAT

EDUCATIONAL EXPANSION WITH SOFTY 2

Plug SOFTY 2 into the EPROM socket of your S
micro (280, 6800, 8035, etc.) prototype system
and SOFTY 2 will operate as the ROM in your
system but enable you to write data into any
location, observe memory contents on any
black & white TV and store the programme on a
cassette recorder it required.
Varlous editing facilities are also available,
permitting bytes or blocks of code to be
changed, inserted, deleted, etc., enabling the
programme to be developed and run on the
host computer.
After “debugging” SOFTY 2 may be used to
programme an EPROM (2716 or 2732).
You can also use it as an intelligent EPROM programmer to copy EPROM's from a master or
to/from tape.
Housed in a black ABS case SOFTY 2 comes complete with a mains supply cable and 24-pin
d.1.1. plug for connection to your prototype system and TV lead.
FULLY BUILT AND TESTED—ONLY £169.00
For further details of SOFTY 2 and the new ZB0 Assembler/Micro Controlier-Menta
available at just £115.00 please send stamped addressed envelope.

THE PERFECT AID FOR “LAZYITIS”

Our Lamp Dimmer Kit with INFRA \
RED REMOTE CONTROL will enable \
you to switch the lights on or off, and

set the brightness, at a push of a
button without leaving your armchair,
water-bed, ete. Not only will you save .~
time but it has also been estimated

that the savings in shoe leather and
carpet wear alone would pay for this

unit in approximately 1.3697 years

or morel

This unit has considerable practical
uses, especially for the oid, Intirm
and disabled. It works like a
conventional dimmer, enabling you
to switch the lights on or off, or to
dim them to whatever brightness
yOu require, by touch or using the
hand-held infra red transmitter.
When assembled, it lits into a
plaster depth box to replace your
gonventional switch or dimmer
with no rewiring.

TDR3OOK Dimmer Kit . ..£14.30
MK6 Transmitter Kit .. ... ...£4.20
We also still sell our highty popular
TD300K Touch Dimmer Kit at £7.00
and the LD300K rotary controlled
Dimmer Kit at .. only £3.50
All kits contain ail necessary
components and full instructions.
You only need a soldering Iron
and cutters.

24 HOUR CLOCK/APPLIANCE TIMER KIT

Switches any appliance up to TkW  CT1000K Basic Kit . . o Ann
on and off at present times once per  CT1000K with white box (56/131 x 7Amm). .
day. Kit contains: AY-5-1230 IC, (Ready BuHt)......... B P Bk

0.5" LED display, mains supply,
display drivers, switches, LEDs, | Add 50p postage & packing + 15% VAT to total.
Overseas Customers:

triacs, PCBs and full instructions.
Add £1.50 (Europe), £4.00 (elsewhere) for p&p.
Send S.A.E. for further STOCK DETAILS.
Goods by return subject to availability.

OPE 9am to 5pm (Mon to Fri)

10am to 4pm (Sat)
cLock Tower B

UXBRIDGE ROAD

25

Telephone:
01-579 9794/2842

ACCESS

and
& BARCLAYCARD
weicome
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and an |.C. IF. System.

FEATURES: VHF, MW, LW Bands, interstation
muting and AFC on VHF. Tuning meter. Two back
printed PCB’s, Ready made chassis and scale. Aerial:

AM - ferrite rod, FM - 75 or 300 ohms. Stabilised power
supply with ‘C’ core mains transformer. All components
supplied are to P.E. strict specification. Front scale

size 10% " x 2%."* approx. Complete with diagrams and instructions.

» Matching |.C. 10+10 Stereo Power
amplifier kit (usually £3.95 + £1.15 p&p)
» Mullard LP1183 built preamp. suitable
for magnetic/ceramic and auxiliary
inputs {usually £1.95 + 70p p&p)

* Matching power supply kit with trans-
former (usually £3.00 + £1.95 p&p)

SPECIAL OFFER! %+

» Matching set of 4 stider controls complete
with knobs for bass, trebie and volumes
{usually £1.70 + 80p p&p)

£21.95

plus
£3.80 p&p.

£17.95

PRACTICAL ELECTRONICS - STEREO

This easy to build 3 band stereo AM/FM tuner kit is designed in
conjungtion with Practical Electronics (July issue). For ease of
construction and alignment it incorporates three Mullard modules

TUNER

plus
£2.50 p&p.

STEREO AMPLIFIER KIT

» Featuring latest SGS/ATES TDA 2006 10 watt output IC's
with in-built thermal and short circuit protection.

« Mullard Stereo Preampiifier Module.

« Attractive btack vinyl finish cabinet, 9""x 8%’ x 3%"* (approx}
« 10+10 Stereo converts to a 20 watt Disco amplifier,

To complete you just suppty connecting wire and solder.
Features include din input sockets for ceramic cartridge, mic-
rophone, tape or tuner. Qutputs - tape, speakers and head-
phones. By the press of a button it transforms into a 20 watt
mono disco amplifier with twin deck mixing. The kit incorp-
orates a Mullard LP1183 pre-amp module, plus power amp
assembly kit and mains power supply. Also features 4 slider
level controls, rotary bass and treble controts and 6 push
button switches. Silver finish fascia with matching knobs and
contrasting cabinet. instructions

available, price 50p. Supplied £1 495

FREE with the kit. Plus £2.90 p&p.
SPECIFICATIONS: Suitable for 4 to 8 ohm speakers.
Frequency response 40Hz - 20KHz.

Input. sensitivity P.U.150mV. Aux. 200mV,

Mic. 1.5mV.

Bass ¥12db @ 60Hz

Treble +12db @ 10KHz
Distortion 0.1% typically @ 8 watts

Mains supply 220 - 250 volts 50Hz.

STEREOMAGNETIC PRE-AMP CONVERSION KIT
Includes FREE Magnetic cartridge with diamond styli.
All components including p.c.b. to convert your geramic in-
put on the 10+10 to magnetic.

Only available with 10+10 amp. £2.00 includes p&p.

8" SPEAKER KIT Two 8" twin cone domestic speakers.
£4.75 per stereo pair plus £1.70 p&p. when purchased with
amplifier. Available separately £6.75 plus £1.70 p&p.

PRACTICAL ELECTRONICS
CAR RADIO KIT

2 WAVE
BAND
MW — LW
» Easy to buitd
= 5 push button
tuning » Modern design
« 6 watt output » Ready etched
and punched PCB s Incorporates suppression circuits.

All the electronic components to build the radio, you supply
only the wire and the solder, featured in Practical Electronics
March issue. Features: pre-set tuning with 5 push button
options, black illuminated tuning scale. The P.E. Traveller has
a 6 watt output neg. ground and incorporates an integrated
circuit output stage, a Mullard IF Module LP1181 ceramic
filter type pre-aligned and

assembled, and a Bird pre- £ 1 0 .50
aligned push button tuning unit. Plus £2.00 p&p.
Suitable stainless steel fully retractable aerial {locking) and
speaker {6°'x 4"'app.).
available as a kit complete.

Tone controls

£1.95 /pack. Plus £1.15 p&p.

HIGH POWER
AMPLIFIER
MODULES

READY BUILT OR IN KIT FORM

KIT BUILT
125 WATT MODEL  £10.50 £14.25

Plus £1.15p&p Plus £1.15p&p.
200 WATT MODEL  £14.95 £18.95

Plus £1.15p&p Plus £1.15p&p.
SPECIFICATIONS: 126W Model 200 W Modet
Max. output power (RMS) 125 watts 200 watts
Operating voltage (DC) S50 - 80 max, 70 - 95 max.
Loads 4 .16 ohms 4 - 16 ohms
Frequency response

measured @ 100 watts 25Hz - 20KHz  25Hz - 20KHz

Sensitivity for 100 watts  400mV @ 47K  400mV @ 47K

Typical TH.D. @

50 watts, 4 ohms 0.1% 0:1%
Dimensions (both models) 205 x 90 and 190 x 36mm.
The power amp kit is a module for high power appticat.
ions — disco units, guitar amplifiers, public address systems
and even high power domestic systems. The unit is protected
against short circuiting of the load and is safe in an open
circuit condition. A large safety margin exists by use of

generously rated components, result, a high powered rugged
unit. The PC Board is back printed, etched and ready to
drill for ease of construction and the aluminium chassis is
preformed and ready to use. Supplied with all parts, circuit
diagrams and instructions.

ACCESSORIES:

Suitable LS coupling electrolytic
tor 125W model

Suitable LS coupling etectrolytic
for 200W model

Suitable mains power supply
unit for 125W model

Suitable Twin transformer power
supply for 200W mode)

£1.00 plus 25p p&p.
£1.25 ptus 250 p&p.
£7.50 pius £3.15 p&o.
£13.95plus £4.00 p8ip.

30+30 WATT STEREO AMPLIFIER

Viscount IV unit in teak simulate cabinet, sitver finished
rotary controls and pushbuttons with matching fascia,
mains indicator and stereo jack socket, Functions switch
for mic magnetic and crystal pickups, tape and auxiliary.
Rear panel features fuse hotder. DIN speaker and‘input
socket 30430 watts RMS, 60+60 watts peak. For use with
4 to 8 ohm speakers.

Size 14%"'x 10" approx. £32-90

BUILT AND TESTED. Plus £3.80 p&p.

TV SOUND TUNER KIT

as featured in E.T.l. December ‘81 issue. Kit of parts
including PCB, UHF tuner, |.C.’s, a!l components
excluding case, and selector switch. £11.45 + £1.50 p&p.

TV SOUND TUNER

s Transformer £1.50 + £1.50 p&p (p&p free on trans-
former if ordered with kit). = Ready built LP1183 Module
for simulated stereo operation £1.95 + 75p p&p.

MONO MIXER AMPLIFIERS

50 WATT six individually mixed inputs for two pick ups
{Cer. or Mag.), two moving coil microphones and two aux-
iliary for tape, tuner, organs, etc. Eight slider controls - six
for level and two for master bass and treble, four extra treble
controls for mic and aux inputs. Size: 13%"'x6%''x3% 'app.
Power output 50 watts R.M.S. {continuous) for use with 4 to
8 ohm speakers. Attractlve

black vinyl case with matching

fascia and knobs. Ready to use.

100 WATT

Brushed
Aluminium
fascia and rot-
ary controls,
Size: approx. 14 x4’ x10%"".
Five vertical sliter controls, master volume, tape level, mic
level, deck level, PLUS INTERDECK FADER for perfect
graduated change from record deck No. 1 to No. 2, or vice
versa. Pre fade level controls (PFL} lets YOU hear the next
disc before fading it in.

VU meter monitors output. £7600

100w RMS output (200w peak). Plus £4.60 p&p.

CALLERS ONLY

323 Edgware Rd, London W2, Tel: 01-723 8432.
Open 9.30am - 5.30pm. Closed ali day Thursday.
Persons under 16 not served without parents
authorisation.

ALL PRICES INCLUDE VAT AT 15%.

MAIL ORDER ONLY

21B HIGH STREET, ACTON, W3 6NG.

Note: Goods despatched to UK postal addresses only.
For further information send for instructions 20p
plus stamped addressed envelope. All goods
delivered within 14 days of receipt of order.

All items subject to availability. Prices correct at 1/12/81and subject to change without notice. RTVC Limited reserve the right.to update their products without notice.
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SAVE IT

One of the areas where application
of electronics by hobbyists can be par-
ticularly rewarding is that of energy
conservation. At one time—not so long
ago—the popular press took up the
solar heating theme and many homes
were fitted with panels, pumps and
control electronics. This fad seems to
have died to some extent pending im-
proved efficiency in the systems and a
shorter payback time.

The more recent theme tends to be
towards making the most efficient use
of energy. With this in mind, and also
with the knowledge that constructing
your own electronic’devices to assist
efficient use is very rewarding and of-
ten financially advantageous, PE has
developed -and published many pro-
jects. Just recently our Car Computer is
an exceptional illustration of how elec-
tronics can help save fuel and we
believe our design is unique in so far as
it can check the vehicle's performance
‘as well as the fuel used. This month we
publish an update of the renowned PE
Scorpio ignition system which also

makes for more efficient use of fuelin a
vehicle.

ELECTRICITY

Having covered the motoring area
fairly well, next month we turn our at-
tention to the use of electricity. With
ever increasing prices it is worth know-
ing just how much each of your ap-
pliances costs to run. The Telectric unit
will givea direct readout of the cost of

intermittent or long term electricity

supplied to individual appliances.
Telectric has a digital readout that
shows cost per unit (programmable up
to 9-999p), elapsed time and cost of
electricity used up to £99.9. It can thus
show instantly the cost of heating
water, tumble drying clothes, etc. This
makes cost comparisons a simple mat-
ter e.g. is it cheaper to leave an immer-
sion heater on all day or switch it on
and off as required?, how much can be
saved by boiling only the required
amount of water in a kettle?, is a
toaster more efficient than a grill for
large quantities?, what is the cost of in-
termittent electric heating, of running a

freezer and what is the increased cost
when the fridge or freezer frosts up?
etc.

FIRST

Just seeing the pounds and pence
tot up as you use an appliance can lead
to more efficient use as one is made in-
stantly aware of the cost. The Telectric
is a new application for the
microprocessor and we believe a first
in the UK. Once again we are pleased
to be able to bring you another new
development of technology, regular
readers will be getting used to this by
now, newcomers might too if they
keep reading PE, we don't intend to let
up!

The only problem we have at the
moment is getting everything in each
issue, this has meant that /ngenuity
Unlimited has had to be dropped from
some issues to make room for other
things, but don’t worry we are planning
bigger issues and there should be room
for everything again soon. So if one of
your ideas has been accepted for |.U.

don’t give up on it. W e
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Copies of most of our recent issues are
available from: Post Sales Department
(Practical Electronics), IPC Magazines Ltd.,
Lavington House, 25 Lavington Street, Lon-
don SE1 OPF, at 35p each including In-
land/Overseas p&p.
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postage and packing, and VAT where ap-
propriate. Orders should state the year and
volume required.

Subscriptions -
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overseas, for £13.00 per 12 issues, from:
Practical Electronics, Subscription Depart-

‘ment, Oakfield House, Perrymount Road,

Haywards Heath, West Sussex RH16 3DH.
Cheques and postal orders should be made
payable to IPC Magazines Limited.
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Jupuan-in the lead

& Jasper Scott

Once again, the Japanese appear to be ahead of Western Industry, this

time in the field of Microelectronics.

Two Japanese companies, NEC and

Oki, are producing 256K memory chips,
And in about 6 months time, another two
Japanese companies are expected to have
joined them.

Both RAMs and ROMs are being
produced, and while few details of price
and availability have been released, NEC
have hinted that the chips should sell at
between £30 and £40.

The other two companies who expect
to be delivering 256K chips by mid-1982
are Hitachi and Toshiba. A fifth Japanese
company, Fujitsu, is believed to be
producing a 256K chip, but so far, they
have released no details. How long it will
take the electronics ‘giants’ in the West to
catch up remains to be seen.

STEREDQ...
IN MODULES

Four new stereo modules have recently
been added to ILP Electronics’ range of
audio modules, bringing the total number
available to almost fifty.

The four new modules introduced are the
HY74 stereo mixer, the HY75 stereo pre-
amp (with built-in two-into-one mixer), the
HY76 stereo switch matrix, and the HY77
stereo VU meter drive—a programmable
gain/l.e.d. overload driver.

ILP say that by using their range of audio
modules, it is possible to assemble a com-
plete hi-fi amplifier system rivalling com-
mercial units costing up to £300 for as little
as £60 (excluding cabinet). Nearly all the
units in the range are cross-compatible.

Further details of all ILP modules are
available from ILP Electronics Ltd., Freepost
2, Graham Bell House, Roper Close, Can-
terbury, Kent CT2 7EP (0227 54778).

STRONG
SPARKS

- ey

Pictured above is the latest addition to
Sparkrite’'s well known range of electronic
ignitions, the TX2002. The TX2002 is a
contactless reactive discharge system
which, according to Sparkrite, combines
the advantages of both Inductive and
Capacitive Discharge circuitry, resulting in
the most thorough combustion of even
weak mixtures.

Sparkrite’s range of car accessorigs also
includes a Drive Computer, and a Program-
mable Car Security System, the AT-80. As
well as arming doors, boot and bonnet, the
AT-80 protects against theft of in-car enter-
tainment equipment and auxiliary lamps.

The TX2002 is available in kit form at
£29.95 or ready built at £62.95. The AT-80
is priced at £24.95 in kit form, or £49.75
ready built. All prices include VAT, postage
and packing. EDA Sparkrite Ltd., 82 Bath
Street, Walsall, West Midiands WS1 3DE
(0922 614791).

Briefly...

Readers who own Ferrograph equipment
will be pleased to hear that a spares and
service company has been set up following
the closure of NEAL Ferrograph.
“Ferrograph Spares and Service” has been
formed to manufacture and supply spare
parts for all Ferrograph products including
Series 6, Series 7, SP7, Logic 7 and Studio
8 tape recorders, Ferrograph Hifi equip-
ment, Ferrograph Test Sets and Ferrograph

* Echo Sounders. In addition a fully staffed

Service Department can service or
refurbish all Ferrograph products.

For further information contact Tonr
Batey, Ferrograph Spares and Service, Unit
21, Royal Industrial Estate, Jarrow, Tyne &
Wear (0632 893092).

e o o

D.S.N. Marketing Ltd., a subsidiary com-
pany of Vitavox (Holdings) Ltd., was formed
recently with the aim of promoting, selling
and servicing all Vitavox products. It will
also be offering other products, both of U.K.
and foreign origin.

The first new product lines to be handled
are the “Bullet” range of loudspeaker com-
ponents, and D &R mixing consoles and an-
cillary multitrack equipment. For further
details contact D.S.N. Marketing Ltd,
Westmorland Road, London NW9 9RJ.
(01-204 7246).

TUNER MODULE

A recent addition to the Bi-PAK range
of audio modules is the S$.453 FM
stereo tuner. The unit features push
button vari-cap tuning and a phase
locked loop decoder for stereo or mono
reception. It is fitted with a four-
position switch for the selection of four
pre-tuned frequencies. The selected
frequencies are tuned by multi turn
potentiometers.

The. specified operating supply
voltage is 18-25V. and the module has
a tuning range from 88-108 MHaz.
Provision exists for the addition of an
l.e.d. stereo indicator, a centre zero
tuning meter and a mono/stereo
switch.

The S$.453 is priced at £19.00 +
£2.85 VAT and 50p p&p. It is available
from BI-PAK Semiconductors, P.O.
Box 6, Ware, Herts. SG12 9AG.
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HOLD TIGHT

Two new Circuit Board Holders have recen-
tly been introduced by Carlton Nichol. Both
are constructed in aluminium and plated
steel and allow easy rotation of printed cir-
cuit boards through 360 degrees with
positive locking at any angle.

The CNC 6 will take boards up to 10" x
7" and these are easily inserted in the
spring loaded clips. The CNC 9 will take
boards up to 8" x 8" and they are held in
position by sliding vee clamps. These
clamps eliminate the risk of damage to the
face surfaces of the board and allow a high
degree of accessibility.

An anti-static foam pad is also available
as an optional extra to allow the insertion of
a number of components before rotating
the p.c.b. for soldering. The pad, which is on
a backing plate, clips onto the rotating arms
of the p.c.b. holder.

The list prices, including VAT, of these
products are CNC 6—£13-80; CNC 9-
£15-95, Anti-static Foam Pad—£9-20, and

they are available direct from Carlton
Nichol & Co. Ltd., Goldkey Industrial Estate,
Kelvedon, Essex.

‘Items mentioned are available through nor-
mal retail outlets unless otherwise specified.
Prices correct at time of going to press.

ATEVER NEXT?

COZY POWELL
e

v o i vnninne  EHRP o O goar

If you're fed up with hearing about the latest developments in hi-fi, and can’t
afford a £600 system anyway, read on. Perhaps the Record Runner (the latest
in portable audio), is the thing for you.

As you can see from the photo, the Record Runner is a model VW van which
drives round a record and plays it. It has a stylus mounted underneath, and a
speaker mounted in the roof. While its sound reproduction is rumoured not to
be the best in hi-fi, the Record Runner is certainly an ingenious idea, and
stands a good chance of winning the prize for the biggest gimmick since CB
radio. If you want to buy one, the paltry sum of £14.50 + £1 p&p will secure
your order. Please send a self addressed label with your order to The Video
Palace, 62/64 Kensington High Street, London W8.

ANOTHER LEGAL RIG

Goumidowmn. ..

Please check dates before setting out. as we cannot guarantee the ac-
curacy of the information presented below.

IDEA (Domestic Appliances) Jan. 12—14. Birmingham. B6

OEM Assemblies Feb. 2—4. Roy. Hort. Halls, London. T

BEX Bristol Feb. 3-4. K

BEX Bournemouth Feb. 17-18. K

Microsystems Feb. 24—-26. West Centre Hotel, London. Z1

Seminex Mar. 29-Apr. 2. Imperial College, London. H1

Laboratory Edinburgh Mar. 30-31. Ass. Rooms, Edinburgh. E

CAD Mar. 30-Apr. 1. Metropole, Brighton. Z 1

Sensors & Systems Mar. 30-Apr. 1. The Forum, Wythenshawe,
Manchester. T

Details of the Uniden Uniace 100 FM mobile CB rig arrived in
our offices too late to be included in our rig guide last month. The

Uniace 100 features the basic channel, volume and squelch con-

trols, plus PA/CB and 4W/0-4W power switches. Being only 40mii
high, it is not as cumbersome as rigs with more features (including
its big brother, the Uniace 200), which is worth bearing in mind if
you own a small car.

Complete with mic., fixing brackets and connecting leads, the
Uniace 100 is available at an inclusive price of £88-95 from RT-VC,
21b High Street, Acton, London W3 6NG.

Practical Electronics February 1982

ETM Mar. 30-Apr. 1. The Forum, Wythenshawe. T
Peripherals Mar, 31-Apr. 2. West Centre Hotel, London. Z1
Laboratory Manchester Apr. 7-8. New Century Hall, Manchester. E

B6 Andry Montgomery Ltd. # 01-486 1951

E  Evan Steadman, Saffron Walden £ 0799 22612
H1 Seminex Ltd., Tunbridge Wells £ 0892 39664
K  Douglas Temple, Bournemouth ¢ 0202 20533
L1 World Trade Centre £ 01-488 2400

T  Trident, Tavistock { 0822 4671

Z1 1PC Exhibitions, Sutton £ 01-643 8040
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BRANDLEADING ELECTRONICS

F

$X1000 MAGIDICE

S Electronic Ignition Electronic Dice

,«L.) ® Inductive Discharge ® Not-an auto item but great fun
@ Extended coil energy for the family
storage circuit ® Total random selection
® Contact breaker driven ® Triggered by waving of hand
® Three position changeover switch over dice
® Over 65 components to assemble ® Bleeps and flashes during a 4 second
® Patented clip-to-coil fitting tumble sequence

® Throw displayed for 10 seconds
@ Auto display of last throw 1 second in &
® Muting and Off switch on base

® Hours of continuous use.from PP7 battery
® Over100 components to assemble

® Supplied in superb presentation gift box

@ Fits all 12v neg. earth vehicles

$X2000

Electronic Ignition
® The brandleading system
on the market today
® Unique Reactive Discharge
® Combined Inductive and
Capacitive Discharge
@ Contact breaker driven
® Three position changeover switch
® Over 130 components to assemble
@ Patented clip-to-coil fitting
@ Fits all 12v neg. earth vehicles

TX2002
Electronic Ignition

® The ultimate system ® Switchable
contactless. ® Three position switch with
Auxiliary back-up inductive circuit.
® Reactive Discharge. Combined capacitive
and inductive. ® Extended coil energy storage
circuit. ® Magnetlc contactless distributor trig er-
head. ® Distributor triggerhead adaptors include
® Can also be triggered by existing contact breakers
® Die cast waterproof case with clip-to-coil fitting @ Fits
majority of 4 and 6 cylinder 12v neg. earth vehicles.
® Over 150 components to assemble

VOYAGER cCar Drive Computer

® A most sophisticated accessory. ® Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd. ® Affords 12 functions centred
on Fuel, Speed, Distance and Time. ® Visual and Audible alarms
warning of Excess Speed, Frost/Ice, Lights-left-on. ® Facility to
operate LOG and TRIP functions independently or synchronously.
® Large 10mm high 400ft-L fluorescent display with auto
intensity. ® Unique speed and fuel transducers glvnng a
programmed accuracy of + or —1%. @ Large LOG & TRIP
memories, 2,000 miles. 180 gallons. 100 hours. ® Full iImperia!
and Metric calibrations. ® Over 300 components to assemble.
Areal challenge for the electronics enthusiast!

Electronic Car Securlty System

® Arms doors, boot, bonnet and has security loop to protect
fog/spot lamps, radio/tape, CB equipment

® Programmable personal code entry system

® Armed and disarmed from outside vehicle using a special
magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen @ Fits all 12V neg earth vehicles

@ Over 250 components to assemble

All EDA-SPARKRITE products and designs are fully covered by one or more World Patents,

EDA SPARKRITE LIMITED 82 Bath Street, Walsall, West Midlands, WS 1 3DE England. Tel (0922) 614791
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SX 1000 £12.75 £27.95
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VOYAGER £49.95 £84.75 CHEQUENO.
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Cable Capture

Cable and Wireless captured the im-
agination of the investing public with their
recent share flotation. As | have often poin-
ted out in this column, C & W is one
nationalised company that has performed
consistently well over many years. The
company anticipated that nothing but good
would come from so-called ‘privatisation’ in
which the government share would drop to
50 percent together with a promise not to
intervene in commercial decisions. In other
words C & W now has the extra capital it
needed and the freedom to exploit it in the
best possible way.

The 50p shares offered at 168p were
oversubscribed five times by eager buyers
and when share dealings opened the price
soon shot up to 197p. The employees had a
preferential call on 13-5 million shares at
the offer price and those who invested will
have done well.

Inevitably there was some criticism that
in view of the response the government
‘gave away’ their share of the company too
cheaply. But think of the outcry if the price
was too high and the issue had flopped in
the market place. Apart from a lot of red
faces the credibility of the company would
have been damaged.

It is interesting to note that while most
companies update their image periodically,
often by a change of name, C & W, despite
a leading world position in the application
of high technology in communications, still
clings to ‘wireless’ rather than the modern
term radio. This did not deter investors who

_apparently knew a good thing when they

saw it. Anyway, Cable and Radio sounds
less classy to me than Cable and Wireless.

Electronic Journals

The electronic journal is a prospect
which waorries conventional publishers,
newsagents and paper manufacturers. But
printed matter is still very much with us and
is likely to remain so until the great bulk of
homes and offices have video terminals.
The half-way house is the data base and we
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can see how much of a hold conventional
journals still have by looking at the Inspec
data base service run by the IEE. In
providing a comprehensive scientific and
technical information service, Inspec infor-
mation scientists are constantly scanning
2,500 journal titles plus hundreds of con-
ference proceedings to supply subscribers
with what they need to know.

The snag here is that all publishing in-
volves a lead time for editing, printing and
distribution. With technical and other lear-
ned journals the lead time is weeks,
sometimes months before the ultimate
reader gets his information.

The newest Inspec data base is EMIS
{Electronic Materials Information Service)
dealing with semiconductor technology.
EMIS will not only file all published infor-
mation but will include data awaiting
publication. So EMIS subscribers will have
very fast access to 'hot’ information. When
the use of video terminals {(plus printers
when hard copy is required) is universal,
there will be no need for printing and
publishing as we know it today and true
electronic publishing will have arrived.

Coups

Marconi Avionics has brought off
something of a coup by winning a contract
for the design and development of air data
computers for re-equipping 27 variants of
10 types of aircraft flying operationally with
the United States Air Force and Navy. A
total of 6,000 aircraft is involved and the
contract was won in the face of fierce com-
petition from leading U.S. suppliers.

The Marconi design proposed has 80
percent commonality of sub-assemblies

across all types and variants of aircraft from:

transports to fighters, thus simplifying ser-
vicing, cutting spares holdings and
altogether saving on life-cycle costs.

Perhaps less of a coup because they
have been there before is Rediffusion’s con-
tract wor‘th £7 million for a flight simulator
ordered by Ail Nippon Airways. It will be
used to train crews on the new Boeing 767
airliner. This latest order is the eighth
secured from Japanese air carriers by
Crawley-based Rediffusion Simulators who
have a world-wide reputation in a still-
growing field which has been hugely
stimulated by successive hikes in fuel cost
which make it completely uneconomical to
train pilots flying in real aircraft, not to men-
tion the cost of a real crash in comparison
with a simulated one.

Newcomer to the Japanese market is
Micro Focus, claimed to be the first British
computer software house to break through
in Japan. Their order book for that country
is reported to have already topped £1
million. Too little of such go-getters reaches
the national news media. There are plenty
of success stories around which are over-
looked.

IT 82

information Technology Year got itself
launched with plenty of jazz. We are
promised that IT 82 will be hard to ignore.
Even the Rost Office will be issuing special
postage stamps.

Kenneth Baker, Minister for T, has
emerged as one of the big spenders. The
promotional campaign is said to be
budgeted at £600,000 and current govemn-
ment spending on supporting IT projects
will run to more than £1 million a week, not
only in IT 82 alone but beyond.

One of the longer term projects announ-
ced in a one-third share in the European
Space Agency’'s L-Sat large satellite which
will have cost £230 million by the time it is
launched in 1986. British prime contractor
is British Aerospace with back-up from
Marconi as a major sub-contractor. There
will also be a spin-off for other British com-
panies. Government commitment on L-Sat
will be £77 million.

X-Stream

X-Stream is the new in-word in IT.
British Telecom explains it with X being the
international symbal in the telecommunica-
tions world for data transmission. Stream
is the stream of digits containing the
information. i

Within X-Stream are the sub-systems of.
Megastream, Kilostream, Switchstream
and Satstream, the latter eventually linking
in to the ground network ESA’s L-Sat men-
tioned above. Marconi Communications
has already won orders for Kilostream
equipment from British Telecom worth £5
million and a further £3 million contract is
under negotiation.

For its part British Telecom has achieved
advance orders worth £750,000 for rental
of lines from the first companies to use the
system when the first phase comes into
operation in 1982.

The beauty of X-Stream is its universal
application. Transmission can be over wire
or optical fibre cable, terrestrial microwave
link or via space satellites. Depending on
bandwidth of the links they will take
speech, music, vision, facsimile and
graphics as well as high speed data.

Classic

Newest in the long list of electronic
system acronyms is CLASSIC (Covert Local
Area Sensor System for Intruder Classifica-
tion). The genius who thought this one up is
a Racal person and the eqguipment it
describes is a cunning innovation to detect
enemy intrusion gver a wide area and as far
distant as 7km from an observer who has a
monitor unit with LED display.

The sensor units are fitted with a tiny.
radio which gives a short burst transmis-
sion on VHF when an intruder is detected
by seismic, infra-red, pressure pad or trip-
wire methods. Up to eight sensors can be
used with each monitor and the observer is
able to deduce the nature and extent of the
threat. Apart from battlefield use it-clearly
has application against tetrorist infiltration
across borders (e.g. Ireland). The sensors
can easily and quickly be redeployed as
necessary.

Racal-SES Ltd funded the project as a
private venture. The British Army has or-
dered it with an initial £750,000 contract
and a number of negotiations are under
way with overseas customers.
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AN update of the original Scorpio appeared in March 1974
as a PE blueprint feature, at a time when energy savings
were beginning to take on increased importance.

The author having installed a Mk2 Scorpio on his own car,
enthusiastic relatives requested units for theirs. All went well
until one of them asked for a unit to fit a BLMC Mini; the
rather cumbersome 7tin x 4}in x 2in diecast box could not
be squeezed in under the bonnet.

The requirement for a more compact unit started a substan-
tial redesign exercise, which began with the following objectives.

The unit had to be completely contained in a 45in x 21in X
1%in diecast box. Inflation had left its mark; the soaring cost
of gomponents had to be off-set with cheaper (though not
necessarily inferior) alternatives.

It was anticipated that to achieve the size reduction, some
loss of performance was inevitable. However, the end
product had to be a very acceptable compromise and
noticeably better than conventional ignition.

CONSTRUCTION

To. make final assembly as easy as possible, it was
decided to build the entire unit into the lid of the box, with
connecting wires leaving the bottom of the box via a tight-
fitting grommet. Use of plastic power devices gave both
compactness and a neat appearance, with the secondary
base-plate not only hiding the counter-sunk screws by which
p.c.b. and all other components are mounted, but also
providing a cheap and effective way of installing the unit in
the vehicle. Choice of unit polarity is semi-permanent with
this design, as the earth return is made via the case to sim-
plify external wiring: (This will be dealt with in greater detail
later in the article.} Mounting the unit to the vehicle with
pan-head No. 10 self-tapping screws provides excellent
security and electrical connection.

The two greatest areas of compromise lie in the choice of
transformer and discharge capacitor, both of which are large
and costly items. The first stage in development was to
reduce the size of the pot core successively, and see how the
output spark was affected. After much experimentation, it
was found that very good resuits could be obtained with a
30mm pot core.

Having selected the transformer, the discharge capacitor
posed almost insuperable problems. All those with a 400V
a.c. rating were far too large, and very expensive. By reduc-
ing the secondary turns on the transformer to 330 (12V), the
rectified inverted output across R12 is reduced to about
350V. A 400V d.c. capacitor was thus felt to be adequate,
and the Siemens B32231 1.0u 400V was chosen as the
most compact available. Having thus derated the original
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design, a prototype was soak-tested for over a week without
switching off, driven by a small square wave generator at a
constant 10,000r.p.m. At the end of this time it was rather
warm, but still operating, and deemed sufficiently proven to
fit to the Mini. A second unit was subsequently built for a
colleague at work. This has functioned well, on his BLMC
Princess, for over 100,000 miles.

Accessories mounted under the bonnet of a motor car en-

counter one of the most adverse environments possible,
with extremes of temperature, humidity and vibration. This
design is considered to be vastly superior to the Mk2 in all.
three respects. Throughout this article there is much stress
on guarding against the effects of vibration, and the con-
structor is urged to take careful note.
" As can be seen from the circuit the only additional compo-
nents to the March 1974 design are the in-line fuse FS1,
R13 (added in series with C5 to protect against transients),
and D7 {(which gives reverse polarity protection to the com-
plete unit). The remaining differences are either in value or
choice of component type.

In searching PE's pages for prices, the original Ferranti
and Siemens semiconductors were found to be expensive,
and sometimes difficult to obtain. The use of Texas tran-
sistors and thyristor solved both these problems. The author
built about twenty Mk2 units in all, for various friends and
relatives. These were bought in kit form from suppliers ad-
vertising in the pages of PE. Whilst the components supplied
were new and correct according to the design, trial produced
some repetitive failures in TR1 and TR3, thus for the new
design Texas “‘Silect” devices were chosen, with higher
ratings than the ZTX500s.

Another valuable piece of experience gained from building
and fitting more than just the odd one or two Mk2 redesigns
was the observation of minimum operating voltage. Whilst
the inverter would happily continue down to about 5V,
sparks stopped at about 7V. For cars with new batteries, this
presented no difficulty, but for those with less-than-perfect
cells it meant that the car would only start after the ignition
key was released from the position which activated the star-
ter solenoid. To cure this problem — which may simply have
been an unfortunate mix of production tolerances — three
actions were taken. High gain transistors were selected, so
that saturation could be guaranteed over a wider voltage
range. The values of R1, R2, R3, R11 and C2 were adjusted,
the latter two to help CSR1 fire at a lower voltage. C1 was
correspondingly adjusted to maintain a similar time-constant
as previously. These changes also facilitated use of the
smaller glass diodes for D1 and D2, and allowed C3 to be
reduced without adverse effect. Another size problem was
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found in accommodating the specified 40V capacitors C4
and C7. Having noted that rarely in commercial car radios
and cassette players do the supply smoothing electrolytics
exceed 16V in rating, the Mullard 016/15221 was adopted.
The final departure from the original Mk2 concerned the
choke L1 used for interference suppression. To achieve com-
pactness and more rigid mounting, a small pot core was
chosen in place of the ferrite rod, with fewer turns now being
required due to increased efficiency of the magnetic circuit.

PRINTED CIRCUIT

Fig. 2 shows the p.c.b. A word of caution first. Extreme
care must be taken when mounting and soldering compo-
nents, due to the smali clearances involved in achieving the
overall size. A miniature iron (25W maximum) with small bit
is essential for quick effective joints without an excess of
solder. It is recommended that only the listed components
are used, as their heights and general dimensions have been
specifically chosen to maintain adequate clearance both on
the board itself and within the confines of the small diecast
box.' It should not be necessary to sleeve the leads of any
components on the p.c.b. For ease of construction, mount
the smallest items first, taking particular care with the
diodes not to strain the leads.

Whilst the p.c.b. pins are a firm fit, it is essential that they
are soldered on the copper side. When fitting C4 and C7,
clearance has specifically been allowed on each positive
lead; before soldering these leads, move the capacitors, as a
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pair, to give optimum clearances with the 6BA mounting-
hole, choke pin, and fly lead from R13. The excellent
Siemens B32560 100V capacitors save considerable space
with but 7-5mm between pins (C1, C2, C3). The board has
been designed so that a 10mm component may optionally
be used for C3; should a constructor wish to retain a 0-47p
value here, Siemens make one in both spacings, the 10mm
(being easier to manufacture} is a few pence cheaper. Note
that the fly lead from R10 is used to connect the feedback
winding centre-tap. To save space, R12 is mounted directly
beneath C5, thus the resistor has to be fitted first.

Extreme care should be taken in fitting the inverter bridge
diodes (D3, D4, D5, D8). Insert on the p.c.b. with alternating
polarity, cathode uppermost for the one nearest the edge of
the board. Gently twist the top leads of each pair, using
long-nose pliers to prevent the body ends being strained.
Trim the vertical tails flush with the top of C5; do not solder
the twisted ends yet, but wait until the transformer secon-
dary winding is wired later. These diodes seem particularly
susceptible to damage by excess heat; with such short |Jeads,
joints should be made once only, and as quickly as possible.

Once C6 has been fitted to the board, a small amount of
Evostik should be run between C5 and C6 to ensure rigidity.

TRANSFORMER
The general winding details do not differ from the original
1974 design, but to facilitate the use of a 30mm pot core,
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Fig. 2. Printed circuit and component assembly
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smaller gauge wire is used. Copper losses rise, as does
operating temperature, but the soak test and 100,000 mile
field test indicate that adequate reliability remains. The high-
voltage winding should be wound onto the bobbin first,
followed by the collector and feedback windings in that or-
der. As originally, the latter windings should each be made
with two wires together, to give identical characteristics in
each half of the tapped windings. Turns for each winding
are:

High voltage 330T 34s.w.g.

Collectors 12T + 12T 24s.w.g.

Feedback 3T + 3T 30s.w.g.
Neatness in winding is essential to fit all windings onto the
bobbin, each should be carefully insulated from the next. It is
possible to obtain a very thin, high voltage rating, adhesive
plastic tape specially designed for transformers. Care should
be taken to ensure that the wire insulation {lacquer) is not
damaged during winding or fitting of the ferrite cores. P.v.c.
sleeving should be used on all transformer leads. Do not glue
the core until ready for assembly onto the base-plate.

T 30sw6
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Yellow 3
e Mouve | e EpBACK
81 B J Fig. 3. Transformer
3307 ¥ =Ry winding details
ILSWG & Orange
127
Yellow
" Grey
Qronge 127
Brown
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Use of a small pot-core makes winding and fitting of the
choke much quicker and easier than on the 1974 design. It
was found that the bobbin could be held firmly by pushing
over the tapered handle of a small paint brush. Using about
+-metre {18-19 inches) of 16/0-2mm stranded p.v.c. single
flex, wind just four turns on the bobbin, leaving the spare
length as tails for wiring to the p.c.b.

ASSEMBLY SEQUENCE

Build up the p.c.b. first, and check the underside to ensure
that there are no tracks shorted by excess solder, the
mounting holes are free and chamfered on the copper side.
The latter is to ensure that the mounting screw for the un-
earthed polarity does not short. Mount the p.c.b. onto the
base-plate with two 6BA countersunk screws, taking care to
place a 4BA nut {plated, not plain steel) over the chosen
polarity for earth, the 4BA nylon nut insulating the other.
{Looking at the soldered side of the p.c.b., each mounting-
hole is part of one of the polarity rails, and marked positive
and negative accordingly.) The chamfered corners of the
p.c.b. should align with the corners of the diecast box; fit a
shake-proof washer and apply a small quantity of nut-lock to
the threads, then tighten down a 6BA nut on each screw to
clamp the p.c.b. making sure that it is square {in plan view)
inside the box. The screw with the 4BA plated nut gives
direct earth connection via the case of the unit. It must be
very tight, just the right side of stripping the thread. As this
connection is so important, fit a second 6BA nut as a
locknut, taking care that full nuts are used, and not }-nuts,
as the latter can easily strip.
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Next, fit the plastic power devices to the base-plate, tak-
ing care that the mica washers and plastic mounting screw
insulators are properly fitted; mount each device after
bending and trimming the leads.

Solder the five device leads to their pins after final
tightening. The assembly order is — screw, mica, device,
plastic bush, plain washer, shakeproof washer, nut-lock to
thread, then tighten 6BA nut. '

POT CORE ASSEMBLY

The ferrite pot cores can now be glued, assembled and
mounted onto the base-plate. These components can be
very easily cracked by over-tightening of the 4BA mounting
screws, so be warned. It is recommended that a thin piece of
rubber is placed between the base-plate and pot cores, to
dampen vibration and cushion the clamping down. The
assembly order is glue pot core faces and bobbin faces,
assemble core, fit screw and rubber to base-plate, mount
core, plain washer, shakeproof washer, nut-lock, then gently
tighten the 4BA nut just enough to firmly pull the core faces
together and pinch the ferrite into the rubber padding. Whilst
Araldite is an excellent adhesive, it is rather permanent, and
unless the constructor has supreme confidence, the author
recommends the use of Evostik, which can be removed after
a long soaking in petrol.

GENERAL WIRING

Wire up the choke leads first, trim to length, bare about
5mm (1"}, twist the strands together, and lightly solder. Now
shape a hook, with small long-nose pliers, and push over
each p.c.b. pin marked for the choke. Solder only the pin that
is furthest from C7 for now. At this stage, it is essential to
identify the “'starts” and “finishes’ of the tapped transformer
windings. If these were marked, fine; if not, use continuity
testing to sort out for each tapped winding a start/finish pair
that do not form: a single winding, i.e. the centre-taps. Wire
the 24s.w.g. collector winding next. Trim the centre-tap
leads, taking them to the unsoldered tap/choke pin on the
p.c.b. Tin the copper ends well, shape into hooks as before,
and solder all three pin connections at the same time. Next
wire the remaining two 24s.w.g. leads, each to a TIP 3055
collector {any lead to any TIP 3055); bend a hook on
device lead and copper wire, link and pinch together before
soldering.

Wire the feedback centre-tap next. Trim to length, tin the
ends well, twist together, and tuck neatly under the top wire
of R10. if the constructor can identify which of the remain-
ing 30s.w.g. leads is a start, and which a finish, wire the

Practical Electronics February 1982



5 HOLES'X TO SUIT 6BA SCREWS DRILL & HOLES'X. 3-7DIA,CSK TO SUIT
. LBA SCREWS
2 HOLES'Y" TO SUIT 4BA SCREWS DIMENSIONS IN mm ORI BT A

MATERIAL- 10SWG AL.ALLOY
Fig. 5. Drilling detail of box lid DIMENSIONS IN mm

Fig. 6. Drilling detail of mounting plate

Practical Electronics February 1982




bases of the TIP 3055s so that on each device is a coilector
start/base finish and vice-versa. If not, just tack the base
leads on to either device temporaily. Leaving the high
voltage winding as yet unconnected, and free of anything
else, connect a 12V supply, between case and D7 top end
for a second or two and the inverter should oscillate. If not,
reverse the base wires and try again. With the inverter work-
ing, connect a meter (400V a.c. range) to the high-voltage
winding, and connect the supply again a reading of 350-
370V a.c. unloaded should be indicated. Switch off the sup-
ply, and wire up the 34s.w.g. leads to the inverter bridge
diode pairs (formed by twisting the vertical leads of adjacent
diodes together) standing proud next to C5 on the p.c.b.
With the meter switched to 400V d.c., and connected across
C5, switch the supply on again; and a reading of 350-370V
d.c. should be given. Should.the inverter no longer oscillate,
there is either a fault on the bridge wiring, the thyristor wir-
ing, or perhaps in the transformer. Assuming all is well, the
unitis virtually completed.

Wire about a metre of automobile cable to the three con-
nection points for external wiring, these being the contact
breaker for chosen earth polarity (blue), free end of C6 (to
ignition coil), and top end of D7 (black for positive earth, red
for negative earth). Take great care when wiring this thick
cable to the p.c.b. pins, to keep absolutely clear of other
components and connections. Trim and bare just enough
length to hook around each pin, leaving no unsoldered
strands or excess length. An ideal cable for this job is Delta
2491x which comprises 32/0-25mm conductors in a tough
p.v.c. outer of 2-5mm overall diameter.

FINAL ASSEMBLY

The three auto cables need to be passed through the
grommet in the diecast box end. Prior to attempting this, a
simple knot should be tied in each cable so that when com-
pletely threaded through, enough slack remains to prevent
tension on leads from reaching the p.c.b. pins. The grommet
hole is deliberately small, to give leads a tight fit and prevent
the ingress of dirt. The four screws retain both the box lid
(base-plate) and the secondary base-plate. Once fully
proved, the box and lid should be sealed around the lip;
Araidite is recommended for this. Having assembled the unit
into its box, fit the in-line fuse holder (FS1) in series with the
supply lead (red or black), and insert a 5A anti-surge fuse.
Finally solder on the appropriate terminals for the car (most
use +in spade connectors), with p.v.c. sleeves where
necessary.

INSTALLATION

Bearing in mind the very important points made in the
1974 article about ballast resistors and tachometers, in-
stallation and wiring on the vehicie is far easier than before.
Choose a flat metal surface close to the ignition coil, but
ideally away from radiator or exhaust heat. Fit the unit to the
car body with No. 10 pan-head seif-tapping screws, giving
secure fixing and direct earth return connection.

WIRING
For cars without bailast-resistor coils, and no tachometer,
this is extremely quick and simple.

Negative Earth

Take the red lead to the side of the coil that is already wired
to ignition-switched power. Remove the lead from the other
side of the coil (contact breaker) and fit instead the white
lead from the unit. Join the blue lead from the unit to the
contact breaker lead previously removed from the coil.
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Showing component assembly to lid

Positive Earth

Remove the ignition switched power from the coil, and take
it instead to the black lead from the unit. (For negative earth,
the ignition switched power remained connected to both coil
and unit). The bare coil connection should not be wired to
earth. Remove the other (CB) lead from the coil, and join it to
the blue unit lead. Connect the white unit lead to the coil CB
side.

Ballast-resistor Coils

The author knows of none being used on positive earth
systems so this is for negative earth cars. Remove the igni-
tion switched power lead from the coil, and insulate securely
with plastic tape. Find a source of power (e.g. ignition
switched auxiliaries), and wire this to the coil in place of the
ballasted supply, and connect also the red unit lead. Other
wiring as above. Note that some cars have the ballast
resistance built into the wiring loom as resistive cable;
others have a high-wattage resistor under the bonnet or
dashboard wiring.

Diecast box and mounting plate assembly

Tachometers

Most modern cars have more sensitive instruments than
early ones; even current-driven types can usually be driven
by the base-current for TR1. Voltage-operated types detect
the change in potential across the contact breaker, thus
usually little change to wiring is required. It is felt beyond the
scope of this article to attempt to cover every type of
tachometer, but the points made here may update those
given in the original 1974 article to some extent. If a
current-driven instrument is fitted, and the base current of
TR1 is not sufficient, using the pulse from either the white or
red leads should succeed. However, two points must be
borne in mind. If the red lead is used, D7 may halve the
pulse counting rate derived and may have to be removed.
Also the direction of pulse flow through the instrument’s
current-sensing circuit is usually critical. *

Unfortunately we are unable to supply reprints of
the original article—Ed.
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The most commonly required interfacing
function in any microprocessor system is
the serial port. Communication with prin-
ters, Visual Display Units (VDUs), modems
and a host of special peripheral devices is
possible using one of the popular serial
protocols such as RS232 or current loop,
and this makes the provision of at least one
such port mandatory on most systems.

You can implement a serial port in
software if you are prepared to let the
processor dévote all its attention to the
serialising and timing tasks, but except for
simple systems it is generally better to use
one of the special peripheral chips designed
to remove this burden from the processor
by controlling a complete serial
transmit/receive scheme independently of
software. Of course, the processor still has
to load words into the interface device for
transmission, and retrieve them after recep-
tion, but this can easily be arranged under
interrupt control to cause the minimum of
disturbance to the busy micro as it goes
about its other, more important, business!

The serial peripheral chips come in ail
shapes and sizes, and have almost as many
different names as there are
microprocessor manufacturers, but most of
these names resemble “UART"”, which
stands for Universal Asynchronous
Receiver Transmitter, a fair description of
the chip’'s role | think. The Universal part
means that there are loads of options con-
cerning the length of the transmitted and
received word, the format in which it is
sent, and whether error detecting parity bits
are to be used. The Asynchronous part
means that each word is sent as a separate
entity with its own start and stop bits added
to form a frame, other words may or may
not follow closely. {(You can also get Syn-
chronous versions, but these are generally
for more specialised applications where
large bursts of data are to be transmitted).
The Receiver and Transmitter parts mean
just that. Unfortunately, a UART is not
enough by itself, because there is the
knotty problem of what speed you want the
link to run at. The speed is described as the
“"baud rate” and there are many standard
possibilities between 110 and 19,200
which need to be catered for by the
microprocessor system if it is going to have
any chance of being general purpose. The
answer here is to use a Baud Rate
Generator chip which is really a program-
mable divider circuit used to turn a crystal
oscillator frequency into any one of the
desired baud clock rates to feed the UART.
The desired clock rate can be switch selec-
ted, usually by those microscopic switches
designed probably by, and certainly for,
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Lilliputians, or in more civilised systems, it
is programmed under software control via
the system keyboard. Serial ports are so im-
portant that it is nice to have more than
one, like the expensive systems, but the
cost of all those” UART and Baud Rate
Generator chips could put a body off where
hobby projects are concerned, or at least it
could until Western Digital played their new
ace, the WD2123.

The WD2123 is a DEUCE or Dual
Enhanced Universal Communications Ele-
ment, and lurking within its natty 40 pin
plastic package there are no less than two
UARTs, each with its own baud rate
generator, and a crystal oscillator. With one
of these babies in your pet microcomputer
you can grind out your listings at 300 baud
on a printer whilst exchanging chess moves
with your neighbour at 19,200 baud,
assuming your software is up to these kinds
of gymnastics of course! As far as | can see,
there are no awkward compromises with
this device, it seems capable of doing
everything that ordinary, old fashioned
UARTs and Baud rate Generators can do. It
happily hooks onto a microprocessor bus
which can address internal registers to
program the two channels into any desired
format and with any of 16 possible baud
rates between 50 and 19,200. it has all the
usual programmable features including
stop bit length, word length and parity, and
it provides a host of control outputs to let
the microprocessor know what is happen-
ing. All you have to add is a single crystal,
some RS232 buffers, and of course the
micro itself.

ULTIMATE OP-AMP?

As a tone deaf electronics writer, | suffer
from the terrible disadvantage of being
totally unable to appreciate the finer points
of a high fidelity sound production system,
regardless of how much the equipment has
cost its owner. {I suffer from a similar but
inverted affliction of the taste buds which
cause me to appreciate the finer points of
all wines, even Dreadnought plonk at 50p a
litre.) Imagine the difficulty | have, then, in
commiserating with friends who lose sleep
at nights over the few decibels of additional
Total Harmonic Distortion which has ap-
parently crept into their gleaming teak and
chrome Hi-Fi shrines since the holidays!

Noise, on the other hand, | can under-
stand:

a) Because | can see it on an oOs-
cilloscope,

b) Because the non-electronic variety
generated by my offspring often
drives me to despair.

On this .topic | am therefore in complete
sympathy with those who strive towards

R.W. Coles

acoustic perfection and can announce with
interest and understanding a new
operational amplifier which has come
closer than any other to the fabled zero
noise point.

The new amplifier has been introduced
by Precision Monolithics Incorporated, a
Company justly famed for their high preci-
sion “‘up-market’’ analogue circuits, and for
their advertisements which feature Alice in
Wonderland themes. Apparently P.M.I. are
as nutty as the Hi Fi freaks, and no less a
person than their Engineering Vice Presi-
dent has spent a whole year and in-
numerable dollars in search of the Holy
Grail of the analogue fraternity, the ultimate
Op-Amp design. The ultimate Op-Amp
would have zero noise, an infinite gain, and
an infinite bandwidth, and that is a com-
bination unlikely to be realised even by
P.M.I. in the near future, but the actual
results of their crusade, the OP-27 and the
OP-37 devices, have certainly pushed the
frontiers of precision Op-Amp technology
further out than ever before.

The new designs are ideal for use in the
front-end circuitry of audio amplifiers, es-
pecially tape head and magnetic
microphone pre-amplifiers where im-
pedances and signal levels are low and
noise is a critical factor, although they will
also be sought after by instrumentation
engineers who need the ultimate in perfor-
mance for their transducer amplifiers. The
specifications of the two devices underline
the success of the P.M.|l. design approach.
Gain bandwidth product of the OP-27 is
8MHz compared with 0-8MHz for the 741,
common mode rejection ratio is 126dB
compared with .90dB for the 741, and
voltage noise is an incredibly low 3
nanovolts per root Hz at 1KHz. That noise
figure can be compared with the standard
rule of thumb for noise in a resistor which is
generally taken to be 40 nanovolts per root
Hz per 100K ohms, which means that for
the same bandwidth the OP-27 generates
less noise than a 10K resistor! (Remember
though that amplifier noise specs are
related to the input, and therefore the noise
at the output of the circuit will be multiplied
by the voltage gain.)

The OP-37 is an even faster version of
the OP-27 with a gain-bandwidth product
of 63MHz but must be used in circuits with
a voltage gain of more than five to ensure
stability. The OP-27 is unconditionally
stable. Both amplifiers are compatible with
741 sockets if the offset null circuitry of
that device is not used, and can be obtained
in 8 pin mini-dip or TO99 packages.

They won’t replace the wind-up
gramophone of course, but they may allow
the Hi Fi brigade to steep more soundly!
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VERYONE developing and building electronic circuits

whether it be in industry or at home requires a power
source. ldeally, this should be variable, highly stabilised,
metered and well protected against accidental misuse.

The required voltage and current rating obviously depends
on what is being developed but a 0-30V, 0—2A supply will
cover 30 per cent of circuit developments.

Such power units are widely available in industry but the
asking price is £80 upwards which generally puts such a unit
outside the scope of home experimenters and they often
have to make do with a temporary lash-up which suits one
development but often not the rext.

The unit to be described attempts to fulfil the above re-
quirements at the lowest possible price without too many
compromises.

DESCRIPTION
Conventional linear techniques are employed in the unit,
series power transistors regulating the output voltage. They

are driven by a linear i.c. which compares a portion of the -

output voltage with a reference voltage.

The unregulated d.c. is derived via a 50Hz power transfor-
mer, rectifier and capacitive reservoir. The range switch
changes both the a.c. secondary voltage fed to the rectifier
and the resistors in the voltage feedback circuit.

Series resistors in the power transistor emitters generate
voltage drops which are used to operate the electronic
overtoad circuitry and to drive the current metering.

The chosen i.c. is the well known 723 type which is a
good compromise between cost and performance. it was not
originally intended for use in laboratory power units where
the output voltage is widely variable and usually down to
zero.

[
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OPERATION

The mains input, 230 or 240V, is fed to the transformer
primary via mains switch and 1A anti-surge fuse. The range
selection switch S2, connects either half or all the secondary
voltage to a full wave bridge rectifier via a 5A secondary
fuse. This rectifier is made up of four BY299 2 amp diodes
and supplies unidirectional current to the reservoir capacitor,
C1. A lower ripple auxilliary supply is produced by D7, C2.

The load current then passes through the series power
transistors TR3, TR4 and the current equalising and measur-
ing resistors in their emitters and thence through the load
and back to the return.

0o-

n

o

Bench Power Unit.

Fine
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These transistors operate as emitter followers driven by
the output current of the 723 i.c. which can be divided into
five sections; a constant current device, feeding a Zener
diode reference, an error amplifier, a power output transistor
capable of passing 50mA and.a current limiting transistor.

The Zener reference is compensated for temperature
changes having a typical coefficient of 0-003%/°C. Feeding
this via a constant current supply largely removes reference
of about 7V. The error amplifier is a differential input am-
plifier whose output drives the base of the power output
transistor.

A single transistor on the chip has its coliector connected
to the base of the output transistor, base and emitter being
brought out to pins so that this current limit device can be
used in several different ways.

In this power unit the 7V reference on pin 6 is divided by
R2/R3 to give approximately 2.5V which is then fed back
into the error amplifiers non-inverting input. A portion of the
output voltage determined by VR1, VR3 and R4 (on the
lower range) is fed to the inverting input (pin 4) and com-
pared with the reference voltage. Until this portion reaches
2.5V the amplifier feeds current to the output transistor
which in turn feeds the two series power transistors increas-
ing the output voitage. This increase is fed back to the am-
plifier until stability is achieved. Thus a closed loop d.c.
system is formed, the stability of the output depending only
on the reference voltage and d.c. gain within the system.

Usually a.c. stability considerations limit _the maximum
d.c. gain but this design problem is simplified by using an i.c.
such as the 723. '

Overload protection is essential on stabilised p.s.u.s as
their output resistance is, by design, only a milliohm or so.
This is~achieved by using the voltage drop across the 2-2
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ohm wirewound resistors in the emitters of the power tran-
sistors. This is used to drive the on-chip transistor which
then bleeds drive current away from the amplifier output and
down through the load. This transistor could be driven direc-
tly by the resistor volt drop but this would give a constant
current overload characteristics with resultant high dissipa-
tion in the series transistors requiring a much larger heat-
sink. At short circuit on the upper range the power would be
96W, when all the unstabilised input voltage would be
across the power transistors and the current would be 20
per cent over full ioad current.

In the circuit used, a portion of the output voltage (2-5V)
is applied to TR2 base, this transistor operating in a constant
current mode at about 1mA (set by VR4), which produces a
volt drop in R9 of 1 volt which is compared by the on-chip
overload transistor with the voltage across R10, R11, R13,
R 14 effectively in parallel.

As the load current rises to 2:4A the voltage amplifier
loses control and the overload transistor bleeds away drive
current. This causes a fall in output voltage which reduces
the 2-5V on TR2 base. in turn a reduction in the TmA
current and therefore, voltage across RS9 occurs which
reduces the overload current. Thus a ‘foldback’ characteristic
is achieved so that increasing load produces less output
current so that at short circuit the value is 0-5A. This greatly
reduces power dissipation and means that the heat sinking
is only dictated by normal operating conditions.

The volit drop across the R10, R11, R13 and R14 also
drives the current meter, VR5 setting the range whilst the
output voltage may be metered by switching S3, the voltage
range being set by VR6.

D6 protects the unit against the injection of reverse
voltage to the output while D5 protects against a forward
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voltage being applied to the output with C1 discharged i.e.
unit switched off.

(LEaa

Fig. 3 Component overlay for the p.c.b.’
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+Fig. 2 Printed circuit board

CONSTRUCTION

The p.c.b. may be assembled first; inserting solder pins
then small components such as resistors and semiconduc-
tors before capacitors. Note that diode cathodes are marked
+ on the p.c.b. Take great care with the polarity of these and
capacitors as the low impedance paths in the p.s.u. spell
death to incorrectly connected components.

Wirewound resistors should be mounted with the body
about jin clear of the board to prevent heating of the SRBP
material. This applies particularly to R20. Mount all front
panel components except the meter which is fragile and bet-
ter fitted last of all.

Wire, VR1, VR7, S2b and S3 forming a loom to pass
horizontally behind the front'panel at mid-height. All these
wires except the two meter leads are connected to the pins
on the front edge of the p.c.b. VR1 and VR7 must be wired
as rheostats so that clockwise rotation gives increased
resistance.

Mount the p.c.b. and terminate this loom adding in the
double wires to the output terminals. Note the two wires to
each terminal are power and sense and must be common-
ned at the terminal if maximum performance is to be main-
tained.

Make up the two heat sink assemblies ensuring that each
power transistor (TR3 and TR4) is properly insulated using
the mica and bushes supplied. A smear of silicone grease
under transistor and mica helps heat transfer from the tran-
sistor case to the heat sink. Take the three leads from each
power transistor through their respective rear panel grom-
metts to the p.c.b. pins, the collector to case connection be-
ing via a solder tag on the transistor mounting screw.
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REAR PANEL

Use the large capacitor clip to mount C1 horizontally near
the rear panel and fit the fuseholder and cable clamp on the
rear panel. Wire C1 to the p.c.b. noting that the red tag is
positive and must be connected to pin D, negative to pin A.
The transformer should now be mounted using the 1}in x
4BA screws and tapped spacers, the mains tags numbered
1-6 nearest the front panel.

Wire the mains fuse, switch and neon and the transformer
primary taking care to ensure that a good earth is es-
tablished by cleaning paint off under the heat sink mounting
screw and using a solder tag. The primary consists of two
115V windings and one 10V so that all three should be in
series for 240V. Connect the transformer secondary to the
appropriate pins on the p.c.b. (B and C) via S2a.

Only the meter now needs mounting and wiring to S3a
and S3b centre contacts, positive being to S3a.

SETTING UP

Before setting up the unit it must be working correctly and
stabilising at some voltage.

On compiletion it is always worth spending a few minutes
checking for correct polarity of components and wrong con-
nections. In the case of a p.s.u. this is doubly important as
many electrical paths are low impedance and wrong connec-
tions will destroy semiconductors at best and produce
smoke and scorched p.c. boards and looms at worst. As a
general rule do not work on p.s.u.s with the unit switched on
— it may he tempting to save time but even a momentary
short will usually destroy some semiconductor because of
the low impedances.

If you have a Variac available use it for initial switch on
and only feed in a few voits. Check that the polarity of the
d.c. unstabilised voltage (across C1) is correct and increases
when the unit is switched to upper range. Switch back to
low and increase the Variac slowly checking that the output
voltage rises about 3 volts behind the unstabilised. With the
voltage pot (VR1) set midway the output should stabilise at
6—-9 volts. Assuming all is well increase mains input to 240V
and proceed with setting up in the order given; voltage low
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range, voltage high range, current overlaad, voltage meter-
ing and current metering.

Instead of a Variac some people just use strong nerves. In
this case double check power connections i.e. transformer
primary; is the fuse in circuit and the phasing correct? Check
secondary wiring around S2 and ensure the diodes are
correctly polarised in the bridge (D1-D4). Also'check C1 is
correct polarity. Check C2 polarity also. It is wise to discon-
nect the meter if you have no Variac as incorrect wiring
could damage it virtually instantly.

Set pot VR1 to mid-range and voltage range switch to
lower range. If all is well 6—9 volts should appear at output,
you can then proceed to set up the voltage ranging.

V/1 RANGING
All d.c. voltages are quoted with respect to -ve output.

Low range voltage

With 240V in check reference voltage on pin 5 of 723 is
about 2.5V. Turn VR1 and VR7 fully anticlockwise and
check output is 2-5V. Increase VR1 and VR7 to maximum
and then adjust VR3 to give 13V out.

High range voltage
Reduce VR1 and VR7 to minimum and switch to high
range. Adjust VR2 to give 12.5V output. Increase VR1 and
VR7 to maximum and check output is about 31V or at
least 30V. i
The unit is now set to have two overlapping ranges of
2:5-13Vand 12-5-31V.

Current

To set this a variable resistor of about 30Q/2A is required
although use may be made of the unit's variable output,
which, with a little thought and ingenuity will enable anyone
with only odd wirewound resistors to set up the current
overload.
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Assuming a variable load resistor is available connect it to
the unit via an accurate meter (preferably 3A or 5A f.s.d.)
and with minimum load, switch on with 12V output. Tugn
VR4 fully clockwise and adjust load to give 2:4A load
current. Turn VR4 anticlockwise until the current just starts
to fall. Carefully increase load and the voltage and current
should fall until at any output, below 3V, the current is about
0-5A. Check the current limit is-the same at the bottom of
the low range and at both ends of the upper range.

Should you only have fixed wirewound resistors choose
one or more in series that will give a suitable value {say 4 x
1Q/5W in series} and connect across the output. The current
can now be increased by increasing the output voltage until
2-4A is reached (9-6V).

Turn VR4 anticlockwise until current just starts to fall.
Short out the resistors successively and check that the
current falls to about O-5A.

Voltage metering

Check with unit switched off that meter indicates zero —
if not reset mechanical zero with centre screw.

Set the output to 30V using an accurate voltmeter and
adjust VR6 with meter switched to voltage to give correct
front' panel meter reading.

Current metering :

Connect a load in series with an accurate ammeter and
adjust load (or output voltage) to give exactly 2A. With
meter switch set to current adjust VR5 to give correct front
panel meter reading.
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TROUBLE SHOOTING

If the*unit does not stabilise when switched on faults can
be divided into two categories, power circuit and control cir-
cuit faults

Power circuit faults usually blow-fuses or give no output
at all. Check that C1 has about 20V d.c. across it on lower
voltage range of correct polarity (mains at 240V). If this is
the case but the unit gives no output or high output measure
the voltage across the power transistors collector to emitter.
Almost 20V here  suggests the power devices are turned off

-whilst on 1-2 volts suggests they are turned on; In either

case, probably a control fault.

If the output is high disconnect the power transistor base
connection — the output will fall to zero if it is a controf cir-
cuit fault. Reconnect the base drive and go logically through
the circuit. Check reference voltage (IC1 pin 6) is 7V, check
voltage on pin 5 is 2-5V, check voltage on pin 4 which
should be 2-5V. If pin 4 voltage is higher than pin 5 voltage
the output should be low and vice versa, provided the unit is
basically correct. In this case the output voltage can be high
because the resistive network dividing output voltage is
wrong. A persistently low output when pin 4 and pin 5
voltages suggest it should be high is likely to be due to a
fault in the overload circuitry — check R8, R9, TR2, R6, R7
and around pins 2 and 3.

When the unit is operating correctly a load change of zero
to full load will not give a visible’meter deflection change on
the voltage range. An apparent increase in voltage when a
load is connected suggests that the unit is oscillating —
check C4, C6 and C7. An oscilloscope, if available, will con-
firm this by connecting it across the output terminals.

L @
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This unit can provide instant and long-term cost monitoring
of almost any electrical appliance. It is programmable up to
a maximum cost per unit of 9:999 pence and can monitor a
total cost up to £99.9 over a maximum period of 99-9 days
at better than one per cent accuracy on a 13A load.

Now you can readily find out if it pays to switch your
water heater on and off, how much the freezer costs to run
or what the cost of tumble drying the clothes is, etc.
Another breakthrough for microprocessor technology
and another 1st for PE.
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IR REMOTE CONTROL

Part1  Bart Trepak

W ITH English weather being what itis, it is strange that

the remote control of garage doors is only now
becoming popular. Until recently, the only alternative to
getting out of your car to push a button to open an elec-
trically operated garage door was to use a radio transmitter.
This, although it has a good range, tends to be expensive and
requires a licence. The obvious solution nowadays is to use
infra red which uses inexpensive robust transducers which
may be readily weatherproofed and penetrate glass easily,
enabling a compact hand held transmitter to be built and
then operated from within a car.

Since infra red transmitters are now being used to control
televisions and other domestic equipment, it is essential
from a security point of view to encode the infra red
transmission to prevent anyone gaining entry to the garage
by using his television transmitter. This also gives the system
a high degree of noise immunity and prevents operation by
natural sources of infra red, such as the sun.

The system to be described incorporates all the above
features, together with a few novel ideas. The receiver is
mains powered and has three outputs; a momentary action
relay and two independent latched outputs with a common
reset. The transmitter is a small hand held unit with four
pushbutton switches and is powered by a PP3 9V battery.

The circuit is by no means limited to garage door control
and may be used with slight modification to switch anything
from televisions and radios to slide projectors. Further uses
will be described later in the article.

THE TRANSMITTER

The circuit diagram of the transmitter is shown in Fig. 1.
The transmitter circuit is based on the SL490 encoder i.c.
which is capable of transmitting up to 32 different serial
codes. Normally, the i.c. is used with a keypad matrix, the i.c.
decoding the key that has been pressed and generating a 5-
bit serial word corresponding to that particular key. This
word consists of six pulses and it is the time interval bet-
ween the pulses which is important (Fig. 2). A long period
(ts) is decoded in the receiver as the start of the word while a
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short period is a logic 1. A period between these is iden-
tified as a logic O. The three periods, ts, t, and t; are main-
tained in the ratio 6:3:2 by the i.c. Thus, by setting the it
time, t; and t; are automatically set. This is done by adjusting
the frequency of an internal oscillator by means of R1 and
C1. The logic ‘O’ period is given by t, = 1-4C1R1 sec., where
R1 and C1 are in ohms and farads respectively. A code word,
say 00001, is obtained by connecting pins 5 and 15 on the
i.c.

Fig. 1. Transmitter circuit diagram
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Fig. 2. Typical PPM waveform
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When a key is pressed, say open/close, the i.c. detects this
and generates the appropriate code, in this case 00001. The
code continues to be generated while the key is depressed
and when the key is released, the code transmission is com-
pleted before the i.c. powers down. This avoids the need- for
a separate on/off switch in the transmitter.

The negative going edges of the pulses appearing at pin 3
of the i.c. are amplified by the pnp transistor (TR1) and the
npn driver (TR2) which pulses the two IR diodes. The pulse
width is set at about 15us by the capacitor/resistor combina-
tion, allowing the diodes to be driven at high currents to
enable a reasonable range to be obtained while keeping the
battery drain low. By fitting plastic clip-on-refiectors to the
l.e.d.s, the range of the prototype was in excess of 40 feet,
which should be sufficient for most applications. Without the
reflectors a range of approximately 20 feet was obtained.

Since the receiver will only respond to the correct code at
the correct data rate, each receiver/transmitter may be
“tuned” to one frequency. This is best done by selecting a
suitable value for R1 and C1 in the transmitter and adjusting
the oscillator frequency in the receiver to suit. In this way, all
receivers, although programmed to respond to the same
code will not respond to a transmission unless the frequency
(data rate) is also correct. The receiver oscillators may be
tuned between 15Hz and 150kHz and with the allowed fre-
quency tolerance up to three different frequencies per
decade are available.

The transmission of other codes requires only the addition
of a pushbutton (one per code) and three further codes
(00010, 00100 and 01000) may be used without adding to
the receiver complexity. These codes are used to control two
independent on/off functions in addition to the open/close
function.

THE RECEIVER

The receiver circuit shown in Fig. 3 uses a photodiode D1
to detect the IR radiation. This is basically a large area silicon
diode speciaily fabricated to have a low junction

capacitance, enabling it to respond to fast light pulses. The
diode is reversed biased by transistor TR1 and associated
components. This circuit presents a high impedance to the
fast pulses of infra red from the transmitter but has a low im-
pedance to d.c. or slowly varying IR from extraneous sources
such as tungsten lamps, the sun, etc. The diode specifed is,
in fact, encapsulated in a material which is opaque to visible
light so that the diode responds only to the IR part of the
spectrum, peaking at around 950nm, which is the
wavelength transmitted by the diodes in the transmitter.

Any incident IR light increases the leakage current of the
diode and the resulting voltage across the load is fed to IC1,
which is a high gain 3-stage differential amplifier. The fre-
guency response and gain of each stage may be set by exter-
nal resistors and capacitors. For maximum gain, the resistors
are dispensed with except the one at pin 8, which controls
the gain of the second stage and prevents instability. The
output of the amplifier which consists of positive going
pulses is coupled directly to the decoder IC2. This i.c. con-
tains a counter which is reset whenever a pulse is received
and allowed to count at half the oscillator frequency set by
the capacitor and resistor connected to pin 2. If the oscillator
has been set to 1-5kHz, for example, resetting is blocked for
the first 14ms after a pulse has been received and windows
from 22ms to 40ms determine whether a logic O or 1 is
transmitted. Periods between pulses 40 and 80ms are
recognised as word intervals. After checking that 6 pulses of
5 bits have been received, and the word is valid one, it is
stored. Two consecutive and identical words must be
received, before the outputs of the decoder will respond to
the incoming code.

This pulse position modulation (PPM) system ensures that
neither the transmitter or receiver oscillator frequencies
need to be particularly stable and a variation of up to 10 per
cent can be tolerated by the system. High noise immunity is
also obtained by this circuit, and noise of a sufficient am-
plitude and rate will only prevent the decoder from
responding. The four outputs of IC2 respond to the transmit-
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Fig. 3. Receiver circuit diagram
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ter codes 00001, 00010, 00100 and 01000. Thus each
output may be switched by transmitting the appropriate
code, no further decoding being required. The outputs are
normally logic O (if pull down resistors are used)} going to a
logic 1 (+15V) for the duration of the transmission. Most
motor driven garage door controllers require a single contact
closure (i.e. pushbutton switch) to initiate the opening or
closing action; various other interlocks being present in the
controller to switch the motor off when the fully open or
closed position is reached, together with the logic necessary
for controlling the direction of the motor drive. This will not
be described as this circuitry is normally supplied with the
motor.

The pushbutton may thus be replaced by a reed relay
driven via a transistor from one of the i.c. outputs, i.e. TR4,
RLA/1 and associated components. The other three outputs

[E777) Mains control board

on the receiver may be used to control other functions or
equipment if required, such as drive lights, etc. Two of the
decoder outputs are used to control the set inputs of two RS
bistables wired from the four NOR gates available in a
CMOS 4001 package. By transmitting codes 00010 or
00100 the outputs of the respective bistables may be
switched to logic 1. This will turn on TR3 or TR4,

The transistors TR3 and TR4 can be used to control mains
loads such as lamps by using the circuit of Fig. 4. When the
transistor switches on, the l.e.d. in the opto isolator switches
on. The opto isolator specified differs from normal isolators
in that it has a triac output instead of the more common
transistor types. This triac is used to switch the main triac
CSR1, which can be rated to carry the full load current. The
advantage of this arrangement, apart from isolating the
remote control receiver circuit from the mains, is that no
separate supply is required to trigger the triac. Also, if the
lamp or other device to be switched is a long way from the
receiver, the circuit of Fig. 4 may be located conveniently
close to the load and connections made using cable with a
low voltage rating, e.g. bell wire, without the precautions
necessary with wiring carrying mains voltages, thus making
the system easier and cheaper to instali.

NEXT MONTH: Construction and applications.
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E25.85
ASSEMBLED

E28.85

Other Handheld Instrument

Kits Available
Fully

inclusive

Price

Handheld Thermometer
—50°C to +150°C includes probe

KIT £46.51
ASSEMBLED £57.99
pH Meter
Range 0-14 pH includes probe
KIT £69.51

ASSEMBLED £80.99

Capacitance Meter

Measures 1pF to 20uF
KIT £40.76
ASSEMBLED £46.51

‘Minitune’ Car Tester

Measures Volts, Ohms, RPM and Dwell
KIT £34.98
ASSEMBLED £40.76

For overseas orders £2.00 (Europe) or £5.00 (all
other areas) must be added to cover Air Mail
Delivery.
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31 DIGIT LCD

INCLUDING V.A.T. POSTAGE &
PACKING

The DP2010 is a development of the DP200
Multimeter (featured in PE May 1981) aimed at giving
reasonable specification at remarkable value for money.
The instrument is available ready-assembled and
calibrated, or in kit form for home assembly. All parts
(except PP3 battery and test leads) are supplied in-
cluding clear assembly and calibration details. The
DP2010 features 6 functions and 21 measurement
ranges, with a high contrast 12.5mm l.c.d. readout for
extended battery life.

SPECIFICATION

FUNCTIONS: Volts (d.c.) 1mV-500V, 4 ranges; accuracy 1%
+1 digit. Current (d.c.) 1#A-1000mA, 4 ranges; accuracy 1%
+1 digit—5% +1 digit @ 100mA. Volts (a.c. 1mV-500V, 4
ranges; accuracy 2% +5 digit. Current {(a.c.) 1uA-1000mA, 4
ranges; accuracy 2% +5 digit—7% +5 digit @ 1000mA.
Resistance 1R-2000k, 4 ranges; accuracy 1% +1 digit. Diode
Test 2V range; accuracy 1% +1 digit. DISPLAY: 12.5 l.c.d.
INPUT IMPEDANCE: 10MQ. BATTERY TYPE: PP3, 2mA
typical consumption, POLARITY INDICATION: Automatic.
LOW BATTERY INDICATION: Automatic. OVERRANGE
INDICATION 1" at most significant digit with other digits
suppressed. INPUT TERMINALS: Standard 4mm.
r----------------1

To: Lascar Electronics Ltd., Unit 1, Thomasin l
Rd., Burnt Mills, Basildon, Essex SS13 1LH.
Tel. 0268 727383. ’ I

Please sendme ................. DP2010(s) @ £28.85 each
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Digital Design

Techniques...

Tom Gaskell sa.@ons)ELECENG

Part 7 When Analogue meets Digital...

N the series so far we have concentrated on the design and

operation of “all-digital” circuitry; the only interface with
the analogue world has been the driving of l.e.d. displays and
simple loads, and the control of logic inputs by sensors and
switches. This month we carry these principles further, into
the driving of more complex displays, and into the areas
where analogue and digital circuitry meet and interact
directly.

MULTIPLEXING

The term “multiplexing” is used to describe the process of
scanning, sampling or feeding signals to various points in a
circuit on a repetitive continuous basis. A single pole 12-way
rotary switch can be used to feed a signal to one of 12
destinations, one at a time, or to collect a signal from each of
those 12 destinations, one at a time; if this switch is rotated
continuously it becomes a multiplexer. (Often, the term
“multiplex’ is reserved for the collection of data into one
signal, and the term “‘de-multiplex” is used for the distribu-
tion of a signal to many destinations.) The technique of mul-
tiplexing is essentially used to cut down on the amount of
circuitry or interconnections within a system: if the mul-
tiplexer is operated at a fast enough rate, a common wire or
circuit can be used by many different signals which all “time
share” the common circuit. The circuit design, of course,
must allow for the fact that signals become non-continuous
or “sampled”. In most cases this is a very simple problem to
overcome.

Our immediate interest in the technique of multiplexing is
in the design of multi-digit displays. Such a display might
consist of, for example, four 7-segment l.e.d. displays moun-
ted adjacently. Each of these four displays would require
seven wires carrying the drive current to its segments, and
one common connection. Hence, there would have to be a
total of 28 l.e.d. driver stages to feed the whole 4 digit dis-
play, and 28 interconnections between that driver circuitry
and the display {plus common connections, of course). This
would prove to be very complex and costly, so we choose to
multiplex the l.e.d. drive to each display. All the appropriate
segments of each digit are iluminated for a small fraction of
a second. The first digit has its segments illuminated, then
the second, then the third, and finally the fourth. After the re-
quired segments of the fourth display have been illuminated,
the first starts again, and so on.

The human eye has a “persistance”’, which means that
any flashes of light which occur at a frequency of above 20
to 30Hz "run together” to give the effect of a continuous
glow. This is the same principle on which individual still pic-
ture frames on the television or on cine film can be made to
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appear to give continuous motion. Hence, if we ensure that
each display is illuminated more frequently than 20 or 30
times per second, there will be no obvious flickering due to
the multiplex action, and the segments will appear to be
continuously lit. This technique is normally limited to 8 digits
or less; more than this can again cause flicker or extreme
dimness, because the eye begins to detect the “off” periods.
For more than 8 digits, several separate multiplex systems
should be used.

The drive circuitry must be specially configured to ensure
that the correct segments for any particular digit are il-
luminated at exactly the right point in'time; see Fig. 7.1. The
switches are shown diagrammatically as “mechanical”
switches; in fact, these are all logic gates'(with current driv-
ing stages interfacing with the common anode display),
gated on and off by the control logic.

Although the diagram may appear to be complex, the
techniques used lend themselves very readily to building in
i.c. form, usually with other circuitry to actually generate the
signals which require to be displayed (counters, decoders,
etc.). The whole circuit can be made complete by these
means, and connections to the i.c. can be kept to a
minimum. The most common example of this is in a counter
i.c.; a four (or more) digit BCD counter with many different
functions is incorporated with a complete multiplexed driv-
ing circuit, all in the same i.c. Hence, only eleven connec-
tions are needed between the i.c. and the entire display!

If all the displays are turned off for a fraction of a second
prior to each change of the "digit selector” multiplex switch,
then the display will appear dimmer than when no “all-off”
states were used. By varying this off period, the display
brightness can be continuously varied; this is usually done by
varying the mark/space ratio of the clock, and using the
clock waveform to disable-the display driving logic. Because
each l.e.d. segment is only illuminated for a short period of
time, fairly high peak currents can be passed through the
segments, resulting in high brightness illumination yet main-
taining a safe average current flow. By this means, the whole
circuit can draw less current than a non-multiplexed one (i.e.
“direct drive’’) yet can appear to be brighter!

OTHER DISPLAY TYPES

Phosphorescent displays are often seen in calculators and
digital clocks, giving out a pleasant blue-green colour. Their
operation is similar to that of a cathode ray tube, with a
heater cathode, a grid, and an anode coated with a fluores-
cent phosphorous material. They can be driven by standard
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Fig. 7.1. Block diagram of a multipfexed display system

15 volt CMOS 7-segment drivers, but external volitages
must be applied to correctly bias the grid and to supply
current to the heater filament. Multiplexing of these displays
is quite straightforward.

Gas discharge displays produce a very bright orange glow
which is sometimes filtered to appear orange/green in
colour. A high drive voltage is needed, typically 180V d.c., so
special display driving i.c.s must be used. Multiplexing is
more difficult than in the case of other displays, and normally
requires the use of a number of different driver i.c.s for the
whole display.

One of the newer display types is the liquid crystal, as
seen in digital clocks, watches and calculators. Its main ad-
vantage over the other technologies is its low power con-
sumption. Each display segment merely allows light to pass
through it or blocks the light, it is not self illuminating, so vir-
tually no power is consumed. To maintain contrast and give
good life expectancy, there must be NO d.c. signal what-
soever across the display. A special form of a.c. drive is used,
as shown in Fig. 7.2.

The divide-by-two circuit is added to ensure that the drive
to the EX-OR gates and the backplane is exactly a square
wave; if this were not so, there would be an overall d.c. com-
ponent across the liquid crystal. When the segment input ig
at logic 1, the segment drive voltage and the backplane
voltage are exactly 180° out of phase (i.e. the inverse of
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each other) so there is an overall a.c. voltage across the li-
quid crystal, resulting in the segment appearing dark. When
the segment input is at logic O, the segment drive and the
backplane are exactly in phase; there is no voltage across
the liquid crystal and the segment remains transparent. This
circuit arrangement is fairly straightforward, but again is
ideally suited to incorporation within a larger i.c. For this
reason, many complex i.c.s have their own built-in liquid
crystal drive circuits. Multiplexing of liquid crystals is possi-
ble, but due to their very slow response time the frequency
of operation of the mulitplex system must be kept low. As a
result, the number of digits which can be muitiplexed tends
to be lower than with other display technologies.

There are yet more display types, for example the large
displays seen in airports and stations, and the small incan-
descent 7-segment displays often found in petrol pumps, but
their use is more limited, and we won’t go into it here. For-
mats other than 7-segment are possible, of course; for ex-
ample, the 16-segment display, which permits the full
alphabet to be displayed with good intelligibility. This is of-
ten seen in sophisticated test instruments, small computer
terminals, supermarket checkouts, etc. This display is shown
in Fig. 7.3. The 16-segment format, and others giving
various dot matrices, shapes, characters, etc., can all be con-
trolled and multiplexed in similar ways to the 7-segment
types. The use of them, however, is very specialised, so we
won’t be giving further consideration to it. We shall move on,
instead, to the control of analogue signals by digital gates.

THE ANALOGUE TRANSMISSION GATE

The CMOS family is unique in having the ability to switch
analogue signals on and off using digital controls. This is es-
sentially due to the characteristics of the MOSFETS used to
make up CMOS i.c.s which can be made to act as voltage
controlled resistors over part of their operating range. When

Fig. 7.3. The 16-segment display format

an N-channel and a P-channel device are connected "back-
to-back” in a circuit, any analogue voltage within the supply
rails can be turned on and off; the gate can pass the
analogue signal, or biock it in the same way as a conven-
tional mechanical switch. The diagrammatic representation
of this gate is shown in Fig. 7.4. lt's known as an "analogue
switch”, or “analogue transmission gate”".

Note that the device is bi-directional; there is no statutory
input or output terminal, and so signals can pass in both
directions, again like a conventional switch. The “control”
terminal is simply fed from a normal CMOS level, since it is
an ordinary CMOS gate input.

DEGENERACY EFFECTS

To a circuit designer the analogue transmission gate can
seem too good to be true! In reality it is a useful and ver-
satile circuit element, so long as some basic facts and limita-
tions of its use are observed. The voltage handling capability
of the device is limited; analogue voltages must not exceed
the supply rails. The current that may be passed through the
device is limited to only a few milliamps. Ron, the effective
series resistance of the switch, varies with the supply
voltage and signal voltage. From an initial value of between
80 and 200 ohms, this variation of Ron with signal am-
plitude can cause distortion of the signal waveform; typically
0-4% at 1kHz. The effective parallel capacitance, Cf, causes.
breakthrough of signals when the switch is in the “off” state;
—50dB at 1MHz is typical.

Finally, there is the problem of “click breakthrough”. Due
to capacitive coupling between the control and the in-
put/output terminals, a transient spike is fed into the
analogue circuitry whenever the logic state of the control in-
put is changed. This spike causes audible clicks in audio cir-
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INPUT OR
—— O_W_
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N.B.RON AND Cf ARE DEGENERACY EFFECTS
AND ARE NOT USUALLY SHOWN WHEN USING
THIS SYMBOL

Fig. 7.4. The Analogue transmission gate
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Fig. 7.5. Audio input selector circuit

38

Practical Electronics January 1982



cuitry, and can give rise to errors and other problems in non-
audio systems.

Various design techniques can be used to get round these
problems. For exampie, using the switch in series with fairly
large values of résistance (10k and 100k) helps to prevent
the value and the variation of Ron from affecting the signal
amplitude significantly. Fig. 7.5 shows a typical audio input
selector circuit, for controlling the inputs to an audio mixer or
pre-amplifier. Note that the supplies to the entire logic
system should be: Vss = —5V, Vdd = +5V. This ensures that
symmetrical analogue signals about zero volts can be
correctly handled by the circuitry.

Because the transmission gates are fed directly into the
virtual earth input of the op-amp, which is a very low im-
pedance ‘point, the click breakthrough is minimised; for most
audio systems it will be reduced to an unobtrusive level. If
minimisation of signal breakthrough in the “off” condition is
the most important parameter, then using two switches with
their controls inverted is the norm, as shown in Fig. 7.6. This
ensures very effective muting of signals in the off state, i.e.
when the control is at logic O.

! ‘SERIES’
] swiTcw
N
[ = R' OUTPUT
INPUT VV="110 oramp)

O | sHuNnT’
CONTROL ———————— —-\-| SWITCH

e

ov
Fig. 7.6. Circuit to minimise signal breakthrough

The most widely used CMOS analogue switches are the
4016 and the 4066, the latter having better performance
but at a slightly higher cost. These are both “Quad™ switches
i.e. they have four independent switches in the one package.
The 4416 is another device, which has its four switches in-
ternally arranged to provide the format of a double pole,
double throw switch. Other CMOS analogue switches are
available, specifically designed to achieve extremely low Ron
values and much improved overall performance. They are,
however, very expensive; several pounds per i.c. as opposed
to 40 to 60 pence per i.c. for the simpler CMOS devices, so
they tend only to be used in more specialised and
demanding applications. A variety of analogue multiplexers
are also available working in a very similar way to the digital
multiplex systems described earlier. The 4051, 4052 and
4053 are all popular, and have built in level shifters to allow
the logic controt tevels to be different to the analogue supply
voltages, for example, O to +5 volt logic could be used, while
the analogue signal supplies could be +5V and —5V. The
4067 has a more conventional supply arrangement, but is a
very large (24 pin) device, with a total of 16 analogue chan-
nels; again, a fairly popular device for larger applications.

DIGITALTO ANALOGUE CONVERSION

By using analogue switches and a combination of
resistors a binary number can be used to control the am-
plitude of an analogue voltage. If the circuitry is arranged
such that the analogue voltage is exactly proportional to the
value of that binary number, then we have an accurate
“Digital to Analogue” or "D to A" converter. This can be of
considerable use to us, as it enables purely digital signals
and codes to be converted into analogue tevels which can
then feed into other circuitry and systems. For example,
digital circuitry could be used to generate a series of num-
bers which increase and decrease in size continuously in
an accurate and controlled way. By using a D to A converter,
this could be turned into a digitally controlled sine-wave,
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which could then be fed into an audio system for test pur-
poses.

There are many different types of D to A converter, each
with its own particular advantages and disadvantages, but to
illustrate the principles involved Fig. 7.7 shows one of the
most common arrangements, the “Binary Ladder” (a 3-bit
device is shown for simplicity). The reference voltage
generator is a very stable, temperature compensated voltage
source, producing a precise output voltage level; for the pur-
poses of this example, let us say that it produces 8 volts. The
voltages given out by the circuit are shown in Table 1. Only
two resistor values are used, R and 2R; these are usually
high stability close tolerance resistors, since their accuracy
largely determines the accuracy of the whole conversion.
The op-amp on the output prevents the other circuitry, which
is fed by the converter, from having any loading effect on the
ladder. '

+8V (VREF
g
a - -x bete c -x
R 2R 2R
REFERENC R A
VOLTAGE
GENERATOR
2R
ov
Fig. 7.7. The binary ladder D to A converter
TABLE 1
y OUTPUT

€ b ] o |VOLTAGE
0 JoJo 0
0o fo [ v
O TR 7V
(9= (15 3V
T oo X7
T ] 0 [ 1 5V
(T S0 (50 X
[ O 7V

Not all D to A converters use CMOS switches. To achieve
fast operating speed and high accuracy, other switch cir-
cuitry is used, often PMOS, or even conventional bipolar
transistor switching. Most D to A converters come as a com-
plete i.c., with or without a precision voltage reference, so
their design and operation is a very straightforward process
in most applications.

ANALOGUE TO DIGITALCONVERSION

This is a more complex business than D to A conversion,
and is a more widely used technique. A to Ds are found in all
digital multimeters and voltmeters, as well as in instrumen-
tation; test equipment, computer interfaces, etc. Some
techniques use voltage controlled square wave oscillators,
with the analogue voltage controlling the oscillator fre-
quency, and the digital circuitry measuring that frequency.
This design, however, is fairly crude, and is usually slow and
inaccurate.

The most basic system is the “comparison” A to D con-
verter shown in Fig. 7.8. Initially, the counter is at zero and
the output of the D to A converter is O volts. When a positive
analogue input is applied, the comparator output goes high,
i.e. logic 1. This enables the NAND gate, which then feeds
clock pulses to the counter, causing it to count upwards.
This count is fed to a D to A converter, which re-converts it
back to an analogue voltage and feeds it to the other com-
parator input. When the D to A converter output becomes
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Fig.-7.8. The "“Comparison’’ A to D converter

marginally higher in voltage then the analogue input, the
output of the comparator goes low, i.e. logic O, so the clock
puises are inhibited from feeding the counter. The counter
output is now the final converted digital output; it can be
latched into the following circuitry; the counter re-set, and
the process can start again. Unfortunately, this is a very slow
way to convert from Analogue to Digital. The number of
clock pulses needed for a-large signal levels is considerable,
so it can take a relatively long time to perform the conver-
sion. Surprisingly, one of the fastest generally used techni-
ques for conversion is an adaptation of the same principle:

THE SUCCESSIVE APPROXIMATION CONVERTER
The counter in a “‘comparison” A to D converter is

replaced by a complex set of circuitry which effectively
makes a series of "guesses’ as to the final value of the con-
verted digital number. After each guess had been made, the
output of the comparator is examined, and the logic state of
the comparator output determines the next guess to be
made. For example, to convert an input of 5 voits to the
binary number 101:

1) Guess that the most significant bit (MSB) is 1, so

set input to the D to A to be 100.

2) Output of comparator is still logic 1, so our final

number must be higher than 100.

3) Guess that the next most significant bit (NMSB) is

1, so set input to the D to A to be 110.

4) Output of comparator goes to logic 0, so our final

number must be lower than this.

COMP:RATOR

ANALQGUE
INPUT

VOLTAGE
RAMP
GENERATOR

5) The final number must be larger than 100, yet
smaller than 110, so the answeris 101.
This may appear rather lengthy and complex, but for large
numbers of bits it is a very effective and fast system.

SLOPE INTEGRATION

This is the final type of A to D conversion that we shall
consider, and is the most widely used technique. See Fig.
7.9. A “start” signal causes a voitage ramp to be generated
by the ramp generator circuitry, which starts at a negative
voltage and passes through zero volts. As zero is passed
through, comparator 2 feeds a pulse to the latch, causing the
following NAND gate to be enabled, which then feeds the
clock puises to the up counter. When the analogue input
level is reached by the ramp, comparator 1 passes a pulse to
the other tatch input, causing the NAND gate to be disabled
and preventing any further counting from taking ptace. The
digital output is now proportional to the time “t” taken for
the ramp voltage to pass from O voits to the analogue input
voltage. For a “straight line” voitage ramp slope, the digital
output is proportional to the analogue input voltage.

The technique is not very fast, but can be made quité ac-
curate by careful circuit design. A further refinement uses
“dual slope integration”; a second ramp is generated after
the first, travelling in the opposite direction back towards
zero. The counting is done during this second ramp period,
which helps to remove effects caused by noise and inter-
ference on the analogue input.

As in the case of D to A converters, the majority of A to
D’s are available in i.c. form, with only a small number of ex-
ternal components needed to compiete the circuit. The use
of all these different types of converter is rather complex,
and further reading is essential prior to the design of any
system in which such a circuit is to be used; there are many
hidden requirements and conditions which must be met. For
example, the input voltage must be held constant during the
conversion from analogue to digital, necessitating the use of
a 'sample and hold” circuit. These details are beyond the
scope of this series, however, since we are mainly concerned
with the digital side of the process!

NEXT MONTH:

Next month, in the final article of the series, we look
further into LS1, and into the reaim of the microprocessor
and microcomputer. We cover the forefront of digital circuit
technology, and the changes that we can expect to see in
the next few years.
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Fig. 7.9. The singic slope integration A to D converter
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COACEWATCH

FRANK W. HYDE

SAD NEWS

President Ronald Reagan’s budget has
severely curtailed some of the most important
activities of the American Space Programme.
Now, in addition to withdrawing from the
Halley Comet original programme, there
comes the news that three of the Deep Space
Tracking aerials, the 85ft diameter dishes, will
be shut down. Three of the 210ft dishes will
continue to monitor data from Voyagers 1 and
2, Helios 2, the Viking | lander on Mars and
Pioneers 6 to 12. There will also be included
the Venus orbiter, which is still returning data
from above the atmopshere of the planet. This
is at least something, but still there will be a
30% reduction in data acquisition capability.

That this preserved the Shuttle from being
set back is to be regarded as good, for there is
more need than ever now to move forward in
space. Fortunately, the next Shuttie 099 is
80% complete. The experience gained from
the two missions of the model 102, now
known as Columbia, has contributed much to
bringing the 099 along. This vehicle was
originally a test-bed facility and only recently,
in order to reduce the time scale, the vehicle
was judged fit to take to operational level. This
means that the target dates for 1982 can be
met.

Orbiter 099 will be the first of the vehicles
to be fitted with a head-up display. These in-
struments developed by Kaiser Electronics
will enable the flight crews to have information
as to approach, that is the aititude, airspeed
and heading displayed in front of the comman-
der and pilot. Each will have his own indepen-
dent equipment. These are mounted in the
shuttle avionics bay. A small screen about 6
inches square gives the information. The first
instruments will reach the Orbiter 099
assembly in January 1982. Each of the suc-
ceeding Orbiters, as well as Columbia, will
also be equipped in the same way.

Orbiter 103 will'have a new type of thermal
protection. This results from the development
of a new material FRCI-12. This is a mixture

of 75% silica fibre and 22% aluminium
borosilicate with a density of 12ib per cubic
foot. The strength of these new tiles is said to
equal those previously used with a great sav-
ing in weight. The new tiles will weigh just
over half that of the present ones. The perfor-
mance is judged to be as good. When con-
sidered overall, the weight benefit could be as
great as 1200 Ib.

THE THIRD MISSION
OF COLUMBIA

The next date for Columbia to go aloft is
expected to be in early March 1982. This mis-
sion is planned for up to seven days. In addi-
tion to extending the length of the mission,
Columbia will have a greatly increased
workload. A number of new services are to be
monitored in operation.

The launch will, as in the previous flights,
be from the Kennedy Space Centre in Florida,
and the return landing will again be at the
Dryden Flight Research Facility, the dry lake
bed in California. The major object of the
third flight will be to check out the vehicle’s
capabilities and flight characteristics. In addi-
tion, this flight will carry more scientific and
technical experiments than last flight.

On this flight there will be an innovation
which will give a very wide range of use to in-
dependent business. It will rent space on the
shuttle to small businesses, individual and
small laboratories. These customers will have
to enclose their packages in such a way that
can withstand exposure to weightlessness and
to the environment. The smallest space likely
to be offered is about 0-135 cu. metre, and will
cost about 3,000 dollars. Up to 80 kilograms
could be accommodated in that volume.
Already more than 250 applications have been
received from various individuals and
organisations. This includes some countries
outside the United States. NASA has a name
for this new venture and is calling it the Get-
Away Special.

One of these will, in fact, be a container
which holds the required instrumentation to
measure temperature, acceleration, vibration
and noise. Its purpose is to discover what kind
of conditions the Get-Away Specials may
have to endure, orbital flight and re-entry into
the atmosphere and subsequent landing, in or-
der that the customers can prepare their
packages suitably. This mission is the third
phase of the planned life of the Shuttle, and af-
ter this third mission it will ‘go operational’.
This first operational flight is expected to be
scheduled for late 1982. From this time, fre-
quent flights will be offered for the placing of
satellites, for communications, weather obser-
vation, navigation and earth resources, into
earth orbit.

The Mission Staff Engineer Horace E.
Whitacre said that they were adopting a
‘building block approach’ which means that at
each successive launch the demands made on,
the vehicle are increased. For example, the
launch trajectories already used have in-
dicated that higher payloads could be used. Of
course, this will increase the dynamic
pressures.

On the third flight the manipulator arm will
be used to move a load with its grasping
device. While the vehicle is in orbit at about
240 kilometres above the Earth the arm will

lift out an instrument called the Induced En-
vironmental Contamination Monitor from the
shuttle cargo bay and move it to various posi-
tions above, below and at different places on
the body of the shuttle and then return it to the
parking bay. This exercise, which will take
about an hour and a half, will test the ability of
the arm which weighs, or would weigh, on
Earth 360 kilogrammes, to manipulate loads

‘with precision. The exercise will enable the

ICEM to detect poilution such as that from
engine exhaust.

Among othter experiments will be that
which requires the nose of the shuttle to be
turned to face the Sun. For 80 hours this will
be continued, so that extremely high tem-
peratures will be met. For 26 hours the cargo
bay will be exposed to the Sun and then for 30
hours the tail also. Thus the extreme heat at
the side facing the Sun will experience stresses
throughout the frame for in each case the op-
posite side will become intensely cold.

It is necessary to know these things since
the cargo doors must operate in spite of the
uneven heat and must be able to be closed
properly before coming back through the at-
mosphere to land. It might be necessary to do
this in a hurry. The vehicle would not be ex-
pected to survive a re-entry with the doors
open. These are but the preliminaries. A very
extensive programme is scheduled for this 7-
day trip. The experiments will include:

A plant lignification test. This will use
seedlings of oats, peas, pine and cucum-
bers to discover how the woody compo-
nents and plant tissues react to
weightlessness.

Experiments to check the electrical and
magnetic field effects and the radiation
from solar flares.

Some biological experiments to deter-
mine whether it is feasible to separate
biologica!l substances in weightless condi-
tions.

A special experiment of value to phar-
macy where latex spheres.can be made to
much closer tolerances than on Earth.
When these are added to medicines they
can greatly improve their efficacy. The
spheres can be made larger and more ac-
curately in weightless conditions.

Another point of interest about the launch
is that it has been decided to change the colour
of some of the paint instead of the usual white
protection paint over the brown insulation of
the external fuel tank. Eliminating most of the
white paint will not harm the insulation but
will save 270 kilogrammes of weight. The
flight engineers on the project are anxious to
have a cross wind and so the next flight after
Columbia in March may be scheduled to land
at the Kennedy Space Centre in Florida. If the
conditions are favourable on the return of the
next shuttle a cross wind landing might be at-
tempted in California.

The future is bright for this new era of
space activities and already plans are so ad-
vanced in tentative form that these have been
considered even as far forward as the 40th
mission. The fifth flight is expected to carry a
double crew, two as pilots and two as mission
Specialists. Some of those who have waited
long in the queue, must be seeing their dreams
coming closer to realisation. Perhaps America
will have ‘First Woman in Space’.
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CAMERA

PHILLIP GAFFNEY

HE SOURCE of signal to be amplified by the video board

is taken from a vidicon tube. This vacuum device
produces an electrical signal, the amplitude of which is
proportional to light focussed onto it by the camera lens. In
order to explain the design parameters of the video board, it
is first necessary to describe the vidicon tube in some detail
as this component is the heart of the camera. See Fig. 2.1.

"In essence, the vidicon comprises a light sensitive ele-
ment and an electron gun housed in an evacuated glass
tube. The camera lens is used to focus light from the scene
being televised onto the light sensitive target of the vidicon
tube. The vidicon’s function is to convert this image into an
electrical signal, suitable for processing by the rest of the
camera.

The light sensitive element comprises a transparent con-
ductive coating deposited on the inner surface of the tube
faceplate. This layer is coated with a thin film of photo-
conductive material. A target ring is fitted to the outer edge
of the faceplate and is connected to one side of the photo-
conductive layer via the transparent coating. The other side
of the layer is scanned by a low velocity electron beam. The
layer may be regarded as being composed of many discrete
capacitors each one insulated from its neighbour, but each
having one of its plates connected to the target ring via the
transparent coating. The other side of each capacitor is left
floating.

The target is biased to a positive potential and the elec-
tron beam is made to scan the floating side of all the
capacitors. There is thus an electron flow which charges up
all the individual capacitors. The individual discharge times
of each capacitor will depend on the light falling on it, due to

Part 2

the photo-conductive nature of the target material. The
greater the illumination, the lower the internal resistance,
and the faster the discharge rate.

Therefore, each subsequent scanning will have to supply
charge directly proportional in magnitude to the level of light
falling on the faceplate between scans. This varying signal,
as the electron beam scans all the capacitors, is sampled
across a load and used as the video signal.

The electron beam is produced by an electron gun (com-
prising cathode, control grid and anode). The mesh anode is
a fine wire mesh placed closely to, and parallel with the
photo-sensitive layer to slow the electron beam down,
reducing secondary emission and improving resolution.

The output of the vidicon may be considered as a current
source (i.e. having infinite shunt resistance). Conversion of
signal current to voltage is then achieved by passing |,
(target current) through R, (input resistance of the video am-
plifier). Ohm’s law V,=Ix R, therefore, the magnitude of the
voltage available to the video amplifier will be proportional
to the value of R. However, there is also a shunt capacitance
C, which comprises the output capacitance of the vidicon
and the input capacitance of the video amplifier. C; will in
conjunction with R, set the maximum frequency response of
the input network. See Fig. 2.2.

Essentially C, is of fixed value, and therefore R has to be
limited to a value giving 5-6mHz required for 625 line
operation. ‘

VIDEO AMPLIFIER CIRCUIT DESCRIPTION
The signal from the target of the vidicon is fed, via C2
which isolates the d.c. potential applied to the target from

Focus coil I
{part shown)

Alignment coil
{part shown}
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the following stages, to the gate of a high frequency field ef-
fect transistor TR1. This transistor is used in the common
source mode to provide a low impedance output to the next
stage. The f.e.t. has a high input impedance, which prevents
any undue loading of the vidicon’s output, as with the high
impedance associated with the vidicon, this would lead to
degradation of the signal quality. See Fig. 2.4.

The drain to TR1 is a.c. coupled to the emitter of TR2 a
common base stage by C4. This stage has a low input im-
pedance together with a high output impedance giving a
voltage gain of about 100. The common base configuration,
because of its low capacitance between collector and emit-
ter is very stable at high frequencies relative to the common
emitter mode. The output of this stage is directly coupled to
an emitter follower buffer stage—(high input impedance,
low output impedance) to drive the next stage TR4 and the
automatic light control circuitry, see Fig. 2.3. TR4 has a fre-
quency peaking network as its emitter load, peaking its
response for high frequencies. R11, C6 and R12 modify the
phase response of the circuit. This stage provides an overall
attenuation of the signal by a factor of four. TR5 and TR6 are
d.c. coupled and are used to provide current gain and set the
output impedance to a value suitable for the black-level
clamp built around TR7. This field effect transistor ensures
that at the end of a line the video signal is returned to blank-
ing level. This N-channel f.e.t. can be likened to a switch
which is normally on, but which may be biased off by apply-
ing a slightly negative voltage to the gate relative to the
source. In our camera, the gate is supplied with line blanking
pulses 12ps wide. Therefore, TR7 is turned on for 12ps at
the end of each line. This forces the base of TR8 to the dc
level preset by the pedestal control, hence at the end of each
line, the video signal is held at blanking level to allow the
later insertion of synchronisation pulses. The video signal
buffered by TR8 is then mixed with line and field (mixed)
sync. pulses. Diode D1 acts as a d.c. restorer and level shif-
ter, resistors R, R26 and R28 are responsible for inserting
the mixed sync. pulses from the logic board. These pulses
are connected via the three way ribbon cable which runs
between the video and logic printed circuit boards.

The d.c. coupled output pair TR9 and TR10 provide the
necessary amplification and impedance matching to give
either standard CCIR video at 750hm impedance, or direct
drive to the UHF modulator unit which generates a
modulated UHF carrier at around channel 36.

Throughout the video board, each stage has been
separately decoupled with resistor/capacitor networks to im-
prove stability and reduce interference on the video output.

The video board also carries the low voltage regulator and
smoothing capacitor and the automatic light control circuit.

Fig. 2.4. Video amplifier circuit R200 and C97 are wired in

The regulator is extremely simple as a monolithic integrated
circuit is used, requiring only two small capacitors to form a
highly efficient low voltage stabiliser. A 7815 IC is used, giv-
ing a 15V supply rail which is used to run the video board
and logic circuits. This regulator is bolted to one of the
aluminium support bars, which conducts heat away from it.

CONSTRUCTION

Once the p.c.b. is assembled (see Figs. 2.5 and 2.6) and
the two aluminium bars attached, remove the cover from the
UHF modulator and mount the modulator as shown, in-
serting the two wires into the correct holes.

Turn the board over, and whilst holding the modulator in
position solder the leads and the earth tags. Refit the
modulator cover.

The following components are mounted on the reverse
side of the p.c:b.:

R52 5k preset
R23 5k preset
R27 5k preset
R40 5k preset
C16 1u 35V
Fig. 2.2. Equivalent input network

l EQUIVALENT
Ri Ci

SIGNAL o
CURRENT I

INPUT
T NET WORK
FROM
JlRicts R9.RI0ETR3
RS7
1k
RS6
1k
c27
2

R55
10k

ov

TARGET
VOLTAGE

Fig. 2.3. Automatic light control circuit
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BC182

TR1 L
I

+ T0 AUTD
LIGHT

TARGET
POTENTIAL
{DARK 80V}

Practical Electronics  February 1982

LINE
BLANKING

43



I

| ,LJ!
L6
.y ol
UHE o
MODULATOR o
.
= .i L ]
[ ]
] | e
P12 B —J »
4 "L e - | .
YR8 e EH - il }/
1
e o) ;gic-imnon 1
)
O
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R32.R34 4702 off) C13 15/16V
COMPONENTS “ » a R35 56 C14 22p
R37 75 c15 47p/16v
VIDEO BOARD R38 3k9 c18 4n7/35V
Resistors R39 390 c24 33/16V
R48, 10M {2 off) C25 1w/35V
R1 3M3 R51 33k C26 15u/16V
R2 150k R53 47k c27 2u2/35V
R3 330 R55 10k c39 150p
R4,R12, R29, R564 5k6 (4 off) R93 330k c40 1w/35Vv
R5, R7 6k8 (2 off) R200 220k C41 1u47/35V
R6, R9 4k7 (2 off) R201 27k Cc42 1000p/25V
ot i Al resistors JW 6% €95 10n
R10 330 C96 2200p
R11 22 Potentiometers co7 22n
R13 680 co8 10p
R14 47 VR1 5k cermet preset
R15 15k Semiconductors
R16 75k Capacitors : TR1 2N5245
R17,R22, R24,R33,R56, R57 . 1k (6 off) Ci 2200p TR2-6, TR9, TR12 BC182 (7 off}
R18 47 c2 4700p TR7 2N3819
R19 2k2 C3 22p/16V TR8 BC212
R20 4R7 ca 10p/16V TR10 BC212
R21 120 3Co 15u/15V TR11 BFR89
R23 220k C6 680p IC1 7815 regulator
R25 1kS c7 15W/16V
R26 22 c8 220p Miscellaneous
R27 cs 220p Printed circuit board
R28, R36, R50 470 (3 off) C10 220p/63V Varelco connectors
R30 680k c1 15u/16V Copper screen
R31 560k ci12 22p/16V M3 screws, spacers and washers
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Two wire links must be soldered across points 1-1 and 2-
2 in Fig. 2.6. The link 2-2 needs to be insulated wire, and
link 1-1 must be raised clear of the p.c.b. tracks.

Strip, twist and solder the 10-way ribbon cable to the in-
sulated connectors. Screw the 7815 regulator to the
aluminium bar using a 5mm screw. Fit the copper screen
over the components using a.nut and washer on each of S1,
S$2, S3 and S4.

LOGIC BOARD

The logic board in the Seescan camera can be convenien-
tly divided into separate functional areas. First, is the digital
processing logic, this comprises the heart of the camera
electronics, creating all the necessary timing and syn-
chronisation pulses required by the rest of the camera. The
remainder of the board carries the necessary electronics for
scanning the beam from side to side and up and down, and a
constant current regulator for driving the vidicon focus coil.
In the following text, each part of the board will be dealt with
separately, and it will be shown how the individual parts fit
together and perform the task of controlling the vidicon tube
to produce the video signal.

DIGITAL LOGIC

This camera uses nine C-MOS digital integrated circuits in
its timing circuits, see Fig. 2.7. In the basic camera, the
master oscillator used is a simple astable oscillator. Though
the stability is not good when compared to a crystal os-
cillator, it is quite satisfactory for domestic purposes: used
with a TV receiver, and its very low cost dictated its use in
this project. Anti-phase (18@ degrees) square waves at twice
line frequency (2x15,625Hz) are available from pins 1@ and
3 of IC1. The actual frequency may be adjusted using VR62;
other television scanning standards may be accommodated

by adjusting this control and changing C29. One half of 1C4
a dual type D flip-flop is wired as a divide by two counter,
the output being taken from pins 9 and 12, This 15,625Hz
square wave is fed to IC9 wired as a divide by two counter,
which provides outputs 180 degrees out of phase at haif line
frequency from pins 1 and 2 which are used to drive the in-
verter. The line frequency square waves are also taken to
IC6, a dual monostabie where the line blanking interval of
12 micro-seconds is formed by the time constant set by
C33/R68. The other half of IC6 is triggered off the leading
edge of this pulse and creates a two microsecond delay,
programmed by C35/R69. The falling edge of this pulse from
pin 7 IC6 is used to trigger a third monostable—half of IC7
to create the line sync. pulse of four microseconds duration.
Thus, the overall wave forms produced are shown in Fig.
2.10; the line sync. pulse fitting correctly within the line
blanking interval.

The twice-line frequency output from the master oscillator
pin 3 is taken to the twelve stage counter, iC2 (4049). IC3, a
four input nand gate, is wired to decode count 624. At the
next positive going edge of the clock, IC4, a type D flip-flop
transfers the high decoded at state 624 to its output at pin
2. Thus the combination of IC3 and IC4 decodes count 625
and creates a negative going reset pulse 32 microseconds
long which is used to reset the counter IC2. Thus for ever
625 pulses applied to IC2, 3 and 4, one output pulse of 32
microseconds duration is created. As the input frequency
from the master clock was 2x15,625Hz the output fre-
quency is b@Hz—i.e. frame repetition rate. This signal is ap-
plied to IC’s 5 and 7, and in the same way as in the line sync.
circuits, forms the field blanking and sync. signals. R65/C3@
set the duration of the blanking interval, R66/C31, the
equalisation delay, and R67/R32, the field blanking period.

8v2
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Negative going line and field blanking signals from pin 9 IC6
and pin 9 IC5 respectively are mixed together in the second
half of IC3. The outputfrom this gate is positive going mixed
blanking, and this is inverted by one quarter of IC8 (pins 8, 9
and 10) to provide negative going mixed blanking required
by the cathode blanking circuits.

Positive going line and field sync. pulses are taken directly
from the outputs of IC’s 5 and 7. Three gates from IC8 are
used to combine these sync. signals to form a mixed sync.
output with negative going line sync. puises superimposed
on the field pulses to maintain line scanning during the field
sync. pulse interval to prevent jitter. The CMOS logic cir-
cuitry is decoupled from the main supply and is run at 8v2
to minimise radiation and ensure long reliable service.

LINE SCAN CIRCUITS

The line scan stage is built around transistors TR19 and
TR20, all the components being mounted on the logic prin-
ted circuit board. See Fig. 2.8. TR19 is the driver transistor
which is switched into saturation or is cut off by the output
of the CMOS logic. The line sync pulses have a duration of 4
microseconds, and drive the collector of TR 19 between sup-
ply rails. R88 couples this to the gate of TR2@, a VMOS out-
put transistor. The collector load of TR2@ is made up of R91,
R47, L4 and the scan coils L2. Adjustment of R47 allows
control of line amplitude (width). C5@ provides a signal earth
at line frequency to prevent excessive current being drawn
through R47. During the flyback period (i.e. during a sync
puilse), the e.mf. in the dummy line load L4 collapses
creating a large voltage spike >8@V. As this voltage swings
below the zero line, D4 conducts, protecting TR2@ and
finishing the line scan. C23 provides d.c. isolation from the
scan coils which would cause a shift in picture position and
couples the scan energy to the line coils, L2.

Fig. 2.8. Line scan stage

I (Special)

ca3

100p |
- LINE

D c22
Arsv;ost"2 | é%ﬁ”
4 ov
FIELD OUTPUT CIRCUIT

Switch TR21 is non-conducting in the absense of sync.
pulses, and capacitor C19, a 4u7 tantalum is allowed to
charge up via the constant current generator built around
TR22, D3. See Fig. 2.9. The setting of R43 determines the
rate at which C19 is charged. As this capacitor is charging
from a constant current source, the voltage across it will rise
linearty with time until a sync. pulse arrives, when it will be
very rapidly discharged by TR21 conducting to ground. F.e.t.
TR23 is wired as a source follower, characterised by a very
high input impedance and low output impedance. It
therefore serves to buffer the saw-tooth ramp, high im-
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Fig. 2.9. Field output
circuit
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pedance signal on C19 into the low impedance base of the
output transistor TR24. This transistor is mounted on one of
the aluminium support bars to conduct away heat.
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Fig. 2.10. Generation of line sync. pulse
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Fig. 2.11. Field scan waveforms

MAGNETIC FOCUS CIRCUIT

Transistor TR18 is configured as a constant current
source for the magnetic focus coil, the magnitude of the
current being set by the position .of R6@ (magnetic focus
preset). The 1N418 diode wired in the base, is held in close
thermal contact with the transistor and is used to offset ther-
mal drift. A typical value of focus current through the scan
coils would be 95mA.

NEXT MONTH: Assembly, setting up.

+15v
VRSB R61
500 T L7
RS9 TR18 )
L70 BD132 Fig. 2.12. Magnetic
focus circuit
D18
INGILE
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corL

R60
1k8
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SEE

Fig. 2.14. Logic Board component layout

e
COMPONENTS . .. Re7 3306
LOGIC BOARD R69 18k
Potentiometers R70 a7k
VR43, VR62 5k cermet preset (2 off} R71-74, R95 3k3
VR47,VR58 500 cermet preset {2 off} R87 1k5
Capacitors R88 560
Cc1 10n ceramic RI1 150
Cc2 2n2 ceramic R94 680 2W5 w.w.
C19 4u7/35V tant. R96 1k5
gg? 3;2/»1/2\5/\: elfﬂ' Transistors and Diodes
y ant.
c23 1001/10V elect. Pe g\éfziggner
C29 470p polystyrene DS 8V2 Zener
C30.C31,C32 3300p polystyrene D6, D7 1N4001
€33-35 100p D18
C36 10n polyester BTN
TR13,TR19, TR21, TR25 BC182
C51 100/10V tant. TR18 BD1
C52 33u/16V elect. THUG VNGgiF :
c53 1u/35V tant, TR22 BC212 et
Resistors TR23 2N6245
R41 5k6 TR24 BD131
R42 8k2 i L
R44 10k Integrated Circuits
R45, RI4A 100 (2 off) IC1,1C8 40118 (2 off)
R46, R86 1k (2 off) Ic2 40408
R59 470 iC3 40128
RE0 1k8 IC4,1C9 4013B (2 off)
R61 47 iC5-7 45288 (3 off}
R63 27k Miscellaneous
R64 100k Printed Circuit board
R65 2M2 Molex connectors
R66 , 390k Varclco connectors y
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"RANGER

BASE STATION

Michael Tooley B.A.
David Whitfield m.a m.sc.

PART TWO

HE Base and Mobile Adaptor is housed in a similar en-

closure to that used for the basic portable Ranger
transceiver. The majority of the components are mounted on
a single sided p.c.b. with the controls, input and output
sockets, l.e.d.s and meter mounted on an aluminium front
panel. The p.c.b. layout is, in common with that used for the
Ranger transceiver, quite critical and no attempt should be
made to use any form of construction since this will almost
certainly degrade the stability of the unit. Care should also
be taken to ensure the correct placement and orientation of
the components on the p.c.b. The p.c.b. layout viewed from
the copper foil side is shown in Fig. 2.1 together with the
corresponding component layout given in Fig. 2.2. It is
recommended that components be fitted to the p.c.b. in the
following order:

1. Inductors and transformers

. Variable capacitors and resistor
. Fixed resistors
. Fixed capacitors
. Transistors, diodes, and integrated circuit
. Test points and links
. Relay
Winding data for the inductors is given in the Table 1. LS is a
choke which may conveniently be wound on the body of 1W
carbon resistor and the exact diameter is not critical. TR2

~NogbhWN

INDUCTANCE DATA

L4 10uH RF choke {ITT SC 10/10) )

L5 30 turns 30 s.w.g. enamelled copper wire
closewound on a 10k 1W carbon resistor {i.d. ap-
prox 4mm)

L6 16 turns 18 s.w.g. enamelled copper wire
closewound, no former, i.d. Zmm, winding length
approx 18mm.

TABLE 1
SCRAPE ENAMEL COATING
FROM ENDS OF WINDING,

WRAP ARQUND RESISTOR
LEADS AND SDLDER

44484 4 0-085.0-4

g 11111

3
3

CONSTRUCTIONAL DETAILS LS:

48

and IC1 must be mounted on a heatsink, the constructional
details for which are given in Fig. 2.3. Note that TR2 requires
an insulating kit which consists of a plastic bush and mica
washer. This is needed in order to prevent contact between’
the collector tab and heatsink which should be earthed by
soldering its two fixing nuts to the copper foil earth plane of
the p.c.b. Once the p.c.b. assembly is complete, both sides of

15 51
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