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Get moving with these new developments in UK Robotics

— advanced electrohydraulic designs for
education, industry and now available
to the home constructor.

}

M £145.00

t £48.50

« £2.50
£3.00 MICROGRASP, INTERFACE BOARD AND ZX81

HEBOT KIT £85.00 printing. call to machine code routines. hexadecimal support and user-
INTERFACE BOARD :I,To_oo friendly textual error trapping messages

If computers interest you then the Cortex will expand your under-

standing infinitely more than off the shelf machines. Use it in

business, education, research or just play with the incredible

graphics capability. At Powertran we are using these machinesin

conventional roles. in product control and R & D. We shall co-

ordinate the Cortex user group and distribute software for the

TMS 9995 CPU. Compiete 16 bit 64K computer kit £295.00 +

[0 it m £395.00 + VAT

>

—

HEBOT Ii

Up to the nano-second hard, firm and software
developments embodied in a complete system. 12
Mega Hertz 16 bit CPU; 64K upwardly compatible
DRAM: separate 16K video DRAM and 24K TI Power
Basic with overwrite. Supports up to four Disc drives ot
mixed type with 16 serial 1/0 ports. Programmable Baud
rate and comprehensive E Bus interface designed to
support real world applications

Very high resolution graphics gives 3D simulation in 16
olours on 36 prioritised planes of user definable characters
Software FORTH coming includes this trendy language along
with NOS C/PM
Hardware components available separately with details in Nov
Dec. and Jan issues of ET|. Software features include. Real time
clock, full renumber command, buffered 1/0O to free machine whilst

th anc th )2 Spee( Exampte prices and
nt 1t e 2 tior b specifications
ylinders for increased e 0N the wr I 18100 Gnesis 101
oint he rr ocC ( d contr 5t i Base: 19.5" x 11° x 7.5"
. . T ¢ Lifting capacity: 1500gm
t posit lerrogati t e arm lift- 6.6°
ta at ut 'd input Weight: 29Kg
a oviged r mact g 4 axis model in kit form £425
£1950.00 5 axis model in kit form  £475
X £295.00 £395.00

X Genesis P101
Base: 19.5° x 11" x 7.5%
Lifting capacity: 2000gm
= ael. | | Arm lengths between axles: 14.0"
Weight: 34Kg

6 axis model in kit form £675

Complete Systems as shown in
Photograph on right

Genesis $101

4 axis system in kit form £681.50

5 axis system in kit form £737.50

5 axis system Ready Built £1450

Genesis P101
6 axls system in kit form £945.00
6 axis system Ready Built £1650

Alt prices exclusive of VAT

GENESIS P102 PROCESSOR BOX,HAND HELD

LRI i e ISl el J DU GENESIS S101 AND GENESISP101 WITHPROCESSORBOXES

AND HAND-HELD CONTROLLERS

b
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Get out of tight corners alive

43 DIGIT FREQUENCY METER by Stephen /bbs . . = BT o' x e ok 28
An audio range frequency meter for measuring 0-20kHz
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CAR ACCESSORY PSU by M. Todley BA and D. Whitfield MA MSc s T - 2 46
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NOT SUCH A RUMB DOBOT by L. N. Owen B.Sc .. o .. . .. . -3 39
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Digital to Analogue interfacing
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PE MICROCONTROLLER: DATA SHEET 2 by M. Tooley BA and D. Whitfield MA MSc .. 27
INDUSTRY NOTEBOOK by Nexus .. - - 4% 2L Vs ol fs 2 35
News and views on the electronics industry

CIRCUIT LAYOUT SIMPLIFIED .. ke A : s g\« A a 36
Featuring a project designed using the GSC Scratch Pad

PATENTS REVIEW .. " . - \ ‘s - - - e 45
Loudspeaker dlaphragm—Pseudo stereo

BAZAAR e .. .. . . .. .. .. .. .. .. 48,56
Free readers’ advertlsements

SPECIAL OFFER—CASSETTES .. - .. >4 |\ o € o o e 68

SPECIAL SUPPLEMENT

MICRO-FILE by R. W. Coles . . I . o 3 3 .. between pages 38 and 39
Filesheet 5 1802

OUR APRIL ISSUE WILL BE ON SALE FRIDAY, MARCH 11th, 1983
(for details of contents see page 5/6 of Micro-file)

IPC Magazines Limited 1983. 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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WATFORD ELEGTRONIGS

33, CARDIFF ROAD, WATFORD, HERTS WD1 BED, ENGLAND
Tel. Watford (0923) 40588. Telex: 8956095 WAELEC
ALL DEVICES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. ORDERS DESPATCHED
BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.0.s OR BANKERS DRAFT
WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS
ACCEPTED (ACCESS ORDERS BY TEL. PHONE 0923 50234). TRADE AND EXPORT INQUIRY

TRANSISTORS

AC125/6
AC127/8
AC141/2
AC176
AC187/8
ACY17/18
ACY19/20
ACY21/22

35

28
32
70
76
75

Exportorders no VAT. U.K. customers ple: add 15% VAT to total costincl. pip.
6 visit us, We are situsted behind Wattord

amto06.00 pm. Ampl. FREE Carpatking

WELCOME. P& P ADD 50p TO ALL CASH ORDERS. OVERSEAS POSTAGE AT COST.
We stock thousands mor ms. It pay

VAT -
Football Ground. Open Monday to Saturday, 9.

AD142 120
AD149 79
42
95

POLYESTER CAPACITORS: (Axiel Lead} 400V: 1nF, 1n5, 2n2, 3n3, 4n7, 6n8 11p; 10n, 15n, 18n,
22n 12p; 33n. 47n, 6Bn 16p; 100N, 150n 20p; 220n 30p; 330n 42p; 470n 52p; 680N 60p; 11/ 68p;
242,47 88p.  1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n BOp.

B8C107/8
B8C1078 12

POLYESTER RADIAL LEAD CAPACITORS: 250V; 10n, 20n, 15n, 22n. 27n 6p; 33n, 47n, 68n, 100n
7@; 150n, 220n 10p; 330n, 470n 13p; 6B0n 19p; ty i3p, 145 40p; 242 48p.

ELECTROLYTIC CAPACITORS {Values in uF). 500V: 10uF 52p; 47 78p; 63V:0.47, 1.0, 1-5,2.2,

3 3 8p; 4.7 9p; 10 10p; 15. 22 12p; 33 15p; 47 12p; 68 16p; 100 19p; 220 26 - 1000 708 2200
50V: sg 20p; 100 17p 220 24p; 40V: 6 8 1bp; 22 9p; 33 12p; 330, 470 32p; 1000 48p;

2280 90p; 25V: go 0 76p; 4700 92p; 16V s7p 47,68, 100 9p; 125 12p; 220 13p;

330 18p; 470 20p; 680 349,1008 27p; 1501 31p,zzoosep,4 00 79p.

TAG-END TYPE: 64V: 4700 245p; 3300 19\,» 2200 POTENTIOMETERS: Carbon Track,

139p; 50V: 3300 154p; 2200 110p; 0-25W Log & Linear Values.

160p; 25V:4700 98p; 1 500 320p; 15,000 345p.

5000, 1K & 2K (LIN ONLY) Single 30p
5K()-2MQ single gang 30p
5K01-2MQ single gang D/P switch 7Bp

TANTALUM BEAD CAPACITORS:

35\/ 5 4 3 ,1-516p;2-2,3-3
0; o ;” 0:22:0; 3%1 :' & 7‘/0 2.2 ,13%,]3',' 4?7,26-1 10 | 5KQ-2M(Q dual gang stereo
'lsp 15 389 22 309, 33, ‘7 409, 100 75p; 220 88p; 10V: | SLIDER POTENTIOMETERS
32 26p; 3347 38p; 100 55p. 0:25W log and linear values 80mm track

5K0Q-500K0 Single gang

q 70p
SILVER MICA (pF) SIEMENS multilayer miniature 10KQ-500KQ Dual gang 110p

2,3-3.4.7,68,8-2,10,1 capacitors.

18, 22, 27, 33, 39. 47, 50, WV: 1nF, 1n6, 2n2, 3n3,4n7, | PRESET POTENTIOMETERS

56, 68 75.82, 85, 100,120, | 6nB, 8n2, 10n, 15n, 22n 7p; | Q- 1W 50Q-2-2M Mini Vert. & Horiz. 7p
150. 180 15p each | 18n, 27n, 33n, 47n 8p; 39n, | 0-25W100Q-3-3MQ Horiz, larger 10p
220, 250, 270, 330 360, | 56n, 68n 9p. Q-25W 2500-4-7MQ Vert. 10

P
100V: 100n, 120n. 10,

390, 470, 600. 800 & ; 150n | RESISTORS —Hi-stab, Mini-
820pF 21p saci 11p; 220n 13p; 33 n 18p; | ature, 5%, Carbon,

IOOO |200 1800 309 anch 470n 680n 30p; 1uF RANGE Val. 1-99 100+
3300, 4700 60p each | 34p; 22 gOp 0-25W2(12-4 M7 €24 2p 1p
CERAMIC Capecitors: 50V POLYSTYRENE Cop: QY daaiom £13 & ik
Range 1pF 10 6800pF OnF 10 F to InF 2% Metal Film 100-1M  6p  4p
15n, 33n,47nF 5p; ‘OOnf/ OV Bp to 12nF 10;: 1% Metal Film 510-1M  Bp  6p

RESISTORS S.1.L. Package: 7 Commoned, 1000, 6800 K2, 4K7, 10K, 47K, 100K 24p.

8 Commoned: (9 pins) 1600. 1800, 2700, 330Q. 1K, 2K2 4K7. 10K. 22K, 47K, 100K 26p
LINEAR IC's 70]saB3210 325[ ZN4a23E 130 216 100}280CTC
Ll 150 | SAB3271 485] ZN424E 130 | 8224 110|280ACTC
555 CMOS 215 595 ZN425E-8 345 | 8226 2502808
;852)cs 30 4 220|Z80DART 495
P09GEpin 90 270|Z80ADART 550
e il el
) 675
747C 14 pin 64 400|Z80P10 260
748C 8 pin 118 Z80AP10 275
g?gapm 60 Z80S10-1 850
gg Z80AS10 980
75 748 Series
145
115
188 30
120 28
95 40
60 50
100 a0
290 50
325 40
70 70
195 AM26LS31C 60
75 5500 330 350| AM26L532A 75
50| TBAG41-A12 650| AM26LS33A 295
85| BX1 290 590/ AY-3-1015 70
125 | TBA651 190 190[AY-5-1013 20
200 80 85| AY-5-1350 30
200 95 80| AY-5.2376 20
250 80 325 AY-5-3600 300
110 200 425(COM8017 110
280 350 4334-3 COoOMB116 80
1150 350 | ICMOS2114) 325|pM8131 115
23 220045323 350| DP83048N 115
M51515L 320 175]4816-100ns 215 DS3691N 60
080E 701m70681 125 1455101 220! DS8820 180
ICA3081 190(mB3712 220 290|6116-150ns  375| DS8830 182
ICA3086 MB3756 440 310|6116L-120ns 550| DS8831 250
A30B9E 200 [mc1303 98 198(6117-100n 490! psS8832 25
ICA3030AQ 375 499|6167-6 795/ DS88LS 120N
ICA3123 165 1156502 CPU 365
A3130 350 6503 0| €9366
ICA3140 350 6504-250 FD1761
C:~ :g?ﬁ :l‘gg GgggVIA £
FD1791
ICA3162E 495 6530RRIOT £11
330| 6532 RIOT 570
320| 6545 CRTC 899
295 6531AC|A 650
INSBO60N
ICL7660 248 erass
1CL8O38CC
ICLB211
ICM7204 0
ICM7205 1150
ICM7207 475 |MmF1
ICM72|5 1050
ICM7216A £2
ICM72|68
230
180

75
75
230
200
150

745573

100
16580
265

95
270

75107/8
75110

LF353 225 75150
t:ggg 195 - 4 q 75154
HEE 300|812 2 75182/3
f387 375 75188/9
L 575 75322
LM:‘ggm 675 51 75450
paor 360 UPD7002 75451/2
S$5668 2 80 Z80CPU2 5 9| 75454
M308 SAB3209 425| 2N419CE 180 ZBOACPUAM 300/ 75491/2

C308
30
B8C337/8

- aa )
CLYS

8888

-t s
b N

~N
o

FX85/86

28

2N161

2N918
2N930 20|2
2N1131/2 24

2N1303/4/5

2N1307/8 65
3 30
2N16718 160

35

3
2N3822/3
1 [2N3866
2N3903/4
2N3906/5
2N4037
2N4069
2N4427
2N4859
S [2N4871
2N5|35/6
2N5172 1

C495/6 70
C1061 250

40673
40871/2

70
90

30

11] LS193 37

11| Ls194 33

L 11| L5195 33
L 12| L5196 45
LS 12| 1LS197 45
L 13] 1LS221 ss
L 12| LS240 S5
LS 12| 18241 B85
LS 131 15242 &5
LS 13| 15243 s5
L 12| 1S244 55
LS 20| 15245 70
L 26| 1S247 S0
LS 13| L5248 55
LS 13| LS249 85
LS 12] 18251 32
LS 12] 18253 32
LS 14| LS257 30
LS 12| LS258 35
L 14| LS259 &8
LS 12| L§260 22
L 13| LS261 100
L 14| L5266 18
LS37 14| L5273 54
LS38 15[ 18275 125
LS40 13| 15279 30
Ls42 281 15280 90
Ls47 35| S283 40
48 451 15290 53
49 50| LS293 40
51 14115295 75
54 14] |S298 80
55 14115299 150
63 120 15320 200
73 18] LS323 160
74 18 24 168
75 20 25 295
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SPEAKER OPTO ELECTRONICS | 0-6" LIQUID
80, 0-3W, 27 2.25", 2.5%, | LEDS including Clips CRYSTAL VOLTAGE REGULATORS e = uLTiImum
¥ 0p | 71209 Red 3mm DISPLAYS 1A T0220 Plastic Casing Low Wire ) )
0-3W, 2.8* 400; 640 or [T1211 Green 3mm 3} digit +ve /8 profile wap | WATFORD'S most versatile MICRO
800 80p | 111212 Yellow a‘digit 5v 7805 40p 7905 45p ‘gn-l: ,gv :2,";" EXPANSION SYSTEM. Interfaces. with:
DIODES T1L220 2" Red SN 12v. 7812 40p 7912 4%e | oOl  jop azp | APPLE, ATOM, DRAGON, PET,
I0sS 5 | BRIOGE 0-2*Yel, Grn, Amber 15y 7815 40p 7915 4bp T6%n 105490 | N ON, ]
AA129 20 RECTIFIERS | Rectangular LEDs with 18V 7818 40p 7918 4b5p ZOSEn 20: eog RESEARCH MACHINE, SPECTRUM.
v 5 | tplastic case) _ [ 1wo part clip. R, G & ¥ 2av 7824 40p 22pin 22p 65 SUPERBOARD, VIDEQO GENIE, ZX81
BA100 15 | TA/50V 18| Rectangl. Stackable 100mA T092 PIasllcCasmg 24"'" 25" 70’ 0 A =0 .
BAX13 20 | 1A/100v 20| LEDS 5v 805 30p 79105 60p J8bn  2ab son | otc As published in. P.E. starting from
8Y100 24 }://3%5 28| Tangular LEDs R&G oy ;gg; ggp - 20pin  30p 99p | Nov., 1982,
By126 32 (1VEOOV 38 0-27 Hashing LED Red 12v 78012 30p  79L12 60p E Send SAE for details.
BY12 12 2* Bicolour LEDs ZIF DIL SOCKET
CRO33 250 | 2A/200V 40| Red/Green 15v 78115 30p 75115 60p 6 way 475p
0A9 40 | 2A/400V 46 Green/Yellow LM300H 170 LM305H 140 24 way 575p IDC CONNECTORS (Speed block type)
0Aa7 12 | 2A/600vV  65{ 0-2" Tri colour LEDs 2N5777 LM304H 160 LM309K 136 28 way 850p PCBPLUG Female Female
QA70 12 | 6A/T00V 83 Red/Green/Yellow 4N33 135 78HO56V/5A 550 (M317K 320 #OL88Y 975p withlatch  Header Card-Edge
0A79 15 | 8A/400vV 95| 0.2" Red High Bright oPTO swiTcH| 1BH1212V/5A 680 \m317p 99 2 rows Strt.  Angle Socket Connector
0A81 20 | 6A/600V 125/ 1LD271 Infra Red(emn) 26 O oot 7BHG+5m LM323K  S00 olL Pl.UGS(Hu-:Ien) B BORg
0ags 15 | 10N ZO0y | Lhaaanta Red lemid 82 TiLide . 170 | 33354 509 [M337T 175 | Pins  Solder 10 way 90p 99p B8Sp  120p
QA% B | 2EA200v240 TILT8 (detector) Sioted similyr | 9HG -2.75vro o LM723 35 | 14 S 9% | 1au 130p 150p 110p = 195p
0A9 B aar] 78 \dstecion 54 RS 186 | ~24VS 685 TBA6258 75 | 16 420 1900 | 20 way 145p 166p 125p  240p
0A95 8 4 P P | 26wa 175p 200p 150 320
BY164  56[TIL100 90 30 195p 218 Y 4 ® 2 E
0QA200 8 P P 34 way 205p 236p 169p  340p
OA202 a|vmis  so ALUM.BOXES SWITCHES 20 way 220p 250p 190p  420p
4 . RIBBON CABLE
iNorle s zEnens | ] Segment Displays ::ﬁ:;i 133 SLIDE 250 , TOSGLE 2A 250y L ool | oCay 235p 270p 200p  470p
IN40OV/2 5 | Range 2v7 10 UlEr G 15| axax2)” 120 14 OPDT C/OFF 15 Doy as| Wovs Gray Cobr | eumo FEMALE MALE
1Na0oa/s 6 | 3%V 499 | b1704 37 Ccin 89 |5x4x2 108 | ¥ADPonforon 0 4poleonoft 54| 260 405 | CONNECTORS SOCKETS  PLUGS
1N4006/7 7 Range= a5 DL707 -3" C Anod 99 | 5x2{x1{" 90 | PUSH BUTTON SUB-MIN 20 25¢ 40p OG0 e Strt.  Angle Strt ngle
F x2ix pring loade: amp 3
INatag 4 fialiiawe Bl FNDSS5 70500 120 x24x2r 130 L i ToGarE Zome ol 28 e 835 | oiNater2 2x33 way ‘z;g.': 320p 2200 2850
INgOd 16 15p each| [y 3= Red or Green 150 5‘4:2;, 120 | Momentary 64 SPSTonotl 84 o ssp  70p | DIN218122-3x32 wavZ9%p 3000 2800 3900
4 1 B h 1 SPOT c/e 99| SPDT c/o 85 60 75 115
1NS308 19 B Nandats 320 exax2” 120 DPOT clover  145| SPOTBiased 108 ® 2
6x4x3" 0 1.
15921 3 | VARICAPS [ FERRIC CHLORIDE e ::0 MINIATURE i me-g(';?; 23 ‘D' CONNECTORS: TRANSFORMERS (mains Prim. 220-240V)
SA/100V 40 | BA102 30| ¢, f Bx6x3" 210 Non Locking DPDT on/on/on 185 N 3-0-3v, 6-0-6V 100mA; 90—9V 75mA
6A/400V S0 | BBioss ag| CYStels 1B xBx3 10 | pyshto make 1Sp| DPOT Biased 145 12-0-12v 75mA; 15-0-15V 75m
6A/B00V 65 [BB106 40| 195p + 50p p&p :g*;z’;'" :;‘5’ | Pushbreak  25p| 3 pole c/over 205 |Pins 9. 15 g 37 | 'SVA: 2w8V-5A; 2u9V-dA; zuzv@a
x 7 x 3" | way way way way %
Noise Diode DALO ETCH RESIST 12x5x3" 260 | ROCKER: 5A, 250V, SPST 28p |MALE 12VA: 2x4V5 1-3A: 2x6V-1- ZA znzv--
g ROCKER: 10A 250V SPDT 38p | 2x15V-- 95
25 198 | s Penplus spare tp 90p | 12X8x3" 295 | ROCKER: Wb aon Fge rod whonor E""’;gf T s sy SAVA: 6V1.5A 6V-1.54: V-1, 2'2'3\5)’19&3)
g 12V-1A 12V21A; 15--BA 15--8A; 20V--6A
SCR's A A8 OPPERCUAD BOARDS | ROCKER: (White} 10A/250v DPOT 72p |gsanape | 0P 80P 2200 310p| 500 6a 330p (60p p&p)
Thyristors 3A/800v 88 | Fibre Single Double- SRBP ROTARY: Make Xour own Multiway |Solder 105p 16Jp 200p 338p S0VA: 2x6V-4A; 2x9V-2.5A; 2x12V-2A;
0-8A-100V 32 | 8a/100v 60 Glass sided sided 9.5°x8.5 lSwnch Shafting ssembly accommo- |Angle 165p 215p 290p 440p| 2x15V-1.5A; 2x20V 1-2A; 2x25V-2A;
5A/300V 38 | 8A/400V 6°x6" 90, 110p 95p | dates up to 6 waters. 9% Isiait  175p 200p 300p 420p 2%30V-0 3"“5g‘6°° &pi
5A/400v 40 | 8A/800V "5 6"x 12" 1589 195p Break before make Wafers. Sllverconlacts 90 86, 100VA: 2x12V-4A: 2x15V-3
5A/600V 48 | 12A/100v 78 1 pole/12 way: 2 pole/6 way: 3 pole/ [COVERS 90p P 80p 90p| 2.54:2x30V-1.5A:2x40V-1-25A; 2x50V-1A
8A/300V 60 | 12A/400V 82 - 4 way: 4 pole/3 way; 6 role/z way  66p |10C 25 way Plg. 386p, Skt. 450p 920p (60p p&p}
8A/600V 95 | 12A/800V 135 VEROBO%N;)S&I[ e o) gﬂalnsD&?Sv«uchlo 45p
12A/100V 78 | 16A/100V103 . 12 aln| P Board creen pacers 6p ]
RSy 28 |IMARVIGE nicat 300 T QSRS 314 novany. tnausctis st oo eoaE connecrons | JMPERLEADS R Coe sy
BT106 150 ;2%288532 31x34" atp $100 8oard £14( 1 pole/2 wl?wa) 2p/2 10 6 way, 3 pole/ 2x10wsy - 130 | Single Ended Lead, 24" long
BT116 180 |28A/800v29s |3ix5° 106p 87p 210 4 way, 4 pole/2 to 3 way asp 2%15wey — 1208 | length 14pin  16pin ~ 24pin 40 pin
C106D 38 |254/1000V  |3ix17" 360p 232p| PROTO-DECs ROTARY:Mains250VAC. 4Amp  64p | SIL 2x18 way 180p 185p | 247 145p  165p  240p  325p
TICa4a 24 480 |aix 18" 470 Verobiock 405 Sockets | 5,77 way 199p 200p Double Ended Leads
TICa5 29 | 30a/400v825 P $-Dec 350| DIL SWITCHES: (SPST) 4 way 6Sp; | O | 2x23 way 170p 130p 6" 185p Sp  300p  465p
TIC47 35 |128000 " 120 | Pkt Of 100 pins  50p| Eurobreadboard  520| 6 way 80p; 8 way 87p; 10 way 135p; | 20Way | 2.5 way 225p 2209 | 127 198p  215p  315p  490p
2N6062 32 Spot Face Cutter $35p| Bimboard 1 695/ (SPDT) 4 way 190p. 65p 2x28 way 185p — 24" 210p 236p 345p 540p
;nigsz ‘gg Pin Insertion Tool 178p | Superstrip S$2 €13 THUMBWHEEL Mini front mountin 32 way ngg way g;gp 36" 230p 250p 375p §95p
SOLDERCON Decade Switch Modul 20p | 95, X oy, =y .
PINS gsnovxyu:lsvm;;g andSpogl 6:450 B.CAD.eSwiéd|Modu:3Q: 2750 | 77 ;x:gwav Sz 'DcFEM?&;SCEP;‘;;L“EJm:‘a%e;;tteadsfgpan
DIAC 100 75p | Spare Wire {Snooll 75p; ombs 8p ea. | Mounting Cheeks (pai] 75p R R Y = Tend 160 200p 260p 300
Wire Wi =N P 3 P L
sT2 28 [500  370p | Wire Wrapping Stakes 100 3] | PROXIMITY Switch with magnet 125p ZEIE R SE0P) 2ends 290p 370p 480p  525¢
COMPUTE WE-ROM for CRYSTALS AMPHENOL PLUGS ASTEC UHF
o U R CORNER Acorn ATOM 32 768kH: 100 IDC  Solder MODULATORS
100KHz 235 24 way 1EE a475p 450p 6MH2 280p
. A highly sophnsncet d Acorn Atom § 200KHz 268 i 8MHz Wideband
® SEIKOSHA GP100A — Unihammer Printer, Uty ROM. Plugs straigne into | 455kHz 70| I8wevCenwonx 5250 4880 © s
nom}xal & ‘{%‘,’,b'%— width cfhar(a’cters. dot resohrxftion fostngoint | o iy et it T
graphics ractor feed, parallel interface Extensions: Hi-speed tape Interface. § 1
standard. FREE 500 Sheets £175 5 koy votiouwevbourds Toi | | S0 333 BBC MICRO UPGRADEKITS
isassembier, amory dump mo : H
® SEIKOSHA GP 250X. Printer £230 Machine cods breskpoinis; BASIC Temn: 32| @ BBC Microcomputer Model B £399
o"or trapping;
@ DRAGON Microcomputer. £173 RES 'f:argnmms:é: Bevbonrs [ 18432m 200 | @ 16K MEMORY {8x4816-100ns)BBC1 £16.00
® JUPITER ACE Microcomputer £78 ;if&:?rAsno fine nimbering. Pius. 22s76tt 200 [ @ Printer User |/O Port BBC2 £6.98
® SOFTY-2. The complete Microprocessor ft:'o":?.iq;c‘é:ﬂ; '33:.?.2’»’.3'1..#:25 §§§,§32,"‘ 229 o C9mp|ete Prmtgr F:able 36" £12.00
development system. New powerful instructions. Manusl Supplied. 35798am o8 ® Disc Interface Kitincl. DOS £65.00
écce?tsdfany b2{1 pin 5V single rail EPROM. INTRODUCTORY OFFER: |3 538¢M 300 | @ Compatible Disc Drives see below
upplied fully built & tested. 5L ONLY £9.95 4032mu: 290 | @ Analogue I/O Kit BBC4 £6.45
® WEMON. Watford’ s 4K Ultimate Monitor |c for 4 133009m 300 | @ Serial /O Kit BBCS £6.70
Superboard & UK10 £10 * PRINTERS * :sosmm 200 E ion B tBBC 3
® VIDEO MONITORS Fully cased. Smoked anti- | & mxgoFT/3 10" g e s @RErpah sial BusS RIfBBEO Eadd
glare display filter. Bandwidth  12MHz. Res.|® = F/ ;097'3010' and| 5 ygemu; 300 | ® Complete Upgrade Kit from Model AtoB  £43
750 lines. I/P 750 or high. 240V/50Hz riction Feed. 3x9 matrix| s 25208M 390 | @ COLOUR MONITOR - MICROVITEC 1431. 14"
9" - B&W £89; Green £95; Amber £98. 80 column, 80 CPS, Bi- g i4amH: 150 RGB Input. For BBC. Lead included £249
12.— Green £114; Amber £118. directional, Centronix Interf. | 6 5536MHz 200 o ULl Leadiuciuced
. . By 8o R 2 0
® ZENITH 12" Hi-RES, Green Monitor 40/80| BR110-9600 Hi-res, bit im-| 7 %tgv.,, 3s0 | ® Camplete range of Connectors, Cables,
column select switch £80 age graphics, subscript & GBS Ry 200 Quality Software, Accessories, Books, etc.
® TEX EPROM ERASER. Erases up 10 32 ICs in ;uperie.crlpt, Italics, Underlin-| gosasam 3% for BBC available. Send SAE for detail list.
! M 17
16-30 min. £33 ;Lgpgus FREE 500 Sheets 337?&‘& ggg
' 1z
[ J I‘IEn)‘("EIEgg’r\ngcﬂTll\"S‘:rﬂ with the Solid-State 22 £324 (carr. £7) :8 gm:; ;;g FLOPPY DISC DRIVES
NEC PC-8023BE-C,|!107MHz 150 ]
@ SOLID STATE 30 minute Electronic TIMER for | ® 100CPS bi-directional Iogié 1g 2amhz 200 | @ IgAﬁ gg‘g’OA 53" 40 track SSSD Uncased
- . 12-0MHz 175 i
above UV Erasers £14]  ceking, 80 column, 7x9| 12:528MH: 300 OC( compe‘ayble) . £125
® Spare 'UV lamp bulbs £9 ; y : 1a31818m 170 | @ TEAC FD-50A 53" 40 track SSSD in cabinet
Dot matrix, super/subscript, H .
PL1 14 7a56m 175
@ POWER SUPPLY Regulated, Variable from +sv underlining, true decenders | 14.768Mbz 350 withown PSU 100K {BBC compatible)  £180
to +15V 4A. Fully Cased £39 Tractor/Friction, Hi-Res, 2K|13:0MHz ~ 200 ® TEACFD-50A 51" 40 track Two Drives SSSD in
® MULTIRAIL PSU KIT. Output: +5V/5A: +12V: |  Buffer, Proportional Spacing, | 18 omis 389 | . Cabinetwith PSU 200K (BBC compatible) £350
+25V: —5V; —12V @ 1A. £40 at a Special Price. Plus|!8432m 150 ® TEAC FD-50E 51" 80 track S/S in cabinet with
@ 4 x 4 matrix keypad (reed switch assembly) £4| FREE 500 sheets paper. 20:0MHz 200 own PSU 200K (BBC compatible) £250
ONLY £320( £7)| 24 0MHz 170 | @ TEAC FD-50E Two 53 S/S 80 track Dri -
® C12 COMPUTER Grade BASF Cassettes in S 24 930MHz 325 - 0Oy rack Drives, cas
Library Cases 40p 29 695Nz 150 ed with PSU. 400K (BBC compatible) £475
i ) ) ANTEX o ze-c70MHz 325 | @ SIEMENS FDD100-5 Fully cased drive for
® STACK-PACK. Unigue 10 section stackable A 27.135M 130 APPLE (i C
Drawers rack including 10 x C12 Computer grade | Soldering 27.648MHz 300 (inct. Cable) _ £235
Cassettes (BASF Tape% 550p | Irons 38'66667M 175 | @ APPLE Il DOS Int. Card for above drive. Gold
T B 48-0MHz 175 plated Edge connection £42
® 8}" & 94" Fan fold paper (1000 sheets) clsw aso 55.5MHz 400 : .
£7(150p) | ST 475 [ just phone JooMK: 350 @® DRIVE Connecting Cable. Single £8; Dble £12.
CN15W 490 ° z R An Ny p
@ Teloprinter Roll (no VAT) £3.50 | X35w 500 | your order lac.amns 226 | @ 10Verbatim 53" Diskettes S.D.£20,0D £30
. o Spare bits 85 throu
o i(PS;P on sgme fof ﬂ;e above |t$ms |sf extra) ¢ the | Elemants 210 4o thg:‘é ":0
agov:itaemosurB: s(;‘t,isf(i);d gre?g:!es;rgulzzyo aNY 0TI | tron stands 188 0923 50253'4
2 . Heat Shunt 30 =
Tel. (0923) 40588 Telex. 8956095




GET
BIG

POWER

= Modular
Amplifiers
the third generation

Due to continous improvements in components and design 1LP

now launch the largest and most advanced generation of

modules ever.

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with |LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value

for money.

With over 10 years experience in audio amplifier technology |LP
are recognised as world leaders.

@IPOLAR MODULES

Module | Output | Load DISTORTION Size
Number | Power |impedence | T.H.D. LM.D. Vehage

Watts Typst  S0Ha/ Tye
(L] KMz 7KH24:1
I
1e R 4 . 1
v r
D.

PRE.-AMP SYSTEMS

Moduis Module Funcrions Current | Price wnc
Number Asguired VAT
Most pre-amp mox an b 20 by the PS powes amp.

A y sl n
£5.4
Please send for detmls
Mounting Boards

3 e 86 J
T) and the B66 MY 78 € T

POWER SUPPLY UNITS

el Fae Use With- Prioe mnc Agdel

Numbes VAT Massmtnny
Please nate: X in part no. indicates primary voltege. Please insert O

X for 110V . X 101 220V. and " piac for 240V

For Use With

MOSFET MODULES

Module | Output Load DISTORTION Supply | Sae WT | Price
Number | Power | Impedence| T.M.D. .M.D. Voitags mm s | ine.
Wors | () Typat  60Hz/ Tve VAT
| | KWz 7KHa &0 1
< <
< <
< <
wi he
v ftuses w tice
F s 0
5 100K > v 5
1 m . g tacto a
‘NEW to ILP’ In Cai Entertainments
C15
A Boo o " EYeNiHE o a3
30 £9.14 {inc. VAT)
™
K
D} ce 3.
! dm K
Size 95 x 48 « m. Weight 2
ci515
£17.19 (inc. VAT)
Size 95 0 « BO ght 410
Proce e Model For Use With | Pricenc.
VAT | MNumber | var
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WITH A LOT OF

HELP rrom (B)RL P

ELECTRONICS LTD

PROFESSIONAL HI-FI THAT EVERY ENTHUSIAST
CAN HANDLE...

Unicase gt

Over the years | LP has been aware of the need for a complete
packaging system for it's products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

Each Unicase kit contains all the hardware required down to
the last nut and bolt to build a complete unit without the
need for any special tools.

Because of |LP’s modular approach, "'open plan” construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
“no frills”*, low distortion, (< 0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre-amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

TO ORDER USING OUR FREEPOST FACILITY
ower aves Fill in the coupon as shown, or write detalls on a separate sheet of paper,

quoting the name and date of this journal, By sending your order to our

@I.' POmEE AuSLIOME  wOSEO

Our power slaves, which have numerous uses i.e, address as shown at the bottom of the page opposite, with FREEPOST

instrument, discotheque, sound reinforcement, feature in clearly shown on the envelope, you need not stamp it. We pay postage for

addition to the hi fi series, front panel input jack, level you. Cheques and money orders must be crossed and made payable to I.L.P,
. '

Electronics Ltd. if sending cash, it must be by registered post. To pay C.0.D.

control, and a carrying handle. Providing the smallest, please add £1 to TOTAL value of order

lowest cost, slave on the market in this format.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD if
REQUIRED. Ailow 28 days for delivery.

Post 10 ILP Elecironics Ltd.. Frespost 2
Price inc

5 Graham Bell House, Roper Ciose
HIFl Separates VAT . l P Canterbury CT2 7€EP, Kent. Engand.
UC1  Preamp - 5| Telephone (0227) 54778

UNICASES

x 80 Buoolar £54.95 ELECTRONICS LTD 17 10227 64723,
2 X 60wW/401 3ip £54.95
3% 60w/80 . 1 £64.9
3 X 120W7400 i £74.95 iR GEb o I D B G O O B B O O - S
5% 120w/800 f £€74.95 I Please send me the following _ I
UP6X 60w/4--841 MOS Mc 6495 |
UP7X 120W/4-BL MOS Me £8a.95 | Total purchase price l
Powes Slaves 1. enclose Chequel Postal Orders!| Int. Money Order|__|
S1X 60w, 4 £l Bip £59.95
US2X 120W/8 0 Bioc ov $ £79.95 I Please debit my Access/Barclaycard No - I
US3x v/4-BLL MC Power  Slave £69.96 I Name B I
US4 x 120W/4 -840 Po.ver Slave £89.95 T
- e Address _ I
Piease note X :n pa’t number denotes mains voltage, Please insert 'O in place of I
X for 110V, 1" :n prace of X for 220V (Europel. and \ piace of X for 240V .
L SEZiEE ¢ JUEREL Signature '
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TWO FABULOUS OFFERS FROM

ALGON

TESTER 20 ,
20kQ)/V a.c. & d.c.

A SUPER
PROTECTED
UNIVERSAL
MULTIMETER

Undestructible, with auto-§§
matic protection on allCd]

)
&y
ranges but 10A. <

ONLY £33-50 A ™ 4

inc. VAT, P&P, complete with o] Mrseico
carrying case, leads and instructions.

P super 20

This special offers is a wonderful opportunity to acquire an essential
piece of test gear with a saving of nearly £20.00.

d.c. ranges and {1 2% a.c. 3% (of f.s.d.)

d.c. V 100mV, 1-0V, 3.0V, 10V, 30V, 100V, 300V, 1000V.
d.c. | 50uA, 100pA, 300uA, 1.0umA,3mA, 10mA, 30mA,
100mA, 1A, 10A

a.c. V 10V, 30V, 100V, 300V, 1000V.

a.c. | 3mA, 10mA, 30mA, 100mA, 1.0A, 10A.

) 0-5.0kf2, 0—50kf2, 0—500k2, 5MQ, 50M(}.

dB from —10 to +61 in 5 ranges.

Dimensions: 105 x 130 x 40mm.

Accuracy:
39 ranges:

TESTER 50
39 ranges
50k} V a.c. and d.c.
- - With protective diodes
and quick-acting 1:25A
fuse.
THE
PROFESSIONAL
SOLUTION
TO GENERAL
MEASUREMENT
PROBLEMS

ONLY £36-30

incl. VAT, P&P, complete with
carrying case, leads and instructions.
Goods normally by return of post.

The best instrument for the workshop, school, toolbox, TV shop and
anywhere accurate measurement is needed quickly and simply.
Accuracy: 50kf)/V, a.c. and d.c.

39 ranges: d.c. V 150mV, 1V, 3V, 10V, 30V, 100V, 300V, 1000V;
d.c. | 20uA, 100uA,300uA, TMA, 3mA, 10mA, 30mA,
100mA, 1A, 3A.

a.c. V 10V, 30V, 100V, 300V, 1000V;

a.c. | 3mA, 10mA, 30mA, 100mA, 1A, 3A.
Ohms 5kf1, 50k(2, 500kf2, 5MS1, SOM(.
dB from —10 to +61 in 5 ranges.

Dimensions: 105 % 130 x 40mm.

For details of these and the many other instruments in the Alcon range,
including multimeters, components measuring, automotive and elec-
tronic instruments, please write or telephone:

@%@@N INnstruments Ltd.

19 MULBERRY WALK - LONDON SW3 6DZ - TEL: 01-352 1897 - TELEX: 918867

6

TERRIFIC VALUE!!!

We have a big store to clear. 100 tons of
stock must go. 10 kilo parcel of unused parts.
Minimum 1,000 items includes panet meters,
timers, thermal trips, relays, switches, MoOtors,
drills, taps and dies. tools, thermostats, coils
condensers, resistors, etc. etc, Individually
would cost you a fortunet

YOURS FOR ONLY £11.50 plus £3.00 post,

IONISER KIT

Retfresh your home, office, shop, work room,
etc. with a negative ION generator. Makes you
feel better and work harder — complete mains
operated kit, case included £11.95 plus £2.00
postage

CAR STARTER/CHARGER KIT
This kit has no doubt saved many motorists
from embarrasment in an emMergency You can
start car off mains or bring your battery up to
full charge in a couple of hours. The kit come
prises: 250w mains transformer, two 10 amp
bridge rectifiers, start/charge switch and tull
Instructions. You can assemble this in an
evening, box it up of leave it on a shelf in the
garage, whichever swits you best

Price: ONLY £12.50 + £3.00 post.

3 - 30V VARIABLE VOLTAGE
POWER SUPPLY UNIT

With t amp DC output, for use on the bench,
i tors, service engil 3, etc.

Automatic short circuit and overload protect-
ion. In case with  wolt meter on the front
panel. Complete kit £13.80.

ZX81 OWNERS
Make yourself a full
size keyboard! Key
switches complete
with plain caps. 6 for
£1.15.

COMPUTER PRINTER FOR
ONLY £4.95
Japanese made Epson 310
brishless drive motcr. Complete with electron-
ics — uses plain papsr. Brand new with

data. ONLY £4.95 plus £1.25 Post.

Cash, P.O. or cheque with order. Orders 1

under £10.00, add 60p. Access & B/card

orders by phone to Haywards Heath {0444}
|| 454563. Delivery by return

LATEO0-

CIRCUIT MAKER

has a self starting,

J. BULL(Electrical)Ltd. =

{Dept PE), 34 - 36 AMERICA LANE, HAYWARDS HEATH, SUSSEX RH16 3QuU.

REVERSIBLE MOTOR WITH
CONTROL GEAR

Made by the famous Framco Company this
Is a very robust motor_ size approximately
7% long, 3%’ dia. 3/8 shaft. Tremendously
powerful motor, almost impossible to stop.
Ideal for operating stage curtains, sliding
doors, ventilators, etc,, even garage doors if
adequately counter-balanced. We offer the
motor complete with control gear as
follows:

= 1 Framco motor with gear box. = 1 manual
reversing and on/off switch. « 1 push to start
switch, « 1 x 100w auto transformer, » 2
1lmit stop sistches. » 1 circuit diagram of
connections. £19.50 plus postage £2.50.

SPIT MOTORS

a“::‘::ln-

Powerful malns operated induction motors
‘Aith gear box attached, The final shatt is a
%'* rod with square hole, so you have
alternative coupling methods — final speed
1s approx. 5 revs/min. PRICE £6.50. Similar
motors with final speeds of 80, 100, 160

& 200 r.p.m. same price.

8 POWERFUL BATTERY
MOTORS {alt different)

Suitable for models, meccanos, drills,
remote control planes, boats, etc. £2.95,

12 VOLT MOTOR BY SMITHS
Made for use in cars, these are series wound
and they become more powerful as load
increases. Size 3% long by 3° dia. These
have a good length of 4" spindle — price
£3.45. Oitto, but double ended £4.25.

EXTRA POWERFUL 12 VOLT
MOTOR

Made to work battery lawnmower, this
probabily develops up to % h.p., so it could
be used to power a go-kart or 10 drive a
compressor, etc. etc. £6.90 + £1.50 post.
{This is easily reversible with our reversibte
switch - Price £1,15).

Established

Revolution in circuit
board maker kits from
leading manufacturer

The Electrolube CM100 Circuit Maker provides everything
necessary to produce positive photographic film masters from
same-size published circuit layouts and to make either

single or double-sided boards from these or other positive film

masters.

Features
® Economic and simple to use.

Simple etching process.
professional quality.
shelf for chemicals.
charts provided.

masters.

when applied to the board.

No expensive equipment required e.g. darkroom, cameras etc.
Photographic experience not needed.

Universal exposure and assembly frame custom-designed,
Ergonomically designed storage pack which includes free-standing
Step-by-step instruction manual, workbench and trouble-shooting
Special clearing process ensures excellent clear positive film

Photoresist available in non-aerosol form to eliminate ‘spotting’

Mercia Electronics, Coronet House, Upper Well St., Coventry CV1 4AF.

mercia

ELECTRONICS

Send for full illustrated brochure
and price details, post to:

Signature ...

Coronet House,
Upper Well Street
Coventry CV1 4AF
Tel: (0203) 58541
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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
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
cgquipment

@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,

{i-Fi and microprocessor/computer
equipment

NewJob‘)NeWCareer‘)NewHobby‘?GetmtoElectromcsNowl

' Please send your brochure without any obligation to | am interested in PE’3’82°
H [ — ] COURSE IN ELECTRONICS
I COLOUR BROCHURE NAME - @ described above
T + = — [___] RADIO AMATEUR LICENCE

—_

ADDRESS —] MICROPROCESSORS
o o J LOGIC COURSE

I { uu;,;»’ — = —— — — _ OTHER SUBJECTS

POST NOW T BLOCK CAPS PLEASE

IznnshNatmnalRadm&Electmnm SchoolReadlng Berks.RGL1BR. 3.
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Si

graphics...
From only

£125!

First, there was the world-beating
Sinclair ZX80. The first personal computer
forunder £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
power and more flexibility. Together,
they've sold over 500,000 so far, to make
Sinclair world leaders in personal
computing. And the ZX81 remains the
ideal low-costintroduction to computing.

Now there’s the ZX Spectrum! With
up to 48K of RAM. A full-size moving-key
keyboard. Vivid colour and sound. High-
resolution graphics. And a low price that’s
unrivalled.

Professional power-
personal computer price!

The ZX Spectrumincorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramatically
increases your computing power.

You have access toarangeof 8
colours for foreground, background and
border, together with a sound generator
and high-resolution graphics.

You have the facility to support
separate data files.

You have a choice of storage capa-
cities (governed by the amount of RAM).
16K of RAM (which you can uprate later
to 48K of RAM) or a massive 48K of RAM.

Yet the price of the Spectrum 16K
isan amazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. if so, you can still return it later
for an upgrade. The cost? Around £60.

EDIT
T

N\

DEF FN

Ready to use today,
easy to expand tomorrow

Your ZX Spectrum comes with amains
adaptorand all the necessary leads to
connectto most cassette recorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which together represent a
detailed course in BASIC programming.
Whether you're a beginner or a competent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, you'll quickly be moving
into the colourful world of ZX Spectrum
professional-level computing.

There's no need to stop there. The
ZX Printer—available now - is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
plus an RS232/network interface board.

MAGENTA

“.u

\\ \\

nclair ZX Spectr

16K or 48K RAM...
full-size moving-
key keyboard...
colour and sound...
high-resolution

£3

YELLOW

WHITE
<> <>

GREEN CYAN

INV. VIDEO SR S

CLOSE . MOVE ERASE

INT \
@

VERIFY MERGE

CIRCLE

L LISy

BIN
2 e

FLASH BRIGHT

P
i

7/

Key features of the ﬁ‘

Sinclair ZX Spectrum

@ Full colour-8 colours each for
foreground, background and border,
plus flashing and brightness-intensity
control,

@ Sound-BEEP command with variable
pitch and duration. [

@® Massive RAM-16K or48K.

@ Full-size moving-key keyboard - all
keys at normal typewriter pitch, with
repeat facility on each key.

@ High-resolution-256 dots
horizontally x 192 vertically, each
individually addressable for true high-
resolution graphics.

@ ASCll character set-with upper- and
lower-case characters.

® Teletext-compdtible - user software
can generate 40 characters perline
orother settings.

® High speed LOAD & SAVE-16Kin 100
seconds via cassette, with VERIFY &
MERGE for programs and separate
data files.

@ Sinclair 16K extended BASIC -
incorporating unique ‘one-touch’
keyword entry, syntax check, and
report codes.
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ZX Spectrum software on
cassettes —available now

The Spectrum software library is
growing every day. Subjects include
games, education, and business/
household management. Flight
Simulation...Chess...Planetoids
History...inventions...VU-CALC...VU-3D

.Club Record Controller...thereis
something foreveryone And they all
make full use of the Spectrum'’s colour,
sound, and graphics capabilities. You'll
receive a detailed catalogue with your
Spectrum.

ZX Expansion Module

This module incorporates the three
functions of Microdrive controller, local
area network, and RS232 interface.
Connect it to your Spectrum and you can
control up to eight Microdrives,
communicate with other computers, and
drive a wide range of printers.

The potential is enormous, and the
module will be available in the early part
of 1983 for around £30.

— [ o — ||

Sinclair Research Ltd, Stanhope Road,
Camberley, Surrey GU15 3PS.
Tel: Camberley (0276) 685311.
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The ZX Printer-
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the full
ASCIl character set—including lower-case
characters and high-resolution graphics.

A special feature is COPY which
prints out exactly whatis on the whole TV
screen without the need for further
instructions. Printing speed is 50 charac-
ters per second, with 32 characters
perline and 9 lines per verticalinch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roll of paper (65ft
long and 4in wide) is supplied, along with
fullinstructions. Further supplies of paper
are available in packs of five rolls.

The ZX Microdrive -
coming soon

The new Microdrives, designed
especially for the ZX Spectrum, are set to
change the face of personal computing
by providing mass on-line storage.

Each Microdrive can hold up to 100K
bytes using a single interchangeable
storage medium.

The transfer rate is 16K bytes per
second, with an average access time of
3.5seconds.And you'll be able to connect
up to 8 Microdrives to your Spectrumjvia
the ZX Expansion Module.

A remarkable breakthrough ata
remarkable price. The Microdrives will be
available in the early part 0f 1983 for
around £50.

-

How to order your ZX Spectrum

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, of course. We want
you to be satisfied beyond doubt-and we
have no doubt that you wili be.

‘—To Sinclair Research, FREEPOST Camberley, Surrey, GUIS 3BR. Order—l
| aty  Item Code IitemPrice Total
£ £
| _ Sinclair ZX Spectrum-16KRAMversion 100 125.00
_ Sinclair ZX Spectrum - 48K RAM version 101 175.00
Slnclalr ZX Printer 27 59.95
Pnnter r paper (pack of5rol|s) 16 1195
Postage and packing: orders under £100 28 295
- orders over £100 29 495
Total £

Please tick if you require a VAT receipt[ |
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Technical
Training in
Radio,
Television and
Electronics

ICS have helped thousands of ambitious people to
move up into higher paid, more secure jobs in the
field of electronics—now it can be your turn,
Whether you are a newcomer to the field or already
working in the industry, ICS can provide you with
the specialised training so essential to success.

Personal Tuition and Guaranteed Success

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful is the key to our outstanding record in
the technical training field. You study at the time
and pace that suits you best and in your own
home. In the words of one of our many successful
students: *’Since starting my course, my salary has
trebled and | am expecting a further increase when
my course is completed’”.

CITY AND GUILDS CERTIFICATES

Excellent job prospects await those who hold one
of these recognised certificates. ICS can coach
you for:

Basic Electronic Engineering (C&G/ICS)

Radio Amateurs

CERTIFICATE COURSES

TV & Audio Servicing

TV, Radio and Audio Engineering
Radio & Amplifier Construction
Electronic Engineering*
Computer Electronics*

Industrial Electronics*

Radio Frequency Electronics*
Introduction to Microprocessing*

Electrical Contracting & Installation
*Quality for IET Associate Membership

e ICS
lCLj T N T

iv. National Corporation
Approved by CACC Education

Please send me your FREE School of Electronics Prospectus
Subject of Interest ______ .

Name

Address —

Dept E273

ICS School of Electronics
160 Stewarts Road
London SW8 4UJ

Post to;

12

MONITORS

HIGH RESOLUTION - AND
LOW COST!

Eithe,r cased or open frames to
OEM's. The specification is right,
the price is even better.

Phone or write to our Sales
Manager, Richard Cox, for
immediate action.

CROFTON ELECTRONICS LTD

35, Grosvenor Road, Twickenham, Middx, TW1 4AD.,
Telephone: 01-891 1923/1513 Telex: 295093 CROFTN G

m ConstructorSeries Speakers

EASY

Have fun, save
money, building

a Kefdesign

with a

Wilmslow Audio

CS Total kit.

No electronic or
woodworking
knowledge
necessary and

the end result i

a proven top-

quality design

that you'll be proud of.
Each kit eontains all cabinet components, accurately machined for easy
assembly, speaker drive units. crossovers, wadding, grille fabric
terminals, nuts. bolts, etc.

The cabinets can be painted or stained or finished with iron-on veneer or
self adhesive woodgrain vynil

Easy foolproof assembly instructions supplied. Set of constructor leaflets
sent free on receipt of large S.A.E.

Prices:CS1 (As 101) €110 pr. inc. VAT, plus carr./ins. £ 5.50
CS1A(simplified LS3/5A) £103 pr. inc. VAT, plus carr./ins. £ 5.50
CS3 (as 103.2) £129 pr. inc. VAT, plus carr./ins. £10.00
CS5 ({as Carlton 1} £192 pr. inc. VAT, plus carr./ins. £15.00
CS7 (as Cantata) £250 pr. inc. VAT, plus carr./ins. £18.00

@

0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

ﬂ £1.50 post free

Please allow 7 days for delivery.

Lightning service on telephoned credit card orders!
Practical Electronics March 1983




HOME LIGHTING KITS

There kits contsin 8l necssss:y components and tull
nstruciions & sre designed 10 seplace 8 standard wall
swiich and conirol up to 300w. of kghting

TDR300K SomolcConuol £14.30
MK6  Trensmier for sbove £ 4.20
Touchdimmer £ 700

Extension kitfor 2-way
switching for TD300K

£2.00
Rotary Controlied £3.50
Dimmer iy

U Ly
wtﬂ
A\ - "pt

L -
HOME CONTROL CENTRE *

This New Remote Control Kit enables you to

MINI KITS

MK 1 TEMPERATURE

TAT
Uses LM3911 IC to sense tempera:
ture {80°C max.} and trisc to switch
heater. "KW
MK2 Sodd State Reley
Ideal fc- switching motors. lights.
hoaters, stc. from logic. 8

J<J 3INOTEDOORCHIME J &

Based on the SABO60 IC the kit is supplied with all
components, including loudspeaker, printed ci‘cuit
board. a pre-drilled box {95 x 71 x 3Swmml anc full
instructions. Requires only a PP3 9V battzry and push-
switch to comolete. AN IDEAL PRDJECT FOR
BEGINNERS. Order as XK 102 ££.00

h zer0 voltage
Supplied without triac £2.60
MIK3 BAR/DOT DISPLAY
Display: an analogue voltage on o
linesr 13 slement LED display as a
bar or mngle dot. Idesl for thermo-
meters, lavel indicators, etc. May be
stacked t0 obtain 20 to 100 slement
display: Requires 5-20V supply.
MK4 NA| €
TEMPERATURE CONTROLLER
Based an the SL441 zero voltagd
switch, this kit may be wired to forrm
a "bumst fire” power controlle:
enabling the temperature of an er
closure 10 ba maintsined to withiy
0.5°C. Aeax. load IKW £5.55
MKS MAINS TIMER
Based en the ZN1034E Timer IC ths
kit will switch a mains load on (or of)
for a pryset time from 20 mins. to 35
hrs. Loager or shorter periods may

control up to 16 different appliances any-
where in the house from the comfort of your
armchair. The transmitter injects coded
pulses into the mains wiring which are
received by receiver modules connected to
the same mains supply and used to switch on
the appliance addressed. Recelvers are
addressed by means of a 16-way keyboard,
followed by an on or off command. Since
pushing buttons can become rather boring,
the transmitter also includes a computer
interface so you can programme your favour-
ite micro to switch lights, heating, electric
blanket, make your coffee in the rnormngT
etc., without rewiring your house. JUS
THINK OF THE POSSIBILITIES. The KIT
includes all PCBs and components for one
transmitter and tv10 receivers, plus a drilled
box for the transmitter.

Order as XK112. £42.00

Additional Recievers XK111 £10.00

ELECTRONIC LOCK KIT XK 101
This KIT contains a purpose designed lock IC,
10-way keyboard, PCBs and all components
to construct a Digital Lock, requiring a 4-key
sequence to open and providing over 5000
different combinations. The open sequence
may be easily changed by means of a pre-
wired plug. Size: 7 x 6 x 3 cms. Supply: 5V to
15 V d.c. at 40uA. Ouput: 750mA max.
Hundreds of uses for doors and garages, car
anti-theft device, eiectronic equipment, etc.
Will drive most relays direct. Full instructions

F-tiatadl ONLY £10.50

Electric lock mechanism for use with latch
locks and above kit
£13.50

be rsaised by minor componert
changes. Max. load 1KW. £4.5¢

XK113 MW RADIO KIT
Based on ZN414 IC, kit includes PCB, wound aeria and
crystal earpiece and al components to make a sensitive
miniature radio. Size: 3.5 x 2.7 x 2cms. Requires PP3
3V battery. IDEAL FOR BEGINNERS £5.00

s
COMPONENT PACKS
650 Resistors 47 ohm to 10 Mohm

value £4.00

40 x 16V Electrolytic Capacitors 10.F to

1000uF — 5 ser value £3.25

60 Polyester Capacitors 0.01 te 1uF/25(N

5 per value £5.55

45 Sub-miniature Presets 100 0m to 1 Nlohm
5 per value £2.90

30 Low Profile IC Sockets 8, 1¢ and 16
10 ot each £2.40

PACK 6 25 Red LEDs (5mm dia,} £1.25

PACK 1 1) per
PACK 2
PACK 3
PACK 4

PACK S pin

DVM/ULTRA SENSITIVE
THERMOMETER KIT
This new design is based on
the ICL7126 {a lower power
version of the ICL7106 chip) |
and a 3V/2 digit liquid crystal |
display. This kit will form the
basis of s digital multimeter
lonly a few additional resistors and switches
are required—detasils supplied), or a sensitive
digital thermometer {-50°C to +150°C)
reading to 0.1°C. The basic kit has a8
sensdivity of 200mV for a full scale reading.
automatic polarity indication and an ultra
low power requirement—giving a 2 year
typical battery life from a standard 3V PP3
when used 8 hours 8 dav, 7 days s week.
Price £15.50
DISCO LIGHTING KITS
DL 1000K
This value for-money kit fea
tures @ bi-dwectional se
quence. speed of sequence
and frequency of direction
change, beng variable by means of poten
tiomelers and COIpLTates a master dim
mrecontel - £44.60

Have you got our FREE ORANGE CATALOGUE yzt?
NO?!' Send S.A.E. 6" x 9° TODAY!!

It's packed with details of all our KITS plus large range
cf SEMICONDUCTORS including CMOS, LS TTL,
linear, microprocessors and memories, full raage of

LEDs, capacitors, resistors, hardwere, relays, switches

etc. We also stock VERO and Antex products as well

as books from Texas Instruments, 3abani and Elektcr.
ALL AT VERY COMPETITIVE PRICES.

ORDERING IS EVEN EASIER — JUST RING
THE NUMBER YOU CANT FORGET FOR
PRICES YOU CAN'T RESIST,

5-6-7 8—-9-10
and give us your Access or Barclaycard No. Answe—ing

or w-ite enclosing cheque or postal order.
Official orders accepted from schools, etc. & weekends

2CD 3% DIGIT MULTIMETER
16 ranges including DC voltage {200 mv-1000v) and
AC vcaitage, DC current (200 mA-10A) and resist
ance 0-2 M) + NPN & PNP transistor gain and
diode check. Input impedance 10M. Size 155 x
88 x 3|mm Requires PP3 9V sattery
H : £29.00

THE MULTI-PURPOSE TIMER HAS ARRIVED

Now you can fun your central heating. lighting. hi-fi
more with just one progfammable timer.

systen and lots

At your selecwon it is

designed to control four mains outputs indspendently, swihing on
and off at pre- sel times over a 7 day cycle, 8.g. 1o control your central

heating ing

times for

weekerds)

just

connect it to youl systam programme and set it and forget it—the

clock will do the rest

FEATURES INCLUDE:
0.5° LED 12 hour display.
Day of week, sm/pm and output status indicators.
4 zer0 voltage switched mains outputs.
50/60Hz maing operation

Battery backup saves stored programmes and continues

time keeping during power failures. (Battery not suppli

ied).

Dispiay blanking during power failure to conserve battery power

18 programme time sets

Powerful “Everyday * function enabling output

to switch every day but use onty one time set.

Usetul “sieep” function—turns on output for one hour.

Dimc! twﬂch control enabling output to be turned on
istely or after a ified time interval

20 function keypad for pi entry.

Programme verification at the touch of a button.

{Kit includes all components, PCB, assembly
and programming instructions). ORDER AS CT5000

For a detailed booklet

remote control — send us 30p
9") today.

FAST SERVIGE - TOP QUALITY - LOW LOW PRIGES

No circuit is complete without a call to-

ELECTRONICS =

and S.A.E. (6"

on
PRICES
EXCLUDE VAT

11 Boston Road
London W7 3SJ

and
BARCLAYCARD
weicome

OLZ100K

A lower cost version of the above, teaturing
undirectional channel sequence with speed
vatiable by means of a pre-set pot. Outputs
switched only at mains zero ¢rossing points
10 reduce radio interterence 1o a mimmum,

ty £8.00
hght

response " m

DL3I00OK

This 3 channel sound to light kit features
ze10 voltage switching. automatic level con
trol and built in mic. No connechons to
speaker or amp requited No knobs 10 adjust

simply connect 10 mains supply and

tamps. {1Kw channel} O“'v £1 1 95

Optional opto input DLA1
Aliowing audio {*"beat”'}

”
“OPEN-SESAME

The XK103is a general purpose Infra-red trans-
mitter/receiver with one momentary {normally
open) relay contact and two latched transistor
output. Designed primarily for controlling
motorised garage doors and two suxillary out
puts for drivdgan% lights at a range of up to
40 ft. The unit also has numerous applications
in the home for switching lights, TV, closing
curtains, eotc. Ideal for aged or disabled
persons.

The Kit compfises a mains powered receiver, a
four button transmitter, complete with pre-
drilled box, requiring 8 9V battery and one
opto-isolsted soiid state switch kit for inter-
facing the receiver to mains appliances. As

serv‘ce wngs with all our kits, full instructions are supplied.
ONLY £23.75

REMOTE CONTROL KITS
MK8 SIMPLE INFRA RED TRANSMITTER

Pulsed infra red source compiete with hand-held plastic box. Requires a 9V battery.
MK7INFRA RED RECEIVER

Sing e channel, range app ox. 20ft. Mains powered with a triac output to switch loads up to 500W

£4.20

at 240V sc. £9.00 {RCS00K -Special Price for MK6 and MK together €12.50
MK8 CODED INFRA RED TRANSMIT ER
Baserd on the SL490, the kit includes alt components to make a coded transmitter and only
requ res a 9V {PP3) batten, and keybsard. 8 x 2 x 1.3cms £5.90
MK1D 16-WAY xkvso:xxi
For use with MK8 and MK18 to gene ate 16 differant codes for decoding by the ML928 or MI.926
recever {MK12) kit.
MK 11 10-Channsl + 3 Analogus 0/p IR Receiver
Based on ML922 decoder IC. Functians include on/standby output, toggle, control of voluma,
tone and lamp brightness Includes ks own mains supply. £12.00
MK 12 16-CHANNEL IR RECEIVER
For use with MK8 kit with 16 on/off autputs, which with further intertace circuitry, such as relsys
or tr acs. will switch up 1016 items of equipment on or otf remotely. Latched or momentary out-

uts — please specify wheq ordering Includes its own mains supply.

KT 11-WAY XEYBOARB For Use with MK8, MK18 and MK11 kits
MK 18 Msins Powered IR “ransmitter
Mains powered for continuous operation
alarms, automatic door o
MKT7 12V d.c. IR RECE!
For use with MK6 or MK15. Relay ostput with DP 3 Amp change over contacts, may be used a3
latct ed. momentary or “treak bean™ receiver. Operatas hom% 13vdec £9.50
MK 18 HIGH POWER IR TRANSMITTER
Sim lar 10 MK8 but with ringe of approx. 60ft. £8.20
Ancilary Kits : MK2 SolidStats Relry
Opte-isolated with zero veltage swuchlng No. triac supplied. £2.60
MK?S DUAL LATCHED SC-LID STATE RELAY
Corrprises 2 x solid state ‘glays andlatch for use with momentary

version of the MK12. 2 omtput triacs required {not supplied). £4.50

single channel, for applications such as burgln
eners. etc Range approx. 6 ft £ 5

24 HOUR CLOCK/APPLIANCE TIMERKIT

Sweitches any appliance up to k™Y
on and off at present tirmes oncé par
day. Kit contains: A¥-5.1230

0.5 LED display. mains supply.
dizplay drivers, switehes, LECs,
triscs, PCBs and full

£14.90
£17.40
£22.50

CT1000K Basic Kit
CT1000K with white box {56131 x 71mm)
{Ready Buiit)

nstructiors.

Add 55p postage & packing +15% VAT to total.
Overseas Customers;
Add £2.50 (Europe). £6.00 (elsewhere) for p&p.
Send S.A.E. for further STOCK DETAILS.
Goods by return sbibject to availability.

OPE 9am to 5pm (Mon to Fri)

10am to 4pm (Sat)
ALINGA NORTH
Locm TowER £33 IRCULAR RD =8
UXBRIOGE ROAD

CAR
PARK*

: 01-567 8910 ORDERS
01-579 9794 ENQUIRIES
01-579 2842 TECHNICAL afTer 3pm

Ou NOLSO8

ACCESS




I-PAK BARGAINS

“IRRESISTABLE ““CAPABLE BRAND NEW LCD
RESISTORBARGAINS' CAPACITORPAKS" DISPLAY MULTITESTER.
Tt

Pab Mo Description Prce Pat Mo Descripbion e
Sx10 400 Mused Al Type' Resistors €1 SKI6 Capacsiors Mined Types M IM INPUT iMPE DAN(
SX11 Pie-tormed Y- Y watt Casbon SX17 Ceramic Capactlors Mimatyre
Resstors ¥ Mized
‘s watt Carbon Ressstors 3} SKis Mised Ceramics [pf- $6p!
‘s watt Carbon Resistors f1 SI19 Mized Ceramics 680l- 0.5m1
SCREWDRIVER SET Y watt Resistors 22 ohm S120 Assorted Polyester /Polystyrene
" 2w Im2 Mued 3] Capacitors
3.1 4 ’ 1 and 2 watt Resislors 22 si21 Mised C280 type capatitors
£1.75 ohm-2m2 Mued £l metal tor)
Paks SX12-15 conlain a range ol Carbon Film Resistory SK22 Electrolytics. ab sorts
NUT DRIVER SET of assorted valyes from 22:0hms 1o 2 2 meg. Save S123 Quality Eiectrolvtics
" [ pounds on these resistor paks and have a tull range to
covet your projects
_ £1.75 *Quantities approximate, Count by weight *Quantilies appronsmate. counl by weighl

34 4 4 5an

T41 TOOLSET : NTEO 2
. ; SX27A 60 Assorted Palystyrene Bead Cauachors .‘nGA'NS

W
HDang H 1 Hex key wrenche Type 9500 Series PPO £1.00 20 2 Large 2" RED LED
£4.75 SX28A 50 Assorted Silver Mica Caps 20 smail |25 Red LED's
8.6pF-150pF £1.00 10 Rectanguiar Green LEWs 2
't WRENCH SET $X29A 50 Assorted Silver Mica Caps 30 Assorted Zener Diodes
180pF4700pF £1.00 250mw-2 watt muxed voltages.
SX30A 50 High Voltage Disc Ceramics 750V min alt codec New
N ) up to BKV. Assorted useful values  £1.00 4 Black Instrument .
el SX31A 50 Wirewound 9 watt {arg} Resistors Knobs—winged with pointer 'a
HEX KEY SET FREE Assorted values 1 ohm-12K £1.00 Standard screw Fil suze 292
HEX KEY SET ON RING AUTO SCREWDRIVERI/DRILL LT
S 2 all Automatic spiral ratchet. Complete with 2 20 Assorted Stider Knobs,

4 ano screwdriver blades, § & 65mm. 1 screwedriver Black/Chrome. efc
Ma 12 Neons and Filament Lamps. Low
it

voltage and mains < various types
Wt 1:2% CONSTRUCTORS. Order No. ASD/1 £3.50 each ind okt STsnalpaneifiottit, SEL

*  TheThird and SINGLE SIDED FIBREGLASS
X BOARD
SIREN ALARM MODULE v I FourthHand... : Oder Mo, e Sue Soim

American Pofice type screamer powered Bl 4 91 2% 100
from any 12 volt supply into 4 or B ohm " " FB2 3 13 100
speaker. ldeal for car burglar alarm, 3. ¢ . . gy , ‘ ) X ! FB3 4 133 156

T s s N _ DOUSBLE SIDED FIBREGLASS

; § BOARD
£385 s i FB4 144 110 £2.00
Order No. . 350 SILICON POWER TRANSISTORS
BP124 Y - h o3
23 NPN like 2N3095 — but not full spec
! 100 watts S0V min
v . 10 for £1.50 — Very Good Value
402 £5.50 1005 of uses — no duds
Order No. SX30

thoul magr

BI-PAK SOLDER -\ B1-PAK PCB ETCHANT PUT" case 1010 MEU22S REGULATED
DESOLDERKIT AND DRILL KlT 9 VARIABLE

€ N 4 lete PCB Kil Stabilised
10 wall General Purpe POWER SUPPLY

Variadle Irom 2-30 volts and (-2 Amps. Kit includes
VPS30 Module, 1 — 25 volt 2 amp translomme:
0 el Meter. | = 0 nel Metes
4 vite potentiometer, 1 — 4

included. Order No VPS30 KIT £20.
MINIATURE FM TRANSMITTER

1 Relail Value aver £45.00 3 . freq: 85-106MHz. Range: § mile
T S B PAk Srt EiATRTIIARICE £ Size: 45 X 20mm. Add: v bant E?SL(]Y
PECIA CE£8.95 ORDERNO Sx81 Not licenced in UK {

t K EL8. 2 Ideal for: 007-MI5-FBI-CIA-KGB etc.

TECASBOTY ilcon NPN Transistors—al MORE BARGAINS!

The Electronic Components and Semiconduclor Bargain of the Year. A nost ol Electrome

omponents inclyding pofentiomelers — rolary and shder. presets — horzontal and vertical

Resistors of mixed valyes 220hms 1o 2M2 — 18102 Watt A comprehensive range of SXS1 60 metres PYC covered Hook-up

capacifors including efectrolytic and polyester types plus disc ceramics eicetera ) ﬁ :ol:; single and stranded. Mized

Audio plugs and sockets of various types plus swilches. fuses. healsinks, wire. nuls:oolls £3.00 v

gromets E i0s and tyes knobs'yand P C Board Then add toThat 100 Semicondust SKS8 29 Assorted TIL Gates 7400
2M3055 The best known Power Trznsistors in the Seties. 1401-7460

1o include transistars. diodes. SCR's oplo’s. all of which are current evefyday usable devices World — 2N3055 NPN 119w SKS9 10 Assorted 1hip Flops and MSI

In 2l a Fantastic Parcel No rubbish ail identitiable and valved in current catalogues at wel Our BI-PAK Special Otter Price m

over £25.00 Our Fight Agains! Inflalion ~ Price \ §0 oft 100 oft SX60 20 Assorted Shoer

Beat the B y £16. ! Potentiomet
Down wleu‘:l Deove:g%er'l JUST £6 -50. —l % B SK62 48 A\s:)?led ;::-Sel'.m)l Vert

BD312 COMPLIMENTARY PNP POWER EC
TRANSISTORS: 10 2N305S. ¢ SH78 10 Reed Switches — glass fype
Equrvatent MJ2955 - 80312 — T03 /A 3 Micro Switches — with lever
SPECIAL PRICE £0.70 sach |
10 o £6.50 7 o3~

Send your orders to Dept PE3 BLPAK PO BOX & WARE HERTS. Q Use your C1edit card Ring us on Ware 3182 NOW ang
SHOP AT 3 BALDOCK ST WARE HERTS. S et yous dvder even faster Goods normally sent 2nd
TERMS: CASH WITH OROER, SAME DAY DESPATCH. ACCESS, { A1 W
BARCLAYCARD ALSD ACCEPTED. TEL |0920) 3182. GIRD 383 7006
ADD 15% VAT AND 75p PER DRDER POSTAGE AND PACKING ¥ Remembe: you must 200 VAT ol 15+ 10 pour order:
3 Your Pasuage 200 75p oer Totat or e
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I-PAK BARGAINS

TRIACS — PLASTIC MINIATURE TOOLS FQ

4 AMP — 400y — T0202 — TAG 136G
| OFF 10 OFF S0 OFF Miniaturs sound aose side cutters
£11.50 insulated handies & §inch length Orces
TAG 425 Wo:¥043
€275

BA NUT ORIVER SET
Set of 5 BA spanner shafts plus universal
handle n roll-up wallet. Szes 0BA 2468BA
Order no: T192

£2.75 set

NEOM SCREWORIVER

100 OFF

£30.00 FLEXEY ORIVER

0y £3.08
8 AMP 400y — 10220 -
§0p £5.7%

A Neibie shatt screwdrover 101 those swkward to get of screws Overalt
length Binch Drder Na FS-T Fla) blade 4mm FS-2 Cross point na T £1.75 each

e e

—
GRIF-DRIVER

Binch long screwdnver with spning loaded grip on

€nd 10 hald 3CraWS 1 POs(Ti0n while reaching inlo

L4 those detcutt pleces Orer No SO-1 Flat blade dven

ALL AT SO 2 Crass pont 000 955 sach

1 25 INEXPENSIVE TOOLS OF IMMENSE VALUE
.

Combined wire stnoper. cutter, crimper incl 25 et
All with insulated handlss neck Terminats for crimping Order Mo WS2 Our low prece £1.20 sach.

£50.00

Mirdature long nose gliers — msulated
hangles Sinch length Order No Y044,

SLIOER
POTENTIOMETERS

SX63 S x 470 ohms Lin
$X64 5 x 1k Lin

SX65 S x 22k Lin

SX66 S x 22k Log

7}in blade oides no NS} £0.85p sach

5}in blage oroer no:MS2 £0.50p sach

Miniature bend nose pigrs ~ sulated

" 3 4

SX67 5 x 47k Lin wFRLEE RO
SX68 S x 47k Log
$X68 5 x 100 Lin

$X70 § x 1 meg Lin

Miniatute end mippers — insulated handies

A}inch length Drder No Y04 Py
O T s Satisfaction or your money back has

L
aiways been BI-PAK's GUARANTEE and if sl 5
All these Sale items are in stoch, in quantily and
we will despatch the same day as your

order 1s receved

Miniature smipe nose pliers with sige
cutter and wirated jaws — insulated
handlas Sinch length Order Mo Y042

SX40 250 Sthcon Diodes— Switching like
IN$148 DO-35 AN goos—uncoded Worth
doubleour prace 45¢ 75mA £1.2%

SX&1 250 Silicon Diodes—General Purpose. ke
04200/202 BAX]} 16 Uncoded
30 100v 200mA DO-7 £1.2%

—

IC SOCKETS
The lowest price ever.
The more you buy the Cheaper they come’
Pin 100t 500t 100 ot
2o [1T] £3%0  €6.00
Vpin %0p €15 €630
16 pn 99 €400 £1.00

EXPERIMENTOR Plastic Boxes

S Coloureg Biack Close titing
e ’ BOXES - ALUMINIUM - Flanged Lid. fixing screws inlo brass bushes

SI44 105ASCR's T064 3250y 32100v. 21 4 PLASTIC SZEL W M OrderNo Price
200v. 2 x 400v Super value tess than 'y ALUMINIUM BOXES s 2 141 £1.00
£l Made with Bright Aluminium loioed 2% 1% 143 t1.20
construction with deep id ang screws 6 3% 144 £1.60
W H  OrderNo. Plaghic as above dul with aluminium fap pasel
2% 159 i 2% 146 t1.40

2% % 161 P1ashic stoping ironi

24 2 18 VOLTAGE REGULATORS

/‘ - ] 164 Negalive 4
\ e 3 166 £ 7805 50:
\} 167 . 7812 - S0p
X - Al i : 7815 - 50p
measurements for boxes are shown ininches L = Length W = Wigth H = Height 824 — s0p

790 - 359
71912 - 5%

BI-PAK'S OPTO 83 SPECIAL
A selection of targe & Small size LED's 1n Aed

7915 - 8%
7924 - $59
SEMICONDUCTORS FROM
AROUND THE WORLD
Green, Yeliow and Clear, plus shaped devices
of drfferent types 7 Segment displays. photo PP3(aV) T
U121 SV penhitel  Oims

A Coliection of Transistors. Diodes. Rectitiers. Bridges. SCR's
' | 1 0 0 Triacs. IC's both Logic and Linear plus Opta’s atl of
wransistors, emnters and detectors b .
Types like MEL)1, FPT100 etc. Plus ‘ ] : 100

prce
SX45 1054 SCR'< 1066 21 50v, 22 100v. 4«
200v. 2 1 400v All coded Brand new. 2

~ preawayat 1

mversal Ni-Cad battery charger Al plasi
case with ift up g Charge/Test switch LE
nthcalors af each of the hive charging points
Charges Power

which are current everyday usable devices
Cadmium Cell ORP12 and germ. photo Guaranfeed Yalue over £10 al Normal Retail Price ce.95
transistor 0CP71. TOTAL OF 25 pieces.

O/ND Sx574

£5.00

1 Amp SILICON RECTIFIERS
Glass Type simiar INAOOO SERIES INAOD1-IN&DOA
50 — SO0v - - unCoo.d — you seiect for VLTS
ALL perfect Oevices — NO duds Min S0v

50 for £9.00 — worth doubse ORDER NO Sx76

Suncon Generat Purpose NP Transitors 10-18 Case 3
Loch It heads - coded CV76ad Similar 10 BC14? 5
BC107- 7789 ALL NEW! VCE J0v ICS00mA
Wie 75-250 S0 of 100 of 500 off 1000 an;
pRICE £2.00 £3.80 £17.50 £30.00 £

Sihcon General Purpose PNP Transistors 10-5 Case
Loch bt ieaas cooed CVIS07 similay ZN/I0SA to

8FX30 VC B0 1 600MA  Win Hie S0 ALL NEW

SOon 100 oft 500 am 1000 of

PRiCE €2.50 £4.00 EID 00 £35.00

Orger as CV9507

'% g

Silicon NPN’L’ TypeTransitors
10-92 Prastic centre colleclor
Like BC182L 1831 — 184L
VCBO 4§ VCED 30 IC200mA Hle 1C0-400 b

ALL pertect devices — uncoded ORDER AS SX183L
50 ott 100 off 500 off 1000 oft
€1.50 £€2.50 €10.00 €17.00

£4-oo

Data et n “

evety pak.
Orger No SX56

— ’jb'

OIGITAL VOLT METER MOOWLE
x 7 segment displays Basic Circuit
8-2V=  instructions provided 1o
extend voltage & current ranges
Operating voltage 9/12v
Tvp. Power Consumotion 50mA
0/N0:5X93 Once only price
£9.95

PNP SILICON TRANSISTORS:
Simular 2TX500 — ITX214 — E-Line

VCED 40 VCBO 35 ic 300mA Hee 50-400

Brang New — Uncoded — Petect Devices

50 oft 100 ot 500 off 1000 oft
£200 €3.50 €15.00 £25.00

MULTITESTERS

1.000 opv Including test leads & Bamery
AC vols: 0-15 500-1,000

0C 0-15

OC currents. 0-1ma-150ma

Resrsiance - 0-2.5 K ohms 100 K ohms.
Dims:- 90 x 61 » 3J0mm

.0/N0.1322.0UR PRICE £6.50 ONLY

Practical Electronics

DOME TWEETER

Dome Tweeter for systems up
Impedence B ohms. Frequency Response
2000-20000Hz. Dims 98mm dia x 3tmm deep.

OUR PRICE £2.95. 0/No. DMT200

BI-PA
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to SOw.

30,000 opv Inciuding test leads and case
4 2% 1]
DC current - 0-50ua 0-5ma-50ma 0-12amp:
Resistance - (5K ohms-JOK ohms-6meg ohms
60meg ohms
Decibels - -200b 10 plus S6db
Short test - Internal buzzer
Dims.- 160 « 110 x S0mm

0/No. 1315. OUR PRICE
ONLY £24.75

ELECTAONIC SIREN 12y OC

gur Price:- £5.50

POWER SUPPLY OURPRICE £3.25
Power supply Iits derectly 1010 13 amp sacker
Fused lor salety Polanty reversing socue
Voltage swilch Lead with myiti piug

tnput - 240V AC S0HZ Output 3 45

75 9812vDC Raung -300ma  MWBS

SILICON BRIDGE
RECTIFIERS

Comprising 4 % 1}
amp rectifiers
mounted on PCB.
VRM - 150 vits
IFM — 1.5 Amps
Size: t inch square
10 oft £4.00
S0 off £4.50
100 off £7.50
Order No. As 4RI
BRect

SPECIAL OFFER OF STEREO AUDIO MODULES

Fuily buk and tested in our factory
A COMPLETE SET TO GIVE You 70 wats TOTAL
35 warTs isns) PER CHANNEL %v POWER SUPPLY

Kit comprises:

2 x ALB0 Power Amphfiers

1 % SPM12D/55 Power Supply
1 % PA200 Stereo Pre-Amplifier
1 x Transformer Sv

1 x From Panel - Black with White lettering
4 x Black Knobs with White Pointers

2 x Coupling Capacitors & 1 Reservoir
Capacitor. Full hook-up chart

NoRMAL RETAIL PRiCE £52. compLETE SAVING £14
Our SPECIAL OFFER Price For 1 MONTH ONLY

Order by phone NOW with your Credit Card

Ring: Sue on 0920 3442/3182 for immediale despatch

(Order as: SX70 watt AUDIO KIT}

Send yaur orders to Dept PEJ BI-PAK PO BOX 6§ WARE HERTS.

SHOP AT 3 BALDDCK ST WARE HERTS.

TERMS: CASH WITH ORDER. SAME DAY DESPATCH. ACCESS,
BARCLAYCARD ALSO ACCEPTED. TEL (0820) 3182 GIRO 388 7006
ADD 15% MAY AND 75p PER ORDER POSTAGE AND PACKING

Use your credif card Ring us on Ware 3182 NOW and
get your arder even laster Goods normally sent 2nd
Class Mail

Remember you must add VAT at 15% To your order
Total Postage add 50p per Total order




MAIL ORDERS: e
Unit 4, Hill Farm Industrial Estate, (o] |

Boxted, Colchester, Essex CO4 5SRD.  ACCESS AND
TELEPHONE ORDERS: BARCLAYCARD

Colchester (0206) 36412. WELCOME
211402 75 280ACPU 290 B81LSIE [ | cRYSTALS SWITCH ANSFORMERS [EESSaai ‘c"";'gi“
MICRO [PIITY 205 ZBOAPI0 260 B1LS9? 85 N0 100KHz 235 4.43M100
2532 340 280ACTC 260 lag8 55 0 imMHz 275 6.0Mm 140 f Submin toggle Minlature mains:
BEST 2m2 340 ZBOASI0 900 1489 55 f1.8432m 260 70M 150 3’:7[55:.'5?37 60p. DPDT 65p. ggtasv,;‘:gx;‘sza:"z‘\./‘:.’,e@ 100m A 100p each.
n Prin hniatu 0ggle L
BCES 18P 50ns 200 200A DART Soo Conmecram a1 2oV, 225 B.oM 140l BT B, SPOT centre oft 900, | 3VA 05, 06 6 0.754:0.9. 09 © 0.154;012,0-12 @ 0.12A 200p cach
ANYWHERE! 4464 240 811595 85 avle at low lowprices. § 3 679M 95 12w 170 ] OPDT 900. DPDT centre ofi 100p. | 6VA 06,06 ©0.54:09,0:9 ®0.3A:0:12,0.12 @ 0.254 270p each
a.0M 140 16M 200 Standard toggle High quality. Sphit bobbin construction
. SPST 350. DPOT48p 6VA 06,06 ®0.54;0-9, 0.9 @ 0.4A; 0-12, 012V @ 0.3A 220p each
4018 20 4034 140 4054 78 a0B1 12 40193 65 4528 45 Minlature DPDT stide 12p. 12VA 06,06 @1A,09,09@0.84,0-12,012@0.54: 015,015
CMOS 4017 30 4036 249 4055 80 4082 12 4502 60 4529 150 Push to make 12p. @ 0.4A 295p (plus 40p carriagel
4018 45 4039 280 4059 430 405 48 4503 32 4532 60 [§ Pushtobresk 220 25VA 06,06 @ 1.5A; 0.9,09 @ 1.24. 012,012@ 1A:015.0-15@
4000 10 4019 25 4040 40 4060 42 4086 50 4507 35 4534 400 Rotary type adjustable s1op 0.8A 330p each {plus 60p carriage}

4001 0 4020 42 4041 40 4063 80 4089 125 4508 110 4538 60 1P12W, 2P6W,_ 3P4AW all 55p each SOVA 0-12,0-12 @ 2A_0-15,0 15 @ 1.5A. 4400 each {plus 750 carriage)
4002 12 4021 40 4042 38 4066 22 4093 18 4510 45 4543 50 DIL switches

4006 50 4022 45 40A3 40 4067 225 4034 68 4511 40 4549 360 4SPST 80p 6 SPST 80p. 8SPST
4007 144023 16 4044 40 4068 14 4095 65 4512 40 4553 215 100p HARDWARE CONNECTORS
4008 36 4024 33 4046 A0 4069 13 4097 290 4514 115 4655 35
4009 24 4026 12 4047 35 4070 13 4098 70 4515 115 4556 35 PP3 battery clips 6 | DIN Plug Skt Jack  Plug Skt
4010 24 4028 75 4048 38 40N 13 4099 70 4516 S5 4559 390 Red or black crocodileclips = 6| 2om 95 9 Z;vn“m |gn 1go
4011 10 4027 20 4049 3l 4072 3 40106 40 4518 ap 4560 140 VERCBLOC 4 350 Black pointer control knob 15 gp-n 12p :l‘Jn 3. dm. d‘6[; zon
4012 15 4028 40 4050 21 4073 13 40109 110 4520 &) 4584 a5 Size 0 1 Mmatrex Pt Ultrasonic transducers 350 PD'H ‘gn i L gll" i % P 252
4013 20 4029 45 . 405" 42 4075 13 40163 60 4521 130 4585 60 oY 22 [| B6Y Etectronic buzzer 60 | Prono 100 ‘gn dlereo ‘Bn 24
4014 45 4030 14 4052 48 4076 a5 40173 100 4526 60 4724 140 2'5 x3.75 75 P12V Electronic buzzer 65 1 - ég? -] mr’n ol -]
4015 40 403 126 4053 48 4077 14 40175 75 4527 50 2'5 x5 85 P PB2720 Piezo transcucer % ;J [} & C:nnecnli‘; “
176es 95 | S onmuseaner 70 | 0238 ovwr chovws skt 380
12 LS5 20 ($123 34 L5160 35 LS197 45 (§353 60 M mm 8 ohm speaker :
12 L1876 17 size e LSe35 (s221 50 (sies 28 P veoord . oo 160§ 20mm panel fuseholder 25 || 502305 roun cravis skt 405
Ls22 12 LS78 17 48126 26 L5162 35 LS240 60 Us3e6 28 WM Singie s 50 LEC 3 pin 250V/6 .
LSOO 11 (§26 14 LSBI 35 . L§132 35 LS163 35 LS241 S5 5367 28 M Doiue sclen 4 lug chassis mounting 30
Lso1 1 Ls27 12 LS8S 49 15136 26 L8164 40 LS242 55 LS368 29 $Bo1 lace cutter 108 . Socket free ;ngl.ngd e
L502 1 Ls30 12 LS86 16 128 30 LS165 55 1LS243 55 18373 S8 B namriion tool 162 [ Proci wiin : uzm'r \-uv;o Socket with 2m les *
Ls03 12 us32 13 LS90 24, fLs139 30 L5166 60 Ls244 55 US374 60 M \wiing pen and spoot ato | P v R 2
LSoa 12 Ls37 14 LS92 25  (S1a5 0 < LS10 75 Ls245 10 L$375 a3 W o008 CUR LAY Al TR Tl np
LSO5 12 LS3B 15 LS93 24 . 45147 150 LSI? 60 Ls247 48 LS377 60 B oo s o LTIM
LSO8 12 LS40 13 LS95 38 - Lsied 75 LS4 45 (s51 28 LS378 57 7/.; sl 2‘4' o b
Ls09 12 LS42 28 9% 95  LSI161 - 38 LSI17S 45 (5257 32 LS3%0 45 m xdx xax3" | B Fnaapcc e
oo N ot * i L3193 SR, L5206 32 LS9 40 » C1060 30 | sized mu‘lnm“u with 3n impressive
LS11 12 LS4B 45 LS109 21  LS154 78 LS19% 36 (S259 55 L5399 156 ———eats T %CI050) A Red ol imesee vtk oo
LS12 12 LS&) 14 LS112 21 LS15% 733 LS192 35 (S266 20 LS541 78 ona7r ol vaidoy ) oVEA . Lofyiem com
LS13 19 LSS5 14 LS113 21 18156 36  LS193 36 LS27) 58 LS670 135 000l Il vickocs = R -
ok s e o 1 £3al % P2 2 L e ADy 7 1N4007 ? Highly sensitive 19 ;lnge mutti
LS15 12 LS74 17 LS122 35 LS158 29 LS19% 45 LS283 38 Foen 5 e B8 1 6R10GE ;ﬁ 3333 :g Aoty s a1 9icanee mul 1
7013 17 7aa4 @5 7483 30 a2z 38 14161 a6 saico ao M 00202 2 1NMOd 6 LLCMMLMIEE: s 10ov g0 [ Overload protecuon DC volts
7 1000, AC volts — 1000; DC current
TTL 7414 23 7446 58 7485 60 74123 38 74162 a6 vator a0 M NN 0 LT e oAU 0.254. 4 Compl
7416 19 1447 36 7486 19 74125 33 #4163 46 74192 a0 14 S0V 20 vMI8 DIL 0.9A 3 . 4 reyistance ranges, :zamn ete
7400 n 7417 19 7448 43 7489 180 74126 33 MI164 46 74133 40 1A 400V 35 200V 50 [ wth betteries leaas, etc 950

7401 1M 7420 14 7450 14 7450 19 74132 30 74165 46 74194 40
7402 11 742y 19 7451 14 74N 34 74147 B4 74167 150 74195 40 CABLES

7204 12 7427 18 7454 14 7493 24 74147 % 74173 58 14197 40 20 meire pack sinqie core connect

MIN. D CONNECTORS

7405 14 7428 25 7460 14 7434 3 74148 60 74174 83 24198 80 ing cabie 1en (hlferent colours. 65p I 9 wey 15 way 25 way 37 way
7406 19 7430 13 7472 22 7495 33 74150 48 14176 45 499 W gy

7407 19 7432 20 7473 24 749 38 74150 38 Ua176 3% Soeauer cante 190m Y Solow luss 750 110p 150p 2400
7408 13 7433 20 7474 19 7497 86 74154 47  74V77 42 tanilaeitiscrEened pam f Rightanglepcbmount 150p 200p 2400 350
7400 13 7437 23 7475 26 74100 18 74156 36 74179 7% DAL 24pm § Sockets

7410 13 2438 24 1476 25 24100 22 7415 36 14180 36 254 3 care mawny 2pim | Sotuer lugs 1050 2000 240p 3500

7411 15 7440 14 7480 45 14108 24 74157 28 74181 100 30 way ranbow stmon - 65pim  § Rught angle pcb mount l‘ggu 210p 200p 440p

7412 17 7442 30 7482 65 74121 24 74160 55 74182 S5 = 20 way rasnbow niliion 120pim | Covery o S0p 1000 110p
LM339 45 LM391) 120 NES566 140 1084
CAPACITORS POTENTIOMETERS TOOLS m CM342 60 iwaoe  1oe BNESE? 100 oot %
‘ . M358 50 BNEST0 37
Polyester, radial leads. 250v. C280 fs"’z"M;}‘;":':e'?;“:‘l’:,:’; oe Small trimming 100} 22 [l 8%6CMOS 80 cLr106 190 l[wn 170 tmgt‘sgo :82 NES71 378 ¥t83§ ;g
type: 0.01,0.015, 0.022, 0.033 Singie tor tcned B0n_ Slice 6omm [ ST pocket screwwr e 15 f 55CMOS 0 acLrenr 95 pLmIso 65 Mciase e PRCAIIE 55 mTiogt 25
60:0.047,0.068,0.1- 7p;0.15. o vele Log o Lin 6 500K | La7oe pocket scrawdrives 1§ 09 S ICL7621 180 BLM3B1 120 MC3340 135 PRAC4SSE 60 TLOB2 45
0.22-9p:033,0.47 - 13p: 068 e e hag oS 6 piece prectsion screwarver sef g 14 1CL7622 180 (M382 120 BMF1OCN 350 SL48O 170 TLOB4 95
200: 1u - 23p. Preset submin. hor. 100 ohmy 1M | M Piastic case 170 § 748 35 4CL8038 295 LM3B4 130 MLS22 400 SL490 250 TL17G 50
Elsctrolytic, radisl or axie! leads: P Lowcost side cuttges 160 | 9400C 350 iGB2114 200 {M3s6 65 ML924 195 SL76018 150 UA2240 120
047/63V, 163V, 2.2/63V, 4 1163V, | £y precision multiturn, 075w | TI90 udlity sidecutters . 650 [ AY.3-1270 720 ighg22a 735 (M3a7 120 ML925 210 PSN78477 380 ULN2003 85
10/28V - 7p: 22/25V,47/25V - 80 | o100 ghems 1o 100K - 880 each. | SO COstRIers 160 WAV 3.8910 330 |CM7555 80 |M393 100 ML926 140 SP8629 250 ULN2004 90
100/28V - 9p; 220/25V - 14p; High quality piers 650 AY:3.8912 940 »LF351 5 Lm709 B ML927 140 THA120S 70 XA2206 290
470/25V - 220: 1000/25V - 30p Wire striopers 120 § CA3046 B0 (F353 35 (M1 60 MLS28 140 TBABOO 75 2ZN41é 100
2200/26V - 50p. REGULATORS EXD celanfde 695 N »CAIDEO 63 LFIS6 %0 (M725 350 ML929 140 TBABIO 96 2N423 135
Teg end power supply electroly tics: Expo Titan drill 1025 § CAJ089. 190'LM10 30 (m733 75 MMS387A 465 TBAB20 70 2N424 135
2200/40V - 1100; 4700/40V - 160p | 78LO5 30 79L05 65 | DOrili stand 1200 § CA3090A0 376 LMI01A 25 (w73 14 NES29 225 TBA950 220 ZN425E 350
2200/63V - 140p: 4700/63V - 230p | 78L12 30 79L12 65 i | Aecucedishankidrill bitjfor CAJ130E 85 LM311 0 (mar 60 NES31 150 TDA100d 320 ZN426E 330
Polyester, miniaturs Siamens PCB: | 78L1S 30 79018 65 | above 0 8mm, imm 1.4mm 60 B »CAJI40E"36 LMIIB 1M  miasg 40 NES544 205 BTDA1022490 2ZN427E 650
10,202,303, 4n7,6n8,10n, 15n, 7p; | 7808 35 7%08 40 CAJIEIE 100  LM324 $0° M2917 200 BNESSS 16 TDA1024 125 2ZNA2BE 480
22n,33n,47n,68n, 80 100n, 9p 1812 35 7912 40 PT CAJ189 290 LM334Z 100 {jm3900 45 BNESSE 45 TLO61 40 2ZN459 285
160n, 11p; 220n. 13p:3300, 200 | 7815 35 1918 a0 | Ui PCAI240E 110 LM3IBZ . 125 i M3009 /0 NESES 110 TLO62 60 2ZN10J4E 200
470n 26p:680n, 290 1u33p: 2u2, | LM308K 130 LM723 s :
£ (317K 270 wm3dex  a7s | S3mTee T BEmmeed BCB17 40 BF3)7 40 MPSUS6 60 ZTx108 8 2NJ055 50
anisium besd LMI1IT 120 78HOS BA A Al B TRANSISTORS BS547  ® [LBFR40 23 TIP20A 30 2TX109 12 2N3a42 120
0.1,0.22,0.33,0.47, 1.0 @ 35V CMIZIK 350 bS5V 650 | B3Imm vellow e felier BCS48 10 BFRBO 23 TIP29B 55 ZTx300 t4 P 2NIT02 6
Clips to suit - 3p sach, g
120.2.2,4.7,10 @ 25V - 200, ACY25 35 BC149 9 BTS49 10 | PBFR8! 20 TIP29C 37 2ZTXI01 16 2N3703 9
15/16V - 300: 22/16V - 27p: 33/ Rectanguiar T2 O W acize 25 8Cis7 8 BCes8 10 4 BFX29 25 TIP3OA 35 2TX302 15 P2INIT04 6
fey Ashiyey 2eainey SOLDERING IRONS o ke e Baci27 25 Bcise 10 BEYI0! 18 BExaa 25 T30 50 zTxao: 17 2N3705 9
J 0 0. . 8—
Cor.'disc. 220.0.010 50V, 3p each. | Antex CS 17V/ Soidecing iron 460 § yeitow 17 ORP12 as| fiFACI28 20 32123 42 39333 'u ::::: ges ;:;g?g gg ﬂié&‘, 32 3:338‘;’ |g
Muflerd minlature ceramic plate 2dandatmmpnsrowit. 65§ pTILI8 40 TiLwo o0 QACIE 25 BEIE0, (8 BOVIZRL GERES T Teate 37 rasod 1% INaves s
1.80F t0 1000F 6p each ks pon 450.elament: 210 | 2NS777 45 Duaicoloor 60 M ACIST 22 SRIBCC 0 ODIAY 357 sExes TZm TiPIA 38 2Txa02 16 2N3105 10
Polystyrens, 5% tol: 10p.1000p, 6p: | ANtex XS 25W L 80 ) Seven segment dupiavs: AN 12 BC170. '8 8D132 738 - mEVEO 23 TPaxc 37 ZTx80s 18 N3I172 170
15004700, 806800 0.012u, 10p, | 33 and d.7mm bits tosuit .~ 65§ Com cathode  Com anode :3:49 X BCi71 10 B0 S0 BEVSY 11PI3A 50 2ZTX504 25 B2N3I773195
Trimmers. Mullard 808 series: 2-10 | SOl0er pumo desoldering tool. 480 | DL7040.0" 95 DL7070.3" 95 J§ ADISS 80 BEIZN 10 DSSR UL Sepily 30N mpaac 75 angod 20 maN3st9 18
oF , 220: 2-220F, 300 5.5-650F, 350 | $6or¢ nozrle for g A (EERd FNODS07 AQ162 40 BC177 18 ©8D136 30 BFYS3I 32, TJP34A 60 2NGOB 40 2N3IG20 40
= yug RIOOLJO.S (100 WoF12a 60 BCI78 18 BD137 30 BFYSs 327 TIP34C B85 2N706A 20 2N3823 65
RESISTORS TI3130.37115 TIL312037115 B0 o5 gcizg 18 BO1I8 30 BFYS6 32 VTIP3SA 105 2N708 20 ZN3866 90
PCB MATER) TIL3220.50118 L3100 05 R AFi39 a0 BC182 10 D139 35 BRV3@. 40 TIPIEC 125 2notg 35 2N3903 10
W 5% Carbon lim E12 series 4.7 | AU ranster heete P LCD: 3% digit 580p. 1986200 Wipigs 70 MBCIB2L B PBD140 35 BSX20 - 20¢ TIP36A 425 2n1132 22 2N3904 10
ohm . 1M 1p each tyde {e.g. DIL pads erc.) AF239 75 BC183 10 BD204 110 B8SX29 35 TIPI6C 136 2N1613 30 2N3305 6
W §% Carbon film E12 series 4.7 | Dalo esch resist pen 100 UL <0ovBA 65 Mlacio? 10 BCIS3L 10 BD206 110 BSY95AT 25 TIP41A 45 2N2218A 45 2NI906 10
ohm to 4AM? 20 each. Fibre giass bosrd  3.75"x8" 80 400V 16A 95 B BCI078 12 BC184 10 BD222 85 BU205 160 TIP42A 45 7N2299A 25 2N4037 45
%W 1% metal film E24 series 10 Feeric chioride 250mi bottie. 100 | 400V4A 50 BR100 25 §»BCI0B 9  BCIBAL 7 BF180 35 BU206 g8y TIP120 90 2N2221A 25 2N40S8 10
ohm - tM 6p each 8C108B 12 BC212 10 BF182 35 B8U208 170 TIP1Z1 90 222224 20 2N4060 10

BCI0BC 12 BCZ12L 10 BFt84 26 Mj2955 99 TIP122 SO 2NZ368 26 2N4061 10
»BC109 9 B8C213 10 BF185 25 MJE3A0 50 “TIP14t B8 2NJI36p 18 2N4062 10
BC109C 12 BCZ13L 10 BF194 12 MJES20 65 ~TIP142 OB . IN24B4 25 2NS457 36
TIP147 110 2N2646 45 2N5458 36

L

i opportunity for the beginner or the experienced constructor

60 ) 0 obtain 8 wide range of components at greatly reduced prices. %W 5%
\ Resistor kit. Containg 10 of each value trom 4.7 ohms to 1M {toral

ol 650 resistors)

129 Ceramic Cap. kit. § of each value - 22p to 0.01u (135 caps) 370

13p Polyester Cap. kit. 5 of each value trom 0.01 10 1uF {65 caps) 575

Preset kit. Contains § of each velue from 100 ohms to 1M (total

65 presets g 425

Nut and Bolt kh (totsl 300 iterms): 180p

256BA %" bolty 50 BBA washers S0 6BA nuts

256BA %" bolts 254BA %" boits S0 6BA washers

50 6BA nuts 25 6BA %' tolts

»BC214L B

8C237 8 BF197
BC238 14 BF198
BC308 12 pF199 8
BC3I2? 14 @F2 30
8C328 14 PBF2448 22
BC337 14 BF24S 0
BC338 14 BF2568
BC477 30 B8F257
BC478 30 B8F258
BC479 30 BF259

VNBBAF 95 P2NJ0S3 23
MPSUS5 ZTX107 8 2N3054 5%

»
ORDERING INFO. All components brand new and full specification. All prices exclude VAT,
Please add to total order. Please add 50p carriage 10 all orders under €15 in value. Send cheque/
P.0. or Access/Visa number with order. Qur detailed catalogue costs 45p {free with orders over

it i J ers most welcome. Telephone orders welcome wi s isa. Official orders
: _’S_o ap"’qellg’?'yy dceos[;)g'ocf?enfs* Cz’;;]p ggg'vr,esp'ggfss Ec‘gz)mcez'l'mm co:leqe':,OSchoolsl, Z:Ic . C:"evs m:fsol welco‘:\:sf:sar:f o\;en M(z)'r::ayllz gamrdav.
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PE—THE FUTURE
E free Scratch Pad on the cover of
this issue will be the last of a line, at
least for the foreseeable future. Right
from the first issue of PE (November
1964) it has been our policy to give
readers a “free gift” roughly twice a
year. For some time now we have been
doubtful of the value of this idea. While
we have always tried to ensure our free
gifts are worthwhile—and from
readers’ response to some of them
there can be no doubt of that—we
have felt that improved value for
money on a monthly basis might be a
better policy, after all if you are a
regular reader you buy the magazine
for its content, not what you get free
with it. So from now on we will be giv-
ing you more content every month in-
stead of any free gifts. In short, the
money we would normally spend each
six months or so on gifts has been
redirected to pay for about 8 extra
editorial pages, per month from the
May issue onwards. We hope you will
like the idea.
We will be starting a new regular

feature in May—see next month's
issue for details—and also expanding
the range of our other articles. So in-
stead of the free board, book, tool or
component etc. every so often, which
you may or may not want or use, you
will get more info., more circuits and
more reading each and every month.

PE COVERS

Next month you will also notice an
immediate change when you buy your
issue or when it drops on your door-
mat. We are changing the style of our
covers. In line with our future contents
we are also putting more on the front
cover, so if you are just browsing at the
bookstall it should give you a better
idea of just what is inside to interest
you. We believe the new style looks
more modern, exciting and colourfui;
your impressions would be interesting.

FEEDBACK

As we have said before we are
pleased to hear your criticisms, likes
and dislikes as this feedback helps us
to produce a magazine which is just

what you want. Feedback in the form
of IUs and material for Microbus and
Microprompt is always interesting and
keeps the whole area of "“hobby
designs” alive.

In recent months the number of con-
tributions to IU have tended to fall
They are always welcome and we
should have more room for them from
May onwards. So keep the ideas com-
ing; we do pay for each one published
at the rate of £40 per magazine
page—enough to buy some more com-
ponents anyway!

In line with our policy we are con-
tinually striving to meet the needs of
our readers and, with your help, will
continue to produce what we believe is
the best magazine of its type available
anywhere.

el

E DlTOR Mike Kenward
Qordon Godbold ASSISTANT EDITOR

David Shortland ASSISTANT
EDITOR/PRODUCTION
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Mike Abbott
Brian Butier
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Technical and Editorial queries and letters
{see note below to):

Practical Electronics Editorial,

Westover House,

West Quay Road, Poole,

Dorset BH15 1JG

Phone: Editorial Poole 671191

We regret that lengthy technicel
enquiries cannot be answered
over the telephone

Queries and letters concerning
advertisements (o.

Practical Electronics Advertisements,
King's Reach Tower,

King's Reach, Stamford Street, SE1 9LS
Telex: 915748 MAGDIV-G

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

Components and p.c.b.s are usually
available from advertisers; where we antici-
pate difficulties a source will be suggested.
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Back Numbers

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

Binders
Binders for PE are available from the same
address as back numbers at £4.-60 each

to UK or overseas addresses, including
postage and packing, and VAT where ap-
propriate. Orders should state the year and
volume required.

Subscriptions

Copies of PE are available by post, inland or
overseas, for £13-00 per 12 issues, from:
Practical Electronics, Subscription Depart-
ment, Qakfield House, Perrymount Road,
Haywards Heath, West Sussex RH16 3DH.
Cheques and postal orders should be made
payable to IPC Magazines Limited.




1tems mentioned are available
through normal retail outlets,
unless otherwise specified.
Prices correct at time of going
to press.

software options.

A number of exciting pipeline stage
developments were in evidence. What was
claimed to be the first public demonstration
of telesoftware took place, during which a
BBC micro was downloaded with a
program from a CEEFAX page. The acquisi-
tion worked with simplicity and speed, a
condensed format program being
transferred. The BBC has committed itself
to the transmission of reliable and
worthwhile software, the broadcasting of
which commences this spring. Acorn Com-
puters are to manufacture the telesoftware
adaptors for use with any teletext adapted
TV set. At the preview, the idea of a
telesoftware club was mooted.

Among the many impressive extensions
to the Acorn computer which were
demonstrated, was the BBC Buggy,
manufactured by Economatics of Sheffield.
The Buggy demonstrates the principles of
intelligent machine control and robotics,
and is delivered in kit form, requiring only a
screwdriver to assemble it. This training
tool is a small, skeletal unit capable of
propelling itself around using two drive
wheels, and which has on-the-spot turning
capability. The Buggy's party tricks include
following a black or white line, seeking out
a light source in a maze, exploring mis-
cellaneous objects whilst mapping them on
the VDU, drawing its own lines, and a
repertoire of bar code stunts, one of which
involves composing music. The thirteen
well thought out programs are completely
modular, enabling the user to call upon
them as if a subroutine library. Students
following the National Extension College

wHEWS &

Gomputer Literacy Advances

It was on a wet Thursday back in January that the press responded to
an invitation by the BBC to attend a preview and mini exhibition at the
World Trade Centre, in London. The preview was of 1983's '‘The Com-
puter Programme’’ Series Two, which by now is well under way. The mini
exhibition featured the BBC microcomputer and its various peripheral and

computer course will also be able to use the
BBC Buggy.

Econet, Acorn’'s LAN (Local Area
Network) offers a cost effective link-up for
the educational establishment, allowing
communication by way of a four wire bus
between, for example, the physics lab’ com-
puter and the school data base, and the
mathematics class processor etc. Up to
254 stations may share expensive
peripherals like printers and disc drives,
thus creating every opportunity to save
cash.

Among the BBC microcomputer inter-
faces are a digitizer pad, a teletext adaptor
(CEEFAX and ORACLE), voice synthesiser
{taken from the tones of newsreader Ken-
neth Kendal), disc storage system (up to
800Kbytes), and a second processor unit
This last addition doubles the processing
speed by circumventing the need to in-
terrupt calculations whilst outputting data
Data is transferred across "“the Tube®'. A
6502 or 280 second processor may be
chosen, the latter aliowing CP/M operation.
At the exhibition, a BBC micro with second
processor busied itself designing ULA
layouts!

Readers may like to know of the Infor-
mation Referral service which is run in
association with the BBC Computer
Literacy Project. This is intended to put
viewers in touch with local sources of ad-
vice, and provide information about the pro-
ject. A large S.A.E. should be addressed to:
BBC Computer Literacy Project, Broad-
casting Support Services, PO Box 7, Lon-
don W3 6XJ.

MATHEMATIGS
EXPRESSED?

In their first step into the educational
field Mitsubishi Electric have deveioped
the 'Sansu Meki-Meki’, a basic maths
teaching aid aimed at pre-schoolers and
primary school children. The unit has an
LCD display which shows the questions
and the child’s answers to them. The
questions dealing with addition, subtrac-
tion, multiplication and division are
shown in groups of ten. When the child

- «»
[>>]

froe an

answers correctly a tiny steam
locomotive toots and chugs down a track
and a voice synthesiser telis the operator
that the answer is correct. If the wrong
answer is given the locomotive crashes
and a wrong answer is announced. A test
score is given at the end of each group of
ten questions, a three minute speed drill
can also be incorporated. The unit can
also be programmed to concentrate on
weak points, or similarly add more dif-
ficult problems. The company plan
further similar products for teaching
language, as well as for other subjects
for upper grade students, the unit is sup-
plied with batteries and a mains adapter,
the price is expected to be under £50.

SYSTEMA CHESS COMPUTERS

Following the launch of the CG1 chess
computer Systema have now introduced two
additional models into their range both with
extra features. The CG1 unit had a built in
sensory board and eight levels of difficulty for
a retail price of under £30.

First of the new chess computers is model
CG2 which has a full-sized sensory chess
board and pieces. The CG2 has all the
features of model CGl1 plus a ‘save’ switch to
‘freeze’ the game at any stage and retain the
chess position in its memory until the player is
ready to resume the challenge. Other features
include keys for under promotion, taking back
moves and to set-up or verify positions.

Also introduced is the CG3 travel chess

computer. It combines the compact design of
the original CG1 with the extra features of the
full-size model CG2. The lid snaps into posi-
tion to keep out dust and a special compart-
ment is provided for the chess pieces. A soft
carrying case is available as an optional extra.
The retail price of full-sized model CG2 will
be around £50 and the CG3 travel model will

be under £40.

Other features of all three models include
changeable levels during play, changing sides
during play, en passant capatures, castling
and pawn promotion.

Systema (UK) Ltd.,, 74/76 South Street,
Reading, RG1 4LG. (0734 586429).

0000

Government approval of British Rail's plans to
invest £21 million in new ticket issuing
machines will soon bring BR's ticket offices
Sirmly into the microchip age. £17 million of
the investment is for a new all purpose ticket
issuing system, APTIS and the remainder, £4
million is for PORTIS a portable version of
the nain system for use by guards on pay
trains. Subject to satisfactory evaluation of
the prototypes the new machines should come
into operation in mid-1984 and be fully
established by the middle of 1986.
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IMARKES PLAGE

Disc Film! Square Eyes?

Kodak’s innovative disc camera has been
described by the Consumers’ Association
(Which? report Nov. "82) as foolproof but un-
impressive in its photographic picture quality.
It was summarized as being ideal for the
average person wanting straightforward
trouble-free snap shots. Eight million disc
cameras, however, were estimated to have
been sold at the close of 1982. Eight million
people who prefer to have no knobs to twiddle
before taking a photograph!

Kodak’s eye is still firmly on the future of

The heart of the prototype system is an ex-
tremely high resolution charge-coupled image
sensor which converts and enhances the op-
tical data ready for television display. A
colour array of more than 350,000 elements
produces a very detailed TV picture from each
whole, or portion of the disc exposure. With a
luminance signal bandwidth of greater than
3.5MHz, the potential for picture quality ex-
ceeds that of most television receivers.

The video display system is exploratory,
with no commitment by Kodak as yet, to

JOVSTIGKS

A new range of joysticks has been in-
troduced by Midwich, made of high-quality
injection moulded materials, these
erganomic designs fit comfortably into the
hand. Each fjoystick or pair of joysticks is fit-
ted with the appropriate connector for the
machine in question, the range is aimed at
the 88BC micro, Dragon 32 and the Spec-
trum/ZX81. Since the ZX81 and Spectrum
do not have a built-in A to D converter,
Midwich have also designed a high-speed,

4 channel controller board, which plugs into
the expansion slot. An edge connector is
provided for RAM pack, disc drives, etc.
Prices as follows: ZX81, Spectrum and
Dragon 32 £15.98 per pair, and for the
B88BC micro £13-00 per pair, the controllers
being £22-95 each. All prices include VAT.
All units available from Midwich Com-
¥ puters, Rickinghall House, Hinderclay Road,
Rickinghall, Suffolk 1P22 1HH (0379
898751).

i

outspan the flyer. The potential of machines like the SR—128 to ease the
four-limbed juggling act of flying a helicopter is axiomatic.

Other applications include security, where response only to an
authorised voice is necessary, be it for access to a restricted area, or en-
suring that a vehicle is not illicitly commandeered.

popular photography. In Cologne, last manufacture and sell the equipment.
October, the company
demonstrated a possible future
option in the shape of a video olE FiL oTohNSHING
display unit which allows disc
film images to be reproduced on
a television screen. The » - ‘: N
demonstrator scanned a 15- ‘:G:

image disc negative, enlarging €

them and cropping them, and |
showing the results on a 21 inch 4

KODAK VIDEO DISPLAY TECHNOLOGY

2 3 '
PROCESSED DISC
AND PRINTS

DISC CAMERA

TV screen. £e

A remote control unit allows A ﬂ(\
quick sequencing through 15 a4 & ﬂ:‘ &
disc images under personal con ‘:‘fﬂ A
trol, and facilitates zooming in S ﬁ1ﬁ :.W{\
on a section of image, or recom- PHOTOFINISHER il L%

PRINTS/ENLARGEMENTS
FROM RECOMPOSED (MAGES RECOMPOSED TV IMAGES VIDED DISPLAY UNIT

3 [

posing that image for a better
view of one of its aspects. Scien-
tists at Kodak say that this The Kodak colour-corrected enhanced image system
system would enable consumers promises a kind of editing of photographs, in the
to order prints of their own home. Encoding of the film disc core would allow
home-cuiled pictures. recomposed prints to be ordered by the consumer.

HIS MASTER'S VOICE

The science of electronic speech synthesis is gaining ground rapidly,
but speech recognition is hampered by a lack of precision in human ar-
_ticulation. We humans frequently experience difficulty in understanding
one another, so how might an inflexible machine cope with the various
dialects, or emotional undulations of an individual’s voice?

Marconi Space and Defence Systems have developed, with financial
help from the Dol, a speech recogniser with a capacity of 240 words
and/or phrases, costing £10,000. It is called the SR—128, and it uses
dynamic programming to match voice input with pre-recorded voice
commands, or templates as they are called.

The voice matching pattern for each user can be prepared in minutes
by way of a learning routine in which the operator repeats his or her
personal rendition of the control words, prompted by a 40 character
plasma display. Data profiles of the user’s oration are then stored on
minicassette. When in use, the SR-128 recognises quite normal “con-
nected” speech by dynamically pattern matching the content of its solid
state memory. It is claimed that the number of active templates may be
restricted by applying syntax rules. The system can recognise ut-
terances of up to eight seconds duration, with a response time of 50ms.

There are both military and civilian applications, many of which
would be airborne. An SR—128 is installed at the Royal Aircraft Es-
tablishment, Bedford, for map display and waypoint identification.
Such systems will not only free pilots from physical switch manipula-
tion when using peripheral equipment, but may one day completely

ANY OF You CNAPS
4 bo |MDRESS!ONS
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ICSOCKET

A low-profile i.c. socket, which locks the
chip into position and also provides an
ejecting action when the chip has to be
withdrawn, is now available from Aries
Electronics. The EJECT-A-DIP socket can
be in 14, 16 and 24 pin configurations.

The socket incorporates a pivoting arm at
each end. In one position, these arms lock
the device into the socket and the arms are
available in three heights to cover the
various standard thicknesses of i.c.s. When
the arms are pushed outward to release the
device they also provide a lever action
which ejects the i.c. from the socket
without damaging the legs.

The socket itself has gold or tin-plated,
spring-tempered, phosphor-bronze bifur-
cated contacts, designed to take both round
or flat pins.

Aries Electronics, Unit E, Metrostore
House, Eastways Industrial Estate, Witham.
Essex. (0376 519318).

oy

Briefly...

The president of National Semiconductor is
often quoted as having said that if the
progress of microelectronics over the past
two decades was applied to the motor in-
dustry, a Rolls Royce would cost $2-75, do
three million miles per gallon and deliver
enough power to drive the QE2. By the look
of things, Mr. Sporck’s Rolls Royce will
soon have to fly to keep that parallel up to
Jate, for the bioelectronic device is here—
in the laboratory at least!

In the United States. a molecule that can
exist in two states, and therefore represent
a binary bit, has been successfully syn-
thesised. Mississippi University would
seem to be a mere heartbeat away from the
birth of the molecular diode. A memory
capacity of 1K using this technology would
theoretically fit into a line only one micran
long, it is reported. This breakthrough
brings closer the day of implanted elec-
tronics, and its interface to living tissue.

Coals to Newcastle, fridges to the Eskimos,
fair enough, but British electronic equipment
to Japan? Well its true, and we have the
Thandar Electronics company to thank for
this encouraging reversal in the waves of elec-
tronics from the East. The equipment in this
initial order, worth £100,000, was a quantity
of logic analysers and were purchased by a

“major” Japanese instrument manufacturer.
The model ordered, the TA 2080, was
favoured because of its ability to offer a com-
bination of performance, reliability, quality
and most importantly price which was, to
quote Thandar Chairman Mr Taylor, “un-
beatable even in Japan”. The company based
in St Ives, Huntingdon, export over 50% of

their output.
0000

As if by magic, forecast figures are regularly
conjured up which naturally find their way
into the electronics press. Appearing in Elec-
tronics Times (2/9 Dec.), these figures are at-
tributed to International Resources Develop-
ment, whose study revealed the following:
Sales of personal computers will rise from the
current level of $1-3bn a year to $3-5bn, and
then plunge to $480m by 1992. Sales of the
personal computer's rival, the “multifunction
workstation™ will rocket from zero to $650m
in 1984, to $3-76bn in 1987, and on to $14bn
in 1992.

Evidently computers are not so prone to
misting over as tall, dark strangers.

POINTS
ARISING...

STYLOCHORD (Dec. '82)
The 5024 Top Octave Generator may be
replaced directly with the MOQO83 device

available from Maplin Electronics (order
code YY81C).

Foumidown. ..

Fibre Optics April 19-21. Porter Tun Rooms, The Brewery (!),
Chiswell St.. London EC1. E

international Materlals Handling April 19-26. Earls Court. |
International Packaging Exhibition April 25-29. NEC B/ham. I

HEVAC (Heating, Ventilation & Air Cond.) Apr. 26—-28. Barbican. |

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

Microsystems Feb 23-25. West Cntr. Hotel, Fulham, London. Z 1
CAD North Mar. 1-3. Belle Vue Ex. Cntr., Manchester Z 1

Mailing Efficiency Mar. 1-3. Bloomsbury Cntr. Hotel, London. Z
Local Networks Mar. 8—10. Royal Lancaster Hotel, London. O
Component Fair (Pontcfract & District Amateur Radio Society) Mar.
13. Carlton Grange Community Centre, Carlton, Pontefract. F2
Brighton Electronics March. T

BEX Leeds Mar. 16-17. Dragonara Hotel. K

INSPEX Mar. 21-25. National Exhibition Cntr. Birmingham Inter
national. Z 1

Sensors & Systems Mar. 22-24. The Forum, Wythenshawe. T
Compec Wales Mar. 22-24. Cardiff University. Z 1

ETM (Electronic Test/Measurement) Mar. 22-24. The Forum,
Wythenshawe, Manchester. T

Laboratory Manchester Mar. 23-24. New Century Hall, Corporation
StLE

American Holography Mar.—June inc. Light Fantastic Gallery, Coveni
Garden, London. A8

London Computer Fair April 14-16. Central Hall, Westminster. BS

All Electronics Show April 19-21. Barbican Cntr., London. E

20

Biotech May 4—-6. Wembley. O

Micro City May 10—12, Bristol Exhibition Complex. F3

The Business Computer Show May 10—12. Wembley. O

Defence Components Expo May 10-12. Metropole, Brighton. I

Welsh Amateur Radio, TV & Electronics Rally May 22. Barry
Memorial Hall, S. Glam. C

Computers In The City (conf. & ex.) May 24-26. Barbican. O
Business Telecom May 24-26. Barbican. O

International Wood Processing May 24-27. Wembley Conf. Cntr. Z

Laboratory Edinburgh July 18-20, Appleton Tower, Univ. E

A7 Institute Of Acoustics £ 031 225 2143

A8 Holographic Exhibitions { 01-836 6423

C  Reg. Rowles § Cardifl 565656

E  Evan Steadman £ 0799 22612

F2 Pontefract & District Am. Rad. Soc. ¢ 0977 791071
F3 Tomorrow's World Exhibitions, Bristol

I Industrial Trade Fairs ¢ 021 705 6707

K  Douglas Temple Studios § 0202 20533

L1 World Trade Cntr., Europe Ho., London E
N Institute Electrical & Electronic Engineers
O  Online ¢ 09274 28211

T  Trident { 08224671

V1 Jack Tootill, Ipswich Radio Club

Z  BETA Exhibitions ¢ 01-405 6233

Zt 1PC Exhibitions § 01-643 8040
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MISSILE FROM MARS

Headlines were generated when a meteorite
was discovered recently in Antarctica because
it is the opinion of most of those who have ex-
amined it, that it is from Mars. At the Johnson
Space Centre considerable excitement was
demonstrated when the piece of rock weighing
about 17-5lb was displayed. The charac-
teristics are different from any previous bodies
of meteoritic origin. Naturally it now raises
the problem that there must be more of this
material on the surface of the Earth. This
sample was found by a team funded by the
National Science Foundation, the Smithsonian
Institution and the National Aeronautical and
Space Administration.

At the moment the main problem being
studied is the manner of this piece of another
planet arriving and impacting the Earth. There
are some dissenters that it is in fact from Mars
but Laurence E. Nyquist, who has identified it,
has shown that such an event is possible. He is
head of the Planetary and Sciences Division at
the Johnson Space Centre where his latest
work was undertaken. His conclusions are
based on the study of the Viking orbiter
photographs. A number of the craters on
Mars have a configuration which would in-
dicate that they were made by the impact of
bodies arriving at an oblique angle. It has been
calculated that bodies of the size to have
caused the craters observed, would need to
have a velocity of about 9-98km/sec. This
would make it likely that parts ejected could
have a velocity of the order of 7-88km/sec.
This is greater than the escape velocity from
Mars which is 4-89km/scc. Debris from the
impact would be scattered across the Martian
orbit. The dynamics of the relative orbits of
Mars and the Earth would certainly make it
possible for material to fall as meteorites. The
real question is how often would that final
condition arise. This can only be stated as ‘It
could happen’. However there is another way
of looking at the probability. The age of the
Martian material at the crater is reasonably
well established and is about 1,300 miliion
years old. It is also reasonably likely that
Mars was volcanically active then. The age of
the meteorite is given as |80 million years or
thereabouts. Since ali other finds so far have
on average been assessed at 4,500 million
years the argument is reasonable. This could
be a talking point for rencwed proposals to
bring back again the original plan for a man-
ned landing on Mars. However the immediate
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active plans are to re-examine earlier finds
made by a Japanese expedition. They found
that many objects were lying about on the sur-
face of the ice and easily detected. An
American expedition in 1976 found large
numbers: of meteorites on the surface easily
identified. On the latest expedition there were
two ‘other bodies which may be Martian. They
are still undergoing tests. One of them may
well' be from the Moon and its origin similar to
the Martian bodies in the mode of transmis-
sion to Earth. In this case there are a number
of samples of Moon rock collected by
astronauts from the Apollo landings. The
suspect sample found in Antarctica weighs 32
grammes and was from the same Elephant
Morraine area where the Martian samples
were found. A section of the sample appears
to be identical with the original Moon samples.
The Martian sample on examination would
show some indication of how long it might
have been in space. This is regarded as not
longer than 2 million years. In that case it
must have come from a large body nearby.
The sample is large enough to support years of
study. There are a number of areas of glass
like appearance which may have been part of
the original material. One crucial task will be
to penetrate these areas for they may have
trapped in them the atmosphere of the time.
This will add much to our knowledge of the
early conditions on the Planet.

SPACE MOTION SICKNESS

Much has been made of the small incidence
of space sickness particularly on Shuttle Mis-
sion S5. It seems that there is always someone
to exaggerate small incidents for which they
have little evidence. The practice of shock
heaclines is increasing for the purpose of
creating adverse opinions and boosting sales
in certain parts of the media. It labels the
writers who follow this policy as the backward
looking cranks akin to those ‘experts’ who
earlier in the century were forever prattling
about the inability of the humans to withstand
speeds of 20 miles per hour. A listle thought
about the effects of statements that are en-
tirely without attested foundation, have reper-
cussions on the families and serve to spread
needless alarm. As a first example the fact that
the Russian cosmonauts have set a new record
for time spent in space should make people
hesitate about a journey of a few days in-
volved in this so-called motion sickness.

A number of critical issues have been raised
which have repercussions both in the personal
lives of the astronauts and in the various legal
aspects. There arise the quesiions of confiden-
tiality between doctor and patient. There is
the psychological effect on the individual
astronaut who may feel that continued work
in the field may be jeopardised, the legal dif-
ficulties due to various existing codes of prac-
tice and the Federal Privacy Act.

The entire situation has been built up into
unnecessary proportions. There is a very im-
portant point at issue here for it so happens
that there has been an increasing number of
the same symptoms in the general populations
who live in cities. There are a number of things
which could assist the explanation of this
trend. Indeed a great deal is going on in the
areas of the changing eating habits of the
communities. So much indeed that within a

very short time it will be found that many pro-
jects will be set up and grants applied for the
proliferation of useless knowledge. Perhaps a
little exposure of some of the so-called
research in the area of man and his environ-
ment would sort the valid from the invalid. As
the Year 2000 approaches perhaps it will be
possible to get feet set on a useful path which
deals with the true reality.

NEW MINERAL FINDINGS

Some of the findings using the instruments
of the second shuttle mission have now been
published. It was possible to detect other clay
minerals where in the previous observations
from space only Limonite was readily iden-
tified. Using the multispectral infrared
radiometer in an area between Kharga and
Aswan in Egypt, it was possible to identify ex-
actly kaolinite a hydrous aluminium silicate
clay mineral and another of the same group,
montmorilionite. These are important finds
because they are useful guides to the finding of
ore deposits of iron. This new facility means
that both topographical data and
minerological data can be acquired
simultaneously over wide areas. A first saving
is then to halve the costs and time compared
with previous geological surveys.

JOINT VENUS MISSION
Cooperation between Russia and France
has been working very well and now the most
ambitious project is being discussed regarding
what might be called a massive assault on the
problem planet Venus. The target date for this
mission is 1989. A French statement indicaies
that there will be probes, landers and balloons
used in this attempt. It is not deemed practical
to land a moving vchicle at this time, mainly
because more certain knowledge of the terrain

.1s needed.

Leading up to the 1989 mission will be two
others. The first will involve the Soviet Vega -
Venus/Halley Comet mission. Originally the
French were to supply two large balloons with
meteorological instruments which would be
released into the Venusian atmosphere.
Because of the modifications for the Halley
Comet part of the mission the large balioons
were later deleted. In place of them the Sovieis
are preparing two small balloons and the
French are designing suitable meteorological
instruments for attachment to the balloons.

A new project has been agreed and this will
involve the launching of polar and equatorial
satellites for the study of the Earth’s at-
mosphere and ionosphere. This mission will be
called Interball.

Initial studies have begun on another pro-
ject called Satellite d’Astonomie Gamma,
(SAGA) 10 study gamma ray sources. This
was a mission offered to France by Russia
whes for financial reasons they had to aban-
don it earlier in the year. The instruments
already developed can be incorporated in the
new satellite. It would seem that the Soviets
are anxious to push this project, perhaps to
beat the American mission for a Gamma ray
observatory. The final decision on this project
will be made at the next space reunion bet-
ween the French and the Russians this year.

Frank W. Hyde
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The brow of a hill; the dip in a country lane—each can cause surprise local freezing. With no
change in lustre, a road can turn from being just plain wet to iced over. Building this device is a
worthwhile project, for it will discreetly arm the driver with a piece of information which could

save his life.

ANY motorists have tales of skidding on so called “black

ice”, most of these, fortunately, without unhappy
endings. It is possible to drive perfectly safely on ice,
providing of course, that you know you are doing so.
Cocooned in a car with the heater going, a driver can often
fail to realise just how cold it is outside, and get caught by
surprise when he tries to go in one direction and the car
goes off in another.

The PE Ice and Lights Alarm can be put together for a
few pounds, and as well as providing a visual and audible
warning that the temperature outside is freezing, it also
provides an audible warning that the car lights have been left
on. The device can save you from both a flat battery and a
flat car!

OPERATION

The, unit operates as follows: If the ignition is switched on
whilst the temperature outside is freezing, or the car is
driven into a region where the temperature is freezing, then
the unit will emit a bleep for about a second. A Led. il-
luminates all the time the ignition is on and the outside tem-
perature is freezing.

Also, if the ignition is switched off and the car lights are
still on, the unit will emit a pulsed bleep for about two
seconds. This is long enough to remind that the lights are
still on, but not so long as to be annoying if this Is inten-
tional.

CIRCUIT

The circuit diagram is shown in full in Fig. 1. The tem-
perature sensor is the base-emitter junction of a BC182L
transistor. A silicon p-n junction has a temperature co-
efficient of about 2-2mV per degree centigrade.

A 78LO5 voltage regulator i.c. supplies a stable reference
voltage to the base of the sensor transistor, TR1, via a
potential divider chain. When the sensor temperature is
higher than zero, the threshold voltage of the transistor is
low enough for the voltage on its base to turn it on. This
removes the current from the base of TR2, so this is off, and
sois TR3.

Should the temperature of the sensor drop, the base-
emitter threshold voltage will rise, and there will not be
enough voltage at the base to turn the transistor on. When
this transistor is off, TR2 is turned on via R1. This turns on
TR3 via R6, and hence the l.e.d. Resistor R5, and D1 provide
a small amount of hysteresis, by reducing the base voltage
of TR1.

When the car lights are off, the l.e.d. current passes
through both R10, and R9 through the lights, and the l.e.d.
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glows brightly. When the lights are on, the end of R9 is at
+12V, hence the l.e.d. is dimmed, to prevent dazzle at night.
Diode D2 prevents the l.e.d. from being excessively reverse
biased when the lights are on.

Resistor R13, C4, IC1a and IC2a form a positive edge-to-
pulse converter. Pin 11 of IC2 has a positive going pulse of
about one second duration following a O to 1 transition on
pin 1 of IC1. This circuit is used in preference to the usual
series capacitor one, as the latter puts a reverse voltage on
the capacitor.

Fig. 2 shows the essence of the circuit, and Fig. 3 the
associated waveforms. The input to the gate can be con-
sidered to be a logic ‘0’ if the input is below the threshold
voltage (approximately half the supply voltage). The output
of a NOR gate is low if either of its inputs is high.

When this pulse output is high, this causes the output of
IC2c to be low. This enables the oscillator 1C2d and IC1d.
IC1e and IC1f provide a bridge output drive to the ceramic
sounder X1, giving 24 volts peak to peak signal here,
producing a very adequate sound.

The remainder of the circuit is concerned with the lights
left on alarm. D3 and D4 are included so that the circuit is
powered from either the lighting, or the ignition circuit.

The circuit has another edge-to-pulse converter, this time
a falling edge is converted to a negative going pulse of about
2 seconds duration at the junction of R15 and D5. These
two components give the equivalent of an OR function. The
pulse occurs when the ignition input becomes low. If the
lights are still on, then there is power to operate the rest of
the circuit.

The pulse enables the oscillator IC2b and IC1¢c which
operates at about 10Hz, and this gates the output oscillator
on and off via IC2c.
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Fig. 1. Ice Alarm circuit diagram
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CONSTRUCTION

Fig. 4 shows the p.c. layout for the P.E. Ice Alarm, and Fig.
5 the component locations. Leave the l.e.d. wires long if it is
to be mounted in the box.

The sensor transistor, TR1, is fitted at the end of about
two metres of wire, as this obviously has to be outside the
car. Cut the transistor legs to about 6mm in length. Strip
about 3mm from the connecting wire insulation and slide
about 10mm of 1mm bore rubber sleeving over the wires.
Carefully solder the black wire to the emitter of the transistor
and pull the sleeving over the join. Repeat with the green
wire for the base and the brown wire for the collector. Fig. 6
shows the transistor base connections.

Fig. 4. Printed circuit layout (actual size)
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Your

Twist the three transistor wires together and thread them
into 2 metres of 5mm bore PVC sleeving. Glue the transistor
into the sleeving with the end of the transistor level with the
end of the sleeving, and make sure that the end is water

tight.

- X1
PB2720
-

Fig. 5. Component layout
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Drill the box base and the lid according to Fig. 7. Use a
paper hole punch to make a hole in the centre of a 25mm
square of double sided adhesive pad, stick the pad to the
front of the sounder, with the holes concentric, then stick
this to the inside of the lid of the box over the hole drilled.

Prepare another cable using 600mm of black, orange and
yellow wires in 500mm of 5mm PVC sleeving. Thread this
and the temperature sensor cables through the holes drilled
in the box.

The p.c.b. will be held in the bottom of the box using more
double sided adhesive pad, and the l.e.d. pushed through the
small hole in the box. Do not fix it yet, though, until the unit
has been tested. Connect up the sensor and power wires,
and the wires to the sounder.

TESTING

Connect a source of power between the black wire
(negative) and orange wire (positive}—a 9 volt battery will
do for testing. Touch the yellow wire to the positive terminal
for a few seconds, then to the negative terminal. If all is well,
the unit will emit a pulsed bleep for about 2 seconds—this is
the lights left on alarm.

Mix up some crushed ice and water, and stir it with the
sensor for a minute or two. This will cause the sensor to be
at O degrees centigrade. Leave the sensor in the water and
slowly rotate the calibration pot clockwise until the l.e.d. just
comes on. When this happens the sounder should operate
for about a second.

If all is well, fit cable ties over the ends of the two cables
to prevent them being pulled through the box, and stick the
unit into the box. Pass the l.e.d. through the hole in the side
of the box, and screw on the lid.

INSTALLATION
Fit the box to a suitable place on or under the car
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Integrated Circuits R6, R12 10k (2 off)
1IC1 4069 R11 47
IC2 4001 R13,R17,R1B 470k (3 off)
IC3 78L05 R14,R16 1M (2 off)
All resistors $W 5% carbon film
Transistors & Diodes
TR1, TR2 BC182L (2 off) Potentiometers
TR3 BC212L VR1 500 preset
D1-D5 1N9 14 (5 off) Miscellaneous
D6 3mm Red l.e.d. Verobox type 21024
Wire
Capacitors Sleeving
C1,C2,C6 100n 25V. Ceramic disc (3 off) Cable ties
Cc3 10p 16V. Electrolytic P.c.b.
C4,C5 2n2 63V. Electrolytic (2 off} Adhesive pads
c? 1n 50V. Ceramic disc X1 PB2720 Ceramic sounder
Constructor’s Note
Resistors A complete kit of parts is available from: PIMAC Systems
R1 47k Ltd., 20 Bloomfield. Road, Birmingham B13 9BY. Price
R2,R8,R9,R10 1k (4 off) £6-95 includes VAT and postage. )
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dashboard using more adhesive pad. Thread the wires under
the dashboard, this can often be done through the
windscreen demisting vents.

Connect up the power cables as follows:
Black Chassis
Orange Side lights or panel lights
Yellow [gnition power

Thread the sensor cable through into the engine compart-
ment, then into a position under the car, where it will not be
in the air stream from the radiator, for example. Fix it
securely in place. Keep the cable away from hot parts of the
engine and the ignition wiring. Use cable ties to hold the
cable in place.

POSITIVE EARTH VEHICLES

The circuit is designed for use with vehicles having a
negative earth system. The easiest way to adapt the circuit
for positive earth is to reverse everything. Thus, fit all the
diodes and electrolytic capacitors the other way about. Use
a 79L05 in place of the 78L05 (but be aware, the pin-out is
different), and use a 4011 i.c. in place of the 4001 for IC2. In
addition, cut the p.c. tracks to pins 7 and 14 of the i.c.s, and
reverse them. Use BC212L transistors for TR1 and TR2, and
BC182L for TR3. *
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CAMBRIDGE LEARNING

SELF-INSTRUCTION COURSES

CAMBRIDGE LEARNING

GSC
SUPERKIT

GSC
SUPERKIT
£19.90

[‘ SOt S Y

Learn the wonders of
Solf -mstroction digital electronics!
Sicita Elctroms Kt
This practical kit for
e beginners comes complete
© Soulobie Sor bupramers g N p
with an instruction
manual, components, and

EXP300 breadboa~d
digital electronics.

to teach you all the basics of
The course needs no soldering

iron; the only extra you need to buy is a 4}V
battery.

Using the same board you can construct literally
millions of different circuits.

The course teaches boolean logic, gating, R-S and
J-K flipflops, shift registers, ripple counters, and

half-adders.
It is supported by our theory courses

DIGITAL COMPUTER LOGIC
& ELECTRONICS £6.00

which covers: basic computer logic; logical circuit
elements; the design of circuits to carry out
logical functions; flipflops and registers; and

DIGITAL COMPUTER
DESIGN £8.50

Our latest, most up-to-date course on the design of
digital computers, both from their individual logic
elements and from integrated circuits. You are
first shown the way in which simple logic circuits
operate and then, through a series of exercises,
arrive at a design for a working machine.

Please send for our free booklist
for further information on these
and our other courses.

GUARANTEE No risk to you. If you are not completely

satisfied. your money will be refunded upon return of
the item in good condition within 28 days of receipt.

CAMBRIDGE LEARNING LIMITED, UNIT 24 RIVERMILL SITE.
FREEPOST. ST 1VES., CAMBS, PE17 4BR. ENGLAND.
TELEPHONE: ST IVES (0480) 674.46. VAT No 313026022

All prices include worldwide postage (airmail
please ask for prepayment invoice). Giro A/c N
Please allow 28 days for delivery in UK.

15 extra

2789159.

..SUPERKIT(S) @ £19.90
...... DIGITAL COMPUTER DESIGN(S) @ £8.50
..... <DIGITAL COMPUTER LOGIC AND ELECTRONICS @ £6.00

enciose a *cheque/P
for €

Please charge my

payable to Cambridge
*deleté where applicable

Learning Lid

*Access American Express Barclaycard / Diners Club
Eurocard Visa Mastercharge Trustcard

Expiry Date, . Credit Card No

Signature

Telephone orders from card holders a
Overseas customers lincluding Eire
in sterling drawn on a
number.

epte n 0480 67446
should send a bank draft
London bank. or quote credit card

Name. .

Address

Cambridge Learning Limited. Unit 24 Rivermill Site.
St lves, Huntingdon. Cambs, PEI7 4BR. England.
in England No 1328762}

FREEPOST,
(Registered

NEW'TN. SOUND
TUNEEM AND TESTED

In the cut-throat world of
consumer electronics, one

of the gquestions deslgnerx
apparently ponder over 1
Is "Will anyone notice if '
we save money by chopp-

ing this out?”’ In the

domestic TV set, one of the

first casualties seems to be

the sound quality. Small speakers
and no tone controls are common
and all this is really quite sad, as the

£22.95 +£200p8p.

TV companles do thelr best to transmit the highest quality sound. Given this background a
compact and independent TV tuner that connects direct 10 your Hi-Fi is a must for guality
reproduction.

This TV SOUND TUNER offers full UHF coverage with 5 pre-selected tuning controls. It can

also be used in conjunction with your video recorder. Dimensions: 11%"'x 8%''x 3%
E.T.). kit version of above without chassis, case and hardware. €12.95 plus £1.50 p&p.

PRACTICAL ELECTRONICS
STEREO CASSETTE
RECORDER KIT i case

WITH CASE
ONLY £31.00 plus £2.75 p&p.

« NOISE REDUCTION SYSTEM. « AUTO
STOP. » TAPE COUNTER. « SWITCHABLE
E.Q. » INDEPENDENT LEVEL CONTROLS.
« TWIN V.U. METER, - WOW & FLUTTER
0.1%. « RECORD/PLAYBACK I.C. WITH
ELECTRONIC SWITCHING. » FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES.
Kit includes tape transport mechanism, ready punched and back

printed quality circuit board and all electionic parts. i 2. semiconductors,

reslstors, capacitors, hardwave, top cover, printed scale and mains transformer

You only supply solder & hook-up wire, Featured in April P.E. reprint 50p. Free with kit.

PERSONAL LS AMPLIFIER KIT

Amplifier for your personal
stereo cassette player — is
featured in January issue of
Everyday Electronics. Turn
your personal stereo into a
mains powered home unit.
Parts:

Sterec power amp PCB with all
components, £3.50 + 75p p&p.
Power supply unit £1.95 + £1.50
p&p. Pair of eliptical speakess,
£1.50 the pair + £1 p&p. Input & output sockets and plugs, £1.50. Recommended case {for the
power supply and amp onlyl, £2.95 + B0p p&p. P&P inclusive price of £1.75 for any two or more.

125W HIGH POWER
AMP MODULES

The power amp kit is a moduie for high
power applications - disco units, guitar amplif-
iers, public address systems and even high
power domestic systems, The unit is protected
against short circuiting of the load and |s safe
in an open circuit condition. A large safety
margin exists by use of generously rated com-
ponents, 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.

SPECIFICATIONS: .-

Max . output power {RMS}: 125 W, Operating
voltage {DC): 50 - 80 max. Loads: 4 - 16 ohm
Frequency response measured @ 100 watts:
25Hz - 20K Hz. Sensitivity for 100w: 400mV
@47K. Typical T.H.D. @ 50 watts, 4 ohms:
0.1%. Dimensions: 205x30 and 190x36mm.

. KIT BUILT
ACCESSORIES: Suitable mains power supply
kit with transformer: £8.50 + £2.00 p&p. £10.50 £14.25
Sultable LS coupllng elecuolnic £1+ 25p p&p. ¢£1 15p&p +£1.15 p&p.

BSR RECORD DECK

Manual single play record
deck with auto return

and cueing fever. Fitted
with stereo ceramic cart-
ridge 2 speeds with 45rpm
spindle adaptor ideally
suited for home or disco.

SPEAKER BARGAINS

2WAY 10 WATT
SPEAKER KIT

8" bass/mid range and 3%
tweeter. Complete with screws,
wire, crossover components
and cabinet. All wood pre-

cut — no cutting required.
£12.95 +¢£1.75p80. Finlsh - chipboard covered

— wood simulate. size 14%"'x
SPECIAL OFFER! Replacemant Stereo cass- I 8% 'x 4. PAIR for ONLY
ette tape heads — £1.80 sach. Mono: £1.50

sach. Erase: £0.70 sach. Add 50p p&p to order.l £12.50 plus £1.75 p&p.
ALL CALLERS TO: 323 EDGWARE ROAD,
LONDON W2. Telephone: 01-723 8432.

{5 minutes walk trom Edgware Road Tube Station}
Now open 6 days a week 9 = 6, Prices include VAT,

RiIThVI]IC
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13"x 11" app.

All mail to

218 HIGH STREET, ACTON, W3 6NG.

Note: Goods despatched to U.K. pcstal addresses only.
All items subject to availability. Prices correct at
30/10/82 and subject to change without notice

Please allow 7 working days from receipt of order

for despatch. RTVC Limited reserve the right to up:
date their products without notice. All enquiries send
S.A.E. Telephone or mail orders by ACCESS weicome




PE MICROCONTROLLER: DATA SHEET 2

PROGRAMMABLE FUNCTIONS

HE Microcontroller keyboard has two keys labelled

“PF1” and "PF2"” whose use has not so far been
discussed. These keys can be configured to provide
two user-definable function keys, instead of the
dummy functions which are pre-defined by DISBUG
at start-up. After power-up, or restart, pressing PF1
or PF2 causes a display with a prompt of “1" or 2",
respectively, with the next key depression causing a
returntothe . . . dIS . . .” prompt.

The map of the DISBUG RAM region shown in the
first datasheet indicates that there are two two-byte
stores labelled PF1SRA and PF2SRA which start at
locations 03F2 and O3FO0, respectively. These are used
by DISBUG to hold the start addresses of two sub-
routines which will be called by the command
processor to service the PF1 and PF2 keys. The in-
itialisation values in these two stores are the same
(F964), and point to a default service routine within
the monitor. Each pointer may, however, be changed
using the memory editor to point to an alternative
routine (usually in RAM) to perform a special function.
As a demonstration of this facility, changing the con-
tents of PF1SRA from F964 to F98F will redefine PF1
to behave exactly the same as the RESTART key. It
should be remembered, however, that PF1SRA and
PF2SRA will both be restored to their initial values
following a power interruption or a restart.

DEFINING USER FUNCTIONS

Fig. 1 shows how a user function routine must be
structured. When PF1 or PF2 is recognised by the
command processor, the "1 or "2" prompt will be
displayed, and the key code will be passed to the
defined routine in register A. The routine may choose
to over-write the prompt (see datasheet 3), depending

R — SN —

- |

{e r——.L: cot

| sosume cacs

e
AN favetnd 70 LOWER (EVELS
{ wES

—_J

-

v, € te
KEEP TRACK OF WETS ENTEALD,
B MATCH ALL PSN/POP

TEQ; txa
RETURN TG~ 413

jorr)

Fig. 1. Structure of a user-defined key function

on the requited function and/or available space for
code. At the end of the user function, a reply code
must be placed in rA before calling the final RTS. This
code should be a zero if more keys are expected (e.g.
at least four more keys will be required, plus ENTER, if
an address is to be specified), or a one if the defined
function is finished and a return to the “. . . dIS . . .”
prompt is required.

The main routines within DISBUG will only call the

defined function routine once for each keystroke, so
the number of calls may usefully be counted to keep
track of where the function has reached. DISBUG uses
the CSW store to hold such a value, and calls an ap-
propriate lower level processing routine {using a look-
up table) to process each key entry in turn. Other func-
tions which are performed by DISBUG, and hence are
not required within the user routine, are keyboard
scanning, decoding, code conversion, latching {looking
for new key depressions) and display driving. The user-
defined function routines will use the DISBUG stack
by default, and may assume that there are eight bytes
free on entry; real time clock interrupts and further
subroutine levels may, however, extend stack usage
into the user stack area. If necessary, therefore, the
user stack should be redefined to start at 0390 (rather
than O3A0) at the start of the user program by coding
LDSA0390 (8E 03 30) as the first instruction.

REAL TIME CLOCK FUNCTION

The routine listed below is one which can be used to
redefine PF1 to provide a display of the current value
of the real time clock. DISBUG maintains a count of
seconds since power-up or restart in RAM location
called TICK; the count is two-byte, and can thus in-
dicate up to approximately 18 hours. Pressing the PF1
key will cause the seconds count to be displayed as
four hex digits, and the display will be updated with
the new value every time the “*" key is pressed. The
CANCEL key will return to the . . . dIS . . .” prompt.
To use the function, enter the routine in RAM using
the memory editor; the routine is relocatable and so
may be placed in any convenient memory space. Then,
use the memory editor again to set PF1SRA to point
to the start of the routine. The new function is now
ready for use.

INSTRUCTION CODE COMMENT
PFI: CMP A /A 81 1D ; Key="?
BEQ STAR 27 10 ; Yes
CMP A HPF1 81 14 ; Key=PF1?
BNE IGNORE 26 1B ; No—ignore it

CLR DATADIS 7F 03 F8 |; Clearall . . .
CLR DATADIS+1| 7F 03 F9 |; exceptthe . .
CLR SEPDIS 7F 03 FA |; 4 address . . .
CLR STATDIS 7F 03 FF |; digit display
STAR: LDA A TICK+1
LDX A#ADDDIS
JSR TWODIG

CE 03 FB|; Output 2LS ..
BD F8 F7|; display digits

LDA A TICK B6 03 E2 |; Seconds MS b
JSR TWODIG BD F8 F7|; O/P 2MS digits

IGNORE:CLR A 4F ; Setreply code
RTS 39 ; Return

B6 03 E3 |; Seconds LS byte

Real time clock display routine

Readers may wish to experiment further with this
example by using PF2 to allow the seconds count to
be reset to zero or, more difficult, allow the count to be
set to pre-defined value. It should be remembered that
power-up and restart will reset the values of TICK,
PF1SRA and PF2SRA, but that any code written in
RAM should be preserved and thus may be reactivated
by re-writing the pointers in PF1SRA and PF2SRA.

M. Tooley BA and D. Whitfield MA, MSc¢
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A DIGIT

FREQUENCY

NVIETER

HE frequency meter published in Practical Electronics in

May ‘82 was designed to measure radio frequencies up
to 600MHz, and for the necessary resolution, 8 digits were
needed. However, there are many occasions when much
lower frequencies need to be measured, and only 43} digits
would be perfectly adequate, this project aims to cater for
these needs. Intersil produce a series of 4} digit counters:
7224, for lcd.; 7225, for led.; {and 7236 for vacuum
flourescent), and details will be given as to how to use either
of these. Complicated logic could be designed to provide the
necessary store, reset and inhibit pulses, but a much neater
and more convenient solution is to use another Intersil
device, the 7207A, designed specifically for this function.
The chip requires a crystal frequency of 5-24288MHz, and
will give 0-1, and 1 second gates, as well as the necessary
pulses to control the main counter. Fig. 1 shows the block
diagram of the meter.

HOW IT WORKS

The complete circuit diagram of the meter is shown in Fig.
2. The input frequency is fed via blocking capacitor C1 to the
input of IC1, a CMOS op-amp connected as a comparator
with hysteresis. The other input pin is d.c. biased with R2
and R3, whilst R5 and R6 provide a Schmitt trigger with
approx. O- 1V hysteresis, changing state at 2-45V and 2.55V
{assuming a 5V supply), to give some protection against
noisy input signals. The output from the op-amp consists of
square waves at the same frequency as the input, and these
go via S2a (explained later) into the input {pin 32) of the
counter |C2, that will drive the l.c.d. display direct. This has
count inhibit, reset, and store pins on 31, 33 and 34 respec-
tively, and these all require a pulse to OV to operate, but in a
specific sequence.

First the count inhibit must go high so that the counter is
enabled. At the end of the gate time (0-1 or 1 sec) this must
go low as the store pin goes low’ to update the output

AN AUDIO RANGE FREQUENCY
METER FOR MEASURING O TO
20kHz

latches, then the reset pin must go low to finish the
sequence ready for the next count. The 7207 A produces all
the necessary pulses in the right order, with the exception of
the count inhibit pulse which needs to be inverted. This is
performed by one gate of IC5. The 7207 A has its own built-
in oscillator, requiring a crystal between pins 5 and 6, and
two capacitors, which allows trimming to 5.24288MHz.
There is also a multiplex frequency output of 1.6kHz but this
is not used. The count inhibit pin is also used to contro! a
pnp transistor that activates an l.e.d. to show when a count
is in progress.

The outputs from the 7224 are connected direct to the
display segments, with the backplane pin of the display con-
nected to pin 5 of the 7224. Whilst the meter was intended
primarily for the audio range, 0-20kHz, it is very easy to in-
sert a switch and a 4017 to divide the incoming square
waves by 10, enabling much higher frequencies to be
measured, with a 10Hz resolution. S2 is a double pole
switch, and the second pole is used to enable another gate
of the 4070 to invert the backplane frequency and activate

PRE ~AMP
g
=1 sionaL
CONDITIONING
= L CD(7224)
) COUNTER
7224
1225
LED(7225)
LoGIC
CONTROL
Ll]b—l +5v
POWER SUPPLY
(€6r008

Fig. 1. Block diagram

‘0 @ @

ONJOFF RANGE GATE
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one of the ‘flags’ incorporated in the display to show that the
prescaler is activated. Fig. 3 shows what pin is connected to
each ‘flag’, and the author chose to use pins 2 and 39 to give
a divide (=) sign, but this is simply a matter of preference.
The power supply, if included, consists of a 0—6V 250mA
p.c.b. transformer, smoothing capacitor and 5V regulator,
with C6 and C7 included to aid stability (Fig. 4). The current
consumption of the unit is very low, using all CMOS devices,
and battery power is a realistic possibility . . . e.g. a PP3 9V
battery connected to the input of the regulator. BE WARNED
. . . the maximum supply voltage for the counter is 6V. When
a battery is used R12 and D4 can be ignored to conserve
battery power. If readers would prefer an l.e.d. display (non-
multiplexed), the 7225 can be used with exactly the same
circuit and p.c.b., except that pin 36 must be grounded (via
the pads provided on the p.c.b. for a link), and pin 5 changes

Fig. 2. Complete circuit diagram of the Frequency Meter

from being the backplane pin to a brightness pin (+V for
max, OV for min}). A variable brightness control can be
provided if a 100k pot is connected across the supply, with
the wiper to pin 5. Otherwise, display segment pins are the
same. The second pole af S2 can then be used to switch on
an i.e.d as an indication af which range is in use.

For those readers who would like to use a vacuum fluores-
cent display, the 7236 can be employed, with minor
changes to the p.c.b., however, the power supply require-
ments are more complicated, and constructors are advised
to consuit the Intersil data before selecting this option.

CONSTRUCTION

Constructors are advised to use a p.c.b. for ease of con-
struction, and a suggestad design is given in Fig. 6 with the
component layout shown in Fig. 7. Mount the components,

& )
COMPONENTS e iy
PLER IC3 ICM 7224 (7225 see text)
A ICa ICM 7207A
Rasistors ICS 4070
R1,R10,R11 10k (3 off) 1C6 7805
R2,R3, RS 6k8 (3 off}
2; ;g"o'( Miscellaneous
R7.R12 220 (2 off) X1 41 digitl.c.d. (RS 587-311)
=4 100k 9 Xt Crystal 5.24288 MHz
R9 27k Display bezel RS587-282
Case RS508-649
. Transformer 6-0-6V at -26A (RS207-829)
Capacitors REC1 1A rectifier
Ct 470n polyester FS1 100mA fuse
Cc2 10pn 16V elect Fuse clips
gz %(2)80 hr = 2 pole push-push latching
M elect switches (3 off} i i
cs 220n polyester A" type knobs red (3 off) SUE series Ambit
C6 22p 16V elect 3 way 15mm bracket
vCi1 5—65p trimmer *Phono socket
] *4mm socket (2 off}
Semiconductors Strain relief bush
Dt, D2 1N4148 (2 off) l.e.d. {red)
TR1 2N3702 l.e.d. {green)
IC1 CA 3140E *See text
\ __J
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Fig. 6. P.c.b.

ensuring correct polarity where necessary, and then check
the board before mounting it in the case using two bolts and
spacers. The interconnections were made using ribbon cable
and Veropins and if done carefully there should be no
problems. A SUE series switch bank from Ambit was used
and the front panel was drilled and cut according to Fig. 5

30

FS1

el el 1ce forr~ -
7805 s
COM 12
220
cu cs cs
10000 220n IZpT
N o
: T T | T,
E # & ¢ 00V
(€gsss)
Fig. 4. Circuit diagram for the p.s.u.
A PE 67 —]
ol s T s |0 DISPLAY 23
1
LA 1\, L
> O Do
F 6 1
ABE=1-0DIA
B.C,D.6G8 12 4:00D1A
H=350Dla
F&J=23DIA ALL DIMS IN mm
(30T

Fig. 5. Front panel drilling details

EG1000 Ormel

design

and the bezel, l.e.d.s etc were mounted. In the prototype,
two types of input sockets were included: a phono, and two
4mm sockets, but this is of course dependent on individual
requirements. The rear panel was drilled to accept the mains
lead strain-relief bush, and then all the necessary connec-
tions were made according to Fig. 8. After a final check the
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Fig. 8. Display wiring

unit can be switched on, calibrated against a known fre-
guency, and then the case can be bolted together.

CONCLUSION

With no incoming signal, the unit will probably read 50
(mains pick-up), but this will disappear as soon as a signal is
applied. Please note that the ‘low’ input of IC1 is not at earth
potential and so should be isolated if an earthed metal case
is used. The unit will easily read up to 100kHz, depending on
amplitude, above which it is suggested that readers build the
8 digit meter. On the 0—20kHz range, if a frequency above
20kHz is applied, the § digit will remain lit, and misleading
results will be displayed. To avoid confusion, it is suggested
that readings always be made on the high range to start
with, and then switched down if necessary. *
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SEMICONDUCTOR
UPDATE

FEATURING MAA 2000 7114 BU215

DIGITAL TV

If anyone out there is still convinced that
the current craze for microprocessors and
digital circuits is nothing but a passing fad, |
may have some bad news for them,
because yet another analogue circuit bas-
tion is about to come under siege, and this
time battle will be joined right under our
noses in the living-room TV set.

Of course, we have already seen some
peripheral skirmishing and some easy vic-
tories for the digital cavalry in the form of
the first teletext and remote control
irregulars, but the latest onslaught will
strike right to the very heartland of
analogue circuitry, where defences were
once thought to be impregnable.

The strike force now being assembled by
ITT comprises six divisions of battle har-
dened VLS| digital chips armed to the teeth
with gates, flip-flops, and registers, all
determined to rid the living room of those
simple but harmless residents of the
analogue i.c.s, who themselves once ousted
the valves and transistors of yesteryear.

Masterminding the attack will be the
MAA2000 8-bit microprocessor which will
strike terror into the defenders with infra-
red remote control, phase-locked-loop tun-
ing, l.e.d. displays, and a serial bus to con-
trol the supporting forces. Next in the order
of battle comes the MAA2 100 Codec bat-
talion which has some awesome heavy
equipment including analogue-to-digital
and digital-to-analogue converters, an RGB
matrix, a heam current limiter, black level
white balance and brightness controls, plus
inputs for the dreaded teletext.

In charge of psychological warfare is the
MA2200 which handies real-time video
signal processing including chroma taping,
filtering, and contrast, colour, and hue con-
trol. Heavy artillery support will be provided
by the MAA2500 deflection controller
which can muster video clamping, horizon-
tal and vertical sync, east-west correction
and signal standard detection from its com-
prehensive armoury.

Two digital infantry divisions will also be
in support. The MA2400 provides stereo
audio processing and the MA2300 con-
tains two 14-bit analogue to digital conver-
tors for the sound channels.

The assault forces make an imposing
sight in their 24 and 40 pin landing craft,
and their promise of automatic com-
patibility with NTSC PAL and SECAM stan-
dards, dual channel stereo or bilingual
sound, and the option of pictures within
pictures so that two channels can be
viewed at once, is expected to endear them
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to the local populace.

The result of course, is a foregone con-
clusion, but isolated guerilla activity from
local defence volunteers is expected to con-
tinue for some years in such hostile areas
as the horizontal and vertical deflection
amplifiers.

Personally, | am already dug in behind
my favourite armchair, beam-tetrode at the
ready, determined to take a few of the
blighters with me at least!

BIG BUBBLE

Imagine your pet microcomputer shorn
of that troublesome cassette recorder and
running a full blown disc operating system
with half a megabyte of available storage to
hold your compiler, word processor, and
space-invader software. Nice thought, but a
double-density mini-floppy disc drive is
likely to result in a second mortgage or a
divorce, and then there are all those motors
and heads and drive belts to go wrong, so
maybe cassettes aren’t so bad after all.

But wait! Now there is an alternative
way to that CP/M Utopia you have long
dreamed of, in the form of a big new bubble
chip from Intel. Hot off the press, their
monster new bubble memory, the 7114, of-
fers 4 million bits of non-volatile storage
capacity on a chip about half an inch square
living in a small 20 pin package.

Bubble memories don’t use capacitors or
flip-flops to store data like other semicon-
ductor read/write memories. Instead they
store data bits as microscopic magnetic
domains which can be propagated around
loops formed on a magnetic substrate
manufactured using a similar fabrication
technology to that developed for more con-
ventional devices. Although they operate in
a mainly serial mode, more like a floppy
disc than a RAM chip, the time to reach a
random data item is much shorter than
anything that can be achieved with an elec-
tromechanical device such as a disc drive,
with the 7114 achieving an average access
time of only 40 milliseconds.

Perhaps the two most important advan-
tages of bubble memories are their high
storage density and their ability to store
data without power for long periods, and
these features make devices like the 7114
an attractive proposition for disc replace-
ment. The big disadvantage of bubbles is
that each chip is expensive, so it is usually
uneconomical to make them removable like

discs. This could be overcome by loading’

data into the bubble initially from say, a
cassette, a process which would only be
necessary occasionally when system

R.W.Coles

software needs to be changed or expanded.

In the 7114, data is stored in 8 octants,
each of which has 80 minor loops of 8,192
bits for a total of 4,194,304 bits of storage
capacity. Also on the chip are some spare
storage loops and a "boot-loop” which is
programmed by the manufacturer with in-
formation on any faulty loops which testing
shows up. During system initialisation, the
contents of that boot-loop are read by the
7224 bubble memory controller chip (also
available from Intel) which subsequently
patches in spare loops to make good any
deficiencies.

It is too early to find a 7114 based
bubble-disc system available for general
use on home computers, but | think we can
expect to see one before too long!

LOSS LEADER

Power transistors using MOS rather than
bipolar technology have been around for
several years now, and their high input im-
pedance and fast switching capability has
enabled them to replace bipolar devices like
the famous 2N3055 for many applications.

One problem that these MOS devices
have always had however, is that when
used as a switch, their “ON” resistance has
been rather too high for comfort, and cer-
tainly a lot higher than that of comparable
bipolar transistors. A high “ON" resistance
can impose unacceptable losses in some
applications, so MOS device manufacturers
have been trying hard to improve matters.

A new device in the Siemens SIPMQOS
power family, the BUZ15, seems to have
the measure of the problem since it sports
an RDS,, of only 30 milliohms. This new
capability will undoubtedly open up many
new applications areas for MOS devices,
especially where power has to be switched
with the minimum of resistive loss. The
BUZ 15 is a low voltage device for use in
50 volt systems, but in the SIPMOS range
there are about 60 different devices, with
some operating up to 1kV. One application
worth considering is the remote digital
control of car lighting systems to reduce
the wiring costs, but no doubt there are
many others.

AVAILABILITY

Devices featured in Semiconductor Up-
date should, under normal circumstances,
be available from good component
retailers, but bear in mind that retailers will
often not receive stocks of a device until
some time after it has been featured in
Update.
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You cant beat
The System

The Experimentor System™ —a quicker transition from imagination
through experimentation to realization.

Experimentor Matchboard ~ pre-drilied PCBs

When you have a circuit idea that you want to
make happen, we have a system to make it happen
quicker and easier than ever before: The
Experimentor System

With Experimentor Matchboard you can go from
breadboard to the finished product nonstop! We've
matched our breadboard pattern again, this time on
a printed circuit board, finished and ready to build

You already know how big a help our O

Experimentor solderless breadboards can be. Now
we’'ve taken our good idea two steps further

We've added Experimentor Scratchboard
workpads, with our breadboard hole-and-connection
pattern printed in light blue ink. To let you sketch up
alayout you already have working so you can

There's even a letter-and-number index for each
hole, so you can move from breadboard (where
they're moulded) to Scratchboard v (where they're
printed) to Matchboard v {where they're silkscreened
onto the component side) and always know where
you are.

When you want to save time and energy, you can't

reproduce it later beat The Experimentor System

4. EXP-300PC, which includes one item

2. EXP-302, which includes three items 3. EXP-303, which includes hree items
" A Matchboard pre-drilled PCB

Three 50-sheet Scratchboard " Two Matchboards and an EXP-300
£1.50 workpads £1.75 solderless breadboard .

EXP-304. which includes four items
“ Two Matchboards, an EXP-300

breadboard and a Scratchboard

workpad

GLOBAL SPECIALITIES CORPORATION DEPT. 5W
GLOBAL SPECIALTIES CORPORATION l ' MUt i 8ste0al Estater Saftron War

40
[ I
. Narne I
Address
' Inc P&P anc 157 VAT l
. VEXPI0OPC | QnivRead [ 2ExP 302 tv R FREE Catalogue tick box l
L £2.58 £2.87 | enclose cheque PO for
G.S.C. {(UK) Limited, Dept. 5W 2 EXP 303 Qnty Regdl ta EXP 304 Qnty Regr!
Unit 1, Shire Hill ndustrial Estate, l £10.35 | £11.96 I
Saffron Walden, Essex. CB11 3AQ. Phone your ocder with Access. Barclaycard or Arnercan Express
Telephone: Saffron Walden (0799) 21682 l Carei No Expnry rlate
Telex: 817477

] L 48

Practical Electronics March 1983



00 B

INDUSTRY

NOTEBOOK
gy Noré

Getting it Wrong

Sixty years ago when Henry Ford's mass-
produced, cheap, universal car (the Model
T) was rolling off the production line he saw
it as a tool of liberation for the common
man. He went even further, forecasting that
when the automobile became as numerous
in Europe and Asia as in the United States
there would be no more war. The
automobile, he proclaimed, was the
product of peace.

In the event the internal combustion
engine became the prime mover in modern
warfare and a prime cause of violent death
in peacetime, some 8,000 killed on the
roads in the UK last year.

Industrialists, of course, tend to be
engrossed in the quality of their products,
their marketing, and profit. Ford made a for-
tune through knowing his job. A clever man
but not perhaps in the first rank of great
thinkers.

Let's then switch to an acknowledged
great thinker, an economist who had little
interest in money except in its redistribu-
tion. Although Karl Marx was buried 100
years ago his name lives on, respected,
reverenced or reviled according to political
taste. He developed a political and
economic theory from social conditions
prevailing in Western Europe and more
specifically from observation of industrial
activities in England, in his day the great
centre of the 19th century industrial revolu-
tion.

Marx held the conviction that a com-
munist revolution could come only from an
industrial society, spearheaded by workers.
In fact the revolution came in pre-industrial
Russia, subsequently in peasant China and
other non-industrial countries. Apart from
inspiring a diluted form of socialism, com-
munism has had little impact on industrial
Western Europe and, in the UK, which Marx
imagined to be fertile revolutionary ground,
the impact has been least of all.

Henry Ford got it wrong because the
great massacre in the trenches of the
1914-18 war was still fresh in the mind
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and, in 1923, nobody anticipated the ap-
pearance of Adolf Hitler. Similarly, Karl
Marx was a creature of his own time seeing
only the then long hours and drudgery of
factory life. He can be excused for not see-
ing that in an enlightened capitalist society
a production line worker at Dagenham or
Detroit would enjoy in years to come a far
higher standard of living that he himself en-
joyed or even dreamed about. And,
moreover, a standard superior to that
achieved by ordinary people in what Marx
had conceived as a worker’'s paradise.

Guessing

It is possible for us, in the late decades of
this century, to be more percipient? We
now have the benefit of instant world-wide
communications plus advanced electronic
data processing of statistics gathered
yearly, weekly, daily, even hourly.
Economists, social scientists, defence ex-
perts have constructed computer models to
handle their respective data to predict the
outcome of events. Yet with all this
elaborate apparatus, as an end result we
only have general trends, feeble guides
easily distorted by disturbances that can
and do happen almost anywhere.

Looking back to only three years ago |
find | was not reporting unemployment. The
great topic then was the oil crisis and how
alternative energy was needed for salva-
tion. Today the world is awash with oil.
There is rationing at the wells in an effort to
maintain prices instead of rationing of use
at the filling station. Nobody with or
without computing aid foresaw such a
complete reversal. Equally, nobody predic-
ted the Iranian revolution, the invasion of
Afghanistan, the lIran/lrag war, the
Falklands war, the lIsraeli thrust into the
Lebanon, Solidarity and martial law in
Poland, or East/West warmish detente
degenerating to an approximation of cold
war. All these affected international trade
and continue to do so.

Who, three years ago, predicted 10
million unemployed in Western Europe, or
10 million jobless in the United States? Or
that oil-rich Mexico would become virtually
bankrupt, not to mention most of South
America, large parts of Africa and the whole
of Eastern Europe?

Such is the fragility of society that
modern economic forecasting with all its
electronic aids is little more than guessing,
the computer today's equivalent of the
crystal ball, an aid to concentration. A re-
cent comparison of Treasury forecasts for
1983 with those of three respected in-
dependant teams, all using computers and
economic modelling, revealed none of the
leading economic indicators in agreement
although thay had a common trend. None
were sufficiently up-to-date to reflect an
unforeseen fall of five percent in the value
of sterling.

Productivity

In the ocean of uncertainty that has af-
flicted us in the past three years the only
consistent current has been the good
overall performance of the electronics
industry, predicted throughout in these

columns without aid of computer but with
little fear of being proved wrong. A pity that
the NEB-backed electronic office company
Nexos foundered with a write-off of £34
million of taxpayers’ cash, but heartening to
see ICL pulling back into profit. But, viewed
as a whole, electronics has been and is the
only major growth sector in manufacturing
industry.

The snag is that all the expansion in turn-
over, profits and order books does not lead
to a corresponding increase in employment
in the industry itself. At shop floor level the
old hand-wired products have disappeared
and with increasing use of LS| and VLSI the
labour content ever decreases.

Even worse from the national and
political viewpoint, a substantial proportion
of the output is skilfully designed to put
people in other industries out of work in the
interests of productivity gains.

It is interesting to note that even now,
after massive shedding of labour in the
older industries, Britain is only 13th in the
world league table for competitiveness, ac-
tually slipping back a place on the previous
year. It is little comfort to learn that France
slipped worse, from 8th to 15th, or that
New Zealand slumped from 10th to 20th
place

Leaders are Japan, Switzerland, USA,
West. Germany, Canada and Australia in
that order according to the European
Management Forum which uses a com-
plicated formula reported to consist of 245
criteria to arrive at their conclusions. When
crowing about productivity gains we too of-
ten overlook the probability that all our
competitors are making similar progress.
We have to run to stand still in relative
terms. We need to run even faster to gain
on the leaders.

On the employment front the one hear-
tening aspect is the apparently insatiable
demand for graduate electronics engineers
and applied physicists, particularly those
with expertise in microprocessor hardware
and software, and in telecommunications.

Offshore

Electronics has done well for North Sea
oil and had done well out of it in explora-
tion, monitoring, control and communica-
tions equipment. A typical oil platform can
have as many as 20,000 information points
to provide an operational overview and
malfunction alarm system, with input data
constantly scanned and analysed by com-
puter. The experience gained in the hostile
environment of the North Sea has snow-
balled into export orders from other parts of
the world.

A general misconception is that Britain
has now an oil-based economy. True we
are self-sufficient, even a nett exporter.
True we are listed in the top ten producers
in the world. But offshore oil and gas
together represent only some five percent
of our Gross National Product, less than the
construction industry and a mere fraction of
that of manufacturing industry. In fact,
despite present difficulties, we remain
relatively a rich country with a well-
diversified economic base.
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Demonstrating the ‘Experimentor’
breadboard system from GSC with a
combination protected two tone case
l AY““I alarm by R. A. Penfold
SIMI lIfIEnlll

IF you have never built projects before and particularly if you have never tried a
solderless breadboard this is for you. For qualification, a breadboard is a basic
framework on which electronic components can be mounted and wired for preliminary
circuit tests, so called because the foundation units were actually wooden breadboards.
However, with the ‘Experimentor’ System from GSC featured here we have moved far
from this rudimentary description.

The most fascinating aspect of solderless breadboarding is that designs can be con-
ceived or copied and their applications explored with the promise of total component
retrieval at the end. This means that the suitability of a published circuit for a particular
role can be explored or rejigged before hard-wiring.

The key feature of the ‘Experimentor’ breadboard is the basic connector. This is slot-
ted to form five independent pairs of sprung fingers which are placed behind a row of
holes in an insulating carrier. The five contacts are electrically common, that is, any
leads plugged into the same group are connected together.

Beside the groups of common contacts run the two supply lines made up of parallel
strips of connector.

The hole spacing on the board makes up a 0-1in. grid which is compatible with vir-
tually all electronic component mounting arrarigements. A 0-6in. centre channel allows
the mounting of integrated circuits and.other devices with wide spaced leads.

THE SYSTEM

The Experimentor System (Model Exp-304) consists of the breadboard, two pre-
etched pre-drilled p.c.b.s and a 50 sheet Scratchpad with each sheet printed with a full
sized layout of the hole and connection pattern of the breadboard on which design
layouts can be recorded. This means that the p.c.b.s can be loaded from the breadboard
and soldered once a design has been finalised.

A simple circuit is now presented to demonstrate the system. To gain familiarity you
should try to relay the design to the free Scratchpad with the intention of cutting back
on link wires and board space used. It can then be built on a breadboard and tested.

This unit is designed for use in a brief-case, shopping bag, etc., and an audible alarm
is activated if someone opens the case or bag in which it is placed. It could also be used
in a cupboard or drawer in which valuables are stored. The alarm is triggered by a transi-
tion from darkness to relatively bright conditions, and modifications to the case (or
whatever) in which the alarm is used are therefore unnecessary.

The circuit has both switch-on and switch-off delays so that there is time to place the
unit in the case and close the case before the alarm becomes active, and there is a short
delay before it sounds once the unit has been triggered. This gives the user time to
switch it off before the alarm operates. The switch is a simple combination type so that
there is no easy way for anyone who is unfamiliar with the combination to quickly
switch the unit off.
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Fig. 1. Block diagram of Case Alarm
THE CIRCUIT

Fig. 1 shows the block diagram of the Case Alarm.

A photocell is used to monitor the light levei and it
triggers a monostable muitivibrator when a suitable increase
is detected. However, a delay circuit is coupled to the
monostable and prevents it from operating until a few
seconds after switch-on so that the delay is obtainad. The
two-tone audible alarm is operated from the output of the
monostable, but another delay circuit is connected between
these two stages so that the switch-off delay is produced.

The alarm would normally be switched off soon after it
has sounded, but it will anyway after about one minute since
this is the length of the output pulse from the monostable.

The fuil circuit diagram is shown in Fig. 2.

IC1 is used as the basis of the monostable, and the 7555
is used in preference to the standard 555 because of its
lower current requirement. This gives the circuit a current
consumption of only about 90 microamps and enables the
circuit to be powered economically from a small (PP3 size) 9
volt battery.

At switch-on C3 is uncharged and zero volts is supplied to
pin 4 of IC1, thus preventing the monostable from function-
ing since an input potential of about 0-5 volts or more is
needed at pin 4 of IC1 in order to permit normal operation of
the monostable. C3 charges by way of R5 though, and after
about ten seconds the potential fed to IC1 pin 4 from C3 (via
the potential divider formed by R6 and R8) is sufficient to
give normal operation of the monostable.

R1 and photocell PCC1 form a potential divider connected
across the supply lines, and with the cell subjected to dark
conditions there is virtually the full supply potential at their
junction due to the consequent high resistance of the latter.
If PCC1 is subjected to a transition from dark to light condi-
tions a negative signal is produced due to the large fall in its

COMPONE-I\ES

Resistors
R1 22k
R2,3,4 1M8 (3 off)
RS, 8 1M (2 off)
R6 8M2
R7 150k
R9 5k6
R10 4k7
R11 2M7
R12 15k
R13 100k
All 1/3W 5%
Capacitors
C1,5 100n polyester (2 off)
C2 33u 10V tantalum
c3 10u 25V axial elect.
c4 4p7 63V axial elect.
C6 10n polyester
c7 1u 63V axial elect.
Semiconductors
IC1 ICM7555
1C2 4001BE
TR1 BC109C
TR2 BC179
D1,2 1N4148 (2 off)
D3 BZY88CEV2 Zener

Miscellaneous
LS1 PB2720 ceramic resonator
S1,2 6 way 2 pole rotary switches (2 off)
PPC1 ORP12 cadmium sulphide photocell
B1 9V PP3 size
Case type PB1 {Maplin)
Printed circuit board
Battery connector

h Control knobs

resistance. This signal is coupied to the trigger input of IC1
by C1 and the monostable is activated. R2 and R4 bias IC1's
trigger input above the trigger threshold voltage under
stand-by conditions.

R2 and C2 set the nominal output pulse duration at a little
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Fig. 2. Circuit of Case Alarm
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over a minute, and the alarm signal is switched off at the end
of this period. The circuit as a whole is not switched off
though, and the unit will be retriggered if PCC1 is again
taken from dark to light conditions. If preferred, the
automatic switch-off feature can be eliminated by omitting
R3 and replacing C3 with a shorting link.

ALARM SIGNAL

The two-tone alarm signal is generated by two CMOS
astables which use the two input NOR gates of 1C2 in a well
known configuration. 1C2c and IC2d are used to generate an
audio frequency squarewave signal at a frequency of about
2kHz or so, while 1IC2a and IC2b are used as a low frequency
{about 2Hz) astable which generates a squarewave modula-
tion signal. The output of the modulation oscillator is
coupled to the input of the tone generator via R13, and this
provides frequency modulation with the tone generator be-
ing switched either side of its normal operating frequency.

The output of the tone generator is fed to a piezoelectric
transducer which is very efficient at the frequencies involved
here, and gives a reasonably loud alarm signal despite the
limited output current available from 1C2d.

Under stand-by conditions the output of IC1 is low, TR1
and TR2 are cut off, and the positive supply is not applied to
the alarm generator circuit. When the unit is triggered and
IC1’s output goes high, TR1 is biased on and in turn biases
TR2 hard into conduction so that the positive supply is fed to
the tone generator circuit and the alarm sounds. However,
there is a short delay while C4 charges via R7 to a high
enough potential to bring TR1 into conduction, and this
gives a delay of about two seconds between the circuit be-
ing triggered and the alarm being activated.

When the unit is switched off D2 largely discharges C4
into the supply lines and D1 similarly discharges C3. C2 dis-
charges via internal circuitry of IC1. The circuit is therefore
ready to operate properly as soon as it is switched on again.

The on/off switch is actually two six way rotary switches
connected in parallel, and each switch only cuts the supply
in one of its six positions. It is therefore necessary to have
both switches in the correct position in order to turn off the
alarm. Without knowing in advance which is the correct

Fig. 3. Wiring diagram
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CASE ALARM

The cased, final unit

position for each switch it is obviously impossible to quickly
find these positions, and nothing more elaborate than this
simple combination lock technique is needed in this applica-
tion.

IC2 is a CMOS device and the appropriate handling
precautions should be taken when dealing with this compo-
nent, but as it is a very inexpensive device it is probably not
worthwhile fitting it in an IC socket. IC1 is also a CMOS in-
tegrated circuit, but as it has a very effective internal protec-
tion circuit it does not require any special handling precau-
tions.

When checking the completed unit bear in mind that it
responds to a change from dark conditions to comparitively
bright conditions after the switch-on delay has elapsed. Sim-
ply switching the unit on and leaving it in a normally lit room,
or taking the unit from darkness to light immediately after
switch-on will not result in the alarm being triggered. *

Photograph of the buiit breadboard
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FEW people realise that the increasingly popular industrial
robot has been in working existence since 1962; the result of
a patent filed in 1954 by George Devol and the business acumen
of Joseph Engelberger. However, much of the literature we come
across today is not so much concerned with these dumb, re-
programmable, open-loop machines, but with the ‘sensible’ or
second generation robots—these are the impetus behind the re-
cent upsurge of robotic interest. The initial stages of robot
development have already passed, the next stage of growth is in
robot intelligence and its associated ‘intelligent’ functions.

The first point, which must by fully appreciated, is that robots
are machines and, providing our ethics are stable, always will be.
As machines they are provided with a limited intelligence in or-
der that they may make a number of valid decisions and thus
reduce human intervention to a minimum. In other words robots
are versatile machines which can work on their own. To achieve
this the robot can be on one of two possible levels of develop-
ment: The first generation robot, as mentioned above, is
generally senseless (n.b. it has an open-loop control system). The
operation of such machines depends upon the robot’s
repeatability—the action of repeating tasks over and over with
little or no loss in accuracy. The open-loop system assumes
good repeatability and thus assumes a specific and constant out-
put will be achieved for a given input. Hence, first generation

ELBOW EXTENSION

'

SWEEP
e “

SHOULDER

Fig. 1. Anthromorphology of a robot arm
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robots fall short of our requirements: Being open-loop they have
no feedback concerning the actual output and, the robot has no
knowledge or perception of either its surroundings or its
workpiece.

The second generaticn is attempting to overcome this un-
awareness by equipping machines with senses and applying ar-
tificial intelligence techniques in order that the senses may be
used in a human-like manner. In a nutshell, the most critical ele-
ment in robotics 18 the interface with the environment, both in
sensing (input) and manipulating (output). Until recently the
current technology offered much on the output side but was
lacking considerably on the input interface. Obviously the direc-
tion for research and development is in the application of sen-
sors, the question therefore is how?

HUMAN MODELLING

The human being is the best all round example of a perceptive,
receptive and reactive control system. Because of this engineers
are continually looking towards the human ‘modus operandi’ for
solutions to robot design. First generation robots based many of
their characteristics on the human arm (Fig. 1). For example
many robots can swivel and sweep about a shoulder joint, bend
at the elbow, bend and swivel at the wrist, and have various
hands fitted (end-effectors). Naturally, second generation robots
are inspired by human senses and the operating mechanism of
the brain.

Each of our senses is dependent upon a particular, dedicated
sensor mechanism which converts informative stimuli from the
environment into electrical signals for the nervous system, and
thence processed in the brain. The extremely complex arrange-
ment which constitutes the human sensory system can be sum-
marised according to the type of physical input and hence the
corresponding response mechanism evoked. They are:

VISION The perception of electromagnetic radia-
tion in the 400—760 nm wavelength.
HEARING The perception of oscillations of air
pressure in the 20-20kHz frequency
band.
TASTE/SMELL  Chemoreception of odorous molecuies.
TOUCH a) The perception of physical contact

b) The perception of electromagnetic
radiation in the form of heat (>760 nm
wavelength).
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All these sensory mechanisms are also capable of providing
the associated direction of a particular stimulus, the reason be-
ing that more than one receptor acts at any one time and thus
the brain is able to compare stimuli within both dynamic and
directional frames of reference.

To generalise, the ability to detect a stimulus, find its range
and to determine its relative direction are both necessary and
sufficient for the intrinsic intelligence of the control system to
respond to, and interact with. The greater the amount of useful
data supplied to the controller, then the more complex an in-
teraction is possible to increase the complexity of the workpieces
and their orientation, handle a variety of components, and cope
with non-uniform backgrounds (e.g. picking single components
out of a bin of many types of workpieces all mixed together).

Experimental robotic hand and arm (Courtesy of
Southampton University)
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Fig. 2. Comparisen between human and machine vision

The process which gives sight to robots is directly based on
the human model. This consists of a lens, receptor and control
unit (Fig. 2). Our control over such a system is unconscious, but
to a computer there are two major problems: Firstly the scene
has to be analysed into a number of discrete areas, each of
which must be quantified according to the system’s operating
parameters. These are a series of rules which are valid for inter-
preting the nature of the image. By ‘nature’ we mean the length
and position of boundaries between objects, light intensity, sur-
face orientation to the camera, reflectance, etc. Secondly, all this
data has to be analysed to make a tangible *picture’. This is
usually a vast amount of input information. For a single televi-
sion picture, in colour, approximately 1Mbit of data is required
for digital transmission (e.g. 1 page of PRESTEL, TELETEXT,
etc.). This amount of data handling contains the intrinsic
problem of speed. If the computer is unable to process its data
extremely quickly then the manipulator may be given instruc-
tions which are simply too late to be of any use. In practical
systems this means that the robot’s camera receives an image,
processes the useful data, and then directs the manipulator in the
appropriate direction. The whole operation must take place in
the order of 0-1 seconds. This demands a great amount of com-
puter power and even then is pushing it to the limits.

The basic difficulty involved is the way in which computers
operate. Information is processed serially, that is, one caclula-
tion after another. Attempts have been made to improve the data
handling of microprocessors by using hardware solutions such
as arithmetic units and other miscellaneous functions. Also,
there have been recent developments in array processors which
act as a series of independent CPUs but constrained to a func-
tion within a single architecture. This then provides a form of
parallel processing which is ideally suited to pattern recognition
systems. Present research is also concerned with the develop-
ment of new languages incorporating a decision making struc-
ture which therefore lends itself to sensory analysis applications
(e.g. LISP, PROLOGUE, etc.). The techniques employed are
drawn from current artificial intelligence findings.

The remaining parameter controlling robot vision is cost.
Even with the recent drastic reductions in hardware prices, the
vast power required does not come cheap. Due to this fact there
are a variety of seeing robots on the market ranging from
rudimentary, ‘low cost’ types, to the higher end of the market of-
fering a very sophisticated machine. Typically the basic in-
telligence levels can detect a specific wavelength of light (in some
cases this is infra red), assess its intensity and thus define crude
borders for a fixed presentation of the workpiece.

The intermediate state-of-the-art offers ‘grey-level’ processing
which in simple terms means that the analysis of a scene incor-
porates an undescribed state between the black and white pixels,
and the associated software allows for this; thus light intensity
thresholds are accounted for, which in turn allows for slight
variations in the workpiece finish, background complexity, and
non-uniform illumination.

The most sophisticated levels of intelligence offer a full
analysis of the scene; the number of available pixels is generally
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greater thus offering a finer definition, the speed of operation is
close to real time, and other factors such as colour recognition,
shape and orientation, limit setting and adaptive manipulator
control are generally available at considerable cost.

TOUCH

For intelligent behaviour the use of vision as a sensory organ not
only has excellent power and a peculiar fascination for
researchers, but, as mentioned above, has severe practical limita-
tions such as cost, speed and definition when applying our
current technologies. On the other hand, a much more viable
proposition on the grounds of finance, speed and ease of im-
plementation is that of tactile sensing. In addition to these ‘pros’,
is the argument that the final result of a vision system is for the
manipulator’s end effector to touch the workpiece and so,
development of a strong tactile sensory perception minimises the
emphasis of the less practical visual facet.

EISSNER'S
CORPUSCLE

\SWEAT GLAND-/

Fig. 3. Cross section of the human skin showing
sensory receptors

Referring again to the human model we find that touch is a
collection of several types of sensory receptors (Fig. 3). The
sense embraces a position sensory (stretch receptors), two types
of pressure detectors (one for impact, one for continuous
loading), overload sensors (pain detectors such as structural
damage or chemical attack interpretors), and heat detection
mechanisms. In other words our skin is provided with a multi
plicity of multifunctioning sensory organs. However, despite the
vast amount of data input there is very little pattern recognition
possible. In fact a simple experiment with two pins will show
that many areas of the body are indiscriminant over a distance
of less than 20mm between points (e.g. shoulder blade region,
chest, etc.). The reasons for this are many, the major one being
that many sensors use the same nerve channels. This is exem-
plified by our peculiar response to certain stimuli (e.g. a tap on
the back of the neck can often make the toes twitch) and forms
the basis for acupuncture. This apparent lack of ability is
probably due to our high visual competence in pattern recogni-
tion thus eliminating any need for a duplicate role in the tactile
system.

What then is the value in developing tactile sensing? Firstly,
touch has the distinct advantage over vision in that it is three
dimensional in its geometric and its physical structure; hence the
vast amount of interpolation which is necessary with a 2D pic-
ture is redundant in the tactile domain. It is the geometric factor
which makes touch such a valuable sense; this is exemplified in
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the fact that we use our hands to feel things—the culmination of
shape and skin give us direct spatial feedback.

In denigrating the direct pattern recognition abilities of skin
the other sensory assets must not be overlooked. The pressure
sensors, for example, are extremely sensitive in detecting move-
ment of several microns: (e.g. hairs, grit and dust are perceived
when merely falling onto the skin). The remaining major ability
touch exhibits is the detection of surface texture. This is achieved
by picking up vibrations set up when our fingers are passed over
the surface of a material. Our finger ends are specially developed
for this purpose in the form of ridges and whorls (fingerprints).
Texture detection is largely dependent on relative movement of
the skin surface against the sample surface.

Transferring our knowledge from the biological touch
processes to the industrial robot gives quite a range for inven-
tiveness; the reason being that there is very little known about
the actual workings of biological touch sensors. This being the
case, many ideas are currently being experimented with.

For impact detection simple on/off switches are sufficient.
Several methods have been used, from sprung flexible circuit
board to small piezo-electric elements.

The measurement of load requires some quantitative system,
but there are no commercially available sensors which copy the
biological model; the response being logarithmic with approxi-
mately 30 discrete levels. Strain gauges have been used to some
extent but they are limited due to their physical size and their
poor susceptibility to noise. Various other resistive devices are
being tested. One example is the use of graphite loaded neoprene
rubbers in the form of two cords crossed over one another (Pur-
brick, Univ. of Warwick). The system works logarithmically due
to the compression of the two circular cross-sections against
each other; however there are still some problems with fatigue
life. Another system is to use a felt made form carbon fibres (Dr.
M.H.E. Larcombe, Univ. of Warwick). The method of working
is the same as with the rubber cords but multiplied many times.
Arrays of piezo-electric elements have been used for load sens-
ing, the method being that of measuring the developed potential
difference across the device due to the exerted force. The
problem arising with piezo-electric cells, however is that the
developed voltage decays with time due to the finite input im-
pedance of the measuring equipment. Thus due consideration
must be given to time constants when using this method.

Piezo-electric cells are also used in surface texture and slip-
page detection. The reason being that they are basically
microphonic and as such are suitable vibration transducers.
Similarly very small acoustic microphones have successfully
been used in many different configurations.

Early prototype robatic hand (Courtesy of Southampton
University)
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A more recent prosthesis shown during gripping
exercises {Courtesy of Southampton University)

Various other techniques are still being developed to give a
full sensory complement to a manipulator. Research is being un-
dertaken for both industrial robots and in the realm of
prosthetics (bionics). Due to the relative ‘simplicity’ of tactile
sensing (to vision), the concept of producing a fully articulate
human hand is very close to reality. Several establishments have
undertaken such work, one of which, Southampton Univer-
sity/Hangar Ltd., is now preparing the production models.
Producing a hand is far more viable, and probably useful, than
aiming for artificial sight. This particular hand uses sensory
feedback in several of the forms described above to aid control
of a number of preprogrammed manoeuvres and hence acting
closely to that of a human hand. Knowledge gained from this
research is being re-routed into industry by applying the techni-
ques to commercial robots. (hand in hand?)

HEARING

Auditory sense is not widely used in robotics, however there are
one or two cases. The subject of hearing can be divided into two
sections: rangefinding and spoken instruction.

The rangefinding aspect provides an intermediary between vi-
sion and touch. Several systems have been developed using
radar and sonar ‘send and return’ techniques. work has been un-
dertaken at the University of Alabama, USA, in modelling an
echolocation system directly parallel to that of the bat. It in-
volves energising an array of transmitter elements and then com-
paring the phase differences of the reflected waves. The system
is then able to determine the direction and the range of an object
within its environs. A similar technique is being used by the
Wolverhampton Polytechnic/Chubb & Son’s Lock and Safe Co.
Ltd. teaching company, where an echolocation system presents
a viable measurement of distance between a welding rod and a
steel joint. In such a hostile environment this proves to be a
worthwhile method since touch sensing defeats the objective and
vision is usually saturated due to the extreme brightness of the
welding arc.
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The purpose of using speech recognition is that human beings
can tell robots what to do without being tied down to any
programming language. This delves deep into complex artificial
intelligence techniques. Unimation (UK) Ltd., displayed a
speech receptive PUMA robot at the Automan exhibition in
summer 1982, but it was confined to a very limited amount of
short syllable words. To make robots understand human speech,
we must in turn understand the way in which we construct our
language. In its base terms, speech recognition is the receipt of
aural stimuli and the subsequent interpretation into sounds, then
words, then sentences. As humans we are able to focus on one
person speaking and developing our own understanding of what
he means. Obviously this is very difficult for a computer and
because of this little development has taken place. The major
problem is not one of signal analysis, despite the complexity of
the human voice, but that of understanding. People do not enun-
ciate words clearly and crisply, words merge into each other,
word endings are not either clear or correct, words are omitted,
etc., and so continuous speech recognition is well beyond our
present grasp. Nevertheless much work is being undertaken in
this field and there are signs that the barrier is not insuperable.

For the time being industry is only just accepting first genera-
tion robots, the operations of which are obviously limited. Very
shortly there will be demands for more sophisticated, second
generation robots, fully employing their senses of vision, touch
and hearing. The more a robot can do for itself, the less it needs
to be instructed, the safer and more efficient it becomes. In the
twenty or so years of robot existence many people have spent a
lot of time copying human characteristics in order to achieve
greater machine intelligence and perceptiveness of the environ-
ment. From our basic understanding of ourselves it becomes
very easy to accept that a human being is human and a robot is,
and always will be, a complex and limited machine.
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@ Built-in electrons siren drives 2 loud speakers

@ Provides exlt and entrance delays together
with fixed alarm time

@ Battery back-up with tickie charging facility

@ Operates with magnetic switches. u/sonic or

CA 1250

This exciting new. module of ers all the possible

features fikely to be required when building an

intruder alarm system Whether used withonty 1 or

2 magnetic switches ot In coyunction with several

ultrasonic alarm modules or mfra-red units, a really

effective system can be constructed at a fraction of

the cost of comparable ready-made units. Supplied

with a fully explanatory Data Sheet that makes

installation straight forward. the module s tully

tested and guaranteed

*available in kit form £16.95 plus VAT

@ Stabilised output voitage

@ 2 operating modes - f
panic facility

@ Screw connections for ease of installaton

@ Separate relay contacts for switching external

aarm/anu-tamper and

Adjustable range
from 5ft. to 25ft.

ULTRASONIC
ALARM
MODULE

UsS 4012

Fully built
& tested

A really

effective fully bullt

module conlaming both

ultrasonic transmitter and

receiver and circuitry for providing

false alarm suppression. This module.

tugether with a suitable 12V power supply

and relay unit as shown, forms an effective

though inexpensive intruder alarm. Supplied with
comprehensive Data Sheet, it is easily mounted in a
wde range of enclosures. A ready-drilled case and necessary
hardware is available below.
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loads
@ Test loop facihity

I.R. units
@ Ann-tamper and panic facility

Power Supply & Relay

DIGITAL VOLTMETER MODULE DVM 314
Fully built & tested

@ Positive & negative voltage with an FSD of
999mV which 15 easily ex ended
@ Requtres only single sanN 7-12v
\ @ High overall accuracy - 0.1% + 1 digit

@ Large bught 0.43" LED dsplays

@ Supplied with full apphicatons data
With this fully built and calibrated module a wide range of accurate equipment such as multimeters
thermometers. battery indicators etc. can be constructed at afraction of the cost of ready-made unns. Full
details are supplied for extending the voltage range. measuring cusrent, resistaice and temperature.
Fully guaranteed. the unit has been supplied 1o electricity authorities. Governmant departments. etc.

Units PS 4012 £4 25 +var

Pravices a stabilised 12V o.itput and etay with 3A
cantacts. The unitis designed to operae one or two
of the above ultrasoruc units. Fulty buit and tested.

Siren Module
SL 1567

£2 95 +var

Praduces a loud and penetra ing shidingtone operat-
ing frem 9- 15V Capable ot driving 2 off 8 ohm
speakers t0 SPL of 110db it 2M

Contains an inhibit facility fcr use with shop lifting

Temperature Measurement Kit D7.10 £2.25 4 var

Using the |.C. probe supplied. thus kit provides a inear output of 10mV"C over te temperature range
from 10°C 10 + 100°C. The unit is id=al for use in conjunction with the DVM module providing an
accurate digitai thermometer.

Power Supply PS.209 £4.95 +var

This fully built mains power supply provides two stabilised isolated outputs of 9V, 250mA each. The unit
is ideally suited for operating the DVM and Temperature Measurement modul 3.
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Quality plus value
~ always
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“MINIMAX"

— the small :
speaker produc-

ing ‘‘Large

speaker’’ sounds.

Peak handling

100 watts.

ONLY £74.95

A PAIR!!!
iMPROVED

NEW |

IMAX 2

VIDEOTONE — For full range of loudspeakers, in-car, C.B.,
Video, audio & video cassettes, etc. Write for full details.

WIDEOTONE 98 CROFTON PARK ROAD,

LONDON SE4. l NAME
Tel: 01-690 8511. etx. 32.
| | Send for our free brochure and l ADDRESS

details of outlets in the U.K,

March 1983

ioops of other break to activate circults.

Add VAT & 50p post and packing

to all orders.

Shcp hours 9.00 -5 30 p.m.

{Wed. 9.00 - 1.00 p.m.}

Units on demonstration - callers

wekome. S.A.E. with all enquiries.
Te ephone orders
welcome.

Hardware Kit

HW 4012 £4.25 . var

A sunable ready-dnilled case with the varous mount-
ing pillars, mains switch socket and nuts and bolts.
Designed to house the ultrasomic alarm module
together writh its power supply.

Size: 153mm x 120mm x 45mm

% ACCESSORIES *

3-position Key Swiich for use with

CA 1250. supplied with 2 keys
Magnetic switch {wit 1)

57 Horn speaker lor use with CA 1250
and SL 157

RiSCOMP LiMiTED

Dept. PE 3

21 Duke Street,

Princes Risborough, Bucks.
“Princes Risborough (084 44) 6326
Please allow 7 days for delivery

£3.43
€1.17

£4.95
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VALUE AT ONLY £24.95

Seoum Hi-Fi rep-
resents EXCELLENT
QUALITY AT A

REALISTIC PRICE! ’
The range offers a

cho ce of amplifiers, -
tuner/amplifier, -uner,
and the excellen-
SC4200 stereo cas-
sett2 recorder.

THE SCIENCE O ALTDIO

oo gy ) 0

) 5

n e e ’)
LA RRRT I

Se0

’"

Uum

. r 5 57 & r 5 2 B I B |
Post to: Videotone, Crotton Park Road, London SE4.
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SUPER KITS!

SETS INCL. PCBS, ELECTRONIC PARTS, INSTRUCTIONS.

MOST ALSO INCL. KNOBS, SKTS, WIRE, SOLDER, BOX. BAT-

TERIES NOT INCL. BUT MOST WILL RUN FROM 9V TO 15V DC
SUPPLIES. ALSO SEE BELOW.

SET 58
SET 138-8
SET 121-Ls

AUTOWAHN: Guitar-triggered wah-wah

BASS BOOST: Increases volume of lower octaves

CALL SIGN: Programmable 8-note musical call sign

CHORUS GENERATOR: Makes a solo voice or instrument sound
like more

COMPARATOR: LED level indicator for 2 channels

COMPRESSOR: Limits & levels maximum signal strength

FREQUENCY OOUBLER: Raises guitar frequency by 1 octave

FREQUENCY-GENERATOR: Multiple waveform test osc, variable SHz
to 470KHz

FUNKY-WOBULO: Novelty voice modulator for funny effects

FLANGER: Fascinating delayed-feed-back effects plus phasing

FUZZ: Smooth distortion whilst keeping natural attack & decay

GUITAR EFFECTS: Multiple variation of level & filter modulation

GUITAR OVERDRIVE: Fuzz plus variable filter quality

GUITAR SUSTAIN: Extends effective note duration

HARMONOLA: 3-Octave organ with variable voicing attack,
sustain vibrato

SET162
SET 12848
SET 13345
SET %

SET 128
SET 149
SET 153
SET 9t
SET 42
SET 5%
SET 75

SET 124-7
SET 124F
SET 141
SET 150
SET 146
SET 143
SET 144
SET 38

£162.15
4-Octave version £184.
HUM CUT: Tunable filter for reducing low frequency noise
JABBERVOX: Voice disguiser with clever use of reverb & tremolo
MAD-ROJ Variable sirens, incl. police, gataxy machine-guns etc
METRONOME: With audible & visual beat & down-beat marking
MICROPHONE PRE-AMP: with switchable bass & treble response
MINISONIC (PE) MK2: 3-octave very versatile music synthesiser
MIXERS: Several - details in catalogue {see below)
NOISE LIMITER: reduces tape & system hiss
PHASER: with automatic & manual rate & depth comrols
POWER SUPPLIES {300mA): v

or preset 12 to 15v
REVERB: Analogue unit with variable delay & depth controls
RHYTHM GENERATOR: 15 switchable rhythms controlling 10

instruments
RING MODULATOR: for intermodulating 2 separate sine frequencies
ROGER 2-GDNG: 2 gongs sounded at end of transmision
ROGER BLEEP: Single bleep ded at end of trar n
SCRAMBLER: Codes & decod ns authorised ch:
SEQUENCERS: 128-note keyboard controlled {keyboard incl}

16-note {up to 64-bit pattern) panel controlled
SPEECH PROCESSOR: for clearer transmission & better level control  SET 11048
STORM EFFECTS: Automatic & manual wind, rain & surf generator ~ SET 14
SYNTHESISER INTERFACE: allows instrument to trigger synth functions SET 81
TREMOLO: Oeep tremolo with depth & rate controls SET 136
TREBLE BOOST: Increases volume of upper octaves SET 1387
TONE CONTROL: bass & treble cut, gain & range (6 controls} SET 139
VIBRATO: variable rate & depth plus additional phasing SET 137
VODALEK: Robot type voice modulator with depth & rate controls SET-155-LS
VOICE FILTER: Tunable for selected freq bandwidih & gain SET 142
VOICE-OP-FADER: for reduction of music level during talk-over SET 30
VOICE-OP-SWITCH: with vanable sensitivity & delay, 1A 2PCO relay  SET 1234S
WAH-WAH: with auto-trigger, manual & oscillator control SET 140
WHEEBY-JEEBY: 2 intercoupled oscillators produce variable sirens SET 151
WIND & RAIN: manual control of these two effects SET 28
WOBBLE-WAH: Dscillator contralled wah-wah for fascinating effects  SET 161

SET 145
SET 164
SET 130-N
SET 130-T
SET 122-LS

SET 103F
SET 87
SET 12648
SET 1274S
SET 1174s
SET 76
SET 86

KIMBER ALLEN KEYBOARDS (surely the best?}:
KEYBOARD CONTACTS GJ (SPCO):
KEYBOARD CONTACTS GB (DPST):

3-Oct £32.43, 4-Oct £40.68, 5-Cct £48.52
3-Oct £20.29, 4-Oct £26.50, 5-Oct £32.71
3-0ct £23.27, 4-Oct £30.45, 5-Cct £37.62

PHONOSONICS

PHONOSONICS MAIL OROER, OEPT PE3/3, 22 HIGH STREET, SIOCUP, KENT QA14 6EH.
01302 6184

Ploase use full address. Payment CWQ, CHQ. PO. ACCESS, BARCLAY, or pre-arranged coliection.
Prices incl. UK P&P & 15% VAT, E&OE. Despatch usually 7 days on most items. Details of parts in
above kits are stated in our comprehensive catalogue. Send S A.E. (9x4 or bigger} for Caralogue {if
you live overseas please send £1.00 or equiv). MORE KITS ARE IN CATALOGUE.

ambit’s new
autumn/winter
catalogue

1S
OuT
NOW!

ALL THE ‘USUAL’ BITS ?®@

(Rs, Cs, Tr’s, ICs etc)
+ ALL THE
TRICKY BITS

at all good
newsagents
or direct

b,

( 1

TOKO COILS, INDUCTORS, LC FILTERS
PCM FILTERS, VHF/UHF HELICAL FILTERS
UNELCO CAPACITORS

PCI INTELLIGENT LCD MODULES

TOKO SWITCHES : F SERIES/R7000 SERIES
ALPS POTENTIOMETERS AND
KEYSWITCHES

TOYO-TSUSHO COAX RELAYS FOR TX/RX
CRYSTAL FILTERS, CERAMIC FILTERS
WELLER SOLDERING IRONS

COOPER TOOLS

TEST EQUIPMENT

BOOKS, MANUFACTURERS’ HANDBOOKS
HARDWARE, CASES, PANELWARE, ETC.
MODULES, R&EW KITS

RF POWER DEVICES

* % % ¥ ¥ ¥

* ¥ ¥ ¥ ¥ X ¥ * ¥

=

- ORDERS SUBMITTED USING STOCKCODES DESPATCHED ————
WITHIN 8 WORKING HOURS FOR EX-STOCK ITEMS

s

* PHONE ORDER SERVICE — (NO MACHINES!)

PLEASE NOTE OUR NEW PHONE SYSTEM AUTOMATICALLY STACKS CALLS
IN ORDER OF ARRIVA] SO PLEASE WAIT [F NOT ANSWERED IMMEDIATELY

8 AM — 7PM MON — SAT
0277 230909

»* COMPUTER ORDER SERVICE — ‘REWTEL’

6 PM — 9 AM 300 BAUD/RS232
(IT MAY BE 24 HRS BY THE TIME YOU READ THIS)

0277 230959

v,

200.NORTH SERVICE ROAD -
BRENTWOOD. ESSEX -
CM14 4SG

. ———
gmblt INTERNATIONAL = "5:0°% (00 v e
e ————
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Copies of Patents can be obtained from:
the Patents Office Sales, St. Mary Cray, Orpington, Kent. Price £1.60 each.

LOUDSPEAKER DIAPHRAGM

Loudspeaker designers are continually
searching for the perfect material from
which to mould their cones and
diaphragms. Paper produces good results,
but is affected by atmospheric conditions.
Plastic is immune from atmospheric effects,
but is often insufficiently rigid or chemically
unstable, especially when exposed to
daylight with its ultraviolet content. Over
recent years there have been numerous
patents for “magic” additives to improve
the stability and performance of plastic
loudspeaker cones. The latest, and one of
the most interesting, comes from Kuraray
Company of Japan. European patent
0 061 270 suggests that the performance
of a polymer sheet can be greatly improved
by incorporating mica fiakes in the mix. The
patent claims are very broad, covering vir-
tually any percentage by weight of mica ad-
ditive. So if the patent is granted, and held
valid, it would cover any loudspeaker
diaphragm made from a mix of polymer and
mica fiakes.

PSEUDO STEREOD

RCA, in New York, has filed a string of
European patent applications {numbered
0 060 097} on further developments in the
company's ongoing quest for a system to
synthesise acceptable pseudo stereo from
a mono TV signal. The company has
previously patented (see Practical Elec-
tronics May 1981, page 53) a synthesis
chip for incorporation in a TV set. Now RCA
proposes a modified system that can be
hooked up to a home hi fi system. The cir-
cuit diagram given may suggest ideas for
the home experimenter who would like to
build their own synthesis circuits.

The crux of the RCA idea is to split the in-
coming mono audio signal into two halves
and put notches in the frequency response
of each half. These notches are deliberately
mis-matched so that a peak in one channel
corresponds to a dip in the other channel.
So overall energy dispersion is constant. As
shown in Fig. 1 the incoming audio signal is
fed to transformer 20 with a centre tap on
the secondary to produce two similar out-
puts, which are oppositely phased. One of
these outputs is fed through circuit 50
which modulates the signal in intensity and
phase in the function of frequency. In prac-
tice this means that notches are introduced
at 150Hz and 4-6kHz. Part of this notched
signal is bled across to the other channel by
resistor 74. As a result of the antiphase
relationship the signal at 94 has peaks
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where the signal at 92 is notehed and vice-
versa.

Fig. 2 shows the layout of the transfer
circuit 50, with suitable component values.
The first notch filter 30 includes capacitors
32,36 serially coupled between one end of
the transformer secondary and the second
notch filter 40. This includes serial
capacitors 42,46.

The phase response curves 196, 198 in
Fig. 3 show how the two channel signals
are in a constant phase relationship of 90°

between the three notch frequencies. Ac-
cording to RCA this produces a distributed
sound field that just extends between the
loudspeakers. If the phase differential is
less than 90° the distribution is too narrow
and at phase angles above 90° it is too
wide. The frequency distribution was
chosen through analysis of the spectral
characteristic of bass, tenor, alto and
soprano voices, so that all voices appear to
emanate from front centre while the sound
af music is spread.
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GAR AGLESSORY Pal

Michael TOOLEY &g.a.

David WHITFIELD wm.a. msc.

Provides switched negative earth supplies of 4-5V, 6V, 7.5V and 9V at 1A

HERE are many situations in which it is convenient to

use a normal domestic cassette player, radio or other
item of battery powered equipment in the car. Unlike car
radios, CB sets and specially designed car accessories, most
domestic equipment is usually unsuitable for operation
directly from a vehicle’'s 12V supply. Typically, portable
equipment is designed to use a number of 1-5V cells, with
an overall supply somewhere in the range 4-5V to 9V; por-
table televisions are the usual exceptions, and most will
operate from a 12V supply.

The use of dry batteries can be satisfactory if only oc-
casional and limited use is required. Frequent usage,
however, quickly becomes expensive and inconvenient; bat-
tery changes are needed more often due to higher volume
levels required. The accessory power supply to be described
allows most items of battery powered equipment to operate
from a standard car cigarette lighter socket. Any equipment
which requires a negative earth supply of 4.5V, 6V, 7.5V or
9V may be used, and a regulated output of up to 1A is
available. Should no appropriate socket be available, the unit
may be wired directly to the vehicle's accessory circuit.

The accessory supply is protected against overload, is
simple to construct and install, and requires no setting up
procedure. The unit is protected against incorrect connec-
tion, and is built in a rugged and compact case. The overall
cost is less than £10; a sum which will rapidly be covered by
the savings on replacement dry batteries.

The input voltage is likely to contain a substantial amount

of noise, and the decoupling capacitors are used to obviate
this.

The circuit for the accessory power supply is shown in Fig.
1. The vehicle’'s 12V supply is taken from the cigarette
lighter socket via PL1,or from the vehicle's accessory circuit
if no such socket is fitted. An in-line automotive fuse, FS1, is
used to provide protection against possible failure condi-
tions. Reverse polarity protection is provided by D1 as a
wrongly polarised supply will forward bias it and cause FS1
to blow.

The voltage regulator, IC1, features internal over-current
and over-temperature protection. The device is intended for
use in variable voltage power supply applications, and is
supplied in a 4-pin plastic package with a metal heatsink tab
(which is connected to the common supply rail). The output
voltage is set by means of the resistor network R2 to R6,
selected by means of S1b. The way in which the output
varies with resistor setting is shown in Fig. 2. An indication
of which output has been selected is provided by four
miniature l.e.d.s, D2 to D5, via S1a. The series output diode,
D6, serves two distinct functions. Primarily it allows an out-
put voltage of less than 5V to be produced (this is not
otherwise possible, as shown by the equation in Fig. 2) by
providing an almost constant voltage drop of approximately
600mV. In addition, the diode provides protection against
the unit being accidentally connected back-to-front.

IC1
A 7

n
~

i

v
=
o
>
S| i |

2
100n

H

z

Fig. 1. Circuit for the
power supply unit.
Note that R3 and R6
are each made up of
two resistors as in
the components list
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Fig. 2. Setting the output voltage for 1IC1. Here V=5 (R, +
Rp)/ Rp and should typically be at least 2V lower than Vi,
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ASSEMBLY

A small printed circuit board is used to mount the majority
of components inside the diecast box which is used to house
the accessory power supply. The component layout for this
board is shown in Fig. 4, with the corresponding copper foil
pattern shown in Fig. 3. If preferred, constructors may use a 1 O
similar sized piece of O-1in. pitch Veroboard in place of the
p.c.b. The use of terminal pins is recommended in order to 'Il r

facilitate the connection of the wiring and of the regulator 1
device. The regulator i.c. itself is fixed directly to the base of
the diecast box, which it uses as a heatsink, and is
positioned close to the p.c.b.

The diecast box should be drilled to allow mounting of the PCB
printed circuit board, regulator i.c., l.e.d.s, and the switches.
Two additional holes at the rear, lined with rubber or plastic
grommet material, are required in order to allow the passage >
of the input and output power leads; suitable measures ’ p
should also be taken to anchor these leads. A wiring and
layout drawing for the complete unit is shown in Fig. 5. It
should be noted that the components in the resistive divider
chain are mounted directly on the tags of the selector
switch, S1, and two of these resistors, R3 and R6, are ac- k /
tually composites of two components wired in series to give
the required value.

| -y
To PL1via FS1 To PL2
Fig. 5. Case wiring and layout
£ )
| | COMPONENTS
Fig. 3. Etching pat-
te;nbfor underside of Capacitors Registors
_— C1  100u 16V electrolytic R1 1k
. C2 100n polyester R2 100
r;g'o:" (‘:::mpor::e:t c3 100n polyester R3a 1k
i p.c.b. C4  100p 16V electrolytic R3b 100
(below) R4 680
Semiconductors R5 470
D1 1N4001 R6a 1k
D2  O-lin. green l.e.d. plus clip R6b 1.5k

D3 0-1in. yellow {.2.d. plus clip All 1/4W 10% carbon
D4 0-1in. amber l.2.d. plus clip

D5 0-1in. red l.e.d. plus clip
y D6 1N4001
@ @——»ov IC1 uA78GU1C
1 R
0 G ,,n{ - o Miscellaneous
(s2) -—t— I S1 3P4W rotary switch
- - S2  SPST ultra miniature toggle switch
FS1 1-5A fuse and in-line holder
-—t ® o< |O PL1  Accessory socket piug
0/P TO PL2 { k PL2  Auxiliary supply connector for the portable equip-
| ——— - 06 R2 - S1b ment {e.g. the Maplin universal plug HH38R)
@ o e @®——=sirins Diecast box 120mm x 65mm x 40mm
Printed circuit toard
Terminal pins
Knob
(G \ _
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TESTING

When the p.cb. assembly is complete, it should be
carefully checked for dry joints and solder bridges between
tracks. A careful visual inspection of the whole unit should
include verifying that polarised components (l.e.d.s, diodes,
etc,) are correctly orientated. The unit is now reest on either
a 12V d.c. supply or on a car battery, via the
accessory socket if appropriate.

Connect PL1 to the 12V supply, with S1 set to the 4.5
volt position and S2 set to 'Off. Connect a suitable
voltmeter to PL2. When S2 is switched on, D2 should be il-
luminated and an output indication of 4-5V should be ob-
tained; any reading within +5% of the expected value is ac-
ceptable. Should no output be obtained and no l.e.d. il-
luminated, a check on the polarity of the supply, on FS1, and
the polarity of D1 and D6 should be made prior to a more
detailed examination of the circuit. An incorrect output
voltage indicates a possible problem with the resistive
divider chain, R2 to R6. A correctly illuminated l.e.d. but no
output, could be due to an incorrectly polarised output diode
D6.

When the initial test has been completed satisfactorily,
the three other ranges should be checked to ensure that
their diodes function correctly, and that the output voltage is
correct.

In use, range changing should be done without any load
connected since momentary transients are possible. When
installing in a vehicle, it should be borne in mind that the
diecast box is connected to the negative rail by virtue of the

Control layout of PSU

earlier, the accessory power supply may either be connected
in to the vehicle's accessory circuit (when S2 and PL1 may
be omitted), or supplied from the cigarette lighter socket.
The unit may be simplified for dedicated use at a fixed out-
put voltage by semoving S1 and three l.e.d.s, and replacing
the resistive chain R2 to R6 by two single resistors of
appropriate value.

The accessory power supply may be used to supply con-
tinuous currents of up to 1A at the selected output voltage.
It should be remembered, however, that with a 13-2V input
and an output of 4.5V at 1A, the unit will be dissipating
approximately 9W and a certain amount of warmth is to be

common tab on the voltage regulator i.c. As mentioned

expected.

*

UK101 breaking up, Cegmon BASIC-5,
8K-2114, £10 each; case, sound + I/O £156
each. All pants available. Mr. M. A. Saunders, 7
Drumcliff Road, Thurnby Lodge, Leicester LES
2LH.

SUPERBOARD 32K 610 Board two disk drives
64 x 32 board many extras. No reasonable offer
refused. Must upgrade. Kenneth Shenderey, 8
Ring Road, Shadwell, Leeds LS17 8NJ. Tel:
0532 656550.

CREED Teleprinter, cover, p.s.u., Redifon T.T.U,,
£55. Uniden C.B. £40. ALBA 2w C.B. Handhelds
£40 each. W. J. Cowell, 44 South Drive,
Fulwood, Preston, Lancashire. Tel: Broughton
862438 after 6.

WANTED Pre 1930 Wireless equipment,
crystal sets, associated books, literature, amateur
radlo equipment, etc. J. L. Troe, 111 Skyline
Drive, Mortristown, N.J. 07960 U.S.A.
WANTED Rockwell AIM 65 and associated in-
terfaces. Neil Dewar, 24 Nelson Road, Gourour,
Renfrewshire. Tel: 0475 36704.
SUPERBOARD Il + screen enhancement (20
formats) BASICS: 1, 3, 4, 5, X. Plus loads of ex-
tras. Offers? J. Marshall, 8 St. Vincent Drive, St.
Albans, Herts AL1 5SJ. Tel: 0727 59397
WANTED VIC-20 or Spectrum/ZX81 com-
puter, variable voltage transformer, mixer for 4-
track studio and oscilloscope—mint. Roger
Skoglund, P.O. Box 100, N-2353 Stavsjo,
Norway. Phone: + 47 6552 193.

UK101 8K, 1/2 Meg, 300/600 Baud, Decode
Module, EPROM burner, built-in cassette,
programs, data, £200 o.n.0. J. Rinaldi. Tel: 01-
390 0051 {Day) 01-947 2020 {Evenings).
COLT Excalibur base station boxed as new
£180. Also communications receiver
560kHz-30MHz £30. Pam, 0766 71 2975 after
5.30p.m.
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TRANSCENDANT 2000 monophonic syn-
thesiser. Perfect condition except keyboard re-
quires slight attention. £110 o.n.o0. must sell. S.
M, Panter, 26 Somersby Way, Boston, Lincs
PE21 9PQ.

WANTED Elektor Nos. 4 and 13 to buy or swap
for Elektor Nos. 1, 9, 17 or 19. Tel: 01-363
9166. R. A. W. C. Clarke, 7 Oid Park View, En-
field, Middx. EN2 7EG.

WANTED mint condition copies of Everyday
Electronics November 1971 to May 1972 in-
clusive. Price to A. Reynolds, 22 Maybowns
Road, Chestfield, Whitstable, Kent CT5 3LL.
HAMEG HM 312 scope nine months old, com-
plete with some leads £230 inc. delivery. Charles
Bowden, 7 Parc Eglos, Helston, Cornwall TR13
8UP.

PRINTER Parallel/TRS-BUS/RS.232C 32
chs/line double width, ten months old, connec-
tors paper, Atom interface included £120. David
Grindrod. Phone: 021 378 1782 6p.m.—8p.m.
COMPUTER boards for sale transistors diodes
relays, etc. 4 for £1 and 50p post. J. L Hurst, St.
Peters College, College Road, Saltley, Bir-
mingham B8 3TE.

BENDIX Radio compass receiver MN26P cir-
cuit diagram manual required, old timers can you
help? J. Roper, Vicarage Street, North Walsham,
Norfolk NR28 9DQ.

GEC Pye EMO Hybrid CTV spares and panels
also Thorn 3500 parts for sale. Mr. A. Bouskill,
129 Lyminster Road, Birley Carr, Sheffield,
South Yorks S6 1HY. Tel: 0742/311191 after
4p.m.

CASED BK Superboard 1l with Wemon for
Philips 7300 or 7150 tape recorder. Terms
negotiable. Mr. Yuen, Tel: 01-300 8922 (Even-
ings).

VALVE amplifier circuit diagrams and construc-
tional details wanted. Please send offers. Costs
will be paid. H. J. Hoogeboom, Hendrikstraat
16A, 8724 NB Groningen, Holland.

UK101, 8K Cegmon, RS232, fitted cased, p.s.u.,
cased. Sockets fitted back plate. Manuals cables
tapes £150. Mr. H. Pye, 4 Exhall Close, Little
Hulton, Worsley, Manchester M28 6HF. Tel: 061
799 9912,

PRACTICAL Electronics 1964-1975 in bin-
ders. 1976-1982 loose, complete sets. £40 the
lot. Buyer collects. M. L. Davison, 188
Galsworthy Road, South Shields, Tyne and Wear
NE34 8RE.

TRS-80 Model 1 Level 11 16K complete with
monitor manuals, etc. Tel: 01-695 6675. G.
Bowen, 107 Cartwright Road, Dagenham, Essex.

ZX Spectrum working £75. L.C.D. Multimeter
£29 other gear. Tank t.v. game wanted, s.a.e. no
callers. D. Martin, 29 St. Johns Close,
Leatherhead, Surrey.

UK101 16 x 48 Cegmon and handbook guaran-
teed working ok. Upgrading to 32 x 48 £12.
Phone: Stoke on Trent 560684,

MICROTAN 65 + Tanex extension, 4K RAM,
XBug Assembler/Disassembler, Mini-
Motherboard uncased no keyboard, fully working
+ manuals £60 o.n.o. N. J. Counihan, 19
Robertson Road, Grantham, Lincs NG31 8AQ.
SYKES 8" Drive Commstor || 22K ROM 4K
RAM 3 Ports EIA R232 S100 Bds. IBM 3740
ASCIl Conv. available. Forms entry variable
length £200. Tel: 0532 579387. 8 Kent Cres-
cent (M. S. Smith), Pudsey, Nr. Leeds LS28 9EB.
VDU case attractive steel construction fits
14-15" screen £30 matching keyboard case
£12. Norman Simons, 01-969 6150.

UK101 for {reluctant) sale. 8K MON 2, invaders
etc. Must sell. Only £125. Tel: {(024282) 274
{Evenings). Mr. J. P. Hawkes-Reed, Cotehax
Farm, Brockhampton, Cheltenham, Glos GLS
5TH.

UK101 24K colour, sound, Ohio S/Disk drive
tape. Printer Ports, disk, tapes, software £350.
Steve Gifford, 20 Lime Street, Neison, Lancs. Tel:
692388.

COMPUKIT 8K, Wemon, 1/2MHz, 300/600
Baud, Sound, improved p.s.u.. cassette relay,
manual and software £120 o.n.0. Mr. A. Burns, 3
St. Andrews Road, Spalding, Lincs. Tel: Spalding
{0775} 3197.

WANTED supplier for electronic inverter using
12V d.c. battery output 220V. a.c. Eng. Magued.
G. Helmy, 159 El-Fosha St., Saint Stefano, Alex.,
Egypt.
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BAKER £69
50 WATT Post £2
AMPLIFIER

Disco's sud
Groups. Two inputs with Mixer Volume Controls. Master Bass,
Treble and GQuin Controls. 30 watta RMS. Three loudspeaker

Buperior quality ideal for Halls/PA aystetns.

outlets 4, 8, 16 ohm. AC 240V (120V avallable).

BAKER [50 Watt AMPLIFIER 4 Inputs £99
Mono Blave 150W £75. post £2  Btereo Slave £125.  post £4
DRILL SPEED CONTROLLER LIGHT DIMMER KIT.
Easy to build kit. Controls up to 480 watts AC mains. £3
DELUXE MODEL Ready Built. 800 watta. £5

BTEREO PRE-AMP KIT. All parts to bulld this pre-smp.
3 inputs for high, medium or low gain per channel, with
volume control and P.C. Board. Can be ganged to make
multi-way stereo mixers. £2-85

SOUND TO LIGHT CONTROL KIT MK II
Complete kit of parts, printed circuit. Mains transformer.
3 channels. Up to 1,000 watts each. Will operate from 200MV
to 100 watte signal source. Buitable for home Hi-Fi £15
and all Dieco Amplifiers. Cabinet extra £4-50, Post 95p
OR COMPLETE READY BUILT IN CABINET £27
200 Watt Rear Reflecting White Light Bulbs. 1deal for Disce
Lights. Edison Bcrew 76p each or 6 for £4 or 12 for £7-50.

TINTED PLASTIC EQUIPMENT COVERS
Sizes: |44 X 12} x 3in £5. 16} % 15 X 4in. (5.

14 % 13 X 34n €5. 18 X 124 X 3in. £5. 16§ % 13 X 4in. €5,
178 x 133 > 43in £5. 214 X 14} X 2n. £5. POST €2.00

R.C.S. LOW VOLTAGE STABILISED

POWER PACK KITS €3.95. Post 65p.
All parts and Instructions with Zener diode printed cireult, mains
transformer 240V ac. Output 6 or 74 or 9 or 12V d.c. up to
100mA or less. Please state voltage required.

PP BATTERY ELIMINATOR BRITISH 450
Mains stabilized power-pack 9 volt 400mA D.C. with overload
cut out. Size 5 X 3} X 2din. Post 50p. DELUX MODEL
Switched 3; 6; 74 9 voht 400mA D.C. Stabilized. £7.50. Post £|

240V MAINS TRANSFORMERS Post
-0 SOBOmAé]V]SA.b]VI “200 8

£2.00
220V 4SmA. 6. ]V 2A£3. 250V 60mA. 6-3V 2A  £3.50 £I

GENERAL PURPOSE LOW VOLTAGE
2A.3.4.56.8.9. 10, Zb 8, 24 and 30V £6.00 €2
IA. 6.8 10,12, 16, 18, 20, 6, 40, 48. 60 £6.00 (2
2A.6.8.10.12. 16, 18, 20, 24 30 ]6 40, 48, 60 (10,50 £2
3A 6,810, 12 16, 18, 20, 24, 30, 36, 40, 48. 60 €12.50 £2
SA 6. 8,10, 12 16, I8 20, 24. 30, 36, 40, 48, 60 €18.00 £2
6V § amps €2.00 €1 15-0-15V 2 amps ¢4, so «
6-0-6V. 100ma €1.50 €1 16V 2 amps 4. €l
9V 250mA (LSO €l 20V | amp £4. 00 €l
9V 3 amp 450 ¢) 20-0:20V ) amp  (4.50 (I
9-0-9V SOmA (l 50 (1 20-40-60V | amp £5.00 Q2
10-30-40V 2 amps €4.50 €1 30V I} amp €4.50 ()
12V 3 amps £4.50 £1 30V S amps and

6.0-6V 14A €450 4 17017V 2 €550 Q

| e ‘ €6.50 post 65p MINI-MULTITESTER
% ™| Deluxe pocket size precision moving
coil instrument. Impedance + Capacity
4000 o.p.v. Battery included. 11 ins-
tant ranges measure: DC voits &, 25.
250, 508 AC volts 1D, 50, 500, 1000.
DC amps 0-250upa; 0-250ma. Con-
tinuity and resistance O to 500K ohms
De-Luxe Range Doubler Model,
| 50,000 0.p.v- £18.50. 7x5x2in. Post £1

VU Meter 500ma
1amp.2a
Facla 2} x 2 x 1}in. Post 65p

| BLANK ALUMINIUM CHASSIS. 6 % 4n £I. 75 8 X 6in
£2.20; 10 X 7n. £2.75; 12 x 8in. £3.20; 14 X 9I'L £3.60;
16 % 6in, £2.50; 16 x 10in. £3.80. All Hiﬂ deep. 18 swg.
ALUMINIUM PANELS. 18 swg 6 X 4in. 55p; 8 x 6in. 90p;
14 % 3in 90p; 10 X 7in. €1.15; 12 % Bin £1.30; 12 X Sin. 90p;
16 x 6in €1.30; 14 x 9in £1. is; 12 X 12in. (l 80; 16 x 10in.
£2.10, ANGLE AL) 6 X 1 X fin 18 swg 28p.
ALUMINIUM BOXES. 4 X 4 X fdin. 1.20. 4 x 2} X 2in.
€0.20.3 x 2 x lin €0.20. 6 x 4 x 2in £1.90.7 x 5 x 3in
€2.90.8 x 6 X 3in £3. 10 X 7 X 2}in. £3.60. 12 X 5 X 3in
€3.60. 12 x 8 x 3in £4.30. All I8 swg with Ids

HIGH VOLTAGVE ELECTROLYTICS
8+8/

2/350V  45p 75p | B0 +40/500V Q
4/350v  45p B8+16/450V 75p  50+30/300V  S0p
8/450v 4 16+16/450V 850 100+ 100/275V  65p
32/350v 32432/450vV €120 |50+200/275V  70¢
32/500v 9Sp 32+432/350V 59 220/450V 95
SO/4$0V 95p 324+32/500v  £1.80 32+32+32/325V 90p

HEATIﬂa ELEMENTS, WAFER THIN Semi-flexible.

11 % 9 »kin Operating voltage 240V, 250W approx. Suitable
for Heating Pads, Food Warmem Convector Heaters. Propaga-
tion, etc. Must be clam ween two sheets of metal, etc.
ONLY 60p EACH (FOEJe FOR £2) ALL POST PAID.

THE “INSTANT" BULK TAPE ERASER
Suntable for cassertes and all sizes of tape reels.
AC. mains 100/240V £9.50 Post 95p
Ideal all Computer. s. Discs, Cassettes.
HEAD DEM GNETI;E?( PROBE £5.00.

A.C. ELECTRIC MOTORS POST 75p
2 Pole, 240V, 8-2 Amp. Splndie-
1-43 x 0-212ip. £1-78. 2 Pole,
240V, €-15 Amp Double spindle-
1-75 x 0'16ln. Each £1. 2 Pole,
120V, -5 Amp Bpindle -0-70 x
0-2in. Two in series 240V. 50p
each. Brush Motor. From a Food
Mixer 240V, -3 Amp High Bpeed
and Powerful Spindle—0-5
0-25in. £2:95. Good Selectlon.
B.8.R. Motors £4. Garrard Motors £5.

N

SINCLAIR COMPUTERS

3
UK prces are shown first. The bracketed
prices are export prices which include insured
air-mail postage to all the countries of Europe
including  Norway, Sweden, Finland and
Denmark. For overseas :ustomers outside
Europe an extra €5 per item s
charged, ZX8| (43.43 ( ) ZX Printer
€52.13 (€81). ZX Spectrum 16K €152
(€160). ZX Spectrum 48K €202 (€210). ZX
Microdrive n/a (n/a). ZX RS232 nfa (n/a). §
printer rolls £10.43 (€16). Ram packs:— |6K
€26.04 (€28), I2K £39 (£41), 56K (49 (£51).

DRAGON 32 €173.

COMMODORE COMPUTERS
Commodore 64 €299, Vic 20 €130, Kit to
allow the wse of an ordinary mono cassette
recorder with the Vic 20 and the Commodore
64 L6, Commodore cassette recorder for
these computers £36.50. Super expander high
resolution cartridge £27.95, We stock most
acessories

BBC MICROCOMPUTERS
A Model £260. B Model £347.

GENIE COMPUTERS

New colour Gerve €173.50, 16K ram card
€44. Light pen €I5. Accessories for Genie |
and Genie 2:~ EG3014 32K £189. Disc drives
single €199, dual £369. Double density con-
vertor €72. High resolution graphis (82.
Printer interface €36.

UKI0i AND SUPERBOARD

32 x 48 display exparsion kits UKI0I €9,
Series | Superboard {i4. 32K memory expan-
sion board £60. Cegmon €£22.50. Word pro-
cessor prog £10. Centronics interface kit €£10.
Cased disc drives with DOS single £275, dou-
ble {415, Stand alone floppy disc ecntroller
€85.

PRINTERS

—

Buy any of the beiow and get a free interface
kit and word processor program for UK10) or
Superboard. Epson MXB80FT3 (324. Epson
MX100/3 €425. Seikosha GPI00A £189. OKI
Microline 80 €199, OKI Microline 82A £333.
OKI Mkroline 83A (446. OKI Microline 84
£656. OKI Mcroine 92 (429. OKI Microline
93 £586.

SV POWER KITS
Fully stabilized 5V computer and TTL power
kits. 1.5A (7.83, 3A (12.17, 6A (20.87.

SHARP COMPUTERS

We can supply Epson MX80 and MX 100 prin-
ters to run direct from the MZ80K (i/o box
not needed) for £39 plus printer price. We
also specialize in interfacing printers to the
MZ80K. MZ80A and MZ80B both with and
without the i/o box.

SWANLEY ELECTRONICS
Dept. PE, 32 Goidsel Rd.,
Swanley, Kent BR8 8EZ.

Tel. Swanley (0322) 64851
Please allow 7 days for delvery.

Postage £1 on Sincloir products {UK), €3 50 on
other computers, £4.50 on printers and 50p on
other orders. Please add VAT to all prices. Official
credit and overseas orders welcome.
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BAKER LOUDSPEAKERS

Model Ohms Inch Watts T Prace Post
Major 4.8 16 12 30 €2
Superb 8. 16 12 30 Hl F| 126 Q2
Auditormm 816 12 45 Hi-Fi  £24 Q
Auditorium 816 IS 60 Woofer (37 Q
Group 45 4.8 16 12 45 PA (16 [#]
Group 75 4,816 12 75 PA €20 Q
Group 100 816 12 100 Guitar  £26 Q
Disco 1M 816 12 100 Disco  £26 Q2
Group 100 816 15 100 Guitar €38 Q
Disco 1CD 816 15 100 Disco  £35 Q2

CROSSOVERS. 2-WAY 3000 ¢/s 30 watt 8 or 15 ohm £3.
3-way 950 ¢ps/3000 cps. 40 watt rating. {4. 3-way 60 watts £6.
LO DSPEAKER BARGAINS

3 ohm, Sin. 7X4in, €2.50; 64in, 8X Sin, £3; 8in, £3.50. 10in, £5.
8 ohm,. 2§in, 3in, £2; Sin, €2.50; &iin, €3; Bin, £4.50; 10in, (5.
12In, £6. 15 ohm, llm % 3in, 6x4in, £2.50.
25 ohm, 3in. £2; '$x3in, 7x4in. £2.50. 120 ohm, 3iin dia £I.

DISCO MIXER. 240V, 4 stereo channels, 2 magnetk, 2

geramic/tape, | mono mic channel, twin v.u. meters, headphone

monitor putlet, siider controls, panel or desk mounting. grained

aluminum facia €46. Post £2.

DELUXE STEREO DISCO MIXER/EQUAULISER as above

plus LE.D. V.U. displays § band graphk equaliser, left/ right fader,

switchabée inputs for no/line, mike/line.

Headphcne Monitor, me Talkover swach €99, pp €2
€30 par.

BOOKSHELF HI-FI ENCLOSURES TEAK
18 X 11 X 6in, |0 watts, 8 or 4 ohm. 2 way system. Post €2.

METAL PLINTH cut for Garrard or BSR
Size: 16 x 14 x 3in £4.00. Silver and Black finssh. Post £2.
B.S.R. P204 SINGLE PLAYERS POST £2 each
SPECIAL OFFERS

Two speed 33/45 rpm Hi-Fi Decks with Stereo Cartridges.
cueing device and snake arm.
Ceramic Cartridge- 240V AC (15 or 9V DC (I8.
Magnetic Cartridge - 240V AC €20 or 12V DC (24.

B.S.R. SINGLE PLAYER PI170 RIM DRIVE €20.00
3-speeds |lin. turntable “Slim™ zrm cueing device. stereo
ceramic cartridge. 240V AC. Post £

B.S.R. DE-LUXE AUTOCHANGER €18
Stereo c.rtridge, plays all records. 3-speed. 240v AC. Post €2.

DECCA B.S.R. TEAK PLINTH 18] x H} X 4in.

Space for small amplifier. BSR Board €5
With Garrard Board £3. PVC covers lg e)ml Post €2,

RADIO COMPONENT SPECIALISTS

Dept. 3, 337, WHITEHORSE ROAD, CROYDON,
SURREY, U.K.  TEL: 01-684 1665

Post 50p Minimum. Callers Weicome.
Closed Wed. Same day despalch.
Access-Barclay-Visa. Lists 31p.

|

(4

A\

Bigger and Better
the colourful Wilmslow Audio brochure
—the definitive loudspeaker catalogue!
Everything for the speaker constructor —Kkits, drive units,
components for HiFi and PA.

50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.

Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices — Largest stocks #
* Expert staff — Sound advice »
#* Choose your DIY HiF: Speakers in the comfort of our %

(Customer operazed demonstration facilities)

fcheque, M. Q. or stamps — or phone with your creditcard number)
* Access — Visa —American Express accepted #

WILM
RUDID

The firm for Speakers

two listening lounges

* Ample parking »
Send £1.50 for catalogue

also HiFiMarkets Budget Card

EN

S WILMSLDW
@iy

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

Lightning service on telephoned credit card orders!
Please allow 7 days for delivery

0625 529599
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THE first part of this series was devoted to interfacing
systems which involve purely digital control. This month
we shall be concentrating on the interface between the
digital world of the microprocessor and the analogue world
associated with many external systems and devices.

Digital signals {i.e. those which exist in two states; logic O
and logic 1) are essential to the operation of logic systems.
Analogue devices, by definition, require a continuously
variable control signal rather than one which is just simply
‘on’ or ‘off". Hence there is a need for an interface which can
convert digital input signals to analogue output signals, and
vice versa.

This second article in the series therefore considers some
of the techniques and devices used for digital to analogue
conversion. Also included is a practical example of a com-
plete 8-bit digital to analogue converter. Full constructional
and setting-up details are also given. This unit is eminently
suitable for interfacing a wide range of analogue output
devices and thus will be invaluable to anyone using an 8-bit
microcomputer {including the PE Microcontroller) in control
applications.

DIGITAL VERSUS ANALOGUE SIGNALS

In digital systems two voltage levels are used to represent
the binary digits, O and 1. Most signal waveforms encoun-
tered in the digital world are therefore composed of a series
of pulses; the voltage level at any particular instant being in
one state or the other. In analogue systems an infinite num-
ber of voltage levels are employed and waveforms are
therefore continuous rather than discrete. Typical time
related digital and analogue signal waveforms are shown for
comparison in Fig 1. A digital representation of an analogue
quantity may be produced by sampling the waveform at
regular intervals. The smoothly changing curve of Fig 1b can,
for example, be sampled repeatedly and a digital code
generated which approximates to the actual voltage level at
the instant of sampling. This process, which is illustrated in
Fig 2, is known as analogue to digital conversion and we
shall be looking at this in a little more detail next month. If,

1Mt Ghe

Michael Tooleyz.a.
David Whitfield m.a msc.
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VOLTAGE

EP 1069]

TIME
—_—

Fig. 1a. A typical digital signal waveform

VOLTAGE |

TIME

Fig. 1b. A typical analogue signal waveform

Fig. 1. Comparison of digital and analogue signals

1m0

Fig. 2. Digital sampling of an analogue signal (4-bit
code)

o TIvE

Fig. 3. Synthesis of an analogue signal using digital in-
formation (4-bit code)

alternatively, a digital code is used to generate a particular
voltage level, an analogue signal can be synthesised in dis-
crete steps, as shown in Fig 3. This technique is, of course,
known as digital to analogue conversion.

Practical Electronics March 1983



DIGITAL TO ANALOGUE CONVERSION

One simple method of digital to analogue conversion in-
volves the use of a binary weighted resistor network. A
typical arrangement of such a device is shown in Fig 4. The
switch symbols are used to represent the logic conditions
present on each of the four input lines; logic ‘O’ is represen-
ted by OV whilst logic ‘1" is represented by +V. Since four in-
put lines are provided the device caters for a 4-bit natural
binary coded input, however extra lines can be added as ap-
propriate. An eight bit digital to analogue converter would,
for example, require a further four inputs such that one
resistor was provided for each input line.

+Viger
>
== 7
P2y R
+—— ]
i R
T |
? ]
iz |
|l ]
} | D
' | ouTPUT
=2 ! R
L AAA
i Ll
! [
|20 8R
- \
1 |
—)_(o—l—/\/\/\-—l
FEm=e =y
= OV

Fig. 4. Simplified form of 4-bit digital to analogue con-
verter using ''1-2-4-8"' resistor weighting

The binary weighted resistor network is followed by a high
input impedance amplifier stage which effectively buffers
the network and helps to minimise the adverse effect of
loading on the circuit. The amplifier is usually a conventional
operational type with the summing junction of the resistor
network taken to the inverting “'virtual earth” input of the in-
tegrated circuit.

The lowest value resistor, R, of the network corresponds
to the highest binary weighted input or ‘most significant bit’
(MSB). The highest value resistor, 8R, corresponds to the
lowest binary weighted input or ‘least significant bit' (LSB).
The current through each resistor is inversely proportional to
its resistance and hence the most significant bit will produce
a current which is twice that produced by the next most
significant bit, and so on. The currents are summed at the in-
put of the amplifier and a voltage is developed which is an
analogue representation of the digital input applied to the

+V,
> HEF

ouTPUT

Fig. 5. Simplified form of 4-bit digital to analogue con-
verter using an 'R — 2R’’ resistor network
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four lines. The principal disadvantage of this method of con-
version is that it requires a number of different resistor
values and, where a digital input of 8-bits, or more, is to be
catered for, the values of the resistors become somewhat
impractical.

Another method of digital to analogue conversion em-
ploys a somewhat more complex resistor network which is
known as an “R-2R’ ladder network. Since only two values
of resistor are required, this arrangement overcomes the
most significant disadvantage of the binary weighted
method. Fig 5 shows a simple 4-bit digital to analogue con-
verter which uses an R-2R network. Each successively lower
weighted input produces an output voltage which is exactly
half that produced by the preceding input.

The analogue output of a simple 4-bit digital to analogue
converter is shown is Fig. 6. Since there are 16 different in-
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Ll 8 8 8 8 5 5 3 © 8 2 2 e = £ = E

Binary Input Code

Fig. 6. Coding states of a 4-bit digital to analogue con-
verter

put conditions, the output voltage can take any one of 16
different voltage fevels. The output voltage resulting from a
binary input code of 0000 is, of course, OV. The further 15
different input codes permit 15 additional voltage levels, in-
crementing by the same voltage interval on each successive
binary step. The increment in voltage level will be equivalent
to the voltage produced by a binary input code of 0001
which is known as the ‘least significant bit voltage’, Visg.
The voitage level resulting from a binary input code of 1111
will be the full scale output voltage less V gg {remember that
there are only 15 discrete voltage steps excluding the first
step which is, of course, zero). The output voltage level
produced by a binary code of 1000 {decimal 8) will be exac-
tly half the full scale voltage, and so on. If desired, the output
voltage of the converter can be scaled by means of subse-
qguent amplification or attenuation.

Before examining a practical solution to the problem of
digital to analgue conversion it is, perhaps, worthwhile in-
troducing some of the terms and expressions which are
often encountered with such arrangements. Of these,
"accuracy’ and ‘resolution’ are by far the most important.
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ACCURACY AND RESOLUTION

The accuracy of a digital to analogue converter is a com-
parison of the actual output with that which would be
predicted from a particular input condition and is usually ex-
pressed as a percentage of the full-scale or maximum output
voltage. The output of a binary ladder network will, unfor-
tunately, only be as ‘good’ as its input and hence the
applied voltage (often called the ‘reference’) must be highly
accurate and extremely stable. Furthermore, the resistors
used in the network must themselves be highly accurate.
Conventional ‘off the shelf’ resistors are neither accurate
nor stable enough for use in ladder networks. Close
matching of resistors is, fortunately, not a problem when
monolithic construction is employed.

The accuracy of a digital to analogue converter is
generally equivalent to half the voltage change associated
with the least significant bit. The typical accuracy of a 4-bit
converter is plus or minus 3% whereas that of an 8-bit con-
verter is plus or minus 0-2%.

The resolution of a digital to analogue converter is the
smallest increment of voltage that can be produced. It is
thus essentially the voltage which is represented by the least
significant bit (i.e. the smallest obtainable voltage incre-
ment). Resolution is thus a function of the number of input
bits and the reference voltage. A 4-bit converter permits 16
different output states and thus its resolution is equivalent to
6-25%. With a reference input voltage of 1V this is a resolu-
tion of approximately 63mV. An 8-bit converter would im-
prove this resolution to approximately 3-9mV.

Besides accuracy and resolution, three further terms are
often encountered in conjunction with digital to analogue
conversion. These are ‘offset error’, ‘setting time' and
“monotonicity”’. The offset error associated with a digital to
analogue converter is the output voltage produced in
response to a digital input consisting of all zeros. The settling
time of a digital to analogue converter is the time taken for
the output to settie within plus and minus 1 LSB of its final
value after a change of input code. Finally, a digital to
analogue converter is said to be monotonic if it does not
miss a step {or take any reverse steps!) when a full digital in-
put sequence is applied.

THE ZN428 D TO ACONVERTER

The ZN428 is a versatile monolithic digital to analogue con-
verter which incorporates an input data latch facility for up-
dating from a microprocessor data bus. It is thus ideal for in-
terfacing to the system data bus of any 8-bit microcomputer
or microcontroller. The internal architecture of the ZN428 is
shown in Fig 7. The principal internal elements of the ZN428
are; a data latch, a switch array, an R-2R resistor network
and an accurate voltage reference. The latching action is

—
ANALOGUE
OUTPUT
R- 2R RESISTOR NETWORK D) 5
VRer +2v5
' o | RERN
ANALOGUE T Vegr INPUT
3 O SWITCHES et 6
s, e
9 O DATA LATCH o
%-1—1-1-1-!-1_1_ —
€P1078) o
2 1 16 15 14 13 12N
Lse MSB
\ )
—v
DATA INPUT

Fig. 7. Internal architecture of the ZN428 digital to
analogue converter
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controlled by an ENABLE input. When this input is held low
the data inputs drive the device directly. When the ENABLE
input is held high the input data word is held in the data
latch and the output remains unaffected by the state of the
data bus. In this condition the digital to analogue converter
appears transparent to the microcomputer.

The ZN428 requires a nominal +5V supply at a typical
current of 20mA. The device offers true monotonic operation
and the offset voltage is less than 5mV. The settling time is
typically less than 1us and linearity better than plus or minus
0.5 LSB. (This corresponds to plus or minus 10mV in a 5V
full scale arrangement). The accuracy and resolution will, of
course, depend upon the external components and particular
circuit configuration employed. It is thus unrealistic to quote
typical figures in this context other than to mention that the
accuracy and resolution of the practical digital to analogue
converter described later can be expected to be better than
plus or minus 0-25%.

The equivalent circuit of the data latch inputs of the
ZN428 are shown in Fig. 8. The input current consumed by
the data inputs is typically less than 50uA for a high {logic 1)
condition and —5uA for a low (logic 0) condition. In common
with nearly all logic devices, the input voltage must NEVER
be allowed to exceed the positive supply voltage.

r~

DATA
INPUTS

1170 16 oyt
182

DIGITAL
COMMON

Fig. 8. Equivalent circuit of the data inputs of the
ZNA428

The equivalent circuit of the output of the ZN428 is
shown in Fig. 9. This consists of a voltage source connected
in series with an output resistance of approximately 4kohm.
In order to prevent loading of the output, the following stage

ANALOGUE
ok ouTPUT

)
I_:‘GXVRE'

ANALOGUE
COMMON
8
i

Fig. 9. Equivalent circuit of the output of the ZN428

should have an input resistance which is very much greater
than 4kohm. Hence, for most applications, a high input im-
pedance buffer stage is required. The analogue output
voltage is given by the relationship:

V = (n/256) X VRer

where n is the decimal value of the binary input code and
Vger is the reference voltage.

The ZN428 contains its own internal reference. This is
provided by an active band-gap device, the simplified
equivalent of which is shown in Fig. 10. The device is
equivalent to a highly accurate 2-5V Zener diode and ex-
hibits an extremely low internal impedance. Two external
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Fig. 10. Simplified equivalent circuit of the ZN428 in-
ternal reference

components are required in conjunction with the internal
reference; a resistor to set the reference current and a
In order to
achieve a high degree of voltage tracking where several con-
verters are employed, a single voltage reference may be
used to drive up to five ZN428's. If required, the internal
reference may be dispensed with and an external voltage

capacitor to decouple the reference voltage.

SPECIFICATION

sea note)

OUTPUT IMPEDANCE: Normal output; 50Qohm
Complementary output; 40ohm typical.
module; less than 0- 1ohm

D.C. SUPPLY VOLTAGE: 7V 1o 15V
D.C. SUPPLY CURRENT: 75mA typical at Vg =

max. ‘Low’ {logic O} input; —5uA max
ENABLE PULSE WIDTH: 100ns min.

. operating modes

NOTE: Complementary outputs are available in b

=\

OUTPUT VOLTAGE RANGE: 0 to +12V max. {unipolar
operation—see note). O to +12V max. {bipolar operation—

OUTPUT CURRENT: 10mA max. {without power am-
plifier module). 1A max. (with power amplifier module)

typical.

Power amplifier

ACCURACY: Typically better than 0-2% {10V output)
RESOLUTION: Typically better than 20mV {10V output)
SETTLING TIME: Typicaily better than 10us (5V step)

12v
DATA INPUT CURRENT: 'High® {logic 1) input; 60uA

oth i

reference may be connected to the reference input, pin-6.

Such external reference should exhibit a slope resistance of
less than 2.5 ohm/N, where N is the number of converters

employed.

A PRACTICALDTO ACONVERTER

Having described the basic features and characteristics of
the ZN428 i.c., we shall now consider the design of a prac-

tical digital to analogue converter which may be configured
for either unipolar (single polarity output) or bipolar (dual

polarity output) operation. The circuit diagram of the prac-
tical digital to analogue converter is shown in Fig. 11. Eight
data inputs are provided with simple resistive voltage
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dividing networks comprising R1/R11 to R8/R18. A similar
network, R9/R10, is provided for the ENABLE input. The
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values have been chosen so as to permit direct connection
to the PE Microcontroller integrated peripheral drivers
(IC16, 17, 18 and 19 of Fig. 1.9 in November 1982, PE).
The voltage level produced by these drivers is approximately
17V in the high (iogic 1) condition and OV in the low (logic
0) state. Where the digital to analogue converter is required
to be interfaced with a conventional TTL compatible data
bus, resistors R1 to RS should be replaced by short circuit
links and R10 to R18 should be omitted. To cater for other
values of data bus logic levels it is, of course, only a relatively
simple matter of selecting apprbpriate resistor values for R1
to R18 inclusive (e.g. for operation from a 12V system, R1 to
R9 should be 1-5k and R10 to R18 should be 1k). Note that,
as mentioned earlier, it is important that the voltage level on
the data bus should not be allowed to exceed the ZN428
supply voltage. In this particular circuit arrangement the
ZN428 operates from a regulated +5V supply and hence the
voltage appearing at the data and ENABLE inputs of IC1
should not be greater than +5V.

The analogue output of the ZN428 at pin 5 takes a value

ANALOGUE OUTPUT
DIGITAL INPUT CODE R AITRBE
00000000 0

00000001 Viss

01000000 T Vrs

01111111 $Ves — Vise
10000000 1Ves

10000001 3Ves + Vise
11000000 3Ves

11111110 Vis — 2Viss
11111111 Vs — Viss

TABLE 1 Coding table for unipolar operation

between OV and 2-56V (the value of the internal reference
voltage). This results in an output voltage characteristic of
10mV/bit (i.e. Visg 10mV). For many applications,
however, a greater full-scale output voltage is required and
hence IC2 is included to provide both amplification and a
degree of isolation for IC1. IC2, a conventional operational
amplifier, is used in a normal non-inverting configuration. In-
ternal offset adjustment (null) is provided by VR1, whilst

ANALOGUE OUTPUT
DIGITALINPUT CODE VOLTAGE
00000000 Vs
00000001 Ves + Viss
01000000 —3+Ves
01111111 —Viss
10000000 0
10000001 +Vise
11000000 ++Ves
11111110 +Vrs — 2Vise
11111111 +VFS"'VLSB

TABLE 2 Coding table for bipolar operation

offset and gain adjustment are provided by means of VR2
and VR3 respectively. C2 improves HF stability and, in con-
junction with the slew-rate limiting characteristic of the
operational amplifier, increases the overall settling time. A
second operational amplifier, IC3, operates as a unity gain
inverting stage to provide a complementary output voltage.
Low value series resistors, R24 and R28, provide a measure
of protection in the event of an inadvertent short circuit at
the output.

Selection of either unipolar or bipolar operation is
provided by means of R21. When R21 is omitted the circuit
provides unipolar operation with the logic coding shown in
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Table 1. This shows that a data input of 00000000
produces an output of OV whereas a data input of
11111111 results in an output of (+Ves — Vsa)- For bipolar
operation R21 must be added. In this case offset binary
coding is employed such that a data input of 00000000
produces an output of —Vps whereas a data input of
11111111 again produces an output of (+Vgs —V(sg). An
output of OV results from a data input of 10000000, as
shown in Table 2.

The circuit reguires several internal supply rails; a well
regulated +5V supply for the ZN428 and plus and minus
15V rails for the operational amplifiers. In order to permit
simple interconnection to aimost any system, these rails are
derived from a single nominal +12V d.c. input. This voltage
may, however, be anywhere in the range of +7V to +17V,
thus permitting direct connection to the +12/17V un-
regulated supply rail of the PE Microcontroiler. The input
current will not normally exceed 100mA. The +5V regulator,
1C4, is a conventional monolithic type. An encapsulated d.c.
to d.c. converter module, IC5, is used to provide the pius and
minus 15V output rails. This device operates with an ef-
ficiency of approximately 75% and the output voltage is
maintained within +4% of the nominal 15V at load currents
of up to 34mA. Constructors should, however, note that, un-
like 1C4, this device is not short circuit protected.

f =

COMPONENTS...
Resistors

R1-R9 2k7 (see text) (9 off)

R10-R18 1k (see text) (9 off)

R19 470

R20 390

R21 10k (see text)

R22 22k

R23 10k

R24 27 W

R25, R26 10k (2 off)

R27 4k7

R28 27 3w

VR1, VR2 22k miniature horizontal skeleton

pre-set (2 off)
VR3 10k miniature horizontal skeleton
pre-set

Ali fixed resistors, except where otherwise stated, are

IW 5%
Capacitors

Cc1 2u2 35V tantalum

Cc2 47p ceramic

C3,Cc4 10n polyester (2 off)

C5 220u 10V axial electrolytic

C6,C7 100u 16V p.c. electrolytic (2 off)
Semiconductors

D1 red LED

IC1 ZN428E

1C2,1C3 741 (2 off)

IC4 7805

IC5 d.c.—d.c. converter module
Misceltaneous

PCB Terminal pins (5 required) 24-way edge

connector
Low profile d.i.l. sockets (2 x 8-pin and 1 x 16-pin)
Constructor’s Note
Components and PCB are available from Howard
Associates, 59 Oatlands Avenue, Waeybridge,
\ Surrey KT139SU (s.a.e. for details). y
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Fig. 12. P.c.b. foil pattern design for the D to A convertar
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Fig. 13. Component layout

CONSTRUCTION

The digital to analogue converter is assembled on a
single-sided p.c.b. measuring approximately 77 x 147mm.
The p.c.b. is designed to mate with a 24-way edge connec-
tor thus, allowing ease of connection to a system whilst
retaining the ability to interchange boards where necessary.
The p.c.b. foil layout is shown in Fig. 12 and the
corresponding component overlay is given in Fig. 13. Low
profile sockets should be used for each of the dual-in-line in-
tegrated circuit devices. Heat sinking will not normally be re-
quired for the series regulator, IC4.

Construction is extremely straightforward and the follow-
ing sequence of component assembly is recommended; ter-
minal pins, i.c. sockets, resistors, capacitors, l.e.d., pre-set

Practical Electronics March 1983

resistors, IC4 and IC5. When complete the p.c.b. should be
carefully examined for correct placement and, in the case of
polarised devices, oriertation of components. The remaining
i.c. devices should thzn be carefully inserted into their
sockets and the unit is then ready for testing and initial ad-
justment.

TESTING AND INITIAL ADJUSTMENT

Testing and initial adjustment is best carried out using the
arrangement shown in Fig. 14. Nine miniature s.p.s.t. toggle
switches are required; eight to simulate the data bus inputs
and one to provide the ENABLE input. These toggle switches
should be connected to the appropriate pins of a 24-way
edge connector, carefully following the pin numbering
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Fig. 14. Arrangement used in the initial testing and
alignment of the D to A converter

shown in the figure. To prevent confusion, it is recommen-
ded that the switches be labelled appropriately! A regulated
12V d.c. supply should be connected to pins 1 and 2, taking
care to observe the correct polarity. The power supply

should preferably include a means of electronic over-current
protection. However, if no such supply is available, a
500 mA fuse in the positive supply lead will at least offer a
measure of protection. A d.c. voltmeter, or multi-range meter
on the d.c. voltage range, should be connected with its
negative input lead to OV and its positive lead to a probe or
miniature crocodile clip.

A d.c. milliammeter should, initially, be included in the
positive supply lead. The supply should then be switched
“on” and the supply current should be noted. This should be
in the range 50mA to 80mA and under no circumstances
should it exceed about 150mA. If the fuse blows, or if the
overcurrent trip operates, carefully check for inadvertent
short circuits or incorrect wiring of the edge connector. Hav-
ing established that the d.c. supply current is normal check
that D1 is illuminated. This l.e.d. indicates the presence of
the + 5V supply rail and indicates that the unit is "active”.
The voltage of the + 12V and + 5V rails can then be
checked; the latter should be within plus or minus 200mV of
its nominal value and should remain within 1% of its actual
value as the d.c. supply input is varied over the range 8V to
15V. The adjustment procedure for either unipolar or bipolar
operation will be given next month.

NEXT MONTH: Power amp module.

FREE! READERS'  ADVERTISEMENT SERVICE

BAZAAR

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

VALVE stereo amplifier, to Shirley labs design,
Chapman tuner, Wearite deck, Lenco turntable,
column speakers £40. A. J. Wood, 22 Denham
Way, Denham (S. Bucks), Uxbridge UBS BAX.
Tel: 0895 832854.

UK101, 8K RAM, cased, 32 x 48 screen size,
300/600 baud cassette speed, software £110.
D. Rose, 104 Longfellow Road, The Straits,
Dudley, West Midlands DY3 3EH. Tel: Sedgley
74804.

PRACTICAL Electronics October 1974 to
November 1981 inclusive. Complete set offers to
David. Phone: Stevenage 53757.

WANTED Micro computer {ZX81) in v. good
condition with power supply approx. £20/£25.
Conor, 11 Westgate Road, Bishopstown, Cork,
Ireland.

WANTED foan or buy service manual or circuit
Telequipment Serviscope. Valved. Will pay
postage. Mr. S. J. Hooper, 74 Gloucester Road,
Littlehampton, West Sussex BN17 78S. Tel: Lit-
tlehampton 22936.

CB transceiver, Superstar 360FM VGC many ex-
tras inc. antennae £110 o.n.o. Phone: West
Drayton 47355 (Middx.). Mr. R. A. Bishopp, 4
Park View, Yiewsley, West Drayton, Middx. UB7
7BG.

CANNON ‘D' plugs and sockets: 37 Way-
90p/50 Way-—120p each. (Ex equipment}. Mr. J.
Fleming, 279 Upton Lane, Forest Gate, London
E7 9PR. Tel: 01-472 5929.

TWO Radio Spares Toroidal transformers 50VA
15-0-15V £7 each. Compukit PIA {P.E.) board
£18. Sound board £15. P. S. Robinson, 168
Firwood Ave., Urmston, Manchester. Tel: 865
3930.

UK101 cased, 8K 300/600 Baud 1/2MHz new
mon, software £100 o.n.0. Tel: March 55871
after 5p.m. D. Downes, 100 Badgeney Road,
March, Cambs.

WELLER 3102 desoldering iron with stand,
transformer, vacuum pump £50, recovers ICs
from plated hole p.c.b.’s. Tel: 01-451 0520
(Willesden).

McKENZIE 12 inch dual cone speaker 16 ohms
80 Watts unused £20 inc. postage. C. J. Gau-
dion, St. Christophers, Saumarez Lane, Catel,
Guernsey C.I.

WANTED to buy or loan. Service manual for
Bang and Oulfsen 2000 and 2500 tape recorder.
|. Sabey, 53 Frampton Place, Boston, Lincs PE21
8ET.

5ft high (Langley) 19" cabinet rack on castors,
detachable back, clipnuts, vent panels £80 buyer
collects. G. Turner, 6 Ludgate, Tring, Herts HP23
4ES. Tel: Tring 3320.

HEATH audio generator £10, Tech. Signal
generator £10. Complete CB rig with twig £70.
Clacton 860903. Mr. R. T. Moore, Milldene, Mill
Lane, Thorpe-Le-Soken, Essex.

ZX81 RAM pack, printer /O Port, leads, p.s.u.,
manual, several books and programs £100 o.n.o.
M. A. Myatt, 7A Thurlow Street, Bedford MK40
1LR.

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

Signature
Please read the RULES then write your advertisement here—
one word to each box. Add your name, address and/or phone no.
COUPON VALID FOR POSTING BEFORE 11 MARCH 1983.
{One month later for overseas readers.}

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

Name & Address:

BLOCK CAPITALS PLEASE
|
|
]

[-For readers who don't want to damage Ihe issue send a photostat or a copy of the coupon {lilled in of course) with a cut-out valid “date cornevJ

Practical Electronics March 1983



Sp=rhiiie

§ BRANDLEADING ELECTRONICS
NOW AVAILABLE IN KIT FORM
VOYAGER car 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 2larms
warning of Excess Speed. Frost/Ice, Lights-left-on @ Facility to
operate LOG and TRIP functions mdependemlr or synchronously
@ Large 10mm high 400f1-L fluorescent display with auto
intensity ® Unique speed and fuet transducers giving a
programmed accuracy of + or — 1% @ Large LOG g TRIP
memories 2.000 mites 180 gallons 100 hours @ Full imperial
and Metric calibrations ® Over 3CO components to assembte

A real cha lenge for the electronics enthusiast

AT-80

Electronic Car Security 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

Electronic Ignition Electronic Ignition
® Inductive Discharge
@ Extended coil energy ® Contactless or contact triggered
storage circuit ® Extended coil energy storage circuit
® Contact breaker driven ® Inductive Discharge @ Three gosition
® Three position changeover switch changeover switch @ Distributor
® Over 65 components to assemble tnggerhead adaptors included ® Die cast
@ Patented clip-to-coil fitting weatherproof case @ Clip-to-coil orremote
@ Fits all 12v neg. earth vetricles mounting facitity ® Fits majorityof 4 & 6 cyl
12V. neg. earth vehicles ® Over 145

components to assemble

TX2002

Electronic Ignition

® The ultimate system @ Switchable
contactless ® Three position switch with
Auxihary back-up inductive circuit

® Reactive Discharge Combined capacitive
and inductive @® Extended coil energy storage
circuit @ Magretic contactless distributor mgger
head @ Distributor triggerhead adaptors included
@ Can also be triggered by existing contact breakers

$X2000

Electronic Ignition
® The brandleading system

on the market today
@ Unique Reactive Discharge
® Combined Inductive and
Capacitive Discharge

@ Contact breaker driven ® Die cast waterproa! case with clip-to-col itting @ Fits
® Three position changeover switch majority of 4 and 6 cylinder 12v neg earth vehicles
® Over 130 components ta assemble @ Over 150 components to assemble

@ Patented clip-to-coil fitting
® Fits all 12v neg earth vehicles

ducts and designs are ered by mare us

MAGIDIC

Electronic Dice
® Noi ah auto item but great f.
for the family
® Totats chon
@ Triggered by waving of hand

SPECIAL OFFER
“FREE" MAGIDICE KIT WITH

over dice
® Bieeps and flashes duiing a 4 se a3
tumblie sequence

ALL ORDERS OVER £45-00 & AT o 2o 05

@ Ov 00 components 10 assemble
EDA, 82 Bath St., Walsall, W. Midlands WS1 30E.
ML D T W mEE
Tel (09221614791 Aliow 28 days for delivery,

b
SPARKRITE 82 Bath Street, Walsall, West Midlands, WS1 3DE England.

. ASSE&A‘BLY NAME . ——— o
(i ) ADDRESS
[Sx 1000 _|| €12.95 e
l I1sx2000 [ €19.95 | o
TX 1002 | €22.95 7 - R I AR
l Tx 2002 || €3295 | ENC QuE
| AT 80 £€32.95 | ¢ KITREF _
[VOYAGER || £64.95 | CHEQUE NO N
. IMaGioice]  €9.95

= PHONE YOURORDERWITH
PRICES INC_ VAT.POSTAGE & PACKING SEND ONLY SAE IF BROCHURE 15 REQUIRED

LK—----—-----—-

Practical Electronics March 1983

57



Ultimum
Computer
Interface 5215

WILLIAM EDWARDS

HIS month’s add-on card for the ULTIMUM is a ROM

Emulator (Romulator). It compiements the PROM
programmer of last month making the development of con-
trol systems, based on commercially available single board
controllers or home brew systems, possible. The Romulator
described here can emulate most of the single rail 1k, 2k and
4k PROMs as well as a large proportion of the three rail
varieties.

EMULATION

Emulators come in two forms. The larger development
system emulators plug into the microprocessor socket and
will emulate memory {ROM and RAM) as well as the
processor itself. These emulators are very useful when
designing a development system from scratch. They usually
provide some form of real time tracing which makes fault
finding simpler. Such emulators usually cost several hundred
pounds and, as such, are rather too expensive for the
average enthusiast.

The second class of emulator emulates ROM only. The
ROM being emulated is substituted with a header/cable
assembly which is connected to memory filled from another
system. For most applications this simpler (and much
cheaper) form of emulation is quite adequate. The
Romulator falls into this latter category.

The Romulator is a card which plugs into one of the
sockets on the ULTIMUM motherboard. It can be used as
standard static RAM by your computer, and may be filled
with any code (or used as extra space for BASIC programs)
and accessed as any other RAM in your system. When
switched into emulation mode, it may be inserted into any
other system to emulate PROM or ROM. Fig. 5.1 shows a
typical example of such a set up.

Fig. 5.1

Romulating
cable

HOST COMPUTER

ULTIMUM

TEA ANALYSER (UNDER DEVELOPMENT)

58

WATFORD ELECTRONICS

The main advantages of this type of system are:

1) Programs can be developed on your host system which
has many tools available {such as an assembler/disassem-
bler and a screen to monitor RAM contents). The system
being developed may only have an absolute minimum of
tools and interfaces.

2) Any programs developed on the Romulator can be protec-
ted from overwriting by the system being developed as they
can only be accessed as ROM. This is particularly useful
when developing machine code programs which have a
marked tendency to crash.

3) Once a program has been tested, it can be programmed
onto ROM using the PROM programmer board. No inter-
mediate paper or magnetic tape increases the chance of a
successful transfer of data. Once programmed, the PROM
can be inserted into the system being developed and the
emulator removed for further use.

4) The alternative is to buy a separate emulator complete
with its own processor. These usually cost as much as your
main computer and it seems (to us at least) a waste of a
computer to buy another system just for development.

THE CIRCUIT

The circuit is shown in Fig. 5.2. It does not need to be
complicated as most of the extra circuitry for an emulator is
provided by the motherboard and your own system.

There are three basic elements: the decoding (mother-
board and off-board), the multiplexing circuits (selecting bet-
ween emulator signals and mother board signals) and the
memory itself.

The decoding allows the board to be mapped into your
computer as 2k or 4k portions. If you do not require a full 4k
emulator, some memory can be omitted and the board can.
be mapped to occupy 2k of memory. The main decoding is
done by IC8 which provides 16 lines each corresponding to
a 4k boundary. Selection of a 2k boundary is achieved by ad-
ditional decoding provided by bringing A11 into IC8.

The multiplexers are made of three quad two-to-one line
multiplexers which can be set to accept signals from the
motherboard or the emulator header. The selection is han-
dled by a line fed from the port on the motherboard. When
the port is set up, the multiplexers are set to accept signals
from the motherboard, so that the board looks like ordinary
memory.

Toggling the port line (marked as External Select in Fig.
5.2) will cause the signals from the motherboard to be
deselected and the read/write control signals are disconnec-
ted to prevent spurious accesses from conflicting with
signals on the emulator header.
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COMPONENTS . ..

Resistors
R1-R4 3k3 (4 off)
Capacitors
Ci 100y elect.
c2-C12 100n disc cer. (12 off)
Integrated Circuits
IC1,1C2 6116
IC3 74LS363
1C4 " 7415245
1C5-1C7 74LS157
1C8 7415154
I1C9 74LS04
IC10 7415832
IC11 74LS08

Miscellaneous
 Printed circuit board
2 x 32 'A+C’ DIN Euro Plug {right-angled pins)
14-pin d.i.\. socket (3 off)
16-pin d.i.l. socket
20-pin d.i.l. socket (2 off)
24-pin d.i.l. socket (2 off)

L v

The memory itself is fast static RAM organised as two off
2k x 8. Various speeds of RAM are available allowing
development of the newer fast processors. Allowing for
leads and buffers a 200us PROM can be emulated using
100ns RAM. The static RAM is always powered from the
motherboard. A buffer is provided on the data lines to drive
the emulator cable assembly.
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Fig. 5.3. Component layout

ASSEMBLING AND SETTING UP

Refer to the overlay (Fig. 5.3) for component placement.
The usual order of assembly applies, ie. Sockets and discrete
components first, followed by a thorough check of your
soldering and then insertion of the i.c.s. The header is pre-
fabricated, as this is an insulation displacement assembly re-
quiring special equipment.

To test the board, set up the mapping options. A max-
imum of three links are needed. Leave the emulator cable
and the d.i.p. header off for the moment. Insert the card into
the motherboard and power up {not the other way round).
Set up the port on the motherboard {as per ULTIMUM arti-
cle) so that the external select 2 line is a logic ‘0’ and the ex-
ternal select 1 line is a "1’. You should then be able to read
and write to the memory on the Romulator. Any memory
test can be used to check for proper function.

To test the emulator, you can either use a second system
or plug the emulator into a PROM socket somewhere in your
own system, as the Romulator is quite capable of emulation
on your own computer.

Once you have loaded a suitable program into the
Romulator memory, you switch to emulator mode by making
the External Select 2 a logic ‘1" and the external select 1 a
0.

Two points to note. Firstly, do not insert the emulator
socket in upside down, this may damage the Romulator
memory or the system. Secondly, some systems make rather
strange uses of the Read and Chip Select control signals to
decode the ROM. Check a circuit diagram if in doubt.

NEXT MONTH: The phoneme speech card.
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WINE HEATER

THERMOSTAT

LTHOUGH this circuit was devised

to control a 22W heater plate under

a | gallon wine demijohn to hold a

nominal temperature of 22°C, with the

larger relay used it can be used to switch

much higher powers, and with the compo-

nents shown, it has an adjustment range of

9°C to 31°C with a dead range from

0-9°C to 1-4°C. Other applications could
be in darkrooms or greenhouses, etc.

TR1 and D2 are deliberately over
dimensioned. D1 prevents negative V.
>0-6V on TR1. An alternative approach
would be to use a single-ended supply,
although this could cause problems with
the increased values of R1, R3, VR, if
one tries to keep the signal and reference
near the middle of the 741’ input range
rather than relying on common-mode re-
jection; the ratio of R4 x VR2 to the input

ngenuit
nlimite

R6

A selection of readers’ original circuit ideas.

Why not submit your idea? Any idea published will
be paid for ai £40 per magazine page.

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

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

+15V
—0

Su T.D
'[sva ’ ST
R2
56k

TH1
-t

VA10565

source impedance (R2/R3+VR1) governs
the dead range, and for about 1°C this
ratio needs to be around 6000, leading to
impractical values for a source impedarice

D2

1N4LOOD Y

RLA1 13&
(8a) 306 |

TR1
BC140

much greater than the present 1040 or so.
Andrew Fogg,

VEN with constant weekend use during

the summer months, most boats, or
caravans, are left unattended for an ex-
tremely high proportion of the year and
some form of alarm system is therefore
highly desirable to frighten off intruders.

It will be evident from the circuit
diagram that the unit is switched-off until
the trigger connects it to the battery
negative, whereupon TR2 immediately
conducts, closing the relay and thereby
latching on the supply, since initially the
capacitor is uncharged and the base of
TR is also positive. C1 now commences
to charge slowly wvia the 100 kilohm
resistor causing the base to become
progressively more negative until the tran-
sistors cease conducting and the relay
opens. With the values shown, the alarm
cuts off after one to one and a half
minutes, but different periods of operation
can be obtained by trying other capacitors.
After discharging the alarm resets itself,
but to speed up this process to about a

March 1983

minute or so, a 1-5 to 2 Megohm resistor
(R3) can be connected as shown dotted in
the diagram. The diode across the relay
coil protects TR2 by damping the
back-e.m.f.

The alarm to be operated is largely a
matter of choice and can be a 12V d.c.
siren or bell, a lamp, or even a car horn. In
the latter case, particular care must be
taken to check polarity and current con-
sumption. Although the relay contacts
used are rated at 5 amps, some car horns
take a very large current.

The trigger contacts are constructed
from spring-metal strips (e.g. draught ex-
cluder), or, more elegantly, with reed con-
tacts and magnets. In this system the
trigger contacts are required to be open, so
ensure that they can be closed by the
magnet (or are of the ‘change-over’ type)
to suit your particular installation require-
ments.

The foregoing also applies if you decide
on switch-pads for placing under carpets.

INTRUDER ALARM

Maidenhead,
Berks.
+12v
- — o]
o1 L
16Y,
470 TO ALARM
(SEE TEXT)
R3
M5 TRZ
o BC108 .
R D1
RLA
100k 5 [&e ING148
L (RS 149-125)

I g TRIGGER
CONTACT
RLAI

(esion) ov

A possible method of contruction could

consist of two sheets of tin separated by a

thin layer of plastic foam, which would be

penetrated when trodden on by the spikes

of a few panel pins, or tacks, soldered to

the lower piece of metal; the whole being
fitted into a strong plastic bag.

R. P. Machrell,

Lytham St. Annes,

Lancashire.
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IC6b

1624012

HIS circuit counts digital pulses up to

9999 and then resets to 0000, a socket

is provided to carry out the 10,000th pulse.

Clock pulses enter IC2 via the “Clock

In” socket. This counts the input pulses to

ten and resets to zero carrying the tenth
pulse to IC3 via pin 12.

Similarly IC3 counts tens carrying the
hundredth pulse to IC4, and so on along
the chain. The unit can have the chain
shortened or extended if desired.

The pulses are counted visibly on four

rows of ten le.d.s (TIL209) which the

4017 drives directly. The small circuit
around IC1 is an anti-switch bounce cir-
cuit generating clean pulses when S1 is
pressed which reset the display to zero.
When S1 is open circuit the voltage to the
reset pins is OV, the condition necessary
for automatic reset on the tenth count. Af-
ter any count from 0000 to 9999 a facility
is added to trigger an external circuit, e.g.
an alarm, model railway points, the radio
etc.

IC6a is wired as an inverter to save us-
ing extra space with inverter chips.

RESEr s T 7 vee
K3 SKe SKs g [ reser
R I 4 P COUNTER
T o1 k{8 [ cLock ENsBLE
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\ 7E D.g.
30 P
{: = b
L 4017
+5v +5v +5v +5v
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1c6/7 o ! 345 6 78910 1 i -10 - 0
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j’ B s3 r C S4 r

The circuit can be used to measure

digital frequency, as a stop watch once the
input frequency is known, as a
photographic or kitchen timer and as if
this is not enough it can be used as an in-
triguing display on the mantlepiece at par-
ties.

Power is applied externally in the
prototype but can be built into the unit
very simply.

Michael J. Walker,
N. Ascot,
Berks.

HIS probe uses a 7400N consisting of

quad dual input NAND gates, and
detects high, low and open circuit with
pulse stretching on high and low indica-
tions so that any combination of signal will
be visually detected. The thresholds are
0.8V and 2V.

The assembly should easily fit into a
plug case with flying leads for the supply
and OV connections and a needle probe.
Pulse stretching may be increased with
larger capacitors.

G. Coleman,
Rochester,
Kent.

TTL LOGIC PROBE
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WINDSCREEN WIPER CONTROL ¢ommmmmmmmy

HIS circuit will vary the speed of a
car’s windscreen wipers from one
sweep per second to around one sweep per
minute. When switched on IC1 will start to
oscillate at a rate set by VR1 which in turn
switches RLA1. This in turn supplies the
wiper motor power at the same time inter-
vals. The conventional switch can now be
disregarded. If the washer pump is wired
to a pushbutton it can be removed
altogether. D1 soaks up any back e.m.f.
from the relay coil while C2 and C3 sup-
press the spike cause by ICI’s output
going high.
A.D. Billington,
Rotherham,
S. Yorkshire

TO BATTERY +ve ) E
-3 1
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RLA |(RS 347- 1|
1 | 83z I
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4 1C1 VR

b 555 1
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SWITCH 5
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= C2
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TOUCH-SWITCHED

SPEAKER MUTING

HIS unit was designed for a friend who

had a set of extension speakers con-
flicting with a telephone in his bedroom.
He specifically requested touch switches
since, although much more expensive than
a 2 pole 3 way switch, they are more
pleasant to use and are aesthetically pleas-
ing.

The touch switches are a resistive type
as these are easier to implement than the
capacitive variety. The three switches set
up the JK flip-flop inputs when touched,
and the oscillator formed by IC3b,c, C2,
R11 clocks the outputs to the required
state which will then be held by the flip-
flops. An ordinary 7473 is used to allow
the l.e.d.s to be driven directly.

Note that points M and F should be
connected to identical circuits as to the left
of point X.

The relays are 2 pole to provide
switching for a stereo pair of speakers. R1
at 100 7W is adequate for up to around
35W input. For amplifiers which dislike
high impedance loads, R1 could be shun-
ted with a 10 25W resistor to ground (or
the return line if the speaker connections
are left floating as shown). R1 is calculated
for about 20db of muting against 8
speakers. Clearly a single secondary
transformer and a bridge rectifier could be
substituted for T1, D4 and D5.

Andrew Fogg,
Maidenhead,
Berks.
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ELECTRONIC CRUISE CONTROL

OMMERCIALLY available cruise

control units for petrol engined cars
work on the principle of a speed sensor
connected to an electronic unit which con-
verts speed differences to an electrical out-
put. This drives a solenoid valve on a
vacuum operated servo (Fig. 1) which
operates the throttle. When the speed is
below the preset cruising speed the servo is
activated and it opens the throttle to regain
speed. When the speed is above the preset
speed the throttle is released by the servo.
Fig. 2 shows the valve arrangement in the
servo.

Speed may be sensed by means of a
device on the speedometer cable, on the
drive shaft or by using the pulses on the
ignition coil primary (or points).

The servo should be purchased from
suppliers or servicers of cruise equipment
and a suitable unit is manufactured by
Associated Engineering. The solenoid
valve in the servo has a coil resistance of
about 45 ohms and operates as follows;

rising voltage: suction opens 6.3V
vent closes 7.3V

falling voltage: vent opens 6.6V
suction closes 5.0V

The circuit can be divided into D/A
converter, memory with clock and
bistables, difference amplifier and servo
drive, as shown. The power supply is
regulated to 11.0 volts by means of TRS,
TR6. TR7, D4. An i.c. regulator cannot be
used due to the small voltage drop
available.

The engine (and therefore car) speed is
sensed from the pulses at the points by
TR1, IC1 and IC2 which form a D/A con-
verter and the output of IC2 is linearly
proportional to revs. TR1 acts as an inver-
ter to trigger the 1-5ms monostable IC1.
The voltage across C4 is proportional to
revs. IC2 acts as a voltage follower with
gain. VR adjusts the gain to give an out-
put on pin 6 of a maximum of 5-5V at
maximum revs (6000 r.p.m. for a 4 cylin-
der engine).

IC3, a dual counter, forms a digital
memory for the analogue voltages. The
two counters are cascaded and the outputs
feed a ladder resistor network which is
used as a 256 step memory from O to
5-5V. The memory resolution is thus
0-021V per step or approximately 0-4
m.p.h. The memory is activated in the
following manner. When S1 is switched to

EATC SERVO
Fig. 1. Showing SOLENOID
the carburettor VALVE
servo
VACUUM
PIPE BELLOWS
UNIT
’T/
AIR VENT
meranr R — -
[e—]
=
o
[=]
4
w
)
(=3
w
BELLOWS
CHAMBER
4 | U
Fig. 2. The
| S——— valve arrange-
ment in the
servo
=
VACUUM VALVE AL

6“9

“Engage” the “a” section of electronic
switch IC7 closes and produces a reset on
IC3. When S1 is released to its centre off
position the negative edge trigger formed
by IC5a is activated which in turn sets the
bistable formed by ICéc and d. The output
on pin 11 goes low to produce an “enable”
on IC3. Since IC5 “c” and “d” form a
clock running at 1.5kHz continuously,
IC3 now commences to count upwards
from zero and the voltage output of the
ladder network rises in 0-021V steps per
0-6ms. As soon as the voltage equals or
exceeds the D/A output the output of 1C4
goes low and triggers the negative edge
trigger of IC5b via IC7b which was
switched on by the bistable IC6c and d.
The trigger pulse switches the bistable into
a reverse condition with pin 11 high and
pin [0 low and IC3 is then disabled from
counting further. At the same time the out-
put of IC4 is isolated. The memory is
therefore fixed at the D/A voltage the mo-
ment S1 is released to off.

7

——

CARBURETTOR

A second bistable IC6a and b was
triggered on when SI was switched to
‘“Engage” and this in turn switched on IC7
*“c” and TR4. Current is thus able to flow
through the solenoid of the servo. During
“Engage” IC7d and TR3 were also
switched on to energise the solenoid. The
servo now produces an acceleration. On
releasing S1 to off, IC7c and TR4 remain
on while IC7d and TR3 are switched off,
removing the acceleration.

IC8 acts as a differential amplifier with
a large offset voltage. If the voltage on pin
3 equals that on pin 2 (D/A output equal
to memory) then the output on pin 6
equals the offset voltage set by VR3. TR2
acts as a voltage follower to drive the
solenoid in the servo. Should the car slow
down then the voltage on pin 2 is less than
on pin 3 of IC8 and the difference is am-
plified in the ratio of VR2 to 10k and ad-
ded to the offset voltage. The servo is thus
energised more and exerts more pull on the
throttle to accelerate the car. The reverse
happens if the speed is in excess of that set
in the memory and the amplified difference
is subtracted from the offset voltage. The
servo is then de-energised and a decelera-
tion occurs.

To release the cruise control the bistable
IC6a and b is de-activated by pressing the
“Stop” switch S2. This turns off IC7¢ and
TRA4, isolating the solenoid. However, the
memory is not affected and if subsequently
S1 is switched to “Resume”, the bistable is
re-activated and TR4 is switched on again
without disturbing the memory as D2
isolates the positive pulse from the
negative edge trigger and reset circuit.

A similar release action is obtained by
pressing the brake pedal to activate the
stop lights and therefore putting a positive
pulse on the bistable to de-activate it. A
similar switch to that of the stop lights can
be fitted to the clutch pedal to de-activate
when the clutch is depressed. This prevents
the engine racing during gear changing.

+1y
10 CAR .
POINTS Ré RS Fig. 3. D/A converter
100k 180 k & < R6 RS
! ) 100k 100k ; .
.| 1c ' 102N\ ¢ =
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R32 270k the unit is engaged without becoming
) . 0
- steady, then surge is occurring and the
j Hag o0y b gain should be reduced. A gain of 20 to 30
1c3 . R34 B8k should be satisfactory.
4520 While S1 is being held on “Engage” the
J a5 car will accelerate gently and continue to
o a3 do so until St is released, at which point
R36 18k the cruise control takes over. A new higher
, speed can be set up by moving Sl to
ENABLE “Engage” without first releasing the unit,
allowing the car to accelerate to the new
o speed and then releasing S1.

L NON RETURN
1 \ VACUUM Fig. 6. Vacuum
RESERVOIR circuit
C MANIFOLD

ment speed. Adjust VR until the two
speeds are within 0-5 m.p.h. of each other.

VR2 sets the gain of IC8 and thus the
sensitivity of the unit. Ideally the gain
should be as high as possible for least
speed variation but at high gains a surge
tends to occur. Should the car tend to

Note that IC8 is not connected to the
regulated supply but is connected to the
12V to 14V supply to enable a full 12V to
reach the solenoid.

VR1 to 3 are set after installation.
Initially they can be set at mid position.

With a clock frequency of 1-5kHz the
memory is set in about 100 milliseconds
on release of S1, so speed variation during
setting is of no importance.

The vacuum servo is self-restricting
regarding throttle opening as there is no
vacuum at full throttle to operate it. Throt-
tle opening is limited to about 50% or
60%. This can be overcome by using a
vacuum reservoir as shown in Fig. 6.
Speed control is, of course, limited to the
power of the engine during hill climbing (at
6Q% throttle) and to compression on
downbhill runs.

The solenoid valve in the servo must be
mounted vertically with the vacuum pipe
below for correct operation. The link to the
throttle must have a sliding joint to allow
normal throttie operation.

R. Immelman,
Somerset West,

VRI1 is set to produce a voltage of 5-5 on accelerate and decelerate repeatedly when South Africa.
pin 6 of IC2 at maximum revs. Since this is +14y
difficult to do in practice, setting can be {7 SOOI
done at half revs to give 2-75V.
A road test is required to set VR2 and
VR3. Drive at a constant speed on a level 174
road and engage the unit, noting the exact 4016
speed. Note the speed the car takes up
which may not be the same as the engage- Dol
Fig. 7. Brake and clutch LU = x
circuit INPUT
4 18
i 100k
— =10
BLRA‘;':,E r “BRAKE" !
switcn | INPUT l A
+12v-14v +12v-12y
S—— CLUTCH —-
A ¥* SMALL HEATSINK FOR
BTDRHI; TR2 ONLY
& Fig. 8. Differential amplifier
and servo drive
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MICRO-EUS

Compiled by DJD.

Appearing every two months, Micro-Bus presents ideas, applications, and programs for the most popular
microprocessors; ones that you are unlikely to find in the manufacturers’ data. The most original ideas often
come from readers working on their own systems; payment will be made for any contribution featured.

WO of the most popular microcomputers

currently on sale, the Acorn Atom and the
Dragon, have many similarities because they
both use the same video display chip, the
Motorola 6847. This versatile chip not only
contains 64 programmed characters for a 32
x 16 text display, but will also give graphics
displays up to a resolution of 256 x 192.
However the 6847’s internal character set
does not include lower case, and so both the
Atom and the Dragon display lower case as
inverted upper-case characters.

NEW CHARACTERS FOR ATOM
The following circuit shows how to add an
external character generator to the 6847 to
provide 256 different characters in the
alphanumeric display modes. The circuit can
be added as a plug-in module, and no altera-
tions are necessary to the Atom (or Dragon).

With careful choice of the new character set
lower-case can be added, while retaining com-
patibility with the Atom’s existing VDU
software. The circuit was designed by W. 4.
Chadwick of Welwyn, and the following
description is based on his letter.

CIRCUIT DESCRIPTION

The new character generator is stored in a
4k x 8 EPROM. The top 8 address lines of
this are connected to the 6847’s Video Data
Bus; see Fig. 1. When the 6847 puts data onto
these lines they will select one of 256 groups of
16 EPROM locations. Each displayed charac-
ter is 8 dots wide and 12 scan lines deep, so
that the first 12 EPROM locations of each
group contain the precise bit patterns for each
character.

The lowest 4 address lines of the EPROM
are connected to a row counter (74LS161).

This counter is clocked once per scan line by
the HS signal from the 6847 and so will
sequentially select character row information
from the EPROM. The 6847 provides a clear
control, RP, every 12 scan lines for the row
counter. The beginning of each display frame
contains a border of non-active display lines,
but unfortunately the 6847 does not provide
an RP pulse to clear the character counter for
the first character row. Thus, to ensure that
the top line of the display is displayed cor-
rectly the Frame Synch (FS) signal is used to
preset the row counter to 9 at the beginning of
each frame.

When using the graphics modes of the 6847
the video data must be passed on to the chip
unchanged. The control line A/G is used to
select between alphanumeric and graphics
modes. Since only 12 out of every 16 ROM
locations are used for each character dis-

Fig. 1. Circuit adds an external character generator to the 6847 Video chip in an Atom or

Dragon micro.
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played, the 4 unused locations in each case are
programmed to contain logical mappings of
the top eight address lines. The signal A/G is
used to hold the row counter preset to row 12
or above when graphics are selected, thus
causing the ROM to appear transparent. To
illustrate how this works the coding of a single
eiaracter is shown in Fig. 2.

ROW
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2 FTT

3

¢ [T

5 DISPLAYED
6 [ T CHAR.
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8 r 4

9 ~

A [ ]

B || |
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E v ]1]o]o]o MAPPINGS
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CHARACTER SET

To maintain compatibility with existing
software, the following character set is recom-
mended:

Character

Code: Description:

00to IF @ to « as standard Atom.

20to 3F Space to ? as standard Atom.

40to 7F White block characters as
standard Atom.

80to 9F Inverted @, a to z, inverted
Nt~

AOto BF Inverted space to inverted ? as
standard Atom.

COto FF 64 custom characters; CO

should be blank.

Two examples of possible charactrer sets
following this design are given in Fig. 3. The
only limitation of this set is that if the cursor is
placed on an upper-case character it will
appear as lower-case and vice-versa.

BAECHEFGHI JKLMHOPORS
! 111':.&

(Yes,

{.‘\..‘0_;.1 1

[Thots Rl 1 1 1 e 5t

>

OCQCO0OO0OO0OO0OCO0OOO0O0O0C0O00O0QO o

"‘*.r’;\#H)pu“pn‘(Q
|—H I-T-L0=T%+H+C€{°—1 —YEE Fig. 3.

BREC IlEFL:HI JLLHHHFI'R‘CTIJ"I:’K":"Z[ “ ]1 €

in the socket of IC31. The board should easily
fit inside the Atom’s case, though be careful to
avoid the case support pillar. The only precau-
tion needed is to keep wires carrying video
signals as short as possible.

Fig. 2. {(left) ROM

EPROM programming details
for a sample charac-

DR DATA sar
70 00 = R
71 oo Fig. 4. (below) Cir-
72 00 cuit increases the
; z ; (23 speed of the Atom to
75 20 2MHaz.
76 20
77 26
78 22 1C22
79 1E 6502a IMHz
7 A 00 37
78 00 2IN
7¢ F8 2MHz
70 07
7E F8
7F 07

POSSIBLE EXTENSIONS

In the Atom the 6847’s Colour Select
Signal CSS is used to select between two
possible sets of four colours. However, on
monochrome displays this signal has little use,
and so it can alternatively be used to add extra
facilities to the character generator board. At
power-up the CSS signal is set to logic 0. By
gating CSS with A/G it is possible to cause
the counter to preset to either row 14 or row
15 depending on the state of CSS. If rows 13
and 15 are programmed with a true logic map-
ping, and rows 12 and 14 with an inverted
mapping, as shown in Fig. 2, then the CSS
signal (which is controlled by bit 3 of the port
at address B002) can be used to invert the en-
tire graphics display. The circuit in Fig. 1
shows the links made for monochrome use to
provide this facility; for colour use, both links
should be changed so that CSS operates in the
usual way. Good animated effects can be
achieved with the colour graphics modes by
drawing the background colour, then chang-

{left)
possible character sets
maintain

set.

[ S et et gl i 1o ot e
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CIRCUIT CONSTRUCTION
The circuit can be constructed on a piece of
perforated board using a 40-pin header to fit
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ing CSS to make the drawing instantly visible.
An alternative use for CSS would be to
switch between one of two character-

Two

compatibility
with the 6847’s internal

generator EPROMS, one compatible with the
existing Atom software, and the other giving
256 totally different display characters.

FASTER ATOM

Three other ways of improving the Atom’s
circuit have been submitted by Richard Brain
of Devon. First, the Atom can be persuaded to
run at 2MHz rather than the usuval IMHz by
fitting a switch as shown in Fig. 4. Note that
some of the other components, such as the
memory or the 8255, may not be capable of
the extra speed, and faster versions may have
to be fitted.

CLOCK

10
. 13

IC44
7415393

Iy

LMHz

The second modification, shown in Fig. 5,
speeds up the rate at which characters are
printed to the Atom’s screen. Normally,
character output is synchronised with the FS
output of the 6847 to prevent screen noise. By
feeding a high frequency to the 8255 this delay
of 1/60th of a second is circumvented.

The third modification, shown in Fig. 6,
eliminates screen noise on the Atom by giving
the micro and the 6847 display generator the
same clock source. Note that this means that
the microprocessor speed will not be exactly
IMHz, and programs recorded using the
cassette interface will have to be re-saved at
the new frequency.

ZX81 ANAGRAMS

Over the past year several readers have sent
in programs for the ZX81 to produce random
anagrams of a given word. The shortest of
these, taking 13 lines, is shown in Fig. 7 and it
fits into an unexpanded ZX81. It was submit-
ted by G. Wheaton of Bolton, and he writes:

“This program is of use to anyone trying
the ‘make-up’ or ‘break down’ anagrams. Any

IC25
8255 SLOW 37| _ 6847
10 —_—
PC7
FAST
13
PC4
Exm)

Fig. 5. Circuit increases the
speed of displaying charac-
ters on the Atom screen.

word or combination of words is inputted; the
program will then print possible combinations
of the letters. To enter a new word press key
‘0%, and then type the new word followed by
NEWLINE. Of course the program doesn't
guarantee a solution, but is of help in finding
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CLOCK

Fig. 6. Circuit eliminates

Fig. 7. Program generates random
anagrams of a word on the ZX81.

NORMAL 2 screen noise on the Atom
Ics 13 == display.
6502 7415393 NG
e — NOISE
ctr P2 .
—i
4MHz
+5V 6847
2 CLK Fig. 8. Programs
calculate mortgage
Ico repayments on the
13 12 (a) ZX81, and (b)
Spectrum.
BRKD-I 100n
* >
10 INPUT A$ the answer. The program helped me win the
20 LET L=LEN A$ coveted prize of a Piccadilly T-shirt from the
23 Eg# F } }'? LD . local commercial radio station.”
X=INT(RND*L)+ - is fairly easy to understand;
S0 LET Y- INT(RND*L)s1 ' The program is fairly easy to u 5 ;
60 LET Z$-A$(X) lines 70 to 130 shuffle the letters of the input
70 LET A$(X)-A$(Y) ted word and lines 140 to 180 print out the
80 LET A$(Y)-Z$ resulting arrangements of letters; lines 30 to
90 NEXT F 60 set up the array B.”
00 PRINT AT 21,0; A$
110 IF INKEY$ <> "' THEN GOTO 10
T seroLr < ZX81/SPECTRUM MORTGAGE
130 GOTO 30 REPAYMENTS

The following programs, shown in Fig. 8,
will be of use to all those who are repaying a
mortgage, or are contemplating taking one

10 REH HORTGRGE REPAYHMENT S
20 PRINT UHMAT CAPITAL SuUM?™
25 INPUT C
30 PRI Cc
4@ PRINT “FOR HOW MANY YERRS?"
45 INPUT Y
S@ PRINT Y
80 PRINT "HOU HMAMNY PAYMENTS PE
R YEAR?"
65 INPUT N
70 PRI N
ES$EIPRINT “"ANNUAL PERCENT INTER
8% INPUT I
99 PRIN I
1@0 LET R II -]
RINT "TO OBTﬂIN PERIODIO R
EPRYHENT* ENTER )
120 STOP
13@ CLS
149 LET A=(R/N+1) 22Y 2N
15@ LET B=C#AxR/N/ (A-1)
lgﬁ PRINT “PERIODIC REPAYMENTS=
:
$479 PR&NT “TOTAL ANNUAL REPRYME
="
180 REM ENTER "RUN" TO START
O
® REM Mortgage repayjuents
ée PRINT g 3 CBpitat sSuem?
32 INPUT €. 4
40 PRINT For hom many years?"
S@ INPUT . PRIN
2 PRINT “How many Payments pe
ear?”
® INFUT n: PRINT n B
8@ PRINT “"Annual_ % interest?
9@ INPUT i PRINT i

Q
periodic r
epaamen\s ENTER - COHT'"”

14Q LET a=(rsn+1)tytn

158 LET b=Crasr/n-{a-1)

i@ RINT “Periodi paymwent=",0b
PRINT Total annual Paywment

=" b#n
180 REM Enter RUN tc start
)

out; they were submitted by J. W. H. King of
York. In use simply type RUN, and then
answer the questions presented on the screen.
When satisfied that all is correct, type CONT
followed by ENTER (or NEWLINE), and the
repayment amounts for each period, and
annually, will be shown.

PE SPECIAL CASSETTES OFFER

NEW-

CHROME C60 & C90
CRO2 C60 CASSETTES

90p each (minimum of 5); 80p each
{minimum of 25)

CRO2 C90 CASSETTES

115p each (minimum of 5); 105p each
{minimum of 25}

JCHROMIUM DIOXIDE
AUDIO CASSETTES

FERRIC C90 AUDIO
C90LH CASSETTES

56p each (minimum of 5); 53p each
{minimum of 25).

PRICES INCLUDE VAT AND
POSTAGE.

These European-made tapes are excellent value and we are pleased to offer them to
readers. They are covered by a money back guarantee {return within 21 days for refund). Not
only are the tapes of high quality but the cassettes are of screw together construction and the
case labels have space for notes on the recordings.

Send valid coupon to:

Videotone Ltd., 98 Crofton Park Road, Crofton Park, London SE4.

. CRO2 C60 Audio cassettes at
80p for 25 or more; including VAT and postage).

. CRO2 C90 Audio cassettes at
105p for 25 or more; including VAT and postage).

Please send me .....

Please send me

I & Pleasesendme ... C30LH Audio tapes at
| & 25 or more; including VAT & postage.)
-l
| 3; | enclose cheque/PO for € ........
| :t‘ INBINE avs s - s s aromrors ) mormam o e 3 441 & oo
I (=
a
& Address ...
I 5]
R S e ot e E R T e e
I ]
(©) Ame P 9 B8 000 a0 00 507 {00 OO 7 O [ O
-
e
68

p each (30p for 5 to 24,

...... p each {115pfor 5 to 24,

...... p each. {(56p for 5to 24, 53p for

Coupon valnd for posting before 11 March ‘83
(or one month later for overseas readers).

9

Easy (0 build projects tor everyone

ELEARSIcs

/’

Our Sister Publication
EVERYDAY ELECTRONICS
features the following projects in
the March issue.

ON SALE FEBRUARY 18

New Series

TEST GEAR '83-—An easy and

economical way to equip your

workshop. A six unit set, the first

of these being a Laboratory

Power Supply with dual outputs

giving:

1—Variable 0 to 20V, constant
current overload protection
0-1-2A.

2—Fixed 5V 1A specifically
designed for powering TTL
circuitry.

Plus

Multi-Station Intercom

Car Thermometer

Expanded Keyboard for the
ZX81

FREE GIFT

kWIRE BENDING GAUGE

o
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TOROIDALS

The toroidal transformer is now accepted as .
the standard in industry, overtaking the
obsolete laminated type. Industry has been
quick to recognise the advantages toroidals
offer in size, weight, lower radiated field and,
thanksto 1.L.P.. PRICE.

Our large standard range is complemented by our SPECIAL
DESIGE section which can offer a prototype service within

7DAYS together with a short lead time on quantity orders which
can be programmed to your requirements with no price penalty.

B = [semes|seconoand] mms | e | Y 294 TYPES T0 CHOOSE FROE!
No vors
Wl - Y ORDLRS DESPATCHED WITHIN 1
oonn 0| 513 | 18 | B4 DAYS OF RECEIPT FOR SINCLE OF
0askg | 1x012| 12612 | 128 SMALL QUANTITY ORDERS
15045 100
8% | 0| 1.9 | om3
| Al 358 | 8 Yr S YEAR NO QUIBBLE CUARANTEL
MOIB| 25025 | 060
12017| 3030 05 r —
4 ; s 1Em(s seconoant] auis
S0vA |2:010( 646 a1p | s _[currem|
800 25mm | 22011 9e9 n I
09Kkg | 20012 12 08 225VA [6:012] 12012 | 938
Reguianon | 20013 | 15415 | 166 £570 |10x45mm 62013| 15515 | 750
13% | 22014 18.18 | 138 o 22kg [6x014] 18038 | 625
2015 2422 113 0 | heqvul-on 610181 2222 sn £g 20
206 | 25425 | 100 cato o 62016 25425 | 4.0
2017| 3030 | 083 620171 30430 | 375 oo
2028 10 | 0as | ewote] 3835 | 31| [0
020|220 02 | 680261 40ed0 | 281
| 2036|240 020 | ‘6-025 ‘5-;3 730 “
= e 60033| 50+ 225
BOVA |3:00| 6.5 | 664 6:028| 110 204
o ) 2 | i B O = [ [
RE o I 610 20 093
Reguaton | 310131 1515 | 266 EG 08 Pl - -
1 hota| 8o | 2.22 300VA [7:003| 5.15 | 1000
%015 | 22422 | 11 . 1102 50mm| 7x01¢ | 18418 | 833
3206 | 25+ 2 160 WL 26Kg | 7e015| 22422 | 6.82
301 0+ 3 018 §8 9 Regulation | 75016 | 2525 | 6.00 £10.17
2028 [ 110 072 6% |7:017| 30.30 | 5.00 e
029 [ 220 0% nots| .3 | am|
20N | 240 01 J 7026 40e40 | 375 TG0
[120va a00| 6:6 |1000 A SO | -
% = 40maif4=011 | o | 8 02| 10 2
2ng [ 4n012| 1248 500 7029 136
Reguiation | 4x013 § 15415 400 74030 |
1% 014 | 18418 [ EEE) EG' go ! e e
05| nen |27 SO0 VA |Bc18| 25425 ||ooo
#1016 25425 240 i 140 x 60mm | 82017 0 a8
R017) 300 200 axg  [Bx0'8] 35435 [ 714 £13,53
t H081 35435 {1 Reguiaton [ 85026 | 4040 | 6729
N 0 109 4% |8a025| 45445 | 555
5402 20 |osa 8033 $0.50 | S00
las030 | 240 0 50 Bx047] 55055 | 45¢ a2
160 VA | 50 9.9 | 889 ::g;: o ;?’
0~ s0mm | 50 2412 | 856 8s030| 260 208
Bag {5013 15415 | 533 } 4
Reguanion | 9x0t4 o1 | a4 £7. 91 625 VA | 91017 10 41
8% 2015 | 22022 | 363 40« 75mm(9u018| 35035 | 89z
. 320 Skg | 91026 7 216.13
Su017? 0. 266 Reguiation | 920251 4544 694
5e018 | 35. 228 4t |9a033 625
10 200 9u042 | 9545 | 568
t T 148 S 68
. 4 204 ,
| 24 o 192030 | 260 |
IMPORTANT R'gulalton All vonaqu: quotsd are FULL LOAD. Pisase add regulation figure to
secondary voltage to obtain o!f 1oad voltage.
The benefits of ILP toroidal transtormers

ILP 1oroidal iranstormers are only half the weight and height of their laminated
eq . and are availabie with 110V, 220V or 240V primaries coded as follows
For 110V primary insert "0 in piace of "X™" in type number.

For 220V primary (Europe) insert 17 in place of “X"" in type number.
For 240V primary (UK) msent "2 in place of “X" in type aumber
How to order Freepost:

Use this coupon. or a separate sheet of paper. to order these products. or any
products fromother ILP Electronics advertisements No stamp is needed it you address to
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd
Access and Barclaycard weicome. All UK orders sent within 7 days of receipt of order for
single and small quantity orders
Also available at Electrovalue. Maplin and Technomatic

ILP Electronics, Graham Bell House, Roper Close, Canterbury, Kent, CT2 7EP
—-— N CANED G I

Please send
Total purchase price

Postal Ovders[:] Int. Money Order[:]

Debit my Access/Barclaycard No |
Name
Address

l Signature

I 1 enclose Cheque[:]

Post to: ILP Electronics Ltd. Freeposi, 2
Canterbury CT2 7EP, Kent, England
Telephone Sales (0227) 54778 Technicai {0227) 64723 Telex 965780.

I
. TRANSFQRMERS,

Graham Bell Mouse. Roper Close |

{a dwision of
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AUDIO GLGCIR(R?"

bonus for all orders
received by 28/2/83.

Mini s'ereaphones
with every

7206/7081/2050
7206 20K/ Volt. 19 703! SOK/ Volt. range 2050 50K/ Volt plus
ranges. doubler fe Tester

[State 3)smmor
\ jack plug) }
%ﬁ with S6402 with C31566A wilh CSi820
below. FM below W below

LS %Hfﬁﬁ { sec avove
TRIO 20 MHZ DUAL TRACE SCOPES
140mm Tube: OC to 20 MHZ: SmV sensitivity: CH2 Invert

CS1820 Defayed sweep: 0.2 usec io 0.5
sec Sweep: Modes CH1. CH2. OUAL and
ADD. List Price £539.00 inc. VAT
Our Price £420inc. VAT UK ¢/p£4)

CS1566A NOR. AUTO, VIDED: 0.5 usec ‘6
Sweep Modes CH1. CHZ ALT. CNOPanM., su!ﬁ Le ®
ADO. List price £368.00 inc. v

Our Price £299 inc. vaT |ux c/p £4 [Dptional probe X 10 £9.45)

sPEAKE_Rs & TWEETERS ﬁ, Mlni stereophones as above

tor purchases of £10.00 or
more from this advertisement.

HIF20ESM B ohm
30/50 wat Bass/
Midrange 8~ £5.95
UK e/p€1.200

HIF20ESM 4ohm

version 8 ££.95
(UK c/p £1.20)

HIF87BSM 4 B0Am
30750 watl midrange

£4.95 |UK c/p 65p)

PH303 8 ohm 15
watt tweeter £2.20

£3

WT252Y, 8ohm CN38

15 watt tweeter 3 way Bohm 15 watt | SN300 40 watt HT315F 5 x3% Bohm
£1.95 ! crossover £1.25 | version £1.75 | 30 wati tweeter 9
|UK c/p Tweeters & Crossovers 65p per Iv3 items}* .

STEREOPHONES ® MEGAPHONES o P.A. HORNS
3315 10 watt mega- CHE66" 10 want 8
phone with siren ohm PA Horns. £8.95

493 £32.95
UK ¢/p£1.05} £695 (L8 n 65p|

331 without siren
M1 |2 Stereophones
padded earpieces
] mono/ sWo switch:
| vol. controls £65-45

£28.95

(UK c/p £1.05)
Car Speakers
SP25/4 100z 4 ohm | £3 95 |I.IK ¢/p 65g)

700 Mains TV boosters

£6.50

back of set
CRB520 1010 20 (UK c/p£1.05 7
walls §° Yanp:n dand  CRBBO 200z Johm ‘ £5.95 '“K c/p B5p)
Bohm200z £13.95 £H-95 e G’v_\\_ TMB Masthead |2 TV's)
£7.95 pair £7.50 " gf;ﬁgs UK ;g:I

{UK ¢/p £1.05} WKe/mELos |
=~ | SGA402 100KHZ to 30 MHZ

| 6 band Trio AF Generator int/ex1. mod. variable
o/p to 100mV. AM int 400 HZ mod.

List price:£7 1.00 inc. VAT

ORDERBY POST OR PHONE OR CAll IN AND SEE FOR YOURSELF
WELL WORTH A VISIT! ALLOFFERS LIMITED QUANTITIES E & OF / ekt
3

AUDIO ELECTRONICS &z

301 EDGWARE ROAD, LONDON W2 1BN. TEL: 01-724 3564 - nal ol
ALSD AT HENRYS RADID. ot ey scery
404/406 EDGWARE RDAD. LONDON W2

1610 Suys 1or Getvery (uniess sgmsed)
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SMALL ADS

The prepaid rate for classified advertisements is 34
pence per word (minimum 12 words), box number 60p
extra. Semi-display setting £11.20 per single column
centimetre (minimum 25 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed “‘Lioyds Banks Ltd"". Treasury notes should
Advertisements,
should be sent to the
Practical Electronics,
IPC Magazines Limited, King's Reach
(Telephone

always be sent registered post.
together with remittance,
Classified Advertisement Dept.,
Room 2612,
Tower, Stamford St.,
01-261 5846).

London, SE1 9LS.

When replying to Classified Advertise-

ments please ensure:

(A) That you have clearly stated your
requirements.

(B) That you have enclosed the right
remittance.

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

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

This will assist advertisers in processing

and despatching orders with the mini-

mum of delay.

RECEIVERS AND COMPONENTS

300 SMALL COMPONENTS including Transistors, Diodes,
£220. 7lbs Assorted Components £5.
Capacitors £4. Forty 74 Series ICs on Panel £2.10. Post Paid.
List 25p Refundable. J.W.B. RADIO, 2 Barnficld Crescent.

Sale, Cheshire M33 INL.

10lbs £6.50. 500

$.M.3 MICRO TRANSMITTER. Range 1000 yds. Picks up speech
from 25ft. Case measures 24x13x 1. Receive on ordinary
VHF/FM Radio. Only £15.00 or SAE for full specification.
P.D. ELECTRONICS. 11, Bluebell Close. Orpington, Kent.

BRé6 8HS.

TV

WISBECH, CAMBS. TEL. 0945 584188. Immediate
settlement.
T & J ELECTRONIC COMPONENTS - Quality components,

Competitive prices. lllustrated catalogue 45p. 98 Burrow

RN YOUR SURPLUS capacitors. transistors, ¢ic. into cash.
Contact COLES HARDING & CO. 103 SOUTH BRINK.

Road, Chigwell, Essex.

ELECTRONIC COMPONENTS, Merscyside. MYCA Electronics,
2 Victoria Place, Seacombe Ferry, Wallasey. 144 6NR. Mail

order. send 50p for price list refundable off first order. 051

63

70

8-8647.

BRAND NEW COMPONENTS BYRETURN —

Electrolytic Cay itors 16V, 25V WV
047, 1. 0 2 4-7 10
22 & OO——7 (50V—8;
{50V- -100) 470-—11p. (40V—160l.
1000/25\/- -ZSp lOOO/dOV—G p

220 49

gOO/\ 15p.

10-35v 47.63\/ 14p.
2.2/35V.  4-7/25v—15p.  10/25V 15/ 16V~—2_’(())p.
22/16V, 33/10V, 47/6v. 68/3v & 100/3v—3Up.
15/25V, 22/25V, 47/10v—35p. 47/16v—80p.
Subminiature Ceramic Caps. E12 Saeries 100V.
2% 10 pt. to 47 pf—3p. 56 pl. to 330 pf—4p.
10% 390 ptf. o 700 pt.— ‘c
Vertical Mounting Ceramic Plate Caps. 50V.
€12 22 pt. 1o 1000 pf. E6 1500 pt. t6 47000 pt.—2p.
Polystyrene E12 Sarlel 63V. Horizontal Mntg.
10 pf. 10 820 pf.—3p. 1000 pf. 10 10.000 pt.—4ap.
Minioture Polya-ler 250V Vert M!q E6 Series.
OI 10 068—49 1; 15 22 { 33 47 109.
9. 2p. 9.

12p.
(Po|voner) Film 100V Vaﬂlcul Moummg.
-0022 0224’ 04, 0-1—8p.

-0047—3p. Ol
Hiah Stab litv Mini m R %

W E24 Series 0.51R - IOMO (Elt:em7M5) 1p..
WE|2 Series 1RO to 10MO. 13p.
W E12 Series 10R to IOMO p.

W metal film E12 Series 10R-1MO, 5% — 2p. 1% 3p.
1N4148—2p. 1N4002—4p. 1N4006—6p. IN40O7—Tp.
BCIO7/GI§—1ZD BC147/8/9, BC157/8/9, BF135 & 7-—10p.
84 Pin ic's. 741 Op. amp.—18p. 6555 Timer—24p.
Dil Holders 8 pin—9p. 14 pin—12p. 16 pin—14p.
LED's. 3 & 5mm. Red—10p. Green & Yellow— 140,
Grommets for 3mm.--1}p. Grommets for 5mm--2p.
20mm. Q.8. Fuses 15 .25, 6 1, 2 3 & 5A -8p.

0-1, 0-22, 047

20mm. Anti Surge 100mA to 5-0A-—8p.
20mm.  Fuseholders  P.C. or Chassis Mtg.—8p.
Battery Snaps {pairs} PP3—8p. P! 12p.

400mW Zener diodes E24 series 2V7 10 33V -8p.
Prices VAT inclysive Post 15p. {Free over £5.00).
THE C.R.SUPPLY CO.
127, Chesterﬁeld Rd., Shefﬁeld S80RN.

You will need: 1) A 6802
{2) A processor adaptor
hour to make.

(3} My 2716 Monitor
Monitor supports: screen scroll, keyboard, memory examine and
modify. chsum load, chsum save. No basic of course. Monitor
costs £20.

companent cost £1.50. Takes half an

Cheque or postal order to
J. D. OWEN,
New Meadows Farm, Laugharne, Dyfed.

6802 YOUR COMPUKIT

BOURNEMOUTH/BOSCOMBE.

NOTICE TO
READERS

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

" BIG BARGAIN BOX '

Our Big Bargain Box contains over a thousand com-
ponents - resistors, capacitors, pots, switches,
diodes, transistors, panels, bits and pieces, odds and
ends. All useful stuff — would cost many times the
price we are asking if bought separately. Approx.
weight 4ibs. ONLY £5.00 inc. post-you're bound to
| come back for anothert!!

ESP, 174c FOUNDRY LANE,
L SOUTHAMPTON, SO1 3LS

Lots of surplus bargains on our latest list - send an SAE
for your copy now

Electronic  comp

s

specialisis for 33 years. Forresters (National Radio Supplies).
Late Holdenhurst Road. Now at 36. Ashley Road. Boscombe.
Tel. 302204. Closed Weds,

| I a—

NEW SURPLUS RELEASE

Ex GOVT LEAD ACID ACCUMULATORS. Brand new 10V 5ah
famous manufacture. Easly tapped in 2v stages. Size only
1'% x2”. ideal for emergency hghting and power supplies.
Burglar alarms etc. Must have cost Govt. over £20 each. Our
price £5.50 each, carriage £2.50. 2 for £10 carnage £3.50. 4 for
£18 carmage £6, 8 for £32 carriage £10. All despatched unfilled.
Robust wooden tray with carmymg handles. Holds 8 accumula-

tors £5.

COROLESS INDUCTIVE LOGP HEADPHONES. Self powered.
Input via loop or external min BNC socket. Contams transistor-
ised huigh gain amplifier. Dperates from internal batteries.
Noise excluding muffs. Switch on when placed on head.
Special offer while stocks last £6 p.p. £2 2 pairs for £12 post

free.
LIGHTWEIGHT HEADSETS (Govt release) Brand new 600
ohms impedarice. A bargain at £3.50 p.p. £1. 2 pairs for £7 post

free.
RIDICULGUS RESISTOR SALE. Brand new j watt carbon film
resistors. 5% tol High quality resistors made to exacting
specifications by automatic machines. E12 Range IR0 to 10M
in lots of 1000 {25 per value). Only £8 per 1000. Lots of 5000 for
£35. 1 RO to 10M. 1000 PCB type resistors £2.50. Bulk
purchase enables us to offer 1000 mixed pre-formed carbon
film resistors. 5% tol. for PCB mounting. Huge range of
preferred values. £2.50 per 1000. 4000 for £8. Postage 15p in £1
GENUINE AFV TANK HEADSETS AND MIKE £3.50 per pair
p.p. £1. 2 pairs £7 post free. All headphones fitted with Ex-
ministry plug. Standard |ack plugs available 25p each. 2 for 40p.
Headphone extension sockets available at 25p each. 2 for 40p.
Impedance of first two items 600 ohms. All headphones mn
good condition.

SCOOP PURCHASE
PYE POCKET PHONE RECEIVERS Type PFI normal freq.
450mHz. Supplied n used condition less battery. £4.50 each
Carriage £1. 2 pairs £9.00 post free. 4 pairs £16.00 post free.
THE GOVT. SURPLUS WIRELESS EQUIPMENT HANDBOOK
Gives detailed information and circuit dnagrams for ansh and
American G Surplus R s and
Test Equipment ete. Also suggested modification details ang
mpr 'or surplus Incorporated is a Sur-
plus/C | cross r valve and istors guide
The standard reference work in this field. Only £7.50 p.p. £1.50
No VAT on books
New release of MODERN DYNAMIC MOVING COIL MICRO-
PHONES. 200 ohms impedance. Switch incorporated. Most
with lead and DIN ptug. Used but nice condition. 3 designs of
case housing. Price one mike our choice £2 plus 50p p.p
Bargain offer all 3 mikes £4.50 p.p. £1
GENUINE EX-GOVT COLLAPSIBLE AERIALS. A fully adjustable
highly efficient whip aerial in 5 sections. Length 1} metres.
Closed 300 m/m. Copper plated sections. As used on Ex Govt
Manpacks. Brand new in makers boxes £2.50 each, p.p. 75p. 2
for £5 post free.
HAVE YOU SEEN THE GREEN CAT. 1000x of new compo-
nents, radio, electronic, audio at unbelievably low prices. Send
50p and receive catalogue and FREE RECORD SPEED
INDICATOR.

o MINI JUMBGO PACK (£20 worth)

for £5 p.p. £1.50

PLEASE ADD 15% VAT to all orders including
carriage and p.p.

Myers Efectrontc

Dept PE1,12/14 Harper Street, Leeds LS2 7EA. Leeds 452045
New retal premises at above address {opposite Corals)
Callers welcome 9 to 5 Mon to Sat. Sunday 10 to | by
appontment.  GOVT. SURPLUS ITEMS ALWAYS IN STOCK.

VERD BOARD 0.1 Pitch 95 x 292mm £3.50 each. 112 x
177mm £2.95 each, Prices inclusive of V.AT. P&P 30p. Send
cheque or PO with order 10 Coxon Electronics, 47 Steeptumn-
pike, Matlock, Derbyshire. DE4 3DP.

ROBOTICS

WHEELS, MOTORS, BATTERIES,
SOLENOIDS, GEARS, SPROCKETS
AND MORE.

FOR LISTS SEND 60p TO:
DRJ ELECTRONICS
PO BOX 394, LONDON SE6 1TR
Money returnable

MAIDSTONE HAS ITS OWN component shop. Thyronics Con-
trol Systems. 8 Sandling Road. Maidstone. 675354.

BUMPER BOX OF BITS

WOWII! We've got so many components in stock,
we can't possibly list them allll - So buy a box, in it
you'll find resistors, capacitors, displays, switches,
panels with transistors, diodes, ICs etc, coils, pots.

and so on. All modern parts — guaranteed at least
1000 items, minimum weight 101bs. ONLY £8.50 inc.

ELECTRONICS WORLD
1¢c Dews Road, Salisbury, Wilts. SP2 7SN
{Prop: Westbrough Ltd.)

AERIALS

AERIAL BOOSTERS Trebles incoming signal, Price £7.00. SAE
leaflets. ELECTRONIC MAIL ORDER LTD.. Rams-
bottom. Lancashire BLO YAG.

BOOKS AND PUBLICATIONS

ANY PUBLISHED, full-size service shect by return £2 + L.s.a.e
CTV/Music Centres £3. Repair data with all circuits, layouts
etc. Your named TV or video £8.50. Free 50p mag. all orders,
queries. TIS (PE). 76 Churches. Larkhall, Lanarkshire.

WANTED

WANTED KLYSTRON K3077, 9410 mega<cycles. State quantity.
Langton, 46b Overstrand Mansions, Prince of Wales Drive,
London SWI11.

COURSES

CONQUER THE CHIP ... Master modern electronics the
PRACTICAL way by SEEING and DOING in your own
home. Write for your free colour brochure now to British
National Radio & Electronic School, Dept C2, Reading,
Berks RG1 1BR.

Practical Electronics March 1983



ALL YOUR CASSETTE NEEDS. Blank cassettes C15 with case

EDUCATIONAL 40p each. Cassette labels in blue, white or yellow 20 for 36p. CENTURION
Infay cards in red, blue or yeliow 20 for 60p. Library cases 9p i/
each. Postage on cach complete order 45p. Stonehom Ltd., 59 [
CAREERS IN MARINE ELECTRONICS. Courses commencing Sep- Mayfield Way, Barwell. Leicester LE9 8BL.
tember and January. Further details, The Nautical College, K o We manufacture, you save £££'s
Fleetwood FY7 8JZ. Tel: 03917 79123. AIRCRAFT MOUNTED 35m/m (;AMERA contains precision | Send s.a.e. or phone for our Free list of
mirror, lens. small motor solenoid gears etc £10. 24V Nicad professional D.1.Y. Burglar Alarm Equip-
battery contains 20-4AH cells £8. Tel: Leeds 496048 after g.em and accesso?(e);6 =5
7. .m. iscount up to o ist _prices,
TELEVISION COMPUTER o Cantror. Equipment from £15.98.

[)ecov Bell Boxes from £5.95 inc.
TRADE ENQUIRIES WELCOME

RADIOCOMMUNICATIONS MAPLIN 3800 SYNTH. Built, tested and tuned. £250 0.n.0. C/W

leads and manuals. Parkinson, 112 Oxford Road, Hartlepool

s. . ' _ AN 0484-21000
& RADAR SERVICING TS25 SRT.
.< 0484 35527 (24 e ans)
GOVERNMENT SURPLUS Components & Equipment. Send CENTURION ALARMS ((PE)
" 265 Wakefield Road, Huddersheld
2* YEAR fuli-time course, with a zAEhfaor list. AFR ELECTRONICS. School Lane. Moulton. HDS 9BE, W Yorkshire
= - orthampton. Access & Visa
high practical content, approved Orders Welcomed
by the Technician Education )
A = BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920
Council and leading to SERVICE SHEETS for our catalogue or call at our large showrooms opposite
TEC DIPLOMA in E | Ol Seadium
C A in ELECTRONIC BELL'S TELEVISION SERVICES for service sheets on Radio, TV

& COMMUNICATIONS etc. £1.25 plus SAE. Colour TV Scrvic:; Manuals on rcq‘uesl

ENGINEERING SA.E with .cnquines. to B.T.S., 190 Kings Road. Harrogale.. cABlNET FlTT'ms

N. Yorkshire. Tel. (0423) 55885.

@ PRINCIPLES OF ELECTRONICS

Fretcloths, Coverings, Handles, Castors,,

@ TELEVISION (MONO/COLOUR} MISCELLANEOUS Fiight Case Locks & Parts, Jack;. XLRs,
Bulgins, Reverb Trays, P & Nmic Stands,
® VIDEQ CASSETTE RECORDERS ULTRASONIC TRANSDUCERS, miniature, 40KHz. £2.85 per ASS Giassfibre Horns,
@ CLOSED CIRCUIT TELEVISION pair + 25p P&P. Dataplus Develop 81 Cholmelcy CELESTION POWER
Road, Reading, Berks. Speakers.
® DIGITAL & MICROELECTRONICS
MAKE YOUR OWN PRINTED CIRCUITS
@ COMPUTERS & MICROPROCESSORS Etch Resist T-ansfers - Staner pack {5 sheets, lines, Send
pads, |.C. pads) £2.20. Large range of single sheets in
@ RADIOCOMMUNICATION & RADAR Siock 57 A6 operiahient 30p cheque/
. Master Positive Transparencies from P C. layouts in P.O. for illustrated
Short courses (from 13 weeks) are magazines by simple photographic process. 2 sheelsl tal - Adam Hall (PE Su lies)
available in the above individual inegative paper, 2 sheets positive film (A4) £2.25. catalogue: pplies),
iali f li ith CGLI IPhoto-resist spray (200 ml) £3.90 (p+p 65p). Draft- Unit G, Cariton Court, Grainger Road,
specialisms for applicants wit , Ing Film (Ad) 25p. Precision Grids (A4) 65p. Southend-on-Sea.
TEC, HNC, BSc etc which lead to TEC 22p stamp for lists and information. P&P 50p per order
: plus extra wheie indicated.
or College Diploma awards. P.K.G. ELECTRONICS CLEARING LABORATORY: scopes. generators. P.S.U's. bridges
OAK LODGE, TANSLEY, DERBYSHIRE. 4 b b s. etc. 2
Next two courses commence l analysers. meters. recorders. etc. 1403-76236.
April 25th & Sept. 19th. IONIZER. Feel alen, invigorated and healthier with the amazing PROJECT CASES
Prospectus from: ZEPHION negative ion generator. Kit:- £21.50. Built:-
£29.80 or SAE brings leaflets. Dataplus Developments, 81 r_———— )
Lo N D 0 N E LE CTRO N l cs Cholmeley Road. Reading, Berks RG1 3LY. 0734 67027.
-
COLLEGE PM,AP"VS'CAL JDURPTIAL (Russian  Translations): PSY‘{"O' A very attractive case in pla“s‘ﬁc laminated metal that will
tronic Generators. Kirlianography. Gravity Lasers. Telekine- give your PROJECT that protessional look
sis. Details SAE 4 x 9" Paralab. Downton, Wilts. There is a choice of sizes from 2x$x6.5 inches with
Dept: AA, 20 Penywern Road, plastic or wooden end cheeks
. L THE SCIENTIFIC WIRE COMPANY Send Stamped Addressed Label to
London SW5 9SU. Tel: 01-373 8721. PO Aoean: Lands E4 ovisgt 1580, ELINCA PRODUCTS LTD (Dept. £)
ENAMELLED COPPER WIRE Lyon Works, Capel Street, SHEFFIELD S6 2HL
SWG 11b 8oz 4oz 20z
8 to 34 3.30 1.90 1.00 0.80
35 t0 39 352 210 115 0.85 GUITAR/PA/MUSIC AMPL.IFIERS
40 to 43 487 2.65 2.05 1.46 100 watt superb Treble Bass Overdrive, 12 months
FOR SALE 44 10 47 837 632 319 250 guarantee £55, 60 walt £49, 200 watt £76, 100 watt
48 to 49 15.96 9.58 6.38 3.69 Twin-Channel Sep., Treble Bass per channel £67,
S|LvEn PLATED COPPER WIRE 200 watt £89, Slaves 100 watt tgo, 200 watt £60,
14 to 30 420 2.43 1.72 250 watt £75, 500 watt £140. Speakers 100 watt
FULL SET P.E. Offers. 051-547 2036. Buyer collects. TINNED COPPER WIRE 12in £25, 15in £36, 100 watt Lead Combos castors
14 to 30 3.97 2.4 1.39 0.94 unbeatable £112, 100 watt Bass Combo, 15in Relax
PRACTICAL ELECTRONICS P.C8.'s | .Smm fibreglass, drilled and Fluxcor Solder 5.7 3.16 1.73 0.96 CAB £125,
solder resist coated. SAVE MONEY — Boards PRINTED Pricess Include P&'P, VAT. Orders under £2 add 20p. . S;!"sdoCheAq;ﬁPmlag i
ONLY ready for own etehing and drilling send S.AE. for AE for list of coppe'r'and resistance Wire. WIL.L A N L .A ION .
price list. LECTROPRINT. 17 Showell Road. Bushbury, Dealer enguiries welcome. 62 Thomchﬂ:at:vgg;:go[;uzk‘;%geld, Cheshire.
Wolverhampton, West Midlands. Tel. 0902 721805 . .

- ]

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS l
Please insert the advertisement below in the next available issue of Practical Electronics for .. . .

insertions. | enclose Cheque/P.O. for £........
{Cheques and Postal Orders should be crossed Lloyds Bank Ltd and made payable to Practucal E ectromcs)

7 1 R E—

—

Send to: Classified Department
PRACTICAL ELECTRONICS
Classified Advertisement Dept, Room 2612,
| King’s Reach Tower, Stamford Street,

NAME...... . B e London SE1 9LS. Telephone 01-261 5846
ADDRESS...... e

34p per word, minimum 12 words. Box No. 80p extra.
C;;;é};;'}églsteréa.i;.England Regnslered No. 536{6 Registered Office: King's Reach TowerS(amford Street, Landon SE1 9LS. 3/83 |
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CLEF ciccrronic MUSIC

Design — Altan Bracford Uy o
etectronic (MICROSYNTH 25205 o THE coveuren BAND-BOX™
s Published in conjunction with “Practical Electronics™
PIANOS THE COMPACT MUSIC SYNTHESIZER COMPLETE
SPECIALISTS SINCE 1972 i N
Clef Pi dopt the t advanced
Gt F 2o W o ded £235
simulates g a
patented clectronic (cchmq&.
71 OCTAVE £320
MANFD. e
DOMESTlc MODEL MASTER RHYTHM ALSO REQUIRED
COMPONENT KIT £266 A revalution in th feld of Computer Music Generatlon
SOgLIE BT e : T -
#2921 RACTICE
[ aMOEK Kits | Tro Domest Modd e avaabic | COMPLETE 23 OCTAVES | LiVE PERFORMANCE -COMPOSITION
Distortion £32 Fac g th e full-size vers ion KIT * SWITCH ROUTING * 2 OSCILLATORS TD‘hu. B \NDBBOX provides aa'!:.lec:;ov‘-c Backing Tm() cons:su'pglog
our intermixable Voic ‘_0" 5 ma! rums ass and a or nstrument one o
Compressor £36 | be used 10 obtain a I\v variation o);' £129.00 * THUMBWHEEL * 2 SUB-OCTAVES l\\(lxn;)efonn/!im-elope combinations), with the capacity to store olvz)
Ph. £40 ino tone. including Harpsichord . User Programmable Chord Changes on more than
Tu:ﬁrgAmp £36 th Soft and Suslain g jals are in STRING ROTOR-CHORUS different Chords. Using advanced Microprocessor technology.
£3 igr d intcenal ENSEMBLE nprchensive wo  Sf Playback of 50 100 Scores can be exccuted in any Key and at chosen
Mewronome 6 provided fo Tempo mplete Music Pad is clectronically Indexed and stored on
Flanger £63 molo H*"' s Pr in ce ct horL ratc secondars hmlc.y back-up. Facility exists for composition of Intro,
Chorus £54. Fla Repeat Chorus. ‘and Coda sections including Multiple Score
Si. Mixer £90 | A puwer m:pl.u‘ﬁcr integrates mlor the COMPONENT KIT £98.00 quence: Sojl\ ;&r provided fg)r Volum_; Petlh an;!oFooum(ch gl*us
ohi Piano top which may be removed from scparm and mixed instrument Qutputs. Total size x 1]
g:‘llap;"c lf;(z) the Base for casy transportation o o KEYBOAROS rating
r e Front Keyl 3
i o SIX OCTAVE ek 88 NOTE (A-C) £6267 TH E programmanie DRUM MACHINE
by ROLANO DOMESTIC MODEL COMPONENT KIT ﬁv’;'gg’("v? ::“;'15 cich (;4;:;!:(0'!!’"‘(} in conjunction with “Practical Elerlromcx )
COMPONENT KIT £234 £197.50 FOUR OCTAVE £3162 PROGRAMMING
COMPLETE KIT £398  MAN. £620 = i | /TWENTY FouR
Component  Kiis include Keyboard. \ M N | of wh > | PATTERNS;
Key swilch hardware. and all clectronic | 7 " o technical 1 'Y o LVE
cumponcnls and may be purcha . - 0| INSTRUMENTS
four stages at No exira cost : 5 SEQUENCE
Complete Kits further contain Cabinets. | 5 e BeoReeca q e gpm’Al’E’?in i
D(;::'s'l'i:";fﬁ::b'(','a’h“;gw‘_,'f:‘;'ﬂ"ﬁ:‘: o of technical capability. Back up EPH('?NE “advice is (’?S,ﬂll
and Speaker. avacare ostcrs, A sy CONSIOW. _______| MANFD. £119.00 |
The Six Oclave Sisge Piano has 1h PRICES INCLUDE VAT. UK CARRIAGE & INSURANCE
f same range of Voices and Effects and (CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for The Clef Master Rhythm is capable of storing 24 seléctable rhythmic
Ny, devigned for use with an Exiernal f our complete lists, or use our telephone VISA/ACCESS service. | drum paut ited. modified. and entered by the Operator on to
3 / v Amplificr and Speaker. Competitive quotations can be S'Vﬂl for EXPORT orders — in | Eight Instrumentation tracks. A three position [nstrumentation con-
Australia please contact JAYCAR in Sydney. 1rol cxpands the number of instruments available to twelve, grouped
o S|X OCTAVE VISIT OUR SHOWROOM. inta munda Iypical o(l" plav. with Drumsticks. Brushes. or Latin
ongos and Claves.
STAGE MODEL CLEF PRODUCTS (ELECTRONICS) S’fqucnccdu Branon allows two rhyl'!xm ‘-ccn:ns to be cu;pled w:l‘h
the sccon SL‘C\IB" app aring at four. eight or sixteen Bar re|
COMPONENT KIT £234 LIMITED All drum justed for level aﬁd resonance on m(c‘:r‘al
COMPLETE KIT £383 MANUFACTURED £580 (Dept. P.E.) 44A Bramhall Lane South, Bramhail, Dﬂll’o" 10 suit mdn dual taste. hus produc ng good musical sounds
Stockport, Cheshire SK7 1AH  061-439-3297 a battery driven unit § x 5" x

FREQUENCY METERS
ANALOGUE MULTIMETERS
‘ DIGITAL MULTIMETERS
1 bB43521 FUNCTION GENERATOR
——— ; \ Hand Held ; OSCILLOSCOPES
Analogue and POWER SUPPLIES
‘. LOGIC PROBE
Digital SCOPE PROBES

Multimeters

Write or phone for illustrated

\ ; \ f—{(—-:gﬂ test instrument catalogue and price
. 3 ti
FREQUENCY METERS 16 Models G 34 b
100MH,, 600MH 2, and 1GH;Models from £18.75 - —y U A 9A, Crown Street
from £67 =, Lo St. Ives, Huntingdon
- L33 Cambs. PE17 4EB

Tel: (0480) 62440 Telex 32339 )

STORAGE CAB'NETS Steel cabinets,
12" wide x 51" deep x 22" high
finished blue with clear
plastic drawers.
b i - Available units:—
FREE CATALOGUE! e I 10
° == 31—‘:';1.;'__’, o)l 2224 24 % C
.‘F-’:"%_ [E‘_ _—.,1—:—1 _"l_‘ —_J
OUR GREAT NEW ILLUSTRATED CATALOGUE IS =R EEEErT e Oiivea
PACKED WITH INFORMATION ON SUPERB QUALITY, iy };1:*3?) = L —— S8 XE
PROFESSIONAL BURGLAR ALARM EQUIPMENT e 'rf‘""' —:ﬁ[‘ = 30 x A 4xD,2xE
. 2\ L P i each
¥ AT UNBEATABLE PRICES! = U= ez Sio00 e,
SEND SAE OR PHONE NOW FOR YOUR COPY AD, ELECTRONICS L Lepzlo) : and VAT)
- MILLHILL SUPPLIES
Hﬁﬁ"ﬁ%g‘gﬁﬁ % 21 WARBLLK MnoR fecess/Barclaycard 66 THE_STREET, CROWMARSH, WALLINGFORD
¥ pisTRGTOR L9 0HU/051 523 8440 cheque/PO to:— GXOR o?.’.‘v’e?yais.‘mfﬁ'y‘?;’y’s:‘ 53
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* * SATURDAY BARGAINS & %

EMOS SATURDAY SALES
Starting February 12th we will be open from 10am to 4pm every
Saturday to sell our vast range of components at bargain prices.
You will easily find us in Daventry on the A45, opposite the John

O’Gaunt Hotel.
A
SMALL ALUMINIUM ELECTBOLYTICS: LARGE ELECTROLYTICS:
MIXED BASS ) 2 Computer Grade
Asiel Londs: Pedie: Londs: . Wade by Sprague or General Electric
Lists aveiloble u ¥ Pric oF ¥ Price: \deel for powsr supplies
100 Coramic capacitors 1200 1000 63 155 470 16 1bs Falowmg values svedebie:
30 Axiel alectroyies £2.50 22 10 05 1000 25 26 185,000 @ 15V
30 Aadel elactroiytics 12.50 190 10 05 zzg 3 ;: g%g 157:
15 Plasts capacitors £1.50 22 16 05 470 40 .
20 Transitor - plstc 1150 A 16 15 47 %0 Ik TEne il e
Only brand new and usetul values included 0 20 o 47 830 fO00@ 4y Jomee  —[150
30 5 15 100 15
630 25 25 220 63 20y 9,000 @ 50v

[] i

TRANSISTORS VOLTAGE
BF 115 105 B:DLAT SRS v no T
AC126  30p BF 194 13 Wm0 15 o5V 154 103 140p -
AC1BE  27p 8F 187 13 waosl  10p kY 1w T03%0 40p
ACY1?  88p 8F 198 13 5972 15p v 150 103 190p
ACY19 85 BF 199 15 w5179 30p +6V 0SA  T0220
+1V 054 10220
8C 149 Te BFR 40 2 - 3 Vi) 154 T03
8C 159 12p v 1A T0220
BC 1N 10p BFX 29 25 12 154 103
BC173 10 +15V 1A 10220
BC 212 3p BFY 90 60p 15¢ 1 10220
BC 212U 9p 20V |1 T0220
BC213L 9 2N 708 150
8C 237 12 N3 20p P.S.U. COMPOMENTS  2N4347 (120V)
BC308  13p WA 20 ZN6258 (250w}
BC32? 18 IN2A 20p 400mW Zanory
8C337 13 IN23694  15p m
BCSS8  14p N302 10p 2N3055
O o —- \ &
\ TMSZ516JL 8 x 2K EPROM £014.90 BENCH POWER SUPPLY
. 2 oX TMSAA30UL 4K RAM £3.00 Ses constructionsl article it Februsry ‘82
e 8255 P1A. 1190 b L
B'Qe 0“ M 1035 :' et
Panel mounting 20mm fusehoiders 20p YRGS, b At oror b .
Continental relays 2p clo 24V or 48V 50p Prices finc VAT p+pk
Heavy duty relays — 54 - 2p c/o 24¥ 85p W0 Buih
Mucroswitch — ¥ type — push on terminals 25 {4400 [£7200
— -
CMOS lam s
4000 10p | 4pag  33p | 4528 42p 7400 9 7476 LS0g 9 LSBS 36p
4001 9p | 4051 41p | 4532 45p 7401 S 7:82 S0 9p 1S86 14p
4002 10p | 4052 45p | 4539 B0p 7402 9 7483 Ls02 9p LS80 20p
4006 35p | 4053 45p | 4543 99p 7403 10p 7485 1503 21p 1893 2
4007 12p | ags4 Y0Bp | 4555 49p 7404 10p 7486 LS04 p LSS5 35
4008 29p | 4055 123p | 4556 49 7405 13p 7488 L5085 2p  LS107 40p
=3 409 48p | 4056 127p | 4566 9%p 7406 24 7490 LS08 10p LS109 27p
4010 49p | 4063 93p | 4584 S6p 7407 4 7891 LS09 10p LS112 b/
4011 8p | 4066 39p | 4585 70p 7408 120 74082 LS10 100 SIY 7
4012 13p | 4088 12p 7408 2% 7485 ($1)] 10p LS114 27p
4013 33p | 4063 12p 7410 12p 7486 Ls12 10p LI 32
@ M 675 | 4070 19, 7413 18 74100 1813 13 L5125 20p
4015 35p | 4071 19p 7414 150 74107 LS14 19p LS138 22

Dept 1C, High March, Daventry, Northants NN11 4HQ
Tel: 03272 5523 Telex: 311245 GRENEL G.

Please add 50p per order postage and packing
(except where higher isindicated) plus 15% VAT
on total. No VAT on overseas orders, postage at
cost. Cheques and postal orders made payable to
Emos Limited. Send Large S.A.E.

comprehensive catalogue.

EMRAOS

for
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TecuNomaric L1p
VAW | A A
| 01-452 1500 01-450 6597
‘One of the neatest, most comprehensive and most useful of these car computers
that we have yet come across , . . i e Prac.r:ce:/ Mo!orisdr c0N NECTOR SYSTEMS ‘
* E - save petrol by improving your driving technique an
(e pro Vi o The tuning! ot your car . & 9 1.0.CONNECTORS | D-CONNECTORS oIL RIBBON
% Performance — dynamic checks on timing to improve performance (Speedblock Type) 9 way 15 way25 way37 way | HEADER PLUGS |CABLE (Grey) .
and economy. MALE RS 232 Connectors | 10 way 50p ‘
* Security — protect your car by disabling the ignition. Enter a persona- No.of Header Recop- Edge | S0/der 95p 135p 160p 250p Available l4way  60p
lised combination to restart. ways Plug tacle Conn |Angled160p 230p 265p 425p from Stock 16way  70p
* Attractive, easy to fit, easy to operate —comes complete with all parts 10 90p 85p 200p FEMALE Solder IDC |20 way 80p
needed. Full instructions provided. 20 145p 125p 240p|Solder 110p 160p 210p 350p type type |26way 120p
# Imperial or metric read outs. 26 17Sp 150p 300p|Angled175p 240p 275p 500p |!4pin 40p 120p |34way 180p
PE car computer £88.50 34 200p 160p 380p|Hood 100p 100p 100p 130p |!6pin S0p 140p [40way 210p
Easy-to-assemble kit of parts £78.50 40 220p 190p 550p| 36 way Centronix Type Conn. £5.50| 24 pin 100p 200p |50way 330p
Ignition cut-out = c = £7.75 §0 235p 200p 600p| 25way 1EEE Type Conn.£5.50 |40 pin 200p 225p |B4way 370p
All prices include VAT. Aliow £1 post & package. Goods by retum.
Send S.A.E. for list of separately available parts. JUMPER EURO EDGE
PIMAC SYSTEMS LTD LEADS CONNECTORS CONNECTORS
20 Bloomfield Road, Moseley, Birmingham B13 98Y. 24" Ribbon Cable with headers {Indirect Edge Conn.) 017 0.156"
Tel: 021449 0384 14pin 16pin 24pin 40pin | DINSTD Plug Skt | 2x18way 140p
lend  145p 165p 240p 380p | 4161721 way 180p 180p | 2%22way 200p 250p
2ends  210p 230p 345p 540p | 4161731 way 200p 200p | 2x23way 200p -
. 24" Ribbon Cable with sockats 416122x32way 290p 330p | 2x25way 225p 300p
e 20pin 26pin 34pin 40pin | Angled 2x32way 325p 400p ;x:gwav §§2"
Universal NLCAD, battery charger. All plastic case lend 1850 210p 270p 300p | 416123x32way 250p 400p | IX2Iway 3939
with lift up ild. Charge/‘P;st swgitch. LED indicators Zends 290p 3850 490p 540p |-Angled 3x32way 400p | 2x50way
: . 24" Ribbon Cable with D Conn. 2x32way IDC a+c 525p 1% 77 way 700p
at each of the five charging points. 6
Charges:- PP3 (3V), U12 (1-5V penlite), U11 25 way Male 500p Female 550p. {for 2% 32 way specify a+bora+c)| S100Conn 00p
{1-5V “C”), U2 (1-5V “D"), Power:- 220-240V
AC, Dims:- 210 x 100 x 50mm. Knock down * SPECIAL OFFER *
price only while stocks Y i g
last, 1-24 25-99 1-24
Only £6.00 2114L450 80p 75p 2732 375p
Order No. MW 398 4164-2 450p 430p 4116-200 80p
Multitester & Transistor Tester s 2716(+5V) 250p - 225p 6116-150 375p

DC volts 0-1v-5v-2-5v-10v-50v-250v- * "
o :gn: m;v_gozvzxgévo:gggvzmooo»/ 3% 2532 350p 335p 6522 310p

OC current 0-50uA-2-5mA-25mA-0-25A +3%

Resistance: ! E?,?';'S
MmN | son gt orriont LIEI(E  oenies
e, 1 e LA BBC Modet B £399 including VAT. (Carr. £8)
Leakage current g}g?nu::‘t)%:g :::g: N Model A to B upgrade kit £49.50
L 0-150mA at X1 range " Please allow L. Installation chqrge £15 .
PLEASE ADD 15% VAT & £1 P&P 10 days for delive J Individua! upgrades and all mating connectors available.
» ==k BBC DISC DRIVES
-, RO IDDX. Te): 01360 1555 Disc Interface Kit £95 Instaliation £20
BBC Single Drive 100K £235. BBC Dual Drive £799
BBC COMPATIBLE DRIVES
Single 100K £190 200K £255 400K £345

Dual 200K £360 400K £480 800K £610
l Cabte for Single Drive £8. Dual Drive £12.

PLEASE MENTION A ! .
arr. Single Drive £6, Dual Drive £8)
P RACT' CA L ELE CT RO NI cs Diskettes: 40 track SS £15, 80 track SS £24. 80 track DS £32.

(Price for 10 carr. £2)
WHEN VIEW 16K WORD PROCESSOR ROM £52

TELETEXT RECEIVER £195.65 + £2 p&p NEy,
REPLYING TO PRESTEL RECEIVER £90.00 + £2 p&p BFOR
ADVERTISEMENTS 2ZND PROCESSOR + 64K RAM £195 + £2 SIS

p&p
Please phone to confirm delivery details.

PRINTERS
PARNDON ELECTRONICS LTD. NEC PC 8023 BE
Dept. No. 21 44 Paddock Mead. Harlow. Essex. CM18 7RR. Tel: 0279 32700 80 col 100 cps dot matrix printer. Bi-directional. Logic seeking, 2K buffer,
. " Forward and Reverse line feed. Hi Res & Block Graphics, Proportional Spacing,
RESISTOR«%@ Jﬁ?ﬁ'fﬂﬁ;’:ﬂ&izfcﬁﬁi5:; 2315';52 :;"2:‘?,‘2' lgaf;?]::::d International and Greek character sets, Auto underfine, Friction/tractor selectable.
and colour coded £300 + £8 carr.
£1-00 per hundred mixed (er.1 10 per value) EPSON MX80 F/T3.and EPSON MX100 F/T3
PS80 peltio e el Bloblpee veN MX80 80 cps 80 cols. MX100 100 cps 136 cols. Logic seeking, Bi-directional, bit image
Special stock pack. 60 values. 10 off each £5-50,.~ printing, 9x9 matrix, Auto Underline. MX80 F/T3 £320. MX100 F/T3 £430
{£8 carr./printer).
DIODES: LNI‘I(::?”’ hi;:]::;h Min order quantity - 15 items. SEIKOSHA GP100A
80 col. 30 cps dot matrix printer. High Res Graphics — Std & double with
DIL SWITCHES: cold plated contact in fully sealed base - solve thase (&\ characters. £185 + £6 carr.
programming problems \;ff'# OLIVETTI SPARK-JET PRINTER
4 Way 86p each. 6 Way £1-00 each. 8 Way £1-20 each. 50 Lines/min or 83 cps, 1K buffer, full graphics,
h ix.
DIL SOCKETS: High quality. low profile sockets £ Sl gaet;(e:_s'cg ;rz Calt Ll
8 pin— 10p. 14 pin - 11p. 16 pin - 12p. 18 pin - 19p. 20 pin- 21p. A
22 pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 82p. L L AL TR
ACORN ATOMS ALSO AVAILABLE IN STOCK.
ALL PRICES INCLUDE V.A.T. & POST & PACKING — NO EXTRAS \ SEND FOR OUR BBC/ATOM LIST.
MIN. ORDER - UK. £1-00. OVERSEAS £5 CASH WITH ORDER PLEASE j
Same Day Despatch

Published approximatety on the 15th of each month by IPC Magazines Ltd.. Westover House. West Quay Road. Poole. Dorset BH 15 1JG. Printed In England by Chapel River Press. Andover, Hants. Sole Agents for
Australia and New Zealand - Gordon & Gotch (A/sia) Lid.; South Africa = Central News Agency Ltd.

Subscriptions INLAND and OVERSEAS £13-00 payable to 1PC Services. Oakfleld House, Perrymount Road, Haywards Heath. Sussex.

Practical Electronics is sold subject to the following conditions. namely, that it shall not, without the written consent of the Publishers first given. be lent. resold. hired out or otherwise disposed of by way of Trade at more
than the recommended selling price shown on the cover. and that it shall not be lent. resold or hired out or otherwise di d of in a ilated di or in any ised cover by way of Trade. or affixed to or as
part of any publication or advertising. literary or pictorial matier whatsoever.
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MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1IED Orders from Government Depts. & Colleges etc. welcome.
SHOPS AT 17 BURNLEY ROAD LONDON NW10 Detailed Price List on request.
(Tel: 01-452 1500, 01-450 6597, Telex: 922800) Stock itemns are narmally by return of post.
305 EDGWARE ROAD, LONDON W2




Now your computer can talk!
# Allophone (extended phoneme) system gives

unlimited vocabulary.

# Can be used with unexpanded VIC20 or ZX81 —
does not require large areas of memory.

#*1In VIC20 version, speech output is direct to TV
speaker with no additional amplification needed.

* Allows speech to be easily included in programs.

Complete kit only £24.95.

Order As LK0OA (VIC20 Talk-Back]).

LK01B (ZX81 Talk-Back).
Full construction details in Maplin Projects Book 6.
Price 70p. Order As XA06G (Maplin Mag Vol. 2 No. 6).

KEYBOARD WITH ELECTRONICS
FOR ZX81
=5

() om oot :1"5:3'-:-

* Full size, full travel keyboard that's simple to add to your
ZX81 (no soldering in ZX81).

* Complete with electronics to make “Shift Lock”,
“Function” and “Graphics 2° single key selections.
«Powered (with adaptor supplied) from ZX81's own

standard power supply.
Full details in Project Book 3 (XAO3D) Price 60p.
Complete kit (excl. case) £19.95. Order As LW72P.
Case £4.95. Order As XG17T.
Ready built-in case £29.95. Order As XG22Y.

OTHER KITS FOR ZX81

3-Channel Sounds Generator (Details in Book 5).
Order As LWI6E. Price £10.95
ZX81 Sound On Your TV Set {Details in Book 6).
Order As LKO2C. Price £19.95.
ZX81 1/0 Port gives two bi-directional 8-bit ports
{Details in Book 4).
Order As LW76H. Price £9.25
ZX81 Extendiboard will accept 16K RAM and 3 other
plug-in modules.

PCB: Order As GB0O8J. Price £2.32

Edge Connectors (4 needed)

Order As RK35Q. Price £2.39.

HOME SECURITY SYSTEM

Six independent channeis - 2
or 4 wire operation. External
horn. High degree of protec-
tion and long term retiability.
Full details in Projects Book 2

{XAQ2C) Price 60p
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Post this coupon now!

Name

Address )

I

Please send me a copy of your 1983 catalogue. | enclose £1.50 (inc
p&p). If I am not completely satisfied | may return the catalogue to you
and have my money refunded. If you live outside the U.K. send £1.90 or
10 International Reply Coupons. Despatched by return of post.
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SPEECH SYNTHESISER
FOR Z2X81 and VIC20

THE MAPLIN TALK-BACK

WHY DO YOU
KEEP LOOKING AT

MATINEE ORGAN

Easy-to-build, superb
specification. Compar-
able with organs selling
for up to £1000. Full
construction detatls in our
book (XH55K). Price £2.50.
Complete kits available.
Electronics (XY91Y) £299.95*
Cabinet (XY938) £99.50*
Demo cassette (XX43W)£1.99

" Carriage extra

25W STEREO MOSFET AMPLIFIER

* Over 26Wjchannel into 8Qat 1kHz both channels driven

* Frequency response 20Hz to 40kHz + 1dB,

* Low distortion, low noise and high reliability power
MOSFET output stage.

» Extremely easy to build. Almost everything fits on main
pcb, cutting interwiring to just 7 wires {plus toroidal
transformer and mains lead terminations).

* Complete kit contains everything you need including
pre-drilled and printed chassis and wooden cabinet.

Full details in Projects Book 3. Price 60p (XAQ3D)

Complete kit only £49.95 incl. VAT and carriage (LW7 1N}

BUY IT WITH MAPCARD

Send now for an
application form — then
buy it with MAPCARD.
MAPCARD gives you
real spending power
up to 24 times your
monthly payments,
instantly.

!

56790013
M SmiThe

€x0rv Dove WOV 79

All prices include VAT & carriage. Please add 50p handiing ctarge to orders under £5 total value.

Shops at:

? YOUR

FILES ARE

MAPLIN'S FANTASTIC PROJECTS

Full details in our project books. Issues 1 to 5: 60p each.
Issue 6: 70p.
In Book 1 (XA018) 120W rms MOSFET Combo-
Amplifier ® Universal Timer with 18 program times and
4 outputs ® Temperature Gauge @ Six Vero Projects.
In Book 2 (XA02C) Home Security System ® Train
Controller for 14 trains on one circuit ® Stopwatch with
multiple modes ® Miles-per-Gallon Meter
In Book 3 (XA03D) ZX81 Keyboard with electronics ®
Stereo 25W MOSFET Amplifier ® Doppler Radar Intruder
Detector ® Remote Control for Train Controller
In Book 4 (XAO4E) Telephone Exchange for 16 exten-
sions ® Frequency Counter 10Hz to 600MHz @ Ultrasonic
Intruder Detector @ 1/0 Port for ZX81 ® Car Burglar
Alarm ® Remote Control for 25W Stereo Amp.
In Book 5 (XAO05F) Modem to European standard ®
100W 240V AC Inverter ® Sounds Generator for ZX81
® Central Heating Controller ® Panic Button for Home
Security System ® Model Train Projects ® Timer for
External Sounder
In Book 6 (XA06G)" Speech Synthesiser for ZX81 &
VIC20 ® Module to Bridge two of our MOSFET Amps to
make a 350W Amp ® ZX81 Sound on your TV @ ZX81
Interface for Modem @ Scratch Filter ® Doorbell for Deaf
® Simple FM Tuner* ® Damp Meter*
*Projects for Book 6 were in an advanced state at the time
of writing. but contents may change prior to publication
{due 11th February 1983).

MAPLIN’S NEW 1983 CATALOGUE

Over 390 pages packed
with data and pictures
and alt completely
revised and including
over 1000 new items.
On sale in all branches
of WHSMITH ;
Price £1.25 ~{

MAPLIN ELECTRONIC SUPPLIES LTD-

P.O. Box 3, Rayleigh, Essex $S6 8LR:
Telephone: Sales (0702) 552911 General (0702) 554155,

Note: Shops closed Mondays

159 King St., Hammersmith, London W6, Telephone: 01-748 0926
284 London Rd., Westclitf-on-Sea, Essex. Telephone: {(0702) 554000
Lynton_Square, Perry Barr, Birmingham, Telephone: (021) 366 7292



