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PRECISION - by

POWERTRAN
For more than eleven years Powertran have been designing and manufacturing the finest quality electronic kits. All of
our now considerable range have featured in the electronics press and literally thousands have been bought and built
by contractors in the UK and World-wide.

Our philosophy is always the same - we offer ingenuity and originality in the construction phase by using only top
class designers. We offer machines with power, versatility and performance - capability fully equal to their factory
built rivals. We offer only the highest quality materials and components throughout to ensure years of useful and
reliable service, we offer clear comprehensive and easy to follow construction manuals to place our kits within the
scope of the careful first time builder as well as the dedicated enthusiast.
Our hallmark of success lies in the number of our clients who have built our whole range - many assembling several
units for others to use often on the professional music scene.
We believe in taking every care throughout - months spent checking and testing the design and development.
Vigorous checking of every component, constant pre -despatch quality control, careful packaging . . . even door to door
delivery by Securicor!

We are naturally very proud of our Transcendent range of synthesizers designed by Tim Orr and regularly featured in
ETI. They represent the best in constructional interest and in musical performance.

TRANSCENDENT POLYSYNTH -A four octave polyphonic synthesiser with
outstanding design characteristics and versatility and performance to match.

Complete kit £275.00 plus VAT (single voice).
Extra voice (up to three morel £42.00 plus VAT.

EXPANDER -A new matching 4 voice expander to team up with your
polysynth for even a greater range and capability.

Complete kit £249.00 plus VAT.

TRANSCENDENT DPX - Offers a five octave keyboard with power to match.
Two audio outputs (can be used simultaneously) to give harpsichord and
piano/honkytonk or reed with strings/brass and both are fully polyphonic.
Other features include switchable touch sensitivity and a chorus ensemble
unit with strong/mild effect switching. An advanced design made simple with
our clearly laid out instruction manual.

Complete kit £295.00 plus VAT.

. Quite simply the best way to
make music

TRANSCENDENT 2000 - Although only a 3 octave keyboard the '2000'
features the same design ingenuity, careful engineering and quality
components of its larger brethren. The kit is well within the scope of the first
time builder - buy it, build it ... play it! You will know you have made the
right choice.

Complete kit £165.00 plus VAT.

1024 COMPOSER - Come right up to the minute with this new design. It
will control your synthesiser with a sequence of up to 1024 notes - or an
equal selection of shorter sequences. The Composer is mains powered with
automatically charged battery to preserve your programme after switch -off.

Complete kit £85.00 plus VAT.

DEMONSTRATION TAPE - 30 minute demonstration tape of all three
synthesizers now available. £2.00

STUDIO QUALITY

DIGITAL DELAY LINE
Our latest kit ! With its ability to give delay
times from 0.3 to up to 1600msecs, many powerful effects
including phasing, flanging, ADT, chorus, echo and vibrato are
obtained. The basic kit is extended in 400ms steps up to 1-6 sec
simply by adding more parts to the P.C.B.
Compare with units costing over £1,000!

Complete kit £13.00 plus VAT (400ms delay). Parts for extra
400ms delay £9.50 plus VAT.

WORLD LEADERS IN ELECTRONIC KITS
PRICE STABILITY: Order with confidence irrespective of any price changes
we will honour all prices in this advertisement until the end of the month
following the month of publication of this issue. (Errors and VAT rate changes
excluded.

EXPORT ORDERS: No VAT. Postage charged at actual cost plus
handling and documentation.
U.K. ORDERS: Subject to 15% surcharge for VAT. No charge is made for
carriage, or at current rate if changed. Cheques, Access, Barclaycard accepted.
SECURICOR DELIVERY: For this optional service (U.K. mainland only) add
£2.50 (VAT inclusive) per kit. FREE ON ORDERS OVER £100.

4(.= SALES COUNTER: If you prefer to collect kit from the factory, call at Sales
Counter. Open 9a.m.-12 noon, 1-4.30p.m. Monday -Thursday.

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3WN (0264) 64455.
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WATFORD ELECTRONICS
33"35, CARDIFF ROAD, WATFORD, HERTS WD1 8ED, 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/CHEGUE/P.O.s OR BANKERS DRAFT
WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS
ACCEPTED (TELEPHONE ORDERS BY ACCESS NOW ACCEPTED Minimum £10.00 pleme),
TRADE AND EXPORT INQUIRY WELCOME. P 8 P ADD 50p TO ALL ORDERS UNDER £10.00
EXCL. VAT. OVERSEAS ORDERS POSTAGE AT COST.

VAT Export orders no VAT. Applicable to U.K. Customers all
riW:e.siti exock tuahry  of VAX. Plasm add 16% to the total coStiticlaatkaaataa ethanol..,

Ground. Nearest Undergro
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und/Br. Rea ligitatr:nto.

ue. Ws are Htuatedbihir% Watford Football
Watford High Street. Open Monday to Saturday

9 am -6 p.m. Ample Free Car Perking specie evalleb4e.

POLYESTER CAPACITORS: Axial Lead) 400V: 1nF, 1n5, 2n2, 3n3, 4n7, 6n8 11p; 1 0n. 15n, 18n,
22n 12p; 33n. 47n. 68n 16p; 100n, 150n 20p 220n 307; 330n 42:4713 62p; 680n 347. 16F 01s:
2k2. 467 107F, 1iF.1037I17,15On,22?E17p 330n,J0np680n ,1a42p.adi;2:1n;;p;10nF;n407;22n367;

33n 42p; 47n, 18nlOp.
POLYESTER RADIAL LEAD CAPACITORS: 250V; 10n, 15n. 22n, 27n 57; 33n, 47n, 68n, 100n 7p;
150n, 220n 107; 330n, 470n 137; 680n 187; 1p 237; 165 407; 262 487.

ELECTROLYTIC CAPACITORS (Values in BFI, 500V: 10 62p; 47 78p; 113V: 0 47, 1 0, 1 5, 2 2. 3 3,
87; 4 7 9p; 6 8, 10 10p; 15, 22 12p; 33 157; 47 12p; 100 1fp; 1000 70p; 50V: 47 129; 68 207;220
247; 470 327; 2200 1107; 40V: 4 7, 15, 22, 9p; 330 907; 4700 1207; 25V: 1 5, 6 8, 10. 22 Op; 33
947 87; 100 11p; 150 12p; 220 157; 330 227; 470 257; 680, 1000 349; 2200 507; 3300 787; 4700
92p; 16V: 40, 47, 100 9p; 125 12p; 220 13p; 470 20p; 680 347; 1000 277; 1500 317; 2200 387;
3300747; 4700 79p.
TAO -END TYPE: 70V: 4700 2457; 114V: 3300 1957;
2200 1397; 50V: 3300 1547; 2200 1107; 40V: 4700
1607; 26V: 10,000 3207; 15,000 3467.
TANTALUM BEAD CAPACITORS:
35V: 0 1p, 022, 0 33 15p; 047, 068, 1 0,1 5 16p; 2 2, 3 3
187; 4 7. 6 8 22p; 10 25p; 16V: 2 2. 3 3,1117; 4 7, 6 8. 10
187; 15 367; 22 307; 33, 47 40p; 100 767; 220 Up 10V:
15, 22 267; 33, 47 36p; 100 857.

POTENTIOMETERS: Carbon Track,
0 25W Log & Linear Values.
5000, 1K & 2K (LIN ONLY) Single 29p
51(0-2M0 single gang 29p
5K0 -2M0 single gang 0/P switch 78p
5K0 -2M0 dual gang stereo Up
1W Wire -wound 500-20K 1157

SILVER MICA (pF)
2, 3 3, 4.7. 6 8, 82, 10. 12
18, 22, 27, 33, 39, 47, 50,
56, 68, 75. 82.85. 100, 120,
150,180 157 each
220, 250. 270, 330. 360,
390. 470, 800.217

each
1000, 1200. 1800 307 each
3300,4700 60p each

SIEMENS multilayer miniature
capacitors.
250V: 1nF, 1n5, 2n2, 3n3, 4n7,
6n8, 8n2, I0n, 12n. 15n, 22n

3gn,an:6287nn0;3n. 47n 8P,
100V: 100n, 1tun. 107; 150n
117; 220n 13p; 330n 187;
470n 23p; 680n 30p; 1,F
349; 262 50p.

SLIDER POTENTIOMETERS
0.25W log and linear values 60rnm track
5K0 -500K0 Single gang 70p
10KC1-500K0 Dual gang 110p
Self -Stick graduated Alum. Bezels 40p

PRESET POTENTIOMETERS
0.1W 500-2 2M Mini Vert. & Horit 7p
0.25W 1000-3 3M0 Holtz. larger 10p
0 25W 2500-4 7MM/en. 10p
Precision Cermet 1W 1000-100K 80p

MYLAR Film CAPACITORS
100V: 1nF, 2n, 4n, 4n7, 10 53.
15nF, 22, 30, 40, 47n 7p
56nF, 100, 200n 97
SOW: 47Onf 12p

CERAMIC ore: SOV
Range 1pF to 6 00pF 4p
10nF. 15n, 22.33 47nF SP a
10Onf/30V 7p; 220n/6V Sp.

POLYSTYRENE Caps:
10pF to InF 87
1n5 to 12nF 10p

Sound Generator
AY -3-8910 £6

pecial Booklet for
bone £2 50

RESISTORS -HI -stab, Mini-
ature, 6%, Carbon.

RANGE Val. 1-99 100+
0 25W202 -4.M7 E24 2p 1p
0 5W 202-4 M7 E12 2p 17
1W 202-10M E12 Sp 3p
2% Metal Film 100-1M Sp 4p
1% Metal Film 510-1M Sp flp
100, price applies to Resistors of
each type not mixed values.

TRANSISTORS
BC3078

AC107 . 35 'BC3088
AC125/6 35 BC327/8
AC127/8 35 EIC337/8
AC141/2 30 BC441
AC176 28 BC461
AC187/8 32 BC477/8
ACY17/18 70 BC516/7
ACY19/20 75 BC547/8
ACY21/22 75 BC549C
ACY28 75 BC556/7
AD142 120 BC558/9
AD149 79 BCY70
40161/2 42 13CY71/2
AF118 95 BD121
AF139 40 BD124
AF178 75 50131/2
BC107/8 10 BD133
BC10713 12 BD135
BC108 10 BD136/7
BC1086 12 BD138/9
BC108C 12 BD140
BC109 10 BD144
BC109B 12 BD205
BC109C 12 BD245
BC117/8 20 BD378
BC140/42 30 BD434
BC143 30 BD517
BC147/8 9 BD695A
BC1478 10 BD696A
BC1488 10 BDY56
BC148C 10 8DY60
BC149 9 13E115
BC149C 12 8E167
BC153/4 27 6E173
BC157/8 10 8E177
BC159 11 8E178
BC160 45 13E179
BC167A 10 8E180
BC168C 10 (3E194/5
BC169C 10 8E196/7
BC170 15 13E198/9
BC171/2 11 BF200
BC173 11 BF224
BC177/8 20 BF244A
BC179 20 BF244B
BC181 20 BF256B
BC182/3 10 13E257/8
BC184 10 8E259
BC182L 10 BF274
BC183L 10 8E336
BC184L 10 13E451
BC187 26 8E594
BC212/3 10 8E595
BC212L 10 BFR39/40
BC213L 10 BFR41/79
BC214 10 BER80/81
BC214L 10 BFR98
BC237/8 14 BFX29/84

LINEAR IC's
555 CMOS 80
702 75
709C 8 pin 35
710 48
741 14
747C 14 pin 65
748C 8 pin 36
753 8 pin 185
810 159
9400CJ 350
AY -1-0212 675
AY -1-13134660
AY -1-1320 225
AY -1-5050 99
AY -1-5051 160
AY -1-6720 210
AY -3-1270 840
AY -3-8500 390
AY -3-8910 600
AY -3-8912 625
AY -5-12244236
AY -5-1230 450
AY -5-1317A 630
AY -5-4007D520
AY -5-8100 775
CA3011 130
CA3012 175
CA3014 275
CA3018 86
CA3019
CA3020
CA3023
CA3028A
CA3035
CA3036
CA3043
CA3045
CA3046
CA3048
CA3059
CA3075
CA3080E
CA3081

80
210
210
95

255
270
275
365
70

220
285
213
70

190
CA3086 48
CA3089E 215
CA3090AQ 375
CA3123 150
CA3130 90
CA3140 48
CA3160 95
CA3161E 136
CA3162E 460
CA3189 200
CA3240 110
HA1336W 240
CL7106 750
CL7107 975
CL8038CC 300
CL82I 1 450
CM7204 550
CM7205 1150
CM7207 475
CM7215 1050
CM7216A 1960
CM7216B 1950
CM7217A 790
CM7224 785
CM7555 80
CM7556 00

LA3350 250
LA4031P 340
LA4032 295
LA4400 440
LC7120 300

LC7130 340
LF347 150
LF351 48
LF355 85
LF356 95
LF357 110
LM10 425
LM301A 26
LM308 96
LM311 70
LM318 200
LM319 215
LM324 30
LM335 128
LM339 54
LM348 64
LM349 115
LM358 65
LM377 175
LM379 480
LM394 320
LM725CN 325
LM733 100
LM379 415
LM380 75
LM381N 145
LM382 126
LM384 140
LM386 90
LM387 120
LM389 96
LM393 100
LM394CH 290
LM2917 195
LM3302 96
LM3900 50
LM3909 85
LM3911 125
LM3914 210
LM3915 220
LM3916 220
LM13600 125
LS7220 280
M252AA 625
M253AA 1150
M51513L 230
M51515L 320
MB3756 440
MC1303 88
MC1304P 260
MC1310P 150
MC1445 150
MCI 458 40
MC1494 694
MC1495 350
MC1496L 70
MC1596 225
MC1648 290
MCI 709G 90
MC3302 150
MC3340P 120
MC3360P 120
MC3401 65
MC3403 110
MC3405 150
MC4016 00
MFC6040 97
MK50398 535
MM5303 635
MM5307 1276
MM5387A 475
MSM5526 820
NE515 275
NE529 225
NE531 140
NE543 225

NE544 210
NE5534 140
NE555 16
NE556DB 45
NE560 325
NE561 395
NE562B 410
NE564 420
NE565A 120
NE566 155
NE567 140
NE570 425
NE571 420
NE5534 150
RC4136D 69
656613 245
SAB3209 425
SAB3210 295
SA83271 485
SA84209 595
SAS560 150
SAS570 150
SL490 350
SG3402 295
SN76003N 350
SN76013N 350
SN76023N 350
SN76033 350
SN76115N 215
SN76131 125
SN76227N 95
SN76477 175
SN76660 120
SP8629 299
TA7120 150
TA7130 160
TA7204 25
TA7205 220
TA7222 175
TA7310 175
TAA621AX1295
7446614 190
TAA700 275
TAA900 00
TAA960 00
TAD100 159
TBA540 275
TBA1205 70
T8A5500 330
TBA641-Al2/
BX1or8X11360
TBA651 190
TBA800 80
TBA8105 95
TBA820 80
TBA9200 290
764950 300
TBA990 350
TCA270 350
TCA940 175
TCA965 120
7041004 290
TDA1008 310
TDA1022 525
TDA1024 105
TDA1034 350
TDA1490 290
TDA2002 325
TDA2020 320
TOA2030 320
TDB0791 420
TL061CP 40
TL062CP 60
TL064CN 98
TL071CP 30
TL072CP 50

TL074CN 100
T 081CP 25
TL082CP 45
TL083CP 75
TL084CP 95
TL091CP 56
TL170 50
UA2240 245
UAAI 70 170
UAA180 170
UAA1003-3 935
ULN2003 85
ULN2004 90
ULN2283 100
UPC575 350
UPC1025H 375
UPC1I 82 330
UPC1I 56H 290
XR2206
XR2207
XR2211
XR2216
XR2240
XR2266
ZN414
ZN4 1 9CE
ZN423E
ZN424E
ZN425E-8
ZN426E-8
ZN4276-8
ZN428E
ZN429E-8
ZN1034E
ZN1040E

300
375
575
675
245
750
88

190
138
130
345
300
600
478
210
200
675

COMPUTER
IC's

1702 299
1802CP 700
2101-2 110
2112-2 250
2114L -300n 87
2114L -200n 87
2118-4 250
2147-3 425
2532-450n 450
2564 £20
2708 175
2716-5V 210
2732-450n 400
2764 £19
4027 240
4116-150 95
4116-200 80
4118-250 400
4164-200 620
4315-4K 795
4334-3
(CMOS 21141 325
4864-3 64K 785
6116-3 580
CMOS RAM 700
6502 CPU 399
6503 600
6504-250 550
6505 600
6521 150
6522 VIA 350
6530 RRIOT 1350
6532 RIOT 670
6545 CRTC 1460
6551 ACIA 785
6592 PC £20
6800 300

6802 400
6803 £12
6804 160
8805 670
6808 520
6809 999
6810 120
6821 150

420
6843 £14

40

6845 975
6847 850
6850 150
6852 255
6875 500
8080A 350
8085A 550
81LS95 90
81LS96 90
81LS97 90
8166 00
8123 125
8202 f25
8212 170
8214 425
8216 70
8224 200
8226 260
8228 250
8251 320
8253 799
8255 295
8257 800
81264 99
8727 150
8T28A 115
8731 350
8T95N 99
8T97N 99
9364AP 550
AM26LS31C 125
AM26L532A 125
AY -3-1015 300
AY -5-1013 300
AY -5-2376 600
F01771 £18
F01791 C28
FDI 793 £30
FDI 795 £30
F01797 f35
IM6402 380
IN58060N £13
IN58154N £12
MC1488 55
MC1489 55
MC14411 695
MC14412 795
MM52800 695
RO-3-2513L 700
RO-3-2513U 600
SFF96364E 800
SFC71301 820
TMS2716-3V 875
TMS6011 365
ULN2003 100
Z80CPU 2 5 350
Z8OACPU 4M 385
Z80 PIO 290
280A P10 320
Z80 CTC 300
Z80A CTC 325
280DMA 999
280510-1 £15
Z8OAS10 £23
Z80 DART 726
ZSOA DART 775

Oki
74S Series
745132
746133

745188
745189
745194
74S201
745225
74S241
745262
74S287
74S288
74S289 290
74S387 300
74S470 325
745471 620
74S472 1150
74S475 825
745571 620

110
60

180
210
158
320
350
525
390
850
300

75 Series
75110
75108
75150
75154
75182
75183
75188
75189
75322
75450
75451/2
75454
75491/2

115
360
125
150
115
115
65
65

165
95
70

225
70

TTL 7400
(TEXAS)
7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440

11
11
11
14
14
18
28
28
16
16
14
20
20
24

2632

25
16
20
20
22
28
30
27
28
16
26
27
27
27
17

7441
442

7443
7444
7445
7446
7447
7448
7450
7451
7453
7454
7460
7470
7472

68
38
90
90
65
55
50
50
16
16
16
16
16
35
30

7473 30
7474 25
7475 40
7476 30
7480 48
7481 120
7482 70
7483 50
7484 80
7485 95
7486 26
7489 205
7490 28
7491 45
7492 30
7493 30
7494 34
7495 50
7496 45
7497 120
74100 85
74104 54
74105 55
74107 32
74109 35
74110 40
74111 55
74112 170
74116 88
74118 80
74119 90
74120 75
74121 30
74122 45
74123 50
74125 42
74126 40
74128 42
74132 48
74136 35
74141 70
74142 190
74143 250
74144 250
74145 70
74147 99
74148 75
74150 80
74151 45
74153 45
74154 75
74155 75
74156 75
74157 46
74159 99
74160 60
74161 60
74162 62
74163 64
74164 64
74165 62
74166 65
74167 185
74170 168
74172 290

BFX85/86 28 TIP31A 45 2N1303/4 65 2 N6027 32
14 BFX87/88 28 TIP31C 56 2 N1305/7 60 2146109 60
16 BFY50/51 23 TIP32A 48 2N1308 68 2N6290 70
15 BFY52 23 TIP32C 60 2N1613 30 2SA715 60
15 13FY56 32 TIP33A 65 2N1671B 160 2SC495 70
34 8 FY64 35 TIP33C 78 2N2160 295 2 SC496 70
34 BFY81 120 TIP34A 74 2N22 1 9A 28 2SC1096 85
40 BP/90 80 TIP34C 88 2 N2220A 26 2SC1172 125
40 BRY39 40 TIP35A 160 2N2221A 26 2SC1173 125
12 BSX20 20 TIP35C 185 2N2222A 25 2SCI 306 100
14 BSX29 34 TIP36A 170 2N2369A 18 2SC1307 150
15 BSY95A 25 TIP36C 199 2142646 45 2SC1449 85
15 BU105 170 TIP41A 55 2N2846 80 2SC2 1 66 165
16 BU108 240 TIP41B 60 2 N2904 28 2SC1678 140
20 BU109 210 TIP42A 60 2 N2905A/6 26 2SC1923 50
95 BU205 190 TIP428 75 2N2907A 26 2SC1945 225

115 BU206 200 TIP120 90 2N2926G 10 2SC1953 90
48 BU208 200 TIP121 99 2143053 28 2SC1957 90
60 E421 250 TIP141 120 2N3054 58 2SC1969 140
45 MD8001 250 TIP142 120 2 N3055 48 2SC2028 85
40 MJ2955 90 TIP147 120 2N3442 140 2SC2029 210
40 MJE340 54 TIP2955 60 2N3565 15 2SC2078 170
40 MJE370 100 TIP3055 60 2N3614 199 2SC2091 85

198 MJE371 100 TIS43 32 2N3615 199 2SC23 1 4 85
110 MJE 520 95 TIS44145 45 2N3663 15 2SC1679 190

45 MJE2955 99 TIS48 50 2N3702;3 10 2SD234 75
70 MJE3055 70 TIS88A 50 2 N3704/5 10 2SK45 90
55 MPF102 66 TIS90 30 2N370617 10 314128 112
76 MPF103 30 TIS91/93 32 2143708/9 10 314140 112
99 MPF104 30 UC734 65 2143710 10 40097 88
99 MPF105 30 VK1010 80 2143711 10 40100 215

180 MPF106 40 VN1OKM 45 2143771 179 40101 130
160 MPSA05 25 VN46AF 78 2143772 195 40250 85
35 MPSAO6 25 VN66AF 85 2N3773 270 40251 97
29 MPSA12 32 VN88AF 94 2N3819 22 40311 60
27 MPSA55 30 ZTX107/8 11 2N3820 38 40313 130
25 MPSA56 30 ZTX109 12 2N3822/3 50 403150
30 MPSA70 30 ZTX212 28 2193866 90 40316 95
35 MPSUO2 58 ZTX300 13 2143903/4 15 40317/20 60
38 MPSUO5 55 ZTX301/2 16 2143905 15 40360 40
12 MPSUO6 55 ZTX303 25 2N3906 15 40361/62 50
12 MPSU52 65 ZTX304 17 2N4037 46 40406 75
18 MPSU55 60 ZTX314 25 2 N4058 10 40407 60
30 MPSU56 60 ZTX320/26 30 2N4061/2 10 40408 70
25 0C23/26 170 ZTX341 30 2 N4069 45 40411 285
28 0C28 130 ZTX500/1 14 2N4427 80 40412 65
29 0C36 120 ZTX502/3 18 2N4859 78 40467 130
35 0C41/42 120 ZTX504 25 2N4871 55 40468 85
32 0C44 120 ZTX531 25 2N5135/6 20 40594 105
35 0C45/70 40 ZTX550 25 2N5138 18 40595 110
42 0071/72 40 2N696 30 2N5172 18 40603 110
40 0076 50 2N697 23 2N5179 45 40636 175
35 0081/82 50 2 N698 40 2N5 I 80 45 40673 85
30 0083/84 40 2N699 48 2145191 75
39 0C170/1 85 2N7064 19 2N5194 80
23
23
25
05

0C200 85
TIP29A 36
TIP29C 52
TIP30A 48

2N708 19
214914/5 32

2 N930 20

2N5305 24
2145457 30
2145458'9 30
2145485 36

28 TIP30C 58 2N113V2 24 2N5777 45

74173 65 L542 35 LS251 40 4023 20 4435 850
74 74 72 LS47 40 LS253 40 4024 46 4440 999
74 75 72 LS48 80 LS257 48 4025 19 4450 350
74176 55 LS49 60 LS258 40 4026 130 4451 350
74 77 75 LS51 15 LS259 86 4027 38 4490 350
74 78 95 LS54 15 LS260 21 4028 58 4500 675
74 79 68 LS55 30 LS261 195 4029 77 4501 28
74 80 65 LS63 150 LS266 26 4030 50 4502 90
74 81 140 LS73 25 LS273 90 4031 170 4503 50
74 82 75 LS74 25 LS275 290 4032 125 4504 105
74184 28 LS279 4033 165 4506 65
74185 99 LS76 20 LS280 250 4034 195 4507 40
74 88 290 LS78 24 LS283 45 4035 96 4508 265
74 90 70 LS83 50 LS290 67 4036 275 4510 68
74 91 70 LS85 70 LS293 48 4037 115 4511 68
74 92 70 LS86 38 LS295 215 4038 110 4512 75
74 93 65 LS90 35 LS298 130 4039 290 4513 199
74194 75 LS91 80 LS299 420 4040 69 4514 195
74195 65 LS92 36 LS300 176 4041 78 4515 198
74 96 65 LS93 36 LS302 175 4042 60 4516 75
74 97 65 LS95 45 LS320 270 4043 70 4517 415
74 98 99 LS96 120 LS323 270 4044 66 4518 42
74 99 99 LS107 43 LS324 200 4045 170 4519 29
74221 80 LS109 30 LS325 320 4046 75 4520 78
74246 150 LS112 30 LS326 330 4047 75 4521 200
74247 150 LS113 40 LS327 315 4048 65 4522 125
74249 150 LS114 35 LS347 150 4049 30 4526 95
74251 80 LS122 44 LS348 190 4050 30 4527 115
74259 195 LS123 55 LS352 185 4051 78 4528 80
74265 65 LS124 105 LS353 185 4052 78 4529 150
74273 195 LS125 30 LS365 37 4053 78 4530 90
74276 150 LS126 30 LS366 37 4054 125 4531 130
74278 160 LS132 46 LS367 37 4055 125 4532 110
74279 90 LS133 35 LS368 90 4056 120 4534 500
74283 90 LSI 36 28 LS373 75 4057 1915 4536 295
74284 199 LS138 35 LS374 75 4059 480 4538 115
74285 199 LS139 38 LS375 48 4060 90 4539 115
74290 106 LS145 75 LS377 90 4061 1225 4541 140
74293 125 LS147 199 LS378 69 4062 995 4543 135
74297 236 LS148 99 LS379 65 4063 99 4544 150
74298 100 LS151 39 LS384 395 4066 38 4549 395
74351 195 LS153 39 LS385 378 4067 399 4553 299
74365 SS LS155 39 LS390 62 4068 22 4554 190
74366 55 LS156 39 LS393 60 4069 20 4555 50
74367 55 LS157 35 LS395 199 4070 26 4556 55
74368 55 LS158 36 LS399 220 4071 20 4557 320
74390 99 LS160 41 LS445 140 4072 20 4558 120
74393 99 LS161 41 LS471 620 4073 20 4559 395
74490 120 LS162 41 LS490 245 4075 20 4560 180

LS163 41 LS541 135 4076 60 4561 104
LS164
LS165
LS166

48
146

85

LS640
LS641
LS645

225
225
210

4077
4078
4081

26
26
26

4562
4566
4568

495
175
25074LS

LSOO 12 LS168 85 LS668 175 4082 21 4569 175
LSO1 13 LS170 170 LS669 150 4085 65 4572 36
LSO2 14 LS173 72 LS670 175 4086 70 4580 460
LSO3 14 LS174 72 LS673 550 4089 140 4581 250
LSO4 15 LS175 58 LS674 750 4093 43 4582 99
LSO5
LSO6

15
15

LS181
LS183

130
275

4094
4095

168
90

4583
4584

99
48CMOS

LSO8 15 LS190 58 4000 14 4096 90 4585 99
LSO9 15 LS191 58 4001 14 4097 320 4597 330
LS10 15 LS192 58 4002 14 4098 88 4598 290
LS11 15 LS193 65 4006 66 4099 95 4599 595
LS12 15 LS194 40 4007 18 4160 95 40097 88
LS13 30 LS195 40 4008 62 4161 99 40100 215
LS14 48 LS196 58 4009 35 4162 99 40101 130
LS15 15 LSI 97 85 4010 40 4163 99 40102 180
LS20 15 LS200 345 4011 15 4174 99 40103 175
LS21 15 LS202 345 4012 18 4175 105 40104 95
LS22 15 LS221 60 4013 34 4194 106 40105 115
LS26 18 LS240 96 4014 75 4408 790 40106 75
LS27 15 LS241 96 4015 66 4409 790 40107 60
LS28 20 LS242 85 4016 32 4410 725 40108 450
LS30 18 LS243 85 4017 48 4411 695 40109 100
LS32 15 LS244 80 4018 68 4412 800 40110 300
LS33 16 LS245 90 4019 42 4415 480 40114 240
LS37 16 LS247 40 4020 61 4419 280 40163 108
LS38 16 LS248 65 4021 70 4422 770 40193 108
LS40 16 LS249 68 4022 56 4433 770 45106 595
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SPEAKERS
80. 0.3W, 2". 2 25', 2 5",
3' 80p
0.3W, 2.5" 400 640 or
800 80p

DIODES
A.A119 1

BA100 1

BY100 2
BY126 1

BY127 1

CR033 25
0A9 40
0A47 1

0A70
0A79
0A85 1

0A90
0A91
0A95
0A200
0A202
1N914
1N916
1 N4001/2
1 N4003
1 N4004/5
1 N4006/7
1 N4148
1N5401 1

1N5404 1

1N5406 1

1N5408 1
1S44
15921
6A/100V 40
BA/400V 50
6A/800V 65

BRIDGE
RECTIFIERS
(plastic case)
1A/50V 20
14/100V 22
1A/400V 29
1A/1300V 34
2A/50V 35
2A/200V 40
2A/400V 46
2A/600V 65
6A/100V 83
6A/400V 95
6A/600V 125
10A/200V215
10A/600V350
254/200V240
25A/600V3135
BY164 56
VM18 50

ZENERS
Range* 2W to
39V 400n1W

8p each
Range 3V3 to
33V. 1 3W

16p each

OPTO ELECTRONICS
LEDS including Clips
TIL209 Red 125" 13
TIL211 Green 125" 18
TIL212 Yellow 18
TIL220 .2" Red 15
0.2" Yel, Gm, Amber 18
Red. Green and Yellow
Rectangular LEDs. 29
Triangular LEDs R&G 18
0.2" Flashing LED Red 55
0.2" Bi colour LEDs
Red/Green ss
Green/yellow 80
0.2' Tri colour LEDs
Red/Green/Yellow 85
0.2" Red High Bright 59
L0271 Infra Red (emit) 46
TIL32 Infra Red (emit) 62
SFH205 (detector) 91
TIL78 (detector) 54
TILI 00 80
7 Segment DIspleys
TIL321 5" C. 115
TIL322 5' C.th 115
DL704 3" C.Cth 99
DL707 .3" C.Anod 99
0L747 .6" C.Cathod. 150
.8" Orange C.A. 250
FND357 or 500 120
3" Green C.A. 140
+1.3" Red or Green 150
Bargraph 10 seg. Red 225

Moles Diode
25.1 195

SCR's

CIr21r0V 32
1A/200V 58
1A/400V 70
5A/300V 38
5A/400V 40
5A/600V 48
8A/300V 60
BA/600V 95
12A/100V 78
12A/400V 95
124/800V1118
81106 150
81116 180
C106D 38
TIC44 24
TIC45 29
TIC47 36
2N5062 32
2N5064 38
2N4444 130

VARICAPS
MVAM2 185
MVAM115 158
BA102 30
881058 40
BB106 40

FERRIC CHLORIDE
1 lb bag Anhydrous
195p  50p p&p

DALO ETCH RESIST
Pen + Spare tip 90p

0 5 LIQUID
CRYSTAL
DISPLAYS
31 digit 550
4 digit 650
6 digit 750

SPECIAL OFFER
1+ 50+

NE555 16p 14p
2114L-3 87p 80p
114L -2--^.87p 80p

2708 175p 160p
2532 450p 375p
2716 210p 195p
2732 400p 375p

'"4116 75p 68p
6114.---- 580p 550p

OPTO SWITCH 6522' 350p 320p
Reflective 805 1A/5V 45p 35p
TIL139 170

11

Slotted similar
to RS 11......./CUSTOMER: How can

Watford sell full spec
devices so cheaply?
WATFORD: It's simple.
By bulk buying (direct
from manufacturers
where possible), low
overheads and smaller
margins which give us
an edge over our
competitors.

1174 45
OCP71 120
ORP12 78Or.;88

5777
4N33 13-

12ALUM.

BOXES
3x2x1" 65
4)(20(2' 85
4x21 -x2-}" 103
404021' 120
5x4x2 105
5x21x11" 90
5x2.1x2 " 130
5x4x11 99
5x4x2 " 120
6x4x2 120
6x4x3" 150
7x5x3" 180
8x6x3" 210
10)(4-10" 240
10x7x3" 275
12x5x3" 260

x8 x3" 295

OIL SOCKETS
(TEXAS/

Low Wire
profile wrap

8 pin 8p 25p
14 pin 10p 35p
16 pin 10 42p
18 pin 16pp 52p
20 pin 22p 60p
22 pin 25p 70p
24 pin 25p 70p
28 pin 28p 80p
36 pin 105p
40 pin kip 99p

II

MON
WATFORD'S
Ultimate Monitor IC.

A 4K Monitor Chip specially designed to
produce the best from your: Superboard
Series I & II, Enhanced Superboard &
UK101. As reviewed by Dr. A. A. Berk In
Practical Electronics, June 1981.
Price only £15.95 + 50p P& P.

DIL
PLUGS
(Headers)

14 pin 44
16 pin 49
24 pin ss
40 pin 255

RIBBON
CABLE
10 way 33
20 way 40
24 way 50
40 way 70

SPEAKING CLOCK
Full Kit of parts now
available Only: L37.50

2 x 5 way
2 x8 way
2010 way
2013 way
207 way
200 way
2x25 way
2 x60 way

IDC IOC
Headers Header
with Socket
Latcher
90p -

130p
145p -
175p -
205p -
220p -
2359 -

PCB
Plug
Strgt.
Pins
60p
70p
80p
95p

110p
125p
150p
200p

PCB
Plug
Rt.
Pins

611p
78p
92p

110p
135p
150p
175p
220p

ZERO Insertion Force
DIL Sockets

24 way

EURO CONNECTORS

Plugs
DIN41618 31 way 180p
DIN41612 202 way 270p
DIN41612 3x32 way 370p

Socket
195p

4110p

Rt. L
Plug

370p
4509

TRIACS
34/100V 48
3A/400V 56
34/800V 85
84/100V 60
8A/400V 69
8A/800V 115
12A/100V 78
124/400V 82
124/800V136
16A/100V103
16A/400V105
164/800V220
25A/400V185
25A/800V295
25A/1000V

4
304/400V52805
72800D 120

COPPER CLAD BOARDS
Fibre Single- Double -
Glass sided sided
6"x6" 90p 110p
6'02" 160p 195p

SRBP
9 5" x8 5"

95p

DIAC
ST2 25

SOLDERCON
PINS

100 70p
500 325p

VEROBOARDS 0.1"
Clad Plain

2.x33' 73p 52p
2- x5" 83p -
3 en" 83p -
3 x5" 95p 78p
3= x17" 3211p 211p
4 x 18' 426p -
Pkt of 100 pins 50p
Spot Face Cutter 118p
Fin Insertion Tool 162p

'VC1' Board
'DIP' Board
Vero Strip
5100 Board

PROTO-DEC.
Veroblock
S -Dec
Eurobreadboard
Bimboard 1
Superstrip SS2

150
330
144
E14

375
350
520
695
E13

ANTEX
Soldering
Irons
C15W 410
CX17W 425
CCN15W 425
X25W 440
Spare bits 50
Elements 200
Iron stands 160
Heat Shunt 25

Buy with

r
ALL

'D' CONNECTORS
mini. (Cannon type)
Solder Bucket c.

Plugs Sockets plastic
9 way 95p 125p 145p

15 way 135p 198p 150p
25 way 170p 230p 100p
37 way 290p 398p 185p

PCB Pins
25 way 200p 245p -
PCB PM. (right angle)
25 way 210p 275p -

Just phone
your order
through, we
do the rest.

VERO WIRING PEN and Spool 310p
Spare Wire (Spool) 75p; Combs 6p ea.

GAS 8 SMOKE
DETECTORS

TGS812 &
813 575
Sockets 40

ULTRASONIC
TRANSDUCERS

40KHz Transmitter &
Receiver 395p/pair

Amphe-
nol
Plugs
24 way
IEEE
575p
36 way
Centonic
Parallel
550p

TRANSFORMERS (mains Prim. 220-240V1
6-0-6V 100mA; 9-0-9V 75mA; 12-0-)2V
75mA 98p
6VA type: 6V-54 6V-- 5A; 9V -4A 9V- 4A
12V- 3A 12V --3A; 15V- 25A 15V --25A 220p
12VA: 4 5-1.3A 4.5V-1 3A; 6V -I 2. 6V-
1 2A 12V--54 12V- 5A 295p 130p p&p)
24VA: 6V -1.5A 6V-1 5A; 9V-1 2A 9V -1.2A:
12V -1A 12V -1A; 15- 8A 15- 8A; 20V- 6A
20V- 6A 330p (44p p&p)
50VA: 2 x6V-4A; 2 x9V-2 5A; 2 x12V-2A:
2 x 15V-1 5A; 2 x20V-1.2A; 2 x25V-2A;

2 x 30V-0 8A 440p (60p p&p)
100VA: 2 x 12V -4A; 2 x 15V -3A; 2 x20V-2.5A;
2 x30V-1.5A; 2 x40V-1 -25A: 2 x50V-IA

9200160u p&p(

EDGE CONNECTORS
Two rows

1 158
2)(10 way - 135p
2x15 way - 140p
2 x 18 way 180p 145p
2 x 22 way 189p 200p
2 x 23 way 210p -
2 x 25 way 226p 220p
2 x30 way 245p -
2 x36 way 255P -
2 ii40 way 3159 -
2 x43 way 395p -
2 x75 way 550I, -

JUMPER LEADS Ribbon Cable Assembly
Length 14pin 16pin 24 pin 40 pin

Single Ended DIP (Header) Lead
24' 145p 165p 240p 380p

Double Ended DIP (Header) Lead
6" 185p 205p 300p 465p

12" 198p 215p 315p 490p
24" 210p 235p 345p 540p
36" 230p 250p 375p 695p

Single Ended Socket Lead
24" 155p 210p 265p 300p

Double Ended Socket Lead
24" 290p 385p 489p 540p

COMPUTER CORNER
 VIC 20 MICROCOMPUTER. Connects directly

to a colour TV. 5K RAM expandable to 32K
PET type graphics. £165

 CASSETTE DECK for VIC20 including a free 6
programme Cassette. £34

 EPSON MX SERIES PRINTERS: Full range
available. Please phone for prices.

 SEIKOSHA GP8OA - Unihammer Printer, gives
normal and double width characters as well as dot
resolution graphics 8" Tractor feed. Parallel
Interface standard. £195

 SOFTY -2. As reviewed in PE September 1981.
The complete microprocessor development
system for Engineers & Beginners. New powerful
instruction. Accepts any 24 pin 5V single rail
EPROM. Supplied fully built, tested & enclosed in
a black ABS case. Price incl. encapsulated plug in
power supply. £169

 VIDEO MONITOR 9" fully cased. B&W. Fully
guaranteed. Excellent value for money at only £69

 TEX EPROM ERASER. Erases up to 32 ICs in
15-30 min. £33

 TEX EPROM ERASER with integral 30 min.
Electronic timer £45

 Spare 'UV lamp bulbs £9
 5V/5A PSU Ready built and tested £25
 Attractive Beige/Brown ABS CASE for

Superboard/UK101 or Home Brew £26
 Extra 4K of RAM (8 off 2114L-300nS) £7
 Space Invaders for Superboard £6
 Full ASCII coded keyboard type '756' £39
 4 x 4 matrix keypad (reed switch assembly) £4
 C12 Cassettes In Library Cases 40p
 8-1 Fan fold paper (500 sheets) (no VAT) £6
 91" Fan fold paper (500 sheets) (no VAT) £6
 Teleprinter Roll (no VAT) £3.50

(P&P on most of the above items is extra)
Call in at our shop for demonstration of any of the
above items. Be satisfied before you buy.

VOLTAGE REGULATORS
1A T03 +ve --ye
5V 7805 145p 7905 220p
12V 7812 145p 7912 220p
15V 7815 1459 7915 220p
18V 7818 150p
1A T0220 Plastic Casing

5V 7805 50p 7905 55p
12V 7812 50p 7912 55p
15V 7815 50p 7915 55p
18V 7818 50p 79,13 55p
24V 7824 50p
100mA 1092 Plastic Casing

5V 78L05 30p 79L05 60p
BV 78L62 30p
BV 78L82 30p

12V 78112 30p 79112
15V 78115 30p 79L15 60p

LM300H 170 LM309K 135
LM304H 160 LM317H 280
LM305H 140 LM317K 350
78H05 5V/5A 550p LM3I 7P 99
78HG4.5 to LM323K 500
+24V 5A 5099 LM326N 240
79HG -2.25V to LM723 35
-24V 5A 785p TBA6258 75

SWITCHES
SLIDE 250V TOGGLE 2A 250V
14 DPOT 14 SPST 33
1A DPDT C/OFF 16 DPDT 44
.1A DP on/on/on 40 4 pole on off 54

PUSH BUTTON
Spring loaded SUB -MIN
Latching or TOGGLE
Momentary 6A SP changeover 60
SPDT clover 99 SPST on off 54
°PDT c/over 145 SPDT chtf 85

SPOT Biased 106
MINIATURE DPDT 6 tags 75
Non Locking DPDT C/OFF 88
Push to make 15p DPDT Biased 145
Push break 259 3 pole c/over 205

ROCKER: 5A, 250V, SPST
ROCKER: (white) 10A 250V SPD

38p
ROCKER: With neon lights red when on.
10A 250V, DPST 85p
ROCKER: (White) 10A/250V DPDT 72p
ROTARY: Make your own Multiway
Switch. Shafting Assembly accommo-
dates up to 6 wafers. 90p
Break before make Wafers. Silver contacts
1 pole/12 way; 2 pole/6 way; 3 pole/
4 way; 4 pole/3 way: 6 pole/2 way 65p
Mains DPST Switch to fit 45p
Screen & Spacers as
ROTARY: (Adjustable Stop Type)
1 pole/2 to 12 way. 2p/2 to 6 way. 3 pole/
2 to 4 way, 4 pole/2 to 3 way 45p
ROTARY: Mains 250V AC, 4 Amp 156p

DIL SWITCHES: (SPST) 4 way 71/p)e
wayisp fir A%

way
way 10 way 145p;

CRYSTALS
32 .768KHz
100KHz
200KHz
455KHz
1MHz
1 28MHz
1 6MHz
1.8MHz
1.008M
1 8432M
2.0MHz
2 4576M
3.2768M
3.57954M
3.6864M
4.0MHz
4 032MHz
4.80MHz
4 194304M
4 433619M
5.0MHz
5 185MHz
5.24288M
6.0MHz
6.144MHz
6.5536MHz
7 0MHz
7 168MHz
7.68MHz
8.0MHz
8.08333M
8.867237M
9.00MHz
9.375MHz
10.0MHz
10 7MHz
10 24MHz
12 0MHz
12.528MHz
14.31818M
16 0MHz
18.0MHz
18.432M
19 968MHz
20 0MHz
24.0MHz
24 930MHz
26.69M
26.670MHz
27 648M
27.145M
27 125MHz
38.66667M
48-0MHz
1000MHz
116.0MHz

100
270
295
370
295
392
395
395
290
220
240
220
220
150
300
200
290
200
200
120
200
300
380
220
240
200
200
250
200
200
395
240
200
360
200
22
2000
290
300
320
250
240
240
325
325
200
325
280
325
330
240
295
290
270
375
300

ASTEC UHF
Modulators

6MHz 280
8MHz Wide -
bandwidth 425

WATFORD'S UNIVERSAL
MICRO EXPANSION SYSTEM

Designed by Watford Electronics, this extremely
versatile and economical Expansion System as
published in E.T.I., starting from Dec., 81 issue,
offers a low cost flexible expansion facility for
ZX81, UK101, SUPERBOARD, ACORN ATOM,
PET, TANGERINE, TRS80, VIDEO GENIE, VIC 20,
ECT.

The Motherboard (Interfaces with the Computer)
has capacity to accept up to five daughter cards
and can be paralleled for even more daughter
cards. All PCBs are of Computer grade finish and
are supplied in Kit form.
Just look at the expansion possibilities:
MOTHERBOARD - Accepts up to five Daughter
Cards Full Kit: £36.50
SOUND CARD - Utilising up to three AY -3-
8910 Sound chips. (one supplied with every Kit)

Full Kit: £24.95
PIO CARD - Using two 6520 PIA chips, this
Board offers Centronics parallel printer driver,
digital to analogue converter and a host of other
out -put facilities. Full Kit: £19.95
PROM PROGRAMMER - This simple but ex-
tremely useful card can blow 2716 or 2732 single
rail EPROMS. Full Kit: £25.95
PROM CARD - P.C.B. cards for housing four
2716 or two 2732 EPROMS.
(4x2716) Full Kit: £11.95
(2 x2732) Full Kit: £11.75
RAM CARD - 8K RAM card. Accepts 16 x2114
RAMs. The Board is supplied fully populated.

Full Kit: £28.50
(N.B. PCBs may be bought separately)

WATFORD ELECTRONICS
Tel. (0923) 40588 Telex. 8956095
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Has seven years
of success gone
to o heads?

With the Minimax II, Videotone revolutionised the market
by establishing an opening for small, high quality speakers.
Natural evolution has brought about the new Minimax 2,
retaining all the qualities of clarity and sensitivity. This
ideal combination of size and performance is a proven
success, acclaimed by the press and public for seven years.
POPULAR HI-FI
"Switching to the Minimaxs'
from any of the others produc-
ed an open and natural sound
as though something had been
taken away. It had, the colour-
ation had gone." Comparative
test OCTOBER 1975.

HI -Fl ANSWERS
Their modest appearance and
price disguise their startling
abilities. Never have we heard
such a small speaker sound
so big!" JANUARY 1975.

PRACTICAL HI-FI & Audio
"The depth, clarity and open-
ness of sound produced is
quite astonishing". JUNE '75

WHAT HI -Fl
". . the ability of the Mini -

max to take a lot of power and
still sound good could be
decisive" - Comparative test,
APRIL 1977.

PRACTICAL HI -Fl
The little Videotone scored
highly for such a small inexpen-
sive loudspeaker".
JANUARY 1981.

Specification:
Recommended amplifier power:
10 to 40 watts rms into 8 ohms.
Frequency Response:
80Hz - 20KHz±-5dB.
Finish: natural teak, veneer
with black frets.
Size: 10 7/8" high, 63/4" wide,.
71/2" deep.
Weight: 4.1 Kgs (9 lbs) each.

ONLY £69.95 A PAIR

 We welcome callers to our South London Showroom
for demonstrations.

 Enqiries and information phone: 01-690 8511, Ex. 32.
All products are only available direct or from selected

authorised dealers throughout the U.K.

VIDEOTONF 98 CROFTON PARK ROAD
LONDON SE4.
Send for our free brochure and
details of outlets in the U.K.

pi MI MI MIN MN MIN MIN II= =II MIN
I Post to: Videotone, Crofton Park Road, London SE4. PE4

INAME

IADDRESS

a. .fie
ado

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.

'EL Nectlios

Personal Tuition and Guaranteed Success

The expert and personel 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 I 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:

Telecommunications Technicians
Radio, T.V. Electronics Technicians
Radio Amateurs
Electrical Installation Work

Diploma Courses

Colour T.V. Servicing
CCTV Engineering
Electronic Engineering & Maintenance
Computer Engineering and Programming
Radio, T.V. and Audio, Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional courses
are available including GCE.

Post this coupon or 'phone today for free
Electronics careers guide.

Name

Address

Age

To ICS, Dept 273T, Intertext House,
London SW8 4UJ
or telephone 01-622 9911 (all hours)

IMM INN NMI INN NMI IMM
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KITS, COMPONENTS
MICROS & PARTS

DISCO LIGHTING KITS
DL1000K
This value -for -money kit
features a bi-directional
Sequence, speed of sequence
and frequency of direction
change, being variable by
means of potentiometers and
incorporates master
dimming control. Only f14.60
13L21000K
A lower cost version of the above, featuring
undirectional channel sequence with speed
variable by means of a pre-set pot. Outputs
switched only at mains zero crossing points
to reduce radio interference to a minimum.

Only t11.00
Optional opto input DLA1 00a

Allowing audio ("beat") -light response.

DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is based on
the ICL7126 (a lower power
version of the ICL7106 chip)
and a 31/2 digit liquid crystal
display. This kit will form the
basis of a digital multimeter
(only a few additional resistors and switches
are required -details supplied). or a sensitive
digital thermometer (-50*C to + 1501C)
reading to 0.11C. The basic kit has a

sensitivity 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 9V PP3
when used 8 hours a day. 7 days a week.

Price [15.50

DO YOU LONG TO HEAR
YOUR DOORBELL RING?
Our latest kit gives
ynoouahpalremaosinnigcatIhive-

te h ELECTRONIC., cMOHIRNJ

related tone sequence
(not a microprocessor , -
controlled buzz or the
same old ding dong) QV -11
at a touch of a button.
This kit, based on a new
integrated circuit. is
supplied complete with
a printed circuit board.
loudspeaker and drilled
box and requires only
9V battery and push button
common to most households.
It may also be switched by logic in such
applications as car alarms, clocks, toys,
P.A. systems, etc. The unit produces a
150mW output and draws less than one 1 uA
from a PP3 battery when the tone ceases.
Supplied complete with circuit and
assembly instructions.
IDEAL PROJECT FOR BEGINNERS -

ONLY 15.00

TRIACS
400V Plastic Case (texas) 3A TIC206D 49p

8A TIC226D 58p
124 TIC236D 85p
16A TIC246D 96p
25A TIC263D 190p

6A with trigger 04006LT.. .. 85p
8A isolated tab TXAL228B 65p
Diac 18p
Opto isolated triac MOC3020 0.6A/400V 110p

112

THE KEY TO YOUR SECURITY IS IN OUR LOCK

If The thought of car thieves, house breakers of people tampering woh your electrical arid

electronic equipment upsets you, have lust the kit for you.
Our ELECTRONIC LOCK KIT includes a 10 -way keyboard and a special IC which provides a
750mA output to drive a solenoid or relay Inot supplied) when four keys are depressed in the
correct sequence. This gives over 5,000 possible combinations. The sequence is prewired and
may be easily changed by means of a small plug and socket. A ''SAVE" function is also available
enabling the open code to be stored (especially useful in a car when it is left in a garage for
servicing as the open code need not be disclosed). Size. 7x6x3 cms. Power Consumption is
401.1A at 5V to 15V d.c.
AT only 110.50  VAT, it will make a smaller hole in your pocket than a bunch of keys.
tiectric Lock Mechanism E12.50
Suitable for use with existing door locks and above electronic lock kit.

ALL PRICES

EXCLUDE VAT

MEMORIES AND
MICROS

2114 95

2708 2.25
2716 2.45

PRICES SLASHED
2732 4.80 8035L 5 50

6 10 1.25 M6802P(CPU) 3 85

6821P 1.25 Z1110ACPU 3 30

6 50P 1.50 \ Zz8OACTC 2 90.......----
6852P 2.55 80API 0 290

THE MULTI -PURPOSE TIMER HAS ARRIVED
Now you can run your central heating, lighting, hi-li system and lots
more with lust one programmable timer. At your selection it is
designed to control four mains Outputs independently, switching on
and off at pre-set times over a 7 day cycle. e g. to control your central
heating (including different switching times for weekends). lust
connect it to your system programme and set it and forget it- the
clock will do the rest.

FEATURES INCLUDE -
+0.5i' LED 12 hour display
 Day of week. amlpm and output status indicators.
 4 zero voltage switched mains outputs
* 50/60Hz mains operation
 Battery backup saves stored programmes and continues time keeping during power failures.

(Battery not supplied).
* Display blanking during power failure to conserve battery power
.18 programme time sets.
 Powerful "Everyday" function enabling output to switch every day but use only one time set
 Useful "sleep" function -turns on output for one hour
 Direct switch control enabling output to be turned on immediately or after a specified

time interval.
 20 function keypad for programme entry.
* Programme verification at the touch of a button.

THERE HAS NEVER BEEN A CLOCK CAPABLE OF SO MUCH AT SUCH A LOW PRICE -
ONLY £45.00

(including components, assembly and programme instructions in an attractive case)

L500 .12
LSO1 .12
LSO2 .13
LSO3 13
LSO4 .14
LSO5 .15
LSO8 .15
LSO9 .15
LS1O .14
LS11 .15
LS12 .15
LS13 .27

74 LS TTL
LS14 .48
LS15 .15
LS20 .14
LS21 .15
LS22 .15
LS26 .18
LS27 .15
LS30 .14
LS32 .15
LS37 .17
LS38 .16
LS40 .14

LS42 .40
LS47 .42
LS51 .15
LS54 15
LS5515
LS73 .20
LS74 18
LS7517
LS76.21
LS8514
LS8618
LS90.32

CMOS
LS93 .37 4000 14 4026 1.05 4093 .45

LS95 .48 4001 14 4027 40 4501 24

LS107 .24 4002 14 4028 .50 4511 .85

LS109 .24 4007 14 4040 .58 4514 1.80

LS112 .24 4011 15 4049 .30

LS113 .24 4012 17 4050 .30

LS114 .24 4013 35 4060 .90

LS123 .51 4015 70 4069 .18

LS126
LS132
LS160
LS161

.29
.44
.40
.40

4016
4017
4019
4023
4025

30
85
38
22
18

4070
4071
4077
4081

.24

.22

.24

.22

THE PERFECT AID FOR "LAZYITIS"
Our Lamp Dimmer Kit with INFRA
RED REMOTE CONTROL will enable
you to switch the lights on or off, and
set the brightness, at a push of a
button without leaving your armchair.
water -bed. etc. Not only will you save
time but it has also been estimated
that the savings in shoe leather and
carpet wear alone would pay for this
unit in approximately 1 3697 years
or more,

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

TDFI300K Dimmer Kit 014.30
MK6 Transmitter Kit £4.20
We also still sell our highly popular
TD300K Touch Dimmer Kit at C7.00
and the LD300K rotary controlled
Dimmer Kit at . only £3.50
All kits contain all necessary
components and full instructions
You only need a soldering iron
and cutters

24 HOUR CLOCK/APPLIANCE TIMER KIT
Switches any appliance up to 1kW
on and off at present times once per
day. Kit contains. AY -5-1230 IC,
0.5" LED display, mains supply.
display drivers, switches. LEDs.
Macs. PCBs and full instructions.

CT1000K Basic Kit £14.90
CTI000K with white box (561131 x 71 mini C17.40
(Ready Built) . E 2.50

FAST SERVICE -TOP QUALITY- LOW LOW PRICES

TK
No circuit is complete without a call to -

ELECTRONIC
11 Boston Road
London W7 3SJ

PE

A p postage & packing + 15% VAT t
Overseas Customers:

Add . Europe), £4. ere) for p&p.
Send S. . . ur er STOCK DETAILS.
Goods by return subject to' availability.

OPEN9am to 5pm (Mon to Fri)
10am to 4pm (Sat)

CLOCK TOWER Em

UXBRIDGE ROAD

CAR
PARK go

:11X

Telephone:

ALtNGIt NORTH
CIRCULAR ROB

01 579 9794/2842

HANWELL
LT GARAGE

tal.
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Sinclair ZX81 Personal Comp
the heart of a system
that grows with you.
1980 saw a genuine breakthrough -
the Sinclair ZX80, world's first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

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

Today, the Sinclair ZX81 is the
heart of a computer system. You can
add 16 -times more memory with the
ZX RAM pack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Software library is growing every day.
Lower price: higher capability
With the ZX81, it's still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

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

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

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

Kit:
149.95
Higher specification, lower price -
how's it done?
Quite simply, by design. The ZX80
reduced the chips in a working
computer from 40 or so, to 21. The
ZX81 reduces the 21 to 4!

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

New, improved specification
 Z80A micro -processor - new
faster version of the famous Z80
chip, widely recognised as the best
ever made.
 Unique 'one -touch' key word
entry: the ZX81 eliminates a great
deal of tiresome typing. Key words
(RUN, LIST, PRINT, etc.) have their
own single -key entry.
 Unique syntax -check and report
codes identify programming errors
immediately.
 Full range of mathematical and
scientific functions accurate to eight
decimal places.
 Graph -drawing and animated -
display facilities.
 Multi -dimensional string and
numerical arrays.
 Up to 26 FOR/NEXT loops.
 Randomise function - useful for
games as well as serious applications.
 Cassette LOAD and SAVE with
named programs.
 1K -byte RAM expandable to 16K
bytes with Sinclair RAM pack.
 Able to drive the new Sinclair
printer.
 Advanced 4 -chip design: micro-
processor, ROM, RAM, plus master
chip - unique, custom-built chip
replacing 18 ZX80 chips.

Built:
169.95
Kit or built - it's up to you!
You'll be surprised how easy the
ZX81 kit is to build: just four chips to
assemble (plus, of course the other
discrete components) -a few hours'
work with a fine -tipped soldering iron.
And you may already have a suitable
mains adaptor - 600 mA at 9 V DC
nominal unregulated (supplied with
built version).

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



uter-

16K- byte RAM
pack for massive
add-on memory.
Designed as a compete module to
fit your Sinclair ZX8C or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16!

Use it for long and complex
programs or as a personal database.
Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, you can
also run some of the more sophisti-
cated ZX Software - the Business &
Household management systems
for example.

ZX81
8 Kings Parade, Cambrdge, Cambs., CB2 1SN.
Tel: (0176) 66104 & 21282.

Available now=
the ZX Printer
for only 149.95
Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers full alpha -
numerics and highly sophisticated
graphics.

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

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

useful when writing or editing
programs.

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

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

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

How to order your ZX81
BY PHONE - Access, Barclaycard or
Trustcard holders can call
01-200 0200 for personal attention
24 hours a day, every day.
BY FREEPOST - use the no -stamp -
needed coupon below. You can pay

by cheque, postal order, Access,
Barclaycard or Trustcard.
EITHER WAY - please allow up to
28 days for delivery. And there's a
14 -day money -back option. We want
you to be satisfied beyond doubt -
and we have no doubt that you will be.

rTo: Sinclair Research Ltd, FREEPOST , Camberley, Surrey, GU15 38R. Orderl
Oty Item Code Item price

E
Total

C

Sinclair ZX81 Personal Computer kit(s). Price includes
ZX81 BASIC manual, excludes mains adaptor. 12 49.95
Ready -assembled Sinclair ZX81 Personal Computer(s).
Price includes ZX81 BASIC manual and mains adaptor. 11 69.95

Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95 I

16K -BYTE RAM pack. 18 49.95

Sinclair.ZX Printer. 27 49.95

8K BASIC ROM to fit ZX80. 17 19.95

Post and Packing. 2.95

 Please tick if you require a VAT receipt TOTAL £

*l enclose a cheque/postal order payable to Sinclair Research Ltd, for £
*Please charge to my Access/Barclaycard/Trustcard account no.

Please delete/complete as applicable. I 1111111111111_1
Please print.

Name: Mr/Mrs/Miss I I I I I 1 I I I I I. I I I I I 1111
Address. I 11111111111111111111111
111111111111111L_Illli1111111

LFREEPOST - no stamp needed. Offer applies to UK only. PRE 041



EXCITING OFFERS!
DIGITAL VOLTMETER MODULE

Fully built & tested
Positive and negative voltages with an F SD

of 999mV which is easily extended.
Requires only single supply 7 - 12V.
High overall accuracy ± 0.1%+ 1 digit.
Large bright 0.43" (11mm) LED displays.
*Supplied with full data and applications

information.

Using this fully built and calibrated module as a basis now means that you can
easily build a wide range of accurate equipment such as multimeters, thermometers,
battery indicators, etc. etc. at a fraction of the cost of ready-made equipment. Full
details are supplied with each module showing how to easily extend the voltage range
and measure current, resistance and temperature. Fully guaranteed, the unit has been
supplied to electricity authorities, Government departments, universities, the P.O.
and many companies:

Temperature Measurement £2.15 +VAT
An easily constructed kit using an I.C. probe providing a linear output of 10mV/°C
over the temperature range from -10°C to +100°C. The unit is ideal for use in
conjunction with the above DVM module providing an accurate digital thermometer
suitable for a wide range of applications.

Power Supply £4.95 +VAT
This Cully built mains power supply provides two stabilised isolated outputs of 9V
providing current levels of up to 250mA each. The unit is ideally suited for power-
ing the DVM and the Temperature Measurement module.

ULTRASONIC
ALARM
MODULE
Fully built
& tested

Range adjustable
from 5' - 25'

A really
effective fully built

module which contains
both ultrasonic transmitter

and receiver, together with the
necessary circuitry for providing the

appropriate delays and false alarm supp-
ression. Using this module with a suitable

12V power supply and relay unit such as that
shown, a really effective though inexpensive intruder

alarm may be constructed. The module, which is supp-
lied with a comprehensive data sheet, is easily mounted in

a wide range of enclosures. A ready drilled case, together with
all the necessary hardware, is available below.

Power Supply &
Relay Unit E3.95÷vAT
Incorporating a stabilised 12V supply and a
s.p.c.o. relay with 3A contacts, this unit
is designed to operate in conjunction with
the above ultrasonic unit. Fully built and
tested, its compact size makes it ideal for
constructing the smallest of units.

Siren Module
£2.57 -NAT

Producing a very loud and pene-
trating wailing sound, this module
operates from 9-15 volts, capable of
driving one or two 8 ohm speakers.
Suitable horn speakers available at
£4.30 each plus VAT.

Hardware Kit £3.95*vAT
A suitable ready drilled case together with
the various mounting pillars, nuts and bolts,
and including a mains switch and 2mm
sockets designed to house the ultrasonic
alarm module, together with its associated
power supply. Size 153mm x 120mm

45mm.

In addition to the above a wide range of competitively priced electronic
components is stocked. Please telephone your specific requirements.

V.A.T. must be added on all items.  Shop hours 9 - 5.30 (Weds. 9 - 1)

ex -stock delivery on all items.  Units on demonstration, callers welcome.
Post and packing charge 50p per order.  S.A.E. with all enquiries please.

RiSCOMP LiMiTED
Dept. PE6,
21 Duke Street,
Princes Risborough, Bucks.
Tel Princes Risborough (08444) 6326

r
Just 50P) will bring you the latest Wilmslow Audio

80 page catalogue packed with pictures and specifications

of HiFi and PA Speaker Drive Units, Speaker Kits,
Cabinet Kits ....

1000 items for the constructor.

CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS - PLUS MICROPHONES -
AMPLIFIERS - MIXERS COMBOS - EFFECTS -
SPEAKER STANDS AND BRACKETS - IN -CAR
SPEAKERS AND BOOSTERS ETC. ETC.

* Lowest prices Largest stocks *
* Expert staff - Sound advice *

* Choose your DIY HiFi Speakers in the comfort *
of our listening lounge.

(Customer operated demonstration facilities)
* Ample parking *

* Access Visa American Express accepted *

UE110
LOw

L The firm for Speakers

IT
0625 529599

35/39 Church Street, Wilmisow, Cheshire SK9 lAS

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

t==1

PARNDON ELECTRONICS LTD.
Dept. No. 21 44 Paddock Mead. Harlow. Essex. CM18 7RR Tel: 0279 32700

RESISTORS: is Watt Carbon Film E24 range .±. 5°/n tolerance. High quality resistors
made under strictly controlled conditions by automatic machines. Bandoliered
and colour coded
£1-00 per hundred mixed. (Min 10 per value)
£8.50 per thousand mixed. (Min 50 per value)

Special stock pack. 60 values. 10 off each E5.3.9000

DIODES: ini4148 3p each. Min order quantity - 15 items.
£1.60 per hundred

DIL SWITCHES: Gold plated contact in fully sealed base solve those
programming problems
4 Way 86p each. 6 Way £1.00 each. 8 Way £1.20 each.

DIL SOCKETS: High quality. low profile sockets.

8 pin - 10p. 14 pin - 11p. 16 pin - 12p. 18 pin - 19p. 20 pin - 21p.
22 pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 42p.

ALL PRICES INCLUDE V.A.T. & POST & PACKING-NO EXTRAS
MIN ORDER - U.K. El Oti OVERSEAS E5 CASH WITH ORDER PLEASE

Same Day Despatch

IONISER KIT
(MAINS

OPERATED)
This negative ion generator gives you the power to saturate your home
or office with millions of refreshing ions. Without fans or moving parts it
puts out a pleasant breeze. A pure flow of ions pours out like water from
a fountain, filling your room. The result? Your air feels fresh, pure, crisp
and wonderfully refreshing.
All parts, PCB and full instructions £12.50
A suitable case including front panel, neon switch, etc. £6.50
HOURS:
Mon. to Fri. 9-5 pm. Price includes post & VAT.
Sat. 9-4.30 pm. Barclay/Access Welcome

Wide range of
Japanese integrated
circuits & transistors

stocked.

T. POWELL,
Advance Works, P.E.,

44 Wallace Road,
London N I I PQ.
Tel. 01-226 1489.

Please allow 14 days
for delivery.
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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
equipment

Build and use digital electronic circuits
and current solid state 'chips'

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

Newebb?NewCareer?Newilobby?GetintioElectronicsNow!
r-
, IEEE

LOU} R BROCHURE

I

I

Please send your brochure without any obligation to I am interested in:
NAME

ADDRESS

PE/4/821
BLOCK CAPS PLEASE

I COURSE IN ELECTRONICS
as described above

I RADIO AMATEUR LICENCE
MICROPROCESSORS

LOGIC COURSE1 I

I

OTHER SUBJECTS

I iiiiishNationalRadio8cElectronics School Reacling,Berks.RG17BR
L.

Contmental Specialties Corporarion 100 MHZ Frequency Counter

5HZ TO
100MHZ
TOMORROW'S TOOLS TODAY

GLOBAL SPECIALTIES CORPORATION=
G.S.C.(UK) Limited Dept. 5D
Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex. CB11 3AQ
Telephone: Saffron Walden (07991 21682
Telex: 817477

Instant frequency indication from 5Hz to 100MHz; no range selection problems; a
brilliant 8 -digit LED display; mains or battery operation; an accuracy of 4 parts per
million ±1 count; and totally automatic operation - all this for only 05.00* with
GSC's new Max -100 freqency counter.

Just take a look at our spec. Where else could you find anything similar at the price?
*Frequency range 5Hz - 100 MHz *Input impedance 1M shunted by 10pF *Sensitivity
30mV from 1 KHz up to 50MHz; 120mV r.m.s. over full frequency range Timebase
accuracy ±4 parts in 106 (from 5 to 45°C) *Maximum aging rate 10 parts in 106 per
year Over -frequency indication *Low -battery -power alarm Operates from dry or
rechargeable cells, an external 7.5 to 10VDC supply, or a car battery (via an adaptor)
Dimensions: 45 x 187 x 143mm *Options: 12V adaptor; battery eliminator; r.f.
antenna, low -loss r.f. tap, carrying case. Despatched within 48 hrs.

Fill in the coupon for further details ... 'price excludes post, packing and VAT

r
I
I
I
I
I
L

G.S.C. (UK) Limited, Dept 5D, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex C811 3A0. 1
I
I
I
I

I

MAX 100 FREQ. COUNTER Unit price inc P&P 15% VAT £9947

Name
Address

I enclose cheque/P.O. for E or debit my Barclaycard/Access/
American Express card no. exp. date
FOR IMMEDIATE ACTION - The G.S.C. 24 hour, 5 day a week service.
Telephone (0799) 21682 and give us your Barclaycard, Access, American
Express number and your order will be in the post immediately.

For Free
catalogue
tick box
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POWER DIMMING
MODULES * Fully isolated

* Multi channel common wiring lines
* Master dimming over banks
* Remote override* * Dead "kill" and -all on"
* Low voltage feed lines
* Common neutral Or live outputs

Power Dimming Modules
A range of isolated digitally controlled dimming modules.
complete with panels. Each type requires connection to the
supply/reference board.
Steve power controllers (SPC)
Controls up to 1000W via the slider.
RF I suppressed/fused. PRICES (1 of)
Slave power unit (SPU) SPC £13.90
Controls up to 1000W via a logic SPU £9.90
signal from a remote slave. MC £7.20
Mester controllers (MC) RS £8.50
Will master dim from 1 to a bank of Supply £18.20
20 SPC units.
Remote slaves IRS) - (Preset) SPECIAL
Will override an SPC at a remote DISCOUNTS
location to the main system or control Are available on
an SPU power dimmers.
Supply/reference board Total your order up
Provides the necessary supply and deduct:
voltages and signals to all units. E100 to £199 20%
Facilities for "Kill" and ."all on'. £200 to £299 25%
Supplies up to any combination of 50 £300 to £399 30%
modules £400 ._ __40%

3 CHANNEL SOUND/LIGHT
CHASER £35.70LB31000SLC

A high performance
sound to light system which

automatically switches to a chase when the
music ceases. Super sensitive with an anti -
interference circuit, the unit will operate from
practically any amp and control up to
10005V/channel. 5HZ to 70K. Controls: bass
mid/treble/master sensitivity/chase speed.

STEREO DISCO
MIXER/PREAMP

LBPA3
M Magnetic
C Ceramic

£33.70
Magnetic or ceramic deck

versions - please state
All the requirements of a stereo disco preamp
on one board, left and right deck mixers/tone
controls/misc. mixer/tones/mic. auto fade
over decks/and P.F.L. The unit can be used
with either LB 100/150/250.

PROGRAMMABLE -

£114.90
P/P INS
£1.50 Complete

with blue
paneVwhite

letters

* 8 channel 400W each
* 16, 32, 64, 128 patterns

* Automatic program recycle
* Adjustable cycle on/off speed
* Optically isolated, suppressed

* Either common Neutral or live lamps
An advanced lighting module allowing any chase or se-
quence effects to be programmed, stored and recalled. Up to
128 patterns can then be replayed in the stored order, with
control over the cycle on and off time. At the end of the pro-
gram the system re -cycles to the start to maintain a con-
tinuous display. Full monitoring on the control panel over the
outputs and control status is provided, and the program may
be halted at any time. Although removing the mains supply
to the module will delete the stored patterns the use of
calculator type push buttons allows speedy programming
ready for the following night's performance. The module
obviously provides unlimited effects and is a must for all
serious lighting shows.

MULTI -4

The Multi -4 is a comprehensive sound and chase module,
offering a wide range of forward, reverse or random effects.
with additional sound modulation facilities. Modes of opera-
tion are set on control pots which act as electronic switches.
The unit has a wide speed range and will accept virtually any
sound level input. The Multi -4 also provides monitor circuits
for LED driving. The triac outputs may be used to drive up to
4000W of lighting or up to 30 metres of rope lights.

PRICE REDUCED!

£48.90
Attractive blue panels
with white letters, com-
plete with LED monitors,
knobs and mains illumin-
ated switch.

E9 7 OE XT RA

NEW! NEW! NEW!

3 CHANNEL SOUND/LIGHT
LB31000SL

4):1/.112

£22.70
All the advantages

of the SLC without chase.
Controls: bass/mid/treble/master sensitivity.

3 -WAY ACTIVE CROSSOVER

LBACO1

£17.90

Bass/mid/treble
active crossover with

stage booster! Available with crossover points
of 200 or 300Hz, and 2K or 3KHz (please
specify) LBPSU1 supply for L8AC01. I1 or 21.

4 CHANNEL SOUND LIGHT
AUTO -CHASER

£49.90
(panels, etc.. £9.201)

* Bass/mid/presence/treble
* Automatic level filter control
* Automatic input gain control
* LED monitor drivers
* 10Hz to 30KHz response
* Super sensitive
* Zero reference triggering
* Fascia/LED, etc.. available
Phone or write for immediate details of the
LB41000SLC.

NEW! NEW! NEW!

2/4/8 CHANNEL CHASER
LB81000LC

£28.00
An all logic chaser system for use with up to
8 channels at 1,000 watts each. Facilities in-
clude footswitch trigger and module
cascading (16. 24. 32 channel, etc.), chase
speed and re -cycle delay.

L& B
ELECTRONIC MODULES

PROFESSIONAL ENGINEERING
BY PROFESSIONALS

45 Wortley Road, West Croydon
Surrey CRO 3E8. Tel. 01-689 4138

Goods by return of Post.

Each module is manufactured from the
highest quality components, fully tested,
supplied with a connection and circuit
diagram and guaranteed for twelve months.
All prices shown are VAT inclusive. Please
include 75p post/packing except where in-
dividually stated. To mail order send che-
que/P.O./Registered cash/Access number.
C.O.D. service E1 extra. For further informa-
tion send a s.a.e. stating which model.
PLEASE NOTE THIS COMPANY HAS
NO CONNECTION WITH LB

ELECTRONICS OF HILLINGDON

4 CHANNEL SEQUENCER
/ LB41000LS

£19.20
A 4 channel sequence generator for banks of
lamps up to 1,000W per channel. Two speed
controls, cross effect to provide settings
between seconds and rapid burst.

OVERSEAS DISTRIBUTORS
Enquiries are invited from overseas companies
in distributing our high quality products.

PE CAR COMPUTER
HOW WOULD YOU LIKE YOUR zx81
TO LOOK LIKE THIS?

 
;O. 4ir

#

I) /NO w.4 -.
IT COULD WITH

THE CROFTON IX81 ADAPTAKIT.
ONLY £35.00 plus VAT - total £40.25 plus £2.65

P&P. AND IT ALSO HAS A VIDEO OUTPUT
TO DRIVE A STANDARD MONITOR.

SEND FOR DETAILS.

CROFTON ELECTRONICS LIMITED
35 Grosvenor Road, Twickenham, Middlesex T WI 4AD Tel. 01.891 1923/1513

Telex: 295093. Up to 28 days for deliver'?

time Fuer Dwain:. Spied Lea Lew

,,.., IS:. Rao Ranshealg Enter End lin AO Ci '
r Cat 0 Cal "CM NM

This unit was described by Practical Motorist as: "One
of the neatest, most comprehensive and most useful of
these car computers that we have yet come across ..."

The PE Car Computer was designed to exceed the specification of
all others, both for number of functions and accuracy. As well as the
usual functions, it can perform eleven "remaining" type
calculations, has a unique "start -stop" mode (used for acceleration
timing and the like) and has a combination lock for driving an alarm
or ignition cut-out.

The unit is housed in a custom designed box with high quality
printed panels having an overall size of 165 x 50 x 80mm deep,
and can be fitted above or below the dashboard. The display is liquid
crystal for clarity in all lighting conditions.

The kit includes all sensors, wiring, etc and is suitable for all cars ex-
cept those fitted with diesel or fuel injection engines.

Kit price: £78.50 Assembled Price: £88.50
+ £1 p&p includes VAT.

Send S.A.E. for list of separately available parts.
Goods by return of post.

MUM i.--
PIMAC SYSTEMS LTD
20 Bloomfield Road, Moseley,

Birmingham B13 9BY.
Tel: 021-449 0384
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BI-PAK BARGAINS

5721 SCREWDRIVER SET
6 precision screwdrivers in hinged plastic

case. Sizes: - 0.8. 1.4. 2. 2.4.
2.9 and 3.8mm £1.75

5731 NUT DRIVER SET
5 precision nut drivers in hinged plastic case
With turning rod. 11.76
Sizes: - 3. 3.5, 4, 4 5 and 5mm.

5141 TOOL SET
5 precision instruments in hinged plastic case
Crosspoint (Phillips) screwdrivers: -
H 0 and H 1 Hex key wrenches. -
1.5, 2 and 2.5mm £1.75

5151 WRENCH SET
5 precision wrenches in hinged plastic case
Sizes: - 4, 4.5. 5. 5 5 and 6mm. £1.75

BUY ALL FOUR SETS: 5121-5151 and get

HEX KEY SET FRU
HEX KEY SET ON RING.

Sizes: 1.5. 2. 2.5, 3.
4. 5, 5.5 and 6mm.
Made of hardened steel

HX/1 £1.56

BI-PAK PCB ETCHANT
AND DRILL KIT
Complete PCB Kit comprises
1 Expo Mini Drill 10.000RPM 12v DC Ind 3
collets & 1 x 1mm Twist bit.
1 Sheet PCB Transfers. 210mm x 150mm.

1 Etch Resist Pen.

1 V210 pack FERRIC CHLORIDE crystals.

3 sheets copper clad board.
2 sheets Fibreglass copper clad board. I
Full instructions for making your own PCB
boards. etiw

Retail Value over £15.00 1
OUR BI-PAK SPECIAL KIT PRIOE £9.75
ORDER NO. SX81

BI-PAK SOLDER -
DESOLDER KIT
Kit comprises ORDER NO. SX80

1 High Quality 40 watt General Purpose
Lightweight Soldering Iron 240v mains inc
3/16' (4.7mm) bit.
1 Quality Desoldering pump. High Suction with
automatic ejection. Knurled, anti -corrosive
casing and teflon nozzle.
1.5 metres of De -soldering braid on plastic
dispenser.
2 yds (1.83m) Resin Cored Solder on Card
1 Heat Shunt tool tweezer Type.
Total Retail Value over £12.00
OUR SPECIAL KIT PRICE £8.95

SEMICONDUCTORS FROM AROUND THE WORLD

A Collection of Transistors. Diodes. Rectifiers. Bridges. SCR's

lilacs. IC's both Logic and Linear plus Opto's all of

which are current everyday usable devices

EXPERIMENTOR
BOXES - ALUMINIUM -
PLASTIC
ALUMINIUM BOXES
Made with Bright Aluminium folded
construction with deep lid and screws
SIZE  L W H Order No. Price

51/2 21/2 11/2 159 83p
4 21/2 11/2 161 83p
4 2 2 163 83p
3 2 1 164 57p
8 6 3 166 £1.65
6 4 2 167 £1.12

Guaranteed Value over LIO at Normal Retail Price

yours
for

only c4Noo Data etc in
every pak
Order No SX56

Plastic Boxes
Coloured Black Close fitting.
Flanged Lid. fixing screws into brass bushes.
SIZE 'L W H Order No. Price

4 2 1 141 £1.00
43/4 212 11/2 143 £1.30
6 31/2 2 144 11.50

Plastic as above but with aluminium top panel
4 21/2 1 146 £1.40

Plastic sloping front
51/2 41/2 21/4

slope
to

11/2 148 £2.14
All measurements for boxes are shown in inches t = Length W = Width H = Height

/STABLERESISTORBARGAINS"
PM Ns (11* Douipb44

NeeSX10 41.
Mixed 'All type- Resistors El

SX11 OR Preformed bi-%
watt CarbonResistors

ET
S012 200

watt Cadion ResntarsS13 200
;ti watt Carbon Resistors

f1
5014

155 'it watt Resistors
22 ohm -2m1 MovedSETS

100
I and 2 waft Resistors

22
Palls 5x11.15 con

ohm2m2 Mixed
Eltain a range of Carbon f Resistorsof assorted values

from
Pounds on 22 ohms to 12 coq, Save
cover your

these resistor
Wks and haves full

range toProtects
°Quantities approximate.

count by weight.

MOTOP ALA PIEZO
ELECTINC TWEETER
Maximum Ratings.
25 volts rms which is equal to
200 watts across 4 ohms
100 watts across 8 ohms

50 watts across 16 ohms
BI-PAK SPECIAL OFFER PRICE £4.65
ORDER NO 1907

DOME TWEETER
Dome tweeter for systems up to 50w.

Impedance. B ohms
Frequency Response 2000-20.000Hz
Dims 98mm diam x 31mm deep
Our Price £2.65 DMT200

Pi 60.
sil6

Vat
5219

SIZO

5221

5122
5513

"CAPAILIE
CAPACITOR

PAKsu
Nice

qt,* 044u1,440., types 1.1

250 CiPacit°6 """ Minature
200 Ceramic Capacitors

16
100
100

Mined
Mined Ceismicsi10 5 Pt £Mined

mics 6801- (Own.

c:
AssorminedtedcP280olvestvpeterce/

metal toil
Electiolytics. all sods

Quality flectrolYbcs
50-1000 mf

20
Tantalum Beads. mhtuM

51*()Zullantilies approximate, count by
weig

100
so

LI

E1

El

LI
El

100 Consumption
Size
RANGES

DC Voltage 0-200mV
0-2-20-200-1000V. Acc. 0.8%
AC Voltage 0-200-1000V.

Acc 1 2% DC Current 0-200uA.
0-2-20-200mA. 0-10 A. Acc: 1.2%
Resistance 0-2.20-200K ohms.
0-2 Megohms. Acc: 1%
BI-PAK VERY LOWEST POSS PRICE

£35.00 each

BRAND NEW LCD
DISPLAY MULTITESTER.
RE 188m

LCD 10 MEGOHM INPUT IMPEDANCE
 3 'h digit 16 ranges plus hFE test facility for
PNP and NPN transistors 'Auto zero, auto
polarity Single-handed, pushbutton
operation Over range indication 12 5mm

( 1/2 -inch) large LCD readout Diode check
Fust circuit protection Test leads, battery
and instructions included.
Max indication 1999 or - 1999

Polarity indication Negative only.
Positive readings appear
without + sign

Input impedance 10 Megohms

Zero adjust Automatic
Sampling time 250 milliseconds
Temperature range - 5°C to 50°C
Power Supply 1 x PP3 or equivalent 9V

battery
20mW
1550 88 x 31mm

TheThird andI Fourth Hand...
you aiway5 seer

Out have never got until now
his nelpful unit with Rod mounted

horizontally on Heavy Base Crocodile clips
attached to rod ends Six ball & socket pints
give infinite variation and positions through
360' also available attached to Rod a 2'h diam
magmber giving 2 5 x magnification Helping
hand unit available with or without magnifier
Our Price with magnifier as illustrated ORDER

NO 1402 £5.50
Without magnifier ORDER NO 1400 £4.75

AUDIOPLUGS,
SOCK ET&AND ACCESSORIES

25 to°::`Z,°,1
Speakers. Phocno.

lack Stereo
and Monoin etc

etc 'Valued
at well over L1

normal Order No
SX25 Our Puce f / 50

Per pal Guaranteed
to save you

menet'
5X24 3

Pis
of 6 pin 240°

DIN Plugs and
ChassisSockets

Sall
TOO Silicon YON Transistors

-all perfectCoded 'hued
types with data

and eget
SX39 100

sheet
Nodl rects Real value.

LZSOSiPNP hanststors-all
perfect.Coded mixed

types with data and
eclatsheet No relects

Fantastic value. USO

sop

TECASBOTY
The Electronic Components and Semiconductor Bargain of the Year A host of Electronic

components including potentiometers -- rotary and slider, presets- horizontal and vertical

Resistors of mixed values 22ohms to 2M2 - 1;8 to 2 Watt. A comprehensive range of

capacitors including electrolytic and ,polyester types plus disc ceramics etcetera.

Audio plugs and sockets of various types plus switches. fuses, heatsinks. wire, nuts/bolts.

gromets. cable clips and tyes, knobs and P C. Board. Then add to that 100 Semiconductors

to include transistors. diodes, SCR's opto's. all of which are current everyday usable devices

In all a Fantastic Parcel. No rubbish all identifiable and valued in current catalogues at well

over £25 00. Our Fight Against Inflation Price -
Beat the Budget

- Down with Depression JUST £6.50.
ORDER NO 5° 5',

BI -PA
KSend your orders to Dept PE4 BI PAK PO BOX 6 WARE BEATS

not. Al i hal UOLli 51 WART HI RYS

, RhA) LASHWI tic ORD( R SAMI DAY DISPATCH ACCI55
-Ski LAKARsh Al `,0 At ((PH D Ill 4192013182 GIRO 388 low.

a ,5 as' a N, ' , r! R ORM Ft POSTAG1 AND Pal AIN('

Silicon NPN'L' TypeTransitors
1.0.92 Plastic centre collector
Like BC1B2L - 1831 - 1841
VCBO 45 VCEO 30 IC200mA the 100-400 w

ALL perfect devices - uncoiled ORDER AS SX1831
50 of 100 on 500 on 1000 on

£1.50 £2.50 £10.00 £17.00

PNP SILICON TRANSISTORS:
Similar 00500 - 711214 - E -Line
VCEO 40 VC80 35 Ic 300mA life 50-400

Brand New - Uncoded - Petect Devices

50 on 100 on 500 on 1000 on

£2.00 £3.50 £15.00 £25.00
Order as Z1APNP

1 Amp SILICON RECTIFIERS
Glass Type similar 114000 SERIES N4001-044004

50 - 500v uncoiled - you select for VLTS

ALL perfect devices - NO duds Mm 50v
50 for £1.00 - worth double ORDER NO Sore

Silicon General Purpose NPN Transitors TO -18 Case

Lock hi leads - coded CV7641 Similar to BC147
BC107 I7E19 ALL NEW, VCE 70y IC500mA

Ale 75-550 50 on 100 on 500 on 1000 on

PRICE £2.00 £3.80 £17.50 £30.00
Order as CV7644

Silicon General Purpose PNP Transistors TO -5 Case

Lock tit leads coded CV9507 similar 2N2905A to
81030 VC 60 IC 600mA Mm Ale 50 ALL NEW,

50 on 100 on 500 on 1000 on

PRICE £2.50 £4.00 £19.00 £35.00
Order as CV9507

Use ream ueort urd Ring us on Ware .1187 NOW and

get your oidet even taste, Goods noirnally sent Pr]

CLam Mail

Remember you must add WI aftV, to rout cede.

total Postage add 50p per Total
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Kit includes tape transport mechanism,
ready punched and back printed
quality circuit board and all electron-
ic parts i.e. semiconductors, resistors,
capacitors, hardware, top cover,
printed scale and mains
transformer. You only
supply solder & NTRODUCTORY

hook-up wire.
Self -assembly
simulated
wood cabinet.
£4.50 + £1.50 p+p.
Featured in April issue Practical
Electronics, reprint 50p - Free with Kit.

P.E. STEREO
CASSETTE

RECORDER KIT
 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 TAPES

STEREO AMPLIFIER KIT 125W HIGH POWER AMP MODULE

 Featuring latest SGS/ATES TDA 2006 10 watt output
IC's with in-built thermal and short circuit protection.
 Mullard Stereo Preamplifier Module.
 Attractive black vinyl finish cabinet, 9"x 8%"x 314"

(spinosa.
 10+10 Stereo converts to a 20 watt Disco amplifier.
To complete you just supply connecting wire and solder.
Features include din input sockets for ceramic cartridge,
microphone, tape or tuner. Outputs - tape, speakers and
headphones. By the press of a button it transforms into
a 20 watt mono disco amplifier with twin deck mixing.
The kit incorporates a Mullard LP1183 pre -amp module,
plus power amp assembly kit and mains power supply.
Also features 4 slider level controls, rotary bass and
treble controls and 6 push button switches. Silver finish
fascia with matching
knobs and contrasting
cabinet. Instructions
available, price 50p.
Supplied FREE with kit. + E2.90 p&p.
SPECIFICATIONS: Suitable for 4 to 8 ohm speakers
Frequency response 40Hz - 20KHz
Input sensitivity P.U. 150m V. Aux. 200m V.

Mic. 1.5mV.
Tone controls Bass t-12db @ 613Hz

Treble 11:12db @ 10K Hz
Distortion 0.1% typically @ 8 watts
Mains supply 220 - 250 volts 50Hz.
8" SPEAKER KIT Two 8" twin cone domestic
speakers. £4.75 per stereo pair plus E1.70 p&p. when
Purchased with amplifier. Available separately £6.75 &
£1.70 P.P.

£16.50

KIT: £10.50 BUILT: £14.25
+ £1.15 p&p +£1.15 p&p.

The power amp kit is a module for high power applicat-
ions - disco units, guitar amplifiers, public address
systems and even high power domestic systems. The unit
is protected against short circuiting of the load and is
safe in an open circuit condition. A large safety margin
exists by use of generously rated components, result, a
high powered rugged unit. The PC board is back printed,
etched and ready to drill for ease of construction and
the aluminium chassis is preformed and ready to use.
Supplied with all parts, circuit diagrams and instructions.
ACCESSORIES: Suitable mains power supply kit with
transformer: E7.50 plus £3.15 p&p.
Suitable LS coupling electrolytic: £1.00 plus 25p p&p.

HI-FI SPEAKERS -
AT BARGAIN
PRICES
GOODMANS TWEETERS
8 ohm soft dome radiator tweet-
er 131i"sq.) for use in up to 40W
systems, with 2 element crossover.

£3.50 each (p&p £11 or £5.95 pair (p&p en

SPECIFICATIONS:
Max. output power (RMSI: 125W.
Operating voltage MC): 50 -80 max.
Loads: 4 - 16 ohms.
Frequency response measured P100 watts: 25Hz - 20KHz
Sensitivity for 100 watts: 400mV @47K.
Typical T.H.D. @ 50 watts, 4 ohms: 0.1%.
Dimensions: 205 x 90 and 190 x 36 mm.

35 WATT MICRO 2 -WAY SPEAKER SYSTEM
unit comprises one 50w (4"app.) Audac
soft dome tweeter HD100. And one
5" Audax bass/midrange 35w
driver HIF I IJSM.
Complete with 2
element crossover.
Total impedance
of system 4 ohms.

£7.95
PER SET + E2.70 p&p.

P.E. STEREO TUNER KIT

PRACTICAL ELECTRONICS
CAR
RADIO
KITSERIES II

2 WAVE BAND, MW - LW
 Easy to build.  5 push button tuning.  Modern
design.  6 watt output.  Ready etched and punched
PCB.  Is,corporates suppression circuits.
All the electronic components to build the radio, you
supply only the wire and the solder, featured in Practical
Electronics. Features: pre-set tuning with 5 push
button options, black illuminated tuning scale. The
P.E. Traveller has a 6 watt output neg. ground and in-
corporates an integrated circuit output stage, a Mullard
IF Module LP1181 ceramic filter type tire -aligned and
assembled, and a Bird pre -aligned push button tuning unit.
Suitable stainless steel fully retract.

£12 95able aerial (locking) and speaker
(6"x4"app.) available as a cow-
 late kit. £2.50/pack + £1.50 p&p. + £2.00 p&P.

BIRD AUDIO
STEREO CAR
RADIO BOOSTER

To boost your car radio or radio
cassette to 15W r.m.s. per channel.

£9.95 50 P&P.

This easy to build 3 band stereo AM/FM tuner kit is de-
signed in conjunction with Practical Electronics (July 81
issue). For ease of construction and alignment it incorp-
orates three Mullard modules and an I.C. IF. System.
FEATURES: VHF, MW, LW Bands, interstation muting
and AFC on VHF. Tuning meter. Two back printed
PCB's. Ready made chassis and scale. Aerial: AM - ferrite
rod, FM - 75 or 300 ohms. Stabalised power supply
with 'C' core mains transformer. All components supp-
lied are to P.E. strict specification. Front scale size: 10%"

2%" approx. Complete with diagram and instructions.

£17.95
Self assembly simulated wood
cabinet sleeve to suit tuner only.
Finish size: 11%"x8%"x3%".

Plus £2.50 p&p. £3.50 Plus E1.50 p&p.

TV SOUND
TUNER KIT

£11.45
+ £1.50 p&p.

As featured in E.T.I. December '81 issue. Kit of parts
including PCB. UHF tuner and selector switch with all
components excluding case.

 Transformer ft.50 + £1.50 p&p (p&p free on trans-
former if ordered with kit).  Ready built LP1183 Mod-
ule for simulated stereo operation. £1.95 + 75p p&p.

*c-
rWellerell

SPECIAL OFFER! TUNER KIT PLUS:
 Matching I.C. 10 watt per channel Power amp kit. 
Mullard LP1183 built pre -amp, suitable for ceramic pick,
up and aux. inputs .  Matching power supply kit with
transformer.  Matching set of 4 slider £21.95
controls for bass, treble and volumes. + £3.80 P&P.

MONO
MIXER AMP

£39.95
+ E3.70 p&p.

50 WATT Six individually mixed inputs for two pick ups
(Cer. or mag.), two moving coil microphones and two
auxiliary for tape, tuner, organs, etc. Eight slider controls
- six for level and two for master bass and treble, four
extra treble controls for mic. and aux inputs. Size: 1314"x
6%"x3%"app. Power output 50 watts R.M.S. (continuous)
for use with 4 to 8 ohm speakers. Attractive black vinyl
case with matching fascia and knobs. Ready to use.

I 1 .0 
ALL MAIL TO:
218 HIGH STREET, ACTON, W3 6NG.
Note: Goods despatched to UK postal addresses
only. For further information send for instruct-
ions 20p plus stamped addressed envelope. All
items subject to availablity. Prices correct at
31/1/82 and subject to change without notice.
Please allow 7 working days from receipt of
order for despatch.

ALL PRICES INCLUDE VAT AT 15%.

ALL CALLERS TO: 323 Edgware Rd,
London W2. Telephone: 01.723 8432.
Open 9.30 - 5.30pm. Closed all day Thursday.
RTVC Limited reserve the right to update their
products without notice.

R C
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FAME AT LAST!
Sharp eyed readers will no doubt

have noticed the Telectric being put
through its paces on a certain national
TV programme (minus its name of
course) and listeners to local radio sta-
tions in various parts of the country
may have heard the PE Bandbox (a
recent project) and also an interview
with Steven Day and Peter Hutt of
Response-the company supplying
kits and ready-made Telectrics. It's
nice that our projects are attracting at-
tention from the "National media".

Of course our projects can't all be
new and innovative and many, like our
PE Quasar Stereo Cassette Deck in this
issue, have been around in similar
commercial form for some time.
However, this particular project is a

first for PE and is one of the few
cassette recorder designs available to
the hobbyist in kit form-it is also
another project that may become a
commercial success story in ready -
built form at a later date. Hobbyists
have the advantage of time and price,
thanks to our project.

While talking about price it is in-
teresting to note that when Telectric
was first designed about three years
ago the cost of building it would .have

been around £300. We have come to
expect microprocessors for £5 or less,
though we still happily pay relatively
high prices for everyday items.

PRICES
We are all well aware of prices these

days and we hope that PE can be of
assistance in this area. This month we
start two new services to readers, the
first is a special arrangement with
Videotone who are making their high
quality cassette tapes available to PE
readers on a regular basis at exclusive
prices-see page 51-and the second
is the appearance of the first readers'
ads in PE Bazaar (page 45). You can't
get an advertisement placed for less
than our free readers' ad. service!
Judging by the early replies we have
received there should be some
bargains in PE Bazaar and we hope it
will lead to the development of a

greater interchange of information,
components and equipment between
hobbyists-we anticipate many more
ads. appearing next month when there
has been more time for you to send
them in.

CLUB
Interchange of information and

assistance to all hobbyists are part of

the aims of the British Amateur Elec-
tronics Club (BAEC) which has been
run by dedicated volunteers for many
years and offers its members a quar-
terly newsletter containing articles, let-
ters, news and views on all aspects of
our hobby, special concessions from
many component retailers and
meetings at various venues.

BAEC can give the informal contact
between fellow hobbyists that we are
unable to arrange via the magazine. It
is, therefore, a valuable asset to all who
have electronics as their hobby and,
among other things, provides valuable
help to beginners. They can give ad-
vice, loan practical aids and have an
extensive library covering most
magazines and many technical books.
In case our overseas readers are won-
dering, the club is also open to them. A
letter from Cyril Bogod-chairman of
BAEC-appears on page 53, contact
him for further information.

By the way, we have no formal con-
nection with BAEC but, as a magazine
dedicated to the electronics hobbyist,
like to give them our encouragement.

Mike Kenward

EDITOR Mike Kenward

Gordon Godbold ASSISTANT EDITOR

Mike Abbott TECHNICAL EDITOR

David Shortland PROJECTS EDITOR

Jasper Scott PRODUCTION EDITOR

Jack Pountney ART EDITOR
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Editorial Offices:
Practical Electronics,
Westover House,
West Quay Road, Poole,
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Phone: Editorial Poole 71191
We regret that lengthy technical
enquiries cannot be answered
over the telephone (see below).

Advertising Offices:
Practical Electronics Advertisements,
King's Reach Tower,
King's Reach, Stamford Street. SE1 9LS
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Technical 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 stamped,
self addressed envelope, or 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.

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, Lon-
don SE1 OPF, at 95p each including In-
land/Overseas p&p.

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, Oakfield House, Perrymount Road,
Haywards Heath, West Sussex RH16 3DH.
Cheques and postal orders should be made
payable to IPC Magazines Limited.
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Edited by
Jasper Scott

Beckman Expansion
means more jobs

Beckman Instruments is substantially expanding its resistor network
manufacturing capacity at its plant in Glenrothes, Scotland. This expan-
sion will provide a total of 100 new jobs.

The first phase of the expansion will im-
mediately provide 40 new jobs for technicians,
engineers, supervisors and assembly workers,
and the second phase will involve further
equipment and provide 60 more jobs.

The investment, backed by Locate in
Scotland (LIS), is a result of the decision by
Beckman Instruments Inc to concentrate the
manufacture of selected models of resistor
networks at the most efficient Beckman plants
to meet the total worldwide demand for the
products.

Managing director Eoin O'Cuilleanain said:

"the expansion, which represents a 25% in-
crease in the workforce, is a reflection of the
company's confidence in the future and on the
quality of work produced by all employees in
Scotland. This increase in production capacity
will enable us to offer an even more efficient
service, with faster deliveries, to our customers
worldwide. Without the co-operation of the
LIS and the Glenrothes Development Cor-
poration, it is unlikely that the expansion
could have been successfully achieved in the
current depressed economic environment," he
added.

STEP FORWARD
Casio's latest addition to their range of
keyboard instruments, the Casiotone 701,
represents a major step forward in bringing
music making within the reach of the un-
initiated.

The biggest advance is in the use of a bar
code reader to read and programme
specially scored music, enabling playback
in three ways:
-automatic playback of the entire piece;
-manual melody playing, guided by lamps
above each key (with auto accompaniment;
-"One Key Play" which allows the melody
to be played by touching one key. The 701
can also be programmed via the keyboard,
and editing facilities are provided. Alter-
natively, the 701 can be played in the
traditional manner, so its easy -play facilities
do not limit it for use solely as a beginners

' instrument.
Features of the 701 include a five octave

keyboard with eight -note polyphony, 20
pre-set voices, a chord system enabling one
finger accompaniment, and 16 auto -
rhythms. It is available at a price of £495
including VAT and p&p from Tempus,
38 Burleigh Street, Cambridge, CB1 1DG.
(0223 312866)

Foiled again!
At a time of increasing concern that a

limited nuclear war in Europe could be around
the corner, a Wales based company appears
to be cashing in on present fears with a claim
that they have discovered the means of
producing a lightweight radiation -proof
material.

Sivoh Electronics Ltd., of Faol-Ydnah,
Gwent. say that they discovered the materials
special properties while experimenting on
alternatives to Mica Foil for capacitors. Sivoh
claim that the material, known as
PROLAFOIL. (for which Patents are at pre-
sent being applied for) could probably be used
to make totally radiation -proof suits. The only
obvious drawback at present is cost -
production costs are estimated to be around
£500 per square metre. though Sivoh say that
they are looking into ways to cut that figure
by about half.

Whether or not Sivoh succeed in producing
a marketable product, the moral question
remains - are we. by producing the means to
survive a nuclear war (i.e. radiation -proof
suits, fallout shelters, etc,) thereby increasing
the likelihood of a nuclear disaster?

For further details, see page 51.

TANDY BREAKS

INTO 16 -BITS
The Tandy Corporation (Branch UK)

has announced the introduction of
TRS-80 Model 16 to its range of
microcomputers.

The Model 16 features sixteen bit
technology, dual processor architec-
ture and a multi-user operating system.
It is capable of 512K internal RAM
memory storage, and 2+ megabytes of
disk storage may also be added. This
combination of large RAM and disk
memory capacity will allow the Model
16 to use more sophisticated software
with large file capacities.

The Model 16 desktop computer will
be available late in 1982 in two ver-
sions, both with 128K memory. A
single drive version with 11 megabytes
of disk storage, and a two -drive ver-
sion with a total 21 megabyte storage
capacity.

The new TRS-80 Model 16 uses two
microprocessors' the Z -80A and the
16 -bit MC68000.

For TRS-80 Model R owners, there
is the Enhancement Option, which is an
upgrade board to 16 -bits.

The upgrade board set for the TR S-
80 Model 11 microcomputer provides it
with the 16 -bit, dual -processor, multi-
user power of the TRS-80 Model 16
computer, and will also be available by
the end of 1982.

QUASAR CASE

Pictured above is the PE Quasar Stereo
Tuner (constructional details published in
PE, July '81) now resplendent in a
simulated wood cabinet. The cabinet will be
available at the end of March for £3.50
(plus £1.50 p&p) from RT-VC, who also
supply kits for the Quasar Tuner itself. RT-
VC, 21 b High Street, Acton, London W3.
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Two of the United Kingdom's microcom-
puting pioneers and founder member of the
Computer Retailers Association (CRA), Tim
Moore and Jon Day, have formed a new com-
pany called Kuma Computers to supply work-
ing microsystems, proven software,
educational books and, it is claimed.
unreserved personal service.

Blanket invitation goes out to anyone with
marketable software to contact Kuma Com-
puters. II York Road, Maidenhead. Berks
SL6 ISQ.

Bruel & Kjaer (U.K.) Ltd., have just issued
their 1982 Short Form Catalogue which is
free upon application.

It is a 60 -page colour illustrated booklet
describing the full range of instruments,
transducers, microphones and other ac-

cessories available for the measurement,
analysis and recording of sound (or noise),
vibration, strain, acoustic emission, hydro -
acoustic signals, mechanical balance and
illumination contrast.

B & K are located at: Cross Lances Road,
Hounslow, Middlesex TW3 2A E.

Grenson Electronics have informed us that
they have had to increase the prices of kits for
the Bench PSU, featured in our February
issue. The complete kit is now priced at £35
plus VAT and £2.40 p&p. The price of the
ready built unit has also been increased to f59
plus VAT and p&p.

Home Radio have recently moved premises.
Personal callers should now go to 169 London
Road, Mitcham, Surrey. Their mail order ad-
dress is still the same: P.O. Box 92, 215 Lon-
don Road, Mitcham, Surrey.

POINTS
ARISING . . .
Microbus (Nov. '81)
There is an error in line 20 of the program
for a ZX80 Crosshatch Generator (page
68). It should read as follows:
20 PRINT CHR SIX);" ";

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

VERSATILE
MULTIMETER
Now available from Centemp, the
Model 3T (pictured right) is a battery
operated 34 digit hand held digital
multimeter with a bold 0.5" liquid
crystal display.

The meter provides six functions in
16 ranges permitting measurement of
DC voltage, AC voltage, DC current,
resistance, Diode/continuity check
and an hFE measurement facility. Push
button controls allow fast and easy
operation whilst small size, robust con-
struction and long battery life make the
3T truly portable. Supplied complete
with battery, test leads and instruction
manual.

Priced at £49.95 including VAT and
p&p, the 3T is available from Centemp,
62 Curtis Road, Whitton, Hounslow,
Middlesex TW4 5PT (01-894 27231.

ILLUMINATING
L & B Electronics have recently introduced
another unit to their range of lighting con-
trol modules. The LB 41000SLC is an ad-
vanced 4 channel sound to light modulator
with automatic chase, providing bass, mid-
dle, presence and treble separation. Using
automatic level filters, coupled with a

choice of automatic gain control in the in-
put stage, the unit requires virtually no
setting -up procedure whilst making ex-
cellent separation.

As with the 31000SLC, in the absence of
a music signal the module automatically
switches to a forward then reverse running
chase.

All the usual advantages of L & B
modules are incorporated with the addition
of LED monitor drivers for each channel.
The fused triac output stage will handle
resistive loads of up to 750 wattslchannel.

The price, £43.39 plus £6.57 VAT. A
blue fascia panel complete with LED's, il-
luminated switch and controls is also
stocked at £8.00 plus £1.20 VAT.

For further information contact: L & B
Electronics, 45 Wortley Road, West
Croydon, Surrey (01-689 4138).

Best of British...
Discom of Evesham have announced
the launch of a new British microcom-
puter, a micro which they say "will
take on the world and win".

The 'McCombo' computer has been
designed and built by a U.K. develop-
ment team after eight months'
research into the micro market.
Research identified a need for a power-
ful, CP/M based single board com-
puter, small enough to fit inside a

terminal or disk drive case. Using
McCombo, terminal manufacturers can
produce a fully integrated CP/M based
system using their own product with
little or no development cost.

The board incorporates state of the
art technology, including 64k memory
chips. It is multi-user in operation,
handling up to 4 users.

Discom say that initial trade reaction
has been so good that sales of 3000
units are anticipated in 1982. Introduc-
tory prices start at under £400.

For further details, contact Discom,
Old Manor Farm, Ashton -under -Hill,
Evesham, Worcs. (0386 881962).
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IS YOUR MICRO BEAT THAT
BAUD STIFF?

BURGLAR
There is a versatile memory machine on the
market which features read/write speeds
and data integrity comparable to disc, but
at a fraction of the cost! With up to 64K
bytes per side, it will replace disc where
access time itself is not too critical.

What is this machine? The 220M Digital
Tape Recorder! A low-cost, non-volatile
data and program storage system, with
rapid software controllable record/
replay/fast-wind functions. The machine,
which automatically rewinds to verify
everything it records, is designed around
the well proven Philips Mini -Digital
Cassette Recorder, and is available from
Currah. Anyone running a 6502 based
microcomputer system who cannot afford
disc, yet desires a fairly snappy bulk storage
medium, should consider the 220M a
viable proposition.

The memory unit jacks quickly into your
PET or VIC etc., and will run immediately in
command mode (no host software re-
quired), or can, of course, be manipulated
under program control by your computer.
Flags are generated by the unit to allow
two-way communication. The interface is
activated quite simply by SYSn, whereupon
the screen will inform you that you are in
conversation with the memory unit's
operating firmware (CTOS). With no further
ceremony there are twenty-one extra
BASIC commands in addition to your ex-
isting interpreter's repertoire, such as: BS
(Basic Save), BL (Basic Load), OF (Open
File) or PD (Print Directory-to identify the
tape).

With firmware to handle the
technicalities, the 220M may be thought of
as a fast intelligent cassette recorder, ex-

cept that it automatically builds up a
directory of your named files or programs.
At the end of a session the directory itself
may be saved. The operator, therefore,
types in which file he wants and the 220M
automatically finds and loads it into its
Cassette Buffer RAM. This Tardis-like 2K of

RAM is memory mapped into the host com-
puter. Individual variables may be read from
a recovered file, and when storing program
listings, chunks of software can be appen-
ded to each other, thus realising the
possibility of a dynamic subroutine library.

Encountering the worst access time,
when the sought after data is furthest from
the directory, rewind might take 60
seconds, but normally would be only a few
seconds. Reliability is boasted, and at the
time of going to press a version for each of
the following machines was anticipated, if
not already available:

PET 3000 series, 4000 and 8000,
UK101, Superboard, A/M65, Tangerine,
VIC20, Atari 400 & 800 and Atom, etc.

The sluggish 300 Baud cassette loading
of most rudimentary microcomputers
makes them clumsy in response to mul-
tifarious needs. The 220M, however, would
allow the computer to stand-by with no
particular software in RAM, ready to load
up and run a selected program promptly.
The 220M costs £195, and is available
from Currah Computer Components Ltd.,
Graythorpe Industrial Estate, Hartlepool,
Cleveland TS25 2DF. Tel: 0429-72996.

To complement their Ultrasonic
Burglar Alarm module (featured in
News & Market Place, October '81)
Riscomp Ltd have now introduced a
siren module, known as the SL 157.

This siren module was developed to
provide a high level warning signal for
use with alarms in a wide range of ap-
plications. Its operating frequency has
been chosen to provide the highest
possible acoustible output when used
with the horn type of speaker. It can,
however, be used with a conventional
type of loud speaker with slightly
reduced output. A useful feature incor-
porated is the inhibit facility whereby
the connecting of appropriate pins
stops the alarm. This feature means
that the module may be used as the
basis of simple alarm systems or
security loop.

The module operates from supply
voltages in the range 9-1 5V, although
with reduced output at 9V. Such a sup-
ply may be provided from batteries or a
suitable mains unit.

The SL 157 is priced at f1259 in-
cluding VAT, plus 50 p&p. It is
available direct from Riscomp Ltd., 21
Duke Street, Princes Risborough,
Bucks, H P17 OAT (08444 6326)

3curilluuri
Please check dates before setting out, as we cannot guarantee the ac
curacy of the information presented below.

Seminex Mar. 29-Apr. 2. Imperial College, London. Hl
Laboratory Edinburgh Mar. 30-31. Ass. Rooms, Edinburgh. E
CAD Mar. 30-Apr. I. Metropole, Brighton. Z I
Sensors & Systems Mar. 30-Apr. I. The Forum, Wythenshawe,
Manchester. T
ETM Mar. 30-Apr. 1. The Forum. Wythenshawe. T
Peripherals Mar. 31-Apr. 2. West Centre Hotel, London. Z I
Laboratory Manchester Apr. 7-8. New Century Hall, Manchester. E
All Electronics Show Apr. 20-22. Barbican Centre, London. E
Communications Apr. 20-23. NEC Birmingham I
BEX Brighton Apr. 28-29. K
Compec Europe May 4-6. Centre Int. Rogier, Brussels. Z

Scotelex. Jun. 8-10. Roy. Highland Ex. Hall, lngliston, Edinburgh. A I
BEX Leeds Jun. 9-10. K
Transducer/Tempcon Jun. 29-Jul. I. Wemb. Conf. Centre. T
BEX Croydon Jun. 30-Jul. K
Leeds Electronics Show Jul. 6-8. University. E
Laboratory London Sep. 14-16. Grosvenor House. E
Two Counties Fair Sep. 15-18. Plymouth Ex. Centre, Millbray,
Plymouth. Devon. T
Testmex. Oct. 26-28. Wemb. Conf. Centre, London. T
Compec Nov. 16-19. Olympia, London. Z I
Al Institute of Electronics, Rochdale, Lancs.
E Evan Steadman, Saffron Walden ( 0799 22612
H I Seminex Ltd., Tunbridge Wells ( 0892 39664
1 Industrial Trade Fairs. Solihull `021-705 6707
K Douglas Temple, Bournemouth `0202 20533
LI World Trade Centre f 01-488 2400
T Trident Tavistock ( 0822 4671

SDL f Dublin 763871
Z I [PC Exhibitions. Sutton 01-643 8040
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Offer ends
31st March, 1982

FREE Soldering

with your first
order of flO

or over

Velleman U.K. present their fist of electronic kits together with prices which include V.A.T. and postage and
packing. They are listed in "difficulty grades", for beginners and experienced kit -builders, with the lower skill
level at 1, rising to 3. All include high -quality components, full instructions and technical data and come to you
packaged in clear plastic boxes, ideal for component storage.

REMEMBER - We offer a free soldering iron with your first order over £10.
Send today for the free Velleman Kit Journal.

K2575

7,7 11 4* 444
/la -I 44 *44

4* 44*
4* 4+0 ,kw

K2551

K1682
Wooden housing extra

K2556

K2557

VELLEMMI UK Lm ted
P.O. Box 30, St. Leonards-on-Sea, East Sussex TN37 7NL Tel: Hastings 10424)753246

NMI MIIM =MI =MI MM NMII Please send me your free catalogue of Velleman electronic kits:

IName
Address

K1798

K2574

THE VELLEMAN
KIT RANGE

Difficulty Grade: 1

K607 2.2W Mini Amplifier 500
K611 7W Amplifier 5.14
K612 Dimmer 1000W 559
K613 Dimmer 1000W

IDeparasitel 1264
K1716 20W Amplifier 1032
K1771 FM Oscillator 5.45
K1803 Universal

Pre- Amplifier 3.62
K1823 1A Power Supply 6.99
K1861 Power Supply for

60W Stereo 1294
(2542 Single digit counter 6.90
K2544 Complex Sound

Generator 828
K2556 CB Power Supply 2612
K2565 Tape/Slide

Synchronizer 9.66
K2566 Coloured Light UnIr 15.53
( 7569 Three -tone Bell 6.56
K2570 Power Supply,

5-14V DC IA 6.56
K2572 Universal Stereo

Preamplifier 6.56
K2573 Stereo R(AA

Corrector Amplifier 656
K2575 Microprocessor

Doorbell with
26 tunes 1563

K2579 Universal Start/Stop
Tuner 621

Difficulty Grade: 2

K810 MonoVUusing LED's 8,18
K1798 Stereo VU

using LED's 16.91
K 1804 60W Amplifier 15.15
K1874 Running Light Unit 1256
1(2643 Transistor Ignition 9.97
K2549 Infra -red Detection

System
I Transmitter) 10.63

K2550 Infra -red Detection
System (Receiver: 12.42

K2553 FM Stereo Decoder 11.49
K2557 Digital Precision

Thermometer 2857
K2571 Light Computer 3623
1(2574 Four -digit up/down

counter with
comparator 34.16

K2576 40W Audio Amplifier 1280
K2577 Universal AC Motor

Speed Control 759

Difficulty Grade 3

K615 High Precision
Stopwatch 43.13

K1682 Microprocessor
Universal Timer 48.37

(2545 501-1, Crystal
time Base 11.39

K2547 Four channel Infra -red
Remote Control
I Transmitter I 1732

K2548 Four channel Infra red
Remote Control
(Receiver) 23.12

K2551 Infra red Central
Alarm Unit 18.70

K2554 High quality
FM Tuner 22.67

K2555 Digital Frequency
Counter for Receiver 37.74

K2558 FM Stereo Receiver
with housing 12023

K2559 Two channel IR Remote
Controlled Light Dimmer
(Transmitter) 17.32

K2560 Two channel IR Remote
Controlled Light
Dimmer (Receiver) 38.64

K2562 Infra -red Receiver
for K2558 30.02

K2563 Infra -red Transmitter
for K2558 18.11

K2567 20CM Display
(Common Anodel 21.05

K2568 20CM Display(Common
Cathodal 21.06

K.2578 Microprocessor
Controlled EPROM
Programmer 24150

[TRADE ENQUIRIES WELCOMED'
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ANOTHER SEPARATE FOR THE PE QUASAR STEREO SYSTEM

THE
PE Stereo Cassette Deck is a versatile low cost

system designed around a single p.c.b. The unit has the
unusual facility of a variable bias control for optimum
recording of all types of tape.

In addition to the basic circuitry a f.e.t. Gate Noise Reduc-
tion system has been designed which works on playback in
two modes: Flat, all noise reduced in the absence of any
signal, and High Frequency, only h.f. noise is reduced at low
or no signal levels. This system has proved highly effective
with all types of tape; its operation is more fully described
later in the text.

The unit is also unusual because most of the switching is
carried out electronically, thus reducing the need for com-
plex, noisy and often unreliable switches on the deck
mechanism. This design feature enables the p.c.b. to be used
with almost any deck since it does not have to be closely
coupled to the mechanism for switching purposes. The p.c.b.
design is additionally simplified by the use of a LM1818 low
noise i.c. in each channel. This i.c. carries the record/play
logic switching, pre amps for record and play and VU meter
drive. The i.c. also contains an auto record level circuit which
is not employed on the p.c.b. shown but can be added as an
addition if required-details are given later.

TAPE RECORDING SYSTEM
RECORD: The record/playback and erase heads are induc-
tors with circular metal cores. The cores have narrow gaps at
the point of contact with the tape, so that the tape coating

r.

provides a low reluctance path to complete the magnetic cir-
cuit. The input signals are suitably amplified and are fed to
the head, which converts them into a varying magnetic field.
As the tape moves across the tape head gap the coating
becomes magnetised.

Essentially there are two important factors required for
recording:-
BIAS CURRENT: As well as the audio signal a constant fre-
quency above the audio spectrum (50 to 200kHz) is passed
through the head. Its amplitude determines the "operating
point" of the magnetic recording process. Its function can be
compared to the biasing of a transistor. Incorrect biasing in
either case will result in distortion, signal deterioration etc.
in respect of the tape head severe h.f. loss will also occur.
FREQUENCY EQUALISATION: During recording the record
head current is to be boosted at a rate of 6dB/octave below
a standard low frequency, and attenuated by 6dB/octave
above a standard high frequency. During playback the low
frequencies are attenuated and the high frequencies are
boosted so that the overall record/playback frequencies
are flat. There are several standard sets of turnover
frequencies-CCIR, NAB, EIA and DIN. The cassette
equalisation standards defined by DIN are the most com-
monly used; for ferric oxide cassettes it specifies 3dB fre-
quencies of 50Hz (3180µs) and 1326Hz (120µs). The upper
turnover frequency for Cr02 type tapes is 2274Hz (70µs). On
the Quasar a separate switch is provided for selecting the
equalisation. With Cr02 type tapes a higher bias current is
required for correct "operating point".
PLAYBACK: The recorded flux on the tape induces a propor-
tional current in the playback head. Since the head is induc-
tive it will have a voltage amplitude response that increases
by 6dB/octave of frequency. The playback amplifier provides
the equalisation necessary to obtain a flat frequency
response and sufficient gain to raise the head signal to a
usable level.
OTHER CONSIDERATIONS: In an "ideal" magnetic
recording system the use of the described complementary
equalisation would result in a flat record/playback frequency
response. There are several losses and errors associated
with tape recording and these must be compensated for.
GAP LOSS (OCCURS ON PLAYBACK): The easiest way to
compensate for gap loss is to make use of the head's indu
tance by tuning it with a capacitor to resonate at approx-
imately 12k Hz. During record mode this capacitor must be
made ineffective.
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TAPE THICKNESS LOSS (OCCURS ON RECORD): Tape
thickness loss occurs when the tape coating thickness
becomes significant compared to the recorded wavelength,
resulting in a 6dB/octave high frequency roll -off. The DIN
standard equalisation compensates for this.
BIAS ERASURE (OCCURS ON RECORD): If an excessive
bias current setting is used for the record head it will cause
high frequency erasure.
BIAS NOISE: This occurs due to the characteristics of the
bias oscillator. Any d.c. current flowing through the record
head will be modulated as would a signal. Although it is d.c.
its noise spectrum will extend into the audio range. An a.c.
bias signal can cause an effect similar to d.c. if the a.c. signal
contains even harmonics of the fundamental frequency.
Distortion, variations of frequency and amplitude of the
recording bias will also result in undesirable modulations. To
avoid these problems a well designed bias oscillator circuit is
essential.
TAPE MODULATION NOISE: Ideally the coating on a piece
of recording tape should be perfectly smooth. However in
practice this is not the case. As the tape moves past the
head variations in the coating thickness causes rapid changes
in the tape speed. This modulation causes noise "side -
bands" around the audio signal frequency. To minimise this
problem always use good quality cassettes.
NO/SE REDUCTION SYSTEM: In terms of signal-to-noise
ratio the cassette deck is normally the poorest link in the
home audio set-up. There are several types of noise reduc-
tion systems, each with their own particular drawbacks.
Some are so expensive and complex they make the rest of
the circuit appear like a "crystal set"-all just for a few extra
dB's of noise reduction. For evaluation purposes only, these
systems were tried out with the Quasar. Likewise the D.N.R.
(dynamic noise reduction) employing dual i.c. and several
transistors (per channel) gives the magical few extra dB's at
the expense of h.f. loss. Indeed the effectiveness of the
D.N.R. was not unlike the function of an h.f. filter.

After careful consideration and objective listening it was
decided that the noise was acceptable during quiet passages
but was disconcerting during no -signal conditions. From this
it was obvious some sort of "gating" that is synchronised to
the output signal on playback would offer the best com-
promise between cost, availability of components, and effec-
tiveness. Indeed under no -signal condition this form of noise
reduction beat even the most sophisticated systems hands
down.

SPECIFICATION
Mechanism with automatic stop and tape counter with reset
button.
Tape Speed: 4.76cm/sec. (1 in/sec.).
Wow & Flutter: Typically 0.1%.
Drive Motor: 12V d.c. with electrical governor.
Play Torque: 40-75g/cm (DYNAMIC).
Rewind & Fast Forward Torque: 60-140g/cm (STATIC).
Rewind & Forward Time: Less than 100 sec. for C60 tapes.
Bias/Erase Oscillator: Externally variable, frequency
90-100kHz.
Output: (Adjustable) Up to 1 volt r.m.s.
Mic. Sensitivity: 1 mV qi 47k.
DIN Sensitivity: 30mV (O: 47k.
Frequency Response: 30Hz-12.5kHz (-3dB).
Signal to Noise Ratio:

Noise reduction OFF -50dB
Noise reduction H.F. -56dB
Noise reduction FLAT -70dB

Cross Talk: Typically -50dB.

CIRCUIT DESCRIPTION
The complete circuit diagram of the Quasar is shown in

Fig. 1. The LM1818 is a linear low noise i.c. (Fig. 2) contain-
ing all the active components for building a tape recorder
(excluding bias oscillator).

SUPPLY -VE E

HEAD SWITCH E
R/P

LOGIC INPUT E
LOGIC

A.LC./METER DRIVE E.

ALC. OUTPUT E
AUTO

LEVEL
ALC TIME CONST IT

METER TIME CONST E _
METER
DRIVEL

METER +VE OUT FT

PLAY OUTPUT L

RECORD OUTPUT E9

IsPsoct

PLAY

REG 101

PLAY

REC.

rREC

20 BY-PASS

19 INPUT TO1s1 COLLECTOR

EFEEDBACK

17 PLAY INPUT

ERECORD INPUT

15 FEEDBACK

14 COMMON PREAMP OUTPUT

i3 SUPPLY +VE

ECOMMON MAIN AMP INPUT

11 FEEDBACK

Fig. 2. The LM 1818

The electronic functions on the chip include mic. and
playback pre amps, record and playback amplifiers,
Automatic Level Control (ALC) and meter driving circuits. In-
ternal electronic switching automatically selects record or
play mode. A zero voltage at pin 3 switches on the record
mode and a +ve (10V min) switches on the play mode.

RECORD
A recording signal is fed to the switched mic. input socket

and when the mic. is used the input is connected directly to
the level control VR2. The attenuating network R49 and
R50 are connected into the circuit when the mic. plug is
removed, thus allowing higher signal levels to be recorded
via the 5 pin DIN socket. The input signal to IC1 is via
pin 16 and the equalisation network for record and playback
is shared. The value of C5 (6n2) and R6 (12k) give the re-
quired 70µs DIN equalisation for Cr02 tape, the addition of
R48 (6k8) extends it to 120µs for Fe type tape.

The output of the record pre amp is connected via C12 to
pin 4 of the meter/ALC drive and via C 1 1 to pin 12 of the
main record amplifier. The amplified output to the head is via
C17, L1 and C18; R19 and C22; L1 and C18 form the "bias
trapping" circuitry. The resistors R19 and R23 reduce the
non-linear effect of the head, while C22 increases the drive
at high frequencies (resonance approximately 12kHz). C15
and R15 form a 3000µs equalisation-DIN I.f. end corner
frequency. When S1 is in record mode pin 3 is at zero volts
and the logic circuit connects pin 2 to earth and selects the
record state inside the i.c. S1 a also connects R47 to the -ve
rail, thus enabling TR9 and TR 1 0 to oscillate at a fixed fre-
quency set by C43. The oscillator output is connected via
bias preset PR3 (PR4) and C27 to the head. C27 is low
value to prevent "cross -talk" recording between L and R
channels.

The erase head voltage is taken from the tapped oscillator
coil (L2) and earth with the time constant for meter -drive cir-
cuit set by C10 and R13 and the sensitivity via preset PR 1.
Note that meter is operational on both record and playback
states.

PLAYBACK
In play mode Sla prevents oscillation by removing the

earth from R47 and R 12, and allowing the leakage voltage
to switch the logic at pin 3 to "play" operation. Pin 2, which
in record state was grounded, now "floats" and is connected
to the play input at pin 17 via C4. The other side of the head
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COMPONENTS . . .

Resistors
*R1
* R2, R28
" R3
* R4, R13
" R5
" R6
* R7
 R8, R11
" R9, R10,1950
* R12, R23
* R14. R15
 R16
"R17
" R18, R22, R27
* R19, R49
* R20, R24, R48
* R21, R25
" R26

R29, R35
R30, R37
R31
R32. R40, R42
R33, R47
R34
R36
R38, R41, R44
R39, R43
R45, R46

Potentiometers

1k2 (2 off)
100(4 off)
180 (2 off)
470k (4 off)
270 (2 off)
12k (2 off)
10k (2 off)
100k (4 off)
47k (6 off)
22k (4 off)
1M (4 off)
3M3 (2 off)
4k7 (2 off
1M5 (6 off)
2k2 (4 off)
6k8 (6 off)
3k3 (4 off)
68 (2 off)
10k (2 off)
802 (2 off)
270
2k2 (3 off)
68 (2 off)
680
100+W
22k (3 off)
4k7 (2 off)
47k (2 off)

VR 1 22k log combined with pull to make switch
* VR2 100k log slider (2 off)
' PR 1 10k preset lin (2 off)
* PR2 47k preset (2 off) PR3, PR4 47k preset (2 off)

Constructor's Note
A complete kit of parts for the Quasar is available from R&TVC Ltd, 21 B
High Street, Acton W3 6NG, price £32.95 plus £2.75 p&p. The cabinet is
£4.50 plus £1.50 p&p.

Capacitors
*C1, C2
* C3, C10, C12, C13, C14,

C17
* C4, C8, C9, C16, C20
* C5
" C6
* C7, C22
*C11
*C15
*C18
*C19, C21, C23, C26
* C24
* C25
* C27
" C47

C28, C34, C37, C39
C29 to C33, C40
C35
C36
C38
C41
C42, C44, C45
C43
C46
C48

Inductors
" L1 Bias trap coil (2 off)

(22mH adjustable)
L2 Oscillator coil 114 TO

30035
Switches

Si 2 pole play/record
S2 2 way slide s/w
S3 3 way slide s/w
S4 See VR1
S5
S6

t Fitted to cassette mech.

Miscellaneous
Cassette mech.
Dual VU meter (MEI)
Aluminium top cover
Printed fascia
Bracket for Si
Perspex lid
5 off normal cassette piano knobs
1 off record cassette piano knob
TR1 Mains transformer (18V sec)
Fuse holder and 500mA fuse
Case
5 pin DIN socket (SK 1)
2 off switched jack sockets (JK1)
p.c.b.

" INCLUDES SECOND CHANNEL
COMPONENTS Semiconductors

" 01, D2
D3
D4, D5, D6, D7, D9
D8
SCR1

*TR1
*TR2
 TR3

TR4, TR6 to TR 10
TR5

" IC 1

220µ 16V elect (4 off)

11.1 to 21,t 16V elect 112 off)

10j.r 16V elect (10 off)
6n2 (2 off)
220p polystyrene (2 off)
1n polystyrene (4 off)
330n (2 off)
3n (2 off)
130p polystyrene (2 off)
100n (8 off)
47µ 16V elect (2 off)
4n7 (2 off)
500p polyester (2 off)
10n (2 off)
10n (4 off) axial
47µ 16V elect (6 off)
470u 25V elect
100µ 16V elect
10µ16V elect
10n vert.
In polystyrene (3 off)
2n polystyrene
100n
2200µ 25V

Germanium diodes (4 off)
15V Zener BZY88
BY210 (5 off)
4V Zener BZY88
MCR 106
MEF104 or MEF101 (2 off)
BC107 or equiv. (2 off)
BC109 or equiv. (2 off)
BC107 or equiv. (6 off)
N51 (TIP 31A equiv)
LM1818 (2 off)

is earthed by S1. C7 is chosen to resonate at approximately
12kHz-thus compensating for "gap loss previously men-
tioned. All other functions are the same as in the record state
except the corresponding circuitry is selected inside the i.c.
The final output is taken from pin 9 via C16.

G.N.R. SYSTEM (GATE NOISE REDUCTION)
With S3 in the "flat" position R17 and TR1 form a simple

potential divider. While there is no signal at the junction of
C16 and R17 the f.e.t.s resistance is very low (approximately
1001/) -thus virtually short-circuiting the output level
preset PR2. As soon as the signal arrives, independent of the
PR2, it is amplified by TR2. To ensure low voltage rectifica-
tion D1 and D2 are germanium diodes. They rectify the
signal and a doubled -ve voltage appears at TR1 gate,
which goes high in resistance, thus allowing the signal from
PR2 to TR3. The final output is taken via C20. C26 is the
memory capacitor for the gating system.

Note: Without signal and S3 in FLAT position, the G.N.R.
will reduce all unwanted hum or noise to almost an inaudible
level, whilst in h.f. position the higher frequencies will be
reduced at low or zero signal only.

AUTO STOP
The rotate switch is an integral part of the deck and is

located under the "take up" mechanism. While rotating it is
intermittently supplying a d.c. positive voltage to C38. This
appears at TR8 base as a square -wave, saturating the tran-
sistor and only a very low voltage (Vbe) will occur at the

collector. As soon as the switch stops rotating (end of tape)
TR8 ceases to conduct and the collector goes "high", and
SCR1 is triggered by R41. Immediately the solenoid
operates releasing the function keys (PLAY, F.F. or R.W.).
The deck switches S5 and S6 also return to the OFF posi-
tion. During the pause the pinch wheel on the mechanism is
partly disengaged and S7 provides a +ve voltage via R38 to
hold TR8 in saturated state.

POWER SUPPLY
The rectified output is decoupled by C48. C35 is a

"storage" capacitor for the auto stop circuit. The value
chosen enables enough energy to be stored (through R36)
for one operation of the solenoid. TR4 regulates the voltage
to the i.c.s and the G.N.R.

The same voltage is current amplified by TR5 to provide
the motor supply. Under normal use TR5 can be operated
without a heatsink but a small heatsink may be attached if
excessive rewind or fast forward operation is required. (Note:
the tab of TR5 is internally connected and must not be shor-
ted to earth nor any other component.)

Transistors TR6 and TR7 form the variable -regulated sup-
ply for the bias oscillator; with D8 (4V Zener) it will vary the
voltage from 4.5 to 15.5V. When VR5 and VR6 are set
correctly the bias oscillator voltage at the head will corres-
pond to the calibration around VR1. R29 ensures correct
record/replay logic switching should the bias oscillator
supply be below 10V.
NEXT MONTH: CONSTRUCTION
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MICROCOMPUTER COMPONENTS AND SYSTEMS
LOWEST PRICES

NEC 12" MONITOR

* GREEN DISPLAY

* BUILT IN AMPLIFIER AND
SPEAKER

* £149.95 each excluding
carriage (£10D0) and VAT.

(15%)

* EX -STOCK'

The NEC JB1201M is a 12"
Video Monitor optimised for use
as a computer video display
terminal (unlike most CCTV
monitors available). The green
phosphor CRT display greatly
reduces eyestrain The
built in audio amplifier and
speaker make it specially
suitable for personal computers

EPROM PROGRAMMERS AND ERASER

EP4000 EMULATING PROGRAMMER

* COPY/PROGRAMME/EMULATE 2704/2708
2716/2508/2516/2532/2732 EPROMS

*4K x 8 STATIC RAM
*VIDEO 0/P AND 8 DIGIT LED DISPLAY
* POWERFUL EDITING FACILITIES
* COMPREHENSIVE I/O AS STD (RS232. Tn.

20mA PARALLEL DMA)

* £545.00 excluding carriage ([10.00) and
V.AT. (15%)

* EX -STOCK"

P4000 PRODUCTION PROGRAMMER

* PROGRAMME UP TO 8 EPROMS
SIMULTANEOUSLY

* COVERS SAME EPROMS AS EP4000
* INDEPENDANT BLANK CHECKNERIFY

PROGRAM MODES
* SIMPLE TO USE

* £545.00 excluding carriage (£10.00) and
V.AT. (15,70)

* EX -STOCK"

UV141 EPROM ERASER

* 14 EPROM CAPACITY

* SAFETY INTERLOCKED

* ELECTRONIC TIMER

* £78.00 excluding Carriage (£5.00) and
V.AT. (15,/o)

* EX -STOCK*

KEYBOARD AND ENCLOSURE

CASE Attractively styled personal computer enclosure constructed of structured foam top and steel
base (similar to the top selling Apple). Finished in charcoal and black

£49.95 excluding carnage ([10.00) and V.AT. (15%)

KEYBOARD High quality electromechanical
ASCII Encoded keyboard which can be
fitted in above case or used separately. Full
upper and lower case provided

£49.95 excluding carnage ([2.00) and
VAT (15%).

TRANSFORMER Mains transformer suitable for +5V at 2.5A and ±12V at 1 A Mounts on spec ia

lugs inside enclosure.
£10.95 excluding carnage (£1.00) & VAT. (15%)

HEATSINK Heatsink for T03 Regulators which mounts inside rear of enclose
£2.50 excluding V.AT. (15%)

SPECIAL PRICE FOR CASE, KEYBOARD, TRANSFORMER & HEATSINK IF PURCHASED
TOGETHER
£99.95 excluding carriage (£15.00) & V.A.T. (15%)

OFFICIAL
ORDERS

FASTEST
Devise Ms notice MC.

DELIVERY
Device Pries Dales Prkm Mks PG08

MEMORIES LM555CN 0.18 CMOS 4000'8 4543 OAS 74L5190 0.49

2114L 20Ons 1+093 LM556CN 0.49 SERIES 4553 LOD 741.5191 0.49

25+0.89 LM725CN 3.20 4000 0.11 4555 530 7415192 0.49
2114 L-30OnsGTE ; 1.55 LM741CN 0.14 4001 0.11 4556 0.44 7415193 0.48

(FOR ACORN ATOM) LM747CN 0.70 4002 0.13 4585 11.112 741S194 0.39

2708 45Ons 1+2.25 LM746CN 0.34 4006 0.90 7415195 0.39

25+1.99 4007 0.15 74LS SORES 7415196 0.59

27164513s 1+2.49 REGULATORS 4008 0115 741500 0.10 7415197 0.05
(single +551 25+2.25 7805 0.39 4009 029 741S01 0.11 741.5221 0.54

2716 350ns 595 4010 0.35 741502 0.12 7445240 0.119

2532 45Ons 1+4.50
25+4.25

2732 45Ons 1+199

7815 0.39
78105 020
78112 020

4011 0.12
4012 0.15
4013 029

741503 0.12
741504 0.12

7415241 0.89
7415242 0.70
7415243 0.79

25+3.80 78115 029 4014 0.55 741508 0.12 7415244 0.85

2732 350ns 7.50 7905 0.55 4015 0.56 741.509 0.12 741S245 099
4116 200ns 1+0.74 7912 0.55 4016 0.25 741510 0.12 7415247 0.63

25-1-0.711 '915 0.55 4017 0.45 741511 0.12 7415248 0.53

100+0.57 4018 030 741512 0.12 74LS249 0.83

4116 15Ons 1+0.93 79105 0.59 4019 025 741513 0.22 7415251 040
25+0.80 79112 0.50 4020 0.55 741514 0.39 7415253 0.39

4118 200ns 1+330 79115 0.59 4021 030 741516 0.12 7415257 0.40

25+3.45 1M309K 099 4022 0.02 741520 0.12 7415258 0.30

4118 150ns 0.00 LM317K 320 4023 0.17 741521 0.12 7415259 079
5516 200ns 12.50 LM323K 4.95 4024 095 741522 0.12 7415261 195
6116 20016 795 LM338K 4.75 4025 0.16 74LS26 0.15 74LS266 0.23

6116LP 200ns 10.00 4026 74LS27 0.12 741S273 0.75

6116LP 150ns 1095 MO FAMILY 4027 0.30 741528 0.15 7415279 0.39
280 CPU 3.49 4028 055 741530 0.12 7415283 044

CRT CONTROLLERS 280A CPU 3.99 4031 195 741532 0.12 7415290 054
EF6845P 0.50 280 CTC 2.99 4033 1.110 74LS33 /16 74 LS293 0.45

EF9364P 5.04 780A CTC 2.99 4034 1.55 741537 0.15 7415365 0.34

EF9365P 02.90 280 DART 10.00 4035 0.72 4 LS38 0.15 7415366 0.311

EF9366P 02.90 280A DART 12.00 4040 0.54 741540 0.12 7415367 0.34

EF9365/6 DATA AND Z80 DMA 9.95 4041 0.80 741542 034 7415368 0.49

APPLICATIONS 2.00 Z80A DMA 11.95 4042 094 741547 030 7415373 074
Z80 PIO 3.49 4043 0.59 741548 0.60 741S374 0.74

BUFFERS Z80A PIO 3.75 4044 094 741.549 0.59 7415375 0.47

811595 0.90 780 SIO-0 10.99 4045 116 741551 0.14 7415377 089
81 LS96 0.90 Z80A S10-0 11.99 4046 0.611 741554 0.15 7415378 0.69

811597 0.90 ZBO S10-1 10.99 4047 0.66 741555 015 741.5379 0.54

BILS98 090 280A S10-1 1119 4048 0.54 74LS73 0.19 7415386 029
8726A 0.99 Z80 S10-2 1099 4049 026 74LS74 0.16 7415390 054
8728A 1.40
0195 1.35

7415393 0.59

8797A 1.35
8198 1.45

NEW CATALOGUE OR SOCKETS
IOW PROFILE - TIM

DATA CONVERTERS NOW AVAILABLE 8 pm 007
14 pin 0.09

Z14425E-8 3.45
ZN426E-8 3.00 Gives details of our full product range

16 pm 0.09
18 pin 0.13

ZN427E-8 5.99
ZN428E-8 4.75
ZN429E-8 2.10

including price breaks and a voucher
value £1. Please send SAE.

20 pin 0.14
22 pin 0.17
24 pm 0.19

ZN432C.1-10 29.09 28 pm 025
ZN433CJ-10 259
711440 56.63
ZN432E-10 14.75

SPECIAL OFFERS
1+ 25+ 100+

40 pul 0.29

CD
ZN447 9.14 LOW PROFILE 

ZN448 6.95 2114 Low Power 200 ns 0.64 0.79 0.74 GOLD

ZN449 320 6116 Low Power 200 ns 7.60 7.20 5.75 8 pm 022

Eln FLOPPY DISC
6116 Standard 200 ns 5.70 5.35 5.05 14 pm 029

16 pin 0.31

CONTROLLERS
18 pin 0.33

F01771 17.12 BOA 510-2 11.90 4050 0.26 74 LS75 024 20 pm 0.35

FD1791 32.61 MK 3886 11.00 4051 0.59 741576 020 22 pin 0.40

FD1793 32.61 MK 3886-4 14.47 4052 0.68 741578 0.19 24 pin 0.42

F01795 35.33 4053 0.59 741583 0.44 28 pm 0.54

W01391 45.50 MOO FAMILY 4054 120 741585 085 40 pin 0.81

W01393 45.50
WD1395 45.50

6800 2.99
6802 3.99

4055 120
4060 079

741586 0.15
741590 0.30 CID

WD1397 45.50 6803C 11.80 4063 0.65 741591 0.75 ZERO  INSERTION

W02143-01 5.45 6809 9.99 4066 0.34 741592 0.34 FORCE OIL

W01691 10.07 6810 125 4068 0.17 74LS93 0.34 24 pin 6.30

6821 125 4069 0.17 741595 0.43 28 pm 7.40

MISCELLANEOUS 6840 420 4070 0.17 7415109 0.21 40 pm 8.80

SUPPORT CHIPS 6850 1.50 4071 0.17 7415112 021
AY -3-1015 3.25 6862 6.91 4072 017 7415113 023 CRYSTALS

AY -3-1270 7.95 6871A1T 18.70 4073 0.19 7415114 0.19 1 MHz 2.90

AY -3-8910 5.95 6880 1.07 4075 0.17 7415122 0.39 1.008 MHz 2.90

AY -5-1013 3.45 6887 0.80 4076 0.02 7415123 0.39 1 8432 MHz 2.20

A1-5-3600 7.95 68488 9.11 4077 022 7415124 000 3.6864 MHz 2.95

AY -5-2376 6.95 6875 4.18 4078 024 7415125 025 4 MHz 1.05

DP8304 4.50 6843 13.90 4081 0.14 741S126 025 6 MHz 1.90

MC1488 0.59 68800 4.70 4082 0.19 7415132 0.45 8 MHz 1.95

MC1489 059 68802 19.11 4085 0.03 741S136 026 14 MHz 3.45

MC3446 295 68021 229 4086 0.69 7415138 0.34

MC3448A 425 68810 2.00 4093 0.39 7415139 0.35 MI UHF
MC3480 795 68840 4.70 4502 0.59 7415145 0.75 MODULATORS

MC3487 205 68850 2.15 4507 0.39 7415148 0.90 6 MHz 2.75

MC14411 094 68000C4 110.00 4508 1.00 7415151 0.39 8 MHz 4.40

MC14412 799 4510 0.00 7415153 0.29
R0 -3-2513L 5/9 WOO FAMILY 4511 0.49 7415155 0.39 OATILIOOKS

RO-3-2513U 595 6502 425 4512 0.00 7415156 038 THOMSON-EFCIS

ULN2803A(L203) 0.04 6520 299 4514 1.49 7415157 0.31 6800 Data Book

6522 4.75 4515 1.49 7415158 0.31 (Inc P&p) 5.05

DUN CHIPS 6532 6.95 4516 0.69 7415160 0.30 Data Converter
ZN450e 7.01 4518 0.40 7415161 0.39 Handbook
IN450E OVM KIT 25.00 0050 FAMILY 4519 025 74L5162 0.30 dm pep) 1.50

8085A 5.50 4520 0.09 7415163 0.39
NEW UNEMIS 8212 1.70 4521 1.49 7413164 0.47 OATASNEETS

LM301AN 025 8216 0.011 4522 120 7415165 0.99 Notocopied Data

LM308N 099 8224 1.95 4526 0.70 7415166 0.114 Sheets available for
LM311N 0.69 8228 3.95 4527 0.60 7415173 0.70 most product at Op
LM319N 220 8251 3.00 4528 0.70 7415174 0.47 Set Page ex P&P
LM324N 0.30 8253 7.95 4532 095 74 LS175 0.49 and VAT ,please

LM348N 059 8255 3.00 4541 099 74LS181 120 telephone lot OetalA

VISA 24 HOUR TELEPHONE SERVICE FOR

WELCOME
CREDIT CARD USERS

QUANTITY
DISCOUNTS
AVAILABLE

PLEASE SEND S.AE. (20P) FOR OUR NEW 1982 CATALOGUE. FREEREPLIED PAID ENVELOPE WITH EVERY ORDER. ALL PRICES
EXCLUDE P & P ON ORDERS UNDER £10 (50p) AND V.AT. (15%). ALL ORDERS DESPATCHED ON DAY OF RECEIPT WITH FULL

REFUND FOR OUT OF STOCK ITEMS IF REQUESTED

MIDWICH COMPUTER COMPANY LIMITED
DEPT PE.HEWITT HOUSE. NORTHGATE STREET. BURY ST. EDMUNDS. SUFFOLK IP33 1 HQ

TELEPHONE: (0284) 701321 TELEX: 817670
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ULTRASONIC PART 1

VISION SYSTEM
Jeremy Bentham & Fred Bentham

THE ROBOT AGE is drawing closer, but the general use of
robots is held up because of one major problem: how can

a machine "see" the world around it? Research laboratories
the world over are working on the problem, yet the systems
produced are either elaborate and expensive, or simple and
ineffective. This project is an advanced ultrasonic vision
system which is within the means of the amateur construc-
tor, yet is sophisticated enough to enable experimentation
with computer measurement, image recognition, object
tracking, and robot vision.

The use of ultrasonics for imaging is by no means new. It
has long been known that bats emit ultrasonic squeaks, and
use the resulting echoes to determine the range and position
of nearby objects. Man has widely imitated this process, and
many designs have been published for simple ultrasonic
echo -rangers. Yet these designs ignore two important
features of a bat's vision system that make it so accurate.

Firstly, a bat does not transmit a burst of one single fre-
quency, since this frequency may be cancelled out due to the
shape of the target. Instead, a burst of many different fre-
quencies is transmitted, so that complete cancellation is un-
likely. Secondly, a bat can intelligently move so as to deter-
mine the bearing of an object of interest. This permits a map
of the surroundings to be formed.

This project incorporates these two improvements so as
to form an ultrasonic vision system. The system consists of a
rotating transducer unit, and an interface circuit. The system

24

is designed to be coupled to a home computer, which
processes and displays the incoming data. Depending on the
complexity of the software written, the display can be
anything between simple range and bearing information, or
a complex radar -type plot. There is tremendous scope for ex-
perimentation with the way the incoming data is used: in
view of the impending arrival of domestic robots, the unit
might well find application as a robot vision system.

HARDWARE AND SOFTWARE
The vision unit consists of a circuit board, an ultrasonic

transducer, and a stepper motor. The unit is designed to plug
into the printer port of an Acorn Atom, but it can be driven
by any computer with five output lines and one input line (5
volt logic). The unit can be powered from an external 5 volt
supply, or from an unregulated supply using the optional on-
board regulator. Simple driving software for the Atom is
described in Part Two. A typical scan of a room using more
complex software and the Atom hi-res graphics is shown in
Fig. 4. It is hoped to make this software available on
cassette.

DESIGN
In order to make the system as flexible as possible and to

minimise the amount of hardware, it was decided to imple-
ment most of the required functions in software. This means
that the computer generates the transmit pulse sequence,
times the returning echoes, and generates the stepper motor
signals. The hardware amplifies the transmit pulse sequence,
processes the received echoes, and amplifies the motor drive
signals.

Fig. 3 is a complete circuit diagram of the unit. The
transmit pulses emerge from bit 6 of the Atom printer port
as a normally low signal, pulsed high at the transmit fre-
quency. This signal is fed to the base of TR 1 via Cl, which
blocks any continuous d.c. signal. The high pulses turn on
TR1 and drive T1 which is a transformer broadly tuned to
50-60kHz. During transmission the inductive "kick -backs"
from the primary are collected by D5 so as to charge up C5
to about 8 volts. This voltage is used as a supply for IC1,2,
since they require more than 5 volts. Approximately 350V
peak -to -peak is produced by the secondary of T1 to drive the
transducer. As the transducer is of the capacitive type, it also
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requires a d.c. polarising voltage, which is supplied by D2
and C2. When the transmission has finished, the oscillations
die away quickly due to the damping resistor R5, and the
transducer can start receiving.

Echoes picked up by the transducer generate a small
signal, which may be as low as 100 microvolts for a distant
object. For amplification, the conventional 741 op -amp can-
not be used, since it has inadequate gain at 60kHz. Instead,
an LM301 is used, and it requires an external compensation
capacitor C7. IC1 provides a voltage gain between 20:1 and
80:1 depending on the setting of gain control VR1. The out-
put of IC1 feeds a 60kHz series tuned circuit. As those of
you who have studied a.c. circuit theory will know, the tuned
circuit not only filters out signals outside the passband, but
also acts as a voltage multiplier at the resonant frequency.
Since R8, C8, L1, give a Q -factor of approximately 10, we
obtain a further voltage gain of 10 around 60kHz.

The amplified and filtered echo is fed to the non -inverting
input of IC2, and a reference voltage is fed to the inverting

Fig. 4. A radar -type scan generated by the ultrasonic
vision system. A "slice" view at about the height of
the back of the chair is produced here
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input. The op -amp acts as a comparator: if the negative
peaks of the received echo are more negative than the
reference level, the output pulses low. Thus a stream of low
pulses at the output indicates that a valid echo is being
received. These pulses are fed to TR2, TR3 which stretch the
individual pulses so that one echo is seen as one long pulse.
(See Fig. 2). These echo pulses are fed into bit 7 (the most
significant bit) of the atom printer port. The input is normally
high, and is held low for the duration of each received echo.

From the above description it can be seen the reference
voltage at the inverting input of IC2 determines the overall
sensitivity of the system: if the reference voltage is at 0
volts, the system is least sensitive, and if it is nearly 5 volts,
the system has maximum sensitivity. Components D6, C6,
C9, R9, R10, R11, R12, TR4, all control the reference
voltage so as to give the following features:
1) Hysteresis. When an echo is received, the field-effect
transistor TR4 is turned off via R12. This raises the reference
voltage, so that the circuit locks on to the incoming pulse.
2) Gain profile. During transmission, the switching of TR1
causes C6 and C9 to charge via D6, holding the reference
voltage low. During reception, the reference voltage slowly
rises as C6 and C9 discharge through R9 and R11. This
means that the system gain is low after each transmission,
and then slowly rises; this compensates for the fact that
nearby objects give bigger echoes than far ones.

Bits 0, 1, 2, 3 of the printer port are outputs for the step-
per motor drive. These signals are normally low; when one or
more are switched high, the corresponding stepper motor
coils are energised. Diodes D8, 9, 10, 11 are to protect the
circuit against the inductive kick -back of the coils when de -
energising. The stepper motor is a 4 -phase unipolar type;
although it is a 12 volt motor it is being under -run at 5V to
save power. The angle per full step is 7.5 deg., but it can be
half -stepped. The required drive signals are described next
month.
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Fig. 5. Interfacing the stepper -
motor to the Atom Printer Port
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Fig. 6. Mounting the sensor. A plastic
spacer with a slot cut in one end, is used
to accept the flat brass bar which passes
through the transducer's rear lugs. This
end of the spacer is joined using adhesive.
The other end is a push fit over the
motor spindle
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COMPONENTS . . .

Resistors
Al,R13
R2
R3 R12
R4, R15, R16
R5
R6
R7
R8
R9, R 17, R19,
R10
R11

224 (2 off)
+W 5%
560k (2 off)
1k (3 off)
47k
39k
470
150

R21, R23 10k (5 off)
1M
15k

R14, R18, R20, R22, R24 3k3 (5 off)
All resistors PA/ 5% unless otherwise specified

Potentiometers
VR1 2k2 min. hor. preset

Capacitors
C1, C6, C11, C12
C2, C10
C3, C5
C4
C7

100n/250V 10% (4 off)
10n/250V 10% (2 off)
470/63V elect. (2 off)
680p silver mica
3p3 sub. min. plate ceramic

Transistors and Diodes
TR1, TR5-8
TR2
TR3
TR4
D1, D3, D4, D6, D7
D2, D5, D8-1 1

Inductors
L1

T1

Integrated Circuits
ICI, 1C2
REG 1

TIP120 (5 off)
BC212 (not L version)
BC107
BF2446
1N4148 (5 off)
1 N4006 (6 off)

5mH choke (Repanco CH2)
COMPVIS 1T

LM301 (2 off)
7805 regulator (not supplied

in kit)

Miscellaneous
Polaroid ultrasonic transducer
8 -pin doll socket (2 off)
Stepping motor. Impex 9904--112-31004 12 volt
Ribbon cable with 26 -way header
30cm of coaxial cable for transducer
Adaptor to mount the transducer
P.c.b. Compvis 1

Constructor's Note
All parts (or complete kit) available from Tecnnomatic
Ltd.
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CONSTRUCTION
It is recommended that the p.c.b. be used, otherwise

stability problems may occur. Assembly is straightforward,
but pay special attention to the diode polarities, and the
transistor orientation. The correct orientation for T1 is es-
tablished by looking at the underside: the primary is wound
with thicker wire than the secondary. The regulator IC3 is
optional. If a 5 volt regulated supply is available, then IC3
should not be fitted, and its two outer holes on the p.c.b.
should be linked together. During transmission, the unit re-
quires 1 amp peak, so the external supply must be capable
of this current without distress. For this reason, the supply
from the Atom's internal regulators must not be used. The

screened cable must be soldered to lugs which push on to
the transducer tabs. Do not solder direct to the transducer,
as the heat will destroy it. The recommended length for the
transducer cable is 30cm., greater lengths may cause
problems. Before connecting the screened cable to the p.c.b.
connect it to the transducer and fit the transducer to the
motor. Measure the resistance between the centre core and
the screen of the cable: it should be infinite, since the
transducer does not present a resistive load. When con-
necting the ribbon cable, note the pin 1 identification on the
p.c.b. This should correspond to the bottom left pin of the
Atom printer port, viewed from the back.
NEXT MONTH Testing and software.

THE MACROCHIP
In recent years the phrase 'solid state' when applied to elec-

tronics has been almost universally equated with integrated cir-
cuitry and microminiaturisation. An advance in large scale solid
state engineering is about to take industry by storm. This ad-
vance however has come from the most unlikely source.

The specialist firm of Puchemm & Long which produces con-
veyor belt systems for the confectionary trade is about to start
production of its new solid state drive mechanism for conveyor
belts. The principle is simple, but has required some
sophisticated engineering to produce the hardware. The drive
mechanism is a linear induction motor which instead of using
magnetic induction uses an analogous system of electrostatic in-
duction. A rubberized belt acts as an insulator with a high
dielectric constant. A large scale solid state drive underneath the
belt develops a rapidly changing pattern of electrostatic charge
which induces the opposite charge on the belt above. As the
driving charge changes the induced charge above it lags behind
so that the two charges repel each other providing levitation and
propulsion for the belt. A complex pattern of changing charges
produced by the macrocircuit ensure a smooth controllable mo-
tion of the belt.

There are many advantages of this system over the conven-
tional mechanical belt drive. Total solid state engineering means
that there are no moving parts and hence greater reliability and
less maintenance. The elimination of the noise and vibration of
previous mechanisms improves the environment of the factory
floor. The main advantage for the food industry however is the
cleanliness of the system. The lack of moving parts means that
`dirty' lubricating oils can be eliminated from the track and little
dust is stirred up by the mechanism.

It is not only on the factory floor that this system will find an
application. Already P & L have started work on a personnel
transport system. A high power version of the sweet makers
continuous belts under development as a moving pavement
although there is still a considerable number of problems to be
overcome. This farsighted project is only the beginning of what
could be a revolutionary move away from the wheel. Plans for
the future include an electrostatically elevated and propelled
automobile. In this development the drive 'chip' is turned upside
down and induces its shadow charge on the dielectric which is
the road.

The wheel -less car seems a very adventurous project but the
P.L. planning department claim that this is only a beginning.
However when pressed for details they would say no more than
"The sky is the limit". An expression which may have referred
to the fact that air itself has a moderately high dielectric cons-
tant, or . . . What is the dielectric constant of interstellar
hydrogen?

See Page 51 for more details.
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Our book PE Popular Projects containing a selection

of popular projects is now available. The book costs
£1.25 from retail outlets and is also available for

1.50, UK post paid, or £1.80 overseas surface post
paid, from Post Sales Department (PE Popular
Projects), IPC Magazines Ltd., Lavington House, 25
Lavington Street, London SE1 OPF.

Quick, neat and easy!
It's so easy and tidy with the Easibind binder
to file your copies away. Each binder is
designed to hold 12 issues and is attractively
bound and blocked with the PRACTICAL
ELECTRONICS logo. Price U.K. £4.60 in-
cluding postage, packing and V.A.T. Overseas
orders add 25p.
Please allow 3/4 weeks for fulfilment of
order. Why not place your order now? Send
the completed coupon below with remit-
tance payable to:-I.P.C. Magazines Ltd.,
Post Sales Dept., Lavington House, 25
Lavington Street, London SE1 OPF.
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tOrder Form PRACTICAL ELECTRONICS

I enclose P.O./cheque value for binders.
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BRANDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM
SX 1000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg. earth vehicles

J,

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

Capacitive Discharge
 Contact breaker driven
 Three position changeover switch
 Over T30 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg. earth vehicles
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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

1111

MAGIDICE
Electronic Dice

 Not an auto item but great fun
for the family

 Total random selection
 Triggered by waving of hand

over dice
 Bleeps and flashes during a 4 second

tumble sequence
 Throw displayed for 10 seconds
 Auto display of last throw 1 second in 5
 Muting and Off switch on base
 Hours of continuous use from PP7 battery
 Over 100 components to assemble

O
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TX2002
Electronic Ignition

 The ultimate system  Switchable
contactless.  Three position switch with

Auxiliary back-up inductive circuit.
 Reactive Discharge. Combined capacitive

and inductive.  Extended coil energy storage
circuit.  Magnetic contactless distributor trigger -
head.  Distributor triggerhead adaptors included.

 Can also be triggered by existing contact breakers.
 Die cast waterproof case with clip -to -coil fitting  Fits

majority of 4 and 6 cylinder 12v neg. earth vehicles.
 Over 150 components to assemble

VOYAGER 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 alarms
warning of Excess Speed, Frost/Ice, Lights -left -on.  Facility to
operate LOG and TRIP functions independently or synchronously.
 Large 10mm high 400ft-L fluorescent display with auto
intensity.  Unique speed and fuel transducers giving a
programmed accuracy of + or -1%.  Large LOG & TRIP
memories. 2,000 miles. 180 gallons. 100 hours  Full Imperial
and Metric calibrations.  Over 300 components to assemble
A real challenge for the electronics enthusiast!

CI CI CI n.
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All EDA SPARKRITE products and designs are fully covered by one or more World Patents.

EDA SPARKRITE LIMITED 82 Bath Street, Walsall, West Midlands, WS1 3DE England
E III III = 1

SELF
ASSEMBLY

KIT

READY
BUILT
UNITS

SX 1000 f 12.95 £25.90
SX 2000 £19.95 £39.90
TX 2002 £29.95 £59.90
AT. 80 £29.95 £59.90

VOYAGER £59.95 £119.90
MAGIDICE £9.95 £19.90

PRICES INC. VAT. POSTAGE & PACKING
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Please allow 28 days for delivery
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ADDRESS

I ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR

KIT REF
CHEQUE NO
24 hr. Answer phone
PHONEYOURORDERWITHACCESS/BARCLAYCARD
SEND ONLY SAE IF BROCHURE IS REQUIRED

Tel: (0922) 614791
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PE/4/82

<(>'

t$'
OC'

°
CUT OUT THE COUPON NOW!



MIER
NEM

ASLEF Man
Perhaps unfairly, British Rail's modern-

isation programme has become a joke. The
Advanced Passenger Train (APT) caused
much merriment recently when its in-
augural passenger runs were plagued with
technical problems resulting in withdrawal
from service. What should have been a
technical triumph, though some years late,
turned into a farce.

BR is typical of what remains wrong in
British industry. On the one hand there is a
dedicated team of scientists and engineers
beavering away at Derby on developing and
testing up-to-date systems with a view to
improving efficiency and service. On the
other hand, a trade union structure reluc-
tant to admit any change in practices
although paying lip -service to the need for
progress.

ASLEF Man is the archetype of out-of-
date attitudes. For the benefit of overseas
readers, ASLEF is the acronym for the
Associated Society of Locomotive
Engineers and Firemen with a membership
of little over 25,000, a sad decline since the
great age of steam when, for example, in
1938 there were close on 20,000 steam
locomotives running and only 43 diesel and
13 electric locomotives. By 1960 diesel
traction was biting into steam and the
switch from steam to diesel and electric
traction was completed by 1968.

In some respects we can all sympathise
with ASLEF Man. Not only has he declined
in numbers but his elite qualities in the
railway hierarchy of yesteryear are no
longer needed. With steam, the driver and
fireman, working as a team, were systems
managers. Every locomotive was a self-
contained energy converter from coal to
heat to steam to tractive effort. There was
constant balancing of water levels, firebox
temperature, steam pressure, against the
varying demands of speed, gradients, wind
resistance and the clock. The team watched
their gauges and, as part of the feedback
loop, had to exercise technical judgement
based on long experience throughout the

journey. Starting as a boy engine cleaner,
you could hope to be entrusted with an ex-
press passenger train by middle age. Apart
from the exercise of technical skill, the job
was physically demanding, uncomfortable,
and dirty.

Modern ASLEF Man, in association with
the guard, is responsible for train and
passenger safety as before. The rest of his
job, in air-conditioned comfort, is less
demanding than driving a car. He can't
forget he is no longer a locomotive engineer
and as long as he can get away with it will
insist on having a 'fireman' in his cab, for
thus it was always so.

While ASLEF Man dwells mentally in the
past, the electronic boffins at BR
laboratories are far into the future. Too far, I
suspect, because they have an obsession
that modern electronics is the solution to
everything. This was apparent at a recent
IEE conference on Railways in the Elec-
tronic Age. It came out that 'old-fashioned'
signalling using electro-mechanical relays
has reliability and fail-safe characteristics,
developed over decades of in -field ex-
perience, very hard to improve by electronic
switching and control. If this is true, why
bother to change? Our experience with
automation and modernisation on British
Rail has often been unhappy.

The railway boffins are so far ahead with
dreams of microprocessor control for
everything that they seem to have
overlooked one application of electronics,
cheaply and easily installed, that could have
saved many accidents and deaths. A radio
communications link with every moving
train. Well, not quite overlooked, for the
conference revealed as something quite
remarkably novel that one single-track line
in the north of Scotland is now so equipped
since overhead lines were brought down by
snow. What a breakthrough!

With one vital section of the workforce of
the railways with heads mostly buried
in the sand, and another with heads often in
the clouds, it is no wonder the outfit costs
the taxpayer £2 million a day to keep going
- when it is going.

New Era
'We are well and truly launched into the

competitive era' says Sir George Jefferson,
chairman of British Telecom, commenting
on the new circumstances under which BT
has had its former monopoly powers
curbed, if not yet extinguished. BT has ac-
cepted the challenge and the equipment
suppliers will also need to be more com-
petitive to hold their business with their
largest single customer.

Nonetheless, wholly British or British -
based companies should retain most of the
business which will remain substantial for
many years to come. Electronic telephone
exchanges alone will account for £600
million over the next three years, spread
between GEC, Plessey and STC. By then,
BT will have spent £750 million on TXE4
and the improved TXE4/4A exchanges with
STC alone.

Then there is BT's new digital network,
which has already topped 100,000 miles
installed, and this is only the start of a

massive digital programme extending
through the rest of the decade.

There still remains a big question mark
over the highly publicised System X. At
home, where BT is full committed to
System X, its full implementation according
to some forecasts will not be before the
turn of the century. This is not a reflection
on BT who must, of course, get a full ser-
vice life from exchanges such as TXE4/4As
now being installed. Nor does it mean that
subscribers on TXE4/4As will be denied
the sort of extra services promised by
System X. In fact, further enhancement of
TXE4/4As will provide most, if not all, of
the facilities of System X.

Wherelhe disappointment arises is in ex-
port orders for System X. A business con-
sortium of BT, GEC, Plessey and STC was
formed some three years ago to promote
exports but no sales have resulted - so far.
The Department of Industry has been asked
for a grant to adapt System X to better
meet overseas requirements but DOI has
commissioned an independent study by
consultants before committing itself.

Joy in Boredom
When Racal Electronics Group yet again

produced a record financial result, half -year
pre-tax profits up 45 per cent, the City yaw-
ned. What an utter bore, why don't they im-
prove 100 per cent, or even go broke?

The trouble with Racal is that for over a
quarter of a century the company has en-
joyed a continuous upward growth. None of
the dramatic upheavals, the ups and downs
so beloved by financial journalists looking
for newsy headlines. Racal growth is so
regular it has now become routine, if not
downright monotonous. And Racal shares
have become so blue-chip that they tend to
be overpriced. The result is that when, by
ordinary standards, Racal produces a crack-
ing result it can even provoke a 'Racal dis-
appoints' comment - Racal shares drop-
ped 33p the day after the results were
declared.

The belief that Racal -style management
would soon turn Decca round from loss to
profit was confirmed in the figures. Most of
the increased profit came from the turn -
round, although some of the former Decca
operations are not yet out of the red.

An interesting sidelight is the theory of
horses for courses. Racal is a firm believer
in sticking to what it knows it can do best,
i.e. capital goods. Thus, having acquired
Decca, one of the first tasks was to dispose
of the domestic television manufacturing
unit at Bridgnorth. This was bought by
Taiwan's biggest electronics company,
Tatung, who know the consumer side of the
business and according to latest reports are
making a real go of it, turning loss into
profit within six months of taking over,
production of TV sets having increased
almost five -fold and still accelerating with
substantial exports to the European
mainland envisaged.

Another thoroughly boring outfit is GEC.
Their current export order book stands at
over £1,000 million, let alone the healthy
home order book plus £800 million cash in
the bank. Again, this is expected and
causes little excitement.

30 Practical Electronics April 1982



SPECIAL PE
LOUDSPEAKER
OFFER
E4350

PER PAIR

INCLUDING V.A.T

PLUS 15 POSTAGE

I PACKING
This excellent offer has been arranged by PE as a

result of a frustrated export order. The speakers em-
ploy Audax drive units and were produced in the UK
for a leading European hi-fi company. They are "mirror
image" speakers with h.f. drive units mounted to the
outside of the sound area.

Specifically designed to meet the need for a high quality
moderately sized enclosure these speakers have a high sensitivity,
extended bass response and will handle up to 45 watts peak,
although they can be used with amplifiers rated as low as 15 watts.

SPECIFICATION: Two way infinite baffle; HIF2OESM bass
unit 20cm diam. treated paper foam edged cone; H D100 high fre-
quency unit 25mm soft dome radiator; 8 ohm nominal impedance;
45 watts peak power (35W r.m.s.); 86dB 1 watt 1 meter sen-
sitivity; frequency range 45Hz-22kHz; resonance 80Hz; harmonic
distortion ref. 96dB. SPL at 1 meter 3% max. second harmonic
140Hz-22kHz; 1% max. third harmonic 100Hz-22kHz; finished in
rosewood p.v.c.; size 470 x 264 x 225mm; capacity 18 litres;
weight 8 kilos; connections, DIN sockets and screw terminals.
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To: RTVC Ltd. (PE OFFER), 21b High St., Acton W3 6N
(all mail), callers to 323 Edgware Road.

ra- Please send me pair(s) of speakers at £43.57:
II plus £5 post and packing (total £48.50) per pair.

1EeIC I enclose P.O./Cheque No Value
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to I

I: I

1 I
a. From: RTVC Ltd., 21b High St., Acton W3 6NG.

I.- ...I

I
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THIS is a project designed primarily with the photographer
I in mind, but which could be readily adapted to many

other uses. It can act as a straightforward stopwatch,
counting with an accuracy of 0.1 seconds up to a total of
999.9 seconds duration; this is primarily for use when
processing films or developing prints. It can also be made to
count down from a preset number to zero, turning on an
enlarger lamp during this counting period. To aid in the
'dodging' of prints (selective shading of part of the enlarge-
ment) a once -per -second 'bleeper' is provided; alternatively,
the bleeper can be used as an alarm for when the count
down period has ended. The count down facility can also be
switched to repeat. In this mode, a short bleep is sounded
when the counter reaches zero, then the unit re -sets itself to
the starting value and counts down again. This arrangement
simplifies the exposing of 'test strips'. A safelight socket is
provided so that when the enlarger control is in the 'focus'
position (continuously on), the safelight is turned off. An
enlarger meter can then be used to determine the relative
brightness of the negative; normally, such meters are adver-
sely affected by the illumination from a safelight. Finally, a
brightness control is provided for the I.e.d. display to allow it
to be dimmed sufficiently to prevent fogging of the printing
paper. Turning this control fully off also turns off the
safelight; ideal for use when colour printing.

CIRCUIT DESCRIPTION
The whole enlarger timer is based on one LSI device, a

CMOS 4 decade counter/driver i.c. type 7217. This is a 28
pin i.c. of considerable complexity; it isn't cheap, but it does
replace dozens of simpler i.c.s.

The 7217 is, essentially, four up/down counters in one
package. It has a built-in multiplexed I.e.d. driver circuit,
which is fully buffered to remove the need for any external
transistor or i.c. current driving stages. It has a tri-state in-
put/output ('I/O') bus, pins 4, 5, 6 and 7, capable of feeding
in an input into the device to preset it, or an output from the
device (to supply count data to other external circuitry). We

shall only be using the 'input state' of the bus in this applica-
tion. The preset information can be used to either preset the
counter, or to preset a register which is then compared with
the counter; when the two are equal, an output pin of the i.c.
changes state. (We shall not be using this latter function, but
you may be able to think of other applications for it!)

To provide an accurate source of clocking pulses for the
7217, a clock signal derived from the 50Hz waveform of the
mains is used. D28, D29, D30 and D31 form a conventional
bridge rectifier to supply the unregulated d.c. to the circuitry,
but we also take one a.c. side of the bridge to IC9b, via R21.
D25 and D26 limit the voltage excursions to within the sup-
ply rails, give or take a diode voltage drop, and C11 helps to
filter out noise on the 50Hz waveform. IC9b is a Schmitt
trigger NAND gate, which sharpens up the incoming
waveform to the correct logic levels, with no noise spikes or
other transient effects. IC2 is a pre-settable 'divide -by -n'
counter, as discussed in the 'Digital Design Techniques'
series. In this instance it is arranged to divide by 5; the 7
and 0-3 outputs are fed back to the data input via IC7a and
IC7b. This 'data' signal is the 10Hz waveform used to feed
both the clock input to IC1, and to IC3. The latter is a decade
counter used merely to divide by 10; the 'carry out' signal
from IC3 is a 1 Hz square wave used to control the 'bleep'
oscillator when in the 'bleep seconds' mode.

IC8c and IC8d are connected as a latch. Pressing the
'start' button causes IC8d pin 11 to go to logic 1, which then
enables IC9b and allows IC's 1, 2 and 3 to start counting,
When the 'start' button is pressed, IC8c is forced to go to
logic 0, causing a negative going pulse, derived by C3, D21
and R13, to feed into IC4c. This is pulse stretched by C5,
R19 and D23, and is fed into IC5b. If S6 is in the 'up' posi-
tion, the output of IC5a is at logic 0, so IC5b is disabled.
(Pins 9, 10 and 14 of ICI all have internal 75k pull up
resistors). If S6 is in the 'down/time' position, IC5b inverts
the stretched pulse, which is inverted again by ICSd and
used to strobe pin 12 of IC1. This loads (i.e. presets) the
counter with the values of the BCD inputs to the i.c. The
preset inputs are provided by S9, S10, S11 and S12; all
BCD thumbwheel ('push -push') switches. These are strobed
by the digit strobe outputs of IC1 to ensure that each switch
feeds data into IC1 in a multiplexed arrangement, in
sequence with the multiplexing of the display. D1 to D16
prevent interaction between switches.

By this means, as soon as the start button is pressed (in
the 'down/time' mode) the counter assumes the value deter-
mined by the thumbwheel switches, then counts down from
that value towards zero. Pin 2 of IC1 goes to logic 0 when
the value of the counter output is zero. (This happens briefly
when the counter is loaded, so the load pulse on Pin 12 is
also used to disable the 'zero' output briefly, via pulse
stretcher D27, R16, C4 and IC6c. This has a pulse derived
from it by C2, D22 and R15. The pulse is enabled by IC4d in
order that no output pulse is generated when the device is
being reset to zero deliberately; if this were not done, un-
wanted effects would occur, for example, 'time -up' warning
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COMPONENTS . .

Resistors

R1

R2
R3
R4,R9,R1O.R11 R12,R14, R17,

R18, 823
R5, R7, R16, R19, R22, R24
R6
R8
R13,1115, R21, R25
R20
All resistors or watt, 5% Carbon

5k6
2k2
15k

10k (9 off)
IMO (6 off)
470
39
100k (4 off)
4k7

Potentiometers
VR1 47k lin., fitted with double pole single throw

switch

Capacitors
C1, C3, C4, C5, C11, C13
C2
C6
C7 C9
C8
C10
C12

Semiconductors

D1 to 018, D21
to 027

D19, D20, D28,
029, D30,
031

TR 1, TR3
TR2

10n polyester (6 off)
100n polyester
220g 25V electrolytic
100n 30V disc ceramic (2 off)

35V tantalum bead
1000µ 25V electrolytic
470n polycarbonate (or

miniature polyester)

I N4148 (25 off)

1 N4002 (6 off)
BC548 (2 off)
BC184L

IC1

IC2
IC3
IC4,1C5, IC7
IC6, IC8
IC9
IC10

DISPLAY XI

Miscellaneous
T1

1 off

ICM 7217 (4 decade counter/driver)
4018 CMOS divide -by -N
4017 CMOS decade counter
4011 CMOS quad NAND gate (3 off)
4001 CMOS quad NOR gate (2 off)
4093 CMOS quad Schmitt NAND gate
7805 +5V voltage regulator (plastic

package)
4 digit, multiplexed common anode

Le.d. display (or make up from
individual common anode 7 -segment
displays)

Mains transformer 9V r.m.s. secondary
TOKO PB2720 Piezo sounder (available

from Ambit)
S2, S4, S5 SPDT pushbutton (momentary) (3 off)
S3, S8 DPDT, centre off, miniature toggle

switch (2 off)
S6, S7 SPDT miniature toggle switch (2 off)
Relay RLA, Miniature relay, 12 volt (nominal) coil,

Relay RLB contacts capable of passing 240V a.c.
at 1.6A or more

1 off Knob for VR1
1 off Global Specialties 'Design Mate' case,

DMC1
1 off Piece of red gelatine or perspex (see

text)
1 off Mains fuseholder, FS1, fitted with 1A

fuse (slow blow)
2 off 'European' ('reversed') shuttered mains

chassis mounting socket, with mating
plug halves

S9, S10, S1 1, BCD thumbwheels, push -push type
S12 mounting cheeks and

a spacer (for the decimal point)
Threaded spacers, wire, screws, etc., to suit (see text).

bleeps, etc. When enabled, and with S7 in the 'one shot'
position, the 'zero pulsepulse finally feeds into the IC8c, IC8d
latch, resetting it and hence preventing any further counting
of IC1, 2 or 3. This halting of the count, of course, can also
be performed by pressing the 'stop' button, S4.

When S7 is in the 'repeat' position, the pulse -derived
zero output of IC1 is fed to IC4c. This has the same effect

as pressing the 'start' button did; IC1 is preset to the value
on the thumbwheel switches, from which it then counts
down. The continual cycle of counting down to zero then
jumping to the preset value and counting again, is only stop-
ped by pressing the 'stop' button. The output pin 4 of IC5b
dthe inverted 'load counter' pulse) is also used to reset IC2
and IC3 via IC5c, and to cause a short bleep to be given out
of the sounder. This is done by inverting it via IC9a, pulse
stretching it to give a fairly long (*rd of a second) pulse with
D24, R22 and C12, then using it to gate on and off the
'bleep' oscillator via IC6d and S8.

The bleep oscillator is a conventional two -gate circuit for-
med by IC8a and IC8b directly driving a piezo sounder. IC9c
and IC9d form a latch which is set by the 'zero' pulse (in the
one-shot mode only) and reset by the 'stop' switch. The out-
put of this latch, IC9c pin 10, feeds into IC6d, and is used to
gate on the oscillator to give the 'time -up' signal. When S8
is in the 'bleep seconds' position, the 1 Hz signal from IC3 is
on via IC7d only when the counter output is NOT zero; this
prevents the tone sounding continuously when the counter
stops at zero. IC3 has its clock enabled by the 'stop -start'

latch of IC8c and IC8d, so that the seconds only bleep when
the clock is running. The 'zero' switch S5 is contact de -
bounced by the latch formed by IC6a and IC6b; it is a re-
quirement of the 7217 i.c. that its reset input should be very
clean, i.e. noise free. As well as resetting IC1 and gating off
the pulse derived 'zero' output as already described, the
debounced S5 signal also resets IC2 and IC3 via IC5c.

The safelight and enlarger light are both controlled by
relays, rather than solid state triac or thyristor circuitry. This
has been done because some enlargers (and a few
safelights) have a complex and 'unusual' a.c. loading, and
can respond badly to the slightly 'chopped' waveform of a
solid state switched mains signal. Relay RLA is used to drive
the safelight, primarily to obviate the necessity to pass
mains voltages through S3a; a safety consideration. Note
that S1b is used to switch the safelight off when the
brightness control is turned off; S1b and S1a is the double
pole switch fixed to the back of VR 1.

Relay RLB is used to control the enlarger, and is driven
from TR2; chosen to be a BC184L, to ensure that a high
enough gain is obtained. Because of the BC184L's high
gain, 65mA can be passed through Relay RLB with less than
0.3mA drawn from IC8d. IC1 has an internal oscillator to
drive its multiplexing circuitry. In order to provide control
over the brightness, though, we must provide an external os-
cillator with variable mark/space ratio (since this ratio deter-
mines the illumination duration of each display digit) and
feed this into the IC1 'scan' input. IC4a and IC4b form the
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oscillator with VR1 varying the mark/space ratio. S1 a fully
disables the oscillator for the 'brightness off position of VR1.

TR3 is used to gate on the 'decimal point' I.e.d. in the dis-
play only when the '3rd digit' of the display (units of
seconds) is being strobed; this is the only digit of the four
which needs the decimal point. Finally, the +5V regulated
supply is provided by IC10, a regulator i.c. with C8 and C9
preventing unwanted parasitic oscillations and R20
providing a local guaranteed loading. C10 provides the
smoothing for the unregulated d.c. supply, with C6 and C7
providing de -coupling for the +5V supply.

CONSTRUCTION
The p.c.b. design for the Timer is shown in Fig. 2 with the

component layout shown in Fig. 3.
The wire links should be added after all the other compo-

nents with the exception of the +5V supply link, see later.
After the p.c.b. has been soldered and checked the case
should then be drilled, cut and filed to suit the switches, con-
nectors, display, etc., to be used; see the photographs for a
suggested layout. The prototype used p.c.b. mounting
switches for stop, start and zero, so these needed a piece of
'Matchboard' held to the front panel of the case by threaded
spacers. The two relays, likewise, were mounted on an
aluminium bracket held to the side of the case by threaded
spacers.

The cut-out for the display should have a piece of red tin-
ted 'perspex' or transparent plastic glued behind it. The dis-
play can then be supported behind this; the easiest way is

MAINS
INPUT S T

TO PC 8
EARTH

METHOD OF MOUNTING
DIODES ON THUMBWHEEL
SWITCHES.

*MOUNTED ON REAR PANEL

**
MOUNTED ON 16SWG PLATE
VIA SPACERS TO SIDE
PANEL

ALL OTHER COMPONENTS
MOUN TED ON FRONT PANEL

I I
G K Nn Mm

Relay Mounting Plate

RLB**

RLA"

usually to very lightly glue the display to the 'perspex' or
plastic sheet, around the edges ONLY, to make removal easy
if necessary. (A complete multiplexed, display module is
ideal for this. If individual 7 -segment displays are to be used
they will have to be mounted on a spare piece of
Matchboard, and wired together). The aluminium base plate
of the case should be drilled to enable the p.c.b. to be
screwed to it via yet more of those threaded spacers! The
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piezo sounder can also be mounted on the base plate, adja-
cent to the p.c.b., with a hole in the side of the case to let the
sound out.

All the component parts should be screwed into the case
and baseplate, then the remaining interwiring can be added
(Fig. 41. Be careful; there is a lot of this and it is easy to make
mistakes. Be especially careful with the mains wiring; keep it
well away from the low voltage wiring, and preferably
shroud all mains carrying terminals. I suggest that
European(IEC) type 'reversed mains' shuttered facility
chassis sockets are used for the enlarger and safelight
sockets. These are safe outlet sockets for mains distribution,

and are readily available along with their mating halves.
Remember to earth all metal parts, e.g. the baseplate (via a
washer from 0 volts as shown), the transformer case, etc.

The short wire link between the output pin of the voltage
regulator and the +5V supply track of the matchboard is left
off initially, so that the operation of the +5V supply can be
checked without risk to the expensive IC1 ! Only when this
supply is proved to be of the correct voltage should the link
be added. Note that diodes D1 to D16 should be soldered to
the switches S9 to S12 directly, with the cathodes joined as
shown in Fig. 4. This arrangement is quite robust enough if
thick tinned copper wire is used to join the cathodes
together. D19 and D20 should be soldered across their
respective relay coils directly.

There is no setting up required for the enlarger/timer; it re-
quires only switching on and testing out to make sure that all
the functions operate correctly. Although the circuit descrip-
tion may sound complex, the use of an LSI 'chip' the 7217,
has vastly simplified the circuitry required to perform all the
functions required of such a unit.
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'THE SENSATION OF THE JAPANESE MUSIC FAIR

.. what is going to become THE instrument of 1982 ...probably the best instructive
keyboard I have come across. But it is also a top line musical instrument capable of
satisfying even the most proficient musician ... I suggest you place your orders now."
(Keyboard & Music Player).

. . opens up home music making for all the family . .. one of the most advanced
music teaching aids so far developed . . this instrument is going to be one of the
biggest sellers of 1982." (Electronics & Musk- Maker).

01111101. I I 0111111=1,1I
01 11111111101111 - maiams I I ill ap 1.1011N- 1111

Complete Programmable phonic Ike. boar
(RRP £555) ONLY £495
* Input an entire piece of music, specially scored in bar code and read by a light

pen attached to the instrument.
* Alternatively, program your own melodies (max. 345 steps). chords (max. 201

steps) and tempo. via the keyboard, into the extensive memory, (up to 5 minutes
playing or more) with full editing facilities.

* 3 -WAY PLAYBACK.
I. Automatic playback of the entire piece: melody. chord. bass and rhythm with

arpeggio. Follow the melody as it plays via lamps above each individual key.
2. Manual melody playing, guided by the keyboard lamps, with automatic bass and

rhythm accompaniment.
3. ONE KEY PLAY facility, allows the melody line to be played, simply by stroking

one key. Non -players can become Instant Musicians!
* The 5 octave, 8 -note polyphonic keyboard can be split into 2 & 3 octaves and a

different voice can be selected for the accompaniment.
* 20 "breathtakingly clear and bright" pre-set instruments and voices.
* 3 -way chord section: -Fingered. Memory and Casiochord auto accompaniment.
* 16 rhythm accompaniments with "fill in" variation and two percussion effect

buttons. Start/Stop, Synchro, Tempo and Balance controls. Variable Vibrato
and Sustain. I/P & 0/p jacks. Integral amplifier/speaker. Music book. AC only.
Dims: 5 x 371 x 13-7/16'. Optional extras: Foot pedals. Hard case.

FREE
CREDIT. 0% interest, deposit, 12 monthly repayments. (Not
MT -31. MT -40, or VL-I), or reduced rates for longer period.
INTEREST (0%) on ACCESS. B'CARD or VISA for first 6
months, for any keyboard purchase over £90.

NEW PORTABLE KEYBOARDS
CASIOTONE MT -40

\\ik
* 8 -note polyphonic playing of this 37 key, 3 octave keyboard.
* 15 key bass keyboard with automatic synchronised bass function.
* 22 lively and realistic built-in instrument sounds and voices.
* 6 built-in auto rhythms, with dual "Fill-in" rhythmic interludes.
* Sustain, Vibrato and Pitch controls. Line out and Headphone jacks.
* Integral amplifier and speaker. Battery powered, or optional AC adaptor. Dims:
* 61.6 x 584 x 178mm (2-7/16 x 23 x 7"). Weight: 2.2kg (4-91b).

s 

I& on las

MA\ \\\

CASIOTONE MT -31

(RRP £125)
AN INCREDIBLE £99

di. di

Ik \\\ \\\
.......... (RRP £79)

ONLY £69

" . .. basically a revision of the MT -30 (one of my all time favourite electronic key-
boards)." Electronics & Music Maker.
Similar to the MT -40 but without the rhythm box, bass and auto functions.
Dimensions: As MT -40. Weight: 2.0kg (4-41b) including batteries.

OTHER CASIOTONES
CT -I01 £195. CT -202 £275. CT -403 £275. VL-TONE £35-95. Lists on request.

DELIVERY NORMALLY

Designed by a genius. Controlled by a computer. Programmed by a laser. Played by amateurs professionally and by professionals superbly.

THE NEW CASIOTONE 701 £100 COMPUTER
"Can do the job of a micro costing four times as much"!

Personal Computer World

CASIO FX-702P POCKET COMPUTER

ONLY £99.95
Plus FREE MiCROL Professional Programming Pack (RRP £9.95)
Or we will beat any lower advertised price by 5"

Eat your hearts out, H -P, Sharp and Texas!
The Casio FX-702P features: The biggest program storage capacity (up to 1680
steps), the biggest data storage capacity (up to 226 memories), the widest range of
math, science and statistics functions (55 in all, including Regression and Correlation),
the most powerful English -like BASIC program -writing language and the fastest
operation, for results without waiting! Subroutines: 10 levels. FOR: NEXT looping;
8 levels. Comprehensive edit, debug and trace modes. 240 hours battery life. 17 x165 x 82mm.
FA -2. Cassette adaptor for bulk storage of programs and data, with powerful file
name and remote control options. ONLY £1995.
FP -10. Permanent hard copy printer: full 20 character line width, fast 40 character
per second print speed. 2,600 lines per roll. (Low cost replacement rolls, £2.50 for
five). 6,000 to 9,600 lines battery life. Rechargeable battery pack, NP -4M, prints
13,000 lines (16.90). Mains adaptor, AD -4150. £5.

FP -10 Printer ONLY S44-95.
Plus FREE Pack worth £5, or we will beat any lower price by 5%.

SYSTEM PRICES -Save up to £50 on RRP
PACK A: FX-702P + MiCROL Professional Programming Pack
PACK B: FX-702P + FA -2 cassette interface + PPP + PROCOS
PACK C: FX-702P + FP -10 Printer + FA -2 + PPP 4- PROCOS

£99.95
£139.95
£179.95

MiCROL PROCOS for the 702P. Exclusive to TEMPUS.
Now you can create powerful, reliable programs in Just minutes with this advanced,
integrated operating system, even if you have never programmed a computer before!
"Visicalc-type" system answers "what if" questions and analyses trends. On ready-to -run cassette, with user manual. 12495
CASIO FX-602P The World's Fastest Programmable?
Alpha/numeric scrolling display. From 32 program steps with 88 memories, to 512
steps with 22 memories, all non volatile. ONLY £74.95
FA -2 £19-95. FP -10 £44-95. (Also compatible with FX-501/2P, and FX-601 P).
CASIO FX-3600P low cost programmable.
38 program steps, 7 memories, INTEGRALS AND REGRESSION. £2295

50M WATER RESISTANT
ANALOG/DIGITAL
Alarm chronograph with countdown alarm

timer

CASIO AA -92W
ONLY 125.95

Analog. Independent hours & minutes, with
sync digital seconds. Dual time ability.
Digital Hours, minutes, seconds, day & date.
1/100 second stopwatch to 12 hours. Net, lap
& 1st/2nd place. Start/stop & 10 min. signals.
Alarm. For 30 seconds with carousel display.
Countdown Alarm. Normal and net times to
I hr. with amazing "Star Burst" flashing
display. Half hourly & hourly chimes. Lithium
battery. Stainless Steel W/R Case. Mineral
glass face.

BY RETURN OF POST.

Price includes VAT and P&P. Send cheques, PO, or phone your ACCESS, VISA or B'CARD number to:
LEADING CASIO SPECIALISTS
Dept. PE,
38 Burleigh Street, Cambridge C111 1DG
Telephone: 0223 312866TEMPUS

CATALOGUE
ON ON REQUEST

14p stamp
appreciated

,60
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Semiconductor
FEATURING MC146818 TDS 934 6600

MOTEL CLOCK
Anyone who has a disc based home com-
puter such as the TRS80, the Apple or the
PET, is probably familiar with the sort of
interrupt driven "Real Time Clock" facility
which many disc operating systems
provide. Personally I have never found this
facility at all useful because it is necessary
to set the clock to the correct time of day
each time the system is powered up and
this can become quite a chore. Also, in

some software clocks of this type, time is
lost during disc access because the
interrupts are temporarily disabled by this
activity. What is needed is a clock which is
independent of the processor power supply
and processor interrupts and which will
maintain an accurate time and date
accessible from any program at any time.

This need has not gone unrecognised
and hardware solutions have recently
appeared from several CMOS chip
manufacturers including National, Mostek,
and Motorola. Each company has its own
particular clock chip recipe, but for my
money, the design which offers most is un-
doubtedly the Motorola MC146818. Inside
the 24 pin plastic package of the Motorola
clock chip there is a veritable cornucopia of
desirable clock features not matched by any
of the other devices available. Hook one of
these on to your microprocessor bus and
you will gain access to the time of day in
seconds, minutes and hours, using either
the twelve or the twenty-four hour format,
in either straight binary or binary coded
decimal (BCD). You get day of the week,
date, month and year from a 100 year
calendar which automatically compensates
for the number of days in a month and leap
years, and you also get a programmable
alarm scheme which will interrupt the
processor once per day or periodically
at seconds, minutes, or hourly intervals.
Actually, three sources of processor in-
terrupt are provided and can be turned on
or off under software control. In addition to
the alarm interrupt there is a periodic heart-
beat interrupt which can be programmed
over the range of 30.5 microseconds to
500 milliseconds, and an "End of Update"
interrupt which can indicate that a new
time or date is now available. Heart-beat
interrupts are particularly useful in
microprocessor systems for the generation
of the timing signals needed for all sorts of
real time activities such as communication
and sampling. An added bonus is the
availability of a square wave output at the
heart-beat interrupt rate.

The MC146818 will run from any one of
three crystal frequencies to suit the applica-
tion, but for lowest power consumption a
32 -768KHZ crystal is best. At this fre-

quency the clock chip consumes only about
200 micro -watts of power and will survive
for very long periods from a simple standby
battery supply even when system power is
turned off.

Interfacing the Motorola clock to a

microprocessor bus is made easier by a
built in "MOTEL" circuit designed to
provide control signal compatibility with
both Motorola and Intel micros, but since
the MC146818 uses a multiplexed eight bit
data and address, bus interfacing is easiest
to processors such as the Intel 8085 and
the Motorola 6805 which also have a mul-
tiplexed bus structure. Before long a non -
multiplexed version of the MC146818 will
be available in a bigger package, but if you
are eager to use the MC146818 now, it will
only require a few extra gates to interface it
to a processor such as the 6800 or the Z80.

The device is very simple to access from
a microprocessor program since the clock
registers appear within 64 bytes of RAM
memory, of which 14 bytes are read or
write clock registers containing time and
control information. The other 50 bytes are
available for whatever other use you can
dream up. Another useful feature.

At about £15 each these chips will cer-
tainly be very popular!

FREE SPEECH?
Probably the most fashionable electronic

technique at the moment is speech syn-
thesis, with major semiconductor manufac-
turers such as Texas, National and General
Instruments all championing their own par-
ticular coding systems which allow human
speed to be compressed into relatively few
bytes of Read Only Memory (ROM).

Notice that all these manufacturers are
from the USA which means that you get a
trans -Atlantic "voice" and that specifying
custom words or phrases can be expensive
because most of the encoding work is done
in the USA. For these reasons it is good to
be able to welcome Triangle Digital Ser-
vices as newcomers to the field, who are
British and who have some unique advan-
tages over the competition.

Triangle was set up by British engineer,
Peter Rush, to develop a speech synthesis
system which was as good as the competi-
tion's but more accessible to the smaller
users who wished to specify their own
vocabularies. The result is the unique TDS
934 chip set which consists of a syn-
thesiser, a speech ROM, a memory
decoder, two analogue filters and a

regulator. When these chips are assembled
as a system, a very versatile speech syn-
thesiser results. The standard ROM sup-
plied contains the words "Oh", one, two,
three, four, five, six, seven, eight, nine,

1000
R.W. Coles

point, grammes, kilo, ohms, volts, and
amps, and further ROMs can be added to
extend the vocabulary to almost any level.
Between 5 and 32 words will fit into each
ROM, depending on the required quality
and complexity, and Triangle will encode
the words of your choice at a rate of £30
each.

Users who prefer a complete system can
buy the chip set assembled on a Eurocard
p.c.b. with space for up to eight ROMs and
with a variety of useful features such as a
built-in RS232 UART so that words can be
selected over a standard serial link for easy
interfacing.

The TDS 934 set can also be hooked up
to a parallel bus from a microprocessor, or
for simple applications the words can be
selected by an array of up to 16 switches.

For more information on this British
innovation contact: Triangle Digital Ser-
vices Limited, 23 Campus Road, London
E17 8PG.

SUPER SONICS
Despite the tremendous advances in

multi -channel proportional radio control
systems which have been made since the
days of valves, miniaturised remote control
devices seemed unlikely until I saw data on
a new chip from Commodore International
called the 6600. This chip changed all that,
because it is actually a remote control
transmitter intended for use inside a digital
wrist watch, alongside the watch chip itself.

The 6600 is not capable of controlling a
complete army just yet, but no doubt the
Mark III version is already on the drawing
board at Commodore, and so it won't be
long I am sure! Two versions of the 6600
are already available, one working in

the audio region and the other using Ul-
trasound to generate remote control signals
and provide simple on -off -on switching for
any two appliances equipped with suitable
sound receivers.

The chips use ordinary piezo-electric
watch alarm -transducers as transmitters
and operate from 1-5 volt battery supplies.
The audio version generates two tones,
which can be individually selected by watch
buttons, at 8KHZ and 5.4KHZ and these
tones can be used to control appliances at
ranges of up to 40 feet. The ultrasonic ver-
sion uses a 32-768KHZ watch -frequency
carrier which can be modulated at either
128HZ or 256HZ to achieve the same
effect.

At present the 6600 devices are
available only as chips for the use of watch
manufacturers, but no doubt they will even-
tually appear in 8 pin mini-DIPs for more
general use.

Practical Electronics April 1982 39



BIMDICATORS

Just a few shining examples of

NEON, FILAMENT & LED

Oven Lamps,

Mains Indicators

& Instrument Lights
PCB, Push -on, Solder, Plug-in, Wire wrappable,

Flying lead & Screw Terminations

Now Sole UK Distributors for
Philips Miniature Neons

which are available individually or
bonded and formed to customers specification

BOSS
INDUSTRIAL MOULDINGS LTD

James Carter Road, Mildenhall, Suffolk 1P28 7DE
Tel: Mildenhall (0638) 716101 Telex: 818758

As a
KIT
or

READY
BUILT

TOTAL ENERGY DISCHARGE electronic
ignition gives all the well known advantages of the best capacitive
discharge systems.

PEAK PERFORMANCE higher output voltage under all
conditions.

IMPROVED ECONOMY
between services.

no loss of ignition performance

FIRES FOULED SPARK PLUGS no other system can better the
capacitive discharge system's ability to fire fouled plugs.

ACCURATE TIMING prevents contact wear and arcing
by reducing load to a few volts and a fraction of an amp.

SMOOTH PERFORMANCE - immune to contact bounce and
similar effects which can cause loss of power and roughness.

PLUS
SUPER POWER SPARK 3'h times the energy of ordinary

capacitive systems - 3.6 times the power of inductive systems.

OPTIMUM SPARK DURATION 3 times the duration of ordinary
capacitive systems - essential for use on modern cars with weak fuel
mixtures.

BETTER STARTING full spark power even with low
battery.

CORRECT SPARK POLARITY unlike most ordinary C.D. systems
the correct output polarity is maintained to avoid increased stress on the
H.T. system and operate all voltage triggered tachometers.

L.E.D. STATIC TIMING LIGHT for accurate setting of the engine's
most important adjustment.

LOW RADIO INTERFERENCE fully suppressed supply and absence
of inverter 'spikes' on the output reduces interference to a minimal level.

DESIGNED IN RELIABILITY an inherently more reliable circuit
combined with top quality components - plus the 'ultimate insurance'
of a changeover switch to revert instantly back to standard ignition.

IN KIT FORM it provides a top performance
electronic ignition system at less than halt the price of competing ready

-

built systems. The kit includes everything needed, even a length of solder
and a tiny tube of heatsink compound. Detailed easy -to -follow instructions.
complete with circuit diagram, are provided -- all you need is a small
soldering iron and a few basic tools.

AS REVIEWED IN
ELECTRONICS TODAY INTERNATIONAL June '81 Issue
and EVERYDAY ELECTRONICS December '81 Issue

FITS ALL NEGATIVE EARTH VEHICLES,
6 or 12 volt , with or without ballast

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS
Some older current impulse types (Smiths pre '74) require an adaptor
PRICE £2.95

STANDARD CAR KIT £14.85
Assembled and Tested £24.95

TWIN OUTPUT KIT £ 22.95
For MOTOR CYCLES and CARS with twin ignition systems

Assembled and Tested £34.70

PLUS
£1.00
U.K.
P. & P.
Prices
Include
VAT.

ELECTRONIZE DESIGN
Dept. B, Magnus Road, Wilnecote

Tamworth, B77 5BY VISA

1/4
Phor4 (0827) 281000
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FREE
TRANSISTOR
PROJECTS...

4,t3,34sisi),

YP

4111

LOGIC PROBE
THIS logic probe is suitable for checking voltage levels in
TTL circuits. The probe is powered from the circuit under

test and will indicate either a high or low logic level.

CIRCUIT DESCRIPTION
The circuit diagram of the Logic Probe is shown in Fig. 1.

When the input voltage to the probe tip is above 2.1V (the
'high' logic state) transistor TR1 is turned on, the I.e.d. D1 is

Fig. 1. Circuit diagram

* SIX MORE PROJECTS FOR
LAST MONTH'S FREE GIFT.

forward biased and illuminated, indicating a 'high' logic level.
As TR 1 turns on its collector voltage falls and because the
input to the probe tip is also connected to one end of resistor
R4 the base/emitter junction of the transistor TR2 and the
I.e.d. D2 are reverse biased keeping TR2 and D2 turned off.

If the input voltage to the probe tip switches to zero volts
(the 'low' logic level) then TR 1 receives no bias current and
is switched off. With TR1 turned off the I.e.d. D1 is also
turned off and the collector voltage of TR 1 rises, forward
biasing TR2, switching it on and illuminating the I.e.d. D2
indicating a 'low' logic level.

CONSTRUCTION
The Veroboard layout for the probe is shown in Fig. 2.

Solder the resistors and wire links first and then the

R2

PROBE

LOW"

;C) 14

TR2 02

'HIGHCyl

IEPOIIIA

Fig. 2. Veroboard layout

+5V

COMPONENTS . . .

Resistors
R1

R2
R3, R4

4k7
2 k2
470 (2 off)

All resistors -1-W 10% carbon

Semiconductors
D1

D2
TR1, TR2

0.2in red I.e.d.
0.2in green I.e.d.
BC171A (2 off)

Miscellaneous
Veroboard
Crocodile clips with red and black sleeves.
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transistors and I.e.d.s. Take care with the orientation of the
semiconductors.

In the prototype a green I.e.d. was used to indicate a low'
logic level and a red I.e.d. for the 'high' level.

The probe can be made from a piece of tinned copper wire
or a wiring pin and the supply leads should be fitted with
miniature crocodile clips using red and black insulated
sleeves. After soldering the components carefully check the
Veroboard tracks for any solder splashes and then cut the
tracks as shown in Fig. 2.

If the probe fails to operate when connected to a circuit
check the orientation of the I.e.d.s and also check that the
breaks in the copper tracks are completely cut.

4,114%1S1,9?,,,

LIGHT
DELAY UNIT
THIS simple delay unit enables a light or any other suitable
load to be switched off automatically after a predeter-

mined time period. Typical uses for the unit include the
switching of staircase or pathway lighting, the delay of a car
courtesy light and if correctly rated relay contacts are used,
the control of car spotlights in a driveway.

CIRCUIT DESCRIPTION
The two transistors TR 1 and TR2 (Fig. 1) are connected as

a Darlington pair. This combination uses the current
amplified by the first transistor (TR1) as the base current for
the second transistor (TR2) where it is again amplified.

EG I IG

+12V

RLA1

I TO

CIRCL,"
LI GH T

Fig. 1. Circuit diagram

Together the two devices act as a very high gain transistor
with an overall gain determined by the product of their
individual gains.

The switch S1 is a push button type and when it is
pressed the capacitor Cl is charged to the potential of .the
supply voltage. The Darlington pair are turned on by the base
current flowing through the resistor R1 and as the tran-
sistors saturate, their collector voltage falls, increasing the
potential across the coil, energising the relay and closing its
contacts R LA1 .

When S1 is released the capacitor slowly discharges
through the base bias resistor R1, maintaining the base
current to TR 1 and keeping the transistors and the relay
turned on. The potential across the capacitor falls as it dis-
charges and the base current to TR 1 decreases until there is
insufficient current flowing through R1 for TR 1 to remain on.
As the two transistors turn off, their collector voltage rises
reducing the potential across the coil of RLA, de -energising

Fig. 2. Veroboard layout

TO LIGHT
CIRCUIT

COMPONENTS .

Resistor
R1 820k

Capacitor
Cl 22µ 16V elect.

Semiconductors
TR1,TR2 BC171A(2 off)
D1 IN4001

Miscellaneous
RLA

S1

Veroboarcl

12V 1800 heavy duty relay
(RS348--920)

push button switch
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the relay and opening its contacts, turning off the power to
the load.

The switch S1 must be placed so that the capacitor C1

and the resistor R1 are isolated from the relay coil, otherwise
it will discharge through the coil and TR2 as well as into the
base of TR1 resulting in a very small time delay.

Although the voltage across the coil falls very slowly and
there should be no transient voltages generated as the relay

turns off, the diode D1 was included in case the capacitor
was accidentally shorted during testing.

The relay specified has heavy duty contacts and is capable
of handling currents up to 3 amps. If necessary the contacts
can be connected in parallel to increase their current carry-
ing capacity.

CAR SPOTLIGHTS
If the unit is to be used to delay car headlights then the

specified relay should not be used. A suitable relay is the RS

type 348-835 which can handle loads up to 10 amps.

DELAY TIMES
The delay time for the circuit is determined by the values

of R1 and C1 and with the values given a delay of approx-
imately 40 seconds can be obtained before the load is
switched off. To increase this time the value of C1 can be in-
creased, but do not increase the value of Al to a much
higher value or there might not be enough current to turn on
the relay.

CONSTRUCTION
The Veroboard layout for the delay unit is shown in Fig. 2.

After soldering, carefully check all the track breaks have
been included and then connect the unit to a 12 volt supply.
When S1 is pressed the relay contacts should close and
after approximately 40 seconds you should hear the relay
drop out.

INSTALLATION
The unit can either be powered from a 12V d.c. mains

p.s.u. or from a battery. To delay a house light the leads from
the relay contacts should be connected directly across the
light switch. This will enable the light to be switched on us-
ing the normal switch or delayed using the unit via Si.

When installing the unit in a car it should be powered
directly from the battery and not through the ignition or the
auxiliary switches otherwise the unit will not work unless the

key is left in the ignition switch.
Before fitting the unit to a courtesy light check with the

car manual for the suitable place to make the connections.

CAR LIGHTS
REMINDER

MOST car drivers have at some time returned to their car
only to find it won't start because the lights have been

left on. This system has been designed to overcome this
problem by giving an audible warning as soon as the driver's
door is opened, assuming the ignition has been switched off.

CIRCUIT DESCRIPTION
The circuit diagram of the Car Lights Reminder unit is

shown in Fig. 1. The transistors TR 1 and TR2 are connected
as an astable multivibrator with the loudspeaker LS1 used as
the collector load of TR2. Capacitors C1, C2 and resistors
R3, R4 are the timing components of the circuit and deter-
mine the frequency of the output tone.

The positive supply to the circuit is obtained from the light
switch via diode Dl. The resistor Al and the Zener diode D3

ensure the supply voltage remains at 9.1 volts.
The earth is connected via the interior light switch on the

driver's door and the circuit is earthed only when the driver's
door is opened.

TO
LI GHT
SWITCH

TO

IGNITION
SWITCH

I EGI112 I

DI RI
1N4001 680

03
9VI

BZY88

02
1N4001

1-"0006
SWITCH

Fig. 1. Circuit diagram

8

T R2
BC 1714
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COMPONENTS .

Resistors
R1

R2
R3, R4
R5

680
2k7
180k (2 off)
820

All resistors 1W 10% carbon

Capacitors
Cl C2

Semiconductors
D1, D2
D3
TR1 TR2

Miscellaneous
LS1
Veroboard

47n (2 off)

1N4001 (2 off)
BZY88 9V1 Zener
BC1 71A (2 off)

80 speaker

TO

IGNITION
SWITCH

TO

LIGHT
SWITCH

RS

R1 R4

a°41"1"-
(E66131A1

CI

TR,c?b

Fig. 2. Veroboard layout

LSI

If we assume that the ignition is off and the lights are on,
then as the driver's door is opened the circuit will oscillate.
As soon as the door is closed the earth is removed and the

alarm is switched off. This enables the car lights to be left on
for parking purposes without the alarm continuing to sound.
The circuit is also disabled via D2 and R5 if the ignition
switch is on.

CONSTRUCTION
The Veroboard layout of the unit is shown in Fig. 2. After

the components have been soldered, cut the copper tracks
as shown and then connect the speaker and the three switch
supply leads.

TESTING
Before installing the unit, connect the door and light

switch leads across the battery. This should produce an
audible output from the loudspeaker, which should cease if
the ignition switch lead is now touched to the positive ter-
minal of the battery.

If the unit fails to operate, carefully recheck the resistor
values are correct, the orientation of all the semiconductors
and ensure the breaks in the copper tracks are in the right
places.

tits's?,
ti 0,3

41IL
#40 #\

4)0ACI1

AA
USEFUL addition to any piece of battery powered test
equipment is an indicator to warn the user when the

battery voltage is too low for reliable operation.
This circuit will monitor the supply voltage and illuminate

an I.e.d. when the battery voltage falls below a preset level.

CIRCUIT DESCRIPTION
The circuit diagram of the voltage monitor is shown in Fig.

1. The unit is connected across the supply rails of the equip -

BATTERY
MONITOR

ment to be monitored and VR1 sets the voltage at which the
I.e.d. will be illuminated. When the supply voltage is above
this preset value TR1 is turned hard on by R1 and part of
VR1 with the result that the collector voltage of TR1 falls,
keeping TR2 and the I.e.d. turned off.

As the supply voltage falls the bias current to TR1
decreases until it starts to turn off and its collector voltage
rises. When the collector voltage of TR1 reaches 0.5 to
0.6V TR2 starts to turn on. As the base current to TR1
decreases its collector current decreases and TR2 takes
more of the current flowing through R2. The collector
voltage of TR1 rises until TR2 is turned fully on and TR1 is
turned off. When TR2 turns on its collector voltage falls, the
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+VE

Cl
100n

Fig. 1. Circuit diagram

Fig. 2. Veroboard layout

0 0 ,    .     
*
 *
 * 0

I.e.d. is forward biased and is illuminated. Resistor R3 is a
current limiting resistor for the I.e.d.

The capacitor C1 prevents any instability when TR1 and
TR2 are switching. The unit is suitable for monitoring supply
voltages between 6 and 12V.

COMPONENTS . . .

Resistors
R1 820k
R2 39k
R3 470
VR1 470k min. preset in.
All resistors 1-W 10% carbon

Capacitor
Cl 100n polyester

Semiconductors
01 0.2in red I.e.d.
TR1, TR2 8C171A (2 off)

Miscellaneous
Veroboard

.4P

CONSTRUCTION
A suitable Veroboard layout for the Monitor is shown in

Fig. 2. The I.e.d. D1 is shown mounted on the board but can
be mounted on a front panel and connected to the unit via
connecting leads.

SETTING UP
The unit can be set up by connecting it across a supply

voltage of the same value at which it is required to give war-
ning. A suitable voltage level can be obtained using either a
variable power supply unit or by connecting a preset across
the terminals of a battery and then adjusting it's wiper until
the required voltage is obtained. The potentiometer VR1
should then be adjusted from the top end of its track until
the I.e.d. just starts to glow. The monitor can then be in-
stalled into the equipment.

If it is not necessary to constantly monitor the supply
voltage a push -to -test switch may be incorporated into the
supply line.

4z3:34sis>e)

AIL
00 #S

istmo
THIS Soil Moisture Meter can be used to test the water
content of pot plants and help ensure the moisture level

is kept constant. The advantage of the unit is that the probes
enable the soil beneath the surface to be checked instead of
just relying on its surface condition.

SOIL
MOISTURE

METER
CIRCUIT DESCRIPTION

The circuit of the Meter (Fig. 1) has been designed around
a differential amplifier which is sometimes referred to as a
long tailed pair.

The amplifier has two inputs (via the bases of the tran-
sistors TR1 and TR2) and an output (taken from between the
two collectors). When both transistors are equally biased
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+9V

R 1

4 k 7

VR I
4k7

TR1
BC171A

WET

14
Di

R4

4k7

TR2
BC171A

PROBES

rEGLIL0_,

R3

3k3

Fig. 1. Circuit diagram

SI

8 1
9V

and conducting they equally share the current flowing
through the emitter resistor R3. Hence the voltages at their
collectors are also equal and as no potential difference exists
across the I.e.d.s they are both switched off.

If, however, the bias voltage applied to the base of either
transistor is increased then the current through that particular
transistor and the emitter resistor increases. This causes a
rise in the voltage at the emitters of both transistors with the
transistor to which the increased bias was applied still being
turned on. At the same time the rise in emitter voltage
reduces the base/emitter junction of the other transistor,
turning it off. As one transistor turns on, its collector voltage
falls, and as the other transistor turns off, its collector
voltage rises, causing a potential difference across the
collectors.

The transistor TR1 has a potential divider across its base
formed by the preset VR 1, whilst the resistor Al and the
resistance across the probes formed a second potential
divider at the base of TR2.

PROBE RESISTANCE
The resistance across the probes when they are inserted

into the soil is dependent upon the amount of moisture pre-
sent, i.e. the more moisture the lower the 'resistance' of the
soil and vice versa.

WET SOIL
When the probes are inserted into very moist soil the

resistance across them is very low and so consequently is
the voltage. If we assume that VR 1 is set to a mid -range

, position when the switch Si is pressed, TR1 will start to
turn on. The current through R3 will increase causing the
emitter voltages of TR1 and TR2 to rise, reducing the bias
voltage across the base/emitter junction of TR2 (its base
voltage being held by the potential divider R1 and the probe
resistance) and TR2 will start to turn off.

BATT +

BATT

Fig. 2. Veroboard layout

PROBES

As TR2 turns off, its collector voltage rises whilst the
collector voltage of TR1 (as it turns on) falls.

When the difference between the two collector voltages
reaches approximately 1.6V the I.e.d. D1 will start to turn on
indicating the soil is 'wet' and I.e.d. D2 is reverse biased and
remains off.

DRY SOIL
If the probes are now placed in very dry soil, the

resistance across them increases and TR2 will start to con-
duct whilst TR 1 will turn off. This will cause the collector
voltage of TR2 to drop and the collector voltage of TR1 to
rise, switching off D1 and switching on D2, indicating the
soil is "dry'.

2 0n 2 40 ,

 
II         

*

 11v OOOO

The soil 'resistance' value at which the I.e.d.s are
illuminated is controlled by the preset VR1 and can be
adjusted to suit different plants.

COMPONENTS ...
Resistors

R1, R2, R4 4k7 (3 off)
R3 3k3

All resistors i-VV 10% carbon

Semiconductors
D1

D2
TR1, TR2

Miscellaneous
Veroboard
S1
B1

Battery connectors

0-2in red I.e.d.
0.2in green I.e.d.
BC (2 off)

keyboard switch
9V PP3 battery

CONSTRUCTION
The Veroboard design for the circuit is shown in Fig. 2.

After the components have been soldered, cut the copper
tracks as shown and carefully check the orientation of the
I.e.d.s. The probes can be made of two suitable lengths of
brass rod soldered to the tracks.

Connect the unit to a PP3 battery and set VR1 to its mid
position. Check that when S1 is pressed D2 lights, then
short out the probes and D2 should be extinguished and D1
should light.

SETTING UP
To adjust the unit, fill a plant pot with soil and add water

until it is sufficiently moist. Insert the probes into the soil,
press S1 and adjust VR1 until D1 is just off and D2 is
illuminated.

vi
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SNAP
INDICATOR

DECIDING who was first when playing snap or quiz games
often results in an argument. This circuit overcomes the

problem by using an I.e.d. to indicate the winner. Each player
has a push button and whoever presses first, lights their own
I.e.d. whilst inhibiting the other players!

CIRCUIT DESCRIPTION
The circuit diagram of the Snap Indicator is shown in

Fig. 1. With the battery connected the transistors (TR1 and
TR2) are turned off because both switches (51 and S2) are

R4
8k 2

TR2

BC171,4

Fig. 1. Circuit diagram

1 B1

9V

open and so no collector current flows through either tran-
sistor.

With both transistors turned off there is no potential dif-
ference across either of the I.e.d.s and they remain off.

If SI is closed first transistor TR 1 is turned on by the bias
current flowing through resistors R4 and R3. The current
flowing through TR1 illuminates the I.e.d. D1 and the collec-
tor voltage of the transistor falls as the transistor saturates.

If S2 is now closed there is insufficient voltage at the base

of TR2 to turn it on and the I.e.d. D2 remains off. For TR2 to
turn on TR 1 must be off. Once either of the transistors is tur-
ned on then the other is automatically held off.

The current flowing through each transistor and their
I.e.d.s is limited by the resistors R1 and R4. As soon as the
push buttons are released the circuit returns to its standby
state ready for the next go.

CONSTRUCTION
The Veroboard layout for the circuit is shown in Fig. 2. The

switches are shown mounted on the board but they can be

connected off the board using wires if necessary. If hand
held switches are to be used then a more suitable type is the

RS miniature push-button type (337-914).
Solder the components onto the Veroboard and then add

the links using tinned copper wire. Carefully check the orien-

tation of the I.e.d.s before soldering them into place.
Remember there is a flat on the side of the I.e.d.s body
nearest to the cathode and also the lead of the cathode is
longer. After soldering cut the tracks of the Veroboard as
shown and then solder the battery connector in position.

There is no need to include an on/off switch in the supply
line as the current drawn by the Snap Indicator when both
switches are off is negligible.

COMPONENTS . .

Resistors
R1.R4
R2, R3

Semiconductors
D1

D2
TR1 TR2

Miscellaneous
S1, S2
PP3 battery
Battery connectors
Veroboard

8k2 (2 off)
100k (2 off)

0.2in red I.e.d.
0.2in green I.e.d.
BC171A (2 off)

keyboard switch (2 off)

(aw) (.)
TR1 TR2

2

VP8,31.41

oo

Fig. 2. Veroboard layout
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TESTING
After checking the components and track breaks connect

the indicator to a PP3 battery. With both switches open the
I.e.d.s should be off. Pressing either S1 or S2 should light its
respective I.e.d. and once the I.e.d. is on pressing the other
switch should have no effect on the second I.e.d. which
should remain off.
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-SERVICE TRADING CO
FT3 NEON FLASH TUBE
High intensity multi turn high voltage neon glow
discharge flash tube Design for ignition timing etc
£1-50. P & P 30p 1E2.07 inc VATI 3 for C3 P & P
50p 1E4.03 inc VAT & PI

WHY PAY MORE?
MULTI RANGE METER Type MF15A ac dc
volts 10 50 150 500 1000 Ma 0-5 0-10,
0-100 Sensitivity 2000V 24 range, diameter
133 by 93 by 46mrsi including test leads. Price
£7.00 plus 75p P. & P 1E8.91 Inc VAT & P)

METERS (New) - 90 mm DIAMETER
A.C. Amp., Type 62T2 0-1A 0-5A 10A. 0-20A. 50A
A.C. Volt. 0-150V 0-300V
13.00A Amp., Typ e 6505.0 2A 50 0 100,
0 5 0 1000
D.0 Volt 15V 30\
Art types [3.60 tee P & F thr trs.00 inc VAT: except Li
500. 0 1000 D C price [5 .00 75p P & P 1[6.111 rid VAT I

HEAVY DUTY SOLENOID, rot by
Magnetic Devices 240V A C Intermit
tent operation fkopros /0 lb pull at
1 25 in Ex equip Tested Price f5.95
P& P L I 50 1E8.57 incl VAT) R& T
240V AC SOLENOID
Approx 10Ib pull. 10% rating. Size 80 33.26mm. Price [1.75

P. & P 54p1(2.113 incl. VAT &

12V D.C. SOLENOID
Price £1.50 P & P 40p 1E2.18 and VAT). N.M.S
WESTOOL SERIES 06 Model A3 24V DC Price £1.50
50p p & p. llotal Ind VAT [2.301
WESTOOL SERIES D4 Model A. 24V. D.C. Price f1.00  30p
Pi & p (Total incl. VAT [1.501 N.M.S.
AG/OT 24V. D.0 70 ohm Coil Solenoid Push or Pull. Ad-
justable travel to 3/16 in Fitted with mounting brackets and
spark suppressor Size 100 65  25 mm Price, 3 for [2.85 P
& P 50p (nun 3 off 11[3.85 rod VAT) N.M.S
MINIATURE SOLENOID FLUID VALVE
12V D C 15 ohm coil normally closed. Stainless
steel body with variable flow adjuster ir" B.S.T
inlet and outlet
Size 58  27  25min Weight 130 gr
Price [2.80  35p P & P (Total mei VAT £3.35i.
230V A.C. SOLENOID OPERATED FLUID
VALVE. Media Air Gas 7 psi Water 5 psi 3/8" inlet/outlet
Forged brass body Normally closed Manuf by Durance Asco
Price f5.50 C I 00 p & p. (Total inc? VAT £7.481.

240V A.C. SOLONOID VALVE
Designed for Air/Gas at 0-7. Water 0-5 psi.
Inlet/outlet 3/8". Forged brass body. Manuf.
Dewraswitch Asco. Price: £5.50 plus P&P.
(£7.10 inc VAT) n.m.s.

-- SOLID STATE EHT UNIT
Input 230V ac Fully isolated output 10mm spark Approx
15Kv Built in 10 sec Timer Easily modified for 20 sec. 30
sec to a continuous operation
Designed for boiler ignmon Dozens of uses in the field of
physics and electronics eg supplying neon or argon tubes
etc EHT starter or laser ;tenons csr lamps VAN de GRAFF
general°. loss of vacuum detector OUDINI coils etc
Size Length 155mm width 85mrn height 50mm Weight
530 grammes Price £5.00 75 pence post & packing
Total Inc VAT [6.73. N M S

A.E.G. CONTACTOR
Type LS6,t 11 Coil 240V 50 Rs Contacts 3 make 600V
20amp 1 break 6000 20amp Price: £5.75 P & P 75p 1E7.47
incl VATI N M S

SMITH BLOWER
Type FF8 1706 Small quiet smooth running 240V A C
operation Output aperture 45 . 40mm Overall size
135 165mm Flange mounting Price [4.75. P & P Cl 00
1[6.61 Ind VAT) Other types available S kE for details N M S

MICRO SWITCHES
Sub Mon Honeywell Lever ro/s type 3115m 906h.
10 for [3.50 post paid 1[4.03 incl VAT) These V3
types
B ono. type (Poe/ 10 for f3.001[3.45 and VAT/
Short Linter type 16arno rating (Crouzet1 10 for
[4.001E4.60 incl VAT)
L ong Lever 10 amp C.0 10 lot C4 501E5.18 incl VATI
Roller Type IBonnellal 10 for [3.50. 1[4.03 incl.
VAT). N.M.S.

P C/O lever m/switch mfg. by Cherry Co USA Precious metal
low resistance contacts 10 for £3.00 P & P 50p 1[4.02 inc?
VAT) win order 101 N.M.S.

A.C. Wkg. TUBULAR CAPACITORS.
Fraction of makers price. Motor start etc.
1.5 mfd 440V A C 60p 5 4 mfd. 280VA C 75p
2 mfd 250V A.0 80p 6.5 mfd 280V.A.C. MOO
2 mfd 450V A.0 75p 7 5 mfd. 200V AC £1.00
2.2 mfd. 440VA.0 10 mfd 250V .A C MOO
3 mfd 4 440V.A.C. £1.00 15 mfd. 250V A.C.[LSO
4 1 mfd 440VIA.C. £1.00 19 mid. 280V.A C [2.00
5 mfd.4 400V .A. C. [1.25 20 mid 250V A C E2.25
5 3 mfd 160V A C 60p
P & P up to 2 5 mfd 25p. 3 mfd. to 20 mfd. 50p All plus VAT
SPECIAL DISCOUNT FOR BULK ORDERS N.M.S.

24 volt. D.C. BLOWER UNIT
Precision 24 volt D C 0-8 amp Blower that works well on 12V
0 4 amp D C Producing 30 cu h min at normal air pressure.
[4.50 P & P 75p (Incl VAT c6.04) N M.S

INSULATION TESTERS NEWT 
Test to I E E Spec Rugged metal construction
suitable for bench or field work constant spited
clutch Size L 8in W 4in H 6in weight 61b, SOOV,
500 inectohrns [49. P & P 12 00 1E58.65 in-
cl VAT! 1000V 1000M0 [55P & P 12 00
1[55.55 incl VAT' SAE for leaflet
Vet another outstanding offer.
IMFD 600V Dubilier wire ended capacitors 10 for
[1.50 P & P 50p 1[2.30 incl VATI I Min 10)
N M.S

All Mail Orders Callers
Ample Parking Space KT. 57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 01-995 1560

Showroom open Mon -Fri.

VARIABLE VOLTAGE TRANSFORMERS
INPUT 230/240V
200 watt i 1 amp inc a v
0 5 KVA 12j amp MAXI

1 KVA 15 amp MAX)
.2 KVA 110 amp MAXI
3 KVA 115 amp MAX)
5 KVA 125 amp MAX)

10 KVA 150 amp MAX)
15 KVA 175 amp MAX)

a.c. 50/60 OUTPUT 0-260V
voltmenter £15.00

£19.00'
E25.00
£41.00
£49.00
£79.00

£174.00
£270.00

3 -PHASE VARIABLE VOLTAGE
TRANSFORMERS
Dual Input 200-2400. or 380-415V. Star connected
3KVA 5 amp per phase max £108.00 Carria,,.
6K VA 10 amp per phase max £162.00 & VAT ex.

10K VA 16 amp per phase max E329.00

LT TRANSFORMERS
phone for enquiries or send sae for leaflet

SNIPS OF THE MONTH
220 240V Primary 0.24V. Secondary, 4Amp. Fully
shrouded. New Price: £5.50 El P&P (0.48 inc VAT)
National R. Relay. 12V. D.C. high speed. 1 c/o 1
Amp contacts. Magnetically shielded. 1 pitch
Price: £1.25 post paid (£1.44 incl VAT) N.M.S.

HY-LIGHT STROBE KIT MK IV
Latest type Xenon white light flash tubs. Solid state
timing triggering circuit 230/240 cc. operation. Designed
for larger rooms, halls. etc. Speed adjustable 1-20 f.p.s.
Light output greater than many Iso called 4 Joule)
strobes Hy -Light Strobe Kit Mk IV. £27.00 P & P (2.00
1E33.35 incl. VAT) Super Hy -Light Strobe lapprox 16
joules). Price £40 P. & P. 12 001E48.31 incl. VAT)
Suitable case for either type £11.00 P. & P. 12.00
(E14.95 incl. VAT). Super Hy -Light Strobe Kit. details on
receipt of foolscap sae.

XENON FLASHGUN TUBES
Range available from stock. S.A.E. for details.
ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

4h. 40 Watt E6.70.incl. VAT £10.00 (callers only).
2f1 20 Watt [6.20 P & P E1.251[8.57 incl. VAT)
(For use in sten bi-oin Rhinos)
12in. 8 Watt £3.00  P & P. 45p 1E3.97 incl VAT)
9in. Bin. £2.50 i P. & P. 45p 1E3.39 Mel VAT)
Sin. 4 Watt E2.25 P. & P 45p 1E3.10 incl VATI.
Complete ballast unit for either 6'. 9" or 12' tube 230V AC op
£6.50 P & P 55p 1E5.96 incl VAT) Also available for 12V DC
OP nee P & P 55p 1E6.95 incl VAT)
400 wart UV lamp and ballast complete E38.00. Post E3 50
1f47.73 incl. VAT - PI 400 watt UV lamp only £14.00. P. & P
12 001E18.40 incl. VAT)

BLACK LIGHT
Self.ballasted Mercury U V 175W Bulbs. Available for either 8.0
or E S fitting Price Ind p&o & VAT [11.50
Black Light U V Tubes from Sin to 4h from stock Foolscap s
for details

EPROM ERASURE!
Why waste money? Build your own EPROM
ERASURE for the traction of the price of a made-up
Unit. Complete Kit of parts less case to Include 12"
8 watt 2537 Angst Tube, Ballast Unit, pair of bi-pin
leads, Neon Indicator, Safety Microswitch, on/off
Switch, and Circuit. LESS CASE. Price: £13.60 + 75p
P&P (Total Inc VAT 06.50).
WARNING: Tube used In tnis circuit is highly dangerous
to the eyes. Unit MUST be fitted in sortable case.

Super or 0581or Prec s o- Made
NEW POWER RHEOS'ATS

New ceramic construction, embedded
windin9 heavy duty brush assembly, con

126 ouWATT d 70/25/50/100/250/500/1 k0/
1 5141 £3.410 P. & P. 30p (E3.91 incl VAT).
50 WATT 2500 £5.50 P & P. 50p 1E5.90 incl VAT

.

100 WATT 1/5/10/25/50/100/250/500/1k0/1. 5k0/2 BYO/
3.5k0/f7.25 P. & P. 75p 1E9.20 incl VATI.
Mack, Silver, Skirted knob calibrated in Nos 1-9 13in dia.
brass bush Ideal for above Rheostats 24p each - VAT

R E LAYS available
range oomf AsC.ca nkd relaysWone

write in your enquiries
230/240V A.G. 3 4/e. 11 pin base Sealed 5 amp contacts
[1.35 talus P & P 3Op 1(1 .90 incl VAT)
KMKI Relay. 230V A C 1 cho open type 10 amp contact mt by
-Keyswitch 80p P & P 25p 1E1.21 VATI 5 for [3.75

postpaidlE4.32 incl VAT)
24V A.C. Sealed 3 uo. 10a 11 pin E1.50 25p P & P 1E2.01Ind VAT)
24V D.C. Sealed 3 vox 7a 11 pin [1.35 30p P & P (1E1.90
Incl VAT)
24V D.C. 2 c/o. 7 amp contacts Sealed. octal base £1.30 P &
P 30p1(1.1114 and VATI
Mercury Wetted contact relay mfg. by Clare. Type HGSM
1003 18/24V D.0 Ica [2.00 P & P. 3-0p 1(2.66 inc. VAT)
VERY SPECIAL OFFER 0-12V DC 2 make contacts. NEW
3 for [1.75 25cs P & P 1E2.30 inc.VAT)
Reed flew mfg. by Alma. Type CPR1/D 6/9V D.C. 700 ohm
coil 5 for [2.50 plus P. & P 50p Total incl. VAT [3.45.
D.C. Relays: Sealed 12V 1 do 7 amp octal base E1.00 P & P
30p (£1 .50 incl. VATI. Sealed 12V 3 do 7 amp 11 -pin £1.35 P.
& P 30p 1E1.90 and VATI 24V Sealed 3 do 7 amp II -pin
E1.36 P & P 30p 1E1.90 incl VATI
D.C. Relay, sealed 6/12V. D.0 2 c/o 10 amp contacts. Single
hole fixing. Push on contacts. [1 .20 P. & P. 30p 1E1.84 Mel.
VAT)
8/12V. D.C. Sealed 10a contacts 2 c/o £1.50 25p P & P
(2 01 ,rift VATI

ICE TRADING
ACCOUNT CUSTOMERS MIN. ORDER £10.00

GEARED MOTORS
,5rprp 240V A.C. Mf. by Carter. £5.50 +
£ '130 P. & P.1(7.48 incl. VAT,.
7 m KLAXON motors approx 251b inch
2 m WYNSCALE motors approx 20lb inch
7 .rA WYNSCALE motor approx. 101b inch.
Above three motors are designed for 110V.
4 C supplied with auto transformer 240V
A C operation [9.75P & P C1.501[12.941ncl. VAT) N.M.S
30 ion, 230/2400 a.c 501b in rnt AAAAA LUX.
Price (15.50 P & P /2.001(20.13 incl VAT). N.M.S.
42 R.P.M. I 10 A.C.50hz 100lb rod reversible will operate on
230 A C Speed remains at 42 R P.M but torque reduces by 50%
Price £16.50 P & P E2 50 1[21.28 incl VAT). N M S

100 rpm 110V. a c 115Ib in.. 50Hz. 2.5
amp. single phase split capacitor
Immense power.
Totally enclosed In -line gearbox. Length
250mm Dia 135mw Spindle dia
15 5mrn length 145mm Tested Price £14.00 . & P 12.00
1(18.40 incl VAT) R & T Suitable Transformer for 230/240V
operation Price MOO P & P 501[10.93 incl VAT)
200 rpm 35lbs in 115V 50kH
Price £16.50 P & P 12 001E21.28 incl. VAT) N MB
Suitable Transformer for 230/240V. a c
Price MOO P &P Cl 501E8.62 incl. VAT). N.M.S.
hom 230/240V. a c Synchronous geared Motor. ml
HAYDON.
2 rpm 230/240V a c Synchronous geared Motor. mf
CROUZET. Either type [3.90 P & P 40p 1E4.95 incl VATI

INCREDIBLE OFFER
Geared tor. 1 rpm 1/10 hp approx. 15
lb in. 230V A.0 Cont.Rating. Non-
reversible. Size 15Ornm 90mrn  85mm
spindle 8mrn dia 30mm long Complete
with capacitor and relay for max. load
starting Offered at mere fraction of mfrs.
price - [11.50 incl. of p & p. & VAT.

Brand new CASSETTE TYPE MOTORS
types3i.iVAT ye2..78)8V), 12V Price 3 to, £2.00 50p p & Cr°,

230V a.c. FAN ASSEMBLY
Powerful continuously rated a c motor complete with 5
blade Sim or 4 blade 3in aluminium fan Price £4.60
P & P 75o 1(6.041nri VAT)

24V. D.C. GEARED MOTOR
24V D C 200 rpm 10Ibs/ins continuously rated geared Motor
mfg by either Parvalux or Caner. Easily removed from chassis con-
taining 9 . 24V D.0 Solenoids, microswitches. friction clutch, pre-
cision gearing etc etc. Ex -equipment London Transport Ticket
Printer Price [8.00 P & P 12 001(11.50 inc? VATI

an-RTMTTUoRRE PRECISION BUILT

3-9v D.0 operation, speed 2.6 R.P.M
Current consumption incredibly only
2-5 M. A. Ratio 1670-1 Torque approx 2lbs
inch plus. Motor - German, Gearbox
Swiss
Side 548,,rri,,,msnOara 16 mm

Shah

P & P (Total roc VAT E9.78)

24V D.C. REVERSIBLE MOTOR
Parvalux type SD 12L 24 D C shunt wound Motor, either 133
rpm 651bs in Gearbox ratio 30:1 Current 6.8 amp Rating con-
tinuous. Will operate on reduced power and speed at 9V CAC or
less Size Dia. 16mm Width 150mm. Shaft dia 16mm. Price
£16.50 P & P 12 00 1E21.28 incl VAT) N M S or 60 rp
100lb in rating Price as above N.M S
100W Rheostat 1 ohm speed control available f6.1110 P & P

7501[9.90 incl. VATI.

REDUCTION DRIVE GEARBOX
Ratio 72.1 Input spindle I 4 in Output spindle 2 3 in long
Overall size approx. 120 98 68 mm. All metal construction
Ex equip tested PriceE2.50 P & P 75p 1E3.74 incl. VATI.

ROTARY CARBON VANE VACUUM &
COMPRESSOR. Direct coupled to 1/3 h.p 110/115V
A.0 Motor 4 2 amp 1380 rpm Motor manuf. by A.E.I. or G.E.0
Pump by Williams Max Vac 25" H.G.Max pressure Cont.10
psi Int 15 psiMax air -flow 3 c9f m at -0- H G. Price.
£30.00 P 6 P 14 001E39.10 incl VATI N M.S
Suitable transformer for 240V op t10.00 P & P. C2.00
1[13.110 inc? VAT) N M S

WATER PUMP
Mfg by S P.A Astaisi of Italy 220/240v A C 50 hz 2800 R.P M
approx 1/3hp Centrifugal pump with 1i- inlet:outlet. Delivery
approx 40 gals per min. at 101bs head. (Non self priming) Price
£16.50 P 6 P 12.501E21.81 incl VAT). N M.S

Veeder-Root Pre-set Counter. Type MG1636. 3 fig.
countdown any number from 999 to 001. 230V A.C. 2 Wheel
setting Changeover Microswitch to inform external circuitry on
completion of countdown. Size. Width 85mrn. Ht 65mm. Dpth.
70rnin Price £4.00 f 75p P & P (total inc?. VAT E5.461.

SANGAMO WESTON TIME SWITCH
Type S251 200/250V a.c 2 on/2 off every 24 hours. 20 amps
contacts with override switch dia 4 x 3 price £9.50 & P.
11001112.08 incl. VATI Also available with Solar dial R. & T.

TIME SWITCH VENNER TYPE
ERD Time switch 200/250V a.c 30 amp contact
2 orv2 off every 24 hrs at any manually pre-set
time 36 hour Spring Reserve and day omitting
device. Built to highest Electricity Board specifica-
tion, Price £11.50 P. & P E1.50 1E14.95 incl.
VAT). R.&T.

A.E.G.
80ap. 2-on/off Spring Reserve Ttmeswitch
Price £15.50 P.&P. £1.50 (£19.55 inc. VAT)

Please allow 28 days for delivery
N M S.New Manufacturers Surplus

Co R & T Reconditioned and Tested
Pe so al callers only ....0Por, Saturdays.
9 Little Newport Street,
London WC2H 7JJ
Phone 01-437 0576
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Medium Resolution
Graphics N.A.Climpson

THE
STANDARD UK 101 has an interesting character set

consisting of the alphanumerics and 154 graphics
characters with each character based on an 8x8 dot matrix.
When displayed each row of the matrix is in fact repeated so
that every column of the character is represented by 16 dots,
although this will not concern us here. Whilst a certain
amount of manipulation of the 154 graphics characters can
give dramatic effects on the screen it is impossible to
achieve very high pixel resolution and it is difficult to work
out which character will fill a particular slot to the best ef-
fect. For plotting purposes some i square graphics can be
used but the a filled characters are missing so that every
possibility of plotting is not available. In addition the format
of the characters is such that squares are not square but
elongated vertically.

One method of achieving higher resolution is to use one of
the recently available programmable graphics generators by
which the precise character required to fill a slot to best ef-
fect can be defined in memory. One disadvantage is that
these boards are expensive, and another is that the software
to define and select a character to fit a specific situation is
quite complicated.

FOUR TIMES RESOLUTION
This article describes an alternative approach, easily and

cheaply implementing medium resolution pixel graphics on
the UK 101 using a fixed set of 256 alternative characters,
giving an improvement in resolution of four times over the
standard character set.

If we imagine the standard character slot to be divided
into two portions vertically and four horizontally we now
have eight blocks to fill; the size of one of these blocks
representing the ultimate resolution of this system. (See
Fig. 2). To fill these eight spaces with all possible combina-
tions of characters will require 2' or 256 characters, and
since each row of a character is defined by one 8 bit byte in
the character generator (see Fig. 1), we will require 2048
bytes of storage for the new characters. By this means we
can achieve a horizontal resolution of 2x48 and a vertical
resolution of 4x 16; a total of 6144 individually addressable
points on the screen, and furthermore each picture element
is now nearly square. The storage requirements for the 256
new characters are simply fulfilled by a 2716 EPROM.

The order in which the characters are stored in the
EPROM is important so that the appropriate character can
easily be selected by software. The system used here is
shown in Fig. 2 where the number of the character is

represented by a binary count starting in the top left corner.
Thus for example character 0 would be all blank, 255 would
be all white, 64 would have only the bottom left space filled
and 65 would have the bottom left and top left occupied.

Having programmed an EPROM with the correct pattern
of bits, the complete listing of which is shown in Table 1, it

would be possible to plug it into the existing character
generator socket with some minor wiring changes. This
would mean however that the standard graphics set in-
cluding the alphanumerics would not be available. The solu-
tion proposed here is to mount the standard and alternative

character generators on a small sub -board which then plugs
into the character generator socket on the main board.
Selection of either one of the character sets is by software
control, but it is unfortunately not possible to mix characters
from the two sets on the screen at the same time.

HOW IT WORKS
The circuit design of the new board is shown in Fig. 3. You

will notice that the address lines and data lines to the two
chips are paralleled up and are fed from a d.i.l. plug. This d.i.l.
plug is inserted in the character generator socket on the
main board, the original character generator having moved
to the sub -board. The chip selects for the two devices are
wired differently from each other and are not connected to
the main board. With pins 20 and 21 wired as shown it re-
quires a high on pin 18 to select the standard character
generator and a low on pin 18 to select the 2716. The signal
for these pins is derived from the Q output of a 7474 D -type
edge triggered flip-flop. This is acting as a latch in that it
holds a high or low logic level on its output until it receives a ,
clock pulse which transfers the data on the data input to the
0 output and inverted to the Q output. Since Q is back con-
nected to the data input the output at Q is alternately high
and low. The clock input is derived from an unused partially
address decoded line on the main board. There are several of
these available and a convenient one is pin 14 on U20. This
is decoded to a 1K block starting at D800 Hex or 55296
decimal. Any address issued in this range with a dummy
POKE or PEEK will cause the 7474 to change state and
hence select the other character set. The address 55555
decimal is in this range and is an easy one to remember.

The reset of the 7474 is connected to the reset line of the
6502 processor on the main board so that on RESET the
standard character set is always selected.

CONSTRUCTIONAL DETAILS
The printed circuit design for the board is shown full size

in Fig. 5. As you can see the board is tightly packed to keep
the size to a minimum and will require some care in con-
struction. An additional problem is that no suitable d.i.l. plug
appears to be commercially available and it will be necessary
to make your own directly onto the board. Proceed as
follows.

Obtain a 24 -pin d.i.l. header plug. These are rather like
d ci. i.c. sockets except they have stronger pins and are
designed to plug into i.c. sockets. Into each socket of the

header (except 18, 20 and 21) is pushed a lcm. length
of 24 s.w.g. hard brass wire. When complete the wires are
put through the holes for the d.i.l. plug in the circuit board so
that the d.i.l. header is on the plain side of the board. Solder
the pins to the pads keeping the solder close to the board.
Trim the pins on the circuit side of the board to an even
3.5mm. length, remove the d.i.l. header and push onto the
trimmed pins. Put a blob of solder on the pins on the plain
side of the board as close as possible to the board to take
any removal strains and then trim the excess length of pin off
as short as possible. Remove the d.i.l. header.
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BIT PATTERN IN HEXADECIMAL
CHARACTER GENERATOR EQUIVALENT

NONUNIONI'll'...
NONINNI
NIONIONI

0000 0000 00
0000 0000 00
0000 1111 0 F
0000 1111 OF
0000 0000 00
0000 0000 00
1111 0000 F0
1111 0000 F0

Fig. 1. Character 72 in
the new character set

Fig. 2. Arrangement of characters in new character set

2

8

16 32

64 128

IIEP7151

Solder on the two 24 -pin and one 14 -pin sockets in the
usual way followed by the two flying wires. The wire from
pin 11 on the 7474 should be soldered carefully to the top of
the leg of pin 14 on U20. The wire from pin 10 should be
soldered to the printed circuit track going to pin 40 on the
6502 processor U8. Fig. 4 shows the place to solder it, but
remember that if you leave the 6502 in place while doing
this you should be using a good quality soldering iron which
has a well earthed tip.

Remove the character generator U41 from the main
board and fit to the sub -board in its appropriate place and
correct orientation. Fit the 7474 and 2716 EPROM and plug
the sub -board into the character generator socket on the
main board with the d.i.l. header in place. This completes the
construction.

SOFTWARE
Although we now have higher resolution we are still using

the old character slots to put one of 256 characters onto the
screen at any one time. The heart of the software is to
decide which character best represents the desired point to
plot and to select the required character bearing in mind the
character already occupying the slot.

Two programs are listed which use the character selection
algorithm, one in BASIC to plot functions and a hybrid
program in BASIC and machine code to draw pictures on the
screen.

Table 2 is a program for plotting any mathematical func-
tion on the screen and will be described in some detail since
it contains the routine needed for any plotting in medium
resolution graphics.

The subroutine starting at line 1000 is the character
selection and plotting portion.

X and Y are the new medium resolution co-ordinates
relative to screen origin. X can range from -48 to +48 and Y
from -32 to +32.

Line 1000 calculates the number of lines down the screen
and the position across the screen of the standard character
slot that X and Y fall in.

Line 1005 calculates the position of the individual
character within the large character slot.

Line 1006 calculates the binary number of the character
needed in this slot ignoring the character already there.

Line 1010 gets the present character in the slot.
Line 1012 decides the new character to put on the screen

with reference to the one already there.
Line 1100 displays it.
Not strictly necessary in this program, but put in for com-

pleteness, are lines 1011, 1015 and 1017. These are used if
the calculated if graphics is to be deleted from the character
that is already on the screen. The choice between sub-
tracting and adding a character is controlled by flag D.

The function to be plotted is placed in a subroutine
starting at line 2000, in this case an ellipse calculation, and
the dimensions of the ellipse are controlled in lines 45-100.

POKE 55555,1 in lines 40 and 220 switches to the new
character set at the start and back to the standard set at the
end.

ICI
2716

20

24 Pin DIL plug PL1

20 20

+5V
GND

Fig. 3. Circuit diagram

RESET LINE

IC2

ADDRESS LINE

+ 5\v -r

IC31
01111111.
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000 00 00 00 00 00 00 00 00 FO FO 00,00 00.00 00 00 400 00 00 00 00 00 00 OF OF FO FO 00 00 00 OF OF

010 OF OF 00 00 00 00 00 00 FF FF 00 00 00 00 00 00 410 OF OF 00 00 00 00 OF OF FF FF 00 00 00 OF OF
020 00 00 FO FO 00 00 00 00 FO FO FO FO 00 00 00 00 420 00 00 FO FO 00 00 OF OF FO FO FO FO 00 OF OF
030 OF OF FO FO 00 00 00 00 FF FF FO FO 00 00 00 00 430 OF OF FO FO 00 00 OF OF FF FF FO FO 00 OF OF
040 00 00 OF OF 00 00 00 00 FO FO OF OF 00 00 00 00 440 00 00 OF OF 00 00 OF OF FO FO OF OF 00 OF OF
050 OF OF OF OF 00 00 00 00 FF FF Of OF 00 00 00 OD 450 OF OF OF OF 00 00 OF OF FF FF OF OF 00 OF OF
060 00 00 FF FF 00 00 00 00 FO FO FP Fr 00 00 00 00 460 00 00 FF FF 00 00 OF OF FO FO FF FF 00 OF OF
070 OF OF FF FF 00 00 00 00 FF FF FF FF 00 00 00 00 470 OF OF FF FF 00 00 OF OF FF FF FF FF 00 OF OF
080 00 00 00 00 FO FO 00 00 FO FO DO 00 FO FO 00 00 480 00 00 00 00 FO FO OF OF FO FO 00 00 FO OF OF
090 OF OF 00 00 FO FO 00 00 FF FF po'oa FO FO 00 00 490 OF OF 00 00 FO FO OF OF FF FF 00 00 FO OF OF
040 00 00 FO FO FO FO 00 00 FO FO -F0 FO FO FO 00 00 4A0 00 00 FO FO FO FO OF OF FO FO FO FO FO OF OF
OHO OF OF FO FO FO FO 00 00 FF Fr FO FO FO FO 00 00 4E10 OF OF FO FO FO FO OF OF FF FF FO FO FO OF OF
OCO 00 00 OF OF FO FO 00 00 FO FO OF OF FO FO 00 00 400 00 00 OF OF FO FO OF OF FO FO OF OF FO OF OF
CDO OF OF OF OF FO FD 00 00 FF FF OF OF FO FO 00 00 4D0 OF OF OF OF FO FO OF,POF FF FF OF OF FO OF OF
OEO 00 00 FF FF FO FO 00 00 FO FO FF FF FO FO 00 00 4E0 00 00 FF FF FO FO OF OF FO FO FF FF FO OF OF
OF° OF OF FF FF FO FO 00 00 FF FF FF FF FO FO 00 00 4F0 OF OF FF FF FO FO OF OF FF FF FF FF FO OF OF
100 00 00 00 00 OF OF 00 00 FO FO 00 00 OF OF 00 00 500 00 00 00 00 OF OF OF OF FO FO 00 00 OF OF OF
110 OF OF 00 00 OF OF 00 00 FF FF 00 00 OF OF 00 00 510 OF OF 00 00 OF OF OF OF FF FF 00 00 OF OF OF
120 00 00 FO FO OF OF 00 00 FO FO FO FO OF OF 00 00 520 00 00 FO FO OF OF OF OF FO FO FO FO OF OF OF

130 OF OF FO FO OF OF 00 00 FF FF FO FO OF OF 00 00 530 OF OF FO FO OF OF OF OF FF FF FO FO OF OF OF
140 00 00 OF OF OF OF 00 00 FO FO OF OF OF OF 00 00 540 00 00 OF OF OF OF OF OF FO FO OF OF OF OF OF

ISO OF OF OF OF OF OF 00 00 FF FF OF OF OF OF 00 00 550 OF OF OF OF OF OF OF OF FF FF OF OF OF OF OF
160 00 00 FF FF OF OF 00 00 FO FO FF FF OF OF 00 00 560 00 00 FF FF OF OF OF OF FO FO FF FF OF OF OF

170 OF OF FF FF OF OF 00 00 FF FF FF FF OF OF 00 00 570 OF OF FF FF OF OF OF OF FF FF FF FF OF OF OF
180 00 00 00 00 FF FF 00 00 FO FO 00 00 FF FF 00 00 580 00 00 00 00 FF FF OF OF FO FO 00 00 FF OF OF
190 OF OF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 590 OF OF 00 00 FF FF OF OF FF FF 00 00 FF OF OF
140 00 00 FO FO FF FF 00 00 FO FO FO FO FF FF 00 00 5.40 00 00 FO FO FF FF OF OF FO FO FO FO FF OF OF
1130 OF OF FO FO FF FF 00 00 FF FF FO FO FF FF 00 00 530 OF OF FO FO FF FF OF OF FF FF FO FO FF OF OF
ICO 00 00 OF OF FF FF 00 00 FO FO OF OF FF FF 00 00 5C0 00 00 OF OF FF FF OF OF FO FO OF OF FF OF OF
IDO OF OF OF OF FF FF 00 00 FF FF OF OF FF FF 00 00 500 OF OF OF OF FF FF OF OF FF FF OF OF FF OF OF
1E0 00 00 FF FF FF FF 00 00 FO FO FF FF FF FF 00 00 5E0 00 00 FF FF FF FF OF OF FO FO FF FF FF OF OF
IFO OF OF FF FF FF FF 00 00 FF FF FF FF FF FF 00 00 5F0 OF OF FF FF FF FF OF OF FF FF FF FF FF OF OF
200 00 00 00 00 00 00 FO FO FO FO 00 00 00 00 FO FO 600 00 00 00 00 00 00 FF FF FO FO 00 00 00 FF FF
210 OF OF 00 00 00 00 FO FO FF FF 00 00 00 00 FO FO 610 OF OF 00 00 00 00 FF FF FF FF 00 00 00 FF FF
220 00 00 FO FO 00 00 FO FO FO FO FO FO 00 00 FO FO 620 00 00 FO FO 00 00 FF FF FO FO FO FO 00 FF FF

230 OF OF FO FO 00 00 FO FO FF FF FO FO 00 00 FO FO 630 OF OF FO FO 00 00 FF FF FF FF FO FO 00 FF FF

240 00 00 OF OF 00 00 FO FO FO FO OF OF 00 00 FO FO 640 00 00 OF OF 00 00 FF FF FO FO OF OF 00 FF FF

250 OF OF OF OF 00 00 FO FO FF FF OF OF 00 00 FO FO 650 OF OF OF OF 00 00 FF FF FF FF OF OF 00 FF FF
260 00 00 FF FF 00 00 FO FO FO FO FF FF 00 00 FO FO 660 00 00 FF FF 00 00 FF FF FO FO FF FF 00 FF FF
270 OF OF FF FF 00 00 FO FO FF FF FF FF 00 00 FO FO 670 OF OF FF FF 00 00 FF FF FF FF FF FF 00 FF FF
280 00 00 00 00 FO FO FO FO FO FO 00 00 FO FO FO FO 680 00 00 00 00 FO FO FF FF FO FO 00 00 FO FF FF
290 OF OF 00 00 FO FO FO FO FF FF 00 00 FO FO FO FO 690 OF OF 00 00 FO FO FF FF FF FF 00 00 FO FF FF
240 00 00 FO FO FO FO FO FO FO FO FO FO FO FO FO FO 6A0 00 00 FO FO FO FO FF FF FO FO FO FO FO FF FF
2130 OF OF FO FO FO FO FO FO FF FF FO FO FO FO FO FO 6130 OF OF FO FO FO FO FF FF FF FF FO FO FO FF FF
2C0 00 DO OF OF FO FO FO FO FO FO OF OF FO FO FO FO 6C0 00 00 OF OF FO FO FF FF FO FO OF OF FO FF FF
200 OF OF OF OF FO FO FO FO FF FF OF OF FO FO FO FO 600 OF OF OF OF FO FO FF FF FF FF OF OF FO FF FF
2E0 00 00 FF FF FO FO FO FO FO FO FF FF FO FO FO FO 6E0 00 00 FF FF FO FO FF FF FO FO FF FF FO FF FF
2F0 OF OF FF FF FO FO FO FO FF FF FF FF FO FO FO FO 6F0 OF OF FF FF FO FO FF FF FF FF FF FF FO FF FF
300 00 00 00 00 OF OF FO FO FO FO 00 00 OF OF FO FO 700 00 00 00 00 OF OF FF FF FO FO 00 00 OF FF FF
310 OF OF 00 00 OF OF FO FO FF FF 00 00 OF OF FO FO 710 OF OF 00 00 OF OF FF FF FF FF 00 00 OF FF FF
320 00 00 FO FO OF OF FO FO FO FO FO FO OF OF FO FO 720 00 00 FO FO OF OF FF FF FO FO FO FO OF FF FF
330 OF OF FO FO OF OF FO FO FF FF FO FO OF OF FO FO 730 OF OF FO FO OF OF FF FF FF FF FO FO OF FF FF
340 00 00 OF OF OF OF FO FO FO FO OF OF OF OF OF OF OF FF

350 OF OF OF OF OF OF FO FO FF FF OF OF OF OF FO FO 750 OF OF OF OF OF OF FF FF FF FF OF OF OF FF FF

360 00 00 FF FF OF OF FO FO FO FO FF FF OF OF FO FO 760 00 00 FF FF OF OF FF FF FO FO FF FF OF FF FF
370 OF OF FF FF OF OF FO FO FF FF FF FF OF OF FO FO 770 OF OF FF FF OF OF FF FF FF FF FF FF OF FF FF
380 00 00 00 00 FF FF FO FO FO FO 00 00 FF FF FO FO 780 00 00 00 00 FF FF FF FF FO FO 00 00 FF FF FF

390 OF OF 00 00 FF FF FO FO FF FF 00 00 FF FF FO FO 790 OF OF 00 00 FF FF FF FF FF FF 00 00 FF FF FF

3A0 00 00 FO FO FF FF FO FO FO FO FO FO FF FF FO FO 7A0 00 00 FO FO FF FF FF FF FO FO FO FO FF FF FF

130 OF OF FO FO FF FF FO FO FF FF FO FO FF FF FO FO 7130 OF OF FO FO FF FF FF FF FF FF FO FO FF FF FF

3C0 00 00 OF OF FF FF FO FO FO FO OF OF FF FF FO FO 7C0 00 00 OF OF FF FF FF FF FO FO OF OF FF FF FF
300 OF OF OF OF FF FF FO FO FF FF OF OF FF FF FO FO 700 OF OF OF OF FF FF FF FF FF FF OF OF FF FF FF

3E0 00 00 FF FF FF FF FO FO FO FO FF FF FF FF FO FO 7E0 00 00 FF FF FF FF FF FF FO FO FF FF FF FF FF
3F0 OF OF FF FF FF FF FO FO FF FF FF FF FF FF FO FO 7F0 OF OF FF FF FF FF FF FF FF FF FF FF FF FF FF

Table 1. EPROM program

Lines 30-40 are a machine code subroutine to fill the
screen with the zero character, which is a blank in the new
set.

This program runs very slowly since it is in BASIC and
contains long calculations to plot each point but it will give
an idea of the method used to manipulate the g square
graphics. Some experimentation with the functions and step
sizes could prove most interesting.

In the second program the plotting algorithm is in
machine code and only returns to BASIC for the option
menu and instructions. Some examples of the sort of pic-
tures that can be drawn are shown and have been
photographed straight off the television screen.

Fig. 4. Connection of reset line

CONNECT TO
TRACK HERE

Table 2. Plotting program

I REM ** BASIC MEDIUM RESOLUTION GRAPHICS ***
2 RED PLOTTING ALGORITHM
5 053259+8*64+24
30 DATA 162,00,138,157,00,208,157,00,209
31 DATA 157,00,210,157,00,211,232,208,241,96
33 FOR1.565T0583:READA:POKEI,A:NEXT
40 POKE11,53:PORE12,2:POKE65555,I:X*USR(X)
45 A -20:B30
50 FOR TH-O TO 6.3 STEP .1
60 GOSUB 2000
80 GOSUB 1000
90 NEXT
100 A*A+1:B*8-1:IF B*0 THEN 200
110 COTO 50
200 POKE 11.186:FORE 12,255:XUSR(X)
210 FOR I*I TO 16:PRINT:NEXT
220 POKE 55555,I:END
999 REM  SELECT CHARACTER AND PLOT OR UNPLOT
1000 XP*INT(X/2):YP*INT(Y/4)
1005 XDX-XF*2:YD*Y-YP*4+1
1006 CH*2-((YD-I)*2+XD)
1010 SC*PEEK(O+YP*64+XF)
1011 IF D*I THEN 1015
1012 ST -SC OR CH

1013 COTO 1100
1015 CH -255 -CH

1017 ST -SC AND CH
1100 POKE 0+YP*64+XP,ST
1500 RETURN
1999 REM * FUNCTION TO BE PLOTTED:ELLIPSE HERE
2000 RI*A*A*B*8
2010 R2*A*A*SIN(TH)*SIN(TH)+BB*COS(TH)*COS(TH)
2020 R*SQR(RI/R2)
2030 TINT(R*SIN(TH)+.5)
2040 X*INT(R*COS(TH)+.5)
2050 RETURN
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10 REM **** DRAWER IN BASIC/MACHINE CODE 004**
20 REM **** HAVE YOU PROTECTED MEMORY AT 6500***
30 GOSUB 5000

40 PRINT"
50 PRINT" * MEDIUM RESOLUTION *
60 PRINT"
70 PRINT" * GRAPHICS DRAWER *

30 PRINT"
90 PRINT:PRINT:PRINT:PRINT:PRINT
100 PRINT" By Nigel Climpson
110 PRINT:PRINT" A 25 sec delay whilst poking machine code"
199 REM POKE MACHINE CODE
200 /1.6528

210 READ AS:IF A$ -"LAST" THEN 1095
220 FOR I.1 TO 16:S.ASC(905(A6,2*1-1,1)1-48
230 IF S>9 THEN S.S.7

240 T.S*16:S.ASC(MIDS(AS,2*1,1)1-48:IF S>9 THEN 6.6-7
250 T.T+S:POKE 71,T:T.O:M.M.1-1:NEXT:GOTO 210
1095 POKE 21000,16
1100 GOSUB 5000
1110 PRINT:PRINT" OPTION MENU":PRINT
1120 PRINT" 1) Start a new picture.":PRINT
1130 PRINT" 2) Load a masterpiece from tape.":PRINT
1140 PRINT" 3) Save present picture to tape.":PRINT
1150 PRINT" 4) Change speed of cursor.":PRINT
1160 PRINT" 5) Display instructions.":PRINT
1170 PRINT" 6) Exit from programme.":PRINT
1180 GOSUB 5010
1190 ON CH COTO 2000,2250,2500,2750,3000,3250
2000 POKE 11,128:POKE 12,25:X-USR(X)
2010 GOTO 1100
2249 REM LOAD FROM TAPE
2250 GOSUB 5000
2260 PRINT"TURN ON TAPE RECORDER IN LOAD MODE"
2270 POKE 11,50:POKE 12,2701.11SR(X)
2280 GOTO 1100
2499 REM SAVE TO TAPE
2500 GOSUB 5000
2510 PRINT"TURN ON TAPE RECORDER IN SAVE MODE"
2520 POKE 11,213:POKE 12,2601.11SR(X)
2530 GOTO 1100
2749 REM CHANGE SPEED
2750 GOSUB 5000
2760 PRINT"ENTER CURSOR SPEED (1-9)"1
2770 GOSUB 5010
2780 PRINTCH
2790 POKE 7096,CH*5+1
2800 POKE 11,131:POKE 12,27:X-USR(X)
2610 GOTO 1100
2999 REM DISPLAY INSTRUCTIONS
3000 GOSUB 5000
3010 PRINT" The cursor is moved in the following mannee:PRINT
3020 PRINT" KEY I"
3030 PRINT TAB(24);CHR$(16)
3040 PRINT TAB(8);"KEYS 163 ";CHR$(23);SPC(6);CHR$(16);
3050 PRINT SPC(6);CHR$(17);" KEYS 164"
3060 PRINT TAB(19);CHRS(23);SPC(4);C1111$(16);SPC(4);CHR$(17)
3070 PRINTTAB(21);CHR$(23);SPC(2);CHRS(16);SPC(2);CHR$(17)
3080 PRINT TAB(23);CHR$(23);CHR$(16);CHR$(17)
3090 PRINT TAB(5);"KEY 3 ";CHR$(22);" ";CHR$(22);" ";CHR$(22);
3100 PRINT" ";CHR$(22);" ";0111$(22);" "X11116(22)1" ";CHR$(22);

3110 PRINT CHR$(187);CHR$(18);" "ICHRS(18);
3120 PRINT " ";CNR$(18);" ";CHR$(18);" ";CIIR$(18);" "I
3130 PRINT CHR$(18);" ";CHR$(18);" KEY 4"
3170 PRINT TAB(23);CHRS(21);CHR$(20);CNRS(19)
3180 PRINT TAB(21);CHR$(21);SPC(2);CHRS(20);SPC(2);CHR$(19)

3185 PRINTTAA(19);CHIS(21);SPC(4);C111$(20);SPC(4);CHRS(19)
3190 PRINT TAB(8);"KEYS 263 ";CHRS(21);SPC(6);CHR$(20);
3195 PRINT SPC(6);CHR$(19);" KEYS 264"
3200 PRINTTAB(24);CHR$(20)
3210 PRINTTAB(22);"KEY 2"
3212 PRINT" Press any key";
3215 GOSUB 5010:GOSUB 5000:PRINT
3220 PRINT" KEY 5 TO PLOT": PRINT:PRINT
3225 PRINT" KEY 6 TO UNPLOT ": PRINT:PRINT
3230 PRINT" KEY 7 TO RETURN TO MENU": PRINT:PRINT
3235 PRINT" Press any key"
3247 GOSUB 5010:GOTO 1100
3249 REM GOOD-BYE
3250 GOSUB 5000
3260 PRINT" Thanks for playing.Bye for now Picasso."
4998 END
4999 REM CLEAR SCREEN
5000 FOR I.1 TO 16:PRINT:NEXT:RETURN
5009 REM GET CHARACTER FROM KEYBOARD
5010 POKE 11,186:POKE 12,255:X.USR(X):CH.PEEK(531) -48:RETURN
6000 DATA ADOOD8A900A89900D09900D19900D299
6010 DATA 00D3C800F180134111A9808D8018EDB1115

6020 DATA A97F8DOODFADOODFC9FFF03948ADB418
6030 DATA F0034C321A68C97FF047C9EFF055C9EF
6040 DATA F048C9DFF056C951T034C96FF039C9AF
6050 DATA FO3EC99FF043C9F7F048C9F8F04CC9FD
6060 DATA 00034CA81AA9008D8518203DIA20C91A
6070 DATA A9FF8D155113203D1A20C91A4CA019CEBO
6080 DATA DICEBIIB4CE519CEBIIBEEB01114CE519
6090 DATA REBOIBEE811114CE519ERBIIBCEBOIB4C
6100 DATA E519AOFF8C1141B4CE519A0008034184C
6110 DATA E519A9008D115111203DIA4CB519ADB0111
6120 DATA 29018D112111ADB11829038DR31110A1860

6130 DATA B218AAA901CAEOFFF0030ADOF88086111
6140 DATA 091085F9A9C885FAADB01134A1865F985
6150 DATA F99002E6FAADB11114A4AAAA9401865F9
6160 DATA 85F99002E6FACADOF2A00081F9AE85113
6170 DATA 00060D1361114CA51A48ADB61849FFEDB6
6180 DATA 1B682D1561891F960A000159000099001C
6190 DATA 89000199001138900D299001115900D399
6200 DATA 001FC8DOE5ADOOD860AEBBIBCEB71/100
6210 DATA FBCADOF860A9FF8D0502201F111201FIR
6220 DATA A00084F9A91C85FAA93A2OREFFB1F94A
6230 DATA 4A4A4A2000INNIF9290F2000184COEIB
6240 DATA 186930C93A300318690720EEFF60C8D0
6250 DATA DCE6FAA5FAC920D0D4A9008D050260A9
6260 DATA 108DB91BAOFFCADOFD8800FACEB91BDO
6270 DATA F560A9FF8D0302A90085F9A91C85FAA0
6280 DATA 0020BAFFC93ADOF920EEFF2OBAFF2067
6290 DATA IBOA0A0A0A8DBA11120BAFF2067181861,

6300 DATA 11A1B91F94C731820EEFFC9419002E907
6310 DATA 290F60C8D0D5E6FAA5FAC920DOCDA900
6320 DATA 8D03020000A000D8119001C9900D011900
6330 DATA 1D9900D1119001E9900112119001F9900D3
6340 DATA C8DOE5A9004C95190DF00520F9535441
6350 DATA LAST

Table 3. Drawer in M/C and BASIC

Note to CEGMON users:
In the Plotting Algorithm program line 200 will

need to read:
200 POKE 11,70:POKE 12,251:X=USRIX)

In the Graphics Drawer program line 5010 will be:
5010 POKE 11,70:POKE 12,251:X=USR(X):
CH=PEEK(533)-- 48:RETURN

L

In line 6280 change two occurrences of BAFF to
46FB

In line 6290 change BAFF to 46FB

If your character generator has been supplied as an
EPROM, then cut the track joining pin 18 on IC1 and IC2,
leaving IC2 connected to pin 9 of the 7474. Connect pin 18
of IC1 to pin 8 of the 7474.

GIA
EP710

Fig. 5. Printed circuit layout

a

a

1

IC1
2716

a

IC2

1EP712.1

Fig. 6. Component overlay

6502 PINGO

U20 PIN14

PL1

EP7111

Fig. 7. Position of PL1
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COMPONENTS...
Integrated circuits

IC1 2716
IC2 Standard Char, Gen. ROM
IC3 7474

Miscellaneous
24 -way socket (2 off)
24 -way d.i.l. plug
14 -way di!. socket
Printed circuit board

The program was originally intended for joy -stick control
which explains the rather clumsy cursor movement keys, but
on the standard keyboard I do not think that there are any
better options.

The subroutine at line 5000 is to clear the screen and can
be substituted by a more rapid routine if available.

To sum up then, this is a method of implementing ith
square graphics in a simple and non-destructive way. This
system works equally well with the Superboard II but re-

quires a differently encoded EPROM since for reasons best
known to the manufacturers, the wiring between the chardc
ter generator and the data serialiser is slightly different
two machines. The Superboard requires each character row
to be encoded in reverse. The software illustrated here will
also have to be adjusted.

Thanks are due to the author's colleagues Dr. J. Ogle and
D. Hazelden for ideas on the hardware and software of this
project.

FREE! READERS' ADVERTISEMENT SERVICE

PE

DALAI&
PRACTICAL Electronics one to December 81
offers. R&T servicing Vol 1-6 £10. Callers only.
L. Marks, 14 Avenue Road, Kingston, Surrey.
ACORN Atom 12K RAM 8K BASIC £155.
Portable music synthesiser -piano. Harpsichord,
Brass, Strings, etc., £200. Don Pearson, 41 Or -
monde Avenue, Chichester, Sussex. Tel: 0243
789748 or 943632 after 7 pm.
PRINTER and keyboard data dynamics
ASRS390, complete with stand and paper, £99.
S. L. Ross, 44 Premier Avenue, Grays, Essex
RM16 2SD.
OSCILLOSCOPE single beam 5 inch screen
Heathkit labscope model 10--12U suit young
enthusiast. E18 only. A. R. Wieczorek, 11 Far -
sands, Oakley, Bedford. Tel: Oakley 3850.
I WISH to fit floppy disc drive to Superboard II.
If anyone has done this contact: S. N. Hobson, 3
Church Close,. Lindal, Ulverston, Cumbria LA12
OLS.

RULES
Maximum of 16 words plus address andior phone no. Private ad-

vertisers only (trade Or business ads. can be placed in our classified
columns). Items related to electronics only No compritei s---ttraiirre
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 arivertiseiherits F 101 tcl must I, ,ra'..::
parried by a valid date corner-.

Advertise your spare parts, test gear, tools, computers, printers, instruments, synthesisers,
organs, books, etc., FREE. Yes, we will accept adverts from readers, NOT TRADE, oil a one
off basis to be published in the first available issue. Not only can you advertise parts for sale
but your wanted or swap ad. will also be acceptable. The rules are straightforward but please
read them and make sure you send in a valid "date corner" cut from the issue.

If you have a few components, a Compukit or a computer organ we can help sell them for
you. We reserve the right not to publish anything unacceptable to us or any ad. we believe is
from a trader or anyone running a business involved in electronics; it's a private readers
only service. We cannot accept ads. for computer software.
PLEASE NOTE: Due to the postal problems associated with the rail strikes, we have only
received a few ads. at time of going to press. We expect to publish a larger number next
month.

SHARP MZ80K, 48K extended BASIC, many
games, one year old, as new condition £330. Mr
P.J. Keen, "Cranfield", 37 Ivy Lane, Macclesfield.
0625-22649.

WANTED WW2 radios -38, 18, 19 sets,
R1155 etc. Cash or swap Hitachi 19 inch colour
TV. T.E.D. Levison, Bristol 681956.

Please publish the following small ad. FREE in the next available BLOCK CAPITALS PLEASE
issue. I am not a dealer in electronics or associated equipment.

Signature

Date

Please read the RULES then write your advertisement here-
one word to each box. Then add your name, address and/or phone
no. Maximum of 16 words plus address.
COUPON VALID FOR POSTING BEFORE 8 APRIL,
1982. (One month later for overseas readers.)
SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH15 1JG.

Name 8 Address.

For readers who don't want to damage the issue send a photostat or copy of the coupon (filled in of course) with a cut-out valid "date corner'

sir
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THIS month, which represents the final part of the Robots
series of articles, we look at the software and final

assembly procedures.

SOFTWARE DESCRIPTION
Here are brief notes on some aspects of the control

software for the robot.

Decoding the keyboard data via an interrupt routine
The clock pulses from the keyboard decoder are fed to one

of the PIA's interrupt inputs. Each time an interrupt occurs,
the new data bit from the keyboard decoder is read and shif-
ted into a temporary data store by the software. When 56
bits have been received, the micro's internal button status
bytes are updated. Synchronisation with the transmitted
sequence is assured by resetting the bit count when a 'start'
bit is decoded by the keyboard decoder. See Fig. 6.1 a.

Jump node subroutine
To make button command controlled jumps from one part

of the program to another easy to modify and expand, a
special subroutine was written. This is entered with the X
register pointing to the start of a particular jump table (Fig.
6.1 c). If any of the listed button states are found, then the
matched jump is made, otherwise the subroutine returns
control to the part of the software it was called from. See
Figs. 6.1 b and 6.1 c.

Servoing and deadband
On replay, the control of the robot to follow the stored

data consists of a simple servo loop with a deadband, i.e. if
the measured position is greater than the desired position
plus the deadband, then the minus solenoid is activated.

i.e.
also
and

MP > DP+DB
MP<DP
DP<MP<DP + DB

:- -SOL ON:- +SOL ON:- BOTH OFF

As soon as an axis reaches the correct position, its ap-
propriate solenoids are switched off. When all solenoids
have reached their correct position, the software fetches the
next position down from the sequence memory, and the
process continues.

PE

RICHARD BECKER - TIM ORR
RICHARD MONKHOUSE

A full source listing (with comments!) of the control
software is available from Powertran.

KITS
Constructor's Note

Complete kit of parts for this project can be obtained from
Powertran Cybernetics, Portway Industrial Estate, Andover,
Hants SP10 3WN. r Andover (02641 64455.

Prices are as follows . . .

Genesis M101 4 axis model (excluding wheel base)
Genesis M101 5 axis model (excluding wheel base)
Genesis M101 wheel base
Genesis P101 4 axis model
Genesis P101 6 axis model
Genesis S101 4 axis model
Genesis S101 5 axis model

£295.00
£345.00

£79.00
£450.00
£545.00
£355.00
£405.00

Position detector coil set for M101, S101 4 axis models £15.00
Position detector coil set for M101, 5101 5 axis models £19.00
Position detector coil set for P101 4 axis model £15.00
Position detector coil set for PI01 6 axis model £24.00
Position detector board for MI01, 5101 4, 5 axis models £6.50
Position detector board for P101 4,6 axis models £7.50
Motor drive board for M101 wheel base

(2 required per machine) £11.50
Control electronics for M101 (microprocessor board,

interface board, display board and mounting
bracket) £135.00

Processor box for 5101, P101 (microprocessor board,
interface board, display board, power supply,
interface cables, conduit, cabinet) £175.00

Parts for RS232C interface (fits on microprocessor
board) £14.50

Hand held controller box for M101 (includes
infra red transmitter and rechargeable battery) £47.00

Hand held controller box for 5101 £33.00
Hand held controller box for P101 £33.50
All prices subject to 15% V.A.T.
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Fig. 6.1a. Interrupt Service Routines

'GET KEY AND EXTERNAL DATA
KBEX JSR BUSIN

LDA B PIABD

AND B
STA B
LDA A
PSH A
ORA B
STA B
JSR
PUL A
RTS

4%01111111
PIABD
PIAAD

4%10000000
PIABD
BUSOUT

*TRANSFER/CHECK BUTTON DATA
TRNFER LDA B

LDX BTS0
STX
LDX
STX
JSR
RTS

FROMX
4BUTNS
TOX
MOVE

(THIS ALSO CLEARS
INTERRUPT)

GET DATA

*INTERRUPT SERVICE ROUTINE
INTSER JSR KBEX GET DATA AND CLEAR

INTERRUPT

INT1

ALLDON

INT2

STA A
AND A
BNE
LDA A
STA A
CLR
LDA A
ROR A
ROL
ROL
ROL
ROL
ROL
ROL
ROL
DEC
BEQ
RTI
LDA A
BNE
INC A
STA A
JSR
RTI

*INTERRUPT VECTOR
ORG
FDB

'RESTART VECTOR
ORG
FDB
END

KBEXD
4%00000010 GET START BIT
INTI LOW MEANS START
456 INITIALISE BIT COUNT
BITCNT
BTRFLG CLEAR ALL READY FLAG
KBEXD

BTS6
BTS5
BTS4
BTS3
BTS2
BTSI
BTSO SHIFT DATA IN
BITCNT
ALLDON

BTRFLG
INT2

BTRFLG SET READY FLAG
TRNFER

*FFF8
INTSER

$FFFE
START
START

Fig. 6.1b. Jump Node Subroutine

*SEARCH JUMP TABLE POINTED TO BY
"X AND JUMP IF NECESSARY
NODE LDA A 0, X

CMP A OFF END OF CURRENT TABLE?
BEQ NODE2
JSR TSTBUT
BEQ NODE3 HAVE WE GOT A MATCH?
INX NO
INX
INX

INX
BRA

NODE3 LDX
LDS
JSR
JMP

NODE2 RTS

NODE FIX STACK

2, X
ALL SOLENOIDS OFF

TOS
MAKE MATCHED JUMP

SOLOFF
0, X

"TEST PARTICULAR BUTTON BYTE FOR
'MATCH AGAINST TABLE ENTRY
TSTBUT STX

LDX
JSR
LDA A
LDX
CMP A
RTS

TEMPX2
4BUTNS
ADDAX
0. X
TEMPX2
I, X

"ADD A TO X
ADDAX STX TEMPXI

CLR B
ADD A TEMPXI+I
STA A TEMPX I + I
ADC B TEMPXI
STAB TEMPX I
LDX TEMPXI
RTS

Fig. 6.1c. Jump Node Tables

*JUMP TABLES
*INITIAL COMMAND NODE

F8IC 0080 JTI FDB
F820 01 80 FDB
F824 00 10
F828 02 08
F82C 00 20
F830 00 40
F834 01 20
F838 02 80
F83C FF

FDB
FDB
FDB
FDB
FDB
FDB
FCB

*PLAYBACK CONTROL NODE
F83D 00 10 JT2 FDB
F841 01 20
F845 0140
F849 00 40
F84D 0020
F851 FF

"EDIT CONTROL NODE
F852 01 04 JT3
F856 00 04
F85A 01 20
F85E 00 08
F862 01 08
F866 01 10
F86A 0020
F86E 0040
F872 00 10
F876 02 40
F87A FF

'PAUSE WAIT NODE
F87B 01 40 JT4
F87F 00 10
F883 01 20
F887 00 40
F88B 00 20
F88F FF

FDB
FDB
FDB
FDB
FCB

FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FCB

FDB
FDB
FDB
FDB
FDB
FCB

$0080, SQM
$0180, SQP
$0010, EDIT
$0208, CLRMEM
$0020, RPTP
$0040, PLAY
$0120, MCOM
$0280. MOCTRL
$FF

$0010, EDIT
$0120, MCOM
$0140, PAUSE
$0040, PLAY
$0020, RPTP
$FF

$0104, STEPP
$0004, STEPM
$0120, MCOM
$0008, WAIT
$0108, INSERT
$0110, DELETE
$0020, RPTP
$0040, PLAY
$0010, EDIT
$0240, SLOW
$FF

$0140, PAUSE2
$0010, EDIT
$0120, MCOM
$0040, PLAY
$0020, RPTP
$FF

'MOTOR CONTROL NODE
F890 01 20 JT5 FDB $0120, MCOM
F894 FF FCB $FF
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Processor Box showing Interface Board, Processor
Board, Data Display Board (mounted vertically next to
switch), power supplies for electronics and hydraulic
pump. The signals to and from the robot are carried in
2 flexible conduits.
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More of the hydraulics of GENESIS P101

CONSTRUCTION OF THE ROBOTS
Despite the very large number of components making up

each of the Genesis range of robots, construction is very
straightforward, requiring no tools other than the screw-
drivers and spanners found in most constructors' tool boxes.
For convenience, in both packing and assembly, each kit is
divided into a number of packs, each containing the parts for
one section only of the machine together with its fixing com-
ponents, so there's no chance of fitting the parts incorrectly.
All details of assembly are covered in the handbook supplied
with the kit. The prospect of assembling an hydraulic system
may seem daunting, but with the components designed for
these machines, no blowlamps, wrenches or similar tools of
the plumbing trade are required. The fixed pipework is 8mm
diameter flexible, clear polythene tube and the pipework on
the arms is 5mm and 6mm flexible, clear nylon tube. The
tube, which can be cut with scissors, is terminated with
screw -on fittings (Figs. 6.2 and 6.3). The fittings which
screw into the hydraulic cylinders are sealed with nylon
washers whilst the larger fittings as used on the solenoid
operated valves and non -return valve have tapered threads
which are sealed by wrapping about 5 turns thin PTFE tape
round them before screwing in.

After filling with oil, operation of the robots can be
checked by applying 12V to the solenoids, either directly or
via the Direct Solenoid Controller Board.

POWER -UP, TESTING AND
CALIBRATION

There are several electronic units that comprise the robot
system, and they are in some respects interdependent. That
is, it will be difficult to test the boards in isolation, they have
to be tested as a system. Wire up the interface board and the
processor board (Tables 6.1-6.6). Do not insert any of the
integrated circuits, other than the voltage regulators, which
are soldered in anyway. Unplug index plugs PL2, 3, 5, 8, 9.
Power -up the unit and test the supply rails. Check that you
have two lots of +5V, a +12V rail (approximate) and a -9V
rail. Refer to the circuit diagram of the interface board for
these voltages. There should be very little current drain and
so none of the components should be getting hot! Turn off
the power and insert all i.c.s up to number IC7 on the inter-
face board. Recheck the power supply rails. Turn off, and in-
sert the rest of the i.c.s except IC21. Turn on and recheck the
power supply rails. If everything is okay then the interface
board has been safely powered up. There are a few things
that can now be tested. IC5 pin 8, should be a low distortion
sinewave of about 4Vpp amplitude, 100Hz frequency. The
same sinewave will appear at IC6 pin 4 which is the power
driver i.c. Pin 7 of IC5 is a stable voltage reference of +2.4V.

Now insert the i.c.s on the processor board. Power -up and
test the supply rails. The heat sink on the interface board
(+5V rails) will now begin to warm up but it should never
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B S.P TAPERED THREAD

(SEALED BY WRAPPING
WITH PTFE TAPE BEFORE
ASSEMBLY)

PIPE SEALED OH TAPER
BY TIGHTENING NUT

Fig. 6.2. Pipe fitting used
for connecting to solenoid
operating valve

IEBio41

M5 STRAIGHT THREAD-.

NYLON SEALING --.
WASHER

PIPE SEALED ON
TAPER BY TIGHTENING
NUT

Fig. 6.3.
Connection
to hydraulic
cylinder

Table 6.1. Input wiring of Processor Box

Molex plug
No.

PL7-1
PL7-2
PL7-3
PL7-4
PL7-5

DIN Skt pin
1

5
2
4
3

Signal
+12V
+5V
GND

DATA INPUT

Table 6.2. Infra -red data link (Mobile only)

Molex plug
No.

PL7-1
PIL7-2
PL7-3
PL7-4
PL7-5

Receiver
PCB No. Signal

1 +12V
2 +5V
3 GND
4 -9V
5 DATA

Table 6.3. Display Board wiring

Molex plug
No.

PL5-9
PL5-3
PL5-10
PL5-7
PL5-5
PL5-6
PL5-1
PL5-8
PL5-2
PL5-4

Display Board
Pin No.

1

2

3

4
5
6
7

8
9
10

Signal
DA3
DA0
GND
DA2
DA1
DA5
+5V
,DA4
DA7
DA6

Table 6.4. Baud rate wiring

Molex plug
No. Switch Contact Signal

PL11-1 12 9600
PL11-2 11 4800
PL11-3 10 2400
PL11-4 9 1200
PL11-5
PL11-6
PL11-7 8 600
PL11-8 7 300
PL11-9
PL11-10 c select
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Transformer

S itch

TP1

TO NEAREST (INTERFACE
MOUNTING PILLAR BOARD)

Rectifier

Molex plug
No.

PL1-1
PL1-2
PL1-3
PL1-4
PL2-1
PL2-2
PL2-3
PL2-4
PL2-5
PL2-6
PL2-7
PL2-8
PL2-9
PL2-10
PL3-1
PL3-2
PL3-3
PL3-4
PL3-5
PL3-6
PL3-7
PL3-8 SO+
PL3-9 SO-
PL3-10 S1+
PL8-1 RPD pin No. 20
PL8-2
PL8-3
PL8-4
PL8-5
PL8-6
PL8-7
PL8-8
PL8-9
PL8-10
PL9-1
PL9-2
PL9-3
PL9-4
PL9-5
PL10-1
PL10-2
PL10-3
PL10-4
PL10-5

RPD pin No. 22
RPD pin No. 23

RPD pin No. 24

RPD pin No. 21
RPD pin No. 17
RPD pin No. 16

RPD pin No. 18
RPD pin No. 19

Table 6.6. RS232
wiring

Destination Signal
Solenoid common +Vcc
+ Vcc (bridge rectifier or battery) + Vcc

OV (bridge rectifier or battery) GND
S3+ SOLENOID VALVE
S3- SOLENOID VALVE
S4+ SOLENOID VALVE
S4- SOLENOID VALVE
S5+ SOLENOID VALVE

S5- SOLENOID VALVE

S1- SOLENOID VALVE
S2+ SOLENOID VALVE

S2- SOLENOID VALVE

M13 -4L, M13 -4R Motor board
M13 -2L Motor board
M 13-1 L, M 13-1 R Motor board
M13 -5L Motor board
M13 -2R Motor board
M13 -5R Motor board

GND (MOBILE ONLY)
BL (MOBILE ONLY B Left)
STOP left and right
AL (MOBILE ONLY A Left)
BR (MOBILE ONLY B Right)
AR (MOBILE ONLY A Right)

SOLENOID VALVE
SOLENOID VALVE
SOLENOID VALVE

Detector coil 4

Detector coil 2
Detector coil 1

Detector coil 0

Detector coil 3
+12V
-9V

OSC
GND
GND

'6" spare analogue Vp
'7' spare analogue Vp
'8' spare analogue Vp

Molex plug
No. DIN skt pin Signal

PL12-1 3 GND
PL12-2 2 CTS

PL12-3 5 RXD
PL12-4 4 RTS

PL12-5 1 TRU
PL6-4 centre RS232 Enable

Table 6.5. Interface
Board wiring

240° DIN Socket
(6 Pin)
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become too hot to touch. The CMOS battery back-up will
eventually charge up from 3.6V to 4.0V, but this may take
an hour or so. A few things can be tested. The micro-
processor should be generating a clock. Test ICI pin 37; a
1 MHz TTL level square wave should be generated. If the
RS232 interface parts are fitted then the Baud rate
generator can be tested. Test the wiper of the Baud rate
selector switch. A TTL level squarewave at 16 times the
Baud frequency will be seen. Next connect the position
detector board into the system via molex connectors M8 and
M9 on the interface board. There are 3 tags on the position
detector coils. The braid of the screened cable goes to the
common tag. As the coils are bifilar wound it does not
matter which coil is the primary and which the secondary.
Test the supply rails for a safe power -up and check for out-
puts which will be 100Hz sinewaves. The sinewave level will
alter as the extension of the respective hydraulic actuator is
changed. Next plug in the display board (molex connector
M5). Upon power -up the bleeper will bleep several times.
This will indicate that the program is to some extent
operative. Pressing the Reset button on the processor board
will repeat this event. Again recheck the supply rails. The
next section to be tested is the Remote Control Unit. This
will enable you to manipulate the robot and also to calibrate
the presets in the system. There are two types of control
unit: one is an infra -red device and the other is connected via
a wire link. The infra -red unit has two analogue channels and
an infra -red driver circuit, and is only intended for use with
the MI01 robot. All the test waveforms are shown in the
timing diagram. Adjust VR1 for a clock frequency of 2KHz
(IC10 pin 3). Presets VR2 to VR5 are only included on the
M101 unit. Adjust VR2 so that the ramp waveform seen at
IC8 pin 14 reaches a maximum of 2.4V. In fact, check that
the Vref voltage is +2.4V. Put the steering pot (VR7) in its
central position and adjust VR5 so that the potential on the
wiper of VR7 is +1.2V. Repeat the procedure for VR3, IC8
pin 1, VR4 and VR6. These two circuits are both analogue to
digital converters. VR6 and VR7 should produce full range
changes in their output codes. This can be seen by monitor-
ing the Q outputs of IC9 pins 2 and 12.

SYNC PERIOD

ICI Pin4 (TP3-Timing)

IC2 PinS

IC2 Pin 4

1C2 Pin6 (TPI -Start)

1C4 Pint

Data
1C4 Pin2 (TP2-Data)

Fig. 6.5. Interface Board. Data decoding

INFRA -RED RECEIVER
Next the infra -red receiver, which is only used on the

MI01 unit is to be tested. Plug in the unit (molex PL7) and
test the power supply rails. Check that the voltage regulator
on the infra -red board is working. Check that the potential
between the +12V rail and the emitter of T1 is 15V. Turn on
the infra -red transmitter and point it at the receiver, using a
separation of about three feet. You will be able to see the
received data at ICI pin 8 and IC2 pin 7. This data is then
squared up by the comparator IC2 pins 1, 2, 3. Look at IC2
pin 1 and adjust VR1 so that nice clean waveforms are seen.
Now move the transmitter away to a distance of 12 feet and
readjust VR1 for the best output. The I.e.d. D5 will indicate
that data is being received. You can use this as an indication
of data being received. If you adjust VR1 so that it is too sen-
sitive then the receiver will pick up noise and so generate
erroneous commands. If you make it too insensitive, then
the operating range will be limited. Optimum operation is at
about twelve feet. Now that the manual control system is
working the system can be tested. Connect the solenoids to
the interface board via molex connectors PL2, PL3, plug in
IC21 and power -up. For the M101 unit do not connect the

. motor control molex's PL13 as this may result in the robot
dashing off and destroying itself! Upon power -up the robot
arm may move which will indicate that there is life in the
beast. Try out the manual control unit. Press SEQ+ a few
times. The display should count up. SEQ- should make it
count down. If nothing happens then test that the data is be-
ing received correctly, Fig. 6.5. Once this is working press
EDIT on the control unit. The record I.e.d. on the display
board will turn on and a bleep will be heard. Now you can
directly manipulate the robot arm. Try moving the arm in all
its axes. If nothing happens ask the following questions:

Is there any hydraulic pressure?
Can you hear the solenoid valves clicking on and off?
Is the common rail connected to the solenoids?
Do any control voltages appear at the solenoid drivers

inputs (IC1 5 to 18, of the interface board)?
Do these voltages appear at the drivers output?
Are the drivers red hot?

DETECTOR CALIBRATION
When the arm actions are working it is then time to

calibrate the detector circuits. Measure the voltage on pin 9
of the ADC chip (IC20). It should be +1.25V. The input
range of the ADC should be twice this; that is OV to +2.5V.
Look at IC7A pin 44 and fully extend and then retract axis 0.
The voltage at this point should move. Move the axis so that
the voltage is at its most negative. Adjust VR2A so that the
voltage is OV. Now move the axis to its other extreme and
adjust VR1A so that the voltage is +2.5V. Now return to the
OV end and readjust VR2A for an output voltage of -10mV,
and then return to the +2.5V end and readjust VR1A for an
output voltage of +2.51V. Now as the axis is moved, the
position feedback voltage will change from -0.01V to
+2.51V. Repeat this calibration process for all the other
axes which have position feedback. The record mode can
now be tested. Clear all memory locations. Enter EDIT mode.
Move the robot arm to a position, Press INSERT. A bleep will
be heard. Move the arm to another position, and press IN-
SERT. This may be repeated until all 32 memory locations
have been used up. When 24 have been used the memory
full lamp will come on. When the sequence is complete,
press the PLAY button. The robot will then step through the
recording. The PLAY lamp will also come on. Press LOOP
and the robot will repeat the sequence continuously. To use
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Fig. 6.6. Mark -space modulation chart. One of
four quadrants (repeated symmetrically) Signal A

cvJ

RXD

GND

CONNECTORS VIEWED
ON SOLDER PINS

25 Way .0' Series
Plug

WIRE LINK
PIN 3 TO
CENTRE

6 pin 240°
DIN Plug

Fig. 6.7. RS232 lead. Note: The robot receives data on
the RXD line, and transmits on the TXD line. It may be
necessary to swap these two wires if your unit works
the other way round

an external computer to control the robot, make up a lead as
shown in Fig. 6.7. Plugging this in automatically puts the
processor into RS232 mode.

When testing the motor control (M101 version only), jack
the robot up in the air on blocks-you don't want the thing
zooming off leaving a trail of destruction! Plug in the molex
connectors (PL13) and turn on the power. Press MOTOR on
the control unit. All three indicator l.e.d.s should turn on and
the motors may start to rotate, this being determined by the
speed and direction controls on the control unit. Centre the
steering control and move the direction control. This should
make the robot move forwards and backwards. There are
three velocities which are obtained by using mark -space
modulation. Steering is also obtained by using differential
mark -space modulation, Fig. 6.6. Turn off the infra -red
transmitter and the motors should stop. This is caused by
the motor stop circuit IC2 pin 3 on the interface board which
stops the robot when it travels out of control range.

THE MACROCHIP (page 28)
Did you fall for it? Puchemm & Long! Just remember, it is our April
issue so please don't ring us for more details like BBC Wales did the
last time we published on April Fool.

Thanks to our reader lain James for sending this in.

FOOLED AGAIN! (page 14)
You may have noticed that PROLAFOIL is an anagram of a par-
ticularly seasonal phrase-try reading the name and address of the

company backwards.

C9OLH CASSETTES
56p each (minimum of 5); 53p each (minimum of 25).
Prices include VAT and postage
Made by a leading European manufacturer for Videotone, these
tapes are of excellent quality and we are pleased to announce this

new PE service.
Over the last couple of years PE offers arranged with Videotone

have proved highly successful and we have now been able to
arrange special prices (only available to PE readers) on these high
quality tapes. The offer is a result of Videotone's direct selling
policy; send in a current special PE coupon for prompt delivery of

tapes.
We believe these tapes are the best value around 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 label has space for notes on the recordings.

Send valid coupon to: Videotone Ltd., 98 Crofton Park Road,
Crofton Park, London SE4.r
I

I

I

I

I

I

L

Please send me .... tapes (minimum of 5) at .... p each.
(56p for 5 to 24, 53p for 25 or more; including VAT &

postage.)

I enclose cheque/PO for £

Name

Address

Coupon valid for posting before 8th April '82
(or one month later for overseas readers).

=In MN, ISM NMI

I

I

I

I

-J
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Sftoede,

by K. Lenton -Smith

THE American Federal Trade Commis-
sion once asserted that a certain inven-

tor's claim that his instrument was an
"organ" and that it could produce an "in-
finite number" of tone combinations was
questionable.

The inventor, a quiet person who nor-
mally kept out of the limelight, decided to
contest the government. The Trade Com-
mission decided on an impartial panel
which would listen to both an expensive
pipe organ and the electric organ in ques-
tion to see whether they could detect any
difference. Both players were hidden from
view and the speaker cabinets were con-
cealed among the organ pipes in the
Rockefeller Chapel, University of Chicago.

The jurors heard a number of test pieces
played on these instruments and their
answers were wrong in 10 cases out of 30.
The organ's inventor was vindicated: it had
been accepted as a true musical instru-
ment. The Commission decided that the
electro-mechanical device could be termed
an organ but the company concerned
should desist from claiming an infinite num-
ber of tones - as it could only produce
253,000,0001

THE ORGAN MAN
The year was 1937 and the inventor was

Laurens Hammond. It was probably a turn-
ing point for electronic music (though Ham-
mond called them electric organs) and was
an enormous achievement in many ways,
especially considering amplifier and
speaker systems of the day.

Very few people have been responsible
for creating an industry: George Eastman
and Henry Ford are examples in other fields
but undoubtedly Laurens Hammond laid
the keel for the electronic music industry
we have today. Born in 1895, he took an
interest in engineering from an early age.
He proposed a method of automatic
transmission to the Renault Motor Co.
when 14 years old and graduated from Cor-
nell University with a degree in mechanical
engineering in 1916. He served with the
American Expeditionary Force in the First
World War, acting as interpreter to the
Commander, General Pershing.

Back in civilian life, Hammond became
chief engineer to a marine engine concern
but worked on his own ideas privately. Ap-
propriately enough, his mother's maiden
name was Idea Strong. His first success,
a 'tickless clock', provided money enough
to set himself up in business.

MOTOR
His mind turned to making a motor that

would revolve in phase with the 60Hz sup-
ply: having succeeded, he found that a

patent had been filed elsewhere. Even so,
he discovered an application for his small,
efficient motor and applied for his first pa-
tent - a three-dimensional movie system.
Public interest was intense but only for a
short period, despite his simplifying the
method by using red and green spectacles
(anaglyph principle).

Another early idea was a 'power pack' for
operating dry battery receivers from the a.c.
supply. This project went well - until com-
plaints started to flood in that the conver-
tors were exploding and throwing acid over
furniture and carpets! He was next to con-
centrate on perfecting a mains -driven elec-
tric clock and in 1928 formed the Ham-
mond Clock Company. Profits soared over
three years but the Depression saw not
only his competitors going out of business
but his own clocks being given away as a
promotion for Wrigley's chewing gum.

Determined to survive, he produced a
device for shuffling playing cards into four
heaps: built into a bridge table, it was
priced at $25 but even at this level was dif-
ficult to sell when money was scarce.

Because of his connections with the
cinema, he noted the revival of interest in
the pipe organ. Used for accompanying the
films of the day, cinema organs grew in
complexity as more and more effects were
required for silent movies. The quest for
larger instruments culminated in the mam-
moth organ in the Convention Hall, Atlantic
City: installed in 1932, it had seven
manuals, over 1200 stops and 32882
pipes.

FLUTE
Surely, the organ was a product that

could benefit from his synchronous motor,
he reasoned. As a child, Hammond had
seen the Teleharmonium (the first complex -
tone generator), knew its principles and
was determined to build a smaller and
highly reliable instrument. After lengthy ex-
perimentation, he managed to produce a
flute tone by using his motor to drive a con-
toured steel wheel in front of a permanent
magnet.

Like those before him, he had .produced
an electrical waveform but he had also
found out how it could be converted to a
musical sound: the tiny current from a

winding on the magnet was fed into a radio
amplifier (the valve by now being well es-
tablished). The very next day, he and his
team began to explore the possibilities of
conventional, musical tones by electric syn-
thesis.

Trial and error convinced him that 91
tone wheels were sufficient to produce all
the musical sounds familiar to the ear.
Accurate gearing had to be evolved for
the twelfth -root of two ratios between
tonewheel shafts but this was not a par-
ticularly difficult task for a clock company.
An old piano keyboard was wired so that
partials could be keyed with fundamentals
- a veritable cat's cradle! Hammond's
concept of an invention was coloured by his
experience as a manufacturer: the product
had to be rugged. The eventual solution
was to key nine pitches and allow the
player to mix these as he wished.

TRAILBLAZER
The patent for Model A was filed in 1934

and the instrument first available early in
1935. Many famous musicians bought the
Model A, priced at $1250: though small
compared with a pipe organ, the cost was
three times that of a Plymouth car in 1935.
The Model B was produced in 1936
(merely a change in cabinet styling) and it
was the claims for this organ that led to the
story heading this article. Because very few
organs from other origins existed at the
time, the Hammond Organ was by now a
household word for a new and exciting ex-
perience in music.

Harmonic synthesis methods were used
from the earliest Hammonds but the first
purely electronic synthesiser was produced
in 1939 - the Novachord. Another idea
from the fertile mind of Laurens Hammond,
this six -octave keyboard instrument was
capable of producing woodwind, brass,
plucked and bowed strings, piano and
organ tones. Based on master oscillator and
divider strings with a wide range of en-
velope control and harmonic content, the
Novachord was extremely popular in the
field of broadcasting at the time.

His next instrument appeared in 1940.
This was the Hammond Solovox, with a
three -octave keyboard (capable of six oc-
taves) designed to supplement the piano.
Small dance bands used these instruments,
attached below the piano keyboard, to add
extra solo voices (of which it had 12) to the
ensemble.

During the war years, the company
produced large numbers of organs for the
allied services and was also designing and
manufacturing flight control systems,
gyroscopes, light and infra -red sensing
equipment and aerial cameras.

The few commercial organs available at
the time had not been designed for use in
the home as a first priority. Wartime ser-
vicemen had developed a taste for the
Hammond, so the company decided to in-
troduce the very first home spinet model in
1949 - the first of the M Series. Ethel
Smith was among the many famous in-
strumentalists who helped to popularise
these small, self-contained models. Their
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great success prompted other manufac-
turers to follow suit.

By 1953 organs had outstripped clock
manufacture, so the name was changed to
the Hammond Organ Company. Laurens
Hammond was determined to maintain his
lead in the field and expanded his engineer-
ing staff. New instruments continued to
make their appearance, percussion being
introduced on Models B-3, C-3 and the M
Series spinets. A self-contained console
model, A-100, dispensed with the PR -40
tone cabinet required by earlier console
organs. Model RT, a full concert instrument,
was introduced and had an unique pedal
solo system combining the synthesis
methods used in the Novachord and
Solovox.

The energetic founder retired in 1960,
leaving others to continue the concern to
which he had given so much impetus.

THE CHIP

Theatre organ sounds with an ultra-
modern pedestal console were introduced
with the X-66 in 1965. The X-77 was
produced in recognition of the influence of
jazz organists: essentially this was a new
version of the popular B-3 but with extra
tonal facilities and power output.

The beginning of the company's
watershed was in 1967, when the J-Series
all transistor organs first appeared: these
were the first all -electronic tab -controlled
Hammonds. The Piper Autochord made its
debut in 1970 as the first automatic
chording instrument: the circuitry provided
the bass line so no pedals were fitted.

LSI circuitry was first incorporated in the
Phoenix organ in 1972. This was a tab -
controlled organ but later that year the
Concorde became the first LSI/drawbar in-

strument. Many Hammond enthusiasts
averred that nothing would ever equal the
sound from tonewheel generators although
I was impressed when I heard this organ at
its presentation concert.

The company had to march with the
times - the call for greater portability and
consideration of the steeply rising costs of
precision engineering. In turning from
tonewheels to LSI, the company had
created its own challenge: it handled that
situation with flair, as subsequent models
have proved.

No doubt Laurens Hammond was also
pleased that this radical changeover had
been so successful as this happened a year
before his death in 1973. He left behind
him a massive international industry, part of
which bears his name and has continued in
his inventive vein with the success and
prestige it has always merited.

Readou
Calling Members
Sir-Congratulations on your excellent stand
at 'Breadboard 81', and I am only sorry that
your fascinating Robot was not handing out
B.A.E.C. forms, so obviously it was not
programmed correctly!

I would appreciate it if you could mention
in your very popular magazine the following
B.A.E.C. members, as unfortunately their ad-
dresses have been mislaid, and I am holding
for them a complete set of the B.A.E.C. 982
Newsletter.
0. Josephs (BE 81544)
R. P. Horne (BE 81546)
J. R. Woods (BE 81548)
A. Brookman (BE 81550)

If any of these members see this announce-
ment, I would appreciate it if they would con-
tact me at the address given below and send
me their membership card, and address, of
course, and I will then forward them their
complete sets of 1981 Newsletters.

I appreciate your help, and would like to
congratulate you on your excellent magazine
for electronics enthusiasts.

Cyril Bogod,
B.A.E.C.

"Dickens",
26 Forrest Road,

Penarth,
S. Glam.

Too Much Detail?
Sir-Since you have stated from time to time
that you welcome feedback from readers, may
I make a few comments which may be helpful.

General layout is good and regular features
such as Market Place, Microbus, Spacewatch,
etc. are obviously of greater or less interest to
readers depending upon their outlook.

The weakest point so far comes in the con-
structional projects. It looks as if these are be-
ing presented in their full length merely in or-
der to pad out the magazine. Are you really so

 
short of material? To take one current exam-
ple, how many readers are actually going to
build an industrial robot? Very few I imagine.
An article on the current state of the art, such
as the first in the series, could have usefully
been followed by an outline description with a
block diagram of the available kits. It was har-
dly necessary to give such very detailed in-
structions unless it was to save the kit maker
the cost of printing.

A similar criticism must also apply to other
projects i.e. Ranger, etc. and Bandbox appears
to be going the same way.

If you print p.c.b. layouts then how about a
good article about making them from
magazine articles. You seem to have ignored
this, at least in the last three or four years.
This could be linked with an offer from one of
your advertisers.

The index to each volume is welcome but
would be of much more use if it was a pull-out.
Surely this is not too difficult to arrange?

CB? Yes, well it is in the news at the mo-
ment but don't go overboard, there are plenty
of specialist mags dealing with it. In any case
it will soon be the domain of a small band of
enthusiasts. Remember the skateboard?

I hope these remarks have been of some
use. I do not despair of the magazine entirely.
If I did I would not have bothered to write to
you. Best of luck for the future.

I. R. L. Morom,
Redditch.

Thanks for your comments-we are always
pleased to see constructive criticism of this
kind.

When /first took over as Editor of PE some
four years ago, I felt (as you do) that much of
the constructional information could be dis-
pensed with. I was quickly put right by many
readers who pointed out that this was the
strength of PE. You would perhaps be sur-
prised how many readers want even more con-
structional information on all our projects!
Don't forget that in many cases there would be
no kits without the magazine articles to

launch them. We are not short of material, but
we will not lower our standards just to cram
more in. However, we have now managed to
add to the number of editorial pages to give us
a little more space for everything.

Point taken on p.c.b.s; what are other
readers feelings on a pull-out index? Remem-
ber it would then take four pages rather than
the two -and -a -half it took last year. Rest
assured we won't go over the top on CB-Ed.

Unsatisfactory
Update
Sir-When I first started reading Practical
Electronics, it seemed to me that Semiconduc-
tor Update was one of the most useful features
in the magazine. Until, that is, I tried to get
some of the components described therein.

Take the November 1981 column for exam-
ple. It describes an 8 -channel. automatic -
sampling ADC chip, the AD7581. that "does
not cost an arm and a leg". This device sounds
so good that it probably makes all other
ADCs of equal accuracy obsolete, but so far
as the hobbyist is concerned, it doesn't cost
anything because it isn't obtainable. I picked
this one example because it happens to be a
device I would use, but the same is true of
nearly all devices featured in Semiconductor
Update.

A possible solution would be for you to give
retailers who advertise in PE some advance
notice of which devices are to be featured in
Semiconductor Update, and then to mention
in the column the names of any retailers who
expressed an interest in stocking those devices.
This isn't a perfect answer, but it would
probably be better than the present unsatisfac-
tory situation.

Dr. N. J. D. Jacobs.
Brentwood,

Essex.

The problem is that companies are not will-
ing to stock items that may not sell-and who
can blame them. If 'Update generates an in-
terest then suppliers will take stock.

Of course many items mentioned are only
just on the market-we like to be "up to
date"-and it is often some time before they
are available even from industrial
distributors.-Ed.
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M I CRO PROMP
The hardware and software exchange point for PE computer projects

SIMPLE SAVE BY NAME
Sir-This program enables you to name all
your programs and load them back from
tape by name. It will work on both the
UK101 and Superboard 11 computers.

To use it just add two lines to your
programs both Rem's the first contains the
program name the second is just padding.

eg: 5 REM NAMED (Enclose the
6 REM program name

with  and NI
After putting these two lines at the

beginning of your program save in the usual
way.

ie: Type SAVE (return) then LIST
(return).

The program will then be stored on tape.
When the computer comes back with OK
stop the tape, type PRINT "POKE 515, 0"
restart the tape and press return. (This is
used when loading back the program to
switch off the load flag to stop any other
information being loaded.)

If you use the same line numbers in your
programs as in SEARCH program, not only
will it load but while loading the SEARCH
program will be automatically deleted leav-
ing the entire memory for use.

10 REM *SEARCH#
20 REM
30 FORX = 1T024: PRINT: NEXT:

INPUT "Programme name"; NS
40 PRINT "Press play on tape"
50 FORT = 1T03000: NEXT:

PRINT "Searching for"; NS
60 XS = " ": F = 0: CA = 61440:

POKES 15, 1
70 WAIT CA, I: P = PEEK (CA + 1)
80 IFF = OANDP <> 42THEN70
90 1FP = 42THENF = I: GOT070

100 IFP = 35THEN 160
110 IFP= 32THEN70
120 IFLEN(XS) > 7THEN60
130 XS = XS + CHRS(P): IFXS

NSTHEN70
140 POKE515, 0: PRINT "Loading";

XS
150 GOT0180
160 POKE515, 0: PRINT "Found '";

XS; 64

170 GOT060
180 LOAD
OK
RUN

Programme name? 3D
Press play on tape
Searching for 3D
Found 'SEARCH'
Found 'HEX'
Loading 3D

D. I. Swift,
Doncaster.

Fig. 1. Selective
inverse video.
S1 gives full
field inverse,
which could be
made into
another soft-
ware option by
using a second
latch

IC40/11
VD7 IN

1014/5

IC42/9

SECRET SCREEN WRITING
Sir-I wonder if your readers would be
interested in a simple extension of the
"secret" key polling sub -routine by J. M.
Leach of Deal, Kent, for the UK101
published last March.

This program based on the New Monitor
allows you to write direct to the screen with
full control a the cursor, viz:

HUB OUT: Moves Cursor LEFT: Re-
typing corrects any mistakes

CTRL RUB OUT: Moves Cursor UP
SPACE: Moves Cursor RIGHT
CTRL=/-: Moves Cursor DOWN
RETURN: Moves Cursor to LEFT margin

and DOWN one line ie. carriage return.
10 GOSUB 100
15 REM HAS RETURN BEEN

ENTERED?
20 IF A = 13 THEN 60
25 REM HAS RUB OUT BEEN

ENTERED?
30 IF A = 28 THEN 62
35 REM HAS CTRL RUB OUT

BEEN ENTERED?
40 IF A = 220 THEN 64
45 REM HAS CTRL =/- BEEN

ENTERED?
50 IF A = 237 THEN 66
55 ? CHRS(A); : GOTO 10
60 ? CHRS(10); : ? CHRS(13); :

GOTO 10
62 ? CHRS(8); : GOTO 10
64 ? CHRS(11); GOTO 10
66 ? CHRS(10); : POKE 10
100 POKE 11,0 : POKE 12,

253 : X = USR(X) : A = PEEK
(531) : RETURN

CTRL L Clears the screen as normal and
returns the cursor to the home position (top
left hand corner). This program allows
messages to be displayed on the VDU and
changed as required.

The alteration of line 55 to 55? A; :
CHRS(A); : GOTO 10 allows the values of A
to be printed out so that new IF A = ""
statements can be devised.

Revd. P. R. Miller,
Milton Keynes.

SOFT INVERSE VIDEO
Sir-By connecting the circuit shown in
Fig. 1, to the video circuit of the Compukit,
software control of inverse video is possi-
ble, which extends the flexibility of the

'ALSO()
a

VO7 OUT

74LS386

3 DOT DATA OUT

IEP6571

already extensive graphics. Programs can
then include routines for displaying selec-
ted areas of the screen inversely (black let-
ters on white background).

This is achieved by inserting an exclusive
OR gate in the video line between IC42 and
IC70. Its inverting input is controlled by
software, operating a latch (this may be the
inherent latch in 1C14 RTS as shown in Fig.
1, or from a latch provided by any of the
published Compukit Extension Projects).

The display data line 7 (VD7) is used for
selectivity. When the latch (RTS) is low,
VD7 in = VD7 out and the display is nor-
mal. When (RTS) is high AND VD7 in is
high, then VD7 out is low. Characters hav-
ing a value above 127 are reduced in value
by 128 and displayed inversely.

This is shown by the following program
which displays "UK101" in black, onto a
white rectangle, below which is displayed
"UK101" in white.

5 FOR I = IT016 :?:NEXT
10 A = 53400 : POKE 61440,81
20 FOR I = A + 64 TO A +79: READ
B
30 POKE I,B: POKE 1+ 320,B:
NEXT:GOSUB 100
40 A=A+64 : GOSUB 100: A=A+64:
GOSUB 100
50 GOTO 50
60 DATA32,32,85,32,75,32,32,32,49,32,
48
70 DATA32,49,32,32,32
100 FOR 1 = A TO A + 15 : P =
PEEK(I)
110 P = P+ 128: POKE I, P: NEXT:
RETURN

Line 10 operates (RTS) latch and line 110
puts VD7 high over selected rectangle.
Normal video can be restored by Warm
Reset or in program by Poking 61440,17

IC41/19

IC70/2

AUTO -RUN
Sir-When loading a BASIC program it is
tedious to have to wait until the program is
loaded from cassette to avoid loading un-

wanted noise at the end.
Typing POKE515,0:RUN followed by

Return in immediate mode after the
program has been SAVED, records the lat-
ter on the tape. The recorder is then
switched off, and on loading the program,
the LOAD flag is turned off, and the
program RUNS AUTOMATICALLY.

Roger Darbishire,
King's Lynn, Norfolk.
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CEGMON COMPATIBLE TRACE
Here is a trace program for UK101

which runs under CEGMON without
destroying the printing format. It should
also run on the Superboard and under other
monitors, providing the CTRL C routine is at
HEX FB94. It takes advantage of the fact
that BASIC stores any number to be output
at locations HEX 0100 to 0105 in decimal
digits.

After you've cold started, try this:
FOR 1=256 TO 261:? CHRS
(PEEK(I));: NEXT
The result will be the last number output,

i.e. the number of free bytes. The program
is adapted from the one in the CEGMON
manual.

0294 A9 FF LDA
0296 85 5F STA
0298 A9 80 LDA
029A 85 64 STA
029C 20 53 B9 JSR

029F A2 05 LDX
02A1 BD 00 01 LDA
02A4 9D 36 DO STA

02A7 CA DEX
02A8 DO F7 BNE
02AA C6 64 DEC
02AC 4C 94 FB JMP

If your screen is not 48 characters wide,
then byte 02A5 can be changed from HEX
36. HEX 20 should suit even a 25 column
screen.

As the program is in page 2 of memory, it
is unaffected by a COLD START. It can be
moved elsewhere but for ease of use it
should start at XX94, i.e. any memory loca-
tion ending in 94. As listed, it is turned on
by POKE 541,2 and turned off by POKE
541,251. When a BASIC program is run-
ning, the current line number will be dis-
played at the top right corner of the screen,
and the extra routine does not slow
program execution too much, even in a long
FOR-NEXT delay loop.

A simple modification will permit single -
stepping line by line through a program,
waiting until a key is pressed before going
to the next line. Make the following
changes:

02AC 20 00 FD JSR
02AF 4C 94 FB JMP

As the program occupies only 27 bytes,
it's hardly worth putting it on cassette. En-
ter the program by RESET M 0294 then
enter each byte (HEX pair) followed by
RETURN. You can then COLD or WARM
start as required.

Here is a subroutine which can be called
from BASIC, which will scroll the screen
contents down instead of up. This has ap-
plications in games where it is desired to

£FF
5F

£80
64
8953

02CG
02CE
02D0
02 D2

02 D4

02D6
02D8
02DA

AO
A9
85
A9
85
A9
85
A9

00
13
D7
14

40
15
D7

LDY
LOA
STA
LDA
STA .

LDA
STA
LDA

EFF
; £00
13

ED7 (D3 for 16 line screen)
14

£40
15

ED7 (D3 for 16 line screen)
02DC 85 16 STA 16

02DE 81 13 LDA (13),Y

02E0 C9 CF CMP £CF
02E2 FO OB BEQ 02EF
02E4 91 15 STA (15),Y

02E6 88 DEY
02E7 DO F5 BNE 02DE
02E9 C6 14 DEC 14

02E8 C6 16 DEC 16

02ED DO EF BNE 02DE
02EF 60 RTS

£05
0100,X
D036,X

set CTRL 0 flag (don't print)
force current line no. into
0100-0105

get digits of line no. and
'poke' to top right corner of

screen

02A 1

64 reset CTRL 0 flag
F B 94 do CTRL C check (exit)

create an impression of moving forward
through obstacles, or of falling missiles etc.

To use the scroll -down routine from
BASIC, try

10 POKE 11,204 : POKE 12,2
20 FOR I = I TO 32 : X = USR(X) :

NEXT
or for new BAS 113 chips:

10 FOR I = 1 TO 32 : CALL 716 :
NEXT

To scroll diagonally, POKE 727 with 63
or 65 before calling the routine. It works by
loading every screen byte in sequence
starting at the bottom, and storing it at a
location which is greater by HEX 40 (64
decimal). It ends when the byte loaded is
CF, which is what it sees when it leaves the
top of the screen, despite the fact that there
are no memory locations from CFOO to
CFFF.

FD00 wait for key to be pressed
FB94 do CTRL C check (exit)

As it stands, the contents of the top line
will be left over the other lines. An extra
routine to clear the top line is:

02F0 A2 40 LDX £40
02F2 A9 20 LDA £20
02F4 9D 00 DO STA' D000,X
02F7 CA DEX
02F8 DO FA BNE 02F4
02FA 60 RTS

POKE 11 with 240 to let X=USR(X) know
where to jump.

The following gives an effect of travelling
through stars:
10 S=53248 : N=5
20 FOR 1=0 TO N*RND(1) : POKE

S+63*RND(21,46 : NEXT
30 CALL 716 : CALL 752 : POKE S,32 :

GOTO 20
This works nicely even if the direction of

scrolling is altered during the execution of
the program, by POKEing 727 with 63 or
65, depending on which SHIFT key is
pressed. David Henniker,

Edinburgh.

390 SUGGESTIONS
UK 101 -to -Data Dynamics 390 problems?

Try the following:
I) Make either 110 Baud rate mod' of

March/June 1980. Break connection between
1062/12 and R72/R63. then reconnect

R72/R63 to Tx DATA (IC62/13). to remove
data inversion. At the inside rear of the 390 is
a 4 -terminal block. Connect twin cable to the
two left-hand terminals (facing block). Other
end of the cable to pins 3 and 7 of J3 (RS232
out). A reduction in value of R65 cures any
drop -outs. M. C. Saltmarsh, Chelmsford.

2) To obtain the required voltage swing
from Compukit's serial output. the following
circuit is recommended by S. Burton, York.

3) Clock 1057 from C5. Connect IC58/4
to 1058/5. Break between 1057/12 and
IC58/4. ACIA will now transmit at 110 Baud.
The 390 may require buffering and inverting.
A circuit is supplied by B. J. Hill, Bir-
mingham.

1062

Tx DATA

EXISTING CIRCUITRY

20mA CONVERSION

RS232' OUT

TERMINAL I

R0390

TERMINAL

Practical Electronics April 1982



- VIDEO CONVERSION mimmimmumi By D. P. GOULDER

THE
UK 101 displays 48 characters per line on 16 lines. This

conversion allows the user to select an optional 48 x 32 for-
mat. The characters become much more legible, and the doubl-
ing of the vertical resolution on display is a useful improvement
when plotting graphs or drawing diagrams. Program listings
provide double the information per page.

The VDU RAM is increased from 1K to 2K bytes, and is
controlled by a modified version of the new monitor PROM, so
that the line edit facility is available.

In order to check that the display being used has enough
resolution for 32 lines, take IC60 pin 12 to +5V momentarily:
two identical 16 line pages are displayed.

This conversion includes a means of selecting the three dif-
ferent monitor PROMS, (old 16 line, new 16 line, and new 32
line). Whilst Reset is held, this switch may be operated without
losing programs.

One p.c.b. would be required; 8 new i.c.'s and the new PROM
are required. Power can be obtained from the existing PSU.

HARDWARE
The current machine has 1K VDU RAM from DOW to

D3FF. The hardware counting chain scans this onto the screen.
C7 is not used, so each horizontal line is repeated (see p7, Fig. 2
in the manual).

The converted machine has 2K VDU RAM, D000 to D7FF.
C7 is now used, and C14 is used to select between the two half
pages, D000-D3FF and D400-D7FF. All the other counters
are used as before.

-f- V

MONITOR
SELECT

1E4542)

A10

IC104
7400 13

A three way switch is provided to select between the three
monitors. Six t.t.l. i.c.'s, two 2114's (for the extra RAM) and a
new 2716 EPROM are required. If Reset is held while switching
monitors, followed by warm start, programs are not lost. Thus
program development can be carried out with 32 lines while
setting up display graphics for 16 lines eg. for games.

IC102 and IC103 switch the counter outputs from IC60, 61
and 30 so that C7 is brought into use for 32 lines. They are ac-
tivated by the three way switch. A change is needed to the VA
signal generated by IC56 (currently active low when
D000-D3FF selected, to enable the CPU to access the VDU
RAM). IC56/2 is taken to +5V, instead of A10. VA becomes
VA' active for D000-D7FF, VA' is used to activate IC105,
which takes the place of the switch formed Ay pins 9, 10, 11 of
IC55. IC104 is used to decode A10 and .02 into the memory
select signals VI IS, WE, for the two page "halves".

The RVE and WVE signals also have to be changed to RVE',
WVE' to allow 2K VDU RAM. IC106 provides this decoding
replacing part of IC20's function.

IC101 provides six inverters required in various places in the
circuit. IC107-110 are the 4 VDU RAM chips (two of which
are already on the main p.c.b.: IC39, 40).

Besides the connections for data and address lines to the
VDU RAM and the ROM'S, some 25 connections have to be
made to the main p.c.b. along with a number of track cuts. (The
prototype board is "piggy -backed" on two pillars on the main
p.c.b. and the connections made with ribbon cable). The track
cuts are needed to disconnect the lines from IC60, 61, 30 to

MIS

M2S

C101f
7404

VA'

IC10 5
7415 7

( HARDWARE )

lommimmmmv,
I C 41 /8

.781.-IC41/7

C41/6

IC54/10

ii....11.1054 /13

IC55/3

II.IC55 /6
14

C8

C9

CIO

C11

C7

C8 ice-

11

C9

C10

C12

C13

C14

C11 IP

C12111k.
C13

C14

s

10

LINES FROM
IC13 SKT

IC102
74157

IC103
74157

IC11 3
32L
MON

( 27161

2

10k 10k
MCS

IC101e
7404

7
_111::>'6 02

IC112
MC N

UK 02
2 716

32 16 (OLDI

16 (NEW/

IC111
MON

UK 01
R 0 ,

2

IC101a
7404

All

R/ W

Al2

g2

IC101d
7404

IC101c

IC101b
7404 6

IC10 7
21'4

IC108
2114

0070
-07Fr

IC10 6
74130,

MOD TO MAIN PCB

Al2

All
+5V

V
IC56

VA

111111M1111110=111,

IC109
2114

6 10

ICI10

D400
-07FF

ftWVE'

R E'

VAS -VA9,
VDO-VD3
( LINES FROM
IC39 SKTI

VAC - VA9,
VD4 -V 07

(LINES FROM
IC40 SKT

Fig. 1. Hardware changes required
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IC41 54 55, and to disconnect A10 from 1056, and WVE,
WVE, RVE.

SOFTWARE
The program in the new monitor requires alteration to:
Screen print routine - to allow 32 lines
Clear screen routine - to allow 32 lines (and optionally

remove the scroll when the top of the screen is blank)
More Display
Up one line routine - to allow 32 lines
Form Cursor Address

routine - to allow 2K VDU RAM
A total of 36 bytes require to be altered.

The firmware changes required are detailed below. The new
program should be put into a 2716 (2K) EPROM, using the
same address as the existing monitors (F800-FFFF).

The monitor program is completely unchanged except for the
36 bytes detailed.

Additionally, the byte at FB5B (currently FF) can be changed
to 00 if desired. This removes the rather irritating scroll up on
the screen every time the top line becomes blank for any reason.

POWER SUPPLY
No problems have been found driving the new board from the

existing PSU, although the regulator is already mounted on a
large heat sink outside the case. A simple 5V, IA PSU using a
7805 3 -terminal regulator could however be constructed if re-
quired. All the i.c.'s should be LS types.

POWER
+5V IC101/14, ICI02/16,1C103/16,1C104/14

IC105/16, 1C106/16, 1C107-IC110/18,1C11-IC113/24
OV IC101/7, IC102/8, IC 103/8, IC104/7, IC105/8

IC106/8, IC107-IC 110/9, IC111-1C113/12

CONNECTIONS TO NEW BOARD
IC60/12 (C7)
IC60/11 (C8)
IC61/14 (C9)
IC61/13 (C10)
IC61/12 (C11)
IC61/11 (C12)
IC30/14 (C 13)
IC30/13 (C 14)
IC56/6 EA')
IC18/5 (V)
IC8/22 (Al2)
IC8/20 (A I I)
IC8/19 (A10)
IC8/39 (02)
IC8/34 (R/W)

Fig. 2. Firmware
changes required

IC41/8
IC41/7
IC41/6
IC54/10
IC54/13
IC55/3
IC55/6
We-CONNECT IN PLACE
WVE'-OF EXISTING RVE, WVE

(PLUS 5V, ZERO VOLTS)

-ALL INPUTS TO
NEW p.c.b.

CIRCUIT
The sockets for IC39, 40 were used to obtain the VDU data

and address lines. Similarly, the socket for IC13, to obtain con-
nections for the monitor ROM and PROMS.

The pin connections for +5V and OV to all the i.c.'s are also
listed below.

Ribbon cable forms a suitable flexible means of interconnec-
tion between the boards.

GENERAL
The prototype is made up on a piece of veroboard, about 205

x 102mm, with the i.c.'s all on d.i.l. sockets. Quite a bit of wiring
is involved, so careful checking of all connections is essential.

A few 100n ceramic capacitors should be connected between
+5V and OV to aid decoupling.

SOFTWARE CHANGES (TO NEW MONITOR)
ADDRESS ADDRESS CHANGE BYTE
(ABSOLUTE) (PROM) FROM TO (HEX) ROUTINE
FACA 2CA
FAFI 2F1
FB2D 32D
FB6 I 361
FB85 385

10 20
10 20
D4 D8
D4 D8
D3 D7

SCREEN PRINT

CLEAR SCREEN
MOVE DISPLAY
UP ONE LINE

NEW ROUTINE
Delete routine from FB8D (38D) to FBAB (3AB)
(This routine forms the cursor address and stores
it in 00E3, 00E4)
REPLACE WITH:
FB8D 38D

38F
391
394
395
396
397
398
39A
39B
39D
39E
3A0
3A3
3A5
3A7
3A8
3A9
3AA

FBAB 3AB

A9 IA LDA ?MIA
85 E4 STA $E4
AD 08 02 LDA $0208
OA ASL A

OA ASL A

OA ASL A

OA ASL A
26 E4 ROL $E4
OA ASL A
26 E4 ROL $E4
OA ASL A
26 E4 ROL $E4
6D 07 02 ADC $0207
69 OD ADC ASOD
85 E3 STA $E3
60 RTS
EA NOP
EA NOP
EA NOP
EA NOP

TRACK CUTS (ORIGINAL p.c.b.)
DISCONNECT CONNECTIONS BETWEEN:

IC60/11 (C8) AND IC41/8

-OUTPUTS FROM
NEW p.c.b.

IC61/14 (C9)
IC61/13 (C 10)
IC61/12 (CI I)
IC61/I I (C12)
IC30/14 (C I3)
IC30/13 (C14)
IC56/2
IC20/12
IC20/7

IC41/7
IC41/6
IC54/10
IC54/13
IC55/3
IC55/6
A10
RVE
WVE

MODIFICATION ON ORIGINAL p.c.b.
CONNECT IC56/2 TO +5V

VAO-VA9, VDO-VD7 (FROM IC39, 40
SOCKETS)

-BUS CONNECTIONS
ALL CONNECTIONS FROM MONITOR (IC13)

SOCKET, EXCEPT PINS 18, 20

IC19/6 (MCS) FOR MONITOR SELECT SWITCH

SOFTWARE
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te ectric
COST MONITOR

B.Sc. )Eng. M.I.E.E. PART TWO

DETAILS
of the display p.c.b. are shown in Figs. 9, 10, and

11. All links through the board should be soldered first
and those underneath the I.e.d. displays should be cropped
short on the component side. The top end of each seven seg-
ment display is marked with a coloured spot. The pins for
attaching the connecting wires to the main p.c.b. are inser-
ted from the component side so that they protrude inwards
from the front panel. The legs of the push buttons are left full
length and are also used to solder the connecting wires onto.

FRONT PANEL CUT-OUTS
Dimensions for the cut-outs in the front panel are shown

in Fig. 12. The shape of the cut-out for the 13A socket can
be adjusted to suit any particular make. The best way to
mark out the front panel is first to cover it with strips of
masking tape. This can then be drawn on and it also protects
the surface from scratching during cutting. The rocker switch
S1 is fitted through from the front of the panel before solder-
ing the connecting wires to it. The display p.c.b. is held in
place by making two plastic brackets from the spare plastic
cut from the front panel holes as in Fig. 13. These are glued
together with instant (cyanoacrylate) glue and then to the
back of the front panel during final assembly after testing.

Fig. 14 shows how 1+ turns of the neutral lead to the 13A
socket are wound onto the current transformer after removal
of the low voltage winding with a knife or wire cutters.
Correct loading of the current transformer was discussed in
Part 1 of this article. The voltage developed across the load
resistor should be measured with a high impedance meter
>10k or else using an oscilloscope when the peak to peak
voltage will be 2.83 x r.m.s.

THE MICROPROCESSOR
The 8035 microprocessor is one of a range of single chip

microcomputers first manufactured by Intel. The internal
architecture of the chip is shown in Fig. 15. The program
counter contains the address of the next location to be read
from the program memory. The contents of this memory
location are decoded in the instruction decode register and
then the instruction is executed, which might be to incre-
ment one of the data registers or to use the ALU to logical
AND the accumulator with data contained in the next
bytes of the program, etc. There are in fact nearly one hun-
dred different instructions which the 8035 will execute
making programming straightforward and efficient in pro-
gram memory usage.

Fig. 9. The display p.c.b

0o
0 0 0 0 0 0

0
0

0 0 0 0 0 0

0

0 0 0 .7) I
0-0

0 0 0
oo
0 00 0 0 0 0 0 0 0

I) 1,
0 1.

0 0 0 .%0

4:100 0 0 0 0 0 0 0 0 0 0 0 0 0

%C)

0
0 0

Fig. 10. P.c.b. topside

r 1 I
X3

1 I
Xt

Oa si :1
Of

X2

°A 11 II II IT

L5
S4
0
S4 S3

0 0
S2

OVC

Fig. 11. P.c.b. underside

0
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EG823
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25 0 2

F
29

ALL DIMS IN nun

Fig. 12. Front panel cut-outs

Fig. 14. Winding current
transformer primary

MAINS NEUTRAL
ED TO I3AMP

SOCKET 0

25 Tom

3 mm

(4 off )

ADDRESS

6mm
(2 of )

START OF MAIN
PROGRAM

LOCATION 7 -TIMER
INTERRUPT VECTORS
PROGRAM HERE

LOCATION 3 -EXTERNAL
INTERRUPT VECTORS
PROGRAM HERE

RESET VECTORS
PROGRAM HERE

Fig. 17. External program memory map

DATA
MEMORY

STACK

REGISTERS

II

RESET

INTERRUPT

}TEST

READ

wRITE

PROGRAM STORE ENABLE

ADDRESS LATCH ENABLE

IXTAL

INTERNAL BUS

Fig. 15. Internal architecture

The on -chip data memory is 64 bytes and the division of
this into two working register banks, stack and user RAM is
shown in Fig. 16. The addressing modes for access to this
memory area are also shown. The program is stored in
EPROM and certain locations are reserved for special func-
tions as shown in Fig. 17. When power is switched on the
reset pin is held low by a capacitor until it has charged up
and then the processor gets its first byte of program informa-
tion from location zero. This will be a jump instruction to the
start of the main program. As this is a two byte instruction,
location 1 is also accessed.

The test inputs are provided which can be used to

REGISTER
ADDRESS

PROGRAM
REGISTER

BUS BUFFER

Fig. 20 (right).
Software
flowchart

(SYNCHRONISING
INTERRUPT

(:: TIMER
INTERRUP

32

TX

23

Fig. 13. Making
brackets to hold display
p.c.b

uSER RAN
32 x 8

0

BANK I
WORMING
REGISTERS

BOB

RI

RO.

II LEVEL STACK
OR

USER RAM

16 X 8

BANK 0
WORKING
REGISTERS

6 X 6

RI

RO

T
DIRECTLY

ADDRESSABLE
HEN BAND I
IS SELECTED

Ral

ADDRESSED
INDIR CTLY

THROUGH
RI DR RO

1RO'OR RI')

n
DIRECTLY

ADDRESSABLE
WHEN BANK 0
IS SELECTED

IN ADDITION RO OR RI IRO OR RI' I
AY BE USED TO ADDRESS 256 WORDS

OF EXTERNAL RAM.

Fig. 16. Chip data memory

INITIALISATION
CLEAR RAM,SE T

UP INTERRUPT. FLAGS
AND TIMER

START 1151ER FOR

SHIFT 0 I SP L AY TO
NEXT !GIL

UPDATE ELAPSED

E BY 0 01
SECONDS

SCAN SWITCHES
UPDATE SWITCH

STATUS IF CHANGED

IF COST PER UNIT
SWITCH SET, UPDATE

COST PER UNIT

IT LOOP

START ADC CONVFR510

SHIFT DISPLAY TO
NEXT DIGIT

ST AOC
INPUT DA,

WHEN READY

CALCULATE HALF
CYCLE CHARGE AND

ADD TO TOTAL

[WAIT LOOP
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ALE

4.2pS
<WITH 3.579MHz

CRYSTAL

ITsi -1
RD

WR

FLOATING

BUS

1E411261

0 IN ID OM 0 Gil
INSTRUCTION FETCH READ FROM

FROM EXTERNAL EXTERNAL DATA
PROGRAM MEMORY MEMORY

WRITE TO
EXTERNAL DATA

MEMORY

A = ADDRESS

B = INSTRUCT101,
C = DATA

Fig. 18. Timing of external memory control signals

monitor external functions, the T1 input being used to test
when the ADC conversion is complete..A low input to the
interrupt pin causes the processor to terminate its current
program sequence, store the next program address on the
stack and then jump to location 3 where it gets the address
of the interrupt service routine.

The relative timing of the external memory control signals
is shown in Fig. 18. The falling edge of the address latch
enable is used to strobe the address into the latch for both
external data and program memory cycles. Program store
enable occurs only during a program memory fetch and is
used to enable the tri-state output buffers of the EPROM.
The read and write signals are used to strobe data to or from
external data memory.

In this particular implementation the two I/O ports are
used to drive the display so that data from the ADC and the
switches is read by considering them to be external data
memory (memory mapped I/O). Also, as there are only two
devices to select, a single address line can be used for each
(a technique known as linear selection). This makes
decoding easy as it is necessary to have only address line
zero low for the ADC (address = 11111110) and address
line one low for the switches (address = 11111101).

THE A/D CONVERTER
The ADC 0804 is a CMOS, 8 -bit, successive approxima-

tion A/D converter with an accuracy of ± 1 bit and it will
convert with an input voltage in the range of 0 to 5V in
about 100 microseconds. It has control signals and a bus
drive capability which makes it directly compatible with the
8035 microprocessor. The timing diagram of Fig. 19 shows
how it is controlled. When addressed with CS low, a WR
pulse starts the conversion and INTR goes low when the

WR

INTR

RD

DATA FLOATING
OUTPUTS

teos3o1

,100p

I

I 1-----

START CONVERSION
CONVERSION COMPLETE

DATA)

READ
DATA

Fig. 19. A to D conversion timing

conversion is complete. This is tested by the micro and the
data is read from the outputs by addressing with CS and RD
low.

THE SOFTWARE
The flowchart of Fig. 20 shows diagrammatically all the

functions which must be implemented in the software.
When power is turned on, the initialisation routine is first
executed, which ensures that data memory is cleared and
that the display buffer contains the letters E, n, t, for the in-
itial display. The internal flags are set and interrupts enabled.
The processor then waits for the first interrupt by a sync
pulse. When this interrupt occurs, the on -chip timer is loaded
with a count value which will give a delay of 5 milliseconds
in order to locate the peak of the sinusoidal mains voltage
waveform and the counter is started. The next function is to
change the data at output port 1 for the next digit in the dis-
play and then to shift the active bit of port 2 along one place
to turn on this digit. The elapsed time is updated by one hun-
dredth of a second.

Finally, before entering another loop to wait for the timer,
the switches are scanned. If it is found that the switch condi-
tions have changed, .no immediate action is taken. Instead,
the new switch condition is confirmed on the next mains
cycle, 10ms later, to allow switch bounce to settle. The time
to execute the above sequence is about 2ms so that there is
a wait of 3ms for the timer to count out.

When the timer interrupt occurs, the ADC is started. The
display is then updated as before and, as this is done every
5ms, it gives a flicker free multiplex frequency of 200Hz.
The ADC is tested and when it is ready the digitised value of
the current is read in via the bus. The sequence is completed
by calculating the incremental charge for this half cycle and
adding it to the running total for display. This calculation re-
quires a four digit by four digit BCD multiplication and the
time to execute this part of the program is about 3.5ms so
there is a further wait of 1.5ms before the next sync pulse
interrupt and the whole process is repeated.

Kits of parts and complete Telectrics are available for
purchase. See advert in this issue for details. Although con-
struction is straight forward, a full service facility will be
provided for anyone who has problems.
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A selection of readers'
original circuit ideas.

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

Each idea submitted
must be accompanied by
a declaration to the effect
that it has been tried and
tested, is the original work
of the undersigned, and
that it has not been of-
fered or accepted for
publication 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 con-
form to the usual prac-
tices of this journal, e.g.
with regard to abbrevia-
tions and circuit symbols.
Diagrams should be on
separate sheets, not inser-
ted in the text.

OVERLOAD CUTOUT FOR THYRISTOR SPEED CONTROL

03
IN1.1413

* SEE TEXT

17

1- HIS circuit was designed to protect a
I thyristor-based model railway speed

control. When the current drawn exceeds
the value set by VRI, the supply is cut off
completely, and remains off until reset by
S I . The circuit is fast acting-it will close
down for a short-circuit at very low speed
settings-thus providing some protection
against running an engine up to a set of
`closed' points.

TR I is a conventional series regulator,
but with deliberately poor regulation, so
that the emitter voltage falls as the set
maximum current is approached. TR2
compares the collector and emitter
voltages of TR I. As the voltage on VR I

slider falls, TR2 switches on, switching on
TR3, and shunting TR I base current. The
voltage on TR I emitter falls further, and
the process continues until TR I is com-
pletely cut off.

C I and C2 require some care in selec-
tion, since they provide partial smoothing
of the voltages across TR2. C2 = 10µ
gives a rapid response: C I should be selec-
ted from nominal I00µ items to give
minimal a.c. voltage across TR2 base -
emitter at the chosen current limit.

Although VRI gives a fair range of ad-
justment, the value of R5 may need to be
altered for wide variations. The value
shown provides a range of about 0.5 A to

SCR1

2 A, at the expense of high power dissipa-
tion in TR I near the current limit. For
current limits above about 1 amp, the
value of R5 should be decreased, in order
to limit dissipation.

The transistors selected are as follows:
TR I-depends on current limit. A 6 W

device will supply up to 1-I- A; a 15 W type
up to 2 A.

TR2-any of ACY 17 to 21 or BCY 30
to 34 will do.

TR3-any of BFY 50, 51 or 52.
W.S. Lymath
South Wirral

Cheshire.
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BUTTON

SELECTOR

OFTEN it is desirable to replace the
function of a rotary multi -position

switch with the equivalent in push buttons.
The advantages are evident in the push
button car radio, where it's better to jab
than to twiddle.

The circuit presented here performs the
same I of n selecting function as the multi -
position switch, whilst similarly cancelling
previous selections.

The circuit uses the 4017, 1 of 10 selec-
tor, but one can easily make it into a 1 of
less -than -ten, by just ignoring superfluous
components.

+12V

I tfLrlftri_fl

ov

13

CK

1 0E10
Co GEN.

H

0 1 2 3 4 5 6 7 8

1-11-11-11-11-11-11-11-H

9

1/11111MMETI

IM P11111.111111MIMI RUM
RE 6-611.111111

SELECT
BUTTONS

9'

6

10

H -

0

2k2
x10

Assume the last button to be pressed
was the '0' button (or that the unit has
been reset). A logic '1' will be standing on
the No. 3 pin, the '0' I.e.d. will be alight.
and all other outputs will be low.

If now the No. 4 button is pressed.
Because the '10' pin and its associates are
low, a low will be put on the otherwise high
ENABLE -bar input. This will allow the
unit to start clocking. When the logic '1'
output steps up to the ten pin, it disenables
the '13' pin, by placing a logic '1' on it. It
remains so, whether or not the finger
remains on the button.

1-.1PUSH

BUTTON
SWITCH

+10V
THRESHOLD

VOLTAGE

+10V -

0 OUTPUT

THRESHOLD
VOLTAGE

1E42131

+10V

OV

Thus we have a 1 of n, self cancelling,
remembering, data selector.

The unit has a self resetting function at
switch -on, via the components R 1, R2 and
C I. By delivering a pulse to pin 15. it
causes the stepper to stand with the '0'
output line high, and all others low.

For eight or less outputs, the slightly
cheaper 4022, 1 of 8 counter may be sub-
stituted.

OUTPUT

Ron Mellor
Peakhurst,

New South Wales.

SWITCH DE -BOUNCE
DURING the design and construction

of a TV pattern generator, I decided
to use electronic switching of the video
output patterns. The device used was a
CMOS 4013 decade counter. The clock in-
put is a simple push button switch. In an-
ticipation of nasty switch bounce
problems, I devised this circuit shown. The
aim is to set a latch when the switch is
closed and not permit it to reset until after
the switch has been released.

When the switch is closed the Q output
of the 4013 will become latched up. An in-
verter and diode will prevent the reset in-
put from going high. When the switch is
released, the set input will bounce back to
a low state and the inverter output will go
high, permitting the Q output to charge up
the capacitor on the reset input through
the 100k resistor. When this charge
reaches the threshold level of the reset in-
put, the Q output will be reset and the
circuit will be ready to do some more de -
bouncing. The graphs, show the input and
output voltages. The choice of time cons-
tant 220n x 100k is arbitrary and subject
to variation, depending on how bad the
switch is.

B.T. Black
Upper Stratton

Swindon
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OCTAVE BANK FOR VCOs

THE use of multi -turn potentiometers
for tuning the VCOs in synthesisers

such as the Minisonic 2 is often not
suitable for live performance situations.
The octave bank described here gives
quick, accurate and temperature stable oc-
tave switching.

The circuit consists of a Zener diode
reference voltage, a resistor ladder and a
buffer amplifier. The Zener value chosen is
5.6V since at this voltage the diode has an
almost zero value of temperature coef-
ficient, making the reference very stable.
This voltage is then applied to the resistor
divider which provides eight voltages at
equal intervals from zero to -7V, the
slider of VRI, the multi -turn cermet preset,
being used as the -7V reference. The am-
plifier then provides buffered outputs at
one volt intervals, which can be fed into
the control nodes of the VCOs to be con-
trolled.

The circuit is designed for use with syn-
thesisers having a 1 volt/octave control
law and thus for the Minisonic 2 the stan-
dard summing resistor of 47k should be

used for R. For synthesisers having a dif-
ferent control law relationship, R can be
replaced by a preset of a suitable value,
this can also be used to make the 'octave'
span variable.

The circuit requires a stablised supply of
-9V and will draw just under 15mA from
the rail.

All resistors should be 1% metal oxide
or cermet film, if possible those in the lad-
der should be selected to be as close as
possible. VRI should be a cermet multi -
turn preset potentiometer. The value of the
summing resistor R9 is especially critical
as this determines the actual span of the
octaves provided by this circuit to the con-
trolled VCOs. Trimming can be effected
by replacing R with a cermet multi -turn
preset potentiometer, in the case of the
Minisonic 2 the value would be 100k.

In order to control more than one VCO,
additional contacts should be added in
parallel with S I, and a buffer am-
plifier/voltage follower as for ICI added
per extra oscillator.

Martin Russ,
Manchester.

--9V

SOUND -TO- LIGHT CONVERTER

THIS circuit evolved from an idea in
(PE) July 1976, for a simple sound to

light converter in which the light was
turned off in time to the music. This
circuit is incorporated as one of the lamp
drivers.

The potentiometer VRI acts as a master
level control for the unit which is connec-
ted directly to a loud -speaker. The
transformer is used to protect the 'speaker'
in the event of any short circuits. Tran-
istors TR I and TR2 form a buffer am-

plifier, the output of which is fed to VR2.
This preset adjusts the balance between the
two lamp drivers.

The bias on the driver transistors TR3
and TR4 is set by VR3 and VR4 respec-
tively, and C3 ensures that the thyristor is
normally turned on.

With the bias presets correctly set,
careful adjustment of VR2 will yield a very
pleasing light display when different
coloured bulbs are used for each channel.

A. W. Cunningham,
Leven,

Fife

JK1

Ti
18240 Cl

R3
820

0/,01

TR2
BC108

C3

VR3
10k
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10k
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HIS amplifier has a frequencyT response of 20Hz to 25kHz, with a
noise figure of -62db, making it suitable
for high fidelity applications. As will be
seen, the output impedance is low, by vir-
tue of the emitter follower, and may be
connected via a (screened) lead to other
equipment. If required the input transfor-
mer may be omitted, and microphones of
47/50k used in an unbalanced input
arrangement, connected directly to the
point marked 'X' on the circuit diagram.
Using high impedance microphones will
mean that the input lead must not be much
longer than about I metre. otherwise the
high frequencies will tend to become at-
tenuated, and the input will be more
susceptible to hum problems. The amplifier
should be powered from a well smoothed,
low impedance supply.

The input transformer used in the
prototype has a turns ratio of 6.45:1. This
represents a bonus because it gives a

voltage gain in the order of I6db, and
since the transformer does not contribute
noise the input to the amplifier is increased
by I 6db before the possibility of any noise
arises. The first transistor base feed
resistor R I, as will be seen, is I M. In most
cases this resistor on its own will be found
to be too high a value, in order to obtain
symmetrical clipping of the output. This
should be experimentally paralleled with
values of 2M2 or upwards. Using an os-
cilloscope. and before fitting the input
transformer, check with a 1 kHz tone fed
into the point 'X' that a resistor is chosen
that gives a symmetrically clipped output.
Once this has been established, it may be
permanently soldered in. If a tone
generator and oscilloscope are not to hand
the I M resistor may be used alone:
however, the overload point will be
reached more quickly.

The a.c. part of the feedback loop has a

6000

RI
SEE
TEXT

R7 RIO
10k

C2
470n

0
c. 25k

R3

82k

R3
47k

R4
1 k5

QUALITY
MIC
AMPLIFIER

littuJ

C3
470p

2M2

TR1
BC650

R12
3k3

CI
47u
25V

C4
470p

TR2

R8
47k

BC650
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five way switch in series to select different
series resistors. The overall gain is thus
selectable from 20db to 60db in 10db
steps. The resistors for the 30db and 50db
positions will have to consist of two
preferred values in series, as the actual
values are unobtainable through normal
retail outlets, and if more than one am-
plifier is to be built, it is suggested that they
be 2% tolerance to match the gains. R.f.

Si
RIS
6k2

100 +24V

C9

;25254)
4)

TR3
BC650

C8
470n I/P TO

AMP

C7
am 1p

R11

4k7 1M

interference is inhibited by means of the
470p in parallel with the collector load of
the second transistor. The fairly high
values of base and collector resistance
around the first two stages help to keep the
noise down by reducing the d.c. current
flow. The IM at the output ensures there is
no d.c. voltage on the output of TR3.

Tony Sercombe,
Surbiton, Surrey.

9V POWER SUPPLY
+125

TR2
283055

R4

on3
5W

85
330

02

OV

OUTPUT
7-11V

OV

THIS unit was originally designed to run
battery driven items requiring 9V or

less from a 12V car supply. The voltage
output is adjustable and stable over wide
load fluctuations-up to the current limit
of the 2N3055 provided the sinking on
this is adequate.

The Zener provides a stable reference at
pin 3 of ICI and VR1 is adjusted to
provide the output voltage.

Output from the i.c. is applied to
TR I-TR2 turning on the latter sufficiently
to maintain a constant voltage at the out-
put irrespective of load. The output current
flows through R4, which is made up of
resistance wire. The design limit is fixed by
the value of this resistor and when the load
current reaches this the voltage developed
switches on TR3 which in turn closes
down TR1 and TR2.

S. A. R. Guest,
Grampound,

Truro.
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CAMBRIDGE LEARNING
SELF -INSTRUCTION COURSES

A PRACTICAL DIGITAL
ELECTRONIC KIT FOR

LESS THAN £20

SUPERKIT
SUITABLE

Digital Ekctronic Kit

suitable for beginners

...

FOR
BEGINNERS

Learn the wonders of digital
electronics and see how. quickly
you are designing your own
circuits. The kit contains:
seven LS TTL integrated circuit',
breadboard, LEDs, and all th,

DIL switches, resistors, capacitors, and other components t,
build interesting digital circuits; plus a very clear aril
thoroughly tested instruction manual ( also available sepa-
rately). All this comes in a pocket size plastic wallet for
only E19 -90p inc VAT and p&p. This course is for true
beginners:
- needs no soldering iron.
- asks plenty of questions, but never leaves you stuck an

helpless.
- teaches you about fault-finding, improvisation, an,'

subsystem checking.
- the only extra you need is a 40 battery ( Ever Read

1289. or similar), or a stabilised 5V power supply.
Using the same breadboard you may construct literal:,
millions of different circuits.
This course teaches boolean logic, gating, R-5 and J - h.

fl ipflops, shift registers, ripple counters, and half -adder'.
Look out for our supplementary kits which will demonstrai
advanced arithmetic circuits, opto-electronics, 7-seginerc
displays etc.
Other self -instruction courses from Cambridge Learning Lt

include:
COMPUTER PROGRAMMING IN BASIC £10 .50
DIGITAL COMPUTER LOGIC AND ELECTRONICS £ 8.50
DESIGN OF DIGITAL SYSTEMS £14 .00

Please send for full details ( see coupon below 1.

GUARANTEE No risk to you. If you are not complete!,
satisfied. your money will he refunded upon return of ilu
item in good condition within 28 clays of receipt.
CAMBRIDGE LEARNING LIMITED, UNIT 24, RIVERMILL SITE,
FREEPOST. ST IVES. CAMBS, PE17 4BR, ENGLAND.
TELEPHONE: ST IVES (0480) 67446. VAT No. 313026022

All prices include worldwide postage ( airmail is extra
please ask for prepayment invoice). Giro AA No 27801=0.
Please allow 28 days for delivery in UK

Please send me:
SUPERKIT(S) e C19.90
Free details of your other self -instruction courses.

I enclose a *cheque/PO payable to Cambridge Learning Ltd
for £ (*delete where applicable)
Please charge my:
*Access / American Express / Barclaycard / Diners Club
Eurocard / Visa / Mastercharge / Trustcard

Expiry Date Credit Card No

Signature

Telephone orders from card holders accepted on 0480 67446
Overseas customers (including Eire) should send a bank draft
in sterling drawn on a London bank, or quote credit card
number.

Name

Address

Cambridge Learning Limited, UNIT 24, Rivermill Site, FREEPOST,
St Ives, Huntingdon, Cambs, PEI 7 4BR, England. (Registered in
England No. 1328762).
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ILP TOROIDALS
UNBEATABLE

VALUE FOR MONEY!
New production capacity at Canterbury has increased Our range.

decreased our prices, improved our special customer
design service. Choose from toroidal transformers in
a range of 98 types.
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IMPORTANT Regulation - All voltages quoted are FULL LOAD. Please add regulation figure to secondary
voltage to obtain on load voltage

The benefits of ILP toroidal transformers
ILP toroidal transformers are only half the weight and height of their laminated

equivalents. and are available with 110y. 220V or 240V primaries coded as follows

For 110V primary insert "0' in place of "X in type number

For 220V primary (Europe) insert "1" in place of "X" in type number

For 240V primary (UK) Insert "2" in place of " X " in type number

How to order Freepost:
Use this coupon. or a separate sheet of paper. to order these products. or any

products from other ILP Electronics advertisements No stamp is needed it you address to
Freepost Cheques and postal orders must be crossed and payable to ILP Electronics Lld cash
must be registered C 0 D - add £1 to total order value Access and Barclaycard welcome
All UK orders sent:within 7days of receipt of order for single and small quantity orders
Also available at Electrovalve. MaplIn Marshalls Technomalic and Watford Elecnoncs
ILP Electronics Ltd.. Freepost 2. Graham Boll House, Roper Close, Canterbury CT2 IEP, Kent.

Please send me the following
ILP modules ._

Total purchase price

PE 1/4

I enclose Cheque E Postal Orders E Int Money Order

Plea se debit my Access /Barclaycard No

Name

Address

SlUnaillre

Post to ILP Electronics Ltd Freepost 2 Graham Bell House Roper Close
Canterbury CT2 7EP Kent England
Telephone 1022 71 54778 Technical 10227164723 Telex 965780

EL IP
TRANSFORMERS

STAYAHEAD.STAY WITH US

la drvision ot
1LP Electromcs 1 701
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FRANK W. HYDE
MOBILE SERVICE IN SPACE

From time to time mention has been made
in SPACEWATCH of the plan to service
satellites in orbit or retrieve them from their
orbits and carry out service on board a space
station or even aboard the Shuttle as well as
return them to Earth. This is now a well ad-
anced pilot programme. A vehicle module

has already been operated in simulated condi-
tions for this work at heights of 300m.

The task is directed in the first instance to
the servicing of the Solar Maximum Mission
spacecraft which is already degraded. It is ex-
pected that the space shuttle astronauts will be
the first to use the system. The date set is
1983. As with much of the space programme
the whole scheme is dependent on the funding
available.

The procedure adopted for the servicing ac-
tivity will be as follows. The Shuttle will ap-
proach the spacecraft to be serviced and stand
off at a distance of about 300 feet. The
astronaut will be deployed from the orbiter
and dock with the satellite. Manoeuvering jets
will be used to stabilise the satellite and the
astronaut will attach him/herself to the
satellite. then call for the orbiter manipulator
arm to dock with the special attachment
placed by the astronaut. When the orbiter
takes over. the astronaut will detach and fly
by the side of the satellite to photograph the
operation. When the satellite is safely secured
to the support cradle on board the orbiter the
astronaut. still in the manoeuvering unit, will
carry out the necessary repairs. Having done
this he will fly back into the payload bay and
he released from the manoeuvering unit. The
replacement of the various fuses, which
caused the degradation of performance, will
then be carried out and the necessary checks
with ground station completed, after which the
satellite will be replaced in its correct orbital
configuration and the observatory in full
operation.

The manoeuvring unit itself is rather like a
special chair. The control and life support

stems are carried in the cradle unit with the

astronaut in a suit designed for extra -vehicular
activities. In the case of the Solar Maximum
Satellite the docking mechanism is carried in
front of the astronaut and attached to the
chest. The necessary controls are all within
suitable controlling distance.

The docking and stabilising of a spacecraft
for repair involves a number of special actions.
For example in the case of the Solar Max-
imum Satellite which has a controlled rotation
speed of the order of 0.8 to 0.9 deg/sec. it
would not present a great problem. Attach-
ment by the astronaut of special clamps to the
outer edge of one of the solar panels would be
sufficient and up to much higher rates of rota-
tion also. Having nulled the rotation the
astronaut is then able to reset his position and
attach the grapple unit to the spacecraft. A
number of alternative techniques are being
developed because it is possible that condi-
tions will change for individual spacecraft.
Also there is the condition prevailing for the
Solar Maximum Satellite for there is no special
provision for dealing with the screws holding
the units in place. In zero gravity with a mov-
ing vehicle a special technique will be required.

There is some speculation too about the dif-
ference in dealing with a spacecraft retrieved
for return to earth and one to be returned to
the Shuttle for repair. The clearance for exam-
ple in the case of the Solar Maximum vehicle
can be as little as 5 inches for the solar panels
so that great care will be needed to avoid
damage. It is being considered now whether it
would be more prudent to bring the spacecraft
back to earth in any case. This would call for
a greater load facility of some 4,0001b. It is
clear that a number of options are available
and it is necessary to be able to fly alongside
and move round an orbiting vehicle without
disturbing its flight parameters. There are
hazards such as the orbiter's exhaust which
could be heating up the vehicle and disturb
control. So far many aspects have been
studied and these will be dealt with in order of
priority against time and financial options.
What is important is that the thinking from the
early days and dreams of fully manned units
operating in space for maintenance is now in
sight. This alone is a great fiscal advantage.

FRANCE AND SPACE
France is developing her Spot satellite

system. It is an Earth observation programme
and will be operated by SPOT IMAGE, a
commercial marketing group privately finan-
ced. The technical details will remain with the
French Government. They will retain, under
the CNES (Centre Nationale d'Etudes
Spaciales), 34% of the shareholding. CNES
will be responsible for the areas of manufac-
ture and development. A United States sub-
sidiary will be established for the benefit of
users in America. It is stated that this is not a
move to compete with the United States Land -
Sat system. The data available from Spot -Sat
will be compatible with Land -Sat.

France has said that they have found a
market for Spot -Sat data among users looking
for a truly commercialised system which does
not function with or is not associated with,
government bureaux control. There have been
approaches by some who are now in the
Land -Sat market who are not happy with the
possible influence that American Government

policies might have on existing contracts par-
ticularly with regard to delays under the pre-
sent administration.

The first of the operational satellites will be
in 1984 launched by an Ariane-2 launcher. A
second Spot vehicle has been approved by the
French government to guarantee services
throughout the 1980's. The design of the Spot
vehicle will be a multimission platform. It will
be fitted with two HRV (High Resolution Visi-
ble) range instruments. The optical instru-
ments consist of a 20 metre resolution instru-
ment in a multispectral mode and a 10m.
mode resolution instrument in black and
white. The multispectral mode covers green,
red and near infra -red bands.
These have been selected to satisfy several
mission objectives,
-Consistent relationship between spectral
reflectance and vegetational properties.
-Compatible interpretation of the spectral
signatures obtained by the Spot satellite and
the Land -Sat D8 mapper.
-Improved radiometric sensitivity and
resolution for surface -water work.
-Good discrimination within areas of vegeta-
tion of different types.
-At least one band to enable deep water
penetration.
The markets expected to want these services
are those of oil and mining exploration,
topographic and land use, coastal studies and
not least those who need crop and environ-
ment monitoring.

It is possible to provide stereoscopic images
by processing two different orbital passes. Us-
ing the two resolutions, multispectral images
can produce the appearance of enhancement
better than the multispectral image.

CONTROL STATIONS
The central control will be at the CNES

space centre at Toulouse. This will receive the
direct transmissions from the spacecraft's
earth coverage when in sight of the station.
Images recorded earlier on tape recorders will
also be collected during other passes. A
second ground station will be at Kiruna.
Sweden, with identical facilities. Other ground
stations operated by countries with their own
stations will be able to receive data when the
spacecraft is within the beam of their aerials.

A MEETING OF THE AMERICAN
AERONAUTICAL SOCIETY

Speaking at a meeting Robert S. Cooper,
director of Defence Advanced Research Pro-
jects Agency, said:

'We have built a fatal flaw into our satellite
systems and it is time we recognised this fact!'
He was emphasising his contention that not
enough attention was being given to the
development of robotics. He claimed that it
was necessary now to set up programmes to
ensure that spacecraft could operate entirely
independent of human ground control. He
characterised current spacecraft operation as
retarded technology. It was necessary to have
surviveable space systems. He claimed also
that it was a tragedy that with all the current
facilities available for launching in America,
countries were turning to other centres for
launching facilities. He cited a recent Presiden-
tial directive in support of the Space Shuttle
and space transport system.
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MUSIC KITS
ALL WITH PRINTED CIRCUIT BOARDS!

128 -NOTE SEQUENCER
A digital, Kbd controlled unit for most
synths.
Kit incl Kbd = SET -76 £120.45

16 -NOTE SEQUENCER
Analogue, panel controlled unit for most
synthesisers = SET -86 £64.63

3 -CHANNEL STEREO MIXER
With left, right & master level controls
& headphone monitor = SET -107 t21.50

3 -MICROPHONE STEREO MIXER
Improves stereo reality --

SET-108 £12.99

6 -CHANNEL MIXER
High spec mixer with variable impe-
dances SET -90 From £96.67

AUDIO EFFECTS UNIT
Variable siren gen = SET -105 £15.12

AUTOWAH UNIT
Automatic Wah & Swell sounds from each
guitar note played = SET -58 £14.01

CHOROSYNTH
30 -Note chorus synth with wide variety
of voices. Kit incl Kbd = SET -100 £125.04

COMPRESSOR
With level & decay -rate controls, line &
mic inputs with mixer =

SET -120 £25.06

DISCOSTROBE
4 -Chan 200W unit for sequential, random
or full strobe use = SET -57 £39.78

DRUM SYNTHESISER
Extremely versatile synthesiser for con-
ventional & extraordinary drum sounds. --

SET- 1 19 From f60.11

DYNAMIC NOISE LIMITER
Helps clean up noisey recordings. =

SET -97 f15.96

ENVELOPE SHAPER
ADSR unit with own VCA -

SET -50E14.96

KIMBER-ALLEN KEYBOARDS
Details in lists = From £32.43

P. E. MINISONIC SYSNTH
Excellent 3 -Oct multi -module portable
synth. Kit oriel Kbd

SET From £181.56

PHASER
6 -Stage automatic unit with variable
control = SET -88021.06

PHASING & VIBRATO
Manual & auto control producing superb
full sounds = SET -70

PULSE GENERATOR
Pulse width 1 OONS-2secs. freq 0.1 HZ-
100KHZ = SET -115E24.84

RHYTHM GENERATORS
Several in list = From £61.71

RING MODULATOR
Usable with most synths

SET -87 £13.62

SIGNAL TRACER & GENERATOR
Aids circuit testing. With frequency &
level controls = SET -109 £17.50

SMOOTH FUZZ
As the name implies) = SET -91 07 1.68

SPEECH PROCESSOR
Improves inteligibility of C.B. or P.A.
speech signals = SET -1 10 012.18

SPLIT -PHASE TREMOLO
Modulation, depth, rate & level under
full control = SET -102129.98

SWITCHED TREBLE BOOSTER
4 Sortable preset tone changes

SET -89 £1 2.81

SYNTHESISER INTERFACE
Enables guitars, mics etc to be synthe-
siser processed = SET -81 £9.49

no/ 10% OFF U.K. C.W 0. ORDERS OVER £20 FROM
WO THIS AD UNTIL END OF MONTH ON COVER.

0 F F
(5%

MUST

OFF FOR
ACCOMPANYCREDIT ORDER.CA

R D S .
CODETH

plTHIS 2C3O UPON

EXPOSURE TIMER
Range up to 10 mins in 0.5sec steps.
with audio alarm = SET -93 £39.22

FORMAT SYNTHESISER
Advanced 3-oct synth with multiple mod-
ules. Kit inc! Kbd =

SET -66 From E342.71

FUNNY TALKER
Fascinating sounds when used with
speech & music = SET -99 £16.55

GUITAR EFFECTS
8 -mode filter & envelope shaper for most
instruments - SET -42 £15.92

GUITAR FREQUENCY DOUBLER
Orig & doubled signals can be mixed for
greater depth = SET -98 £11.76

GUITAR MULTIPROCESSOR
Extremely versatile sound processor.
Details in list.

GUITAR OVERDRIVE
Sophisticated fuzz with filter & shape
controls SET -56 £21.17

GUITAR PRACTISE AMPLIFIER
3 -Watt practise or test -monitor amp. --

SET-106 £22.15

GUITAR SUSTAIN
Retains natural attack whilst extending
note duration = SET -75 £11.77

HEADPHONE AMPLIFIER
For most pick-ups, decks, tuners & head-
phones. R IAA specs = SET -104 £21.15

METRONOME
Variable for 40-240 beats per minute =

Se1--1 1 8 f10.58

EXPORTS WELCOME!
Sterling payment with order please.
Postage rates in our lists. Europe send

50p for lists, other countries send f 1.

TRANSIENT GENERATOR
Facilitates mandolin, banjo sounds etc.
From a synthesiser = SET -63 06.86

TREMOLO UNIT
For most instruments. Inc! speed,
& by-pess controls = SET-116

TUNING FORK
Eases tuning of acoustic & electronic
instruments = SET -46 £37.04

VOICE OPERATED FADER
Automatically reduces music volume
during disco talk -over = SET -30 £9.85

VOICE SCRAMBLER
for coding or decoding speech signals
for greater security. See list for details =

SET -117 £21.81

WAVEFORM CONVERTER
Allows 5 different waveforms from synth-
esiser VCO SET -67 C21.98

WAVEFORM GENERATOR
3 Waveforms, range 1 HZ to 1 OOKHZ, up
to 10V P -P = SET -112f23.13

WIND & RAIN EFFECTS
As the name says) = SET -28 £11.39

KIT CONTENTS
Sets include PCBs, U.K. P&P, 15% VAT,
Res, Caps, S*c.s, Pts, Knobs. SW's, Skts,
Wire, Solder, Photocopy of orig text. & a
case unless marked ''. Most are battery
operated, but PSU units are also available.
Most parts can be bought separately.
Fuller details & more great kits in our
catalogue. Send S.A.E. for free copy.
Prices correct at press, E.&.0.E., subject to
stock. Despatch usually 24hrs on all
ex -stock items.

Access, Barclay 8 Am -Express
Credits Welcome.

PHONOSONICS
Dept. PE24, 22 High Street, Sidcup, Kent, DA14 6E H.

Telephone: 01-302 6184.

ILP BIPOLAR
AMPS

ploweit

POWER
FOR

ANDma.
Get maximum power at minimum price, yet still with hi -ti

specifications and a wide choice of outputs. ILP Bipolar power
amps. now with or without heatsinks are unbeatable value for
domestic hi-fi - but for disco. guitar amplifiers and PA chose
the new range of heavy duty power amps. again with or without
heatsinks. with protection against permanent short circuit.
added safety tor the disco or group user. Connection in all cases
is simple - via 5 pins.

Every item has a 5 year no quibble guarantee and
includes full connection data. So send your order FREEPOST today!

Load impedance, all models. 4 ohm - infinity. Input impedance, all models 100K ohm. Input
sensitivity, all models. 500 mV Frequency response, all models 15Hz-50kHz-3db.

BIPOLAR Standard, with heatsinks

Model No

HY 30

HY 60

HY 120

HY 200

HY 400

Output
power

Watts rills

15w/ 4-812

30w/4-80

60w/4.80

120w/4-80

240w/40

DISTORTION
T. H D. I. M.0

Typ 50Hz/ 7kHz
at 1101z 4 1

0015% <0.006%.

0 015% <0.006%

0.01% <0006%

001% <0 006%--

001% <0 006%

Supply
voltage

Typ/Max

±18±20

± 25± 30

±35±40

±45-±50

±45±50

Size mm

76 x68 x40

776 x 68 x 40

120 x78 x40

120x 78 x 50

120 x 78 x103

WI

gnIS

240

240

410

515

1025

Price
IOC VAT

£828

£958

C2010

f 24 39

£36 60

Price
ex VAT

£7.29

£8.33

£1748

£2121

£31.83

BIPOLAR Standard, without heatsinks

HY 120P 60w/4 -8t1 001% <0006% ±35±40 120 x 26 x 40 215 £1783 £15.50

HY 200P 120w/4-80 001% <0 006% 1.45-1.50 120 x 26 x 40 215 £2123 £1846

Hy 400P 240w / 417 001% <0006% ±45±50 120 x 26 x 70 375 £3258 £2833

Protection:
5r.s. S/N
rms. Input
ILP Electrodes

Load line.momentary
atio 100db.
impedance

Ltd, Freepost

short circul
Frequency response

100kE2 Damping factor
2. Graham Bab

(typically
(-3dB):15Hz-50kHz.

( BR/100Hz)>400.
Ham, Roper

10 sec) Slew rate
Input

Ors, Casurbory

15V/ms
sensitivity

R

CT2 1EP,

se time.
500mV

Kant

HEAVY DUTY with heatsinks

Model No
Output
power

Watts rms

DISTORTION
I H D I. M 0

Typ 50Hz / 7kHz
al !kHz 41

Supply
voltage

Typ/Max
Size mm

av
gms

Price
Inc VAT

Price
ex. VAT

HD120

HD 200

60w/ 4-817

120w/4-812

0 01% <0.006%

001% <0.106%

±35±40

-±45±-50

120 x 78 x 50

120 x 78 x 60

515

620

£25 85

£31.49

£22 48

£27.38

HD 400 240w/40 0.01% <0 006% ±45±50 120 x 78x MO 1025 £4442 £3863

HEAVY DUTY without heatsinks

HD12OP 60w/4'80 001% <0006% ±35±40 120 x 26 x 50 265 £2282 £19.84

HD 200P

HD 400P

120w/4 -8t2

240w1 40

001% <0006%

0 01% <0 006°/.-

±45±50

±45± 50

120 x 26 x 50

120 x 26 x 70

265

375

£2717

£3942

£2363

£34.28

Protection: Load line. PERMANENT SHORT CIRCUIT (ideal for
disco/group use should evidence of short circirt not be immediately
apparent). The Heavy Duty range can claim additional output power
devices and complementary protection circuitry with performance specs
as for standard types.

How to order Freepost: Use this coupon. or a separate sheet of paper. to order these products
or any products from other ILP Electronics advertisements No stamp is needed d you address
to Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd
cash must be registered. C.O.D. - add £1 to total order value. Access and Barclaycard
welcome All UK orders sent post free within 7 days of receipt of order.

m ml
Please send me the following

PE 2/4

ILP modules

I Total purchase price
I

II
enclose Cheque Postal Orders Int. Money Order

Please debit my Access /Barclaycard No. I

Name

Address _ _

ISignature I

Canterbury CT2 7EP. Kent. England

I
Post to ILP Electronics Ltd. Freepost 2. Graham Bell House. Roper Close

Telephone 10227154778 Technical 1022 71 64 723 Telex 965780

I/ 11113 I
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PUSS -PROOF ALARM
British patent application 2 074 314, from
American District Telegraph Company of
New York, offers some interesting informa-
tion on burglar alarms. The patent is aimed
at improving passive infra -red detection
systems, and lists a string of US patents on
known systems of this type. Essentially an
infra -red sensor trips an alarm if the infra-
red reflection pattern in a room is disturbed
by an intruder. But it has proved difficult to
make the alarm sufficiently sensitive to
detect an intruder on the other side of the
room from the detector, but not so sensitive

F.-/8/6
I /646sf 46

woo
Fig. 1

/4

1E1
Copies of Patents can be obtained from:
the Patent Office Sales, St. Mary Cray, Orpington, Kent. Price £1.60 each.

that it goes off accidentally, for instance if
the office cat prowls past.

The patented solution (Fig. 1) is a com-
plex arrangement of spherical mirror
segments. A large segment 12, a smaller
segment 14 and two still smaller segments
16 are all mounted round a common optical
axis 18. The mirrors all focus on an infra-
red detector 20 which is supported on a U-
shaped arm 44 (Fig. 2) mounted on tabs
46. The mirror segments are made of
acrylic, with a coating of aluminium.

Fig. 3 explains the basic circuit. Detec-
tor 20 is a dual thermopile with its two ele-
ments connected in phase opposition. The
detector output is amplified at 120, fed to
threshold circuit 122, integrated at 126
and fed to second threshold 128. Logic 130
trips alarm 132 when the thresholds are ex-
ceeded. Background disturbance indicator
124 senses slow variations in radiation and

Fig. 3
BACKGROUND
DISTURBANCE
INDICATOR

B/POLAR
DETECTC*-0,440pLIfER,-ITHRES-

HOLD

207- /727- /22--I

REF.
FOR

AMP /20

Fig. 5

224

FROM
AMP /20

lights I.e.d. 134 if it exceeds a threshold
level. Variations of sensitivity due to am-
bient temperature changes are compen-
sated by the circuit of Fig. 4

The mirror complex produces a sen-
sitivity field pattern in azimuth shown in
Fig. 5. Long central pattern 100 is
created by large mirror 12 and has a range
of 150ft. and beam width of 2.5°. Inter-
mediate pattern 102 is provided by
medium-sized mirror 14 and has a range of
80ft. and beam width of 5°.

The two short patterns 104 are provided
by small mirrors 16 and have a range of
20ft. and 9° beam width.

The inventors claim that this arrange-
ment provides the same sensitivity to an in-
truder at 100ft. range as to an intruder at
25ft. range, with the shorter, more
divergent beams insensitive to small move-
ments, for instance by animals.

/34
STEADY

LED

TpuLsED

/NTE- THRES- ALARM---4. ---i. ALARMHOLD
LOGICORATOR

I. 757 ' ---- /2-B7 - ITO 7 /47,T- 2-- 7 . -

2/4-

/-220

DI

POS. THRESHOLD
2/0

ro INTEGRATOR /26

NEW THRESHOLD
2/2

Fig. 4
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UK LIST
EX VAT

The first portable
scope with a
component tester.

0
Capacitor 33 uF Transistor E -C Transistor 13-E

Oscilloscope Specifications:

Y Deflection
Bandwidth: DC -10 MHz (-303)
Overshoot: Less than 1%
Sensitivity: 5 mV - 20 V/cm
Input Imp: 1 M ohm // 25pf

Et -E 1 uF + %ohms

X Deflection
Ti mebase: 0.2s - 02 ps/cm
Triggering: 2 Hz - 30 MHz (3mm)

Auto + level control
Bandwidth: 2Hz  1 MHz

General Information
Component Tester:
Calibrator:
Power Supplies:
AL. Input:
Weight:
Size:

For single components and In circuit
02V ± 1% for probe alignment
Regulated including high voltage
110, 127, 220, 237, V.A,C., 50 - 60 Hz
8-1/2 Lbs.
4-1/2"H x 8-3/8"W x 107/16"D

For further information on HAMEG's full ranged top
performance oscilloscopes, contact:

HAMEG LTD.
74-78 Collingdon Street, Luton, Beds. LU1 1RX
Tel: (0582) 413174

WHYAN ILP
MOSFET

POWER AMP?

I

I

I

Please Send me the following
ILP modules

Total purchase price

i enclose Cheque Postal Orders

Please debit my Access /Barclaycard No

Name

Address

Signature

Because ILP MOSF :)ower anq, .;we you u
performance without costing big money Performance you
thought you couldn t afford at a price you know
you can.

All ILP modules are compatible with
each other - you'll find many more in other IL P
ads in this magazine Choose ILP MOSFET pow,
amps when you need the fastest possible slew
rate. low distortion at high frequencies. better
thermal stability. MOSFET power amps work
with complex loads without difficulty and
without crossover distortion Connection is simple
- via 5 pins With other ILP modules you can
create almost any audio system whatever your age
or experience

ILP MOSFET power amps are now available with
integral heatsink (no extra heatsink required). or ready for
mounting on to your own heatsink or chassis Full dissipation detail on data sheet.
available on request Each carries a 5 year no quibble guarantee and comes with full
connection data

Send your order FREEPOST today on the coupon at the foot of this ad

Load impedance, all
models 4 Ohm - infinity
Input impedance, all
models 100K ohm
Input sensitivity, all
models 500 mV
Frequency response.
all models 15Hz-50k Hz- 3cIto

MOSFET Ultra-Fi. with heatsinks

Mode' So

MOO '20

MOS 200

MOS 400

Output

sewer
Volt, rnn

60vi, stt

120i, 4 tit(

240w 41!

plcrn
7 I-,

7,1

Oft

0 005"

.2..0 005%

1111,1h

11 006.-

0 006

MOSFET Ultra -R without heatsinks

MOS 170P 60, 4-81! r. 0 002i", 0 Ooh

MOS 000P MO, .1 812 < 0 005', 0 006

MOS 400P 1.8,,, 8.2 ' 0 00,5 . 0 not,

Protection:
Able to Cope with complex loads without the need fui ,

(fuses will suffice)
',,otection ircuilry

Ultra -ti specifications:
Slew rate 20Vps Rise time3ps S N ratio 100db Frequency response 1-3081

151-12-100kHz Input sensitivity 500mVrrns Input impedance 100k Damping factor

113S2/100H2 i>400

How to order Freepost:
Use this coupon or a separate sheet of paper to order Mese products or any

products from other ILP Electronics advertisements No stamp is needed II you address to
Freepost Cheques and postal orders must be crossed and payable to ILPElenreeir '.119 cash
must be registered C 0 D - add Etta total order value Access and Barn
All UK orders sent post free within 7 days of receipt of order
ILP Electronics Ltd.. Freepost 2 Graham Bell House. Roper Close, Canterbury CT2 7 EP Kent.,

PE 3/4

ins Money Order

® IL IP IS ELECTRONICS 1:22.,
STAYAHEAD.STAY WITH US

Posl to RP Eiectronirs Ho Freepost 2 tirahaho Bei; House Roper Close
Canterbury CO2 7EP Kern England
Telephone 10227154778 Technical 10727164723 Telex 965780
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CELEBRATE
35 YEARS OF
CITIZENS'
BAND RADIO
at
CB RADIO
MAGAZINE'S
NATIONAL
10-4 DAY

:14

-=.

See & Buy the very latest in

 RIGS  ANTENNAS 
 SWR METERS 

 MICROPHONES 
and a whole lot more

Plus

Amateur Radio Equipment
In -Car Entertainment
& Communications

ENJOY COMPETITIONS, FOOD,
BARS, ELECTRONIC GAMES

& MORE

"A DAY OUT FOR ALL THE FAMILY"
AT

WEMBLEY CONFERENCE CENTRE
APRIL 9th, 10th, 11th, 12th

Open from 10.00am every day

SEE CB RADIO MAGAZINE
FOR FURTHER DETAILS

ACORN ATOM
8K rom i 2K ram kit £120,
rom - 12K ram kit £168,
pansion rom £25. Power supply
UK101 AND SUPERBOARD
UK101 with 1K and free
modulator kit £120, built
accessories suit both
superboard:- Extra ram
memory expansion complete
£58. 32K memory expansion
£82. Case £27. Cassette
Cesmon £22.50. Wemon
processor program £10. Centronics
kit £10. 610 expansion
stand-alone floppy disc controller
Cased minifloppy disc drive
The below suit only superboard:-
adaptor board built £45.
tape £25. Guard band kit
30 lines x 50 characters
kit £14. UK101 display expansion
NEW GENIE 1 nea
EG3014 Expansion box
£199/£213. Disk drive
£36. Parallel printer
Monitors:- EG100 white
green £99. Colour Genie poa.

.

ell,

PRINTERS

Buy any of the below and
kit and word processor program
or Superboard:- Epson MX70
MX8OT £359. Epson
Epson MX8OFIT2 £449.
£295. OKI Microline 82A
737 £356. Seikosha GP80A

SINCLAIR PRODUCTS.
built £150. 12K ZX81 built . mains adaptor £69.95

built £198. 4K ex- £2.95 extra). SC I 10 Oscilloscope
£10.20. PFM200 £49. PDM35 £32.95.

£116. Microvision TV £69.
power supply and BATTERY ELIMINATORS
£149. The below 3 -way type 6/7.5/8V 300ma £3.50.
the UK101 and radio types with press studs 9V £4.95.

£2.70 per K. 16K £6.25. Car converter 12V input,
kit £50, built 3/4.5/6/7.5/9V 800ma £3.04.
kit £74, built BATTERY ELIMINATOR KITS.

recorder £19.' 100ma radio types with press -studs
£19.95. Word £179 9 +9V £2.50. Stabilized 8 -way

interface 3/4.5/6/7.5/9/12/15/18V 100ma £3.12,
board £179. New Amp £8.50. Stabilized power kits

board £75. 100ma £3.12, 1.30V I A £8.50, 1-30V
with DOS £275. £15.30. TTL and computer supplies

Colour stabilized 1.5A £9, 3A £14, 6A £23.
Assembler/Editor car convertors 6/7.5/9V 1 A £1.62.

£10. Series 1 only TV GAMES°
display expansion AV -3-8600  kit £12.98. AY -3 -8550.

kit £14. £9.26.
BI-PAK AUDIO MODULES

with 16I</32K ram AL30A £4.35. PA12 £9.31. PS12
£220. Colourboard T538 £2.90. 5450 £27.90. AL60

interface £36. PA 100 £19.24. SPM80 £5.26.
£69, OVM9PGR £6.36. Stereo 30 £21.00. AL80 £8.56.

Genie 3 poa. VIC 20 COMPUTER
VIC 20 £165. Cassette recorder £39.09.
to allow the use of a normal cassette
recorder £6. 3K ram £26.04. 8K
£39.09. 16K ram £66.17. Vic printer

(post
£139.

DM450

100ma
9 +9V

output

9V
types

1

2-18V
2A
5V

12V

-kit

£1 .75.
£5.62.
BMT80

Kit

ram
£199.

8 dil

5%
50+
E12
Sp.

47n
1, 2mf

6p;
9p.

Preset
to

PERSONAL
COMPUTER

n .

COMPONENTS
1N4148 1.5p. 1N4002 3.7p. NE555
22p. 741 8 dil 16p. 2114 low current
300ns £1.35. BC182, BC184, BC212,
6C214. BC547, 8C549 6p. Resistors
1/4 watt E12 10R to 10M 1p, 0.8p for
of one value. Polystyrene capacitors
63V 10 to 1000pf 4p; 1n2 to 10n
Ceramic capacitors 50V E8 22pf to

get a free interface .2.5p. Electrolytic capacitors 50V .5,
for UK101 6p; 25V 5. 1 Omf 6p; 16V 22, 33mf

£259. Epson 47mf 4p; 100mf 7p; 330, 470mf
MX80F/T1 £359. Zeners 400mw E24 2v7 to 33v 7p.
OKI Microline 80 pots subminiature 0.1W horiz or vert 100
£399. Centronics 2M2 8p. IC sockets 8 dil 8.7p, 14 dil 10.1p,

E199. 16 dil 12p.

SWANLEY ELECTRONICS, Postage £3.50 on computers, £4.50 on
printers and 45p on other orders. Lists 27pDept. PE, 32 Golds& Rd., post free. Please add VAT to all prices exceptSwan's'', , Kent 8 R8 SEZ. those sections marked with a whichTel. Swanley 10322) 64851. already include it. Overseas and official

Please allow 14 Days For Delivery credit orders welcome.

TRANSFORMERS
MARCO TRADING

British made transformers at very attractive prices.
Primary Secondary Current 1+ 10+ 100+
240v: 4.5-0-4.5v 400m/a 50p 45p 35p
240v: 6-0-6v 100m/a 58p 52p 43p

t
240v: 6-0-6v 500m/a 65p 60p 48p
240v: 9-0-9v 200m/a 75p 70p 58p

Manufacturers note: We can supply FROM STOCK. 1000+
quantities of the above transformers and adaptors below.
These very high quality British made two pin European adaptors

EUROPEAN are ideal for driving Radios, cassette recorders, TV games,
ADAPTORS calculators etc. The adaptors fit the UK shaver socket.

REF. D.C. Voltage Current 1+ 10+ 100+
EOB 4.5V 200rn/a 50p 45p 32p
E M3 6V 200m/a E1.00 80p 55p
509 6V 400m/a E1.50 E1.25 85p
ET4 9V 150m/a E1.50 E1.25 85p

Please note that there is no extra P/P charge on the above
transformers and adaptors.
Export please add Sea/Air mail at cost.
Callers welcome Mon -Fri 9-5.

This advert is only a fraction of our range, send 25p for our latest catalogue. Please add 35p P/P
to all orders. (Free over £5.00). Add 15% VAT to total. Send orders to:

Dept. PE2, MARCO TRADING,
The Old School, Edstaston, WEM, Shropshire SY4 5RJ.

Special Offer Test Equipment Catalogue available upon request. Send S.A.E. or Telephone.

All order despatched by return of mall. Tel:(094872)464

CELESTION RICHARD ALLAN
WE SELL PIEZO KORN TWEETERSANE. GOODMAN Up to 100 wane NAM Nn
'MN usuryWm..* MAI ono* Owed Morns ,11A SOW NoM now Lome range ..,

. ''''''. ,...../
n i ? ler11 m.C,11,0.,,16 ohms

171015. 11.111 equipme,-
2 an BOW

8 ohms
,,,,, Ilea, ChrOMINI floor Stand

...ow V GS M
Seem Arm

, In l'="' Ec. Own.. [MAI
Mat. Echo a.m.,8 duns C49.95IS in 'SOW

18 enme

Accessories CROSSOVERS
now!! 100W Bohm 2 way

100W 8 ohm 3 way

of Disco Units BOW Bohm away

60W 8 ohm 2 way

TK, ICE, All prfces mclude VAT et 15% Mall Orders e.,elcotrIe

PLUTO.
the professional

IUSICRAFTfor illustrated 303 EDGWARE ROAD,

LONDON W.2. ENGLAND
for delivery. TELEPHONE 01 402 9729 01 402 2898

&.....

f141111_An
CB Antenna &

in stock

Stockists of leading makes
& Lighting Equipment.

CITRONIC, FAL,
OPTI KIN ETICS,

Give your cabinets
finish.

Send 2 x 14p stamps
catalogue.

Please allow 14 days
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Metal cased 9" PM 101

CROFTON
MONITOR

10 MHZ Bandwidth
P4 Standard. Also
available with P31

PRICE ON
APPLICATION

NMI A Plastic cased 12"

Pit WPRINCE MONITOR
High resolution
24 MHZ Bandwidth
P31 (green) Standard
and P4 high resolution
Standard.

PRICE ON
APPLICATION

Dealer and O.E.M. Enquiries Welcome
CROFTON ELECTRONICS LTD

35 Grosvenor Road, Twickenham, Middx TW1 4AD
01-891 1923/1513

Telex: 295093

Buy British -Buy Douglas Transformers
Mail Order from TITAN Transformers &

Components
Central Hall Chambers, Duncombe Street, )Grimsby, South Humberside DN32 7EG
Prices include 15% V.A.T. Send for our millrop

Catalogue.
12 24V RANGE PRI 220 240V ,. xo.,...,,,. xx ,. ,,,, ,.,,, AUTOTRANSfORMERS 240 220 11,V
SEC 16006396T 100000609

0 Iry OV I2V
sEc f1X11103. Oliflipin

vg,i4..."v,, `''' "'jr n'''
reHoDoom0000t 0,,4 104 V.

.),10v

TYPE AMPS PRICE P/P TYPE AMPS PRICE P/P TYPE VA PRICE P/P
12v 24v £ £ 30v 60v E £ E £

213 1 0.50 2 65 0.94 124 1 05 330 1.57 25 65 3.90 1 20
71 2 1 277 1.20 126 2 1 6.36 1 57 64 80 4 82 120
18 4 2 3.98 1.57 127 4 2 7.96 1.90 4 150 6.21 1 57
68 3 15 346 1.57 125 6 3 11 78 2.10 69 250 7.54 1 57
85 5 2 5 6 06 1.57 123 8 4 14 72 2.40 53 350 9 73 2 10
70 6 3 667 1.57 40 10 5 17 10 240 67 500 11.70 240

108 8 4 8 03 1.57 120 12 6 19 44 2.55 83 750 13 51 2.25
116 12 6 9 31 2.10 121 16 8 27 70 2 90 84 1000 18 31 2.55
17 16 8 11 46 2.25 122 20 10 32 05 4.50 95 2KVA 34.36 5.50

187 30 15 19 23 2.55 189 24 12 37 02 550 73 3 64 74 5.50
232 40 20 27 61 500 57 5 97 85 7 00

101 10 179 05 10 50
A 22o ,sor 8 96,,IM.41. . kn, ,0 .1410V CASED AUTOTRANSFORMERS

'''''........' 5"- tf,firit oTr9L ,,, 1 I AO Al 11, IVIN SO, At I Ot,I

TYPE AMPS PRICE PIP TYPE AMPS PRICE P/P TYPE VA PRICE P/P
15v 30v £ £ 48v 96v £ £ £ £

112 1 050 284 1.20 430 1 0 5 4.69 1 57 56W 20 660 0.94
79 2 1 3.29 1.20 431 2 1 7.84 1 57 64W 80 843 1.57
3 4 2 6.18 1.57 432 4 2 12 94 225 4W 150 10 86 1 90

20 6 3 719 1.90 433 6 3 14-62 2.40 69W 250 13 17 2.10
21 8 4 8 52 190 434 8 4 20 04 2.70 67W 500 20 46 2.40
51 10 5 10 57 2.10 435 10 5 28.75 2 90 84W 1000 30 24 2 80

117 12 6 11 94 2.25 436 12 6 36 16 4 50 95W 2000 54 $3 5 50
88 16 8 16 14 2.40 437 16 8 39 47 550 73W 3000 78 67 7.00
89 20 10 111 54 2.55
90 24 12 20 57 2.80
91 30 15 23 63 2.90
92 40 20 33 21 5.00

/5 50.4.1 FM.120 120 /4°,/
SEC fR1 II1R4191111

voi'rsM2V °'"onr
.,............... ..m :,.... INE ADJUSTMENT ALITOIAANS4ORMF PS

rittlfloo000000oopoop000l

TYPE AMPS PRICE P/P TYPE VA PRICE P/P TYPE VA PRICE P/P
24v 50v £ £ £ £ £ £

102 1 0 50 3 29 1.43 149F 60 8.40 1.90 415C 50 2 31 094
103 2 1 409 1.43 150F 100 9.71 1.90 416C 100 346 0.94
104 4 2 765 1.73 151F 200 13 84 2.25 417C 200 400 1 20
105 6 3 9 09 1 90 152F 250 16.69 240 418F 350 626 1 57
106 8 4 12 24 6 90 153F 350 20 77 2.80 419F 500 6 74 1.90
107 12 6 16 15 2 20 154F 500 26 03 2.90 420E 750 3 33 2 10
118 16 8 22 46 2.55 155F 750 36 75 5.50 421F 1000 11 64 2 25
119 20 10 27 05 2 55 156F 1000 47 42 6.50
109 24 12 32 44 4.50

Send Today 50p (Refundable with First Order) for Catalogue
DEPT. PE TITAN TRANSFORMERS AND COMPONENTS

CENTRAL HALL CHAMBERS GRIMSBY DN32 7EG
MAIL ORDER ONLY - PRICES INCLUDE 15% VAT

LOTS OF NEW ILP
ENCAPSULATED

PRE -AMPS-
COMPATIBLE WITH
ALL RP MODULES

Suddenly. instead of two ILP encapsulated
pre -amps, there are eight - everything from the
simple mono pre -amp (HY6). through mixing mono
pre- amps HY12 and HY69). to a dual stereo pre -
amp (HY71). Plus a new guitar pre -amp (HY73)

Each gives the very best reproduction from
your equipment that your money can buy. and all are
protected against short circuit and wrong polarity.

All ILP modules are compatible with
each other - combine them to create almost any audio
system Every item carries a 5 year no quibble guarantee and
includes full connection data.

So send your order today - the Freepost coupon needs no stamp
ILP Electronics Ltd., Freepost 2, Graham Bell House, Roper Close, Canterbury CT2 7EP, Kent.
PRE -AMPS

Model
No

HY 6

Module

Mono pre amp

VVhat il does

Provides inputs for mu /mad cartridge/tuner/
tape/auxiliary with volume) bass 'treble
controls

Current
required

10 mA

Price
Inc VAT

E 7 41

Puce
ex VA)

fro 44

HY 9 Stereo pre -amp Iwo channels mag cartridge mic + v011irlie
control

10 erA 17 71 16 70

HY 12 Mono pre amp Mixes two signals into one with bass/mid
ranger treble controls

10 mA C7 71 C6 7n

HY 66 Stereo pm amp Two channels with inputs for miconag 20 mA 114 02 f12 19
Cartridge/tape/tuner/auxiliary with volume/
bass/treble /balance

- -
HY 69 Mono pm -amp Two input channels mag cartridge uric. with

mixing and volume/treble/bass controls
20 mA 112 02 £10 4`

HY 71 Dual stereo
pre amp

-- -
Provides four channels for mag Lartndge)mic
with volume control

- - ,
20 mA 1I2 36 £10 7'

HY 73 Guitar
pre -amp

Provides for two priors (bass + lead) and mic
with separate volume/bass/treble and mixing

20 nut £14 09 117 7')

HY 75 Stereo
ore -amp

TWO channels each mixing two signals into one
with bass/mid-range/treble controts

20 mA £12 36 CIO 7)

Mat

Please send me the following
LP modules

.

Total purchase price

I enclose Cheque

For easy mounting we recommend B 6 mounting board lc)
modules HY6-HY13 CO 90 nc VAL tO 78 ex VAT if31),
mounting hoard for modules HY66-HY77 CI 12 me
10 999x WIT 1 All modules are encapsulated and includ)
chp-on edge connectors All operate from + 15V mimic -
to + 30V maxlmum needing dropper resistors for nigher
voltages Modules 45610 HY13 measure 45 x 20 x 40ror

44066 to HY77 measure 90 x 20 x 40mru

How to order Freepost
Use this coupon, or a separate sheet of paper. to order

these products. or any products from other ILP Electronic,
advertisements No stamp is needed if you address to

Freepost Cheques and postal orders must be crossed and
payable to ILP Electronics Ltd: cash must be registered

C 0.D - add Et to total order value. Access and
Barclaycard welcome All UK orders sent post free within

7 days of receipt of order.

PE 4/4

Postal Orders Int. Money Order

Please debit my Access /Barclaycard No

Name

Address

Signature

Post to ILP Electronics Ltd Freepost 2 Graham Bell House Roper Close
Canterbury CT2 7EP Kent England

,n227154778 Technical 10277) 64723 Telex 965780
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YOU PUT MORE POWER IN YOUR £
WHEN YOUBUY FROM US!
WELECTRO ALUE CADS AND CHARGERS

Sanyo Cadnica
N450AA (AA size) lip COMPUTERS

CATALOGUE 4000BE SERIES
400013E 15p

71L800SERIES
74LSOO 14p

74LS193
..
."

74LS195
._,P
LP

N1800C (C size) £2.27
N3500D (D size) £3.76
6N75P (PP3 size)
CHARGERS:

£4.10
Our computer business is now transferred to:

EV COMPUTING LTD,
700 BURNAGE LANE, BURNAGE,

'82 40018E 18p 74LS02 119 14LS196 r:P NC75G (PP3) E4-95 MANCHESTER M19A 1MA.
40028E lip
4006BE 89p
40078E 18p

74LSO4
74LS05
74LSO8

lip
23p
20,,

74LS197 ?SP
74LS253 lop
74LS257 759

NC450S (4 . AA) £415
NC1230 (AA, C,D) £7641

Phone 061-432 4945.
-A MICROVALUE FOUNDER

CAPACITOR PACKA MUST FOR ANYONE USING 40088E 65p 74LS10 19; 14LS259 1101, MEMBER & DISTRIBUTOR.
A SCREWDRIVER OR 4009BE 54p 74LS11 20p 74LS266 31p Bay in quanta)/ for best value Enquiries and orders may be sent to
SOLDERING IRON! 40108E 45p 74LS14 up 74LS273 130P CP1. 100 ceramic capacitors from 198 to 1pF. ELECTROVALUE for passing on to EV

* 40118E 18P
10128E 199
10138E 38p
40148E 96P

74LS20
74LS30
74LS32
74LS37

lip
21p
22p
24p

74LS270 7813
74LS299 2959

7474LS367
56pLS368

55p

Selection determined by popular demand.
Pack Price £3.50

RESISTORS IN HANDY PACKS
COMPUTING who will deal with you
tecemptly and efficiently.

PACKED WITH INFORMATION
40158E 1149
40168E 38p

74LS38
74LS42

35pop
74LS373 1589
74LS374 1509

W. 59. toleranse, each pack, 100 items from one
decade. Selection determined by popularly PAN EL METERS

ON MORE THAN 6000 ITEMS 40178E 66p 74LS47 lip 74LS378 049 demanded values
£2.20INCLUDING SIEMENS

CAPACITORS. FERRITESANDinstead40188E Up
40I9BE 6IP
40208E 90p

74LS51
74LS73
74LS74

25p
30p
30p

74LS393 85p RD1 : IRO -8R2; RD2: 10R -82R; RD3: 100R-
820R RDI: 1K -8K2; RDS: 10K-821(; RD'S:
100K -820K; RD7: 1M -10M. each decade pack

each
of £2.69Computing IC'.SEMI -CONDUCTORS. ALSO 40218E up 74LS75 449 2114 £150 £1.3P until March 31st

SOLDER TOOLS, METERS ETC. 40226E 70p 74LS76 30p 4118 £7 90 ALUMINIUM BOXES WITH LIDS
FOR YOUR COPY OF

40238E 19P
40246E 88p

74LS85
74LS86

szop
up

4116 200nS £1.511
4116 250nS £1-30 Size Price

A7 70x133x38 85pP

TYPE MU
CATALOGUE 82 please send 709 4025BE 19p

4026BE 175p
74LS90
74LS92

44p
39p

4116 3nS £090
280A C00PU £6  00 ABS 101x101x38 85p

85P

FS D 5OpA, 100pA, lmA, 5mA,
(includes 70p voucher reclaimable
against orders valued E10.00 or
over).

40278E stp
40286E 104p
402913E 979
4030BE 51p

74LS93
74LS107
14LS112
74LS123

57p
409
Sip
12p

2130A PIO £6110
280A CTC E6 00
6402 UART £4.50
Special Offer

AB9 101x 70x38
A810 101x133x38 859
AB' 1 101x 64x51 85p
AB12 76x 51x25 67p
A813 127x 89x64 99p

10mA, 50mA, 500mA, 1 A.

SWITCHES AND CONNECTORS
DISCOUNTS

5% on orders over C23.00 lin.-
40418E 84p
40428E 75p

74LS125
74LS126

45p
42p

25 x 4116 (300nS)
£18'00 only

IN VERY GREAT VARIETY.
VEROBOXES, I.L.P. TOROIDALTRANSISTOR ANALOGUE IC

VAT!. 10% on orders over E57.50
(inc. VAT/ on most catalogue items

4043BE 08p
40448E 839

74LS132
74LSI36

60p
4z.' REGULATORS SELECTION

2N3053 23p
SELECTION

741C8 lip TRANSFORMERS.
but not for payments by credit 454613 128p 74LS137 110973p7805/12/15/24 65e

7905/12/15/24 85p 2N3054 748C8 359

cards 40496E MP
40508E 4111,

74LSI38
74LSI39

45p
70p 78L05/12/15/24 32p 2N3055 70p

8C327 11P
1555 lip
CA3080E sop SA BT R O N I CS

ALL ITEMS BRAND NEW
AND GUARANTEED

406013E 133P
406913E 239
4070BE 27p

74LS145
74LS148
74LS151

120pi4,
7.7r,

"

79L05/12/15/24 67p
723 (14 pin)

341'"78H05 £5.55
78HGKC £7.20

BC337 11P
BDI30 45p
60131 TIP

CA3130E tap
CA3140E 40P
LM380N flelf

FREQUENCY METER
Model 8960B . 9 -digit 1GHz Frequency Meter.
Professional specification: £160-00

SPEEDY MAIL ORDER
SERVICE

407113E 191,
4072BE 11Ip
4081BE 1812
40828E 19p

74LS153
741_5155
74LS156
74LS157

771,
94p
94p
60p

79HGKC £1215
LM317K £3.21

130139 ..342P
130140 '..9
BD679 53p
60680 55pV. ;

'Am £1-51
LM3914N

£2......8
NE555V
NE556A 41:

OTHER SABTRONICS
EQUIPMENTLow Profile IC

No PiP charges on U P. C.W 0. 40938E 45p
45108E 65p

74LS161
74LS163

78p
9O9

Holders-BICC
Pins 1 off, 25 09

BFY50 "I"
MJE2955 £1 20 TD A2030 £1 45 2015A Bench DMM (LCD) £33.00

orders over £5.75 inc. V.A.T.
(add 40p handling charge if

4511BE 60p
4514BE 393p

74LS164
74LS165

9OP
75p

8 lip £1  60
14 12p £2,40

MJE3055 ..,
8 ''''TIP31A 44p

TL071CP
TL072CP

45P
75p

2035A Hand -Held DMM (LCD) £112.00
8110A 8 digit 100MHz DFM £67 00

under). 4516BE 137p
4518BE 50p

74LS166
74LS173

165p
100p

16 14p £280
18 16p E3.20

TIP32A 449
TIP41A 45p

TL074CN £1-20
UAA170 £4.52 8610A 8 digit 600MHz DFM £82110

PLEASE ADD 15% V.A.T. TO 15208E 70p 74LS174 85p 20 lip £3-60 TIP42A 45p XR2206 £4-60 5020A 1-200KHz Function Generator, Sine,

TOTAL VALUE OF ALL 45438E 100p 74LS175 94P 22 21p £4 20 TIP2955 55p ZN414 £1-22 Square, Triangle and separate TTL Square
£79.06

ORDERS 4583BE 195p 74LS191 90p 24 21p £4 20 TIP3055 55p ZN425E £3 90 wave outputs

NEW PRICE LIST SHOP HOURS 9-5.30 P.rn. (1 p.m. E
Dept. PE. 4, 28 St Judea Rd., Englefield Green, Egham, Surrey

L E CT R OVA LU E TW21111N15. Phone Egham 33103 (STD 9174- (London V) Telex
Send SA E. for latest Issue valid 4 Sat.) Please mention this journal 254475. Northern Branch (personal shoppers only)4110 Burnage
months Many reduced prices. when writing or ordering by post. LTD Lane. Burnage. Manchester MIIA 1MA. Phone (Iil) 4324945.

SPERM

 SO,' tt

It's true! Continuing our special offer (while stocks last)
means there's still nearly £5.00 off the price of
'Speechtime' - the first ever easy -to -build speaking clock
kit. 'Speechtime's' combination of electronics and quartz
technology plus clear instruction manual make it fun to
build and fun to own - equally suitable for beginner or
expert.
Speechtime also makes a great gift to build for someone
else. Look at these 'plus' features:

 Accurate to a minute a year  Adjustable voice
pitch
 Pocket size - approx. 5in. x x 1 in.
 Grained stainless -steel case
 Useful in the home or office

If you haven't
bought me yet -
it's high 'time
You did! ... I'm
only £24.50

Silicon Speech Systems
(A Powertran Subsidiary)

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS., SP10 WN

EASY ORDERING BY TELEPHONE
- RING ANDOVER (0264) 64455

AND GIVE YOUR ACCESS OR
BARCLAYCARD NUMBER

Goods normally despatched 7 days.

SPECIAL

OFFER

PRICE

(2450
nd of VAT
and P/P

wnrtao

11611

,f;rk1)11,11
Litesold's new 'i,' Series soldering Iron now at a bargain price
Outstanding performance. Lightweight. Easy to maintain
Elements are enclosed in Stainless Steel shafts.
insulated with mica and ceramic. Non seize
interchangeable bits, choose from
'copper' or 'long life'. A very special
tool at a very special 'direct' price.
Just £5.58 for iron fitted with 3.2mm
copper bit. Just 2.40 for 3 spare
copper bits (1.6: 2.4: 4.7).
A mere g,4.38 for
professional spring fir/
stand! Or buy the
lot for 111.12!
and save 10% . LIGHT SOLDERING
All prices inc. VAT P.&P. DEVELOPMENTS LTD
Please allow 14 days delivery
Write today. Send Cheque/P.O. to Litesold. 97.99 Gloucester Road. Croydon CRO 2DN

or phone 01-689 0574 for Barclaycard/Access sales.
visi

The ONE catalogue
you MUST
have!

 About 2,000 items clearly listed.
 Profusely illustrated throughout.
 Large A-4 size pages.
 Bargain list, order form and 2

coupons each worth 25p if used as
directed, all supplied free.

Price f 1, plus 50p for post, packing
and insurance.

Send cheque or P.O. for £1.50

HOME RADIO Components LTD
Dept. PE, P.O. Box 92, 215 London Road,
Mitcham, Surrey. 01-543 5659
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Get a great deal from

Marshall's .
"PRACTICAL ELECTRONICS"

TV CAMERA PROJECT

We shall be pleased to receive enquiries for this fantastic
Camera Kit, including Metal case, P.C. Board, Vidicon
Tube Mounting and Screens, but excluding Lens and
Power Supply, at £166.50 inc. Postage and Packing,
plus VAT.

SPECIAL OFFERS THIS MONTH:-
Integrated Circuits:-

Numbers: 7404, 7410, 7412, 7420, 7440, 7446, 7447,
7448, 7453 and 7472

at £1.50 for 10 of any number, plus 60 pence Postage
and Packing, and VAT.

Transistors:-
Numbers: BC347, BC350 and BC171

at £1 for 10 of any one Number, plus 60 pence Postage
and Packing, and VAT.

SEND FOR OUR PRICE LIST, 50p Post Free.

A. MARSHALL (LONDON) LTD.,
Kingsgate House, Kingsgate Place, London, N.W.6.

Tel: 01-624 8582 and 01-624 0805.

INTERESTED IN

ELECTRONICS ?
TRY A ZEDPACK!

COMPONENTS AT A PRICE
EVERYONE CAN AFFORD

Z1 300 mixed and watt resistors £1 95
Z2 150 mixed 1 and 2 watt resistors L.1-50
Z3 300 mixed capacitors, most types

£3 95
Z4 100 mixed electrolytic* E2 20
25 100 mixed polystyrene caps £2 20
Z6 300 mixed printed circuit

components £1 95
Z7 300 mixed printed circuit resistors

L1.45
Z9 100 mixed miniature ceramic and

plate caps £1  20
210 25 assorted pots. £1-50
211 25 assorted presets, skeleton etc. £1
212 20 assorted vdr's and thermistors

£1 20
213 1Ib mixed hardware. Nuts, bolts

self -tappers, slaeving, etc. £1  20
Z14 100 mixed, new and marked, full spec.

transistors. Pack includes:- BC148,
BF154, BF274, BC212L, BC238, BC184L,
PBC108 and, or lots of similar types

£4. 95
Z15100 mixed diodes including:-zener,

power, bridge, signal, germanium,
silicon etc. All full spec. £4 95

Z16 20 1N4148 E1
217 20 1N4003/1 002
Z18 20 assorted zeners, 1 watt and 400mw

El  50
119 12 -125" TIL 209 RED. LED'S £1
Z2010 Assorted switches, including push

button, slide, multipole, miniature etc.
Fantastic value. £120.

UHF MODULATORS
Video in UHF out. Calibrated to channel 36
(625 line UHF) housed In metal box 24"
2" x I" with 9' coaxial lead, TV plug and
connection data. £2 50 ea. 3 for £6.
200µA Miniature levellbatt. meters, as

fitted to many cassette recorders. 90p
Deluxe FIBREGLASS printed circuit
etching kits.
includes 150 sq ins. of copperclad F/G board.
11b ferric chloride, (made for U.S. army to
MIL, SPEC.), 1 dab etch resist pen, abrasive
cleaner, tweezers, etch resist dish and in-
structions. OUR PRICE £5.95
llb of FeCI. £2.25.

100 Miniature reed switches. £2.30
100 Subminiature Reed Switches. £4-20

SMALL MAGNETS
With hole in 6 for £1

PlI3 SWITCH BANKS
These cost a fortunel Were made for
various music centres. Includes indepen-
dent and interdependent latching types
multi pole c/o etc. Can be modified.
Can't be repeated. 3 Banks for E1.
KNOBS for Switch Banks 10 for £1.
Chrome or spun aluminium finish.

MINIATURE MAINS TRANSFORMERS
Top quality. Split bobbin construction
will give 4 -5V -0-4-5V at 250MA. 1f" x 15"
x 14", all sorts of uses. ONLY 41

3 for £2-50.
PPS Battery Connectors 10 for 50p.
Miniature Press to Make Switches, Red
knob. 3 for 50p.
Subminiature S.P.C.O. Slide Switches.
6 for 50P.
Miniature D.P.C.O. Slide Switches.
6 for 50p.
Standard 2P. 3 Position Slide Switch.
4 for 50p.
TBA810P 7 Watt Amp. I.C. with circuits
and data. only £1
MFC8O1O 1 Watt I.C. with data and
circuits. 60p, 2 for £1
555 Timers. 30p ea., 4 for £1
6A 100V Bridge Rectifier. Sma11.80p ea.,

3 for £2
2N3055H. RCA. 60p, 3 for E1.50
9 Section, Chrome on Brass Telescopic
Aerial. Plugs into any 3.5mrn socket.
Approx 25" extended E1 each. 3 for £2.50.
Hi Power Infra Red Transmitter 5mm
LED. TIL 30 60p ea. 3 for £1  50.
Crystal Clear 3mm LEDS very pretty
Red, Green, Yellow. 10 of one colour £1.
10 of each £2-50.

ALTERNATOR RECTIFIERS
Make lovely 60 amp bridges. Ideal for
High Power Battery Chargers.
Type 4AFI. Set of 4 (2 neg. case +

. 2 pos. case) E2.
Special Purchase enables us to
offer Mullard C210 Polyester Capa-
citors (Liquorice Allsorts) at the
unbeatable price of E2 for 100 mixed.
£15 for 1000. These consist of factory
clearance lots i.e. spillages, floor
sweepings, cosmetic rejects etc. Also,
Mullard Miniature Electrolytics. 200
moced E2.

To: "GEMINI ELECTRONIC COMPONENTS" DEPT PE
"THE WAREHOUSE" SPEEDWELL ST. LONDON S.E.B.

Where shown. Send Cheque'. or Postal Order. Plus 611p P&P. and 15% VAT.
Please Quote ZED Code. eSchools etc. SEND OFFICIAL ORDER

ZED PACKS now available for Callers at 50 Deptford Broadway, London, S.E.B.
Please allow 7 days for delivery. Send large SA. E for fuller list.

MIXERS.FADERS,
VU METER DRIVERS

AND MORE-
ALL NEW FROM ILP!

Just some 01 the 28 new amazingly compact modules from ILP Electronics. Britain's
leader in electronics modules - you'll find more new products in the amps and pre -amps
advertisements.

All ILP modules are compatible with each other- you can combine them to create
almost any audio system. Together they form the most exciting and versatile modularassembly
system for constructors of all ages and experience.

Every item from ILP carries a 5 year no quibble guarantee and includes full
connection data. So send your order on the Freepost coupon below today!
MIXERS

Model
No

Module What it does
Current
required

Price
inc VAT

Price
ex VAT

HY 7 Mom mixer Mixes eight signals into one 10 mA £5 92 £5 15

HY 8 Stereo mixer Two channels each mixing live signals into one 10 mit £7 19 £6 25

HY 11 Mono mixer Mixes five signais into one - with base/treble
controls

10 mA £8 11 C7 50

HY 68 Stereo mixer Two channels. each mixing len signals into one 20 mA £9 14 Cl 95

HY 74 Stereo mixer Two channels each mixing live signals into one
- with treble and bass controls

20 mA f13 17 f11 45

AND OTHER EXCITING NEW MODULES

Model

No
Module What it does

Current
required

Price
inc VAT

Price
ex VAT

HY 13 Mono VU meter Programmable gain/LED overload driver 10 mA £684 £595

HY 67' Stereo head-
phone driver

Will drive stereo headphones in the 4 mm
21( ohm range.

80 mA F14 20 £12 35

HY 72 Voice operated
stereo laden

Provides depthidelay ettects 20 mA £15 07 £13 10

HY 73 Guitar
pre -amp

Handles Iwo guitars (bass and lead) and mic
with separate voiumeibassiireble and mix

20 mA £14 09 fl2 25

HY 76 Stereo switch
matrix

Provides two channels. each switching one of
four signals vs one

20 mA To be announced

HY 77 Stereo VU
meter driver

Programmable gain/LED overload driver 20 mA £1064 £925

For easy mounting we recommend
B 6 mounting board for modules HY6 -HY13 CO 90 inc VAT (0 78 ex VAT I

66 mounting board for ?nodules HY66-1-IY77 CI 12 inc VAT 10 99 ex VAT
'All modules are encapsulated and include clip -on edge connectors All operate Irani -E15V

minimum to -1.-30V maximum needing dropper resistors tor higher voltages HY67 can be used only with the
PSU 30 Dower supply unit Modules HY6 Is HY13 measure 45 x 20 x 40mm HY66 to 9777 measure
9nx 20x 40nv,1
FP 480 BRIDGING UNIT FOR DOUBLING POWER

Designed specially by ILP for use with any two power amplifiers of the same type to
double the power output obtained and will function with any ILP power supply. In totally sealed
case. size 45 x 50 x 20mm with edge connector. It thus becomes possible to obtain 480 watts
rms (single channel ) into 8S1. Contributory distort ion less than 0 005% Price £5. 51Inc VAT
(Ex. VAT £4.79. )
How to order Freepost:

Use this coupon. or a separate sheet of paper, to order these products or any
products from other 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 cash
must be registered C.O.D. - add £1 to total order value Access and Barclaycard welcome.
All UK orders sent post free within 7 days of receipt of order_
ILP Electronics Ltd., Freepost 2 Graham Bell H0440, Roper Close, Canterbury CT2 7EP, Kent

Itttp
PE 5/4Please send me the following

ILP modules

Total purchase price

enclose Cheque Postal Orders int Money Order

Please debit my Access/Barclaycard No

Name

Address

Signature

Post to ILP Electronics LId Freepost 2 Graham Be House Roper Close
r,nierbuoi CT? 7EP Kent England

quhone 102271 54770 Technical 10227164723 telex 965780

ELECTRONICS LTD.,

STAYAHEAD.STAY WITH US
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COMPLETE KIT £363.90

COMPLETE KIT £349

CLEF ELECTRONIC MUSIC
ELECTRONIC

PIANOS
SPECIALISTS SINCE 1972
Clef Pianos adopt the most advanced
form of Touch Sensitive action which
simulates piano Kc, Inertia using a

patented electronic n. '

714 OCTAVE
DOMESTIC MODEL

COMPONENT KIT £244
COMPLETE KIT £399.90

MANUFACTURED
Two Domestic Models are available
including the 88 note full-size version.
Four intermixable Voice Controls may
be used to obtain a wide variation of
Piano tone. including Harpsichord.
Both Soft and Sustain Pedals are in

in the Design and internal
Effects are provided in the form of
Tremolo. Honky Chorus. and
Phase/Flanger.
A power amplifier integrates into the
Piano top which may be removed from
the Rase for easy transportation.

SIX OCTAVE
DOMESTIC MODEL

COMPONENT KIT f217
MANUFACTURED £595

Component Kits include Keyboard.
Key -switch hardware. and all electronic
components and may be purchased in
four stages at no extra cost.
Complete Kits further contain Cabinets.
wiring harness. Pedals and in the case of
Dorfiestic Models both Power Amplifier
and Speaker.
The Six Octave Stage Piano has the
same range of Voices and Effects and is
designed for use with an External
.5raplifier .find Speaker

SIX OCTAVE
STAGE MODEL

COMPONENT KIT f217
MANUFACTURED [530

Since 1972 Clef Products have consistently produced leading designs
in the field of Electronic Musical Instruments. many of which have
been published in technical magazines. With musical quality of
laramount importance. new techniques have been evolved and the
atest musically valid technology has been incorporated into projects
which have been successfully completed by constructors over a wide
range of technical capability. Back-up TELEPHONE advice to our
customers is available from the De igner of all Kits advertised.

STRING

ENSEMBLE
(As Published in conjunction
with 'Practical Electronics)

A very popular Keyboard
Synthesizer Kit. for Group or
Home use. with a four octave
compass and split Keyboard
facility.
The instrument is fully
polyphonic and has two rich
Multi String Voices plus
Woodwind and Brass Effects
for individual or Mixed use.
Variable Attack and Sustain
Controls give a good Orchestral
Mix with the added concert hall
reverberation effect produced
by sustain coupled with phase
modulation in the Chorus Unit.
The Component Kit includes
Keyboard. Key switch
hardware. and all electronic
components plus tone generator
linking wire and Volume Pedal.
A copy of the P.E. project series
can he supplied for £3.00 inc.
post.

COMPONENT KIT

£179.00

ROTOR -CHORUS
Comprehensive two speed
organ rotor simulator plus a

three phase chorus generator on
a single 8" x 5" pcb. The kit
includes all components for
mains operation and a stereo
headphone driver pcb. Easily in
tegrated with existing
organ/amplifier system.

COMPONENT KIT 0900

KEYBOARDS
Our Square Front Keyboards
are chosen for their superior feel
to the discerning musician
whilst giving adequate physical
strength for the high impact
playing present in the Piano
application.

III NOTE IA -C) 157.00
73 NOTE IF -Fl £47.00
FIVE OCTAVE f 36.00

FOUR OCTAVE f20.75

EXPERIMENTERS
A number of our Sub -Kits are
of interest to Electronic Music
and COMPUTER Experi
menters. These include the 6502
based MICRO -
CONTROLLER and Music
system kit used in the BAND
BOX. plus a 49 note four pitch
diode Keyswitch system. See
our lists for Sub -Kit prices.

PRICES INCLUDE VAT, UK CARRIAGE & INSURANCE
(CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for
our complete lists, or use our telephone VSA/ACCESS Service.
Competitive quotations can be given for EXPORT orders - in
Australia please contact JAYC AR in Sydney.

CLEF PRODUCTS (ELECTRONICS)
LIMITED

(Dept. P.E.) 44A Bramhall Lane South, Elramhall.
Stockport, Cheshire SK7 1AH 061-439-3297

"THE COMPUTER BAND -BOX"
(As Published in conjunction with "Practical Electronics"

COMPLETE
KIT

£289

£399
MANFD.

PRICES INCLUDE MASTER RHYTHM
A revolution in the field el Computer Music Generation!

4 MUSICIA VS INSTRUMENT FOR:
SOLOISTS - SINGERS - RECORDING - PRACTICE
LIVE PERFORMANCE -COMPOSITION
The BAND -BOX provides an Electronic Backing Trio consisting of
Drums. Bass. and a Chord Instrument (one of 16
Waveform/Enevelope combinations). with the capicity to store over
1000 User Programmable Chord Changes on more than 120
different Chords. Using advanced Microprocessor technology,
Playback of 50-100 Scores can be executed in any Key and at chosen
Tempo. Complete Music Pad is electronically Indexed and stored on
secondary battery back-up. Facility exists for composition of Intro.
Repeat Chorus, and Coda sections including Multiple Score Se-
quences. Sockets are provided for Volume Pedal and Footswitch plus
separate and mixed instrument Outputs. Total size 19" x I I" x 4-1-"
incorporating Master Rhythm.

THE Programmable DRUM MACHINE
(As Published in conjunction irith 'Practical Electronics')

EIGHT TRACK
PROGRAMMING
/TWENTY-FOUR
PATTERNS/
TWELVE
INSTRUMENTS
SEQUENCE
OPERATION.
COMPLETE KIT
£79.00
MANED. £119.00

The Clef Master Rhythm is capable of storing 24 selectable rhythmic
drum patterns. invented. modified, and entered by the Operator on to
Eight Instrumentation tracks. A three position Instrumentation con-
trol expands the number of instruments available to twelve, grouped
into sounds typical of playing with Drumsticks. Brushes, or Latin
American Bongos and Claves.
Sequence operation allows two rhythm sections to be coupled with
the second (B) section appearing at four, eight or sixteen Bar repeti-
tion. All drums can be adjusted for level and resonance on internal
controls to suit individual taste. thus producing good musical sounds
in a battery driven unit 8+" x 5" x 2-f".

CMOS
4000 0.11

4001 0.11

4002 0.12
4007 0.13
4008 0.50
40084E 0.80
4009 0.25
4010 0.30
401146 0.24
4011 0.11

4013 0.25
4015 0.50
4016 0.22
4017 0.40
4019 0.38
4020 0.55
4021 0.55
4022 0.55
4023 0.15
4024 0.33
4025 0 15
4026 105
4027 0.26
4028 0.50
4029 0.55
4030 0.35
4035 0.67
4040 0.50
4042 0.50
4043 0.50
40434E 0.93
4044 0.60
4046 0.60
4047 0.613

4049 024
4050 0.24
4051 0.55
4052 0.55
4053 0.55
4054 1.30
4055 1.30
4056 1.30
4059 5.75
4060 0.75
4063 1.15
4066 0.30
4067 4.30
4068 0.16
409346 0.14
4070 0.16
4071 0.16
4072 0.16
4073 0.16
4075 0 16
4076 0.55

4077
4078
4061
4062
4093
4099
4175
4502
4503
4506
4507
4508
4510
4511
4512
4514
4515
4516
4518
4520
4521
4522
4527
4528
4529
4531
4532
4534
4536
4538
4539
4543
4549
4553
4554
4555
4556
4557
4558
4559
4560
4561
4562
4566
4568
4569
4572
4580
4581
4582
4583
4584
4585
4702
4703
4704

0 18
0.18
0.12
0.18
0.30
0.80
0.80
0.60
0.50
0.70
0.37
1.50
0.55
0.45
0.55
1.25
1.25
0.60
0.35
0.60
1.30
0.89
0.80
0.65
0.70
0.65
0.50
4.00
2.50
0.85
0.80
0.80
3.50
2.70
1.20
0.3
0.40
2.30
0.80

3.50
2.50
1.00
2.50
1.20
1.45
1.70
0.22
3.25
1.40
0.70
0.80
0.27
0.45
4 50
448
4 24

4705 4.24
4706 4.50
4720 4.00
4723 0.95
4724 0.95
4725 2.24
40014 0.54
40085 0.99
40096 0.54
40106 0.69
40160 1.05
40161 1.05
40162 1.05
40163 1.05
40174 1.05
40175 1.05
40192 1.08

40193 toe
40194 1.00
40195 1.00

TT L N
7400N
7401N
7402N
740314
7404N
740514
7406N
7407N
7408N
7409N
7410N
7411N
7412N
7413N
7414N
7416N
7417N
742014
7421N
742314
7425N
7426N
7427N
7430N
7432N
7437N
7438N
7440N
7441N
744214
744314
7444N
7445N
7446N

0.10
0.10
020
0.11
0.12
0.12
0.22
0.22
0 15
0 15
0.12
0.18
0.19
0.27
0.51
0.27
0.27
0.13
0.28
0.22
0.22
0.D
0.22
0.12
0.23
0.22
0.22
0 14
0.54
0.42
0.62
0.62
0.62
0.62

744714
7448N
7450
7451N
7453N
7454N
746014
7470N
747214
7473N
7474N
7475N
7476N
7480N
7481N
7482N
7485N
748611
7489N
7490N
749114
7492N
749314
7494N
749514
7496N
7497N
74100
74104
74105
74107
74109N
7411014
74111N
74112N
74116N
74118N
74119N
7412014
74121N
74122N
74123N
74125N
74126N
74128N
7413214
74136N
74141N
74142N
7414314
74144N
74145N
74147N
74148N
74150N
74151N

0.62
0.56
0 14
0.14
0.14
0.14
0.14
0.28
0.27
0.28
0.28
0.35
0.30
0.26
0.20
0.75
0.75
0.24
1.05
0.30
0.55
0.35
0.35
0.70
0.60
0.45
1.40
1.10
062
0.62
0.26
0.35
0.54
0.68
1.70
1.98
0.85
1_20
0.95
0.34
0.34
0.40
0.40
0.40
0.65
0.50
0.65
0.45
1.85
2.50
2.50
0.75
1.50
1.09
0.79

74153N 0.55
74154N 0.55
74155N 0.55
74156N 0.55
74157N 0.55
74159N 1.90
74160N 0.55
74161N 0.55
74162N 0.55 0.10
74163N 0.55 0.10
7416414 0.55 011
74165N 0.55 0.11
74166N 0.70 0.14
74167N 1.25 0.13
74170N 1.25 0.12
74173N 1.10 012
74174N 0.75 0.12
74175N 075 0.12
74176N 0.75 0.12

74177N 0.75 0.20
74178N 0.90 0.30
74179N 1.35 0.12
741e014 0.75 0.12
74181N 1.72 0.12
74182N 0.70 0.12
74184N 1.20 0.14
74185N 1.20 0.12
74188N 3.00 0.15
74190N 0.55 012
74191N 0.55 0.12
7419214 0.55 0.15
74193N 0.55 0.15
74194N 0.55 0.14
74195N 0.55 0.13
74196N 0.55 0.30
74197N 0.55 0.35
74198N 0.85 0.45
74199N 1.00 0.551
7422114 1.00 0.13
74246N 1.50 0.14
74247N 1.51 0.14
74248N 1.89 0.21
74249N 0.11 0.18
74251N 1.05 0.22
74265N 0.66 0.20
74273N 2.67 0.10
74278N 2.49 0.40
74279N 0.89 0.80
742I33N 1.30 0.14
74284N 3.50 0.32
74285N 3.50 0.28

74290N 1 00 0.31

74293N 1.05 0.31

74297N 2.36 0.40
74296N 1.85 1.20

7.:.14 1 ::., 0.25

74366N
74367N
74368N
74390N
74393N
74490N

74LSN
74LSCON
74LSO1N
741502N
741503N
74LSO4N
741505N
741508N
74LS09N
741510N
741511N
741512N
74151314
741514N
741515N
741520N
741521N
741522N
741526N
741527N
741528N
741530N
74LS32N
741533N
741537N
741538N
741540N
741.542N
741547N
741548N
74LS49N
741551N
741554N
741555N
741573N
741574N
741575N
741576N
741578N
741583N
741585N
741586N
741S9ON
741591N
741592N
741.593N
741595N
741596N
74LS107N

0.85
0.85
0.85
1.86
1.85
1.85

7415109N
7415112N
7451113N
7415114N
7415122N
7415123N
7415124N
7415125N
74LS126N
7415132N
7415133N
7415136N
7415138N
7415139N
7415145N
7415151N
7415153N
7415154N
7415155N
7415156N
7415157N
7415158N
74151130N
7415161N
7415162N
7415163N
74LS164N
7415165N
7415166N
741516814
7415169N
7415170N
7415173N
7415174N
7415175N
741518114
74LS1E13N
74LST89N
7415190N
7415191N
7415192N
7415193N
7415194N
7415195N
7415196N
7415197N
7415203N
7415202N
7415221N
7415240N
7415241N
7415242N
7415243N
7415244N
74L S245N
74LS247N

0.20
0.20
0.20
0.19
0.35
0.35
1.80
0.24
0.24
0.42
0.24
0.20
0.30
0.30
1.20
0.30
0.27
0.99
0.35
0.37
0.30
0.30
0.37
0.37
0.37
0.37
0.40
0.80
0.80
0.70
0.85
0.00
0.50
0.40
0.40
1.05
1.75
1.213
U.45
0.45
0.45
0.42
0.35
0.35
0.55
0.60
3.40
3.45
0.50
0.80
0.80
0.70
0.70
0.60
080
1 35

7415248N
7415249N
7415251N
74LS253N
7415257N
7415258N
7415259N
7415260N
7415266N
7415273N
7415275N
7415279N
74152130N
741.5283N
7415290N
7415293N
7415295N
7415298N
7415365N
7415366N
7415367N
7415368N
7415373N
741.5374N
74LS375N
7415377N
74LS378N
74LS379N
7415384N
7415385N
7415386N
7415390N
7415333N
7415395N
7415396N
7415398N
74LS399N
7415445N
7415447N
7415490N
74156E8N
7415669N
7415670N

RAM
2102
2112
2114/2
4027
4116/2
4116/3
4864P
6116P 3
6116P 4
8264

1 35
1.35
035
0.35
0.40
0.37
0.80
0.50
0.22
0.70
3.20
0.35
2.50
0.42
0.50
0.40
1.50
0.76
0.32
0.34
0.32
0.35
0.70
0.70
0.40
0.85
0.65
0.60
2.50
2.05
029
0.68
0.61
2.10
1.99
2 75
2.30
1.40
1.95
1 10
1.05
1.05
1 70

1 70
3.40
1.49
5.78
1 59
1 49

12 50
0.00

11 25
12 50

74CXX
74C00
74002
74C04
74C06
74C10
74C14
74C20
74C30
74C32
74C42
74C48
74C73
74C74
74C76
74C83
74C85
74086
74089
74C90
74C93
74C95
74C 107
74C151
740154
74CI57
74C160
740161
74C162
74C163
74C164
74C165
740173
74C174
74C175
74C192
74C193
74C195
740200
740221
74C901
74C902
740903
74C904
740905
74C906
74C907
74C9138
74C909
74C910
74C914
74C918
74C925
74C926
74C927

0.20
0.20
0.20
0.20
0.20
0.55
0.20
0.20
0.20
0.83
1.03
0.50
0.50
0.48
0.98
0.98
0.26
2.68
0.80
0.80
0.94
0.48
1.52
2.26
1.52
0.93
0.90
0.80
0.80
0.80
0.84
0.72
0.72
0.72
0.93
0.80
080
4.52
1 06
038
0.38
0.38
0.38
564
038
0.39
0.84
1.52
3.62
086
098
432
4.32
4.32

Processors
8080 series
80904FC/2 [7.30
8212 2.30
8214 3.50
8216 1.05
8224 3.50
8251 6.21
8255 5.40

880018809
0500p f2.00
613400 4.25
68800
6802
6809
6810
69410
68810
8820
6621
68421
68E121
6840
68440
68840
6850

3.50
[8.75
1.25
1.85
2.04
1.95
1.25
2.10
2.25
4.25
4.55
4.05
1.50

681350 2.13
6852 2.95
68452 2.75
68852 2.95
68468 5.25

Z80 series
2934 13.75
280ADRT 7.50
MOAPIO 3.50
280A510/ 1 11.00
290ASIO/ 2 11.00
Z804510/9 0.05
2130CTC 4.00
280ACTC 4.50
28001 65.00

PROM
2708
2716
2532
2732

2.00
[3.00
OA

t4.00

Normal delivery
within 48 hrs.
Prices shown
exclude VAT.
Postage 50p
per order (UK).

AMBIT international
TELEPHONE STD 0277 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG

200 north Seruice Rood, Brentwood, ESSEH
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FINAL RADIO AND ELECTRONICS

EXHIBITION AT BELLE VUE
by the NORTHERN AMATEUR RADIO SOCIETIES ASSOCIATION

in the

LANCASTER HALL
BELLE VUE MANCHESTER

on Sunday 4th April 1982
doors open at 11 a.m.

The North's Premier Amateur Radio and Electronics Event.
Features: Inter -Club Quiz. Grand Raffle. Construction Contest. Amateur Computer Stands, R.S.G.B.
Bookstall, Radio Society's Stands and Trophy. Home Office and Raynet Stands.

The following traders have booked space:

Eurova Ltd

J. Birkett
Radiotronics

Lowe Electronics

P.M. Electronic Services

P.K.G. Electronics

DS Electronics

Thanet Electronics

Electrovalue Ltd

Elphan Electronics

J. Peterson

Elkan Electronics

Sutton Electronics

S.M.C. (Jack Tweedy) Ltd

Wilson Valves

Amateur Radio Exchange

The Amateur Radio Shop

Microwave Modules
John's Radio

New Cross Radio

W.H. Westlake

Telecom

Leeds Amateur Radio

Newton Engraving

Packer Communications
Micro Print Ltd
Chris Moulding

Gemini Communications
R.S.G.B. Books

Scorpio Amateur Aerials

Stephens -James Ltd

Isherwood Electronics

Bredhury Electronics

Display Electronics

SGS Electronics

The Computer Junk Shop

Arrow Electronics Ltd
Royd Electronics

Ace Mailtronix Ltd
Gemini Electronic Components

Tony's Radios

J.M.G. Electronics

Sota Comm. Syst. Ltd

M K Electronics

Belle Vue has ample car parks.

F.M.Talk in on GB3NRS & G8NRS/A on 145MHz CHs22 R2 R6
and on 433MHz Chs SUB-RB4-RB14

ADMISSION 60p BY RAFFLE TICKET AND EXHIBITION PLAN
ENTER AT REAR OF BELLE VUE OPPOSITE MAIN CAR PARK

OFF HYDE ROAD A51

"SEE SCAN" (PRINTOID LTD)
FREEPOST,

20/21 ALFRIC SQUARE,
PETERBOROUGH PE2 OBR

The designers and manufacturers of the
PE Camera Project offer technical club

membership/certification to project enthusiasts.

Camera technical support and
circuit testing/alignment service available.
Various kits and projects always on hand

(simple/intermediate/advanced).

Write for full parts list/club application forms
(camera/electronics/security products) or ring:

Project "C" Engineer

on 0733 253447 (4 lines)

Access/Barclaycard accepted.

ILP POWER
SUPPLIES-

MOST WITH ILP
TOROIDAL

TRANSFORMERS
Space -saving.

efficient ILP power supplies
are designed to give you
flexibility in planning audio
assemblies. Nine of the
eleven models have toroidal
transformers manufactured on
new cost-efficient high technology
machines in our own factory. So we keep the
quality up. and the price down.

ILP power supplies are compatible
with all other ILP modules - combine them to
produce almost any audio system. All carry the ILP 5
year no quibble guarantee and include full connection data.

So send your order on the Freepost coupon below today,

POWER SUPPLY UNITS

Model No For use with
Price

inc VAT
Price

ex Vitt

PSU 30 ±-15V combinations of HY6/66 series to a maximum of 100 mA or one - £5 18 £4 50
HY67

The following will also drive the HY6/66 series except HY67 which
requires the PSU 30

PSU 36 1 on 2 HY 30 £9 32 £8.10

PSU50 1 or 2HY60 £1258 £10.94

PSU 60 1 x HY 120/HY 120P/HD 120/HD 120P £1500 13 04

PSU 65 1 x MOS 120/1 x MOS 120P £15 32 £13 32

PSU 70 1 or 2 HY 120/HY 120P/HD 120/HD 120P f18 31 fl5 92

PSU 75 1 or 2 MOS 120/MOS 120P £18.63 £16 20

PSU 90 1 x HY 200/HY 200P/HD 200/HD 200P £18 63 £t6 20

PSU 95 1 x MOS 200/ MOS 200P £18.77 £16 32

PSU 180 2x HY 200/HY 200P/HD 200/HD 200P or £24 54 £21 34
1 x HY 400/1 x HY 400P/HD400/HD 400P

PSU 185 1 or 2 MOS 200/MOS 200P/1 x MOS 400 £24 68 £21 46
1 x MOS 400P.

All models incorporate ILP toroidal transformers except PSU 30 and PSU 36
which include our own laminated transformers.

How to order Freepost:
Use this coupon. or a separate sheet of paper. to order these modules, or any

products from other ILP Electronics advertisements. No stamp is needed if you address to
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd: cash
must be registered. C 0.D. -add El to total order value. Access and Barclaycard welcome
All UK orders sent post fre4 within 7 days of receipt of order
ILP Electronics Ltd., Freepost 2 Graham Bell House, Roper Close, Canterbury CT2 7EP, Kent.

PE 6/4Please !r.1, Is owing
ILP modules

Total purchase price

I enclose Cheque Ei PostalOrders

Please debit my Access /Barclaycard No.

Name

Address

Int MoneyOrder

Post to ILP Electronics Ltd Freepost 2 Graham Bell House Roper Cloy
Canterbury CT2 7EP. Cent. England
'uiephone 1022 71 54 778 Technical 10227164723 Telex 965780

IlL I' I
\se ELECTRONICS LTO./

STAYAHEAD.STAY WITH US
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SELLING OR
BUYING

A classified advertisement
could solve your problem at

very little cost.

RING LINDA
01-261 5846

RECEIVERS AND COMPONENTS

300 SMALL COMPONENTS, Transistors, diodes £1.70. 7lbs
assorted components £4.25. 101bs £5.75. 20 wire ended
neons £I. Forty 74 series ICs on panel £1.70. 500
capacitors £3.20. List 20p refundable. Post 60p, optional
insurance 20p. JWB Radio, 2, Barnfield Crescent, Sale,
Cheshire M33 INL.

TURN YOUR SURPLUS Capacitors, transistors. etc., into cash.
Contact COLES-HARDING CO., 103 South Brink.
Wishcch. Cambs. 0945-4188. Immediate settlement.

BOURNEMOUTH/BOSCOMBE. Electronic components spe-
cialists for 33 years. Foresters (National Radio Supplies),
Late Holdenhurst Road. Now at 36, Ashley Road,
Boscombe. Tel. 302204. Closed Weds.

50 COMPONENTS, assorted. transistors, resistors etc. £0.60
post paid. J & G Repairs. 100 Norman Rise. Livingstone,
EH54 6LZ.

BRAND NEW COMPONENTS BY RETURN
Electolytic Capacitors 16V, 25V, 50V.
047, 1.0, 2.2, 4.7 & 10 Mfds. - 5p.

22 & 47 -Op 100--7p. 150V-110. 220-8p.
(50V -10p). 470-11p. (40V-160). 1000/15V -15p.
1000/25V -25p. 1000/40V -35p.
Subminiature bead Tantalum electrolytic,.
0 1. 0 22, 0 47, 1 0 4 35V, 4 7 4 6 3V - 141.
2.2/35V, 4.7/25V -15p. 10/25V. 15/16V-2 Ni.
22/16V. 33/10V, 47/6V. 68/3V & 100/3V -10P.
15/25V, 22/25V. 47/10V -35p. 47/16V -80p.
Subminiature Ceramic Caps. E12 Series 100V.
2% 10 pf. to 47 pf.-3p. 56 of to 330 pf.-4p.
10% 390 Pf. to 4700 pf.-4p.
Vertical Mounting Ceramic Plate Caps. 50V.
El 2 22 pf. to 1000 pf. E6 1500 pf. to 47000 pf.-2p.
Polystyrene E12 Series 63V. Horizontal Mntg.
10 pf. to 820' pf.-3p. 1000 pf. to 10.000 of. ---40.

Miniature Polyester 250V Vert. Mtg. Eli Swim.
01 to 068-4p. 1 -lip. 15, 22-6p. 33. 47-10p.
68 - 12p. 1 0 - 16p. 1 5 - 22p. 22 - 24p.
Myier (Polyester) Film 100V. Vertical Mounting.
.001, 0022, .0047-3p. .01, .022-4p. 04, -05, 0.1-5p.
High Stability Miniature Film Resistors 5%

tW E24 Series 0.51R - 1OMO. (Except 7M5. 9M11 - 10.
W E12 Series 160 to 10M0. - 1Ip.
W 512 Series 106 to 10M0. -

metal film E12 Series 10R-1 M0. 5% - 2p. 1% - 3p.
1N4148 -2p. 1 N4002 -4p. 1N4008 -6p. 1N4007 -7p.
BC107/8/9-12p. 8C147/8/9. BC157/8/9. 8E195 & 7-10p.'
8 Pin i.c's. 741 Op. amp. -18p. 555 Timer -24p.
Dil Holders 8 pin -9p. 14 pin -12p. 18 pin -14p.
LED's. 3 & 5mm. Red -10o. Green & Yellow -14o.
Grommets for 3mm -11p. Grommets for 5mm-2p.
20mm. Q.B. Fuses 15, 25. 5. 1. 2, 3 & 5A -5p.
20mm. Anti Surge 100mA to 5.0A -8p.
20mm. Fuseholders P.C. or Chassis Mtg.-8p.
Battery Snaps (pairs) PP3-6p. PP9-12p.
400mW Zener diodes E24 series 2V7 to 33V -Sp.

Prices VAT inclusive Post 15p. (Free over E5.00).

THE C. R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S8 ORN.

SMALL ADS
The prepaid rate for classified advertisements is 32
pence per word (minimum 12 words), box number 60p
extra. Semi -display setting £10.70 per single column
centimetre (minimum 2.5 ems). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed "Lloyds Bank Ltd". Treasury notes should
always be sent registered post. Advertisements, together
with remittance, should be sent to the Classified
Advertisement Manager, Practical Electronics, Room
2612, IPC Magazines Limited, King's Reach Tower,
Stamford St., London, SE1 9LS. (Telephone 01-261
58461.

T & J ELECTRONIC COMPONENTS. quality components, com-
petitive prices. Illustrated catalogue 45p. 98 Burrow Road.
Chigwell. Essex.

1000 ASSTO 5% RESISTORS, pre -formed for PCB mounting
f2.50. 50 asstd full -spec LED's, 3 & 5mm, all colours£3.20

50 asstd full -spec transistors. BC 182/212/237/308 etc.
£3.00. 100 asstd PC mntg electrolytics f3.00. One of each
pack f I I. All post free. SAE Wholesale list. PC Electronics,
2 Thornhill. Romsey Road, Whiteparish, Salisbury, Wilts.

TE 1/4 ECTRIC
As featured in PE March & April 82

Self Assembly Kit £47.50 VAT
Built and Tested £64.00 VAT

Components available separately.
SAE for details.
P&P ft, CWO

Response Company,
Froxfield, Petersfield, Hants. GU32 1 DX.

WHEN REPLYING TO
ADVERTISEMENTS PLEASE MENTION

PRACTICAL ELECTRONICS

THE OUTSTANDING
PRACTICAL ELECTRONICS

MINIATURE

SCORPIO
CAR IGNITION

* NEAT & COMPACT
* EASY TO INSTALL
* AMAZING LOW PRICE
* ROBUST DIE-CAST CASE
* FULL CIRCUIT PROTECTION
* COMPLETELY WEATHERPROOF
All parts as specified in PE for only

£14.85 inc. VAT, p&p.

PCB only: £1 .75 inc. VAT, p&p.

Re -prints of 1975 & 1982 articles
available; send S.A.E. for full price

list of parts.

DEPT. PE,
MICROSTATE LIMITED,

5 NORTHFIELD CLOSE,
FERNHILL HEATH,

WORCESTER, WR3 7XB.

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

BOOKS AND PUBLICATIONS

ANY SINGLE SERVICE SHEET il/L.S.A.E. Thousands
different repair/service manuals/sheets in stock. Repair
data your named T.V. f6.50, (with circuits £8.50). S.A.E.
Newsletter. pricelists. quotations. AUS (PE), 76 Churches,
Larkhall. Lanarkshire. (0698 883334).

SOFTWARE

ZX 81 11610 SOFTWARE. Champions Quiz - it's fun for all
ages. Four quiz programs on one cassette. All questions use
RND functions f4.30. ROSE CASSETTES, 148 Widney
Lane. Solihull. West Midlands.

IX81 3K RAMKIT expandable to 7K, see Microbus Nov. 81.
Send £13.25. EDWARDS ELECTRONICS, 23 Princes
Street, Perth.

Z x 81 TEMPERATURE SENSORS (plug-in compatible), in-
cluding UK P & P £ 17.95. Leaflet, Cheshire Micro Design,
66 Close Lane, Alsager, Stoke -on Trent.

FREE CATALOGUE. Everything for microcomputer users.
Phone Croydon Computer Centre, 29A Brigstock Road,
Thornton Heath. Surrey. 01-689 1280.

FOR SALE

UK101 CASED, I -2 Meg, I -2K, VDU. Cegmon, Sound, 300-
1200 Cassette Interface. Joustick. £200. Brighton 551306.

121 P.E.'s FROM 1964, 81 P.W.'s from 1969. Offers. No
singles. Wolverhampton (0704) 332017.

P.E. RANGER: Save f8 on ex -factory prices. 6CH kits £52,
built f38 - £2.00 p.p. (0359) 30867.

CHEAP HARD COPY. Teletype 32 ASR 75 baud, as new. £55.
Basildon 22254, around 6pm best.

NEW PAPST REWIND MOTORS 125v/220v, A.C. 1200 rpm,
14 watts. £5.90 (£l6.80 elsewhere), P&P £1.60.
GREYMOOR ROBOTICS, 247 Fieldgate Mansions,
Romford Street. London El.

NEW BACK ISSUES OF 'PRACTICAL ELECTRONICS' available
90p each Post Free. Cheque or uncrossed P/0 returned if
not in stock - BELL'S TELEVISION SERVICES, 190
Kings Road. Harrogate. N. Yorks. Tel: (0423) 55885.

OPEN UNIVERSITY GENERATORSCOPE, full TS 282 course
material, numerous components £60 the lot. Chester
678770.

PERSONAL

CHRISTIAN SINGLES. Friendship, contacts. 1982 holidays.
Weekend houseparties. - C.F.F., Dept N46, Edenthorpe,
Doncaster.
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SERVICE SHEETS

SERVICE SHEETS £1 each plus SAE. Individual T.V. repair
data £6.50 (with circuits £8.50). Free electronics newsletter,
pricelists unique publications. Auspe, 76 Churches.
Larkhall, Lanarkshire ML9 I HE.

BELL'S TELEVISION SERVICES for Service Sheets on Radio, Tv,
etc £1.25 plus S.A.E. Colour TV Service manuals on request.
S.A.E. with enquiries to B.T.S. 190 Kings Road, Harrogate,
N. Yorkshire, Tel:(0423)55885.

EDUCATIONAL

CAREERS IN MARINE ELECTRONICS, Courses commencing
September and January. Further details, The Nautical
College. Fleetwood FY7 8JZ. Tel 03917 79123.

MISCELLANEOUS

SECURITY ALARMS KITS FROM f37. Full range of
accessories. M FP Ltd.. Harrison Road, Erdington,
Birmingham B24 9AB. 021-373 0450.

CLEARING LABORATORY: scopes, generators, P.S.U's.
bridges. :limb. sers. meters. recorders. etc. 0403-76236.

ULTRASONIC TRANSDUCERS. miniature, 40KHz.
£2,85p/pair + 25p p&p. Dataplus Developments. 81.
Cholmeley Road. Reading. Berks.

MAKE YOUR OWN PRINTED CIRCUITS

Etch Resist Transfers - Starter pack 15 sheets, lines, pads.
I.C. pads) £2.00. Lame range of single sheets in stock at
43p per sheet.
M Positive Transparencies from P.C. layouts in maga-
zines by simple photographic process. 2 sheets negative
paper 2 sheets positive film (A4) £2.10. Photo -resist
spray 1200 ml/ £3.25 (p  p 65p) Drafting Film (A4) 25p.
Precision Grids (A4) 65p.
22p stamp for lists and information. PEP 50p per order except
where indicated.

P.K.G. ELECTRONICS
OAK LODGE, TANSLEY, DERBYSHIRE.

CORDLESS TELEPHONES. Build your own simple and inex-
pensive units, send £3.00 for plans to J F Ashley, Birley
Grange Cottage Farm, Baslow Road, Cutthorpe.
Derbyshire.

DOUBLE SIDED COPPER CLAD FIBREGLASS 12" x8", 5
sheets £4; 10 sheets £6; 20 sheets f 10 inc. P&P. - Davron
Trading. I Bankside New Street, Chelmsford, Essex.

PARAPHYSICAL JOURNAL (Russian Translations): Psycho -
ironic Generators, Kirlianography, Gravity Lazers,
Telekinesis. Details SA F 4" , 9". Paralab, Downton, Wilts.

Cabinet and Flightcase Fittings
Fretcloth, Coverings. Handles. Castors etc., Jacks and
Sockets, Cannons. Bulgins. Reverb Trays, Emile, Compres-
sion Drivers. P&N Stands, Celestion Speakers. ASS. Glass,
fibre Horns.
Send 30p Postal Order for illustrated catalogues to: -

ADAM HALL (P. E. SUPPLIES)
Unit G, Carlton Court, Grainger Road,
Southend-on-Sea, Essex SS2 5RZ,

SECURITY SYSTEMS KITS ... All components and futI

instructions. Send large SAE for latest catalogue of
advanced projects for car. caravan and home. Compu-
Tech Systems, Ind. Est.. N. Walsham NR28 OAN. Tel:
106921 5600.

THE SCIENTIFIC WIRE COMPANY
PO Box 30, London, E.4. 01-531 1568.

ENAMELLED COPPER WIRE
SWG 11b 8oz 4oz 2oz

8 to 34 3.30 1.90 1.00 0.80
35 to 39 3.52 2.10 1.15 0.85
40 to 43 4.87 2.65 2.05 1.46
44 to 47 8.37 5.32 3.19 2.50
48 to 49 15.96 9.58 6.38 3.69

SILVER PLATED COPPER WIRE
14 to 30 6.63 3.86 2.28 1.50

TINNED COPPER WIRE
14 to 30 3.97 2.41 1.39 0.94
10 x 10 Mtr reels 3 amp PVC cable mixed

colours £5.00.
Prices include P&P, VAT. Orders under £2

add 20p.
SAE for list of copper and resistance Wire.

Dealer enquiries welcome.

CENTURION BURGLAR ALARM EQUIPMENT. Send SAE for
free list or a cheque/PO for f 11.50 for our special offer of a
!full sized signwritten bell cover, to Centurion Dept PE, 265
Wakefield Road, Huddersfield. W. Yorkshire, Access &
Barclaycard telephone orders 0110484-35527.

ANNOUNCING - THE SENSATIONAL

VielROSCOPE

Once again. Stuart Systems have astounded the world with
a totally new concept. The Video Vlbroscope produces a
fantastic multicoloured display on any TV. The picturp is
controlled by music, using microphone or otner Olf1,1 inpul.
and forms an exciting. pulsating arid rhy!nr,,,,,ppnec,
which Cannot fal to turn them on! A must tai names.
discos, etc.

NOW AVAILABLE FOR ONLY £49.95
9v POWER UNIT £4.95. PLEASE ADD VAT AT 15',

(POST & PACKING INCLUDED,

1,1y A, acc,ple,!tiri Iplr>ph, it

WILLIAM Dower House. 8,11ehcay11,,c1

STUART
SYSTEMS Ltd Telephone Brentw.L.I .0277,81,,

WOULD ADVERTISERS

PLEASE NOTE THAT

OUR BOX NO SERVICE

IS NOT AVAILABLE FOR

MAIL ORDER ADVERTISERS

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

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

insertions. I enclose Cheque/P.O. for £

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics)

4/82

Send to: Classified Advertisement Manager

NAME PRACTICAL ELECTRONICS
GMG, Classified Advertisement Dept., Room 2612,

ADDRESS King's Reach Tower, Stamford Street,
London SE1 9LS. Telephone 01-261 5846
Rate:
32p per word, minimum 12 words. Box No. 60p extra.

Company registered in England. Registered No 53626. Registered Office' King's Reach Tower. Stamford Street, London SE 1 9LS.
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MISCELLANEOUS - CONTD.
MICRO TRANSMITTER, VHF/FM, matchbox size, variable
70-150 MHZ, complete kit, £4.50. Microtronic, 9, Ten-
nant, Simonside, South Shields. TIME WRONG?

ENAMELLED COPPER WIRE. 10 swg to 45 swg. S.A.E. for
quotation by return, cheapest prices. 102 Parrswood Road,
Manchester 20.

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274)
308920 for our catalogue or call at our large showrooms
opposite Odsal Stadium.

1 ilb
*BIG EARS esia,, Q° ' .5'4%

SPEECH -.... car,
..,

INPUT
FOR ANY
COMPUTER

Hugely successful Speech Recognition System,
complete with microphone, software and lull instructions...,

BUILT TESTED at GUARANTEE!) ONLY rsi4V
PLEASE STATE C PERBOARD, NASCOM2,

VIC 20. BOAl. PET. TS II, BBC MICRO

X80 ZX81
MUSIC SYNTHESISER
+18 LINE CONTROL PORT er

Play Span music. sound affects.
drums etc. Full control of attack, decay
and frequency. InputlOutput lines Provide
control and monitor facility for Home Security. Robot Control,
Model Railway, etc etc. Works with or without 18K RAM.
Add keyboard to make a live performance polyphonic synthesiser
Full inslructionsisoftware included.

AMAZING VALUE AT ONLY £19.50 11)

Extra connectors at £2.50 (BUILT)

COLOUR MOD KIT £12
Ol BUILT £18

UKIO1INASCOM COLOUR GRAPHICS KIT £45
Inc. Modulator. Still the best selling system, BUILT £60
Please add VAT at 15% to all prices.
Barclay/Access orders accepted by telephone

\A/Lundm Dower House. Billericay Road. as=

STUART HerongCale. Brentwood,
Essex MI33SD

SySTEMS Ltd Telephone Brentwood 102771810244
V

PRACTICAL ELECTRONICS P.C.B's
Drilled. I i5rorn Glass fibre Fry's Roller Tinned

NOV 81 UK 101 Monitor change EP640 f 1.87
DEC 81 Space Invaders EA303 EA305 £6.91 a pair
MAR 82 Emergency Light EP793 f 1.56
Fe, lull list and current pcb's send SAE. Pcb's also produced to customers own
masters 'bade enquiries welcomed. Write lot quote CWO Please. Peasp -
add 35o postage and packing to complete artlei. Europe 70P.

PROTO DESIGN
14 Downham Road, Ramsden Heath,

Billericay, Essen CM11 1PU. Telephone 0268-710722

NSF CLOCK is ALWAYS CORRECT - never gains or loses,
SELF SETTING at switch -on, 8 digits show Date,
Hours, Minutes and Seconds, auto GMT/BST and leap
year, also parallel BCD output for computer etc,
receives Rugby 60KHz atomic time signals, built-in
antenna, 1000Km range, GET the TIME RIGHT,
£62.80.

SIG. GEN., 10Hz-200K Hz, logic and 0-1V sine and square
wave outputs, £18.80.

Each fun -to -build kit includes all pans, printed circuit case,
instructions, postage etc, money back assurance so GET

yours NOW.

CAMBRIDGE KITS
45 (FD) Old School Lane,

Milton, Cambridge

When replying to Classified Advertisements please
ensure:

(A) That you have clearly stated your requirements.

(B) That you have enclosed the right remittance.

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

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

This will assist advertisers in processing and despatching
orders with the minimum of delay.

TRANSFORMERSAUTO
+IN/5AZ

TRANSFORMERS
Voltages22o. available:(3 0.1

240,
'f1.1,5i.p19u0p,

and step down.

VA
Ref. Wafts) C

p&p

3. 15 2.73 oo0 t
64 80 4.41 1.20

4 150 5.89 1.20
53 350 10.00 1.44
87 500 12.09 1.84
84 1000 20.64 2.20
93 1500 25.61 O.A.AVO

2000 38.31 0.A.
73 3000 65.13 0.A.
80 4000 84.55 D.A.
57 5000 98.45 0.A,

.0. 115.220, 240

OTHER PRODUCTS 4
AVO TEST METERS

AVO 8 MKS. Latest Model f122.10
AVO 71 Electronics & £45.40
AVO 73 TV Service £63.90

TOROIDAL
TRANSFORMERS

Now Available

30 VOLT RANGE
Sec Voltages
10, 12, 15, 18,
12V or 15V -0-15V.

Ref. 31W
Amps

112

(Split Sec)
available 3. 4, 5, 6, 8, 9,

20. 24. 30V or 12V-0-

15V Price P&P
2.90 1.00

UK Postages. Overseas extra.

Voltages stated are on full load
Continuous Ratings AVO MM5 Minor £40.50

AVO EM272 316KONolt input Z £67.10AVO DA I 16Digital £121.70
AVO DA211 L.C.O. Digital ( (Hand ££58 50

DA212 L.C.D. Digital I Held) £81.90
Battery MEGGER BM7/500V £135.30
Wee MEGGER hand crank £97.20
Plus P&P 0.32 , VAT 15%

BBC ACORN
COMPUTER

NOW
AVAILABLE

'5,
79 1

3 2
20 3
21 4
51 5

117 6
88 8
89 10
90 12
91 15
92 20

1

2 3.93 1.00
4 8.38 1.20
6 7.39 IA4
8 8.79 1.60

10 10.86 1.6°
12 12.29 1.72
16 16.45 1.96
20 18.98 1.84
24 21.09 0.A.
30 24.18 0.A.
40 32.40 0.A.

60 VOLT RANGE
Pri 120/240V.
6. 8, 10,
30, 36, 40,
or 30V -0-30V.

Amps
Ref 60V
124 .5
126 1

127 2

(Split Sea)
Voltages available

12, 16, 18, 20, 24,
48. 130 or 24V -0-24V

30V Price P&P
1 4.27 1.20
2 6.50 1.20
4 8.38 1.60

All Avos Meggers & accessories available.

TUMBLER SWITCHES. 30 amp
240V 4 pole on -off switch £6.50. P&P
90p. VAT. 16 amp 250V AC/DC 4 pole
rotary switch £5.20.901, p&p.

SPECIAL OFFER

25W Soldering Iron to BS
Spec. £1.75 P&P 30p  VAT
15'C,.

Constant Voltage Transformers (1%)
Clean mains to computers/peripherals

260VA £103.00
500 VA £13640
1000VA £182.20
Also I.C. "sensing types" for low mains
voltage fluctuations.

50 VOLT RANGE
Sec Voltages
15, 17, 20,
25V-0-25V,mps
Ref 50V
102 .5

(Split Sac) PH 120/240V
available 5. 7, 8, 10, 13.

33, 40 or 20V -0-20V or

25V Price P&P
1 3.75 1.20

125 3123 4
40 5

120 6
121 8
122 10
189 12

6 12.10 1.72
8 13.77 1.96

10 17.42 1.84
12 19.87 2.04
16 27.92 0.A.ANTEX
20 32.51 0.A.
24 37.47 0.A.

15W CN240/CCN 240 £4.58 ... P&P . VAT.
25W x 25 £4.74 + 62 P&P . VAT.

P.W. Purbeck oscilloscope transformer 250-0-250;
6.3V; 12.9V (author approved) £9.42 Et .04103 1

104 2
105 3
106 4

6
118 8
119 10
109 12

2 4.57 1.20
4 7.88 1,44
6 9.42 1.60
8 12.82 1.72

12 16.37 1.84
16 22.29 2.20
20 27.48 0.A.
24 32.88 0.4.

12 OR
P

' Amps
Ref I2V
I I I 0 5
213 1 0

71 2

24V OR 12-0-12V
1220-240 volts

24V Price P&P
0 25 2.42 0.95
0 5 2.90 1.00

1 3.86 1.00

15V CT Range17.5V-0-7.5VI

1 71 5014 inA 2.30 0.60
1 72 3.26 1.00
I 73 2A 3.98 1.00
1 74 341 4.13 140
175 4A- 6.30 1.20

Precision Ds -Solder Pumps - Quick action button release for one hand
working. Large £5.88 (P&P 35p-i-VAT. Small £5.17 P&P 30p+ VAT. Replace -
went tips: Small 65p 'VAT. Large W. -VAT.

Sec 2

38-0-38V

Amps

72v/96v

2
3
4
5

86

96/4S/36V RANGE
Pri 0-120/240V

windings 0-36-48V to give
or 48-0-48V or 72V or 96V.

36v/48v Ref. Price P8 o

2 431 8.12 1.44
4 432 13.35 1.22
6 433 16.17 1.96Plugs
8 434 20.65 204
10 435 29.30 2.20
12 436 36.69 O.A.
16 437 40.03 OA.

MAINS ISOLATORS (SCREENED)
Pri 0-120: 0-100-120V 1120, 220.
240V) Sec 0-C7.120V twice.
Ref VA Price P & P
'07 20 4 84 ,

..1.,2,.%149 60 7.37 1.,/
150 100 848

1A4151 200 12.28 1 72

18 4
85 05
70 6

108 8
72 10

116 12
17 16

115 20
187 30
226 60

2 4.46 1.20
25 6.16 1.20
3 6.99 1.20
4 8.16 1.44
5 8.93 1.80
6 9.89 1.80
8

10
11.79 1.72
15.87 1.8415 19.72 2.04

30 40.41 O.A.1

Telephones: Desk Type. Model 746 £11.50.0.20 P&P. Well phones
£14.25 . E1.20 P&P.,VA7 15%.

METAL OXIDE RESISTORS £1 per 100 (Electrosil) TR4 5%
47(1/750/1800/3600/3900)430c1/4700/6100/6600/8200/1 K/
1 K 1/1 K2/1 K3/ 1 K 6/1 K8/21L/2K4/310 6K/20K/22K/24K/47K/82K/
100K/110K/120K/130K/ 180K/220K/270K/300K. P& P 501) x VAT.a
100W Soldering Gun includes
bulb for spot-on joints £5.39 + VAT.

MAINS
BATTERY ELIMINATORS

into 13A socket 3. 6. 7 5. 9.
152 250 1441 2.04
154 500 22.52
155 750 32.03

2.20

156 1000 40.92 °0.A.A
157 1500 56.52 OA.
158 2000 57.99 OA.
159 3000 96 33

-

1°Fr0-240V
Sec 115 or 240V only.

State sec volts required '

SCREENED MINIATURESRes ,A £ P&P
238200 3V-0-'1 2.83 0.50
212 1A, IA 0-6,0-6 3.14 1.00
13 100 9-0-9 2.35 0.50

236 330.330 0-9.0-9 2.19 0.60
207207 500.500 0-8-9.0-8-9 3.05 0.95
208 I A, to 0-8-9. 04-9 3.88 1.20
236 200,200 0-15.0-15 2.19 0.60
214 300.300 0-20.0-20 3.08 1.00

PANEL METERS
43r77i, 43mr, 82mm . 78nvn

1 bOptt 6.20 0 50/4A 7 37

12V DC  300-1-400mA output
£5.10 P&P 60p . VAT.

,

,) 50044A 6.20 0 500p4 7.37
ii i HA 6.20 0 lieA 7.37
0 30V 8.20 0 30V 7.37

BRIDGE RECTIFIERS
100V 25A £1.80 500V
100V 50A £2.20 PM7A6
200V 2A £0.52 12A

TOROIDAL
TRANSFORMERSNow AvailableVAT.

3OVA, 100VA, 160VA, 230VA,
330VA. 630VA.

SEND STAMPS FOR LIST

EducatIonmetres. 2 amp, 10 amp
& 30V at £4.50- P&P 66p , VAT,
Size 75 4 78mm Scaler.

200V 4A £0.75 £3.75
400V 1A £0.25
400V 4A £0.98 P&P 20p
400V 6A £1.44

CASED AUTO TRANSFORMERS
240V cable in 115V USA flat pin outlets
VA PPriceRef
20 6.55 0.95 58,N
75 8.50 1.20 64W

150 11.00 1.44 4W
250 13.39 1.44 69W

221 70010a 20-12-0-12-203.75 1.00
208 IA, to 0-15-20 (x2) 5.09 1.20.
203 500.500 0-15-27 1x2) 4.39 1.20.
2041A, IA 0-15-27 (x21 6.541.20-'
239 50 12-0-12 2.88 0.50,
234 500 6-0-6 2.19 044

Barrie Electronics Ltd.
3. THE MINORIES. LONDON EC3N 1 BJ

TELEPHONE: 01-488 3316/7/8
NEAREST TUBE STATIONS A l °GATE & LIVERPOOL ST

500 20.13 2.04 67W
1000 30.67 2/0 84W,
2000 54.97 CA. 95W

Send 20p stamps for Catalogue. Prices
correct 21/4/81.
Goods By Return
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WORLD RADIO T.V.
HANDBOOK
1982 ed. Price: £11.00

AMATEUR RADIO HANDBOOK 1982
by A.R.R.L. Price: £8.00

UNDERSTANDING MICROPROCESSORS
by D. L. Cannon Price: £4.50

PRACTICAL ELECTRONICS H/B
by I. Sinclair Price: £4.35

THE CATHODE-RAY OSCILLOSCOPE
& ITS USE
by G. N. Patchett Price: £4.00

INTRODUCING AMATEUR ELECTRONICS
2nd ed. by I R. Sinclair Price: £4.00

INTRODUCING MICROPROCESSORS
by I. R. Sinclair Price: £5.00

H/B OF BASIC ELECTRONIC
TROUBLESHOOTING
by J. D. Lenk Price: £4.65

67 READY TO RUN PROGRAMS IN BASIC:
GRAPHICS, HOME & BUSINESS,
EDUCATION, GAMES
by Wm. S. Watson Price: £4.60

COMPUTER PROGRAMMING IN BASIC
by P. Bishop Price, £3.50

* ALL PRICES INCLUDE POSTAGE re

THE MODERN
BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books

19-21 PRAED STREET
LONDON W2 1NP

Phone 01-402 9176 Closed Saturday 1 p.m.
Please allow 14 days for reply or delivery.

MAIL ORDER
ADVERTISING

British Code of Advertising Practice
Advertisements in this publication are required to
conform to the British Code of Advertising Prac-
tice. In respect of mail order advertisments where
money is paid in advance, the code requires
advertisers to fulfil orders within 28 days, unless
a longer delivery period is stated. Where goods
are returned undamaged within seven days, the
purchaser's money must be refunded. Please re-
tain proof of postage/despatch, as this may be
needed.

Mail Order Protection Scheme
If you order goods from Mail Order adver-
tisements in this magazine and pay by post in ad-
vance of delivery, PRACTICAL ELECTRONICS
will consider you for compensation if the Adver-
tiser should become insolvent or bankrupt,
provided:
111 You have not received the goods or had your

money returned: and
121 You write to the Publisher of PRACTICAL

ELECTRONICS summarising the situation not
earlier than 28 days from the day you sent
your order and not later than two months
from that day.

Please do not wait until the last moment to in-
form us. When you write, we will tell you how to
make your claim and what evidence of payment
is required.
We guarantee to meet claims from readers made
in accordance with the above procedure as soon
as possible after the Advertiser has been declared
bankrupt or insolvent.
This guarantee covers only advance payment sent
in direct response to an advertisement in this
magazine not, for example, payment made in
response to catalogues etc, received as a result of
answering such advertisements. Classified adver-
tisements are excluded.

BAKER LOUDSPEAKERS
"SPECIAL PRICES" POST £2

Model Ohms Inch Watts Type Price

Major 4, 8, 16 12 30 Hi-Fi £14
Deluxe Mk II 8 12 15 Hi-Fi £14
Superb 8, 16 12 30 Hi-Fi £24
Auditorium 8, 16 12 45 Hi -Fl £22
Auditorium 8, 16 15 60 Hi -Fl £34
Group 45 4, 8, 16 12 45 PA £14
Group 75 4, 8, 16 12 75 PA £22
Group 100 8, 16 12 100 PA £24
Group 100 8, 16 15 100 PA E32
Disco 100 8, 16 12 100 Disco E24
Disco 100 8, 16 15 100 Disco £32

DE -LUXE DISCO MIXER. 240V, 4 stereo channels, 2
magnetic, 2 ceramic/tape, 1 mono mic channel, twin v.u.
meters, headphone monitor outlet, slider controls, suitable
for panel or desk mounting, attractive grained aluminium
facia, silver knobs. £40. Post £2.
2 CHANNEL STEREO MIXER. 9 volt operated £9.50 p&p El.

MINI MODULE LOUDSPEAKER KIT
15 x 81in. 3 -way Baffle. 51n. EMI. Bass. 51n. EMI. Middle. 3in
EMI. Tweeter; 3 -way Crossover. Full assembly instructions
supplied. Response 60 to 20,000 c.p.s. 12 watt RMS 8 ohms
[10 per kit. Two kits t18.50. Suitable Bookshelf Cabinet
00.50 each. Post E3.

GARRARD 6-200 SINGLE PLAYER DECK
Brushed Aluminium Arm with stereo ceramic cartridge
and Diamond Stylus, 3 -speeds. Manual and Auto Stop/
Start, Large Metal Turntable.

.Cueing Device and Pause Control. E22 Post £2.
METAL PLINTH CUT FOR GARRARD
Size: 16 . 14 . 3in. £3.00. Silver or Black finish. Post £2.

B.S.A. SINGLE PLAYER
Battery operated deck. 9 volt D.C. motor. Ceramic stereo
cartridge. '5' shaped arm, cueing device. £20. Post f2.

B.S.R. SINGLE PLAYER P170/2 £20.00
3 -speeds 11In. aluminium turntable. "slim" arm, cueing
device, stereo ceramic cartridge, silver trim, bias compen-
sator, adjustable stylus pressure, plays all records, spring
suspension, 240V AC. Post £2.

B.S.R. DE -LUXE AUTOCHANGER £20
with stereo cartridge, plays all sire records, Post £2

DECCA B.S.R. TEAK PLINTH 185 x 141 x 4in.
Space for small amplifier. Special price f5.95 post paid.
Ditto with Garrard Board £4.95 post paid.

TINTED PLASTIC COVERS POST E2
Sizes: 141 x 121 . 3in. £5. 173 - 91 33in. £3. 14 x 1:3

. 3i -in. £5. 18 121 3in. £6. 163 , 13 . 4in. £6. 173
135 . 4 iin. £6.213 143 . 21in. ER.

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS £3.95. Post 65p.
All parts and instructions with Zener diode printed circuit,
mains transformer 240V a.c. Output 6 or 73 or 9 or 12V d.c.
up to 100mA or less. Please state voltage required.
PP BATTERY ELIMINATOR BRITISH
Mains stabilized power -pack 9 volt 400mA max, with
overload cut out. Size 5 33 23in. £4 SO, Post 50p.
Switched 3: 6: 71:9 volt 400ma. Stabilized. [7.50. Post Et.

MAINS TRANSFORMERS Post
250-0-250V 70mA 6.3V, 2A £4 50 E2
250-0-250 80mA 6-3V, 3.5A, 6 3V 1A £5 00 £2
350-0-350V 250mA 6.3V 6 amp. £12.00 12
300-0-300 120mA 2 , 6.3V 2A C.T.; 6-3V 2A £12.00 £2
220V 45mA, 6.3V 2A £3.00 £1
250V 60mA, 6.3V 2A E3.50 El
GENERAL PURPOSE LOW VOLTAGE
2A, 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 24 and 30V £6.00 £2
1A, 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £6.00 £2
2A, 6, 8, 10, 12, 16, 18, 20, 24, 30, 36. 40, 48, 60 f10.50 £2
3A, 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £1250 £2
5A. 6. 8. 10, 12, 16, 18. 20. 24, 30, 36, 40, 48, 60 £18.00 £2
TOROIDAL 30-0-30V 4A .i. 20-0-20V 3A. E10.00 f 2

Post Post
6V. 1 amps £2.00 E1 15-0-15V 2 amps £3.75 £1
6-0-6V. 13 amps. £3.50 El 20V 1 amp £3.00 El
9V 250ma. £1.50 80p 20-0-20V 1 amp £3.50 El
9V 3 amp. £3.50 E1 20-40-60V 1 amp £4.00 E2
9-0-9V 50ma. £1.50 80p 28V 1 amp Twice £5.00 E2
10-30-40V 2 amps £3.50 El 30V 13 amp £3.50 £1
12V 3 amps £3.50 f 1 30V 5 amp and
6-0-6V 134 £3.50 El 17-0-17V 2a £4.50 E2
AUTO TRANSFORMER 115V to 240V 500W £12.00 £2'00
CHARGER TRANSF. Post RECTIFIERS Post
6-120-34 E4.00 E2 6 -12v -1A 90p 80p
6 -12v -4A Ell 50 E2 6 -12v -2A £1.10 80p
6 -12v -6A £0.50 £2 6 -12v -4A £2.00 80p

BLANK ALUMINIUM CHASSIS. 6 ,. 4in. £1.45; 8 - 6in.
£1.80; 10 , 7in. £2.30; 12 - 8in. UAW 14 - 9in. £3.00;
16 - 6M. £2.90; 16 . 10in. £3.20. All 21in. deep. 18 swg.
ANGLE ALI. 6 , I lin. 18 swg. 25p.
ALUMINIUM PANELS. 18 swg. 6 - 4in.45p; 8 x 6in. 75p;
14 3(n. 75p; 10 7in. 95p; 12 ' 8in. £1.10; 12 .. 5in.
75p; 16 6in. £1.10; 14 . 9in. £1.45; 12 . 12in. £1.50;
16 10in. £1.75.
PLASTIC AND ALI BOXES IN STOCK. MANY SIZES
ALUMINIUM BOXES. 4 4 . 1,' in. £1. 4 ., 21 0 2in.
f1. 3 2 lin. £1. 6 4 2in. £1 .130. 7 0 5 . 3in. £2.40.
8 6 3in. £2.50. 10 7 - 3in. £3. 12 0 5 x 3in. £2.75.
12 8 3M. £3.60. All 18 swg with lids.

HIGH VOLTAGE ELECTROLYTICS
8.450V 45p 8+8/450V 75p 50+50/300V 50p

16/350V 45p 8+16/450V 75p 32+321500V E150
32/500V 75p 32 -.- 32/450VC1 .20 100+100/275V 05p
50/500V E1 20 32+32/350V 75p 150+200/275V 70p
8/800V £1 20 32+32+32/325V lOp 220/450V 05p

HEATING ELEMENTS, WAFER THIN
Size 110903M. Operating voltage 240v. 250w approx.
Suitable for Heating Pads, Food Warmers, Convector Heaters,
Propagation, etc. Must be clamped between two sheets qf
metal etc ONLY 60p EACH (FOUR FOR £21 ALL POST PAID.

Radio Component Specialists
337, WHITEHORSE ROAD

CROYDON, SURREY, U.K. TEL: 01-6841885
Post 65p Minimum. Callers Welcome. Closed Wed.

Phone orders with Access-Barcley-Visa.
Lists 28p Stamps. Same day despatch.
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EPROM
2716

2732
253.3

SOFTY
£769+

a-

VAT

HEX
POWERFUL
TV
SERIAL/PARALLEL
CASSETTE
ROMULATOR

PROGRAMMER

(MONITOR)

STANDS
EX

KEY

-STOCK,

PAD
EDITOR

DISPLAY

BACK-UP

BY
ALONE
RETURN

I/O

DATAMAN DESIGNS, LOMBARD HOUSE,
DORCHESTER, DORSET, DTI IRX. (0305)68066

STORAGE7------'--,
----1 '--1-- h4

" =lk---11-1---------L--
L.,i- t -r-

LE -11A-4---1--
,.___, AI- -,2_--_,

l= ."-_----T ------1" ..---1

[,--+-_---1,1----
pi"1_,_ t=,

-

-1-1 -----
1-44-1

r=:_._.

- - --
1

Type 1838

CABINETS
Metal Cabinets 12" wide x 5k"
deep, finished blue with trans-
parent plastic drawers.
Type H No. of Drawers Price

(ins) Sm Med Lge
1118 11 15 2 1 £10.75
1633 16 30 2 1 £13.95
1838 18 35 2 1 f15.95
2236 22 30 4 2 £18.55
2260 22 60 - - £18.55

Access/Barclaycard welcome
Prices include VAT and Post. Cheque/P.O. to:

Millhill Supplies (Tools).
35 Preston Crowmarsh, Benson,

Oxon OX9 6SL.
Tel: Wallingford (0491) 38653

Goods by return of post.

A i
A
D

DIY KITSW"BITS
PROFESSIONAL EQUIPMENT AT DISCOUNT PRICES!

KITS £32, £50, £75, £85 INCLUDING FULL INSTRUCTION
 CONTROL PANELS £18, £23, £29, £37  BELL BOXES £6.25,
 PRESSURE PADS £1.06. £1.45, £1.95  4 CORE CABLE (100m)
 SIRENS £7.50  CONTACTS 72p, 74p, 76p  ULTRASONICS

 DOOR PHONES £49.42 
BUY A KIT OR DESIGN YOUR OWN SYSTEM
SEND S.A.E. OR 'PHONE NOW FOR FREE FULLY ILLUSTRATED

E
£7.50
£8.00

£34.50

CATALOGUE.
IT TELLS YOU ALL YOU NEED TO KNOW!

CARRIAGE INCLUDED. VAT EXTRA 15% PeSA

Please allow 14 days for delivery

A.O. ELECTRONIC& 217 WARM MOOR. AINTREE. UVEMOOL L9 01111 051 523 8440

TRADE ENQUIRIES WELCOME

MONTHS
Ar;a! NEW 1982 CATALOGUE

for your carefree component purchasing

COMPONENTS - over 1,000 types in stock.

ACE MAILTRONIX LTD
SERVICE - Same day despatch.

Dept. PE, 3A Commercial St QUALITY
Batley, wyorks. *17 5HJ - All guaranteed products.

"Let us quote for your hard to get components for
PE projects"

I enclose 30p please send catalogue

name

address

1111401:101111TifiliDMINII0ElliTileii[41INI10111

* SPECIAL OFFER * 1-24
2114 Low Power 200nS--0.90

25-99
0.85
0.65
2.00
4.00
5.00

4116 200nS 0.70
2716 (+5v) 7L 2.10
2732 (+5v) -2r7; 2? 4.25
6116 cA-37-- 5.50

CONNECTOR
I.D. CONNECTORS
HEADER RECEP EDGE CABLES

PUY TACLE CONN
10 Way 220p 160p - 659

26 Way 350p 265p 390p 160p
34 Way 450p 325p 450p 240p
40 Way 525p 370p - 2009
50 Way 515p 450p - 330p

SYSTEM
25 WAY MINI

D -CONNECTORS
Solder Solder Solder

Pin PinBuckettype
(angled)

200p 215p 265p
245p 255p 310p

100p. Locking Lever 100p.

OIL HEADER
PLUGS

Solder IDC

ITP
14 pin 50p 130p

16 pin 60p 140p

24 pin 100p 200p
40 pin 275p 285p

JUMPER LEADS
24" Ribbon Coble with headers

14 pin 16 pin 24 pm 40 pm

lend 145p 165p 2409
...380!

.2 ends 2109 230p 345P .P
Cable with Sockets

pin 26 pin 34 pin 40 pin

1 end 160p 210p 2709 300p

2 ends 290p 3859 490p 540p

EDGE CONNECTOR
0.1" 0.156"

.2 18 - In&----
2  22 Wayy 310p 170p
2.23 Way 3359 -
2  25 Way 350p 2000
1 . 43 Way 250p -
2  43 Way 450p -
2 5, Way - 404
1,77 Way -

EURO CONNECTORS
DIN

PLUG SKI
41617 31 Way 200p 2110,

41612 2 x32 Way 300p 360p
2 x32 Way tangled) 3509 4000ap

416123x32 Way 370p 424
3x32 Way (angled/ 460920

Ifor 2x32 way please specify ii-t-li
or a.t-c)

BOOKS (NO VAT) (P&P
The Pascal Handbook £90.05
CRT Controller Handbook £5.85
Understanding Microprocessors £3.50
Micros - Interlacing Techniques £12.10
Introduction to Micro Computers £10.85
6502 Assy Lang. Frog. £12.10
8080A/8085 Assy. Lang Frog £11.50

Please add £1.00 P&P pe

£1.00 per book)
TTL Cookbook £7.15
CMOS Cookbook 095
TI TTL Oats Book £7.50
Video Cookbook 0.115
zoo Interfacing Ill ETU
Z-80 Interfacing Ill E9.75
Nora the Z80 £11.50
Prog the 6502 £1015

s £1025
book.

ADD SOUND -* ZX80/8
USER PORT *

(As described in Oct/Nov PCW)

Port matfule plugs directly into ZX80/81 to provide 8 input and 8 output lines'Sr
allow input of data from switches, photocells, sensors, joysticks etc and cont 8

relays. Also 7 segment displays and LED may be used - -VARIABLE TON 0
OUTPUT CAN PRODUCE YOUR OWN SOUND EFFECTS." Port access is by si EK

& POKE COMMANDS. Kit £11.50.

READY BUILT AND TESTED UNIT £14.95 4p P&P
Reprint of PCW Oct/Nov. articles f1 -I- large SAE.

For ZXO1 users. Extender cord provided fo.c. to eneraped directly.

EXPERIMENT

* AT UL
H C 0 I ER VISION

ONIC VISION *
port to give an ultrasonic radar picture of the

people. Experiment with computer measurement,
robot vision. See this month's PRACTICAL

Module connects to the ATOM printer
surroundings, eg. room, furnishings,
image recognition, movement tracking,

ELECTRONICS.

* UK101: INTERFACING SYSTEM *
Two board interface system plugs directly into computer expansion socket to provide wide facilities
accessible from BASIC or MACHINE CODE.
11 DECODING MODULE: Providing a dual 5v supply. 16 bit programmable i/o port, plus ex.
tensive address decoding for a wide variety of interfaces. including full decoding for a pro-
grammable sound generator, and also a 40 pin skt for further expansion.
21 ANALOGUE BOARD: Plugs into the decoding module to provide D/A converter, 8 channel mul-
tiplexed AID converter with 20nS conversion time. AY3-8910 SOUND GENERATOR plus 6522 VIA
provide complex timing & counting functions and additional 16 bit port.

DECODING MODULE KIT £27.50 ANALOGUE BOARD (39.115
P&P 0.75p/Kit

ACORN ATOM
A personal computer with full size OWERTY board and a built in UHF modulator to allow direct
connection to domestic TV. A simple to build. simple to operate computer with all the features
found in machines twice the price but with the advantage of expandability. Basic ATOM has 2K
RAM and 8K ROM and on board expansion capability up to 12K + 12K.
Basic built £135, Built & Fully Expanded f 185. P&P f3. 4K Floating Point ROM f20, 1K RAM (2
x 21141) f2. NEW 3A 5v Regulated Power Supply f22 + £1.50 P&P.

ATOM CONNECTORS ATOM SOFTWARE
PLUG SOCKET Gamn Pack 1-10 £10 sad

2x32 Wey fin £4.00 Fr. Machine. Breakout. UFO Bomber.
26 Way £2.00 £2.00 Disassembler E3.50 gad
10 Way £120 £1.20 Frog. Tool Box ROM E25.00

Suitable high quality printers available soon, witch for details. Send SAE for ATOM memory expansion system
13K RAM or 64K DRAM.

&MKS: Getting Acquainted with ATOM 015; ATOM Business £7.00; ATOM Magic Book E5.116.

UV EPROM ERASERS
1010 (unto 6 [PROMS/ £4205
UVI40 lupto 14 EPROMSI £61.50
LIV14 I las UV140 but with timer) ppm

ALL ERASERS with built in safety devices

SOFTY
PROM PROGRAMMER & ROMULATOR

Software development tool.
MKII for 2516/2716/2532/27321. Built complete
with psu £88.00 + E2 p&p

lialinotiliTimir4IIN:10[IliTinitollii:01:10[1.
Published approximately on the 15th of each month by IPC Magazines Ltd.. Westover House. West Quay Road Poole. Dorset BEI 15 1.1G. Printed in England by Chapel River Press, Andover, Hants. Sole Agents for
Australia and New Zealand - Gordon & Gotch (Aisle) Ltd.; South Africa - Central News Agency Ltd.
Subscriptions INLAND and OVERSEAS £13.00 payable to IPC Services, Oaltfleld 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 disposed of in a mutilated condition or in any unauthorised cover by way of Trade,or affixed to or as
part of any publication or advertising. literary or pictorial matter whatsoever.



TTLs 74368 55p
74390 100p

7415445 110p
7415540 135p

4000 CMOS 1
P

LINEAR I.Cs M83712 2500
200 COMPUTER COMPONENTS

7400 11p - 74393 100p 7415541 135p 4001 14p AY1-0212 600p MC1458 40p
7401 11p
7402 120.,_

74490 120p
74LS SERIES

7415640 200p
7415641 200p
7415642 200p

4002 15p
4006 65p

16p

AY I -1313 668p MC1495L 350p
AY 1 -1320 3200 MC1496 700
AY1-5050 140p MC3340P 120p

CPUs
1802CE 750p

MEMORIES
2101A 400p

INTERFACE ICs
AD558CJ 775p

CRYSTALS
32.768KHz 100p7403 l""7404 12o-

741500 11P
741501 12P

7415643 200p
7415644 250p

4007
4008 60p AY3-8910 700P MC3401 90p

AY3-8912 650P MC3403 120P
2650A Ell
6502 450p

2102-3L 120p
2107B 500P

AD561J £14
AM25510 350p

100KHz 300p
200KHz 370p7405

25p
18p

7406
7407 25p..p7408 ....z
7409 150
7410 14

741502 12
741503 12P
741504 12P
741505 15P
741508 140

7415645 250p
741_5668 200p

007415669 2p
7415670 1700

4010 30p
4011 14P
4012 16p
4013 35p
4014 60p

AY5-1224A 240p OK50398 750p
AY5-1315 600P ML920 800p
AY5-4007D 520p MM57160 620p
0430284 1200 NE531 150p
CA3019 80p NE555 200

6502A 650p
6800 370p
6802 425p
6809 £10
6809E £15

2111A
2112-A

300p
300p

2114-2L 160p
2114-4L 130p
2147 450p

AM26LS31 1600
AM26LS32 190p
COM8116 800p
DAC80-V £20
DM8131 375p

1.0MHz 33250p
1.008M Hz

0p

18432M Hz 250p
2 00MHz 250p
2.45760MHz 250p

7411 20.p 741509 15p 746 SERIES 4015 60p CA3046 70p NE556 50p 8035 750p 4027-3 04 42 . 250p
7412 20.'7413 220

741510 15p
741511 150

74S00 60p
74502 60p

4016 30p
4017 46p

CA3048 2251, NE564 420p
00CA3059 3p NE565 130p

8039 850p
350p8080A

4116-20 23130130;

4118-3 500p
DDSP8838342

5050pp

DS8833 225p

32257M6Hmz
150p

3.5795MHz 100p
7414 32o 741512 150

741513 25p 74504 60p 4018 60p
4019 32p

CA3080E 720 NE566 155p
CA3086 48p NE567 140p

80854 550p
1558060 £11

4118-4 450p
4164-2 650p

1E13201 460p
MC1488 55p

3.686MHz 300p
4-00MHz 150p7416 25p7417 25p4.43MHz

7420
7421 2Clo

741514 40pn741515 3wp425p
741520 150

74505 75p
74508 75p4020
74510 60
74511 60p

60p
4021 65p
4022 60p

CA3089E 225P NE570 425p
CA3090AQ 375p NE571
CA3130 E 90p NE5534A 250p

TMS9980 £20
Z80 370p
Z80A 450p

5101 300p
6116P-3 900p
6514-45 300p

MC1489 55p
MC3418 9500
MC3446 300p

4-194MHz 250p
125p

50M Hz 175p
-7422 22p

7423 22p
7425 27p
7426 30p
7427 25p
7428 28p
7430 150
7432 25p
7433 27P7437 27p
7438 27 p
7440 17p

741521 15p
74LS22 15p
741526 150
741_527 160
74LS28 16p
741530 14p
74LS32 14
741533 16pP
741537 160
741538 16 P
741_542 36p
74LS47 40p

74520 60p
74530 60p

532 90
77A4si 60P
 7is-7-47 90pP

585 300p
74586 180p
74S112 90p
745113 90p
745114 90p
745124 300p
745132 160p

4023 18p
4024 36p
4025 20p
4026 130p
4027 300
4028 600
4029 75O
4030 40p
4031 1700
4032 126p
4033 180p
4034 160p

CA3140E 50p PLLO2A 500p
CA3160E 1000 RC4 1 36 70p
043161E 1900 R C4151 2000
043162E 4500 504558 600
043189E 300P 55668 260p
043240E 1200 54010244 12500
CA32800 200p SFF96364 800p
DAC1408-8 200p 51490 350p
HA1366 300p SN76477 175p
HA1388 270p SP8515 750p
1CL7106 850p TA7120 200p
1CL8038 300p TA7204 250p

1808 £16
8088 £19
SUPPORT
DEVICES
3242 800p
3245 450p
6522 500p
6532
6551 675705;

6821 160p
6845 £10

6810 200p
7489 232105pp

77445S21 0891 350p
745289 325p
93415 600p
93425 600p

ROME/PROMS
745188 325p
745287 300p
745288 225p

MC3480 850p
64McC43042846 350205pp

MC4044 325p
MC14411 f 7
MC14412 £9
MM58174 £12
ULN2003A 100p
UL520044 100p
75107 160p
75110 160p

6075112 1p

6-0MHz 150p
76s0144M Hz 150p

MHz 150p
7.168MHz 200p
BOOM Hz 175p
8-86MHz 175p
10-00MHz 175p
107M Hz 250p
12.0M Hz 250p
130M Hz 350p

.14 3168M 150p
16-00MHz 250p

7441 700
74424 36p

741548 800
741551 150
74LS55 30p

745133 75p
5138 225p

7715139

4035 800
4036 295p

LC7120 3500 747205 200p
LC7130 3500 787120 200p
LF347 160p TA7204 250p

6847 £10
6850 180
6852 n 74S387 325p

74S471 650p
75114 160p
75115 160p
75150P 140p

18.00MHz 250p
18432 200p
19-968MHz 390p7445 60p 74LS73 25p 225p 4038 120p

1E351 48P TA7222 200p
n37,,1"6875 """"

74S473 850p
75154 140p 20.00MHz 175p74464 93p 741574 16p 745157 250p 4040 55p

1E353 100p TA7310 200p 8154 950p 74$474 650p
75182 230p 24.0MHz 350p7447A 45p

7450 17p...,_
74LS75 24p
741576 20p

745163 300p74S174 250p
4041 70p
4042 55p
4043 60p

LF356P 95P TBA621AX1 275p
LF357 120p TBA641BX1 300p

8155 800p
8205 320p

745570 650p
74S571 650p
74S573 950p

75324 260p
75361 1643p

26-690MHz 300p
27.145MHz 250p

7 170,7453
7454 17o-7472 300

741583 45p
741585 55p
741586 160
741590 280

74S175 320p
74S188 350p
745189 350p
745194 350p

450p

4044 70p
4045 120P
4046 70p
4047 75p

LM I OC 425p TBA651 200p
LM301A 27p TBA800 90p
LM310 300p TBA810 100p
LM311 750784820 90p

8212 180p
8216 180p
8224 220p
8226 250p

E. PROMs
I 702A 500.
2708 300p

75365 150p
75451/2 72p
75453/4 72p
75491/2 700

38-6667MHz 350p
48.0MHz 300p
5 5.5MHz 400p
115MHz 3500

7473 30P7474 20p
7476 30p
7483A 45p
7485 60p
7386 22p

74LS92 400
74LS93 30p
74LS95 45p
741596 100p
7415107 45- -P

745200
745201 400p
745225 5500
745241 400p
745260 70p
745261 300p

4048 55p
4049 27p
4050 27p4051 60p2732
4052 800

LM318 150p  TBA920 200p
LM319 225p TBA950 300p
LM324 45p, TC9109 £10
LM335Z 140p TCA210 350p
LM339 65p TCA220 350p

8228 250p
8243 450p
8250 850p
8251 390p
8253 800p

350p

K011.5V) 300p
£25

25161.5V/ ZOOp
2532 50p550p
2716-300n 500p

8726 120p
8728 120p
8795 120p-8T9 / 120p
811595 90p

KEYBOARD
ENCODER
AY -6-2376 600p
74C922 500p

7489 210_
1'7490A 25p

7 4 91 45p
7492A 30p

741.5109 30p
7415112 34p
7415113 30p
7415114 30p

42p

745262 £10
745287 350p
745288 350p-,A3 3 400p

4053 600
4054 130p
4055 125p
4056 120p

LM348 75p TCA940 200p
LM358P 75p TDA1004A 300p
LM377 175p TDA1008 320p
LM380 75P 1041010 225p

8255
8257 800p
8259 800P
8279 950

£18

2732-300n 750p
UARTS
AY -3-1015P 300p

811596 90p
811597 WS81LS98 900
9602 220p

DIL SWITCHES
4 Way 90p6 w. 106p

7493A 30p.,.,1494 --"'"7495A 50p

7415122
7415123 50p
7415124 120p

.7' 4-5`',- 774 4000
745471 650p
745474 400p

4059 500p
4060 90p
4063 100p

LM381AN 1800 7041022 5500
LM382 120p TDA 1 024 120p
LM386 95p TDA1034B 250p

TMS9927
Z8OPIO 300
280APIO 3500

AY -5-1013P 350p
1M6402 450p
T81602 300p

9637AP 160p
25425E-8 3500
ZN426E-8 350p

8 Way 120p
10Way 150p

7496 45p 7415125 30p 745571 900p 4066 35p LM387 120p TDA1170 300p 280CTC 300p COM8017 300p ZN427E-8 650p TEX TOOL
7497 120p
74100 85p
74107 22p
74109 30p
74116 60p

741_5126 30p
7415132 45p
7415133 30p
7415136 30p
7415138 340

,Acfi73 900p'''-'-- -
74C SERIES
74C00 28p
74C04 20p

4067 400p
4068 18p
44006709 .166pp

4,0_7_21 16P

LM389 95p TDA2002V 325p
LM393 1000 7042020 3200
LLmM370934 350p TL071/81 45p

36P 11072/82 75p
1M710 50p 11074 13°F

Z8OACTC 350p
Z8OADART 800p
ZBOADMA f12
280510-1 £14

CRT

CHARACTER
GENERATORS
FI0-3-2513UC 750p
RO-3-25131C 700p

25428E-8 SOOp

DISC CONTROL
F D I 771 £20
EDI 791 £30

ZIF SOCKETS
24 Pin £62ie £8
40 Pin £10

74118 75p 74L5139 36p 74C08 28p 41), 16p LM711 100p 11084 110p CONTROLLER 5574526245 £10 FD1793 £32 TELETEXT
74119 90p
74120 70p
74121 27o
74122 45p
74123 40p
74125 400
74126 40p
74128 40p

7415145 75p
7415147 160p
7415148 90p
7415151 30p
7415153 40p
7415154 90p
7415155 40p
7415156 40p

28o4 -74C14 90p
4C20 28p

774C42 95 p
74C48 1430
74C73 "P
74C74 59p
74C76 57p

4073 16p
4075 16p
4076 60p
4077 26p
4078 20p
4081 16p
4082 16
4086 72p

LM725 350p TL094 200p
LM733 100p TL170 50p
1M741 18p TL430C 79.
LM747 70p U44170 170p
LM748 35P UA2240 300p
LM 1871 375p ULN2003 1000
LM 1872 375p ULN2004 100p
LM1886 700p UPC575 400p

CRT5037 £18
SFF96364 £8
MC6845 £10
MC6847 £10

MODULATORS
6MHz UHF 375p
8MHz UHF 450p

FD1795 £35
FDI 797 £37
WD169 I £15
WD2143 550p

SAA5020 f6
S8A5030 £9
5445041 £16
SAA5050 £6

WIRE WRAP SOCKETS BY TEXAS
8 'n 25p 18 pin 50p 24 pin 70p

14 pin 35p 20 pin 60p 28 pin 80p

LOW PROFILE DIL SOCKETS BY TEXAS
8 pin 9p 24 pin 24p18

pin 18p14 pin 10p 20 pin 18p 28 pin 26p
74132 300
74136 32p

7415157 35p
7415158 36p 74C85 1340

74C90 99p
4089 150p
40u

LM1889 350p UPC592H 200p
LM29 I 7 200p UPC1156H 300p 16 pin 40p 22 pin 65p 40 pin 100p 16 pin 11p 22 pin 22p 40 pin 30p

74141 65p
74142

250074145 50p
74147 100p

74LS I 60 40p
7415161 400
7415162 40p7415162
7415163 400
7415164 45p

7 95 106p
- 4C

-127p
74C151 255p
74C157 229p

4094 150p
4095 95p
4.0_9_67 34095pp

4UU

LM3302 140p )(82206 300p
LM3900 55P ZNA234 £14

95P 25414LM3909 900
LM3911 1300 ZN419C 225p
LM3914 210p 25423E 150P

TRANSISTORS
30161/2 45p
60107/8 13p

BFY56 33p
B FY90 800
BRY39 45P

11154 1600
7IP120 75P
TI P122 90P
T1P142 130P

254871 60P
255087 27P
255089 27p
255172 27p

155401/3 14p
155404/7 19p
15920 9p

BRIDGE74148 75p 7415165 100p 74C160 140p 4098 90p
LM3915 225p, 25424E 135P

8C109C 14p 85X19/20 24p 710147 130P 255191 90p
74150 60p
74151A 45p
74153 45p
74154 60p

7415166 90p
7415170 90p
7415173 70p
7415174 45p

7401 62 115p
740162 1150

L74 163 115p
74C164 108p

4010 50p
40102 1500
40103 180p
40105 120p

LM39 1 6 225p 25425E 350P
LM13600 1250ZN427E 6250
M515131 300p 251034E 200P
M515161 500p 251040E 7000

BC117 20p
BC147/8 sp
BCI49 10p
BC157/8 10p

BU104 225
BU105 190P
BU108 250P
BU109 225P

TIP2955 TI3P
TIP4055 70P
VNIOKM 100P
VN66 80P

255194 90p
2N5245 40p
255296 65P
255401 sop

RECTIFIERS
I A 50V 19p
14 100V 20p
IA 400V 25p74155 50p

74156 500
74157 50p

7415175 500
7415181 140p
7415190 500

74C173 93p
174 93p

;442175
9-9--p.

40106 45p
40109 1000
4501 28p

80159 110
8C169C 12p
80172 12p

BU126 1500
BU180A 120P
8U205 200p

ZTX108 120
ZTX300 130
ZTX500 15

255457/8 32p
255459 32p
255460 60p

IA 600V 300
2A 50V 30p
24 100V 35p

VOLTAGE REGULATORS
FIXED PLASTIC74159 100p

74160 60p74161 60p14
74162 600
74163 60
74164 500
74165 55p
74166 55p

741_5191 50p
7415192 50p
74LS193 48p
7415194 40p
74LS195 50p
74LS196 60p7415197 65pBC237
7415221 600

74C192 115P
-74C193 115.p
74C164 120P
74C195 1060
74C22 1 120p
740902 700
74C912 800p
74C922 4513p

4502 70p
4503 50p
4504 75p.-- ...._

?,.2,3 41311:

45U
4508 200p
4510 65p
4511 50
4512 65P

1A -ye --Y.
5V I A 7805 .50p 7905 55p

12V 7812 50p 7912 55p
15V 14 7815 55p 7915 60p
18V 14 7818 55p 79 8 .n

- -1 - --"24V 14 7824 55p 7924 60p
5V 100m4 78L05 30p 79105 65p

12V 100m4 78L12 30p 79112 700

BC177/8 17p
BC179 18p
80182/3 100
BC184 11p
BC187 30p
BC212/3 11p
BC214 12p

15p

B U208 200P
8U406 1450
Bux8i3 600__P
J310 *PP
MJ802 400P
MJ250 1 225p
MJ2955 90P
MJ3001 225P

ZTX502 18P
ZTX504 1SP
25697 25P
25698 45P
25706A 30P
25708 30P
25918 45P
25930 18P

2N5485 44p
255875 250p
256027 48p
256052 300p
256059 325p
256107 65p
2N6247 190p
256254 1 300

2A 400V 45p
3A 200V 60p
3A 600V 72p
44 100V 95p
4A 400V100p
6A 50V 80p
6A 100V100p
6A 400V120p74170 140p

74172 300p 74LS240 80p
74LS241 80p

740923 $00p
74C925 600p 4514 150o 15V 100m4 78L15 30p 79L15 70p,

OTHER REGULATORS

BC327 16p
8C337 o

MJ E340 60P
MJE2955100P

251131/2 36P
251613 25P

256290 65P
2SC1 1 72 150p

104 400V200p
25A 400V400p74173 55P 741_6242 60p 74C928 600p 4515 156-

14 135p 78HGKC 600P
8C338 16p MJE3055 700 251711 25P 2501306 150p

ZENERS74174 60p 7415243 80p 4516 75p LM309K 5V
325p 78HOSKC 550p

BC461 25p MPF 102 40P 252102 713P 2SC1307 150074175 60p
74176 5013
74177 70p

74LS244 65P
74LS245 90p
7415251 40p

74A LS
SERIES
74ALSOO 60P

4518 45p
4520 700
4521 150p
4526 75P

LM317K
LM 3177 14 Adj 200p 78MGT2C 1400
LM 225p 78GUIC 200p
LM323K 34 5V 500p 79GUIC 225P

80477/8 30p
80516/7 400
BC547B 14p

MPF103/4 300
MPF105 30
MPSA06 30P
MPSAI 2 50P

252160 3500
2522194 25P
252222A 251,

2SC1957 900
2501969 2000
2SC2028 120p

2.7V -33V
400mW 9p
1W 15p74178 100p

74180 50p
74181 130p
74182A 90p
74184A 90p

741_5253 40p
7415257 45P
7415258 40P
7415259 90p
7415260 240

74ALSO2 60P
74ALSO4 75P
74ALSO8 60P
74ALS10 75P
7441520 75P

4527 900
4528 75p
4532 90p
4534 500p

LM723 150m4 Adj 37p 79HGKC 700p
TL494 400pTL497 300P
78540 300pLM305H 250P

BC548C 12p
8C549C 16p
8C557B 14p
BC559C 16p

MPS413 50p
MPSA20 50
MPSA42 50P
MPSA43 50P

2523694 25P
252484 25P
2N2646 45P
252904/5 25
252906A 25p

2SC2029 2500
2SC2078 200p
35128 1200
35140 120P .
35141 110p

TRIACS
PLASTIC

3A 400V 60p
6A 400V 70pOPTO-ELECTRON ICS BCY70 18p

74185 120p
74186 500p
74188 325p

7415266 25P
741_5273 70
741_5279 45P

74ALS32 75P
74AL574 90P
74ALS138150p

4536 300p
38 120o

453945 1100
255777 45p ORP60 120p
OCP71 180p ORP61 120p
ORP12 120p TIL78 5''P

80771/2 22p
80131/2 50p
El 0135/6 40p

MPSA56 32P
MPSA70 50P
MPSU06 63

252907A 25P
252926 9P
253053 30P

35201 110p
35204 120p
40290 260p

6A 500V 889
8A 400V 75p
8A 500V 95p74190 50p

74191 SOp
74192 50p
74193 50p
74194 70
74195 "' "74196 60p

7415280 2500
74LS283 45P
74L5293 5013
74LS298 1130p
74LS299 400P
74LS323 250P
74LS324 180p

74ALS139150p
74ALS157150
74ALS175250
7441524437
74ALS373450P
744153744500

4543 100p
4553 290p
4555 45P
4556 45P
4560 1800
4566 1800
4568 300P

OPTO-ISOLATORS
1LD74 130p T1L111 90p
MCT26 1p TIL112 90000
MCS2400 1900 711113 900
1L074 240p TIL116 90p
LEDS 0 2"

BD139 40p
80140 40p
BDI 89 60p
BD232 60p
80241 600
BD242 60p
BF2448 350

MPSUO7 600
MPSU45 50P
MPSU65 78P

35PTIP29A00
710290 40P
TIP30A 350
710300 400

253054 65P
253055 481,
2N3442 140P
2N3553 240P
253584 2500
2N3643;4 48P
253702/3 120

40361/2 75P
40408 90P
40409 1009
40410 1P
40411 300P
40594 120p
40595 120p

12A 400V 85p
12A 500V105p
16A 400V110p
16A 500V130p
728000 130p

74197 60p
74198 100p
74199 100p
74221 60p
74259 150o-74278 150p
74279 800
74283 75p
74284 200p
74285 200p74285
74290 200p,,,,_
74293 11".'.1-174298 100p.,
74365 --"74366 40par,
74367 "--"P

74LS348 150p
7415352 1000
7415353 100p
7415363 160p
7415364 160p
7415365 32p
7415367 320
74L5368 SOp
7415373 700
741_5374 70p
74LS375 SOp
7415377 70p
7415378 600
7415390 55p
74LS393 60p
7415399 200p

93 SERIES
9301 1600
9302 175p
9308 316p
9310 275p
9311 2750
9312 1600
9314 1650
9316 225p
9321 225p
9322 150p
9334 3600
9368 2500
9370 300p
9374 200p

4569 180p
4572 30s'4583 90p
4584 46
4585 100p
40014 90p
40085 90p
40097 9

100
40175 100p
40193 115
14495 400pP
14599 290 .

-

0.125" TI 1220 Red 13p
TIL32 55p TIL222 Gr 15p
711209 Red 11p TIL228 Yel 220
711211 Gr 13p Rectangular
TIL212 Ye 18p LEDs IR, G, VI 30a

-TIL216 Red 18p 5565881 870p
TIL311 600r

DISPLAYS TIL312/3 'DISPLAYS
3015F 200p T1L321/2 1300
DL704 1400 711330 n

OL707 Red 140p 7750/60 124°00'p

END357 120p DRIVERS
F5D500 90p 9368 250p
END507 90p 9370 300p
MAN3640 175p lJDN6118 320p
MAN4640 200p UDN6184 3200

8F256B 50p
32p

8F257/8B9 36p
BF337 30p
BER39 25p
13E1140/1 25p
BFR79 25p
BER80/1 25p
BFX29 40p
BFX30 27p
BFX84/5 400
B1886/7 27p
BFX88 27p.
BFX89 150p
9FY50 24p
BEY51/2 24p

TIP314 40P
TIP31C 45P
710324 400
TIP32C 45P
TIP33A TOP
TIP33C 50P
TIP34A SOP
710340 1200
710354 120P
TIP35C 140P
710364 1400
TIP36C 180p
TIP4IA 513P
TIP41C 55P
710424 600
TIP42C 65P

253704/5 12p
253706/7 14P
253708/9 12p
253773 300P
253819 25P
253820 40p
253823 50p
253866 900
253902 700p
253903/4 16p
2 N3905/6 16p
2 N4037 65p
254123/4 27p
254125/6 27p
254401/3 270
2 N4427 90p

40673 750
40871/2 100P

THYRISTORS
14 50V 70p
lA 400V 90p
3A 400V 100p
8A 600V 1400
12A 400V 160p
164 100V 180p
16A 400V 180p

106D 45p
CMCR101 35Pp
11044 27p
2N3525 130p
254444 180p
2N5060 30p
255064 35p

DIODES
BY127 12P
0447 SP
0490/91 9P
04200 Sp
0A202 10
15914 4pP
15916 7p
154148 4p
154001/2 5p
154003/4 6p
154006/7 7p

TECHNOMATIC LTD. PLEASE ADD 40p P&P & 15% VAT (Export no VAT
ORDERS WELCOME

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED
Government, Colleges, etc.

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 BARCLAY & ACCESS CARDS ACCEPTED
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) FOR DETAILED PRICE LIST PLEASE SEND SAE.
305, EDGEWARE ROAD, LONDON W2 Tel: 01-723 0233 STOCK ITEMS ARE NORMALLY BY RETURN OF POST
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COMBO -AMPLIFIER
Easy to build portable 120W MOSFET

amp for all stage musicians. Built-in

flanger, five step equaliser, two inputs
for guitars, keyboards or microphones,
low noise pre -amp.

Full details in our book. Price 60p.
Order As XAOIB.

STOP -WATCH
Multi mode 8 -digit stopwatch accurate
to hundredths of a second. Easy to
build -complete kits available.

Full details in our projects book.
Price 60p.

Order As /(A02C.

MILES PER GALLON METER
Digital display shows you how
economical your driving is as you go
along.

Complete kits available.

Full details in our projects book.
Price 60p.

Order As XAO2C.

niramin
All mail to:
P.O. Box 3, Rayleigh, Essex SS6 8LR
Tel: Sales (07021552911 General (07021554155

Shops at:
159 King St., Hammersmith, London W6. Tel: 01-7480926
284 London Rd., Westcliff -on-Sea, Essex. Tel: (07021554000
Note: Shops closed Mondays

ELECTRONIC
SUPPLIES LTD.

DIGITAL MULTI -TRAIN CONTROLLER
Control up to 14 trains individually on the same track with any four
simultaneously! Low cost kits available.
Full details in our projects book. Price 60p.
Order As XAO2C.

Photo by W.A. Sharnli- n

HOME SECURITY SYSTEM
Six independent channels -2 or 4 wire

operation. External horn. High degree

of protection and long term reliability.
Fullrc details in our projects book.

Order As XAO2C.

MATINEE ORGAN
Easy -to -build, superb specification.

Comparable with organs selling for

up to f1,000. Full construction details
in our book. Price £2.50.
Order As XH55K.

Complete kits available:

Electronics - E2 9 9.9 5,

Cabinet- £99.50 (carriage extral.

Demo cassette price £1.99. Order As XX43W.

* Don't miss out -get a copy of our catalogue now!
Over 140,000 copies sold already!

* On sale now in all branches of WHS\I ITH olp price fl.

* 320 big pages packed with data and pictures of over 5,500 items.r

I

Post this coupon now!
Please send me a copy of your 320 page catalogue. I enclose f 1.25 finc. 25p p&p). If
I am not completely satisfied I may return the catalogue to you and have my money
refunded.

If you live outside the U.K. send f1.68 or 12 International Reply Coupons.

Name

Address

PE482 jI NM =I NM ME MN I= OM
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