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Once again, Powertran and E&MM combine to bring you 
versatility and top quality from a product out of the 
realms of fantasy and within the reach of the active 
musician. 

The MCS-1 will take any sound, store it and play it back 
from a keyboard (either MIDI or Iv/octave). Pitch bend or 
vibrato can be added and infinite sustain is possible 
thanks to a sophisticated, looping system. 

All the usual delay line features (Vibrato, Phasing, 
Flanging, ADT, Echo) are available with delays of up to 32 
secs. A special interface enables sampled sounds to be 
stored digitally on a floppy disc via a BBC 

microcomputer. 

The MCS-1 gives you many of the effects created by top 
professional units such as the Fairlight or Emulator. But the 
MCS-1 doesn't come with a 5 -figure price tag. And, if 
you're prepared to invest your time, it's almost cheap! 

Write or phone now to place an order 
Powertran Cybernetics Limited, 
Portway Industrial Estate, 
Andover, Hants SP10 3ET. 

Telephone: 0264 64455 
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Specification 

Memory Size: Variable from 8 bytes to 64K bytes. 

Storage time at 32 KHz sampling rate: 2 seconds. 

Storage time at 8 KHz sampling rate: 8 seconds. 

Longest replay time (for special effects): 32 seconds. 

Converters, ADC & DAC: 8 bit companding. Dynamic 
range: 72 dB. 

Audio Bandwidth: Variable from 12 KHz to 300 Hz. 

Internal 4 pole tracking filters for anti-aliasing and 
recovery. 

Programmable wide range sinewave sweep generator. 

MIDI control range: 5 octaves. 

+1N/octave control range: 2 octaves with optional 
transpose of a further 5 octaves. 

Delay Une 

Introduced in 1982, Powertran's 
DDL has brought digital quality 
effects to thousands of 
musicians. Still available in 

kit form at only £179.00 + VAT. 

POWEIITRAN cyberlletics. ltd 
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WATFORD ELECTRONICS TRANSISTORS 

33/34 CARDIFF ROAD, WATFORD, HERTS, ENGLAND 
MAIL ORDER, CALLERS WELCOME 

Tel. Watford (0923) 37774/40588 Telex. 8956095 
ALL DEVICES FULLY GUARANTEED. SEND CHEQUE, P.O.s, CASH, BANK DRAFT WITH 
ORDERS. TELEPHONE ORDERS BY ACCESS/MASTER CHARGE ACCEPTED. 
GOVERNMENT & EDUCATIONAL ESTABLISHMENTS OFFICIAL ORDERS WELCOME 
P&P ADD 75p TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES 
SUBJECT TO CHANGE WITHOUT NOTICE. 

VATExport orders no VAT. Applicable tc U.K. Customers only. Unless stated othewise, 
all prices are exclusive of VAT. Please add 15% to the total cost including P&P. 

We stock thousands more items. It pays to visit us. We are situated behind Watford Football Ground. 
Nearest Underground/BR Station: Watford High Street. 
Open Monday to Saturday: 9.00am to 6.00pm. Ample Free Car parking space available. 

ELECTROLYTIC CAPACITORS: (Values in uF) 500v; 10uf 52; 47 78p; 63V: 0.47, 1.0,1.5,2.2, 3.3, 4.7 8910 106; 
15, 22 12p; 3315p; 4712p; 68 20p; 10019p; 220 26p; 1000 70p; 2200 99p; 50V: 68 20p; 10017p; 220 24p; 
40V; 22 9p; 3312p; 330,470 32p;1000 48p; 2200 90p; 25V:1.5, 4.7,1 D, 22, 47 89;10011p; 15012p; 22015p; 
330 22p; 470 25p; 680,1000 349;1500429; 2200 50p; 3300 76p; 4700 92p; 16V:47,68,1009p; 12512p; 330 
16p; 470 20p; 680 34p; 1000 27p; 1500 31p; 2200 26p; 4700 72p. 

TAG -END CAPACITORS: 84V: 2200139p; 3300198p; 4700 245p; 50V: 2200 11 Op; 3300184p; 40V: 4700 
180p; 25V: 2200 90p; 3300 9ßp; 4000, 4700 98p; 10,000 320p; 15,000 345p; 16V: 22,000 350p. 

POLYESTER CAPACITORS: Axial Lead Type 
400V: 1 nF, 1n5, 202, 303, 407, 608 11p; 10n, 15n, 18n, 22n 12p; 33n, 47n, 
68n 169; 150n 20p; 220n 30p; 330n 42; 470n 52p; 680n 1 uF 68p; 2u2 82p. 
1000V: 10F 17p; 100F 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n 42p. 

POLYESTER RADIAL LEAD CAPACITORS: 250V FEED -THROUGH 
100, 150, 22n, 27n Sp; 330,470, 680, 100n 8p; 1500,2200 CAPACITORS 
10p; 330n, 470n 15p; 680n 19p; 1u5 40p; 2u2 48p. 1000pF/450V 10p 

TANTALUM BEAD CAPACITORS 
35V: 0.1 uF, 0.22, 0.33 15p 0.47, 0.68, 
1.0, 1.5 16p; 2.2, 3.3 18p; 4.7, 6.8 22p 
10 28p; 16V: 2.2, 3.3 16p; 4.7, 6.8, 10 
18p; 15, 36p; 22 45p; 33, 47 50p; 100 
95p; 10V: 15, 22, 26p; 33, 47 50p; 100 
809; 6V: 100 55p. 

MYLAR FILM CAPACITORS 
100V: 1 nF, 2, 4, 40F, 10 6p; 150F, 22n, 
300, 4.00, 47n 7p; 56n, 100n, 200n 9p; 
50V: 4700F 12p. 

CERAMIC CAPACITORS 50V: 
Range: 0.5pF to 100E 4p. 150F, 220E 
33nF; 470F 5p. 100nF/3000 7p. 
200n F/6V 8p. 

POLYSTYRENE CAPACITORS: 
10pF to 1 nF Sp; 1.5nF to 12nF 10p. 

SILVER MICA (Values in pF) 
2, 3.3, 4.7, 6.8, 8.2, 10, 12, 15, 18, 
22, 27, 33, 39, 47, 50, 56, 68, 75, 82, 
85, 100, 120, 150, 180pF 159 each 
200, 220, 250, 270, 300, 330, 360, 
390, 470, 800, 800, 820 21p each 
100, 1200, 1800, 2200 30p each 
3300, 4700pF 80p 

MINIATURE TRIMMERS Capapitors 
2-6pF 2-10pF 22p; 2-250F; 5-650F 
30p; 10-88pF 36p. 

POTENTIOMETERS: Carbon Track, 
Rotary 0.25W Log & LIN Values, 
470R; 1K & 2K (Linear only) 
Single Gang 
5K - 2M Single Gang Log & Lin 
5K - 2M Single Gang DP Switch 
5K - 2M Double Gang 

35p 
35p 
95p 
99p 

SLIDER POTENTIOMETERS 
0.25W log and linear values 60mm 
5K - 500K single gang 80p 
Graduated Bezels for above 45p 

SIEMENS pcb 
Type Miniature 
poly Capacitors 

250V 
10F, 105, 2n2, 
303, 407, 6n8, 
100, 15n 7p 
ibn, 22n, 27n, 
330,390,47n ep 
39n, 56n 12p 
820,100n 119 

100V 
100n, 120n 10p 
150n, 180n 12p 
220n, 270n 15p 
330n, 390n 20p 
470n, 560n 26p 
680n 30p 
10F 34p 2u2 50p 

PRESET POTENTIOMETERS 
0.1W Miniature Vertical or 
Horizontal, 100R to 4M7 8p 
0.25W Larger 1008 to 3M3 Herz 12p 
0.25W La ger200R to 4M7 Vertical 12p 

Hitachi 
256K 
DRAM 

£49 

2764 
250ns 
£4.70 

27128 
250ns 
£16 

RESISTORS Carbon Film, miniature, Hi -Stab, 5%. 

RANGE Val 1-99 100+ 
0.25W 202-10M E24 3p 1p 
0.5W 202-4M7 Et2 3p 1p 
1W 202-10M Et2 6p 4p 
2% Metal Film 510 - 1M E24 6p 4p 
1% Metal Film 510-1M E24 5p 4p 
100+ price applies to Resistors of each type not 
mixed. 

RESISTORS NETWORK S.I.L. 
7 Commoned: (8 pins) 1000, 6800, 1K 2k2, 4K7, 
10K,47K,100K 25p 
8 Commoned: (9 pins) 1500, 1800, 2700, 3300, 1K, 
2K2, 4K7, 6K8, 10K, 22K, 47K & 100K 26p. 

ÁA119 15 
M129 20 
AAY30 15 
BA100 15 
BAX 20 
BY100 24 
BY126 12 
BY127 14 
CR033 250 
0A9 4 
0A47 1 

0A70 1 

0579 1 

0881 2 
0A85 1 

0A90 
0891 
0495 
0A200 
0A202 
1 N914 
10916 
104001/2 
104003 
1144004/5 
1 N4006/7 
104148 
105401 1 

105404 1 

1N5406 1 

1N5408 1 

1544 
10921 
6A/100V 4 
6A/400V 5 
6A/800V 6 

BA102 
BB1058 
8B106 
881098 
MVAM2 

50 
40 
40 
45 

105 

BRIDGE 75 SERIES 
RECTIFIERS 

1A/50V 
1A/100V 
1A/400V 
1A/600V 
2A/50V 
2A/200V 
2A/400V 
2A/600V 
6A/100V 
68/400V 
104/2000 
10A/6000 
25A/200V 
25A/600V 
BY164 
VM18 DIL 

18 
20 
25 
34 
30 
40 
46 
66 
83 
96 

215 
296 
240 
396 

56 
50 

Range: 207 to 
39V 400mal 

8p each 
Range: 303 to 
33V 1.3W 

15p each 

75107/8 
75110 
75114/5 
75121/2 
75150 
75154 
75158 
75159 
75160 
75162 
75182/4 
75188/9 
75322 
75324 
75325 
75361/3 
75365 
75450 
75451/2 
75454 
75491/2 

96 
90 

150 
130 
125 
125 
150 
195 
420 
650 

99 
100 
140 
360 

00 
150 

00 
86 
52 
70 
65 

SCR 
THYRISTORS 

5A/40V 
5A400V 
5A600V 
88300V 
8A600V 
1281000 
12A400V 
12A800V 
BT106 
BT116 
C106D 
TIC44 
71045 
TIC47 
2N5062 
2N5064 
2N4444 

32 
40 
48 
60 
90 
78 
96 

188 
150 
180 
36 
24 
29 
36 
32 
38 

130 

ST2 25 
'W ASIK 

3A200V 54 
38400V 56 
8A100V 80 
8A400V 69 
8A800V 115 

12A100V 78 
12A400V 82 
12A800V 136 
16A1000 103 
16A400V 106 
168800V 220 
25V500V 220 
25A800V 296 
T2800 125 

2102L 
2114 
2147 
2516 
2532 
25L32 
2564 

6592PC 
6800 
6802 
6803 
6805 
6808 
6809 
6810 
6821 
68821 
6840 
6843 
6845 
68455P 
6847 
6850 
6852 
6854 
68854 
6859 
6875 
68000 
8035 
8080A 
8085 
8085A 
8088 
8123 
8131 
8154 
8155 
8156 
81LS95 
81LS96 

160 
325 
395 
350 
400 
450 
700 

26501 75 
2716-5V 350 
2732-4 450 
2764-250 475 
27C64 1095 
27128-250 £16 
"NEW" 256K "D" 
RAM 1500S £49 
3242 675 
4027 95 
4116.2000 125 
4164-150n 425 
4416-2 475 
4532-3 250 
4532-4 250 
4816-100ns 250 
4864-15 425 
5514 250 
6116-150 400 
6116L-120 425 
6117-100n 575 
6167-6 795 
6264L-15 £26 
63A03 £14 
6402 350 
6502CPU 355 
6502A 545 
6503 350 
6503 650 
6504 800 
6504 250 550 
6505 650 
6505 600 
6520PIA 175 
6522VIA 340 
6530 £11 
6532Rß107 650 
6545RTC 899 
6551ACIA 650 

00 
£20 
220 
275 
850 
670 
520 
850 
175 
175 
220 
375 
800 
650 
750 
650 
175 
250 
750 
B00 

£4 
500 
£30 
525 
425 
£15 
950 
£15 
180 
475 
750 
750 
650. 
175 
175 

ACCESS 
Orders 

Just phone your 
orde s through. 
We do the rest 

Tel: 0923 50234 
81L597 175 
81LS98 175 
8202 £25 
8205 225 
8212 495 
8214 495 
8216 200 
8224 350 
8226 350 
8228 270 
8236 00 
8243 550 
8250 £11 
8251A 795 
8253 1750 
8255 650 
8256AC £15 
8257-5 700 
8259 700 
8271 POA 
8272 £25 
8279 750 
8282 450 
8283 450 
8284 550 
8288 £11 
8748 £55 
87268 99 
8727 150 
8T318T95 

90 
350 

8T97N 90 
9602 220 
AM26LS31C 125 
AM26LS32A 125 
AM26LS33 150 
AM7910 £30 
AY -3-1015 300 
AY -5-1013 300 
CD4724 150 
C0M8017 275 
C0M8116 700 
D8748 £55 
DM8131 275 
DP8303 450 
DP8304 350 
D53647 00 
DS3691N 595 
0888LS120 485 
D58820 110 
DS8830 198 
DS8831 125 
D58832 250 
E9364 800 
E9365 £36 
FD1691 £15 
FD1771 £15 
FD1791 £22 
FD1795 £28 
HD26501 75 
HD63A03RP£14 
HM6845SP 755 
IM6402 380 
INS8060N 1250 
MC1488 100 
MC1489 100 
MC14411 675 
MC14412 725 
MC3242 590 
MC3446 250 
MC3447P 315 
MC3486 225 
MC3487 225 
IM6402 350 
MC6845 825 
MC6846 625 
MK3886-2M £7 
MM52S0D 896 
MM5303 636 
MM5307 1275 
MM5387A 865 
MM58174 875 
Mhi74C922 420 
R0 -3-2513L 700 
R0 -3-2513U 850 

,SAA5050 875 

SFF9364 800 
SP0256 850 
SP0256AL2 475 
TCJ3101J £13 
TMS2716-3V 725 
TMS4047 100 
TM54164 395 
TM54416-2 595 
TM54500 £12 
TM54500 £14 
TMS4532-3 350 
TMS5100 600 
TMS6011 500 
TM 59914 895 
TMS9927 £14 
TMS9928 £20 
TMS9929 £20 
TMS9980 £20 
TM59995 £12 
ULN2003 75 
UPD7002 725 
WD1691 £14 
WD1770 £20 
WD2143 850 
Z80CPU 2.5 300 
Z80ACPU 4M 375 
Z80 CTC 285 
Z8002CPU 00 
Z80A OTC 335 
Z80BCPU £11 
Z80 DART 698 
Z80A DART 820 
2808 £11 
Z80 DMA 795 
ZBOADMA 925 
Z80 PIO 325 
Z80A PIO 350 
Z80 S10-1 850 
Z80A SIO £9 
Z808810-2 £9 

555Cmos 95 
702 75 
709C 8 pin 35 
710 48 
7418pin 16 
747C 14 pin 70 
748C 8 pm 30 
735 8 pin 185 
810 158 
94000J 375 
ADC0808 885 
AY -1-1320 225 
AY -1-5050 99 
AY -1-5051 160 
AY -1-6720 210 
AY -3-1270 730 
AV -3-1350 350 
AY -3-8910 390 
Booklet for 
AY -3-8910 390 
AY -3-8912 500 
AY -5-1317A 630 
AY -5-1350 366 
CA3011 130 
CA3012 175 
CA3014 275 
CA3018 - 85 
CA3019 90 
CA3020 210 
CA3023 210 
CA3028A 130 
CA3035 255 
CA3036 270 
CA3043 275 
CA3045 385 
CA3046 70 
CA3048 220 
CA3059 325 
CA3075 213 
CA3080E 75 
CA3081 180 

AC126/7 35 
AC141/2 35 
AC176 35 
AC187 35 
AC188 35 
ACY19/21 75 
ACY22/41 75 
AD142 120 
AD149 79 
AD161 42 
AD162 42 
AF115/6 80 
AFI 88 80 
AF124/26 70 
AF139 40 
AF178 75 
AF186 70 
AF239 55 
BC107 12 
801078 14 
BC108 12 
BC1088 14 
BC108C 14 
BC109 12 
BC1098 14 
501090 14 
BC114/5 30 
80117/8 25 
80137/9 40 
BC140 38 
80142/3 38 
130147 .12 
BC1478 15 
BC148 12 
BC1486 15 
60149 12 
BC149C 15 
BC182L 10 
BC183L 10 
BC184 10 
BC184L 10 
130186/7 28 
BC188 6/7 25 
8012 10 
00212L 12 
BC213 10 
BC213L 12 
90214 10 
BC214L 12 
60237/ß 15 
BC256B 35 
3078 15 
BC308 16 
BC318 80 

CA3085 160 
CA3086 60 
CA3089E 200 
18309080 375 
CA3123E 165 
CA3130 90 
CA3140 50 
183160 95 
CA3161 199 
CA3162 525 
CA3189 275 
HA1336W 175 
HA1388 235 

L7106 690 
L7107 975 
L7611 99 
L7660 248 
L8038CC 360 
L8211A 750 
M7205A 1150 
M7207 475 
M7215 1050 
M7216AJ £22 
M7216C £22 
M7217A 750 
M7224 £11 
M7240 300 
M7555 105 
M7556 150 

LA3550 250 
LA4031P 340 
LA4032 295 
LA4400 350 
LA4422 320 
LC7130 320 
LC7120 300 
LC7137 350 
LF347 150 
LF351 70 
LF353 90 
4E355 90 
LF356 90 
LF357 100 
LF398 495 
LM10 325 
LM301A 30 
LM307 45 
LM308T 75 
LM311 60 
LM318N 150 
LM319 180 
LM324A 45 
LM334Z 115 
LM3352 135 
LM337 275 
LM339 40 
LM348 60 
LM349 125 
LM358 50 
LM377 210 
LM379 495 
LM380 120 
LM381N 175 
LM382 200 
LM384 225 
LM386 110 
LM387 200 
LM389 160 
LM393 85 
LM394CH 385 
LM558 170 
LM.25CN 300 
LM733 85 
LM1458 35 
LM1871 300 
LM1889 350 
LM2907 395 
LM2917 325 
LM3900 70 
LM3909N 85 
LM3911 185 
LM3914 300 
LM3915 300 
LM3916 300 
LM13600 150 
LS7220 200 
M706B1 150 
MS1513L 230 
MS1515L 320 
M51516L 475 
M03712 200 
M83756 440 
MC1204 250 
N1C1301 90 

00327 15 
00337/8 15 
BC441/61 34 
BC477 40 
BC516/7 40 
BC547/8 12 
BÇ5490 15 
BC556/7 15 
00558/9 15 
00039/40 85 
BCY41/42 30 
BCY45 50 
BCY58/59 36 
BCY70/71 18 
1BCY72 25 
BCV78 30 
80114 190 
80121 95 
BD124 115 
80131/32 65 
1310133 70 
80135 45 
BD136/37 40 
80138/39 40 
BD140 40 
BD144/45198 
BD158 68 
BD205/6 110 
6D245 65 
BD378 70 
BD434 70 
BD517 75 
130645 80 
BD695A 150 
BD696A 150 
8E115 45 
BF154/8 30 
8E167 35 
6E173 35 
BF177 35 
13E178 35 
13E179 40 
BF184/5 38 
BF194/5 12 
BF198/9 18 
8E200 80 
BF224A 40 
BF224B 40 
8E245 50 
BF256A 45 
BF256B 50 
BF257/8 32 
BF259 40 
8E275 55 

BF336/7 35 
BF394 40 
8E451 40 
BF494/5 40 
BF594/5 30 
BFR39/40 30 
8FR41/79 25 
BFR80/81 25 
BFR98 105 
8FX29 35 
8FX61 45 
BFX84 35 
BFX85/6 35 
BP/50/51 30 
BFY52 30 
BP/53 35 
BFY55/56 58 
BFY64 40 
BFY81 120 
BFY90 80 
BRY39 50 
BSX20 30 
BSX26/29 45 
BSY26 35 
8SY95 35 
60105 180 
BU205 180 
85206 200 
00208 200 
BUV69C 225 
MD8001 250 
MJ2955 90 
MJE170 150 
MJE180 150 
MJE340 54 
MJE370 100 
MJE371 100 
MJE520 85 
MJE521 96 
MJE2955 98 
MJE3055 70 
MPF102 40 
MPF103 30 
MPF104 30 
MPF105 30 
MPF106 40 
MPSA05 30 
MPSA08 30 
MPSA12 32 
MPSA55 30 
MPSA56 30 
MPSA70 40 
MPSU02 58 
MPSU05 80 

MC1303 96 
MC1304P 260 
MC1310P 150 
MC1445 250 
MC145106 695 
MCI 455 50 
MC1458 35 
MCt469 300 
MC1494 694 
MC1495 350 
MC1495L 70 
MC1596 225 
MC1648 290 
MC1709G 90 
MC3302 75 
MC3401 50 
MC3403 95 
MC3404 85 
MC3405 150 
MC3422 00 
MC3423 80 
MC3442 00 
MC3487 00 
MC4016 00 
MF10 350 
MFC6040 75 
ML924 275 
NE515 275 
NE529 225 
NE531 140 
NE543K 225 
NE544 200 
0E555 25 
NE556 65 
NE558 170 
NE560 350 
NE5628 410 
NE564 420 
NE565A 120 
NE566 155 
NE567V 140 
NE570 410 
NE571 -.400 
NE5532 175 
NE5534A 160 
OM335 750 
RC4136D 80 
RC4558 60 
05668 225 
SAB3209 425 
SA83210 325 
SA83271 485 
SAB4209 585 
SG3402 295 
SL490 350 
SL6270CD 150 
SN76013 350 
SN76227N 95 
0N76477 470 
SN76488 525 
SP8629 350 
SP0256AL 475 
7A7120 140 
7A7204 150 
TA7205 90 
7A7222 150 
TA7310 125 
7AA621AX1296 
TAA661A 190 
TAA700 275 
TAA900 395 
TA81042 110 
TAD100 159 
TBA1205 70 
TBA900 395 
TA61042 110 
TAD100 159 
TBA120S 70 
7BA9200 200 
T1349900 350 
TCA220 350 
TCA2700 350 
TCA280A 220 
TCA940 175 
TCA965 180 
TDA1004 350 
TDA1008 310 
TDA1010 235 
TDA1022 499 
TDA1024 115 
TDA1034 350 
TDA1490 350 
TDA2002 325 
TDA2003 250 

TDA2004 
TDA2006 
TDA2020 
TDA2030 
7D80791 
TL770 
TL430C 
TL507 
TL509 
TL061CP 
TL062CP 
TL064CN 
TL071CP 
TL072CP 
TL074CN 
TL081CP 
TL082CP 
TL083CP 
TL084CN 
TL091CP 
UA2240 
UA78540 
ULN2003 
ULN2004 
ULN2283 
ULN2803 

MPSU06 60 
MPSU52 65 
MPSU55 80 
MPSU56 60 
0026 170 
0028 220 
0035 50 
0036/41 75 
0042/75 75 
0071/72 50 
0075/76 55 
0081/62 50 
0083/84 70 
00170/71 75 

00200 
TIP29A 
TIP29C 
TI P30A 
TI P300 
TI P31 A 
TI P31 B 
TIP31 C 
TIP32A 
TIP32C 
TIP33A 
TIP33C 
TIP34A 
TIP34C 
TIP35A 
TIP35C 
TIP36A 
TIP36C 

75 
32 
38 
35 
37 
38 
39 
45 
43 
45 
70 
75 
85 

105 
120 
130 
130 
140 

TIP41A 50 
TIP41B 52 
TIP42A 55 
TIP420 58 
TIP120 70 
TIP121/2 73 
TIP141/2 120 
TIP147 120 
TIP2955 70 
TIP3055 70 
TIS43 50 
TI544/5 45 
71588A 50 
71590/91 30 
UC 65 
VK1010 99 
VN10KM 70 
VN46AF 95 
VN66AF 110 
VN88AF 120 
VN89AF 120 

300 
330 
320 
190 
420 

50 
90 

110 
110 
40 
65 
98 
40 
76 

150 
35 
60 
75 

120 
60 

120 
230 

90 
90 

100 
190 

UPC575 275 
UPC1025H 375 
UPC1156H 295 
UPC1162 425 
UPC1366 195 
XR2206 375 
XR2207 400 
X62211 575 
0132216 675 
XR2256 360 
ZN414 80 
ZN419E 180 
ZN423E 130 
ZN424E 130 
ZN425E 595 
ZN426E 200 
ZN427E 820 
20428E 450 
ZN429E 245 
ZN459 615 
ZN1034E 200 
ZN1040E 895 
ZNA234E 925 

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 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 

25 
25 
25 
25 
30 
30 
40 
40 
25 
25 
25 
25 
25 
25 
60 
35 
35 
25 
50 
40 
35 
35 
40 
35 
35 
25 
30 
30 
30 
40 
30 
90 
85 

150 
100 
110 
110 
95 

110 
30 
30 
30 
30 
30 
50 
50 

7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 

ZTX107/8 12 
ZTX109 12 
ZTX212 28 
ZTX300 13 
ZTX302 16 
ZTX303 25 
ZTX304 17 
ZTX326 30 
ZTX451 23 
ZTX500 14 
ZTX501/2 15 
ZTX503 18 
ZTX504 25 
ZTX531 125 
ZTX550 25 
20697 23 
2N698 40 
2N699 48 
207068 25 
2N708 25 
20918 40 
2N1131/2 40 
2N1302 45 
2N1307 70 
2016718 160 
202160 325 
2022198 28 
2N2220A 28 
2N2221A 25 
2N2222A 25 
2142368. 25 
2N2369A 18 
202483/4 27 
2N2646 46 
2N2904/5 28 
2N2906/7 28 
2029078 28 
2N2926G 10 
2N3053 25 
2N3054 55 
2143055 50 
2N3252 48 
203441/2140 
2N3614/5180 
2143663 20 
2143702/3 10 
2N3704/5 10 
2N3706/7 10 
2N3708/9 10 
2N3713 140 
2N3771 179 
2N3772 195 
2N3773 210 
203819 35 

50 
45 
55 
45 
60 

175 
100 
100 
105 
100 

40 
200 

60 
70 
70 
50 

100 

7496 75 
7497 200 
74100 175 
74104 70 
74105 70 
74107 45 
74109 70 
74110 55 
74111 55 
74112 170 
74116 160 
74118 110 
74119 160 
74120 90 
74121 45 
74122 65 
74123 75 
74125 60 
74126 60 
74128 55 
74132 70 
74136 50 
74141 85 
74142 235 
74143 250 
74144 250 
74145 100 
74147 160 
74148 130 
74150 170 
74151 60 
74153 70 
74154 130 
74155 75 
74156 90 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74179 
74100 
7410' 
74182 
74'84 
74185 
74100 

191 
74192 
74103 
7414 
74,55 
74'96 
74197 
74196 
74199 
74221 
74246 
74247 
74248 
74249 
74251 
74259 
74263 
74265 
74273 
74276 
74278 
74279 
74283 
74284 
74285 
74286 
74290 
74293 

75 
170 
100 
100 
100 
100 
110 
100 
130 
250 
190 
400 
130 
100 
100 
100 
110 
130 
130 
100 
300 
120 
170 
170 
120 
120 
120 
120 
100 

75 
120 
100 
200 
200 
200 
130 
120 
145 
175 

90 
150' 

75 
60 

180 
130 
160 

80 
100 
440 
300 

80 
120 

80 

203820 60 
203822/3 60 
203866 90 
203903/4 18 
203905/6 15 
2N3906 17 
2144037 60 
2N4058 15 
2N4061/2 15 
2N4264 30 
204286 25 
2N4289 25 
204314 78 
2N4400 25 
204427 80 
2144871 55 
205135/6 30 
2145138 25 
2145172 25 
205179 45 
205180 45 
2N5190/1 75 
2N5194 80 
2N5305/8 30 
2N5457/8 30 
2N5459 30 
2N5485 36 
205777 45 
205879 180 
206027 32 
208671 250 
208715 75 
250495 85 
200496 85 
2001061 250 
2001096 85 
2901162 45 
2001173 125 
2001306 100 
20C1307 150 
2SC1449 95 
2SC1678 140 
2001679 180 
2001923 65 
2001945 225 
2001963 80 
2001957 BO 
2001969 160 
2502028 85 
2002029 200 
2002078 170 
2002091 85 
2SC2314 86 
2502166 105 

74297 175 
74298 160 
74351 180 
74365 70 
74366 70 
74367 70 
74368 70 
74376 120 
74390 100 
74393 100 
74426 60 
74490 100 

740244150 
740245150 
740373180 
740374 425 
740922625 
740923645 
740925850 

S00 
SO2 
003 
504 
505 
508 
509 
010 
011 
015 
S20 
S22 
030 
532 
S37 
S38 
040 
S51 
S64 
565 
074 
585 
S86 
S112 
0113 

15114 
5''.24 
5132 

133 
5'34 

S138 
S:39 
S'. 
5'51 
5'.53 
0157 
5158 
5182 
S183 

S174 ''?5 
0188 
5'89 
5194 
5'97 
S2.,'. 
5225 
5226 
S240 
0241 
5244 
S251 
S257 
5258 
5260 
5262 
S287 
S288 
S289 
S301 
S365 
5373 
S374 
S412 
S470 
S471 
S472 
5474 
S475 
S571 
S573 

49 
40 
40 
40 
40 
40 
40 
40 
40 
80 
40 
40 
60 
50 
50 
70 
40 
40 
40 
40 
70 

295 
100 
rq 
CO 
00 

300 
op 

80 
110 
170 
170 

60 
140 
140 
200 
190 
300 
300 
250 
300 
200 
225 
280 
300 
250 
500 
350 
375 
375 
474 
225 
225 
225 

70 
£10 
200 
180 
200 
350 
250 
375 
375 
380 
325 
600 
400 
400 
425 
300 
450 

L500 
LS01 
LS02 
L503 
LSO4 
L505 
LSO8 
L509 
LS10 
LS11 
LS12 
L513 
LS14 
LS15 
LS19 
LS20 
LS21 
LS22 
LS24 
LS26 
LS27 
LS28 
LS30 
LS32 
LS33 
LS37 
LS38 
LS40 
LS42 
LS47 
L048 
L549 
LS51 
LS52 
LS54 
LS55 
LS63 
LS73 
L574 
L575 
L576 
L578 
L583 
LS85 
LS86 
LS90 
LS91 
LS92 
L593 
LS95 
LS96 
LS107 
L5109 
LS112 
L5113 
LS114 
LS122 
LS123 
LS124 
L5125 
LS126 
LS132 
LS133 
LS135 
LS136 
LS138 
LS139 
LS145 
LS147 
LS148 
LS151 
LS153 
LS154 
LS155 
LS156 
LS157 
LS158 
LS160 
LS161 
LS162 
LS163 
LS164 
LS165 
LS166 
LS168 
LS169 
LS170 
L5173 
LS174 
LS175 
LS181 
L5183 
L5190 
L5191 
LS192 
L3193 
LS194 

2002335 200 
2502547 40 
2002612 200 
290234 74 
20K45 80 
20K288 225 
2SJ83 225 
2SJ85 225 
30128 115 
30140 115 
40315 90 
40316 95 
40324 100 
40326/7 70 
40347 90 
40348 120 
40360 60 
40361/2 70 
40407/8 75 
40411 285 
40412 90 
40467A 130 
40468 85 
40594 105 
40603 110 
40673 75 
40871/2 90 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
35 
55 
25 
45 
25 
25 
25 
55 
25 
25 
25 
25 
50 
25 
25 
30 
25 
55 
90 
90 

100 
30 
25 
30 
30 
55 
30 
35 
45 
40 
40 
70 
80 
35 
50 
90 
55 
50 
70 
90 
45 
45 
45 
40 
40 
70 

100 
125 

50 
50 
60 
50 
28 
50 
80 
60 

115 
165 
130 

70 
70 

200 
70 
70 
60 
60 
70 
70 
70 
70 
80 

110 
150 
140 
125 
160 
100 
100 
70 

190 
190 
85 
85 
85 
85 
75 

RF 
CHOKES 
Miniature 
PCB type 

1 uH, 2u2, 4u7, 
10u, 22u, 33u, 
47u, 100u, 
220u, 330u, 
470u 30p 

1 mH, 1 m5, 
2m2, 4017, 
1omH 35p 

2201, 3301, 
43m Bop 

00m 75p 

L5195 75 
LS196 85 
LS197 85 
LS221 85 
LS240 95 
LS241 95 
LS242 85 
LS243 95 
LS244 95 
LS245 160 
LS247 105 
LS248 105 
LS249 105 
LS251 75 
LS253 75 
LS256 175 
LS257 75 
LS258 75 
LS259 125 
LS260 70 
LS261 100 
LS266 60 
LS273 120 
LS275 350 
LS279 70 
LS280 185 
LS283 80 
LS290 80 
L 0292 850 
LS293 80 
LS294 999 
LS295 140 
LS297 850 
LS298 100 
LS299 225 
LS320 210 
LS322 360 
LS323 360 
LS324 150 
L 5325 150 
LS326 290 
LS327 290 
LS347 120 
LS348 140 
LS352 110 
LS353 110 
LS355 220 
LS356 200 
L5363 150 
LS264 150 
LS365 50 
LS366 50 
L 5367 50 
LS368 50 
LS373 100 
1.5374 100 
LS375 70 
LS377 130 
LS378 110 
LS379 130 
LS380 310 
LS382 310 
LS384 460 
LS385 330 
LS386 50 
LS390 80 
LS393 100 
LS395 110 
L5396 300 
LS398 195 
L5399 135 
LS445 125 
LS447 80 
LS465 140 
LS490 150 
LS540 140 
L5541 140 
LS624 155 
LS629 130 
L 5640 200 
LS641 150 
LS645 195 
LS668 90 
LS669 90 
LS670 170 
LS673 890 
LS674 800 
LS678 275 
LS682 250 
LS684 350 
LS687 350 
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SWITCHES 
TOGGLE: 2A 250v 
SPST 35p DPDP48p 

SUSMIN TOGGLE 
on/off 58p 

SPOT c/over 649 
SPOT centre off 85p 
SPOT biased both 
ways IOSp 
DPDT 6 tags Sop0-40m4 
DPOT centre off 889 
DPDT biased both0-100mÁ 
ways 145p 
DPDT 3 positions 
on/on/on 120p 
4 -pole 2 way 220p 

SLIDE 250V; 
DPDT to 14p 

DIP SWITCHES 
(SPST) 4 way 65p; 8 way 80p; 8 way 859; 
10 way 1259 (SPOT) 4 way 1909 

VEROBOARO 0.1 in 

2áx 31/4 95p 
21/2 x 5 110p 
334 x 33/4 1109 
334 x 5 1259 
334 e 17 0 p 
434 x 17 SS Op 
Pkt of 100pins 55p 
PinSpotinsertioncutter 1509 
Pin Insertion tool 

1859 

VOBbard 195p 
DIP Board 395p 
Vero Strip 95p 

IDC CONNECTORS 

PC8 Plugs Female Female 
with latch Header Card 
Pins Pins Plug Edge 

g Stn Angle Conct 

10 way 909 1199 859 1209 
18 way 13Op 150p 125p _ 
20 way 145p p 1259 1959 
26 way 205p 200p 1509 240p 
34 way 220p 236p 180p 3409 
40 way 235p 270p 100p 3459 
50 way 235p 2709 200p 395p 
60 way - - 230p 4939 

PANEL 
METERS 

FSD 
x 46 x 

0-50fÁ 
0-10094 
0-500+Á 
0-1 mA 
0-5mÁ 

0-500m4 

0.25 
0.25V 
0.50V AC 
0.300V AC 

RELAYS ` 
Miniature, enclosed, PCB mount. 

SINGLE POLE Changeover 
RL411 2056 Coll; 12V DC, (1005 to 
19.5V), IOAa430VDCor250VAC 195p 

DOUBLE POLE Changeover, BA 30V 
DC or 250V AC 
RL -100 53 DC (5V4 t 

RL6.111 205R Coil, 12V DC h OV7 to 
19VRL6-{ 1939 
3lÁ114 7403 Coil, 24V DC (220 
37V) 2009 

ROTARY SWITCHES 
(Adjustable Stop type) 

1peie/2 ío12 way; 2 pole/2 to6way;3 pole/2 to 
4 way; 4 pole/2 to 3 way 469 

ROTARY: Mains DP 250V 4 Amp on/off sap0-50mÁ 
ROTARY; (Mak-e-switch)O.aA 
Make stable s switch. Shaftingo assembly 
has adjustable stop Accommodates to 
8 wafers (max. 6Dole/12 way + DP switch). 
Mechanism only 909 

PROTO DEC.60 
ck 490 9 

S -Dec 395p 
Eurobeadboard 

590p 
Bimboari / 3759 
SuperstriD SS2 

13509 
VEROo WIRING PEN 
+ spool 375p, 
Spare spool 759 
Combs 8p 

ETCH 
RESIST PEN RESIST 

PluSsparetip 1009 

FERRIC CHLORIDE 
1 lb bag Anhydrous 

ULTRASONIC 
TRANSDUCER 

EURO CONNECTORS ASTEC UHF MODULATORS 
DPDT 1A a/off 159 195p + 50p p&p 40KHz 475 pr Golds hashed ac. au. PI, "VU" 490p each Standard 6MHz 3759 
DPDT YeA 13p WAFERS: (make before break) to lit the above 

switch mechanism. 1 pole/12 way; 2 pole/6 
., v 

DIN4f617 
Wideband BMHz 550p 

CRYSTALS 
PUSHBUTTON OA way 3 pole/4 way;4 pole/3 way; 6p/2 Way 85p COPPER CLAD BOARDS 31 way 170p - - 17Sp 32.768KHz 100 
Mtn tOmm Button Mains OP 4A Switch to fit 45p DIN41612 100KHz 545 
SPOT latching 150p Spacers 4p. Screen Sp. Fibre Single- Double 2 x 32 A + B 275p 220p 285p 200KHz 370 BUZZERS 
DPDT latching 200p glass sided sided DIN41612 455KH 370 miniature,solid-state6V; eV& 12V 70p 
SPOT moment 150p 6" x 6" 100p 125p 2 x 32 A + C 295p 240p 300p, 'MHz 275 
DPDT moment 200p ROCKER SWITCHES 6" x 12" 175p 225p DIN41612 3 x 32 1.0085 275 PIE20 TRANSDUCERS 982720 709 

ROCKER: 54/250V SPST 280 A + B + C 360p 385928093959 1.28MHz 450 
Mint Non Locking 
Push to Make 15p 

ROCKER; 104/250V SPOT 38p 
ROCKER; 10A/250V DPDT c/off 95p 

1.6MHz 395 
1.8MHz 545 EDGE Push to Break 25p ROCKER: 104/250V DPST with neon 85p DIL SOCKETS CONNECTORS DIL PLUG (Header) 1.8432M 250 LOUDSPEAKERS 

DIGITAST Switch 
Aaeorted Colours TNUMBWHEEL Minl front mounting switches 

Low Wire 
Prof Wrap 206 way - 1110 

Solder IDC 
14 pin 40p 909 RIBBON CABLE 

2.0MNz 225 
2.4576M 200 

Miniature, 0.3W-80 
2e,21/4,21/2", 3" 809 

75p each Decade Switch Module 275p 8 pin Sp 25p 2012 way - 150p 16 pin 4817 1O5P price per foot 3.)2MHz 240 2)/z"400 64a or800 80p 
B.C.D. Switch Module 298p 

Cheeks (Per pair) 75p s 

14 pin 1Op 35p 
16 pin top 42p 
18 pin 189 529 
20 pin 20p bop 

2x15 way - 1959 
201e way 270p 175p 
2x22 way 210e 2509 
2023 way 175p - 

24 pin 88p 1789 
28 pin 2909 295p 
40 Pin 2509 2559 

Grey Color 
10 way tSp 28p 
16 way 269 409 
20 way 30p SOP 

3.2785 150 
3.5794M 98 
3.68645 300 
4.0MHz 150 

6" x 4" en 200p 
7" x 5" 8n 225p 
8" x 5" Bn 230p 

Z1Mounting 
1 t, I '- 

TURNED PIN Low Profile OIL SOCKET 
Length 14 pin 16 pin 24 pin 40 pin 22 pin 22p 65p 2025 way 2115p 2759 24 way 40p 65p 4.032MHz 290 

GAS/SMOKE ZIF TEXTOOL 
OIL SOCKETS 

MONITORS Single ended DIP (Header Plug) Jumper 
24 inches 145p 185p 240p 3809 

24 pin 25p 70p 
28 Din 28p 80P 

2x26 way 1909 - 
2030 way 310p - 28 way 55p BOp 

34 way 809 639 
4.194305 200 
4.4336195 100 

DETECTORS Double ended DIP (Header Plug) Jumper 40 pin 30p 90p 2036 way 38op - 40 way 70p 90p 4.608MHZ 200 
6 inches 185p 205p 300p 485p 2040 way 380p - 24 pin 575p 50 way 100p 135p 4.80MHe 200 ZENITH - 12" Green, Hi- 

TGS812 or 12 inches 198p 215p 3150 4809 28 pin 895p 64 way 120p 1609 5.OMHz 160 Resolution Popular £88 
7135813 24 inches 210p 235p 345p 540P SIL SOCKET 0.1' Pitch 20 way 659 40 pin 845p 5.185MHz 300 

£8 each 
36 inches 290p 370p 480p 525p 
JUMPER LEADS (Ribbon Cable Assembly) 

5.242885 390 
6.0MHz 140 
6.1536MH 120 

MICROVITEC 1431. 14" 
Colour RGB input. Connecting ANTEX SOLDERING IRONS 

'D' IDC Female Header Socket Jumper Leads 36' 
pin 2400 400ín 209e 26"MHz 

Single ended 200p 4809 5259 

C15W 525p CSI7W 545p 

Spare Bits 
ßp E325W 230p 

230p 85p Elementset 

CONNECTORS 
15o 25a 37 

way way way way 

z 225 
7.16ßM 150MICROVITEC 
7.1328MH 250 

Cable £165 
1451. 14" 

Double ended 2909 370p 4809 5259 
2Sop 

Iron Stand 1759; Heat 30p Shunt Male 7.7328MHz 250 Medium resolution £265 
VOLTAGE REGULATORS 

Solder tugs 130p 105p 18op 2509 7.681,940 200 12". Med-res, RGB 
TRANSFORMERS 1A TO220GEPlastic Casing SOLOMON PINS 

Angle Angle pins 1509 210p 250p 355p 
PCB pins 120p 1309 195p 2959 

8.0MHx 150 
8.089333M 395 Colour. Has flicker -free charSC- 

1-0-3V; 6.0-6V; 9-0-9V; 12.O.12V; 15-0-15V 5 +00 - ve Ideal for making SIL Female 8.86723M 220 ters. Ideal for BBC, Apple, VIC, 
100mÁ 989 
rob mounting. Miniature, Split Bobbin 

5V 7805 509 7905 SOp 
12V 7812 50p 7808 609 
15V 

or DIL Sockets 
100 Dins 45pSIC Solder lugs 1059 180p 200p 335p 

Angle pins 1850 215p 2909 4400 
9.00MHz 200 
10.OMHz 175 

£195 (car £7) 
IVA: 2x80-0.254; 2x90-0.154; 2x120-0./24; 7815 45p 7912 SOp 

180 7818 459 7915 
500 pins 195p PCB pins 150p 180p 240p 4209 10.24MHz 200 KAGA 12". AS above but 

bit SY-0.14 235p SOp 
24V 7824 509 7918 559 10.5MHz 250 Hi -Resolution £259 (car £7) IVA: 2x6V-0OVERS 

.1/415V -0.2A 280p 7924 SOp 
SOP 759 759 909 10.7MHz 150 

12.0MHz 175 Connecting Lead for KAGA ALUM BOXES 
ìandard Split Bobbin type 0 Y 

100mA 7092 Plastic package 
79L05 509 402x t" 85p IDC 25 way 'D' Plug 3859; Socket 4509 12.528M 300 £5 

WA: 206V-0.54; 209Y-0.44; 2x120 -0.3A; 5V 78L05 309 4021/202" 1009 14.31814M 170 
?el 5V.0.254 2509 
12VA: 204.5V-1.38; 2x5V-1A; 2x9V-0.6A; 2x12V- 

6V 78L06 30p - - 
8V 78L08 30p - - 4 x 2'/. e 21/2" 103p 

40402" 105p 25 way 'D' CONNECTOR (RS232) 
15.0MHz 240 
16.0MHz 220 

Carriage £7 Securicor 

554; 2x15V-0.4A; 2020V-0.38 345p (35p p&p) 12V 78L12 30p 79L12 50p 4 0 4 x 2'h" 12Op Jumper Lead Cable Assembly 18.0MHz 180 
14VA: 2x6V-1.54; 209V -1.2A; 2012V-1 A; 2015V- 15V 76L15 50p 79L15 60p 

5 x 4 x 11/2' 99p 18" long, Single end. Male 475p 18.432M ISO 
).6A; 2020V -0.6A 385p I60p p&p) ICL7660 2480 TAA550 50p 5 x 4 x 21/2" 120p 18" long, Single end, Female 510p 19.988MHz 150 
IOVA:2x6V-A; 2x9V-2.54; 2X4 2V -2A; 2x15V-1.5A; 
1020V-1.24;2x25V-1A;2x30V-0.8A 520p(60pp&p) 

RC4194 375p TDA1412 150p 
RC4195 180p 78H05+5V/5V 550p 

5 x 234 x 11/2" 90p 
5 x 23/4 x 21/2" 130p 

38" long, Double Ended, M/M 995p 
36" long, Double Ended, F/F £10 

20.0MHz 200 
24.OMHz 170 

BROTHER H R15 
ìpecially wound for Multirail computer PSUs LM309K 1359 78H12+12V/54 6 x 4 x 2" 120p 36" long, Double Ended, M/F 995p 24.930MHz 325 PRINTER 
IOVA: Outputs +5V/5A; +12V. +25V, -5V, 640p 6 e 4 x 3" 15Op 26.69M ISO 
-12V at 14 820P (60P P&p) LM317K 250p 78HG + 5V to + 25V 7 x 5 0 3" 180p 27.846M 170 A high quality Daisy Wheel printer IOOVA: 0012V-44; 2415V -3A, 2x20V-2.54; 
1/425V-2* 203014.1.5A; 2x500.1A 965p 

LM317KP 450p 5A 595p 8 a 6 x 3" 2109 AMPHENOL CONNECTORS 27.145M 180 

t 
at the price of a Dot Matrix (759) - LM323K 450p 798G - 2.25V to 

LM337 175p -24V; 5A 885p 
10 x 4 x 3" 2409 
10 x 7 X 3" 275p 

IDC Solder 
24 way IEEE 4750 4700 

38.6667M 240 
480MHz 240 p tor. 

;&P charge to be added over and above our nor- LM723 Var 3Op 78540 225p 12 x5 x3" 280p 36 way Centronix 625p 475p 100.0MHz 29S 
nal postal charge 78$40 225p 12 x 8 X 3" 295p 24 way Female 4909 450p 116.OMHz 300 Price £339 (car. £7) 

CMOS 4072 25 4536 275 OPTO COMPUTER CORNER 
1000 20 

4073 28 
4075 25 

4538 ea 
4539 .90 ELECTRONICS SPECTRUM 32K UPGRADE 

1001 25 4076 68 4541 95 Upgrade your 18K Spectrum to full 48K with our 
1002 25 
1007 26 

4077 25 
4078 25 

4543 70 
4544 150 

LED. with clips 
TIL209 10 QL RGB MONITOR, Medium resolution £239 RAM Upgrade Kit. Verysimple to fit. Fitting p 

1907 25 4081 25 4546 40 711211 GRN 14 EPSON 3X60 Printer £229 instructions supplied. 
40G8 50 4082 25 4549 400 TIL212 Yel. 14 EPSON ROOD F/T Printer £245 £22 
1009 45 4085 60 4553 245 TIL220 2" Red 12 EPSON FXBO Printer £318 
4010 50 4086 80 4554 180 2" Green, Yellow or EPSON FX 100 Printer £435 
4011 25 
5012 25 

4089 125 
4094 37 

4555 35 
4556 55 

Amber 14 
R Bi colour KAGA/TAXAN KP810 Printer £235 

4012 25 4093 37 4556 250 etl Red/Green loop KAGA?AXAN KP910 Printer £339 SPECTRUM CENTRONICS/RS232 
1014 60 4095, 95 4558 120 Green/Yellow 115p SEIKOSHA GP100A Printer £339 PRINTER INTERFACE 
1015 50 4096 100 4559 395 0.2" Tri colour BROTHER HR15 Daisywheel £339 
1018 40 4097 275 

4098 80 
4560 180 
4561 104 

Red/Green/Yellow 85 
Hi-Brlghtnessaed Cable for to interlace BBC Micro £7 * It was the first! It Is still the best! 

1017 e0 
1018 60 4099 110 4562 350 

58 
High -Sri Green or 

above printers with * Centronics and BI-DIRECTIONAL RS -232 with full 
1010 58 

0 

4180 95 
4181 96 

4566 185 
4568 250 

Tel 68 
Flashing red 

TEX EPROM ERASER - Erases up to 25 Eproms. Hasa built.in 
£30 

hand -shaking. 

COperation 2 43 4162 98 4569 175 0.2- red 55 SPARE UV' Lamp Bulb 8 * Sprit -Speed for R5-232R!NT. 
1021 56 4163 96 4572 45 Square LEDs, Red, Cl 2 Computer CASSETTES In Library cases 385 (Use it to communicate with the BBC MICRO or 
1022 87 4174 9e 

4175 103 
4580 255 
4581 125 

Green. Yellow 30 
Rectangle Stackable 81," & 91" Fan Fold paper (1000 sheets) £7 (Carr. 150p) OTHER PERIPHERALS) 

1023 30 
1024 50 4194 105 4582 09 LED. * Interface 1, Interface & Microdrive com atible. P 

1025 22 4408 850 4583 100 Red,Green orYellow 18 (Securlcor Carriage charge on printers la £7) * Configuration program Creates Customised M/C driver 
1026 90 4409 850 4584 60 Triangular LEDs t0 Suit your printer. 
1027 43 4410 725 4565 70 Red 18 CALL IN AT OUR SHOP FOR A DEMONSTRATION ON ANY OF * HI-RES screen dumps in 2 sizes on EPSON, 
1029 45 4411 750 

4412 905 
4597 330 
4599 

Green or yellow 22 
LD271 Infra Rea 

THE ABOVE ITEMS. BE SATISFIED BEFORE YOU BUYORWRITE IN FOR SEIKOSHA, STAR, SHINWA, MANNESMAN TALLY, NEC, 
1029 75 
1030 35 4415 590 

155 
40085 90 

48 
SFH205 Detector 118 OUR DESCRIPTIVE MICRO PERIPHERALS LEAFLET. RITEMAN, KAGA,etc.This is a STANDARD FEATURE! Not 

1031 130 4419 280 40097 45 TIL32 Infra Red 52 an extra. 
1032 70 4422 770 40098 42 TIL78 Detector 55 * Compatible with TASWORD TWO and most pro - 
1033 130 4435 850 40100 215 TIL38 50 fessional programs. 
1034 145 4440 900 40101 130 7IL100 75 
1036 70 4450 380 40102 140 BARGRAPH. Red 10 Complete Unit incl. Software tape + manual £29.95 
1036 275 4451 350 40103 412 segments 275 Special Interface Cable £8 
1037 113 
1038 75 

4490 450 
4500 395 

40104 120 
40105 220 ISOLATORS 

1039 280 4501 38 40106 60 IL74 145 
1040 60 4502 

4400 

40107 
325 hóí4 

145 
DISC DRIVES 1041 S7. 

42 4504 99 40109 100 TIL111/2/4 70 
1043 42 
1044 30DRIVES 4505 385 

4506 100 
40110 235 
40114 240 

ILCT6 Darlington 135 
TIL117 125 

A) 
CASEEDD with ith PSU 8 CABLES 

BBC & 
ACCESSORIES 

TER & 

4045 110 
1047 60 

4507 45 
450 130 

40161 194 
40163 75 

4533 Photo 
Darlington 138 

Cß100 -Single PSU, 1047 80 

0448 5 
4510 55 
4511 55 

40174 75 
40175 75 7 Segment Displays 

Cased with 40 track, 51/4" S/S 100K £129 
S CD200- Twin Cased with PSU, 40 Track 5y4" S/S 200K £265 

0 
1050 35 

4512 55 
4513 150 

40181 220 
40182 80 

TIL312.3"CA 120 
T1L313.3"CC 120 CS200-Single Cased with PSU, Track 5Y"S/S 200K £175 BBC Model B Only £3@5 

1051 70 4514 115 40192 75 TIL321.5'CA 140 CD400- Twin Cased with PSU, 80 track 5y."S/5400K £349 We stock the full range of BBC 
1052 so 
1053 50 

4515 115 
4516 55 

40193 95 
40194 70 

TIL322 .5" CC 140 
TIL729/730 140 

MITSUBISHI 51/4" SLIM LINE DISC DRIVES 
DoubleSided,DoubleDensity,TrackDenslty96TPl,Tracktolraskaccess Micro peripherals, Hardware & Software like, Disc 

1054 55 4517 275 40195 75 Dvoaa'cc 125 time3msec. Drives (TopqualityCumana&Mitsubishi),Diskettes, 
1055 85 
1056 85 

4518 48 
4519 32 

40244 196 
40245 198 

DL707.3"CA 125 
FN0357 Red 120 MITSUBISHISIngleSllmllne,5'/."CasedwithPOU.DSDD.1Me abyte g 

Printers, printer, Paper, Interface Cable, Dust 
4057 1000 4520 53 40257 196 FN0500 130 (400 K with BBC) £199 Covers, Cassette Recorder & Cassettes, Monitors, 
1059 435 4521 115 

4522 125 
40373 220 
40374 

.3" Green CA 150 
Green CA 

MITSUBISHI TwinSilmline, 53/4"Cased with PSU.DSODD.2 Megabyte. Connectors (Ready made Cables, Plugs & Sockets), 
1080 88 ener4526 60 

220 
45106 586 

.6" 215 

.3" 3 1 Red CA 150 
(800K with BBC) £425 Plotter (Graphic Tablet) EPROM Programmer, Light- ogrammer 

1062 9986 
1083 as 
ms 45 

4527 85 
4528 88 
4529 150 

OPTO 
OCP71 120 

.3'tfGreenCA 150 
LCD 31/2 Digits 498 
LCD 4 Digits 530 

5%" DISKETTES (Lifetime Warranty) 
pen Kit, Joysticks, Sideways ROM Board, EPROM 
Eraser, Machinecode ROM. The highly sophis- g 

4067 245 4530 90 ORP12 85 LCD 6 Digits 825 103M Diskettes Single side Double £13 
ticated Watford's 16K BEEB DFS, WORDWISE, 

1068 28 4531 130 ORP61 88 Reflective Switch 225 BEEB-CALC, Software (Educational Application & 
1089 25 
1070 25 

4532 85 
4534 400 

BPX25 250 
BPW21 320 

SLOTTED Optical 
Switch similar to RS 

103MDiaketteeDoableeldeDoabledensity £23 
Games), BOOKS, etc, etc, Please send SAE for 

1071 25 111.139 225 Comp's 295 N.B Carriage on Drives £7 securicor description leaflet. 

ETI JANUARY 1985 5 



' Rapid 
EIectronîcs 

MIN. D CONNECTORS way37 
Plugº solder lugs955p 166 

5 
y 

295 way way 

Right angle 90p 135p 200p 350p 
Sockets solder lugs80p 100p 1354 260p 
Right angle 120p 180p 290p 420p 
Covers 100p 90p 100p 110p 

CONNECTORS 

DIN Plug Skt Jack Plug Skt 
2 pin 9p 9p 2.5mm 10p 10p 
3 pin 12p 10p 3.5mm 9p 9p 
5 pin 13p lip Standardl6p20p 
Phono lop 12p Stereo 24p 25p 
Imm 12p 13p 4mm 18p 17p 
UHF (CB) Connectors: 
PL259 Plug 400. Reducer 14p. 
S0239 square chassis skt 38p. 
S0239S round chassis skt 40p. 
IEC 3 pin 250V/6A. 
Plug chassis mounting 38p 
Socket free hanging . . 60p 
Socket with 2m lead . . 120p 

SWITCHES 
Submit toggle: 
SPST 55p. SPDT 600. DPDT 65p. 
Miniature toggle: 
SPOT 804 SPOT centre off 90p. 
DPDT 90p. DPDT centre off 1004. 
Standard toggle: 
SPST 35p. DPDT48p 
Miniature DPDT slide 14p. 
Push to make 154. 
Push to break 22p. 
Rotary type adjustable stop. 
1P12W, 2P6W, 3P4W all 55p each. 
DIL switches: 
46PST 80p 6 SPST 800.8 SPST 100 
Min. DPDT slide 14p. Push -make 15 

SCRs 
C106D 35 
400V 8A 70 
400V 12A 95 

TRANSFORMERS 

3VA PCB Mounting 
2x6 V @0.25A;2x9 V@0.15A 
2x 12V@0.12A;2x 15V@0.1 A 1804 

6VA PCB Mounting 
206V@0.5A;209V@O.4A 
2x 12V@0.3A;2o 15V@0.25A 270p 

Standard. Chassis Mounting 
6VA: 2x8V@0.5A; 2X9V@0.4A 
2x12V@0.3A;20 15V@0.25A 240p 

12VA: 206V@1A; 2x9V@0.6A 
2015V@0.4A;2020V9i0.3A 350p 

SOCKETS Low 
profile 

8 pin 7n 

14 pin 8i: 

16 pin 101 

18 pin 121: 
20 pin 131, 
22 pin 1hp 
24 pin 
28 pin 15p 
40 pin 2511 

Professional ZIF sockets 
24 pin 430p 28 pin 4804 
40 pin 595p 

Wire 
rap 
28p 
45p 
55p 
60p 
68p 
75p 
82p 
95p 

135e 

MICRO 

2716 310 
2532 380 
2732 one time 
programmable 

360 
2732 430 
2764-250 495 
2764 BBC 495 

27128-250 1225 
6116P3 480 
6264P15 2980 
4116P4 70 
4164-15 480 
41256-15 2850 
Z80A CPU 290 
Z804 P10 320 
280A CTC 320 
Z80A S10 880 
Z80A DMA 880 

COMPONENT KITS 

SOLDERING IRONS 

Antex CS 17W Soldering iron 430 
2.3 and 4.7mm bits to suit . 85 
Antex XS 25W soldering iron '530 
3.3 and 4.7mm bits to suit 85 
Solder pump desoldering tool 480 
Spare nozzle for above 70 
10 metres 22 swg solder . 100 
0.5kg 22 swg solder . . 750 

VERO 

2.5 x 3.75 
3.75 x 5 
3.75 x 17 
4.75 x 17 
VO board 
Veropms per 100, 
Single sided 55 
Double sided . . 65 
Spot face cutter . . . 145 
Pin insertion tool . . 185 
Wiring pen 375 
Spare spool 75p Combs 6 

Verobloc 395 
Veroboard Size 0.1 in matrix 
2.5 x 1 . 26 

95 
120 
350 
455 
190 

6800 
6802 
6809 
6810 
6821 
6840 
6850 
6852 
6875 
6880 
6502 

200 
280 
600 
140 
140 
360 
165 
240 
500 
100 
370 

6522 
6532 
6551 
8085A 
8156 
8251 
8253 
8255 
8259 
MC1488 
MC1489 

330 
520 
540 
320 
380 
350 
370 
320 
400 

70 
70 

MAIL ORDERS: , 
Unit 1 , Hill Farm Industrial Estate, 
Boxted, Colchester, Essex CO4 5RD. 

Tel. Orders: Colchester (0206) 36412. 
Telex: 987756. 

CABLES 
20 metre pack single core connect. 
ing cable ten different colours. 75p 
Speaker cable . . 10p/m 
Standard screened . . 16p/m 
Twin screened 24p/m 
2.5A 3 core mains 23p/m 
10 way rainbow ribbon 26p/ft 
20 way rainbow ribbon 47p/ft 
10 way gery ribbon . . 14P/ft 
20 way grey ribbon . . 284/ft 

REGULATORS 

78L05 30 79L05 
78L12 30 79L12 
78L15 30 79L15 
7805 40 7905 
7812 40 7912 
7815 45 7915 
LM317K 270 LM723 
LM3177 90 78H05 
LM323K 420 

DIODES 

BY127 12 
0A47 10 
0A90 8 
OA91 7 
OA200 8 
0A202 8 
1N914 4 

1N4148 3 

45 
45 
45 
45 
45 
45 
40 

550 

1N4001 3 
1N4002 5 ** *,* *%** *** 
1"406 7 NEW 1985 CATALOGUE 154007 7 

155401 12 
1N5404 16 
1N5406 17 
400mWzen 6 
1.3W zeners 13 

HARDWARE 

PP3 battery clips 
Red or black crocodile clips 
Black pointer control knob 
Pr Ultrasonic transducers 
16V Electronic buzzer 
112V Electronic buzzer 

PB2720 Piezo transducer . 

1)64mm 64 ohm speaker 
64mm 8 ohm speaker 

20mm panel fuseholder 
Red or black probe clip. 
4mm terminals 
12 way 'chocolate' block 
ultra -min. 6 or 12v rel. SPOT 
ditto, but DPDT . . 

. 6 

390 
5 

65 
70 

75 

ACCESS AND 
BARCLAYCARD 

WELCOME 

CAPACITORS 

8 Polyester, radial leads. 250e. C280 
type: 0.01, 0.015, 0.022, 0.033 - 

Bp; 0.047, 0.068, 0.1 - 7p; 0.16, 
0.22 - 9p; 0.33, 0.47 - 13p; 0.68 - 

20p; lu - 23p. 
Electrolytic, radial or axial leads: 
0.47/63V, 1/63V, 2.2/63 V,4.7/63 V, 

70 10/25V - 70; 22/25V, 47/25V- 8p; 
70 100/25V - 9p; 220/25V - 14p; 
25 470/25V - 22p; 1000/25V- 30p; 
35 2200/25V - 50p. 
33 Tog end power supply electrolytic.: 
21 2200/40V - 1100;4700/40V -160p 

130 2200/63V - 140p; 4700/63V - 230p 
195 Polyester, miniature Siemens PCB: 

In, 2n2, 3n3, 4n7,6n8, 10n, 15n, 7p; 
22n,33n,47n,68n, 8p; 100n, 9p; 
150n, 110;220n, 130;330n, 20P; 
470n 26p;680n.29p;1u334; 

EURO CONNECTORS 
Geld flashed Rt. angle Wirewrap 
contacts: plug socket 
64 way At -8 195 230 
64 way A+C 220 270 
96 way A+B+C 320 330 

TR TACS 

400V 4A 

4000 8A 65 
400V 16A 95 

50 BR1O0 25 

An ideal opportunity for the beginner or the experienced constructor 
to obtain a wide range of components at greatly reduced prices. :W 5% 
Resistor kit. Contains 10 of each value from 4.7 ohms to 1M (total 
of 650 resistors) . . . 530 
Ceramic Cap. kit. 5 of each value - 22p to 0.01u 1135 caps) . 370 
Polyester Cap. kit. 5 of each value from 0.01 to toF 165 caps) . 575 
Preset kit. Contains 5 of each value from 100 ohms to 1M (total 
65 presets 
Nut and Bolt kit (total 300 items): 180p 
25 6BA '4" bolts 50 68A washers 50 6BA nuts 
25 6BA 4" bolts 25 48A 10" bolts 50 68A washers 
50 6BA nuts 25 68A 4" bolts 

425 

LINEAR 
555CMOS 
556CMO5 
709 
741 
748 
AV31270 
AV38910 
AY38912 
CA3046 
CA3080E 65 
CA3089 200 
CA3090AQ 375 
CA3130E 85 
CA3140E 38 
CA3160 95 
CA3136 100 
CA3189 260 
CA3240E 100 
ICL7106 680 

80 
150 
35 
16 
35 

720 
390 
430 

65 

C7611 
CL7621 
CL7622 
CL8038 
CL8211A 
CM7224 
CM7555 
CM7556 

LF347 
LF351 
LF353 
LF356 
LMIOC 
LM301A 
LM311 
LM318 
LM324 
LM3342 
LM3352 
LM339 
LM348 

TRANSISTORS 

AC125 35 
AC126 30 
AC127 30 
AC128 30 
AC176 25 
AC187 25 
AC188 25 
AD142 120 
AD161 42 
AD162 42 
AF124 60 
AF126 50 
AF139 40 
AF186 70 
AF239 55 
BC107 10 
BC1078 12 
BC108 10 
BC1088 12 
BC108C 12 
8C109 10 
BC109C 12 
BC114 22 
BC115 22 
BC117 22 
BC119 35 
BC137 40 
BC139 38 
BC140 29 
BC141 30 
BC142 28 
BC143 30 
BC147 10 
BC148 10 
BC149 10 
BC15Z 11 

98 
190 
200 
295 
220 
785 

80 
150 
150 
40 
75 
90 

325 
30 
45 

135 
45 
85 

125 
40 
60 

LM358 50 
LM377 210 
LM380 80 
LM381 150 
LM382 130 
LM384 140 
LM386 90 
LM387 120 
LM393 60 
LM710 48 
LM711 60 
LM725 70 
LM733 70 
LM741 16 
LM747 60 
LM748 35 
LM1456 35 
LM291758 195 
LM3900 45 
LM3909 85 
LM3914 265 

LM3915 265 
LM13600 110 
MC1310 150 
MC1496 70 
MC3302 75 
MC3340 130 
MFIOCN 330 
ML922 390 
ML924 290 
ML925 290 
ML926 210 
ML927 210 
ML928 210 
ML929 210 
NE529 225 
NE531 135 
Ne544 170 
NE555 20 
NE556 45 
NE565 115 
NE566 140 

NE567 
NE570 
NE571 
NE5532 
NE5534 
RC4136 
RC4558 
SL486 
SL490 
SN76018 
5576477 
SP8629 

130 
370 
370 
160 
105 
65 
40 

195 
220 
150 
380 
250 

SP0256AL2425 
Speech data 50 
TBA800 70 
TBA810 90 
TBA820M 65 
TBA950 220 
TCA940 165 
TDA1008 320 
TDA1022 490 

BC158 11 
BC158 10 
BC159 10 
BC160 40 
8C168C 10 
BC169C 10 
BC170 8 
BC171 10 
BC172 8 
BC177 16 
BC178 16 
BC179 18 
8C182 10 
BC182L 10 
BC183 10 
BC183L 10 
BC184 10 
BC184L 10 
BC212 10 
BC212L 10 
BC213 10 
BC213L 10 
BC214 10 
BC214L 10 
BC237 7 

BC238 7 

BC308 10 
BC327 8 
BC328 8 
BC337 8 
BC338 12 
BC477 22 
BC478 22 
BC479 22 
BC517 30 
BC547 5 

BC548 
BC549 
BC557 
BC558 
BC V 70 
BCV71 
BCV72 
BD115 
BD131 
BD132 
80133 
8D135 
BD136 
BD137 
80138 
80139 
BD140 
60204 
130206 
BD222 
BF180 
BF182 
BF184 
BF 185 
BF194 
BF 195 
BF196 
BF197 
BF198 
BF199 
8F200 
BF244B 
BF245 
BF2568 
BF 257 
8 F258 
BF259 
BF337 
BFR40 

5 
10 
10 
10 
16 
16 
16 
55 
40 
40 
50 
35 
35 
35 
35 
35 
35 

110 
110 
85 
35 
35 
35 
25 
12 
12 
12 
12 
15 
18 

35 
35 
35 
45 
32 
30 
30 
35 
35 

BFR40 
BFR80 
BF R81 
BFX29 
8FX84 
BFX85 
BF X86 
13F X87 
B F 088 

B FY50 
BFV51 
8FV52 
8 FY53 
8FY55 
BFY56 
BRY39 
BSX20 
13SX29 
BSY95A 
BU205 
BU206 
BU208 
MJ2955 
MJE340 
MJE520 
MJE521 
MJE3055 
MPF102 
MPF104 
MPSA05 
MPSA06 
MPSA12 
MPSA55 
MPSA56 
MPSUO5 
MPSUO6 
MPSU55 
MPSU56 
2N118L 

23 
23 
23 
30 
30 
30 
30 
30 
30 
27 
27 
27 
30 
30 
30 
50 
22 
35 
30 

160 
200 
170 

99 
50 
50 
90 
70 
40 
40 
23 
25 
29 
30 
30 
55 
55 
55 
55 
22 

2N1613 30 
2N2218A 45 
2N2219A 28 
2N2221A 25 
2N2222A 20 
252368 25 
252369 18 
252484 27 
2n2646 60 
2N2904 28 
2N2904A 28 
252905 28 
2N2905A 28 
2N2906 28 
2N2906A 28 
252907 24 
2N2907A 24 
2N2926 10 
2N3053 28 
263054 55 
253055 50 
2N3442 120 
253702 9 
253703 10 
2N3704 9 
2N3705 10 
253706 10 
253707 10 
253708 10 
2N3709 10 
2N3772 170 
253773 195 
253819 32 
253820 50 
253823 65 
253868 90 
253903 10 
253904 10 
253805 10 

253906 
254037 
254058 
254060 
2N4061 
254062 
40360 
40361 
40362 
40408 
2N5457 
255458 
2N5459 
2n5485 
285777 
2N697 
25698 
2N706A 
25708 
25918 
TIP29 
TIP29A 
TIP298 
TIP29C 
TIP30 
TIP30A 
TIP30B 
TIP30C 
TIP31A 
TIP31B 
TIP31C 
TIP32A 
TIP328 
TIP32C 
TIP33A 
TIP33C 
TIP34A 
TIP34C 
TIP35A 

10 
45 
10 
10 
10 
10 
40 
50 
50 
50 
30 
30 
30 
35 
45 
20 
40 
20 
25 
35 
35 
35 
35 
35 
35 
35 
35 
40 
35 
35 
40 
35 
38 
40 
65 
75 
70 
80 

105 

TDA1024 115 
TL061 40 
TL062 65 
TL064 105 
TL071 38 
TL072 60 
TL074 110 
TL081 30 
TL082 50 
TL084 105 
TL170 50 
UA2240 140 
ULN2003 80 
ULN2004 80 
X52206 365 
ZN414 80 
ZN423 135 
ZN424P 130 
ZN425E 350 
ZN426E 300 
ZN427E 600 
ZN428E 450 
ZN459 285 
ZN1034E 200 

TIP35C 125 
TIP36A 115 
TIP36C 130 
TIP41A 45 
TIP42A 45 
TIP120 60 
TIP121 60 
TIP122 60 
TIP141 110 
TIP142 120 
TIP147 120 
TIP2955 70 
TIP3055 60 
T1S43 40 
11043 40 
11044 45 
TIS45 45 
TI590 30 
T1591 30 
VN10KM 65 
VN46AF 94 
VN66AF 110 
VN88AF 120 
ZTX107 11 

ZTX108 11 

ZTX109 11 
ZTX300 14 
ZTX301 16 
ZTX302 16 
ZTX304 20 
,ZTX341 20 
ZTX500 13 
ZTX501 18 
ZTX502 18 
ZTX503 18 
ZTX504 25 

The Rapid Guarantee 
* Same day despatch * Competitive prices 
* Top quality components * In-depth stocks 

OPTO 

Rep18. 
Electronc 

Etecu" 

Cóateogue 

Our new fully illustra- 
ted 50 page detailed 
information on over 
3000 product lines at 
the most competitive 
prices in the market. 
The catalogue costs 
just 70p including pos- 
tage or tree with orders 

3mm red 8 5mm red 8 over £20 in value. Send 
3mm green 11 5mm green 11 for your copy today! 
3mm yellow 11 5mm yellow 11 * * * * * * * * * * 9E* 
Clips to suit -3p each. 
Rectangular: TI L32 40 
red 12 TIL111 60 
green 17 TIL78 40 
Yellow 17 ORP12 85 
ILD74 95 ILQ74 185 
TIL38 35 TIL100 75 
255777 45 Tri -color Led 35 
Seven segment displays: 
Corn cathode. Com anode. 
DL704 0.3" 95 DL707 0.3" 95 
FND5000.5"100 FN05070.5"100 
10 bar OIL LED display, red 180 

5mm superbrlght LED 250mcd 
red 30 

RESISTORS 
Carbon film 1+ 
4W 5%4.7ohm ' 10M 2p 
4W 5% 4.7ohm 4M7 3p 
Metal film 
1/4sW1%10ohm-1M 4p 3p 
25+ price applies re 25+ per 
value not mixed. 

25+ 
lp . 

2p 

COMPUTER CONNECTORS 
ZX81 2 x 23 way edge connector 
wire wrap for ZX81 . . . 150 
SPECTRUM 2 x 28 way edge 
connector wire wrap. . 200 
AMPHENOL PLUGS 
24 way IEEE IDC 450 
36 way Centronix IDC . 490 

RIBBON CABLE 
Grey Ribbon cable. Price per foot 
10 way . 14 34 way . 58 
16 way 25 40 way . 68 
20 way . 28 50 way . 90 
26 way . 38 60 way . 100 

SEEM 
100KHz 235 
1MHz 275 
1.8432M 200 
2.0MHe 225 
2.4576M 200 
3.276M 150 
3.579M 95 
4.0MHz 140 

4.194MHz 150 
443MHz 100 
5.008MHz 240 
6.0MHz 140 
fi.144MHz 150 
1.0MHz 150 
8.0MHz 140 

IO.OMHz 170 
12.OMHz 170 
16.0MHz 200 

Tantalum bead: 
0.1,0.22,0.33,0.47, 1.0@35V - 

12p. 2.2, 4.7, 10 @ 25V - 20p; 
15/16V - 30p; 22/16V - 27p; 33/ 
16V - 454; 47/6V - 270;47/16V - 

70p; 68/6V - 400; 100/10V - 908. 
Cer. disc. 228-0.010 50V, 3p each. 
Mullard miniature ceramic plate: 
1.8pF to 1000F Bp each. 
Polystyrene, 5% tot: 10p -10000,8P; 
1500-4700,80;6800 0.012u, 108. 
Trimmers. Mullard 808series: 2-10 
pF, 22p; 2-220F, 300; 5.5435pF,35p 

BRIDGE 
RECTIFIERS 

2A 200V 40 
2A 400V 45 
6A100V '80 
6A 400V 95 

1A 50V 20 VMI8DIL0.9A 
1A400V 35 200V . . 50 

IDC CONNECTORS 

PCB PCB Socket Edge 
Plug Plug Conn. 
St. Rt. ang. 

10 way 70 70 70 - 
16 way 75 80 80 - 
20 way 90 90 95 130 
26 way 105 110 115 155 
34 way 115 130 130 180 
40 way 140 140 145 210 
50 way 165 165 170 240 
60 way 195 195 200 - 

BOXES 
Aluminium 
3x201" 66 

Plastic with lid 4 x 2601&" 95 
& screws 402502" 95 
71x46x22mm 50 6x402" 120 
95x71x35mm 86 75502/5" 165 
140x90x55mm 140 80603" 205 

zra 
7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 

25 
25 
25 
25 
25 
25 
45 
45 
25 
25 
25 
25 

7412 
7413 
7414 
7416 
7417 
7420 
7421 
7422 
7427 
7428 
7430 
7432 
7433 
7437 
7438 

25 
36 
60 
43 
43 
26 
30 
30 
30 
30 
25 
35 
35 
43 
45 

7440 
7442 
7444 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7472 
7473 
7474 
7475 

25 
74 

105 
130 
98 
98 
25 
25 
25 
25 
25 
35 
40 
36 
55 

7476 
7480 
7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
74100 

40 
50 
65 

110 
38 

170 
55 
80 
55 
55 
90 
70 
80 

170 
125 

74107 
74109 
74121 
74122 
74123 
74125 
74126 
74132 
74141 
74145 
74147 
74148 
74150 
74153 
74154 

40 
60 
50 
50 
92 
50 
50 
60 
60 
85 

130 
105 
130 
70 

135 

74157 
74160 
74161 
74162 
74163 
74164 
74165 
74167 
74170 
74173 
74174 
74175 
74176 
74177 
74179 

80 
90 
90 
90 
90 

115 
90 

200 
170 
100 
100 
80 
80 
80 
90 

74180 
74181 
74182 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 

85 
230 
85 

120 
120 
120 
110 
80 
63 

120 
85 

195 
195 

CMOS 

4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 

18 
18 
18 
65 
18 
50 
40 
40 
18 
18 
26 
50 
42 

4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 

26 
43 
55 
35 
48 
55 
60 
18 
35 
18 

120 
28 
40 
45 
18 

125 

4034 
4036 
4039 
4040 
4041 
4042 
4043 
4044 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 

145 
270 
270 

46 
55 
45 
45 
50 
60 
52 
50 
26 
26 
48 
48 
60 

4054 
4055 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 

70 
70 

400 
70 
80 
24 

230 
18 
18 
22 
18 
18 
18 
24 
60 
24 

4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4097 
4098 
40106 
40109 
40163 
40173 
40175 
40193 

18 
20 
60 
60 

120 
26 
70 
70 

260 
70 
38 

100 
75 

100 
75 
90 

4502 
4503 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 
4528 

50 
45 
45 

115 
48 
50 
50 

115 
115 
48 
48 
48 

110 
70 
60 
45 

4529 
4532 
4534 
4538 
4543 
4549 
4553 
4555 
4556 
4559 
4560 
4584 
4585 
4724 

80 
65 

390 
70 
65 

390 
215 

50 
50 

390 
110 

38 
65 

140 

LS TTL 

LS00 
LS01 
LSO2 
LSO3 
L 504 
LS05 
LS08 
LS09 
LS10 
LS11 
LS12 
LS13 
LS14 
LS15 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
35 
45 
22 

LS20 
LS21 
1522 
LS26 
LS27 
LS30 
LS32 
LS37 
LS38 
LS40 
LS42 
LS47 
LS48 
L S51 
LS55 
L 573 
LS74 

22 
22 
22 
22 

22 
22 
22 
22 
60 
78 
78 
22 
22 
28 
28 

LS75 
LS76 
LS78 
LS83 
LS85 
LS86 
LS90 
LS92 
LS93 
LS95 
LS96 
LS107 
LS109 
LS112 
LS113 
LS114 
LS122 

38 
28 
28 
68 
82 
35 

1 40 
50 
45 
58 

120 
42 
42 
42 
32 
32 
56 

LS123 
LS125 
LS126 
LS132 
LS136 
LS138 
LS139 
LS145 
LS147 
LS148 
LS151 
LS153 
LS154 
10155 
LS157 
LS158 
LS160 

70 
37 
37 
53 
35 
48 
48 
92 

130 
115 

55 
80 

220 
55 
48 
48 
50 

LS161 60 
LS162 60 
LS163 60 
LS164 70 
LS165 95 
LS166 88 
LS170 120 
LS173 80 
LS174 60 
LS175 60 
LS190 75 
LS191 55 
LS192 75 
LS193 75 
LS195 60 
LS196 75 
L5197 75 

LS221 
LS240 
LS241 
LS242 
LS243 
LS244 
LS245 
LS247 
LS251 
LS257 
LS258 
LS259 
LS266 
L5273 
LS279 
L5283 
LS353 

78 
105 
80 
80 
80 
80 
88 
77 
55 
55 
55 
90 
28 
80 
55 
70 
85 

LS365 
LS366 
LS367 
LS368 
LS373 
LS374 
LS375 
LS377 
LS378 
LS390 
LS393 
LS399 
LS541 
LS670 

42 
42 
42 
42 
80 
80 
55 

100 
88 
82- 
82 

115 
115 
170 

ORDERING INFO. All components brand new and to full spec. All prices exclude VAT. 
Please add to total order. Please add 50p carriage to all orders under £20 in value Minimum 
order £5. Send cheque/P.O. or Access/Visa number with order. Our new 50 page catalogue 
is given free with all orders over £20. Available at 70p each. Telephone 
orders welcome with Access or Visa. Official orders accepted from colleges, schools etc. 
Export orders no VAT but please add for carriage. We are open Monday to Friday. 
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DIGEST Professional 
Quads 
Quad have produced a number 

of domestic hi-fi amplifier 
designs over the years, many of 
which have found their way into 
recording studios, theatres and 
other professional environments, 
but they have never produced an 
amplifier intended specifically for 
professional applications. Now, 
perhaps having noted the success 
of other companies who market 
Quad amplifiers in 19" rack for- 
mat, Quad have introduced two 
rack -mounting amplifiers of their 
own, one single channel and one 
dual channel and both featuring 
XLR connectors for input and 
output. 

The Quad 510 is a single channel 
power amplifier which can deliver 
at least 100 watts into any load from 
two to 100 ohms. A multiple - 
tapped output transformer allows 

it to match a range of loads includ- 
ing 70 and 100 volt lines and a plug- 
in card on the rear panel selects 
the appropriate taps. The input is 

600 ohm bridging and both input 
and output are isolated so that 
amplifiers can be linked together 
to provide greater power out- 
puts. 

The 520 is a dual channel power 
amplifier which offers an output 
of 100 watts per channel into eight 
ohms and is available with option- 
al balanced inputs. Both amplifiers 
use a refinement of the current - 
dumping concept which was used 
in the Quad 405 amplifier and for 
which the company received a 
Queen's Award for Technological 
Innovation. No specifications are 
quoted but the performance is 
said to meet the demands of the 
most critical listener and construc- 
tion and reliability are said to be up 
to Quad's usual standards. 

Quad Electroacoustics Ltd, St. 
Peters Road, Huntingdon, Cam- 
bridge PE18 7DB, tel 0480-52561. 

Ferguson 
Monitors 
Developments 

'n what they see as a response to 
the demands of the techno- 

logical revolution, Ferguson have 
introduced a 14" colour television 
set which has RGB and composite 
video inputs as well as the usual 
UHF aerial input. The new set is 

said to be designed with home 
computers, video games and 
video recorders in mind and its 
features include the ability to 
operate from a 12 or 24V DC 
supply. 

The MC01 14" TX monitor 
colour television is based on 
Ferguson's existing TX90 chassis 
which is mains -isolated and fea- 
tures a fast warm-up CRT. Eight 
fight -action switches select the TV 
channel or the RGB or composite 
video input, allowing the connec- 
tors to be left permanently in place 
at the rear of set and all switching 
to be carried out from the front. 

The tuning presets associated with 
the channel selectors are con- 
cealed behind a hinged panel at 
the front of the set. A 3.5 mm out- 
put socket allows the MC01 to be 
used with headphones and a fold- 
away aerial is also built-in. 

The RGB input features auto- 
matic sync polarity sensing and 
accepts TTL and analogue input 
signals. The composite video 
input has an adjustable pre-set 
gain control to ensure optimum 
performance over a range of input 
signal levels and both inputs 
accept a sound signal for rep- 
roduction through the set loud- 
speaker. Special leads will be 
available to connect the MC01 to 
most popular makes of home 
computer and there will also be a 

range of leads for use with Fer- 
guson Videostar video recorders. 

The MC01 is described as com- 
pact and lightweight and is said to 
offer low energy consumption. An 
optional adaptor allows the set to 
run from battery or other low - 
voltage DC supplies and adjusts 
automatically for 12 or 24V opera- 

tion. Ferguson say that the set will 
typically run for about eight hours 
from a fully -charged standard 
(40A/h) car battery. 

The company have also estab- 
lished an advisory service which 
they say is designed to help dealers 
and customers with queries relat- 

ing to compatibility and upgrading 
on home computers. The service 
can be contacted on 01407 3060. 
Thorn EMI Ferguson Ltd, Cam- 
bridge House, Great Cambridge 
Road, Enfield, Middlsex ENI 1UL, 
tel 01-363 5353. 

Static Alarm 
Dage Eurosem have intro - 

duceda bench -top alarm unit 
which detects the presence of 
high voltage levels and gives an 
audible and visual warning. The 
alarm is intended for use wherever 
CMOS and other static -sensitive 
devices are being handled and 
requires no physical or electrical 
connection to the device or the 
operator. 

The EVA -12 triggers when in the 
presence of voltages above 400V 
and will typically detect a hazard 

of 4 -13kV (equivalent to a person 
walking across a vinyl floor) from a 

distance of between sixteen and 
thirty inches. The warning takes 
the form of an audible bleep and a 

flashing LED and continues for five 
seconds before the unit zeroes 
itself and returns to the alert 
mode. It measures 76 x 38 x 25mm 
(3x 1.5 x 1")and runs from a 9V bat- 
tery giving a typical operational 
life of six months. 

For further information contact 
Dage (GB) Ltd, Eurosem Division, 
Rabans Lane, Aylesbury, Buc- 
kinghamshire HP19 3RG, tel 0296- e 
33200. 
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SKYBRIDGE LIMITED 
Mail Order& Shop: 
441 Princes Road 
Dartford 
Kent 
DA1 1 R B 
Tel: (0322) 91454 

CABLE 470pF 15p 
PER METRE 1000pF 11p 
Wire Wrapped 8p 2200pF 11 p 
Red/White/Black .01 uF 5p 
Solid 1/.6 .022uF 5p 
11 Colours 4p .047uF 8p 
Hook-up7/.2 .1 uF 8p 
11 Colours 3p .47 uF 15p 
Heavy Duty 32/.2 POLYSTYRENE 
4 Colours 15p 22pF 13p 
TINNED COPPER 47pF 
per4oz reel 68pF 
SWG 16 80p 
SWG 18 85p 
SWG 20 95p 
SWG 22 95p 
SWG 24 95p 
EN COPPER 
per 2oz Reel 
SWG 14 70p 
SWG 16 80p 
SWG 18 90p 
SWG 20 90p 
SWG 22 90p 
SWG 24 105p 
SWG 26 105p 
SWG 28 105p 
SWG 30 110p 
SWG 32 110p 
SWG34 115p 
SWG 36 125p POLYESTER 
SWG 38 125p .01 uF 8p 
SWG40 150p .015uF 8p 
FIGURE 8 .022uF Sp 
Per metre .033uF 9p 
7/.25 13p .047uF 9p 
Coloured Ribbon .068uF 9p 
Per Foot .1 uF 9p 
10 Way 20p .15uF 15p 
20 Way 40p .22uF 11p 
34 Way 80p .33uF 1ßp 
MAINS .47uF- 1ßp 
Per Metre .68uF 28p 
2 Core 1 uF 26p 
Oval 3A 20p 2.2uF 49p 
Round6A 45p 
3 Core 
Round 3A 35p 
Round6A 50p 
Round 13A 80p 
POWER 
1 m T&E 40p 
1.5mm T&E 45p 
2.5mm T&E 80p 
6mmT&E 150p 
TV Coax 40p 
SCREENED 
Single Round 17p 
Twin Round 20p 
Figure 8 Min 20p 
Figure 8 Std 30p 
4 Core 70p 
SPIRAL WRAP 
1/é' 15p 
1/4" 20p 

45p 
WIDE RANGE OF 
CABLE MARKERS, 
SLEEVING, TIES, 
FIXINGS IN 
STOCK- PHONE 
FOR DETAILS 

CAPACITORS 
PLATE CERAMIC 
1.8pF-22nF 8p 
DISC 
10pF 10p 
47pF 15p 
100pF 15p 

ELECTROLYTIC 
uF/V 
1/63 

8p 

100pF 8p 
150pF 8p 
220pF 8p 
330pF 8p 
470pF 8p 
560pF 8p 
680pF 8p 
1000pF 8p 
1500pF 8p 
2200pF 8p 
3300pF 8p 
4700pF 8p 
5600pF 10p 
6800pF 10p 
.01 uF 14p 
.022uF 19p 
.047uF 25p 
.1 uF 49p 

100063 75 
2200/10 39p 
2200/16 46p 
2200/25 55p 
2200/35 74p 
3300/25 74p 330092 
4700/130 

5 
59p 

4700/16 74p 
4700/25 103p 
NON -POLARISED 
1uF 25p 
2.2uF 25p 
3.3uF 25p 
4.7uF 25p 
6.8uF 50p 
10uF 25p 
22uF 35p 
33uF 40p 
47uF 40p DIN Skts2 pin 
100uF 70p 3 pin 
THOUSANDS OF, 4 pin 
OTHER CAPACITORS 5 pin A 
IN STOCK LE 5 pin B 
SILVERED MICA 6 pin 
1% POLYSTYRENE 7 pin 
POLYCARBONATE 
MYLAF TANTALUM 
TRIMMER VARIABLE 
etc etc 

CRYSTALS 
100k 460p 
1M 600p 
2M 220p 
3.2768M POA 
4M 180p 
4.19304M 320p 
4.433619M 320p 
6.144M 130p 
10M 200p 
18.432M 270p 
26.54M 200p 
26.59M 200p 
26.64M 200p 
26.69M 200p 
26.74M 200p 

8p 26.8M 200p 
2.2/50 9p 26.995M 200p 
4.7/63 9p 27.045M 200p 
10/16 8p 27.095M 200p 
10/25 8p 27.145M 200p 
10/35 10p 27.195M 200p 
10/63 13p 27.245M 200p 
22/10 8p 27.255M 200p 
22/16 10p CONNECTORS 
22/25 10p Cros Clips 10p 
22/35 11p Terminal Post 40p 
22/63 15p 1 mm Plug 20p 
47/10 10p l mm Socket 15p 
47/16 11p 2mm Plug 20p 
47/25 13p 2mm Socket 15p 
47/35 15p 3mm Plug 20p 
47/63 24p 3mm Socket 15p 
100/10 11p 4mm Plug 15p 
100/16 13p 4mm Socket 15p 
100/25 15p Phono Plug 11p 
100/35 19p Phono Link Skt .... 20p 
100/63 25p Jack Plug 2.5mm... 15p 
220/16 15p Jack Plug 3.5mm... 15p 
220/25 20p Jack Skt 2.5mm.... 15p 
220/35 23p Jack Skt 3.5mm.... 15p 
220/63 33p Jack Skt Line2.5mm25p 
470/16 23p JackSktLine3.5mm25p 
470/25 27p Jack Plug 'A" Mono.20p 
470/35 31 p Jack Plug Yx" Stereo.30p 
470/63 48p Jack Skt 1/4' Mono.25p 
1000/10 24p Jack Skt 1/4' Stereo.35p 
1000/16 29p JackSktLineMono.25p 
1000/25 41 p Jack Skt Line Stereo.30p 
1000/35 45p Coax Plug 15p 

Coax Skt Surf 30p LED WP Std 3p 
Coax Skt Flush 25p Min 3p 
Coax Line Skt 45p LARGE RANGE OF 
Coax Coupler 45p PANEL LAMPHOLDERS 
Car Aerial Plug 15p DELUXELED'8 
FM Aerial Plug 20p etc etc 
NC Plug 100p FUSEWARE 
BNC Round Skt 100p 20mm Panel Holder.45p 
BNC Square Skt 100p 11/4" Panel Holder.59p 
BNC Free Skt 11 Op 2ommChassisHolder.14p 
BNC Str. Adapt 140p 11/2" Chassis Holder.17p 
BNC T Adapt 300p Lin Holder 14p 
VHF Plug PL259... 50p Fuse Clips 3p 
VHF Plug PL259... 50p 20mm FUSES 
Small Reducer 20p 100mA 150mA 250mA 
Large Reducer 20p 500mA 1A 1.5A 2A 
PL259 RtAng 90p 3A 5A 9p 
VHF Round Skt . 50p 20mm Antisurge Fuses 
VHF Square Skt.... 50p 500mÁ 1 A 2A 12p 
Elbow Adapt POA 11/2" FUSES 
Straight Adapt 60p 100mÁ 150mÁ 250mA 
UHFTAdapt 160p 500mÁ 1Á2Á3A 
Female T Adapt 180p 5A 10A 13A 15A ... 9p 
XLR Line Plug 180p 1" Fuses 2,3,5,13A15p 
XLR Chassis Skt 330p RESISTORS 
XLR Line Skt 230p 1W 5% E24 2p 
XLR Chassis PIug.160p 4W 1% E24 7p 
DIN Plugs2 pin.... 10p 1W 5% E12 10p 

3 pin 15p 3W 5%u E12 10p 
4 pin 35p 3W WW R22 -1R ... 30p 
5 pin A 15p 3W WW 2R2+ 20p 
5 pin 240" 20p 7W WW 30p 
5 pin 360' 30p 10W WW 35p 
6 pin 40p 25W WW 170p 
7 pin 20p WW Pots 3W 
8 pin 60p High Quality 275p 

10p 10R, 25R, 50R, 100R, 
20p 250R, 500R, 1K 5K 
15p 10K,50K 
15p SEMICONDUCTORS 
20p SO EXTENSIVE 
20p IS THE RANGE 
20p OF LISTED 

DIN Line Skt 2 pin.15p SEMICONDUCTORS 
5 pin 30p PLEASE SEND 

o - LARGE SAE 
15W 

Plug9W 
150p FOR DETAILS 

25W 150p TRANSISTOR MOUNTS 
DType RtAngSkt9W.POA T03 10p 

15W POA T066 10p 
25W POA DIL SOCKETS 

Plug 9W POA 8pin 9p 
15W POA 14 pin 11p 
25W POA 16 pin 12p 

Covers9 120p 18 pin 16p 
15 120p 20 pin 17p 
25 130p 22 pin 20p 

Latches 9 30p 24 pin 21 p 
15 50p 28 pin 24p 
25 60p 40 pin 35p 

Power Plug 2.1 mm.15p RANGE OF HEAT 
2.5mm 15p SINKS AVAILABLE 

IEC Line Skt 95p PHONE FOR QUOTATION 
IEC Chassis Plug.90p SPEAKERS 
IEC Chassis Skt 90p Miniature Buzzer 
IEC Line Plug 70p 6V or 12V 90p 
Bulgin P429 50p Ultrasonic 600p 

P646 165p Transducers Pair 
P430 125p Elliptical 5"x3".... 196p 
P649 135p 6"x4" 262p 
P650 110p 7"x4" 314p 
P635 100p 7"x5" 338p 
P636 130p 8"x5"5W 386p 
P551 300p 8"x5"8W 521p 
P552 100p 9"x6" 431p 
SA2403 160p Miniature 1" 90p 
SA2404 95p 11/2" 90p 
SA2190 50p 13/4" 90p 
SA1862 50p 2" 90p 
SA2111 200p 21/4" 90p 
SA2019A 150p 2.'"8R 90p 
SA2020 140p 21/2"64R 100p 
SA2367 180p Round 5" 4W 174p 
SA2368 95p 5" 25W 409p 

5" 60W 1587p 
51/4" 10W 476p 
51/2" 15W 771p 
6"5W 297p 
6"5W 297p 
6" 60W 1632p 
61/2" 7W 423p 
8" 6W 359p 

10p 8" 10W... 423p 
18p 8" 20W 983p 

Yellow 15p 8"60W 1346p 
10p 10" 10W 700p 
18p 10"20W 1113p 
18p 10'30W POA 

MANY OTHER 
CONNECTORS, 
ADAPTORS& LEADS 
IN STOCK 

OPTO 
LED Std Red 

Green 

LED Min Red 
Green 
Yellow 

ORDERING INFORMATION: 
P/P 50p on orders less than £20 in value 
otherwise post free. All components full spec & 
guaranteed. Discounts available on orders over 
£50 - phone for details. For unlisted components 
phone for price. 

12"60W 2882p 
12" 100W 4073p 
12" 150W 4336p 
15"150W 7185p 
15"200W 8735p 
18"200W £108 

MOTOROLA PIEZO 
TWEETERS 
2" 231p 
3'/2" 697p 
2"x6" Horn 938p 
2"x5" 795p 
21/2" 457p 
3'/d' 624p 
4"x10" 1435p 
CROSSOVERS 
2 Wayl5W 1ß8p 
2 Way 100W 690p 
3 Way 25W 193p 
3 Way 40W 338p 
3 Way 60W 502p 
4 Way 80W 828p 
SWITCHES 
Toggle Std SPST... 47 p 

Min SPST 88p 
SPDT 70p 
SPDT c/off 83p 
DPDT 85p 
DPDTc/off 117p 
4PDT 209p 
4PDT Goff 244p 

Push to make 20p 
Push to break 20p 
Key 5W SPST .... 259p 
Rotary IPI2W 62p 

2P6W 62p 
3P4W 62p 
4P3W 82p 

Slide Min DPDT 22p 
Std DPDT 22p 

DIP 4W 105p 
6W 128p 
8W 1156p 
10W 184p 

Microswitch 83p 
TRANSFORMERS 
6-0-6 @ 100mA... 187p 
6-0-6 @ 250mA... 185p 
9-0-9 @ 100mA... 167p 
9-0-9 @ 250mA... 185p 
12-0-12 @ 50mA155p 
12-0-12 @ 100mA171 p 
12-0-12 @ 250mA188p 
0-12/0-12 @ 500mA369p 
9-0-9 @ 1A 283p 
12-0-12 @ 1 A 538p 
0-12-15-20-24-30 @ 1A 

686p, 
6-0-6 @ 2A 440p 
9-0-9 @ 2A 478p 
12-0-12 @ 2A 538p 
0-12/0-12 @ 2A538p 
0-12-15-20-24-30 @ 2A 

900p 
90-0-20 @ 2A 745p 
30-0-30 @ 2A 933p 
12-0-12 @ 3A 721p 
0-15@3A 647p 
6-0-6 @ 4A 538p 
9-0-9 @ 4A 687P 
12-0-12 @ 4A 845p 
0-15 @ 6A 949p 
6-0-6 @ 8A 980p 
12-0-12 @ 8A... 1615p 
TOROI DS: 
30VA6V 950p 

9V 950p 
12V 950p 
15V 950p 
18V 950p 

50VA6V 1150p 
9V 1150p 
12V 1150p 
15V 1150p 

80VA18V 1200p 
22V 1200p 
30V 1200p 

120VA30V 1300p 
160VA35V 1500p 
300VA35V 2000p 
500VA35V 2650p 

ALL TOROIDS HAVE 
TWO ISOLATED 
SECONDARIES AT 
VOLTAGES SHOWN. 
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS 

High Density 
'D' 
Connectors 

Souriau have introduced a 

range of sub -miniature 'D' 
type connectors which have a 

closer pin -spacing than existing 
sub -miniature types and offer cor- 
respondingly higher numbers of 
contacts. Plugs and sockets with 
up to 78 ways are available, and in 
spite of their small size the con- 
nectors offer a performance 
which is generally comparable 
with that of other sub -miniature 
'D' connectors. 

Designated the 8635 series, the 
new connectors come with either 
15, 26, 44, 62 or 78 contacts and are 
rated at 1000 volts RMS, 5A per 
contact maximum. No overall 
current rating for a connector is 
specified. The contacts are size 22 
crimp on 0.76mm (0.03") centres 
and the operating temperature 
range is from -55° to +150°C. The 
insulation material is a self -ex- 
tinguishing thermosetting plastic 
manufactured to UL class 94 V -O 
and the shell is made from cad- 
mium plated steel. 

The connectors can be supplied 
in both rigid and float mounting 
versions and are also available 
with interfacial and back -end seal- 
ing gaskets. 8635 crimp connec- 
tors can also be ordered against 
equivalent MIL C -24308A (SIMA) 
series part numbers. For further 
information contact Souriau (UK) 
Ltd, Knaves Beech Industrial 
Estate, Loudwater, Nr High 
Wycombe, Buckinghamshire, tel 
06285-24981. 

New Philips 
DSO 

hilips have introduced a port- 
able digital storage oscillo- 

scope capable of sampling signals 
with a clock rate of up to 125 MHz. 
The dual -channel instrument has 
four memories, the contents of 
which can be displayed simul- 
taneous or individually, and the 
user is able to program the trigger 
level control and all other trigger 
functions as well as all other 
switch functions. 

The PM 3315's input circuitry 
enables analysis of repetitive sig- 
nals to well over 60 MHz. Fast 125 
MHz sampling allows single -shot 
capture up to 30 MHz with accur- 
ate reproduction. Even higher 
single -shot bandwidths are poss- 
ible using computer data -analysis 
by means of the integral 1EEE488/ 
IEC625 bus interface. A digital 
delay facility makes possible 
optimal use of the available 
memory depth by triggering from 

nine screen divisions before the 
desired position to 9999 divisions 
after. 

To meet the requirements of the 
fast growing world of TV applica- 
tions, the PM 3315 also offers 
stable TV frame or field triggering. 
Other facilities include a plot - 
mode output for an X -Y recorder 
and a chart -recording mode 

allowing maximum internal stor 
age of up to 40 hours. Control 
capability covers all front panel 
settings, including timebase and 
attenuator. 

The PM 3315 costs £5195 plus 
VAT and is available from Philips 
Test and Measuring, Pye Unicam 
Ltd, York Street, Cambridge CB1 
2PX, tel 0223 358866. 

Music For 
The Newbrain 

Would the reader who sent us 
the above project please get 

in touch with the editorial 
office - we've lost your 
name and address! 

Japanese component manufac- 
turer Alps is setting up a new plant 
which will create 230 jobs when it 
opens in Milton Keynes next year 
and up to 400 jobs when it reaches 
full production. The plant will pro- 
duce parts for video recorders. In a 

separate statement, Cirkit have 
announced an increase in the 
range of Alps parts that they stock. 
The new lines will include mic- 
rominiature Tactile switches, data 
entry switches, keytops and slide 
and rotary potentiometers. Cirkit 
Holdings PLC, Park Lane, Brox- 
bourne, Hertfordshire EN10 7NQ, 
tel 0992-444111. 

Long -Life 
Rechargeables 

Yuasa have launched a range of 
lead -acid sealed recharge- 

able batteries which they claim 
have a life expectancy of ten years. 
The batteries have been designed 
with un -interruptible power sup- 
ply applications firmly in mind and 
are said to be explosion proof and 
capable of retaining a high 
capacity under float -charge 
conditions. 

The new range is designated the 
XL series and uses the same con- 
struction method as the existing 
NP range to make them com- 
pletely leakproof. They are avail- 
able in 6 and 12 volt versions with 
capacities of 66,88 and 110 Ah and 
33, 44 and 55 Ah respectively. They 
require constant -voltage charg- 
ing and their nominal cell voltage 
is 2.23V. A low specific -gravity 
electrolyte has been used to re- 

duce float voltage and self - 
poisoning, allowing the batteries 
to be used for long periods under 
float charge conditions without 
loss of capacity. A venting 
arrangement on the top of the bat- 
teries allows gases caused by 
overcharging to escape but will 
not allow flames to re-enter, thus 
removing the risk of explosion 
present with some vented cells. 

The XL range was designed 
specifically for telecom- 
munications applications and the 
battery sizes meet these require- 
ments rather than being directly 
compatible with similar batteries 
used in other sections of industry. 
They are expected to find applica- 
tions in computers, test equip- 
ment, medical equipment and 
un -interruptible supply applica- 
tions as well as in the telecom- 
munications field. 

Yuasa Battery Sales (UK) Ltd, 
Hawksworth Industrial Estate, 
Swindon, Wiltshire SN3 1DZ, tel 
0793 486818. 

The Little 
Chill 

PCA are marketing a range of 
equipment cooling fans 

which have a fixing plate size of 
only 80mm (3.15") square. Features 
claimed include low mechanical 
noise, zero electrical noise, low 
weight and long life, and the fans 
are expected to find wide applica- 
tion in domestic products as well 
as in office equipment, test gear 
and industrial equipment, etc. 

The fans are available in 6, 12 and 
24V DC versions and operate at a 
speed of 4000 RPM to achieve an 
air flow of 0.95m3/minute. The 
mechanical noise is less than 21 
dBA and PCA claim that electrical 
noise has been entirely elimin- 
ated. The full weight is 170 grams 
and the anticipated life expec- 
tancy is 10,000 hours for most 
models. 

For further details contact P. 

Caro & Associates Ltd, 2347 
Coventry Road, Sheldon, Bir- 
mingham B26 31S, tel 021-742 
1328. 
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QUALITY COMPONENTS FROM CRICKLEWOOD! This list contains only a 
FRACTION OF OUR STOCK, is being Prices which constantly updated. quoted 

C R1 E LRO N I C S LTare for "one -offs" -quantity discounts by negotiation. Official orders from Schools,Colleges, 

Goods Dept etc welcomed. WE SPECIALISE IN CREDIT CARD PHONEas id ad 
ORDERS. A quick call will check stock position and current prices. Add 60p p&p 40 CRICI(LEWOOD + 15% VAT to all orders. All in -stock items despatched same day unless notified. 

LONDON 
BROADW aY 

NW2 3ET PRICES SUBJECT 
TO CHANGE - 01-452 0161/01-450 0995 TIx:9 4977 
RESISTORS 10/16V 18p 

10/35V 27p 
7442 85p 
7444 99p 

7415112 45p 
7415113 45p 

4006 68p 
4007 25p 

ADC0816 
18.69p 

2N4870 99p 
254871 75p 

BC214L 19p 
BC300 59p 

8U105 1.890 
BU108 2.498 

DIODES 25 amp type 
Metal clad 

LM392 99p 
LM396K 

UPC 1185H 
3 65p 

233,220 
5.90p 

CARBON FILM 
5% HIGH STAB 
LOW NOISE- 

10010 
10 MO 

15/10V 22p 
15/16V 30p 
15/25V 32p 
22/63V 26p 
22/16V 41p 
33/10V 30p 
47/3V 20p 

7445 99p 
7446 75p 
7447 99p 
7448 99p 
7450 35p 
7451 35p 
7453 35p 

7415114 45p 
7415122 69p 
7415123 85p 
7415124 

1.35p 
74LS125 491' 
74L5126 49p 

4008 89p 
4009 55p 
4010 29p 
011 195 
4012 25p 
4013 25p 
4015 55p 

ADC0817 
11.55p 

1551771 
pls.ask 

R02513LC 
750p 

R02513UC 

2N5245 46p 
255246 59p 
255247 635 
255248 65p 
255249 67p 
255296 

1.755 

BC301 59p 
BC302 59p 
BC303 59p 
80327 16p 
8C394 52p 
8040 35v 

6C441 
375 

8U109 2.49p 
8U126 1.55p. 
130204 2.49 
130205 1.995 
BU206 2.16p 
130208 7931, 

130226 
4.455 

N34A 52p 
N914 

41, 

54001 qp 
54002 4135 

54003 p 
54004 

5'76'S325p 

with hole 
60111001 

2625 
602(2001 

2 75P 
604(4001 

1495P 
LM723CH 

1.055 
LM]23CN 

59P 
LM725CH 

301, 

UPC1212C 
7805 

UpC2002 
325p 

XR2206 3.95p 
25409 2.25p 
¿5474 LOOP 

DevAloperfor 
above (donut 
use Sodium 
Hytl oxide) 
5000+1 2955 

114W E24 20 

116E12 
D 

6P 

47/6 3V 34p 
47/16V 755 
100/3V 32p 

7454 35p 
7460 495 
7470 49p 

7415132 65p 
7415133 455 
7415136 45p 

4016 35p 
017 525 
4018 55p 

7.505 
5445000 

6.13p 

255298 
1.685 

2N5401 57p 

80447 335 
BC448 33P 
BC449 39P 

803265 2.635 
8U406 1455 
BU407 1.58p 

54005 1, 

N4006 6'/x5 
. N4007 7p 

60616001 
4'lop 

BYW6435A 

1M725CN 
3'í9P 

LM741CH 

ZN 1034 1.00p 
WIRE 

2WE12 12p 
METAL FILM 

ULTRA STABLE 
0.4W EXTRA 
LOW NOISE 
100 TO 1M0 

1%OW 
OHME24 IC 

GLAZE 1 

2W 

8.20 

E24 WOUND WIRONCERAMIC 

E12 SERIES 
2 to 3W0.22.0 

to3300 28OP P 
4147W0.410 

to6K8 330 
Oto 11W 18 

to33K 37p 

ELECTRO- 
LYTICS 
Mainly 

Panasonic 

AXeachIALSend) 
ires 

,Fd V 63 9p7484 
47 100 10 
.47 350 35p 

1 500461 
100 

p 
2.2 25 9p 
2.2 631 
2.2 100 13p 
2.2 350 34p 
3.3 40 13p 
3.3 63 14p7496 
4.7 35 102 

4.7 63 14p P 
4.7 100 161' 

7472 49p 
7473 49p 
7474 49p 
7475 49p 
7476 49p 
7480 65p 
748148 1'7p 

95p 
7483 

95p 
7485 95p 
7486 39 
7489 
7490 155p 
7491 65p 
7492 65 P 
7493 655 
7494 1 09p 
7495 55p 55p1.4042 
7497 1.99p 
74100 
74104 

1.99p 69pP 
74105 590 

7415138 55p 
7415139 55p 
7415145 99p 
74LS147 

1.75p 
7415148 

7415151165p P39p 
7415153 
7415153 65p 

199 
74LS157 55p 
7415158 
7415180 

69p 

7415161 75p 
74LS162 75 PD 
7415 163 755 
7415164 75p 
7415165 

09p 
7415166 

1.955 

4019 55p 
4020 75p 
4021 52p 
4022 65p 
4023 39p 
4024 495 

40276 
1. p 

4028 
4029 75p 
4030 3 
4031 1.255 

4034 1394032 p 
035 95p 
4036 2.75 
4038 855 
4040 59p 

.041 55p 
49p8797 

4044 49p 

40464045 

99p 
59p 

5445010 
6.135 

5555012 
6.135 

SAA5020 
3.795 544503255450 6.04pBC549 

S4A011.36 
54,45041 P 

15.14p 

S5O50 6.38 
SA45070 p 

16.27 P 
8126 1.095 
8728 1.09p 
8195 1.09p 

1.09 p 
811595 2.35p 

81L597 2.35p 
81LS98 2.35p 

255415 

2N5416 
1.735 

2N5447 29p 
255448 315 

63p 

2554517 66P 
255458 39p 
255459 31p 

2555501 435 
255657 P 

1.99 P 
255684 

1395p 
255884 

5.95 P 
255886 

256027560p 1, 

2N6030 

6C460 38P 
BC461 425 
80478 385 
80479 38P 
BC546 168 
80547 195 
BC548 16p 

175 
BC550C 29p 
6C557 195 

BC559 185 
BC56OC 29p 
BC639 37p 
BC640 37p 
BC650 45p 
BC651 47p 
BCY70 31p 
BCY71 33p 
BCY72 25p 
60 131 63p 
80132 63p 
80 135 38p 
80136 38p 

9008 1.49, 
1304q0O99 1.655 
130500 3.565 
BUX48 6.755 
BUY 18S 4.33p 
E430 6.325 
IRF530 4.95p 
J300 680 
J310 88p 
MJ802 4.25p 

MJOO1 3.395 
MJ10002.761' 
MJ10013.26p 
MJ18003. 79P 
MJ2500 2.39p 
MJ2501 2.635 
MJ2955 991' 
MJ3000 2.395 
MJ30012.63p 
MJ4502 4.25P 
MJE340 75p 
MJE3501.49p 
MJE2955 

N4148 3P 
55401 135 
55402 14 
N5404 15 
N5406 18 
5507 18 
N508 20p 
BÁ102 49 
BA115 29p 
84133 Slp 

84155 18138 p 
BA156 415 
BÁ157 285 
86158 34P 
134159 38p 
gq 782 49p 
84201 23pl 
gÁ202 295 
BÁ316 27p 
84317 28p 
84318 315 
84X13 215 
88105 655 

40016 4.501, 

OPTO 

yweird 
&wonderful 
devices in 

stock. inc 
shapes 

vo&LEDS. 
R --Red 
G -Green 
V -Yellow 

Largediffused 
+ 

R5D l6P 
G5D 165 
Y50 155 

Small diffused 653m. 

8 

99P 
LM741CN 

285 
LM741CN14 

1.20p 
LM747CN 

LM748CH 
63P 

LM748CN 
99P 

LM18777.95P 

LM18894.65p 
LM29022.?8p 
LM2907N 

3965 
LM2907N8 

3.ggp 
LM2917N 

3 201, 
LM29173820 

p LM3900 795 

TRANS - 
FORMERS 

Post 
inclusive 

Peces 
cheaper 

hers 
Á1r20V 

Split Bobbin 
100mÁ 

6-0-6 1.505 
900 1.705 
12-0-12 1.85 P 
15-0-15 1.955 
lA as above 

á.75p 
20.0 01256V 
0 1254 3.75 
12012V p 
50VA 795 
12012v 

P 

PRICES PER 
METRE 

Solid 
connecting 

woe 
MAINS 

SPEAKER 
TWO 1 Amp 

l6 
win 25 Ampp 

19P 
3C ore 

3Cor2eAmp 
2lp 

1 SCREENS 
SCREENED 

Single í9p 
Stereo 29p 
Mini Singlelap 
Mini Stereo 16p 

4Screens 49 
p 4Core Single 

POTS& 
PRESETS 

10 25 9p 
10 50 14p 
10 63 16p 
10 100 181, 

74107 49p 
74109 691' 

74110 . 69p 
74116 1.651, 

7415169 99p 
7415170 

1.65p 
7415173 99P 

4047 59p 
4048 54p 
4049 35p 

6522 3.49p 
65224 .5.45p 
6532 5.25p 
6821 1.55p 

9.70P 
256031 

10.901, 
256058 

130137 391' 

80138 39p 

42p5 

199P 
MJE29551 

MJE3055 955 

86100G 69 
BY126 125 

P BV 127 145 

G30 13 p 
Y3D 13 

Micro 0.1" 
RIM 271, 

LM39113255 
LM39143.25p 
LM39153.25p 
1M42502.89p 

100VÁ 11990 
0+6' B ` 9+91.254 

Screen 73p score 73p 
12Core 88p 

Heavy Duty 

ROTARY POTS 
L NOIRE 

1/4" LW 
NOISE 

E3 SERIES 
467 to 2M LIN 

441, 
467 to2ML00G 

As above 
with DP 
MemsSwitch 

.11 
Asabovestereo 

1 

PRE-SETS 
PIHER (RUSTPROOF)P 

E31000 to 
10M0 

Mini Vert 161' 
Mini Horiz 16p 
Standard Vert 

10 35055 
22 25 13p74119 
22 40 16p 
22 63 18p 
22 100 24p74122 
47 25 16p 
47 40 2 
47 6330p 
47 100 32p 
100 16 16p 
100 25 18p 
100 50 25p 
100 63 29p 
100 100 34p 
220 10 181, 
220 16 195 
220 25 25 
220 40 34p 
220 63345 
220 100 46p 
470 16 25p 
470 25 32p 

74118 995 
1.79 

74120 95p 
74121 49p 

65p7415183 
74123 75p 
74125 75 
74126 75p 
74128 65p 
74132 75p 
74136 69 

P 74141 69p 
74142 2.25p 
74143 2 25p 
74144 2.25p 
74145 995 
74147 1.75 

p 74140 29p 
74150 1595 
74151 65p 
74153 59p 
74154 1.39p 

7415174 995 
7415175 75 
74L5181 

1.998 

199p 
7415190 85 
7415191 75p 
7415192 85p 
7415193 65p 
7415194 75 

p 7415195 75p 
7415196 89p 
7415197 89p 
7415221 99p. 
741520 BSp 
7415241 85 p 7415243 85p 
7415243 855 
74LS244 79p 
7415245 99P 
74LS247 99p 

050 355 
4051 655 
4052 55p 
053 55p 
4054 79p8155 
056 79p 
059 395 
4060 65p 
4063 85p 
4065 44p 
4066 39p 
4067 2.25p 
4068 25P 
4069 25p 
4070 25P 
4071 255 
4072 25P 
4073 25p 
4075 255 
4076 65p 
4077 25P 
4078 255- 

6840 3.755 
6645 6.49 
6847 649p 
8154 on order 

onorder 
8212 4.85p 
8216 on order 
8224 on order 
8226 on order 
8255 13.95p 
ZBOACTC 

299P 
280ADART 

7.99p 
Z804P10 

3.195 
ZN425E8 

3495 
25426E8 

7991, 
.25427E8 

5.99p 

3.505 
256059 

386P. 
256121 

1.48p 
256122 

256123 
í52p 

1 58p 
2N6124 

1.655 
256125 

1.71p 
2N6126 

1 77 P 
256129 

1.575 
256130 

162 
256131 p 

1.751, 
256132 

80140 
80237 98 
130236 985 
BD239A 65p 
BD239C 69pMPSA05 
60240A 68p 
BD240C 79pMPSA12 

72p802414 

80241C 79p 
802424 75p 
'B0242C 79 P 
802434 855 
BD243C 89p 
BD244A 88p 
BD244C 1.15p 
BD245C 1.19 

P BD245C 1 495 

80246C 1.675 
6024942.30 
60249C 2.57 
BD2504 2.48p 
B0250C 2.75p 

1.99p 
MJE30557 

69p 
29p 

MPSA06 33p 
49 

P 
MPSA14 49p 
MPSA20 49p 
MPS/442 49p4.8& 
MPSA43 48p 
MPSA55 29p 
MPS456 33p 
MPSA92 49p 
MPSA93 48 P 

MPSL51MPSL1 

69p 
IJO75p 

MPSU05 895 
MPSUO6 9g 
MPSUO7 p 

1.75p 
MPSU56 

SCR's 
TRIACS 
DIALS 

THYRISTORS 

12 Amps 
Texas TO220 

514ixA = 
100V 

Suffi%B- 
200V 

SphinC -. 
300V 

Suffix°- 
400V 

Suffix M -- 
600V 

GIM 295 
YIM .29p 

Largeclear 
R5C 125 
G5C 17 

p 

YSopor bri 13775 

high efficc- 
ten 

Y Large(100 
times 

bri brighter) 9 1 

RSU 42p 
G5U 471, 
Y5U 475 

Rectangular 
Stackable 

LEDs 
R5R lopNE529 
G5R 20p 
V5R 22p 

LM13600 
1.50p 

LM13700 
1.505 

MC 1408 
3.655 

MC1466L 
76.505 

MC1468 
4.305 

MC330 
2955. 

MC3446 
3.95p 

MC3357 
3.65p 

MC4044 
5.95p 

MF 10 4.505 
2 25p 

NE531N 1 36p 
NE543N 2.50p 
NE544N 1.95p 

5.65p 

VERO 

0.1" 
COPPER 
TRACKS 

25x3.75 
.95, 

2.5x5 
1.105 

3.75,3.75 
1.10p 

3.75x5 
1 24p 

2.5x 17 
3 27p 

3.75x 17 
4 29p 

4.79 z 17 

Mike Guitar 
Lead 33p 

AERIAL 
SOf1 RG58p 

29p 75f/UHF 315 
750VHF 31 

300.0 Flat ló5 
RAINBOW 
RIBBON 

Prices 
per foot 

10wey 25p 
l6way 39p 
20way 48p 
24w 62 
30waayy 75p 
40way 82p 
64way 885 
64way 1 49p 

Standard Hor p 

195 

470 40 38p 
470 63 50p 
470 100 69p 
1000 16 34p 

74155 89p 
74156 89p 
74157 89p 
74159 1.75p 

7415248 99p 
7415249 99p 
7415251 75p 
74LS253 75p 

081 25P 
4085 55p 
4086 59p 
089 1.19p 

25428E8 
4.55p 

1 82p 
256133 

189 
p 

130410 1.65 
BD419 1.75p 
130420 1.850 

1.22p 
MPSU57 

1.955 

4A 
TIC1064 66p 
TIC 1068 675 
TIC 1060 685 

NE555 28p 
NE556 69p 
NE558 1.89p 

5.56p 
VO Board 

2.10p 
DIP Board 

SOLDER 

CERMET 20 
TPRECISION 

1000 25 43p 
1000 40 535 
1000 63 755 

74160 1.055 
74161 1.055 
74162 995 

7415257 75V 
7415258 651, 
7415259 

4093 355 
4094 69p 
095 895 

V REGS 

256134 
1.995 

256212 

130433 69 
130434 751, 
80435 815 

711,294 35 
TIP29C 425 
711,304 375 

TIC106D 69p 
TIC 10°M 755 

LIN ICs 

AY15050 99p 

NE560 3 25p 
NE565 1.18p 
NE566 1.49p 

3.951, 
Track Cuher 

1.63p 

ANTES 
SOLDERING 

.5 
PRESETSSERIES 

SOP to 5006 
05P 

2200 16 53p 
2200 25 715 
2200 50801, 
2200 63 

1.54p 
4700 16 87p 
4700 

74163 99p 
74163 995 
74164 995 
74165 1.05p 
74166 1.49p 
74170 1.79p 
74172 

1. 19p 
7415261 

1191, 
7415266 55p 
74LS273 

1 22p 
7415275 

4096 89p. 
098 795 
099 991, 
4103 1 95p 
4502 55p 
4503 35p 

-Positive- 
100m4 

781054 29p 
781124 29P 
781154 29p 
781244 295 

3 45p 
256254 

1 99 
256387 p 

1 89p 
256676 

17 82p 

80437 88p 
80439 BBp 
130439 90 
130440 915 
BD441 91 
BD442 93p 
60529 1 .755 

TIP30C 44p 
711,314 395 
TIP31C 47 
711,324 461, 
11P32C 49 
TIP33A 69p 
11P330 53p 

TIC716A 88p 
TIC116B 89p 
TIC116C 93p 
TIC 116D 975 
TIC116M 99p 
12A 
TIC 1264 865 

Áy38910 
3.99p 

ÁY38912 
4.955 

CA30482. 15p 
CA3059 3 65p 

NE567 1.37p 
NE570 5.00p 
NE571 5.251, 
NE5534A 

1.95p 
RC4194 á.95p 
RC4195295p 

Pin lnsenor 
221p 

1008ins 61p 
Verobloc 4.665 

Vero Wiring 
Pen & Spool 

3.39p 

IRONS 
C20(15W) 

8204 
XS2 25W/ 

1 

Iron Stand Op 
1.75p 

p 
LAPS 

25 99p 3.95p 
74173 1455 
74174 89p 

3.495 
74LS279 75p 

4505 3.505 
4507 355 
4508 1.19, 140+5 70202 

78057 55 

ZSC 1306 995 
'2SC2978 

1.705 

130530 1.955 
130535 895 
130536 895 

TIP34A 1.195 
TIP34A 1.265 
TIP35A 1.265 

TIC 1268 87p 
TIC 1260 885 

CA3090A0 
3.70p 

CA313OE 875 
RC4558 44p 
5576477 

Spare Spool 
755 

Elements Elements 
(State 

205 

CERAMIC 
100V 

DISC (PLATE I 
E12 MICRO 

MINI 
TYPICALLY 

r5% 
10810 1DeF 7p 

POLYCARB5% 
SIEMENS 

7.5mm 
MINI BLOC E72 

250V 
1nF to 6n8 7p 
812 to47nF 8p 
560F to 150nF 

725 
100V 

RADIALS 
(Wires one 

end( 
084 V 
10 35 71, 
22 10 7 

p 22 16 Op 
47 10 BP 
47 16 91, 

100 10 10p 
100 16 11p 
220 10 131, 
220 16 13p 
470 10145 

1000 10 23p 
1000 16 28p 
2200 10 39p 
221X) 16 Stp 
3300 10 57p 

74175 99p 
74176 99p 
74177 991, 
74178 145 
74180 991, 
74181 325 3.25P 
74182 1351, 
74184 1891, 
74185 1890 
74190 1.255 
74191 75P 
74792 995 
74193 991, 
74194 991, 
X4195 791, 

4196 1.195 
74197 1.19P 
74198 2 25p 
74221 995 

7415280 
1.89p 

7415283 791, 
7415290 79 

7415293 798 
p 7415295P 

1351, 
7415298 991, 
741_52992 415299 

2.25 
7415323 

P 

309p 
74183243 

.251, 
7415325 

1.655 
7415326 

2 89p 
7415327 

2 89p 

4510 49p 
4511 49, 
4512 491, 
4514 1.04 

4515 1.051, 
4516 55 
4518 45p 
4519 291, 
4520 495 
4521 1.091, 
4522 79p 
4526 65p 
4527 65p 
4528 655 
4529 1251, 
4532 655 
4534 3.49p 
4536 2.49p 
4538 75P 
4543 69P 

78127 55p 
781ST 555 
7824T 55p 

-Negative-- 
100mÁ7092 

79105 491, 
79112 495 
79115 494 

lAmp TO22040406 
79057 655 
79127 651, 
79151 655 
79247 651, 

TRANS- 
ISTORS 

2503132.655 
25J49 5.995 
25350 649p 
350134 5.991, 
356135 649p 
35201 1.99p 
40250 1951, 
40361 751, 
40362 755 
0363 3.99 

1751, 40408 1.75p 
40410 1.991, 40411 429 
40584 1.OP 
0595 10p 
40673 1 49p 

40871 1 15 
40872 1 15p 

130537 975 
130538 975 
60539 1.08p 
130540 1.041, 
130657 1.955 
BD652 1 95p 
130675 SOP 
130676 Slp 
00677 890 
130678 99 
130679 991, 
BD680 1.35p 
130711 1.505 
80712 15 
130X32 3.595 
BOX3341.295 
BDX33C 1.59p 
80X344129 
BDX34C 1 58 
130X666 6.35p 

TIP35A 1.395 
711,364 1.425 
TIP36C 1 49P 
711,414 520 
TIP41C 585 
TIP42A 62P 
TIP42C 651, 
T1P49 1291, 
TIPSO 1.521, 

TIP53 1.58 
TIP54 1.651, 
TIP110 79p 
711,112 851, 
TIP 115 89 
TIP 117 105 
11P120 795 
TIP 122 851, 
T1P127 99 
TIP130 1.061, 
TIP132 1.09p 

TIC 1280 
8898, 

TIC126M 99p 

- TRIACS 
Texas 400V 
70220 Case 

TIC206D(4A) 
791, 

TIC225D 6A 
( ) 

895 TIC226DIBA1 

TIC236D(124) 
125 

p TIC246DI16A1 

TIC253D(120AP 
2 69 p 

TIC263D125A) 
2.95P 

CA3130T 
2.355 

CA310E 541, 
CA310T 

1,405 
HA1366W 

HAI3882Op 
2541, 

ICL7106 
7.505 

IC17107 
9.505 

ICL7611 
97p 

ICL8038 
3.501, 

ICM7555 
1.10p 

ICM7556 

7955 
5576003 

3.451, 
5576013 

3.451, 
5576023 

5576033 455 
3455 

147204 1.991, 
TÁ7205 1.20V 
TÁ7222 1.755 
547227 5.821, 
TBA5002.97p 
T845102.95p 
784520 2.575 
784530 2.551, 
784502.725 
T84550 3.251, 
TBA560C 

Combs 61, 

PCB 

FERRIC 
CHLORIDE 

Quick 
dissolving 
Enough to 
makeover 
(litre 7695 

ETCH RESIST 
TRANSFERS 

1 Thin lines 
2Thicklines 
3Thin bends 
4Thick bends 

020 Bits p 
No2(Small) 

85p 
No3(Med( 

855 
Nob (Micro) 

BSp XS20 x25 
Bits 

No 50 (Small) 

No 51 Med85p 
( BSp 

No 52 (Lge) 

SOLDER Sp 
125gms 

184w9 2.959 
22swg 3.lOp 

100nF to 
150nF 13p 

3300 16 75p 
4700 10 75p 74LS TTL 

7415347 4553 2.39p 
4555 35p 

AC125 99p 131:0676 6.35p TIP135 1.16p 
TIP137 

DIACS 
BR100,DB3. 

1 49p 
LF347 1.4 1134570 2.87p 

51311 pads 

1801E to 4700 16 
135p 

7415348 4556 491, 252219 33pAC127 
AC126 35p 

35p 
BDY54 2 28p 
BDY55 2.39p 

1.19p 
TIP10 1.210 5T2 29p 1F351 75p 1041002 pads 

270nF 16p 
33018 to 
3906F 25p 

1.098 
4700 63 

299P 
741500 28p 

1.955 
7415352 

4560 1455 
4566 1.92P 
4569 1.65p 

2N22194 36 
252222 29p 

AC128 39p 
AC141K 39p 

BDY56 1.99p 
80Y57 5.91p 

TIP142 1.22p 
TIP145 1.21p 

LF353 1.15p 
LF355 1.25p 
1F356 1.35p 

3.39p 
7041003 

4.355 

7Dots&holes 
80.1"edge 

vectors 

PLt1GS& 
SOCKFlS 

470nF to 
5601E 32p 
6BOnF 38p 

1000016 
2990 

1000080 

741501 28p 
741502 28p 
741503 28p 
741504 28p 

1.19p 
7415353 

1,19 
7415362 

4584 55P 
4585 59p 

2N2222Á 33p 
252369 34p 
2N23694 35p 
2529044 35p 

AC142K 39p 
AC176 39p 
AC 176K 49p 
AC187 39p 

BDY58 6.33p 
8F179 83p 
BF180 46p 
8F198 18P 

11P147 1.22p 
TIP 762 4.995 
TIP2955 81p 
TIP3055 791, 

ZENER"5 1F357 1.655 
1E398 5.505 
LM301AN 451, 

TO/11010A 
2.255 

704 10222 

9MiMure 
Any sheet of 
above 391, 

'0 Connectors 
2eIder 

1PF110mm1 
40p 

POLYESTER 

4.95P 741505 28p 
741508 28p 
74L509 281' 

685p 
7415365 495 
7415366 49p 

10GIC 252905 35p 
2529054 38p 
253053 35p 

AC188 39p 
AC187K 49p 
AC 188K 49p 

8E199 18p 
13E200 79p 
BF244A 615 

T1543 61p 
VN10KM 69p 
VN46AF 1. 15p 

Ma stoek.als 

Plsmlguire. 
LM307N145p 
LM308N 995 

1041097 955 
4995 

GLAASS PC8 
SINGLE- 

Male 
Solder 

Female 2.09p 
250V RADIAL 

(C280) 
10nE.. 15nF 

74TTL 
741510 28p 
741511 20p 
741512 28 

7415367 49p 
7415368 49p 
74L5373 95p 

CPUs 
6502 349p 
65024 5.45p 

253054 65p 
253055 65p 
253055H 

AD161 55p 
40162 55p 
BC107 16p 

BF2448 55p 
BF245A 63p 
BF2456 OO 

VN66AF 1.09p 
ZTX107 16p 
ZTX108 15 

80578 500,,.991, 
E4104724 1s 

LM309K 1 

LM317T 1.755 
LM317K 2.805 

TDA11151 
1.955 

1042002 

SIDED 
178x2401 

1.855 

PCB 
Wire -Wrap 

Male 1.015 

2208,3308 
47nF,68nF 
1001E 71, 
1500F. 200nF 

10p 
330n8470nF 

13p 
880nF 189 
1pF 22p 
1.54F 39p 
2.21,E 395 

7407 29p 
7401 295 
7402 295 
703 29p 
7404 35p 
7405 29p 
7406 39p 
7407 39p 
7408 29p 
7409 29p 

741813 32p 
741514 49p 
741520 281, 
741521 285 
741522 28p 
741.827 28p 
741528 28p 
741.030 28p 
741532 28p 
741533 28p 
741537 285 

7415374 95p 
7415378 95p 
7415386 495 
7415390 79p 
74LS393 

1.09p 
7415395 99p 
7415396 

2.95p 
7415398 

1.955 

6800 1.99p 
6802 2.491, 
6809 6.491, 
8035 5.49p 
8039 4.99p 
8080A 3.55p 
8085 on order 
Z804 CPU 

2.95p 
2808 CPU 

7.595 

1.89p 
253439 

1.151, 
253440 99p 
253441 

149p 
2N3442 

1.59p 
2N3553 

2.655 
2813702 16p 

BC1074 17p 
BC107B 19p 
BC 108 16P 
BC1064 17p 
BC108B 18p 
BC 108C 20p 
BC109 17p 
8C109B tap 
BC109C 2lp 
BC10 385 
BC141 43p 

8F246 77p 
8F2464 79p 
BF2468 795 
BF2574 799 
BF247B 79p 
8E254 66p 
13E255 68p 
8F2564 59p 
8E2568 59p 
8F256C 695 
BF257 391' 

ZTX109 180 
ZTX300 16p 
27X301 175 
21X302 18p 
ZTX303 195 
ZTX3O4 215 
Z7)(310 22p 
27X311 485 
Z1)(312 23p 
27X313 24p 
ZTX314 275 

24 to 47V 71, 

13Watt 
E24 Series 

3.3 to 82V 14p 

BRIDGE 

1PIV shown 
brackets) 

LM317HVK 
10805 

LM324 p15.00k 
LM335Z 1.60p 
LM30N 995 
LM349N 7.095 
LM37955.50p 
LM360N 14 

pls.ask 
1M38058 

pk.esk 

á.25p 
7042003 

3.255 
1042020 

3.158 
7042030 

2.855 
7042611 

2.50p 
7047000 

3.455 
11061 

420, 1950+0+ 
2.555 

420z245mm 
3.758 

DALO ETCH 
RESIST PEN 

+spare nib 
1295 

PHOTO 
SENSITIVE 

PCB 
1st Class 

Female 2.095 
Covers 1005 

Phono plugs 
8Ik, Red Gm. 
W1 or Yell 155 
Line Skts 155 
Chas Sktxl 

Dual Skt 
301, Quad Skt 

FEED- 
THROUGH 

1nF500V 3 

7410 29p 
7411 295 
7412 29p 

741538 28p 
74150 285 
74LS42 49p 

741.0399 
1495 

74184451 4LS445 
MEMORIES 

2114 1.891, 
2532-3001 

253703 165 
2N3704 16 
253705 16p 

BC 147 155 
BC148 15 
.BC149 16p 

BF258 41p 
8E259 45 
BF457 48p 

ZT%320 22p 
ZTX330 26pWO1(100) 
27X341 25p 

1lh amptype 
285 

W02(200)34p 

LM381AN 
2261, 

LM318N 
1.405 

515 
TL062 71, 
TL064 1.505 
TL071 475 

Epoxy Gess 
for batter 

resollsthen 
LIE SOf'KF' 

HIGH VOLTAGE 
Capacitors 

Please enquire 
many types in 

stock 

TANT BEADS 

7413 45 
7414 59p 
7416 35 

P 7417 SOp 
7420 29 
7421 291, 
7422 29p 

741547 85p 
741551 28p 
74LS54 28p 
741555 28 
741573 29 
74LS74 351, 
741575 455 

1 25p 
7415490 

1.49p 
741550 

1.39 
7415541 

1.395 

3495 25324001 
á.45p 

2564 6.49p, 
2708 2.995 
2716 3.455 

2N3706 16 
253707 16p 
253819 35 p 253820 80 1253866 P 

1.209 

253903 19p 

BC 157 39 
BC158 37p 
BC159 44p 
BC 160 55 
BC 161 59 
BC169 19p 
BC.169C 23p 

BF458 59 
8F459 65p 
6E900 1.09p 
BF961 155 
BFR90 225 
8F891 2.75p 
BF561 99p 

ZT%450 22p 
ZTX500 18p 
ZTX501 1 0p 
ZTX502 20p 
2T%503 21 
21X504 22p 
ZTX510 22p 

W041400( 335 

2em 
S. ,,,,, 

hoir 
5011100) 461, 
5021200) 505 
804(400) 555 

1,13825 
1.790 

LM383T 
3.455 

LM384N 
Z _gOp 

71072 62p 
TL074 1.501' 
TL081 47p 
TL084 551, 
TL494 1.205 
TL494 399 

p 

spraying 
xpose to UV 

Single sided 
1 160 00 

2.lOp 
100x220 

24pin 4.35p 
28pin 5.35p 
Opin 5,355 

.1/35V 145 
22/35V 14p 
33/356 145 

7423 35p 
7425 351' 
7426 395 

741576 35p 
741578 351, 
741583 695 

7415640 
.950 

7415641' 

2732 4.355 
2764 5195 
27128 7995 

253904 195 
253905 19p 
253906 19p 

BC 177 290. 
BC178 29p 
BC 179 31p 

6F598 995 
88166 2.75p 
BF829 44p 

21X531 265 
27X650 36p 
ZTX651 38p 

610+1, type 
Square with 

LM386 
1.255 

LM386N 

044170 2.495 
0441802.495 
UÁ220 1.255 

2- 

203x112 
'405 

SWITCHFti 

.47/35V 14p 
68/35V 14p 

7427 39p 
7428 39p 

741585 75p 
74L586 35p 

1955 4116-1501 
1.65p 

41184,4 4.99p 
25036 725 
25037 66p 

BC 182 155 
BC182L 15p 

14p 

BF830 465 
BFY50 36p 

2T%652 421, 
ZTX653 45p 
ZTX750 37p 

hob 
PW01(100) 

955 

1.205 
LM387 

05.ask 

0152(X)3 755 
UPC575C2 

233x220 
5.205 

Double 
TOGGLE 

1/35V 145 
2.2/35V 14p 
3.3/35V 18p 

7430 29p 
7432 35p 
7433 29p 

141.500 49P 
741.002 551, 
74L593 555 CMOs 6116 4495 

6810 1.55p254400 

2N420 
3.00p 

195 

BC183 
BC183L 15p 
BC 184 16p 

BFY51 36p 
BYF52 36p 
'BSV81 2.855 

ZTX751 41p 
27X752 455 
ZTX753 47p 

PW02(2001 
995 

ÁW041400) 

LM3B8N 
?43, 

2005 
UPC1156H 

2755 

sided 
00x160 

2209 
100x200 

(MIN) 
SPST 
SPOT 
0800 74p 4.7/16V 185 

4.7/35V 205 
13.8/25V 20p 
6.8/35V 21p 

7437 295 
7438 39p 
7440 39p 
7441 39p 

741595 750 
741596 75p 
7415107 39p 
7415109 45p 

4000 19p 
4001 19p 
4002 22p 

MIS LOGIC IC's 
ADC0804 

5.05p. 

2M401 33p 
254402 37p 
2N4427 

1.806 

BC212 16p 
BC213 17p 
BC213L 15p'BSX21 
BC214 18p 

BSX19 29p 
BSX20 33p 

49p 
BU104 2.32p 

1.30p 
PW06(600) 

1.39p 

LM3918160 
2.25p 

LM391580 
2.64p 

UPC1182 
3.75p 

UPC1185 
3.950 

2.80p 
203x114 

2.20p 

°PDT C OFF 
90p 

4PDT 3.25p 
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Photo -Electric 
Switch With 
Integral 
Amplifier 

Sigma have introduced a 
photo -electric sensor which 

has a built-in amplifier. The unit 
can be used to detect liquid levels, 
passing objects, etc, requires no 
special cable to prevent noise pro- 
blems and will operate with cable 

lengths of up to 50 metres. 
The PM -07 is a retro -reflective 

sensor which will detect transpar- 
ent, translucent and opaque 
objects at distances of up to 25mm 
(1") with no physical contact. It 
operates from a 12-24V DC supply 
and has a response time of less 
than 5ms. The case measures 
7.5mm square by 38mm long and 
the operating temperature range 
is from minus 10° to plus 55° 
centigrade. 

Further information is available 
from Sigma Ltd, Spring Road, 
Letchworth, Hertfordshire SG6 
4AJ, tel 04626-3841. 

Blue LEDS 

Red, yellow and green LEDs 
using crystalline semicon- 

ductors such as gallium phos- 
phorus and arsenic have been 
available for more than a decade, 
but LEDs which emit blue light 
have been expensive and have not 
been generally available. Two 
years ago, Siemens devised a 
method of manufacturing 'blue - 
light chips' at a considerably lower 
price, albeit without matching the 
price level of LEDs in the other 
colours, and having sounded out 
the market have decided to in- 
clude the fourth colour in their 
1985 product range. 

The new blue LED, type SLB 
5410, operates at 480nm and uses 
silicon carbide (SiC) as the source 
material. SiC has emerged as the 
optimum semiconductor for blue 
light only after years of research, 
and although it is costly to pro- 
duce, it has significant advantages 
over ZnSe or GaN. The SLB 5410 
has a forward voltage of typically 
4V at 20mA, the corresponding 
figures being 10V at 20mA for ZnSe 
or GaN types. Typical output levels 
are 4mcd at 20mA measured in the 
optical central axis at a half -angle 
of eight degrees, and the device is 
mounted in a standard 5mm plas- 
tic package. 

The purity and reproductability 
of the blue LED's 480nm radiation 
are unmatched. Further charac- 
teristics are high impulse stability, 

a narrow spectral bandwidth and a 

very low ageing rate. These fea- 
tures make the LED suitable for use 
as a radiation source in spectro- 
scopic, biophysical or medical 
applications, as a calibration 
source for TV camera and photo- 
graphic equipment, and, later on, 
possibly even as a means for pro- 
ducing the blue luminous dots on 
flat screens. 

The blue LED is less suitable for 
use asa mere on/off indicator than 
its red, yellow and green counter- 
parts because, quite apart from 
higher costs, the angle of radiation 
and the intensity are lower than in 
conventional LEDs. 

Siemens Limited, Siemens 
House, Windmill Road, Sunbury - 
on -Thames, Middlesex TW 16 7115, 
tel 0932745691. 

Safety Cap 
Nof being the sort of company 
to bottle things up, Siemens 

have written to tell us about their 
latest innovation. They have in- 
troduced a range of tantalum elec- 
trolytic capacitors which are 
designed to overcome the risk of 
fire presented by conventional 
electrolytics when they are fed a 

voltage of the wrong polarity. 
If an electrolytic capacitor is 

operated with reverse polarity, 
perhaps because of a fault in a 
piece of equipment, it will heat up 

rapidly and may even explode. 
This effect is even more marked in 
tantalum capacitors which have a 
much higher charge density than 
other electrolytics. In an extreme 
case it is possible for the piece of 
equipment in which the capacitor 
is installed to catch fire as the result 
of such a fault. 

Siemens have overcome this 
hazard by incorporating a fuse 
into their new B 45185 series of tan- 
talum capacitors. The fuse takes 
the form of a solder wire link in the 
cathode lead, and if the capacitor 
is operated with reversed polarity 
this link will quickly heat up and 
melt and the capacitor will fail 
harmlessly. They are available in 
four types with capacities ranging 
from 100n to 330uF and with volt- 
age ratings from 6.3 to 50 volts. The 
single -ended rectangular plastic 
package has climatic protection 
which meets the requirements of 
category FKE of the DIN 40040 
standard and has been designed 
with automated assembly in 
mind. 

For further information contact 
Siemens Ltd, Siemens House, 
Windmill Road, Sunbury -on - 
Thames, Middlesex TW 16 7HS, tel 
09327-85691. 

Semiconductor Supplies Inter- 
national have brought out the 
autumn issue of their catalogue. 
Its 32 A4 pages list transistors, 
diodes, rectifiers, micropro- 
cessors and other ICs, LEDs, 
capacitors and resistors. Copies 
are available from Semiconductor 
Supplies International Ltd, Daw- 
son House, 128-130 Carshalton 
Road, Sutton, Surrey SM1 4RS, tel 
01-643 1126. 

The new Electrovalue catalogue 
actually came out last month but 
we couldn't find room to mention 
it. Never mind, it's valid until the 
end of January 1985 so it's still 
worth sending off for, and its 44 A5 
pages list their largest ever range 
of general components, com- 
puters and accessories, books and 
test equipment. Copies are avail- 
able free of charge from Elec- 
trovalue Ltd, 28 St. Judes Road, 
Englefield Green, Egham, Surrey 
TW20 OHB, tel 0784-33603. 

Once again, the quarterly figures 
show an increase in the number of 
business failures in the electrical 
industry. Business information 
company Dun & Bradstreet Ltd 

tell us that there were 585 com- 
pany liquidations in the industry in 
the first nine months of 1984,a four 
per cent increases over the figure 
for the same period of 1983. 
Bankruptcies among firms, part- 
nerships and individuals in the 
industry totalled 88 over the same 
period, a 22% increase over the 
1983 figure. A small glimmer of 
hope appears in the news that the 
computer manufacturing industry 
(micros to mainframe) has 
strengthened its financial position 
in the last five years with only 23% 
of firms now considered by Dun & 
Bradstreet to be financially 
vulnerable compared with 45% 
in 1979. 

Miller -Stephenson Chemicals 
have produced a spray -on con- 
ductive coating which is intended 
to absorb REP and EMI over a broad 
frequency range. The coating is 
sprayed from an aerosol can, dries 
in fifteen minutes, is effective 
within minutes and provides over 
78dB attenuation at 1MHz, 49dBat 
10MHz and 21dB at 100MHz. For 
details contact the distributors, D. 
Fraser & Company, 129 Kylepark 
Drive, Uddingston G71 7DD, tel 
0698-813476. ETI 
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01-208 1177 TECHNOMATIC LTD 01-208 1177 
BBC Micro Computer System 

ACORN COMPUTER SYSTEMS: 
BBC Model B Special offer £320 (a) 
BBC Model B + Econet £389 (a) 
BBC Model B + DFS £399 (a) 
BBC Model 5 + DFS + Econet £450 (a) 

UPGRADE KITS 
A to B Upgrade Kit £85 (c)i 
DFS Kit £95 (c) 
Econet Kit £55 (c) 
Speech Upgrade Kit £47 (c) 

ACORN ADDON PRODUCTS: 
Z802 nd Processor £265 (a) 
6502 2nd Processor £175 (b) 
Teletext Adaptor £190(b) 
IEEE Interface £280 (b) 
Prestel Adaptor £99 (b) 
RH Light Pen £39.50 (c) 

BBC FIRMWARE: 
1.2 Operating System ROM ... £7.50 (d) 
BASIC II ROM £22.50(d) 
VIEW Word Processor Rom.£48.00 (c) 
WordWise Word Processor Rom 

£34.00 (d) 
BCPL ROM/Disc £86.00 (c) 
Utility ROMS: 
Disc Doctor/Gremlin Debug Rom... £28 
ea(d) 
EXMON/TOOL KIT ROM £20 ()aid) 
Printmaster (FX80)/Graphics ROM 

£28 ea(d) 
VIEWSHEET ROM £52 (c) 
ULTRACALC spreadsheet ROM.... £89 
sa (c 
COMMUNICATIONS ROMs 
Termi Emulator £28(d) 
Communicator £59 (cf) 
Commstar £29 (d) 

TORCH UNICOM products including the IBM Compatible GRADUATE in stock 
For detailed specification on any of the BBC Firmware/Peripherals listed here 

or information on our complete range please write to us. 

DISC DRIVES 
These are fully cased and wired drives with slim line mechanisms 
of high quality, Shuggart A400 standard interface. Drives supplied 
with cables manualsand formatting disc suitable for the BBC com- 
puter. TEAC 80 track drives are supplied with 40/80 track switch- 
ing as standard. All drives can operate in single or dual density 
format. 
1 x100K TS55A TEAC40 Track £100(a) CS55A TEC with psu V135 (a) 

x200K TS55E TEAC 80/40£155(a) CS55E TEC with su £155(a 
Sw 
1 x400K TS55F TEAC 80/40E175(a) CS400 Mit with psu £185(8) 
Sw 

2x100K TD55A 40T TAEC with psu 8275(a) 
2x200K TD55E 80/40 Sw TEAC with psu £350( 
2x400 K TD55F 80/40 Sw TEAC with psu £400( 

a) 2x400K TD55M 80T Mitsubishi with psu £375(a 

PRINTERS 
EPSON 

RX80FT£225 (a) FX80 £318(a) 
KAGA TAXAN 

KP810 £249 (a) KP910 £369 (a) 
JUKI 6100 £340 (a) BROTHER HR15 £345 (a) 

ACCESSORIES 
EPSON 

Serial Interface: 8143 £28 (c) 8148 with 2K £57 (c) 
Paper Roll Holder £17 (d) FX80 Tractor Attachment £37 (b) 

Ribbons: FX/RX/MX 80 £5 (d) FX/RX/MX 100 £10 (d) 
RX/FX80 Dust Cover £4.50 (d) 

KAGA TAXAN 
R232 with 2K Buffer £85 (b) KP810/910 Ribbon £6.00 (d) 

JUKI 6100 
RS232 with 2K Buffer £65 (b) Ribbon £2.50 (d) 

Tractor Attachment £99 (a) Sheet Feeder £199 (a) 
BBC Parallel Lead £7 (d) Serial Lead £7 (d) 

2000 Sheets Fanfold Paper with extra fine perforation 
9.5"x11" £13 (b) 14.5"x11" £18 (b) 
Self Adhesive Labels 23/4" x 17/16" 

Single Row £5.25/1000 (d) Triple Row £5/1000 (d) 

FX100 £435 (a) 

3M 51/4" FLOPPY DISCS 
High quality discs that offer a reliable error free performance for 
life. Each disc is individually tested and guaranteed for life. Ten 
discs are supplied in a sturdy cardboard box 
Price per pack of ten: 
40T SS DD £15 (c) 40T DS DD £18 c 
80T SS DD £22(c) 80T DS DD £24(c) 

DRIVE ACCESSORIES 
FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures con- 
tinued optimum performance of the drives £14.50(0) 
Single Disc Cable £8(d Dual Disc Cable £8.50 
10 Disc Library Case £1.95(c) 30 Disc Storage Box £81 
30/40 Disc Lockable Box £14(c) 100 Disc Lockable Box' £19 

MODEMS - All modems listed below are BT approved 
MIRACLE WS2000: 
The ultimate world standard modem 
coverall all common BELL and CCITT. 
standards up to 1200 Baud Allows com- 
munication with virtually any computer 
system in the world The optional AUTO 
DIAL and AUTO ANSWER boards en- 
hance the considerable facilities already 
provided on the modem Mains powered 
£129(b). Auto Dial Board/Auto Answer 
Board £30(c) each. Software lead 
£4.50. 

TELEMOD 2: 
Complies with CCITT V23 1200/75 
Duplex and 1 200/1 200 Half Duplex stan- 
dards that allow communications with 
VIEWDATA services like PRESTEL, MIC- 
RONET etc as well as user to user com- 
munications Mains powered £64(b). 
BUZZ BOX: 
This pocket sized modem complies with 
V21300/300 Baud and provides an ideal 
solution for communications between 
users, with main frame computers and 
bulletin boards at a very economic cost 
Battery or mains operated, £52(c). Mains 
adaptor £8(d). 

BBC to Modem data lead £7. 

GANG OF EIGHT 
INTELLIGENT FAST 

EPROM COPIER 
Copies up to eight eproms at a time and accepts all 
single rail eproms up to 27256. Can reduce pro- 
gramming time by 80% by using manufacturer's 
suggested algorithms Fixed Vpp of 21 8 25 volts 
and variable Vpp factory set at 12.5 volts LCD 
display with alpha moving message £395(b). 

MONITORS 
MICROVITEC 14" RGB: 
1431 Std Res £175 a) 
1451 Med Res £215 a 
1441 Hi Res £399 a 
1431 AP Std Res PAL/AUDIO £210 a 
1451 AP Std Res PAL/AUDIO a 
1451 DQ3 Med Res for QL £239 (a) 
Above monitors are now available in plastic or 
metal cases 
KAGA Super Hi Res Vision Ill RGB 

MONOCHROME MONITORS12": 
Kaga Green KX1201 G 
Kaga Amber KX1201 A 
Sanyo Green DM8112CX 
Swivel Stand for Kaga Monochrome 
All monitors are supplied with leads suitable for the 
BBC Computer. Spare leads available. 

Monitor 
£345(a) 

£106a. 
£116(a) 
£99 (a) 
£21 (C) 

ATTENTION 
An pnr.c-, in lhi. doiibir UP', 

ALL PRICES EXCLUDE VAT 
Please add carriaae 50o unless 

indicated as follows: 
(a) £8 (b) £2.50 (c) £1.50 (d) £1.00 

CONNECTOR SYSTEMS 

SPECIAL OFFER 
2764-25 £4.90 
27128-25 £18 
27128-30 £18 
6264-15 £28 
6262LP-15 £31 
6264-12 £35 

SOFTY II 
This low cost intelligent eprom programmer can 
program 2716, 2516, 2532, 2732, and with an 
adaptor, 2564 and 2764. Displays 512 byte page 
on TV- has a serial and parallel VO routines Can 
be used as an emulator, cassette interface 
Softy II £195(b) 
Adaptor for 2764/2564. £25.00(c) 

I.D. CONNECTORS 
(S eedblock Typal 

No of Header Recep- 
ay 

Edge ws Pig r85e 120 
200 145p 12Sp 195p 
26 175p 150p 240p 
34 200p 160p 320p 
40 220p 190p 340p 
50 235p 200p 390p 

UV ERASERS 
All erasers with built in safety switch and mains 
indicator. 
UV1 B erases up to 6 eproms at a time £47(c) 
UV1 T as above but with a timer £59(CC 
ÚV140 erases up to 14 eproms at a time £131(b) 
UV141 as above but with a timer £79(b) 

D CONNECTORS 
No of Ways 

9 15 25 37 
MALE: 
Ang.Pins 120 180 230 350 
Solder 60 85 125 170 
(DC 175 275 325 - 

FEMALE: 
St Pin 100 140 210 380 
Ang.pins 160 210 275 440 
Solder 90 130 195 290 
IDC 195 325 375 - 

St Hood 90 95 100 120 
Screw 130 150 175 - 

Lock 

EDGE CONNECTORS 

2 6 -way (commodore) 
2.c 10 -way 
2 x 12 -way (vic 20) 
2 x 18 -way 
2 x 23 -way (2X81) 
2 x 25 -way 
2 x 28 -way (Spectrum) 
2 x 36 -way 

1 x 43 -way 
2 x 22 -way 
2 x 43 -way 
1 x 77 -way 
2 x 50-way(S 100conn) 

0.1" 

15; 

175p 
225p 
200p 
250p - 
260p - 
190p 
395p 
400p00 500p 
600p 

0.156" 
300p 

350p 
140p 
220p 
220p 

AM PHENOL 
CONNECTORS 

36 way plug Centronics 
(solder) 500p(IDC) 475p 
36 way skt Centronics 
(solder) 550p(IDC) 500p 
24 way plug IEEE (solder) 
475p(IDC) 475p 
24 way skt IEEE (solder) 
500p(IDc( 500p 
PCB Mtg Skt Ang Pin 
24 way 700p 36 way 750p 

TELEPHONE 
CONNECTORS 

4 way plug 110p 
6 way plug 180p 
6 way rtang.skt 180p 
Flexible cable 
4 way 50pfm 
6 way 72p/m 

TEXTOOL ZIF 
SOCKETS 24 -pin £5.75 
28.pin £8.00 40 -pin £9.75 

EURO CONNECTORS 
DIN 41612 
2 x 32 way St Pin 230p 275p 
2 x 32 way Ang Pin 275p 320p 
3 x 32 way St Pin 260p 300p 
3 x 32 way Ang Pin 375p 400p 
IDC Skt A + B 275p 
IDCSktA+C 350p 

For 2 x 32 way please specify 
spacing (A + B, A + C). 

GENDER CHANGERS 
25 way D type 

Male to Male £10 
Male to Female £10 
Female to Female £10 

RIBBON CABLE 
(prey/metre) 

10 way 40p 34 -way 180p 
16 -way 60p 40 -way 180p 
20 -way 85p 50 -way 200p 
26 -way 120p 64 -way 2809 

RS 232 JUMPERS 
(25 way D) 

24" Single end Male 
24" Single end Female 
24" Female Female 

-24" Male Male 
24" Male Female 

£5.05 
£5.25 

£10.00 
£9.50 
£9.50 

DIL HEADERS 
Solder IDC 

14 pin 40p 100p 
16 pin 50p 110p 
18 pin 60p - 
20 pin 75p 
24 pin 100p 150p 
28 pin 200p - 
40 pin 200p 225p 

DIL SWITCHES MISC CONNE 
4 -way 90p 6 -way 105p 21 pin Scart Connector.200p 
8 -way 120p 10 -way 150p 8 pin Video Connectot200p 
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74368A 70p 
74376 180p 
74390 110p 
74393 112p 
74490 140p 
74434 100p 

74L5366 52p 
74L0367 52p 
74LS366A SOp 
74L5373 100P 
7415374 110p 
74L5375 75p 
74LS377 140p 
74L5378 110p 
74L5379 140p 
7415381 450p 
7415390 80p 
7415393 110p 
74LS395A110p 
7403399 140p 
741_0445 180p 
7415465 140p 
74L5467 180p 
74LS490 150p 
7410540 1408 
7415541 14011 
7405608 700p 
l4L56101900p 
74LS6121900p 
741_562413508 
7415626 2259 
741_5628 225p 
74L5629 140p 
7410640 3000IDIÁ1366 
7415640-1 

300p 
7405641 200p 

30oP 
7415643 2508 
7405643-1 

300p 
7415644 350p 
741_0645 ZOOp 
7405645-1 

400p 
741_0668 90p 
7415669 90D 
74LS670 180p 
7405682 320p 
7405684 850p 
7405687 550p 

LINEAR ICs COMPUTER COMPONENTS 
74 SERIES 4030 35p 407581 £15 0M711 100 788231 1209 

4031 11259 qM980DCf29yy 3 
GOTBA80 

LM725CN 300 TLM723 

0 809 
902 CPU TMS9903 £25 EPROMs IMC14412750p CHARACTER 

7400 30p 
7401 30p 
7402 30p 
7403 30p 
7404 360 
7405 30p 
7406 40p 
7407 40p 
7408 30p 
7409 30p 
7410 30p 
7411 30p 
7412 30p 
7413 50p 
7414 700 
7416 380 
7417 40p 
7420 30p 
7421 95p 
7422 380 
7423 38p 
7425 40p 
7426 40p 
7427 40p 
7428 43p 
7430 3011 

7432 38P 
7433 30p 
7437 30p 
7438 40p 
7439 40p 
7440 40p 
7441 90p 
7442A TOp 
7444 1109 
7445 100p 
7446A 100p 
7447A 100p 
'7448 120p 
7450 38p 
7451 35p 
7453 38p 
7454 730 
7460 559 
7470 509 
7472 SSp 
7473 550 
7474 50p 
7475 800 
7476 459 
7480 65D 
7481 100p 
74834 105p 
74844 125p 
7485 110p 
7486 42p 
7489 210p 
74904 55p 
7491 70p 
74924 700 
74934 55p 
7494 110p 
74954 60P 
7496 805 
7497 Z10p 
74100 190p 
74107 50p 
74109 75D 
74110 75p 
74111 55p 
74116 1700 
74118 1102 
74119 1708 
74120 100p 
74121 55p 
74122 70p 
74123 85p 
74125 655 
74126 55p 
74128 550 
74132 75p 
74136 70p 
74141 90p 
74142 250p 
74143 270p 
74144 270p 
]4145 110P 
74147 11Op 
74148 140p 
74150 1.75 
741514 70p 
74153 BOp 
74154 140p 
74155 80p 
74156 100p 
74157 80p 
74159 175P 
74160 110p 
74161 80p 
74162 110p 
74163 110p 
74164 120p 
74165 110p 
74166 140p 
74167 400P 
74170 200P 
74172 420p 
74173 140p 
74174 110p 
74175 tOSp 
74176 100D 
74178 150p 
74179 150p 
74180 100p 
74181 340p 
74182 140p 
74104 180p 
741854 180p 
74190 130p 
74191 1300 
74192 ilOp 
74193 115P 
74194 1/00 
74195 80p 
74196 1300 
74197 110p 
74199 2209 
74199 2200 
74221 110y 
74251 150P 
74259 150p 
74265 BOp 
74273 200p 
74276 140p 
74278 170P 
74279 958 
74283 1058 
74285 320p 
74290 90p 
74293 95p 
74298 180p 
74351 200p 
743654 80p 
743664 80p 
743674 80o 

4032 100P AN103 2009 LM733 65 TBA820 60p TMS9911 f18 2516 +50 350p IML922 - 400p GENERATORS 
4033 11250 
4034 250p 
4035 70p 
4036 270P 
4037 110D 
4038 1000 
4039 250p 
4040 BOp 

AY1-5050 1008 
AV -3-1270 750p 
0Y3-1350 350p 
AY -3-8910 4002 
47-3-8912 500p 
CA30194 1008 
CA35284 110p 
CA3046 708 
CA3059 3258 

LM741 16 
LM747 70 
LM748 30 
LM1011 480 
LM1014 150 
LM1301 300 
LM1830 250 
LM1871 300 
LM1872 300 

TBA820M 75p 
TBA920 200p 
TBA950 225p 
TC9109 5008 
T0A210 3500 
0C4220 350p 
704270 3508 
TCA940 175p 
TDA10044 500p 

1802CE 1350p 
2650A £12 
-6502 350p 
6502A 550p 
65CO2A £15 
6502B 800p 
6800 250p 

TMS9914 £14 
Z80P113 280p 
180APIO 3250 
ZBOCTC 325p 
Z8OACTC 3250 
2800609 6500 
Z8OADART 

2516-35 SSOp 
2532 450p 
2532-30 550p 
2564 8501/ 
2708 300p 
2716 +5v 3500 
2716-35 550p 

100N2001 90p 
IULN2003A 

80p 
IULN2004A 

90D 
1ULN2068 290p 
1ULN2802 1909 

R03-32513 
U.C. 750p 
LC. 700p 
DM86064 £12 
M066760 750p 
S974526249 

1 

74LS SERIES 

741500 28y 
741501 28p 
74L502 289 
74L503 28D 
74LSO4 28p 
741505 28p 
741508 28p 
74LS09 28p 
741510 28p 
740S11 289 
741512 280 
741513 34p 
14L514 52p 
741_516 28 P 
740020 28p 
740521 28p 
74LS22 28p 
740824 SOp 
74LS26 28p 
740527 28p 
741_028 28P 
740530 280 
741532 2897415642.1 
741533 28P 
741537 280 
741538 28p 
741540 28p 
741_542 55p 
74L543 150 
74L547 90p 
740548 90p 
740551 30p 
74LS54 30p 
74LS55 30P 
74L57JA 30p 
7405744 380 
741075 430 
7405760 43p 
7405830 TOp 
741S85 80D 
740586 350 
740590 54p 
740891 95p 
741592 800 
74L593 54D 
74L595B 75p 
741596 90p 
7415107 43P 
7405109 43P 
7415112 450 
7415113 45p 
7405114 45p 
7400122 ]Op 
7400123 90p 
7415124/ 

829/140D 
7405125 50p 
74L5126 SOp 
7405132 65p 
741_5133 50p 
7405136 45P 
7415138 800 
7405139 BOp 
741_5145 110p 
7400147 175p 
7405148 140p 
7405151 ZOp 
7405152 200V 
7405153 70p 
7405154 800p 
741_0155 70p 
7405156 700 
7405157 800 
7405158 70p 
74051604 75p 
74051614 750 
74051624 75p 
741_0163A 75p 
7400164 752 
741S1654710P 
741_51664150p150p 

7405168 130P 
7405169 130p 
741_5170 1800 
]4LS173A110P 
7408174 75p 
74L6175 75p 
7405181 200p 
7405183 190p 
741_5190 90p 
7405191 90p 
7405192 90p 
7405193 90p 
74151944 75p 
74051950 75p 
741_4196 90p 
741_5197 90p 
7415221 100p 
7415240 90p 
7400241 90p 
741_5242 90P 
7405243 90P 
7405244 90p 
1408245 1800 
7405247 110p 
7405248 1108 
7405249 110p 
7410251 75p 
7405253 758 
7405256 90p 
]40525]4 70D 
74102584 70p 
7400259 1250 
7415260 75p 
7405261 120y 
7400266 80p 
740S273 126P 
7405279 70p 
7405280 190D21X552 P 
741_5283 859 
741_5290 BSp 
7405292 900p 
7405293 90p 
7405295 140p 
7405297 900p 
7405298 100TIL211 
74LS299 250P P 
7405321 31014 
7405323 330p 
7408324/624 

350p 
7405348 200p 
74L5352 120p 
7405353 120p 
7415356 210p 
7400363 180p 
7400364 1600 
7405365 520 

4041 55p 
4042 50P 
4043 60P 
4044 BOp 
4045 1000 
4046 80p 
4047 60p 
4048 55p 
4049 380 
4050 35p 
4051 BSp 
4052 BOp 
4053 60p 
4054 80p 
4055 80p 
4056 850p 
4059 400p 
4060 709. 
4063 85p 
4066 40p 
4067 230p 
4068 25p 
4069 24p 

083060 350p 
CP3080E 70p 
CA3086 60p 
CA3089E 2109 
CA309040 3750 
CA3130E 90p 
CÁ3130T 100p 
003140E 48P 
0031400 1000 
CA3160E 90p 
CA3161E 180D 
C03162E 1800 
043189E 270p 
CA3240E 150p 
DA3265G 270pp 
D7002 £10 
DAG14088225p 
04C0800 225p 
DACO808 2ZSp 

1ÿÓp 
CL7106 8750 
CL7611 950 
0L7650 400P 
CL7660 250Po 

CM]0216B 3É27Z80B 

LM1886 800 
LM1889 450 
LM2917 300 
LM3302 75 
LM3900 80 
LM3909 100 
LM3911 180 
LM3914 350 
LM3915 340 
343916 340 
LM13600 150 
51515131 230 
M515161_ 450 
MB3712 200 
MB3730 400 
M01310P 150 
M01413 90 
M21458 45 
MG1495L 250 

' 

MC1496 70 
MC'3340P 200 
MC34U1 50 
MC3403 85 
MFIUCN 340 
MK50240 900 
MK50398 790 
ML920 500 

TDA1010 225p 
TD41022 430p 
TDA1024 1109 
TDA11705 3009 
TDA2002 325p 
TDA2003 290P 
1042004 240p 
TDA2006 3209 
1042020 320p 
TDA2030 180p 
TDA2541 4002 
0042593 500P 
TDA2653 700p 
TOA3560 990D 
TDA3810 7800 
1067000 350p 
0E4102 700V 
70061CP 409 
71062 60P 
TLOBa 90p 
TL071 409 
TL072 700 
1L074 1100 
1L081 350 
70082 SSp 
TL083 7Sp4116-15 
TLOB4 1000 

6802 250D 
6809 650P 
6809E £12 
68809 £12 
68809E £18 
68000 -LB £37 
8035 500 
8039 500p 
80806 420p 
8085A 560p 
8086 £22 
8088 £17.50 
8748 POA 
TMS1601 £12 
TM89980 £12 
TMS9995 £12 
WD55 £14.50 
280 2809 
2804 375p 

800P 

600P 
TMS4500 £14 
TMS9901 500p 
TMS9902 500p 
ZBODMA 9009 
ZBOADMA £10 
Z804010-0/1/2 

' .rt . 

MEMORIES 

'110 
2101 r 400p 

. 

2102 2501/ 
2107B 5000 
211162-35 400P 
2114-2L 350D 
2114-3L 250D 
2114'40 2000 
2147 320p 
4027-3 300p 

200p 
4116-20 175p 

2732 450p 
2732A-2 7000 
2732A-35 6000 
276425 500p 
27064-25 £14 
27128-25 £18 
27128-30 £18 
TMS2716 500p CRT900p . 

CONTROLLER 
RT5027 £18 

CR76545 £9 
EF9364 £8 
EF9365 £30 
EF93fi6 f30 
Ef9367 £38 
MC6845 850p 
MC6845SP 

750p 
MC6847 850p 

IULN2803 180p 
IULN2804 190p 
'75107 90p 
75108 90p 
75109 120p 
175110 90p 
75112 18011 
'75113 120p 
175114 1gOp 
75115 140p 
75121 140D 
'75122 140p 
'75150P 120p 
75154 120p 
'75159 220p 
75160 SOOp I 

75161 350p 
'75162 400p 
75172 3009 
'751B2 60P 
75188 60p 

KEYBOARD 
ENCODERS 

AV52 -61 rp 
AY 53600 750p 
740922 850p 
74C923 650p 

A .3.10 15 

AY -5-1013P 
300 

p COM8017 300p 
IM6402 3800 
761602 3009 

UHF 
MODULATORS 
6MHzUHF375p 
8MH8UHF450P 
SOundB V16105 
12MHz 012 

CRYSTALS 
4070 24p 
4071 24p 

0M7217 760p 
0M7555 100p 
CM7556 140p 

300p 
MM6221A 300 
NE531 120 

TL094 200pSFF96364 
11110 50p 
1L4300 120p 

SUPPORT 
DEVICES 

.4118.3 500p 
4164-15 

£8 
.TMS9918 £30 
TM59927 £14 

75189 80p 
7535 150p 
'75451 709 32.768 KHz 

4072 24P 
4073 24P 
4075 249 

LC7120 
LC7130 300p 
LC7137 350p 
1F347 500 

5E544 190 
NE555 22 
NE556 80 
NE564 400 

UAA1003-3 935P 
U4759 3208 
U42240 1209 
044170 170p 

2651 £12 
3242 800D 

4164-20 450p 
4416-20 450P 
4532-20 250p 

TMS9928 f20 
TMS9929 £16 

75452 70p 
75453 701/ 
'75454 70p 

100p 
1.00MH2 270p 
Fro51n MHz 4076 850 

4077 25p 
4078 25p 

0F351 809 
LF353 90p 
LF355 900 

NE565 12 
NE566 150p 
NE567 125p 

UCN480163508 
ULN20014 902 
ULN2002A Wp 

3245 450P 
6520 3009 
6522 350p 

481fiAR3 200p 
5101/5501 

INTERFACE 
ICS 

!75480 150p 
75491 65p 

18432 2258 
2.00 2255 

4081 24p 
4082 850 
4085 BOV 
4086 75p 
4089 120p 
4093 350 
4094 90P 
4095 90p 
4096 908 
4097 270p 
4098 75p 
4099 90P 
4501 35p 
4502 55p 
4503 38p 
4504 95p 
450.5 3800 
4506 90p 
4507/4030 

35p 
4508 1209 
4510 55p 
4511 55p 
4512 55p 

LF356N 900 
LF]57 1000 
1F13331 350p 
1,1100 450p 
LM3014 308 
LM307 450 
LM308CN3 p 

6Úp 151311 80 
LM318 150p 
0M319 1BOF 
LM324 45p 
LM334Z 1150 
LM335Z 130p 
118336 180p 
1M339 40p 
LM348 608 
LM358P 500 
LM377 2109 
LM380N-8 150p 
LM380 1202 
1M38189 170p 
LM382 2000 

05138422Ó 
0513865-1 1009 
LM387 2709 
1_57389 180P 
057391 180y 
073929 110 

NE570 405P 
NE571 350p 
NE592 Y08 
NE5532P 150p 
NE5533P 1800 
5E5534P 1209 
NE5554AP 150p 
0107E1 500p 
PLL02A 355p 
904136 SSV 
801151 200p 
604558 55p 
55669 300 
SAA1900 f1 
SAD1D2441150 
SFF96364 800 
50490 300 
5976013N 300 
SN76023N 300 
SM6033N 300 
SN76115N 8/5 

9576477 800 
S916489 400 
0976495 400 
5FO256412 7M 
SP8515 750 
TA7120 120 
TA7130 140 
047204 150 

ULN2003A 902 
ULN2004A 90p 
ULN2068 290p 
ULN2802 190P 
0LN2803 180P 
0LN2904 190p 
UPC575 27Sp 
UPC592M 200p 
0PC11561-1 300p 
UP,11856 3502 
08210 4000 
0R2206 3600 
X82207 3759 
XR2211 575P 
X62216 B75P 
802240 120p 
ZN409 190p 
29414 800 
ZN419P 1759 
ZN423E 130 
ZN424E 1-501P. 
ZN425E8 350p 
214426E 300P 

N427E GOO 
551428E 4606 
2N429E8 2258 
ZN450E 750p 
ZN459CP 3009 
291034E 2001/ 
ZN1040E 680p 

65228 550p 
6532 520p 
6551 550p 
6821 150p 
68021 220p 
6829 £12.50 
6840 375p 
68040 B001/ 
6850 150p 
68850 250p 
6852 250p 

6854 my 
68B!">4 800p 
6875 500p 
8154 850D 
g155 SOOp 
8156 400D 
8205 225P 
8212 2500 
8216 150D 
8224 300P 
8226 3009 
8228 270P 

370P 
5514/5114 

250P 
5516 75014 
6116P-3 550D 
6116LP-3 5509 
6264-15 f24 
6514-45 4600 
6810 180p 
745189 225 
740201 350p 
745289 2259 
93415 MOP 
93L422 950P 
93425 800 

PROMS 

28122 47 p 
24010 2509 
185030 20014 
183A080 800p 
740188 180p 
745287 225p 
74S288 180p 

605580.1 775p 
80561.1 £20 
AD7581 E15 
A00680811908 
AM25510 350p 
gM25LS2521 

350P 
AM25LS2538 

3500 
AM2fiLS31 

120p 
AM26L532 

120 
D7002 £12 
04080-001 -V 

£28 
DM8131 600D 
DP8304 350P 
003691 3509 
008830 140p 
058831 150p 
558832 150p 
058833 225p 

75492 65P 
i8726 120p 
18728 12011 
18195 1P0p 
2796 120p 
,gT97 120p 
.8798 120p 
.81L595 140p 
,810596 220p 
,81LS97 140p 
810598 220p 
,88LS120 4009 

02 
3009 

6A 1809 963 
9637AP 180P 
9fi38 180p 
ZN425E8 350p 
Z5426E8 350p 
ZN427E 8000 
2N428E8 450p 
ZN429E 210p 
ZN447E 9000 
ZN4590P300p 

245760(L1200p 
245760(51250p 
25 250p 
2.862 2501, 
3.276 150p 
35795 020p 
4.00 150p 
4.194 200p 
4.43 100p 
4.fi08 250p 
9.9152 250p 
5000 1509 

6.008 140p 
6.144 140p 
7.00 150p 
7.168 17Sp 
8.00 150p 
8.867 175p 
10.00 175p 
10.50 250p 
10.70 150p 
1100 300p 

745 SERIES 

74500 50p 
74502 500 
74504 SOp 
74505 50p 
74508 50p 
74010 50p 
74511 75p 
74520 500 
74522 100p 
74530 50p 
74532 60p 
74537 80p 
74538 259 
74545 50p 
74551 45p 
74564 45p 
74574 75p 
]4585 450p 
74586 100p 
745112 150p 
745113 1200 
745114 120D 
745124 550p 
745132 IOOp 
745133 80p 
745138 180p 
745139 1800 
745140 1000 
745151 150p .S 
745153 150p 
745157 210p 
745158 2000 
745163 400p 
]45169 700p 
745174 3000 
795175 320p 
745188 180p 
745189 226p 
745194 300p 
740195 300P 
748196 350C 
745200 450p 
745201 320p 
745225 520p 
745240 400p 
745241 400 

P 
745244 500p 
740251 250p 
748257 250p 
745258 250D 
748260 100p 
745261 300p 
745262 1100p 
745283 2708 
745287 225p 
745288 200p 
745289 225p 
745299 SSOP 
745373 400p 
745374 4002 
746387 225p 
745472 475p 
745473 47Sp 
745474 400p 
745475 450p 
745570 850 p 
745571 300p 
745573 500p 

4513 150p 
4514 110p 
4515 1100 
4516 55 

P 
0M39] 85p 
LM394CH 373p 
LM709 35p 
LN1710 488 

TA7205 90 
107222 150 

TA]310 150D 
T68341B%14000 

ZNA134J £23 
34E 950 

REALTIME 
CLOCK 

8243 4501/ 
8250 9508 
g251A 500D 
825305 SOOD 

74S387 225p 
745473 475p 
745474 480P 
74$5570 650p 

DS8835 280p 
098836 1500 
058838 2250 

4809 

DISC 
CONTROLLER 

ICs 

12.00 150p 
14.00 175P 
14318 1808 

4517 2208 
4518 48p 
4519 320 
4520 60p 
4521 115p 
4522 BOp 

VOLTAGE 
REGULATORS 

FIXED PLASTIC 

MC6818P4506 
MM58174AN 

850p 
MSM5832RS 

350 

8255A05 
£19 

8256 £25 
825705 £11 
825905 E11 

745571 300D 
7495573 500P 
82S23 150p 
825123 150p 
825129 175D 

MC1488 
MC1489 60p 
MC3446 2500 
MC3459 450p 
MC3470 475p 

6843 £8 
8272 f28 
F01771 £20 
F01791 £22 
FD1793 f20 

15006 200p 
1600 2009 
17734 200p 
18.00 170p 
18.432 150p 

4526 708 
4527 BOp 
4528 BSp 

1A +ve - 
SV 
6V 

7805 45p 7905 50p 
7806 SOp 7906 509 

8V 7608 50p 7908 50p 

TELETEXT 
DECODER 

0065020 7009 

8271 £45 
8275 £29 
8279 £11 

GBAUD 
RATEENERATOR 

MC3480 850P 
M03486 250D 
MC3487 250P 

F01795 £28 
F01797 £22 
W02793 £38 

19.969 15031 
2000U 175p 
24.000 150p 

4529 /00p 
4531 75p 
4532 65p 
4534 380p 

12V 7812 45P 7912 SOP 
1" 7815 509 7915 SOp 
18V 7818 SOP 7918 50p 
24V 7824 50p 7924 55p 

SAA5030 7009 
.665041f18 
.AA5050 800p 

8284 750D 
82880 £11 
8755A £24 

MC14411 750D 
COM8116850p 
470213 750p 

MC4024 325P 
1804044 325p 
MC1441 900p 

W02797 E32 
WD1691 £15 
W02143 £8 

4800 1759 
116 250p 
PX01000 £12 

4536 250p 
5V 100m4 78005 30p 79105 45p 
6V 100m8 78L06 30p 8 PIN 9P 22 22p 8 pin 3017 22 pin 7511 

4538 756 
4539 750 
4541 90p 
4543 70p 
4551 100p 

80 100104 78L08 30p 
12V 100104 78L12 30p 79L12 SOp 
15V 10006 78L15 30 79L15 56 

OTHER 

pin 
LOW PROFILE 14 pin 100 24 pin 24p WIRE WRAP 14 pin 42p 24 pin 75p 
SOCKETS BY 160ín. 11P 28 pin 289 SOCKETS 8V 16 pin 45p 28 pin 100p 

TI 18 pin 16D 40 pin 30p TI 18 pin 5011 40 NV 1301) 
20pin 1BP 20 pin g811 

4553 240p 
4555 368 FlsedRgulelon 

TORS 
TRANSISTORS TIP324 45p 2N2904/5 30p 

2529064 301/ 
2002612 200p 
35128 200p 

66 50V 800 
66100V 100p 

4556 508 
4557 240p 
4560 150p 

1M309K 145V 140 
LM323K 3A 5V 350 
78905KC 5450 540 
78912 54120 840 
78805 1065V 900 

AD161/2 45p 
00107/8 18p 

BFX86/7 30P 
BF088 30p 

710320 40p 
01P334 70p 
TIP33C BOp 
TIP344 900 

2529074 30p 
2142926 12p 
293053 36p 

3N140 200p 
35141 200p 
3N201 200p 

66400V 120p 
1004000 200p 
256400V 400p --- 

4566 1402 
4568 240P 
4569 170y 

VarlebleRegulators 00205411250 
0C109C 20 

p 
801690 18p 

18p 

BF089 180 
p 

8FV50 30p 
BF751/2 30p 

TIP34C 120p 
71P358 120p 

2N3054 gOp 
253055 55p 

39204 200p 
40290 250p TurnetlPlnLow 

Prallle Sockets 

4572 45p 
4583 806 
4584 413p 
4505 1309 

0M3171 10.220 150 
LM317K 003 240 
LM337T 225yy 

LM396K 1ÓA+VAR 4C15 01,231450pp 
60172 
BC177/8 308 
BC 179 30p253553 
BC182/3 15P 
BC184 1BP 

BFV56 33p 
66790 OOP 
BRY39 450 
BS%19/20 30P 

31P350 140p 
TIP36A 140p 
01P36C 150p 
TIP41A SOP 

2N3442 1408 
240p 

293588 230p 
2143643/4 40p 

18p 

40361/2 75p 
40595 120 P 
40673 90P 
40871/2 100p 

I 0 8 611 i 
2 8 

14 
16 pin 300 
18 35D 

4724 1500 
14411 750P 

7898KC 5A+VAR 575 
786010 14 -1 -VAR 225p BC187 308 BU104 225P TIP41C 55V 

T1P42A BOp 

253702/3 
2N3704/5 18p 

DIODES 
pin. 

20 po 40P 

14412 750P 
14416 300p 
14419 2130p 
14490 420p 

79908KC 54 -VAR 875p 
7981110 1A -VAR 250p 
Switching Regulators 
1CL7660 250p 
583529 3559 

00212/3 16p 
60214 18p 
BC237 18p 
60327 18p 

17p 

BU105 190P 
80108 250P 
011109 225p 
BUI 26 150P 
13111804 120P 

TIP42C 850 
TIP54 180p 
TIP55 iBOP 
TIP120 7Sp 

2N3706/7 18P 
293708 16D 
2N3773 200p 
253819 40p 

137127 12p 
BYX36300 20p 
0647 10p 
0490/91 9P 

22 pin 45P 
24670 500 
28 pin 60D 
40 pin, 90p 

14495 450p 
14500 850p 
14599 2008 

71494 300p 
11497 300p 
78340 250 

80337 
80338 113p 

80461 40p 
BU205 200p 
08208 200P 

TIPI 21 75p 
710122 BOp 

2N3823 30p 
253866 90p 

1Bp 

0695 9P 
08200 9p 
04202 1511 

TRIACS 
PLASTIC 

22100 350p 
22101 700p 
22102 7000 
40014/4584/ 
40106 

48p 
40085 120p 
40097 38p 
40098 40p 
40100 150p 
40101 125p 
40102 1309 
40103 2130p 

OPTO -ELECTRONICS 
- 

FND357 100p MAN3640 174p 
FND500/711_730 

1008 MAN4640 200p 
F50507/311729 MAN6610 200p 

/00P NS85881 570p 
MAN74D1704 TIL311 850p 

1N 01729 100p 
MAN710L707 T1L730 100p 

MAN8910 250p 

8C477/8 36P 
BG516/7 SOp 
00547 20p 
BC548C 16P 
BC549C 16p 
BCSS7B 18p 
BC559C 24p 
BCY70 30p 
BCV71 38p 
B0131 75p 
BD132 BOp 
60135/6 40p 

'BÚ406 145p 
BUXBO BOOp 
0117690TIP142 V69C 350p 
0310 509 
MJ413 250p 
MJ802 400P 
MJ2501 225p 
MJ2955 90D 
MJ3001 225p 
MJ4502 400p 
MJE340 80p 
MJE2955 150p 

TIP125 75p 
TIP/26 800 

12Od 
11P147 120p 
11P2955 90p 
TIP3055 70p 
7I593 30p 
05106M 50p 
V14668F 90p 
VN88AF f1 

ZTX108 18p 
ZTX300 16P 

253904 
253906 189 
254036 85p 
254037 85p 
254123/4 27p 
254125/6 27p 
2N4401/3 25p 
2N4427 90p 
254871 SOp 
255087 27p 
255089 27p 
255172 27P 
2N5191 90P 

1N914 4p 
1N916 7p 
1N4148 4P 
154001/2 Sp 
154003/4 Op 
154005 Bp 
154006/7 7p 
1145401/2 12p 
1N5403/4 14p 
1N5404/5 14p 
155404/7 19p 
10920 9p 

34400V 80p 
67,400V 70p 
645000 880 
8A4000 75p 
8A500V 95D 
12A4000 65D 
128500V 1058 
1644000 220p 
1685000 130P 
72800D 130p 
TIC206D 80P 
TIC22fiD 75p 

4000 SERIES 

4000 20p 
4001 24p 
4002 25p 
4006 70p 
4007 35p 
4008 600 
4009 45p 
4010 Bop 
4011 24 
4012 25p 
4015 380 
4014 Bop 
4015 TO0 
4016 38D 
4017 55p 
4018 BOp 
4019 80 
4020 800 
4021 800 
4022 700 
4023 30p 
4024 48p 
4025 24 
4026 95p 

P 
4027 40p 
4028 BOp 
4029 75p 

40104 120p OPTO -ISOLATORS 00139 40p 
BD140 400 

MJE3055 120p 
MPF102 40p 

ZT%452 4SD 

ZT6500 20p 255245 40p 89108E TIC246D 110p 
40105 150p 
40106 480 
40107 550 
40109 380p 
40109 BOp 
40110 225p 
40114 2850 
40147 ZBOp 
40163 150e 
40173 120p 
40174 t00p 
40175 100p 
40192 100 
4p244 150Ó 
40245 150p 
40257 180P 

IL074 /30p TIL111 tp 
M0726 1001/ 011112 70P 
MC52400 190 011113 70p 
MOC3020 150p TIL11fi 70p 

074 220 65137 780pZT0652 11_074P 
65139 175p 

LE DS 

T1L209 Red 12p 711222 Green 
Green 16P 

180 TIL226 Orange 
610212 Yellow 22p 

20 M057164 Red 
CX0951bFcolour A1140110 225p 

100p MV54164 Green 
TIL220 Red 15p Array(11 225p 

BD189 8011 
00232 -800 
BD233 75p 
BD235 B5 p 
00241 602 
00242 800 
BD379 BOp 
BD380 60D 
BD677 40D 
BF244B 40p 
BF256B 50p 
BF257/8 400 
BF337 36p 
BFR39 32P 

32p 

MPF103/4 40p 
MPF105 40p 
MPSA06 30p 
MPSA12 509 
MPSA13 50p 
MP0420 50p 
MPSA42 50p 
MPSA43 3OD 
MPSA56 30P 
MPSA70 50p 
MPSA93 40p 
MPSU06 838 
MPSU07 608 
MPSU45 90P 
MPSU65 780, 

ZTX502 20p 
ZT0504 22p 

55p 
80p 

ZTX752 70p 
25697 35p 
25698 45p 
257066 36p 
29708 38p 
25918 45p 
25930 30p 
251131/2 50p 
251613 368 
251711 38p 
pN2102 70p 

2N5401 80P 
2N5459 30p 
255460 80p 
255485 38p 
255875 250p 
255883 375p 
256027 30p 
256052 300p 
296059 325p 
256107 BSp 
2N6247 190p 
256254 130p 
2N6290 85p 
2001306 10011 
2501307 150p 

RECTIFIERS 
-- 

1A 50V 191/ 
141009 20p 
14400V 25p 
1A600V 35P 

262 50V 30p 
2A 100V 35p 
2A400V 45p 
342000 BOp 
3A600V 72p' 
441000 950' 
444000 1009' 
6A 50V 809 
6A100V 100p 

THYRISTORS 

'34400V 18p 
846000 180p 
1244000 1800 
16Á100V 1808 

1164900V 1408 
CI 06D 458 
'MCR101 368 
253525 130D 
254444 1800 
295060 300 
2N5061 328 
295064 35P 

40373 180p 
40374 180p 

COUNTERS Rest Leds RG,V 
309 

740925 650p 

0FR40/1 
0E1379 329 
BFR80/1 32p 

TIP29A 35p,2501969 
TIP29C 40p 

252160 350p 
2522196 3OP 

2501957 90p 
1SOp 

64400V 120p 
10A400V 200p 

ZENERS 

80,95 75p 
8009] 75p 
80098 75P 

740926 g50P DISPLAYS 
741928 850p 

01_704 1400 72168 £22 DL707Red 1408 
251040 8700 

BFR96 1B5P 
61X29 45P 
BFl(30 45p 
BF084/5 30P 

TIP30A 35P -,,,,0, 40P 
71P31Á 40p 
31P310 45p 

2¡,p222Á 30 
p 2523696P 

252484 30 
p 2142646 50P 

2502028 800 
2502029 2000 
2SC2078 160p 
2002335 200p 

25A400V 400p 27V -33V 
400mW 9p 
1W 15p 

WW -5 

, . . ., . PLEASE ADD 50p p&p & 1507o VAT 

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 lED 
SHOPS AT: 17 BURNLEY ROAD. LONDON NW10 

(Tel; 01 208 1177) Telex: 922800 
305 EDGWARE ROAD. LONDON W2 

Orders from Government Depts. & Colleges etc. welcome. (I Detailed Price List on request, ( 
Stock items are normally by return of post. ll 
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Cre POWER AMPLIFIER MODULES 
OMP POWER AMPLIFIER MODULES Now enjoy 
world-wide reputation for quality, reliability and performance at a realistic price. Four models 
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure, 
Instrumental and Hi-Fi. etc. When comparing prices. NOTE all models include Toroidal 
power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible 
Vu meter. Open and short circuit proof. Supplied ready built and tested. 

OMP100 Mk II Bi -Polar Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 15Hz - 30KHz -3dB, T.H.D. 0.01%, 
S.N.R. -118dB, Sens. for Max. output 
500mV at 10K, Size 360 X 115 X 72mm. 
PRICE £32.99 + £2.50 P&P. 

OMP/MF100 Mos-Fet Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz -3dB, Damping Factor 
80, Slew Rate 45V/uS, T.H.D. Typical 
0.002%, Input Sensitivity 500mV, S.N.R. 
-125dB. Size 300 X 123 X 60mm. PRICE 
£39.99 + £2.50 P&P. 

OMP/MF200 Mos-Fet Output power 200 
onwatts R M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz -3dB, Damping Factor 
250, Slew Rate 50V/uS, T.H.D. Typical 
0.001%, Input Sensitivity 500mV, S.N.R. 
-130dB, Size 300 X 150 X 100mm. PRICE 
£62.99 + £3.50 P&P. 

OMP/MF300 Mos-Fet Output power 300 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz -3dB, Damping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 
0.0008%, Input Sensitivity 500mV, S.N.R. 
-130dB, Size 330 X 147 X 102mm. PRICE 
£79.99 + £4.50 P&P. 

Vu METER Compatible with our four amplifiers detailed above. A 
very accurate visual display employing 11 L.E.D. diodes (7 green, 4 
red) plus an additional on/off indicator. Sophisticated logic control 
circuits far very fast rise and decay times. Tough moulded plastic 
case, with tinted acrylic front. Size 84 X 27 X 45mm. PRICE £8.50+ 
50p P&P. 

NOTE: Mos-Fets are supplied as standard (100KHz bandwidth & Input Sensitivity 500mV1. If required. 
P.A. version (50KHz bandwidth & Input Sensitivity 775mV). Order - Standard or P.A. 

19" RACK CASED 1140S-FET STEREO 
AMPLIFIERS with twin power supplies and 
L.E.D. Vu meters plus X.L.R. connectors. 
Three models (Ratings RMS into 4 ohms) 
MF200 (100 + 100w) £182.85 Securicor 
MF400 (200 + 200wí £228.85 Delivery 
MF800 1300+ 300w1 £274.85 £10.0 

* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY 
SERVICE * LARGE S.A.E. 28p STAMP FOR CURRENT L1ST 

LOUDSPEAKERS 
5 to 15 INCH Up to 300 WATTS 

R.M.S. All speakers 8 ohm 
Impedence. 

POWER RANGE 
8" 50 WATT R.M.S. Hi-Fì/Disco. 
20 oz. magnet. P/," ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40Hz. Freq. Resp. to 
6KHz. Sens. 92dB. PRICE £9.90 Available with black grille £10.90, P&P £1.50 ea. 
12" 100 WATT H.M.S. Hi-Fi/Disco 
50 oz. magnet. 2" ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res 
Freq. 
25Hz. Freq. Resp. to 4KHz. Sens 95dB. PRICE £26.00 + £3.00 P&P ea. 
15" 100 WATT R.M.S. Hi-Fi/Disco 
50 oz. magnet. 2" ally voice cod. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res. 
Freq. 20Hz. Freq. Resp. to 2 5KHz Sens. 97dB. PRICE £34.00 + £3.00 P&P ea. 

Cabinet fix- 
ing in stock. 
S.A.E. for 
details. 

McKENZIE 
12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco. 
2" ally voice coil. Ally centre dome. Res. Freq. 45Hz, Freq. Resp. to 6.5KHz. Sens. 98dB, PRICE £24.99 
+ £3.00 P&P ea. 
12" 85 WATT R.M.S. C12857C P.A./Disco 2" ally voice coil. Twin cone. 
Res. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £24.99 + £3.00 P&P ea. 
15" 150 WATT R.M.S. C15 Bass Guitar/Disco. 
3" allyvoicecoil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE £49.99+£4.00 P&P eu 

WEM 
5" 70 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil Res. Freq 52Hz. Freq Resp. to 5KHz. Sens. 89dB. PRICE £20.00 + £1.50 P&P ea 

8" 150 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res Freq. 48Hz Freq. Resp. to 5KHz. Sens. 92dß. PRICE £27.00 -t £160 P&P ea. 
10" 300 WATT R.M.S. Disco/Sound re -enforcement etc. 
1 i/" voice coil Res Freq 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £30.00 I £2.00 P&P ea. 
12" 300 WATT R.M.S. Disco/Sound re -enforcement etc. 
1./2" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £38.00 + £3.00 P&P ea. 

SOUNDLAB (Full Range Twin Cone) 
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil. Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 88d8. PRICE £8.99 + £1.00 P&P ea 
6yz" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil. Res Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE £9.99 + £1.50 P&P ea. 
8" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 

1 y" voice coil. Res. Freq. 38Hz. Freq. Resp. to 20KHz. Sens. 89d13. PRICE £11 99 I r1.50 P&P ea 

h/í rKiIL C 
HOBBY KITS. Proven designs including glass 
fibre printed circuit board and high quality 
components complete with instructions. 

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 volt) 
Price: £8.62 + 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled 
professional performance. Range up to 3 miles 35 x 84 x 12mm 
(12 volt) Price: £13.74 + 75p P&P. 
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation, 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for 
many applications. Receiver 90 x 70 x 22mm (9/12 volt). Pria: 
£17.62. Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.27 
P&P + 75p each. S.A.E. for complete list. 

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL Mil va t ORDERS WELCOME, SCHOOLS.COLLEGES, GOVERNMENT 
BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 
VISA/ACCESS/C. O. D. ACCEPTED. d 

3 watt FM 
Transmitter 

BURGLAR ALARM 
Better to be 'Alarmed' then terrified. 
Thandar's famous 'Minder' Burglar Alarm System. 
Superior microwave principle. Supplied as three units, 
complete with interconnection cable. FULLY 
GUARANTEED. 
Control unit - Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control. 
Three position, key operated facia switch - off - test - armed. 30 second exit and entry delay. 
Indoor alarm - Electronic swept freq. siren. 
104dB output. 
Outdoor Alarm - Electronic swept freq. siren. 98dB 
output. Housed in a tamper -proof heavy duty metal 
case. 
Both the control unit and outdoor alarm contain re. 
chargeable batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz Expandable with door sensors, panic 
buttons etc. Complete with instructions 

SAVE £148.00 Usual Price £228.85 

BKE's PRICE £79.99 + í4.00 P&P 
Why buy a collection of self -assembly boards' 

IDEAL for Work- 
shops, Factories, 
Offices, Home, 
etc. Supplied 
ready built. 

OMP LINNET LOUDSPEAKERS 
The very best in quality and value. Made specially to suit todays 
need for compactness with high sound output levels. Finished in 

hard wearing black vynide with protective corners, grille and carry 
handle. All models 8 ohms. Full Range 45Hz - 20KHz. 
OMP 12/100 watts 20" X 15" X 12" £125.00 per pair 
OMP 10/200 watts 18" X 15" X 11" £145.00 per pair 
OMP 12/300 watts 20" X 15" X 11" £169.00 per pair 

Delivery. Securicor £8.00 per pair 

STEREO CASSETTE DECK 1 K -WATT 
SLIDE DIMMER 

* Control loads up 
to 1 Kw 
* Compact Size 
4%"X1"X2'h" 
* Easy snap in fix- 
ing through panel/ 
cabinet cut out 
* Insulated plastic 
case 
* Full wave con- 
trol using 8 amp 
triac 
* Conforms to 

BS800 
* Suitable for both resist- 
ance and inductive loads. In- 
numerable applications in 
industry, the home. and 
disco's, theatres etc. 

STEREO CASSETTE DECK 
Ideal for installing into Disco 
and Hi-Fi cabinet/Consoles. 
Surface mounting (Horizon- 
tal). Supplied as one unit with 
all electronics including 
mains power supply. 

Metal top panel Black finish 
* Piano type keys including 
pause 
* Normal/Chrome tape 
switch 
* Twin Vu Meters 
* 3 Digit counter 
* Slider Record Level control 
Size 171 X 317 mm Depth 
110 mm PRICE £12.99 + 75p P&P 
PRICE £35,99 + f3.00 P&I ,(Any quantity). 

BSR P256 TURNTABLE 
P256 turntable chassis S shaped tone arm 

Belt driven Aluminium platter Precision 
calibrated counter balance Anti -skate (bias) 
device) Damped cueing lever 240 volt AC 
operation (Hz) Cut-out template supplied 
Completely manual arm. This deck has a com- 
pletely manual arm and Is designed primarily 
for disco and studio use where all the advan- 

tages of a manual arm are required. 
Price £33.80 each. I £300 P&P ea. 

ADC 04 mag. cartridge for above. Price £4.99 ea. P&P 50p 

PIEZO ELECTRIC TWEETERS - MOTOROLA 
Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an 
improved transient response with a lower distortion level than ordinary dynamic tweeters. As a 

crossover is not required these units can be added to existing speaker systems of up to 100 watts 
(mare if 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER. 

TYPE 'A' (KS N2036A13" round with protective wire 
mesh, ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.90 each 4 40p P&P. 
TYPE '8' (KSN1005A) 3'/z" super horn. For general 
purpose speakers. disco and P.A. systems etc. Price 
£5.49 each + 40p P&P. 
TYPE 'C' (KSN6016A) 2" X 5" wide dispersion 
horn. For quality Hi-fi systems and quality discos etc. 
Price £6.49 each + 40p P&P. 
TYPE 'D' (KSN1025A) 2" X 6" wide dispersion 
horn. Upper frequency response retained extending 
down to mid range (2KHz). Suitable for high quality 
Hi-fi systems and quality discos. Price £8.99 each 
+ 40p P&P. 
TYPE 'E' (KSN1038A) 3t/" horn tweeter weh 
attractive silver finish trim. Suitable for Hi-fi monitor 
systems etc. Price £5.49 each h 40p P&P. 
LEVEL CONTROL Combines on a recessed mount- 
ing plate, level control and cabinet input jack socket. 
85 X 85 mm. Price £3.99 '+ 40p P&P. 

rvr-F 
A ` TYPE 

TYF'F 

STEREO DISCO MIXER 
STEREO DISCO MIXER with 7 band graphic 
equaliser and 10 segment L.E.D. Vu Meters. Many 
outstanding features. 
5 Inputs with individual fader controls: - 
2 Mag. turntable, 2 Aux. plus Mic. with talk -over 
switch. Headphone monitor. Master output control 
with Hi -Low outputs. Compatible with our OMP 
Power Amplifiers. 
Size: 360 x 200 x 120 mm. Supply 240V/50Hz AC. 

PRICE £119.99 -+- £3.00 P&P 

B. K. ELECTRONICS 
UNIT 5, COMET WAY, SOUTHEND-ON-SEA, 

ESSEX, SS2 6TR TEL: 0702-527572 
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ACTIVE BASS 
LOUDSPEAKER 
The active loudspeaker design which appeared in the last four 
issues was ideal for those startingfrom scratch, but what about 
those who alreadyhave a loudspeaker system nd simply want to 
improve it?Jeff has been active on their behalf too. P Macaulay 

With one or two notable 
(and expensive) excep- 
tions, domestic loud- 

speakers are almost incapable of 
reproducing sounds below about 
50Hz. The reasons for this are not 
too difficult to find. Even with the 
best of today's drive units a large 
cabinet is required to give 
extended bass response, and this is 

just not practical for modern-day 
lounges very few of which could be 
described as palatial. 

True, it is possible to squeeze a 

few more hertz out of a small 
sealed box, but only at the expense 
of efficiency. The result is that 
amplifiers rated at nearly a kilowatt 
are required to produce anything 
like 'live' sound levels. Even a 

modest amount of bass boost will 
cause the midrange to go soggy, 
and the result in the bass register is 

just a boomy mess! So what is the 
solution? 

Instead of giving your bank 
manager the pleasure of collecting 
vast amounts of interest on a loan 
for a new pair of speakers why not 
build the Neptune? It has been 
designed as a small add on unit 
which will extend the response of 
your existing speakers down to 
below 30Hz. That is a whole octave 
lower than 99% of the speakers on 
the market can manage, and for a 

modest outlay to boot. 

Design Philosophy 

Before delving deeply into the 
circuitry involved it will be as well 
to consider the design philosophy 
behind this project. As is well 

known, the deepest note that a 

speaker system can produce is 

limited by the size of the cabinet 
into which it is mounted. This is 

because any driver has a 

fundamental resonance due to the 
mass of the cone and the 
compliance of the speaker 
surround. 

Imagine the cone mass as a 

weight suspended on a spring, 
which represents the surround 
compliance, and you can easily 
visualise the system. Place the 
driver in a sealed box and the air 
trapped inside effectively stiffens 
the compliance,making the 
resonant frequency higher. The 
smaller the volume of the box the 
higher the resonance and the less 

bass you get out of it. 
To get around this difficulty 

some radical thought is necessary. 
Below the resonant frequency the 

dB 

response of the driver dies away at 
12 dB/octave. If we were to boost 
the signal at that rate below the 
resonant frequency we would 
obtain a flat response. 

This is the method used here. 
Such a speaker would be useless 
above the resonant frequency of 
the cabinet because the response 
with the filter added rolls of at 
12dB/octave above resonance (see 
Fig 1). However, this response is 

exactly what is required for an add 
on bass unit as it will complement 
the falling response of the existing 
speakers. 

As most of the money spent on 
a pair of speakers is invested in 
extending the response below 
100Hz, it would be pointless to 
waste what we have already paid 
for. The Neptune has therefore 
been designed as a bass augmenter. 

Having decided the form our 

FILTER/AMP RESPONSE 
A 

'NEPTUNE' RESPONSE 

-3dB @ 25Hz 

Fig. 1 Response curves for the Neptune system. 

UNEOUALISED RESPONSE 

-3dB 90Hz 
c 

Hz 
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bass speaker is to take there 
remains to be considered the 
matter of quantity and quality of 
output. 

Unlike reflex and horn 
enclosures the sub -resonant 
principle has the advantage of not 
using resonant effects to obtain the 
desired response. In a reflex 
cabinet, for example, the extension 
in bass response is obtained at the 
expense of 'hangover'. That is, the 
cabinet is still resonating after the 
note has stopped. This effect can be 
minimised by competent design 
but it still gives this type of 
enclosure a bad name. 

The quantity of bass generated 
by a pair of 8" (200mm) speakers 
operating in tandem is easily 
quantifiable, but to appreciate the 
problem some understanding of 
the principles involved is required. 
If you were to look at the typical 
power versus frequency curve of 
speech and music you would find 
that the peak output occurs at 
around 200Hz, the lower midrange. 
Above and below this frequency 
the power requirement falls off 
rapidly, and at the lowest frequency 
of interest to us, 30Hz it is some 
12dB down on the mean output at 
200Hz. 

This means that, if the speakers 
are required to give a mean output 
of 96dB SPL, the output required 
from the woofer would be some 
84dB SPL. This the Neptune can 
easily give provided it is positioned 
on the floor and against a wall to 
take advantage of sound reflection 
from these surfaces. 

The KEF B200A was chosen for 
this project for two reasons. First, 
they are blessed with a long and 
linear cone excursion and second 
the choice of a well known and 
respected drive unit will satisfy 
those who would pick holes in 
anything! 

There is a tried and tested 
alternative, the Altai stocked 
PF81HR which has a similar 
performance in this application to 
the B200A's but is somewhat 
cheaper. For those on a budget 
these are recommended. Later 
upgrading simply means changing 
them for the B200's (see buylines). 

In order to easily interface the 
speaker with existing stereo 
systems, a dedicated amplifier is 

required along with the active filter. 

These are mounted within the 
cabinet so that interfacing is 

reduced to plugging the unit into 
the mains and one of the speaker 
outlets. You might think that 
outputs from both channels would 
be required but this is not so. To 
ensure that bass signals are not 
presented out of phase from 
normal speakers, the bass content 
of stereo records is mixed down to 
mono below 100Hz. The signal of 
interest is therefore identical in 
both channels and can easily be 
obtained from one! This also has 
the advantage of preventing 
possible crosstalk between 
channels at higher frequencies and 
the woofer therefore has no 
deleterious effects on the stereo 
image. 

To avoid hum loops the 
speaker electronics are not 
separately earthed. The unit is 

automatically earthed when 

BUYLINES 

A designer -approved kit of parts for this 
project is available from Bewbush 
Audio, 26 Hastings Road, Pound Hill, 
Crawley, Sussex RH10 4AT. The kit 
includes all of the electronics and two 
PF81HR drive units but not the 
woodwork. It costs £49.95 inclusive. 
The electronics alone can be supplied 
as a kit for £29.95 but note that 
Bewbush will not supply individual 
parts. B200A drive units are available 
from Wilmslow Audio and the Autona 
UL60 amplifier module is available from 
Bi -Pak. None of the other components 
should present any problems. PCBs 
will be included with the kits but are 
also available through our PCB Service. 

connected by the amplifier earth. 
For this particular application 
nothing spectacular is required of 
the amplifier, especially as the 
bandwidth ceases at 90Hz! All that 
is necessary is the appropriate 
output power, about 30W, and 

HOW IT WORKS 

The full circuit of the woofer is 
shown in Fig. 2. Input signals are 
applied to the gain control RV1 via SKI. 
Q1 in conjunction with R1/2/3 and R4 
forms a simple virtual earth amplifier. 
The gain is set by the ratio of R2 to R1 
whilst Cl isolates the base of Q1 from 
DC ground. 

The amplified signal from the 
collector of Q1 is DC coupled into the 
second stage formed around Q2. This 
transistor is used in the emitter 
follower mode and provides a low 
impedance drive for the amplifier 
module. 

In order to equalise the output to 
the woofer a Butterworth filter is used. 
R5/6 and C2/3 form the second order 
network with a -3dB point below 20Hz. 
The Q of the filter with the chosen 
component values is close to the 
optimum 0.7. Filters of this Q give the 

maximum rolloff rate consistent with 
low ripple in the passband. 

R8 and C4 form a simple but 
effective decoupling network to 
provide the circuit with a ripple - free 
power line. To prevent any nasty and 
expensive damage to the drivers, the 
output is AC coupled by C5. In order to 
maintain a high damping factor down 
to low frequencies a large value 
electrolytic is required here. 

Finally we come to the power 
supply proper which is thoroughly 
conventional. The mains voltage is both 
isolated and stepped down by the 
transformer T1. The raw secondary AC 
output is full wave rectified by BR1 and 
smoothing is provided by C6. 

Notice that the drivers are wired in 
parallel. This means that the impedance 
seen by the power amplifier is some 4 
ohms. 

SK1 
RV1 
4k7 

NOTE: 
BR1 = 100 PIV 2A 
BRIDGE RECTIFIER 
01.2 - BC 184E 

R1 
4, 18k 

Cl 
10u 
16V 

R2 
390k 

R3 
100k 

.45V 

OV 

R4 
4k7 

R5 
100k 

01 

Fig. 2 The circuit of the filter/amplifier. 

R6 
100k 

C2 
100n 

C3 
47n 

R7 
4k7 

02 

RB 
18k 

3 

4 

ÚL60 

1+ C4 
100, 

T1" 

2 
1+ C5 

2200u 

+ 
LS1 

25V 

+ 
CI LS2 

+45V 

0 0V 
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PROJECT : Active Bass Loudspeaker 

sufficient voltage gain. To avoid 
reinventing the wheel, a ready built 
power amp module is used. 

Construction 

This breaks down neatly into 
three parts, the electronics, the 
mechanics and the cabinet, and 
construction of the electronics 
should be tackled first. 

The layout of the filter/amplifier 
PCB is shown in Fig. 3. PCB pins or 
veropins were used in the 
prototype for connections to the 
board, and if you plan to do 
likewise it is a good idea to insert 
them before assembling any other 
components. Push them well home 
and then solder them to ensure a 

good connection. If you do not 
wish to use pins, simply solder 
flying leads onto the board in the 
normal way, enlarging the holes if 
necessary to allow the wires to 
pass through. The rest of the PCB 

assembly should present no 
problems, the only point to watch 
being the polarity of the various 
electrolytic capacitors and 
semiconductors. 

The next stage of the 
construction is to drill the heatsink 
and mount the PCB assembly and 
the amplifier module. The details 
are given in Fig. 4. Note that 
10mm spacers have been used 
between the PCB and the amplifier, 
but if these are not available simply 
use nuts instead. It is important that 
there is good thermal contact 
between the amplifier heatsink and 
the main heatsink, so de -burr the 
mounting holes and make sure that 
no metal filings get trapped 
between the two surfaces when 
you assemble them. Finally, attach 
the bridge rectifier and C5 to the 
heatsink with 4BA nuts and bolts. 

That takes care of the easy stuff - 
TOP VIEW 

eib c 

01,2 BC184L 

IN 

PARTS LIST - 
ELECTRONICS 

RESISTORS (all 1/4W, 5%) 
R1,8 18k 

R2 390k 
R3,5,6, 100k 

R4,7 4k7 

RV1 4k7 

CAPACITORS 

C1 
C2 
C3 
C4 

C5 

C6 

10u, 16V electrolytic 
100n polyester 
47n polyester 
100u 16V 
electrolytic 
2,200u 25V 
electrolytic 
5000u 50V 
electrolytic 

SEMICONDUCTORS 

Q1,2 BC184L 
BR1 100PIV 2A bridge 

rectifier 

MISCELLANEOUS 

LS1, 2 

T1 

SK1 

KEF B200A drive 
units (or Altai 
PF81HR - see text) 
30V, 1.5A mains 
transformer 
two -pole input 
socket to choice 

Fig. 3 The overlay diagram of the filter PCB. 
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PCB; veropins or similar; Autona UL60 
amplifier module; 6" x 4" heatsink; 
10mm spacers; 'P' clip or strain relief 
bush; aluminium for control panel; 
capacitor clamps for C5 and C6; nuts, 
bolts, cable, etc. 

the next stage is to assemble the 
cabinet itself. The cutting details are 
given in the cabinet parts list. You 
can purchase a large sheet of 
veneered chipboard and cut it up 

yourself, but unless you have a 

good saw -bench and are resonably 
skilled in using it you will probably 
be better off purchasing the 
materials ready cut. Most DIY stores 
possess facilities to do this but you 
would do well to ask around and 
find somewhere with both the 
equipment and the skilled staff 
necessary to do a really good job. 
Even a smalll error will make 
construction much more difficult 
and the problems inherent in 
producing a neat end result and 
making it airtight will be multiplied 
considerably. 

The cabinet has been designed 
for maximum rigidity, a 

fundamental requirement if rattles 
and buzzes are to be avoided. The 
rigidity is achieved by splitting the 
cabinet into two with an internal 
partition, and the panels are glued 
and screwed together with 11/4" 

self -tapping screws. 
Another requirement of this 

design is that the cabinet should be 

airtight. In practise this is not a 

problem as long as all the joints are 
filled with an appropriate filler. A 
good seal around the drivers is also 
imperative but this is automatically 
achieved by using the gaskets 
provided. 

10mm SPACER 

Fig. 4 Mounting arrangements for the 
amplifier module and PCB. 



PARTS LIST - 
CABINET 

PANELS 

(All 5/8" veneered chipboard) 

Short sides (A) 9" x 9" (2 off) 
Long sides (B) 20" x 9" (2 off) 
Partition (C) 73/4" x 9" (1 off) 
Front and back (D) 18/" x 9" (2 off) 

MISCELLANEOUS 

Glue; woodscrews; veneer strip if 
desired (to cover exposed edges of 
panels); speaker cloth/protective grille 
as desired. 

Assuming one has all the panels 
to hand construction can 
commence. Start by labelling each 
panel with the appropriate letter on 
its worst side, see Fig. 5. Find the 
partition panel (C) and drill a 1/4" 

(6mm) hole in it to take the wires 
from the drive unit. The position of 
this hole is far from critical, and 
anywhere near the centre of the 
panel will be fine! 

Mark out the position of the 
screw holes on the panels and drill 
1/8" (3mm) pilot holes through 
these positions. Choosing the best 
face, countersink these to take the 
screw heads. If a countersink is not 
available a good job can be done 
with a 3/e" twist drill turned by hand 
against the hole. The control panel 
aperture in the rear panel should 
also be cut at this stage. 

It is best to mount the heatsink, 
capacitors and transformer onto the 
back panel before assembling the 
cabinet. Attach them using 5/e" long 
No. 6. self -tapping screws and 
tighten down well to avoid the risk 
of strange buzzes etc caused by 
loose fittings. The interwiring of 
these parts is shown in Fig. 6, and 
16/0.2 or a similar fairly heavy 
gauge wire should be used for all 
except the signal leads which must 
be single screened cable and the 
power leads between the PCB and 
amplifier which can be ordinary 
hook-up wire. 

The cabinet itself can now be 
assembled. Start with the two long 
sides (B) and glue and screw these 
into position against the rear panel 
(D). Similarly attach the two short 
sides (A) and finally the partition 
(C). In each case the screws should 

5/16"5/16" 
43/16"'(106) 

4 3/16" (106) 

5/16" 

Fig. 5 Construction of the cabinet. 

l'A" (38) 

3" (76) 

BRIDGE 
RECTIFIER 

3" (76) 

9 11/16" (246) 

AMPLIFIER 

HEATSINK 

PCB 

6" (152) 

CONTROL 
'PANEL 
CUTOUT 

S 

8 3/8" (212mm) 

Fig. 6 The positions of the principal components on the rear panel. 
C5 

MAINS 
INPUT 

AMP I/P 
FROM PCB 

Fig. 7 Interwiring of the rear panel components. 

be tightened into their countersunk 
holes until the heads are just below 
the surface of the wood. 

Cut out a suitable piece of 
aluminium to form the control 
panel and drill holes to suit the 
potentiometer and input socket 
you plan to use. Wire these leaving 
9" or so of free lead, drill suitable 
mounting holes in the rear panel of 
the cabinet and attach the control 
panel using self -tapping screws. Cut 
the free lead to length and solder it 
to the appropriate points on the 
PCB. 

SPKR 

TO PCB 

Fig. 8 Wiring of the components on 

the control panel. 

Drill a'/4" (6.3mm) hole in the 
rear panel, thread the mains lead 
through it and use a 'P' clip or other 
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PROJECT : Active Bass Loudspeaker 

A 

D 
20" (508) 

I 9h" (241) 

relIFIF,1 I_IY/,z 

º 736" (197) 

kr ) 
° J7 "" ' A. 

D C 10" (250) 

Fig. 9 Front panel and drive unit mounting details. 

'(229) 

A 

retaining device to provide strain 
relief. Don't just tie a knot in the 
cable! Seal the hole around the 
cable with a suitable glue or filler so 
that the finished cabinet will be air- 
tight. Complete the rear panel 
wiring by soldering leads to C5 -ve 
and ground and leave the ends of 
these long ready for connection to 
the drive units. 

Attention can now be turned to 
the front panel. Mark out the 
positions for the two drive units 
and use the template provided with 
them to mark the cut-outs and the 
mounting holes. The drive unit 
apertures can be cut by hand but it 
is much quicker to use a jig -saw 
attachment on a power drill. If the 
B200s are used, note that they are 
provided with 'T' nuts and drill the 
mounting holes out to 1/4" to 
accomodate these. 

Assemble the prepared front 
panel into the cabinet and glue and 
screw it into place. Draw out the 
loudspeaker leads through one of 
the drive unit apertures, solder 
them onto one of the drive units 
and solder a second pair of leads in 
parallel. Return this second set of 
leads into the cabinet, pass them 
throught the hole previously drilled 
in the central partition and draw 
them out through the second drive 
unit aperture. Solder them onto the 
second drive unit, taking care to 
observe phasing, and the internal 

wiring is complete. The unit should 
be left in this condition, with the 
drive units connected but not 
installed in the cabinet, while the 
initial testing is carried out. 

Connect a lead to the input of 
the Neptune and fit a plug to the 
mains lead. Set the potentiometer 
on the control panel at minimum 
and switch on. Apart from the 
switch -on 'plop' no noise should be 
heard unless the ear is placed very 
close to one on the drive units. If 
there is no 'plop' or worse, if a loud 
hum appears, switch off 
immediately and check the wiring. 

If all is well, advance the 
potentiometer towards maximum 
and touch the signal input terminal. 
This should produce a loud buzz. 
Again, if nothing happens, switch 
off and check the wiring carefully. 

If this test, too, is successful, 
mount the two drive units in place. 
Don't forget to use the gaskets 
provided so as to ensure an air -tight 
seal. When this has been done, 
gently press one of the drive unit 
cones inwards using even pressure 
around the voice coil. The other 
cone should move outwards. If it 
doesn't, check carefully around the 
cabinet until you find the air leak 
responsible and plug it. 

Installation 

No mains switching has been 

provided on the Neptune because 
most modern stereo amplifiers are 
equipped with mains outlets and it 
is intended that one of these should 
be used. Such mains outlets are 
usually wired through the 
amplifier's on -off switch, so 
connecting the Neptune in this way 
removes the need to switch it on 
separately every time the stereo 
system is used. If your amplifier has 
such a socket, it is merely necessary 
to fit the appropriate plug to the 
mains lead, the most usual type 
being a shaver plug or an 
American -style twin flat -pinned 
plug. Leave about three metres or 
so of mains lead on the Neptune so 
that you can experiment with its 
positioning. 

If your amplifier does not have a 

mains outlet, you will either have to 
fit an on -off switch to the Neptune 
or settle for plugging and un- 
plugging the mains lead each time 
you use your stereo system. A 
mains switch could be added quite 
simply by enlarging the control 
panel slightly. Whichever approach 
you use, if the Neptune is switched 
independently of the amplifier you 
should always switch the amplifier 
on first and then the Neptune, 
never the other way around. 

Connecting the input of the 
speaker to the output of your 
amplifier should pose no problems. 
With any luck you will have press - 
terminals on the amplifier into 
which the extra pair of leads can 
easily be inserted. If not, you will 
either have to make up an adaptor 
or add an extra socket on the back 
of your amplifier. Remember that 
you only need a connection from 
one channel of the amplifier and 
that it doesn't matter which one. 

To set the unit up you will need 
a source of some description, 
preferably one offering signals 
containing male speech. A radio 
tuner set to Radio Four is probably 
best. Adjust the potentiometer on 
the control panel until there is no 
trace of 'boomyness' on the 
speech, then try the unit out with a 
music source. The bass response 
should have improved dramatically. 

Experiment with the position 
and gain of the Neptune until you 
are satisfied with its performance. 
Remember that the best position is 
likely to be against the wall and 
floor and away from corners. ETI 
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OMPUTER WAREHOUSE 
TEE ALADDIN'S CAVE O 

HARD DISK DnIVES 
Fully refurbished DIABLO/DRE series 3 2.5 Mb disk drives. 
DEC RKOS, NOVA, TEXAS compatible 

Front load, Free stand or rack mount Eáá0.00 
Exchangeable type (via lid removal) E210.00 
me3029 PSU unit for 2 drives EIt5.00 

DIABLO/ORE 44-4000A/8 5+5 ex stock from £905.00 
1000's of spares for S30, 4000, 3200, HAWK ex stock. 

Plus in house repair, refurbishing service. 
Call for details or quotation. 

EX STOCK Ortsaas D 
OVER 100,000 ITEMS INCLUDING: 
Intel D8085AH-2 225.00 D8271 465.00 FP1500 Heavy Duty 25 cps daisy wheel 

D8202 D8257-5 8255 D3002 RS232 interface, bi directional printers, 
2732 EPROM SPECIAL fully guaranteed Brand New at £499.00 

450115 23.75, 350115 24.00, 300nS 24.5} CALL FOR MORE DETAILS 

e I I. I 

NOT LINE DATA DASE 

DISTEL © 
THE ORIGINAL FREE OF CHARGE dial up data base 
1000's of stock items and one off bargains. 
ON LINE NOW- 300 baud, full duplex 
word, no parity. 01-679 9 1888 

ft: 

H 

I NI. t 

Keep your hot pans s eL and LIABLE 
with our range of BRAND NEW professional 
cooling fans 
ETRI 99XUOI Dim. 92 x 92 x 25 mm. 
Miniature 240 v equipment fan complete with 

Mer guard £9.95. 
COULD JB-3AR Dim. 3" x 3" x 2.5" compact 
very quiet running 240 v operation. NEW £9.9 
BUHLER 99.11.22. 8-16 v DC micro 
miniature reversible fan Uses a brushless 
servo motor for extremely high air flow, 
almost silent running and guaranteed 10,000 
hr life. Measures only 62 x 62 x 22 mm. 
Current cost £32.00. OUR PRICE ONLY 
£12.95 complete with data - 
MUFFIN -CENTAUR standard 4" x 4" .1.25" 
fan supplied tested EX EOUIPMENT 240 v at 
£6.25 or 110 v at C4.95 or BRAND NEW 240v 
at £ 10.50. 1000's of other fans Ex Stock 

Ilfor x, -tail: P.á1. P ki, .n :II n 1.6 

UAL 6" DISK DRIVE 
Current, quality, professional product of a 
major computer company, comprising 
2 x 40 track MPI or Shugart FULLY BBC 
COMPATIBLE single sided drives in a 
compact, attractively styled, grey ABS 
structured case with internal switched 
mode PSU. The PSU was intended to drive 
both drives and an intelligent Z80 controller 
with over 70 ic's. The controller has been 
removed leaving ample space and current 
on the +, -5, +12 and -12 supply for all 
your future expansion requirements. 
Supplied tested with 90 day guarantee in 
BRAND NEW condition with cable for BBC 
micro. Ex Stock at only£259.UO 
+ £ 10.00 carr. Limited Quantity Only 

OF TéRMIPRINTFR 
A massive purchase of these desk top 
printer -terminals enables us to offer you 
these quality 30 cps printers at a SUPER 
LOW PRICE against their original cost of 
over £ 1000. Unit comprises of full OWERTY, 
electronic keyboard and printer mech with 
print face similar to correspondence quality 
typewriter. Variable forms tractor unit 
enables full width - up to 13.5" 120 column 
paper, upper - lower case, standard RS232 
serial interface, internal vertical and 
horizontal tab settings, standard ribbon 
adjustable baud rates quiet operation plus 
many other features. Supplied complete 
with manual. Guaranteed working £130.00 or 
untested £15AO, optional floor stand £ 12.50 
Carr 8 Ins £ 10.00. 

DATA MODEMS 
Join the communications revolution with our 
range of EX TELECOM data modems Made to 
most stringent spec and designed to operate 
for 24 hrs per day Units are made to the 
CCITT'tone spec. With RS232 i/o levels via 
a 25 way 'D' skt. Units are sold in a tested 
and working condition with data Permission 
may be required for connection to PO lines. 
MODEM 20-1 Compact unit for use with 
MICRONET, PRESTEL or TELECOM GOLD 
etc 2 wire direct connect 75 baud transmit 
1200 baud receive. Data i/o via RS232 D' 
socket Guaranteed working with dala 149.95 
MODEM 20-2 same as 20-1 but 75 baud 
receive 1200 baud transmit EI30.00 
TRANSDATA 307A 300 baud acoustic 
coupler RS232 i/o £95.00 brand new.C£4.50 
NEW DSL2123 Mufti Standard modem 
selectable V21 300-300 bps, V23 75-1200, 
V23 1200-75 full duplex. Or 12001200 half 
duplex modes. Full auto answer via modern or 
CPU. LED status indicators. CALL or ANS 
modes Switchable CCITT or BELL 103 & 
202. Housed in ABS case size only 2.57x 85" 
x 9". 1288.00 + VAT 
For further data or details on other EX STOCK 
modems contact sates office. 

Carriage on all modems £ 10.00 + VAT. 

STILL IN STOCK 

1000's OF 
BARGAINS 

I To 
FOR CALLER j ̀  

COMP'OTPR'CIlB' 
All in one quality computer 
cabinet with integral switched 
mode PSU, Mains filtering, and twin fan cooling. 
Originally made for the famous DEC PDP8 computer 
system costing thousands of pounds. Made to run 24 
hours per day the PSU is fully screened and will deliver a 

massive +5v DC at 17 amps, +15v DC at 1 amp and -15v 
DC at 5 amps. The complete unit is fully enclosed with 
removable top lid, filtering, trip switch, 'Power' and 'Run' 
LEDs mounted on Ali front panel, rear cable entries, etc. 
etc. Units are in good but used condition - supplied for 
240v operation complete with full circuit and tech. man. 
Give your system that professional finish for only 
£49.95 + Carr. Dim. 19" wide 16" deep 10.5" high. 
Useable area 16"w 10.5 h 11.5"d. 
Also available LESS PSU, with FANS etc. Internal dim. 
19"w. 16"d. 10.5"h. 110.55. Carriage 8 insurance £9.50. 

AVE 
SUPER PRINTER SCOOP í BRAD CBNTRONI CIS 739-2 

NEW The "Do Everything Printer' at a price that will 
NEVER be repeated. Standard CENTRONICS 
parallel interface for direct connection to BBC, 

ORIC, DRAGON etc. Superb print quality with full 
pin addressable graphics and 4 type fonts plus 

1 HIGH DEFINITION internal PROPORTIONAL SPACED 
' MODE for WORD PROCESSOR applications. 80-132 / '.r columns, single sheet, sprocket or roll paper handling plus 

much more. Available ONLY from DISPLAY ELECTRONICS 
at the ridiculous price of 011M1119.00 + VAT Complete with 

full manual etc. Limited quantity -Hurry while stocks last. 
Options. Interface cable (specify) for BBC, ORIC, 

DRAGON or CENTRONICS 36 way pig £12.50. Spare ribbon 
£3.50 each BBC graphics screen dump utility program £8.60. 

rri n. In 1x,00+VAT 

WOO 

OM0 

£199 

SPECIAL 300 BAUD MODEM OFFER 
Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND 
NEW or little used 2B data modems allows US to make the FINAL 
REDUCTION, and for YOU to join the exciting world of data 
communications at an UNHEARD OF PRICE OF ONLY £29.95. Made to 
the highest POST OFFICE APPROVED spec at a cost of hundreds of 
pounds each, the 2B has all the standard requirements for data base, 
business or hobby communications. All this and more!! 

CALL, ANSWER and AUTO modes 
Standard RS232 serial interlace 
Built in test switching 
240v Mains operation 
1 year full guarantee 
Just 2 wires to comms. line 

300 baud full duplex 
Full remote control 
CCITT tone standards 
Supplied with full data 
Modular construction 
Direct isolated connection 

Order now - while stocks last. Carriage and Ins. £10.00 

8" 19M8 WINCHESTER DISK DRIVE 
Made in the UK by a subsidiary of the World's largest disk drive manufacturer. 
This BRAND NEW "end of line" unit offers an outstanding opportunity to add a 

MASSIVE 19 mb of storage to your computer system. Superbly constructed 
on a heavy die cast chassis the DRE 3100 utilises 3 x 8" plattens in a dust 
free cavity. All drive functions are controlled by microprocessor electronics 
using an INTEL 8035 cpu and TTL support logic. Data to the outside world is 

via two comprehensive 8 bit TTL level bi directional data busses with full sfatus 
reporting for ease of interfacing. Many features such as Av. seek time 35 ms, 

512 bytes per sector, +24, -24 and +5 v DC supply, plug in card system, and 
compact size of approx. 19cm H x 21 cm W and 42cm D etc, etc, make this item 
a real snip. 

Units are BRAND NEW and BOXED and sold at a FRACTION of original cost 
- hence unguaranteed. Complete with 150 page manual, circuits and 
applications guide. 

ONLY £225.00 Carriage £10.00 
Suitable power supply unit - sold ONLY with drive £39.95. 

PROFESSIONAL KEYBOARD OFFER 
An advantageous purchase of brand new surplus allows a great OWERTY, full travel. 
chassis keyboard offer at fractions of their onginal costs. 
ALPHAM RICJ204/SO full ASCII 60 key, upper, lower + control key, parallel TTI_ 
output plus strobe. Dim 12" x 6" +5 8 -12 DC. £7950. 
DEC LA34 Uncoded keyboard with 67 quality, GOLD, normally open switches on 
standard X, Y matrix. Complete with 3 LED indicators & i/o cable - ideal micro 
conversions etc. pcb DIM 15" x 4.5" 124.55 Carnage on keyboards £3.00. 

66% DISCOUNT 
ELECTRONIC 
COMPONENTS 
EQUIPMENT 

Due to our massive bulk purchasing programme which enables us to hung you the best possible 
bargains, we have thousands of I. C.'s. Transistors. Relays. Cap s. P 9. s, Sub -assemblies. 
Switches, etc. etc. surplus to our requirements. Because we don't have sufficient stocks of any 
one item to include in our ads. we are packing all these items into the BARGAIN PARCEL OFA 
LIFETIME". Thousands of components at giveaway prices, Guaranteed to be worth 
at least 3 times what you pay. Unbeatable va)ueiI Sold by weight. 

2.5kIs£4.25+pp £1.25 5kIs £5.90 + £1.80 
10kIs £/0.25 + pp £2.25 20 kls £17.50 + £4.75 

S PLUS VAT 
: 

e 

BUDGET RANGE 

VIDEO MONITORS 
At a price YOU can afford, our range of EX 
EQUIPMENT video monitors defy ' 
competition!! All are for 240v working with 
standard composite video input. Units are 
pre tested and set for up to 80 col use on 
BBC micro. Even where MINOR screen 
burns MAY exist - normal data displays are 
unaffected. 

a000rt SOLD TO DATE 
9" HITACHI very compact fully cased. dim. 
21cmHx21cmWx22cmD.Black nd 
white screen £44.95 
12" KGM 320-321, high bandwidth input, 
will display up to 132 columns x 25 lines. 
Housed in attractive fully enclosed 
brushed alloy case. B/W only £32.95 
GREEN screen£39.95 
24" KGM large screen black 8 white 
monitor fully enclosed in light alloy case. 
Id-sçhyyl shops, clubs etc. 
C 
14" BRAND ND NEW Novex COLOUR type 
NC1414-CL. Many exacting features such 
as RGB TTL and composite video input, 
GREEN TEXT key, internal speaker and 
audio amp. Even finished in BBC micro 
matchingcolours. 

. 

Fully guaranteed. 

Carriage and ins on ALL videos £10.00 

SEMICONDUCTOR 
'GRAB BAGS' 

Mixed Semis amazing value contents 
include transistors, digital, linear, I.C.'s macs, 
diodes, bridge recs., etc. etc. All devices 
guaranteed brand new full spec. with manu- 
facturers markings, fully guaranteed, 
50+12.55 100+0.15. 
TTL 74 Series A gigantic purchase of an 
"across the board" range of 74 TTL series 
I. C's enables us to offer 100+ mixed 
"mostly TTL" grab bags at a price which two 
or three chips in the bag would nnormally 
cost to buy. Fully guaranteed all I.C.'s full 
spec. 100+ E0.110 200+,12.30 300+ C19.50 

aI 8í00H 

DEC CORNER 
BA11-MB 3.5" Box, PSU, LTC £385.00 
DH11-AD 16 x RS232 DMA 

interface £2100.00 
DLV11-J 4 x EIA interface £310.00 
DUP11 Sych. Serial data i/o £650.00 
DZ11-B 8 line RS232 mux board £650.00 
LA36 Decwriter EIA or 20 ma loop £270.00 
LAXX-NW LAI80 RS232 serial interface 

and buffer option £130.00 
LAX34-AL LA34 tractor feed £85.00 
MS11-JP Unibus 32 kb Ram £80.00 
MS11-LB Unibus 128 kb Ram £450.00 
MS11-LD Unibus 256 kb Ram £850.00 
MSC4804 Obus (Equiv MSV1 1-L) 

256 kb £499.00 
PDP11 /05 Cpu, Ram, i/o, etc. £450.00 
PDP11 /40 Cpu, 124k MMU £1850.00 
RT11 ver. 3B documentation kit £70.00 
RK05-J 2.5 Mb disk drives £650.00 
KL8JA PDP 8 async i/o £175.00 
MI8E PDP 8 Bootstrap option £75.00 
VT50 VDU and Keyboard - 

current loop £175.00 

1000's of EX STOCK spares for DEC 
PDP8, PDPBA, PDP11 systems8 
peripherals. Call for details. All types of 
Computer equipment and spares wanted 
for PROMPT CASH PAYMENT. 

All prices quoted are for U. Mainland paid cash with order in Pounds Stirling PL USVAT.MinimumordervaluefXQMinimumCredit 
Card orderta0.00. Minimum BONA FIDE account orders from Government depts, Schools, Universities and established companies MX Where post and packing not indicated please ADD £1.00. + VAT Warehouse open Mon -Fri 9.30- 5,30. Sat. 10.15- 5.30 
Wi reservé the right to change prices and specifications without notice. Trade, Bulk and Export enquiries welcome. 

-I_1 
l -i i l`ai ,111 i 32 Bigqin Way, Upper Norwood, London SE19 3XF LLLL I h r_II II ! _I Telephone 0 1 -6 79 4414 Telex 27924 Ate 20 



bigger and better. 
Nicad Batteries & Chargers 

High quality nickel cadmium rechargeable 
batteries. Equivalent in size with popular Dry 
Cell sizes e.g. HP7 (AA), HP11(C), and HP2 (D). 
Minimum life 600 (300 PP3 size) full 
charge/discharge cycles. Batteries must be 
charged from a constant current source only. 
All batteries are supplied only with a residual 
charge and should be charged before used. 

DATA & PRICES 
Type V(nom) Capacity Stock No. 1-9 10-49 
AA 12V 500mAH 01-12004 0.80 0.74 
C 12V 1.2AH 01-12024 235 1.99 
D 1.2V 1.2ÁH 01-12044 2.00 2.00 
PP3 8.4V IIOmAH 01-84054 3.70 .3.50 

CH/4/50 
To recharge up to 4 AA size NiCads. 
Size; 112 x 71 x 37mm 01-00409 4.95 

CH1/22 
To charge PP3 type NiCads. 
Size; 70 x 50 x 32mm 01-00159 4.30 

CH8/RX 

Will recharge AA, C, D and PP3 size cells with auto- 
matic voltage selection. Will recharge following 
combinations: 4xD, 4xAA, 4xC, 2xPP3, 2xD + 2xC, 
2xD + 2xAA. 2xD + I xPP3, 2xC + 2xAA, 2xC + 
1xPP3, 2xAA + 1xPP3. Charge rate: 1 lmAfor PP3, 
45mA for AA size, 120mA for C and D size, for 16 

hrs. Power: 240V 50Hz. Output Voltage: 2.9V for AA, 
C and D size, 11.0V for PP3 size. Weight:0.475kg. 
Size: 199 x 109 x 55mm. 

01-02204 9.45 

HT320 
High quality, high specification meter at a 

reasonable price. In addition to the usual ranges, 
facilities are provided for measuring transistor 
parameters such as Iceo and Hfe. 
Meter movement fully protected against overloads. 
3 -colour mirrored scale in robust case. Supplied 
complete with comprehensive instructions, test 
leads, transistor test leads and batteries (2 x HP -7, 
I x PP3). 
DC Volts: 0.1V,0SV,2.5V, 1OV,50V,250V,1kV 
(20kf1N). AC Volts: 10V, 50V, 250V,1 kV (18kf1N). 
DC current: 50µA, 2.5mA, 25mA, 250mA. 
Resistance: 2k, 20k, 2M, 20Mz. AF Output: -10dB to 
+22dB for I OVAC (OdB/0.775V, 6000). Leakage 
(Iceo) 15µA,15mA,150mA. Hfe: 0-1000 (Lc/Tb). 
Weight: 410gms. 

56-83201 14.00 

RF Generator LSG 17 

A stable wide -range generator for the hobbyist, 
service technician, schools, colleges, etc. 
Frequency range: A/100kHz-300kHz,B/300kHz to 
1MHz (Harmonics 96-450MHz) C/1 MHz-3.5MHz, 

D/3.OMHz-I I MHz, E/10MHz-35MHz, 
F/32MHz-150MHz. Accuracy: k 1.5%. Output greater 
than 100mV (no load). Ext. xtal osc for 1 to 15MHz 

crytal. Power required: AC100, 115 or 230V 3VA. 

Size & Weight: 150(H) x 238(W)x 130(D)mm, 2.5Kg 

approx. 
56-90017 115.00 

Linear ICs 
Stock No. Price 

1F351 Bi-FETopamp 61-03510 0.49 
LF353 Dual version of LF351 61-03530 0.81 

LM380N IWAF power amp 61-00380 1.45 

1M381 Stereo pre -amp IC 61-00381 327 
NE544 14 pin DIL servo driver IC 

NE555N Multi -purpose low 
costtimer 

61-00544 

61-05550 

1.80 

0.21 
uA741CN DlLlowcostop-amp 
TDA1062 RF ocillator and mixer 

system for 1-200MHz 

TDA 1083 Portable radio AM/FM 

audio in one IC 

61-07411 

61-01062 

61-01083 

0.42 

1.95 

1.95 

HA1388 18W PA from 14V 

MC 1496P Double balanced mixer/ 
modulator 

TDA2002 8W into 2 ohms 
power amp 

1Á1V2283 I W max 3-12V 

power amp 
CA3089 FM IF amp, detector, 

mute, AFC, AGC system 

61-01388 

61-01496 

61-02002 

61-02283 

61-03089 

2.75 

125 

1.25 

1.00 

2.84 
CA3130E BIMOSopamp 61-31300 0.80 
CA3140E BIMOS version of 741 

MC3359 Low current dual conver- 
sion NBFM IF and det 

61-31400 

61-03859 

0.46 

2.95 
LM3900 Quad norton amp 61-39000 120 
LM3909N 8 -pin DIL LED flasher 
1034412 Two balanced mixers IF amp 

with AGC for AM/SSB 

ICM7555 Low power CMOS version 
of 55 timer 

61-39090 

61-04412 

61-75550 

0.68 

1.95 

0.98 

HAI1225 Low noise FM IF 61-11225 
HA12017 83dBS/Nphonopreamp 

0.001% THD 61-12017 
MC14412 300 baud MODEM controller 

(Euro/US specs) 61-14412 

1.45 

0.80 

6.85 

Selected Lines 
PB2720 80dB Piezo Buzzer 43-27201 0.55 
10M 15A 10.7 Filter 20-10152 2.10 
10M08AA 10.695 Filter 20-11152 3.49 
FC177 LCD Freq. Meter 39-17700 20.00 
CM161 Min LCD Clock 40-80161 825 
BBC to Centronics Cable 03-10019 725 
Dragon to Centronics Connect Cable 03-10017 725 
CI 2 Computer Cassette Tape 21-00012 0.55 
8 x03" IC socket 28-00800 0.12 
14x0.3" IC socket 28.14000 0.13 
16 x03" IC socket 28-16000 0.13 
6V KUIT-A Relay 46-80000 0.48 
9V KUIT-A Relay 46-80001 0.48 
12V KUIT-A Relay 46-80002 0.48 
CX120P COAX Relay 46-90120 11.96 
CX520D COAX Relay 46-90520 26.98 
CX540D COAX Relay (BNC) 46.90540 26.98 

Books 
Beginners Guide to Amateur Radio 02-11262 4.50 
Beginners Guide to Electronics 02-04134 450 
Active Filter Cookbook 02-21168 12.70 
CMOS Cookbook 02-21398 11.85 
TTL Cookbook 02-10358 11.00 
Design of Active Filters 02-21539 10.15 
Design of Op -amp Circuits with 
experiments 02-21537 9.30 

Effectively Using the Oscilloscope 02-21794 930 
The ZX Spectrum 02-00100 5.95 
Practical Design of Digital Circuits 02-11831 10.45 
Electronic Projects for Home 
Security 02-05351 3.80 

Electronic Telephone Projects 02-21618 7.60 
55 Timer Applications Sourcebook 02-21538 6.40 
Television Engineers Pocket Book 
7th Ed 02-21313 8.50 

Electronics Pocket Book 02-21309 7.50 
99 Practical Electronic Projects 02-21635 5.90 
More Electronic Projects in the 
Home 02.21307 3.80 

The Radio Amateurs Question and 
Answer Reference Manual 02-02157 5.95 

Basic Programming on the BBC 
Microcomputer 02-06640 5.95 

Using Microprocessors and 
Microcomputers: 
The 6800 Family 02-98728 11.05 

Z-80 Microcomputer Design 
Projects 02-21682 12.70 

Z8000 Microprocessor: 
A Design Handbook 02-37345 16.10 

68000:Principlesand 
Programming 

8085A Cookbook 
Handbook of Electronic Tables 
Formulas 

Popular Circuits: Ready 
Reference 

Semiconductor Data Book 
11th Edition 

02-21853 12.70 
02-21697 1355 

02-21532 11.00 

02-04585 13.95 

02-04797 9.00 

.W3 47 eir 12/ 
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Cirkit. Making it 
Cirkit stock all the 

components, accessories 
and tools and the kits 
you're looking for. 

Designed and 
selected to offer the best 
possible standards at the 
best possible price. 

Cirkit's always well 
stocked. 

As soon as new 
products are available, 
Cirkit has them. 

When it comes to kits, 
Cirkit's got the lot. At the 
price you want to pay. 

Just send for our 
catalogue or visit one of 
our three outlets at: 

200 North Service Road, 
Brentwood, Essex. CM 14 4SG; 
53 Burrfields Road, 
Portsmouth, Hampshire. P03 
5EB; Park Lane, Broxbourne, 
Hertfordshire. EN10 7NQ. 

Please add 15% VAT to all advertised 
prices and 60p post and packing. 
Minimum order value £5 please. 
We reserve the right to vary prices in 
accordance with market fluctuation. 

Cirkit Kits 
CIRKIT ELECTRONICS TOOL KIT 

Contains: 15W Soldering Iron 2 spare 
bits, heat shunt, solder, pliers, cutters, 
and screwdriver 40-00007 15.56 

AUDIO FUNCTION GENERATOR 
Versatile waveform generator with 
sine, triangular and square wave outputs. 
On board mains PSU 41-01302 27.00 

STEREO 40W AMPLIFIER 

Single board 40W per channel stereo 
amplifier 41-01301 38.00 

STEREO VU METER 
5 LED per channel stereo VU meter for 
use with stereo amplifiers 41-01401 11.50 

5W AUDIO AMP 
Avery compact audio output stage for use 
in a wide range of equipment 41-01406 4.60 

UNIVERSAL AMP 
A universal audio pre -amp with a 
gain of 10 41-01604 6.45 

MONO REVERBERATION UNIT 

Single channel, spring line reverb unit to add echo 
effects to tape recording etc. 41-01602 10.00 

TONE GENERATOR AND DETECTOR 
Very low distortion tone generator and signal 
detector for circuit fault finding 

10MHz DFM 
41-01603 10.45 

8 Digit LED digital frequency meter 
and period measurement 41-01500 54.10 

50MHz PRESCALER 
Extend the range of the 10MHz DFM 

to 50MHz 41-01501 8.55 

1-5MHz PRE AMP 
Low frequency pre -amp and waveform 
shaper for the 10MHz DFM 41-01502 5.13 

1-30V lmA-2A PSU 

Adjustable 1-30V Power supply with pre-setable 
current limit from ImA-2A 41-01600 37.46 

Centronics Interface 

To: Cirkit Holdings PLC, Park Lane, Broxbourne, Hertfordshire. EN10 7NQ. 

I enclose 85p. Please send me your latest catalogue and 3 x £1 discount vouchers! 
If you have any enquiries please telephone us on Hoddesdon (0992) 444111. 

Address 

5-12V lA PSU 
Adjustable PSU from 5-12V with current 
protection, 1 amp max output 41-01504 6.45 

1-30V 1.5A PSU 
1-30 volt adjustable PSU with protected 
output up to 1.5 Amps 41-01402 10.45 

3 DIGIT LED DVM 

DVM to read up to 99.9 volts or configured as an 
ammeter to read up to 9.99 amps 41-01403 17.00 

I OMHz DFM 
INFRA RED LINK 

Single channel IR Link 
with relay output 
TEMPERATURE SENSOR 
Thermistor based temperature sensor 
with relay output 41-01303 6.20 

LOCOMOTIVE SOUND GENERATOR 
Realistic steam sound and whistle for 
model railways 41-01304 9.20 

LAMP DIMMER 
Control lamps and drill speed 41-01305 5.70 

WATER LEVEL ALARM 

Alarm to indicate high water level or 
flooding 41-01601 2.70 

3 NOTE CHIME 
Doorbell chime with adjustable 
tones 41-01503 7.00 

2M PRE AMP 
Miniature low -noise MOSFET pre -amp 
for the 2m amateur band 41-01307 3.91 

2M CONVERTER 
Low noise 144MHz-28MHz amateur 
band converter 41-01306 1735 

2M POWER AMP 
20W - 10dB gain - power amplifier for the 
2m band. Automatic TX switch over, RX 

pre -amp, robust construction 41-01404 32.87 

70cm PRE AMP 
Low noise, miniature pre -amp for the 
70cm amateur band 41-01506 4.78 

70cm CONVERTER 
70cm to 144MHz low noise converter 
featuring pre -aligned helical filter, 
schottky diode mixer and low noise 
transistors 41-01405 21.50 

70cm PA 

10W Power amp to boost the output of 
handheld and portable 70cm 
transceivers 41-01505 33.82 

CRYSTAL CALIBRATOR 
Crystal reference calibrator for alignment 
of receivers, outputs at 4, 2,1 MHZ, 

100, 50 AND 10KHz 41-00801 4.32 

CB NOISE SQUELCH 
Improves to mute performance of the 
majority of CB rigs 41-01605 5.40 

CENTRONICS INTERFACE 
Connect your personal computer to 
the outside world via the Centronics 
printer output 41-014(16 22.511 

41-01300 9.60 



FEATURE 

IC RELIABILITY 
How reliable are standard ICs? What makes them not 

work properly? 
Conventional wisdom has it that, after early 
failure, ICs are by and large pretty damn reliable. 
However, that doesn't mean that there aren't 

rogue or 'problem' devices - for example, see the telex 
reproduced here, about a device which was suc- 
cessfully used by a contributor to 'Electronics Monthly', 
but which has subsequently been withdrawn by the 
manufacturer. 

84-10-30 14:21 

8811696ASF G 
23272 GIMOST G 
30 OCT 84 ATTN: H ARMSTRONG TLX LON 3505 

REF: AY -3-1270 
REGRET TO INFORM U THAT I AM UNABLE TP PROVIDE U WITH A SOURCE FOR 
ABOVE PRODUCT DUE TO REASONS OF DEVICE RELIABL ITY. 

RODS I MCCALL 
JW 
NNNNw 
Si511296ASF G 
23272 GIMOST G 

Elsewhere in this issue, we carry details of a 'fix' for 
our original 64k DRAM card. This 'fix' was made 
necesary because we had a number of readers telling us 
that they couldn't get the dratted thing to work, and we 
couldn't get one that we had recently built ourselves to 
go - even after ammending the PCB in a couple of 
places! 

Added to this we also had informal indications (ie, 
nothing you could quote anyone on) that the DRAM 
controller IC, 74LS608, was a 'problem device'. So what 
makes a 'problem device'? We talked to Texas 
Instruments, the manufacturers of the device in ques- 
tion, to find out their side of the story. 

Firstly, no one was aware of a specific problem with 
the '608, and we wouldn't identify the person who had 
told us that it was a 'problem device'. Although they 
could not locate any documentation to confirm it, there 
was the suggestion that there might have been some 
revisions to the die at a relatively early stage in the pro- 
duction run. 

Looking at the DRAM card circuit, TI's engineers 
were not that happy about the delay sections formed by 
R1, Cl, D1 and R2, C2, D2. The problem is that IC17a 
and b, the devices that immediately follow the delay 
circuits, are not Schottky devices, so the rise times from 
them would not be particularly fast, and this could 
cause problems with edge -triggered inputs. However, 
this was unlikely to be the cause of the problem here. 

We then discussed the problems associated with the 
power -up of this and any other MSI device. This discus- 
sion was prompted by the section in the original article 
which suggested that some earlier production devices 
may have had problems with the power -on reset cir- 
cuitry (which ties up with the suggestion that there may 
have been some revision of the die). 
ETI JANUARY 1985 

One of the problems with this and other computer 
add-on projects is that it is not possible to predict how 
power will be applied to the circuit - for instance, it 
may come on very quickly, there may be transients 
associated with ringing (although we hope that this sort 
of problem would be dealt with by most monolithic 
regulators), or the power might come on very slowly. 
The last of these is one possible cause of the problems 
with the DRAM card. 

Different sections of a large or medium scale 
integrated device will start to function at different sup- 
ply voltages. So if the supply voltage builds up very 
slowly after switch -on, it is possible, even likely in some 
cases, that fault conditions will develop that lead to a 
latch -up which will persist even when full power is 
applied to all sections. 

Another problem is associated with ringing on input 
(or even output) lines. Readers will know how easy it is 
for a square -wave to acquire ringing - all it takes is a lit- 
tle unwanted inductance here, a little stray capacitance 
there, and bingo!, the square wave is ringing like Big 
Ben! 

In a TTL (or CMOS) circuit, this can cause havoc. 
The problem is that the ringing excursions can take the 
input (or output) voltage above or below the positive or 
negative supply lines, respectively. This is a more 
manageable problem in discrete component circuits, 
because you always know what the real circuit is; 
however, with integrated circuits, there are always 
parasitic devices; eg transistors or thyristors, that have 

The TI Scare 
Readers will remember that a little while back, it was 
alleged that possibly faulty chips had been sold on 
defence contracts. Quite a stir was created, with the 
story making the evening TV news and front pages of 
several papers. 

The truth is a little more mundane, but in its own 
way equally alarming. According to a letter in the trade 
press (Electronics Times, 25 Oct) from Peter Van 
Cuylenburg, TI's MD, the ICs were properly tested. 
However, the tests did not conform to those laid down 
in the specifications for the devices, but, according to 
Mr Cuylenburg and to the Pentagon, the tests carried 
were actually more appropriate to the way the devices 
were to be used than the tests laid down in the 
specification. 

However, no-one has yet explained how the wrong 
tests came to carried out and how it came to be that this 
was not picked up at a much earlier stage. This failure 
is, if anything, considerably more worrying than a few 
rogue devices finding their way into the system. 
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FEATURE : IC Reliability 

been produced inadvertently while making the wanted 
devices. This is as a direct consequence of all the 
devices on an IC being made on the same piece of 
silicon, and much of the design effort in laying out an 
IC is devoted to avoiding problems from parasitic 
devices. 

The objective will be to ensure that, under normal 
operating conditions, the parasitic devices will all be 

biassed off. However, input and output conditions 
which exceed the supply lines - such as occur with 
ringing - can cause a parasitic device to come on, 
leading to the generation of a false logic state, or even 
to complete latch -up. 

For example, some MOS DRAMs are very sensitive 
to over -shoot and under -shoot, and will latch up com- 
pletely due to the presence of parasitic thyristors. 
However, so long as the signal lines do not exceed the 
supply lines, these devices will be perfectly reliable. 

Whilst we're on the topic of supply lines, another 
problem is that they tend to be rather noisy, particularly 
in TTL circuits where fairly high currents are being 
switched. For this reason it is not good practice to tie 
any IC inputs to the positive supply line - although we 

IC Testing 
The testing that a standard IC goes through lasts all 
the way through its production process, and begins 
even before the wafer on which it is made is fabricated. 
The selection of materials, the growing of the crystal, 
the slicing of the crystal up into wafers and the growing 
of an epitaxial layer on the wafer are all closely 
monitored. 

At every stage of the diffusion of dopants into the 
wafer checks are carried out on the resistivity of the 
silicon - obviously, this is influenced by the amount of 
impurity which has been absorbed. 

Next, checks are performed on the test geometries 
that are placed on each wafer for no other reason. If 
you see a wafer before it is sliced up, you will notice 
that four or so dies are actually different from the rest - these are the test geometries, and simple go/no-go 
measurements can be carried out on these to detect 
gross faults. 

The finished wafer then passes to a test bed where 
each die is tested as follows: 
1. Basic electrical test; 
2. Truth table check (does it do what it is supposed to 
do?); 

0.4- 

0.3 - 
RELATIVE 

PROBABILITY 
f(x) 

0.2- 

0.1- 

o 
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10-3 10-2 10-1 100 10+1 10+2 

Hg. 1 Typical IC failure rate against time - the actual time - 
scale will vary, though. 

10+3 

all do it. The safest option is to design around this in the 
first place, where this is possible, but otherwise tie 
inputs to the output of a spare gate, or use a pull-up 
resistor. Again, this is a particular problem with edge - 
triggered inputs, where noise on the supply line can 
lead to false triggering. 

So do problem devices exist after all? TI are confi- 
dent that all their devices meet the published 
specifications. That said, there will inevitably be some 
devices that will be rather more sensitive to circumstan- 
ces of their use than one would like. Obviously, when 
introducing a new device, a semiconductor manufac- 
turer cannot imagine - let alone test - all possible 
applications or circuit lay -outs. Basically, it is all too easy 
to inadvertently exceed the specification of an IC 

without realising it, and it will be only after extensive 
testing that you will find out what is going wrong. For- 
tunately, most devices are reasonably tolerant of minor 
violations on most of the specs. 

Meanwhile, TI and ourselves will be investigating 
the 64k DRAM card further, to see what has been caus- 
ing the problem. We'll let you know of the outcome 
when we have something to report. 

ETI 

3. Functional test (does it work in a circuit?) 
4. Parametric test (does it live up to the fine print in the 
data sheet?). 
Any dies that fail this test get a red dot of ink, and are 
discarded at the next stage, where the wafer is sliced up 
into dies and packaged. After packaging, every single 
IC goes through the same test programme again. Only 
after this do the ICs get 'symbolised' (ie, labelled). 

The next stage is only carried out on military equipment 
or on larger dies, eg microprocessors; this is testing at 

an elevated temperature, and temperature cycling. This 
tests for two things: firstly, it will check to see that the 
die is properly mounted, otherwise the expansion and 
contraction will detach it; and it also accelerates early 
failures. 

In fact operating at an elevated termperature greatly 
decreases the life of all devices, and one of the quality 
control tests that a competent manufacturer will be 
doing is testing samples of all devices at an elevated 
temperature to see how long they last. This can then be 
extrapolated back to devices used at normal tem- 
peratures to see if there is any sort of longevity problem 
with them. 

FAILURE 
RATE 

INFANT 
MORTALITY 

RANDOM 
FAILURES 

WEAROUT 

NORMAL IC BEHAVIOUR 

TIME 

Hg. 2. Long-term failure rate - electronic components 
should not wear out unless there are problems. 
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ELECTRONIC SIREN 
KIT TOP QUALITY ... TOP SERVICE 

BOTTOM PRICES! 
MICROPROCESSOR 

TIMER KIT 
Produces an extremely loud piercing swept 
frequency tone from a 9-15V supply. Enable 
input for easy connection to alarm circuits. 
Includes Sin. Horn Speaker. 

£7.90 

Mini Siren 
As above, but with a small speaker (instead 
of horn speaker) for internal use, £4.30 

SECURITY PRODUCTS 

Protect your home 
and property and 
save by building 
your own burglar 
alarm system. 

Stair Mat 23 x 7 in (950 120) £1.70 
Floor Mat 29. 16 in (950 1251 £2.60 
Tamper -proof connecting block 
1950 1 10) £0.30 
Door/Window Contacts. Flush 
mounting, 4 wire. Magnetiswitch 
Per Pair. 1950 1401 £1.05 
Window Tape 0.5" wide. 50m. 
(950 145) £2.50 
Window Tape Terminations 
Per pair. (950 150) £0.36 
Key -operated Switch. 1 .5A/250V 
SPST Heavy chrome metal. 
1350 128) £4.50 
Passive Infra -Red Detector 
Detects intruder's body heat. Range 
10 metres. 12V DC, n/o & Mc contact. 
Size: 4 x 2 x 2 ins. (950 135) £45.00 
Alarm Control Unit. 4 input circuits, 2 - 

instant and 2 -delayed. Adjustable entry, 
exit and alarm times. Built and tested. Full 
instructions supplied. Size: 180 130x 
30mm. Supply: 12V DC. 
(950 160) £26.00 
Ultrasonic Burglar Alarm. Self-contained 
mains or battery powered unit complete 
with horn and AC adaptor. 

£45.00 + p&p £2.20 
8W Horn Speaker. 5.5 ins. 8 ohm. Ideal 
for sirens, etc. 2.5m lead and 3.5mm jack 
plug. (403 148) £6.15 

IR GARAGE DOOR 
CONTROLLER KIT 

For controlling motorised garage doors 
and switching 
garage and drive 
lights on/off up to 
a range of 40 ft. 

Lots of appli- 
cations like 
controlling lights 
and TVs, 
etc, in the home. Ideal for aged or dis- 
abled persons, this coded kit comprises of 
a mains -powered infra -red receiver with a 
normally open relay output plus two 
latched transistor outputs, battery - 

powered transmitter and opto -isolated 
solid state mains switch. 

XK1 03 
XK105 Extra transmitters £10.50 

PANTEC KITS 

PN2 
PN3 
PN5 
PN6 
PN7 
PN8 
PN11 
PN13 

PN14 

FM Micro Transmitter £7.50 
Stabilised Power Supply £13.70 
2 x t Ow Stereo Amplifier £14.50 
2 x 40w Stereo Amplifier £24.95 
Pushbutton Stereo Preamp £12.80 
Tone & Volume Control £13.60 
3w FM Transmitter £11.95 
Single Channel FM 
Transmitter £9.80 
Receiver for above £15.50 

19 ranges including dc current to 
10A, resistance to 20M, ac Et dc 
volts and npn/pnp transistor gain. 

Full overload protection. Comes 
with test leads, battery and 

case. Size: 175 x 93 x 42mm 
(405 204) £32.00 

For FREE CATALOGUE send 9" x 6" SAE - contains full list of stock 
range all at very competitive prices. Cash with order (except account 
customers). Access or Barclaycard telephone orders welcome. Add 
65p p&p + 15% VAT to all UK orders. Overseas customers add £2.50 
p&p Europe, £6.00 elsewhere. Giro No. 529314002. Goods by return 
subject to availability. Shop open 9am-5pm (Mon-Fril. 10am-4pm 
Satl. ALL PRICES EXCLUDE VAT 

CHRISTMAS PRESENTS GALORE i e -'1 
-gEGECTS PACK 

Contains derless 
breadboard, c om- 

ponents and booklet with instruions 

to build TEN fascinating 
electronic 

pro- 

jects, 
thermostat, 

burglar alarm, 

electronic 
lock, 

PP3 
)light 

touchswtchdsiren. 
Requires 

9V 
£12.50 

battery. 

3 -NOTE DOOR CHIME 
Based 

on 
components, IC the kit includes all 

o 
loudspeaker, 

PCB, pre- drilledsUue box (95x 71 x 35mml and full in- 
structions. Requires 

a 9V battery and 
OrderasXK10OJECT FOR BE- 

GINNERS.2. 
£5.50 

DIGITAL MULTIMETER / 

STOCKING FILLERS All full spec. branded devices. 

PACK (1) 650 Resistors 47 ohm to 10Mohrri - 10 per value £4.00 
PACK (21 40 x 16V Electrolytic Capacitors 10hF to 10001F £3.25 
PACK 131 60 Polyester Capacitors 0.01 to 1pF/250V -5 per value £5.55 
PACK (4) 45 Sub -miniature Presets 100 ohm to 1 Mohm -5 per value £2.90 
PACK (5) 30 Low Profile IC Sockets 8, 14, and 16 pin - 10 of each £2.40 
PACK (6) 25 Red LEDs (5mm dia.) £1.50 

These kits are designed to enable infra- 
red remote control to be incorporated into 
virtually any application from switching 
car locks or alarms to controlling Hi-Fi or 
TV. The application will determine the 
interface 'circuitry between the receiver 
and the controlled device. General in- 
structions and applications are supplied. 
The kits are coded and provide a high 
dearee of security and noise immunity. 
MK 18 Transmitter Kit - for use with 
MK11 /MK 12 receivers. Requires PP3 bat- 
tery. Size: 8 x 2 x 13cros. Range approx. 
60 ft. E6.80 
Keyboards for MK 18 
MK9 4 -way for use with MK 12 £1.90 
MK10 16 -way for use with MK12 £5.40 
MK13 11 -way for use with MK11 E4.35 
MK11 Receiver Kit - mains powered. 
Provides 10 latched plus 3 analogue out- 
puts ideal for controlling audio amplifiers, 
TV or lighting where control of light 
brightness is required. £13.50 
MK14 AC Power Controller Kit - for 
(phase) controlling AC loads from MK11 
analogue outputs, eg lamp dimming. 

£5.20 

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

£10.70 

MK12 Receiver Kit - mains powered 
with 16 latched or momentary outputs. 
Latched version is for applications re- 
quiring one output on at a time, eg TV 
channel selection. Momentary type gives 
an output only during transmission. Lines 
may be latched as required. 
Size: 9 x 4 x 2cms. £13.50 

MK15 Dual Latched Solid State Relay - 
for switching mains loads such as lamps, 
TVs, etc, from the outputs of the MK12 
(momentary). 15 items may be switched 
independently using 8 MK 15s, Triacs (not 
supplied) switch at mains zero to reduce 
interference. £4.50 

ELECTRONICS 
11-13 Boston Road 

London W7 3SJ 
ORDERS ENQUIRIES 

01-567 8910 01-579 9794 
01-579 2842 TECHNICAL AFTER 3pm 

Designed to con- 
trol 4 outputs 
independently 
switching on and 
off at preset times 
over a 7 -day - -- --- 

cycle. LED dis- 
play of time and day, easily programmed 
via 20 -way keyboard. Ideal for central 
heating control (including different 
switching times for weekends). Battery 
back-up circuit. Includes box. 
18 time settings. 

CT6000K £39.00 

XK 114. Relay Kit for CT6000 
includes PCB, connectors and 
one relay. Will accept up to 4 
relays. 3A/240V c/o contacts 

701 115 Additional Relays 

£3.90 

£1.65 

ELECTRONIC LOCK KIT 
With hundreds of uses indoors, garages, 
car anti -theft devices, electronic equip- 
ment, etc. Only the correct easily 
changed four -digit code will open it! Re- 
quires a 5-15V DC supply. Output 
750mA. Fits into standard electrical wall 
box. 
Complete kit (except front panel) 
XK 101 £11.50 
Electric Lock Mechanism for use with 
existing door locks and the above kit. 
(Requires relay.) 12V AC/DC coil. 
(701 150) £14,95 

HOME LIGHTING KITS 
These kits are 
designed to 
replace a stan- 
dard wall switch 
to control up to 
300w of lighting. 

TDR300K Remote Controlled' 
Light Dimmer £14.95 

MK6 Transmitter for 
above £4.50 

TD300K Touch Dimmer £7.75 

TS300K Touch Switch £7.75 

TDEIK 2 -way extension 
for above kits £2.50 

LD300K Rotary controlled 
Light Dimmer £3.95 

DISCO LIGHTING KITS 

01.1000K - This value -for -money 4 -way 
chaser features bi-directional sequence 
and dimming. 1kW per channel. £15.95 
DLZ1000K - A lower cost uni -directional 
version of the above. Zero switching to 
reduce interference. £8.95 
Optional opto input allowing audio 'beat'/ 
light response IDLA/1I 70p 
DL3000K - 3 -channel sound to light kit 
features zero voltage switching, auto- 
matic level control and built-in micro- 
phone. 1kW per channel. £12.95 

OTHER KITS 

CT1000K Clock/Timer £14.90 
CTi000KB Clock/Timer + Box £17.40 
XK126 DVM/Thermometer £15.50 
MKI Thermostat £4.60 
MK2 Solid State Relay E2.60 
MK4 Temperature Control £6.50 
MK5 Mains Timer £6.50 
MK6 Infra Red Transmitter £4.50 
MK7 Infra Red Receiver £10.50 
All kits include PCBs, components and 
assembly instructions. 
For further details send S.A.E. 

CLOcrt tOWER® 
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LOOK! 
UNBEATABLE VALUE 

TANDON 53/4 THIN LINE FLOPPY DISK DRIVES 
SINGLE SIDED DOUBLE DENSITY 8100 
DOUBLE SIDED DOUBLE DENSITY 8130 

BRAND NEW 

DON'T DELAY - 
ORDER TODAY! 

N.P. SPECTRUM ANALYSER 6551A 10MH2.12.40H2 with P.O.A. 

851B display 

TEK/55 Dual Trace 50MHZ Delay Sweep .... ... C650 

GOULD OS 3500 Dual Trace 60MHZ Delay Sweep C600 

OSCILLOSCOPES 

2 TEK 454 Dual Trace 150 MHZ Delay Sweep C100 

6 TELEOUIPMENT 083 Dual Trace 50MHZ Delay Sweep £400 

7 TEK 453 Dual Trace 50MHZ Delay Sweep £375 

9 COSSOR 4100 Dual Trace 75MHZ Delay Sweep £375 

10 SOLARTRON CD1740 Dual Trace 50MHZ Dual TB . C250 

14 TEK 585A Dual Trace 85MHZ Dual T8 Delay Sweep £200 

15 COSSOR COU 150 Dual Trace 35NHZ Delay TB C200 

17 SELABS SM111 Dual Trace 20MHZ 0290 

23 SOLARTRON CD1400 Dual Beam 15MHZ T100 

STORAGE OSCILLOSCOPES 

35 TELEOUIPMENT DM64 Dual Trace 10MHZ £350 

36 TEK 564 Dual Trace 10MHZ Delay Sweep £275 

37 TEK Spectrum Analyser 50112-36MHZ 547 
Mainframe! ILS and IL10 plug In units. P.O.A. £700 

10 TELEOUIPMENT CT71 CURVE TRACER [400 

42 H.P. SHE SIG GEN 6208 7-11 GHZ 0350 

46 H.P. UHF SIG GEN 6125 450-1230MHZ C200 

50 MARCONI AM/FM Sig Gen TF2008 10KH-510MHZ _ £1250 

52 MARCONI AM/FM Sig Gen TF10668/5 10-470 MHZ C325 

59 MARCONI AM/FM Sig Gen TF995AI21.5-220MHZ £250 

62 MARCONI VHF Sig Gen TF1064815M 68-108;118-185;450- 

470MHZ £110 

63 MARCONI OUTPUT TEST SET TF 1065 for use with TF1064 & 

TF995 range Sig Gens C75 

66 ADVANCE AM Sig Gen E2 100KHZ-100MHZ C40 

72 TEK Constant Amplitude Sig Gen 1908 350KHZI50MHZ £100 

74 MARCONI WIDE RANGE OSC TF-1370410HZ to 
10MHZ aine and square 195 

W WAYNE KERR AF Sig Gen 5121 10HZ-120KHZ £40 

87 H.P. Pulse Gen 211A 10HZ-1 MHZ 5250 

89 EH PULSE GEN 139L 1KHZ-20MHZ Single/Double Pulse 1200 

99 TEK TIME MARK GEN 180 f40 

102 BONTOON 0 METER 260A 50KHZ-50MHZ £250 

104 MARCONI O METER TF329G 50KHZ-50MHZ C150 

106 MARCONI UNIVERSAL BRIDGE TF1313 0.25% £200 

108 MARCONI INSITU UNIVERSAL BRIDGE TF2701. Battery 

Operated í300 

109 Wayne Kerr Autobalance Component Bridge 8421 í250 

114 Wayne Kerr Component Bridge 0521 (CT375) L 100uH- 

5006H, C1pF-5F; R1 milliohm-1000Mohm C35 

117 Wayne Kerr VHF Admittance Bridge B801 with Source S161 

& Detector R161 G00 

119 MARCONI AM/FM Mod Meter TF23005 2-100MHZ £375 

123 AIRMEC MOD METER AM/FM type 210 5.300MHZ _ . 195 

121 MARCONI RF MILLIVOLTMETER TF2603 5OKHZ-1500MHZ 

ImV-3VFSO £375 

125 MARCONI ELECTRONIC VOLTMETER TF260420HZ- 

1500MHZ AC/DC/Ohms AC300mV-300V FSD. DC 200mV- 

1KV FSD 5175 

144 AVO MULTIMETER Model 7 P&P f7 120 

146 AVO MULTIMETER Model 8 P&P f7 £45 

152 MULTIMETER U4324 33 switched ranges 20K Ohm per volt 

Compte with leads 6 battery. Brand New. One year guarantee 

P&P f4 C16 

160 FARNELL STAB PSU TSV30/5 0-30V 5k Current Smiting 

Metered C65 

161 FARNELL STAB PSU TSV30/2 0-300 2A Current limiting 

metered 150 

163 ROBAND VARECO PSU type 33-2 0-33V 2A Current limiting 

metered fin current production) C100 

169 KINGSHILL STAB PSU Model 500 0-600 0.5A. Current 

limiting Metered P&P f7 GO 

180 BRANDENBURGH PHOTOMULTIPLIER PSU 47R 10-2100V 

5mA Metered 0200 

190 VOLTER PSU Model 82-635 +/- 5V; +12V, +24V High 

current un -used C15 

191 AC/OC ELECTRONICS PSU MODULE 251 50 20+1-12V 0.4A 

Un -used P&P f 3 £15 

206 B6K LEVEL RECORDER 2305 ía00 

209 86K MEASURING AMPLIFIER 2606 2HZ-200KHZ C600 

210 BMK BAND PASS FILTER SET Octave 6 3rd Octave 

Weighing Networks ASCO £550 

211 86K DIGITAL EVENT RECORDER 7502 01,500 

225 OAWE OCTAVE BAND SOUND LEVEL METER type6419c íI50 

281 H.P. LOGICSTATIC ANALYSER 1602A £450 

286 AVO VALUE CHARACTERISTIC METER VCM 163 £275 

293 MARCONI AF POWER METER TF893A £75 

297 MARCONI DIFFERENTIAL DC VOLTMETER TF2606 

0-1100V 1225 

300 RUS POLYSKOP SWO81 BN 4244/2/50 1350 

Alm IS stock NEW OSCILLOSCOPES, MULTIMETERS etc. 

THIS IS A VERY SMALL SAMPLE OF STOCK, SAE or Telephone 

far LISTS 

Please check availability hehre ordering. Carriage all units 

£10 VAT to be added N Total 01 semis S Carnage. 

STEWART OF READING 
Etti 110 WYKENAM ROAD, READING, BERGS ROO 1 PL 

Telephone: 0734 60041 
Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive 

TOROIDALS 

FOR QUALITY COMPONENTS 
BY MAIL ORDER 

C - 
,C CCT Ir-VALL, L 

FREE 
44 PAGE 
PRICED AND 
ILLUSTRATED 
CATALOGUE 
ON REQUEST 

ELECTROVALUE LTD 28 St. Jude's Road, Englefield Green, Egham, 

Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475 

North Branch, 680 Burnage Lane, Manchester M19 1NA 

Phone 061 432 4945 
Please mention this publication when replying 

The toroidal transformer is now accepted as the standard in industry, 
overtaking the obsolete laminated type. Industry has been quick to 
recognise the advantages toroidals offer in size, weight, lower radiated 
field and, thanks to I.L.P., PRICE. 

Our large standard range is complemented by our SPECIAL DESIGN 
section which can otter a prototype service within 14 DAYS together 
with a.short lead time on quantity orders which can be programmed to 

your requirements with no price penalty 

STEEL DISHED 
WASHER 

OUTER 
INSULATION 

SECONDARY 
WINDING 

INSULATION 

PRIMARY 
WINDING 

CORE 

END CAPS 

NEOPRENE 
WASHERS 

15 VA 
62 x 34mm 0.35Kg 

Regulation 19% 

SERIES SECONDARY RIOS 

No Vota Current 

0x010 6+6 1 15 
0x011 9+9 083 
0x012 12+12 0.63 
00013 15+15 0 50 
0x014 18+18 0 42 
0,015 22+22 0 34 
0,016 25+25 030 
0417 30+30 025 

(encased in ABS plastic) 
30 VA 

70 x 30mm 0.45Kg 
Regulation 18% 

1.010 
lx011 
1,012 
1.013 
1.014 
1,015 
1,016 
1,017 

6+6 
9+9 

12+12 
15+15 
18+18 
22+22 
25+25 
30+30 

2 50 
1 66 
1 25 
1 00 
0 83 
0 68 
0 60 
0 50 

50 VA 
80 x 35mm 0.9Kg 

Regulation 13% 

2+010 6+6 416 
2,011 9+9 2 77 

2,012 12+12 2 08 
2+013 15+15 166 
2,014 18+18 1.38 
2,015 22.22 113 
2,016 25+25 100 
2,017 30+30 0 83 
2+028 110 0 45 
2,029 220 0 22 
2,030 240 0 20 

BO VA 
90x30mm 1Kg 

Regulation 12% 

3,010 6+6 6 64 
3,011 9.9 4 44 
3.:012 12+12 333 
3,013 15+15 266 
3,014 18+18 2 22 
3,015 22+22 181 
3,016 25+25 1 60 
3,017 30+30 1.33 
3+028 110 0 72 

3,029 220 0,36 
3,030 240 0 33 

120 VA 
90 x 40mm 1.2Kg 

Regulation 11% 

4,010 
4,011 
4,012 
4,013 
4,044 
4,015 
4,016 
4,017 
4,018 
4,028 
4,029 
4,030 

6+6 1000 
9+9 6 66 

12+12 500 
15.15 400 
18+18 333 
22+22 2 72 
25+25 2 40 
30+30 200 
35+35 1 71 

110 1 09 
220 0 54 
240 0 50 

160 VA 
110 x 40mm 1.8Kg 

Regulation 8% 

5+011 9+9 8 89 
12+12 666 
15+15 533 
18+18 444 
22+22 3 63 
25+25 3 20 
30+30 2 66 
35+35 2 28 
40+40 2 00 

110 1 45 
220 0 72 
240 0 66 

5,012 
5,013 
5,014 
5,015 
5,016 
5,017 
5,018 
5,026 
5,028 
5,029 
5,030 

225 VA 
110 x 45mm 2.2Kg 

Regulation 7% 

6,012 12+12 9 38 
6+013 15+15 750 
6,014 18+18 625 
6,015 22+22 511 
6+016 25+25 4.50 
6+017 30+30 3 75 

6,018 35+35 3 21 

6+026 40+40 2 81 

6+025 45+45 2 50 
6+033 50+50 2 25 
6+028 110 2 04 
6+029 220 1 02 
6+030 240 0 93 

300 VA 
110 x 50mm 2.6Kg 

Regulation 6% 

7,013 15+15 10 00 
7+014 18+18 833 
7,015 22+22 6 82 
7,016 25+25 6 00 
7,017 30+30 5 00 
7,018 35+35 4 28 
7x026 40+40 3 75 
7+025 45+45 3 33 
7,033 50+50 3 00 
7,028 110 2 72 
7+029 220 1 36 
7+030 240 1 25 

500 VA 
140 x 60mm 4Kg 

Regulation 4% 

8016 25+25 10 00 

8+017 30+30 8 33 

8+018 35+35 714 
8,026 40+40 6 25 

8,025 45+45 5 55 
8+033 50+50 500 
8+042 55+55 4 54 

8,028 110 4 54 

8x029 220 2 27 
8x030 240 2 08 

625 VA 
140 x 75'mm 5Kg 

Regulation 4% 

9,017 
9,018 
9,026 
9+025 
9.033 
9,042 
9,028 
9+029 
9,030 

30+30 
35+35 
40+40 
45+45 
50+50 
55+55 

110 
220 
240 

1041 
892 
781 
6 94 
6 25 
5 68 
568 
284 
2 60 

Why a Torpid? 
Smaller size & weight to meet 

modern 'sl iml i ne' requirements. 
* Low electrically induced 
noise demanded by compact 
equipment. 
w High efficiency enabling, 
conservative rating whilst main- 
taining size advantages. 
w Lower operating temperature. 

Why ILP? 

Ex stock delivery for 
standard 240v range. 
" Fast prototype service 
available. 

3 weeks despatch for 
special orders. 
* 2 year no quibble 
guarantee. 
* No price penalty for call -off 
orders. 

Prices including PAP and VAT 

VA Size £ VA Size £ 
15 0 7.06 160 5 12.17 
30 1 7.67 225 6 13.75 
50 2 8.90 300 7 14.97 
80 3 10.06 500 8 19.60 
120 4 10.65 625 9 22.30 
For 110V primary insert "O" in place of "X" in typa 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. 
IMPORTANT: Regulation - All volteaes quoted are FULL LOAD. 
Plea» add regulation figure to secondary voltage to obtain off load college. 

Mail Order - Plea e make your crossed 
cheques or postal orders payable to I LP 
Electronics Ltd. 
Trade - We will open your credit account 
immediately upon receipt of your first 
order. 

VISA 

Post to: ILP Electronics Ltd., Dept. 2' 

Graham Bell House, Roper Close, 
Canterbury, Kent. CT2 7EP 
Tel: (0227) 454778 Telex: 965780 

IL IF' 
ELECTRÒNICS LTD.. 
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TV. SOUND TUNER 
SERIES II BUILT AND TESTED Complete with case. £26,50 +£2,00 p&p. 

TV companies do their 
best to transmit the high. 
est quality sound. Given 
this background a com- 
pact and independent 
TV tuner that connects 
direct to your Hi-Fi is a 

mutt for quality repro- 
duction. The unit is mains - 
operated. This TV SOUND 
TUNER offers full UHF coverage Also available with built-in headphone 
with 5 pm -selected tuning controls- amp. ONLY £32.50 + £2.00 p&p. 
It can also be used in conjunction with your video recorder. Dimensions: 1014"x714"x2%". 
E.T.I. kit version of above without chassis, case and hardware £16.20 plus £1.50 p&p. 

HI-FI SPEAKER BARGAINS 

blit 
TOKUDEN - 8", 8 ohm full range TAW twin 
cone speaker. £3.50 + £1.10 p&p 
GOODMANS - 7" 60W Bass/Mid. speaker. 
8 ohm impedance. Freq. res.: 40 - 6,000 Hz. 
4''/a"x%" magnet. £14.95 + £1.75 p&p. 
455" 25W Bass/Mid. speaker. 4 ohm impedance 
With rolled surround. £4.95 + £1.50 p&p 
Tweeters: 8 ohm soft dome radiator type. 
(3%"sq.) For use in systems up to 40 watts. 
£3.95 ea. + £1 p&p or £6.95 pr. + £1.50 p&p 
EAGLE - Full range 8" 20W, 8ohm, Twin 
cone with rolled surround. £6.95 +£2.20 p&p. 
Full range 614" 15W, 8ohm. Twin cone with 
rolled surround. £5.95 +£2.20 p&p. 
Full range 4"8W, 8 ohm With rolled surround. 
£4.95 +£1.50 p&p. 

PE STEREO CASSETTE 
RECORDER KIT 

Noise Reductmn System 
Auto Slap Tape Gaunter Sw,tchan.. E.Q. 
Independent Level Contrais Twin V Meter Wow & 
Flutter 01% Record/Playback I w:tn Elecuonic 
Sw cbing uIiy Variable Ftecord,ng e,as fo, Accurate 
Me chin got all Merci, uo Q de, etc, 

e include: lapee 

rpes. 
transport meaner aim, ready punched and 

book panted maint 

iboard 

ana an p ans 

5adors, stors sapa,tns, hardware 

soi anared 
and mans transformer only supply lyde 

hook-up w 
Featured in April e P E reprint 50p Free w,th kit 
04.50 , E2 75 ehe Complete w,th case. 

125W HIGH POWER 
AMP MODULES 
The power amp kit is a module for high 
power applications - disco units, guitar amplif- 
iers, public address systems and even high 
power domestic systems. The unit is protected 
against short circuiting of the load and is safe 
in an open circuit condition. A large safety 
margin exists by use of generously rated corn- 
ponents, result, a high powered rugged unit. 
The PC board is back printed, etched and 
ready to drill for ease of construction and the 
aluminium chassis es preformed and ready to 
use. Supplied with all parts, circuit diagrams 
and instructions. 
Accessories: Stereo mains power supply kit with 
trans. £10.500 £2p&p. Mono: £7.50 e £2p&p. 

SPECIFICATIONS: -- 
Max. output power IRMS1. 125 W. Operating 
voltage (DC). 50 - 80 max. Loads 4 16 ohm. 
Frequency response measured Ca 100 watts 
25Hz - 20KHz. Sensitivity for 100w 40omV 
a 47K. Typical T H.D. @ 50 watts, 4 ohms. 
0.1%, Dimensions: 205x90 and 190x36mm, 

KIT £12.00 BUILT £17.50 
+E1. 15 P&P. ,/ £1. 15 p&p. 

STOCK CLEARANCE 
(Trade enquiries welcome) 

IC regulated P.S.U. utilising (Motorola 
MC 7818 CT) 
All components inc. mains transformer are 
mounted on a 4"x235" P.C.B. Input 220/ 
240 AC, output 18V DC @ 350mA. Very 
low ripple & short-circuit protected. 
Ready built £2.75p + ,50p P&P. 
Miniature maintransformers- 
sec: 6 - 0 - 6 V @ 4 VA PR1: 220/240V 
4 for £2.50p + ,50P P&P, 
6V mains adaptor 
13 amp plug-in type Flying lead 
output with 2.1 mm female plug. Max. 
output 150mA D.C. 
£2.00p + ,50P P&P. 
Stabilised 9V mains adaptor 
Fully encapsulated with flying mains & out- 
put leads. Max, output: 200mA D.C. 
Size 2r/."x 2'/<"x 2- approx. 
E2.40p + .50e P&P. 
P.C.B. copper laminate: Single sided 
16"u14" - 1/16" thick. £1.30p + .50P P&P. 
Ready built Audio modules by MULLARD 
LP 1183 Stereo preamp module suitable for 
ceramic p,u., radio/aux. inputs. Direct tag - 
out connections to bass, treble & level con- 
trols. Supply 18-24V D.C. P.C.B. size 
3'/."x 3'G". £1,00p + .50p P&P. 
LP 1184 as above, but with magnetic p.u. 
input. Size 43(J"x 4" Maros - 
£1.50p + .50e P&P. 
LP 1173 10W into 4 ohm Discrete power 
amp module. Supply 24V D.C. Size 
4'/a"x 2Y."x 1" E2.95p + .50p P&P, 
2N3055 FERRANTI Power Transistors 
4 for £1.25p +,.50p P&P, 
TBA 800 SGS/ATES 7 watt audio IC 
2 for £1.00p + .200 P&P. 
SONOTONE KS40a/3509 Stereo Ceramic 
Cartridge. £2.95p + .50p P&P. 

PAIR 10W SPEAKERS 
Incorporates 455" 10 watt 
speaker. Finished in teak veneer 
simulate. Built, ready to use. 
Ideal extension spkrs. 12'/ x 
7%x4% ins. £14.95 +£1.75 p&p. 

STEREO TUNER KIT 
SPECIAL 
OFFER! 

£13.95 
+£2.50 p&p. 

This easy to build 3 band stereo AM/FM tuner 
kit is designed in conjunction with PE (July 81) 
For ease of construction and alignment it 
incorporates three Mullard modules and an 
I.C. IF System. Front scale size 10%"x2'/a" 
approx. With diagram and instructions. 

MONO MIXER AMP 
Ideal for 
halls and 
clubs. 

£45.00 
+ £2 p&p. 
50 Watt, six individually mixed inputs for 2 
pickups (Cer. or mag), 2 moving coil micro- 
phones and 2 auxiliary for tape tuner, organs 
etc. Eight slider controls 6 for level and 2 
for master bass and treble, 4 extra treble 
controls for mic. and aux, inputs. Size, 
13'%"x6'%"x34"app. Power output 50 W 
RMS (cons.) for use with 4 to 8 ohm 
speakers. Attractive black vinyl case with 
matching fascia and knobs. Ready to use. 

All mail to: 21E HIGH ST, ACTON W3 6NG 
Callers: Mon - Sat 9.30 - 5.30. Half day Wed. 
ACCESS phone orders on 01-992 8430. 
Note Goods despatched to U K. postal addresses only. 
All Items subject to availability. Prices correct at 
31/9/84 and subject to change without notice. 
Please allow 14 working days from receipt of order 
for despatch, RTVC Limited reserve the right to up 
date their products without notice- All enquiries send 
S.Q.E, Telephone or mail orders by ACCESS welcome. 

CALLERS TO' 323 EDGWARE ROAD, 
LONDON W2. 
(5 minutes walk from Edgwa1 e Road Tube Station) 
Now open 6 days a week 9 -5.30. PI ices include VAT. 

R r 

ti 

FIND YOUR WAY 
:THROUGH THE DIGITAL: 

ELECTRONICS MAZE 

First there was 
SUPERKIT 

and now aaa 

.:SUPERKIT II 
This practical self -instruction kit has been developed to extend the 
original beginners' SUPERKIT. SUPERKIT II includes an instruction 
manual and many more components, enabling you to design and use 

: adders, subtractors, counters (ripple, up/down, synchronous, decade 
and Gray code), registers, pattern recognisers and 7 -segment displays. 
You need the board and components from SUPERKIT to enable you to 
build the circuits in SUPERKIT II- Together the two kits provide an 
excellent introduction to digital electronics - what really goes on 
inside a computer. 

SUPERKIT (SUP) £22.00 SUPERKIT II (SUP II) £15.00 
Spacial prie £35.00 for both (SUP + II) (inc. VAT and p 6 p) 
The SUPERKIT series is backed by our theory courses, DIGITAL 
COMPUTER LOGIC (beginners' course), which covers the design of 
logical circuits, and DIGITAL COMPUTER DESIGN (more advanced), 
which covers the design of digital computers. MICROPROCESSORS 
AND MICROELECTRONICS teaches you what a microprocessor is 

and what it can do. 

DIGITAL COMPUTER LOGIC (DCL) £7.00 
DIGITAL COMPUTER DESIGN (DCD) £9.60 
MICROPROCESSORS AND MICROELECTRONICS (MIC) £6.60 

Please send for full information on these and our other courses. 
GUARANTEE Ifyou are not completely tely satisfied,return the item t us 28 daysfOra1 full 
refund. All prices include worldwide surface postage (ask for prepayment invoice for airmail). 
Alfow28 days for delivery in UK. Overseas payment by International credit card or by bank draft 
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Name 

Please send for full information on these and our other courses. 
GUARANTEE Ifyou are not completely tely satisfied,return the item t us 28 daysfOra1 full 
refund. All prices include worldwide surface postage (ask for prepayment invoice for airmail). 
Alfow28 days for delivery in UK. Overseas payment by International credit card or by bank draft 

Address 

Name 

Signature 

Address 

CAMBRIDGE 
LEARNING 

Signature 

Unit 16, Rivermill Site, FREEPOST, 
St Ives, Cambs PE17 4BR, England. 

CAMBRIDGE 
LEARNING 

ÇI, 

Unit 16, Rivermill Site, FREEPOST, 
St Ives, Cambs PE17 4BR, England. 
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DRAM BOARD 
UPDATE 
Ahh! Doesn't it take you back to the balmy days of September 
1983 when ETI first published its 64K DRAM board? The sheer 
technical excellence of the design, the excitement as you 
completed your very own memory card, the horror when you 
found it din't work. Never mind, says Phil Walker, memories are 
re -made like this.... 

n September 1983 we ran a 

design for a 64K DRAM board to 
connect to the Microtan 65 

system or indeed any 6502 
processor system. Although the 
original worked satisfactorily we 
received a number of letters from 
readers who could not get theirs to 
work. At first it looked as though 
there was a faulty batch of the 
74LS608 controller chip around 
which the design was based but 
after a while it became apparent 
that it was "a problem device". 

To overcome the shortcomings 
of the original design and to 
simultaneously incorporate some 
new features, last month's 
Experimenter's DRAM Card was 
designed. This removed the need 
for special ICs by using standard 
components. The only unusual 
items were the 4416 16K x 4 bit 
dynamic RAMs which were used 
because they allowed the PCB to be 
only partially populated when a 

significant proportion of the 
address space was not required. 

Once this board was working on 
the author's 6502 system - which 
runs at 1.25MHz, a little faster than 
the tangerine - it seemed 
reasonable that we should go back 
and do something for all those 
people who had built the 1983 
project. To this end we have 
designed a small PCB which 
contains all the necessary control 
logic to replace both the 74LS608 
and two other devices on the 
original board. 

This PCB is mounted 'piggy- 
back' fashion on the PCB once all 
the original control ICs and timing 
components have been removed. 

All the original features relating to 
address space allocation are 
retained and the same PROM can 
be used. One thing which may be 
of interest to non -Tangerine users 
is that there is no longer any need 
for the 91 signal to be provided as 

all timing is taken from the edges of 
the 92 signal. 

The Circuit 

This is identical in most respects 
to the control logic in last month's 
project. One significant difference 
is that the incoming select signal 
from the PROM is high to enable 
rather than low. However, since 

HOW IT WORKS 

This is very much the same as for last 
month's Experimenter's DRAM Card 
project but we shall go through it 
briefly in relation to the original design. 

All timing is performed relative to 
the rising and falling edges of the 4'2 
signal from the 6502 processor. 92 is 

buffered by IC22a and by means of the 
delays in IC22b, C21 and 22. IC23 is 

triggered on both edges of 02 to 
produce the RAS pulse. The width of 
this puke is controlled by RV21 in 
conjunction with C23 and R23. 

A delayed version of the RAS signal 
is used as the MUX signal to operate 
the row/column address multiplexers. 
Shortly after this IC24a is clocked, and if 
92 is currently high and the inverted SEL 

line is low, the CAS output will go low 
and stay low until 92 goes low at the 
end of the processor access period. This 
keeps the data at the outputs available 
for longer when a read cycle is 

required. If 92 was low then the CAS 
output will stay high and a refresh 
operation will occur. 

If all other conditions for a 

processor access cycle have been 
satisfied, to write data to memory the 
RAN line will be low. This condition is 

gated with the state of the inverted 92 
signal in IC22c and with the MUX signal 
in IC22d. This ensures that the WE low 
condition is only asserted at the 

requisite time. 
At the end of each RAS pulse IC24b 

is clocked to sample the state of the 92 
signal. The outputs of IC24b are used to 
enable and disable the address buffers 
and allow the processor or refresh 
addresses onto the memory chip 
address pins at the appropriate times. 
Doing it this way rather than with the91 
and 92 clock signals allows more 
settling time for the buffers and the 
refresh address counter before the RAS 
strobe occurs to start the next 
operation. 

The last piece of circuitry to 
describe is the power -on -reset. This is 
produced by IC1b and c together with 
C25 and R21. D21 allows C25 to 
discharge rapidly when the power is 
turned off. By means of this circuit, 
IC23 and 24b are held in a defined state 
for a short while after power is applied. 
This allows the internal circuitry of the 
memories to become operational. This 
operation is required when power is 

applied, not when the processor is 

reset. Note also that eight RAS only 
cycles should by performed after the 
power -on -reset before the memories 
are fully operational. However this will 
usually be taken up by the system 
initialisation routines reading from 
ROM. 
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PROJECT 

SKB PIN 11 D 4 

SKB PIN 13 13 
SEL 

(FROM PROM) TP SEL 
IC218 

SKB PINS 45,12 
02 

TP 02 5 IC22a 

C23 R23 11921 

27p 5k6 10k 

+5V 

11 13 D22 

10 

IC22b) 

C21 rC22 
100pT 

3 
O 

R22 I 4 IC23 

470R 

5 

+5V 

R26 
2k2 

IC22c 
3 12 

13 

14 
2 

O 
TP CAS 

o 
TP R/C-Y 

SKA PIN g 
CAS 

SKA PIN 3 

KIW 

SKA PIN 5 
IC22d 11 0 " WE 

TP WE 

IC2te 

RV22 R24 C24 

4k7 

IC21c 

Fig. 1 Circuit diagram of the new control logic. 

there is no G pin on the 4164 
devices, the inverter which 
previously provided this signal can 
now be used to invert the SEL line 
and enable the data buffer at the 
appropriate time. 

02 

IC21 PIN 6 

IC21 PIN 8 

IC23 PIN 2 

IC24 PIN 1 

MUX 

CAS 

WE 

NOTE: 
IC21 = 74LS14 
IC22 = 74LS32 
IC23 = 74LS122 
IC24 = 74LS74 
D21 1N4148 
D22 = OA91 

470R 100p 

+5V 

R25 
2k2 
10 

S 
D O 

IC24b 

SPA PIN 11' 

O MUX 
TP MUX 

SEA PIN 7 
O -A-S 

TP 

913 

SKA PIN 14 

SKA PIN 18 
C26 it c27 C28I 
18VT100nT100ni 

PIN 14 
IC21-24 
PIN 7 

SKA PIN 7 

SKA PIN 8 I 

Thé other difference is in the 
WE circuitry. The lack of the G pin 
on the 4164 means that, if we want 
to connect the data - in and data - 
out pins of the memory chips to the 
same data bus as in the original 

IRV1 + R23) IC23 

- HlRV221 

(100nS MINI 

ii I (IC24e + IC22b) I 

(RV22+ R241/C24 

PROCESSOR 
ADDRESS IC22 PIN 9 

ENABLE 

REFRESH 
ADDRESS IC22 PIN 8 

ENABLE 

REFRESH 
COUNTER IC1 
OUTPUTS 

(IF SEL IS HIGH) 

IC21d 

(IF R/W IS LOW) 

Fig. 2 Timing diagram for the control logic showing how all of the signals are 
derived from 92. 

SKB PIN n 

-0E P2'7 
PROCESOR 
ADDRESS 

SKB PIN8 
OE ("On 1 

REFRESH 
ADDRESS 

design, the write cycle must be the 
so-called 'early write' detailed in 
the data sheet. This requires that 
the WE signal go low before the 
CAS signal goes low. If this is not 
done the data outputs of the 
memory chips will become active 
and may try to drive the data bus 
into a state opposite to that of the 
bus buffer. 

Construction 

Construction of the PCB itself is 
quite straightforward. Remember 
that there are four wire links to be 
inserted as this is a single sided 
board. If height is likely to be a 
problem then solder the ICs 
directly into the PCB but otherwise 
use sockets. The other components 
are simple to install but the usual 
care should be taken to get 
polarities correct. 

Assembly onto the main board 
should be postponed until the add- 
on board has been tested. You will 
need access to a signal generator 
giving a 1MHz TTL compatible 
square wave signal and an 
oscilloscope with which to see the 
results. 

Connect a suitable +5V supply 
to the board and check that the 
current drawn is not more than 
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TP 

TP NM - 

TP '.: 

TP +5V 

iit 

....;4, 

1 
CUT AND INK HERE 

IF NECESSARY 

100mA or so. Connect the SEL 
testpoint to OV and a 1MHz square 
wave TTL compatible signal to the 
92 test point and monitor the 
signals on the RAS, CAS and WE 
test points. Only RAS should show 
any activity at this stage and its low 
time should be set to about 300ns 
by means of RV21 (one half to 
three-quarters clockwise rotation). 
Both the CAS and WE signals 
should be high. A worthwhile 
check at this stage is to see that SKB 
pins 6 and 9 are switching at the 
same rate as the 92 signal but phase 
shifted from it. Also check that the 
MUX signal at SKA pin 11 is similar 
to the RAS signal but slightly 
delayed from it (RV22 should be set 
to approximately one quarter of its 
clockwise rotation). Note that the 
RAS and MUX signals are at twice 
the 92 frequency. 

So far we have checked that 
IC21e, 22a & b, 23 and 24b are 
working. Now set the SEL test point 
to +5V, or just open circuit the link 
you previously inserted, and check 
that the CAS test point shows low 
pulses but only while 92 is high. The 
RAS to CAS delay time can be 
adjusted by means of RV22 if 
required but will only be critical if 
you have a slow processor. 

There are only two other sec- 
tions to check. Monitor the WE out- 
put and check that, with the R/W 

i 

Fig. 3 Component 
overlay of the PCB. 

input open circuit or logic high, this 
output is also permanently high. 
Applying a logic low or OV signal to 
the input should cause the WE 
output to produce a series of low 
pulses, at the same rate as92 but 
with the same width as the MUX 
low signal. The WE pulses should 
only occur when 92 is high. 

The last thing to check is the 
power -on -reset. If possible, 
monitor the RES test point and the 
voltage across C25. Temporarily 
short circuit C25 and check that the 
test point stays high for a few 
milliseconds after the short is 

removed. 
By now you should have a fully 

tested board and will be ready to 
connect it to the original DRAM. 
First disconnect all the wires you 
used in the testing phase and 
connect 22 SWG tinned copper 
wires to the SKA and B positions. 
Cut these off flush with the top side 
of the board but leave them about 
25mm (1 inch) long on the wiring 
side. 

Next remove IC16, 17 and 18 
from the original PCB together with 
their sockets and R1 to 6, C1 to 6 
and D1 to 3. If you have not 
corrected the original PCBs you 
should now connect IC1 pins 2 
and 12 to OV, IC3 pin 9 to IC4 pin 9 
and the tracks going to EC2a and 2b 
to EC3a and 3b respectively instead. 

PARTS LIST 

RESISTORS (1/4 watt 5% carbon film) 

R21 10k 
R22, 24 
R23 
R25, 26 
RV21 

RV22 

470R 
5k6 
2k2 
10k miniature horizontal 
preset 
4k7 miniature horizontal 
preset 

CAPACITORS 

C21,22,24 100p silver mica or 
polyestyrene 

C23 27p silver mica or 
polystyrene 

C25 10u 16V tantalum bead 
C26 100u 6V tantalum bead 
C27, 28 100n ceramic disc 

SEMICONDUCTORS 

IC21 
IC22 
IC23 
IC24 
D21 
D22 

74LS14 
74LS32 
74LS122 
74LS74 
1N4148 
OA91 

MISCELLANEOUS 
PCB; 4 off 14 pin DIL Sockets if 
required; thin sheet of insulating 
material. 

In order to fit the PCB into the 
Microtan rack we found it 
necessary to remove C7 and trim 
the through -board link near IC1 
pin 14. 

Having done all necessary 
corrections, the time has come to 
put the two PCBs together. First 
remove all of the ICs from both 
boards and put some thin insulating 
sheet under the new PCB to 
prevent shorts to tracks on the top 
of the old board. Now carefully 
feed the wires from SKA through 
the holes vacated by IC16 and the 
wires from SKB through those left 
by IC18. Make sure that none of the 
wires are misplaced or strained and 
carefully ease the two PCBs as close 
as possible to each other. Solder 
the wires on the underside of the 
old PCB and clip off excess length. 

Insert all ICs (except 16, 17 and 
18) and the assembly should be 
ready for use. If necessary, some 
adjustment may be made to RV21 
and RV22 but this will usually not 
be necessary if the other stages 
have been carried out. 

BUYLINES 
ETI 

Absolutely everything here is readily 
available from any number of different 
suppliers and the PCB is available from 
our PCB service. 
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Please 
mention 
E.T.I. 

when replying 
to all 

adverts 

If an advertisement 
is wrong we're here 

to put it right. 
If you see an advertisement in the press, in print, 

on posters or in the cinema which you find 
unacceptable, write to us at the address below. 

The Advertising Standards Authority. 
ASA Ltd, Dept 3 Brook House, Torrington Place, London WC1E 7HN 

For 
Electronic and 
other small parts. 
A large variety of 
components can easily 
be kept well organized. 
60 storage pockets per 
unit. 
Unit size: 
L400 W125 H77mm. 
Material Injection -moulded in 
impact resistant polystyrene. 
4 and 6 Drawer Steel cabinets 
available. 
The 6 Drawer cabinet, practical for 
field service, has lock and carrying handle. 
Recommended prices (excluding V.AT.): 
6 drawer cabinet with lock and handle 
4 drawer cabinet with lock and handle 
Single drawer. 

Component 

£92.00 
£59.00 
£11.00 

Typical Minifile applications: 
R & D Departments Prototype Kits 
Production Test & Rework Service Departments 
Field Service Engineers The Electronic Hobbyist 
Repair kits for computers CNC- machines. 

Stocked by: 
Bradley Marshall, 325 Edgware Road, London W2 1 BN. Tel: 01-723 4242 
Enfield Electronics, 208 Baker Street, Enfield, Middlesex EN1 3JY. Tel: 01-366 1873 
Henry's, 404-406 Edgware Road, London W2. Tel: 01-724 0323 
TK Electronics, 11-13 Boston Road, London W7 3SJ. Tel: 01-579 9794 
Watford Electronics, 33/34 Cardiff Road, Watford, Herts. Tel: (0923) 40588. 

SECURITY Assemble and install your own system and save pounds SECURITY 
A COMPLETE SECURITY 
SYSTEM FOR 

ONLY £39.95 
+ V.A-T. 

Control Unit CA 1250 
Enclosure HW 1250 
Key Switch & 2 keys KS 3901 
L.E.D.'s LED 1 

5W Horn Speaker HS 588 
4 quality surface Magnetic 
Switches MS 1025 

With only a few hours of your time it is possible to assemble and install an 
effective security system to protect your family and property, at the amazingly 
low cost of £39.95 + V.A.T. No compromises have been made and no corners 
have been cut. The outstanding value results from volume production and direct 
supply. Assembly is straight forward with the detailed instructions provided. 
When installed you can enjoy the peace of mind that results from a secure home. 
Should you wish to increase the level of security, the system may be extended at 
any time with additional magnetic switches, pressure pads or ultrasonic sensors. 
Don't wait until it's too late - order today. 
Order code CS 1370 

CA 1250 - 2 zone alarm control unit with built in 
alarm & power supply £19.96+ V.A.T. 
HW 1250 Enclosure & Hardware Kit for above 

£9.50 + V.A.T. 
LED 1 - Set of 4 I.e.d: s in chrome bezels + Push 
Switch to fit 11W 1250 62.15 + V.A.T. 
KS 3901- 3 position Key Switch 63.43 + V.A.T. 
HS 589 - 51/2" Horn Speaker, ouput of 110dbs with 
CA 1250 or SL 157 64.95 + V.A.T. 
US 5083 - advanced Digital Ultrasonic Detector, high 
sensitivity, with false alarm suppression 

£13.95 + V.A.T. 
SC 5063- Enclosure for US 5063 £2.95 + V.A.T. 
IR 1470 - Infra -red system to provide 50' invisible 
beam, includes both transmitter and receiver 

£25.61 + V.A.T. 
SL 157 - Siren Module 12V 62.95+ VA.T. 

Wide range of modules and accessories, 
etc. Send S.A.E. for details. 

SELF-CONTAINED ULTRASONIC UNIT CK 5063 
Requires no installation. Easily assembled using our 
professionally built and tested modules. 

Adjustable range up to 25 ft. 
Built-in entrance and exit delay 
Built-in timed alarm 
Key operated switch - Off, Test end Operate only Provision for an extension speaker 
Fully self-contained (37.00 Uses 

3S Speaker 3515 
5063, PSI 5 Key Switch 3901+ V.A.T. 

Now you can assemble a really effective intruder alarm at this tow price using 
tried and tested Riscomp modules. Supplied with full instructions, the kit 
contains everything necessary to provide an effective warning system for your 
house or flat. With a built-in LED indicator and test position the unit is easily set- 
up requiring no installation. It may simply be placed on a cupboard or desk. 
Movement within its range will then cause the built-in siren to produce a 
penetrating 900dbs of sound, or even 110dbs with an additional speaker. All parts 
included and supplied with full Instructions for ease of assembly. 
Size 200 x 180 x 70mm Order as CK 5063 

Add 15% VAT to all prices Saturday 9. D0 to DO p.m. 
Add 70p past and pecking to all orders SAE with all enqú ries 
Units on demonstration Order by teiepho a or post 
Shop hours 9.00 to5. 30 p.m usi 
Closed Wednesday tt your trade 

g 
card '. RISCOMP 

Dept ETI/24 
21 Duke Street, 
Princes17 Tgh, 

LIMITED Bucks. s.HP17 OAT 
Princes Risborough (084 44) 6326 
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O1t1!7A 
MDEX disc 0/S + BASIC 
MDEX Professional Dew. Sys. 
CORTEX POWER -BASIC disc extensions 
MDEX Extensions 
Editor 
Relocating Assembler/linker 
FORTH - screen editor, assembler - graphics - better than BASIC 
PASCAL - by Pre Brinch Hansen 
QBASIC - fast BASIC compiler 
UCSD Pascal, SPL, META, WINDOW, SPELL 
CORTEX tape software 
Pengo - fast machine code action 
Golf - excellent animation 
Micropede - rampant caterpillar 
Space Bugs, Pontoon, Breakout 
Cassette/CDOS word processor 
Add £2 for software on CDOS disc 
Disc Drives 
80 track double -sided double -density 
40 track single -sided double density 
E -BUS Floppy/Winchester Controller 
E -BUS 64/128 Kbytes DRAM card 
E -BUS 9995 Processor card 
80.24 Character video card 

HARDWARE 
SOFTWARE 

£9b 
£275 

£43 

£35 
£35 
£55 
£35 
£35 

£150 

£6 
£6 
£6 

each £6 
£13 

£190 
£120 

£135 
£145/£245 

£145 
£48 

State disc format and add VAT to all prices 
llBrainstem Issue 2 out soon!! 

MICRO PROCESSOR ENG LTD 
21 HANLEY ROAD SHIRLEY 
SOUTHAMPTON 
Sol 5AP 
TEL: 0703 780084 
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J1410..1 S 

1 AA 50V 
100V 
200V 
400v 
600V 
800V 
2A t00V 
200V 
400V 
600V 
6000 
60 100V 
2000 
400V 
800V 
800V 
10A 50V 
100V 
200V 
400V 
600V 
25A 50V 
100V 
200V 
400V 
BOOV 

0.27 
0.28 
0.32 
0.40 
0.50 
0.58 
0,62 
0.55 
0.61 
0.67 
0.70 
cite 
o.ss 
0.74 
0.50 
0.80 
2.20 
2.24 
2.35 
2.00 
3.50 
2.05 
2.20 
2.40 
3.20 
3.95 

BRITISH TELECOM 
APPROVED 

PLUGS & SOCKETS 
8T plug and 
400F. lead 21.26 
BT plug only 60p 
BT 4 core 
tel. cable /6p/make 
BT Master 
Socket 22.86 
8T Secondary 
Socket 21.66 
PLASTIC BOXES 
3x2x1" 
3x2'hx2" 
4x3x1ih 
4SSx4x11h" 
654x 21/2" 

B1hx5x3Y." 

35p 
81ip 
70p 

21.15 
22.15, 

TERMINAL 

BLOCKS 

2em0.12way 0.19 
Sarnia 12 way 0.20 
10 amp 12 way 0.40 
15emp12wey 0.40 
32 amp 12 way 0.90 

zENER DIODES 
MARCO TRADING 

aetI0 e. .09900 / 
13W Plastic 3V -200V 160 each 10/51.40 
1.5 W Flange 4.7-47V 01.26 each 
25W Plastic 7.5-75V 57p each 
20W Stud 7.5-75V 01.31 each 

INTEGRATED CIRCUITS (£) EACH 
4.- 

AN214G0 
AN7150 
CA3065 

C44o2P 
CA4250 
CA4400 2.98 
CA4422 3.07 
LC7120 5.33 
LC7130 0.26 
LC7137 5.16 
LM380N 0.80 
LM1303N 2.52 
HA1151P 3.12 
MC1307P 1.86 
MCI 310P 1.83 
MCI 312P 2.26 
MC1327P 1.26 
MC1330P 0.83 
MC1349P 1.85 
MC1350P 1.20 
MCI 351P 2.50 
MC1352P 1.50 
MC1357P 2.88 
MC1358P 1,30 
MC1496P 1.10 
ML231B 2.10 
ML232B 2.10 
ML237B 2.30 
NE555 0.25 
C-mos555 0.88 
NE556 0.80 
SAA1024 5.35 
SAA1025 8.40 
505560A 2.50 
SAS560S 1.86 
5455705 1.86 
SA5580 2.85 
SA5590 2.82 
SC9503P 1.10 
SL432A 4.00 
SL901 B 6.20 
SL917B 8.25 
5L13270 1.10 
0576003N 2.44 
55178013 1310 
5576023ND 2.90 
SN76033N 2.45 
5576110N 1.1.2 
SN76115N 2.00 
55761315 1.06 
5576226ND 1.80 
SN76227N 1.10 

3.88 
2.90 
1.75 
2.88 
3.30 
3.50 

SN76533N 
5N76650N 
55766605 
SN76666N 
STK015 
TA7106P 
TA7120P 
TA7129AP 
TA7130P 
TA7172 
TA7193 
TA7172P 
TA7176 
TA7202P 
TA7204P 
TA7205AP 
TA7208P 
T47210P 
TA7222P 
1A7223P 
TA7227P 
TA7310A 
iA7609P 
14761141. 
TAA263 
TA/1310A 
TAA550 
TAA570 
TM611Al2 
TAA611B12 
TAA6305 
TAA661B 
TM700 
TAA840 
TAD100 

FM FILTER 
TBA120A 

ASSSASB 
O.T,U,UO 

T8A120B 
1134231 
TBA2BI 
784395 
TBA4800 
TBAA00 
TBA510 
TBA5100 
TBA520/0 
TBA530/0 
TBA5A0/0 
TBA550/0 
TBA560C 
TBASBOCQ 

1. 

1,80 
1.05 
0.70 
0.80 
e.60 
3.20 
3.20 
3.66 
166 
1.80 
5.50 
1.80 
2.50 

,4.18 
1.86 
1.00 
3.27 
6.60 
1.88 
3.68 
6.60 
1.80 
4.28 
2.88 
2.46 
0.0e 
0.30 
1.99 
3.50 
2.80 
3.90 
1.70 
2.80 
3.38 
2.80 
1.20 
1.00 
1.20 
1.32 
1.30 
1A6 
2.05 
1.20 
1.30 
2.30 
2.60 
2.60 
1.00 
1.30 
1.40 
1.62 
1.70 
1 A 

PRE-SET 
POTENTIO- 'D' CONNECTORS VOLTAGE IC SOCKETS 
METERS miniature REGULATORS 

0.1W Vert. & HOIIZ. 
100R to 1M 
7p e2kh 
100 for 25.50 

a 15 25 

Sold. lugs SOP 1ú6p 1500 
angle pina 150p 2108 280e 

SOLE 
l 

prq 
upa 1080 1168 2000 

cons. 1L26 
215. 

W0 

RESISTORS - CARBON FILMS 0.74 

75112. 300 
78115. 300 
7605-66p 
7512 55p 
7815 66p 
1,4317K. 3.e0 
LM3177.40p 

LM34oKC21 

'0W IRO to 10M (E12 Range) 2p each. l p 
'nW 262 to 10161624 Range) 28 each. 18p/10. 75p/1 
1W 108 to 2M2IE12 Range) 70 each. 65p/10. 6.00/1 
2W 1011 10 2.21E5 Rangel 88 each. 708/10. 6.00/1 
'.W Metal Film 1no IOR to 1 M (E24 range) Sp sack 500/1 

RESISTOR KITS - each value individually packe< 
v.W pack 10 each value 612- 109 to 1M 610 pieces 
`. W pack 5 each value E12 - t OR 501 M 305 pieces 
'SW pack 10 each value E12 - 2R2 to 2M2 730 places 
'h W peck 5 each value E 12 - 2112 to 2162 365 pieces 
1W pack 5 each value 612 - 2R2 to 1M 353 Places 
21.N pack 10 each value E6 -10R to 2M2 317 pieces 

2.7 
3.2 
3. 

15. 
18. 

RESISTORS - WIREWOUND. Generally 5% 
2.5W-022 to 270e - Available In preferred values 
4W- I RO to 10K- Available m preferred values 
7W- 0476R to 221- Available In preferred values 
11W - 1R0 10 226 - Available In preferred values 
17 W -1R0 to 22K- Available In referred values 

0.2 
0.21 
0.2 

0.3 

ZENER PACK 
s eech mela: 

30L4V44V7,5V1, 7V29V2,11V,1aV,1aV,1006.240, 30V... Total 56 

CERAMIC CAPACITOR PACK - 63V. 
5 retch water 

1pt1Jp,2.1i1.3.600,4.700,6Jy1.1000,1800,2spl,4ep1,4700.8s00,10000. 
150p1, 3Mp, 3516[ 78pe 56001,155500,106, 3r0, 5re, ar17, 5ri5,1ee. 
Told -125. PRICE _ ....................._.....................................JAL v eca 

BUZZERS 

raffle!" 
FUSES Prices per 10 

LE.D.'s 
3mm mm 
ReelOptO/544 Re.110p10/86p 
0ieen.13p10/f 00 0reen13p10/1.00 

owlipt0/1.00 Yallow-13p10/1.OD 

144" Oulek C1540,100,150, 250mÁ E1.30. 1,125, 13, 2, 2.5, 3:10,154 
88F. IV." Trme Delay. 10011* 23.80. 150114 02.26 250, 300, 500 
800, 750. 850714 01.84. 1, 1.25, 1,5, 1.5 24 41.84. 2.5A 3.15, 3, 50. 
£2.62.20mm Oulek Slow.100,125,160, 200,250, 315,400.500.030 
800mA 1,1.25,1 8, 2,2.5.3.15. 4.5.6.30.40p.20mm Time De19y. t 00 
125,160,200m041.50.250, 315,400,500,830, 800mA [1.00.1,1 25. 

1.6, 2, 2.5, 3.15.4, 5,6.3A 880.1" MaIns. 2. 3, 5, 7, 10, 13A 560, 

MARCO TRADING (DEPT ETI) 
The Maltings i 

High Street lizemi 

Wem, Shropshire SY4 5EN 
Tel: 0939 32763 Telex: 35565 

DII to DII 

TRANSISTORS + DIODES 
7Ypp Price ltl 1 )Ype Price I[1 

8 pin 0.00 
14 pin 0.10 

0.70/10 
0,96/10 

AD101/1 
BC107 

.M 

.10 
80327 
BD138 

.14 

.35 
16pin 0.11 1.00/10 80106 .10 BF337 .25 
18 pin 0.14 1.60/10 80100 .10 BFR51 .30 
22 pin 0.21 
24 pin 0.25 

1.98/10 
2.28/10 

BC147 .05 BT105 1.50 
28 pin 0.30 2.76/10 80162 .05 BU200 1.86 
40 In 0. 4 BC183 . . . . , . 1.78 

SOLDERING 
SECTION 

Antes 15W Iron 5, 
Antes 18W iron 5.00 
Antes 25W iron 5.20 
Antes elements 2.00 
Antes bite 0.96 
Antes stands 1,90 
Soldersucker 4.60 
Spare nozzles lot 
Soldersucker 0.48 
Antes Soldering 
station complete 
with t iron - 30W 
or40W 49.96 

1A 
pup 

T 

stand 
o wile 1A 

[e.4o 

plop ana nand 50.20. 

SERVICE AIDS 
ALL SERVISOL 

PRODUCTS 
Bane 

Circuit Freezer 
Foam Cleanser 
Aero Klane 
S licone Grease 
(Aerosol) 
Antistands Spray 
Plastic Seal 
Excel Polish 
Fire Extinguisher 
640g 
Video Head 
Cleaner 
Solda Mop IstO 
Solda Mop 
11.154,x01 

Additional POP on 
above 300 

NI -CAD 
Universal NV a 
charger. charges 
PP3. AA. C.D 
Pnce 45.00 

0.98 
0.84 
0.78 

1.00 
0.82 
0.80 
0.78 

2.80 

0.08 
0.72 

0.72 

MULTIBLOCK 
'uf k 4WSy E2lenelpn Socket 

PVC body with internal cable grip fitted with 13A lose an 
neon indicator. Max total load 13A 250V, Length 105. 
Width 211. 
Price 53.90 each (P&P) 25p In addition to 35p norma 
charge) 

13A Mains Plugs 40p 10/£3,50, 

PLUGS & SOCKETS 

Metal'Co-u Plug EACH 0.15 10/1.60 
Plaste Cosa Plug 
Single Junction Socket 

0.14 
0.80 

10/1.20 
10/0.00 

Plastic Phono 
FM Plugs 

0.10 
0,20 

10/80y 
10/1.76 

1 PL25B 
Reducer 
Pun Plastic -Mono Plug 

0.35 
0.16 
0.18 

10/3.50 
10/1.26 
10/1.20 

'kin Metal Mono Plug 
2,5mm Plug Melel 

0.30 
0,18 

10/2.30 
10/1.40 

3.Smm Plug Metal 
2.5mm Chassis Socket 

0.10 
0.10 

10/80p 
10/50p 

2 P18'/. 
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FEATURE 

THE OTHER END 
OF THE SCALE 
Single -bit microcomputers are alive and well - and will soon be 
living in your washing machine or TV. James McGuigan, System 
Engineer at Motorola Semiconductor Products Sector, East 
Kilbride introduces the MC6804P2 single chip g e - chip microcomputer. 

Ingle -chip microcomputers are set to invade our 
homes! Like Greek warriors, they'll be hiding inside 
Trojan horses, although these horses will look more 

like washing machines and TV sets. 
Actually, it's all very logical and nothing to worry about. 

Mechanical controls are unreliable and expensiveto make, 
and for some time electronic controls have been replacing 
them in a large range of applications. What could be more 
logical than using a single -chip microprocessor to replace a 
board -full of TTL or CMOS, and, at the same time, 
upgrading the 'intelligence' of the control unit. 

This invasion will be self -reinforcing: the more devices 
use the single -chip microcomputers, the cheaper and 
better known they will become, and so more devices 
will use them. Prime targets will be TVs and videos, games, 
toys, cameras, motor vehicles power tools and domestic 
appliances. For example, the device here could be used to 
control a TV set, tuning in the channel selected via a phase - 
locked loop, controlling the sound level by a voltage - 
controlled potentiometer, and accepting instructions from 
a remote control unit. 

Motorola's involvement in single -chip microcom- 
puters started with them second -sourcing MOSTEK's 
MC3870. Motorola's first 'home-grown' single -chip device 
was the MC6801, which was on the market in 1978. 

As you might expect, the MC6801 had quite a lot of the 
same circuitry the MC6800 microprocessor - why re -invent 
the wheel when you can use something that you know 
works? Additional circuitry included program memory 
(ROM) and data memory (RAM), besides input/output 
ports, a serial communications interface and a multi- 
function timer. 

In 1979, the availability of improved chip fabrication 
techniques allowed the size of the chip die - the actual 
piece of silicon on which all the clever stuff is mounted -to 
be reduced. The technology used is refferred to as HMOS 
(High density n-MOS) and involved the use of interconnec- 
tions on the silicon of 3.9 um width (by comparison, 
Motorola are presently preparing themselves to use tracks 
of 1 um or smaller). The size of the die makes quite a dif- 
ference to the price of the final IC, so this change allowed 
the price to fall. 

Also in 1979, Motorola introduced the MC6805P2. This 
was essentially a development from the 6801; it had been 
found that most applications did not require as 
sophisticated a register set as the 6801 provided, and so 
these were reduced. The RAM and ROM were reduced in 
size, and the timer was simplified, and the serial interface 
was dropped. 
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Fig.1 Eight -bit parallel adder with ripple -through carry. 
There are now a series of devices in the 6805 family, all 

with different bells and whistles added to make them 
more appropriate to particular control or other 
applications. 

All Change 
The MC6804P2 represents a major change in direction 

for Motorola's single -chip computers. Not only has any 
resemblance to the 6800 been abandoned, but the whole 
basis for the architecture has been changed. The major 
difference is that the 6804 uses serial rather than parallel 
architecture. However, Motorola have managed to work 
the trick of making the 6804 appear to be an eight -bit 
device to the user. The whole purpose of this is to reduce 
the die size, which, as we've already observed, reduces the 
cost of the finished IC. Let's take a closer look at what 
having serial architecture actually means. 

Conventional microprocessors manipulate data in lots 
of eight bits, ie bytes. For example, the central processing 
unit (CPU) and data bus are eight bits wide. An address busä 
and program counter (PC) of 12 bits wide can access up to 
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4096 bytes (4K) of data. 
With the 6804 family all the hardware is actually only 

one bit wide. All data transfers, arithmetic and address 
operations are carried out serially one bit at a time. This 
means that the CPU, data bus, address bus, program 
counter, timer and prescaler are all only one bit wide. 

Consider, for example, an eight -bit arithmetic and 
logic unit (ALU). Within this ALU we have an eight -bit 
adder to add two eight -bit numbers A and B (and possibly 
a carry -in bit as well). The adder will have eight sum bits 
and a carry -out bit as its output. 

The eight -bit adder will be made up of eight separate 
single -bit full adders as shown in Fig. 1, which shows a 
'ripple -through' adder configuration. First of all the least 
significant bits AO and BO are added to Cin. The sum 
appears at SO and any carry 'ripples' through to be added 
to the sum of Al and B1. This carries on until the eight -bit 
sum of A and B is calculated. 

The eight -bit adder described above uses eight single - 
bit full adders plus three registers to hold A, B and their 
sum - this is a lot of hardware and consequently expen- 
sive. However, it is possible to make do with just one 
single -bit full adder as shown in Fig. 2. This serial adder is 
made up of one single -bit full adder, three shift registers 
and a D -type flip-flop. 

When two eight -bit numbers are to be added, they are 
loaded into shift registers A and B. The least significant bit 
is to the right and the most significant bit is to the left. On 
each clock pulse, registers A and B are shifted one bit to 
the right. The bits which 'fall out' of the registers provide 
the inputs to the adder along with Cin. The adder's sum 
output is shifted into the SUM shift register. Any carry 
from this single -bit addition is latched by the D -type flip- 
flop. 

CLOCK 

Fig. 2 Eight -bit serial adder using only one full adder. 
Obviously, the serial method is somewhat slower but 

there is an enormous saving in hardware and, 
consequently, space. Consider now the above principles 
applied to microprocessors. If we can reduce the amount 
of on -chip hardware then considerable savings can be 
made in chip size. A smaller chip size means that more can 
be fabricated on to a silicon wafer. In turn, this means 
increased productivity and cheaper processors. 

Of course, the serial approach is always going to be 
slower than parallel design but there are many 
applications in which speed is not critical. In any case, with 
the 6804 provision has been made to permit the use of very 
high clock speeds: the maximum external oscillator 
frequency for the 6804P2 is 11MHz. 

The following description applies mainly to the 
MC6804P2 version with mask -programmed program 
ROM; however, the soon to be released MC68705P3 
EPROM version issimilartothe point of pin -compatibility. 
Also, a wide range CMOS (as opposed to NMOS) devices 
are planned and these will also be very similar. 

In More Detail 
Figure 3 shows the MC6804P2 block diagram. The CPU 

contains the ALU, control, stack and registers. Memory 
consists of three areas: program ROM (1K), data memory 
(64 bytes ROM and 32 bytes RAM) and the stack. The timer 
circuitry is made up of prescaler, counter and control 
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Hg. 3 MC6804P2 block diagram. 
registers and oscillator circuitry. The 6804P2 also has 20 
versatile I/O lines. 

The CPU is similar to that of the 68705P3. However, 
there are some differences. The eight -bit accumulator is 
memory -mapped at address $FF and has indirect registers 
which replace the index register on the 68705P3. The 
indirect registers are memory -mapped at locations $80 
and $81. 

There are only two condition code flags on the 6804P2, 
C and Z, and there is no condition code register. The flags 
used for normal processing and interrupts are different. 
With interrupts, the processor automatically uses the 
interrupt -mode flags and, on return from interrupt, the 
normal -mode flags are used. Previous flag states will be 
used when switching from one set to another. 

The stack is used to store subroutine and interrupt 
return addresses. It is a hardware stack, 12 bits wide and 
four levels deep (ie equivalent to a 48 -bit shift register). Its 
last -in, first -out (LIFO) configuration eliminates the need 
for a stack pointer. 

A crystal, R -C network or external signal can be used to 
generate the system clock. A mask option selects either 
the crystal or R -C network oscillator circuit. 

The oscillator frequency is divided (internally) by four 
to produce the internal clock. This in turn is divided by 
twelve to produce a machine cycle. A machine cycle is the 
smallest unit needed to execute any operation and an 
instruction may need two, four or five machine cycles to 
execute. 

To facilitate testing, a signature analysis circuit has 
been included on the chip. The circuit consists of two 
eight -bit shift registers (memory -mapped at addresses 
$OA and $OB) configured to perform a Cyclic 
Redundancy Check on the ROM. The CRC registers can 
also be utilised as a pseudo random number generator as a 
result of continuous CRC calculations being performed. 

Memory 
The 6804P2 has 1K of program memory which contains 

all instructions to be executed, immediate data and 
interrupt vectors. Figure 4 shows the 6804P2 memory map. 
Data space comprises 64 bytes of ROM for constants and 
tables, all 32 bytes of RAM and the I/O, timer and CRC 
registers. This configuration is different from the 68705P3 
where program and data memory are combined in a von 
Neuman architecture (ie there is no distinction between 
program and data storage except that some areas - the 
EPROM sections - cannot normally be written to). 

Note that only the PC is stored on the stack. Any other 
registers have to be saved in RAM by means of software 
and reloaded at the end of the subroutine or interrupt 
routine. On a stack push the bottom register always 'falls 
out' of the bottom of the stack. The stack should not be 
pulled more than four times in succession without any 
pushes. 
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FEATURE : Single p=pu= 
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Fig. 4 MC6804P2 address map. 

limer 
Timer circuitry for the MC6804P2 is shown in Fig. 5. The 

timer comprises an eight -bit timer counter register (TCR) 
with a seven -bit prescaler and a timer status control 
register (TSCR). These registers are all memory -mapped 
and are readable and writeable. 

The TCR is clocked towards zero by the prescaler 
output. The prescaler is used to provide longer or shorter 
timer intervals by dividing the input clock. The prescaler 
tap is selected by bits 0-2 of the TSCR - giving a range of 
divide -by -1 to divide -by -128. 

PSI, bit 3 of the TSCR, is used to initialise the prescaler 
(to $FF) and inhibit counting when logic zero. The TCR is 

also inhibited but its contents are unchanged. When PSI = 
1 the prescaler begins to count. 

Unlike the 68705P3, the 6804P2's timer can operate in 
both input and output modes. Bit 5 of the TSCR, TOUT, 
selects output when high and input when low. 

As an input, the TIMER pin is connected directly to the 
prescaler input. Therefore the prescaler is clocked by the 
signal on the TIMER pin. The prescaler then clocks the 
TCR which sets bit 7 of the TSCR (TMZ) when it reaches 
zero. TMZ can be tested by software to perform a timer 
function whenever it goes high. 

Operation in the output mode is somewhat similar to 
that for input mode. With TOUT = 1, the TIMER pin is 
connected to the DOUT latch and the prescaler is clocked 
by the internal sync pulse. The positive -going TMZ 
transition latches the DOUT bit and provides it as an 
output for the TIMER pin. Note that TMZ can be set by 
writing zero to the TCR or by setting TMZ directly. 

Interrupt And Reset 
Processing can be interrupted by applying a logic low 

signal to the I RQ pin. Whether the negative -going edge or 
the actual low level is sensed is determined by a mask 
option. With the 68705P3, however, we have a choice of 
three interrupts, external, timer and software. The 
flowchart in Fig. 6 gives a detailed description of 6804P2 
interrupt handling. 

On power -up the interrupt mask is set. This blocks any 
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Hg. 6 Reset and interrupt processing flowchart. 
'ghost' interrupts from occurring. To clear the interrupt 
mask the programmer should jump -to -subroutine (JSR) 
to an initialisation routine as the first instruction in a 
program. This initialisation routine should be terminated 
with an RTI instruction instead of TRS since RTI will not 
only restore the PC, but will also clear the interrupt 
mask. 

During power -up a short delay - to allow the internal 
oscillator to stabilise - is needed before allowing the 
RESET line to go high. The configuration in Fig. 7 provides 
sufficient delay. 

Interrupt and reset vectors on the 6804P2 are actually 
JMP instructions to the interrupt or reset routine which 
are placed at fixed addresses in the Program ROM. With 
the 6804P2, a vector fetch forces an address value into the 
PC, whereas with the 68705P3 a vector fetch forces an 
address value directly onto the address bus. Figure 8shows 
the manner in which resets should be programmed. 

Input / Output Ports 

All 20 I/O lines are programmable as inputs or outputs 
by setting the corresponding bit in the appropriate data 
direction register (DDR) low or high respectively. On 
reset the port data registers are not initialised but all ports 
are configured as inputs. To avoid undefined levels it is a 
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FEATURE : Single Chip Computer 
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Fig. 8 Program flow after reset vector fetch. 

good idea to write to the data registers before writing to 
the DDRs. 

When programmed as outputs, the latched output 
data is readable as input data regardless of the logic levels 
at the output pin due to output loading. Figure 9 shows 
typical port circuitry. 

DATA 
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MCD 

Fig. 9 Typical I/O port circuitry. 
All ports are LSTTL compatible as inputs and outputs. 

Port B outputs can also drive LEDs, with suitable current - 
limiting resistors. The user can select one of two mask 
options (for all ports) as either pullup resistors for CMOS 
output compatibility or open -drain output; see Fig. 10 for 
typical port connections. 
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Fig. 10 Typical port connections. 

Software And Instruction Set 

The MC6804P2 has a rather unique, byte -efficient, 
instruction set. There are 41 instructions with opcode and 
17assembler-recognised instructions. Figure 11 shows the 
6804P2 opcode map. The instruction set is similar to the 
68705P3 including true bit manipulation plus a 'move 
immediate data' instruction. 

BSET/BCLR can set or clear any register or RAM bit. 
BRSET/BRCLR can be used to test any bit in data space 
(including ROM) and branch or not as a result of the bit's 
state. The C -flag is set to the value of the bit referenced by 
BRSET/BRCLR. Bit manipulation allows the user to have 
individual flags and to handle the I/O bits individually 
with ease. 
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Fig. 11 6804P2 op -code. 

The 'move immediate data' instruction transfers 
immediate data into data RAM and has the format 'MVI 
ADDRESS DATA'. Previously, on the 68705P3, data had to 
be loaded and stored through the accumulator. This takes 
up 4 bytes of ROM but only 3 on the 6804P2 when the MVI 
instruction is used. 

The implied instructions shown in Fig. 12, exist because 
the accumulator and indirect registers are in RAM. For 
example, bit manipulation of bit 7of the accumulator and 
indirect registers can give pseudo-ops such as BRSET7,$80 
for 'branch if X minus' (BXMI), BCLR 7, $FF for 'ensure 
accumulator positive' and ADD $FF for ASIA. 

The 6804P2 has nine addressing modes. In summary 
these are immediate, direct, short -direct, extended, 
relative, bit set/clear, bit test and branch, register -indirect 
and inherent. Most of these modes are similar to those 
used on the 68705P3. However, short -direct, relative 
(-short), register -indirect and inherent addressing modes 
use only one byte. 

There is no indexed addressing as on the 68705P3 but 
register -indirect addressing is the same except that an 
offset cannot be used. This addressing mode works on 
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RAM location $80 and $83, ie the X and Y indirect registers 
and two others. A typical register -indirect instruction is 
CM P (X) which compares the contents of the accumulator 
with the contents of the address pointed to by the indirect 
X -register. 

Summary 
The Mc6804P2 is the first of a new family of Motorola 

single -chip microcomputers. Its unique architecture 
means that it can offer eight -bit power at a four -bit 
price. 

As mentioned earlier, EPROM versions will soon be 
available and are ideally suited for use byhobbyists for a 
wide range of applications. Anyone used toworking with 
Motorola's M6805 family will find the new 6804 range 
surprisingly simple to use. 
(For further details of other single -chip microcomputers, 
we suggest 'Single Chip Microcomputers', Edited by Paul 
F. Lister, published by Granada publishing Ltd, ISBN 0-246- 
12106-8), ET 
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SURVEY 

THE ETI READERS' 
SURVEY 
Survey time is here again, and this time there's the chance to win 
ten free subscriptions for one year. The draw will take place on 
the 1st of February, so don't delay getting your form to us. 

fl»Atab 

Build yourself 
a digital 
cassette deck 
as a low-cost. 
alternative d 
to floppy 
discs. 

Active lcudapeaker design 

Sirop unit protect 

Here is the ETI survey! We'd 
be most grateful if you 
could answer our questions 

as best you can. 
We'll be using the information 

in two ways. Firstly, to see what you 
think of the magazine and the ways 
you think that it could be 
improved. Secondly, we want to 
persuade more advertisers that ETI 
is the place to sell their goods. 

On this second point, we have 
had to ask some personal ques- 
tions. Please be reassured that any 
personal information you give us 
will be treated as confidential, and 
not stored in any data retreival sys- 
tem or communicated in any way. 

'Í 

AM/FM Portable Radio - 
Switch On and Tune In' 

Special Effects On -Screen 
in Your Own Home 
Electron Speech Board - 
ïbrn Your Acorn Into 
A Chatterbox 

Simple, Direct -Reading 
Design 

All that we need are some (suitably 
impressive!) statistics on our 
readers. 

That said, we know that some 
people like to keep the details of 
their salary private between them 
and their employer, so we've 
included a 'mind your own busi- 
ness option' on this question. If any 
other questions offend, please 
don't feel obliged to answer them - we'd prefer that you returned 
the survey form with some bits left 
out rather than not at all. However, 
all the information you can give us 
will be of use. 

Finally, one piece of information 
we will need is your name and 

address, because otherwise we 
won't know where to send the free 
subscription if you win one. If you 
do leave off your name and 
address, we'll just draw another 
name out of the hat. 

Name 

Address 

Post -code 
e 
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1. Sex: are you? 

male 

female 

2. What age range are you in? 

Under 15 

15-19 

20-24 

25-29 

30-39 

40-49 

50-64 

65+ 

3. Marital Status: are you? 
Married 
Single 

4. Do you own: 
(a) Your home 
(b) A car 

o 
o 

Yes 

Yes 

5. In which independent TV station area 
do you live? (This information is used to 
code the area.) 

LWT/Thames 
TVS 

TSW 

Scottish 
Granada 
Yorkshire 
Central 
Harlech/HTV 
Anglia 
Tyne Tees 

UTV 
Channel 

6. Occupation - please bear with us, 

this is a little complicated! 

(a) Are you studying full-time? 
Yes 

If 'No', please go to part (b) 

Are you at: 

School 
FE College 
University/Poly/TT/CHE/ 
etc 

Are you sponsored in your studies? 
Yes 

Please go to part (d) 

(b) Are you employed, either full or 
part-time? 

Yes D 

38 

If 'No', please go to part (c). 

Is your work: 
Teaching 
Electronics industry 
Other electronics 
Other 

Are you self employed? 

Please go to part (d). 

(c) Are you not employed? 
Yes, I am not employed 

Are you: 
Unemployed 
Retired 
Invalid 
Housewife/Husband 

(d) What is your approximate 
per year? 

Under 3000 

£3000 to £5000 

£5000 to £7000 

£7000 to £9000 

£9000 to £12000 

More than £12000 

No income - just 
money 
Mind your own business! 

What level of education have you 
reached? 

No formal qualifications 
CSE 

'O' Level/SCE 
'A' Level/Scottish Higher 
ONC 
HNC 
Degree or above 

Yes 

o 

o 

income, 

pocket 

Are you still studying, full or part time? 
Yes 

Did or does your course of study in- 
volve electronics? 

Yes 

Was or is your main subject electronics? 
Yes D 

7. How did you obtain your copy of'Elec- 
tronics Today International'? Was it: 

Subscription 
Through a regular order at D 
a newsagent 
Bought from newsagent's 
shelves 

From an electronics shop 

From a friend 

8. Do you have any difficulty in finding 
'Electronics Today International'? 

Yes, some difficulty 

9. How many people read your copy? 

Just you 
You and one or two 
others 
You and three or more 
others 

10. How many projects do you build a 

year? 
None - only just got 
interested 
1 to 3 

4to12 
13 or more 

11. Do you have problems in finding the 
components for your projects? 

Yes, some problems 

12. Do your projects work first time (or 
nearly first time)? 

Yes 

No, but can usually get 

them going quickly 
No, rarely work at all 

13. (a) Do you usually build projects?: 
Exactly as printed 
With a few mods 
With a large number of 
mods 
Designed from scratch 
(with a few sections 
'borrowed') 

(b) Do you usually use? 

PCBs 

Veroboard or similar 
Other form of 
construction 

(c) Do you make your own PCBs? 

Yes 

If 'No', would you like to eventually make 

your own? 
Yes 

(d) Is your audio system home-made? 
No D 

Yes, some bits 
Yes, nearly everything D 

14. How much do you spend on your 
hobbies per year? 

£20 or less 
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£20 to £50 

£50 to £100 

£100 to £200 

£200 to £500 

More than £500 

o 

o 
o 
o 

15. Do you own a home computer? 
Yes D 

If 'No', please go to part (b). 

(a) Please tick the computer(s) you own: 
Spectrum/ZX81 
Vic 20/Com 64 

BBC/Electron 
Oric/Atmos D 
TRS 80 

Other 
(b) Do you intend to buy a home com- 
puter in the near future? 

Yes D 

16. What sort of subjects would you par- 
ticularly like to see articles on in future 
issues of 'Electronics Today International'? 
Please tick all those that apply (but don't 
tick every box, we haven't got room for 
everything!) 

Electronics theory 
Constructional tips 
Household projects 
Computer hardware 
Computer programming D 
Interfacing 
Robots 

Audio 
Music projects 
Car electronics 
Experimentation 
Security 
News and views from the 
world of electronics 

o 
o 
o 
o 
o 

17. Please tick any of the following you 
intend to buy in the next year or so: 

Electronic components 
Component storage 
PCBs 

Cases 

Other electronic 
hardware 
Soldering iron 
Pliers/wire cutters 
Other electronic tools 
Multimeter 
Power supply 
Oscilloscope 
Other test gear 
Computer hardware 
Computer peripherals (eg 
printer, etc) 
Computer software 
Books on electronics 

18. (a) Do you read the advertisements 
in ETI? 

Yes 

(b) Do you buy items mail order from 
ETI advertisers? 

Yes D 

(c) Do you buy items mail order through 
advertisements in other electronics 
magazines? 

Yes 

(d) Do you buy items from the same 

supplier(s)? 
No, but I shop around for 
the best prices 
Yes, I use the same few 
suppliers most of the time 
Yes, I use the same 

suppliers all the time 
when I can D 

19. (a) Are you involved in electronics 
professionally? 

Yes D 
(b) If 'No', please go to the next 
question. 
Are you involved in the buying of elec- 
tronic equipment or components? 

No 
Yes - equipment only 
Yes - components only 
Yes - both components D 
and equipment 

(c) Approximately what total value of 
components or equipment have you 
been involved in the purchasing of dur- 
ing the last year? 

£1,000 or less D 
£1,000 to £10,000 

£10,000 to £100,000 D 
More than £100,000 

20. Which other magazines do you read, how often, and what do you think of them? 

Electronics Monthly 
Elektor 
Practical Electronics 
Everyday Electronics 
Digital & Micro Electronics 
Electronics Digest 
Electronics And Computing 
Electronics - The Maplin Magazine 
Wireless World 

How often do you read? 
Every Some Rarely 
issue issues never 

o 

o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o 

o 
o 

o 

o 

How do you think 'Electronics Today International, rates on these scales? 

Your rating: 
Good Average Poor 

o 
o 

o 

o 
o 
o 

o 
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21. 

Finally, please use the space here to write in any comments you may have, eg, suggestions for articles you'd like to see, etc. 

FIRST FOLD 



NEW THI S MONTH 
FIBRE OPTICS 

Scoop purchase of single and twin cable. 
For use with visible light or intra -red Core 
1mm dia, overall 2.25mm dia Single 50p/ 
m; 20m coil £6.30. Twin 90p/ m; 20m 
coil £11.00. 

PCB MOUNTING NI -CADS 
Much sought after 4.8V 150mA batts with 
PCB mntg tags on 25mm pitch. Batt size 
25X16 yr. Ideal for paralleling. 99p ea; 10+ 
85p; 25+ 70p; 100+60p. 

STEPPING RELAY 
Schrack2 pole 10 way24V DC(works down 
tot 5V) only39X20X24mm. Connexionsby 
0.1" pitch edge plug. Special low price 
£1.95. 

MINIATURE RELAYS 
PCB mounting, DPCO size20X 1 5X1 5mm. 
Available in 3, 9 0112V. £1 each. 

1W AMPLIFIER 
Z914 Audio amp panel 95X65mm with 
TBA820 chip. Gives 1W output with 9V 
supply. Switch and vol control. Just connect 
bait and speaker. Full details supplied. 
Only £1.50 10 for £12; 25 for £25; 100 
for £75. 
2915 Stereo version of above 115X65 mm 
featuring 2 X TBA820M and dual vol con- 
trol. £3.50; 10 for £30; 25 for £65; 100 
£200. 

AM TUNER PANEL 
2916 For use with mono amp above. Neat 
panel 60X45mm. Only £1.50; 10 for 
£12.00. 

NI -CAD CHARGER SCOOP!! 
Ever -Ready model CH4, this charger will 
take up to 4 AA c or D cells plus 2 PP3 if 
required. Smart two tone grey case 
212X97X60 mm. Only £7.95. 

1984/5 CATALOGUE 
84 page A4 size- Bigger, Brighter, Better, - more components than ever before! With 
each copy there's discount vouchers, 
Bargain List Wholesale Discount List, Bulk 
Buyers List Order Form and Reply Paid 
Envelope. All for just £1.001! (FREE to 
Schools etc). Winter Supplement due out 
November - Send large SAE for your 
free copy. 

'TREKKER' 
Computer -controlled Robot built around 
the gearbox described below. Complete kit 
of parts inc PCB, program listings for BBC 
(other micros soon). £44.85 20W ribbon 
cable (min 3m recommended- 5m better) 
£1.30/m SAE for illustrated leaflet 

MOTORIZED GEARBOX 
These units are as used in a computerized 
tank, and offerthe experimenter in robotics 
the opportunity to buy the electro- 
mechanical parts required in building 
remote controlled vehicles The unit has 
2X3V motors, linked to a magnetic clutch, 
thus enabling turning of the vehicle. and a 
gearbox contained within the black ABS 
housing, reducing the final drive speed to 
approx 50rpm. Data supplied with the unit 
showing various options on driving the 
motors etc. £5.95. Suitable wheels also 
available 79mm. Dia plastic with blue tyre, 
drilled to push -fit on spindle. 2 for £1.30 
(limited qty). 3" dia aluminium disc 3mm 
thick, drilled to push -fit on spindle. 2 for 
88p. . 

NI -CAD CHARGER PANEL 
177X114mm PCB with one massive Varta 
Deac 57X50mm r' rated 7.2v 1000mAH 
and another smaller Deac 32X35mm yr 

rated 3.6 v600 mA The price of these N k cad 
stacks new is over £20. Also on panel is a 
mains input charger transformer with two 
separate secondaries wired via bridge rec- 
tifiers, smoothing capacitors and a relay to 
the output tags The panel weighs 1 kgm. All 
this for just £6.00. 

VEROBOARD& RIBBON CABLE 
Discontinued lines, some at less than 
price!! e.g. Dipboard 158X165mm £3.50; 
26W Grey ribbon £4/3m; Red wirewrap 
wire 24AWG £2.50/100m. Full details on 
List 18. 

GREENWELD 
- The Pack People! - 

More packs - more in them - more 
value! All our packs contain brand new, 
marked full spec components at a frac- 
tion of the normal price and offer con- 
structorsthe widest rangeof partsatthe 
lowest cost! How do we do it? By buying 
manufacturers end -of -run and surplus 
components. Because we purchase 
form many sources, we have an 
extremely wide range of top quality 
parts - too costly to sort hence the 
packs described below. Our larger 
packs are ideal for schools, groups or 
clubs. 

NEW PACKS 
K524 OPTO PACK - a variety of single 
point and seven segment LEDS(incl. dual 
types) of various colours and sizes, opto 
isolators, numicators multi digit gas dis- 
charge displays, phototransistors, infra red 
emitters and receivers 25 assorted£3.95; 
100 £14.95; 250 £35. 
K.525 PRESET PACK- Big, Big variety of 
types and sizes- submin, min and std, MP, 
slider, multiturn and cermets are all 
included. Wide range of values from 20R to 
5M. 100 assorted £8.75; 250 £12.95; 
1000 £48. 
K526 HEATSINK PACK - Lots of dif- 
ferent sizes and shapes of heatsink for 
most diode and transistor case styles A 
pack of 25 assorted including several large 
finned types- totalweightoverl kg£5.50; 
100 £19.50. 
K527 HARDWARE PACK - This has a 
large variety of pk and self tapper screws 
from 2X1/2" up to 8X11/4' also washers, 
some BA metric and Whit screws plus 
other miscellaneous brackets, captive nuts 
and bitsand pieces 1 kg(upto1000 pieces) 
£4; 3 kg £9; 10 kg £25. 
K528 ELECTROLYTIC PACK - All ready 
cropped for PCB mounting, this pack offers 
excellent value for money. Good range of 
valuesand voltagesfrom0.47µFto 1000µF, 
6v to 100v. 100 £3.95; 250 £8.95; 1000 
£32. 
K531 PRECISION RESISTOR PACK - 
High quality, close tolerance Frs with an 
extremely varied selection of values mostly 
1 and'/ w tolerances from 0.1% to 2% - 
ideal for meters, test gear etc. 250 £3; 1000 
£10. 
K532 RELAYS - Wide selection of styles 
voltages andcontacts.4v-240v, AC/DC, SP 
to 4PCO. 20 for £6; 100 £25. 

ESTABLISHED FAVOURITES 
K517 TRANSISTOR PACK- 50 assorted 
full spec marked plastic devices PNP NPN 
RF AF. Type numbers include BC114 117 
172 182 183 198 239 251 214 255 320 
BF1 98 255 394 2 N3904 etc etc. Retail cost 
£7+; Special low price 275p. 
K523 RESISTOR PACK - 1000 - yes 
1000'/a and i' watt 5% hi -stab carbon film 
resistors with pre -formed leads for PCB 
mounting. Enormous range of preferred 
values from a few ohms to a several 
meggohms. Only 250p; 5000 £10; 20,000 
£36. 
K520 SWITCH PACK -20 different assor- 
ted switches - rocker, slide, push, rotary, 
toggle, micro etc. Amazing value at only 
200p. 
K522 COPPER CLAD BOARD --All pieces 
too small for our etching kits Mostly 
double -sided fibreglass, 250g(approx. 110 
sq. ins). For 100p. 
K541 VERO OFFCUTS - lt's back!! Our 
most popular pack ever. This has been 
restricted for some time, but we have now 
built up a reasonable stock and can once 
again offer 100 sq. ins of vero copper clad 
offcuts average size 4X3". Offered at 
around the price of new board 320p. 
K530 100 ASSORTED POLYESTER 
CAPS - All new modern components 
radial and axial leads All valuesfrom0.01 to 
1µF at voltages from 63 to 10001 Super 
value at £3.95. 
K518 200 DISC CERAMIC CAPS - Big 
variety of values and voltagesfrom afew pF 
to 2.2µF; 3v to3kv£1.00 
K514 100 SILVER MICA CAPS - From 
5pF to a few thousand pF. Tolerances from 
1% to 10% £2.00. 
K203100 WIREWOUND RESISTORS - 
Front 1 wtol2w, with a good range of values 
£2.00. 
K505 20 ASSORTED POTEN- 
TIOMETERS- All types including single, 
ganged, rotary and slider £1.70. 
W4700 PUSH BUTTON BANKS - An 
assortment of latching and independent 
switches on banksfrom 2 to7 way, DPCC to 
6PCO. A total of at least 40 switches for 
£2.95; 100 £6.50; 250 £14.00. 

GREENWELD 
Our shop has enormous stocks of 
components and is open from 9-5.30 
Mon -Sat. Come & see us!! 

Minimum Access 
order £5.00 

443A Millbrook Road 
Southampton SO1 OHX 

Tel (0703) 772501/783740 
ALL PRICES INCLUDE VAT 

JUST ADD 60p P&P 
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Train_for success, for a better job, better pay 

Enjoy all the advantages of an ICS Diploma Course, training 
you ready for a new, higher paid, more exciting career. 

Learn in your own home, in your own time, at your own 
pace, through ICS home study, used by over 8 million already! 

Look at the wide range of opportunities awaiting you. 
Whatever your interest or skill, there's an ICS Diploma 
Course there for you to use. 

Send for your FREE CAREER BOOKLET today - no cost 
or obligation at all. 

GCEOver 40'0' and A' Level subjects from which to 
G choose. Your vital passport to career success. 

.COMPUTER RADIO AMATEUR'S 
LICENCE .PROGRAMMING 

ELECTRONICS INTERIOR 
DESIGN I I 

COMMERCIAL 
ART 

WRITING FOR 
PROFIT 

TV RADIO & 
SERVICING CAR MECHANICS LAUDIO 

RUNNING YOUR OWN BUSINESS 

Please send FREE DETAILS for the course ticked above. ' 
Name 

Division of National ep Address Education Corporation 

ICS Dept EBS15 
160 Stewarts Road 01-622 9911 

I London SW8 4UJ (all hours) CACC P Code 

I 
I 
I 
I 
1 

Printed Circuit Hardware 
& Component Catalogue 

* COPPER CLAD LAMINATES 

* PHOTO -RESIST LAMINATE & CHEMICALS 

* PRINTED CIRCUIT DRAUGHTING AIDS 

* VERO BOARD & PROTOTYPING SYSTEMS 

* CONNECTORS/CASES/GENERAL 
HARDWARE * SELECTION OF COMPONENTS 

* EDUCATIONAL COMPUTING 

* ELECTRONICS KITS i fi am i ma I i l i m am-- 
Send for your free catalogue to: 

KELAN ENGINEERING LTD. 
Circuit Products & Components Division. 
27-29 Leadhall Lane, Harrogate. 
North Yorkshire. HG2 9NJ. 
Tel: (0423) 870938. A FARNELL ELECTRONICS COMPANY 

NAME 
ADDRESS 

I 
I 
I 

11111 BIM iMan iiMOM NMI MP 
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TERMS OF BUSINESS 

* All prices exclude V.A.T. and carriage. Please add * Goods incorrectly ordered cannot be accepted for 
carriage to order total before adding V.A.T. replacementwithout our prior agreement. Due to 

* Carriage charges extra on all orders as 
high processing costs, a minimum of 15% handling 

Components £0.75 charge may be levied on any returns or cancelled 

Books/Data/Software £2.00 orders. 

Printers, Monitors, Disc drives, etc. £4.50 * We will issue a full immediate refund, if requested, 

* Strictly cash with order or credit card (Access or VISA) for out of stock items. 

only. * All items carry full manufacturers warranty. 

* Delivery is normally from stock but please allow up * A V.A.T. receipt will be supplied with all orders. HI TECH COMPONENTS, 
to 28 days. * Prices quoted are correct at the time of going to 

* Any query or complaint regarding an order should press but we reserve the right to effect changes 

be made in writing within 7 days of receipt of the without prior notice. 
order. No telephone queries will be entertained. 

6502 8086 MEMORIES - EPROM 75173N 1.44 F.D. CONTROLLERS FAIRCHILD 74HC251 N 1.03 741522 0.25 4033 2.40 4078 0.25 

FAMILY FAMILY 2532-300ns 4.95 
751745 2.82 
75175 1.96 

8272 35.00 FAST 74HC253N 1.03 
74HC257N 1.03 

7415221 
74L5240 

1.08 
1.40 

4034 1.00 
4035 0.54 

4081 
4082 

0.40 
0.25 

6502 3.50 8086 29.50 2532-450ns 3.95 75182 0.50 F01771F 30.00 74FOOPC 0.60 74HC266N 0.92 741_5241, 1.40 4040 0.65 4085 0.66 
6502A 4.95 8088-2 22.50 2564-300ns 6.95 75183 0.50 FD1791 15.50 74F04PC 0.60 74HC273N 2.24 7415242 1.36 4041 0.36 4086 0.40 
6520 2.25 8216 0.75 2708-450ns 3.95 75188 0.86 FD1791-02 11.00 74F08PC 0.65 74HC27N 0.80 74LS243 1.36 4042 0.76 4093 0.32 
6520A 2.45 82374-5 23.50 2716-450ns 3.50 75189 0.86 FD1793 18.40 74F109PC 0.65 74HC280N 3.26 74LS244 1.40 4043 0.64 4099 0.50 
6522 3.40 8251A 7.50'2716-3 RAIL 7. 

75451 BP 0.22 
F01793-02 11-00 74F11PC 0.52 74H02 10.40 74L5245 1.95 4044 0.62 4502 0.86 

65224 4.45 8253-5 7.50 2732-350ns 495 .95 754526E 0.29 FD1795 25.00 74F138PC 0.52 74HC373N2.40 7415248 1.16 4045 2.00 4507 0.47 
6532 5.45. 8255A-5 7.00 2732-450ns 4.45.75453ßP 0.22 FD1797 21.00 74F138PC 1.26. 74HC374N 2.40 74LS249 1.16 4046 0.77 4508 0.96 
6532A 5.95 8259A 6.60 2764-200ns 7.95 754546E 0.22 WD1691 14.00 74F139PC 1.26 74HC393N 1_78 74L5251 0.78 4047 0.50 4510 0.68 
6551 5.95 8272 35.00 2764-250n5 5.15 75468N 0.88 WD2143 12.00 74F151 1.26 74H04002 0.64 74LS253 0.78 4048 0.40 4511 0.69 

8284A 9.50 2764-300ns 4.7s 75491N 0,31 74F153 . 1.26 74H04017 1.16 741ßZ57 0.78 4049 0.50 4512 0.40 
80086 46.65 27064-250ns 10.95 75492N 0.41 DATA CONVERTERS 74F157 1.30 74HC4020 1.46 74L5258 0.78 4050 0.49 4514 1.76 

6800 80088 46.65 27C64-300ns 10.45 AY -3-1015 3.50 ZN425E-8 3.76 74F158 1.17 74HC4024 1.20 74L5259 1.77 4051 0.52 4515 1.84 
82C52 15.68 27128-250n5 19.00 AY -3-1270 9.40 2N4251-8 8.00 746161 2.34 74HC4040 1.46 74L526 0.30 4052 0.48 4516 0.68 FAMILY 92054 19.04 27128-300ns 16.00 AY -3-8910 6.40 ZN426E-8 1.90 74F164 1.68 74HC4060 1.46 74L5261 2.60 4053 0.66 4518 0.40 

6800 2.15 
82C55A212.98 

MEMORIES RAM AY -5-3600 - 8.84 ZN427E-8 6.68 74F175 1.82 
74F181 3.90 

74HC4075 0.64 7413266 0.35 4054 1.30 4519 0.25 

6802 2.15 
82059A 15.22 0P8304 4.50 ZN427J-8 12.50 

74F189 5.10 

74HC42N 0.90 74(527 0.25 4055 0.72 4520 0.96 

68020 8.7,0 82082 6.26 4116-15Ons 1.28 L203 0.99 ZN428E-8 5.10 
74F190 3.20 

74HC4511 2.51 74L5273 1.35 4060 0.68 4521 1.32 

6809E 6.25 
6809E 6.25 

82C84A 8.94 

82088 16.80 
4116-200ns 1.20 

4164-150ns 4.45 
4416-200ns 4.70 

LF398 3.80 
LM301AN 0.30 
LM308AN 0.94 

ZN428J-8 9.70 

ZN429E-8 1.60 
ZN432CJ-10 20.79 

74F191 3.20 
74F194 1.68 

74HC4514 3.76 
74HC4538 2.36 
74HC4543 3.04 

74LS279 
74LS28 
74LS283 

0.77 

0.25 
1.00 

4063 0.60 

4066 0.50 
4068 0.25 

4522 
4526 
4527 

0.84 

0.52 
0.52 

68168201 

1.70 Z80 4532-200ns 2.45 LM308N 0.56 ZN432E-10 13.00 74F20PC 0.52 74HC51N 0.64 7415290 0.86 4069 0.40 4528 0.48 

6840 3.70 FAMILY 
4564-150ns 4.45 LM311N 0.60 ZN433cJ-10 25.00 74F240 3.16 

74F241 2.42 
74HC533N 2.40 74LS293 0.86 4070 0.40 4532 0.68 

6845 6.45 
8118-100ns 1.95 

'25.00 
LM317MT 0.80 ZN434 0.98 

741243 2.80 
74HC534N 2.40 74L530 0.25 4071 0.40 4541 0.82 

6850 1.70 Z8OACPU 2.99 81256-150ns LM317T 1.06 ZN435 4.38 
746244 2.96 

74HC589N 1.72 74L532 0.25 4072 0.40 4543 0.60 

6862 3.75 Z8OACTC 2.99 8416-200ns 6.00 LM319N 3.30 ZN436E 1.26 
74F245 6.08 

74HC58N 0.64 74LS33 0.30 4073 0.40 4553 2.40 

6875 4.95 Z8OADMA 7.95 8416-LP-200ns 6.40 LM324N 0.50 ZN440 55.00 
74F251 1.26 

74HC595N 1.84 74LS365 0.55 4075 0.46 4555 0.48 

68800 4.30 Z8OAPIO 2.99 8417-200ns 6.00 LM337T 1.20 ZN441 46.80 
74F253 1.26 

74HC597N 1.72 74L5366 0.55 4076 0.48 4556 0.44 

68609 9.95 Z8OAS10-0 7.95 8417-LP-200ns 6.40 LM339 0.48 ZN447 7.80 
74F257 1.26 

74HC73N 0.84 74L5367 0.55 4077 0.40 4585 0.48 

68810 1.88 
Z80A510-1 7.95 

MEMORIES RAM 
LM339N 0.48 ZN448E 6.66 

746258 1.34 
74HC74N 0.84 7415368 0.55 

68821 3.70 280ÁS10-2 7.95 - LM348N 0.64 2N4487 12.48 
74F280 1.74 

74HC75N 0.92 741537 0.25 CRYSTALS 
68840 6.60 25060PÚ 5.95 

2ß060f0 
*ZERO POWER ZKXB 1M3507 3.12 

LM358N 0.60 

ZN449 2.72 
2NÁ1341 22.50 74F283 1.74 

74HC76N 0.64 
74HC85N 2.02 

74L5373 
74L5374 

1.50 
1.50 

Al ? 1 B ' 51Hz 4.50 
1.58 5.95 * CMO$ ZNA234E 9.40 74F32PC 0.52 74LS375 

A112A ' 008MHz 4.00 
68654 7.95 ZBOBPIO 5.95 LM3900 0.68 

74F352 1.26 
74HC86N 0.80 0.75 A113A 1 8432MHz 3.50 

Z80BSI0-019.95 MK48Z02B-T5Ons 32.00 LM393N 0.48 74HCU04N 0.80 74Lß377 1.50 Al 1 6A 2.4576MHz 2.00 
Z806510-119.95 MK48Z02B-200ns 24.00 LM725CN 3.00 VOLTAGE REF. 

74F353 1.26 7415378 1.22 A1209 4MHz 1.25 
Z8OBS10-219.95 MK48Z028-250ns 23.00 741CP 0.16 746373 3.16 TTL 74Lß379 1,50 Al 32A 6MHz 1.70 
Z80510-0 6.00 LM747CN 0.60 ZN404 0.50 741374 3.16 

74Lß00 0.25 741538 0.25 A14GA. 651 Hz 1.25 
Z80510-1 6.00 BIPOLAR PROMS LM748CN 0.30 ZN423 0.98 74F379 1.83 

74(S01 0.25 74(5386 0.50 A76ºÁ 3.6864MHz 2.00 
Z80510-2 6.00 TBP185030N 1.54 MC1413P 0.80 ZN458 0.92 74F381 6.62 

74L502 0.25 
74L5390 1.10 

Al sA 9.8304MHz 2.75 

6805 FAMILY 
T8P18SA030 1.38 MC1416 0.80 

MC14411 10.10 
ZN458A 0.92 2N4ß861.12 74F382 4.22 

74F398 3.16 741503 0.25 74L5393 
74(540 

1.10 

0:25 
,,1_ .825 19.6608MHz 2.50, 

TBP24510N 2.06 
MC14412 14.20 ZNREF 025 1.90 74F399 2.70 74Lß04 0.25 

74L542 0.85 
MC1468052P 12.60 
MC146818P 7.20 

TBP24S41N 6.6874L505 
TBP24581N 5.50 MC1458CP1 0.35 ZNREF 040 1.90 

1.90 
74F521 2.76 

0.25 

74Lß08 0.25 74Lß47 1.00 DIL SKTS TIN 
1+ 100+ 

MC146823P 8.80 T8P24SA10N 1.40 MC1495L 6.30 ZNREF 050 
1.90 

74F533 3.16 
74F534 3.16 74Lß09 0.25 74Lß48 1.00 

8 PIN 0.07 0.05 
MC68705KT3 75.00 
MC68705R3L 40.00 

TBP24SA41N 4.40 
TBPZSL22N 3.10 

MC1496P 0.70 
MC1723P 0.40 
M03242Á 6.30 

ZNREF 062 
ZNREF 100 3.05 74F537 6.02 

74F538 4.38 

741_510 0.25 
74Lß109 0.54 

74LS49 
74L551 
741554 

1.00 
0.25 
0.25 

070-7532 
3`--'402 14 PIN 0.09 -92 16 PIN 0.09 

0.07 
0.07 

M068705Ú 31_ 36.00 TBP28LA22N 4.14 
TBP28542N 19.00 MC3302P 0.48 

MC3340P 2.36 
BUFFERS 74F539 4.38 

74F64PC 0.52 

74Lß11 0.25 

74Lß112 0.54 
74L555 
74Lß670 

0.25 

2.30 
C::. 802 18 PIN 0.15 

=-- -002 20 PIN 0.19 
0.10 

0.14 
68000 FAMILY TBP28542N 4.50 

MC3357P 1.9074Lß114 81Lß96 1.10 74F74PC 0.58 74Lß113 0.42 741573 0.30 2: 02 22 PIN 0.21 0.15 
MC68000G10 50W0 

TBP28S46N 4.50 

TBP28586N 5.00 MC3423PL 0.81 811_597 1.10 74F86PC 0.77 0.44 
741_574 0.35 

- 

_.7:2402 24 PIN 0.24 0.16 

M06ß00018 50.00 TBP28SA42N 4.50 MC3441AP 2.90 81LS98 1.10 741512 0.25 74L575 0.50 -.'-:2802 28 PIN 0.26 0.17 
MC68008L8 45.00 TBP285A46N 4.50 M0446AP 2.90 8T26A 1.10 HIGH 74Lß122 0.75 74Lß?6 0.35 C' 074002 40 PIN 0.29 0.18 
MC68230L8 14.50 TBP285A86N, 9.62 MC3447P 4.30 8T28 1_10 SPEED7415123 0.95 741578 0.35 
MC68451L8 67.00 MC3448A 3.99 8T28A 1.1074(553 74Lß124 2.30 0,90 DIL SKTS GOLD 
MC68901P 75.00 

AM27513PVC; 3.74 
AM27S19PC. 1.92 MC3470P 6.454 8T95 1.10 CMOS 7415125 0.49 

74Lß126 0.49 741585 1.16 :6.',60802 8 PIN 0.16 

TI 9900 FAMILY AMZ751900C 15.00 
AM27525DC 15.00 

M034ß0 7.76 
M03487 1.80 

ß797P. 1.10 
8198 1.10 74HCOON 0.42 

74HCO2N 0.42 
74Lß13 0.46 
74L5132 0.73 

74(586 
741ß9C 

0.42 
0.66 

:6361402 14 PIN 
0676' 502 16 PIN 

0.20 
0.21 

TMS9901-95 4.50 AM27529DC 6.46 NE555P 0.25 
74HCO3N 0.64 7415136 0.46 

-,, ,,. 
1 30 :.6Q6--802 18 PIN 0.22 

7M59902 4.50 
TM59918 35.00 

AM275350C 22.00 NE556CP 0.65 
R032ß13 -L 9.40 

OPTOISOLATORS 
0.75 

74HC04N 0.44 

74HC08N 0,42 
7415138 0.77 

74Lß139 0.77 

7 
-:,N,3: 0.66 

0.66 
06062002 20 PIN 
06062202 22 PIN 

0.28 
0.32 

TMS99278 
13.00 
11.00 

TMS992 
13.00 7Mß9929 

MEMORIES E2 PROM 
X2804AP-300ns 14.95 

9032513-U 9.40 
TL010-CP 0.44 
TL061-CLP 0.28 

4N25 
4N26 0.75 
4N33 0.90 

74HC107N 0.78, 
74HC109N 0.50 
74HC1ON 0.64 

74LS14 0.8076;6202 
7415145 1.23 

74Lß148 1.50 

74L595 
0.77 

CMOS 
06,62 '402 24 PIN 

28 PIN 
'.60640 02 40 PIN 

0.42 
0.46 
0.66 

7Mß9937 6.70 X2804AP-3ß0n5 13.45 TL062-CP 0.47 
UHF MODULATORS 74HC112N 0.86 741515 0.25 4000 Series 

TMS9980 17.20 X2804AP-450n5 12.75 TL064-CN 0.95 
74HC113N 74Lß151 1.10 ,, 0.25 DIL SKTS W/WRAP 

TM59995 13.70 X2816AP-300ns 29.95 
X2816AP-350n5 25.00 

1L066-CP 0.28 
7(071-CP 0.28 

0M1111 2.95 
UM -1233 3.45 

0.86 
74HC132N 1.28 7415153 1.10 

s3CC 

420' 0.52 TURNED PIN 
X2816AP-450n5 22.50 1L072-CP 0.56 74HC137N 1.81 7415155 0.77 :^ 0.25 9090802 8 PIN 0.36 

TL074-CN 1.10 
1.10 

VOLTAGE REG. 
74HC138N 1.20 7415156 0.77 

74L5157 
-306 0.90 9091402 14 PIN 0.75 

LINEAR/INT. TL071-CN 
74HC139N 0.78 0.62 40_- 0.25 9091602 16 PIN 0.86 DEV. 

TL082-CP 0.49 7805 0.75 74HC151 N 1.16 74LS158 0.62 4308. 0.92 9091802 18 PIN 0.96 
4702 8.90 1L084 -CN 1.02 7812 0.75 74HC153N 0.90 7415160 0.80 

0705 0.25 9092002 20 PIN 1.08 
HCI-55564-5 10.66 11091-CP 0.39 7815 0.75 74HC157N 1.02 741516' 0.80 -;3`7 

- 

0.25 9092202 22 PIN 1.18 
(speech Synthesis) 1L092-CP 0.72 78H055C 7.50 74HC158N 1.02 7415162 0.80 4P" - 0.30 9092402 24 PIN 1.28 
AM7910DC 34.88 1L094 -CN 1.30 78H12ASC 8.95 74HC160N 0.90 741_51/63 0.80 40'2 0.25 9092802 28 PIN 1.50 
AM7911DC 34.88 1L487-CP 0.59 78HGASC 9,95 74HC161N 0.90 7415164 1.10 4013 0.45 9094002 40 PIN 1.70 
25L52518PC 3.60 1L489-CP - 0.59 781-05 0.30 74HC162N 1.51 7415165 1.30 4014 0.50 
25L52521PC 3.28 
25LS2538PC 2.72 

1L494 -CN 1.99 
11496-CP 0.59 

78112 0.30 
78(15 0.30 

74HC163N 1.51 
74HC164N 0.95 

7413166 1.95 
7415173 1.13 

4015 
4016 

0.65 
0.46 ZIF SOCKETS 

H i Tech 25152539P0 
26(ß31P0 

2-72 
2.62 

26LS32PC 2.62 

1-1_507-CP 1.22 
ZN450-E 6.08 
ZN451-E 7.40 

785400M 7.50 
í8540P0 3.00 
7905 0.95 

745HC165N 2.24 
74HC173N 1.35 
74HC174N 0.80 

í41S 4 1.30 
7415175 0.96 
7415181 2.09 

4017 
4018 
4019 

0.63 
0.46 
0.39 

08082407 24 PIN 
08082802 28 PIN 
08084002 40 PIN 

5.70 
6.90 
8.25 

components 6402 6.40 
75107BN 0.69 

ZN451-KIT 29.95 7912 0.95 
7915 0.95 

74HC175N 0.78 
74HC194N 1.28 

7415190 0.98 
7415191 0.75 

4020 
4021 

0.45 
0.56 

75110AN 0.861 LM309K 0.95 74HC195N 1.28 7415192 1.10 4022 0.42 
75150E 0.86, LM317K 2.45 74HC20N 0.40 74(5193 1.10 4023 0.34 
75154N 1.05 LN323K 4.95 74HC237N 1.80 74(5194 0.78 4024 0.66 

61111. 
75159 2.30 
75160ÁN 2.60 

LM338K 4.50 74HC240N 1.38 
74HC241N 1.34 

7415195 0.78 
74(5196 1.10 

4025 
4026 

0.25 
0.74 

75161AN 2.82 74HC242N 2.24 74L5197 1.10 4027 0.52 

0379 4131 75172NG 
4.08 
1.96 

74HC243N 2.24 
74HC244N,1.32 

0.25 
7415211 0.25 

4028 
4031 

0.34 
0.93 
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INSULATION 
CONNECTOR 
HEADERS 

SHROUDED 

90° 
10 way 0 
14 way 1 

16 way 1 

20 way 1.36 
26 way 1 

34 way 2.04 
40 way 2 

50 way 2.70 
60 way 3.20 

SOCKETS 

DISPLACEMENT 
SYSTEM 

OPEN 

90° 
86 0.65 
22 0.83 
34 0.92 

1.13 
70 1.40 

1.78 
28 2.07 

2.54 
3.02 

DIP PLUGS 

OPEN 

STRAIGHT 

PINS 
0.47 
0.59 
0.65 
0.77 
0.95 
1.19 
1.37 
1.67 
1.96 

D -TYPE 

CABLE ASSEMBLIES 

IDC JUMPERS 
SINGLE ENDED 
36" cable IDC socket 
10 way 1.72 
14 way 2.07 
16 way 2.22 
20 way 3.14 
26 way 3.75 
34 way 3.98 
40 way 4.23 
50 way 5.36 
60 way 6.36 

DIP JUMPERS 

Single Ended - 24" cable 
14 pin 1.73 
16 pin 1.90 
24 pin 2.73 
40 pin 3.96 

Double Ended 
6"cable 12"cable 18"cable 

14 2.74 2.84 2.94 
16 3.03 3.14 3.25 
24 4.18 4.36 4.55 
40 5.89 6.18 6.47 

DISC DRIVE CONNECTING CABLES 
10 way 0.88 14 way 0.92 PLUGS 34 way card edge to 34 way card edge 1M 11.30 
14 way 1.06 
16 way 1.16 
20 way 1.38 
26 way 1.66 
34 way 1.94 

16 way 1.06 
24 way 1.60 
40 way 2.40 

TRANS. 

9 way 1.38 
15 way 1.85 
25 way 2.52 
37 way 3.34 

34 way card edge to 2 X 34 way card edge 1.5M 18.00 
34 way card edge to 34 way IDC SKT (BBC) 1M 8.50 
34 way card edge to 2 X 34 way IDC KT (BBC) 1.5M 14.50 
BBC Power Cable - Single Drive 3.50 
BBC Power Cable - Dual Drive 4.75 

40 way 2.08 
50 way 2.78 
60 way 3.34 

CONNS. 
10 way 0.86 
16 way 1.17 

RIBBON CABLE 

9 

(PRICED PER FOOT) 
GREY RAINBOW 
0.16 0.25 

BBC MICRO 
CONNECTORS 

CARD 
EDGE 

20 way 1.37 
26 way 1.67 
34 way 1.87 
40 way 2.23 

10 0.16 0.25 
14 0.21 0.35 
15 0.22 0.37 

6 0.23 0.39 

DIN PLUG 7 PIN p0 40 
DIN PLUG 6 PIN (0.40 
DIN PLUG 5 PIN 180' '0.40 
DIN PLUG 5 PIN DOMINOE 0.40 

10 way 1.84 D -TYPE 20 0.28 0.48 POWER PLUG (36" CABLE) 3.00 
20 way 3.14 
26 way 3.80 SOCKETS 25 0.34 0.60 

26 0.35 0.62 
ANALOGUE INPUT PLUG 2.25 
S WAY DIN SKT 180° .0.90 

34 way 4.90 9 way 1.47 34 0.45 0.80 S WAY DIN SKT DOMINOE 0.901 
40 way 5.52 15 way 2.02 40 0.52 0.92 6 WAY DIN SKT 0.901 
50 way 6.68 25 way 2.90 50 0.64 1.14 7 WAY DIN SKT 0.90 
60 way 8.06 37 way 3.97 60 0.76 1.35 15 WAY DIN SKT 2.15 

Connecting cables for personal computers 
A comprehensive range of high quality interconnecting cables for popular micro computers. All cables 
utilise high quality connectors and are individually tested to ensure trouble free use. 

Part number 
Video cables 
CON100 
CON101 
CON102 
CON107 
CON108 
CON119 
CON160 

Description 

Phono plug to phono plug (2M) 
Phono plug to BNC plug (2M) 
BNC plug to BNC plug (2M) 
6 pin DIN to open end (1M) 
6 pin DIN to 6 pin DIN (1M) 
Phono plug to coax plug 
DIN plug to 2 phono plugs 

Computer 

BBC 

BBC 

Dragon 

1.20 
2.95 
3.95 
1.05 
1.50 
1.35 
1.20 

Cassette recorder cables 

CON109 7 pin DIN to open end BBC 1.25 
CON110 7 pin DIN to 2 x 3.5mm + 1 x 2.5mm J/plug BBC 2.50 
CON111 7 pin DIN to S pin DIN + 2.5mm 1/plug BBC 2.50 
CON118 5 pin DIN to 2 x 3.5mm 1/plugs Spectrum/ZX 2.501 
CON117 5 pin DIN to 2 X 3.5mm + 1 x 2.5mm 1/plug Dragon 2.50 

Parallel printer cables 

CON130 36 way plug to 36 way plug (2M) Sirius/Apricot 18.00 
CON131 36 way plug to 36 way plug (5M) Sirius/Apricot 26.50 
CON132 36 way plug to 36 way socket (2M) 18.00 
CON133 36 way plug to 36 way socket (5M) 26.50 
CON144 36 way plug to 25 way male D type (2M) IBM/TI PC 19.00 
CON145 36 way plug to 25 way male D type (5M) IBM/TI PC 27.50 
CON134 36 way plug to 25 way male D type (2M) RML/Apple 19.00 
CON135 36 way plug to 25 way Male D type (5M) RML/Apple 27.50 
CON142 36 way plug to 20 way IDC socket (2M) Dragon 13.95 
CON139 36 way plug to 26 way IDC socket (2M) BBC 9.95 
CON140 36 way plug to 26 way IDC socket (5M) BBC 22.95 
CON141 36 way plug to 34 way card edge (2M) TRS80 Lev 1 18.50 
CON143 36 way plug to 34 way IDC socket (2M) TRS80 Lev. 2/ 

Memotech 10.95 

RS232 Cables 

CON106 25 way male D type to 5 pin DIN BBC 5.85 
CON128 'Universal' RS232 cable (pins 1-8, 20 connected 

and 20 jumpered as required) 2M 15.95 
CON164 'Universal' RS232 cable as above but 5M 20.95 
CON120 25 way male to male 1-25 connected (2M) 16.95 
CON121 25 way male to male 1-25 connected (5M) 22.50 
CON122 25 way male to male 1-25 connected (10M) 32.50 
CON123 25 way male to male 1-25 connected (30M) 68.00 
CON124 25 way male to female 1-25 connected (2M) 15.45 
CON125 25 way male to female 1-25 connected (5M) 21.00 
CON126 25 way male to female 1-25 connected (10M) 31.00 
CON127 25 way male to female 1-25 connected (30M) 66.50 
CON129 25 way male to 9 way male Spectrum 15.95 
CON162 25 way male to 9 way male Mackintosh 15.95 
CON163 25 way male to S pin DIN RML 4807 14.95 

PART NO. DESCRIPTION MAIL ORDER 
BBC MICROS AND ACCESSORIES PRICE 

ANB01 BBC Model B Micro £325.00 
ANB02 BBC Model B Micro with Econet I/F £385.00 
ANB03 BBC Model B Micro with Disc I/F £406.00 
ANB04 BBC Model B Micro with Disc & Econet £445.00 
ALA01 Acorn Electron £139.00 
ANB21 DNFS ROM £17.91 
ANB23 Disc Interface Kit £71.65 
ANB14 Speech Interface £40.00 
ANK01 IEEE488 Interface Adaptor E277.75 
ANB22 Econet I/F Kits £35.00 
BBC 45 Joysticks £8.00 
STAND Monitor Stand E7.50 
SRE1 Sideways ROM Expansion Board £25.95 

DISC DRIVES WITHOUT POWER SUPPLY 
BBC30 Single 100k TEC 40 track single sided £99.95 
BBC31S Single 100k TEC (expandable to dual) 40 track £115.00 
BBC31D Dual (2 x 100k) TEC 40 track single sided £225.00 
BBC34 Single 400k TEC 80 track double sided £174.00 
BBC 34S Single 400k TEC (expandable to dual) 40/80 track switchable 

double sided £194.00 
BBC34SW Single 400k TEC 40/80 track switchable double sided £ 184.00 
BBC 340 Dual (2 x 400k) TEC 40/80 track switchable double sided £310.00 
BBC34S/80 Single 400k TEC (expandable to dual) 80 track double sided £ 184.00 
BBC34D/80 Dual (2 x 400k) TEC 80 track double sided £300.00 

DISC DRIVES WITH POWER SUPPLY 
BBC30P Single 100k TEC 40 track single sided with P S U £130.00 
BBC31SP Single 100k TEC (expandable to dual) 40 track with P S.U. £150.00 
BBC31DP Dual (2 X 100k) TEC 40 track single side with P.S.U. f250.00 
BBC34P Single 400k TEC 80 track double sided with P. S U f 209.00 
BBC34SP Single 400k TEC (expandable to dual) 80 track with P.S.U. £229.00 
BBC34DP Dual (2 x 400k) TEC 40/80 track switchable with P.S.U. £345.00 

MECHANISMS 
FB501 TEC 100k single sided £91.00 
FB504 TEC 400k double sided £150.00 

FLOPPY DISCS 

MD -1 C/B Nashua single sided, single density 40 track (10 discs) £12.00 
MD -1 DC/B Nashua single sided, double density 40 track (10 discs) £13.00 
MD-2DC/B Nashua double sided, double density 40 track (10 discs) £15.50 
MD-2FC/B Nashua double sided, quad density 80 track (10 discs) £17.85 

SPECIAL OFFER 
BBC4OTD BASF double sided, double density 40 track (10 discs) £14.00 

DISC STORAGE BOXES 
MDT25/3 3)' Flip 'N' file Micro disc box (cap. 25) £7.75 
DT25/5 5)' Flip 'N' file lockable disc box (cap. 25) £18.77 
DT60/S 5;' Standard lockable disc box (cap. 60) £10.65 

MONITORS 
9MON 9 inch green screen high resolution NEC high quality monitor £125.00 
12MON 12 inch green screen high resolution NEC high quality monitor £135.00 
1431 Microvitec 14" RGB colour monitor £175.00 
1441 Microvitec 14" RGB colour monitor high resolution £410.00 
1451 Microvitec 14" RGB colour monitor medium resolution £295.00 
1431/AP/MS Microvitec 1431 PAL & RGB inputs and sound facility £225.00 

BBC COMPATIBLE SOFTWARE 
SBB03 View Rom £45.00 
SBB04 View Printer Driver £7.50 
AES20 Fileserver Level 1-40 track E80.50 
AES21 Fileserver Level 2-80 track £202.00 
SNBo8 Acornsoft Invoicing program £16.00 
SNB09 Acornsoft Mailing System program £16.00 
SNB10 Acornsoft Accounts Receivable program £16.00 
SNB11 Acornsoft Stock Control program £16.00 
5NB12 Acornsoft Order Processing program £16.00 
SNB13 Acornsoft Acounts Payable program £16.00 
SNB14 Acornsoft Purchasing program £ 16.00 
SNL01 Forth - 40 track £ 15.00 
SNL02 Lisp -- 40 track £15.00 
SNLO4 Microtext - 40 track £47.50 

MATRIX PRINTERS 
RX80 Epson 9X80 10ocps matrix printer £204.00 
RX8oFrT Epson RX8OF/T 100 cps matrix printer friction or tractor feed £23100 
FX80 Epson FX80 150cps matrix printer f328.50 
MT80SP Mannesmann Tally MT80 matrix printer friction or tractor feed 

with film ribbon and tear off facility £209.00 

LETTER QUALITY PRINTERS 
HRS Brother hiRS Thermal printer A/C mains or battery £115.00 
HR15 Brother HR15 Daisy wheel printer (13cps) £326.00 
HR25 Brother HR25 Daisy wheel printer (23cps) £550.00 
UCHIDA Uchida DWX305 Daisy wheel printer (2ocps) £227.00 

PRINTER SUPPLIES 

11241P160 11 x9; 1 part plain listing paper (2,000) £11.25 
11241P2C1 11x9) 2 part (otc) plain listing paper (1,000) £14.00 
11241P3C1 11 x9 3 part (otc) plain listing paper (700) £16.25 
113709160 11 x 14(1 part ruled listing paper (2,000) £13.50 
11370R2NC 11 x 14;- 2 part (ncr) ruled listing paper (1,000) £22.50 
11370R2C1 1 t x14) 2 part (otc) ruled listing paper (1,000) £15.00 
12235P160S 12 x 1 part plain listing paper with side perfs. (2,000) £12.00 
HR1R Brother HR1 ribbon £2.20 
916119 Diablo Hytype II Multistrike film ribbon £1.75 
GP205 Diablo Hytype II fabric ribbon £2.50 
MX80 Epson MX80, 9X80, FX80, fabric ribbon f 3.00 
MT80 Mannesmann Tally MT80 film ribbon £6.50 
ß1B117 Uchida DWX305 multistrike film ribbon £2.75 
HR5R Brother HR5 ribbon £2.20 
11915R Brother HR15 multistrlke ribbon E4.00 
H9259 Brother 11925 multistrlke ribbon £4.00 

Brother daisy wheels £14.00 
Uchida/Oume daisywheels E4.00 

LAB089361C 3 x1 7/16 Labels - 1 wide (12,000) £20.00 
IAB089361S 3 1 7/16 Labels - 1 wide (2,000) £13.00 
IAB070363F 2 1 7/16 Labels - 3 wide (1/10") (2,000) £8.00 
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DIGITAL 
FRAMESTORE 
Now we come to the two nitty-gritty bits of the circuitry - the 
conversion to and from digits, and the storage and retrieval of the 
digits in a hurry. Daniel Ogilvie shows how its done. 

With a clock rate of 13MHz 
we have-1/13MHz = 78 ns 
to convert the data and 

store it in memory. Of the readily 
available ADCs, the National 
Semiconductor ADC0800 takes 10 
µs; obviously, we will have to look 
for something rather more exotic 
for the ADC here. 

Most common ADCs work by 
the successive approximation 
technique, which requires a num- 
ber of clock cycles to obtain a digi- 
tal representation of the incoming 
analogue signal. Even at high fre- 
quencies, the number of clock 
cycles would take an unacceptable 
length of time; for instance, if we 
were able to clock the ADC0800 at 
10MHz, it would still require 40 
clock cycles to complete a conver- 
sion, which would mean that we 
would have to allow 4µs for each 
conversion - still far too slow. 

Successive approximation ADCs 
contain just one comparator, see 
Fig. 4, and what they do is to try the 
different bits in the latch, starting 
with the most significant and work- 
ing down to the least significant, to 
see which should be on in the final 
result. 

An alternative technique is used 
by flash (or parallel) converters; 
here, there are lots of comparators 
all tied to the input and to different 
points in the resistance ladder. The 
encoder logic has to decide which 
is the highest comparator which is 
on. The time taken for conversion is 
just the propagation delay of the 
comparators and the encoder. 
However, the big disadvantage of 
these ADCs is the complexity, as 
there has to be a comparator for 
every possible output word. So, for 
an n -bit converter, there have to be 
2" comparators, and this also means 

that there have to be more resistors 
in the chain, and that the encoding 
logic has, necessarily, to be that 
much larger. 

There are a number of flash 
converters on the market, the 
Ferranti ZN440 and the RCA CA3300 
for example. The type we are going 
to use is the TRW TDC1014, which is 
a six -bit converter. Both eight -bit and 
four -bit versions are available and 
could be used instead; however, 
the four -bit version will not offer 
sufficient resolution for any serious 
application and the eight -bit 
version is very expensive, in effect 
containing four times the logic and 
comparators of the six -bit version. 
The six -bit version is a compromise. 

The ADC is the single most 
expensive item in the framestore. It 
does contain a lot of very fast logic, 
including 64 latched comparators, 
for example. Its cost is about £100, 
and as we have seen there is no way 
round this. The framestore can, of 
course, be built without the ADC 
and used only to display images 
loaded by computer - not exactly 
a framestore then though is it? 

The Dynamic Ram 
The DRAM is a significantly 

cheaper memory cell per byte than 
static RAM. It would be possible to 
design the framestore using fast 
(better than 7Ons) access time static 
RAM, which would consume over 
100 16K X 1, for example. These 
would require a second mortgage 
to acquire (£10/chip). So if only for 
financial reasons the DRAM would 
appear to be the right choice and 
the 64K x 1 variant is the cheapest 
and most convenient available for 
us. However they do require more 
thought and circuitry to drive them. 
The problem of their slow access 

time is discussed below. We will 
consider briefly here how to get 
data in and out of them. 

You have probably noticed that 
the 64K x 1 DRAM comes in a 16 - 

INPUT 

COMPARATOR 

CONTROL 

ìji 
DAC 

VREF emuOM.. 

VREF INPUT 

COMPARATORS 

ENCODING 
LOGIC 

57 MORE 
COMPARATORS 

OUTPUT 

OUTPUT 

Fig. 4 Two ways of converting analogue 
to digital: (a) sucessive approximation 
ADC; (b) 'flash' converter ADC. 
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R1 terminates the video signal at the 
appropriate 75 ohms. Q1 buffers the 
video, and the signal is then AC 
coupled to driver transistor Q3 via C2 
and RS. Q3 is needed because the input 
to IC1, the ADC, is quite capacitive 
(100p). 

The DC level of the signal is 
determined by the clamping action of 
Q2, as follows. IC3 is a dual 
monostable, and it generates a 21.ts 

pulse 31µs after the UNE signal goes 
low, which is every 64µs. This pulse is 
fed via Q4 to the gate of Q2, which 
turns this transistor on, shorting the 
negative end of C2 to the voltage set up 
by R6 and RV1. 

The portion of the video waveform 
when this is happening is known as the 
'back porch', and, by definition, it is 
reference black. So R6 and RV1 set the 
reference black level for the video 
signal. Clamping the waveform every 
64µs ensures that the tone of the image 
remains consistent across the screen. 

The ADC is IC1, a TDC1014J, which 
converts continuously at 13MHz. 1Ons 

after the rising edge of the clock input, 
the video input is latched into its 
comparators and compared with the 
voltage fed to the reference input. This 
latching operation means that the input 
does not have to be held steady while 
the conversion is taking place. 

On the falling edge of the clock 
signal, the comparator outputs are fed 
to a 63 -to -6 decoder. The outputs from 
the comparators essentially form a bar - 
graph representing the video signal 
size: for example, if the video input is 
half the reference voltage, then half the 
comparators will be on and half will be 
off. The conversion logic takes the bar - 
graph output and converts it into a six - 
bit binary word. 

The binary word is latched into the 
ADC output on the next rising edge of 
the clock and the data becomes 
available 3Ons later. There is what is 
known as a one pipeline delay in the 
output, and the ADC takes in new data 
whilst converting the previous data. 

The reference voltage is provided by 
ZD1 and this is buffered by IC2. RV2 
allows the reference voltage to be 
changed which gives some control over 
the gain of the ADC; the lower the 
reference voltage, the lower the 
threshold between adjacent 
comparators in the ADC, so the smaller 
the change in the input signal that is 
required to change from one output 
binary word to the next. 

IC5 is the DAC, TDC1016. It acquires 
data from the memory on the rising 
edge of the clock input provided that 
the data has been set up 2Ons 
beforehand. The reference input, 

provided by ZD2 and buffered by 1C4, 
is used, with the digital data, to decide 
the size of the output voltage. The 
output of the DAC can be forced to OV 
(black) by the NDIS input and this is 
done outside the stored picture area to 
prevent rubbish being displayed. 

The output of the DAC can drive 
the standard 75R line, but will provide 
only 500mV output swing, which will 
give disappointing contrast on a 
monitor, which would be improved by 
amplifying the output. On the other 
hand, without termination, the output 
voltage swing can be 1 V but fast edges 
of the video could cause some slight 
overshoot, although it is unlikely that 
such edges would be generated by 
anything other than a computer - 
generated image. 

In the circuit shown, we leave the 
choice of whether or not to terminate 
the output from the DAC with 75R up 
to you; the resistor required to do this 
is shown dotted. The black level of the 
output is set by the ratio of R20 to R21 

and when a MIXED SYNC pulse is 
present, this point is shorted to OV by 
Q6 to provide a composite output. 

Q5 provides a 75R drive capability 
for the video. No low-pass filtering has 
been used to reconstitute the video 
output, as this will almost certainly be 
performed by the monitor. 
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PROJECT : Framestore 
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for low-cost training In 

real -life robotics 
The advanced design of the Neptune 2 makes it the lowest cost real -life 

industrial robot. 
It is electro -hydraulically powered, using a revolutionary water based 

system (no messy hydraulic oilll$- 
lt performs 7 servo -controlled axis movements bon Neptune 1 i - more 

than any other robot under £ 10.000. 
Its program length is limited only by the memory of your computer. 

Think what that can do for your BASIC programming skills! 

And It's British designed, British made. .R 
Other features include 

leakproof. frictionless roIingdiaphragm seals 

Weed and 'atoned versettle enterlace lot BBC VIC 20 and Spectrum computers ., ...« 

12 bit control system 18 on Neptune I I. 

Special circuitry for initial compensation. 
Rack and pinion cylinder couplings for vede angular movements 

Automatic triple speed control on Neptune 2 for accurate 'horning in 

Easy access to servicing and viewing Of working parts. 

POwerlui - lifts 2.5 kg veth ease. 

Hand held simulator for processing (requires ADC optiunl. 

Neptune robots are sold in kit form as follows 

Neptune l robot kit lint, power suppyl £1250.00 ADC option (components lit to main control bgardl £95.00 

Neptune I control Netnews (ready bulk] £295.00 Hydrauoc power pack (ready assembled) 1435.00 

Neptune I simulator 145.00 Gripper sensor 

Optional extra three fingered gripper 

137.50 
115.00 

Neptune 2 robot krt lint power wppyt 1I 725.00 BBC conecto lead El 2.50 

Neptune 2 control electronics(ready built) 1475.00 Commodore VIC 20 connector lead and plug-in board E14.50 

Neptune 2 sknWator 152.00 Sinclair 20 Spectrum connector lead EI 5.00 

All peke. exclusive 90 VAT and valid until the end of March 1985. 

and comes in kit form at an astonnhi gly low mentor Mentor h ail Braun in design and manufacture 

pace 

desk -top robot Mentor robot krt BM power wppM E345-00 

Mentor Conroe electronics 
Thisththcompact. eieciricaey powered training built) 2135.00 

robot has h axes of movement simultaneously Mentor simulator" maim, 
seNO.ContrOlted It gives smooth operation. ADC option) . 142.00 
and rts rugged construction makes it ideal for ADCopba+(Components ht to control 
use n educat oraln ihments Other electroncs board) £19.50 

include ono life brorlte and nylon 
BBC connector lead El 2.50 2 lea 

bearings, bearings. tot gra c troleeCtrontr and 
powersupply. sptionalrcurtry for mental Commodore VIC 20 connector lead 

compensation. optional onboard ADC and and plugg-m board E14.50 

andheld simulator as the teaching pendant Sinclar ix spectrum connector lead £15.00 
Ole Neptune. Mentors pogrom Iengtns 
limited only 0y your computer s memory All preen exaItNe or VAT and vNMFaKN 
Programming is in BASIC the end of March 1985. 

CYBERNETIC APPLICATIONS LIMITED 
lybsrne C PORTWAY TRADING ESTATE. ANDOVER, HANTS SPIO 3ET 

pplications TEL. (0264) 50093 Telex: 477019 
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"Rdì more thgh 
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R 
Sure! More than 10 tasks 

simultaneously and, in some 
cases, up to 300 times faster! 
That's what replacing the basic 
ROM with the new FORTH does 
for the ZX81-and more! 

The brains behind the 
breakthrough belong to David 
Husband, and he's building 
Skywave Software on the strength 
of it. Already orders are flooding 
in and it's easy to see why. 

The ZX81-FORTH ROM gives 
you a totally new system. In 

addition to multi -tasking and split 
screen window capability, you 
can also edit a program while 
three or four others are executing, 
schedule tasks to run from 50 
times a second to once a year, and 
with a further modification switch 
between FORTH and BASIC 
whenever you like. Ell 23 

le 

The ZX81-FORTH ROM gives 
you a normal keyboard with a 64 
character buffer and repeat, it 
supports the 16k, 32k, 64k RAM 
packs, it is fig -FORTH compatible 
and it supports the ZX printer. 

The price, too, is almost 
unbelievable. As a "fit it yourself 
Eprom", complete with manual, 
it's just £25+VAT. ®) 
Add £3.45 p&p UK (£6.00 Europe, 

£12.00 outside Europe) and send 

your order to the address below. 

SOFTWARE 
David Husband 

73 Curzon Road, Bournemouth, 
BH1 4PW, ENGLAND. 
Tel: (0202) 302385. 

International +44 202 302385. 

1MASTER 
Electronics -Microprocessors - Now! 

The PRACTICAL Way! 

r 
1 

Electronics - Microprocessors - Computer Technology is the career 

and hobby of the future. We can train you at home in a simple, 

practical and interesting way. 
Recognise and handle all current electronic components and 'chips'. 

Carry out full programme of experimental work on electronic & 

computer circuits including modern digital technology. 

Build an oscilloscope and master circuit diagrams. 

Testing and servicing radio - T.V. - hi-fi and all types of electronic/ 

computcr/industrial equipment. 

j; t ochute 

{1{Co\oA1 

...... 

Britisleationalltadio&Electronics School Reading,Berks.RGl 1BR L---------------------- Ma IOW 
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ADDRESS 
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FEATURE 

SYSTEM FAILURE 
The UK's defence industry isn't delivering - either in terms of 
reliability, which is this report's main concern, or in commercial 
and export terms. Dave Bradshaw has been talking to a very 
experienced engineer, working in defence, to find out why. 

Like it or not, each adult in the UK contributes 
several hundred pounds a year to the defence 
industry (the exact figure is not easy to calculate). 

A large proportion of our electronics engineers are 
employed in this industry, either directly or indirectly, 
and much the largest share of all research is conducted 
for military purposes. 

With all this effort going on, it is important to ask 
whether we are getting value for money, because it 
would represent a huge waste of resources if we were 
not. To give value for money, a military system must 
work, ie it must be reliable. But there are are very 
serious question marks against the reliability of some 
systems. For example, when the Belgrano was sunk dur- 
ing the South Atlantic conflict, conventional torpedoes 
were used even though the submarine which did the 
sinking was believed to have 'Stingray' torpedoes 
aboard. Why? Could it be that the sub's captain didn't 
trust the high-tech torpedoes to do the job? 

The problem with torpedoes is that if the first one 
misses, it gives the enemy warning that an attack is 

being mounted, which in turn gives time for preven- 
tative action to be taken. So a very high degree of 
reliability is necessary for torpedoes. On the other 
hand, another high-tech weapon, the Exocet, was used 
with devastating effect. Here, the circumstances are dif- 
ferent, because if the weapon fails, it might not alert the 
enemy, but just crash into the sea. Even if the attacker is 
unlucky enough to alert the attacked, there is still 
ample time to launch another missile, because the 
target is slow -moving and the attacker is much faster. 

So 'reliable' can mean different things in different 
circumstances. When there was a scare over some chips 
manufactured by TI not having been correctly tested, 
BAe publically stated that they had used the chips in 
question in the Rapier missile, and that the missile had 
an 80% success rate which was considered to be very 
good. In weapons terms, Rapier is a low -complexity, 
high -reliability weapon. 

An example of about the most complex weapons 
system in service at the moment is the Tornado multi - 
role combat aircraft. Each major 'service' on a Tornado 
takes about three months, and that will involve the 
stripping down of 'all the systems and sub -systems, and 
the thorough testing of them all, both individually and 
in an assembled state. However, by the time the Tor- 
nado has landed after its first flight, it has several sys- 
tems that are not fully functional, and it has to go for 
further repairs. The F1-11 has similar problems. 

It requires a major maintenance effort to keep air- 
craft like this functional. By contrast, the Harrier is very 
robust and simple, despite having a particularly highly 
stressed engine. And we've given Harrier technology 
away to the USA, because we preferred to concentrate 
on Tornado. 

The remainder of this report will look at the factors 
that affect the reliability of military hardware. One of 

the problems we have encountered, though, is that 
while there are countless examples of blunders com- 
mitted in defence contracts, the actual examples We 
might be able to give are all covered by the Official Sec- 
rets act. In the vast majority of these cases, the details of 
the mistakes have very few if any defence implications. 
They do have very large implications for the companies 
involved in defence. It would be in the long term 
public interest if details were known - but they cannot 
be released. Perhaps this is one of the reasons why the 
British defence industry is losing ground in competing 
for orders against the Israeli and French industries? 

Specification 

The specification is basically the document in which 
the customer says what is required. It is one of the most 
critical stages in the procurement of a piece of military 
equipment, and mistakes made here can be difficult if 
not impossible to rectify. There are a number of 
'golden rules' - many of them little more than common 
sense - which should be followed, but which are all 
breached to a greater or lesser extent for much of the 
time. Let us take a look at the rules. They are: 
1. The specification must say exactly what the customer 
wants. There is no room for vagueness, as this will 
inevitably by exploited in one way or another by one or 
more parties to the deal. 
2. The buyer must understand the specification and all 
the implications of what is being asked for. This may 
seem obvious, but contracts are usually drawn up by 
non -technical staff, at least in part. 
3. The contractor, designer, developer and producer 
must all understand the specification; again, there is a 

problem of the contract being negotiated by non- 
technical staff, with the result that it may be inconsis- 
tent or open to several different interperetations in key 
areas. 
4. The specification must be complete and must not 
leave anything out. Here there is the problem of 
the wrong priorities being emphasised in the drawing 
up of the spec, but there are additional problems. 
Military contracts generally run for around ten years 
from start to completion, but in 1984 it is impossible to 
predict what circumstances equipment will find on the 
(hopefully theoretical) battlefields of 1994. Also the 
sheer complexity of military items can make it virtually 
impossible to describe them fully - imagine trying to 
write a full description of a multi -role combat aircraft. 
5. Another problem associated with the contracts run- 
ning for so long is that you cannot be sure that the 
device will be used as it is designed to be used. If the 
design work is done ten years before deployment, the 
actual way it will be used cannot be predicted. 
6. The device must be testable, and this must be built 
into it from the start. Inevitably, there will be aspects 
that cannot be tested, and it must be understood how 
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much cannot be tested and how important that is to the 
system. 
7. It must be possible to test the device without degrad- 
ing it too much. One of the ironies with large-scale sys- 
tems is that testing them actually makes them less reliable 
in the long run, see Fig.1. 

Let us pursue this question of testing a bit further. 
Large-scale weapons systems have some sort of self -test 
capability (ie BITE, built-in test equipment). Others, like 
missiles, will have an associated test box, so that you can 
plug the missile into a box of tricks that will then put 
the missile through its paces, testing the main routines 
that the missile's equipment will have to perform in 
actual use. This test might be a daily, weekly or monthly 
ritual, depending on the device in question. 

Such a test can only give a partial check on the sys- 
tem, so periodically the whole missile will be taken 
apart, all the sub -systems in it tested, then it will be 
reassembled and given a full system test which will, so 
far as is possible without actually firing the missile off at 
a taret, test the full system under simulated systems 
conditions. 

There are several problems here. Firstly, without fir- 
ing the missile, you can't fully test it - and there are 
major aspects of the operating environment you just 
cannot simulate. For example, you cannot simulate the 
launch satisfactorily. There are so many combinations of 
conditions that the missile may encounter that you can- 
not test them all. 

There is a whole range of one-shot devices in any 
system that cannot be tested; these range from the 
warhead itself to explosive bolts. Testing these destroys 
them and they can only be replaced with similar items 
which, again, you can't test without destroying. 

A further problem with mechanical parts of the sys- 
tem is that even after testing you cannot be sure that 
they will work. An example would be the wings and 
engine air-intake on a cruise missile. There are so many 
variables involved here that can prevent these from 
working, for example dirt or debris that entered the 
mechanisms during testing, or small mechanical defor- 
mations accidentally introduced in re -mounting the 
missile. All that you can say is that the mechanical bits 
worked when tested, but you cannot be sure that they 
will work the next time they're called upon. 

There are particular problems with integrated cir- 
cuits. After each step of building an IC - and this in- 
cludes the different diffusion stages of the wafer - the 
IC is tested and inspected, to see that everything has 
been done properly. Once the IC is capped (encap- 
sulated) you cannot go back to check on earlier stages, 
so you're confined to just checking to see that it 

behaves, so far as you can test, in line with its 
specifications. 

Burnt Out? 

One of the principles behind the reliability verifica- 
tion of systems is that of burn -in. The idea is to make 
sure that the large numbers of early -life failures that 
occur with any device - be this individual ICs or a large- 
scale system - occur on the test bench rather than the 
battle -field. Failure early in the lifespan is somewhat 
tastelessly referred to as 'infant mortality'. These are 
usually caused by gross failure mechanisms due to 
manufacturing shortcomings (eg, dry joints, unsecured 
components, poor insulation , etc). 

The idea is to create the worst possible operating 
conditions in which the device must operate, and sub- 
ject it to these conditions for a period of time - typically 
168 hours (one week) for high reliability ICs - and see 
if it fails. Individual devices, eg ICs, are burnt in, then 
they're assembled into boards and burn -in repeated, 
then the boards are assembled in sub -systems and the 
burn -in repeated, and finally the whole system is 
assembled and burnt in. 

If the burn -in procedures are not adhered to fully, 
faults will get through and end up appearing in the 
finished items of equipment. Combined with the 
effects of long-term degradation, such infant mortality 
faults can appear to be random failures - except that 
these 'random' failures would be occuring rather more 
often than would be expected. However, it is difficult 
to distinguish between random failures and a quality 
control problem due to inadequate burn -in. 

Manufacturers are under quite a lot of commercial 
pressure to curtail burn -in where possible. It costs a 
great deal of money and ties down resources. For 
example, assembling even the smallest system could 
take four weeks and tie up environmental testing 
facilities for that length of time as one week will be re- 
quired for each stage - burning -in the components, the 
boards, the sub -systems and the system as a whole, 
albeit in different sections of the factory, or in different 
factories. 

Even with an apparently adequate 'burn -in' pro- 
grammme, we still come back to the problem that you 
cannot adequately reproduce the full operating con- 
ditions. For example, the way components are mounted 
can count for a lot. If they are mounted in such a way 
that they can vibrate, it is not unknown for them to go 
into a very destructive mechanical resonance during, 
say, the launch of a missile. 

Contracting 

The commercial arrangements surrounding military 
contracts have strong repercussions on the reliabilities 
of the eventual products. Until recently, all contracts 
used to be on a cost-plus basis - the contractor would 
be paid as much as was spent on a particular project 
plus an agreed profit margin. As you might imagine, 
this was a licence to print money for the contractor, but 
it also encouraged very bad habits on the part of the 
customer. 

The main problem was that the military would con- 
tinue to change the specification of the equipment 
required right the way through the contract's life. These 
changes would be called 'enhancements', although 
they would frequently be incompatible with the 
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original specification. These 'enhancements' might be 
trivial - for example, the moving of a bracket - but they 
might also be quite large. An accumulation of apparen- 
tly trivial changes can amount to a major design 
change. 

During the typical contract life of ten years, the 
military would be going back to the contractor with 
'enhancements' for virtually the full life of the contract, 
almost as a matter of course. Over ten years there will 
be a considerable change in the technology available, 
and the military wants to see the latest in technology 
incorporated into their toys. 'Enhancements' have the 
result that the system at the end of the project could be 
completely different from the concept at the start. 
Obviously, it has considerable repercussions for the 
reliability of the system if there are a number of 'bolt - 
on' extras added at different stages of the design and 
development. 

Fixed Cost? 

To overcome some of these problems, the present 
minister of defence, Michael Heseltine, has introduced 
what at first seems like a step in the right direction (no 
pun intended). The fixed - price contract is, in theory, 
exactly what it says - the contractor will get a fixed 
amount of money for doing a fixed job. This was 
introduced mainly to prevent the sort of price escala- 
tion that has been so common in defence contracts, but 
as a side -effect it should have got rid of the con- 
tinuously varying spec. It hasn't. 

The problem is that the eventual users of the equip- 
ment are still treating these contracts as cost-plus, and 
are demanding 'enhancements' from the contractors. 
Contractors are all too pleased to provide the enhance- 
ments requested - and even to make a few suggestions of 
their own -because, not unexpectedly, it will mean an 
increased price for the work. The customer can hardly 
object to this, and in any case, there could be no ques- 
tion of taking away the contract from one company and 
moving it to another, because that would extend the 
wait before the equipment comes into service. 

Even if the military do not want 'enhancements', the 
contractor can easily find ways to increase the price 
because the specification and contractual terms are 
generally very loose, as is the monitoring of contracts. 
Just how loosely military contracts are monitored here 
can be judged in comparison to the way that NASA and 
ESA monitor their contractors' behaviour. 

For example, if you are a sub -contractor to NASA, 
periodically you will recieve a visit at very short notice 
from a technical expert. The warning you get could be 
24 hours or less. The expert will want to see all the work 
you are doing, how it is progressing, and will want to 
know the reasoning behind all the procedures you have 
adopted. Engineers who have been through this pro- 
cess describe it as 'very testing'. However, it would be 
unthinkable for the MoD to adopt a similar process 
here. 

Splitting It Up 

Fixed price contracts are not the end of the changes 
the Government are introducing. The next stage is the 
putting out of every major stage of the contract to ten- 
der. So different companies would have the oppor- 
tunity to bid at each of the stages; in a typical case, 
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these are: feasibility study; project definition; develop- 

ment; initial production; and quantity production. 
The new system has only just been introduced, so it 

is not yet possible to see how it will work out in prac- 
tice. The idea is to make contractors competitive in 
price at every stage of the process, but the major fear is 

that it might result in significantly less reliable end - 
products. 

The problem is that if different contractors do dif- 
ferent stages in the process, there is a lack of the 
engineering continuity which is essential for high 
reliability through feasibility, definition, development 
and production. As has already been mentioned, con- 
tracts are not normally drawn up by technical staff, 
although there is technical involvement. The more 
separate contracts are placed, the more contracts have 
to be written and the more the problems associated 
with this come to matter. However, on top of this there 
are always many things that even competent engineers 
do not write down - these range from apparently 
insignificant details to underlying assumptions; indeed, 
it is more likely to be the latter, rather than the former, 
that don't get written down. 

Even if everything of importance does get written 
down, the experience and enthusiasm of the engineers 
involved in the project cannot be transferred from one 
contractor to another. In particular, if an engineer gets 
involved in a job which is then taken away, it is unlikely 
that the next engineer will, at least initially, have the 
same experience and motivation. 

One effect that may not be all that bad is that the 
switch to part -contracts may lead companies to 
develop - or buy -in - ranges of off -the -shelf com- 
ponents instead of developing new ones. For example, 
to produce a generator, the fastest solution is to use off - 
the -shelf components of engine, dynamo and voltage 
regulator, whereas at the moment a contractor would 
automatically design a special-purpose unit from 
scratch. The reason for this change is that contractors 
will have to bid for a large number of jobs at any one 
time - all of them of shorter duration than at present - and it will not be known what the next contract will 
require. So the flexibility of off -the -shelf units will be 
necessary. 

Finally, an inevitable consequence of part -contracts 
will be that contractors will spend more on making pro- 
posals. Each proposal costs time and money, and the 
customer will end up paying for this in the long run. At 
present, it is not uncommon for the cost of making a 

proposal to be buried in the costs of existing contracts - 
the system is so slack that contractors can allocate 
engineers' time to virtually anything they like. Whether 
fixed price contracts will eventually make it more dif- 
ficult for costs to be hidden remains to be seen, but it is 

thought unlikely that it will make much difference. 

Design Discipline 

A good example of the importance of design dis- 
cipline has been documented for the cruise missile pro- 
gramme. The sub -contractor doing the software ran 
into problems, but instead of properly analysing the 
trouble, the approach adopted was to throw more 
money at it by bringing in more software engineers. 
This just compounded the problems. Prof. C. Brooks of 
the University of N. Carolina's computing department 
describes the nature of working on software with the 
following analogy: "The bearing of a child takes nine' 
months, no matter how many women are assigned. 
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Many software tasks have this characteristic because of 
the sequential nature of debugging." In other words, 
you can't rush writing software, but that doesn't stop 
defence contractors trying. 

In general, contractors start their FMECA study far 
too late in the life of contracts. FMECA stands for 
Failure Mode, Effects and Criticality Analysis, and it is 

concerned with looking at the likely shortcomings of 
the design in a very critical and analytical way. Starting 
this process any later than the early stages of design and 
development can greatly reduce its effectiveness. 
However, contractors will often not start this procedure 
until they've already realised that there is a problem - 
ie, they're already in trouble and they're clutching at 
remedial straws. They throw money at the problem as a 

substitute for proper planning in the early stages. 
Ideally, it should be written into any contract that 

the FMECA programme should start at some short 
interval - say 30 days - after the development con- 
tract has been awarded. This would then have to be 
very closely monitored to make sure that it really did 
happen. Very often an inquiry as to the progress on 
FMECA will result in the contractor hurriedly starting it 
up - but at too late a stage to have any real impact. The 
contractor will then pretend to the customer that the 
FMECA programme had been in hand all the time and 
they can get away with it because the MOD(PE) does 
not monitor effectively. 

Short Term Contracts 

It should be possible to carry through most military 
contracts in a much shorter time than they presently 
occupy. We would suggest that a target of two years - 
not ten - should be aimed for. A number of advantages 
would be incurred by going for much shorter time 
scales. 

Firstly, the contractor and the customer would have 
to stick to the original specification. This would have 
the effect of 'freezing' the technology used at the time 
of design - but with only a two-year time lapse, this 
technology would still be in -date and not nearly 
obsolete, as would be the case with a ten-year contract. 

Secondly, there would be a general reduction in 
price. Besides fixed price actually meaning that, the 
massive overheads incurred by having a job going on 
for so long would be reduced, as would the expenses 
involved in meetings. The main losers would be 
hoteliers, restaurants, travel agents and air -lines. 

Finally, there would be the real opportunity to learn 
by mistakes. You can actually have an item of equip- 
ment out and in use at the time that you are looking at 
either the Mk.2 version, or at the next generation of 
equipment. 

As far as we can see, it is sheer inertia that is stop- 
ping this sort of development, not technical complexity. 
If compact disc players can be designed and developed, 
using entirely new technology, in the space of a couple 
of years or so, then why not a new command, control, 
communication system for the army? Yet the Ptarmigan 
system has been under development by Plessey for the 
last 12 years and is still not fully deployed. 

Conclusion 
The way that the defence industry is organised at the 

moment, the products work despite the system, and 
mainly because of the dedication of individuals. A 
major reorganisation would result in a much less costly 
more effective industry, which would, in the long term, be 
better for all concerned. ETI 
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Options: Carry case £6.84 
TG101 0.02HZ to 200KHZ Junction. sine, square. triangle. 
Variable OC offset. TTL 0/P Ext. sweep mode. Variable 600 
ohm 10V pp £120.75 
16102 0.2HZ to 2MHZ function. Sine, square. triangle. 
Variable OC MMac. TTL 0/P. Ext. sweep mode variable 600 
ohm 0/P. 10V PP £178.25 
16105 5HZ to SMNZ pulse. TTL and Sync 0/P. Variable 
50 ohm 0/P. Free run. gated or trig. modes. £120.75 
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ANALOGUE 
MULTIMETERS 
(*mirror scale( (UK C/P 65p) 
HC1015 15 range pocket 10K/Veit 

I Meg ohm £8.95 
HMI029Z' 22 range 20K/Volt 10A OC 

plus condoner 10 Meg ohm £14.50 
Eí13000 20 range 30K/V 12A DC. 

12 meg ohm £21.00 
NH56R` 22 range 10K/Volt oMeg ohm £12.95 
830A` 26 range 3011/Volt IOAC/OC 10 Meg 
ohm £24.95 
36OTR` 23 range bench. 100K/Volt large scale 
10A AC/DC plus Me tester 10 Meg ohm I £45.00 
AT2100` 31 range de luxe 100K/Volt 10A AC/OC 
100 Meg ohm 134.95 
AT1020` IB range de luxe 20K/Volt plus Hfe 
tester 5 Meg ohm £22.50 
YN 360TR` I9 range 20K/Volt plus Hie tester 
I Meg ohm £15.95 
K RT5001 ̀  Range doubler 35 range total 5011/ 
Volt 10A OC 20 Meg ohm £21.95 
ST303TR' 22 range 20K/Volt plus Hfe tester 12A 

OC 1 Meg ohm £21.00 

LCD & LED MULTIMETERS 
-911 

IUK C/P 65p) 
THANDAR BENCH PORTABLES Size 255 x 150 x 

50mm Option: Carry case £6.84 
TM355 3'// digit LED. 29 ranges. 0.25% basic. 
100mÚ res 10A AC/DC. 20M ohm £97.75 
¡AC adaptor option £6.951 

TM356 3y2 digit LCO 29 ranges as TM355. 3000 hour battery 
life (supplied) £109.25 
TM351 34-. digit LCO. 29 ranges. 0.14á basic. Ranges as above. 
2000 hour battery life. £132.25 

LED COUNTERS 
(UK C/P 65p) 
METEOR mains or battery portable 8 digit LED counters. 
Size 219 x 240 x 98mm. 5mV sensitivity 0.1 HZ resolution 

100 5HZ to 100MHZ £109.25 
600 5HZ to 600MHZ ADD inputs £139.15 
1000 5HZ to 1000MHZ IIGHZI ASO Inputs £189.75 
Options: 
6NICAOS £12.19 

1 _' O _. 

r\__T 

RF pickup Aerial £8.91 (AC adaptor included) 

FUNCTION GENERATOR Se 
(UK C/P 65p) 
JUPITER 500 Function generator 0.I HZ to 500KHZ or better. 
Sine. square. triangle 0/P to ± 30 volts. TTL 0/P. OC offset ± 

15V variable. Est AM and sweep facilities 220/2400 AC 
operated. £126.50 

7..c.4===tin ú 
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SCOPEX 
14015 Dual 15 MHZ 5" tube 
TV SYNCH Z MOD £373.75 

F6 As above plus HNed 

0.2112 to 200 KHZ Function Generator £488.75 

AC CLAMPMETER 
0/300A 0/600V AC 0/1K ohm 
Total 9 ranges with carry case and 
lead 
ST300 £35.50 [UK C/P 65p1 

COMPONENTS TOOLS 
ACCESSORIES 
LARGE RANGE IN STOCK 

Tel: 01-723 1008 for smatt or large quantities. 

TRANSISTOR 
TESTER 
Direct POP/NPN and diodes 
Hie, leakage. etc. General purpose TCI 
¡UK C/P 55p1 £27.95 

ELECTRONIC 
INSULATION 
TESTER 
5009/D-100 Meg ohm with 
carry case. leads. etc. 
YF501 £82.50 

(UK C/P 65p) 

LOGIC PROBES 
TTL OIL, etc. 

LP2 1.5MHZ £24.15 
DP7030MHZ £28.75 
DP7150MHZ £59.80 
IUK C/P 55p each) 

VARIABLE POWER 
SUPPLIES 
(UK C/P £1.001 
220 /240V AC input 
PP241 single meter A/V 

0/30V 1 amp £37.95 
PP243 3 amp version £59.95 

DIGITAL 
CAPACITANCE 
METER IUKC/P65p) 
0.1 pt to 2000 mfd LCD 8 ranges 

DM6013 £69.50 

PROBE KITS 
In wallets with adaptors. etc. BNC fittings for 
scopes/counters/generators. etc. 
X1 £7.95 X10 £9.50 
X100 £18.40 X1 /1(10 Swltchable £11.50 
Demodulator £18.50 
(UK C/P free with other Mosier 65p per Ito 3 kits) 

DIGITAL THERMOMETER 
Pocket size LCOthermometers complete with 
battery. Accept any type K probe ßúp 
(UK C/P 65p) 
TH301 LCD -50` to .750'C 1 `C 
resolution with thermocouple £68.43 

GENERATORS 
220/240V AC 

(UK C(P. etc £1.20) 
AUDIO 
LEADER LAG275band r - Sl.b as 
sine/square 0/P 0/59 
OMS Oint 0.05% 10HZ to 1MHZ £106.95 
TE22D 4 range sine/square 0/P 5V RMS 0.5°/. 
Dist 20HZ to 200KHZ £82.95 
TRIO 116202A 4 band 20112 to 200KMZ. 10l1 RMS 

0/P 0.5% dlst CR OSC £102.35 

RF 
TRIO 50402 6 range 100KHZ to 30MHZ RF 0.10 
RMS Int/ex mod £82.80 
LEADER LS617 6 band 100KHZ to 150MHZ (96 to 

450 MHZ on Harmonica) RF 0.19 RMS. Int/ex Mod. 

AF I KHZ volt (1 MHZ Ktal lopoonel £3.50) £13225 
TE200 6 range low cost version of above up to 

t tDMHZ (300MHZHarmonics) £74.95 

LEAFLETS available for meet items send SAE 

(Large 25p Ion latest catalogue) 

r SUPPLIERS OF ELECTRONICS FOR EVERY PURPOSE 
ORDER BY POST OR PHONE 

vv. Pea j I vrva 

Up to £ 1000 instant credit 
Available through Lombard Trinity Finance 

1 

Officiel orders welcome 
ISublset to confrmetlen) 

TR DIP METER 
1 5 to 200MHZ 6 band 
(UK C/P 55p) 

ALL PRICES 
INCLUDE VAT 

301 Edgware Road. London. W2 
Test Equipment, Audio. Communications 01-724 3564 

404 Edgware Road. London. W2 

Computers 01-402 6822 Equipment 01-724 0323 Components 01-723 1008 

CALL IN AND SEE FOR YOURSELF All mail to Cubegate Ltd, 1st Floor, 406 Edgware Road, London W2 1 EO 

!tI 

£56.00 
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=Audiotronic 
Abbots Hill Chambers 
1st Floor, Gower Street, 
Derby DE1 1 SD Tel: Derby 0332/382433 

Modules Power RMS Load Volt Max Size (mm) Price 
RVM150S 70-150W 4, 8, +60 31x80x100 1+27.00 

10+ 22.97 
20+ 22.77 

RVM300S 120-300W 4-8, +65 31x102x136 1+37.80 
10+ 32.13 
20+ 30.24 

RVM400S 170-400W 4-8, +65 47x89x136 47.05 
RVM700S 300-700W 2-8, +70 47x90x197 70.10 

RVM700S Mounted on Heat Sink 70.40 

MAIL ORDER ONLY 
RVM RANGE OF POWER MOSFETAMPLIFIER MODULES. 
These Power Mosfet Modules are very reliable, driving dif- 
ficult loads is no problem. Application from hi power systems 
to studio to domestic hi-fi. 
All of our modules are built and tested and carry a 2 year 
guarantee. 
We also supply a range of heat sinks, specially recommen- 
ded for RVM modules. 

All prices include post & packing. 
(Quantity discount available) 

To order send cash with order, or cheque/postal order. 
Delivery on our Modules and Heat Sinkorsameday dispatch 
when order is received with cash, allow7 days with cheque or 
postal order. 

MAGENTA 
ETI KITS 

Full kits include pcbs, hardware, cases (unless 
stated otherwise), IC sockets, wire, nuts & bolts. 

Article reprints extra 50p each. 

SPECTRUM CENTRONICS INTERFACE Dec 84 
less case and printer plug º5.71 

MAINS BORNE REMOTE CONTROL 
(RECEIVER) Apr 84 £211,114 

LOUDSPEAKER SQUEAKER Nov 84 £4.13 STEREO POWER METER Mar 84 £87.48 
DIGITAL CONTROL PORT (SPECTRUM) I/O Kit less 8 panel meters £7155 
BOARD Nov 84 less case £24.44 
DIRECT READING CAPACITANCE METER 

MINI MYNAH (7X81 8 Spectrum) Feb 84 
less case VW» 

Nov 84 027.32 MINI DRUM SYNTH Nov 83 01111 
KS less case 8 panel meter 076.3 FAST LIGHT PEN Nov 83 lee cases £2492 
TEMPERATURE CONTROLLER Nov 84 
less case 0s.99 

RADIO CONTROL SERVO FAIL -SAVE less case 
Aug 83 23.14 

MAINS FAILURE ALARM Nov 84 £8.20 BALANCED INPUT PRE -AMP no case May 83 
KNITE LIGHT Nov 84 012.93 £1199 
SIMPLEECHO UNIT(EZEKO)Oct84 MSS COMPRESSOR/LIMITERnocaee May83221.37 
DIGITAL CONTROL PORT (SPECTRUM) HIGH QUALITY PHONO AMPLIFIERS Feb 82 
CONTROL/PSU BOARD OCt 84lesscaae £28.57 MOVING COIL STAGE lees case 210.93 
SIREN UNIT Sept 84 less key mach £14.82 MOVING MAGNET STAGE less cam) £20.48 
DRY CELL CHARGER Sept 84 013.79 WATCHDOG SECURITY ALARM less battery 
INFRA RED CHARGER July/Aug 84 01179 Aug81 049.48 
SIMPLE CMOS TESTER Aug 84 E22.95 HANDCLAP SYNTHESISER Aug 81 £36,95 
WARLOCK BURGLAR ALARM July 84 0114.95 LED JEWELLERY June 81. CROSS 0328 
SPECTRUM JOYSTICK INTERFACE June 84 STAR 310.91 SPIRAL º8.88 

012.66 GUITAR NOTE EXPANDER Apr 81 £1912 
AUTOMATIC SECURITY LIGHT SWITCH INFRA RED ALARM Feb 81 £µ.9 
May 84 £21.57 4INPUT MIXER Dec 80 £2195 
7X81 EPROM PROGRAMMER May84 £32.23 MUSICAL DOORBELL Dec 80 413.1 
MIDI DRUM SYNTH May84 £20.98 ULTRASONIC BURGLAR ALARMAug 8003190 
MAINS BORNE REMOTE CONTROL CAPACITANCE METER Aug 80 £24.78 
(TRANSMITTER) May 84 F32.71 CLICK ELIMINATOR Apr 79 £07.70 

Kit less carte £4935 

i 

1985 CATALOGUE COMPUTER 
FULLY REVISED CATALOGUE. Brief details of 
each ktt, our books, 8 Illustrations of our range of 
tools & components etc. 

ACCESSORIES 

CATALOGUES PRICE LIST -send Cl In stamps 
etc or add E1 to your order. Price Bat - 8 o 4 
Sae. 

BBC TRACKBALL CONTROLLER. 2" ball. 2 fire 
buttons. Analogue Input port connector. £171 

Catalogue FREE TO SCHOOLS/COLLEGES 
REQUESTED ON OFFICIAL LETTERHEAD, 

MSC DIGITAL JOYSTICK. 2 ere buttons. D plug 
connects to analogue input. 09.1 

BBC TO 11938 STEPPER MOTOR INTERFACE 
PCB. driver IC, cpmponents, connectors & loads 
included. Demonstration software listings, circuit 
diagram, pcb layout & construction details given. 
Requires unregulated 12V dc power supply. 

COMPUTER CASSETTE PLAYER. Mains/bat- 
Cory. Auto stop. Tapecounter. Audible monitoring 
during record & playback, Full remote 00;4rol 
facility. 027.3 

INTERFACE KIT (ref ETI) 01155 
OPTIONAL POWER SUPPLY PARTS £4.e7 

MAGENTA ELECTRONICS LTD. 24 hr answerphone for credit card orders. 
ET 85, 35 Hunter St. Burton -on -Trent OVERSEAS: Payment must be sterling. 
Staffs. DE14 2ST. Mall Order Only IRISH REPUBLIC + BFPO - UK PRICES 
(0283)65435. S.A.E. enquires. EUROPE: UK PRICES + 10%. 
Add Sop p&p to all orders. Prices ELSEWHERE. WRITE FOR QUOTE. 
include VAT. Access & Visa phone/post. .1 

NEW from - 

This exciting new range of designs 
covers all domestic HiFi applications. 
There are 20, 30 and 40 litre designs 
using the famous Peerless 
Polypropylene bass units (newly 
released to the DIY market), a 7 litre 
mini speaker and two designs 

specifically intended 
for use with digital 
systems. The 
Wilmslow Audio Total 
kits include all cabinet components, 
accurately machined from MDF board, 
drive units, crossover kits, wadding, 
grille fabric, terminals, nuts, bolts, etc. 
Full details are in the Peerless Manual 
for Loudspeaker Constructors which is 
available F.O.C. (send 12" x 9" SAE) 

Total kit Prices per pair inc. VAT 
Distan 5028 17 Ivre, reflex) £82.50 plus carrlins [8.00 
Design 8528 120 litre, reflex, Polypr.l [111.00 plus carrfns [850 
Dasige 826/28 (30 litre, reflex, Polypr.l L116.00 plus carr/ins [10.00 
Design 100/3 (40 litre, I8, Polyp..) [172.00 plus carr.(ns [10.00 
Design CD825/2R 125 litre. reflex) for digital £128.60 plue carrina [10.00 
Design CD825/38 130 Iltre. reflex) for digital [13.00 plus osrr fns [10.00 

Basic kits (drive units and crossovers only) per pair 
Design 50/28 
Design 65/28 
Design 826/2R 
Design 100/3 

Design C08262R 
Design 03525/35 

eerless 

[57.60 plus err tins [4.50 
£77.00 plus parrIna [4.50 
[77.00 plus can -An. f4,50 

£126,00 plus ca,'Tne f5.50 
£5535 plus cary/ins £5.00 

[144.00 plus carrons E5.50 

Active versions of the three 825 designs are available 

D1155í *11 
35-39 Church St. Wilmslow, Cheshire SK9 MS vim 

\ToI: 0625529599 r 

VERY COMPETITIVE PRICES 
on speaker drive units: 
AUDAX CELESTION 
DECCA ELAC FANE 
GAUSS GOODMANS 

KEF McKENZIE 
PEERLESS SCANSPEAK 
SEAS TANNOY*VOLT 

WHARFEDALE etc. 
COMPREHENSIVE 

CATALOGUE! 
Pages & pages of drive 
units, kits, crossovers, 
cabinet components, 

designs for PA cabinets 
crossover calculations etc. 

£1.50 Post Free ¿Export E3.50 or $8) 

Visit our new 
HIFI STUDIO 

for a great deal on 
Ariston, A&R, B&W, Dual, Kef, 

M -Short, Mission, Monitor, 
Nad, Rotel, Trio, Walker etc. 

Wilmslow Audio Catalogue 
Celestion Cabinet Handbook 
Fane loudspeaker enclosure design 
Peerless Manual for 

Loudspeaker Constructors 
ALLthe above E5 post tree 

post free [1,50 
Post lree Et 00 

post free 02.95 

FOC 

A.4e Arn..raei .e 

Constructor Series Speakers 

IT'S 
So 

EASY 
Hava fun, save 
money, building 
a KW design with 
a Wilmslow 
Audio CS Total 
kit. 
No electronic or 
woodworking 
knowledge 
necessary and 
the end result is 
a proven top- 
quality design 
that you'll be proud of. 
Each kit contains all cabinet components, accurately machined for 
easy assembly, speaker drive units, crossovers, wadding, grille fabric, 
terminals, nuts, bolts, etc. 
The cabinets can be painted or stained or finished with iron -on veneer 
or self adhesive woodgrain vinyl. 
Easy foolproof assembly instructions supplied Set of constructor 
leaflets sent free on receipt of large S.A.E. 
Prices per pair 
CS1 lAs 101) fill pr. inc. VAT, plus carr/ins. [8.00 
C51A (simplified LS3/5AI E105 pr_ inc. VAT, plue carr.lns. [8.00 
CS3 las 103.21 £135 pr. inc. VAT, plus carr.lna. £10.00 
C55 (as Carlton III E/S6 pr. inc. VAT, plue carr.lns. [15.00 
CS? les Cantata 1 [283 pr. inc. VAT, plue carr/ins. [18.00 

Kef Constructor Series basic kits (drive units and crossovers 
only) 
CS1 

CSIA 
CS3 
CS5 
CS7 

E138.50 carr./Ins. [5.00 
E84,00 carr./ins. [5.00 

[100.50 carr./ins. [5.00 
139.95 carrlins. [5.50 
£193,05 cerr./ins. [5.50 

CRIMSON ELECTRIK amplifier kits, modules, 
active crossovers. YAMAHA Professional 
and Producer series products. 3rd Generatiórl 
mixers, amplifiers. McGregor PA amplifiers, 
combos etc. 

Ali at very competitive prices) 

Lightning service on tel ephonedcrédit card orders 
EFFICIENT EXPORT SERVICE 
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PROJECT 

DISTORTION 
METER 
Writing in his Audio Design article in the August issue of ETI, 
John LinsleyHood offered to describe a simple yet sensitive 
distortion eter assuming,that is, the editor didn't mind! 

y, Needless to sa the editor didn't mind at all. 

The ideal audio power amp- 
lifier, along with other pieces 
of audio signal handling gear 

which are not intended to modify 
the frequency response of a sys- 
tem, is well described by the old 
adage 'a straight piece of wire with 
gain'. This implies that such equip- 
ment does not modify or impair 
the nature of the signal being han- 
dled, except to amplify or add 
muscle power. 

However, if this is the speci- 
fication, how do we check to see 
how well or badly this requirement 
is being met? This is, alas, some- 
thing on which there is very little 
agreement between audio 
engineers or circuit designers. So, 
before we consider the hardware, 
we need to examine the job we 
want it to do. 

In simple terms, what we want 
is that the output from an amplifier 
should be identical to the input, 
except that it might be bigger or 
smaller or perhaps with one part of 
the frequency spectrum enlarged 
or diminished with regard to 
another. This is an awkward bit, so 
let us leave that on one side for 
the moment and look just at the 
simple flat -frequency -response 
area. 

When people first considered 
this problem, their thoughts turn- 
ed to the examination of a con- 
tinuous, fixed frequency sine 
waveform somewhere in the mid- 
dle of the audible band, say at 
1000Hz. The logic of this was that 
any distortion of this waveform 
would lead, as could be shown by 

mathematical analysis, to the gen- 
eration of harmonics of the input 
signal, and these could be isolated 
and measured. 

The problem with this approach 
is that it is highly artificial. We 
simply do not listen for instruction 
or enjoyment to steady single 
tones. Nevertheless, the techni- 
que is a useful one, especially if 
the output from the distortion 
meter can be examined on an 
oscilloscope. Quite a lot of infor- 
mation about its defects - yes, 
there are always some, if one looks 
hard enough - can then be 
gained, which allows the effects of 
changes to be assessed. 

The most common of this kind 
of distortion meter is the simple 
'notch filter', which will remove 
the incoming sine -wave signal and 
leave only the waveform impuri- 
ties which have been added by 
the hardware we are testing. 

The sort of result we would get 

INPUT 
WAVEFORM 

DISTORTION 
METER 

OUTPUT 

a) 

from this kind of test on an 
amplifier with cross -over distor- 
tion, or one driven into clipping, is 
shown in Fig. 1, a and b. What the 
distortion meter is showing us, in 
both cases, is what kind of a 
waveform would have to be added 
to the distorted output in order to 
get back to the waveform with 
which we started. Clearly, there is 
a difference between these, which 
can point the experienced worker 
in the right direction to remedy 
the defect, especially if the input 
signal and distortion meter output 
waveforms can be displayed at the 
same time on a double -beam 
oscilloscope. 

The most conspicuous audible 
effect of the presence of large 
amounts of 'low order' harmonic 
distortion, (ie. mainly 2nd and 3rd) 
is that, as its name suggests, har- 
monic tones are added, which 
make the system sound rather 
shrill. Those of us with long 

lb) 

Fig. 1 Examples of the waveforms obtained by using a notch filter on distorted 
sine -waves. 
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memories will recall the sound of 
output pentode valves, which 
generated generous quantities of 
3rd harmonic distortion, and for 
which the palliative was to stick a 
10n capacitor across the primary 
of the output transformer. Triodes 
were much preferred, since they 
mainly generated only 2nd har- 
monic distortion, and this was 
lower down in the frequency spec- 
trum and therefore much less 
squawky. 

Also, as one might guess, these 
low order' harmonics generate 
spurious waveforms which do, in 
fact, harmonise with the input 
signal; once one gets beyond the 
3rd harmonic in the 'odd' series, or 
beyond the 6th in the 'even' one, 
the tones become increasingly 
dissonant and objectionable to the 
listener. 

This was one of the reasons 
why the first transistor amplifiers 
(whose residual crossover distor- 
tion produced 7th, 9th, 11th, and 
other audibly dissonant odd har- 
monics) were so much worse, 
even at a 0.1% distortion figure, 
than the valve units they replaced. 

However, back to valves. 
When, in the early post-war years, 
designers began to consider 
seriously the requirements for high 
quality audio systems - at that 
time largely based on triode valve 
output stages, operated in push- 
pull to cancel as much of the even 
order harmonics as possible - 
attention was drawn to the other 
defect, shown in Fig. 2. This was 
associated with non -linearity in 
the handling of the signal, and was 
the so-called intermodulation 
distortion, which led to a muddling 
of the tonal quality. 

If we take two separate and 
distinct audio signals as shown in 
Fig. 2a, and add them together as 
shown in Fig. 2b, and if we pass 
them through an amplifying stage 
having the sort of non-linear input- 
output characteristic shown in Fig. 
2c, the result will be similar to that 
shown in Fig. 2d, in which the gain 
of the amplifier is reduced as it 
swings into its upper voltage 
region. 

The worse the non -linearity, 
the more the intermodulation ef- 
fects between initially separate 
and distinct input signals. Also, as 
you can see from Figs. 2e and 2f, a 
different kind of non -linearity will 
produce a different kind of inter - 
modulated output. Once again, 
the effects due to high order 
defects such as crossover distor- 
tion are worse, audibly, than those 
due to smooth bends in the trans - 
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Fig. 2 The introduction of intermodulation distortion as a result of passing 

two signals through a stage having non-linear characteristics. 

fer characteristics of the system - 
which provides yet one more 
reason why designers try to mini- 
mise the generation of the higher 
order harmonics. 

The way in which intermodula- 
tion distortion is measured is by 
passing a pair of signals through 
the system, and then measuring 
the sum and difference products 
caused by the non -linearity of the 
system. For example, if two sine - 
wave input signals are introduced, 
one, say, at 70 Hz and one at 3000 
Hz, the result of the non -linearity 
in the amplifier would be to 
generate additional spurious 
signals at 2930 Hz and 3070 Hz. If 
these are filtered out and mea- 
sured, the amount of distortion in 
the amplifier can be assessed. 

Looking at this in practical 
terms, if the transfer curve of the 
amplifier is as shown in Fig. 2c 
where the gain of the system dec- 
reases as it swings more positive, 
and if we assume that the 3000 Hz 
signal is a small one riding piggy- 
back on the much larger 70 Hz 
one, then, as the 70 Hz signal 
moves the operating point of the 
system from lower left to upper 
right, so the 3000 Hz signal will get 
bigger or smaller as shown in Fig. 
2d. 

This is helpful as a yardstick in 
assessing amplifier quality in that it 
simulates the effect of typical 
audio signals which are composed 
of many different parts, all hap- 
pening at once, and, in a poor 

amplifier, with lots of intermodula- 
tion distortion, all getting jumbled 
up together into a kind of audio 
porridge. 

The snags are two. The first of 
these is that it takes quite good 
audio filtering in the test instru- 
ment to separate out the 2930 Hz 
and 3070 Hz signals from the 
3000 Hz one, which makes such 
meters expensive. The second 
snag is that, having got the answer 
in terms of the amount of inter - 
modulation distortion, the 
designer isn't given much assist- 
ance in finding just where the pro- 
blem lies. The simple THD meter, 
with a display on an oscilloscope, 
is much better in this respect. 

A more recent technique, 
adopted by the French CCIR com- 
mittee, employs two high fre- 
quency signals, such as 19,950 Hz 
and 20,050 Hz. These give a fre- 
quency product appearing at 100 
Hz, and it is easy to filter this out 
from the 20 kHz equal -amplitude 
carriers. 

The argument offered in favour 
of this approach is that amplifiers, 
even nowadays, are much less 
good at 20 kHz in terms of their 
linearity than they are at, say, 1000 
Hz. The counter argument is, of 
course, that we don't have ears 
like bats, so we are more interes- 
ted in how the system behaves at 
1000 Hz than what it does at 20 
kHz. 

Another very up-market techni- 
que is to put in a high -purity sine - 
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wave signal, or indeed as many of 
these as one feels inclined to use, 
and then display the output of the 
amplifier as a sweep of the fre- 
quency spectrum on a spectrum 
analyser. This is a development of 
the earlier' Frequency Analyser' 
technique, in which the magni- 
tudes of the outputs at various har- 
monic frequencies related to the 
input sinewave frequency could 
be displayed on a meter for indi- 
vidual analysis. 

While spectrum analysis gives a 
very effective display of the ampli- 
fier output - 50 Hz warts and all - and the better modern ones are 
usable down to a noise threshold 
of -90 or -100dB (0.003- 
0.001%), in ail fairness, it is a bit 
difficult to see what one has got on 
the display or print-out if it is 
much below-80dB (0.01%). 

All this kind of kit is very nice, 
and mouth-watering to contem- 
plate if one is setting up a 'cost no 
object' test laboratory, but it is a 
bit remote from the more frugally 
financed DIY enthusiast. So what 
can one do for oneself?. 

The TH D Meter 
The most useful piece of gear 

which one can organise simply, 
and which will give amplifiers a 
clean bill of health - or otherwise 
as the case may be - is a simple 
Total Harmonic Distortion measur- 
ing instrument or TH D meter for 
short. 

This operates by 'notching out' 
the fundamental frequency of the 
input sinewave and leaving the 
distortion products, together with 
any hum and noise there may be 
in the amplifier output, to be 
measured on a millivoltmeter. The 
main snags with this approach are 
that it will show these hum and 
noise components as harmonic 
distortion in the final output to the 
meter, yet they are nothing to do 
with the linearity of the system as 
a whole and are likely to be com- 
pletely innocuous, audibly, if one 
can't hear them from the normal 
sitting position when listening to 
the system. 

Fortunately, it is a simple 
enough matter to identify which is 

which, even without access to the 
oscilloscope, by merely discon- 
necting the signal source from the 
amplifier, looking at what remains 
in numerical terms, and subtract- 
ing this from the original result. In 
order to get a result which is not 
over -generous to the unit on test, 
this must be done as an RMS sub- 
traction - I will come to that later. 

INPUT 

Ov 

R1 

INPUT 

SCOPE 

Fig. 3 a and b - Two possible arrangements of the Wien network. 

OUTPUT 

1.0 - 
0.9 

0.6 

0.5 

0.0 

(fo/10) Ifo) 

Q2 
z W 
ÑQ 

NOTCH SHARPENED UP BY NFB 

NOTCH GIVEN BY 
WIEN NETWORK 

Fig. 4 The notch produced using the arrangement of Fig. 3b. 

SCOPE 
OUTPUT 

FREQUENCY 

It is not a difficult matter to 
generate quite a good notch in a 
frequency response and tune it 
precisely to coincide with the fre- 
quency of one's test waveform, 
and there are several circuit 
choices available for doing this. Of 
these, the two most convenient 
and therefore the most commonly 
used are the RC 'parallel T' and the 
various arrangements of the Wien 
network, which I have shown in 
Fig. 3. 

The interesting thing about the 
Wien network, C1,C2,R3 and R4 
in Fig. 3a, is that it has zero phase 
shift and an attenuation of just 3 

times at one specific frequency. If 
one makes R3 and R4 adjustable, 
this frequency can be altered. If 
Cl and C2 are not quite the same - in theory C1=C2 and R3=R4 - 
the attenuation will not be exactly 
3x, but this could be compensated 

for by an adjustment to R1 or R2. 
The differential amplifier I have 

shown as IC1 would need to be a 
very good one for this kind of cir- 
cuit to work well, so the alternative 
arrangement I have shown in Fig. 
3b is preferable. 

In this, the amplifier IC1 is 
used simply to invert the phase of 
the signal and amplify it by 2x. This 
utilises the feature of the Wien 
network that the impedance of 
Cl ,R3 is twice that of C2,R4 at the 
frequency where the phase shift 
produced by each part of the net- 
work is equal. So, if IC1 applies a 
signal to the upper half of the net- 
work which is exactly twice the 
size of that applied to the lower 
and of opposite phase, the output 
will come to a null at some fre- 
quency dependent on the values 
of C and R chosen, as I have 
shown in Fig. 4. 
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PROJECT : Distortion Meter 

If we want just to remove the 
input signal frequency, without 
attenuating the harmonics, the 
skirts of the notch must be steeper 
than those produced by the 
simple arrangement shown in Fig. 
3. However, we can do this by 
applying a bit of negative feed- 
back around the loop, as I have 
shown in schematic form in Fig. 5. 

To tune the notch frequency so 
that it exactly coincides with the 
input signal frequency, we need to 
be able to adjust the value of 
either the Cs or the Rs in the net- 
work. Since the operating fre- 
quency is given by the equation 

Fo= 2n1 f C1 C2 R3 R4 

the values of C are too large, un- 
less a very high impedance circuit 
is employed, to allow the use of a 
twin gang variable capacitor. In 
fact, if we want the value of R3 
and R4 tobe10k,C1 and C2 will 
need to be 16n for a notch fre- 
quency of 1 kHz. Lower frequen- 
cies would require proportionally 
larger values of capacitors. 

It is possible to make such a 
system with an air -spaced twin - 
gang capacitor, but the necessarily 
high values of R make the whole 
unit very sensitive to 'hum' pick- 
up. Overall, I think it is easier to 
use variable resistors, which are 
easier to get and a lot more 
corpact. 

The necessary slow-motion 
adjustment can be obtained by 
the use of two resistors in series, 
one ten times the value of the 
other, when the high value resis- 
tors (as ganged pairs adjusted to- 
gether) can be used as the coarse 
frequency adjustment, and the 
lower ones for fine trimming. This 
principal could be extended, of 
course, to employ three such twin 
gangs in series, to allow a very fine 
adjustment indeed. 

Since the resistor which adjusts 
the gain of IC1 in Fig. 3, (R2), is a 
single potentiometer, a ten -turn 
variable resistor can be used in 
this position to adjust the gain of 
this limb so that a complete notch 
is obtained, with no residues of 
the input frequency remaining. 

The final part of the system is a 
wide bandwidth millivoltmeter, to 
display the value of the distortion 
and noise residues remaining 
when the input sine -wave is 
removed. 

Since we live in the real world, 
and there will inevitably be some 
hum pick-up somewhere in the 

BALANCE 
(10 TURNS) 

INPUT 

SENSITIVITY 

0V 

Cl 
SET FREQUENCY 

R3a (COARSE) 

R3b(FINE) 

Fig. 5 Wien network with negative feedback to produce a sharper notch. 

OUTPUT 
TO 
SCOPE 

system we are testing, it is useful 
to incorporate a 50 Hz filter which 
can be switched in. Also, while we 
are doing that, we may as well 
include some H F filtering options, 
so that we don't measure the THD 
over too wide a frequency'win- 
dow', with its associated noise 
components. 

Finally, it is very helpful, in tests 
where one is taking the measuring 
instrument to the gear being 
tested, to have a built-in signal 
source of adequate quality. 

I am going to describe a 
relatively simple and low cost THD 
meter which incorporates the 
general ideas described above, 
and I propose to show this circuit 
in two forms, one a laboratory 
standard quality instrument 
operated from a mains input 
supply, and one a somewhat 
simpler unit operated from a single 
9V battery, which will be rather 
easier to make if the demands 
made upon it are less stringent. 

I like battery operated instru- 

ments myself because they are 
highly portable and don't cause 
problems with earth loops. How- 
ever, if one wants high perfor- 
mance, it is impractical to demand 
very lower power consumption at 
the same time. If one then accepts 
a higher battery drain - say 10- 
25mA - it is expensive if one 
forgets to switch the instrument 
off after use, while any 'auto off' 
function may well switch it off 
right in the middle of a measure- 
ment, which is infuriating. 

Hence the two versions of the 
unit. I have deliberately tried to 
make the battery operated system 
as economical in current con- 
sumption as possible without re- 
sorting to exotic ICs, and in both 
cases I have organised things so 
that the millivoltmeter is available 
as a separate input, so that it and 
the oscillator can be used on their 
own as a means, for example, of 
measuring frequency response. 

To be completed next month. 
i 

The prototype, looking much the way most prototypes do at this stage in their 
development! ETI 
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AN ARGUS SPECIALIST PUBLICATION 

Digital Delay Line Expansion 
There are those of our readers who like to put things off to 
the last possible minute, and this should help them a little! 
Adding an extra few K or so the memory of the Digital 
Delay Line will make it able to delay that little bit more. 

Paragraphic Equaliser 
Confused by parametric equalisers? Baffled by graphics? 
Get an even sorer head with our mixture of the two, the 
paragraphic equaliser, from ETI's punner extra -ordinary, 

Barry Porter (the only person we know who comes up with 
worse - or better - puns than the Assistant Editor). 

Cut Through The jungle 
If you can't seethe data for the trees, you need an ETI data - 
logger. This handy unit will allow you to record one-off 
events, with intervals between logging points of 1 second 
to 31/2 minutes (or down to 10 ms and up as high as you like, 
with modifications), and then replay the 2000 data points 
using a home computer or an oscilloscope, or, if you're 
patient enough, through a multimeter. Another winner 
from Phil Walker! 

ALL THIS AND MORE IN THE FEBRUARY ISSUE. 
PLACE YOUR ORDER NOW! 

Thearticlesdescribed above are at an advanced stage of fermentation in the Editor's waste bin, but as he's likelyto be carted off to jail bythe MoD police - Peter Preston, where are you? - our ability to bring them to you may be limited. 

- 12V @.25A 
FARNELL F237/D7/1 OSC 0-7V, 10A 
FARNELL N 300 ±5V, ±12V, 200W 
FARNELL G12/10S, 8V -12.6V, 1 OA 
FARNELL 7/1ORC(EX EQUIP) +5V, 10A 
FARNELL 7/1 ORC (EX EQUIP) 2 X 12V, 10A 
HEWLETT PACKARD G2605M 5V, 100A 
GOULD DC 360 5V, 20A 
GOULD PMA 51/24 0-30V, 5A 
GOULD PMA47 (MARKED) 0-15V, 3A 
GOULD MG5-20B 5V, 20A 
ADVANCE PMA 51 0-30V, 5A 
ADVANCE MG5/40 5V, 40A (EX EQUIP BUT AS NEW) 

100.00 
ITT MP2OBS 0-30V, 20A (WEIGHT 18KG) 65.00 

ITT 484 LFE7560 27.5V, 10A (WEIGHT 15KG) 50.00 
19" SIDE RACK KITS VERO PANELS 83" X 16" 

WITH GUIDES N STRIP 20.50 
LYNX KEYBOARDES 58 KEYS IN 8X BY 10Y 

ELECTRICAL MATRIX 20.50 
LYNX KEYBOARD CASES FOR ABOVE 10.00 
18 CENTRONICS PRINTER MOD 792 (SERIAL) 

SPECIAL PURCHASE OF DISCONTINUED MODEL 
SPARES STILL AVAILABLE. NEW N BOXED 195.00 

TEAC HALF-LEIGHT DISK -DRIVE MODULES 
FP/01/V 10.00 

Price Inc. Post n VAT 

POWERLINE switch mode + 5V @5A, + 12V @2A, 
57.50 

50.00 
95.00 

130. 00 
50.00 
50.00 
60.00 
60.00 

120.00 
50.00 
75.00 

100.00 

REMEMBER ALL PRICES INCLUDE VAT AND CARRIAGE 
TRADE ENQUIRES WELCOME QUANTITY ITEMS. 

DIONI CS 
UNIT 50, WHITEMOOR ROAD, KENILWORTH, 

WARWICKS CV8 2 BP 
TEL: 0926 59658 TELEX: 312440 PBSSPA G 

Interak 1 

AMETAL 
Z8OA COMPUTE R 

Colleges, Universities, Individuals: Build your 
own modular Z80A-based metal 19" rack 
and card Interak computer. Uses commonly 
available chips - not a single ULA in sight 
(and proud of it). If you can getyourown parts 
(but we can supply if you can't) all you need 
from us are the bare p.c.b.s and the manuals 

Al; 
Interak 1's greatest 
asset - space for ë & d3 ° o 

0 
expansion. O. 

® 
o (Up to 8 more cards 

4'/:" 8" 
® ' o 

4_,.._,...._ x each) 

(P.c.b.s range in price from £10.95 to £17.75 
VAT; manuals £1 £5.) 

The Interaktion User Group has 14K BASIC, 
Assembler, Fig Forth, Disassembler, Debug, 
Chess and a Book Library, Newsletters etc. 
No fears about this one going obsolete - 
now in its fifth successful year! Send us your 
name and addresswith a21 p stamp and we'll 
send you 40 pages of details (forget the 
stamp if you can't afford it!) You've already 
got a plastic computer for playing games, 
now build a metal one to do some real work: 
Interak, Interak, Interak! 

Greenbank 
Greenbank Electronics (Dept Ti E), 92 Chester Road, 

New Ferry, Wirral, Merseyside L62 5AG 
Telephone: 051-645 3391 
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BOOK SERVICE 
Howto order: indicatethe books required byticking the boxes and sendthis page, togetherwith yourpayment, to: ETI Book Service, 
Argus Specialist Publications Ltd, 1, Golden Square, London W1 R 3AB. Make cheques payable to ETI Book Service. Payment in 
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BEGINNERS GUIDE 

Beginners Guide to Basic Programming Stephenson 
Beginner's Guide to Digital Electronics 
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Beginner's Guide to Integrated Circuits 
Beginner's Guide to Computers 
Beginner's Guide to Microprocessors 

COOKBOOKS 
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Master IC Cookbook Hallmark 
Microprocessor Cookbook M. Hordeski 
IC Op Amp Cookbook Jung 
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Active Filter Cookbook Lancaster 
TV Typewriter Cookbook Lancaster 
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VLSI System Design Muroga 
Practical Solid State Circuit Design Olesky 
Power FETs and their application Oxner 
Master Handbook of IC Circuits Powers 
Electronic Drafting and Design Raskhodoff 
VOM - VTVM Handbook Risse 
Video and Digital Electronic Displays Sherr 
Understanding Electronic Components Sinclair 
Electronic Fault Diagnosis Sinclair 
Physics of Semiconductor Devices Sze 

Digital Circuits and Microprocessors Taub 

Active Filter Handbook 
Designing with TTL Integrated Circuits Texas 

Transistor Circuit Design Texas 
Digital Systems: Principles and Applications Tocci 
Master Handbook of Telephones Traister 
How to build Metal/Treasure Locators Traister 
99 Fun to Make Electronic Projects Tymony 
33 Electronic Music Projects you can build Winston 
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£14.95 
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BASIC Computer Games Ahl 
From BASIC to PASCAL Anderson 
UNIX - The Book Banaham 
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Digital Computer Fundamentals Barter 
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Introduction to Microprocessors Brunner 
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The C - Programming Language Kernighan £ 19.25 
The 1X81 Companion Maunder £9.50 
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Theory and Practice of Microprocessors Nicholas £11.45 
Exploring the World of the Personal Computer Nilles £12.95 
Microprocessor Circuits Vol.1. Fundamentals 
and Microcontrollers Noll £9.80 
Beginner's Guide to Microprocessors Parr £5.35 
Microcomputer Based Design Peatman £11.45 
Digital Hardware Design Peatman £10.75 
BBC Micro Reavealed Ruston £9.45 
Handbook of Advanced Robotics Safford £14.45 
1001 Things to do with your own personal computer Sawusch £8.50 
Easy Programming for the ZX Spectrum Stewart £7.45 
Microprocessor Applications Handbook Stout £46.45 
Handbook of Microprocessor Design and Applications Stout £46.45 
Programming the PET/CBM West £16.40 
An Introduction to Microcomputer Technology Williamson £8.20 
Computer Peripherals that you can build Wolfe £14.75 
Microprocessors and Microcomputers for Engineering 
Students and Technicians Wooland £7.10 
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Electronic Engineers' Handbook Fink £66.60 
Electronic Designers' Handbook Giacoletto £77.75 
Illustrated Dictionary of Microcomputer Technology Hordeski £8.45 

- Handbook for Electronic Engineering Technicians Kauffman 
Handbook of Electronic Calculators Kauffman 

£40.50 
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- Modern Electronic Circuit Reference Manual Marcus 
International Transistor Selector Towers 

£51.95 
£14.50 

-_ International Microprocessor Selector Towers £16.00 
International MOS Power and other FET Selector £10.95 - International Digital IC Selector Towers £10.95 
International Op Amp Linear IC Selector Towers £9.50 
Illustrated Dictionary of Electronics Turner £19.75 

VIDEO 

Servicing Home Video Cassette Recorders Hobbs £14.50 
Complete Handbook of Videocassette Recorders Kybett £10.50 
Theory and Servicing of Videocassette Recorders McGinty £13.50 
Beginner's Guide to Video Matthewson £5.35 
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Heathkît- ¡PSA PLEASURE TO BUILD 
Bring the enjoyment back into your hobby 
with a kit from Heathkit. The beautifully 
illustrated documentation and step-by- 
step instructions make building a Heathkit 
a relaxing, absorbing pleasure! Choose 
from their huge range of fascinating kits 
and self -instruction electronics and 
computing courses. 
The Heathkit range includes the ultimate 
in amateur radio kits, computerised 
weather stations, a highly soph- 
isticated robot, a 16 -bit comp- 
uter kit and a range of 
home (or classroom) 
learning courses. These 
state-of-the-art courses 
have easy -to -under- 
stand texts and 
illustrations, 
divided into sect- 
ions so that you can 
progress at your 
own pace, whilst 
the hands-on exper- 
iments ensure long- 
term retention of the 
material covered. 

You'll find Heathkits available for Amateur Radio 
Gear Car Test Equipment Kits For The Home 

Self -Instruction Courses Computer Kits Test 

Instrument Kits Kits For Weather Measurements. 

All the most popular kits and educational products 
are fully detailed in the 1984 Maplin catalogue (see 
outside back cover of this magazine for details) or 

for the full list of Heathkit products send 50p for' 
.:, the Heathkit International Catalogue 

complete with a UK price list of all 
items. 

_.:... . ...._. ...._,,.., ,;. 

You'll be proud to say, 
"I built it myself!" 

All Heathkit products available in 
the UK from: 

Maplin Electronic 
Supplies Ltd. 
P.O. Box 3, Rayleigh, 
Essex, SS6 8LR. 
Tel: (0702) 552911. 
(For shop addresses see back cover.) 

NEWRAD INSTRUMENT CASES LTD 
Manufacturers for the Electronics Industry 

UNIT 19 WICK INDUSTRIAL ESTATE GORE ROAD 
NEW MILTON HANTS BH25 6SJ 

Telephone: NEW MILTON 615774/621195 

WE MANUFACTURER BEAUTIFUL ENCLOSURES 
At prices you will find difficult to beat. 

Alloy boxes from 80p to rack mounted units from £15 and a host of ranges 

and sizes in between. Well made - well finished - and all British. 

Send large SAE for catalogue which includes £5 in vouchers. 

Musician 2B Loudspeaker 

At last the ideal of all the sound coming from one 
piston -like diaphragm, unspoiled by crossover units 
and resonant enclosures. 
These radically novel loudspeakers set new standards 
both in sonic realism and spatial presentation - 
"The best stereo you are likely to hear... Quad class 
nuff said" ... Paul Messenger Hi-Fi News Nov'83. 
Drive units for building intoenclosuresasdescribed in 

this magazine are £70 per pair plus VAT and postage. 

Complete loudspeakers in Luxury& Basic enclosures 
are available. Details and prices from: 

Merseyside Acoustic Developments 
131 Mount Pleasant 

Liverpool L3 5TF 
Tel: 051-709 0427 
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DIGITAL DELAY 
LINE 
Without further ado, we pass into the constructional stage of the 
Project. Design and development by Ray Lowe. 

Ffirst of all, before commencing 
construction , read all the 
article (including last month's 

part) thoroughly and don't rush at 
the construction when you do 
begin! 

To keep costs down, we haven't 
used through -plated holes on the 
PCBs (these would add around 50% 
to the price of the PCBs); however, 
this does mean that rather a large 

OOPS! 

We suffered a loss of sync between the 
component numbering on the circuit 
diagram and the 'How It Works' text for 
the digital section, published last 
month. In the text: 
IC24 becomes IC26 
IC26 becomes IC25 
IC27 becomes IC36 
1C29a becomes IC33a 
IC29b becomes IC33d 
IC29c becomes IC33c 
IC29d becomes IC33b 
IC30 becomes IC24c 
IC30d becomes IC24a 
IC32, 33 becomes 1C28, 29 
IÇ35 becomes IC32 
IC37 becomes IC30 
SW11-SW8 should read SW1-SW8 
SW9 becomes SW11 
SW11 becomes SW9 
137 becomes ZD1 
D8 becomes D6 
R65 becomes R61 
R69 becomes R62 
On the circuit diagram, the junctions of 
R51-54 and R55-58 should be tied to 
+5V, not OV, the line from the 00 output 
of IC31 should be labelled CK, and this 
line also has a spurious unlabelled 
junction with IC32 that shouldn't be 
there. We are sorry for any confusion 
this may have caused! 

number of through -links have to 
be made. We would suggest spend- 
ing an hour or so inserting and 
soldering all the linking pins, then 
all those components which have 
their leads used for through - 
connections, afterwards carefully 
checking that you've got all the 
connections right. 

A tip here is to support the 
board above the work surface and 
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5V GND -5V 
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insert lengths of tinned wire 
through the hole positions before 
soldering them in a batch. Check 
very carefully for solder bridges 
between tracks at every oppor- 
tunity -a fine -tipped iron and fine 
solder are strongly recommended 
as parts of the boards are a bit 
crowded! Making your own PCBs is 
not recommended forthis reason, 
unless you have access to 
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Fig. 8 Circuit diagram of the analogue section. 
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HOW IT WORKS - ANALOGUE SECTION 
Cl, C2 provide non -polarised AC - 
coupling to emitter follower Q1 s base, 
which is biased by R1 R2. C3 provides 
HF filtering; Q1 is a low noise device. 
IC1a is connected as an inverting 
amplifier. Since the emitter follower 
has low output impedance, the stage 
gain is set by RV1 as R5/RV1 approx. 
DC blocking is provided by C4 so that 
ICla's output swings about OV plus 
offset voltage. C5 limits the HF res- 
ponse; strict bandwidth limiting is 
desirable to minimise aliasing and 
overal system noise. 

The amplified original signal is passed 
to RV3 and to the inverting ore - 
emphasis stage around IC1b. R6, R7, C6 
provide roll-on starting at about 400 Hz 
whilst R10, C8 start roll -off at around 3.2 
kHz, thus mid range lift is produced. 

The pre -emphasised signal is (low 
pass) anti -alias filtered by three MF10 
second -order switched capacitor filter 
stages connected in series, giving 
-36dB/Octave cut off in total. The cor- 
ner frequency of the filter is 1/50th of 
the square wave clock frequency 
applied to pins 10, 11. In this way, the 
Nyquist sampling criteria is always satis- 
fied since the sampling frequency is 

synchronised to the cut off frequency 
via the system clock. 

Some clock breakthrough occurs in 
the filters and this is removed by R19 
and C9; subsonics are removed by 

R20 and C10. The fully filtered signal is 

buffered by IC4 such that it swings 
about OV. IC4 and IC5 are chosen 
to have a low input offset voltage of 
about lmV for a reason which will 
become apparent when you read on! 

The buffered signal is fed to a 'signal 
polarity' comparator with hysteresis to 
elminate noise -induced switching in 
the absence of a signal. 1C9 is the com- 
parator, comprising a high- 
performance op -amp with a high slew 
rate - so high that its output can swing 
between power rails within a micro- 
second, and respond very quickly in- 
deed to the polarity of the signal on its 
inverting input. No frequency compen- 
sation is required in this application. 
R37 and R38 give approx 6.5 mV of hys- 
teresis which is sufficient if you con- 
sider that the polarity assigned to a 0 V 

signal is irrelevant. 
D3 and R39 stop IC10b's data input 

from going -ve; IC10 is a dual positive - 
edge triggered D -type flip-flop. IC10b 
latches the comparator output state on 
receipt of every SC (start conversion) 
pulse. Q and Q control CMOS switches 
IC6 a,b such that either the inverted or 
uninverted signal, respectively, is selec- 
ted at any sample time, so that the 
signal reaching IC6c is wholly positive 
(rectified). 

The Q values of IC10b form bit nine 
of the data word for a sample A/D con - 

R15 -18 
ALL 12k 

g) 

5 

6 r 
8 

O 
5V 

IC3 

11 

10 -^--II 
13 100R 470n 
14 

C9 
100n 
- R20 

47k 
-5v 

NOTE: 
IC1,8 = TL062 
IC2,3 = MF1OCN 
IC4,5 = uA741 
IC6,12 = 4066 
ClI = LF411 

IC9 = NE531 
IC10=4013 
IC11,13 = LF351 
D1-5 = 1N4148 
Q1 = BC109C 
02=2N3819 

= 1% 

IC12a 
8 

D 
6 

10 8 

[ CLK 

IC 

R21' 
100k 

R22' 
2\100k 

IC6a 

IC6b 

2 

13 

R23 
680k 

IC6c 

1111.0 0 

5 12 

10 

10 

R40 
10k 

5V 

11 

R41 
10k 

12 

R S 

IC10a 

CLK 

Q 

IC106 

R S 

-5V 

A/D 

6 

9 

IC6b 

11 

5 I. C18 
2n0 

1 SC 

OE 

1 BIT 9 

LATCH 

D/A 

version. The bit nine 'bus' direction is 

controlled by the OE control line. IC6c 
and C11 form a sample -and -hold, 
updated on every SC pulse, and in con- 
junction they also perform low-pass 
filtering. 

IC7 is a FET input op -amp with low 
offset voltage and low offset vs. tem- 
perature coefficient (FIT inputs 
generally have higher offsets than 
bipolar). It also has very high input 
impedance so as not to load C11; 
however when switch IC6c is open this 
means that the non -inverting input/C11 
node is at a very high impedance with 
respect to ground and is therefore sus- 
ceptible to electromagnetic inter- 
ference. Including R23 reduces this 
impedance from something like 100 

Mohm to 680 kohm and interference is 

much reduced. R23 shorts the switch 
instead of going straight to ground in 
order that the discharge of C11 is 
minimised. IC7 acts as a voltage 
follower with gain of three, and the 
offset is nulled by adjustment of PR1. 

This output is A/D converted into data 
bits '1' to '8'. 

The delayed signal from the D/A is 

low pass filtered by C18 in conjunction 
with the D/A's 4k output impedance, to 
remove HF breakthrough, and the 
signal is then buffered by IC11. It is 
then accurately inverted by IC13, R42, 
R43. Analogue switches IC12 a,b select 
either the erect or inverted signal 
dependant upon the sign of 'bit nine' 
latched into IC10a by the D/A latch 
pulse. The sign of 'bit nine' is used in a 

way such that any signal, irrespective of 
original polarity, is only inverted once 
throughout the entire A/D & D/A con- 
version process, thus minimising signal 
degradation. 

The signal entering the second -order 
low pass filter stage of IC4b at pin 16 
has been reconstructed to be bipolar 
about OV with 5V P -P amplitude. IC3b 
'rounds off' the step -like waveform. 
The delayed but still pre -emphasised 
signal appears together with clock 
breakthrough at pin 20. Breakthrough is 
removed by R26 and C14. 

A fraction of the signal is fed back to 
be delayed again by applying it to the 
summing point of 1C1b. The feedback 
fraction, which determines the echo 
decay rate, is governed by RV2. R8, R9 
and C7 counter the effect of roll -off on 
each extra traversal through this stage, 
however a slight treble cut remains, but 
this is useful because it tends to mask 
the quantisation distortion which builds 
up with each conversion process. R8 

also prevents 1C1b from going into HF 
oscillation, as might happen if C7 were 
slightly inductive (it would be across 
the inputs when RV7 is fully off). 

The delayed signal is also fed to the 
output mix control RV3 via de - 
emphasis amplifier/buffer IC8a. Nor- 
mally, Q2 has a -ve gate potential 
which holds its channel resistance very 
high. When -ve bias is removed, by 
shorting EXT to OV, the resistance falls 
to several hundred ohms which in con- 
junction with R27 severelyattenuates 
the signal ie, shuts off the echo 
channel. 

The desired blend between original 
and delayed signals is set by RV3 and 
the output is buffered by IC8b. Non - 
polarised DC blocking for the output is 

done by C16 and C17. The output can 
drive low impedance headphones 
directly. 
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ALTERNATIVE 

TAKE-OF5VF 
(SEETEXT) 

OUTPUT TO A/D 
CONVERTER 

LEO OUTPUT 
TO VCO 

Fig. 9 Overlay for the analogue PCB. 

- THROUGH BOARD CONNECTION 

PARTS LIST 

ti 
9V 

ti 

FROM 
TRANSDUCER 
SECONDARY 

INPUT 

RESISTORS (UW 5%) 
R1, 32 220k 
R2 470k 
R3, 25*, 36 4k7 
R4, 19, 26, 37 100R 
R5 22k 

1k5 
18k 
1k0 
47k 
10k 
12k 

R6* 
R7* 
R8* 
R9, 20, 28 
R10*, 33, 39-41 
R11-18 
R21*, 22*, 27, 29*, 

42*, 43* 
R23 
R24* 
R30* 
R31* 
R34 
R35 
R38 
R44 
R45 
R46 
R47 
R48 
R49, 50 
R51-58, 61, 64 
R59, 60, 62 
R63 
R65 
R66 
R67 
RV1 
RV2, 3, 6 

100k 
680k 
2k2 
15k 
180k 
33k 
22k 
150k 
680R 
4k7 
3k9 
15k 
18k 
100k 
10k 
100k 
15k 
82k 
390R 
470R 
47k lin 
22k lin * = 1% 

RV4 
RV5 
PR1 

1M0 lin 
220k lin 
22k horiz preset 

CAPACITORS (metalised plate ceramic 
or 5% polystrene unless stated) 
Cl, 2 4u7 10V elec 
C3 33p 
C4 10u 10V elec 
C5 100p 
C6 22n 
C7 1n0 
C8 5n6 
C9, 14 
C10 
C11 
C12 
C13 
C15 
C16, 17 
C18 
C19, 20 
C21-28 
C29 
C31, 35 
C32, 33, 36, 
C34, 38 
Unmarked 
ceramic 
SEMICONDUCTORS 
IC1, 8 TL062 
1C2, 3 MF1OCN 
IC4, 5 uA741 
106, 12 4066 
1C7 LF411 

1C9 NE531 

100n mylar 
470n 
470p cer 
560p poly 
2n2 
22n mylar 
22u 10V elec 
2n0 cer (or 2 x 1n0) 
100u 10V elec 
100p 
luO 5V elec 
2200u 16V elec 

37 50n (or 47n) ceramic 
10u 10V elec 

capacitors - all 100n 

IC10 
IC11,13 
1C14 
1C15-23 
1C24 
IC25 
1C26, 27 
IC28, 29 
1C30 
IC31, 32 
IC33 
IC34 
1C35 
IC36 
IC37 
IC38 
IC39 
Q1 
Q2 
D1 -b 
ZD1 
LED1 
BR1 

4013 
LF351 
TL062 
6116 (any speed) 
4001 
4068 
4051 
4040 
4046 
4017 
4011 
4002 
ZN427E 
uA741 
ZN428E 
7805 
7905 
BC109C 
2N3819 
1N4148 
5V6 400mW zener 
min red LED 
35V/1A bridge 
rectifier 

MISCELLANEOUS 
SW1-11 DPDT push 

switches, latching, 
PCB mtg 

SW12 Mains switch 
T1 9-0-9V 3VA (min) 

mains tranformer 
Case to suit; mains fuse and holder; 
input, output and ext sockets to choice; 
heatsink for +5V regulator; mains cable 
gland. 
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PROJECT : Delay Line 

Hg. 10 Overlay for the digital section. 

photo -etching gear. 
Construct the PSU section first. 

What we would suggest doing is 

mounting the mains switch, the 
mains fuse and the transformer all 
in the case to start off with. As 
you'll be fiddling round with the 
boards, doing the assembly and set- 
ting up, it will probably be best not 
to mount the boards in the case 
until you have got the unit going 
properly, so initially link the 
transformer secondaries to the 
analogue board using longish 
lengths of wire. In any case, 
whatever you do, you must exercise 
suitable precautions for the mains 
side of the circuit. Clamp the mains 
cable firmly, so that it cannot pull 
free even with a strong pull. Use a 

suitable mains fuse, in a substantial 
panel -mounting fuse holder. Use 
the mains earth to earth the case 
and all other metalwork (except the 
regulator heatsinks, if you haven't 
used an insulating kit on them). 
There must be adequate clearances 
and/or insulation around the mains 
sections and associated com- 
ponents. On this last point, you will 
almost certainly find yourself 

QQ = THROUGH BOARD CONNECTION 

operating the unit without the lid 
on at some stage, so use 
heathshrink wrap, etc, to make sure 
that you can't accidentally touch 
live parts. 

After the PSU section is con- 
structed, connect it up to the mains 
and check that it does deliver + 
and -5V. Then commence con- 
struction of the other sections of 
the circuits by inserting all the IC 
sockets (after, of course, discon- 
necting the unit from the mains!). 
Then re -connect the mains and 
check that + or -5V appears across 
the correct pins. Insert resistors, 
capacitors, transistors and switches, 
checking all the time for secure 
joints and for solder -bridges. With 
the mains re -connected, check that 
the current drain is negligible and 
that the supply rails are at the cor- 
rect voltage. 

With the supply off, plug in the 
chips one at a time, starting with 
the least expensive, then re- 
connect the supply and check that 
the current drain is sensible and 
nothing gets too hot (although, 
with all the ICs inserted, the posi- 
tive regulator will run warm). 

Unplug the unit between tests, and 
remember to discharge your finger- 
tips before handling the CMOS - 
you can do this by touching an 
earthed metal case in your work 
area. 

The last items to insert are the 
A -to -D, the D -to -A, the switched 
capacitor filters and the memory 
chips. To check operation of the 
unit, only two memory ICs are 
needed, IC15 and IC23, and as S- 

RAMs are not cheap, it might be 
prudent to check that the unit is 

fully functional before you insert 
any more memory. 

The final job before testing is to 
do all the inter -wiring between the 
PCBs and any controls, etc, not 
mounted directly on the PCBs, and 
to secure the boards firmly in the 
case. 

Setting Up 
If all goes well, the unit should 

be operational as soon as it is 

switched on, however there is no 
harm in looking over one final time 
to see if there's anything you've 
missed. Do make certain that all is A 
safe on the mains side - not just 
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PROJECT : Delay Line 

for your own sake, but for the sake 
of the equipment you'll be con- 
necting the unit to. 

Circuit operation is quite easily 
checked using an oscilloscope - 
see the timing diagram, Fig, 4 (given 
last month). However, the follow- 
ing is a suggested procedure for 
those constructors without access 
to a scope. 

Connect the output from the 
unit to an amplifier and speaker, 
and apply an input signal. The first 
check is to see if the peak indicator 
glows with the gain and bandwidth 
set to maximum (although, this 
does depend on your input signal 
being above 200mV or so) - if this 
doesn't work, the first point to 
check is the LED polarity. Next, 
check that with the mix control 
fully anti -clockwise, the 
original signal is heard; this will 
show whether or not there is signal 
continuity through the analogue 
board. If no signal is heard, go back 
and check your construction. 

With the shortest delay setting, 
the mix control fully clockwise, 
repeat control fully anti -clockwise, 
freeze and percussion switches 
out, and the IFO depth control off, 
check that a delayed signal is heard. 
It may be distorted, but at the 
moment this is nothing to worry 
about. 

Remove the input signal and 
adjust PR1 so that the unit's output 
is now silent for all bandwidth 
settings; check that distortion is at 
a minimum on low-level signals. 

The unit should now be ready for 
mounting in the case. Any case 
should do, more or less, provided it 
is big enough to take the boards; 
however, you might wish to have 
details of the expansion board 
before choosing the case, and these 
will be given next month. 

The insides of the prototype: a general-purpose PSU PCB was originally used, with 
a few mods here and there, so please don't look too closely! Also not recommen- 
ded is duplicating the author's mains cable relief arrangements! 

The one critical area is the cut- 
out to take the PCB-mouted com- 

onents; a suggested panel 
layout -out is shown in the 
photograph. 

Once completed, and with the 
full memory complement that 
you've decided to use, the unit 
should be ready for use. So don't 
delay further... 

50OmA 
FUSE +5V TO 

+5V FROM PSU ANALOGUEAND 

DIGITAL 
SECTIONS 

5V6 
5W 
ZENER 

Fig. 11 A suggested modification to 
make sure that a PSU over -voltage 
doesn't do too much damage. 

BUYLINES 

Rather surprisingly with the esoteric 
devices used in this project, the one 
semiconductor which might cause a 

few problems is a humble op -amp - 
the LF411 (IC7), which was eventually 
traced to Maplin. A substitute type 
could be used here, but at the risk of 
increased cross over type distortion (a 
very low offset device is required). All 
the other semiconductors are available 
from Watford, Cricklewood, 
Technomatic and Rapid to name but a 

few, as well as Maplin. 
The switches SW1-9 must have the 

correct lead spacing (0.15" between 
pins, 0.2" between rows) to fit on the 
PCB, but this should not create too 
many problems (for once, RS types are 
not suitable, as these fit a 0.1" matrix). 
The ones in the prototype were from 
Cirkit. 

ETI 

The finished unit - all ready to go. 
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B. BAMBER ELECTRONICS 
Lot No Description Qty. Price Price 

Each Each 
As Seen Tested 

Lot No Description Qty. Price Price 
Each Each 

As Seen Tested 

Lot No Description Qty. 

240 Avo Meters, Model 7 20 £15 £40 288 Aimee Sweep Signal Generator, 298 AIM Pulse Generator 1 

241 
242 
243 
244 

Rectifiers, M201 

Berco Rheostats 
A.C. Chargers, 110V AC Input 

400 
4meters 20 

1 ctn. 

£0.50 

£2 
£10 

- 
- - 

289 

290 

Type 352 
Pye Weglml ster, Low Band 24 volt, 

Type 
Marconi White Noise Test Set, 

1 

14 

£30 

£25 

337 

338 
358 

Marconi 20MHz Sweep Generator, 
Type TF1099 

Racal Frequency Meter, Type 9059 
Rob end Oec9bacape, Type R050A 

1 

1 

5 
245 Attache Caes with IMegrel Peg Type QA2090B 1 4200 367 Marconi VHF Signal Generator, 

Boards 3 £5 291 B toper Microphone Amplifier, Type TF1060 6 
248 
247 

Baldwin Radbba'cal Deneilometers 
Reyroll. Maisie d 15 amp 

2 £5 
292 

TyPye 

PH 
pH 

Meter,04 Type PW9418 
1 

1 

£50 
£40 

368 Marconi A.M. Signal Generator, 
Type TFB01 8 

Connectors 4 ctn. £10 293 Marconi Sine Squared Pulse & Bar 359 Radiometer FM/AM Signal 
248 Wild Barfield Incinerator 1 £20 Generator, Type TF2905/6M 1 C90 Generator, Type MS279p 8 
249 Schomandl Frequency Meter, Type 294 Marconi F.M. Signal Generator, 360 Electrohome sin. Video Monitors 8 

FD1 8 C25 Type TF1066A/1 1 £70 4140 361 Aimee Modulation Meter, 
250 C.R.T.'s Brimer Type 0131470K .... 4 £5 295 EH. Pulse Generator, Type 1391)3 1 £40 Type 210A 12 

RADIOTELEPHONE EQUIPMENT 
Pye Base Station Type F30 AM High Band & Low Band £220 
Pye Base Station F401 AM High Band £250 
Pye Reporter Type MF6 AM High Band £50 
Pye Europa Type MFS FM High Band £70 
Pye Europa Type MFS U UHF £70 
Pye Olympic Type M201 AM High Band £65 
Pye Olympic Type M212 UHF £65 
Pye Motofone Type MF5 AM High Band & Low Band £45 
Pye M293 AM High Band £120 
Pye M296 FM UHF £150 
Pye Pocketphone PF1 Battery Charger 12 Way £10 
Pye Base Station Type F9U UHF £90 
Pye Base Station Type F412 UHF £200 
Pye Pocketfones Type PF2 FM High Band £80 
Pye Base Station Type F460 Tx. UHF £50 

PLEASE NOTE 
all sets are sold lees crystals unless otherwise stated. 
Carriage on RT equipment - Mobiles £2.00 each, Bese stations (15.00 each. 
Red Star available at cost. 

Large Stocks of Ex -Equip. Crystals £2 each + VAT SAE for Lists. 

DIODES 
IN5406 & IN5407 

10p EACH 
100 OFF £5 

1000 OFF £30 

PYE POCKETFONE PF1 
UHF RECEIVER 

440-470 MHz, Single Channel, int. 
speaker and aerial. Supplied 
complete with rechargeable bat- 
tery and service manual, £6 each 
plus £1 p.p. plus V.A.T. 

RADIOSONDE RS21 
METEOROLOGICAL 

BALLOON 
TRANSMITTER 

with Water Activated Battery, 
contains all-weather sensors, 
fully solid state, £5 each plus £1 
p.p. V.A.T. 

All Prices Quoted Exclude VAT, Packing & Carriage will be Charged at Cost, 
Please Check Availability Before Ordering. Minimum Order £3 Value of Goods, 
Minimum P&P £1, Prices Shown are Subject to Change Without Notice. 

Price Price 
Each Each 

As Seen Tested 

£40 

£50 
470 
C10 

C40 

C40 

C00 
£25 

£40 

£120 

tea 

C50 

0120 

Schomandl Modulator Type MAF BN841962 º050 

PSSchomand' 

ND 100M 21200º1200 

nV S8 - 10 MHzr TÁC2240v 9 

manual 
SMVBN41104 

145 
Servomex AC Voltage Stabiliser Type AC7 240v ac 40 amp £55 
60 amp Alternator & Generator Noise Filter £1.00 seen 
Tektronix Oecllbscope Probes £10 welt 
Milliard Vert -cap Tuners Type ELC 2003 Ex Brand New Equip 15.00 
Pye Cambridge/Vanguard 18 Way Control Lea £4.00 
BNC Plugs 75 ohm 50p each 
Circulators 590.720 MHz 14' sockets £25 
Transistors Type 2N3055 Brand New 4 tar 41 
Tranaorrners 30 volt @1 amp £1.00 
Transformers 36 volt @ 1.5 amp º1.00 
'Verlacs' 2 amp. 8 amp. 15 amp. 20 amp. 25 amp Phone for dMasa. 
Loudspeakers Richard Allan Type CP12. 12ín. 15ohm 16.00 
10 7 MHz SSB Mal Filters (2.4 Khz Bandwidth) Low Imp. Type. Carrier and unwenter 
sideband rejection min -40db (needs 10.69835 & 10.70165 xtals for USS/LSB not 
supplied) Size approx 21n. x 11n. x 11n. 410.00 seep. 
LowPassFlllars(lowlmp.type).2to9Mhz,smallmetalencapsulatlon 760sedi. 
IC Test pips Gold plated pins, 28 pin DIL and 40 pin OIL 42.00 sedi. 
lin Vidcon Scan Coils Transistor type byt no details, complete with vldkxm 
base 25.50 
Screws. Pack of nuts, bolts, washers, tags, serf taps etc, Mixed BA & Metric. Sold by 

Mainht 12.00 
s Isolation Transformers 500 VA 240v input, 240v CT output housed I 

box but lies lid 115.00 
Avo Valve Characteristic Meter Type VCM 183 with data £250 
Tektronix Oscilloscope Type 453 Dual -Trace 50 Mhz 1505 

EXPORT AND TRADE ENQUIRIES WELCOME 

5 STATION ROAD, LITTLEPORT, CAM BS CB6 1 QE 
PHONE: ELY (0353) 860185 

Looking f- 
Components? 

A small selection of our stock: 

74LS 
Series 

74L500 
74L501 
74LS02 
741503 
741504 
74LS05 
741508 
74LSIO 
741511 
74LS13 
741514 
74LS15 
741520 
741521 
74LS22 
741527 
741530 
74LS32 
74LS38 
74LS42 
74LS48 

30p 
23p 
28p 
22p 
38p 
27p 
34p 
33p 
28p 
36p 
59p 
33p 
33p 
3Ip 
3Ip 
33p 
27p 
84p 
48p 
63p 

108p 

74LS74 
74LS76 
74LS92 
74LS109 
7415112 
7415113 
7415123 
74LS126 
7415132 
74LS138 
7415151 
7415157 
74LS163 
7415164 
7415165 
74LS181 
7415192 
74LS193 
745240 
7415241 
74LS244 
7415257 
7415273 
7415367 

48p 
31p 
63p 
43p 
48p 
48p 

120p 
57p 
67p 
76p 
78p 
S8p 
83p 
98p 

127p 
I 28p 
97p 
98p 

108p 
IO8p 
IO8p 
75p 

150p 
S8p 

We stock a full range of 
74LS series, and memory 
and microprocessors. Ring 
for our FREE catalogue and 
special quotation. 

M!=41117 
Prices correct at time of going to press 

7415373 120p 
7415393 90p 

CMOS 
4001 
4013 
4016 
4017 
4019 
4020 
4024 
4027 
4029 
4042 
4047 
4049 
4060 
4069 
4070 
4078 
4093 
4099 

25p 
48p 
24p 
67p 
54p 
87p 
SOp 

20p 
75p 
50p 
40p 
43p 
68p 
29p 
29p 
30p 
SSp 
90p 

(exc. VAT) 

Cambridge 
Microcomputer 

Centre 

74 Series 
7400 
7406 
7407 
7412 
7432 
7486 
74121 

40p 
50p 

125p 
30p 
SOp 

50p 
S5p 

Memories 
2114L-2 350p 
2112 300p 
2532 397p 
2764 S7Sp 
4827128G-25 

1900p 
4164 44Sp 

PHONE 
(0223) 355404 

FOR 

FREE 
CATALOGUE 

153-4 East Road, Cambridge CBI I DD 
Telephone (0223) 355404 Telex 817445 

E 

precision pick-up arms 
Please call or write: 
SME Limited, Steyning, Sussex, BN4 3GY 
Telephone: 0903 814321 Telex: 877808 G 

°GRIPMATE° 
NE Jn ELECTRONIC ENGINEERS NEED 

'EXTRA HANDS' FOR 
SOLDERING GLUEING 
AND ASSEMBLING 
This essential compact tool comes 
complete with 4 crocclip flexiarms 
to hold components positively and 
rapidly with infinite positioning 

ONLYdie USEFUL ACCESSORIES.... 
e4486,6,2.5s MAGNIFIER FLEXI -ARM £2.50 
MAGNET FLEXI-ARM £1.50 

ALL PRICES INCLUDE VAT- POST- PKG 

SEND NOW! CHQ/PO OR SAE DETAILS DIRECT FROM THE MAKERS: 

KEMPLANT LTD (DEPT -1) 

TEL: 
048 649 344 

DURFOLD WOOD, PLAISTOW, BILLINGSHURST, WEST SUSSEX RH14 OPN 
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ETI PCB SERVICE 
In order to ensure that you get the correct board, you must quote the reference code when ordering. 

The code can also be used to identify the year and month in which a particular project appeared: the first 
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the 
particular project. 

Note that these are all the boards that are available - if it isn't listed, we don't have it. 
Our terms are strictly cash with order - we do not accept official orders. However, we can provide a 

pro -forma invoice for you to raise a cheque against, but we must stress that the goods will not be 
dispatched until after we receive payment, 

1981 
D E/8106-8 Waa-Phase 1 76 E/8305-1 Compressor/Limiter 619 E/8402-8 Headphone amp (st) 3 73 

D E/8106-9 Alien Attack 4 00 D E/8305-2 Single PSU 3 16 E/8402-9 Mother board 9 01 

E/8107-1 System A -Input E/8305-3 Dual PSU 4 01 D E/8403-1 Power Meter 5 81 

(MM or MC) 3 05 E/8305-4.2 NDFL Amp 7 88 E/8403-2 Z80 DRAM 9 79 
E/8107-2 System A - Preamp 5 95 E/8305-5 Balance Input Preamp. ...3.23 E/8403-3 Obedient Die 3 76 
E/8107-3 Smart Battery Charger ... 2.27 E/8305-6 Stage Lighting D E/8404-1 School Timer 4 07 
E/8108-3 Hand Clap Synth. 4 57 Autofade 6 19 0 E/8405-1 Auto Light Switch 4 01 
E/8108-5 Watchdog Home E/8305-7 Stage Lighting- E/8405-2 ZX81 EPROM Prog. 10.53 

Security (2 boards) 6 11 Triac Board 4 74 E/8405-3 Mains Borne RC 5 07 
E/8109-1 Mains Audio Link E/8306-1 to 3 PseudoROM E/8405-4 Centronics Interface 4 09 

(3 boards) 8 45 (3 boards) 3 62 D E/8405-5 Vario 6 62 
E/8109-4 Laboratory PSU 5 21 E/8306-5 Atom Keypad 5 18 E/8405-6 Midi Drum Synth 3 59 
E/8110-1 Enlarger Timer 3 91 E/8307-1 Flash Sequencer 2 67 E/8406-1 Oric EPROM Bd 19.58 
E/8110-2 Sound Bender 3 05 E/8307-2 Trigger U nit Main Board... 2.67 D E/8406-2 Spectrum Joystick 3 30 
E/8111-1 Voice Over Unit 4 57 E/8307-3 Trigger Unit Transmitter 1.66 0 E/8407-1 Warlock Alarm 8 19 
E/8111-2 Car Alarm 3 23 E/8307-4 Switched Mode PSU.... 16.10 E/8408-1 Joystick Interface 3 07 
E/8111-3 Phone Bell Shifter 3 40 E/8308-1 Graphic Equalisr 9 10 E/8408-2 EPROM Emulator 9 11 

E/8112-4 Component Tester 1 71 E/8308-2 Servo Fail -Safe E/8408-3 Infrared Transmitter 3 70 

1982 
(four -off) 2 93 0 E/8408-4 Infrared Receiver 3 98 

Ell 
E/8201-3 Guitar Tuner (2 boards) 6.38 

E/8308-3 Universal EPROM prog ... 9.64 D E/8408-5 CMOS Tester 4 60 

E/8202-2 Allez Cat Pest Repeller ...1.93 E/8309-1 NiCad Charger/Regen ... 3.77 0 E/8409-1 EX42 Kybd Interface .... 3.82 

E/8202-5 MovingMagnet Stage.... 4.01 
E/8309-2 Digger 3 40 0 E/8409-2 Bansheee Siren 3 19 

E/8202-6 Movin Magnet 
g 

4 01 
E/8309-3 64K DRAM 14.08 E/8409-3 Dry Cell Charger 2 80 

Moving Stage E/8310-1 Supply Protector 2 19 0 E/8410-1 Echo Unit 3 92 
E/8203-4 Capacitance Meter E/8310-2 Car Alarm 3 98 0 E/8410-2 Digital Cassette 9 80 

(2 boards) 11.66 E/8310-3 Typewriter Interface 4 17 E/8410-3 Disco/Party Strobe 4 80 
E/8205-1 DV Meg 3 13 E/8411-1 AM/FM Radio (4 bds)... 13.02 
E/8206-1 Ion Generator 

E/8311-1 Mini Drum Synth 3 07 

(3 boards) 9 20 
E/8311-2 Alarm Extender 3 21 0 E/8411-2 Control Port -control bd 12.15 

E/8206-4 MOSFET Amp Module ... 7.80 
E/8311-3 Multiswitch 3 59 D E/8411-3 Control Port -I/O bd 6 33 

E/8311-4 Multiple Port 4 34 E/8411-4 Capacitance Meter 3 55 
E/8206-5 Logic Lock 3 52 E/8311-5 DAC/ADC Filter 3 22 0 E/8411-5 Video Vandal (3 bds) ... 12.10 
E/8206-6 Digital PWM 3 84 E/8311-6 Light Pen 4 60 D E/8411-6 Temperature Controller... 2.88 

D E/8206-7 Optical Sensor 2 00 E/8311-7 Logic Clip 2 51 0 E/8411-7 Mains Failure Alarm 2 54 
E/8206-9 Oscilloscope E/8311-8 MC Head (JLLH) 3 17 E/8411-8 Knite Light 3 25 

(4 boards) 13.34 E/8312-1 Lightsaver 1 85 D E/8411-9 Stage Lighting Interface... 3.73 
E/8212-2 Servo Interface E/8312-2 A -to -D Board 12.83 0 E/8411-10 Perpetual Pendulum.... 3.14 

(2 boards) 6 75 E/8312-3 Light Chaser (2 bds) 7 54 D E/8412-1 Spectrum Centronics .... 3.51 
E/8212-4 Spedracolumn 5 54 E/8312-4 ZX Alarm 6 04 D E/8412-2 Experimenter's DRAM... 14.08 

1983 1984 E/8412-3 Active -8: Motherboard... 9.37 

E/8301-1 Fuel Gauge 3 45 E/8401-1 Vector Graphics 8 27 D E/8412-4 Active -8: Protection Unit 3.67 

D E/8301-2 ZX ADC 2 59 E/8402-1 Speech Board D E/8412-5 Active -8: Crossover 3 67 

D E/8301-3 Programmable PSU 3 45 (Mini -Mynah) 10.97 E/8412-6 Active -8: LF EQ 3 67 

E/8303-1 SoundBoard 12.83 MODULAR PREAMP. D E/8412-7 Active -8: Equaliser 3 67 

E/8303-2 Alarm Module 3 62 E/8402-2 Disc input (mono) 3 73 E/8412-8 Active -8: Delay Unit 3 67 

E/8303-3 ZX81 User Graphics 1 07 E/8402-3 Output stage (stereo) .... 3.73 1985 
E/8303-4 Logic Probe 2 50 E/8402-4 Relay/PSU 3 73 E/8501-1 Active Bass Speaker 2 79 

D E/8304-1 Real Time Clock 8 74 E/8402-5 Tone, main (mono) 3 73 D E/8501-2 DRAM Card Update 3 66 

E/8304-4 Stage Lighting- Main 13.73 E/8402-6 Tone, filter (stereo) 3 73 E/8501-3 Digital Delay (2 bds) .. P.O.A. 

E/8304-5 Stage Lighting - Display 3.45 E/8402-7 Balanced output (st) 3 73 

How to order. indicate the boards required by ticking the 
boxes and send this page, together with your payment, to: 
ETI PCB Service, ArgusSpecialist Publications Ltd, 1 Golden 
Square, London W1 R 3AB. Make cheques payable to ETI 
PCB Service. Payment in sterling only 
please. Prices subject to change 
without notice. 

Total for boards L. 
Add 45p p&p 0.45 
Total enclosed f.. 

PLEASE ALLOW 
28 DAYS FOR 

DELIVERY 

Signed 

Name 

Address 
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PCB FOIL PATTERNS 

O ACTIVE BASS LOUDSPEAKER O 

The Active Bass Loudspeaker PCB. 

The PCB layout for the DRAM board modification. 

Please note that due to lack of space we have been unable to reproduce the Digital Delay Line foil patterns here. We hope to include 
them next month. ETI 

COME AND 
JOIN US! 

As a result of Phil Walker's impending move to a senior position in industry and Dave Bradshaw's promotion to a senior position 
in the company, ETI is seeking an Editor and a Project Editor. 

The Editor will need to be an organisational genius with a strong technical background and the ability to deal simultaneously 
with irate printers, confused typesetters, frustrated contributors and impatient readers, all whilst producing perfect copy to 
deadlines and delivering blistering puns to order. If you think your qualifications and experience are appropriate and believe 

that your nerves and social life can stand the strain, contact us for a detailed job description and an application form. 
The Project Editor will need a good practical knowledge of electronics and should be a competent designer of both analogue 

and digital circuitry. The job involves designing, prototyping and writing -up projects for publication in ETI, checking articles 
submitted by other authors, answering enquiries and generally being our resident know-it-all and technical genius. A particularly 
experienced candidate might be considered for a role as technical referee on the complete group of ASP electronics magazines. 

Applicants for the above positions should write to Dave Bradshaw, Editor, Electronics Today International, 1 Golden 

Square, London W1 R 3AB, enclosing a CV and, for the Project Editor post, details of one or two of their own designs. 
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ELECTRONICS TODAY INTERNATIONAL CLASSIFIED 
Lineage: 
40p per word (minimum 15 words) 
Semi Display: (minimum 2 cms) 
£11.00 per single column centimetre 
Ring for information on series bookings/discounts 
All advertisements in this section must be prepaid. 
Advertisements are accepted subject to the terms and 
conditions printed on the advertisement rate card (available on request) 

01-437 0699 

Send your requirements to: 
Jason lnskip 
ASP Ltd., 
1 Golden Square, 
London W1. 

ALARMS 

FREE BOOKLET 
on 

BURGLAR ALARMS 
with 

LOWEST U.K. DIY PUBLISHED PRICES 
PHONE OR WRITE FOR YOUR COPY 

051-523 8440 
AD ELECTRONICS 

217 WARBRECK MOOR 
AINTREE, LIVERPOOL L9 OHU 

Al INTRUDER ALARMS 
Wholesale Alarm Suppliers 

Latest D.I.Y. & Wholesale Published Catalogue. 
Write off for your copy 

86 Derby Lane, Old Swan, Liverpool 13 
Tel: 051 228 3483 or 051-220 0590 

FOR SALE 
ELECTRONIC ORGAN KEY- 
BOARDSand other parts being 
cleared out as special offer. 
Elvins Electronic Musical 
Instruments, 40A Dalston Lane, 
London E8. 01-986 8455. 

STEREOAMPS 120 Watt (60+60) 
...Case- D.I. N. Sockets and con- 
trols ...9-40v/Smoothing . - - pro- 
tected outputs 3/15 O.H.M. tested 
and diagrams £10/inc - - . KIA-8 
Cunliffe Rd., Ilkley. 

CLEAROUT. Cased keyboard 
numeric pad £45. Softy Eprom 
programmer. Almost new £110. 
Petitvid VDU 16 x 48, cased £75. 
Accoustic coupler £25. Logabay 
printers, LX180 £95. LX80 £75. All 
in excellent condition. Phone 
073477-5438. 

CORTEX MK 1 with RS232, disc 
interface, Ebus 3" monitor. £250 
.n.o. Aylesbury 33885 (evenings). 

TEKTRONIX OSCILLOSCOPES. 
546 dual -trace 50 MHz delay 
sweep £195, 545A dual -trace 24 
MHz delay sweep £125, 564 stor- 
age, dual -trace 10MHz £275. 

7B50A £300. Manuals. 
Texas printer £35. H.P. DVM £20. 
Advance J1A Audio Oscillator 
£25. Te!: (01) 868 4221. 

CORTEX WITH RS232. Nearly a 
fully fledged system, with only 
TMS 9909, LS297 and 3. LSO7's to 
complete disc interface and 
LS612, LS2001, LS245 to com- 
plete E -Bus. IDC connector, fan, 
disc cables fitted. £350 o.n.o. 
Chorley (02572) 69172 evenings/ 
weekends. 

100W AMPLIFIER - £9.95 built 
Or use the same board for 50W, 
150W, 200W into 4 or 8 ohms 
etc., by using alternative output 
transistors and P.S.U. SAE forfull 
details to: 

ESS AMPLIFICATION 
Innovation House 

Guildhall Road, Hull 

KEYBOARDS 81 key hall effec 
with IC's £40, 65 key N/o £40, 96 
key reed £20. Tel: 0279-442305. 

BOOKS 

PARAPHYSICS JOURNAL 
(Russian translation); psycho- 
tronics, kirlianography, heu - 

phonic music, telekìnetics. 
Computer software. S.A.E. 
4 x 9", Paralab, Downton, 
Wiltshire. 

SECURITY 
Alarm Systems 

FREE COMPREHENSIVE CATALOGUE! 

LOWEST DISCOUNT PRICES 
HIGHEST QUALITY EQUIPMENT 
FREE DIY DESIGN GUIDE 
FULLY ILLUSTRATED 
MICROCHIP CIRCUITRY 

QUICK DESPATCH SERVICE 
FULL INSTRUCTIONS 

SEND SAE OR PHONE 

C TEC SECURITY, Dept E I, 

60 Market St, Wigan WN1 1HX. 
Telephone 10942) 42444 

HOME GUARD 
SYSTEMS 

If you want professional alarm/ 
C.C.TV/Door entry/security light- 
ing equipment or DIY kits at 
genuine trade prices don't delay 
phone today for our free illustra- 
ted catalogue. 

Tel: 01-651 2449 
Freepost, South Croydon 

Surrey CR2 9PU 
(no stamp required) 

SOFTWARE 
APPLICATIONS 

CORTEX SOFTWARE 
For the Powertran Cortez computer. 
FORTH - Supplied in two 2564 eproms. Totally 
standalone supports cassette, 5.25" 8 8" discs. 

Price C35.00 inclusive. 

DISCS - Forth utilities, use with above eproms, 
contains editor, assembler, and utilities. Price 

£30.00 inclusive. 

AUTO -BOOT DISCS 
FORTH - Use the Basic 'BOOT' command to 

download the Forth system, the Forth eproms are 
not required. Price £55.00 inclusive. 

CDOS - Adds file support to Cortez Basic. 
named program and data files. Includes format 

and configure utilities. Price (50.00 inclusive. 
Disc orders, please state 5.25` or 8"s.a e. with all 
enquiries for 

LOMBARD SYSTEMS 
/8 Lombard Street, Lidlington 

Bedford M643 ORP 

KITS 

MINIATURE FM TRANSMIT- 
TERS. Frequency 60-145 MHz, 
range 1/2 mile S.G.F. - P.C.B. All 
components. Full instructions 9- 
12v operation, broadcast recep- 
tion. Super sensitive microphone. 
Pick-up on FM radio. £6.95 inc; or 
ready built £8.95: Same day des- 
patch - Zenith Electronics, 21 
Station Rd., Industrial Estate, 
Hailsham, E. Sussex BN27 2EW. 

KITS 

PRINTED CIRCUITS Make your 
own simply, cheaply and quickly! 
Golden Fotolac light-sensitive 
laquer - now greatly improved 
and very much faster. Aerosol 
cans with full instructions, £2.50. 
Developer 35p. Ferric Chloride 
60p. Clear acetate sheet for 
master 15p. Copper -clad fib- 
reglass board, approx. 1mm 
thick £2.00 sq. ft. Post/packing 
75p. White House Electronics, 
Castle Drive, Praa Sands, Pen- 
zance, Cornwall. 

LINSLEY HOOD DESIGNS 
LOW DISTORTION AUDIO 

SIGNAL GENERATORS 
40113 Kit £28 (p,p. £1) 
AO 149 Kit £39 (p.p. £2) 

Super Hi-Fi Amplífer(ETI) 
P.C. Boards from £4 

Send S.AE. for further details: 
TELERADIO ELECTRONICS 

325 Fore Street, London N9 OPE 
Tel: 01-807 3719 

VHF TRANSMITTERS 

140mm x 370mm. Extremely sensi- 
tive, powerful. Operates from 1.5V 
battery ready built tested only £9.95 
(in kit form £7.50). 

Also available Automatic Telephone 
Recorder built tested £11.95 (in kit 
form £8.50). 

All fully guaranteed. Send cash, 
cheque or P.O. to: 

SHAH ELECTRONICS 
11 Livingstone Road 
Southall, Middlesex 

UB1 1TH 

ECOLIGHT (ETI July 84) deters 
burglars from even attempting a 
break in. Full kit of partsas perartl- 
de £21.05. p.c. Only £4.50. Re- 
print of article 75p. G.P. Elec- 
tronics, 87 Willowtree Ave., 
Durham DH1 1DZ. 

TIME WRONG?? 
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 for com- 
puter, receives Rugby 60KHz atomic time 
signals, built-in antenna, 1000Km range, 
£79-70, get the TIME RIGHT. 
Fun -to -build kit (ready made to order) 
includes ALL parts, printed circuit, case 
etc, by -return postage, list of other kits. 

CAMBRIDGE KITS 
45 (TN) Old School Lane, Wean, Cambs- 
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PLANS 'N DESIGN SERVICES COMPONENTS 

AMAZING ELECTRONIC 
plans, lasers, gas, ruby, light 
shows, high voltage teslas, van 
de graph surveillance devices, 
ultrasonics, pyrotechnics, new 
solar generator, 150 more pro- 
jects, catalogue. S.A.E. 
Plancentre, Bromyard Road 
Industrial Estate, Ledbury 
HR8. 

EQUIPMENT 

EPROM COPIER - STAND ALONE 
2716-27128 £175.00 

TELEPHONE CONVERSATION 
RECORDER £75.00 

2 LINES INTO 1 ANSWERING 
MACHINE 
Switching Unit £30.00 

From L.K.F. Systems Ltd 
St Albans. Tel: 55084 

BOOKS EXCHANGE 
SERVICE 

BOOKS WANTED FOR CASH 
Have you got technical books you no 
longer need? OR -Do you need to read 
up on a new topic? Then EXCHANGE 
BOOK CLUB can help YOU! 
We buy and sell previously read books 
on electronics and computing 
For list of currently available titles and 
details of our guaranteed buy back 
plan SAE please to: - 
JAMES ELECTRONICS, P.O. Box 2 

Rothwell, Leeds LS26 OUY 

SERVICES 

PRINTED CIRCUIT BOARDS 
manufactured to your specifica- 
tion. Quality, Quick service. Com- 
petitive Prices. COPPER -CLAD 
fibreglass boards cut to size. 1 mm 
thick £1.80 sq. ft. 1.6mm £2.20 sq. 
ft. Postage 75p. Mondo Circuits 
Ltd, 35 Grosvenor Road, Twick- 
enham, Middx. Tel: 01-891 5412. 

SCOPES 
Repaired & recalibrated, all 
makes, all models. 
Scopex Safgan, Older TEK TO 

MENDASCOPE LTD 
Otter House 

Western Underwood, Olney 
Bucks MK46 5JS 

Tel: Bedford (0234) 712445 

JBA 
ELECTRONICS 

Manufactures to design orspecif ications. 
One offs, small batch prototypes. 
Analogue digital electronic equipment. 
Complete electronic service - no lob to 
small. 

1st Floor, 4a Lion Yard 
Brecon, Powys, South Wales 

Tel: (0874) 611177 

FREE PROTOTYPE of the 
finest quality with every P.C.B. 
artwork designed by us. Com- 
petitive hourly rates, and high 
standard of work. Halstead 
Designs Limited. Tel: halstead 
(0787) 477408. 

P.C.B. DESIGN & LAYOUT, 
manually taped artwork pro- 
fessionally produced at competi- 
tive prices. James Gledhill. Tel: 
01-674-8511. 

WANTED 

TURN YOUR SURPLUS tran- 
sistors, IC's etc into cash. Con- 
tact Coles Harding & Co., 103 
South Brink, Wisbech, Cambs. 
Tel: 0945 584188. Immediate 
settlement. 

TEST EQUIPMENT 

TOP PRICES PAID 
for surplus electronic test 

equipment. 
ALWAYS a good selection of 
ßSIG-GENS, METERS, and 

SCOPES for sale. 
Phone 0920-8714301 

EDUCATIONAL 

DIGITAL 
ELECTRONICS 

Are you up to 
BTEC Standard? 

Follow this OPEN LEARNING 
course for £30 only and be sure. 

Written by a technical college head 
it uses all the best methods of learn- 
ing, by booklet audio tape, and a 
planned sequence of digital 
experiments. 

Booklet 
Audio tape 
Circuitboard 
Component kit 
Full Course 

£3.75 p/p 40p 
£1.50 p/p 40p 
£20.00 p/p £2 
£6.95 p/p 50p 

£30.00 p/p inc. 

Two postage -only tutorials for full 
course purchasers. 

Cash with order to: 
apt Open Learning, Porters Pk 

Boreham, Chelmsford, CM3 3BH 

IMPROVE YOUR PROSPECTS 

with skills that employers want- learn 
the easy way with modem home study 
courses from Ideal Schools. 

MODERN ELECTRONICS 
Train for success in the fastest ever 

growing industrial sector. 

COMPUTER PROGRAMMING 
The demand for Ptuy,aarvrfers is 

increasing constantly -dull miss outf 

For free booklet wrIte today to 

oj IDEAL SCHOOLS 
s 

, (Ref. ETD2) 

IDEAL St. Enoch Sq 

Glasgow G1 ÚK. 
° . !a Tel: 041 248 5200 

WIRES 'N CABLES 

THE SCIENTIFIC 
WIRE COMPANY 

811 Forest Road, London E17 
01.531.1568 

ENAMELLED COPPER WIRE 
SWG 11b 8oz 4oz 2oz 
8-34 3.63 2.09 1.10 88p 

35-39 3.82 2.30 1.26 93p 
42-43 5.20 2.91 2.25 1.60 
44-47 8.56 5.80 3.49 2.75 

48 15.96 9.58 6.38 3.69 
SILVER-PLATED COPPER WIRE 
14-30 9.09 5.20 2.93 1.97 

TINNED COPPER WIRE 
14-30 3.97 2.41 1.39 0.94 

Prices include P&P and VAT. Orders under 
£2 add 20p. Dealer inquiries welcome. 

Betatran Electronics 
Supplies 

Toroidal iraneformers primary 250V 
secondaries 0-40, 0-40V, 0-50, 0-50V, 
0.55,0-559,0-70,0-70V at 300VA £17.55, 
500VA £24.70, 625VA £30.50. Can flea 
talytics 63V, 6800uF SA 2£4.35.10,000uF 
7A £5.45. 100V 6800uF SA £6.23, 4700uF 
8A £5.50. 3300uF 7A £4.20. 2200uF 7A 
£3.00. Computer Grade 10,000uF 1SA 
£14.89. MOS-FETs 2SJ 50/25K 135 £8.50. 
2SJ83/2SK 227 £8.20 price per pair. 35A 
200V bridge rectifiers £3.25. VAT inclusive 
£1.00 p&p under £7.00. Full spec. many 
more. Resistors, capacitors, trasnistors, 
heat sinks, amplifiers, speakers, transfor- 
mers, etc. Send 4 x 9 self addressed 
envelope for large list. 

Laver St., Cavendish, Suffolk CO10 8AP. 
Tel: 0787 280539. 

BUMPER BOX 
OF BITS 

WO W! W e've got so many components in 
stock, we can't possibly list them all - So 
buys box. In it you'll f ind resistors, capaci- 
tors, displays, switches, panels with tran- 
sistors, diodes, IC's etc., coils, pots... and 
so on. All modern parts - guaranteed at 
least 1000 items, minimum weight 101bs. 
ONLY £8.50 inc. 48 page catalogue 50p. 

ELECTRON ICS 
WORLD 

1 e Dews Road, Salisbury, 
Wilts SP2 7SN 

CHEAP CASES 
Absolute bargains, rack mounting & free stand- 
ing. NEW, but manufacturers seconds. No 
damage. 

Send s.a.e. for list. 
C. Phillips, 'The Laurels' Tiptoe Road 
Woolen, New Milton, Hants BH25 58J 

MAIL ORDER ONLY 

SOFTWARE 

CROSS ASSEMBLER for 6803/ 
6303 or 65CO2 processors on BBC 
or PET. Fast. S.A.E. details. CWO 
£16. M.J. Tyler, 2 Parkview, 
Cashgreen, Stroud, Glos. 045-36- 
77257. 

DON'T LEAVE IT TO 
CHANCE, BOOST YOUR 

BUSINESS NOW BY 
AGNERTISING IN ETI 
PHONE 01-437 0699 

FOR DETAILS 

E 
L 
E 
C 
T 
R 
o 
M 
A 
R 
T 

FREE! Parcel of components 
worth £10. Send only 80p pos- 
tatge. D. Horsley, 113 Clare Rd., 
Braintree, Essex. 

IRISH 
READERS 

MAIL ORDER COMPONENTS 
Top quality components 

Great prices 
Return -of -post service 

Write or phone for free price list 

WAVEFORM ELECTRONICS 
12 Effra Road, Rathmines, Dublin 6. 
Phone(01) 0001 If England 987507 

Mail order only please 

BARGAIN OF THE YEAR, manu- 
facturers unused surplus elec- 
tronic components. Send £3.50 
for a bumper two kilo assorted 
parcel by return of post. Universal 
Aids Ltd., 8-14 Wellington Road, 
South Stockport SK4 IAA. 

Z80A MICROPROCESSOR and 
two 74LS ICs on circuit board. 
£2.45. J.J. Pearson, 23 Douglas 
Terrace, Broughty Ferry, Dundee 
1JD. 

MICROCOMPUTER 
REPAIRS 

ZX SPECTRUM. Vic20, C64, BBC, 
QL 15 40/41, Commodore com- 
puters, printers and floppy discs. 
Send faulty machine to: Trident 
Enterprises Ltd., 37 Linden 
House, Common Road, Langley, 
Slough, Berks. Tel: (0753) 48785. 

MISCELLANEOUS 

AGENTS 
Wanted to Sell Computer Software for 
most computers. We now have the Dialog 
Electronics Part I in stock, Pools Winner & 

Course Winner. We can supply business 
software, games anmd computer ad ons. 
Phone(0288)4179 upto 9pm most nights 
for your free list and details about our 
agents. 

ESSEX 

R JONES ELECTRONICS 
267 Rectory Rd., Grays, Essex 

Tel: (0375) 33158 -°- 24hr answer phone 
Components, IC's, Full After Sales Services 
Electronic repairs - Industrial & Domestic 

Open 9-5.30pm 6 days a week 

LANCASHIRE 

ETESON ELECTRONICS 
16B Lover Green, 

MPoulton-le-Fylde, Blackpool 
Tel: 10253) 885107 

Open: 
Electron cCo ponant Specialists. 

Sun. 

MERSEYSIDE 

PROGRESSIVE RADIO 
93 Dale Street. Tel 051 236 0982 

47 Whitechapel, Tel 051 236 5489 
Liverpool 2 

THE ELECTRONICS SPECIALISTS' 

Open: Tues -Sat 9.30-5.30 

E 
L 
E 
C 
T 
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o 
M 
A 
R 
T 
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FILM SOUND 
HOLIDAY RELIEF 

On a temporary basis for varying periods from 
early March 1985. 

To undertake the operation of tape, disc 
and 16mm reproduction and recording 
equipment in Sound Transfer areas and 
Dubbing Theatre Record Rooms. 

Candidates for these posts should have a 
knowledge and experience of film sound 
transfer and dubbing methods, coupled 
with an understanding of the use of sound 
in television film production. Some basic 
training will be given. Normal hearing is 
essential. 
Salary £8,094 - £9,791 p.a. Applicants 
will be expected to work on a shift basis 
when a shift allowance rate will be paid. 

Based at Ealing or Shepherds Bush. 
Contact us immediately for application 
form (quote ref. 5041/ETI and enclose 
s.a.e.): BBC Appointments, London 
W1A IAA. Tel. 01-927 5799. 

We are an equal opportunities employer 

O tv 

MAIL ORDER PROTECTION SCHEME 

If you order goods from Mail Order Advertisers in this 
magazine and pay by post in advance of delivery, this 
publication will consider you for compensation if the 
advertiser should become insolvent or bankrupt, provided: 

1. You have not received the goods or had your money 
returned; and 

2. You write to the publisher of this publication explaining 
the position not earlier than 28 days from the day you 
sent your order and not later than 2 months from that 
day. 

Please do not wait until the last moment to inform 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 
to a limit of £1,800 per annum for one advertiser, so affected, 
and up to £5,400 p.a. in respect of all insolvent advertisers. 
Claims may be paid for higher amounts, or when the above 
procedures have not been complied with, at the discretion of 
this publication, but we do not guarantee to do so in view of 
the need to set some limit to this commitment and to learn 
quickly of reader's difficulties. 
This guarantee covers only advance payment sent in direct 
response to an advertisement in this magazine (not for 
example, payments made in response to catalogues, etc, 

received as a result of answering such advertisements) 

CLASSIFIED ADVERTISEMENTS ARE EXCLUDED. 

ETI ADVERTISERS INDEX 
JANUARY 1985 
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INDEX 1984 
Only a few months have passed since the publication of our complete project index and already 

it's time for our annual features and projects index. Listed below are all the projects we have 

published in the last twelve months and all the features other than Digest and Read/Write. Note 

that, where a series of articles has been carried over from the previous year or continues into 
this year, we have listed only those parts which actually appeared in 1984. We have also, follow- 
ing the practice adopted in the project index, listed corrections to projects. 

If you wish to acquire copies of any of the items listed here, you can order backnumbers 

from Infonet Ltd, Times House, 179 The Marlowes, Hemel Hempstead, Herfordshire HP1 1BB, 

telephone 0442 - 48432, or, if the backnumber you require is no longer available, you can order 
photocopies from us at the address given on the contents page. The cost in either case is £1.50 

(but note that where an article appeared in several parts each part will be charged separately), 

and cheques, postal orders, etc should be made payable to ASP Ltd. 

FEATURES 
Article 

Audio Design 

Bass For Beginners 
Book Reviews 
Book Reviews 
Bridage SB121 and DB242 oscilloscope 

review 
Building Test Equipment 
Cable TV Special Feature 
Choosing Test Equipment 
Communications Satellites 

Complete Project Index 
Customised ICs 
Debugging And Fault -Finding 
Designer's Notebook - sample and 

hold circuits 

Detail For Detail 
Electronize Car Alarm Review 
Fluke 73 DMM Review 
Global Specialties Corporation 

1301 Power Supply Review 
Housewatch 2000 Burglar Alarm Review 
IC Update - RGB DAC 4TD 
Index 1983 
Index, Complete Project 
Litesold EC50 Soldering Iron Review 
Machine Code Programming 

Microtan 65 plug-in card guide 

Part 

part 5 

part 6 

part 7 

part 1 

part 2 

part 3 

part 4 

Mind Your Head 
Outs and Ins of Batteries, The 
QED A230 Stereo Amplifier Review 
Review: Bridage SB121 and DB242 

oscilloscopes 
Review: Electronize Car Alarm 
Review: Fluke 73 DMM 
Review: Global Specialties Corporation 

1301 Power Supply 

part 4 
part 5 

part 6 
part 7 

part 1 

part 2 

Month Page 

Jan 42 
Feb 56 
Mar 58 
Apr 35 

Jan 67 
May 44 

Sept 63 
Aug 39 
Mar 19 

Aug 26 
July 29 
Aug 55 
Sep 16 
Oct 61 

Oct 35 
Nov 44 
Aug 46 

Apr 27 

Jun 63 
Jul 40 

Sep 40 

Sep 32 
Jul 50 
Jan 70 
Jan 82 
Oct 35 

Feb 36 
Feb 64 
Mar 30 
Apr 49 
May 53 
May 22 
Jun 33 

Dec 49 
Sep 56 
Jun 45 

Sep 63 

Jul 40 
Sep 40 

Sep 32 

Article Part Month Page 

Review: Housewatch 2000 Burglar 
Alarm Jul 50 

Review: Litesold EC50 Soldering Iron Feb 36 

Review: QED A230 Stereo Amplifier Jun 45 

Review: Wilmslow Loudspeaker Kit Jun 52 

Saga Of Silly -Cow Valley, the Apr 65 

Sample and hold techniques 
(Designer's Notebook) Apr 27 

Sinclair Pocket TV Jan 28 

Sound Of Video, The Oct 32 

Stop Crackle And Pop Jun 19 

Technical Guide To The MC68020 Oct 23 

Tech -Tips Jan 50 

Tech -Tips Mar 40 

Tech -Tips Oct 48 

Tech -Tips Special Dec 39 

Test Equipment Aug 18 

Wilmslow Loudspeaker Kit Review Jun 52 

World Of The Microtan 65, The part 1 May 22 
part 2 Jun 33 

PROJECTS 

Ace colour board 

Active -8 Loudspeaker 

Alarm, infra -red 

Alarm system, ETI 'Warlock' 
AM/FM Radio 

Audio Design Amplifier 

Automatic Light Switch 
Bansheee Siren Unit 
Bench Power Supply 
Capacitance Meter, Direct Reading 

Errata 
part 1 

part 2 

part 3 

part 4 

part 1 

part 2 

Errata 
part 1 

part 2 

part 3 

part 4 

Apr 41 

May 69 
Sep 45 
Oct 56 
Nov 36 
Dec 24 
Jul 61 

Aug 59 
Jul 35 
Nov 21 

Dec 07 
Jun 24 
Jul 44 
Aug 30 
Sep 59 
May 19 
Sep 35 
Feb 41 

Nov 41 
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INDEX 84 

Article 

Cassette Deck, Digital 

Centronics Interface, Cortex 

Centronics Interface, Sharp MZ8OK 
Centronics Interface, Spectrum 
Chorus/Flanger 
CMOS Tester 

Digital Cassette Deck 

Digital Control Port 

Digital Delay Line 
Direct -Reading Capacitance Meter 
Disco/Party Strobe 
DRAM board modification for Z80s 
DRAM Card, Z80 
DRAM Card, Experimenter's 
Drum Synthesiser, Midi 

Dry Cell Charger 
Echo Unit, Simple 
Ecolight 

Electron Speech Board 
EPROM Board for the Oric/Atmos 
EPROM Emulator 

EPROM Eraser 
EPROM Programmer, Universal, 

Revisited 
EPROM Programmer, Universal, 

the sequel to the sequel 
EPROM Programmer, ZX81 

EX42 Keyboard Interface 
EX42 Typewriter Interface Update 
Experimenter's DRAM Card 
Finesse Disco/Party Strobe 
Framestore, TV 
Infra -red Intruder Alarm 

Joystick Interface, Sharp MZ8OK 

Joystick Interface, Spectrum 

Keyboard Interface, EX42 
Knite Light 
Loudspeaker, Active -8 

Loudspeaker Design, Novel 

Part 

part 1 

part 2 

part 1 

part 2 

Errata 
part 1 

part 2 

part 1 

part 2 

part 1 

Errata 

Errata 

part 1 

part 2 

Errata 

part 1 

part 1 

part 2 

Errata 

Errata 

part 1 

part 2 

part 3 

part 4 

Month Page Article Part Month Page 

Sep 27 Loudspeaker Squeaker Nov 17 

Oct 28 Mains -Borne Remote Control part 1 Apr 53 

Jun 65 part 2 May 37 

Aug 23 Mains Failure Alarm Nov 66 

May 47 Midi Drum Synthesiser May 62 

Dec 57 Errata Aug 66 

Jan 33 Mini -Mynah Speech Synthesiser Feb 20 

Aug 64 Errata May 69 

Sep 68 Modular Preamplifier part 2 Jan 55 

Sep 27 part 3 Feb 51 

Oct 28 Novel Loudspeaker Design Jun 57 

Oct 44 Obedient Die Mar 54 

Nov 29 Perpetual Pendulum Nov 77 

Dec 16 Power Meter, Stereo Mar 35 

Nov 41 Power Supply, Bench Feb 41 

Oct 52 Preamplifier, Modular part 2 Jan 55 

Feb 29 part 3 Feb 51 

Mar 45 Programmable Speech Board Feb 20 

Dec 31 Errata May 69 

May 62 Radio, AM/FM Portable Nov 21 

Aug 66 Errata Dec 07 

Sep 53 School Timer Apr 59 

Oct 18 Sharp Centronics Interface May 47 
Jul 55 Sharp Joystick Interface Aug 42 

Sep 09 Errata Sep 68 
Nov 57 Simple Echo Unit Oct 18 

Jun 36 Spectrum Centronics Interface Dec 57 

Jul 22 Spectrum Control Port part 1 Oct 44 

Aug 50 part 2 Nov 29 

May 17 Spectrum Joystick Interface Jun 49 
Errata Aug 66 

Jan 61 Spectrum Stage Lighting Interface Nov 72 

Speech Board for the Electron Nov 57 
Apr 33 Stereo Power Meter Mar 35 

May 26 Strobe, Disco/Party Oct 52 

Sep 68 Super -Selective Music Filter Apr 39 

Sep 23 Temperature Controller Nov 63 

Mar 25 TV Framestore part 1 Dec 61 

Dec 31 Typewriter Interface Update Mar 25 

Oct 52 Universal EPROM Programmer 
Dec 61 Revisited Jan 61 

Jul 61 Universal EPROM Programmer - 

Aug 59 the sequel to the sequel Apr 33 

Aug 42 Vario (Vertical Speed Indicator) part 1 Apr 19 
Sep 68 part 2 May 57 
Jun 49 Vario Update Dec 71 

Aug 66 Vector Graphic Display Jan 19 
Sep 23 Video Vandal Nov 50 
Nov 69 Warlock Alarm System Jul 35 

Sep 45 Z80 DRAM modification Feb 29 
Oct 56 Z80 DRAM Card Mar 45 
Nov 36 ZX81 EPROM Programmer May 26 
Dec 24 Errata Sep 68 
Jun 57 ETI 

LOOK - IT'S HIS FIRST XMAS SPECIAL! 
We are the main stockists 
for' BEARPARTS', the new 

name in electrical, 
electronic and audio 
components. 

BEARPARTS 

Interested? Send S.A.E. 

and your 

'BEARPARTS' 
sample pack. 13A Plug 

Fp1Y MASs 
F 

THEsx C 

CONTENTS OF PACK 
RC 012 T,aMlstor, Red LED. 
1N4004 Diode, TI 646 Diode, 
560p1 200v Capacitor, tnt 
Ce,omic Disk Cop :mink, 10 
150k Reslston, 2k Mu011urn 
Potentiometer, 4!A Crimp 
Eyelet, Rubber Grommet. 
instrument Wire, Sieevtng. 

COMPLETE 
OLDERING KIT 

(For the Hobbyist/Electronics 
Engineer) 

FOR LESS THAN £10!! 
Comprises ofi- 

Antex Miniature 15W 240v AC Soldering Iron 
Antex Iron Stand c/w Sponge 
Desolder Pump 
2 mtr Solder 
Desolder Braid ONLY £9.85 EX. VAT 

= Desolder 
Soldering ¡ Pump 26 Engineer Park, Sandycroft, 

Iron Deeside, Clwyd CH5 2QD. 

Iron Stand c/w Sponge 
Tel: (0244) 536700. 

Call in and see our new counter now 
open 9.00 - 5.00 Mon -Fri 

9.00 -12.00 Sat 
Too far to call? Don't worry, export mail 
order is our speciality. Why not write and 
find out more. 

SYSTEMS 

ELECTRON1QUE 
(U.K.) LTD. 
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YOU'LL ENJOY 
THE EXPERIENCE 

GENESIS 
P102 
Hydraulic 
Robot 
System 
from £1476 

CORTEX II 
16 bit microcomputer 

Ready -Built 
from £399 

HEBOT II 

Robot Turtle 
From £95.00 

GENESIS 
P101 
Hydraulic 
Robot arm 
from £750 

CORTEX II 
16 bit microcomputer 
from £299 in kit form 

el(/.ro7ragr 

7;4Airf; 

MICROGRASP 
Electric 
Robot 
from £215 

Powertran's educational robots and the remarkable Cortex microcomputer have been tried and tested 
in universities, colleges, schools and homes throughout the world. 
Our own experience in the field of electronics kits has been supplemented by the Feedback Group's 
25 years of supplying technical equipment to the Educational sector. Our first year as a member of 
the Group has seen numerous improvements to our already popular products. 
All the products illustrated can be supplied either factory -built or in kit form for added economy, 
Contact our Sales Office for details. 
(Prices quoted are exclusive of VAT and apply to the UK only.) 

POW ERT RAN cybernetics ltd. 

BARCIAVCARD 

VISA 

Access 

Alak 
PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3ET Tel: 0264 64455 
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The amazing Maplin Catalogue is here again! 
The new edition is packed with hundreds and 
hundreds of new electronic components to bring 
you right up to date with all the latest 
developments. As all home constructors agree 
(and a good many professionals too) the Maplin 
Catalogue is the one essential piece of equipment 
they really need. And now with all our prices on 
the page the Maplin Catalogue is better value 
than ever. 

On Sale From 10th November 1984. 

Pick up a copy as soon as it's published at any 
branch of W.H. Smith or in one of our shops. The 
price is still just £1.35, or £1.75 by post from our 
Rayleigh address (quote CAO2C). 

r Post this coupon now for your copy of the 1985 catalogue. 
Price £1.35 + 40p post and packing. If you live outside the U.K. 

send £2.40 or 11 International Reply Coupons. 
I enclose £1.75. 

Name 

Address 

ETI/1/8j 

'7C/Lo, r - ileathot 

Maplin Electronic Supplies Ltd. Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Tel: Southend (0702) 552911. Shops at:1 59- 1 6 1 King Street, Hammersmith, 
London W6. Tel: 01-748 0926. *8 Oxford Road, Manchester. Tel: 061-236 0281. 
eLynton Square, Perry Barr, Birmingham. Tel: 021-356 7292. 
*282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702-554000. 

ELECTRONIC SUPPLIES LTD *46-48 Bevois Valley Road, Southampton. Tel: 0703-25831. All shops closed all day Monday. 


