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High performance, 
low price kits for 
today's musicians 

Digital delay circuitry is an absolute necessity for high quality studio work, but 
usually comes with a four -figure price tag. 

Powertran can now offer you digital quality for the price of a high analog unit. The 
unit gives delay times from 1.6mSecs to 1.6 secs with many powerful effects including 
phasing, flanging, A.D.T., chorus, echo and vibrato. The basic kit is extended in 
400mSec steps up to 1.6 seconds simply by adding more parts to the PCB. 
Complete kit 
(400mS delay) 

/) 

This versatile mixer offers a maximum of 24 
inputs, 4 outputs, and an auxiliary channel. 
Input channels have Mic/Line, variable gain, 
bass/treble, and middle frequency equaliser. 
Output channels have PPM displays and 
record/studio outputs. There are send/return 
jacks, auxiliary, pan and fader controls, and out- 
put and group switching. There is also a head- 
phone jack and built-in talk -back microphone. 

Input channel v23,M 
Output channel ,.°>>3.(:)U 

Aux. channel 'i 6,t,'rr 
Blank panel V3.50 
Base unit and front MAC 
Pair of end cheeks 725.00 
Power supply and cabinet P,2Z0 

Parts for extra 400mS delay (c, 
(up to 3) -r 

ETI single board synthesizer. 

This professional quality 3 -octave instru- 
ment is transposable 2 octaves up or down, 
giving an effective 7 -octave range. 

There is portemento pitch bending,VCO 
with shape and pitch modulation, VCF with high 
and low pass outputs and separate dynamic 
sweep control, noise generator and an ADSR 
envelope shaper. Other features include special 
circuitry with precision components to ensure 
tuning stability. 

Complete kit 

All goods subject to availability. 

MPA 200 
100 watt mixer/amplifier 

Here's a rugged, professionally finished 
mixer amp designed for adaptability, stability 
and easy assembly. Using new super -strength 
power transistors and a minimum of wiring, it 
offers a wide range of inputs (extra components 
are supplied for additional inputs), 3 tone con- 
trols, each with 15dB boost and 15dB cut, and a 
master volume control. 

Complete kit £79.50 

2-channei, 100-, att amplifer 

The SP2-200 
two of the power a 
sections of the MPA 200 (above), each with 
its own power supply. A custom designed 
toroidal transformer enables both channels to 
simultaneously deliver over 100W rms into 8 
ohms. Each channel has its own volume control, 
and a sensitivity of 0.775mV (OdBm) makes this 
amplifer suitable for virtually all pre -amps or 
mixers. 

Complete kit 

Many lighting control units are now avail- 
able. Some perform switching and others 
modulation of light output according to musical 
input. The Chromatheque combines both func- 
tions. It controls 5 banks of lamps up to 500W 
each in either analog or digital mode. And the 5 
channels give more colours and more exciting 
linear and random sequencing than is possible 
with 3 or 4 -channel systems. Versatile light level 
controls enable the lights to be partially on to 
suit the mood of the occasion. Wiring is minimal 
and construction straightforward. 

( 

Complete kit 

jlikAllow 21 days for delivery 

PU WIRTHAN 
cybernetics Ittl. 

POWERTRAN CYBERNETICS LTD, PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3ET.TEL: (0264) 64455 
ALL PRICES ARE EXCLUSIVE OF VAT AND APPLY TO THE U.K. ONLY - ALLOW 21 DAYS FOR DELIVERY. OVERSEAS CUSTOMERS - PLEASE CONTACT 

OUR EXPORT DEPARTMENT FOR THE NAME AND ADDRESS OF YOUR LOCAL DEALER. 
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WATFORD ELECTRONICS 
33/34 CARDIFF ROAD. WATFORD, HERTS. ENGLAND 

MAIL ORDER. CALLERS WELCOME 
Tel. Watford (0923) 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 75pTO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES 

SUBJECT TO CHANGE WITHOUT NOTICE. 

VATExport orders no VAT. Applicable to U.K. Customers only. Unless stated othewise, 
all prices are exclusive of VAT. Please add 1590 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 uF1500v, 10uí 52; 47 78p; 63V. 0.47.1.0,1.5,2.2,3.3,47 Sp 1010p. 
15.22129; 33 159 47 12p; 68 20p, 10019p; 220 269 1000 7092200 999; 50V:68 209 100 179;220 24p; 
40V: 22 99;33 129,330,470 329; 1000489, 2200 909;25V:1.5,4,7,10,22,4789; 10011 p:15012p; 22015p; 
330 229; 470 259.680. 1000 34p; 150042p; 2200 509;3300 78p; 4700 929;161447.88,100 9p:125129;330 
1ep; 470 20p, 680 34p; 1000 27p: 1500 319 2200 269 4700 72p. 

TAG -END CAPACITORS: 6411: 2200139p; 33001989; 4700 245p; 5011: 2200 11 0p; 3300 1849; 40V:4700 
180p; 259: 2200 90p; 3300 989; 4000, 4700 98p; 10000 320p; 15.000 345p; 16V: 22.000 350p. 

POLYESTER CAPACITORS: Axial Lead Type 
40011: 11F, 1 n5. 202. 3,13, 407, 608 11p; 10n, 150, 180 22n 12p; 33n, 470, 

68n 16p; 150n 20p; 220n 30p; 330n 42; 470n 529; 6800 1 uF 889; 2u2 82p. 
1000V: 1 nF 17p; IOnF 30p; 15n 40p; 22n 36p; 33n 42p; 47n. 100n 42p. 

POLYESTER RADIAL LEAD CAPACITORS: 250V 
10n, 15n, 22n, 27n 6p; 330,470, 68n, 100n 89 150n, 220n 
109; 330n. 470n 15p; 680n 19p; 1 u5 40p; 2u2 48p. 

FEEDTHROUGH 
CAPACITORS 
10000F/450V 109 

TANTALUM BEAD CAPACITORS 
3511: 0.1 uF. 0.22. 0.33 15p 0.47, 068. 
1.0. 1.5 16p; 2.2. 3.3 189; 4.7, 6.8 22p 
10 28p; 16V: 22, 3.3 169; 4.7. 6.8. 10 
186; 15.369 22 45p; 33.47 50p; 100 
95p; 1011: 15,22.26p; 33, 47 50p; 100 
809; 8V: 100 55p. 

POTENTIOMETERS: Carbon Track, 
Rotary 0.25W Log & LIN Values, 
470R; 1 K & 2K t Linear Only) 
Single Gang 35p 
5K - 2M Single Gang Log & Lin 35p 
5K - 2M Single Gang DP Switch 95p 
5K- 2M Double Gang 99p 

MYLAR FILM CAPACITORS 
100V: I nF, 2. 4. 4nF. 10 Bp; 15nF. 22n, 
30n. 40n. 47n 7p; 56n. 100 n, 200n 9p; 
50V: 470nF 12p. 

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

SIEMENS pch 
Type Miniature 
poly Capacitors 

250V 
1 nF. 1 n5, 2n2, 

3n3, 4n7, 6n8. 

10n, 15n 7p 
18n, 22n, 27n, 
330 39047n 8p 
39n. 56n 12p 
82n,100n 11p 

100V 
100n. 120e 10p 
1500. 180n 129 
220,1. 270n 15p 
330n, 390n 20p 
4700, 560n 26p 
680n 30p 
1 uF 34p 2u2 50p 

CERAMIC CAPACITORS 5011: 

Range. 0-58F to 101F 4p. 15nF, 22nF 
33,16, 47nF 5p. 100nF/300V 7p. 
200nFi6V 8p. 

POLYSTYRENE CAPACITORS: 
10pF to 1 nF 86; 1.5nF to t 2nF 10p. 

SILVER MICA ;Values in pF) 
2. 33. 4.7. 6.8. 8.2. 10. 12. 15. 18, 

22. 27, 33. 39, 47, 50 56, 68, 75, 82, 

85. 100. 120. 150, 1808F 15p each 
200. 220. 250, 270, 300. 330. 360. 
390.470.800.800,820 21p each 
100. 1200. 1800. 2200 309 each 
3300, 4700pF 80p 

PRESET POTENTIOMETERS 
0.1W Miniature Vertical or 
Horizontal, 1009 to 4M7 
0.25W Larger 1008 to 3M3 Horz 
0.25W Larger 200Rto4M7 Vertical 

Bp 
12p 
12p 

ACCESS 
Orders 

Just phone your 
orders throug h. 

We do the rest 
Tel: 0923 50234 

MINIATURE TRIMMERS Capacitors 
2-6pF 2-tOpF 22p; 225pF; 5-65pF 

30p; 1088pF 369 

RAM 
FOR 
BBC 

MICRO 
48113AP 
10Ons 

3009 

COMPUTER 
ICs 

RESISTORS Carbon Film. miniature, Hi -Stab, 544, 

RANGE Val 1-99 100+ 
0.25W 292- 10M E24 3p 1p 

0.5W 292-4M7 E12 3p 1p 

1W 292- 10M E12 6p 4p 

2% Metal Film 51£ - 1M E24 6p 4p 
1^5 Metal Film 51R - 1M E24 Bp 6p 
100+ price applies 10 Hesistore or noun type not 
mixed. 

RESISTORS NETWORK S.I.L. 
7 Commove&: (8 p1ns1 10011. 6800. 16 2k2. 467, 
IOK, 476 100K 25p 
8 Commoned: (9 pins) 1501t. 1800. 2700, 33011. 1K 
2K2, 4)(7. 668, 10K, 22K, 47K & 1006 26p. 

DIODES 

44119 15 
AÁ129 20 
AAY30 15 
BÁ100 15 
BAX 20 
130100 24 
BY,26 12 

BY127 14 
CR033 250 
049 4 

OÁ47 1 

0870 1 

0079 1 

0481 2 

0A85 1 

CA90 
0491 
0495 
08200 
04202 
10914 
10916 
10400172 
104003 
15400475 
1N4006/7 
194148 
105401 1 

105404 1 

105406 1 

1515408 1 

1544 
10921 
6A 100V 4 
68/4006 50 
67,8000 60 

VARICAPS 

BÁ102 50 
881050 40 
60106 40 
881090 45 
MVAM2 105 

BRIDGE 
RECTIFIERS 

16,50V 18 
18r100V 20 
1A/400V 25 
142800 34 
2A!50V 30 
241200V 40 
2674006 46 
2A/600V 86 
6A/100V 83 
6A7400V 96 
106,2000 215 
1077600V 296 
258:2008 240 
2587600V 396 
87164 58 
VM18 DIL 50 

ZENERS 

Range. 2V7 lo 

39v 400mW 
8p each 

Range. 303 to 
33V t.3W 

15p each 

TRIACS 

34200V 
344000 
881000 
88400V 
84800V 
12Á100V 
1244000 
1248000 
16Á100V 
1644000 
1688000 
2505000 
25Á800V 
12800 

54 
56 
60 
69 

115 
78 
82 

136 
103 
106 
220 
220 
296 
125 

75 SERIES 

75107/8 
75110 
75114/5 
75121/2 
75150 
75154 
75158 
75159 
75182/4 
75188/9 
75322 
75324 
75325 
75361/3 
75365 
75450 
75451/2 
75454 
15491/2 

98 
90 

150 
130 
125 
125 
150 
195 
99 
75 
140 
360 
00 
150 
00 
86 
52 
70 
85 

SCA 
THY RISTOBS 

5N40V 
5A400V 
5A600V 
8A300V 
846000 
12A100V 
12A400V 
12A800V 
B1'106 

BT116 
C106D 
T1044 
TIC45 
T1047 

255062 
255064 
294444 

32 
40 
48 
60 
90 
78 
96 

188 
150 
180 
36 
24 
29 
36 
32 
38 

130 

DIAC 

ST2 25 

2102L 
2114 
2147 
2532 
2532.4 
25032 
2564 
26501 
2516 
2716-5V 
2732.4 
2764-250 

160 
200 
395 
400 
400 
450 
700 
75 

350 
350 
450 
850 

27128250 £23 
3242 590 
4027 95 
4116200,1 110 
4164.1500 495 
44162 475 
45323 250 
4632.4 360 
4816.100ns 300 
5514 250 
6116.150 550 
6116L-120 850 
6117-IOOn 490 
61676 795 
6264L-15 
6402 
6502CPU 
6502A 
6503 
6503 
6504 
6504 250 
6505 

£35 
350 
325 
490 
350 
650 
800 
550 
650 

8505 600 
65201314 175 
6522VIA 325 
6530 £11 
653299107 850 
6545910 899 
6551 ACTA 850 

00 
£20 
220 
295 
850 
670 
520 
850 
175 
190 
220 
375 
£12 
750 

3750 
850 
175 
250 
850 
800 
£4 

6592 
6592PC 
6800 
6802 
6803 
6805 
6808 
6809 
6810 
6821 
68821 
6840 
6843 
6845 
6854SP 
6847 
6850 
6852 
6854 
68854 
6859 
6875 500 
68000 Nei, 
Mask £50 

8035 600 
8080A 250 
8085 550 
80850 425 
8088 £18 
8123 125 
8131 275 
8154 £9 
8155 495 
8156 360 
81LS95 140 
81 LS96 140 
611597 140 

LS98 
202 
205 
212 
214 
216 
224 
226 
228 
236 
243 
250 
251A 
253 
255 
256AC 
257-5 
253 
271 
272 
279 
282 
283 
284 
288 
T26A 
727 
T28A 
T31 
795 
7979 
602 220 
M26LS31C 125 
M26L032A 125 
M26LS33 150 
7-31015 300 
Y-51013 300 
Y-52376 600 
0M8017 275 
OM8116 700 
M8131 275 
P8303 295 
P8304 250 
53647 00 
53691N 450 
S88LS120 595 
S8820 110 
58830 110 
S8831 125 
58832 250 
9364 800 
9365 £35 
9366 £35 
D1691 £15 
01771 £15 
01791 £22 
D1795 £28 
D26501 75 
M68455P 755 

I E402 380 
I S8060N 1050 
01488 75 
C1489 75 
C14411 875 
C14412 725 
C3242 590 
03446 250 
C3447P 315 
C3486 225 
C3487 225 

18402 350 
C6845 625 
C6846 625 
83886-20 £7 

MM528012 696 
MM5303 836 
MM5307 1275 
MM5387A 475 
MM58174 700 
MM74C922 420 
R63ß5131 650 
90.32513U 650 
SFF9364 800 
SP0256 050 

20 
£25 
225 
300 
425 
390 
220 
250 
270 
00 

450 
950 
440 
400 
950 
£36 
400 
395 
00 

£25 
440 
450 
450 
350 
00 
99 
150 
120 
350 
90 
90 

SP0256AL2 950 
TMS2716-3V 725 
1054047 100 
TMS4164 395 
1054416.2 475 
TM54500 £14 
TMS4500 £14 
TMS4532.3 350 
TMS5100 600 
TMS6011 500 
TM59927 £14 
1059928 £20 
TMS9929 £20 
1M59980 £20 
TMS9995 £12 
ULN2003 75 
ÚP07002 425 
WD1691 £14 
W02143 975 
Z80CPU 2.5 285 
28080064M 375 
Z80 070 285 
Z8002CPU 00 
Z804 010 335 
Z608CPU £11 
Z80 0461 898 
280A DART 820 
Z608 £11 
280 DMA 795 
Z80ADMA 925 
Z80 PIO 325 
Z804 PIO 350 
280 010-1 850 
Z804 Sia na 
28040I0-2 £9 

LINEAR ICs 

5550000 105 
702 75 
70908 pin 35 
710 48 
741 8 pm 18 
7470 14 pin 70 
7480 8 pin 30 
735 8 pm 185 
810 158 
940003 375 
AY -1-1320 225 
AY.1.5050 99 
AY -1-5051 180 
AY -1-6720 210 
90.3.1270 730 
4Y-3-1350 350 
AY -38910 400 
Booklet for 

AV -38910 200 
AY -3-8912 500 
7Y'5'13170 830 
AY -5.1350 366 
CA3011 130 
CA3012 175 
CA3014 275 
CA3018 85 
CA3019 80 
CA3020 210 
CA3023 210 
C430284 110 
CA3035 255 
CA3036 270 
CA3043 275 
CA3045 385 
CÁ3046 70 
CÁ3048 220 
CÁ3059 325 
CA3070 213 
CÁ30806 70 
CA308i 180 
CA3085 00 
CA3086 60 
0,93089E 200 
00309000 375 
0Á3123E 165 
CA3130 - 90 

TRANSISTORS 

AC126/7 35 80327 15 BF336/7 35 MPSUO6 60 
AC141/2 35 BC337/8 15 8E394 40 MPSU52 65 

AC176 35 BC441/61 34 8E451 40 MPSU55 80 
AC187 35 BC477 40 BF494/5 40 MPSU56 60 
AC188 35 BC516/7 40 BF594/5 30 0026 170 

ACY19/21 75 6C547/8 12 BFR39/40 30 0028 220 
ACY22/41 75 BC549C 15 8F1141/79 25 0035 50 

AD142 120 60556/7 15 BFR80/81 25 0036/41 75 

A0149 79 BC558/9 15 BFR98 105 OC42/75 75 
AD16t 42 BC939/40 85 BFX29 35 0071/72 50 

AD162 42 BCY41/42 30 BFX81 45 OC75/76 55 
AF115/6 80 BCY45 50 BFX84 35 OC81/82 50 
AF188 80 BCY58/59 36 BF X85/6 35 0083/84 70 

AFI 24/26 70 80770/71 18 BFY50/51 30 OC170/71 75 

AF139 40 1BCY72 25 BFY52 30 0070 40 
AF178 75 8CY78 30 8FY53 35 00200 75 

AF186 70 BD114 190 BFY55/56 58 TIP29A 32 

AF239 55 85121 95 BFY64 40 TIP29C 38 

BC107 12 80124 115 8E1,81 120 TIP30A 35 
BC107B 14 80131/32 65 BFY90 80 TIP3o0 37 
BC108 12 BD133 70 BRY39 50 TIP31A 38 

BC108B 14 80135 45 8.5X20 30 TIP31B 39 
BC108C 14 BD136/37 40 BSX26/29 45 TIP31C 45 

BC109 12 80138/39 40 BSY26 35 TIP32A 43 
BC109B 14 BD140 40 BSY95 35 TIP320 45 
BC1090 14 BD144/45 198 BU105 180 TIP33A 70 
BC114/5 30 80158 68 BU205 180 710330 75 

BC117/8 25 80205/6 110 BU206 200 TIP34A 85 
BC137/9 40 BD245 65 BU208 200 TIP34C 105 
BC140 38 80378 70 BUY69C 225 TIP35A 120 
BC142/3 38 80434 70 MD8001 250 TIP35C 130 

BC147 12 BD5I7 75 MJ2955 90 T1 P364 130 

BC1478 15 80645 80 MJE170 150 71P360 140 
BC148 12 BD695A 150 MJE180 150 TIP41A 50 
BC148B 15 BD696A 150 MJE340 54 TIP41B 52 
BCt49 12 8E115 45 MJE370 100 TIP42A 55 

BC149C 15 BF154/8 30 MJE371 100 TIP42B 58 
BC182L 10 8E167 35 MJE520 85 TIP120 70 
BC183L 10 8E173 35 MJE521 96 TIP121/2 73 
BC184 10 8E177 35 MJE2955 98 TIP141/2 120 

BC184L 10 BF178 35 MJE3055 70 TIP147 120 
BC186/7 28 8E179 40 MPF102 40 T1P2955 70 
BC188 6/7 25 BF184/5 38 MPF103 30 11133055 70 
BC12 10 BF194/5 12 MPF104 30 116143 50 
BC212L 12 BF198/9 18 MPF105 30 T1544/5 45 
BC213 10 8E200 80 MPF106 40 TI588A 50 

BC213L 12 BF224A 40 MPSA05 30 TIS90/91 30 
BC214 10 BF224B 40 MPSA08 30 UC 65 
BC214L 12 BF245 50 MPSA12 32 061010 99 
80237/8 15 BF256A 45 MPSA55 30 VN10KM 70 
BC256B 35 BF2568 50 MPSA56 30 VN46AF 95 
3078 15 BF257/8 32 MPSA70 40 VN66AF 110 
BC308 16 61E259 40 MPSUO2 58 VN88AF 120 
BC318 80 BF275 55 MPSU05 80 V589AF 120 

CA3140 45 MC1469 300 7042020 320 7473 
043160 95 MC1494 894 TDA2030 190 7474 
CA3161 160 p1C1495 350 1080791 420 7475 
043162 620 MCI 496L 70 TL170 50 7476 
CA3189 275 MC1596 225 704300 90 7480 
HA1336W 175 MC1648 290 TL507 110 7481 

HA1388 255 MCI 709G 90 TL509 110 7482 

CL7106 690 MC3302 75 TL061CP 40 7483 

CL7107 975 MC33040P 120 TL062CP 80 7484 

C83085 00 MC33060P 120 TL064CN 98 7485 

CL761I 99 MC3340 145 TL071CP 35 7486 

CL7660 248 MC33460 145 TL072CP 54 7489 

01_803800 300 MC3401 50 TL074CN 100 7490 

CL6211A 750 MC3403 65 TL08ICP 30 7491 

CM72054 1150- MC3404 85 TL082CP 46 7492 

CM7207 475 MC3405 150 71083CP 75 7493 

CM7215 1050 MC3422 00 TL084CN 90 7494' 

CM7216AJ£22 MC3423 80 TL091CP 56 7495 

0072160 £22 MC3442 00 UA2240 120 7496 

CM7217A 750 MC3467 00 8478540 230 7497 

CM7224 785 MC4016 00 ULN2003 75 74100 

CM724D 300 MF10 350 ULN2004 75 74104 

CM7555 105 MFC6040 75 ULN2283 100 74105 

CM7556 150 ML924 275 UPC575 275 74107 

LA3550 250 NE515, 275 UPC1025H 375 74109 

LA4031P 340 NE529 225 UPC1156H 295 74110 

LA4032 295 NE531 140 UP01182 425 74111 

LA4400 350 NE543K 225 UPC1366 195 74112 
LA4422 320 NE544 200 X92206 375 74116 

LC7130 320 NE555 20 002207 400 74118 

L07120 300 NE556 46 0192211 575 74119 

LC7137 350 NE558 170 XR2218 675 74120 
LF347 150 NE560 350 0112266 380 74121 

LF351 48 0E5628 410 20414 90 74122 

LF353 90 NE564 420 20419E 180 74123 

LF355 95 01565 120 20423E 130 74125 
16356 99 
LF357 110 

NE566 155 
NE567V 140 

231424E 130 
25E 245 

74126 
4126 

LF398 495 NE570 410 20426E 300 74132 

LM10 350 NE571 400 20427E 800 74136 

LM301A 25 NE5532 175 20428E 480 74141 
1.M3(17 45 0E55344 105 20429E 210 74142 
LM308T 95 00335 750 ZN459 290 74143 

LM311 65 R04136D 60 201034E 200 74144 

003185 150 R04558 60 2N1040E 665 74145 

1.01319 160 S566B 225 ZNA234E 925 74147 

LM324A 50 SA83209 425 74140 

LM334Z 90 A83210 325 74150 

LM335Z 135 
LM337 00 

SA83271 485 
SAB4209 585 

74151 
74153 

00339 40 SG3402 295 7400 20 741,54 

LM348 64 SL490 350 7401 20 74155 

L M349 125 SL6270CD 150 7402 20 74156 

081358 60 5576013 350 7403 22 74157 

LM377 215 6576023ND 7404 35 74159 

LM379 495 240 7405 22 74160 

10380 90 SN 76033 00 7408 125 74161 

LM381N 175 55762275 95 7407 125 74162 

LM382 115 SN76477 470 7408 25 74163 

LM3B4 190 SN76488 480 7409 25 74164 

LM386 95 SP8629 350 7410 25 74165 

LM387 120 SFV25640 799 7.111 25 74166 

LM389 96 187120 140 /412 25 74167 

LM393 85 TA7204 150 7413 35 74170 

LM394 395 TA7205 80 7414 50 74172 

LM558 170 517222 150 7416 35 74173 

LM725CN 300 107310 125 7417 35 74174 
LM733 70 TAA621401296 7420 22 74175 

LM1458 35 TAA661A 190 7421 22 74176 

LM1871 300 080700 275 7422 30 74177 

LM1889 350 TAA900 395 7423 30 74178 

102907 00 TA81042 110 7425 30 74179 

LM2917 200 TA0100 159 7426 45 74180 

LM3900 50 TBA1205 70 7427 30 74181 

LM3909N 85 TBA900 395 7428 30 74182 
LM3911 150 TAB1042 110 7430 30 74184 
LM3914 350 TA0100 159 7432 60 74185 
LM3915 350 7681205 70 7433 25 74190 
LM3916 350 7889200 200 7437 30 74191 

LM13600 125 TBA9900 350 7438 95 74192 

LS7220 280 104220 350 7440 25 74193 

M70681 150 7042700 350 7441 65 74194 
MS15131 230 1042804 220 7442 55 74195 

MS1515L 320 TCA940 175 7443 70 74196 
M515161 475 700965 125 7444 65 74197 
083712 200 TDA1004 350 7445 80 74196 

M53756 440 TDA1008 310 7446 78 74199 
M01204 250 TDA1010 235 7447 70 7421 
MCI 301 90 TDA1022 499 7448 75 74246 
MC1303 96 7081024 115 7450 25 74247 
31C1304P 280 TDA1034 350 7451 25 74248 

MC1310P 150 TDA1490 350 7453 25 74249 
MC1445 250 TDA2002 325 7454 25 74251 
MC145106 695 TDA2003 250 7480 25 74259 
MC1455 50 1042004 400 7470 35 74263 
MC,1458 35 T042006 330 7472 35 74265 

ZTX107/8 12 
Z7 X109 12 

ZTX212 28 
ZTX3o0 13 

ZTX302 16 
ZTX303 25 
ZTX304 17 
ZTX326 30 
ZTX451 23 
ZTX500 14 
ZTX501/2 15 
ZTX5D3 18 
ZTX5o4 25 
ZTX531 125 
ZTX550 25 
25697 23 
20698 40 
20699 48 
207064 25 
2N708 25 
2N918 40 
291131/2 40 
201302 45 
201307/8 70 
2016718160 
202160 325 
2022194 28 
2022204 28 
2N2221A 25 
2N2222A 25 
2N2368 25 
2023694 18 
2N2483/4 27 
2N2646 46 
202904/5 28 
202906/7 28 
2029074 28 
2929260 10 
203053 25 
203054 55 
203055 50 
2N3252 46 
253441/2140 
2N3614/5180 
203663 20 
253702/3 10 
2N3704/5 10 
203706/7 10 
253708/9 10 

203713 140 
203771 179 
203772 195 
293773 210 
253819 35 

203820 60 
203822/3 80 
203866 90 
203903/4 15 
293905/6 15 
2N3906 17 

204037 60 
204058 15 
204061/2 15 
2N4264 30 
2N4286 25 
204289 25 
204314 78 
204400 25 
204427 80 
294871 55 
205135/6 30 
205138 25 

205172 25 
205179 45 
255180 45 
205190/1 75 
205194 80 
295305/8 30 
205457/8 30 
205459 30 
295485 36 
205777 45 
205879 180 
2N6027 32 
204671 250 
25A715 75 
250495 85 
200496 85 
2501061 250 
2501096 85 
2SC1162 45 
2501173125 
2001306 100 
2SC1307 150 
200/449 95 
2001678 140 
2501679 180 
2501923 65 
2001945 225 
2501963 80 
2501957 80 
2501969160 
2SC2028 85 
2502029200 
2502078 170 
2502091 85 
2502314 86 
2502166 105 

2502335 200 
2502547 40 
2502612 200 
250234 74 

2SK45 80 
256288 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 

RF 
CHOKES 
Miniature 
PCB type 

1 uH, 2112.4u7, 

10u. 22u, 33u, 

470. 100u 
220u, 330u, 
470u 30p 

1mH, 1m5, 
2m2. 4m7, 
10mH 35p 

22m, 33m, 
43n, 609 

100m 75p 

35 
35 
60 
40 
55 

120 
100 
65 
90 

110 
40 

175 
40 
55 
45 
40 
80 
50 
60 

120 
100 
55 
55 
40 
50 
50 
60 

170 
100 
100 
105 
90 
40 
50 
80 
50 
50 
60 
60 
40 
75 

195 
200 
200 

80 
105 
105 
125 

50 
50 

100 
50 
50 
50 

130 
50 
50 
55 
55 
65 
65 
80 

200 
175 
280 

60 
100 

70 
50 
50 
80 
80 
50 
140 
55 

110 
110 
70 
75 
75 
60 
50 
50 
50 
50 
110 
110 
90 

120 
120 
175 
120 
55 
15 
75 
50 

74273 
74276 
74278 
74279 
74283 
74284 
74285 
74290 
74293 
74297 
74298 
74351 
74365 
74366 
74387 
74368 
74376 
74390 
74393 
74490 

170 
120 
120 
45 
85 

220 
180 
120 
75 

900 
100 
120 
60 
60 
60 
50 
90 
80 

120 
110 

5412 
5470 
5471 
5472 
0474 
5475 
5571 
5573 

380 
325 
820 

1150 
400 
800 
820 
950 

LS00 30 
1501 18 
L502 18 
LS03 18 
1SO4 45 
LSO5 18 
1508 40 
LS09 18 
LS10 30 
L511 25 
LSt2 20 
LS13 30 
LS14 45 

740244195 LS15 25 
740245195 LS19 00 
740373240 LS20 30 
740374245 LS21 25 
740922 570 LS22 25 
740923 500 1624 50 
740925 698 LS26 25 

LS27 30 

S00 
SO2 
503 
SO4 
S05 
S08 
509 
510 
511 
515 
S20 
522 
532 
537 
538 
540 
551 
564 
565 
S74 
S85 
586 
5112 
5113 
S114 
S124 
5132 
5133 
5134 
5135 
S138 
5139 
5140 
5151 
S153 
0157 
5158 
5163 
S1'74 

5175 
5188 
5189 
5194 
5197 
S201 
5225 
S240 
S241 
5244 
5251 
S257 
5258 
5260 
5262 
S287 
5288 
5289 
5301 
5365 
5373 
5374 

45 
45 
45 
80 
60 
60 
60 
40 
50 
60 
40 
50 
70 
60 
90 
45 
45 
45 
45 
75 

295 
85 
80 
90 
80 
300 
110 
80 
60 
110 
100 
115 

6o 
180 
182 
225 
210 
300 
250 
320 
140 
140 
195 
400 
250 
240 
300 
250 
290 
170 
170 
250 
70 

850 
225 
210 
200 
350 
250 
400 
365 

LS28 20 
LS30 35 
LS32 50 
LS33 25 
LS37 25 
1038 60 
LS40 25 
LS42 40 
LS47 50 
L548 50 
LS49 60 
LS51 25 
LS52 25 
LS54 25 
1.555 25 
LS63 55 
LS73 50 
LS74 60 
LS75 40 
1576 30 
LS78 40 
LS63 45 
LS85 70 
LS86 34 
0590 30 
LS91 60 
LS92 35 
LS93 35 
LS95 40 
LS86 80 
1.5107 40 
LS109 40 
L81,2 40 
LS113 35 
LS114 35 
LS122 60 
LS123 120 
LS124 150 
L.S125 45 
LS126 45 
15132 40 
LS133 40 
LS135 28 
LS136 30 
LS138 60 
LS139 60 
LS145 80 
LS147 120 
LS148 110 
10151 50 
LS153 50 
LS154 150 
LS155 35 
LS156 35 
15157 45 
15158 35 
LS160 50 
LS161 50 
LS162 50 
LS163 85 
15164 55 
15165 65 
LS166 120 
1.0168 140 

L5169 90 
L5170 100 
LS173 100 
LS174 60 
LS175 90 
L5181 110 
LS183 110 
05190 55 
LS191 50 
L5192 55 
LS193 55 
LS194 45 
10195 45 
LS196 55 
LS197 55 
LS221 90 
LS240 120 
LS241 100 
LS242 75 
1.0243 75 
LS244 250 
LS245 250 
LS247 65 
L5248 65 
LS249 65 
LS251 45 
LS253 40 
05256 175 
LS257 45 
LS258 40 
LS259 120 
LS260 35 
L5261 150 
LS266 30 
LS273 120 
LS275 165 
LS279 48 
L5280 175 
L5283 45 
L5290 45 
LS292 900 
LS293 45 
LS294 999 
15295 70 
00298 70 
LS299 160 
LS320 180 
10322 200 
L5323 185 
LS324 150 
L5325 150 
LS326 290 
LS327 290 
05347 85 
LS348 125 
L5352 65 
LS353 65 
LS358 180 
L5'363 175 
LS365 45 
LS366 45 
L5367 45 
LS368 45 
LS373 180 
LS374 180 
10375 80 
LS377 120 
L5378 55 
LS379 100 
L5384 475 
L5385 180 
LS386 50 
LS390 60 
LS393 120 
LS395 85 
L5396 300 
05398 120 
LS399 100 
L5445 125 
LS447 50 
L5465 140 
LS490 110 
LS540 100 
LS541 120 
LS624 150 
LS629 150 
LS640 200 
L5641 200 
LS645 200 
LS668 80 
LS669 60 
15670 120 
LS673 000 
L5674 800 
LS678 275 
LR682 250 
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SWITCHES 
TOGGLE. 2A 250V 
SPST 35p 
DPDP 48p 

SUB -MIN TOGGLE 
SPST on/off 58p 
SPOT dove' 64p 
SPDT centre off 85p 
SPOT biased both 
ways 105p 
DPDT 6 tags 80p 
DP0T centre off 88p 
DPDT biased both 
ways 145p 
DPDT 3 positions 
on/on/on 185p 
4 -pole 2 way 220p 

SLIDE 250V: 
DPDT IA 14p 
DPDT to c/off 15p 
DPDT 4 13p 

PUSHBUTTON 6A 
with 10mm Button 
SPDT latching 150p 
DPDT latching 200p 
SPOT moment 150p 
DPDT moment 200p 

Mini Non Locking 
Push to Make 15p 
Push to Break 25p 

DIGITAST Switch 
Assorted Colours 

75p each 

DIP SWITCHES 
(SPST) 4 way 6Sp; 6 way 80p; B way 85p; 
10 way 125p (SPOT) 4 way 190p 

ROTARY SWITCHES 
(Adjustable Stop type) 

t pole/21012 way; 2 pole/2 toy way; 3 pole/2 to 
4 way: 4 pole/2 to 3 way 480 

ROTARY: Mains DP 250V 4 Amp on/oil 68p 

ROTARY: ( Me k -a -switch) 
Make a multiway swdch Shafting assembly 
has adjustable stop Accommodates up to 
6 walers (max. 6 pole/12 way + DP switch). 
Mechanism only 90p 

WAFERS: (make before break) to fit the above 
switch mechanism, 1 pole/12 way: 2 pole/6 
way3 pole/4 way pole/3 way. 60/2 Way 65p 
Mains DP 4A Switch to fit 45p 
Spacers 4p. Screen Bp. 

VEROBOARD rr 
r 

2r, r'tv. 95p 
110p 

/ flop 
'tu err 125p 
31.4 x I7 420p 4krl/ 590p 
Pkt of100Tans 55p 
Spot tare Lung, t SOp 
Pre insertion tool 

1850 

VERO WIRING PEN 
+ spool 340p 
Spare spool 75p 
Combs Sp 

in ')',aril 195p 
111P Board 395p 
Vero Strip 95p 

PROTO DEC. 
Veroblock 480p 
S Der. 395p 
I unrhrearlhrard 

590p 
Brmhoard 1 575p 
Superstrip S52 

1350p 

DALO ETCH 
RESIST PEN 

Plussparetip IOOp 

IDC CONNECTORS 

PCB Plugs Female Female 
with latch Header Card 
Ores Ores Plug Edge 
Strt Angle Cent 

10 way 90p 99p 85p 120p 
16 way 130p 150p 1100 
20 way 145p 166p 125p 1950 
26 way 175p 200p 1500 240p 
34 way 205p 2360 160p 320p 
40 way 220p 250p 180p 340p 
50 way 235p 270p 200p 395p 
60 way - - 230p 495p 

FERRIC CHLORIDE 
1 lb bag Anhydrous 
185p + 50p pop 

ULTRASONIC 
TRANSDUCER 

40KHz 350 pr 

ROCKER SWITCHES 
ROCKER 5Á/250V SPST 
ROCKER: 10A/250V SPDT 
ROCKER t 0Á/250V DPDT c/ofl 
ROCKER_ 10A/250V DPST with neon 

28p 
38p 
95p 
85p 

COPPER CLAD BOARDS 

Fibre Single- Double 
glass sided sided 

6"x6-' 100p 125p 
6"012" 175p 225p 

S.R.B.P 
SiSpeed 

4135.' 
1100 

THUMBWHEEL Mmr front mounting 
Decade Switch Module 
BC D. Switch Module 
Mounting Cheeks (per par) 

tches 
2750 
2980 

75p 

ETI 
PROJECTS 

We stock 
most 
Parts 

JUMPER LEADS (Ribbon Cable Assembly) 

Length 14 pin 16 pe 24 pin 40 pin 
Single ended DIP (Header Plug) Jumper 

24 eches 145p 185p 240p 380p 
Double ended DIP (Header Plug) Jumper 

6 inches 185p 205p 300p 4B5p 
12 inches 198p 215p 315p 480p 
24 inches 210p 235p 345p 540p 
36 inches 290p 370p 480p 525p 

IDC Female Header Socket Jumper Leads 36" 
20 pin 26 pin 34 pin 40 pin 

Single ended 160p 200p 260p 3000 
Double ended 290p 370p 480p 535p 

DILL SOCKETS 
Low Wire 
Prof Wrap 

8 pin 8p 25P 
14 pin 10p 35p 
16 pin 10p 42p 
lapin 16p 52p 
20 pin 20e 60p 
22 pin 22p 65p 
24 pin 25p 700 
28 pin 28p 80p 
40 pin 30p 90p 

EOOE 
CONNECTORS 

2x6 way - 111p 
2x12 way - 1400 
mods way - 165p 
isle way 2100 175p 
2022 way 215p 2500 
2.23 way 175p - 
2x25 way 285p 275p 
252e way 1900 - 
2x3o way 3109 - 
2x35 way 360p - 
2rr40 way 3130p - 

EURO CONNECTORS 
Ovid classes ig 
DOmal:ts r,5nr'r+ 

M r Sale Pr 

My 

DIN41617 
31 way 170p - - 175p 
DIN41612 

2 a 32 A + B 275p 320p 220p 285p 
DIN41612 
2 x 32 A+ C 295p 340p 240p 300p 
DIN41612 3 x 32 
A + B + C 360p385p280p395p 

PANEL 
METERS 

FSD 
60 x46 x35mm 
0-50mA 
0-100 5V 
0-500mA 
0-1 mA 
0-5mA 
0-10mA 
0-50mA 
0-100mA 
0-500mA 
oaA 
0.2A 
0.25V 
0.50V AC 
0300V AC 

"VU" 490p each 

RELAYS 

Miniature, enclosed PCB mount. 

SINGLE POLE Changeover 
RL -91 205R Corl, 12V DC, 11005 IO 

19.5 VI. 10A at 30V DC or 250V AC 195p 

DOUBLE POLE Changeover. 6/130V 
DC or 250V AC 
RL100533R Cod, 6V DC 15 V41u 909: 190p 
RL8.111 205R Coll. 12V DC 11007 to 
19V5I 195p 
RL8114 740R Coif 240 DG 1220 to 
37V) 2000 

DIL PLUG (Header) 
Solder IDC 

14 pin 40p 90p 
16 pin 48p 105p 
24 pin 88p 178p 
28 pin 290p 255p 
40 pin 250p 255p 

SIL SOCKET 0.1" Pitch 20 way 65p 

ANTEX SOLDERING IRONS 
Cl 5W 5100; CS17W 525p 
CleW 530p; XS25W 545p 
Spare Bits 85p; Elements 230p 
Iron Stand 175p; Heat Shunt 3Op 

ZIF OIL 
SOCKETS 

24 pin 
28 pin 
40 pin 

565p 
750p 
845p 

RIBBON CABLE 
price per foot 

Grey Color 
10 way 15p 28p 
16 way 25p 409 
20 way 300 500 
24 way 40p 85p 
28 way 55p 80p 
34 way 60p 85p 
40 way 70p 90p 
50 way 100p 135p 
64 way 120p 1800 

TRANSFORMERS 
3-0-3V; 6.0-6V; 9-0.9V: 12-0-12V; 15.0-15V A 
100mA 98p 
pch mounting Miniature. Split Bobbie 
SVA: 206V-0.254. 209V -0.15A, 2412V -0.12A: 
2415V -0.1A 200p 
OVA: 2a6V-05u: 249V -0.3A 2412V -025A. 
2015V -0.2A 270p 
Standard Split Bobbin type. 
OVA: 246V -0.5A 2x9V-0.4A, 2012V -0.3A: 
2015V -0.25k 250p 
12VÁ 2x4.55.1.34. 245V -1A 249V -0.6A 24121/- 
0.5A, 2,05V -0.4A, 2x200 -03k 345p (350 P&P) 
24VA: 206V -1.5d: 2490-1.2A, 2412V -IA; 24150 
0.64. 2x20V-0.8A 38%p (60P P8P) 
50VÁ: 206V4Á 2e9V-2.54. 2012V -2A 2415V -1.5A; 
2420V -1.2A: 2x2501 A, 2030V -0.8A 520p(60p pop) 
Specially wound for Mullirail computer PSUs 
50VA: Outputs +59/5A: +12V, +25V -5V, 
-12V at 1A 82001600 pap) 
100VA: 2e12V-44; 2x15V-3A; 2x20V-2.5A; 
2x25V-24. 2x30V-1.5A, 2450V -1A 985p (75p) 

P&P charge to be added over and above our nor- 
mal postal charge 

CMOS 

4000 
4001 
4002 
4006 
4007 
4008 
4009 

20 
20 
22 
65 
22 
48 
33 

90,0 33 
4011 22 
4012 25 
4013 60 
4014 80 
4015 60 
4016 40 
4017 60 
4018 80 
4019 58 
4020 90 
4042 43 
4021 58 
4022 67 
4023 30 
4024 50 
4025 22 
4026 90 
4027 43 
4028 45 
4029 00 
4030 35 
4031 130 
4032 70 
4033 130 
4034 146 
4035 70 
4036 275 
4037 115 
4038 75 
4039 280 
4040 60 
4041 57 
4042 50 
4043 42 
4044 50 
4045 110 
4046 60 
4047 60 
4048 55 
4049 38 
4050 35 
4051 45 
4052 80 
4053 60 
4054 85 
4055 85 
4056 85 
4057 1000 
4059 435 
4060 68 
4061 500 
4062 986 
4063 85 
4066 45 
4067 245 
4068 25 
4069 25 
4070 25 
4071 25 

VOLTAGE REGULATORS 
1 A 10220 Plastic Casing 

+ ve 
5V 7805 4Sp 7905 45p 

12V 7812 50p 7908 Bop 
15V 7815 45p 7912 45p 
10V 7818 45p 7915' 45p 
24V 7824 45p 7918 45p 

7924 45p 
100mA TO92 Plastic package 

5V 78LO5 Sop 79105 50p 
6V 78LO6 30p - - 
BV 78L08 Sop 

12V 78L12 30p 79112 50p 
15V 78L15 50p 79L15 60p 

ICv660 248p 
RC4194 375p 
RC4195 160p 
LM309K 135p 

LM317K 250p 
LM317KP 450p 
LM323K 450p 
LM337 175p 
LM723 Var 30p 

4072 25 4538 80 
4073 28 4539 90 
4075 25 0541 95 
4076 88 4543 70 
4077 25 4544 150 
4078 25 4548 40 
4081 25 4549 400 
4082 25 4553 245 
4085 80 4554 180 
4055 
4089 

GO 
125 4556 

35 
55 

4093 37 4557 250 
4094 70 4558 120 
4095 95 4559 395 
4096 100 4560 180 
4097 275 4561 104 
4098 80 4562 350 
4099 110 4566 165 
4160 95 4568 250 
4161 96 4569 175 
4162 96 4572 45 
4163 96 4580 255 
4174 96 4581 125 
4175 105 4582 99 
4194 105 45A3 100 
4408 050 4584 40 
4409 850 4585 70 
4410 725 4597 330 
4411 750 4599 155 
4412 805 40085 90 
4415 590 40097 45 
4419 280 40098 42 
4422 770 4010e 215 
4435 850 40101 130 
4440 900 40102 140 
4450 360 40103 412 
4451 350 40104 120 
4490 450 40105 220 
4500 395 40106 38 
4501 38 40107 38 
4502 60 40108 198 
4503 40 40109 100 
4504 99 40110 175 
4505 385 40114 240 
4506 100 40161 194 
4507 45 40163 50 
4508 130 40174 45 
4510 55 40175 50 
4511 55 40181 220 
4512 55 40182 80 
4013 150 40192 75 
4514 115 40193 95 
4515 115 40194 70 
4516 55 40195 75 
4517 275 40244 198 
4518 48 40245 198 
4519 32 40257 196 
4520 53 40373 180 
4521 115 40374 180 
4522 125 45106 586 
4526 60 
4527 65 

OPTO 4528 50 
4529 150 OCP71 120 
4530 90 09912 85 
4631 130 ORP61 88 
4532 65 00025 250 
45;34 400 BPW21 320 
4536 275 111139 225 

TAA550 50p 
TDA1412 150p 
78H05 + 5V/5V 550p 
78H12+12V/5A 

840p 
7840 + 5V to + 25V 
54 585p 
791-1G - 225V to 
-24V; 56 685p 

SOLDERCON PINS 
Ideal for making SIL 

or OIL Sockets 
100 pins 75p 
500 pins 350p 

ALUM BOXES 
3x2x1" 85p 
4 x 2% x 2-' l00p 
4x2rnx2'b" 103P 
484a2" 105p 
4x4x21ï' 120p 
5x4xlr," 99p 
5x4x24" 120p 
5 x 244 x 11/2' 90p 
5x2i4x212" 130p 
6x4x2'- 120p 
684x3" 150p 
705x3" 180p 
806x3'- 210p 
10 x 4 x 240p 
tO x 7 x 3" 275p 
12x583" 280p 
12 x 8 x 3" 295p 

Male 
Solder lugs Bop 105p 18Op 250p 
Angle pins 150p 210p 250p 355p 
PCB pins 12Op 1309 195p 295p 
Female 
Solder lugs 105p 160p 200p 335p 
Angle pins 185p 215p 290p 440p 
PCB pine 150p 180p 240p 420p 

COVERS BOp 75p 75p 90p 

IDC 25 way 'D' Plug 385g Sockel 450p 

`D' CONNECTORS 
9 15 25 37 

way way way way 

25 way `D' CONNECTOR (RS232) 
Jumper Lead Cable Assembly 

18" long, Single end, Male 475p 
18" long, Single end Female 510p 
36" long, Double Ended, 11/M 995p 
36" long. Double Ended F/F £10 
36" long Double Ended, M/F 995p 

AMPHENOL PLUGS 
IOC Solder 

24 way IEEE 475p 4700 
36 way Centronix 450e 4759 
24 way Female 625p 490p 

CRYSTALS 
32.768KHz 100 
100KHz 
200KHz 
455KH 
1MHz 
1.008M 
1 28MHz 
1.6MHz 
1 8MHz 
1.8432M 
20MHz 
24576M 
3.12MHz 
3.278M 
3,5794M 
3.6864M 
40MHz 
4.032MHz 
4.19430M 200 
4.433619M 100 
4.608MHZ 200 
4.80MHz 200 
5.0MHz 180 
5.185MHz 300 
5.24288M 390 
60MHz 140 
6.144MHz 150 
8.5536MHz 225 
7.0MHz 150 
7.168MHz 250 
7,7328MHz 250 
7.68MHz 200 
8.0MHx 150 
8.009333M 395 
13.86723M 220 
9.00MHz 200 
10.0MHz 175 
10.24MHz 200 
105MHz 250 
10.7MHz 150 
12.0MHz 175 
12.528M 300 
14.31014M 170 
15,0MHz 240 
18.0MHz 220 
18.0MHz 180 
18.432M 150 
19.968MHz 150 
20,0MHz 200 
24.0MHz 170 
24.930MHz 325 
26.69M 150 
27.648M 170 
27.145M 180 
38.6667M 240 
48.0MHz 240 
100.0MHz 295 
I180MHz 300 

235 
265 
370 
275 
275 
390 
395 
515 
250 
225 
200 
240 
150 

98 
300 
150 
290 

ASTEC UHF MODULATORS 
Standard 6MHz 325p 
Wrdeband 8MHz 450p 

BUZZERS 
miniature, solid-state 6V 9V8 12V 70p 

PIEZO TRANSDUCERS PB2720 70p 

LOUDSPEAKERS 
Miniature, 0.3W- 8 
tin 31/41n, 21/2in, Sin 
21/2in 40,64 or80 

80p 
80p 

MONITORS 

ZENITH - 12" Green, Hi- 
Resulutton Popular £75 
MICROVITEC 1431. 14" 
Colour RGB input, Connecting 
cable incl. £189 
KAGA 12". Med-res RGB 
Colour. Has flicker -free charac- 
ters Ideal for BBC, Apple, VIC, 
etc £199 (car£7) 
KAGA 12". As above but 
Hi -Resolution £259 (car £7) 
Connecting Lead for KAGA 

£5 
Carriage £7 Securicor 

BROTHER HR15 
PRINTER 

High quality Daisy Wheel Printer, 
18CPS, Bidirectional, -3K Buffer, 
Proportional spacing, Underlining, 
Bold print and Shadow print. Cen- 
tronics & RS232 interface stan- 
dard, Carbon & Fabrick ribbon, 
Red & Black print 

Only: £349 

OPTO 
ELECTRONICS 

LEOs with clips 
TIL209 to 
711211 GRN 14 
TIL212 Yel. 14 
TrL22o 2" Red 12 
2" careen, Yellow or 
Amber 14 

Bi colour 
Red/Green 65 
Green/Yellow 78 
0,2" Tr: colour 
Red/Green/Yellow 85 
Hi -Brightness Red 58 
High-Bri Green or 
Vel 68 
Flashing red 
02" red 55 
Square LEDs. Red, 
Green. Yellow 30 
Rectangle Slackable 
LEDs 
Red Green or Yellow 18 
Triangular LEDs 
Red 18 
Green or yellow 22 
L0271 Infra Red 48 
SFH205 Detector 118 
TIL32 Infra Red 52 
lIL78 Detector 55 
11138 50 
TIL100 75 
BARGRAPH. Red 10 
segments 275 

ISOLATORS 
ILD74 115 
IL074 220 
TIL11/214 70 
ILCT6 Darlington 135 
49133 Photo 
Darlington 138 

7 Segment Displays 
711312 3" CO 120 
T1L313 3" CC 120 
TIL321 .5" CA 140 
TIL322 5" CC 140 
TIL729/730 140 
DL /04 3" CC 125 
DL707 3" CA 125 
F50357 Red 120 
FND500 130 
3" Green CA 150 
.6' Green CA 215 
3" t t Red CA 150 3"tl Green CA 150 
LCD 3'-. Digits 496 
LCD 4 Digits 530 
LCD 6 Digits 825 
Reflective Switch 170 
SLOTTED Optical 
Switch similar to RS 
Comp.'s 195 

COMPUTER CORNER 

EPSON RX80 PRINTER: 100 CPS, 9 x9 matrix, dot addressable 
graphics, condensed 8 double width printing, Normal, Italics & Elite Char 
Tractor Feed Bidirectional, Logic seeking £235 

RX80 F/T Epson Printer. As above but has both Tractor and Friction 
reed raca,t,so £259 
EPSON FX80 PRINTER 10" Tractor 8 Friction Feed, 160 CPS, bi- 
directional Logic seeking, 9 x 11 matrix, hi -res bit image, Normal. Banc 8 
Elite Chan Super 8 Subscript. Proportional spacing. £345 

SEIKOSHA GP100A. 10" Tractor Feed, 80 Colin. 30CPS Normal and 
Double width Char. Dot Res Graphics £144 

SEIKOSHA GP250X. 10", 50 CPS Normal and Double width and height 
Char. RS232 and Centronix Ind. standard. ......... £199 (£7 car) 

Printer Cable for our printers and BBC MICRO £12 

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

TEX EPROM ERASER with a safety switch £35 

SPARE 'UV Lamp bulb £8 

C12 COMPUTER GRADE CASSETTES in library cases 4Op 

81/2118 9"2" Fan Fold paper (1000 Sheets) £7 + 150p Carr 

Call in at our shop for demonstration. Be satisfied before you buy or write 
in for our descriptive Micro Peripherals Leaflet, 

SPECTRUM 32K UPGRADE 
Upgrade your 18K Spectrum to full 48K with our 
RAM Upgrade Kit. Very simple to fit. Fitting 
instructions supplied. 

£22 

BBC SPEECH SYNTHESISER Unit 

BBC EPROM PROGRAMMER 

BBC 13 ROM SOCKET Board 

BEEBFONT ROM 

BEEBMON ROM 

BBC DISASSEMBLER ROM 

EPSON DUMP ROM 

DISC -DATA Database on Disc 

£44 

£89 

£33 

£39 

£19 

£16 

£16 

£15 

FLOPPY DISC DRIVES 51/4x' 

(BBC Compatible) 

CS100 - Single Cased with PSU, 40 track, 5124" S/S 100K £145 
CD200 - twin Cased with PSU, 40 Track 5'4' S/S 200K £275 
CS200 - Single Cased with PSU. 80 Track 554" S/S 200K £210 
CD400 - Twin Cased with PSU, 80 track 5'4" S/S 400K ... £365 
MITSUBISHI 5'/e" SLIM LINE DISC DRIVES 
Double Sided, Double Density. Track Density 96 TPI, Track to track 
access time 3mseru 
MITSUBISHI Single Stimline. 5'.;' Cased with 081/ DSDD. 1 

Megabyte 1400 K with BBC) £259 
MITSUBISHI Twin Stimline, 514' Cased with PSU. DSOOD. 2 
Megabyte. (SOO K with BBC) .-_ £425 

5'/a" DISKETTES (Lifetime Warranty) 
10 3M Diskettes Single side Double density £17 
10 3M Diskettes Double Bide Double density £27 

N.B Carriage on Drives £7 securicor 

BBC & MICROCOMPUTER & 
ACCESSORIES 

Model A £299 Model B £399 (inc) VAT) 

We stock the full range of BBC Micro peripherals, 
Hardware & Software like, Disc Drives (Top 
quality Cumana & Mitsubishi), Diskettes, Prin- 
ters, printer, Paper, Interface Cable, Dust 
.Covers, Cassette Recorder & Cassettes, Mon- 
itors, Connectors (Ready made Cables, Plugs & 
Sockets), Plotter (Graphic Tablet) EPROM Pro- 
grammer, Lightpen Kit, Joysticks, Sideways 
ROM Board, EPROM Eraser, Machinecode 
ROM. The highly sophisticated Watford's 16K 
BEEB DFS, WORDWISE, BEEB-CALC, Software 
(Educational Application & Games), BOOKs, etc, 
etc, Please send SAE for our description 
leaflet. 
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INTERNATIONAL I 

AN ARGUS SPECIALIST PUBLICATION 

Accept an Imitation! 
Next month we shall be asking all our readers to accept 
an imitation - not for ETI, because we know that 
would never satisfy you - but for the common -or - 
garden EPROM. The project concerned is an EPROM 

emulator, and it is designed to work using a very large 

variety of host computers. 
The idea of an EPROM emulator is that you should 

plug it into a system (which could be any sort of digital 
circuit, not just a microcomputer) in the place of an 

EPROM; to the circuit, the system' looks like' an EPROM; 

however, the emulator is linked to a host computer, 
and this can be used to modify the emulator contents, 
with the minimum of fuss. Once you've got the data you 
want in the emulator, all you do next is to program this 
into your EPROM using the ETI EPROM programmer- 
couldn't be simpler, could it? 

I 

Communications Satellites 
The first communications satellite - Telstar - was suc- 

cessfully launched over 20 years ago. There was, at the 

time, a popular 'hit', record by the Tornadoes, named 

afterTelstar! Nowadays, satellite communications seem 

more mundane - do many people realise that, some- 

times, when they dial a foreign number, their call will be 

going through space? Next month we'll be taking a look 

at the technology involved in satellite communications. 

MOSFET Power Amplifier 
As you will see on page 24, John Linsley Hood has com- 

menced his description of the 'Audio Design' amplifier 
system with the preamp section. Next month it will be 

the turn of the power amplifier ... can the Editor's 

neighbours possibly wait until then? 

Security 
The July issue of ETI has been designated a 'Security 
Special', and this means that there will be features and 

projects aimed at helping you make your house or flat- 
and car - more protected from unwelcome attention. 
We hope to arrange a couple of rather good readers' 

offers, but details of these are still under negotiation as 

we go to press. 

ALL IN THE JULY ISSUE OF ETI 
ON SALE FRIDAY JUNE 1st 
PLACE YOUR ORDER NOW 

OR RISK MISSING OUT! 
6 

ETI JUNE 1984 



i 
Standard 
features - 

BUILD YOUR OWN 

UiltL''/. 
l6bit 64k RAM 

colour computer 

High speed 24K byte extended basic interpreter 

Powerful TMS9995 16 bit microcprocessor 

48 bit floating point gives 11 digit accuracy 

High resolution (256 x 192) colour graphics 

Screen memory does not use up user memory 
space 

16 colours available on the screen together in 
graphic mode 

Fast line drawing and point plotting basic 
commands 
High speed colour shape manipulation from 
basic 

Full textual error messages 

String and Array size limited only by memory size 

Real time clock included in basic 

Interval timing with 10mS resolution via TIC 
function 
Named load and save of basic or machine code 
programs 
Auto -run available for any program 

Powerful machine code monitor 

Assembler and Disassembler included as 
standard 
Auto line numbering facility 
Full renumber command 

Simple but powerful line editor 

Flexible CALL statement allows linkage to 
machine code routines with up to 12 parameters 

Basic programs may contain spaces between 
key words to make programs readable without 
using more memory 

Over 34K bytes available for basic programs 

Extended basic includes IF -THEN -ELSE 

Interfaces for screen and cassette included. 

Supports bit manipulation of variables from 
basic 
Error trapping to a basic routine included 

Basic supports Hexadecimal numbers 

Separate 16K video RAM for graphics 

J 

With this powerful machine (featured in Electronics Today 
International as a constructional project) you have access to 
highly advanced systems and software developed specially by 

MPE Ltd for the CORTEX. For business, education, R & D - or 
simply increasing your knowledge and understanding of 
computers - it beats comparably priced off -the -shelf machines 
hands down! 
STATEMENTS PRINT TIME RENUM MAG 
IF WAIT BOOT TOF 
ELSE' ? SAVE GRAPH TON 
ON LOAD TEXT DIM 
GOTO 1 UNIT MOTOR PLOT LET 
GOSUB BAUD ESCAPE UNPLOT DEF 
POP CALL NOESC COLOUR NEW 
REM DATA RANDOM CHAR END 
FOR READ ENTER SPRITE BIT 
NEXT RESTOR LIST SHAPE CRB 
ERROR RETURN PURGE SPUT CRF 
INPUT STOP NUMBER SGET MEM 

Self assembly kit 

£295 
All prices exclusive of 

VAT. Carriage paid. 

Optional Extras 

MWD 
BASE @ 
COMMANDS # 
RUN 
SIZE 
CONT ? 

MON 
DELIMITERS 
TO 
TAB 
STEP 
THEN 

Floppy disc interface electronics £86.50 
Hardware kit & connectors for disc drives £49.50 
RS232C interface kit £9.20 
Pair of 51/4' disc drives (SS) £300.00 
Pair of 51/4" disc drives (DS) £590.00 

All goods subject to availability. 

O INT POS = 
il LOG COL 

FUNCTIONS 
SQR MOD >> 

FNA-FNZ 
SYS RND 

ABS 
ADR 
ASC 
ATN 
SIN 
COS 
EXP 
FRA 

TIC KEY < 
SGN OPERATORS <> BIT OR 
CRB LOR 
CRF AND 
MEM LAND 
MWD NOT 
LEN LNOT 
MCH LXOR 

Full assembly instructions 

and 216 page users manual. 

+ 

A 

POWENTRAN cyfteriletics ltd. 
Portway Industrial Estate, Andover SP10 3ET. Tel: 0264 64455 

Imo mi Ma ME ZIM IM Mil Ma EMI MI Ma MI Ma Maw 

' to POWERTRAN CYBERNETICS LTD 

Andover, Hants SP10 3ET. 

1 

Portway Industrial Estate, 

Please send me 

1 I enclose cheque for or charge to: 

I Access/ 
Barclaycard 
A/C 

1 

i 
Name 

Allow 21 days for delivery 

Address 
Tel. 

1 

1 

1 

1 

1 

1 

0 
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?Rapid 
VEle ctronics 

MAIL ORDERS: 
Unit 1, Hill Farm Industrial Estate, 
Boxted, Colchester, Essex C04 5RD. 

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

; 
ACCESS AND 

BARCLAYCARD 
WELCOME 

MIN. D CONNECTORS 
9 way 15 way 25 way 37 way 

Plugs solder lugs 60p 855 1255 170p 
Right angle 120p 1805 2405 350P 
Sockets lugs 90p 130p 195p 290p 
Right angle 160p 210p 290P 4405 
Covers 1005 905 100P 110P 

CONNECTORS 

DIN Plug Skt Jack Plug Skt 
2 pin 9p 9p 2.5mm 105 10P 
3 pin 12p 10p 3.5mm 9P 9p 
5 pin 13p lip Standardl6p 20p 
Phono 105 12p Stereo 24p 255 
1mm 12p 13p 4mm 185 175 
UHF (CB) Connectors: 
PL259 Plug 40p. Reducer 14p. 
S0239 square chassis skt 395. 
502395 round chassis ski 40p. 
IEC 3 pin 250V/6A. 
Plug chassis mounting 38P 
Socket free hanging . . 60p 
Socket with 2m lead . . 120p 

SWITCHES 

SCRs 
C106D 30 
400V 8A 70 
400V 12A 95 

SOLDERING IRONS 

Amex CS 17W Soldering iron 495 
2,3 and 4.7mm bits to suit . 85 
CS 17Wor XS 251N element. 210 
Amex XS 25W . . . . 525 
3.3 and 4.7mm bits to suit . 85 
Solder pump desaldering tool. 480 
Spare nozzle for above . . 70 
10 metres 22swg solder . 100 

Schrein toggle: 
SPST 55p. SPDT 60p. DPDT 65p. 
Miniature toggle: 
SPOT 805. SPOT centre off 90p. 
DPDT 905. DPDT centre off 1005. 
Standard toggle: 
SPST 35p. DPDT48p 
Miniature DPDT slide 14;z. 
Push to make 14p. 
Push to break 225. 
Rotary type adjustable stop. 
1P1 2W, 2P6W, 3P4W all 55p each. 
DI L switches: 
4SPST 80p 6 SPST 80p. 8SPST 
100p. 

VOICE SYNTHESISER! 

Now your computer can talk. 
The GI SP0256 speech processor 
is able through stored program to 
synthesize speech. Allophone 
(extended phoneme) System gives 
unlimited vocabulary. 
Easily interfaced with any digital 
system; ten TTL compatible sig- 
nals are used to select the allo- 
phones. 
5P0256 . 850p. Data: 50p. 

VERO 
Verobloc 4 . 375 

Veroboard Size 0.1 matrix 
2.5 x 1 22 
2.5 x 3.75 . . . . 75 
2.5 x 5 85 
3.75 x 5 95 
New size 3.75 x 17 . . 330 

1 New size 4.75 x 17 , 415 
VC board 160 
Veropins per 100: 
Single sided . . . . . 50 
Double sided . . . 60 
Spot face cutter . . . . 130 
Pin insertion tool . . 162 
Wiring pen 330 
Spare spool 75p Combs 6 

6116P3 600 
6502CPU 325 
6522 VIA 295 
6532 570 
6551 ACIA650 

2114L2 200 6800CPU 220 
2716 295 6802CPU 250 
2532 290 6809 CPU 620 
27129-252150 6810 RAM 115 
2732 350 6821 PIA 110 
2764-250 650 6840 360 
4116P20 85 6850 110 

MICRO 
6852 
6875 
6880 
81LS95 
81 LS96 
81LS97 
8080A 
9085AC 
8156 
8212 
8216 
8224 

240 
495 
100 

85 
85 
85 

250 
340 
350 
110 
100 
120 

8228 
8251 
8253 
8255 
9259 
MC1488 
MC1489 
Z80A CPU 
Z80APIO 
280ACTC 

220 
250 
390 
225 
390 
55 
55 

290 
260 
260 

Z80ASIO 900 
Z80A DMA 1150 

CABLES 

20 metre pack single core connect- 
ing cable ten different colours. 755 
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 gory ribbon . . 14P/it 
20 way grey ribbon . . 28p/ft 

REGULATORS 

78L05 30 79L05 
78L12 30 79L12 
78L15 30 79L15 
7805 35 7905 
7812 35 7912 
7815 35 7915 
LM309K 130 LM723 
LM317K 270 78H05 
LM317T 90 
LM323K 420 

DIODES 

BY127 12 
0A47 10 
0A90 8 
0A91 7 
0A200 8 
OA202 8 
1N914 4 
> 1 N4148 3 

45 
45 
45 
40 
40 
40 
35 

550 

1N4001 3 
1N4002 5 
1N4006 7 

1N4007 7 
165401 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 
186V Electronic buzzer . 

812V Electronic buzzer 
PB2720 Piezo transducer. 
11.64mm 64 ohm speaker . 

64mm 8 ohm speaker 
20mm panel fuseholder 

. 

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

6 
. 6 

15 
390 

60 
65 
75 
70 
70 
25 
35 
33 
30 

130 
195 

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

400V 8A 65 
400V 16A 95 

400V 4A 50 89100 25 

TRIACS 

SOCKETS 

8 pin 
14 pin 
16 pin 
18 pin 
20 pin 
22 pin 
24 pin 
28 pin 
40 pin 

Low 
profile 
6p 
8p 
9p 
12p 
13p 
16p 
18p 
23p 
25p 

Wire 
vvrap 

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

135p 

LINEAR 

555CMOS 80 
556CMOS 150 
709 25 
741 14 
748 35 
9400CJ 350 
AY -3-1270 720 
AV -3-8910 370 
AY -3-8912 540 
CA3046 60 
CA3080 65 
CA3089 190 
CA3090AQ 375 
CA3130E 85 
CA3140E 36 
CA3161E 100 
CA3189 290 
CA3240E 100 

COMPONENT KITS 

An ideal opportunity for the beginner or the experienced constructor 
to obtain a wide range of components et 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 0.010 (135 caps) . 370 
Polyester Cap. kit. 5 of each value from 0.01 to 1uF (65 caps) 575 
Preset kit. Contains 5 of each value from 100 ohms to 1M (total 
86 presets . . . . . . . . 425 
Nut and Bolt kit (total 300 items): 1805 
25 68A 'X" bolts 50 68A washers 50 6BA nuts 
256BA A" bolts 254BA Y." bolts 508BA washers 
50 6BA nuts 256BA A" bolts - 

OPTO 

3mm red 7 5mm red 7 
3mm green 10 5mm green 10 
3mm yellowl0 5mm ye11ow10 
Clips to suit - 3p each. 
Rectangular TIL32 40 
red 12 TIL78 40 
green 17 TIL111 60 
yellow 17 ORP12 85 
ILD74 95 ILQ74 185 
71138 40 TIL100 70 
2N5777 45 Dual colour 60 
Seven segment displays: 
Com cathode Corn anode 
DL7040.3" 95 DL707 0.3" 95 
FNO500 FN0507 
0.5" 100 0.5" 100 
10 bar DIL LED display, red 180. 
LCD: 3( digit 495p. 4 digit 5205. 

JUMPER LEADS 

Length 14pin 16pin 24pin 40pin 
Sgle ended (lPlheader plug) jumper 
24 ins. 145 165 240 380 
Dble ended DI Plheader plug) jumper 
6 ins. 185 205 300 465 
12 ins. 195 215 315 490 
24 ins. 210 235 345 540 
36ìn. 230 250 375 595 
25 way D Connector jumpers 
18ìn. long single ended male 495p. 
18ins. long single ended f/male 525p. 

CAPACITORS 

Polyester, radial leads. 250v. C280 
type; 0.01, 0.015, 0.022, 0.033 - 

6p; 0.047, 0.068, 0.1 7p; 0.15, 
0.22-9p; 0.33,0.47 -13p;0.68 - 

20p; 1u - 23P. 
Electrolytic, radial or axial leads: 
0.47/63V, 1/63V, 2.2/63V,4.7/63V, 
10/25V - 7p; 22/25V, 47/25V - 8p; 
100/25V - 9p; 220/25V -1413: 
470/25V - 22p; 1000/25V . 30p; 
2200/25V - 505. 
Tag end power supply electrolytes: 
2200/40V - 110p; 4700/40V 1605 
2200/63V - 1405; 4700/63V - 230p 
Polyester, miniature Siemens PCB: 
1n, 2n2,3n3,4n7,6n8, 10n, 15n, 7p; 
22n, 33n,47n,68n, 8p; 100n, 95; 
150n, 115; 220n, 135;330n, 20p; 
470n 265;680n, 29p; 1u33p;2u2, 
505. 

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 -455.47/6V - 275;47/16V - 

70p; 68/6V - 40p; 100/10V 90p. 
Cer. disc. 225-0.010 501/.35 each. 
Mullard miniature ceramic plate: 
1.8pF to 1005F 6P each. 
Polystyrene, 5% tel 10p -1000p, 6p; 
1500-4700, Bp; 6800 0.012u, 105. 
Trimmers. Millard 808 series: 2-10 
pF, 22p; 2-22pF, 30p; 5.5-65pF, 35p 

BRIDGE 
RECTIFIERS 

1A 50V 
1A400V 

2A 200V 40 
2A400V 45 
6A100V 80 
6A 400V 95 

20 VMI8 OIL 0.9A 
35 200V . . 50 

COMPUTER a e' 
2X81 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 

IDC CONNECTORS 

PCB PCB Socket Edge 
Plug Plug Conn. 
St. Re. eng. 

10 way 90 90 85 120 
16 way 130 130 110 175 
20 way 145 145 125 195 
26 way 175 175 150 240 
34 way 205 205 170 320 
40 way 220 220 190 340 
50 way 235 235 200 395 
60 way 330 330 230 495 

ICL7106 680 
ICL7611 95 
ICL7621 180 
ICL7622 180 
ICL8038 295 
ICL8211A 200 
1CM7224 785 
ICM7555 80 
LF351 45 
LF353 85 
LF356 90 
LM10 325 
LM301A 
LM311 
LM318 
LM324 
LM334Z 
LM3352 

50 
70 

120 
30 

100 
125 

LM339 
LM348 
LM358 
LM377 
LM380 
8LM381 
LM382 
LM384 
LM386 
LM387 
LM393 
LM709 
LM711 
LM725 
LM733 
LM741 
LM747 
LM1458 
LM2917 
LM3900 
LM3909 

TRANSISTORS 

AC126 30 
AC1.27 30 
AC128 30 
AC176 25 
AC187 22 
AC188 22 
AD142 120 
AD149 80 
AD161 40 
AD162 40 
AF124 60 
AF126 50 
AF139 40 
AF1B6 70 
AF239 75 
BC107 10 
801078 12 
BC108 10 
8C1088 12 
BC108C 12 
BC109 10 
BC109C 12 
BC114 18 
BC115 22 
BC117 18 
8C119 35 
BC137 40 
BC139 40 
BC140 28 
BC141 30 
8C142 25 
BC143 25 
BC147 8 
BC148 8 

BC149 
BC157 
BC158 
BC159 
BC160 
BC168C 
8C189C 
BC 170 
BC171 
BC172 
BC177 
BC178 
BC179 
BC182 

BC517 
BC547 
BC548 

9 BC549 
8 BC558 
10 BCV70 

8 BCY71 
45 BCY72 
10 8D115 
10 80131 

8 80132 
10 BD133 

8 80135 
18 80136 
18 
18 
10 

BC182L 8 
BC183 10 
BC183L 10 
BC184 10 

BC184L 7 

BC212 10 
BC212L 10 
BC213 10 
BC213L 10 
BC214 10 
BC214L 8 
8C237 8 
BC238 14 
BC3O8 12 
8C327 14 
BC328 14 
BC337 14 
BC338 14 
BC477 3D 
BC478 30 
BC479 30 

40 
7 

10 
10 
10 
18 
18 
18 
55 
35 
35 
50 
40 
30 

BD137 30 
80138 30 
B0139 35 
130140 35 
BD204 110 
80206 110 
BD222 85 
13F180 35 
BF182 35 
6E184 25 
9E185 25 
BF194 12 
BF195 12 
BF196 12 
BF197 12 
8E198 10 
5F199 18 
85200 30 
BF244B 22 
BF245 30 
8F256B 45 
8E257 32 
BF258 25 
13F259 35 

40 LM3911 120 NE566 140 TL064 96 
60 LM3914 225 NE567 100 TL071 30 
50 LM3915 225 NE570 370 TL072 45 

170 LM13600 106 NE571 370 TL074 95 
75 MC1496 88 RC4136 55 TL081 25 

120 MC3340 135 RC4558 40 TL082 45 
120 MF10CN 350 SL480 170 T L084 90 
130 ML922 400 SI -490 250 TL170 50 

90 ML924 195 SL76018 150 UA2240 120 
120 ML925 210 SN76477 380 ULN2003 70 

40 ML926 140 SP0256AL2 850 ULN2004 70 
25 ML927 140 TBA120S 70 XR2206 290 
60 ML928 140 TBA800 75 26414 80 

350 ML929 140 TBA810 96 ZN423 135 
75 MM5387A 465 TBA820 70 ZN424 135 
14 NE529 225 T8A950 220 ZN425E 350 
60 NE531 140 TDA1008 320 ZN426E 300 
40 NE544 205 TDA1022490 ZN427E 600 

200 NE555 16 TDA1024 125 26428E 410 
45 NE556 45 TL061 40 ZN459 285 
75 NE565 110 TL062 60 ZN1034E 200 

BF337 40 MPSU56 60 ZTX108 10 2143055 50 
8FR40 23 TIP29A 30 2TX109 12 2N3442 120 
BFR80 23 TIP298 55 ZTX300 14 2N3702 8 
BFR81 20 TIP29C 37 ZTX301 16 2N3703 9 
BFX29 25 TIP30A 35 ZTX302 15 82N3704 8 
BFX84 25 TIP308 50 ZTX304 17 263705 9 
BFX85 25 TIP30C 37 ZTX341 30 263706 9 
BFX86 28 TIP31A 36 ZTX500 15 2N3707 10 
BFX87 25 TIP31C 37 ZTX501 15 2N3708 10 
BFX88 25 TIP32A 35 ZTX502 15 2N3709 10 
13FY50 23 TIP32C 37 ZTX503 18 2N3772 .170 
BFV51 20 TIP33A 50 ZTX504 25 82N3773 195 
BF Y52 la TIP33C 75 26697 20 It 263819 20 
BFV53 32 TIP34A 60 2N698 40 2N3820 40 
BFY55 32 TIP34C 85 2N706A 20 263823 65 
BFY56 32 TIP35A 105 2N708 20 263866 90 
BRY39 40 TIP35C 125 2N918 35 263903 10 
BSX20 20 TIP36A 125 2N1132 22 2N3904 10 
BSX29 35 TIP36C 135 261613 30 263905 8 
BSV95A 25 TIP41A 45 2622184 45 263906 10 
BU205 160 TIP42A 45 2N2219A 25 264037 45 
BU206 180 T1P120 90 2N2221A 25 2N4058 10 
13U208 170 TIP121 90 2N2222Á 20 2N4060 10 
MJ2955 99 T1P122 90 262368 25 264061 10 
MJE340 50 TIP141 98 262369 16 2N4062 10 
MJE520 65 TIP142 98 2N2484 25 2N5457 36 
MJE521 95 TIP147 110 262646 45 2N5458 36 
MJE3055 70 T1P2955 60 262904 20 2N5459 30 
MPF102 40 T1P3055 55 2N2904A 20 265485 36 
MPF104 40 TIS43 40 2N2905 22 2N5777 45 
MPSA05 22 71544 45 262905A 22 2N6027 30 
MPSA06 25 71890 30 262906 25 40360 40 
MPSA12 30 TIS91 30 2N2906A 25 40361 50 
MPSA55 30 VN1OKM 50 262907 25 40362 50 
MPSA56 30 VN46AF 75 2N2907A 25 40408 70 
MPSUO5 55 VN66AF B5 262926 9 
MPSU06 55 VN88AF 95 263053 23 
MPSU55 60 ZTX107 10 263054 55 

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

RESISTORS 

'/W 5% Carbon film E12 series 4.7 
ohm - 10M . . 1p each, 
SSW 5% Carbon film E 12 series 4.7 
ohm to 4M7 . . . 2p each. 
'/.W 1% metal film E24 series 10 
ohm - 1M . . . 6p each. 

CRYSTALS 
100KHz 
1MHz 1 8432 
2.0MHz 
24576M 
3 276M 
1579M 
4.0MHz 

235 
275 
200 
225 
200 
150 
95 

140 

4.194MHz 150 
4.43MHz 100 
5.008MHz 240 
6.OMHz 140 
6,144MHz 150 
7.0MHz 150 
8.0MHz 140 
10.0MHr. 170 
12.0MHz 170 
16.0MHz 2W 

BOXES Aluminium 
3 02x1" 65 

Plastic with lid 4 x 2%x 1 A" 95 
8 screws 4x21502" 95 
30201" 55 6x4 x2" 120 
4'7.03x1("88 70502%" 165 
7x4x2" 160 806x3" 205 

CMOS 

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

16 
16 
16 
50 
16 
40 
30 
30 
16 
16 
30 
45 
50 

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

30 
40 
50 
45 
50 
45 
50 
16 
40 
16 
85 
30 
45 
50 
16 

130 

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

140 
270 
280 

40 
45 
38 
40 
45 
50 
60 
45 
30 
30 
40 
50 
50 

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

78 
80 

430 
55 
80 
30 

240 
16 
16 
16 
16 
16 
16 
16 
65 
16 

4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4097 
4098 
4099 
40106 
40109 
40163 
40173 
40175 

16 
16 
50 
50 

125 
28 
70 
95 

290 
70 
70 
35 

100 
50 

100 
50 

40193 
4502 
4503 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 

90 
60 
35 
32 

120 
45 
40 
40 

115 
115 

55 
45 
45 
90 
60 
50 

4528 
4529 
4532 
4534 
4538 
4643 
4549 
4553 
4555 
4556 
4559 
4560 
4584 
4585 
4724 

45 
150 
60 

400 
70 
ao 

390 
215 

35 
35 

390 
140 

35 
60 

140 

LS TTL 

LSOO 
LS01 
LSO2 
LSO3 
LSO4 
LS05 
LS08 
LS09 
LS10 
LS11 
LS12 
LS13 
LS14 
LS15 

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

18 
30 
50 
20 

LS20 
LS21 
L522 
LS26 
LS27 
LS30 
LS32 
LS37 
LS38 
LS40 
LS42 
LS47 
LS48 
LS51 
LS55 
LS73 
LS74 

20 
20 
20 
20 
20 
20 
18 
20 
20 
20 
55 
68 
68 
20 
20 
25 
25 

LS75 
L576 
LS78 
L583 
LS85 
LS86 
LS90 
LS92 
LS93 
LS95 
LS96 
10107 
LS109 
LS112 
15113 
LS114 
LS122 

35 
25 
25 
60 
75 
28 
43 
43 
43 
50 

105 
36 
36 
36 
30 
30 
50 

LS123 
LS125 
LS1 26 
L5132 
LS136 
LS138 
10139 
LS145 
LS147 
LS148 
LS151 
LS163 
LS155 
LS156 
LS157 
L5158 

85 
33 
33 
48 
32 
50 
50 
80 

130 
105 

75 
75 
50 
54 
40 
42 

LS160 
10161 
LS162 
LS163 
LS164 
LS165 
LS166 
LS170 
LS173 
LS174 
15175 
LS190 
LS191 
LS192 
LS193 
L5195 
LS196 

57 
57 
57 
57 
60 
75 

105 
120 
90 
50 
70 
55 
55 
75 
75 
50 
70 

LS197 
LS221 
LS240 
LS241 
L5242 
LS243 
LS244 
LS245 
LS247 
L5251 
LS257 
LS258 
LS259 
LS266 
LS273 
LS279 
LS283 

70 
70 
90 
90 
90 
90 
85 

140 
78 
50 
50 
50 

120 
28 
90 
50 
58 

LS353 
LS365 
LS366 
LS367 
LS368 
15373 
LS374 
LS375 
LS377 
LS378 
LS390 
LS393 
LS399 
LS541 
LS670 

85 
38 
38 
38 
38 

100 
100 

50 
110 
100 

75 
75 

100 
120 
135 

1211 
7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 

18 
18 
18 
18 
20 
20 
48 
48 
20 
20 
20 
20 
20 

7413 
7414 
7416 
7417 
7420 
7421 
7422 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7442 

33 
48 
32 
32 
18 
22 
30 
30 
30 
20 
24 
25 
30 
30 
22 
60 

7444 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7472 
7473 
7474 
7475 
7476 
7480 
7482 

70 
80 
85 
80 
22 
22 
22 
22 
22 
28 
35 
33 
55 
40 
45 
80 

7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
74100 
74107 
74109 
74121 

65 74122 
100 74123 
33 74125 

165 74126 
50 74132 
60 74141 
50 74145 
50 74147 
75 74148 
60 74150 
60 74153 

120 74154 
120 74157 
35 74160 
55 74161 
38 74162 

50 74163 80 
78 74164 90 
40 74165 50 
40 74167 200 
55 74170 200 
75 74173 100 
80 74174 100 

130 74175 80 
110 74176 80 
130 74177 80 
60 74179 80 

120 74180 85 
70 74181 220 
90 74182 80 
g0 74190 120 
g0 74191 120 

74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 

120 
110 
80 
60 

110 
90 

180 
180 

ORDERING INFO. All components brand new and full specification. All prices exclude VAT. 
Please add to total order. Please add 50p carriage to all orders under £15 in value. Send cheque/ 
P.O. or Access/Visa number with order. Our detailed catalogue is given free with all orders over 
£10, Callers most welcome. Telephone orders welcome with Access or Visa. Official orders 
accepted from colleges, schools, etc... Callers most welcome, we are open Monday to Friday. 
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DIGEST 
Speakers 
Corner 

Compact loudspeakers are 
not, on the whole, noted for 

their extended bass response, 
and many owners of such systems 
must have sought ways to over- 
come this deficiency without 
going to the expense and trouble 
of purchasing larger loudspeak- 
ers. One solution is to add a single 
sub -bass unit, the idea being that, 
since very little directional infor- 
mation is carried at low frequen- 
cies, a single unit can handle the 
bass from both channels of a 
stereo system without serious 
loss of stereo imaging. The draw- 
back with this approach is that a 
bass driver in a reasonably large 
cabinet is likely to be far more sen- 
sitive than the main loudspeakers, 
small systems being notoriously 
inefficient, resulting in a very poor 
balance across the frequency 
range. The only sure way to res- 
tore the balance is to use an active 
crossover and a second amplifier, 
thus greatly increasing the cost 
and complexity of the system. 

With this problem in mind, Volt 
loudspeakers have introduced 
two new drive units whose sen- 

sitivity is tailored to match that of 
such popular small 'speaker sys- 
tems as the LS3/5 a (which sounds 
like a long-winded way of saying 
that they are not very sensitive), 
and which have dual voice coils so 
that the amplifier outputs can be 
combined using only simple 
crossover networks. The 8" 
DVC220DS is designed to be 

mounted directly into a wall or 
into a conventional loudspeaker 
enclosure. The 10" DVC250 
offers a more extended bass res- 
ponse and is designed to be 
mounted in a conventional en- 
closure only, and both types can 
be supplied with or without fitted 
grilles. They are available from 
Wilmslow Audio, who can also 
supply computer optimised tuning 
details to suit your chosen cabinet 
volume. 

Also available from Wilmslow 
are three new additions to the 
Wharfedale Speakercraft range 
of designs for the home construc- 
tor. They are the L50, L90B and 
1140 models, two way systems of 
11, 17 and 20 litres respectively, 
all featuring the ferrofluid T/02/2 
3/4" tweeter. They are all of 8 ohms 

impedance, a change from the 6 
ohms which has long been Whar- 
fedale's standard for small 
'speakers, and the full Speaker - 
craft manual is available free -of - 
charge from Wilmslow. 

Other recent additions to the 
range of products stocked by 
Wilmslow Audio are six new 
Loudspeaker kits and a novel high 
power, high efficiency PA loud- 
speaker, both using drive units 
manufactured by Peerless of Den- 
mark. Wilmslow have been ap- 
pointed UK distributors for Peer- 
less, and the new kits employ four 

polypropylene bass units which 
have not previously been avail- 
able to the home constrictor, a 5" 
a61", an 8" and a 10". Full details 
of the new range, two of which are 
said to have been designed spec- 
ifically for use in digital audio sys- 
tems, are contained in the Peer- 
less Manual For Loudspeaker 
Constructors which is available 
from Wilmslow, and a review of 
one of the new models appears 
elsewhere in this issue. 

The new PA loudspeaker uses 
four high power 8" drive units and 
a bullet tweeter in an unusual 

reflex configuration, and will han- 
dle 250 watts RMS with, it is 
claimed, high quality and very 
high efficiency. Suggested appli- 
cations are folk bands, overhead 
disco 'speakers and side fill on 
large PA rigs, and it can be pur- 
chased as a kit with or without 
cabinet. For details of any of the 
items listed, send a 12" x9" SAE to 
Wilmslow Audio Ltd, 35-39 
Church Street, Wilmslow, 
Cheshire, tel 0625 - 529599. 

Movits 
Prism Consumer Products has 
launched a range of kit form 

electronic robots which they call 
Movits. There are five models in 
the range of varying complexity 
and with progressively more 
sophisticated guidance and sen- 
sory systems. They are all battery 
powered, making them safe for 
use by children, and Prism say the 
assembly instructionsare so com- 
prehensive that the whole family 
can take part in the construction. 
They cost from £9.99 to £34.99 
and further information can be 
obtained from Prism Technology 
Holdings Ltd, Prism House, 18-29 
Mora Street, City Road, London 
EC1 V 8BT, tel 01-253 2277. 

World's 
Smallest 
Lithium Battery 

Matsushita have developed 
what they claim is the 

smallest pin -type lithium battery 
in the world. Designated the 
BR211, the new battery is rated at 
3V, 5.4 mAh, measures 2.2 mm 
diameter by 11 mm high and 
weighs just 90 mg. 

The BR211 has a poly -carbon 
monofluoride cathode and a 
lithium anode, and is specified for 
use over the temperature range 
-10 C to +60 C. Mutsushita say 
that the advantages of using a 
lithium battery are that it main- 
tains a constant operating voltage 

when loaded, has a long shelf life 
and offers twice the voltage of 
silver -oxide and mercury cells, 
allowing a single battery to be 
used to light an LED. The new bat- 
tery will initially be marketed for 
use in small fishing floats which 
have LEDs for night-time fishing, 
but Matsushita expect it to be 
widely adopted for use in wrist 
watches, calculators, mic- 
rophones, hearing aids, etc. 

Panasonic UK Limited, 300- 
318 Bath Road, Slough, Berk- le 
shire SL1 6113, tel 0753-34522. 
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1.15A, [Aj 057 
This list c stains only a traction of 
CRICKLENOOD'S slock. Please add 
60p p& p & 15 VAT b all orders. 
Official o ders from schools, colleges, 
Govt. Depts etc. welcome. 
RF SISTORS 
CAR T. 

5% HI STAB 
LOW NOISE 

100 TO 
105111 

Y.WE24 2p 
0WE24 3p 
1W E24 Sp 
2WE24 12p 

METAL FILM 
ULTRA STABLE 

0.4 W EXTRA 
LOW NOISE 
100 TO 1MO 

2%E24 5p 
1%E24 6p 

LOW OHMIC 
GLAZE 5W 

0 220 to 8.20 
E24 110 

WIRE WOUND 
ON CERAMIC 

E 12 SERIES 
2 to 3W 0 222 

to 3300 28p 
410 7W 0.470 

tº6K8 33p 
101011W 1(2 

33K 37p 

P07S& 
PRESETS 

ROTARY POTS 
LOW NOISE 

SPINDLES 
E 3 SERIES 

46 ITO2M LIN 
38p 

467to2M LOG 
38p 

As above with 
DP Mains Swdch 

88p 
As above stereo 
Ino swdchl 90p 
PRESETS PIHER 

1DUSTPROOFI 
E 31001:ío I0M1: 
Mon' Ve., 15p 
Mini Ho,,, 15p 
Standard Vert 

18p 
Slanºa'd Hord 

18p 
CERMET 20 

TURN 
PRECISION 
PRESETS 

E3 SERIES 
50:1 to 500K 89p 

CERAMIC 100V 
DISC IPLATEI 

(12 MICRO.MINI 
TYPICALLY 

5% 
1PF m lOnF 7p 
POLYCARS 5% 

SIEMENS 7.5mm 
MINI BLOC 012 

1nF tv 6nF 7p 
8nF to4lnF Bp 
56oF to 150nF 

10p 
100V 

1004 to 150n, 
tte 

180,,1 t. 210nó 

330,17 10 '.190' 
20p 

470,rF to 560,E 
26p 

680,16 30p 
1,,F ,1omm. 35p 

POLYESTER 
250V RADIAL 

IC2801 
10, 15, 
22nF 33,F 
47nF. 68nF 
100n, ap 
150n4 200,6 

1Op 
330,1F 470,1F 

13p 
680n' 18p 

F 22p 
15PF 39p 
2 2PF 39p 
FEE DT HROUGH 

1nF 500V 7p 
HIGH VOLTAGE 

Capactns 
please enquire 
manV types.. 

stock 
TANT BEADS 

135V lap 
22 35V lop 
33 355 14p 
47 35V 14p 
68 35V 14p 
0 35V lap 

2 2 35V 14p 
33 35V 18p 
4 7 16V 18p 
4 / 35V 20p 
6 P 25V top 
6 8 35V 21p 
10 16V 18p 
10 35V 27p 
15 10V 22p 
15 16V 30p 
15 25V 32p 
2263V 26p 
22 16V 29p 
33 10V 30p 
47 3V 14p 
4763V Sap 
4716V 39p 
100 3V 32p 

ELECTROLYTIC 
Mainly 

Metsu000 ni 

a P 

AXIALS Mires 
each endl 

uFd V 
47 63 Bp 
47 100 9p 
.47 350 30p 
1 63 8p 
I 100 9p 
1 500 40p 
22 25 Sp 
2 2 63 Bpi 
2.2 100 lip 
5.5 

3250 3085 

3 5 11p 
3 3 40 11p 
3.3 63 12p 
4.7 16 9p 
4 7 25 9p 
4 7 40 11p 
4.7 63 12p 
4.7 100 1485 
10 25 8p 
10 40 12p 
10 63 14p 
10 100 íp 
10 350 555p 
22 25 11p 
22 40 14p 
22 63 p 
22 100 21p 
47 25 14p 
47 40 íp 
47 63 286P 
47 100 18p 
100 16 14p 
100 25 16p 
100 40 22p 
100 03 25p 
100 100 3Op 
220 10 1p 
220 16 I7p 
220 25 22p 
220 40 25p 
220 63 30e 
220 100 40p 
470 16 22p 
470 25 28p 
470 40 33p 
470 63 43p 
470 100 BOp 
1000 16 3Op 
1000 25 38p 
1000 40 46p 
1000 63 p 
2000 16 4Op 
2200 25 63p 
2200 40 p 
2200 63134 
4700 16 75p 
4700 25 9985 
RADIALS IVCB 

s 

ani Morsoone 

,11 da only 
sEd V 
10 
72 
22 
41 
47 
100 
100 
220 
22 
473 
470 
1000 
1000 
2200 10 

2200 '6 
3300 10 
3300 16 
4700 10 
4700 16 

'6 6p 
'0 6p 
16 7p 
10 7p 
16 Bp 
10 9p 
16 10p 
10 lip 
16 12e 
0 17p 

16 í8p 
10 20p 

6 24p 
34p 
44p 
50p 
65p 
65p 
95p 

74 TEE 
7400 
7401 
7402 
7403 
7404 
7405 
/408 
7409 
7410 
7411 
7412 
]413 
]614 
)416 
/41 7 

74 2 
7421 
7422 
1423 
7425 
7426 
7427 
1426 
7430 
7432 
7433 
1437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
1450 
7451 
1453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 

74621481 

7483 
7484 
7485 
7486 
7489 
7490 

7491 
7492 
7493 
7494 
7495 
7496 
7497 
74100 
74104 
74105 
74107 
74109 
74110 
74118 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74153 
74154 
74155 
74156 
74151 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
/4' 70 
74172 
741/3 
/41 /4 
74' 75 
74116 
/4177 
741 /9 
74180 
7418' 
74182 
/4184 
74.85 
7418(1 
14188 
14190 
1410 
14192 
7419:3 
74'94 
14195 
/4196 
/419/ 
/4'98 
14,99 
/4221 

74LS TTL 
/40000 
741741 50 

601 2 
/41503 
741_504 
/4L505 
/4100H 

' 
/41510 

747012 
/41S' .i 

l41S'4 
/4LS15 
/41520 
/4152' 
74L521 
/4152/ 
/4L528 
/4L530 
/41532 
14153:3 
/4153/ 
/41538 
141_540 
141562 
/4LS41 
/4055' 
/41554 
/41555 
14L5/3 
/40574 
/415/5 
740576 
/4LS 78 
741583 
74/.585 
741586 
/41.S90 
/47092 
741593 
740095 
/41596 
741510/ 
/408109 
1415112 
1415113 
/4101!4 
1400122 
7415123 
741S'24 
7415125 
/415126 
/4L5131 
14L5133 
1415136 
74/S138 
74LS' 39 
7405145 
/415'67 
1415148 
/415151 
74/5,51 
741.5154 
/4151 S5 
74LS156 
/405157 
/405158 
7410160 

74LS161 
74LS762 
7415183 
741.5164 
7419165 
741.5168 
74LS169 
7415170 
7419173 
7415174 
7405176 
7419181 
7405183 
7400190 
7415191 
7419192 
7400193 
7415194 
7415195 
7400196 
7415197 
7419221 
7405240 
7419241 
7405242 
7405243 
7419244 
7405245 
7405247 

741S24974L5248 

74LS251 
74L5753 
7415257 
74L5258 
/4L5259 
7415261 
/415266 
/4L5213 
7415275 
7405279 
1405280 
7415183 
7415289 
7419290 
7405293 
7419295 
7419298 
7405299 
7405323 
7405324 
741.5325 
/4LS326 
7415327 
7405347 
7415348 
/4L5352 
/4L5353 
7415362 
/4LS365 
74/5368 
74L5367 
;41.5366 
/41S373 
/4LS318 
/415386 
7405390 
l415393 
741_5395 
/405396 
'410398 
,415399 
14L5445 
7405490 
/415540 
/41.554' 
/415640 
7400641 

CMOS 
4000 
4001 
4002 

4006 ,107 
4008 
4009 
4010 
40'. 
4012 
40'3 
4014 
4015 
40`8 
40'7 
40'8 
4019 
4020 
402' 
4022 
4023 
4024 
4025 
4020 
4027 
4026 
4029 
4030 
4031 
4032 
4033 
4034 
4035 
4036 
403] 
4038 
4039 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
405.1 
4054 
4055 
4056 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4010 
4071 

THE TELEPHONE 
Et MAIL ORDER 

SPECIALISTS 
PRICES SUBJECT TO 

ALTERATION, PHONE 
FOR LATEST PR CES 

AND DELIVERY 

4072 19p 
4073 19p 
4075 19p 
4076 45p 
4077 19p 
4078 19p 
4081 199 

1 Amp. T0220 
7905T 57p 
79120 57p 
79157 57p 
79240 57p 

40412 
40873 
40822 
40871 
40872 
AC125 
AC126 TRANS 

4082 19p 
4085 49p 
4086 80p 

1ST oft S AC127 
AC128 
AC132 

202219 27p 
2022194 28p 

4089 1.23 2N2220 22p AC141K 
4093 19p 202221 22p AC142K 
4094 69p 2022216 23p AC151 
4095 71p 
4096 69p 

252222 
2N2222A 25p5p 

AC152 
AC153 

4097 2.88 2N2223 280 AC153K 
4098 74p 2N2223A 4.15 AC178 
4099 89p 252368 259 AC176K 
4502 55p 252369 190 AC187 
4503 39p 26123696 top AC187K 
4507 339 2N2904A 27p AC188 
4508 1.28 252905 28p AC188K 
4510 44p 2N2905A 29p 46239 
4511 44p 2N2906 25 AF240 
4512 48p 
4514 1.13 

2029065 3085 
202907 259 

130107 
BC107A 

4515 1.13 2N2907A 26p BC107B 
4516 55p 202920 9.25 BC108 
4518 39p 
4519 29p 

202926 
203053 32e 

BC 108A 
BC108B 

4520 4Bp 203054 56p BC10BC 
4521 809 203055 60p 80109 
4526 88p 2N3055H 1.20 BC109B 
4527 62p 203439 980 BC /09C 
4528 74p 
4532 69p 

2N3440 BOp 
203441 1.25 

BC140 
BC141 

4534 3.96 253442 135 BC142 
4536 2.59 
4538 78p 
4539 89p 
4543 68p 

203553 2.65 
203638 55p 
253702 loe 
203703 lop 

BC143 
BC147 
BC1470 
BC147B 

4553 2.25 203704 lop BC147C 
4555 35p 203705 lop BC148 
4556 35p 
4560 1.49 
4566 1.49 
4569 1.65 
4584 39p 

203706 10p 
203707 lop 
203708 lop 
203709 lap 
203710 lop 

BC148A 
801480 
BC 148C 
BC149 
BC149B 

4585 59p 253711 1085 

2N3712 2.00 

BC 149C 
BC'52 

LOGIC 203713 1.38 BC153 

263714 298 
2N3 /15 3.31 

203716 3.60 
203773 1 99 
203819 35p 
253820 e 
203866 90p 
2N3903 13p 
2N3904 13p 
21113905 13p 
2613906 nap 
204030 75e 
204031 Ose 
204032 69p 
204036 63p 
204031 49p 
204240 3.00 
204400 15p 
254401 27p 
204402 30p 
204902 185 
254903 198 
204904 2.15 
204905 2 75 
254906 2.99 
204907 3.20 
204908 315 
254909 2 90 
205089 37p 
205190 68p 
2N5191 loe 
255193 90p 

BC154 
BC157 
BC157A 
BC1578 
130158 
BC158A 
BC1580 
BC159 
1301590 
0C1598 
BC159C 
BC160 
BC161 
BC16/ 
BC1674 
BC1678 
BC'60 
BC.'550 
BC158G 
BC'fi9 
BC1695 
BC 169C. 
BC1/7 
BC'//A 
BC17/B 
BC'78 
BC1/846 
OC'/00 
BC'79 
BC1/9A 
BC'79B 
BC'/9C 

CPUs 
1802 
25500 
6502 
6800 
6802 
6809 
8035 
BOBOA 
8085A 
2800 
2808 

MEMORIES 
21141200ns' 
2532 
2564 
2708 
271615.' 

2 764 
4119200ns h 4'1E1 3 

5204 W 611673 
6514 
6810 
7489 
74189 
7400188 Q 
1406781 
7415288 
7405289 

16p 

l 
16p 

ó 85 
49p 

9p 
32p 

MISC LOGIC IC s 
DCOS/6 

Á0008'16 
755194 79P 
25524, a7P 
205246 40p 

ÑC 182 
P..4 

B(:'919 
24p 
24p 

Á000817 
1551571 z 2N524/ 45p 

205248 46p 
B(:162' 
1301621A 

16p '051 7 / 1 755249 48p BC.'8218 
19p 
19p 

R02513LC 
0025130C 

705266 2.88 
255293 98p 

BC 18.3 

BC'830 
46p 
39p 
19p 

SAA 5000 
SAS 50'0 
SAS 5012 W 

265294 1 28 
205295 t 37 
255401 35p 

BC.'83B 
0C1831 
BC'93L 

32p 
45p 
24p 
42p 
39p 
39p 

SAA 5020 V SAA 5030 
5.45040 E 
SAA 5041 
SAA 5050 a 
SAA 5052 

255415 110 
2N54'6 1 54 
255447 16p 
205448 1985 

2145449 21p 
255450 23p 

BC183cA 
8115316 
BC'BJt r 
BC184 
BC 1840 
BC.t84C 

19p 
32p 

SAASO70 
8T26 v! 

2N5451 25p 
2N545] 29p 

8(:1841 
BC'8418 

19p 
79p 
28p 

8728 
8795 W 
8097 I- 

255458 29p 
265459 29p 
265460 72p 

BC 184L 
BC'96 
BUM 

39p 
43p 
19p 

81/595 
811.596 Q 
811.097 -J 

255551 37p 
265884 5 95 
265885 5.966 

9C 217 
BC 212A 
e.'.1'1B 

1 19 
79p 

811098 
6522 CC 

256171 576 
256122 596 

9C 212L 
BC2'2LA 

1 19 
1.29 

6532 
9154 o 266123 656 

206124 596 

BC 212L8 
0(.2' 3 

44p 
2 49 

8'55 
8212 

256125 656 
266126 756 

BC; '3A 
0,12130 

1 13 
99p 

2 45 

8216 W 
82248226 

206129 796 
206130 934 
256131 986 

BC 2':10 
1302'31 
BC 2' 3L1. 

39p 
39p 
39p 

Z804AR 
ZBOAD MA i 2N6'32 831 

2516133 1 14 
206134 1 3E 

9C213/ 
BC2'BLC 
BC 214 

39p 
39p 

1542510 
0042608 

256253 1 41 
2662_4 1 5( 

BC2'4B 
BC'.214(. 

99p ZN426E 8 2SC1306 956 13C2141 
44p 
690 
39p 

IN427E8 

111133331 
2SC 2078 1 7( 
2S349 3 SF. 

25050 4 5( 

BC2'.4LB 
BC 2147( 
BC23/ 

22p 
23p 

manioc 
00mÁ 

25382 4 71, 

256134 3.9E 

BC237A 
BC 237B 

44p 781.05A 29p 35K'3S AS( BC231C 
5Bp 
49p 

781.12A 29p 
750146 29p 

756226 47e. 
36128 112 

BC 230 
BC 238A 

7985 751.244 2585 3N140 1 07 BC 2388 
83p 
83p 

4 35 
1 Amp 70202 

/805T 45p 

36200 6,93 
35201 2.98 
40360 Sop 

BC3B 
BC2239C 

BC 2394 
42p 
79p 
22e 

78127 4585 
78151 45p 

7824T q5p 
40361 67 
40362 6785 
40363 2.95 

BC 2390 
6C139C 
0C 300 

2 39 Negative 40406 1 39 BC.30' 
19p 
19p 

100 mA TO92 
]9105 49p 

40407 75p 
40408 1.59 

80302 
BC 303 

1985 

19e 
/91'2 49p 
/9115 49p 

40410 1 80 
40411 395 

BC327 
BC 328 
00337 

u W t.T 
ELECTRONICS LTD saw/ . 

40 CRICKLEWOOD BROADWAY 
LONDON NW2 3ET 

01-452 0161/01-450 0995 TIx:914977 
130338 
BC 440 
BC 441 
BC480 
BC 461 
BC 518 
BC 517 
BC 546B 
BC 547 
B C 5568 
BC 547A 
BC 54713 
BC548 
BC 548A 
BC 548E1 
BC54BC 
BC 49 
BC 549B 
BC549C 
BC 550 
BC 550C 
BC 557 
BC557A 
BC 5578 
BC 558 
BC 558A 
BC 5588 
BC 558C 
BC 559 
BC 5598 
BC 559C 
BC 560 
BC 560C 
BC650 
BC 65! 
BCY70 
BCV71 
BCV 72 
BD131 
00132 
80135 
BD136 
00137 
80138 
80139 
B0140 
80237 
BD238 
B02394 
00239C 
002405 
002400 
802410 
0024tC 
B0242A 
602420 
002430 
8i1430 
BJ2444 
BC744C 
002454 
00245C 
602464 
002460 
BC 2494 
802490 
902504 
002500 
80419 
80420 
0043/ 
00430 
80439 
80440 
0044' 
80442 
80529 
00530 
B0535 
BD 536 
00537 
00536 
O 0539 
805391: 
RD540 
90S40r, 
90675 
1306/E 
90671 
008/8 
BD 71! 
637'2 
B0X 32 
BDX66R 
806618 
BOY 54 
BUY55 
80156 
00157 
00108 
131194 
B1195 
90'96 
8119/ 
80198 
8F',99 
BF200 
B0224,1 
BE 2252 
612440 
002440 
81245A 
13( 2458 
130 246 
802464 
B12468 
BF 2418 
002418 
BF254 
80255 
Elf 2564 
BF 2568 
062561 
BF25/ 
1302'18 
BF 259 
BF45/ 
50456 
0E459 
BF469 
604/0 
8E1139 
B1R40 
00941 
BFR 19 
001180 
6FR81 
BFR90 
810273 
01561 
80599 
0E029 
131030 

1 

32p 
499 
32p 
33p 
4011 
409 
15p 
139 
1sp 

14p 
12p 
13p 
14p 
15p 
13p 
14p 
15p 
15p 
25p 
15p 
l6p 
16p 
14p 
15p 
16p 
17p 
15p 
16p 
17p 
25p 
25p 
45p 
46p 
16p 
l6p 
19p 
44p 
44p 
35p 
35p 
379 
37p 
38p 
38p 
98p 
98p 
570 
64p 
59p 
73p 
61p 
67p 
65p 
7op 
72p 
135p 
82p 

1 00 
114 

1 30 
1 20 
1 50 
2.00 
231 
211 

2 46 
1.29p 

1 37 
88p 
BBp 
90p 
91p 
91p 
93p 
1.50 
170 
75p 
75p 
80p 
80p 
80p 
110 

1zÓ 
720 
770 

p 
83p 

1 32 
1 32 
347 
5 95 
5 95 
170 
1 75 
225 
525 
6 15 
120 
12p 
12p 
12p 
15p 
15p 
75p 
32p 
35p 
55p 
550 
55p 
65p 
7op 
7op 
70p 
75p 
7sp 
39p 
42p 
58p 
58p 
65p 
30p 
32p 
35p 
46p 
56p 
62p 
B6p 
86p 
25p 
25p 
25p 
259 
25p 
25p 
211 
2.95 

1 00 
110 
359 
35p 

BFY50 
86951 36p 
BEY 52 38p 
BFY53 31p 
130019 24p 
BSX20 24p 
BS%21 40p 
00104 2.22 
50105 1.70 
130108 3.95 
00109 3.29 
E10126 1.47 
80204 2.25 
BU205 1.75 
13U206 1.89 
134208 1.98 
80226 4.95 
BU 326S 2.35 
90406 1,45 
134407 1.45 
BU408 1.35 
94500 2.95 
BUV185 3.9 
E430 5.95 
3300 70p 
J310 70p 
MJ802 3.99 
MJ900 2.90 
51J907 3.10 
MJ1000 2.60 
MJ1001 3.00 
MJ7800 3.60 
MJ2500 2.19 
MJ2501 2.25 
MJ2955 1.00 
MJ3000 2.19 
MJ3001 2.25 
MJ4502 3.99 
MJ15003 4.85 
M214004 5.55 
MJ15015 2.45 
MJ15016 3.34 
MJE340 53p 
MJE350 1.50 
MJE2955 1.95 
MJE3055 1.95 
MJE2955T 99p 
MJE3055T 69p 
MPSA05 23p 
MPSA06 25p 
MPSA10 28p 
MPSA12 29p 
MPSA13 48p 
MPSA14 46p 
MPSA16 30p 
MPSA 18 65p 
MPSA20 48p 
MPS/1,42 49p 
MP5443 49p 
MPSA55 28p 
MPSA56 3Dp 
MPSA65 40p 
MPSA66 47p 
MPSA70 45p 
MPSA92 39p 
MP5A93 39p 
MP$001 46p 
MPSL51 49p 
MPSU01 B4p 
MPSUO4 1 32 
MPSU05 55p 
MPSU06 56p 
MPSUO/ 75p 
MPSU51 88p 
MPSU55 58p 
MPSUS6 59p 
MPS057 1.20 
NE5534A 1.65 
017294 29p 
TIP29C 38p 
T17304 35p 
TI730C 36p 
TIP31A 33p 
TIP31C 34p 
1IP32A 38P 
TIP32t. 42p 
11P33A 65p 
TIP33C 78p 
TIP34A 74p 
TIP34C 88p 
TIP354 1 09 
TIP35C 1 28 
TIP364 1 29 
71036C 1 39 
lIP4'A 49p 
T1741C 55p 
111424 55p 
11P42C 59p 
TI749 1 20 
11050 140 
T1P53 157 
14.54 1 59 
TIP110 749 
TIP112 
TIP115 
T17111 960 
717120 69p 
TIP '22 73p 
117125 84p 
T'P12/ 84p 
TIP'30 93p 
717132 93P 
71P'35 99p 
TtP137 99p 
TIP140 104 
710142 104 
lIP'45 115 
TIP147 1 15 

17162 4 95 
TtP2955 77p 
TIP3055 70p 
71543 50p 
TIS88A 80p 
VN10KM 60p 
V 5464 95p 
VN66AF 99p 
200107 10p 
ZTX108 lop 
ZTx109 12p 
ZT%300 13p 
2TX301 159 
ZTX302 15p 
27X303 23p 
ZTi(304 15p 
2TX310 35p 
ZTX31t 32p 
200312 35p 
29%313 36p 
ZTX314 249 
ZTX320 35p 
ZTX330 35p 
210341 211p 
ZTX450 39p 

9op 
81p 

2TX500 
2TX 501 
ZTX502 
ZTX 503 
ZTX504 
ZTX510 
ZTX530 
ZTX 531 
2TX650 

14949 

149 

249 
249 
22ó5p 

459 

DIGDES 
16134A 
15021 
15823 
10914 
15916 
104001 
104002 
164003 
104004 
104005 
154006 
104007 
154009 
104148 
104150 
104448 
105400 
105401 
105402 
105404 
155406 
155407 
155408 
105024 
1544 
86102 
BA115 
BÁ133 
BÁ138 
BA142 
BÁ155 
BÁ156 
86157 
BÁ158 
BA150 
BA182 
BÁ201 
BÁ202 
84316 
04317 
80318 
06010 
BÁ019 
BA V20 
SAX 13 
86109G 
BY126 
BY12/ 

30p 
7op 
9Op 

Be 
49 

4y,p 
5p 

5yap 
Bp 

S'Hp 
7p 

20p 
3p 

18p 
22p 
12p 
13p 
14p 
16p 
18p 
19p 
20p 
52p 
10p 
25p 
2 
40p 
30p 
20p 
15p 
38p 
25p 
30p 
32p 
40p 
'Sp 
26p 
25p 
25p 
30p 
í6p 
75p 
15p 
lop 
65p 
11P 
12p 

SCRs 
TRIACS 
DIACS 

THYRISTORS 
4. 8612 Amps 
Tesas 10220 

Sutl,, A 1005 
6 ' 200V 
C 300V 
D 400V 
M 600V 

0101060 46p 
I IC 106B 47p 

C105C 48p 
48 

i IC 1060 49p 
110106M 68p 

110"6A 66p 
T IC116B 68P 

BA 
6C 71 

0116Ú 731,1 
110116M 72pp 
TIC'26 72p 
T 10'76136 7285 

246 

1d.:'26 73p 
11C ' 260D 
T IC 126kí 9685 

TRIACS 
Texas 400V 

10720 Case 
O 1V206014A 

66o 
1IC 22517764' 

749 
TIC 22601851 

B8p 
71023611LA 

1 16 
TIC 2460.164 r 

1 22 
i IC 25301204' 

1.90 
T IC: 263C, 25A! 

211 
DISCS 

138100 29p 
ST2 29p 

any 1.c 
:pedals see m11 

CAT 
400 500m W 

E 24 Series 
24410 7p 

1 351/411 
024 Seres 
3 3 825 149 

BRIDGE 
1PIV shown 

acFel51 
1--, amp type 

W01'100' 28p 
1/V02 , 200 34p 
W041200: 38p 
WOB '800' 50p 

S9 -ne olrh orle 
551 .100, 46p 
502 i2071 50p 
SO4 :L:O 55p 
S (18,900 66p 

8 amp 1Ype 
Square with hole 
PW01 11001 9585 
PW02 12001 99p 
PW04140011.36 
PW06189011.30 

25 amp type 
Metal clad with 
hole 
60111001 2.62 
K021200/ 2.75 
K0414001 3.25 
K0616001 4.10 
BYW64 
35A 400V 4.50 

OPTO 
merry ,nc 

specials see out 
CAT 

LEO LAMPS 
R - Red 
G Green 
Y - Yellow 
Large Diffused 

1 

R5D 9p 
G5D 15p 
Y5D 15p 
Small d'Ifused 
ß3D 8P 
G3D 1285 

Y3D 12e 
Micro 0 1" 
R1M 259 
G1M 27p 
11M 27p 
L age clear 
R5C 12p 
G 5 17p Y 5 17p 

Super bright 
high SII,0,ency 

Large 1100 Irmes 
bngh lerl 

R5U 38p 
G56 42p 
Y5U 42p 

Rectangular 
Steckable LEDs 
950 17p 
G5ß 18p 
Y5R 19p 

AY1 5050 95p 
413 8910 3.99 
AY38912 495 
CA3048 2.15 
CA3059 2.80 
CA3090A0 3 70 
CA3130E 87p 
CA3130T 2.35 
043140E 39p 
CA31401 1 40 
II41366W 2.40 
HA 368 2.54 
CL7106 7.50 
CL710/ 9 50 
CI 761' 97p 
CL8038 2 99 
CM1555 80p 
CM/556 1 50 

LC7120 320 
LC/130 340 
LC/137 3.95 
0347 150 
0E351 47p 
11353 92p 
15355 83p 
1F356 1.25 
11357 1 30 

0.F398 
462 

M336( 1 e0 
LM348N 62p 
1M349N 1 09 
LM350K 4.60 
LM3)95 550 

M3805 '4 110 
1013801716 1 50 
I M38155 2 26 
0513815 140 
1513820 1 12 
1 M3831 3.40 
LM3B4N 140 
LM386 88p 
0M388N 2.43 
0M3915160 2 10 
LM391 N80 2.40 
LM723CH 95p 
LM723CN 35p 
LM725CH 340 
LM/251N 3.19 
151741CH 96p 
LM/41CN 229 
010741C 014809 
LM/47CN 69p 
LM748CH 100 
LM748CN 35p 
1511811 3.25 
LM1872 439 
LM181/ 595 
LM1B86 744 
LM1889 377 
1012907N 2.76 
510290719B 2 60 
1M2917N 240 
LM291 708 2 40 
LM3900 48p 

LM3914 
M3915 

14113600 
01610 
5E5316 
065430 
NE544N 
NE555 
NE 556 
NE558 
NE560 
NE 565 
NE566 
5E567 
NE570 
NE511 
NE5534A 
RC4194 
004195 
RC455R 

3.25 
3 25 
1.15 
3.50 
1.36 
2 50 
1.95 
22P 
65p 

1 89 
3 25 
1 18 
1.49 
1 37 
4 07 
3 99 
145 
395 
2.95 
4oP 

51490 
5178003 
6675013 

0 
5N7803376023 

TA 7204 
TA 7205 1.20 100 +' 200 2.80 
TA7222 1.78 203 114 2.90 
047227 5,82 233 220 5.90 
756500 2.57 Developer for 
TBA5000 3.11 abovoldunot 
7BÁ510 2.96 use Sodium 
TBA5100 3.06 Hydroeldel 
TEA 2.57 500m1 2.95 
TIÁ5200 2.75 
TIM 530 2.56 
T8Á5300 2.78 
TBA540 2.72 
TBA5400 2.74 
TBA550 3.26 wire 
TBA5500 3.27 MAINS/WEAKER 

2.37 Twin Amp lop 
TBA570 2.37 Twm2h Amp 
T8A5700 2.48 1885 

T0Á 1002 3.39 3 Core 2'4 Amp 
T0Á1003 3.94 
TOA 1004 P.0 A. 3 Core 6 Amp 

1Bp 

TDA1005 3.91 31p 
TDA101OA2.5 3 Core 13Amp 
TDA1022 4,995 5385 
1042002 3.25 SCREENED 
7DÁ2003 3.25 Single 140 
7 27p 
7DÁ20300462020 2.302.99 

Stereo 
Mmr Single 12p 

704261162.50 Mini Stereo 1585 

71 
726067000 3406.45 

Op 
46 á Core 4 Screens 

4485 
TL062 gap 4Cole, Single 
TL 064 1 35 Screen 54p 
7E071 34p 800,, Blp 
11072 45p 12Core 5085 
70074 1.35 Heavy Duly 
TL081 34p Mrke/Gu'tar 
TL082 4fip Lead 25p 
TL084 1.20 AERIAL 
U66170 2.49 500 RG58A 25p 
UAA180 2.49 750 UHF 29p 
ULN2003 75p 75004 28p 
UPC575C2 2.00 30011F/et 14p 
UPC 1156 2.75 RAINBOW 
UPC 1156H 2.75 RIBBON 
UPC1182 3.75 Pncesper loot 
UPC1185 1.95 Sway 25p 
UPC2002 2.95 10 way 25p 
7192206 3.95 16 way 39p 
ZN409 2.25 20 way 4B0 
25414 1.00 24 way 62p 
261034 1.99 30 Way 75p 

av 
4032 

w 
way 8898285 

64 way 1 49 

W 1121 

3.47 100 x 160 2.10 
2.86 100 o 220 2.50 
2.55 203 X 114 2.40 
2.06 233 x 220 6.20 
2.95 Double Sided 
1.99 100x 150 2.20 

TRANS 
FORMERS 

All 240V Pomar 
6106V,9095 
12012V. 
15015V Top 85001,10 
100m4 9585 Don't throw 
lA 265 these better0es 
20020. away they 
0.1256 2.65 charge up to 
120120 1000 times' 
5000 5.25 1-102024HI 2.39 
110120 HP2144H1 4.75 
1000A 9.50 HP71',/A11I 99p 
0.6. 6 . 9.9 HP1111 24E112.29 
1.25A 425 PP3i1I0mAH1 
These goods are 495 
neavysend eiira Chargers 

acre We will TYPES- 
credit any Adlust 1 

Of le rente any HP lope 
Asso, £15.59 
TYPE M 

O1"COPPER Asabosebut 
RACKS taster Cha ge for 

2 5 . 3 / 8385 00 £2595 
22; 5 5 99p TYPE P 

3 75 3 15 99p '93 L5,50 
315 S 114 IOWA: 

432 

.1717 
2959 9e71UplO4ala 377 3 
4.9.8 

/101.1 £5.85 
7.795.. 3 

00 Bows 1 92 
0'85 Board 3 90 ANTED SOLD' 
Traps Cutte' 1.48 ERINGIRONS 
Por lnserinr 1.79 V240115W1 5,20 
IOOP'ns 5585 05240125WI 
Verobloc 3.99 

Per' 
Vero Wirpool Iron 8541:780..157445 

eStand 
15. 7540 

S 
Spare Spool 7585 151st. iron/ 2.05 

°"11111111M1 
in 

No 2 14ma&illla85p 
No 3101ed 1 85e 

FERRIC 
No 61Micro/85P 

CHLORIDE 
IS256Ins 

Quick dissolving 
No 5015ma1'1 

F sough 10 maFe 
85p 

r 1Ire 169 No 51 She 

n ETCH RESIST 
So 
SOLDER 

BSp 

TRANSFERS 85w 
1252 

95 
I Th1nllnes 22lwg 310 

2 Tlno k finds 
3 Ono bends 

4 ín106 bends 
OIL pads O' 

0rs 

6 Transistor 
25 W.y Solder pads Male 1.60 

7 Dors i boles Female 29 
B Oti- edge PCB Wire Wrep actors Male 1.60 
9 M :lure Female 2.09 

A nysheel0l Covers 1.00 
boD 3585 PlRrad.Guys CRADE ONE elk. Red. Grn GLASS PCB WI or yell 15p SINGLESIOEO LmeSkts 1.20 175 240mm Chas Skl 1 20p 15085 

Dual 420. 195m1 Osed 4085 

30p 

1.9 

PRICES PER 
METRE 

Solid connecting 

VERO 

RECHARGE 
BATTERIES 

SOLDER 

PLUGS K 

SOCKETS 

420 245mm 
2 9 24prn 4 35 DALO ETCH 29p,.., 

RESIST PEN 0 
en P í11T o1n 

PHOTO 
SENSITIVE PCB 70001E IMINII 

Class E poly SPOT 590 
Glass For nettes SPOT 590 
results thanEu DPDT 999 

UV 
Ekpºse DPDT OFF 95 

tºUV 4707 2.95 

5.00 
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS: 

See Hear 

For reasons best known to 
themselves, Pioneer have de- 

cided that it is not enough for 
loudspeakers just to occupy 
space and annoy the neighbours. 
They want them to do useful 
things too. Why else would they 
attach a section of bathmat to 
front of their Decor 'speakers and 

advertise them as bulletin 
boards? 

Pioneer claim that the new 
loudspeakers are practical and 
attractive home accessories. They 
are available with either a cork 
facia for use as bulletin boards or 
with a glass panel behind which 
photos, etc, can be mounted. 
There is a lot in the press release 
about changing attitudes to home 
entertainment and narrowing the 
gap between home accessories 

and home entertainment, but pre- 
cious little about how the new 
units perform as loudspeakers. 
All we are told is that they have a 

140mm woofer, a 66 mm cone 
tweeter and can handle 60 watts 
music power. They cost £159.90 
and should be in the shops by the 
time this issue appears. 

Also new from Pioneerisa mod- 
ular loudspeaker system called 
Adlib. Each 'speaker consists of 
three separate units which can be 
stacked on top of one another, 
side by side, or dispersed around 
the room to your taste. One unit 
contains a 66 mm tweeter and a 

100 mm mid -range unit while the 
other two boxes contain rec- 
tangular, flat -diaphragm bass 
drivers. The crossover is con- 
tained in one of the two bass 
cabinets and further wiring car- 
ries the signal from it to the other 
two units. The cases come in a 

choice of silver or black finish and 
have an alternately raised and 
recessed surface pattern which is 

both decorative and allows them 
to interlock when stacked. The S- 

7MS (silver) and S-7MB (black) 
cost £289.90 and again, should 
be in the shops by the time this 
issue appears. 

EHT Insulated 
Tools 

Toolrange have introduced a 
small range of handtools with 

double sheathing which provide 
electrical insulation up to 10,000 
volts. The double sheath is bon- 
ded to the tool so that it cannot be 
removed in normal use, and the 
insulation and bonding proper- 
ties remain constant over the tem- 
perature range -20 C to +60 C. 
Toolrange do not specify the tools 
available with this insulation and 
they point out that the range is 
limited, but they also say that vir- 
tually any tool can be double 
sheathed if required, presumably 
to special order. The 10,000 volt 
insulated tools are described in 
the 1983/84 Toolrange cata- 
logue, along with over 3,000 
other tools and production aids. 
Toolrange Ltd, Upton Road, 
Reading, Berkshire RG3 
4JA, tel 0734-22245. 

Gallium 
Arsenide ICs 

Harris Microwave Semicon- 
ductor claim to have pro- 

duced the world's first commer- 
cially available digital integrated 
circuits based on gallium arsen- 
ide (GaAs) technology. They will 
operate at up to five times the pro- 
cessing speed of the fastest 
silicon -based integrated circuits 
available today. 

The new products are the first 
of a comprehensive family of 
GaAs integrated circuits being 
developed by Harris. They claim 
that the speed limitations of 
silicon in high -frequency com- 
munications equipment and very - 
high -speed computer systems 
are now being reached, and that 

the availability of GaAs -based 
equivalents opens up important 
new performance horizons. 

Harris produces GaAs crystal 
material in-house to ensure the 
control of quality and technical 
performance. The company re- 
cently brought on-line the world's 
largest high -purity gallium arsen- 
ide ingot -growing capacity, 
which is producing single -crystal 
GaAs ingots up to five inches in 
diameter and 10 kgm in weight. 

The first two devices in Harris' 
new family of GaAs digital inte- 
grated circuits are the HMD- 
11141-1, a four -bit universal shift 
register, and the HMD-11016-1, a 

divide -by 2/4/8 binary counter. A 
key design principle of this new 
Harris family is that all circuits are 
compatible in their signal levels, 
not only within the family but with 
the fastest available ECL silicon 

devices. This will allow access to 
slower speed circuitry for the less 
speed -critical portions of a sys- 
tem's processing task. 

The GaAs shift register per- 
forms the standard operations of 
shift left, shift right, parallel out- 
puts and hold, accepting either 
serial or parallel inputs. It oper- 
ates with clock inputs of 1.4 GHz 
typical, and 1.0 GHz minimum. 
Silicon -based ECL products with 
similar functions operate at under 
500 MHz. The GaAs binary coun- 
ter provides simultaneous syn- 
chronous outpus at 1/2, 1/4 and 
1/8 the data rate input, working 
with clock speeds of 2.2 GHz 
typical. 

For further information contact 
Ralph Kaplan, Harris-MHS 
Semiconductor, 153 Farnham 
Road, Slough, Berkshire SL1 4XD, 
tel 0753 34666. 

The South Warwickshire Col- 
lege of Further Education is run- 
ning a series of adult summer 
school courses from the 23rd to 
the 27th of April, including one 
entitled 'Hobby Electronics'. The 
course assumes no previous 
knowledge but promises ad- 
vanced projects for the more 
adventurous, materials and tools 
provided, and the cost is £75. 
Details from Graham Winton, 
South Warwickshire College of 
Further Education, The Willows 
North, Alcester Road, Stratford- 
upon-Avon CV37 9QR, tel 0789- 
66245. 

Business Information com- 
pany Dun and Bradstreet Ltd tell 
us that 189 electrical companies 
went into liquidation in the first 
quarter of this year, four more 
than in the previous quarter but 
4% less than in the same quarter 
last year. There were 28 bank- 
ruptcies among firms, partner- 
ships and individuals in the 
industry, 1 less than in the pre- 
vious quarter but 9 more than in 
the same quarter last year. 

The University of Strathclyde 
are running a four -day course 

entitled "The Principles of Opti- 
cal Systems" from the 19th to the 
22nd June this year. The course is 

aimed at technical managers, 
engineers and recent graduates 
who plan to carry out research in 
this field, and the cost will be 
£445 less £50 for those who do 
not wish to take part in the 
laboratory work. Details from 
Katrina Flack, Department of 
Electronic & Electrical Engineer- 
ing, University of Strathclyde, 
Royal College building, 204 
George Street, Glasgow G1 1 XW, 
tel 041-552 4400 extension e 
2543. 
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OMPUTER WAREHOUSE 
t. 

1000's OF 

FOR 

THE ALADDIN'S CAVE OP COMPUTER AND ELECTRONIC EQUIPMENT 

HARD DISK DRIVES 
Fully refurbished DIABLO/ORE series 30 2.5 Mb disk drives 
DEC RKO5, NOVA, TEXAS 

Front load. Free stand or rack mount E550.00 
Exchangeable type (via lid removal) E295.00 
me3029 PSU unit for 2 drives E123.00 

HOT LINE DATA BASE 

ISTE 
THE ORIGINAL FREE OF CHARGE dial up data base 

DIABLO/DRE 44.4000A/B 5+5 ex stock from E995.00 1000's of stock items and one off bargains. 
1000's of spares for S30, 4000, 3200, HAWK ex stock. ON LINE NOW- 300 baud, full duplex CCITT tones. 8 bit 

n. 
Plus in house repair, refurbishing service. word, no parity. 01-679 1888 

EX STOCK 

Call 

fINTEGRAor 

details n CIRCÚITs MAINS FI L TERS 
D8085AH-2 D8086 D8257-5 
D8202 D8271 AM2764-3DC 
74LS86 74LS112 74LS373 
7407 2102-6 4116-3 

Cure those unnerving hang ups and data glitches caused 
by mains interference. 
SD5AAs recommended byZXB1 newsletter matchbox 
size up to 1000 watt load £5.95 

compact completelyeased 
3 pin 

fitted 
CALL SALES OFFICE FOR PRICES Al& 

L,nek 
to 750 watts Up E9.99 

COMPUTER 'CAB 
All in one quality computer 
cabinet with integral switched 
mode PSU, Mains filtering, and twin fan cooling. 
Originally made for the famous DEC PDPB 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 -1 5v 

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 
240e 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. £19.95. Carriage & insurance £9.50. 

SUPER PRINTER SC001)1940E0 MOM 
with our range of BRAND NEW professional ,250 5 CASED Superb little unit made by 

ETRI 99XU01 Dim. 92 x 92 x 25 mm. 
Miniature 240 v equipment fan complete with 
finger guard £9.95. 
GOULD JB-3AR Dim. 3" x 3" x 2.5" compact 
very quiet running 240 v operation. NEW £8.95 
BUHLER 69.11.22. 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" x1.25" 
fan supplied tested EX EQUIPMENT 240 vat 
£6.25 or 110 v at £4.95 or BRAND NEW 240 v 

at £10.50. 1000's of other fans Ex Stock. 
Call for Details Post & Packing on all fans £1.6 

COOLING FANS T SAVE' 
Keep your hot parts COOL and RELIABLE 

lin fans % HITACHI in ergonimcally designed free 

small but readable 13 columns wide! 12v D 

800 ma,so ideal for mobile use. 
Supplied in AS NEW condition complete with 
data. Composite 75 ohm vid inp. Black & White 
CRT E45.00 or Green CRT E55.00 
Carr & Ins £5.00. 
12" CASED. Made by the British KGM Co. 
Designed for continuous use as a data 
display station, unit is totally housed in an 
attractive brushed aluminium case with ON- 
OFF, BRIGHTNESS and CONTRAST 
controls mounted to one side. Much 
attention was given to construction and 
reliability of this unit with features such as, 
internal transformer isolated regulated DC 
supply, all components mounted on two 
fibre glass PCB boards - which hinge out for 
ease of service, many internal controls for 
linearity etc. The monitor accepts standard 
75 ohm composite video signal via S0239 
socket on rear panel. Bandwidth of the unit 
is estimated around 20 Mhz and will display 
most high del graphics and 1 32 x 24 lines. 
Units are secondhand and may have screen 
burns. However where burns exist they are 
only apparent when monitor is switched off. 
Although unguaranteed all monitors are 
tested prior to despatch. Dimensions 
approx. 14" high x 14" wide by 11" deep. 
Supplied complete with circuit. 240 volt AC 
operation. ONLY E45.00 PLUS E9.50 CARR. 

24" CASED. Again made by the KGM Co 
with a similar spec as the 12" monitor. 
Originally used for large screen data 
display. Very compact unit in lightweight 
alloy case dim. 19" H x 17" D x 22" W. All 
silicon electronics and composite video 
input make an ideal unit for schools, clubs. 
shops etc. Supplied in a used but working 
condition. 

ONLY £55.00 PLUS £9.50 CARR 6 INS. 

EPROM COPIERS 

11- BRAN N CENT BUNKS 739 

standing case. ery high definition will display 

N8The "Do Everything Printer" at a price that will opP @ 

2 C 

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 

HIGH DEFINITION internal PROPORTIONAL SPACED 
MODE for WORD PROCESSOR applications. 80-132 

columns, single sheet, sprocket or roll paper handling plus 
much more. Available ONLY from DISPLAY ELECTRONICS 

at the ridiculous price of ONLYE/99.00 + 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 

£3.00 each. BBC graphics screen dump utility program £8.50. ,0 Carriage and Ins. £ 10.00 + VAT 

J 

4\ 

The amazing SOFTY 2. The 'Complete Toolkit' 
for writing, copying, modifying, and listing 
EPROMS of the 2516, 2716, 2532, 2732 
range. Many other functions include integral 
keyboard, cassette interface, serial and parallel 
data i/o, UHF modulator. 
ONLY £169.00 + PP £2.50 
NEW `GANG OF EIGHT intelligent Z80 
controlled gang bang programmer for ALL 
single 5V rail EPROMS. Copies up to 8,27128 
in typ. ONLY 2 MINUTES!! Internal LCD 
display and checking routines for IDIOT 
PROOF operation. ONLY £395.00 + PP £3.00 
Data sheets on request. 

COLOUR MONITORS 
NOVEX NC -1414 -CL. Fully cased brand new 
14" colour monitor. Many exacting features 
such as RGB TTL and PAL composite video 
inputs, Internal speaker and audio amp, 
"GREEN TEXT' switch for high def text 
applications and matching BBC colour 
scheme make this monitor ideal for the most 
exacting user. Brand new and Fully Guaranteed 
only £199.00 + £10.00 carr. 

GE TERMIPRINTER 
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 QWERTY, 
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 interlace, internal vertical and 
horizontal tab settings, standard ribbon 
adjustable baud rates quiet operation plus 
many other features. Supplied complete 
with manual. Guaranteed working Et 30.00 or 
untested EJ5.00, optional floor stand £12 50 
Carr & Ins £10.00. 

ASR33 *\ 
I/O TERMINALS vital 

FROM £195 + CAR. + VAT 
Fully fledged industry standard ASR33 data 
terminal. Many features including ASCII 
keyboard and printer for data I/O auto data 
detect circuitry. RS232 serial interface. 110 
baud, 8 bit paper tape punch and reader for 
off line data preparation and ridiculously 
cheap and reliable data storage. Supplied in 

good condition and in working order 
Options: Floor standE 12.50 +VAT 
KSR33 with 20ma loop interface£125.00+ 

Sound proof enclosureS25.00 + VAT 

PROFESSIONAL KEYBOARD OFFER 
An advantageous purchase of brand new surplus allows a great QWERTY, full travel, 
chassis keyboard offer at fractions of their onginal costs. 
ALPHAMERIC 7204/80 full ASCII 60 key, upper, lower + control key, parallel TTL 
output plus strobe. Dim 12" x 6" +5 & -12 DC. E39.50. 
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"£24.95 Carriage on keyboards £3.00. 

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 2B "Hackers Special" fully fledged 
up to 300 baud full duplex, ANSWER or CALL 
modes. AUTO ANSWER. Data i/o via 
standard RS232 25 way 'D' socket. Just 2 wire 
connection to comms line. Ideal networks etc. 
Complete with data, tested, ready to run at a 
NEW SUPER LOW PRICE of OWLYE95.00+ 
VAT + Carr. 
MODEM 20-1 Compact unit for use with 
MICRONET. PRESTEL or TELECOM GOLD 
etc 2 wore rarest connect /5 baud transmit 
1200 bauc receive Data io via RS232 D' 
socket Guaranteed working with data E49.95 
MODEM 20-2 same as 20-1 but 75 baud 
receive 1200 baud transmit £130.00 
TRANSDATA 307A 300 baud acoustic 
coupler RS232 i/o £95.00 

NEW DSL2123 Multi Standard modem 
selectable V21 300-300 bps, V23 75-1200, 
V23 1200-75 full duplex. Or 1200-1200 half 
duplex modes. Full auto answer via modem or 
CPU. LED status indicators. CALL or ANS 
modes Switchable CCITT or BELL 103 & 
202. Housed in ABS case size only 2.5" x 8.5" 
x 9". £286.00 + VAT 
For further data or details on other EX STOCK 
modems contact sales office. 

Carnage on all modems £ 10.00 + VAT. 
A 

Y l'1- i ril 11 11 --_ 32 Biggin Way, Upper Norwood, London SE19 3XF 
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SUPER DEAL? NO - SUPER STEAL!! 
The FABULOUS 25CPS TEC Starwriter 

RANDOM At ONLY £4- + VAT- 7/ 
Made to the very highest 
spec the TEC Starwriter 
FP1500-25 features a 
heavy duty die cast 
chassis and DIABLO type 
print mechanism giving 
superb registration and 
print quality. Micro- 
processor electronics offeE 
crmall nd computability y a fraction of its origi Wandnal, full control via CPM Wordstar etc. Cost 
'Many other features include bi directional 
printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upto 
163 characters per line, friction feed rollers for single sheet or continuous paper. 
internal butter, standard RS232 serial interface with handshake 
Supplied absolutly BRAND NEW with 90 day guarantee and FREE daisy wheel 
and dust cover. Order NOW or contact sales office for more information. 

¡Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tractor feed 
1£140.00 Spare daisy wheel £3.00. Carriage & Ins (UK Mainland) £10.00. 

66% DISCOUNT 
ELECTRONIC 
COMPONENTS 
EQUIPMENT 

Due to our massive bulk purchasing programme which enables us to bring you the best possible 
bargains, we have thousands of C s Transistors, Relays, Caps. P B. s, Subassemblies, 
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 Dt he worth 
at least 3 mires what you pay_ Unbeatable valuer Sold by weight 

2.5kIs £4.25 + pp £1.25 5kIs £5.90 + £1.80 
10kis £10.25 + pp £2.25 20 kls £17.50 + £4.75 

PRICES PLUS VAT 

SEMICONDUCTOR 
'GRAB BAGS, 

Mixed Semis amazing value contents 
include transistors, digital, linear, I.C.'s triacs, 
diodes, bridge recs., etc. etc. All devices 
guaranteed brand new full spec. with manu- 
facturer's markings, fully guaranteed, 
50+E2.95 100+E5.15. 
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+46.90 200+ E12.30 300+ E19.50 

DEC CORNER 
MOSTEK CRT 80E Brand new dual 
eurocard, Z80 based VT100 PLUS 
emulator with graphics etc E499.00 
BA11-MB 3.5" Box, PSU, LTC £383.00 
DLV11-J 4 x EIA interface E3/0.00 
RK05-J 2.5 Mb disk drives E650.00 
PDP1105 Cpu, Ram, i/o, etc. E430.00 
RT11 ver. 3B doc kit E70.00 
LA38 Decwriter EIA or 20 ma E270.00 
KLBJA PDP 8 async i/o E/73.00 
MISE PDP 8 Bootstrap option E75.00 
DILOG DQ100 RK05 LSI 4 x RK05 disk 
controller E450.00 
MSC4804 (Equiv MSV11-L) 256k bytes 
ram card E499.00 
LAX34-AL LA34 tractor feed E13.00 
1000's of EX STOCK spares for DEC 
PDP8 PDP11 PDP15 & periperhals. 
Call for details. All types of Computer 
equipment and spares wanted for prompt 

CASH PAYMENT 

All pricesquoted arefor U.K Mainland paidcash with order in Pounds StirlingPLUSVAT. MinimumordervalueS2.00, MinimumCredit 
Card orderE /0.00. Minimum BONA FIDE account orders from Government depts., Schools, U niversities and established companies 
£20.00 Where post and packing not indicated please ADD £1.00. + VAT Warehouse open Mon -Fri 9.30- 5.30. Sat. 10.15- 5.30. 
We reserve the right to change prices and.specifications without notice. Trade, Bulk and Export enquiries welcome. 
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Induction 
Cooking 

raditional methods of cook - 
1 ing involve either an elec- 

trically heated 'hotplate' or a gas 
ring upon which the vessel con- 
taining the food to be heated is 
placed. A more recent innovation 
is the microwave cooker, in which 
there is no heated surface or area 
and heating takes place only in the 
food itself as a result of molecular 
vibrations set up by microwave 
activity. A third method, induc- 
tion heating of the cooking pan, is 
shortly due to joint the existing 
methods and promises to com- 
bine many of their individual 
advantages. 

Inductive heating of metallic 

surfaces has been used in some 
industries for over fifty years, but 
it is only now that the supporting 
technology exists to allow its use 
in the home. The principle is quite 
simple: the cooking pan is placed 
on an electrically and magnetic- 
ally non-conductive plate under- 
neath which is an induction coil. 
The coil generates an elec- 
tromagnetic field in the base of 
the pan, thus causing it to heat up. 
There are a number of distinct 
advantages in this approach. The 
'hotplate' itself remains virtually 
cold, receiving heat only by con- 
duction from the bottom of the 
pan, and thus poses no danger of 
burning. Similarly, liquids spilled 
from the pan during cooking will 
not burn on contact with the 
cooking surface. The cooking 
time is considerably reduced 

compared with traditional hot- 
plates, and since there is no heat 
accumulation in the hotplate 
itself and the induction energy 
can be precisely controlled, the 
cooking process can be regulated 
quickly and easily. A pan of milk 
which is on the verge of boiling 
can be saved from boiling over by 
switching off at the right 
moment. 

Several manufacturers already 
have induction cookers in thier 
catalogues, but the cost is fairly 
high and this is probably why they 
are not selling in large quantities. 
With this in mind, AEG-Tele- 
funken have developed a twin - 
hotplate table top induction 
cooker which they hope to have 
ready for volume production in a 

couple of years time and which 
should sell for rather less than 
currently available models. The 
AEG-Telefunken design will use 
an induction coil in a parallel 
tuned circuit fed at a constant fre- 
quency by an inverter, the current 
being controlled to provide regu- 
lation of the energy output. Most 
of the existing designs use a series 
tuned circuit and regulate power 
by adjusting the inverter frequen- 
cy, an approach which leads to 
losses when the tuned circuit is 
not at resonance and which pro- 
vides a limited range of control 
since the frequency range is limi- 
ted by the switching properties of 
the semiconductors at the top 

end and the onset of audibility at 

the bottom end. AEG say the 
optimum frequency for use with 
thin sheet steel pans is 10kHz but 
they use a frequencyabove25kHz 
which is beyond the audible range 
for both humans and domestic 
animals. They extend the range of 
control available by pulsing the 
supply to the coil when very low 
outputs are required and claim 
infinitely variable control down to 
about 2% of maximum output. The 
two hotplates in the cooker have 
maximum power consumptions 
of 1500W and 2000W and AEG 
claim that around 75% of the 
energy taken from the mains 
actually reaches the food being 
cooked, compared with about 
60% for a ceramic hotplate and 
58% for an iron hotplate. 

The induction method is suit- 
able for cooking, frying, heating - 
up and thawing, and combines 
some of the advantages of speed 
and electrical efficiency found in 
microwave cookers with the ver- 
satility and constant access dur- 
ing cooking enjoyed with con- 
ventional hotplates. AEG say that 
there are still a few problems to be 
overcome and that more develop- 
ment is needed, but now that the 
major problems such as radio 
interference have largely been 
overcome, it should not be too 
long before the benefits of this 
method of cooking can be made 
more widely available. 

Miniature 
Solid -State 
Relays 

Norbain Electro -Optics Ltd 
have launched a completely 

new range of Switch -DIP minia- 
ture solid state relays. Manufac- 
tured by MSI, the range consists 
of three DC and seven AC types 
covering a number of voltage and 
current options with opto or 
transformer isolation and syn- 
chronous or zero voltage switch- 
ing. 

Housed in standard 14 and 16 
pin sealed ceramic DI L packages, 
the devices employ thick film hy- 
brid techniques to achieve a high 
power handling capability. Head- 
ing the range is the E24E-2H 16 
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pin package which has a 1A RMS 
rating and input -to -output isola- 
tion of 400V RMS. The device 
switches at the zero voltage point 
of the AC wave form, requires an 
input signal of8mAat5 V and has a 

peak voltage rating on the output 
switch of 600V. Anti -parallel 
SCRs in the power switch ensure 
enhanced DV/DT surge current 
and thermal characteristics. 

Other devices in the range 
include the E40-1 capable of 
switching AC and DC currents to 
± 80mA at ± 60V, the E41 -2H 
rated at 1A RMS AC with a triac 
output rated at 600V, the E43-1 
designed for DC switching a 

current of 500mA at 60V and E43- 
2 designed for 200mA current 
switching at 250VDC Nor - 
bain Electro -optics Limited, 
Norbain House, Boulton Road, 
Reading, Berkshire RG2 
OLT, tel: 0734 864411. 

Triac With 
Integral Firing 
Circuit 

United Automation have pro- 
duced an 18mm x 16mm hy- 

brid thick film which contains a 

240VAC 6, 10 or 15 amp glass 
passivated triac together with a 

complete firing circuit integrated 
within a 3 terminal isolated pac- 
kage. A family of derivatives 
include a control pentiometer 
(open or enclosed) allowing 
single hole fixing and 2 wire con- 
nection, and extension to 35 Amps 
with 300 Amp surge capacity. 
Larger units up to 300 Amps with 
surge ratings to 3,000 Amps are 
also available to order. 

Applications include control of 
heaters, ovens, furnaces, large 
lamp loads and many AC motors, 
giving potential energy savings 
and wide control ability to almost 
any function or process that is 

electrically powered. UA claim 
the cost of the device is lower than 
that of an equivalent triac and dis- 
crete firing circuit. Contact 
United Automation Sales/Pub- 
licity Dept, 17 King Street, Knuts - 
ford, Cheshire WA16 6DW, tel 
056554863. 

The British Amateur Elec- 
tronics Club have issued their 
April Newsletter which contains 
the usual range of features and 
articles plus details of the 
Amateur Electronics Exhibition 
which takes place in Penarth, 
South Glamorgan in July. Details 
from C. Bogod, "Dickens", 26 
Forest Road, Penarth, South 
Glamorgan CF6 2DP. 

Axiom Electronics Ltd have 
published a quick reference guide 
and price list covering their range 
of components, tools and instru- 
ments. The guide has almost 200 
pages, lists more than 10,000 pro- 
duct lines and is available free 
from Axiom at Turnpike Road, 
Cressex Industrial Estate, High 
Wycombe, Buckinghamshire 
H P12 3 N R, tel 0494 - 442181. 



pantechnic 

THE ULTIMATE PR EAM P 
HAS TONE CONTROLS 

OK, so your system is perfect. Cartridge and loudspeakers 
are perfectly integrated with the room acoustics. Tone 
controls are an irrelevancy, and anyway just having them 
worsens the noise and distortion of the system. 
But..., what if after tiring of your direct cut audiophile discs 
you choose to listen to one of those less than ideal record- 
ings where the middle positively snarls at you. Or..., you're 
having a party and all those extra bodies just soak up the top 
and the speakers, pushed back against the wall, boom 
away. 
What if there were tone controls that were essentially quiet 
and imperceptible in operation and could be switched, in- 
dividually out of circuit when not required. What if they were 
part of a stereo preamp board that has the lowest noise and 
distortion figures you could buy, superb overload capability 
due to its active/passive gain control, tape monitor facilities 
and on board PSU. 
The PAN30 with the new topology tone control circuit could 
change the facias of hifi. 
PAN30 Stereo preamp board - £43.25 
PFA 250 Assembly 
Mono power amp and 10,000 uF storage capacitors pre - 
wired and mounted on a gold chromate heatsink (67mm x 
250mm). 200 Watts into 8 ohms, 300 Watts into4 ohms, plus 
headroom. Powerful and very, very clean. - £58.75 
Full info. on receipt of a large SAE. OEM enquiries, contact 
Phil Rimmer on 01-361 8716. 

THE POWERFET SPECIALISTS 

pantechnic 
Dept ETI/5, 132 High Road, New Southgate 

London N11 1 PG 
Tel: 01-361 8715/6 

SPEECH KIT £17.95 
SYNTHESIZER 

BUILT £19.95 

* Suitable for SPECTRUM and ZX81 
* Easy to use and program with full documentation supplied 
* Allophone system gives unlimited vocuabulary 
* Volume control for internal speaker 

Talking clock program on cassette (Spectrum only) 
has many spoken alarm calls £2.50 

JOYSTICK 
INTERFACE 
* Used with Kempston compatible software for Spectrum 

KIT £7.95 
BUILT £9.95 

* Uses any Atari type compatible joystick controller 
These kits are suitable for beginners in both electronics and 
computing. They contain detailed instructions and ALL parts 
including drilled case. A small soldering iron & wire cutters 
are all that's required. No extra leads or power supply are 
needed. 

SP0256 Speech Synthesizer IC available separately at 
£8.00 

Send Cheque or P.O. to: 

BELVEDERE ELECTRONICS 
15 Belvedere Mount, Leeds LS11 7ED 

Tel: (0532) 707600 
All Prices Include VAT But Please Add £1.00 For P& P. 

COMING SOON: 16 channel I/O for controlling Robots, 
FOR SPECTRUM: Motors, Lights etc. 

8 bit DAC/ADC with 8 multiplexed inputs. 
2716/2732 EPROM programmer and 
ROM board. 

Component 

FILE 
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.A.T.): 
6 drawer cabinet with lock and handle 
4 drawer cabinet with lock and handle 
Single drawer. 

£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 1BN. 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. 
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Night Light 
s we pointed out in our Auto- 
maticA Light Switch project 

last month, a simple way of deter- 
ring would-be burglars when the 
house is empty is to arrange for 
the lights to come on at dusk, thus 
giving the impression that some- 
one is at home. Our project allows 
you to do just that. CSR Inter- 
national have now introduced a 

similar device, and if it isn't quite 
as sophisticated as our design it is 

certainly a lot easier to fit. 
The TSAS Auto Socket is a light 

activated switch built into a small 
moulded housing which has a 

bayonet plug on one side and a 

bayonet socket on the other. The 
bayonet plug is inserted into a 

standard lamp socket, a light bulb 
of up to 60 watts is placed in the 
socket on the other side of the 
device, the supply is switched on 
and the Auto Socket then does the 
rest. A Cd -S cell senses the 
ambient light level, switching the 
bulb on when it gets dark and off 
again when it gets light. Just how 
they avoid the problem of re- 
flected light from the bulb getting 
back to the Cd -S cell is not made 
clear, but we suspect this may be 
why they recommend a 60 watt 
bulb when the unit appears to 
have a rating of 100 watts (see 
illustration). The manufacturers 
say the case is fully weather - 
protected and that the device can 
be used with both indoor and out- 
door light fittings. 

CSR International are promot- 
ing the Auto Socket as a burglar 
deterrent, but an obvious draw- 
back is that it will leave the lights 
on all night, perhaps attracting 
more attention than if the house 
were left in darkness. The design 
we published last month switch- 
ed the lights on at dusk but off 
again four hours later, thus avoid- 
ing the problem. The Auto Socket 
would seem to be better suited for 
use with porch or path lights or 
any other light that you actually 
want to leave on all night. It costs 
£15.00 inclusive and is available 
by mail order from CSR Inter- 
national, Suite 26, Fourth Floor, 
Morley House, 320 Regent 
Street, London W1 R 5AF, tel 01- 
636 8444. 

MOS-FET 
Amplifier 
Modules 

ollowing on from their 
F 

suc- 
cessful 100 watt bipolar 

power amplifier module, B.K. 
Electronics have introduced three 
new MOS-FET models. The OMP/ 
MF 100, OMP/MF200 and OMP/ 
MF300 have power ratings of 100, 
200 and 300 watts RMS respec- 
tively, come complete with power 
supply and feature an optional 
eleven segment LED VU meter. 

The modules are completely 
self-contained, having a toroidal 
transformer, smoothing capaci- 
tors and heatsink all built onto 
the aluminium chassis. Specifica- 
tions include a typical TH D figure 
of 0.001% rising to 0.002% at full 
output, a signal-to-noise ratio of 
125 dB and a slew rate of 45 V/us. 
The output impedance is 4 ohms 
and the input sensitivity is 500 
mV, although models with a 775 
mV input sensitivity can be sup- 
plied. The bandwidth is 1 Hz to 
100 kHz but models with a re- 
duced upper frequency limit can 
be supplied to order. All models 
run from 240 V AC mains, feature a 

glass fibre printed circuit board 
and have drive circuits to power 
the optional eleven segment LED 
VU meter. The OMP/MF100 
measures 60 x 123 x 300 mm, the 

OMP/MF200 measures 100 x 150 
x 300 mm and the OMP/MF300 
measures 102 x 147 x 330 mm. 

B. K. Electronics expect the new 
modules to find applications in 
the instrumental, PA, disco, hi-fi, 
DIY and studio and leisure indus- 
tries. They are currently develop- 
ing a pre -amplifier to comple- 
ment the modules and also plan to 
offer stereo pairs in 19" racks with 
facilities to bridge the outputs. 
The modules are available direct 
from B.K. and, for the benefit of 
those in a real hurry, Barclaycard, 

Access and COD orders can be 
placed over the telephone. The 
OMP/MF100 costs £34.79 plus 
VAT and £2.50 postage and 
packing, the OMP/MF200 costs 
£54.80 plus VAT and £3.50 pos- 
tage and packing, and the OMP/ 
MF300 costs £69.59 plus VAT and 
£4.50 postage and packing. The 
LED VU meter is available separ- 
ately and costs £7.39 plus VAT 
and 50p postage and packing. 
B.K. Electronics, Unit 5, comet 
Way, Southend-on-Sea, Essex 
SS2 6TR, tel 0702-527572. 

A Reel -y Good 
Idea 

The Pullaway Reeler is simply a 

length of TV aerial lead in a 
handy cable drum. It was de- 
signed principally for use with 
video recorders, to allow a port- 
able TV to be operated in another 
room without moving the video 
recorder around, but is also likely 
to be of interest to home com- 
puter users, boating and caravan- 
ing enthusiasts and anyone else 
who wants to operate a TV set at a 

distance from the aerial or signal 
source. 

The Reeler is available in two 

versions, having 30 or 45 feet of 
standard 75 ohm co -axial cable 
terminated in a free plug at one 
end and a socket mounted on the 
side of the drum at the other. The 
drum is made of tough ABS plastic 
and has an integral handle. The 
Reeler is available from Currys, 
W.H. Smiths, Sainsburys Home- 
base and Saracentres and costs 
around £7.95 including VAT. 

Pullway Ltd, Venn House, 11 

Clayton Road, Hayes, Middlesex, 
tel 01-848 7747. 

Bulgin now offer plugs and 
sockets moulded directly onto 
lengths of cable. The range in- 
cludes standard 13A plugs with or 
without insulated pins and 1EC 
plugs and sockets in both straight 
and right-angle versions, all 
moulded to either 2, 2.5 or 3 met- 
res of black cable. Single ended or 
double ended moulded leads are 
available, allowing you to choose, 
for example, a 13A plug to IEC 
socket lead. Contact Brian 
Diggle, A.F. Bulgin and Company 
PLC, Bypass Road, Barking, Essex 
IG11 OAZ, tel 01-594 5588. 

VSO (Voluntary Service Over- 
seas) is looking for electronics 
technicians to work in Africa, Asia 
and the Pacific Islands. The work 
involves repair of various types of 
electrical equipment and the 
period of service is for two years, 
starting in September. Applicants 
should hold a craft certificate, 
have at least five years experien- 
ce, be aged between 20 and 65 
and have a UK, EEC or Common- 
wealth passport and no depen- 
dents. Details from the Enquiries 
Unit, VSO, 9 Belgrave Square, 
London SW1, tel 01-235 5191. 

The Anglia Components 
Group have launched a subsidiary 
company, Anglia Consumer, 
which will supply semiconduc- 
tors to the consumer market. The 
new company will have full access 
to the parent company's on-line 
ICL computer system and claims 
an order turnaround time of 15 
minutes. A semiconductor wall - 
chart will be sent free to cus- 
tomers, and those interested 
should contact Anglia Compo- 
nents, Burdett Road, Wisbech, 
Cambridgeshire PE13 2PS. 
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01-4521500 TECHNOMATIC LTD 01-450 6597 
BBC Micro Computer System 
OFFICIAL DEALER 
Please phone for availability 

Software from ACORNSOFT/ 
PROGRAM POWER/GEMINI in 
stock 

CASSETTE RECORDERS 
SANYO DR101 Data Recorder £34+ 
£2.50 carriage 
DATEX SLIM LINE £24 + £1.50 carriage 
BBC Tape Recorder £28.50 + £2.50 carriage 
Cassette Lead £3 + £1 carriage 
HOBBIT Floppy Tape £135 + £2.50 carriage 
HOBBIT Zero Memory Option £25 + £1 carriage 
Computer Grade C12 cassette 50p each. 
£4.50 for 10 +£1 carriage 

BBC Model B £348 
B + Econet £389 
B +DFS £429 
B + DFS + Econet £470 
Carriage £7 

Model A to Model B 
Upgrade Kit £95 
Installation £15 

LANGUAGE ROMs 
BCPL ROM + Disc + 

Manual £87 

UTILITY ROMs 
BBC Ultracalc £65 Toolkit £20 
EXMON £20; DISC DOCTOR 
£30; FX Dump £15; Graphics 
ROM £28; Termi ROM £29 

MONITORS 
MICROVITEC 1431P 14" RGB/PAL Std Res £249 
MICROVITEC 1451 14" RGB Med Res £299 
MICROVITEC 1441 14" RGB Hi Res £420 
MICROVITEC 2031 20' RGB Std Res £287 
KAGA VISION 12" RGB Std Res £230 
KAGA VISION II 12" RGB HI Res £260 
KAGA VISION III 12" RGB Super Hi Res £358 
KAGA 12" GREEN Hi Res £106 
SANYO DM8112CX 12" Green Hi Res £99 
All leads included. Carriage £7 

FL D . , 

£84 + £15 installation 
BBC COMPATIBLE DISC DRIVES 
All drives are supplied with manual, form disc 
and cables. 
Single Drive; 100k £140; 200k£175*; 
400K £195 
Single Drive with PSU:100k£165; 200k£210; 
400k £225 
Dual Drive with PSU: 2 x 100k £320 
2 x 200k £4000; 2 x 400k £420 

These drives are switchable between 40/80 
tracks. 40/80 Switch Module 1 x 400k and 2 x 
400k Drive £32 
DISKETTES: in packs of 10 W: Wabash M: 3M 
40 track SSSD W: £14 M: £16.00; 40 track 
DSDC M: £22; 
80 track SSDD W: £24 M: £26; 80 track DSDD 
W: £26 M: £30: 
FLOPPICLENE Drive HeadCleanin Kit £14.50 

Phone or send for our BBC leaflet 
TORCH Z80 DISC PACK 

oe.enterted into a business machine with the addi- 
..CO ^'C J Inc pack The Torch pack with twin disc drive and the Z80 

arexik oonaneon the computer's data storage and processing 
.,ion cocci"es complete with 64K RAM and a CP/M compatible 
0 rai - -. ^ i-addlton to BBC owners userguideandasystemsdiscthe 

ace \> c ea 114h PERFECT software package comprising of 
DATa5OSE. L1OFD DFOCESSOR & SPREADSHEET and COMANEX a inter- 
ar e c..s "ess -,anagemenl game. Complete Pakcage for £730 + £8 carr. 

PRINTERS & PLOTTERS 
EPSON FX80 £350 
EPSON RX80 FT £250 
EPSON FX-100 £450 
PRINTER SHARER + cable set £88.00 
SEIKOSHA GP 100A £160 
JUKI 6100 Daisy Wheel £350 
MCP 40 Col Printer/Plotter £120 
Colour Graphics Plotter A3 size £270 
GRAFPAD Graphics Tablet £125 
Carriage £7 

ACCESSORIES 
Parallel Printer Lead £10 + £1 carriage 
Serial Printer Lead £8 + £1 carriage 
Epson Serial Interface 2K £60 + £1 carriage 
Epson Serial Interface £55 + £1 carriage 
NEC Serial Interface £42 + £1.50 carriage 
Epson Paper Roll Holder £17 + £1.50 carriage 
FX Tractor Attachment £37 + £1.50 carriage 
Printer Sharer Parallel 3 Computers - 1 Printer 

£65.00 + £1.50 
Paper Fanfold 2000 sheets £13.50 + 

£2.50 carriage 

'TIME -WARP' 
BBC REAL-TIME-CLOCK/CALENDAR: 
A low cost unit opens up the total range of Real -Time 

applications. With its full battery backup, possibilities 
include an Electronic Diary. automatic document 
dating. precise timing &'control in scientific applica- 
tions. recreational use in games etc - its uses are 
endless and are simply limited by one's imagination. 
Simply plugs into the user port - no specialist 
installation required - No ROMS. Supplied with 
extensive applications software. £29.00 

BBC EPROM PROGRAMMER 
A fully self-contained Eprom Programmer with its own power supply, able to 
program 2516, 2716/32/32A/64/128 single rail Eproms. * Personality selection is simplified by a single rotary switch. 
* Programming voltage selector switch is provided with a safe position. 
* Warning indicator to show programming in progress. 
* Programmer can read, blank check, program and verify at any address/ 

addresses on the EPROM. * Simple menu driven software supplied on cassette (transferable to disci. 
* Full editor with ASCII disassembler. 
Programmer complete with cables, software and operating instructions. 
£89.00- £2 p. & p. 

PRODUCTION PROGRAM: P8000 
P8000 provides reliable gang programming of up to 8 EPROMS 
simultaneously with device sizes up to 16k x 8 bytes. Devices 
supported range from 2704 to 27128 in single and three rail ver- 
sions. Simple menu driven operation ensure easy eprom 
selection and reliable programming in minimum programming 
times. £695 + £6 carriage. 

BOOKS (no VAT; p&p £1) 

Advanced User Guide (£2 p&p) £12.95 
Assembly Lang Prog. for BBC £8.95 
Assembly Lang programming on BBC 
Micro by Ferguson and Shaw £7.95 
Basic Prog. for BBC £5.95 
BBC An Expert Guide £6.95 
Easy Programming on BBC £5.95 
Further Programming on BBC £5.95 
Introducing BBC Micro £5.95 
Programming the BBC £6.50 
30 Hour Basic £5.95 
35 Educational Programs £6.95 
BBC Sound & Graphics £7.95 
Creating Adventure Programs £6.95 
Discovering Machine Code £6.95 
Structured Programming £6.50 
The Friendly Computer Book BBC f4.50 
Beyond Basic BBC £7.25 

Many more books in stock. 

EPROM ERASERS 
UV1 T Eraser with a built-in timer and 
mains indicator. Built-in safety interlock 
to avoid accidental exposure to the harm- 
ful UV rays. It can handle up to 5 eproms 
at a time with an average erasing time of 
about 20 mins. £59 +£2 p&p. 
UV1 as above but without the timer £47 

+ £2 p&p. 
UV140 up to 14 Eproms £61 
UV141 as above but with timer £79 

* * ATTENTION * * 
All prices in this double page spread 
are subject to change without notice. 

ACORN IEEE INTERFACE 
This IEEE 488 standard interface is a general purpose 
system for exchanging digital data between a number 
of devices in a local area. The interface complies with 
the IEC 625-1 standard and can be connected to upto 
14 other devices. 
Interface board is suplied complete with software in 

ROM, interconnecting cables IEEE cable for connec- 
tionto an external device and a comprehensive manual. 
£282.50 + £2.50 carr. 

CONNECTOR SYSTEMS 

SMARTMOUTH, 
Speech Synthesiser for BBC 

The 'infinite vocabulary' self-con- 
t&ned speech synthesiser unit. Uses 
only 5-10 bytes per word - no ROMs 
required - simply plugs into the user 
port. (Has Aux. Audio output skt.). 
Supplied with Demo/Development 
programs and simple software in- 
structions, £37 + £2 p. & p. 

I.D. CONNECTORS 
ISpeedblock Type) 

Ne of Header Recap Edge 
ways Plug tacle Conn. 

10 90p 85p 120p 
20 145p 125p 195p 
26 175p 150p 240p 
34 200p 160p 320p 
40 220p 190p 340p. 

50 235p 200p 390p 

D CONNECTORS 
No of ways 

g 15 25 37 

MALE 
Sulder 80p 105p 160p 250p 
Angled 150p 210p 250p 365p 

FEMALE 
Solder 105p 160p 200p 335p 
Angled 165p 215p 290p 440p 
Hoods 90p 85p 90p 100e 
IDC 25 -way plug 385p. socket 450p 

1 end 
2 ends 

JUMPER LEADS 
24"Ribbon Cable with Headers 

14 pin16 pin 24 pun 40 pin 
lend 145p 165p 240p 350p 
Zends 210p 230p 345p 540p 

24 Ribbon Cable with Sockets 
20 pin 76 pin 34 pin 40 pin 
160p 200p 280p 300p 
290p 370p 480p 525p 

Ribbon Cable with D Conn 

25 way Male 500p Female. 550p 

AMPHENOL 
CONNECTORS 

36 -way plug Centronics Parallel 
Solder £5.25 IDC £5.25 
36 -way socket Centronics Parallel 
Solder £5.50 IDC £5.50 
24 -way plug IEEE Solder£5 10C£4.75 
24-waysocket IEEESolder£51DC£4.75 

PCB Mtg Skt 
Any Pin 24 way Solder 600p 

36 way ZOC 650p 

RIBBON 
CABLE 
,Grey/meter) 

10 way 40p 
16 way 60p 
20 way 85p 
26 way120p 
34 way 160p 
40 way 180p 
50 -way 200p 
64 way 280p 

NEW COMPREHENSIVE CATALOGUE AVAIL- 
ABLE - PLEASE SEND FOR PRICE LIST 

TEXTOOL ZIF 
SOCKETS 24 pin£5.75 
28 pun£8.00 40 pin E9.75 

DIL SWITCHES 
4 -way 70p 8 -way 130p 
6 -way 100p 10 -way 150p 

RS 232 JUMPERS 
125 way DI 

24 Single end Male E5 SO 

24 Single end Female E5.25 
24 Fe-. ale Fernale £10.00 
74 Male Male f9.50 
24 Male Female E9 50 

DIL HEADERS 
14pin 
16pin 

40pin 

Soldei I ye Il)e. lvpe 
40p 100p 
50p 110p 

100p 150p 
200p 225p 

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 
1 DC Skt A+B 275p 

A+C 350p 
For 2 x 32 way please specify 
spacing (A+B, A+C) 

TEST CLIPS 
14 -pin 375p 16 -pin £4 

40 -pin £10.30 

EDGE CONNECTORS 
0.1" 0.156" 

2x6-way(commodore) - 300p 
2x10 -way 150 - 
2x12 -way (vic 20) - 350p 
2x18 -way - 140p 
2x23-way(2X81) 175p220p 
2x25 -way 225p 220p 
2x28-way(Spectrum) 200p - 
2x36 -way 250p - 
1x43 -way 260p - 
2x22 -way 190p - 
2x43 way 395p - 
1x77 -way 400p500p 
2x50-way(S100conn) 6009 - 
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Km= 74276 150p 74LS292 9008 4010 30p LINEAR ICs COMPUTER COMPONENTS 
7400 

PC)* 7401 3013 
7402 30p 
7403 30p 
7404 POA 
7405 36D 
7408 PCA 
7407 POA 
T408 36p 
7409 JOp 
7410 309 
7411 36p 
7412 30p 
7413 409 
7414 609 
7416 POA 

1500 
74279 700 74279 
74283 70p 
74285 2259 
74290 1004 
74293 90p 
74298 1204 
74351 150p 
74365A 48p200P 
743666 BOD 
743676 60 
743684 80 
74376 1209 
74390 100p 
74393 150D 
74490 1SOP 

7415293 75p 
74L9295 1009 
7410297 900p 
74LS298 909 
7415299 200p 
7415321 2408 
7415323 2508 
7410324/624 

7415348 2000 
7415352 1009 
7415353 100p 
7415356 2209 
7410363 1809 
7415364 180p 
74LS65A SSP 

4011 30p 
4012 30p 
4013 60P 
4014 80p 
4015 80p 
4016 501, 

4017 750 
4018 75P 
4019 60D 
4020 OpEF9365 
4021 80p 
4022 80p 
4023 e409 
4024 SOP 
4025 30p 
4026 100P 

607581 E1 
ADC0808 1190 
814103 200 
AV -15050 00 
AV -3-1270 750 
AY3-1350 350 
AY -38910 400 
AY -3-8912 500 
CA30194 100 
CA3D26A 130 
CA3046 70 
C63059 350 
CA3060 350 

CA3086c63080E S0 
CA3089E 25120 
08309060 3.75 
082130E 909 
CA3130T 110 

, 1M389 1.9 
11.4391 150 
1M392 60 
LM393 100 
LM394CH 350 
1M709 50 
LM710 50 
LM711 70 
LM7250 300 
LM733 73 
LM741 20 
LM747 70 

1131748 40 
LM1011 480 
191016 150 
LM1801 300 
LM1830 250 
LM1B71 300 
LM1872 300 

508258412 gggp 
187120 1509 
107130 1000 
TA7204 15013 
1A7205 900CRT5027 
047222 1500 
TA7310 160P 
798231 1209CR16545 
187000 904 
TBAB10 100P 
TBA020 BOp 
TB6950 2250 
TC9109 5009 
104210 

3509 1C4220 
TCA940 175p 
TCA985 110p 
10410044 £4 
7041008 3209SFF96364 

CPUS 71996220 £12 CRT 
75110 1604 
75112 lgop BAUD RATE 

GENERATORS 
TM59901 330p 

350P 
CoSrROUER 75113 120p 

MC14411 f7 1802CE 8509 
26504 £12 
6502 400P 
6502A 650p 

1MS9902 
1MS9903 £25 
7M59911 £18 
TM599t4 £14 

75114 1600 
£18 75115 160p 

CRT5037 E18 75121 1409 f9 75122 110p 

COMB116 f8 
47020 750p 

6B00 290P 
6802 300p 

280P10 300p 

0804910 3604 
EF9364 EB 

75150P 1209 
£36 

75154 
1409 UARTs 

6809 850p 
6809E 612 
68809 312 
681309E £16 
68000 -LB £48 
68705,93 E28 

8035 550p 
8039 550p 
80806 350p 

ZeOCTC 300p 
280ACTC 350p 
ZBODART 700p 
280ADART 

BSOp 
2800MA 9009 
ZBOADMA £10 
Z804810-0/1/2TM599/8 

/9 9009 

EF9366 £38 
75159 2200 

EF9367 £35 75161 350p 
MC6845 609 

75162 400p 
MC613455P 

7536 150P 70P 
75451 72p 

MC6B47 630p 
75452 724 

fe 
75453 72p 

£30 75454 72p 
TMS9927 £18 75480 1509 

AV 3t015P 
3000 

AY -5-1013P 
300p 

COM80173009 
IM6402 380p 
TR1602 300p 

ZIF SETS 
7417 POA 
7420 30p 
7622 

9Sp 
7423 38p 
7425 40p 
7426 36p 
7427 36P 
7428 36p 
7430 309 
7432 P0A 
7433 900ICL1C17108 
7437 309 
7438 1009 
7439 369 

2447 
309 

7442A gOp 
7444 70P 

7445 OOP 
7446A 90, 

7447A 909 
7448 909 
7450 309 
745, 300 
7453 309 
7454 30p 
7460 004 
7470 60p 
7472 100 
7473 380 

OOP 
7475 500 
7476 409 
7480 609 
7481 1800 
7482 1 0p 
74B3A p0p 

74846 1809 
7485 120p 
7486 400 
7489 2509 
74906 SOP 

® 
741500 POA 
74150I 36p 
141502 369 

36p 
741504 POA 
741505 300 
741508 3g 
741009 36p 
741010 30p 
74LSI1 360 
741012 38p 
74L513 40p 
741816 SOp 
741515 36p 
741520 369 
74L521 360 
741022 36p 
741026 30p 
741527 40p 
74LS2B 36p 
74L530 38p 
74LS32 POA 
741833 36p 
741S37 369 
741038 600 
741040 40p 
741542 554 
741047 OOD 
74LS48 0 
741551 369 
741054 360 
741S55 36 PP 
741573A 369 
74LS74A 100p 
741075 504 
7410764 36D 
7415834 60p 
741585 1001, 
741086 40p 
741090 40p 
741091 750 
741592 55p 

74L5366A 55p 
7415367674367A 550 
74153684 559 
74L5373 POA 
7410374 POA 
7410375 75p 
7410377 1409 
7415378 1209 
74LS379 120 
7410390 904 
7415393 1509 
74L839541200 
74LS399 100p 
74LS445 100P 
74LS465 180D 
7415466 1509 
7410467 1809 
7415490 130p 
7410540 1209 
741ST41 150p 
7410608 700P 
]4LS6101BOOP 
74LSfi12 1900p 
7415624 150p 
7416626 180P 
741S628 1800 
7415629 1809 
7415640 2509 
741_0640-1 

300D 
' 74LS641 2501, 

7410642 1 

3009 
7415643 250p 
7415643-1 

3009 
7410644 350p 
7410645 3509 
7415645-1 

4009 
7410660 80D 
7419669 809 
7415670 130p 
7415674 550p 

4027 50p 
4028 609 
4029 909 
4030 45p 
4031 180P 
4032 801/ 
4033 1809 
4034 200D 
4035 80p 
4036 270p 
4037 1609 
4038 808 
4039 250p 
4040 80p 
4041 60P 
4042 7508815120 
4043 75D 
4044 75p 
4045 120p 
4046 900 
4047 85p 
4048 p 
4049 48p 
4050 48p 
4051 80D 
4052 Boo 
4053 0053691 P 
4054 90p 
4055 Op 
4056 100p 
4059 450 
4060 904 
4063 904 
4066 45 
4067 2904 
4068 30p 
4069 30p 
4070 300 
4071 30p 
4072 309 
4073 309 
4075 30p 
4076 904 
4077 30P 

043140E 000 
CA3140T 110 
043160E 1004 

CA3162E 46Óp 
D531B9E 30741003 

CA32406 250y 

083 80G 225 
07002 430, 

DACI4DB-82009 

DAC0B05 2Np 
50308 3005 
HA1366 1909 
HA1388 250p 

700D 

1017650 400p 

CM o216B 

250p 

3074 

I1CM7217 CM7555 100p 
1CM7556 140p 

1C7t20 300D 
LC7130 3259 
107737347 

1700 
LF351 50P 
LF353 100p 
LF355 1009 
11356P loop 
11357 130p 

1JSÓp 
LMfOC 32Sp 
LM301A 25p 
1M307 43p 
10308014 759 
18310 lOp 
1M311 705 
10418 150p 

Lm319 
1804 

M319N 1804 
LM324 30p 
LM334Z 904 
LM335Z 140p 

LM3i8 6Sp 
LM35BD 009 
1M377 225p 
1M3805-8 100p 

LM390A5 150p 
LM3B2 120p 
LM386 900 
1M387 1200 

LM1886 600 
181609 350 
LM2917 250 

LM3900 Só 
LM3909 12 
13.13911 

000 
p0p 

043914 350 
LM3915 3509 
LM3916 350 
LM13600 110 
M515131 230 
M51516L 500 
Mg3712 200 
MB3730 400 

MC1É13P 100 
MC1458 40 

MG 1495L 350 

MC934pP 200 
MC3101 809 

MC3403 65 
MF10C5 360 
MK50240 900 
MK50398 790 
ML910 500 
ML922 400 
31857160 520 
MM6221A 300 

NE544 190 
NE555 22 
5E556 50 
NE564 4000 
NE565 150 
NE566 150 
NE567 140pX52211 
NE570 4009 
5E571 
5E592 p 
NE5532P 2004 
9E5533P 1605 
NE55340 120p 

OP-07ÉPP OÓÓp 
PLL02A SOOp 
55668 300p 
5AA1900 £16 

SFFD963661BOOOp 
5576498 500P 
5576489 4009 
S576495 400p 

TDA/010 250p 
TDA1022 6000 
1081024 1209 

TDA2002 
3009041170 

TDA2003 325p 

052006 
1042004 

7500p 
1082020 320p 
T020300 2509 
7067000 350p 
11081CP 50p 
11062 75p 
11064 100, 
TLO]1 4 
11072 

5P 

11074 11074 100p 
TL081 45p 

iT1082 
55p 

L083 759 

TL094 2005 
i1170 SOp 
TL430C 120p 
U42240 120P 

U1920034 1009 
ULN2004 tOPp 
U1N2088 290D 
U1N2802 200p 
0152803 200p 

UPC575L ]75p 
UPC592M 200p 
1370115611 f3 
UPC1185H 350p 
%R210 bo0p 
XR2206 400p 

573 
XR2240 1204 

ZN419C 19017 
p 29414 9017 

25423E 130p 
2N424E 1305 
ZN425E 3409 

ZN427E gE 300p 
2N42BE 4SOp 
014429E 210p 
0N450E 7509 

ZNID3%E 13Ó0p 
ZN1040E 200 
ZNA134J E23 
25A234E 950P 

BOBSA 950p 
8086 £22 MEMDRIES 

TM59928 £20 
TMS9929 E16 5491 659 

5492 659 
(TEXTOOLI 
24 pin 575p 

88 £18 
8748 £38 
7MS1601 £12 

2016-1',0 3509 
2101 400P 

INTERFACEICc 
128 1200 
195 904 

28 4,n BOOp 
400I1 975p 

TMS9980 £20 
TMS9995 E12 

2102 200P 
2107B 500p 

ADSSBCJ 775p 
AD561J £20 

T96' 900 MODULATORS 

WD55 £14.50 
Z80 300p 
ZBOA 4004 
Z80B 950p 

2118'35 300p 
2112A -35300P 
'1.142L 220P 
't14 -4L 170p 

450p 
I273 

807581 £15 
400080811900 
AM25S10350p 
AM25152521 

8P 

T97 
90p 

798 80D 
tLS95 1809 
11596 1800 
11S97 1800 

6MHZUHF375p 
BMHzUHF450p 
SounOA Violon 
12MHz 012 

SUPPORT 300p AM25LS25347 
1LS9B 180p 

1009 25oP 
CR8910.15 

DEVICES 47116.705 120P 9602 220P AM26LS31 32.760KH100P 

265' E12 
3242 8000 
3245 450p 
6520 3004 
6522 350p 
6522A 550p 
6532 6509 
6551 6500 
6821 200p 

1'18.3 4504 
í16a -IS SOOP 
4164-20 4504 
4416 15 5009 
4532-20 250p 
48t5AP3 450p 
51015501 

3004 
5516 010 
61t6P-3 700p 

9636A 1600 

AM260S3260p 9637AP 1809 
9638 1809 

07002 ASOp ZN425E83504 

DAC80-CB1-V 
ZN426E8 3509 
ZN427E 8009 £28 25428E8 450p 

DM8131 275p ZN429E 2109 DP8304 250p 29447E 9000 3509 2N459CP 3009 058830 140p 

100KHz 4009 
200 KHz 4009 
Frog In Miff 
1.00 3259 
1.8432 300p 
200 2500 
24576011)210p 
2a576gS1275p 
25 250p 

68821 250p 
6829 £12.50 
6840 375 p 
68B40 8009 
6850 200p 

8116LP-3 8009 
626415 
651445 3009 
6810 180p 

225 

D58831 1509 
008832 150P 
0$8833 225P 
888835 28097474 

DISC 
CONTROLLER 

ICs 

2662 750p 
3.276 1509 
3.5795 10P 
480 1509 

68&50 2509 
68705P3S E26 

745189 
745289 225p 0S8836 150p 6843 £5 

DS8838 225p 8271 f45 
4194 2009 
4.43 1259 
4608 2509 

6852 2509 
6854 7009 PROMs 

1358080 170p 8272 £20 
1913201 450p F01771 £20 4.9t52 

mop 

68054 8509 
6075 570p 
8154 950; 
8155 £11 
e156 750p 
8212 300p 
8216 200p 

745188 iBOp 
748287 180p 
740288 140p 

7 225 
745483 475p 
745570 8509 

MC1488 1009 F01791 £22 
MC1489 t00p FD1793 £23 
MC3446 250p FD1795 £28 
803459 4500 F01797 £28 
MC3470 6600 TM99909 £12 
MC3480 850p WE/2793 £42 
MC3486 500p W02797 £42 

5000 1759 
600 150p 
6144 175p 
7.00 150p 
7168 175p 
800. 175p 

0.867 1759 
1000 1759 8224 2009 

8226 250p EPROMs 
6103487 300p W01691 £15 
MC4024 3250 WE/2143 £8 1050 250D 7491 709 

74924 OOP 
7493A 509 
7494 1209 

741_593 40p 
741S95B 70p 
741596 75p 

7410682 330p 
7415684 4009 
7410687 450p 

4078 304 
4081 300 
4082 309 

VOLTAGE REGULATORS 
FIXED 

DIODES 
81127 12p 
BYX36300 20p 

8228 250p 
8243 5500 
8251A £10 
8253C-5 £10 
8255AC.5 

£11.50 
8256 £35 
8257C-5 750 
82590-5 7509 
8271 £45 

£29 

2516+5v 3509 
2516-35 550p 
2532 4500 
253230 7170P 
2564 700P 
2708 4009 
2718+Sv 3504 
2716-35 5509 
2732 4509 
2732A2 900p 

MC4044 325p 
MC144117009 CHARACTER 
MC14412750p GENERATORS 
ML922 400p R03-32513 
U1N2001 100p U.C. 7509 
ULN2003A LC. 7009 

100p 0M865ò4 f12 
01620044 MC667607500 

100P SN745262AN 
0162068 2906 10000 

10.70 2009 
1100 3009 
1200. 150p 
1400 175p 
14.318 1759 
14756 2509 
1500 2009 
16.00 2004 
78.00 2009 
18432 1500 

1501, 

7495A 55p 
7496 750 
7497 2501, 
74100 180p 
74107 459 

74110 90p 

74111 559 
74116 1509 
74118 1509 
74119 1509 

7410107 48p 
7410109 46p 
7415112 48p 
7415113 489 
7410114 48p 
7410122 600 
7415123 1209 
74,5124/619 

1809 
7415125 60P 
7415126 806, 

7410132 554 

74500 454 
74502 45p 
74504 009 
74505 60p 

7450 4Sp 
74511 50P 
74S20 459 
74S22 50p 
74030 450 

4085 gOp 
4086 70p 
4089 1251, 

4093 489 
4094 1001, 
4095 90p 
4096 Sop 
4097 290p 
4098 90p 
4099 90p 
4501 401, 

4502 600 

IA +719 - 
58 7805 40p 7905 45p 
6V 7808 50p 7906 50P 

2V 78127 40p 7912500 0 io5p 
15V 7815 409 7915 459 

2áV 7824 50p 7924 50ppp 

5V 100mA 78105 300 79105 45 
6V 100mA 78106 309 

P 

80 100mA 76108 300 
12V 100194 78112 30p 79112 50p 
15V 100mA 78115 30p 79115 509 

0447 lOp 
0490/91 9p 
0495 9p 
08200 90 
DA2D2 10p 
19914 4p 
1N916 7p 
tN4148 4p 
164001/2 Sp 
194003/4 6p 
194005 BP 

8275 
8279 75op 2732A -35550p 

900p 

U1N2002 2009 
ULN2803 2009 

KEYBOARD 
ENC00ER, 

19.969 

20000 4509 
8284 600p 
82880 £11 

£18 
8MSd500 £14 

276425 
2712825 £22 

TM527755A 

0 £25909 
36 700D 

ULN2804 1509 AY5237611500 
75107 909 AY53600750P 
75108 740922 420P 

90P 740923 5009 

24000 3008 
4000 1759 

PXO1000 3f12 
74120 100p 
74121 45p 
74122 550 
74123 90p 
74125 50p 
74126 g0p 
74128 700 

7410133 48p 
7410136 500 
7415138 90p 
7410139 80D 
7415145 1004 
7410147 1504 

74532 70p 
74837 009 
74051 75p 
74S7a 759 
74535 2500 
74586 90p 

4$03 600 

4504 90p 
405 400p 
4556 10p 
4507 45p 
4508 1809 

OTHER 
REGULATORS 

FIUSRy°b[°n 
LM309K 14 50 140 
1M3236 3A 5V 450 
78HO5KC 5850 600 

79o0o 

194006/7 7p 
195401/2 12975109 
166403/4 14p 
1N5404/5 14p 
155404/7 19p 
10920 9D 

40181/2 45p 

TRANSISTORS 
BFY50 309 779354 1209 293442 1400 

40361/2 739 
`40595 1209 
40673 73p 
40871/2 100P 

74132 609 
74136 

WD 

7415148 150p 
7415151 70p 
7415153 709 

745112 90p 
745113 90p 
740114 904 

4510 75p 
4511 75p 
4512 75p 

i6P05 7ÓF5V 
04r19b14Rp8l0t9n 

LM717TH j900 

BRIDGE 

RECTIFIERS 
80107/8 18p 
BC1090 20p 
601690 18p 

8FY51/2 309 
BEY56 339 
BFY90 900 

TIP35C 1409 2N3553 2409 
TIP384 1409 293584 
TIP36C 1509 253643/4 

509 
48p 

TRIACS 

PLASTIC 
74142 725p 
74143 2509 
74144 
74145 29pp 
74147 120p 
74148 1209 
74150 15.4'74181825 
741516 604 
74153 gOp 
74154 2001, 
74155 01, 
74156 009 

7415154 250p 
74L5155 70p4514 
7410156 70p 
7415157 709 
741S156 709 
74151604 90p 
74151814 90p 

900 
74151634 BOP 
7415164 90p 
741516541209 
74151664120p 
7415168 1409 

74S124 40op 
745132 1109 
740133 600 
740138 1509 
7451 9 1 Op 
745140 50P 
745751 150P 
748153 1809 
745157 2508 

740158 1990 
74S163 300p 
745174 250p 
740175 3209 

4513 ibOp 
1309 

4515 1309 
4516 75 
4517 200p 
4518 75p 
4519 75p 
4520 259 
4521 1254 
4522 90p 
4526 90p 
4527 90D 
4528 759 

T0220 
LM317K 103 250 
LM337T 225 
183501 706+568 400 
LM396K3 108+086 150450 

]BHGKC 5A+VAR 700 
TBGUIC 1A+VAR 200 
79HGGKC 5A-vqR 775 

Oulc 14-048 225 
10911a9pntpn 1Efib6250 

S03524 300 
11494 300 

771457 
3o0 

8540 250 

tA 50V 19p 
14100V 20p 
14400V 25 
1A600V 30p 
2A 50V 30p 
261000 359 
264000 459 
3Á200V 609 
34600V 72p 
461000 95p 
44400V 1001, 
64 50V 80p 

BC172 181, 
80177/8 301, 

BC179 309 
BC182/3 150 
8C104 16p 
80187 309 
80212/3 16P 
BC214 184 
50237 18p 
BC327 16p 
8C337 181, 
80338 168 
BC4fi1 4Op 
BC477/8 369 

BRY39 45P 
BSX19/20'30P 

85105 12250 909 
611108 250p 
I35109 2259 
BU126 1609 
23180A 1208 
85205 2009 
5U208 2009 
1313406 1460 
136X80 600p 
BUY69C 350p 
E310 6013 

119414 50D 293702/3 169 
TI41C 559 253704/5 160 
719424 stop 
TIP42C gSD 253708/7 

1613 
16D 

TIP54 1009 253773 2009 
TIP55 1500 263819 40p 
719120 75p 253823 309 
TIP121 794 2N3866 994 
119122 BOp 2N3902 7009 
719125 759 283904 189 
TIP -126 80p 2N3906 181, 
119142 120p 254036 659 
T19147 10 p 2N4037 BSD 
1192955 900 2N4123/4 279 

3A400V 609 
664000 70p 
64500V 880 
844008 75p 
865000 95; 
12A400V BSp 
1245000 105p 
1644000 120p 
16A500V 130p 
72800D 130p 
TIC206D 80p 
7702260 754 
TIC2460 110p 

74157 gOp 74LS169 140p 745188 180p 4529 909 OPTO ELECTRONICS 
641000 100 
644009 120p 74159 1809 

74160 900 
74161 75p 

7415170 1209 
741517341200 
7415174 75p 

745189 225p 
74S194 300p 
74S195 300P 

4531 750 
4532 80p 
4534 400p 

2N5/77 489 31 55p 
00011 1809 I TIL78 55P 
096'2 10P 111314 104 

1044000 200p 
2544000 400p 80516/7 50p 

BC547B Op 
BC54BC 129 
605490 16p 
005571314p 
905590 24p Be, 309 
BCY71 369MCR101 
80131 75p 
80132 809264444 
80135/6 40p 
870139 40p 
00140 401, 
B0189 BOp 

913413 2509 
MJ802 4000 
832501 2259 
MJ2955 90D 
A433001 225p 
N1.14502 4009 
MJE340 000 

1509 

MPF1025 120P 40, 
MPF103/4 409 
MPF105 409 
890406 309 
MPSA12 300 

1193055 709 254125/6 27p 
11093 309 2N4401/3 25p 
VNtOKM SOP 2Na427 900 
88664F 909 254871 50p 
851884F £1 2145087 27p 
ZTX108 16p 2N5089 279 
218300 18p 295172 27p 
Zi%a52 450 2NSt91 0pp 
ZTX500 200 
Z7X502 209 2N5405 

4013 
000 

27X504 220 255459 309 
210552 550 255460 1309 
ZTX852 80p 2N5485 369 
ZTX752 70D 2N5875 750p 

THYRISTORS 

3A400V 450 
8Á600V 1B01, 
1264000 1800 
1661001/ 1809 
164.400V 1809 
C106D 45p 

36p 
283525 1309 

1809 
255060 909 
265061 32p 
265064 35p 

74162 90p 
74163 900 

7415175 75p 
7410183 180p 

745196 3000 
740200 4509 

4536 20p 
4538 90p 

ORP60 1209 71181 120v 
OR961 120p TIL100 75p 

£4 74164 900 7415190 75p 745201 320p 4539 904 OPTO ISOLATORS 
740925 
74C926 (5 

74165 100p 
74166 120p 
74167 3509 
74170 1509 

741S191 75p 
7410192 75p 
7415193 75p4553 
74151944 70p 

740225 6509 
746240 250p 
7aS2a1 3009MJE2955 
74S244 4009 

4541 809 
4543 100p 

22op 

11074 130p 
MC726 1009 
.052400 1900 

11L111 70p 
1111.2 70p 
TIL113 709 
TIL116 70p 

740928 f8 
72168 £22 
ZN1040 870P 

74172 2504 
74173 900 
74174 900 

74151956 70p 
74,4196 80p 

745251 2509 
743257 2509 
745258 350P 

4555 sop 
4556 7017 
4557 250p 

11074 180p 
68137 400p 

REALM/11E 
CLOCK 

74175 75D 
74176 90p 

74178 120p 
74177 75P 

74179 1209 

7415197 70p 
7410221 120p 
74L5240 120D 
7415241 120p 
74,5242 750 
7415243 75p 

745260 708 
745261 300p 
740262 
745283 850p 3009 
745287 225p 

4560 120p 
4586 200p 
4566 
4569 7009 
4572 50p 

75p 

IMMIlil 
0125" 
011209 Re410p 
TIL211Gr 12p 
TI1212YlIISO 

FND35] 1209 
MAN72 1409 
M4N74 1404 
MAN4640 200p 
A4458910 2509 

MC6818P5500 
MM5817aAN 

800 
MSM5832RS 

P 

309 
670232 60, 
130233 75p 
00235 059 
80241 80p 
B0242 609 

MPS413 500 
MPSA0 500 
MPSA42 SOP 
MP5443 600 
MPS456 309 

25697 350 255883 
29898 459 256027 30p 3 
257064 36p 2N6052 300p 
211708 369 256059 3260 
29918 450 2N6107 650 

PCB 

MOUNTING 
RELAYS 

74180 70p 
74181 1809 
74182 75p 

7410244 300p 
7415245 350p 

745288 180; 
745289 225p 
74S299 6501, 

4503 
4584 480 
4585 85p 

0L220 Red 109 
111222Gr 129 

01135881 17,2,.:,11LETEXT 

311321/3 1309 DECODER 60379 009 
80380 009 
BDe77 40P 
BF244B 40p 
812568 50p 
BF257/8 40p 
BF337 369 
BFR39 328 
BFR40/1 32p 
BFR79 32p 
BFR80/1 32p 

'.1309 

MPS470 5017 
MPS493 

3 MPSU08 
409o 

MPSIJ07 8Op 
MPSU45 909 
MP0U65 780 
119296 35p 
T1P29C 409 
11P304 350 
TIP30C 409 
119314 40P 
11931C 459 

25930 309 256247 1909 
309 

2N1833 
2 

369 2N6290 
609 256254 

165P 
251711 3g p 2501306 1000 
262102 7011 2SC1307 1500 
262160 3509 2SC1957 90; 
2522194 30p 2801969 150p 
2N2222A 30p 2502028 80p 
2523694 30p 2002029 200p 
2N2484 309 2502078 1609 
2142846 509 2502335 2009 
2N2904/5 309 

,60112V DC 
Coil SPOT 24 
,24VOC 

6or12VDC 
Coli DPDI 56 
24V DC 
240VAC 2009 
6or12VDC 
CoiISPDTIOA 
24VDC 
240VAC 225p 

74184 150p 
74185A 150p 
]4190 90p 

7415247 70P 
74LS248 709 
74LS249 70p 

740373 400p 
745374 4009 

225p 

4009 2905 
4724 150p 
14411 7504 

711228Ve115p 

LÉD9fáG.IY113op 

011330 140p 

TÌLi30 
29 

1400 P 
7150/60 2000 

SAA5030 
0 

700P 
SAA5041 £19 

74191 0P 
74192 90; 

7415251 70p 
7410253 70p 

74S3B7 
]45472 475p 

400P 

14412 BSOD 
14416 3009 

711130 1409 ® ,00 5445050 9009 

74193 751' 
7410256 200p 
74152576 709 

745474 
740475 4600 

14419 3009 
14490 550 

Ó17Ó700a i40P WIRE 71247 
SOCKErS 

IOw PHOIIIE 
74194 BOp 
74195 650 

74152584 70D 745570 650 
p 740571 300p 

9 
14495 4509 
8 BT i" TI 

001:1118 BY 
11 

74199 60P 
7415259 1209 
7410260 70p 745573 5009 14500 7009 

14599 350p 
9368 250P 
4370 300p 8pin 30p 8 PIN 9p 

74197 900 7415261 900 4000 CMOS 22100 350p 14pin 42p 14pin 109 
74198 1509 
74199 1500 

74LS266 709 
7415273 1409 

4000 30p 
4001 30p 

22101 7009 
22102 700p 

DtL 
SWITCHES 

16 pin 45; 16 pin. 11P 
18 Pin 50p 18 pin 168 

BFR96 
BFX29 45p 1111324 459 

2SC2612200p 
26129084 30p 3N128 200P ZENERS 

74221 1000 
74251 008 
74259 1509 
74265 700 
74273 170P 

7415275 1759 
7410279 75p 
74LS280 180D 
74LS283 809 
7415290 809 

4002 30p 
4008 g0 

P 

4008 90p 
4009 608 

40014 48p 
4ppB5 90D 
a0O97 BOD 
40098 BOp 
40100 120P 

4wa Y 90p 
BwaY 120P 
6-weY 1050 
10-waY 150PPIn 

20 pin 88p 20 04, 18P P1^9 22 75p 22pIn 22 
24Pin 75p 24Pin 249 

dOPm 1309 002806n 

100p 28 pI1 P 
309 

BF 030 459 
BFX04/5 30p 
BF%86/7 30p 
8FXB8 309 
13FX89 180pWVJS 

11P32C 400 
TIP33A 700 
TIP33C BOP 

344 90P 
T1TI0P34C 1209 

252907A 309 35140 2009 
252926 129 35141 200P 
253053 384 35201 2000 
2N3054 

SS9 
35204 200p 

2N3055 40290 25pp 

1 27V -33V 
400mW 9ó 

' 

1W 15 

TECH\ONIATIC LT1) 
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW101ED 

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) 

305 EDGWARE ROAD, LONDON W2 

PLEASE ADD 40p p&p & 15% VAT 
(Export: no VAT, p&p et Cost) 

Orders from Government Depts. & Colleges etc. welcome. 
1=311 

115A Detailed Price List on request. " 
Stock Items are normally by return of post. 11 
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B. BAMBER ELECTRONICS 
Marconi Modulation Meter Type TF 2301 A 
Marconi RMS AC/DC Voltmeter Type TF 2607 
Marconi RF Power Meter Type OA 7024/4 
Marconi UHF Attenuetor Type TF2168 
Wevetek LF Generator Type 155 
Solartron DVM Type 1420.2 
Hewlett Packard Power Supply 0-40v @ 30amp. 

Type 6268B 

Schomandl Modulator Type MAF BN 841962 
Schomandi Synthesizer Type ND 100 M 
Rohde & Schwarz Decade Signal Generator 

0.3 - 500 Mhz Type SMDV BN 41104 

£330 
£185 
£195 
£100 
£380 

£85 

£450 

£850 
£1200 

£1200 

Rohde & Schwarz Sweep Signal Generator 
50Khz - 12Mhz Type BN4242/2 £75 

Rohde & Schwarz Power Signal Generator 
0.1 - 30Mhz Type 8N41001 £125 

Rohde & Schwarz Frequency Indicator 
Type BN47051 £50 

Rohde & Schwarz Group Delay Measuring Equipment 
Indicator £50 

Marconi AM Signal Generator 10 - 500Mhz 
Type TF 801B £125 

Marconi AM Signal Generator 10 - 310Mhz 
Type TF 801A/1 £85 

Marconi Standard Signal Generator 15Khz - 440Mhz 
Type TF867 £85 

Marconi RC Oscillator 20Hz - 200Khz Type TF 1101 £85 
Marconi AM/FM Signal Generator Type TF 995N5 £230 
Marconi VHF Signal Generator Type TF 1064B/5M £125 
Marconi Tx & Rx Output Test Set Type TF 1065 £85 
Pye Modulation MEter 68 - 510Mhz Type MM1 £80 
Alrmec Sweep Signal Generator 20Hz - 200Khz 

Type 352 £45 
Marconi Universal Bridge Type TF 868B £110 
Marconi Universal Bridge Type TF 1313 £220 
Tektronix Oscilloscope Type 647 £250 
Tektronix Oscilloscope Type R647A Less Plug ins £195 
EMI Wide Band Amplifer Plug-in Type 7/1 £25 
Advance Oscilloscope Type OS15A LP Tube 3Mhz £85 
Advance Oscilloscope Type OS25A Twin Beam 3Mhz £125 

Tektronix Oscilloscope Type 502 £85 
Pye Base Station Type F30 AM High Band & Low Band 

from £200 
Pye Base Station Type F401 AM High Band £250 
Pye Base station Type F17 FM High Band £250 
Pye ReporterType MF6 AM High Band& Low Band £90 
Pye Europa Type MF5U FM High Band £70 
Pye Olympic Type M201 AM High Band £85 
PyeMotofoneType MF5 AM High Band & Low Band £45 
Pye Westminster Type W30 Low Band £25 
Pye Pocketphone Type PF UHF Complete with Batteries 

£35 
WANTED Second Hand Radiotelephone Equipment. 

Pye Bantam Battery Chargers £10 
Rank Telecoms Battery Chargers £10 
Pye Pocketphone PF1 Battery Chargers 12 Way £10 
ITT Starphons Battery Chargers £10 
Tektronix Hard Copy Unit Type 4601 £125 
Advance Pulse Generator Type PG 5002 £85 
Siemens Mllliwattmeter 50ohm 500mW 0 -12Ghz £95 
Gaumont- Kalee Flutter Meter £40 
Siemens Transistor Power Unit 0 - 30v 2amp. £30 
Avo Valve Characteristic Meter Type 3 £40 
Alrmec Wave Analyser Type 853 30Khz - 20Mhz £45 
Sullivan RC Oscillator 40Hz - 125Khz £35 
MESL Sweep Oscillator Type M1000 8 - 12Ghz £125 
Electrohome 9" Video Monitor metal case £50 
Aztec 20" Video Monitor metal case £40 
In 20" & 24" Video Monitors wooden case £30 
General Radio Microwave Oscillator Type 1360B 

1.7-4.1Ghz £125 
Wayne Kerr Component Bridge Type B521 £45 
Marconi Oscillator Type TF 1246 40Khz - 50Mhz £95 
Wandel & Goltermann Level Meter Type TFPM 43 

10Khz- 14Mhz £80 
Servomex AC Voltage Stabiliser Type AC2 240 vac 

9amp £45 
Servomex AC Voltage Stabiliser Type AC7 240 vac 

40amp £95 
Hewlett Packard Sweep Generator Type 692D 

1.8- 4.2Ghz £300 

Tektronix Plug in Power Unit Type 133 with 
Type O Plug in £83 

Tektronix Storage Display Unit Type 611 £120 
Tektronix Oscilloscope Type 515A £85 
Tektronix Plug In Type CA £25 
Schomandl Frequency Meter Type FD1 30-900Mhz £50 
Rohde & Schwarz AF Wave Analyzer Type BN48302 £50 
Airmen Modulation Metrer Type 210 3 - 300Mhz £95 
Marconi Carrier Deviation Meter Type TF 791 D 

4 - 1024Mhz £125 
Marconi FM Signal Generator Type TF 1066B/1 
10-470Mhz £280 
Marconi AM Signal Generator Type TF 144H/4S 
10Khz-72Mhz £125 
Marconi Out of Limits Indicator Type TF 2404 £80 
UC,C Micro - Film Reader Cassette Type £35 
Marconi Transmission Line Test Set Type TF 1267 £40 
Marconi Variable Attenuator 75ohm Type TF 1073A/2S £20 
60 amp Alternator & Generator Noise Filter £1.00 each 
Instrument Fans 41/2" x 41/2" 240vac 

£3 each, 110vac £1.50 each 
Garrard Car Cassette Player Mechanisms, 

Stereo Head £2.50 
Tektronix Oscilloscope Probes £10 each 
Pye Pocketphone Rx NI -Cad Batteries 3 for £1.00 
Mullard Van -cap TV Tuners Type ELC 2003 Ex Band 

New Seta £3.50 
Pye Cambridge/Vanguard 18 Way Control Leads £4.00 
Sony ,/2" Video Tape 5" Reels £2.00 
BNC Plugs 75 ohm S0p each 
IC Test Clips 28 pin & 40 pin £2.00 each 
Circulators 590 - 720 Mhz 'N' sockets £25 
Transistors Type 2N3055 4 for £1.00 
Transformers 30 volt @ 1 amp. £1.00 
Transformers 36 volt @ 1.5 amp. £1 .00 
Transformers 600 - 0 - 600 @ 250mA plus 

460 - 0- 460 @ 230mA £10.00 
'Varlacs' 12 amp, 5 amp, 8 amp, 15 amp, 20 amp, 25 amp. 
Loudspeakers Richard Allan Type CP12, 12" 15 ohm £6.00 
Capacitors 16 mfd 6.5 kv£25 each, 0.33 mtd 1 Okv £4.00 each. 

PYE POCKETFONE PF1 
UHF RECEIVER 

440-470 MHz, Single Channel, int. speaker 
and aerial. Supplied complete with re- 
chargeable battery and service manual, 
£6 each plus £1 p.p. plus V.A.T. 

BREAKING TEK 545A 
SCOPES FOR SPARES 

CRT type T543 P2 £12 each. Mains Trans- 
formers T601 £15. High Volume Transfor- 
mer T801 with valves £25. Also Switches, 
Knobs, Fans, Capacitors and Metalwork. 

RADIOSONDE RS21 
METEOROLOGICAL 

BALLOON TRANSMITTER 
With Water Activated Battery, contains all- 
weather sensors, fully solid state, £5 each 
plus £1 p.p. plus V.A.T. 

P. & P. or Carriage and V.AT. at 15% on 
total must be added to all orders. 
Callers very welcome, strictly between 
9 am. and 1 p.m. and 2 and 5 p.m. 
Monday to Friday inc. 

Barclaycard and Access taken 
Offical orders welcome 

5 STATION ROAD, LITTLEPORT, CAM BS CB6 1 QE 
PHONE: ELY (0353) 860185 

TOROIDALS 
The toroidal transformer is now accepted as the standard in industry, 
overtaking the obsolete laminated type. Industry has been quick to 
recognise the advantages toroidals offer in size, weight, lower radiated 
field and, thanks to I.L.P., PRICE. 

Our large standard range is complemented by our SPECIAL DESIGN 
section which can oiler 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 RMS 
No Volts Current 

0,010 6+6 1 25 
0,011 9,9 0 83 
0x012 12+12 063 
0x713 15+15 050 
0x014 18+18 0 42 
0,015 22+22 0 34 
0x016 25.25 0 30 
0017 30+30 0 25 

(encased in ABS plastic) 

30 VA 
70 x 30mm 0.45Kg 

Regulation 18% 

1x010 6+6 2 50 
1x011 9+9 1 66 
1,012 12+12 125 
1,013 15+15 1 00 
1,014 18+18 083 
1,015 22+22 068 
1,016 25+25 0 60 
1,017 30+30 0 50 

50 VA 
80 x 35mm 0.9Kg 

Regulation 13% 

2x010 6+6 4 16 

2+011 9+9 2 77 

2x012 12+12 208 
2,313 15+15 166 
2x014 18+18 1 38 
2,015 22+22 113 
2,016 25+25 1 00 
2,017 30+30 0 83 
2x028 110 045 
2+029 220 0 22 
2,030 240 0 20 

60 VA 
90 x 30mm 1 Kg 

Regulation 12% 

3x010 6+6 6 64 
3v011 9+9 4 44 
3x012 12+12 3.33 
3,013 15+15 2 66 
3,014 18+18 222 
3+015 22+22 1 81 

3,016 25+25 1 60 
3+017 30+30 1 33 
38028 110 0 72 

3,029 220 0 36 
.38030 240 0 33 

5x012 
5,013 
5x014 
5,015 
5x016 
5x017 
5,018 
5x026 
5x028 
5x029 
5,030 

120 VA 
90 x 40mm 1.2Kg 

Regulation 11% 

48010 
48011 
4x012 
4x013 
4,044 
4,015 
4x016 
48017 
4x018 
4x028 
4x029 
4x030 

6+6 1000 
9+9 6 66 

12+12 500 
15+15 400 
18+18 3 33 
22+22 2 72 
25+25 2 40 
30+30 2 00 
35+35 1 71 

110 109 
220 0 54 
240 0 50 

160 VA 
110 x 40mm 1.8Kg 

Regulation 8% 

5,011 9x9 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 
240 066 

225 VA 
110 x 45mm 2.2Kg 

Regulation 7% 

6+012 12+12 9.38 
6x013 15+15 7.50 
6+014 18+18 6.25 
6x015 22+22 511 
6x016 25+25 450 
6,017 30+30 375 
6x018 35+35 3 21 

6x026 40+40 2.81 
6x025 45+45 250 
6x033 50+50 2.25 
6x028 110 2.04 
6x029 220 1 02 
6x030 240 0 93 

300 VA 
110 x 50mm 2.6Kg 

Regulation 6% 

7x013 15+15 10.00 
7x014 18+18 8 33 
7x015 22+22 6.82 
7,016 25+25 6.00 
7,017 30+30 5 00 
7x018 35+35 4 28 
7,026 40+40 3 75 
7x025 45+45 333 
7,033 50+50 3 00 
7x028 110 2 72 
7,029 220 1 36 
7x030 240 1 25 

500 VA 
140 x 60mm 4Kg 

Regulation 4% 

8x016 25+25 
8x017 30+30 
8x018 35+35 
8x026 40+40 
8x025 45+45 
8x033 50+50 
8x042 55+55 
8x028 110 
8x029 220 
8x030 240 

625 VA 
140 x 75mm 5Kg 

Regulation 4% 

9x017 
9x018 
9x026 
9x025 
9x033 
9x042 
9x028 
9x029 
9x030 

30+30 
35+35 
40+40 
45+45 
50+50 
55+55 

110 
220 
240 

10 00 
833 
7 14 

625 
5 55 
5 00 
4 54 
4 54 
2 27 
2 08 

1041 
892 
781 
6 94 
6 25 
5 68 
5 68 
284 
260 

Why a Toroid? 
* Smaller size & weight to meet 
modern 'sl iml ine' requirements. 
* Low electrically induced 
noise demanded by compact 
equipment. 
* High efficiency enabling, 
conservative rating whilst main- 
taining size advantages. 
* Lower operating temperature. 

Why ILP? 
* Ex -stock delivery for small 
quantities. 
* Gold service available. 21 days 
manufacture for urgent deliveries. 
* 5 year no quibble guarantee. 
" Realistic delivery for volume 
orders. 
* No price penalty for call off 
orders. 

Prices including P&P and VAT 

VA 
15 
30 
50 
80 

120 

Size 
0 
1 

2 
3 
4 

7.43 
8.08 

10.10 
10.81 
11.73 

VA 
160 
225 
200 
500 
625 

Size E 

5 12.90 
6 16.30 
7 18.55 
8 25.73 
9 31.63 

For 110V primary insert "0" in place of "X" in type number. 
For 220V primary (Europe) insert "1" in place of "X" in type number. 
For 240V primary (UK) insert "2" in place of "X" in type number. 
IMPORTANT: Regulation - All voltages quoted are FULL LOAD. 
Please add regulation Ligure to secondary voltage to obtain off load voltage. 

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) 54778 Telex: 965780 

IL, MP 
ELECTRONICS LTD. 
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FEATURE 

STOP CRACKLE 
AND POP 
No, this is not a plea for quieter breakfast cereals, but rather it is 
Vivian Capel's guide on how to eliminate interference on the car 
radio. 

This time of year seems to send many of our readers 
out from their dens and onto the roads, to seek blue 
skies, the lonely trail and wide open spaces. What 

they find will be bank -holiday drizzle, traffic jams and, if 
they ever arrive at their destinations, crowded beaches. 
Never mind, there's that cheerful Terry Wogan on the 
radio to keep the spirits up! But what's this? Where is the 
crystal-clear reception that was heard when the radio was 
tried out at home? What are all the crackles and bangs? 

The answer is not that it is the saviours of humanity, 
trying to save us from Wogan's dreadful jokes, but that it 
is the gremlins under the bonnet- we didn't try running 
the engine when we set up the radio, did we? And nowall 
those interfering little gremlins are showing themselves 
in force. 

Suppressing inteference is rather a hit-and-miss pro- 
cedure, and often garage hands can doa good job based 
purely on experience of what has worked in the past. 
Also some cars and some radios are more prone to give 
trouble. However, a knowledge of the causes and poss- 
ible cures for interference should help you to solve your 
own problems, even ones that defeat experienced 
mechanics - provided, of course you check them out 
before you set out on your Odyssey. 

A Bit Of Theory 
So, what is the cause of interference, and what can be 

done to avoid it? In the electrical circuits of a car, there is 
quite a lot of switching of electrical currents going on. 
These switchings can be regular, as in the case of the igni- 
tion system, or irregular, in the case of the instrument 
voltage stabiliser or battery charging regulator (although 
modern cars will have solid-state equivalents of the last 
two). 

Nature doesn't like sharp ons and offs, and, as anyone 
familiar with Fourier analysis will know, treatsthese elec- 
trical signals as assemblages of lots of sine waves added 
together. In theory, to get an infinitely steep rise in a 
voltage, then sine waves of up to infinite frequency must 
be present; in practice, there is no such thing as an 
infinitely steep voltage rise, but the simple act of open- 
ing and closing a contact carrying a DC current into a 

resistive load can generate momentary RF signals well 
into the MHz region. These can be picked up by a car 
radio either as in -band signals, or as such strong out -of - 
band signals that they break through the tuned circuits. 

Looking at the ignition system of the car, not only do 
we have the switching of current to and from the induc- 
tion coil, but in the induction coil itself, we obviously 
have a fair amount of reactance. Added to this, we have 

leads on the primaryand secondary side of the induction 
coil which will make excellent aerials. In fact, the mod- 
ern car ignition bears such a similarity to Guglielmo Mar- 
coni's original spark -gap transmitterthat itwould bevery 
surprising indeed if it did not radiate RF! 

There are three ways that the RF can reach the radio 
from the interfering circuit, this being the ignition circuit 
or other source: firstly, it could be directly radiated from 
the source to the aerial or some other section of the 
signal input to the radio; it can be picked up and re - 
radiated to the aerial by some other metallic object, 
which could be either an adjacent electrical lead or 
some other object in the car such as a body panel (here 
the secondary radiation, as this is called, could be having 
a greater effect than the original radiation!); and finally, 
the RFcouldbereachingtheradioviathesupplyleads - 
although, in theory, with competent design of the radio, 
this should never occur. 

Aerial 
A common cause of trouble can be something 

wrong with the aerial and associated circuit. Fora start, is 
the aerial in the best position? People always seem to 
install it on one of the wings, which is right next to the 
sources of most of the interference (at least, on most 
cars). If you're just about to install your aerial there, you 
could save yourself a lot of trouble by putting it else- 
where, such as on the roof or atthe back. Atthe very least, 
it should be on the wing furthest from the distributor. 
And if all the other solutions detailed below fail, it may 
be worth moving an existing aerial. 

COIL 
+12V 

BREAKER ^^v`)." 

DISTRIBUTOR 

I I"1 74 

SPARK 
PLUGS 

Fig. 1 Although some interference is radiated from the spark 
at the contact breakers, most is radiated by the supply lead e 
which acts as an aerial. 
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SUPPRESSORS 

There are a variety of suppressors available, each having a 
different effect, and each being most suitable for a par- 
ticular type of circuit. 

Resistive Suppressors 
These are connected in series with the interference - 

producing circuit and impede the oscillatory current. 
Obviously, they also produce some power loss on the 
DC current and so can only be used in the HT ignition cir- 
cuits. The resistance value must be something of a com- 
promise in order to give adequate suppression of inter- 
ference currents without significant degradation of 
engine performance. Common values are 5k and 10k. 

Inductive Suppressors 
Also connected in series with the offending circuit, 

they too work by impeding the interfering currents. 
However, having a low DC resistance, they have little 
effect on the normal DC currents in the circuit and so 
introduce virtually no power loss. Inductive reactance 
rises with frequency, so the impedance to RF is very high 
and it is strongly inhibited. 

For the ignition circuit to work, it is necessary for a 
current flowing on the primary to build up fairly quickly 
toa maximum value and then be interrupted, which pro- 
duces the spark in the secondary. Adding an inductor in 
series with the primary prevents this, and so inductive 
suppressors cannot be used for the ignition system. 

A factor that affects the efficiency of inductor sup- 
pressors is self -capacitance. Each turn in a coil has a 
capacitance to the adjacent one, so the effect is of a 
string of capacitors in series. The combined capacitance 
is therefore a fraction of that of the single turn to its 
neighbour (the single turn capacitance c ivided by the 
number of turns, assuming all are equal). As the single 

+12v 

(b) Ic) 

Fig. 2 Different types of suppressor: (a) resistive, impedes 
both AC and DC current, so can only be used on the high - 
voltage, low current spark circuit; (b) inductive, usable in 
most places except ignition coil primary; (c) capacitive, not 
suitable for EHT circuit (think about it!); (d) lead -through 
capacitive, minimum radiation for FM. 

turn value is not great, the total is much less; however, it 
can be sufficient to bypass the inductor at very high fre- 
quencies. Good suppressors are wound to minimise 
self -capacitance; however, inferior suppressors would 
have a poorer suppression factor for VHF, although they 
may be quite adequate for medium and long AM 
wavebands. 

Capacitive Suppressors 
These are wired across the interference source and 

thereby shunt RF currents without affecting DC. Con- 
nection must be to the actual terminal of the source so 
that no part of the circuit wiring is carrying RF. Also the 
lead to the capacitor should be as short as possible 
otherwise it will radiate, because it is conducting RF to 
the capacitor. Likewise, the point to which the sup- 
pressor is earthed should be to the casing of the source 
not a nearby earthing point because RF currents would 
flow from this point to the source -earth and thereby 
possibly radiate. 

Even the inch or so of essential connecting wire may 
radiate at very high frequencies sufficiently to give some 
interference. Co -axial or lead -through capacitors are 
recommended for VHF. With these the lead -out wire 
passes through the centre of the capacitor which 
thereby can be positioned right up to the terminal. Cir- 
cuit leads are connected to the other end of the lead -out. 
Thus the suppressor mayappearto be in series but in fact 
is not. 

Just as inductors possess capacitance so do capaci- 
tors possess inductance. This is often due to the rolls of 
metal foil used in many capacitor types. Such induc- 
tance, being in series with the capacitance, offers a high 
impedance to high frequencies and thereby reduces the 
shunting effect of the suppressor. Though inductance is 
low, it becomes significant at VHF. Low induction 
capacitors can be formed by doubling back the foil to 
give inductance cancellation, and these are the type that 
should be used for high -frequency suppression. 

Earthing Straps 
Heavy copper braid can be used to earth various 

parts, particularly the bonnet to the main frame or 
engine block. This inhibits secondary radiation. A point 
to watch with these is that the ends should be tinned 
with solder otherwise the contact between copper and 
steel in the presence of moisture could set up an elec- 
trolytic reaction which could start corrosion. Even if only 
mild, this would increase the contact resistance and 
could nullify the effect of the strap. 

*12V 

TO INSTRUMENTS 

Fig. 3 A circuit for a simple voltage stabiliser to replace the 
mechanical vibrator type; of course, if you want to design 
something more complicated... 
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Water conducts electricity, and this can lead to pro- 
blems if there is an ingress of moisture intothe cable link- 
ing the aerial to the radio, or into the join between the 
aerial and the cable. Check also that there is a very low 
resistance between the top of the aerial and the aerial 
terminal - poor contact between sliding sections in a 

telescopic aerial can mean that only one or two sections 
are actually providing any signal to the radio! 

Check, also, that there isagood connection between 
the aerial and cable earths, and the body of the car. It 
may be necessary to scrape off some paint from the con- 
cealed section of the bodywork around the aerial. With 
old aerials, corrosion can occur and impair existing con- 
tacts - an ohmeter can be very handy for checking this, 
provided it has a good low -ohms scale. 

Ignition 
The principal source of interference is undoubtedly 

the ignition system. This can be readily identified by 
revving the engine and then switching it off. Ignition 
interference consists of a stream of rapid crackling noise 
which varies with engine speed and stops immediately 
the engine is switched off. However, some other sources 
produce interference that dies down with the engine. 

All new cars must conform to certain EEC regulations 
which provide for a minimum standard of interference 
suppression. To fulfill these, resistive HT cables are nor- 
mally fitted. Older cars will probably not have these and 
either new leads or, depending on the state of the exist- 
ing leads, separate in -line resistive suppressors should 
be fitted. For stubborn cases, especially for FM recep- 
tion, suppression may be required in all plug leads as 

well as the HT cable from coil to distributor. 
Before doing that, though, fit a 1µF capacitive sup- 

pressor from the ignition coil terminal that takes the lead 
from the ignition switch to earth. For FM, use a non - 
inductive lead -through type. The coil itself should be 
encased in metal and the case should be well earthed to 
the engine block; the paint beneath the fixing clip may 
need to be removed to get a good contact. If a plastic 
encased coil is fitted, change it. 

If the interference persists, listen with engine running 
with the bonnet open and with it closed. It should be 
much less with it closed; if not, there are two possibili- 
ties. One is that the bonnet is not well earthed and is act- 
ing as a secondary radiator. Earth it temporarily across 
the hinge with some heavy wire, making sure of good 
contact at both ends to bare metal. If there is now a dif- 
ference with the bonnet closed, replace the wire with 
copper braid. This can be obtained from firms specialis- 
ing in car radio installation. Screening stripped off some 
co -ax or other screened cable may not be heavy enough 
but can be worth trying. 

Unabated interference, even with a closed, well - 
earthed bonnet suggests that it is not being picked up by 
the aerial at all. This can be checked by removing the 
aerial plug and fitting dummy consisting of a plug with a 

68 pF (or near) capacitor wired across it. Continuing 
interference shows that it is getting in by some other 
path. 

The power lead to the radio is the prime suspect now, 
and an in -line inductive suppressor should be fitted in 

series. Loudspeaker wiring is another though less likely 
possibility. If this is so, wire the speaker circuit with twin 
screened wire and earth the screen at one point only. 

Yet another path could be by secondary radiation 
from the steering column or gearlever. This has been 
found with some French -made cars. Try a temporary 
earth to check it, then fit a braid to the offending item 
from a near -by earthing point. 

Electronic Ignitions 
In theory, electronic ignitions should be a lot less 

troublesome than electromechanical ones; in practice, 
some models can be more troublesome. Assuming that 
yours is the type that doesn't replace the coil, the first 
step is to check that the leads between the coil and the 
ignition, and the ignition and earth (or the positive 
supply, depending on which way the coil current flows) 
are as short as is practicable. 

Some systems you install yourself tell you to remove 
completely the coil suppressor capacitor. It may be 
necessary to reinstate the capacitor, and this should, 
obviously, be done fairly cautiously to avoid damaging 
the ignition output stage, so start with a fairly low value, 
say 1 00nF, and work up to whatever value the ignition 
will stand without mis -firing; the maximum you should 
need to use is around 3µF and if this does not solve the 
problem, you will need to look elsewhere. 

Interconnecting leads, already dealt with above, can 
be screened with metallic adhesive tape, such as is used 
for protecting windows in alarm systems; suitable tape 
can be obtained from security equipment shops. Wind 
the tape around the lead, leaving no gaps, in a spiral. 
Earth the screen bywrapping several turns of tinned cop- 
per wire around the tape at a convenient point, twisting 
together the ends, and connect to a near -by earth 
point. 

Generator 
This maybe a dynamo with old models, but for recent 

ones will be an alternator. Interference from both is 

similar, a whine that varies with engine speed, but dies 
down rather than cuts out immediately when the igni- 
tion is switched off. Suppression is by means of a 1µF 
capacitor from the output or D terminal in the case of a 
dynamo, or a 3µF for an alternator. 

Voltage Regulator 
A whine or crackle that appears some moments after 

starting is the characteristic of interference from this 
source. It will disappear when a heavy electrical load is 

switched on such as headlights and fog lights or window 
demisters, and stops when the engine is just idling. 

Suppression can be effected by fitting al µF capaci- 
tor from the positive or D terminal to earth. Do not con- 
nect a capacitive suppressor to the F terminal. Should 
further suppression may be required, fit an inductive 
suppressor in series with the F terminal lead. 

Instrument Stabiliser 
The usual bi-metalic strip type of stabiliser can pro- 

duce an intermittent burst of crackling which often can 
be provoked by tapping the dashboard. A 1µF capacitor 
across this device or from its feed terminal to earth 
should cure it. If not, a series inductor in addition should 
do the trick. Actually, electronic stabilisers are available 
which can be fitted in place of the mechanical ones, or a 

simple circuit can be built up. This will generate no inter- 
ference and as a bonus give more accurate instrument 
readings. 

Electrical Fuel Pump 
Interference from this can sound like a whine, crack- 

ling or ticking. It can be identified inasmuch as it starts 
as soon as the ignition is switched on but before the 
engine is started. 1µF across the terminals plus a series 
inductor if required should suppress it. 
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Ancillary Equipment 
This is simply identified by the fact that interference 

is present only when the particular item is switched 
on. Examples are: windscreen wipers, washer, heater 
fan, direction indicators, stop lamps and clock. The latter 
of course is on all the time and produces a characteristic 
ticking in the case of electro -mechanical types. 

In each case the treatment is the same, al µF from the 
feed terminal to earth, and if this does not completely 
cure it, an inductive suppressor in series with the 
supply lead. 

Bodywork 
Fibre -glass bodies can pose a lot of problems, in that 

the screening that would be present with a metal body is 

absent, unless some other allowance has been made. 
The result will be that all the forms of interference will 
come through much more strongly than otherwise 
could be the case. To get rid of this, as much of the engine 
compartment as possible should be lined with aluminium 
foil, including the bonnet, and all earthed to the main 
frame and engine block. Even with this treatment, some 
problems with FM may be experienced and other 
measures will have to be taken. 

Static discharges between body panels, or exhaust 
system, suspension and differential units can give spas- 
modic interference. As vibration often trig&ers it, it can 
be identified by coasting down a long incline with the 
engine off. Pin -pointing the precise member is not as 

easy and can only be a matter of trial and error. Startoff by 
bonding with braid everything that can be reasonably 
easily bonded, and go on from there. 

If the noise has a regular repetition rate correspond- 
ing to the wheel rotation, it can be that one of the wheels 
has a poor earth through its bearings. Packing the offend- 
ing bearing,when discovered, with graphite grease can 
effect a cure. 

It is rarely necessary to suppress everythingortosup- 
press to the fullest extent. With many vehicles the built- 
in suppression is sufficient especially for AM reception. 
For FM though as stated before, things are more critical. 

And Finally ... 
Do not test in areas of high signal strength as this 

could give a false picture. Interference that is almost 
inaudible in such places will risetoannoyinglevelswhen 
the signal is weak, and in many holiday areas the 
signal is poor. 

Interference is possible with tape players too, 
although theyare much less vulnerable. In most cases the 
interference affects the playback head or associated cir- 
cuitry from the power supply. Check to see if inter- 
ference is the same with the player held in different 
positions; a cure is a series inductor in the power lead 
and/or an electrolytic capacitor from the power rail to 
earth inside the unit. 

If the interference changes as the player is moved, 
the trouble is due to a magnetic field, most likely from 
the wiring harness. Often just moving the harness away 
will cure the trouble. 
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REQUIREMENT: AMPLIFICATION 
SOLUTION: CRIMSON! 

More than ever, Engineers, Enthusiasts, & Professionals require a reliable source of quality amplification, crimson continue to meet this 
demand with a comprehensive range to suit virtually every application and support this with friendly advice and back-up. Our prices have 
remained stable for 18 months and with two regional distributors and our own mail order system, there has never been a better time to 
choose the best. 

MODULES 

Power amplifiers bipolar type. Incorporating full electronic protection, 
integral heatsink bracket, high slew/low distortion circuitry ( <0.01% THD TYPICAL) 

TYPE MAX 0/P SUPPLY MI PRICE 

CE608 
CE1004 
CE1008 
CE1704 
CE1708 
CE3004 

60W/8R 
100W/4R 
120W /8R 
200W/4R 
180W/8R 
320W/4R 

+/-35V 
+/-35V 
+/-45V 
+/-45V 
+/-60V 
+/-60V 

£21.50 
£25.00 
£28.00 
£35.50 
£35.50 
£49.50 

NEW LOW POWER 
CE308 30W/8R i/ -25V £15.90 

Power amplifiers Mosfet type. Ideal for heavy duty use - i.e. disco's or 
driving line transformers, itegral heatsink bracket, (<0.02 % THD TYPICAL) 

FE908 90W/8R +/-45V £30.00 
FE1704 170W/4R +/-45V £39.00 

Pre -amplifiers stereo modules with R.I.A.A. eq. M.M. & line input, needs 
vol and bat pots and input switching. Can be used with MC2 module to 
allow use of low 0/P MC cartridges. 
CPR1X STEREO +/-12V/20mA £33.90 
MC2 STEREO + /-12V £23.00 

NEW SUPER CPR 
CPR2 STEREO +/-12V/20 £47.95 

Full details of our complete range including heatsins, toroidal 
power supplies, active crossovers etc. available on S.A.E. 

HIFI KITS 

Still the reference kit amplifier! for less than £250 you can own an esoteric 
pre -power combination with the added pleasure of building it yourself. 
Write for our full brochure and review reprints. 
CK1010 Stereo pre -amplifier 
CK1040 Stereo P/A 40+40 WPC 
CK1080 Stereo P/A 80+80 WPC 
CK1100 Stereo P/A 100+100 WPC 
MC2K M/C kit for CK1010 
P.S.K. Pre -amp power supply 

£92.00 
£121.00 
£134.00 
£151.00 
£25.00 
£20.00 

PRO POWER 
A new range of 19' rack mounting power amplifiers are undergoing field 
trials for launch later this year. Please contact us if you have a particular 
requirement for this type of amplifier as the final design will depend on your 
needs! 

TO DER 
Send cash with order or quote Acces/Mastercharge card no. All prices 
include VAT, P&P. 

DISTRIBUTORS 
London: 

North. 

Bradley Marshall Ltd., 
325 Edgware Road. 
Wilmslow Audio, 
35/39 Church Street Wilmslow. 

EXPORT 
No problem, but as postage varies so much please write for a proforma 
invoice. 

CRIMSON ELEKTRIK STOKE 
PHOENIX WORKS, 500 KING STREET, LONGTON, STOKE ON TRENT, STAFFS. PHONE 0782 330 520 
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G. S. C. (U. K.) Limited, Dept. 9Z 
Unit 1, Shire Hill Industrial Estate, 

Saffron Walden, Essex. CB11 3AQ. 

----- ALJci!OÍf QI"lic - 

50 Marlbrough Road, 
Derby, DE2 8DT Tel: Derby 0332/382433 

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. 

Modules Power RMS Load Volt Max Size (mm) Price 

RVM150S 
1 

70-150W 1 4n an 
1 

±60 131 x80x100 1 23.50 

RVM300S 1 120-300W 
1 

4-80 
1 

±65 131 x102x1361 32.87 

RVM400S 170-400W 4-80 ±65 47x89x136 40.92 

RVM700S I 300-700W 12-8n I ±70 147x90x197 1 80.96 
RVM700S Mounted on Heat Sink 70.40 

1 Size of Heat Sink Range 

HS110 52x91 x110mm 15.90 

HS150 152x91 x150mm I 7.20 
HS210 152x91 x210mm 1 9.44 

All prices include post & packing. 
(Quantity discount available) 

To order send cash with order, or cheque/postal order. 

Delivery on our Modules and Heat Sink or same day dispatch 
when order is received with cash, allow7 days with cheque or 
postal order. 

HAR WARE 

MDEX disc operating system - from £95 

MDEX. Language power 
FORTH PASCAL SPL QBASIC META 
Software to make the CORTEX go! 

CORTEX 1 Mb Disc Drives 
80 track double -sided double -density 
£235 

TMS9909 disc controller I.C. £24.50 

CORTEX game tapes 
Space Bugs, Nibblers, Pontoon each £6 

Please add VAT to all prices 

Jefze 
MICRO PROCESSOR ENG LTD 
21 HANLEY ROAD SHIRLEY 
SOUTHAMPTON 
S01 5AP 
TEL: 0703 780084 

Guess who builds this great 

Logic Prob e.. YOU!óñÌ 

With this easy -to -build Logic Probe Kit from GSC and just a 

few hours of easy assembly - thanks to our very descriptive 
step-by-step manual - you have a full performance logic 
probe. 

With it, the logic level in a digital circuit is indicated by light 
from the Hi or Lo LED; pulses as narrow as 300 nanoseconds 

are stretched into blinks of the Pulse LED, triggered from 
either leading edge. You'll be able to probe deeper into logic 
with the LPK-1, one of the better tools from GSC. 

£14.50 
Complete, 
easy -to -follow 
instructions 
help make this a 
one-night project. 

GLOBAL SPECIALTIES CORPORATION r m Is s - - - - - - - - ow u - N 
GLOBAL SPECIALITIES CORPORATION. DEPT 9Z 

Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex. 

Name 

Address ' Inc P&P and 15% VAT 

' l LPK-1 £17.83 
Phone your order with Access, Barclaycard 

I enclose cheque/ FREE Catalogue 

PO for £ tick box 

Telephone: Saffron Walden (0799) 21682 or American Express Card No. Expiry date 

Telex: 817477. I.MIMI MUM BIZ MZ MI-11 
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AUDIO DESIGN 
This article, and the two parts that are to follow, provide the 
practical complement to John Linsley Hood's earlier, theoretical 
series of the same name. Many amplifiers have claimed to be the 
best ever published for the home constructor; but take it from us - this is. 

The earlier parts of this series 
on Audio Circuit Design have 
mainly been aimed at 

explaining, in as simple a manner 
as I could, how circuits were 
designed, and their values 
specified, to do a specific job - in 
an engineering sense. Fifteen years 
or so ago, this would have been 
all that the user would have asked, 
and he would probably have been 
delighted with the performance 
given by what would be considered 
a run-of-the-mill design excercise. 
However, things have now 
changed. 

As I mentioned in the article 
which dealt with audio amplifiers, 
I have an ambivalent attitude 
towards the whole'hi-fi' scene, in 
the sense of that conspiracy which 
appears to exist between the 
editorial staff of'hi-fi' journals, and 
the manufacturers of'hi-fi' equip- 
ment, by which fulsome praise is 
lavished only upon rare items of 
audio exotica - which must be 
very expensive, in addition to 
being relatively infrequently seen - and staff writers are flown half 
way round the world to see, hear 
and inwardly absorb the latest 
propaganda in the cause of the 
most recent technological miracle. 

Meanwhile, the bulk of the 
readers of the magazines continue 
to use, and frequently to enjoy, 
the equipment which they bought 
at a modest price from their local 
dealer or discount warehouse, and 
which never received any rave 
reviews from anyone, except a 
consumer magazine which said it 
was good value for money! 

I am not so calloused, mentally, 
that I cannot recognise that some 
of these hi-fi exotica are indeed 
very good, and well designed and 
made, to boot. However, this pre- 
sents a problem to the designer of 
any kit which is to be described in 
an electronics constructional 
magazine. Whatever it is, it must 
provide an incentive to the would- 

be constructor. Not only must it 
be sensible value for money, but it 
must also offer some quality 
advantage over the nicely made 
and prettily finished units offered 
at such tempting prices in the local 
High Street. 

One advantage, which it is 

perhaps a little unkind to stress, is 
that the things you build yourself 
are repairable by you - the others 
may not be. However, if you are 
known, or mistakenly thought, to 
have any skills in the repair field, 
you are likely to have to fend off a 
kind of fan-club of friends and 
relatives who have bought some 
pretty tin -ware a few years ago, 
and now can't find a dealer who 
wants to know about it. 

The other advantages may be 
those which are concerned with 
audio quality, in its various aspects. 
You may be able to include 
amenities or facilities which only 
you may want, but which are 
absent from the less expensive 
commercial gear, or it may be that 
you can gain some advantages in 
sound quality. This latter task is 
made a bit easier, certainly in res- 
pect of the equipment at the 
cheaper end of the market, by the 
fact that the need for a low sale 
price forces the manufacturer into 
the use of specialised, custom 
designed, circuit hardware which 
does an adequate though not mar- 
vellous job. 

Many of the circuit designs 
which have been offered for the 
DIY constructor have relied for 
their appeal on the provision of a 
lot of electronic facilities, and I 

have been down this road myself, 
as testified by the J LH domestic 
preamp, published elsewhere. 
However, while it was fun to 
design and build the bits of 
gadgetry included in this design, 
the fact remains that most of these 
facilities are very seldom used. So, 
since I know that I can dispense 
with most of these, with very little 

real loss, and since I suspect that I 

could do those things which re- 
main just a little bit better than I 

have done them so far, my inten- 
tion here is to offer a fairly simple 
design in which all the small prac- 
tical quality improvements are in- 
corporated, in the hope that the 
final unit, within the power budget 
decided upon, will equal or ex- 
ceed in sonic quality anything 
available anywhere else, at any 
price. 

This may sound both vain, and 
impracticable; well perhaps it may 
be. But my problem, in the evolu- 
tion of this design - and the pro- 
blem of any other designer - is 

that unless one has a reasonable 
chance of matching the quality of 
the best, it is hardly worth while 
cluttering up the printed pages 
with yet one more design. 

Design Philosophy 
Like many of my readers, I sus- 

pect, I have read a lot about the 
recent tend in hi-fi thinking, in res- 
pect of Class A operation, and 
valves, and enormous power out- 
puts, and the importance of con- 
necting wires the right way round. 
Since I know that the people who 
espouse these causes are neither 
foolish nor easily led, I have had to 
try to work out a rational explana- 
tion for this collective attitude, in 
the hope of some design guidance 
emerging from this. For what it is 

worth, here it is. 
Most of the audio quality judg- 

ments on audio amplifiers and 
ancillary equipment, made by the 
writers on this subject, are made 
on the basis of extended listening 
trials, most of which are at very 
high sound levels, with music of a 
type which has relatively few quiet 
passages. Valve amplifiers have the 
great advantage, because of their 
inherent tendency to 'soft' clip- 
ping, that when they are driven 
into overload they sound much 
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less awful than transistor designs 
which have a'brick-wall' clipping 
characteristic. Also, with valves, 
their distortion products - of which 
there are usually quite a lot - are 
mainly 2nd and 3rd harmonic: 
these can, curiously, tend to en- 
hance the sound of certain music, 
to make it sound 'richer'. Also, for 
practical reasons, not a lot of N FB 

can be employed, which makes LS 

load compatibility less demanding 
of design. Finally, the output trans- 
former, which does so much to 
impair the electrical quality of the 
amplifier, does at least ensure that 
it can push a lot of current into a 
low impedance LS load. 

Since most of the reviewers' 
auditioning is apparently done at 
very high sound levels, the pre- 
ference for high powers is also 
understandable. 

The case for class -A is harder to 
fault. With junction transistors, 
particularly, the sluggishness in 
operation of the higher current 
types makes crossover distortion 
an ever present problem, in class -B 
(no quiescent current) or class -AB 
(some zero signal level quiescent 
current) operation. Class -A (stand- 
ing output stage current the same 
for zero or maximum power) oper- 
ation makes for much better power 
output transistor HF response, and 
also has the big advantage that the 
HF characteristics of the power 
transistors are just as good at low 
signal levels as they are at high 
ones. 

However, a class -A amplifier is 

unavoidably inefficient, with effi- 
ciencies in the range 25-30% being 
normal. This means that an 80 
watts/channel class -A stereo amp- 
lifier must dissipate, perhaps, 640 
watts of heat. This either implies 
enormous heat sinks, to keep the 
operating temperature down to 80 
to 100 C, or fan cooling, which is 

noisy. Either way, such an amplifier 
will make quite a contribution to 
room heating. Now think of what 
life would be like with a 200 WPC 
class -A system! Sliding -bias class -A 
systems have often been tried, but 
never liked. 

MOSFETs To The Rescue 
So far as I am concerned, the 

availability of power MOSFETs is a 
nearly complete solution to the 
power amplifier design problem. 
The recent design types of this 
kind are so fast that the difficulties 
of output stage sluggishness are 
abolished, and the nature of the 
device ensures that the H F res- 

ponse is the same at all drain 
current levels, thereby avoiding 
the normal class -AB junction tran- 
sistor problem of subtly different 
sound quality at low and high 
sound levels. 

Power MOSFETs do have design 
problems, which is why, inspite of 
their many and conspicuous vir- 
tues, in comparison with junction 
transistors and transformer coupled 
valves, relatively few commercial 
designs exploit these qualities. 

As for the third hi-fi fetish, con- 
necting wires, this is less to do 
with the wires themselves than 
with the connections made to 
them, in interconnecting the com- 
ponent units of the complete 
audio system. It makes little sense 
to go to a lot of trouble in the cir- 
cuit design, and then put the 
results in jeopardy by the use of 
cheap connectors. For the LS cir- 
cuit, in particular, there is a great 
deal to be said for solid screw - 
down terminals. 

So - to summarise the design 
thoughts so far. The amplifer 
should employ power MOSFETs in 
a suitable design, and have good 
quality wiring connectors. The pre - 
amp should have only the neces- 
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BUFFER 
X 

OV 

sary facilities, but those that are 
there should be as good as 
possible. 

The Necessary Facilities 
In my own experience, a good 

quality RIAA input stage, an input 
selector switch, a volume control, 
a balance control, a rumble filter 
and some reproducible means of 
modifying the relative levels of 
bass and treble response - where 
both of the latter circuits must be 
capable of being switched out - 
are all that are really essential in 
the preamp. However, a separate 
class -A headphone amp is a desir- 
able addition, and if this is included 
in the preamp, this unit can work 
on its own. You will infer from this 
that I prefer the preamp and the 
power amp to be separate units. 
This form of construction does 
make life a lot easier for the con- 
structior. Also, for reasons of prac- 
tical convenience, I think that it is 

sensible to house the moving coil 
head amp, if used, in its own sep- 
arate enclosure. It can still be 
powered from the preamp to avoid 
the inconvenience of battery 
replacement. 

So far as the power amp goes, I 
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Fig. 1 Layout of the pre -/power amp system. 
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think that there is a lot to be said 
for designing this so that it has 
enough sensitivity (say 150mV for 
max output) that it can receive 
signals directly from ancillary units 
(cassette recorders, tuners and the 
like) without further amplification - on the grounds that the less one 
handles signals, the better the final 
result is likely to be. This implies 
that the volume control will be at 
the input to the power amp, and 
the channel balance control will 
also require to be included some- 
where within the power amp. For- 
tunately this is easy to organise. 

This arrangement also implies 
that the preamp needs to have 
provision for a'straight through' 
path from the input selector to the 
power amp input position. The 
final layout is shown in Fig. 1. A 
minor point, occasionally exhorted 
by the hi-fi pundits, is that the 
overall system is non -inverting in 
signal phase, and that switching 
out sections does not affect the 
overall phase polarity. 

Both the power amp and pre - 
amp are operated from stabilised 
power supplies. In the preamp 
case, these are voltage regulator 
ICs, and in the power amp, where 
higher voltages and currents are 
necessary, a discrete component 
unit is employed. LS protection is 
provided without the need for 
relays or fuses in the output line to 
the LS. (There are good relays with 
gold plated contacts, and some 
fuse holders also are soundly 
made, however, if one can do 
without them this must be better). 
This is accomplished by monitor- 
ing the DC offset on the LS line, 
and switching off the PSU elec- 
tronically if this exceeds some pre- 
determined value, averaged over a 
fraction of a second. 

This doesn't confer on the cir- 
cuit the useful facility of discon- 
necting the LS for a few seconds, 
following switch -on, to remove the 
normal switch-on'plop', for which 
a relay is so useful, but it is possible, 
as an option, to connect a clamp 
circuit across the power amp in- 
put, to hold this down to the OV 
line for a few seconds after switch- 
ing on. A junction FET will do this 
job very well, since it conducts, bi - 
directionally, until a voltage is 

applied to its gate to cut if off, 
when it will become a very good 
quality open circuit. 

This concludes the outline of 
the design 'architecture'. The only 
other point which seems worth- 
while exploring before we get 
down to the detailed considera- 

tion of the circuitry is what kind of 
gain blocks we should use. I think 
that some of the new'741' pin 
connection op -amps such as the 
TL071, and the LF351 (or the PMI 
OP27 if money is less of a con- 
sideration) make excellent audio 
gain blocks. Moreover, for the con- 
venience of the stereo enthusiast, 
these are available as dual op - 
amps in their TL072 and LF353 
versions. Although I indicated 
earlier in this series that I thought 
that it was possible to do this job a 
little bit better by the use of dis- 
crete component 'gain blocks', the 
advantage is small, and the IC is 

simpler and more cost effective. 
So, what I propose is that these 

'discrete component' units should 
be restricted to the two input gain 
blocks in the RIAA stage, where 
their qualities may best be seen. In 
the case of the tone -control stage, 
or the rumble filter, my feeling is 

that if it is necessary to use these 
signal modifying elements there is 

an implied admission that the 
signal is less good than one would 
wish anyway, so the very slight 
tonal penalty (and it really is very 
small) which would be paid by 
using an op -amp is not likely to be 
enough to justify more complex 
and costly alternative circuitry. 

Since I have already discussed, 
and analysed, the design techni- 
ques of most of the circuit blocks 
employed in the preamp (Audio 
Design. parts 1-7. ETI Sept. 1983 - 

March 1984), I will not examine 
them in detail again, except where 
some additional information would 
be useful, or where differences in 
application may modify the circuit 
choice somewhat. 

RIAA Stage 
Although in normal circumstan- 

ces, I would prefer a two -stage 
input system, using two consecu- 
tive active stages, of the type 
shown in Fig. 10 of part 3 of this 
series, there is no tonal difference 
between the use of a passive and 

R1 C1 Cl C3 
47k 100¡ 220R 220p 

T 7 

DISCRETE 
COMPONENT 
OP AMP 01.07 

RH 
R6 6k8 

100R 

an active network as the second 
stage integrator - it is simply that 
the passive network will have an 
attenuation of 10 at 20kHz, which 
will require the first gain block to 
have an output at least 10 times 
greater at this frequency. 

However, in the circumstances 
of this preamp where the output 
signal level required for maximum 
power amplifer output is only 
150mV, this is not a significant 
problem, especially in view of the 
10V RMS output capability of the 
gain block used (Fig. 8b, part 3). 
So, since using the passive net- 
work to give the second part of the 
RIAA attenuation curve will save 
16 transistors, it seems a sensible 
move. 

The advantages of breaking 
down the composite 30Hz - 1 KHz, 
1 KHz- 20 KHz RIAA equalisation 
curve into two separate stages 
were discussed in part 3 of this 
series, and in earlier articles of 
mine, and other writers elsewhere. 
Unfortunately, there still remain 
designers to be convinced, I am 
sorry to say, and it is difficult, by 
remote control, to have them listen 
to the two choices so that one may 
say'There you are. It does sound 
better, doesn't it?'. So, may I make 
the argument that very seldom, in 
human experience, can one make 
any device do two different jobs at 
once with as good a performance 
as two separate more specialised 
units. Why therefore should one 
expect a single gain stage to do 
two separate equalisation func- 
tions simultaneously with equal - 
let alone better - results than 
when these functions are separated. 

The final gramophone PU input 
stage therefore becomes as shown 
in Fig. 2 (Fig. 7 of part 2), and its 
complete layout as shown in Fig. 3, 
with the gain block instead of the 
schematic op -amp diagram. Since 
for optimum results many PU car- 
tridges require a measure of cap - 

Fig. 2 Simplified circuit of the PU input 
stage. 
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PARTS LIST - 
RIAA STAGE 

RESISTORS (all 2% 0.4W metal film) 
R1,101 47k 
R2,102 
R3,5,103,105 
R4,104 
R6,11,106,111 
R7,107 
R8,108 
R9,13,109,113 
R10,110 
R12,112 
R14,15,114,115 

CAPACITORS 
C1,101 
C2,3,102,103 
C4,104 

10k 
15k 
2 k7 
100R 
100k 
6k8 
47 R 

680 R 

68k 
15k 

100p polystyrene 
220p polystyrene 
470µ 6V3 low ESR 

electrolytic, 
tubular 

0,105 470µ 6V3 low ESR 
electrolytic, 
PCB mounting 

C6,106 100p polystyrene 
C7,107 47n polycarbonate, 

1% 

C8,9 470µ 16V 
electrolytic 

C10,110 10n polycarbonate, 
1% 

SEMICONDUCTORS 
Q1-5,7,101-105, BC416 

107 
Q6,8,106,108 BC414 

MISCELLANEOUS 
PCB, wire, etc 

acitative loading in addition to the 
47K input resistor, a group of three 
capacitors are mounted on the 
board to allow the choice of input 
capacitance values from 100pF to 
540pF by simple bridging of pins 
on the board. 

Fig. 3 Full circuit of the PU input stage; 
note that if you're cutting costs by using 
5% resistors, components marked with 
** must be 2% or better. 
Fig. 4 Overlay diagram of the PU input 
stage - note the allowance for different 
capacitor sizes. 

Tone Control Stage 
My experience with my rather 

more elaborate domestic preamp 
which has a tone control circuit 
which is capable of modifying the 
frequency response, in a series of 
3dB plateau steps, up or down, at 
various frequencies, has en- 
couraged me in the belief that this 
is the kind of tone control to have. 
However, I do not use all the 
possibilities it offers, and most of 
the time it is switched out of 
circuit. So, in the light of exerience 
I feel that a simpler, cheaper, and 
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easier to build unit would have 
served me just as well. 

My second thoughts on this 
stage are shown in Fig. 5. This is 
largely shown in Fig. 12 in part 4 of 
this series, but with a few mod- 
ifications to the component values 
used. Because two inverting stages 
are employed, in cascade, the sys- 
tem is non -inverting in phase, and 
the cancel switch should make no 
audible difference to the sound if 
this stage is switched in or out 
when in its flat response position. 
Each switch, S2 - S9, generates a 
click -free modification to the fre- 
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quency response, in a controlled 
and reproducible manner. (Note, 
each 'lift' switch operation should 
be accurately cancellable by the 
equivalent'cut button, to restore 
the status quo, as a test of the cor- 
rect operation of this stage.) 

I have only aimed at a small 
(3dB) step increment or decre- 
ment in frequency response given 
by this stage, because the inten- 
tion in this design is to compete in 
the upper audio bracket. If a very 
large treble or bass cut or lift is 
needed, it would seem to imply e 
that there is is something badly 
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amiss elsewhere in the system. It 
would, I think, be better to try to 
remedy this where it exists than to 
try to make the preamp compen- 
sate for it. The 3dB value has the 
merit, in practice, that is is just big 
enough to be noticeable, without 
being so big that it is intrusive. 

Two LF353 dual op -amps are 
used to operate this circuit, and 
these are fed from the + and - 
15V lines derived from a pair of IC 
voltage regulators, and used to 
power the remaining units in the 
preamp. Push -on, push -off switches 
actuate the frequency steps and 
cancel functions. The frequency 
response of this circuit is shown in 
Fig. 7. 

PARTS LIST - 
BUFFER/FILTER 

RESISTORS (all 2% 0.4W metal film) 
R1,101 100k 
R2,102 330R 
R3,4,5,103,104,105 6k8 

CAPACITORS (all polycarbonate) 
C1,101 470n 
C2,102 100n 
C3,103 2p2 
C4,104 220n 

SEMICONDUCTORS 
IC1,101 LF353 
MISCELLANEOUS 
SW2 3p (min), 2w 
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Fig. 5 Circuit diagram of the tone stage. 

PARTS LIST - TONE STAGE 
RESISTORS (all 2% 0.4W metal film) CAPACITORS (all polycarbonate) 

C1,4,101,104 47n 
C2,3,102,103 22n 
C5,7,105,107 3n3 
C6,8,106,108 2n2 

R1,6,10,12,101, 18k 
106,110,112 

R2,5,102,105 15k 

SEMICONDUCTORS 
IC1,101 LF353 

R3,4,103,104 33k MISCELLANEOUS 
R7,14,107,114 470R SW5-12 DPST panel -mount- 
R8,13,108,113 47k ing switches. 
R9,11,109,111 22k PCB, wire, etc. 
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Fig. 7 (above) Response of tone stage. 
Fig. 8 (below) Circuit of the buffer/filter. 
Fig. 9 (right) Measured rumble filter response. 
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The Rumble Filter Stage 
Some otherwise very good 

records can suffer from rumble in 
the recording, and even those 
played by the BBC are not always 
free from this fault. If one is lucky 
enough to have LS units with a 

good low frequency response, this 
can be a very irritating problem. 
My practice, in the past, has been 
to choose the LF turn -over point at 
30-32 Hz, on the grounds that, with 
a -20dB per octave filter slope, 
this should adequately deal with 
the rumble components in the 5- 
8Hz region. Well, I suppose it 
would, if this is where they were. 
Unfortunately, experience shows 
that the really irritating LE noises 
are often in the 20-25 Hz region, 
and a turn -over frequency of 
around 50Hz is really needed to 
get rid of them. 

So, where one has this nuis- 
ance, it is, in reality, much better 
to be without it than to try to hold 
on to such signals as may occur in 
the half octave between 32 and 
50Hz. 

The filter block employed is 

the bootstrap filter circuit shown 
in Fig. 19 of part 4 of this series, 
and the frequency response given 
by the circuit of Fig. 8 is shown in 
Fig. 9. Again, an LF353 dual op- 

OV 

amp is used to implement this 
stage, and, as before, a push- 
button cancel switch is wired to 
bypass it when better quality pro- 
gramme material is available. 

The Headphone Amp 
If the preamp is a separate unit 

from the power amp, it is a very 
useful thing to have a small head- 
phone amp capable of driving a 

couple of pairs of phones, within 
the preamp box. However, if this 
amplifer is to be an accurate mon- 
itor of the signal delivered to the 
power amp and if, in the sort of 
architecture proposed for this unit, 
in many cases the signal from the 
auxiliary units will be routed direc- 
tly to the power amplifier, the 
standard of accuracy and quality of 
the headphone amp must, if any- 
thing, be higher than that for the 
power amp itself. 

Fortunately, the headphone 
amp has a much easier job to do, 
in that neither the output power 
requirements nor the load charac- 
teristics are so severe, since head- 
phones typically have a load im- 
pedance of 100-2000 ohms, and 
only require 1-2V max RMS, for 
normal output. There are of course 
electrostatics, which may demand 
5-10 watts, at loads down to a few 
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ohms, but these are best driven 
from the power amp anyway, and 
the'8 ohm' headphones, will 
require a very low drive voltage 
anyway. 

Since only a low power output 
is required, a class -A stage is per- 
fectly feasible. Because only small- 
ish output transistors are needed, 
10MHz F, devices are easily found, 
and, in any case, class -A operation 
makes the HF response good. The 
only other thoughts which com- 
mend themselves are that the 
design should be completely sym- 
metrical, and direct coupled to the 
output, and that where N FB bypass 
capacitors of electrolytic type are 
used these should have a polaris- 
ing voltage across them. It will also 
help sound quality if the amplifier 
has few stages, using discrete com- 
ponents, and no slew -rate limiting 
internal H F roll -off components 
are needed. 

A design which meets these 
requirements, and gives an excel- 
lent sound quality, is shown in 
Fig. 10, with a suitable PCB layout 
in Fig. 11. 

Since I haven't analysed this 
type of circuit earlier in the 
'Audio Design' series, I will explain 
how it works, and how the circuit 
component values are worked out. 

The basic amplifer system is as 
shown in the very simplified layout 
of Fig. 12. In this, a pair of push- 
pull input transistors, Q1 and Q2, 
drive a push-pull pair of output 
transistors, Q5 and Q6. Negative 
feedback is taken from the output 
point to the emitters of Q1 and 
Q2, and the load is connected bet- 
ween the joined collectors of Q5 
and Q6 and the OV line. For ade- 
quate class A operation the output 
transistors should pass, say, 
100mA each. With a±15V supply, 
this would mean 1.5 watts dissipa- 
tion, so a smallish heatsink, per- 
haps 1.5" square, will be needed 
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Fig. 10 Circuit of the headphone amplifier. 

for each. 
If the output transistors have a 

minimum current gain of 50, then 
each may require a maximum 
current input to their bases of 
2mA. In order to provide this, with 
a bit to spare, the input transistors, 
Q1 and Q2 should normally pass 
about 4mA. If these have a current 
gain of 150, their base currents will 
be .004/150 = 26.7uA, which gives 
an input impedance of about 19k. 
The input gain control (and since 
this has to provide a'balance' fea- 
ture too, this should be the twin 
concentric spindle type) must 
therefore be a good bit less than 
this: a value of 4 k7 will be fine. 
Unfortuantely, some of the aux 
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input signal sources will have too 
high an output impedance to be 
able to drive this. It is therefore 
necessary that the input switching 
(Fig. 1) shall be organised so that 
the input buffer (incorporated to 
generate a low source impedance 
for the rumble filter and the tone 
control stages) is used also as the 
headphone amp input buffer, 
where otherwise a'straight 
through' signal path would have 
been used. (A 3 -head recorder sys- 
tem will normally have a'line' out- 
put impedance (600 ohms) so this 
can drive the headphone amp 
without problems.) 

Returning to the headphone 
amp circuit, we must now provide 
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Fig.11 Overlay 
diagram for 
the head- 
phone ampli- 
fier. 
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)15V 

a source of emitter current for Q1 
and Q2, and a means of controll- 
ing the current through Q5 and 
Q6. Looking now at the full circuit 
diagram of Fig. 10, the emitter 
current for Q1/Q2 is derived from 
the ± 15 volt lines through R2 and 
R3. Fora 14.5V drop and 4mA 
flow, this would require a resistor 
value of 3625 ohms. The nearest 
preferred value is 3k9, which will 
pass a current of 3.7mA, though 
some 250uA will also flow through 
R6 and R8. 

Looking now at Q5, (the circuit 
operation for Q6 is the same), a 

small resitor (6 R8 ohms) in its 
emitter circuit senses the current 
flow. If this is too high, a forward 
bias is applied to the DC amplifier 
transistor Q3, through R11, (C5 
removes all audio signals from this 
point), which will cause Q3 to con- 
duct and steal drive current from 
Q5 base, holding the collector 
currents of Q5 (and Q6 for which 
the operation is identical) to the 
chosen average value. 

Negative feedback is applied 
from the outputs of Q5 and Q6 to 
the emitters of Q1 and Q2. This 
gives a measure of DC output 
voltage control, but this can be 
fine -trimmed by R9, R10 and R12, 
which operate to adjust the collec- 
tor current of Q6 relative to Q5. A 

PARTS LIST - 
HEADPHONE AMP - 

RESISTORS (all 2% 0.4W metal film) 
R1,4,101,104 1 k2 
R2,3,102,103 3k9 
R5,7,105,107 2k2 
R6,106 
R8,10,108,110 
R9,109 
R11,12,111,112 
R13 
R14,15,114,115 
RV1 

RV2,102 

150R 
10k 
100k 
6 R8 

68k 
4R7 
2k2 twin concentric 
stereo log pot 
10k lin preset, 

horizontal 

CAPACITORS 
C1,101 4µ7 non -polarised 
C2,3,102,103 100n polycarbonate 
C4,5,6,7,104,105, 100µ6V3 low ESR 

106,107 electrolytic, PCB 
mounting 

C8,9 470µ 16V 
electrolytic 

SEMICONDUCTORS 
Q1,4,101,104 BC184 
Q2,3,102,103 BC214 
Q5,105 BD136 or BD538* 
Q6,106 BD135 or BD537* 

MISCELLANEOUS 
PCB, wire, etc 

* BD538 and BD537 should only be 
used together. 
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DC output level of OV± 50mV is 
adequate. Because the bases of 
Q1/Q2 are joined together, their 
emitters will sit at -0.55V and 
+0.55V respectively, which pro- 
vides a standing 0.55V potential 
across C1/C2 and C3/C4. C3/C4 
should be low ESR aluminium 
electrolytics bypassed by C1/C2 
polypropylene or polycarbonate 

INPUT 

0V 

NOTE 
IC1,2 ARE 7812 
IC3 ,4 ARE 7912 
IC5 IS 7805 
IC6 IS 7905 

SW 13a 

o --f 
N SW13h 

FS 

E o-+ 
SEE TEXT 

L VIAFS 

SW+.3a/1 

AC MAINS 

N VIA 
SW 135 

L)1 

15.0.15 
10VA 

D3 

IN 

D2 

IN 

IC1 

COM 

IC2 
OUT 

PROJECT : Audio Design 

10OnI- types. 
On typical headphone load 

impedances, the output THD is 
substantially that of the input sig- 
nal, as is the transient response. 

Power supplies 
These are quite straightforward, 

and use a 15-0-15V toroidal trans- 
former, in the interests of low hum 

+15V 

100n1A/CHANNEL 

OUTPUT 

15V 

OUT 

C3.1. C4 
220n 470n 

+C1 
2000u 

COM 

Fie. 12 (left) Sim- 
plified headphone 
amp. 
Fig. 13 (below) 
PSU circuit. 
Fig.14 (bottom) PSU 
overlay. 

C5 
C60u 1 _+ 

220n 7___T47 iIN 

IC5 
UT 

COM 

100n 

+15V TO 
O HEADPHONE 

AMP 

+15V 
TO PREAMP 

+5V TO 
O M/C HEAD 

I+ C12 

I)4 

+ C2 
2000u 

IN 

COM 

IC4 
OUT 

COM 

C9 171+ 2T D,O fIN 20n 
470u 1 

COM 

ICE 

C13 
100n 

OUT 

C7 + C8 
220n 

IN 
IC3 

470u 

0 oV 

I+ C14 
100 

5V TO 
O M/C HEAD 

5VTO 
O PREAMP 

OUT 

- 15V TO 
O HEADPHONE 

AMP 

field, a bridge rectifier, and two 
pairs of 15V IC voltage stabilisers. 
Low equivalent series resistance 
electrolytic capacitors are used to 
bypass the output DC lines to the 
OV rail, and similar capacitors are 
used as bypass elements at the 
supply line connections to the pre - 
amp circuit modules. A±5V take- 
off point, from another pair of 
stabilisers is employed, optionally, 
to power a MC head amp module, 

In the next part of this series, I 

will describe the power amp, its 
power supplies, and the protec- 
tion circuits. 

_PARTS LIST- PSU___ 
CAPACITORS 
C1,2 2000µ 25V tubular 

electrolytic 
C3,5,7,9 220n 
C4,6,8,10 47Oµ 16V 

electrolytic, 
PCB mounting 

C11,13* 100n 
C12,14* 100µ 10V 

electrolytic, 
PCB mounting 

SEMICONDUCTORS 
IC1,2 7815 I, 7915 
IC5C3*4 7805 
IC6* 7905 

MISCELLANEOUS 
T1 15-0-15V 10VA 

mains 
transformer, 
toroidal PCB 
mounting 

FS1 100mA fuse + 
panel -mounting 
holder 

SW1 3 double -pole mains 
switch to suit 

PCB, wire, etc. 
* = not needed if M/C head amp not 
used. 

1 

ko 
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More Mai 
ei tasks oga 
Zef-f0e/NO 

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 theZX81 -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. ETI/6 

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 £2 p&p UK (£5 Europe, £10 
outside Europe) and send your 
order to the address below. 

51eywave 
SOFTWARE 

David Husband 
73 Curzon Road, Bournemouth, 

BH1 4PW, ENGLAND. 
Tel: (0202)302385. 

International +44 202 302385. 

TRANS( EL DOT MATRIX PRINTER Compact 
Senai ultetace 230V. With info £65 ea 
TELETI PE ASR33 - DATA DYNAMIC(Printer, 
Kevboa(i. Punch & Reader) RS232 £75 
RACAL MODEM type 2200/24 £100 
TRT SEMATRONS 1022 Modem £20 
CREED TELEPRINTER75. VeryGoodCondition.., £25 
?' MONITOR Cased Non -Standard With into... £20 ea 
12 MONITOR Cased Non -Standard With info £15 ea 
AZT EC 20" Black& Wh,teMONITORVideoin._. £50 ea 
TV Style 20- MONITOR Black& White. Video in £30 ea 
GENERAL ELECTRIC TERMINET Printer with 
Keyboard Upper/ Lower case £125 ea 
ICL Version of above. No keyboard ... ...... £95 ea 
OWERTY KEYBOARD. Push to make. Uncased £15 ea 

P&P E4 
CARRIAGE ALL UNITS £7. 

STEPPING MOTORS 
Type 1.200 Steps 4 Phase (5 wire) 12/24V 25 oz Inch. 

2'V dia £15 
Type 2 6 12 Steps 3 Phase 12/240 13/4" dia. f2 ea 
5 for £5.70 
Type 3 24 Steps 4 wire 5V 3.3A 0-250rpm 0.200PPs 

dia f10 ea 
Type 4 200 Steps 1200 (3 wire) 25 oz inch. 

2h" dia £4 ea 

MOTORS 
SYNCHRONOUS 2 Phase 9V AC. 375rpm Cap start. 
Will DC step. -8 steps per rev £1 ea 
GEARED 117/2340 50HZ 4" dia f5 ea P&P£4 
GEARED 115/2300 1 RPM 23/4" dia £4 ea P&P £2 
MOTOR 12V DC 3" dia £3.50 ea P&P £3 

TRANSFORMERS 
TORODIAL 13.5-0-13.5V 8VA .... £ 1.50 ea 10 off £12 
TOROIDIAL 0-120, 0-12V 10VA per winding.... £4 ea 
10 off £35 P&P £2 
AUTO 240V Input 1 15 V 1A £ 1.25 ea 

Sub -Mtn 12-0-12V 406 75p ea 10 off £6. P&P f2 
Printed Circuit Mounting 120/240V.. Input Sec 
15V 0,4A twice £ 1.50 ea 
Chassis Mounting 120/240V. 
900.33A twice- £ 1.50 ea; 20V0.15A twice -f 1.50 ea; 

600.56 twice-£ 1.50 ea; 12V0.96A twice -£1.50 ea; 
7.50 3.34A twice - £3 ea 
Sub -Min PULSE TRANSFORMER Centre tapped. 
Suitable Thyristor triggering - 20p ea 10 off £ 1.80. 
Many other transformers available - please enquire. 

CAPACITORS 
Electrolytic t 5,000mfd 25mtd25V 20p ea 10 off£1.80 
Sprague Compulytic 18,000 mfd 10V Screw 
terminal f1 ea 
Electrolytic 90omfd 100V Screw 
terminal 50p ea 10 off £4 

OSCILLOSCOPES 
TSLEQUIPMENT D75. Dual Trace 50MHZ 
Delay Sweep £400 
S E. LABS SM 111 Dual Trace 20MHZ £200 
TEKTRONIX 585A with 82 Plug-in. Dual Trace 
85MHZ Dual TB Delay Sweep £200 
TEKTRONIX 5458 with CA Plug-in. 24MHZ Dual Trace 
Dual TB £160 
Ex -Ministry CT436 Dual Beam 6MHZ £60 
SE LABS STROBE SMB £125 
METROHM BATTERY MEGGER 500V £40 
ADVANCE Dual Stab DC Power Supply PP3. 0-30V; 
0-1A twice. Metered £50 
AVO TRANSISTOR TESTER 77169. With leads £20 
P&P £2. 
CARRIAGE ALL UNITS£7. 
RANGE OF NEW SCOPES AVAILABLE - 
Please enquire 

Tantalum Bead 0.1 mfd 35V. 10 off £1. 100 off £7.50 
De -Coupling - 0.47250,, 0.005 100V; 0.47 12V; 
0.001 200V;133pf. 10 off 30p. 100 off £2 

SWITCHES 
ILLUMINATED ROCKER 2 pole 250V 8A 
Orange 50p ea. 10 off £4 
ROCKER 2 pole do- 12p each 10 off £1.80 
TOGGLE Centre off DPDT .... 20p each 10 off £1.80 
SLOTTEDOPTOSWITCH with data 50peach 10 off £4 
Min M ICROSWITCH V3 -Button.... 30p ea 10off £2.50 
I.C. SOCKETS 
10 pin -10p; 22 pin -15p; 14 pin -8p 100 off £6 
36 pin -15p; 40 pin -25p; 16 pin -8p 100 off £6 
RIBBON CABLE 
10 way -50p per metre. 10 metres £4 
14 way -75p per metre. 10 metres £6 
PCB KEYBOARD PAD 19 Push Contacta0-9; A -F plus3 
optional- £1.50 ea 10 off ft 2 

KEYBOARD PAD 12 Alma Reed Switches Push to make 
0-9';&Blank £4 ea off £15 P&P £3 
TOKIN NOISE FILTER 00215FU. 250VAC 15A 
50/60 HZ With fixing bracket £2 each 
BLACK RIBBONS for Teletypes/ 
Teleprinters 75p ea 6 off £4 
I.T.T. LOUDSPEAKER 21/4" 50ohm 
0.2W 75p ea 10 off £6.50 
FERRANTI PHOTOCELL type MS15 50p ea 10 off £4 
VU METERScaled0-5 Size 11/2e%".... 50pea10 off £4 
I. E.C. MAINS LEAD 2 metre Heavyduty 60p ea 10 off £5 
MICROPHONE/EARPIECE INSERTS 75pea10off£6 
CINCH CONNECTOR STRIP 12way. Screw con- 
nections 35p ea 10 off £3. 
CABLE TIES White 9cm; Black 12cm. 50 for 50p 

EXECUTIVE TELEPHONES -PUSH BUTTON 
Many functions including 10 number memory; repeat 
dialing etc. Will connect to GPO system. Brand New. 
£25 each P&P£4. 

SAMPLE OF STOCK - SAE or TELEPHONE for LISTS Please check availability before ordering. Min order 
of Goods £4. Min P&P £1.50. VAT at 15% MUST be added to TOTAL of Goods & Packaging. 

STEWART of READING 
VISA 110 WYKEHAM ROAD, READING, BERKS RG51 PL- _ Tel: 0734 68041 

Callers welcome 9am-5.30pm Monday to Saturday inclusive 

Access 

MICROTANIC COMPUTER SYSTEMS 

MICROTAN 65 
MD OTHER GAMPIITER /5 45PEAVA1Vg4I 
For less than £60 you can start building your own Computer that truly suits your 
needs and, of course, eventually far more superior to any Computer available 
off -the -shelf. 

MICROTAN 65 comes in kit form, complete with manual, full instructions, board 
with components, (kit form or fully built) our full back-up service, and your own 
Microtan World Magazine available on subscription. 

Your 
Binder 

2 

Board with 
components 
(built or kit form) 

.CAOTANqy I #i 
3 
Full 
instructions 
manual 

BUILD 
AS FAST 
OR SLOW 
AS YOU 
LIKE! 

FLEXIBLE & EXPANDABLE SYSTEM - 1K to 256K! 
Just look at the options: 
1 DISK CONTROLLER 8 INDUSTRIAL CONTROLLER BOARD 
2 REAL TIME CLOCK 9 MASS EPROM STORAGE BOARD 
3 EPROM PROG. CARD 10 HIGH RES. GRAPHICS 256x256 
4 SOUND BOARD 11 PRINTER FACE BOARD 

5 SERIAL 1/0 BOARD 12 40K RAM BOARD 
6 PARALLEL 1/0 BOARD 
7 ASC I I KEYBOARD 

Microtan 
World Magazine 

..e.,w,. 
w.iu 

FIJI range of hardware and software products available 

ACE TRACE 
NEW 
PRODUCT 
FOR DRAGON 6809 

Machine Language Monitor- 
Disassembler 
Line Editor & Trace Facilities 

This unique piece of software combines all the tools required to write and 
debug machine code programmes It Is written in p05111(311 independent 
code and hence can reside anywhere in the Dragons memory map fr1,i' 
$0600 to $7FFF. It enables you to TRACE through both RAM and ROM. 
simulating the 6809 In slow motion displaying the CPU s every move as It 

happens. Also included Is a powerful Monitor Disassembler Line Editor anrf 
standard 6809 Assembler supporting all Motorola mnemonics 

CASSETTE BASED £14.95 Plus 60p P& P 

Microtanic Computer Systems Ltd 
Showroom: 16 Upland Road, Dulwich, London SE22 

Tel 01-6931137 & 01-2991419 

DEALER ENQUIRIES WELCOME 
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FEATURE 

THE WORLD OF 
MI CROTAN-65 

Mike Bedford concludes his survey of what's available for this 
computer -freak's machine. 

TANGERINE USERS' GROUP 
To all intents and purposes, Tangerine Users' Group 

is no more; outstanding creditors can contacttheowner, 
Bob Green, at 1 Marlborough Drive, Worle, Avon. We 
strongly advise that no one should send TUG any further 
money. A former director of the company, Colin Nowell, 
would very much like to hear from those TUG software 
writers he has not already managed to contact, and from 
anyone who ordered, but did not receive, a TUG speech 
synthesiser board. Colin is prepared to help out anyone 
having any software or hardware problems; his number 
is 0934 510089, but please be considerate, this is a 
private number. 

All is not lost, though, as regards TUG boards for the 
Microtan, because Microtanic Computer Systems Ltd, 
whom we talked of last month, intend to take over most 
of them. Details of the boards which are set to reappear 
are given below; however, at the time of writing, these 
are not yet back on the market, and it would be par- 
ticularly worthwhile contacting MCS for further details. 
We have given the old TUG price, but this is for guidance 
only: MCS are having to re -negotiate all the agreements 
with suppliers and designers, and the prices may well 
turn out to be very different. 

Finally, although MCS are a separate company from 
TUG, and therefore have no financial responsibility at all 
to TUG's members and creditors, they have said that 
they will attempt to deal sympathetically and helpfully 
with them. 

Video 80/82 
Although this product is essentiallya high resolution 

graphics board, it is quite different in concept to the high 
resolution graphics card offered by Microtanic. The first 
difference is the resolution, this being DI L switch select- 
able to either the 256 x256 offered by the MCS product 
or alternatively 256 x 512. This is not the most fun- 
damental difference however- what makes this board 
totallydifferent is that it is intelligent, havingan on -board 
6502A processor runningat2MHz. Used in conjunction 
with VBUG, the on -board firmware package residing in a 
2732 EPROM, this processor removes much of the 
graphics software overhead from the main Microtan- 
65 processor. 

ETI JUNE 1984 

The following functions are provided by VBUG: clear 
screen, set point, reset point, invert point, test point, 
draw vector, undraw vector, invert vector, cursor con- 
trol, scrolling region control and alphanumeric charac- 
ters in five widths with underlining, reverse video, 
superscript and subscript. It will be noted that these 
commands include the handling of text and since if the 
256 x512 option is selected the format would be25 lines 
of 80 characters, this board makes an attractive alterna- 
tive to the standard Microtan-65 display even without 
considering graphics. 

One inevitable outcome of writing characters on a 
bit -mapped screen, however, is that scrolling of text is 
slower than on a dedicated text VDU. To simplify text 
handling, TUG also sells a TAN BUG replacement called 
TUGBUG, one of the facilities of which is text output 
routine to the Video 80/82 board. 

The board has 16K of 6116 RAM of which only 8K 
need be fitted for the 256 x 256 resolution. Since the 
board has its own processor with a memory map where 
this RAM resides, it does not take a large bite out of the 
Microtan memory map - in actual fact it only occupies 
two bytes in the I/O area through which all communica- 
tion takes place. 

There is no modulator on board so if this card is to be 
used with a monitor, the video signal will require patch- 
ing through to the modulator on Microtan-65. As was 
suggested with the MCS high resolution card, three 
cards could be used in conjunction with a colour 
monitor to give a colour display. 
Prices: board + VBUG V1.1 + manual - £59.25 + VAT; 
assembled excluding RAM -£137.50 + VAT; assembled 
including8 K RAM -£157.50 + VAT; assembled includ- 
ing 16 K RAM - £172.50 +VAT. 

Programmable Graphics Module 
This card provides yet another option to obtain high 

resolution graphics in a Microtan system. This is undoub- 
tedly the least expensive method and although this 
means it is also the least versatile, it can give effective 
results in many applications. The approach here is not to 
replace totally the display circuitry on Microtan-65 bute 
to supplement it by an extra64 characters which may be 
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defined under program control to any shapewithinthe8 
x16 character cell. This gives an effective resolution 256 
x 256. 

Although a little thought would reveal that this 
approach does not allow any possible high -resolution 
pattern to be drawn within the 256 x 256 framework, 
many applications do lend themselves to this method 
and animated graphics are in facteasierto implement on 
this board than on a Video 80/82 or Microtanic high 
resolution graphics card. In addition to the normal sys- 
tem connection via TAN BUS, the PGM also requires a 
few connections to Microtan-65. 
Price: 19.50 + VAT 

Combo And EPROM Storage Card 
The amount of EPROM space possible within the 

memory -map of the Microtan system can be a severe 
limitation to those users with a non -disc based system. 
Such users could well require access to languages other 
than BASIC, such as assemblers, word processors, etc, 
more quickly than loading from cassette would allow. 
Storing this software in EPROM is the obvious answer 
but all that is left in the way of EPROM space after install- 
ing XBUG and BASIC is 2 K. 

The purpose of the EPROM storage card (ESC) is to 
overcome this limitation by providing space tor sixteen 
2716s or 2732s - a maximum of 64K EPROM space. 
This space does not reside within the main memory map 
of Microtan, but instead each ESC has its own memory 
map, communicating with the system via PlAsand hence 
only occupying a few bytes within Microtan's I/O 
area. 

To use software stored on the ESC, it is first loaded 
into RAM memory on TAN EX or one of the expansion 
RAM cards in a similar way to loading from cassette or 
disc but much quicker. Routines to facilitate this down- 
loading are provided in TUGBUG. The COMBO board 
is an extension to the ESC concept in which battery bac- 
ked up 6116 RAMs maybe used in place of the 2716sor 
2732s hence giving read/write access to 32K with data 
retention on power down. Recently the 64K ESC has 
been discontinued in favour of the COMBO which of 
course may be used as such. In addition a 128K ESC is on 
the cards (sorry!) but as yet only in prototype form. 
Price: COMBO- £20.75 + VAT; assembled-£69.25 + 
VAT. 

64K Dynamic RAM Card 
To some extent, one expansion RAM card is very 

much the same as another and this board's title des- 
cribes exactly what it does; howeverafewcomments are 
still appropriate. Unlike TAN RAM, which fills in those 
portions of Microtan's memory map which are not 
already filled with RAM and EPROM on Microtan-65 and 
TAN EX, this memory card overlays the complete 
memory map of the system. To avoid the possibility that 
would therefore exist of having two devices being 
accessed at the same address, this board has DIL 
switches which allow the memory to be enabled in 2K 
segments, hence allowing those blocks already used in 
the system to be disabled. This allows a large degree of 
flexibility in that a user may decide, for example, to 
remove all EPROMs (except TAN BUG/TUG BUG) from 
TAN EX, overlaying this area with RAM on the 64K 
Dynamic RAM Card and calling software into this 
memory from an ESC or COMBO board as required. The 
devices used are 4146 64 K x 1 dynamic RAMs. 
Price: £33.00 + VAT. 

CP/M Card 
This card has not yet been released and is mentioned 

here as afuture product. The card however has been run- 
ning for some time in a prototype form so it shouldn't be 
too long in making an appearance. Not much pre- 
liminary information is available as yet except for the fact 
that this card works on the lines of similar products for 
some other 6502 computers, utilisingaZ80 processor to 
give a dual processor system which can run the industry 
standard disc operating system CP/M. 

RALPH ALLEN ENGINEERING CO. 
This company first became involved in Microtan a 

number of years ago when they marketed an interface 
between this machine and the IBM I/O typewriter. 
Recently, however the company has released an 
EPROM to RAM conversion card and other TAN BUS 
compatible cards are under development. The address 
is Forncett End, Norwich, N R16 1 HT. 

E PROM To RAM Conversion Card 
The purpose of this board is to allow the EPROM 

address space on the TAN EX board to be replaced by 
RAM hence givingthe system afull64 Kof RAM (less with 
I/O space and boot EPROM) when used in conjunction 
with TAN RAM. This will be particularly useful to those 
wishingto use a disc operating system or those who have 
a library of software on EPROM storage cards which 
requires to be loaded into RAM. The method of usingthe 
card is to remove some or all of the TAN EX EPROMs, 
configure the conversion card to overlay those address 
areas which are thereby released and plug the card into 
the system rack. The 14 Kof available RAM on board may 
be enabled in blocks of 2K. This card will be of particular 
interest to those already having a TAN RAM card, for 
those not in this situation it may be a more economic 
solution to go straight for the 64K dynamic RAM card. 

Price: bare PCB - £22.00; built (less 6116 RAMs and 
buffers) - £46.28. 
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Professional Soldering Equipment at Special Mail -Order Prices. 

EC50 Mains Electronic Iron. 

Features spike -free, solid state 

proportional electronic temperature 

control inside the handle. Adjustable 

280° to 400"C. Burn -proof 3 -wire 

mains lead. Fitted 3.2mm Long -Life 

bit. 1.6, 2.4 and 4.7mm available. 240v a.c. 

SK18 Soldering Kit. £15.24 
Build or repair any electronic project. 

LC18 240v 18w iron with 3.2, 2.4, 

and 1.6mm bits. Pack of 18 swg 

flux -cored 60140 solder. Tweezers. 

3 soldering aids. Reel of De -Solder 

braid. In PVC presentation wallet. 

ADAMIN Miniature Iron. £5.97 

Possibly smallest mains iron in the 

world. Ideal for fine work. Slim 

nylon handle with finger grip. 

Interchangeable bits available 1.2, 

1.6, 2.4, 3.4 and 4.7mm. Fitted with 
2.4mm. 240v 12w (12v available). 

Presentation wallet. 

'L' Series Lightweight Irons. 12w £6.23. 

High efficiency irons for all 

electronic hobby work. Non -roll 

handles with finger guards. 

Stainless steel element shafts. Screw - 

connected elements. Slip-on bits 

available from 1.6 to 4.7mm. LA12 

to»t 
trtus06D 

18w £6.28 

model, 12w, 2.4mm bit. LC 18 Model, 

18w, 3.2mm bit. 240v Std - 12v 

available. Presentation wallet. 

Soldering Iron 

Stands. 
f5.11 

SpringlTop 
only,£1.84 

Designed specially for LITESOLD irons. 

Heavy, solid -plastic base with non -slip pads. 

Won't tip over, holds iron safely. With wiping 

sponge and location for spare (hot) bits. 

No 5 stand for EC50 iron No 4 stand 

for ADAMIN miniature Iron No 3 stand 

for LA12 and LC18 Irons All same price 

Replacement Bits 
For all above irons. Non-stick 
designs, machined from special 

copper alloy, with Inconel retaining 

rings. Two types - Chromium plated 
with copper face (for economy and 

ease of use) and Iron plated with 

Pre -tinned face (Long Life). State tip 

size, iron and type. 
Copper LIL 

- £1.58 EC50 

Adamin 12 and 

LA12 ri== 92p £1.56 
LC18 4_ £1.01 £1.70 

BRADEWICK De -Solder Braid. 

£1.05 per Reel 

For simple, safe and effective 
de -soldering of all types of joint, 
using a standard soldering iron. 

Handy colour -coded packs of 1.5 

metres in 3 widths: Yellow - 1.5mm, 

Green - 2mm, Blue - 3mm. 

De -Solder Pumps. £6.19 
High Quality version of increasingly 

popular type of tool. Precision made 

anodised aluminium body, plunger 
guard and high -seal piston. Easy 

Miniature 
Tool 
Sets 

thumb operation. Automatic solder 
ejection. Conductive PTFE nozzle - 
no static problems. 

Top quality Japanese metric hardened and tempered 

tools. Swivel -top chrome plated brass handles. 

Fitted plastic cases. 113 set - 6 miniature 
screwdrivers 0.9 to 3.5mm £2.70 

227 set 5 socket spanners 3 to 5mm £2.80 

305 set 2 crosspoint and 3 hex wrenches 

1.5 to 2.5mm £2.70 
228 set 20 piece combination: 

5 open, 5 skt spanners, 2 crosspoint, 3 hex 

and 3 plain drivers, scriber, handlelholder £4.83 

Microcutters. £ 3.21 Light weight hardened and 

precision ground. Flush cutting. Screw joint, return 

spring, cushion -grip handles. Safety wire -retaining clip. 

Soldering Aids. 

c 1 

Set of 3 £3.63 
ScraperlKnife, Hook/Probe, 
BrushlFork. 3 useful double -ended 

aids to soldering/desoldering/ 
assembly. In plastic wallet. 

Solder. £0.90 
Top grade resin flux cored 60140 wire, 18 swg, in handy plastic 

dispenser. Approximately 3 metres (26gml. 

ADAMIN Electric Stylus. £15.04 

Writes like a ballpoint in Gold, Silver, Copper or 6 

colours, on card, plastics, leather etc. Personalise 

wallets, bags, albums, books, 

models . - . Operates at 4.5v from its own plug/ 

transformer - totally safe. Supplied with coloured foils. 
4.44.4 

Prices include P&p and VAT. Send order with CheguelPO. Ring for AccesslVisa sales, or ask for order forms. 

LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. ET 

97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 01 689 0574 

Install your own 
system 
using builtand and 

tested modules 

A COMPLETE INTRUDER ALARM 
EASILY ASSEMBLED ULTRASONIC UNIT CK 5063 

Requires no installation. Easily assembled using 
our professionally built and tested modules. 

Adjustable range up to 25ft 
Built-in entrance 8 exit delay 
Built-in timed alarm 
Key operated switch - Off, Test and Operate 
Provision for an extension speaker 
Fully self-contained 
Uses US 5063, PSL 1865, Key Switch 3901, 
3" Speaker 3515 

Now you can assemble a really effective intruder alarm at this low 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 90dbs of sound, or even 110db's with an 

additional speaker. All parts included and supplied with full instructions for ease of assembly. 
Size 200 x 180 a 70mm Order as CK 5063 

ee11 
iE31p 

DIGITAL ULTRASONIC DETECTOR 

US 5063 

3 levels of discrimination against false 
alarms 
Crystal control for greater stability 
Adjustable range up to 25ft. 
Built -re delays 
12V operation 

This advanced new module uses digital signal 
processing to provide the highest level of 
sensitivity whilst discriminating against potential 
false alarm conditions. The module has a built-in 
exit delay and timed alarm period, together with a 

selectable entrance delay, plus many more 
outstanding features. 

ULTRASONIC MODULE 

US 4012 

£10.95 +V.A.T. 

Adjustable range from 5-25ft. 
This popular low cost ultrasonic detector is 

already used in a wider range of applications from 
intruder detectors to automatic light switches and 
door opening equipment, featuring 2 LED 
indicators for ease of setting up. 

INFRA -RED SYSTEM 

IR 1470 only £25.61 +V.A.T. 

Consisting of separate transmitter and receiver 
both of which are housed in attractive moulded 
cases. the system provides an invisible 
modulated beam over distances of up to 50ft 
operating a relay when the beam is broken. 
Intended for use in security systems. but also 
ideal for photographic and measurement 
applications. Size 80 by 50 by 35mm. 

POWER SUPPLY b RELAY UNIT 

PS 4012 
Provides stabilised 12V output at 85mA and 
contains a relay with 3 amp contacts. The unit is 

designed to operate with up to 2 ultrasonic units 
or 1 infra -red unit IR 1470. Price E4.25 + V.A.T. 

SIREN MODULE SL 157 
Produces a loud penetrating sliding tone which. 
when coupled to a suitable horn speaker, 
produces S. P.L's of 110dbs at 2 metres. 
Operating from 9-1 5V. Price 12.95 + 

51/2" HORN SPEAKER HS 588 
This weather-proof horn speaker provides 
extremely high sound pressure levels (110dbs 
at 2 metres) when used with the CA 1250, PS 

1865 or SL 157. Price 14.85 + V.A.T. 

3 -POS. KEY SWITCH 3901 
Single pole. 3 -pos. key switch intended tor use 
with the CA 1250. Price 13.43 + V.A.T. 

ALARM CONTROL UNIT 

CA 1250 

Price £19.95 + 

The Kean of any alarm system is the control unit. 
The CA 1250 offers every possible feature that 
is likely to be required when constructing a 

system whether a highly sophisticated 
installation or simply controlling a single 
magnetic switch on the front door. 

Built-in electronic siren drives 2 loud speakers 
Provides exit and entrance delays together 
with fixed alarm time 
Battery back-up with trickle charging facility 

Operates with magnetic switches, pressure 
pads, ultrasonic or I.R. units 

Anti -tamper and panic facility 
Stabilised output voltage 
2 operating modes - full alarm/anti-tamper 
and panic facility 
Screw connections for ease of installation 
Separate relay contacts for external loads 

Test loop facility 

SIREN b POWER SUPPLY MODULE 

PSL 1865 

only 
£9.95 

+ V.A.T. 

A complete siren and power supply module which 
is capable of providing sound levels of 110dbs 
at 2 metres when used with a horn speaker. In 

addition, the unit provides a stabilised 12V output 
ups 

that 
to Un,`A. A 

may beusswitchined to co 
relay 

r,ion° 
included 

ctocw 
the US 5063 to form a complete alarm. 

HARDWARE KIT 

HW 1250 

only 
£9.50 

+ V.A.T. 

This attractive case is designed to house the 
control unit CA 1250, together with the 
appropriate LED indicators and key switch 
Supplied with the necessary mounting pillars and 
punched front panel, the unit is given a 

professional appearance by an adhesive silk 
screened label. Size 200 by 180 by 70mm 

ULTRASONIC MODULE 
ENCLOSURE 

Suitable metal enclosure for housing an individual 
ultrasonic module type US 5063 or US 4012. 
Supplied with the necessary mounting Pillars and. 
screws etc. For US 5063 order SC 5063: for 
US 4012 order SC 4012. 

Add 15'h. VAT to all prices 
Add 5Op post 6 packing to all order' 
Units on demonstration 
Shop hours 9 00 to 5 30 p m 
Closed Wednesday 
Saturday 9.00 to 1 00 p 

SAE with all enquires 
Order by telephon irr post 

9 
y aril [1 

RISCOMP LIMITED 
Dept. ETI 12 

21 Duke Street. 
Princes Risborough, 
Bucks HP17 OAT 
Princes R,tibo roti gh (084 44) 6326 
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EPROM CARD 
FOR TH E 

ORIC/ATMOS 
Phil Walker describes a card that can be used as a way of 
storing machine code routines, or simply as a computer - 
controlled E PROM programmer/verifier/duplicator. 

An interesting feature of the 
Oric-1 and the new Atmos 
home computers is that they 

have two extra ways of adding 
machine code routines to BASIC 
programs. Most machines offer a 
USR statement which can pass 
parameters and control to 
machine code routines and some 
also have a CALL statement or 
equivalent. The Oric-1 and Atmos 
machines also sport! and & which 
are recognised by the interpreter 
as extensions to its usual capa- 
bilities. On encountering one of 
these symbols in a program the 
interpreter transfers control to 
routines starting at locations in 
memory previously specified by 
the program. In addition para- 
meters following the extension 
symbol are available to the rout- 
ine. This makes them much more 
useful than the simple USR or 
CALL statements and more like a 
proper BASIC keyword. 

This project is designed to en- 
able the owner of one of these 
machines to develop machine 
code routines for graphics, games 
or other special purposes in non- 
volatile RAM and at some later 
date program it into EPROM. 
Routines already in EPROM may 
be transferred to the RAM, mod- 
ified and incorporated into other 
programs before being put into 
EPROM. Another feature of this 
project is that the effective addres- 
ses of the EPROM sockets on the 
board can be modified under pro- 
gram control in 2K blocks. The 

effective RAM and programming 
sockets can also be similarly mod- 
ified and the functions available in 
any block can be set up at any 
time by the use of a memory write 
operation to one of four locations. 

The whole board appears to 
the computer as a block of mem- 
ory occupying 8K from 8000h to 
9FFFh and four locations BFFCh to 
BFFFh, the latter being the control 
locations for the configuration and 
EPROM programming functions. 
The main memory block was 
chosen both from the ease of 
decoding point of view and to be 
reasonably out of the way of nor- 
mal use of the machine. However 
if hi -res graphics are used on a48K 
machine there may be some con- 
flict with the character sets bet- 
ween 9800h and 9FFFh. 

Facilities 
This project has been designed 

with machine code programming 
in mind but could be used equally 
well to provide access to blocks of 
data which are permanently stored 
in EPROM. It provides all the 
facilities needed to develop and 
store routines in association with 
one of the assembler programs 
available. A notable feature of the 
project is that up to four EPROMS 
can be accommodated on the 
board each up to 8K x 8. These 
can be selected in 2K blocks and 
used directly or copied into the 
on -board RAM for modification. 
This can be very useful if, for 
example, you have a large 

machine code program in a 8K x 8 

EPROM; you can copy 2K of it into 
RAM, modify it and run it before 
programming the whole lot into 
another EPROM. 

Another way to use this project 
is to build up a library of routines 
in EPROM, possibly up to 64K in 
total, and to select any of them at 
will with the minimum of fuss. 

The project is not designed as a 
straight EPROM copier but it can 
perform that function too by way 
of the on -board RAM or the main 
memory and some simple soft- 
ware. The programming section 
operates on a one byte at a time 
basis and from one to 8192 bytes 
can be programmed into the target 
device with standard handshake 
operation. Timing in programming 
mode is derived from the mains 
input frequency (beware 60Hz 
areas!). 

The main feature of this project 
is that the function performed by 
each 2K block of addresses in the 
8K total can be programmed indi- 
vidually to be one of four 
functions. These can be:- 
a) Read only from any one EPROM 
socket; 
b) Read from an EPROM socket, 
write into the RAM; 
c) Read and write to the RAM; 
d) Read EPROM programming 
socket, program a byte into 
EPROM in socket. 
Thus the RAM can be set to 
occupy any or all of the 2K slots, 
any EPROM socket can be 
enabled in any 2K slot, the RAM 
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PROJECT 

and an EPROM socket can be 
selected for writing and reading 
respectively at the same address 
slot and the EPROM can be 
programmed at any or all address 
slots. 

All these functions are selected 
by writing data into control ad- 
dresses separate from the main 
address range. There are four of 
these control addresses, one for 
each 2K address slot. Each control 
address responds to four data bits: 
D7 and D6 control the function to 
be performed and Dl and DO 
select which EPROM socket is to 
be used (if any). These codes are 
written into a fast bipolar memory 
and stored as four words of four 
bits each. When written, their 
location in the memory is deter- 
mined by address bits Al and AO 
but when read for use by the con- 
trol logic the required word is 
selected by address bits Al 2 and 
All. It should be noticed that the 
data input and output terminals of 
this device are totally separate and 
are separately and independently 
controlled. 

The use of such a device effec- 
tively allows the address -decoding 
of the board to be reconfigured at 
will with no hardware changes and 
a minimum of software interven- 
tion. In this circuit, the two data 
bits used to set the function are 
decoded with the addition of the 
R/W, 92 and SEL signals to give 
eight possible combinations. 

BUFFER 

ADDRESS BUS 

These are then combined to give 
the three main control signals for 
the EPROM sockets, RAM and 
programming logic. 

The signal to the EPROM soc- 
kets is further decoded with the 
remaining two data outputs from 
the configuration RAM to select a 
particular socket. The RAM control 
signal goes to the RAM via the 
power fail circuitry. Lastly the pro- 
gramming signal passes to the pro- 
gramming logic where it and the 
state of the R/W line determine 
the next course of action. 

Whenever the programming 
function is accessed, the state of 
the R/W line is sampled at the end 
of the cycle. If it is high through- 
out, then the relevant buffers are 
enabled to allow data to be read 
from the device in the program- 
ming socket. No other action is 
taken by the logic in this case. If, 
however, the R/W line is low dur- 
ing an access, then the current 
address on AO to Al 2 and the con- 
tents of the data bus are captured 
in latches and, at the end of the 
cycle, the low state of the R/W 
initiates a programming sequence. 
This then puts the data in the latch 
into the EPROM at the address 
stored in the address latch. The 
logic is arranged such that no com- 
puter intervention is required or 
possible during a programming 
sequence. The only thing possible 
is for the computer to read any of 
the control addresses and set data 

DATA BUS 

MAP 

ROMDIS - 
IODIS 

02 

BUFFER 

BSTATUS UFFER 

ADDRESS 
DECODER 

0 2 3 

CONFIGURATION 
FUNCTION 
SELECTOR 

vcc 

RAM 

bit 7 which will be high during pro- 
gramming and low when it has 
finished. 

The programming section has 
been designed with the 25XX 
series of EPROMs in mind but 
27XX series devices should be 
possible with a little modification 
to the wiring of the socket. Note 
that only single supply devices are 
permitted. 

When using EPROMs in the 
non -programming sockets it is 
necessary to connect the as- 
sociated links to reflect the type 
used. 

Construction 
The PCB for this project has 

been made with plated -through 
holes. Although this costs a little 
more than the same design with- 
out through plating, we feel that 
this is more than offset by the 
easier construction and lower 
possibility of missed links es- 
pecially underneath IC sockets. 
From experience with the pro- 
totype, we know it takes a very 
long time to solder all the through - 
links on both sides of the board 
and it is easy to miss one or forget 
to solder a component on both 
sides where necessary. If you 
decide to make your own board 
you will find out what we mean! 

The order of construction we 
recommend for this project would 
be to start with (through links on 
your own board then) IC sockets 

LATCH 

POWER 
FAIL 

DETECTOR 

*A 

LATCH 

BUFFER 

Fig. 1 Block diagram of the project. 
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HOW IT WORKS 
NOTE, 
C1,2 ARE 74LS244 
C3,21 ARE 74LS245 
C4 IS 74LS125 
C5 IS 74LS133 
C6 IS 74LS139 
C7 IS 74LS670 
C8 IS 6116LP3 
C91S74LS138 
IC10 IS 74LS00 
IC11 IS 4071 
IC12 IS 74LS11 

SKI 

C13 IS 74LS02 
C 14 1S 74LS74 
C15 IS 74LS14 
C16 IS 74LS10 
C17 IS 4017 
C18,19,20 ARE 74LS373 
01,2 ARE BC182L 
03 IS BFR79 
D1,2,3 ARE 0A91 
D4 IS 1N4148 
ZD1 IS BZVS8C2V7 
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This project divides into two major parts. The 
first is the memory and its associated control 
logic while the second is the programming 
socket and timing control. 

All the address and data lines from the 
ORICorATMOS are buffered by IC1,2 and 3. 
IC3 is a bi-directional buffer which is normally 
set to drive the board DATA bus rather than 
back into the computer. Only when a read 
operation is performed which accesses the on 
board memory or control function does IC3 
drive towards the computer. 

The R/ W line is buffered by IC4a since there 
are six TTL inputs driven from this line and it 
would probably be overloaded. The 92 line is 
not buffered as it only drives two TTL inputs 

i 

PIN16 
IC5,6,7,9,17 

PIN 8 

t 

ZD11 

R3 

C2 + 1k0 

130 
35VT C6T C78 

I IALL 
47n 

R4 
1kO 

and this is usually allowable. The same signal 
which controls the direction of IC3 also serves 
to disable the memory and I/O functions in 
the computer so that no disagreements occur 
with two devices trying to drive the data bus 
at the same time. 

IC6a decodes the three top address bits to 
give outputs which are active in the ranges 
8000h -9 FFFh and A000h - BFFFh. The first 
of these is used to activate the memory func- 
tion while the second is used to enable IC4b. 
The other input to IC4b comes from IC5 which 
is a 13 -input NAND gate. The inputs to this 
gate are 92 and A2 to Al2 inclusive. The out- 
put of IC5 will be low when 92 is high and the 
address bus contents are:- XXXI 1111 1111 

ICttc 

B1 =100u 
6V3 

Rk5 -D2 
Jr 

T PIN 24 
C3 I IC8 

PIN 12 

t 

IC4d 

11XX (X=don't care). Only when the output 
of IC5 is low and the enable input to IC4b is 
low can the output of IC4b go low. The enable 
input will be low when the address bus pattern 
is:- 101X XXXX XXXX XXXX and therefore 
IC4b output is only low for addresses: - 
1011 1111 1111 11XX which fall in the range 
BFFCh to BFFFh and the 92 signal is also high. 
These four addresses are used to write into 
the control logic and read from the program- 
ming logic. 

When a WRITE operation is performed to 
one of the four addresses, the output of IC4c 
will go low and allow data to be written into 
IC7. This device is a four -word, four bits per 
word memory. When writing data into it, the 

SK2/4 0- 
R 

6k 

R. 
1k 

OV 
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Fig. 2 Circuit diagram of the project. 
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word to be written is selected by address bits 
AO and Al and the data is taken from data bits 
DO, D1, D6, D7. (Note that there is no way to 
read the stored data back into the com- 
puter!) 

If a read operation is performed to any of 
the four control addresses it will cause IC4dto 
be enabled via IClOb and IClOd. This will put 
the state of the programming status logic on 
to bit 7 of the data bus. 

When an address in the range 8000h to 
9FFFh is written to or read from, the relevant 
output from IC6a activates IC9 and IC10a. 
The output from IC10a and the state of the 
R/W line will activate IC1Oc if a READ oper- 
ation is in progress. This will set its output low 

h SW2b 

IC16c / 0 SW2 

k 

-25V 
O SK2/1 

,+ 
+5V 

D4 

/7777 

causing IC3 to drive towards the computer 
and set the MAP, IODIS and ROMDIS pins on 
the computer connector low to turn off its 
internal memory and I/O functions. 

Also, All and Al2 connected to IC7 will 
select one of the four words stored in it and 
present it to IC6b and IC9. The bits presented 
to IC9 correspond to the original D6 and D7 
and are used to select the function to be used. 
The two bits from IC7 and the R/W line cause 
one output from IC9 to go low when 92 is high 
and the address decode function from IC6a is 
low. These outputs are combined in IC12a, b 
and c to give outputs to enable the EPROM 
sockets, the RAM or the programmer. The two 
remaining bits from IC7 are passed to IC6b 

and select the EPROM socket to be accessed 
when enabled by the output from IC12a. 
These bits correspond to DO and D1 of the 
original data and now represent 2K blocks of 
memory space. 

The output from IC12a activates the 
EPROM sockets, from IC12b the RAM and 
from IC12c the programmer logic. The cir- 
cuitry around IC11 and Q1 and D1, D2 and B1 
ensures that the power supper to IC8 never 
drops too low and that the WE, ¿ and ES 
inputs are held high and inactive when the 
main power supply is absent or low. 

PROGRAMMER SOCKET 
FUNCTIONS 
When IC7 has been programmed such that 

IC12c is activated by a read operation and no 
programming is in progress, the output of 
IC13a will go high and cause IC18,19 and 20 
to capture the current state of the address and 
data busses. Also as the R/W line will be high 
and IC14a Q output will be high, IC16a will be 
low and will enable the buffer IC21 to transfer 
data from an EPROM in the program socket to 
the data bus. At the end of the memory cycle 
as the output of 1C13a goes low the state of 
the R/W line will be latched into IC4a. If this 
was a read operation then IC14awill stay in its 
set state (Q output high). 

When the same conditions are set up but a 
write operation is in progress, the only dif- 
ference is that IC16a output remains high and 
thus 1C21 is not enabled. However at the end 
of the cycle, when the current state of the R/W 
line is clocked into IC14a, it will send the Q 
output low and the Q output high. The high 
level on the Q output holds the output of 
IC13a low and effectively prevents further 
read and write operations to the program- 
ming socket for the time being. This output 
also forms the status output from this part of 
the logic and a high level shows that the pro- 
grammer is 'busy'. 

When the Q output of IC14a goes low, this 
removes the reset signal from IC17. Now this 
device can respond to the 10ms pulses on pin 
12 derived from the rectified mains by IC15b. 
The first pulse sets pin 3 low which in turn 
drives IC15c output high and IC15f output 
low. This last output enables the output from 
1C20 which has previously stored the data on 
the data bus to be programmed into the 
EPROM. The output from IC15c is also used 
to drive one pin of a2516 EPROM or indirectly 
via IC16b and IC16c for 2532 and 2564 
devices. 

After the next toms pulse, IC17 pin 4 goes 
high and forces IC13d output high. This turns 
Q2 and Q3 on thus switching the+25 V supply 
through to the EPROM. 

The next pulse sends IC17 pin 7 high and 
hence IC15d output low. This sets IC14b Q 
output high and keeps the +V supply on via 
IC13d. The Q output forces IC16boutput high 
and hence IC16c output low. The Q output is 
also used as input to 2516 devices. 

The next four pulses cause no changes in 
the logic states, but the next pulse after these 
causes IC17 pin 9 to go high which then puts 
IC13b ou put low. This resets IC14b Q output 
low and Q output high and turns off the pro- 
gramming voltage. 

The last pulse puts IC17 pin 11 high which 
forces IC13c output low which sets IC14a Q 
output high. This then resets IC17 to have pin 
3 high and si nals the end of a programming 
cycle by the Q output of IC14a going low. 

IC15e, Cl and R9 form a power -on -reset 
function which forces IC13b and IC13c out- 
puts low for a short time to ensure that IC14a, 
IC14b and IC17 are in the correct initial 
states. 

SW2 is used to select the correct logic 
signals to program 2516, 2532 and 2564 
EPROM devices. For 27XX devices some* 
rearrangement of wiring may be required. 
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PROJECT : EPROM Card 
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PROJECT : EPROM Card 

Using the same procedure it 
should be possible to check that 
the correct signals appear on the 
programming socket via SW2. 

If all is well so far, remove the 
oscillator and connect the pro- 
gramming suppy to SK2 pins 1 and 
4 as shown on the diagram. Re- 
peating the above procedure 
should not put pulses of +25V on 
the selected pin(s) of the program- 
ming socket and suitable logic 
levels on the others. The actual 
sequence is best checked with an 
oscilloscope if one is available. 

Having reached this stage, IC12 
can be replaced and you should 
have a fully operational board 
which can be reattached to your 
computer. If you wish to make the 
RAM on board non-volatile, the 
NiCad battery should be soldered 
onto the PCB. This battery should 
be charged, before serious use is 
made of the board, at 10mA for 14 
hours. After this, periodic use 
should keep it topped up but 
occasional charges at 1 mA in 
addition are advisable. 

If you find that the start up 
routine of the computer is corrupt- 
ing the RAM contents then fit a 
switch across R4 and close it to 
protect the RAM. (You cannot read 
it with this switch closed.) Note, 
also, that the programming supply 
switches between +5v and +25v. 

Programming 27XX Series 
Devices 
Although the project was not 

designed for it, there should not 
be too many differences to take 
account of when programming 
27XX series devices so long as 
single rail only types are used. In 
fact, 2716 devices should work in 
place of 2516 without modifica- 
tion. The details for other types 
should be as follows: 
2732 types: 
remove D3, connect 4k7 resistor 
from collector Q3 to OV; 

EPROM Type 
2516 
2532 
2564 
2716 
2732 
2764 
Notes: 
(1) To restore low current operation of 
27XX series EPROMs connect A to the 
track feeding pin 22 of the socket instead 
of to Y; 

(2) High current operation; 
(3) High current; also need to connect pin 
2 to W andcuttrack under board to isloate 
pins 2 and 27 from (Wand connect pin 27 
to +5V. 

Links 
A -Y, B -V 
A -X, B -V 
A -X, B -W 
A -Y, B -V (1) 
A -Y, B -X (1) (2) 
A -Y, B -X (1) (3) 

Table 4 EPROM type 
selection links. 

connect collector Q3 to pin 22 on 
socket; 
connect IC19 pin 12 to pin 23 on 
socket; 
connect IC16 pin 8 to pin 20 on 
socket; 
2764 types: 
cut tracks to pins 2 and 27 under 
PCB; 
connect IC19 pin 9 to pin 2 of 
socket; 
connect IC19 pin 12 to pin 23 of 
socket; 
connect Q3 collector to pin 1 of 
socket; 
connect pins 20 and 22 on socket 
to OV; 
connect IC14 pin 8 to pin 27 on 
socket; 
The 2732 and 2764 connections 
are instead of the switch. 

"ROM" Packs 
If you have one of the non- 

volatile"ROM" packs which 
usually consist of CMOS mem- 
ories together with a small battery, 
it is possible to 'program' one of 
these in one of the normal EPROM 
sockets by breaking the connec- 
tion between IC12a pins 1 and 2 

and linking IC12 pin 1 to IC9 pin 
15 (C on the circuit diagram). This 
will select the EPROM sockets for 
read and write operations instead 
of read only. Note, however, that it 
is not advisable to have EPROMs 
in the sockets when this is done as 
this will mean that their outputs 
will conflict with the bus buffers 
during a write cycle. 

The ETI PseudoROM (June'83) 
is a device of this type and could 
be used with minor modifications 
to take account of the difference 
in pin function. Do not try to pro- 
gram such a device in the pro- 
gramming socket!!! 

Fig. 4 Circuit 
diagram of a 

suitable PSU 

) 2x12V 
15VA 
TOROIO W02 

1000u 
63V 

Power Supplies 
The power requirement for this 

project is fairly simple and can be 
derived from a transformer with 
two 12 volt secondaries and rated 
at about 15 VA. We used a toroidal 
type because it was convenient. 
The secondaries are connected in 
series and full wave rectified by a 

bridge rectifier. This gives in the 
region of 34 to 36 volts across the 
reservoir capacitor. This voltage is 
regulated down to the required 
25V by a 7812 IC regulator and its 
associated resistor chain. The 
+25V supply to the main PCB 
goes via a relay switch which 
makes sure that this supply is not 
applied until a manual push but- 
ton has been pressed. Another 
push button serves to turn the 
+25V off when not required. 

The raw supply for the +5V rail 
is taken from the centre tap of the 
transformer windings via a diode 
and dropping resistors to a sub- 
stantial reservoir capacitor. From 
here another IC regulator provides 
the +5V supply to the main board. 
The isolating diode is present so 
that an unsmoothed 100Hz wave- 
form can be tapped off the trans- 
former for use as a timing signal on 
the main PCB. The resistors are 
used to reduce power dissipation 
in the +5V regulator as it is oper- 
ating with a high input voltage. 

If alternative arrangements are 
to be used for these supplies, they 
should be able to deliver +5V at 
0.5A, +25Vat0.1Aand 12V RMS 
unsmoothed rectified (100Hz) at 
10mA. Alternatively a 100Hz pulse 
generator could be used. 

Also provided on our power 
supply design are facilities to 
charge the Ni -Cd battery at 1 mA 
or 10mA if needed. ETI 

7812 

33k 
(SOT) 

1k5 

2k7 27k 

10mA 1mA 

1k5 

5V6 

10V 

500R 

2k2 10k 

80107 4k7 
or similar 

FF 

+25V 

1N4001 y 
- V\AA- 

4 x 47R 1W 

220u 
25V 

7805 

10u 

V 

390R 

2k2 

+5V 

0 0V 

oPM 

42 ETI JUNE 1984 



O -b-bAcior e 

COMPUTING AND ELECTRONICS 
Project development materials 

4IeComputer Cables ZXISpectrum Intelligent Joystick I/F 

& Connectors 
We now offer an extensive range of computer cables & connectors 
including a spectrum user port extender cable. The following are 
just a few of our extensive range, send for new cable & connector 
price list. 

Spectrum User Port Extender 
This 56 way IDC connector & ribbon cable assembly specially 
produced to fit the Sinclair Spectrum overcomes the 
interconnection problems associated with user port add-ons. 
Available as a double ended assembly with a user -port PCB male 
converter or single ended for wiring onto your own equipment. 
HB/2069 6" double ended extender & PCB £8.85* 
HB/2068 g' single ended assembly £4.76* 
HB/2093 56 way IDC connector only £3.34* 
HB/3005 1 slot flexible backplane £12.70* 

BBC Printer Lead 
26 way BBC/Centronics parallel printer lead HB/3001 £7.00* 
BBC Tape Recorder lead HB/3002 £1.53* 
Printer leads (centronics) available for many other machines. 

VIC/CBM64 Cassette Interface 
Works with most data recorders & will load commercial programs! 
HB/3000 £12.50* Kit HB/3003 £8.60* 

Edge Connectors 
Double sided edge connectors 0.1" pin to pin and 0.2" row to row. 
All sizes are available in straight wire wrap Style 'A' or with the 
leads cranked to clip on the edge of a 1.6 mm circuit board Style 
'B'. The range is chosen for compatability with commonly found 
home computers, as well as for general use. 
28 + 28 way, tinned contacts, keyed pin 5 suitable for use with 
Sinclair SPECTRUM 

- 

28 + 28/5 Connector Style A' HB/440 £1.70* 
28 + 28/5 Connector Style B' HB/441 £1.75* 
23 + 23 way, tinned contacts, keyed pin 3 suitable for use with 
Sinclair ZX81 
23 + 23/3 Connector Style 'A' HB/438 £1.40* 
23 + 23/3 Connector Style 'B' HB/439 £1.65* 

Universal user port extension PCB as supplied in Micro Interface 
Kit. HB/2012 £0.87* 

Interface Prototype board can be used with style 'A' connectors & 
user port extension to give flexible add-on system HB/2091 £4.25* 

Micro Interface Kit 
Professionalise your add on projects. Kit comes complete with 
attractive black ram pack style case, pre -etched & drilled double 
sided PCB, 28 way 0.1 pitch connector, 9 way D output plug & 
extender card. Suits Spectrum, ZX81, etc. 
Order ref. HB/2090 £9.50* 

*Treble your game scores overnight!* 
Suitable for Atari type joysticks. The kit provides an interface to 
enable ALL games programs to be played with joystick control. 
Tell it once & the keys for that game are remembered forever. 
Spectrum Kit & Joystick HB/2061 £27.31 less joystick £20.80 

ZX81 Kit & Joystick HB/2060 £27.31 less joystick £20.80 

Easy Add-ons for ZX Spectrum & ACE 
17 exciting electronic projects to build and run your own micro. 

LIGHT PEN 
PICTURE DIGITISER 
KEY PAD 
MODEL CONTROLLER 

WEATHER STATION 
+ OTHER EXCITING & 
INTERESTING PROJECTS 

REALISE THE REAL WORLD POTENTIAL OF YOUR MICRO 
A newly released book written by well known author Owen Bishop and 
published by Bernard Babani gives full descriptive details on how to 
build all 17 projects - all are fairly simple and inexpensive to construct - 

The most complex component (the DECODER) is supplied in kit form 
ready to assemble with all components and plated through PCB. - 

Componentsforthe projects are readily available locally or found in your 
workshop drawers. 
Simple programmes are included to get you started but of course the 
more experienced programmer can have hours of fun writing complex 
programmes. Please state computer when ordering. 

Order ref HB/2000 "EASY ADD-ONS" BOOK 
+ DECODER KIT 

Order ref HB/2001 "EASY ADD-ONS" BOOK ONLY 

Order ref HB/2002 DECODER KIT ONLY 

Order ref HB/2003 DECODER PCB ONLY 

£24.00 
£3.00 

£22.00 
£8.00 

AVAILABLE SOON 
Easy Add-on Projects for 

BBC, Electron, Commodore 64, VIC 20 

ZX81 Hi Resolution Graphics Kit 
Improves screen resolution to 256x176 pixels enabling superior 
graphics to be easily programmed. Plugs directly into ZX81 
ROM socket & is complete with extensive software tape. 

Order ref. HB/2070 £22.00 

PLO 
* U.V. Sensitised Printed Circuit Laminate, 

Chemicals & Equipment. * Daylight Photography & Label System. * Printed Circuit Artwork Aids. * Connectors, Cases & Hardware. 

HOBBYBOARD CATALOGUE 
The Complete Printed Circuit Workshop. 
Newly Published Full Catalogue price £1.50 (refundable with 
1st order over £10) 

*Prices inclusive of VAT, carriage 60p in U.K. Overseas orders 
please add extra carriage to published prices. 

complete P.C.B. workshop 

a division of 
KELAN ENGINEERING Ltd 
Hookstone Park 
Harrogate, N. Yorks n 
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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 

rages of a manual arm are required. 
Price £32.35 each. £2.50 P&P. 

dV POWER AMPLIFIER MODULE 
NEW QMP100 Mk.II POWER AMPLIFIER 
MODULE Power Amplifier Module complete 

READY BUILT U,í's with integral heat sink, toroidal transformer 
power supply and glass fibre p. c. b. assembly. 
Incoporates drive circuit to power a compat- 
ible LED Vu meter. New improved specifi- 
cation makes this amplifier ideal for P.A., 
Instrumental and Hi-Fi applications. 
SPECIFICATION 
Output Power:- 110 watts R.M.S. 
Loads:-- Open and short circuit proof 4/16 
ohms. 
Frequency Response:- 15Hz -30KHz - 3dB 
T.H.D.:- 0.01%. 
S.N.R. (Unweighted):- - 118d8 t 3.5dB. 
Sensitivity for Max Output:- 500mV at 
10K. 
S:ze. - 360 *: 115 X 72rnm. Price-.- £31.99 

£2.50 P&P. Vu Meter Price:-- £8.50 + 50p 
I P&P. 

MOS-FET VERSIONS AVAILABLE UP TO 300 W. R.M.S. 
a100 Watt 300mm X 123mm X 60mm Price: £39.99 +- £2.50 P&P. 
200 Watt 300mm X 150mm r: 100mm Price: £62.99 + £3.50 P&P. 
300 Watt 330mm X 147mm X 102mm Price: £79.99 + £4.50 P&P. 

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 (more if 2 

put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH 
TWEETER. 

OMP100 Mk.11 

Vol meter 
New model. 

Improved specification 

MOS-FET 
HIGH SPEC. 
MODULES 

PnK1IC 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: £7.99 + 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: £12.49p - 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). Price: 
£16.49. Transmitter 80 x. 50 X 15mm (9/12 volt). Price: £10.29 
P&P + 75p each. S.A.E. for complete list. 

3 watt FM 
Transmitter 

LARGE S.A.E. 
For details of 
disco mixers, 
speakers, kits, 
amp - modules, 
bugler alarms, 
turntables, etc. 

TYPE 'A' (KSN2036A) 3" round with protective wire 
mesh, ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.29 each f 30p P&P. 
TYPE 'B' (KSN1005A) 3r/," super horn. For general 
purpose speakers, disco and P.A. systems etc. Price 
£4.99 each + 30p P&P. 
TYPE 'C' (KSN6016A) 2" n 5" wide dispersion 
horn. For quality Hi-fi systems and quality discos etc. 
Price £5,99 each - 30p P&P. 
TYPE 'D' (KSN1025A) 2" 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 £7.99 each 
+ 30p P&P. 
TYPE 'E' (KSN1038A) 33/4" horn tweeter with 
attractive silver finish trim. Suitable for Hi-fi monitor 
systems etc. Price £4.99 each I 30p P&P. 

LOUDSPEAKERS POWER RANGE 
THREE QUALITY POWER LOUD- 
SPEAKERS (15", 12" and 8" See 'Photo). 
Ideal for both Hi-Fi and Disco applications. 
All units have attractive cast aluminium 
(ground finish) fixing escutcheons. Specifi- 
cations and Prices. 
15" 100 watt R.M.S. Impedance 8 ohms. 
50 oz. magnet. 2" aluminium voice coil. Res. 
Freq. 20 Hz. Freq. Resp. to 2 5KHz Sens. 
97dB. Price: £34.00 each 4 £3.00 P&P 
12" 100 watt R.M.S. Impedance 8 ohms. 
50 oz. magnet. 2" aluminium voice coil. Res. 
Freq. 25Hz. Freq. Resp. to 4 KHz. Sens. 95dB. 
Price: £24.50 each + £3.00 P&P 
8" 50 watt R.M.S. Impedance 8 ohms. 20 
oz. magnet. 17," aluminium voice coil Res. 
Freq. 40Hz. Freq. Resp. to 6 KHz. Sens. 92d8. 
Black Cone. Price: £9.50 each. Also available 
with black protective grille. Price: £10.50 
each. P&P £1.50. 

12" 85 watts R.M.S. McKENZIE C1285GP (LEAD GUITAR, KEYBOARD, DISCO) 2" 
aluminium voice coil, aluminium centre dome, 8 ohm imp., Res. Freq. 45Hz. , Freq. Resp. to 
6.5kHz., Sens. 98dB. Price £24.99 :. £3 carriage. 
12" 85 watt R.M.S. McKENZIE C1285TC (P.A., DISCO) 2" aluminium voice coil Twin cone. 
8 ohm. imp., Res. Freq. 45HZ., Freq. Resp. to 14KHz. Price £24.99 +- £3 carriage. 
15" 150 watt R.M.S. McKENZIE Cl 5 (BASS GUITAR, P.A.) 3" aluminiumvoice coil. Die cast 
chassis. 8 ohm imp., Res. Freq. 40Hz., Freq. Resp. to 4KHz. Price £49 + £4 carriage. Cabinets 
fixings in stock S.A E. 

* SAE for current lists. * Official orders welcome. * All prices include VAT. * Sales Counter. * 
UNIT 5, COMET WAY, SOUTHEND ON SEA 

ESSEX SS2 6TR TEL 0702 527572 B. K. ELECTRONICS 

AU RAK 
HIFI CONSULTANTS AND RETAILERS 

Have you ever built an audio project and been 
disappointed with the results? 

It has become apparent to us that he who builds 
audio equipment with the cheapest components 

he can find is asking for compromise and 
disappointment. 

It is now a well documented fact that component 
quality can have considerable effects on sound 

quality. 

We have conducted extensive listening tests on a 
large variety of components and can offer advice 

on component selection. 

We can also supply top quality components 
including:- 

'WONDERCAPS' from America, the finest 
capacitors for audio use. 

'FILMCAP' prosec 85 ultra low ESR capacitors 
Metalised film resistors 

High speed, ultra low output impedence regulators 
We also stock high quality decks, arms, cartridges, 
amplifiers and loudspeakers - see HiFi Answers 

and HiFi News for agency lists. 

2nd Floor Suite 
46 Wood Street 
St Annes on Sea wiafflxAim 

Lancashire FY8 1 QC A 
0253 729 1 1 1 :. 

r '- 
VISA 4-/- 

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 unitsfo building into enclosures as described in 
this magazine are £140 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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REVIEW 

QED A230 STEREO 
AMPLIFIER 

The A230 stereo amplifier heralds the arrival of a complete, 
British designed and built hi-fi system from QED. The ETI team 
have been putting it through its paces. 

The A230 stereo amplifier is the forerunner of a 
complete new range of hi-fi components from 
QED Audio Products Limited. Over the next year 

or so they plan to introduce a turntable, a cassette deck 
and a loudspeaker system to complement the amplifier 
and the T231 tuner which has been launched alongside 
it. All the items will be designed and built in this coun- 
try and there are plans to offer the turntable as a kit. 

QED are perhaps best known at present for their 79 
strand loudspeaker cable, but they actually manufac- 
ture a wide range of audio accessories including tape 
and loudspeaker switching units, headphone adaptors, 
mains suppression and distribution units, loudspeaker 
stands and a moving coil input amplifier. In extending 
this range to cover complete systems they have fixed 
their sights very firmly on the Japanese competition. 
The components are stackable, allowing them to 
compete with the rack and tower systems which are so 
popular at the less expensive end of the market, but 
they are also available in no less than seven different 
wood veneer finishes in addition to the basic metal - 

cased version, thus broadening their appeal con- 
siderably. The front panels have an attractive 
graphite -grey finish with light green legending, and this 
too is intended to set them apart from the standard 
silver finish found on most Japanese systems. The 
amplifier is also going to be sold at a price which will 
allow it to compete directly with the Japanese imports - 
£99 including VAT. 

The same philosophy, that of beating the Japanese 
at their own game as QED put it, is extended to the actual 
design of the amplifier. The uncluttered front panel 
reflects an attempt to avoid all circuitry which is not 
absolutely essential, both to improve the overall sound 
quality and to make the amplifier as simple to operate 
as possible. There are no tone controls, no electrolytic 
capacitors in the signal path, no output fuses, and no 
output limiting circuit. There are two sets of 
loudspeaker output terminals, one of which is switched 
out when a jack is inserted into the headphone socket 
while the other remains in circuit permanently. It is thus 
possible to connect a pair of loudspeakers to the out - 

The A230 with the matching T231 tuner, which, unfortunately, we didn't get our hands on ... 

ETI JUNE 1984 45 



Internal shot of the A230 showing the transformer and heatsink, whose sizes gave initial cause for concern. 

put of the amplifier without any intervening switch con- 
tacts, fuses, limiting circuits or other potential source of 
signal degradation. 

The A230 is built almost entirely on one large PCB 
which extends into every part of the case. A semi- 
circular cutout in it provides clearance for the toroidal 
transformer which is the only major component moun- 
ted directly to the case. The potentiometers, switches, 
reservoir capacitors and most of the sockets are all 
soldered directly to the PCB and the heatsink mounts 
through the back of the case to link up with the output 
transistors which are also on the PCB. 1% metal film 
resistors are used throughout and the PCB itself is made 
of a material called FRG 50 which QED claim is very 
tough. 

The manufacturers' specifications for the A230 are 
given in the accompanying table. A peak output power 
in excess of sixty watts per channel is claimed and QED 
say that high peak powers are maintained even into dif- 
ficult loads. Inputs for disc, tuner and tape are provided 
and the tape selector also provides a tape monitor 

RMS Power Outputs 
(both channels driven) 

Single channel driven 

30 Watts per channel into 8 Ohms 
48 Watts per channel into 4 Ohms 

36 Watts RMS into 8 Ohms 
56 Watts RMS into 4 Ohms 

Total Harmonic distortion Less than 0.1% 20Hz to 20khz. 

Power Bandwidth -3db (« 10Hz and 30khz. 

Signal to noise 

Disc input overload 

RIAA Accuracy 

Disc input sensitivity 

Disc =-65db. Tape and tuner = -80db 

Better than 32db 

+0db -'/2db (30Hz to 20khz) 

3mV into 47K and 150pf 

Tape and Tuner sensitivity 300mV (inputs and ouputs) 

Headphone socket 

Mains fuse 

Dimensions (nun) 

Finish 

Weight (inc carton) 

Only suitable for use with high 
impedance headphones (600 Ohms etc) 

0.5 Amp (anti -surge) 

355 x 237 x 64 

Graphite grey 

4.75 Kg. 

Table 1. Manufacturers' specifications 

function for use during recording. The disc input is 

equipped with phono sockets while DIN sockets are 
used for tuner and tape. 4mm sockets are used for the 
loudspeaker outputs. A jack socket on the front panel is 

provided for use with high impedance headphones 
only and this can be arranged to switch out the 
loudspeakers as explained earlier. The only remaining 
controls are the volume and balance potentiometers, 
the mains switch and a green LED to indicate power 
on. 

On Test 
One of the first things we did when the amplifier 

arrived was to take the cover off and have a look inside. 
The use of a single large PCB makes for a very clean 
layout with an absolute minimum of interwiring and 
just about everything is immediately visible and readily 
accessible. Good quality components do indeed seem 
to have been used throughout and the quality of the 
general construction is also high. The only things which 
caused us any concern were the toroidal transformer 
and the heatsink, both of which seemed very small in 
view of the output levels claimed by the 
manufacturers. 

Rather than subject the amplifier to a group listen- 
ing test in a single location, we decided to let each of 
the ETI staff try it out individually in their homes. This 
allowed us to compare it with four very different stereo 
systems (two largely home-grown and two made up of 
commercially available components) and to try it in dif- 
fering domestic surroundings. It also enabled us to lis- 
ten to the amplifier over an extended period and to 
find out what it is like to live with. 

Bearing in mind our reservations about the size of 
the transformer and heatsink, we were pleasantly sur- 
prised at the QED's ability to supply high power levels 
without apparent effort. Dave Bradshaw found that 
very high volume levels could be coaxed from his 
relatively inefficient transmission line loudspeakers, and 
the volume had to be wound up very high indeed 
before the QED showed any signs of stress. Others 
were unable to try the amplifier to its limits in this 
direction (mainly for social reasons!) but all reported 
adequate power delivery up to the maximum required 
under normal domestic listening conditions. 

Bass response drew a more varied set of reports, 
leading us to suspect that the amplifier behaved very 
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REVIEW : QED A230 Stereo Amplifier 

differently into the load presented by each set of 
loudspeakers. Phil Walker described the bass response 
as being a little light but clean, Ian Pitt found the level 
of bass similar to that achieved with his usual set-up 
and described it as dynamic and well -controlled, while 
Dave Bradshaw found the bass to be very extended 
and prominent, at times almost unnatural, as though a 

loudness control was in circuit. The difference may be 
explained in part by the material each chose to audi- 
tion the amplifier on, but it does seem that the bass 
performance varies considerably from loudspeaker to 
loudspeaker. 

There was more agreement about the frequency 
response across the rest of the audio spectrum. 
Everyone found it very clean and largely neutral, the 
treble was generally praised as being free from ringing 
and sibilance effects, and the mid -range was felt to be 
well-balanced, although Dave Bradshaw reported it 
seeming slightly recessed in relation to the prominent 
bass response. 

All of the controls worked well and there were no 
problems in using the facilities. The only exception was 
the headphone output; QED say that only headphones 
of 600 ohms impedance or higher should be used, but 
in practice the solution is not as simple as that. Dave 
Bradshaw found that his 150 ohm Yamaha headphones 
worked perfectly well, but Ian Pitt found that the 
volume control had to be set to very low levels and the 
circuit noise became apparent when using his AKG 
K160/4 600 ohm headphones. Phil Walker reported 
similar problems and difficulty in balancing the chan- 
nels when using lower impedance headphones. It was 

felt that some sort of attenuator circuit would be help- 
ful here, either built into the amplifier or as an extra for 
use with those headphones that don't match it well. 

The only other point which received any comment 
was the possible need for a mains filter. Phil Walker 
found that loud clicks were produced whenever mains 
driven equipment was switched on or off elsewhere in 
the house, but the problem was not felt to be a serious 
shortcoming and others found the performance no 
worse in this respect than their own equipment. 

To sum up, the QED A230 was judged to be a very 
fine amplifier indeed and certainly well worth audition- 
ing if you are looking for an amplifier in this price brac- 
ket. The sound is the equal of that provided by many 
more expensive amplifiers, and if you are more interes- 
ted in this than in tone controls and other frills then the 
QED should be a very attractive proposition. It does 
seem to be affected quite critically in the bass region by 
the loudspeakers it is coupled to, so it would be a good 
idea to audition it carefully in this respect, and if you 
are buying a system from scratch, to listen to it with as 

many different loudspeaker systems as possible. 

The QED A230 amplifier costs £99.00 including VAT in 
its basic (metal) case. Wood veneer cabinets in the 
following finishes are available for £20.00 extra: 
mahogany, pine, beech, light oak, teak and walnut. 
Rosewood is also available to order, price on appli- 
cation. The accompanying T231 tuner (not reviewed 
here) costs £119 in its basic (metal) case and can be 
ordered with the same range of wood finishes for the 
same extra charge. ETI 

NEWRAD INSTRUMENT CASES LTD 

Unit 19, Wick Industrial Estate, Gore Road 
New Milton, Hants BH25 6SJ 

Tel: New Milton 615774/621195 

John Linsley Hood is famous for his high quality 
amplifier designs. We have collaborated with 
him to produce two kits based on the current 
ETI pre -amp and power amp projects. We have 
a reputation for designing high quality 
enclosures and complete electronic systems. 
These kits employ the best engineering tech- 
niques we know. The enclosures were specially 
designed with a pleasing blend of Satin 
Anodising and hard wood finish. 

Cost of Pre -amp Kit (complete) 
£98 inc p/p please add 15% VAT 

Part kits are also available plus PCB's. 

To be announced:- Price details of Power 
Amplifier Kit, Conversion hardware for fitting 
both units into a HI -Fl tower system and also 
19" Rack mounting options. 

anging from bell wire or 
SP' s lead to QED 79 STRAND 

EAKER CABLE is the 
cheapest upgrade you wi 11 
ever make 
Hl F1 »ewers ember, 1982. 

That is a typical statement 
endorsed by Dealers, 
magazines and most important 
of all satisfied customers using 
QED 79 strand cable. 

Many people however, still make 
the mistake of using thin "bell 
wire" to connect their speakers, 
not realising that the dynamic 
losses involved are enormous. 

QED 79 Strand Speaker Cable 
avoids such losses, and offers an 

AUDIBLE improvement over all 

other stranded cables, with an 

ncrease in clarity across the 
full frequency range, 

Beware of cheap imitations, 
genuine QED 79 strand cable is 

embossed 
"QED AUDIO PRODUCTS" 

Price: 77p/metre. 
available in black or white. 

CABLE TERMINATION 
ACCESSORIES. 

TO FIT QED 79 STRAND CABLE. 

Pack of four 4mm plugs £2.50 
D.I.N. Adaptors (pack of 2) £2.20 
Cable Terminators ) 

(pack of 2) £1.40 
Pack of 4 spade terminals £2.50 

Please contact your local QED Dealer or write to us directly at the 
address shown below 

QED AUDIO PRODUCTS LIMITED 

Unit 12. Ashford Industrial Estate. Shield Road, Ashford, Middx. Tel : Ashford 46236 

ETI JUNE 1984 47 



MARCO TRADING 
Price (C) Type Price (Cl 

.tomAccess 

Price (f) Type 
0.40 2SC 1507 063 DY802 0.88 
0.60 2SC1678 1.06 DY86/87 0.75 
0.63 2SC1758 068 ECC81 0.95 

0.72 2SC1909 120 ECC82 0.65 

046 2SC1923 030 ECC83 0.75 

0.52 2SC1945 2.88 ECC84 0.65 
0.60 2SC1953 0.74 ECC85 0.90 

0.88 2SC1957 076 ECC88 0.95 

0.60 2SC1969 2.88 ECF80 0.95 

0.60 25C2028 0.73 ECH81 0.75 

032 25C2029 1.00 ECH84 0.75 
0.40 
025 
028 
0.12 

2SC2078 
2SC2091 
2SC2098 
2SC2122A 
25C2166 

1.05 
073 
290 
320 
1 20 

ECL82 
ECL86 
EF80 
EF86 

0.75 
0.98 
0.65 
160 

0.12 2SC2314 080 EF183 0.75 
028 2SC2335 1.50 EF184 0.75 
0,05 2SC2749 2.70 EH90 0.94 
0.05 2SC2752 0.60 EL34 2.50 
0.06 2S0234 0.64 ELM 0.69 
007 250348 330 EL509 5.50 
0.07 250986 0.62 EM87 2.55 
0.05 2SK 134 3.80 EY86/87 0.67 
0.12 2SK135 1.90 EY500A 1.65 
0.15 35126 190 PCC84 0.50 
0.16 35211 2.52 PCC85 0.65 
0.18 35K45 0.76 PCC89 074 
020 PCJ89 0.85 
008 
0.55 

PCF8C 
PCF86 

0.75 
1.25 =ICEMEN 

0.33 025W CARBON PCF200 1.95 
0,28 

LOG'. 467 -2 M2 
IN. 1K -2M2 PCF801 1 45 

0.24 329 ea. 1010903 PCF802 0.85 
0.10 PCF806 120 
022 PCL82 0.90 
056 
0 45 

PCL83 
PCL84 

2.50 
0.90 

0.10 
010 
0.10 

PCL86 
PCL805/85 
PD500 

0.98 
1.35 
375 

1=3:12=3 
MetallIsed Paper 
2n2F1500VDC 600 

1.90 4n7F1500VDC 600 PFL200 135 
2.70 1OnF1000VDC 22p PL33 1 50 
016 10nF500VAC 809 PL36 1 45 
016 15013000AC 309 PL81 0.85 

048 22nF300VAC 32p PL82 075 
0.71 
068 

100011000VDC 
470nF1000VDC 

46p 
855 

PL83 
PL84 

0.65 
0.75 

1 60 PL95 2.00 

2.90 PL504 
PL508 

1.20 
240 

0 82 HV Disc Ceramic PL509/519 5.95 
140 IkV1.5nF 189 5088 1.80 
0.84 8kV10,47.82. PY500A 2.40 
0.50 100, 120, U26 1.90 
092 150,100, 

UCHUCL 0.90 
140 zoo,zzopl 3ov 

8821 1.70 
2.70 270, 3009F 399 

6J5GT 1.75 
145 

10kV1nF 67p 
6SJ7 220 

TRANSISTORS + D ODES 

Typs Awe (C) 
AC127 0.30 
AC128 030 
AC128K 0.34 
AC132 0.55 
AC141 028 
AC141K 0.40 
AC142 026 
AC142K 0.48 
AC151 0.45 
AC152 0.45 
AC176 028 
AC176K 0.46 
AC187 026 
AC187K 0.40 

AC188 028 
AC1881( 0.40 
ACY40 0.88 
AD142 1.10 

AD149 0.96 
AD161 0.42 
A0162 042 
AD161/A0162 0.98 
AF106 0.48 
AF114 2.10 
AF115 2.10 
AF116 2.10 
AF117 2.10 
AF118 0.85 
AF121 0.62 
AF124 0.48 
AF125 0.48 
AF126 0.48 
AF127 0.48 
AF139 0.68 
AF178 0.68 
AF239 0.68 
AF279S 0 75 
AL100 2.50 
AL102 118 
AL113 2.20 
ASY80 1.75 
AU710 1.40 
AY102 4.32 
BA102 034 
BA110 0.67 
BA121 040 
8A129 0.38 
8A148 0.16 
8A154 0.08 
BA155 0.10 
BA156 0.08 
8A157 0.28 
BA164 0.14 
8010413 0.52 
801058 0.30 
BB105G 048 
881108 0.42 
BC107 0.10 
A or B 0.12 

ZENER DIODES 

Type Price WI 
BC108 0.10 
AB or C 0.12 
BC113 0.14 
BC114 0.12 
BC115 0.12 
BC116 0.15 
BC117 022 
BC118 0.17 
BC119 0.30 
8C125 0.12 
BC140 028 
BC141 0.42 
BC142 0.30 
BC143 0.30 
BC147 0.08 
A or B 0.10 
BC148 0.08 
A or B 0.10 
BC149 0.09 
BC157 0.10 
BC158 0,10 
BC159 0.10 
BC160 0.30 
BC161 0.30 
8C1688 0.12 
BC169C 0.10 
BC170 014 
BC170B 0.12 
BC171 D.10 
BC171 0.10 
AorB 0.08 
BC172 0,08 
A or B 0.12 
BC177 020 
8C178A 022 
BC182 ' 0,09 
0.BorC 0.09 
8C182L 0.09 
A.8orC 0.09 
BC183 009 
A.BorC 0.10 
8C1831 0.08 
0.13 or C 0.12 
8C184L 010 
AB or C 0.10 
BC207 0.15 
BC208 0.16 
BC212 0.09 
ABorC 0.10 
BC212L 0.08 
A,BorC 0.10 
BC213 0.09 
A or B 0.10 
BC213L 0.10 
A or B 0.10 
BC237 0.11 
8C238 0.12 
BC239C 0.14 
BC251 0.12 
A.BorC 0.14 
BC301 0:30 

400mW Plastic 3V 75V 8 tech 10/75 
I 3 W Plastic 3V 200V 150 each 10/E1.40 
1.5 W Flange 4.7.47V 01. 8 each 
2.5 W Plastic 7.5-75 0 879 each 
20W Stud 7.5-75V 01.31 sech 

AN240P 
AN21400 
AN7150 
CA3065 
CA4031P 
CA4102 
CA4250 
CA4400 
CA4422 
LC7120 
LC7130 
LC7137 
LM380N 
LM1303N 
M41151P 
MC1307P 
MC1310P 

MC1327P 
MCI 330P 
MC1349P 
MCI 350P 
MCI 351P 
MC1352P 
MC1357P 
MC1358P 
MC1496P 
ML231B 
ML232B 
ML237B 
N6555 
C-mos 555 
NE556 
SAA1024 
SAA1025 
SAS560A 
SAS5605 
SA5570S 
SAS580 
SAS590 
SC9503P 
504320 
S0901 
SL917B 
SL13270 
SN76003N 
SN76013 
SN76023ND 
SN76033N 
SN76110N 
SN76115N 
SN76131N 
SN76226ND 
SN76227N 

3.42 
3.88 
2.90 
1.75 
2,88 
3.30 
3.50 
2.98 
3.07 
5.33 
5.25 
5.18 
0.80 
2.52 
3.12 
1.85 
1.85 

1.25 
0.83 
1.85 
1.20 
2.50 
1.50 
2.88 
1.30 
1.15 
2.10 
2.10 
2.30 
0.25 
0.88 
0.80 
5.35 
8.40 
2.50 
1.85 
1.85 
2.85 
2.82 
1.10 
4.00 
5.20 
6.25 
1.10 
2.44 
1,90 
2.90 
2.45 
1.12 
2.00 
1.85 
1.80 
1.10 

SN76530P 
SN76533N 
SN76650N 
SN76660N 
SN76666N 
STK015 
TA7108P 
TA7120P 
TA7129AP 
TA7130P 
TA7172 
TA7193 
TA7172P 
TA7176 
TAI202P 
TA7204P 
TA]205AP 

TA]21oP 
TA7222P 
0A1223P 
04722718 
TA7310A 
iA7609P 
TA7611AP 
TAA263 
TAA310A 
TAA550 
TAA570 
TAA611012 
TAA611B12 
1446300 
TAA661B 
144700 
044840 
TAD100 

FM FILTER 
TBA120A 

ASS.SASB 
Q,T U,UO 

TBAI20B 
TBA231 
TBA281 
TBA395 
TBA4800 
TBA4o0 
TBA510 
TBA5100 
TBA520/Q 
TBA530/0 
TBA540i0 
TBA550/O 
TBA560C 
TBA56oC0 

1.40 
1.80 
1.05 
0.75 
0.80 
8.50 
3.20 
3.20 
3.85 
1.85 
1.80 
5.50 
1.80 
2.50 
4.18 
1.88 
1.50 

6.50 
1.88 
3.68 
5.80 
1,80 
4.28 
2.88 
2.48 
2.88 
0.50 
1,99 
3.50 
2.85 
3.90 
1.70 
2.80 
3.38 
2.80 
1.20 
1.00 
1.20 
1.32 
1.30 
1.45 
2.65 
1.20 
1.50 
2.30 
2.80 
2.60 
1.60 

1 30 
140 
1.52 
1.70 
1.40 

Type Price (C) 

8C302 0.32 
8C303 032 
BC307 0.10 
8C308Á 0.10 
BC323 0.99 
8C327 0.14 
80328 9.14 
8C337 0,12 
8C338 0,12 
80350 0.14 
8C440 0.30 
BC441 0.32 
8C461 0.32 
BC547 0.12 
BC548 0.12 
BC549 0.12 
BC550 0.18 
BC550C 0.18 
BC557 0.12 
BC558 0.12 
BCX34 027 
BCY70 0.15 
BCY71 0.17 
BCY72 0.18 
BCZ10 1.68 
BC211 1.45 
BD124P 0.80 
BC130Y 0.68 
BD 31 0.34 
330132 0.34 
80131/B0132 0.95 
80135 032 
00136 0.36 
00137 0.36 
BD138 0.38 
BD139 038 
BD140 0.38 
00144 1.60 
BD145 1.82 
BD150A 0.51 
80159 0.65 
BD160 1.65 
80165 0,45 
BD175 060 
BD182 1.00 
BD183 1.10 
80184 120 
80201 0.72 
80202 0.87 
80204 080 
130222 0.80 
BD225 0.86 
80232 0.45 
80233 0.60 
130234 062 
80235 0.63 
80236 0.63 
80237 0.65 
00238 0.56 
00241 0.60 
BD243A 0.80 

TBA570 
TBA6418%1 
TBA673 
TBA700 
TBA750 
004800 
TBA810P 
TRABIOS 
TBA820 
TBA890 
TBA920/Q 
TBA940/2A 
TBA970 
TBA990 
TCA160C 
TCA270S 
TCA270SA 
TCA800 
TCA940 
TD4440 
TOA1002 
T0410034 
TDA1004A 
TDA1006A 

72A10355 
TDA11]05 
TDA1190 

TOA 1200 
T0A12100 
TDA1327A 
TDA1352ae 
TDA1412 
TDA2002 
0DA2020 
1042030 
TDA2140 
TDA2521 
TDA2523 
TOA2530 
TDA2540 
-042541 
TDA2560 
TDA2571A 
0002561 
TDA2590 
TDA2591 
004.2593 
0042610 
t0A2611A 
T0A2640 
TDA2680 
TDA2690 
0DA3950A'B 
UPC554C 
UPC557H 
UPC566H 
UP575C2 
UPC1018C 
UPC1025H 
UP01032H 
UPC1156H 

1.50 
4,50 
2.40 
2.85 
2.80 
1.80 
1.10 
1.20 
1.60 
3.88 
3.00 
3.05 
4.05 
1.88 
3.90 
4.00 
4.02 
3.10 
1.90 
3.80 
1.90 
5.50 
2.90 
2,40 
4.50 

3.00 
3,50 
2.98 
3.70 
1.68 
1.56 
1.20 
2.80 
4.80 
2.78 
5,90 
4.10 
3 50 
2.70 
3.80 
3.80 
3.50 
2.50 
3.20 
3.20 
2.98 
2.98 
3.20 
1.94 
2.90 
3.40 
3.50 
2.80 
1.32 
0.90 
2.95 
3.20 
1.10 
2.90 
0.90 
4.20 

Type Price (C) 
80244A 0.65 
00375 0.32 
80410 0.76 
80434 0.68 
00436 0.66 
BD437 0.76 
80438 0.75 
130439 0.68 
80507 0.48 
80508 0.53 
80509 0.54 
80510 0.48 
BD517 0.56 
130520 0.66 
B0699 125 
BD707 0.88 
80X18 2.35 
BDX32 2.10 
BF115 0.32 
BF117 0.54 
BF119 0.82 
BF120 0.38 
8F123 0.40 
BF125 0.42 
8F127 0,38 
BF152 0,16 
8F154 023 
8F157 0.40 
BF158 022 
80159 0.24 
BF160 023 
BF167 0.30 
BF173 025 
BF177 0.42 
BF178 030 
BF179 0.32 
BF180 0.35 
BF181 0.35 
8F182 0.32 
BF183 032 
BF184 0.32 
8F185 0.32 
8F194 0.08 
8F195 0.10 
8F196 0.10 
BF197 0.10 
BF198 0.14 
BF199 0.16 
BF200 0.26 
BF222 0.48 
BF224 0.20 
BF224J 0.16 
BF240 020 
10241 0.20 
8F244 0.26 
BF244A 0.28 
BF244C 024 
BF245A 028 
BF254 0.15 
BF256 040 
BF257 032 

UPC1158H 
UPC1163H 
UPC1181H 
UPC185H2 
UPC1212C 
UPC1230H 
UPC1350C 
UPC1367C 
UPC1378H 
I1PC2002H 

0.76 
0.98 
1.80 
3.75 
1.30 
3.90 
3,90 
3,40 
4,40 
2.80 

Type 
BF258 
BF259 
BF262 
BF263 
8F270 
BF271 
8F273 
6F274 
8F323 
BF336 
BF337 
BF338 
BF355 
BF363 
8F367 
8F371 
8F422 
80450 
BF457 
BF458 
8F459 
BFR39 
BFR40 
BFR41 
BFR51 
BFR61 
BFR62 
80588 
BFR90 
BFT41 
BFT43 
BFWlO 
BFW44 
BFX29 
BFX30 
BFX80 
8FX84 
BFX85 
BFX86 
BFX87 
BFX89 
BFY50 
8FY51 
BP/52 
BFY'57 
8FY90 
80990S 
BR100 
05101 
85103 
8RC,4143 
05039 
BR956 
BRY61 

Price (C) 

0.30 
0.32 
0.30 
0.30 
030 
026 
0.18 
032 
0.92 
0.26 
026 
026 
0.42 
0.82 
024 
027 
038 
0,38 
0.33 
0.36 
0.44 
022 
0,22 
022 
0.30 
032 
028 
034 
1.72 
0.38 
038 
079 
0.76 
028 
0.30 
3,56 
024 
026 
0.26 
026 
0.65 
021 
021 
021 
040 
0.90 
134 
020 
044 
058 
1.76 
038 
042 
0.86 

BSS17 0.56 
BS527 0.92 
BSX19 0.34 
BSX20 0.34 
BSX59 0.62 
BSX76 029 
BT100A/02 0.94 

Type Price (C) 

8T101/300 1.15 
BT101/500 1.25 
BT102/300 1.35 
BT102/500 1.65 
BT106 1.50 
BT108 1.30 
8T709 1.18 
07116 1.25 
BT119 3.62 
BT720 360 
07121 3.02 
81138/600 1.30 
BT151/560R 0.90 
81151/3005 1,15 
13TY79/40pR 2.80 
13U1006 2.30 
BU104 2.00 
BU105 120 
BU105/02 1.56 
BUt08 1.80 
BU124 1.75 
BU126 125 
BU133 1,80 
BU204 1.35 
BU205 1.30 
BU206 1.70 
BU208 1.55 
BU208A 1.63 
BU208/02 2.05 
BU3263 1.75 
BU407 1.65 
BU4070 1.80 
BUX80 3.70 
8UY20 175 
BUY69A 2.60 
BUY698 198 
BY101 0.48 
89118 1.10 
09122 068 
139126 0.12 
BY127 0.10 
00133 0.16 
BY135 0.25 
B0164 044 
89179 0.66 
139182 0.87 
89184 040 
80187 0.72 
89189 4.75 
09198 044 
89199 047 
09206 024 
80207 024 
69210/400 025 
80210/600 0.26 
B9210/800 0.30 
89223 120 
8Y227 026 
8Y229 0 30 
80238 0.68 
131000 024 

Type Price (C) 
BYX36/150 
BYX36/600 
89X48/300 
B9X49/300 
89X55/350 
BYX55/600 
89X71/600 
BYZ12 
C106D 
E1222 
E5024 
GE 7872 
17744 
ITT2002 
ME0402 
ME0404/2 
MEU21 
MJ400 
MJ2955 
MJ3000 
MJE240 
MJE340 
MJE370 
MJE 520 
MJE2955 
MJE3055 
MPSLO1 
0A47 
0A90 
DA91 
0A95 
0A200 
0A202 
0C25 
0C26 
0C28 
0C29 
0C35 
0C36 
0C42 
0C426 
0C44 
0C45 
OC71 
0072 
OC81 
OC200 
OC202 
ORP12 
R2008B 
R2010B 
SHG1.5 
TAG1n00 
TAG3/400 
TIC44 
TIC45 
TIC46 
TIC47 
TIC 106A 
TIP30A 
TIP31C 

'-.W IRO to10M/E12 Range) 29 each. 159/10. 759/100 
''iW 2R2 to 1001624 Rangel 2p each. 15p/10. 75p/100 
1W 100 to 2M2 IE12 Rangel 79 each. 85p/10.6.00/100 
2W 10010 2122 166 Range Bp each. 70p/10.6.00/100 

CL112132111ZM 
19A 50V 0.27 
100V 0.28 
200V 0.32 
400V 0,40 
600V 
800V 
39100V 
200V 
400V 
600V 
800V 
64 100V 
20OV 

600V 
000V 
104 50V 
100V 
200V 
400V 
600V 
250 50V 
100V 
200V 
400V 
600V 

0,50 
0.58 
0.52 
0.55 
0.61 
0.67 
0.70 
0.66 
0.88 

0.80 
0.85 
2.20 
2.24 
2.35 
2.50 
3.50 
2.05 
2.25 
2.40 
3.20 
3.95 

SERVICE AIDS 
ALL SE RVISOL 
PRODUCTS 
Switch Cleaner 0.88 
Circu4 Freezer 0.96 
Foam Cleanser 0.84 
Piero Klene 0.78 
Silicone Grease 
(Aerosoll 1.00 
Antistatic Spray 0.82 
Plastic Seal 0.88 
Excel Polren 0.76 
Fire Extingeshe/ 
6409 2.80 
Video Head 
Cleaner 0.88 
Silicone Grease 6íC1 
75á 1.00 
Soma 120p,5í11 0.]2 
Solds Mop 
/0'0949 0 72 
Additional POP on 
above 30p 

IC SOCKETS 
01110 011 

8 pin 
14 pin 
16 pm 
18 pin 
22 pin 
24 pm 
28 pin 
40 pin 

0.08 
0.10 
0.11 
0.14 
0,21 
0.25 
0.30 
0.34 

0.70/10 
0.95/10 
1.00/10 
1.80/10 
1.95/10 
2,25/10 
2.75/10 
3.10/10 

Dil to Ou 
14 pm 
16 pin 
18 pin 

'. W pack 10 each value E12 - 10R to 1 M 610 pieces 
" W pack 5 each value Ell - 10R to 19 305 pieces 
`u W pack 10 each value E12 - 252 to 2M2 730 pieces 
'.: W pack 5 each value E12 - 252 to 2 M2 365 pinces 

1 W pack 5 each value E12 - 2R2 10 1M 353 pieces 
2W pack 10 each value E6 - 105 10 292 317 pieces 

4.80 
2.75 
5.25 
3.00 

15.00 
18.00 

RESISTORS- WIREWOUND. Generally 590 

2 5W- 0.22 to 2705- Available In preferred values 
4W- 1 BO to 10K - 0091890 .n preferred values 
7W -0 476H 10 22K- Available In preferred values 
11W-10010226- Avatia5le in preferred values 
17W- 1001022K Available in preferred values 

0.20 
0.21 
0,25 
0.29 
0.37 

022 
028 
0.72 
0.47 
029 
0.33 
1.18 
0.42 
0.80 
0.40 
030 
0.48 
0.04 
0.11 
0.20 
0"4 
1.60 
125 
0.90 
198 
0.60 
054 
0.88 
0.48 
0.99 
070 
0.28 
0.10 
0.08 
0OS 
0.18 
006 
0.15 
2.10 
1.70 
150 
2.47 
1 75 
1 75 
0.72 
1.40 
072 
0.58 
050 
052 
068 
246 
220 
085 
1.50 
1 52 
040 
140 
1 78 
0.40 
0 45 
048 
0.70 
070 
046 
054 

Type 
TIP32 
TIP32C 
TIP33A 
T1P34A 
TIP41C 
TIP42A 
T1P47 

TIP110 
7152955 
TIP3055 
T1S43 

TIS88 
TIS90 
TIS91 
ZTX108 
ZTX109 
ZTX212 
N4001 
N4003 
N4004 
N4006 
N4007 
N4148 
N5400 
N5402 
N5405 
N5406 
N5408 
S920 

2N697 
2N706A 
252904 
2N2906 
252926G 
253053 
2N3054 
253055 
253702 
2N3704 
253708 
253772 
2N3773 
253904 
2N3906 
255294 
256107 
2N6126 
2SB337 
2SC 11729 
2SC1173Y 
2SC1302 
2SC1226 
2SC1279 
2SC1306 
2SC1307 
2SC1413A 
2SC1444 
2AC1449 ®meamili 

SOLDERING 
SECTION 

30F112 160 

MuItIblOck 4.Wey Extension Socket 
An1ex15W iron 5.00 PVC body with internal cable 900 fitted with 134 fuse and 
Antes 18W Iron 5.00 neon indicator. Max total load 13A 250V, Length 104, 
Antes 25W Iron 5.20 Width 24. 
Antes elements 2.00 Price E3.90 each IMP) 25p In addition to 350 normal 
Antes bits 0.95 charge/. 
Antes stands 1.90 
Soldersucker 4.50 
Spare nozzles for 
Soldersucker 0.45 
Antes Soldering 
slahon complete 
0/1111 non- 30W 
0140W 49.95 

2 amp 12 way 0.19 Phillips Video Pro/eclion Screen 60" 
5 amp 12way 0.20 650 each p&p £8 
10090120ay 0-40 00110 10 101E1 10101E12100101005 
15 amp. 12 way 0.48 613069 10 for 50p. 100 for E3 
3299.1240y 0.90 6C170 10 for 50p. 10010/03 

MULTIMETER SPECIAL 

Russian type 04324 -I2/'000 OD \A 

DC Volts 0 1.2.3. 1' 30.60.600, 1200. 
AC Volts: 3. 6. '5, 60.' SO, 300. 600.900 
DC Curt. WA 06- C r. 6. 60. 600, 3000 
AC Lurr WA 5 5 5 5 frL '000. 
DC Resistance 57 5 : 5005000K 
level dß 10 to +12. 

Supplied with rechargeable batteries 
Price £12.1X! Incl. 01 p/p & VAT. 

FUSEHOLDERS 
20mm Panel Mounting 0.28 
20mmehassis Mounting 0.08 

Panel Mounting 0.35 
Chassis Mounting 0.12 

Carlene 11.' holder 0.10 

SPECIAL TELEPHONES 
GPO ex -rental 700 style mainly 
grey a green. .some blue - state 
seveim choices We w ll Lend 
nearest - all untested 
£2,751989 61.50) 
10 for 620.00 (p&p £5.50) 

ALL SERVISOL 
PRODUCTS 
Switch Cleaner 0.88 
Circuit Freezer 0.96 
Foam Cleanser 0.84 
Aer Klane 0,78 

10erosoh 1.00 
A1,I010ntic Spray 0.82 
Plastic Seal 0.88 
Excel Polish 0.76 
Fire Extinguisher 
640g 2.80 
Video Head 
Cleaner 0.85 
Slllcone Grease I ICI 
759 1.00 
Solda9op,Sld) 0.72 
Solda Moo 
1900050/ 0.72 
Additional 050 on 
above 30p 

PLUGS& SOCKETS 

Metal Co -ax Plug 
Plastic Co -ax Plug 
Single Junction Socket 
Plastic Phono 
FM Plugs 
150259 
Reducer 

n Plastic Mono Plug 
6n Metal Mono Plug 

2.5mm Plug Metal 
3.5mm Plug Metal 
2.5mm Chassis Socket 
3.5mm Chassis Socker 

4 pin `sin Mono Chassis Socket 
6 pin 'min Mono Chassis Socket 
earn Banana Plug 
4mm Banana Socket 
PP3 Battery Connectors 
PP9 Battery Connectors 

0.18 
0.14 
0.80 
0.10 
0.20 
0,38 
0.15 

0.15 
0.16 
0.10 
0.10 
0,4 
0.20 
0.30 
0.15 
0,15 
0.08 
0.15 

Universal NI -Cad 
charger. charges 
PP3, AAC.D 
Price E5,00 

1984 
CATALOGUE 

Send now for cur latest catalogue available - 109 
pages 

o 
packed with complete range of components - 

lullyIllustrated pitce45p00/000y.,ncludes30peredit note, 

spcral 
offers sheets order form and prepaid 

velope 

Please add 15oó to all prices and 45p pars to the total, either 
end cheque/cash/P. 0 or send/telephone your access or 

visa number. 

All orders deepetched by return of mall, eilioel orders 
Irom echoole, pnlversitlea, colleges etc moat welcome, 

RANSFORMERS 

411240v Primary. 4.5 0.4.5v 400 m/A 50p. 6-06 I00m/A 58p. 6-0.5 500m/0 659. 
Postage and packing 45p per transformer. 
Compentrve bulk prices on request. 

1'/." Quick Blow. 100. r 50, 250n,Á E1.30. 1.1.25. 1.5.2, 2.5, 3,10.15A 
55p. VA" Time Dsley. 10CHO £3.50. 150mA f2.25 250. 300. 500, 
600. 750 850mA El .84. 1. 1 25, 1.5, 1 6 2A E1.84. 2.54 35 5, 3. 54 

0.30 2.75/10 £2.82.20mm Oulck Blow.100.125, 160.200,250,315,400,500.630 

0.32 2.90/10 600mÁ1,125.1.6 2,2.5,3.15,4.5,6.3A 409. 20mmTlme Daley. 100. 

O.34 3.10/10 125,160.200mÁ£1.80.250315,400.500,630,800n/Á£l.00.1,1.25, 
1.6, 2, 25. 3.15,4,5,63A 85p. t" Melee. 2. 3,5, 7. 10, 13485p. 

Ou il to 0u 
14 pin 
16 pin 

Manufacturers pease note- we can otter eery competitive production 
0.30 2.75/10 quantibes of 20 mm Ouick Blow & Tlae Delay range - apply for 

0.34 3.10/10 quotation. 

MARCO TRADING (Dept ET5) 
The Maltings 
High Street 
Wem, Shropshire SY4 5EN 
Tel: 0939 32763 

UROPERN ADAPTORS 

These very high quality British made two pm European adaptors 0106100110r driving Radio, 
cassette recorders TV games calculators etc The adaptors fit in the UK shaver socket 

DC 
REF Voltage Current 1- 10+ 
EOB 45V 20010/a 50p 45p 
693 6V 2000í/0 C1.00 809 
009 6V 40001/a f1.50 £1.25 

Postage 8 Packing: 45p per adaptor or 0180 per 10 04.50 per 100 

100+ 
32p 
55p 
859 

ORDERING: All components are brand new and to full specification. Please add 45p 
postage/packing(untess otherwise specified) to all orders then add 15% VAT to the 
total. Either send cheque/cash/postal order or send/telephone your Access or Visa 
number. Official orders from schools, universities, colleges etc most welcome., 
(Do not forget to send for our 1984 catalogue - only 45p per copy - details at 
top of advertisement) 
NEW RETAIL 1000 sq ft shop now open Mon -Fri 9.00-5.00. Sat 9-12.00. 
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PROJECT 

SPECTRUM 
JOYSTICK 
INTERFACE 

Feeling like using your Spectrum to zap the aliens, but put off 
by having to remember which keys to use? Discover the joy of 
a stick, using this interface by Mike Wynne -Jones 

This interface can be used to con- 
nect any Atari or Commodore Vic 
compatible joystick to the Sinclair 
Spectrum. It is read by the func- 
tion IN 31, like several other inter- 
faces on the market (notably those 
made by Kempston and Quick - 
shot) and can be used with any 
commercial software compatible 
with these and several other joy- 
stick systems. 

The different movements cause 
a 1 to appear in different bits of 
the number read in, as follows: 

AO 

Al 
A2 

A3 
A4 

A5 
14 

1 12 CI) 

A7 31111:,4 
11 

OV 

7 

RD 

TORO 

+5V 

ovo 

ICl C2 C3 
won 100n 

T 
100n 

NOTE. 
IC1 IS 74LS02 
IC2 IS 74LS30 
IC3 IS 74LS41 

+5v 

20 

POSITION 
right 
left 

down 
up 
fire 

BIT 
0 
1 

2 

3 

4 

Bits 5,6,7 are always O. 

So, for example, if the stick is in 
the top right corner, and the 'fire' 
button is pressed, the number 
read will be 25. 

07 D6 05 D4 D3 D2 D7 DO 

12 14 18 18 3 5 7 9 

vcC 
OE 

IC3 7 6 5 4 3 2 1 0 

OE 

GND 

Fig. 1 Circuit diagram of the interface. 
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10 61 6 

R5 1k0 
/WV' 
R4 1k0 

R3 1k0 

R2 1k0 ---/VVr 
R1 1k0 
^MA 

o 
oV 

17 13 

+5V 

1 F 
O .IO .IO 

O 

HOW IT WORKS 

The circuit diagram is shown in Fig. 1. In 
an I/O operation with the Spectrum, 
address bus bits A0-4 must be high, to 
indicate that there is not a keyboard read 
taking place. To use IN 31, A5 6 7 must 
all below, and for an I/O read, and 
RD must both be low. 

Note that the joystick can also be read 
at addresses 31 plus any multiple of 256. 
This is extremely unlikely to cause a 
problem, as any software/hardware 
system which requires further address 
decoding would also, probably, need far 
more sophisticated analogue joysticks. 

IC1 a output goes high when A5 A6 are 
low, and ICI c goes high whenIORQ and 
RD are both low. this means that when, 
and only when, the address busses hold 
all the correct signals, all inputs to IC2 
are high. Under these circumstances, 
the output of IC2, an eight -input NAND 
gate, goes low. 

IC3 is a 20 -pin device consisting of 
eight to -state buffers. Four have a com- 
mon OE (output enable) pin, and the 
other four a common OE pin, enabling 
the chip to be used as a quad transceiver 
if required. Here, however, all buffers are 
required to switch on at the same time, 
so the OE is driven directly from the out- 
put of IC2 (low when all signals are cor- 
rect) and OE is driven from the output 
of IC1 d. 

Whenever IC3 is activated, the inputs 
are buffered on to the outputs, ie on to 
the computer's data bus. Inputs 5,6 and 
7 are permanently low, causing the 
signals on D5,6 and 7 to be low when the 
interface is activated, and inputs 0 to 4 
are pulled low by R1 to R5, or high if the 
corresponding joystick switch is closed, 
putting a 1 or a U on the data bus. 

When it is not activated, the outputs of 
IC3 will all be at their high -impedance 
state. 
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A5 

Fig. 2 Overlay diagram of the interface. 

PARTS LIST 

RESISTORS (all 1/4W 5%) 
R1-5 1k0 
CAPACITORS 
C1-3 100n ceramic disc 
SEMICONDUCTORS 
IC1 74LS02 
IC2 74LS30 
IC3 74LS241 
MISCELLANEOUS 
9 -way D -type plug, panel -mounting; Sin- 
clair edge connector (for Spectrum); 
PCB; case; wire, etc 

COMPONENT SIDE 

+VE -VE 
STICK 

COMMON 

Construction 
A small PCB was used for the 

project, and the component over- 
lay is as shown in Fig. 2. Whilst it 
would have been possible to 
design a PCB so that the edge con- 
nector could fit directly onto it, 
this would have required a much 
larger double -sided PCB, which 
would have made the unit rather 
costly to make. So we're afraid that 
neatness has been sacrificed for 
price! 

The project was housed in a 
plastic case, with a slot cut for the 
edge connector and a hole for the 
D -type plug. The height of the plug 
in the case is fairly important, as 
otherwise it will be difficult to plug 
in the interface to the back of the 
computer. No edge connector has 
been provided at the back of the 
case as it was judged that joysticks 
are most likely to be used for 
game -playing when it is unlikely 
that other peripherals will be re- 
quired. If this is found to be incon- 
venient, there is no reason why an 
expander plug could not be im- 
provised. The edge connector it- 
self should be glued in position 
using an epoxy adhesive. 
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UNDERSIDE 

COMMON NOT USED 

NOT USED FIRE 

NOT USED 
RIGHT 

LEFT 

Fig. 4 Wiring details of the joystick 
socket. 

Connections between the PCB 
and the socket can be made using 
either ribbon cable (although a bit 
of 'hacking' will be necessary) or 
with thin flexible wire. The D -type 
plug can be connected up in the 
same way, and for two -player use, 
another plug can be connected in 
parallel (although only one of you 
must use a joystick at any one time 
unless you are working co- 
operatively!). 

Figure 3 shows which pins are 
which on the pin side of the D - 
type connector, and details of the 
Sinclair edge connector are given 
in Fig 4. 

Testing 
Before inserting any ICs, make 

a thorough visual check of the 
board and the interconnections. 
Next plug in the computer and 
switch on; the copyright message 
should appear on the screen as 
usual. If this doesn't happen, there 
must be a fault on the board, so 
switch off quickly and start look- 
ing! If all is well, switch off the 
computer, insert IC1 and switch 
on again. If all is well, repeat for 
the remaining three ICs, checking 
each time. 

When this is complete, run the 
following short program: 
10 PRINT IN 31 
20 POKE 23692, 100: REM AUTO 

SCROLLING 
30 PAUSE 10 
40 GOTO 10 
Check that moving the stick in dif- 
ferent directions changes the num- 
bers printed in the expected way. 
If the interface works satisfactorily, 
it's time to start zapping the aliens 
(or is it the fruit?). 

ETI 

BUYLINES 

Well, here's a real initiative test - can 
you possibly find anything that it's hard 
to buy? Edge connector from Watford, 
Rapid, and others, PCB from our PCB ser- 
vice ... you'll really have to work at 
this one! 

Fig. 3 Edge connector details for the ZX Spectrum. 
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INTERFACE 
Simply 

E ONLY £55.00 INDUSTRY use All operating commands T plug in and it's ready to 

are held in an EPROM so LLIST, LPRINT and 
COPY can be used at any time without using 
up valuable user RAM. COPY will allow the 
reproduction of high resolution graphics 
with Epson (or derivatives) and Seikosha 80, 
100 and 250 Series printers. Print width 
selection from 32 characters to full width 
depending on printer used. 

INTERFACE S -- ONLY £39.99 
Visually identical to Interface E 

but without the EPROM, Interlace S 

also recognises the LLIST & LPRINT 
commands and will allow print 
width selection from 32 characters to 
full width. 

However, software routines will 
need to be loaded before use. Full screen 
dump toreproduce high resolution graphics 
is also possible and supporting software is 

supplied to operate this facility with Epson 
and Seikosha printers. The software routines 
that are necessary to initialise the interface 
are held in the printer buffer so valuable user 
RAM will not be used up. There is a growing 
range of BusinessiUtility software that 
includes these routines. Details available on 
request. 

Either interface simply plugs into the 
ZX Spectrum expansion port or interlace and 
is supplied fully cased with a one metre 
ribbon cable which connects to the printer of 
your choice. Full instructions are included 
and driving software is supplied with 
Interface S 

We recommend Epsons. NEC, TEC, 
Seikosha, OKI Microline Tandy GPI 15, Star 
DP 510, Shinwa, Brother HR 15. etc. 

At last you can have real print 
performance troni your ZX Spectrum with the 
Kempston Centronics Interfaces 

E 
STANDARD 
INTfiRFACE 

For ZX 
Spectrum 

FULLY 
MICRODRIVE 
COMPATIBLE 

Interface S available trom W H Smith 
and Spectrum Computer Centres 
All products direct from 

HEm>Ton RONICS LTD 
Unit 30 Singer Way, Woburn Road 
Industrial Estate, Kempston. 
Bedford MK42 7AF Tel (0234) 856633 
Telex 826078 KEMPMI G 

All prices include VAT and P. & P 

Overseas orders please add £4 00 P. & P. 

Please allow 21 days for delrvery of is oPaces 

and software Punters available wdhlrr, 48 hours 

TRADE ENQUIRIES WELCOME w 

N' S 
ELECTRONICS 

LE 1 BO OKH Ñ F R 
USE 

WIMBOÑAKS 
D E 

LONDON 
01-7139 7656 PCB 

SERVICE S.A.E. 
ETI MIXERS 8 channels £500.00 

ETI 413/100watt Amplifier Kits or 200watts £30.00 & £60.00 
ETI 419/Pre Amplifiers Kits £15.00 Fet ETI 401 £15.00 Kits 
LEN'S Power Supply. Please State Voltage & Current. S.A.E. 

Capacitors, Resistors, Diodes, Zeners, Transistors. S.A.E. 

INS 8255N 
C 8008-1 
INS8080 N 

D 8085 AC 
INS8251 N 

INS 8212 N 

D 8259C-5 
D 8257C-5 
D 8279C-5 
(8086) 
AY -5-2376 
AY -5-3507 
MM 5233 CPA/N 
MEMORIES 
2101 AL 
2102 8 
D2716 
D 2708 

£5.00 
£1.50 
£4.00 
£4.50 
£4.50 
£1.50 
£450 

£4.50 
£4.50 

£20.00 
£9.50 

£3.50 
£3.50 
£6.00 
£5.00 

Display & Drivers 
ICL 7106 CPL 
ICL 7109 CPL 
ICL 7103 ACP1 
31/2 Digit Displays 

FETs & J. FETs 
2N 5457 
2N 5458 
2N 5459 
BF 2448 
BF 2458 
BF 245C 
BF 256L 
LF 356N 
40673 
BFW 10 

50p 
40p 
45p 
30p 
40p 
40p 
50p 

£1.00 
£1.00 
£1.50 

Computer CHIPS 
SN 7400 47p 
SN 7404 52p 
SN 5405 56p 
SN741381p 
SN 7420 60p 
SN 7428 80p 
SN 7437 80p 
SN 7476£1.70 
RCA 
CDP 1833 
CDP 1834 
CDP 1802 
CD4059 
CD 4007 
CD 4011 
CD 4511 
CD 4029 

£9.50 
£9.50 
£6.00 

£12.00 
J112 
BF 224 
2N 5248 
2N 5484 
2N 4871 
2N 3823 
MPF 102 
MPF 103 
MPF 105 
MRF 502 
BFW 11 

(Technical Books 
SAE for List 

Typewriter Cookbook 
THE 8086 Book 
Video Cookbook 
TTL Cookbook 
CMOS Cookbook 

£6.00 
£6.00 

£10.00 
£5.50 

57p 
56p 

£1.63 
£2.00 

LM 309K 
LM323 
LM 3900 
SN 741 
LM 741 
ML 307S 
LM 380N 
LM 381N 
LM 324 
LM 339 

£1.50 
£4.50 
£1.00 

30p 
30p 
45p 
90p 

£1.50 
30p 
45p 

Seven Segment Displays 
TIL 312 £1.80 
TIL 311 £8.50 
SL 403 3watt Amp £2.00 

£50p 
30p 
40p 
40p 
60p 

£1.30 
50p 
50p 
50p 

£1.00 
£1.50 

RF Transistors 
BF 494 
2N 3866 
BFY90 
2N 3553 
BFR 90 
BFR 79 
BSX 20 
BF 180 

£1.35 
£1.12 
£1.35 
£2.50 

25p 
38p 
35p 

KEMPSTON CENTRONICS 
INTERFACE COMPATIBLE 
SOFTWARE UTILITIES. 

FOR THE 48K SPECTRUM. 
FINANCE MANAGER (OCP) - Menu driven 

program for all domestic and business 
accounting applications. £19.95 

ADDRESS MANAGER (OCP) - Simple 
index filing system ideal for names, addresses, 
etc Various search facilities £19.95 

FULL SCREEN EDITOR/ASSEMBLER (OCP) 
- Allows you to write Z80 assembly code using 
standard mnemonics on full screen £19.95 

WORD PROCESSOR (TASWORD TWO) - 
(TASMAN) A professional word processor 
allowing 64 characters per line and 
incorporating all usual editing facilities £13.90 

OMNICALC (MICROSPHERE) - The only 
spreadsheet written entirely in machine 
code. The easy and fast way of solving 
any numerical problem Ideal for cash 
flow forecasting tolconcrete stress 
analysis £9.95 
MASTERFILE (CAMPBELL SYSTEMS) - 

Filing and retrieval system tor 
domestic or business use Files can be 
loaded and saved independently 

Microdnve compatible £9.95 

NOW WE CAN ALSO SUPPLY YOUR 
PRINTER. 
We've looked at the printers currently 

available and have selected what we feel is 

best value for money in dot matrix and daisy 
wheel printers 
EPSON RX-80 F/T -A dot matrix printer 
allowing full graphics dumping and a 
choice of printing styles Speed 100 C.P.S 
Price £325 Inc. VAT and Delivery 
BROTHER HR 15 -A daisywheel printer 
ideal for letters, mail 
shots, documents, etc. Many typefaces 
available by changing daisywheel 
Duplication facility but nc graphics. Speed. 
Up to 18 C.P S Price £425 Inc. VAT and Del. 

FREE CAREER BOOKLET 
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 -at no cost or obligation at all. 

e 
AND POST TODAY 

ELECTRONICS 
`ENGINEERING 

TV ft AUDIO 
SERVICING 

i 
ELECTRICAL 
ENGINEERING 

RUNNING YOUR 
OWN BUSINESS 

I. 

I Name 

Address 

Dept 813164 
ICS School of Electronics 
160 Stewans Road 01 622 991.E 

Leáoáto CO'OOÍeo 
London SW84UJ lall haurs, 

1 

' 
, 
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WILMSLOW 
LOUDSPEAKER KIT 
Loudspeaker kits appear to offer a genuine saving on your hi-fi 
system costs, but do they really match up to factory built units? 
Ian Pitt gets to grips with a new Peerless design from Wilmslow 
Audio. 

My first stereo system consisted of the audio 
stages from two elderly, valve radios, the remains 
of two damaged BSR record decks out of which I 

conjured one, almost functional deck, and two loud- 
speakers which differed not only in size, shape, impe- 
dance and power handling but also in that one required a 
separate energising supply. The whole assembly was no 
better to look at than it was to listen to and I lost no time 
in planning its replacement. The only obstacle was my 
chronic lack of cash. 

Being an essentially practical soul I approached the 
problem in the following way. Good quality turntables, I 

reasoned, could be purchased from discount houses 
quite cheaply, and if finances were reallytight one could 
always purchase the chassis only, support it on a pile of 
brieze blocks and explain the resulting mess away as a 
product of the avant garde. Amplifiers could be built 
from scratch, and even though the fledgling ETI had not 
then produced its first hi-fi amplifier design there were 
still a number of published designs to choose from. That 
only left the loudspeakers. Here I adopted a more radi- 
cal approach and decided to spend the majority of my 
remaining money on a pair of good quality headphones 
which could be used for'serious' listening while putting 
the rest towards the purchase of some cheap drive units 
which could be built into home-made cabinets and used 
for'background' music. 

The surprising thing is that, conceit aside, those 
cheap, home-made loudspeakers actually sounded 
rather good, and this despite the fact that the cabinet 
design and dimensions were determined more by the 
materials that were to hand than by any degree of 
informed planning. I mention this mainly for the benefit 
of those who still believe that the only way to get accept- 
able sound quality is to spend around half of their hi-fi 
budget on a pair of ready -built loudspeakers. Great 
advances have indeed been made by the more innova- 
tory loudspeaker designers, but the gap between the 
exotic (and expensive) and what you can build yourself 
is still not as large as some would have you believe. And 
nowthat there are loudspeaker kits available to save you 
doing the basic carpentry ... 

The Peerless CD825/2R 
Having decided to reviewa pairof loudspeaker kits in 

this issue, we left the actual choice of system to Wilms- 

low Audio. They sent us a kit based upon one of the 
seven new designs in the Peerless Manual for Loud- 
speaker Constructors and using Peerless drive units. The 
particular model we were sent, the CD825/2 R, occupies 
a position roughly in the middle of the new range and is 
one of two models said to be designed specifically for 
compact disc systems. Wilmslow explained that this is 
because the bass drivers in these two models have paper 
cones whereas the others have polypropylene cones; 
paper is regarded as having the better transient res- 
ponse, making it ideal for the fast attack and wide 
dynamic range of CD systems, while polypropylene is 
regarded as having the more neutral tonal balance. The 
bass driver unit in the CD825/2 R is 8" in diameter and 
has a 38 mm voice coil, while frequencies above 1800 
Hz are handled by a 1" dome tweeter. The enclosure is a 
bass reflex design of 25 litres volume, and the com- 
pleted 'speakers have a nominal impedance of 8 ohms 
and are recommended for use with amplifiers rated at 
between 20 and 140 watts per channel (presumably 
peak although this is not stated). 

The kit we received from Wilmslow included pre-cut 
and machined woodwork, the drive units, BAF wadding 
(which also serves as a packing material during transit), 
bituminous felt tiles for lining the interior of the en- 
closure, a roll of grille -cloth, the reflex tube, the cross- 
over components, 4mm terminals complete with plugs 
to suit, and all the necessary screws, clips, and other fix- 
ings. There was some delay in sending out the 'speakers 
(Wilmslow had apparently intended to send us an even 
newer model, but this was not ready in time) and to help 
us get the review done as quickly as possible they 
assembled the crossovers for us. 

The kit also included the Peerless Manual for Loud- 
speaker Constructors which contains individual infor- 
mation and constructional drawings on each of the 
models in the range, and a set of general instructions 
drawn up by Wilmslow. It is worth emphasising that the 
kits are only Wilmslow's realisations of the original Peer- 
less designs. There is nothing to stop you obtaining the 
Peerless manual, doing your own carpentry and just 
purchasing the drive units from Wilmslow. Indeed, the 
Wilmslow kits differ slightly from the designs in the 
manual in that Peerless specify a chipboard enclosure 
assembled onto a batten frame while Wilmslow supply 
smooth -surfaced Medium Density Fibre (MD F) board 
which is grooved so as to make a frame unnecessary. In 

52 ETI JUNE 1984 



REVIEW 

spite of this difference, the information in the Peerless 
manual remains helpful and relevant. 

Construction 
Having struggled manfully on rush-hour tubes to get 

the kit home, I opened it up and set about reading the 
instructions. As explained previously, there are both 
specific instructions from Peerless and more general 
instructions from Wilmslow in the kit. The Peerless 
manual is well presented on glossy paper but I was 
slightly disappointed by the Wilmslow instructions 
which simply consist of several photocopied sheets 
stapled together and which in places are almost unread- 
able. I was encouraged, however, to see that the Wilms- 
low sheets include a kit parts list on which each item has 
been ticked off by hand by the packer. I would recom- 
mend reading both the manual and the instructions 
through thorough ly fi rst so as to get an idea of what infor- 
mation is presented in each. 

Wilmslow recommend that you inspectall the panels 
for transit damage upon opening the kit, and then 
remove all dust, etc, with a vacuum cleaner. The next 
stage is to assemble the cabinets without gluing so as to 
check the fit, and then to swap around matching panels 
where this will achieve a better fit. This confirmed my 
original impression that the quality of the machiningwas 
generally very high, for the panels assembled readily 
with almost no visible gaps and the grooving was suf- 
ficiently positive to hold the whole assembly together 
with no external support. Wilmslow recommend that, if 
the baffle board is to be painted, the painting is done at 
this stage rather than when the cabinet is finally 
assembled and glued. 

Evo Resin W wood glue is recommended for the 
cabinet construction, and you are advised to use plenty 
so as to ensure an airtight seal. In fact, the quality of the 
cabinet joints is such that only a comparatively small 
amount of glue is needed to seal them, and my first 

attempt left me with large quantities of wood glue issu- 
ing from every seam. This is nota problem as the glue can 
easily be removed with a damp cloth whilst still wet, but 
the stuff does have a tendency to get everywhere before 
you notice it. 

One side of the cabinet has to be assembled at this 
stage but not glued, so that it can be removed later to 
allow you to install the bituminous felt tiles and the 
crossover. This is not quite as simple as it sounds 
because, as I have explained, the glue tends to seep 
along the joints as soon as you apply pressure. When the 
time came to remove this panel from the first of the two 
enclosures, I found that it required a considerable 
amount of force before it came free and that small 
chunks of panel remained attached to the glued cabinet. 
This can be overcome by inserting small pieces of paper 
between the side panel and the main cabinet opposite 
to the glued joints. Provided the paper is fairly thin it will 
not upset the tightness of the joint, and when the glue is 
dry and the side panel has been removed it can be pared 
away quite readily with a sharp knife. 

While the glue is setting, the cabinets must be held 
together in some way. Wilmlslow recommend the use of 
either clamps or masking tape, and I opted for the latter. 
Two bands of tape wound horizontally around the 
cabinet and two vertically, both pulled fairly tight, were 
sufficient to pull the panels tightly together during set- 
ting. The only slight drawbáck with this approach is that 
glue tends to seep under the tape, but again, this is fairly 
easy to pare away with a sharp knife later. 

When the glue is dry and the side panel has been 
removed, the bituminous felt panels are cut to size and 
glued to the inside walls of the enclosure. Wilmslow sug- 
gest that they be held in place with panel pins while the 
glue dries. Mounting holes can then be drilled for the 
drive units and the grille -frame clips. As mentioned pre- 
viously, Wilmslow suggestthat if the baffle is to be painted 
it should be done before the cabinet is assembled, but I 

would be inclined to add that if you are going to use a 
fairly transparent grille -cloth and a light-coloured baffle 
it might be a good idea to drill the drive unit mounting 
holes also before assembling the cabinet. You can just 
rest the drive units in place and mark and drill the holes, 
but you stand a much better chance of getting the square 
tweeter bezel straight and the bass unit mounting holes 
neatly aligned if you take careful measurements across 
the baffle, and that might mean marking the painted 
surface. 

Wilmslow provide you with two options for mounting 
the bass driver, a decorativefixingringorfourmetal brac- 
kets. Both seem to secure the drive unit quite adequate- 
ly, but I would recommend using the fixing ring when 
marking out your drilling positions since the resulting 
hole pattern will just as readily accommodate the metal 
brackets, while the positions obtained by usingthe brac- 
kets may not suitthe fixing ring should you subsequently 
wish to use it. 

The crossovers have next to be assembled into the 
cabinet. Although our crossovers were supplied ready - 
built, the accompanying instructions are excellent and 
cannot imagine anyone who can handle a soldering iron 
having any trouble here. Each component position is 
identified in white lettering on the PCB itself and a series 
of black and white photographs show how the finished 
crossover for each model should look. 

The crossover for the CD825/2 R comes with a choice 
of two tweeter series resistors, and an accompanying 
note explains that the lower value is intended to satisfy 
the requirements of continental listeners who reputedly 
favouraslightly brightertreble than their British counter - 
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parts. Our pre -assembled crossovers came with the 
higher value (giving a less -bright treble) already in place, 
and I decided to leave well alone until I came to the 
listening tests. 

The other jobs which need to be done at this stage are 
the fitting of the reflex tube and the marking and drilling 
of the grille frame fixing holes and the input connector 
holes. The reflex tube and grille frame presented no pro- 
blems when tackled in accordance with the instructions 
but I did have some difficulties with the input connec- 
tors. Peerless point out in the manualthatthe4 mm input 
connectors do not have sufficient depth to pass right 
through the 18 mm thick panel, and that you will pro- 
bably have to rebate the hole on one side in order to 
expose sufficient thread to attach the nut. It is easy 
enough to rebate the hole on the outside with the 
cabinet assembled but it is then difficult to stop the con- 
nector rotating while the nut is tightened, and this is not, 
in any case, a very satisfactory solution if the appearance 
of the finished job is important to you. Rebating the hole 
on the inside is a better idea but this is not easy when the 
cabinet is assembled, especially if you are relying upon 
only the most basic of tools. When I came to assemble 
the second enclosure I drilled and rebated these holes 
before assembling the cabinet, and this made life a lot 
easier. I also found it helpful to secure the nuts in the 
rebated holes with Araldite so that the connectors could 
simply be screwed into place from the back. 

All that now remains is to fit the crossover in place, 
lead out the connections through the input connector 
and drive unit holes, fill the remaining space in the 
cabinet with the acoustic wadding and then glue the 
final side panel in place. No means of fixingthe crossover 
is provided, but it seemed to be quite secure when 
simply wrapped in the wadding. When the glue on the 
side panel is dry, the drive units can be soldered to the 
trailing leads and then screwed into place. 

The MDF panels have a smooth, plain surfaceand can 
be finished in a number of ways. Wilmslow suggest 
either painting the enclosure or covering it with iron -on 
veneer, plastic laminate or self-adhesive plastic film, 
although I suspect that painting would not be the most 
attractive approach since the exposed panel ends are, 
inevitably, not as smooth as the other panel surfaces and 
are probably more porous. I have not yet decided how to 
finish mine, but the raw end result is not unattractive and 
it saves me the trouble of steering the conversation 
round to my loudspeaker -building exploits when friends 
call. 

Sounding Them Out 
For the listening tests I was able to borrow the QED 

A230 amplifier and the Musician loudspeakers which 
are the subject of other articles in this issue. I was thus 
able to compare CD825/2 Rs with these as well as with 
my own system, a home-grown 30 watt per channel class 
B amplifier and a pair of dual -cone drive units in sealed, 
20 litre enclosures. These components were tried out 
in various combinations over a period of several days, 
using inputs from both disc and tuner, and listening 
mainly to choral/orchestral music and jazz with some 
folk, male and female solo vocal, and a little light rock 

The CD825/2Rs are the only system in this line-up 
with separate tweeters, so it should come as no surprise 
to find that they offer more sheer treble energy and 
handle high frequency transients better than either of 
the other systems. I am tempted to characterise their 
sound as being slightly bright, but I think the difference is 

not so much one of colouration as of attack. By compari- 
son, the other two loudspeaker systems sounded slightly 

recessed, almost timid. I found the CD825/2 Rs less easy 
to ignore, more forward and aggressive and very exciting 
on material with a wide dynamic range. I am not com- 
pletely convinced oftheirtonal neutrality, but the sound 
is well balanced and never becametiringto listen to. The 
bass is well extended and tightly controlled and there is 

no suggestion of resonance or other unwelcome cabinet 
noise. Midrange is smooth and clear, while the treble is 

open and clean and has only the slightest tendency to 
'tizziness' on cymbal clashes and the like. 

More complex differences between the three sys- 
tems emerged when I came to compare stereo imagery. 
Bearing out Carl Pinfold's views expressed elsewhere in 
this issue, I found the Musician loudspeakers easily the 
best in this respect with my own loudspeakers a little 
way behind and the CD825/2 Rs offering the poorest 
performance. However, while the imagery offered by 
the Musician units was undoubtedly almost razor-sharp, 
the sound stage seemed remarkably compressed, wholly 
enclosed in the space between the loudspeakers and 
apparently lacking any vertical dimension. My own 
loudspeakers and the CD825/2 Rs both offered a wider, 
if less well focussed sound stage, and with both there 
was a greater sense of physical depth. It's a pitythat I was 
not able to compare the CD82 5/2 Rs with an established, 
multi -drive -unit loudspeaker system, but I feel sure the 
imagery would compare well. 

I was unable to listen to the three systems at very high 
volume levels for fear of being evicted, but a few brave 
moments of Pictures At An Exhibition at window -rattling 
volume convinced me that the CD825/2 Rs can comfor- 
tably handle the highest volumes I am ever likely to be 
allowed to feed them with. They are also quite sensitive, 
something which makes high volume levels all too easy 
to achieve. The highest levels I dared use required no 
more than a quarter full-scale setting of my volume con- 
trol, a fact which suggests mind -boggling implications 
should the remaining three-quarters of its travel ever 
be used. 

In summary, perhaps the best thing I can say about 
the CD825/2 Rs is that, since having them, I have started 
using my stereo system more. The sound is altogether 
more lively and arresting than that of my own loud- 
speakers, and if this has been bought at the expense of a 

slight increase in colouration the difference is marginal 
and the benefits easily outweigh it. I greatly regret not 
having been able to trythem with a compact disc system, 
but I can readily imagine how well they would then 
sound. As far as I am aware, Peerless do not produce a 

ready -built loudspeaker which is the direct equivalent 
of this design so I cannot urge you to go along to a dealer 
and listen to it, but if you've been put off building your 
own loudspeakers by the thought of construction dif- 
ficulties and eventual inferior sound, let me reassure you - kit loudspeakers are great! 

The Peerless CD825/2Rs are available from Wilmslow 
Audio in three forms: the Basic Kit comprises the drive 
units and the crossovers for a pair of loudspeakers and 
costs £88.95 plus £5.00 carriage; the Plus Kit includes 
everything needed for a pair of loudspeakers except the 
woodwork and costs f104.50 plus £6.00 carriage; the 
Total Kit, as reviewed in this article, includes all wood- 
work and other parts and costs (128.50 plus f10.00 car- 
riage. All prices include VAT. The Peerless Manual for 
Loudspeaker constructors will be sent free -of -charge on 
receipt of a 12" x 9" SAE. Wilmslow Audio Ltd, 35-39 
Church Street, Wilmslow, Cheshire SK9 1AS, tel 0625 - 

529599. 
ETI 
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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 
Design 50/28 (7 litre, reflex) £92.50 plus carrlins £5.00 
Design 65/25 (20 litre, reflex, Polypr.I £111.00 plus carrlins £6.50 
Design 82528 (30 litre, reflex, Polypr.) £115.00 plue carrlins £10.00 
Design 100/3 (40 litre, le, Polypr.) 2172.00 plue carr.4ns £10.00 
Design CD825/2R (25 litre, reflex) for digital £128.50 plue carrlins £10.00 
Design CD825/30 130 litre, reflex) for digital £109.00 plus can.Ans £10.00 

Basic kits (drive units and crossovers only) per pair 
Design 50/20 
Design 85/20 
Design 825/20 
Design 100/3 

Design CD825/2R 
Design CD825/35 

eerless 

£67.50 plus carrrrrs £4.50 
£77.00 plus carr.lns E4.50 

L77.00 plus carr.Ans £4.50 
£128.00 plus carrlins £5.50 

£09.55 plus carr./ins £5.00 

£144.00 plus carrlins £5.50 
Attive versione of the three 825 designs are available 

The firm for Speakers 

11 
IT'S 

SO 
EASY 

Have fun, save 
money, building 
e KO 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. 

Constructor Series Speakers 

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 woodgrein vinyl. 
Easy foolproof assembly instructions supplied. Set of constructor 
leaflets sent free on receipt of large S.A.E. 
Prices per pair 
CS1 (As 1011 E111 pr. inc. VAT, plus eery./ins. £6.00 
CS1A (simplified LS3r5A) £108 pr. inc. VAT, plus carr.lns. £6.00 
CO3 las 103.2) E131 pr. inc. VAT, plus cerr Ans. C10.00 
CS5 las Carlton ill £196 pr. inc. VAT, plus carr.lns. £15.00 
CS7 las Cantata 1 E253 pr. inc. VAT, plus carrlins. £18.00 

Kef Constructor Series basic kits (drive units and crossovers 
only) 
Col 
CS1A 
CS3 
CS5 
CS7 

£98.50 curries 25.00 
£84.00 carrlins. 25.00 

£100.50 cary./ins. 25.00 
£139.95 corr./ins. £5.50 
£093.05 can ./ins. C5.50 

COMPET'ITtVE Pfil . 
a#cerdrive units: 

N,-, 

' 
KEE McKENZIE , 

ERt"ESSeSCANSPEAK 
TANNOYVOLT 

LE etc. 

SfVE 
4f OCUEE 
pages of drive 

WHARFEDALE SPEAKERCRAFT 
NEW Range 
Basic kits (drive units and crossovers) per pair inc VAT 
150 
L908 
L140 
E50 

E70 

E90 

E48.95 carr./ins. £4.50 
£57.95 carr.lns.£5.00 
£86.50 carr.lns. £5.00 

£140.00 carr./ms. £5.50 
E172.00 can Ans. £6.00 
£285.00 carrJns. £8.00 

Total end PRO kits available for E series 

Wilmslow Audio Catalogue 
Celestion Cabinet Handbook 
Fane loudspeaker enclosure design 
Peerless Manual for 

Loudspeaker Constructors 
ALL the above £5 post fee, 

post free E1.50 

post free E1.00 

post free £2.95 

FREQUENCY COUNTERS 
HIGH PERFORMANCE 
HIGH RELIABILITY 
LOW COST 

The brand new Meteor series of 8 -digit Frequency Counters offer the lowest cost professional performance available anywhere. 

* Measuring typically 2Hz - 1.2GHz 

* Sensitivity <50mV at 1GHz 

* Setability 0.5ppm 

* High Accuracy 

* 3 Gate Times 

PRICES (Inc. adaptor/charger, 

METEOR 100 1100MHz) 

METEOR 600 1600MHz) 

METEOR 1000 (1GHz) 

* Low Pass Filter 

* Battery or Mains 
* Factory Calibrated 

* 1 -Year Guarantee 

* 0.5" easy to read L.E.D. Display 

PBP and VAT) 

£104.36 
£134.26 

£ 184.86 

Illustrated colour brochure y L_ 
with technical specification 4 - 

and prices available on request. 

!Ire 
Designed and 
manufactured 
in Britain. 

B1ackiliStar 
%LACK STAR LTD (Dept. ETI), 9A Crown Street, St. Ives, 
Huntingdon, Cambs, PE17 4EB, England. 
Tel: 104801 62440 Telex. 32339 

Affordable Accuracy Low Cost Multimeters from Armon 
SPECIFICATION MODELS 
HC -6010 8 HC -7030 DIGITAL 
* 10 amp AC/DC * Battery: Single 9V drycell. Life: 200 hrs. * Dimensions: 170 x 89 x 38mm 
* Weight: 4009 inc. battery * Mode Select: Push Button * AC DC Current: 200p A to 10A * AC Voltage: 200mV to 750V * DC Voltage: 200mV to 1000V 
* Restante: 200º to 20Mº 
* Input impedance: 10Mn 
* Display: 31/2 Digit 13mm LCD * O/load Protection: All ranges 

SPECIFICATION HM 102R ANALOGUE 
* DC Voltage: 025, 1, 2.5, 10, 25 100, 250, 

1000 volts 
20,000 ohms/volt. 

* AC Voltage: 0.10, 25, 100.250,1000 volts 
10,000 ohms/volt. 

* Decibels: -20 to +22dB. 
* DC Current: 0.50, 5002 A, 0-5, 50, 500mA 
* Ohmmeter 0-6 Megaohms in 4 ranges. 

30 ohms Centre Scale. 
* Power Supply One 1.5 V Size 'A' battery 

(inch 
* Size & Weight 135 x 91 x 39mm, 280gr. 
HC 102 BZ WITH BUZZER 
BATTERY SCALE, 10A DC RANGE 

ARMON ELECTRONICS LTD. 

Dept. E, Cottrell House, 53-63 Wembley Hill Road, Wembley, Middlesex HA9 8BH 
Telephone 01-902 4321 (3 lines). Telex 923985 r 1 

Please add 15% to your order for VAT. P&P free of charge. Payment by cheque with order. 
Otter applicable to mainland UK only. Please allow 15 days for delivery. 
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E LECTRÔVA 
Your SPECIALIST SUPPLIERS for 

SOLDER TOOLS 
From a simple 15 watt model to a precision 
temperature controlled iron, we stock solder 
irons to suit all manual requirements to- 
gether with supporting stocks of bits, de - 
solder tools, materials etc. 

ANTEX 
C.240. 15W/240V: 
CS- 17W/240V 
XS - 25W/240V 
Replacement bits from 3/32" 
to 1/a" 

De -solder heads, stands, ele- 
ments and handles. 

ERSA 
'Sprint' high speed iron: 80/ 
150W, 240V. Heats in 10 
seconds! 

ORYX 
Temperature controlled solder iron TC.82 
45W/240 with scale. 
Oryx 50 - 50 watt temp. controlled. 
Standard types 
Oryx 30 - 30W/240V 
Viking - 27W/240V 
Oryx M.3 - 17 watts, 12 volts. 
A wide range of replacement tips available for 
all models, also tips from 0.8 to 6.4mm dia. and 
flat tips. 
Oryx safety stand. 
Oryx de -solder tool. 
MINIATURE SOLDER STATION 
SOLDER and DE -SOLDER BRAID 
Solder in various grades. 
Please mention this journal when sending for 
latest tree A -Z list. 

BRITAINS LEADING QUALITY COMPONENT 

SUPPLIERS -SEND FOR FREE ¿s PAGE A -Z LIST 
ATTRACTIVE DISCOUNTSFREE POSTAGE600D SERVICE & DELIVERY 

ELECTRO ALEE LTD 
28 St. Judes Rd., 
Englefield Green, 
Egham, Surrey 
TW20 OHB. 

(0784) 33603; Telex 264475. 
North - 680 Burnage Lane. Manchester. 061.432 4945. 
EV Computing Shop - 
700 Burnage Lane, Manchester. 061-431 4866. 

ACCESS An 

phRCLAYCARD oned Orders 
Welcome 

5 

_l 
precision pick-up arms 

Please call or write: 
SME Limited, Steyning, Sussex, BN4 3GY 
Telephone: 0903 814321 Telex: 877808 G 

PARNDON ELECTRONICS LTD. 
Dept. 23, 44 Paddock Mead, Harlow, Essex. CM18 7RR. Tel: 0279 32700 

RESISTORS: v Watt Carbon Film E24 range ± 5% tolerance 
Bandoliered and colour coded. Full Range 1R0 -10M. 

£1.00 per hundred mixed Min 10 per value) £8.50 per thousand mixed (Min 50 per value) 
Special stock pack 60 values. 10 of each £5.50 

RECTIFIERS 
1 Amp 3 Amp 

50V 3p 14p 
100V 4p 14p 
200V 
400V 6p 19p 
600V 8p 20p 

1000V 9p 25p 

VOLTAGE REGULATORS - 1 amp/T0220 
Positive voltage 5,8,12,15.24V 40p 

Negative voltage 5.12.15V 43p 
CAPACITORS - Mixed special 

£2.00 pack. Tant bead: 5 off OR 
AL. ELEC: 30 off Our choice of 

Values/Voltages. 

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

DIODES: IN4148 £1.60 per hundred 
ALL PRICES INCLUDE V.A.T. & POST & PACKING - NO EXTRAS 
MIN ORDER - UK £1.00 OVERSEAS £5 CASH WITH ORDER PLEASE 

X -Stock Items Same Day Despatch 

Illia 
I 1 i l' iTZ TiV 
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T i r` ,,,,r, _ .ß.v1.5. 

YOUR CAREER. YOUR FUTURE. YOUR OWN BUSINESS. YOUR HOBBY 

THIS IS THE AGE OF ELECTRONICS! 
{tip w rldt n 1rlvr Y1IvV'I 

Our new style 
understanding 
and visual method. 
no maths, and 

You learn by 
all the essentials 
a career in electronics 
engineer. All the 
of your own home 

grt Nth industry... You will do the following: 
v+ fastest yvtr r Ruild a modern oscilloscope 
course will enable anyone to have a real Recognise and handle current electronic 

of electronics by a modern, practical components 
No previous knowledge is required, Read, draw and understand circuit diagrams 

an absolute minimum of theory. Carry out 40 experiments on basic 
the practical way in easy steps, mastering electronic circuits used in modern'are 
of your hobby or to start, or further, equipment using the oscilloscope 

or as a self-employed servicing Build and use digital electronic circuits 
training can be carried out in the comfort and current solid state 'chips' 

and at your own pace. Learn how to test and service every type 
A tutor is available to whom you can of electronic device used in industry and44 
write personally at any time, for advice commerce today. Servicing of radio, T.V., 
or help during your work. A Certificate Hi-Fi, VCR and microprocessor/computer 
is given at the end of every course. equipment. 

-bit 
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n N/ 4 
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eb 

_, , 4 < OING 
d'cc g; National Radio&Electroniess School Reading,Berks.RG11BR 

(-FM! 
COLOUR 

I BROCHURE 

I 

Please send your brochure without any obligation to 

NAME 

am interested in 

ADDRESS 

-- COURSE IN ELECTRONICS 
as described above 
RADIO AMATEUR LICENCE 
MICROPROCESSORS 
OTHER SUBJECTS 
please state below 

Post now to: 
BLOCK CAPS PLEASE 

LBritishNationalRadideElectronics School Reading,Berks.RG11BR cÄcc 
ETI/6/842 OR TELEPHONE US I 

0734 51515 OR 
TELEX 22758 
(24 HR SERVICE) 
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PROJECT 

NOVEL 
LOUDSPEAKER 
DESIGN 
Carl Pinfold has created quite a stir in the hi-fi world with his 
full -range, flat diaphragm loudspeakers. This article covers the 
design philosophy of both the drive units and their enclosure, 
and goes on to describe the construction of similar enclosures 
for use with these or any other small -cone -area drive units. 

TThe majority of loudspeaker 
designs currently available 
use a number of separate 

drive units fed through a crossover 
so that each handles only a 
discrete portion of the audible 
frequency spectrum. There are a 
number of advantages with such 
an arrangement but there are also 
a number of drawbacks. Where 
only two drive units are used, the 
crossover frequency will be 
between 2.5 and 3.5 kHz, the 
frequency band in which the ear is 
at its most sensitive and dis- 
criminating. The cone diameter of 
the drivers can be matched to the 
wavelength of the frequency 
bands over which they are oper- 
ating, but this leaves a tweeter of 
no more than 5 cm' diaphragm 
area to handle the band of fre- 
quencies which often contain the 
greatest power levels in music, 
further compounding the prob- 
lems of crossover design. The use 
of drive units with conventional 
cone -shaped diaphragms gener- 
ates further problems in itself. The 
frontal volume forms a resonant 
cavity which introduces mega- 
phone -like colourations, while the 
limited speed of the sound 
through the cone material results 
in a phase lag between the inner 
and outer areas, causing the cone 
to'break-up' and producing an 
irregular response. 

ETI JUNE 1984 

In designing the Musician 
Loudspeaker drive unit, Carl Pin - 
fold has attempted to overcome 
the limitations inherent in multiple 
drive unit systems using con- 
ventional cone loudspeakers by 
employing a single, full -range drive 
unit using a flat diaphragm. He 
argues that the use of a single 
drive unit rather than a multiple 
system with crossover makes a lot 
of sense with the present, almost 
universal, use of direct -coupled 
amplifiers since it preserves a high 
electrical damping factor. He goes 
on to suggest that a valid alter- 
native to present design phil- 
osophies is to start with a good 
mid -range unit and then concen- 
trate on extending its performance 
in the upper and lower octaves. 
This will lead to a sharper stereo 
image since the most crucial 
musical and spatial information is 
carried in the middle frequency 
range, and he believes the effect 
will be best achieved by making 
the sound source substantially 
narrower than the distance be- 
tween human ears. 

The result of his endeavours is 
a drive unit with a flat, 'lozenge 
shaped' diaphragm driven by a 
similarly elongated coil. The long 
thin shape fulfils the requirement 
that, when positioned vertically, 
the diaphragm is considerably 
narrower than the distance be- 

tween human ears, and in addition 
it ensures that the diaphragm is 
fairly evenly driven since no part 
of its surface is more than 10 mm 
from the coil. The flat diaphragm 
does not have the stiffness of a 

A Musician drive unit in an enclosure 
made of the cement -based inorganic 
plastic, NIMS 127. 

57 

e 



MAGNET 

Fig. 1 Vertical cross-section through the Musician drive unit. 

cone, but the more evenly - 
distributed drive overcomes this 
disadvantage to some extent, and 
the use of a stiff, lightweight, 
laminated plastic with a degree of 
self damping helps ensure that the 
inevitable flexing is not cata- 
strophic. 

The use of a large coil and 
relatively small diaphragm area 
does introduce certain limitations. 
Unless it is to make impossibly large 
excursions, a small diaphragm 
cannot produce high acoustic 
power levels. This prevents the 
unit delivering the power levels 
demanded by some heavy rock 
enthusiasts, but for most other 
tastes the sound level in a 
domestic room of average size 
should be satisfactory. The other 
limitation is the sensitivity. A low 
sensitivity is quite normal for small 
loudspeakers, and even with the 
substantial magnets used in the 
prototypes the sensitivity did not 
exceed 86 dB for 1 watt at 1 metre 
on axis. This simply means that 
the loudspeakers sould be driven 
by an amplifier offering in excess 
of 40 watts per channel, not an 
uncommon output level for a 
modern, high quality amplifier. 

The Musician Loudspeaker, at 
the expense of introducing these 
minor limitations, has been 
designed to offer a sound which is 

largely free of colouration. There is 

little point, therefore, in mounting 
such a drive unit in a conventional 
resonant enclosure. There are two 
major sources of resonance in a 
loudspeaker enclosure, cavity 
resonance generated within the 
space and resonances set up 
within the panels of which the 
enclosure is constructed. Both of 
these sources have been con- 
sidered and dealt with in arriving 
at a design which complements 
the low colouration of the drive 
units. 

Considering first the question 
of cavity resonance, standing 
waves always occur in an en- 
closure which has flat, parallel 
58 
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Fig. 2 Horizontal cross-section through 
the Musician drive unit. 

interfacing surfaces. The wave- 
lengths of the resulting resonances 
will be comparable to the distance 
between the faces. 

Thus in a rectangular box 300 x 
250 x 200 mm there will be reson- 
ances at approximately 1125, 
1350 and 1700 Hz. Absorbent 
filling in the cavity will reduce 
these resonances but will not kill 
them altogether. The designers of 
musical instruments avoid the 
formation of standing waves by 
making their sound boxes in 
irregular shapes eg, the violin, the 
'cello, the lute and the guitar. 
Reflections inside these sound - 
boxes are so diffuse that standing 
waves cannot occur. An instru- 
ment with a rectangular sound box 
would produce some notes much 
more loudly than others. 

It is inconvenient and im- 
practical to house loudspeaker 
drive units in irregularly shaped 
enclosures but the same effect can 
be obtained by inserting an irregu- 
larly shaped object inside the cavity 
which similarly diffuses reflections 
between the inner surfaces. The 
'sound splasher' used for this pur- 
pose is shown in Fig. 6 and simply 
consists of a number of lengths of 
square section timber glued to- 
gether to form a spiral. BAF wad- 
ding is used in the normal way to 
fill the remainder of the cavity. 

In a conventional box with 
mitred or butt jointed corners, 
each panel is rigidly held at all its 
edges and is readily excited into 
resonances, the frequencies of 

which will depend upon its mass, 
its stiffness and its dimensions. 
Again taking a lesson from the 
designers of musical instruments 
and noting that a piano string is 
damped by a resilient pad at one 
of its ends, the panels of the boxes 
are separated by a 1 mm gap and 
fixed together with cork fillets, 
giving them a degree of acoustic 
independence and providing a 
small but useful amount of 
damping. 

The enclosure material must 
also be carefully chosen if exces- 
sive resonance is to be avoided. 
The best materials are heavy and 
stiff, and concrete and sand filled 
panels are among those which 
have been tried. Glass, ceramics 
and heavy metal plate are all 
better than timber or common 
chipboard, and very good results 
have been obtained using large 
(300 x 200 x 8 mm) Italian ceramic 
floor tiles. The constructional 
techniques outlined above can be 
used with all these materials. 

The material most favoured by 
Carl Pinfold is a cement -based 
inorganic plastic called NI MS 127 
which has been developed by 
Professor Birchall working for ICI. 
Cement mortar normally has no 
tensile or compressive strength 
and is prone to crumbling, the 
result of having large spaces 
between its molecules. By mixing 
a polymer additive with simple 
cement, Professor Birchall has 
produced a material which has the 
strength of aluminium plate, can 
be readily machined, cast and 
extruded, and which can be pro- 
duced in any colour simply by 
adding pigments into the mix. It is 
fireproof, waterproof and requires 
a minimum of energy in its manu- 
facture, but its most attractive 
features from the loudspeaker 
designer's point of view are that it 
is both dense and stiff and hence 
acoustically very non -resonant. 
Unfortunately, this material is not 
yet available to the general public, 
so the enclosure design presented 
here is that of Carl Pinfold's'Basic' 
enclosure which is constructed 
from Medium Density Fibre board. 
Ordinary particle board could also 
be used, but will not give quite 
such good results and will need to 
be at least 18mm thick. 

The enclosure to be described 
is of the fully -sealed or'infinite 
baffle' variety. It has been de- 
signed principally for use with the 
Musician drive units which have a 
free -air resonance at42 Hz rising 
to a modest peak at 70 Hz when 
so enclosed. The peak is not pro- 
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electronics today international 

BOOK SERVICE 
How to order: indicate the books required by ticking the boxes and send this page, together with your payment, to: ETI Book Service, Argus Specialist Publications Ltd. 1 . Golden Square. London W1 R 3AB. Make cheques payable to ETI Book Service. Payment in sterling only please. All prices include P & P. Prices may be subject to change without notice. 

BEGINNERS GUIDE 

Beginner's Guide to Basic Programming Stephenson 
Beginner's Guide to Digital Electronics 
Beginner's Guide to Electronics 
Beginner's Guide to Integrated Circuits 
Beginner's Guide to Computers 
Beginner's Guide to Microprocessors 

£5.35 
£5.35 
£5.35 
£5.35 
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Microprocessor Cookbook M. Hordeski 
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£10.15 
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£14.25 
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£6.00 
£7.25 

ELECTRONICS 
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£11.30 

£6.00 
£13.20 

£3.55 
£9.35 
£7.20 

£15.00 
£11.40 
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PROJECT : Novel Loudspeaker 

GLUE TO REAR INNER 
SURFACE OF ENCLOSURE 

Fig. 6 The 'spasher'. 

While the glue on the en- 
closure is drying, you can get on 
and produce the 'splasher'. As ex- 
plained, this simply consists of five 
pieces of wood laid one -on -top -of - 
the -other at one end and stag- 
gered so as to form a spiral. You 
will need a clamp or a bench vice 
or some other means of holding 
the pieces in the correct position 
while the glue dries, although it 
should not be too difficult to 
devise another means of support if 
neither of these is available. As 
with the enclosure itself, the 
'splasher' should be left to dry for 
a reasonably long time and pre- 
ferably overnight. 

Internal view of an enclosure made of 
NIMS 127 showing the cork fillets and 
the 'spasher'. The same construction is 
used for the MDF board version. 

60 

12mm MEDIUM F --DENSITY 
FIBRE BOARD 

SOFT BOARD 
GRILLE FRAME 

GRILLE CLOTH 

CORK FILLET 
CUT TO SHAPE 

'CHASSIS OF THE 
'MUSICIAN' 
DRIVE UNIT 

Fig. 7 Vertical cross-section through 
the enclosure with the Musician drive 
unit in position. 

FELT LINING 

SOFT BOARD 
GRILLE FRAME 

GRILLE CLOTH 

18mm x 10mm 
TIMBER FILLET 

15mm x 10mm 
CORK FILLET 

CHASSIS OF 
'MUSICIAN' 
DRIVE UNIT 

Fig. 8 Horizontal cross-section through 
the enclosure with the Musician drive 
unit in position. 

When the glue on the en- 
closure is dry, remove the binding 
and then seal all of the inside 
joints with a flexible mastic sealant 
so as to make the final unit air 
tight. Depending upon the type of 
drive unit you are planning to use, 
identify the spot on the inside 
back panel directly opposite the 
driver coil and stick the 'splasher' 
down. The enclosure can be left 
on its back whilst the glue dries, 
but you will still need to tape the 
'splasher' in place to stop it tipping 
over. 

If you are using a drive unit 
other than the Musician loud- 
speaker, you can now glue the 
front panel into place. Remember 
to leave 1 mm gaps around the 
edges just as you have done with 
all the other panels. If you are 
using the Musician drive units, 
glue the two vertical timber pieces 
to the cork fillets at the front of the 
enclosure and support them in 
place until the glue is dry. 

When the final glueing stage is 

over and the glue is dry, you can 
finish the exterior surfaces of the 
enclosure to your taste, either by 
staining the wood or painting it or 

by covering it with veneer or fabric. 
If you do cover the enclosure with 
something like veneer remem- 
ber to expose the gaps between 
the panels and don't just cover 
over them. Stick a layer of felt to 
the inside faces of the front of the 
enclosure, and make up a simple 
wooden frame to hold the grille 
cloth. Provided you make the 
frame the right size, the cloth will 
bind against the felt and hold it in 
place and no other means of sup- 
port will be necessary. The cloth 
itself should be as acoustically 
transparent as possible, and open - 
weave hessian or something 
similar is recommended. 

The only tasks remaining are to 
install the drive unit and the input 
connectors and wire them up. Two 
4 mm sockets are ideal as input 
connectors and only require two 
small (usually 5/16") holes. If you 
are using the Musician driver unit, 
position it within the front of the 
enclosure and line it up so that it is 
in the centre of the space. Six 
holes can then be drilled into the 
two vertical battens and wood 
screws used to hold the driver in 
place. If you are using any other 
drive unit you will have to devise 
your own mounting system but for 
obvious reasons you should avoid 
using a drive unit which can only 
be mounted from the rear of the 
panel. Finally, wire up the drive 
units to the terminals, loosely fill 
the cabinets with BAF wadding, 
secure the drive units in place and 
then sit back and enjoy them. 

BUYLINES 

Medium Density Fibre (MDF) board is 
widely available from DIY and timber 
shops, and if you don't have an old 
cork bathmat to hand you should have 
no trouble finding someone to sell you 
a new one. The BAF wadding and the 
hessian should both be available 
locally but if you encounter problems 
you could try Wilmslow Audio who 
certainly have the wadding and pro- 
bably have a suitable grille cloth. The 
Musician drive units are available from 
Merseyside Acoustic Developments, 
Merseyside Innovation Centre, 131 
Mount Pleasant, Liverpool L3 5TF, tel 
051-709 0427, and cost £140.00 per 
pair inclusive of VAT, carriage and 
packing. If you don't feel like doing all 
the hard work but would still like a pair 
of Musician loudspeakers, they can be 
obtained from the same address and 
cost £240.00 inclusive in the 'Basic', 
MDF board enclosure and £320.00 
inclusive in the NIMS 127 enclosures. 

ETI 
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CLEF ELECTRONIC MUSIC 
MICROSYNTH 

2', Octave Music Synthesizer with two Osee- 
ialo,s two Sub -Otis. Switched Routing and 
Tnumbwneel A comprehensive instrument otter 
mg the full range of Synth. Music 8 effects. 
f ILL KIT £137 Also available in 3 pads 

PERCUSSION 
MICROSYNTH 
Two Channel touch Sensahve unit plus 
unnable angle L F O. phase,. internal 
and external triggering. 
COMPONENTKIT £89 

BAND -BOX PROGRAMMABLE 
BACKING TRIO 

THREE PIECE BACKING BAND 
Generates the sounds of three instrumentalists 
to back Soloists 

DRUMS + BASS + KEYBOARDS 
Over 3,000 chord changes (60 scores) on 132 dif- 
ferent chords -extendable to 200 scores. Master 
Rhythm also required. 
FULL KIT £235 EXTENSION £82 

88/72 NOTE PIANOS 
SPECIALISTS SINCE 1972 
Using Patented electronic technique to gore advanced simule. 
non of Piano Key Inertia 

COMPONENT KITS f including Keyboard 
88 NOTE £266 
72 NOTE £234 
The above may also be pur- 
chased in tour parta 

DOMESTIC KITS 
inc. Cabinet, P.A., 8 Spkr. 

88 NOTE £442 
72 NOTE £398 

STAGE MODEL 
inc. Cabinet 8 Stand 

72 NOTE £383 

ALL PRICES INC. VAT CARR.. 6 TELEPHONE ADVICE 
S.A.E. for lull Specs 8 MANF. PRICES. VISA -ACCESS 

American Express. 

.1.1n nu<,m,n, I. I ar.; 
SrUCkr'itNl l.'f tiy41H1' A `... ,, 

TEL (16'.1141241 

MASTER RHYTHM 
PROGRAMMABLE DRUMS 

Twenty -Four Rhythm programm- 
able Drum Machine with twelve 
instruments. Eight sections are ex- 
tended to 24/32 measures for two 
bar programming. Sequence opera- 
tion and instrument tone adjust. 
COMPLETE KIT £79 

STRING ENSEMBLE £198.50 
ROTOR -CHORUS £98.00 

SQUARE FRONT KEYBOARDS 
88 NOTE £80 49 NOTE £29 
73 NOTE £50 30 NOTE £19 
KEYSWITCH ITEMS ALSO AVAIL- 
ABLE 

Meniiories 
Part type 
4116 200ns 
4164 200ns 
2016 150ns 
6116 150ns Low power 
6264 150ns 
2716 450ns 5 volt 
2732 450ns Intel type 
2532 450ns Texas type 
2764 25ons 
27128 300ns 

1 off 
1.25 
4.95 
4.20 
Call 
Call 
3.85 
4.20 
3.85 
Call 
Call 

25-99 
1.15 
4.40 
3.75 
Call 
Call 
3.45 
3.75 
3.45 
Call 
Call 

100 up 
1.10 
4.20 
3.60 
Call 
Call 
3.30 
3.60 
3.30 
Call 
Call 

Z80A-CPU £2.99 Z80A-PIO £2.99 Z80A-CTC £2.99 
6522 PIA £3.70 7805 reg £0.50 7812 reg £0.50 

Low profile IC sockets: 
Pins 8 14 16 18 20 22 24 28 40 
Pence 12 13 14 16 18 22 24 27 38 

Soft -sectored floppy discs per 10 in plastic library case: 
5 inch SSSD £17.00. 5 inch SSDD £19.25.5 inch DSDD £21.00. 
5 inch SSQD £23.95. 5 inch DSQD £26.35. 

74LS series TTL, large stocks at low prices with DIY discounts start- 
ing at a mix of just 25 pieces. Write or 'phone for list. 

Please add 50p post & packing to orders under £15 and VAT to total. 
Access & Visa welcome. 24hr 'phone service on (054 422) 618 

Government & Educational orders welcome, £15 minimum. 
Trade accounts operated, 'phone or write for details. 

Happy Memories (ETI) 
Gladestry, Kington, Herefordshire HR5 3NY 

Tel: (054 422) 618 or 628 

DISCO's & BANDS 

Ilaaea-i16a1 if Y111 

You may know MJL as suppliers of band and theatre systems, 
but we are now pleased to annonce the introduction of a 
number of products for the disco market. The first two, the digi 
modulator, a high performance sound to light with 
programmable automatic chase, and digi chaser, a computor 
pre-programmed chaser -sequencer with 640 light changes 
locked away in its EPROM memory. Its impossible to explain 
in this small space the advantages of such high technology, 
and we know you don't want to pay any more for the product 
just so we can take more advertisement space, so how's this: 
Write or give us a phone call, and we will mail you our colour 
brochures on all of our lighting packages, including the 
famous ROCK 12 DESK. 
Sales Manager, MJL SYSTEMS LTD, 
45 Wortley Road, W. Croydon, Surrey CR0 3EB 
Tel: 01-689 4138 (Mon -Fri 9-5) 

MJL- power from the future 

Interak 
A METAL 

Z80A COMPUTER 
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 get your own parts 
(but we can supply if you can't) all you need 
from us are the bare p.c.b.s and the manuals. r 
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(Up to 8 more cards 
4t/2" x 8" each) 

1 
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(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 addresswitha2l pstampandwe'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 T6E), 92 New Chester Road, 

New Ferry, Wirral, Merseyside L62 5AG 
Telephone: 051-645 3391 
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-FEATURE 

DETAIL FOR 
DETAIL 

There's a lot of talk about the 'detail' that any piece of hi-fi gives 
in its sound. However, there's another sort of detail in hi-fi -- the 
sort that you've got to get right. Stan Thatcher takes a look. 

After a house and a car, a quality hi-fi system is 
often the most expensive purchase many of us 
make. Whether your system is home construc- 

ted, bought, or a combination of the two, the amount of 
money you have spent or propose to spend makes it 
imperative to realise the full potential of every pound. 
In pursuit of this objective, there are several minor 
details to look for when buying and setting up your hi-fi 
which, for little or no extra expenditure, will greatly aug- 
ment the detail and sound quality of your system. 

As a starting point, try to buy your equipment from a 
specialist dealer, whose business is installing good 
sound into peoples homes, and not also selling washing 
machines, videos and Pac Man games. He will let you lis- 
ten to all the components of the system in a single 
speaker demonstration lounge - "A what?", I hear you 
ask. It is a lounge with just one pair of speakers in it. This is 
crucial if you are auditioning speakers, because if the 
pair you are listeningto are stacked in a pile with a load of 
others, the drive units of the speakers you are not audi- 
tioning will move in sympathy with the ones you are listen- 
ing to, seriously upsetting the stereo imagery. One final 
note on dealers. If the system sounds fine in the shop, 
but disappointing when you get it home, a serious, com- 
mitted dealer will let you take the speakers back after a 
day and let you try another pair until you are com- 
pletely satisfied. 

Once your system is purchased or built, care and 
attention to details when setting it up in your room will 
prove well worthwhile. There are many obvious points. 
Ensure that the pick up arm is tracking at the right weight 
for the cartridge being used, and of course, don't use a 
worn stylus! You can get special alignment aids to setup 
the arm, and this may be well worth considering. Ideally 
your turntable should be shelf mounted, to isolate it as 
far as possible from sound vibrations. If you have a really 
good turntable, you might like to investigate the" coffee 
tables" which have been designed specifically for the 
purpose. I personally haven't tried one yet, though I am 
assured they offer sonic advantages over other, more 
conventional methods of mounting a turntable. 

Given that you have set your turntable up correctly 
and are getting as much information out of the groove as 
possible, make sure the connections between the turn- 
table and the amplifier are as tight as possible. For a few 
pounds you can buy high quality connecting leads which 
will see that more information gets through (and that you 
ETI JUNE 1984 

have fewer problems with bad contacts- Ed.). Any good 
dealer can supply these. 

The information has now passed through the ampli- 
fier and is heading for your speakers, and it is this link in 
the chain, the speaker cable, where the most dramatic 
improvement can be made. To many this must sound an 
incredible claim, but, think about it, wires do differ in 
sonic quality as well as electrical qualities. Cable has 
varying amounts of capacitance, inductance and resist- 
ance, and, yes, you've guessed it, these all add to or, 
rather, subtract from the sound quality. An obvious 
example comes to mind if you consider the effect of 
resistance, iewasted power. Athicker cable will carrythe 
signal with greater ease, and less of the amplifiers efforts 
end up as wasted heat. Elementary electronics really! 
With inductance and capacitance putting their oar in, 
designing sonically superior cable has almost become as 
scientific as designing an amplifier! So what sort of cable 
should you use, and what is the effect on sound going 
to be? 

Once the effect of cable was truly acknowledged, 
many manufacturers set out in pursuit of the perfect 
cable, with varying degrees of success, and at various 
costs to the consumer. There must be some twenty 
varieties on the market by now, with costs ranging from 
25p per metre to, wait for it, £90! I do not recommend 
spending £90 on a metre of cable. I have auditioned a 
few cables of various costs and find the difference bet- 
ween them marginal compared to the difference bet- 
ween any of them and standard cable or bell wire, the 
most widely used type. My personal recommendation is 
QED 79 -strand cable, which doesn't cost an arm and a 
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leg, and is I believe the best selling cable currently on the 
market Retailing at a modest 77p per metre, the manu- 
facturers claim: "QED 79 -strand cable directly im- 
proves the amplifier's ability to control damping of the 
loudspeaker's drive units, thus avoiding the blurring 
effects". A tighter sound is therefore what they are 
claiming. 

My own experience, having auditioned the cable 
(alongside a couple of others) is that the use of superior 
cable goes much further. Apart from tightening up the 
bass, the resultant sound is a greater feeling of natural- 
ness and openness, with detail coming through that 
simply wasn't there with ordinary cable. It is as if pre- 
viously there had been curtains in front of the speakers. 
Stereo imagery also seems significantly improved. If 
there is any doubt in your mind, then just listen for your- 
self. For a few pounds (I am not convinced of the 
superiority of more expensive cables) you will dramatic- 
ally improve the sound of your system. 

Finally, positioning the speakers themselves. Book- 
shelf speakers are intended to be mounted on a shelf; 
more than this, they are designed to go on a shelf, and in 
many cases, this means unless they are mounted with a 
wall close behind them, they will give a very poor bass 
performance if mounted on a stand. Not surprisingly, 
stand -mounted speakers give rather too much bass if 
mounted on a shelf or on the floor. It's not unknown for 
people to mount speakers sideways on the floor behind 
a settee, and then to complain about there being too 
little treble! It really can make a lot of difference to 
speaker performance if you follow the manufacturer's 
suggestions... 

Finally, having tightened up all the details, it's time to 
put on your favourite record, sit back and enjoy the 
music, because that's what it's all about. 

rÑEnRv's 
IRUDIO ELECTROnICS] .. 

COMPUTERS COMMUNICATIONS TEST EQUIPMENT COMPONENTS 

VISIT OR PHONE OPEN 6 DAYS A WEEK ALL PRICES INC VAT 

STEREO TUNER/AMPLIFIER 
4 waveband stereo tuner amplifier 
by GEC.MW/LW/ 
SW/stereo FM radio. 
10. 10 watt stereo 
amplifier. Inputs for PU '. !'., 
tape in/out. Supplied as two .ti 
assembled units.} ' 
as illustrated 

Lull .95 
-easy to connect [UK C/P £1.501 ì 
CASSETTE 
MECHANISMS 
Fitted counter. motor. record , I 

and erase heads. solenoid. ¿' 

etc. Brand new available 61d 

OC or 12V OC Istate which) IUK £5.95 C/P 65p1 

TOROIDAL 
TRANSFORMER 
100 watts isolation 230/240 V AC 

plus 8-0-8V 4A 15-0-15V 0.645A 30V 

0.16A SQizeeaapprox 4!- dia. x I 

£7.951 UK C/P 75pl 

DIGITAL MULTIMETERS 
Hand Held Models 
All feature AC/DC volts. 
DC Amps 'Many with 
AC Amps' Ohms ere. 

[UK C/P 65p1 

Controls S Slide 
R = Rotary PB = Push Button 

K025C 12 range 0.2A DC 2 Meg ohm IS) £26.95 
K0305 14 range IDA DC 2 Meg ohm ISI £27.95 
50300 26 range IA AC/DC 20 Meg ohm III £33.50 
METES 3000 30 range 10A AC/OC 
20 Meg ohm IR) £37.95 
6010 28 range 10A AC /DC 20 Meg ohm IPBI £37.95 
K055C 28 rangelOA AC/DC 20 Meg ohmlRI £39.95 
K 0615 18 range IDA DC 2 Meg ohm 
Plus HFE tester [RI £39.95 
7030 As 61310 but 0. I °,, basic IP81 
0613350 Autorange plus Cont Tesler 
18 ranges 10A AC/DC 2 Meg ohm IRl £49.95 
B ench Models RIK C/P £1.001 
7143553!/, Digit 29 range LED IBA AC/DC 
20 Meg ohm £97.75 
TM356 3''. Digit 27 range LCD 100 AC/OC 
20 Meg ohm £109.25 

ASTEC UHF MODULATORS IDK 
UMI 233 cased for computers. etc £3.50 C/P 40p) 

MULLARD MODULES 
UKC/P1.31 

LP1171 IF and LPI179 AM/FM Tuner pr £5.75 
LPI 186 Varicap Tuner £5.00 
LP1157 AM Tuner £2.56 

GENERATORS 'UK C/P £1.001 
LS017RF100KHZto150MHZ 
¡Up to 450MHZ Harmonics) £109.25 
56402 RFIDOKHZto30MNZ £82.80 
AG202A Audio Sine/Square 10HZ to 200KHZ £102.35 
LA627 Audio sine/Square I0N1to IMHZ £106.95 

PRESTEL 
ADAPTOR 3 card set 
with data etc fP/S '/- 12V 

and'5VI £89.95 inc. VAT 

MODEM CARD 
ST approved ready assembled 
unit with data and p 
accessories £29.95inc. VAT £5.95QQGG 

CHERRY ADD- 
ON KEYPAD 
16 button 
pad non 

encoded 

QWERTY KEYBOARDS 
5V and -12Vsuitable ` P/S£8.95óó=ax, 

60 uóooA'o y y. 
P u 

69505 
c/P 

Exclusive Special 
Purchase compact hall effect 64 keys plus 5hoiden 
keys -ve/'ve strobe ASCII but all definable. steel 
frame all facilities UK c/p£1.00 £35.00 
69 key ASCII. General purpose. steel plate 
Redelinahte output. .5 and -12V supply, nett. strobe 
pulse. 4 user definable keys. 
shill 8 control key. etc. Ti*G 

[UK C/P 85p) 

MULTIMETERS IUKC/P65p1 
HC601515 range pocket 10K/ Volt £8.50 
M20030 range 20K/Noll. Many lealures 
20KHZ gist £21.851 £9.95 
HM102BZ 22 range 201(/ Volt IBA DC / 
Plus cont Buzzer IO Meg ohm £ 13.50 
TMK500 23 range bench 30K/Volt De luxe. 
120 DC. plus cont. Buzzer. 20 Meg ohm £23.95 
NH56822 range 10K/Volt 6 Meg ohm £11.95 
830A 26 range 30K/Volt 10 AC/DC 
10 Meg ohm £23.95 
TN360T11 19 range 20K/Volt plus NEE tester 

I Meg ohm £13.95 
ST303TR 22 range 20K/Nall plus HFE tester 
12A DC t Meg ohm £17.95 
KRT5001 Range doubler 35 ranges 
50K/Volt IDA DC 20 Meg ohm £19.95 

HIGH VOLTAGE METER 
Direct reading 0/40 KV 

j17.0 20K/Voll £25.30 (UK 

I.T.T. 2020 
CABINET 
Professional 
Computer Case 

18"xl51/"x4'4" 
(IIrroonnt slopees). As previously advertised. 

£27.50 Inc VAT IUK C/P £2 501 

THERMAL MATRIX 
&LI E " INTER 

COMPLETE WITH FULL HANDBOOK. 3 ROLLS PAPER 

(UK poet etc CI 001 

lL el approa £1871 .95 ver 
SUITABLE FOR. TANGY eBC ORIC NASCOM GEMINI 
ACORN NEW BRAIN DRAGON etc etc (Interlace unit 
with lsede £13 - state modell (Your enquiries Mulled] 

STOCKISTS FOR Frequencycr,unlers Signal generators 
Power supplies Plus huge rampe of components tools 
accessories and parts for callers 
Send lar 

g 
e SAE Mr leaflets (state items) 

ORDER 

BY 
POST 

OR 

PHONE 

DIGITAL CAPACITANCE 
METER IUKC/P85p1 

0 I pl to 2000 told LCO e ranges 
DM6013 £59.95 

models 
with 

carry 
case 

TRANSISTOR TESTER 
Meter reading NPN/PNP lee and leakage 
also diode lest 

£26.95 (UK Cr P 65111 

OSCILLOSCOPES 
Specifications any model, 
send SAE. 

Single Trace IUK C/P £3.501 

3030 1 5MHZ 5mV plus components 
tester ICrotech) 
HM103 10M11Z 2mV plus components 
tester IHamegl 
SC 1102+ 10M HZ battery portable 
(Theodor' 
* Carry case £6.84. AC Adaptor £7.99. 
Dual Trace (UK C/P £4.501 
CS1562A IDMHZ with 2 probes )Trio) £299.95 
H M203 20M HZ plus components tester 
IHameol £303.60 
3132 20MHZ plus component comparator 
ICrotechl £325.45 
CS1566A 
20MHZ with 7 probes !trial £374.90 
HM204 20MHZ sweep delay plus component 
lester IWmegl £419.75 
V212 20MHZ with 2 probes IHltachil £339.25 
R203120MHZ sweep delay with 2 probes 
IRltachll £431.25 

£47.50 

£177.10 

£181.70 

£189.75 

OPTIONAL PROBE KITS 
XI - £7.95. BIO -£9.45. 01/010-£11.50. 

I I f ÌRY S Shop at 
404-406 Edg ware Road, London. W2 
Computers 01-402 6822 Equipment 01-724 0323 

- Components 01-723 1008 ®' AUDIO ELECTROIIICS Shop al NEOUE5. 
CMS, VISA or you cab 301 Edgware Road. London, W2 

belbodd 

Meth A 

order. 
Test Equipment. Audio Communications 01-7243564 

Details 
any model 
send S.A.E. 

All mail to 

Cubegate Ltd 
let floor, 

406 Edgware Road. 
London. W2 1 ED 
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CORTEX 
CENTRONICS 
INTERFACE 
Any follow-up on the Cortex is long overdue, for which we 
apologise. We're now about to start setting this to rights. 

The Cortex 16 -bit computer 
was designed in late 1982 
and was featured by ETI in 

the November 1982, December 
1982 and January 1983 editions. It 
is based on the TMS9995 16 -bit 
microprocessor with a full 64K 
byte main memory and a separate 
16K byte memory for the colour 
graphics display. The machine can 
be expanded by simply adding 
chips to provide features such as 
floppy disc support and an expan- 
sion bus for extra memory, input 
and output. This article details 
how to use the EBUS bus expan- 
sion to plug an external board into 
your Cortex to provide a parallel 
data interface for a Centronics 
printer. 

The E -BUS was developed to 
provide a compact, high-perform- 
ance and flexible interface for 
both memory and input/output 
expansion. The E -BUS system mul- 
tiplexes both addresses and data 
information onto its lines at dif- 
ferent times, so as to keep the 
number of lines needed as low as 
possible. It can be shared by mul- 
tiple microprocessors for access to 
common memory or I/O. 

With regard to I/O expansion, 
some explanation of the com- 
puter's operation is necessary. 
When doing input and output 
operations, the CPU does not 
communicate in eight or 16 -bit 
words, in contrast to most com- 
mon processors which support 
dedicated I/O commands. In- 
stead, the 9995 sends and re- 
ceives just one bit at a time. This 
means that multi -bit input and 
output functions, like those 
needed for a Centronics printer for 
instance, have to be built up or 
broken down one bit at a time. 

However, this operation is made 
simpler by the fact that each bit 
can be sent to or received from a 
unique address. So, to output 
eight bits to a peripheral, it is 

necessary to transfer the bits to a 
latch or similar device with eight 
successive single bit operations. 
Only then can the peripheral be 
told that the data is ready to be 
acted upon. 

An input cycle occurs when the 
MEMEN (memory enable) control 
signal goes high (inactive); the bit 
address is output on the address/ 
data bus and the single bit of data 
is sampled on the CRUIN signal. 
An output cycle is similar, except 
that the data bit is output on the 
CRUOUT signal and the CRUCLK 
control signal pulses active low. 
For multi -bit transfers, the cycle 
repeats with the address incre- 
menting each time. A timing 
diagram for this is shown in Fig. 1. 

During an I/O operation, the 
multiplexed address/data lines are 
forced to output the address 

BUSCLK 1 

ADDR/DATA l 

MEMEN- T 
CRUCLK- 

throughout the I/O cycle so no 
address latches are required, 
consequently the ALATCH 
(address latch) control signal 
remains high. The data bit to be 
sent appears as the signal 
CRUOUT on the least significant 
address line (A15 by the TI con- 
vention) when an output 
operation is performed. The 
remaining 15 address lines define 
32768 addresses to which it can 
be sent, although the Cortex and 
the 9995 CPU use some of these 
addresses internally (see Fig. 2, the 
Cortex I/O map). 

A data bit to be read in is taken 
via the CRUIN line. Up to 16 bits 
can be input or output by a single 
instruction, the specified number 
of bits being processed serially to 
or from the target addresses. 

The E -BUS 
The kernel of the E -BUS inter- 

face on the Cortex is the 74 LS - 
2001 gate array. This device is 
used to control access to the bus 

BIT 'N+1' ADDRESS 

` INPUT 

`OUTPUT \ \ INPUT 

`OUTPUT 

CRUIN 
VA 
INPLUT 

ID VALID 
. I 

CRUOUT 

666nS 

Fig. 1 Timing diagram for multi -bit transfers. 
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Address Input Function Output Function 

0000 
0002 
0004 
0006 
0008 
000A 
000C 
000E 

0010 to 001E 
0020 to 003E 
0040 to 007E 
0080 to 00BE 

0000 to 01 7 E 

0180to01BE 

01COto01FE 

0200 to07FE 
0800 to 080E 

0810 

0812 

0814 to 1 EDE 
1 EE0 
1 EE2 
1 EE4 
1 EE6 
1 EE8 
1EEA 
1 EEC 

1F00to1FD8 
1FDA 

1 FDC to FFFE 

NOT USED* 
NOT USED 

DISK SIZE JUMPER 
DISK DENSITY JUMPER 

FLOPPY INTERRUPT FLAG 
KEYBOARD INTERRUPT FLAG 

DISPLAY INTERRUPT FLAC 
EBUS TIMEOUT INTERRUPT 

FLAG 
KEYBOARD DATA 

DUPLICATE OF ABOVE 
NOT USED 
TMS 9902 

RS232 PORT 
NOT USED 
TMS 9902 

CASSETTE PORT 
TMS 9911 

DMA CONTROLLER 
external via EBUS 
external via EBUS 

external via EBUS 

Centronics 
status via EBUS 

external via EBUS 
CPU internal 

level 1 interrupt flag 

*** 
not used 

CPU internal MID flag 
external via EBUS 

"BASIC" LED 
KEYBOARD ACKNOWLEDGE 

EBUS INTERRUPTACI< 
EBUS TIMEOUT ENABLE 

DISK SIZE 
EPROM ON/OFF 
"BELL" ENABLE 

NOT USED 

DUPLICATE OF ABOVE 
DUPLICATE OF ABOVE 

NOT USED 
TMS 9902 

RS232 PORT 
NOT USED 
TMS 9902 

CASSETTE PORT 
TMS991 1 

DMA CONTROLLER 
external via EBUS 
Centronics data 

via EBUS 
Centronics strobe 

via EBUS 
external via EBUS 

external via EBUS 
CPU internal timer control 

timer interrupt 
enable 

not used 
CPU internal 

external via EBUS 

* Some systems may have this used for floppy disk interface 
** Cortex Basic uses this bit to enable the display on the TV screen of all control 

characters. 
*** Cortex Basic uses this hit to disable the scrolling of a text display on the TV screen. 

Fig. 2 (above) Cortex I/O map. 

AO(MSBI/13a O I 

A1/13c O IIS NOT USED 
A2/14a O 
A3/14c O 

A4/15a 

A5/15c 

A6/16a 

A7/16c 

A8/17a O 
A9/17c O 

A10/18a O 
A11/18c O 

IC2 
4 c2 
5 

G28B ENABLE 

G1 DATA 

Al2/19a O 
A13/19c O 
A14/20a O 

CRUOUT(A151/20c O 

CRUCLK/31c O 

B SELECT 

Y7 - 
Y6 - 
V5 - 
Y4 - 
Y3 - 
V14 
YO 

Fig. 3 Interface circuit. 

NOTE: 
IC1 1S74LS532 
IC2 IS 74LS138 
IC3 ,5 ARE 74LS259 
IC4 IS 74LS251 

CRUIN/28c O 

IORST/4a O 

14 

15 

+5V/5a 

Cl +5V/5c 

T100n 
GND/1cp---- 

GND/1a O 1 

9 

C IC3 

LATCH 
SELECT 

A 
PARALLEL 
DATA OUT 

G 
SERIAL 
DATA IN 

cLt 

12 
07 11 
0610 
Q5 -- 
Q4 -0.- 
Q3 

7i 
Q2 = 
Q7 á_ 
Q0-- 

7 

5 

PIN 14 
IC1 

PIN 7 

t 

PIN 16 
IC2,3,4,5 

PIN 8 

A 

IC4 

DATA 
SELECT 

DATA IN-. 

W OUT 
STROBE 
V OUT 

D7 - 
D6 - 
135 - 
D 4- 
D3 
O 2 -- 
01 3 

,DO - 

5 

C IC5 
LATCH 

B SELECT 
A 

SERIAL 
DATA IN 

G 

CLR 

07 
06 
Q5 

04 
Q3 

02 
01 

4 

DATA 
OUT 

BUSY 
IN 

DATA 
STROBE 

OUT 

for multiple microprocessors and 
to synchronise all data transfers, as 

well as to provide time-out con- 
trols to avoid a permanent lock -up 
of the bus. However, for simple 
expansion of the Cortex facilities, 
it is possible to avoid using this 
device. Four changes to the main 
PCB have to be made, as follows: 
1. Cut the connection to IC99 pin 
18 and connect this pin to IC94 
pin 11; 
2. Connect IC94 pin 9 to IC11 pin 
13; 
3. Connect IC94 pin 19 to IC27 
pin 2; 
4. Connect IC89 pin 18 to IC89 
pin 19. 
For this modification to work, the 

HOW IT WORKS 

IC7 a, IC1 b and IC2 decode address bits 
A4 to All inclusive. Two outputs from 
IC2 are used each of which will go low 
when one of their particular group of 
eight addresses is accessed. Note that 
the address decoding is not complete 
and may well respond at other locations 
(2K interval). The Y1 output from IC2 
(address 0088h to 008Fh) enables the 
output of IC4 (74LS251) the1 of8 selec- 
tor. This device selects the signal on the 
input specified by the least significant 
address lines and passes it to the C R U IN 
line. This would normally be the printer 
status line in this case and its state will 
signal whether the printer is ready to 
receive data. 

The data to be output to the printer 
appears on the CRUOUT line in serial 
form. This has to be converted to parallel 
form before being presented to the prin- 
ter. This is done by IC3 which is an eight 
bit addressable latch (74LS259). 
Address lines M2, 13 and 14 determine 
which bit is to be written into 1C3 and the 
output YO of IC2 gated with CRUCLK in 
IC1 d actually causes it to happen. To 
write a complete eight bits of new data 
requires eight output cycles. Once this 
has been done the data is ready to be 
acted upon by the printer. IC5 is another 
74 LS259 like IC3 and one bit of its output 
is used as a strobe signal to tell the prin- 
ter that the data is ready. Output QO is 

used in this case; it is normally low and is 
pulsed high under software control. This 
happens when a 1 and then a 0 is output 
to 0088h. 

For the transfer of one character the 
sequence is as follows: eight bits of data 
are written into the eight locations in 
IC3. The data then appears in parallel 
form at its output and is available to the 
printer. The DATA STROBE is taken high 
and then low to signal to the printer that 
valid data is ready. The printer signals 
that is is BUSY by taking the BUSY 
STATUS line high. This is read by the 
computer and no further action is taken 
until it goes low again. Now new data can 
be sent to IC3 and the process re- 
peated. 

Note that some printers give a low on 
the status line to indicate the BUSY con- 
dition, this can be accommodated by 
connecting the EBUS CRUIN line to IC4 
pin 6 instead of pin 5. More difficult is 
when the STROBE has to be inverted, 
this requires an additional inverter. 
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following devices must be present 
on the PCB (if your Cortex does 
not have all the options available, 
then some of these may be mis- 
sing, so you will need to check): 
IC90 (74 LS08), IC91 (74 LS32), 
IC92 (74LS74A), IC93 (74LS00), 
IC94,95,96 and 99 (all 74LS244). 

If you wish to use memory 
expansion, then you must break 
the links next to IC26 and drill out 
the shorting links next to IC94, 
and ensure that you have IC97 
(74 LS245) and IC26 (74 LS612). 
Note that all the component 
numbers used here are those 
given in the original Cortex article. 

It's Already There 
Although the Cortex has an 

RS232 interface for a printer or 
terminal, it also has the software 
necessary to drive a parallel data 
printer port. The hardware neces- 
sary to implement this was left off 
the main PCB to save space. Build- 
ing the interface described here 
will therefore free the RS232 for 
other tasks, and make it possible 
to use the more common Centron- 
ics printers. 

The circuit diagram for the 

I/O ROW A 

GND OV 
I/O PRES- (RESET-) 

+12V 
O IORST- (I/O RESET-) 

+5V 

I INTEN- (LEVEL 1) 
O XAO (MSB ADDRESS) 
O XA2 
O AO 
O A2 
O A4 
O A6 
I/O A8/D8 (DATA MSB) 
I/O Al 0/D10 
I/O Al2/D12 
I/O A14/D14 

O DEN- (MEMORY READ) 
I GRANTIN 

GND 

O WE- (MEMORY WRITE) 
+5V 

GND 

PIN ROW C I/O 

1 GNDOV 
2 BUS( LK (3MHz) 
3 --12V 
4 NMI-(NON-MASKABLE INT) 
5 +5V 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

ALATCH (ADDRESS LATCH) 
XA1 
XA3 
Al 
A3 
A5 
A7 
A9/D9 
All/Dll 
Al 3/D13 
Al 5/D15/CRUOUT (LSB) 
MEMEN- (MEMORY ENABLE) 
READY- (MEMORY READY) 
GRANTOUT 
BUSY- (BUS BUSY) 
GND 

O 

O 
o 
O 
O 
o 
O 
o 

I/O 
I/O 
I/O 
I/O 
O 

O 
I/O 

CRUIN (I/O INPUT) I 

-+5V 
CRUCLK (I/O WRITE STROBE) 

CND 
O 

Fig. 4 EBUS signals and their uses. 

interface is shown in Fig. 3 and the 
circuit itself is discussed in the 
'How It Works' section. 

Next month we will publish the 
PCB, overlay, parts list and buy - 
lines. ETI 

FOR HI-FI & ELECTRONICS ENTHUSIASTS 

CONCEPT ELECTRONICS LTD 
51 Tollington Road, London N7 6PB 

Mail order only 
We are the specialist of electronic kits and rack mounting cabinets. A catalogue with 
complete range of products including pre -amp modules, power amp modules, pre and 
power amplifier modules, complete kits of amplifiers, equalizers, reverberation 
amplifiers (with cases), alarm clocks, appliance timers, CB amplifiers, test equipment, 
control modules, music generator, battery flourescent light and high quality rack 
mounting cabinets etc. with illustrative pictures now available at the cost of 350 + 
25p p&p. 

Professional rack mounting cabinet Panel Size Rear Box Price 
W H (inch) W H D AL STEEL 
19x5 17 x4.5x 10 27.54 23.54 
19x4 17 x3.5x10 25.24 21.24 
19x3.5 17x3x10 24.09 20.09 
19x3 17x2.5 x10 24.09 
19x2.5 17x2x10 22.94 18.94 
19x6 17x5.5x12 28.69 24.69 
19x5 17x4.5x12 27.54 23.54 
19x4 17x3.5x12 25.24 21.24 
19 x 3.5 17 x3 x12 24.09 20.09 
17x3.5 15.5x3x9 21.79 17.79 
17 x 2.5 15.5 x 2 x 9 20.64 16.64 
17x4 15.5x 3.5x 1225.24 21.24 
17x3 15.5x2.5x12 24.09 20.09 
Please add £2:50 p/p per item 

* Wholly made of black anodised aluminium sheets * Suitable for high quality 
amplifers and many other purposes * Top, side and rear cover removable for access * Separate front mounting plate * Heavy gauge front panel is of brushed aluminium 
finish enhanced with two professional handles * With ventilation slits and plastic 
feet. 
The low cost steel version is also available. The size and features as well as the front 
panel is the same as the aluminium cabinets except the rear box is manufactured from 
steel painted in black 

CONTROL MODULES 

TY-7 Electronic touch switch 
£2.90 Kit £4.50 Ass. 

TY-11 Light activated switch 
£2.20 Kit £3.50 Ass. 

TY-18 Sound activated switch 
(Clap switch) £4.50 Kit £5.95 Ass. 
TY-38 Sound activated switch 
(voice -switch) £5.50 Kit £7.50 Ass. 
TY-41 Infra -red remote control 
(Receiver and transmitter) 

£17.20 Kit £21.95 Ass. 

HI-FI AMPLIFIER MODULES 

TA -323A 30W + 30W stereo amplifier 
£18.95 Kit £23.95 Ass. 

TA -820 60W + 60W siero amplifier 
£27.50 Kit £33.50 Ass. 

TA -920 70W +70W stereo amplifier 
£35.50 Kit £42.50 Ass. 

Sum -Vita 
Buy Sparkrite Brand Leading Auto Electronics 
in self -assembly kit form -And save pounds!! 

Electronic Ignition systems - contact triggered and contactless 
Electronic Car Security Systems- including a new ultrasonic unit 
Car Drive Computer - with 12 functions 

SEND FOR FREE LITERATURE PACK -TODAY! 
8 SOPHISTICATED 
KITS TO CHOOSE 

FROM. 

To: 
C 

SPARKRITE (A Division of Stadium Ltd.), Queerlsway, Enfield, EN3 4SD. 
Telephone: 01-804 4343 , 

NAME 

ADDRESS 

ET 
s1 Fi i el al 
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PCB FOIL PATTERNS 

r 

o 

The RIAA input board of the JLLH amplifier. 

The PSU board of the JLLH amplifier. 

JLLH O 1 

PREAMP 
PSU 

QIN 

ae 
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The headphone amplifier board of the JLLH amplifier. 

The Spectrum Joystick Interface board. 

The buffer/filter and tone control board of the JILH amplifier. 
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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 is 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 we receive payment. 

1979 
E/794-1 Guitar Effects Unit 
E/794-2 Click Eliminator 

1980 
E/808-3 Ultrasound Burglar Alarm 
E/8010-1 Cassette Interface 
E/8010-2 Fuzz/Sustain Box 
E/8012-3 Four Input Mixer 

1981 
D E/811-1 LED Tacho 

E/811-2 Multi -Option Siren 
E/812-2 IR Alarm (4 boards) 
E/812-5 Pulse Generator 
E/814-2 Drum Machine (2 boards) 
E/814-4 Guitar Note Expander 
E/816-8 Waa-Phase 
E/816-9 Alien Attack 

D E/817-1 System A -Input 
(MM or MC) 

3 04 
7 64 

3.30 
3 37 
3 76 
3 04 

4 75 
3 68 
7 64 
4 11 

6.44 
3 68 
1 76 
4 00 

3 05 
E/817-2 System A - Preamp 5 95 
E/817-3 Smart Battery Charger 2 27 
E/818-3 Hand Clap Synth 4 57 
E/818-5 Watchdog Home 

Security (2 boards) 
E/819-1 Mains Audio Link 

(3 boards) 
E/819-4 Laboratory PSU 
E/8110-1 Enlarger Timer 
E/8110-2 Sound Bender 
E/8111-1 Voice Over Unit 
E/8111-2 Car Alarm 
E/8111-3 Phone Bell Shifter 
E/8112-4 Component Tester 

E/826-6 Digital PWM 
D E/826-7 Optical Sensor 
D E/826-9 Oscilloscope 

(4 boards) 13.34 
E/827-7 TV Bargraph Main 5 24 
E/827-3 TV Bargraph Channel 2 62 
E/827-4 Hotwire 3 02 
E/827-5 Bridging Adapter 2 74 
E/828-1 Playmate (3 boards) 8 28 
E/828-4 Kitchen Scales 2 12 
E/829-1 Auto Volume Control 2 12 
E/829-2 Dual Logic Probe 2 22 

D E/8211-4 Pulse Generator 6 08 
E/8212-1 ELCB 2 77 

D E/8212-2 Servo Interface 
(2 boards) 6 75 

E/8212-4 Spectracolumn 5 54 

3 84 
2 00 

1983 
E/831-1 Fuel Gauge 3 45 

D E/831-2 ZX ADC 2 59 
E/831-3 Programmable PSU 3 45 
E/833-1 SoundBoard 12.83 

D E/833-2 Alarm Module 3 62 
E/833-3 ZX81 User Graphics 1 07 

6 11 D E/833-4 Logic Probe 2 50 
E/834-1 Real Time Clock 8 74 
E/834-2 Thermemeter 

(2 boards) 9 74 
E/834-4 Stage Lighting - Main 13.73 
E/834-5 Stage Lighting - Display 3.45 
E/835-1 Compressor/Limiter 619 
E/835-2 Single PSU 3 16 
E/835-3 Dual PSU 4 01 
E/835-4.2 NDFL Amp 7 88 
E/835-5 Balance Input Preamp 3 23 
E/835-6 Stage Lighting 

Autofade 6 19 
D E/835-7 Stage Lighting - 

Triac Board 4 74 
E/836-1 to 3 PseudoROM 

(3 boards) 3 62 
E/836/4 Immersible Heater 2 30 
E/836-5 Atom Keypad 5 18 
E/837-1 Flash Sequencer 2 67 
E/837-2 Trigger Unit Main Board... 2.67 

9 20 E/837-3 Trigger Unit Transmitter... 1.66 
7 80 E/837-4 Switched Mode PSU 16.10 
3 52 E/838-1 Graphic Equalisr 9 10 

8 45 
521 
391 
3 05 
4 57 
3 23 
3 40 
1 71 

1982 
E/821-3 Guitar Tuner (2 boards) ...6.38 
E/822-1 Ripple Monitor 2 21 
E/822-2 Allez Cat Pest Repeller ....1.93 
E/822-5 Moving Magnet Stage 4 01 
E/822-6 Moving Coil Stage 4 01 
E/823-4 Capacitance Meter 

(2 boards) 11.66 
E/825-1 DV Meg 3 13 
E/826-1 Ion Generator 

(3 boards) 
E/826-4 MOSFET Amp Module 

D E/826-5 Logic Lock 

How to order: indicate the boards required by 
ticking the boxes and send this page, together 
with your payment, to: ETI PCB Service, Argus 
Specialist 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 f.. 
Add 45p p&p 0.45 
Total enclosed f.. 

PLEASE ALLOW 
28 DAYS FOR 

DELIVERY 

o 
o 
o 
o 
o 

o 

o 

o 
o 
o 

o 
o 
o 

E/838-2 Servo Fail -Safe 
(four -off) 2 93 

E/838-3 Universal EPROM prog.... 9.64 
E/839-1 NiCad Charger/Regen 3 77 
E/839-2 Digger 3 40 
E/839-3 64K DRAM 14.08 
E/8310-1 Supply Protector 2 19 
E/8310-2 Car Alarm 3 98 
E/8310-3 Typewriter Interface 4 17 
E/8311-1 Mini Drum Synth 3 07 
E/8311-2 Alarm Extender 3 21 

E/8311-3 Multiswitch 3 59 
E/8311-4 Multiple Port 4 34 
E/8311-5 DAC/ADC Filter 3 22 
E/8311-6 Light Pen 4 60 
E/8311-7 Logic Clip 2 51 
E/8311-8 MC Head (JLLH) 3 17 
E/8312-1 Lightsaver 1 85 
E/8312-2 A -to -D Board 12.83 
E/8312-3 Light Chaser (2 bds) 7 54 
E/8312-4 ZX Alarm 6 04 

1984 
E/841-1 Vector Graphics 8 27 
E/842-1 Speech Board 

(Mini -Mynah) 10.97 
MODULAR PREAMP: 
E/842-2 Disc input (mono) 
E/842-3 Output stage (stereo) 
E/842-4 Relay/PSU 
E/842-5 Tone, main (mono) 
E/842-6 Tone, filter (stereo) 
E/842-7 Balanced output (st) 
E/842-8 Headphone amp (st) 
E/842-9 
E/843-1 
E/843-2 
E/843-3 
E/844-1 

Mother board 
Power Meter 
Z80 DRAM 
Obedient Die 
School Timer 

E/845-1 Auto Light Switch 
E/845-2 ZX81 EPROM Prog. 10.53 
E/845-3 Mains Borne RC 5 07 
E/845-4 Centronics Interface 4 09 
E/845-5 Vario 6 62 
E/84.5-6 Midi Drum Synth 3 59 
E/846-1 Oric EPROM Bd £19.58 
E/846-2 Spectrum Joystick £3.30 

3 73 
3 73 
3 73 
3 73 

3 73 
3 73 
3 73 
901 
581 
9 79 
3 76 
4 07 
401 

Signed 

Name 

Address 
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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) 

EQUIPMENT 

CONSTRUCTING 
AN AUDIO MIXER? 

To achieve a high quality finish you need 
commercially produced printed panels - sub -frames - main frames etc designed and 

manufactured specifically for this purpose. 

PARTRIDGE 
ELECTRONICS 56 Fleet Road, Benfleet, 

Essex, SS7 5J N, England. 
THE MIXER PEOPLE (Large S.A.E. please) 

VIDEO TERMINAL 
BOARD 

* 80 characters x 24 lines * 
Requires ASCII encoded keyboard 
and monitor to makef ullyconf igu rable 
intelligent terminal. Uses 6802 micro 
and 6845 controller. Program and 
character generator (7 x 9 matrix with 
descenders) in two 2716 EPROMS. 
Full scrolling at 9600 baud with 8 
switch selectable rates. RS 232 
interface. 
Bare board with 2 EPROMS and pro- 
gram listing - £48 plus VAT. 

Send for details or CWO to: 

A M ELECTRONICS (T) 
Wood Farm, Leiston, Suffolk IP164HT 

Tel: 0728 831131 

OSCILLOSCOPE - Tektronix 
portable D32, Mains/recharge- 
able, dual trace, case, service 
manual, working £85. 01-441 
1050 daytime. 

Car stereo cassette player, 4W.p.c. 
into4 ohm, slidervol. controls, f.f. eject 
button, auto-stop, 13.2V DC. -ve. 
ground. Colour: black size: h41 X - 

w137 Xd145mm. (Japanesel £12.50. 
Rear window, surface mounting 
car speakers, 5W 4 ohm £3.99 pair. 
8W 4 ohm. 2 -way £21.55. 
25+25W r.m.s. (4 ohm) 5 -band 
equaliser booster for car stereo 
(X-80) £22. 
Unviversal battery charger for 
AA(HP7). C(HP11), D(HP2). and PP3 
£7.50. 

Prices include postage. 
Cash with order to: - 

L. E.G.S. LTD 
334 Dickenson Road, Longsight 

Manchester Ml 3 ONG 
(Mail Order Only) 

BRITISH TELECOM plug soc- 
kets & leads etc. Tel C.W.AS. 
(0274) 731532. Or visit our 
showroom opposite Odsal 
Stadium, Bradford. 

WEST HYDE 
THE UKs LEADING STOCKIST 

OF CASES, PANEL WARE 
AND ACCESSORIES 

Large Stocks Fast Deliveries 

SEND £2 FOR COMPREHENSIVE, 
ILLUSTRATED CATALOGUE - 
Includes £2 Worth of Vouchers 

UNIT 9, PARK ST. IND. ESTATE 
AYLESBURY BUCKS HP20 1ET 
Telephone: (0296) 20441 

REPAIRS 

MICRO -COMPUTER repairs. 
ZX Spectrum, VIC 20, C64 Pets, 
Commodore computers, prin- 
ters and floppy disk. Phone 
Slough (0753) 48785. Monday 
to Saturday. 

ILLUSTRATION 
SERVICE 

SUPERB ILLUSTRATION. 
01-836 3653. 

01.437 0699 

Send your requirements to: 
Debbie Miller 
ASP Ltd., 

1 Golden Square, 
London W1. 

FOR SALE 

QUALITY HI-FI Stereoamp 
Decks £30 inc... Professionally 
finished + wood -effect case... 
Mag.PU/Tape/Headphones... 
60+60W/Auto Protection/240V 

(M.R.P. £69.63) KIA-8, 
LS29 9DZ. 

ASSORTED S. R. B. P., s/speed 
average 7x5".. 120" £1.. 240" 
£2 etc. Inclusive - Mr Heal, 
Taberhill, Marchington, Wood- 
lands, Uttoxeter, Staffs. 

RESISTOR BARGAIN PACKS, 
600 resistors, 1n to lOmeg º 
60 values, 10 each value. Che- 
que or P.O. for £4.85 to W.C.R., 
1-3 Blyth St., Seaton Deleval, 
Whitley Bay, Tyne & Wear. 

SHEET METAL FOLDERS 
18" x 18G bench or vice held 
£38. Leaflet 01-890 7838 (any- 
time). 90 Granveille Av, Felt - 
ham, MiddxTW134JN. 

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 & P.S.U. 
S.A.E. for full details to: ESS 
Amplification, Innovation 
House, Guildhall Rd, Hull. 

ELECTRONIC ORGAN KEY- 
BOARDS and otherparts being 
cleared out as special offer. 
Elvins Electronic Musical 
Instruments, 40A Dalston Lane, 
London E8. 01-986 8455. 

SITUATIONS VACANT 

Assistant 
Maintenance 

Engineer 
At a leading London 

Recording Studio. 

Must have practical elec- 
tronic experience and 
driving licence. Apply 
with C.V. to: 

Peter Suthers 
11a Sharpies Hall Street 

London NW1 

WANT 
RESULTS? 

THEN USE 
ETI 

CLASSIFIED 

ADD-ONS 

TANGERINE OWNERS. We 
have available an independant 
switch selectable RAM card to 
free the Eprom space on Tanex 
P.C.B. on built. S.A.E. for details. 
Ralph Allen Eng., Forncett-End, 
Norwich. Tel (095389) 420. 

SERVICES 

P.C.B. DESIGN & LAYOUT, 
manually taped artwork pro- 
fessionally produced at com- 
petitive prices. J. Gledhill. Tel: 
01-674 851 1. 

PRINTED CIRCUIT BOARDS 
made to your drawings. Artwork 
carried out. One offs and small 
quantities acceptable. Ask for 
quote. Fennel Industrual Elec- 
tronics (0203) 382296. 35 Fife 
Street, N uneaton, Warwickshire. 

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. 

JBA 
ELECTRONICS 

Manufacturestodesign orspecifications. 
One offs, small batch prototypes. 
Analogue digital electronic equipment. 
Complete electronic service - no job to 
small. 

1st Floor, 4a Lion Yard 
Brecon, Powys, South Wales 

Tel.. 1013741 611177 
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ALARMS COMPONENTS BOOKS & PUBLICATIONS 

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 

TIMED ENTRY EXIT 
CONTRO 

FiLißÍTÌ - PANEEL 

2 ZONE -233-89 
FULL 2VEAR GUARANTEE 
Adlustaele oily -e 't with bun., 
RguIl.0 pow.r supply (1.2 amp). 
L.Ich,ng 24 hour Circuit. 
Viau.l \ .ud,ble wIR t.t. 

PLEASE SEND FOR FREE CATALOG. 
OF ALARM EQUIPMENT FROM 

SIMPSONS ELECTRONIC ALARMS 
70 PRIORY ROAD LIVERPOOL LA 2RZ. 

TRADE SUPPLIED. 

051-260-03 0 0 

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 PH')NE 

C -TEC SECURITY, Dept E I, 

60 Market St, Wlyan WN1 1HX. 
Telephone 10942) 42444 

LARGE STOCK OF BURGLAR 
ALARM EQUIPMENT. As 
used in the trade. JN Security 
Centre, 176 Sydenham Rd., 
London SE26 5J2. 01-778 
1111. Showrooms open 6 
days. 

BURGLAR Alarm Equipment. 
Please visit our 2,000 sq. ft. 
showrooms or write or phone for 
your free catalogue. C.W.A.S. 
Ltd., 100 Rooley Avenue, Brad- 
ford BD6 1DB. Telephone 
0274 731532. 

COMPUTERS 
FOR SALE 

CORTEX COMPUTER built 
and working, with RS232. 
£295. Telephone: 0206 251 658 
Evening/week-ends. 

WIRES 'N CABLES 

THE SCIENTIFIC 
WIRE COMPANY 

811 Forest Road, London E17 
01.531.1588 

ENAMELLED COPPER WIRE 
SWG lib 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. 

COMPONENTS, 
COMPUTERS etc 

We will help 
you sell them 

Selling any 
components? 
Wish to reach 

the Hobby 
market? 
Then try 
Hobby 

Electronics 
Classified 

01-437 0699 
RESISTORS 
C.F, 5% M.F..4w 
HI-STAB HI-STAB 
'/w E24 1p ea 1%4p ea E24 
,zw E24 2p ea 2%3p ea E24 
CAPACITORS 
TANTALUM BEAD 
35v0.1,0.22,0.33,0.47.0.68,1.0, 14 p ea 
25v 6.8 20p ea 
16v 4.7, 10mf 16p ea 
16v2.212p ea 
16V 4.7 14p ea 
16v 10mí 20p ea 
Terms C.W.O. £5.00 Min Order 
P.Paid+ VAT @ 15%. 

E. C. P. S. 
7, Harehill Cres., Wingerworth 

Chesterfield, Derbyshire 
Tel: 0246 74003 

USE ETI 
CLASSIFIED 

SECTION 
TO SELL YOUR 

PRODUCT/SERVICE 
Either fill in the 

coupon or phone 
Debbie on: 

01-437 0699 

AERIAL AMPLIFIERS improve 
weak television reception. 
Price £6.70. S.A.E. for leaflets. 
Electronic Mailorder, Rams - 
bottom, Lancashire, BLO 9AGH. 

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(0l)0001if England 987507 

Mail order only please 

CRYSTALS. Very large stocks. 
100KHz-50MHz. Priced from 
55p-£7.50. S.AE. for full lists. 
TELERADIO, 325 Fore Street, 
London N9 OPE. 

Be your own boss with our new pub- 
lished business manuals. 
Both with full fault guides and business 
know how. 
Domestic appliance reconditioning and 
repair for profit. 
2 volumes only £12.50 post free. 
A guide to professional sewing machine 
repairs for profit. 
2 volumes only £8.50 post free. 
Leaflets avaiable. 

Mr. Marchant. Dept (ETI) 
30 Chester Road East, Shotton, 

Clwyd, N. Wales 

PARAPHYSICS JOURNAL 
(Russian translation); psycho- 
tronics, kirlianography, hell - 
phonic music, telekinetics. 
Computer software. S.A.E. 
4 x 9", Paralab, Downton, 
Wiltshire. 

SURVEILLANCE 
EQUIPMENT 

MICRO -MINI 
TRANSMITTERS 

- all supplied ex -stock, return post 
delivery, no special equipment required, 
built, tested, with instructions. 
CT1OH, 4 mile range, broadcast quality 
speech pick-up £13.98. 
CT10M, prof grade, extra high power, 
tunable freq 70-120MHz variable mic- 
rophone sensitivity, £19.48. 
CT1OMB, as above + unique dual mic- 
rophones to elminate echoes, noise etc 
£21.40. 
All specialised requirements catered for. 
EVEN RADIO STATIONS- + telephone 
line recording device. 

Please enquire: 061.905 1040. 
S.A.T. ELECTRONICS 

164 Washway Rd Sale, Cheshi re M331 RH 

PLANS 'N DESIGN 

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 
H R8. 

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. 

WANTED Electronic test equip- 
ment, large computers, large 
quantities of Printed Circuit 
Boards, anything considered, 
good prices paid: 29 Lawford 
Crescent, Yateley, Camberley, 
Surrey Tel 0252 871048. 

WANTED:- Powertran "Des- 
tiny Mixer". Ready built or kit for 
any combination. Good condi- 
tion. 
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. KITS 

VHFTRANSMITTER MODULE 
Kit, size 2 inches by 1/2 inch. 
Hyper -sensitive pickup. Hi-fi 
quality reception on domestic 
VHF/FM Radio. Sub -min com- 
ponents for exceptional trans- 
mission stability. 70-150MHz, 
range dependent on voltage (6- 
18V). Includes ultra -sensitive 
microphone, illustrated plans 
etc. NB new price reduced to 
£6.95, post paid, send cash/ 
cheque/PO to Modulex, P.O. 
Box 102, Dartford, Kent DA1 
2 PW. 

Build your own high performance 
AUDIO SIGNAL GENERATOR 

£25.00 incl case (p.p.t11 
Spec. 

Very low distortion (only .02%) 

Output 1v into 600 Ohms. 
(Attenuated) 

10Hz - 1 00Khz. Sine -Square 
(A Linsley -Hood design) 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton 

London N9 OPE 

Heady marte £30.00 

MERSEYSIDE 

WYMCA Building, College St., 

ics St. Helens 1.1. 50707 
Open: Mon -Fri 9.30-5.30 
(closed Thune) Sat 9.30-5 

Components. aerials & burglar alarm 
specialists 

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. 1 mm 
thick £2.00 sq. ft. Post/packing 
75p. White House Electronics, 
Castle Drive, Praa Sands, Pen- 
zance, Cornwall. 

S. WALES 

STEVE'S ELECTRONIC 
SUPPLY CO. LTD. 

45 Castle Arcade, Cardiff 
TEL: 0222 41905 

Open: Mon -Sat 9-5.30 
For components to computers 

CLASSIFIED ADVERTISEMENT 

TO BOOK 
THIS 

SPACE 
PHONE 
01-437 
0699 

LANCASHIRE 

ETESON ELECTRONICS 
15B Lover Green, 

Poulton-le-Fylde, Blackpool 
Tel: 10263) 886107 

Ope 9 30a',-12 30 1 30.5 30 Closed Wed B Sun 
Nectronic Component Specialists. 

ORDER FORM 

Advertise nationally in these columns to over 100.000 readers for only 40p per word (minimum charge 15 words). 
Simply print your message in the coupon and send with your cheque or postal order made payabel to 

Argus Specialist Publications Ltd to: 
CLASSFIED DEPT., ELECTRONICS TODAY INTERNATIONAL 
i Golden Square, London WI R 3AB. Teiephoen: 01-437 0699 

Please indicate classification required. 

Name 
Address 

Tel. No. (Day) 

WE TAKE ACCESS AND BARCLAYCARD 

Please place my advert in E.T. II for months. Please indicate number of insertions required. 
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LB ELECTRONICS 

ADVERTISERS INDEX 

Armon Electronics 55 
Audio Electronics 64 
Aurak Hi-Fi 44 
B.Bamber 18 
Belvedere Electronics 14 
B.K.Electronics 44 
Black Star 55 
B.N.R&E.S. 56 
Clef products 62 
Concept Electronics 67 
Cricklewood Electronics 10 
Crimson Elektrik 22 
Display Electronics 12 
E lectrovalue 56 
Greenbank Electronics 62 
G.S.0 23 
Happy Memories 62 
ICS 51 
ILP 18 
Kelan Engineering 43 
Kempston 51 
L.B.Electronics 74 
Len's Electronics 51 
Litesold 35 
Maplin OBC 
Marco Trading 48 
Merseyside Accoustic Developments 44 
Micro Processor Engineering 23 
Microtanic 32 
MJL Systems 62 
Newrad Instrument Cases 47 
Pantechnic 14 
Parndon Electronics 56 
Powertran I FC,7, I BC 
Q.E.D. Audio 47 
Rapid Electronics 8 

R iscomp 35 
R.V.M. Audiotronics 23 
Ship Co Ltd 14 
Skywave Software 32 
S.M.E. Ltd 56 
Sparkrite 67 
Stewarts of Reading 32 
Technomatic 16,17 
Watford Electronics 4,5 
Wilmslow Audio 55 

SPEACH SYNTHESISER kit as in March/April Electronics& Comput- 
ing. Kit £24.95 p/p £1.50. Ready Built £34.95 p/p £1.50. Details S.A.E. 
LOGITEC FT50001 dot matrics printer 100cps, friction/tractor 
£289 + VAT. Carriage £10. S.A.E. leaflet plus print-out. 
PRESTEL monitors 6" green phosphor screen 12 digit keyboard 
printer port, cassette port, keyboard port (for full qwerty keyboard) 
Brand new and boxed £175 + VAT. Leaflet S.A.E. 

DISC DRIVE BONANZA 
TEAC FD -55F 1/2 Height DSD 80 track/40 track, selectable at our 
new low price £199 + VAT. £8 carriage. Shinon 12 height 51/4" drive, 
40 track, brand new, single sided, double density £140 + VAT. 
Carriage £8. COMPETITION. We thank all our customers for pur- 
chasing our Teac drive and as a bonus we are now offering every 50th 
disc drive to be sold will be sent totally FREE. The name and address 
of the winner will be published in this magazine.).This offer is excluded 
from trade or bulk buyers). 
EDGE CONNECTORS'1 " 56x56 wire wrap keyway at 30 £1.80 p/p 
25p. 30x30.1 56 Gold 80p p/p 25p 1" 80x80 1 £2.85 p/p 25p. 
Twin 5" Cabinets with power supply £40.00 + VAT (providing a 
disc drive is purchased from us, if drives purchased elsewhere 
£50.00 + VAT). 
LS IC's in Stock. Phone for prices. 
Dual8" DriveCabinets brand new back panel cut out for fan etc... £25 
Modem PCB containing uart LS XR2211CP, XR2206CP no data. 
£3.95 p/p75p. 
26way IDC Socket on short length of Ribbon Cable £1 p/p 20p. 
KEY BOARD BONANZA. Brand new ASCII coded single 5 volt rail. 
Some with numeric key pad, some without £29.95p p/p £1.50p. 
Leaflets S.A.E. 
Mini Mother Board 18 slot 44 way 1"(X equipment £9 p/p £1.50p. 
PCB 91/2" x 101/2" approximately 97X4116-25 £25 p/p £1.50p. 
Jermyn Thermaflow Compound 140 Grams £1 .50p p/p 40p. 
CABLES 
Dual 5Y4" disc drive cable £12.95 p/p 65p. Single 51/4" 9.95 p/p 50p. 
20 Way IDC Socket plus 1 meter ribbon (BBC user port) £2.75 p/p 30p. 
Centronics Printer 36" (BBC) £11.95. 
Special Offer Cambion 40 Way IC sockets wire wrap £1 each, 12 
for 10. 51/4" Drive Power plug £1 each. BBC PSU plug £1 each. 
8" Drive DC plug £1.35. AC plug £1.35 p/p 25p. New double density 
interface for BBC machine, S.A.E. Full details £99.95+VAT p/p £ 1.50. 

LB ELECTRONICS 
11 HERCIES ROAD, HILLINGDON, 
MIDDLESEX UB109 LS, ENGLAND 

TEL: UXBRIDGE 55399 

American 
Express 

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 explain- 
ing 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 any one 
advertiser, so affected, and up to £5,400 p.a. in respect of 
alt 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 cata- 
logues, etc, received as a result of answering such 

advertisements): 

CLASSIFIED ADVERTISEMENTS ARE EXCLUDED. 
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Low -price 
robots from 
POWERTRAN - hydraulically powered 
- microprocessor controlled 

The UK -designed and manufactured range of Genesis 
general purpose robots provides a first-rate introduction to 
robotics for both education and industry. With prices from as 
low as £470, even the home enthusiast can aspire to his or her 
own robot. 21n /ma asp 

Each robot in the Genesis 
range has a self-contained 
hydraulic power source 
operated from single phase 240 
or 120v AC or from a 12v DC 
supply. Up to six independent 
axes are capable of simultaneous operation and 
all except the grip axis have sensing devices 
fitted to provide positional control y ; 
by a closed loop system based on a 
dedicated microprocessor. Movement 
sequences can be programmed by 
means of a hand-held controller or 
the systems can be interfaced 
with an external 
computer via a 
standard :,7 
RS232C link. 

GENESIS 
S101 

GENESIS 
P101 

The top -of -the -range P102 has dual speed control, 
enhanced memory and double acting cylinders for increased 
torque on the wrist and arm joints. There is position 
interrogation via the RS232C interface, increasing the 
versatility of computer control and inputs are provided for 
machine tool interfacing. 

All Genesis robots are available either ready -built or in kit 
form. The latter provides not only 
extra economy but also 
valuable additional 
training as an 
assembly project.. 

GENESIS 
P102 

HEBOT II 
Turtle -type 
robot 

For a little over £100, Herbot II takes programming off the VDU 
and into the real world. Each wheel is independently controlled by 
a computer, enabling the robot to perform an almost infinite 
number of moves. It has blinking eyes, a two-tone bleep and a 
solenoid -operated pen to chart its moves. Touch sensors, coupled 
to its shell return data about its environment to the computer 
enabling evasive or exploratory action to be calculated. 

The robot connects directly to an I/O port or, via the interface 
board, to the expansion bus of a ZX81 or other microcomputer. 

HEBOT II 
Weight 1.8kg 
complete kit with assembly 
instructions £95 
Interface board kit £11 

MICROGRASP 

A real, programmable robot for a little over £200! Micrograsp 
has an articulated arm jointed at shoulder, elbow and wrist 
positions. The entire arm rotates about its base and there is a 
motor driven gripper. All five axes are motor driven and four of 
these are servo controlled giving positive positioning. The robot 
can be controlled by any microcomputer with an expansion bus - 
the Sinclair ZX81 being particularly suitable. 

MICROGRASP 
Universal computer interface 

Weight 8.7kg, max. lifting board kit £54.00 
capacity 100g 23 way edge connector £3.00 
Robot kit with power AX81 peripheral/RAM pack 
supply £160.00 splitter board £3.50 

GENESIS P101 
Weight 34kg, max lifting 
capacity 1.8kg 
6 -axis model (kit form) £750 
6 -axis complete system 
(kit form) £1050 

Cortex 16 bit microcomputer 

GENESIS P102 
Weight 36kg, max lifting 
capacity 2kg 
6 -axis system 
(kit form) £1350 

Powertran Cortex 
microcomputer 
self -assembly kit £295.00 

All goods subject to availability 

POWERTRAN 
cybernetics ltd. 

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3ET. TEL (0264) 64455 
ALL PRICES ARE EXCLUSIVE OF VAT AND APPLY TO THE U.K. ONLY- ALLOW 21 DAYS FOR 
DELIVERY. OVERSEAS CUSTOMERS - PLEASE CONTACT OUR EXPORT DEPARTMENT FOR 

THE NAME AND ADDRESS OF YOUR LOCAL DEALER. 



gTlltr1pLLI1fl Massive range of components 
for your hobby...ìnsisL on Maplin quality! 

MAPLIN'S TOP TWENTY KITS 
THIS LAST ORDER KIT DETAILS IN 

MONTH DESCRIPTION OF KIT CODE PRICE PROJECT BOOK 
1. (1) M 75W Mosfet Amp Module LW51F £12.95 Best of E&MM 
2. (3) a Modem LW99H £44.95 5 XAO5F 

Case also available: YK62S Price £9.95. 
3. (5) a ZX81 I/O Port LW76H £9.25 4 XAO4E 
4. (4) *Car Burglar Alarm LW78K £6.95 4 XAO4E 
5. (8) Partylite LW93B £9.45 Best of E&MM 
6. (2) a Keyboard for ZX81 LW72P £23.95 3 XAO3D 

Case also 
7. (10) 
8. (14) 
9. (7) a 

10. (12) a 
11. (17) a 
12. (6) a 
13. (13) M 
14. (11) a- 
15. (15) * Logic Probe LK13P £9.95 8 XAO8J 
16. (26) a Car Battery Monitor LK42V £6.25 Best of E&MM 
17. (18) Hexadrum LW85G £19.95 Best of E&MM 
18. (21) a Synwave Sounds Synth LW87U £10.95 Best of E&MM 
19. (25) a Spectrum Keyboard LK29G £28.50 9 XAO9K 

Also required: LK3OH £6.50; Case: XG35Q £4.95 - Total £39.95. 
Also available complete ready -built: XG36P £44.95. 

20. (9) a ZX81 Speech Synthesiser LKO1B £16.95 6 XAO6G 
Over 80 other kits also available. All kits supplied with instructions. 
The descriptions above are necessarily short. Please ensure you know 
exactly what the kit is and what it comprises before ordering, by checking the 
appropriate Project Book mentioned in the list above. 

available: XG17T£4.95. Complete ready -built: XG22Y £32.50 
8W Amp Module LW36P £4.45 Catalogue 
VIC20/64 RS232 Interface LK11 M £9.45 7 XAO7H 
Syntom Drum Synthesiser LW86T £11.95 Best of E&MM 
Harmony Generator LW91Y £17.95 Best of E&MM 
Spectrum RS232 Interface LK21X £17.95 8 XAO8J 
VIC20 Speech Synthesiser LKOOA £22.95 6 XAO6G 
ZX81 Sounds Generator LW96E £10.95 5 XAO5F 
Ultrasonic Intruder Detctor LW83E £10.95 4 XAO4E 

MAPLIN'S FASCINATING PROJECTS BOOKS 
Full details in our Project Books 
Price 70p each. 
In Book 1 (XAO1B) 120W rms Mosfet 
Combo -Amplifier Universal Timer 
with 18 program times and 4 outputs 
Temperature Gauge 6 Vero Projects. 
In Book 2 (XAO2C) Home Security 
System Train Controller for 14 trains 
on one circuit Stopwatch with 
multiple modes Miles -per -Gallon 
Meter. 
In Book 3 (XAO3D) ZX81 Keyboard 
with electronics Stereo 25W Mosfet 
Amplifier Doppler Radar Intruder 
Detector Remote Control fo{r,Train 
Controller. 
In Book 4 (XAO4E) Telephone 
Exchange for 16 extensions 
Frequency Counter 101-'z to 600MHz 
Ultrasonic Intruder Detector I/O Port 
for ZX81 Car Burglar Alarm 
Remote Control for 25W Stereo Amp. 
In Book 5 (XAO5F) 300 Baud Duplex 
Modem to European Standard 100W 
240VAC Inverter Sounds Generator 
for ZX81 Central Heating Controller 

Panic Button for Home Security 
System Model Train Projects 
Timer for External Alarm. 

In Book 6 (XAO6G) Speech Synth 
esiser for ZX81 & VIC20 Module to 
Bridge two of our Mosfet Amps to make 
a 350W Amp ZX81 Sound on your 
TV Scratch Filter Damp Meter 
Four Simple Projects. 
In Book 7 (XAO7H) Modem (RS232) 
Interface for ZX81/VIC20/Commodore 
64 Digital Enlarger Timer/Controller 

DXers Audio Processor Sweep 
Oscillator CMOS Crystal Calibrator. 
In Book 8 (XAO8J) Modem (RS232) 
Interface for Dragon 32 & Spectrum 
Synchime I/O Ports for Dragon 32 
Electronic Lock Miniláb Power 
Supply Logic Probe Doorbell for 
the Deaf. 
In Book 9 (XAO9K) Keyboard with 
Electronics for ZX Spectrum Infra - 

Red Intruder Detector Multimeter to 
Frequency Meter Converter FM 
Radio needs -no alignment Hi -Res 
Graphics for ZX81 Speech Synth- 
esiser for Oric 1 VIC20 Extendiboard 

ZX81 ExtendiRAM Dynamic Noise 
Limiter for Personal Cassette Players 

TTL Levels to RS232 Converter 
Logic Pulser Pseudo -Stereo AM 
Radio Ni -Cad Charger Timer 

1984 
CATALOGUE 

A massive 480 big pages of 
description, pictures and data 
and now with prices on the page. 
The new Maplin catalogue is the 
one book no constructor should 
be without. Now includes new 
Heathkit section. On sale in all 
branches of W.H. Smith. Price 
£1.35 - It's incredible value for 
money. Or send £1.65 (including 
p & p) to our mail-order address. 

Adder-Subtracter Syndrum's Inter- 
face Microphone, Pre -Amp Limiter. 
In Book 10 (XA1OL) Cassette 
Easyload for ZX Spectrum 80m 
Amateur Receiver Auto Waa-Waa 
Effects Unit Oric 1 Modem Interface 

2.8kW Mains Power Controller 
Extendiport for Dragon 32 12V Fluor- 
escent Tube Driver 32 -Line 
Extension for Digi-Tel. 

GREAT PROJECTS 
FROM E&MM 

Our book "Best of E&MM 
Projects Vol. 1" brings together 
21 fascinating and novel pro- 
jects from E&MM's first Year. 

Projects include Harmony 
Generator, Guitar Tuner, Hexa- 
drum, Syntom, Auto Swell, 
Partylite, Car Aerial Booster, 
MOS-FET Amp and other 
musical, hi-fi and car projects. 
Order As XH61R. Price £1. 

r 
Post this coupon now for your copy of the 1984 
catalogue. Price £1.35 + 30p post and packaging. 
If you live outside the U.K. send £2.20 or 11 

International Reply Coupons. I enclose £1.65 

Name 

Address 

LETZ 6 84 

mown ELECTRONIC 
SUPPLIES LTD 

Mail Orden. P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend 
(0702) 552911 Shops at: 159-161 King Street, Hammersmith. 
London W6. Tel: 01-748-0926. 8 Oxford Road, Manchester. Tel: 061- 
236-0281. Lynton Square, Perry Barr, Birmingham. Tel: 021-356- 
7292. 282-284 London Road, Westctiff-on-Sea, Essex. Tel: 0702 
554000. 46-48 Bevois Valley Road, Southampton. Tel: 0703 25831. 
All shops closed all day Monday. 
All prices include VAT and carriage. Please add 50p handling charge 
to orders under £5 total value (except catalogue). 

Despatch by return of post where goods available. 
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