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

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

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

The MCS-1 gives you many of the effects created by top 
professional units such as the Fairlight or Emulator. But the 
MCS-1 doesn't come with a 5 -figure price tag. And, if 

you're prepared to invest your time, it's almost cheap! 

Write or phone now to place an order 
Powertran Cybernetics Limited, 
Portway Industrial Estate, 
Andover, Hants SP90 3ET. 

Telephone: 0264 64455 

VISA 

Specification 

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

Storage time at 32 KHz sampling rate: 2 seconds. 

Storage time at 8 KHz sampling rate: 8 seconds. 

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

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

Audio Bandwidth: Variable from 12 KHz to 300 Hz. 

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

Programmable wide range sinewave sweep generator. 

MIDI control range: 5 octaves. 

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

Digital Delay Une 

Introduced in 1982, Powertran's 
has brought digital quality 

to thousands of 
¡clans, Still available in 

rm at only £179,00 + VAT. 
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TRANSISTORS WATFORD ELECTRONICS 
33/34 CARDIFF ROAD; WATFORD, HERTS, ENGLAND. 

MAIL ORDER, CALLERS WELCOME 
Tel. Watford (0923) 37774/40588 Telex. 8956095 

ALL DEVICES FULLY GUARANTEED. SEND CHEQUE, P -Os, 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. 

VA Export orders no VAT. Applicable to U.K. Customers only. Unless stated othewise, 
/'+ AT all prices are exclusive of VAT. Please add 15% to the total cost including P&P. 

We stock thousands more items. It pays to visit us. We are situated behind Watford Football Ground. 

Nearest Underground/BR Station: Watford High Street. 
Open Monday to Saturday: 9.00am to 6.00pm. Ample Free Car parking space available. 

ELECTROLYTIC CAPACITORS: (Values in uF) 500v;10uf 52; 47 78p; 63V:0.47,1.0,1.5,2.2,3.3,4.7 8p 10 10p; 
15, 2212p; 33 15p; 47 12p; 68 20p; 10019p; 220 26p; 1000 70p; 2200 99p; 50V: 68 20p; 10017p; 220 24p; 

40V; 22 9p; 3312p; 330, 470 32p; 1000 48p; 2200 90p; 25V:1.5,4.7,1022,47 ßp;10011 p;150129; 22015p; 
330 22p; 470 259;680,1000 340;1500 42p; 2200 50p; 3300 76p; 470092p; 16V:47, 68,100 9p; 12512p; 330 
16p; 470 20p; 680 34p; 1000 27p; 1500 31p; 2200 26p; 4700 72p. 

TAG -END CAPACITORS: 64V: 2200120p; 3300145p; 4700 245p; 50V: 2200 95p; 3300155p; 40V: 4700 

1130p; 25V: 2200 70p; 3300 85p; 4000, 4700 75p; 10,000 250p; 15,000 270p; 16V: 22,000 200p, 

POLYESTER CAPACITORS: Axial Lead Type 
400V: 1nF, 1 n5, 2n2, 3n3, 407, 6n8 11p; 10n, 15n, 18n, 22n 12p; 33n, 47n, 

68n 16e; 150n 20p; 220n 30p; 330n 42; 470n 52p; 680n 1 uF 68p; 2u2 82p. 
1000V: 1nF 17p; l OnF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n 42p. 

POLYESTER RADIAL LEAD CAPACITORS: 250V FEED -THROUGH 

10n,15n,22n,27n6p; 33n, 47n, 68n, 100n 8p; 150n, 220n CAPACITORS 

10p; 330n, 470n 15p; 650n 19p;'í 55 40p; 202 48p. 1000pF/4502 10p 

TANTALUM BEAD CAPACITORS 
35V: 0.1 uF, 0.22, 0.33 15p 0.47, 068, 
1.0, 1.5 16p; 2.2, 3.3 18p; 4,7, 6,8 22p 
10 26p; 16V: 2.2, 3.3 16p; 4.7, 6.8, 10 
18p; 15,36p; 22 45p; 33, 47 50p; 100 
95p; 10V: 15, 22, 26p; 33,47 50p; 100 
80p; 6V: 100 55p. 

POTENTIOMETERS: Carbon Track, 
Rotary 0.25W Log & LIN 'Values, 
470R; 11C & 2K (Linear only) 
Single Gang 35p 
5K - 2M Single Gang Log & Lin 35p 
5K - 2M Single Gang DP Switch 95p 
51( - 2M Double Gang 99p 

MYLAR FILM CAPACITORS 
100V: 1 nF, 2, 4, 4nF, 10 6p; 15nF, 22n, 
315 40n, 47n 7p; 56n, 100n, 200n 95; 
50V: 470nF 12p. 

SLIDER POTENTIOMETERS 
0.25W log and linear valses 60mm 
51( - 500K single gang 80p 
Graduated Bezels for above 45p 

SIEMENS pcb 
Type Miniature 
poly Capacitors 

250V 
1nF. 105, 2n2, 
303, 4n7. 6n8, 
10n, 15e 7p 
18n, 22n, 27n. 
33n,39n,47n 8p 
39n, 56e 12p 
82n,100n 11p 

100V 
100n, 120n 10p 
150n,180n 12p 
2200. 270n 15p 
330n, 390n 20p 
470n, 560n 28p 
680n 30p 
1 uF 34p 2u2 50p 

AC126/7 35 
AC141/2 35 
AC176 35 
AC187 35 
AC188 35 
ACY19/21 75 
ACY22/41 75 
AD142 120 
A0149 79 
AD161 42 
AD162 42 
AF115/6 80 
AF188 80 
AF124/26 70 
AF139 40 
AF178 75 
AF186 70 
AF239 55 
8C107 12 
501076 14 
BC108 12 
BC108B 14 
BC108C 14 
BC109 12 
BC109B 14 
501090 14 
80114/5 30 
8C117/8 25 
BC137/9 40 
80140 38 
80142/3 38 
BC147 12 
80147B 15 
80148 12 
BC148B 15 
BC149 12 
BC149C 15 
BC182L 10 
BC183L 10 
BC184 10 
BC184L 10 
BC186/7 28 
BC188 6/7 25 
BC12 10 
BC212L 12 
BC213 10 
8C213L 12 
BC214 10 
BC214L 12 
BC237/6 15 
BC256B 35 
3075 15 
50308 18 
BC318 80 

CERAMIC CAPACITORS 50V: 
Range: 0.5pF to 1OnF 4p. 15nF, 22nF 
33nF; 47nF. 5p. 100nF/300V 7p. 
200e F/60 8p. 

POLYSTYRENE CAPACITORS: 
tOpF to 1nF Bp; 1,5nF to 12nF 10p. 

SILVER MICA (Values in pF) 

2, 3,3, 4.7, 6.8, 8.2, 10, 12, 15, 18, 

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

85, 100, 120, 150, 180pF 15p each 
200, 220, 250, 270, 300, 330, 360, 
390, 470, 800. 800, 820 21p each 
100, 1200, 1800, 2200 30p each 
3300, 4700pF 80p 

MINIATURE TRIMMERS Capacitors 
2.6pF 2-lOpF 22p; 2-25pF; 5-65pF 
30p; 10-88pF 36p. 

PRESET POTENTIOMETERS 
0.1W Miniature Vertical or 

Horizontal, 100R to 4M7 
025W Larger 100R to 3M3 Horz 

0.25W Larger 2006 to 4M7 Vertical 

Hitachi 
256K 
DRAM 

£49 

2764 
250ns 
£4.70 

27128 
250ná 

£16 

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

RANGE Val 1-99 100+ 
0.25W 202 - 10M E24 3p 1p 

0.5W 202-4M7 E12 3p 1p 

1W 282 - 10M E12 6p 4p 

2% Metal Film 510 - 1M E24 6p 4p 

10/ Metal Film 510 - 1M E24 5p 4p 

100+ price applies to Resistors of each type not 
mixed, 

RESISTORS NETWORK S.I.L. 
7 Commoned: 58 pins) 1000, 6801, 1K 2k2, 4K7, 

10K,47K,100K 25p 
8 Commoned: (9 pins) 1500, 1800, 2700, 3300, 1 K 
2K2, 4K7, 6K8, 10K, 22K, 47K & 100K 26p. 

DIODES BRIDGE 75 SERIES 
ECTIFIERS 

AA119 
AÁ129 
66730 
BA100 
ßY100 

8 
10 

10 
15 

BY 26 12 
87127 10 
CR033 198 
009 10 
0A47 10 
0670 9 
0679 1 

0581 1 

0685 1 

0590 
0A91 
0095 
06200 
0A202 
10914 
1N916 
1104001/2 
164003 
154004/5 
154006/7 
104148 
1N5401 1 

15921 9 

6A/1000 40 
6Á/400V 50 
6Á/B000 60 

VARICAPS 

BA102 
661055 
86105 
881096 

50 
40 
40 
45 

1A/50V 
1A/100V 
1A/400V 
1A/600V 
2A/50V 
26/200V 
2A/400V 
2A/600V 
6A/100V 
6A/400V 
t0A/200V 
10A/600V 
256/2002 
25A/600V 
87164 

18 
20 
25 
30 
26 
40 
42 
50 
83 
96 

215 
296 
240 
396 

58 

ZÉNERSr.` 

Range: 227 to 
39V 400m7/ 

Bp each 
Range: 373 to 
33113W 

15p each 

TRIACS;. 

2007 
3F1304' 
641'.3V 
804007 
8A800V 

1201007 
1204007 
1208007 
16A100V 
16A400`J 
1608007 
2575007 
2'54800 
T2500 

54 
56 
60 
69 

115 
78 
82 

136 
103 
106 
220 
220 
296 
125 802 

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

96 
90 

150 
130 
125 
125 
150 
195 
420 
650 

99 
100 
140 
360 

00 
150 

00 
86 
52 
70 
65 

THYRIS70RS 

5A/40V 
504000 
5A600V 
843007 
8A500V 
1201007 
.2.A400V 
1248007 
01.106 
50116 
C10P,0 
0044 
0045 
T 1C47 
205062 
2N50F8 
2+14 '4 

32 
40 
48 
60 
90 
78 
96 

188 
150 
180 

36 
24 
29 
36 
32 
38 
30 

5 

21020 160 
2114 325- 
2147 300 
2516 350 
2532 400 
25032 450 
2564 600 
26501 75 
2716-5V 350 
2732-4 450 
2754.250 470 
27064 1000 
27128-250 £14 
"NEW" 256K "D" 
RAM 150N5 £25 
3242 875 
4027 95 
4116-200n 125 
4164-150n 395 
4416-2 425 
4532-3 259 
4532.4 250 
4816-100ns 200 
4864-15 425 
5514 250 
6116-150 400 
6116L-120 425 
6117-100n 575 
6167-6 795 
6264L-15 £18 
63A03 £14 
6402 350 
6502CPU 325 
6502A 545 
6503 350 
6503 850 
6504 600 
6504 250 550 
6505 850 
6505 800 
6520P1Á 175 
65222IÁ 340 
6530 £11 
653214810T 650 
6545ßT0 899 
6551ACIA 850 
6592 00 
6592PC £20 
6800 220 
6602 275 
6803 850 
6805 670 
6808 520 
6809 650 
6810 150 
6821 150 
68621 220 
6840 375 
6843 800 
6845 650 
6845SP 750 
6847 850 
6850 160 
6852 250 
6854 825 
68654 750 
6859 £4 
6875 500 
68000 £30 
8035 350 
8080A 425 
8085 £8 
80855 950 
8088 £15 
8123 180 
8131 475 
8154 750 
8155 400 
8156 400 
810595 175 
81L096 175 

8p 
12p 
12p 

810597 
81 LS96 
8202 
8205 
8212 
8214 
8216 
8224 
8226 
8228 
8236 
8243 
8250 
8251A 
8253 
8255 
8256AC 
8257.5 
8259 
8271 
8272 
8279 
8282 
8283 
8284 
8288 
8748 
87266 
8T27 
5T31 
8095 

ACCESS 
Orders 

Just phone your 
orders through. 
We do the rest 

Tel: 0923 50234 
175 
175 
£25 
225 
220 
495 
150 
300 
300 
270 

00 
300 
£11 
350 

1370 
400 
£15 
400 
400 
£70 
£15 
750 
450 
450 
550 
£11 
£55 

99 
150 
350 

90 
8T97N 90 
9602 220 
AM26LS31 C 125 
AM26L532A125 
AM26LS33 150 
AM7910 £30 
AY -3-1015 300 
Al' -5-1013 300 
CD4724 150 
COM8017 275 
COM8116 700 
08748 £55 
DM8131 275 
DP8303 450 
DP8304 350 
053647 00 
D536915 £5 
DS88LS120 495 
058820 110 
055830 140 
DS8831 125 
DS8832 200 
E9364 800 
69365 £28 
F01691 £15 
F01771 £15 
FD1791 £22 
FD1795 £28 
5026501 75 
HD63A03RP£14 
HM68455P 755 
IM6402 380 
INS60600 1250 
MC1488 80 
MC1489 80 
MC14411 875 
MC14412 725 
MC3242 590 
MC3446 250 
I,403447P 315 
MC3486 225 
MC3487 225 
IM6402 350 
MC6845 825 
MC6846 625 
1v1K3886-2M £7 
MM5280D 696 
MM5303 638 
MM5307 1275 
MM5387A 865 
MM58174 875 
MM74C922 420 
RO -3-2513L 700 
RO -3-2513U 650 
SAA5O50 875 

60327 15 
BC337/8 15 
BC441/61 34 
80477 40 
BC516/7 40 
BC547/8 12 
BC549C 15 
80556/7 15 
BC558/9 15 
8C739/40 85 
BCY41/42 30 
BCY45 50 
BCY58/59 36 
BCY70/71 18 
160772 25 
BCY78 30 
50114 190 
50121 95 
BD124 115 
BD131/32 65 
BD133 70 
60135 45 
50136/37 40 
BD138/39 40 
60140 40 
B0144/45198 
BD158 68 
BD205/6 110 
BD245 85 
60378 70 
BD434 70 
80517 75 
BD645 80 
506956 150 
606966 150 
5E115 45 
BF154/8 30 
5E167 35 
5E173 35 
8E177 35 
5E178 35 
BF179 40 
BF184/5 38 
BF194/5 12 
BF198/9 18 
5E200 80 
BF224A 40 
BF2248 40 
5E245 50 
BF256A 45 
BF256B 50 
BF257/8 32 
6E259 40 
5E275 55 

BF336/7 35 
BF394 40 
BF451 40 
BF494/5 40 
BF594/5 30 
BFR39/40 30 
BFR41/79 25 
BFR80/81 25 
BFR98 105 
BFX29 35 
BFX81 45 
BFX84 35 
BFX85/6 35 
BFY50/51 30 
8E752 30 
BFY53 35 
BFY55/56 56 
5E764 40 
67081 120 
6E790 80 
BRY39 50 
85X20 30 
BSX26/29 45 
80726 35 
05795 35 
BU105 180 
BU205 180 
BU206 200 
BU208 200 
BUY69C 225 
5108001 250 
MJ2955 90 
MJE170 150 
MJE180 150 
MJE340 54 
MJE370 100 
MJE371 100 
MJE520 85 
MJE521 98 
MJE2955 98 
MJE3055 70 
MPF102 40 
MPF103 30 
MPF104 30 
MPF105 30 
MPF106 40 
MPSA05 30 
MPSA08 30 
MPSA12 32 
MPSA55 30 
MPSA56 30 
MPSA70 40 
MPSUO2 58 
511851305 60 

MPSUOfi 60 
MPSU52 65 
MPSU55 80 
MPSU56 60 
0026 170 
0028 220 
0035 50 
0036/41 75 
0042/75 75 
0071/72 50 
0075/76 55 
0081/82 50 
0083/84 70 
00170/71 75 
0070 40 
00200 75 
010295 32 
O 10290 38 
710305 35 
010300 37 
7119310 38 
TIP316 39 
0113310 45 
TIP32A 43 
TIP32C 45 
710335 70 
TIP33C 75 
710345 85 
TIP34C 105 
TIP35A 120 
T1P350 130 
T1P36A 130 
O 10360 140 
TIP41A 50 
T1P41B 52 
TIP42A 55 
T1P428 58 
O 10120 70 
TIP121/2 73 
0118141/2 120 
TIP147 120 
TIP2955 70 
TIP3055 70 
TIS43 50 
01544/5 45 
T1S88A 50 
T1590/91 30 
UC 65 
VK1010 99 
VN10KM 70 
VN46AF 95 
VN66AF 110 
VN88AF 120 
VN89AF 120 

ZTX107/8 12 
ZTX109 12 
ZTX212 28 
ZTX300 13 
ZTX302 16 
ZTX303 25 
ZTX304 17 
ZTX326 30 
ZTX451 23 
ZTX500 14 
Z00501/2 15 
ZTX503 18 
ZTX504 25 
ZTX531 125 
ZTX550 25 
20697 23 
20698 40 
2N699 48 
207066 25 
25708 25 
20918 40 
2N1131/2 40 
2N1302 45 
201307 70 
2616716160 
2N2160 325 
2022190 28 
2522206 28 
2022210 25 
21,122225 25 
2N2368 25 
2523696 18 
2N2483/4 27 
2N2646 46 
2N2904/5 28 
2N2906/7 28 
2529076 28 
2N2926G 10 
203053 25 
203054 55 
2N3055 50 
253252 46 
2N3441/2140 
253614/5180 
2N3663 20 
2N3702/3 10 
263704/5 10 
203706/7 10 
2N3708/9 10 
2N3713 140 
263771 179 
2513772 195 
2N3773 210 
203819 35 

253820 60 
2N3822/3 60 
203866 90 
2N3903/4 18 
2N3905/6 15 
253906 17 
204037 60 
204058 15 
2N4061/2 15 
2N4264 30 
204286 25 
204289 25 
2N4314 78 
204400 25 
254427 80 
204871 55 
2N5135/6 30 
205138 25 
255172 25 
265179 45 
205180 45 
2N5190/1 75 
255194 80 
255305/8 30 
2N5457/8 30 
2N5459 30 
255485 36 
2Ná777 45 
205879 180 
2N6027 32 
250671 250 
206715 75 
250495 85 
200496 85 
2501061 250 
2001096 85 
2501162 45 
2001173 125 
2501306 100 
2001307 150 
2501449 95 
2501678 140 
2001679 180 
2501923 65 
2001945 225 
2001963 80 
2001957 80 
2001969 160 
2S0202ß 85 
2002029200 
2002078 170 
2502091 85 
2SC2314 86 
2SC2166 105 

2502335 200 
2002547 40 
2002612 200 
2SD234 74 
25K45 80 
2SK288 225 
25383 225 
25385 225 
30128 115 
35140 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 

105, 202, 407, 
10u, 22u, 33u, 
470, 1000, 
220u, 330u. 
470u 30p 

105 1má, 
202, 4m7, 
1005 35p 

22m, 33m, 
430 60p 

100m 75p 

SFF9364 800 
SP0256 850 
SP0256AL2 475 
TCJ3101J £13 
TMS2716-3V 725 
TMS4047 100 
TM54164 395 
TMS4416-2 595 
TM84500 £12 
TMS4532-3 350 
TMS5100 600 
TMS6011 500 
TMS9914 895 
TMS9927 £14 
TMS9928 £16 
TMS9929 £16 
TMS9980 £12 
TMS9995 £12 
ULN2003 75 
UPD7002 725 
WD1691 £14 
WD1770 £20 
W02143 850 
Z80CPU 2.5 300 
Z80ACPU4M375 
Z80 CTC 285 
2800200U 00 
Z800 OTC 310 
Z808CPU £11 
Z80 DART 585 
Z80A DART 820 
Z80B £8 
Z80 DMA 795 
Z80ADMA 925 
280 PIO 250 
Z80A PIO 300 
Z80 510-1 850 
2806 010 £9 
Z80A010-2 £9 

555Cmos 95 
702 75 
7090 8 pin 35 
710 48 
741 8 pin 16 
747C 14 pin 70 
7480 8 pin 30 
735 8 pin 185 
810 158 
94000J 375 
A000608 885 
A7-1-1320 225 
AY -1-5050 99 
AY -1-5051 160 
AY -1-6720 210 
A7.3-1270 730 
47.3-1350 350 
AY -3-8910 390 
Booklet for 
ÁY53.8910 390 
AY -3-8912 500 
AY -5.1317A 830 
AY -5-1350 388 
CA3011 130 
0A3012 175 
003014 275 
CA3018 85 
CA3019 90 
CA3020 210 
CA3023 210 
CA3028A 130 
CA3035 255 
CA3036 270 
003043 275 
CA3045 385 
CA3046 70 
0A3048 220 
CA3059 325 
CA3075 213 
043080E 75 
CA3081 180 

CA3085 160 
CA3086 80 
CA3089E 200 
CA309050 375 
CA3123E 185 
CA3130 90 
CA3140 50 
CA3160 95 
CA3161 199 
CA3162 525 
CA3189 275 
HA1336W 175 
HA1388 235 
CL7106 890 
CL7107 975 
CL7611 99 
CL7660 248 
CL803800 380 
CL8211A 750 
CM7205A 1150 
CM7207 475 
CM7215 1050 
CM7216AJ £22 
CM72160 £22 
CM7217A 750 
CM7224 £11 
CM7240 300 
CM7555 105 
CM7556 150 
LA3550 250 
LA4031P 340 
LA4032 295 
LA4400 350 
LA4422 320 
LC7130 320 
LC7120 300 
LC7137 350 
0E347 150 
0E351 70 
0E353 90 
0E355 90 
0E356 90 
0E357 100 
0E398 495 
1.5110 325 
LM301A 30 
LM307 45 
1..513087 75 
LM311 80 
LM318N 150 
LM319 180 
LM324A 45 
LM334Z 115 
LM335Z 135 
LM337 275 
LM339 40 
LM348 80 
LM349 125 
LM358 50 
LM377 210 
LM379 495 
LM380 120 
LM381N 175 
LM382 200 
LM384 225 
LM386 110 
LM387 200 
LM389 180 
LM393 .85 
LM.394CH 385 
LM558 170 
LM72505 300 
LM733 85 
1.511458 35 
LM1871 300 
LM1889 350 
LM2907 395 
LM2917 325 
LM3900 70 
0.13909N 85 
LM3911 185 
L -M3914 300 
LM3915 300 
LM3916 300 
LM13600 150 
LS7220 280 
M70681 150 
MS1513L 230 
M51515L 320 
M51516L 475 
MB3712 200 
M53756 440 
MC1204 250 
MC1301 90 

MC1303 96 
M01304P 280 
MC1310P 50 
M01445 250 
MC145106 695 
MC1455 50 
MC1458 35 
MC1469 300 
MC1494 894 
MC1495 350 
MC1496L 70 
MC1596 225 
MC1648 290 
MC1709G 90 
MC3302 75 
MC3401 50 
MC3403 95 
MC3404 85 
MC3405 150 
MC3422 00 
MC3423 80 
MC3442 00 
MC3487 00 
MC4016 00 
MF10 350 
MFC6040 75 
ML924 275 
NE515 275 
NE529 225 
NE531 140 
56543K 225 
NE544 200 
NE555 25 
NE556 85 
NE558 170 
NE560 350 
NE562B 410 
NE564 420 
NE565A 120 
NE566 155 
NE567V 140 
NE870 410 
NE571 400 
NE5532 175 
NE5534A 160 
0M335 750 
RC4136D 80 
RC4558 80 
55668 225 
SAB3209 425 
SAB3210 325 
SA53271 485 
SA84209 585 
SG3402 295 
SL490 350 
00627000 150 
SN76013 350 
5N7622.N 95 
5076477 
SN76488 
SP8629 
9P0256AL 
TA7120 
TA72O4 
TA7205 
TA7222 
TA7310 
TAA661A. 
TAA700 
TAA900 
TA81042 
TAD1O0 
0561205 
TBA900 
TAR1042 
TAD100 
0BA1208 
TBA9200 
TBA9900 
TCA220 
TCA2700 
TCA280A 
TCA940 
305965 
TOM 004 
TDA1008 
TOM 010 
TDA1022 
TDA1024 
TDA1034 
1001490 

470 
525 
350 
475 
140 
150 

90 
150 
125 
190 
275 
395 
110 
159 

70 
395 
Ito 
159 

70 
200 
350 
350 
350 
220 
175 
180 
350 
310 
235 
499 
115 
350 
350 

TDA2002 325 
0042003 250 
TDA2004 300 

TDA20o6 
TDA2020 
TDA2030 
TD60791 

330 
320 
190 
420 

TL170 50 
TL430C 90 
TL507 110 
TL509' 110 
TL061CP 40 
TL062CP 85 
7006405 98 
TL071CP 40 
TL072CP 78 
TL074CN 150 
TL081CP 35 
TL082CP 60 
TL083CP 75 
TL084CN 120 
TL091CP 60 
UA2240 120 
UA78540 230 
ULN2003 90 
ULN2004 90 
ULN2283 100 
ULN2803 190 
UPC575 275 
UPC1025H 375 
UPC1156H 295 
UPC1182 425 
UPC1366 195 
XR2206 375 
X62207 400 
XR2211 575 
0152216 875 
X62266 380 
ZN414 80 
ZN419E 
20423E 
ZN424E 
ZN425E 
25426E 
ZN427Ë 
26428E 
20429E 
ZN459 

130 
130 
595 
200 
620 
450 
245 
815 

251034E 200 
ZN1040E 895 
ZNA234E 925 

7473 50 
7474 45 
7475 55 
7476 45 
7480 60 
7481 175 
7482 100 
7483 100 
7484 105 
7485 100 
7486 40 
7489 200 
7490 60 
7491 70 
7492 70 

T1L74 

7400 
401 

7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
741b 
7417 
7417 
7420 
7421 
7422 
7423 
7425 
7424 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 

25 
25 
60 
35 
35 
25 
50 
40 
35 
35 
40 
35 
35 
25 
30 
30 
30 
40 
30 
90 
65 

100 
100 
110 
110 

95 
110 

30 
30 
30 
30 
30 
50 
50 

77494493 50 
100 

7495 70 
7496 75 
7497 200 
74100 175 
74104 70 
74105 70 
74107 45 
74109 70 
74110 55 
74111, 55 
74112 170 
74116 160 
74118 110 
74119 190 
74120 90 
74121 45 
74122 85 
74123 75 
74125 60 
74126 60 
74128 55 
74132 70 
74136 50 
74141 85 
74142 235 
74143 250 
74144 250 
74145 100 
74147 160 
74148 130 
74150 170 
74151 60 
74153 70 
74154 130 
74155 75 
74156 90 
74157 75 
74159 170 
7 160 100 
74161 100 
74162 100 
74165 100 
74164 110 
74165 100 

25 74165 130 
25 74167 250 
25 74170 190 
25 74172 400 
30 74173 130 
30 74175 100 
40 741.75 100 
40 ,74176 100 
25 74'07 110 
25 74'130 5 
25 -_"9 130 
25 83 100 

300 
74002 120 
75,84 170 
74185 170 
74193 120 
74191 120 
74192 120 
74193 120 
74194 100 
74190 75 
74196 120 
74107 100 
74198 200 
74199 200 
74221 200 
74246 130 
74247 120 
74248 145 
74249 175 
74251 90 
74259 150 
74263 75 
74265 60 
74273 180 
74276 130 
74278 160 
74279 80 
74283 100 
74284 440 
74205 300 
74286 80 
74290 120 
74293 80 

74297 
74296 
74351 
74365 
74366 
74367 
74368 
74376 
74390 
74393 
74426 
74490 

1' 5 
160 
180 

70 
70 
70 
70 

120 
100 
100 

60 
100 

740244 150 
740245 150 
740373 180 
740374 425 
740922 625 
740923 645 
740925650 

S00 
SO2 
503 
SO4 
SO5 
S08 
S09 
S10 
511 
515 
520 
S22 
530 
S32 
537 
538 
040 
S51 
564 
S65 
574 
045 
086 
S112 
5113 
S!14 
8124 
3,22 
5122 
5'34 

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

295 
100 

300 
90 
50 
60 

110 
170 

_ __ 170 
60 

140 
= 3 140 
0157 200 
5158 190 
S162 300 
S163 300 

74 250 
S175 300 
5188 200 

M94 225 
280 

S197 300 
5201 250 
0225 500 
0226 350 
5240 375 
S241 375 
0244 474 
5251 225 
5257 225 
S258 225 
5260 70 
5262 £10 
5287 200 
"288 180 
0209 200 
S301 350 
5365 250 
5373 375 
5374 375 
S412 389 

70 325 
5471 600 
5172 400 
0474 400 
5475 425 
5571 300 
5573 450 

00 25 
LS01 25 
O 502 25 
O 503 25 
LSO4 25 
LSO5 25 
L508 25 
LS09 25 
LS10 25 
LS11 25 
LS12 25 
LS13 35 
LS14 55 
LS15 25 
L519 45 
LS20 25 
0021 25 
LS22 25 
LS24 55 
L S26 25 
LS27 25 
O 328 25 
LS30 25 
L532 50 
LS33 25 
10037 25 
L538 30 
LS40 25 
0542 55 
LS47 90 
LS48 90 
LS49 100 
LS51 30 
LS52 25 
L554 30 
LS55 30 
LS63 55 
LS73 30 
LS74 35 
LS75 45 
L576 40 

LS83 70 
LSE- 80 

S6= 35 
.03'3 50 

55 
S93 50 

L595 70 
0596 90 
L0107 45 
LS1.09 45 
L5112 45 
LS113 40 
L5114 40 
LS122 70 
LS123 100 
LS124 125 
LS125 50 
L5126 50 
L5132 60 
LS133 50 
L5135 28 
[0136 50 
055138 60 
L5139 60 
L5145 115 
L5147 165 
LS148 130 
L5151 70 
05153 70 
00154 200 
LS155 70 
1.0156 70 
10157 60 
55158 60 
L5160 70 
L5161 70 
L5162 70 
LS163 70 
LS164 80 
[5165 110 
L5166 150 
LS168 140 
LS164 125 
LS170 169 
00173 100 
Lá174 100 
L5175 70 
L5181 190 
1.9183 190 
LS!90 85 
LS191 85 
L5192 85 
LS193 85 
LSi94 75 

LS195 75 
L 5196 85 
LS197 85 
LS221 85 
LS240 95 
LS241 95 
O 5242 95 
LS243 95 
LS244 95 
LS245 160 
LS247 105 
LS248 105 
L5249 105 
LS251 75 
LS253 75 
LS256 175 
LS257 75 
LS258 75 
LS259 125 
LS260 70 
LS261 100 
LS266 60 
LS273 120 
LS275 350 
05279 70 
L5280 185 
L5283 80 
LS290 80 
LS292 850 
LS293 80 
LS294 999 
LS295 140 
05297 850 
L5298 100 
LS299 225 
05320 210 
00322 360 
LS323 369 
t.5324 150 
LS325 150 
LS326 290 
LS327 290 
L5347 120 
LS348 140 
LS352 110 
O 5353 110 
L S355 220 
LS356 200 
LS363 150 
00264 150 
LS365 50 
05366 50 
L5367 50 
LS368 50 
05373 100 
L8374 100 
LS375 70 
LS377 130 
L5378 110 
LS379 130 
O 0380 310 
LS382 310 
LS384 460 
LS385 330 
LS386 50 
LS390 80 
LS393 100 
10395 110 
113396 300 
L5398 195 
LS399 135 
LS445 125 
O 0447 80 
L5465 140 
LS490 150 
[9540 140 
L5541 140 
LS624 155 
`3629 130 
'3640 200 
LS641 150 
LS645 195 
LS668 90 
L 3669 90 
LS670 170 
LS673 890 
LS674 800 
LS678 275 
LS682 250 
LS684 350 
LS687 350 
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SWITCHES 
TOGGLE 20, 250V 
SPST 35p DPDP 48p 

SUBMIN TOGGLE 
SPST on/off 58p 
SPOT c/over 64p 
SPOT centre off 85p 
SPOT biased both 
ways 105p 
OPDT 6 tags 80p 
DPDT centre off 88p 
DPDT biased both 
ways 145p 
DPDT 3 positions 
on/on/on 185p 
4 -pole 2 way 220p 

SLIDE 250V: 
DPDT 1A 14p 
DPDT 1A c/off 15p 
DPDT 4xA 13p 

PUSHBUTTON SA 
with 10mm Button 
SPDT latching 150p 
OPDT 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 65p; 6 way 80p; 8 way 850; 
10 way 125p (SPOT) 4 way 190p 

ROTARY SWITCHES 
)Adjustable Stop type) 

1 pole/2 to 12 way; 2 pole/2 to 6 way; 3 pole/2 to 
4 way. 4 pole/2 to 3 way 48p 

ROTARY: Mains DP 250V 4 Amp on/off 880 

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

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

VEROBOARO 0.1in 

21/4 x 31 95p 
lye x 5 110p 
3144 x37 110p 
33/4 x 5 125p 
33/4 x 17 420p 
41/4 x 17 590p 
Pkt of 100 pins 550 
Spot face cutter 150p 
Pin insertion tool 

185p 

VO Board 195p 
DIP Board 395p 
Vero Strip 95P 

VERO WIRING PEN 
+ spool 380p 
Spare spool 75p 
Combs Sp 

PHOTO DECO 
Veroblock 480p 
S -Dec 395p 
Eurobreadboard 

590p 
Biesboard 1 575p 
Superstrip SS2 

1350p 

DALO.ETCH 
RESIST PEN 

Plus spare tip 100p 

FERRIC CHLORIDE 
1 lb bag Anhydrous 
195p + 50p pap 

ULTRASONIC 
TRANSDUCER 

40KHz 475 pr 

IDC CONNECTORS 

PCB Plugs Female Female 
with latch Header Card 
Pins Pins Plug Edge 
Strt Angle Conct 

10 way 90p 99p 85p 120p 
16 way 130p 150p 110p - 
20 way 145p /86p 125p 195p 
26 way 175p 200p 150p 240p 
34 way 205p 236p 160p 320p 
40 way 220p 250p 180p 340p 
50 way 235p 270p 200p 395p 
60 way - - 2305 495p 

ROCKER SWITCHES 
ROCKER: 5A/250V SPST 
ROCKER: 10A/250V SPDT 
ROCKER: 10A/250V DPDT c/off 
ROCKER: 10A/250V DPST with neon 

28p 
38p 
95p 
85p 

GAS/SMOKE 
DETECTORS 

TGS812 or 
TGS813 

£6 each 

THUMBWHEEL Mini front mounting switches 
Decade Switch Module 2751, 
B.C.D. Switch Module 298p 
Mounting Cheeks (per pair) 75p 

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

Single ended DIP (Header Plug) Jumper 
24 inches 145p 185p 2400 380p 

Double ended DIP (Header Plug) Jumper 
6 inches 185p 205p 300p 485p 

12 inches 198p 215p 315p 4800 
24 inches 210p 235p 345p 540p 
36 inches 290p 370p 480p 525p 
JUMPER LEADS (Ribbon Cable Assembly) 
IDC Female Header Socket Jumper Leads 36' 

20 pin 26 pin 34 pin 40 pin 
Single ended 160p 200p 260p 300p 
Double ended 290p 370p 480p 525p 

COPPER CLAD BOARDS 

Fibre Single- Double 
glass sided sided 

6" x 6" 100p 125p 
6" x 12" 175p 225P 

DIL SOCKETS 
Low Wire 

EDGE 
CONNECTORS 

Prof Wrap 2x6 way - 111p 
8 pin Bp 25p 2x12 way - 1sop 

14 pin 101, 35p 2x15 way - 1650 
16 pin 10p 42p 2018 way 210p 175p 
18 pin lap 52p 2x22 way 215p 250p 
20 pin 20p BOp 2023 way 175p - 
22 pin 22p 65p 2.25 way 285p 2750 
24 pin 25p 70p 2028 way 190e - 
28 pin 28p 80P 2x30 way 3100 - 
40 pin 30p 90p 2x36 way 3800 - 

2x40 way 3800 - 
SIL SOCKET 0.1" Pitch 20 way 85p 

ANTEX SOLDERING IRONS 
C15W 525p; CS17W 545p 
C18W 550p; XS25W 570p 
Spare Bits 85p; Elements 230p 
Iron Stand 175p; Heat Shunt 30p 

EURO CONNECTORS 
Gold Flashed 
Contacts 

DIN41617 
31 way 
DIN41612 
2 x 32 A + B 
DIN41612 
2x32A+C 
DIN41612 3 x 32 
A+B+C 

sorxal u 
Sha. Angie Sert. 

170P - - 175p 

275p 220p285p 

295p - 240p300p 

360p 385p 280p 395p 

PANEL 
METERS 

FSD 
60 046 x 35mm 
0-50{A 
0-t00tA 
0-500AÁ 
0-1 mA 
0-5mÁ 
0-10mA 
0-50mÁ 
0-100mA 
0-500mA 
0,aA 
0.20 
025V 
0,500 AC 
0.300V AC 

"VU" 490p each 

RELAYS 

Miniature. enclosed, PCB mount. 

SINGLE POLE Changeover 
RL -91 205R Coil; 12V DC, (1005 to 
19,50), 10A at 30V DC or 250V AC 195p 

DOUBLE POLE Changeover, 84 30V 
DC or 250V AC 
RL10053R Coil, 6V DC (5V4 to 95911900 
RLB-111 205R Coil. 12V DC (1007 to 
1905) 195p 
RL3-114 740R Coil, 24V DC (220 to 
370) 200p 

DIL PLUG (Header) 
Solder IDC 

14 pin 443p 90p 
16 pin 48p 105p 
24 pin 88p 178p 
28 pin 290p 295p 
40 pin 250p 255p 

ZIF TEXTOOL 
DIL SOCKETS 

24 pin 
28 pin 
40 pin 

575p 
8950 
845p 

RIBBON CABLE 
price per foot 

Grey Color 
10 way 15p 28p 
16 way 25p 40p 
20 way 30p SOp 
24 way 40p 65p 
28 way 55p 80p 
34 way 60p 85p 
40 way 70p 90p 
50 way 100p 135p 
64 way 120p 1110p 

TRANSFORMERS 
3-0.30; 6-0-6V; 9.0-90; 12-0-120; 15-0-15V @ 

100mA 130p 
pcb mounting. Miniature, Split Bobbin 
3VA: 2x6V-0.25A; 209V-0.150; 2012V-0.120, 
2015V-0.14 23Sp 
6VA: 206V -0.5A, 2x9V-0.3A; 2x120-0.250; 
2015V -0.2A 260p 
Standard Split Bobbin type. 
SVA: 2x6V-0.50; 2x9V-0.4A, 2x12V-0.3A; 
2x15V-0,25A 2500 
129Á: 2o4.5V-1.3A 205V-14; 2090-0.60; 2012V- 
0.50; 2015V-0.40; 2x20V-03A 345p (35p p&p) 
24VA: 206V-1.50; 2x9V-1.2A, 2512V-tA; 2015V- 
O.13A; 2x20V-0,60 385p (60p p&p) 
50VA: 208V -4A; 2x9V-2.5A; 2012V-20; 2015V -1.5A; 
2020V -1.2A; 2025V -1A; 2x300-0.BA 5205(60p pap) 
Specially wound for Multirall computer PSU5 
SOVA: Outputs +5V/5A; +12V, +25V, -5V, 
-12V at 1A 6200 (600 pap) 
1 ODVA: 2012V -4A; 2015V-30; 2x200.2.5A; 
2x25V-2A; 20300-1.5A; 2050V -1A 965p (750) 

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

VOLTAGE REGULATORS 
l A 70220 Pla tic Casing 

ve ve 
5V 7805 50p 7905 50p 

12V 7812 50p 7908 BOp 
15V 7815 45p 7912 50p 
18V 7818 45p 7915 50p 
24V 7824 50p 7918 50p 

7924 5op 
100mA 7092 Plastic package 

5V 78LO5 30p 79LO5 50p 
6V 78L06 30p - 
80 78L00 30p - - 

12V 78L12 30p 79L12 5Op 
15V 78L15 50p 79L15 60p 

ICL7660 248p 
RC4194 375p 
RC4195 160p 
LM309K 135p 

LM317K 250p 
LM317KP 450p 
LM323K 450p 
LM337 175p 
LM723 Var 30p 
78540 22Sp 

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

54op 
78HG + 5V to + 25V 
5A 585p 
79HG - 2.25V to 
-24V, 5A 6850 
78540 225p 

SOLOERCON PINS 
Ideal for making SIL 

or DIL Sockets 
100 pins 45p 
500 pins 195p 

ALUM BOXES 
3x2x1" 
402'/ex2" 
4 x 21/2 o 2'/1" 
4x4x2" 
4x4x2yi' 
5x4x1`i" 
5x4x24i' 
5x2r4.x1'/1" 
5 x 21/. x 21/4' 
6x4x2" 
6 x 4 x 3" 
7x5x3" 
8x6x3" 
10x403" 
10x7x3" 
12x5x3" 
12 x 8 x 3" 

85p 
100p 
103p 
105p 
120p 

99p 
12op 

90p 
130p 
120p 
1SOp 
18op 
210p 
24op 
275p 
280p 
295P 

'D1CONNECTORS 
9 15 25 37 

way way way way 
Male 55p Bop 1200 1500 

110p 175p 225p 300p 
100p 100p 180p 250p 

Female 900 125p 180p 275p 
150p 200p 260p 390p 
1O0p 125p 195p 355p 

Covers 75p 70p 70p 85p 

IDC 25 way 'D' Plug 3850 Socket 450p 

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, M/M 895p 
36" long, Double Ended. F/F £10 
36" long, Double Ended. M/F 995p 

AMPHENOL PLUGS 
IOC Solder 

24 way IEEE 485p 460p 
36 way Centronix 450p 475p 
24 way Female 480p 450p 

CRYSTALS 
32.768KHz 100 
100KHz 545 
200KHz 370 
455KH 370 
1MHz 275 
1.008M 275 
1.28MHz 450 
1,6MHz 395 
1.8MHz 545 
1.8432M 250 
2.0MHz 225 
2.4576M 200 
3,12MHz 240 
3278M 150 
3,5794M 98 
3.6864M 300 
4.0MHz 150 
4.032MHz 290 
4.19430M 200 
4.433619M 100 
4.608MHZ 200 
4.80MHz 200 
5.0MHz 160 
5,185MHz 300 
524288M 390 
6.0MHz '4 140 
6.144MHz 150 
6.5536MHz 225 
7.0MHz 150 
7.168MHz 250 
7.7328MHz 250 
7.68MHz 200 
8.0MHx 150 
8.089333M 395 
8.86723M 220 
9.00MHz 200 
O.OMHz 

10.24MHz 
10.5MHz 
10.7MHz 
12.0MHz 
t2.528M 
14.31814M 
15.0MHz 
16.OMHz 
18.0MHz 
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.OMHz 295 
116.OMHz 300 

200 
250 
150 
175 
300 
170 
240 
220 
180 

ASTEC UHF MODULATORS 
Standard 6MHz 375p 
Wideband 8MHz 5500 

BUZZERS 
miniature, solid-state 60; 908,12V 70p 

PIEZO TRANSDUCERS PB2720 70p 

LOUDSPEAKERS 
Miniature, 0.3W- fin 

21/474011 64n or 800 
6"x4"8n 
7"x5"80 
8"x5"8n 

800 
80p 

200p 
225p 
2500 

MONITORS 

ZENITH - 12" Green, Hi - 
Resolution Popular £68 
MICROVITEC 1431. 14" 
Colour ROB input. Connecting 
cable incl. £165 
MICROVITEC 1451. 14" 
Medium resolution £265 
KAGA 12". Med-res. RGB 
Colour. Has flicker -free charac- 
ters. Ideal for BBC, Apple, VIC, 
etc £195 (car £7) 

KAGA 12". As above but 
Hi -Resolution £259 (car £7) 

Connecting Lead for KAGA 
£5 

Carriage £7 Securicor 

BROTHER HR15 
PRINTER 

A high quality Daisy Wheel printer 
at the price of a Dot Matrix 
printer. 

Price £339 (car. £7) 

CMOS 

4000 
4001 
4002 
4006 
.4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4042 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4034 
4035 
4036 
4037 
4038 
4039 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4057 
4059 
4060 
4061 
4062 
4063 
4066 
4067 
4068 
4069 
4070 
4071 

20 
25 
25 
75 
25 
80 
45 
s0 
25 
25 
60 
SO 
80 
40 
60 
60 
58 
90 
43 
58 
67 
30 
50 
22 
90 
43 
45 
75 
35 

130 
70 

130 
148 

70 
275 
115 

75 
280 

60 
57 
50 
42 
50 

110 
S0 
80 
55 
38 
35 
70 
60 
60 
95 
85 
85 

1000 
435 

68 
500 
986 

85 
45 

245 
25 
25 
25 
25 

4072 
4073 
4075 
4076 
4077 
4078 
4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
4160 
4161 
4162 
4163 
4174 
4175 
4194 
4408 
4409 
4410 
4411 
4412 
4415 
4419 
4422 
4435 
4440 
4450 
4451 
4490 
4500 
4501 
4502 
4503 
4504 
4505 
4506 
4507 
4508 
4510 
4511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 
4520 
4521 
4522 
4526 
4527 
4528 
4529 
4530 
4531 
4532 
4534 

25 
28 
25 
68 
25 
25 
25 
25 
80 
60 

125 
37 
70 
95 

100 
275 

80 
110 

95 
96 
96 
96 
96 

105 
105 
850 
850 
725 
750 
805 
590 
280 
770 
850 
900 
360 
350 
450 
395 

38 
60 
40 
99 

385 
100 
45 

130 
55 
55 
55 

150 
115 
115 

55 
275 

48 
32 
53 

115 
125 

60 
65 
68 

150 
90 

130 
65 

400 

4536 
4538 
4539 
4541 
4543 
4544 
4548 
4549 
4553 
4554 
4555 
4556 
4557 
4558 
4559 
4560 
4561 
4562 
4566 
4568 
4569 
4572 
4580 
4581 
4582 
4583 
4584 
4585 
4597 
4599 
40085 
40097 
40098 
40100 
40101 
40102 
40103 
40104 
40105 
40106 
40107 
40108 
40109 
40110 
40114 
40161 
40163 
40174 
40175 
40181 
40182 
40192 
40193 
40194 
40195 
40244 
40245 
40257 
40373 
40374 
45106 

75 
80 
90 
95 
70 

150 
40 

400 
245 
180 

35 
55 

250 
120 
395 
180 
104 
350 
165 
250 
175 

45 
255 
125 

99 
100 

60 
70 

330 
155 

90 
45 
42 

215 
130 
140 
412 
120 
220 

80 
55 

325 
100 
235 
240 
194 

75 
75 
75 

220 
60 
75 
95 
70 
75 

196 
198 
196 
220 
220 
586 

OPTO 
OCP71 120 
ORP12 85 
ORP61 86 
BPX25 250 
BPW21 320 
TIL139 225 

OPTO 
ELECTRONICS 

LEDs with clips 
TIL209 10 
TIL211 GRN 14 
TIL212 Yet 14 
TIL220 2" Red 12 
2" Green, Yellow or 
Amber 14 
0.2" Bi colour 
Red/Green 100p 
Green/Yellow 115p 
02" Tri colour 
Red/Green/Yellow 85 
Hi -Brightness Red 58 
High-Bri Green or 
Yel 68 
Flashing red 
0.2" red 55 
Square LEDs. Red 
Green, yellow 30 
Rectangle Stackable 
LEDs 
Red, Green or Yellow 18 
Triangular LEDs 
Red 18 
Green or yellow 22 
LD271 Infra Red 48 
SFH205 Detector 118 
TIL32' Infra Red 52 
TIL78 Detector 55 
TIL38 50 
TIL100 75 
BARGRAPH. Red 10 
segments 275 

COMPUTER CORNER 

OL RGB MONITOR, Medium resolution £239 
EPSON RX80 Printer £229 
EPSON RX80 F/T Printer £245 
EPSON FX80 Printer £316 
EPSON FX100 Printer £435 
KAGA/TAXAN KP810 Printer £235 
KAGA/TAXAN KP910 Printer £339 
SEIKOSHA GP100A Printer £339 
BROTHER HR15 Daisywheel £339 

Cable for above printers to interface with BBC Micro £7 

TEX EPROM ERASER - Erases up to 25 Eproms. Has a buill.in 
safety switch £30 
SPARE 'UV' Lamp Bulb £8 
C12 Computer CASSETTES in Library cases 36p 
8'h" 8 9'72" Fan Fold paper (1000 sheets) .. ...... £7 (Carr. 150p) 

(Securicor Cardage charge on printers Is £7) 

CALL IN AT OUR SHOP FOR A DEMONSTRATION ON ANY OF 
THE ABOVE ITEMS. BE SATISFIED BEFORE YOU BUY OR WRITE IN FOR 
OUR DESCRIPTIVE MICRO PERIPHERALS LEAFLET. 

SPECTRUM 32K UPGRADE 
Upgrade your 16K Spectrum to full 48K with our 
RAM Upgrade Kit. Very simple to fit. Fitting 
instructions supplied. 

£22 

ISOLATORS 
IL74 145 
ILD74 145 
0074 275 
TIL111/2/4 70 
ILCT6 Darlington 135 
TIL117 125 
4N33 Photo 
Darlington 135 

7 Segment Diaplage 
TIL312.3" CA 120 
TIL313.3" CC 120 
TIL321 5" CA 140 
TIL322 5" CC 140 
TIL729/730 140 
DL704.3"CC 125 
DL707 .3" CA 125 
FND357 Red 120 
FND500 130 
3" Green CA 150 
.6" Green CA 215 
3"+1 Red CA 150 3'i l Green CA 150 
LCD 31/4 Digits 496 
LCD 4 Digits 530 
LCD 6 Digits 625 
Reflective Switch 225 
SLOTTED Optical 
Switch similar to RS 
Comp.'s 295 

DISC DRIVES 
(CUMANA) 

DRIVES CASED with PSU & CABLES 

CS100 - Single Cased with PSU, 40 track, 555"S/S 100K £119 
CD200 - Twin Cased with PSU, 40 Track, 51/4" S/S 200K £165 
CS200 - Epson Single Cased with own PSU D/5, 40 Track, 51/4" 

200K £175 
CD400- Epson Twin Cased with own PSU 0/5, 40 track, 5/a" 
400K £339 
MITSUBISHI 51/4" SLIM LINE DISC DRIVES 
DoubleSided, Double Density,Track Density 96 TPI,Track to track access 
time 3msec. 
MITSUBISHI Single Slimline, 5'a" Cased with PSU. DSDD. 1 Megabyte 
(400 K with BBC) £199 
MITSUBISHI Twin Slim line, 5'/:' Cased with PSU. 05000.2 Megabyte. 
(800 K with BBC) £425 

51/4" DISKETTES (Lifetime Warranty) 

10 3M Diskettes Single side Double density £14 
10 3M Diskettes Double side Double density £23 

N.B Carriage on Drives £7 securicor 

BBC MICRO 
WORDPROCESSING 

PACKAGE 
A complete wordprocessing package (which can be 
heavily modified to your requirements, maintaining large 
discount). We supply everything you need to get a BBC 
Micro running as a word -processor. Please call in for a 
demonstration. 
Example Package: 
BBC Micro, with DFS Interface, Wordwise, Twin 400KTEC 
Disc Drives, 12" High -res green monitor, Brother HR15 
Daisywheel printer, Beebcalc & Database software on 
Disc, 103M Discs, 500 sheets of paper,4way mains trailing 
socket, manuals and all cables. 

Only: £1,119 

BBC & MICROCOMPUTER & 
ACCESSORIES 

BBC Model B Only £3@5 

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

ETI MARCH 1985 
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'Rapid 
'Electronics 

MIN. D CONNECTORS 

9 way 15 way 25 way 37 way 
Plugs solder lugs 55p 66p 90p 150p 
Right angle 90p 135p 200p 350p 
Sockets solderlugs 80p 100p 135p 260p 
Right angle 120p 180p 290p 420p 
Covers 100p 90p 100p 110p 

CONNECTORS 

DIN Plug Skt Jack Plug Skt 
2 pin 9p 9p 2.5mm 10p 101, 
3 pin 12p 10p 3.5mm 9p 9p 
5 pin 13p 1 1 p Standardl6p20p 
Phono 10p 12p Stereo 24p 25p 
1mm 12p 13p 4mm 18p 17p 
UHF (CBI Connectors: 
PL259 Plug 40p. Reducer 145. 
50239 square chassis skt 38p. 
502395 round chassis skt 40p. 
IEC 3 pin 250V/6A. 
Plug chassis mounting . . 38p 
Socket free hanging . 60p 
Socket with 2m lead . . 120p 

SWITCHES 
Suburin toggle: 
SPST 55p. SPDT 60p. DPDT 65p. 
Miniature toggle: 
SPDT 80p. SPDT centre off 90p. 
DPDT 90p. DPDT centre off 100p. 
Standard toggle: 
SPST 35p. DPDT48p 
Miniature DPDT slide 14p. 
Push to make 15p. 
Push to break 22p. 
Rotary type adjustable stop. 
1P12W, 2P6W, 3P4W all 55p each. 
DIL switches: 
4SPST 80p 6 SPST 80p. 8 SPST 100 
Min. DPDT slide 14p. Push -make 15 

2718-250 £12.25 
Brand new Hitachi product. Ideal 
for use with the BBC Micro. 
Please note this price is not a 

misprint!! 

SOLDERING IRONS 

Antex CS 17W Soldering iron 430 
2.3 and 4.7mm bits to suit . 85 
Antex XS 25W soldering iron '.5.35 
3.3 and 4.7mm bits to suit 85 
Solder pump desoldering tool 480 
Spare nozzle for above . . 70 
10 metres 22 swg solder . 100 
0.5kg 22 swg solder . . 750 

TRANSFORMERS 

3VA PCB Mounting 
2x6V@0.25A;2x9 V@0.15A 
2x 12V@0.12A;2x 15V@0.1 A 180p 

6VA PCB Mounting 
2x6V@0.5A;2x9V@0.4A 
2x 12V@0.3A;2x 15V@0.25A 270p 

Standard. Chassis Mounting 
6VA: 2o6V@0.5A; 2x9V@0.4A 
2x 12 V @0.3 A;2 x 15 V @0.25A 240p 

12VA: 2x6V@1A; 2x9V@0.6A 
2015V@0.4A;2x20V@0.3A 350p 

SOCKETS 

8 pin 
14 pin 
16 pin 
18 pin 
20 pin 

Low Wire 
orofile wreP 
7p 28p 
Hp 45p 
10p 55p 
12p 60p 
13p 68p 

22 Pin 151: 75p 
24 pin 17p 82p 
28 pin 15p 95p 
40 pin 25p 135p 

Professional Z IF sockets 
24 pin 430p 28 pm 4801e 
40 pin 595P 

MICRO 

2716 310 
2532 380 
2732 one time 
programmable 

360 
2732 430 
2764-250 495 
2764 BBC 495 

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

COMPONENT KITS 

VERO 

Verobloc 395 
Veroboard Size 0.1 in matrix 
2.5 x 1 26 
2.5o375 95 
3.75 x 5 120 
3.75 x 17 350 
4.75 z 17 455 
VQ board 190 
Veropins per 100: 
Single sided 55 
Double sided . . . 65 
Spot face cutter . . . 145 
Pin insertion tool . . 185 
Wiring pen 375 
Spare spool 75p Combs 6 

MAIL ORDERS: 
Unit 1, Hill Farm Industrial Estate, 

Boxted, Colchester, Essex CO4 5RD. 

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

CABLES 

20 metre pack single core connect- 
ing cable ten different colours. 75p 
Speaker cable . . 10p/m 
Standard screened . . 16p/m 
Twin screened . . 24p/m 
2.5A 3 core mains 23p/m 
10 way rainbow ribbon 26p/ft 
20 way'rainbow ribbon 47p/ft 
10 way gory ribbon . . 14P/ft 
20 way grey ribbon . . 28p/ft 

REGULATORS 

78L05 
78L12 
78L15 
7805 
7812 
7815 
LM317K 
LM317T 
LM323K 

30 
30 
30 
40 
40 
45 

270 
90 

420 

79L05 
79L12 
79L15 
7905 
7912 
7915 
LM723 
78H05 

45 
45 
45 
45 
45 
45 
40 

550 

6800 
6802 
6809 
6810 
6821 
6840 
6850 
6852 
6875 
6880 
6502 

200 
280 
600 
140 
140 
360 
165 
240 
500 
100 
370 

6522 
6532 
6651 
8085A 
8156 
8251 
8253 
8255 
8259 
MC1488 
MC1489 

330 
520 
540 
320 
380 
350 
370 
320 
400 

70 
70 

DIODES 

8Y127 12 
0A47 10 
OA90 8 
OA91 7 

oA200 8 
0A202 8 
1N914 4 
1.1 N4148 3 

1N4001 3 
1N4002 5 

1N4006 7 

1N4007 7 

1N5401 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 
6V Electronic buzzer . 

12V Electronic buzzer 
P82720 Piezo transducer. 
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. SPDT 
ditto, but °PDT . . 

6 
. 6 
15 

390 
65 
70 
75 
70 
70 
25 
35 
33 
21 

130 
195 

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

0.25W Resistor Kit. Contains 1000 0.25W 5% resistors from 4.7 ohms 
thru to 10M. Quantities depend upon popularity i.e. 10xlOR, 
30x470R, 30x10K, 25x470K. Just £7.90 
Ceramic capacitor Kit. Total of 250 miniature ceramic capacitors from 
22p to O.lu. Just £6.90 
Polyester capacitor Kit. Total of 110 miniature polyester capacitors 
from 0.01 u to 0.47u. Just £6.90 
Preset Kit. Total of 110 miniature preset resistors from 100R to 1M. 
Horizontal mounting type. Just £6.90 
Radial Electrolytic Capacitor Kit. A pack containing a total of 93 
miniature caps from lu to 2200u Just £7.50 
Nut and Bolt Kit. Contains 800 assorted items. 100 each 68A '/.in, 
%in, nuts and wshrs, 4BA '''hin, %in, nuts and wshrs. Just £3.20 

LINEAR 
555CMOS 
556CMOS 
709 
741 
748 
AY31270 
AY38910 
AY38912 
CA3046 
CA3080E 

80 
150 

35 
16 
35 

720 
390 
430 

65 
65 

CA3089 200 
CA3090AQ 375 
CA3130E 85 
CA3140E 38 
003160 95 
CA3136 100 
CA3189 260 
CA3240E 100 
ICL7106 680 

C7611 
CL7621 
CL7622 
CL8038 
C L8211 A 
CM7224 
CM7555 
CM7556 
LF347 
LF351 
LF353 
LF356 
LM I OC 
LM301A 
LM311 
LM318 
LM324 
LM3342 
LM3352 
LM339 
LM348 

98 
190 
200 
295 
220 
785 

80 
150 
150 

40 
75 
90 

325 
30 
45 

135 
46 
85 

125 
40 
60 

L 5 50 
LM377 210 
LM380 80 
LM381 150 
LM382 130 
LM384 140 
LM386 90 
LM387 120 
LM393 60 
LM710 48 
LM711 60 
LM725 70 
LM733 70 
LM741 16 
LM747 60 
LM748 35 
LM1469 36, 
LM2917N8 195 
LM3900 45 
LM3909 85 
LM3914 265 

LM3915 
LM13600 
MC1310 
MC1496 
MC3302 
MC3340 
MF1OCN 
ML922 
ML924 
ML925 
ML926 
ML927 
ML928 
ML929 
NE529 
NE531 
NE544 
NE555 
NE556 
NE565 
NE566 

265 
110 
150 

70 
75 

130 
330 
390 
290 
290 
210 
210 
210 
210 
225 
135 
170 
20 
45 

115 
140 

NE567 130 
NE570 370 
NE571 370 
NE5532 160 
NE5534 105 
RC4136 65 
RC4558 40 
SL486 195 
SL490 220 
SN79018 150 
SN76477 380 
SP8629 250 
SP0256AL2425 
Speech data 50 
TBA800 70 
TBA810 90 
TB/16205n 65 
TBA950 220 
TCA940 165 
TDA1008 320 
TDA1022 490 

TRANSISTORS 

AC125 35 BC158 11 

AC126 30 BC158 10 
AC127 30 BC159 10 
AC128 30 BC160 40 
AC176 25 BC168C 10 
AC187 25 BC169C 10 
AC188 25 BC170 8 
AD142 120 BC171 10 
AD161 42 BC172 8 

AD162 42 BC177 16 
AF124 60 BC178 16 
AF126 50 BC179 18 
AF139 40 5C182 10 
AF186 70 BC182L 10 
AF239 55 BC183 10 
BC107 10 BC183L 10 
BC107B 12 BC184 10 
BC108 10 BC184L 10 
BC108B 12 8C212 10 
BC108C 12 BC212L 10 
BC109 10 BC213 10 
BC109C 12 BC213L 10 
BC114 22 BC214 10 
BC115 22 BC214L 10 
BC117 22 BC237 7 
BC119 35 BC238 7 

BC137 40 BC308 10 
BC139 38 BC327 8 
BC140 29 BC328 8 

BC141 30 8C337 8 
BC142 28 BC338 12 
BC143 30 BC477 22 
BC147 10 BC478 22 
-8C148 10 BC479 22 
BC149 10 BC517 30 
BC157_ 11 BC547 5 

BC548 5 
BC549 10 
BC557 10 
BC558 10 
BCY70 16 
BCY71 16 
BCY72 16 
130115 55 
BD131 40 
BD132 40 
BD133 50 
BD135 35 
BD136 35 
BD137 35 
BD138 35 
80139 35 
BD140 35 
130204 110 
80206 110 
130222 85 
BF180 35 
BF182 35 
BF184 35 
BF185 25 
BF194 12 
BF195 12 
BF196 12 
8F197 12 
BF198 15 
BF199 18 
8F200 35 
8E2448 35 
6E245 35 
BF2568 45 
8E257 32 
8E258 30 
BF259 30 
6E337 35 
BFR40 35 

BFR40 23 
BFR80 23 
BFR81 23 
BFX29 s0 
BFX84 30 
BFX85 30 
BFX86 30 
BFX87 30 
BFX88 30 
BFY50 27 
BFY51 27 
BFY52 27 
BFY53 30 
BFY55 30 
BFY56 30 
BRY39 50 

BSX29 35 
BSY95A 30 
BU205 160 
BU206 200 
BU208 170 
MJ2955 99 
MJE340 50 
MJE520 50 
MJE521 90 
MJE3055 70 
MPF102 40 
MPF104 40 
MPSA05 23 
MPSA06 25 
MPSA12 29 
MPSA55 30 
MPSA56 30 
MPSU05 55 
MPSUO6 55 
MPSU55 55 
MPSU56 55 
2N118L 22 

2N1613 30 2N3906 
2N2218A 45 2N4037 
2N2219A 28 2N4058 
2N2221A 25 2N4060 
2N2222A 20 2N4061 
2N2368 25 2N4062 
2N2369 18 40360 
2N2484 27 40361 
2n2646 60 40362 
2N2904 28 40408 
2N2904A 28 2N5457 
2N2905 28 2N5458 
2N2905A 28 255459 
2N2906 28 2n5485 
2N2906A 28 255777 
2N2907 24 2N697 
2N2907A 24 2N698 
2N2926 10 2N706A 
2N3053 28 2N708 
2N3054 55 25918 
253055 50 TIP29 
253442 120 TIP29A 
2N3702 9 TIP29B 
2N3703 10 TIP29C 
2N3704 9 TIP30 
2N3705 10 TIP30A 
2N3706 10 TIP300 
2N3707 10 TIP30C 
2N3708 10 TIP31A 
2N3709 10 TIP31B 
2N3712 170 TIP31C 
253773 195 TIP32A 
253819 32 TIP328 
2N3820 50 TIP32C 
2N3823 65 TIP33A 
2N3866 90 TIP33C 
2N3903 10 TIP34A 
2N3904 10 TIP34C 
2N3905 10 TIP35A 

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

105 

TDA1024 115 
TL061 40 
TL062 65 
TL064 105 
TL071 38 
TL072 60 
TL074 110 
TL081 30 
TL082 50 
TL084 105 
TL170 50 
UA2240 140 
ULN2003 80 
ULN2004 80 
XR2206 365 
ZN414 80 
ZN423 135 
ZN424P 130 
ZN425E 350 
ZN426E 300 
ZN427E 600 
ZN428E 450 
ZN459 285 
ZN1034E 200 

TIP35C 125 
TIP36A 115 
TIP36C 130 
TIP41A 45 
TIP42A 45 
TIP120 60 
TIP121 60 
TIP122 60 
TIP141 110 
TIP142 120 
TIP147 120 
TIP2955 70 
TIP3055 60 
TIS43 40 
TIS43 40 
TIS44 45 
TIS45 45 
T1590 30 
T1591 30 
VN10KM 65 
VN46AF 94 
VN66AF 110 
VN88AF 120 
ZTX107 11 

ZTX108 11 

ZTX109 11 

ZTX300 
ZTX301 
ZTX302 
ZTX304 
,ZTX341 
ZTX500 
ZTX501 
ZTX502 
ZTX503 
ZTX504 

14 
16 
16 
20 
20 
13 
18 
18 
18 
25 

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

OPTO 

3mm red 8 5mm red 8 
3mm green 11 5mm green 11 

3mm yellow 11 5mm yellow 11 

Clips to suit -3p each. 
Rectangular: TIL32 40 
red 12 TIL111 60 
green 17 TIL78 40 
yellow 17 ORP12 85 
1L074 95 ILQ74 185 
TI L38 35 TIL100 75 
2NS777 45 Tricolor Led 35 
Seven segment displays: 
Com cathode. Com anode. 
DL704 0.3" 95 DL7070.3" 95 
FND5000.5"100 FND5070.5"100 
10 bar DIL LED display, red 180 

5mm superbright LED 250mcd 
red 30 

RESISTORS 
arao film 10 

8W 5%4.7ohm - 10M 2p 
%W 5% 4.7ohm - 4M7 3p 
'Metal film 
y.W1%10ohm-1M 4p 
250 price applies to 25+ per 
value not mixed. 

25+ 
1p 
2P 

3p 

Rspid. 
Electronc 

Compu, 
Catalo9 

TRIACS 

400V 4A 

400V 8A 65 
400V 16A 95 

50BR100 25 

NEW 1985 CAATALOGUE 
Our new fully illustra- 
ted 50 page detailed 
information on over 
3000 product lines at 
the most competitive 
prices in the market. 
The catalogue costs 
just 70p including pos- 
tage or free with orders 
over £20 in value. Send 
for your copy today! 

K * * * * * 1p*dP 

ACCESS AND 
BARCLAYCARD 

WELCOME 

11111 
7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 

7412 
7413 
7414 

25 7416 
25 7417 
25 7420 
25 7421 
25 
25 
45 
45 
25 
25 
25 
25 

7422 
7427 
7428 
7430 
7432 
7433 
7437 
7438 

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

COMPUTER CONNECTORS 
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 IOC 450 
'e -ny Centronix IOC . . . 490 

RIBBON CABLE 
Grey Ribbon cable. rice 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 

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

4.194MHz 150 
443MHz 100 
5.008MHz 240 
6.0MHz 140 
6.144MHz 150 
7.0MHz 150 
8.0MHz 140 

10.0MHz 170 
12.0MHz 170 
16.0MHz 200 

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

25 7476 
74 7480 

105 7483 
130 7485 
98 7486 
98 7489 
25 490 
25 7491 
25 7492 
25 7493 
25 7494 
35 7495 
40 7496 
36 7497 
55 74100 

40 
50 
65 

110 
38 

170 
55 
80 
55 
55 
90 
70 
80 

170 
125 

74107 
74109 
74121 
74122 
74123 
74125 
4126 

74132 
74141 
74145 
74147 
74148 
74150 
74153 
74154 

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; 1 u - 23p. 
Electrolytic, radial or axial leads: 
0.47/63V, 1/63V, 2.2/83 V, 4.7/63V, 
10/25V - 7p; 22/25V, 47/25V 8p; 
100/25V - 9p; 220/25V - 14p; 
470/25V - 22p; 1000/25V - 30p; 
2200/25V - 50p. 
Tag end power supply electrolytic,: 
2200/40V. 110p; 4700/40V -160g 
2200/63V - 140p; 4700/63V - 230p 
Polyester, miniature Siemens PCB: 
1n, 2n2, 3n3, 4n7, 6n8, 10n, 15n, 7p; 
22n,33n,47n,68n,8p; 100n, 9p; 
150n, 11p; 220n, 13p; 330n, 20P; 
470n 26p; 680n, 29p; lu 33p; 

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 - 45p; 47/6V - 27p; 47/16V 
70p; 68/6V - 40p; 100/10V - 90p. 
Cer. disc. 22p-0.01 u 50V, 3p each. 
Mullard miniature ceramic plate: 
1.SpF to 100pF 6p each. 

Polystyrene, 5%tol: 10p -1000p, 6p; 
1500-4700,80;6800 0.012u, 10g. 
Trimmers. Mollard 808 series: 2-10 
pF, 22p; 2.220F, 30P; 5.5 65PP, 35p 

BRIDGE 
RECTIFIERS 

1.4 50V 
1A400V 

2A 200V 40 
2A400V 45 
6A 100V 80 
6A 400V 96 

20 VM18 DIL 0.9A 
35 200V . . 50 

IDC CONNECTORS 

PCB 
Plug 
St. 

PCB 
Plug 
Rt. ang. 

Socket Edge 
Conn. 

10 way 70 70 70 - 
16 way 75 80 80 
20 way 90 90 95 130 
26 way 105 110 116 156 
34 way 115: 130 130 180 
40 way 140 140 145 210 
50 way 165 165 170 240 
60 way 195 195 200 - 

BOXES Aluminium 
3x2x1" 65 

Plastic with lid 4 x 2%x 1%" 95 
& screws 4x2%x2" 95 
71x46x22mm 50 6x4x2" 120 

95x71x35mm 86 7x5x28" 165 

140x90055mm 140 8 x 6 x3" 205 

40 
60 
50 
50 
92 
50 
so 
60 
80 
85 

130 
105 
130 

70 
135 

74157 
74160 
74161 
74162 
74163 
74164 
74165 
74187 
74170 
74173 
74174 
74175 
74176 
74177 
74179 

80 74180 
90 74181 
90 74162 
90 74190 
90 74191 

115 74192 
90 74193 

200 74194 
170 74195 
100 74196 
100 74197 

80 74198 
80 74199 
80 
90 

85 
230 

85 
120 
120 
120 
110 

BO 

63 
120 

85 
195 
196 

CMOS 

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

18 
18 
18 
65 
18 
50 
40 
40 

118 
18 
26 
50 
42 

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

26 
43 
55 
35 
48 
55 
60 
16 
35 
18 

120 
28 
40 
45 
18 

125 

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

145 
270 
270 

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

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

70 
70 

400 
70 
80 
24 

230 
18 
18 
22 
18 
18 
18 
24 
60 
24 

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

18 
20 
60 
60 

120 
26 
70 
70 

260 
70 
38 

100 
75 

100 
75 
90 

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

50 
45 
45 

115 
48 
50 
50 

115 
115 
48 
48 
48 

110 
70 
60 
45 

4529 
4532 
4534 
4538 
4543 
4549 
4553 
4555 
4556 
4559 
4580 
4584 
4585 
4724 

80 
65 

390 
70 
65 

390 
215 

50 
50 

380 
110 

38 
65 

140 

LS TTL 

L500 
LSOI 
LSO2 
LSO3 
LSO4 
LSO5 
LS08 
LSO9 
LS10 
LS11 
LS12 
LS13 
LS14 
LS15 

22 

LS20 
LS21 
LS22 
LS26 

22 LS27 
22 LS30 
22 LS32 
22 LS37 
22 LS38 
22 LS40 
22 LS42 
22 LS47 
22 LS48 
22 LS51 
35 LS55 
45 LS73 
22 LS74 

22 LS75 
22 LS76 
22 LS78 
22 LS83 
22 LS85 
22 LS86 
22 LS90 
22 LS92 
22 LS93 
22 LS95 
60 LS96 
78 LS107 
78 LS109 
22 LS112 
22 LS113 
28. LS114 
28 LS122 

' 38 
28 
28 
68 

LS123 70 
LS125 37 
LS126 37 
LS132 83 

82 LS136 35 
35 LS138 48 
40 LS139 48 
50 LS145 92 
45 LS147 130 
58 LS148 115 

120 LS151 55 
42 LS153 80 
42 LS154 220 
42 LS155 55 
32 LS157 48 
32 LS158 48 
56 LS160 60 

LS161 
LS162 
LS163 
LS164 
LS165 
LS166 
LS170 
LS173 
LS174 
LS175 
LS190 
LS191 
LS192 
LS193 
LS195 
LS196 
LS197 

60 
60 
60 
70 
95 
88 

120 
SO 
60 
60 
75 
55 
75 
75 
60 
75 
75 

LS221 78 
L5240 105 
LS241 80 
LS242 80 
LS243 80 
LS244 80 
LS245 88 
LS247 77 
LS251 55 
LS257 55 
LS258 55 
LS259 90 
LS266 28 
LS273 80 
LS279 55 
LS283 70 
LS353 85 

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

42 
42 
42 
42 
80 
80 
55 

100 
88 
82 
82 

116 
115 
170 

ORDERING INFQ All components brand new and to full spec. All prices exclude VAT. 
Please add to total order. Please add 50p carriage to all orders under £20 in value Minimum 
order £5. Send cheque/P.O. or Access/Visa number with order. Our new 50 page catalogue 
is given free with all orders over £20. Available at 70p each. Telephone 
orders welcome with Access or Visa. Official orders accepted from colleges, schools etc. 

Export orders no VAT but please add for carriage. We are open Monday to Friday. 
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DIGEST 
System on a 
Chip? Well, 
Perhaps 

Rapid Recall has just an- 
nounced a new Intel soft- 

ware -on -silicon product which 
features a full BASIC interpreter 
in ROM on a single chip. 

Known as the 8052 AH -BASIC, 
this 40 -pin device is specifically 
designed for process control, 

measurement and instrumenta- 
tion applications. It consists of an 
8052 AH micro -controller with a 
full -feature BASIC interpreter 
resident in the 8K bytes of avail- 
able ROM.The interpreterallows 
8052 AH users to write programs 
in BASIC instead of assembly 
language. 

MCS BASIC -52 contains all the 
standard BASIC commands and 
functions, including BCD floating 
point arithmetic and transcen- 
dental operations. It also has 
many unique features to perform 
tasks that usually require 
assembly language program- 
ming. Bit -wise logic operators 

(such as AND, OR and 
EXCLUSIVE -OR) are supported, 
as is hexadecimal arithmetic. 

Additionally, almost all of the 
8052 AH's special function regis- 
ters can be accessed with MCS 
BASIC -52, allowingthe usertoset 
the timer or interrupt modes 
within the constructs of a BASIC 
program. MCS BASIC -52 also has 
a built-in 5msec real time clock 
which can be enabled, disabled 
and used to generate interrupts. 
Interrupts can be handled either 
by BASIC or assembly language. 

A powerful feature of MCS 
BASIC -52 is that it generates all 
the timing necessary to program 
any standard EPROM or E2PROM 
with the user's application pro- 
gram.Allthat is required to imple- 
ment this feature is a transistor, a 
gate and two passive compo- 
nents. Very little external hard- 

ware is required to construct 
small systems. 

Unlike most other BASIC inter- 
preters, MCS BASIC -52 allows 
programs to reside in both RAM 
and EPROM/E2PROM. With the 
additional facility that up to 255 
programs may reside in EPROMY 
E2PROM. Programs can also be 
transferred from EPROM/E2PROM 
to RAM for editing purposes. 

An interrupted language, MCS 
BASIC -52 allows the user to 
develop a program interactively 
without the tiresome processes 
required byassemblersand com- 
pilers. Its design permits a pro- 
grammer to develop resident 
high-level language software 
using the 8052 AH micro - 
controller. Rapid Recall Limited, 
Rapid House, Denmark Street, 
High Wycombe, Bucks, HP11 
2ER, tel 0494 26271. 

Time Lapse 
VCR 

T he Video Systems depart- 
ment of Panasonic Industrial 

have introduced a video cassette 
recorder which provides all the 
features normally found on such 
machines but in addition has the 
facility to produce time lapse re- 
cordings. The machine can be 
used with a conventional TVs et or 
as part of a closed circuit televi- 
sion system for use in security/ 
surveillance, education and in- 
formation applications. 

The AG -6010 is a VHS machine 
which can make recordings of up 
to three hours in the normal way 
orovera continuous period of 18, 
36 or 72 hours in time lapse mode. 
The three -head design is des- 
cribed as microprocessor con- 

trolled and provides a wide range 
of functions including still, slow, 
frame shift, reverse play and high 
speed forward or reverse search. 
A built-in timer allows time and 
date to be superimposed upon 
the recorded images and timed 
recordings can be stopped and 
started within a 24 -hour period. 
Other features include automatic 
repeat recording, automatic re- 
cording after a power failure and 
alarm recording at normal speed. 
It is designed to complement 
Panasonic's range of CCTV pro- 
ducts, including the mini CCTV 
system which allows up to three 
low-cost cameras to be used with 
a 9" monitor which has a built in 
sequential decoder. 

The AG -6010 is now available 
through Panasonic's CCTVdealer 
network and the recommended 
retail cost is £1295.00 plus VAT. 
Panasonic UK Ltd, 300-318 Bath 
Road, Slough, Berkshire SL1 6JB, 
tel 0753-34522. 

By the 1st of January 1986 
almost every company in the 
country will be required to display 
the new, EEC approved safety 
signs. As a reminder, the British 
Safety Council have produced a 
full colour poster which features a 
sculpted figure not unlike the pre- 
sent occupant of 10, Downing 

Street. The wording on the poster 
reads "How dare you ignore the 
new safety signs". Readers wish- 
ing to acquire a copy for 
correction/contemplation/wor- 
ship/to throw darts at should 
write to the council at 62-64 Chan- 
cellors Road, London W6 9RS, tel 
01-741 1231. 

'Walker In 
Manchester' 
Shock 

ictured above in classic pose - praying that he won't get 
any more technical enquiries - is 
erstwhile ETI Project Editor Phil 
Walker. Unconfirmed reports 
suggest that he is now in the 
Manchester area, scene of many 

previous exploits (no, of course 
we're not going to tell you; use 
your imagination). 

Sensitive Mancunians are 
advised to approach with care as 
this man's jokes have been known 
to stun at twenty paces. Those 
encountering him should 
approach with care and, if verbally 
assaulted, utter the terrible cry 
'technical enquiry'. That should 
send him packing! 

P.S. Sorry, Phil. And best of luck e 
in your new job. 

ETI MARCH 1985 7 

www.americanradiohistory.com



ELECTRONIC SIREN 
KIT 

MICROPROCESSOR 
TIMER KIT 

Produces an extremely 
loud piercing swept 
frequency tone from a 

9-15V supply. Enable 
input for easy connection 
to alarm circuits. 
Includes 5in. Horn Speaker. 

Mini Siren 
As above, but with a small speaker (instead 
of horn speaker) for internal use. 

Complete with box £4.30 

TOP QUALITY ... TOP SERVICE 
BOTTOM PRICES! 

For FREE CATALOGUE send 9" x 6" SAE - contains full list of stock 
range all at very competitive prices. Cash with order (except account 
customers). Access or Barclaycard telephone orders welcome. Add 

75p pErp + 15% VAT to all UK orders. Overseas customers add £2.75 

pErp Europe, £6.50 elsewhere. Giro No. 529314002. Goods by return 

subject to availability. Shop open 9am-5pm (Mon -Fri). 10am-4pm 
Sat). ALL PRICES EXCLUDE VAT 

SECURITY PRODUCTS 

Protect your home 
and property and 
save by building 
your own burglar 
alarm system. 

Stair Mat 23 * 7 in 1950 1201 £1.70 
Floor Mat 29 ir 16 in (950 125) £2.60 
Tamper -proof connecting block 
1950 1 101 £0.30 
Door/Window Contacts. Flush 
mounting, 4 wire, Magnet 'switch 
Per Pair. 1950 1401 £1.05 
Window Tape 0.5" wide. 50m. 
1950 1451 E2.50 
Window Tape Terminations 
Per pair. 1950 1501 £0.36 
Key -operated Switch. 1.5A 250V 
SPSI Heavy chrome metal. 
1350 1281 £4.50 
Passive Infra -Red Detector 
Detects intruder's body heat. Range 
10 metres. 12V DC. n o & nc contact. 

19501351 E40.00 
Alarm Control Unit. 4 input circuits, 2 - 

instant and 2 -delayed. Adjustable entry, 
exit and alarm times. Built and tested. Full 
Instructions supplied. Size. 180 130. 
30mm. Supply: 12V DC. 
(950 1601 £26.00 
Ultrasonic Burglar Alarm. Self-contained 
mains or battery powered unit complete 
with horn and AC adaptor. Imputs for pres- 
sure mats and other sensors together with 
exit/ entry delays enable this unit to be used 
as a complete system. £45.00 r p&p £2.20 

8W Horn Speaker. 5.5 ins. 8 ohm. Ideal 
for sirens, etc. 2.5m lead and 3.5mm tack 
plug. 1403 1481 £6.15 

= 
INFRA -RED REMOTE CONTROL KITS 

These kits are designed to enable infra- 
red remote control to be incorporated into 
virtually any application from switching 
car locks or alarms to controlling Hi-Fi or 
TV. The application will determine the 
interface circuitry between the receiver 
and the controlled device. General in- 

structions and applications are supplied. 
The kits are coded and provide a high 
dearee of security and noise immunity. 
MK 18 Transmitter Kit - for use with 
MK 11 /MK 12 receivers. Requires PP3 bat 
tery. Size: 8 e 2 * 13cros. Range approx. 
60 ft. E6.80 
Keyboards for MK 18 
MK9 4 -way for use with MK 12 £ 1.90 
MK10 16 -way for use with MK12 £5.40 
MK13 11 -way for use with MK 11 £4.35 
MK11 Receiver Kit - mains powered. 
Provides 10 latched plus 3 analogue out 
puts ideal for controlling audio amplifiers, 
TV or lighting where control of light 
brightness is required. £ 13.50 

MK14 AC Power Controller Kit for 
(phase) controlling AC loads from MK1 t 

analogue outputs, eg lamp dimming. 
£5.20 

MK19 Stereo Amplifier Controller Kit -- 

for remote control of bass, treble and 
volume for balance) by MKII. Includes a one of 
10 decoder remote channel or input selection. 
May be connected between the pre -amp and 
power amp of almost any audio system. 

£ 10.70 

MK12 Receiver Kit -- mains powered 
with 16 latched or momentary outputs. 
Latched version is for applications re- 

quiring one output on at a time, eg TV 
channel selection. Momentary type gives 
an output only during transmission. Lines 
may be latched as required. 
Size- 9 r 4 r 2cros. £13.50 

MK 15 Dual Latched Solid State Relay - 

for switching mains loads such as lamps. 
TVs, etc, from the outputs of the MK 12 
(momentary). 15 items may be switched 
independently using 8 MK 15s Triacs (not 
supplied) switch at mains zero to reduce 
interference. £4.50 

IR GARAGE DOOR 
CONTROLLER KIT 

For controlling motorised garage doors 
and switching 
garage and drive 
lights on off up to 
a range of 40 ft 

Lots of apps, 
cations like 
controlling lights 
and TVs, 
etc, ,n the home Ideal for aged or dis 
abled persons, this coded kit comprises of 
a mains powered infra red receiver with a 

normally open relay output plus two 
latched transistor outputs, battery 
powered transmitter and opto isolated 
solid state mains switch. 

YÍi) 

XK103 
XK105 Extra transmitters 

£25.00 
£10.50 

COMPONENT PACKS 

PACK 1 650 Resistors 47R 10M 
10 per value 

PACK 2 40 16V Electrolynrs 
10 1000vF hoer 
value 

PACK 3 60 Polyester Capa 
citons. 0.01 1,,F 250V 

5 values 
PACK 4 45 Pr sets 100R tM 
PACK 5 30 - Low Profile IC 

Sockets 8 14 & 16 pin 
PACK 6 25 Rial LEDs rhino' 

£400 

E3 25 

E555 
E300 

E2 40 
(1 75 

l'I 

--CCCE>--- 

L 

BT STYLE PHONE 
CONNECTORS 

Designed to con- 
trol 4 outputs 
independently 
switching on and 
off at preset times 
over a 7 -day 
cycle. LED dis- 
play of time and day, easily programmed 
via 20 -way keyboard. Ideal for central 
heating control )including different 
switching times for weekends). Battery 
back-up circuit. Includes box. 
18 time settings. 

CT6000K 

XK114. Relay Kit for CT6000 
includes PCB, connectors and 
one relay. Will accept up to 4 
relays. 3A/240V c/o contacts 

701 115 Additional Relays 

£39.00 

£3.90 

£1.65 

ELECTRONIC LOCK KIT 

With hundreds of uses indoors, garages, 
car anti -theft devices, electronic equip- 
ment, etc. Only the correct easily 
changed four -digit code will open it! Re- 

quires a 5-15V DC supply. Output 
750mA. Fits into standard electrical wall 
box. 
Complete kit (except front panel) 
XK101 £11.50 
Electric Lock Mechanism for use with 
existing door locks and the above kit. 
(Requires relay.) 12V AC/DC coil, 
(701 150) £ 14.95 

HOME LIGHTING KITS 

Line Jack Units 
Master Unit (first 
line uniti has hell 
capacitor and 
surge arrester. 

Flush or surface mnunting Screw con 
Hectors 

Master )flush, 1960 110i £3.00 
Master lsurlacei 960 112i £3.00 
Master loin, surface, 1960 113i £3-50 
Secondary Mush] 1960114i £2-65 
Srrve,,dary ,960 t 161 £2.65 
Secondary imis, surf 1960 117i £3.00 
Dual outlet adaptor 1960 1 1 8i E4.20 
4, way line cord with plug to spade ter 
urinals 1960 1201 E2.00 
4 -way line cord (960 1301 £0.20 per m 

These kits are 
designed to 
replace a stan- 
dard wall switch 
to control up to 
300w of lighting 

` - . F 
Y Ati .P 

TDR300K Remote Controlled 
Light Dimmer £14.95 

MK6 Transmitter for 
above £4,50 

TD300K Touch Dimmer E7.75 

TS300K Touch Switch £7.75 

TDEIK 2 -way extension 
for above kits £2.50 

10300K Rotary controlled 
Light Dimmer £3.95 

DISCO LIGHTING KITS 

LCD DIGITAL MULTIMETERS 

PANTEC KITS 

PN2 FM Micro Transmitter 
PN3 Stabilised Power Supply 
PN5 2 10w Stereo Amplifier 
PN6 2 40w Stereo Amplifier 
P147 Pushbutton Stereo Preamp 
PN8 Tone & Volume Control 
PN11 3w FM Transmitter 
PN13 Single Channel FM 

Transmitter 
PN14 Receiver for above 

i 

£7.50 
£13.70 
£14.50 
£24.95 
£12.80 
£13.60 
£11.95 

£9.80 
£15.50 

LOW COST) 10M ohm. 3/r digit 0.4 in 

display. Auto zero and polarity. low butt. 
indication, overload protection. Includes 
test leads, battery, spare fuse, manual. 
carrying case. 
AC Volts: 0 200-500. 
DC Volts. 0-2-20.200. 1000. 
DC Current. 0-20m-200mA. 
Resistance. 0 -2k -20k 200k 2M. 
Size 138 . 86 x 36mm. 
1405 2021 £25.95 
Professional 10M, 0.5 in, 3're digit. 
Overrange and low battery indication. 
Overload protection. Includes leads, 
spare fuse, battery, manual and case. 
Transistor Checker. Size'. 175 ° 93 
42mm. 
AC Volts: 0200-750. 
DC Volts: 0-200m-2-20.200-1000, 
DC Current. 0-20u-2m-20m-200mA. 
0-10A. 
Ohms: 0 -200 -2k -20k -200k -2M. 0-20M. 
1405 204) E33.50 

Auto Ranging. 31// 
digit 10mm display. 
Continuity buzzer, 
low battery, overload 
and range indication. 
10A internal shunt 
for AC/DC current 
measurement. Carry- 
ing case supplied, 

AC Volts. 0-2-20-200-600. 
DC Volts: 0-0.22 20-200-1000. 
AC Current 0-200mA. 0-10A. 
DC Current: 0-200mA/0. 10A. 
Resistance: 0-200-2k- 20k -200k 0.2M. 
Size: 160'! 85 v 29mm. 
1405 2061 £44.85 
High Sensitivity Temperature Probe. 
For use with a multimeteri to measure 
temperatures from --50°C to i -250°C 
Accuracy: 1.5°C@25°C, 2°C@100°C. 
Response time (in water). 5 seconds. 
Includes case, calibrated scale and in- 
structions. 1405 2201 £8.50 

L 
rsrrrXIIl 
on me' - 

ELECTRONICS 
11-13 Boston Road 

London W7 3SJ 
ORDERS ENQUIRIES 

01-567 8910 01-579 9794 

01-579 2842 TECHNICAL AFTER 3pm 

DL1000K This value:for money 4 -way 
chaser features bi-directional sequence 
and dimming. 1kW per channel E15.95 
DLZ1000K -- A lower cost uni -directional 
version of the above. Zero switching to 
reduce interference. £8.95 
Optional opto input allowing audio 'beat', 
light responselDLA/11 70p 
DL3000K 3 -channel sound to light kit 
features zero voltage switching, auto- 
matic level control and built-in micro- 
phone. 1kW per channel. £12.95 

DVM/ULTRA SENSITIVE 
THERMOMETER KIT 

Based on the ICL 7126 and a 3Y digit 
liquid crystal display, this kit will form the 
basis of a digital multirneter (only a few 
additional resistors and switches are re- 
quired - details supplied), or a sensitive 
digital thermometer 150°C to + 150°CI 
reading 0.1°C. The kit has a sensitivity of 
200rnV for a full-scale leading automatic 
polarity and overload indication. Typical 
battery life of 2 years IPP31. £15.50 

CLOCK LOWER® 

UXBRIDGE ROAD 

CAR 
PARK 

K 3 c 

w 
o 
N 
o 
Z 
D 

ALINGSNORTN 
CIRCULAR RDA 

\\' NAN WELL 
Lt GARAGE 
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12 MHz 
AM/FM Sweep 
Function 
Generator 

The series 8120 multipurpose 
function generator from 

Global Specialties Corporation 
provides sine, triangle, square, 
and pulse wave forms with vari- 
able amplitude, symmetry and 
offset over a frequency range of 
1mHz to 12MHz. Frequencies 
can be amplitude or frequency 
modulated with an internal 1kHz 
sine signal or with an external 
signal or in a combination of both 
internal and external signal. 

The output can be continuous, 
gated or triggered either by an 

external switch or a front panel 
manual switch. The start phase of 
the output signal is continuously 
adjustable from -90° to +90°. 
When used as a sweep generator, 
the series 8120 has an internal 
ramp with variable duration to 
provide a recurring linear sweep 
overa 100:1 frequency range ora 
1000:1 range using an external 
signal. 

Other features include an out- 
put amplitude to 30V peak -to - 
peak, an attenuation and 
amplitude control to 80dB, a 20% 
to 80% variable symmetry and a 

DC/offset voltage adjustable 
from -7.5 to+7.5V into 50R.A 3 - 

digit LED display gives an 
automatic and convenient read- 
out of the frequency, output 
peak -to -peak voltage, output 
offset DC level and sweep stop 
frequency. This facility elimin- 
ates the need for external instru- 
ments such as oscilloscopes, 
digital multimeters, and coun- 
ters, to monitor the output of the 

function generator. 
The 8120 series comprises ten 

different models, each weighing 
approximately 4.5 kg and having 
an ambient operating tempera- 
ture range of 0° to 40°C. Prices 

range from £680.00 to £1,115.00 
exclusive of VAT and postage. 
Global Specialties Corporation, 
Shire Hill Industrial Estate, 
Saffron Walden, Essex CB11 
3AQ, tel 0799-21682. 

Hiccough 
Monitor 

Could a hicough in the mains 
cause chaos with your micro 

or other gear? The answer is 'yes', 
but the problems only start there, 
because it's often impossible to 
tell what actually has caused the 
failure or latch -up, especially if 
you're testing out something 
new. 

Enter Mektronic Consultants 
with 'The Sentry' mains monitor. 
You could use it just to indicate 
when a mains transient has 
occurred, so that, when your 
micro has gone down and taken 
300 hours of diligent machine 
code graphics programming with 
it, at least you will know it wasn't 

your fault. Alternatively, you 
could use 'The Sentry' to check , 

the available supplies at your 
location to see which is cleanest. 
And by noticing what happens 
when a supply transient is gen- 
erated, you could eventually 
isolate which items are causing 
the transients. 

It plugs into a standard 13A 
socket and provides an indication 
if a transient is detected. It will 
indicate three levels of transient: 
slight, moderate and severe, and 
once a transient is detected the 
indicator lamp remains lit until 
the unit is reset. 'The Sentinel' 
costs £48.50 including P&P but 
excluding VAT (an extra £7.28) 
from Mektronic Consultants, Lin- 
den House, 116 Rectory Lane, 
Prestwich, Manchester M25 5 DB, 
tel 061-798 0803. 

TI Turn Their 
Hand To 
Diesel 

As temperatures plunge well 
below freezing point, drivers 

of diesel-engined vehicles are 
finding that they can start up, but 
that their engines are running 
roughly, and frequently stalling 
two or three minutes down the 
road. 

In sub -zero conditions, diesel 
engines suffer the problem of fuel 
"waxing", in which the paraffin 
crystallises. The engine will then 
usually run until the wax reaches 
the filter, which clogs up and 

leads to stalling. 
Truckers associations advise 

owners to garage their vehicles 
overnight, and to use diesel fuel 
heaters or fuel additives. But 
many do not have garages or even 
sheltered parking places, and the 
fuel mixtures available in any but 
the coldest countries cannot 
cope with such extremes. 

In February 1984, the Materials 
and Controls Division of Texas 
Instruments launched an easy -to - 
use, semiconducting ceramic 
device which prevents the waxing 
of diesel fuel. This diesel fuel 
heater, known as the 30RT, uses 
ceramic elements as a heat 
source. Packaged in a highly - 
efficient heat exchanger, it is 
typically mounted between the 
filter head and the filter itself, or 

alternatively in the fuel line. 
The 30RT, in combination with 

an ambient temperature ther- 
mostat, switches on if the tem- 
perature falls below zero. The 
self-regulating nature of the 
ceramic means that it cannot 
overheat, and can be used on 
applications from 12-24V DC 
without any deterioration in 
performance. 

Since the 30RT's introduction, 
many car, truck and filter makers 
have been evaluating it this winter 
or fitting it to their products. For 
example, it has recently been 
introduced on BMW's 300 series 
diesel models. Agricultural 
machinery maker International 
Harvester has been fitting 30RTs 
on its machines this winter, as has 
Fleetguard the truck maker on its 

Cummins-engined vehicles. 
However, at present the 

average driver is still having to 
contend with waxing problems 
because the automotive industry 
typically takes at least a year to 
complete its evaluation of new 
products, such as the 30RT. By 
next winter, however, this device 
should be moving down from the 
luxury end of car ranges. It will 
also become available through 
the retrofit/DIY after -market, 
helping to reduce the hazards of 
winter driving for many more 
motorists. In the meantime, the 
major UK .filter manufacturer is 
presently adapting its range to 
provide compatibility with the 
30RT. Texas Instruments Ltd, 
Manton Lane, Bedford, MK41. 
7PA, tel 0234 63211. 
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QUALITY COMPONENTS FROM CRICKLEWOOD! This list contains only a 

FRACTION OF OUR STOCK, which is constantly being updated. Prices quoted 
are for "one -offs" -quantity discounts by negotiation. Official orders from Schools, 
Colleges, Goods Dept etc welcomed. WE SPECIALISE IN CREDIT CARD PHONE 
ORDERS. A quick call will check stock position and current prices. Add 60p p&p 
+ 15% VAT to all orders. All in -stock items despatched same day unless notified. 

PRICES SUBJECT 
TO CHANGE 

RESISTORS 

CARBON FILM 
5% HIGH STAB 
LOW NOISE - 

100 TO 
10M0 

W E24 2p 
/ W E24 3p 
1WE12 6p 
2WE12 12p 

METAL FILM 
ULTRA STABLE 
0.4W EXTRA 
LOW NOISE 
100TO 1MO 

1%E24 5p 
LOW OHMIC 
GLAZE 1 2W 
0.22WU to 

8.20 
E24. 1 1 p 
WIRE WOUND 
ON CERAMIC 
E 12 SERIES 

2 to 3W 0.220 
to 3300 29p 

4 to7W0.470 
to6K8 34p 

99011W 10 
to 33K 44p 

POTS & 
PRESETS 

ROTARY POTS 
LOW NOISE 

4SPINDLES E3 SERIES 
467 to 2M LIN 

44p 
467 to 2M LOG 

44p 
As above 
with DP 
Mains Switch 

99p 
As above stereo 

1.30p 
PRESETS 

PIHER 
IDUSTPROOFI 

E3 1000 to 
10M0 

Mini Vert 16p 
Mini Horiz 16p 
Standard Vert 

199 
Standard Hoe 

199 
CERMET 20 

TURN 
PRECISION 
PRESETS 

54" E3ES 
500 to 500K 

95p 

10/16V 21p 7442 
10/35V 31p 7444 
15/16V 28p 7445 
15/25V 32p 7446 
22/63V 29p 7447 
22/16V 32p 7448 
33/10V 34p 7450 
47/3V 35p 7451 
47/63V 34p 7453 
47/16V 99p 7454 
100/3V 35p 7460 

7470 
7472 
7473 

ELECTRO- 7474 
LYTICS 7475 
Mainly 7476 

Panasonic 7480 
AXIALS(Wires 7481 

each end) 7482 
Fd V 7483 

.47 63 9p 7484 
47 100 10p 7485 
47 350 35p 7486 
1 100 10p 7489 

1 500 46p 7490 
2.2 25 9p 7491 
22 63 10p 7492 
22 100 13p 7493 
2.2 350 34p 7494 
3.3 40 13p 7495 
3.3 63 14p 7496 
47 35 top 7497 
47 50 13p 74100 
4.7 63 14p 74104 
4 7 100 16p 74105 
10 25 9p 74107 
10 50 14p 74109 
10 63 16p 74110 
10 100 18p 74116 
10 350 55p 74118 
22 25 13p 74119 
22 40 16p 74120 
22 63 18p 74121 
22 100 24p 74122 
47 25 16p 74123 
47 40 20p 74125 
47 63 30p 74126 
47 100 32p 74128 
100 16 16p 74132 
100 25 18p 74136 
100 50 25p 74141 
100 63 29p 74142 
100 100 34p 74143 
220 10'18p 74144 
220 16 19p 74145 
220 25 25p 74147 
220 40 29p 74148 
220 63 34p 74150 
220 100 46p 74151 
470 16 25p 74153 
470 25 32p 74154 
470 40 38p 74155 
470 63 50p 74156 
470 100 69p 74157 
1000 16 34p 74159 
1000 25 43p 74160 
1000 40 53p 74161 
1000 63 75p 74162 
2200 16 53p 74163 
2200 25 71p 74163 
2200 50 80p 74164 
2200 63 74165 

1.54p 74166 
4700 16 87p 74170 
4700 25 99p 74172 

74173 
74174 

RADIALS 74175 
(Wires one 74176 

end) 74177 
uFd V 74178 
10 35 7p 74180 
22 10 7p 74181 
22 16 8p 74182 
47 10 Bp 74184 
47 16 9p 74185 
100 10 lop 74190 
100 16 1 1 p 74191 
220 10 13p 74192 
220 16 13p 74193 
470 10 140 74194 

74195 
1000 10 23p 74196 
1000 16 28p 74197 
2200 10 39p 74198 
2200 16 51p 74221 
3300 10 57p 
3300 16 75p 
4700 10 75p 
4700 16 

1.09p 
4700 63 

2 99p 
10000 16 

2 99E 
10000 80 

4 95p 

CAPS 

CERAMIC 
100V 

DISC (PLATE) 
912 MICRO 

MINI 
TYPICALLY 

050, 
lEE to 100F 6p 

POLYCARB 5% 
SIEMENS 

75mm 
MINI BLOC E12 

250V 
1 n to 6n8 8p 
8n2 to 47nF 9p 
56nF to 150nF 

12p 
100V 

100nF to 
1500F 13p 
1ß0,1F 10 

270nF 16p 
330nF to 
390nF 25p 
4700F to 
5600F 32p 
680nF 38p 
10F (10mm) 

40p 
POLYESTER 

250V RADIAL 
(C2801 

100F, 15,11 
220E 330F 
47nF. 680F 
1000F 7p 
1500E 200ní 
33001 4700F 

13p 
6800F 18p 

F 22p 
1 50 F 39p 
2.20 F 39p 

FEED - 

THROUGH 
10F 500V 35p 
HIGH VOLTAGE 

Capacitors 
please enquire 

any types in 
stock 

TANT BEADS 
1/35V 14p 
22/35V 14p 
33/35V 14p 
47/35V 14p 
68/35V 14p 
1/35V 14p 

2 2/35V 14p 
3 3/35V 189 
4 7/35V 20p 
6 8/35V 21p 

74TFL 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 

25p 
25p 
25p 
25p 
35p 
25p 
39p 
39p 
25p 
25p 
25p 
25p 
25p 
45p 
59p 
35p 
50p 
25p 
25p 
25p 
35p 
35p 
39p 
39p 
39p 
25p 
35p 
25p 
25p 
39p 
39p 
39p 

85p 
99p 
99p 
75p 
99p 
99p 
35p 
35p 
35p 
35p 
49p 
49p 
49p 
49p 
49p 
49p 
49p 
65p 

1.75p 
95p 
95p 
95p 
95p 
39p 

1.99p 
55p 
65p 
65p 
65p 

1.09p 
55p 
55p 

1.99p 
1.99p 

69p 
59p 
49p 
69p 
69p 

1.65p 
99p 

1.79p 
95p 
49p 
65p 
75p 
75p 
75p 
65p 
75p 
69p 
69p 

2.25p 
2.25P 
2.25p 

99P 
1 75p 
1.29p 
1.59p 

65p 
59p 

1.39p 
8989p 

ßp 
1 75p 
1.059 

p 
99p 
99p 
99p 
9p 

1 p 
1.49p 
1.79p 
3.95p 

45p 
ß9p 
99p 
99p 
99p 

1.45p 
99p 

3.259 
1 35p 
1.ß9p 
1.ßp 
1 2559 

75p 
99p 
99p 
99p 
79p 

t 19p 
1 lop 
2 25p 

999 

74LS TTL 

74LS00 
74Lß01 
74LSO2 
74LS03 
74LSO4 
74LS05 
74LSO8 
74LS09 
74LS10 
74LS11 
74LS12 
74LS13 
74LS14 
74LS20 
74LS21 
741522 
741527 
74L528 
741530 
74L532 
74LS33 
741537 
74L538 
741_540 
74LS42 
741547 
741551 
741554 
74L555 
741_573 
741_574 
741575 
741_$76 
74LS78 
74L583 
741585 
74L586 
741590 
741592 
741593 
74L595 
74L596 
7410107 
74LS109 

Et o 
7415112 45p 
74LS113 45p 
74LS114 45p 
74LS122 69p 
74LS123 85p 
74LS124 

1.35p 
74LS125 49p 
74LS126 49p 
74LS132 65p 
74LS133 45p 
74LS136 45p 
74LS138 55p 
74LS139 55p 
74LS145 99p 
74L5147 

1 75p 
74LS148 

1.35p 
74LS151 65p 
74L5153 65p 
74L5154 

1.99p 
74LS157 55p 
74LS158 69p 
74LS160 75p 
74LS161 75p 
74LS162 75p 
74LS163 75p 
74LS164 75p 
74LS165 

1.09p 
74L5166 

1.95p 

741_5169 99p 
74LS170 

1.65p 
74LS173 99p 
74LS174 99p 
74LS175 75p 
74LS181 

1 99p 
74L5183 

1 99p 
74L5190 85p 
741_5191 75p 
74L5192 85p 
74LS193 65p 
74LS194 75p 
74LS195 75p 
741_5196 89p 
74Lß197 89p 
74LS221 99p 
74LS240 85p 
74L5241 85p 
741.5242 85p 
74L5243 85p 
741_5244 79p 
74LS245 99p 
74LS247 99p 
74L5248 99p 
74L5249 99p 
741_5251 75p 
74LS253 75p 
74LS257 75p 
74L5258 65p 
741_5259 

1 19p 
741_5261 

1 199 
74LS266 55p 
741_5273 

1 22p 
741_5275 

3 49p 
74L5279 75p 
741_5280 

1 89p 
74L5283 79p 
741_5290 79p 

24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
32p 
49p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
24p 
49p. 
85p 
24p 
24p 
24p 
29p 
35p 
45p 
35p 
35p 
69p 
75p 
35p 
49p 
55p 
55p 
75p 
75p 
39p 
45p 

74L5293 79p 
7415295 

1 35p 
7415298 990 
7415299 

2 25p 
74LS323 

3 09p 
7415324 

3 25p 
7415325 

1 65p 
7415326 

2 89P 
7415327 

2 89p 
74L5347 

1 35p 
74LS348 

1 95p 
74L5352 

1 19P 
7415353 

1 19 
74LS362 

685p 
7415365 49p 
7415366 49p 
7415367 49p 
7415368 49p 
74L5373 95p 
74L5374 95p 
74LS378 95p 
74LS386 49p 
74LS390 79p 
74LS393 

I 09p 
7415395 99p 
7415396 

2 95p 
74L5398 

1 95p 
7415399 

1 49p 
74LS445125 

P 
74L5490 

1 49p 
74LS540 

1 39p 
7415541 

1 39p 
741_5640 

1 95p 
7415641 

1 95P 

CMOS 

4000 19p 
4001 19p 
4002 21p 

4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4034 
4035 
4036 
4038 
4040 
4041 
4042 
4044 
4045 
4046 

4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4056 
4059 
4060 
4063 
4065 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4081 
4085 
4086 
4089 
4093 
4094 
4095 
4096 
4098 
4099 
4103 
4502 
4503 
4505 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4519 
4520 
4521 
4522 
4526 
4527 
4528 
4529 
4532 
4534 
4536 
4538 
4543 
4553 
4555 
4556 
4560 
4566 
4569 
4584 
4585 

68p 
25p 
89p 
55p 
29p 
19p 
25p 
25p 
55p 
35p 
52p 
55p 
55p 
75p 
52p 
65p 
39 
49p 

1 50p 
39p 
47p 
75p 
35p 

1 25p 
65p 

1.39p 
95p 

2.75p 
85p 
59p 
55p 
49p 
49p 
99p 
59p 

59p 
54p 
35p 
35p 
65p 
55p 
55p 
79p 
79p 

3.95p 
65p 
85p 
44p 
39p 

2 25p 
25p 
25p 
25p 
25p 
25p 
25p 
25p 
65p 
25p 
25p 
25p 
55p 
59p 

1 19 
35p 
69p 
89p 
89p 
79p 
99p 

1 95P 
55p 
35p 

3 50p 
35p 

1 

49 
499 
49p 

1 04p 
105p 

55p 
45p 
29p 
49p 

1 9p 
79p 
65p 
65p 
65p 

1 25p 
65p 

3 49p 
2 49p 

75p 
69p 

2 39p 
35p 
49p 

1 45p 
1 99p 
1 65p 

55p 
59p 

SEND FOR FREE 
CATALOGUE 

ADC0816 
20 80p 

ADCO817 
12 54p 

1551771 
pls ask 

R02513LC 
750p 

602513UC 
7.50p 

SAA5000 
4.05p 

5ÁA5010 
7.81 p 

SAA5O12 
7.81p 

SAA5020 
5.95p 

5ÁA5030 
6.990 

6AÁ5040 
15 95p 

SÁÁ5041 
15.95p 

SAA5050 
8.95p 

5ÁA5070 
18.95P 

8726 1.09p 
8728 1 09p 
8T95 1 09P 
ßT97 1 09p 
81L095 2.35p 
81L596 2.35p 
81LS97 2.35p 
81LS98 2.35p 
6522 3.49p 
6522A 545p 
6532 5 25p 
6821 1 55p 
6840 3 75p 
6845 6 49p 
6847 6 49p 
8154 on order 
8155 0n order 
8212 4.85p 
8216 on order 
8224 on order 
8226 on order 
8255 13.95p 
Z80ACTC 

299p 

LOGIC 

CPUs 
6502 3 49p 
6502A 5.45p 
6800 1 99p 
6802 2 49p 
6809 6 49p 
8035 5.49p 
8039 4 99p 
8080A 355p 
8085 on order 
Z80A CPU 

2 95p 
2808 CPU 

7 95p 

MEMORIES 
2114 1 959 
2532-300,1 

3 49p 
20324000 

3 45p 
2564 7 74p 
2708 2 99p 
2716 345p 
2732 4 35p 
2764 5 19p 
27128 1995 
4116.15()0 

1 25p 
4118 465p 
4164 4990 
6116 495 
6810 1 55p 

MIS LOGIC IC's 
ADCO8O4 

55ßp 

Z80ADART 
799p 

Z80AP10 
319p 

ZN425E8 
349p 

25426E8 
799p 

25427E8 
599p 

25428E8 
455p 

V REGS 

- Positive - 
100mA 

78L05A 29p 
78L 12A 29p 
78L15A 29p 
78L24Á 29p 

1 Amp T0202 
78051 55p 
7812T 55p 
78157 55p 
7824T 55p 

- Negative- 
100mA T092 

79L05 49p 
79L12 g9p 
791_15 9p 

lAmp 10220 
79051 65p 
79121 659 
79151 659 
7924T 65p 

254870 99p 
254871 75p 
2N5245 59p 
2N5246 68p 
2N5247 75p 
255248 66p 
2N5249 67p 
205296 93p 
255298 98p 
2N5401 45p 
255415 

1 67p 
2N5416 

1 97p 
2N5447 36p 
2N5448 36p 
2N5449 36p 
2N5450 63p 
255451 66p 
2N5457 63p 
2N5458 57p 
255459 63p 
255460 63p 
255551 26p 
255657 

2 25p 
255684 

15 10p 
255884 

4 60p 
255886 

4 609 
2N6027 60p 
2N6030 

9 70p 
256031 

10 90p 
2N6058 

3 85p 
256059 

3 869 

BC214L 
BC300 
BC301 
RC302 
BC303 
8C327 
BC394 
131440 
8C441 
BC447 
BC448 
BC449 
BC460 
BC461. 
BC478 
BC479 
BC546 
BC547 
BC548 
BC549 
BC55()C 
BC557 

OOD CRI ELAECTRONICS LTD I 
40 CRICKLEWOOD BROADWAY 

LONDON MN2 3ET 
01-452 0161/01-450 0995 TIx:914977 

19p 
59p 
59p 
59p 
59p 
16p 
52p 
35p 
37p 
33p 
33p 
39p 
38p 
42p 
38p 
38p 
16p 
19p 
16p 
17p 
29p 
19p 

BC559 18p 
BC560C 29p 
BC639 37p 
BC640 37p 
BC650 45p 
BC651 47p 
BCY70 31p 
BCY71 33p 
BCY72 25p 
BD131 63p 
BD132 63p 
BD135 38p 
RD136 38p 
BD137 39p 
BD138 39p 
60139 42p 
BD140 42p 
BD237 98p 
BD238 98p 

256121 80239A 65p 
1.28p BD239C 69p 

2N6122 BD240A 68p 
1 49p BD240C 79p 

256123 802418 72p 
1.54p BD241C 79p 

2N6124 B11/242A 75p 
1 35p 130242C 79p 

256125 BD243A 85p 
1 55p BD243C 89p 

256126 BD244A 88p 
1 72p 130244C 1 15p 

256129 80245C 1 19p 
1 57p B0245C 1 49p 

256130 
1.88p 8D246C 1.67p 

256131 80249A2 30p 
1.88p B0249C 2 57p 

256132 B0250A 2 4.81s 

1 66p BD250C 2 75p 
256133 BD410 1.65p 

1.89p 80419 1.45p 
256134 80420 1 45p 

1 93p BD433 69p 
256212 1313434 75p 

296p BD435 Btp 
2N6254 80437 88p 

2 9Op BD438 88p 
2N6387 80439 90p 

195p 130440 91p 
256676 80441 91p 

11 45p 80442 93p 
25C1306 BD529 1.75p 

1 99p B0530 1 95p 
2SC2078 BD535 89p 

1 65p BD536 89p 
250313 86p 80537 97p 
2SJ49 4 95p B0538 97p 
25750 5.29p 60539 1 08p 
256134 4.95p BD540 104p 
3SK135 5 29p BD651 1 95p 
35201 1 10p 60652 1 95p 
40250 1 95p BD675 85p 
40361 75p 80676 87p 
40362 75p 00677 899 
40363 399p 80678 99p 
40406 1 75p 130679 99P 
40408 1 75p BD680 1 35p 
40410 1 99p BD711 1.50p 
40411 4 29p 80712 1.50p 
40594 1.40p BDX32 3.90p 
40595 1.40p BDX33A 1 22p 
40673 1 49p 80%33C 1.25p 
40822 1 99p BDX34A 1.22p 
40871 1 15p 80034C 1 26C 
40872 1.15p BDX668 4.76p 
AC125 99p 80%6784761 
AC126 35p 80X54 228p 
AC 127 35p BDY55 2.39p 
AC128 39p B0056 3.23p 
AC141K 39p 130157 6.38p 
AC142K 39p BDY58 897p 
AC176 39p BF170 831 
AC176K 49p 8E180 46p 
AC187 39p 81108 18p 
AC188 39p 81199 18p 
AC187K 49p 8,200 79p 
AC188K 49p BF244A 61p 
AD161 55p BF2448 55p 
AD162 55p BF2454 63p 
81107 16p 812458 66p 
BC107A 17p 81246 77p 
BC1078 19p BF246A 79p 
BC108 16p BF2468 79p 
BC108A 17p BF257A 79p 
611088 18p 812478 79p 
BC108C 20p 8F254 66p 
BC109 17p BF255 68p 
BC1098 18p BF256A 59p 
BC109C 21p BF256B 59p 
BC140 38p 13F256C 69p 
BC141 43p BF257 39p 
13C147 15p 8E258 41p 
BC148 15p 8F259 4511 
BC149 16p 81457 48p 
BC157 39p 8E458 59p 
BCt58 37p 8F459 65p 
BC159 44p B1900 1 33p 
BC160 55p 8F961 2 10p 
BC161 59p BFR90 2.25p 
BC169 19p BFR91 275P 
BC169C 23p BFS61 65P 
BC177 29p 13F598 27P 
BC178 29p BFT66 2.75p 
BC179 31p 81X29 44p 
BC182 15p BFX30 46p 
BC182L 15p BFY50 36p 
BC183 14p 8F051 36p 
BC183L 15p BYF52 36p 
BC184 16p BSVeI 2651 
BC212 16p 80X19 29p 
81213 17p BSX20 33p 
13C2131_ I5p OS%21 49p 
81214 18p 911104 232P 

TRANS- 
ISTORS 

252219 42p 
2N2219A 45p 
2N2222 40p 
2N2222A 42p 
252369 340 
252369A 35p 
2N2904A 44p 
252905 44p 
2N2905A 48p 
253053 45p 
2N3054 98p 
253055 65p 
2N3055H 

1 84p 
253439 

1 44p 
2N3440 99p 
253441 

1 55p 
2N3442 

2.05p 
253553 

2.95p 
253702 16p 
253703 16p 
2N3704 16p 
253705 16p 
253706 16p 
2N3707 16p 
253819 35p 
253820 69p 
2N3866 

L20P 
253903 13p 
253904 16p 
2N3905 17p 
253906 15p 
254036 

I O4p 
254037 

1 O6p 
254240 

2 78P 
204400 21p 
2M4401 27p 

-254402 26p 
2614427 

1 34p 

BU105 1.89p 
131.1108 2.49p 
BU109 2.49p 
B0126 1.55p 
BU204 2.49p 
BU205 1.99p 
BU206 2.16p 
BU208 1 93p 
BU226 445p 
8U326S 2 75p 
BU406 1.58p 
80407 1.58p 
BU408 1.49p 
13U409 1.65p 
BU500 5.01p 
BUX48 6.75p 
BUY 18S 4.75p 
E430 7.32p 
IRF530 495p 
J300 88p 
J310 88p 
MJ802 4.70p 
MJ900 3.21p 
MJ9O1 3.39p 
MJ 1000 1.78p 
MJ1001 1.86p 
NU 1800 3.79p 
MJ2500 2.68p 
MJ2501 3 08 
MJ3000 2.39p 
MJ3001 2.63p 
M74502 5 90 
M1E340 75p 
MJE350 1.20p 
MJE2955 

2 52p 
MJE 2955T 

95p 
MJE3055 

2 42p 
M E3055T 

69p 
MPSA05 17p 
MPSA06 17p 
MPSA12 29p 
MPSA13 25p 
MPSA14 25p 
MPSA20 49p 
MPSA42 29p 
MPSA43 29p 
MPSA56 17p 
MPSA56 17p 
MPSA92 27p 
MPSA93 27p 
MPSLO1 29p 
MPSL51 75p 
MPSU05 

24p 
MPSUO6 

34p 
MPSU07 

1 64p 
MPSU55 

1 42p 
MPSU56 

2p 
MPSU57 

B6p 
TIP29A 35p 
TIP29A 42p 
TIP30A 37p 
TIP30C 44p 
TIP31A 39p 
TIP31A 47p 
TIP32A 46p 
TIP32C 49p 
TIP33A 1 22p 
111336 1 35p 
1I1346 1.27p 
TIP34A 126p 
TIP35A 1 87p 
TIP35A 2 14p 
TIP36A 1 94p 
TIP36C 2 22p 
TIP41A 47p 
TIP41C 58p 
TIP42A 62p 
TIP42C 65p 
TIP49 1 05p 
TIP50 1.15p 
7I153 1 58p 
T1P54 1 65p 
TIP110 67p 
TIP112 76p 
TIP115 70p 
TIP117 78p 
TIP120 79p 
TIP122 85p 
TIP127 990 
TIP 130 1 06p 
TIP 132 1.19p 
7111135 1 16p 
TIP137 1 19p 
TIP 140 1 85p 
TIP142 2.13p 
TIP 145 1 95p 
TIP147 2.27p 
TIP162 237p 
TIP2955 950 
TIP3055 880 
T1543 61p 
VN10KM 69p 
0546AF 1.46p 
06166AF 1 65p 
ZTX107 16p 
ZTX106 15p 
ZTX109 16p 
ZTX3o0 l6p 
ZTX301 17p 
ZTX302 1Bp 
ZTX303 19p 
ZTX3D4 21p 
ZTX310 22p 
ZTX311 48p 
ZTX312 23p 
ZTX313 24p 
ZTX314 27p 
2TX320 22p 
ZTX330 26p 
ZTX341 25p 
Z1X450 22p 
Z1X500 IBp 
ZTX501 19p 
Z1x502 20p 
ZTX503 21p 
ZTX504 22p 
ZTX510 22p 
ZTX531 26p 
ZTX650 36p 
ZTX651 38p 
ZTX652 42p 
ZiX653 45p 
ZTX750 37p 
Z1X751 41p 
7_TX752 4Ep 
ZTX753 47p 

DIODES 

N34Á 
N914 
N916 
N4001 
04002 
N4003 
N4004 
54005 
54006 
N4007 
54148 
N5401 
N5402 
N5404 
55406 
N5407 
N5408 
BA102 
BÁ115 
BÁ133 
BA 138 
BA155 
BÁ156 
BÁ157 
BA 158 
BA159 
BÁ182 
130201 
BÁ202 
BÁ316 
84317 
BA318 
BAX13 
68105 
88109G 
6X126 
8X127 

52p 
Ap 
6p 
4p 

45p 
51/, 

6p 
6%zp 

7p 
3p 

13p 
14p 
16p 
18p 
19p 
20p 
49p 
29p 
Slp 
36p 
18p 
41p 
28p 
34p 
38p 
49p 
23p 
29p 
27p 
28p 
31p 
21p 
65p 
69p 
12p 
14p 

SCR's 
TRIACS 
DIACS 

THYRISTORS 
48& 

12 Amps 
Texas 10220 

Suffix A 

Suffix B 

Suffix C 

100V 

200V 

300V 

25 amp type 
Metal clad 
with hole 

KO11100) 
2 62p 

60212001 
2 75p 

K04(4001 
3 25p 

K06(600) 
4.10p 

BYW6435A 
400W 4 50p 

Suffix D 
400V 

Suffi,M 
600V 

4A 
TIC106A 66p 
TIC1068 67p 
TIC106C 68p 
TIC1060 69p 
TIC106M 75p 
80 
TIC116A 88p 
TIC 1168 89p 
TIC116C 93p 
TIC116D 97p 
TIC 116M 99p 
12A 
TIC126A 86p 
TIC 1268 90p 
TIC126C 91p 
TIC1260 92p 
TIC 126M 

1 top 

RIACS 
Te sas 400V 
70220 Case 

7112060140) 
79p 

icz25[36A) 
88p 

TIC226D68A1 
89p 

711236011201 
1 37p 

111246E/ 116A) 
140p 

TIC253012001 
2 70p 

1112630 125,61 
2 91p 

DIACS 
135100,0133, 
ST2 29p 

OPTO 

Many weird 
& wonderful 
devices in 
stock, Inc 

& sizes 
r es 

of LEDS 
R Red 
G Green 
Y Yellow 

Large diffused 

GOD 109 
G5D 1 

Y5D 1595p 

Small diffused 
R3D 8p 
G3D 13p 
Y30 13p 

Micro() 1" 
RIM 27p 
GIM 29p 
VIM 29p 

Large clear 
R5C 129 
G5C 179 
Y5C 17p 

Super bright 
h,Oh 

&f 
ic- 

ency 
Large(100 

times 
brighter) 

R5U 53p 
G5U 53p 
YOU 53p 

Rectangular 
Stackable 

LEDS 
19p 

G5R 20p 
Y5R 22p 

ZENER'S 

Manyvpeclals 
stock in 

Pls enquire 
40010 

100,1W 
624 Series 
24 to47V7p 

1 3 Walt 
E24 Series 

33to82V 14p 

BRIDGE 

(XIV shown 
in brackets) 
1'/ amp type 

WO11100) 28P 
W021200) 34p 
W041400) 33p 

2 amp type 
Square with 

hole 
501(2001 46p 
5021200) 50p 
SO41400) 55p 

6 amp type 
Square wIth 

hole 
PWO11100) 

95p 
PW0212001 

99p 
PW041400) 

.lop 
PVV061600. 

1 399 

LIN ICs 

AY15050 99p 
AV38910 

3 99p 
Ay38912 

4 95p 
CA3048 5 54p 
CA3059 3 33p 
CA3090A0 

3 70p 
CA3130E 87p 
CA31301 

2 35p 
CA31.40E 54p 
CA3140T 

1 40p 
HA 1366W 

2 40p 
HA1388 

2 ICL 7106 
7 50p 

11L'7107 
9 50p 

ICL7611 
97p 

1118038 
3 50p 

ICM 7555 
1 10p 

ICM7556 
1 49p 

LF347 1.78p 
1E351 75p 
1E353 1 15p 
LF355 1.25p 
1E356 1 35p 
1E357 1.65p 
1E398 5 50p 
LM301AN 45p 
LM304H 1.75p 
LM3O7N 45p 
LM308N 99p 
LM309K 1 99p 
LM317T 1.75p 
LM317K 1 45p 
LM317HVK 

10 80p 
LM324 83p 
LM335Z 1.60p 
LM348N 99, 
LM349N 1 09p 
LM379S 5.50p 
LM380N14 

1 20p 
LM380N8 

pls ask 
LM381AN 

2 26p 
LM318N 

1 40p 
LM382N 

79P 
LM383T 

2 75p 
LM384N 

2 90p 
LM386 

1 25p 
LM386N 

1 20p 
LM387 

2 02p 
LM388N 

1 60p 

LM392 99p 
LM396K 

22 29p 
LM723CH 

108p 
LM723CN 

1 05p 
LM725CH 

8 37p 
LM725CN 

5.93p 
LM741CH 

1 18P 
LM741CN 

28p 
LM741CN14 

1 20p 
LM747CN 

69p 
LM748CH 

1 469 
LM748CN 

55p 
LM18774.61p 
LM 1886 5.58p 
LM 1889 3.87p 
LM2902 1.22p 
LM2907N 

3 47p 
LM2907N8 

3 34p 
LM2917N 

3 52p 
LM2917N8 

3 34p 
LM3900 1.19p 
LM3911 2.09p 
LM3914 4.04p 
LM3915 4.04p 
LM4250 2.89p 
LM 13600 

1 64p 
LM 13700 

1 64p 
MC 1408 

2 78p 
MC 1466 1 50p 
MC1468 

4 30p 
MC3340 

2 66p 
MC3446 

3 95p 
MC3357 

2 11p 
MC4044 

6 60p 
MF10 450p 
NE529 2.25p 
NE531N 1.99p 
NE543N 2 75p 
NE544N 2.31 p 
NE555 28p 
NE556 69p 
NE558 1 89p 
NE560 325p 
NE565 1 06p 
NE566 95p 
NE567 141p 
NE570 3 14p 
NE571 398p 
NE5534A 

2 O8p 
RC4194 2.60E 
RC4195 2.06p 
RC4558 99p 
5576477 

7 95p 
5576003 

3 50p 
SN76013 

3 50p 
5576023 

350P 
0576033 

3 50p 
TA7204 199p 
TA7205 1.20p 
TA7222 1 75p 
1A7227 5.82p 
TBA500 2.97p 

1B0520 2 57p 
TBA530 2 55p 
TBA540 2 72p 
TBA550 3.25p 
T8A560C 

2 87p 
TBA570 2.37p 
TDA1002 

435p 
TDA1003 

4 35p 
TDA1010A 

2 25p 
TDA1022 

4 95P 
TOA1097 

4 99p 
TDA11151 

1 95p 
TDA2002 

3 25p 
7042003 

3 25p 
TDA2020 

3 15P 
TDA2030 

285p 
TDA2611 

2.50p 
1007000 

3 45p 
TL061 62p 
71062 99p 
TL064 1.7711 
TLo71 57p 
TL072 95p 
TL074 1.50p 
TLO81 480 
TL082 75p 
TL084 1 45p 
11494 3.99P 

LM391N60 
1 55p 

LM.391580 r 

UPC 1185H 
3 65p 

UPC 1212C 
160p 

UPC2002 
325p 

062206 3.95p 
ZN409 2.25p 
ZN414 100p 
ZN 1034 199p 

TRANS- 
FORMERS 

Post 
inclusive 
pokes 

cheaper 
tocallers. 

A112400 
Primary 

Split Bobbin 
100mA 

6-0-6 1 50p 
9-0-9 1.70p 
12-012 185p 
15-0015 1.95p 
1A as above 

3 75p 
20020V 
0 125A 3.75p 
12 012e 
50VA 7 95p 
12.012V 
10004 11.99p 
0 1 6161 
919125A 

5 65p 

VERO 

COPPER 
TRACKS 

25a375 
95p 

25x5 
1 lop 

375,375 
1 10p 

375x5 
1 24p 

25x17 
3 27p 

3 75, 17 
420e 

479x17 
5 56p 

VO Board 
2 10p 

DIP Board 
3.95p 

Track Cutter 
1 63p 

Pin lnsertor 
2 21p 

100PIns 61p 
Verobloc 4.66p 

Vero W Iring 
Pen & Spool 

3 39p 
Spare Spool 

75p 
Combs 6p 

PCB 

1300170 2.49p 
UAA 180 2 49p 
UA2240 1 25p 
ULN2003 75p 
UPC575C2 

2001 
UPC 1156H 

2 75p 
UPC1182 

3 75p 
UPC1185 

3 95p 

233e220 
6.45p 

Developer for 
above 0o001 
use Sodium 
Hyydroxktel 
500m1 3.199 

PRICES PER 
METRE 
Solid 

connecting 

MAINS 
SPEAKER 

Twin 1 Amp 
16p 

Twin 21/2 Amp 
19p 

3 Core 
2'/7Amp21p 

3 Core 
13Ám9 62p 

SCREENED 
Single 16p 
Stereo 29p 
Mira Single 13p 
Mini Stereo 16p 
4 Core 
45creens 49p 
4 Core Single 
Screen 62p 
8Core 73p 
12Core 88p 

Heavy Duty 
Mike Guitar 

Lead 33p 
AERIAL 

500 RG58A 
29p 

750 UHF 31p 
750 VHF 31p 
3000 Flat 16p 

RAINBOW 
RIBBON 
Prices 
per loot 

lOway 25p 
16 16way 39p 
2oway 489 
24 way 62p 
30way 75p 
34 way 82p 
40way ß9p 
64wzy 1 49p 

SOLDER 

FERRIC 
CHLORIDE 

Quick 
dissolving 
Enough to 
make over 

1 litre 1 69p 
ETCH RESIST 
TRANSFERS 

1 Thinli,es 
2 Thick lines 
3 That bends 
4 Thick bends 
5 DIL pads 
6 Transistor 
pads 
7 Dots & holes 
80 1" edge 
connectors 
9 Mixture 
Any sheet of 
above 39p 

GRADE ONE 
GLASS PC8 

SINGLE - 

SIDED 
178x240mm 

1 85p 
420,195mm 

2 55p 
420,245mm 

3 75p 
DALO ETCH 
RESIST PEN 

pare nib 
1 29p 

PHOTO 
SENSITIVE 

PC8 
1st Class 

Epoxy Glass 
for better 

results than 
Waxing 

expose to UV 
Single sided 
100x160 

2 25p 
100x220 

2 65p 
203,114 

2 55p 
233x220 

5 75p 

Double sided 
1000160 

2 35p 
1130 0200 

2 95p 
203,114 

3 05p 

ANTEX 
SOLDERING 

IRONS 
C250(15W) 

5 60p 
XS250125W( 

5 90p 
Iron Stand 

1 99p 
Elements 

(State Iron) 
2 50p 

C240 Bits 
No 2 (Small) 

99p 
No3)Med) 

99p 
No 6 (Micro) 

99p 
X5240,25 

Ems 
No 50 (Small) 

99p 
No 51 (Med) 

99p 
No 52 (Lge) 

99p 
SOLDER 
1259ms 

18swg 3 top 
22swg 3.35p 

PLUGS & 
SOCK FIS 

'D' Connectors 
25 Way 
Solder 

Male 1 60p 
Female 1.99p 

PCB 
Wire -Wrap 

Male 1.60p 
Female 2.099 
Covers 1 00 

Phono plugs 
Blk, Red. Grn. 
Wt or Yell 15p 
Line Skts 15p 
Chas Sktxl 

16p 
Dual Skt 30p 
Quad Skt 409 

ZIF SOCKET 

24pin 4.35p 

40pin 5.35p 

SWITCHES 

TOGGLE 
(MINI 

$PST 63p 
SPIT 66p 
DPDT 79p 
DPDT C OFF 

99p 
4PDT 379p 
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS 

Rapid Recall are making 
available a pamphlet written by 
two Digital Equipment Corpora- 
tion engineers which outlines the 
more common microprocessor 
benchmarking techniques. The 
8 -page A4 pamphlet also 
describes the various areas of 
system performance and pro- 
poses a performance measuring 
system, and copies can be 
obtained free of charge from 
Rapid Recall, Rapid House, Den- 
mark Street, High Wycombe, 
Buckinghamshire HP11 2ER, tel 
0494-26271. 

British Telecom opened 
their first high -street shop at 
Southend on January 3rd. You can 
go in there, choose a new tele- 
phone, pay your bill ... and two 
more shops will be opening in 
Newcastle and Plymouth later 
this year. 

Decospray have devel- 
oped a process which allows 
molten zinc to be applied to the 
surfaces of plastic enclosures 
without deforming or weakening 
them. The coating provides a high 
level of shieldingagainst radio fre- 
quency interference and will 
allow plastics to be used in many 
applications which currently 
demand the screening properties 
of a metal enclosure. For more 
information contact C.C. Ham- 
mond at Decospray Ltd, East - 
more Street, Woolwich Road, 
Charlton, London SE78NA, te101- 
858 5128. 

The British Standards 
Institution has published the 
following documents under the 
common title 'Harmonised sys- 
tem of quality assessment for 
electronic components':- BS9925 
Inductor and transformer cores 
for telecommunications, part 0, 
geometric specification 
(£22.80); BS9925 part 01.0 
Sectional specification of mag- 
netic oxide cores for inductor 
applications (£16.20); BS CECC 
11100 Sectional specification of 
display storage tubes (£16.20); 
BS CECC 1700 Generic specifica- 
tion of mercury wetted make 
contact units (£16.20); BS CECC 
18000 Generic specification of 
dry reed change -over contact 
units, mechanically biased 
(£16.20); BS CECC 30400 Sec- 
tional specification of fixed 
metallised polyethylene-tere- 
phthalate film dielectric capaci- 
tors for direct current (£8.00); BS 

CECC 75100 Sectional specifica- 
tion of two part and edge socket 
connectors for printed board 
application (£22.80). All of these 
standards are available at 50% 
discount to members from the 
Sales Department, BSI, Linford 
Wood, Milton Keynes M K14 6LE. 

Who's A 
Pretty 
Pyrographite 
Then? 

High technology has been 
applied to some pretty mun- 

dane products but as far as we 
know no-one is yet using a laser to 
produce bird cages. The device 
shown is, in fact, the screen grid of 
a 100kW vapour -condensation 
cooled tetrode for medium and 
short wave radio transmitters. 
Manufactured by Siemens at their 
electronics tubes plant in Berlin, 
the grid was produced from a 
hollow cylinder of pyrographite 
using a laser as a precision cutting 
tool. The features are said to be 
remarkably smooth when com- 
pared with those of sand -blasted 
grids, and the material has ex- 
cellent dimensional stability. In 
operation it will be loaded with as 
much as 24W per square cen- 
timetre and will run at tempera- 
tures as high as 2000 K. 

Siemens Ltd, Siemens House, 
Windmill Road, Sunbury -on - 
Thames, Middlesex TW16 7HS, 
tel 09327-85691. 

The Year To Go 
Bust 

Last year, 1984, was the worst 
year on record for business 

failures in the electrical industry, 
according to the latest survey by 
Dun & Bradstreet Limited, the 
business information company. 
During the year company liquida- 
tions in the industry amounted to 
793, an increase of 4.9 per cent 
over 1983 and representing 5.8 
per cent of the total liquidations 
in England and Wales. 

48.4 per cent of liquidations 
were recorded in London and the 
South East. A further 16.5 per cent 
occurred in the North West. Ban- 
kruptcies among firms, partner- 
ships and individuals rose 19.8 
per cent to 121 during the year. 

In England and Wales as a 
whole, total company liquida- 
tions in 1984 reached 13,647 - 
an increase of 9.5 per cent on 
1983. Bankruptcies among indi- 
viduals, firms and partnerships 
rose to 8,035 during 1984 rep- 
resenting an increase of 17.8 per 
cent over the previous year. 

Let's just hope that 1985 is bet- 
ter for us all. 

Motor Control 
Chip 

lessey Semiconductors has 
introduced the TDA 2088, a 

bipolar phase control integrated 
circuit optimised for current feed- 
back applications but which can 
also be used in the open loop 
mode. 

The new circuit, now available 
from the company and its 
distributors, has been designed 
primarily for AC universal motor 
speed control in applications 
such as power drills and domestic 
appliances (foodmixers, etc). A 
high level of system integration 
has resulted in low external com- 
ponent count, thus ensuring a 

low cost solution to such applica- 
tions. 

Powered direct from the AC 
mains or a DC line, the TDA 2088 
features an on -chip series 
regulator. This produces a 

smooth, low current (-5V) 
supply for the internal analogue 
control functions which may be 
used to power ancillary circuitry 

usually associated with this type 
of control system. 

Voltage and current synchro- 
nisation inputs ensure that the 
triac firing pulse is at precisely the 
right moment under any load 
conditions. The negative triac fir- 
ing pulse (a drive polarity pre- 
ferred by most triac manufact- 
urers) has a minimum guaranteed 
drive current of 100 mA with a 

typical current of 125 mA which 
ensures reliable firing of triacs 
capable of handling up to 40 
Amps. 

The TDA 2088 phase controller 
also produces a well-defined con- 
trol voltage,(phase angle rela- 
tionship by using the inter- 
national -5V reference circuit as 
the charging voltage for both the 
pulse timing ramp capacitor and 
as the reference voltage for the 
speed input potentiometer. 

Compensation of motor speed 
with varying load is achieved by 
sensing motor current. The circuit 
design allows simple optimisa- 
tion of control loop parameters. 

Currently available in a 14 pin 
plastic dual -in -line (DIL) package 
it is planned to supply the TDA 
2088 in a SO 14 package. Further 
information will be provided by 
Plessey Semiconductors Limited, 
Cheney Manor, Swindon SN2e 
2QW, tel 0793 36251. 
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Bl-PA K BARGAINS 
HIGH QUALITY MODULES FOR 

STEREO, MONO & OTHER 
AUDIO EQUIPMENT 

Audio Amplifiers 

POWER 0/P 
0/No. R.M.S. 
AL 30A 
AL 60 
AL 80 
AL 120 

AL 250 

10 Watts 
25 Watts 
35 Watts 
50 Watts 

125 Watts 

MAX SUP. 
VOLTAGE 

30V 
30-50V 
40-60V 
50-70V 
50 -WV 

Stabilised Power Supplies - 
Output current 2.5 Amps 
0/No. 
SPM 120/45 
SPM 120/55 
SPM 120/65 

AC Input 
40-48V 
50-55V 
60-65V 

PRICE 
f4.95 
f5.92 
£8,75 

£1522 
f20.60 

Price 
fß.65 
í8.g5 
18.05 

Mono Pre -Amplifiers - Operating Vtg. 40-65V 
0/No. Price 
MM 1W Suitable for Disco Mixer £14.75 
MM 100G Suitable for Guitar Pre -Amp 

Mixer £14.75 

Magnetic Cartridge Pre -Amplifier 
0/No. MPA30. Sup Vtg. 20-30V. Price £429 

Monographic Equaliser 
GE 100 MKII 10 Channel OUR PRICE ONLY í20A1 

Full Specifications and Data available on request. 
Please send self-addressed envelope. 

OPTO 7 -Segment Displays 
Brand new 1st Quality 

LITRONIX DL 707R 14 -pin 
Red 0.3" Common Anode Display 0-9 with right 
hand decimal point TfL compatible. 5v DC Sup- 
ply. Data supplied. 

IN 
PACKS 
OF 

5 pieces 
10 pieces 
50 pieces 

100 pieces 
1,000 pieces 

f3 
L5 

f20 
f35 
E300 

160p each) 
(sop each) 
(40p each) 
(35p each) 
(30p each) 

THE MORE YOU BUY 
THE LESS YOU PAY 

BI-PAK'S OPTO SPECIAL 

A selection of large and small sized LED's 
in various shapes, sizes & colours, togeth- 
er with 7 Segment Displays both anode & 

cathode plus photo transistors emitters 
and detectors. Cadmium Cell ORP12 and 

Germ. photo transistor OCP71 included. In 

all a total of 25 Opto pieces valued over 
£12 Normal Price 
OrderVP57 
Our Superper Value 

Price Just 
£5.00 

DIGITAL VOLT METER MODULE 

3 x 7 segment displays Bass Circuit. 
0-.2v t instructions provided to 

extend voltage & current ranges. 
Operating voltage 9/12v. Typ 

Power Consumption 50mA. 

0/No. VP99 Once only price 
®.95 

SINGLE SIDED FIBREGLASS 
BOARD 
Order No Pieces Size Sq. Ins. Price 
F01 4 .9 x 2/4' 100 £1.50 
FB2 3 11 x 3" 100 £1.50 
163 4 13 x 3" 156 £201) 

DOUBLE SIDED FIBREGLASS 
BOARD 
FB4 2 14 x 4" 110 £2.11) 

EDGE CONNECTORS 
2 x 5 way .1 Pitch Edge Connector (Gold) 
10/No. AMP163279 21 £120 each. f50 per 50 off 

PICK-UP COIL 
Large telephone pick-up coil for high 
sensitivity Suction pad to stick to tele- 
phone. 90cm lead to 3.51ack plug. Con- 
nects direct to cassette recorder. Dims: 
32mmldia) 'F 17mmlbodyl 36mmidial 
sucker. 0/No YP87 £1.00 

Pak 
No 4)ty 
VP1 300 

VP2 300 
VP3 200 
VP4 150 

VP5 200 
VP6 200 
VP7 100 

VP8 100 

VP9 100 

VP10 60 

VP11 50 
VP12 60 
VP13 50 
VP14 50 
VP75 25 
VP16 50 

VP11 50 

VP18 30 
VP19 40 
VP20 6 
VP21 15 

VP22 200 
VP23 20 
VP24 10 

VP25 10 

VP26 15 

VP21 15 

VP28 10 

VP29 30 
VP30 10 

VP31 IO 

VP32 20 

VP33 200 
VP34 200 
VP35 50 

VP37 8 

VP42 10 

VP43 4 

VP45 50 

VP46 50 

VP47 10 

VP140 50 

VP141 40 

VP142 4 

VP143 5 

VP144 4 

VP145 1D 

VP146 25 

VALUE PACKS 

Description 
Assorted Resistors Mixed Types 

Carbon Resistors t/4-t/t Watt Pre -Formed 
IVs Watt Min Carbon Resistors Mixed 
th Watt Resistors 100 ohm -1M Mixed 
Assorted Capacitors All Types 

Ceramic Caps Miniature - Mixed 
Mixed Ceramics Disc. Ipf - 56pl 

Mixed Ceramic Disc. 68pf - .015pf 

Assorted Polyester/Polystyrene Caps 

C280 Type Caps Metal Foil Mixed 
Electrolytics - All Sorts 
Bead Type Polystyrene Min Caps 

Silver Mica Caps Ass. 5.6pf - 1500 
Silver Mica Ceps Ass. I80pI - 4700pí £1.00 

.01uF 250v Min. layer metallised Polyester Capacitors £1.05 

Wirewound Res. 9W lavg) Ass. 1 ohm - 12K £1Ag 

Metres PVC Covered Single Strand Wire Mixed £1.00 

Colours 01.00 

Metres PVC Covered Multi Strand Wire Mixed Colours £1.00 

Metres PVC Single/Multi Strand Hook -Up Wire Mixed 11.00 

Rocker Switches 5 Amp 2413v E1.00 

tin. high bright RED LEDs in plastic encapsulation -Large 
area light source í1A0 
Sq. Inches Total, Copper Clad Board Mixed Sizes £1.00 

Assorted Slider Pots. Mixed Values 
Slider Pots. 40 mm 22K 5 x Log. 5 x Lin 

Slider Pots. 40 mm 47K 5 x Log. 5 x Lin 

Small ,125" Red LED's 
Large .2" Red LED'S 
Rectangular .7' RED LED'S 

Ass. Zener Diodes 250mW - 2W Mixed Mts. Coded 
Ass. 10W Zener Diodes Mixed Vbs. Coded 

5 Amp SCRs TO -66 50-400v Coded 
3 Amp SCR's TO -66 Up To 400v Uncoded 
Sil. Diodes Switching like IN4t48 DO -35 

Sil. Diodes Gen. Purpose Like OA200/BAX13/16 

1 Amp IN4000 Series Sil. Diodes Uncoded All Good £1.00 

Black Instrument Type Knobs With Pointer I/4" Std £1.00 

Black Heatsinks To Fit TO -3, TO -220 Ready Drilled £1.00 

Power -Fin Heatsinks 2 x 10-3 2 x TO -66 Size £1.00 

BC107/8 Type NPN Transistors Good Gen. Purpose 

Uncoded £1.00 

BC177/8 Type PNP Transistors Good Gen, Purpose 

Uncoded £1.00 

Silicon Power Trans. Similar 2N3055 Uncoded 11.00 

Precision Resistors. 2-1% tol. £1.00 

1N4002 Sil. Rects, IA 100v preformed pitch E1Á0 

40A Power Rectdiers Silicon 1048 300PIV £1.00 

01187 12KV Sil. Diodes in carriers 2.5mA £1.00 

100K lin. Multi -turn pots ideal vari cap tuning 11.00 
Assorted pots. ioc. Dual & Switched types í1.00 
Solid Tantalum Caos. Mixed Values í1.00 

Price 
f1.00 
E1.00 

01.00 
E1.00 
£1.00 
E1.Ú0 

í1A0 
E1.o0 

£1.00 
01.00 
£1.00 
£1.00 
E1.00 

E1.o0 
f1.00 
f1.00 
£1.00 
f1.00 
E1.00 
£1.00 

£1.00 

f1.00 
£1.00 
£1.00 
11.00 

OPTICALLY COUPLED MODULES 
1 pair SD1/131 Consisting 1 x LS600 Silicon light Sensor & Ix Matched 
Gallium Arsenide Light Source - Type TIL23, on ready mounted fibre 
glass board. Including Data. Ideal Alarm projects etc. 0/No. VP147. 

BI-PAK Price ONLY £0.60 pr. 

LED DISPLAYS 
VP130 6 RED 7 Seg. CC 14mm x 7.5mm RDP FNo353 
VP131 4 GREEN 7 Seg. CA .6" LDP XAN6520 
VPI32 5 RED 7 Seo CC .6" LDP XAN6940 
VP133 6 RED Over -flow .6" 3 X CA 3 x CC 6630/50 
VP134 5 GREEN Over -flow .6" CA XAN6530 
VP135 5 REO 7 Seg. CA .3" XAN3061 
VP136 3 DUAL RED 7 Seg..5" CA DL527 DPR 
VP137 3 DUAL RED 7 Seg..51" CA 01727 DPR 
VP138 20 Assorted LED Displays - Our mix with Data 
RDP = Right Hand Decimal Point CC = Common Cathode 
LOP = Left Hand Decimal Point CA = Common Anode 

£200 
f2.00 
f2,00 
f2.00 
f2-00 
£2.00 
f2-00 
£2.00 
£5.00 

ANTENNA SWITCH 2 and 3 WAY 
ea Co -axial switch for one transceiver to two 

antennae or one antenna to two transceivers. 
Dims: 86 x 55 x 32mm (Body). 
0/No. VP 113 £4.50 
As above but 3 -way. 
0/No. VP 114 £4.75 

HIGH PASS FILTER/SUPPRESSOR 
CB/TV. High pass filter. Reduces 
unwanted signals picked up by 
antenna. Dims: 45 x 25 x 17mm. 
0/No. VP 115 45p 

Designed to reduce harmonics LOW PASS FILTER 
on the VHS and TV band. 
Cut-off frequency: 30MHz. 
V.S.W.R.: Less than 1.2 to 1. 

Insertion loss: -0.2dB 27MHz. 
Impedance: 50 ohms. 
Dims: 80 x 55 x 40mm. 
0/No. VP 116 £2.75 

pen! 
LOW-PASS FILTER 

LP -30 

AEC , 

IC BARGAINS 
40 Assorted TEL CMOS INTEGRATED CIRCUITS 74 Series & CD4000 

Series - All new Gates. Flip -Flops - MSI etc. GREAT VALUE Data 

Book & Sheets included. 40 Pieces (Our Mix) £4.00 0/No, UP40 

BI -PA 

( 

VP150 20 
TRANSISTOR PACKS 

BC183B Sil. Trans. NPN 30v 200mA Hfe240+ T092 E1.00 
VP151 25 BC171B Sil. Trans. NPN 45v 100mA Hfe240+ T092 £1.00 
VP152 15 TIS90 Sil. Trans. NPN 40v 400mA Hfe100+ T092 E1.00 
VP153 15 TIS91 Sil. Trans. PNP 40v 400mA Hfe100+ T092 £1,00 
VP154 15 MPSA56 Sil. Trans. PNP 80v 800mA Hfe50+ T092 £1.00 
VP155 20 6E595 Sil. Trans. NPN eqvt. 8E184 H.F. T092 £1.00 
VP156 20 8F495 Sil. Trans. NPN eqvt. 8E173 H.F. T092 f1.00 
VP157 15 ZTX500 Series Sil. Trans. PNP Plastic f1.00 
VP158 15 ZTX107 Sil. Trans. NPN eqvt. BC107 Plastic f1.00 
VP159 15 ZTX108 Sil. Trans. NPN eqvt. BC108 Plastic £1.00 
VP160 20 E5024 Sil. Trans. PNP eqvt. BC2141 T092 £1.00 
VP161 25 BC183L Sil. Trans. NPN 30v 200mA T092 £1.00 
VP162 5 SJE5451 Sil. Power Trans. NPN 80v 4A Hfe20+ £1.00 
VP163 2 NPN/PNP pairs Sil. Power Trans. like SJE5451 £1.00 
VP164 4 2N6289 Sil. Power Trans. NPN 40v 40w 7A Hfe30+ £1.00 
VP165 6 BFT33 NPN Sil. Trans. 80v 5A Hfe50-200 T039 £1.00 
VP166 5 BFT34 NPN Sil. Trans. 100v 5A Hfe50-200 T039 E1.00 
VP167 1 BUY69C NPN T03 VCB 500 10A 100w Hfe15+ £1.00 
VP168 10 BC478 eqvt. BCY71 PNP Sil. Trans. TOte f1.00 
VP169 10 BXS21 eqvt. BC394 NPN Sil. Trans. 80v 50mA T018 E1.00 
VP170 10 Assorted Power Trans. NPN/PNP Coded & Data £1,00 
VP171 10 BF355 NPN TO -39 Sil. Trans. eqvt. 13E258 225v 100mA E1.00 
VP172 10 SM1502 PNP T039 Sil. Trans, 100v 100mA Hfe100+ E1.00 

TRANSISTORS 1 

100 Silicon NPN Transistors. All Per- 100 Silicon PNP Transistors. All Per- 
fect. Coded Mixed. Types With fect Coded. Mixed. Types With 
Data And Eqvt. Sheet No Re- Data and Eqvt. Sheet. No Re- 
jects. Fantasic Value. 0/No. jects. Real Value. 
BP38 £3.00 0/No. 8P39 £3.00 

The best known Power Transmitter in 
the world 2N3055 NPN 115W. BD312 COMPLIMENTARY PNP POW - 

Our Bi -Pak Special Offer Price. ER TRANSISTORS TO 2N3055. Equiv- 
10 off 50 off 100 off aient MJ2955 BD312 T03. Special 

£3.50 £16.00 £30.00 Price £0.70 each,10 off £6.50 

SEMICONDUCTORS FROM AROUND THE WORLD 
100 A collection of Transistors, Diodes, Rectifiers & Bridges, SCRs, Triacs, I.C.s' 
& Opta s all of which are current every day useable devices. Guaranteed Value 
Over £10 Normal Retail Price. Data etc. in every pack. Order No. VP56 

Our Price £4.00 

TRANSISTOR CLEARANCE 
100 All Sorts Transistors. A mixed bag NPN-PNP Silicon & Germ. Mainly 

Uncoded You To Sort Pack includes instructions for making Simple 
Transistor Tester, Super Value. 

Order No. VP60. £1.00 

150 De -soldered Silicon Transistors from boards 10mm leads all good. 0/No. 
VP173 £1.00 

TECASBOTY THE 
SEMICONDUCTOR 

C ELECTRONIC BARGAI NAND 

OF THE YEAR! 
This collection of Components and Semiconductors for the hobbyist is probably 
the most value -packed selection ever offered, it consists of Resistors, carbon 
and wirewound of various values. Capacitors: All types, sorts and sizes 
including electrolytics. Potentiometers - single, dual, slider and preset. Switch- 
es, Fuses, Heatsinks, Wire, P.C.B. Board, Plugs, Sockets etc., PLUS a selection of 
Semiconductors for everyday use in popular Hobby Projects. These include: 
SCR's, Diodes, Rectifiers, Triacs & Bridges as well as a first class 
mix of Transistors and I.C.'s. In all, we estimate the value of this in ¡uSt current retail catalogues to be over £251 So, help yourself to a 
great surprise and order a Box TODAY - ONLY at BI-PAK. f7.00 
Remember, stocks are limited so hurry! You can call us on 0920 
3182/3442 and order with your Barclaycard or Access Card - 24hr Answerphone 

Service NOW, Order No. VP 85. 

ANTENNA COUPLER 
Transceiver/car radio antenna coupler. With 
co -axial cables. One co -axial terminates in 
antenna plug and the other in PL259 plug. 
Dims: 67 x 46 x 30mm. 
0/No. VP 117 £2.00 

PRECISION MORSE KEYS 
Well designed beginners key. 
Fully adjustable. Dims: Base 
82mm x 45mm, 
O/No. VP 122. £1.85 

ELECTRONIC SIREN 12v DC 
Red plastic case with 
adjustable fixing brack- 
et. Emits high-pitched 
wailing note of varying 
pitch - 100 cycles per 
minute. 
Dims: 90mm(dia) 
60mmldepth) 
Power: 12v DC 

Our Price: £5.50 

TAPE RECORDER SWITCH 
Unit to control motor of tape 
recorder. 1.8m cord and 2.5mm plug 
attached. On/Off switch. Dims: 55 x 
20 x 20mm. 
O/No. VP 127 £1.00 

AADO 

Send your orders to Dept ETI BI-PAK PO BOX 6 WARE, HERTS 
SHOP AT 3 BALDOCK ST. WARE, HERTS 

TERMS CASH WITH ORDER, SAME DAY DESPATCH, ACCESS, 
BARCLAYCARD ALSO ACCEPTED. TEL (0920) 3102, GIRO 386 7006 

159. VAT AND £1.00 PER ORDER POSTAGE AND PACKING 

POWER SUPPLY 
OUR PRICE £3.75 

Power supply fits directly into 
13 amp socket- Fused for safety. 
Polarity reversing socket. Volt- 
age switch. Lead with multi 
plug input - 240v AC 50Hz Out- 
put -3 4.5 6 7.5 9 & 12v DC. 
Rating 300ma MW88. 

/LEARN A LINGO) 
PILLOW SPEAKER 
Slim under pillow unit. 80ohms 
2" speaker. 1,5m lead with 
3.5mm mono jack plug. Black. 
Dims: 65ldia) x 17mm. 0/No. 
VP88 £1.2 

Use your credit card. Ring us on Ware 3182 NOW 
and get your order even faster. Goods normally 
sent 2nd Class Mail. 
Remember you must add VAT at 15% to your order. 
Total Postage add £1.00 per Total order. 
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New 726 
Information 
Technology 
Scheme 

AnewCityandGuilds Informa- 
tion Technology scheme 

(726) was launched on 18 January. 
C&G say that this scheme repre- 
sents a double breakthrough: it 
takesan entirely new approach to 
educational and training 
methods as well as a uniquely 
broad consideration of voca- 
tional training in the rapidly 
developing and changing field of 

Information Technology. 
The 726 series is intended to 

provide for very flexible study or 
training methods; it is entirely 
pupil paced, and the criterion 
referenced assessment is 

designed to ensure that success- 
ful candidates demonstrate an 
ability to do the job compet- 
ently. 

The approach is modular, but 
there are a limited number of 
modules and each is nationally 
devised so that employers will be 
able to assimilate and assess the 
content of each as well as decid- 
ing which combinations might 
best meet the needs of their 
workforce. Modules will relate to 

and Guilds. This means that cen- 
the three subject disciplines of: 
programming and software; elec- 
tronics and hardware; and com- 
puter applications and operation. 
Module levels are defined as 

either introductory, elementary, 
intermediate or advanced. These 
levels relate to the subject matter 
and are not necessarily indicative 
of ability. C&G say that many of 
the modules will be equally suit- 
able for a very wide range of can- 
didates; some will ideally suit YTS 

trainees and others will be 
pitched at supervisory and 
management personnel. 

The scheme may be offered by 
any centre approved by the City 

tres could be set up in schools, 
F.E. colleges, industrial premises, 
ITeC's or Skills Centres, etc - 
anywhere where the necessary 
hardware, training personnel and 
accommodation can be provided. 

The scheme is initially released 
at the Introductory and Elemen- 
tary levels, but Intermediate and 
Advanced level modules will be 
available very soon. Scheme 
notes are now available and 
further information can be 
obtained from: Section 18, City 
and Guilds of London Institute, 
46, Britannia Street, London 
WC1X 9RG, tel 01-278 2468. 

Digital Signal 
Processor 
For Audio 
Applications 

ITT Semicondudors have pro- 
duced a digital signal pro- 

cessor chip which can be used 
instead of analogue devices in 
many audio -frequency applica- 
tions. The advantages of using 
digital processing include higher 
noise immunity, true phase - 
linearity and freedom from com- 
ponent drift problems caused by 
temperature and ageing. 

The UDP101 CMOS chip is 
based on the Harvard architec- 
ture, and comes in a 40 -pin plastic 
package. Two data buses and 
pipelining are used for speed of 
execution, and the basic instruc- 

tion cycle time is 100 nana 
seconds which makes it suitable 
for use in a wide variety of audio 
processing applications. The basic 
arithmetic operation is multiply 
and add using twos complement 
with a results resolution of 31 bits. 
The data and instruction word - 
length is 16 bits and the internal 
memory comprises 1K 16 -bit 
words of program ROM, 72 
words of data ROM, and 440 
words of data RAM. Subroutines 
can be nested at up to four 
levels. 

Three separate I/O facilities are 
available: fast serial at rates up to 
5 Mbits/second, slow serial I/O 
for communication with slave 
peripherals through the chip's IM 
bus interface, and a 16 -bit parallel 
interface that's compatible with 
popular microprocessors, includ- 
ing the 68000. 

The UDPI01 operates on a 
single 5V supply and consumes 
about 80 mW. A ROMIess version 
(UDPI01-EC) is available for 
development. Software tools in- 
clude a cross assembler and 

simulator 
77. 

The device's bandwidth allows 
a wide range of applications. In 
the telecommunications field it 
could be used in DTMF receivers, 
modems, vocoders, scramblers 
and echo -cancelling systems, and 
in the consumer field it's suitable 

written in FORTRAN for audio processing in a variety of 
TV, hi-fi and radio applications. 
General industrial uses include 
speech recognition. 

For further information contad 
Georgina Cole at ITT Semicon- 
ductors, 145-147 Ewell Road, 
Surbiton, Surrey KT6 6AW, tel 01- 
390 6578. 

Light And 
Colour 
Principles 

Anew volume - 'Light and 
Colour Principles' - has been 

published by the IBA as No. 22 in 
the series of occasional engineer- 
ing texts under the general title of 
'IBA Technical Review'. 

Our sources say that this fully - 
illustrated 60 -page book provides 
not only a clear introduction to 
aspects of photometry and 
colorimetry essential to the 
understanding and engineering 
of colour television but also 
describes the recent develop- 
ment by IBA engineers of new, 
microcomputer -based spec- 
trometric equipment and its prac- 
tical application to the analysis 
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and optimisation of television 
cameras and monitors. 

Contributions include: "The 
Measurement of Light" by Pro- 
fessor R.W.G. Hunt (City Univer- 
sity, London, formerly Kodak 
Research Laboratories) and P.J. 

Darby (IBA). 
"Colorimetry" by Professor 
R.W.G. Hunt. 
"Co lorimetryin Tel evision" by P.J. 

Darby. 
"Computer -operated Spec- 
traphotometric Analysis of 
Cameras (COSAC)" by P.A. King 
(IBA) and P.J. Marshall (HTV, for- 
merly IBA). 
"Computer -operated Spec- 
trophotometric Analysis of Mon- 
itors (COSAM)" by P.A. King and 
P.J. Marshall. 

In an introduction, J. B. Sewter, 
IBA's Assistant Director of 
Engineering (Network and 
Development), points out that 

the IBA has overall responsibility 
for the maintenance of high 
technical standards in Indepèin- 
dent Broadcasting. Its engineers 
are much concerned with the 
technical performance of studio 
centres although the equipping 
and operation of such centres 
and the creative content of the 
programmes is the concern of the 
individual programme com- 
panies. During recent years 
broadcasters have achieved a 

more widespread understanding 
of colorimetry and its importance 
to television. The availability of 
microcomputers now makes it 
possible to process multiple 
measurements and the complex 
calculations needed to analyse 
and optimise cameras and mon- 
itor display. Together with 
improvements in optical compo- 
nents this had led to the develop- 
ment of a transportable IBA test 

rig capable of a wide range of 
colorimetric measurements. 

The early sections provide 
clear, unambiguous defi nitions of 
units based on the latest CIE and 
CIELUV 76 recommendations. 
These volumes are intended only 
for engineers and students direc- 
tly involved in the field of broad- 
casting. Subject to availability of 
limited stocks, single copies may 
be obtained without charge. 
Complimentary copies are also 
available, on request, to technical 
libraries and educational centres 
in the UK and overseas. IBA 
Technical Review No 22, 'Light 
and Colour Principles, technical 
editor Dr. Henry Palmer is 

published by IBA London. Enq- 
uiries to IBA Engineering Infor- 
mation Services, Crawley Court, 
Winchester, Hampshire, S021 
2QA, telephone Winchester 
(0962) 822444. ETI 
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O1-208 1177 TECHNOMATIC LTD O1-208 1177 
BBC Micro Computer System 

ACORN COMPUTER SYSTEMS 
BBC Model B Special offer £320 (a) BBC 
Model B+Econet 
BBC Model B+DFS 
BBC Model B+DFS +Econet 

£399 (a) 
£409 (a) 
£450 (a) 

UPGRADE KITS 
A to B Upgrade Kit £75 (c) 
DFS Kit £95 (c) 
Econet Kit £45 (c) 
Speech Kit £47 (c) 

ACORN ADD-ON PRODUCTS 
Z80 2nd Processor £352 (a) 
6502 2nd Processor £175 (b) 
Te(text Adaptor £180 (b) 
IEEE Interface £282 £282 (b) 
Prestel Adaptor £99 (b) 

RH Light pen £39.50 (c) 

BBC FIRMWARE 
1.2 Operating System £7.50 (d) 
Basic II ROM £22.50 (d) 
View Word Processor ROM £48.00 (c) 
Wordwise Word Processor ROM 

£34.00 (d) 
BCPL ROM/Disc £98.00 (b) 
Disc Doctor/Gremlin Debug ROM £28 (d) 
EXMON/TOOL KIT ROM £28 ea (d) 
Printmaster (FX80)/Graphics ROM 

£28 ea (d) 
ULTRACALC spreadsheet ROM £88 as (c) 

COMMUNICATION ROM 
Termi Emulator £28 (d) 
Communicator £59 (d) 
Commstar £229 (d) 

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

or information on our complete range please write to us. 

DISC DRIVES 
These are fully cases and wired drives with slim line mechanisms of high 
quality, Shuggart A400 standard interface. Drives supplied with cables 
manuals and formatting disc suitable for the BBC computer. TEAC 80 
track drives are supplied with 40/80 track switching as standard. All 
drives can operate in single or dual density format. 

2 x 400k 40/80T DS: TD55MP with psu 
1 x 100K 40T SS:TS55A £100(b) 
1 x 200K 40/8OTSS:TS55E £140(b) 2 x 400K 40/80TDS:TD55M Mitsubishi with 
1 x 400K 40/80TDS:TS55F £145(a) psu £380(a) 
2 x 100K 40T SS:TD55A with psu £250(a) CS55A with psu £125(b) 
2 x 200K 40/80T SS:TD55E TEAC with CS55E with psu £150(b) 
psu £325(a) CS55F with psu £169(b) 

PRINTERS 
EPSON 

RX8OFT £225 (a) FX80 £315 (a) FX 100 £435 (a) 
KAGA TAXAN 

KP 810 (80col) £255 (a) KP910 (156col) £359 (a) 
JUKI 6100 £340 (a) BROTHER HR15 £340 (a) 

ACCESSORIES 
32K Internal Buffer Parallel £75 (b) 

EPSON 
Serial Interface: 8143 £28 (c); 8148 with 2K £57 (c) 

Paper Roll Holder £17 (d); FX80 Tractor Attachment £37 (c) 
Ribbons: FX/RX/MX80 £5 (d) FX/RX/MX100 £10 (d) 

RX/FX80 Dust Cover £4.50 (d) 
KAGA TAXAN 

RS232 with 2K Buffer £85 (c) KP810/910 Ribbon £6.00 (d) 

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

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

2000 Sheets Fanfold Paper with extra fine perforation 
9.5"x11" £13 (b) 14.5"x 11" £18 (b) 
Self Adhesive Labels 23/4" x 17/16" 

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

3M 51/4" FLOPPY DISCS 
High quality discs that offer a reliable error free performance for life. Each 
disc is individually tested and guaranteed for life. Ten discs aresupplied in 
a sturdy cardboard box. 

40T SS DD £15 (c) 40T DS DD £18 (c) 
80T SS DD £22 (c) 80T DS DD £24 (c) 

DRIVE ACCESSORIES 
FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures continued 
optimum performance of the drives £14.50 (c) 
Single Disc Cable £8 (d) 10 Disc Library Dual Disc Cable £8.50 (d) 
Case £1.80(c( 30 Disc Case £9 (c) 
30/40 Disc Lockable Box £14 (c) 70/80 Disc Lockable Box £19 (c) 

MODEMS - All modems listed below are BT approved 
MIRACLE W82000: 
The ultimate world standard modem coverall 
all common BELL and CCITT standards up to 
1200 Baud. Allows communication with vir- 
tually any computer system in the world. The 
optional AUTO DIAL and AUTO ANSWER 
boards enhance the considerable faciallties 
already provided on the modem. Mains 
powered £129(b). Auto Dial Board/Auto 
Answer Board £30(c) each. Software lead 
£4.50. 

TELEMOD 2e 

Complies with CCITT V233 1200/75 Duplex 
and 1200/1200 Hall Duplex standards that 
allow communications with VIEWDATA ser- 
vices Ilke PREST EL, M IC RONET etc. as well as 
user to user communications. Mains 
powered 654(b). 
BUZZ BOX: 
This pocket sized modem complies with V21 
300/300 Baud and provides an Ideal solution 
for communications between users, with main 
frame computers and bulletin boards at a very 
economic cost. Battery or mains operated. 
£52(c). Mains adaptor £8(d). 

BBC to Modem data lead £7. 

GANG OF EIGHT 
INTELLIGENT FAST 

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

MONITORS 
MICROVITEC 14" RGB: 
1431 Standard Resolution £165 (a) 
1451 Medium Resolution £240 (a) 
1441 Hi Resolution £399 (a) 
1431 AP Std Res PAL/AUDIO £210 (a) 
1451 AP Med Res PAL/AUDIO £280 (a) 
1451 DQ3 Med Res for QL £239 (a) 
Above monitors are now available in plastic or metal cases, 
please specify your requirement. 
KAGA Super Hi Res Vision III RGB £340 (a) 
Hi Res Vision II £240 (a) 
MONOCHROME MONITORS 12": 
Kaga Green KX1201 G Hi Res 
Kaga Amber KX1201 A Hi Res 
Sanyo Green DM8112CX Hi Res 
Swivel Stand for Kaga Monochrome 

£99 (a) 
£105 (a) 
£90 (a) 
£21 (c) 

All monitors are supplied with leads suitable for the BBC 
Computer. Spare leads available. 

ATTENTION 
Ail lulr,.,, ui Ihi , ,IUuhlc pagr ,i<Ivcrtc;uuvli tilt. 

114 t It.11,inutt r;uhInit no:ict 
ALL PRICES EXCLUDE VAT 

Please add carriage 50p unless 
indicated as follows: 

(a) £8 (b) £2.50 (c) £1.50 (d) £1.00 

CONNECTOR SYSTEMS 

SPECIAL OFFER 
2764-25 £4.9( 

27128-25 £11 

27128-30 £11 
6264-15 £21 

6262LP-15 £3' 

6264-12 £31 

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

I.D. CONNECTORS 
(Speedblock Typet 

No of Header Recep. Edge 
ways Plug ladle Sons. 

10 90p 85p 120p 
20 145p 125p 195p 
26 175p 150p 240p 
34 200p 160p 320p 
40 220p 190p 340p 
50 235p 200p 390p 

UV ERASERS 
All erasers with built in safety switch and mains 
indicator. 
UV1 8 erases up to 6 eproms at a time £47(c) 
UV1 T as above but with a timer £59(c) 
UV:40 erases up to 14 eproms at a time £61(b) 
UV141 as above but with a timer £79(b) 

D CONNECTORS 
No of Ways 

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

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

St Hood 90 95 100 120 
Screw 130 150 175 - 

Lock 

EDGE CONNECTORS 

2 -6-way (commodore) 
2.< 10 -way 
2 x 12 -way (yic 201 
2 x 18.way 
2 x 23 -way 17X811 
2 x 25 -way 
2 x 28 -way (Spectrum) 
2 x 36 -way 
1 x 43 -way 
2 x 22 -way 
2 x 43.way 
1 r.77 way 
2 x 50-way(S100conn) 

0' 0.'56' 
300p 

150p - 350p 
140p 

175p 220p 
225p 220p 
200p 
250p 
260p 
190p - 
395p 
400p 500p 
600p 

AM PHENOL 
CONNECTORS 

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

TELEPHONE 
CONNECTORS 

4 way plug 
6 way plug 
6 way rtang.skt 
Flexible cable 
4 way 
6 way 

1 101 
1801 
1801 

50p/rt 
72 p/n 

TEXTOOL ZIF 
SDCKETS 24 -pin £5.75 `8-p, £8.00 40,pin F9.75 

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

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

GENDER CHANGERS 
25 way D type 

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

RIBBON CABLE 
1S way 
16 -way 
20 -way 
26 -way 

(greylmetre) 
40p 34 -way 
60p 40 -way 
85p 50 -way 

1200 64 -way 

1Óp 
200p 
280p 

RS 232 JUMPERS 
125 way D) 

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

£5.00 
£5.25 

£10.00 
£9.50 
£9.50 

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

DIL HEADERS 
Solder IDC 
40p '100p 
50p. 110p 
80p 
75p 
100p 150p 
200p 
200p 225p 

DIL SWITCHES 
4 -way 90p 6 -way 105p 
8 -way 120p 10 -way 150p 

MISC CON NS 
21 pin Scarf Connector.20OF 
8 pin Video Connector.200p 

14 

www.americanradiohistory.com



74 SERIES 74279 904 7400283 80p 4000SERIES LINEAR ICs 
! COMPUTER COMPONENTS 

74017000 

3013 
30p 

7402 30p74293 
7403 30p 
7404 30p 
7405 0D74LS299 
7406 400 
7407 40p74367A 
7408 301 
7409 30 
7410 30D 
7411 30P 
7412 309 
7413 SOp 
7414 709 
7416 369 
741J 40P 
7420 7420 309 
7421 04 
7422 36974LS368A 

344 
7425 409 
7426 40p 
7427 00 
7428 4SP 
7430 302 
7432 349 
7433 30p 
7437 30 P 
7438 - 40p 

7440 
407439 9 P 

7441 900 
7442A 709 
74430 1009 
7444 110p 
7445 1009 
7446A fOP 
7447A 1009 
7448 120P 
7450 304 
7451 38p249 
7453 38p 
7454 384 
7460 550 
7470 0P 
7472 55D 
7473 56p 
7474 SOP 
7475 50P 
7476 45p74L555 
7480 054 
7481 1801) 
74834 1055 

74050 1?Op 
7486 p 429 

7490A 
21097489 

36 
7491 70P 
7492A 70 
7493A S6P 
7494 110 P 
7495A 504 
7496 804 

74283 1059 
74285 
74290 

320P90p 

90p 
I 74298 180p 

74351 2001) 
74365A 800 
74366A 80P0YJd912 

BOp 
743680 709 
74376 1809, 
74390 1109 
7093 112D 
74490 10p 
74435 100P 

74L5 SERIES 

740500 249 
741501 204 
74L 02 249 
741503 24p 
741504 24p 
74LS05 24P 
74L508 24p 
74L509 xbp 
74LS10 249 
741511 204 
74L312 24p 
74LS13 34 2 
741514 50P 
740015 24p 
740020 2d 0 
741021 244 
740022 244 
740524 509 
74LS26 24p 
74LS27 24p 
741528 24P 
74L00 24P 
74LS32 249 
741033 
74L537 p 
741538 24p 
)4L540 24p6p 
74LS42 SOP 
74L343 1S0 
74L547 809 
740048 90D 
74L551 24p 
741354 24p 24p300P 
74LS73A 309 
7410740 35p 
79L575 45p 
7415760 3613 
74LS73A 709 
741585 75 D 

740090 48P 
6 35p 

741_S91 90P 
741592 SS 
74LS93 54p 
74LS95B 75P 
741398 POP 
7405107 400 

7410290 509 
7400292 9009 
7410293 80p 
741_0295 1404 
7400297 90 
74LS298 100p 

220p 
74LS321 370p 
7410323 5000 
7400324/624 

350p 
7410348 200p 
74LS352 120P 
74L5353 120p 
7410356 2109 
74LS363 180p 
7410364 18094018 
7415365 SO 
74L5366 501) 

P003186 
7410367 504 

500 
74LS373 909 
74LS374 90p 
74LS375 75p 
74LS377 10D 
74L5378 85P 
7400379 1400 
74LS38/ 450P 
7410390 604 
7415393 1109 
74L3395A100p 
74LS399 140p 
7415445 1804 
7413465 120p 
7400467 1209 
7415490 1500 
74LS540 1009 
7405541 1000 
74LSfi08 70P 
74L5610190P 
]4LS672190p 
741062413504 
7415626 225p 
7400628 225p 
7410628 tOp 
7410640 300 
]aLS6401 

p 

30094 
74LS641 2009 
74LS6421 

74LS643 250P 
7410643.1 

3O0p 
74156. 350p 
7410645 200p 
7405645.1 

400p 
7410868 904 
7400669 90P 
7413670 180p 
7400682 320p 
7400664 6500 
7410687 550p 
7410688 5504 
7415783 E21 

4000 20p 
4001 21p 
4002 rn 
4006 T02 
4007 25p 
4008 56p 
4005 se 
4010 89P 
011 24p 
4012 2Sp 
4013 36p 
4014 802 
4015 7y 
4016 389 
4017 56P 

80P 

4059 80p 
4020 604 
4021 604 
4022 7y 

4024 47423 

4013 
10 

4025 24p 
4026 PO4 

4027 10p 
4028 80P 

4029 7Sp 
4030 38p 
4031 1269 
4032 1004 
4033 250p 
4034 250p 

4035 72, 
4036 704 
037 1102 
4038 1004 
4039 250p 

4040 904 
4061 55p 
4042 604 
4043 60p 
4044 004 
4045 1004 
4016 604 
4047 
4040 

60p 

4049 30p 
4050 33p 
d057 6 
405x 

02 
60° 

4053 By 
4501 pp 
4055 904 
056 354 

059 4019 
4080 MP 
4063 báp 
4086 0p 

44067 o8B 
220p 

54 
4069 24p 
4070 21p 

4071 2b 
4072 244 
4073 24p 

41)753, 518 L4A23 .084 
000040, t113 1000 CM 

1.597x30* 31e 
LM13a11 411V 

.1&99'65tp5110 eMp 
1190060 3Mp 

.SPD TMS99f13 025 EPROMe MC144/1 áWp 
CHARACTER 

GENERATORS 

Á-35165 
toe 
7Mp 

AY38pip 
3901 

4p00 
100P 

C60190 000 
0602M , 9 
C030M 7y 
CA3059 

óé 

1M >e 

1.81011 
LMI00 ° e0p 
LM1621 3067 
LM1630 2p4V 
-521071 303 
LM187f 3409 
LM18M Po3 
1.011990 480P 
1M20t7 10ov 

II 

MOTO, 
1CO210 

;,; 
I iC62x2 3001 

1CA270 eMp 
156615 78p 

1061UU4A 30y 
1061003 3339 
1D0t00 1Mp 
roAí024 e 
10611706 3007 
1pAT01 9210 

1892CE 551p 
2850A 1 OOOp 

6502 3á0p 
65024 5602 
65CO2A [/S 
65025 IOy 
6600 26y 
6802 J00D 

TMS9911 C18 
TM59914 f11 
ZWPIO 266p 
ZWAPIO 275p 
Z80CTC 202, 
Z00ACTC 7702 
ZBODART 650p 
2BOAOART 

7067 

2516+Sv 356P 
25/635 552, 
2532 ° 2532-30 5509 
2564 BSOp 

2708 300p 
2716+15v 350p 
2]1635 SSy 
2732 4502 

MC14412 762, 
ML922 40y ULN2001mop 
ULN7W30 

7gp 

602 

ULN2004A 
909 

ULN2088 192, 
ULN2W2 1pp 

fl03-32513 

LC. 7002 
056656C [12 

MC887p 182, 

06.100E 
c6308 

79p 

re0p C,,3069E 07 

LM302 1p 
M3aB t031ppP 

1002003 MP 
TDA204 p40p 
1D6xo0 130p 

5809 6502 
8809E C12 

TM04500 [11 
TMS9901 6002 2732A-2 1002 

27320.35 Sá0p 
ULN2803 1802 

ULN2804 1902 

KEYBOARO 
ENCODE Rs 

CG16311J0°E 
r7y 

CA313aT 1]Op 
003140E 4e 
8031497 10p 

É é p 

!M3311 tee 
tM3011 360p 
-M3915 3000 

1.M3B1fl 
344p 
Imp 

1202020 9267 
TD01620 t307 
1DA264t 4009 
106258] 109P 
1042663 7199 
TD035W My 

68B09 E77 

68809E [76 
68000 -LB UP 
8035 3601) 

8039 1201) 

TMS9902 60y 
286DMA 702, 
ZOADMA 7502 
ZOASIO-O/1/2 

/9 MP 

2764-25 SOOP 

2758625 C11 

2712625 414 
27128-30 174 

75107 902 
75100 92, 
75109 1209 
75110 
75112 1509 

AY 5 23T8 Btpp 
AY 5 3800 7604 

740922 68y 
740523 
dBAUD 

MIME 
44e 
n0P 

043M00 39p 

59515 3367 

M83115i 
483 
pp. 

9033730 0'y í.,c11. 

3oA10 le 
3Mp 

/0p 

0 IROp 
200p MEMORIES 

2016-150 4002 

TMS2716 SOy 

COT 
CONTROLLER 

75113 1209 
75114 1409 
75115 1102 

RATE 
GENERATORS 

MC14411 'p 
07002 
940t49p1 efe 

0A0CaC000M! 

*309, 

D0908 
mP 

N0t3M imp 

CL75ti o7., 1e 
IC1150 deei 
I0L1000 230p 
00,6626 10P 

051430 xMep 
3901468 
MG14954 

54P 

Mc1490 
390p 

05a34oP eoáp 
7903401 
L45'y103 M531 

0F+0c 340P 
0K5040 M07 
0050390 70e 

- 

1i008M1Cv 
11.059 g 
TL071 0M 
i-01 
11061 1313] 

TL0M 7 

11082 

56P 
11401 109 
11094 me 

01170 e07099 

120. 
1u6At00.1 

8068 1710p 
8748 176 
TMS1W1 013 
TMS99p 112 
TMS9B% [74 

Zq055 
£14.00 

ZOA 525p 
760p 

28001430C 

2101 6oD1) 

2102 
41078 800p 

2111A35 I9OP 

2114-21 330p 
2114-2L á60p 
211431- 2591) 

2114-4L 2099 
2147 ss, 

I CRTCRT5027 

115 
5037 119 

1CRT8645 f9 

6E9364 [6 
EF9365 C25 
6E9366 625 
EF9387 136 
MC6845 660p 
MC66450P 

75121 
75122 10p 
751509 1202 

75154 1 

75159 
20p 

75160 56y 
75161 3602 
75162 4009 
75172 
75182 

47028 
11675op 

SOP 

AV -3-1015P 
300p 

AY-51013P 
300p 

COM017 300p 
IM6402 300p ICM x175 710P 

1001585 W 
Ic33768e 

M v/2 1091 
MÌ40ºx1A mop 
6E531 Mp 

M8p 
00750 3301) 
042240 >w 

SUPPORT 
DEVICES 

4927.3 SOY 
4110-15 200V 

6Sy 
MC6B67 6600 

902 
75158 62, 

75189 602 
TR7802 90p 

0y 
-C12o 1309 NE541 1 

65559 
NFSO 39P 

35N146101A e11163 2651324 112 

411620 1502 SFF96364 16 
75/599/8 £15 
TMS9927 71y 

7535 1501) 

75451 ly i 

UHF 
MODULATORS 

LCG131 31500p67 

LF347 599 
LF01 10p 

NEW 443p 
ME6M Imp 
NE560 10p 

ULNx015 TIM 
01540000 e 
31.5x036 1e 

IMP 
325 460V 

6520 300V 

4164-15 500p 
41256-20 125 
4164-20 112, 

TMS0928 110 
rMS9929 [70 

75452 102 
750.53 ] 02 

6MHZUHF375p 
BMHzUHF430p 

19853 SOp 

gym tt 
18369 5 teert, 

13311 
448p 

uL52004A 7b 

ulNx02 
1umotte 0 5522 5509 

6522A SSOP 

411620 180p 
1532-20 280P 

INTERFACE 75480 1004 S2MHzound 

iVlC12 

LF357 a67 545571 9900 u-Nz80 11e 7!00p 75491 5 

LMt03151 me 
1.8016 3990 
1807 
LM9p0Cx7 y 
100'300 teep 
-9311 49 
Limai550 nip 

19331 

1M424 
46p 

LM3342 1189 
-M3352 me, 
LM3J6 1Mp 

L89O048 Mw9 

LMµ3i5iP t09p 
L930U*--8 101 

-M36í09 1í0y° 
L1A332 

1300p 

LM383 301 

46553341 
56997 00 

1309 
14E55337 1800 
NEs8334P 1 

NF88s16v 
301 t1y 

OPa7EP we 
PL1026 10up 

eGt501 4400 
R5455e 

°2p 
s566B 330p 
SM180 1 
5FFse3M 410p 
50498 999 

05p 910P 

SN16W.94 10409. 0e5P 
a91611sµ e 
Sn7 40p 
380256412 789 
9P85t5 e0p 

3-Pcs1s 1175p01p 

08050211 3091 
VPC1158µ 30e 
UeCtt169 010p 
x9210 401) 
XRx306 330p 
382207 
3n a2011 

e 
XRxx13 M5 p 
X92240 139 
5µ10g 01e 
59414 SOP 

5144190 
11°0 2r4429E 930p 

0c74.29F 133p 
3109 

5*4ºM 309 

554251a425E 
ae500°eP 

5µ42gE1 mp 
78a5oe 0P 

155351 S550p 

6821 1 

86821 2201) 
fi829 f17.80 
6610 I7á1) 
68840 669p 
6650 162, 
66850 262, 
6852 250p 
6554 
88854 65Ó p 

8654 
75 Spp 

8155 ne 950p 

6156 »Op 
8205 2251) 
8212 122, 

51066501 
3702 

5514/5174 
250p 

5515 6á0p 

6116P-3 150p 
811801-3 6509 
6264-15 C24 

%14-45 2801) 

6810 1504 
740189 2 
749201 3509 
745289 2261) 

93415 
931a22 9$Op 
93425 E009 

AO558CJCsn SD 
6D561J 170 
AD7581 

ter, 

qDCOBOB 111y 
AM25810 x02 
AM25LS2521 

AM25LS25x71fy 
xy 

AM26LS3t 
1402 

AM28L532 
129p 

D7002 112 
DACpCB/V 

128 
DM8131 808p 

75492 669 
BT26 122, ,120p209 

202 

BT95 112, 
BT98 1 25P 

6T97 1209 

B1L3% 1 

8198 
20p 40p 

B1L3% 2202 
81L397 t1y 
81LS% 220P 
9:18.211.05"120 BBLS120 
802 SOOD 

96364 tOy 
9837AP l602 
9638 /6y 
2N425E8 3801) 

CRYSTALS 
32.788 KHZ 

702, 

100 Kilt 4002 
1.00MRz 2709 
74p in MMi 

2.00 

15432 ay 
2%D 

x.57eg11 202, 
2.578g51 2802 
P.5 ?02, 
2662 262, 
3.276 182, 
35]95 70y 
4.W 182, 
4.194 2009 
443 we 

1Ms010n-1 14107 

1310 

.14.7,22 
3eí1p0p 

5µ459CP 
pppp 
749 

8216 160p ROMS/PROMs DP8301 810p 
OS3691 5oy 

ZNd28E8 560P 
ZN127E 600p 

4806 2669 
d.4152 ' p 

LM587 3101 
L6qM 1Mp 

LM39xN 
10001 

L9391 067 
L939K'.9 37y 

T072M ,111; 

107206 39p 

ri77330ió 
1550 

11M411M1 119850p0 

700231 Mp 

5N1003140F 

5N6134J m 
z96z345 e3y 

8224 500p 
8226 42áp 
8228 456p 

8243 292, 
6250 9604 

28122 Oy 
24010 2502 
180030 2004 
18SA030 2069 

008830 1402 
DS8831 1602 
058832 19y 
DS6833 ? 

ZN428E6 1609 
ZN429E 2109 
ZN447E 900p 
ZNSSCD sie 

5.000 16y 
5.088 Be 
8.00 1409 
8.144 1 

LLT70 3e 
LM710 03 

10y 

186800 30p 
190610 149 
1000x0 10p 

REALTIME 
' CLOCK 

6251,, 322, 
8253C-5 362, 

748183 1009 
74S287 22 02 

DSBO35 2 

OS8836 1 s2, 
6C 

CONTROLLER 
7.00 7 

T.188 t7 69 
7497 210 P 
74100 190p 
74107 50p 

74LS109 40p 1M111 
7405112 45P 
7403113 45p5P ]45 SERIES 

4075 24p 
4076 8 VOLTAGE 

REGULATORS 
FIXED PLASTIC 

N.4068, 6P 450p 
MM58174AN 

BSOp 
MSM5832R3 

825500-5 
see 

8256 210 

82590-5 400p 40093209 

71S2B8 1809 
745387 225p 
748473 1752 
710471 

740570 
SSOp 

D58838 225p 
1013201 450p 
MC1433 OOP 

MC1489 
OOP 

MC3446 25y 

ICs 
6043 Cá 

0272 [16 
FD1771 020 
F01791 £22 

B.00 182, 
8.x7 4óp 
10.50 n62 
10.50 26119 

10.70 loop 
74109 75p 
74110 75p 
74111 SSP 
74116 170p 
74118 110P 
74119 170p 
74120 10D 
74121 53P 
74122 70P 
74123 OOp 
74125 634 
74128 554 
74128 33P 
74132 750. 
74136 70p 
74141 902 
74142 280D 
79143 470P 
74144 2704 

-74t45 ttOP 
74147 170P 
74148 140p 
74150 1.76 
741514 704 
74153 801) 

74155 
74154 

1804 
74156 tOp P0 
74157 804 
74159 1759 
74160 110p 
74161 001) 

74162 /10p 
74163 1104 

1204 
74165 110p 
74166 104 
74167 /004 
74170 200p 
74172 4209 
74173 1404 
74174 110p 
741]5 IOSp 
74176 1002 
74178 150p 
74179 1304 
74180 tOP 
74181 3409 
74182 tO4 
74184 1802 
74185A 18017 
74190 1300 
74191 1300 
74192 110P 
74193 1154 1 

74194 1102 
74195 80p 
74196 130p 
74197 

Y4Ó p 
74199 2204 
74221 7/0p 
74251 lOp 
74259 1502 
74265 80p 
74273 200p 

74278 17074276 p P 

MAIi. ORDERS 
SHOPS 

74LS/14 45p 
74L5122 70p 
7413123 BOP 
741_5124/ 

029/1409 
7410125 504 
7413126 50p 
7410132 850 
74L9133 SOP 
74L5136 45 P0 
7403138 55p 
7415139 554 
74L5145 95P 
7415147 175P 
7405148 140p 
7415151 850 
7410152 2000 
7415153 BSP 
741_5154 180p 
74LS155 85P 
74LS156 6Sp 
74LS157 SOO 
7410158 7550 
7410104 75p 
74LS161A 75p 

74LS163A 75p 
7419164 73P 
74LS185A110p 
741$186A150p 
74LS168 130p 
7413169 10p 
741_5170 140P 
74LS173A14XIp 
7410174 73p 
7415175 75p 
74LS181 2009 
7410183 1909 
7415190 75p 
74LS191 75p 
7415192 100P 
74091 93 
741_5194A 75p 
74 LS/ 95A 75P 
7410196 80p 

74LS22 10oP P 
7400240 809 
7410241 809 
7415242 90p 
7415243 90p 
74L5244 BOD 
74LS245 t00p 
74L5247 11Up 
7410248 1102 
7410249 110p 
7410251 754 
74LS253 75P 
7415256 9op 
74LS257A 70 
74LS257A 7oP 
7410259 120P 
74LS280 75p 
7400281 120p 
741S266 800 
7415273 1234 

74LS270 190 
7405279 P 

P 

T.(:H\01I:TI(, 

TO: 
AT: 17 

(Tel: 01 

305 EDGWARE 

74500 50p 
74502 50p 
74504 50P 
74005 50p 
74008 SOP 
74810 500 
74811 TSP 
74020 50D 
7aS22 tOP 
74030 50 
74532 609 
74537 OOP50p 
74538 75p 
74540 50p 
74551 454 
7404 45p 
74574 75D 
74585 4504 
74586 10P 
745112 t50 
745113 1202 
749114 720p 
745124 550p 
745132 100P 
745133 60p 
745138 180P 
4098 75P 
4099 90P 
740151 150P 
745153 150P 
740157 2109 
745158 2002 
740163 400P 
745169 700p 
740174 3000 
745175 320p 
74$188 180D 
745189 2254 
745194 300p 
74$195 3002 
745196 350p 

7452010 340P 
745225 520P 
745240 400p 
743241 /OP 
745244 5002 
745251 2500 
740257 250P 
745258 2509 
745260 tOp 
]45261 30p 
745282 110 P 
748283 270P 
745287 225P 
745288 20p 
745289 225p 
745299 5509 

45374 40 2 
745387 425P 
745472 475P 
745473 475p 
740474 40P 
745475 450P 
740570 650P 
745571 30P 
74S573 SOP 

17 BURNLEY 
BURNLEY 
208 1 1771 

ROAD. 

4077 251) 
4078 23p 

4081 24p 
1062 259 
4085 10p 
4086 7 

4089 12 p 
4093 Jbp 
4094 app 
4095 904 
4096 46p 
4099 

4501 .49 

4603 389 
4504 45p 
4500 31301/ 

4506 90P 
9507r4030 

35p 

4508 
' 

12 
4511 S5p 

4513 1604 
4514 110p 
4515 1109 
9518 ssp 
4517 2202 
4518 10P 
4519 32D 
4520 80p 
4521 116p 
4622 áy 
4526 702 
4627 80p 
4528 550 
529 1004 

4532 é Sp 
453d 3pp 4I 536 2509 

44539 155pp 

4541 pp 
4543 704 
4551 100p 
4553 2400 
4555 56p 
4556 Sy 
4557 2g0p 

4586 tOp 
102 d588 212, 

4569 11y 
4572 450 
4583 
4564 

4/09 

4585 02 
4724 160p 
14411 75Dp 
14412 7501) 
14416 9004 
14419 2S09 
14490 4202 
144% 450p 
14500 BáOp 
14899 2004 

22100 3502 

ROAD, 
ROAD. LONDON 

Telcx: 922800 
LONDON 

10 +ve - 
5V 705 459 7905 500 
BY 7806 li0p 7906 50p62, TELETEXTSp 

DECODER 
8271 POA 

5275 724 

745571 560P 

715573 358p 
82023 7 

MC359 6500 

MC3470 475p 
MC34p 6602 

F01793 L20 

FD77% 125 

11.00 1002 

12.00 102, 
14.00 17 

8V 7806 SOp ]906 SOp 
12V 7812 13p 19f2 Sy 
15V 7815 SOp 7815 509 
18V 7818 501) 7918 500 
24V 7824 501) 7924 50p 

5V 100rnA 78105 301) 79105 ISP 

SAA5020 600 
SAA00 'MP ° SAA5041 £10 
SAA500 9000 

8279 [11 

762, 
8280 C11 

67558 924 

529123 1502 
625129 1754 

MC3486 2809 
140.3487 2602 
695024 3250 
MC044 x2, 

FD1797 C22SD 
W02793 £.36 
9902797 032 
0601891 [15 
WD2113 C6 

14.318 tá2, 
10.756 260p 
15.00 2002 
1fi.W 260P 

6V 100mA 78106 309 
8V 100mA 78008 30P 8 PIN Op 2Z p¡n 22p 8 Pin 309 22 pin 75p 

12V 100500 78112 30p 79112 504 
15V 100mA 78175 304 79115 500 

LOW PROFILE 14 pin 102 21 Pin 210 
SOCKETS BY 118 pin 111) 2402 96p 

WIRE WRAP 
SOCKETS BY 

14 Pin 42P 24 pin 76 
16 Din 461) 289In 1000 

OTRER TEXAS 18Pin 102 ppin 900 
20 pin 119 

TEXAS 18 pin 304 40 pin 1300 
20 pin 869 

' 
lieilOREGULATORS 

LM309Kuleton 105V 140 
104323K 3A SV 3O 
78905KC 5A SV 540 
78H12 5012V 840 
78P05 IpASV 990 VMI90yP99u1MonP 
LM3054H 250 
1.7.731 71 0220 

LM337T 
T03 

60 

23 
LM3507 100+VAR 400 

LMi23Ñ 
100+800 S1p1p 

76*GKC SA+YAR 675 
78GUIC 10+VAR 225p 
79HGGKC 54-VAR 675p 

8wCi7tchn9Re991et484VAR 
2504 

1017660 250p 
503524 300p 

T1á9] 
3009 

78540 290p 

TRANSISTORS 
00161/2 451 
85107/8 189 
BC109C 299 
BC169C 18p 
90172 189 
BC177/8 304 
9C179 300 
BCt82/3 184 
BC184 144 
BCiB7 30 P 
05212/3 16P 
85214 184 
BC237 1 ö 
85327 LBP 
85337 16p 
BC338 10P 
51541 40474164 

BFX30 450 
BF084/5 30p 
BFX86/7 30 
BFX66 304 
90089 160P 
BFV50 302 
21E3'51 /2 30p 
8000758 33p 
B0090 907P 
BRV39 46P 
BSX19/20 30P 
0U184 245p 
gU105 190p 
BU108 2504 
BU/09 2269 
BU126 1504 

719300 3SP 
111830C 09 
TIP314 409 
719315 464 
71432A 45p 
TIP32C 0p 
T113330 70p 
11P33C 80p 
TIP34A 902 
TIP34C 120p 
TIP35A 1409 
TIP35C tOp 
TIP36A 1O 
119385 150pp 
TIP41A 504 
TIP4IC 554 
TIP42A 604 
119425 850 
71454 1509 

2422190 34 
2N2222A 301) 
2423690 30p 
262484 30p 
262746 OD 
2N2904l5 30p 
262906A 30p 
2529070 30P 
262926 12p 
263053 351) 
243054 9pp 
243055- 354 
2N34g2 1O 
2N3553 209 
243584 2309 
2N360/4 48p 
263702/3 104 
263704/5 109 
2N3706/7 16P 

2501857 7909 
2051969 150P 
2052028 80p 
2002029 2009 
2052078 1609 
2852335 200P 
2002812 2000 
36128 200p 
34140 2009 
3N141 200p 
3N201 200p 
3N204 20op 
40290 2304 
40301/2 75p 
40595 120p 
40673 901) 
0871 2 100 

DIODES 

801 OVV 1001) 
6540V 1209 
10040V 200p 
2504000 4000 
Turned Pin Law 
p.olilcSac9eís 

BDm, 25p 

16P1n 
309 

18°in iOp 
p1" P 

20917 45p 
22pin Sop 

28pin Op 
40 Pin 1000 

TRISTI 

OPTO -ELECTRONICS 
201704R40 140p MAN00 200p 

F61707 0357 100p 70000p MS658810 670p 
F50500/710730100 T1L311 650 
FN0507RIL729100p TIL729 7 

P 

MAN740L704 100 111730 1 pv00P 
MAÑ364pL707 170bp M4N8940 

10 
250p 

BC477/8 30p 
BC517/7 30P 

BC548C 1BP 
8C549C 16p 
BC5578 18pP 
BCY70C 

24p 
30D 

8CV71 36p 

BUt0A 1209 
82205 2009 
131.1208 200P 

BUX 0 7054 600p 
gUY695 3304 
E310 SOp 
MJ413 28013 
MJ802 4009 

11915 180p 
119120 75 
TIP 121 75p 
TIP122 
719125 7054 

71P128 BOp 
TIP147 1204 
TIP147 
TIP2955 720p 90P 

243708 16D 
253773 2009 
293819 402 

2N3866 90p 
2N3902 70p 
263904 189 
263908 184 
2N4036 05P 

87127 129 
137038300 209 

0090/91 
10P 

0495 99 
00200 04 

10N91p2 4 70P 4P 

34400V p 
6A400V 70p 
60500V 
8Á400V 7áp 
BASOOV D5 
120400V 030 
120500V 1054 
164400V 220p 

OPTO -ISOLATORS BD131 781) 
00132 BOP 

MJ2501 228P 
MJ2955 90p 

TIP3055 70p 
T1593 30p 

264037 85P 
254123!4 479 

16916 7p 
1N4148 4p 

160500V 1302 
728000 10p 

11074 79 
MC726 10ÓD TIL12 70p 
e1CS2400 19ppTK103 2y 
M0C3020 1604 19.116 70p 

00139 
6 

4°7004 

130140 0 p 

MJ301 2250 
MJ4502 4009 
MJE340 504 
MJE2955 130P 

VN1OKM S0P 
VN88AF 902 
VN88AF Cl 

26412576 27p 
2N4401'3 25p 
244427 904 

1N4001/2 5p 
1N4003/4 8p 
144005 0p 
844006/7 7p 

TIC206D 00p 
TIC226D 7Sp 
TIC246D 110p 

IL074 220p 86137 S/up 
86139 1759 

LEDS 

111.209 8e0 129 TIL222 Green 182 

TÌL21211 e1Ìow 40p bMV51i8 RedA99y0 
10 2354BD677 

0X095Ibi'CO17yr1 V'4i64 0106,22 
f0y 110 

TIL220R40 762 Mttl4M9R4Y 300 

COUNTERS . 

74C925 6SOp 

80189 Sop 
00232 80 
BD233 75ÿ 
80235 135p 

00241 OOP 
00242 004 
00379 009 
50380 OOP 

OP 

BF258B SOp p 
8F257/8 Op 
BF337 309 
BFR38 32 
BFR40l1 920 

MJE3055 120p 
MPF102 0p 
MPF103/4 Op 
MPF105 OP 
9000-606 30P 
M43412 504 
MPSA13 SOp 
MP8A20 SOp 
MPS442 
MPSA43 90P0 p 

MPSA70 30p 
MPSA93 Op 

634 
MPSUO7 OOP 

ZT%108 18D 
Z7X30 16 p 
ZT0452 45p 
ZT%50 204 
ZTXS02 209 
27X504 22p 
ZTX552 35p 
ZT0652 80p 
ZTX752 70p 
25697 45p 
2N698 43 

2N708A 36p P 
25918 45p 

0131/2 pp 

2N4871 SOp 
255087 272 
255079 470 
245172 474 
255191 90p 
265245 404 
245401 604 
265459 30P 
2N54b0 600 
265475 30p 
2N5B75 250 
245883 
2146027 3754 90p 
2N8052 300P 

3254 

165401/2 12p 
165403/4 140 
145404/5 140 
165404/7 19P 
15920 9 . 

BRIDGE 
RECTIFIERS 

1A 50V 19p 
tAIOOV 20p 
IA 4006 254 
tA80V ,OP 
2A 50V 30p 
20500V 35p 

THYRISTORS 

30400V 104 
BAOOV 1804 
120400V 1609 
160100V 1804 
180406 1804 
C1060 45p 
MCR101 36p 
2N3525 130 
2N44g4 180p 
2N5080 30p 
2N5061 31 
2NSOfi4 3bp 

IFNERS 
74C926 650p 1,,;1".4v5 BFR79 32P 

BFR80/1 32p MPSU45 DOP 
2Nt SO0 

2N1613 30P 
2Ns1o7 854 
2N6247 iBOD 

2A400V 43D 2.7V33V 
3A 2000 00p 400mW Op 74C928 050P 

72168 424 DL704 1Op 
0704 DL707Re0 7Op 

LTI) 
LONDON NWIO 1ED 

NW710 

BFX29 lgyp 

Orders 

MPSU65 784 
119290 364 
TIP29C OOP 

PLEASE 
(Export: 

from Government 

241711 36p 
2142102 70P 
262180 350P 

50p 

Depts. 

2N6254 130 
2N620 65P 
25C1306 1000 

at 

&p &o15% 

& Colleges 

4A6000VV 95p 
1W 15p 

4A400V 10p VlWS 

VAT 

etc. welcome. I fetailei Price List on request. 
I¡ 

1I 

Stock items by f 
W2 are normally return of post. 
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VOLTAGE CONTRO 
OSCILLATOR 
Tired of the same old sounds from your synth? Bring a new 
variety to its waveforms with the VCDO! Design by Richard 
Thorp, development by Simon Bailey. 

Aconventional VCO can pro- 
duce several waveforms, rich 
in harmonics, which may be 

filtered in order to alter the tim- 
bres. This is quite satisfactory for a 
wide range of musical require- 
ments but the small range of 
waveforms available (usually saw - 
tooth, square and triangle) and the 
coarse effects of analogue filters 
mean that it is impossible to pro- 
duce many of the delicate, natural 
sounds which are so characteristic 
of modern digital synthesis. This 
module adds some exciting new 
possibilities to existing synth- 
esisers by combining the flexibility 
of analogue voltage control with 
the clarity and realism of digitally 
generated waveforms. 

As a unit, the voltage - 
controlled digital oscillator 
(VCDO) may be regarded as an 
ordinary VCO, but with a far 
greater range of waveforms. The 
design is fully compatible with 
existing synthesiser systems (1V/ 
octave frequency control, 10V 
peak -to -peak output, linear and 
exponential modulation inputs) 
and offers the versatility of 32 dif- 
ferent waveforms covering a wide 
variety of sound textures. A par- 
ticular waveform can be selected 
either with push-button switches 
using a simple incremental system 
or by a combination of a push- 
button switch and suitable elec- 
tronic pulses to the input pro- 
vided. The module has a wide fre- 
quency range (approximately 
30Hz to 10kHz) which allows it to 
be used as either an audio or mod- 
ulation source. 

Design 
The VCDO works on a very 

simple principle. The 32 wave- 
forms are encoded in a 2716 
EPROM. Each waveform is rep- 

resented as a series of 64 8 -bit 
numbers (a wavetable). A binary 
counter is made to run at a fre- 
quency generated by a VCO and 
to count through the waveform 
data. A DAC converts each item of 
data into an analogue voltage. 

The VCO is based on the 
familiar CEM 3340 from Curtis 
Electromusic Specialties. In this 
case, the frequency range has 
been shifted upwards by altering 
the timing components. Accurate 
calibration of the oscillator is 

HOW IT WORKS 
IC1 is a CEM 3340, which with the addi- 
tion of a few external resistors and 
capacitors functions as a high quality 
VCO, featuring accurate exponential 
and linear control of frequency. Three 
output waveforms are provided 
(triangle, sawtooth and pulse), but in this 
application only the pulse output is 
required, which is available at pin 4. A 
positive -going control voltage to pin 5 

allow adjustment of the duty cycle of the 
pulse wave from approximately 0% to 
100%. Frequency control is by means of 
timing capacitor C4 (10pF in this applica- 
tion) and multiple voltage control via 
resistors R8-11 to pin 15, which is a vir- 
tual earth summing node. Additionally, 
pin 13 may be employed as a linear fre- 
quency control input, providing the 
facility of linear frequency modulation. 
The VCO is configured such that it may 
be calibrated for an accurate +1V/oct- 
ave response using presets RV1 and 
RV3. Provision has also been made for 
connection to an external VC clock via 
SK4 which, if permanently connected, 
allows the removal of the CEM 3340 and 
associated circuitry. 

The pulse output is suitably atten- 
uated to 5V by R17/ZD1 and is further 
processed by a Schmitt trigger (1/6 of 
1C2). Squaring of the pulse output is 

necessary as at extremely high frequen- 
cies an unacceptable amount of slewing 
is present, which inhibits operation of 
the next circuit block, a frequency 
doubler. The frequency doubling cir- 
cuitry configured around IC 3a and IC 3b 
is included to provide an extra octave 
range. It functions by separately dif- 
ferentiating both edges of the square 
wave - C6/R18 differentiate negative 
edges and C7/R19 differentiate positive 
edges. The output of IC 3b is then a series 

of narrow pulses corresponding to both 
edges of the original square wave clock 
signal. 

Ripple counter IC 4 steps through the 
lower six address bits of IC 9, a 2716 
EPROM suitably programmed with 
wavetables. The data outputs at pins 9- 
17 of the 2716 go directly to IC 10, which 
is a high speed multiplying digital -to - 
analogue converter (DAC 0800). The 
data is thus converted to an analogue 
voltage which is buffered by IC 11. The 
same IC also scales the output to 10V 
peak -to -peak. 

Ripple counter IC 7 and IC 8 are used 
to select the required waveform N umber 
and Group respectively. Their clock 
inputs (pin 1) are fed by IC 3c and IC 3d 
which invert and debounce the switches 
SW1 and SW2. Additionally, an external 
input is provided so that a suitable 
waveform or pulse train may be used to 
advance the waveform Number in a par- 
ticular Group. ZD2/R20 are included to 
limit an incoming externally generated 
pulse to +5V. R24 and C10 form a 

power -on reset network to take the reset 
inputs of the select counters high at 
switch -on in order to start at waveform 
Number 1 in Group 1. 

IC 5 and IC 6 are BCD to decimal con- 
verters and LED drivers, displaying two 
decimal equivalents present on the 
upper five address lines of the 2716. Thus 
the two highest address lines A9 and Aio 
are decoded to light one of four green 
LEDs representing the waveform Group 
whilst control lines A6 to A8 light one of 
eight red LEDs representing the 
waveform Number. 

Power supply requirements to the 
VCDO are +/-15V at approximately 
40mA per rail and a separate +5V rail 
at 500mA. 

i6 ETI MARCH 1985 
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LIED DIGITAL 
achieved by means of four presets. 
Coarse and fine frequency con- 
trols are available as well as depth 
controls for exponential and linear 
modulation (Control 2 and FM). 

The pulse output of the 3340 is 
used as the clock for the waveform 
generation circuitry. After being 
cut down to 5V and passed 
through a Schmitt trigger to 
improve the shape, it is doubled in 
frequency by edge differentiation 
to give an extra octave range. 
Subsequently, a binary counter is 
incremented by the pulses and 
this steps through the 6 least 
significant address lines of the 
EPROM. A simple DAC and buffer 
convert the data outputs into 
voltages between 0 and +10V. 

The remaining circuitry is con- 
cerned with the waveform selec- 
tion. Two push -buttons are de - 
bounced and used to clock a pair 
of binary counters. One controls 

SK4 
vccl 

V/OCT 
RV1 R1 
10k 24k 

-15V 

+15V0 

OV 

15V0 

R2 
5k6 

MM 
86 
1M0 

3 

R3 
8208 

C12 

10u 

+5VP 

OVO 

4 

8 

O +15V 

OV 

0 15V 

C14 + C15 1 
10u 100n 

the 2 most significant address lines 
of the 2716 and thus splits it into 4 
groups designated Groups 1 to 4. 
The other counter controls a 
further 3 address lines and thus 
can select one of eight waveforms. 
The combination of two counters 
means that any particular wave- 
form is quickly accessible. Insert- 
ing a jack plug into the waveform 
select (No. Cl.) input enables elec- 
tronic control of the incrementa- 
tion, opening up the possibility of 
timbral modulation and sequenc- 
ing etc. 

Indication of the waveform 
selected is by means of 4 green 
LEDs and 8 red LEDs, representing 
wave Group and wave Number 
respectively. These are driven by 
BCD -to -decimal converter/drivers 
which monitor the address lines. A 
simple RC network ensures that 
Group 1, Waveform 1 (a sine 
wave) is selected at switch -on. 

R18 
15k 

C6 
100p, 

R17 ' IC2 
r1 

ZD- 2 
5V6 . 

138 100k 

R9 100k 

R10 200k 

!NIT F 

RV4 
100k 

IC1 

87 
200k 

16 

R13 
14 1k8 

13 

12 

0 

R11 2M2 

R12 470R 

SK2 
C2 

SKI 
Cl 

OCTAVES 

R14 1M5 

815 4708 

816 IMO 

9 CO 

C5 
100n 

'''"" 10p 

NOTE: 
IC1 = CEM3340 
IC2 = 40106 
IC3=4011 
IC4,7,8 = 4024 
IC5,6 - 7445 
IC9 = 2716 
IC 10 = DAC0800 
IC11 = 741 
ZD1,2 = 5V6 ZENERS 

PIN 14 
IC2,3,4,7.8 

+PIN 

7 

;PIN 16 
IC5,6 

SPIN 

8 

/7/77 

;PIN 24 
IC9 
PIN 12 

+15V 

3 
IC3a 
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+15V 
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FINE 
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10n C3 
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+5V O 
SW7E 
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FM 
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5 
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6 
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FM 
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00V 
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+5V 

C9 
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R22 
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12 

13 
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Q1 

IC 
03 
Q4 
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8 

3 
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C 
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PARTS LIST 

RESISTORS (1/4W, 5% unless otherwise 
stated) 
R1 

R2 
R3 
R4,17,24 
R5 
R6,16 
R7,10 
R8,9 
R11 
R12,15,22 
R13 
R14 
R18,19 
R20 
R21,23 
R25-32 
R33-36 
R37,38 
R39 
RV1,3 
RV2 
RV4 

RV5-8 

CAPACITORS 
C1,2,11 

24k 1% 
5k6 1% 
820R 
22k 
10k 
1MO 1% 
200k 1% 

100k 1% 
2M2 
470 R 

1k8 1% 
1M5 1% 
15k 
1k0 
200k 
180R (8 off) 
120R (4 off) 
10k 1% 
7k5 
10k min multiturn 
10k horiz preset 
100k horiz Cermet 
preset 
100k tin rotary pots 

10n min polyester 

C3,5,10,15 
C4 
C6,7 
C8,9 
C12,14 

C13 

100n min polyester 
10p polystyrene 
100p polystyrene 
33n min polyester 
10u 35V radial 
electrolytic 
10u 25V axial 
electrolytic 

SEMICONDUCTORS 
IC1 
IC2 
IC3 
IC4,7,8 
IC5,6 
IC9 
IC10 
IC11 
LEDI -8 
LED9-12 
ZD1,2 

CEM 3340 
40106 
4011 
4024 
7445 
2716 
DAC0800 
741 
5mm red LED 
5mm green LED 
5V6 400mW zener 

MISCELLANEOUS 
SW1,2 momentary push-button 
switches, SK1-7 3.5mm min jack 
sockets (SK4,5 with break contacts), 
DIL Sockets (1 x 8 pin, 5 x 14 pin, 4 x 

16 pin, 1 x 24 pin); PCB; wire, solder, 
knobs, etc. 

Construction 
There are a number of wire 

links to be made on the board and 
these should be inserted first. The 
rest of the components should 
then be fitted onto the PCB in 
order of increasing height (i.e. 
zener diodes, resistors, IC sockets, 
presets and capacitors). Note the 
orientation of the electrolytic 
capacitors and ensure that all the 
ICs are inserted as shown on the ; 

component overlay as they do not 
all have the same orientation. The 
use of a PCB solvent cleaner to 
remove residual flux is recom- 
mended. 

Off the board, there are 12 
LEDs, four potentiometers, seven 
jack sockets and two push-button 
switches to be wired up. These 
components may be mounted on 
a front panel as shown or in any 
other format that individual con- 
structors may wish to use. The 
actual connections to be made are 
readily ascertained by using the 
circuit diagram and component 
overlay together. 
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PROJECT : VCDO 

The PCB has a space for a four 
pin CHIRI-type connector which 
may be used for the power supply 
connections rather than hardwir- 
ing them to the board. 

Calibration 
Once construction is complete 

and the unit has been carefully 
checked, set all presets to mid - 
position and power up. Calibration 
of the VCO circuitry is by way of 
four presets and is carried out as 
follows. 

Firstly, RV2 is adjusted so that 
the unit operates over a frequency 
range from approximately 30Hz 
up to 30kHz. The correct setting of 
RV2 is likely to be slightly anti- 
clockwise from mid -way and can 
be recognised when the frequency 
may be increased (e.g. by RV6) 
without any noticeable sudden 
jumps. 

The two multiturn presets, RV1 
and RV3, are used to achieve a 
precise 1 volt/octave CV to fre- 
quency relationship and may be 
calibrated in a number of ways. 
The most convenient method is to 
use a previously calibrated key- 
board, but failing this a variable 
voltage source which can be 
increased by precisely one volt 
may be used. Also required is 
some means of checking the out- 
put frequency. The simplest way is 
to take the output through an 
amplifier and speaker and to calib- 
rate it by ear, providing the ear 
concerned has had some musical 
training. Alternatively, a frequency 

ETI MARCH 1985 

meter or oscilloscope may be used 
to visually display the frequency. 

Proceed with the calibration as 
follows: firstly, adjust RV3 so that 
its wiper is at the earth end of the 
track. With the oscillator set at 
some point on the range 150 to 
500 Hz (set by RV4/6/7), check 
that when the control voltage 
input at C I is increased by exactly 
1V, the output frequency 
increases by one octave (ie, dou- 
bles). If not, adjust RV1 until it is. 
Repeat this check over the range 
150 to 500 Hz. 

Next, readjust the initial fre- 
quency to aboi3t 5kHz. Adjust RV3 
until increasing the control voltage 
at C 1 produces the required 
doubling of frequency. 

Once these two adjustments 
have been done, the unit should 
track accurately over its entire 
range. Obviously, it is important 
that you should be able to 
measure the increase in the input 
control voltage accurately. 

The final step in the calibration 
sequence is to adjust RV4 to give a 
convenient initial frequency when 
no inputs are connected, which to 
a large degree is a matter of per- 
sonal taste. It may, for example, be 
set to 65.4Hz, which is the lowest 
note on a four octave C -C key- 
board. 

In Use 
The VCDO kit (see Buylines) is 

supplied with a pre-programmed 
EPROM containing the data for 32 
64 -byte waveforms. Organised in 4 

groups, these are as follows: - 
1. Starting as a sine wave, this 
group progresses with the addition 
of extra harmonics in varying 
quantities, though none above the 
sixth are added. 
2. The waveforms of this group 
contain some higher harmonics, 
and as a result sound brighter. 
3. With lots of high harmonics and 
subdued lower harmonics and fun- 
damental, these waveforms sound 
characteristically sharp and 
metallic. 
4. This group contains some of the 
basic waveforms to be found on a 
conventional VCO (sawtooth, 
square, triangle, pulse etc.) plus 
one or two more unusual wave- 
forms. 

With suitable filtering and 
envelope shaping, a wide variety 
of sounds can be produced, both 
imitative and innovative. On the 
imitation side, Groups 1 and 2 can 
provide some very good church 
organs as well as xylophone, elec- 
tric piano etc. Group 3 is ideally 
suited for bells, gongs, chimes and 
so on. Group 4 enables you to use 
the VCDO for conventional syn- 
thesis but it also includes some 
unusual waveforms unavailable on 
a standard VCO. As might be 
expected, the use of several 
VCDOs in a polyphonic system 
sounds especially impressive. 

One or two unusual modes of 
operation yield some novel 
effects. Use of a linear FM patch 
produces sounds similar to those 
obtained from the recently pop- 
ularised FM synthesisers. The 
waveform select input provides 
the possibility of cycling through 
any particular group, which can be 
quite dramatic when free -running 
or in time with the EG trigger from 
a sequencer/arpeggiator. 

Additionally, the VCDO can 
operate as a modulation source. 
However, the output is stepped, 
and if being used as a frequency 
modulator for a VCO, for example, 
some form of filtering should be 
used in order to "smooth out" the 
waveform. This would be unnec- 
essary for amplitude modulation. 

BUYLINES ET 

A complete kit for the Voltage Con- 
trolled Digital Oscillator including all 
components noted in the parts list and a 
suitably programmed EPROM is avail- 
able from Digisound Limited, 14/16 
Queen Street, Blackpool, Lancs. FY1 
1 PQ for £47.75 inclusive of P&P and 
VAT. A front panel as featured is available 
for £3.80 fully inclusive. 
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TERMS OF BUSINESS 

* All prices exclude V.A.T. and carriage. Please add * Goods incorrectly ordered cannot be accepted for 

carriage to order total before adding V.A.T. replacement without our prior agreement. Due to 

* Carriage charges extra on all orders as follows: high processing costs, a minimum of 15% handling 111 

Components £0.75 charge may be levied on any returns or cancelled 

illi 
Books/Data/Software £2.00 orders. 

Printers, Monitors, Disc drives, etc. £4.50 * We will issue a full immediate refund, if requested, 

* Strictly cash with order or credit card (Access or VISA! for out of stock items. 

only. * All items carry full manufacturers warranty. 
H! TECH COMPONENTS, 

* Delivery is normally from stock but please allow up * A V.A.T. receipt will be supplied with all orders. 

to 28 days. * Prices quoted are correct at the time of going to 

* Any query or complaint regarding an order should press but we reserve the right to effect changes 

be made in writing within 7 days of receipt of the without prior notice. 

order. No telephone queries will be entertained. 

6502 8086 MEMORIES - EPROM 75173N 1.44 F.D. CONTROLLERS FAIRCHILD 74HC25tN 1.03 74LS22 0.17 4033 2.40 
4034 1.00 

4078 
4381 

0.25 
0.23 

FAMILY FAMILY 2532-300ns 4.95 
75174 2.82 

8272 35.00 FAST 74HC253N 
74H0257N 

1.03 
1.03 

74L5221 
74L5240 

0.62 
1.40 4035 0,54'4082- 0.25 

6502 3.50 8086 29.50 2532-450ns 3.95 75182 0.50 F01771P 30.00 
15.50 

74F00P0 0.60 74HC266N 0.92 74L5241 0.48 4040 0.41 4085 0.66 

6502A 4.95 8088-2 22.50 2564-300ns 6.95 75183 0.50 F01791 
11.00 

74F04PC 0.60 74HC273N 2.24 74LS242 1.36 4041 0.36 4086 0.40 

6520 2.25 8216 0.75 2708-450ns 3.95 75188 0.86 
F01791-02 

18.40 
74F08P0 0.65 74H027N 0.80 7405243 1.36 4042 0.40 4093 0.23 

6520A 2.45 8237A-5 23.50 2716-450ns 3,50 75189 0.86 F01793 74F109PC 0.65 74HC280N 3.26 7405244 1.40 4043 0.41 4099 0.50 

6522 3.40 8251A 7:50 2716-3 RAIL 7.95 75451 BP 0.22 F01793-02 11.00 74F11 pc 0.52 741102 0.40 7405245 1.95 4044 0.43 4502 0.55 -. 

6522A 4.45 8253-5 7.50 2732-350ns 495 75452BP 0.29 F01795 25.00 74F138P0 0.52 74H0373N 2.40 74LS248 0.39 4045 2.00 4507 0.47 

6532 5.45 8255A-5 7.00 2732-450ns 4.45 754538P 0.22 F01797 21.00 
14.00 

74F138P0 1.26 74HC374N 2.40 7405249 1.16 4046 0.55 4508 0.96 

6532A 5.95 8259A 6.60 2764-200ns 7.95 75454BP 0.22 WD1691 74F139P0 1.26 74HC393N 1.78 7405251 0.78 4047 0.50 4510 0.45 

6551 5.95 8272 35.00 2764-25Ons 5.15 75468N 0.88 WD2143 12.00 74F151 1.26 74H04002 0.64 74LS253 0.25 4048 0.40 4511 0.50 

8284A 9.50 2764-300ns 4.75 75491N 0.31 CONVERTERS 
74F153 1.26 74H04017 1.16 7405257 0.78 4049 0.50 4512 0.40 

80086 46.65 27064-250ns 10.95 75492N 0.41 
DATA 74F157 1.30 74H04020 1.46 74L5258 0.27 4050 0.29 4514 1.00 

6800 80088 46.65 
82052 15.68 

27064-300ns 10.45 

27128-2á0n5 19.00 
AY -3-1015 3.50 
AY -3-1270 9.40 

ZN425E8 3.76 
2N42á1-8 8.00 

74F15ß 1.17 
741161 2.34 

î4H04024 1.20 
74H04040 1.46 

74Lß259 
74L526 

0.42 
0.30 

4051 0.40 
4052 0.48 

4515 
4516 

1.84 
0.45 

FAMILY 82054 19.04 27128-300ns 16.00 AY -3-8910 6.40 ZN426E-8 1.90 74F164 1.68 74H04060 1.46 7405261 2.60 4053 0.50 4518 0.40 

82055A212.98 AY -5-3600 8.84 ZN427E-8 6.68 74F175 1.82 74H04075 0.64 7405266 0.19 4054 1.30 4519 0.25 

6800 2.15 82C59A 15.22 MEMORIES RAM DP8304 4.50 ZN427J-8 12.50 74F181 3.90 74HC42N 0.90 740527 0.17 4055 0.72 4520 0.64 
6802 2.70 82082 6.26 4116-150ns 1.28 0203 0.99 ZN428E-8 5.10 74F189 5.10 741304511 2.51 74L5273 1.35 4060 0.50 4521 1.32 

68030 8.40 82C84A 8.94 4116-200ns 1.20 LF398 3.80 ZN4281-8 9.70 74F190 3.20 741-1C4514 3.76 7405279 0.77 4063 0.60 4522 0.84 
6809E 6.25 82088 16.80 4164-150ns 4.45 LM301AN 0.30 ZN429E-8 1.60 741191 3.20 74HC4538 2.36 740528 0.17 4066 0.50 4526 0.52 
6809P 6.25 4416-200ns 4.70 LM308AN 0.94 ZN4320-10 20.79 74F194 1.68 74H04543 3.04 74L5283 1.00 4068 0.16 4527 0.52 
6810 

1.70 
Z80 4532-200n5 2.45 LM308N 0.56 ZN432E-10 13.00 74120P0 0.52 7411051N 0.64 74L5290 0.29 4069 0.23 4528 0.48 

6840 3.70 
6845 6.45 
6850 1.70 
6862 3.70 
6875 4. 95 
68750 4.30 95 

FAMILY 
Z8OACPU 1.99 
280ACTC 1.99 
Z8OADMA7.95 
Z80APIO 1.99 
Z8OAS10-06.'0 

4564-15Ons 4.45 
8118-100ns 1.95 
81256-150ns 25.00 
8416-200ns 6.00 
8416-LP-200ns 6.40 
8417-200ns 6.00 
8417-LP-200ns 6.40 

LM311N 0.60 
LM317MT 0.80 
LM317T 1.06 
LM319N 3.30 
LM324N 0.50 
LM337T 1.20 
LM339 0.48 

ZN433CJ-10 25.00 
ZN434 0.98 
ZN435 4.38 
ZN436E 1.26 
ZN440 55.00 
ZN441 46.80 
ZN447 7.80 

74F240 3.15 
741241 2.42 
74F243 2.80 
74F244 2.96 
74F245 6.08 
74F251 1.26 
74F253 1.2674HC73N 

74H0533N 2.40 
74HC534N 2.40 
74HC589N 1.72 
74HC58N 0.64 
74HC595N 1.84 
74H0597N 1.72 

0.8474Lß367 

7405293 
740530 
740532 
740533 
7405365 
74L5366 

0.29 
0.17 
0.25 
0.17 
0.33 
0.33 
0.34 

4070 0.23 
4071 0.23 
4072 0.23 
4073 0.23 
4075 0.46 
4076 0.48 
4077 0.23 

4532 
4541 
4543 
4553 
4555 
4556 
4585 

0.68 
0.82 
0.60 
2.00 
0.36 
0.44 
0.48 

68809 9.95 10 
Z80AS10-17.95 

MEMORIES RAM 
LM339N 0.48 ZN448E 6.66 

ZN4481 12.48 
741257 1.26 

741258 1.34 
74H074N 0.84 
74HC75N 0.92 

741_5368 

740537 
0.36 

0.17 CRYSTALS 
688213.70 280A510-27.95 - 

*ZERO 
LM348N 0.64 
LM350T 3.12 ZN449 2.72 741280 1.74 74HC76N 0.64 74L5373 1.50 

6862 6.60 
Z80BCPU 5.95 
28060T0 5.95 

POWER ZKXB 
* 0M358N 0.60 ZNA1341 22.50 74F283 1.74 74H085N 2.02 7405374 0.52 

A111B 1MHz 
4112A 1.00SMHz 

4.50 
2.70 

68650 1.58 
68854 7.95 

Z80BPI0 5.95 
Z80BSI0-019.95 

CMOS 
MK48Z028-15Ons 32.00 

LM3900 0.68 
LM393N 0.48 

3NA234E 9.40 74132P0 0.52 
741352 1.26 

74HC86N 0.80 
74H0004N 0.80 

7405375 
;'41_5377 

0.26 
0.46 

Al 
l 

1.008MHzZ 3.50 
2.00 

Z808510.119,95 
Z8065!0-219.95 
Z80ß10-0 6.00 

MK48Z026-200ná 24.00 
MK48Z02B-25Ons 23.00 

LM7250N 3.00741353 
741CP 0.16 
LM7470N 0.60 

VOLTAGE REF. 
ZN404 Q.á0 

1.26 
741373 3.16 
î4F374 3.16 

TTL 
741_500 0.17 

7405378 
74Lß379 
740538 
-, 

1.22 
1.50 
0.25 

116A 

A116A 2.4576MHz 
A120ß 4MHz 
Á132A 6MHz 
A140A 8MHz 

1.25 
1.30 
1.25 

Z80510-1 6.00 BIPOLAR PROMS LM7480N 0.30 ZN423 0.98 74F379 1.83 
740501 ,4Lß386 0.50 Á169A 3.6864MHz 2.00 

Z80510-2 6.00 TBP185030N 1.54 MC1413P 0.80 ZN458 0.92 741381 6.62 î4L402 017 7405390 1.10 A173A 9.8304MHz 2.75 
76P185Á030 1.38 C1416 0.80 2N458Á 0.92 741382 74Lß03 0.17 7415393 0.52 Al 82A 19.6608MHz 2.50 

6805 FAMILY 1B724510N 2.06 C14411 10.10 ZN458B 1.12 
ZNREF 025 1.90 

34 1622 

741398 3.16 
741399 2.70 

740504 0.25 741.540 0.25 
0.25 

M01468052P 12.60 
MC146818P 7.201+ 
MC146823P 8.80 

TBP24541 N 6.68 
76P245ß1 N 5.50 
TBP24SA1GN 1.40 

M014412 14.20 
MC14580P1 0.35 
MC1495L 6.30 
MC1496P 0.70 

ZNREF 040 1.90 
ZNREF 050 1.90 
ZNREF 062 1.90 

î4F521 2.76 
74F53 3.16 
74F534 3.16 

740505 0.25 
74Lß08 0.17 
74L509 0.25 

'4Lß42 
74LS47 

74I -S48 
740549 

0.30 
0.35 
0.34 

DIL SKTS TIN 

07070802 8 PIN 0.07 
1GC- 
0.05 

MC687CSKT3 75.00 

M068705830 40.00 
TBP24S.441N 4.40 

TBP28L22N 3.10 MC1723P 0.40 
M03242Á . 6.30 

ZNREF 100 3.05 î4F537 6.02 
74F538 4.38 

740510 0.17 

,41_5109 0.27 
74L551 
î4S'54 

0.17 
0.17 

07071402 14 PIN 0.09 
07071602 16 PIN 0.09 

0.07 
0.07 

M068705Ú30 36.00 TBP28LA22N 4.14 
M03302P 0.48 73153- 4 38 740511 0.17 i4 555 0.17 07071802 18 PIN 0.15 0.10 

TBP285166N 19.00 
MC3340P 2.36 

BUFFERS 
74F64PC 0.52 7 305112 0.54 7405670 2.30 07072002 20 PIN 0.19 0.14 

68000 FAMILY 8P28542N 4.50 
MC3357P 1.9074Lß114 810596 0.80 î4174P0 0.58 74Lß113 0.27 740573 0.30 07072202 22 PIN 0.21 0.15 

M068000010 50.00 
TBP28546N 4.50 
T3P28586N 5.00 MC3423PL 0.81 811_597 0.80 74F86P0 0.77 0.44 

740512 0.25 
741_574 0.35 07072402 24 PIN 0.24 0.16 

M068000L8 50.00 
M06ß00808 45.00 

TBP28SA4N 4.507405122 
TBP28SA46N 4.50 

MC3441AP 2.90 
MC3446AP 2.90 

810598 0.80 
ß726A 0.80 HIGH 0.42 

7405123 0.53 

740575 
740576 

0.28 
0.17 

07072802 28 PIN 0.26 
07074002 40 PIN 0.29 

0.17 
0.18 

M06823008 19.50 TBP28SA86N 8.62 M03447P 4.30 8T28 0.80 
SPEED 74Lß1 24 2.30 

740578 0.19 
SKTS GOLD 

MC68451 L8 57.00 AM27513PVC 3.74 RfC3448A 3.99 8T28A 0.80 
CMOS 7405125 0.49 

74Lß83 0.28 DIL 
MC68901P 75.00 41327519P0 1.92 

ÁM275191 DC 15.00 

MC3470P 6.44 
M03480 7.76 

8T95 0.80 
8T97Á 0.80 

0.80 74H000N 0.42 
7405126 0.29 
74513 0.17 

741_585 
- 74,.586 

0.39 
0.42 

r 06C6082 8 PIN 
0606+402 14 PIN 

0.16 
0.23 

19900 FAMILY 
TMS9901-95 4.50 

ÁM27525Ú0 15.00 
AM27S29DC 6.46 

M03487 1.80 

NEISSE 0.25 
8198 

74HCO2N 0.42 
74HCO3N 0.64 

74'Sí32 0.736061 
7405136 0.46 

74Lß90 
î4L59'. 

0.21 
1.30 

6061602 16 PIN 
ßO2 18 PIN 

0.21 
0.22 

TMS9902 4.50 
7M5991ß 35.00 

AM27S35DC 22.00 NE556CP 0.65 
8032513-L 9.40 

OPTOISOLATORS 
4N2á 0.75 

74HC04N 0.44 
74HCOSN 0.42 

74L5138 0.77 
7415139 0.77 

74LÚ92 
74159 

0.22 
0.215662202 

36062202 20 PIN 
22 PIN 

00.328 

0.32 

7M5992î 11.60 MEMORIES E2 PROM 8032513-U 9.40 
4N26 0.75 74HC107N 0.78 74Lß14 0.28 

740595 0.77 36062402 24PIN C.=2 

7M5992ß 13.00 TL010-CP 0.44 
4H33 0.90 74H0109H 0.50 74Lß145 1.23 CMOS 06062802 2ß PIN 0.46 

TMS9929 13.00741-I010N X2804AP-300ná 14.95 TL061-CLP 0.28 
0.64 7405148 1.50 06064002 40 PIN 0.66 

TMS9937 6.70 X2804AP-35Ons 13.45 1-0062-CP 0.47 
UHF MODULATORS 74H0112N 0.86 î4L515 0.25 4000 Series 

7M599ß0 17.20 
7M59995 13.70 

X2804AP-4á0r5 12.75 
X2816AP-300ná 29.95 

X2816AP-350ns 25.00 

TL064-CN 0.95 
TL066-CP 0.28 

TL071-CP 0.28 
ÚM1111 2.95 

UM -1233 3.45 

74610113N 0.86 
74H0112H 1.28 

74L5151 0.36 

74li133 5.36 
74 0.24 

_.__: 
-Li. T.". 

=_ 

0.16 
0.15 
0.16 

DIL SKTS W/WRAP 
TURNED PIN 

82815AP-450n5 22.50 1L072-CP 0.56 7411013îN 1.81 _ 

- 8-77 113'3 0.55 
9090802 8 PIN G 35 

T0074 -CN 1.10 VOLTAGE REG. 
741013ßN 1.20 
4NCi39N 0.78 0.24 =297 0.16 

9091402 14 PIN 1.75 

LINEAR/INT. DEV. TLO81 CP 0 29 
00082 -OP 0.49 7805 0,75 7430151,- 6 

-- 

r. ß2 
,.,-.0-,--- 

`GO8 
',009 

0.50 
9091602 16 PIN 
9091802 18 PIN 

' S= 

4702 8.90 TL084-CN 1.02 7812 0.75 74H14 3'S 0.90 0.25 9092002 20 PIN 

HCI-55564-5 10.66 01091 _OP 0.39 7815 0.75 74DC` 57 1.02 4_ 0.34 4010 0.25 9092202 22 PIN ' 8 

(Speech Synthesis) 70092-CP 0.72 78H05SC 7.50 74PC`587. 1.02 :=_ 0.80 4011 0.19 9092402 24 PIN 35 
AM7910DC 34.88 70094 -CN 1.30 781-1124SC 8.95 74 

_., 6.3'. 090 `41'63 0.80 4012 0.16 9092802 28 NH 53 
A M7911DC 34.88 TL487-CP 0.59 78HGASC 9.95 0'61''090 1164 1.10 4013 0.29 9094002 40 PIN . 
251_52518PC 3.60 TL489-CP 0.59 78L05 0.30 --- `. 1.51 

' 
.,_5165 0.61 4014 0.40 

75002521PC 3.28 
25L5253ß PC 2.72 

70496 -CN 1.99 
0.59 

78115 0.30 
78115 0.30 

1.51 
6 N 0.95 

7405166 1.95 
74L5173 0.63 

4015 
4016 

0.50 
0.29 ZIF SOCKETS , Tec ^ H 260531 2.72 

26Lß31 PC 2.62 
760532PC 2.62 

10496-CP 
T1_507-CP 1.22 
ZN450-E 6 08 
ZN4S1-E 7,40 

78S4CDP,1 7.50 
î8540P0 3.00 

7905 0.957.0-L01745- 

4 71 2.24 
73h 1.35 

0 80 

,'4Lß1 74 1.30 
7405175 0.96 
7405181 2.09 

4017 
4018 
4019 

0.40 
0.40 
0.30 

08082402 24 5:7. 
08082802 28 P P. 

08084002 40 4'P. 

components 6402 6.40 
751078N 0.69 

ZN451-KIT 29.95 7912 0.95 
7915 0.95 

7411C175N 0.76 
7430194N 1.28 

7405190 0.98 
7405191 0.75 

4020 
4021 

0.41 
0.56 

esigitibiß 
75110Aí1 0.86 
î5150P O.ß6 

062309K 0.95 
L1v'''.317K 2.45 

74H0195N 1.28 
74HC20N 0.40 

741_5192 0.36 
7405193 1.10 

4022 
4023 

0.42 
0.23 

75154N 1.05 LN323K 4.95 74i -10237N 1.80 7401194 0.28 4024 0.40 

1616 75159 2.30 ;. M338K 4.50 74H0240N 1.38 7405195 0.78 4025 0.16 

75160AN 2.60 74HC241N 1.34 7405196 1.10 4026 0.74 

75161AN 2.82 74HC242N 2.24 7405197 1.10 
0.17 

4027 
4028 

0.52 
0.34 

037'9 4131 751 
75172N 62ÁN 4.08 

D 1.96 

74HC743N 2.24 
74HC244N 1.32 

740521 
741.521 0.17 4031 0.93 
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corn o nen s 
GILRAY ROAD, DISS, NORFOLK. TEL: 0379 4131 

INSULATION DISPLACEMENT 
CONNECTOR SYSTEM 

HEADERS 
SHROUDED 

90° 

OPEN 

90° 
10 way 0 86 0.65 
14 way 1.22 0.83 
16 way 1 34 0.92 
20 way 1 36 1.13 
26 way 1.70 1.40 
34 way 2 04 1.78 
40 way 2 28 2.07 
50 way 2.70 2.54 
60 way 3.20 3.02 

SOCKETS 
10 way 
14 way 
16 way 
20 way 
26 way 
34 way 
40 way 
50 way 
60 way 

CARD 
EDGE 
10 way 
20 way 
26 way 
34 way 
40 way 
50 way 
60 way 

0.88 
1.06 
1.16 
1.38 
1.66 
1.94 
2.08 
2.78 
3.34 

1.84 
3.14 
3.80 
4.90 
5.52 
6.68 
8.06 

DIP PLUGS 
14 way 
16 way 
24 way 
40 way 

TRANS. 
CONNS. 
10 way 0.86 
16 way 1.17 
20 way 1.37 
26 way 1.67 
34 way 1.87 
40 way 2.23 

D -TYPE 
SOCKETS 

9 way 
15 way 
25 way 
37 way 

0.92 
1.06 
1.60 
2.40 

1.47 
2.02 
2.90 
3.97 

OPEN - 
STRAIG HT 

PINS 

0.47 
0.59 
0.65 
0.77 
0.95 
1.19 
1.37 
1.67 
1.96 

D -TYPE 
PLUGS 
9way 1.38 

15 way 1.85 
25 way 2.52 
37 way 3.34 

CABLE ASSEMBLIES 

IDC JUMPERS 
SINGLE ENDED 

DIP JUMPERS 

Single Ended - 24' cable 
14 pin 1.73 

36" cable IDC socket 16 pin 1.90 
10 way 1.72 24 pin 2.73 
14 way 2.07 40 pin 3.96 
16 way 2.22 
20 way 3.14 Double Ended 
26 way 3.75 6"cable 12 -cable 18 -cable 
34 way 3.98 14 2.74 2,84 2.94 
40 way 4.23 16 3.03 3.14 3.25 
50 way 5.36 24 4.18 4.36 4.55 
60 way 6.36 40 5.89 6.18 6.47 

DISC DRIVE CONNECTING CABLES 
34 way card edge to 34 way card edge 1M 
34 way card edge to 2 x 34 way card edge 1.5M 
34 way card edge to 34 way IDC SKT (BBC) 1 M 
34 way card edge to 2 x 34 way IDC KT(BBC) 1.5M 
BBC Power Cable - Single Drive 
BBC Power Cable - Dual Drive 

11.30 
18.00 
8.50 

14.50 
3.50 
4.75 

RIBBON CABLE (PRICED PER FOOT) 

9 
10 
14 
15 
16 
20 
25 
26 
34 
40 
50 
60 

GREY 
0.16 
0.16 
0.21 
0.22 
0.23 
0.28 
0.34 
0.35 
0.45 
0.52 
0.64 
0.76 

RAINBOW 
0.25 
0.25 
0.35 
0.37 
0.39 
0.48 
0.60 
0.62 
0.80 
0.92 
1.14 
1.35 

BBC MICRO 
CONNECTORS 
DIN PLUG 7 PIN 0.40 
DIN PLUG 6 PIN 0.40 
DIN PLUG 5 PIN 180° 0.40 
DIN PLUG S PIN DOMINOE 0.40 
POWER PLUG (36' CABLE) 3.00 
ANALOGUE INPUT PLUG 2.25 
S WAY DIN SKT 180° 0.90 
S WAY DIN SKT DOMINOE 0.90 
6 WAY DIN SKT 0.90 
7 WAY DIN SKT 0.90 
15 WAY DIN SKT 2.15 

PART NO. DESCRIPTION MAIL ORDER 

BBC MICROS AND ACCESSORIES PRICE 

ANB01 BBC Model B Micro 
ANB02 BBC Model B Micro with Econet I/F 

ANB03 BBC Model B Micro with Disc I/F 

ANB04 BBC Model B Micro with Disc & Econet 
ANB21 DNFS ROM 

E325.00 
£385.00 
£406.00 
£445.00 
£17.91 

ANB23 Disc Interface Kit (Excl DNFS ROM) 

ANB14 Speech Interface 

£84.00 
£40.00 

ANK01 IEEE488 Interface Adaptor 
ANB22 Econet I/F Kits 
BBC 45 2 BBC Joysticks 
STAND Monitor Stand 
SRE1 Sideways ROM Expansion Board for BBC Micro 

£283.00 
£35.00 
£8.00 
E7.50 
£25.95 

BBC DISC DRIVES 

HC1 Single 100k 40 track single sided £75.00 

HC1S Single 100k (expandable to dual) 40 track £90.00 

HC1D Dual (2 x 100k) 40 track single sided £160.00 
BBC44 Single 400k 80 track double sided £156.50 

BBC44S Single 400k (expandable to dual) 40/80 track switchable 
double sided £180.00 

BBC44SW Single 400k 40/80 track switchable double sided £159.00 
BBC44D Dual (2 x 400k) 40/80 track switchable double sided £310.00 

MECHANISMS 

100k single sided Alps £70.00 
400k double sided Epson £140.00 

FLOPPY DISCS 

MD -1 C/B Nashua single sided, single density 40 track (10 discs] £12.00 

MD -1 DC/B Nashua single sided, double density 40 track (10 discs) £13.00 
MD-2DC/B Nashua double sided, double density 40 track (10 discs) £15.50 
MD-2FC/B Nashua double sided, quad density 80 track (10 discs) £17.85 

SPECIAL OFFER 

BBC40TD BASF double sided, double density 40 track (10 discs) £14.00 

DISC STORAGE BOXES 

MDT25/3 3;" Flip 'N' file Micro disc box (cap. 25) £7.75 
DT25/5 s." Flip 'N' file lockable disc box (cap. 25) £18.77 

DT60/5 S;" Standard lockable disc box (cap. 60) £10.65 

MONITORS 

Connecting cables for personal computers 
A comprehensive range of high quality interconnecting cables for popular micro computers. All cables 

utilise high quality connectors and are individually tested to ensure trouble free use. 

Part number Description Computer 
Video cables 
CON100 Phono plug to phono plug (2M) 
CON101 Phono plug to BNC plug (2M) 
CON102 BNC plug to BNC plug (2M) 
CON107 6 pin DIN to open end (1M) 
CON108 6 pin DIN to 6 pin DIN (1M) 
CON119 Phono plug to coax plug 
CON160 DIN plug to 2 phono plugs Dragon 

BBC 
BBC 

1.20 
2.95 
3.95 
1.05 
1.50 
1.35 
1.20 

Cassette recorder cables 

CON109 7 pin DIN to open end 
CON110 7 pin DIN to 2 x 3.5mm + 1 x 2.5mm 1/plug 
CON111 7 pin DIN to 5 pin DIN + 2.5mm 1/plug 
CON118 5 pin DIN to 2 x 3 5mm 1/plugs 
CON117 5 pin DIN to 2 x 3 5mm + 1 x 2.5mm 1/plug 

BBC 
BBC 
BBC 
Spectrum/ZX 
Dragon 

1.25 
2.50 
2.50 
2.50 
2.50 

Parallel printer cables 

CON130 
CON131 
CON132 
CON133 
C0N144 
CON145 
CON -134 
CON13S 
dON142 
CON139 
CON140 
CON141 
`ON143 

36 way plug to 36 way plug (2M) 
36 way plug to 36 way plug (5M) 
36 way plug to 36 way socket (2M) 
36 way plug to 36 way socket (5M) 
36 way plug to 25 way male D type (2M) 
36 way plug to 25 way male D type (SM) 
36 way plug to 25 way male D type (2M) 
36 way plug to 25 way Male D type (5M) 
36 way plug to 20 way IDC socket (2M) 
36 way plug to 26 way IDC socket (2M) 
36 way plug to 26 way IDC socket (5M) 
36 way plug to 34 way card edge (2M) 
36 way plug to 34 way IDC socket (2M) 

Sirius/Apricot 
Sirius/Apricot 

IBM/TI PC 

IBM/TI PC 

RML/Apple 
RML/Apple 
Dragon 
BBC 
BBC 
TRS80 Lev.1 
TRS80 Lev.2/ 
Memotech 

18.00 
26.50 
18.00 
26.50 
19.00 
27.50 
19.00 
27.50 
13.95 
9.95 

22.95 
18.50 

10.95 

RS232 Cables 

CON106 25 way male D type to 5 pin DIN 
CON128 'Universal' RS232 cable (pins 1-8. 20 connected 

and 20 jumpered as required) 2M 
CON164 'Universal' RS232 cable as above but SM 
CON120 25 way male to male 1-25 connected (2M) 
CON121 25 way male to male 1-25 connected (5M) 
CON122 25 way male to male 1-25 connected (10M) 
CON123 25 way male to male 1.25 connected (30M) 
CON124 25 way male to female 1-25 connected (2M) 
CON125 25 way male to female 1-25 connected (5M) 
CON126 25 way male to female 1-2S connected (10M) 
CON127 25 way male to female 1-25 connected (30M) 
CON129 25 way male to 9 way male 
CON162 25 way male to 9 way male 
CON163 25 way male to 5 pin DIN 

BBC 

Spectrum 
Mackintosh 
RML 4802 

5.85 

15.95 
20.95 
16.95 
22.50 
32.50 
68.00 
15.45 
21.00 
31.00 
66.50 
15.95 
15.95 
14.95 

9MON 9 inch green screen high resolution NEC high quality monitor £125.00 
12MON 12 inch green screen high resolution NEC high quality monitor £135.00 
1431 Microvitec 14" RGB colour monitor £175.00 
1441 Mi<rovitec 14' RGB colour monitor high resolution £410.00 

1451 Microvitec 14" RGB colour monitor medium resolution £295.00 
1431/AP/MS Microvitec 1431 PAL & RGB inputs and sound facility £225.00 

EPSON COMPUTERS AND ACCESSORIES 

PX-8 Epson portable computer (incl. CP/M and s/w) 64k £798.00 
PX-8/120 120k RAM £998.00 
CX-21 Acoustic coupler £160.00 

PF/10 Disc drive for PX-8 £360.00 
P40 Thermal printer for PX-8 and HX-20 £86.91 

HX-20 Epson portable computer £411.00 

MATRIX PRINTERS 

RX80 Epson RX80 100cps matrix printer £204.00 
RX80F/T Epson RX8OF/T 100 cps matrix printer friction or tractor feed £231.00 
FX80 Epson FX80 150cps matrix printer £328.50 
MTBOSP Mannesmann Tally MT80 matrix printer friction or tractor feed 

with film ribbon and tear off facility £217.00 

LETTER QUALITY PRINTERS 

HR5 Brother HR5 Thermal printer A/C mains or battery £130.00 
HR15 Brother HR I S Daisy wheel printer (1 3cps) £326.00 
HR25 Brother HR25 Daisy wheel printer (23cps) £550.00 
UCHIDA Uchida DWX 305 Daisy wheel printer (20cps) £227.00 

PRINTER SUPPLIES 

11241P160 
11241 P2C1 

11241P3C1 

11 . 9;, 1 part plain listing paper (2,000) 
11X9) 2 part (otc) plain listing paper (1,000) 
11 x9) 3 part (otc) plain listing paper (700) 

£12.56 
£15.93 
£17.86 

11370R160 11 x 14 1 part ruled listing paper (2,000) £16.20 
11370R2NC 11 x14 2 part (ncr) ruled listing paper (1,000) £22.50 
11370R2C1 11 x14 2 part (otc) ruled listing paper (1,000) £15.00 
72235P1605 12x9) 1 part plain listing paper with side perf (2,000) £12.00 
HR1R Brother HR1 ribbon £2.20 
RIB119 Diablo Hytype II Multistrike film ribbon E1.75 
GP205 Diablo Hytype II fabric ribbon E2.50 
MX80 Epson MX80, RX80, FX80, fabric ribbon £3.00 
MT80 Mannesmann Tally MT/30 film ribbon £6.50 
RIB117 Uchida DWX305 multistrike film ribbon E2.75 
HRSR Brother HRS ribbon £2.20 
HR15R Brother HR15 multistrike ribbon £4.00 
HR2SR Brother HR25 multistrike ribbon £4.00 

Brother daisy wheels £14.00 
Uchida/Qume daisywheels £4.00 

LAB089361C 31x1.7/16 Labels - 1 wide ( 8,000) £20.00 
LAB0893615 3( 1.7/16 Labels - 1 wide (2,000) £13.00 
LAB070363F 2) 1.7/16 Labels -3 wide (1/10") (2,000) £8.00 
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THE ETI 
"SON N ETI" 
COMBO 
This month sees the departure of ETI Project Editor Phil Walker, 
who will shortly be returning to the electronics industry 
complete with his undisputed talents and indecipherable puns. 
But not before he's told us about the Sonneti, a combo unit 
guaranteed to turn anybody's farewell performance into the start 
of a new career. 

The ETI Sonneti is an instru- 
ment amplifier suitable for 
use with lead guitar, bass 

guitar or keyboards. It doesn't 
have too many frills but it is cap- 
able of turning in a good perfor- 
mance without unnecessary fuss. 
The pre -amplifier and power 
supply have been designed to per- 
mit the simple addition of an echo 

unit or similar effect, and whilst 
distortion -type effects are not 
specifically catered for there is no 
reason why they should not be 
included if desired. 

The aim was to keep things as 
simple as possible, and to this end 
we have used a commercially - 
available combo cabinet and a 
ready -built power amplifier mod - 

POWER 
SUPPLY 

+25V 0V -25V 

OL 
ON 

PREAMPLIFIER BOARD 

INPUT 
AMPLIFIER 

INPUT 
°T 

100 

1 

L 

Fig.1 Block diagram of the combo unit. 

VOLUME 
CONTROL 

TREBLE 
BOOST 

BUFFER 
x2 

I 

t 
I 

x1 1kHz 

REGULATOR 

-15V OV +15V 

TONE 
CONTROL MIXERS 

l 
OPTIONAL I 

EUNTTS 
J 

POWER 
AMPLIFIER 

LOUD 
SPEAKER 

ule. There is nothing to stop 
ambitious constructors building 
their own cabinets, but it was not 
felt to be worthwhile designing 
and building a power amplifier for 
so basic an application. 

We used a Crimson Elektrik 
CE1008 module, mostly because 
we happened to have one lying 
around, but there are many other 
modules on the market which 
would be suitable. The CE1008 is 
capable of 100W into an 8 ohm 
load when fed from a ±45V supply 
and quite adequate power for the 
present purpose when supplied 
with ±25V. The output power can 
be increased by raising the supply 
voltage but the pre -amp regulator 
arrangements will have to be mod- 
ified if more than ±35V is used. 

The power supply is a straight- 
forward centre -tapped transformer 
feeding a bridge rectifier to give 
the split -rail supply. The transfor- 
mer secondary voltage is 18-0-18 
to give the ±25V required and 
with a rating of 80VA is under very 
little strain. For 100W you would 
need 30-0-30V at around 120 to 
150VA and C21 and 22 would 
have to be 63V types. You would 
also need pre -regulators for the 
pre -amp power supply to drop it 
down to about ±30V -a simple 
resistor, transistor and zener diode 
arrangement would do. 

The pre -amp section is 
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PROJECT 

SK1 
HI 

CHANNEL 
1 INPUTS 

SK2 
LO 

SK3 
HI 

CHANNEL 
2 INPUTS 

SK4 
LO 

R1 
22k 

R21 
22k 

R4 
2M2 

C2 
1u0 

RV1 
VOLUME 

R24 
2M2 

Cy -. F- 
C9 
1u0 

RV4 

3 

R7 
R6 100k 
100k 

C3 
T1n0 

R5 
4M7 

5 

R27 
100k 

R26 
100k 

Cao 
T1n0 

R25 
4M7 

FROM PSU 

R8 
10k 

R28 
10k 

+VE 

OV 

-VE 

R29 
4M7 

Fig.2 Circuit diagram of the preamplifiers and regulators. 

designed as two identical channels 
each with hi and lo level inputs 
and volume, treble and bass con- 
trols. Both channels feed into the 
two mixer stages, one of which is 
designed to feed an echo or 
similar effects unit while the other 
drives the power amplifier input. 
This latter stage also has an input 
for a return signal from the 
optional effects unit, a configura- 
tion which reduces the possibility 
of electrical feedback through the 
effects unit. The preamplifiers are 
designed to give sensitivities of 
around 4 and 10mV on the hi and 
lo inputs respectively. 

When this project was first 
assembled and tested using the 
author's guitar the sound pro- 
duced was very muddy and 
"plonky". The guitar was known to 
produce a very wide range of 
sounds when used with commer- 
cial amplifiers, so the frequency 
response of the whole unit was 
tested and found to be flat to 
about 40kHz. It was decided to 
change the circuitry around IC2 to 
give a boost to the higher frequen- 
cies. Some component values in 
the tone control section were 
adjusted to improve the treble and 
expand its control range, and the 
final circuit gives a very good 
sound. 

BASS 
R V2 
100k 

RV5 
100k 

C12 
RV6 4n7 
25kNA, 

TREBLE 

R12 
10k 

R32 
10k 

SPARE 
INPUT 
(PRE. R14 R17 

EFFECT) 100k 100k 
SPARE 

OUTPUT 
(PRE -EFFECT) 

R34 R37 
100k 100k 

R35 
100k Off= 

SPARE R36 
INPUT 100k 

(PRE -EFFECT) 

PIN 8 IC1,2,3,4 PIN 4 IC1,2,3,4 
+15V OV -15V R39 

10R 

R40 
10R 

R20 
100k 

NOTE: 
IC1,2,3,4 = TL072 or NE5532 
IC5 = 7815 
IC6 = 7915 
Cx AND Cy = OPTIONAL 10p 
CAPACITORS , WHICH MAY 
BE FITTED IF RFI BECOMES 
A PROBLEM 

TO ECHO 
EFFECTS 
UNIT 

C14 
1u0 

TO EFFECTS 
UNIT 

HOW IT WORKS 

R38 
1M0 

OUTPUT TO 
POWER AMP 

The preamplifier is the only part of this 
project which needs much explanation. 
It consists of two virtually identical chan- 
nels. The inputs are connected via R1 and 
2 and Cl to the input of IC1 a. The values 
of Rl and R2 are such that the R1 input is 

about 2.5 times more sensitive than the 
other. The value of R4 connected as a 

negative feedback element round ICla 
sets its gain to 100 from R1 input and 40 
from the R2 input. 

The output from this stage is coupled 
via C2 to the volume control RV1. From 
here the signal passes to IC2a which is 

configured such that it has a gain of 1 at 
low frequencies and 2 at high frequen- 
cies, the change in gain occurring bet- 
ween about 800 and 1600Hz. 

The output from IC2a is a convenient 
low impedance drive for the tone control 
stage which follows. This is a familiar 
feedback configuration which is fairly 
simple but gives adequate results. Extra 
resistors have been incorporated in this 
and the previous stages so that the 
inputs to the op -amps will always have a 

DC path for their bias current should a 

potentiometer wiper become open cir- 
cuit. This should prevent any alarming 
noises resulting from dirty contacts. The 
resistor R3 at the input prevents static 
build-up. 

The outputs from the tone control 
stage of each channel are applied to the 
inputs of two mixer stages. The output of 
one of these is intended to drive an echo 

or similar special effect circuit while the 
output of the other mixer drives the 
power amplifier. This second mixer has 
an extra input to take the return signal 
from the effects unit. 

The power amplifier can be con- 
sidered as a single, rather expensive, 
component. All that needs to be done is 
to supply suitable voltages and signal 
input and take the output to a loud- 
speaker. The specified module is cap- 
able of supplying 100W into an 8 ohm 
load butin this application the maximum 
output is somewhat less since the power 
supply voltage is only about 50 volts in 
total. The resulting output will be around 
30 to 35 watts but could be raised by 
using a higher voltage transformer with 
appropriate modifications to assoc- 
iated components. 

The power supply is a straightforward 
split rail configuration which gives about 
25-0-25V from the 18-0-18V transfor- 
mer. This is smoothed by C21 and 22 and 
applied to the power amplifier module. 
Integrated regulators IC5 and IC6 
reduce this to the ±15V required by the 
preamplifier and small capacitors con- 
nected across the supplies ensure 
stability and reduce the impedance at 
high frequencies. The regulated supply 
is made available to the effects card via 
the same connector which carries the 
effects input and output, and the 1OR 

resistors R39 and R40 reduce the level of 
any noise produced on the card. 
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SPARE INPUT OUTPUT TO 
(POST -EFFECT) POWER AMP 

Fig.3 Component overlay of the preamplifier and regulator board. 

PARTS LIST 

FROM PSU 

TO ECHO OR 
EFFECTS UNIT 

RESISTORS (1/.W carbon film 5%) 
R1,10,21,30 22k 
R2,22 56k 
R3,6,7,14,15,16,17, 
20,23,26,27,34,35, 
36,37 100k 
R4,24 2M2 
R5,9,13,25,29,33 4M7 
R8,12,28,32 10k 
R11,31 2k2 
R18,38 *IMO 
R19 100R 
R39,40 1OR 
RV1,4 100k logarithmic 

potentiometer 
RV2,5 100k linear 

potentiometer 
RV3,6 25k linear 

potentiometer 

CAPACITORS (layer type PCB mount 
polyester unless stated) 
C1,2,7,8,9,14 
C3,10 
C4,6,11,13 
C5,12 

1 A 100V 
1n0 250V 
56n 250V 
4n7 250V 

C15,16 4µ7 63V axial 
electrolytic 

SK1-4 

C17,18 4µ7 25V axial 
electrolytic SW1 

C19,20 100n 100V 
C21,22 47O01x 40V can 

electrolytic 
T1 

SEMICONDUCTORS 
IC1-4 TL072 or NE5532 - see text 
IC5 7815 
IC6 7915 
BR1 200V 6A bridge 

rectifier 

MISCELLANEOUS 
FS1 1A anti -surge 

20mm fuse and 
holder 

LP1 240V neon 
indicator, 
panel -mounting 
8R, 85W, 12" 
McKenzie 
C1285GP or similar 

LS1 

1/4" chassis - 
mounting jack 
sockets 
DPST mains toggle 
switch 
0-18 + 0-18V, 
80VA toroidal 
transformer 

PCB; Crimson Elektrik CE1008 ampli- 
fier module or similar; two heatsinks, 
Maplin type FL42V or equivalent; PCB 
connectors if desired -2 X 3 way, 2 X 
10 way and 1 X 5 way plug and socket 
pairs; 4 X 8 pin DI L sockets; six knobs; 
Newrad NB19 or similar aluminium 
case; sheet aluminium for sub -chassis/ 
screen, preamplifier screen and dummy 
front panel; ready -built combo cabinet 
or wood, cloth, etc to build; clamps for 
C21 and 22; strain relief bush for mains 
cable; two grommets for wires passing 
through internal screen; grommet for 
loudspeaker cable or 1k" jack socket and 
plug; brackets, nuts, bolts, solder tags, 
wire, etc. 

Construction 
The preamplifier PCB should 

be assembled first. The board has 
been designed so that PCB -type 
connectors can be used for the 
wiring to the potentiometers, 
input sockets and the optional 
effects card, and if you plan to use 
this system you should begin con- 
struction by soldering the approp- 
riate connector halves to the PCB. 
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Plugs should be used for the 
potentiometer and input socket 
connections but the wiring to the 
effects card includes the supply 
rails and a socket should therefore 
be used so that there is no risk of 
bare pins being accidentally short- 
circuited. If you do not wish to use 
connectors simply poke the wires 
through the holes and solder in 
the usual way when the rest of the 
board has been assembled. If you 
intend using sockets for the ICs 
these should also be soldered into 
position before the rest of the 
components are installed. 

Continue assembly by install- 
ing the two wire links and the 
solder pins and then the resistors 
and capacitors, taking particular 
care with the electrolytic capac- 
itors C15-18 which may be 
damaged if they are not wired the 
correct way around. Pads are pro- 
vided on the PCB for two 10p 
capacitors, Cx and Cy, in the feed - 

HOLE AND 
GROMMET FOR 
WIRES BETWEEN 
PRE- AND POWER 
AMPLIFIERS 

PRE -AMPLIFIER 
BOARD SUPPORTED 
VERTICALLY 

HEATSINKS 

VOLUME TREBLE BASS 

back loops around ICI a and b. 
These will reduce the risk of radio 
frequency interference (RFI) and 
need only be installed if you have 
good reason to expect RFI pro- 
blems. It is easy enough to add 
them later if you encounter pro- 
blems when the unit is finished. 

The last items to be soldered 
into position are the ICs. We used 
TL072 dual op -amps for ICs 1-4 
but the more expensive NE5532 
could be used if you require lower 
noise. A reasonable compromise 
would be to use an NE5532 in the 
IC1 position and TL072s in the 
other positions. If you use sockets 
it will be easy to swop ICs over to 
compare the performance of dif- 
ferent types. 

The amplifier is built into an 
aluminium box which is a little 
smaller than the slot at the top of 
the combo cabinet. An enlarged 
front panel, cut to suit the recess 
on the front of the cabinet, is 

OUTPUT TO 
LOUDSPEAKERS 

FS1 
MAINS IN 

SK3 

VOLUME TREBLE BASS 

Fig.4 Layout of the major components within the amplifier case. 

FRONT OF SUB -CHASSIS 
BENT UP TO FORM 
VERTICAL SCREEN 

HOLE AND GROMMET 
FOR MAINS WIRING 

MAINS INDICATOR LAMP 
WITH MAINS ON/OFF 
SWITCH BELOW IT 

attached to the amplifier box by 
means of the potentiometer secur- 
ing nuts, the jack socket bushes 
and two small screws. The com- 
plete unit is then held in place by 
two self -tapping screws which pass 
through either end of the panel 
and into the wooden uprights of 
the cabinet. 

The internal layout of the 
amplifier is shown in Fig. 4. The 
power supply and the power 
amplifier module are mounted on 
a sub -chassis which is bent up at 
the front so as to form a screen 
between these components and 
the preamplifier. The advantages 
of using the sub -chassis are that it 
reduces the number of holes 
required in the bottom of the case 
and that this section can be built 
and wired up before being bolted 
into place. If you can't find any- 
thing that will serve as both 
sub -chassis and screen you could 
simply mount the components 
onto the bottom of the case and 
then use a piece of aluminium 
supported on brackets as the 
screen. 

The preamplifier board is 

mounted vertically on two right- 
angle brackets immediately 
behind the front panel. This allows 
the input sockets and control 
potentiometers to be connected 
up using very short lengths of 
cable. By positioning the pre- 
amplifier board to one side, suffi- 
cient space is left to accommodate 
an effects board at a later date. A 
second screen is placed between 
the preamplifier and input cir- 
cuitry and the mains switch and 
indicator at the far end of the 
panel. A small piece of thin 
aluminium is sufficient, bent at a 
right angle and held in place by 
the toggle switch. 

Two heatsinks are bolted onto 
the rear of the case in line with the 
aluminium bracket on the power 
amplifier module. If the Newrad 
NB19 case is used as in our pro- 
totype, the heatsinks will project 
slightly beyond the back of the 
cabinet when the amplifier is slot- 
ted into place. This helps ensure a 
good flow of air for cooling but 
might be considered undesirable. 
Using a slightly shallower box will 
reduce or remove the projection, 
and if you can find one made from 
heavy gauge aluminium or bend 
one up yourself you might find 
that you don't need the heatsinks 
anyway. Whichever method you 
use, don't forget to smear some 
heatsink compound between the e 
surfaces before assembly. 
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The wiring should present no 
problems provided the arrange- 
ment shown in Fig. 5 is followed 
closely. All of the earths are 
returned to one point so as to pre- 
vent the formation of hum loops, 
and care should be taken to 
ensure that no earth connection is 
inadvertently made elsewhere. 
The 1/4" jack sockets which are 
generally available have no con- 
nection between the earth tag and 
the mounting bush, but if for any 
reason you decide to use different 
sockets you should make sure that 
they are insulated from the panel. 

Twin screened cable should be 
used for the connections to the 
volume controls and the input 
sockets, and single screened cable 
for the signal connection between 
the pre- and power amplifiers. The 
rest of the wiring, including the 
tone control connections, can all 
be made using un -screened wire. 
The short connections between 
the reservoir capacitors, the bridge 
rectifier and the earthing tag and 
the link between the earth con- 
nections on each pair of input 
sockets can all be made using 
tinned copper wire of a suitably 

26 
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Fig.5 Wiring diagram. Note that all the earth connections are brought to one point. 

heavy gauge. 
The leads are brought out from 

the loudspeaker enclosure 
through a small hole in the bottom 
of the amplifier space. Rather than 
attach the leads permanently to 
the amplifier, we left a length 
hanging from the back of the 
cabinet, fitted it with a jack plug 
and provided a corresponding 
socket on the back of the ampli- 
fier. This allows the amplifier to be 
removed easily from the combo 
and used on its own. 

BUYLINES 
The cabinet we used was supplied by 
Wilmslow Audio, 35-39 Church Street, 
Wilmslow, Cheshire SK9 1AS, and they 
also stock a loudspeaker which is suit- 
able but has a higher power rating than is 
needed for this project. The most recent 
prices we have are £35.75 inclusive for 
the cabinet and £32.45 for the C12 
100G P loudspeaker, but we suggest you 
check with them before ordering; their 
telephone number is 0625-529599. We 
obtained the McKenzie loudspeaker 
used in the prototype from B.K. Elec- 
tronics and you will find the price and 
other information you need in their 
advertisement elsewhere in this 
magazine. Crimson Elektrik amplifier 
modules are available from Bradley 
Marshall at their shop in London's 
Edgware Road, from Wilsmlow Audio at 
the address above, or direct from the 
manufacturers at their Phoenix Works, 
500 King Street, Longton, Stoke-on- 
Trent ST2 1E Z, tel 0782-330520. The 
most recent price we have for the 
CE1008 is £27.50 inclusive but again we 
recommend that you check this before 
ordering. The metal case for the 
amplifier was obtained from Newrad 
whose address and telephone number 
you will find in their advertisement. The 
only other items likely to cause any pro- 
blems are the aluminium panels. If you 
live in the London area you could try H.L. 
Smith in the Edgware Road who will 
supply aluminium panels cut and bent to 
customer's requirements for a small 
charge. If you live elsewhere you will 
have to try local hardware shops or 
salvage some scrap aluminium and 
brush up your metal -bashing skills. The 
PCB is available from our PCB Service. 

A CCD-delay line effects board for 
this project is currently under devel- 
opment, and we hope to bring you 
constructional details of it in a 

month or two. It will of course, 
require controls, so readers who 
intend building it are advised to 
postpone painting and lettering 
the front panel until it is 
published. ETI 
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* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY 
SERVICE * LARGE S.A.E. 28p STAMP FOR CURRENT LIST 

OMP P WER AMPLIFIER MODULES Now enjoy a 
world-wide reputation for quality. reliability and performance at a realistic price. Four models 
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure, 
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal 
power supply, Integral heat sink. Glass fibre P.C.B.. and Drive circuits to power compatible 
Vu meter. Open and short circuit proof. Supplied ready built and tested. 

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

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

OMP/MF200 Mos-Fet Output power 200 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz --100KHz -3dB, Damping Factor 
250, Slew Rate 50V/uS, T.H.D. Typical 
0.001%, Input 'Sensitivity500mV, S.N.R. 
-130dB, Size 300 X 150 X 100mm. PRICE 
£62.99 + £3.50 P&P. 

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

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

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

19" RACK CASED MOS-FET STEREO 
AMPLIFIERS with twin power supplies and 
L.E.D. Vu meters plus X.L.R. connectors. 
Three models (Ratings RMS into 4 ohms) 
MF200 (100 + 100w) £169.00 Securicor 
MF400 (200 + 200w) £228.85 Delivery 
MF600 1300 + 300w) £274.85 £10.0 

LOUDSPEAKERS 
5 to 15 INCH Up to 300 WATTS 

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

POWER RANGE 
8"50 WATT R.M.S. Hi-Fi/ Disco. 
20 oz. magnet. 1'1" ally voice coil. Ground ally fixing escutcheon. Res. Freq. 401-1z. Freq. Resp. to 
6KHz. Sens 92dB. PRICE £9.90 Available with black grille £10.90. P&P £1.50 ea. 
12" 100 WATT R.M.S. Hi-Fi/Disco 
50 oz. magnet. 2" ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res. 
Freq. 
25Hz. Freq. Resp. to 4KHz. Sens. 95dB. PRICE £26.00 - £3.00 P&P ea. 
15" 100 WATT R.M.S. Hi-Fi/Disco 
50 oz. magnet. 2" ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res. 
Freq. 20Hz. Freq. Resp to 2.5KHz. Sens. 97d6. PRICE £34.00. £3.00 P&P ea. 

Cabinet fix 
ing in stock. SAE. for 
details. 

McKENZIE 
12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco. 
2" ally voice coil. Ally centre dome Res. Freq. 45Hz. Freq. Resp. to 6.5KHz. Sens 98dB. PRICE £24.99 
+ £3.00 P&P ea 
12" 85 WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil. Twin cone. 
Res. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £24.99 + £3.00 P&P ea. 
15" 150 WATT R.M.S. C15 Bass Guitar/Disco. 
3" ally voice coil. Die-cast chassis: Res. Freq. 40Hz. Freq. Resp, to 4KHz. PRICE £49.99--£4.00 P&P ea. 

WEM 
5" 70 WATT P.M.S. Multiple Array Disco etc. 
1" voice coil Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £20.00 + £1.50 P&P ea. 
8" 150 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £27.00 + £1.50 P&P ea. 
10" 300 WATT R.M.S. Disco/Sound re -enforcement etc. 
1'h" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £30.00 + £2.00 P&P ea. 
12" 300 WATT R.M.S. Disco/Sound re -enforcement etc. 
1'/" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens, 94dB. PRICE £38.00 + £3.00 P&P ea 

SOUNDLAB (Full Range Twin Cone) 
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil. Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £8.99 + £1.00 P&P ea B'/" 80 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil Res. Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89d8. PRICE £9.99 + £1.50 P&P ea. 
8" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
P/," voice coil. Res. Freq. 38Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE £11.99+£1.50 P&P ea 

PA, Writ - 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 19 . volt) 
Price: £8.62 + 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled 
professional performance. Range up to 3 miles 35 x 84 x 12mm 
112 volt) Price: £13.74 + 75p P&P. 
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for 
many applications. Receiver 90 x 70 x 22mm (9/12 volt), Price: 
£17.82. Transmitter 80 ir 50 x' 15mm (9/12 volt), Price: £11.27 
P&P + 75p each. S.A.E. for complete list. 

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 
ORDERS WELCOME. SCHOOLS.COLLEGES, GOVERNMENT 
BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 

-- VISA/ACCESS-'C. O.D. ACCEPTED. 

URGLAR ALAR 
Better to be 'Alarmed' then terrified. 
Thendar's famous 'Minder' Burglar Alarm System, 
Superior microwave principle. Supplied as three units, 
complete with interconnection cable, FULLY 
GUARANTEED. 
Control Unit - Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control, 
Three position, key operated facia switch - off - test - armed. 30 second exit and entry delay. 
Indoor alarm - Electronic swept freq. siren. 
104dB output. 
Outdoor Alarm - Electronic swept freq. siren. 98dB 
output. Housed in a tamper -proof heavy duty metal 
case. 
Both the control unit and outdoor alarm contain re- 
chargeable batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz. Expandable with door sensors. panic 
buttons etc, Complete with instructions 
SAVE £148.00 Usual Price (228.85 

BKE's PRICE £79.99 + £4.00 P&P 
? Why buy a collection of self -assembly boards! 

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

OMP LINNET LOUDSPEAKERS 
The very best in quality and value. Made specially to suit todays 
need for compactness with high sound output levels. Finished in 
hard wearing black vynide with protective corners, grille and carry 
handle. All models 8 ohms. Full Range 45Hz - 20KHz. 
OMP 12/100 watts 20" X 15" X 12" (125.00 per pair 
OMP 10/200 watts 18" X 15" X 11" £145.00 per pair 
OMP 12/300 watts 20" X 15" X 11" f169.00 per pair 

Delivery' Securiçor £8.00 per pair 

STEREO CASSETTE DECK 
STEREO CASSETTE DECK 
Ideal for installing into Disco 
and Hi-Fi cabinet/Consoles. 
Surface mounting (Horizon- 
tal). Supplied as one unit with 
all electronics including 
mains power supply. 
* Metal top panel Black finish 
* Piano type keys including 
pause 
* Normal/Chrome tape 
switch ' 

* Twin Vu Meters 
* 3 Digit counter 
* Slider Record Level control 
Size 171 X 317 mm Depth 
110mm 
PRICE £35.99 +f3.00 P&P 

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 voit 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- 

ta es of a manual arm are required. 
Price 33,80 each. - £3 00 P&P ea. 

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

PIEZO ELECTRIC TWEETERS - MOTOROLA 
Join the Piezo revolution. The low dynamic mass (no voice cod) of a Piezo tweeter produces a 
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. 

TYPE 'A' (KSN2036A) 3" round with protective wire 
mesh, ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.90 each + 40p P&P. 
TYPE 'B' IKSN1005A) 31/," super horn. For general 

TYPE purpose speakers, disco and P.A. systems etc. Price 
TYPE e- £5.49 each + 40p P&P. 

TYPE 'C' IKSN6016A) 2" X 5" wide dispersion 
horn. For quality Hi-fi systems and quality discos etc. 
Price £6.49 each + 40p P&P. 
TYPE 'D' (KSN1025A) 2" X 6" wide dispersion 
horn. Upper frequency response retained extending - 

down to mid range (2KHz). Suitable for high quality 
Hi-fi syítems and quality discos. Price (8.99 each 
+ 40p P&P. 
TYPE 'E' (KSN1038A) 33,a" horn tweeter with 
attractive silver finish trim, Suitable for Hi-fi monitor 
systems etc. Price £5.49 each + 40p P&P. 
LEVEL CONTROL Combines on a recessed mount- 
ing plate, level control and cabinet input jack socket. 
85 X 85 mm. Price £3.99 + 40p P&P. 

1 K -WATT 
SLIDE DIMMER 

* Control loads up 
to 1Kw 
* Compact Size 
4%"X 1"X21/2 
* Easy snap in fix- 
ing through panel/ 
cabinet cut out 
* Insulated plastic 
case 
* Full wave con- 
trol using 8 amp 
triac 
* Conforms to 

BS800 
* Suitable for both resist- 
ance and inductive loads. In- 
numerable applications in 
industry, the home, and 
disco's, theatres etc. 
PRICE £12.99 + 75p P&P 
(Any quantity). 

I 

TYPE C' 

TYPED' 

TYPE 'E 

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

PRICE £118.00 + £5.00 P&P 

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

ESSEX. SS2 6TR TEL: 0702-527572 
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COMPUTER WAREHOUSE 
it 

1000's OF 
BARGAINS 
FOR CALLER 

THI 'ALADDIN'S' CAVI or COMPUTDR /!RD ]ßLICTROEIC D 

RECNAROEARLE PATTERIES 
Dry Fit Maintenance FREE by Sonnenschein. 
A300 07191315 12v 3 AH same as RS 591-770 NEW 
£13.95 A300 07191 202 6,0-6 1.8 AH same as RS 591- 
382 EX EQUIP £4.99 Miniature PCB mount 3.6v 100 
Mah as RS 591-477 NEW £1.00 SAFT VR2C 1.2v "C" 
size N (CADS in 18 cell ex equipment pack. Good condition. 
- easily split to single cells £10.50+'pp £1.90 

EX -STOCK INTEGRATED CIRCUITS 
2732 ex equip £3.25. 27128 - 250ns NEW £12.00. 
6118-200 £4.50, 6116-250 £3.95, 
8284LP-150 £22.00. 4164-200 £3.50, 4864-150 £4.00, 
4116-300, £1.20,2114 £1.75. 6800E2.50, 6821 £1.00, 
68A09 £8.00, 68609 £10.00, 68809E £14 50, 
D8065AH-2 £12.00, D8086 £20.00, ZBOA £2.99. 

CooL 
Keep your hot pans COOL an ABLE 
with our range of BRAND MEW professional 
cooling fans 
ETRI 99XUOl Dim. 92 x 92 x 25 mm. 
Miniature 240 v equipment fan complete with 
finger guard £9.95. 
COULD JB-3AR Dim. 3" x 3" x 2.5" compact 
very quiet running 240 v operation. NEW £6.95 
BUNLER 69.11.22. 8.16 v DC micro 
miniature reversible tan. Uses a brushtess 
servo motor for extremely high air flow, 
almost silent running and guaranteed 10,000 
hr life. Measures only 62 a 62-x 22 mm. 
Current coat £32.00. OUR PRICE ONLY 
£12.95 complete with data. 
MUFFIN -CENTAUR standard 4" x 4" a 1.25" 
fan supplied tested EX EQUIPMENT 240 vat 
£6.25 Or 110 v at C4.95 or BRAND NEW 240v 
at £ 10.50. 1000's of other fans Ex Stock 

tl for Details. Post & Pecking on alt fens £1.6 

EPROM COPIERS 
The amazing SOFTY 2. The "Complete Tool - 
kit" for copying, writing, 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, ZIF socket 
etc. ONLYEI93.00 + 9942.50. 
"GANG OF EIGHT' intelligent Z80 controlled 
gang programmer for ALL single 5v rail 
EPROMS upto 27128. Will copy 8 27128 in 
typ. ONLY 3 MINUTES!! Internal LCD display 
and checking routines for IDIOT PROOF 
operation. ONLYE395.00 + PP E3.00. 
"GANG OF EIGHT PLUS" same spec. as 
above. but with additional RS232 serial inter- 
face for down line loading data from computer 
etc: ONLF£e4S.00 + PP EPOS. 

Data sheets on request. 

DATA MODEMS 
Join the communications revolution with our super range of DATA MODEMS with 
prices and types to suit all applications 
and budgetsl! - 

Most modems are EX BRITISH 
TELECOM and are made to the highest 
standard for continuous use and reliability. 
RS232 interfaces are standard to all our 
modems, so will connect to ANY micro etc. 
with an RS232 serial interface. 
DATEL 26 see SPECIAL OFFER centre of 
this ad. 
MODEM 13A, 300 baud. Compact unit only 
2" high and same size as telephone base. 
Standard CCITT tones, CALL mode only. 
Tested with data, OWL F445.00 + »«Se 
MODEM 20-1, 75-1200 baud. Compact unit 
for use as subscriber end to PRESTEL, 
MICRONET or TELECOM GOLD. Tested with 
data. £39.95 +P E6,50, 
MODEM 20-2, same as 20-1 but 1200-75 
baud £99.00. 
TRANSDATA 307A, 300 baud acoustic 
coupler. Brand new with RS232 interface. 
£95.00 +E.»,, 
DACOM DSL2123 Multi Standard Modem, 
switchable CCITT or USA BELL 103 standard. 
V21 300.300, V23 75-1200, V23 1200-75 or 
1200-1200 half duplex. 
Auto answer via MODEM or CPU. CALL or 
ANSWER modes plus LED status indication. 
Dim 2.5" x 8.5"x 9" BRAND NEW fully 
guaranteed OWL YE26J, 00 + PP 4450, 

ATEL 2412 Made by SE LABS for BT this 
two part unit is for synchronious data links at 
1200 or 2400 baud using 2780/3780 
protocol. Many features include Auto answer, 
2 or 4 wire working etc. etc. COST OVER 
£800. OUR PRICE MOOR £S.OR 
DATEL 4800, RACAL MPS4800 high speed 

good condition £233.00 CARD £10.00, 

NOT LINE DATA EASE 

DISTEL © 
THE ORIGINAL FREE OF CHARGE dial up data base 
1000's of stock items and one off bargains. 
ON LINE NOW- 300 baud, full du lex CCITT tones, 8 bit 
word. rio parity. 014 I Sig 
r MAINS FILTERS 

Cure those unnerving hang ups and data glitches caused 
by mains interference. 
SD5A As recommended by 2X81 news letter, matchbox 
size up to 1000 watt load E5.95 
L2127 compact completely cased unit with 3 pin fitted 

Up to -750 watts E9.99 ,socket 

II 
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 POPS 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 -15e 
DC at 5 amps The complete unit is fully enclosed with 
removable top lid filtering, trip switch, 'Power' and 'Run' 
LEDs mounted on Ali front panel, rear cable entries, etc. 
etc. Units are in good. but used condition - supplied for 
240v operation complete with full circuit and tech. man. 
Give your system that professional finish for only 
£49.95 + Carr. Dim. 19" wide 16" deep 10.5" high. 
Useable area w 10.5 11.5"d, 
Also available LESS PSUh, with FANS etc. Internal dim. 
19"w. 16"d. 10.5"h. ¡19.90. Carriagb & insurance £9.50. 

fi 

PRICE BARRIER SHATTERED ON 16" 
RGB CASED COLOUR MONITORS 
A scoop purchase from a major London Hotel enables us to offer this special 
converted DECCA 100 COLOUR video TV at a super low price of £99.00!! Low 
enough to suit any budget!! Solid state modular construction, 16" high definition 
PIL tube, which eliminates convergence problems and our own special modification 
results in 80 + column text definition and picture quality not seen on monitors 
costing three times as much!! In fact we guarantee you will be delighted with this 
product, the quality has to be seen to be believed. Supplied complete and ready to 
plug direct to a BBC MICRO COMPUTER or any other system with a TEL RGB 
output Other features include internal audio amp and speaker, compact 
dimensions only. 52cm W x 34 H x 24 0, auto degaussing circuit, attractive teak 
finished case, 30 day guarantee. 

ONLY £99.00 + £10.00 CARR. 
Also available unmodified complete with mod data (Mod costs less than £12.00) f40.00. 

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

300 baud full duplex 
Full remote control 
CCITT tone standards 
Supplied with full data 

NO£LY 
29.9 

Modular construction 
Direct isolated connection 

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

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

5,_£25 SUPER PRINTER SCOOP 
BRAND NEW 

CENTRONICS 
7391.2 

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

ORIC, DRAGON etc. Superb print quality with full 
ran addressable g hies and 4rype fonts plus 

HIGH DEFINITION interval PORTiONAL SPACED MODE 
single 

WORD PROCESSOR .PPler s. 86132 Columns, singie sheet, sprocket w rat pa henR4np much more. ballade ONY front DISPLAY Compl ELECTRONICS 
at the ridiculous price of f ILP 6í1M.65 + VAT Complete with 

001111 
full manual etc. Limited quantity -Hurry while stocka last. 

Y' DRAGON or CENTRONICSCE6 ay pace 

cable (specify) 
C12 50 Spor are ribbon £3.50 each BBC graphics screen dump utility program C8.50. Camaoe and Ins E10.00 + VAT 

HUNDREDS OF PRINTT 
EX ST CI( FROM £49.0. Call Sales Office for Details. 

1 only large CALCOMP 1 036 AO 3 pen drum plotter and 
offline 915 magtape controller. Good working order. 

£2500.00. 

DISK DRIVE SPECIALS SIEMENS F_ DD -100.5 51/4" 40 track single sided. Ex new equipment tested, guarantied working. Complete with data £75.00 
SHUGART SA400 51/:' 35 track, single sided, Ex equipment, guaranteed working £55.00 
SHUGART SA800, SAS50 8" drives plus spares EX Stock call for prices. Hard disk drives. 
Large quantities of HARD DISK drives currently EX STOCK including: 
DRE series 30 mb Front Load for DEC, NOVA etc FROM £295.00 DIABLO 44/DRE 4000 A, 8 5+5 mb cartridge drive FROM £995.00 CDC HAWK 5+5 mb cartridge drive as new condition FROM 0795,00 CDC 9762 80 mb DEC RM03 compatible FROM £2900.00 PERTEC D3422 5+5 cartridge drive FROM £495.00 Large quantities of spares and controllers available for S100, DEC, HONEYWELL, 
DATA GENERAL Call sales office for details. 

IN HOUSE disk drive refurbishing service - call for competitive quotations!! 
ADD VAT TO ALL PRICES 

BUDGET RANGE 
VIDEO MONITORS 

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

1000't SOLD TO DATE 
12" KGM 320-321, high bandwidth input, 
will display up to 132 columns s 25 lines. 
Housed in attractive fully enclosed 
brushed alloy case. 13/1yILy only £32.95 
GREEN screen£39.93 
24" KGM large screen black & white 
monitor fully enclosed in light alloy case. 
I e I ch I shops, clubs etc. 

HL. £35 -OU Carriage £10.00 

SE STOCE 

DEC CORNER 
PDP 1140 System comprising of CPU, 124K memory + MMLI 16 line RS232 
interface, RP02 40 MB hard disk drive, 
TU 10 9 track 800 BPI Mag tape drive, dual 
rack system. VT52 VDU etc. etc. Tested 
and ruining £3750,00 
BA11MB 3.5" Box, PSU, LTC £385.00 
DH11-AD 16 x RS232 DMA 

interface £2100.00 
DLV11 J 4 x EIA interface £310.00 
DUP11 Sych. Serial data i/o £650.00 
D0200 Dilog - multi RK 

controller 4493.00 
DZ11-B 8 line RS232 mus board £650.00 
LA38 Decwriter EIA or 20 ma loop £270.00 
LAXX-NW LA180 RS232 senal interface 

and buffer option £130.00 
LAX34-AL LA34 tractor feed £85.00 
MSI 1 -JP Unibus 32 kb Ram £80.00 
MS11-LB Unibus 128 kb Ram £450.00 
MS11LD Unibus 256 kb Ram £850.00 
MSC4804 Obus (Equiv MSV11-L) 

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

current loop £175.00 
VT52 VDU with RS232 interface £25Q00 

1000's of EX STOCK spares for DEC 
PDPS, PDP8A, PDP11 systems& 
peripherals. Call for details. All types of 
Computer equipment and spares wanted 
for PROMPT CASH PAYMENT. 

All prices quoted are for U.K Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00. Minimum Credit Card orderi10.00. Minimum BONA FIDE account orders from Government Depts., Schools, Universities and established companiesf20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon -Fri 9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without, notice. Trade, Bulk and Export l lh r r hi fi'r 32 Biggin Way, Upper Norwood, London SE19 XF ¡ill Telephone 01-679 4414 Telex 27924 
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FEATU RE 

THE REAL 
COMPONENTS 

In this short(ish) series, John Linsley Hood will be looking at a 
range of components and their unwelcome characteristics. 

t is becoming popular, among the lugubrious 'things 
aren't what they used to be' fraternity, to complain 
that Electronics Engineers are degenerating into 

technicians who merely connect'black boxes' together, 
without any particular concern about what is in them or 
how they are made. But hasn't this always been true, to 
some extent, and isn't it also true of most other technical 
or engineering occupations? 

In practice, everyone who uses bits and pieces pro- 
vided by other people will be more concerned about 
how these are used, and how well they will work in that 
use, than about what they are. One doesn't expect an 
architect to be an expert in the manufacture of glass in 
order to be able to design windows, so why expect an 
electronics engineer to know just what is inside an 
'op -amp IC' ora'MSI CMOS gate'? Perhaps the mere fact 
that he can understand the jargon is an adequate 
qualification. 

However, having set up the argument, I now want to 
nibble away at its foundations by sayingthatan architect 
who knows the relative qualities and costs of a borosili- 
cate and a lead glass will be a better architect for this 
knowledge, and the mechanical engineer who knows 
the difference between EN20 and EN36 in steels will 
also be a more effective engineer because of that 
understanding. 

So - how about our own bits and pieces, like the 
humble resistor and capacitor? 

For a long time now, electronics engineers who have 
worked at the limits of this field, in very low noise 
systems, or at very high frequencies, or where high 
discrimination is needed between adjacent signals, 
have needed to be very fussy about component quality. 
Thanks to their efforts we now have some superb 
components at our disposal, whose qualities have come 
more into popular view because of the activities of the 
'Ultra -Hi-Fi' buffs,whoareverymuch sold on the need to 
use the most exotic things they can lay their hands on. 
But are these always as good for our purposes as the 
'U -H -F' brigade would have us think. Let us have a 
look. 

Resistors 
These are made in a variety of kinds, and their pur- 

pose is to cause a voltage drop when current flows 
through them (remember V=IxR.). They will get hot if 
the current orvoltage is high enough (heat, in watts= Vxl 
or PR.). With transistor circuitry, the dissipation will 
usually be pretty small, so the 1/4 watt resistors are usually 
quite adequate, and will fit more tidily onto a printed cir- 
cuit board. However, if one is in doubt, it is easy enough 
to check, using the formulas above, and a pocket 
calculator to ease the strain on the brain. 

Wire Wound Types 
For higher powers, it is most common to use 'wire - 

wound' resistors (which range from a watt or two as far 

upwards as one has the strength to carry them). These 
are, as their name suggests, made by winding wire 
around a suitable fire -proof former, and joining a con- 
nector wire (or terminal, if they are big ones) on to the 
end, as I've sketched in Fig. 1. Obviously, if they are likely 

VITREOUS 
ENAMEL 
GLAZE BRAZED 

CONN CTION 

111111111111111111111111111 

CERAMIC ROD 
FORMER 

RESISTANCE 
WIRE 

CONNECTING 
WIRES 

ANCHORING 
CEMENT 

Fig. 1 A good quality wire -wound resistor (2-25w). 
to get hot, and we wantthem to have the same resistance 
value when they are hot as when they are cold, the wire 
must have a low temperature coefficient of resistance. 
This usually means that they are wound from 'Eureka' or. 
'Constantan' wire. This a copper -nickel alloy, whose 
resistance doesn't change very much as it gets hot. 

The snag with wire -wound resistors is that they have 
inductance, and the higher the value, and the more turns 
of wire that have to be wound round the former to get 
that resistance, the bigger the inductance will be. It is 
possible to make 'non -inductive' resistors by winding 
the wire in a zig -zag manner, so that there are just as 
many turns wound anti -clockwise, as there are wound in 
a clockwise rotation, but these are pretty rare. 

A further point which has to be watched is that the 
former shouldn't expand as it warms up and stretch the 
wire wound round it, which would cause its resistance to 
increase - as in a strain gauge. Also, the wire has to be 
protected, to prevent it tarnishing or corroding, which 
would make it thinner. A layer of some heat -resistant 
vitreous enamel is usually fired on for this purpose, in the 
better WW resistors. 

Apart from these snags, this is a pretty good type of 
resistor, which usually behaves in a nearly ideal 
manner. 

Metal Glaze Types 
These are made by firing onto a ceramic formera pot- 

tery type glaze, containing metallic salts, which make it 

METAL GLAZE 

CERAMIC 
FORMER PLASTIC 

ENCAPSULATION 

Fig. 2 Plastic encapsulated DIL metal glaze resistor array. 
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conductive. With proper composition these can have a 
low temperature coefficient, and can be made as non - 
inductive high -wattage replacements for WW types. 
However, you are most l ikelyto find them as the single or 
dual -in -line devices I have sketched in Fig. 2, where they 
are plastic moulded like ICs, though some of these are 
carbon -film varieties. 

Carbon Rod Types 
These are the real grand -daddies of small power elec- 

tronics resistors. They were around when I was a kid, and 
that was a good few years ago! 

Their method of manufacture is to extrude a rod of 
mixed clay and graphite, in a combination which it is 
hoped will 5ive the right sort of value. This is then 
chopped up into lengths, dried, fired in a kiln, and an end 
connection made by spraying it with metal, onto which a 
wire or other fixing can be soldered. I have shown the 
general scheme in Fig. 3. After the process is completed, 
the resistor will be impregnated with wax, and painted to 
say what value it is (for the time being). 

FIRED CARBON 
AND CLAY ROD 

CONNECTING WIRES, 
SOLDERED ON 

METAL 
SPRAYED 

ENDS 

PAINT LAYER 

Fig. 3 Carbon rod -type resistor (1W -2W). 
There are a lot of problems with these resistors, the 

first of which is that no-one really knows what sort of 
value is likely to happen after the firing process, and no 
two resistor rods are going to be the same anyway. The 
manufacturers got around this problem by automatic 
sorting machines, which measured the resistance value, 
and dropped the resistor into the appropriate box. A 
consequence of this was that if one wanted a 10k 20% 
tolerance resistor, it might be 8k or it might be 12k, but 
the only value it certainly wouldn't be is 10k, because 
these would have been sorted out for the 5% 
tolerance cut! 

Another snag, which I recall from my early days in 
messing around with valves and 'steam' radios, was that 
if the resistor got a bit hot in use, when it cooled down 
again, it would have a different value. These are not now 
thought to be very good resistor types to use, unless one 
isn't very fussy, since they have a pretty poor noise figure - more about that later. 

Carbon Film Types 
These were the first of the really high quality low 

wattage resistors to be made, and for quite a long time 
commanded a premium price. They are made by 
depositing a thin layer of graphite on to the surface of a 
smooth ceramic rod, affixing end caps, which are usually 
crimped into position, as shown in Fig. 4, and then feed- 
ing them into an automatic machine, which measures 
their resistance, and then grinds a spiral groove through 
the film with a diamond cutter wheel, until the value has 
reached the required level, when the rod is dropped in 
to a collection chute. 

The accuracy of these is as high as the accuracy of 
setting of the machine which made them, and it is quite 
common these days to find that a± 5% carbon film resis- 
tor is, on measurement, within 1% of the quoted value. 
As with other types, the resistor will be given a coat of a 
hard protective lacquer, usually epoxy based, prior to 
the paint rings which denote its value being applied. 

EPDXY RESIN 
PROTECTIVE 

COATING 

HARD 
CERAMIC ROD 

BAKED -ON 
CARBON FILM 
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TO DENOTE CUT TO PRODUCE 
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VALUE VALUE 

CONNECTING 
WIRES 

END CAPS, 
CRIMPED 
IN PLACE 

Fig. 4 Miniature carbon film high stability resistor (1W -2W). 

Metal Oxide Types 
These are usually made by firing a layer of thin oxide, 

which allows a low temperature coefficient, on to a 
'Pyrex' glass rod former. Grooves are then ground, in 
spiral form, as in the carbon film types, to give the correct 
final value. They are then finished as the carbon film 
ones, though with rather more care. These were the first 
resistor types, I recall, to get the prestigious BS9000 
approval, and, to my mind, are still the 'Rolls-Royce' of 
these components. 

Metal Film Types 
These are much like the carbon film ones except that 

a thin film of vacuum evaporated resistor alloy metal has 
been deposited on the surface, instead of a thin carbon 
layer. They are a bit more robust than carbon film types, 
and are available to very close tolerances. 

Cermet Types 
This is really just another name for 'metal glaze', 

though it is mainly used when this kind of resistor layer is 

going to be used in a potentiometer. 

Some General Snags 
Apart from the problems of inductance, temperature 

coefficient and instability of resistor value, mentioned 
above, there is also the snag about noise. This is partly a 
characteristic which is inherent in resistors, as the clouds 
of electrons inside them mill around, like crowds in a 

tube station at going -home time. Because, statistically, 
there will at any given moment be more going in one 
direction than in the other, and vice-versa, the net result 
is a' noise' voltage which appears across the resistor, and 
is proportional to the square-rootof the resistor value. As 
the temperature increases, the crowds of electrons 
become more agitated, and mill about more, so the 
noise voltage increases. So, in very low noise circuits, it is 
necessary to keep the resistance values as low as 

possible. 
However, in addition tothis,there is alsothe problem 

of 'excess noise', which is a function of the way the resis- 
tor is made, and the composition of the materials, and is 

due to a variety of causes, from the trapping of electrons 
by impurity 'holes' to spurious electrochemical poten- 
tials, or to piezo-electric or tribo-electric effects. Our old 
friend the carbon rod resistor is the worst offender 
here. 

An additional problem which would worry an audio 
amplifier designer, is the voltage dependence of resis- 
tance. By this I mean the sort of change in resistance 
value which can occur as a function of the voltage 
applied across it - regardless of its change in tempera- 
ture. This can generate odd harmonics in the signal 
waveform. 

The final problem is that of assymetry in resistance, 
due to slight rectification effects. Happily this is rare. 
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FEATURE : Real Components 

Looking at these problems, which is the best resistor 
to use. Well, apart from inductance, the wire -wound 
ones are very snag free. Next, in descending order of 
goodness come the metal oxide or metal film, the carbon 
film the metal glaze, and a long way behind, the carbon 
rod types. 

Capacitors 
These are best divided into 'polar' (ie, electrolytic) 

and 'non -polar' (ie plastic film or ceramic) types. The 
polar ones are those which will give a lot of capacitance 
in a small space, but need, generally, to be connected 
the right way round or they become either medium 
value resistors, or miniature canons, depending on the 
voltage and current available. More fun to watch from 
the other side of a stout window, in someone else's 
amplifier. 

Plastic Film Dielectric Types 
The plastic film dielectric types - they used to be 

made from waxed paper, but happily no longer, except 
in some exotic polychlorinated biphenyl impregnated 
systems, for power use - are not fussy about which way 
round they are connected, but tend to be a bit bulky and 
dear if one wants much in the way of microfarads. These 
will normally use polystyrene, polyester, polycarbonate 
or polypropylene films as the insulating dielectric 
between the two 'plates' to which one makes the electri- 
cal connections. 

The best kind of 'plate' in a plastic film capacitor is a 
thin foil of high conductivity aluminium. Two of these 
will normally be wound up in a 'swiss roll' fashion, 
sandwiched between a pair of strips of plastic film, as I 

have shown in Fig. 5. One or more conducting wires or 

PLASTIC 
FILM 

CONNECTING 
WIRE TO ONE 
FOIL LAYER 

Fig. 5 The construction of 'film -foil' capacitors. 

strips will then be led out of the body before it is wound, 
or perhaps while it is being wound, to make contact with 
the foils, and in the case of a polystyrene film capacitor, 
for example, the whole lot is then heated in an oven to 
make the plasticshrinkand fuse, to give the shape shown 
in Fig. 6. Note atthis point that one end will be identified, 
often with red dye, to tell you which is the outside layer 
of foil. If this is earthed, perhaps, it will screen the 
inner one. 

I f 
'OUTSIDE FOIL' 

MARKER 

Fig. 6 Finished 'film -foil' capacitor. 
If one applies too high a voltage, the insulating film 

will puncture, and the capacitor will become 'short cir- 
cuited'. This snag is avoided by using a vacuum 
evaporated, thin, layer of aluminium, on both sides of 
the film dielectric, as the conducting'plate'. If the dielec- 
tric breaks down, in this case, the discharge of the 
capacitor through the pin -hole will blast away the 
evaporated metal layer around the puncture, and the 

capacitor wil I 'self heal'. The price which is paid for this, is 
that the metal plate, being much thinner, hasn't got as 
good a conductivity, so an attempt to keep the internal 
resistance of the capacitor low is made by sputtering or 
spraying metal all over the exposed ends of the 
evaporated layer, as I have sketched in Fig. 7. 

METALLIZING 
ON ONE SIDE 

OF FILM 

END METAL 
SPRAYING 

PLAIN FILM LAYER 

EPDXY RESIN 
COATING 

Fig. 7 'Metallised film' capacitor. 
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Because the evaporated metal'plate' is so much thin- 
ner than a foil plate, these capacitor types give a bigger 
capacitance for the same physical size, and with the very 
thin film polycarbonate types, quite high capacitances, 
up to, say, 10uF, can be obtained in relatively small 
packages. The most common capacitor of this type is the 
'polyester' one, usually based on a 'mylar' or 'melinex' 
polyethylene terephthalate film. This is thin because it is 
stretched in both directions, like the soap film in a 
bubble. 

Ceramic Capacitors 
Ceramic dielectric capacitors take advantage of the 

fact that some fired materials, like titanium dioxide, 
barium titanate, or barium titanate-zirconate, can have 
dielectric constants anywhere between 90 and 45,000, 
as compared with 2.2-4 for plastic films. Since the 
capacitance of a capacitor (its ability to store charge) 
depends directly ont he dielectric constant of the insula- 
tion (the formula is C(uf)=0.225AK/D, where A is the 
area of each plate, in sq. in., K is the dielectric constant 
and D is the separation between the plates), the higher 
the dielectric constant the more uFs in a given size. 

Well, what's the snag? It is that the dielectric constant 
of these ceramic materials is wildly temperature depen- 
dent. The capacitor will usually have its characteristics 
printed on the side; for example, N750 means a tem- 
perature coefficient which is negative, and to the tune of 
750 parts per million, per degree centigrade. Similarly, 
P100 is positive (ie., the capacitance increases with tem- 
perature) to the tune of 100 ppm°C. N PO means that it 
doesn't change at all, but you'll only find these in values 
up to about 100pF. The large capacitance, small size 
ones, like the pea sized 0.1 uF/60Vtypes, will all be N750 
or maybe even N4500. Also, when they say '0.1 uF' they 
mean somewhere in the range of 0.25uF-0.1 uF! 

Electrolytics 
The electrolytic types, nowadays eitheraluminium or 

tantalum, rely on the formation of a thin continuous film 
of an insulating oxide layer on the 'anode', the+ve plate 
of the capacitor, as a result of electrolytic action occur -è 
ing in the'electrolyte'. Not only is the layer very thin, but 
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FEATURE : Real Components 

it has a fairly high dielectric constant, and if the 'plates' 
are etched to give a high effective surface area too, very 
high capacitance values can be obtained in small 
packages. Also, since the oxide film is formed by the 
passage of current through the unit, it follows that if it 
punctures, it will soon heal again by growing itself a bit of 
replacement oxide where the hole was. 

The big problems with the electrolytic types, apart 
from some other more exotic defects which I will leave 
to later, were that they leaked (all the time!), they had a 
fairly high internal inductance, because of the way the 
plates were wound, and in use, theytended to behave as 
though they had a small resistor always connected in 
series with them, especially at higher frequencies. The 
big advantage of tantalum electrolytics is that their 
internal leakage can be exceedingly small, and they can 
even survive a small reverse voltage, say up to 1.5V. 
Aluminium electrolytics will survive up to about only 
0.5V. 

Recent developments have led to some very low 
leakage aluminium electrolytics too, and a big effort has 
been made to produce low'equivalent series resistance' 
(low ESR) aluminium types. These are not yet quite in the 
league of tantalums for µFs per ml, but they are 
catching up. 

Snags 
Some people (not me this time, I spent many years 

working on, and designing instruments to test, plastics 
films for capacitor dielectrics) consider the capacitor to 
be the weakest link in most electronics - especially 
Hi-Fi - and think that the ideal audio amp. would be one 
without capacitors. Certainly, they have a lot of 
problems. 

Consider how a capacitor works. A layer of some 
insulating material has a metal plate on either side, 
schematically shown in Fig. 8a. When a voltage is 

applied, the dielectric polarises, and negative and posi- 
tive charges effectively move towards the two charged 
plates, giving the 'charging current', as in Fig. 8b. If the 
applied voltage is reversed the charges will require to 

METAL PLATE 

I a 1 NOTIONAL CAPACITOR METAL PLATE 

'`CONNECTING 

\CURRENT 
WIRE 
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CHARG FRICTIONAL LOSSES 
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+ + + 
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I b 1 EFFECT ON CHARGING FLOW 
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'STORED' CHARGE 
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+ + + + + 
CURRENT 
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Fig. 8 Physical effects within a capacitor: (a) notional 
capacitor; (b) effect on charging; (c) effects on polarity 
reversal. 
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move towards the other plate, as in Fig.8c. The move- 
ment of these charges may, in reality, be occasioned by 
the physical rotation of a molecule with a lop -sided 
charge as part of its structure. 

There maythen be some frictional energy losses in its 
rotation, and the higher the frequency, the worse these 
may be. These are known as the 'dielectric losses' of the 
capacitor, or 'Tan 8', (an expression of the ratio, as an 
angle, between the capacitative an d resistive parts of the 
capacitor). But maybe not all of the molecules reorient 
on the change of charge, this leads to what is known as 

stored charge, or'hysteresis'. Or, again, what if the extent 
of polarisation is a bit non-linear with applied voltage. 
This would lead to the capacitance being voltage depen- 
dent, as well as being temperature and frequency 
dependent, which it will be anyway. 

Voltage dependence of capacitance leads to the 
generation of harmonics in the current flow through the 
component, and isawell known trouble to power station 
engineers. Stored charge and hysteresis lead to lots of 
odd nasties. Internal series and leakage resistances lead 
to other problems, which the designer has to note. 
Finally, unlike resistors, capacitors don't usually have a 
precisely specified value:±20% is usually a fair average, 
apart from polystyrene ones, which are quite precisely 
specified. Electrolytics may be anywhere between 
+100% and -25% in value. Fortunately, the actual value 
often doesn't matter all that much. 

The stability of the capacitance value depends on a 
lot of factors. In the case of the plastic film types, it is 

mainly a question of the stability of the physical struc- 
ture, though if there is a lot of self -healing, in metallised 
types, the available plate area will get less. 

In electrolytics, the stability depends mainly on loss 
of electrolyte, and one should expect a steady and con- 
tinuing decrease in capacitance with time. Advice here is 

to be generous in chosen values to begin with. 
So - how does one choose the best capacitor for the 

job? The main moral is to use the biggest capacitor, 
physically, that you have room for. Usually small size 
implies a price which has to be paid somewhere. For HT 
supply decoupling, use a low ESR' type electrolytic, if 
one is available, and by-pass it by a suitable, low induc- 
tance non -polar type, say 0.22uF or 0.1 uF. If you are 
really fussy, you can by-pass this by a smaller value 
(hence lower internal inductance) capacitoryetagain,to 
make sure your HT lines offer as low an impedance to 
higher frequencies as they do to 50-60Hz. 

In audio systems, choose the capacitor with the 
dielectric having the lowest dielectric loss, which will 
probably also be the one with the lowest hysteresis, 
since it implies either no charge movement, or little fric- 
tion in this. Polypropylene is the best here, followed by 
polystyrene (a close second), polycarbonate, polyester, 
ow k ceramics and high k ceramics. Finally, if it is essen- 

tial to use an electrolytic at all in the signal path, use an 
aluminium electrolytic. Tantalums have a rather bad 
image, nowadays, in respect of sound clarity. Also, 
between capacitors having the same dielectric, metal 
foil plates are preferable to evaporated metal film 
('metallised') types. 

Also, be generous in respect of the voltage and, in 
power supplies, the ripple current ratings of your 
capacitors. Electrolytics may survive brief voltage 
overloads; foil types will not. 

Nowadays, capacitors don't usually introduce much 
circuit noise, apart from the thermal noise associated 
with their effective impedance, but, remember, in an 
electrolytic, if there is current flow, that current will be 
discontinuous, and very noisy. 
Next month, bipolar transistors. ETI 
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Full kits include pcbs, hardware, cases (unless 
stated otherwise), IC sockets, wire, nuts & bolts. 

Article reprints extra 70p each. 
SPECTRUM CENTRONICS INTERFACE Dec 84 
less case and printer plug 99.71 
LOUDSPEAKER SOUEAKER Nov 84 £4.13 
DIGITAL CONTROL PORT (SPECTRUM) I/O 
BOARD Nov 84 leas case £24.44 
DIRECT READING CAPACITANCE METER 
Nov 84 £27.32 
Kit less case & panel meter £15.8 
TEMPERATURE CONTROLLER Nov 84 
less case £5.99 
MAINS FAILURE ALARM Nov 84 £S.20 
KNITE LIGHT Nov 84 £12.93 
SIMPLEECHOUNIT EZEKO)Oct84 £25.8 
DIGITAL CONTROL PORT (SPECTRUM) 
CONTROL/PSU BOARD OCt84lesscase£28.97 
SIREN UNIT £1422 
DRY CELL CHARGER Sept 

84 less 
884 

switch 
£13.79 

INFRA RED ALARM July/Aug 84 £31.81 
SIMPLE CMOS TESTER Auugp 84 £22.95 
WARLOCKBUROLARALARMJuy84 £54.98 
SPECTRUM JOYSTICK INTERFACE June 84 

£12.95 
AUTOMATIC SECURITY LIGHT SWITCH 
May 84 £21.87 
7:481 EPROMPROGRAMMERMay84 £32.23 
MIDI DRUM SYNTH May 84 £20.81 
MAINS BORNE REMOTE CONTROL 
(TRANSMITTER) May 84 £32.71 

MAINS BORNE REMOTE CONTROL 
(RECEIVER) Apr 84 £28.84 

STEREO POWER METER Mar 84 £57,48 
Kit less case & panel meters £33.85 
MINI MYNAH (2)081 & Spectrum) Feb 84 
less case 449.99 
MINI DRUM SYNTH Nov 83 £11.87 

- FAST LIGHT PEN Nov 83 less cases £24.92 
RADIO CONTROL SERVO FAIL-SAFE less case 
Aug 83 £3.14 
BALANCED INPUT PRE -AMP no case May 

COMPRESSOR/LIMITERnocase May83 £21.37 
HIGH QUALITY PHONO AMPLIFIERS Feb 82 

MOVING COIL STAGE less case £20.53 
MOVING MAGNET STAGE less case t20.40 

WATCHDOG SECURITY ALARM less battery 
Aug 81 £4945 
HANDCLAP SYNTHESISER Aug 81 £38.81 
LED JEWELLERY June 81. CROSS £3.25 

STAR £10.91 SPIRAL £5.81 
GUITAR NOTE EXPANDER Apr 81 £19.52 
INFRA RED ALARM Feb 81 £84.81 
4INPUT MIXER Dec 80 £23.81 
MUSICAL DOORBELL Dec 80 £13.81 
ULTRASONIC BURGLAR ALARM Aug 80£31X0 
CAPACITANCE METER Aug 80 £24.75 
CLICK ELIMINATOR Apr 79 £87.70 
Kit less case £45.98 

n--, ell- 
_ ...,... e.... 

BBC TO ID35 STEPPER MOTOR INTERFACE BBC 
driver IC, components, connectors & leads 

induded. Demonstration software l stings, circuit 
diagram, pcb layout & construction details give, 
Requires unregulated 12V dc power supply. 
INTERFACE KIT (ref ETI) £13X9 
OPTIONAL POWER SUPPLY PARTS £4.57 
1035 STEPPER MOTOR £13.50 
BBC TRACKBALL CONTROLLER. 2" ball. 2 fire 
buttons. Analogue input port connector. Includes 
simple software £17.8 

I CATALOGUE 
1815 CATALOGUE. Brief details of each kit, our 
books, & Illustrations of our ranged tools & corn- 
ponenta etc. 

CE LIST- send t1 in stamps Cc 
your etc or add £1 to y order. Price Ilsl -9 x 4 

Catalogue FREE 70 SCHOOLS/COLLEQFS 
REQUESTED ON OFFICIAL LETTERHEAD. 

MAGENTA ELECTRONICS LTD. 24 hr answerphone for credit card orders. 

ET3, 135 HuMer St Burton -on -Trent OVERSEAS: Payment must be sterling. 

Staffs. DE14 2ST. Mall Order Only IRISH REPUBLIC + BFPO - UK PRICES 

10283)85435. S.A.E. enquires. EUROPE: UK PRICES + 1036. 

Add 80p p5p to all orders. Prime ELSEWHERE. WRITE FOR QUOTE. 

Include VAT. Aoceee & Visa phone/poet. 

OSCILLOSCOPES 
COSSORCDU 150. Dual Trace35MHz 
Solid State. Portable. 8 x 10cm display. 
Complete with manual. £200 
S.E. LABS SMIII. Dual Trace 18MHz 
Solid State. Portable AC or External DC 
Operation. 8 x 10cm display. Complete 
with manual £175 
EX -MINISTRY CT438. Dual beam 
6MHz. Size 10 x 10 x 16ins. Complete 
with manual £75 
NEW PROBES AVAILABLE. Switched 
x1;x10 £11 

MARCONI AM SIGNAL GENERATOR 
TF144H/4. 10KHz - 72MHz 

Stability 0.002%. Attenuated Output 2 
microVolt - 2 Volts. Complete with 
manual £65 

KERR AUDIO 
SIGNAL GENERATOR S121 

10Hz120KHz 
Attenuated 0 - 30V and 600 ohm 
Outputs. Complete with manual ... £40 

ADVANCE AUDIO SIGNAL 
GENERATOR J1 

5Hz 
20dB Atte tor.r, 600 ohm & 5 ohm 
Outputs.0 letewithmanual ... £30 

WAYNE'KERR COMPONENT 
BRIDGE B521 (CT 373) 

Resistance 1 milli -ohm - 1 Mohm 
Capacitance 1 pf - 5 pf 
L 1 microH - 500KH 
Complete with manual £35 

MARCONI VALVE VOLTMETER 
TF2800 

Twelve ranges 1 mV - 300 Volts FSD up 
to 10 MHz. 
Complete with manual £75 

ML DC NANO -AMMETER 
& MICROVOLTMETER 

100 nA - 30 mA; 100 microV - 30V. 
Centre zero meter. 
Unused £15 p&p £7 

KINGSH ILL STABILISED 
P.S.V. Model 500 

0 - 60 Volts; 0 - 0.5 Amps. Current 
Limiting. 
Metered. Size 81/2 x 6 x 51/2ins. 

£40 p&p £7 
VARIAC 5AMP 

Input 240V; Output 0 - 265V. 
Cased - suitable for Bench use. 

£20 p&p £7 

AVO TRANSISTOR TESTER 
Type TT189 

Handheld. GO/NOGO for In -situ 
Testing. Com plete with Leads & I nstruc- 
tions. £20 p&p £3 

CROYDON RESISTANCE 
BOX -MANGANIN 

0.1 -1111 Ohms (4 switches). Un -used. 
£25 p&p £7 

METROHM - BATTERY 
MEGGER 500 VOLTS 

Complete with Batteries and leads. In 
leather case. £40 p&p £5 
AVO MULTIMETER TEST SET No1. 

(Very similar to AVO 8X) 
Complete with Batteries, Leads and 
Carrying Case. £80 p&p £7 O MULTIMETER MODEL 7 
Complete with Batteries, Leads&Carry- 
ing Case £35. p&p £7 

AVO MULTI MI NOR 
Complete with Batteries, Leads & Carry- 
ing Case £22.50. p&p £3 

TAN DON 51/4" FLOPPY 
DISC DRIVES 1/2 HEIGHT 

Single Sided Double Density £75 
Double Sided Double Density... £100 
Brand New. Complete with Information 
P&P £5. 

STEPPER MOTORS 
Type 1.200 Steps 4 Phase (5 wire) 12/ 
24V 25 oz inch 21/4' dia £15 
Type 2. 6/12 Steps 3 Phase 12/24V. 
ea" £5.70 
Type 3. 24 Steps 4 wire 5V 3.3A 0- 
250rpm 0-200PPs 21/:' dia .... £10 ea 
Type 4. 200 Steps 120V (3 wire) 25 oz 
inch. 23" dia £4 ea 
p&p and VAT extra 

Also in stock NEW OSCILLOSCOPES, 
MULTIMETERS etc. 

This IS A VERY SMALL SAMPLE OF 
STOCK, SAE Or Telephone for LISTS 
Please check availability before ordering. 

Carriage all units £10 
VAT to be added to Total of Goods &Carriage 

STEWARTS OF READING tle 
110 Wykenham Road, Reading Berks RG6 1 PL 

Telephone: 0734 68041 
Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive 

// 

Ititgaboes 

A COMPLETE SECURITY 
SYSTEM FOR 

ONLY £39.95 
+ V.A.T. 

Control Unit CA 1250 
Enclosure HW 1250 
Key Switch & 2 keys KS 3901 
L.E.D.'s LED 1 

51/2" Horn Speaker HS 588 
4 quality surface Magnetic 
Switches MS 1025 

With only a few hours of your time it is possible to assemble and install an 

effective security system to protect your family and property, at the amazingly 
low cost of £39.95 + V.A.T. No compromises have been made and no corners 
have been cut. The outstanding value results from volume production and direct 
supply. Assembly is straight forward with the detailed instructions provided. 
When installed you can enjoy the peace of mind that results from a secure home. 
Should you wish to increase the level of security, the system may be extended at 

any time with additional magnetic switches, pressure pads or ultrasonic sensors. 
Don't wait until its too late - order today. 
Order code CS 1370 

Don't put it off 
any IongQr! 

Protect your family and property 

with your know how and our 

security modules. Complete 

systems start from as little as 

CA 1250 - 2 zone alarm control unit with built in 
alarm & power supply LH.19 + V.A.T. 

HW 1250 Enclosure & Hardware Kit for above 
E9.50 + V.A.T. 

LED 1 - Set of 4 I.e.d.'s in chrome bezels + Push 
Switch to fit HW 1250 £2.15 + V.A.T. 

KS 3901 - 3 position Key Switch L3.43 + V.A.T. 

HS 588 - 51" Horn Speaker, ouput of 110dbs with 
CA 1250 or SL 157 £4.95 + V.A.T. 

US5063- advanced Digital Ultrasonic Detector, high 
sensitivity, with false alarm suppression 

£13.95 + V.A.T. 

SC 5063- Enclosure for US 5063 £2.95 + V.A.T. 

IR 1470 - Infra -red system to provide 50' invisible 
beam, includes both transmitter and receiver 

£25.91 + V.A.T. 

SL 157- Siren Module 12V - £2.95 + V.A.T. 

Wide range of modules and accessories, 
etc. Send S.A.E. for details. 

SELF-CONTAINED ULTRASONIC UNIT CK 5063 
Requires no installation. Easily assembled using our 
professionally built and tested modules. 

Adjustable range up to 25 h. 
Built-in entrance and exit delay 
Built-in timed alarm 
Key operated switch - Off, Test'and Operate 

Dn Provision for an extension speaker 
Fully self-contained, £37,0I0 
Uses US 5063, PSL 1865 Key Switch 
3901, 3" Speaker 3515 + V.A.T. 

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 900dbs of sound, or even 110dbs with an additional speaker. All parts 
included and supplied with full instructions for ease of assembly. 
Size 200 x 180 x 70mm Order as CK 5063 

Add 15°b VAT to ell prices Saturday 900 to 1.00pm 
Add 20p post and pecking to a0 orders SAE with all enquiries 
Units on demonstration Order by telephone or post 
Shop hours 9 W to 530 p rn usynedit 

Nerd 'tom Closed Wednesday your cr 

RISCOMP Dept z=_ 

21 Duke Street, 

LIMITED 
Princes Risborough, 
Rucks. HP17 OAT 
Princes R,sborough 1064 441 6326 
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 This practical self -instruction kit has been developed to extend the 
original beginners' SUPERKIT. SUPERKIT II includes an instruction 
manual and many more components, enabling you to design and use 

adders, subtractors, counters (ripple, up/down, synchronous, decade 
and Gray code), registers, pattern recognisers and 7 -segment displays. 

You need the board and components from SUPERKIT to enable you to 

build the circuits in SUPERKIT II. Together the two kits provide an 

excellent introduction to digital electronics - what really goes on 

inside a computer. 

SUPERKIT. (SUP) £22.00 SUPERKIT II (SUP II) £18.00 
Spacial price £36.00 for both (SUP + II) (inc. VAT and p & p) 

The SUPERKIT series is backed by our theory courses, DIGITAL 
COMPUTER LOGIC (beginners' course), which covers the design of 

logical circuits, and DIGITAL COMPUTER DESIGN (more advanced), 

which covers the design of digital computers. MICROPROCESSORS 

AND MICROELECTRONICS teaches you what a microprocessor is 

and what it can do. 

FIND YOUR WAY 
THROUGH THE DIGITAL 

ELECTRONICS MAZE 

First there was 

SUPERKIT 

s 

and now .. 

SUPERKIT II 

DIGITAL COMPUTER LOGIC (DCL) £7.00 
DIGITAL COMPUTER DESIGN (DCD) £9.60 
MICROPROCESSORS AND MICROELECTRONICS (MIC) £6.50 ... 

Please send for full information on these and our other courses. 
GUARANTEE If you are not completely satisfied, return the item to us within 28 days for a full 

refund. All prices include worldwide surface postage (ask for prepayment invoice for airmail). 

AIIow2B days for delivery in UK. Overseas payment by international credit card or by bank draft 

drawn on a London bank. 

CAMBRIDGE LEARNING LTD, Unit 18, Rivermill Site, 
FREEPOST, St Ives, Cambs PE17 4BR, England. 
Tel: 0480-67446 
VAT No 313026022 Transcash No 2789159 Reg No 1328762 , s . . 
Please send me (initial letters used): 

SUP @ £22.00 DCL @ £7.00 
SUPII @ £16.00 DCD @ £9.50 
SUP + II @ £35.00 MIC @ £6.50 

I enclose a cheque/PO payable to Cambridge Learning Ltd for£ 

Please charge my credit card, 

No Expiry date 

: 
Signature 

Telephone orders from credit card holders accepted on 
0480 67446 (24 hrs) 

Name 

Address 

CAMBRIDGE 
LEARNING 

Unit 18, Rivermill Site, FREEPOST 

St Ives, Cambs PE77 4BR, England. 

ROBOTS 
For Education, 

Training and Industry 

NEPTUNE I 

NEPTUNE II' 
NEPTUNE - for clean 
hydraulic power - 
- tap water is the 
hydraulic fluid! 

NEPTUNE 16 axes; 8 bit control system; 2.5Kg 
capacity; 1120mm reach. 

NEPTUNE II 7 axes; t 2 bit control system; 
2.5Kg capacity; 1120mm reach. 

MENTOR DC servo desktop robot; 8 bit 
control system; 300gm capacity; 420mm reach. 

Robots programmed from keyboard or hand- 
held simulator (model robot). 

Robots may also be taught by 'lead by the 
nose' method. 

Extensive software Is supplied free with 
each robot. 
Leads available for connection to BBC, 2X 
Spectrum, Apple Ile, Commodore 64 and 
VIC 20. 

Most other micros are also easily usable with 
these robots. 

Please phone for brochure: 0264 50093. 
West Portway Industrial Estate, Andover SPIO 3ET. 

iybarne IC A private and independent company giving prompt, 
pplieatiens personal service. 

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 yourown parts 
(but we can supply if you can't) all you need 
from us are the bare p.c.b.s and the manuals 

Interak l's greatest 
o + sa 

o 

asset - space for 
expansion. 

6b 

)fr 

.0 

- - 

o 

(Up to 8 more cards 
41/2" x 8" each) A 

(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 address with a 21 p stamp and we'll 
send you 40 pages of details (forget the 
stamp if you can't afford it!) You've already 
got a plastic computer for playing games, 
now build a metal one to do some real work: 
Interak, Interak, Interak! 

Greenbank 
Greenbank Electronics (Dept T3E), 92 New Chester Road, 

New Ferry, Wirral, Merseyside L62 5AG 
Telephone: 051-645 3391 
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PROJECT 

SINGLE BOARD 
CONTROLLER 
Mike Bedford considers the new Single Board Controller from 
Microtan Computer Systems Ltd and describes some simple 
modifications which will allow it to be used as a low-cost control 
computer. 

Despite the increasingly large 
number of home computers 
on the market there are still 

surprisingly few which are aimed 
at the electronics enthusiast. Most 
machines are entirely suitable for 
game playing and BASIC program- 
ming, having such facilities as 
medium resolution colour graphics 
and sound effects, but they do not 
lend themsleves to learning about 
the hardware or machine code 
programming. One product which 
has become known as a "hardware 
man's machine" is the Microtan 
65, a number of add-ons for which 
have been featured in ETI. One 
drawback of the Microtan 65 is 
that the design is now somewhat 
dated, the single board having very 
little memory and being based 
upon the 6502 processor. 

Out of the same stable has now 
come the Single Board Controller, 
which is being marketed by Mic- 
rotanic Computer Systems Ltd. 
This board uses the same bus 
specification as the Microtan 65 
and can therefore be interfaced 
with previous Tangerine peripheral 
boards, but it can also be con- 
figured to use the 6809, regarded 
by many as the most powerful 8 
bit processor. Other suitable pro- 
cessors are the 6802 and the 6808 
which are versions of the 6800 
with on -chip clock and RAM, but 
in this article the discussion will be 
restricted to the 6502 and 6809. 
The controller can also take up to 
56K of memory on the one board. 

The controller is available 
either as a complete board, as a kit 
of parts or as a bare PCB, monitor 
EPROMs being available 
separately if this latter option is 
chosen. As such, the controller 
forms the basis of an attractive 

system for the more serious home 
computing enthusiast and 
especially those with a hardware 
bias. 

The System 
The single board controller has 

been artworked in such a way that 
it may take either a 6502 or 6809 
processor, so the types of system 
which may be built around it fall 
into two categories. A 6502 -based 
system will be similar in many 
ways to a system built around the 
original Microtan 65, although 
clock frequencies up to 1.5 MHz 
may be used which is twice the 
speed of the Microtan. The CBUG 
monitor will be used and will give 
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BOOT 5 INCH DISC 
OPERATING SYSTEM 
BOOT 8 INCH DISC 
OPERATING SYSTEM 
USER FUNCTION 
OPEN LAST ACCESSED 
MEMORY ADDRESS 
DISPLAY/MODIFY BREAKPOINTS 
COPY MEMORY BLOCK 
DISPLAY MEMORY BLOCK 
FILL MEMORY BLOCK 
GO (EXECUTE PROGRAM) 
JUMP TO SUBROUTINE 
MODIFY MEMORY 
SET NULL PAD COUNT 
TOGGLE PRINTER OUTPUT 
DISPLAY/MODIFY REGISTER 
DISPLAY STACK CONTENTS 
COMPARE MEMORY BLOCK 
WARM START FLEX 
OPERATING SYSTEM 
REMOVE BREAKPOINTS 
BUILD S1-59 TAPE BLOCK 
LOAD TAPE 
SAVE MEMORY AS TAPE FILE 
VERIFY TAPE 

Table 1. Commands available with 
CBUG (6502). 

all the usual facilities of display/ 
modify memory, setting break- 
points, etc, plus a line assembler 
and disassembler. This system will 
also allow BASIC resident in 
EPROM to be added. 

A 6809 based system may be 
run at 1 MHz or 2MHz and will use 
a system monitor called TVBUG. 
Monitor facilities are similar to 
those in CBUG except that the 
line assembler/disassembler is not 
included but routines for booting 
from disc and writing MIKBUG 
compatible records via the serial 
port are. It should be noted that 
the single board does not include 
any video circuitry, so a minimum 
system must either include the 
VDU card marketed by MCS Ltd 
or alternatively some sort of com- 
puter terminal interfaced via the 
RS232 port. 

M MEMORYMODIFY/EXAMINE 
L LIST MEMORY 
G GO (EXECUTE PROGRAM) 
R REGISTER MODIFY/EXAMINE 
S SINGLE STEP MODE 
N NORMAL (NON SINGLE STEP) 

MODE 
P PROCEED (IN SINGLE STEP 

MODE) 
B SET/CLEAR BREAKPOINTS 
O OFFSETT CALCULATION 
C COPY MEMORY BLOCK 
BAS BASIC COLD START 
WAR BASIC WARM START 
D DUMP TO CASSETTE TAPE 

E EXAMINE CASSETTE TAPE 

F FETCH FROM CASSETTE TAPE 
T TRANSLATE (SINGLE LINE 

ASSEMBLER) 
I DIS -ASSEMBLER 

Table 2. Commands available with e 
TVBUG (6809). 
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PARTS LIST 

RESISTORS 
R1 220R only for 20mA C/L 
R2 220R only for RS232 
R3 4k7 only for RS232 
R4 1k0 only for RS232 
R5,11,12,14 4k7 
R6 120k only for cassette interface 
R7,8 10k only for cassette interface 
R9,13 470R only for cassette interface 
R10 10k only for 20mA C/L 
RP1 4k7 SIL pack (7 commoned) 
RP2 1k0 SIL pack (7 commoned) 
RP3 10k SIL pack (4 separate resistors) 
RP4 1k0 SIL pack (4 separate resistors) 

CAPACITORS 
C1,7-14 100n 
C2,15 10n 
C3 100p 
C4,6 47n only for cassette interface 
C5 100u 

DISCRETE SEMICONDUCTORS 
Tr1,3 BC184* only for RS232 
Tr2 BC184* only for cassette interface 
* NOTE BC184 HAS DIFFERENT PIN OUT TO BC184L 
D1 
D2 
D3 
XTAL 1 

XTAL2 

1 N4001 only for serial I/O 
1N4001 
1N4001 
8.0MHz or 6.0MHz 8.0MHz for 1 or 2MHz operation 

6.0MHz for 0.75 or 1.5MHz 
1.8432 MHz only for serial I/O 

INTEGRATED CIRCUITS 
B1 6522 
B2 6522 

C1 74 LS393 
C2 874 LSO4 
C3 LM358N 
D1 6551 

D2 6809 
D3 6502 
D4 75150 
E2 74LS244 
E3 74LS244 
F3 74LS139 
G3 74 LS00 
H3 74LS266 
J3 741512 
K3 74LS10 
L3 74 LS08 
M3 7415138 
N2 74LS245 
N3 745288 

E1,F1,F2,H1,H2 
K1,K2,11,L2 

Always fitted for use in computer. 
For control applications one or two 6522s may 
be fitted depending on application. May be 
replaced by 6821 s as described in text. For 
frequencies above 1MHz use 6522A/68B21. 

Only for cassette interface 
Only for serial I/O. For frequencies above 1 MHz 
use 6551A. 
Either D2 or D3 should be selected. 
For frequencies above 1 MHz use 68B09/6502A. 
only required for RS232 
May be replaced by wire links for single 
board control application (see text). 

Not required for single board applications. 
Memory mapping PROM. Must be programmed 
as described in text or obtained from MCS. An 
alternative for simple control application is 

described in the text. 
Memory fitted as required 
For 6502 computer system the minimum 
configuration is CBUG(2732) in E1, 6116 in F2. 

For 6809 computer system the minimum 
configuration is TVBUG(2732) in El, 6116 in L1. 

MISCELLANEOUS 
PCB; edge connector 2X32 way A+B DIN Euro -connector; IC sockets as required. 

From these minimal systems, 
which will allow 6502 or 6809 
machine code programming and 
may well be adequate for those 
whose main interest is computer 
hardware, many upgrade paths are 
available. Hundreds of K of RAM 
or EPROM may be added in paged 
memory configuration. The addi- 
tion of a disc controller and disc 
drives allows the FLEX or OS/9 
operating system to be run on the 
6809 board or TAN DOS on the 
6502 controller. Alternatively a 
Z80 card is available and allows 
the industry standard CP/M disc 
operating system to be run on 
systems with either processor. 
Other options include high resolu- 
tion colour graphics, sound effects, 
serial and parallel I/O, EPROM 
programmers, real time clocks etc. 
Table 1 and Table 2 list the com- 
mands available under CBUG and 
TVBUG respectively. 

The Board as a 
Controller 
Some months ago, the author 

started to design a minimum con- 
figuration 6809 card to control the 
ETI Universal EPROM programmer 
in a stand-alone situation. It soon 
became clear that this was 
unnecessary because a board 
which would do this task at a 
reasonable cost was already avail- 
able. Admittedly the 6502/6809 
single board controller was not 
designed for this type of applica- 
tion, and it could be argued that it 
is a waste to use a board of this 
complexity for a pure control 
function. 

This would be true if the board 
was only available fully built, but 
the fact that a bare board can be 
obtained and populated only as 
required for the particular applica- 
tion makes it quite suitable. The 
cost for control applications can 
be further reduced by some slight 
circuit modifications which 
remove the need for some of the 
more expensive components. For 
logic designs of reasonable com- 
plexity, the cost of a minimum 
configuration single board con- 
troller will be less than the compo- 
nent cost of a design using 
discrete TTL devices without even 
considering the time and expense 
of PCB artwork and manufacture. 

The Circuit 
The object of this section, How 

It Works and the constructional 
details is to open the board up to 
the electronics enthusiast. The 
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PROJECT : Controller 

documentation currently provided 
by MCS Ltd does not really do 
justice to the product, a circuit 
diagram having only just been 
released, and the one presented 
here is more comprehensive being 
the result of many hours tracing 
the circuit from a bare PCB. 

The circuit consists of: 
a) The processor, which may be 
either a 6502 or a 6809 running at 
a variety of clock frequencies. 
b) 9 sockets which will take stan- 
dard JEDEC packages, allowing 2K, 
4K or 8K RAMs or EPROM> to be 
used depending on link selection. 
c) One 6551 configured to pro- 
vide TTL serial, 20mA current loop 
or RS232 I/O at various baud 
rates. 
d) Two 6522 VIAs giving 40 bits of 
parallel I/O, 2 counter/timers and 
2 shift registers, one of which con- 
trols a cassette interface. When 
used in a computer system these 
VIAs provide interfacing for a 
parallel keyboard and a Centronics 
printer. When used as a controller, 
a slight circuit modification allows 
the 6522s to be replaced by the 
less expensive 6821 PIAs. 
e) A bipolar PROM controlling the 
memory mapping of the board. 
f) Signal buffering and implemen- 
tation of various TAN BUS signals 
to allow the board to be used as 
part of a large system by means of 
a system motherboard. 

Construction 
It is not the intention of this 

article to duplicate the information 
supplied by MCS Ltd, and this will 
mainly cover those points not 
covered by the instructions which 
accompany the PCB or kit. The 
only point to make is that the task 
should cause no problems to any- 
one familiar with the fundamentals 
of electronic construction. This 
section will cover the program- 
ming of the address decoding 
PROM and the ways in which the 
board may be modified slightly to 
reduce the cost of a minimum 
configuration system for control 
applications. 

MCS Ltd supply a number of 
memory mapping PROMs for 
various applications but do not 
give instructions on how to work 
out the programming required to 
achieve a specific mapping con- 
figuration. The 74S288 PROM has 
a capacity of 32 bytes and, in this 
application, each of these bytes 
controls the memory configuration 
of a 2K block of addressing space 
within the 64K map. In other 
words, the first byte affects 0-2K 

745288 
PIN No. 

74S288 
BIT No. 

FUNCTION 

A BIN THIS BIT ENABLES MEMORY 

9` 7 SOCKETS 1S. THIS IS FURTHER DECODED 
BY BITS 4,5 & 6. 

WHEREVER A O OCCURS IN BIT 7 A THREE 
BIT BINARY NUMBER SHOULD BE 
WRITTEN TO THESE BITS TO INDICATE 
WHICH 

ADDRESS 
OF THED. E EIGHT SOCKETS IS TO 6 5 

THE SOCKET NUMBER = i *THE THREE 
BIT NUMBER e.9. 

5 
000 ADDRESSES SOCKET No.1. 

A 0 IN THIS BIT ENABLES MEMORY 4 3 SOCKET No.O. THIS IS A SPECIAL SOCKET 
UNAFFECTED BY CLOCK ENABLE etc, 
AND IS USED FOR THE MONITOR EPROM. 

WHEREVER A 0 OCCURS IN BIT 7 -ONE OF 

L THESE TWO BITS SHOULD BE SET TO 
INDICATE WHETHER THE MEMORY 
SOCKET SPECIFIED BY BITS 4,5 & 6 IS TO 
BE CONSIDERED AS RAM OR EPROM FOR 
BLOCK ENABLING AND MEMORY 

2 1 
1 

INHIBITING PURPOSES. 
BIT 2=1 FOR RAM 
BIT 1 = 1 FOR EPROM 

Al IN THIS BIT ENABLES THE TOP HALF 
OF THE 2K BLOCK TO BE THE I/O AREA 

Table 3. Memory mapping PROM bit 
designations. 

(0000-07FF), the second byte 2K - 
4K 0800-0FF) etc. 

Table 3 shows the significance 
of each bit within these bytes, bit 
0 in this illustration being the least 
significant and bit 7 the most 
significant. As an example, Table 4 

shows the programming of the 
standard memory map PROM for a 
6502 CBUG system. Looking at 
the bit 7 column it is clear that the 
sockets 1-8 are enabled for 
addresses 0000-2000 and C000- 
EFFF, these blocks being the only 
ones where a 0 is programmed. 
The columns for bits 4, 5 and 6 
indicate that sockets 1, 2, 3, 4, 7 
and 8 are configured for 2K 
devices as each of these sockets is 
addressed for only a single 2K 
block and sockets 5 and 6 are 
addressed for 2 blocks each and 
are therefore 4K devices. It can be 
seen that 0000-07FF addresses 
socket 1, 0800-OFFF - socket 2, 
1000-17FF - socket 3 up to E800- 
EFFF - socket 8. - 

By looking at the bit 1 and 2 
columns we can see that, of these 
8 sockets, the first four have a 1 for 
bit 2 and are therefore RAMs and 
the second four have a 1 for bit 1 

and are therefore EPROMs. The last 
two 2K blocks have a 0 in bit 3 
which selects socket 0, the mon- 
itor EPROM which is obviously a 
4K device, and to complete the 
map, a 1 in bit O for the block 
B800-BFFF indicates that the I/O 
area is in the top half of this block 
ie BCOO-BFFF. - 

ADDRESS EPROM DATA BITS 

BLOCK ADDRESS 7 6 5 4 3 2 1 0 - HEX 

0000-07FF 00 0 0 0 0 1 1 0 0 OC 

0800-OFFF 01 0 0 0 1 1 1 0 0 1C 
1000-17FF 02 0 0 1 0 1 1 0 0 2C 
1800-1FFF 03 0 0 1 1 1 1 0 0 3C 
2000-27FF 04 1 0 0 0 1 0 0 0 88 
2800-2FFF 05 1 0 0 0 1 0 0 0 88 
3000-37FF 06 1 0 0 0 1 0 0 0 88 
3800-3FFF 07 1 0 0 0 1 0 0 0 88 
4000-47FF 08 1 0 0 0 1 0 0 0 88 
4800-4FFF 09 1 0 0 0 1 0 0 0 88 
5000-57FF OA 1 0 0 0 1 0 0 0 88 
5800-5FFF OB 1 0 0 0 1 0 0 0 88 
6000-67FF OC 1 0 0 0 1 0 0 0 88 
6800-6FFF OD 1 0 0 0 1 0 0 0 88 
7000-77FF OE 1 0 0 0 1 0 0 0 88 
7800-7FFF OF 1 0 0 0 1 0 0 0 88 
8000-87FF 10 1 0 0 0 1 0 0 0 88 
8800-8FFF 11 1 0 0 0 1 0 0 0 88 
9000-97FF 12 1 0 0 0 1 0 0 0 88 
9800-9FFF 13 1 0 0 0 1 0 0 0 88 
A000-A7FF 14 1 0 0 0 1 0 0 0 88 
A800-AFFF 15 1 0 0 0 1 0 0 1 88 
B000-B7FF 16 1 0 0 0 1 0 0 0 88 
B800-BFFF 17 1 0 0 0 1 0 0 1 89 
C000-C7FF 18 0 1 0 0 1 0 1 0 4A 
C800-CFFF 19 0 1 0 0 1 0 1 0 4A 
D000-D7FF 1A 0 1 0 1 1 0 1 0 5A 
D800-DFFF 18 0 1 0 1 1 0 1 0 5A 
E000-E7FF 1C 0 1 1 0 1 0 1 0 6A 
E800-EFFF 1D 0 1 1 1 1 0 1 0 7A 
F000-F7FF 1E 1 0 0 0 0 0 1 0 82 
F800-FFFF 1F 1 - 0 0 0 0 0 1 0 82 

Table 4. Memory mapping PROM for 6502 CBUG configuration. 
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HOW IT 
Fig. 1 Circuit diagram of the Single Board Controller. The numbers in brackets 
are the pin numbers of alternative devices, the 6502 which can be used 
instead of the 6809 and the 6526 instead of the 6522. 
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PROJECT: Controller 
WORKS 

The heart of the circuit is either D2, the 
6809 processor or D3, a 6502 (6802 or 
6808) processor, these two using 
slightly offset sockets. On the circuit 
diagram (Fig. 1) the two possible pro- 

cessors are shown as one block, the 
pin numbers and functions for the 
6502 option being shown in brackets 
(where different from the correspond- 
ing 6809 functions) next to the 6809 
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pin numbers and functions. LK1 is used 
for enabling or disabling on chip RAM 
if the 6802/6808 is in use and LK9 
allows a battery supply to be used with 
this same processor for power down 
data retention. The processor clock is 
provided by the circuitry around Cl, a 
binary counter and its associated crys- 
tal oscillator. LK7 selects either the on- 
board crystal oscillator or an 
off -board master clock. LK3, LK4, LK5 
and LK6 select the processor fre- 
quency and LK2 alters the clock con- 
figuration depending on the type of 
processor in use. The power -on reset 
circuit is the portion including one - 
sixth of C2, D2 and capacitors C5 and 
C15. Buffering of the address bus is 
provided for on -board and external use 
by E2 and E3 whereas N2 buffers the 
data bus for off board peripherals only. 
El, F1, F2, H1, H2, Kl, K2, Li and L2 
are sockets for JEDEC memory 
devices, the specific type of device in 
use being specified by links LK14-19, 
some of which control a single socket 
and some of which affect a pair of 
memory sockets. The chip select 
decoding of these memories comes 
from M3, a 3 to 8 line decoder which is 
used in conjunction with N3, a bipolar 
PROM which controls the memory 
mapping of the complete board. LK24 
allows a 2 page memory configuration 
to be implemented on board, the page 
selection being controlled from B1, a 
6522 VIA. The circuitry around J3 
allows on board memory to be enabled 
or disabled via the external BE (block 
enable) signal which is generated on 
the system mother board and allows a 
paged memory configuration greater 
than 64K to be achieved. LK21 and 
LK22 allow this facility to be disabled 
for on -board EPROM or RAM respec- 
tively. The same circuitry is sensitive to 
the Tanbus Inhibit RAM and Inhibit 
ROM signals which other boards may 
generate under various circumstances 
to disable portions of on -board 
memory. B1 and 62 are the 6522 VIAs, 
connection to the outside world being 
made via the DU_ sockets Al, A2, A4 
and A5. Socket B2 can take a 6526 in 
place of the 6522; this device has time 
of day registers and requires a 50Hz 
clock which may be connected via 
LK25. The cassette interface is driven 
from B1 and the circuitry round C3, an 
LM358N op -amp. D1 is the 6551 
UART, access to which is provided via 
DIL socket A3 and the circuitry around 
D4, T33 and Tri provides RS232 
(transmitted and received data only - 
not modem control lines) and 20mA 
current loop signal levels. The address 
decoding for the I/O devices is pro- 
vided by F3 while links LK10-13 allow 
four optional addresses for the on- 
board portion of the I/O area. The I/O 
area select signal is also made avail- 
able to off -board devices via the edge 
connector. Provision is made for DMA, 
the circuitry comprising G3 and H3 
taking DMA request and generating 
DMA granted. 
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PROJECT: Controller 
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Fig. 2 The circuit which may be used 
for memory mapping instead of a 

PROM in control applications. 

From the foregoing information 
it should be clear that virtually any 
memory map in 2K steps can be 
specified by the programming of 
the PROM. However, for a 
minimal configuration as used for 
control applications, a cost reduc- 
tion can be made by replacing this 
component with a number of wire 
links and a simple TTL device 
which could be soldered onto a 
DI L header and inserted into the 
PROM socket. Figure 2 shows the 
circuit diagram of such an arrange- 
ment which gives a crude but 
effective memory map for many 
control applications. In this map 
the I/O area repeats sixteen times 
in 2K steps starting at 0400-07FF: 
socket 5 is addressed at 8000- 
9FFF, socket 6 at A000-BFFF, 
socket 7 at C000-DFFF and socket 
8 at E000-FFFF. Obvously if 4K 
devices are used they will repeat 
twice within the 8K block and 2K 
devices will repeat four times. It 
should be noted that this con- 
figuration does not give RAM at 
address 0 and accordingly will be 
more practical for a 6809 applica- 
tion than for the 6503 which 
generally requires zero page 
memory at this address. 

The memory mapping PROM 
does not dictate the mapping of 
the various I/O devices within the 
I/O area. This is partially fixed by 
the hardware and partially a func- 
tion of LK10, LK11, LK12 and 
LK13, only one of which will be fit- 

ted. Table 5 shows the I/O 
memory map. 

When used as the basis of a 
computer system the 6522 VIAs 
will be required as their facilities 
are made use of by the system 
software, but in many control 
applications all that is required is 
the parallel I/O capability so the 
less expensive 6821 PIAs could be 
used. Unfortunately the pin -outs 
of the two devices are not identi- 
cal, which means that a few tracks 
need cutting and few wire links 
require adding to the back of the 
board. Figure 3 shows the details 
of this modification. The 6821 only 
occupies an addressing space of 4 
compared to the 16 bytes of the 
6522 which means that, once the 
modification has been carried out, 
the 6821 registers will be spaced 
at intervals of 4 bytes. This need 
present no problem so long as it is 
not overlooked when writing the 
firmware. 

To achieve further cost reduc- 
tions for control applications it is 
merely necessary to omit those 
components which are not 
required for the particular applica- 
tion. One RAM and one EPROM 
will: obviously be required as will 
at least one of the 6522 VIAs (or 
681 PIAs). If no RS232 facility is 
required then D1, D4, Tr1, Tr3, X2 
and their associated passive com- 
ponents may be left out. If the 
cassette interface is not to be used 
C3 and Tr2 together with their 
passive components can be omit- 
ted. As a final cost reducing exer- 
cise, assuming that no other 
boards are to be connected to the 
bus, the address and data bus buf- 
fers may be omitted. The data bus 
buffer N2 may be simply left out, 
but the address bus buffers E2 and 
E3 will require linking across as 
they supply on -board as well as 
off -board devices. This linking is 
done by omitting the chips in 
question and linking each input to 
its corresponding output, as may 
be seen from the circuit diagram 
(ie pins 13 to 7, 17 to 3, etc). 

ETI 

LINK START ADDRESS 
FITTED 6522 B1 6551 D1 6522 B2 

LK10 I/0+00 H+00 H 1/0.1-00 H+10 H I/0+00H+20H 
LK11 I/0+40H+00H 1/0+40H+1OH 1/0+40H+20H 
LK12 I/0+800+00H 1/0+80H+10H I/0+80H+20H 
LK13 1/O+COH+00H I/0+COH+10H 1/0+CO H+20 H 

TO EDGE 
CONNECTOR 

o 

o 

# 
xt 

---íf---e 

ADD FIVE WIRE 
LINKS 
(MARKED X) 

CUT THE TRACK 
IN THE FIVE 
PLACES 
MARKED // 

Fig. 3 PCB modification to enable 
6821s to be used in place of 6522s. 

BUYLINES 

The PCB is not available from the ETI 

PCB service but may be obtained from 
Microtanic Computer Systems Ltd, 
102, Lordship Lane, Dulwich, London 
SE22, tel 01-299 1419. MCS Ltd also 
supply complete kits of parts for 
various 6502 and 6809 configurations, 
ready built boards and pre- 
programmed memory mapping 
PROMS and monitor EPROMs. For 
those obtaining just the PCB from 
them there should be few problems 
finding the necessary components 
from standard sources. 

Table 5. Memory map of I/O area. 
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NEWRAD INSTRUMENT CASES LTD 
Manufacturers for the Electronics Industry 

UNIT 19 WICK INDUSTRIAL ESTATE GORE ROAD 
NEW MILTON HANTS BH25 6SJ 

Telephone: NEW MILTON 615774/621195 

WE MANUFACTURER BEAUTIFUL ENCLOSURES 
At prices you will find difficult to beat. 

Alloy boxes from 80p to rack mounted units from £15 and a host of ranges 
and sizes in, between. Well made - well finished - and all British. 

Send large SAE for catalogue which includes £5 in vouchers. 

74LS 
Series 

74LS00 

74LS01 

74LS02 

74LS03 

74LSO4 

74LS05 

74LS08 

74LS09 
74LS10 

74LS1I 
74LS12 

74LS13 

74LS14 

74LSIS 

74LS20 

74LS21 

74LS22 

74LS27 

74LS28 

74LS30 

74L532 
74LS33 

74LS37 

74LS38 

74LS42 

74LS48 

74LS73 

74LS74 

74LS75 

74LS76 
74LS78 

74LS83 

20p 

20p 

20p 

20p 
20p 

20p 

20p 

20p 

20p 

20p 

20p 

32p 
43p 

20p 

20p 

20p 

20p 

20p 

22p 

20p 

20p 
22p 

IOp 
20p 

48p 

76p 

26p 

26p 

36p 

26p 
26p 

66p 

74LS85 

74LS86 

74LS90 

74LS92 

74LS93 

74L595 

74LS107 

74LS109 

74LS112 

74LS113 

74LS123 

74LS124 

74LS125 

74LS126 

74LS132 

74LS133 

74LS138 

74L5139 

74LS151 

74LS153 

74L5154 

74LS155 
74L5156 

74LS157 
74LS161 

74LS163 
74LS164 

74LS165 

74LS166 

74LS 173 
74LS175 

74LS181 

74LS192 

74LSi93 

74LS197 

74LS221 

73p 

33p 
38p 

33p 

43p 

56p 

42p 

38p 

40p 

30p 

68p 
123p 

35p 
35p 

Slp 

48p 

46p 

46p 

53p 

63p 
158p 

53p 

63p 

46p 

58p 

58p 
73p 

93p 

86p 

78p 

i8p 
188p 

73p 
75p 

73p 

76p 

74LS240 

74LS241 
74LS242 

74LS244 

74LS245 

74LS247 
74LS248 

74LS251 

74LS257 

74LS259 

74LS266 
74LS273 

74LS367 

74LS373 

74LS374 

74LS393 

78p 

78p 

78p 

78p 

86p 
75p 

103p 

53p 

53p 

88p 

26p 
78p 

40p 

78p 

78p 

80p 

Support 
Devices 

6821 

6840 
6845 

8216 
8251 

8226 
6551 

SC -01 

140p 

350p 
645p 
I55p 

350p 
345p 
145p 

30p 

PHONE 
(0223) 355404 

FOR 

FREE 
CATALOGUE 

We stock a full range of 
74LS series, and memory 
and microprocessors. Ring 
for our FREE catalogue and 
special quotation. 

Prices correct at time of going to press 

74 Series 
7400 23p 
7406 38p 
7407 38p 
7412 23p 
7420 23p 
7432 33p 
7442 63p 
7486 36p 
7488 30p 
74121 43p 
74199 193p 

Memories 
4816AP3 245p 
4116 85p 
4164-20 410p 
6116P-3 440p 
6810 120p 
2532 340p 
2764 470p 
27128.251500p 

CPU 
Z80 
6502 

6800 

6802 

6809 

8080 

8085 

275p 

345p 
200p 

277p 

645p 
420p 

640p 

CMOS 
4001 

4013 

4016 
4017 
4019 
4020 
4024 

4027 
4029 

4042 
4047 
4049 
4051 

4060 
4066 
4069 
4070 

4075 
4078 

4081 

4093 

4099 
4518 

4520 

4526 

16p 

24p 
24p 
41p 

33p 
46p 
33p 

18p 

43p 

43p 
38p 
24p 
46p 

66p 
22p 
16p 

20p 
20p 
23p 
16p 

24p 
88p 
46p 

46p 
58p 

(exc. VAT) 

Cambridge 
Microcomputer 

Centre 
153-4 East Road, Cambridge CBI IDD 
Telephone (0223) 355404 Telex 817445 

ELECTRONIC COMPONENTS 
441 Princes Road, Dartford, Kent DA1 1 RB ® AMER 

I s 

NEW CATALOGUE NOW 
AVAILABLE CONTAINING 

THOUSANDS OF LINES 
MANY ILLUSTRATED 

This incrediblevolumecontains everything required 
by the home constructor, amateur radio & C.B. user 
and computer enthusiast. 

We think the semiconductor section contains more 
types than have ever been offered to the hobbyist. 
Sections are headed as follows: 

Aerials, Amplifiers, Audio Accessories, Batteries, 
Boxes, Bulbs, Capacitors, Crystals, Car Com- 
ponents, Car Audio, CB & Ham Equipment, Com- 
puter Connectors, Fuseware, Hardware, Head- 
phones, Knobs, Lamps, Leads, Loudspeakers, Mic- 
rophones, Meters, Opto, PCB, Resistors, Semicon- 
ductors, Special Effect Equipment, Switches, Power 
Supplies, Test Equipment, Tools, Transformers, 
Wound Components. 

In addition to listed items we continue to provide a 
procurement service for obsolete and difficult to 
obtain types. 

How many suppliers do you have at the moment that 
offer a service like this? 

Please Fill in coupon below and send with £1.25 print 
clearly as coupon is used as address label. 

Catalogue contains £2.50 Discount order form - 
you make a profit straight away. 

NAME 

ADDRESS 

POSTCODE 
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Component 

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 £92.00 
4 drawer cabinet with lock and handle £59.00 
Single drawer. £11.00 

Typical Minifile applications: 
R & D Departments Prototype Kits 

Production Test & ReworkService Departments 
Field Service Engineers The Electronic Hobbyist 
Repair kits for computers CNC- machines. 

e1 
f ILE 

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. 

Auto -Electronics of the future. 

KITS FOR SELF -ASSEMBLY 
CONTACT TRIGGERED ELECTRONIC IGNITION 
* SX 1000 - Inductive Discharge. 
* SX 2000 - Reactive Discharge. 
* Step-by-step assembly instructions. 
* Highest Quality components. 
* Patented clip -to -coil fitting. 
Other kits in the SPARKRITE range include: 
Electronic Ignitions TX1002 (£24.95),TX2002 (£37.95), AT -40 Electronic Car Alarm 
(£11.95),AT-80 Car Security (£33.45) and AT -UL Ultrasonic Detector (£17.95). 

Name 

Address 

I enclose Postal Order/Cheque/Access/Barclaycard No. 

for £ Kit Ref. 
Prices inlcude VAT, Postage and Packing. 
SPARKRITE, Charles Street, Walsall, West Midlands WS2 9XW 
Telephone: (0922) 614791. Allow 28 days for delivery 

:: ' ::::::f :::::::::::::::::::::::::3:::: :::::::::::::::::::: :::: ..::ti:f::::::t::::::::::.. _ _ ...:---------------------- ..ti:.------------- ..............a...... .............,........... 
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PROJECT 

DISTORTION 
METER 
In the third and final part of this series, John Linsley Hood 
describes the construction and use of the instrument. 

The THD meter is built on two 
main PCBs, one carrying the 
circuitry for the distortion 

meter itself and the millivoltmeter 
while the other carries the 
oscillator circuitry. A further PCB is 
required for the stabilised mains 
power supply or the dual -rail 
circuit if a single battery is to be 
used. No power supply circuitry is 
required if the distortion meter is 
to be operated directly from twin 
batteries. The mains power supply 
circuit is so standard that we have 
re -used an existing PCB rather 
than lay out a new one. 

Assembly of the PCBs should 
present no problems if the overlay 
diagrams are followed carefully, 
and the only points to watch are 
the usual ones concerned with the 
orientation of ICs, electrolytic 
capacitors, diodes and any other 
polarity -conscious components. If 
you are planning to use IC sockets 
these should be soldered onto the 
boards first of all, followed by the 
resistors and capacitors and then 
the diodes. The ICs can then be 
inserted in their sockets when the 
soldering is complete. If you are 
not using sockets, solder the 
passive components into place 
first, then the diodes, etc, and last 
of all the ICs. 

The choice of case will be 
largely determined by the method 
of powering you intend to 
employ. The single battery option 
will fit into a fairly small case, 

OOPS! 
The formula for calculating the null fre- 
quency of a Wien network, given in the 
first part of this series on page 58 of the 
January issue, was incorrect. It should 
be 

1 

F° 27r \/C1 C2 R3 R4 

especially since there will be no 
problems of mains pick-up. The 
twin -battery option will require a 
slightly larger case but is 
otherwise as compact as the first 
type, while the mains -powered 
version will require extra space for 
the transformer plus enough 
clearance between this and the 
main circuitry to prevent the risk 
of hum pick-up. Whichever 
system you are using, it is 
advisable to choose a die-cast box 
rather than a pressed -steel or 
other metal one, and you should 
certainly not use a plastic box. 

The PCBs are mounted below 
the front panel using stand-off 
pillars, and the total depth of the 
finished unit should be about two 
inches. This allows plenty of room 
for a metal screen and a mains 
power supply to be mounted in 

the base of a suitable box without 
making the completed instrument 
unduly deep. It is a good idea, 
however, to give yourself plenty of 
room even if you are not building 
the mains version. Too tight a 
construction may lead to 
capacitive coupling between 
various parts of the circuit and this 
will introduce a number of 
problems. One particular example 
is the effect of coupling the 
feedback signal from the 
millivoltmeter into the early stages 
of the THD meter circuit. This 
gives rise to a spurious crossover 
distortion effect which 
mysteriously vanishes when the 
instrument is nulled. 

The input attenuator resistors 
can be mounted between the tags 
of the rotary switch. If you are 
using the specified values this 

Internal view of the prototype'. A number of modifications have been incorporated e 
in the final version, so don't try and follow this wiring too closely! 
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TO SW2a SET FSD 
POSITION, C4,5 & 6 

ON SW1a, & RV2a 

FROM RV1 WIPER 

OV-41 

FROM SW3 & IC2a 

Fig. 13 Component 
overlay of the TH D and 
millivoltmeter PCB. 

TO SW3 FROM SW3 
WIPER 
& SW4 

TO RV3, SW1a 
WIPER & R6 

TO SW3 
& C11 

SCOPE OUTPUT 
VIA R18 
ALTERNATIVE 
POSITION (SEE 
TEXT & FIG 12) 

SW2b 0.3% POSITION & 
SCOPE OUTPUT 
VIA R18 

SW2b 1% POSITION 

SW2b 3% POSITION 

SW2b 10% POSITION 

SW2b 100% POSITION 

FROM SW4 TO SW4 
WIPER 

-VE 
SUPPLY 

MILLIVOLTMETER 
INPUT FROM SW6 

+VE SUPPLY 

METER -VE 

METER +VE 

PARTS LIST - THD METER AND MILLIVOLTMETER 
RESISTORS (all 1/4W carbon or metal R26 6k66 (see text) C17 470p (see text) 

film) R30 66R6 (see text) C18 1n0 (see text) 
R1 12k R31 23R (see text) C22 100n 
R2 3k9 R32 1OR (see text) 
R3 5k6 R34 68k SEMICONDUCTORS 
R4 10k RV1 10k IC1 -4 TL072 
R5 470R RV2 10k dual gang D1-4 1N4148 
R6 560R RV3 100R 
R7, 15, 18 2k2 RV4 2k2 
R8 220 R RV5 2k7 MISCELLANEOUS 
R9 47R M1 100uA meter 
R10, 11, 12 
R13 
R14, 33 

6k8 
39k 
2k7 

CAPACITORS 
Cl, 4,7,12,19, 20, 

21, 24, 26 470n 

SK1 -3 

SW1 

co -axial socket, 
panel mounting 
2 pole, 3 way 

R16, 17 3k3 (see text) C2 1uO rotary switch 
R19, 27 2k33 (see text) C3 2u2 electrolytic SW2 2 pole, 6 way 
R20, 28 666R (see text) C5, 8, 13 47n rotary switch 
R21, 29 233R (see text) C6, 9 4n7 SW3, 4, 6 SPDT toggle 
R22 90R (see text) C10, 23, 25 47u electrolytic switch 
R23, 32 1OR (see text) C11 22n SW5 1 pole, 9 way 
R24 66k6 (see text) C14, 15 3n3 rotary switch 
R25 23k3 (see text) C16 33n PCB. 

arrangement is not too critical, but 
if, as discussed earlier, you decide 
to use higher values to increase 
the input impedance, you may 
find it necessary to screen the 
switch to prevent pick-up. Note 
that a number of other 
components are also mounted on 
or between switches and 
potentiometers rather than on the 
PCBs. These include R5, 6, and 18 
and Cl, C4-9 and C21. Because 
we have re -used an existing PCB 
rather than design one specifically 

44 

for this project, R54 and R55 in 
the mains power supply must also 
be mounted off of the board. 

Connecting up the PCBs and 
the various controls should 
present no problems provided 
you adopt a fairly methodical 
approach, but don't make the 
wiring any longer than you 
absolutely have to. This is 
particularly important with the 
mains wiring if you are building a 
mains -powered instrument. 

When the unit has been 

completed and appears to be 
working correctly, the sensitivity 
of the basic meter amplifier 
should be adjusted to 10mV FSD. 
This is probably best done, if 
appropriate calibration gear is not 
available, by setting up a small 
mains transformer to give a 50Hz 
output in the range 5-20V, as 
measured by a multi -meter with 
an AC range. You can then adjust 
meter sensitivity by means of RV5, 
on an appropriate range setting, 
until it gives the same reading. 
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PROJECT: Distortion Meter 

Using The 
Distortion Meter 
While the major application 

which will occur to the reader will 
undoubtedly be that of testing 
audio amplifiers, for example, to 
see whether the quiescent current 
setting of a transistor amplifier 
output stage is correct or to check 
that one is getting the results one 
should from a DIY unit, there are 
other uses. 

There are three particular 
applications which are especially 
valuable. One is to check that the 
alignment of a pick-up cartridge 
on its arm is correct. For this one 
needs a test record with a track of 
1 kHz or 3kHz (the higher, the 
more difficult for the cartridge) 
recorded at, say, 5cros/sec. If the 
cartridge is properly aligned, the 
THD should be in the range 0.4 to 
1.2%, depending on cartridge 
quality. A worn stylus will worsen 
these figures rapidly, especially at 
higher frequencies, so if one 
checks the 'off -record' THD from 
time to time, one can monitor the 
health of the stylus. 

A second useful application is 
to check the correct recording and 
bias levels on a tape or cassette 
recorder. With the latter, on a 
reasonable machine, the THD 
should be of the order of 0.3% at 
-5VU. This will worsen with 
increasing signal level, becoming 
perhaps 3% just below the 
recording overload level, which 
will allow the overload level to be 
determined for a particular 
machine/tape combination. A 
reel-to-reel machine, at 7.5 ins/ 
sec, should have TH D levels of 
about half these values. 

Since the bias level settings on 
a tape recorder are a compromise 
between flatness of frequency 
response and THD, the 
combination of oscillator, 
millivoltmeter and THD meter 
should allow one to check or reset 

SW7b 20k Hz POSITION 
SW7h 10kHz POSITION 

SW76 3kHz POSITION 
SW7b 1kHz POSITION 

SW7b 300Hz POSITION 

SW7b 100Hz POSITION i 
SW7b WIPER 

SW8 6mV POSITION 

SW8 60m V POSITION 

SW8600mV POSITION e 

elf 

ais.',H.Yrre ,i.: 

SUPPLY _VE 
OV 

SUPPLY 

Fig. 14 Component overlay of the spot frequency oscillator PCB. 

SW7a 20kHz POSITION 
SW7a 10kHz POSITION 

1 SW7a 3kHz POSITION 
SW7a 1kHz POSITION 

SW7a 300Hz POSITION 

SW7a. 100Hz POSITION 

SW7a WIPER 

+VE 

PARTS LIST -OSCILLATOR 
RESISTORS (all 1/aW carbon or metal 
film) 

CAPACITORS 
C27, 28 4n7 

R35, 42 330k SEMICONDUCTORS 
R36, 43 100k IC5 TL072 
R37, 44 33k 
R38, 45, 52 10k MISCELLANEOUS 
R39, 46 3k3 SK4 co -axial socket, 
R40, 47 1k8 panel mounting 
R41, 
R49 

48 27k 
1k5 

SW7 2 pole, 6 way 
rotary switch 

R50 220R SW8 1 pole, 3 way 
R51 22k rotary switch 
R53 100R TH1 RA53 
RV6 2k5 PCB. 

PARTS LIST - MAINS PSU 
RESISTORS 
R54 
R55 

CAPACITORS 
C29, 31 

C30, 32 

470 R 
1k0 

100u 16V 
electrolytic 
1000u 25V 
electrolytic 

SEMICONDUCTORS 
IC6 7815 
IC7 7915 

LEDI 

D5-8 

panel mounting 
LED 
1N4001 

MISCELLANEOUS 
SW9 mains toggle 

switch 
T1 15-0-15V 3VA 

mains 
transformer, PCB 
mounting 

PCB. 

eÁ: .t>,.... 

Fig. 15 Component overlay of the mains power supply PCB. 
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PROJECT: Distortion Meter 

this level if it is not ideally chosen. 
The final additional use for a 

THD meter is in setting up FM 
tuners. The THD of these depends 
on the alignment of the IF tuning 
coils and also upon the setting of 
the quadrature coil on the 
demodulator IC. By using the BBC 
test tones which are sometimes 
broadcast after the finish of 
programmes, the THD of the 
signal can be measured and 
optimised by adjustments to the 
controls. 

I ought at this stage to sound a 
small note of warning in that one 
should be reasonably sure what 
one is doing before coil -twiddling 
inside an expensive and 
complicated commercial FM 
tuner. If it is a DIY job, one should 
be able to get back to square one 
if things go wrong. 

In all of these applications, the 
method of operation is the same: - 
1. Set the TH D meter input 
sensitivity to zero, and switch out 
both of the filter stages. 
2. Set the mV/THD switch to 
THD, and set the Mode switch to 
Set FSD. 
3. Connect the input of the meter 
to the output of the system under 
test, and gradually increase the 
input sensitivity control until the 
output meter reads full scale. 
4. Switch the mode switch to 
100% and alter the setting of the 
Coarse tune (RV2a and 2b) and 
Trim (RV4) controls, at an 
appropriate choice of frequency 
range (set by SW1). Adjust until 
the best practicable notch is 
obtained with the mode settings 
adjusted to the 10% and 3% 
positions. 
5. Progressively increase the 
sensitivity given by the mode 

+VE FROM 
BATTERY 
VIA SW9 

-VE FROM 
BATTERY 

Fig. 16 Component overlay of the single 
battery supply PCB. 

PARTS LIST - 
SINGLE BATTERY 

PSU 

RESISTORS 
R56 100R 
R57, 58 1 MO 

CAPACITOR 
C33 1u0 

SEMICONDUCTOR 
IC8 TL071 

MISCELLANEOUS 
SW9 SPST toggle switch 

switch setting until the highest 
practical value is obtained, with 
the fine tune (RV3) and trim pots 
adjusted alternately until no lower 
value of residual reading can be 
obtained. Although the use of a 
single gang pot as RV3 is 
practicable, it does mean that it is 
necessary to try trim settings on 
either side of the apparent 
minimum position before 
adjusting the fine tune pot. 

If the constructor uses the 
completed instrument to assess 

THD INPUT 

© 

4 

30043 3040403 

RANGE 

OFF 

6 
HP 

TUNE 

3 40 

10 

mV INPUT 

20 

30 

10% 3% 

100% 1% 

FSD 0 

SENSITIVITY 

o 
FINE 

TUNE 
TRIM 3V 

OFF mV 

v 
LP TeD 

10v 

30mV 
10mV 

+ 100v 
30V 

5 

10 15 20 

60mV 
BmV i 600mV 

O 
OUTPUT 

FREQUENCY COARSE FINE 

OSCILLATOR 

30 

SCOPECe 
OUT 

OUT O 
OUT 

ON/OFF 

the quality of the built-in 
oscillator, the THD values 
obtained should be similar to 
those shown in Table 1 for the 
prototype. This is a useful first 
test, serving both to confirm that 
all is well with the meter and also 
giving some practice in using the 
instrument. 

Interpreting The Results 
In spite of all the publicity 

which attends the introduction of 
new, very high quality audio 
amplifiers, and in spite of the 
continuing efforts of designers - 
me included - to produce very 
low distortion systems, I think a 
lot of the effort devoted to getting 
more Os after the decimal point is 

of small value to the user. Even 
with modern designs, in which 
most of the residual distortion will 
be due to crossover type defects 
which lead mainly to audibly 
unpleasant high -order harmonics, 
I do not believe it is possible to 
hear the difference between nil 
and 0.05%. For myself, I am 
convinced that if an amplifier 
doesn't sound well and the THD is 

less than 0.05%, the problem lies 
elsewhere, possibly in its transient 
response or maybe in incipient 
instability or overload hang-up 
effects. 

I say this to save users from 
needless anxiety if, in testing a 
well loved unit, they find it has, 
say, 0.04% THD - or maybe even 
more. Most of that could be low 
order distortion which isn't 
audible, or even hum and noise. 
The corollary is also true, that an 
instrument with a lower THD limit 
of, say, 0.03% will still be a 
valuable aid in making sure that 
the domestic hardware isn't 
letting the side down! 

ETI 

BUYLINES 

Metal film and carbon film resistors are 
available from many of the companies 
who advertise in ETI, as are all of the 
semiconductors and capacitors used in 
this project. Suitable rotary switches 
are sold by Electrovalue, Cricklewood, 
Maplin and others and Maplin also 
supply the RA53 thermistor. Large 
diecast boxes are not widely available 
but West Hyde Developments of 9-10 
Park Street Industrial Estate, Ayles- 
bury, Buckinghamshire, supply a range 
of sizes including one which measures 
188 x 120 x 78mm which might be suit- 
able. The PCBs are available from our 
PCB service. 

Fig. 17 The front panel layout used in the prototype. 
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2 years warranty 

HM 103 Single trace 
10MHZ 6 x 7cm 
display component 
tester £192.05 
HM 203/5 Dual 20MHZ 8 e 10cm 
display component tester. etc. etc. La 03.w 
HM204-2 Dual 20MHZ. sweep £41935 
delay. ImV. component tester. etc. 

Also HM805 Dual 60MHZ £592.25 
OPTIONAL 
SCOPE PROBES ¡ ; . 

range 10A AC/DC 20 Meg ohm (R) £47.77 CROTECH 
3030 Single trace 
15MHZ component 
tester 9'gcm display £205.85 
3035 Single trace 156111Z 13cm 

151 display component tester £227.70 
3132 Dual 20MHZ trig to 40MHZ2mV/div 130mm (51 
display, algebraical add/sub Reg OC 0/P's 5V and ± 

ITV. Built- in component comparator £341.50 
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£EnTRE 404 , . --- _;+-1 } 
1 
u" px'!,['....- 1, I 

. 
I 

... 
i 

' 
1ta1 IL. ri i r 

. 
'-'21. I 'a111Ì 

ÉñR 
RHO 

LCD COUNTERS !UK C/P & INS 65pl NO 
THANDAR battery portable 8 digit LCO counters. 
Size 255x 150 x 50mm. Complete with batteries. 
Optional:Carry case £6.84 AC adaptor £7.99 
TF040 I0HZ to MHZ. 1HZ Res 49mV sensitivity. £ 138.00 
TF200IOHZ to 200MHZ. Ippm res. 10mV sensitivity. 
many features, 488 inputs. etc. £189.75 
TP600 600MHZ prescaler !Powered by computer) £51.75 

GENERATORS 
Function and Pulse (UK C/P 6501 
THANDAR bench mains portable. Size 255 x 150 x 50mm 
Options: Carry case £6.84 
TG101 0.02HZ to 200KHZ function. sine. square, triangle 
Variable OC offset. TTL 0/P Ext. sweep mode. Variable 600 
ohm 10V PP £120.75 
TG102 02HZ to 2MHZ Junction. Sine. square. triangle. 
Variable DC onset. TTL 0/P. Ext. sweep mode variable 600 
ohm 0/P.10V PP £178.25 
10105 5HZ to 5MHZ pulse. TTL and Sync 0/P. Variable 
50 ohm 0/P. Free run. gated or trig. modes. £ 120.75 

$ 

3 

AL L 

PRICES 

INVATDE 

Q. : -_..- . ___-- "- Q liillll:º;j9 2 . 

SCOPEX Ems. 
14015 Dual 15 MHZ 5 tube 
N SYNCH Z MOD £373.75 

RAs above plus bred 
0, 2HZ to 200 KHZ Function Generator £488.75 

THANDAR cis itm 
2 year warranty 
SC110A 10MHZ battery 
portable 32 x 26mm display 
with batteries £ 189.75 

I0K post. etc. £1.501 

OPTIONS Carry case £6.84 
AC adaptor/charger £7.99 Nicad pack £12.65 

ANALOGUE 
MULTIMETERS 
(*mirror scale) IUKC/P 65p) 
HC1015 15 range pocket 10K/Volt 

1 Meg ohm £8.95 
HM102BZ' 22 range 20K/Volt 10A OC 

plus cent buzzer 10 Meg ohm £14.50 
ETU3000 20 range 30K/V 12A DC. 

12 meg ohm £21.00 
NH5611' 22 range 10K/Volt 6 Meg ohm £12.95 
830A' 26 range 30K/Volt 10AC/OC 10 Meg 
ohm £24.95 
360TR' 23 range bench. 1006/ Volt large scale 
IDA AC/OC plus Hle tester 10 Meg ohm £45.00 
ÁT2100' 31 range de luxe 100K /Volt IDA AC/OC 
100 Meg ohm £34.95 
AT1020' 18 range de luxe 20K/Volt plus Ate 
tester 5 Meg ohm £22.50 
TN 360111' 1'9 range 20K/Volt plus Hle tester 
1 Meg ohm £15.95 
K RT5001' Range doubler 35 range total 50K/ 
Volt IDA DC 20 Meg ohm £21.95 
3T303TR 22 range 20K/Volt plus Hie lester 12A 

OC I Meg ohm £21.00 

LCD & LED MULTIMETERS 
(UK C/P 65p) 
THANDAR BENCH PORTABLES Size 255 x 150 
50mm Option: Carry case £6.84 
TM355 31, digit LEO. 29 ranges. 0.25°0 basic. 
100mV res, IDA AC/DC 20M ohm £97.75 
(AC adaptor option £6.951 

TM356 3,i. digit LCD 29 ranges as TM355.3000 hour battery 
life (suppliedl £109.25 
TM351 3V, digit LCO 29 ranges. 0.1°° basic. Ranges as above. 
2000 hour battery lue. £ 132.25 

-9 

LED COUNTERS 
(UK C/P 65p1 (AC adaptor included) 

METEOR mains or battery portable 8 digit LEO counters. 
Size 219 x 240 x 013mm.5mV sensitivity 0.1111 resolution 

100 5HZ to100MHZ £113.85 
600 5HZ to 600MHZ ASO inputs £144.90 
1000 5HZ to 1000MHZ (10H21088 inputs £201.25 
Options: 
6 NICAOS £12.19 RF pickup Aerie £9.78 

11 

FUNCTION GENERATOR 
IUKC/P65p( r 
JUPITER 500 Function generator 0.1 HZ to 500KHZ or better. 
Sine, square. triangle 0/P to±30 volts .TTL O'P OC offset r 
15V variable. Ext AM and sweep facilities 220/2405 AC 
operated. £ 126.50 

r'r;>ïr _rtir I O 

ö 0 0 00 

TRANSISTOR 
TESTER 
Direct PNP/NPN and diodes 
HIe, leakage. etc. General purpose TCI 
IUK C/P 65p1 £27.95 

STEREO TUNER/AMPLIFIER 
1000's Sold 

4 wave -band 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 
assembled units. - easy to connect. 

as illustrated £21.95 
(UK C/P f1.501 

NICADS 
EVERREAOY 8.4 Volt HEAVY DUTY 

MONO approx. 3'i, Diem x 3:h 
with magnetic 

switch £5.95 post 55p. 

VISIT OR PHONE 

OPEN 6 DAYS 
A WEEK 

ALL STOCKS 
ON DISPLAY 

HEflRY'S 
AUDIO ELECTROf1ICS 

EQUIPMENT COMMUNICATIONS COMPUTERS COMPONENTS 

4a 

SCOPES 
IUK C/P £6.00 
or £15.00 Securicor) 

HITACHI 
2 year warranty 
ALL MODELS WITH 
2 PR08ES(Not V212) 

V212 Dual 20 MHZ 6- CRT 

Probes see below. 
V222 Al 212 plus OC offset etc 

All other models available. 

NAMED 

o....Lo 
f e 'o ' 

£343.85 
£41541.25 

DIGITAL MULTIMETERS 
Controls 

s=Slide. A=Rotary 
PB=Push button 
All feature AC/OC volts. 

OC amps (many with AC 

ampel others. etc. 

IUK C/P 65p) *WITH CARRY CASE 

11025C 12 range 0.2A OC 2 Meg ohm's' £27.95 
*1(0305 14 range 10A DC 2 Meg ohmlS) £29.80 

K030C 26 range IA AC/OC 20 Meg ohm (AI £35.80 * METED 3500 30 range IDA AC/OC 20 Meg 
ohm IA) £42 26 

* METES 3510. 30 range 10A AC/DC. 20 men ohm 
plus Hie tester plus cent tester (H) £46.52 
6010 28 range I0A AC/DC 20 Meg ohm IPBI £43.50 

* K055C 26 range 10A AC/DC 20 Meg ohm 

IR) £44.50 
* 110615 18 range 10A DC 2 Meg ohm plus Hle 

tester (RI £39.95 
7030 As 6010 but 0.1°r. basic POI £53.95 
NC 5010 31 range 10A AC/OC Cont. buzzer 20M 
ohm IRI £49.95 

* DM3350 Autorange plus cant. tester 18 range 10A 
AC/OC 2 Meg ohm lei £49.95 - 

1 

* DM2350 Mini auterange plus cºnt. tester 10 range 

"if ie X1 -X10 swdched. 1yI :::_ 
£11.50 for all scopes 

AR ME5A0 Manual/Autoranging plus coot buzzer 
.4e ',111 19 

I0A AC/DC I20A Max) 2 Meg ohm IPA) £69 .95 
w 3100 Pen type auto ranging AC, OC V 20 Meg ohm 

Buzzer £45 71 

1 

THERMAL 
PRINTER 
COMPLETE WITH 
FULL HANDBOOK. 

3 ROLLS PAPER 

£49.95 UK C/P £1.051 

SUITABLE FOR TANDY 813C ORIC NASCOM GEMINI 
ACORN DRAGDN ETC. ETC. 'interface unit with leads 

£ 15 - state model) )your enquiries invited). 

CB/HAM RADIO 
Large range in stock 

ask for leaflets REM 

CASSETTE 
MECHANISMS3 
Fitted Motor. 

r 
tereo 

record and eraser heads. 
Autostop, solenoid. - .d 
Brand new available 69 DC or 125 OC 

!slate which) £5.95 (UK C/P 6501 

ALSO miniature stereo cassette replay mechanism 
12v. 105 x 100 x 40 mm. £5.50 (UK C/P 55p) 

ITT 2020 
CABINET 
Práessional computer case 
with keyboard cutout. 18' x 

15.5' x 4.5" !front slopes). ideal 
for single board computers like the 
Multìboard (3 carda. etc). Very heavy gauge 1,25') 
plastic with metal base. Attractive silver grey finish. 
£22.95 'UK post (2.051 

GENERATORS 
220/240V AC 

IUK C/P. etc £1.201 

AUDIO LEADER LAG27 , . , 

5 band sine/square 
0/P0/50 HMS 01st0.05'±10HZto1MHZ £106.95 
TE22D 4 range sine/square 0/P 5V RMS 0.50, 
Gist 20HZ to 200KHZ £82.95 
TRIO AG202A 4 band 20HZ to 200KMZ.109 RMS 

0/P 0.5°°dis) CR OSC £102.35 

RF 
TRIO SG4026 range 100KHZto30MHZAF01V 
AIRS Int/ex mod £82.80 
LEADER LSO 17 6 band (00KHZ to 150MHZ (98 to 

450 MHZ on Harmonics) RF 0.1 V RMS. Int/ex Mod. 
AF I KHZ volt 11 MHZ Xtel optional £3.501 £132.25 
TE200 6 range low cost version of above up lo 
I10MHZ 1300MHZ Harmonics] £74.95 

WA 

LEAFLETS AVAILABLE FOR MOST ITEMS SEND 
LARGE SAE (UK 25p) for latest catalogue. 

DIGITAL CAPACITANCE 
METER (UK C/P 65p( 0.1 pt to 2000 mid 

LCO 8 ranges 0146013 £69.50 

ALWAYS BARGAINS 
FOR CALLERS 

+SUPPLIERS OF ELECTRONICS FOR EVERY PURPOSE 
ORDER BY POST OR PHONE 

cast- rti:i 
rw..0 ems r-. ;L3rsl 

Up to £1000 instant credit 
Available through Lombard Tricily Finance 

CALL IN AND SEE FO 

VARIABLE POWER 
SUPPLIES 
[UK C/P £1.001 
220/240VAC input 
PP241 single meter A/V 

0/30V I amp £37.95 ( rát--- 
PP243 3 amp version £59.95 
2302 Lai 0/30v, 0/2A Twin meter plus 59 IA and 
pulse generator. £264.50 

COMPONENTS/TOOLS. etc. Large range in stock. 
Tel: 01-723 1008. 

Official orders welcome. I ALL PRICES 
I3ablecttoantlrmatlenl I INCLUDE VAT 

301 Edgware Road. London, W2 
Test Equipment. Audio, Communications 01-724 3564 

404 Edgware Road; London, W2 

Computers 01-402 6822 Equipment 01-724 0323 Components 01-723 1008 

YOURSELF All mail to Cubegate Ltd, 1st Floor, 406 Edgware Road, London W2 1 ED 

TP1000100»MHZ IIGHZI Prescaler with power supply £74.7 
PFM2004 Pocket 20HZ to 200MHZ LEO counter 0.1 NZ res 

I Omit sensitivity £79.7 
NEW TF600 LED 600 MHZ counter. £152. 8 
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fIAi0t10nic 
Abbots Hill Chambers 
1st Floor, Gower Street, 
Derby DE1 1 SD Tel: Derby 0332/382433 

Modules Power RMS Load Volt Max Size (mm) Price 

RVM-150S 70-150W 4, 8, +60 31x80x100 1+27.00 
- 10+ 22.97 

20+ 22.77 
RVM300S 120-300W 4-8, +65 31x102x136 1+37.80 

10+ 32.13 
20+ 30.24 

RVM400S 170-400W 4-8, +65 47x89x136 47.05 
RVM700S 300-700W 2-8, +70 47x90x197 70.10 

RVM700S Mounted on Heat Sink 70.40 

MAIL ORDER ONLY 
RVM RANGE OF POWER MOSFET AMPLIFIER MODULES. 
These Power Mosfet Modules are very reliable, driving dif- 
ficult loads is no problem. Application from hi power systems 
to studio to domestic hi-fi. 
All of our modules are built and tested and carry a 2 year 
guarantee. 
We also supply a range of heat sinks, specially recommen- 
ded for RVM modules. 

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

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

Delivery on our Modules and Heat Sink or same day dispatch 
when order is received with cash, allow7 days with cheque or 
postal order. 

Printed Circuit Hardware 
& Component Catalogue 

* COPPER CLAD LAMINATES 

* PHOTO -RESIST LAMINATE & CHEMICALS 

* PRINTED CIRCUIT DRAUGHTING AIDS 

* VERO BOARD & 
CPROTOYPING TGENERALSTEMS * CONNECTORSASES 

HARDW ARE 

* SELECTION OF COMPONENTS 

* EDUCATIONAL COMPUTING 

* ELECTRONICS KITS 

Send for your free catalogue to SendRIM 

IMO BIM NOW IMMII Mal MOM Mall MMIll Ma IIIMB MIR 

KELAN ENGINEERING LTD. 
Circuit Products & Components Division. 
27-29 Leadhall Lane, Harrogate. 
North Yorkshire. HG2 9NJ. 

A FAPNE ELECTRONICS COMPAN Tel: (0423) 870938. ETI/3/85 

NAME ' ADDRESS ' 
11ti MOB IN= tisi Man BNB IMO IBM BIM ZIMINI I 

UASAR 

R 

STEREO 
CASSETTE 

DECK 

11.1:rig 

From 

c 

1Z9.95 
INCLUDING VAT & CASE PLUS £2.75 P & P 

For a special offer price of only £29.95 we're offering you this super 
Quaser Cassette Deck Kit. Including tape transport mechanism, n, 
ready punched and back printed quality circuit board and all elect- 
ronic parts i.e. semi-conducters, resistors, capacitors, hardware, top 
cover, printed scale, mains transformer and a self assembly simulated 
wood cabinet. You only supply solder and hook-up wire. 

SPECIFICATIONS: 
Case size 285x260x90mm approx. Mechanism with automatic stop 
and tape counter with reset button. Tape Speed: 4.76cm/sec (1 7/8 
in/sec). Wow & Flutter: Typically 0.1%. Drive Motor: 12V d.c. with 
electrical governor. Play Torque: 40-75g/cm (DYNAMIC). Rewind 
& Fast Forward Torque: 60-140g/cm (STATIC). Rewind & Forward 
Time: Less than 100 sec. for C60 tapes. Bias/Erase Oscillator: 
Externally variable, frequency 60-100kHz. Output: (Adjustable) Up 
to 1 volt r.m.s. Mic. Sensitivity: 1mV @47k. DIN Sensitivity: 30m 
V @ 47k. Frequency Response; 30Hz-12.4kHz (-3dB). Signal to 
Noise Ratio. Noise reduction OFF-50dB. Noise reduction H.F. 
-56dB Noise reduction FLAT-70dB Cross Talk: Typically -50d8. 

CALLERS WELCOME: 323 EDGWARE RD., LONDON W2. - Ooen 6 days a week 9.00 - 5.30. 
21 HIGH ST., ACTON LONDON W3 6NG 
Tel: 01-992 8430 - Open 6 days a week 9.30 - 5.30 
Y2 day closing Wednesdays 

To: RT -VC, 21A High St., Acton, London W3 6NG m - - - MN I M sir MI - - - - 

IMO WM MI 

Please send me Kit/s 

One deck kit costs £29.95 plus £2.75 p&p (£32.70) 

I enclose PO/Cheque No Value 

Name 

Address 

Access 'phone orders 01-992 8430 
To: RT -VC, 21A High Street, Acton, London W3 6NG 

titi MIS o MIR sMa BIM aMvsi. 

1 
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PROJECT 

PARAGRAPH 
EQUALISER 
Are Barry Porter's paragraphs equal to the task of describing the 
construction of this innovative project? Read on and find out. 

8 
y now, it must be obvious that 
the ParaGraph need not be 
limited to the suggested ten 

frequency bands, but this number 
does seem to give the best oppor- 
tunity of applying just about any 
required response characteristic. A 
suggested panel layout is shown in 
Fig. 14, based on standard 19" rack 

OOPS! 
There were a number of errors in the first 
part of this project published last month. 
On page 31, in the formula for resonant 
frequency which appears towards the 
bottom of the third column under the 
heading 'Principle Of Operation', the 
bottom line should read 27rR1C. 

In Fig. 5, the input stage circuit dia- 
gram, pin 2 of ICI b should be taken from 
the wiper of RV1 only. The link shown 
between this pin and the junction of 
RV1/R8 should not be there. There are 
also two resistors marked R10 on the 
diagram: the lower one, in the -15V 
supply line, should be R11. 

In Fig. 7, the main signal path circuit 
diagram, there are two capacitors 
marked C24: the one connected bet- 
ween ground and the junction of R28/ 
C27 should be C29. 

In Fig. 8, the state variable filter circuit 
diagram, the IC supply pin numbers are 
missing. The +15V supply via R39 con- 
nects to IC6 & 7 pin 7 and the -15V 
supply via R40 connects to 106 & 7 pin 
4. 

In Fig. 9, the balanced output stage 
diagram, the numbering of pins 2 and 3 

on IC11 is reversed; the+ and - signs on 
the two pins are correct. The input to 
R41/C42 should be marked "FROM 
SW2b" and C42 should be 330n, not 
330k. The 'SET OUTPUT SYMMETRY' 
preset between R54 and R55 should be 
marked RV5, not RV4. 

mounting dimensions, so there is a 

wide choice of suitable cabinets 
available. 

Each filter stage is built onto a 

separate circuit board, which is 
attached to the front panel by the 
frequency and Q adjustment 
potentiometers. The board layout is 
shown in Fig. 11. The cut-out area 
allows different types of slide fader 
to be used and ensures that the 
rotary controls can be in line with 
the fader. Remember to purchase 
sliders which can be mounted by 
screws from the front, and use a 

dummy front panel if you don't 
want the screw heads to show. 

The only components that differ 
between one filter board and 
another are the integrator 
capacitors, and plenty of space has 
been left for these. Instead of 

FSP 
259mA 

AC 
MAINS 

attempting to mount the various 
capacitor types and sizes in the nor- 
mal way, small terminal pins should 
be pressed through the capacitor 
mounting holes, and the com- 
ponents soldered to these from the 
top of the board. 

Once the boards have been 
assembled, they should be attached 
to the front panel making sure that 
they are in the correct order. The 
busses which carry the various 
common connections should be 
fed through the circled holes and 
continued to the circuit board that 
contains the main signal path com- 
ponents (Fig.12). A suitable guage 
of tinned copper wire should be 
used for the busses and this may be 
insulated with short lengths of 
sleeving if it is felt that there is any 
danger of short circuits occurring. 

NOTE: 
IC12=7815 
1C13-7915 
BR1 =1A BRIDGE RECTIFIER 

- COMPONENTS MOUNTED ON CHASSIS 

15V 

15V 

ETI MARCH 1985 

Fig. 10 Circuit diagram of the stabilised power supply. 
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BUSBAR CONNECTION 
FROM MAIN SIGNAL 
PATH CIRCUITRY 

PARTS LIST - FILTER BOARD 

BUSBAR CONNECTIONS 
FROM POWER SUPPLY 

RESISTORS (all 1/4W 1% metal film) 

R30, 31, 34 
R32, 33 
R35, 38 
R36 
R37 
R39, 40 
RV2 

RV3 

RV4 

10k 
20k 
11k 
4k3 
47k 
1OR 
100k linear dual 
gang rotary 
potentiometer 
22k linear dual 
gang rotary 
potentiometer 
10k linear slider 
potentiometer 

CAPACITORS 
C31, 33, 37 
C32, 36 
C34 
C35 

C38, 39 

C40, 41 

22p polystyrene 
see Table 1 

100n polycarbonate 
22u 16V non - 
polarised radial 
electrolytic 
100u 25V radial 
electrolytic 
100n polyester 

SEMICONDUCTORS 
IC6, 7, 8 NE5534 

MISCELLANEOUS 
PCB; IC sockets if desired; terminal 
pins for C32 and C36. 

BUSBAR 
CONNECTION 
TO FILTERS 

TO RV4 

BUSBAR BUSBAR 
CONNECTION TO CONNECTION TO 

POTENTIOMETER+ POTENTIOMETER- 
TO SWITCHES 
SEE Fig. 1 

I¡¡¡111¡ C26 

i+-CC25 

+r OVr -r 
BALANCED 

INPUT FROM 
SKI 

-VE EVE r OVr 

BUSBAR 
CONNECTIONS FROM 

POWER SUPPLY 

;POTENTIOMETER - BUSBAR 
CONNECTION FROM MAIN 

-::SIGNAL PATH CIRCUITRY 

POTENTIOMETER + BUSBAR 
CONNECTION FROM MAIN 
SIGNAL PATH CIRCUITRY 

Fig. 11 (above) Component overlay of 
the filter PCB. Note that you will need 
one filter board for each channel of the 
ParaGraph. 

PARTS LIST - 
INPUT AND MAIN 

_SIGNAL PATH BOARD_ 

RESISTORS (all 1/4W 1% metal film) 
R1, 2 1k8 
R3, 4 8k2 
R5, 6, 23-26 10k 
R7, 8 4k7 
R9, 22, 27 47k 
R10, 11, 28, 29 1OR 

RV1 10k linear rotary 
potentiometer 

CAPACITORS 
Cl, 2 

C3, 21, 25 
C4, 22, 26 

C5, 6, 27, 28 

C7, 8, 29, 30 
C23, 24 

1n0 polystyrene 
100n polycarbonate 
22u 16V non - 
polarised radial 
electrolytic 
100u 25v radial 
electrolytic 
100n polyester 
22p polystyrene 

SEMICONDUCTORS 
IC1 NE5532 
IC4, 5 NE5534 

MISCELLANEOUS 
SK1 XLR or other three - 

pole connetor to 
choice - see text 

PCB; IC sockets if desired. 

Fig. 12 (left) Component overlay of the 
input stage and main signal path PCB. 
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PROJECT :Equaliser 

R12, 18, 41 

R13, 19, 42 

R14, 16, 17, 20, 
43, 58, 59 

R15, 21, 56, 57 

R44 - 51 

R52, 53 

R54, 55 

RVS 

CAPACITORS 
C9, 17, 42 
C10, 18, 43, 44, 45 

C11, 19, 46, 49 

C12, 20, 47, 48 

C13, 14, 50, 51 

60, 61 

C15, 16, 52, 53, 

56-59 
C54, 55 

BALANCED 
OUTPUT 

FROM SW2b 

-VEB OVA WE 

DC OUTPUT 
TO BUSBARS 

DC INPUT 
FROM C54/55 

FROM SK3 
TAPE INPUT 

TOSW1c TO SK2 
TAPE OUTPUT 

Fig. 13 Component overlay of the tape buffer, balanced output and PSU board. 

The output stage and tape buf- 
fer amplifiers are on a separate cir- 
cuit board, together with the power 
supply stabilizers (Fig. 13). This 
board may be mounted at any con- 
venient point within the cabinet, 
but should be kept as far away as 

possible from the mains transfor- 
mer and any mains wiring. Connec- 
tions between the circuit boards 
and function switches should prove 
quite straightforward, using Fig. 1 as 

a reference. Due to the low 
impedance of the switched conec- 

PARTS LIST - 
TAPE BUFFERS, BALANCED OUTPUT 

AND PSU BOARD 

RESISTORS (all 1/4W 1% metal film) 
100k 
330k 

1OR 

47k 
3k3 
33R 
1k0 
10k moulded preset 

330n polycarbonate 
22p polystyrene 
100n polycarbonate 
22u 16V non - 
polarised radial 
electrolytic 

100u 25V radial 
electrolytic 

100n polyester 
4700u 25V can 
electrolytic 

SEMICONDUCTORS 
1C2, 3, 9, 10, 11 NE5534 
IC12 7815 

1C13 7915 

BR1 1A bridge rectifier 

MISCELLANEOUS 
FS1 

SK2, 3 

SK4 

SW1 

SW2 
SW3 
T1 

250mA anti -surge 
fuse and chassis - 
mounting holder 
phono or other 
sockets to choice - see text 
XLR or other 
three -pole 
connector to 
choice - see text 
4 -pole 2 -way toggle 
switch 
DPDT toggle switch 
SPOT toggle switch 
15-0-15V 25VA 
mains transformer, 
preferably toroidal 

PCB; IC sockets if desired; 4U height 
19" rack -mounting case or similar; 
mounting brackets or stand-off pillars 
for the tape buffers, balanced output 
and PSU board; mains input connector 
or cable strain -relief bush; knobs for 
rotary and slider potentiometers; 
tinned copper wire for busbars; nuts, 
bolts, etc. 

tions, unscreened wire may be used 
throughout. 

If the recommended balanced 
inputs and outputs are employed, it 
is suggested that professional XLR 3 

pin connectors are used. These can 
be obtained at a reasonable price 
from a number of sources, and will 
remain reliable for many years - 
unlike some of their lesser 
brethren. There is a permanent 
confusion, even in the professional 
world, over the correct wiring of 
these connectors, so the generally 
accepted standard is given here: - 

all signal inputs - via XLR 3 way 
chassis mounting sockets (termed 
female) 

all signal outputs - via XLR 3 way 
chassis mounting plugs (termed 
male) 

wiring to both plugs and sockets 

Pin 1 - Earth 
Pin 2 - Signal + 
Pin 3 - Signal - 

For unbalanced inputs or outputs, 
connect pin 3 to pin 1. 

Unbalanced versions may be fitted 
with DIN or Phono sockets. If the 
latter are used it is well worth track- 
ing down some gold plated ones, 
and be sure to mount them with 
insulation bushes so there is no 
electrical contact between the 
cabinet metalwork and the socket 
body. 

For safety reasons, the metal 
cabinet must be connected to earth 
via the mains lead. If the signal 
earth is connected to the cabinet in 
any way, a nice juicy hum loop will 
probably be formed whenever the 
ParaGraph is used with other 
equipment which has common 
mains and signal earths. The best 
approach to this problem is to 
experiment once the unit is work- 
ing correctly, so as an interim 
measure, make sure that the signal 
earth is floating at this stage. 

Testing 
Once the construction and 

internal wiring is complete, the 
moment has arrived for power to 
be applied for the first time. The 
ParaGraph should be connected to 
an oscillator and an oscilloscope, so 
that when the initial switch -on 
takes place an immediate indication 
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PROJECT :Equaliser 

DIMENSIONS IN mn. 

31 5 63 125 250 500 2k 4 

O O O O 0 0 0 0 
O O O O O O O O 

RECORD 

PRE Q POST 

MONITOR 
TAPE Q SOURCE 

MODE 
Ea- Q BYPASS 

8 16k 

O O O 

O O 

INPUT 
LEVEL 

DATUM 60 96 132 166 204 240 276 312 348 384 420 482 

- 85.4 

- 55.4 

- 30 

DATUM 

Fig. 14 Suggested front panel layout for the ParaGraph based on a 4U (7") height 19" 
racking case. 

is given of the unit's correct opera- 
tion - or otherwise. If signal does 
not appear at the output, the 
golden rule is: Do Not Panic. 
Assuming that the unit is located 
behind the regulation 6ft wall of 
sandbags, crawl around and look 
for signs of smoke. You will pro- 
bably find that in your excitement, 
you have forgotten to switch on the 
oscillator, but if, after taking a 

handful of Valium, you convince 
yourself that everything is as you 

intended and that your new exam- 
ple of turbo -technology really is 
not working, carry out the usual 
checks for correct DC voltage rails 
and IC inputs and outputs. If all 
appears healthy the signal should 
be traced, using your oscilloscope, 
from the input socket through the 
circuitry until it disappears. 

Once any faults have been 
located and rectified the correct 
operation of all the control 
functions should be checked, and 

177 

- 150.4 - 137.9 

- 117.9 

CONTROL CALIBRATION 

4 

2 + 2 

ACTUAL LEVEL CHANGE 

1.80dB 

3.63dó 

6 I ~ 8 6.55dB 

_ 7.62dB 

- 97.9 10 10 9 90d 
dB 

Fig. 15 Calibration of the input level 
control. 

C 

Fig. 16 Calibration of the Q and 
frequency controls. 

once you are satisfied that every- 
thing is working as intended, your 
ParaGraph may be fed its first dose 
of musical signal. You can then 
spend a pleasant hour twiddling the 
controls and discovering whether 
all the effort has been worthwhile. 
If so, you may wish to sally forth 
and build yourself another one, so 
that you can at least equalise your- 
self to distraction in stereo. Eli 

AMPL FER WHY ILP? Years of experience in audio, unique 
designs, world wide sales and outlets, reliable 
deliveryand friendlyservice 

.` 
m f 

I x'ri 
im clb 

BIPOLAR MODULES 

Ideal for Hi Fi, Full load line protection integral Heatsink, slew rate 15v/ IA 

Distortion less than 0.01% 

Type Output Load Price Type Output Load Price 
Power Impedance Power Impedance 
Watts (rtes) Q Watts Imis) Q 

HY30 .... 15 4 - 8 f 8.45 HY244 .. 120 4 £26.95 
HY60.... 30 4 - 8 £9.95 HY248 .. 120 8 £26.95 
HY6060. 30 + 30...4 - 8 £19.45 HY364 .. 180 4 £39.95 
HY124... 60 4 £20.95 HY368..180 8 £39.95 
HY128... 60 8 £20.95 

MOSFET MODULES 

Ideal for Disco's, public address and applications with complex loads (line 
transformers etc.). Integral Heatsink slew rate 20v/µs distortion less than 0.01% 

Type Output Load Price Type Output Load Price 
Power Impedance Power Impedance 
Watts fans) Q Watts (rms) Q 

MOS128. 60 4 - 8 £30.45 MOS364. 180 4 £45.95 
MOS248.120 4-8 £39.95 

PREAMPLIFIER MODULES 
All modules are supplied with in line connectors but require potentiometers, 
switches etc. If used with our power amps they are powered from the 
appropriate Power Supply. 
Type Application Functions Price 
HY6 Mono Pre Amp Full Hi Fi facilities £7.95 
HY66.... Stereo Pre -Amp Full Hi Fi facilites £14.95 
HY73.... Guitar Pre -Amp Two Guitars plus Microphone . £15.95 
HY78.... Stereo Pre -Amp As HY66 less tone controls £14.45 
MOUNTING BOARDS: For ease of construction we recommend the B6 for 
HY6 £0.95 B66 for HY66-78 £ 1.45. 

POWER SUPPLY UNITS 

Type For Use With Price Type For Use With Price 

PSU212....1or2HY30 £11.95 PSU542....1 HY246 £17.95 
PSU412 .... 1 or 2 HY60, 1 HY6060, 1 HY124£13.95 PSU552 .... 1 MOS248 £19.95 
PSU422....1 HY128 £15.95 PSU712 .... 2 HY244 £21.95 
PSU432....1 MOS128 £16.95 PSU722.... 2 HY248 £22.95 
PSU512 .... 2 HY128,1 HY244 £17.45 PSU732....1 HY364 £72.95 
PSU522.... 2 HY124 £17.45 PSU742....1 HY368 £24.45 
PSU532..,.2 MOS128 £17.95 PSU752....2 MOS248,1 M0S368.... £24.45 
All the above are for 240v operation 

FOR FREE DATA PACK PLEASE 
Post to: ILP Electronics Ltd., Dept. 
Graham Bell House, Roper Close, 
Canterbury, Kent. CT2 EP 

`el: (0277) 54778 Telex: 965780 

WRITE TO OUR SALES 
9 

1 

DEPT. o WI t 
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Heathkit - IT'S A PLEASURE TO BUILD 
Bring the enjoyment back into your hobby 
with a kit from Heathkit. The beautifully 
illustrated documentation and step-by- 
step instructions make building a Heathkit 
a relaxing, absorbing pleasure! Choose 
from their huge range of fascinating kits 
and self -instruction electronics and 
computing courses. 
The Heathkit range includes the ultimate 
in amateur radio kits, computerised 
weather stations, a highly soph- 
isticated robot, a 16 -bit comp- 
uter kit and a range of 
home (or classroom) 
learning courses. These 
state-of-the-art courses 
have easy -to -under- 
stand texts and 
illustrations, 
divided into sect- 
ions so that you can 
progress at your 
own pace, whilst 
the hands-on exper- 
iments ensure long- 
term retention of the 
material covered. 

You'll find Heathkits available for Amateur Radio 
Gear Car Test Equipment Kits For The Home 

Self -Instruction Courses Computer Kits Test 
Instrument Kits Kits For Weather Measurements. 

All the most popular kits and educational products 
are fully detailed in the 1984 Maplin catalogue (see 
outside back cover of this magazine for details) or 

for the full list of Heathkit products send 50p for 
the Heathkit International Catalogue 
complete with a UK price list of all 
items. 

You'll be proud to say, 
"I built it myself!" 

All Heathkit products available in 
the UK from: 

Maplin Electronic 
Supplies Ltd. 
P.O. Box 3, Rayleigh, 
Essex, SS6 8LR. 
Tel: (0702) 552911. 
(For shop addresses see back cover.) 

MASTER 
Electronics -Microprocessors - Now! 

The PRACTICAL Way! 

r 
' 

IM 
' W 

1 ritishNationalRaàilo8cElect onicsSchoolP.O.Box7Teignmouth,Devon,TQ14OHS CACC 

Electronics - Microprocessors - Computer Technology is the career 

and hobby of the future. We can train you at home in a simple, 
practical and interesting way. 
Recognise and handle all current electronic components and 'chips'. 

Carry out full programme of experimental work on electronic & 

computer circuits including modern digital technology. 

Build an oscilloscope and master circuit diagrams. 

.Testing and servicing radio - T.V. - hi-fi and all types of electronic/ 
computer/industrial equipment. 

IZIM MI IMF NM BM BM MR M M-- B M 
Please send your brochure without any obligation to:- I am interested in: 

NAME 

ADDRESS 

M - - IMO NM r N 
C ] ELECTRONICS 

MICROPROCESSORS 

L-J RADIO AMATEUR LICENCE ] CITY & GUILDS EXAMS 

MIN MI MIR r MR BM MR IIMIN MI MR MI NM BIM Mill MI MN OM 
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cmRl cR {OA 1St RcufauliaR 
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MIM BIM 

1 

OR TELEPHONE US' 
062 687 2598 
OR TELEX 22758 
(24 HR SERVICE) j - - 
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TECH TI PS 
Pick-up 
Preamplifier 
Jeff Macaulay, 
Crawley 

Over the last few years, two schools 
of thought have ,emerged on the 
subject of audio pre -amplifier 
design. The' British' approach, as it is 
sometimes termed, favours designs 
with the minimum of frills on the 
grounds that tone controls and the 
like introduce unnecessary distor- 
tion and phase shifts. The design 
described here is an example of this 
minimalist approach and possesses 
sufficient dynamic range to handle 
direct -cut and digitally mastered 
records without problems. 

The circuit may be considered in 
two parts, each built around one of 
the op -amps. IC1 functions as an 
RIAA equaliser with R2, R3, C2 and 
C3 in the feedback loop providing 

R4 
C2 C3 

2n2 10n R6 
3k3 100k 

+ C4 

/7771 

10u 

the correct response. R4 sets the 
midrange gain at 10 while C4 pre- 
vents the stage amplifying DC. The 
input overload factor is greater than 
40dB and this, combined with a 
signal to noise ratio of more than 
70dB gives the circuit a dynamic 
range of 110dB. 

IC2 has a flat frequency res- 

ponse and provides extra gain for 
the equaliser stage orforan auxiliary 
input selected by SW1. Both op - 
amps should be low noise, low dis- 
tortion, audio quality devices such 
as theTL071, NE5534, LF351,OP27, 
etc, and either single or dual types 
would be suitable. A quad op -amp 
could be used if two of the pre - 

+30V 

NOTE. 
IC1,2 SEE TEXT 

amplifiers were to be combined in a 
stereo arrangement. The pin num- 
bers given are correct for 741 -type 
single -packaged op -amps but it is 
advisable to check carefully the pin - 
outs of the device you plan to use, 
and the arrangement will obviously 
be different if dual or quad devices 
are employed. 

Low Cost Z80 
DRAM Drive & 
Refresh 

D. Allen 
Bolton 

e§ o 
CHIP SELECT 

MREOO 

REF O 

CPU CLOCK O 

54 

12 

13 

NOTE 
IC1 = 74LS02 
IC2 = 74LS74 
IC3,4 = 74LS157 
IC5 = 74LSO4 
64K RAMS ONLY 

IC2a 

This circuit provides address mul- 
tiplexing & refresh for 16K or 64K 
DRAMs using only four chips and 
one invertor. 
Memory Cycle: In a normal memory 
access the cycle is started by MREQ 
& CS going low. This causes RAS to 
go low and the flip-flops are no lon- 
ger held in reset. RAS gatesthe lower 

RAS 
DATA 

M0 -6 

n 1 2 

IC5a 

DATA 

RD 

CAF 
MO 7 

S 

DIN 

WTI 

4116 

DO --t 

4 

IC5b 

DIN 

WR 

4164 

DO 

SWMX 

M0 

13 

12 

IC2b 
AO 

11 8 Al 
A2 

IC3 
M1 

u10 
A3 

A7 
A8 
A9 

M2 
1 

Ato 
M3 

M4 A4 
A5 
A6 

IC4 
M5 A15 

All 
Al2 M6 
A13 

M7 
Al4 

RAS 

CAS 

RAS 

CAS 

seven (or eight) row address lines 
into the memory. On the first posi- 
tive going clock edge after MREQ 
the SWMX flip-flop IC2b clocks.The 
D inputis REFwhich will be high dur- 
ing memory cycles. Therefore the 
SWMX signal goes high and switches 
the column address lines to the 
DRAM. On the next negative going 
clock pulse CAS goes low and gates 
in the column address. Data can 
then be written to or read from 
memory depending on the Z80 RD 
line. The WR line is not used. The 
cycle ends when MREQ goes high 
causing both flip-flops to reset. 
Refresh: Dynamic RAMs require 
RAS low and CAS high and only the 
lower 7 address lines are used to re- 
fresh. The Z80 counts through the 
lower 7 address bits after each in- 
struction fetch and sets REF low. 
MREQ and REF are gated together 
to produce RAS. Clock cycles do not 
change the state of IC2a because 
the D input is REF which is low. 
Therefore the multiplexer is not 
switched and CAS is not generated. 
Addressing: For 16K DRAMs A14 & 
A15 are not connected to the mul- 
tiplexer and will normally be gated 
to provide Chip Select (CS). In this 
case ground the inputs to the 
multiplexer. 

When 64K DRAMs are used the 
CS input may be a disabling signal to 
avoid double addressing with 
ROMs. 
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Regulator For 
DC Generators 

J. Michael, 
Broadstone, 
Dorset 

This circuit was developed to re- 
place the regulator on a motorcycle 
when the original component failed 
and a replacement proved impos- 
sible to obtain. It is designed to con- 
trol the output voltage of a 6V 
dynamo used for charging a lead - 
acid battery but it could easily be 
adapted to suit other voltages. Both 
positive and negative earth versions 
are illustrated and in either case the 
circuit will replace the original regu- 
lator without modification of the 
existing wiring. 

Rx is the field current control 
resistor. On the original unit this was 
incorporated in the dynamo, but for 
most applications a separate resis- 
tor will have to be fitted in the 
regulator. A 10W wirewound type 
should be used. The series diode D2 
replaces the cutout in the original 
regulator. D2 and Q1 should be 
mounted on a small heatsink. 

To set up the desired charging 
voltage (6.9V in the case of a 6V 
lead -acid battery) set RV1 fully 
clockwise and run the dynamo at 
maximum speed with a fully - 
charged battery connected. RV1 
should then be adjusted until the 
battery voltage is correct. 

NEGATIVE EARTH VERSION 

POSITIVE EARTH VERSION 

NOTE: 
RV1 01 = TIP41 
100R 02 = BC212 

D1 = 1N4001 
02 = 26A 100V RECTIFIER 
ZD1 = BZY88C 5V6 
F51 = 15A Slo-Blo 
Rx SEE TEXT 

NOTE: 
01 = T1P42 
02 = BC182 
D1 = 1N4001 
02 = 26A 100V RECTIFIER 
2D1 = BZY88C 5V6 
FS1 = 15A Slo-Blo 
Rx SEE TEXT 

10 

TV Sync 
Generator 
J. C. Barker, 
Morley 

This crystal controlled sync genera- 
tor uses only four cheap CMOS ICs, 
a4MHzcrystal and afew Rs and Cs, 
and can be operated from a supply 

R1 
10M --NM1 IC1 

5 4 6 4 2 3 

2 3 415.9114111121 
«---ir--+ y XTL 

IC3a IC3b T 
C1 
22p 

TZ 
C222 

AT? 

H SYNC 

V SYNC 

13 

10 

T11 

IC2 

10 

IC4c 

SET 1 
IC4c 

NOTE: 
IC1 = 4060 
IC2 = 4040 
IC3=4012 
1C4 = 4093 
XTL =4MHz 

RESET 
5 

IC4b 

R2 
3k9 

4 

3 

C3 
100p 

C4d 

O V SYNC 

r 4uS 

-64uS-- 

iI 

LJ U 

20mS 1i 

--11 512uSit- 

H AND V SYNC (Not to scale) 

O H SYNC 

of between 5 and 15V. 
IC3a gates the Q5, Q6, Q7 and 

Q8 outputs from IC1 to generate 
the H sync pulses. The V sync is 

generated by IC3b which gates Q8, 
Q13, Q14 and Q17 (the third out- 
put of IC2) to set the latch IC4a and 
b after 19.488 ms. The latch is reset 
512us later by the Q12 output of 
ICI via IC4c. IC4d then generates a 
positive going pulse to reset the two 
counters and start the cycle all 
over again. 

Attention! 
Would the authors of the following 
Tech tips please get in touch with 
us: - 
CRU Interface For The Cortex 
Caravan Indicator Warning Light 
In each case the address of the 
author has been mislaid and we 
need to contact them before using 
the items. 

May we also take this oppor- 
tunity of advising all Tech Tips 
authors to write their names and 
addresses on each sheet of their 
submissions rather than just on the 
title page. This ensures that, even if 
the sheets get separated, we will still 
know what belongs where. This is 

especially important with drawings 
which are treated separately from 
the text and therefore stand the 
most chance of going astray. With 
luck, if this advice is followed, even 
we won't be able to lose things! 

ETI MARCH 1985 
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INTERNATIONAL 

AN ARGUS SPECIALIST PUBLICATION 

THE FINAL LINK 
Some people think of the loudspeaker as being the final 
link in the hi-fi chain, but it isn't. The final link is actually 
the ear, and the performance of this delicate piece of 
apparatus affects all the other items in the hi-fi chain. 
And we promise to do our best to avoid the appalling 
puns you've all been complaining about on the Readers' 
Survey forms. (Shouts of 'ear,! 'ear! from assembled 
ranks of readers.) 

TELEPHONE CALL METER 
Are you worried about your phone bill? Do you have an 
old calculator knocking around? Put the two together, 
and you could find yourself building the ETI telephone 
call meter. It's a real hackers' item. 

RS232 FOR THE 
SPECTRUM/ZX81 
Most RS232 ports are just one way, or at least, for these 

two machines they are. Ours is two way, enabling your 
computer to talk to other machines, modems, and any- 
thing else interactive that has an RS232 interface on it. 

ELECTRONICS FOR PEACE? 
A very large number of electronics professionals are 
employed in the defence industry. Indeed, a large num- 
ber of our readers must be employed in this way, either 
directly or indirectly, as sub -contractors to defence con- 
tractors. Is this a state of affairs we should be happy with? 
We'll be talking to one group who think not, to find out 
how they were set up and what their objectives are. 

THE SECRETS OF TELECINE 
It's not that easy to turn 'Towering inferno' from a wide- 
screen epic into a small -screen Sunday matinee, and not 
all the difficulties are those of imagination. We'll be look- 
ing at the technicalities involved. 

ALL THIS AND MORE IN THE APRIL ETI 
ON SALE MARCH 1st 
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SKS 

SOLDERING KIT 
Free 'How To Solder' booklet 

and pack of solder 

SKS 

Soldering Kit 

Model XS 

Model CS 

Model C 

TCSU-D 
Temperature -Controlled 
Soldering Unit 

Model C 

- 15 Watts Available for 

250, 220, 115,100, 50 or 

24 volts. 

Model XS 

- 25 Watts Available for 

240, 220, 115, 100, 50, 24 

or 12 volts. 

Model XS -BP 

- 25 Watts 240 volts, fitted 
with British Plug. 

5T4 Stand 
-To suit all irons 

EX 
soldering 

Tomorrows Soldering Technology Today. 
ANTEX has a worldwide reputation for quality & service & for many years 

has been one of the best known & most popular names in soldering. Always 

at the forefront of technology, ANTEX is continually researching new and 

better ways -of achieving more accurate, reliable, and cost effective 

soldering. On ANTEX Soldering Irons, the advanced design of the interface 

between the element & the bit allows more efficient heat transfer to the 

bit and improved stability of the temperature at the point of contact with 

the work. Indeed, experiments have shown that an XS25 watt iron can be 

used for tasks where a 40 watt iron would normally have been required. 

ANTEX Soldering Irons exhibit exceptionally low leakage currents & hence 

are suitable for use on Static Sensitive Devices. Sophisticated temperature 
controlled soldering units have recently been added to the ANTEX range. 

5K5 Soldering Kit. Contains 
model CS 240v Iron, an ST4 

Stand and solder. 

SK6 Soldering Kit. Contains 
model X5240v Iron, an ST4 

Stand and solder 

SKS-BP and SK6-BP 
Soldering Kits as above with 
British Plug. 

Model CS 

- 17 Watts Available for 

240, 220, 115, 100, 50, 24 

or 12 volts 

ST4 Stand 

Model CS -BP 

-17 Watts. 240 volts, fitted 
with British Plug 

TCSU1 

- Very robust temperature 
controlled Soldering Unit, 

with a choice of 30 Watt 
(CSTC) or 40 Watt (XSTC ) 

miniature irons 

Range 55°C to 420'0 
Accuracy 2% 

TCSU-D 
Elegant Temperature 

Controlled Soldering unit 
with 50 W Iron (XSD) and 

built around FERRANT! 

custom-made ULA Range / 
Ambient ;o450'C Acc- / .` so' 

uracy ± 5°C Zero / e0 e ,cos 

crossing switching / X\3 - a> 
Detachable / 0 fie` 

e`'ec 
/ 

sponge awe er 
tray 

/ 

xOE ., 
. MODEL WW1 

r t 94 681 8970 
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coutez HARDWARE 
SOFTWARE 

MDEX disc OIS + BASIC £95 
MDEX Professional Dev. Sys. £275 
CORTEX POWER -BASIC disc extensions £43 
MDEX Extensions 
Editor £35 
Relocating Assembler/linker £35 
FORTH - screen editor, assembler £55 - graphics - better than BASIC £35 PASCAL - by Pre Brinch Hansen £35 
QBASIC - fast BASIC compiler £150 
UCSD Pascal, SPL, META, WINDOW, SPELL 
CORTEX tape software 
Pengo - fast machine code action 
Golf - excellent animation 

£6 
£6 Micropede - rampant caterpillar £6 

Space Bugs, Pontoon, Breakout each £6 Cassette/CDOS word processor £13 
Add £2 for software on CDOS disc 
Disc Drives 
80 track double -sided double -density £190 
40 track single -sided double density £120 
E -BUS Floppy/Winchester Controller 
E -BUS 64/128 Kbytes DRAM card 
E -BUS 9995 Processor card 
80'24 Character video card 

£135 
£145/£245 

£145 
£48 

State disc format and add VAT to all prices 
!!Brainstem Issue 2 out soon!! 

Jak 
MICRO PROCESSOR ENG LTD 
21 HANLEY ROAD SHIRLEY 
SOUTHAMPTON 
SO1 5AP 
TEL: 0703 780084 D 

precision pick-up arms 
Please call or write: 
SME Limited, Steyning, Sussex, BN4 3GY 
Telephone: 0903 814321 Telex: 877808 G 

°GRIPMATE° 
sot° ELECTRONIC ENGINEERS NEED 

'EXTRA HANDS' FOR 
SOLDERING GLUEING 
AND ASSEMBLING 
This essential compact tool comes 
complete with 4 crocclip flexiarms 
to hold components positively and 
rapidly with infinite positioning 

J ONLY S 48mm 
USEFUL ACCESSORIES.... 

w 2.5. MAGNIFIER FLEXI-ARM £2.50 
7/=/ MAGNET FLEXI-ARM £1.50 

ALL PRICES INCLUDE VAT -POST -PKG 

SEND NOW! CHQ/PO OR SAE DETAILS DIRECT FROM THE MAKERS: 

KEMPLANT LTD (DEPT.1) 
DURFOLD WOOD, PLAISTOW, BILLINGSHURST, WEST SUSSEX RH14 OPN 

TEL: 
048 649 344 

,.._._._._.... 
APA PLI FI N CHOOSE CRIMSON. THE 

NAME THAT MEANS QUALITY CATI 
Before buying elsewhere check out the features of CRIMSON quality: - 

ALL OUR MODULES: 
superior p.c.b., component identification, solder resist. 
non -potted so non -disposable if damaged. 
metal film resistors. 
negligible noise and distortions. 

OUR BIPOLAR POWER AMP MODULES:- 
fuseless electronic shut -down with re -set facility. 
reverse polarity protection. 
high output current capability (>25 Amps on CE1704). 
18 transistors, 7 diodes. 

OUR MOSFET POWER MODULES:- (FE908, FE1704) 
reponse down to d.c. 
j-fet inputs. 
common source output for highest efficiency. 

OUR CPR2 PREAMPLIFIER 
ultmate sound quality. 
42 semiconductors and perfect symmetry topology. 
anti -thump circuitry. 
selected passive components. 

skr 
gyp. 

' 'ñ't, 

NEW PRODUCT: FET3 POWER MODULE 
UP TO 450W. 900W BRIDGED MODE. 
100V R.M.S. BRIDGE. £74.50 

Examples from our range of built, tested and 
guaranteed modules. 

Price Inc. 
Module Power/Load VAT & Delivery 
CE608 60W/8R £21.00 
CE1004 100W/4R £24.50 
CE1008 100W/8R £27.50 
CE1704 170W/4R £35.00 
CE1708 170w/8R £35.00 
FE908 140W/4R £29.50 
FE1704 240W/4R £,52,00 
CE3004 300W/4R £49.00 
BO1 BRIDGER £8.20 
CPR2 PREAMP £47.95 J 

Write or phone for details:- or contact our agents:- 
CRIMSON ELEKTRIK STOKE, BRADLEY -MARSHALL, 
Phoenix Works, 500 KingSt., 325 Edgeware Road, London 
Longton, and (especially for demonstrations):- 
Stoke-on-Trent ST2 1EZ. WILMSLOW AUDIO, 
Tel: 0782 330520 35-39 Church St, Wilmslow, Cheshire. 

% 
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PROJECT 

DIGITAL 
FRAMESTORE 
The project draws to a close with the last of the constructional 
details, suggestions on how to link the unit to a home micro and 
what to do with it when you've done this and a mod to use an 
external sync source. All by Daniel Ogilvie. 

Essentially the framestore is a 
large piece of memory. 
Various bits and bobs have 

been added to it to format the 
memory so that it can be easily 
written to and read from in a 
format compatible with a raster - 
scanned TV system. However at 
the heart of it all is a large piece 
(512K) of dynamic RAM just 
waiting to be got at by your home 
computer. The home computer 
itself can perform some quite 
powerful image processing 
routines. 

We have seen that grey level 
manipulations can be performed 
by the lookup table and for the 
type of thing discussed that offers 
us a faster non-destructive 
method. It could equally have 
been performed by the home 
micro. Indeed, a micro with access 
to the framestore memory was 
essential to construct the grey 
level histogram. Image storage is 
another area where the home 
computer can be of some use, 
although your average floppy disk 
will throw a fit at having to cram 
on the 393K bytes necessary to 
store just one image. However 
parts of images may be stored and 
the more adventurous may 
choose to write some image com- 
pression routines, a 10:1 reduc- 
tion being possible on simple 
images. 

Getting At The RAM 
Most home computers are 

based on either the 6502 or Z80 
MPU's, with a smattering of 6809 

and 68008 (just), amongst them. 
Mr Sinclair has chosen the right 
road with the QL for our average 
image processing buff, in that the 
68008 can address 1 Mbyte of 
memory directly. The 512K of the 
framestore can slot in nicely. 
Most micros are restricted to 64K 
and by the time we have added an 
operating system or two and some 
of its own RAM there may be little 
left to access the framestore. 
There is a lot to be said, therefore, 
for a dedicated micro providing a 
serial or, preferably, a faster 
parallel interface to the home 
computer, or providing a DMA 
interface to shift chunks of the 
framestore memory's data to and 
from the micro's own RAM. 

We will not take this approach, 
however, but will make the 
assumption that at least a 16K 
block can be freed through which 
we can access the framestore 
RAM by bank selection. The pop- 
ularity of the home micros has 
been reflected in two designs 
recently in ETI for dynamic RAM 
controllers for the 6502 and Z80. 
Also recommended is the 
excellent Texas TMS4500A DRAM 
controller user manual, which pro- 
vides circuits to interface some 
other microprocessors to DRAM, 
including the 68000, 8085 and 
TMS9995. 

Other DRAM controllers are 
available, from AMD and Intel 
amongst others, with exhaustive 
application notes. We will con- 
centrate therefore on the bank 
select logic and particular points 
regarding the interface to the 

framestore RAM. 
You will remember that each 

RAM card stores one bit of data. 
There are eight 64K X 1 DRAMs 
on each card, which is configured 
to store 512K X 1 of data. We pro- 
vide an eight bit shift register on 
the card which temporarily stores 
the incoming data before we 
parallel load this 8 -bit byte into 
the RAM. This overcomes the 
relatively slow access time of the 
DRAM. Each DRAM therefore 
stores every eighth bit of the same 
DRAM address. 

The facility has been pro- 
vided on the card to turn off the 
drivers to the RAM address and 
control inputs. This allows access 
to an external DRAM controller. 
When the MPU line is pulled low 
(and MPU is high) the DRAM 
address multiplexors and W, RAS 
and CAS drivers are turned off, 
(high impedance) as is IC17, the 
latch that drives the data lines to 
the RAM. 

We now have complete access 
to the RAM on the card and are 
free to access any of the 64K bits 
of RAM. We do, however, have to 
perform some muliplexing of the 
data and control lines to enable us 
to sequentially access pixels from 
the DRAM and not have to worry 
about the complications caused 
by the shift register. Were we not 
to do this, and, for example, tied 
each data line of the DRAMs to a 
separate MPU line, sequential 
pixels would appear on each line 
of the MPU data bus. 

To access any of the remaining 
five data bits we would need to 
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select a separate part of memory. 
For example, assume we wish to 
read from the framestore memory. 
First set up the most significant 
address lines of the micro- 
processor bus (latching them into 
a port), then perform a memory 
read operation at the address we 
want to access. The DRAM con- 
troller performs the muliplexing of 
all but the lower three address 
lines and then strobes RAS and 
CAS low in turn. When CAS is 
strobed low, all eight dynamic 
RAMs turn on their output drivers 
and, after the CAS access time, 
the data at the address we have 
selected becomes valid. 

In fact we access eight sequen- 
tial pixels worth of data at the 
same time. The data outputs from 
the DRAM are taken to the eight 
to one muliplexor IC19. We select 
one of the eight DRAM outputs by 
means of the three lower address 
lines: the data bit appearing on 
the MPU data bus is thus just 
one of the selected pixels. If we 
wish to access the next sequential 
pixel we increment the address 
line by one. The address loaded in 
to the RAM is the same but the 
lower three address lines select 
the next bit from the next DRAM. 
This is performed on all six boards 
simultaneously - each board 
drives a separate MPU data line - 
only D0 -D5 of the MPU data bus 
are used. This process is illus- 
trated diagramatically in Fig. 17. 

RAS 
A0A1 A2A3A4A5A6A7 CAS 

L J 

MULTIPLEXED ADDRESS BUS 
FROM DRAM CONTROLLER 

This method is not the most 
efficient to access the RAM, but it 
is simple. By strobing all of the 
CAS lines simultaneously (and 
thus turning on all of the RAM 
drivers simultaneously) maximum 
current is taken. We are turning 
on eight RAMs to access one per 
board. Ideally we should mul- 
tiplex the CAS lines to the RAM's 
using the same method we use for 
writing. 

Writing to the RAM is per- 
formed much the same as reading. 
The DRAM controller responds to 
a write access request by strobing 
RAS and CAS low to latch the two 
eight bit address inputs. Because 
the R/Warrives before CAS (read/ 
write is set up with the address 
lines by the MPU) the DRAMs 
perform an early write and the Q 
outputs will remain in a high 
impedance state. When R/W is 
low and a valid CS has been 
received, the 74 LS138(IC14) 
decodes the lower three adddress 
lines and the appropriate Y output 
is strobed low driving the DRAM 
write line low, and latching in the 
data that has been set up on the D 
inputs (and buffered by IC18). 

Although slightly more com- 
plicated, this method of accessing 
the DRAMs allows the MPU to 
"see" a logical memory map. The 
first pixel stored (top left of field 
1) is at address 00000H, the next 
along the line is at 00001 H, etc. 
The end of the first line (pixel 

A0 Al A2 RW 
(FROM 

NON-MULTIPLEXED PROCESSOR) 
ADDRESS BUS FROM MPU 

number 639) is at 0027FH. The 
next line starts at address 
640=00280H and ends at 
004FFH=640+639. The end of 
the first field is at (640X- 
256)-1=27FFFH. The next field 
starts at 28001 H and ends at 
(640X512)-1=327679=4 FFFFH. 

In this way, any dynamic RAM 
controller can access the frame - 
store as if it were a conventional 
piece of memory. We have also 
seen that it is necessary to be able 
to address 327,679 bytes to have 
access to all of the framestore and 
this is beyond the addressing 

PARTS LIST 
MEMORY CARD 

RESISTORS (all 1/4W 5%) 
R1-10 33R 
R11 2k2 
CAPACITORS 
Unmarked decoupling - all 100n 
ceramic 
SEMICONDUCTORS 
IC1, 10 74LS257N 
1C2-9 MCM666L20 

(64K X 1 200ns 
DRAM - see text) 

IC11,12 74LS08N 
IC13 74LS244 
IC14 74LS367 (8T97) 
IC15 74LS138 
IC16 74LS138N 
IC17,18 74LS195N 
IC19 74LS374N 
MISCELLANEOUS 
PCB: wire solder, etc. 
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range of most 8 -bit micro- 
processors, which makes it 
necessary to implement a bank 
selection technique to enable us 
to peer through a movable win- 
dow at the framestore. 

A15 
A14 
A13 
Al2 

A7 

A6 

A5 

A4 

LO 
A11 

A10 
A9 

AB 

A3 

A2 
Al 
AO 

CAS 
WR 

CLK 
SIL 

R/W 
TP 

LS541 

-- MAO 

-le RAS 

--e =CAS 

A2 

A1 

AO 

A suggested circuit for this is 
shown in Fig. 18. If we have, for 
example, only 16K of memory 
available in the micro, we will 
need to be able to select one of 
twenty blocks to access the com- 

= Z 
g g :22f îfff666GQlsQ 

plete framestore (20 X '16K -- 
327,679). The additional upper 
address lines we require can be 
stored in a latch by an additional 
MPU load instruction to select 
one of the twenty 16K blocks 
before we perform a memory read 
or write. Normal read or write 
operations can now be performed 
within the block selected. 

Synchronising The 
Framestore 
The framestore as it stands is 

intended to be the master sync 
generator, ie, it will provide the 
synchronisation for all the other 
units in the system connected to 
it. However, this is not always 
possible, for example, when using 
video recorders, off -air broadcasts 
and some cheap video cameras. 
The modification described here 
allows the framestore to be exter- 
nally synchronised. 

The modification works by 
replacing IC5 on the control card; 
IC5 is the sync pulse generator IC. 
The heart of the replacement cir- 
cuitry is the TA6993W, which is 
itself a sync pulse generator, but 
with the facility to synchronise to 
an external reference. This IC nor- 
mally runs off the 500kHz clock 
input to pin 23 (this should be 
derived from the 25MHz clock 
already on the control card). The 
TA6993W generates an odd field 
pulse instead of an even field 
pulse (as with IC5, ZNA134)) but 

Mr $`1 ..4; íía`+ÿ 
me,`. 

D¢:ísa f 
J441::4i 

+6V 

OV 

SO 

SI 

NOTE: 
ALL UNMARKED C's= 100n 
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PROJECT : Framestore 

this is not important, it just shifts 
our reference point. 

The TA6993W contains a phase 
comparator and a phase -locked 
loop. When negative going mixed 
sync pulses are presented on its 
pin 20 it switches over from the 
external oscillator to an internal 
voltage controlled oscillator 
formed by the RC network on pins 
6,22,24. The frequency of this 
oscillator is varied until the inter- 
nally generated line and external 
line input are locked in phase. 

The vertical synchronization is 
achieved by integrating the mixed 
sync input via the 18k and 1 nF 
capacitor, which generates a field 
pulse, and using this to reset the 
vertical line counter. This method 
produces a quite effective exter- 
nal lock but it will never be as 
stable as the original method. The 
trimmer should be adjusted until a 
stable lock is obtained; be careful 
to avoid twice line frequency. The 
switch over between internal and 
external oscillator is performed 
automatically and the sync source 
is indicated by detecing the 
voltage level on pin 1 and lighting 
an LED (+6V = external sync). 

The front end of the circuit is a 

COMPOSITE 
VIDEO IN O- + 
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sync separator which strips the 
syncs from the composite video 
input. The composite video is 
amplified and clamped by diode 
D1. This is fed to a comparator 
formed by the op -amp. The other 
terminal of the op -amp is fed with 
a proportion of the signal from the 
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peak detector formed by diode 
D2 and the capacitor. The com- 
parator threshold is therefore set 
just up from the sync tips, pre- 
venting false triggering due to 
noise. 

ETI 

* * NI -CAD BARGAINS * * 
Re -chargeable Nickel -cadmium batteries in stack Ex -equipment but 
very httle used condition. DEAC 1000OK Button Stacks 6 cells - 
7 2V. Sae 21/4 x T diem. Capacity IAN. E3 inc. VAT Ip&p 25p). DEAC 
60WDKZ Belem stacks 3 cells -. 3.6V. Size I1/ x 111" dram. 
Capacity 6AH. £1.50 Mc. (p&p 20pí. 
Also available -- PCB's from which these 
batteries have been removed containing 
Transformer, Diode rectifiers, smoothing 
capacitors, DPDT Relay, fuses etc. ONLY £1.50 
each inc. VAT (p&p 75p). Complete board & 
batteros £5 (p&p £11. -. 

Brend new stock of 'ASTROSYN' Type 20PM-A055 stepper 
motors. 28V DC. 24 steps per rev. 15 oz -in torque to I COP PS. 
Body length 210", diameter 2", shaft 1/4" drain x 41/4" spirally 
threaded Weight 16or. Price each £11.50 (p&p 50p1. Conned 
irons supplied. INC. VAT, 

* * STEPPER MOTORS * * 
In stock -- used, but excellent condition. 4 -phase steppers. 50 
seeps/rev motor with (removable) gearbox giving a 300.1 reduction. 
6V DC operated. Complete with a driver board requiring lust a single 
6V rail and pulse input. Motor measures I" x 1" diameter, gearbox 
3/4' x 231" output shaft 
3/16'. Sold complete 
with connectons. CCT 
diagram of motor. CCT# - 
details of half stepping 
etc. M tar psi El 
VAT (p&p 50p1. 

OPTICAL ISOLATORS 
SPERRY UNIVAC M4000 eplu-isolator units providing 2KV of esule- 
tron between Modems and Terminals. 25 way "D' connectors 
11/1S232C Interlace) n and out. Measures 9x5x 7". Complete with 
handbook £16.50 inc VAT&p&p. 

BECKMAN TURNS 
COUNTER DIALS 

Miniature type 122mm diaml. Counting up to 15 
urn "Helipots". Brand new with mounting instructions. Only 0.50 
each inc VAT & p&p 

* CROSS -HATCH GENERATORS * 
LABGEAR COLOURMATCH CM6004PG. 
UHF television pattern generators giving 
crosshatch, dot and grey scale patterns 
Fully tested and guaranteed. NOW JUST 
£21.50 inc VAT & p&p. ±rI6611M^ 
LABGEAD COLOURMATCH CM601011G Gated Ratobow colour 
pattern generators Cross-hatch/dot & gated rainbow (RUB) 
colour bar patterns. £65 inc 
UNAOHM E0684 PAL Colourbar & pattern gee. 075+ 
KORTING 82512 PAVNTSC Colour & pattern gen.... _ £275i 

Marl Order customers please add £2.50 postage each item. 

RALFE ELECTRONICS 
10 CHAPEL STREET, LONDON, NW1 TEL: 01-723 8753 

'OSCILLOSCOPES' 
HEWLETT-PACKARD 141A Storage Oscilloscope. 
HEWLETT-PACKARD 1707A dual trace 75MHz £750 
TEKTRONIX 454A dual trade 150MHz sweep delay.F960' 
TEKTRONIX 453 dual trace 50MHz sweep delay,óOB- 
TELEQUIPMENT 075 dual trace 50MHz sweep delay £450 
SONY/TEKTRONIX 335 dual trade 35MHz portable. 
TEKTRONIX 7704 frame and plug-in units. 
GOULD OS1000B dual -trace 20MHz. 

All these units are sold 
in full operational 

condition and 
calibrated to spec. 

All prices are subject 
to additional VAT 

& carriage 
(Securicor) + £10 

* * TEST EQUIPMENT * * 
MARCONI TF1313A 0.1% Universal Bridge. 
WAYNE KERR 0221 Universal Bridge. 
SULLIVAN MOW Inductance Bridge. 
MARCONI TF2904 Electronic Multi -Meter. 
MARCONI TF493A Audio Power Meters LW. 
MARCONI TF2502 RF Power Metes. DC-1GHr 10w fsd E350. 
UNAOHM E0604 PAL Colour -bar and Pattern Generator E275. 
KORTING 62512 PAVNTSC Colour Pattern Generator £275. 
ROHDE & SCHWARZ 'SOR' AM Signal Generator 03-IGHz. 
DATRON MODEL WM Digital Voltmeter. 
ROHDE & SCHWARZ Resonance Frequency Meter 470MHz-2.56Hz. 
ROHDE & SCHWARZ Polystop SWOB II. 
BRUEL & KJAER Heterodyne Voltmeter 0.5-24OMHz. 
AIRMEC Display Oscilloscope 279, 4 -trace, 14x 0' CRT £195. 
RIKADENKI 3 -channel Chart Recorder. Model B 341. 

* 125W MAINS INVERTERS * 
12V DC Battery Input to 230V AC. Output 
Irrr 125 watts crystal -controlled 50Hz 
time -base oscillator, fully enclosed in 
blue -steel cases with integral 13A socket. 
Dimensions approx. 4 x 6 x 10". BRAND 
NEW. Ea . VAT (p&p £21. 

* MAINS STABILISERS * 
Small quantity available of brand-new Gould 
ECVN250A constant voltage transformers. 190 
260V AC input to 240V AC output irr 250 watts. 

E45 each + VAT (p&p £3). 

* SWEEPERS * 
TELONIC 2003 System. 800-15WMHz E325 
TELONIC SM20110 with 500-900MHz plug-in £115 
KNIGHT KG -687 3 220MHz £150 

** 
453 E500 
454 £B5o 

STEPPER MOTORS ** 
Brand new stock of 'ASTROSYN' 
Type 20PM-A055 stepper motors. 
28V DC. 24 steps per rev. 15 oz -in 
torque 100PPS. Body length 
21/2", diameter 2", shaft 1/4" diam x 
41/4" spirally threaded. Weight 
16oz. Price each £11.50 (p&p 5001. 
Connections supplied. INC. VAT. 

* COMPUTER PERIPHERALS * 
1.6MB 8" FLOPPY DISC DRIVES - 

New Stock 
After our recent sell-out of the DRE1100 FDDs, we are pleased 
to offer another bargain package as follows: BRAND NEW 
American 'MFE Corp' model M-700 DOUBLE SIDED 8" Disc 
Drives. Massive storage capability up to 1.6MBytes. Full IBM 
compatability. External power requirements are ±5V at 1.2A 
and +24V at 1.IA. Full spares/back-up available U.K. IElcoma- 
tic's). Current list is over L315. 

* * NOW LOWEST PRICE EVER £160 - INCLUDING 
MANUAL INC CARRIAGE & INC VAT * * 
* 19M BYTES WINCHESTERS * 

Now available again, UNITED PERIPHERALS 3100 
Minidisc Drives (3x8" sealed plattens) capable of 
over 19MB. Sold in un -tested, un -guaranteed condi- 
tion for just £125 inc VAT, carriage and copy of 
handbook. 

* MULTI -RAIL LINEAR PSU's * 
Recent stock of brand new COUTANT ESM-Series 
Power Supplies at surplus prices. Model ESM15.2 
giving regulated, stabilised DC outputs 5V tir 15A 
and ±12V to ± 15V ( 1.5A each and an un -stabilised 
24V (Q 2A. 240V AC input. Measures 5x8x 11". Fully 
enclosed. In original cartons with handbooks. f45 
each + VAT (p&p E2). 

* SWITCH -MODE POWER SUPPLIES * 
Fully tested and guaranteed PSU's now at LOWEST EVER 
PRICES. Manufactured by FARNELL, GOULD/ADVANCE. 

5V (4,10 amps.._.. _.__.£58 12V 16A(110V in). £20 
5V di 20 amps £20 5V Sr 60 amps £35 

19V6,-15 amps 
__. £35 12V (ir 15 amps.__._ E40 

All prices now include VAT, packing and posting. 

* CENTRIFUGAL BLOWERS * 
'TOWN' Type U6281. 230V Cap'Start (supplied), very 
powerful (200W, 3,000 rpm) centrifugal fans for large 
rack cooling or enclosure extraction applications. 
Overall dimensions 20x12 cuis, outlet 8,4 cms. 
BRAND NEW. Surplus stock. £15 each inc. VAT, P&p 
E1.50. 

* TEKTRONIX * 
FILE MANAGER SYSTEM MODEL 
4907 Option 31 (Third disc drivel. 
4051 Graphic System compatible. 
GPM IEEE 480-1975 co rabble. 

PLEASE NOTE. An the pre owned equipment shown has seen carefully tested in our workshop ant 
econdeaned where necessary. It is sold in hrst-ela s operattanal cerdrton and most neon carry a three 

months' guarantee. For our marl order customers we have a money -Pack scheme. Repairs and servicing to all 
equipment et very reasonable rates PLEASE ADD 15% VAT TO ALL PRICES. EQUIPMENT WANTED. 

* INSTRUMENT COOLING FANS * 

* 
Recent stack of BRAND NEW 5 -bladed axial * 
cooling fans measuring 31/4 x 310 x 1" * 
Islimhne fans). * 
230VAC 10 watts £7.50+VAT * 
115VAC13 watts _.. E6.50+VAT * * NB. These fans are under IR RS price. Postage each VOp. * * Guantity discounts available for 10+. 
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NEW THIS MONTH 
IEC FILTER PLUG 

Made by Rendar, integrated chassis mounted plug 
with mains fitter rated 2A. Like RS 238-514. Only 
£3.00. 

7 -SEO LEDS 
MAN8910 0.8" red seven segment LED's common 
anode. £1.25 10 for £10. 

OIL SOCKETS 
Gold plated low profile at unbeatable prices: 
14DIL £7/100 
16DIL £8/100 
24DIL £12/100 
40DIL £20/100 

VOLTAGE REG SCOOP 
7924UC 1A 24V 40p 
uA317UC '4A variable sop 

78MGUIC Variable 85p 

12V SOLENOID, 10mm travel. Overall length 46x- 
13x15mm. Coil 75R Only £1. 
2924 Super Modem panel 260x175mm with a host of 
top quality parts - 2 x 4way DIL switches. 2 BCD 
switches. 31 LS chips, TR16028 DART, 2211/2206 
FSK Rx and Tx chips. £6.00. 

LEADS AT SILLY PRICES 
P 1816 DC adaptor lead for Walkman, 1.8m long 

30p- 
P OL526 2 pin DIN line ski to phono plug 02m logn 

20p. 
1.1508 5 pin Din to 3 pin DIN audio lead 12m long 
lap. 
P1341 Intercom extn lead. 3.5mm line skt to 3.5mm 
plug. 6m long 40p. 
P1708 Video lead. P1259 plug to F type plug. 3m low 
loss coax 65p. 

FM TUNING MODULE. This neat unit 75x40x19mm 
as used in car radios etc. Standard 10.7MHz IF out- 
put. 9-12V DC supply. Full connexion data 
supplied £2.40. 

STEREO CASSETTE HEAD. Only £1.00. 

These digital mutt meter cues are moulded In high 
impact Mack poetic and are uttered al an extremely 
attractive pits to dear stocka. 
DP2010 110x80x120mm, this has cutouts for 
range switches and terminals. with a smart alu- 
minium fascia marked with ranges etc. Battery 
accessible by removeable cover on beck 75p. 
DP100 Same size as above, but thsi was for use as a 

digital thermometer so theres only a single 9mm 0 
hole in the front panel 75p. J 

SHOP SALE 
23rd FEB - 9th MAR 

MANY BARGAINS - 
WORTH A VISIT! 

PANELS 
2908 Panel 147x38mm with 2 x TDA 1004 6W audio 
amp IC's not soldered in! so they can easily be 
removed. Also 1000/16, 1000/10 x 2, 470/16 sires, 
ceramic discs, R's, also choke. (All easily removed) 
Stereo Amp? Only £3.00 (IC's worth £8). 
2909 Another board which escaped the clutches of 
the flow solder machine - 103x39mm, this is an RF 

panel with a TDA1200 FM/IF chip & uPC1176C noise 
canceller + R's & C's inc. tants. Chips cost around 
lie together. Price for panel £2.50. 
7510 139x39mm, this panel has soldered in com- 
ponents - TCA4500A and TBA651 R, AM radio with 
IF amp. Probably complete RF section of radio as IF's 
and trimmers are on board, + R's C's etc £2.50. 
2911 L shaped board 125x35mm. Looks like RF sec- 
tion of radio - BF194-5 etc + trimmers & IF's, but 
tuner is absent. £1.00. 
2912 Same as ZOO®, only components have been 
soldered £2.80. 
2913 Another L shaped panel 135x40mm with non - 
soldered components including: BC549C x 2, BC208 
x 3, BF241 x 2, BF194, coifs, trimmers, R's, C's etc. 
£1.00. 
2917 PSU Panel 3200 190mm with MJ802 (30A 100V 

200W) on largeheatsink, 7 smaller heatsinkscontain: 
2x7805;7812; 7905; 2 0MJE2955:2SA473. AI5o555, 
3x4A bridge rests, large smoothing caps, multiway 
plugs and sockets etc. Ex -equip working order. 
Only £6.50. 

DIP BOARD 
Fibreglass DIP board 158x165mm double 
sided with 58w 0.1" edge connector gold 
plated. Vero. £3.50. 

20 WAY RIBBON CABLE 
Twisted and flat computer grade for lower crosstalk. 
Reformed intoflat sections every 21" for IDC connec- 
tors. Only 70p/21" or £25 per 1001 reel. 

31h DIGIT LCD DPM 
Type 9005 self powered. Input range 4.20mA. Con- 
tained in std DIN enclosure 96x480100mm £15. 

1984/85 CATALOGUE 
84 page A4 size - Bigger, Brighter, Better, - more 
components than ever before! With each copy 
there's discount vouchers. Bargain List, Wholesale 
Discount List, Bulk Buyers List Order Form and Reply 
Paid Envelope. All for just £1.005 (FREE to Schools 
etc). Winter Supplement out now - Send large SAE 
for your free copy. 

'TREKKER' 
Computer -controlled Robot built around 

the gearbox described below. Complete kit 
of parts inc PCB, program listings for BBC 
(other micros soon). £44.85 20W ribbon 
cable (min 3m recommended - 5m better) 
£1.30/m SAE for illustrated leaflet. 

MOTORIZED GEARBOX 
These units areas used in a computerized tank, and 
offer the experimenter in robotics the opportunity to 
buy the electro -mechanical parts required in build- 
ing remote controlled vehicles. The unit has 2 x 3V 
motors. linked to a magnetic clutch, thus enabling 
turning of thevehicle, and agearboxContained within 
the black ABS housing, reducing the final drive 
speed to approx 50rpm. Data supplied with the unit 
showing various options on driving the motors etc. 
Two new types of wheels can be supplied (the alu- 
minium discsand smaller plesticwheelsarenowsold 
out). Type A has 7 spokes with a round black tyre and 
is 100mm dia. Type B is a solid heavy duty wheel 
107mm dia with a flat rigid tyre 17mm wide. PRICES: 
Gearbox with data sheets: £5.95 ea; Wheel type A: 
00.70 ea; wheel type B: £0.90 ea. 

NI -CAD CHARGER PANEL 
177 x 114mm PCB with one massive Vane Deac 57 x 

50mm rated7.2V 1000mAH and another smaller 
Dean 32 x 35mm j< rated 3.6V 600mA. The price of 
theseNi-cad stacksnewisover£20. Aisoonmepanei 
is a mains input charger transformer with two separ- 
ate secondaries wired via badge rectifiers, smooth- 
ing capacitors and a relay to the output tags. The 
panel weighs 1kgm. All this for just £8.00. 

FIBRE OPTICS 
Scoop purchaseof singleandlwincable. Forusewith 
visible light or infra -red. Core 1mm dia, overall 
2.25mm die. Single 50p/m: 20m coil £6.30. Twin 
90p/m; 20m coil £11,00. 

PCB MOUNTING NI -CADS 
Much sought after 4.8V 150mA baits with PCB mntg 
tags on 25mm pitch. Batt size 25x16 .Ideal for 
paralleling gap ea; 10+ 85p 25+7010 100+60p. 

STEPPING RELAY 
Schreck 2 pole 10 way 24V DC (works down to 15V) 

only 39X20x24mm. Connexions by 0.1" pitch edge 
plug. Special low price £1.95. 

MINIATURE RELAYS 
PCB mounting. DPCO size 20x 15 x 15mm. Available 
in 3, 9 or 12V. £1 each. 

1W AMPLIFIER 
=914 Audio amp panel 95 065mm with TBA820 chip. 
Gives 1W output with 9V supply. Switch and vol con- 
trol. Just connect baft and speaker. Full details sup- 
plied. Only £1.50 10 for £12; 25 for £25; 100 for 
£75. 
2915Stereo version of above 115x65mm teaturing2 
x TBA820M and dual vol control. £3.50; 10 for £30;25 
for £65; 100 £200. 

AM TUNER PANEL 
2918 For use with mono amp above. Neat panel 
60x45mm. Only £1.50; 10 for £12.00. 

NI-CAO CHARGER SCOOP! 
Ever -Ready model CH4, this charger will take up to 4 

AA. c or D cells plus 2 PP3 if required. Smart two tone 
grey case 212 x97 x60mm. Only £7.95 

POWER/VU METER 
Neat unit 40x40mm scaled 0-25 200uA movement. 
Only £1.00; 10 for £8; 25 £17; 100 058. 

GREENWELD 
Min Access order value £5 No min CWO value. Offi- 
cial orders from schools etc welcome- min invoice 
charge £10. 

Our shop has enormous stock s of components and is 

open from 9-5.30 Mon -Sat Come & see us!! 

443A Millbrook Road 
Southampton SO1 ONX 

Tel (0703) 772501/783740 
ALL PRICES INCLUDE VAT 

JUST ADD 80p Pam 

FOR QUALITY 
BY MAIL ORDER 

:ELECCT 

FREE 
44 PAGE 
PRIG O AND 
ILLUSTRA ED 
CATALOGUE 
ON REOUEST 

DVA 

ELECTROVALUE LTD 28 St. Jude's Road, Englefjeld Green, Egham, 

Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475 
North Branch. 680 Burnage Lane, Manchester M19 1NA 

Phone 061 4324945 
Please mention this publication when replying 

C. 

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. 

1GCEOver 40 'O' and A Level 

choose. Your vital passport 
subjects from which to 

to career success. 

1 COMPUTER 
1 PROGRAMMING 

RADIO AMATEUR'S 
LICENCE 

ELECTRONICS 
I 

INTERIOR 
L DESIGN 

' COMMERCIAL 
ART 

WRITING FOR (-I 
PROFIT 11 L 

1 TV, RADIO & 
¡ 1 

IAUDIO SERVICING CAR MECHANICS 

1 BOOK-KEEPING & ACCOUNTANCY l 1 

Please send FREE DETAILS for the course ticked above. 

Name 1 

Address I 

I P Code 1 

ICS Dept EBS35 

8 Elliot Place 

1 
qCi .Y Centre 

i/_I,.......... 

I 

041 221 2926 -:«:"2v"11 
o2 or 01 622 9911 CA -cò 

hours1 
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electronics today international 

00K 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 

owner'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 
£5.35 
£5.35 

COOKBOOKS 

Master IC Cookbook Hallmark 
Microprocessor Cookbook M. Hordeski 
IC Op Amp Cookbook Jung 
PLL Synthesiser Cookbook H. Kinley 
Active Filter Cookbook Lancaster 
TV Typewriter Cookbook Lancaster 
CMOS Cookbook Lancaster 
TTL Cookbook Lancaster 
Micro Cookbook Vol. 1 Lancaster 
BASIC Cookbook K. Tracton 
MC6809 Cookbook C. Warren 

£10.15 
£9.50 

£15.10 
£7.70 

£14.30 
£12.50 
£13.50 
£13.50 
£15.30 

£6.00 
£7.25 

ELECTRONICS 

Principles of Transistor Circuits Amos 
Design of Active Filters with experiments Berlín 
Electronic Devices & Circuit Theory Boylestad 
49 Easy to Build Electronic Projects Brown 
How to build Electronic Kits Capel 
How to Design and build electronic instrumentation Carr 
Introduction to Microcomputers Daglecs 
Electronic Components and Systems Dennis 
Principles of Electronic Instrumentation De Sa 

Giant Handbook of Computer Software 
Giant Handbook of Electronic Circuits 
Giant Handbook of Electronic Projects 
Electronic Logic Circuits Gibson 
Analysis and Design of Analogue Integrated Circuits Gray 
Basic Electronics Grob 
Lasers - The Light Fantastic Hallmark 
Introduction to Digital Electronics & Logic Joynson 
Electronic Testing and Fault Diagnosis Loveday 
Electronic Fault Diagnosis Loveday 
Essential Electronics A -Z Guide Loveday 
Microelectronics Digital & Analogue circuits and systems Millman £12.25 
103 Projects for Electronics Experimenters Minis 
VLSI System Design Muroga 
Practical Solid State Circuit Design Olesky 
Power FETs and their application Oxner 
Master Handbook of IC Circuits Powers 
Electronic Drafting and Design Raskhodoff 
VOM - VTVM Handbook Risse 
Video and Digital Electronic Displays Sherr 
Understanding Electronic Components Sinclair 
Electronic Fault Diagnosis Sinclair 
Physics of Semiconductor Devices Sze 
Digital Circuits and Microprocessors Taub 
Active Filter Handbook 
Designing with TTL Integrated Circuits Texas 
Transistor Circuit Design Texas 
Digital Systems: Principles and Applications Tocci 
Master Handbook of Telephones Traister 
How to build Metal/Treasure Locators Traister 
99 Fun to Make Electronic Projects Tymony 
33 Electronic Music Projects you can build Winston 

£9.00 
£11.30 
£14.45 

£6.00 
£3.55 
£9.35 
£7.20 

£15.00 
£11.45 
£ 12.95 
£21.00 
£13.60 
£6.45 

£42.50 
£11.30 

£7.70 
£6.25 
£7.85 
£6.25 
£7.50 

£8.30 
£34.10 
£28.50 
£10.80 
£12.85 
£26.65 
£8.50 

£28.85 
£7.50 
£4.50 

£16.90 
£11.25 

£8.50 
£15.20 
£ 15.20 
£14.95 
£12.50 

£6.00 
£8.50 
£6.95 

COMPUTERS & MICROCOMPUTERS 

BASIC Computer Games AN 
From BASIC to PASCAL Anderson 
UNIX - The Book 8anaham 
Z80 Microcomputer Handbook Barden - Microcomputer Maths Barden - Digital Computer Fundamentals Barter 
Visicalc Book. APPLE Edition Bell 
Visicalc Book. ATARI Edition Bell 
Introduction to Microprocessors Brunner - Programming your APPLE II Computer Bryan 
Microprocessor Interfacing Carr 
Microcomputer Interfacing Handbook A/D & D/A Carr - Musical Applications of Microprocessors Chamberlain 
30 Computer Programs for the Home Owner in BASIC D. Chance - Microcomputers Dirkson 
APPLE Personal Computer for Beginners Dunn 

_ Microcomputers/Microcomputers - An Intro Gioone 

£6.35 
£11.30 

£9.00 
£15.05 
£11.90 
£11.75 
£15.55 
£15.55 
£23.00 

£9.25 
£8.50 

£10.50 
£28.85 

£9.25 
£9.30 
£9.50 

£36.50 

Troubleshooting Microprocessors and Digital Logic Goodman 
Getting Acquainted with your VIC 20 Hannall 
Getting Acquainted with your 2X81 Hartnell 
Let your BBC Micro Teach you to program Hartnell 
Programming your ZX Spectrum Hartnell 
The ZX Spectrum Explored Hartnell 
How to Design. Build and Program your own working 
Computer System Haviland 
BASIC Principles and Practice of Microprocessors Hefter _ 
Hints and Tips for the ZXB1 Hewson 

£11.25 
£8.50 
£5.95 
£7.95 
£8.50 
£6.95 

0.50 
£8.00 
£5.25 ` What to do when you get your hand on a Microcomputer Holtzman £9.95 

34 More Tested Ready to Run Game Programs in BASIC Horn £7.70 
COBOL Jackson £9.25 
Microcomputer Builders' Bible Johnson £ 14.75 

`r Digital Circuits and Microcomputers Johnson £16.95 - PASCAL for Students Kemp £6.95 
The C - Programming Language Kernighan £19.25 
The ZX91 Companion Maunder £9.50 
Guide to Good Programming Practice Meek £9.50 
Principles of Interactive Computer Graphics Newman £13.75 
Theory and Practice of Microprocessors Nicholas £11.45 
Exploring the World of the Personal Computer Nilles £12.95 
Microprocessor Circuits Vol.1. Fundamentals 
and Microcontrollers Noll £9.80 
Beginner's Guide to Microprocessors Parr £5.35 
Microcomputer Based Design Peatman £ 11.45 
Digital Hardware Design Peatman £10.75 
BBC Micro Reavealed Ruston £9.45 
Handbook of Advanced Robotics Safford £14.45 
1001 Things to do with your own personal computer Sawusch £8.50 
Easy Programming for the ZX Spectrum Stewart £7.45 
Microprocessor Applications Handbook Stout £46.45 
Handbook of Microprocessor Design and Applications Stout £46.45 
Programming the PET/CBM West £16.40 
An Introduction to Microcomputer Technology Williamson £8.20 
Computer Peripherals that you can build Wolfe £14.75 
Microprocessors and Microcomputers for Engineering 
Students and Technicians W..la £7.10 

REFERENCE BOOKS 

Electronic Engineers' Handbook Fink £66.60 
Electronic Designers'Handbook Giacoletto £77.75 
Illustrated Dictionary of Microcomputer Technology Hordeski £8.45 
Handbook for Electronic Engineering Technicians Kauffman £40.50 
Handbook of Electronic Calculators Kauffman £35.00 
Modern Electronic Circuit Reference Manual Marcus £51.95 
International Transistor Selector Towers £14.50 
International Microprocessor Selector Towers £16.00 
International MOS Power and other FET Selector £10.95 
International Digital IC Selector Towers £10.95 
International Op Amp Linear IC Selector Towers £9.50 
Illustrated Dictionary of Electronics Turner £19.75 

VIDEO 

Servicing Home Video Cassette Recorders Hobbs £14.50 
Complete Handbook of Videocassette Recorders Kybett £10.50 
Theory and Servicing of Videocassette Recorders McGinty £13.50 
Beginner's Guide to Video Matthewson £5.35 
Video Recording: Theory and Practice Robinson £16.00 
Video Handbook Van Wezel £24.00 
Video Techniques White £14.45 

Please send me the books indicated. I enclose cheque/postal order for 
£ Prices include postage and packing 

I wish to pay by Access/Barclaycard. Please debit my account. 

5[212141 1 1 1 [1111111 
4191219111111111111 

Signed 

Name 

Address 
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PCB FOIL PATTERNS 
Fv+a!w PºPeC%%C1c111 71 

Two of the foil patterns held over from 
last month, the Data Logger board 
(left) and the Digital Framestore ADC/ 
DAC board (below). 

ETI MARCH 1985 
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l 

The top and bottom foils of the Digital Delay Line Expansion board, held over 
from last month. 
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FOIL PATTERNS 

re,,,,, -01 

?a c, -,.e J:c-7-10 4 ,..,,0 

L rey 1 le 

The ParaGraph Equaliser 
filter board. 

The ParaGraph Equaliser 
input stage and main signal 
path board. 

The ParaGraph Equaliser 
balanced output, tape 
buffers and regulated 
supply board. 
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The TH D and millivoltmeter board for the Distortion Meter. 

The Distortion -Meter mains power supply board. 

The Distortion Meter spot 
frequency oscillator board. 

The Distortion Meter single 
battery supply board. 
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FOIL PATTERNS 

diNisnund 80 - 21 

8888 811 1111 1-1111s11 

The Voltage Controlled Digital Oscillator board. 

The preamplifier and regulator board for the combo. 

ETI MARCH 1985 69 

www.americanradiohistory.com



FOIL PATTERNS 
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The top and bottom foils for the Digital Framestore memory card. 
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ETI PCB SERVICE 
In order to ensure that you get the correct board, you must quote the reference code when ordering. 

The code can also be used to identify the year and month in which a particular project appeared: the first 
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the 
particular project. 

Note that these are all the boards that are available - if it isn't listed, we don't have it. 
Our terms are strictly cash with order - we do not accept official orders. However, we can provide a 

pro -forma invoice for you to raise a cheque against, but we must stress that the goods will not be 
dispatched until after we receive payment. 

1981 
E/8106-8 Waa-Phase 

D E/8106-9 Alien Attack 
D E/8107-1 System A -Input 

(MM or MC) 3 05 
D E/8107-2 System A- Preamp 5 95 

E/8107-3 Smart Battery Charger ... 2.27 
E/8108-5 Watchdog Home 

Security (2 boards) 6 11 

D E/8109-1 Mains Audio Link (3 bds) ... 8.45 
D E/8109-4 Laboratory PSU 5 21 
D E/8110-1 Enlarger Timer 3 91 
Cl E/8110-2 Sound Bender 3 05 

E/8111-1 Voice Over Unit 4 57 
E/8111-3 Phone Bell Shifter 3 40 
E/8112-4 Component Tester 1 71 

1982 
E/8202-2 Allez Cat Pest Repeller... 1.93 
E/8202-5 Moving Magnet Stage.... 4.01 
E/8202-6 Moving Coil Stage 4 01 

D E/8203-4 Capacitance Meter 
(2 boards) 11.66 

D E/8205-1 DV Meg 3 13 

E/8206-1 Ion Generator (3 bds) .... 9.20 
E/8206-4 MOSFET Amp Module ... 7.80 

D E/8206-5 Logic Lock 3 52 
D E/8206-6 Digital PWM 3 84 

E/8206-7 Optical Sensor 2 00 
D E/8206-9 Oscilloscope (4 bds) 13.34 
D E/8212-2 Servo Interface (2 bds) ... 6.75 
D E/8212-4 Spectracolumn 5 54 

1983 
D E/8301-1 Fuel Gauge 3 45 
D E/8301-2 ZX ADC 2 59 

E/8301-3 Programmable PSU 3 45 
E/8303-1 SoundBoard 12.83 
E/8303-2 Alarm Module 3 62 
E/8303-3 ZX81 User Graphics 1 07 
E/8303-4 Logic Probe 2 50 
E/8304-1 Real Time Clock 8 74 

1 76 
4 00 

D E/8304-4 Stage Lighting- Main ... 13.73 
D E/8304-5 Stage Lighting - Display 3.45 

E/8305-1 Compressor/Limiter 619 
316 
401 
788 

E/8305-2 Single PSU 
D E/8305-3 Dual PSU 

E/8305-4.2 N DEL Amp 
E/8305-5 Balance Input Preamp.... 3.23 
E/8305-6 Stage Lighting 

Aufofade 6 19 

E/8305-7 Stage Lighting - 
Triac Board 

E/8306-1 to 3 PseudoROM 
(3 boards) 

E/8306-5 Atom Keypad 
E/8307-1 Flash Sequencer 
E/8307-2 Trigger Unit Main Board... 
E/8307-3 Trigger Unit Transmitter 
E/8307-4 Switched Mode PSU....1 
E/8308-1 Graphic Equalisr 
E/8308-2 Servo Fail -Safe 

(four -off) 
E/8308-3 Universal EPROM prog ... 
E/8309-1 NiCad Charger/ Regen . 

E/8309-2 Digger 
D E/8309-3 64K DRAM 
D E/8310-1 Supply Protector 

E/8310-2 Car Alarm 
E/8310-3 Typewriter Interface 
E/8311-1 Mini Drum Synth 
E/8311-2 Alarm Extender 

D E/8311-3 Multiswitch 
D E/8311-4 Multiple Port 
D E/8311-5 DAC/ADC Filter 

E/8311-6 Light Pen 
E/8311-7 Logic Clip 
E/8311-8 MC Head (JLLH) 
E/8312-1 Lightsaver 
E/8312-2 A -to -D Board 
E/8312-3 Light Chaser (2 bds)- 
E/8312-4 ZX Alarm 

4 74 

3 62 
5 18 
2 67 
2.67 
1.66 
6.10 
9 10 

2 93 
9.64 
3.77 
3 40 

14.08 
2 19 
3 98 
4 17 
3 07 
321 
3 59 
4 34 
3 22 
4 60 
251 
3 17 
1 85 

12.83 
7 54 
6 04 

1984 
E/8401-1 Vector Graphics 8 27 
E/8402-1 Speech Board 

(Mini -Mynah) 10.97 
E/8402-2 MP (Modular Preamp) Disc 

input (mono) 3 73 
E/8402-3 MP Output stage (stereo) 3.73 

D 

D 

E/8402-4 MP Relay/PSU 3 73 
E/8402-5 MP Tone, main (mono) ... 3.73 
E/8402-6 MP Tone, filter (stereo) ... 3.73 
E/8402-7 MP Balanced output (st) ... 3.73 
E/8402-8 MP Headphone amp (st) ... 3.73 
E/8402-9 MP Mother board 9 01 
E/8403-1 Power Meter 5 81 
E/8403-2 Z80 DRAM 9 79 
E/8403-3 Obedient Die 3 76 
E/8404-1 School Timer 4 07 
E/8405-1 Auto Light Switch 4 01 
E/8405-2 ZX81 EPROM Prog. 10.53 

How to order indicate the boards required by ticking the 
boxes and send this page, together with your payment, to: 
En PCB Service, ArgusSpecialist Publications Ltd, 1 Golden 
Square, London W1 R 3AB. Make cheques payable to ETI 
PCB Service. Payment in sterling only 
please. Prices subject to change 
without notice. 

Total for hoards L. 
Add 45p pc.p 
Total enclosed 

0.45 
£.. 

PLEASE ALLOW 
28 DAYS FOR 

DELIVERY 

E/8405-3 Mains Borne RC 5 07 
E/8405-4 Centronics Interface 4 09 
E/8405-5 Vario 6 62 
E/8405-6 Midi Drum Synth 3 59 
E/8406-1 Oric EPROM Bd 19.58 
E/8406-2 Spectrum Joystick 3 30 
E/8407-1 Warlock Alarm 8 19 
E/8408-1 Joystick Interface 3 07 
E/8408-2 EPROM Emulator 9 11 
E/8408-3 Infrared Transmitter 3 70 
E/8408-4 Infrared Receiver 3 98 
E/8408-5 CMOS Tester 4 60 
E/8409-1 EX42 Kybd. Interface ....3.82 
E/8409-2 Bansheee Siren 3 19 
E/8409-3 Dry Cell Charger 2 80 
E/8410-1 Echo Unit 3 92 
E/8410-2 Digital Cassette 9 80 
E/8410-3 Disco/Party Strobe 4 80 
E/8411-1 AM/FM Radio (4 bds)... 13.02 
E/8411-2 Control Port -control bd 12.15 
E/8411-3 Control Port -I/O bd 6 33 
[/8411-4 Capacitance Meter 3 55 
E/8411-5 Video Vandal (3 bds) ... 12.10 
E/8411-6 Temperature Controller... 2.88 
E/8411-7 Mains Failure Alarm 2 54 
E/8411-8 Knite Light 3 25 
E/8411-9 Stage Lighting Interface... 3.73 
E/8411-10 Perpetual Pendulum .... 3.14 
E/8412-1 Spectrum Centronics .... 3.51 
E/8412-2 Experimenter's DRAM... 14.08 
E/8412-3 Active -8: Motherboard ... 9.37 
E/8412-4 Active -8: Protection Unit 3.67 
E/8412-5 Active -8: Crossover 3 67 
E/8412-6 Active -8: LF EQ 3 67 
E/8412-7 Active -8: Equaliser 3 67 
E/8412-8 Active -8: Delay Unit 3 67 

1985 
E/8501-1 Active Bass Speaker 2 79 
E/8501-2 DRAM Card Update 3 66 

D E/8501-3 Digital Delay (2 bds) ... 26.00 
E/8502-1 Digital Delay Expander.. 10.79 
E/8502-2 Data Logger 5.17 
E/8503-1 Combo preamplifier 4 49 

D E/8503-2 THD meter mV & osc. bds 7.02 
E/8503-3 THD meter mains PSU 3.49 

D E/8503-4 THD meter battery PSU 1.36 
E/8503-5 ParaGraph Equaliser 
IP/MSP& OP/PSU bds 9 30 

D E/8503-6 ParaGraph Equaliser 
filter bd 4.51 

Signed 

Name 

,Address 

letn-s44>:-.', 
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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) 

MIIííi.i 

ALARMS 

LÄRMS 
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 

D 
E 

FOR SALE 

100W AMPLIFIER - £9.95 built 
Or use the same board for 50W, 
150W, 200W into 4 or 8 ohms 
etc., by using alternative output 
transistors and P.S.U. SAEforfull 
details to: 

ESS AMPLIFICATION 
Innovation House 

Guildhall Road, Hull 

KIA RETURN AN AD NO.18. . 

new quality Japanese Poweramps 
+ DATA. 100 watt/£6.95 - 

200W/£11.95 + This advert- KIA 
8, Cunliffe Rd., Ilkley, LS29 9DZ .. . 

FREE ... V/C - AH -SO!!! 

POWERTRAN CORTEX COM- 
PUTER Built and tested nine mon- 
ths old including disc controller 
and RS232 & I.C. Bases for Exbus 
£295 o.n.o. Bookham 0372 58748 
evenings & weekends. 

BOOKS 

BOOKS EXCHANGE 
SERVICE 

PARAPHYSICS JOURNAL 
(Russian translation); psycho- 
tronics, kirlianography, heli- 
phonic music, telekinetics. 
Computer software. S.A.E. 
4 x 9", Paralab, Downton, 
Wiltshire. 

TEST EQUIPMENT 

TOP PRICES PAID 
for surplus electronic test 

equipment. 
ALWAYS a good selection of 

SIG -GENS, METERS, and 
SCOPES for sale. 

Phone 0920-8714301 

BOOKS WANTED FOR CASH 
Have you got technical books you no 
longer need? OR -Do you need to read 
up on a new topic? Then EXCHANGE 
BOOK CLUB can help YOU! 
We buy and sell previously read books 
on electronics and computing. 
For list of currently available titles and 
details of our guaranteed buy back 
plan SAE please to: - 
JAMES ELECTRONICS, P.O. Box2 

Rothwell, Leeds LS26 OUT 

MISCELLANEOUS 

AGENTS 
Wanted to Sell Computer Software for 
most computers. We now have the Dialog 
Electronics Part I in stock, Pools Winner & 

Course Winner. We can supply business 
software, games anmd computer ad ons. 
Phone (0288) 4179 up to 9pm most nights 
for your free list and details about our 
agents. 

COMPUTERS 

TO FILL 
THIS SPACE 

PHONE JASON 
ON 01-437 0699 

CORTEX COMPUTERS (E.T.I./ 
Powertran), cased, with RS232C. 
Fast, powerful. £195. Delivered. 
Andrews 0963-70587, evenings, 
weekends. 

01-437 0699 

Send your requirements to: 
Jason Inskip 
ASP Ltd., 
1 Golden Square, 
London W1. 

SECURITY 
Alarm Systems 

FREE COMPREHENSIVE CATALOGUEZ 

LOWEST DISCOUNT PRICES 
HIGHEST QUALITY EQUIPMENT 
FREE DIY DESIGN GUIDE 
FULLY ILLUSTRATED 
MICROCHIP CIRCUITRY 

QUICK DESPATCH SERVICE 
FULL INSTRUCTIONS 

SEND SAE OR PHONE 

C -TEC SECURITY, Dept E I, 

60 Market St, Wigan WN1 1HX. 
Telephone 109421 42444 

r,,,k 
F^Wi,y 
wMeu,r,e 

HOME GUARD 
SYSTEMS 

If you want professional alarm/ 
C.C.TV/Door entry/security light- 
ing equipment or DIY kits at 
genuine trade prices don't delay 
phone today for our free illustra- 
ted catalogue. 

Tel: 01-651 2449 
Freepost, South Croydon 

Surrey CR2 9PU 
(no stamp required) 

KITS 

PRINTED CIRCUITS Make your 
own simply, cheaply and quickly! 
Golden Fotolac light-sensitive 
laquer - now greatly improved 
and very much faster. Aerosol 
cans with full instructions, £2.50. 
Developer 35p. Ferric Chloride 
60p. Clear acetate sheet for 
master 15p. Copper -clad fib- 
reglass board, approx. 1mm 
thick £2.00 sq. ft. Post/packing. 
75p. White House Electronics,, 
Castle Drive, Praa Sands, Pen- 
zance, Cornwall. 

MINIATURE FM TRANSMIT- 
TERS. Frequency 60-145 MHz, 
range 1/2 mile S.G.F. - P.C.B. All 
components. Full instructions 9- 
12v operation, broadcast recep- 
tion. Super sensitive microphone. 
Pick-up on FM radio. £6.95 inc; or 
ready built £8.95: Same day des- 
patch - Zenith Electronics, 21 

Station Rd., Industrial Estate, 
Hailsham, E. Sussex BN27 2EW. 

MICROBUG 140mm x 370mm. 
Extremely sensitive, powerful. 
Operates from 1.5V battery ready 
built tested only £16.50, (in kitform 
£11.50). Also available Automatic 
Telephone recorder built tested 
£18.50, (in kitform £13.50). All fully 
guaranteed. Send cash, cheque, 
or P.O. to: Shah Electronics, 11 

Livingstone Rd., Southall, Mid- 
dlesex, UB1 1PH. 

PLANS 'N DESIGN 

LINSLEY HOOD DESIGNS 

LOW DISTORTION AUDIO 
SIGNAL GENERATORS 

AO113 Kit (.02% distortion) £21 P.P. 

A0149 Kit (.0015% distortion) £3s £2.00 

Super Hi-Fi Amplifer(ETI) 
P.C. Boards from £4 

Send S.A.E. for further details: 

TELERADIO ELECTRONICS 
325 Fore Street, London N9 OPE 

Tel: 01-807 3719 

ECOLIGHT (ETI July 84) deters 
burglars from even attempting a 
break in. Full kit of parts as per arti- 
cle £21.05. p.c. Only £4.50. Re- 
print of article 75p. G.P. Elec- 
tronics, 87 Willowtree Ave., 
Durham DH1 1DZ. 

SERVICES 

P.C.B. DESIGN & LAYOUT, 
manually taped artwork pro- 
fessionally produced at competi- 
tive prices. James Gledhill. Tel: 
01-674-8511. 

PRINTED CIRCUIT BOARDS 
manufactured to your specifica- 
tion. Quality, Quick service. Com- 
petitive Prices. COPPER -CLAD 
fibreglass boards cut to size. 1 mm 
thick £1.80 sq. ft. 1.6mm £2.20 sq. 
ft. Postage 75p. Mondo Circuits 
Ltd, 35 Grosvenor Road, Twick- 
enham, Middx. Tel: 01-891 5412. 

JBA 
ELECTRONICS 

Manufactures to design orspecif ications. 
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. (0874) 611177 

FREE PROTOTYPE of the 
finest quality with every P.C.B. 
artwork designed by us. Com- 
petitive hourly rates, and high 
standard of work Halstead 
Designs Limited. Tel: halstead 
(0787) 477408. 

SCOPES 
Repaired & recalibrated, all 
makes, all models 
Scopex Salgan, Older TEK, TO 

MENDASCOPE LTD 
Otter House 

Western Underwood, Olney 
Bucks MK46 5JS 

Tel: Bedford (0234) 712445 

HEATHKIT. U.K. spares and ser- 
vice centre. Cedar Electronics, 
Unit 12, Station Drive, Bredon, 
Tewkesbury, Glos. Tel (0684) 
73127. 
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SERVICES WI RES 'N CABLES EQUIPMENT COMPONENTS 

FREELANCE 
ELECTRONICS ENGINEER 

QUALIFICATIONS 
* H.N.C.; M.O.D. training 

ANYTHING CONSIDERED 
* SPECIALITY * Drafting and 

P.C.B. artwork, board productions 
and assembly. 

FAULT FINDING AND 
TESTING UNDERTAKEN 

HIGHEST QUALITY WORK * 
FULL COOPERATION. 
Greg Heath, 'Pickwick'. 

No 6 Hillbarn, Sanderstead, 
Surrey, CR2 ORU 

COMPONENTS 

Betatron Electronics 
Supplies 

Toroidal transformers primary 250V 
secondaries 0-40, 0-40V, 0-50, 0-50V, 
0.55, 0-55V, 0-70, 0-70V at 300VA £17.55, 
500VA £24.70, 625VA £30.50. Can Elec- 
tolrtics83V, 6800uF SA 2£4.35.10,000uF 
7A £5.45. 100V 6800uF 8A £6.23, 4700uF 
SA £5.50. 3300uF 7A £4.20. 2200uF 7A 
£3.00. Computer Grade 10,000uF 15A 
£14.69. MOS-FETs 2SJ 50/2SK 135 £8.50. 
2SJ83/2SK 227 £8.20 price per pair. 35A 
200V bridge rectifiers £3.25. VAT inclusive 
£1.00 p&p under £7.00. Full spec. many 
more. Resistors, capacitors, trasnistors, 
heat sinks, amplifiers, speakers, transfor- 
mers, etc. Send 4 x 9 self addressed 
envelope for large list. 

Laver St., Cavendish, Suffolk CO10 8AP. 
Tel: 0787 280639. 

IRISH 
READERS 

MAIL ORDER COMPONENTS 
Top quality components 

Great prices 
Return -of -post service 

Write or phone for free price list 

WAVEFORM ELECTRONICS 
12 Effra Road, Rathmines, Dublin 6. 
Phone(01) 0001 if England987507 

Mail order only please 

CHEAP CASES 
Absolute bargains, rack mounting & free stand- 
ing. NEW, but manufacturers seconds. No 
damage. 

Send s.a.e. for list. 
C. Phillips, 'The Laurels' Tiptoe Road 
Wooton, New «ton, Hants BH25 55J 

MAIL ORDER ONLY 

VAT inclusive price list. LSTTL, 
from 28p, CMOS from 23p, Tran- 
sistors, Resistors, Capacitors and 
more. Phone or write (0283) 
703071. Hunt Electronics, P.O. 
Box 57, Derby, DE6 6SN. 

TO FILL 
THIS SPACE, 

PHONE JASON 
ON 01-4370699 

RESISTORS, CAPACITORS. 
1,000 mixed carbon film 1/eW, 

1/4W, 1/2W, 2%, 5%, 10% resistors 
£2.95. 50 mixed ceramic tube 
capacitors £1.00. P&P 50p. D.J. 
Hooker, Romney Marsh Elec- 
tronics, Pennywood, Clark Road, 
Greatstone, Romney Marsh, Kent 
TN28 8PB. 

THE SCIENTIFIC 
WIRE COMPANY 

811 Forest Road, London E1 7 
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. 

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. 

IMPROVE YOUR PROSPECTS 

with skills that employers want - learn 
the easy way with modem home study 
courses from Ideal Sdtoots. 

MODERN ELECTRONICS 
Train for success in the fastest ever 

growing mistrial sector. 

COMPUTER PROGRAMMING 
The demand for Programmers is 

increasing constantly -don't miss out! 
For free booklet write today to 

IDEAL SCHOOLS 

:IDEAL_ 

:II1 

(Ref. ETD2) 
60 St. EnochSqGlasgowG1 

UK. 
Tel: 041-248 5200 

MICROCOMPUTER 
REPAIRS 

ZX SPECTRUM. Vic20, C64, BBC, 
QL 15 40/41, Commodore com- 
puters, printers and floppy discs. 
Send faulty machine to: Trident 
Enterprises Ltd., 37 Linden 
House, Common Road, Langley, 
Slough, Berks. Tel: (0753) 48785. 

PLANS 'N DESIGN 

EPROM COPIER - STAND ALONE 
2716-27128 £175.00 

TELEPHONE CONVERSATION 
RECORDER £75.00 

2 LINES INTO 1 ANSWERING 
MACHINE 
Switching Unit £30.00 

From L.K.F. Systems Ltd 
St. Albans. Tel: 55084 

E 
L 
E 
C 
T 
R 
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AMAZING ELECTRONIC 
plans, lasers, gas, ruby, light 
shows, high voltage teslas, van 
de graph surveillance devices, 
ultrasonics, pyrotechnics, new 
solar generator, 150 more pro- 
jects, catalogue. S.A.E. 
Plancentre, Bromyard Road 
Industrial Estate, Ledbury 
HR8. 

ADD-ONS 

TANGERINE OWNERS at last 2 
**68090* C.P.U. board with ex- 
pandable monitor in colour. FLEX 
compatible. Also 14K RAM card to 
free EPROM space on TANEX 
S.A.E. For details ... Ralph Allen 
Engineering; Forncett-End, Nor- 
wich. Tel: (095 389) 420. 

WHOLESALE. Electronics com- 
ponents price list now ready. No 
min. order quantity. Send SAE or 
call JPG Electronics, 276 Chats- 
worth Road, Chesterfield S40 
2BH. 

ESSEX 

R JONES ELECTRONICS 
267 Rectory Rd., Grays, Essex 

Tel: (0375) 33158 _ 24 hr answer phone 
Components, IC's, Full After Sales Services 
Electronic repairs- Industrial & Domestic 

Open 9.5.30pm 6 days a week. 

LANCASHIRE 

jETESON ELECTRONICS 
15B Lovxer Green, 

Poultonie-Fyide, Blackpool 
Tel: 10253) 886107 

Open: 9.30am-12.30. 1.305.30. Closed Wed & Sun. 
Electronic Component Specialists. 

MERSEYSIDE 

PROGRESSIVE RADIO 
93 Dale Street. Tel 051 236 0982 

47 Whitechapel, Tel 051 236 5489 
Liverpool 2 

'THE ELECTRONICS SPECIALISTS' 

Open: Tues -Sat 9.30-5:30 

TYNE & WEAR 

E.S.R. 
13A STATION ROAD 

CULLERCOTES, N. SHIELDS, 
TYNE & WEAR 

E 
L 
E 
C 
T 
R 
o 
M 
A 
R 
T 

CLASSIFIED ADVERTISEMENT 
ORDER FORM 

Rate 40p per word (min 15 words) 
Post to: ETI, 1 Golden Square, London W1. 

Please use BLOCK CAPITALS and include post codes. 

Classification 
Name (Mr/Mrs/Miss/Ms) 

(delete accordingly) 
Address 

Signature Date 

Daytime Tel. No. 

ETI MARCH 1985 73 

www.americanradiohistory.com



ADVERTISERS INDEX 
ETI, MARCH 1985 

B.K. Electronics 27 Maplin 53, OBC 
Bi Pak 12 Micro Processor Engineering .... 58 
BNR&ES 53 Midwich 20-21 
Cambridge Learning 34 Newrad Instrument Cases 41 
Cambridge Microcomputer Powertran IFC, IBC 

Centre 41 P.F. Ralfe 62 
Cricklewood Electronics 10 Rapid Electronics 6 
Crimson Elektrik Stoke 58 Riscomp 33 
Cybernetic Applications 34 RTVC 48 
Display Electronics 28 RVM Audiotronics 48 
Electrovalue 63 Ship Co. 42 
Greenbank 34 Skybridge 41 
Greenweld 63 SME 58 
Henrys Audio Electronics 47 Spa rkrite 42 
I.C.S. 63 Stewart of Reading 33 
ILP 52 System Electronique 74 
Kelan Engineering 48 TK Electronics 8 
Kemplant 58 Technomatic Ltd 14-15 
Magenta Electronics 33 Watford Electronics 4-5 

If an advertisement 
is wrong we're here. 

to put it right. 
If you see an advertisement in the press, in print, 

on posters or in the cinema which you find 
unacceptable, write to us at the address below. 

The Advertising Standards Authority. 
ASA Ltd, Dept 3 Brook House, Torrington Place, London WC1E 7HN 

Please 
mention 
ETI. 

when replying 
to all 

adverts 

LOOK - IT'S HIS NEW YEAR SPECIAL. 

BEARPARTS 

We are the main stockists 
for'BEARPARTS°, the new 

name in electrical, 
electronic and audio 
components. 

Interested? Send S.A.E. 
and receive your 

'BEARPARTS' 
sample pack. 

CONTENTS OF PACK: 
BC 612 Transistor, Red LED, f N4004 Diode, TI 646 
Diode, 560pf 200v Capacitor, 10k,150k Resistors, 
2k Multitum Potentiometer, 4BA Crimp Eyelet, 
Rubber Grommet, Instrument Wire, Sleeving. 

COMPLETE 
SOLDERING KIT 

(For the Hobbyist/Electronics 
Engineer) 

FOR LESS THAN £10!! 
Comprises of:- 

Antex Miniature 15W 240v AC Soldering Iron 
Antex Iron Stand c/w Sponge 
Desolder Pump 
2 mtr Solder 
Desolder Braid 
13A Plug 

tfr 
Iron Stand c/w Sponge 

LIMITED OFFER 
WHILE STOCKS 

LAST! 

ONLY £9.85 
Please add 80p P & P 

+ 15% VAT 

Soldering 
Iron 

Desolder 
Pump 26 Engineer Park, Sandycroft, 

ct Deeside, Clwyd CH5 2QD. 
Tel: (0244) 536700. 

TREAT yOURSE- 
THIS NEW YEA r 

Call in and see our new counter now open. 
9.00 - 5.00 Mon -Fri & 9.00 -12.00 Sat 

Too far to call? Don't worry, export mail 
order is our speciality. Why not write and 
find out more. 

24 hrcard 
no 
ooze 

for creditredit we ers 
Tel: 0244 536699 

SYSTEMS 

{/11CL1YC4AU 1 
ELECTRONIQUE 

`U.K.) LTD. 
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YOU'LL ENJOY 
THE EXPERIENCE 

GENESIS 
P102 
MK 2 from 
Hydraulic 
Robot 
System 
from £1625 

CORTEX II 
16 bit microcomputer 

Ready -Built 
from £399 

HEBOT II 
Robot Turtle 
From £95.00 

v 
";),P -Z"' 4 

,- 
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GENESIS 
P101 
MK2 
Hydraulic 
Robot arm 
from £825 

CORTEX II 
16 bit microcomputer 
from £299 in kit form 

N(lere"rate , 

/PAnWf 

.. '. tte ^ 

MICROGRASP 
Electric 
Robot 
from £215 

Powertran's educational robots and the remarkable Cortex microcomputer have been tried and tested 
in universities, colleges, schools and homes throughout the world. 
Our own experience in the field of electronics kits has been supplemented bythe Feedback Group's 
25 years of supplying technical equipment to the Educational sector. Our first year as a member of 
the Group has seen numerous improvements to our already popular products. 
All the products illustrated can be supplied either factory -built or in kit form for added economy. 
Contact our Sales Office for details. 
(Prices quoted are exclusive of VAT and apply to the UK only.) 

PUWFRTRAN cybernetics ttd. 

BARCLAYCARD 

VISA 

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3ET Tel: 0264 64455 
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From a gentle purr to a mighty roar, 
the tightly controlled power of the 
beast is yours to command! 

PROFES ZONAL QUALITY 
HIGH ' OWER LOUDSPEAKERS 

A new range of superb quality loudspeakers. 
* Virtually indestructible high temperature 

voice -coil reinforced with glass -fibre 
* 100% heat overload tolerance 
* Advanced technology magnet system 
* Rigid cast alloy chassis 
* Linen or Plastiflex elastomer surrounds 
* 5 -year guarantee (in addition to statutory rights) 

Available ih 5, 8, 10, 12, 15 and 18 inch models with 81/ and some 1652 

impedances and with input powers ranging from 50W to 300W e.g. 

5in. 50W 95dB 80: XG39N :' 160: XG40T £17.95§ 
8in. 100W 98dB 811: XG43W £29.95§ 

10in. 100W 100dB 811: XG46A £29.95§ 
12in. 100W 101 dB 812; XG49D £29.95§ 
12in. Twin Cone 100W 100dB 811: XG50E 1612: XG51 F £31.95§ 

Note - the output power doubles for each 3dB increase (ref 1W (rì 1m). 

PRECISION GOLD MULTIMETERS 

A new range of very high quality multimeters offering truly amazing 
quality at the price. 

Pocket Multimeter, 16 ranges, 200012N DC/AC £6.95§ (YJO6G) 

M-102BZ with Continuity buzzer, battery tester and 10A DC range, 23 ranges, 

20,00011/V DC £14.95§ (YJO7H) 
M -2020S with Transistor, Diode & LED tester and 1 DA DC range, 27 ranges 

20,00011N DC £19.95§ (YJO8J) 
M -5050E Electronic Multimeter with very high impedance, FET input, 53 
ranges including peak -to -peak AC, centre -zero and 12A AC -DC ranges 

£34.95§ (YJO9K) 
M-50'10 Digital Multimeter with 31 ranges including 2012 and 20µA DC AC FSD 

ranges, continuity buzzer, diode test, and gold-plated PCB for long-term 
reliability and consistent high accuracy (0.25% +1 digit DCV) £42.50§ (YJ10L) 

I111131rr 

N.B. All our prices include VAT and Carriage. A 50p handling charge mist be 

added if your total order is less than £5 on mail order (except catalogue). 

MAPLIN ELECTRONIC SUPPLIES LTD. 
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel, Southend (0702) 552911 

SHOPS 
BIRMINGHAM Lynton Square, Perry Barr, Tel; 021-3567292. 
LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926. 

MANCHESTER 8 Oxford Road; Tel: 061-236 0281. 

SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 25831. 

SOUTHEND 282-284 London Rd. Westcliff-on-Sea, Essex. Teli 0702-554000 

Shops closed all day Monday, 

ï 

Our huge range of top quality electronic components at very competitive 
prices are all detailed in our catalogue, and with well over 600 new lines 
in our 1985 edition and many design improvements. it's well worth 

getting a copy. Here are just a few examples from the catalogue. 
(The items below are NOT kits). 
* Most phono and jack plugs now with integral strain relief sleeve - gold-plated 
types also available from 14p (gold from 70p) 

* Stereo Disco Mixer with cross -fade, talk -over, cue monitoring, aux input, 

slide controls. Only £58.95 (AF99H) . \\ . 

* 10 -Channel Stereo Graphic Equalisers - 3 models - basic; with peak level 

meter; and with spectrum analyser - from £77.95 

* Digital Delay Line permits Slap -back, Doubling, Flanging, Chorus and Echo. 

11 controls. Only £195.00 (AF98G) 
* Video Enhancer improves picture quality when recording from one VTR to 

another, and with TV's with monitor input. Only 28.95 (XG59P) 
* Detailed descriptions of the exciting new 74HC range of IC's which combine 
the advantages of CMOS and TTL. From 46p 
* Keyboards: sloping keys, two-tone grey, mounted in steel frame, very smart 
cases (extra) available. 61 keys, only £33.95 (YJ12N) 

79 keys, only £37.95 (YJ13P) 
* 1% Resistors now 50ppm;°C, 0.4W, only 2p each! 
* Auto transformers 120;240V 50VA, £10.75§ (YJ56L). 100VA £14.95§ 
(YJ57M). 150VA £16.95§ (YJ58N). 250VA £21.95§ (YJ59P). 
* Digital Clinical Thermometer. Only £13.95 (FK51 F) 

FNIERIC/M 
EXPRESS 

Check our 1985 Catalogue 
for all our other fascinating 
new lines. 

Phone before 2pm for 
same day despatch. 

a 

Pick up a copy now at any branch of W.H. 
Smith or in one of our shops. The price is 

still just £1.35, or £1.75 by post from our 
Rayleigh address (quote CAO2C). 

Post this coupon now for your copy of the 1985 catalogue. 
Price £1.35 + 40p post and packing. If you live outside the U.K. 

send £2.40 or 11 International Reply Coupons. I enclose £1.75. 

Name 

Address 
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