
WATFORD ELECTRONICS 
33/35 CARDIFF ROAD, WATFORD, HERTS, ENGLAND 

MAIL ORDER, CALLERS WELCOME 
Tel. Watford (0923) 40588/9 

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS 

DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS. CASH/CHEQUE/ 
P.O. OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL 

INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY 

WELCOME. P&P ADD 40p TO ALL ORDERS UNDER £ 10. OVERSEAS ORDERS 
POSTAGE AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME. 

VAT Export °Men no VAT. Applicable to U.K. Customers only. Unless stated otherwise, ell 
prices 4re exclusive of VAT. Pleese odd 15% to ell prices. 

We Mock thousands more items. It pms to Moil us. We ere situated behind Watford Football Ground. 
Pleeron Underground/ BR Stetion. Watford High Street. Open Monday to Seturday. Ample Free Car 
Pmking mace omileble. 

ELECTRONIC CAPACITORS: (Values are In uF> 500V, 10 526; 47 78p; 250V: 100 65p; 53V: 0.47, 1.0, 
1 5, 2.2. 33 Bp; 4 7 9p; 6.8, 10 106; 15. 22. 126; 33 15p; 47 12p; 100, 19p; 1000 70p. 501/: 47 12p; 
68 20p; 220 249; 470 32p; 2200 90p 40V: 4 7. 15. 22 9p; 3300. 906; 4700. 120p; 25V: 1.5,68 10, 
22 Bp: 33 Sp; 47 Sp; 100 11p; 150 12p; 220. 15p; 330 226; 470 25p; 680. 1000, 34p; 22130, 50p; 
3300, 76p; 4700 92p; 16V: 40. 47. 100 99; 125. 12p; 220 13p; 470. 20p; 680 349; 1000 276; 1500. 
31p; 2200 38p; 3300 746; 4700 79p 
TAG-END TYPE: 450V: 100,F 65p; 70V: 4700, 245p; 54V: 3300 198p; 2200 1396: 50V: 3300 154p; 
2200 110p; 40V: 4700 1609: 25V: 10.000 320p; 15.000 345p, 

POLYESTER CAPACITORS: 
400V: 1nF. 1n5. 2n2, 3,3 4,7, 6,8 11p; 10, 15, 18n 22, 12p; 33n 47n 68n 166; 100n, 150, 20p; 
220n 30O; 330n 42p; 470n 52p; 680n 60p; 1y F 68p; 2,2 82p; 4,7 85p. 
160V: IOnF. 12n, 39n, 100n 11p; 150n 220, 17p; 330n 470, 30p; 680n. 38p; 1, F 42p; 1,5 45p; 2,2 
486; 4 y 7 58p. 
1000V: 1nF 17p: lOnF 30p; 15n 406; 22n 36p; 33n 44; 47n 42p; 47n 100n 42p; 470n 99p. 

POLYESTER RADIAL LEAD CAPACITORS: 250V: 
10n, 15n. 22n. 27n >Apt 33n. 47, 68n 100n 7p; 150, 2207110p; 
330n 470n 13p; 680n 19p; 1 y 236; 1,5 40P; 2,2 46p. 

TANTALUM BEAD CAPACITORS 
35V: 0 1,F 0-22, 0-33 15p; 0-47, 
" 8, 1-0. 1 5 16P; 22 3-3 18p; 4-7. 
6.8 22p; 10 28p; 16V: 22. 33 166; 
4.7. 6.8 10 Illp; 15. 35p: 22 30p; 33 
47 40p. 100 75p; 10V: 15, 22. 264, 
33, 47 356; 100 55p. 

MYLAR FILM CAPACITORS 
100V: 1nF. 2, 4, 4nF, 10 Sp; 15nF. 22n 
30n, 40 47 76; 56 100n. 200 96; 
47nF / 50V 12p 

CERAMIC CAPACITORS 50V 
Range: 0- 5pF to 10.000pF 
0-015,F, 11022,F, 0-033,F 
0 047,F 5p, 0 1,F. 0 2,F 

SILVER MICA (Values rn pFI 2 3-3. 4-7. 
6-8.8-2 10.15 18 22. 27 33 39. 47. 
50, 56. 68. 75 82. 85 100 120 150. 
1805F 156 each 
200, 220. 250. 270. 300 330. 360. 
390, 470. 600. 800. 820 ZIp each 
1000, 1200. 1800 2200 309 each 
3300. 4700pF 60p each 

POLYSTYRENE CAPACITORS. 
10pF to 1,1E Sp; 1 5nF to 12nF 10p 

POTENTIOMETERS: Rotary.sCarbon. 
Track. 0.25W Log & LIn.• 
4700, 6800. 1 KO & 2K0 (Linear only/ 
Single Gang 249 
51(0-2M0 Single Gang Log & Lin 29p 
5KN-2M0 Single Gang DIP Switch 599 
5Kft-2MQ Double Gang Log & Lin 889 
Wye Wound Single Turn 1 Watt 
200 20K0 115p 

SLIDER POTENTIOMETERS 
0-25W lag and Imear values 60mrn 
5K0- 500K0 single gang 70p 
101(0-5130K0 dual gang 110p 
Self Stick Graduated Bezels 386 4p 

5p 
7p PRESET POTENTIOMETERS 

0.1W 500 — 5M0 Miniature Verne& 
& Horizontal 7p 
0-25W 1000-3-3MS) horic larger 10p 
0-25W 2000-4-7MS-) Vert. 10p 
Carmel. Premslon. multiturn. 0 75W %in 
1000-100K0 806 

MINIATURE TYPE TRIMMERS 
2-6pF, 2-10pF 22p: 2-25pF 5-56pF 
306; 10-88pF 35p 

COMPRESSION TRIMMERS 
3-40pF, 10-80pF 20p; 20-250pF 289 
100-580pF 3116; 400-1250pF 43p 

JACKSONS VARIABLE CAPACITÓRS 
DILICON 0 2 355pF wIth slow 
100 / 300pF 195p moton Drum 450p 
5009F 2506 00208 ,176 395p 
6.1 Ball Dove .. . wIth slow 
4511 / DAF 160p motion drum 450p 
Dial Dnye 4103 C804-5pF 10 15 
6 1/36 1 775p 25 50pF Z806 
Drum 54nun 55p 100. 150pF 350p 
0.1-365pF 3256 L 3x310pF 7256 
DO 2 365pF 395p 00.3x25pF 550p 

RF CHOKES 
1,5 4 7 10 22 33 47 100 200 470 
750 1,,,/1 75 5 ID 306 each 
43mH 100 606 each 

RESISTORS — Ene make 5% Carbon 
Mlniature High Stabillty. Low noise 

RANGE VAL 1-99 100+ 
V.W 2.20-4.7M 24 Zp 1p 
1/2 1/1/ 2 20-4.7M E12 Zp 1p 
1W 2.20-10M 12 5p 46 
2% Metal Film 100-1M0 Sp 46 
1%0.5W 510-1M 24 8p Sp 
100+ price applies to Resistors of each 
type not mixed values 

VEROBOARD 

2"; x 31/4 " 
2V: a 5" 
314 x 386" 
3,4 0 5" 

x 17" 
4,4 a 17" 

Clad Flom 
66p 47p 
75p — 
756 — 
86p 72p 
290p 192p 
390p — 

Pkt of 100 pms 50p 
Spot face cutter 107p 
Pm 1nsemon tool 147p 

VO Board 150p 
DtP Board 330p 
Vero Sum 375p 

PROTO — DEC. 
Veroblack 375p 
S- Dec 350p 
Eurobreadboard 

520p 
Bamboard 1 785p 
Supermnp SS2 

998p 

VERO WIRING 
PEN f- Spool 285 
Spare Spool 65 
Combs 6 

FERRIC CHLORIDE 
1 lb bag Anhydrous 
195p 40p P&P 

DALO ETCH 
RESIST PEN 
-i- Spare up 90 

DIODES 
55119 15 
64,100 15 
67100 24 
57126 12 
90127 12 
CR033 25 
049 
0447 
0470 
0479 
0,485 
0490 
0491 
0495 
0,4200 
04202 
10914 
10916 
154001 ,2 
1 54003 
104004/5 
104006/7 
104148 
155401 1 
105404 1 
105406 1 
155408 1 
1544 
15921 
65 100V 
64 400V 5 
6A800V 6 

ao 

BRIDGE 
RECTIFIERS 
(plash, case> p 
14,500 20 
14100V 22 
14400V 29 
14 r 600V 34 
24, 50V 35 
24/200V 40 
2,4 ,400V 44 
24 r 6000 65 
64 r 100V 63 
64:400V 95 
64 ,600V 125 
104 200V 215 
10A , 600V 350 
254 200V 240 
25A600V 395 
80164 56 
VM18 OIL 50 

COMPUTER IC. 
2114-450n B 175 
2114-300n 245 
2708 350 
271 6-5V 450 
4116 295 
6502 575 
6520 325 
6522 570 
6530 1350 
6532 795 
6545 1450 
6551 755 
6592 2572 
6800 520 
6810 280 
6821 315 
6850 315 
6852 390 
80804 450 
80854 1100 
81LS95 125 
81LS96 125 
81LS97 125 
8251 475 
8253 999 
81264 190 
87284 195 
8795N 160 
8797N 150 
AY- 3-1015 4206 
AY-5-1013 365 
AY-5-2376 750 
MC1488 90 
MC1489 90 
MC14411 950 
MC14412 1250 
MK4027-2 450 
MK4027.4 325 
AO-3-2513U 600 
RO-3.2513L 600 
SFF96364E 950 
SFC71301 820 
7MS2716-3V 1050 
7M54027 325 
TMS6011 365 
TM59900J £36 
TM59980A £20 
Z130CPL12 5 650 
ZBOACPU 4M 795 
2130P10 440 
Z13041'10 575 
28007C 440 
280,4C7C 575 

ZENERS 
Range 207 to 
39V 400mW 

86 
Range 3V3 to 
33V 1 3W 

159 each 

ULTRASONIC 
TRANSDUCER 
40K1-1, 350p p 

NOISE 
757 180 

COPPER CLAD BOARDS 
FIbre Smgle- Double- SRBP 
Glass sded s, Cd 9.5" x 5" 

90p 1 Op 95p 
6" e 12" 150p 1 5p 

DIL PLUGS Ribbon Cable 
14 pm 44p; 16 pm 499 I 10 wat & 20 way 
24 pm 886; 40 pin 295p maTab,c 

Soldercon pats 100 60p: 500 2759. 

VARICAPS 
BA102 50 
1391059 40 
B13106 40 
MVAM2 165 

MVAMII5 
158 

OIL SOCKETS 
(TEXAS) Low Wire 

Prof. Wrsp 
8p1n 10p 25p 
I 4chn 12p 35p 
16(xn 13p 466 
18pIn 186 52p 

, 20pIn 22p 659 
22pin 25p 709 
244In 306 789 
28pin 35p 859 
36p,r, — 1059 

%Opp, 40p 109p 

DOE 
CONNECTORS. 
(Double rope/ 

.1 , 156 
2,00 way — 85p 
2x15 way — 99p 
2x 18 way 115p 120p 
2022 way 1309 135p 
.2x25 way 149p 160p 
2.30 woo 1709 — 
2e36 way 194P — 
200 way 2109 - 
2,43 way 2329 --

TRIACS 
3.200V 54 
34400V 56 
8,4100V 60 
84,4001i 69 
840300V 115 
124100V 78 
124400V 82 
12ABOOV 135 
1661009 103 
164400V 105 
1648006 220 
254500V 220 
254800V 295 
070000 120k 

Thyristors 
IA 200V 
IA 400V 70 
54 ,405 32 
544005 40 
54600V 48 
F14300V 50 
84600V 90 
12,4100V 78 
124400V 95 
124800V 188 
1,006 150 
BT116 180 
C106D 38 
TIC44 24 
PC45 29 
TIC47 35 
2N5062 32 
205064 38 
254444 130 

58 

DIAC 
ST2 20 

75 SERIES 
08 

75150 
75154 
75450 
75451 
75454 
75491 
75492 

350 
140 
150 
95 
70 

225 
89 
95 

LINEAR ICs 
702 75 
709 14 pen 40 . 
709C 8 pin 35 
710 87 
733 75 
741 8 pin 17 
747C 14 pin 78 " 
748C 8 on 
753 8 pin 165 
810 159 
9400C-1 350 
AY- 1-0212 595 
AY- 1-131.3A HO 
AY.1-1320 225 
AY- 1-5050 99 
AY- 1-5051 150 
AY- 1-6721/6 210 
AY-3-1015 550 
AY-3-1270 840 
AY-3-8500 390 
AY-3-8910 650 
AT.3-8912 950 
AY-5-1224A 235 
AY-5-1230 450 
AY-5-1315 595 
AY-5-1317A 530 
AS-5-3500 350 
AY-5-3600 1090 
AY-5-4007D 450 
AY-5-8100 775 
CA3011 110 
CA3012 175 
CA3014 157 
043018 
CA3019 70 
043020 186 
043023 191 
0430294 80 
053035 235 
043036 115 
CA3043 275 
043045 365 
CA3046 70 
CA3048 214 
043050 195 
053075 213 

35 

se 

TRANSISTORS 

AC125 
AC126 
40127 
AC128 
AC141 
AC142 
40176 
40187 
AC188 
ACY17 
ACY 1 Ei 
40719 
40320 
40721 
ACY22 
50728 
50739 
40041 
40142 
40149 
ADI 61 
40167 
AF118 
57124 
47126 
41139 
41178 
5/186 
AF239 
ASZ21 
BC107 
BC 1770 
BC 108 
BC10813 
BC 1080 
BC109 
BC 109g 
BC109C 
BC114 
OC 115 
13C117 
BC118 
OC 119 
BC137 
130139 
BC140 
BC142 
60143 
BC147 
501476 
bc1413 
OC 1400 
40149 
BC149C 
13C153 
BC154 
50157 
60158 
BC- 159 
60160 
001674 
601680 
BCI 69C 
BC 170 
BCI 71 
OC 172 
BC 177 
BC178 
BC 179 
BC182 
BC183 
BC184 

35 
25 
25 
25 
30 
30 
28 
28 
30 
70 
70 
75 
75 
75 
60 
75 
85 
85 
120 
79 
42 
42 
95 
70 
65 
40 
75 
70 
78 

125 
10 
12 
10 
12 
12 
10 
12 
12 
22 
22 
24 
23 
38 
40 
ao 
30 
30 
30 
9 

10 
9 

10 
9 

10 
27 
27 
10 
10 
11 
45 
10 
10 
10 
15 
11 
11 
20 
20 
20 
10 
10 
10 

BC1823 10 
60183L 10 
BC184L 10 
BC181 20 
BC186 30 
BC187 26 
BC212 10 
BC212L 10 
BC213 10 
BC213L ID 
BC214 10 
BC2I 4L 10 
BC237 14 
BC238 14 
BC3070 14 
BC308 16 
BC327 15 
BC328 15 
80337 15 
00338 15 
BC441 34 
BC461 34 
BC477 40 
BC516 40 
00517 40 
BC547 14 
BC548 14 
BC549C 14 
BC556 15 
BC557 15 
BC558 15 
90559 15 
BCY30 68 
K034 85 
BCY35 50 
BCY39 85 
BC040 85 
80042 14 
55743 35 
BCY45 
BCY58 35 
BCY59 35 
BCY70 16 
BCY71 18 
BCY7X 20 
13C778 24 
60112 125 
90124 115 
BD131 48 
90132 48 
BD I 33 60 
90135 45 
80136 40 
82137 40 
BDI 38 40 
90139 40 
90140 40 
BDI44 198 
90145 175 
90158 55 
90205 110 
90206 110 
BD222 85 
BD245 45 
BD378 70 
90434 55 
BD517 75 
BD695A, 85 
92696,4 85 
130756 180 
00760 160 
130761 160 
01115 35 

so 

9E154 25 
0E158 25 
8E167 29 
BF173 27 
BF177 25 
01178 30 
6E179 35 
BF180 
91102 
BF184 38 
BF185 38 
BF194 12 
8E195 12 
BF196 12 
8E197 12 
6E198 16 
9E199 18 
91200 30 
8F2244 25 
13F24413 29 
6E245 30 
13F2564 35 
8F25613 45 
5E257 32 
87258 32 
8E259 35 
BF274 42 
BF336 40 
BF337 40 
91451 35 
0E594 30 
01595 30 
BER39 23 
BFR40 23 
BFP41 23 

38 
38 

8E680 25 
B1681 25 
BER98 105 
9E029 28 
BFX81 45 
9E084 y 26 
BF085 28 
BFXB6 28 
BFX87 28 
B1088 28 
BFY18 50 
BFY50 23 
BFY51 23 
FIFY52 23 
BFY53 32 
811/55 32 
BFY56 32 
BFY64 35 
51171 20 
BFY81 1 ZO 
BRY39 40 
95020 20 
BSX26 34 
BSX29 34 
BSX78 45 
1359'26 30 
907954 25 
BU105 170 
137205 190 
92206 200 
92208 200 
E421 250 
M08001 250 
517490 90 
MJ491 175 
MJ2955 90 
MJE170 150 
MJE180 150 

MJE340 54 
M./5370 100 
MJE371 100 
M3490 90 
MJE520 65 
MJE521 95 
M3E2955 99 
MJE3055 70 
MPF102 66 
MPF103 36 
MPF104 36 
MPF105 36 
MPF106 40 
MP5,405 22 
MPSA06 25 
MPS,412 32 
MPS,455 30 
MPS,456 30 
MPS002 58 
MPSUO5 55 
MPSUO6 55 
MPSU52 65 
M75555 60 
MP5556 60 
MPU131 52 
0C26 170 
0C28 130 
0035 125 
0C36 120 
0C41 120 
0042 120 
0C44 120 
0C45 40 
0070 40 
0071 40 
o072 
0074 
0075 
0076 
0077 
0081 
0082 
3083 
0084 
00140 
OC170 
DC 171 
0C200 
T1P29 
TIP294 
117299 
T1P29C 
TIP30 
7IP30,4 
711/309 
71P3OC 

011/3 A 
117318 
TIP31C 
311/3 A 
T1P3 C 
71P334 
TIP33C 
7173 A 
311/3 C 
T1P3 A 
TIP3 C 
T1P3 A 
T1P3 C 
717414 
TIP411, 
71P4 A 
3174_9 

ao 
50 
50 
50 
50 
50 
50 
40 
ao 
110 
85 
85 
85 
34 
36 
56 
60 
47 
48 
50 
58 

45 
as 
55 
as 
60 
65 
78 
74 
88 
160 
185 
170 
199 
55 
60 
60 
75 

311/120 90 
117121 99 
TIP122 99 
110141 120 
TIP142 120 
112147 120 
0102955 60 
TIP3055 60 
71543 32 
31644 45 
11045 45 
71546 45 
71559 50 
TIS74 50 
71090 30 
TIS91 32 
i1C734 55 
210107 11 
ZTX108 11 
ZFX109 12 
ZTX21 2 28 
210300 13 
ZTX301 16 
ZTX302 16 
270303 25 
Z10304 17 
Z70314 25 
17X326 30 
Z7X341 30 
730500 14 
D-0501 15 
ZTX502 15 
ZTX503 18 
ZTX504 25 
7701 25 
Z70552 25 
20697 23 
20698 40 
20699 48 
2417064 19 
20708 19 
25918 35 
201131 24 
751132 24 
251302 45 
2511303 60 
291304 65 
201305 60 
251306 65 
251307 65 
201300 68 
201613 30 
251670 150 
251167113 

120 
252160 295 
202217 45 
23422184 45 
2522194 28 
2022204 26 
21422214 25 
2N2222A 25 
292297 45 
202303 45 
202368 25 
2023694 18 
252476 50 
2 2483 27 
? 2484 27 
2 2492 50 
2,32497 63 
252646 45 
2, 2784 55 
202904 28 

2929054 26 
252906 26 
202907 26 
2529074 26 
7029260 10 
203011 28 
2113020 45 
203053 26 
.203054 58 
203055 48 
2413108 45 
253252 46 
253302 30 
2513441 140 
2513442 140 
253663 15 
253702 10 
253703 10 
253704 10 
203705 10 
253706 10 
203707 10 
203708 10 
253709 10 
203710 10 
253711 10 
2473713 140 
253771 179 
24,3772 195 
203773 270 
203819 22 
2413820 45 
253822 65 
203823 65 
203024 65 
203866 90 
293879 150 
203903 18 
253904 18 
253905 15 
253906 17 
254037 46 
7514041 40 
204058 10 
2414061 10 
204062 10 
204064 115 
2N4220 78 
204234 48 
2414236 48 
254264 24 
204286 15 
204289 18 
254314 68 
254400 18 
204427 80 
254859 78 
204871 55 
204898 135 
254901 175 
204921 55 
2114922 60 
205102 145 
255135 20 
205136 20 
205130 18 
205172 18 
205179 45 
255180 45 
205191 75 
2130305 24 
2553013 24 
255457 36 
255458 36 

255459 36 
255485 36 
255777 45 
2105879 190 
206027 32 
2063BEI 150 
250234 75 
39128 112 
35140 112 
40311 
40313 130 
40315 60 
40316 95 
40317 . 60 
40320 60 
40323 60 
40324 100 
40326 60 
40327 70 
40347 90 
40348 120 
40360 40 
40368 43 
40361 50 
40362 50 
40408 70 
40411 285 
404674 130 
40468 85 
404684 70 
40594 105 
40595 110 
40603 110 
40636 175 
40673 95 

so 

SPECIAL 
OFFER 

2114-450n 
185p 

2114-300n 
245p 

2708 
350p 

2716-5V 
4509 

4116 
2509 

IM6402 
(UARL) 3109 
MM1702AQ 

21169 

At\A-

Telephone 

orders by 
Access now 

accepted 

(Et 0 min.) 

043000E 
083081 
CA3085 
043069E 
CA3090AQ 
CA3123E 
043130 
043140 
043160 95 
CL7106 795 
CL7107 975 
CL803BCC 340 
CL8211A 150 
CM7204 650 
0M72054 1150 
CM 7207 £75 
CM7215 1050 
CM72164.1 1950 
CM7216B 1950 
CM7216C 1950 
CM7217A 790 
CM7224 785 
CM7555 89 
LD130 452 
LF351 49 
17356 SO 
LM10 395 
LM301AP 28 
LM3081 es 
LM311 70 
LM3185 200 
1M324A 50 
LM339 Si 
LM348 so 
Lmaas 115 
LM379 415 
LN1380 SO 
LM3815 145 
1.M382 125 
LM384 140 
L51386 69 
LM387 120 
LM389 99 
L51733 96 
LM1458 45 
LM2917 165 
LM3900 
LM39095 70 
LM3911 125 
LM3914 240 
LM3915 240 
LM3916 255 
LM13600 135 
M2524.4 525 
M2534.4 1150 
MC663 SO 
MC1204 250 
MC1301 79 
MC1303 es 
mc1304P 260 
MC1310P 150 
MC1458 45 
MC1488 
MC1489 
MC1494 
MC1495 

190 MC1596 

55 

551 MC1496L 

MC3302 
215 MC3340P 
375 MC33601> 
150 mcasyl 
00 MC3403 
44 MC3405 

MFC6040 97 
MK50398 835 
MM5303 535 
MM5307 1275 
MM57160 620 
MSM5526 820 
NE515 275 
NE529 225 
NE543K 210 
NE544 185 
NE555 22 
50556 55 
50560 325 
NE561 398 
NE5628 410 
NE564 435 
NE565A 120 
5E566 150 
NE567V 170 
5E570 450 
NE571 420 
RC4136D 110 
55668 275 
SAB3209 425 
0483210 275 
SAS560 150 
SA5570 150 
503402 295 
SL414A 275 
5N7518135 240 
SN76013 170 
557601350 130 
5576018 148 
6576023 170 
SN76023ND 170 
5576033N 165 
SN76115N 115 
01976131 125 

so 5576227N 95 
S976477 175 
5N76660 120 
SP8629 299 
355621401 250 
04.56614 155 
74.4700 250 
740100 159 
TBA120S 70 
TBA5400 220 
TBA5500 330 
TBA641-412 
BX or BX11 250 
794651 190 
TBA800 90 
TBABIO 95 

554 TE1A990C1 270 
360 1042700 250 

60 178.4820 
90 71349200 250 

70 

92 TC4965 
225 TDA1004 
150 TDA1008 
120 1041022 
120 TDA1024 
52 4041490 
135 TDA2020 
150 TDA2030 

TL061CP 
TL062CP 
TL064CN 
TL071CP 
TL072CP 
41.074CN 
11.0131CP 
TL082CP 
TL083CP 
TL084CN 
055170 
048180 
002206 
X132211 
862266 
ZN414 
Z5423 
011424E 
ZN425E 
ZN1034E 
ZN1040E 

Ti 74 
(TEXAS) 
7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
1408 
7409 
7410 
7411 
7412 
7413 
7414 
7415 
7.112 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7410 
7441 
7442 

120 
290 
310 
676 
105 
290 
320 
320 
44 
so 
169 
45 
so 
140 
42 
70 
es 
120 
170 
170 
350 
575 
750 
95 
195 
130 
415 
200 
685 

11 
11 
11 
14 
14 
18 
36 
36 
17 
20 
17 
25 
20 
32 
38 
30 
30 
19 
38 
26 
28 
28 
43 
32 
35 
19 
27 
36 
35 
32 
20 
68 
58 

7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7403 
7484 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
3497 
74100 
74104 
74105 
74107 
74109 
74110 
74111 
74112 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
'4125 
74126 
74128 
74132 
74136. 
74141 75 
74142 185 
74143 250 
74144 250 
74145 90 
74147 150 
74148 125 
74150 130 
7415, 70 
74153 70 
74154 120 
74151 75 
74156 _79 

120 74157 70 
16 74159 165 

105 74160 99 
32 74161 99 
72 74162 99 
75 74163 99 
20 74164 120 
20 74165 120 
20 74166 130 
20 74167 205 
20 74170 205 
40 74172 375 
30 74172 110 
35 74174 100 
34 74175 82 
56 74176 80 
40 74177 85 
52 74178 110 
120 74179 155 
75 74180 90 
go 74181 280 
99 74182 88 

105 74184 130 
33 74185 130 

205 74106 310 
62 74190 130 
84 74191.120 
50 74192 120 
57 74193 120 
85 ;4194 102 
70 74195 75 
80 74196 91 
176 74197 88 
130 74196 160 
62 74199 160 
62 74221 150 
34 74246 150 
60 74247 151 
54 74248 189 
68 74249 189 
170 74251 110 
198 74265 66 
85 74273 267 
120 74278 249 
75 .74279 99 
35 .74253 149 
50 74284 350 
65 74285 350 
50 74290 107 
45 74293 135 
65 74297 236 
55 74298 185 
65 74365 95 

74365 95 
74367 95 
74368 95 
74390 185 
74393 185 
74490 185 

74L 
74L00 
741_30 
74147 
741_75 
74L85 
74L121 
74L123 

es 
so 

390 
145 
349 
185 
325 

74S 
74000 
SO4 
5132 
6138 
S158 
0188 
6189 
0194 
0195 
0241 

SO 
73 

138 
240 
240 
210 
158 
360 
795 
540 

5262 ago 
0287 325 
5288 210 
0470 325 
5472 1150 
6475 825 

74LS 
1_000 13 
LS01 13 
1002 15 
LSO3 15 
LSO4 16 
LSO5 23 
1.008 22 
LSO9 
LSIO 
L611 
LS12 
LS13 
1514 
LS15 
LS20 
L521 
LS22 
L026 
1_027 
LS28 
L530 
LS32 
f_033 
1037 
1538 
1540 ZS 
'LS42 N 
LS47 ss 
1548 105 
L549 105 
LS51 25 
LS54 30 
1555 30 
LS63 150 
LS73 46 
L574 35 
1575 46 _ 

ZI 
20 
32 
32 
40 
60 
40 
21 
32 
35 
44 
as 
35 
20 
25 
35 
30 
35 

LS76 46 
LS78 50 
LS83 106 
1_565 110 
1595 38 
1590 50 
LS91 125 
1_592 75 
LS93 80 
LS95 115 
LS96 120 
10107 45 
LS109 75 
L0112 40 
1.6113 75 
LS114 40 
LS122 70 
15123 75 
L0124 180 
LS125 45 
LS126 46 
15132 110 
1.0133 35 
15136 55 
15138 70 
10139 70 
10145 120 
LS147 210 
L5148 170 
LS151 90 
LS153 85 
10155 96 
LS156 86 
10157 70 
10158 70 
10160 90 
15161 SO 
10162 110 
10163 95 
15164 115 
LSI 65 155 
LS166 175 
101613 210 
10169 210 
15170 238 
10173 105 
LS174 147 
1_0175 110 
L5181 215 
LS I 83 298 
10199 128 
15190 95 
10191 05 
10192 96 
15193 95 
10194 125 
1.0195 130 
15196 120 
15197 55 
LS200 346 
10202 346 
10221 120 
10240 165 
15241 185 
L5242 155 
L5243 185 
E 7244 195 
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WATFORD ELECTRONICS 

COMPUTER CORNER 
SUPERSOARD II Series II. Reedy built and rested. 
50Hz. No Flicker, Incl. Manuals and Free Cassette 
with 4 programmes Only £149 
POWER SUPPLY 5V/34 (inc). RF Modulator) for 
Superboard (Reedy-built and tested) £20 
POWER SUPPLY KIT (inc. RF Modulator) £15 
810 EXPANSION Eased (BK RAM) expandable to 
24K. ideal for Superboard, UK101 El 50 
ENHANCED Supeoboard (48 32) £1119 
(P S. We will modify your present Superboard to 48 x 
32 Screen format for 40 
CEOMON, A new monitor PROM for Superboard, 
Enhanced Superboard & UK101 (Please specify 
when ordering) incl. Documentation 19 . 
EXTRA 4K RAM (8 x 2114) £14 
MICROTYPE CASE Ill, Black ABS to fit UK 101 
Superboerd, NASCOM etc. (please specify) £24.50 
MICROCASE SEL, ABS, Icorp top brown base. 
eccornmodetes UK101. Superboard, etc 26.75 
SUPERPRINT MM. 80 coloren Low Cost Impact 
Printer. 992" paper width TRACTOR/ Friction Feed. 
-Inputs for RS232. 2OrnA Loop, IEE-488 Centronics 
parallel £296 

PRINTER 950 £350 
VIDEO GENIE booed on TRSBO. Utilises Z80 12K 
level II BASIC, 15K RAM, 64 x 48 Video Display. 
incl. Cassette Deck [2119 
SOFTY. Intelligent EPROM Programmer. Connects 
directly to TV. Develop. Copy. Burn EPROM. Reedy 
built and tested £120 
SOFTY in kit form £100 
POWER SUPPLY, ready built for Softy £20 
9" VIDEO MONITOR. 10M11: EIS 
TEX EPROM Eraser £33 
UV140 EPROM Eraser £110 
Will ERASER with 5-50min. timer £77 
KETIOARD 756 Full ASCII coded 
KEYPAD 4 x 4 matrix (Reed switches) 350p 
STACK PACK lOri C12 High Grade Cassettes in 
unique stackeble neat cassette drawers with labels 

525p 
¡p&p on Ow above item is acne 

SWITCHES 
TOGGLE 24. 250V 
SPOT 33p 
DPST 34p 
DPDT 94p 
4 pole on , on 54p 

SUB-MIN TOGGLE 
SP changeover 60p 
SPST oiling 54p 
SPDT biased off 105p 
DPDT 6 tags 75p 
DPOT centre oft 88p 
DPDT biased off 14515 
Push to break 20p 

SLIDE 250V: 
IA DPDT 14p 
14 DPDT c/over 15p 
V,A DPDT 13p 
4 pole 2-way 24p 

PUSH BUTTON 
SPOT Black Body 
Red Blue, Gin , Yell 
SRL Latching 125p 
SRM Momentary 

125p 

MINI. Non Locking 
Push to Make 15p 
Push Break ZSp 

OIL SWITCHES 
IS PST) 
4 way 55p 6 way 
9514; 8 way 115p 

ROTARY: Make your own multiway Switch Adjust- • 
able Stop Shafting Assembly Accommodate up to 6 
Wafers 65p 
Mains Swilch DPST to fut 45p 
Break Before Make Waiers 1 pole,' 12 way 2p/ 6 
way 3p 4 way 4p 3 way 6p, 2 way 56p 
Spacer and Screen Sp 
ROTARY: (Adjustable Stop) 
1 pole/ 2 to 12 way, 2p 2 to 6 way. 3 pole , 2 to 4 
way, 4 pole, 2 to 3 way 45p 
ROTARY: Mains 250V AC 4 Amp 55p 

CONNECTORS (Cannon type) 
Plugs Sockets Covers 

9way 95p 128p - 
lSway 135p 195p 150p 
25way 98p 284p 170p 
3/way 290p 3984 18 p 

CRYSTALS 
100KHz 323 
4551047 383 
1MHz 323 
1.008M 395 
1.28MHz 392 
1 6MHz 323 
1 8MHz 323 
1.8432MHz 362 
2 4576MHz 362 
3.2768M 323 
3.57954M 196 
4 000MHz 290 
4 032MHz 323 
4 43351 9M 135 
5 OMHz 355 

^." 323 
5 24288M 425 
6.0MHz 323 
6.5536M 200 
7.680M 323 
8.0MHz 392 
8.08333M 362 
8.867237M 362 
9 375M 323 
10.0M H‘ 323 
10 7MHz 323 
12MHz 392 
14 31818M 382 
18MHz 323 
18 432M 323 
20 OMHz 323 
.27 648M 323 
38 6667M 350 
46 OMH. 323 
100 00MHz 323 

TRANSFORMERS (Mains Prim. 220-240V) 
6-0- V 9-0-9V. 12-0-12V 100mA 955 
3VA 0-6V 0-6V (PCB mounting) 150p 
EVA 6V- 5A 6V- 5A 9V- 4A 9V- 44. 12V. 36 
12V- 3A. 15V- 25A 16V- 25A 215p 
12V 4.5V- I 34 4 5V- I 34, 6V-1 2A 6V-1 24„ 
12V- 54 12V- 54, 155,.44 15V -. 44, 20V- 3A 
20V 34 235p (30p p&p) 
24VA: 6V-1 5A 6C- I 54, 9V-1 3A 9V- I . 34; 
12V IA 12V-14, 15V-.84, 15V- BA, 201/-.64 
20V, 60 320P 155p p&p). 
50VA: 6V-44 6V- 4A, 9V-2 5A 9V-2 54, 12V-24 
12V- 2A 15V-1 5A 15V-1 54, 20V- 1.2A 20V. 
1 20 25V-14 25V-14, 30V..84 30V-.134 

3655 (60p & p).. 
100VA: 12V- 4A 12V-44, 15V,34 15V-34, 
20V-2 54 20V-2.54, 30V ,1 54 30V-1.54, 
40V- I 256 40V-1.254. 50V-14 50V-14 95p 
(74p p&p) (NB p&p charge to be added above 
our normal postal charge I 

ALUM. 
BOXES 
WITH LID 

3.20" 55 
2hari514,1 1," 

75 
4.451 1-" 75 
4aUsx 1"2" 75 
4x5'4111'," 100 
4s214.2" BO 
5041.2" 107 
604x2" 110 
7x5x2,"2" 185 
8.653" 185 
10070" 240 
10%4'4,3" 228 
1205.3" 230 
12,8,3" 275 

Eli Projects. 

Pans available 

for Digital 

Test Meter, 

DM900, 60W 

Amplifier 

System. Send 

SAE plus 5p 

for list. 

VOLTAGE REGULATORS 
1A TO3 ve -Ve 
5V 7805 145p 7905 
12V 7012 145p 7912 
15V 7815 145p 
18V 7818 145p 

1A TO220 Plastic Casing 
5V 7805 80p 7905 

12V 7812 60p 7912 
15V 7815 60p 7915 
18V 7E118 60p /918 
24V 7824 60p 

100inA 7092 Plastic Casing 
5V 78105 30p 79105 
6V 78162 30p 
EIV 781132 30p 
12V 78112 30p 
15V 78115 30p 

LM300H 170p 1M327 
LM305H 140p LM723 
LM309K 135p TAA550 
LM317K 350p TBA625B 
LM323K 550p TD01412 
LM325N 240p 78H05-1-5V 
LM326N 240p 

220p 
220p 

65p 
65p 
65p 
85p 

55p 

791.12 65-p 
79115 135p. 

270p 
38p 
50p 
95p 
150p 
5A 
595p 

7890 k- 5V to 025V 
5A 650p 

0 PTO 
LED with Clips 
011209 Red 13 
711211 Grn 17 
011212 Yel 18 
711220 2" Red 14 
2 Green Yellow 
o, Amber 18 
Square LEDs, Red, 
Green, Yellow 30 
10271 Infra Red 40 
5F1-1205 Detector 99 
111132 lnfra Red 65 
11178 Detector 75 
BARGRAPY Red 10 
segments 225 

LS400 
OCP71 
ORP12 
ORP61 
255777 

255 
120 
63 
85 
45 

ISOLATORS 
IL74 55 
T1L1 1,2 85 
TIL114 95 
TIL117 110 

PANEL 
METERS 
F917 
60,46, 
35mrn 
0-50m A 
0-10004 
0-500V A 
0-1mA 
0-5m4 
0-101n4 
0-50m4 
0-10OrnA 
0-500m4 
0-1A 
0-24 
0.25V 
0-50V AC 
0-300V AC 

'VU ' 
445p end 

4'40314x 1'/z" 
0-50v A 
0-100s4 
0-500a A 
5115p so* 

7 Segment Display. 
TIL307 675 
TIL312 3" CA 105 
TIL 13 3" CC 105 
TIL 21 5" CA 115 
Tn. 22 5" CC 115 
Di_ 04 3" CC 89 
DL 07 3"CA 99 
DL 47 6" CA 150 
It Orange CA 250 
Fry0357 Red 120 
F50500 115 
3" Greer CA 150 
5" Green CA 215 
3 , 1 Red CA 150 
3 / 1 Green CA 

150 
DVM176 1885. 
LCD 3h, Digits 775 
LCD 4 Digits  975 
CD 6 Digits 950 

10245 350 
LS247 136 
L.S248 135 
10249 135 
10251 130 
15253 96 
10257 96 
10250 1» 
LS259 160 
10261 460 
10266 76 
10273 180 
15275 320 
15279 
15280 260 
10283 90 
10290 130 
10293 130 
LS295 215 
15298 215 
LS299 420 
10300 175 
10302 175 
10320 270 
15373 460 
15324 200 
10325 320 
LS326 330 
10327 315 
LS346 185 
10347 150 
10348 190 
10352 185 
LS353 165 
10365 
LS 366 
14367 66 
LS368 90 

u 

85 
86 

15373 
L 374 
L 375 

377 
1037E1 
15379 
15384 
163135 
15386 
'15390 
L 393 
L 395 
L 396 
L 398 
L 399 
L 445 
L 447 
LS490 
LS 668 
LS 669 
L 670 
L 673 
L 674 

150 
150 
150 
199 
140 
216 
250 
420 
86 
140 
140 
210 
199 
275 
230 
140 
195 
245 
105 
105 
270 
750 
850 

CMOS 
000 

4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
401.7 
4013 
4714 
4015 

14 
15 
86 
19 
76 
40 
se 
18 
24 
43 
80 
82 

4016 
4017 
471s 
4019 
4020 
4021 
4022 
1023 
402.4 
4025 
4026 
402 
4t)28 
4029 
4030 
4031 

4033 
4934 
4036 
4036 
4037 
4038 
4039 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 

35 
70 
76 
48 
85 
90 
85 
24 
eo 
24 
180 
45 
92 
98 
55 
185 
125 
175 
213 
95 

275 
115 
110 
299 
85 
80 
70 
80 
eo 

175 
96 
98 
65 
35 
38 
86 
as 
ea 

4054 130 
4055 130 
4056 135 
4057 2850 
4059 575 
4060 110 
4061 1225 
4062 995 
4063 120 
4066 46 
4067 430 
4068 26 
4069 22 
4070 30 
4071 25 
4072 25 
4073 25 
4075 23 
4076 85 
4077 30 
4078 28 
4081 26 
402 25 
4005 90 
4086 90 
4089 150 
4093 55 
4094 210 
4095 95 
4096 95 
4097 340 
4098 150 
4099 150 
4160 115* 
4161 115 
4152 115 
4163 115 
4174 110 

4175 
4194 
4408 
4409 
4410 
4411 
4412F 
4412V 
4415F 
4415v 
4419 
4422 
4432 
4435 
4440 
4450 
4451 
4452 
4490F 
4490V 
4501 
4502 
4503 
4506 
4507 
4508 
4510 
4511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 
4520 
4521 

120 
115 
790 
790 
750 
950 
1250 
1520 
480 
850 
280 
570 

1050 
850 
999 
350 
350 

350 
750 
28 
105 
65 
75 
48 

325 
85 
98 
84 

225 
220 
250 
so 

415 
90 
80 
90 

210 

4522 150 
4526 98 
052 7 125 
4528 100 
4529 150 
4530 
4531 130 
4532 120 
4534 510 
4536 310 
4539 145 
4539 120 
4541 150 
4543 150 
4549 395 
4553 399 
4554 192 
4555 85 
4556 60 
4557 425 
4558 174 
4559 450 
4560 199 
4561 104 
4562 525 
4566 195 
4568 299 
4569 195 
4572 36 
4580 
4581 
4582 
4503 
4584 
14585 
40106 

90 

495 
320 
135 
105 
55 

140 
99 

KLLLMOOR 
PRESENTS THE LATEST 
STATE OF THE ART 
in DIGITAL WATCH TECHNOLOGY 
1981 will be known as the year when `digitals' became 
slimmer whilst maintaining the trend of increasing 
number of functions. We now offer YOU this watch 
- available by mail order for the first time. 
THE ULTRA SLIM MUSICAL ALARM 
CHRONOGRAPH IS YOURS FOR 
JUST £12.95 ± 50p P&P. It is fully 
guaranteed for 1 year and comes 
complete with demonstration 
battery. Just look at the 
functions listed below: 

ONLY 

£12.95 
plus 50p P&P 

• Normal time display of hours, minutes and seconds 
• Date • Melody alarm which plays a complete verse 
of a well-known tune • Dual time zone • Stopwatch 
with multi-lap times • Count down timer (sounds 
alarm when it reaches zero) • Backlight. 

Just complete the form now - in keeping with the Keelmoor pro-
- mise all goods are despatched by return. We have hundreds of other 
watches in stock. Send a SAE for our FREE colour brochure and 
read about all our bargains. Post to: 

Keelmoor Ltd, 78 Castle Street, Melbourne. Derby DE7 WY. 

78 Castle Street, 
g idiásigriutoit jig Melbourne, Derby 

Inv DE7 1DY. 
I Please rush me the watch. I enclose cheque/PO for £ 12.95 + 50p 

P&P. 
• Name   
I Address I 
I I 

m  a= I ( .1111. ra Money refunded if not delighted. If you wish I  I 11S4 to buy via Access or Barclaycard write your : 
number here   a 

m▪ a am um um la im maw am mum ml mu am maw mum mom immall 
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PRACTICAL ELECTRONICS PROJECT125 WATT POWER AMP KIT 

+4 Sensitivity for 100 watts 

. 

Loads 4-16 ohms 

Frequency response Measured at 100 watts 25Hz-20kHz and circuit diagrams 

SPECIFICATIONS output stage uses four 115 watt transistors normally only 

400mV @ 47K 

125 watt RMS The PC Board is backpinted, etched and ready to drill for 
Operating voltage ( DC) 50-80 Max. ease of construction, and the aluminium chassis is 

preformed and ready to use. supplied with all parts 

two would be used, result, a high powered rugged unit 
Max Output power  

Typical T.H.D. @ 50 watts 4 ohms load 0 1 % 
Dimensions 205v 90 and 190 x 36 mm 

The P.E. power amp kit is a module for high power 

applications-disco units, guitar amplifiers, public 

address systems and even high power domestic systems. 
The unit is protected against short circuiting of the load 
and is safe in an open circuit condition. A large safety 

margin exists by use of generously rated components, the 

125 watt power amp lut if 9 5 ID f1.00 p&p 
plus 

ACCESSORIES f1Suitable LS. couph .00 ng electrolytic plus 20p p&p 

Suitable Marns Power Supply Unit f7.50 plus 12 75 p&p 
sufficient for one power amp 

AS FEATURED IN 
PRACTICAL ELECTRONICS 

OCTOBER ISSUE 

DIY STEREO BARGAIN PACKS FEATURING FAMOUS BUILT MULLARD PREAMP MODULES 
MULLARD STEREO 
PREAMP MODULES 
AND TWO 12 WATT 

POWER AMP 
KITS. 

In easy to bu9d form 
P.C.B.s backprinted, etched 

and drilled ready to use 

BUILD A 12 WATTS PER CHANNEL STEREO AMPLIFIER f6 
ACCESSORIES AND LS. KIT EXTRA (not available separately) 

DIY PACK 1 2 y power amp kits 
LP1182/ preamp module, suitable for 

ceramic and auxiliary inputs. 

DIY PACK 2 2 x power amp kits LP1184 
preamp module sortable for magnetic 

ceramic and auxiliary inputs. 

DIY SPEAKER KIT Two 8" x 5" approx. 
4 ohm bass. 

12 + 12 WATT AMPLIFIER 
KIT NOTE for use with 410 8 ohms speakers 

With up-to-the-minute features. To complete you just supply 
screws, connecting wrre and solder. Features Include din input 
sockets for ceramic cartridge, microphone, tape or tuner. 
Outputs-tape, speakers and headphones By the press of a 
button it transforms into a 24 watt mono disco ampldier with twin 
deck mixmg. The kit incorporates a Mullard LP1183 pre- amp 
module, plus 2 power amplifier assembly kits and mains power 
supply. Also featured 4 slider level controls, rotary bass and treble 
controls and 6 push button switches. Silver finrsh fascia panel with 
matching knobs. Easy to assemble teak simulate cabinet and ready 
made metal work. For further onformation instructions are 
available price 5011 Free mth kit 
Sae 91/4" x 83/4" x 4" approx. 
NOTE: 
for use with 4 to 8 ohms speakers. plus £2.55 p&p 

f13.95 

BSR chassis 
record deck with 
manual set down 
and return, com-
plete with stereo 
ceramic cartridge 
£8.50 plus £2.75 p&p when 
purchased with amplifier. Available separately f10.50 plus £2.15 p&p 

8" SPEAKER KIT. 2 Phillips 8" approx speakers. £4.75 per 
stereo pair plus f1.50 p&p when pur-
chased with amplifier. Available 
separately £5.75 plus ft 60 P&P 

STEREO MAGNETIC PRE-AMP 
CONVERSION KIT all components 
including P C.B. to convert your ceramic 
input on the 12 + 12 amp to magnetic 
f2.00 when purchased with krt featured 
above £4.00 separately inc p&p 

f6.00 
plus £1 10 p&p 

f8.50 
plus fl 15 p&p 

f3.50 
plus (1 70 p&p 

OFFER, SAVE MONEY by purchasing 12 + 12 amp kit, BSR r ip=  rn 
record deck and speaker kit together for only L eu. UU P&P f4.50. 

PRACTICAL ELECTRONICS 
CAR RADIO KIT £10.50 
(Constructors pack 7) plus fl 75 p&p 

2 WAVE BAND MW LW 
'Easy to build • 5 push button tuning 

' Modern styling design • All new unused components 
• 6 watt output Ready etched á punched P.C.B. 

• Incorporates suppression circuits • Now with tape input socket 

All the electronic components to build the radio, you supply only 

the wire and solder as featured in the Practical Electronics March 
Issue Features Pre-set tuning with live push bubon options, 
black Illuminated tuning scale, with matching rotary control knobs, 

one, combining on/off volume and tone- control, the other for 
manual tuning, each set on wood simulated fascia. 

The P E. Traveller has a 6 watts output, neg ground and incor-

porates an integrated circuit output stage. a Mullard IF module 
LP1181 ceramic filter type, pre- aligned and assembled and a Bird 
pre- aligned push button tuning unit. The radio fits easily in or 
under dashboards. 

Complete with instructions. 

CONSTRUCTORS PACK 7A 
Suitable stainless steel fully retractable locking aerial and 

speaker ( approx 6" x 4") is e nr per pack, 
available as a kit complete •UU p&p /1 00 

Pack 7A may only be purchased at the same time as Pack 7 

NOTE: Constructor's pack 7A 
sold complete with radio kit f15.20 including p&p. 
FEATURED PROJECT IN PRACTICAL ELECTRONICS 

30 + 30 WATT STEREO AMPLIFIER 
BUILT AND TESTED 
Viscount IV unit in teak simulate cabinet Over finished rotary controls 
and pushbuttons with matching fascia, red mains indicator and stereo 

jack socket Functions switch for rrfic magnetic and crystal pickups. tape 
and auxiliary. Rear panel features fuse holder. DIN speaker and input 

socket 30 + 30 watts. RMS 60 + 60 watts peak for use with 4 to 8 ohm 
speakers. Size 143/4 " x 10" approx. 

READY TO PLAY f32.90 plus 

£3.30 p&p 

.00 
DIY ACCESSORIES Mains transformer 

smoothing capacrtor rectifier 4 x slider 
controls, for base, treble and volume 

f3.00 
plus 11 60 p&p 

ACCESSORIES: Available only 
at time of purchase of Bargain Packs 

BSR Manual single play 
record deck with auto return and 

cuerng lever. Fitted with stereo 
ceramic cartridge 2 speeds with 45 
rpm spindle adaptor ideally suited 
for home or disco use. 

f12.25 OUR PRICE plus £2 75 p&p Sue approx 13" a 11 

PHILLIPS RECORD PLAYER 
rgrzEe aCppKroxgF/93a17 Hi fi record player deck. 2 speed. 

21/4" damped cueing. auto shutoff, belt 

drive with floating sub chassis to 
minimise acousbc feedback. Com-
plete with GP401 stereo magnetic 
cartridge-LIMITED STOCK 

UNBEATABLE OFFER AT 

f27.50 
BARGAIN OFFER!! 

ARISTON PICK UP 
Anston pick-up arm manufactured in Japan f1 1 . 95 
Complete with headshell 

Listed price over £30 00 OUR PRICE plus £2 50 p&p 

complete 
plus £2.75 p&p 

100 WATT 
MONO DISCO 
AMPLIFIER 
Brushed aluminium fascia and rotary controls 

Size approx 14" x 4" x 10 1/4. Five vertical slide 
controls, master volume, tape leverl, mit level, deck 

level. PLUS INTER DECK FADER for perfect graduated change 
from record deck No. 1 to No 2, or vice versa. Pre fade level 
controls ( PRL) lets YOU hear next disc before 
fading it in. VU meter monitors output level f76 Do • Output 100 watts RMS 200 watts peak 

plus £4.00 p&p 

323 EDGWARE ROAD, LONDON, W.2 
21E HIGH STREET, ACTON W3 6NG 

ACTON. Mail Order only. No callers. 
ALL PRICES INCLUDE VAT AT 15% 

NI item subject to availability. Price c.rrWl at 
1.2.81 awl subject ta chugs without since 

For further information send for instruction booklet 
20p plus stamped addressed envelope 

NOTE: 
Persons under 16 years not served without parents authorisation 

50 WATT MONO DISCO AMPLIFIER 
Size appox t n" x 53/4" x 6e." 50 watts rms 100 watts peak 
output Big features include two disc inputs, both for ceramic 
cartridges, tape input and microphone input. Level mixing controls 
fitted with integral 
push-pull switches. 
Independent bass 
and treble controls 
and master volume 

£30.60 
plus 13.20 p&p 

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432. 0.30am-5.30orn Cl«ed all day Th.sd.Y ACTON: Mail Order only ide callers GOODS DESPATCHED to MAINLAND AND el IRELAND may 
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NEWS 

DIGEST 
1/2 Inch Blinders 
Hewlett Packard's new 0.56" high 

seven-segment displays should 
come with a free tube of suntan oil. 
They're made to be read clearly at up 
to 23 feet away. The HPSD 5300 to 
5800 family are the brightest HP 
displays to date, available in red, 
high efficiency red, yellow or green. 
The new devices, although featuring 
a larger display, are packaged in the 
same size unit as the previous 0.43" 
display, enabling equipment to be 
easily uprated. The package features 
industry standard lead spacings and 
the devices are fully TT L compatible. 

For further information on the 
HPSD 5300 to 5800 family of high 
brightness displays, contact Jermyn 
Distribution, Vestry Estate, 
Sevenoaks, Kent. 

Hello Sailor! 

Anew voice recognition unit has 
been introduced into the system 

developed by Siemens and Com-
puter Analysts and Programmers 
(CAP) for using Prestel at sea. The 
new adaptation is called Seaview 
and has involved the Post Office, the 
Home Office, the Departments of 
Trade and Industry and Liverpool 
Polytechnic in the collation of data 
and the design of its basic system. 
Seaview uses 150 of the 165,000 page 
capacity of Prestel. Its first trials 
were carried out off Dover last year, 
its main function being to supply of-
ficers with immediate access to in-
formation which is available to 
shore-based users. The voice 
recognition unit is made by 
Threshold Technology of the US, a 
part-owned subsidiary of Siemens, 
and converts the voice patterns of 
human speech into digital code 

which activates the computer con-
trol unit. The software written by 
CAP converts these into signals that 
activate the Prestel system. Each user 
records 240 sounds or words on mag-
netic tape. To allow for variations in 
tone or inflexion these are then 
recorded 10 separate times. Security 
levels are, according to the 
designers, very high. The 240 words 
can then be fed into the system in 
two different ways. A word can 
either appear directly on the screen 
or it can be used in conjunction with 
an intermediate storage or buffer to 
trigger other words or information. 
Its application was recently tested 
when the command word 'Dover' 
was used, which resulted in the 
presentation on the screen of all the 
information within the Prestel 
system on the Dover cóastline. The 
designers are confident of its 
widespread uses and adaptations. 
Prestel currently has just under 7,000 
subscribers. 

Fotoboards 
M arshall's, a household name in 

electronic component supply, 
are now stocking a competitively 
priced range of pre-sensitised PCBs, 
called Fotoboards. Single and 
double-sided boards (both 1.6 mm 
thick) are available. They are sup-
plied with a protective peel-off 
plastic sheet and require 10 minutes 
in an ultra-violet exposure unit or a 
day out in the back garden under 
that great UV radiator in the sky. 
Marshall's can also supply a suitable 
UV exposure unit kit for £34.50 (or 
£19.50 without box and 9" x 6" glass 
screen), Fotoboard developer (to 
callers only), drafting sheet (0.1 
matrix), track, transfers and develop-
ing trays. Contact any of Marshall's 
shops for latest prices. 

he Thandar SC110 portable 
oscilloscope from Sinclair Elec-

tronics Ltd was the only British pro-
duct to win a gold medal at the 1980 
BRNO Trade Fair in Czechoslovakia, 
the largest Eastern European trade 
fair. Of the several thousand ex-
hibitors and their products, only for-
ty were awarded gold medals. 

The SC110 weighs in at only 21/2 
lbs with its 2" CRT and is designed to 
fit inside a briefcase or toolkit. It's a 
single trace, 10 MHz bandwidth and 
10 mV sensitivity instrument featur-
ing low power consumption mains/ 
battery operation. 

For more information on the 
SC110 and other Thandar products, 
contact Sinclair Electronics, London 
Road, Huntingdon, Cambs. PE17 
4H). 

• Security 
Switching 
x/ou can give your home or office 

that 'lived in' look even if you're a 
thousand miles away by installing 
the latest automatic light switch 
from Smiths. 

The Securiswitch, which will 
switch 40-300 W loads, simply 
replaces an existing wall-mounted 
light switch and offers both normal 
on/off switching and a timed 
automatic function. On auto, the 
switch is triggered at dusk by a built-
in photocell. You can then set it to 
switch off again after a delay 
variable from one to seven hours. It 
then resets for operation during the 
next dark period. However, shadows 
or dull periods during the day will 
not trigger the switch because of an 
integral delay facility designed to 
prevent such erroneous switching. 
For additional security, the switch-
off time also varies by a random 
margin around the set period (up to 
10 minutes for each hour set). A 12 V 
DC version, for use in caravans, 
boats and mobile homes, should be 
in the shops soon. 

You should be able to buy Smiths 
Industries Time Controls' 
Securiswitch in your local clever 
gadgets department for £10.75 or 
less. 
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Rent-A-Camera 

Rediffusion, the High Street TV 
rental chain, are opening 22 video 

centres all over the country, from 
Aberdeen to Brighton. In addition to 
the Rediffusion range of television 
sets ( including Viewdata and 
Teletext models) and audio equip-
ment, the centres will stock video 
recorders, portable video cameras 
and tuners. A complete package of 
recording equipment will be 
available on short term rental — a 
Hitachi colour video camera, a por-
table VTR, a video tuner and a 
rechargeable battery pack. 

The camera can be used with a 
built-in or an external microphone. A 
fully charged battery will given an 
hour's shooting. It's also possible to 
operate the unit from a 
car battery. 

7ycor's new adaptor converts an 
Lordinary TV set into a Prestel ter-
minal for less than £200. The 
microprocessor-based adaptor, the 
Teledek 2000, has been developed at 
a cost of over £100,000, exclusive of 
Department of Industry support, 
with export in mind. Information can 
be displayed in German and Swedish 
and it will produce VHF signals and a 
range of UHF signals in addition to 
those used in the UK. It can be 
powered from UK, European, US or 
Australian mains supply voltages. 

Screen information can also be 
output to a printer and to a domestic 
tape recorder. Teledek 2000 can also 
be used with TV monitors and 
receivers such as Thorn TX, which 
allows the tube to be connected 
directly to the adaptor. 

The handheld keypad operates 
remotely by infra-red at up to 9 m. It 
has 12 data keys and four control 
keys. A directly wired keyboard with 
a full alpha-numeric character set is 
also available. 

For further information on 
Teledek 2000 contact Zycor Ltd, 33 
Fortess Road, London NW51AD. 

Prestel Price-
cutter 

Cream Of The 
Movies 
f`ream Mail Order Movies came 

into being at the end of 1980. 
They're in the business of bringing 
the big box office movies into your 
living room with their purchase and 

Rediffusion is also launching a 
VHS video cassette library. Major 
feature films will be available for sale 
or rental. This scheme will be extend-
ed to several hundred of the group's 
450 shops. Each cassette will be yours 
for three days for a rental charge of 
£4.95. About 25 films will be 

exchange video cassette service. Buy 
one cassette for £39.50 plus post 
(VHS and Betamax available). Dur-
ing the next three months you can ex-
change your cassette for another 
Cream movie for £7.95 plus post. 

Cream's initial selection of 64 
titles includes everything from Jaws 
to Barbarella and The French Con-
nection to the Exorcist plus a 

: Digest 

available immediately with the addi-
tion of three or four new titles each 
month. The first batch of films to be 
made available offers something for 
almost everyone — from Swallows 
and Amazons to The Stud and The 
Bitch   and from Tales of 
Beatrix Potter to Blondie. 

selection of children's movies and 
music cassettes ( La Traviatta, Blon-
die, Jesus Christ Superstar, etc.) 

Cream have prepared a full col-
our leaflet listing all the films 
available and giving full details of 
their purchase/exchange scheme. It 
is available from Cream Mail Order 
Movies Ltd, The Cloisters, 11 Salem 
Road, London W2 4BU. 

Case In The 
Round 
Daturr Ltd have just introduced an 

unusual product — the Orbix 
rotary electronic case. Orbix is steel, 
round, swivels, locks into position 
every 15° and can be wall mounted, 
suspended from the ceiling or plonk-
ed on top of your desk. 

The system includes case, rear 
panel/rear panel with opening, two 
feet, two knurled screws and four 
adhesive feet. The range of ac-
cessories features an anti-dazzle 
mask to facilitate reading LED 
displays. The standard colour is 
beige, but alternative colours are 
available from Daturr Ltd, Unit E, 
Roan Industrial Estate, Mortimer 
Road, Mitcham, Surrey CR43HS. 
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NEW RETAIL SHOP 
367 Edgware Road, W2 

Open: 9.30-5.30 
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400p 

810281 120p 
21078 500p 
2111-2 2509 
2112-2 XXIP 
2114 3009 
2114-21 5000 
4027-3 37514 
4044 600p 
4116 400p 
41184 £10 
5101 4430p 
6514-45 ES 
6810 3259 
745201 400p 
82516 32514 

REBA/PROF« 
71301 700p 
745188 2250 
745287 3150p 
745470 8809 
745471 860p 
745571 880p 
CPUs 
IADO 12009 
1802CE 750p 
25504 El6 
6502 8509 
5800 600p 
25002 950p 
6809 £18 
80804 450, 
9,2354 11009 - 
17150073 10009 

7M599804 £20 
Z80 8009 
ZBOA. 800p 

EPROM. 
17005 504 
2708 4509 
2115(050) C7 
2532 (12 
2732 
SUPPORT 
3242 
3245 
6522 
5532 
61421 
5821 
5845 
58551 
5857 
p155 
8205 
8212 
8216 
8224 
0226 
8228 
0251 
8253 
0255 
8257 
8259 

BER40 25p 
6E1341 25p 
BFR79 25p 
671280 25p 
BFR81 25p 
131429 40p 
BFX30 34p 
01084 5 40p 
80086 7 30p 
80188 30p 
BRN10 90p 
81550 30p 
0E751 2 309 
8E756 33p 
1311.90 90p 
05935 45p 
651619 20 20p 
194104 225p 
01105 190p 
BU ,OR 250p 
BU109 225P 
515126 150p 
041806120p 
05775 200p 
13112011 200p 
81/406 145p 
6300 50p 
6308 50p 
1310 50p 
MJ2501 225p 
MJ2955 90p 
5123001 225p 
MJE340 50p 
MJE2955 100p 
51201057 70p 
MPF102 45p 
5190104 4 40p 
MPF105 .1 40p 
57850531 50p 
MPS6531 50p 
mPSA06 30p 
5190417 50p 
11110413 50p 
MPSA20 50p 
mP0412 50p 
1790843 50p 
MP5456 32p 
51130470 50p 
8175U06 63p 
MPSUO 7 60p 
MP01145 90p 
MPSU65 78p 
0028 130p 
07135 130p 
719295 40p 
110200 55e 

BOOKS by TEXAS 
INSTRUMENTS 

171_ Data book ( 700 pages) £6.80 
Power Securconductor Data Book (600 
pages) £4.50 
Linear Control Data Book (368 pages) 

£3.00 
Software Design for Microprocessors 
1400 pages) £11.00 
The Great Int I Maths on Keys ( 208 
pages) £3.50 
Understandrng Microprocessors (240 
pages1 £3.50 
Understanding Solid Stare Eleclrorecs 
t240 pages) £3.50 

(12 
DEVICES 

80014 
460p 
800p 

825p 
375P 
340P 
£18 

3009 
3709 
11009 
3209 
2000 
200p 
2759 
250p 
525p 
475p 
10009 
480p , 
1100P 
960P 

Understand ng [' goal Electronics ( 240 
pages) £3.50 
Understand ng Cominurucatrons Sys-
tems P.O.A. 
Others TOI Cook Book £7.25 

CMOS Cook Book £7.75 
Microprocessor Intertecing Techniques 

£9.95 
Please add 70p P&P on each book NO 

VAT1 

[We carry a large stock of 74 and 74LS TTLs, CMOS , Linears, Memories, etc. and can normally offer 

ex-stock deliveries. We welcome inquir es for volume quantities both from local and overseas 

018304 48p 
71930C 6014 
71731A 58p 
TIP31C 62p 
TIP324 089 
717320 82p 
418334 90p 
111,330 114p 
117344 115p 
71734C 160p 
,4,354 225p 
TIP15C 290p 
7112365 270p 
719367 340p 
7111414 65p 
O84171 78p 
718424 70p 
T1P42C 82p 
ii95.2 160p 
-09120 120p 
-09122 130p 
7112142 130p 
7112147 130p 
1-J82955 78p 
71114055 709 
71543 45p 
71093 300 
ZT01013 12p 
TTX300 13p 
711500 15p 
71•0502 18p 
ZTX504 30p 
254574 250p 
25696 35p 
25697 25p 
25698 45p 
257064 30p 
25708 30p 
25918 45p 
25930 18p 
201131 236p 
251613 25p 
251711 25p 
252102 70p 
252160 350p 
2522194 30p 
2522224 30p 
2023614 25p 
252404 30p 
252645 45p 
252904 5 309 
2529064 309 
2529074 30p 
252926 9p 
253053 30p 
253054 6 

TM09918 PCIA 
ZBOP1D 800p 
ZEIOAP10 700, 
ZBOCrC 8009 
Z8OACTC 7000 
ZBOADART £16 
Z80510-1 £24 
MC14411 1100p 
UART 
45.:1.177 1517 450p 
007117114 4009 
15.6402 450p 
CHARACTER 
GENERATORS 
3257500 990p 
80-325 127C 6130p 
1573.2513:C 700p 

5.52452625.N CID 
KEYBOARD 
Encocen 
AY-52376 700p 
740922 50014 
CRYSTALS 
IF? -A0507 
1,0.0 

0114H, 
' nn8mur 
' 8432MHz 
00MHa 
2 4.5760M141 
3 276MH: 
3 579Muz 
4 L),,N8H7 
A 19.1MHz 
4 43MHe 
5 MOH, 
6 nrynh 
6 ia4MH, 
7 OMFir 
7 168M69 
P 00MH, 
067Mlii; 

10 00MHz 
10 7M11Hr 
12 f1M147 
15 001141-11 
19 00Arbita 
18 437 
r 9 96BMUr 
25 890MH, 
27 149519e 
38 666,MFtd 
48 OMHe 
55 6M1-6 
16 ()MK/ 

250p 
300p 
370p 
3109 
350p 
325p 
325p 
325p 
300p 
175p 
290p 
POS 
125p 
325p 
300p 
300p 
300p 
300p 
300p 
300p 
310p 
300p 
350p 
350p 
300p 
3500 
390p 
350p 
325p 
350p 
300p 
400p 
350p  

253055 48p 
253442 1409 
253553 24.4 
703565 30p 
253584 250p 
253643'4 459 
253702 3 12p 
253704 5 12p 
203706'7 1417 
253706 9 12p 
253773 300p 
253E119 25, 
253820 50p 
253823 70p 
2113866 90p 
253902 700p 
253903 4 189 
253905 6 20p 
254037 65p 
254058 9 12p 
2144060 12p 
254061 2 18p 
254123 4 27p 
254125.6 27p 
254401 3 27p 
2174427 90p 
2104871 60p 
255087 27p 
255089 27p 
255172 27p 
255179 904 
255191 90p 
255194 90p 
,N5245 409 
755296 55p 
205401 50p 
205457 8 40, 
255459 40p 
255460 60p 
255485 44p 
205875 250p 
256027 48p 
256041 160p 
256044 160p 
256052 3009 
256059 325p 
256107 65p 
256247 1909 
256254 1109 
256290 65p 
256292 65 
2SC1172 1509 
35128 120p 
35140 120p 
TN141 1109 
95201 110p  " 

35204 120o 
40290 250p 
30360 40p 
40361 2 75p 
40364 120p 
40408 90p 
40409 100p 
40411) 100p 
40411 300p 
40594 120p 
40595 120p 
40673 75p 
40841 90p 
,,u871O 1110p 

64 50V 009 I 
64 100V 100p 

. 65 400V 120p" 
106 40nv 2009 
754 400V 400p, 

ZENERS 
27V 33V 
400.-6viy 9p 
1711 15p-

DIODES 
87127 12p 
85036-R00 20p 
0447 9p 
0481 15p 
0485 15p 
0490 9p 
O491 Sp 
0495 9p 
04200 9p 
04202 10p 
15914 4p 
18516 7p 
154148 49 
1104001•2 51, 
1540031 6P 
104005 Op 
1814006 7 7p 
155401'3 14p 
155404 7 19p' 
45170 Sp 

HEAT SINKS 
FA, 7072,7 Volt 
agP Rugs and 
TlansIslors 22p 
Fur TC5 12p 

BRIDGE 
RECTIFIERS 
IA 60‘ 19p 
14 1004 20p 
14 1006 25p 
14 6006 30p 
24 506 141, 
75 1006 35p 
24 400v 45p 
34 200V 60p 
14 6005 72p 
44 10116 95p 
44 40515 100p 

TRIACS 
PLASTIC 
3. 400V 
64 400V 
5. 500V 
8A 400V 
8A 500V 
124 400V 
12A 500V 
164 400V 
165 500V 
28000 

60p 
70p 
86p 
75p 
95p 
85p 
105p 
1109 
1309 
130p 

THYRISTORS 
'4 506 70p 
14 400lI 90p 
34400V 100p 
84500V 1409 
1254005 160p 
1641006 160p 
1644006 180p 
07106 110p 
C1060 45p 
5108101 36p 
T1C44 27p 
253525 1109 
204444 140p 
255060 34p 
255054 40p 

LOUD-
SPEAKERS 
SIZP 

646 80p 
2 BR 609 

PR 90p 
1 BR 100r, 

LOW PROFILE DIL SOCKETS '« TEXAS 

8 pin IIP 18 pro 1844 24 pin 2Ap 
14 pin 109 20 pn 20p 28 Mn 3011 
16 pin 11p 22 pin 22p 40 pin 40p 

MODULATORS - 
5MH, UHF 3759 
8m1-1: UHF 4509 

ZERO 
INSERTION 
FORCE IT 
24 pn ti 

WIRE WRAP SOCKETS BY TEXAS 
8 pm 25p 18 pe 909 24 pin 70p 
14 pin 35p 20 on 80p 28 pn 80p 
16 pm 40p 22 pin 115p 40 pin 1009 

HEADER 
PLUGS 
14 pin 150p 
15 on 809 
24 pin 100p 
40 Pe 2759 

SOFIY, Ideal Software/Hardware D0Veiopment tool. 

Using SOFTY you can develop your Programmes, De-
bug/Verify and then commit them to EPROM 
KIT (100 BUILT AND TESTED £125 
Also available Expansion Board for Programming 
single rail (+ 5v) EPROMS. Reedy built £40  
MINI FLOPPY DISC DRIVE MECHANISM. Teac 
Type FD-50A 40 track 51/4 " Double/ Single Density 
drives £140 
FLOPPY DISC CONTROLLER: FD1771 £24, 
FD1791 £36, FD1691 £15, 2143 £5.50  
EPROM ERASERS: Type UV140, VVill erase up to 
14 EPROMS in approx. 20 mills. Has slide-in tray for 
safe use. MAINS and ERASE Indicators £61.50 

NANOCOMP MICROPROCESSOR TRAINER. As de-
scribed in 38/W, January 1981 A complete kit of parts 

available (excluding PCB and the case). The kit includes 
pre-programmed 2710. sockets tor all ICs and PSU parts as 
well. Price C64 no VAT and P&P. 

VEROBOARD8 0 1 
(copper dad) 

i 2 55,3.75" 859 
2.505" 75p 
3.75%175" 75p 
3.75x 5" 11419 

1" 3.75X 17" 3409 
4 75 x17 9" 4209 
Pkt of 100 PAIS 5014 
Spol face cutler 138p 
Pm insertion tool 1159 
Vero Wiring Iron 

COUNTERS 
74C925 
74C928 
ICM72168 
CM 72174 
251040E 

ANTEX SOLDERING 
IRONS 
C- 15W 415p 
CX-17W 425p 
CCN-1514/ 425p 
825 « Op 
SPARE BITS 
C/CX/CCN 50p 
X25 50p 
SPARE ELEMENTS 
C/CX / X25 1509 
CCN 2009  

550p 
600p 
20009 
850p 
700p 

TTL & ECL 
MC4024 
MC4044 
10116 
10231 

*SPECIAL OFFERS* 

2114-4L (450ns) 
2708 
2716 (+ 5V) 
4116-2L (20095) 

1-24 
1.90 
3.90 
4.75 
1.90 

25-99 
1.70 
3.75 
4.50 
1.70 

325p 
325p 
709 

350p 

100 
1.60 
3.50 
4.00 
1.50 

BREADBOARDS 
EXP300 £575p 
EXP350 315p 
EXP600 6309 
EXP650 3809 
706 9209 
PB100 11809 
PB102 2295p 
96103 3445p 

THANDOR TEST EQUIPMENT 
DM235 Digital Multimeter 
DM350 Digital Multimeter 
TM352 Hand Held DMM 
TF200 Frequency Meter 
TG 105 Pulse Generator 

P&P £2.50 per item + VAT 

£50 
£69 
£48 

£145 
£81 

buyers 

Please add 30p P.SiP &VAT 15% 

Government Colleges etc Orders accepted 

CALLERS WELCOME Mon Fri 9 30 5 30 
Suturday 10 30 4 30 

TECHNOMATIC LTD. 
17 BURNLEY ROAD, LONDON NW10 
(2 minutes Dollss Hill tube station) (ample street parking) 
Tel: 01-452 1500/01-450 6597 Telex: 92280 



APRIL 1981 J !INTERNATIONAL 

The Sub-Atomic Story 
Once upon a Victorian time, physics was a relatively 
uncomplicated pursuit. It seemed to be just a matter of time 
before all the laws of nature would be discovered and fully 
investigated. Matter was made from microscopic billiard 
balls — protons and electrons. This century, however 
(particularly during the inter-war years), mesons, kaons, 
sigmas, neutrinos and their anti-particles began popping out 
of the woodwork. A.S. Lipson describes the trials and 
tribulations of the physicists who had to make sense of it all. 

Low Ohmmeter 
Measuring miniscule resistances accurately can be almost 
impossible with your common or garden test meter. The 
resistance range copes happily with resistances most often 
used — from 1k0 to several tens of kilohms. However, if you 
want to check that you've got a 1R0 resistor on your bench 
and not a OR5 or 10R, the chances are that your meter will 
give up. Look out for the ETI Low Ohmmeter, designed with 
remarkably reduced resistances in mind. 

Pick-Up Principles 
Time was when a copper needle did the trick. When you 
walk into your local hi-fi shop and gaze at the hundreds of 
cartridges available, the choice is bewildering. What's the 
difference between a £5 block of plastic and a £50 block of 
plastic   apart from £45? They all extract music from 
the grooves, don't they? Next month, Pick-Up Principles looks 
at the different types of cartridges and how they work. 

ETI MARCH 1981 

APRIL ISSUE 
ON SALE MARCH 6th 

Drum Sequencer 
If you need a lot of banging in your life (perhaps you're a 
musician), try your hand at the ETI Drum Sequencer. It's 
designed in two distinct sections. The drum effects unit will 
simulate high/low tom-tom and bass and snare drum voices, 
manually triggered by, say, a loudspeaker sensor. The clever 
bit is the sequential programmer, which will reproduce the 
drum rhythm of your choice from the effects unit. 

Sound Analyser 
Turn your volts and waves into six columns of flashing lights 
with ETI's Visual Complex Sound Analyser. Plug our six bar 
display (10 LEDs per bar) into your loudspeaker and 
transform Tony Blackburn into three bars of instantaneous 
amplitude in three different bands and three bars of 
instantaneous frequency in three different bands. Use it as a 
pretty sound to light display or for amplitude/frequency 
signal analysis of tape/radio/record programmes. 

Articles described here are in an advanced state of preparation. 
However, circumstances may dictate changes to the final 
contents. 

11 
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DIODES 

"It 

BLAND SAVE SALE-81 

AA119 £0.01 0470 MOO N4005 £0.07 
BA100 Moe OA79 £0.01 N4006 £0.08 
54148 £0.13 0481 £0.011 N4007 £0.011 
54173 £0.13 OAS° MOO N5400 t0.12 
8.4X13 £0.01 OAB1 t0.00 N5401 £0.13 
BAX113 £).05 04.95 £0.011 N5402 £0.11 
04200 £0.011 434 £0.011 N5404 £0.11 
0A202 £0.07 N80 £0.07 N5405 £0.111 
07100 £0.1111 N4148 £0.01 N5407 £3.13 
57126 £0.12 N4002 £0.04 NS408 £0.111 
87127 £0.14 N4003 £0.05 544 moo 
OM? £0.011 N4004 £0.00 

BC108 FALLOUTS 

50 NPN BC107/108 SJ124 fi 
Manufacturers out of spec on volta o, gain 

50 PNP BC177/178 SJ1244 fl 

ASSORTED GERM. TRANS. 
5J135 20 Aliened Germenium Transistors - Al 
New and Coded types include AC. - 2Gs - 
GETs•ACYs, etc ,,,,,,,,,,, . 21.00 

AUDIO AMPLIFIER 

5 watt Audio Amplifier Module, 

Speelel Clearance Of/or 

0/No. 41.20. £2.110 

CAPACITOR PAKS 

15201 18 electrolytic, 4 luF-10uF 
10202 18 electrolytlos 10uFil0OuF 
10203 18 electiolybos 100uF-880uF 

AN 3 et SPECIAL PR ICI et £1.30 
15150 24 cerermc ceps 22pF-82pF 
18101 24 ceramic caps 100pFi390pF 
10102 24 ceramic ceps 470pF-3300pF 
18183 24 ceramic ceps 4700.F.0.047pF 

Al 4 et SPICIAL PRICE OF £1.80 

UJTe & FETe 
U1413/11543 £0.15 2N4560 £0.40 
56706 £o.11 2N4220 £0,30 

1111loon Peet Switeh 
NPN like 2N706/2N2359 

You »lest by MOO 

0/No SJ125, SO for t1 

COMPUTER IC. 
EPROM 2708 £3.00 
EPROM 2516/ 

2716 e £6.00 
D RAMS 4116 u £2.26 

RESISTOR PAKS 
Order Na 
16213 (304W 100ohmi820ohm 
10214 8014W 16-8 2K 
18215 $014W 10K-82K 
16218 0014W 100K-820K 
18217 40Y/W 100ohm.820ohm 
10218 40V, W 16.5 2K 
10219 40Y,W 106-82K 
15220 401OW 1006-8206 

My 4 et SPECIAL PRICE of £ 1.110 

SPECIAL OFFER 

MJ29513 (PNP Complementary to 2030551 103 

20414 £0.711 
ORP12 . £.50 

SPECIAL OFFER LINEAR ICe 
NE555 5 for $0.90 
741P 5 for £0.50 
NE555 5 for £2.50 
LM380 5 for £3.50 
72723 14 pin 5 for ft.715 
CA3085 1 for 20.75 

FM TUNER 
SJ141 FM Tuner (Front End) with AM twin gong 

capacitor 87-109MHZ 5-10 volts supply - date 
sheet supplied  U.80 

AERIALS 

FM Indoor Tape/Ribbon Aerial 

0/No, 107. 40p mesh 

CAR AERIAL 
4-section fully retractable à locking SPECIAL 

PRICE. 

0/No. 109. £1.40 aeon 

BI-PAK'S OPTO BARGAIN! 
Valued at over £ 10 - 

Normal Retell 
We offer you a peck of 25 Opto devices to 
include LEDO large and small In Red, Green, 
Yellow and Clear. 7 segment Displays both 
Common Cathode end Common Anode PLUS 
bubble type displays - like DL-33. Photo Tren 
sistore - slmlier to OCP71 end Photo Detectors - 
like MEL11-12, This whole pack of 26 devices 
will cost you just . 

£41 
and we guarantee your money back If you 

ere not completely eatiefied, 

data ore includod 

0/No. SJ120, 

SJ313 
5)37 
SJ38 
3)39 
S.140 

14 8 pin 5.141 6 
12 14 pin SJ42 5 
11 16 pin 5.143 4 
8 18 pin SJ44 3 
7 20 pin 

ALL AT ONLY numb 

22 pin 
24 pin 
28 pin 
40 pin 

VOLTAGE REGULATORS 

Cast TO220 

Positive 
uA7805 LOSS 
u.47812 £0.55 
u47815 OM 
uA7818 £0.55 
u47824 £0.55 

Nipped» 
uA7905 £0.70 
uA7912 £0.70 
uA7916 £0.70 
uA7918 £0.70 
uA7924 £0.70 

The lest of the Germanium PNP-0C71-71-75 etc 
Mullard Black/01w Type - You test IS could coot 
you that!) 

()redo 5)128 'epee t1 

GERM POWER TRANS 
A0148-002840140 £0.50 »eh 
40142-0C28-2N3614 £0.51 eerie 

SEE OUR SPECIAL 
INCLUSIVE APRIL 

ANNOUNCEMENT IN 
PRACTICAL ELECTRONICS, 
PRACTICAL WIRELESS, 
EVERYDAY ELECTRONICS 

POPULAR (CMOS) 

C 04001 

C04007 1 of each, normal ix« E1.50 

04 01 1  CD 4 01 for 5 - Our price £.30 for 5 
7 

CD4081 0, No 5)1245 

P.C.B. 

0/N0.1609 PCB Etch RInfit Pen . . £0.15 
SJ1313 Paper PCB 5-pieces - appro.. 200 sq. ins 

SJ .139 Glass Fibre PCB 5-pieces-eppros '200 sq. 
ins £2.25 

S) 140 Mixed PCB singiasided peer - ample end 
double-eded Glees Fibre - 5-pieces - approx. 
200 sq ins . £2.00 

CAPACITORS 
SJ11 150 Caps. mixed types & values. £0.50 
5.112 60 Electrolitics all sorts mixed. £0.50 
S) 13 40 Polyester/polystyrene capacitors 

mixed £0.50 
5)14 50 C280 type capacitors mixed. £1.00 
5)15 Polystyrene Caps 1 180v £.80 

5)16 40 Low volts electrolitics mixed values 
up to 10y. £0.50 

TRANSFORMERS 
MINIATURE MAINS Primary 240v 

tb. Secondary 
2021 6v-0-6y 100mA f0.75 
2023 12v-0-12v 10OrnA £005 
2035 240v Primary 0-55y 2A Secondary 

£15.50 

Semiconductors from Around the World 

100 

Guaranteed Value over £ 10 at Normal Retail Price 

% 
yours for only £4.00 

Data etc in every oak. Order No. SJ220 

Alk, 

A collectIon of Transistors. Diodes, Rectifiers. Br1dges, 1 00 
IC's, SCR's, Theca both Logic and Linear Opto 's ail of 
which are current everyday usable devices. 

e I 

GENUINE MIRIAM) 
TRANSISTORS 

AF118 £0.40 AC187 £0.20 
AF1113 £0.411 AC187K £0.311 
0071 60.11 AC188 £0.20 
0076 £0.25 ASZ17 £0.50 
0076 £0.30 BC1480 £0.07 
0079 £ 15 BC1490 £0.07 
0042 £0.11 80167 £0.011 
0044 £0.20 62159 £0.011 
0045 £0.15 0cp7i £0.30 

100 Disc Ceramic Cap. Mixed values covering 
complete range 3PF-4,700PF. 

SUPER VALUE 

OiNo. SJ121. CI 

SILICON TRANS 
5)25 100 Silicon NPN transistors all perfect 

& coded - mixed types with date - 
equivalent sheet - no rejects £2.50 

5126 100 Silicon PNP transistors ell pefect 
& coded - mixed types and ceses, date 
& equivalent sheet £2,50 

5.127 50 Assorted pieces of SCRs. diodes & 
rectifiers incl, stud types, all perfect - 
no rejects, fully coded - date Incl. £2.60 

TTLe 
5)28 20 11174 series gates - assorted 7401-7480 

£1.00 

Mixed OIL ALL New and Coded 
13MIllew MI5*   
9/11011J133 

RESISTORS 
SJ1 200 Resistors mixed values .50 
SJ2 200 Carbon resistors 1-3 watt 

preformed, £0.50 
SJ3 100 3. watt miniature resistors mixed 

values, t0.50 
SJ4 603 watt resistors mixed values £0.50 
5.15 50 1-2 watt resistors mixed pot values. 

S)7 30 2-10 watt wirewound resistors £0.5° 
mixed £0.150 

CASSETTES 
SUPER VALUE IL 
A GREAT SAVIN0111 

C120 Dindy Cassettes - 
Low noise - astounding 
value and sound 

0/No. SJ32. 10 for f 3.60 

PRECISION VOM MULTIMETERf 
20,000 ohms/volts DC, / 
Complete with test leads & 
Instructions. 

OUR SPECIAL OFFER 
PRICE £11 each 

0/No. 1323 
Use your Barclay or Access Card! 

NPN TRANSISTORS 
5168 30 ZTX300 type transistors NPN 

pre-formed for P/C Board colour 
coded Blue - all perfect. £1.00 

S)70 25 60107 NPN 10108 case perfect 
transistors code Green Spot. £1.00 

S)71 25 8C177 PNP 10106 case perfect 
transistors code C1395. £1.00 

5J72 4 203055 silicon Power NPN 
transistors T03 £1.130 

SWITCHES 
Push- to-make 6mm panel mounting. 

0/No. 51131. O for tO.S0 

Push- to- break as above 
0/No SJ132. 4 for t0.150 

Ilium Illat Me Cesspool bit le totes   
MU URI 55165M la WWI "NUNS NM titer 2112 

2nd Quality Peke 
1507 10 Assorted colours & sizes 
$122 10.125 RED 
S123 10.2 RED 

LED CLIPS 

1508/125 . 125 
1508/2 .2 

£0.55 
£0.50 
£0.50 

5 for £0,10 
5 for £0.12 

MISCELLANEOUS 
5)137 Assorted Cable Grips end Cabinet Feet 50 

pieces for . . 
S)136 N,cksl Cadnium rechargeable Cell 35000. 
HP2 sae . . . . £2.50 

Calculator Chip Type GOM2-0500 24-pin MO% with 
Oats 

2015 IC Ineertion-Estrection Tool . £0.52 

POTENTIOMETERS 
16173 15 Assorted Pots EOM 
8)54 20 Assorted Slider Pots £1 .00 
SJ56 10 100 K Lin Slider Pots 4Ornm £0.50 
16186 25 Pre-sets Assorted £0.150 
SJ49 8 Dual gang carbon pots log and lin 

mixed values £1.00 
S.150 20 Assorted slider knobs -. 

chrorne/bleck MOO 

TRIACS 
4A 400v TO-202 non- isolated 
TAG136D £0.40 
8A 4 0 Ov TO-2 2 0 isolated 
TAG4 2 5 £0.60 
Disc D3 2/BR 1 0 0 £0.1 
SCR Cl 0 60 plastic case £0.30 

ODDMENTS 

16170 50 metres asst, colours single strand 
wire, £0.150 

16187 30 metres stranded wire mixed colours. 
£0.50 

16178 5 Main slider switches assorted. £0.150 
SJ76 1 Board containing 2 . 5-pin DIN 

sockets 180° & 2 2-pin DIN loud-
speaker sockets. f0.30 

KNOBS 
S)62 5 15mm chrome knobs standard push 

fit. £0.50 
SJ63 Instrument knob - black winged 

129.20mm/ with pointer. 3" standard 
screw fit. £0.15 

S.164 Instrument knob - black/silver 
aluminium top ( 17.15mml. 1" 
standard screw fit. £0.12 

111-PAK 
Send your orders to Dept. ETI 3, 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) 3182. GIRO 388 7006 
ADD 15"., VAT AND 50p PER ORDER POSTAGE AND PACKING. 
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PROJECT 

NOISELESS 
POWER SWITCH 

Designed to switch any mains load up to 15A without generating RFI, 
this unit can be activated either manually or via a remote-control 
input. Ideal for use with the opto or thermal switches decribed 
elsewhere in this issue, or with various remote-control projects planned 
for future issues of ETI. Design by Ray Marston. Project development 
by Plamen Pazov 

T
his rather sophisticated unit is designed to switch any 
mains load, up to a maximum of 15A (equivalent to 3.45 
kW on 230 V mains), without generating significant elec-

trical noise (RFI) and without excessive power dissipation (heat 
generation) in the unit. This action is obtained by using a unique 
combination of logic-controlled triac-plus-relay power swit-
ching and has very considerable technical advantages. 

The complete power switch can be activated either 
manually or by a remote-control facility. This facility uses an 
opto-coupler in its input, giving 4 kV of mains isolation. The 
remote-switching mains isolation is further backed up by 
transformer isolation and this transformer is also used to pro-
vide an on-board 12V regulated power supply, which can.be us-
ed to power external electronic circuitry. 

The unit can be remote-switched in a variety of ways. The 
simplest way is to activate it through the two-wire switch circuit 
shown in the diagram, which uses the built-in 12 V supply of the 
unit to provide the required switching current of a few 
mill iamps. In this case the wires can be any length, enabling the 
control switch (SW2) to be placed anywhere in the house. The 

ETI MARCH 1981 

'isolation factor' (isolation from the mains voltage)of this circuit 
is determined by the breakdown voltage (primary to secondary) 
of T1. A far greater isolation factor can be obtained by providing 
the two-wire switch with its own 9 V battery supply, wired so 
that it connects across the B-C pins of SK1 when SW2 is closed. 
In this case the isolation factor is determined by the series com-
bination of opto-isolator IC4 and T1 and is greater than 4 kV. 

Alternatively, the unit can be automatically switched by 
any of the two thermal switches or the light-sensitive switch 
shown elsewhere is this issue, which in turn can be powered 
from the built-in 12 V supply of the power switch. Finally, the 
unit can also be switched by an infra-red remote controller that 
will be described in a forthcoming issue of ETI, or by an even 
more sophisticated remote control system that we have plann-
ed for a future issue of ETI. 

Construction 
This project is fairly easy to build, but sensible precautions 

must be taken during the construction/testing to avoid contact 
"401e. 

13 



with live mains wiring. Build up the PCB first, noting that the two 
opto-couplers (IC4 and IC5) are soldered directly to the board 
and that a small heatsink is bolted directly to the vertically-
mounted triac (Q2). The four mounting holes in the PCB are 
designed to line up with screw-mounting lugs in the plastic case 
of our prototype. 

The heavy-duty relay used in the unit must be mounted in 
the special octal socket mentioned in Buylines; connections are 
made to the base by screw terminals. On our prototype the 
relay unit is mounted horizontally on the rear panel of the case, 
together with transformer T1 and SK1 (a three-pin DIN on our 
unit). Three-pin mains socket SK2 is mounted in the top of the 
case. SW1 (a three-position slide switch on our prototype) and 
the neon lamp are mounted on the front panel; on our unit 
we've fitted a second neon to the front panel, wired directly 
across the SK2 pins to indicate the POWER ON state of the unit. 

When completing the interwiring of the unit, note that 
heavy gauge (15 A) wiring must be used between the triac, relay 
and SK2. Make the mains input connection to the unit through 
the rear panel. 

When construction is complete, connect the mains input 
and give the unit a simple functional test via the ON/OFF ac-
tions of SW1. If all is well, check that 12 V is available between 
the A and D pins of SK1 and then check that a remote control 
action can be obtained by wiring up PLC1 as shown in the cir-
cuit diagram. If you want to control the unit automatically in 
response to light or temperature variations, refer to the light and 
temperature switching circuits shown elsewhere in this issue. 

Fig.1 Circuit diagram waveforms are shown for points a, b and c in the cir-
cuit. 
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REMOTE SW1 

R2 
12k 

/ NOTE, 
D1 & D2 ARE 1N4148 
D3 & D4 ARE 1N4001 
BR1 IS 50V,1A 
01 IS BFY50 
02 IS BT139 (400V 15A TRIAC) 
ICi IS CA3059 
IC2 IS CD409313 
IC3 IS 78112 
IC4 & IC5 ARE CNY17/1V 
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PROJECT: Noiseless Power Switch 

HOW IT WORKS 

To appreciate the finer points of our power switch design it is 
necessary to first understand some of the basic principles of conven-
tional mains-power switching, as follows. 
SWITCHES AND RELAYS. The major disadvantages of switches and 
relays in mains-switching applications are that they suffer from con-
tad arcing and generate a good deal of RFI (audible on radio and TV 
sets) as they switch from one state to the other. Their major advantages 
are their simplicity and negligible power dissipation in the ON condi-
tion. 
TRIAC POWER SWITCHES. The main advantages of triacs (solid-state 
power switches) in mains-switching applications are that they do not 
suffer from arcing problems and can be controlled from low-power 
sources. They have several significant disadvantages: 
Triacs can generate very significant RFI when they are initially switch-
ed on. The magnitude of the RFI is proportional to the rise time and the 
magnitude of the switch-on current, which in turn is proportional to 
the instantaneous magnitude of the mains voltage at the moment of 
switch-on. Switch-on RFI is radiated from all mains wiring through 
which the current pulse flows. Thus, if the instantaneous mains voltage 
is at 400 Vas the triac switches power to a 2OR heater load, a very large 
pulse of RFI will be generated, but if the instantaneous voltage is only 
10 V at the moment of switching the RFI will be negligible. 

A second disadvantage of the triac iF that it has a typical satura-
tion voltage of about 2 V. It thus dissipates 30 W when driving a 15 A 
load and may need substantial heat sinking. 

A final disadvantage of the triac is that it has a 'minimum holding 
current' characteristic, which causes the triac to unlatch if its load cur-
rent is redtíced below a certain value with gate drive removed. The net 
effect of this characteristic is that a 15 A triac power switching circuit 
may work correctly with a high current load but may be incapable of 
operating correctly when connected to (say) a 100 W lamp. 
ZERO-VOLTAGE TRIAC SWITCHING. The RFI-generation problem 
of the triac can be overcome by feeding gate (switch-on) signals to the 
triac only when the instantaneous mains voltage is at, or close to, the 
zero-voltage crossover point of the mains waveform. Special 'zero-

voltage switching' ICs are available for this type of application and are 
very easy to use. 'Zero-voltage' triac circuits still, however, suffer from 
the power-dissipation and minimum-load problems mentioned above. 

The ETI circuit combines both zero-voltage triac-switching and 
relay switching techniques to give the best of both worlds, with RFI 
problems eliminated by the triac circuitry and with power-dissipation 
and minimum-load problems eliminated by the relay. The basic 
operating principle of the circuit is quite simple. When an ON com-
mand is given, the zero-voltage triac-switching circuitry activates and 
connects power to the load without generating RFI. 100 mS later, the 
relay turns on and shorts out the triac, thus maintaining the load con-
nection without the usual power-dissipation and minimum-load pro-
blems. Since the relay is required to switch only the 2 V saturation 
voltage of the triac, it does not suffer from arcing or RFI problems. 

When the OFF command is given, the reverse sequence of ac-
tions takes place, with the relay turning off on the arrival of the OFF in-
struction and the triac turning off 'noiselessly' 100 mS later. 

The basic logic waveforms of the circuit are generated by IC2. 
1C2a-IC2b are wired as a non-inverting Schmitt amplifier with its out-
put fed to a pair of time-constant networks with Schmitt-inverter out-
puts (D1-R4-C2-1C2c and D2-R5-C3-IC2d). The output of the IC2d net-
work is fed to the relay by Q1 and the output of the IC2c network is fed 
to the IC1-Q2 'zero-crossing triac' circuitry by opto-coupler 105. 

The relay and the logic network are powered from a DC supply 
that is isolated from the mains by transformer Ti. The logic supply is 
derived from a 12 V regulator, the 12 V supply being externally 
available for powering auxiliary circuitry. 

The power switch can be activated either manually or by a 
'remote' input via SW1. SW1 is fully isolated from the mains voltage by 
T1 and the opto-coupler IC5. The 'remote' input to the circuit is made 
through a second opto-coupler (IC4), which provides 4 kV of isolation 
at the input terminals. This input requires only a few milliamps of cur-
rent (through R1) to turn the power switch on. This current can be 
derived from the internal supply, if desired, by using the two-wire 
remote switching connections shown in the circuit diagram. 

SK2 
OUTPUT 
TO LOAD 

MT2 

v--1 02 GILA ,r- RIA 
2 

DV 

MT1 

MAINS INPUT 
VIA FUSED PLUG 

Ti 
12V 
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I 230V 
I NEON 

BUYLINES 

You'll need to hunt around for some of the components in this project. 
The relay is a Radiospares component (order no. 348-756), but can be 
supplied by Watford Electronics. 

The CA3059 is available from Marshall's. The CNY1711 V opto-
couplers are available from Electrovalue. Watford can supply the 
BT139 triac. 

The case chosen for our prototype is a PACTEC CM6, distributed 
by OK Machine& Tool UK Ltd, Dutton Lane, Eastleigh 505 4AA. 

14111... 
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PROJECT: Noiseless Power Switch 
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Fig.2 Component overlay. 
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T1- 12V, 3VA 

PARTS LIST 

R LA 

Resistors all %W 
R1 
R2 
R3,6,9 
R4,5 
R7,10 
R8 
R11 

Capacitors 
Cl 
C2,3 
C4 
C5 
C6 

Semiconductors 
IC1 
IC2 
IC3 
IC4,5 
Q1 
Q2 
D1,2 
D3,4 
BR1 

Miscellaneous 
RIA 

SW1 
Ski 
SK2 
PLG1 
Il 

5%, except where stated 
212 
12k 
10k 

4k7 
1k8 
22k 5W 

10u 16 V electrolytic 
100n polyester 
lOn polyester 
100u 16 V electrolytic 
1000u 25 V electrolytic 

CA3059 
40938 
78L12 
CNY17/1V (opto-couplers) 
BFY50 
BT139 (triac) 
IN4148 
1N4001 
50 V 1 A bridge 

12 V coil resistance > 100R, 2 pole changover 
contacts rated at 240 V, 10 A, with relay base, 15 
A rated (see Buylines). 
three-way slide switch 
three-pin DIN socket 
three-pin mains socket 
three-pin DIN plug 
12 V, 3 VA mains transformer 

230 V neon, case, connecting wire, etc. 

ETI 
ETI MARCH 1981 



def. É 

41 !‘ 

! I' 

ILLUSTRATED HERE — PART 0 F THE ELECTRONIC 
"INSIDES" OF A WERSI 

ura and IIMENSI Show You How 
Create one of Wersi's electronic organs by building 

ft yourself front an easy to build kit. Create a perfect 
match in decor by picking a spinet or console in 
contemporary or traditional styling. Create your own 
personalized instrument by picking lust those features 
that fit your playing style. 

Create your own custom electronic organ by having 
waRsi build it for you. Create the keyboard 
instrument that exactly fits your needs in styling and 
features. Create a lifetime investment with WERSPs 
unique updating system which allows you to ADD new 
features in the future. 

Want to know more about WERSI? AURA SOUNDS 
are the first company to successfully market WERSI 
Organs and kits in the U.K. Our technical telephone 
support service is second to none. There's a friendly 
welcome and free demonstration at our three 
showrooms. Fill in the coupon and enclose a 
cheque/P.O. for £1.00 payable to AURA SOUNDS 

• ≤7,4 :1#4.r....•nrestaMedetlY-

.' 

'41 

LTD. FOR IMMEDIATE ACTION TELEPHONE 
01499 9733 24 HOUR ANSWERING SERVICE, 
QUOTING ACCESS/BARCLAYCARD NUMBER. 
AURA SOUNDS LTD. 
14-15 Royal Oak Centre, Brighton Road, Purley, Surrey. 
Tel 91488 9733 
1729 Coventry Road, Sheldon, Birmingham 
TeL 021-707 8244 

rill III BB 94811101ffla IM alliall111111111a Inn all 

I Please send me the full colour WERSI Catalogue. I 
• I enclose cheque/P.O. for £ 1. 

I NAME 

I ADDRESS 

Send to Aura Sounds Ltd., 14/15 Royal Oak 

I. im ium am am nu um mu mu um »I al am NJ 

Centre, Brighton Road, Purley, Surrey. 

tee.: 

r«. 

AND AURA SOUNDS — THE WINNING COMBINATION 



Why the Sinclair 1X80 
is Britain's best-selling 
Built: £99? 
Including VAT, post and packing, free course in computing, free mains adaptor: 

Kit: £79? 
Including VAT, post and packing, free course in computing. 

This is the ZX80. A really powerful, full-facility 
computer, matching or surpassing other 
personal computers at several times the 
price. ' Personal Computer World' gave it 
5 stars for excellent value'. Benchmark tests 
say it's faster than all previous personal 
computers. 

Programmed in BASIC-the world's most 
popular language- the ZX80 is suitable for 
beginners and experts alike. And response 
from enthusiasts has been tremendous-
over 20,000 ZX8Os have been sold so far! 

Powerful ROM and BASIC interpreter 
The 4K BASIC ROM offers 

remarkable programming 
advantages: 
* Unique ' one-touch' key word 

entry:the ZX80 eliminates 
a great deal of tiresome 
typing. Key words 
(RUN, PRINT, LIST, 
etc.) have their own 
single-key entry. 

* Unique syntax check. 
A cursor identifies errors immediately: 

* Excellent string-handling capability-
takes up to 26 string variables of any 
length: All strings can undergo all 
relational tests ( e.g. comparison): 

* Up to 26 single dimension arrays. 
* FOR/NEXT loops nested up to 26. 
* Variable names of any length. 
* BASIC language also handles full Boolean 

arithmetic, condition expressions, etc. 
* Randomise function, useful for games 

and secret codes, as well as more serious 
applications. 

* Timer under program control: 
* PEEK and POKE enable entry of machine 

code instructions 
* High-resolution graphics: 
* Lines of unlimited length: 

Unique RAM 
The ZX80's 1K-BYTE RAM is the 

equivalent of up to 4K BYTES in a 
conventional computer- typically storing 
100 lines of BASIC. 

No other personal computer offers this 
unique combination of high caqability and 
low price. 
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The 7X80 as a family learning aid Children of 10 
years and upwards are quick to understand the 
principles of computing-and enjoy their 
personal computer 
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The Sinclair teach-yourself 
BASIC manual 

If the specifications of the Sinclair 
ZX80 mean little to you - don't worry. 
They're all explained in the specially-written 
128-page book (free with every ZX80). The 
book makes learning easy, exciting and 
enjoyable, and represents a complete 
course in BASIC programming - from first 
principles to complex programs: 

Kit or built- it's up to you 
In kit form, the ZX80 is pleasantly easy to 

assemble, using a fine-tipped soldering iron. 
And you may already have a suitable mains 
adaptor- 600 mA at 9V DC nominal 
unregulated: If not, see the coupon. 

Both kit and built versions come complete 
with all necessary leads to connect to your 
TV ( colour or black and white) and cassette 
recorder. Plug in and you're ready to go: ( Built 
versions come with mains adaptor.) 
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personal computer. 
Now available for the 1X80... 
New 16K-BYTE RAM pack 

, 

-•ge.%e 

iinclfflir-
2X130 
Science of Cambridge Ltd. 
6 Kings Parade, Cambridge, Cambs CB21SN. 
Tel: 0223 311488. LREEPOST -no stamp needed. 

Massive add-on memory. Only £49.95. 
The new 16K-BYTE RAM pack is a complete 
module designed to provide you- and your 
Sinclair 7X80- with massive add-on memory. 
You can use it for those really long and 
complex programs- or as a personal 
database. (Yet it can cost as little as half the 
price of competitive add-on memory for 
other computers.) 

For example, you could write an 
interactive or ' conversational' program to 
show people what your ZX80 can do. With 
16K-BYTES of RAM, they could be talking to 
your computer for hours! 

Or you can store a mass of data- perhaps 
in a fairly simple program- such as a name 
and address list, or a telephone directory. 

And by linking a number of separate 
programs together into one giant, but 
modular, program, you can achieve the same 
effect as loading several programs at once. 

We're also confident that it won't be long 

before you can buy cassette-based software 
using the full 16K-BYTE RAM. So keep an eye 
on the personal computer magazines- and 
brush up your chess perhaps! 

The RAM pack simply plugs into the 
existing expansion port on the rear of the 
ZX80. No wires, no soldering. It's a matter of 
seconds and you don't need another power 
supply. You can only add one RAM pack to 
your ZX80 - but with 16K-BYTES who could 
want more! 

How to order 
Demand for the ZX80 exceeds all other 

personal computers put together! So use the 
coupon to order today for the earliest 
possible delivery. All orders will be 
despatched in strict rotation. We'll 
acknowledge each order by return, and tell 
you exactly when your ZX80 will be delivered. 
If you choose not to wait, you can cancel 
your order immediately, and your money will 
be refunded at once. Again, of course, you 
may return your ZX80 as received within 
14 days for a full refund. We want you to be 
satisfied beyond all doubt- and we have no 
doubt that you will be. 

To: Science of Cambridge. FREEPOST 7, Cambridge CB2 IVY, 

Qty Item Code Item price 
£ 

Total 
£ 

Sinclair ZX80 Personal Computer kit sl Price includes 
ZX80 BASIC rnanual excludes n-ia:ns adaptor 02 79.95 

Ready-assembled Sinclair ZX80 Personal Computer(s) 
Price includes ZX80 BASIC manual and mains adaptor 01 99.95 

Mains Adaptor(s)(600 mA at 9V DC nominal unregulated) 03 8.95 

16K- BYTE RAM pack(s) 18 49.95 

Sinclair ZX80 Manual(s) ( Manual free with every 
ZX80 kit or ready-made computer) 06 5.00 

NB Km r Sinclair ZX80 may qualify as a business expense TOTAL: £ 

I enclose a cheque/postal order payable to Science of Cambridge Ltd for £   
Please print 

Name: Mr/Mrs/Miss   

Address 
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HOLOGRAPHY 

Trip the light fantastic with the greatest of ease as Anne Sullivan unfolds 
the exotic story of three dimensional photography — holography. 

H
olography records light waves reflected from an object 
and reconstructs them to produce a three-dimensional 
image. Holograms can only be recorded using a strong 

coherent light, so, to explain holography it is important to 
understand the nature of light itself. All light travels in waves. 
White light is composed of all the colours of the spectrum, each 
colour having its own wavelength. Because white light is com-
posed of many different wavelengths and phase orientations 
travelling together, it is known as incoherent light. Coherent 
light is composed of waves of identical length and frequency 
travelling in phase, such as that produced by a laser. 

Mirror, Mirror  
All objects reflect light, the amount varying in intensity ac-

cording to the shape and nature of the object. A hologram is 
recorded when wavelengths of coherent light that are in phase 
overlap to produce a wavefront known as an interference pat-
tern. The interference pattern, which records the dimensions 
and depth of the object, is recorded on a photographic plate 
and when the interference pattern is reconstructed, we see what 
appears to be a three-dimensional image of the original object 
— a hologram. 

Holography was discovered by Dennis Gabor in 1948 at the 
British Laboratories in Rugby. His early holograms confirmed 
this theory, but the images were dim and blurred. Development 
was hindered by a lack of a sufficiently strong source of 
coherent light and photographic emulsions of a high enough 
quality. In 1960 with the invention of the laser, a strong source of 
coherent light became available and in 1964 two American 
scientists, Emmett Leith and Juris Upatnicks were able to fur-
ther the pioneering work done by Gabor. Leith and Upatnicks 
produced the first bright holograms and the system they 
developed is known as 'off axis transmission holography'. 

20 

Object Lesson 
To make a hologram the light from a laser is split into two 

beams using a beam splitter. One beam is directed onto the ob-
ject to be recorded (the object beam) and the second beam onto 
the photographic plate (the reference beam). The intensity of 
the I ightwaves reflecting from all the points of the object com-
bine with waves of the reference beam to produce an in-
terference wavefront in the emulsion. The photographic plate 
(which is an extremely fine grain silver halide emulsion) is then 
developed and fixed in a similiar way to conventional 
photographic film. The developed plate which contains the in-
terference pattern is a hologram. 

Image Making 
To reconstruct or view the hologram, the reference beam 

from the laser is directed at the holographic plate at the same 
angle as in the recording stage. When it emerges it recreates the 
light waves from the original object and reconstructs a three-
dimensional object behind the holographic plate. This type of 
hologram where the image is reconstructed behind the plate is 
known as a 'virtual image hologram'. 

Reconstruction of a hologram where the image appears in 
front of the plate (a 'real image hologram') is more complicated. 
If the procedure is reversed and the holographic plate is lit from 
behind, the image that is reconstructed in front of the plate will 
be back to front and with reverse perspective; that is, the objects 
in the background will appear larger than those in the 
foreground. This inside-out image is known as pseudoscopic. 

In order to create a real image hologram a second 
hologram is made of the pseudoscopic image. When the se-
cond generation hologram is reconstructed, the image appears 
in front of the plate the correct way round ie orthoscopic, the 
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PHOTOGRAPHIC PLATE 

Fig. 1 The single beam from a common-or-garden laser is split in two. One 
beam (reference) is taken directly to the photographic plate. The other gets 
there via the object. The two beams produce an interference pattern in the 
emulsion. 

image having been reversed twice. Examples of laser transmis-
sion holograms have recently been seen in this country at the 
"Light Fantastic" exhibitions at the Royal Academy in London. 

Another type of hologram was developed in the Soviet 
Union in the early sixties by Y.N. Denisyuk which eliminated the 
need for a laser to reconstruct the image and so helped to bring 
holography out of the laboratory and make it more accessible 
to the public. This type of hologram is known as 'white light 
reflection hologram' and, although a laser is required to make 
the hologram, the image can be reconstructed using a white 
light source. 

Daylight 3-D 
In white light reflection holography, Denisyuk also 

eliminated the need for a beam splitter. A beam of coherent 
light is passed through the holographic plate and acts as both 
the object and reference beam. It illuminates the object to be 
recorded and is then reflected back through the holographic 
plate. The emulsion records the interference between the beam 
and the reflection from the object. The hologram is viewed by 
directing white light onto the holographic-plate. The plate acts 
as a filter and selects only the coherent light to reconstruct the 
hologram. This type of holography is being developed in this 
country by Nick Phillips at Loughborough University for 
Holoco Ltd. Another method of making white light reflection 
holograms uses the pseudoscopic image of a laser transmission 
hologram (in a similar way to making a real image transmission) 
but with the reference beam of the second hologram coming 
from the opposite side of the plate. 

In 1969 Dr. Stephen Benton, working for the Polaroid Cor-
poration in the USA developed a system that enabled a 'real im-
age hologram' to be viewed in white light. Making a so-called 
'white light 'rainbow' transmission hologram' is a more com-
plicated process, but it basically involves two stages. Initially, a 
transmission hologram is made. Then a second hologram is 
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made in the same way that a 'real image hologram' would be 
recorded except that just a horizontal slit (3-5 mm)of the master 
is illuminated. The slit is projected in front of the hologram and 
the white light passing through it acts as a filter. The white light 
passing through the slit is diffracted and produces a rainbow ef-
fect, so, depending on the viewing angle the holographic image 
appears in all colours of the spectrum. Dr. Benton has since 
modified his process and is now able to produce achromatic 
(black & white) images. This type of holography is being 
developed in this country by See Three Holograms Ltd. Another 
type of reflection hologram known as a 'dichromate gelatin 
hologram' was developed in the USA in the sixties. These 
holograms are made using ammonium dichromate instead of a 
silver halide plate. This method produces holograms with a very 
bright image, but limited depth. Its major application so far has 
been in the production of holograms in the forms of pendants. 

Life Class 
In all the methods of holography previously described the 

subject matter has to be an inanimate object, as any movement, 
even breathing, would disturb the interference pattern of the 
wavelengths and no image would result. However, animate ob-
jects can be recorded holographically using a pulsed laser. A 
pulsed laser emits intense flashes of coherent light, rather like a 
flashgun, which freeze the movement of the subject long 
enough to record the image. Using a pulsed laser it has even 
been possible to make a hologram of a bullet in flight. Pulsed 

Rick Silbermann's 'The Meeting', a reflection hologram shown at the recent 
holography exhibition at The Photographer's Gallery. Our lead photograph is 
Harriet Casden-Silver's 'A Woman', from the same exhibition. me> 
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A haunting face — Al Razutis's 'Surrogate' from the holography exhibition at 
the Photographer's Gallery. 

lasers can also be used to make holographic portraits of people, 
butwhen making a hologram of a person a large sheet of frosted 
glass has to be used to diffuse the light from the laser for safety. 

Another type of hologram, an 'integral hologram' incor-
porates movement. Integral holograms are not strictly 
holograms, but a marriage of cinematography and holography 
as the subject matter is not recorded with a laser, but with or-
dinary 16 or 35mm black and white film. An integral hologram is 
basically a series of holograms joined together to create move-
ment The process was developed by Lloyd Cross of the 
Multiplex Co. in the USA in 1974. An integral (or multiplex) 
hologram is also made in two stages. First the subject is filmed 
on a turntable which moves at a fixed speed. Any movement to 
be recorded has to be slow and smooth or the resulting 
hologram will have blurred or jerky movement The black and 
white film is then scanned by a laser and each frame is made in-
to a vertical strip hologram using a technique similar to the 
'Rainbow' method. The resulting series of vertical strip 
holograms are contained on a flexible photographic sheet. To 
reconstruct the holograms the film is usually placed in a 120° 
cylindrical container (360° holograms can also be made). The 
container is illuminated from below by an ordinary incandes-
cent light source. Integral holograms are popular as they 
eliminate some of the problem of the other types of 
holography, in that they are not confined to same size reproduc-
tion, allow a certain degree of movement, can be copied 
relatively cheaply and they can be reconstructed easily using an 
ordinary light source. 

Applications 
The applications of holography are numerous — among 

them, storing digital information, recording works of art and 
preserving them for posterity, as point of sale displays for adver-
tising, in education to demonstrate complex forms such as 
molecular structures, as a completely new medium for artists to 
work in and as an art form in the home. 

RECONSTRUCTED 
IMAGE 

PLATE A 

DIVERGING 
BEAM 

Fig. 2 Recovering a holographic image. A beam of light (white or laser, 
depending on the method of recording used) is directed at the 
photographic plate at the same angle as that of the reference beam during 
recording. 

PLATE A 

CONVERGING 
BEAM 

JI  RECONSTRUCTED IMAGE 
IPSEUDOSCOPIC 
REAL) 

l 

Fig. 3 The image can be made to appear in front of the plate by il-
luminating it from the front. However, the image is reversed in all respects. 
Objects in the background appear to be larger than those in the 
foreground. 

PLATE A 

PLATE B 

CONVERGING 
BEAM 

RECONSTRUCTED 
IMAGE 
(PSEUDOSCOPIC 

REALI 

PLATE B 

CONVERGING 
BEAM 

RECONSTRUCTED 
IMAGE 
(ORTHOSCOPIC 
REAL) 

Fig. 4 To return the perspective to normal, a second hologram must be 
made from the first. 
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FEATURE: Holography. 

SUBJECT 

DIVERGING 
BEAM 

RECONSTRUCTED 
IMAGE 

DIVERGING 
BEAM 

ir 

Fig. 5 To make a white light reflection hologram, the recording reference 
beam and object to be recorded are on opposite sides of the plate. The 
back of the plate is often coated with black to give a dark viewing 
background during reconstruction. 

MOVES 
E‘Z I E (1( 

REFERENCE 
BEAM 
(PULSED) 

...• 

MASK 

ILLUMINATING 
BEAM (PULSED) 

Fig.6 One method of producing a holographic film of a moving object. A 
pulsed beam illuminates the spinning cube. 

I have just given a brief outline of holography, but it is a 
medium that is now becoming available to people in the same 
way as photography has done in the past. A holographic lab can 
be set up for approximately the same price as a quality colour 
lab. For those people who are interested in finding out more 
about holography I would recommend the following books and 
courses:-

Books 
Understanding Holography by Michael Wenyon 
Published by: David & Charles. £5.50 
A good all round introduction to holography, easily understood 
by the layman and with an extensive bibliography for further 
reading. 
Holograms (How to make and display them) by Graham Saxby. 
Published by Focal Press: £7.95 
The most recent book available on holography. A good in-
troduction to holography and an easily understood guide to 
producing your own holograms. Also contains an extensive 
bibliography. 
Light Fantastic 2 
Bergstrom & Boyle £2.95 
Catalogue of the Light Fantastic exhibition. Includes an in-
troduction to holography and is well illustrated with holograms 
made by Holoco. 
Course 
Holography Arts Workshop 
Goldsmith College 
The Millard Building 
Cormant Road 
London SE15 
Write to Paul Walton for a prospectus. 

• 

A double exposure hologram by Margaret Benyon, The front and back of the 
box are visible simultaneously (from Holograms by Graham Saxby, Focal 
Press Ltd). 

Spacecraft flying in formation in the Light Fantastic 2 exhibition. Eli 
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IONISER KIT 
This negative ion generâtor gives you power to saturate your home or office 
with millions of refreshing ions. Without fans or moving parts it puts out a 
pleasant breeze. A pure flow of ions pours out like water from a fountain, 
filling your room The result? Your air feels like fresh ocean air, pure crisp and 
wonderfully refreshing. 

All parts P.C.B. and full instructions £10. A suitable case including front 
panel, neon switch, etc Available at £8 'extra. 

H.E. KITS 
Car Booster ZD50 £18; Multi Option Siren ZD36 £ 10.50; Car 
Equaliser ZD52 £ 13.30; Envelope Generator ZD20 £11.79; R/C 
Speed Controller ZD3 £9.60; White Noise Effects Unit ZD18 £ 16.85; 
Track Cleaner ZD12 £7.75; Drill Speed Controller ZD21 £7. 
All Hobby Kits supplied cases except ZD3. All kits contain components as 
specified plus Texas I.C. sockets where required. Also connecting wire. 
Special introductory offer to E.T.I. readers, a pack of nuts, bolts, washers, 
self-cutting, self-tapping screws supplied with each kit. 

SPECIAL OFFERS 
Texas/I.T.T. 1N4148, 100 for £ 1.50. 
Fairchild FLV ISO Red '2 LEDs 10 for £ 1; 100 for £7.50. 
Mullard Computer Electrolytics S / T 21,000 U.F. 40V   £3.50 
Daly Electrolytic Capacitors 2000 y F, 100V   £1.50 
I.T.T. BCY 72 Transistors leads pre-formed   10 for 50p 
Varicap Tuners ELC1042   £6.00 
Varicap Tuner ELC1043   -£6.00 
Philips Scope Tube 5" CV2191/DG-13-2     £10.00 
Thorn-Sylvannia Scope Tube 5" SE5J   £17.50 (Callers only) 
Toshiba 12" TV Tube 310GAB4   £12.50 (Callers only) 

If you do not have the issue of H.E. which contains the Project, we can supply 
a reprint at 40p extra orders. Please add 30p post and packing. Add 15% 
VAT to total order. 

Callers please ring to check availability of Kits. 

T. POWELL 
306 ST. PAUL'S ROAD 

HIGHBURY CORNER, LONDON, N.1. 
TELEPHONE: 01-226 1489 

Access / Visa accepted 
Shop hours: Mon. to Fri 9-5.30. Sat. 9-4.30 

 • 

OHIO SCIENTIFIC 
NEW SUPENBOARD 3 

.....".- 

41eigig 

New Series 2 Challenger C1P - cheapo version £219. 
Ohro version (illustrated) £259. The special offer of the 
FentirrY (only Swanley could do d!F - for iust El 59 We 
will supply Superboard 3 with a free power supply and 
modulator kit and our free guard band kit fa brilliant 
breakthrough en itself for this kit extends the display to 
32 x 32. gives 1200 and 300 Baud tape speeds, 
increases the computing speed by 50% and converts 
the display to 506, for flicker free viewing). Guard band 
kit also supplied separately for £10. 4K extra ram 
£1395- Case £27. Cassette recorder £18. Cegmon 
improved monitor ron-i £29.50. Assembler/editor tape 
£25. Word processor program £10. Display expansion 
kit 30 lines X 54 characters for Superboard 2 Not 3) 
£20. Chespo memory expansion offer - Buy a 610 
expansion board with BK ram on board and space foi 
another 16K for £159 and get a free 5V 44 power kit 
and any extra tern you want for £3 / K Buy a miniflopPY 
disc dnve + case + power supply + DOS fo £275 and 
we voll do the extra tern for £2/K (max 16K) 

SHARP 

.._,, 

With Basic 
programs 
£459. 

MZ8OK COMPUTERS 

- 

tape and a free 
- 20K £415, 36K 

SHARP 

,. 

or 

.. : . 
tape of approx 50 
£437, 48K version 

SINCLAIR PRODUCTS * 

SC 110 Oscilloscope £ 184.95. PFM 200 ESL 95, 
Microvision TV Efill, adaptor £8.88. Enterprise prog 
calculator £19.95. PDM 35 £32.50, DM235 £55.55. 
DM450 £109.11. 

BATTERY ELIMINATORS * 

3-way type 6,, 71/2  / 9v 30Orna £3.50. 100ma radio 
types with press-studs 9v £4.77, 9+9V £5.99. Car 
converter 12v input, output 41/2  / 6, 71/2 / 9V BOOrna 
£_04. 

BATTERY ELIMINATOR KITS * 

100ma radio types with press-studs 9v £ 1.64, 9+9v 
£2.30. Stabilised 5-way types 3 , 4 1/2  / 6 / 71/2  / 9 / 12 / 
is. 18v 10Orna £3.12. 1 amp E8 10. Stabilised power 
kits 2-18v 100ma £3.12, 1-30v 14 £S.30, 1-30V 2A 
£14.82. TTL and computer supplies 5V stabilised 2A 
£S28, 44 £14.16. 12V car converters 6/ 71/2  / 9v la 
£1.52. 

TV GAMES * 

Stunt cycle chip + kit £20.95. AY-3-8600 + kit 
£12.98, AY-3-8550 + kit £9.211. 

MEMORIES 

2114 45Ons £2.15. 4116 200ns £2.13. 4027 £1.33 
All low current 

PRINTERS 

Buy any of the below and get a free interface kit and 
word processor programme tor UK 101 or Superboard 
2 - OKI Microhne 80 ( illustrated) £ 49. BASE 2 
BOOMST £299. Saikosha 13 P00 £250. 

SWANLEY ELECTRONICS 
Dept. ET1, 32 Odd.' Rd, Swerdey, Kent, SRI 8E2 

Telephone Swantey 64851 Please add 40p postage Please add VAT except on sections marked with a e 
which already include it Lists 27p post free No VAT on overseas orders which me a speciality Official 

orders welcome. 
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»Ededies  
CRIMSON ELEKTRIK HI Fl 
MODULES 
CE 608 Power Amp 
CE 1004 Power Amp 
CE 1008 " " 
CE 1704 
CE 1708 
CPS 1 
CPS 3 
CPS 6 
CPR1 
CPR1S 

Power Unit 

Pre Amp 
Pr II 

£20.09 
£23.43 
£26.30 
£33.48 
£33.48 
£19.52 
£23.52 
£30.00 
£32.17 
£42.52 

SINCLAIR INSTRUMENTS 
Digital Multimeter 

PDM35 34.50 
DM235 £ 52.50 
DM350 £ 72.50 
DM450 £ 99.00 

It 

Fr 

Digital Frequency Meter 
PFM200 £ 49.80 

Low Power Oscilloscope 
SC110 £139.00 

TF200 Frequency Meter 
£145.00 

TGF105 Pulse Generator 
NEW £ 85.00 

LCD Multimeter 
TM3511£99.00 

LCD Multimeter 
TM352 £49.95 

Prescaler 
TP600 £37.50 

I LP HI Fl MODULES 
Power Amplifiers 
HY30 £ 7.29 
HY50 £ 8.33 
HY120 £17.48 
HY200 £21.21 
HY400 £ 31.83 
Pre Amplifiers 
HY6 £ 6.44 
HY66 £12.19 
Power Supplies 
PSU30 £ 4.50 
PSU36 £ 8.10 
PSU60 £13.04 
PSU70 £15.92 
PSU180 £21.34  
MULTIPLEX NICKEL 
CADMIUM CELLS 
Type S101 ( HP4) £ 0.98 
Type SubC ( HP11) £ 1.75 
Type SubD ( HP2) £ 1.95 
Friwo Chargers for above 
Penlight 4: accommodates 
1-4 size HP7 £ 5.50 
Combibox FW611: 
accommodates 
HP7, HP11 £13.25 

NOTE ALL PRICES 
NET. EXCLUDING 
VAT. 
POSTAGE/PACKING 

New 
Presensitised PC Boards, Developer. U.V. units. 
Toyo miniature Fans 230v AC £9.95 
Mini Metal Detector/Voltage Tester for locating 
cable under plaster £9.95 
Flow/Speed Sensors for monitoring fuel 
consumption electronically in vehicles 

Just one ot the exciting Leader range 

LB0508A ripingieffl...-, 

OSCI LLOSCOPE 
: ! LL 

With 20MHz DC 
:  bandwidth and 

10 mv input 
sensitivity on a 5" 
screen this universal 
oscilloscope is 
suitable for a wide 
range of 
appl ications. 

Send SAE for details of full range. 

Marshall's 80/81 catalogue is now available by 
post, UK 75p post paid Europe 95p post paid: 
Rest of world £1.35 post 'mid. 

£299+ VAT 

A. Marshall ( London) Ltd„ Kinfflate House, 
Kingsgate Place, London NVV6 4TA. 
Industrial Sales: 01-328 1009 
Maul Order: 01-624 8582 24hr service. 

Also retail strops 375 Edgware now. London CO 
90 Crrarrewood Broadway London WW2, B5 Wert Regent 5, , 
Glasgow IDIELA 5tolses Groh Brrstol 
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Apollo I. Its sound quality is as outstanding as its looks. (And makes the price sound ridiculous.) 

Three waveband radio and cassette 
recorder (battery/mains). 

Only 
BIG SET QUALITY 

Big set sound quality from a portable radio/ 
cassette recorder? 
That's the remarkable achievement of the Apollo 
I. It really does have the rich tonal quality you'd 
only expect in an expensive home unit. On radio or 
cassette, reproduction is crystal clear even at full 
volume and over the whole of the tone range. The 
band change switch gives you the choice of FM, 
Medium or long wave and a big tuning control 
provides you with sensitive station tuning, helped 
by very clear and legible dial markings. 

BIG FUNCTION RANGE 

Remarkable, too, is the Apollo I's range of 
functions. In addition to the three band radio and 
cassette playing capability, it lets you record 
direct from the radio, record through the built-in 
condenser microphone, record through an 
external microphone (not included), and play 
yourself to sleep with taped music that switches 
off automatically. 

ji I II II II II li il i:4  lir . ,ltur,shfi. udp tie.2g8,sdteaivesdtr Edneglilvaenrdy.  F u2115r:e 6sd hci 1.I.,nd'olt-E niiI>pile.t.';15; 

 —1 

plus £ 1.95 p & p 

EXTRA 'EXTRAS' 

Apollo I has many features you'd hardly expect if it 
was twice the price. For example: automatic 
volume control on the built-in microphone, ear-
phone monitoring of recordings, battery or mains 
operation, provision for remote control, etc. 

SENSATIONAL VALUE  

Most remarkable thing about Apollo 1, though, has 
to be its price. Any multi-function set would be 
extremely good value for this kind of money. But 
the Apollo, with so many 'extras' and such superb 
quality reproduction, is an absolute bargain. 
Guaranteed for 12 months. 

•Exceptional sound quality •Battery/ 
mains operation •Sensitive tuning 

OPush button recorder 11Built-in 
microphone Inone control 111Auto 

recording level control •Auto stop 
111Sleep funçtion switch 111Earphone 

•Sockets for external microphone and 
remote control. 

DATA 
Output 2W (max). Power consumption 8W. Speaker 4m. 4ohm, 
Dimensions 11 1/2 in x 8m x (approx), Weight 516 

e Credit card holders may telephone (0536) 522024 24 hours a 
day stating card number tor immediate attention. 

Al nu D 68-70 High Street, Kettering, 
Northants. Ntil6 8SY. 
Tel, 10536) 522024 

Tu Mitrad. 68-70 High Street. Kettering, Northants. 

Please send nie  Apollo I radio/cassette recorder at 

£19.95 plus £ 1.95 p & p (02190) 

Total value of my order £  

I enclose cheque/PO made payable to Mitrad. Or debit my 

Access/Barclaycard No  

Signature 

Name 

Address  
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• ORDER BY POST OR TELEPHONE 
WITH BARCLAYCARD/ACCESS 

• ELECTRONIC TEST 
EQUIPMENT 

SPECIALISTS 

• CALL IN AND SEE 
'FOR YOURSELF 

SCOPES 

miw. à9MMe 
fflIMIM 

A MI la BM 113 
In V 

MI1W mow me Nemir 
up. imm WWIry., wor __. a 

Ma Mir Ill VIII 1M1111M 
am MN am % I Ill 1111~ BM MI ea 

• ALL MODELS ON DISPLAY 

• RETAIL - MAIL ORDER - 
EXPORT - INDUSTRIAL 

• OPEN SIX DAYS A WEEK 

A range of Scopes in stock from 5mHZ Single Trace to 50mHZ Dualtrace. 
Mains and battery/mains portables. 

Many on demonstration. 

SINGLE TRACE (UK c / p etc £2.50) 
Hm 307-3 10mHZ, 5mV, 6 x 7 cm display plus component test 

£158.78 
C013030 5mHZ, 10mHZ, 7 x 7cm display £109.25 
SC11010mHZ battery portable, 10mV 3.2 x 2.6cm display 
(Optional case £8.80. Nicads £ 7.95 Mains unit £ 4) £156.00 
•LB0512A 10mHZ 10mV. 5' display £195.00 
CS1559A 10mHZ 10mV. 5- display £232.00 
1/151 15mHZ 1mV 5- display £241.50 

OPTIONAL PROBES (ALL MODELS) 
XI £6.50, X10 £8.50 X100 £ 2.95, X1-X10 £ 10.95 

'Price includes free Probe(s) 

HAMEG • TRIO • LEADER • SINCLAIR • HITACHI 

ALL PRICES INCLUDE VAT 

DUAL TRACE (UK c/o etc E3.50) 
CS156A 10mHZ, 10mV 5 ' display £267.00. 
CS1575 5mHZ 1mV 5'' display £284.00 
Hm 312-8 20mHZ. 5mV 10cm display £253.00 
CS1566A 20mHZ, 5mV, 5- display f339.00 
*LBO 3085 70mHZ, 2mV, 5 x 6.3cm display Battery/mains. 
Portable built in Nicads £482.00 
HM412-4 20mHZ, 5mV, 8 x 10cm display plus Sweep Delay 

£399.50 
CS1577A 35mHZ, 2mV, 5- display f478.00 
CS1830 30mHZ, 2mV, 5- display plus sweep delay and delay 
line - new model f569.00 
Hm512-8 50mHZ, 5mV, 10 x 8cm display Delay Sweep 

'180514 10mHZ, I mV, (5mV) 5- display 
1/152 15mHZ, 1mV, 5'' display 
1/302 30mHZ, 1mV, 5- display 
1/550 50mHZ, lmV. 10 x 8cm 

Delay sweep + 3 channel display 

£667.00 
£294.00 
£326.00 
£447.35 
£799.25 

GENERATORS RF 
SG402 100 KHZ 30mHZ with AM 

(UK c/p 1E1.75) modulation £68.00 

I  

TRIO • LEADER • CSC 
SINCLAIR 41 LEVELL 

LSG16 100kHz-100mHZ (300mHZ on 
Harmonics) £63.25 
SG2030 2 50KHZ 1 00m HZ 
low cost range £46.95 
ARF 300 18HZ-200mHZ 
low cost range audio and RF £76.95 

PULSE 
2001 1HZ 100KHZ (function) 
TG105 5HZ 5mHZ 
4001 0.5HZ 5mHZ 

AUDIO (All sine/square) 
AG202A 20HZ- 200KHZ 
LAG26 20HZ- 200KHZ 
AG203 10HZ- 1 mHZ sineisg 
LAG120A 10HZ- 1 mHZ 

£86.00 
£92.50 

£105.00 

£69.00 
£73.60 

£126.75 
£146.00 

LOGIC PROBES MONITORS 
Logic probes indicating high/low etc ssssss 
that scopes can miss, all circuit powered for 
all IC s. 
LP3 50 mHZ logic probe £55.95 
LP1 10 mHZ logic probe £35.50 
LPZ 11/2 mHZ logic probe £19.95 
LMI Logic monitor 
LDP076 50 mHZ logic probe with case £51.00 
Also in stock range of Protoboard kits and 
breadboards 

PRO MULTIMETERS 
Ml 200 100K Noll 30 range plus AC DC 15 
amp £67.00 
K1400 20K ' Volt 23 range large scale £79.95 
M1500 20K " Volt 42 range plus AC DC 10 amp 

£53.50 
(UK c / la £ 1 20) 
K200 38 range FET 10m ohm input 20Hz to 30 
MHz £95.00 
(UK c/o £ 1 501 

SWR/FS AND 
POWER METERS 

Range in stock covering up to 150mHZ 
and up to 1 K wan power PL259 sockets 
Also 250 UHZ Grid Diameter 
SW119 SWFO S 3 - 150mHZ £9.50 
SW1150 SWRiPower meter 
31/2  - 150mHZ 0-1500 wads f13.95 
110 SWR'Power 11/2 -- 144mHZ 
01(a100 watts £11,50 
171 As 110 Twin meter plus F S £14,50 
Plus large range of BNC PLZ59ietc 
leadsmilugsadaptorKconnectors always 
in stock 
176 SWFUPower FS IT 144mHZ. 
5'5O wan Plus 25-40mHZ AC 
match f16.60 
KU% Grid Dip 113. 250mHZ fM.50 

ese DIGITAL MULTIMETERS :.="ezezer'eteeerz="•z=i awl loads. 
KAISE • SINCLAIR • LASCAR • THURLBY 

BENCH PORTABLES100 c,a E1.001 HAND HELD (UK post etc SW 

; 

:0E0 000000  

TM352 31/2 Digit LCD plus 10 
ADC and Hfe checker 
PDM35 31/2 Digit 16 range LED 
(no AC current) 
ME502 31/2 Digit LED plus 10A 
DC and Hfe checker 
LM2001 31/2 Digit LCD 2 amp 
AC/DC 0.1% 
6200 31/2 Digit LCD 0.2A AC/DC, 
Auto range 
6220 As 6200 plus 10A AC/DC 
6100 As 6200 plus Cont. 
testirange hold 
6110 As 6100 plus 10A AC/DC 

DM235 31/2 Digit LED 21 
ranges, 0,5% AC/DC 2A £56.50 

£54.95 DM350 31/2 Digit LED 34 ranges 
AC/DC 10A f78.50 

£32.95 TM353 31/2 Digit LCD AC/DC 2 
amp £86.50 

£43.95 TM351 31/2 Digit LCD AC/DC 10 
amp £107.95 

f51.70 LM100 31/2 Digit LCD AC/DC 2 
amp £86.50 

£39.95 DM450 41/2 Digit LED 34 ranges £107.95 
£49.95 AC/DC 10 amp ( DM series op-. 

lions, Carry case £8.80, NI-
£59.95 cads £7.95, Mains adapte 
£74.95 £4,001, 

FREQUENCY COUNTERS 
Portable and Bench LCD and LED Counters up to 
600mHZ. Prices include batteries and leads. 

HAND HELD i),( post e. B591 
PFM200 20HZ to 200mHZ 8 Digit LED £54.50 
MAX50 100HZ to 50mHZ 6 Digit LED £61.00 
MAX550 30KHZ to 550mHZ 6 Digit LED £106.00 

BENCH PORTABLES (UK c p El OgY 
MAX100 8 Digit LED 5HZ to 100mHZ 
TF200 8 Draft LCD 10HZ to 200mHZ 
7010A 9 Digit LED 10HZ to 600mHZ 
TP600 600mHZ Pre-Scaler for TF200 
2DOSP£ 6 Digit 100mHZ LED built into 0.002 HZ 
to 5.5mHZ pulse generator 

CSC • SINCLAIR • OPTO ELECTRONICS 

£89.00 
£158.95 
£169.00 
£41.00 

(437.00 

SOLDERLESS BREAD 
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 PROJECT 

POLYSYNTH 

We conclude the Polysynth project with the final setting up and 
alignment procedure. Design and development by Tim Orr. 

A
ssuming that the rest of the synthesiser has been check-
ed out and found to be working then the voice boards 
can be tested and aligned. When inserting or removing 

the voice boards make sure that the power is always turned 
off. Set up the panel as shown in Fig. 4. Insert a voice into slot 
number four with the component side facing the centre of the 
machine, the copper track side facing the wooden end. Make 
certain that the ICs are the correct way around, in particular 
IC1,4. Turn on the power and check the ± 15 V and -5 V rails 
on the voice board. Both VCOs should be oscillating. Check 
pins 4,8 and 10 for square, ramp and triangle waveforms. Next 
look at IC2 pin 2 and IC3 pin 3 and check that the two 
waveform selectors function properly. Also check that the 
two VCO tuning pots control their respective VCO frequen-
cies. When the machine has been calibrated, these pots will 
have a two octave tuning range. 

Check that the two transpose controls affect the VCO fre-
quency. Move the pitch bend lever; this will slightly change 
the VCO pitch. Also check that the keyboard controls the 
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Fig.1 VCF frequency response. 
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pitch, although it will not yet be in tune. Test out the three 
vibrato controls. Turn off the vibrato and tune the two VCOs 
to the same frequency. They should slowly beat with each 
other. Look at IC15 pin 5 (the top of R51). Check that the level 
controls for each VCO operate correctly. Turn both of them 
on. Turn on the sync switch. VC01 should lock onto the fre-
quency of VCO2. Turn off the sync and turn off the volume to 
VC01. Select a square waveform from VCO2. Test the VCO2 
MS (mark/space) control pot. With the pot anticlockwise the 
waveform will be square. As the pot is rotated to its central 
position the square will turn into a thin pulse. Clockwise of 
centre the pulse width is controlled by the mark/space 
oscillator. Check out the mark/space speed and waveform 
controls. Repeat for VC01. 

Select a 100 Hz ramp waveform from VC01. Turn VC01 
level to maximum, and VCO2 level to off. Look at the VCF out-
put, IC9 pin 1 (the left hand side of R58). The VCF frequency 
pot will vary the filter cut-off frequency, and the resonance 
control will vary the Q factor ( Fig. 5). Press a note on the 
keyboard. This will generate the ADSR sweep waveform as 
shown in Fig. 2. Adjust PR3 so that with the ADSR sweep pot in 
its central position there is no VCF sweep. Now rotate the 
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Fig.2 Waveforms associated with the AMR sweep potentiometer. 

ADSR sweep pot anticlockwise. When the note is pressed it 
should be possible to get a filter sweep that sounds like a 
'DOW' noise. In the clockwise position the sound is a 'WAH'. 
Check out the VCF ADSR controls. They should behave as 
shown in Fig. 3. Also test the TRACK switch. This will generate 
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fast time-constants at the top end of the keyboard and slower 
ones at the bottom end. Now check out the VCF TRACK 
switch. Turn it on and play notes up and down the keyboard. 
The shape of the waveform at the VCF output will remain 
roughly the same as the frequency varies. But with the VCF 
TRACK off, the high notes will be sinusoidal, but the low notes 
will contain a strong harmonic content. Turn the VCF TRACK 
switch on. Turn up the noise level to test that it makes it to the 
filter. 

The next and last section is the VCA. Turn off both the 
VC0s, the noise source and the VCF sweep. Set up the VCA 
ADSR as shown in Fig. 4. Press a note on the keyboard. This will 
start the ADSR which generates a fast envelope contour, caus-
ing a click at the VCA output, IC8 pin 5. Adjust PR1 until this 
click reaches a minimum. Turn on VC01 so that the VCA has a 
signal to modulate. Test the VCA ADSR controls and the 
TRACK switch, When the note is released and the ADSR 
waveform has decayed away the output of the VCA will die 
away completely. Turn the AD5R/CONT switch to CONT. The 
sound will return and will be unaffected by the VCA ADSR. 
Now turn the relevant voice ON/OFF switch to OFF. The voice 
will now be off. 

This concludes the initial alignment and debugging of the 
voice. Repeat all of this process for voices 3,2 and 1 until all 
four voices are plugged in and working. Allow the machine to 
'burn in' for 24 to 48 hours, then retest all the functions. 

The next section deals with aligning the VCF and VCOs for 
frequency and tuning. 
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Fig.4 Front panel control positions for setting up procedure. 
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Fig.5 VCF response. From top to bottom: high frequency, high Q (resonance 
control clockwise); low frequency, high Q; high frequency, low Q (resonance 
control anticlockwise); low frequency, low Q. 

BUYLINES 

Powertran Electronics can supply a complete kit of parts for each op-
tion of the Transcendent Polysynth. 
1 voice £320 
2 voices £368 
3 voices £464 
4 voice expansion kit £295 
All prices are exclusive of VAT. Powertran Electronics, Portway In-
dustrial Estate, Andover, Hants SP10 314M. 
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PROJECT: Polysynth 

Pitch Spread 
The pitch spread adjustment is very sensitive, but in order 

to obtain a musically useful synthesiser it must be properly set 
up. When two or more VCOs are being controlled from the 
keyboard it is imperative that they track. If they do not then 
objectionable frequency beating will occur as the keyboard 
pitch is altered. The Polysynth can have up to 16 VCOs in 
operation at once and so the pitch adjustment must be spot 
on. The VCOs have an exponential transfer function, which is 
musically very useful. It enables linear voltage changes from 
the keyboard to generate musical intervals from the VCOs. 
Also you can transpose VC01 relative to VCO2. This relative 
tuning is maintained as the VCO pair is moved in pitch by the 
keyboard voltage. 

This is a very powerful feature of the music synthesiser 
but it relies on the transfer function of all the VCOs being a 
perfect exponential curve. If one VCO deviates from this 
curve then it will never track with the other VCOs. If all the 
VCOs have the same curve but it is not an exact exponential 
then they will not track when transposed (VC01 relative to 
VCO2)or when played in the polyphonic mode. If all the VCOs 
have exactly the same true exponential curve and yet the 
digital pitch generator has significant errors then the VCOs will 
not track in the polyphonic mode. However, if all these pro-
blems are properly resolved then you end up with a 
marvellous polyphonic music synthesiser. Figure 7 shows the 
VCO transfer function on a log/lin graph. Here a perfect ex-
ponential is shown as a straight line. The VCOs tend to go flat 
at high frequencies, which is caused by the accumulation of 
timing errors in the oscillator plus the effect of bulk resistance 
in the exponentiating transistor. However, the CEM3340 has a 
high frequency tracking adjustment to improve the top end 
tuning. 
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VCO Pitch Spread Adjustment 
Turn the unit on and let it warm up for 10 minutes. The 

digital pitch generator must be working properly with a resolu-
tion of about 10 bits. If it cannot obtain this accuracy then it 
will not be possible to align the VCOs. Look at the VCF output 
(the left hand side of R58). Turn off VCO2 and select a 
sawtooth from VC01. Turn all high frequency track presets 
(PR5,6) anticlockwise (this turns them off). Select one-voice 
operation and remove all modulations and sweeps. Turn off 
the sync. Set the VCF to maximum frequency and resonance 
to minimum. Play the bottom note on the keyboard and bias 
the VCO to 100 Hz. Now play the note one octave up. It should 
shift the VCO by an octave, but it won't! This is because the 
pitch spread trim is wrong. The pitch spread trim for VC01 is 
PR9. Turning it clockwise gives more VCO octaves per 
keyboard octave; it gives the VCO a sharper tuning. Turning it 
anticlockwise gives less VCO octaves per keyboard octave; it 
gives the VCO a flatter tuning. So if VC01 is sharp one octave 
up turn PR9 anticlockwise.However, adjusting the preset also 
alters the bottom note. This makes the tuning of the VCOs 
rather difficult unless you have a good musical ear. If you are 
blessed with this then it is possible to tune the VCO by playing 
scales or octaves, listening to the VCO output and making 
suitable changes to the preset. 

For those who were born with tin ears a more technical ap-
proach should be employed. A frequency meter can be used 
to set the VCOs to give 'almost' octave intervals. As the fre-
quency meter gate is asynchronous to the VCO then the 
reading will be slightly different every time. A frequency 
meter with a 1 S gate will give 1 Hz accuracy for a 100 Hz 
signal. A 10 S gate will give 0.1 Hz accuracy but 10 S is a long 
time to wait for two gate periods (20 S). A frequency meter is 
useful to give you the tuning to within a fraction of a percent. 
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Fig.7 Pitch spread details. 
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The best method is to tune the VCOs relative to a fixed 
tone. I use a crystal oscillator divided down to 400 Hz. You can 
mix this with the VCO output so that you can hear the beats, or 
even better you can display the two frequencies on a dual 
beam oscilloscope. 

Oscilloscope Method 
Display the 400 Hz fixed reference squarewave on one 

beam and sync from it. Display the VCO to be aligned on the 
other beam. Press the bottom note on the keyboard and set 
the VCO to 100 Hz. The VCO output will remain almost sta-
tionary relative to the reference squarewave. It will drift slow-
ly to the left or to the right, which should be corrected by fine 
tuning the VCO. Play a note one octave up and adjust the PR9 
preset so that the VCO output is stationary ( ie 200 Hz) relative 
to the reference signal. Now go back to the bottom note. The 
pitch of this wil I kiave been changed by PR9, and so retune the 
VCO (to 100 Hz) with the fine tuning pot. Repeat the process 
again and again until the VCO interval converges to one oc-
tave. When altering PR9 it is best to overcorrect as you will 
then converge more rapidly. Now the tuning can be more fine-
ly set up by repeating the process for higher octaves. When 
finally set up the VCO output will be almost static relative to 
the reference tone on all five octave notes. Best results are ob-
tained by tuning the VCO to be static relative to the reference 
tone at the top end of the keyboard. In fact when tuning up a 
synthesiser, musicians always tune up the VCOs for unison at 
the top of the keyboard. Then any pitch spread errors will 
cause minimum beat frequencies. Tuning the VCOs at the bot-
tom of the keyboard generates maximum beats. 

Repeat the entire tuning process for VCO2 using PR8 to 
adjust the pitch spread. Then tune the other voices. If all the 
VCOs track relative to a fixed reference then they will track 
with each other. Select one-voice mode, using both VCOs. 
Turn on all four voices and press the top note on the keyboard. 
Tune all the VCOs to 1600 Hz so that they are slowly beating 
together (a total of eight VCOs). Now play the lower notes 
down the keyboard. If the VCOs track then they will continue 
to slowly beat. The pitch spread tuning should be such that 
over the keyboard's range the beat rate does not exceed 1 to 2 
Hz. If the VCOs track properly the synthesiser can now be swit-
ched to four voice polyphonic operation. 

Octave Transpose Switch 
Set the octave transpose switch to 0. Tune a VCO to 200 

Hz so that it slowly beats with the reference 400 Hz. Turn the 
octave transpose switch to -I- 1 and adjust the preset (PR3 on 
board PS5) for an exact one-octave increase. Now set the 
switch to — 1 and adjust the other preset (PR2 on board PS5) 
for an exact one-octave decrease. Set the number of voices to 
one, the octave transpose to 0 and turn on and tune all eight 
VCOs to be in unison. Now try the effect of the transpose 
switch and pot. All the VCOs should be transposed without a 
significant or objectionable increase in the beat rate. If the 
beat rate does become objectionable it will be because of an 
inaccurate transposition in one or more of the VCOs. This is 
due to the mismatch of resistor pairs R117/R113 or R112/R76 
on the voice board, which should be matched to 0.01% for op-
timum results. 
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*20013 LM1458N *40p 34 / 400Vp 589 L..._ 

MINIMUM 40018 15p 40164 25p -:": 16p 1N4005 4.5p ZD5V6 5p 8FY50 15p CA3090AQ 70p ' „F ,,,,,, gp t „ F 25V 3p 
25 PIECES 40074 139 40174 40p . 4 ,,iC, 20p 1N4007 Sp ZD9V1 5p TIP314 22p SN76115N 509 ' .7,, ,r pc ,,, 9p I.,' It, \; 3p 
EACH 4011/3 159 7420 13p 5.5p 1195404 10p BF244C 14p TIP3055 22p 680nF poly 7p - , JF 40V 4p MANY MORE 

ETI MARCH 1981 



PROJECT: Polysynth 

VCO Bias 
Set the transpose pot and switch to maximum. Set all the 

tuning pots to maximum and play the top note on the 
keyboard. Adjust PR4 (for VC01) and PR7 (for VCO2) on each 
voice board for a VCO pitch of 4 kHz. This is the maximum fre-
quency of operation for the machine. 

VCF Bias 
Select one-voice operation. Tune all the VCO1s to 400 Hz 

(ramp waveform). Turn on the VCF TRACK switch. Set the AD-
SR SWEEP pot to off and the VCF frequency pot to its central 
position. Turn the resonance control to maximum. Adjust PR2 
so that the VCF rings with the eighth harmonic of the ramp 
(3200 Hz). Repeat this for the other voices. Now try altering the 
filter frequency. The VCF on each voice should generate the 
same tone. 

HF Track 
Set the bottom note of the-keyboard to 200 Hz and tune it 

against the 400 Hz reference note. Now play the top note (3200 
Hz). The VCO may have gone slightly flat in which case adjust 
the HF TRACK preset to restore the high frequency tuning. 
Repeat this for every VCO. The Curtis data sheet recommends 
aligning the HF tracking at 10 kHz. This is, however, outside 
the tuning range of the Polysynth. At 4 kHz (the maximum f re-
quency of the machine) it may not be necessary to use the HF 
track. The HF presets are PR9 for VC01 and PR6 for VCO2. 

Drift 
Both the absolute frequency and the pitch spread drift 

with time and temperature. There is a turn-on drift caused by 
the warming up of the VCO chips and the power supply. The 
— 5 V rail will change slightly as it warms up and this causes a 
frequency and pitch spread change. The same is true for the ± 
15 V rails but to a lesser extent. The VCO bank should be final-
ly aligned after the chips have been burnt in for 24 hours and 
after the unit has been powered up for at least 10 minutes. 

Long-term drift is caused by the ageing of the ICs and 
precision components and the voltage references in the power 
supplies. This will probably necessitate slight recalibration of 
the unit every six to twelve months. 

Portamento 
The portamento circuits are designed to generate virtual-

ly zero voltage change between input and output at all por-
tamento speeds. If eight voices are set up to play in unison 
they will track over the keyboard range when the portamento 
is set to fast or slow. On the slow setting, a full-range keyboard 
transition will take place about 2 S. 

Set the synthesiser up for four voice operation and tune 
up the voices on the top note. Now with the portamento slow 
(anticlockwise) play a four-note chord in the bottom octave. 
The four VCOs will shoot off from the top note and zoom 
down and land exactly on the chord. Lots of wild sounds can 
be generated using this polyphonic portamento facility. ETI 

SUBSCRIPTION ,4*, 

PRICE SAVER 

Inflation has been working its magic on ETI's bank account, 
pushing up the cost of an annual subscription a trifle to £ 11. 

Christmas and the January sales conspire to deplete one's gold 
reserves. Ever-conscious of this phenomenon of modem society 
(we're all skint, too) we're making you an offer you can't 
refuse. 
Until February 28th, the subscription fee will be slashed to a 
mere £9.95. 

To take advantage of this unrepeatable offer, send your cheque or PO 
(made payable to Modmags Ltd) NOW direct to: 

ETI Subscriptions, 
Modmags Ltd, 
145 Charing Cross Road, 
London WC2H OEE. 

Special offer closes on February 28th. 

rete 

ETI MARCH 1981 31 



32 

'MICRON' may sound small - but we all' know that it's much larger than an atom! 

micron 

The un-beatable features of Microtan 55 and Tanex have been brought together to give you Micron, 

a ready built and tested computer of outstanding value. Fully supported by comprehensive documentation, 

Micron represents an ideal starting point in personal computing. We've taken a full U.E.M. licence 

for Microsoft Basic, which means that you'll have the support of the most popular Basic available, 

(as used on PET, APPLE, TANDY etc.). If you want to expand Micron there's no problem, just move into 

the system rack and choose from the range of Microtan modules. Read the information, study what the 

magazines have to say about us and compare what we have to offer with other systems, then we feel 
sure that you'll be convinced that we've produced an excellent product. 

/e 
°FULLY BUILT, TESTED AND CASED. 

06502 BASED MICROCOMPUTER. 

OVDU ALPHA NUMERIC DISPLAY. 

08K RAM. 

032 PARALLEL I/O LINES. 

02 TTL SERIAL I/O LINES. 

01 SERIAL I/O PORT WITH RS232/20mA LOOP, 

AND 16 PROGRAMMABLE BAUD RATES. 

0300 / 2400 BAUD FILENAMED CASS. INTERFACE. 

ODATA BUS BUFFERING. 

OMEMORY MAPPING CONTROL. 

071 KEY ASCII KEYBOARD, INCLUDING NUMERIC 

KEYPAD. 

OPOWER SUPPLY INCLUDED. 
N4  

 \ 

TANGERINE 
COMPUTER SYSTEMS LIMITED 

Forehill Works 
Forehill Ely Cambs England 

N 
SOFTWARE  

O 10K EXTENDED MICROSOFT BASIC. 

O ALL THE USUAL BASIC COMMANDS. 

O INTEGER AND REAL NUMBERS. 

O INTEGER AND REAL ARRAYS. 

O INTRINSIC FUNCTIONS: ABS, INT, RND 

SGN, SIN, SQR, TAB, USR, ATN, COS, 

EXP, LOG, TAN. 

O USER DEFINED FUNCTIONS. 

O READ AND DATA STATEMENTS. 

O DUMP AND LOAD PROGRAMS. 

O PROGRAM EDITING COMMAND. 

O STRING FUNCTION FOR TEXT I/O. 

O BASIC CAN CALL MACHINE CODE SUB— 

ROUTINE. 

O USER MACHINE CODE INTERRUPT HAND— 

LER INTERFACES WITH BASIC. 

O XBUG. 

O DATA CASSETTE FILE HANDLING IN BASIC 

Tel: (0353)3633 
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microtan 65 

The Microtan system is rapidly becoming accepted as the ultimate approach to personal computing. Start 

with Microtan 65, a 6502 based single board computer, and expand to a powerful system in simple and 

in— expensive stages. The Microtan system is a concept and not an afterthought, this means expansion 

is easy and very efficient! Unlike many other systems, you'll find it difficult to outgrow Microtan, 

and you won',t be wasting your money on a product that will only last you a few months! When you are 

ready to expand, Tanex is waiting. The features offered by Tanex are tremendous, and you can start into 

them for just £49.45! Cassette interface, 16 I/O lines, two 16 bit counter timers, data bus buffering, 

memory mapping and a further 1K of RAM are standard. From thereon expansion is simple, just plug in 

extra integrated circuits to get yourself 8K of RAM, a further 16 I/O lines and two more counter timers 

a serial I/O line with RS232/20mA loop and full modem control, XBUG — a firmware package containing 

cassette file handling routines, plus a line— by—line assembler ( translator) and dis—assembler, PLUS  

10K EXTENDED MICROSOFT BASIC, a suped—up version of the Basic as used by major manufacturers such as 

Apple, Tandy and Nascom, NO OTHER LOW COST MICROCOMPUTER OFFERS YOU THIS SUPERB PACKAGE. O.K. so you 

want more memory, try Tanram for size! Upto 40K bytes on one board starting for as little as £ 50.60. 

RAM freaks will be pleased to hear that our system mother board offers page memory logic which will 

support 277K Bytes, satisfied? To house these beautiful modules you can choose between our mini— rack 

(as used on Micron), which accepts Microtan and Tanex, or our system rack pictured above. The system 

rack will support 12 modules. What are these extra modules? Well for starters there's a couple of I/O 

modules, parallel and serial offering upto 128 I/0 lines organised as 16 8 bit ports and 8 serial I/0 

ports respectively. Shortly we'll be introducing high definition ( 256x256) colour graphics, A to D 

and D to A modules, IEEE 488 Bus interface, a PROM programmer, disc controller and TANDOS — a 6502 CPM 

system. So there's plenty to keep you busy. Send for more details, and find out how you can get started 

ALL PRICES QUOTED INCLUDE V.A.T. for just £ 79.35! 

ie AIM 65, KIM I, SIM I USERS— READ ON! 

We have produced a T.V. interface module which simply 

connects to the expansion socket of your computer and 

produces a display of 16 rows by 40 characters! Of even 

more interest will be our Buffer module, which allows 

you to expand into our system rack, giving you access 

the full range of Microtan modules. 
 .0/ 

f. 
Please underline the information required. 

AIM T.V. INTERFACE. MICROTAN SYSTEM. 

NAME: 

ADDRESS: 

PLEASE ENCLOSE 12p STAMP. THANK YOU. 
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March, April, . . . Blast-Off Ian Graham reports on the next 
flight to Jupiter in 1984, the latest 
news of Ariane and developments 
in the Soviet Soyuz programme. 

I
n March 1984 the space shuttle cargo bay doors will open 
and a spacecraft will emerge on its way to Jupiter. Three and 
a half years later the Galileo probe will begin its descent to 

the Jovian surface. The spacecraft is to be built by the Hughes 
Aircraft Company. It will be based on the design used during the 
Pioneer Venus planetary multiprobe programme in 1978. It will 
comprise two components — the probe itself and the probe 
carrier. 10 days before Jupiter encounter the two components 
separate. The probe is sent on its way to the planet. As it 
descends through the atmosphere it will transmit data to the 
carrier which will relay the data back to Earth across 560 million 
miles. 

NASA's Galileo programme is named after the founder of 
experimental physics and astronomy who discovered four of 
Jupiter's 13 known moons in the early seventeenth century. The 
probe's seven experiments are designed to investigate the 
planet's atmosphere, magnetic field, satellites and radiation 
belts. The mission also includes a Jupiter orbiter, built by the Jet 
Propulsion Laboratories (J PL) in California. The orbiter will take 
close-up photographs of the planet and its satellites. 

Originally the orbiter and carrier/probe were to be 
launched during a single shuttle flight using a common Inertial 
Upper Stage ( IUS). However, shuttle programme delays have 
meant postponing the launch from 1982 to 1984 and separating 
the mission into two different launches. 

Talking of the Space Shuttle — how are preparations for 
the first flight going? The orbiter has now been attached to the 
external tank. If all goes well (always a dangerous thing to say 
where the shuttle is concerned) the system interfaces will be 
checked out and then the shuttle/external tank assembly will be 
moved to launch pad 39A where it will undergo a pre-flight 
engine trial burn before the launch itself. Plans still call for a 
March 14th launch. Any further delays will undoubtedly push 
the big day back. 

European News 
I reported in ETI January that the Ariane rocket crash was 

due to vibration in the first stage engine. Two high frequency 
phenomena have been identified. One in the 2300 Hz band has 
been rectified. The other at 2700 Hz still needs some work. In 
view of that the third flight test will probably take place in June 
1981 and the fourth will follow in the Autumn of the same year. 
If the programme is not delayed any further, ESA will still be 
able to meet its commitments to launch scientific and 
telecommunications satellites in late 1981 and 1982. Despite 
the extra expenditure involved in rectifying the engine faults, 
the programme will remain within the overall financial 
envelope fixed at its outset. A 20% margin was built in for 
unexpected contingencies. 

Spacelab 
The American and European payload specialists who will 

crew Spacelab are undergoing training at the Centre National 
D'Etudes Spatiales (CNES) at Toulouse and at the CNRS 
Laboratoire D'Astronomie Spatiale (LAS) at Marseilles in 
preparation for the first mission. 
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FEATURE 

O. Garriot, B. Parker : mission specialist selected by 
NASA. 

M. Lampton, B. Lichtenberg : NASA payload specialists (one 
of whom will be selected for 
the first mission). 

Dr. U. Merbold, C. Nicollier, 
Dr. W. Ockels : ESA payload specialists (one of 

whom will be selected for the 
first mission). 

D. Frimount, C. Lewis : responsible for the co-
ordination and training of the 
ESA and NASA Spacelab crews 
respectively. 

When the 11 French experiments for the first flight have 
been built and tested, they will be delivered to ESA at the 
Toulouse Space Centre and sent to NASA for a final check and 
integration with Spacelab. If all goes to plan, the first Spacelab 
payload will be launched in June 1983. 

Soyuz T3 
The successful completion of the latest Soyuz/Salyut 

mission involved the use of a new spacecraft design, returning 
the crew to its full complement of three men. The last three-man 
Soyuz craft flew in 1971. At the end of the record-breaking flight 
(the crew spent 24 days in space) an air valve failed during re-
entry. As crews did not carry spacesuits, the Soyuz 11 crew died 
during the rapid depressurisation of the spacecraft. The landing 
continued under automatic control. 

There was some Press speculation at the time that the 
deaths were due to the debilitating effects of long,spaceflights, 
perhaps weakening cosmonauts to the point where they could 
not withstand the sudden exposure to G forces during re-entry. 
However, NASA was able to verify the Soviet accident report, to 
which they insisted on access before the joint Apollo-Soyuz 
mission. Hardware modifications tested on Cosmos 496 and 573 
and implemented on Soyuz 12 included an improved valve 
system. Crews began to carry spacesuits with a direct oxygen 
supply. These changes took up so much space that the crew had 
to be reduced to two men. 

HIGH GAIN 
S BAND 
ANTENNA 

EQUIPMENT 
SHELF 

MEDIUM 
GAIN HORN 

THRUSTERS 

STAR 
SENSOR 

LOUVERS 

PROPELLANT 
TANK 

L BAND 
ANTENNA 

PROBE 

Fig.1 Structural details of the Galileo probe carrier. The conical probe 
hangs underneath. 
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100 DAYS BEFORE 
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Fig.2 Flight plan of the Galileo Jupiter exploration mission. Unlike the 
spectacular Voyager and Pioneer fly-bys, the Galileo probe will actually 
enter the Jovian atmosphere and send data back to Earth via its carrier 
spacecraft. 

PROBE 
CARRIER 

PROBE DESCENDS THOU ATMOSPHERE AND 
RETURNS REAL TIME DATA VIA CARRIER 
560 MILLION MILES 1696 MILLION ( MI TO EARTH 

The new Soyuz T3 spacecraft is the same size and weight as 
the older design but it incorporates smaller, lighter 
components. New features include an on-board computer, new 
life support system, new orbital manoeuvring system and a new 
pressure suit. The first three Soyuz T3 crewmen (Kizim, 
Makarov and Strekalov) carried out several experiments in the 
Salyut 6 space station between November 28th and December 
11th, including making the first hologram in orbit. 

SHORTS 
Ireland has become the eleventh member of the 
European Space Agency (ESA). Although Ireland signed 
the convention which brought ESA into being in 
December 1975, its application was not ratified until 
December 1980. Ireland's contribution to ESA comes to 
0,54% of the total budget. In addition, Ireland 
participates in the remote sensing programme and in the 
Ariane production programme for the promotional series 
of six launches. 

The International Maritime Satellite Organisation 
(I NMARSAT) is to lease two MARECS satellites (MARECS 
A and B) from ESA in 1982. The deal will be worth about 
65 million dollars and represents part of INMARSAT's 
new world-wide maritime telecommunications service 
for the international shipping community. MARECS A will 
be placed over the Atlantic ocean and MARECS B over 
either the Indian or Pacific ocean. The advantage of the 
MARECS system is its flexibility, in that MARECS 
satellites can, during their lifetime, be moved from one 
ocean area to another. Each satellite has a capacity of 
approximately 50 channels and will provide direct 
connections to subscribers on both telephony and telex 
and will also enable ship-to-shore search and rescue 
messages to be relayed quickly. 
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Type'A' Type 'C' Type ' D' 

6 piano type keys 

B.K. ELECTRONICS thcm,,, 
txr>Ge A SOUND CHOICE S'oè17,yQr 
* PROMPT DELIVERY * PRICES INCLUDE V.A.T. * AMPLE STOCKS 
A PERSONAL SERVICE FROM A SMALL EXPANDING COMPANY 

STEREO CASSETTE TAPE DECK 
ASSEMBLY. Comprising of a top panel 
assembly and tape mechanism coupled to 
a record/play back printed board assem-
bly. Supplied as one complete unit for 
horizontal installation into cabinet or 
console of own choice. Brand new, ready 
built and tested. Features: Pause, con-
trol, auto stop, 3 digit tape counter, 
illuminated twin VU meters with in-
dividual record, level controls, secondary 
inputs for twin microphones. Input Sen-
sitivity: 6 MV (with level control set at 
max). Input Impedance: 47 kOhms. 
Output Level: To both left and right hand 
channels 150 MV. Output Impedance: 
< 10k. Signal to noise ratio: 45 dB 
nominal. Power Supply Requirements: 
12V AC at 300M/A. Connections: Al) 
connections to the unit are via a wander 
lead terminated with a nine pin plug 
(socket provided). Dimensions: Top 
panel - 11 1/2 in x 61/2 in. Mechanism fits 
through a cut out 53/ein x 101/2 in. Clear-
ance required under top panel 2Win. 
Supplied complete with circuit diagram 
etc. Price £30.50 plus £2.50 postage 
and packing. Suitable mains 12-volt 
transformer, f3.00. 

NEW RANGE QUALITY POWER 
LOUDSPEAKERS (15", 12" and in. 
These loudspeakers are ideal for both hi-fi 
and disco applications. Both the 12" and 
15" units have heavy duty die-cast chassis 
and aluminium centre domes. All three units 
have white speaker cones and are fitted with 
attractive cast aluminium (ground finish) 
fixing escutcheons. 
Specification and Price:-

15" 100 watt. Impedance Bohm. 
50 on. magnet. 2" aluminium voice coil. 
Resonant Frequency 20Hz. Frequency Res-
ponse to 2.5KHz. Sensitivity 97dB. Price 
£32 each. £2.00 Packing and Carriage 
each. 

12" 100 watt. Impedance 8 ohm. 50 on magnet. 2" aluminium voice coil. 
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price 
£23.70 each. £2.00 Packing and Carriage each. 

8" 50 watt. Impedance 8 ohm. 20 on. magnet. 1" aluminium voice coil. Resonant 
Frequency 40Hz. Frequency Response to 6KHz. Sensitivity 92dB, Price £8.90 each. 
£1.00 Packing and Carriage each. 

PIEZO ELECTRIC TWEETERS - MOTOROLA 
Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo 
tweeter produces an improved transient response with a lower distortion level 
than ordinary dynamic tweeters. As a crossover is not required these units can 
be added to existing speaker systems of up to 100 watts (more if 2 put in 
series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH 

TWEETER. Type 'A' 3M round with removable 
wire mesh. Ideal for bookshelf hi-fi 
speakers. Price (Type ' A') £3.45 each. 
Type 'B' 31/2 in super horn. For general 
purpose speakers disco and PA sys-
tems, etc. Price £4.35 each. 
Type 'C' 2in x 5in wide dispersion 
horn. For hi-fi systems and quality disco 

Type 'r etc. Price £5.45 each. 
Type ' D' 2in x 6in wide dispersion 
horn. Frequency response extending 
down to mid-range (2000 c/s) suitable 
for hi-fi systems and quality disco. Price 
£6.90 each. 
Post and Packing, all types, 15p each 
(or SAE for Piezo leaflets). 

GEC AM/FM STEREO TUNER 
AMPLIFIER CHASSIS. Originally 
designed for installation into a music 
centre. Supplied as two separate built 
and tested units which are easily wired 
together. Note: Circuit diagram and 
interconnecting wiring diagrams sup-
plied. Rotary Controls: Tuning, on / off 
volume, balance, treble, bass. Push-
button controls: Mono, Tape. Disc., 
AFC, FM (VHF), LW. MW, SW. Power 
Output: 7 watts RMS per channel, at 
better than 2% THD into 8 ohms. 10 
watts speech and music. Frequency 
Response: 60Hz-20kHz within ± 3dB. 

Tape Sensitivity: Output - typically 
150 mV. Input - 300 mV for rated 
output. Disc Sensitivity: 100mV (cer-
amic cartridge). Radio: FM (VHF),• 
87.5MHz - 108MHz. Long wave 
145kHz - 108kHz. Medium wave. 
520kHz - 1620kHz. Short wave. 
5.8MHz - 16MHz. Size: Tuner - 
23/4 in x 15in x 71/2  in approx. Power 
amplifier - 2m x 71/2 in x 41/2 in approx. 
240V AC operation. Supplied complete 

with fuses, knobs and pushbuttons, and 
LED stereo beacon indicator. Price 
£Z3.50 plus £2.50 postage and pack-
ing. 

JVC TURNTABLE. JVC Turntable 
supplied complete with an Audio Tech-
nica AT10 stereo magnetic cartridge. 
*'S' shaped tone arm. 
*Belt driven. 
*Full size 12in platter. 
* Precision calibrated counterbalance 
weight (0-3 grms.) 
*Anti-skate (bias) device. Nylon thread 
weight. 
*Damped cueing lever. 
*240V AC operation, ( 50Hz). 
*Cut-out template supplied. 
Size - 12 3/4 in x 1,5 3/4 in (approx). 
Price £28.50 plus £2.50 postage and 
packing. 

COPPER LAMINATED PRINTED 

8888 Paxoline based type. Size 15 1/2 " x 

25 per sheet. Post free. 
12 1/4 ". Brand new. Still shiny and 
bright. £1 

CIRCUIT BOARD (single sided). 

FIRE ALARM CENTRAL CONTROL UNIT (S.T.C.) 
Ideal for Fire or Burglar Alarm Systems 

* Responds to normally open or closed 
switches (or smoke detectors etc ) 

* Complete with an internal EXIDE lead acid 
accumulator (dry charged) as a back-up for 
mains failure. This is trickle charged 

* 6v-2 amp output for Fire / Burglar alarm. 
etc 

* Re-set button for silencing Fire/ Burglar 
alarm. 

* Internal buzzer which sounds if re-set button 
if pressed until initiating switch is cleared. 

* Wall mounting, complete with red case, 
approx. 11" x 71/2 " x 4". 

* 240v AC operation. 
Price £15.50 + £3 postage and packing. 

LOUDSPEAKER 
High quality full range 8" loudspeaker. 
15 watts RMS B ohm. Rolled surround, 
with aluminium centre dome. 
Price £3.75 each -I- 75p Postage and 
Packing each. 

B.K. ELECTRONICS 
37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY 

*SAE for current lists. * Official orders welcome. * All prices include VAT. * Mail order only. * All items packed (where applicable) in special 
VA energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572 . 
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electronics today international 

BOOK SERVICE 
How to order; Make cheques payable to ETI Book Service. Payment in sterling only please. Orders should be sent to: ETI Book Service, 

Modmags Sales Office, 145 Charing Cross Road, London VVC2. All prices include P & P. Prices may be subject to change without notice. 

Beginners Guide to Electronics Squires £4.25 
Beginners Guide to Transistors Reddihough £4.25 
Beginners Guide to Integrated Circuits Sinclair £4.25 
Understanding Electronic Circuits Sinclair £5.10 
Understanding Electronic Components Sinclair £5.10 
Beginners Guide to Radio King £4.25 
Beginners Guide to Audio Sinclair £4.25 
Understanding Electronics, Warring £4.90 

COOKBOOKS 
TV Typewriters Cookbook £7.75 
CMOS Cookbook £9.20 
Active Filters £11.30 
IC Timer Cookbook £7.65 
IC Op-Amp Cookbook £10.03 
Video Cookbook £6.50 
ITL Cookbook £7.55 
The Basic Cook £4.00 
IC Converter Cookbook £9.50 
Master IC Cookbook Hallmark £7.46 

APPLICATIONS 
Fire and Theft Security Systems B. Weis £2.15 
How To Build Electronic Kits Chapel £3.25 
110 Electronic Alarm Projects R.M. Marston £4.95 
110 Semiconductor Projects for the Home Constructor R. M. Marston 

£4.95 
110 Integrated Circuit Projects for the Home Constructor R. M. Marston 
£4.95 
110 Thyristor Projectors Using SCRs R. M Marston £4.95 
110 Wave Form Generator Projects R. M. Marston £4.95 

COMPUTING Et MICROPROCESSORS 
What is a Mircroprocessor? 2 cassette tapes plus a 72-page book £10.00 
Beginners Guide to Computers and Microprocessors with Projects 
C. Adams £6.05 
BASIC Computer Games Ahl £6.05 
BASIC for Home Computers A self-teaching guide B. Albrecht £6.60 

Illustrating BASIC D. Alcock £4.25 
Troubleshooting to Microprocessors and Digital Logic Goodman £5.90 
Z-80 Microcomputer Handbook W. Barden £7.75 
How to Program Microcomputers W. Barden £7.25 
Introduction to Microcomputers and Microprocessors 
A. Barna £.50 
Microprocessors in Instruments and Control R. J. Bibbero £13.10 
Basic BASIC J. S. Coen £7.40 
Advanced BASIC J. S. Coen £6.40 
Getting Acquainted with Microprocessors L. Frenzel £7.25 
Beginners Guide to Microprocessors C. M. Gilmore £4.90 
1001 Things to do with Your Personal Computer Savvusch £6.00 
Beginning BASIC R. E. Gosling £4.75 
Microprocessor Programming for Computer Hobbyists N. Graham £7.15 
Miniprocessors from Calculators to Computers Heiserman £5.35 
Microcomputers, Microprocessors, Hardware, Software and 
Applications J. L. Hilburn £17.40 
BASIC Programming J. G. Kemeny £8.20 
Microprocessor Systems Design E. Klingman £17.115 
Intro to Microprocessors Leventhal £11.00 
Microprocessor - Technology, Architecture Et Applications 
D. R. McGlynn £11.30 
Interactive Computing with BASIC Morro £4.35 
BASIC with Style P. Nagin £4.50 
Software Design for Microcomputers Ogdin £8.85 
Microcomputer Design Ogdin £7.45 
Microcomputer Base Design Peatman £6.10 
Hands on BASIC with a PET Peckham £10.50 
Complete Microcomputer Systems Handbook £6.75 
6800 Software Gourmet Guide and Cookbook Scelbi £9.20 
8080 Software Gourmet Guide and Cookbook £9.20 
The 8080A Bugbook: Microcomputer Interfacing Et Programming 
P. H. Bony £8.315 
8080/8085 Software Design Titus £7.60 
57 Pratical Programs Et Games in BASIC Tracton £6.65 
How to Design, Build and Program Your own Working Computer 
System £7.10 
Your Own Computer Waite £2.25 

e Microprocessor/Microprogramming Handbook Ward £6.20 

LOGIC 
Logic Design Projects Using Standard ICs J. VVakerly £7.25 
Pratical Digital Design Using ICs J. Greenfield £16.00 
Designing With TTL Integrated Circuits Texas Instruments SAO 
How To Use IC Circuit Logic Elements J. Streeter £4.85 
110 COSMOS Digital IC Projects for the Home Constructor 
R. M. Marston £4.95 
Understanding CMOS Integrated Circuits R. Melen Duo 
MOS Digital ICs G. Flynn £5.25 

TEST INSTRUMENTS 
The Oscilloscope in Use Sinclair £4.00 
Working with the Oscilloscope A Saunders £4.60 
Servicing with the Oscilloscope A King £7.50 
Radio Television and Audio Test Instruments King £13.3) 

OP-AMPS 
Applications of Operational Amplifiers Graeme ( Burr Brown) £8.45 
110 Operational Amplifier Projects for the Home Constructor 
R. M. Marston £4.96 
Designing With Operational Amplifiers Burr Brown £19.£6 
Operational Amplifiers Design and Applications G. Tobery ( Burr Brown) 
£7.80 

COMMUNICATIONS 
Communication Systems Intro To Signals Et Noise B Carlson £7.65 
Digital Signal Processing Theory Et Applications L R Reiner £24.40 
Electronic Communication Systems G. Kennedy £9.75 
Frequency Synthesis. Theory Et Design Mannassewitsch £25.00 
Principles of Communication Systems H. Taub £8.40 

THEORY 
Introduction to Digital Filtering Bogner £10.60 
Transistor Circuit Design Texas Instruments £10t00 
Foundations of Wireless Electronics M. G. Scroggie £6.10 
Electronic Circuit Design Handbook 4th Edition £16.75 
Master Guide to Electronic Circuits Adams £9.25 

REFERENCE 
Electronic Engineers Reference Book ( Ed. 4) L. W. Turner £36.00 
Electronic Components M. A. Colwell £3.40 
Electronic Diagrams M. A. Colwell £3.40 
International Transistor Selctor T. D. Towers New update £10.70 
International FET Selector T. D. Towers New update £4.60 
International Op-Amp Linear IC Selector Towers £8.00 
International Microprocessor Selector ( NEW) Towers £16.00 
Radio, TV and Audio Technical Reference Amos £37.00 

MISCELLANEOUS 
Electronic Fault Diagnosis Sinclair £4.00 
Integrated Electronics J. Milman £8.20 
Practical Solid State DC Supplies T D. Towers £6.50 
Practical Triac/SCR Projects for the Experimenter R. Fox £2.35 
Printed Circuit Assembly Hughes Et Colwell £3.40 

Fallen behind recent advances? 
Just starting out? 
Need a decent reference book? 
ETI Book Service provides an easy 
way of getting your hands 
on the right title. 
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 4  
RAM AND EPROM NEW LOW VAT INCLUSIVE PRICES 

2716 5v Rail £9-50 
2716 3 Rail 03-50 
2706 450 NS E4-50 
2706 Ex Equip £2-25 

All devices full spec. and guaranteed. Bulk enquiries welcome. 

TELETYPE ASR33 
I/O TERMINALS 

f235 O CAR : 
VAT 

Fully fledged industry standard ASR33 data ter-
minal. Many features including: ASCII keyboard 
and printer for data 110, auto data detect circuitry, 
RS232 serial interface, 110 baud, 8 bit paper tape 
, punch and reader tor off line data preparation and 
ridiculously . cheap and reliable data storage. Sup-
plied in good condition and in working order 
Options: Floor stand £12.50 + VAT 

Sound proof enclosure £25.00 + VAT 

EQUIPMENT CASES 
GIVE 
YOUR 
M.P.U. 

A HOME 
ONLY 
£9.95 
1 85 pp 

Superb professional fully enclosed, made for the 
G.P.O. to the highest standard, offered at a 
fraction of their original cost they feature 
aluminium sides, hinged removable front panel, 
which can be secured by 2 screws to prevent 
prying fingers. All are finished in two tone G.P.O 
grey and although believed brand new may have 
minor scuff marks/scratches due to bad storage. 
Dimensions 16"D s 6'4"H u 14 3/4 "W 

4115 200 NS 16KX1 DYN. 8 for £19-95 
2114L-3 300 NS 1KX4 ST. 8 for £22-50 
2102L-3 650 NS 1KX1 ST. 8 for £ 5-50 
TMS4030JL 300 NS 4100 DYN 8 for £ 9-95 

NOW OPEN 
MONDAY-SATURDAY 

9.30-5.30 
in stock now test equipment, microprocessors, te etypes, 
transformers, power supplies, scopes, sig. gens, motors, peripheral 
equipment, IC's, tools, components, variacs, keyboards, 
transistors, microswitches, V.D.U's sub-assembnes + thousands of 

other stock lines. Just a mere fraction of our vast range, is 

displayed below: 100's of bargains for callers. 

ICL TERM IPRINTER SCOOP PURCHASE 
300 BAUD TERMINALS 12" VIDEO MONITORS 

£325 ++ 

Made under licence from the world famous GE Co. 
The ¡ CL Termiprinter is a small attractive unit with 
so many features it is impossible to list them in the 
space available! Brief spec. as follows; 45232 
serial interface, switchable baud rates 110, 150, 
300, 130 cps), upper and lower case correspond-
ence type face, standard paper, almost silent run-
ning, fo-rm feed, electronic tab settings, suited for 
word processor applications plus many more 
featores. Supplied in good condition and in work-
ing order. Limited quantity. 

CONNECT 
,DIRECT TO 
" YOUR MICRO 

I Made by the "BALL MIRATEI: CORPORATION USA( 
! the CD12 is a self contained, mains powered chassis 
professional monitor. All controls are inbuilt on a 
single PCB with exception of the brightness control 
which can be brought out for external use. Many 
, features such as composite video, quoted bandwidth 
of 19 Mhz, superb linearity and definition make this a 
¡ must for any MICRO/CCTV application. 
Brand new and boxed only £9750 
+ carriage £7.50 + VAT. 
Input harness, brightness pot and connector £2.50 
+ VAT Dimensions 9H n 11"D o 

I HURRY WHILE STOCKS LAST 

STOCK SOFTY 
EPROM BLOWER 

, Software development system 
invaluable tool for designers, hobby-, 
ists, etc. Enables open heart surgery 
on 2716, 2708 etc. Blows, copies, 
reads EPROMS or emulates 
EPROM/ROM/RAM in situ whilst 
displaying contents on domestic TV 
receiver. Many other features. £115 
+ carr. + VAT. Optional 2716, 2716 
Function Card £40 + VAT. PSU £20 

+ £1.50 can, + VAT. 
Write or phone for more details. 

n STATIC 
3K x o RAM CARDS 

BRAND NEW PCB organised as a 3K x 
8page memory with 24 socketed 2102-L 
650ns Rams, 4 Eprom Sockets and 16 
TTL Chips for decoding. All IC's guaran-
teed. 

Complete with circuit only 

£24.50 + £1.75 PP 
Dimensions 264 ii 195mm. 

0.1" connector. 

NATIONAL MA1012 LED 

CLOCK MODULE 
*12 HOUR 
*ALARM 
*50/60 HZ 
The same module as used in most ALARM/CLOCK 
radios today, the only difference is our price! All 
electronics are mounted on a PCB measuring only 
3" o 11" and by addition of a few switches and 5/16 
volts AC you have a multi function alarm clock at a 
fraction of cost. Other features include snooze 
timer, am pm, alarm set, power fail indicator, flash-
ing seconds cursor, modulated alarm output etc. 
Supplied brand new with full data only 
Suitable transformer £1.75. £5.25 

SEMICONDUCTOR 
'GRAB BAGS' 

OP PRESS - STOP PRESS - STOP PRESS - ST 

STEP INTO THE 80's 
EX 

STOCK 

WITH TOMORROW'S WORLD TECHNOLOGY 
TODAY 

The "TANTEL:" Post Office approved 

PRESTEL- VIEWDATA 
ADAPTOR 

At last this amazing piece of micro technology is available at I 
a price you can afford. Just connect to the aerial socket of 
any colour or black and white domestic TV receiver and to 
your Post Office installed jack socket and you are into the 
exciting world of PRESTEL Via simple push button use you 
are able to view a staggering 170,000 pages of up to the 
minute information on many services and utilities, order 
goods from companies, even play games!! All this and 
more without ever leaving your armchair! 

ONLY £170 + £1.75 carr + VAT Send £197.50p 
Note: When ordering please give the address and telephone number where the 
Tantel adaptor is to be used, we will arrange all details with the Post Office for 

installation of the jack socket (normally within 7 days). 

Amazing velue mixed semiconductors, include 
transistors, digital, linear I.C.'s,Triacs, diodes, bodge 
recs. etc. etc. All devices guaranteed brand new, full 
%Dec. with manufacturers markings, fully guaranteed. 

50 + BAG a . 95 100 + BAGS £5 . 15 

iv' 111 àà 101 11 g  
Keep your equipment Cool and Reliable with our tested ex-equipment 
"Muffin Fans" almost silent running and easily mounted. Available in 
two voltages. 110 V.A.C. 25.05+pp My OR 240v A.C. E13.15.pq 
OOp DIMENSIOMSRE silf it 1} . 

E LE CT RON IC 
COMPONE NTS 
EQUIPMENT 66%, 

DISCOUNT 
Due to our massive bulk purchasing programme 
which enables us to bring you the best possible 
bargains, we have thousands of IC's, Transistors, 
Relays, Cap's., P.C.B.'s, Sub-assemblies, Switches, 
etc. etc. surplus to our requirements. Because we 
don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway prices! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include something from our ads. 
for unbeatable value!! Sold by weight 

2.5ids f 4.75+pp f1.25 Skis f 6.75+pp f1.80 

101ds f11.75+ pp U.25 20kIs f19.99+ pp £4.75 

WE'VE BOUGHT ANOTHER SHIPMENT! 

SAVE OVER £1300!! 
DZM 180 CPS HIGH SPEED 

MATRIX PRINTERS 
This must be one of our greatest bulk 
deals, this fabulous printer is listed at 
over £1800 and judging by the 
construction we are not surprised. 
Made under license from the 
LOGABAX Co. the DMZ180 is an 
exceptionally sturdy high speed 180 cps 
matrix printer, capable of printing up to 
132 characters per line on standard "Fan Fold" sprocket fed paper. A 
precision 7 x 7 matrix head using ruby bearings, gives a clear 
concise type font. Many other features include internal buffer for 
high throughput, standard ink ribbon, software controllable form 
and tab functions, standard "CENTRONICS" ASCII parallel interface 
etc. etc. 
Optional extras Floor Stand £30.00 + VAT, Paper Stand £18.00 + VAT 

NOW ONLY 

£499 -?/aArir-

• • • • • • • • • • • • • • 
• • • • • • • • • • • 
• • • • • • • • • • 

• • • • • • • • • • • 
• • • • 9 • • 

• • • • • • • • 

• • • • • • • • • 

ELECTRONICS 
Dept. E.T.I. 64-66 Melfort Rd., Thornton Heath, MAIL ORDER 
Croydon, Surrey. Tel: 01-689 7702 or 01-689 6800 INFORMATION 
Unless Otherwise stated all prices inclusive of V.A.T. Cash with order. Minimum 
order value £2.00. Prices and Postage quoted for UK only. Where post and 
packing not indicated please add 50p per order. Bona Pida account orders 
minimum CI 0.00. Export and trade enquiries welcome. Orders despatched 
same day where possible. Access and Barclaycard Visa welcome. 

DIABLO S30 2.5MB 
HARD DISK DRIVES 

Limited quantity of these ultra high speed access 
hard disk drives type Diablo 30, They accept inter-
changeable 200 TP1 disk packs and require only a + 
and - 15v DC supply. Fully DEC RK05 compatible, 
supplied second hand and in excellent condition. 

Only £425 + carr + VAT 
Dimensions rH x th'W 

"THE MULTI VOLT PSU" 

The PSU to end all your MPU/LAB requirements, 
made by "Weir" Electronics at over £200.00. The 
supply features full regulation, current limit, and 
overvoltage protection on all 7 outputs, just look at 
the spec. 
+5v @ 12 amps, + 5v @ 4.5 amps, + 5v @ 4 amps, 
- 30v @ 2 amps, + 12v @ 2.5 amps, - 12v @ 2.5 
amps and - 9v @ 1 amp. 
A superb unit supplied in two grades, complete 
with data. 

Brand New, Fully Tested £59.99 
Used and Untested £39.99 
Carriage and Insurance £7.50 

KEYBOARDS 
* LOW PRICE CHASSIS * 

A special bulk purchase enables us to offer the above keyboard 
at a lowest ever price. 49 coded keys encoded into a direct TTL 
compatible 7 bit output. Features such as delayed strobe, 5 volt 
DC single rail operation and rollover protection make this an 
, absolute must for the MPU constructor! Supplied complete 
with connection diagram and edge connector, at a secondhand, 
"no time to test" + P.P. 
price of only £20 f1.85 
SUPER CASED VERSION Some as above spec but housed in 
attractive two tone moulded, 
free standing case. Unit also £2  + RP. 
includes an all TTL parallel to  
serial converter no details) etc. 7.50 £1.95 
5v D.C. POWER SUPPLIES 
Following the recent " SELL OUT" demand for our 5v 
3 amp P.S.U. we have managed to secure a iarge quan-
tity of ex-computer systems P.S.U.'s with the following 
spec., 240 or 110v A.C. input. Outputs of 5v @ 3-4 
amps. 7.2v @ 3 amps and 6.5v @ 1 amp. The 5s and 
7.2v outputs are fully regulated and adjustable with 
variable current limiting' on the 5v supply. Unit is self 
contained on a P.C.B. measuring only 12 x 5- x 3". 
The 7.2v putout is ideal for feeding "on board" regu-
lators or a further 3 amp LM323K regulator to give an 
effective 5v @ 7 amp supply. 
Supplied complete with circuit at only £10.95 + f1 .75pp. 
Believed working but untested, unguaranteed. 



 PROJECT 

CRYSTAL 
CALIBRATOR 
A simple but useful 
piece of test gear. 
Ideal for spot 
calibrating radio 
dials, 'scope 
timebases, etc. 
Design by Ray 
Marston. 
Development by 
Steve Ramsahadeo. 

ET 1 
CRYSTAL FREQUENCY 

C AL IBR AT ION SIANDARD 

T
his simple piece of test gear produces a square wave out-
put with any one of six selected frequencies or periods. 
The outputs which range from 100 Hz (10 mS) to 1 MHz 

(1 uS), are derived from a crystal oscillator via decade divider 
stages and thus have a high degree of frequency/period preci-
sion. The instrument is thus specifically intended to be used as 
a precision frequency/period standard, for calibrating items 
such a radio dials, 'scope timebases, etc. 

To calibrate a radio dial, loosely couple the output of the 
instrument to the radio antenna (i.e., dangle a bit of output 
wire near to the aerial), switch to the 1 MHz range and then 
tune the radio through its ranges, marking off the dial points at 
which the 1 MHz signal and its harmonics (up to about 
30 MHz) are heard as a heterodyned 'zero beat' audio signal. 

Then repeat the procedure at lower standard frequencies 
(100 kHz, 10 kHz, etc) until the dial is adequately calibrated. 

To calibrate a 'scope timebase, simply connect the out-
put of the calibration standard to the Y amplifier of the 'scope 
and then run through the timebase ranges, checking that the 
indicated periods agree with those of the calibrator. 

Construction 
This is a fairly simple project and construction should pre-

sent few problems. Most components are mounted on a single 
PCB. Note here that five links are used on top of the PCB and 
that the crystal and the five ICs must all be mounted in suitable 
sockets. 

When the PCB construction is complete, mount it in a 
suitable box and make the interconnections to SW1, SW2 SK1 
LED1-R9 and B1. The unit is then ready for use. 

The basic instrument has a typical accuracy of better than 
0.01% with the C2 value shown. If you want better accuracy 
than this and have access to a precision frequency standard 
(such as Droitwich, which has an accuracy that is within 2 parts 
in 1011 ), replace C2 with a 100pF trimmer and adjust it to give a 
precise 1 MHz crystal oscillator frequency. 

For those of you who have always wanted to know what the inside of a 
crystal calibrator looks like but were too bashful to ask, here it is. You 
could go mad with a power drill (or sharpened boy scout) drilling holes for 
PCB bolts and battery clips. We've found sticky pads to be perfectly ade-
quate. a+. 
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470u 

B1 
9V 

NOTE: 
01,2 & 3 ARE BC109 
IC1 IS CD401066 
IC2,3,4 8t 5 ARE CD40176 
XTAL IS 1MHz SERIES—RESONANT 
CRYSTAL 

6 

3 

IC2 
CLK C/O 

IC1b 

3 15 8 1/3 15 

/  

14 

16 

IC3 
CLK C/O 

16 

HOW IT WORKS 

11 

ICld 

10 

10kHz 
(100yS) 

100kHz 0 

(10uS) lkHz 
b SW2 d ( imS) 

(1uS) 
1MHz 

Ski 

The heart of the instrument is the crystal oscillator designed around 
Q2-Q3. Q3 is wired as a common base amplifier. Its collecter signal is 
buffered by emitter follower Q2 and then coupled back to Q3 emitter 
via the series-resonant 1 MHz crystal, thereby causing Q2-Q3 to 
oscillate at the crystal frequency. The oscillator output signal is then 
amplified by Q1 and converted to a clean square wave by Schmitt trig-
ger IC1a. 

The 1 MHz square wave from IC1a is used to clock a chain of 
cascaded decade dividers to generate standard frequencies of 100 
kHz, 10 kHz and 100 Hz. All of these signals are made available at out-
put socket Ski via SW2 and are individually buffered by Schmitt in-
verters (IC1b to IC1f). 

The instrement is powered from a single 9 V battery. LED 1 il-
luminates while SW1 is closed. 

BUYLINES 

The case for the Crystal Calibrator was selected from West Hyde 
Developments (order as Box 434). 

Mail order companies such as Maplin, Watford and Electrovalue 
are able to supply the 1 MHz Crystal. 

40 

OUT 

16 
R9 
470R 

LED1 

Fig.1 Circuit diagram. R9 is mounted off-board between LED1 and SW1. 

We can confidently 
predict that you 
won't have any 
trouble fitting the 
specified components 
into the case used! 
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PROJECT : Crystal Calibrator  

SW2 b 

SW2 c 

SW2 a 

SW 2 e 

+9V 
VIA SW1 

OV LED1 

CATHODE 

fig.2 Component overlay. The ICs are mounted in sockets. Construction of 

PARTS LIST the board is fairly straightforward. 

Resistors all 1/4 W 10% 
R1 3k3 
R2 330k 
R3,5,6, 2k2 
R4 1k5 
R7 47k 
128 10k 

Capacitors 
C1,3 100n ceramic 
C2 150p polystyrene 
1C4 470u 25 V electrolytic 

Semiconductors 
IC1 CD4010613 
IC2,3,4,5, CD4017B 
Q1,2,3 BC109 
XTAL 1 MHz 
LED 1 TIL 220 

Miscellaneous 
SW1 SPST miniature toggle 
SW2 1 pole rotary switch 
Case (see Buylines) 
SK1 BNC (50R)Socket 
knob to suit 

Conquer the chip. 
Be it a career, hobbyinterest, like it or not the Silicon Chip 

will revolutionise every human activity over the next ten years. 
Knowledge of its operation and its use is vital. Knowledge you 

can attain, through us, in simple, easy to understand stages. 
Learn the technology of the future today in your own home. 

MASTER ELECTRONICS LEARN THE  PRACTICAL WAY 
BY SEEING AND DOING 

• Building an oscilloscope. • Recognition of components. 
• Understanding circuit diagrams. • Handling all types Solid State Chips'. 
• Carry out over 40 experiments on basic circuits and on digital electronics. 
• Testing and servicing of Radio, T.V., Hi-Fi and all types of modern 

computerised equipment. 

MASTER COMPUTERS 
LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW 

THEY WORK — THEIR 'LANGUAGE' AND HOW TO DO PROGRAMS. 

• Complete Home Study library. • Special educational Mini-
Computer supplied ready for use. • Self Test program exercise. 1— 

• Services of skilled tutor available. 

MASTER THE REST 
• Radio Amateurs Licence. • Logic/Digital techniques. 

• Examination courses (City & Guilds etc.) in electronics. 

• Semi- conductor technology. 
• Kits for Signal Generators — Digital Meters etc. 

,reerested — 

PRACTICAL ELECT RONICS  

COMPUTER TECHNOLOGY  

OTHER SUBJECTS  
,IMOSI, .erereel E 

E 

Freese s.,d vet, FREE bro.huy 

dehgat.e tr, 

Address   

BLOCK CAPS PLEASE 

BRITISH NATIONAL RADIO g, ELECTRONICS SCHOOL 

4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. ETU 3/813 
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QUALITY DOES NOT HAVE 
TO COST VERY MUCH ! 

All models 
multi-speaker systems 

With controls. attractive woodgrain finish. 
RMS ratings for 8 ohm. 

12.60 12' ; 4 speaker system 60 watts 

26 1/2 " x 14 1/2  x 11" . .£119.96 pair 

15.90 15" 5 speaker system 90 watts 28" 

X 1 71/2 " x 1 1 1/2 "   £135.95 pair 
(UK c/p £5.45 pair). 

ON DEMONSTRATION TO CALLERS 

 .„ 

•  
0 .te..  

SCOTT T516 STEREO 
FM/AM TUNER 
HIGH QUALITY STEREO FM/AM 
TUNER BY SCOTT OF USA. 

Overall size 5" o 14Vi" x 12". Brand new and fully 
guaranteed al a special low price. 

lc& 0.55) 
£38.95 

On demonstration for callers. 

JVC BELT DRIVE 
TURNTABLE 
JOG TURNTABLE WITH FREE AUDIO 

TECHNICA ATI 00 STEREO CARTRIDGE. 

* S shaped lone arm 

* BellAive 

* 12" Platter * Calibrated counter-balaace 

weight 

* Anti-static deuce 

Size 12%" x 15./i" 

IC/P 0.551 £29.95 

TV SOUND FROM 
YOUR HI-FI 
Nigh quality IV wand coevartor plugs into aerial 

socket of pm FM tuner. 9 volt battery @punted 
(battery not supplied). Nothing to look at... but just 
OMNI 

Post etc 50p) 

On Demonstration tor callers. 

(As reviewed In 'Populer Hi-fi July 1979) £8.50 

SEAS 
SPEAKER 
KITS 
B oiseux 

Professional sound hl- fi speaker kits with high 

sensitivity (89-9281). Extended frequency response 
1723' 50-213kliz. •253. 35-25klizi. Designed and 

made in Scandinavia to the highest quality. All 
supplied with complete cabinet plans. tweeters/ 
crossovers/leads etc. * On Demonstration to 
callers. 

* 111-fl 223. 30/45 welt 3 speaker 8" system 
  £43.50 pair 

* Hi-Fi 253. 60/100 watt 3 speaker 8" system 

  £34.50 each 
* 403. 50/100 watt 3 speaker 10" system 

  £44.50 each 
* fli-R 603. 80/150 watt 3 speaker 12" system 

£64.50 each 
C/P 12,50) 

COMPLETE RANGE OF SEAS 

CHASSIS SPEAKERS-ETC 
ALWAYS IM STOCK 

ALSO STOCKISTS FOR 

AUDAX, GOODMANS, REF. PEERLESS ETC. 

PIEZO TWEETERS 
2440 

3 

4 

New low prices 

Clean sound. very low distortion tweeters. No 
crossover required. Suitable up to 100 watts - more 
in series. 

1 Mid-range horn for disco/pa/groups 

2 Tweeter horn for hi-fi/disco/pa   
3 Popular hi-ti and disco   
4 Rat type hi-9   

On Delli011are001141 callers. 

C/P 50p (up to 4 items) 

. £6.95 

£.51/ 

£A.40 
£3.50 

STEREO ACCESSORIES 
* 1987 Frequency Equaliser .... £49.95 

* APIA 200 Peak programme meter (twin scale) 

  £39.95 
* 143219 Twin Scale audio output meter £1 2.95 
* MC350 Tape lam chamber   £56.95 

FREE CATALOGUE 
Large range of 

speakers/stereophonesimicrophones/mIxers/PA 
equipment etc - and much morel 
Plus huge range of test equipment. 
ALL PRICES ELUDE UT 

SEND LARK 174p SAE 

ALL PRICES CNRRECT AT 1.12.80 ENEIE 

AUDIO ELECTRONICS fii.),7,gear 
301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. 

TELEPHONE 01-724 3564 OPEN 9-6 Mon-Sat 

ORDER BY POST OR TELEPHONE WITH BARCLAYCARD/ACCESS 

OR CALL IN AND SEE FOR YOURSELF 
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MIGHTY NINETY PACKS 
SUPER VALUE PACKS ALL AT 90p EACH 

POSTAGE 15p PER PACK UP TO FOUR PACKS 

FIVE OR MORE PÔST FREE 
BUY SIX PACKS AND GET A SEVENTH PACK FREE! 

MN1. 300 1/4 -watt Resistors pre-formed MN23. 1 16 asstd screes, nuts. 

for P8sC Mtg. washers, self-tappers etc. 
MN2. 200 t4 & W-watt Resistors. MN24. 100 asstd small springs. 

MN3. 100 1 84 2-watt Resistors. MN25. 50 asstd pop rivets. 
MN4. 50 Wrewound Resistors. MN28. 50 asstd. insulated crimps. 

MN5. 100 metal oxide Resistors. 1%. MNZ7. 200 items, grommets. spacers, 

2% and 5%. cable markers. plastic screws, sleeving, tie 
MN6. 12 asstd potentiometers wraps etc. 
MN7. 25 asstd. skeleton pre-set Resis- MUM. 20 asstd. fuses. 11/4 " 20mm etc. 

ICKS. MN29. 75mts equipment, wire, asstd. 

MN8. 50 asstd. Electrolytic Capacitors. colours and sizes. . 

MN9. 100 asstd. Ceramic Capacitors. MN30. 3 x 2m length. 3 core, mains 
Plte, disc, tub and monolythic etc. cable. 

MNIO. 100 mixed capacitors. Polyester. MN31. 12 asstd trimmer capacitors, 
Polystyrene. Metallised. Radial and Axial compression film. Air-spaced etc. 

types. MN32. 15 30pF Beehive trimmers. 

MN11. 20 asstd. Silver Mica Capacitors. MN33. 20 coil formers, ceramic, plastic. 
MN12. B Tantalum Bead Capacitors reed relay etc. 

(useful values). MN34. 25 min glass reed switch. 

MN13. 20 asstd. Transistors. BC, 2N MN36. 10 asstd switches, toggle, slide, 
Series + Power etc. micro etc. 

' MN14. 40 IN4148 Diodes. MN36. 10 ex equipment panel lamps (no 
MN15. 5 Light Sensitive Devices. rubbish) 

MN16. 20 min. wire-ended Neons. MN37. 10 asstd audio connectors. Din 
MN17. 2 12-volt Relays. Ex nearly new phono etc. 

equip. MN38. 1 PCB with triac control IC data 
MN18. 3 Encapsulated Reed Relays, inc. 

9-12v. coil, d.- pole and t.-pole. MN39. 1 oscillator PCB loads of corn-
MN19. 2 24-volt Relays. Ex nearly new ponents. (no data). 

equip. 
MN40. 50 Polystyrene capacitors. 

MN20. 1 240-110 to 12-volt. 100ma MN41. 10 asstd. T.T. L. I /Cs. 

Transformer. MN42. 10 BC107 Transistors. 
MN21. 1 240-110 to 24-volt 100ma 

MN43. 10 BC1 08 Transistors. 
Transformer. 

MN44. 10 Scree/fix S.P.C.O. min. slide 
MN22. 8 . 2" Led s with clips, 4 red, 2 switches. 
yellow, 2 green. 

f 

1 

CHORDGATE LTD. 
75 FARINGDON ROAD, SWINDON, WILTS 

TEL: SWINDON (0793) 33877 
RETAIL SHOP AT ABOVE ADDRESS 

PLEASE QUOTE NO. OF PACKS WHEN ORDERING 

• 

7 SEGMENT IIISPIATS IIEWLETTPACRARD HIM EllIciucy ' ultra bright' ball lob, red. 
Sesame mode Ma 50e2.7650 Mader to 51.7071. Game Wilde sorties 5052.1053 'Moeller le 
01.7041. OM PRICE UMW NEM El. Sot et six of either lye" CS MI. VAT. 

e 

HALF 
MICE 
08100 

YAMMER RI010 025" Mel rsii nominee display. Comm mode, 50p 5 fed £2.511 
m„. 

1131171 & LP1179 MODULES MULLARD 
111171 mal 1/11711 Mau howl mid IF mettles Melt form au basis at a guilty A11/110 tuer. Melinda,. leal-mano mml VHF 

cenum. May be mud sa tlio bash of a matey portable el. Omer. Pearly MI al 15.0 Mpg 70mV el 2011 Pair E5.75. 
SUPPUEll COMPLETE VIMI DATA 

Pl 57 %dims it Lem Wm Tuer. modelo-koart (2.50 IP11116 Pulsar E5.0e 

5+5 Welt Car Stereo Amplifier made lar Illeterote - 
. WITH preamilflor aml M. 6 Um Mau mouldy. * 5 + 5 welt done amplifier 12/14 nit 4 a 2 a I". 
* Supplied as Iwo MN and leslod Mts. * Compete with came. In alld cemecem eilyreet. 
a ILE le IF. stereo preamplifier sad radii, 4 it 2 it t". * UMW eseetity mileble. es-slue 

EX-1111070110LA Pay ES, Poet 50p 

PRO WM Professional capacitor boonaenn microphone by Eagle. LIST PRICE 
A graceful ID a lemaarm smaller Medic Mare/Mee Woe a untied upsets A NM et ...... el Duish 137.40 
ter lomMee use sad val rebut ummb Is MIMI leg period; batmen maleteesece. Smashed omelet' OWN PRICE 

1 I wIlb rod mill black wimisideld aid 6 metros el WI sewed 
m ILA calmer, 
inipeennoe: 600 

cibla termieetiep al the »lc ....... old ia E19.95 
Sensitivity: - 70 WV. Cable: 6 mares ice. VAT ohms Illeatiegi. Response: 20-10.000 Ho. 

en meaner MOM. Connector Me 3-IIC. Seller, type: 197. POST 11.50 

I 11111117 11E-ChARBEAILE BATTERY. II nit 4.5 anp/e. See 6" o 35" o 15" el hall price Ireed sew £7.50, pul 50p ' 
WM. EDGE INOW wrni LAMP. 0-100 MICRO AMP 8 for ES.S111 

MERCATOR METERS. MO Micro. Ire o Ire e be". 8 he E5 
TRANS. «PURER& CoOtaies lan Foster typo morlep cell. mikosieerphems. Y/C sod switches se used as Wendt lar 

pumper Minim. £ 1.50 P.P. 25p. 10 tor El 2.50 
SAMBAII0 HOUR METER. 011111.0 non must E4.541. 15" eq. 2" deep. 

MAINS TRANSFORMERS all W0/250V Inut. APULIAN!, TIMM. IC wee ameba. El. 
RCA CAM. RI IF E1.50. 

Type turrut Sae Price 1WA catoeue. FM decider £2.50. 
12V 100m/s 1 ' ell 5:1 le Ete5 118205 TEXAS, £ 1.50 ea. 1Oler £12. 
127 500m/s INs1 eul h E1,35 88288 103 hoes ril power Isauesters. 10 ter £ 15. 100 lar 
646 300m/A 2x2x2 £1.50 [la. 
120 2 amps 3o251Ve ELM 
ern 1 me £2.50 

MOLLARD Aellil-AM112. Mulched par 80p, 10 palm ES. 
100 pars EWA 

12.2W 1 sep ELM Grim el WO pert E250 EX STOCK. 
14.014V Is amp ELM 5 or It mils TIM825 ATES rattle reinsert 58p es 
12Y lamp £2.511 100eirmese [TIMM per 10 £4.50. 

Utza lis5x5con. Poole" 50p each CAMS RCA POSITIVE VARIAILE 5 Mt Ilehe amp variable. 
16-24V Was me. 

aT" MM. W/W SOL CONTROLS 100-4111 10 lor Eli TEXAS 10 WATT, C. Amp S1175011 5.pie pickup £ I.25. 10 
or Eli 

reveuerte TAAMII114 pia DILI IC TV soul emaillorielecter by ATES ea 
10 TUIlh, "79. 4701505 10 ter £ 17.50 e circuit Our parts. Cemplate web data eep. 10 ter £5. 100 

for 411p es. 

020950 CASSET11 TAPE 1.-.-Ie. Men mewl MANI- 8512 E387 (ram 675 his bai   ULU 
mut ler mat Nocella roureiroplay wIll meuellop brute GX20 E312 Mee 90 ohms 0011M   ULU 
  £2.05 leinitent Tape Ideado h Track OMO Efate • E2.25 

XIM1111241IP le). h task, liec./Pley melee imp. 13.25 1013-T WI* Illummtal screen   £2.50 ' 
MOWN F1(2471P3M. Ie track Record/Play low lop. (4.00 *7134 will librewlel wean   £2.50 
NEST 1 pl$241311j 4 track erase or UP series (us 1110 Eraus lid   Me 
ell/NP/63 4 luck Rued Mee Mead ISlack/rod) £2.25 R/IIPI/3 Reseed/Ploy 5 each load   (035 

' W412E34 ,I truck Eden Mead lor Mena   (1.23 HIDFIN Slope each Record/Play head. 0.2/1 el Wis. 60 Ohm 
ROI I E388 Erase 675 Mau 2M1   EOM MMus, al 50 he/s. Mu current 20085   8755 

., . 1. NENRysi V ADO VAT  [!!. 
404 Edgware Road, London, W2, England 

.- 01-723 1008/9 
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The 
Proto oard 
Now circuit designing is as 
easy as pushing a lead 
into a hole ... 
No soldering 
No de-soldering 
No heat-spoilt 
components 
No manual labour 
No wasted time 

For quick signal tracing 
and circuit modification 
For quick circuit analysis and 
diagramming 
With or without built-in regulated power supplies 
Use with virtually all parts — most 
plug in directly, in seconds. 
Ideal for design, prototype and hobby 

NO 

MODEL 

NO 

NO OF 

SOLDE.LESS 
TIE POINTS 

IC 

CAPACITY 

OR mn DIP s, 

UNIT 

PRICE 

PRICE 

INC. P&P 

15, . VAT 

OTHER 

FEATURES 

1 PB 6 630 6 920 11.73 Kit 

2 PB 100 760 10 11 80 14.72 Kit 

3 PB 101 940 10 17.20 21.21 

4 PB 102 1240 12 22 95 27 83 

5 PB 103 2250 24 34 45 41 34 

6 PB 104 3060 32 45.95 54.56 

7 PB 203 2250 24 55.15 65.14 5V @ IA 

8 PB 203A 2250 24 74.70 87.63 5V± 15V 

9 PB 203AK 2250 24 59.00 69.57 5V ± 15V 
& Kit 

Tomorrow's tools for today's problems 
CONTINENTAL SPECIALTIES CORPORATION r c.s.c. (UK) Limited, Dept. 14U, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ. 

C.S.C. (UK) Limited, Dept. 14U 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex. CB11 3AQ. 
Telephone: Saffron Walden (0799) 21682 

Telex: 817477 
ETI MARCH 1981 

1 Onty Req 21213-113 
Only Req 4 

Only Req 5 1Onty Req 6 
Only Req 

Name   Address 

7 
Only Req 

8 
Only Reg 91  Only Reg 

I enclose Cheque/P.0. for E   or debit my Barclaycard, Access. I 

American Express card no,   exp. date 

FOR IMMEDIATE ACTION — The C.S.C. 24 hour 5 day a week service For FREE 
Telephone (0799) 21682 and give us your Barclaycard, Access, catalogue 

I American Express number and your order will be in the post immediately tick box LI 
WM MUM 1MM MM MM MID MM1 IBM MN Mg 
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TECH TIPS 
100k 100k 

1u0 

+9V 

47, 

1k0 

TO PETROL PUMP 
CONTACTS 

2k2 

©COPY R IGHT MODMAGS Ltd 

Ballpoint Spacers 
W. McEwan, Argyll 

The use of dried-out ballpoint pen 
plastic bodies as test prods is well known. 
Recently, I discovered that they also 
make excellent spacers for printed 
circuit boards. Simply cut them to size 
with a Junior hacksaw — excellent for 
awkward lengths. The internal hole is 
suitable for either M3 or M4 bolts. 

470R LED 

Trip Petrol Meter 
S.J. Stamps, Portishead 

This circuit can be used to measure the 
amount of fuel used in a single car 
journey with greater accuracy than that 
of the standard petrol gauge. The circuit 
counts the number of pulses of the 
(electric) petrol pump over the journey, 
using a converted calculator to give a 
digital display. Interesting results can be 
obtained by taking measurements of the 
same journey whilst varying the route or 
just the driving style. 

Circuit operation depends on the 
'junk' calculator chosen — a suitable 
calculator can be bought for the price of 
a couple of seven-segment displays 
alone. 

IC4 

IC4b 

IC4c 

IC4d 

IC5a 

 o 
 o 

 o 
 o 

NOTE: 
IC1 IS 4011 
IC2 IS 4081 
IC3 IS 4017 
IC4,5 ARE 4016 

TO KEY 

TO 0 KEY 

TO Q KEY 

0 KEY 

WIRES ACROSS 
KEYS OF CALCULATOR 

LED 

fflI1/ TO 
LOGIC 

+12V 
FROM 
IGNITION 

%9V TO 
CALCULATOR 

The function of most of the circuitry 
is to initiate the calculator chip to 
increment by one on each simulated 
press of the =- key. I used a TI30 • 
machine, so the sequence on power up 
was; C/CE , 1 , , K. On power-up the 
reset pin of the 4017 is held high. As the 
capacitor charges, the reset pin goes low 
and the counter counts from zero. As 
each output goes high the respective 
switch of the 4016 is enabled, simulating 
a key press. When the counter reaches 
'9', the clock is disabled and the pulses 
from the petrol pump are enabled to 
switch the =- key. Now each time the 
petrol pump pulses, the displayed value 
on the calculator is incremented by one. 
At the end of the journey the displayed 
value thus reflects the volume of petrol 
consumed since switch-on. 

Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items. 
ETI is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid for. Drawings should be as clear as possible 

and the text should preferably be typed. Circuits must not be subject to copyright. Items for consideration should be sent to ETI TECH-TIPS, 
Electronics Today International, 145 Charing Cross Road, London WC2H OEE. 
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 FEATURE 

Priority Audio 
Switch 
T.P. Hopkins, Manchester. 

This circuit switches a single 
loudspeaker from a 'normal' to a 
'priority' circuit whenever a signal 
appears on the priority input. The 

PRIORITY 
INPUT 

NORMAL 
INPUT 

2k2 
I R1 

R2 
2k2 

NC 

RLA 

IJO 

R3 
56k 

OUTPUT 
(TO SPEAKERS) 

prototype was used to switch between 
a cassette player and a two-way radio 
whenever a call was received. Other 
uses include priority calls in PA 
systems, monitoring several 
infrequently-used radio channels, etc. 

Audio from the priority input is 
rectified and applied to the Schmitt 
trigger circuit, IC1. If the rectified 
voltage exceeds the voltage set by PR1, 
IC1 switches and the relay is operated 
by Q1. The switching level is set by PR1. 

D1 

02 

D3 

R4 
100k 

PR1 
10k 

 eVW  
R7 
10k 

R5 
10k 

NOTE: 
ICI IS 741 
01 IS BC212 
DI-4 ARE 1N4148 
D5 IS 1N4001 

©COPYRIGHT MODMAGS Ltd 

T3 
47u 

R10 
1k2 

R11 
1k0 

The hysteresis is controlled by R8 and 
the delay before the relay switches 
back to the normal channel at the end 
of a priority call depends on C2 
(approximately 2 S with the value 
shown). 

If stereo outputs from the cassette 
recorder, etc. are to be switched, RLA 
will require two changeover contacts. 
Several of these circuits may be 
cascaded to provide more than one 
level of priority. 

SW1 
O 

R12 
3k3 

R13 
I k2 

01 

+12V 

04 

 o 
OV 

Condensation 
Detector 
T.M.H. Jenvey, Langport. 

This circuit was designed to prevent 
condensation on a glider when stored 
in its trailer, by switching on a fan 
heater as soon as condensation occurs 
and off again when the condensation 
has evaporated, but it is equally 
applicable to kitchens, bathrooms or 
anywhere with a condensation 
problem. 

The detector is built around an 
RS307-913 reflective opto-switch. This 
consists of an infra-red diode and a 
photo Darlington transistor in one 
package arranged so that when a 
reflector is placed close to the switch 
(optimum distance 4.6 mm) the photo 
Darlington is turned on. In this device 
the reflector is a small piece of highly 
polished stainless steel, the reflectivity 
of which is reduced when misted by 
condensation, thus switching the 
heater on. 

A reference voltage of about 4 V is 

NOTE) 
Cl IS 741 
D1 IS IN4148 
D2-5 ARE 1N4001 

CM IS BD136 
R2 
36k 

• 

Cl 
100u 
16V 

R1 
1k2 

OPTO 
SWITCH 
RS 307-913 

7 

46 
2k2 

FSI 

®.1 D2 

applied to the inverting input of the 741 
op amp from the voltage divider R2 
and R3. The voltage at the non-
inverting input can swing either side of 
the reference voltage depending upon 
the conduction state of the photo 
Darlington and the setting of the 
sensitivity control, PR1. Positive 
feedback is obtained via R4, providing 
Schmitt trigger action to prevent relay 
chatter at the changeover point. The 
rest of the circuit is straightforward, but 
ensure that the relay is adequately 
rated. 

"./3 

©COPYRIGHT MODMAGS Ltd 

RL1 
ID 04 POWER  r RELAY 

• 

T1 
12V 6VA 

A cautionary note — if the device 
„ is used in a bathroom a fan heater must 

not be used; wall mounted radiant 
heaters only are permissible. 
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The range grows 
bigger... better... 

New Profile Amplifiers- Two New Series 
MOSFET CHOOSE AN I.L .P MOSFET POWER AMP when it is 

advantageous to have a faster slew rate, lower distortion at 
higher frequencies, enhanced thermal stability, the ability 
to work with complex loads without difficulty and 
complete absence of cross-over distortion. I.L.P's 

exclusive encapsulation technique within fully adequate heatsinks has been taken a stage further with 
specially developed computer-yenned 'New Profile' extrusions. These ensure optimum operating 
efficiency from our new MOSFETS, and are easier to mount. Connection is via five pins on the underside. 
I.L .P MOSFETS ARE IDENTICAL IN PERFORMANCE TO THE COSTLIEST AMPLIFIERS IN THIS 
EXCITING NEW CATEGORY BUT ARE ONLY A FRACTION OF PRICES CHARGED ELSEWHERE. 

Output Distor- Signal/Noise 
Model Power tion Typical Slew Rate Rise Time Ratio Price & 

RMS at 1KHz DIN AUDIO VAT 

MOS120 60W 0.005% 
into 4-83/ 

20V/ps 3ps 100d8 £25.88 
£3.88 

MOS200 120W 0.005% 
into 4-83f 

20V/ps 3s 100dB £33.46 
£5.02 

(Standard O-P Transistors) 
CHOOSE AN I. L .P BIPOLAR POWER AMP 
where powerand price are first consideration while 
maintaining optimum performance with hi-fi quality 
arid wide choice of models. From domestic hi-fi to 
disco and P.A., for instrument amplification, there is 

an I.L.P Bipolar to fill the bill, and as with our new Mosfets, we have encapsulated Bipolarswithinour New 
Profile extrusions with their computer-verified thermal efficiency and improved mounting shoulders. 
Connections are simple, via five pins on the underside arid with our newest pre-amps and powersupply 
units, it becomes easier than ever to have a system layout housed the way you want it. 

Output Distor- Signal/Noise 
Model Power tion Typical Slew Rate Rise Time Ratio Price & 

RMS at 1KHz DIN AUDIO VAT 

HY30 15W into, 0.015% 15V/ps 5ps 100dB f 7.29 

4-81/ 4- £ 1.09 

HY60 30W into 0.015% 15V/ps 51./5 100dB £8.33 
4-812 + £1 25 

HY120 60W into 0.01% 15V/ps 5ps 100dB £ 17.48 

4-832 + £2.62 

H Y200 120W into 0.01% 15V/1s 5ps 100d8 £21.21 
4-81Z E 3.18 

H Y400 240W into 0.01% 15V/ps 5s 100dB £31.83 
442 + E 4.77 

015/ 

O 

E 

2 o oo, 
O 

cc 

IS BELOW NOISE LEVEL 
0 
o oor% 

F . 1K Hz LOAD. 811 

• DISTORTION CONTENT 

o IW 1W now 

OUTPUT POWER 

IOÓW 200W 

Load impedance both models Input impedance both models 1001“1 
- no Input sensitivity both Frequency response both models 

models 500mV 15Hz-100KHz - 3dB 

0 I% 

0,5 

F • 1KHz 
LOAD 81.10N ALL 

EXCEPT HY400 AT 4/-1 JJn' •  

'DISTORTION CONTENT 
IS BELOW NOISE LEVEL 

100W 300W O IW 10.W 

OUTPUT POWER 

Load impedance all models -no Input impedance all models loan 
nput sensitivity all models 500mV Frequency response all models 

I5Hz-50KHz - 3dB 

THE NEW PROFILE EXTRUSIONS - 
The introduction of standard heatsink extrusion for all 
I.L.P. power amplifiers achieves many advantages:_ 
Research shows they provide optimum thermal dissipa-
. don and stability. Slotted shoulders allow easy mounting; 
standardisation enables us to keep our prices competitive. 
Surfaces are matt black, anodised for higher thermal 
conductivity. Extrusions vary in size according to module 
number. 



NO QUIBBLE 5 YEAR GUARANTEE 

7-DAY DESPATCH ON ALL ORDERS 

BRITISH DESIGN en MANUFACTURE 

FREEPOST SERVICE 

NEW PRE -AMPS 
HY6 (mono) and HY66 (stereo) are new to I.L.P's range of 
advanced audio modules. Their improved characteristics 
and styling ensure their being compatible with all I.L.P 
power-amps both MOSFET and BIPOLAR, giving you chance 
to get the best possible reproduction from your equipment. 
HY6 and HY66 pre-amps are protected against short circuit 
and wrong polarity. Full assembly instructions are provided. 
Mounting boards are available as below. 
Sizes - HY6 - 45 x 20 x 40 mm. HY66 - 90 x 20 x 40 mm. 
Active Tone Control circuits provide ± 12dB cut and boost. 
Inputs Sensitivity - Mag. PU. -3mV: Mic - selectable 
1-12mV: All others 100mV. Tape 0/P - 100mV: Main 0/P - 
500mV: Frequency response - D.C. to 100KHz - 3dB. 

HY6 mono £6.44 + 97p VAT Connectors included 
HY66 stereo £12.19 +£ 1.83 VAT Connectors included 

B6 Mounting Board for one HY6 78p + 12p VAT 
866 Mounting Board for one HY66 99p + 15p VAT 

Of the eleven power supply units which comprise our current range, nine have toroidal 
transformers made in our own factory Thus these I.L.P power supply units are space-saving, more 
efficient and their better overall design helps enormously when assembly building. All models in 
the range are compatible with all I.LP amps and pre-amps with types to match whatever I.L.P 
power amps you choose. 

PSU30 ± ISV at 100mA to drive up to 12 x HY6 or 6 x HY66 £4.50 + 0.68p VAT 
• THE FOLLOWING WILL ALSO DRIVE I.L.P PRE-AMPS 
PSU36 for use with 1 or 2 HY30's £8.10 + £ 1.22 VAT 
• ALL THE FOLLOWING USE TOROIDAL TRANSFORMERS 

£10.94 + £ 1.64 VAT 
£13.04 4- £ 1.96 VAT 
£13.32 + £2.00 VAT 
£15.92 + £2.39 VAT 
£16.20 + £2.43 VAT 
£16.20 + £2.43 VAT 
£16.32 + £2.45 VAT 
£21.34 + £3.20 VAT 
£21.46 + £3.22 VAT 

PSU50 for use with 1 or 2 HY60 s 
PSU60 for use with 1 HY120 
PSU65 for use with 1 MOS120 
PSUTO for use with 1 or 2 HY120's 
PSU75 for use with 1 or 2 MOS120 
PSU90 for use with 1 HY200 
PSU95 for use with 1 MOS200 
PSU180 for use with 1 HY400 or 2 HY200 
PSU185 for use with 1 or 2 MOS200 

* Freepost facility 
When ordering or writing about I.L.P products, you do not need to stamp 
the envelope. Mark it FREEPOST plus the code shown in the address 
below. We pay the postage for you. 

* TO ORDER Send cheque or money order payable toi.L. P Electronics 
Ltd and crossed. Or pay by AC CESSor BARCLAYCARD. Cash payments must be 
in registered envelope; if C.O.D. payment is wanted, please add £ 1.00 to TOTAL 
value of order. 

IL IMP ELECTRONICS LTD. 
FREEPOST 5 Graham Bell House, Roper Close, Canterbury, Kent CT2 7EP. 

Telephone (0227) 54778 Technical (0227) 647231 Telex 965780 

Available also from MARSHALLS, WATFORD ELECTRONICS and certain other selected retailers 

SCHEMATIC BLOCK DIAGRAM 
OF HY 6 PRE AMP, WITH 
STEREO CONNECTION SHOWN 

• DISTORTION TYPICALLY 
0.005% 

• S/N RATIO - 90dB (Slag. 
Pal. - 68 dB) 

• 38 dB overload margin on 
Mag. P.U. 

• LATEST DESIGN HIGH 
QUALITY CONNECTORS 

• ONLY POTS, SWITCHES AND 
PLUGS/SOCKETS NEED ADDING 

• NEEDS ONLY UNREGULATED 
POWER SUPPLY ±15 to ±60v 

1971-1980 
TEN YEARS OF PLANNED 
PROGRESS 
When, in 1971, Ian L. Potts founded his now world-famous company, 
he saw the need for a different and more rational approach to 
exploiting to the full, the potential that lay in modular construction. 
New thinking was badly needed. The result was a range of modules 
revolutionary in concept. The rightness of this new thinking is shown 
by the size of the company today, its new factory, its vast exports, its 
acceptance by constructors as the modules to build with. The range 
grows bigger and better. Exciting new lines (in no way conflicting 
with existing ones) are well past drawing board stage. This is why 
I.L.P are simply ahead and staying there. 

To: I.L.P ELECTRONICS LTD CANTERBURY CT2 7EP 

Please supply 

Total purchase price £ 

I enclose Cheque i] Postal Orders [1 International Money Order (ÍJ 
Please debit my Access/Barclaycard Account No  

NAME 

ADDRESS 

Signature 



Greenbank 
Cheenéenk Electronics 

(Dept T3E) 02 New Chester Road, New Ferry 

Mereeyeid• L52 5443 
(Tel: 051445 3391) 

TERMS, VAT. CWO. Cliques etc payable le G aaaaaa ek Electronics and crossed 
Add VAT to all prices at 15% except where stated otherwise. Pest etc: IIJK 35p 
+5p VAT w 40pl per order. Export: NO VAT bet add 35p tElrel. 75, (Europet and 
£.50 embers. Access, earclaycard. Vise, telephoned orders accepted. 
rolys. adversities. gee depts. etc can leleplione their orders hr Immediate 
despatcb ea accent( 

UV 141 UV ERASER 

Two easy to use um seign for both the professional and amateur 
5V-prote user 
Features 
• Can P,r,S& to 14 proms 
• Special shortwave ultraviolet tube. 

• Stase time variable between 5 an 50 minutes in 5 minute steps (preventing 
exposure which rnay shorten prom 1.tel 

• nl,d,ly tia, carries pion, on conducive foam 
• Safety ,nterlork Switch prevents Ihe t.neng "cu., from operating and 

swdch:n9 on he tube with the tray open 
• Mans On and Tube On indicators 
• Smart textured case. 
• Complete instructions supplied. 
Supplied complete with mains plug and flex 

Model UV 141. Price £77.70 
Alm meltable Pled Ibur u 

Model UV 140: Price £61.20 

TEX MICROSYSTEMS 
"EPROMPT" UV ERASER 

A low cost alternative to the above erase,. (uy 4ur i 4 ir claimed by use 
manufacturer to erase up to 32 chops in 15-30 mins This is the cheapest eraser 
we have see, The unit has no timer, power switch or safety interlock switch. The 
user places up to 32 chips into loose conducting foam in the erasure tray ( 76 
along the base. 8 on each side). The chips are held in place by the UV tube which 
sits as the tray. ( Unlike the UV 140/ 141, no special precautions have been taken 
to prevent the seepage of UV light, but the manufacturers state that " Incident 
light from this device is quite safe at distances above 12 inches' ..) 

(Dimensions - 325X 64 x 38.n) 

E P ROM PT ERASER Price E33  

EUROCARD COMPUTER BOARDS 
'Custom 80' Modular Z80 Based System Details in preparation, free on request. 

''BIG BOARD" Z80 COMPUTER KIT 
We hope this item will be in stock by the time this advert reaches you, but please 
check to see before sending any money! Features: 64K Dynamic RAM, Floppy 
Disk Controller, BO x 24 Char Video output £315. CB/ M Disk Operating System 
to suit. £09 

MODULAR COMPUTER SYSTEM CARDS 

MPA-7 Buffered SCiMP CPU 
(128-3 2130-CPU 
MX4-1 2K of 2102 
MX4-3 8K of 2114 
MXD-2 161( of 4116 
PRM-2 4K of 5204 
PRM-13 BK of 2708 
00M. 14 ElK of 2516 + 6K of 2114 
S10-2 RS- 232 ttwo) 
TP4.2 Tape Interface 
IP-2 Input Port 
OCR- 6 Keyboard Input 
OP- 3 Output Pott 
P1, 2 PROM Programmer 
PSU-44 Power Supply 
PSU-8 5V Power Supply 
PSU-C 25V Power Supply 

13-slot backboard, can be used with most of the above boards, 13" x 4Pe" 
ISBUST 1 

£1 1.50 

A range of International ( t 14 x 203mm) size cards which may be purchased 
individually as desired or to build up a complete system Further details available 
on request All boards are epoxy glass with gold plated edge plug 

( £27.20 
SC , MP-Ir' SC t MP CPU £9.40 

£.40 
£9.40 
£9.40 
£9.40 
£9.40 
£t1.40 
£9.40 
IBA 

£9.40 
£8.90 
£9.40 
£8.90 
£9.40 
£9.40 
£8.90 
£5,50 
£5 50 

FLOPPY DISK CONTROLLER BOARD 
This is used in conjunction with ' Kernitron ZOO boards( 
to interface to twin single density S / 5 8" floppy disks Iti 
is not available as a bare board, but only built and tested 
Regrettably Kernitron do not supply circuit diagram 

£109.00 
' o ça NI on the ;ester a ser,11.rnerlaca g 

re sortie sort of VDU or tem.:Eta' is raptured and 
ut Rim a11 three V100 :r ',perdu ',Lis MZB 

tor peen, on . d e boo, 
I lull, in triad rs. C'St oporiniig sysheni Imn, 
don, ,F-C`M arty, 819.95 

(9900 

74510 
74514 
7420 
741:31) 
74532 
74542 
74541 
7%73 
74574 

74LS 1 

cmos1 
4002 
4001 
4002 
4806 
41107 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
10111 
4019 
4020 
4021 
4022 
4023 
4824 
4025 
4625 
4027 
4820 
4029 
4030 
4%1 
4032 
4033 
4034 
4035 
4037 
4038 
4039 
4040 
4041 

lip 
25p 
259 

95I1 
lip 
809 
4811 
80P 
2811 
lap 

80P 
84P 
849 
454 
88P 
8814 
45p 

8911 
EI.10 
ESP 
27p 
up 

zip 
£3.25 

389 
849 
889 
74p 

£4.31 
£1.31 

ELM 
ELIO 
£1.99 

92.71 
ELM 
51.59 

LIM 
74CM 211 
ma Bo 
74504 rep 
74508 rip 

24P 

tie 

ESP 
57p 

4811 

%me out piles lee Amateur lisps enit Expert. Mole: Industrial users - quantity 
prlœs available. Mostly Motorola. MCA 

4042 
1043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
40627 
4%3 
4066 
4057 
40611 
4060 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
44178 
4081 
4062 
4085 
4086 
4089 
4093 
4094 

8811 
80P 

f2.6.3 
88P 

£I.10 
£I.71 
77p 
45p 

4811 
8811 
88P 
roP 

£2.18 
£2.55 
£2.55 
£S.23 
U.» 

£10.00 
£1.90 
55, 

£7.21 
27p 
27p 

3611 
25P 
25p 
25p 

259 
£1 07 

29P 
28P 
27p 
27p 

£1.35 
E1.35 
E2.91 

80P 
£2511 

4095 £1.97 
4096 £1.97 
4097 05.98 
4098 5102 
4099 9200 
40100 E1.92 
441101 £159 
40102 £3.67 
40103 
40104 £1.85 
40105 £1 65 
401% 92p 
40157 Era 
40108 £7.54 
40109 El.» 
40110 MOD 
40114 £1.77 
40160 E1.54 
40161 C1.54 
40162 £1.54 
40153 £1.54 
40174 El.% 
40181 0523 
40182 £1.90 
40192 E2.41 
40193 £2.41 
40194 £3.27 
402% E7.54 
40257 £2.31 
4160 011p 
4151 98p 
4152 pp 
4163 99, 
4174 
4175 CM 
4194 £I.16 
4408 £9.37 
4409 £9.37 

4410 £855 
4411 £1572 
map £14.93 
1415V £.24 
4422 MINI 
4433 212.30 
44351 E5.40> 
1450 £3.81 
4451 £3.81 
4161 E3.93 
1462 DIA1 
U9OFP 2.4.29 
1190" £3.14 
4500 E6.95 
1501 211p 
9502 £1.20 
4503 70p 
4505 £5.71 
4506 50p 
1507 55p 
4508 UM 
4510 Ole 
4511 £1.50 
4512 80p 
4514 £2.65 
4515 E3.00 
4516 £1.10 
4517 E4.46 
4518 £1.00 
4519 Pp 
4529 £1.00 
1521 V2.50 
4522 EIJI 
4525 £1.118 
4527 £1.50 
4529 £I.20 
4529 £1.30 
ext rop 

4531 
4532 
*34 
4536 
45371 
4538 
4539 
4541 
4543 
1549 
4557 
4553 
4554 
4555 
4556 
4557 
45541 
4559 
4560 
4561 
4562 
4566 
4568 
4569 
4572 
4580 
4581 
4542 
4583 
45M 
4585 
4597 
4598 
4599 - 
ODD 

£I.45 
£1.30 
£5.60 
ESP 

£26.1 
ELM 
97p 

£I.19 
£1.80 
£4.38 

£14.85 
(405 
£1.38 

7159 

£3.110 
£1.25 
(4.38 
£3.50 
81p 

55.60 
£1.59 
£2.38 
E2.50 

40P 
EA.77 
£Z62 
El .1 4 

9011 
Np 

£127 
£2.44 
£2.98 
%.95 
£1.75 

741300 
741501 
741802 
741803 
741304 
741305 
741308 
741809 
741110 
741011 
101012 
741913 
741514 
741215 
741820 
741021 
741025 
741227 
741928 
741930 
741032 
741033 
744537 
741038 
741040 
741942 
741847 
741548 
741049 
744051 
741054 

14p 
14p é 
16p 
16p 
lop 

214, 
22p 

22P 
209 
22p 
23p 

319 
75p 
30p 

349 
22p 
48p 
28p 
48p 

2211 
27p 

38P 
349 
39p 

21P 
Np 

809 
25.20 
£1.20 
24p 

28P 

74578 
74513 
71585 
74CM 
740/8 
7151) 
74%3 
.74CM 
7%107 
745160 
7%151 
7%154 
7%157 
745110 
745161 
7%112 

57p 

£1.34 
17, 

IMP 

£127 
ram 
22» 
£281 
£2211 
£1.00 
£1.15 
£1.19 

745163 
7451114 
NCI% 
745173 
740124 
740115 
740102 
745113 
7%195 
745258 
74%21 
74(373 
745374 
740501 
7451012 
745M3 

741355 
741063 
741973 
741974 
741575 
741876 
741078 
741083 
741285 
741086 
741190 
741991 
741092 
741893 
741095 
741296 
7410107 
7413109 
7410112 
7418113 
7412114 
7410122 
7415123 
7410124 
7410125 
7410126 
7413132 
7412136 
7412138 
7445139 
7440145 
7410147 
7413148 

DOT MATRIX PRINTER 
The Is abed the sam pica as ter couple IS. Pup Iwo. 
MI Sas Dam Nahum poly prrolautly tepid la iiiplola carnal 
PIMP el mid; Peers 
Sleadard Weep pet 118-232. 2189. 1E6 lilt 
Cedneics I/0. 15 PM rates to 9500. 100 ohurnslnra per 
cue m. 72. OD. 96. I20 w 132 Meracters per lit roar. 
MM. or bel paper lnadtee. IricIten 44 Wade Nee cam 
ample« NOW deracley cal also eel pope; mauler 
prawn were leu beery. Deed wIth nee 
old ad tell eporatarA weal. 
Ilau 2 &del 8% 2325.00 

8" FLOPPY DISK DRIVES 
ORE Model 7100 £350.00 

60 KEY ASCII KEYBOARD 
lØl ComcIllee awlIcbas nefelhe Wee 249.79 

T.V. MONITOR P.C.B. for OEM users 
This Is na mumbled P,C.8. sin ISIs 190ww. Pick yea add In year 
fee 12/14" black and PM 517,190 Pint Mae Pa. anent la 
Pail a TN, seller al ping cast. Illepoilably eu culant supply 
Da 56.7. al a .1 

Prawn centrals outran kelps, ala,. am WPM, and the wily 
spats medal are 15 Yells a 10% AC sl 1.5 Amps ad I fell pk.pk 
copuslls sides hp!. 
Supplied will, Paull diagram £33,50 

KEYBOARD CASES 
405 a 210p. Paul aim MO e 811ma 

348ww. howl Oa 430e 1154n. 224.90 
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QUIRE DAISYWHEEL PRINTER 
High quality printer tor use with word processing 
packages running under GP/ M. 45 characters per 
second, RS-232 interface. (Check stock position 
before ordering) 
Demo Sprint 5 Model 45/ RO £1005.00 
Also awileble on lame. 
COME SUPPUES AND ACCESSORIES 

Forms Tractor E1 10.00 
Standard Printwheel, £8.60 
Word Processing Pnntwheels 28.110 
Ribbons (in packs of 1 2) 
Medium Inked Fabric Bieck £27.10 
Multi Spike Black £27.00 
Single Spike Black 240.1111 

EUROCARCI 19" CARD FRAME 
Kit el 2 4U Ben + 4114184. 2 heel lid 2 1144 fill hare. 4 
pills Imam strip . £2 7.4 7 
Accessories 
Card prides pack el 10) £1.40 
Emma Plag 64 way DIN 41612) E2.22 
Europa MUNI 04 way DIN 41612) E3.39 
Camecter ineuetial Plea WW1 E3.12 
Cue cenvaraim kil [I 8.86 
)en lit leta merge 30 19" 0.1ypa cm) E28.1 7 

rl 

389 
21.50 
«op 
419 
48p 

489 
40p 

ELI 5 
£1.18 
43p 

OOP 
ELM 
89p 
89p 

ELIO 
ELIO 
44p 
55p 

5511 
50p 

Sop 
70p 
70p 

(1.110 
sOp 
60p 
95p 

8411 
85p 

8811 
C1.08 
51.70 
£1.73 

7410151 
7418153 
7412154 
7419155 
7415156 
7410157 
7415158 
74/9160 
7415161 
7412162 
7410163 
7415154 
7415155 
7412166 
7412170 
7410173 
7410174 
7411175 
7418181 
7419183 
7415190 
7419191 
7412192 
7413193 
7410194 
7418195 
7410196 
7415197 
7412221 
7415240 
7410241 
7415242 
7410243 

96p 
76p 

96p 
449 
76p 
96p 

£1.20 

889 
£1.38 
CIII 
£I.14 
75p 

DAM 
21.05 

£1.10 
£3.98 
£2.911 
£1.40 
E I AO 
£1.30 
EL» 
£1.65 

£1.00 
21.40 
96p 

£2.36 
22.32 
(2.32 
cz.a 

74CM1 

713691 
74E187 
715188 
74NM 
740908 
745111 
745812 
745114 
745819 
7451111 
71021 
745M2 
74CILE 
740115 

MICROPRO 
9090 

0582 
11520/21 
5522 
1532 

lIe 
ZIOANU 
780A-P10 
7104411 

6500 
6800 NU 
6802 MINI 
6809 
5810 pal x 114111 
68910 028 x 8 um 
6820, 6821 MA 
6845 
6850 4246 
91568011 E2.04 

SC/MP 11 RAM I/O 
SC/VP 11 1419114) EIO 
INS 8154 RAMP(' £9.40 

CANS 
COSIRAC COP 120215 
COSAMC COP 1892E 
COP IBM 

£0.95 
£4» 
ERB 
20.21 

£7.01 
£5.75 
£5.75 

85.95 
89.95 

El 9.95 
E3.25 
£3.7 5 
E3.50 

£22.30 

£6.50 
[1025 
£725 

STA11CS (Mea» 45114) 
2111Z-11 e I £1.211 
2111-MU 22.75 
2112-258 a 4 DM 
t114i4046-101 4 DM 
8 8 2114 £1744 
21141-13 a 4 El» 
4111-11 a 8 £S.95 

7410244 
7412245 
7419247 
7410248 
7410249 
7415251 
744.8253 
1419257 
744.9258 
7410259 
74/0261 
7419250 
7419273 
7410275 
7411279 
7440283 
7412290 
7412293 
7411295 
7410298 
7415324 
7419325 
7415326 
7419327 
7418347 
7410348 
7415352 
7412353 
7418365 
7442366 
7410367 
7410368 
7418373 

£1.79 
[3.50 
ESP 
ELM 
E1.90 
£1.34 
(1.42 
ELIO 
ELM 
ELIO 
[4.50 
52p 

£244 
52.50 
66p 

21.92 
£1.29 
21.28 
21.85 
E1.68 
£2.40 
22.90 

£1.48 
£1.86 
£2.28 
E2.28 
65p 
65p 
65p 

Oleo 
66p 

745826 
745827 
NCO% 
740/21 
7451108 

KOS 
100:81 
10587 
116118 
RC111 
111121 
ROO 

7413374 
7419375 
7419377 
7419378 
7418379 
7413384 
7418386 
741: 390 
7449393 
7419395 
7410396 
7410396 
7419399 
7412445 
741544 7 
7410490 
741.366:1 
7419669 
7410670 

CESSORS 

unman 
1114 4116 IN 280/43 £1.1111 

ausasus 
1512 41 INN 

270i Ike 1 £3.43 
273/2516 Ms 8 Pep Ur 

FAN 
150240au15., flea 

5204/2768/2516 Program-
ming Service £7.55/07,50y 
(2 5,02 sad pron prim ins 
eel PIP. prow. We accept 
kandwritlewlyped source code - 
onsl la Inswistinall. 

PROM PPP SERVICE 
50p each prom 

UY PROM ERASER 
U1/140 E61.20 
111/141 (77.79 
ENNUI £33.195 

901901800 
11E11154/7V 
1480 »DR 
75411 LED Now 
75412 
211425 
8726/17211 
0.74 
97-34010 
FO 1771 

Np 
5» 
112p 

1,21/5 

Ca» 

£1.95 
£1.60 
£2.12 
£1.84 
£2.I5 

88P 
£2.30 
E2-30 

Cal 5 
(2-75 
£2.30 
E1.50 
21.44 
£1.80 
£1.82 
21.82 
E2.411 

QUARTZ 

32.7663117 
011/1910 

60 KHz 
100.1 Kltz 
200,0 KHz 
254.8 KHz 
262.114 KIlz 
3072 le 
3123 Ile 
4550 Mt 
1,000 MIe 
1.008 1/1114 
1.280 MHz 
1.6 Ilk 
1.8 elk 
1.8432 MN 
0.006 Mb 
2.097152 MN 
21576 Mk 
2.500 Mk 
2.56250 1914 
3.0% 11115 
3.2768 MR4 
3579545 MN 
3.93216 1/1114 
4.000 Min 
4.032 IMU 
1095 RIM 
4.194304 31117 
4.433619 MIN 
4.606 11117 
4,800 NIP 
4.9152 IMP 
5,000 IMP 
50009 MN 
5.120 MD 
5.185 31117 
6.001) 13117 
6.144 MI17 
6,402 Mb 
6.55360 /MP 
7.000 18117 
7.168 13/9 
7.680 MHz 
785432 me 
8.000 MHz 
600353 048 
8.386608 MHz 
8.867237 lie 
9.375 re 
9.100 144 
10000 Mhz 
10.245 911z 
10.710 MIe 
10.92 Mk 
11.800 Mik 
12.8%Mb 
14.0 A1Nz 
14.31818 91114 
18.0% M1Q 
18.000 IMP 
18.432 MIN 
29000 Ps 
20.1134Mb 
24.0 91114 
26.690 MU 
270 91114 
27.145 MU 
27.648 111114 
38.6666 M1tv 
49000 MIlz 
1090E0 
116,109 Mt 

2.3.23 
£1.95 
(3.62 
E3.92 
£3.92 
0.92 
£3,92 
2292 
£4.95 
£3.52 
0.92 
£3.92 
£4.25 
24.25 
1.3.52 
0.62 
£3.23 
23.62 
23.92 

23.62 
£3.23 
(1.95 
£292 
ELIO 
0.23 
[313 
E3.23 
E1.25 
£323 
E3.23 
£3.23 
£323 
£3.23 
E323 
£323 
E323 
53.23 
£3.23 
£3.23 
[3.23 
£3.23 
£323 
[3.23 
E3.23 
£3.52 
£3.23 
E3.23 
£3.92 
(3.92 
(.3.23 
[323 
E323 
£3.92 
£3.92 
f.3.92 
£3.92 
£323 
£3.92 
53.23 
£3.23 
E3.62 
(3.23 
[3.92 
E2.10 
(3.92 
%SO 
£3.92 
£3.23 
£323 
£323 
£3.23 

\9611080ARD 
0.1" PUP villh copper . 

*NI 
firx1" Ipack ol 5j 74p 
2h" x33/4" 539 
214" x5" 539 
200 17" ILK 
33e,4341" 02p 
3,4"x 5" 5919 
33/4.'417" 52.40 
4.7"x 17.o, £3.14 

Cl" Perbeare 
lee drips) 

394.x2h" 38p 
31i"x5" 59p 
3%" x 17.0" (1 .50 
%PP pa [1.50/%0 
SP 042 herd £1.1 7 
Si truedleare 22.91 
Spel Nu Der 93p 
Me Perlin led El.28 

501.52111011 PINS 
IN 50p 1000 23.95 

IN SMUTS 
8/14/16 pie 

iiinzprnp 
isnwrz 

IINNINN» 
24/21/40 

810/4811/389 
24 81n babel imar 
ore PM. Una 57110 

EDGE COMME(TIMIS 
43 way 0.1" pltre. wee 
wrap. Morels dal pla 37 
Sigla sided 11 sc 42] 
Della aIded M0421E4.1E1 

TIMER Ice 
NE555/556 29p /411p 

014-611911 
An WINNE 

CA 3130E 849 
CA 3140E 359 
IM 741 Dump 22p 

LED %SPAYS 
01.-7114E 4411 
81.-727E/7260 MOO 
2047E/750E ELIO 
RIO 513)/560 8120 

MUNI D1TSTAL 
DRAM 

4,40.5"111111e Rea 
£9.71 

DOCK MPS 
AT 5-1224A £2.1:0 
MK 50253 [5.50 
MK 50366 E0.50 

SIX DECADE 
COUNTERS 

IRK M05/6/7 £9.90 
MK 58398/9 £7,50 

SWITCH MODE PSUs 

AC 52210 50/10A 259.90 
022IS MVP 1211/13. - 1211/19 -511/0.111 E86.110 

AC 54210 56/208 8110-20 
38 94210 511/103. 129/20. - 1211/21. -511/0.16 £ 126.50 

OPEN CARD SWITCH MODE PSU 
FULLY ASSEMBLED P C.B CARD 197 x 108 x 
52mm Outputs +5,/,' 64. - 5t/r 0.54, + 12V/ 
14, - 12V; 14 
Type AC9251 £79.00 

EAU 
(4.70 
NOS 
ESN 

14.59 

DIM. CBI. RE11110110 
BROOM 

In LW 215.21 
111821513 p.teporead 24.75 
PI 1171 CAI 214.27 
41.54371 27» 

OGETUME 
Ts d 280 lby eaSe 
%plan% lime Camas ESP 

MIMI (I» 
WOW mud Cruet ELIO 

UMW [I» 

FINIUMME 
MOM ter QOM 214.1111 
IN Dry INC Sr aid ono! 

219» 
411811.1w WIP 14 27111 

£A1.115 
41 INN ter 8C/N14 a 27181 

BOAR 
11 Hem, ler Rae 11 271R 

£14.95 
pour"» Idle elide ea 
leen. Id 094,51 
If Oehler adier pane; 

noes 
Ire UPS px5no 2320/4 
ETON 1110520N (14.95 
E1106 51105204) 214.10 
RN» Il x5E141 21415 

NW IIIIIIIRATINS 
901111 EN lee weeder. 
LI woe w drip eaolder Nye 
  12» 

BUD I Di INi Wouhddll, 
Newer 110 lype. peside 
Pauly donclodelk 
11111233 f30 Md. beederldle, 
cadde.019 lope 24.78 
11111214 E36 Eweleel 
Pedal he. adulator WS 
letweentor ewe. Sp ede-
mas 
ULTRA NEINUTONS 
NO5 7Ip 
7015 LIAR 
71It 

7112 2112 
EMI 

DRUM 11111113ITES 
1111111AES 
Neel I« I. oleo» Bo» 
oplow, lu itole + 1211, 
or da zt ISV per ter KM 
keyboards. 82232 laterlocu. 
Node We de AI Itme mod 
+WNW 
tie 14 ose WIN (suede, 
del l4a90ol18u. 
Sere MIP-12A18 um 

Type 611111-120,19 
-mole Meal/ FA» 
Type 410-12019 
IN NI seed 2 NUN» 

13.2.13/ 
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 PROJECT 

POWER SWITCH 
MODULES 
You can use your ETI Noiseless Power 
Switch on its own OR trigger it auto-
matically with one of three remote 
control modules. Use the Dark Activated 
Module to switch your lights on at night 
and off in the morning to deter the 
neighbourhood villains when you're away. 
The Differential Temperature Module will 
switch off your living room heater when 
the weather outside verges on the / 
tropical and the Under Temperature 
Module will sound a red alert when 
your front path ices over. No doubt 
you can think of a hundred and one 
uses for this versatile family of projects around the home. Your options 
are endless. 

DIFFERENTIAL TEMPERATURE MODULE 
Activate extractor fans or fire alarms automatically with this easy-to-build unit. The device 
can be used either as a stand-alone project or to interface with the Noiseless Power Switch 
described elsewhere in this issue. Design by Ray Marston. Project development by Plamen 
Pazov. 

T
his useful little project uses a pair of inexpensive silicon 
diodes to monitor temperatures at two different points 
and turns a relay on when the temperature of D1 goes 

above that of D2 and off when the temperature of D1 goes 
below that of D2. The circuit responds to relative, rather than 
absolute, temperatures. The temperature switching differential 
of the unit can be varied over a limited range by a preset pot. 

The circuit has a variety of practical uses. It can be used as 
an automatic fire alarm (using the relay contacts to activate a 
bell, etc) by placing D1 at the top of an internal wall and D2 half-
way down the wall, so that the alarm is activated by excessive 
rising heat. Alternatively, the unit can be used to give automatic 
operation of heat extractors or ventilators in cellars or 
workshops, etc, by placing D1 in the cellar and D2 outside the 

ETI MARCH 1981 

building, so that the extractor only operates when the inside 
temperature is greater than that outside. 

The basic circuit can be used as a stand-alone project, with 
a relay output, or can be used without the relay and its 
associated transistor-diode network to give fully automatic 
operation of the Universal Noiseless Power Switch described 
elsewhere in this issue. 

Construction 
Construction of this project should present absolutely no 

problems if the specified components are used ( IC1 MUST be a 
CA3140). If you intend to construct the unit as a stand-alone 
(relay output) project, build it as shown in the overlay, noting the 
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Here, Dl/02 are mounted off-board. 

COPYRIGHT MODMAGS Ltd 

NOTE: 
DI-D2 ARE 1N4148 
D3-D4 ARE 1N4001 
01 IS BC109 
Cl IS CA3140 

Fig.1 Circuit diagram. If required, PLG1 is used to conned the module to SICI 
on the Noiseless Power Switch. 

BUYLINES 

The components for this projed should not present any supply pro-
blems. The relay used is an RS 349-658 or Maplin order code YX98G 
type. 

11;1 10 a C--‘...)--). 
0 ici 
 ) 

1.,1)rJie":\I  1;1 

Fell  • 

01 

ec 

• • 

• • 
• s 

RIA 

• 

+12V 

••••—• G ND 

R LA 

R LA 
2 

Fig.2 Component overlay. Note that one or both of D1, 02 will normally 
be mounted off-board. 
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use of the PCB-mounting relay. if you want to use the unit to in-
terface to the Universal Noiseless Power Switch, simply cut the 
PCB in half along the dotted line, assemble all indicated com-
ponents on the non-relay side of the board and connect the unit 
to the Power Switch via the SK1 connections shown in the cir-
cuit diagram. 

Whatever form of construction you use, note that Veropins 
should be used to facilitate the connections to D1 and D2 and 
that these two temperature-sensing diodes will normally be 
mounted remotely from the PCB. 

+12V 

D3 — 0 OUT 
RLA 

D4 

a 0  

0  

c   

OV 

PLG1 
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O 1B 
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• I SHIELD 
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INTERFACE CONNECTIONS TO 
THE UNIVERSAL NOISELESS 
POWER SWITCH 

HOW IT WORKS 
Ordinary silicon diodes have temperature coefficients of -2 mVI°C 
and can readily be used in temperature measuring/switching applica-
tions. In our circuit the two sensing diodes (D1 and 02) are fed with 
similar standing currents (via ZD1-R1-PR1) and their voltage differen-
tials are fed to voltage comparator IC1, which has a small degree of 
hysteresis applied by R3. 

The circuit action is such that, when the D1 temperature is above 
that of 02, the D1 voltage is below that of D2 and the output of IC1 (pin 
6) is driven high and turns Q1 and the relay on via R4. When the D1 
temperature is below that of 02, the D1 voltage is above that of 02 and 
the output of IC1 is driven to 0 V, cutting off Q1 and the relay. 

The temperature differential of the circuit can be varied over a 
limited range by PR1, thereby altering the relative standing currents of 
the two diodes. 

PARTS LIST 
Resistor all 1/4 W 5% 
R1 3k3 
R2 1k0 
R3 IMO 
R4 2k2 

Potentiometer 
PR1 

Semiconductors 
IC1 
Q1 
D1,2 
03,4 
ZD1 

Miscellaneous 
R LA 
PLG1. 
Case to suit 

10k miniature horizontal preset 

CA3140 
BC109 
1N4148 
1N4001 
6V2 1/4 W Zener 

12 V, coil kl2OR, PCB-mounting 
3 pin DIN plug 
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PROJECT: Power Switch Modules 

UNDER TEMPERATURE MODULE 
Turn home or greenhouse heating on and off automatically with this easy-to-build project. 
The device can be used either as a stand-alone project or to interface with the Noiseless 
Power Switch described elsewhere in this issue. Design by Ray Marston. Project 
development by Plamen Pazov. 

T
his inexpensive little project can be used to turn home or 
greenhouse heating on and off automatically, to maintain 
temperatures within close limits (typically better than 

1°C). The circuit uses a carbon-rod thermistor for temperature 
sensing and incorporates a small degree of hysteresis to give a 
sharp switching action. The switching temperature range is 
variable over a fairly wide range with a preset pot. 

The unit can be used as a stand-alone project, with a relay 
output, to give automatic operation of home or greenhouse 
heating, or can be used without the relay and its associated 
transistor-diode network to give fully automatic operation of 
the Universal Noiseless Power Switch described elsewhere in 
this issue. In the latter case the unit is powered from the built-in 
12 V supply of the Universal Power Switch. 

The switch can readily be made to give Over-Temperature 
operation (for operating fire alarms, etc) by simply transposing 
TH1 and PR1; we've made special provision for this on the PCB. 
In either case, thermistor TH1 can be mounted either directly on 
the PCB or can be located at a remote monitor point. 

TH1 
VA1066S 

PR1 
10k 
SET TRIP 
LEVEL 

NOTE: 
D1 Be 02 ARE 1N4001 
TH1 IS VA1066S 
01 IS BC109 
IC1 IS CA3140 

©COPYRIGHT MODMAGS L d 

Construction 
Construction of this project should present no problems if 

the specified components are used ( IC1 MUST be a CA3140). If 
you intend to construct the unit as a stand-alone (relay output) 
project, build it as shown in the overlay, noting the use of the 
PCB-mounting relay. If you want over (instead of under) 
temperature operation, simply transpose TH1 and PR1. In either 
case, TH1 can be mounted either remotely or directly on the 
PCB. 

If you want to use the unit to interface to the Universal 
Noiseless Power Switch, simply cut the PCB in half along the 
dotted line, assemble all indicated components on the non-
relay side of the board and connect the unit to the Power Switch 
via the SK1 connections shown in the circuit diagram. 

ETI MARCH 1981 

HOW IT WORKS 

TH1-PR1 and R1-R2 are wired in the form of a bridge network (or double 
potential divider), the output of the bridge being taken to the input of 
voltage comparator IC1. In this configuration, the pin 3 voltage of IC1 à fix-
ed at half-supply volts, but the pin 2 voltage is temperatu redependent and 
rises with increasing temperature. The comparator has a small degree of 
hysteresis applied via R3. 

In use, PR1 is adjusted so that the pin 2 voltage of IC1 is above that of 
pin 3 under warm conditions, in which case pin 6 (the output of IC1) is 
driven to 0 V, so Q1 and the relay are cut off. Under cold conditions the pin 
2 voltage falls below that of pin 3, in which case pin 6 is driven high and 
drives Q1 and the relay on via R4. PR1 can be adjusted to cause switching 
at virtually any desired temperature leveL The circuit action can be in-
verted, so that it acts as an over-temperature switch, by simply transposing 
TH1 and PR1. 

+12V 

—0 

131 R LA 
1 

02 

a 0  

Fig.1 Circuit diagram. If required, 
PLG1 is used to connect the module 
to SK1 on the Noiseless Power 
Switch. 

OUT 

130  o 

COs 0 IC 

I SHIELD 

INTERFACE CONNECTIONS TO THE 
UNIVERSAL NOISELESS POWER SWITCH 

OV 

 o 

The thermistor is mounted off-board 
for remote sensing of temperature. 

miss. 
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Fig.2 Component overlay. Note the provision of extra pads on the PCB so 
that TH1 and TV1 may be transposed, if required. TH1 may be mounted 
remotely. 

PARTS LIST 
Resistors all ¼W5% 
R1,2 12k 
R3 
R4 2k2 

Potentiometer 
PR1 

Semiconductors 
IC1 
Q1 
01,2 

Miscellaneous 
TH1 
Re 

PLG1 

10k miniature horizontal preset 

CA3140 
BC109 
1N4001 

VA1066S 
12 V PCB-mounting relay coil resistance 120 R or 
greater 
3 pin DIN plug 

BUYLINES 
The thenuistor (VA10665) is available from Maplin or Electrovalue. The 
relay is Radiospans type 349658, or Maplin type YX90G. 

DARK ACTIVATED MODULE 
Turn house or car lighting on automatically with this easy-to-build unit. The device can be 
used either a stand-alone project or to interface with the Noiseless Power Switch described 
elsewhere in this issue. Design by Ray Marston. Project development by Plamen Pazov. 

T
his simple-looking project can be used to turn house or 
car lighting on automatically at dusk and off again at 
dawn. The circuit incorporates a transient-suppressor net-

work and has a degree of built-in hysteresis to ensure that it is 
not switched by momentary changes in light level, as caused by 
passing shadows or lights, but responds only to mean light 
levels, integrated over several seconds. 

The unit can be used as a 'stand-alone' project, with a relay 
output, to give automatic operation of car or house lights, or 
can be used without the relay and its associated transistor-diode 
network to give fully automatic operation of the Universal 
Noiseless Power Switch described elsewhere in this issue. In the 
latter case the unit is powered from the built-in 12 V supply of 
the Universal Power Switch. 

To use the unit to give automatic operation of house 
lighting, simply provide a 12 V DC supply and use the relay con-
tacts (RLA/1) to turn the lights on and off. 

To give automatic operation of car lights, wire the unit's 
supply line connections to the vehicle's ignition switch and the 
relay contacts to the vehicle's lighting switch. In this case the 
lights will operate automatically only when the car ignition is 
turned on. 

The switch can readily be made to give 'light-activated' 
operation by simply transposing the LDR and PR1 positions; 
we've made special provision for this on the PCB. 

Construction 
Construction of this project should present absolutely no 

problems if the specified components are used (IC1 MUST be a 
CA3140). If you intend to construct the unit as a stand-alone 
(relay output) project, build it exactly as shown in the overlay, 
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PARTS LIST 

Resistors all 1/4 W 5% 
R1 
R2,5 
R3,4 
R6 

Potentiometer 
PR1 

Capacitor 
Cl 

Semiconductors 
IC1 
Q1 
01,2 
ZD1 

Miscellaneous 
LDR 
RIA 
PLG1 
Case to suit 

lkO 
100k 
12k 
2k2 

10k miniature horizontal preset 

4u7 12 V axial electrolytic 

CA3140 
BC109 
1 N4001 
6V2 1/4W Zener 

ORP12 
12V (coil > 120R) PCB-mounting 
3 pin DIN plug 

BUYLINES 

All components should be widely available. The relay used is Maplin 
order code YX98G; RS 349-658. 
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PROJECT: Power Switch Modules 
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INTERFACE CONNECTIONS TO 
THE UNIVERSAL NOISELESS 
POWER SWITCH 

• • 
OV 

NOTE: 
D1 & D2 ARE 1N4001 
LDR IS ORP12 OR SIMILAR 
01 IS 13C109 
IC1 IS CA3140 

Fig.1 Circuit diagram of the Dark-Activated Switch. If required, PLG1 is used 
to connect the module to SK1 on the Noiseless Power Switch. 

noting the use of the PCB-mounting relay. If you want light ( in-
stead of dark) activated operation, simply transpose LDR and 
PR1. In either case, the LDR can be mounted either remotely or 
directly on the PCB. 

If you want to use the unit to interface to the Universal 
Noiseless Power Switch described elsewhere in this issue, simp-
ly cut the PCB in half along the dotted line, assemble all in-
dicated components on the non-relay side of the board and con-
nect the unit to the Power Switch via the SK1 connections 
shown in the circuit diagram. 
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2 

Fig.2 Component overlay for the Dark-Activated Switch. The circuit is con-
verted to light-activated operation if the LDR and PR1 are transposed as 
shown by the dotted lines. 
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HOW IT WORKS 

IC1 is wired as a voltage comparator, with a fixed reference voltage ap-
plied to pin 3 and with a light-dependent voltage applied to pin 2 (from 
the LDR-PR1 light-dependent potential divider) via the R2-C1 integrator 
network. The action of LDR-PR1 is such that the pin 2 voltage rises with 
increasing light levels. The comparator has a small amount of hysteresis 
applied via R5. 

In use, PR1 is adjusted so that the pin 2 voltage of IC1 is above that 
of pin 3 under light conditions, in which case pin 6 (the output of IC1) is 
driven to 0 V, so Q1 and the relay are cut off. Under dark conditions the 
pin 2 voltage falls below that of pin 3, in which case pin 6 is driven high 
and drives Q1 and the relay on via R6. PR1 can be adjusted to cause swit-
ching at virtually any desired darkness level. The circuit action can be in-
verted, so that the circuit acts as a light-activated switch, by simply 
transposing LDR and PR1. 

The Dark-Activated Switch board follows the same general layout as the 
other two modules. The ORP12 light sensor is mounted next to PR1; it could 
also be mounted remotely. ETI 
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LOUDSPEAKE 
The complete fully re-
viewed range of Videotone 
Speakers which dominate 
within their class. NOW AT 
LOWEST EVER PRICES. 

D100 £38.00 
Minimax 11 £44.00 
GB3 £50.00 
GB2 £60.00 
GBS £207.00 
D 93 £40.00 

AMPS- TUNER-CA ETT 
30 watt amp MC input SA4 130 £75.001 , 
Stereo Tuner ST 4120 £68.00 1 ,--
Cassette full features SC 4200( £95.00 
50 watt amplifier WA7700 £77.00 
20 watt amplifier LA2020 £58.00 
This new range of Electronics from Videotone 
redefines the words quality and value for money to a new high. 

MICROPHONES 
MU 105-22 £29.30 
MU 105-12 £22.25 
MU 25 C £17.39 

"-# 
• ' • 

HEADPHONES 
Superbly made 
with top flight 
performance 

HP90 £12.65 
HP80 £9.69 

Quality plus value always 

ALL 
PRICES 
INCLUDE 
VAT 

ALL PRODUCTS 
ON DISPLAY & 
CONTINUOUS 
DEMONSTRATIONS 

VIDECITONE' 

98 CROFTON 
PARK ROAD 
LONDON SE4 

TEL: 01-690 8511/2 

BUY DIRECT FROM US iIND 
CET THE SellE HIGH 
004lITY tempi PRICES! 

Fast becoming one of the top names 
MOVING COIL MOVING 
UK's No.1 Cartridge MAGNET 
mc 81 £48.87 555SX £7.28 
777 EX £35.00 555E £14.22 
777E £25.00 666E £32.48 

HEAD 
AMP 
H300 £51.75 
T100 £24.75 

HEADSHELLS 
S100 £6.00 
S101 £7.00 
S200 £4.00 

TURNTABLES 
Sansui SR222 Mk2 £69.00 

Sansui P5OS £69.00 

* A MESSAGE FROM VIDEOTONE * 
Dear Customer 
You will find that the products advertised on this page 
are the best possible value for money. They are only 
low in price because we have eliminated large amounts 
of selling costs that other brands have to suffer. These 
savings are passed directly onto you. We have full bro-
chures on any specific item you may be interested in 
and a competent realistic staff of engineers at our 
London Showrooms to help you in your choice. Our ' 
consumer protection packages are comprehensive and 
we offer every form of financing you may require. We 
carry out our own servicing and are dedicated to giving 
Value for Money. We are confident our products are 
unbeatable. You may purchase with confidence bec-
ause our Engineers have specially selected them from 
competitive sources throughout the world and we 
import them directly ourselves. Remember, you have 
21 days trial period on all products. That is the 
measure of our confidence. 

Cliff Hardcastle, Managing Director. 

goommummui 
▪ SEND FOR OUR LATMEIS-1.11. 

FREE BROCHURE 
▪ AND DETAIL LIST OF LOCA 
II SALES OUTLETS IN THE U.K. 
II NAME  

II ADDRESS  
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MO MO VILE 
Nw. feu 4Pw. 

DIGITAL MULTIMETER CHIP. Builds into high accurecy dvrn or penal meter. Requires additionel 
circuitry. With Wu and circuit. MM5330 only £2.1111. Cat No. 404. 
GIANT LED DISPLAY. Common cathode, nonomihiplexed super 4 digit LED clock displey. Lots of 
other uses too Only E2.110 each. Cat. No. 204, 
SOUND EFFECTS MODULE. Elrend new, designed for spacemen toy, Gives 5 audio / visuel 
progrens. Requires 8 ohrn speaker (not supplied). Sip. Cat. No. 108. 
SIMULATED LASER CANNON for spaceman toy. LED on moulded 6" lead with mini jeck plug. 
Fits eocket o Sound Effects Module. Only 1 Sp each. Cat. No. 109. 
DIGITAL ALARM CLOCK MODULE. Complete with giant 0.7" LED display. Add transformer and 
switchen for complete clock. With gut° only E4.11S. Cat. No. 205. 
MINI S DIGIT LED DISPLAY. 8 digit, 7 segment calculator style display. Common cathode, 
multiplexed, with 0.1" high digits. Sip each. Cat. No. 312. 
20 KEY KEYBOARDS. Calculator keyboards, excellent key action. 20 keys per board. 2 keyboards 
for tip Cat. No. 101. 
LED DISPLAYS. Red, common anode. 0.3" digits with crisp, bright segments. 14 pin OIL packege. 
Super »kw at 4111.. Car No. 313. 
DIGITAL ALARM CLOCK CHIP. MM5316 alarm clock chip. With data El.». Cat No. 203. 
0.114 LED WRISTWATCH DISPLAY. High brightness display in ' legless fletpeck' style peckage. 
Requires feirly fine eoldering. With Mote, 311p, such or 2 for Sep. Cat. No. 209. 
JACK SOCKETS, mono 20p Cat. No. 707 Stereo Zip Cat. No. 708. Excellent velue. contacts gold 
pined for intr. reliebility. 
BRIGHT ORANGE DISPLAY. 9 digit. 7 segmeM gas discharge display. 0.25" high digits. With 
dins, only elnis »ch. Cat. No 310. 
SLIDER SWITCHES. A rninieture slide switch with 2 pole changeover contects. All brand new. 
10p inch. Cat. No. 702. 
MOMENTARY SWITCHES. Miniature push button switches (spring loaded) with one normally 
open contact. Super value et 119 «ch. Can No. 703. 
RUDER VOLUME CONTROL KNOUT% to fit 5 or Ehrim shahs. State colour required (red. blue. 
green, white, grey, black). Nice style, only 12p each. Cat. No. 709. 
10 ITYWLID CIRCUITS. Now minietunse your home produced PCBs with these 10 hybrid circuits, 
each containing 8 resistors end 8 capecitors. Useful velues. 10 hybrids for 32p. Cet. No. 801. 

Untwied hum 
FLUORESCENT CALCULATORS. Manufacturers rejects. Most repairable but no guarantees. 10 
function with full mammy. With ' repeiring calculator' info. £1.55. Cat. No. 107. 
LED DONLEY, (untested - ro guarantees). 10 seven segment LED displays 0.127" digits, 
common cathode. 10 for »Pp. Cat. No. 311 
OBSOLETE LED CALCULATORS. Manufacturers reject pocket calcs. Ideal for breaking for spares. 
Only El./Meech. Cat, No. 104. 

POSTAGE AND PACKING, PLEASE ADD 50p (OVERSEAS ORDERS ADD El.25) 

VAT PLEASE ADD 15% TO THE TOTAL COST OF YOUR ORDER (INCLUDING POST 
AND PACKING) 

LOTS MORE BARGAINS IN OUR FREE CATALOGUE. SEND MEDIUM SIZED SAE FOR 
YOUR COPY 

SATISFACTION GUARANTEED ON ALL ITEMS OR FULL CASH REFUNDED 

CODESPEED ELECTRONICS, P.O. Box 23,34 &WWI Read, Cepniff, Poo/mouth PO3 511J 

QUARTZ FIBRE 
DOSIMETER 

Recommended tor 
CIVIL DEFENCE • FIRE 
SERVICES • MEDICAL. 
HOSPITAL & General use. 

• RADIATION CANNOT BE HEARD, SEEN OR SMELT. 

II THIS DOSIMETER WILL AUTOMATICALLY DETECT 
THE AMOUNT OF RADIATION IN THE AIR. 

• UNIT IS SIZE OF FOUNTAIN PEN AND WILL CLIP IN 
TOP POCKET. 

Ill PRECISION INSTRUMENT, METAL CASED, WEIGHT 
40 GRAMS. 

• CONTAINS 3 LENSES. U RUGGED CONSTRUCTION 
al MANUFACTURERS CURRENT PRICE OF A SIMILAR 
MODEL OVER £25 EACH. 

British design and manu-
facture. Tested, calibrated 
and guaranteed. Ex- stock 
delivery by return. 

HEeRys' 

• 

Standard model 

6_95 . inc.VAT 

Post & Packing 60p 

Industrial model 0-150R 
£10.95 incl. Post Paid 

404 EDGWARE ROAD, LONDON W2 1ED 
Tel: 01-723 5095 Telex: 262284 Ref 1400 

,,e0e,pee„,,00s lee TELEPHONE: LB ELECTRONICS  UXBRIDGE 55399 
SUPERSALE '81 

All full spec. 2114 (45Ons) £1.85, 
p&p 25p. 2708 £2.00 p&p 25p. 
TEXAS INSTRUMENTS 2716 
single rail, full spec. £5.95. 

NEW FREEDOM PHONE 
The completely portable telephone 
with intercom and bleep paging 
facility. Range 200 yards £125 + 
VAT p&p £3.00. Leaflet available 
on request (not PO/HO certified). 

MK 1002P (dual 128 bit Shift Reg) 
35p. 
LM711CH (Voltage Comparator) 
30p. 

(All Full Spec) 
2526 Character Generator (64 X 9 
X 9) £2.95 + data & p&p 25p. 
MM5240 AA / J Character 
Generator £3.50 + data. p/p 
25p. 
LEAR SIEGLER dot matrix print-
head. 7 needle. £19.50 p/p 50p. 
ZE1TLER low profile PCB relay 
30mm o 36mm 4.8/6.9v d.c. 
2/2.5 amps a.c. contacts. 85p 
p/p 25p. 

D TYPE CONNECTORS 
9 Way: sockets (solder) 55p. 
15 Way: wirewrap plugs only 75p. 
50 Way: skt (wirewrap) £1.85. 
50 Way: skt £1.45, p&p 25p. 
25 Way Male to Female with 
covers plus minimum 1 metre of 
cable ( 12 way) £4.00 each p/p 
35p. 
25 Way plug (soldercail), 25 Way 
socket £1.20 «de. 

COVERS 
37 Way: 90p (plastic), p&p 25p. 

DISPLAYS 
HP 5082 4 digit OIL display full 
spec £1.50 such. p&p 25p. Large 
quantities POA. 
MAN 72 7 e.g CC £1.25, p&p 
25p. Burroughs Panaplex 9 Dig. + 
ski and bezel £1.00, p&p 25p. 
LED 3 Digit OIL 55p, p&p 25p. 
Bowmar 9 digit . 1 in LED with red 
bezel. (As used in calculators). 
£1.00 + 25p p&p. 

SUPERSAVER 1 
Ribbon Cable Headers 16 OIL 
Jermyn, gold plated, with cover 
45p, p&p 25p. 
Ansley Header phew. 1* Way 
75p, 16 Way 95p, 24 Way 
£1.80. ( Insulation piercing 
type). p/p 25p. 
Amboy 110 Header plugs. .lm 
26 Way 85p, 25 Way (eight-
angled) 85p. 40 Way £1.00 p/p 
25o. 

SUPERSAVER 2 
Tantalum Capacitors 25 volt.. 4.7 
uF, 14 for £1.00, p&p 25p. 

SUPERSAVER 3 
PRICE SMASH FND 500 . 5in. 
LED displays, full spec 50p each, 
p8ip 25p, large quantities POA. 

SUPERSAVER 5 
Battery •Iiminator 6VDC 
200MA 240V AC input ideal for 
calculators, radio, etc., give 
away price 95p each. Large 
quantities P.O.A. p&p 35p. 

SUPERSAVER 6 
EA0 KEY SWITCH oblong 
fascia, 25mm x 18mm (approx. 
18mm hole, fixing supplied, brand 
new with 2 keys. £2.95 p&p 25p. 

SUPERSAVER 7 
SN74116 Dual 4 Bit letch 75p, 
p&p 25p. 
5N741 18 Arithmetic Logic Unit, 
80p, p&p 25p. 
SN74194 4 Bit Register, 50p p&p 
25p. 
SN741988 Bit Shift Register, 75p 
p&p 25p. 

SUPERSAVER 8 
ITT 4cx 250b brand new full 
spec £7.50 each p&p 25p. 

SUPERSAVER 9 
5 digit 7 segment OIL LED . 11" 
displays 4 for £1.50 p/p 25p. 

SUPERSAVER 10 
9 way male/female connector, 
ELCO 8129, 0.1 inch pitch, gold-
plated PCB mounting, ideal for 
bussing two PCBs together. 
Superb value, 35p, p&p 25p. 

SUPERSAVER 11 
74LS266 50p. 74LS245 £2.40. 
741_5240 £1.00. 74S260 35p. 
P&P on all above 25p. 

SUPERSAVER 12 
TMS 3128NC Static shift register. 
£1.50, p&p 25p. 

SUPERSAVER 14 
Recording Designs Ltd digital 
cassette deck. 50-100 Baud 
RS232 240V input. A professional 
superb deck. £48.00, p&p £2.00. 

SUPERSAVER 15 
5K multiturn trimpots, PCB moun-
ting, per box of 14 £2.50, P&P 
25p. 

SUPERSAVER 16 
OPTRON OPTO SLOTTED 
SWITCH (Type OPB-814) £1.00, 
p8rp 25p. 

LEDs (Full spec.) 
TIL209, red 10p. 0.2in, red 12p. 
0.2in. green 28p. 0.2in, yellow 
289. 
RL54 red Axial lead. 15p. 
P&P on all above 25p. 
VERNITRON Ceramic filters type 
FM410 yMHz 45p, p&p 25p. 
TRANSISTORS, BD236 40p, 
BC183L 10p, BFI 95 10p. 
TBA BIOS, with data, 85p, 4-way 
Oil switches, 75p. MC1303 Dual 
Stereo preamp with data, £1.25. 
7in. Nylon cable ties 100 for 
£1.50. All p&p 25p. 
NEW 5N75477 (Yes, back in 
stock). Sound Generator IC (Train, 
plane, explosion, laser gun, etc.). 
with data £3.25, p&p 25p. 
PCB KEYBOARD, 65mm X 
82mm, 18 key Clickers less Key 
tops, ideal Hexadecimal use 35p, 
p&p 25p. 
CAPACITOR SCOOP. 1 . 600uF 
at 10v, 160uF at 25v. Axial lead. 2 
dozen for £1 + 25p p&p. 
DON'T KILL YOUR EPROMS. 
Augat 24 Way low profile socket. 
Solid gold pins. A superb socket. 
Leave your eproms in them for 
programming or usage to prevent 
breaking off pins. Only 40p each, 
p&p 25p. 

GIVEAWAY 
22 pin low profile dil socket, 
gold plated. 

12p EACH 
p&p 25p 

Just arrived. ITT 2082 Data 
Modem. Brand 1113W and boxed, 
with manuel. 600/1200 Baud. 
Data Modem to CC ITT. V24/ 
RS232C. Channel centre 
frequencies 1300 and 1700Hz 
(600 Baud) or 1300 and 2100Hz 
(1200 Baud). Synchronous or 
aeynchronoue operation over 2 
or 4 Wire, switch or dedicated 
bees, built in @elf and Ones test 
functions. Some of the best 
equipment we have ever 
obtained. £115.00 each, p&p 
£3.00. ( Fraction of original 
cast). 

IC HOLDERS (Low-prof de) 
8 Dil 12p 14 Dil 15p 

16 Dil 17p 18 Dil 20p 
22 Dil 213p 24 Dil 35p 
28 Oil 45p All p&p 35p 
WE STOCK a vast range of TTL, 
CMOS, some 74LS. MINIATURE 
TOGGLES, etc. 
PSU.. We have a large stock of 
power supplies at very realistic 
prices (callers). 

RELAYS 
Banor resettable double pole 
changeover 12V £1. Both p&p 
25p. 

CIRCUIT BREAKERS 
JUST ARRIVED - PCB 008 
OSCILLATOR Containing 1 NPN 
transistor, 1 resistor, 1 transformer 
and PP3 battery connector. 30mm 
x 20mm (approx). 25p each. 5 for 
£1. p/p 25p. PCB 009 1 x 
CD4069, 1 x CD4011, 5 transis-
tors, 7 capacitors, 12 resistors, 1 
diode, 45mm x 55 mm (approx). 
45p each. p/p 25p. 
CENT/IONICS 101A Dot Matrix 
printer. Fully overhauled. 165 
char/sec. £450.00 inc. VAT. 
Carnage at cost. As abreve dual 
heeded 300 char/sec £650 inc. 
VAT. 
C.P.U. TYPE 10860. These de-
vices are brand new, supplied with 
comprehensive, data sheet for 
experimental use or hang them on 
your Christmas tree! 4 for £ 1. p&p 
25p. 

ICL POWER SUPPLY (fix-
change units) 240V AC input. 
Output +24V at 2 amps DC, 
-24V at 2 amps DC (adjustable 
to 12V) + 5V at 4 amps DC 
-100V DC and 6.3V AC. 
Terms cash with order (official 
orders welcomed from colleges, 
etc). All enquiries s.a.e. please. All 
prices inclusive of VAT, unless 
otherwise stated. Postage as 
shown per item. 
FOR THE PROFESSIONAL 
USER. CF Clare Keyboard 
switches with buttons (blank) 65p 
each p&p 25p. 

BURROUGHS keyboard, 96 key 
station. On-board crystal and 
TTL. Brand new and boxed. 
500mm X 190rown. At the time 
of advert no data. No keytops at 
all. Clare pender. Reed 
switches. Bargain £12.00 each, 
p&p £1.50. 
PLEASE DO NOT ORDER GOODS 
FROM OLD ADVERTS, PHONE 
BEFORE ORDERING. 

SURPLUS STOCKS n  PURCHASED 
FOR CASH 

LB ELECTRONICS 

VISA 

11 MERCIES ROAD 
HILLINGDON, MIDDLESEX 

UBIO 9LS, ENGLAND 
AN enquiries s.a.e. please 

Telephone answering machine 
service out of business bourn. 

New retail premises, now open 
Mon, Tues, Thurs, Fri, and Sat, 
9.30-6.00 Lunch 1-2.15 week-
days. Closed all day Wednesday. 
We are situated just off the A40 
opposite Master Brewer. 

ALL PRICES INCLUSIVE OF VAT 

UXBRIDGE 55399 
All components full spec. 
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AUTOMATIC 
FREQUENCY 
ANALYSIS 
Microprocessors have revolutionised test instrument design. Morris 
Stanley of SE Labs (EMI) describes the use of new techniques to 
produce a fully automatic frequency response analysis system for state-
of-the-art dynamic analysis. 

I
n almost every field of industrial and scientific research, 
design, manufacturing and field site maintenance, it is 
necessary to measure, accurately and easily, the dynamic 

performance of components, modules and complete systems. 
Dynamic is defined here as the response of the device under test 
to signals (self-generated or externally applied). 

The ratio of output signal to input signal (expressed as both 
ratio magnitude and ratio phase) at all frequencies of interest, is 
the transfer function of the device under test. 

Time Domain Techniques 
Considering Time Domain Techniques, the data may, in 

special cases, be inferred indirectly from response observations 
made in the time domain ie by applying an accurately known 
complex signal (eg a near ideal unit pulse) and comparing the 
resultant output with the input using an oscilloscope or a fast 
chart recorder (Fig.1). However, in addition to the heavy 
computational and interpretive burdens the technique imposes 
on the user, its accuracy and validity are severely limited, in 
practice, by the masking effects of noise (Fig.2). Moreover, it 
rarely provides sufficient resolution (of raw data) to reveal small 
but highly significant resonances (glitches) or similar second-
order anomalies. Therefore, it is generally agreed that Time 
Domain response testing is at best a qualitative technique — 
even considering the merits of the new digital oscilloscopes. 
Precision does not, after all, eliminate anamolous signals. 

C = 0.1 

C = 0.4 

C = 3 

TIME 

Fig.1 Ideal system responses to unit pulse showing various damping factors. 

In another, far more complex use of the Time Domain for 
transfer-function and related testing, the complex input signal 
applied is a known pseudorandom sequence, single level 
(binary) or multilevel. The delays and/or level shifts recorded at 
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the output can be correlated with the input signal to reject noise 
and other anomalies and can be made to yield the transfer 
function data required. However, this information can only be 
obtained after extensive (and expensive) computer 
manipulation. Pseudorandom testing is chiefly of historical 
interest now. 

TIME 

Fig.2 Typical system response to a unit pulse. 

Frequency Domain Techniques 
Far more useful results are obtained when some form of 

frequency domain testing ( ie obtaining the frequency response) 
is performed. In this approach, the instrumentation yields data 
that represent, more or less completely and accurately 
(depending on the technique selected), the Fourier spectrum of 
the transfer function. This may be used in several different ways, 
such as the Bode plot or a Nyquist or Nichols plot (Figs 3,4,5) — 
or to implement the Evans root-locus approach. To be useful 

AMPLITUDE 
RATIO (dB) 

UNITY GAIN 

(0 dB/ 

PHASE 
ANGLE 90 

BODE PLOT 

FREQUENCY 
(LOG SCALE) 

GAIN 
MARGIN 

FREQUENCY 
(LOG SCALE) 

Fig.4 Nyquist plot. 

Fig.3 Bode plot. 

UNITY 
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= 
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0 = 1180—o° 
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NYQUIST PLOT 
(OPEN LOOP) 

ETI MARCH 1981 



FEATURE 

+30 

+20 

+10 

0 

—10 

—20 

30 

40 

n 

NICHOLS PLOT 
(OPEN LOOP) 

PHASE 

/ 

LAG 

_UNSTABLE 
SYSTEM 

I 

z 2, 
(.7 <Z. 

Y..< 

2 

'I— (PHASE —i. 

MARGIN) 

STABLE 
SYSTEM 

I 

Fig.5 Nichols plot. 

and informative, the transfer function must be expressed in 
both magnitude of ratio and phase. 

Various techniques are currently available for making such 
measurements and before proceeding further, two additional 
introductory observations can be made. First, these techniques 
are equally useful in measuring the dynamic behaviour of all 
kinds of physical systems. Because all the instrumentation 
available today is electronic, it is frequently necessary to use 
one or more transducers in the measurement set-up: 
accelerometers, tachometers, position sensors, temperature 
sensors, chemical cells, load cells, etc. In every such instance, it 
is necessary to know the transfer function of the transducer 
(either to correct for it in response calculations, or to be certain 
that it may safely be ignored) and it is equally necessary to 
calibrate the transducer independently and accurately (usually 
by using the same instrumentation). 

Finally, to comment on the wide range of needs and 
capabilities of those who use dynamic analysis. The 
maintenance technicians who perform pre-flight 'depot' check-
outs on control systems for supersonic fighter aircraft work to a 
very different time scale, have totally different information 
needs and generally have very much less mathematical 
capability and theoretical intuition than did the scientists and 
engineers who originally designed those systems in the 
relatively serene and convenient environment of a laboratory. 
To be efficient, the depot system must be highly automated and 
fully pre-programmed; to be effective and equal to every 
research and design task, the laboratory system should be as 
versatile, and as responsive to creative manual programming, as 
possible. 

The Classic Approach: FRA 
In practice, the most direct, accurate and convenient 

method of measuring the transfer function of any circuit or 
device (or, indeed, of simply measuring the Fourier spectrum of 
any signal with respect to a reference signal) is shown in Fig.6. 
This is the basic block diagram of any frequency response 
analyser, regardless of how the individual blocks may be 
implemented. A sine-wave signal of high purity and stability, 
programmable in both amplitude and frequency, is generated 
in the FRA and fed to the device under test. In open loop testing, 
the sinewave signal is simply applied to the input terminals. In 
testing a closed-loop system, the signal may be inserted at any 
convenient point in the loop, in series with the normal signal 
path or at a summing junction. In the simplest applications, only 
one of the two correlators is used. These are applications in 
which the transfer function to be measured is the one between 

GENERATOR 

FEEDBACK 

GAIN 

POSITION 
FEEDBACK 

LOAD 

POSITION T . 
PICKUP 

CORRELATOR 

CORRELATOR 
A 

DISPLAY 
& PERIPHERAL 

OPTIONS 

POWER 
SUPPLY 

Fig.6 Typical FRA system. 

the input-signal interface and some other point in the device 
under test. In other important applications, both correlators 
must be used, because what is wanted is the transfer function 
between two points in the system, neither of which is the point 
of introduction of the test signal. 

Correlation 
It may be appropriate at this point to consider correlation 

in a little more detail. A correlator is defined as a circuit that has 
the ability to accept a signal of any kind (within its ratings) and 
extract from that signal only that part of it that corresponds 
exactly in frequency to a reference signal (also fed to the 
correlator). The correlator then produces two outputs — (1) a 
signal proportional to the in-phase component of the ratio of 
input amplitude to reference amplitude and (2) a signal 
proportional to the quadrative component of that ratio. From 
these signals, it is easy to compute the corresponding 
magnitude and phase values. 

Perhaps the simplest way to think of a correlator is that it is 
a nearly-zero-bandwidth (very high Q) phase-sensitive detector. 
In fact, analogue correlators are just that and were originally 
called "synchronous detectors". In modern FRAs the technique 
used to obtain correlation is actually a digital computation that 
applies a simple algorithm to digitised samples of the input 
waveform and to known digital values of the reference 
waveform — but the effect is the same. The digital synthesis of 
the correlation integral merely optimises the performance of 
the correlator at significantly lower cost that would be possible 
by any comparably efficient analogue circuitry. 

Cross Correlation 
When two correlators are used, they are interconnected in 

such a way as to produce 'cross-correlation', ie to produce 
amplitude and phase (or in-phase and quadrature) signals 
proportional to the ratio of the two correlator inputs, having 
rejected all input components that do not correspond to the 
reference signal frequency. 

The Correlation Integral 
There is no doubt that the heart of any FRA is the correlator. 

Programmable wide range signal generators are straightforward 
enough and are not new in the art, but creating a fast, high 
performance, wide dynamic range correlator can present a 
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formidable design challenge. If the basic correlation integral is 
examined, the algorithm for its digital implementation starting 
with; 

nT 
1 

Xa = —nT  j o Vmax sin ( wt + 0) + sin wtdt 

nT y 

nTo 
sin ( wt + O ) + cos w tdt a max 

Where Xa= real part in volts V = peak of max 
nT = integration time correlator input signal 

Y = quadrature part in O = phase shift of 
velts correlator input signal 

relative to generator 
output 

Let a,b,c,d,e, . . etc be the values of sin wt for to, 
. . T, and let 

A,B,C,D,E, . . etc be the values of sin( wt + 0) for to, 
. . T then, 

Xa = 1— nT [ aA + bB + cC + dD +   

As so often happens, we find that digital computation of a 
complex mathematical function is reducible to what has called 
a 'thundering redundancy' of 'fetch . multiply . . add 
• . . fetch . multiply . . . add,' many times, as fast as 
possible. Trigonometric functions are reduced to table look-ups 
and vector matrices are all essentially boring variations on 
'fetch . . multiply . add'. It is in the critical 
implementation of the analogue AID and the elegant reduction 
of the logic to minimal hardware that a design competence 
shows through; and, for the latter, we can consider the 
computations made in this latest Frequency Response 
Analyser, the SE Laboratories 2450. These computations are 
shown in detail in Fig.8. 

Automating Frequency 
Response Analysis 
The advent of the microcomputer has made it possible to 

automate not only the measurement process, but also the 
programming of specific tests at the operator or system 
interfaces. Fig.9 shows how the new FRA utilises such a system. 
The tasks performed by the microcomputer include: 
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Fig.8 Types of computation in the 5E2450 FRA. 
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— Translating keyboard commands (typically, a single keystroke, plus a single 
numerical value) into all of the internal functions required to set up a test-
mode format. 

— Generating a display that presents the formatted test conditions to the 
operator at any time he requests them. 

— Providing cursor-linked guidance for the operator to speed and simplify the 
manual input of test parameters and conditions. 

— Providing error detection, default (fallback) conditions and self-checking 
services. 

— Controlling the signal generator during performance of the test run; 
frequency; amplitude; starting angle; number of cycles; DC bias (offset). 

— Automatically executing harmonic analysis when so commanded on a 
specified harmonic (up to the 15th). 

— Synchronising the ERA's signal generator to an external source when a 
standard option is installed. 

— Executing the correlation computations. 
— Ranging the correlators and generating (or compensating for) offset at the 

correlator inputs as commanded. 
— Executing statistical computations when commanded. 

Scaling and/or converting the results to the selected units and generating 
result displays. 

— Storing sets of results and displaying them, as commanded, in convenient 
page formats. 

— Storing test conditions and parameters until no longer needed. 
— Providing a full parallel standard IEEE 488 (1978) interface with external 

peripherals and/or external controller, calculator, or other CPU, when a 
standard option is installed. 

— Providing a two-way RS232 serial interface — eg for teletypewriters or 
modems, when a standard option is installed. 

— Controlling an external digital X-Y plotter, when a standard option is installed 
(provided that the IEEE 488 Interface option has also been installed). 

The advantages of comprehensive internal automation of 
an instrument as sophisticated as the SE Labs model 2450 are 
not, perhaps, fully evident at first glance; but they become 
increasingly apparent as the various operating modes and 
design features are utilised. It is interesting to note that a typical 
non-automated FRA of roughly comparable range and facilities 
has more than sixty front panel controls and no interactive 
means of guiding the operator during set-up. 

Simplified Programming For ATE 
Systems 
To the designer of large Automatic Test Equipment 

systems, in which the automated FRA may be but one of several 
instruments, the advantages of its comprehensive internal 
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 FEATURE : Automatic Frequency Analysis 
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Fig.9 An automatic frequency response analyser 5E2450. 

automation appear most impressively as substantial 
simplifications in programming. Just as the microcomputer 
makes it easy to set up a complex test run manually with 
perhaps 15 or 20 keystrokes, so it also simplifies the software 
required to command such a test via the system bus. It is never 
safe to generalise about software tasks, but one can observe 
that program generation for the 2450 is often an order of 
magnitude simpler and faster than it is for less ' intelligent' 
instruments and the interactive display of such a system as the 
5E2450 is always ready to help verify, edit, detect errors, etc., 
without external program-checking instrumentation. 

Major System Specifications 
By appropriate keystrokes, one may call into service either 

of two modes, spot frequency or sweep frequency. The 
generator frequency can be selected anywhere in the range 
from 0.0001 Hz to 10000 Hz, a ten million to one range, with a 
resolution of one part in 9999. The RMS or peak amplitude of 
the signal may be programmed to any value between 1 mV and 
9V99. The operator may choose high-purity sinusoidal, precise 
triangular, or precise square waveforms, all of which are 
digitally generated with a resolution of 1024 steps per cycle and 
with essentially glitch-free transitions. The waveform generator 
may be selected to start at 0°, 90°, 180°, or 270° of its normal 
cycle. A DC bias (offset) voltage may be added to or subtracted 
from the generated waveform. Any bias voltage may be called 
for in the range from -9V98 to + 9V99 in 10 mV steps. 

The input sensitivity of the correlator(s) in use may be 
allowed to autorange, over the entire rated and usable 
sensitivity range of 250 mV to 1000 V, RMS or peak; or it may be 
manually set to any one of the following nominal ranges: 50 
mV/500 mV/5 V/500 V, RMS or peak. If the signal fed to the 
correlator is less than 5% of nominal range, the diagnostic 
legend 'underrange' will appear and computation will stop. If 
the signal rises above 200% of manual selected range, the 
instrument will revert to automatic ranging. If the correlator 
input rises above 500 V on the top range, the diagnostic legend 
'overrange' will appear and the computation will stop. The 
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number of cycles over which the measurement is made may be 
specified by keyboard entry at any value from 1 to 9999, 
improving the results by integration of the noise over more and 
more cycles. 

If harmonic analysis is required, the number of the 
harmonic to be measured is specified, from two to 15, by 
keyboard entry and the specified measurement is made at that 
harmonic frequency, with the system excited at the 
fundamental frequency. In the sweep frequency mode, the SE 
2450 actually performs a sequence of spot-frequency 
measurements, over a specified frequency range, with a 
specified number of frequencies. The instrument may be 
programmed to sweep either up or down, the spacing of 
frequencies specified as linear (equal spacing) or logarithmic (a 
constant ratio of each frequency to the preceeding frequency). 
The 2450 automatically computes the test frequencies that will 
yjeld the desired spacing and on command the test proceeds 
automatically. The results of each of the individual tests made 
in the sweep frequency mode are stored and reported on a 
maximum of 10 pages of data, 12 results per page, 
consecutively numbered. 

The form in which the test results are computed and 
expressed may be selected from: cartesian (real and imaginary 
terms of the output-to-input ratio, or a + jb); polar (magnitude 
and phase angle of the output-to-input ratio, or R, ç5 °), or log-
polar (log R, expressed in dB and phase angle Ø °). 

There is no doubt that the frequency-response concept is a 
useful and powerful tool for all aspects of engineering and as 
Alistair G.J. Macfarlane rightly pointed out in his paper to the 
IEEE (1), this form of measurement enables engineers to quickly 
and fluently communicate to each other the essential features 
of a feedback control situation. The SE Laboratories new 
frequency response analyser is certainly the first major step 
forward in producing a truly automatic system that will 
contribute to the future development of feedback and control. 

Reference. 
(1) Alistair G.J. Macfarlane, IEEE press 1979 Frequency-Response methods in 
control systems. Eli 
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 FEATURE 

SPOT DESIGNS 
Courtesy Light Timer 

This courtesy light timer switches on the courtesy light of a car for a 
nominal period of 30 S after one of the car doors is opened, but the 

length of the switch-off delay can be altered to suit individual re-
quirements. The circuit has been designed for use with 12 V negative 
earth electrical systems, but it is easily modified for use with positive 
earth systems. 

One of the door switches closes if a car door is opened and this 
connects power to the courtesy lamp and to the timer circuit. As Cl 
will be totally uncharged at switch-on, it takes the gate terminal of 
VMOS transistor Q1 fully positive. This biases Q1 hard into conduc-
tion so that it operates the relay which forms its drain load. Make con-
tacts RLA2 then close and connect power to both the courtesy light 
and the timer circuit. These both remain operational, therefore, even if 
the car door is closed. R LA1 is a break relay contad and this opens so 
that Cl is free to charge up by way of R2. 

After approximately 30 S the charge voltage on Q1 reaches 
almost the full supply potential and the gate potential of Q1 drops to 
the point where this device switches off and deactivates the relay. 
RLA2 then opens again and the courtesy light and timer circuits are 
switched off. RIA 1 closes and rapidly discharges Cl through R1 so 
that the unit starts a new timing run when it is activated again and no 
residual charge is left on Cl (which would give a shortened timing 
period). 

DOOR SWITCHES 
-Ve 
o  

COURTESY 
LAMP 

RLA2 
î ,O:COPYRIGHT MODMAGS Ltd 

The length of the timing period is proportional to the value of R2 
and is, therefore, easily modified if necessary. The circuit should func-
tion correctly with positive earth systems provided the door switches 
and R LA2 are connected in the positive supply lead rather than in the 
negative one. D2 and R3 are to protect Q1 against an excessive input 
voltage if the supply should go above 15 V. D1 is the usual protection 
diode for a highly inductive load in a semiconductor circuit. 

Down Fitzroy House, Market Place, 
Swaffham, Norfolk, PE37 7QH. 

PROJECT PACKS 
200W Disco Power Amplifier (81082) 
Pools predictor (79053). An analogue computer that may win you a fortune 
Talk Funny (80052). A ring modulator circuit that produces very strange results when fed with a human voice 

Pest Pester (80130). An electronic insect repellant 
Steam train sound effects (80019). Simulates the sound of steam and whistle 
Electronic Nuisance (80016). Makes an annoying noise, but only in the dark! 
Cackling Egg timer (9985). An egg timer with a difference, it clucks like a hen 
Chorosynth (80016). A cheap mini synthesizer, Send for details 
Elektot Vocoder (80016). The first Vocoder designed to be built in kit form, 10-channel modulator construction 
Analogue Reverberation Unit (9973). Uses a SAD 1024 which can produce a delay up to 100mS 
Guitar Preamp (77020). With three tone controls 
Transistor Curve Tracer (80128). Interface with your scope to display lc/ Uce characteristics on the screen 
Linear Thermometer (80127). Simple but effective meter reading thermometer using a diode as sensor 
Precision Power Unit (80514). Produces accurate reference voltages at presettable current limits up to 2 Amps 
Top-preamp (80031) Mini, all IC preamplifier for use with most power amplifiers 
Programmable Slide Fader (81002). Mixes audio signals on tape with operation of two slide projectors 
Stereo dynamic Preamp (80532). A low noise high quality disc preamplifier 
STAMP (80543) Super tiny amplifier with up to 1 Watt output 
Transistor Ignition (80082). The most significant advantages of other systems combined in one 
Dipstick Probe (80102). Direct warning of high oil temperature. State long or short dipstick required 
Intelligent Wiper Delay (80086). Can be set to produce delayed wipes at any predetermined interval 
Fuel Economiser (81013). Audible guide to cheaper driving 
Mini Mixer (81068) High quality stereo mixing unit 
High Corn (81103). New generation of noise reduction system 

Send 40p for catalogue 
Our Project Packs include the electronic components, the PCB. sockets and solder together with assembly instructions. Cases, knobs etc can be sUpplied as 
extra items if required. This is only part of our wide range of projects. See our catalogue for details of other projects that we can supply. You can also ring our 
number between 12.30 p.m. and 1.30 p.m. any weekday for a recorded announcement of any new items we have available. 

£20.85 
£8.15 
£9.60 
£2.35 
£6.50 
£3.85 
£3.85 

£57.90 
£162.50 
£27.70 
£6.50 
£2.40 

£13.45 
£48.65 
£34.40 
£46.50 
£5.20 
£3.75 

£20.45 
£11.25 
£15.85 
£8.05 

£37.50 
POA 

To order send cheque or postal order + 40p UP to DORM ELECTRONICS LTD. All prices include VAT 
a de boer company Telephone: (0760) 21627 Telex: 817912 vca 
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BELLE VUE RADIO AND 
ELECTRONICS EXHIBITION 

IN THE LANCASTER HALL 

ON SUNDAY, MARCH 29, 1981 

Doors open at 11 a.m. 
The North's Premier Amateur Radio and Electronics Event features: 

Inter-Club Quiz 
Construction Contest 
R.S.G.B. Bookstall 

Grand Raffle 
Amateur Computer 

Stands 

Home Office and Raynet Stands 

Traders Stands who have booked space 

EUROVA LTD. 

M. & B. RADIO 

J. BIRKETT 

THE AMATEUR RADIO SHOP 

RADIOTRONICS 

LOWE ELECTRONICS LTD. 

BREDHURST ELECTRONICS 
CRAYFORD ELECTRONICS 

S.M.C. (JACK TWEEDY) LTD. 

J.M.G. ELECTRONICS 

SOTA COMMUNICATION 

SYSTEMS LTD. 

AMATEUR RADIO 

EXCHANGE 

RICHARD WHITE 

JOHNS RADIO 

N.W. REPEATER GROUP 

(BRING & BUY) 

S.G.S. ELECTRONICS 

Radio Society's 
Stands and Trophy 

Morse Code 
Challenge 

GHz ENTERPRISES 

WILSONS VALVES 

MECHANELEC LTD. 

W. H. WESTLAKE 

D.S. ELECTRONICS 

MICRODIGITAL LTD. 

ARROW ELECTRONICS LTD. 

TELECOM 

ROYD ELECTRONICS 

F. R. GALKA 

CONTOUR ELECTRONICS 

TANDY CORPORATION 

(U.K.) 

ACE MAILTRONIX LTD. 

SOUND SERVICE 

MARCO TRADING 

MINICOST TRADING LTD. 

JEWELL & POWERS 

Belle Vue has ample car parks 

F.M. Talk-in on GB3NRS and G8NRS / A on 145MHz Chs S22, R2 - R6 
and on 433 MHz Chs SUB, RB4 and RB14 

ADMISSION 40p-BY RAFFLE TICKET AND EXHIBITION PLAN 

ENTER AT REAR OF BELLE VUE 
OPPOSITE MAIN CAR PARK 

OFF HYDE ROAD A57 

HIGH QUALITY/LOW COST 
KIKUSUI 5520 20MHz SCOPE 

ONLY £230+ VAT- FREE DELIVERY 

VERTICAL AXIS 1-2-5 sequence 
11 ranges 
SENSITIVITY 5 mV 10V/DIV 

± 5%1 
WITH 5X MAG./ 1 mV 2V/DIV 
(within ± 5%1 
FREQUENCY RESPONSE DC 
(AC 2Hz)- 20MHz (-3 dEi. B DIV) 
(WITH 5X NAG.) DC (AC 2Hz) 
- 10MHz (-3 dB, 8 DIV) 
RISE TIME Approx 17 5n sec 
(20MHz) Approx 35n sec 
10M Na) 
INPUT IMPEDANCE 1M 12 
± 2%, 30pF ± 2pF 
INPUT COUPLING AC, DC or 
GND 
OPERATION MODE CHI, CH2, 
DUAL X-Y (DUAL automatic 
switching ALT and CHOP) 
CHOP FREQUENCY Approx 
200 k HZ 
*HORIZONTAL AXIS 1-2-5 
sequence. ZO ranges 

i TELONIC/BERKELEy U.K 
2 Castle Hill Terrace, Maidenhead, Berkshire SL6 4JR 
Tel : Maidenhead (0628) 73933 Telex: 849131 (TELBER G) 

• 20MHz. 5mV 15X MA  
1mV. 10MHz 

• One Touch X-Y Operation 
• TV Sync. Separator (Trigger) 
• Single Sweep Function 
• High Brightness CRT 

SWEEP TIME 0.4p.sec 25 sec/ 
DV (within ± 5%) 
(WITH 5X MAD.) 0 04µsec VI 
s c/DIV (within ± 5%) 
SWEEP STOP Sweep stops and 
tr ce becomes a spot 
* XTERNAL SWEEP MODE 
X-Y mode ICH1. X axis) 
S NSITIVITY 5rnV 10V/DV 
FREQUENCY RESPONSE DC 
(AO 2Hz) - 1MHz 
INPUT IMPEDANCE 1 MD 
± 2%, 30pF ± 2pF 
X-Y PHASE DIFFERENCE within 
3" at 50kHZ 
* TRIGGERING 
TRIGGER MODE AUTO, NORM, 
SINGLE, TV 
TRIGGER SOURCE (NT EXT 
COUPLING AC and DC 
POLARITY "±" and 
*Z AXIS 
SENSITIVITY 3 Vp-P ( Trace 
becomes brighter with negatrve 
Input signal) 
FREQUENCY RESPONSE DC - 
5MHz 

INPUT RESISTANCE Approx 
110k5.2 
*CALIBRATION VOLTAGE 
WAVEFORM Square wave, 
Approx 1kHz 
OUTPUT VOLTAGE 1Vp-p, ± 3% 
* CRT 
TYPE 5-rech round-type 
PHOSPHOR 831 (Green) 
ACCELERATION VOLTAGE 
Approx 2kV 
EFFECTIVE AREA 8 DIV x 
10 DIV ) 1DIV = 9.5rnnnt 
GRATICULE ILLUMINATION 
Brightness ,s continuously 
variable 
* POWER REQUIREMENTS 
AC LINE VOLTAGE 100V, 110V, 
120V, 220V, 230V, 240V, ± 10% 
FREQUENCY 50/60 Hz 
POWER CONSUMPTION 
Approx. 40VA 
*MECHANICAL 
SPECIFICATION 
MAXIMUM DIMENSIONS 
250W x 210H x 435D rtnrn 
WEIGHT Approx 8 kg ( 17 6 lb.) 
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IS THERE AN ALTERNATIVE 
TO SPENDING MORE 
AND MORE ON 
LP's AND 
TAPES? 

YES 
THE WILSON STEREO LIBRARY 

As a music lover, you know just how much new records and TO JOIN THE LIBRARY, your annual subscription for records 
cassettes cost. Now, by hiring your recordings from The Wilson is £4.90: or £4:50 annually for cassettes. 
Stereo Library you can save yourself a lot of money. There isno deposit at all to pay. 
Borrow from our vast collection of classical, opera, jazz, A FULL LIBRARY CATALOGUE is sent to you the day you join. 
rock and pop recordings, for asilittle as 7p a day for . From this, you make your choice and your first selection 
stereo discs, and 6p for cassettes. Keep them e• eon mg au aft , of records or cassettes will be dispatched by return 
for as long as you like. Change them as often as e 0" BORROW OR BUY-7 e% of post in a special container designed to give 
you like. And then, if you want to buy a _i THERE'S NOBETTER WAY % full protection. You only pay the hire 

charge on returning the recordings. 

and at a very advantageous price! 
particular disc, on hire, you can — 

STEREO e 
e THE WILSON rLvi_,,,,-71..A •_. 

‘ FOR NEW RECORDS AND CASSETTES 

F IA-mum( IAMITEI) ‘ AT CUT PRICE, join the WSL 
FOR BORROWERS, the choice ik Records at Cost Service". The " 

is wide open. Almost every A, TO: The Wilson Stereo Library Limited, 54 Sea Road, Bexhill,._ annual subscription is £4.20, 
recent worthwhile classical, i East Sussex. TN40 1JP. 11 enabling you to buy any brand new 

i  popular or jazz recording— 
Please send me: t record or tape at cost price, plus a 

i D Free booklet 'The Wilson Stereo Library', which gives full details of all 1 nominal handling charge of 25p. 
record or cassette — can be sent 3 W.S.L. services (and accessories). 

I E W.S.L. Catalogue of stereo and quad recordings. I enclose £.25* 11 
SPECIAL OFFERS OF BRAND 

to you in prime condition; or TO BUY USED RECORDS OR 

mint condition and even totally II plus 25p post and packing. I NEW RECORDS AT BARGAIN 
unplayed fora small extra charge. Ii E W.S. L. Catalogue of stereo cassettes. I enclose.£1.50* plus 20p post , 

1 and packing. I , PRICES, you pay an annual 
To find out just how good our sel- t . I understand that this will be credited to me in full, should i decide to a suuscription of £ 2.90. For this, you 

• become a member of either the Cassette or Record Library, or both. / get a monthly list of slightly used 
ection of recordings is, why not buy IL Name  / records, tapes and special brand new 
our Record or Cassette Catalogue, or e  both, before even becoming a member‘ Address  e,-  records offered at enormous savings.  
To get your copy, simply complete and N The Wilson Stereo Library Ltd., 54 Sea Rd., 

 , 
post the coupon. And remember, the cost S ETI/381 e Bexhill, East Sussex TN40 1JP 

of 'the Catalogue is refunded when you join. ,Total Sum Enclosed £ 1  At 
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ENGINEER'S 
STETHOSCOPE 
This unusual device lets you locate or listen to internal engine sounds, 
such as the rumble of bearings or the rattle of tappets. An essential 
project for the DIY nut. Design by Ray Marston. Project development 
by Steve Ramsahadeo. 

T
his very unusual project enables you to effectively and 
effortlessly get right inside an engine and listen to, or 
locate, all of its internally-generated sounds, such as the 

noises of bearings, pistons, tappets, etc. The device is fitted with 
a double filter network that can be used to pick out one set of 
sounds (such as those of the bearings or the tappets, etc)from all 
others, thus facilitating fault-finding on engiries and motors. 

The Stethoscope project comprises an acoustic probe unit, 
a ' box-of-tricks' and a pair of conventional headphones. The 
headphones help muffle ambient sounds, so that you can con-
centrate on the sounds of the stethoscope even in a very noisy 
environment. The probe unit is used to make mechanical con-
tact with the engine or mechanism under test and is coupled to 
the ' box-of-tricks' by flexible leads. 

The probe unit relies on mechanical coupling or contact 
between itself and the engine (or whatever) for acoustic pick-up. 
This coupling can be achieved either directly or by a metal rod. 
The rod can take any one of a variety of forms eg a screwdriver 
or a needle. If a needle probe is used, the stethoscope can even 
be used to listen to the sounds of individual jewelled bearings in 
a watch mechanism. 

Operating Principles 
The stethoscope operation relies on the simple fact that 

what is commonly called sound is a series of mechanical vibra-
tions transmitted through a medium of some sort — air, water, 
metal etc. Thus, all the internally-generated sounds of a petrol 
(or any other) engine, such as the sounds of tappets, pistons, 
bearings, etc, are transmitted throughout the engine block and 

can readily be further transmitted down a metal rod (or 
screwdriver, etc) to the body of an acoustic pick-up device such 
as a microphone. 

Our stethoscope relies on this mechanical coupling princi-
ple. We use a crystal insert as the pick-up device, with all of its 
air holes blocked off (to exclude dirt) and with the coupling 
made to its body either directly or by some kind of metal rod. 
The use of rod coupling enables the source of a given sound to 
be precisely located within (say) an engine block, by simply pro-
bing to find the position of maximum noise. If a needle probe is 
used, the sound source can be located with pin-point accuracy. 

Construction 
The Stethoscope circuit is fairly simple and construction 

should present very few problems. Wire up the PCB first, noting 
the use of 20 Veropins tb facilitate interwiring, as shown in the 
component overlay. When wiring up RV1 and RV2 take special 
care to connect the two halves of each component in the same 
phase, so that the resistances increase or decrease together. 

On our prototype we've fitted the two batteries (PP3s) into 
the top half of the case, secured by double-sided sticky-pads. 
We've fitted a small jack socket to the case top to facil itate con-
nection to the external low-impedance headphones and have 
used a 3-pin DIN socket for connecting the probe unit. 

Finally, to complete construction, wire up the probe circuit 
as shown in the circuit diagram, taking care to fit Q1 and R1 as 
near as possible to the crystal insert terminals and connect the 
assembly to a suitable plug and lead. 

At this stage, give the unit a simple functional test by pla 
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Fig.1 Component overlay. 
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Fig.2 Circuit diagram. 

NOTE: 
01 IS 003419 
ICI & ICO ARE 791 
IC3 IS LM380N 

ing the head against the speaker of a small radio. Check that 
tone quality and volume can be varied with the three controls. 
When the above test is satisfactory, complete the probe con-
struction by blanking off (with tape) any air holes in the insert (to 
exclude dirt and oil) and encapsulate the electronics in wax or 
resin. On the completed circuit the probe can be used as it 
stands or can be epoxied to a screw terminal or cl ip (or both) that 
can be used to make connections to a variety of probe types 
(metal rods, a screwdriver, etc). The Stethoscope is intended for 
use with a pair of headphones of not less than 8R0 impedance. 

BUYLINES 

All components used in the Engineer's Stethoscope are common types 
and should present no availability problems. 

In case of difficulty Watford Electronics can supply the crystal 
microphone insert (order code C2). 

V 
"f 

HOW IT WORKS 

COPYRIGHT MODMAGS L d 

A common-or-garden crystal insert is used as the pick-up device, with 
the external mechanical sound vibrations being fed to its body either 
directly or by a metal rod from the engine (or whatever) under test. FET 
source follower Q1 is wired directly to the output of the pick-up 
device, to give a low-impedance output from the resulting probe. The 
output of the probe circuit is then fed, either directly or through a dou-
ble filter network, to a power amplifier stage (IC3) and thence on to a 
pair of headphones. 

When the stethoscope is used in the filtered mode, the output of 
the probe circuit is first passed through high-pass (bottom-cut) filter 
IC1 and thence on to the power amplifier via low-pass (top cut) filter 
IC2. Both of these filters are second-order variable types. The IC1 filter 
can be used to reject signals below roll-off frequencies that are 
variable from 80 Hz to 3 kHz via RV1 and the IC2 filter can be used to 
reject signals above roll-off frequencies that are variable from 700 Hz 
to 15 kHz via RV2. These two filters can be used to pick out specific 
sounds, such as the low-frequency rumble of bearings or the high-
frequency rattle of tappets, from the broad spectrum of sounds that 
are generated by an engine. 

The complete stethoscope is powered by a pair of 9 V batteries 
and typically consumes about 15 mA when driving a pair of 8R0 head 
phones. The split power supplies to the IC1-1C2 op-amp filters are 
generated with the aid of ZD1 and C8. 
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 PROJECT: Engineer's Stethoscope 

111 PARTS LIST 
Resistors all 1/4 W 10% 
R1 10M 
R2,4,5,6,7 4k7 
R3,9 10k 
R8 470R 

Potentiometers 
RV1a,b 220k dual logarithmic 
RV2a,b 100k dual logarithmic 
RV3 10k logarithmic 

Capacitors 
Cl 
C2,9 
C3,4 
C5 
C6,7 
C8,13 
C10 
C11 
C12 
C14 

47n polycarbonate 
10u 63 V electrolytic, PCB type 
10n polyester (C280) 
470u 25 V axial electrolytic 
1n5 polycarbonate 
100u 25 V axial electrolytic 
100p ceramic 
100n polyester (C280) 
47u 25 V axial electrolytic 
220u 25 V axial electrolytic 

Semiconductors 
IC1,2 741 
IC3 LM380 
Q1 2N3819 

Miscellaneous 
SW1, 2 DPST miniature toggle 
SK1 3-pin DIN socket 
SK2 3.5mm jack socket 
Case Vero order code 202-21040 

3 off knobs to suit 
Crystal insert (see Buylines) 

R1, R2, Cl and Q1 
are wired directly 
across the mic. insert. 
We fixed our 
batteries to the top 
half of the case. 

Eli 

110 

IBM MIM 

110 
PROJECTS 
in EVEPY book!! 
The `110' books have been 
acclaimed by enthusiasts, 
students and engineers. 

Each contains110 different 
circuit applications. 

Use them as project books 
or as a source book for 

circuit ideas. 

rkib, ecé-
05, -iseoRp 4/4  C7-490 SCR RO ‘9,ir fec. 

vatic, 

14e eastzeze,),,(-„e_ 
/îe*e 
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IMO MUM MIN MUM IN-

Available NOW! 
from your local bookshop or in case of 

difficulty direct from us: 
please tick the books you need: 

110 CMOS 
DIGITAL IC PROJECTS 

for the Home Constructor 
R M Marston 0 408 00211./t/ 

110 IC TIMER 
PROJECTS 

for the Home Constructor 
IuI 11 GM, 1 4I/H 004110 

£3.9s 

110 SEMICONDUCTOR 
PROJECTS (2nd Edition) 

for the Home Constructor 
R 31 Nlarst0n 400003 .22 

110 WAVEFORM 
GENERATOR PROJECTS 
for the Home Constructor 
R NI N1,0-sion 4oH 00./54 - 

From 

ET1 3 fil 

110 ELECTRONIC 
ALARM PROJECTS 
for the Home Constructor 
R NI Ma/ slon U 408 50069 

110 INTEGRATED CIRCUIT 
PROJECTS (2nd Edition) 
for the Home Constructor 
R NI NIdrslun 405 00309 X 

110 THYRISTOR 

PROJECTS 
using SCRs and Triacs 
R. NI. N1.,rsl 0 408 0054 5 

110 OPERATIONAL 
AMPLIFIER PROJECTS 

for the Home Constructor 
R NI Nt, 401/ 11408 0015 4 

Order NOW! Cut out this coupon and return it to Patricia Davies 
at the address below, 

Please send me copy copies as marked above. I enclose 
a cheque postal order for.£ in total payment: 

Address 

0 Please send me your FULL COLOUR Brochure 

yewnes Technical Books j 
Borough Green, Sevenoaks, Kent TN15 8PH 
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We use advanced winding technology to make our toroidal transformers. They 
have only half the weight and height of their laminated equivalents and are 
appreciably more efficient. Our toroidals cost virtually the same as the older types 
which they are rapidly replacing. Induced hum is reduced by a factor of ten. 
Supplied with rigid mounting kit with centre bolt, steel and neoprene washers. 

30 70mm dia. x 30mm 1à  r A 71 
Weight 0.45 Kg ari. 

(+£1.00 p.p. + 0.86 VAT) 

TYPE 

IX010 
IX011 
1X012 
IX013 
1X014 
IX015 
1X016 
IX017 

50va 
2X010 
2X011 
2X012 
2X013 
2X0I4 
2X015 
2X016 
2X0I7 
2X028 
2X029 
2X030 

SECONDARY 
RMS VOLTS 

6+6 
9+9 
12+ 12 
15+ 15 
18+18 
22+22 
25+25 
30+30 

SECONDARY 
RMS CURRENT 

2.50 
1.66 
1.25 
1.00 
0.83 
0.68 
0.60 
0.50 

80mm die x35rnm e in 
Weight 0.9 Kg ee.au 

(+ £1.10 p.p. + 0.94 VAT) 

6+6 
9+9 
12+ 12 
15+ 15 
18+ 18 
22+22 
25+25 
30+ 30 
110 
220 
240 

80va 90mm dia. x 30mm 
Weight 1 Kg 

(+ £1.20 pp 

3X010 6 + 6 
3X011 9 + 9 
3X012 12+ 12 
3%013 15+ 15 
3X014 18+ 18 
3X015 22+22 
3X0I6 25+ 25 
3X0I7 30 + 30 
3X028 110 
3X029 220 
3X030 240 

4.16 
2.77 
2.08 
1.66 
1.38 
1.13 
1.00 
0.83 
0.45 
0.22 
020 

£5.76 
£1.04 VAT) 

6.64 
4.44 
3.33 
2.66 
2.22 
1.81 
1.60 
1.33 
0.72 
0.36 
0.33 

120 90mm dia. x 40mm ee if) 
va Weight 12 Kg &V. à 

(+ £1.30 p.p. +£1.20 VAT) 

4X0I 1 
4X012 
4X0I3 
4X014 
4X015 
4X016 
4X017 
4X028 
4X029 
4X030 

9+9 
12+ 12 
15+ 15 
18+18 
22+22 
25+25 
30+30 
110 
220 
240 

6.66 
5.00 
4.00 
3.33 
2.72 
2.40 
2.00 
1.09 
0.54 
0.50 

•160. ,:emigmhtdii.a.9. Ke940mm £8.8, 
(+ £1.40 p.p. + £1.54 VAT) 

SECONDARY SECONDARY 
TYPE RMS VOLTS RMS CURRENT 
5%012 12+ 12 6.66 
5X013 15+ 15 5.33 
5X014 18+ 18 4.44 
5X015 22 + 22 3.63 
5X016 25 + 25 320 
5X017 30+30 2.66 
5X018 35 + 35 2.28 
5X028 110 1.45 
5X029 220 0.72 
5X030 240 0.66 

.30 r 110mm dia. x 45mm £10 59 
Lobel% Weight 22 Kg 

(+ £1.50 p.p. + £1.81 VAT) 

6X014 
6X015 
6X0I6 
6X017 
6X018 
6X026 
6X028 
6X029 
6X030 

18+18 
22+22 
25+25 
30+ 30 
35+35 
40+40 
110 
220 
240 

6.25 
5.11 
4.50 
3.75 
3.21 
2.81 
2.04 
1.02 
0.93 

300va ivi"e179n.h'td,lajg"" £12.27 
7X016 
7X017 
7X018 
7X026 
7X025 
7X028 
7%029 
7X030 

(+ .I.60 p.p. + £2.08 VAT) 

25+ 25 
30+ 30 
35+35 
40+ 40 
45+ 45 
110 
220 
240 

6.00 
5.00 
4.28 
3.75 
3.33 
2.72 
1.36 
1.25 

500,1,w4ozmh,d41.;,.. £16.35 
(f1.70 pp + f2.71 VAT) 

8X0I7 30+30 8.33 
8X0I8 35+35 7.14 
8X026 40+40 6.25 
8X025 45+ 45 5.55 
8X033 50+ 50 5.00 
8X028 110 4.54 
8X029 220 2.27 
8X030 240 2.08 

• I.L.P. TOROIDAL TRANSFORMERS 
ARE GUARANTEED FOR 5 YEARS 

CHOICE OF 3 PRIMARY INPUTS 
t L.P. Toroidal Transformers are available in choice of lloy zzov, 240Y coded as 
follows: (Secondaries can be connected in series or parallel) 

For 110V Primary insert 0 in place of "X" in type number. 
For 220V Primary (Europe) insert lin place of "X" in type number. 
For 240V Pnmary (U.K.) insert 2 in place of "X" in type number. 

Example - 120 VA 240V 15 + 15V. 4A = 42013. 

* CUSTOMER DESIGN ENQUIRIES INVITED. 
QUANTITY PRICE LIST AVAILABLE. 

FREEPOST facility. (U.K. only). 
Simply address envelope to FREEPOST to address below. NO STAMP REQUIRED. 

TO ORDER Enclose cheque/Postal Order/Money Order payable to 1. L.P. 
Electronics Ltd or quote your ACCESS or BARCLAYCARD 
account No. To pay C.O.D. add f 1 extra to TOTAL value of order. 
Also available from ELECTRO VALUE and MARSHALLS. c••••• 

IMP TRANSFORMERS 
A division of 1.L.P. ELECTRONICS LTD. 

FREEPOST T4 GRAHAM BELL HOUSE ROPER CLOSE 
CANTERBURY CT2 7EP 
Phone (0227) 54778 Tecludcal (0227) 64723 Telex 965 780 

Chçx)s4.: an, f 10 solciiited kits from 
the Heathkit catalogue as your first order, 
and we'll give you a superb soldering iron 
worth over MO. Plus a 10% discount! 

These kits have been specially 
designed with first-time kit builders 
in mind. So even if you've never built 
an electronic kit before you won't 
find it difficult. In fact, the simple to 
follow step-by-step instructions 
make it easy to build any Heathkit kit. 

And with your special offer ' 
discount you can afford to see just 
how easy it is. 

Full details of this FREE offer are 
available in the Heathkit 48 page 
catalogue. So send the coupon for your 
copy now. 

To: Heath Electronics (UK) Limited. Dept. (ET3), Bristol Road. 
Gloucester. GL2 6EE. 

Please send me a copy of the Heathkit catalogue. I enclose 25p in 
stamps. 

Name  

NB: If you are already on the Heathkit mailing list you will 
automatically receive a copy of the latest Heathkit catalogue 
without having to use this coupon. 
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TEKTRONIX STORAGE OSCILLOSCOPE. Type 434, as few. 12 months. 
warranty £1,550. 
TEKTRONIX OSCILLOSCOPE. Type 647, with 10A2 and 3B11 £500 
TEKTRONIX STORAGE OSCILLOSCOPE. Type 564 with 3AB and 364 
£350. 
TELEOUIPMENT STORAGE OSCILLOSCOPE. Type DM53A £255. 
TELEQUIPMENT OSCILLOSCOPE. Type 032 Portable, mains/battery. 
£275. 
HAMEG OSCILLOSCOPE. Type 512 DB. 50M H Z. £350. 
TELEQUIPMENT OSCILLOSCOPE. Type 554A SB 10M HZ £190. 
SE LABS OSCILLOSCOPE. Type SM111 DB 20MHZ £325. 
ADVANCE OSCILLOSCOPE. Type 0S1000 DB 15MHZ. £250. 
TEKTRONIX OSCILLOSCOPE 547 with 1A1 plug-in Dual TB 50M HZ £375. 
TEKTRONIX OSCILLOSCOPE. Type 561A with 3A1 and 2667 10MHZ 
£300. 
TEKTRONIX OSCILLOSCOPE. Type 533A with CA. DB 24M HZ £140. 
HEWLETT PACKARD AC CONVERTOR. Type 3461A £120. 
MARCONI FM SIG. GEN. Type TF1066B / 6S. £295. 
G. & E. BRADLEY LTD. R.F. MILLIVOLTMETER. Type 112 £75 
ADVANCE A.C. VOLTMETER. Type VM77E £50 
MARCONI WAVE ANALYSER. TF2330. Good condition. £150 
AVO R.F. SIG. GEN. Model HF135 £75 
MARCONI WIDE RANGE R.C. OSCILLATOR. TF1370. £95. 
MARCONI AM/ FM SIG. GEN. Type TF1066 / 1. £225. 
MARCONI SENSMVE VALVE VOLTMETER. TF2600. £50. 
MARCONI SIG. GEN. MR2. TF995A / 3 / S (CT402) £275. 
TEKTRONIX type 11.30 SPECTRUM ANALYSER PLUG-IN. (works light 
corrosion) £325 
AIRMEC SIGNAL GENERATOR. Type 204 AM/FM 320M HZ £150 
WAYNE KERR UNIVERSAL BRIDGE. Type B221 £50 
ADVANCE R.F.Signel Oeneretor E2 100KHZ-100MHZ £40 
ADVANCE VHF MILLIVOLTMETER VM79 (No probe) £50 
ADVANCE SIGNAL GENERATOR type B4B7 30KHZ-30MHZ £25 
COSSOR NOISE LEVEL METER CT454 (Ex- Ministry) £18 
S.T.C. ATTENUATOR 0-100DB 600ohm £5 
S.T.C. ATTENUATOR 0-100DB 75 obre £5 
AVO VALVE CHARACTERISTIC METER £20 
E.H.T. UNIT 230V 50es 25VA 7.5V £22.50 
BRANDENIURG HIGH VOLTAGE GENERATORS 105V £80 
BRANDENBURG HIGH VOLTAGE GENERATORS 30KV £90 
VARIACS Ex-equipment Good condition 8 arnp £25 
VARIACS Ex-equIprnent. Good condition 20 amp £35 
CRC GENERATOR TBFGB830. Sine / square/Triangle Very good £110 
95K AUTOMATIC VIBRATION EXCITER CONTROL. Type 1018 £50 
118K AUTOMATIC VIBRATION EXCITER CONTROL. Type 1019 ESO 
MARCONI UNIVERSAL BRIDGE. Type TF868B £100 
SOLARTRON TRUE RYAS VOLTMETER. Type VM1484 £75 
TAYLOR VALVE TESTER. Type 450 £65 
ADVANCE LP OSCILLATOR. Type H 1E £45 
ADVANCE SIGNAL GENERATOR 562B 150K HZ . 220MHZ £60 
MARCONI UNIVERSAL BRIDGE. Type TF868A £50 
TAYLOR METER MODEL 128. £15 
R&S SELEKTOMAT »WY BN 15221 / 2 £100 
II&K LEVEL RECORDER. Type 2304 £50 
RACAL NF SELECTIVE ANALYSER. Type 9056 £375 
SCHLUMBERGER AUTO COUNTER. Type FB2602 £150 
MARCONI F.E.T. MULTIMETER. Type TF2650 (new) £55 
LEVELL MULTIMETER. Type TM11 £50 
ICE MULTIMETER SUPERTESTER 118OR EIS 
MARCONI SIGNAL GENERATOR. Type TF 144H . £225 
MARCONI SIGNAL GENERATOR. Type TF801D/ 1/S. £195 
MARCONI UNIVERSAL BRIDGE. Type TF1313. £250 
RACAL SIGNAL GENERATOR. Type 365A, 1 to 320MHZ AM / FM £175 
R&S Z.5 DIAORAPH IN3562 300-2400M HZ £55 
R&S POLYSKOP 1 SW011 EN 4244/2/50 £350 
WAYNE KERR COMPONENT BRIDGE. C7375 (B521) £75 

R&S UNBALANCED STANDARD ATTENUATOR 500hrn. BN18942 / 50 
£45 
STODDART AIRCRAFT Radio Interference and Field Intensity Meter, type 
NM-52A 375-1000MHZ (2 pieces) £325 
MARCONI SIGNAL GENERATOR. Type TE8O1B MI5 
RAS DIRECT CAPACITANCE METER ESO 
MK HETERODYNE VOLTMETER (RECEIVER) Type 2005 £250 
MARCONI VARIABLE ATTENUATOR. TF1073A / 2S £40 
MARCONI DOUBLE PULSE GENERATOR. Type TF1400 /5 £50 
RADIOMETER (COPENHAGEN) WAVE ANALYSER. Type FRA 2CT3a £50 
SOLARTRON DIGITAL VOLTMETER. Type 1M 1657 £75 
HEWLETT PACKARD DIGITAL RECORDER. Type 5050B £50 
HATFIELD PSOPHOMETER. Type DRG 5571 57A £50 
ADVANCE DUAL STABILISED D.C. SUPPLY PP3.. 0-30V IA £25 
PICTURE MONITOR MODEL PM-52T (5M screen) As new £55 
HEWLETT PACKARD POWER SUPPLY 6214A. 0-12V: 0-1 2A, new, boxed 
£55. 
H.P. DC POWER SUPPLY 6209B. 0-320V, 0-0.1A, new boxed. £140 
T.O.A. ELECTRONICS LTD Electronk Polyrecorder EPR-27. Mains £120 
THE JAMES KING COMPANY FS-1100T FREQUENCY STANDARD £50 
MARCONI CARRIER DEVIATION METER. Type TF891D £50 
SOLARTRON PULSE GENERATOR. type 001101.2 £40 
MI SANDERS LEVELLING AMPLIFIER. Type 6587 £175 
SCOPEX OSCILLOSCOPE. Type 4010 DB 10MHZ £170 
ADVANCE OSCILLOSCOPE. Type 0S240 DB 10MHZ El 75 
COSSOR OSCILLOSCOPE. Type CDU150 DB 35MHZ £225 
TELEQUIPMENT OSCILLOSCOPE. Type 051 DB 10MHZ £195 
HEWLETT PACKARD OSCILLOSCOPE. Type 1205 X-Y. From £85 
FLUKE DIFFERENTIAL AC/DC VOLTMETER. Model 832A £50 
ADVANCE AUDIO SIGNAL GENERATOR. Type H 1 Sine/ Square £25 
R & S TUNABLE INDICATING AMP. BN 12121 / 2 45-600M HZ £100 
MUIRFIEAD WAVE ANALYSER 30-31HZ £50 
HEWLETT PACKARD DIGITAL VOLTMETER. Type 34606 £75 
WAYNE KERR THERMOMETER. Type LT100 wnh probe. £50 
HATFIELD RADIO FREQUENCY BRIDGE. Type LE300A £50 
SOLARTRON OSCILLOSCOPE. Type CD1400. DB 15MHZ Frorn £75 
HAMEG OSCILLOSCOPE. Type HM412. £250 
KNIGHT RF SIG. GEN. KG686 with Sweep Marker Gen 50687. The Pair 
£100. 
M.P. MEMORY DISPLAY 5480B with 5486A Control TB and 541313A Y 
System £275 
H.P. MEMORY DISPLAY 5480A with 54965 Control TB and 5485A two 
channel input £225. 
RAS UHF TEST RECEIVER 0.9-2.7GHZ. BNI524 £150 
EDDYSTONE RECEIVER. Type 990S 250-850MHZ. £450 
R&S UHF TEST RECEIVER. BN1523 280-940 MHZ. £120 
KEITHLET REGULATED HIGH VOLTAGE SUPPLY. Type 241. £250 
HEWLETT PACKARD D.C. CURRENT SOURCE. Type 61818 £175 
MARCONI /CT MEMORY Type 752214 £140 
RAS UHF SIGNAL GENERATOR. 5541022 300-1000MHZ. £50 
GPO DATEL TESTER NO IC. £100 
LEVELL BROADBAND VOLTMETER. Type TM6B. £40. 
DAWE AF ANALYSER. Type 1461A. £30 
RAS UHF/VHF FREQUENCY METER. BN442 30-3000M HZ £60 
R&S UHF MILLIVOLTMETER. BN1091 £70 
GERROLD SWEEP FREQUENCY GENERATOR. Model 602. £40 
TELONIC SWEEP GENERATOR. Type SO-3 450-900 MHZ £75. 
H.P. VHF SIGNAL GENERATOR. Type 6080. Case damaged hence £50 
MARCONI VALVE VOLTMETER. Type TF1300. £15 
SOLARTRON DIGITAL VOLTMETER. Type L M 1 420.2. £30 
VIDEO CIRCUITS LTD TUBE TESTER. Type V33. £30 
LABGEAR COLOURMATCH 625 PATTERN GENERATOR. Type CM6004-
PG £30 

11) It BEAT FREQUENCY OSCILLATOR. Type 1014. fl 76 
ADVANCE OSCILLOSCOPE. Type 051000A. DB 20M HZ £300 

CONVERT THIS UNIT TO A 

SUPER BATTERY CHARGER 
Attractive green ministry quality case with removable 

top and bottom plates - heavy duty power switches. 
high powered resistors to control current good quality 

centre mounted amp meter, strip of wing nut terminals 
on front panel which can be used for connecting leads 

All this for f3.50 P&P £2 Four units £ 12 Carriage £ 5 

STEPPING MOTORS 
6 ' 12 position with additional where the rotor is coils 

Device can be used as a tacho Diagram supplied Will 
actually work on 5 volts 12 '24 recommended 

£1.50 each P&P 75p 
or 5 for £5 P&P £ 1 50 

STEPPING MOTORS 
200 Steps 20 or in torque, 12 24 volt input 4-wire 

flZ each. P&P £ 1.50 

KEYBOARD PAD 
Size 3x2',x2 high with 12 Alma Reed Switches Blue 
keys marked in green 0-9 and a star with one blank 

£4 each, P&P El or 5 for El 5 P&P E2 

MINIATURE KEYBOARD 
Push contacts marked 0-9 and A-F and 3 optional 

function keys £1.75 each. 

CRYSTALS 50p each. 
Flat 'eral ca. - 79 210-12: 034 BKHZ B7G - 10MHZ 

LOUDHAILERS. Transistorised hand-held no leads Standard 
internal baneries supplied Howl Switch. £20 e• P&P £2 
INFRA RED QUARTZ LAMPS. 230V 620 Wags Site 13 1/2 " x 
1/2 " dia £1.50 to. 240V 1650 Watts. Site 22 3/4 " x 1/2 " dia £3 
r. 
BRIDGE RECTIFIER. 2 Amp SOP-. 
PHOTODIODE DETECTOR 4" fly leads 25p ea. 
AMPHENOL. 17-way chassis mount edge connectors 0 1 
spacing, 15p Ir. 
I E C Standard MAINS LEAD. Moulded (3 vertical flat pins senn e 
offset) 609 ea. 
FANS. 115V 13 Wans. Size 31/2 x 31/4 x 11/2 " BRAND NEW 
£4.50 ea. Secondhand £2.50 ee. 
DELAY LINE. 50 nanosecs 3 connections - ground- in-out Size 2 
x 7 ' 16 x5716" New 259 ea. 
MOTOR 12V DC with pulley and integral semiconductor Speed 
Control New £1 ea. 
LEDEX ROTARY SOLENOIDS. 115V DC No switch assembly, 
15p ea. 
DIAMOND H CONTROLS ROTARY SWITCH. Single pole 
10-way Printed Circuit Mount New 10p ••. 100 tOr £7.50 

SOME TEKTRONIX 500 
range oscilloscopes 

with Single Trace Plug- ins Working 
From £100. Phone for details 

DIODES 
All new full spec devices IN3063 

SAX 13 1S44, 1N4148 

1N3470, 1N4151 

100 off £1.50, 1.000 off VIO 

PULSE TRANSFORMER. Sub min. Site 1/2 x 5,16 x 1/4 ". 
Secondary centre tapped New 20p Ir. 
REMO TV TYPE MULTIPLIER. Two high voltage outputs and 
focus, £1 err. 
DON'T TAKE CHANCES. Use the proper EHT CABLE. 10p per 
metre or £7.50 per 100 metre/drum. P&P £2 
PHOTOGRAPHIC LAMPS. Pearl 230V 500 watt. Screw cap 
75p r. Box 0112 £5.50. P&P £ 1.50. 
RAPID DISCHARGE capacitors 8mfd 4 kV £5 each. P&P £2 
MYSTERY IC PACK. Some 40 pin - good rnaiture - all new 
devices. 25 IC. for £ 1. P&P 50p. 
DECOUPLING CAPACITORS 
0.05rnfd 10V 0 01rnfd, O 047mfd 250V. 33K 33021 All values 
100 tor £1.50. 
E.H.T. Capertor 500pf IIKV 20p «ch. 
10-way MULTI COLOUR RIBBON CABLE. New 40p per 
metre. 10 rower for £3. 
GEC UHF 4-Imuon tuner £1.50 each. 
CENTAUR 115V FANS 41/2 X 4 x 11/2 " £4.50 ee. 
EX-USED equipment tested, 813p 
CONTACTORS. Heavy Duty 24V DC 5 make £1 ..ch. 
GEC UHF / VHF 6-butIon tuner £2 each. 
931A PHOTO MULTIPLIER EZ roll. P&P £1 
RANCO 250V 18A THERMOSTATS with Control knobs 
calibrated 50-200 degree C £2.50 erh. 
SOLID STATE UHF TUNERS. 30 acs El each. 
BRAND REX blue wire wraps. 30 moues for £1. P&P 25p. 
SLIDER CONTROL 500K Log. Single track. Complete with 
knob Length 31/2 ". 259 «ch. 
TRANSFORMERS 
AUTO 240V input 115 V 1 Amp output El .Z5 eech. P&P f1 25. 
240V input. Soc 6V 1 B6A Site 21/2 x 2 x 2" Good quality. 
£1.50 ea. P&P £1 
240V input Bec. 12V 0 92A Size 21/2 II 2 x 2" Good quality. 
£1.50 ea. p9p El 
240V input 12V 100MA. Size 60 x 40 X 42mm. 50p each. 
240V input. Soc 12-0-12V 50MA Site 53 x 45 u 40mm El 
r. 
115V ham. Soc 5V 250MA Size 1 11/5 X 1.5 x 11/2 " 26e, 

50p. 
115V introit. Sec 10-0.10V1A Site 21/2 X 2 x 2- . 2 for £1.50. 
SEMICONDUCTORS 
1N4005 - 5p; 1N4002 - 3p. 
At 59 each. 
BC I 47 BC14813, 60157. BC158. BC237. BF197 0A90. 0481. 
BA154. BA243. 
At 25p each, 
TIP31. TIP41,IX 2N5096, AF139, 2TX341 
BY127 10p. BF181 20p; BD239 49p; 8D241 40p; MA343AT 
499; B0228 50p; 60233 & BD234 Comp Pair 25W - 80p per 
pr. as 50p erh. 
REGULATOR TBA625 Blo 20V in - 5V out 100MA TOS Con 
599 rob BF256C 20p. 
TV AMPLIFIER TBA 120 213p each. 

HEWLETT PACKARD 
MICROWAVE SWITCH type 33124A SPST 
up to 12.4 GHZ. Brand new. 
£140 such. Reduction for quantity. 

Also 

ATTENUATOR 
Type 8493A. 3db up to 12.4 GHZ 

f25 such 

EDDYSTONE 
RECEIVERS 

Model 730-500KHZ to 30MHZ 

£65 each 
Model 770R-AM / FM 

£95 each 
Some models slight imperfections. 

Phone for Special Price 

INFRA RED IMAGE 
CONVERTER Type 9606 

(CV 144) 

1 ttxin diameter Requires single low current 

3KV to 6KV supply individually boxed With 

data. 

£12.50 each 
Infra Red Lamps also advertised 

GARRARD DIRECT DRIVE 
TURNTABLE MOTORS 

Made in Japan. With internal electronic 

speed control 24 volt Connections sup-
plied 

£3.50 each. P&P El . 50 

EX-MINISTRY SOLID 
STATE 

400 HZ INVERTOR 
28 VDC Input 115V output. Size 7 x x 

15in approx. Connection details supplied 

£18 each. P&P £2 

TRANSISTOR INVERTOR 
115V AC 1 7 Amp Input Switching is at 

2OKhz Output windings from Pot Core Can 

be rewound to suit own purpose or unit can 
be broken for host of components. Circuits 

supplied. 
£1.25 each. P&P £2. 

Integreted Circuits 74,H74 

7453 5p 74H51 
7451 39 74538 
7402 12p 74502 
7476 299 74154 

12p 75325 El 
7p SN 15862 4p 

10p MC4028 599 
12p 7417 149 
70p 7441 40p 

7495 35p 74CO2 16p 74C86 50p 
74122 12p 74C04 18p 74C161 249 
74C00 17p 74C74 159 

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p each. Gold 
plate tester version 50p each. 
EPROMS 2708 £5.50 erg, 
SMITHS encapsulated transistorised AUDIBLE WARNING 
DEVICES 4V- 12V Can be driven from TTL 615p each. 
ELECTROSTATIC VOLTMETER. 7.55V £8. Ir. P&P El . 50 
Other ranges available - please enquire. 
TRIMMERS. Sob min 0.251°1.25 pt. 1 to 4.5 pf 7 to 45 pl. All 
as Sp each. 
HONEYWELL humidity controllers 50p each. 
THYRISTOR TIMER. Solid State. 15 secs adjustable (reset) in 
plasm relay case. Standard 7-pin base. Series delay 50p each. 
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 
109 rob. 
4 DIGIT 7 SEGMENT per digit plus a figure one to the left plus a 
centre minus sign to the left of the figure one with decimal places 
between digits. Good brilliance at 1.5V. 15 connections £2.50 
up*. Some E.H T. Transformers and Capacitors available. Please 
enquire 
TELEPHONES 706 style black grey or blue £5.50 so 746 style 
black or grey £7.50. Older style black £2.50 each. Discoloured 
grey 706 £4 ea P&P E1.50 per telephone 
DC SERVO MOTOR 110V 2.5Arnp continuous Double shafx 
Brand new 4 wire. 4 brush £25 en. Plus carriage. 
PC Mount POTS. VVire wound with knob 200 ohm & 10ohm. 10p 

M▪ IN. RELAY 24V. 2 pole c/o Brand new 75p »ch. 
TIME DELAY RELAY 0 1 to 10 secs 115V AC. DPDT £5 troll. 
CAPACITORS at Sp »ch. 0 1 uf 400V. Small rae block PC 
Mount German class, 33000. 22Onf 250V; 001mfd 160V. 
INSERT can be used as Microphone/ Earpiece (Like used as insert 
in telephone but superior quality) Ex- Min. Brand new wrapped 75p 
each or 10 for £13. 
TORODIAL TRANSFORMERS. Input 0-120-240 Volts 0 utpul 
0-12V. 0-12V. IOVA per winding Encapsulmed - identical to F1 S 
Components at £8.90 OUR SPECIAL PRICE £5 el.. P&P El 50. 
 M CAPACITORS -All at 10p each - 100 off £7.50. 
22mfd 6V, 39mfd 10V. 22rnfii135V, Imfd 35V. 
MINIATURE SLIDE SWITCHES. Single pole 2 way 10p each. 
10 off 90p 
HEAVY DUTY RHEOSTAT. 7.50hrn 5 5Amp Diameter 5" 
Standard Y." shah £2.50 re. P&P El 50 

LARGE EX-MINISTRY SPEAKERS. OUTSIDE 15 ohm or j 
SOP ohm Tested £ 25 each c, b for £ 100 

MINIMUM ORDER £3 VALUE OF GOODS. MINIMUM P&P £ 1 - where P&P not stated please use own discretion - excess refunded. 
£5 CARRIAGE ON ALL UNITS. P&P or CARRIAGE and VAT at 15% on total MUST BE ADDED TO ALL ORDERS. 
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday inc. 
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. 

ICHIIIL-1-11N111EA. • LTD 
NORWOOD ROAD, READING TELEPHONE NO. READING 669656 

(2nd turning left past Reading Technical College in King's Road then first right - look on right for door with -Spoked Wheel'') 



830 
935 
937 
944 
946 
947 
962 
9099 

Ili'E Prime components-Low prices. 
Dept ETI7 , 4 Meeting St, Appledore, Nr. Bideford, North Devon EX39 1RY. Tel: Bideford (02372) 79507 Telex: 8953084 

All our microchips are at micro 
prices. Don't be fooled by low 
prices. We do not offer for sale 

surplus, sub•spec or rebranded 
devices. All our parts are 
guaranteed new, first quality, 
factory prime, full spec devices. 

It is also our policy to offer you 
the best of new devices that 
become available and these are 
featured regularly. Prices are 
exclusive of p&p and VAT - 
please refer to "Ordering 
Information" before ordering. 
Official orders from schools, 
colleges, universities and Ciov. 
authorities accepted. 

DTL 7415107 40p 4044 86P 
7415112 75p 4045 160p 

44„ 7415123 63p 4047 99p 
7415125 50p 4048 080 

659 7415126 50P 4049 38p 
,5n 7415132 79P 4050 40p 
is-; 7415138 69P 4051 69p 
5",-; 7415139 75P 4052 75P 
9-0-; 741_0148 1709 4053 73, 

7410151 75P 4054 111p 
7415153 75P 4055 121p 
7415155 85P 4056 1219 
7415157 74p 4050 568p 

7415160 115P 4060 112p 
7400 741.5161 78p 4063 112p 

7400 119 7415163 90p 4066 56p 
7401 129 7415164 901) 4067 4229 
7402 12 11 7415165 150p 4068 19p 
7403 13P 741-5168 1909 4069 19p 

17P 7415173 1009 4070 28P 
16P 7415174 99p 4071 25p 
18P 7415175 99p 4072 25p 
18p 7415181 280p 4075 209 
2811 7415190 110p 4076 88p 
16p 7415195 879 4077 23p 
189 7415196 1009 4078 29p 
25P 7415221 1105 4081 239 
169 7415240 210p 4082 25p 
68P 7410241 2009 4085 86p 
75P 7410242 2259 4086 689 
32P 7415244 1759 4089 1309 
32p 74L5245 2209 4093 68p 
40p 74LS251 1209 4094 2259 
40P 741.5253 1209 4095 99p 
35P 74LS257 110p 4096 325p 
50P 7410260 90p 4098 1109 

4099 1809 
4501 25p 
4502 1129 
4503 689 
4507 529 
4508 288p 
4510 769 
4511 1259 
4512 759 
4514 250p 
4515 290p 
4E16 1099 
4518 813P 

7404 
7409 
7410 
7412 
7513 
7420 
7430 
7432 
7440 
7442 
7448 
7473 
7474 
7475 
7476 
7490 
7492 
7493 
7496 
74121 
74123 
74154 
74157 
74122 
74125 
74195 
74196 
74283 
74290 
74365 
74365 

50p 
45p 
35p 
459 
90p 
559 
45p 
50p 
100p 
100p 
1409 
1209 
90p 
90p 

741_5273 175p 
741_5290 95p 
74LS293 120p 
74L5366 57p 
74LS373 1709 
741,5374 1109 
74LS375 1409 

74LS393 1359 
741_5490 1409 
741_5670 260p 

99p 
4521 

CMOS 4520 
230p 

4001 196 4526 105p 

4992 196 4527 13Dp 
4006 75p 4528 99p 

74LS 4007 19p 4820 140p 

741_500 129 4008 80p 4531 1509 
741_501 129 4009 35p 4532 125p 
741502 13p 4010 4513 4538 150p 
741503 139 4011 24P 4543 160p 
741-504 13p 4012 24p 4556 70p 
741.0013 209 4013 389 4560 2259 
741_510 19p 4014 70p 4569 2409 
741_511 209 4015 759 4572 46p 
741512 309 4016 35P 4584 799 
741513 35p 4017 75p 4585 1259 
741514 609 4018 76p 
741515 38p 4019 429 
741520 189 4020 88p 
741.521 30p 4021 100p 
741522 38p 4022 88p 74C 
741526 45p 4023 22p 74C20 30p 
741.527 45p 4024 50p 74C76 60p 
741530 189 4025 2011 74C85 145p 
741532 23p 4026 130p 74C97 1259 
741537 35p 4027 4517 74C98 1259 
741538 359 4028 75P 74C107 100p 
741.540 25p 4029 80P 74C160 110p 
741-042 56p 4030 50p 74C161 145p 
741547 78p 4031 195p 74C162 145p 
741548 85p 4033 145p 74C163 145, 
741.549 99p 4036 1049 74C192 1759 

741573 30p 4036 2909 740193 175p 
741574 30p 4037 105p 74C194 175p 
741075 42p 4038 110p 74C195 1759 
741585 98p 4039 290p 74C903 45p 
741586 399 4040 99p 
741-590 35p 4041 75p 
741.593 70p 4042 73p 
741598 1509 4043 86p 

NEW, LOW, LOW PRICES 
ON MEMORIES!!! 
Compare our prices before you buy elsewhere! 
All devices are brand new, 'factory prime, full 
spec, and fully guaranteed! All prices exclude 
p&p and VAT. Please refer to Ordering 
Information, before ordering, DON'T DELAY - 
BUY TODAY - SUCH LOW PRICES DON'T 
LAST FOR EVER!! 
STATIC RAMS 1 + 
2114L 450 NS 195P 
2114L 300 NS 250p 
2114L 200 NS 275p 
4118 250 NS 8K 

NEW!! 995p 
HM6 116 16K (2K 8) 
150 NS 24-pin NEW!! 260p 
DYNAMIC RAMS 
4116 200 1,15 Ceramic 225p 

50 + 
175p 
225p 
250p 

100 + 
160p 
195p 
225p 

4116 15(/ NS 
M 08264 64K 
(65K x 1)200 NS 
Single . 5V supply 
16-pin NEW!! 

CMOS RAMS 
5101 1K (256 x 4) 
450 NS 350p 325p 295p 
4315 OK (4K x 1)450 NS 995p 
TC5514P 4K ( 1K x 4) 
450 NS 550p 525p 495p 
HM6116 16K (2K x 8) . 
150 NS Pd- pin NEW!! 2600p 2395p 1995p 

EPROMS 
2708 450 NS 375p 

895p 795p 2716 Single 5V 450 NS 495p 
2532 Single 5V 450 NS 1895p 

2395p 1995p 2732 Intel- type 450 NS 1895p 
2564 64K (8K x 8) 450 

195p 175p NS 28- pin 9900p 9500p 9000p 

375p 350p 325p 

4000p 3500p 30000 

350p 
450p 
1595p 
1595p 

325p 
425p 
1395P 
1395p 

Ordering Information. Unless 
otherwise stated for orders 
under £50 add 50p p&p. Add 
15% VAT to total (no VAT on 
books). All devices are aaaaa 
new, factory prime and full spec 
and subject to prior sales and 

availability. Prices subject to 
change without notice. Minimum 
tel order using ACCESS, 

Is £ 10. If ordering by post with 
ACCESS, include name, address 

and card no. written 
clearly. Please allow 415 
weeks delivery on books. 

BIPOLAR PROMS 
All are identical and equivalent types - we reserve 
the right to substitute any make. 
256 bit (32 x 8) 16.pin tri-state MB 7051/ 
27509/7603/5600/6331/ 745288/825123 395p 
256 bit (32 x 8) 16-pin open collector MB 
705612750817602156001 6330/745188/82523 395p 

1K (256 x 4) 16- pin tri-stateMB70521745287/ 
TBP14510/ 93427/825129/7611/6301 3959 
1K (256 x 4) 16 pin open collector MB7057/ 
745387/ 78P-145410/93417/82512617610/6300 3959 

2K (512 x 4) 16- pin tri-state MB7053/93446/ 
82513117621/6306 495p 
21( (512 x 4116- pin open collector 
M137058/93436/ 8251017620/6305 495p 
4K ( 1024 x 4)18-pin tri-state MB7122/74S476/ 
93453/825137i 7543/6353/27533/3625/5626 9959 

NEW SUPER MUSIC 
MACHINE KIT! 
AT LAST - an affordable kit that 
can be PROGRAMMED TO PLAY 
ANY SONG OR GROUP OF SONGS! 
Instead of a nightmare of numerous 
ICs and special expensive Bipolar 
ROMs the SUPER MUSIC MACHINE 
uses a SPECIAL MASK 
PROGRAMMED COMPUTER CHIP 
one CMOS gate and the most 
popular erasable EPROM, the 
270812716 series. BASIC KIT includes 
drilled, plated and screened PC board 
and ALL components except the 
EPROM and 12V transformer. The 
basic kit will play short renditions of 
25 tunes through its 7 WATT 
AMPLIFIER SECTION. Add an 
optional ROM and any tune 
programmed will be played. If you 
have the equipment to program 2708 
EPROMs, we supply lull information 
on programming your own music! 
FEATURES 
* Basic kit contains 25 short tunes 

in the main ICI. 
Will address external ROM for up 
to 1,000 MORE NOTES per ROM 
(ROM is not included)-

* Operates on 12V AC or 12V DC at 
500mA. (Using unit on 12V DC and 
with optional ROM requires 9V 
bias battery, not included). 

* 7 watts of audio power will drive 
8 or 16 ohm speakers or horn 
speakers (not included). 

* DIP switches not included. 
* 'NEXT TUNE' provision steps 

sequentially through all tunes. 
* Tune address can be wire jumper 

selected or board is designed to 
take DIP switches. 

* PITCH. VOLUME and TEMPO are 
all adjustable. 

* SPECIAL 'CHIME' SEQUENCES 
can be activated regardless of 
tune address to provide tor 
multiple doorbell applications. 

* All tunes consist of electronic 
musical notes played one at a 
time. There are no chords or 
harmony sound to the music. 

* STEP-BY-STEP ASSEMBLY 
INSTRUCTIONS provided. 

a Large number of 
PREPROGRAMMED ROMO with 
popular and classical tunes 
readily available. Send SAE for list 
and prices. 

ONLY £ 16.75 foe basic kit (plus 
p&p 609). 

NEW FROM INTERSIL ICL 7660 
Voltage Converter 
The Intersil IC1.7660 is a monolithic MAXCOMOS power 
supply circuit which offers unique performance advantages 
over previously available devices The ICL7660 performs the 
complete supply voltage conversion from positive to negative 
for an input range of + 1SV to - 10.0V, resulting in 
complementary output voltages of - 1.5 to-10.0V. 
FEATURES 
* Simple conversion of + 5V logic supply to - 5V supplies. 
* Simple voltage multiplication (V OUT (-1 nVIN). 
* 99.9% typical open circuit voltage conversion efficiency. 
* 98.0% typical power efficiency. 
* Wide operating voltage range 1.5V to 10.0V. 
• Easy to use - Requires only 2 external non-critical passive 
components. 

APPLICATIONS 
a On board negative supply for up to 64 dynamic RAMS. 
* Localized u-Processor (8080 type) negative supplies. 
* inexpensive negative supplies. 
* Data acquisition systems. ONLY £ 1.95 EACH 

NEW EXCITING, ENTERTAINING SOFTWARE FOR THE APPLE If 
and APPLE II PLUS!! ASTEROIDS IN SPUME!!! 

If you liked Invaders you'll love ASTEROIDS IN SPACE by Bruce Wallace! 
Your spaceship is travelling in the middle ot a shower of asteroids. Blast 
the asteroids with lasers, but beware - BIG ASTEROIDS FRAGMENT INTO 
SMALL ASTEROIDS! The apple game paddles allow you to rotate your 
spaceship, fire its laser gun. and give , t thrust to propel it through endless 
space. From time to time, too, you'll encounter an alien spaceship whose 
mission is to DESTROY YOU, so you'd better destroy it first! High 
resolution graphics and sound effects add to the arcade- like excitement 
this program generates. RUNS ON ANY APPLE II WITH AT LEAST 32K 
AND ONE DISK DRIVE! 
ON DISKETTE ONLY £14.95 

STEREO! S100 SOUND COMPUTER 
BOARD 
At last, an S100 Board that unleashes the full power of Iwo unbelievable 
General Instruments AY-3-8910 NMOS Computer sound IC's Allows you 
under total computer control to generate an iermite number of special 
sound effects for games or any other program Sounds can be called in 
BASIC. ASSEMBLY LANGUAGE. etc. 

KIT FEATURES: • Two GI sound computer IC's ( AY- 3-8910) • Four parallel 
110 ports on Board • Uses on Board audio Amps or your STEREO • On 
Board prototyping area • All sockets parts and hardware are included 
• PC Board is soldermasked, silk screened with gold contacts • Easy, 
quick and fun to build, with full instructions • Uses Programmed I/0 for 
maximum system flexibility • Both BASIC and ASSEMBLY language 

programming examples are included 
COMPLETE KIT ONLY 159.96 includes 60 Page data Manual 
BARE BOARD ONLY 125.00 includes 60 pagedata Manual 
AY-3 8910 chip special price with purchase of BARE BOARD12 chips)._ f 15 
SOFTWARE: SCL is now available! Our Sound Command Language makes 

writing Sound Effects Programs a SNAP, SCL also includes routines tor 
Register-Examine- Modify. Memory- Examine-Modify and Play-Memory. SCL 
is available on CP/M compatible diskette or 2708/2716 Diskette - 119.95. 
2708- 114.95. 2716 - 124.95 Diskette includes the sourse. EPROMs are 

ORG at E000H. 

6809 S-100 SINGLE-BOARD COMPUTER 
• Meets IEEE 5-100 Standard! • RS - 232 Handshake! 
• Uses Motorola's Powerful • Selectable BAUD Rates! 
MC6809 CPU! • Manual includes: 11" ir 7" 

• 4K, 8K, 16K ROM! Schematic, Parts List. User Notes. 
• 2K RAM! Software Listings and MORE. 

• ACIA, PIA, 8080 Simiulated 110! 
Bareboard only 049! (plus 11 p&p). CPU (6809) 019.00! ADSMON. Monitor 
(2716) £25! COMPLETE BOARD ASSEMBLED AND TESTED. ONLY £250! 
(plus 02 P&P) 

FLOPPY DISK CONTROLLERS 
FD 1771 B-01 S/Dlnverted Bus 
FD 1191 B-01 DID Inverted Bus 

£29.95p 
£39.1959 

SE 01 Sound Effects Kit 
The SE 01 is a complete kit that contains all the parts to build a 
programmable effects generator. Designed around the new Texas 
Instruments SN 76477 Sound Chip, the board provides banks of MINI DIP 
switches and pots to program the various combinations of the SLF 
Oscillator. VCO. Noises. One Shot and Envelope Controls A Quad Op Amp 

IC is used to implement an Adjustable Pulse Generator. Level Comparator 
and Multiplex Oscillator for even more versatility. The 31,0 3" PC Board 
features a prototype area to allow for user added circuitry. Easily 
programmed to duplicate Explosion, Phaser Guns. Steam Trains. or 
almost an infinite number of other sounds. The unit has a multiple of 
applications. The low price includes all parts. assembly manual, 
programming charts and detailed 76477 chip specifications. 11 runs on a 
9V battery ( not included). On board 100MV amp will drive a small speaker 

directly, or the unit can be connected to your stereo with incredible 
results! ( Speaker not included). 
COMPLETE KIT ONLY £14.99 
P&P 67p VAT 

THE NEW GI 
COMPUTER SOUND 
CHIP The amazing AY-3.8910 is a 
fantastically powerful sound and 
music generator, perfect tor use with 
any 8-bit micro processor. Contains 
3 tone channels, noise generator, 3 
channels of amplitude controls , 16 
bit envelope period control, 2 parallel 
110, 3D/A converters plus much more, 
All in 40 pin DIP Super easy to 
Interface to the S 100 or other Busses. 
ONLY e8.50 + VAT, including FREE 
reprint of BYTE 79 article! Also, add 
£2.25 tor 60 page data manual. 
"Perhaps the next famous composer 
will not direct a 150 piece orchestra 
but rather a trio of microcomputers 
controlling s bank of AY-3-8910s. 

BYTE July'79. 

LINEAR IC s 
INTERFACE LINEAR 
AY 31350 795p 
8Y38910 6259 
709 30p 
723 33p 
741 18p 
ICL7106 575p 
ICL7107 695p 
ICL8038 295p 
IC M7216A 1875p 
ICM72168 1675p 
ICM7555 80p 
LM301AM 30p 
LM311 50p 
LM318 75p 
LM324 45p 
LM339 45p 

LM380 65p 
LM1496 65p 
LM1871 550p 
LM1872 550p 
U.43900 50p 
LM3914 225p 
LM3915 2259 
LM13600 1259 
NE555 18p 
NE556 50p 
RC4136 85p 
SN764779 175p 
7898100AS 85p 
TL071 55p 
TL074 130p 
TL082 75p 
TL084 110p 
7._490 175p 
X92206 325p 
X92207 375p 
OIL SWITCHES 
4 pole 99p 
6 pole 115p 
8 pole 140p 
10 pole 175p 
MC1488 90p 
MC1489 90p 
0M8123 125p 
75150 1259 
75154 1269 
75182 195p 
75322 250p 
75324 325p 
75325 325p 
75361 350p 
75365 295p 
75451 50p 
75491/2 75p 
8726 155p 
8728' 1759 
8795 175p 
8T97 155p 

ISOLATORS 
ILD74 1209 
IL074 325p 
MCT6 90p 
TIL111 75p 

LOW PROFILE 
SOCKETS BY 
TEXAS SALE 
8 pin 7p 
14pin 9p 
16pin 10p 
18 pin 15p 
20 pin 18p 
22 pin 229 
24 pin 22p 
28 pin 25p 
40pin 28p 

UARTS 
AY 5 10134 325p 
AY 31015D 398P 
IM6402 1PL 325p 

BIPOLAR RAMS 

271500 9959 
93419DC 11259 

LED, 
TIL209 
TIL211 
711212 
711220 
711222 
711224 

9p 
139 
15p 
129 
159 
169 

DI  
FND500 809 
FND510 80p 
FND567 1259 
DL7D4 85p 
DL707 85p 
MV57164 2259 

SUPPORT DEVICES. 
6520 3259 
6522 6259 
6532 825p 
6551 8259 
6810 350p 
6820 360p 
6821 325p 
6805 £23 50 
6850 2959 
6852 350p 
8212 2109 
8214 4509 
8216 210p 
8224 275p 
8226 225p 
8228 4259 
6251 4759 
8253 995p 
8255 4459 
8257 895p 
8259 9509 
MC 144 12VL 797p 
Z80 PTO 595p 
Z80 CTC 595p 
Z804 P10 695p 
Z804 CTC 6959 
ZBO DMA £19 95 
21304 DMA £24 95 
Z60510/1 £29 95 
Z80A S10/0 £34 95 
Z80510/1 £29 95 
280451011 034 95 
280 510/2 £29 95 
280451012 034 95 

VOLTAGE 
REGULATORS 

7805/7812 50p 
7905/7912 809 
78H055C 575p 
781-IGKC 625p 

CPU'S 
6502 625p 
6504 7509 
650,5 750p 
6800 6459 
6802 925p 
6809 119 
8080A 4259 
80854 CIO 95 
280 700p 

2804 91:109 
ZB001 £125 
28002 £95 

EPROMS 
27013450 NS 375p 
2716 5V 450 NS 495p 
2532 32K 450 NSI118 95 
2732 Intel-type 
4501,15 £18 95 

2564 NS (8K x 8) 

450 NS 28-pin 

NEW! £99 

UNIVERSAL SCR 
C106D400V/54Sale 30p 

KEYBOARD ENCODER 
AY 52376 795p 



 FEATURE 

MICROBASICS 
Henry Budgett explains the functions 
of various elements of the Heathkit 
H8 microcomputer 

W
e are now, at long last, in possession of a complete 
microcomputer. All the various components, both 
hardware and software, have been assembled into a 

working system. The only remaining task is to explain how they 
all interact. If you have been following the series you should 
have at least the last part close at hand as I shall be making 
reference to various bits and pieces. 

The obvious place to start is with the CPU card, and the ob-
vious item to look at first is the clock generator. 

Keeping It Ticking 
The CPU requires a two-phase clock signal (the device we 

actually use in the H8 is an 8080A which runs at 2 MHz) and this 
is produced by a master oscillator, the Intel 8224. The 8224 is 
driven from a single 18.432 MHz crystal and produces the 
power-on reset pulse, the two-phase clock and a couple of other 
synchronisation signals. The power-on reset is simply generated 
by an RC time constant which charges up and, after a given 
time, crosses a logic threshold, producing a nice, clean pulse 
that is passed to the CPU and all the other circuitry. 

The second phase of the clock, 02, is also sent to all the 
other circuitry as a control signal. Together with the system sync 
pulse it will ensure that the rest of the computer keeps in step 
with the CPU. In actual fact the CPU card contains very little in-
deed. Apart from the discrete components there are only 15 
main 1Cs. The simplicity of the circuit is in no way an indication 
of incompleteness; the system is modular in design and makes 
full use of both the bus-based design (separate functions on 
separate cards) and the sophisticated control ICs that have been 
developed to go with the 8080 series. 

There is, as mentioned previously, no RAM on the CPU 
card at all. The only memory is the 1K front panel monitor in 
ROM. This means that without an additional memory card you 
can't get the machine up-and-running, but it does simplify the 
memory mapping. All the address and data lines are connected 
onto the 50-way bus as detailed in last month's article. The data 
bus is, as explained in an earlier article, bi-directional in nature. 
The direction of the data is decided by the memory and I/O con-
trols which will be discussed later. The only memory address 
decoding done on the CPU card is to determine if an address 
lower than 1024 is being accessed. If so then the contents of that 
location in the monitor ROM are read. At all addresses greater 
than 1024 the ROM is disabled and its output set in the high im-
pedance state. 

Reading And Writing 
To access RAM and ROM memory the computer needs to 

be able to control the 50-way bus. To write to memory the 
following actions occur. The system controller, an 8238, looks 
at the current processor status word and finds that the CPU is re-
questing a memory write cycle. It now sets its control line, 
MEMW, low indicating to the bus that a memory write cycle is 

about to take place. The data bus is set to transmit from the CPU 
to the memory and the current address on A to A is decoded 
to determine the memory block required jus'Yas the address on 
Ao through Al2 determines the actual memory cell to be written 
to. Once the decoding is done the MEMW signal on the bus 
switches the data (on the bus) into that location. The reading of 
data from the memory location is much the same. The control 
signal in this case is MEMR and the data bus buffers are set to 
read from memory to the CPU but, apart from that, it's the 
same. 

For the memory card itself, we used a 16K static board. The 
board start address (where it resides in the memory map) is con-
trolled by a set of switches. The top two address lines can be 
decoded into four possible states. This determines which 16K 
block of the available 64K is being accessed. If the preset code 
and the current address code match, then you are using that 
board. The next two address lines can again be decoded into 
four possible states. These determine which 4K memory block 
of the 16K is being accessed. The remaining 12 address lines are 
decoded within the memory ICs and determine which of the 
4096 memory cells is actually being used at that instant. Simple 
really! For those of you who like to see proof, Fig.1 reveals all. 

The Ins And Outs 
The 8080 treats I/O in much the same way  as memory in 

that it has a pair of control signals, IOW and 10R, produced by 
the system controller at the correct times which determine the 
direction of the operation. Because the 8080 can only have 256 
I/O ports, the lower eight address lines are used to specify the 
device address. Each address signifies a discrete port or loca-
tion, much as a memory address is only valid for one location, 
but certain addresses are already designated by the monitor 
software. It should be fairly obvious by now that computers are 
pretty dumb, so the system designer decides to allocate certain 
peripheral devices to certain addresses. This means that any 
software written for the machine can use these defined ad-
dresses and know, in advance, what will be there. 

A typical I/O card is the serial I/O and cassette card. This is 
intended to be used with a VDU and/or printer and a cassette 
tape recorder for storing programs and data. The system defines 
that the serial I/O port is expected to reside at the octal address 
372/3 (FA/B Hex). Similarly the cassette is expected at 370/1 (F8/9 
Hex). Both ports are extremely flexible. The serial port can 
operate at any of eight different transmission speeds with a 
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Ai2 A13 A14 A15 Block in use 

1 1 1 1 60-64K 
0 1 1 1 56-60K 
1 0 1 1 52-56K 
0 0 1 1 48-52K 
1 1 0 1 44-48K 
0 1 0 1 40-44K 
1 0 0 1 36-40K 
0 0 0 1 32-36K 
1 1 1 0 28-32K 
0 1 1 0 24-28K 
1 0 1 0 20-24K 
0 0 1 0 16-20K 
1 1 0 0 12-16K 
0 1 0 0 8-12K 
1 0 0 0 4-8K 
0 0 0 0 0-4K 

AUDIO 
INPUT 

H SPACE 
DETECTOR 

IPLL CLOCK   SYNTHE-
SIZER  

Rx CLOCK  

@ 

TAPE MOTOR 
MOTOR  CONTROL 

AUDIO 
OUTPUT 

Fig.1 How the memory decodes into discrete 4K blocks simply by using the 
top four address lines. In the case of the H8 we can page the memory into 
16K units, ie one card is a page. 

number of code options in either RS232 or 20 mA modes. The 
cassette interface will operate at either 300 or 1200 baud and in-
cludes full motor control. 

All the clock rates are controlled by a special crystal on the 
card whose output is divided down to produce a number of ac-
curate clocks. These clocks actually run at 16 times the ex-
pected transmission speed to drive the UARTs. The reasons for 
this were explained in an earlier episode. 

Cassette Taped 
It is worth taking a close look at how the cassette interface 

actually works as this aspect of computers is seldom explained. 
Figure 2 shows the block diagram of the complete I/O card, 
which will serve to guide us through the details of the various 
circuit sections. 

The cassette interface stores data on tape in a serial format. 
As discussed in an earlier article, serial data needs extra codes to 
indicate the start and end of each data byte and, you will be 
relieved to hear, the cassette interface is no exception. Data is 
stored on tape as a string of 'ones' and 'zeros' with '1' being 
represented by a burst of 2400 Hz and '0' being a burst of 1200 
Hz. To be able to read the data back, the interface must, 
therefore, be able to distinguish the start and finish of any data 
byte and the difference between the two tones. 

We will concentrate on the input section first and it is im-
portant to follow Fig.3 as we go through it. The audio input is 
first limited in size by chopping the signal with a pair of diodes. 
This eliminates the possibility of overloading the circuitry with 
any large amplitude signals. The signal is now fed into a com-
parator so that a square wave of similar frequency is produced. 
These are the top two traces in Fig.3. 

This signal is fed into a frequency doubler. This consists of 
two monostables. Each produces a short pulse but on opposite 
'edges' of the signal, as shown in the third and fourth traces. 
These are then combined to produce the fifth trace, which is a 
signal of twice the frequency of the original. The signal is now 
split to feed a space detector and a clock synthesiser. The space 
detector is simply a retriggerable monostable whose time cons-
tant is ' t'. As can be seen from the diagram the monostable will 
remain triggered for a 2400 Hz source signal but drop out during 
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Fig.2 Block diag am of the serial 110 card. A detailed explanation of the 
cassette interface is given in the text, the normal serial port is conventional 
in operation and the techniques used have been discussed in earlier 
articles. 

a 1200 Hz signal, so we have now detected the 'space'. This 
signal is fed into a data latch which simply consists of a bistable 
that triggers on the positive edge of the signal and resets on the 
'space'. We now have a serial data stream of 'Os' and '1 s'thatwe 
can feed into a conventional UART. We still need a clock to 
drive the UART and this is actually produced by the data itself in 
the following way. The twice-frequency signal is fed into a 
divider IC that is set to divide by one if the signal is 1200 Hz or 
divide by two if it is 2400 Hz, le the output will always be same 
frequency regardless of the input frequency. This signal has an 
uneven mark-space ratio and this is fed into a bistable which 
divides the frequency by two and makes it into an even mark-
space signal. This is fed into a PLL (Phase Locked Loop) device 
which multiplies the frequency by 16. This is the signal that the 
UART needs. We have now recovered the data from the tape 
and used it to produce its own clock. This is called a self-
clocking code. 

Now, you are probably wondering, just how did the clock 
get onto the tape in the first place? The simple answer is that a 
system known as FSK or Frequency Shift Keying was used, but 
there's more to it than that. The UART is clocked by either a 
19,200 Hz or a 4800 Hz signal depending on the baud rate you 
have chosen (1200 or 300) and this causes the serial output of 
data, which is inverted and fed into a bistable clocked by a 4800 
Hz signal. When the data is set high the bistable will divide the 
clock signal by two and produce the 2400 Hz 'mark' signal. 
When the data is set low the 4800 Hz signal is fed through two 
bistables thus dividing it by four to produce the 1200 Hz 'space' 
signal. Because the controlling factor in this process is the 
length of time that the data is present, the length of tone record-
ed on the tape is directly related to the original transmission 
speed, which we can recover in the manner detailed above. 

Expanding The System 
The equipment that we currently have forms the basis of a 

complete computer system. The simple front panel controls 
can be replaced by a VDU (Visual Display Unit) or a Teletype, 
both of which will allow you to take advantage of the various 
high and low level languages available. You can attach a printer 
to another RS232 port for nice listings of your programs or 
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FEATURE : Microbasics 

A different view of the box with its lid off. We have removed the front 
panel so you can see the control card and the elevated card at the rear is a 
part-built serial 110 and cassette unit. As can be seen at the back of the 
box, the mains transformer is not exactly small. The shielded area to its left 
is the mains input and that to its right is the power supply smoothing 
capacitor. All the components of the case are extremely robust — it's built 
like a tank. All the circuit boards are well legended and construction is 
rather laborious but not difficult. 
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Fig.3 What the waveforms look like during cassette interface operation. 
They are all referred to in the text and are related to sections of Fig.2. 

results of calculations. Sooner or later you will find that the 
speed or capacity of the cassette unit is less than you need and 
then you can add devices like floppy discs. At this time the 
original microcomputer has completely vanished from sight; it 
has become 'transparent' to the user. 

The point of change between computer and system is hard 
to define but from the user's viewpoint it is probably the mo-
ment when the hardware ceases to be important and the soft-
ware takes over. The best designed computer hardware in the 
world can be reduced to a useless heap of junk if it is equipped 
with bad software. It is true to say that with the vast increase in 
the complexity of the various ICs the actual design of the com-
puter is considerably less of a problem than the production of 
the necessary software. 

All the future range of assemblers, high level languages, 
compilers, editors and utility packages will rely on the correct 
design of the original monitor. At least one major personal 
microcomputer system has been dogged by the continual 
release of 'up-dated' monitors. Enhancements to an existing 
piece of software are fine but complete re-writes tend to cause 
major problems, not just in the supplying company but in the 
whole support industry that grows up around each system. One 
of the original reasons behind my choice of the H8 for use in this 
series was that it was a tried, tested and proven machine that 
wasn't being continually messed around with. 

The Soft Solution 
I've just about exhausted the hardware possibilities, at least 

as far as this series is concerned. If you have any specific ques-
tions that you feel should be answered then please drop a line to 
Microbasics, do Electronics Today International, 145 Charing 
Cross Road, London WC2H OE E and I'll endeavour to reply to 
the best, in print, in our June issue which will be the last in the 
series. 

For the next two months I'm going to take a brief look at 
some simple software techniques. We'll be working in BASIC 
and the programs will be as 'universal' as possible, so you should 
be able to try them out on any machine equipped with the 
language. 

The H8 CPU card is supplied ready-built and contains remarkably little. 
The 8080A is in the centre next to the crystal, the large IC to its left is the 

monitor ROM and the large IC below the CPU is the master system 
controller. 

A bird's-eye view of the H8's internals showing how the front panel card 
stacks in. The first bus card is the CPU card, the next one is a 16K static 
RAM card, both of which are supplied ready-built to avoid nasty and 
expensive accidents with static electricity. Eli 
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BRANDED INTRUDER ALARMS AT 

DISCOUNT PRICES FOR LIMITED PERIOD ONLY  

Alarm with self-contained siren. Keyed and timed entry, using 
minimal power consumption on stand-by. With circuit•fault 
indicator, 3 reed switches, 1 pressure mat, wire and full 
installation instructions. £36.80 

Siren extension unit to increase range £11.75 

Self-powered siren (sounds it separately attacked) 

Self-powered bell (sounds it separately attacked) 

Reed switches (surface) 

Reed switches (flush) 

Pressure Pad — 27" x 15" 

Pressure Pad — 22',/2" x 

£25.00 

£29.00 

£1.00 

£0.90 

£2.20 

f1.60 

All above prices inclusive of V.A.T. and postage. Terms: Cash with order. 
Write to Yale Security Products, Wood Street, Willenhall, 
West Midlands WV13 1 LA. Telephone: 0902 66911. Telex: 338251. 

BUILD YOUR OWN METAL DETECTOR 
VLF/TR VCO/TR IB/TR BFO 

Pre-aligned search heads — test equipment not 
-required. Literature available in return for SAE. 
Manuals and parts sold separately: write or 
phone for price. Export welcome: write for 
quote. 

Shadow VLF/TR. Full' 
specification discriminator, not 
just ferrous/nonferrous indica-
lion. It works by measuring the. 
conductivity of the target; now you can 
reject nails bottle caps even aluminium 
foil and ring pull label Full ground effect 
eitclusion over normal or high per. 
mea,bility soils. 
The head is thermally and capacitively shieldei. 
. 4 modes, deepseeking VLF plus 3 TR discriminatingYanges, 
Push button " memory" tuning. Performance equals' 
commercial -detectors costing £200IAs described in ETI , 
Complete kit now only £87.67 inc. VAT IL pond? 

Shadow 
TR/113 

Inttividuel pert.: Search head £21.33 PCB E6.80 Case £5.33 Adjustable shall assy C5,10. LM393 
E1.12, Manual (gives more into. than ETI article — and extra functioniE 1 12, All inc. VATS. poetl (Other 
parts also available separately) 

Shadow TR / ill (illustrated). A true transmit receive/induction balance detector at a budget price tor 
anyone who doesn't need discrimination, Waterproof and thermally insulated search head. Good , 
sensitivity. Built-in speaker and headset jack. Complete kit £33.60 inc VAT and Post. 

Shadow TR /VCO. An advanced version of the TR / I fit Use as a sensitive 18 machine or switch to VCO 
mode when the sound changes to a varying pitch, allowing easier use over mineralised ground and, 
enabling detection of negative, high permability anomalies. Kit price £38.67 Inc VAT and Post. 

fIletching stereo headphones for all Shadow models £5.65 inc. VAT and Post 

Shell Kit. Consists of the (hard to find) hardware items, for detectors of your own design, Fully adjustable 
shaft with handle, search head mouldings (int, diem 18.5iorn) with hinge assembly special clips to mount 
your own control housing (any boa is suitable). Completely non-metallic and undrilled. With assembly 
instructions £14.45 inc. VAT and Post, 

ALTEK (ETU), 1 Green Lene 
Welton-on-Themes Surrey 

Ceder by post or phone (24 liours), Access & y Isa Cards quote number, Callers by appointment only pleaOe, 
• Phone (093 22) 44110 anytime! 

New project?.. 
If you're about to start on a new project, you're no 
doubt looking for the right enclosure. With around 
1,000 different cases and 250,000 case parts 
currently in stock, we must be your number one 
choice. Why not send for our free catalogue. 

Specify West Hyde-
we've a good case for it! 
WEST HYDE   
West Hyde Developments Limited 
Unit 9, Park Street Industrial Estate, Aylesbury, Bucks. 
Telephone: (0296) 20441. Telex: 83570 W HYDE G. 

Month 

October 1979 

January 1980 
Jan-Aug 1980 
July 1980 
January 1981 

Project 

Audiophial Pre-Amp 
Audiophial Power amp 
Audiophial PSU 
Moving Coil Pre-amp 
Modular Synthesiser Units 
Stereo Image Coordinator 
Audiophial FM Tuner 
Universal Timer 
Sound Pressure Level Meter 
Crystal Frequency Calibrator 
Standard 

Case 

CL2 CDL 
CL2 CGL 
CL2 AEL 
CL2 ADJ 
TEK A23G 
CL2 CDJ 
CL2 CDJ 
SAM 007 
BOG 709B 

BOC 434 

Written or telephone orders accepted from 
Access and Barclaycard holders. 

VISA 
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Self Instruction Courses from Cambridge Learning 
They're faster and more thorough than classroom learning: you pace yourself and answer questions on each new 
aspect as you go. This gives rare satisfaction — you know that you are learning and without mindless drudgery. With 
a good self-instruction course you become the world's best teacher. 

MICROCOMPUTERS ARE COMING-
RIDE THE WAVE! LEARN TO PROGRAM! 
MILLIONS OF JOBS ARE THREATENED, BUT MILLIONS MORE WILL BE CREATED 

LEARN BASIC 
The language of the small computer and the 
most easy-to-learn computer language in 
widespread use. Teach yourself with a course 
which takes you from complete ignorance 
step-by-step to real proficiency with a unique 
style of graded hints. In 60 straightforward 
lessons you will learn the five essentials of 
programming: problem definition, flow-
charting, coding the program, debugging, 
clear documentation. Harder problems are 
provided with a series of hints so you never 
sit glassy-eyed with your mind a blank. You 
soon learn to tackle really tough tasks such as programs for graphs, cost 
estimates, compound interest,and computer games. 

COMPUTER PROGRAMMING IN BASIC (CPB) 
4 Vols. £10.00 
Book 1 Computers and what they do well; READ, DATA, PRINT, powers, brackets, variable 
names; LET; errors; coding simple programs. 
Book 2 High- and low-level languages; flowcharting; functions; REM and documentation; 
INPUT, IF....THEN, GO TO; limitations of computers, problem definition 
Book3 Compilers and interpreters; loops, FOR....NEXT, RESTORE; debugging; arrays; 
bubble sorting; TAB. 
Book 4 Advanced BASIC; subroutines; string variables; files; complex programming; 
examples; glossary. 

THE BASIC HANDBOOK (BHB) £11.50 
This best-selling American title usefully supplements our BASIC course with an 
alphabetical guide to the many variations that occur in BASIC terminology. The 
dozens of BASIC 'dialects' in use today mean programmers often need to 
translate instructions so that they can be RUN on their system. The BASIC 
Handbook is clear, easy to use and should save hours of your time and computer 
time. A must for all users of BASIC throughout the world. 

A.N.S. COBOL (ANS) £5.90 
The indispensable guide to the world's No. 1 busi nessilanguage. After 25 hours 
with this course, one beginner took a consulting job, documenting oil company 
programs and did invaluable work from the first day. Need we say more? 

Flow Charts and 'Algorithms 
are the essential logical procedures used in all computer programming and 
mastering them is the key to success here, as well as being a priceless tool in all 
administrative areas - presenting safety regulations, government legislation, 
office procedures etc. 

THE ALGORITHM WRITER'S GUIDE (AWG) 
£4.00 
explains how to define questions, put them in the best order and draw the flow 
chart, with numerous examples. 

JOIN THE DIGITAL EVOLUTION! 
DESIGN OF DIGITAL SYSTEM 
(DDS) 6 Vols. £ 13.50 

Written for the student or enthusiast, this 
course is packed with information, diagrams, 
and questions designed to lead you step-by-
step through number systems and Boolean 

algebra to memories, counters, and simple 
arithmetic circuits; and finally to an under-

standing of the design and operation of 
calculators and computers 

BOOK 1 Decimal, Octal, hexadecimal, and binary number systems end conversion betWeen 
number systems; negative numbers; complementary systems. BOOK 2 OR and AND 
functions; multiple-input gates; truth tables; De Morgen's Laws; canonical forms; logic 
conventions; Karnaugh mapping; three- state and wired logic. BOOK 3 Half, full, serial, and 
parallel adders; subtraction; processors and ALU's; multiplication and division. BOOK 
flops; shift registers; asynchronous, synchronous, ring. Johnson, and exclusive-OR feed5ack 
counters; NOMS and RAMS BOOK 5 Structure of calculators; keyboard encoding; decoding 
display-data; register systems; control unit; PROM: address de-coding. BOOK 6 CPU; 
memory organisation; character representation; program storage; address modes; input/ 
output systems; program interrupts; interrupt priorities; programming; assemblers; computers; 
executive programs; operating systems. 

Digital calculators and watches came in during the 1970's. Soon you will see 
digital cash cards, telephones, car instruments, and TV messages from your 
friends. 

DIGITAL COMPUTER 
LOGIC AND ELECTRONICS 
(DCL) 4 Vols. £7.50 
A course covering the material in italics on 
the left but at a slower pace. (4 vols) 

GUARANTEE — No risk to you. If you are 

not completely satisfied your money will 
be refunded without question, on return 

of the books in good condition within 28 
days. Our free booklist is sent with each 

order. 

CAMBRIDGE LEARNING LTD. (Registered in England No. 1328762) 

Unit 10, Rivermill Site, FREEPOST, St. Ives,HUNTINGDON, Cambs PE17 4BR. Phone 0480 67446 

To: Cambridge Learning Ltd., Unit 10 

Order Form . 
PLEASE SEND: Quantity 

CPB (£10.00) 

BHB (£11.50) 

ANS (£5.90) 

AWG (£4.00) 

DDS (£13.50) 

DCL (£7.50) 

a  
Rivermill Site, Freepost, St Ives, Huntingdon, Cambs. PE17 4BR 

THESE PRICES COVER THE COST OF 
SURFACE MAIL WORLDWIDE, 
AIRMAIL: Europe, North Africa, Middle 
East, add >5 to price of books. Japan, 
Australia, New Zealand, Pacific Islands 
add 35. Elsewhere add Ya. 

U.K. Delivery: up to 28 days ( or send 
50p per course for 1st class post) 

Name  

Address   

Digita; Computer eter r 
Logic and 
Pertronici 

FOUR WAYS TO PAY: 
1) A U.K. cheque or a U.K. postal 

order ( Not Eire) 

2) A bank draft in sterling on a 
London bank (available at any 
major bank) 

3) Please charge my Access/ 
American Express/Barclaycard/ 
Diners 
Vrsa/Mastercharge/Trustcard 

Card No  

Expiry Date   

Signed   

Or phone us with these credit card 
details on 0480 67446 (24 hour 
ansafone service) 



COMBINATION 
LOCK 

iocurity 
lock 

ETI presents the ultimate security device, 
a semi-intelligent security lock. 
It is key-pad operated and has 
100 million possible key-code 
combinations. Design by Ray 
Marston. Project development 
by Plarnen Pazov. 

vv
e at ETI are rather proud of this project, which can 
justly be described as a semi-intelligent key-pad-
operated combination lock that can be used to pro-

tect the home, office or car. The unit's key-pad has 10 buttons 
numbered 0 to 9, plus reset and unlock buttons. To open the 
lock, a pre-determined eight-digit combination must be punch-
ed into the key-pad. If the correct number is punched in, an 
'unlock ready' LED illuminates, at which point a relay(the'lock') 
can be activated by pressing the 'unlock' button. If a wrong 
number is punched in, the lock will not open but will initiate an 
action (ranging from 'do nothing' to sounding an external alarm) 
dependent on the nature of the error. Any desired combination 
of the owner's choice can be chosen by hard-wiring a DIL plug; 
the combination can be changed in seconds simply by swapp-
ing DI L plugs. 

The really smart feature of the unit is its ability to 
distinguish between authorised and unauthorised operators. 
The circuit measures keying factors such as the total durations 
of key-pad and reset switch closures, the elapsed time since key-
ing initiation and the presence or lack of keying errors. The cir-
cuit can, on the basis of these measurements, distinguish bet-
ween childish fiddlers, drunken operators, authorised operators 
who make genuine keying errors and thieves who are trying to 
break the combination, and take appropriate action in each 
case. 

Authorised Operation 
The security lock is provided with three LEDs, marked 

'ready', 'unlock ready', and 'disabled'. All three LEDs are nor-
mally off, indicating that the unit is ready to accept a keying se-
quence. As soon as the first key-pad closure is made, the ' ready' 
LED turns on and the keying sequence can continue. 

When the fifth digit is punched in, the circuit checks to see 
if any keying errors have been made and if so generates a brief 
bleep sound, at which point the operator can cancel the se-
quence with the reset button and then punch in a new set of 
numbers. If no errors have been made, the circuit continues to 
accept keying instructions until the eighth digit is punched in, at 
which point the circuit again checks for errors. If no errors have 
been made, the 'unlock ready' LED illuminates and the lock-
control relay can be activated by pressing the unlock button. If, 

on the other hand, an error has been made, an alarm tone will 
sound, at which point the operator can cancel the sequence and 
the alarm with the reset button and punch in a new set of 
numbers. 

The security lock incorporates a timing network which 
measures the elapsed time since the initiation of key-pad opera-
tion. This timer enables the operator to have two or three goes at 
opening the lock, enabling a reasonable number of keying er-
rors to be accommodated. Once the correct combination has 
been punched in and the lock has been opened, the operator 
should reset the lock using the reset button. If the operator 
forgets to reset manually, the timing circuit will perform the 
operation automatically after a delay of (typically) about 30 S, 
but will then go into an auto lock-out mode (indicated by the 
turning on of the 'disabled' LED) in which it accepts no further 
keying instructions for 30 S. At the end of the lock-out period the 
'disabled' LED turns off and the circuit is ready to accept a new 
keying sequence. The key-pad must not be actuated when the 
'disabled' LED is on. 

Childish Fiddling 
If children try activating the security lock by pressing the 

key buttons at random the circuit will, on the fifth key button 
actuation, detect a keying error and generate a brief bleep tone 
and then refuse to accept any further keying instructions unless 
the circuit is reset, in which case the same set of actions will 
recur. After a total of 6 S of key-pad closures, or a maximum of 
60 S after the first push-button closure, the circuit will go into 
the auto lock-out mode and will accept no further instructions 
until 30 S after all key-pad buttons are released, at which point 
the circuit will automatically reset in readiness for an authoris-
ed keying instruction. 

Operation By Thieves 
It should be noted that the first five digits of the lock code 

have 100,000 possible combinations, so the chances of an 
unauthorised person getting past the fifth digit are very slight. If 
an operator does get past the fifth digit, the security lock 
automatically regards them as potential thieves and reacts ac-
cordingly. 

Consequently, if keying errors are made subsequent to the 
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fifth digit and are not corrected within a reasonable space of 
time (an absolute maximum of 60 S) the circuit goes into an 
emergency alarm and auto lock-out condition in which an 
alarm tone is generated and a relay (which can be used to ac-
tivate an external alarm) turns on and cannot be turned off 
again manually, but will only turn off (automatically) if the key-
pad remains unused for 30 S or so. 

Operation By Drunks 
The automatic protection circuitry of the security lock 

measures a variety of keying factors and the on-board timing 
networks can readily be adjusted to that the lock can be opened 
by the deft and nimble fingers of a sober operator, even allow-
ing for two or three keying errors, but not by the fumbling and 
slow-operating fingers of a drunk. 

Applications 
The security lock requires a12 V power supply and typical-

ly consumes a mere 1 uA or so when in the standby mode. The 
unit can be used to protect the home or office by using the lock-
control relay to activate an electric door latch and the alarm 
relay output to actuate an external siren or burglar alarm, etc. 

The device can be used to protect a car against thieves or 
drunken drivers by wiring the lock-control relay in the self-
latching mode via the ignition switch, using the output to con-
trol the ignition circuit and the alarm relay output to actuate the 
car horn. 

Construction 
The unit is built up on two PCBs — one small and one large. 

The small PCB holds the keypad switches plus IC1 and its 
associated resistors and diodes. In domestic applications, this 
PCB is intended to be fitted in a small box and mounted on the 
outside (access side) of a door, together with the three LEDs and 
the small acoustic transducer, while the remaining circuitry (on 
the large PCB) is mounted on the inside of the door. The two 
units are interconnected by a length of multi-way ribbon cable. 

The large PCB is a fairly complex single-sided affair using a 
couple of dozen jumper links. We've made provision for either 
mounting two small PCB-mounting relays on this farge board or 
for mounting larger relays remotely, as preferred. We've also 
made provision for wiring the desired key-code through a 24-pin 
DI L plug. 

Start the construction by building the small PCB, 
remembering to mount IC1 in a suitable socket and noting that 
the PCB is designed to accept the Ambit key-pad switches men-
tioned in ' Buylines'. When construction is complete, fit the unit 
into a suitable die-cast box, together with the three LEDs and the 
small acoustic transducer and a reasonable length of intercon-
necting ribbon cable. 

TO CAR HORN 
, VEHICLE BATTERY 112V) 

NOTE PBI2 PERMANENT Y SHORTED OUT 

IGNITION SWITCH 

CHASSIS 

o START ON 

FLA 
TO IGNITION COIL SW. TERMINAL 

'7+1A 

Fig.1 Method of wiring the security lock for use in a car. 

MAINS INPUT 

Now build up the large PCB, again remembering to provide 
all ICs with suitable sockets. Do not fit the ICs in place at this 
stage. When construction is complete, double-check the 
assembly against the component overlay, paying particular at-
tention to the jumper links and to the polarities of all diodes. 
Now wire the desired keyboard code sequence into the unit us-
ing the 24-way DI L plug, wiring the first number from point 'a' to 
the desired number on the left hand side of the plug, the second 
from point 'b' to the desired humber and so on until all eight 
digits are wired in. If you want to use six or seven (rather than 
eight) digits in your code, simply wire a suitable link from 'x' to 
the appropriate number on the right hand side of the plug, as 
shown in the diagram. 

At this stage, interconnect the two PCBs and then fit the ICs 
to the large board IN NUMERIC SEQUENCE (IC2 to IC8). If it is 
subsequently necessary to remove an IC, note that all higher-
numbered ICs must be removed in reverse sequence until the 
offending IC is reached. Now connect the unit to a12 V supply, 
briefly press the reset button and check that all LEDs are off. 
Give the unit a functional check by keying in the appropriate se-
quence of numbers and check that the 'unlock ready' LED il-
luminates. Check that the alarm sounds briefly if an incorrect 
sequence is punched in, as already described. The unit is then 
ready for installation and use. 

Installation 
The key-pad security lock can be used to protect a car 

against drive-away thieves or drunken drivers by using one set of 
lock-control relay contacts to make or break the vehicle's igni-
tion circuit, as shown in Fig.1. Here, the security lock unit is per-
manently wired to the vehicle's battery, but the connections to 
relay RLA and driving transistor Q1 are made via the ON posi-
tion of the ignition switch; the relay is wired in the self-latching 
mode via contacts RLAT1 and the RLA/2 terminals are used to 
make/break the supply connections to the vehicle's ignition 
coil. The RLB/1 connections are taken to the car's horn. Note in 
this application that unlock button PB12 should be permanent-
ly shorted out. 

The key-pad security lock can be used to protect access 
doors in homes and offices, or safe doors, etc. The electrical 
connections are quite simple in these applications (see Fig.2), 
but some ingenuity may be needed in implementing the 
electro-mechanical latching mechanism. Here, the lock is per-
manently powered from a mains-derived IC-regulated 12 V DC 
supply, contacts RLA/1 are used to make or break a DC supply 
to the electric door-latch and RLB/1 is used to make or break an 
AC supply to a 12 V alarm bell. 

Electric door latches are available from major locksmiths 
and from security firms such as BSG (Security) Ltd, 34/35 Dean 
Street, London W1V 5AP (Tel: 01-439 4536), but are rather ex-
pensive, typically costing some £12 to £15 each. Ingenious 
readers may be able to find far cheaper ways of implementing 
effective electric door latches. 

I2V ALARM BELL 
Fig.2 Method of wiring the security lock for use in the home or office. In applications where 
power failure might occur, the switch and latch should be powered from a back-up battery 
(Ni-Cd or lead acid) under constant trickle charge. The alarm is still powered from the mains. 

ELECTRIC DOOR- LATCH 
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HOW IT WORKS 

The key-pad security lock circuit comprises three major sections, the 
most important being a dual code-word generatorlcomparator net-
work. The remaining two are the error detectionlindication and auto 
lock-out circuitry. 

The basic operating principle of the complete circuit is fairly easy 
to grasp. The dual code-word generatorlcomparator network, which is 
the heart of the unit, contains two four-bit code word generators and a 
two-word comparator. One of these generators is driven from the 
10-button key-pad and generates a specific code word for each of the 
10 buttons and, simultaneously, generates a press-detection waveform 
when any button is pressed. This press-detection waveform is used to 
clock an eight-step counter. The second code-word generator is driven 
from the output of the eight-step counter and generates one of 10 
possible four-bit code words in each position of the counter. A se-
quence of eight four-bit code (or reference) words (corresponding to 
the desired eight-digit code) is hard-wired into this generator. 

At the start of each sequence of keying operations, the counter is 
reset to zero. Thus, when the first key-pad press operation is perform-
ed, a four-bit key-pad code word is generated and, simultaneously, the 
counter selects the first of the four-bit reference words. The circuitry 
then compares the two words and if the numbers are not identical an 
error detector latch is activated. This process is repeated, with a new 
key-pad and reference number being generated and compared, each 
time that a key-pad button is pressed. 

If no key-pad error is detected by the time the eighth key-pad 
operation has been performed, the output relay will be enabled by the 
error detection circuitry and can be activated by operating an unlock 
push-button. If, on the other hand, an error is detected, an alarm in-
dication will be given and the unlock relay will not be enabled. The 
type of alarm indication depends on the nature of the keyboard error 
and ranges from a simple bleep to the actuation of an external alarm 
through a relay output. 

The auto lock-out circuitry measures factors such as the total 
duration of key-pad press operation and the elapsed time from the 
start of a keying sequence, etc., and rejects keying operations if certain 
parameters are exceeded. 

The dual code-word generatorlcomparator section of the unit is 
designed around IC1 to IC5, plus IC8a and IC8b.1C1 and IC2 are eight-
input priority encoders. They have eight independent inputs (coded 0 
to 7) and generate a three-bit binary code output in accordance with 
the highest activated input. The code ranges from 000 when the 0 input 
is active to 111 when the 7 input is active. Pin 15 of the chip is normally 
high, but switches low when any input is active. 

In our application, IC1 and IC2 are each supplemented by a 
diode gate network that enables a four-bit code to be generated via 10 
input terminals. The inputs to the IC1 code-generator are derived from 
the 10-button key-pad, and the pin 15 press detection waveform is used 
to generate a positive clock pulse by the IC4a bounce suppression cir-
cuitry. The clock pulse is fed to the input of a 4017 counterldecoder 
(IC5), which thus shifts one step each time a key button is pressed. The 
inputs to the IC2 code-generator are derived from the decoded out-
puts of IC5 through D16 to 023 and can be hard-wired to give any 
desired code sequence. 

The four-bit outputs of the two code-word generators are corn-
pared by the IC3 quad two-input EX-OR gate and by the 09-D12 four-
input OR gate and N ANDed with the clock waveform by IC4b. The 
output of IC4b is glitch-suppressed by R22 and C3 and the resulting 
signal is fed to one input of the IC4c-IC4d bistable latch. The outcome 
of all this is that the C3 voltage is normally high, but goes low (in syn-
chrony with the clock waveform) if an incorrect codeword is 
generated from 1C1 by the keyboard. 

At the start of each keying sequence the IC5 counter is reset, 
either automatically or by PB11 and pin 3 goes high. This voltage is in-
verted by IC8a to drive 'ready' LED1 off and by IC8b to reset the IC4c-
IC4d bistable so that the output of IC4c goes low. As soon as the keying 
sequence is initiated, pin 3 of IC5 goes low and LED1 illuminates via 
IC8a and, simultaneously, the IC4c-IC4d fault detection bistable is 
enabled. If any keying fault is subsequently detected, the IC4c output 
of the bistable latches into the high state. 

The error detectionlindication circuitry section of the circuit is 
designed around IC7, IC8c-IC8d, 1C6a-IC6b, the Q1 relay driver and 
the IC4c-IC4d bistable already described. 1C6a-IC6b are wired as a 
gated astable with a buffered output that is used to drive a small 
acoustic transducer and IC8c-IC8d are wired as a latching alarm 
bistable. 

If a keying error occurs, the output of IC4c locks into the high 
state. If the error occurs within the first five keying operations, the out-
put of AND gate IC7a will go high on the arrival of the fifth keying 
operation and feed a brief gating pulse to the 1C6a-IC6b astable via 
C4-R32-D24-D25 and cause a brief audible tone to be generated. 
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61 - 031 ARE 1541413 
032 - D35 ARE 154001 
01 32 ARE BC109 
ICI IC? ARE CD45328 
IC3 IS CD4070B 
IC4 ICE ARE CD409313 
CS IS CD40 ,78 
107 IS CD4061B 
ICEI IS CD40016 
Tx IS 7132720 TRANSDUCER 

Simultaneously, 015 drives the inhibit terminal of IC5 high and causes 
the counter to ignore all subsequent clock signals until the counter is 
reset. 

If the keying error occurs between the fifth and eighth operation, 
the output of IC7b will go high on the arrival of the eighth keying 
operation and activate the IC6a astable via 026, causing an alarm tone 
to be generated until IC5 is reset. Simultaneously, the IC8c-IC8d alarm 
bistable will latch and, if the keying error is not corrected within a 
reasonable time (by resetting the counter and re-keying the correct 
number sequence) it will cause the output of IC7d to switch high (via 
the auto lock-out circuitry) and drive the IC6a astable on via D27 and 
relay R LB on via Q2. The R LB contacts can be used to activate an exter-
nal alarm generator. The counter inhibits via D15 when its 8 output 
goes high. 

If the correct sequence of numbers is keyed into the security 
lock, the counter will again inhibit on the arrival of the eighth 
keystroke, but in this case 'unlock ready' LED2 will be driven on by 
IC7c, enabling lock-control relay RIA to be activated by PB12. 

The auto lock-out circuitry is designed around the IC6c-IC6d 
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 PROJECT : Combination Lock 
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Fig.3 Circuit diagram. The required combination 
is decided by how you wire the `a-h' terminals to 
the '0-9' terminals eg. for combination 22831874 
link 'a' to '2', 'b' to '2', 'e' to '8', etc. Also note that 
if space is restricted (e.g. car dashboard) you can 
dispense with all but, say, two pushbuttons. The 
combination is then reduced to pushing the two 
buttons in the corred sequence. 

non-inverting Schmitt network, which has its input applied via C5 and 
its output taken to the reset terminal of the IC5 counter by D31. In 
essence, this circuit is used to measure various time-related 
characteristics of keyboard operation and to inhibit operations if these 
characteristics exceed preset limits. 

C5 can be charged by any of the D28-D30 networks, and 
discharges by PR1 and R38 (and possibly R36) and the circuit is con-
figured so that LED3 turns on and the circuit is disabled (by locking the 
counter into reset by D31) if the C5 voltage rises to two thirds of V + ; 
LED3 turns off and the counter is re-enabled if the C5 voltage falls 
below one third of V + . C3 can be charged from any of three sources. 
It can be charged through reset button PB11 and D28-R35, in which 
case LED3 will turn on with 3 S of continuous PB11 closure, but will not 
turn off again until roughly 30 S after PB11 release. The circuit thus 
responds to the number of manual reset operations. 

C5 can also be charged by the clock pulse waveform (which gives 
a direct measure of key-pad press durations) and 029-R36, in which 
case LED3 will turn on with a total of 6 S of keyboard closures, but will 
not turn off again until 30 S after the final release of all keyswitches. 

Finally, C5 can also be charged through D30 and PR1. In this in-
stance, charging commences as soon as any key-pad switch is ac-
tivated (pin 3 of IC5 goes low) and LED3 typically turns on 60$ after the 
initiation of key-switch operations (the precise period can be varied by 
PR1). This input ensures that the circuit will eventually reset 
automatically if the owner forgets to reset the circuit manually after 
keying a correct number sequence, or if unauthorised persons 
(children) try playing with the keyboard. 

The C5 charging network has an additive time constant such that 
an authorised and sober operator can have two or three tries at open-
ing the lock before auto lock-out occurs, whereas a drunken operator 
(with fumbling a slow-operating fingers) will have little chance of open-
ing the lock. Similarly, unauthorised persons can make very few key-
pad operations before auto lock-out occurs, ensuring that there is vir-
tually no chance of cracking the lock combination (there are 100 
million possible combinations). If auto lock-out does occur, the circuit 
can be re-enabled by simply allowing the key-pad, etc., to 'rest' for 30 S 
or so until LED3 turns off, at which time a further attempt can be made 
at opening the lock. 
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PARTS LIST 
Resistors all 1/4  W 5% 
R1-19,21,36,38 47k 
R20,23,37,41,43 4k7 
R22,24,26,27,-
28,29,31,32,33 100k 
R25,30 lkO 
R34 68k 
R35 22k 
R39 6k8 
R40 470R 
R42 27k 

Potentiometer 
PR1 

Capacitors 
Cl 
C2 
C3,4 
C5 
C6 
C7 

Semiconductors 
IC1,2 
IC3 
IC4,6 
IC5 
IC7 
IC8 
Q1,2 
D1-31 
D32-35 
LED1-3 

470k 

10u 16 V axial electrolytic 
470u 16V axial electrolytic 
47n polyester 
10u 16 V axial electrolytic 
100u 16V axial electrolytic 
lOn polyester 

45328 
407011 
4093B 
4017B 
4081B 
4001B 
BC109 
1N4148 
1N4001 
0.125" red LEDs 

Miscellaneous 
PB1-12 KHC10901 (push-to-make non-locking) 
RLA, RLB 2 pole CIO, 12 V, coil > 120R 
Tx Piezo-electric sounder (PB 2720) 
Verocase (code 202-21035F), diecast box (120 x 65 x 40 mm), 24 pin OIL 
socket and 24 pin OIL Header, 14 pin OIL insulation displacement con-
nectors (2 off), ribbon cable, caps for switches (KT5 — 12 off). 

Fig.5 Overlay of the main board. The two boards are linked by ribbon cable 
terminating at the two OIL sockets. If you're not using PCB-mounting relays, 
leave out the dotted links and wire the relays to the pins marked 'ext coil'. 
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 PROJECT : Combination Lock 

The key-pad PCB (above), and the main board in its 
case. The main board has the ribbon cable connector 
and the DIL header removed. The header is shown 
wired for a combination of 01234567 — with a range 
of pre-wired headers you can change the combination 
in a few seconds. 

See next month's issue for 

our component bargains 

or send SAE for lists 

BUYLINES 
There shouldn't be any problems with the majority of the components 
for this project. The pushbuttons and the piezo-electric sounder are 
available from Ambit. The relays are RS types, also available from 
Maplin or Watford. DIL headers can be obtained from Maplin and 
Electrovalue, and Dit insulation displacement connectors are 
available from Electrovalue.  

Some day all 

power amps will 

be made this way THE POWERFET AMPLIFIER 

PFA 80 
(100W plus into 80) 

Elegant Simplicity 
Advances in high technology should make life simpler. A 

cluttered power amplifier board may well perform superbly, 
but its busy elaboration is an indication that its design is 
pushing the limit of its component technology. 

There are now many first class bipolar power amps on the 
market. All of them are complex and consequently expensive. 
Any additional improvements in the areas where they are 
weak (e.g H.F. distortion) can only be obtained with yet 

further complexity and cost. 

Only a new technology can provide the sort of " quantum 
Jump " in component performance necessary to reduce the 
cluner on the board, reduce the cost and make the highest fi 

once more affordable. 

Powerfets 
So far 29 semiconductor manufacturers have invested in 

this new technology Clearly powerfets are something 

special. 

Their enormous power gains eliminate conventional drive 
circuitry in power amps, permitting delightfully simple 
designs. Their freedom from secondary breakdown and their 
tendency to shutdown when thermally overstressed, result in 
inherently stable and destruction- proof output stages. not 
needing protection circuitry And perhaps best of all, their 
lack of charge storage make them fast and responsive, 
producing amplifiers of wide bandwidth and low distortion 
even at high frequencies 

IT GROWS! 

PFA80/ 120 
The PFA is perhaps the perfect realisation of the classic 

powerfet amp design. The superb P.C.B. allows the use of 
either one or two pairs of output services, providing easy 
expandability for those starting with the smaller system. (The 
extra output pair of the PFA120 results in lower distortion 
and improved efficiency, particularly into low impedance 
loads). 

The components used in the PFA have been chosen with 
extreme care. The lowest noise input devices and lowest 
distortion gain stage devices were selected regardless of cost. 
140V powerfets were chosen against the more usual 120V to 
give improved safety margins. 

Specification 
Bandwidth 
Output Power R M • S 

into EfO 
T.H.D 
from 1yiii to rated 
output at all audio 
frequencies 

SNR 
Slew Rate 
Gain 
Rin 
Vs max. 

Cost 
(built) 
(kit) 

PFA80 
10Hz — 
80W (Vs =± 50V) 

PFA120 

100KHz -± 1dB 
120W (Vs= -± 55V) 

0 008% 0 005% 

120dB 
20VrkiS 
X22 
30K 
21 70V 

£15.95 £22.85 
£13.95 £20.85 
P&P 75p 

Simple modification for bridge mode! 

PFA 120 
(150W plus into 80. 300W INTO 4()) 

Pre-amp PAN 20 (Available March 81) 
Taking advantage of Hitachi's ultra-low noise bipolar 

technology, J. W. RI MMER have produced a state-of-the-art 

pre-amp board to complement their power amplifiers 
The design is unique. Equalisation is applied after a flat 

gain stage. resulting in one of the best noise performances 
available. Superb overload figures are ensured by a front end 
incorporating a special gain r attenuator control (volume 
control to you!). The inputs are uncommitted and can be used 
with any combination of signal sources in the ImV to 10V 
range RIAA equalisation is provided for wag PUs, and space 
on the board is available for different equalisations. (Tone 
control + filter circuits available shortly on separate board). 

Specification 
B.W 20Hz-30KHz 1dB 
THD 0.003% type 

at rated o p 

SNR 

Vs 
Output 

Coe 
(built board 
less controls) 
Power Amp PAN1397 (Available March'81) 
A high quality 20W power amp board based on the 

HA1397 Easily modified for bridge operation, providing 
high powers from low supply voltages 

Specification 
Output power RMS 20W into BO at ± 22V 
HD 

SNR 
Innut 

Cost 
(Built) £5.80 P&P 40p 

85dB (ref 5rinV RI AA) 
105dB (ref 100mV flat) 
± 20V 
1V (clips at + 20dB) 

£4.75 2 needed for stereo 
P&P 40p 

20W into 40 at 19V 
0 02% at 1KHz. 1W to 12W 
90dB 
100mV into 50K 

Mail order 148 QUARRY STREET, LIVERPOOL 

FROM
THE POWERFET I only to -- L25 6HQ. Tel: 051 428 2651 
SPECIALISTS Us VV. MIME Technical 367 Green Lanes, London N4 1DY 

enquiries 01-800 6667 

ET1 MARCH 1981 

Eli 

79 



AND NOW A DIMMER 
THAT MAKES TOUCH DIMMERS OBSOLETE 

Ready BUM 

THE REMOTE CONTROL 

STORY 

ONCE UPON A TIME 

if you wanted to control any equipment remotely you had to buy a dozen logro ICs chase around the shops for 
crystals and expensive ultrasonic transducers and then spend a few days getting the unit to work. Then one day 
TK began stocking a new system All you required was one IC. a couple of transistors. resistors and a keyboard for 
the transmitter and a couple of ICs plus a few capacitors for the receiver, to give you up to 16 on ¡ off (digital) 
outputs or 10 channels plus three analogue (0-10V) outputs The SL 490 transmitter/encoder accepts inputs 
from a keyboard (up to 32 way) and encodes these into a pulse train which may be transmitted using infra red, 
ultrasonic radio or even wire links For the receiver you may use the 51480 pre-amplifier if you want an infra red 
link or a suitable pre- amplifier for ultrasonic or radio links and one of the ML920 series decoders depending on 
the number and type of outputs required The only adjustment you need to make is to set one preset (by trial or • 
with a ' scope) and that s it 

LD271 IR ErmtlIng Diode 
SFH205 Photodiode Detector 
01.480 IC Pulse Amp. 
SL49D 32 Command Encoder, 

tranSMiller 
ML922 10-channel renewer 

3 analogue outputs 

.35 

.95 
1.70 

2.40 

4.20 

ML926 16-channel receiver 4 
momentary binary outputs 

ML928 16-channel receiver, 4 
latched binary outputs 

ML929 16-channel receiver. 4 
latched binary outputs 

1.40 

1.40 

1.40 

ML925 A decoder designed for model/toy control. providing a 2-speed drive 'motor and three 
position latched steering system or a vehicle with momentary action steenng and a third motor, cg gun turret, 
. winch etc. Outputs also available for other facilities such as horn, turn indicators. headlights. etc 2.10 

To make things EVEN EASIER we have designed several new kits. - 
MK6 - Simple Infra Red TRANSMITTER A Pulsed infra red source which comes complete with a hand held 

plastic bog Requrres a 9V battery 4.20 

M67 -_ Infra Red RECEIVER Single channel range approaimately 20 ft Mains powered with a frico output to 
switch loads up to 500W at 240Vac but can be modified for use with 5 to 15V dc supplies and transistor or 
relay outputs 9.00 

' Special Price' MK6 and M K7 together Order us RC5006 12.60 

MK8 - Coded Infra Red TRANSMITTER erased on the SL490 the kit Includes 2 IR LEDs measures only 
(.2x1 3 cms and requires a 9V ( PP31 battery 5.90 

MK9 - 4 Way KEYBOARD For use with the MK8 kit to make a 4- channel remote control transmitter. 1.90 

MK I 0 - 16 Way KEYBOARD For use with the M68 kit to generate 16 different codes for decoding by the 
ML926 or ML928 receiver ( M612) Kit 5.40 

MK12 - 16 Channel IR RECEIVER. For use wnh the MK8 kit with 1 
on : off outputs which with further interface circuitry such as relays or 
macs will switch up to 16 items of equipment on or off remotely 

Outputs may be latched or momentary, depending on whether the 
011970 or ML926 is specified Includes Its own mains supply 11.95 

Now you can buy all the components you require for your infra red system 
or complete kits from one supplier. at unbeatable prices, and live happily 

int 

CT4000 CLOCK/APPLIANCE TIMER KIT 

. The 1 14000 has Peen designed to preset the slate Inn ur on) of lout 
ti,ttiiits at lour trines per day or up to 7 days in advance enabling 
ore init tit puffin,' lape ',orders apphances, central heating lights 

,.t.te, ine y, are set on a 0.1" Styli red LED itul/ay by means Of e 
,Itifirrd and the output stales are displayed on four LEDs Paul' 

an welch up tu 20mA al 9V For maws loads use Our Soon 
Stine Relay Kit fk1K2) The kit includes a PCB keyswitches. I C 4 
.1 101 LED display transformer plus all other components and 
5criten printed and drilled box which can al./ aCCommodate up id 4 

Size . 12 4 5 citns• 5. mil Stale Reiss, Kits £25.25 
Culour Black. 

twerwatwat mama e 

24HR. CLOCK/APP. TIMER KIT 

Gwoches any appliance up to 
1 KW on and OR at preset 

iii res once per day Kit Co r' 
rains AY 5- 1230 IC. 05' 
LED display mains supply 
lisplay drivers switches. 
LEDs trias PCBs & full in 

t struCtsana 

CT 10006 Basic Kit £14.90 

C1-1000KB with while box 156 131 . 71mon) 
£17,40 

£22.50 

LIGHTING CONTROL KITS 

Directly replace conventional light switch and control 
up to 300W of lighting No mains rewiring Insulated 
touchplates. Easy to follow instructions. 
11)3006 TOUCHDIMMER. Single touchplate with 
alternate action Brief touch switches lamp on and 

off, longer touch dims or brightens lamp Nepn lamp 
helps find the switch in the dark £6.50 
TDE,'K Extension kit for 05300K for 2-way switch-

754.3006 IlMEOLLAb T'fil)C1-1SINITLIH opiay 
variable trom 2 secs to 3 - cries E4.30 
030rK Comrunrrr.oiral LiSHIE1 ,5451r 5 £3.20 

DISCO LIGHTING KITS 

Each unit has 4 channels (rated at 1KW al 240V per 
channel) which switch lamps to proylde sequencing 
effects. controlled manually or by an optional opto 
isolated audio input 
DL 1000K 

This kit features a hi-directional 
sequence. speed of sequence and 
frequency of direction change 
being variable by means ol 
potentiometers Incur awl es 
master dimming control £ 14.60 
DLZ1000K 
A lower cost unieron of the above 
featuring undnectional channel 
sequence with speed variable by 
means of a preset pot Outputs 
switched only at mains zero cros-
sing p.nts to reduce radio inter-
ference to minimum OM 
Optional Opto Input 
DLA1 60p 

DIGITAL VOLTMETED/, 
THERIVILINIEIEll KIT j 

Based on the ICI 7106 This 
ktt comers a PCB resrvors. 
presets capacitors diodes IC 
and n 5" lio,vdcwslatd,sOla, 
Components are also included 
to enable the basic DVM kil iv 
be modified to a Digital Ther 
mommer using a single diode 
as the sensor Requires a 3m4 

- 9V supply (PP3 battery) 
£19.50 

MINI KITS 

These kits form useful subsystems which may be 
Incorporated into larger designs or used alone Kits 
include PCB short instructions and all com-
ponents 

MK1 TEMPERATURE CONTROLLER/ 
THERMOSTAT 

Uses LM3911 IC to sense temperature (80'C 
rnag) and Mac to switch heater I KW £4. 

MK2 SOLID STATE RELAY 
Ideal for switching motors. lights heaters, etc 
from logic Onto- isolated with zero voltage 
switching Supplied without trier Select the 
required lilac from our range E2.60 
MK3 BAR/DOT DISPLAY 

Displays an analogue voltage on a linear 10-
element LED display as a bar or single dot Ideal loi 
her mometers level indicators etc. May be 
stacked to obtain 20 to 100 element displays 
Requires 5.20V supply £4.75 
NIK4 PROPORTIONAL TEMPERATURE 
CONTROLLER 
Based on the TDAI024 Zero voltage wench. this 
int may be vaned to form a burst fee power 

controller or a proportmnal temperature 
controller enabling the temperature of an enclos-
ure to be maintained to within 05 C 

361,N £5.56 
MK5 MAINS TIMER 
Based on the ZN1034E Timer IC this kit will swnch 
a mains load on (or offl for a preset time from 20 
minutes to 35 hours Longer or shorter periods 
may be realised by minor component changes 
Mammum load 1KW £4.50 

TRIACS 

400V Plastic Case (Texas) 

34 49p 16A 95p 

BA 58p 

124 85p 

SA with trigger 

BA isolated tab 

Diac 

80p 

65p 

18p 

Two years ago TK Electronics launched a 
touchdimmer kit the TD3006 which made knob 
controlled dimmers obsolete This was such • 
a great success that many magazines ' 
and more retailers soon produced - 

similar designs SO THAT OTHERS - 
MAY FOLLOW, TK have designed 
a touch dimmer kit with an Infra 
Red Remote control enabling you to 
switch and control the brightness 
of your lights hum the comfort 

of your armchair etc (as well as manually by tOucheng the fronrplate 
or by using the TDE r K extension kit) 

As with all our kits these come complete with all components 

including RFI suppression IrontPlate u neon to help you find the switch 
'ho dark and a neat box for the transm tier The plastic frontplate has 

no metal pads to touch ensuring complete safely and enabling th, plate tot"'  
be covered with a decorative finish to 
blend with your room decor 

INTEGRATED CIRCUITS 

e 

We have designed the light dimmer unit 

to fit a standard wall box, the transrmtler 

to fit your hand and the once to fit your 

pocket 

In two years t ime 

everyone will be selling 

remote control dimmers 

but you can have 

your TDR3OOK kit NOW for only 
£14.30 for the dimmer unit and £4.20 

for the transmitter. 

For the more athletic of you the 

TD3OOK is still available at 

£6.50 and the TOE/ K at £2.00 

DON'T FORGET to add 

40p P&P and 15% VAT 

to your total purchase 

555 Timer 21p 
741 Op Amp  19p 
AY- 5 1224 Clock E2.60 

AY- 5.1230 2 Clock Timer 
AY- 3-1270 Thermometer 
IC17106 DVM (LCD dnivel 
LM377 Dual 2 W Amp 
LM3795 Dual 6W Amp 
LM380 2W Audio Amp 
LM382 Dual low noise encamp 
L M386 25OrnW low voltage Amp 
LM1830 Fluid Level Detector 
LM2907 fiv Converter (8 pin) 
I.M2917 Tv Converter ( 14 pin, 
LM3909 LED Flasher Oscillator 

£4.50 
£8.20 
£7.00 
(1.45 
£3.50 
80p 

E 1 . 00 
75p 

E1.50 
£1 .40 
£1.80 
80p 

I.M39 rl Thermometer £1.20 

LM3814 Dol Bar DrIV, .linl f2.10 
LM39 iV Dot Bar Driver ilOgl £2.20 

MM74C911 4 dig, display conpoller £6.50 

MM74C915 7 segment- BCD converter 96p 
MM74C926 4 Mg., counter with 7 reg o p £4.50 
S566E1 Touchderuner £2,50-

S1440 AC powered control ..... E1.75 
SN76477 Complex Sound Generator £2.52 
TBA800 5W Audio Amp Sap 
TBABIDAS 7W Audio Amp £1.00 
TDAI 024 Zero Voltage 5w/ch £1.20 
TDA2020 20W Audio Amp E2.85 
ZN1034E Timer £1.80 
All ICs supplied with data sheets 
Data Sheets ooly 10p each dewce 

CMOS 

/1000 17p 4019 42p 4059 
4001 18p 4023 22p 4070 

4002 18p 4025 21p 4071 
4007 17p 4026 £1.30 4077 
4011 19p 4027 40p 4081 
4012 17p 4028 50p 4093 
4013 38p 4040 80p 450 , 
.41115 75p 4049 38p 4511 
4016 3SP 40F,0 40p 4514 
4017 70p 406O £1.08 4516 

19p 
19p 
189 
26p 
20p 
54, 
24p 
90p 

£1.80 
E1.80 

0.1.1. I.C. SOCKETS 

B pm 8p 
14 pin 12p 
16 pin 149 

Soldercon Pins 

18 pin 
28 pin 
40 pin 

17p 
24p 
36p 

50p/100 

CAPACITORS 

Potyester 250V 
001 6p 
0 002 6p 
0 033 7p 
0 047 7p 
0 068 7p 
01 7p 
015 12p 

' 
Electrolytic, A Axial R Radial 

63V 1 0 
22 
47 
10 
47 

25V 22 
47 
100 
110 
470 
1000 

Tentelinn (bead) 
35V 01 

0 22 
0 47 
1 0 

25V 22 
47 
10 

CH...min 50V 
100pF 
220pE 
4 / OPF 

5p 
6p 
7p 

12p 
Sp 
10p 
14p • 
15p 
24p 
34p 

9p 
9p 
9p 
9p 

10p 
14p 
20p 

dip 
4p 
4p 

0.22 
0 33 
0 47 
0 68 
1 0 
1 5 
22 

SP I6V 10 
22 
33 
47 
100 
220 
470 
1000 

10V 47 
100 
220 

10V 22 
63V 33 

47 
3V 100 

1 000pF 
2 2000F 
4 700pF 

10 000pF 

12p 
12p 
15p 
18p 
24p 
27p 
31p 

5p 
5p 
5p 
6p 
8p 
11p 
14p 
20p 
8p 

Sp 
12p 

20p 
20p 
27p 
27p 

40 
4P 
Sp 
Sp 

MINI 

TRANSFORMERS 

Standard mains 
primaries 24DV a c 
100mA secondaries 
6-0-6V 80p 
9-0-9V 85p 

12-0-12V 90p 

1-1 
ro. 

LEDs 

LIDS • 
0.1" Red 
0.1" Green 
0.1" Yellow 
0 2" Red 
0 2" Green 
0.2" Yellow 
0.2" clips 
Rectangular Red 

sp 
12p 
129 
9p 
12p 
129 3. 
189 

Rectangular Green 20p 
Rectangular Yellow Zip 

DISPLAYS 

DL304 Red 0 3- c c pat corn 
petibie er th DL704 759 

Ell 307 Fled 0 3- c pie corer 
Petit:4e with 0L707 75p 

DL727 Osai 05' c a Fled £ 1 -50 

BOXES 
Moulded ln high imp., ABS Supplied with lids 
and SC'EWS Black 

55 a 56 g 35 65p 

62 95 a 71 a 35mm 86p 
B3 115s95 g 37rnm 95p 

ZENER DIODES 

.400-kN3 3v kny Bp 

RESISTORS 

' IN 10 oho 1 tri bi 
E I 2 aertes 

Pack of 10 
(one voluel 10p 
10 Packs 
(10 yaluesi 80p 

VOlTAGE REGULATORS 

Available in 5V 12V & 15y 
versions 
781. senes 100mA pos 26p 
79L series 100mA nay 50p 
78 series 14 pips 52p 

LM3177 adjustable 1 2V.37V 1 54 £1.80 

RECTIFIERS 

1N4001 IA 50V 4P 
1N4004 14 400V 6p 
I N5401 3A 505 4 
1N5404 34 400V 10p 
14 50V Bridge 14 
14 400V Bodge 229 
34 50V Bridge 43p 
3A 400V Bridge 58p 
(Bridge rectifiers are miniature PCB mounting types) 

VMOS POWER FETS 

,NrOSM 54 60V 170921 
liN664F 24 60V iT02201 

BC 100 
BC 162 
Oct B21 
BC212 
BC212L 
BC337 

TRANSISTORS _ 

8p 
8p 
Sp 
9p 
9p 

16p 

EIFV50 
11P314 
TIP324 
2N3055 
2153442 
2N3819 

52p 
88p 

209 
40p 
40p 
45p 
90p 
20p 

'ALL COMPONENTS ARE BRAND NEW AND TO SPECIFICATION. ADD VAT AT 

CURRENT RATE TO ABOVE PRICES. 40e P&P MAIL ORDER - CALLERS WELCOME 

BY APPOINTMENT. SEND SAE WITH ALL ENQUIRIES. 

-1-1( Electronics 
"abie. (qETI), 11 BOSTON ROAD 

LONDON W7 3SJ. 01-579 9794 

17777'1 111••••••••••• 



THE 2X80 MAGIC BOOK £4.75 

Wilmslow 
Audio  1 THE firm for speakers! 

SEND 50P FOR THE WORLD'S BEST CATA 
LOGUE OF SPEAKERS, DRIVE UNITS, KITS, 
CROSSOVERS ETC, AND DISCOUNT PRICE 
LIST. 

AUDAX - AUDIOMASTER - BAKER - BOWERS & WILKINS - 
CASTLE - CELESTION - CHARTWELL - COLES - DALESFORD - 
DECCA - EAGLE - ELAC - EMI - FANE - GAUSS - GOODMANS - 
HARBETH - ISOPHON - I.M.F. - JORDON - JORDAN WATTS - 
KEF - LOWTHER - McKENZIE - MISSION - MONITOR AUDIO - 
MOTOROLA - PEERLESS - RADFORD - RAM - ROGERS - 
RICHARD ALLAN - SEAS - SHACKMAN - STAG - TANNOY - 
VIDEOTONE - WHARFEDALE. 

WILMSLOW AUDIO 
35/39 CHURCH STREET 

WILMSLOW, CHESHIRE SK9 1AS 

Tel. 0625-529599 FOR MAIL ORDER AND EXPORT OF 
DRIVE UNITS, KITS, ETC. 

Tel. 0625-526213 (SWIFT OF WILMSLOW) FOR HI-Fl 
AND COMPLETE SPEAKERS. 

20 plus programs including one which allows you to make music with your ZX80, and 
games such as Moon Lander, Hammurabi, Othello. Also sections on How it Works, 
Plotting, Using USR, Converting programs written in other BASICs, and Hardware Notes 
including circuits for static and dynamic RAM and I/O. 

23 + 23 WAY ZX80 EDGE CONNECTOR £3 
THE ATOM MAGIC BOOK £5.50 
Programs to run on your ATOM computer, including Brickout, Hexpawn, lthello and 
Space Battle. Also Programming Tips and Hardware Notes. 

ASCII CODED KEYBOARD £39 inc. VAT & P&P 
Brand new, assembled and tested, 60 keys in stepped rows. Auto repeat, s.a.e for 
details. 

ALL PRICES INCLUDE UK DELIVERY & VAT 

TIMEDATA LTD. 
57 Swallowdale, Basildon, Essex 

TV SOUND TUNER 
ETI SEP 80 PROJECT 

All parts available/send for list 

ALSO 

No. 1 for Teletext Kits 
TV Spare Parts and Components 

Callers welcome at Shop Premises 

MANOR SUPPLIES 
172 WEST END LANE, LONDON NW6 1SD 

TELEPHONE: 01-794 8751 
Near West Hampstead Jubilee & British Rail Stations 

••••••• 

ELECTRONIC GAMES 
ATARI 

SPECIA 
PRICE 

11- ;Ill 

+ VAT 

INTELLIVISION MATTEL 

£173.87 + VAT 

This is the most advanced TV 
game in the world. 
Expandable 
this year into a full 
microcomputer, 
COLOUR CATALOGUE 
AVAILABLE WITH 
DETAILS ON ALL THE 
CARTRIDGES 

CHESS 

Send for further details. 

COMPUTERS 

NEW RANGE 
AVAILABLE 
AUGUST 1980 
We specialise in 
computer chess 
machines & stock 
over 13 different 
models from 
£20 to £300 

SPACE 
INVADERS 

'fflueisielooffly 
HAND FIELDS. CARTRIDGES 
ATARI ACETRONIC 
PRINZTRON ,C 
RADOF IN. OAT ABASE etc. 

We keeo a lull , ange. 
Send for cerlodge i,sli Plat•og wl,ch 
roach,le you own 

BRIDGE 
COMPUTER 

* Plays 1/2/3 or 4 Hands 
* Problem Mode 
* Audio Feedback 
* Instant Response 
* Auto scorekeeptng From £38 to £ 108. Send for further details. 

 •  

DRAUGHTS LEISURE 

BACKGAMMON 
COMPUTERS 

..-7r-ormingr * 

ern 

COMPUTER 

Solves Problems 
* Rejects illegal moves 
2 level machine 
£43 + VAT 
4 level machine 
£77.78 + VAT 

MAIL ORDER SERVICE — Free Postage & Packing 

TELEPHONE & MAIL ORDERS - accepted on 
Access * Barclaycard * American Express * Diners Club 
CALLERS WELCOME — at our shop in Sidcup — Demonstrations daily 
Open frOM 9ami5pm Mon-Sat 19am-tom Wed / 

GUARANTEE — Full 12 months + After Sales Support' Tel: 01-301 1111 
We have comprehensive brochures on all products. Please let us know what you Into , rstud rsanft se evil; send you detailed te oehut es AND 011i n 

32 page catalogue covering most games on the maiket 

OMAR 1 
OMAR 2 
CHALLENGER 
GAMMONMASTER 

*CHEAP TV GAMES 
*TELEPHONE ANSWERING MACHINES 
*AUTO DIALLERS 
*CALCULATORS 
* DIGITAL WATCHES 
* PRESTEL 
* HAND HELD GAMES 

1 51;1 .;) 
SILICA SHOP LTD., Dept ETI . 3 
1-4 The Mews, Hatherley Road 
Sidcup, Kent, DA14 4DX 

TELETEXT 
-131212131:1:1 

IL• 

RADOF IN 
TELETEXT 
Add on Adaptor 

£173 + VAT 

24-TUNE 
DOOR 
BELL • 
£13.65 
+ VAT 

FREE  
CATALOGUE 
Fo, a tree COO 
i our 32 Pa..gr,ed, 
°catalogue' 
a 12p stamP to. 
Silica Shop Ltol r Teleteone 

°01-3°1 11" 
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ICS have 
helped thousands 

."‘ of ambitious people 
to move up into higher paid 

more secure jobs in the field of 
electronics — now it can be your turn. 

Whether you are a newcomer to the field 
or already working in the industry. ICS can 

provide you with the specialised training so essential 
to success. 

Personal Tuition and Guaranteed Success 

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

City and Guilds Certificates 

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

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

Diploma Courses 

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

Other Career Courses 

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

<te 
eec›L o 
4> Name 

To ICS, Dept. Z263, Intertext House. 
London SVV8 4UU 

Address   

  Age 

To ICS, Dept. 26.5E, Intertext House 
London SVV8 4UJ 
or telephone 01-622 9911 (all hours) 
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DISCO LIGHTING 
KITS!!! 

First class constructional projects. cis, glass fibre P.C.B2s & full instructions. No extra 
components needed to make a top rate working unit. 

LK1 
f9.90 
LK3 
115.50 

3 channel sound- to- light. 
300, .•channel Is - 100w input 

2kW slider dimmer 
•suitable for clubs pubs. 
A professional unit el.,. 
FACE PLATE 

ALL KITS C/W 

circuit, comprehensive 
instructions & full 

parts guarantee 

LK2 
f17.90 

LK4 
f16.50 

Carriage on abose "Op 

3 channel .3kW 

zero voltage tiriTu 
200mV - 100 wa-tts input. 

4 channel .io,v 
audio - forwardireserse 
auto - two speed ranges. 

Suitable case for 

LK I i2/4 f3.50 
100w spots ES or BC 

LISO. 
Coloured pigmy lamps 

65p. 

8m rope lights 
£49 

UNREPEATABLE HI-FI BARGAIN 

3 WAY LOUDSPEAKER 
KIT VW BAFFLE (pre-cut) 
Comprises. 

* 64." linen surround bass unit 
* 5i' mid range unit 
*3" tweeter 

*3 war crossos cr. firing screws & baffle 
* 20 . 3IIS handling capability. 

Full instructions pros ided 
Must he heard fo be belies cd  

£10.50 or 2 kits for £20 Carr. £1 per kit 

SAXON ENTERTAINMENTS (En) 
327-333 Whitehorse Rd., Croydon, Surrey CRO 2HS. 

(01) 684 8007 
Order try phone - Access Barein,,eard C.O.D. 

Open Mon.- Sat. dam - 

B.K. ELECTRONICS 
A SOUND CHOICE 
FACTORY FRESH THAN DAR 

TEST EQUIPMENT BY SINCLAIR 
The very latest TM352 HAND HELD 
LCD DIGITAL MULTIMETER 

* 1/2 "-3'r digit display 
* DC and AC volts 
* DC current 
* Resistance and diode check. 
* Audible continuity check. 

* hip measurements 
* Latest push-button controls for ease of operation 

DC voltage 200mV 2V 20V. 200V 1000V. 
AC voltage 200V and 1000V 
DC current 200,A 2mA 20mA, 200mA, 10A. 
Resistance, diode check and continuity test 2Kt: 
201(4'2 200Kfi 2000E0 
hFE measurement Cs 1000 

Power requirement 9V (PP3 batteryl 

Price £49.95 including test leads, battery and carry 
case 

SC110 FULLY PORTABLE OSCILLOSCOPE 
The new Thandar SC11 0 represents a breakthrough in oscilloscope development The 
Full-sized performance SC 110 is less than 2" thick and weighs 
* 10MHz bandwidth under 2 lb yet it retains the standard 
* 10mV per din sensitivity features of a bench oscilloscope 

* Full trigger facilities are provided, 
including brightline and auto 
with TV line and frame filtering 

* Runs on ordinary HP1 1 rfourl 
batteries 

Basic price £139.00. Optional ex-
tras AC adaptor £4, rechargeable 
battery pack £8.63, X1 probe £8.05, 
X10 probe £8.86, carrying case 
£8.86. 
* AU genuine Thandar accessories. 
All prices include V A T. Official orders welcome Mail ordei only, or callers by prior 

appointment Barclaycard / Access welcome Cash cheque etc with order Large s a e 
for complete Thandar list 

B.K. ELECTRONICS 
37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex, SS9 5TY 

Tel: Southend 527572 
egeb 
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 FEATURE 

DESIGNER'S 
NOTEBOOK 
EX-OR gates and magnitude comparators feature in this month's 
edition of Ray Marston's 'Designer's Notebook' 

T
he 4070B quad EX-OR gate is one of the least known but 
most useful members of the commonly-available family 
of CMOS quad two-input gate ICs. The device's gates can 

readily be used as programmable (inverting or non-inverting) 
pulse amplifiers, phase comparators, free-running or gated 
astables, or multi-bit magnitude checkers, etc. Pretty good for a 
chip that costs a mere 20-30 pence. 

Figure 1 shows the outline and pin notations of the 4070B, 
together with the truth table for each of the EX-OR gates in the 
package. The most important point to note here is that the out-
put goes high only ( EXclusively) if a logic 1 is applied to only one 
of the inputs (A OR B). The output takes a logic 0 state if iden-
tical inputs are applied to both inputs. 

Al 

B1 

OUT 1 

OUT 2 

A2 

B2 

Vss 

BR 

A4 

OUT 4 

OUT 3 

83 

Vdd 7 8 A3 

C COPYRIGHT MODMAGS Ly. 

Fig.1 Pin notations, outline and truth table 

A OUT 

D D 

of the 4070B quad two-input EX-
OR gate. 

o 
o 

1 OF 4 GATES 

(a) 

C COPYRIGHT MOD, AGS L 

Vdd 

r - 
TRANSMITTER 

ANUPDU1T0_14.. 
'I  

A - TO—D 
CONVERTER 

Figure 2 shows how individual gates can be used as pro-
grammable pulse amplifiers. With the connections shown in 
Fig. 2a, the circuit functions as an inverting amplifier. In Fig. 2b 
the amplifier acts in the non-inverting mode, while the Fig. 2c 
circuit shows the connections for making a switch-
programmable amplifier. 

The EX-OR programmable amplifier can be used as the 
basis of a so-called scrambler system, of the type used on securi-
ty telephones, etc., by using the basic circuit shown in Fig. 3. 
Here, in the transmitter, the audio signal is converted to digital 
form by an A-to-D converter and fed to one input of the EX-OR 
gate, while the other input is fed from a digital white noise or 
'scramble' signal. The output of the EX-OR gate is thus inverted 
or non-inverted in a random manner and can not readily be 
deciphered. 

Vdd 

OR 

1.1 

Fig.2 The EX-OR gate can be used as an a) inverting, b) non-inverting, or c) 
switch programmable pulse amplifier. 

'SCRAMBLED  DIGITAL MESSAGE 

4070 

DIGITAL 
WHITE—NOISE 
(SCRAMBLE) 
GENERATOR 

SCRAMBLE (DECODER) SIGNAL 

RECEIVER 

0—TO—A 
CONVERTER 

C COPY R IGHT ' L)LY, AGS L 1 

Fig.3 Basic circuit of an audio (telephone etc) scrambler system. 
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AUDIO 
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Both the scrambled message and the scramble signal are 
sent out (on separate lines) from the transmitter. At the receiver, 
the two signals are picked up and fed to the two inputs of a se-
cond EX-OR gate, where the digital analogue signal is restored 
(unscrambled) to its original form (the simple principle here is 
that if both gates are either inverted or non-inverted, the net ef-
fect will be an overall non-inversion of the signal). The restored 
digital signal is then converted back to analogue form by a D-to-
A converter. Neat. 

More Circuits 
Figure 4 shows ways of using an EX-OR gate as a digital 

phase comparator and as a frequency-doubler. The two circuits 
use the same basic principle of operation, so let's look at the 
phase comparator first. The comparator is meant to be fed with 
digital ( ideally, square wave) signals that are identical in form 
and frequency but which may differ in relative phase. A digital 
signal is available directly at the output of the gate, or a DC 
signal may be available from an R-C low pass output filter. 

From the circuit waveforms, you can see that if both input 
signals are precisely in phase the two inputs will always be iden-
tical and the output will be zero. If, on the other hand, the two 
signals are not in phase, the output switches high at those points 
in the waveform where the two inputs are in opposite logic 
states. This situation occurs twice in each input cycle, so the 
output signal is frequency-doubled. The pulse width of the out-
put signal and thus the mean DC output levels of both the gate 
and the low-pass filter are directly proportional to the 
magnitude of the phase difference between the two input 
signals. The level is low with a small phase difference, rises to a 
maximum at 180° difference and then reduces again as the 
phase difference is shifted from 180° towards 360°. 

From the above, it is easy to see how the Fig. 4 frequency-
doubling circuit works. The digital input signal is fed directly to 
the 'A' input terminal of the EX-OR gate but is fed to the ' B' ter-
minal through the phase-shifting network formed by R-C; the 
resulting phase-shift implements the frequency-doubler action. 

INPUT A 

INPUT B 

PHASE COMPARATOR 
/ /f 

FREQUENCY-DOUBLER 

OUT 

FILTERED 
OUTPUT 

Figure 5 shows how a pair of EX-OR gates can be used to 
make a 1 kHz astable multivibrator or square wave generator. 
The circuit operates as a standard CMOS astable, the two gates 
being made to function as pulse inverters by taking one of their 
two inputs high. 

Figure 6 shows how to modify the above circuit so that it 
functions as a gated 1 kHz astable circuit. Useful features of this 
design are that it uses a logic 1 (high) gate signal and its output 
goes to the logic 0 (zero) state when the astable is gated off. 

Vdd 

COPYRIGHT MODMAGS Ltd 

Fig.5 A 1 kHz EX-OR astable. 

OUT 

GATE J 
INPUT 

OUTPUT : 

Fig.6 A gated 1 kHz EX-OR astable. 

A 

OUT 

A 
_J  

OUT 

AB  n 

OUT 

C COPYRIGHT MODMAGS Lid 

Fig.4 An EX-OR gate can be used as both a phase comparator and a 
frequency doubler. Typical waveforms for the phase comparator circuit are 
shown on the right. 
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FEATURE : Designer's Notebook  

Magnitude Comparators 
We've already seen that the output of an EX-OR gate goes 

low if its two inputs are identical, or high if the inputs differ. The 
device can thus be used to compare a pair of digital bits, or a 
number of gates can be used to compare the magnitudes of a 
pair of multi-bit digital words. Figure 7 shows how a 4070B can 
be used to compare two four-bit words and give a high output if 
the two words are not identical. In Fig. 7a, the outputs of the 
four EX-OR gates are ORed by one half of a 4072 dual four-input 
OR gate. In the Fig. 7b circuit the outputs are ORed by a four-
input diode gate. 

INPUT 
WORDS 

fl)COPYRIGHT MODMAGS Ltd 

INPUT 
WORDS 

- AO 

BO 

Al 011 

B104 

A2 

B2 

A3 

133 

NOTE, 
IC1 IS 4070B 
CO IS 4072B 

Fig.7 Alternative ways of using a 407013 and a four-input OR gate to make a 
four-bit two-word comparator. The outputs go high if the two input words are 
not identical. 

INPUT 
WORDS 

,)COPYRIGHT MODMAGS Ltd 

A OUT 

0 o 

O o 
o o 

4077B TRUTH TABLE 

Fig.8 Method of using 407713 
EX-NOR gates to make a four-bit 
two-word comparator that gives 
a high output if the two input 

words are identical. 
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NOTE: 
Cl IS 40776 
IC2 IS 4082F3 

Vdd 

0 

IA<BI IN 

An opposite action, in which the output goes high if the two 
words are identical, can be obtained by replacing the 4070B 
with a 4077B EX-NOR IC and ANDing the outputs by one half of 
4082B, as shown in Fig. 8. The 4077B has the same outline and 
pin notations as the 4070B. 

The two magnitude comparator circuits described above 
are quite inexpensive and, clearly, are not particularly 
sophisticated. If a more sophisticated magnitude comparator 
performance is required, special chips such as the 4063B or 
4585B four-bit magnitude comparators can be used. Figure 9 
shows the outlines and pin notations of these two CMOS 
devices. Note that these chips have three outputs, one going 
high if the two words are identical, one if the ' A' word is greater 
than the ' B' word, and the remaining output going high if the 'A' 
word is less than the ' B' word. Obviously, only the one output 
can be high at any given time. 

A useful feature of the 4063B and 4585B comparators is 
that they can readily be cascaded to compare words of any 
desired ' bit' length. Figure 10, for example, shows the basic con-
nections for making a 12-bit comparator, using three cascaded 
ICs. When using these comparators, either singly or in cascade, 
note that the cascading inputs of the least significant com-
parator are connected as follows: (A < B) and (A > B) are biased 
low, and (A = B) is biased high. 

'97%...0 176e. B2 C 

A2 C 

IA- B1 OUT C 

(A>B) INC 

(A<B) IN c 

(A=B) INC 

Al C 

Vss C 

45856 

8 9 

'ff1/4 .0)"r16 D Vdd 63 C 

D A3 IA<BI IN c 

D o3 (AB) IN c 

)IA>B) OUT IA>BI IN c 

1A<BI OUT 1A>B/ OUT c 

D BO )AB) OUT c 

D AO IA<B) OUT c 

DB1 vttC 

©COPYRIGHT MODMAGS Ltd 

406313 

8 9 

Fig.9 The 45858 and the 40638 are four-bit magnitude comparator ICs. 

INPUT WORD A 

AO Al A2 A3 

B) IN 406313 

IA>B/ IN 

OUT IA<BI IN 

OUT )A=B) IN 

OUT IA>BI IN 

0 
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0 
B3 

A4 A5 A6 A7 

CV??? 

406313 

OUT IA<RI I 

OUT (A=B) I 

OUT 1,4>B) IN 

0 0 0 0 
Bel 65 B6 B7 

A8 A9 A10 All 

(iT CH )  

4063B 

0 0 0 0 
B8 B9 B10 011 

,C,COPYRIGHT MODMAGS Ltd 
INPUT WORD B 

OUT IA<BI 

OUT )A=B) 

(.21- Cir ) IA>B/ 

Fig.10 Method of cascading three 4063Bs to make a 12-bit two-word 
comparator. 
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JLLIkLkL 0 
.1••••• electronics 

48 JUNCTION ROAD, ARCHWAY, LONDON N19 5RD — 100 yards from Archway Station & 9 Bus Routes 
TELEPHONE:01-263 9493/01-263 9495 

8N 8K RAM — £399 
16N 16K RAM — £499 
32N 32K RAM f599 

CASSETTE DECK — £55 

343K Twin Floppy Disk 

£695 

asiacx 

PETS Et SYSTEMS 

NEW 32K with 80 col Screen Twin Disk Drive 950K 

All with new keyboard 
and green screen 

FRICTION FEED PRINTER 
£375 

Tractor Feed Printer 
£425 

£825 
D395 

COMPLETE 32K SYSTEM £1789 lialliall111111111.11111 

MEMORY EXPANSION KIT 

Suitable for UK101, Super-
board expansion using 2114's 
each board has 16K ram 
capacity kit contains: 

* On board power supply 

* 4K Eprom expansion 

* Fully buffered for easy expansion 
via 40 pin socket 

* 8K kit £89.95 

* 16K kit £122.95 

* Printed Circuit Board £29.95 

* 40 pin-40 pin header plug £8.50 

CASES 
Available for UK101, 
Superboard, Nascom. 
Appx. DIM 17" x 15" 

435 x 384 mm 

PRICE £4.50 
Post & Packing £ 1.50 

NEW SHOP 
NEXT DOOR 
"WOOLIES" 

111 

(NORTHERN LINE) 
ARCHWAY 
STATION 

-01-100 yds 

JUNCTION ROAD 
A400 

LMR Et ER 

UPPER 
HOLLOWAY 
STATION 

o 

>> 

o ST JOHNS WAY 

BUSES 
24 
41 
45 
137 
143 
172 
239 
263 
C11 

UK101 P.P.I 
Built Et tested. Interfaces TX80 Printer 
direct. Can be programmed to operate 
relays, motors, various other peripherals 

"CENTRONICS COMPATABLE" 
Plugs into IC socket. LED binary display 

fully documented. £29 95 

PRINTERS 
"PSON MX80 £349 
EPSON TX80 £299 
Dot-matrix printer with Pet 
graphics interface: Centronics 
parallel and ,serial: Pet and 
Apple compatible. 

VIDEO GENIE 
VIDEO GENIE based on 

TRS80 

Utilises Z80, 12k level II Basic, 

Integral Cassette Deck, UHF 0:P 

16k RAM, 

all TRS80 features 

£289 
UK101 

£179 IN KIT FORM 
£229 READY BUILT Et 
TESTED 
£255 COMPLETE IN 
CASE 
4K Expansion (8x2114) 
NOW ONLY £18.00 
No extras required 
* Free sampler tape 
* Full Qwerty keyboard 
* 8K basic 
* Ram expandable to 8K 
on board (4K inc) 

* Kansas City tape interface — 
* NEW MONITOR ALLOWS FULL EDITING Er 
CURSOR CONTROL £22.00 

8APICLAYCARD Please add VAT 15% to all prices Postage on computers printers and cassette decks charged • at cost, all other items 
P&P 30p Place your order using your Access or Barclaycard ( Min lei order£51 Trade and export enquiries welcome 

VISA credit faulities arranged 

• 

ri, ,doeux 
 • 
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-r electronics 
NEW SHOP Ià SHOWROOM 

NOW OPEN 
Telephone: 01-263 9493/01-263 9495 

UK101 SOUND 

Sound Generator and com-
bined parallel in out port kit, 
containing P.C.B.. AY-3-8910, 
6820 PIA. Fully documented 
and demo tape. £29.95. 
AY-3-8910 £8.50. 

UK101 SOFTWARE 

Space Invaders 
Real Time Clock 
Chequers 
Othello 
Game Pack I 
Game Pack II 
Game Pack Ill 
Screen Monitor 
Assembler Editor 
10xC12 Blank Tapes 

6.50 
3.00 
3.00 
4.00 
5.00 
5.00 
5.00 
4,00 
14.90 
4.00 

rZ80 2.5MeCgP" Z80A 4Meg 
6502 
6800 
8080 
9900 

7.95 
9.95 
6.95 
6.50 
4.75. 

25.95 

SUPPORT CH 

Z80 CTC 
Z80A CTC 
Z80 P10 
Z80A P10 

6520 
6522 
6532 
6821 
6850 
6852 
8212 
8216 
9224 
8228 
8251 
8253 
8255 

TMS9901 
TMS9902 
TMS9904 (74LS362) 

5.95 
6.95 
5.95 
6.95 
3.95 
6.85 
8.50 
4.25 
3.60 
4.35 
1.95 
1.95 
2,75 

4.95 
£9.75 
4.50 
13.16 
11.18 
4.21 

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

I.C. SOCKETS 

VV/VV 
.09 . 25 
.11 . 35 
.12 .42 
.16 
20 
.22 
24 
.30 

40 

.50 

.62 

.65 

.70 

.80 
99 

1.10 

MEMORY 

D.RAMS 
4027 
4050 (3 SONS) 
4060 (30ONS) 
4116 

S.RAMS 
2102A 
2102A2 
2112A 
2114/4045 
4035 
4044-5257 
6810 

BULK PURCHASE 
8x2114 
8x4116 
16x2114 

p 
2.75 
2.35 
2.39 
3.95 

1.30 
1.69 
2.75 
2.75 
1.07 
6.93 
3.50 

18.00 
27.50 
34.00 

2708 
2716 (5v) 
2532 

EPROMs 

4.25 
6.95 

29.95 

 ROM 

2513 (UC) 5.95 

BUFFERS 

81LS95 
81 L596 
81 L597 
81LS98 
SN 74365 
SN74366 
SN74367 
SN74368 
8T26 
8T28 
8T95 
8T96 
8T97 
8T98 

1.25 
1.25 
1 25 
1.25 
.52 
52 
52 
.52 

1.50 
1.50 
1.50 

£1.50 
1.50 
1.50 

BAUD RATE GENS rMC14411 
MM5307 875 8.751 
- 

UARTS 

AY-5-1013 
AY-3-1015 
MM 5303 
TMS6011 

3.95 
4.75 
4.75 
3.55 

SEND S.A.E. FOR COMPLETE PRICE LIST 
OR PHONE 01-263 9493 

ETI MARCH 1981 

HM 307 £138 , 

Top Performance 
In Every Range 

Y; Bandwidth OC 10Pritaz 1-3diii) • ›,Seroritivity 5rriV,Z0Viorn 
X: Tirnebeío 0 2s 0.2nsinrn (t 5%) • Triggering 214a-'39Mgz t3Mml 
itet-ittvi.:Mfgrielemti taster *, • Caktttatot S9t.e•fi eix7crp,.. ltV • 

HM 312 • É220 
Y: Bandwidth OC-20MHz (- 3r1B) • Sensitivity 5mV-20Vicm (±. 3%) 
X: Timebase 0.2s-40nsicrn incl. x5 Magn. • Trig. 31-1z-30MHz(4mm) 
Dual trace • X-Y Operation • Calibrator • Screen 8x*I0cm • 2kV 

HM 412 £350 
Y: Bandwidth DC-20MHz 1-3d13) • Sensitivity 2mV-20V/cm1± 3%) 
X: Timebase 2s-40ns/cm incl. x5 Magn. • Trig. DC-40MHz (5mm) 
Dual trace • Algebr. addition • X-Y Operation • Screen 8 x10cm 
Sweep delay • Overscan, Trigger, Delay indications • Trigger filter 
Z-Modulation • Calibrator • Graticule illumination • 2kV 

HM 512£580 
Y: Bandwidth DC-50MHz (-3dB) • Sensitivity 5mV-50V/cm (± 3%) 
X: Timebase 5s-20ns/cm incl. x5 Magn. • Trig. DC-70MHz (5mmi 
Dual trace • Algebr. addition • X-Y Operation • Screen 8x10cm 
Delay line • Sweep delay • After delay triggering • Trigger filter 
Single shot + Reset • Overscan, Trigger, Ready, Delay indications 
var. Hold-off • Z-Modulation • Graticule illumination • 12kV 

HM 812 £1,458 
Y: Bandwidth DC-50MHz (- 3dB) • Sensitivity 5mV-50V/div. (± 3%) 
X: Timebase 5s-20ns/div. incl. x5 Magn. • Trig. DC-70MHz ( 0.5div.) 
Dual trace analog storage with var. Persistence and Auto-Storage 
Algebr. addition • X-Y Operation • Screen 8x1Odiv. ( 7.2 x 9cm) 
Delay line • Sweep delay • After delay triggering • Trigger filter 
Single shot • Overscan, Trigger, Ready, Delay, AS indications 
var. Hold- off • Z- Modulation • X-Guard circuit • Calibrator • 8.5kV 

HM 812 
Storage 

For more information Prices U. K. 
contact: List Ex. VAT 

HAMEG LTD. 74-78 Collingdon Street LUTON 
Bedfordshire till 1RX Telephone (05821 413174 Telex 826484 

87 



GREEN WELD 
443A Mil'brook Road Southampton SOI OHX 
All prices include VAT e 15% - just add 40p post 
THE SPECTACULAR 
1981 GREENWELD 

Component Catalogue 
Bigger and better than ever!!! 

* 60p discount vouchers 
* First Class reply paid envelope 
* Free Bargain List 
* Priority Order Form 
* VAT inclusive prices 
* Quantity prices for bulk buyers 
* Free Data Sheet 

SEND 75p FOR YOUR 
COPY NOW!! 

BUY A COMPLETE RANGE OF 
COMPONENTS AND THESE 
PACKS WILL HELP YOU 

AU. PACKS CONTAIN FULL. SPEC. BRAND NEW 
MARKED DEVICES - SENT BY RETURN OF 
POST, VAT INCLUSIVE PRICES. 

11001 50V ceramic plate capacitors. 5%. 10 of 
each value 22pF to1,000pF, total 210. £3.1119. 
KOOZ Extended range 22pF to 0.1p F. 330 values 
£5.53. 
K003 Polyester capacitors. 10 each of these 
values 0.01, 0.015, 0 022. 0.033. 0.047. 
0.068. 0.1, 0 15, 0.22, 0 33. 0.47, 110 
altogether for £5.07. 
K004 Mylar capacitors, min 100V type 10 each 

all values horn 1 .000pF to 10.000pF Total 130 
tor £5.05. 
1(007. Electrolytic capacitors 25V working small 
physical sae. 10 each of these popular values 1. 
22. 4.7, 10. 22, 47, 100p F Total 70 for £3.59. 
K005 Extended range, as above, also including 
220. 470 and1000y F. Total of 100 for £5.05. 

1(021 Miniature carbon film 5% resistors CR25 or 
solder 10 of each value iront 1OR to 1M, E12 
series Total 610 resistors £5.15. 

1(022 Extended range. Total 850 remstors from 
into 10M £5.150. 
1(041 Zener diodes 400mW 5% BZY88, etc 10 
of each value from 2 7V to 36V. E24 series Total 
2130 for £15.37. 
NEW K051 LEDs - 10 each red. green & yellow 

3mm & 5rnrn, with dips Total 60 LEDs for £5.95 

BUZZERS, MOTORS 8. RELAYS 
Z401 Powerful 6V DC buzzer. all metal construc-
tion. 5Ornrn dia ic20nrry 85p. 
Z402 Miniature type buzzer. 6. 9 or 12V, only 
22x15x16mrn Very neat 55p 
Z450 Miniature 6V DC motor high quaky type 
32mm dia X25mrn high, with 12mm spindle 
Only ET 
A372 Audible Warnong device - solid state circuit 
drives high efficiency transducer to give high 
output Voltage reqd 4-18V Can also be driven 
direct troto TTL or CMOS. Module size 
45 x21 xl2mmi Comprehensive data supplied 
ET» 
W892 Heavy Duty 12V relay, ideal for car use - 
single 15A make contact Coil 25R in sealed metal 
can with mounting bracket Up. 
W890 DIL Reed relay SPCO 2 4-10V 200R coil 
Only £2.20. 
FSRA60 Latching relay 2 iv 158 contacts. 1M. 
1B, Coil is 250R, and rated 60V ac, but works on 
12-24 DC. Solid Encapsulation with screw 
terminals makes it ideal for car use £1.20. 

REGULATED PSU PANEL 
Exclusive Greenweld design - boner spec, than 
anything on the market being offered at the price 
Panel 110 X82 x 33rnm high contains all com-

ponents including bridge rectifier and smoothing 
capacitor Ready built and Tested - lust add a 30V 
2A transformer and two pots for a fully variable 
voltage and current supply 

SPEC Output vohage 0-28V 
Output current 2OrriA-2A 
Source Impedance OR 1 
Open circuit ripple 10mV 

Send SAE for full details of the many ways this 
useful module can be used together with price list 
of pans for various °Mons Only £T.75 

1N4806 DIODES 
Special purchase of IA rects Russian made 

Packed in boxes of 300. £3.50 per boa. 4 boxes 
£30.00; 10 boxes £75.00 

DISC CERAMICS 
o 22uF 12V 9mrn dia Ideal for decouplIng 100 
for E2.75; 1000 £20.00. 
o 05uF 12V 15mrn dia 100 E1.50; 1000 
£12.00. Pack of disc ceramics assorted values 
and voltages - 200 for £1 .00 

TRANSFORMERS 
Mains primary, 50V 206 sec £ 20.04). Mains prr 
110V 15A sec E30.00; 20A £40.00. 

SLIDER POT SCOOP!!! 
Made by Pilaw, types PL40CP & PLEOC Silly 
prices for superb goods' , 

PL40CP - 69 x 16. 9rnm 40mrn slide lenglh 
220R, 2k2 or 10k lin only. Pr ces laro min 1 1-24 
20P; 25-99 17p; 100* 149 . 
PLEOC - 84v lox 7mm, 60mm slide length. 5k 
log only Prices 1-24 25p; 25-99 22p; 100 
17p. 

REGULATED PSU PANEL 
Exclusive Greenweld design fully variable 0.289 
8d 20mA-2A Board contains all components 
except pots and Transformer Only £7.75 Suitable 
transformer and pots £6.00 Send SAE for fuller 
details 

CALC CHIPS 60p!!! 
New full spec, supplied with data Type M K 50321 
- full function Inc memory Only elp 

£1 BARGAIN PACKS 
Each pack £1; any 25 packs £22 

K101 16 BC239B transistors 
K102 15 BC349A transistors 
£103 10 BC546B transistors 
£104 18 BC182B transistors 
£105 50 1N4148 diodes 
£106 18 BC184L transistors 
K107 18 BC213L transistors 
K108 8 2N5060 thyristors. 30V 0.8A TO92 

case 
£109 15 BC114 transistors 
K110 4 BD131 transistors 
Kilt 4 BD132 transistors 
£112 12 3A 100V rents, wire ended 
£113 30 DA002 rects 150V 0.5A 
£114 15 XK 6116 (8E241) transistors 
K115 18 SP121B (2N3702) transistors 
£116 10 MPSLO1 NPN 140V 7092 
£117 10 8E450 PNP TV IF amp transistor 
K118 IE ME4101 NPN 60V AF low noose 
£119 10 2N5401 NPN 160V TO92 
£120 6 prs 2SC/96/256496 AF 0/P sim to 

AC128/176 
£121 20 7V5 400mW zeners 
£122 10 VR525 5.25V 2.2W caner 
£123 10 56V 1W zener 
K124 50 .02p F disc ceramic 
£125 200 16 5% 1/4 W carbon film resistors 
£126 100 300pF 63V polystyrene preformed 

caps 
K127 25 47p F 25V axial lead caps 
£128 25 1àpF 40V do 
£129 8 AA113 diodes 
K130 25 470R V 0.1W presem 
£131 10 VA1086 thernmstor 
K132 12 4 7y F 50V bead lams 
K133 20 3 way SA term blocks 
£134 50 unmarked untested OC71 type tran-

sistors 
K135 30 4 7p F 10V radial elecs 
£136 4 AC187k transistors 
£137 5 iBa F 100V non-polarized caps 

£138 30 1a" coil former with slug 
£139 40 025p F 50V mylar caps 
£140 30 05 do 
K141 40 0.014F 400V ainal caps 1C296) 
£142 25 wire ended nacres std size, 90V 
£143 200 squares mica insulation 25rnrn sq. 
£144 30 IRS 3W wirewound resistors 

£145 10 1500p F 16V caps - radial PC mntg 
£146 25 330p F 4V axial caps 
£147 3 150p F 350V caps- radial PC rnntg 
£148 30 transformer former type 0229 
£149 12 Ferrite rod type X036 
£150 10 switches type W430 
£151 12 0.125" red LED's 
£152 10 0.2" red LEDs 

K153 30 TOS heat sinks, same as 13104 
£154 15 5 pin 180. Din socket, clip fix 
K155 100 metres thin tlex ( 100 2m lengths) 
K156 15 11/4 " chassis rnntg fuseholder 
K157 12 16 pin CUL-GIL IC sockets 
£158 6 SPCO centre off white rocker 

swrtches 
K159 20 0.3W presets 500k V with knurled 

knob 
£161 20 0.3W presets 2k 5 V 
£162 20 03W preces 2M5 V with knurled 

knob 
£163 400 15R UW 5% preformed yen mntg 

resistors 
£164 50 22pF 2% silver mica caps 
£165 20 Sub- min reed switch, body 2Ornm 

long 
K166 100 3300pF 630V polyester PC nantg 

caps 
£168 50 AA144 diode preformed as above 
£169 30 8V2 400mW zener as K167 
£171 25 11Vdo 
K173 12 1.5p F 25V tent bead caps 

£174 12 0 47p F 25V tam bead caps 
£175 100 200071 2',96 125V p s caps 
£176 24 15OR 0 1W ven presets 
£177 24 4.708 0 1W hora presets 
K178 24 47OR 0 1W vert presets 
K179 24 2k 0 1W horn presets 
K180 24 2k0 1W vert presets 
£181 24 2k2 0 1W honz presets 
6185 200 1R l/iW CF preformed Rs for hone 

mntg, 15rnm centres 
£187 1B PE5030 NPN Si TO92 transistos 

Vos 35V. Hfe 75 
0188 18 F544 PNP Si TO92 transistors Poe 

20V, Hfe 300 
£189 30 19649 600V 0 46 diodes pre-

formed for 14 rning. 
£190 16 BZY85 BV2 25OrraiN mener diodes 
6191 8 8Y300 / 600 ' Top Hat switching 

diode, 600V 6A 
6192 25 RGP108 100V 1A switchIng diode 

COMPONENT PANELS 
Z525 Contains 11 80OrnA 60V 295061 SCRs, 
11 6V8 milers, 11 194004 diodes plus Rs. Cs. 
etc Only El. 
Z529 74 Series ICs - Gates and complex logic, 
20 asstd ICs on panels E1; 100 ICs £4. 
Z527 2 X 6V reed relays 6 x 25030 or 25230 
65400V recto, plus Rs. Only 50p. 

TTL, LINEAR, OPTO 
All new full spec - Fairchild/ SOS 
VIL: 5400. 5401. 5402 5403, 5404, 5405, 
5410. 5421. 5430. 5450, 5451, 5453, 5460 

All 12p em 5470. 5472. 5474, 5475, 5476. 
5480 5486. 5490 54107, 54121. 54122 - 
ell 20p ea. 5482 54126 - 40p ea. Others ( 745. 
/-1) on B/L 12 ¡SAE please) 
LINEAR: 9665 or 9666. 7 x 50V Darlingtons in 
16 Oil 50p; 75452 or 4 dual penph driver 70p; 
SKI 444 7 CMOS P- channel buffers. 15V 16 OIL 
24p. 
OPTO: Isolators. FCD831 110p; TIL I 15/ 118 
60p; FPF100 , 106 Infra red LED E2.50; f90847 
7 seg 0.8" CA E2.00; FND850 CC £2.00. Data 
or request for linear & opto devices) 

BULK BUYERS LIST - Big bargains for quantity 
buyers. Resistors from £3.50/ k. caps f7, k. Send 
SAE for list 

as 

Happy 
Memories 

4116 20Ons 
2114 450ns 
2708 45ONS 

£2.95 
£2.55 
£3.95 

2114 20Ons £3.25 
2716 5 volt £6.75 

MEMOREX SOFT-SECTORED MINI-DISCS for 
PET, TRS-80, etc. Supplied in Free Library Case 
  £19.95 per 10 

Low Profile I.C. Sockets by Texas 
Pins   8 14 16 18 20 22 24 28 40 
Pence   10 11 12 16 17 20 21 28 37 

Memory Upgrade Kits for Apple, 2020, TRS-80, 
etc.   from £23.60 please phone 

Quantity prices available on request. Government 
and Educational Orders welcome. Trade accounts 
opened. 

ALL PRICES INCLUDE V.A.T. POSTAGE FREE ON 
ORDERS OVER £ 10, OTHERWISE ADD 30p. 

Access and Barclaycard Welcome 

HAPPY MEMORIES 
Dept. ETI 

Gladestry, Kington 
Herefordshire H R5 3NY 
Telephone (054422) 618 

 Ng. 

KNOW YOUR ZX80 
With L1NSAC products for the Sinclair ZX80 

THE ZX80 
COMPANION 

THE IX80 COMPANION 
(deem, 

Maunder, Logan and Trotter 

,SSN 0 907211 00 3. Price E7.95 incl. UK 
,mtage. 

This best selling manual on the Sinclair ZUG 
2/030 BASIC, hardware and programs 

am; has a detailed explanation of the £1030 
Monitor routines and entry points. A routine 
for enerating moving displays is also included, 

Cr1.1 °Pealing INe 2%80. 
Ch.2 - Theory of Computers 
Cn.3 - ZX80 BASIC 
C.4 - The 2X80 Monitor 
Cr..5 - Construction and Hardware 
Ch .6 2X60 Programs 
up; 1 - Conrear ,sus of Z-30 Decodes and 

2X80 Characters. 
0072 - The BK ROM. 

For a cassene of ton programs from the Corn. 
Paninn add £4.95. 

The ZX80Monitor A complete assembly language listing of the 2X8Ers 4K Monitor, 

,v,th annotations - Price flO 00 mcl UK nonage. 

Cassette Software 
All LINSAC program cask, ere on ainplc Cl] [01.[M5 prulted run msrr,lcr ,-.5 Ad run on 1K ZX1303 unless OlhInWhe 
stated Proem/CO yer Pie remUS castes.. 

Three Towers. Number Guesting. Mastermind. Shelcher. Ner Symbol Simon. 

line Lren. The Maze Game. Pie.,, SwIrns. 000, Chinme cmvi. Tower ul Hanoi. BallInhim. 

121,1 - Print Machine. Four in.plint. aumbres 

pep, Omili, per eacegnarom faun. Notex. Spelim9 G•lm. .111 ri fle, 

Graph Moue, P,Ifn• ;oche, Number Bases. Elam Churls. Stalnlics 

121,13 - CAL Don Peep, wish three umple .13 40Is 

Memory Diem, Hcx Cole Monitor, lienurnher. Memory Search. 

L1NSAC 68 Barker Road, Linthorpe, 

Middlesbrough, Co. Cleveland TS5 5ES 
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MICROS 

Micros, memory and support 
MC1489 115 745287 2.50 
MC1488 86 745288 2.50 
MC14411 11.96 745471 4.96 
MC14412 11.86 745472 11.95 
1702 6.96 74S474 11.96 
2101 2.99 8726 1.80 
2102 98 8728 1.80 
2111 2.32 8795 1.80 
2112 2.32 8T97 1.80 
2114 3.45 8T98 1.80 
2114L 3-25 SC/MP2 9.95 
2142 10.40 8080 5.49 
2376 11.50 8085 11.95 
2513 8.50 8086 89.00 
2516150 13.95 8154 11.50 
2532 29.00 8155 12.50 
2708 5.50 81LS95 1.30 
4027 2.96 81LS96 1.30 
4116 4.96 81 L597 1.30 
4118 14.96 81LS98 1.30 
5204 7.96 8212 2.45 
57109 12.43 8216 2.50 
57161 9.85 8224 2.50 
6011 4.96 8228 4.20 
6402 4.95 8251 4.96 
6502 7.96 8253 10.96 
6520 4.50 8255 4.96 
6522 7.95 8257 10.96 
6532 8.50 8259 11.96 
6545 17.50 8678 12.95 
6576 14.85 8602 2.20 
6800 7.96 96364 10.96 
6802 12.49 ZE30 2mHz 7.50 
6809 19.95 280-P10 5.96 
6810 3.95 Z80-CTC 5.95 
6821 4.50 Z80-4mHz 8.95 
5845 19.60 780-P10 7.50 
6850 3.96 Z80-CTC 7.50 
6852 5.96 Z81300 120.00 
74300 59 ADCD817 14.47 
74504 55 DG300 3.80 
745201 3.96 F8 9.96 
745188 2.50 F9P,11 9,96 
745262 9.96 

SOFTWARE 
an • DISK 

CPI"' WITH MAN 
MANUAL 

Available on 
8" IBM format Et 
51/. for TUSCAN 

Er TRITON 

TCL SOFTWARE 
TCL Disc Bas.c. E55/£9 
TCL Pascar E120/£9 

MICROSOFT 
Basic-80 £155/£15 
Basic Compiler [ 195/£15 
Fortran-80 £205, £ 15 
Cobol-80 £325 ,115 
Edit 80 £45/£10 
Macro 80 £75 £ 10 

MICROPRO 
Word Star. £255 £ 15 
Word-Star/Mail-Merge £315 £ 15 
Data Star £195 , £ 25 
Word-Master £75..•£15 

DIGITAL RESEARCH 
CP/M 1-4 . .£75/[18 
CP/M 22 £95/[18 
MAC £55/£10 
SID .£45/E10 

OTHERS 
KISS £190/E15 
SUPEri SORTI .£125/£15 
C BASIC 2 . £75/£10 
280 Dey Pack [50/£12 
ZSID £60/E7 
POSTMASTER E85/E10 

MEDIA 
5% S/Sided D/D .£3.50 
" per 10 .£29.50 

8" S/Sided D/D . £4.50 
" per 10 . £35 CO 
012 Data Cassettes 50p 

MAIL ORDER 
TELEt MAIL ORDERS ACCEPTED 

IIARCLOCA901   

VISA 1   
 I I 

ess 

intià 

LSOO 
LS01 
LSD? 
LSO3 
LSO4 
LSO5 
LSO8 
LSO9 
LS10 
LS11 
LS12 
LS13 
LS14 
LS15 
LS20 
L521 
LS22 
LS26 
L527 
LS28 
LS30 
LS32 
LS33 
LS37 
LS38 
L540 
LS42 
LS47 
L548 
LS49 
LS51 
Lsse 
LS55 
LS63 
LS73 
L574 
L575 
LS76 
L578 
LS83 
LS85 
LS86 
LS90 
L591 
LS93 
LS95 
LS% 
LS107 
LS109 
LS112 
LS113 
L5114 
LS122 
LS123 
LS124 
1_5125 
LS 128 
LS132 
LS133 
LS136 
L5138 
LS139 
LS145 
LS148 
LS151 
LS153 
LS155 
LS156 
LS157 
LS158 
L5160 
LS161 
LS162 
LS163 
LS164 
L5165 
LS166 
LS168 
LS 169 
L5170 
L5173 
LS174 
LS175 
LS181 
LS190 
L5191 
LS 192 
LS193 
LS194 
LS195 
LS196 
LS202 
LS221 
LS240 
L5241 
LS242 
LS243 
LS244 
LS245 
LS247 
LS248 
L5249 
L5251 
LS253 
L5257 
L5258 
LS259 
L5261 
LS266 
LS273 
LS275 
LS279 
1_5280 
LS283 
LS290 
LS293 
LS295 
L5298 
LS299 
LS324 
L5325 
LS326 
LS327 
LS352 
LS353 
LS355 

120 4038 82 
120 4009 40 
25 4010 48 
30 4011 24 
70 4012 24 

46 
86 
85 
42 

4017 82 
45 4018 28 

48 
4020 se 

46 4021 105 
60 4022 95 

125 .4023 25 
75 4024 75 

115 4025 25 
180 4026 180 
45 4027 48 
75 4028 82 
80 4029 1% 
65 4030 10 
48 4033 175 
70 4034 210 
86 4035 125 
180 404.) 106 
60 4041 80 
00 4042 00 
96 4043 96 
30 4044 96 

4046 130 
70 4047 96 
90 4049 46 
120 4050 48 
175 4051 80 
95 4052 00 
85 4053 00 
96 4054 130 
98 4055 135 
75 4068 26 
85 4069 25 
120 4070 30 
98 4071 25 
110 4072 25 
100 4073 25 
115 4075 25 
165 4075 99 
175 4078 30 
210 4081 23 
210 4093 89 
288 4502 125 
106 4507 80 
147 4508 325 
110 4510 89 
216 4511 150 
120 4512 65 
120 4514 195 
125 4515 239 
125 4516 120 
125 4518 106 
125 4519 70 
120 4520 115 
346 4521 230 
120 4522 150 
225 4526 150 
225 4527 180 
232 4528 120 
232 
225 REGS 
360 TO3 + ve 
136 7805 146 
136 7812 145 
135 7815 146 
130 7818 145 
130 - ve 
115 7905 220 
120 7912 220 
180 T0220 plast 
460 7805 00 
75 7812 00 

180 7815 00 
320 7818 00 
88 7824 80 

7905 06 
7912 65 
7915 66 
7918 06 

4000 18 
39 4001 18 

4002 24 
BO 4006 92 
85 4007 22 

160 4013 
40 4014 
<0 
48 4015 
45 4016 

106 4019 
105 

56 

74LSOO 
13 LS366 66 
13 L5367 85 
15 LS368 15 
15 L5373 180 
20 L5374 180 
23 LS375 160 
23 LS377 189 
23 L5378 186 
20 LS379 215 
32 LS386 55 
32 LS390 140 
40 LS393 140 
75 L5395 210 
40 L5396 198 
24 LS398 275 
32 LS399 230 
40 L5445 140 
48 L5447 115 
46 LS490 160 
48 L5668 105 
24 LSE69 106 
30 LS6,0 270 

3s CMOS 3s 

250 
190 
130 
130 
215 
215 74XX 
420 
200 74CXX 
32° LIN EARS 
330 
315 
156 
185 
86 

Many other 
types In 
stock. Tel 
for details 

Single 5% Drive 
Single 8" 54.800 
Dual 5 V. PSU 
Dual 8" PSU £76 
Dual Cabinet Et PSU Ur £565 
Dual 8" Drive Unit £945 
Dual 5% Drive Unit £440 

WE HAVE MOVED 
TO OUR NEW CENTRAL LONDON SHOWROOM 

59/61 THEOBALDS RD, WC1 TUBE HOLBORN. 

FLOPPY DISK DRIVES 

We sell all you 
need cased or un-
cased. Cables 8 
connectors. Brand 

new fully guaranteed. 
Price 
£195 
£395 
£59 

VIDEO TERMINAL 
24x80 display 

rl Pentland Video 
 il Terminal full 

features 
professional 

terminal, Full details on request 
Price f595 

S100 CARDS 
' NEW 
LOW W IPRICES 

18K STATIC KIT ASSM 
with no RAMI21141E 62 £ 82 
" 8K RAM " £109 £130 
" 16K RAM " £157 £178 

BK static ( 16)(2114 chips) E 48 

64K DYNAMIC 141161 
with 16K RAM £149 £ 165 
with 32K RAM £189 E205 
With 48K RAM f229 . £245 
with 64K RAM £269 £285 
16K upgrade 8x4116 [ 40 

15/32K EPROM CARD 
Without EPROMs 
2708/2516 163 E 89 

FDC DOUBLE DENSITY 
Double Density for 51/4 
or 8" Drives - £105 

VAT 
ALL OUR 
PRICES 
EXCLUDE 
VAT Et P/P 

CENTRONICS 737 PRINTER 
LETTER 
QUALITY 
FOR 
£425 

Uses any paper roll fanfold, 
single sheets. 96 character 
ASCII 7 x 7 dot matrix, 50 
CPS RS232 or parallel I/O 

OK TOOLS 
Full range of wire wrapping ac-
cessories & boards Et dip 
Jumpers etc Visit our showroom 
or send for our catalogue 

VERO 
5100 prototyping boards and full 
range of accessories. 

BOOKS 
Complete range of m.crocom-
purer books and magazines on 
sale in our showroom 

CATALOGUE 
AVAILABLE 

Catalogue available. Send 60p 
& S.A.E. (A4 size). 

TRAINAG\A 
59/61 THEOBALDS RD 

LONDON WC! 
TEL: 405 5240/2113 
TELEX 444198. 

TUSCAN S100 
A Z80 based S100 Computer 

Single board will hold up to 8K RAM, 8K 

ROM, Video interface Z80 processor I/O and cassette interface. 5 spare S100 

expansion sockets tor memory/disc ex-
pansion. System monitor, resident 
BASIC or GRIM system option. All corn-
Ponents available separately or ready- built 

NEW LOW PRICES 

TUSCAN MAIN BOARD KIT ONLY £235 
+ VAT SAE FOR DETAILS 

S.7:# 

TRITON 
BOBO BASED SINGLE BOARD 
system with EUROCARD 
EXPANSION 
Complete Kit incl PSU/Case/Keybd 
Expansion Motherboard Kit 
8K 121141 RAM Card Kit 
8K 127081 ROM Card Kit 
Expandable up to CP/M 
Disc System. SAE for 
details 

SINGLE BOARD PERSONAL COMPUTER 

Put Pascal on your PET now 
Pascal conversion ROM 
Pascal manual 
Complete package including 
complier 

Edge £4.00 
Connectors 
S100 

DIP Switches 
4 way £1.20 
7 way El 75 
8 waY £1 BO 

DIP Plugs 
14 OIL C 65 
24 DIL £2 20 
40 DIL £3 60 

DIL SOCKETS 
(TEXAS) 
---11)w wire 

Prof Wrap 
Spin 10p 26p 
14pin 12p 35p 
16pin 13p 42p 
18pin 16p 130p 
20pin 22p 90p 
22pin 25p 
24pin 30p 85p 
28pin 35p 90p 
40pin 40p 1.10p 

Zero Insertion 
Force Sockets 

16 Yvay £4 95 
24 way £6 DO 
40 way £9 50 

D-Types 
251/1/ Male £2.80 Insulation Piercing 
25W Fen-rale £3 80 DIP Plugs 
25W Cover 11 80 14 way DIP Plug 

Edge 16 way DIP Plug 
Connectors 24 way DIP Plug 

1 156 Ribbon Cable  
2x 6 way - 1 75 PRICE/M 
2x12 way - 3.00 Grey Coloured 
2x10 way - 2.00 10 65 
2)05 way - 320 14 90 
2x18 way - 3.50 16 1.20 
2x22 way 3.203.65 20 1.40 
2x25 way 3.60 - 26 1.60 
200 way 4 15 - 34 2.40 
2x36 way 4.75390 40 280 
2x40 way 5 00 - 503.30 
2x43 way 5 50 4 60 60 

Insulation/Piercing 
Ribbon/Cables 

1/0HEADER PLUG 
10 way £2 20 10 way El 60 
20 way £3 40 20 way £2.30 
26 way £4.00 26 way E2.70 
34 way £4.80 34 way £3 30 
40 way [5.40 40 way £3 75 
50 way £6. 00 50 wa1y £4 60 
60 way £6 50 60 way £6.00 

Insulation Piercing 
Edge Connectors 

20 wa7-£3 60 4,0 waY £5.30 
26 way £4 DO 50 way £6.00 
34 way £4.50 

4 OC 

10 
14 
16 
20 
26 
34 
40 
50 
60 

El 30 
El 50 
£2 80 

so 
1 20 
1 40 
1 60 
2.40 
2.80 
330 
400 
550 

CRYSTALS FOR MICROS 

32 768KHz 3.00 4.00MHz 2 70 10 00MHz 2 70 
100KHz 3.00 4 43MHz 1 00 10 7MHz 270 
2DOKHz 3.70 5 OMHz 2 70 16.00MHz 2 90 
1.0MHz 3.60 6 OMHz 2 70 18.00MHz 2 90 
1.008MHz 3.50 6 144M.Hz 2 70 18.432 2 90 
1.8432MHz 3.00 7 0MHz 270 36MHz 2.90 
2 00MHz 1.50 7 168MHz 2.50 48.0MHz 270 
2.45760MHz 305 8 00MHz 270 100MHz 2.90 
3.276MHz 2.70 

TeA1NAG\A 
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PCB FOIL PATTERNS 

ETI 

The Noiseless Power Switch PCB (above). 

r — • • 0 

ET I 

Differential Temperature Switch 

rn erature switch 

The PCBs for the Differential Temperature Switch (left), the Under 
Temperature Switch (below left), and the Dark Activated Switch (below). 
To use the modules with the Noiseless Power Switch, cut the PCBs along 
the dotted line and use the top half only. 

T   E 

Y%7 1\ 
light / dark switch 

90 ETI MARCH 1981 



 PCB Foil Patterns 
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The (TI Combination Lock main 
PCB foil pattern (above) and 
keyboard foil pattern (left). 
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 PCB Foil Patterns 

* CH1, CH2:5mV/div-20V/div in 12 Cal. 1/2/5/steps 
* BANDWIDTH: 10MHz (DT- 4101, 12MHz (DT-4121 
* BANDWIDTH. 15MHZ (DT-4151 
* TIME BASE 0.54s/div-200ms/div in 18 cal 1/2 5 steps. 

X5 Expansion to 100 nsicliv 
X5 Multiplier to ls/div 

* XY FACILITY Matched Inputs X-- CH1 Y = CH2 

ENGINEER'S STETHOSCOPE 

• 
unreemo 

se 

Engineer's Stethoscope PCB (left). 

Crystal Calibrator (bottom). 

Eli 

XTAL f Cal. 
Standard 

Lecs--4L,JONC*?)ko 

homes. Mossos• lu...,.. émooso.1). 

SAFGAN Presents DT-400 Series from £169 4. VAT 
HIGH QUALITY DUAL TRACE OSCILLOSCOPES 

A BRITISH PRODUCT EVERYONE CAN AFFORD 

Model DT-410 4" CRT 5mV 10MHz @ £169 + VAT 
Model DT-412 4" CRT 5mV 12MHz @ £175 + VAT 

Model DT-415 4" CRT 5mV 15MHz e £188 + VAT 
SPECIFICATION FOR ALL MODELS 

*TRIGGER Level Control Slope 
Bright Line AUTO NORMAL, TV Triggering 
CH1, CH2 0.5div, EXT Trig. 100mv 

*Z Modulation 
*Graticule blue, ruled 8x1Odiv (6 4x8cm21 

*Size: H215mm VV165mm D280mm. Weight 4 5kg. 
*Cal. 0/P IVIKM2 PROBE (x1 -REF-X1 01E1 1 5O + VAT 

• 

Orders to. SAFGAN ELECTRONICS LTD. (Goods & P&P £3.50 or P. & Parcel Service £6 50 + 15% VAT) 

56 BISHOPS WOOD, ST. JOHNS, WOKING, SURREY GU21 3GB. Tel. WOKING 69560 

London Stockist: AUDIO ELECTRONICS, Edgware Road, London 01-724 3564 or WOKING 66836 ' 

DT-400 Series 
OffIcIal Government and 
Eaucanonal orders accepted 

92 ETI MARCH 1981 



BIORHYTHMS ARE BACK! 

C156 35) 

(E) 

El 0 (T1 

QC)MME3 

EIJ El El 0 

M9 11 1:2  

CASIO BQ-1100 BIOLATORi 
WATCH 

calendar, 2 Manna, countdown Mono stopwatch, Sims 
maraory, Mr. date rmonorlas, biorhythm and dots maculation*, 
deign« 
Clock Hours, minutes seconds, ern / prn. Day/date 
U•11,111111.1calendor. Pm-progrernmed 1901 to 2099. Day date. month 
and year display 
Awn.. Two separate alarms. 24-hour system. 
Countdown alma. 1 / 10 second to 24 hours, or 
thmeamolleh 1 / 10 second to 24 hours. Net times, or 
Tina montory. Dual time facility. 24-hour system. 
Catadotor. 8 digits. Full memory. Sy roots. 96. Date calculations Any 
monthly calendar from 1901 to 2099 can be displayed and utilimd. 
Biorhythm colculationo Forecast your physical, emotional and 
Intellectual performance potential. Chart your peak ebb and critical days 
and reschedule to avoid mistakes. Two silver oxide batteries last approx 1 
year 
Drns la s 2.7/16 u44 inches. Leatherette wallet. 

ALL THIS FOR ONLY £14.95 

CASIO'S AMAZING NEW 

FX-3500P 
Statietical regreseion end integrals. Non-volatile 
memories and stoma. 

38 functional (non-volatile) steps. 2 programme 
storage capability. Unconditional and conditional 
jumps. 7 (non-volatile) memones, one independent, 6 
constant mernones. 18 pairs of parentheses, nestable 
in 6 levels. 

61 built-in functions, including: Integrals (Simp-
son's rule). Linear regression, logarithmic regression, 
exponential regression and power regression. 

Hyperbolics, sexagesimal and co-ordinates con-
versions. 10 digit mantissa or 10+2 exponent. Two 
silver oxide batteries give approximately 1,000 hours 
continuous use with power-saving automatic cut-oft, 
with data and memory protection. 

Dims: 9/32 x x 51/4 inches. Supplied with 
leatherette wallet. 

ALL THIS FOR ONLY £22.95 
FX-27001. (8+2). As above bur without integrals. regression and programme £19.95 

CASIO'S SUPERCALCS! 
FX-8100 

b b 
b bbb 
ciDDöÓ 

Et 13 13 1111 
es a ti 

igi UZI ,j 
; 

FX-4100 Less sophisece>d £19.55. FX-7100 Card sire £24.95. Onno calcutmoro MG 880 E10.96, MG 770 
(card um) £12.55. Demo ML-61 £19.95. ML-90 £19.95. MG 1200 £15.55. FX 81 £12.95. FX I 00 £15.95. 
FX 310 £17.95. FX 510 LIlAS. FX 5025 with FREE Master Pack worth £17.55, or watch £74.95. 

Our beat selling scientific 

46 scientific functions, clock, calendar, alarm, 
countdown alarm, interval alarm timer, 1/100 
second stopwatch with lap timing. 
Clock. Hours, minutes, seconds, am/pm. 
Calends:. Pre-programmed to 1999. Day, date, month 
and year. 
Alarm. 24-hour alarm with hourly chimes. 
Countdown alarm. Can be set up to 10 hours, or, 
Interval alarm timer up to 10 hours, or, 
Stopwatch. Measuring net, lap and first and second 
place times in units of 1/100 second to 10 hours. 
Calculator. 8 digits or 8+2. 5 level parentheses, full 
access memory. Trigs, logs, hyperbolics, standard 
deviations, co-ordinates and sexagesimal conversions, 
fractions, %, cube roots, pi, sign change, register 
exchange, etc 
Two silver oxide batteries last approx. 1 year (con-
tinuous). Dims: 1/4 x 23/4  x 5,4 inches. Leatherette wallet. 

ONLY £24.95. (POP £27,95) 

CASIOTONE KEYBOARDS 
The revolutionary CT-201 ONLY £245 (m, £285) 

A remarkable new concept in electronic keyboard instruments using a totally new technology. 
Pitch, timbre and harmonics of 29 instruments have been measured, digitalised and stored in 
electronic chop memory for faithful reproduction. A 4-sound memory function allows switching 
between any 4 pre-selected instruments. 
This polyphonic instrument can play full 
chords of up to 8notes on its 29 white and 20 
black keys spanning 4 octaves. Vibrato and 
tone switches. Foot volume and sustain pedal 
options Echo jacks. 3x33 1/2 x9 1/2 inches, 
Weight 151b. Black or woodgrain finish. AC 
only. 

11111111110181I111111V,, 

CT-301 14 instruments and 16 rhythm M-10 Piano, organ, violin, flute. 21/2  octaves 
(RAP E79) £69 voices. ( RAP £325) £275 

W100 

With just about everything 
else except the kitchen sink 

CASIO'S BEST SELLING WATCHES 

AA81 AA82 
Analogue Digital 
Display Display 

AA81 Chrome plated £29.95 
AA81G Gold plated £49.95 

With around 40 functions 

LCD ANALOGUE/DIGITAL 
Alarm Chronograph with 
countdown 
Analogue. Independent hours and minutes with 
synchronous digital seconds. Dual time ability. 
Digital. Hours, minutes, seconds, day and date. 
Stopwatch. 1/100 second to 12 hours. Net lap 
and 1st and 2nd place. Start/stop and 10 minute 
signals. 
Mann. For 30 seconds with carousel display. 
Countdown Alum. Normal and net times to 1 
hour with amazing " Star Burst" flashing display. 
Time Signal. Half-hourly and hourly chimes. 
Tone control, Lithium battery. Light. Water-
resistant case. 8.65mm thick. Mineral glass. 

AA82 Stainless Steel £39.95 
AA83 Dress watch, es £44.95 

12 MELODY ALARM Countdown alarm 

CHRONOGRAPHS Date teemed" 
Hours, minutes, seconds, am-pm, 12 or 24 hour. 
Day, date and month auto calendar. 
Alarm. 7 melodies, one for each day of the week. 
Hourly time signal. With " BIG Ben" type tune. 
Date memory. Select either " Wedding March" 
or "Trinklied" to be played. 
Birthday and Christmas Memory. 
• Countdown norm. From 1 second to 1 hour. 
After zero count continues positively. 
Stopwatch. 1 / 10 second to 1 hour. Net, lap, 
1st and 2nd place. 
Picturesque moving display of notes played. 
Light. Lithium, Glass, Water-resistant cases. 
M-12 resin, s/s trim. M-1200 all s/s 9.0 mm 
thick. £24.95 £29.95 

100 METRE WATER 
RESISTANT ' 
Alarm chronographs with countdown 
Amazing 5-year lithium battery life. Hours, 
minutes, seconds, am/pm, day, date and month. 
12 or 24 hour. Time is always visible regardless 
of display mode. 
Stopwatch. 1/100 second to 1 hour. Net, lap, 
and 1st and 2nd. Start/stop signal. 10-minute 
signal. 
Alarm. Sounds for 30 seconds. 
Countdown Alarm. Normal and net times to 12 
hours. Start/slop and 10-minute signals. 

W1506 Time sign:J. Half-hourly and hourly chimes. 
W-100. All resin. W-1506 All s/s. W-150C 
(not illustrated) s/s case/resin strap. £29.95 

A250. As above but with standard water-resistant case 

5220. As above but with dual tune in lieu of alarms and chimes 

£19.95 £32.50 

SEIKO 
DZA 038 CALCULATOR WATCH 

WITH 5 ALARMS AND STOPWATCH 
Hours, minutes, seconds. day ( 12-hour system) 
Calendar pre-programmed to 2020. 
Five independent alarms. Hourly tome signals. 
Stopwatch 1/ 10 second to 12 hours. 
Calculator, 4 functions Audible confirmation. 
Non-yofatile memory capability. 

£49.95 £69.95 

£69.95 

£24.95 
£25.00 

100 METRE WATER 
RESISTANT 

DZA038 

OFT 030 Norm chronograph (far left) 
Alarm, countdown alarm, hourly chimes, stopwatch lo 
1/ 100 second. net, lap, 1st & 2nd. 
DET 048 Not 10Orn water resist £37.50 

DER 018 500. Mann 01110110 (leh) 
Weekly programmable alarm 16- hour interval, count-
down alarm tuner, hourly chimes 1, 100 second stop-
watch, net. lap, 1s1 & 2nd 
DER 048 Not 100m water resist £52.50 

PRICES 
Include VAT and post and packing. Remember, we will beat 
any lower advertised price by 5% providing the advertiser 
has stocks and we still make a small profit! Just send details 

and your remittance for the lower amount, 

Price includes VAT, P&P. Send your-
company order, cheque, P.O. or phone 
your ACCESS or BARCLAYCARD 

number to: 

ETI MAR H 1' : 1 
MP US Dept. ETI, FREEPOST, 164-167 

East Road, Cambridge CB1 1DB. 
Tel: 0223 312866 
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All these 
advantages... 

• Instant all-weather starting 
• Smoother running 
• Continual peak performance 
• Longer battery 8t plug life 
• Improved fuel consumption 
• Improved acceleration/top speed 
• Extended energy storage 

..in kit form 
SPARKRITE X5 is a high performance top quality inductive 
discharge electronic ignition system designral tbe plectrum( s 
D I Y world It has been tried tested and proven to Is' 
reliable Assembly only takes 1 2liouirs and installatu 
even less due to the patented ' clip on ('any fitting 

The superb technical ( lesion of the 
Sparkrite circuit eliminates problems of the 
'contact breaker There is no mist ire due to 
contact breaker hou rice which isehminatmt 
electronically by a pi supra' Pssum 
circuit which prevents the unit firing if the 
points bounce open at high R P M 
Contact breaker lh rn is eliminated by 
reducing the ct irrent by 95", of the non m 

There is also ,a unique extended dwell 
circuit which the coil a longer 
period of time o store its (crier oy la (f e 
dischargino to the plugs The (010 mrai ldra, 
built ci static timing light systems ( uric! mir 
light and secui ity chanoeuvra swach 
VVill wurk nIl rev ( f,tintprs 

Fits all 12v negative-earth vehicles 
with coil/distributor ignition up to 8 cylinders. 

THE KIT COMPRISESEVERYT HING NEEDED 
Die pressed case Ready drilled akin-110mm extruded 
base and heal sink Coll 1-1101111fIng CIII)S and accessories All kit 
components are guaranteed for a per () ci of 2 years from date of 
purchase Frilly illustrated assembly and installation instructions are 
included 

Roger Clark the world famous rally driver 
says "Sparkrite electronic ignition systems 
are the best you can buy-

NuNr%rita 
HIGH PERFORMANCE 
ELECTRONIC IGNITION 

r2 
Electronics Design Associates, Dept. ETI / 3 
Bath Street, Walsall, WS1 30E 

Phone: (0922) 614791 
I Name 

94 

Address 

Phone your order with Access or Barclaycard 

Inc OAT andPP OUANTITY RUB 

X5 KIT £16.95 
ACCESS OR BARCLAY CARO No 

I enclose chequen's for 

Cheque No. 

Send SAE if brochure only required. 

68 

LARGE 

PAGES 

The larger 
Catalogue 

that means 

FREE POSTAGE 

IN U.K. 

ADDITION• AL 

DISCOUNTS 

KEEN PRICES 

111 
GUARANTEED 
SATISFACTION 

GOOD STOCKS 

We pay po• stage 

Semi- Conductors • I.C.s • Opto-
devices • Rs and Cs in great variety 
• Pots • Switches • Knobs 
Accessories • Tools • Materials • 
Connectors 

ELECTROVAUJt 

ELECTROVALUE LTD. (Dept. ET3), 28 St. Jude's Road. Englefield Green, Egham. Surrey 
TW20 OHB Telephone: (STD 0784) (London 87) 33603. Telex: 264475 

ELECTRO SUPPLIES 
TRANSISTORS 
BC107 109 
BC108 109 
BC109 10p 
BCI258 8p 
00149 10p 
00154 12p 
BCI59 9P 
BC171 10p 

LINEAR PCs 
083012 44 
CA3080 509 
LM324 60p 
U4741 15p 
1591458 40p 
LM3900 60p 
MC1307 75p 
1501310 100p 

DIGITAL 1Cs 
OAC100 
E15144402 
2708 

254 
2509 
350p 

BC237 12p BFI94 129 BF595 30p 
BC337 15p 8E195 129 BF1140 25p 
00547 109 8E197 14 BFT90 50p 
80238 40p BF245 309 BUW81A 200p 
BD239 44 BF256A 409 MJE340AT 50p 
003710 309 5E324 309 MPF131 25p 
B0094 65p BF469 659 MPf132 25p 
1111192 120p BF495 20p MPU131 25p 

1501349 909 188325 ¿Op 1060670 
1501350 90p TRAINS 64 7061010 150p 
1501558 100p TBA651 1009 7DA1170 75p 
0E5351 509 TBA66113 1259 1061190 200p 
NE555 229 TURCO 70p 1062524 150p 
SAJI1DA TBPOIDS 80, TDA2541 154 
SAS580 1009 100900 154 1002560 150p 
SAS590 1009 TCA27EIS 90p TOA2581 I75p 

114S3409 254 SN7490 30p 
TAIS4830 204 S1174181 200p 
210011 65p SN74221 100p 

Send for lists of [Udall 1Cs 

2113055 45, 
2113583 ill, 
2113702 14 
2113705 le 
2113710 Ill, 
2114061 15, 
204123 111, 
204125 12, 

SPECIAL OFFER 
111•5-3507 DRIP 
CHIP will Ws. 
E2.75p [Hound 
[pantile 

5074284 254 
5074205 21541, 

SPECIAL OFFERS 
LOW PROFILE IC SOCKETS 

14pin 12 100 ( 150 E10) 
16 pin — 10 . 100 ( 130 E10) 
22 pin — 7   100 (100 E10) 
24 pin — 6   100 (70 £10) 
40 pin — 3   100 (40 £101 

For larger quantities 
please phone for prices 

35-amp 50-volt Stud Diodes, c/w mounting 
krt   4f1 

240-volt/12-volt 6VA PC Mount Trans-
former   559 

Semi-conductor Packs. Diodes 
Transistors / SCRs/ ICs, over 100 items 
(no rejects) £1.50 each, two for f2 

AS prices include VAT. Please add 30p P&P SAE for list 

MAIL ORDER DEPT. 
(Callers please phone first) 

BOWNESS MILL, SHAWCLOUGH RD 
WATERFOOT, ROSSENDALE, LANCS 

TEL. ROSSENDALE 5556 

RETAIL SHOP 
(Open 6 days) 
6A TODD ST 
MANCHESTER 

(next to Victoria Sin 
TEL: 061-834 1185 

ETI MARCH 1981 



ETIPRINTS 
ETIPRINTS offer you the easy 
way to produce high quality 
printed circuit boards. Each 
ETIPRINTS sheet contains a set 
of etch resistant rub down 
transfers of the printed circuit 
board designs for several of 
our projects. 

ETIPRINTS are made from our 
original artwork ensuring a 

neat and accurate board. We 
thought ETIPRINTS were such 
- a good idea that we have 
patented the system (patent 

numbers 1445171 and 1445172). 

 PARTS LIST  

040A ETI 80 VCONCLF0 

04013 ETI 80 PSU 
Tuning Fork 
Hi- Lo Filter 
Coin Toss 

041A Audiophile Driver Amp 
VCA 
Signal Tracer 
Heater Controller Main Board 
Flectrornyogram 

0418 ETI 80 VCM 
Heater Controller Sensor 

046A ETI 80 Dual VCA 
100 W Power Amplifier 

04613 Capacitance Meter 
US Alarm 
BGM 100 W Amplifier 
Logic Tester 
100 VV Power Amp 

047A Digital Test Meter 

04713 Vocoder Internal Excitation 

Feb 80 

Feb 80 

Mar 80 

Mar 80 

Aug 80 

Aug 80 

Sep 80 

Sep 80 

 BUYLINES  

Sheets for Sep 79, Dec 79, Jan 80 and April 
- July 80 are temporarily out of stock. 
Earlier ETIPRINT sheets are available. 

Send a cheque for PO (payable to ETI) 
for £1.20 per sheet with details of the 
project for which you require an ETIPRINT, 
and the month and year of publication to: 

ETIPRINTS, 
ETI, 
145 Charing Cross Road, 
London WC2H OEE. 

ETI MARCH 1981 

047C 

048A 

Speed Control 
DTM Switching Board 
RIAA Preamp 

ETI 80 Envelope Shaper Sep 80 
TV Sound 
Survival 

Sustain/Fuzz Box 
Flash Trigger 
FM Radio Control Receiver: 
(Top side) 
(Bottom side) 
FM Radio Control 
Transmitter 

Oct 80 

04813 Vocoder Slew Rate Control Oct 80 
Vocoder Output Amp 
Vocoder Input Amp 
Vocoder PSU 
Vocoder LED PPM Display 

048C Cassette Interface Oct 80 
ETI 80 Monitor Amp 

049 AF Generator 
Multi-Option Board 
Space Invasion PSU 

Nov 80 

HOW IT WORKS  

Lay down the ETIPRINT and rub 
over with a soft pencil until the 

pattern is transferred to the 
board. Peel off the backing sheet 

carefully making sure that the 
resist has transferred. If you've 

been a bit careless there's even a 
'repair kit' on the sheet to correct 

any breaks! 

ETIPRINTS 
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AND THERE'S MORE WHERE THIS CAME FROM 
It's a long time since one of our adverts was presented in ' list' form - but simply because we do not try to squeeze this lot in every time 
doesn't mean that it's not available. Our new style price list ( now some 40 pages long) includes all this and more, including quantity prices 
and a brief description. The kits, modules and specialized RF components • such as TOKO coils, filters etc. are covered in the general price 
list - so send now for a free copy (with an SAE please). Part 4 of the catalogue is due out now ( incorporating a revised version of pt.1). 
LINEAR IC, - NUMERIC LISTINGS TTL N and LSN 

TBA1205 1.00 
1200 21.95 
(1237B 1.28 
1.2470 1.28 
U257B 1.28 
U267B 1.28 
1)130111 0.67 
11,3011, 0.30 
12130811 0.96 
1/13085 0.65 
1813395 0.66 
1313485 1.86 
LF35115 0.36 
1.13535 0.76 
1/43745 3.75 
1/13805-14 1.00 
1143805-8 1.00 
1153815 1.81 
0041906 1.95 
565445 
NE555N 
065060 
063505 
NE5625 
NE5645 
065655 
NE5665 
565705 
01,624 
TBA651 
uA70911C 
uA709PC 
uA710FC 
uA710PC 
uA74101 
uA74111.1 
uA74701 
uA748CIV 
uA753 
uA758 
TSA810AS 
TBA820M 
TCA9401 
TDA1028 
TIA1029 
1.1054 
TLIA1062 
TDA1072 
TDAI074A 
TUA1083 
TLY31090 
HA1137 
HA1196 
HA1197 
Te.1220 
1141303 
1111307 
MC1310P 
MC1330 
MC1350 
MAI 370 
HA1388 
TCA1490 
5014969 
SL1610P 
51.1611P 
SL1612P 
SL1613P 
511620P 
51.1621P 
51.1623P 
51.6240 
5/1625P 
51.162613 
51,16307 
5116407 
SL1641P 
T0%2002 
TDA2020 
ULN2242A 
111302833 
CA30801 
CA3089E 
CA3090A0 
05.31236 
CA3130E 
CA3130T 
CA31401 
05.31896 
5C3 3577 
1.1139000 
1.1139090 
1.6139145 
11,13915N 
634400 
KB4406 
KB4412 

1.80 
0.30 
0.50 
3.50 
4.05 
4.29 
1.00 
1.60 
3.85 
3.28 
1.81 
0.64 
0.36 
0.65 
0.59 
0.66 
0.27 
0.70 
0.36 
2.44 
2.35 
1.09 
0.75 
1.80 
2.11 
2.11 
1.45 
1.95 
2.69 
5.04 
1.95 
3.05 
1.20 
2.00 
1.00 
1.40 
0.99 
1.55 
1.90 
1.20 
1.20 
1.90 
2.75 
1.86 
1.25 
1.60 
1.60 
1.60 
1.89 
2.17 
2.17 
2.24 
3.78 
2.17 
2.44 
1.62 
1.89 
1.89 
1.25 
3.00 
3.05 
1.00 
0.70 
1.84 
3.35 
1.40 
0.80 
0.90 
0.46 
2.70 
2.35 
0.60 
0.68 
2.80 
2.80 
0.80 
0.60 
1.95 

Please send an 

SAE with all 

enquiries. 

Access/Barclaycd 

(min £5 please) 

Callers welcome 

834413 1.95 
6134407 1.80 
TIA4420 2.25 
611442013 1.09 
654423 2.30 
654424 1.65 
6134431 1.95 
KB4432 1.95 
KB4433 1.52 
KB4436 2.53 
054437 1.75 
6134438 2.22 
634441 1.35 

6134445 1.29 
604446 2.75 
854448 1.65 
50504419 2.26 
5155324 1.85 
006000 3.75 
51,6270 2.03 
51.6310 2.03 
51,6600 3.75 
131.5540 2.75 
51.5690 3.20 
51,6700 2.35 
IC1,8038C.: 4.50 
051.9362 1.75 
0019363 1.75 
liA11211 1.95 
I1A11223 2.15 
liA11225 1.45 
8.4,12002 1.45 
BA12017 0.80 
315.12402 1.95 
HA12411 1.20 
55.12412 1.55 
(.013741 0.33 
05766605 0.80 

FREQUENCY DISPLAY 

8. SYNTHESISER IC, 

55.41056 3.75 
5521 058 3.35 
555.1059 3.35 
11290X 14.00 
151232 19.00 
1.51242 19.00 
M502318 3.84 
me5523 11.30 
MS/15524 11.30 
M5M5525 7.85 
6300526 7.135 
7115527 9.75 
MS1355271 9.75 
:2`17 1O,CCP 9.55 
1..071..7cP 9.55 
111M721613 19.25 
1.1M721 7A 9.50 
378629 3.85 
598647 6.00 

9589000 6.00 
11010551 2.45 
81.44015 4.45 
15)12009 6.00 
11044752 8.00 

CMOS 4000 SERIES 

4001 
4000 
4002 
4008 
4009 
4010B 
4011.0E 
40115 
4012 
4013 
4015 
4016 
4017 
4019 
40208 
4021 
4022 
4021 
4024 
4025 
4026 
4028 
4029 
4030 
4035 
4040 
4042 

0.17 
0.17 
0.23 
0.60 
0.513 
0.58 
0.20 
0.20 
0.55 
0.55 
0.95 
0.52 
0.80 
0.60 
0.93 
0.82 
0.90 
0.17 
0.76 
0.17 
1.80 
0.72 
1.00 
0.58 
1.20 
0.83 
0.85 

74000 
741.500 
74015 
741501 
74024 
741.002 
74030 
741503 
74045 
741.504 
74050 
741505 
74045 
74075 
74080 
741508 
74090 
741509 
74005 
7411,10 
7401.3. 
741.011 
74124 
74130 
74145 
741515 
74164 
74175 
74205 
741820 
74215 
741621 
742314 
7425N 
74275 
741.827 
74289 
741528 
74300 
7411,30 
74329 
741.032 
74375 
74380 
741.038 
74405 
741.540 
74410, 
74424 
741542 

0.13 
0.20 
0.13 
0.20 
0.14 
0.20 
6.14 
0.20 
0.14 
0.24 
0.18 
0.26 
0.28 
0.38 
0.17 
0.24 
0.17 
0.24 
0.15 
0.24 
0.20 
0.24 
0.17 
0.30 
0.51 
0.24-
0.30 
0.30 
0.16 
0.24 
0.29 
0.24 
0.27 
0.27 
0.27 
0.44 
0.35 
0.32 
0.17 
0.24 
0.25 
0.24 
0.40 
0.33 
0.24 
0.17 
0.24 
0.74 
0.70 
0.99 

74435 
74445 
74455 
7446N 
741,547 
74485 
740548 
741549 
74519 
741551 
74534 
74545 
741.554 
741550 
74600 
741563 
74705 
74720 
7473N 
741573 
74744 
741,574 
74755 
74765 
741575 
74/578 
74800 
74815 
74825 
74859 
741.585 
741586 
74890 
74905 
741590 
74910 
741.591 
74525 
741592 
74935 
741593 
74945 
74955 
741595 
74969 
741.596 
74979 
741.5107 
741090 
7405109 
741105 
74111.0 

1.15 
1.12 
0.94 
0.94 
0.89 
0.56 
0.99 
0.99 
0.17 
0.24 
0.17 
0.17 
0.24 
0.24 
0.17 
1.24 
0.28 
0.28 
0.32 
0.38 
0.27 
0.28 
0.38 
0.37 
0.38 
0.38 
0.48 
0.86 
0.69 
1.04 
0.99 
0.40 
2.05 
0.33 
0.90 
0.76 
1.10 
0.38 
0.78 
0.32 
0.99 
0.76 
0.65 
1.14 
0.58 
1.20 
1.85 
0.38 
0.63 
0.70 
0.54 
0.68 

7415112 0.38 
7415113 0.38 
7405114 0.38 
741180 0.83 
741205 1.15 
7412115 0.42 
7412215 0.46 
74123N 0.73 
741,5124 1.75 
741255 0.38 
7415125 0.44 
741265 0.57 
7415126 0.44 
741285 0.74 
7413215 0.73 
741,5132 0.78 
7415136 0.40 
741.5138 0.60 
741415 0.56 
741425 2.65 
741435 3.12 
741445 3.12 
7415145 0.97 
741474 1.75 
741489 1.09 
7415148 1.19 
741505 0.99 
7411.15 0.55 
7415151 0.84 
741039 0.64 
741.5153 0.54 
741545 0.96 
741555 0.54 
741,5155 1.10 
741565 0.80 
741075 0.67 

741,5157 0.55 
741.5158 0.60 
741595 2.10 
741600 0.82 
7405160 1.30 
741615 0.92 
7415161 0.78 
7415162 1.30 
741639 0.92 
7415163 0.78 
741649 1.04 
7415164 1.30 
741655 1.05 
7415165 1.04 
741675 2.50 

4043 
4044 
4046 
4047 
4049 
4050 
4051 
4052 
4053 
4063 
4066 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4052 
4093 
4175 
4503 
4506 
4510 
4511 
4512 

4514 
4518 
4520 
4521 
4522 
4529 
4539 
4549 
4554 
4560 
4566 
4568 
4569 
4572 
4585 

0.85 
0.80 
1.30 
0.99 
0.52 
0.55 
0.65 
0.65 
0.65 
1.09 
0.56 
0.25 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.90 
0.20 
0.20 
0.20 
0.78 
0.95 
0.69 
0.51 
0.99 
1.49 
0.98 
2.55 
1.03 
1.09 
2.36 
1.49 
1.41 
1.10 
3.50 
1.53 
2.18 
1.59 
2.18 
3.03 
0.30 
1.10 

VOLTAGE REGULATORS 

78series 0.95 
79series 1.00 
78Mseries 0.65 
76Lseries 0.35 
79105 0.85 
761.1(71.2C 1.75 
791.1OF2C 1.75 
7231:5 0.65 
1200 1.95 
TON1412 0.75 
3.055035 1.25 
021317930 1.48 
11133791P 1.48 

M1CROMARKET 

8080A/2 
8212 
8214 
0216 
8224 

8251 
8255 

68007 
6810 
6820 
6850 
6852 

341.1.708 
2114 
4027 
2102 
2112 
2513 
51,4716 
511,397 

7.50 
2.30 
3.50 
1.95 
3.50 
6.25 
5.40 

7.50 
5.95 
7.45 
4.90 
4.85 

7.50 
6.50 
5.78 
1.70 
3.40 
7.54 
4.50 
1.25 

PRICES EXCLUDE VAT - PLEASE ADD 15%. 

Postage 35p per order. CWO please. (' UK only) 

7415169 2.00 
741709 2.30 
741,5170 2.00 
741,0174 1.20 
741755 0.87 
741.5175 1.10 
741760 0.75 
741775 0.78 
741810 1.65 
7415181 3.50 
741.5183 2.10 
741845 1.35 
741800 1.34 
7415190 0.92 
741925 1.05 
740,5192 1.60 
741939 1.05 
7415193 1.80 
741945 1.05 
741955 0.99 
7415196 1.10 
7415197 1.10 
741985 1.50 
741995 1.60 
7415247 0.93 
7415;257 1.08 

7415260 1.5) 
7415279 0.52 
741,5283 1.20 
7415293 0.95 
741,8365 0.49 
7415366 0.49 
741.5367 0.43 
741.5368 0.49 
7415374 1.80 
741.5377 1.95 
741,5379 1.30 
741,5393 1.40 

14 RECTIFIERS 

154148 0.06 
11,44001 0.06 
154002 0.07 
1155402 0.15 
08.91 0.07 
AAI12 0.25 
BRIDGES: 
1A/50V 0.35 
6A/200V 0.75 

TOKO COILS AND FILTERS 
SEE THE EXTENSIVE SECTION 
IN OUR NEW PRICE LISTS AND 
CATALOGUE 

LF/HF FIXED INDUCTORS 

-FULL E12 RANGE 
7335. series lt3H-1811 0.16 
BBB series 
100u11-33m11 0.19 
10135 series 
333113-12C(811 0.33 
101365 series 
120n11-1.5H 0.55 

PIEZO SOUNDER 
7132720 0.44 

CRYSTAL FILTER PRODUCTS 

10.7MHZ 2 POLE TYPES: 
10915A 15KHZ BIR 2.49 
10.733331 8 R31.1 TYPES: 
10E14E31 15kHz Be/ 14.50 
I(4402 7.51010 BW 15.50 
1 05220 2. 41(111 SSB 17.20 
11F' FIRST FILTER: 
534688. 34.5MHz 11F 32.00 

RADIO CONTROL CRYSTALS 

(No splits available) 
AM TX:-

3rd Ur 30pF HC25U 1.65 
AM/FM OX:-
3rd CrT 30pF liC25U 1.65 
FM TX :-
Fund 20pF 581250 1.85 
Pairs FM 3.25 
Pairs AM 3.10 

CRYSTALS 

32.768 kHz 2.70 
1005110 3.85 
4556310 5.00 
1.0MHz 3.00 
3.2768MHz 2.70 
4.000MHz 2.00 
4.194395112 2.30 
6.5536MHz 2.10 
10.0E51z 2.50 
10.6985MHz 2.50 
10.7015MHz 2.50 
10.245MHz 2.50 
10.75112 3.00 
11.521912 2.50 
1001111z 3.00 

ambit 
- INTERNATIONAL 

LEDs 

53314 RIM 0.12 
3811 RED Q,EAR 0.15 
3MM RID 0.15 
2.5 X 5:4M RED 0.17 
5831 GREEN 0.15 
31111 GN CL,EAR 0.16 
331M GREEN 0.16 
2.5 X 5/14 IZi5 0.20 
58/1 YELLOW 0.15 
31414 YELLOR CI, 0.16 
33311 YELL1.15 0.18 
2.5 X 5161 YE 0.20 
5MM ORANGERED 0.20 
5M(1 ORA CI, 0.29 
3MM ORANGEFED 0.19 
2.5 X 51111 ORA 0.24 
5MM INFRA RED 0.56 
BPIR41 IR DET 1.51 
IR OPT CPLR 1.44 
5MM CLIP 0.04 

LCD, 

3.5 digit 9.45 
4 digit 8.95 
5 digit 8.95 

0L5C(FIKY DIODE BAL 
MIXERS ( 581.14,10108) 
SBL1 1-500MHz 4.25 
5E41.1-8 . 1-200MHz 4.55 
SBL1-X 10-1000MHZ 5.75 
SRA1 . 5-500MFiz 8.45 
0RA1-1 . 1-500MHz 9.25 
55.015 . 5-500MHz 13.35 
115.3 . 025-200MHz 10.25 

VARICAP TRANSISTORS CAPACITORS 

TUNING DIODES AUDIO DEVICES All 5mm or less spacing 
05.102 0.30 5C237 0.05 
05.121 0.30 81.238 0.08 
ITT210 0.30 51_239 0.08 

13510513 0.36 I3L300 0.08 
5l307 0.06 BB204B 0.36 

13B109 0.27 BL309 0.08 
MV11125 1.05 311413 0.10 
1313212 1.95 80414 0.11 
10/1210 2.45 80410 0.07 
10/1211 1.75 B(.416 0.08 
KV1226 1.95 B(.546 0.12 
KV1225 2.75 80556 0.12 
KV1215 2.55 01.550 0.12 
KV1225 2.75 30560 0.12 

SWITCHING AND 01.639 0.22 
PIN DIODES BLS40 0.23 

IF7517T-X-Y-15IODES 2SC1775 0.18 
106263 0.62 2085728 0.14 

ZSD666A 0.30 85.182 0.19 
2556468 0.30 138.244 0.17  

6.4.379 0.35 J ZSD668A 0.40 
TDA1061 0.95 28386488. 0.40 

SIGNAL DIODES 250760 0.45 
2E43720 0.45 
2SC2546 0.19 
258.1084 0.20 
2502547 0.19 
2.838.1085 0.20 

AUDIO POWER 

DEVICES 

2513753 2.34 
2613723 2.34 
256133 3.00 
252 48 3.00 

258134 3.10 
251(135 3.75 
25.1 50 3.75 
1313535 0.52 
50536 0.52 
313377 0.33 
30378 0.33 
1317165 0.30 
131)156 0.31 
SMALL SIGNAL 

AP DEVICES 

8E194 0.18 
131195 0.18 
BF224 0.22 
BF241 0.18 
8E274 0.18 
13F440 0.21 
6E441 0.21 
BF362 0.49 
87395 0.16 
8E479 0.66 
866795 0.55 
BFR91 1.33 
853392 0.60 
BET95 0.99 
EIFY90 0.90 

il32510 
202, 3P.1,4P7,6A5 
8P2,10P,1',1,,Ittl - 0.04 
221.,27P,31P,47P 
,F,P.68P,82P,11/01t.0.05 
15UP,220P,2716, 
.(01/,390(4700 
150,292,353,4N7-0.06 
105 ( 0.01uF)....0.05 
243,474 0  06 
10015,2205 0  09 
1.1).501.1TR1._ I.RAm1i 
105,1005 0  16 

FEU:Min. 
150 SOLD0P IN. . 0.09 

POLYESTER ( SI <'41745) 
lOrsti LEAD SPAUNG 
109,229,339 0  17 
475,689,1005 0  19 
é205,4705 0  22 
luF 0  29 

puLyks.rn (GENERAL) 
lOur LEAD SPAlINC. 
105,155,225,339..0.06 
474,695,1005 0  08 
2205 0  11 
216511 ..F..15 51,5015G 
2209,3305,4705...0.18 

MYLAA 
SIM 1.11513 038.1115,1 

1150,105,229,135-0.08 
1005 0  09 
Zter. 1.FIC 5553-1193; 
26)5,4709  0.17 

POLYSTYRENE 
101),15P,IMP,22P, 
27P,47£L56P,68P-0.08 
100P,150P,220A, 
27033,33033,390P. . 0.09 
470P,680P,820P. - 0.10 
150,102,195,108 0.11 
252,207,303,309, . 0.12 
457,556,508,105 0.13 

TANTALUM BEAD UPS 
I6v: 0.22,0.33, 
0.68,1.0 0  18 
16v: 2.2,4.7,10 0.19 
6v3: 22,47 0  30 
10v: 22,100 0  35 

ALUMIN ELECTROLYTICS 
RADIAL IVERT, MOUNT/ 
(uF/voltage) 
1/63,2.2/50,4, 7/35 
10/16,15/16,22/10 
33/6.3 0  08 
22/16,33/10, 
47/10 0 09 

40238 0.85 
10/63,22/50,33/50, 

RF POWER 47/16,100/16 0  10 
DEVICES 47/63,100/25,220/16 
VN6EAF 0.95 470/6.3 0  12 
653866 0.85 100/63,470/16, 
SMALL SIGNAL 1000/10 0  18 
RF FET/MOSFE 1000/16,470/63...0 23 

1000/63,2200/16..0 30 
3300/25 0  69 
1000/100 0  88 
10000/70 3  00 

AXIAL ( HORIZ. 91D)NEIT 
1/25,4.7/16,6.4/25 
10/16 0  08 
4.7/63,22/10,22/16 
33/16 0  09 
47/25,100/16 0  10 
100/25 0  11 
1000/16 0  25 
2200/16,1000/25..0 36 
1000/35,4700/16..0 45 

1000/50 0  58 

130256 0.38 
20655 0.28 
206168 0.35 
.1310 0.69 
2176 0.65 
40823 0.65 
40673 3.9851 
35645 0.49 
35651 0.54 
351(60 0.58 
MI14680 0.75 
BE961 0.70 
13E960 1.24 
35648 1.64 

LCD Module 

CM161 
Miniature clock, 
12/74 Ite., alarm, 
day, date, 
backlight  
All for  9.95 

RESISTORS 
0.2031, 56 012 CARBON 
lohrn-10M 0  02 
0.253i 18 612 METAL, V1151 
1.1ohns-1M 0  05 

HURIZ CARBON PRESLTS 
lUtriat UP/ 
100016,6-2M5 0  12 
50616 CERMET PRESETS 
lo, £ 00 0  27 

CWO PLEASE Commercial MA terms on application. 
Goods are offered subject to availability, prices subject 
to change so please phone and check if in doubt. 

200 north Seruice Rood, Brentwood, Essex 
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

CATALOGUES 

2 & 3....60p ea 

4 75p 

(4 inc. rev, of 

part 1) 

ALL PARTS : 

 £1.75  



ARE YOU 
INTERESTED IN 
ELECTRONICS? 

THEN YOU SHOULD KNOW ABOUT VERO. 

We manufacture a wide range of products for the electronics 
industry and can make available to you a selection suitable 
for project work. We offer you a large choice of Veroboard 
and circuit board accessories, including the latest solderless 
breadboard — VEROBLOC, which enables you to use those 

valuable components time and time again. Use a piece 
of Veroboard to save a successfully completed circuit and 
choose a box or instrument case from our vast range to 

give your project that professional touch 

For further details and a 

copy of the brochure please 
fill in the coupon below. 

Vero Electronics Ltd. 

Retail Department. 
Industrial Estate, 

Chandler's Ford. 
Hampshire. SO5 3ZR. 
Tel. ( 04215) 62829 

Vero Hobbyist Brochure. 
I enclose 40p. for package and postage 

Name 

IBM 

98 

IBM inn Inn J 

ELECTRONIC iGNiTiON 
SAVES PETROL 
More and more new cars use elctronic ignition to give the 

best performance and economy. Bong YOUR CAR up to top 
specification by fitting the latest TOTAL ENERGY 
DISCHARGE electronic system 

TOTAL ENERGY DISCHARGE gives anti,. 
advantages of the best capacitive discharge ignitions; 

* Peak Performance— higher output voltage. 
Improved Economy—consistent high ignition performance. 

* Better Starting—full spark power even with low battery. 
* Accurate Timing— prevents contact wear without ' contactless' errors-
* Smooth Performance—immune to contact bounce effects. 

PLUS 
SUPER HIGH POWER SPARK- 31/2 times the energy of ordinary C.D. systems 

OPTIMUM SPARK DURATION—to get the very best performance and economy with 

today's lean carburettor settings. 

DESIGNED IN RELIABILITY—With the ultimate insurance' of a changeover switch to 
revert instantly to standard ignition. 

TECHNICAL DETAILS 
HIGH EFFICIENCY INVERTER. A high- power high efficiency, regulated inverter 

provides a 400-volt energy source— powerful enough to store twice the energy of 
other designs and regulated to provide fut output even with the battery down to 4 

volts. 
SUPERB DISCHARGE CIRCUIT. A brand new technique prevents energy being 

reflected back to the storage capacitor, giving 31/2 times the spark energy and 3 times 
the spark duration of ordinary C.D. systems generating a spark powerful enough to 
cause rapid ignition of even the weakest fuel mixtures without the ignition delay 
associated with lower power ' long burn inductive systems. In addition this ClItud 
maintains the correct output polarity, thereby preventing unnecessary stress on the 

H.T. system, 
SOPHISTICATED TRIGGER CIRCUIT. This circuit removes all unwanted signals 

caused by contact volt drop, contact shuffle contact bounce, and external transients 
which, in many designs, can cause timing errors or damaging un-timed sparks Only 
at the correct and precise contact opening is a spark produced. Contact wear is 
almost eliminated by reducing the contact breaker current to a low level — just 
sufficient to keep the contacts clean. 

IN MONEY-SAVING KIT FORM at £ 14.85 ail VP A&TP 

All you need is a small soldering iron and a few basic tools — everything else is supplied 

with easy-to-follow instructions. 

FITS ALL 6 / 12-voll NEGATIVE EARTH cars 

ELECTRONIZE DESIGN 
2 Hillside Road, Four Oaks 

Sutton Coldfield, West Midlands, B74 4130 
Phone 021-308 5877 

TRS 80 
MODEL III 

_ 

L 

_ 

The Model III has arrived in the U.K. 
*NEW FEATURES AVAILABLE * 

* Upper and Lower Case characters (standard) * Real Time 
Clock * 500 or 1500 Band Cassette * Parallel Printer Interface 
(standard) * Auto Repeat keys * Flashing Cursor * New 
Characters, Greek, Japanese Kana * Numeric Keypad * 16, 32 
or 48K * Room for two D.D. Disc Drives & Interface * 12" VDU 

*All in stylish cabinet, 

16K £649 INCLUSIVE 

1"11 NI la Mil 
  Unit 561 Broad Lane, London N15 

Daytime: 808 0377; evenings: 889 9736 

ETI MARCH 1981 
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ABS & DIECAST 

ABSt Diecast 
(50x50x25) N/A BIM5001/11 
(100x50x25) BIM2002/12 £1.09 BIM5002/12 
(112k62x31) BIM2003/13 £1.27 BIM5003/13 
(120x65x40) BIM2004/14 £1.51 BIM5004/14 
(150x80x50) * BIM2005/15 £1.72 BIM5005/15 
(190x1 10x60) B I M2006/16 £2.69 B 
(112x61x31) BIM2007/17 Grey Polystyrene 
*(BIM2005 with + 25 deep, clear or ABS 
MINI DESK BIMCONSOLES (2) 
BIM1005 ( 161x96x58) £2.48 
BIM1006 (215x130x75) £3.48 (Red, 
MULTI-PURPOSE BIMBOXES (4) 
BIM4003 (85x56x29) £1.34 
BIM4004 ( 111x71x42) £1.84 
BIM4005 ( 161x96x53) £2.48 131M7402 
LOW PROFILE BIMCONSOLES (5) 
BIM6005 ( 143x105x56[32)) £2.76 
BIM6006 ( 143x170x65[32]) £3.58 
BIM6007 (214x170x82 [321) £4.83 
(All BIMENCLOSURES Blue, Grey, Orange, 

DIL COMPATIBLE BIMBOARDS 
BIMBOARDS (8) ' 1' £6.90, '2' 

PC BIMBOARD 
BIMBUSTRIP ( 10) £2.50. BIMBOARD 

"Adventures with Microelectronics" 
12 VOLTS BIMDRILLS ( 13) MiniDrill 

Mini Kit 1 £15.12 Mini Kit 2 
Major Kit 1 £19.44 Major Kit 

MAINS BIMDRILL ( 14) £10.53 Mains 
BIMIRON ( 15) Type 30 (27W) 

BIMSTATION ( 16) £11.96 
BIMSNIPS (18) £3.15 BIMPUMP 
BIMFEET [ 24] ( 20) £0.77 BIMDAPTORS 

›. '\' ( 18)V 
,s '' . Ph 

BIMBOXES ( 1) 
Hammertone 
£1.54 
£1.66 
£2.24 
£2.81 
£3.19 

I M5006/16 £4.94 
£1.06 

lid = BIM2005/25 
ALL METAL BIMCASE 
BIM3000 (250x168x69) 

Orange and Grey, 
KEYBOARD BIMCONSOLES 
BIM7400 (355x178x102) 
BIM7401 (431x178x102) 

(508x178x102) 
(Black Base-Sand or Grey 
EUROCARD BIMCONSOLES 
BIM8005 ( 169x127x70[45]) 
BIM8007 (243x187x103[661) 

Black. t BI,V12000 
& ACCESSORIES 

£21.17, '3' £28.22, '4' 
(9) £ 1.72. 
LAYOUT PAD ( 11) 

[Features BIMBOARD] 
£8.10 Major Drill 

£34.02 Mini Kit 3 
2 £39.42 Major Kit 3 

Kit 1 £2.48 Mains 
£4.05. Type 3M ( 17W) 

BIMDIP ( 17) £11.50. 
(19) Major £7.99, Minor 

[251(21) 

MOTIMIentlige 

eve ( 12) GS0619@s, 

,,,,n,a,"1"-i!@-8_, 

't 

.„..._,......•,,_.0__10..,.' ,._, 

Natural 
£1.23 
£1.32 
£1.70 
£2.11 
£2.72 
£3.96 

£2.73) 
(3) 
£15.52 

Black Chassis) 
(6) 

£19.60 
£22.54 
£26.25 
Top) 

(7) 
£4.71 
£6.70 

White also) 

£36.12. 

£0.65. 
(12) £2.15 
£13.60 

£4536 

£50.76 
Kit 2 £22.14 
£4.43 

£6.80. 
£1.08 

BOSS INDUSTRIAL MOULDINGS LTD 
2 Herne Hill Road, London SE24 OAU, England 

Tel: 01-737 2383 Telex: 919693 
Type No./Name Colour Qty. Unit Price Total 

All prices are applicable from Sept 1 1980, include 
VAT & PP but please add 15% for Overseas 0 ders. 

Name   

Company   

Telephone Number ETI / 3  

Please make cheque/P.O. payable to BOSS Industrial Mouldings Ltd 
and allow 10 days for cheque clearance and order processing. 

100 

3 CHANNEL SOUND/LIGHT 
CHASER 

LB31000SLC £32.70 

A high performance 

sound to light system which 

autOmatiCallv switches to a chase when the music 

ceases. Super sensitive with an anti interference cir-
cuit. the unit will operate from practically any amp 

and control up to 1.000W channel 5rix to 70K. Con-
trols bass, rredbreblebrn aster sensbiyity'chase speed. 

STEREO DISCO MIXER/PREAMP 
LBPA3 
M - elerelis 
C - Canoes 

Veer e rzee,- be, 

All the requirements of a stereo ow..7-er-c c-

board. left and right deck mfaIrsto, "s•••,s - 
minerhonesimit auto fade an deeLs aa F _ 

unit Can be used with either LB , X 57 " 

Full set of pots - £6.63 

3 CHANNEL SOUND/LIGHT 
LB31000SL 

Ali Inc advantages 

pl the SLC without un ase 

Controls bass/mid/treble/en aster sensit vbb 

LBPA2 

£17.20 
A lour channel mixer 

and tone stage for mics 

guitars. etc. Can be 

used with eny LB amps 

Set Of pOls £2.74, 

LOPA1 

£19.50 
end e;sr. • s - 
0 L. tape 

Set of pnv £ 3 27 

2/4/8 CHANNEL CHASER 

£28.00 
An all logic chase, system 
for use with up to B channels 

at 1 000 watts each. Facildfas !Oolswitch 
trigger and module cascading ' 15 24 32 uhannel 
etc chase speed and re-cscle deia, 

3-WAY ACTIVE CROSSOVER 
LBAC01 

£17.90 

LBPSU1 

£7.20 

st age booster I Available with crossover Do -'s 

o, 300hre and 2K or 31(Hr Iplease speb n. r pp _ 

supply for LBAC01 ( 1 or 2) 

4 CHANNEL SEQUENCER 

£19.20 
A 4 channel seouence generator 

for banks of lamps uo to 1 000W per channe1 ruso 

speed controls cross effect to provide settings 
between seconds and rapid burst 

POWER AMPLIFIERS 
Tough dealing power amps for use in sosreC 
Op h to' - to t t' dl edo 

he atsinks and rugged es o devices Ian opera, n-

a ohms1 

26W RMS. 

Marto 60K 
0 07%7ND 

96DB S.'N 
1875 

£11.20 
Note all models are available with elner Esbs:r-

775mP sensitivity Please late when o des-s; 

1DOW W1A.S. 

51-li to 55K 
0 I% TFID 
11008 S N 

MOD 

£19.70 

150W 4413 

5H1 to 75K 
01%111D 

11008 Itt 

18150 

£29.20 

?SOW URI 

Ifs a:Ba 

Br1 

£43.50 

LBRLO1 

£6.20 

A op-thurnp unit for use with anv LB Power a-

1 AND 3 CHANNEL DIMMERS 
LB3100OLD 

£16.20 

chaone: , ersbre 

13 ,100050 £7.20 
Power dimmer units for theatre stage appficat101, u o 

to 1.000W per channel. Wits on board suppressing 
The unit is also available V30, 63.13 rotary W. for use 

with sliders - 

L133100050 Inn pots) £ 15.00s ,•ele, 76p each 

POWER AMP 
POWER SUPPLIES 

LB25PS LB1OOPS L11150PS r LJUSIM 

£11.20 £16.20 £19.00, £26.50 
Sefl 50 ePf140 PPf140 lv i 

ROPE LIGHTS/DRIVER 
1941[1001C S 

£24.20 

24 tees roues 

Red 'Pelican 

BlueGreen 

ROPE LIGHTS 

£45.40 
A four channel chaser uo to 1.000W per channel with 

a sound trigger facility The music input signai 

modulates the speed of the chase giving an excellent 
sound light effect The unit will control uo to 10 ropp, 

with phase speed and trigger leve: control " 

FOR GUITAR. 
PA. AND 
DISCO 

PIEZCI 
HORNS 

£5.75 

CELESTION LOUDSPEAKERS 
Ail standard cone B otteeN 

61255 I G12-100 610-50 
112 Pet, 65W, 115 PIP 11700/1 

f20.70 ciro f26.45 f P1'70 £14.70 E • 

NEW - MINI MODULES - NEW 
Ingeniously designed mini r r 

blocks ror rise ,n music and PA JIM.  

Moose the type and number of units vo, -e 
particular system and mount caps e •i 

control direct onto your panel. 

LB M M1 Pic- amp for mics guitars etc 

LBMM2 M,yer for up to 0 LOMMI 1 3 3 5 

LB MM3 assbooshcut for either LBMM z g3 5 
LBMM4 MId-boosticut a0, either ammo • 2 3 e 

LBMM5 Treble booslicul for either LRMY . a 

LBPSU1 0 15V supply for up to 12 rho, 0, 
LBPSU ± 1 5V regulated for up to 50 TO, e5 

MM1 14,50 MM2 f5,20, MM3 £5,70 MM4 

E5,70; MM5 E5.70; PSU1 £7.20; RPSU £ 4.50 

Mini Module Discount Any types be'w=, ' 

20 apara,, - 20". 25 , -30" 

ell 
LikB 

ELECTRONIC MODULES 
PROFESSIONAL ENGINEERING BY 

PROFESSIONALS 

45 Wortley Road, West Croydon, Surrey 
CRO 3E13. Tel. 01-689 4138 

Each module is menu, acured f,or- •.e - a- es- 3 

components. fully tested soopiied h ; 

app circuit diagram and gua ,a-reec •D- • ne 
F31.111133. 

All prices shown are VAT intl... Pea,. er 

SDP Posi pack.ng exte01 one,e sa 
staled To well order Send Cheque P 
registered cash or Access number COO se,£  

1 calla For the new Autumn catalogue SenC 5,75, 
,Full spec shown, 

Memo note: Thin compeny hm no connection nitRa 

LB Electronics ol 
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CLEF KITS TRANSFORMERS 

SIX OCTAVES (297 
, 71/4  OCTAVES (232 

MASTER RHYTHM 

BUILT - £ 114 KIT. - £79. 

As published in Practical Electronics 

FULLY PROGRAMMABLE 
TWENTY-FOUR PATTERNS 

EIGHT PARALLEL TRACKS 

TWELVE INSTRUMENTS 

SEQUENCE OPERATION 

Kit includes all components to 
build this comprehensive User 
Programmable Rhythm Generator 
in an attractive metal case with 
finished case, hardware and wire. 

PIANOS SPECIAUSTS MICE 1972 
SIAM I DOIREST1C TYPES 

ad• 

!In, 'forum, .a-cea four ut 
-zuo-

- 
P 3,0C 

• e - e."1 a by 
▪ 'ec nni-
zue 

able 

0,- plus 

and 
n- Zn  elects 
Env SIS for 

PA 

V s- ..' acture 

STRINGS £169 
Versatile String Synthesizer with 
split keyboard facility and impress-
ive voices 49 note organ diode 
keyswitch plus two-phase Chorus 

ROTOR-CHORUS 
£89 

Two-speed Rotor simulation plus 
Three Phase Chorus on a single 8" 
r 5" p c b. Mains P.S.U. included 

KEYBOARDS 
Square Front with two hole 
actuator-easily cut. 

49 NOTE-£25: 73 NOTE- £39 
88 NOTE-E47 

OUR PRICES INCLUDE V.A.T., CARRIAGE AND INSURANCE 
Please send sae c- ists or use our telephone BARCLAYCARD service 
Very competit,e EXPORT -ees - in Australia please contact JAYCAR in Sydney 

ALL INSTRUMENTS MAY BE SEEN IN OUR SHOWROOM 

CLEF PRODUCTS [ELECTRONICS] LINUTED• WY 
44A BRAMHALL LANE SOUTH, BRAM HALL, 

STOCKPORT, CHESHIRE SK7 1AH. 061-439 3297 

Crimson modular audio amplifiers feature: *Low values 
of transient and steadystate distortions *Envelope distor-
tion (below 500 Hz) less than 0.05% *on-board electronic 
protection *F C. 8. pin and edge connector termination 
* Full ronge of complimentary components, ie. P. S. 's, 
hea fr.k s etc. available from Crimson. 

9 CLAYMILL ROAD, LEICESTER LE4 7JJ, ENGLAND. Tel 0533 761920 Telex 34694 Chanco G CRIMLEK 
ETI MARCH 1981 

Panel Meters, Bridge Rectifiers, Power Supply Units 
Multimeters - Semi Conductors - Timers - Safebloc 

Minimum & Sub Miniature 

Ref. Price 
amps No. E P&P 

Volts 
3-0-3 
0.6, 0.6 
9-0-9 
0.9, 0.9 
0-8-9. 0-8-9 
0-8-9, 0-8-9 
0-15. 0-15 
O-20,0-20 300 300 214 
20-12-0-12-20 700(0C) 221 
0-15-20, 0-15-20 IA 1A 206 
615-27, 0-15-27 500 500 203 
0-15-27, 0-15-27 IA 1A 204 

12 AND/OR 24 VOLT 
Pa 220-240 Volts 

200 238 
1A 1A 212 

100 13 
330330 235 
500 500 207 
1A 1A 208 

200 200 236 

Amps 
12v 24V 
0 5 025 
1 0 05 
2 1 
4 2 
6 3 
8 4 
10 5 
12 6 
16 8 
20 10 
30 15 
60 30 

Ref. 
11 
213 
71 
18 
70 

108 
72 

116 
17 

115 
187 
226 

2.60 
3.00 
2.30 
2.15 
2.75 
3.85 
2.15 70 
2.75 90 
3.50 90 
4.60 1 05 
4.05 85 
6.10 1 05 

70 
75 
70 
70 
75 
75 

Price 

P&P 
2.30 75 
2.75 90 
3.25 90 
4.05 85 
5.60 95 
7,40 1 20 
9.26 1 20 
6.95 1 20 

10.85 1 30 
13.85 1. 50 
16.85 1 50 
33.35 1 BO 

39 VOLT Fri 220-240V) 
Sec 0-12-15-20-24-30V 

Ref. Price 
Amps No. £ 
05 112 2.85 
1 0 79 3.60 
20 3 5.60 
30 20 6.30 
40 21 6.60 
50 51 9.60 
60 117 11.10 
80 138 14.35 
100 89 16.60 

P&P 
90 
90 

1 05 
1 20 
1 20 
1 20 
1.20 
1 50 
1 50 

50 VOLT (Po 220-240V) 
Sec 0-1 9-25 33-40-50V 

Ref. Price 
Amps No. E P&P 
05 102 3.50 90 
1 0 103 4.60 1 05 
20 104 7.30 1 20 
30 105 8.60 1 20 
40 106 10.85 1 30 
60 107 15.10 1 50 
80 118 20.20 1 70 

10 n 119 24.10 220 
60 VOLT (Fri 220-240) 
Sec 0-24-30-40-48-60 

Ref. Price 
Amps No. £ P&P 
05 124 3.85 90 
1 0 126 5.60 1 05 
20 127 7.55 1 20 
30 125 11.10 1 30 
40 123 12.35 1 50 
50 40 14.15 1 60 
60 120 17.60 1 60 

AUTO TRANSFORMERS 
Icout, Output Tapped 0-115-210-240V 

VA Ref. Price 
(Watts) No. E P&P 
20 113 2.65 90 
75 64 4.10 90 

150 4 5.60 1.05 
Input/Output Tappets 
0-1 15-210 220-240V 

300 53 10.10 1 20 
500 67 10.85 1 50 
1000 84 18.60 1 60 
Also 1500, 2000 ,3000VA 
MAINS ISOLATING (Cents, Tapped & 
Screens°, 
Pri 120,740V 
VA Ref. Price 
(Watts) No. £ P&P 

60 149 6.50 1 05 
100 , 150 7.60 1 30 
200 15 1 11.10 1 30 
250 152 13.30 1 50 
350 153 15.30 1 60 
1000 156 37.10 3 20 

Sec 120/240V 

Please add VAT at 15% 
Barclaycard and Access facilities 

available 
Trade and Education Welcome 

BAYDIS 
7a William Street 
Heriie Bay. Kent 
Heme Bay 64586 

The Crimson range of amplifier modules are built to very high standards and have earned an enviable 
reputation in every field to which they have been applied, The boards come ready built and tested 
(guaranteed for two years) and can be used to advantage where high quality signal amplification is required. 
The power amplifier modules range from 60WRMS to 310WRMS with up to twice this amount in bridge 
mode. All feature substantial heatsink brackets which can be bolted to any available heatsink or the 
Crimson purpose designed types. Input sensitivity is set at 775mV and power supply requirements are 
catered for by one of the three Crimson toroidal power supplies, The Pre-amplifier module ICPR1) is 
basically a phono amplifier with sophisticated circuitry incorporating R.I.A.A. equalisation. Also on-
board is auxiliary amplification for tape and tuner inputs. A separate module IMC1) is also available and 
gives the required boost for low output moving coil type cartridges. External components required are 
potentiometers for volume and balance, switches for signal routing and a regulated 4 15V D.C. power 
source IREG11. Complimenting this range, are the electronic crossover modules X02/X03 which, with a 
special muting board IMU1I can be incorporated in all woes of active speaker systems. 

Numerous applications are possible with Crimson modules. For example, a complete Hi-Fi Pre 8. Power 
amplifier of 40-125WRMS / channel can be built using our Hardware kits ( see Hobby Electronics review, 
August 19801, Alternatively, Mono or Stereo slave amps of up to 500WRMS can be built into proprietory 
flight cases, while other uses include active loudspeaker systems such as designed by R.I. Harcourt in 
Wireless World October/November 1980. Further details of how to use the modules are contained in the 
Users/ A " libation Manual available at £0.50. 

SPECIFICATIONS 
Ty,» 0,P8ohnle' O Peotens• PSU !I- SInke Slew SN Senerovogy T 

LE 608 38 CF,)1 50,,,,,, Jo, 1,,,13,,r3 o5,5 X35-,, sr, NZ> l'e • kre , 80 • lip • is 
CE,C,04 44 io CPS3 100,0r, JAI, 110o6 .obro6 1 5, 50f w ins. ED , ' 20 is 
CE ,008 55 0,53 ,00,nor 31/P/45 ,E0d16 ,TborV ' 5e, SDK,' Naar 80 - ias. 25 

Cr'7. 35 iii 0'56 15Cenn,P1311 evirrb EE0116 ' ,So,' .- E 5., 505, 313. RP - ' 20 • 28 
CE ,708 ,28 CfS6 , 50nunif MI alsorb ilea] 225,,„ i 5.e 505 ,r. 333. PO • ,20 , 25 
CP3C00 250 CPS6 6432 Jove., l two 235,,,, DM , r 51, 50,ro, 3oRr le I • loi • 3, 
5,531,5 , OuleuT 7 / 5rnV 13(cl Iv árr, Mel 7 8roVISMS 008°. il)Hr ¿pet, 138 . 80. 3, 
N1C 1.5 Oulpur 2,r, REG, 5516 ,D,/ ,5C 008 ., 20m 201,1, 20 • 120 , 3, 
M02 XID3 OOP, =75 2500ory REG, fo .3 30313 ,150-3 0, • X over pools '__O___t0_L., " 
'Power output is quoted WRMS and is given for two modules run off the same power supply. Higher 
powers are obtainable if using one module per P.S. U. or if using a stabilised P.S.U. 

PRICES HELD FROM MAY- TO FEB -80 
Power Amobloor Module. 

CE 808 12 1 W 
0E 1,204 '24 Y..) 
06 ,208 320 SO 
cE1704 1350C 
l:E1T08 135 01.1 

D Nyo, f ¶ Sue 

Pre Prnololrer 1,11•du ,•• 
cp•R I OS 

14450 
MCI l 2F 
MC'S t 3, 00 

Power SUPP,V M.O." Mouter,41, 

C,S1,80. , ' 'V 
CPS3 ( I 50V,,11 23 5r , 'OP-
C2'56 ,250,, ,, 5r, 
REG , :9 31) l ME ' 36,5' 
TR6 i50 1442 aix 

Am,. Cn:, ****** e blenfrom 

f02 39 63 
xl,3 'JR 3' P vo, 5.., ,IS, 
ou , 

Po, ,nr.lo,lo (' 131'1,, 

.orly3vIrrrer- re, Ow l», COI) 
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ETI 80 MODULAR 
SYNTHESISER 

ALL MODULES INCLUDING KEYBOARD CONTROLLER 
NOW AVAILABLE. SEPARATE CONSTRUCTION 
NOTES AVAILABLE FOR KITS NOT PREVIOUSLY 
PUBLISHED BY ETI. 

THE KEYBOARD 
CONTROLLER 

IS MICROPROCESSOR COMPATIBLE AND THE SYN-
THESISER MAY BE EXPANDED FOR POLYPHONIC 
CONTROL AND MUCH, MUCH MORE. 

SEND FOR CURRENT PRICE LIST WHICH INCLUDES 
INFORMATION ON EXPANSION TOGETHER WITH 
PRICES FOR A WIDE RANGE OF SPECIALISED I.C.s 
AND THE ELUSIVE C181 TEMPERATURE COMPEN-
SATING RESISTOR. 

DIGISOUND LIMITED, 
13 THE BROOKLANDS, WREA GREEN, 
PRESTON. LANCS. PR4 2NQ 

Tel. : 0772 683138 (MAIL ORDER ONLY) 

The SENS4T101141 1 
CROFTON Offer 

9" metal cased monitors 
at the lowest price ever 
£48.50 plus VAT and 
P & P. 
P4 phosphor standard. 
P31 and P39 available 
at an extra £ 11.50 total. 

Ask for Crofton Mail 
Order Catalogue. 

Sony colour camera type 
2010P only £375.00 total 
including VAT and P & P. 
12v operation IV 
composite video out. 
adapter box and 
modulator available for 
£25.00 total when 
purchased with camera. 
Normally £69.50. 

E31 
All major credit cards accepted. 

All items sutynct !C. a. e pi tens include VAT 

cost 

CROFTON ELECTRONICS LIMITED 
35 Grosvenor Road, Twickenham, Middx TW1 4AD. 

Tel: 01-891 1923/1513 
•  

AS RECOMMENDED BY COMPUTING TODAY — THE CENTRONICS 'MICRO-PRINTER' 
Ask most people what they would like as their first peripheral and the chances are they will say "Printer". Here is an 
attractive electrostatic printer from the famous firm of Centronics. Capable of printing in three sizes of typeface it is 
easily attached to your machine by way of the parallel interface. The logic is fully TTL compatible and STROBE, 
Acknowledge and Busy lines are provided to make life easy. 
"Cost of this wonderful peripheral is a mere £195.00 + VAT The printer comes complete with documentation, 
connector and cleaning paper as well as a roll of the printing paper." (extract from COMPUTING TODAY). 

Ex-STOCK from HENRY'S 
Ideal for PETS-TANDY-NASCOM's 
Specification 
• 150 lines per minute 
• Selectable 20 40 80 columns 
• 120 m/m aluminium — Finish paper unaffected 
by Heat, Light or Humidity. 
• Full character ASC II set. 
• Paper Feed, 220-240AC mains. 
• On-Off Print Select. 
•Paper Advance — Empty Controls. 
'Size 104 x 134 x 44" Weight 10Ibs 
Ideal for Home or Small Business use. 

LIMITED QUANTITY DON'T DELAY 

Brand new boxed fully 
guaranteed list price of 
this machine. £459.95 inc. 
VAT. 

OUR PRICE 

L 1 95 irc. VAT 
POST PAID 

Complete with Full documentation 
connector & Printing Paper - 

HALF PRICE OFFER 

Just Plug in and it's ready to go! 
AS RECOMMENDED BY "COMPUTING TODAY" MARCH/MAY 1980 

CENTRONICS 
QUICK PRINTER 

Your London & National Nascom Distributor. 
Export Orders deduct VAT, but add 5% carriage 
Official Export & Educational Orders welcome 
Our Telex 262284 Mono Ref. 1400 Transonics ICOMPUTER SEND BROCHURE 15p 

FREE STAMP 

Homes 
Computer Kit Division 

404 Edgware Road, London, W2, England 
01-402 8822 
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PC WHOLESALE 
1 THORNHILL, ROMSEY ROAD 

WHITEPARISH, SALISBURY SP5 2SD 

All good new full spec - prices are for minimum 

100 any one type. Minimum Order £10 + 50p 

post. No VAT. SAE for full list. 

47131 
AC174 
40141/2 
47101 
OC101 
ICIOK 
IC114 
1C147/11/1 
1C171ft 
K177 
IC115 
Kea 
1013 
14237/8/1 
Kan 
Kai 
1527/1 
47442 
/Cal 
005571/1 
10246 
1053 
7111 
11256 
32154 
32151/2 
PIC101 

1122166 
117'765 
511132 
211711 

itC544 
21125,11 
51374 
7455 
270712/1 

iI 
5/5461 
40173 

.14 

.14 
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16 
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14 
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.16 
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17 
17 
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17 
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16 

.46 

.45 
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.1i 

.34 
145 
15 

145 
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3em 
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Seie 
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Cip 

.11 

J5 
It 

17 

51 

2.10 
.12 
17 

.055 
De 
.07 

De 
.170 
.32 

Lams, 4111144111 
tit 311 417 516 622 

7Y5 VIZ PP liv 
In 144 183 MILAN 41 

IMES 
114121 

14.1 IA 
IAN 105 

12 
Ali 

.013 
XI 

14112 

Ok 

14 
06 
114101 

06 

C/PACITIRS 
011114111441 
Kt issi. 
147/50 
1/17 
2.2/50 
4.7/5 
10/16 
10/40 
22/25 
47/16 
47/40 
100/11 
100/25 
1011/40 
220/13 
1.11/16 
510/41/ 

172 
024 
110 
.034 

Li 
1125 

344 
£04 
De 

.122 
224 
024 

Li 
.023 
£123 
.024 
.021 
.022 
021 
027 
.037 
160 
.35 

GRAND COMPUTER SALE: Ex-equipment 
memory boards, 16k X 8. Uses 4k dynamic 

RAMS. Superb boards, easily interfaced to 

Nascom., etc. Circuit diagram and Nascom. 

circuit plans included, £25 + £1 carriage 

each. Or with 16k of 4116s (20Ons)., £30. 

Also brand new 2114 static RAMS (200ns), 

£3 for two; £40 for 16k (carr. 40p). Two 

I.B.M. format floppies, 256k bytes per drive 

(standard format). With comprehensive 

manuals: £125 each or £200 the pair. Send 

s.a.e. for details. Payment with orders to - J. 

Wright, 27 Broomhill Drive, Glasgow, G11 

7AB. 

VERORACKS, 19 inch by 51/4 inches, 20 off 
40-way double-sided connectors with wire 

wrap pins, 20 card slides, and lockable front 

panel 12 by 4.5 inches, also removable 

P.S.U. 110/250 input on/off switch, O.P. 

+5v. and - 10 volts @ 5 amps. P.S.U. and 

Verorack, £25. Post £5 ( U.K.). Please add 

V.A.T. - " Q" Services, 29 Lawford 

Crescent, Yateley 871048, Camberley, Sur-

rey. Units are as new and boxed. 

BARGAINS FOR THE ELEC-
TRONIC HANDYMAN 

BRANOED L.E.D. DIGITAL 
ALARM CLOCKS 

imen•••••••• 
(11 

Returned to Service 
Department within 

guarantee period (21 

1 With alarm repeal SRSP of £ 17 00 Offered at 
£3.95, inc VAT or 3 for £9.95, inc VAT 

2 With luxury lamp and repeat alarm SP SP 

£31 00 Offered at £7.95 inc VAT each. or 3 for 
£1 9.95 inc VAT 

These will be sold as received from our customers with 
the existing taunts) and without guarantee 

U K only 
Discounts available on large bulk purchase 

PRESCOTT CLOCK & WATCH CO. 
LTD. 

PRESCOTT HOUSE, HUMBER ROAD, LONDON 

NW2 6ER 

ETI MARCH 1981 

SEND TO - ETI CLASSIFIED, 145, CHARING CROSS ROAD, LONDON WC2H CEE. TEL 01-437 1002 

RATES 

1-3 insertions £7 per SCC 

4-1 1 insertions £6.50 per scc 
12 insertions £6 per scc 

24p per vvorcl (min 15 words) 

Box No of application 

TELEPHONE MONITOR, connects bet-
ween telephone line and cassette recorder. 

Automatically records all telephone use. 

Circuit and plans £2. - S. D. Cross, 24 

Thorney Road, Streetly, Sutton Coldfield, 

West Midlands. 

SHARP POCKET COMPUTERS-
LOWEST U.K. PRICE!!! 

PC 1211 POCKET COMPUTER, complete with 
CE121 cassette interface   £105.95 
PRINTER CASSETTE interface, CE122 £69.95 
The CE122 combines the functions of Printer and 
Cassette Interface. 
PC1211 complete with CE I 22 Printer/ Cassette inter-
face   £152.00 

All prices include V.A.T. and U.K. delivery 

ELKAN ELECTRONICS, 28 Bury New Road, Pre-
stwich, Mencheeter,h125 8LD. 

 • 

RECHARGEABLE 
BATTERIES 

TRADE ENQUIRIES WELCOME 

FULL RANGE AVAILABLE. S.A.E. FOR LISTS. 

CI.45 for Booklet. - Nickel Cadmium Power" 

plus Catalogue. ' New range of sealed lead now 

available'. Write or call: Sandwell Plant Ltd., 2 

Union Drive, BOLDMERE, SUTTON COL-

DFIELD, WEST MIDLANDS. 021-354 9764. 

ZX80 'LIVE ACTION' SOFTWARE. Top 
quality games at unbeatable prices: BREA-

KOUT ( 1K) £4; SPACE INTRUDERS (2K) £4. 

Also MOVIES (2K plus), 7x8 character pic-

tures displayed in rapid rotation giving an-

imation effect £3 - No hardware modifica-

tion whatsoever. Written in machine code 

without loss of T.V. synchronisation. 

SOUNDS INCREDIBLE? - YES, but it's true. 

Reviews say the ZX80 can't be used for 

continuous live action ARCADE type games 

- WELL IT CAN - WE'VE DONE IT - 

SEEING IS BELIEVING - Send cheques or 

P.O.'s for program listing (or S.A.E. for list of 

all software) to. MACRONICS ( K. Macdo-

nald), 26 Spiers Close, Knowle, Solihull, B93 

9ES. 

B.U.F.O.R.I.N, BUFORIN UFO Research 
Network urgently need Investigators in all 

parts of Britain. For more details, send 10p 

and s.a.e. to - The BUFORIN, Upper Grange 

Farm, Old Dalby, Melton Mowbray, Leices-

tershire. 

TELEPHONE ANSWERING MACHINES 
from £75; flipcaller £25, watches from 

£5.75; car radio, cassettes, boosters, 

speakers, walkie-talkies. S.A.E. for details. - 

H.P. Supplies, Dept. ETI, 162 London Road, 

Wembley, Middx. 

PANELS 
- 

Give your project the professional finish it 

deserves. Blend in with existing equipment with 

these tough 2mm thick anodised aluminium 

fascia panels, matt black or brushed silver finish 

Stock sizes: 44 X 16 cm £4.75, 35 x 15 cm 

£4.25, 30 x 1 2 cm £3.90. Other sizes avail-

able in cuantrty to order. Prices incl c.w o. 

PROJECT FINISHERS 
P.O. Box 2, Buntingford, Herts. 

All advertisements in this section must be 
pre-paid 

Closing Date - lot Fri month preceding 
publication 

Advertisements are accepted subject io the terms 
and conditions printed on the advertisement rate 

card (ava.lable on request) 

CITIZEN BAND RADIO and accessories. - 
Phone 0527 43169 or s.a.e. with enquiries 

to P.O. Box 13, Redditch 698 8NS. 

SHARP 111Z- 51D11 
and PC1211 Computers at 

LOWEST PRICES!! 

With lots of FREE PROGRAMS 

KING PIN COMPUTERS 
PO Box 40, Stevenage, Herts. 

SGA ZNF 
Tel. Stev. (0438) 59677, up to 9 p.m. s 

CB SPARES 
Original transistors and inte-
grated circuits for all types 
of 40/120/24C, etc., 
channel rigs. 

McIAUGHLIN 
ELECTRONICS 

44 Carlisle Road 
Londonderry 

Northern Ireland BT48 
6JW 

Tel: 0504 65002 

FM MINI-TRANSMITTER, tunable 8'8-
108 MHz, Rng 150 yds. ( Low Chance of 

Unwanted Detection). Unlicensable. Kit 

£2.90. - P. Faherty, 37 College Dr., Ruislip, 

Middlesex. 

SN76477 sound generator plus data   160p 
XR2206 tone decoder plus data   270p 
MM57160 STAC timer   500p 
ZN425E D to A converter   380p 

NE555 timer   3180071 01 ppPpp 
2708 450nS EPROM   
TBABOO 5W audio amplifier 
NE567 tone decoder   

LM 13600 dual transconductance amp. . 120p 
LM387 low noise preamp plus data .. . 130p 
LM386 power amplifier .. . 
LM377 dual 2w. amplifier 1 50p 
LF351 operational amplifier 40p 
LF353 dual LF351   80p 

TDA1022 delay line 500p 
7805 or 7812 TO220 regulator   50p 

7905 or 7912 TO220 regulator . .. . ..   60p 
Metal film 1/4 w. 1% resistors 51Q to 300K. E24 series 

Siemens polyester capacitors 0 O ' 1, o.OZZ,.0 0.4 7: 0,11) 
9p. . . . . . . . ..... . . 

P.kk 50 each 613A nuts, washers, 1/2 " screws . 50p 
Pack 50 each 4BA nuts, washers, 1/2 " screws . . 70p 
Connecting cable single strand, 1 metre of eight 

different colours, total 8 metres . .. . . 30p 

As above but 5 metres each colour total 40m. 140p 
Light duty stranded 10/ 0 lmm, 8 colours 4p metre 

Extra flex. 55/ 0 1, red or black . . . . . 12p metre 
Twin cable, speaker type .. . . . 10p metre 
Single screened cable . . .. . . .. . 15p metre 
Twin individually screened . . . .. 20p metre 
Min. 3-core mains cable, 2 SA . . 22p metre 

All prices exclude V A.T. Please add 40p carriage All 
brand new components 

J. NELSON 203 HIGH STREET 
LONDON, S. E.13 
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PRINTED 
CIRCUITS 

HARDWARE 
Comprehensive range Constructors Hardware 

and accessories 

Selected range of popular compooents 
Full range of HE printed circuit boards 
normally ex- stock same day despatch at 

competitive prices 
PC Boards to individual designs 
Resist-coated epoxy glass laminate for the 
d r y man with full processing instructions ( no 
,unusual chemicals required) 

Alfac range of etch resist transfers and other 
drawing materials for p c boards 

Send 15p for catalogue. 

RANIAR CONSTRUCTOR 
SERVICES 

NIASTIN8 ROAD 
8TRATFORD-ON-AVON 
VIIARWICKS Tel. 4879 

rNASCOM OWNERS — 16 gauge Alu-
minium Console, will support portable 
T.V. or monitor. Enough space inside for 3A 
PSU, CPU Board and two expansion boards. 
Size 14" x 20" x 3" with sloping front for 
keyboard. Price includes keyboard cut-out, 
rubber feet, carry handle. Send cheques or 
P.O.s for £25.30 to — Cyber Electronics Co. 
Ltd., Pavement Square, Addiscombe, Croy-
don CRO 6RD. Tel. 01-651 0388, any time. 

BURGLAR ALARM Component Catalogue 
out now. Ring: C.VV.A.S. 0274 682674. 

PARAPHYSICS JOURNAL. Russian / 
Czech translations. Autogenics (self-training) 
improves vitality. Psychotronic Generators, 
UFOs, contacting extraterrestrials, Kirkli-
anography, telelinesis, levitation, gravity 
lasers. S A.E. 4x9": Paralab, Downton, Wilts. 

PRINTED CIRCUITS. Make your own 
simply, cheaply and quickly! Golden Fotolak 
Light Sensitive Lacquer — now greatly 
improved and very much faster. Aerosol cans 
with full instructions. £2.25. Developer 35p. 
Ferric Chloride 55p. Clear Acetate sheet for 
master 14p. Copper-clad Fibre-glass Board 
approx. 1mm thick £ 1.75 sq. ft. Post/ 
packing 60p. White House Electronics, Castle 
Drive, Praa Sands, Penzance, Cornwall. 

C.B.S. 
If you are in Business and considering an 
application of a Minicomputer or Microproces-
sor based System and are a little confused why 
not attend one of our courses. 

A 

D 

Microcomputer Application — BUSINESS 
Microcomputer Application — 
ENGINEERING AND CONTROL 
Programming in BASIC — INTRODUC-
TION 
Programming in BASIC — ADVANCED 

VVe are an independent consultative organisa-
tion specialising in business and engineering 
application prepared to recommend systems 
when required and provide full software and 
programming support. 

Courses are available for individual or group 
instruction, and may be arranged to suit your 
specific applications. 

For full details and dates available write or 
phone 

CLEVELAND 
BUSINESS SERVICES 

Cleveland House 
Routh, Near Beverley 

North Humberside HU17 9SR 
Tel; Leven 0401-43139 

104 

ADAM HALL 
Cabinet & Flightcase Fittings, fretcloths, coverings, 
handles, castors etc , Jacks & sockets, Cannons, 
Bulgins, reverb trays, EmIlar compression drivers, AKG 
mgcs, Celestion speakers, ASS glassfibre horns. 

Send 30p postal order for illustrated catalogues to. 
ADAM HALL (E T SUPPLIES) 

Unit B, Charlton Court 
Grainger Road, Southend-on-Sea 

Essex SSZ 5BZ 

VIDEO 
MUSIC 

The amazing Videograph, as featured recently in Electronics 
Today International, links your Hi-Fi with any Colour TV to 

produce a Fantasia of hypnotic visual effects. The system 
displays stereo music as brilliantly coloured waveforms 
against an ever changing background. For the technically, 
minded, a square,wave signal generator is builtm, 
permitting advanced demonstrations of transient response 
etc, Truly the ultimate accessory for any Hi,F1 system! 

DIY KIT ONLY £33.95 
Case & Controls £15.95 Ail prices 

include VAT 
or READY BUILT £69.95 and Oel.e 

CZ= WILLIAM ip,ower House, Billericay FIT,M, VIS4 

STUART E:j':' gcale,'3%es"ó""' 
IIISYSTEMS Ltd Telephone. Brentwood 10277) 810247 

U.K. AIRPORT FREQUENCIES LIST. £1. 
U.K. coast station frequencies list £ 1. PLH 
Electronics, 20 Vallis Road, Frome, Somer-
set. 

£99 SYNTHESISER DIY. Professional 
results, easy-build. S.a.e. Dewton. 254 
Ringwood Road, Ferndown, Dorset BH22 
9AR. 

DIGITAL WATCH BATTERY 
REPLACEMENT KIT 

These watches all require battery 
(power cell) replacement at regular 
intervals. This kit provides the.. 
means. We supply eyeglass. non-
magnetic tweezers, watch screw-
driver, case knife and screwback 
case opener Also one doz arson 
push-pieces. full instructions and 
battery identification chart. We 
then supply replacement batteries 
— you fit them Begin now. Send 
f 9 for complete kit and get into a 
I ast,growing business Prompt 
despatch 

e .t 
BOLSTER INSTRUMENT CO. (ET22) 
11 Percy Avenue, Ashford, Middx. TW15 2PB ' 

e  

••••••••••••• 
• SUPERBOARD II • 
• • 

STILL the best value in Home Computers e 
Just compare the features 

• 
• 
• 
• 
• 
• 

•• 

* BK floating point BASIC in ROM 
* Full ASCII keyboard 

* Standard cassette .' TV interface 
* RS232 printer interface 
* 4K user RAM 
* Expandable to 32K & dual mini floppy 111 

• 
• 
• 
• 

AVAILABLE NOW from 
C.T.S. 

31/33 Church Street 
Littleborough 

Lancs. 

• 
• 
• 

Please ring or write for latest prices ilk 

• Tel. Littleborough (0706) 74342 any time. 
••••••••••••• 

CENTURION 
ALARMS 

BURGLAR ALARM EQUIPMENT 
AT UNBEATABLE VALUE 

JUST LOOK! 
Order No 
100 ALARM TRIGGER MODULE. 100% Solid State Battery 
operation Pos & Nag Rings N for 4-wire contacts N O for 
Mats etc One Amp Switching Capacity Only £IP.115 
210 Quality White Flush fitting 4- wire MAGNETIC REED 
CONTACT , matchIng magnet £1 . 10 
220 Surface 4-wire MAGNETIC REED CONTACT £1.50 
240 PRESSURE MAT, Standard size 4.wire 30",15" £2.20 
250 PRESSURE MAT. Stair size 4-wee 73"eRM" £1.73 
365 NEW PASSIVE MULTI-SEAM. Infra-red Detector. B 
metre range CSI.00 
350 SIX INCH UNDER DOME BELL £9.95 
390 BEST QUALITY BELL HOUSING. PVC coated metal not to 
be contused with the cheaper deco, covers Fully signwf men with 
bur Centurion Insignia 
400 DECOY P.V.C. BELL COVER £ll.10 

NEW TWO-TONE U.S.A. POLICE SOUNDERS, complete with 
weatherproof horn £14.50 
SOUNDER PCB Module only • • £4,1111 
WEATHERPROOF Louspeaker. 8 ohm horn, only £9.65 

Note. All equipment open., on 12 Volt. DC, 
Tenn.. Add 1 5* VAT to Prices 60p Postage & Packing 

No ',Milkmen Order. 
_ Access telephone alders 

welcome on 
0484-36527 or seed 
SAE for Full List le 

CENTURION ALARMS & ELECTRONIC 
SALES, Dept. ETI, 266 Welrefleid Rem& 
Hudderefietd, W. Yorke HOE SSE. 

LAMP STRINGS 
Kit LS- 1. Each Kit contains: 200 Lamps' 
(50 each Red, Blue Yellow, Green). 200 
Pre Cut Leads, 400 Sleeves plus Instruc-
tions. 

Easy to Construct. Ideal for 

DISCOS, SHOPS 
DISPLAYS, ETC. 

LS- 1 c/w Instructions   £ 0.00 
SL- 1 100 Spare Lamps ( 25 each colour) 
  £5.75 

Prices include VAT and P&P 

J & H ASSOCIATES LTD. 

The Maltings 
Station Road 

Savvbridgeworth, Herts 
Tel 0279-723156 Telex; 81675 

JLamps-G 

Trade Enquiries Invited 

PLEASE SEND 
FOR OUR 

MAIL ORDER 
CATALOGUE 

35 GROSVENOR ROAD, TWICKENHAM 
MIDDLESEX TY/1 4AD Tel :01-891 1923 
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+ P&P £3.45 
(inc. VAT) 
Total £129.95 

CC 
CA 
TM 
VE 

£126.50 

BEST OFFER EVER 
Camera Kit, Lens, 
Vidicon Er Modulator 

CROFTON 
Tel: 01-8911923 For full details 

1- please add VAT al 15 ., ro a', pnces - BarclaylAccess orders acceoreo by telephone 

wu jAro ,..,Dcee,' -0-se 3 e, Tay Road en,„Fli», 

STUART * sod Elli. 
SYSTEN/16 Ltd 'e ec,c-., 5-e-Lxaod ' 0277I 81024A 

COLOUR MODULATOR 

• R G B inputs, PAUUHF 
• Unlimited colour comOnal o•-s .• 
• TTL etc interface Mies surrxec: 
• 1000's already in use' 

KIT: only £12 Built & Tested: only £ 18 

NUCLEAR RADIATION MONITOR. Es-
sential for the survivor of a nuclear attack. 
Measures up to 100 rads hour. S.a.e. de-
tails: Ray Nucleonics, 13 Rosemead Gardens, 
Brentwood CM13 1 HZ 

tiFiCtrIT bESIGN;1"-rototype construction,i 
Analogue or Digital, Single Circuits or Corn-
plete Instruments Systems Write _A. J:' 
ATTWOOD, C.Eng., MIERE Heathercote, 
Heatherton Park, Taunton Somerset, TA4 
1ET or Phone Bradford-on-Tone (082-346), 
536. 

TELEPHONE ANSWERING MACHINES, 
Super Phones, Radio Phones etc. Ring 
C.W.A.S. 0274 682674 

SPEED - VERSATILITY - ECONOMY 

Designed originally for logic wiring applications, it is now 
accepted end used extensively throughout industry, education 
and research. ROADRUNNER is used by hobbyists, students, 
techniciens, designers and engineers, to carry out work on:-
•P.C.11. REPAIRS ANALOGUE BREADBOARDING SIMPLE 
LOGIC WIRING •COMPLEX INTERCONNECTING OF MICROS 
AND MEMORIES. 

EURO INTROKIT £ 16.70. PORJECT KIT £8.18. 
MINIKIT (AI £ 7. PENCIL WITH LOADED • OSE  BOBBIN 
£2.81 WITH T C W BOBBIN £ 2.76. STRIPS GLUE 
FIX 20 PKT 6" LONG £ 3.20. HIGH DENSITY 
GLUEFIX 20 PKT 6" OING £3.20. PRESS FIX 
20 , PKT £3.20. SINGLE HIGH DENSITY 0-SIDED 
EUROCARD £5.18. SINGLE SIDED £3.80. DOUBLE 
HIGH DENSITY 0- SIDED EUROCARD £8.60. PROJECT 
CARD £2.50. BOBBINS BLUE 4 PKT £2.12. GREEN 
4, PKT £ 2.12. GOLD 4 PKT £2.12. PINK 4 .• PKT 
£2.12. t OF EACH COLOUR £2.20. TINNED COPPER 
2 / PKT £0.96. ADHESIVE £0.41. SOLDERING IRON 
420 C £ 5.52. REPLACEMENT VVELLER TIPS - PTAAB 
430 C E1.40. PTAA9 480 C £ 1 

Please add 40p for P&P + VAT to all orders 

FOR FURTHER INFORMATION ON 
ROADRUNNER PRODUCTS SEND 

LARGE S.A.E. TO: 
T. J. BRINE ASSOCIATES 
FREEPOST, Haslemere, Surrey GU27 3BL 
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Not just another Mixer - but 
designed specifically for Hospital 
Radio, Talking Newspapers and 
similar users. 
Is there such a word as 
"Budgetable.! Consult. 

Partridge Electronics 

If it's a case of making your project 
look good, then use one of ours. 

Simply send a S.A.E. for 
Details and prices. 

TRADE ENCELJIRIES 

INVITED. 

H. M. ELECTRONICS 
271a/275a Fulwood Road. 

Broomhill 
Sheffield S10 3BD 

£1 BARGAIN PACKS 
All packs £1 each; any 12 for £10. Post 25p. All 

top-grade new components - no rubbish. 
PC1 12 BC107 PC9 10 TO3 sockets 
PC2 14 BC108 PC10 15 0.1 / 35V tants 
PC3 1 2BBC109 PC1 1 14 3mm red LEDs 
PC4 3 2N3055 PC12 12 5mm red LEDs 
PC5 7 BEY51 PC138 741 
PC6 16 BC182 PC14 6 555 
PC7 60 1 N4148 PC15 15 12V zeners 
PC8 25 1N4003 PC16 100 1k '4W 5'Yo Rs 
Send S.A.E. for 13-page list/enquiries. Mail only. 
PC ELECTRONICS, 1 Thornhill, Rom»y Ro» 

Whimparish, Salisbury, SP5 2SD 

MICROTYPE 

READY CUT CASE FOR SUPERBOARD, 
UK101, NASCOM Z. 

IALSO AVAILABLE WITH BLANK KEYBOARD 
FOR HONIEBREW NASCOM 1, ETC I 

PRODUCED IN BLACK ABS PLASTIC. tOMPLETE WITH SCREWS AND eusaROCTIONS 
SPACE FOR EXPANSION. FDRCE ' FEI/ FAN, NUMERIC RAD AND ADDITIONAL KEYS 
ORLY UA 50 • El SOPRP VAT 
SEND CHEOUES DR POSEUR EZB TO 
MICROTYPE P D BDX 100 HEMEL HEMPSTEAD, HE RTS HI, 70Z 

SAE FOR DETAILS DEALER Pi DEM ENOUIRIESWELCONIE. 

TIME EXACT? 
MSF CLOCK is ALWAYS CORRECT-never gains or 

loses, self-setting at switch-on, 8 digits show Date. 
Hours, Minutes and Seconds, auto GMT/ BST and 
leap year, also parallel BCD output and audio to record 
and show time on playback, receives Rugby 60KHz 
atomic time signais, built-in antenna 1 000Km range. 
ABSOLUTE TIME, £54.80. 

V.LF.7 EXPLORE 10-1 50KHz, Receiver £13.70. 
80KFIZ RUGBY RECEIVER, as in MSF Clock, serial 

data output, built-in antenna, £15.70. 

Each fun- to- build kit includes ail parts, printed circuit, 
case, instructions, postage etc, money back assurance 
so GET yours NOW! 

CAMBRIDGE KITS 
45 (TG), Old Scheel Lime, Milton, Cambridge 

PRE-WAR ONWARD VALVES, wireless 
(S.W.s included). S.A.E. 100 transistors £5. 
Bargains list 15p. - Sole Electronics, ETI, 37 
Stanley Street, Ormskirk, Lancs. 

OSCILLOSCOPE, Scopex dual beam. 3% 
accuracy, 10MHz bandwidth. Full working 
order, £90. - 0438 724093 (evenings). 

TRS-80 or ZX80. 4 games on cassette. 
TRS-80, £3.50; ZX80, £3. S.A.E. Details/ 
list. - Bobker, 29 Chadderton Drive, Un-
sworth, Bury, Lancs. 

MEMORY BARGAINS. Low-price guaran-
teed devices. Eprom Programming Service. 
S.A.E. information and discounts. - T.D.S., 
57 Westmead, Woking, Surrey, GU21 3BS. 

'TIS KLIFC0-71S UNBEATABLE!! Sony: 
Cassette deck - f.m./a.m. (toner) stereo 
player; + digital clock, meters display + 2X 
bookshelf speakers, £75. Stereoamplifiers: 
i.c. + fet. 60 watt (magnetic pick-up), £26 + 
2X Lloytron bookshelf speakers, £42 com- . 
plete. National: i.c.-mixer amplifiers, 4 input 
+ fade + master, 60w., £30. Chassis 60 + 
60w. + controls, £12. - 1 Regent Road, 
Ilkley, LS29 9EA. 

CLEAR-OUT of double-sided copper-clad 
fibreglass board. 1/2 p/sq. in. Minimum order 
£1 inc, p. & p. Also complete p.c.b. service. 
- H.C.R. (Chelmsford), 1 Bankside, Off New 
Street, Chelmsford. 

FLEXIBLE - EXPANDABLE - BUDGETABLE 

THE COMMUNITY 
MIXER KIT 

011110.1""e 

56 Fleet Road, Bentleet, Essex SS7 5JN 
or call (03745) 3256 for the answer 

Barclay and Access welcome 

ç PARNDON ELECTRONICS LTD. 
Dept. No.23, 44 Paddock Mead, Harlow, Essex CM18 7RR, Tel 0279 32700 

RESISTORS: , a Watt Carbon Film E24 range ± 5'.- tolerance. High qualny rebisn, 
'rade under strictly mntrolled conditions hy automatic machines. Bandoliered 
end colour coded. 

E1-00 per hundred mixed. M D IODE, value' 
£8.50 per thousand mixed. (Min 50 per value 

Special alcali pack 6r) yalues. 10 off each £5:.5.2.,.... 

DIODES: 1N4148 Xp each Mna order qoannY, - 15 
£1.60 O., hundred 

DIL SWITCHES: (7,›Id plated cnrudct in fullL aealed •,••E 0 00, 
prouramming problun, 
Wa, 86p each t, Vin £ 1.00 each H Way £1.20 each 

DIL SOCKETS: High quelYc lo, profile ',clivia 
S pin - 10p. 14 pin - 13p. 15 po - 15p. 18 010 -- 19p. 20 pin - 25p. 
22 - 29p. 24 pin - 35p. 2S pin - 39p. 4n pin - 57p. 

ç\fff' 

ALL PRICES INCLUDE V.A.T. & POST & PACKING - NO EXTRAS 

MIN ORDER - LI 00 OVERSEAS E.5 CASH WITH ORDER PLEASE 
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