
AN ARGUS SPECIALIST PUBLICATION

Bit
MAY 1985 fill

PLUS -it ____

PROJECT
iMono to Stereo Simulator 41frN11; No,

rical Scoreboard Displa

Universal EPROM Programmer M II
L611%1. 21112._4.. 1111ffillprixtr

AUDIO COMPUTING MUSIC



DIGITAL SAMPIERI

DRAY LINE
Just one of our customers for the MCS/1
- Midge Ure of Ultravox.
Get the professional sound of a
Powertran MCS/1 into your act.

Specification
Memory Size Variable from 8 bytes to 64K bytes.
Storage time at 32 KHz sampling rate 2 seconds.
Storage time at 8 KHz sampling rate 8 seconds.
Longest replay time (for special effects): 32 seconds.
Converters. ADC & DAC 8 -bit companding.
Dynamic range 72 dB.
Audio Bandwidth Variable from 12 KHz to 300 Hz.
Internal 4 pole tracking filters for anti-aliasing and recovery
Programmable wide range sinewave sweep generator.
MIDI control range 5 octaves
+1 V/octave control range 2 octave with optional
transpose of a further 5 octaves

111111111111111 1111

Once again. Powertran and E&MM combine to bring you
versatility and top quality from a product out of the realms of
fantasy and within the reach of the active musician.
The MCS-1 will take any sound, store it and play it back from
a keyboard (either MIDI or v/octave) witch bend or vibrato
can be added and infinite sustain is possible thanks to a
sophisticated looping system.
All the usual delay line features
(Vibrato, Phasing, Flanging, ADT,
Echo) are available with delays of
up to 32 secs. A special interface

enables sampled sounds to be
stored digitally on a floppy disc
via a BBC microcomputer.

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

prepared to invest your time,
it's almost cheap!
MCS-1 complete only £849 - VAT
Save even more with the MCS-1 kit:
only £599 + VAT

Demonstration Tape £2.50 + VAT
Powertran kits are complete down to the last nut and bolt,
with easy -to -follow assembly instructions.

POWERTRAN CYBERNETICS LIMITEI
Portway Industrial Estate, Andover, Hants SP10 3ET, England
Telephone: Andover (0264) 64455
Access/Visa cardholders - save time - order by phone CEO
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WATFORD ELECTRONICS
250 HIGH STREET. WATFORD, HERTS, ENGLAND.WD1 2AN

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

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

VATExport ordrs no VAT. Applicable 10 U.K. Customers only. Unless stated othesdoe.

MI prices are Isxclusly of VAT. Nesse add 15% to the total cost Including P&P.

We stock thousands more Items. It pays to v111 us.
Nearest Underground/BR Station: Warlord High Street.

Open Monday to Saturday- 9,00em to 15.00prn. Ample Free Car perking spac &reliable.

ELECTROLYTIC CAPACITORS: (Values., uF) 500v. 10052. 47 75p, 83V 0 47.10.1 5.2 2.3 3.4 7 69 10 100
15.22 12p. 33 15p. 47 129.68 20p 100 190.220 26p, 1000 70p. 2200 999; 50V 138 200. 10017p. 220 24p
40V, 22 90.33 120. 330.470 326 10004454. 2200 904.259 1 5.4 7.10,22.4759 100 1147.150129220 156
330 229.470259.680 10003448.1500420.2200 600.3300 7694700 920.161/ 47.68.10099 125 129.330
16p, 470 20p, 680 349, tom 27p. 1500 319, 2200 269, 4700 72p

TAGEND CAPACITORS: 649: 22001200; 3300 145p; 4700 2459; 60V: 2200960;33001660; 40V: 4700
1609; 25V: 2200 700; 3300 699; 4000 4700 759; 10.000 2509; 15.000 2709; 16V: 22.000 200p.

CAPACITORS: Axial Lead Typo
400V: 1nF, in5. 2n2, 3n3, 4n7. 6n8 11p; 10n, 15n, 18n. 22n 12p; 33n 47n

88n 16p; 150n 209; 220n 309; 330n 42; 470n 62p; 880 t oF 611p; 2u2 529.
1000V: 1 nF 179; I OnF 309; 1 Sn 40p; 227, 36p; 33n 429 47n, 100n 429.

POLYESTER RADIAL LEAD CAPACITORS: 260V
10n, 15n.22n.27n 1312; 33n.47n,038n 100n Sp; 150,220n
10p; 330n. 470n 156; 680n 196; 11.15 409; 2u2 489.

FEEI>THROUGH
CAPACITORS
1000pF 4501. 109

TANTALUM BEAD CAPACITORS
3.5V: 0 10F 0 22. 0 33 156 0 47 0 68

1 O. 1 5 16p. 2 2 3 3 166; 4 7, 6.8 22p

10 269; 15V: 2 2. 33 189; 47.68.10
18p; 15, 489; 22 456; 33.47 5012; 100
956; 109: 15 22. 26p; 33.47 504; 100

OOP; eV: 100 569.

POTENTIOM . Carbon Track
Rotary 025W Log & LIN ValueS

4706, 16 6 2K 1L.644, Only1
Single Gang 38p
56 - 2141 Single Gang LOg 6 L,n 350
59 - 2M Single Gang OP Se.tch 950
5K - 2M Double Gang 990

MYLAR FILM CAPACITORS
100V: I nF 2, 4, 4rIF 10 So; 15nF, 22n,

30n, 406 47n 7p; 56n, 100n. 200n 9p;
50V: 4700. 12p.

SLIDER POTENTIOMETERS
0.25W log and hnear vaIuel 60rnrn

54 - 500n single gang 80P
Graduated Betels lo, above 459

SIEMENS pco
TYPO Mintature
PON Capacitors

2509
1nF. I n5. 2n2.
3n3. 4n7. 6n8
10n, 15n 7p
ten, 22n. 27n.

33539647n 59
39n, 56n 129
82, 100n II p

1009
100n, 120n 10p
150n. 180n 126
220n. 270n 156
330n. 390n 200
470n. 560n 260
880n 309

3462o2500

TRANSISTORS

ACI26/7 35
ACI41/2 35
AC176 35
AC167 35
AC I 68 39
40719/21 75
00022,41 75
40142 120
40149 79
40181 42
40162 42
0115/6 80
0188 80
49124/26 70
0139 40
AF178 70
sr ,es 70
AF239 55
BC107 12
801078 14
130100 12

15010813 14
801080 14
BC109 12

BC 095 14
801090 14
80114/5 30
BC117/10 26
BC I 37/9 40
BC140 36
80142/3 35
BC147 12
801478 16
00148 12
801488 15
BC149 12
801490 IS

801821. 10
BC1831. 10
BC164 10
BC,1541 10
80186/7 26
BC158 6/7 26
BC12 10
BC2121 12
BC2I3 10
802131 12
BC214 10
802141 12

80237/8 15
602565 35
3076 15
80308 16
BC3I8 80

80327 16
80337/8 16
80441/61 34
80477 40
80516/7 40
BC547/8 12
905490 16
BC556/7 18
BC558/9 15
90039/40 58
80741/42 30
BC745 50
BC758/59 39
80070/71 18
190072 25
80778 30
EID114 190
80121 95
EID124 115
80131,32 55
801 33 70
60135 45
60136/37 40
60138/39 40
80140 40
BD 144/45 188

EID 1 58 68
80205 8 110
80245 66
80378 70
80434 70
130517 75
80645 80
806954 150
606988 150
BF115 45
BF154,8 30
99167 36
BF I 73 35
BF I 77 35
69178 38
BF I 79 40
8E+84/5 36
8F194/5 12
OF198/9 18
96200 80
ElF2244 40
662246 40
EIF245 50
ElF2564 46
ElF251313 50
ElF257/8 32
BF 259 40
136275 56

86338/7 35
89394 40
89451 40
09494/5 40
6E504,5 30
86939/40 30
8E641/79 25
86980/81 25
BFR98 105
BF 029 35
139081 45
BF 084 35
86085/6 35
86750/51 30
BFY52 30
136753 35
09755/56 56
86784 40
BF781 120
139790 80
BR739 50
88020 30
85028/29 45
88028 35
85795 35
130105 180
130205 ISO
BU20/3 200
BU208 200
EI071390 225
M08001 2S0
MJ2955 90
MJE170 150
MJEI80 ISO
MJE340 54
MJE370 100
MJE371 100
MJE520 55
MJE521 96
MJE2955 95
MJE3055 70
MPF102 40
MPF103 30
MPF104 30
MPF105 30
MPF106 40
MPS405 30
MPS408 30
MPSA12 32
IA PS455 30
MPSA58 30
MPS470 40
MPSUO2 55
MPSUO5 80

MP5u06 60
MP51152 65
MPS055 60
MPSU55 80
0026 170
0028 220
0035 50
0036/41 75
0C42/75 75
0071/72 60
0075/76 56
0081/02 50
0083/84 70
00170/71 75
0070 40
00200 75
TIP204 32
TIP29C 38
Ti P308 35
TIP30C 37
TIP314 36
TIP3113 39
TIP31C 45
TiP324 43
11P320 45
TiP33.4 70
TIP33C 76
TtP344 88
TIP34C 106
TIP35A 120
TIP35C 130
TIP364 130
TIP360 140
TIP41A 50
T1P4 I B 52
T1P424 55
TiP425 55
TIPI 20 70
116121/2 73
TiP141/2 120
T1P147 120
1162955 70
TIP3055 70
11543 80
11544/5 45
TIS884 50
TIS00/91 30
UC es
061010 96
v14,06M 70
v6464F 96
V666AF 110
011880 120
V6090 120

210107/8 12
21010,9 12
210212 28
210300 13
210302 16
210303 25
210304 17
210328 30
Z10451 23
210500 14
210501,2 15
211503 16
210504 25
210531 125
210550 25
26697 23
284698 40
26899 45
2847064 25
284708 25
214918 40
2141131/2 40
261302 45
261307 70
261671E1150
262160 326
2622194 28
2622204 26
262221A 26
262222A 26
2142368 28
2623694 18
2142483/4 27
262648 45
262904/5 28
262906/7 28
2629074 28
262926G 10
263053 25
263054 55
2143055 50
263252 44
2143441/2140
263614/5190
263663 20
263702/3 10
263704/5 10
263706/7 10
263705/9 10
263713 140
2143771 179
263772 154
263773 210
2143819 39

CERAMIC CAPACITORS 50y:
Range 0.599 t0 10nF 4p. 15nF, 22nF
33nF, 47nF 56. 100nF/3000 7p.

200n F,/BV Sp.

POLYSTYRENE CAPACITORS:
1096 to I nF Sp; 1 5nF to 12n6 100.

PRESET POTENTIOM
0 1W Alimeture Vertical or

Honzontal 1006 to 4M7
0.25W Larger 1009 tO 3M3 Holy
0.25W La 0,20061o4M7 Verbca,

Sp
12p
126

ACCESS
Orders

JuM phone yOur
orders through
We do the reat

Tel 0923 50234

SILVER MICA (Values in p91

2. 3.3. 4.7. 8.8. 8.2. 10. 12, 15. 18.
22.27. 31 39 47. 50. 58. 88. 75. 82
85. 100. 120. 150. 180p9 15p each
200. 220. 250. 270. 300. 330. 360
390. 470. 800. 800. 520 21p each
100 1200. 1800 2200 306 each
3300, 470099 1506

MINIATURE TRIMMERS Capacitors
2'6pF 2-10pF 22p. 2-259F. 5.65pF

309; 10-889F 359

14114.01

2586
DRAM
£35

25Ons
C4.25

27128
250ns
90.75

RESISTORS Carbon Film miniature. H,Stab, 5%

RANGE Val 1.99 1000
0.25W 202 - 10M 624 3p 1p

05W 202 - 4107 E12 39 I 9

1W 292-10m 612 89 4p
2% Metal Film 5141 - I M 624 66 49
1% Metal Film 51n - 1M E24 59 49
100+ price appl6s to Resistors of each type not

8,040

RESISTORS NETWORK S.I.L
Ccommoned IB pms) 10011.680

10K 476. 100K 26p
8 Cornrnone0 19 pnel 150f1 180n, 2700 330n. 16
21(2 467. 668, 109. 229. 476 6 1006 260.

9.16 282.467

DIODES MliipGI 75 SERIES
1419 Tifll OS

44110 8
44129 10
44130 6
84100 10
81100 15
BY126 12
BYI27 10
CR033 nre
049
0447
0470
0A79
0481 1

0485
0490
0491
0495
041200
04202
114914
16916
1844001,2
164003
1144004/5
164006/7
164148
1145401 1

165404 1

165406 1

N5408 1

t S44

15921
64/100V 40
64./4000 50
6/98000 60

VAR ICA PS

84102
881056
136:08

14:13,098

50
40
40
45

14/500 18
1.5/1009 20
I 4/4009 25
A./600V 30

24/509 25
2A/200V 40
24/4009 42
24/6009 50
64/1000 83
8804000 06
104/2000 215
10808000 296
25802000 240
25606000 396
137164 56

ZEN ERS

Range 207 to
39V 40OrnW

SP ease
Range 3V3 to
337 1 3W

156 save

TRIACS

34200V 64
3.4400V 86
84.100V 60
844000 59
8.41500V 115

12aloov 76
1244009 62
1248000 136
1641009 103
1644009 105
164600V 220
25V500V 220
254800V 296
1/800 125

75110
75114/5
75121/2
75150
75154
75156
75159
75160
75182
rsieas
75188,9
75322
75324
75325
7536' ,3
75385
75450
75451/2
75454
75491;2

90
150
130
125
125
150
195
420
850

99
100
140
3150
00

ISO
00
es
52
70
65

SCR
THYRISTORS

540400
544009
546009
843009
846000
1241000
1244000
124800V
91106
81116
C106D
TIC44
TIC45
11047
265062
265064
264444

32
40
48
so
90
75
96

188
ISO
180
36
24
29
36
32
35

130

COMPUTER
ICs

21021 160
2114 275
2147 300
2516 350
2532 400
25132 450
2564 600
28501 75
2716-5V 350
2732.4 450
2764250 425
27064 1000
27128250 996
"NEW' 2566 "D'
RAM 15065 125
3242 615
4027 OS
4116.20011 125
4164.150n 425
4416.2 425
45323 250
4532.4 290
4016.100ns 200
46e415 425
551 250
e116150 325
81161.120 350
6117.10011 575
6167.6 795
626414-15 616
83403 614
6402 350
6464115 Ell

8502CPU 325
65024 545
6503 350
6503 550
6504 600
6504 250 550
6505 650
8505 600
6520PIA 175
6522010 340
6530 611
653266101 650
8545610 809
65510010 650
6592 00
6592PC 620
6600 220
5802 275
6803 850
6805 670
6808 520
68096 elm
6810 ISO
6621 ISO
68621 220
6840 375
5843 800
6845 650
6845SP 750
6847 650
6850 120
6852 250
6854 625
58E454 750
6859 E4
8875 500
68000 630
6035 350
80804 425
8085 £6
80854 950
8088 615
8123 '60
8131 475
8150 800
8154 780
8155 400
8156 400

811595 175
81/.598 175
0,1597 175
8,1598 175
8202 £25
8205 228
8212 220
8214 495
8216 150
8224 300
8228 300
8228 310
8236 00
8243 290
8250 £11
82514 350
8253 1370

400
£15
400
400
150
EIS
750
450
450
550
611
655
09

ISO
350
90

8255
$25640
8257-5
8259
827,
8272
8279
8282
8283
8284
0288
8748
81264
8127
8731
8795
8797N 90
9602 220
AM261.531 125
AM2615324 125
AM261533 150
AM7910 [30
403,015 300
40.5'1013 300
004724 150
COM8017 275
COMB, 16 700
08748 855
DM8 I 3, 275
DP8303 460
DP8304 350
053647 00
0536916 65
0S8815120 495
058820 110
058830 140
05883, 125
058832 200
E9364 600
6E1365 628
FDI691 [15
FD1771 C15
FD1791 E22
F01795 628
8028501 75
HD634036Pi '4
HM68455P 755
W6402 350
16580606 1250
MC 488 60
MC1489 60
MC '4411 675
MC ,44I 2 725
MC3242 590
MC3446 250
MC1440 315
MC3486 225
MC3487 225
W6402 350
MC5645 826
MC6846 629
MK3888.2M CT
MM52800 896
MM5303 536
MM5307 1275
M M53874 865
MM58174 675
MM74C922 420
80.3.25131 700

60-3,2513U 660
5445050 675
SFF9364 900
SP0256 660
SP0256412 475
70.131011 913
TMS27,4339 725
71.454047 100
TMS4184 395
18.154416-2 598
TA4S4500 [12
TH54532-3 360
TMS5100 000
TMS6011 SOO
TMS9914 895
TIAS9927 1E14

TMS9928 915
TMS9929 t15
TM59980 912
TM59995 812
01.62003 75
UP07002 725
WD1691 14
W01770 £20
W02143 550
280CPU 2.5 293
ZBOACPU 4M 380
Z80 CTC 255
Z8002CPU 00
Z804 CTC 310
280BCPU [I1
280 DART 650
2804 DART SOO
180E1 85
280 DMA 795
Z8040144 925
2130 PIO 250
2804 PIO 315
280 510-1 550
Z804 SIO 89

LINEAR ICs

55 moa 58
702 79
709C 8 pm 35
710 se
7418pm 16
747C14pm 70
74808pm 30
7358om 185
810 158
940001 375
4000808 1000
001320 225
415050 99
A1.1-5051 160
A1916720 210
00.3270 730
41.3350 380
AV -38910 180
Booldetfor
4034910 390
0034912 SOO
474,1317A 830
874350 368
CA3011 130
CA3012 175
C43014 275
CA3018 85
C43019 90
C43020 210
C43023 210
CA30264 110
CA3035 295
C43036 270
043043 275
C43045 365
CA3048 70
0.43048 220
C43059 325
CA3075 213
CA30806 70

C4308, 180
C43085 180
C43086 60
CA30896 200
04309040 375
CA31236 155
CA3130 90
C43, 40 45
CA3150 80
04316, 180
CA3162 525
CA3189 275
HA1336W 176
MAIMS 235
CL71047 675
171 07 975

017811 99
17580 248
1803800 345
L82114 750

CM72054 1150
M7 2I5 1060

CM7218
m72111C 122

CM72144 760
M7224 £11
M7240 300
CM75506

M7556 160
143550 250
144032R 340
LA4032 295
LA4400 380
LA4422 320
LC7130 320
LC7,20 300
LC7137 350
19347 150
LF351 80
19353 90
LF355 90
LF356 90
LF357 100
LF398 495
LM1O 325
LM30141 30
LM307 45
LM3081 75
LM311 60
LM3166 ISO
LM3I9 160
LM324A 45
LM3342 ISO
LM3352 135
LM337 275
LM339 40
LM348 80
LM349 125
L M350 50
LM377 210
LM379 495
LM380 115
LM38 I N 175
1M382 200
L M384 225
LM386 110
LM387 200
LM389 160
LM393 86
LM394CH 380
LM558 170
LM725CN 300
LM733 65
LM1458 35
LM1071 300
LM1889 400
LM2907 395
LM2917 325
LM3900 70
LM3909N 85
LM3911 166
LM39141 300
LM391 5 346
LM3918 300
LM13800 150
L57220 260
M706E11 150
MS15131 230
m51515L 320
61510181 479
m193712 200
M83756 440
MC1204 260
MCI30, 90

MC1303 96
MC I 304P 260
MCI 310P 150
M01445 250
MC145106 895
MC1455 50
MC1458 35
mC1469 300
MC1494 604
MC i 495 350
1.4014981. 70
MC1596 226
MC1648 290
MC I 709G 90
MC3302 75
MC3401 50
MC3403 95
M03404 85
MC3405 ISO
M03422 00
MC.3423 60
MC3442 00
M03487 00
MC4015 00
MF, 0 300
MFC6040 75
ML924 275
NE515 279
66529 225
66531 140
NE5436 225
NE544 200
NE555 25
NE556 65
NE558 170
NE580 350
66562B 410
NE564 420
NE5654 120
NE566 155
NE567V 140
NE570 410
NE571 400
NE5532 175
14655344 160
0M335 750
8041350 60
1404558 55
55688 225
5483209 425
SA83210 325
54E1327, 485
5484209 585
SG3402 295
SL490 350
516270CD 150
5676227N 95
5676477 470
SN76488 529
5P13629 350
SP0256AL 475
147120 140
TA7204 130
TA7205 90
147222 ISO
147310 125
7046614 190
TAA700 275
744900 395
T4131042 110
TAD100 159
1841205 70
TEI4900 395
1401042 110
TAD100 159
TBA I 20S 70
T849200 200
T1349000 350
TCA220 350
1042700 350
T042804 220
TC4940 175
T04065 180
1081004 350
1041008 310
TD41010 235
TDAI022 499
TDA1024 115
1041034 350
TOM 490 350
7002002 323
TD42003 250
1082004 270
TDA2006 320

1E82020 320
TDA2030 190
7060791 420
11170 so
1114300 90
11507 110
11509 110
T1061CP 40
T10452CP 85
T106406 96
T1071CP 40
TL072CP 76
T107406 130
T10610P 35
TL062CP 65
TLOS3CP 75
T106406 110
TL091CP 60
002240 120
0878540 230
ULN2003 90
2162004 90
0162283 150
0162803 190

275
UPCI 025H 379
UPCI I56H 295
UPCI 182 425
UPC1366 195
0R2206 375
0R2207 400
062211 575
062218 675
042266 380
26414 80
264196 180
264236 130
26424E 130
264256 595
26426E 200
2844276 600
2144206 450
264296 240
214459 615
261034E 200
28410406 645
264234E 925

17174

7400 25
7401 25
7402 25
7403 25
7404 30
7405 30
7408 40
7407 40
7408 25
7409 25
7410 25
7411 25
7412 25
7413 25
7414 50
7416 35
741 7 35
7420 25
7421 50
7422 40
7423 39
7425 35
7428 40
7427 35
7428 35
7430 29
7432 30
7433 30
7437 30
7438 40
7440 30
7441 coo

7442 55
7443 100
7444 100
7445 110
7448 110
7447 95
7448 110
7450 30
7451 30
7453 30
7454 30
7460 30
7470 so
7472 50
7473 50
7474 45
7475 59

7476 45
7480 60
7481 175
7482 100
7463 100
7484 105
7485 100
7488 40
7489 200
7490 55
7491 70
7492 110
7493 50
7494 100
7495 80
7498 75
7497 200

74104 70
74105 70
74107 45
74109 70
74110 55
74111 65
74112 170
74116 160
74118 110
74119 160
74120 90
74121 45
74122 65
74123 75
14125 60
74126 60
74128 95
74132 70
74138 50
74141 85
74142 235
74143 250
74144 250
74145 100
74147 160
74148 130
74150 170
74191 60
74153 70
74154 130
74155 75
74156 90
74157 75
74159 170
74180 100
74161 100
74162 100
74163 100
74154 110
74185 100
74166 130
74187 250
74170 100
74172 400
74173 130
74174 100
74175 100
74176 100
74177 110
74178 130
74179 130
74180 100
74181 300
74182 120
74184 170
74185 170
74190 120
74191 120
74192 120
74191 120
74194 100
74195 75
74196 120
74197 100
74198 200
14199 200
74221 200
74246 130
74247 120
74248 145
74249 175
74251 90
74259 ISO
74263 75
74265 60
74273 180
74275 130
74278 160
74279 90
74283 100
74284 440
74285 300
74286 BO
74290 120
74293 50
74297 175
74298 160

263820 SO
263822/3 90
263886 90
263903/4 18
2N3905;6 15
263906 17
264037 00
2114058 15
264061/2 IS
264264 30
264286 25
264289 25
264314 73
264400 2S
264427 80
264871 55
7651351 30
265138 25
265172 25
265179 45
265180 45
265190/1 75
265194 80
265305/8 30
265457/8 30
265459 30
265485 35
265777 45
265879 180
266027 32
25487, 250
254715 75
2SC495 85
250496 55
2501061 250
2501096 56
2501162 45
2501173 126
2501306 100
2501307 ISO
2501449 98
2501678 140
2501679 190
2501923 65
250,945 225
2501963 80
2501957 80
2SC1969 180
2502028 65
2502029 200
2502078 170
2502091 55
2502314 SG
2502186 108

74351 leo
74385 70
74388 70
74367 70
74368 70
74378 120
74390 100
74393 100
74425 80
74490 100

74C

740244 160
740245 150
740373 180
740374 425
740922 535
740923445

SO2 40
503 40
504 40
505 40
508 40
SO9 40
510 40
SI1 40
S15 50
S20 40
522 40
S30 50
S32 50
S37 50
S38 70
540 40
551 40
S64 40
S85 40
574 70
585 295
586 100
5112 150
5113 120
S114 120
S124 300
5132 90
51 33 50
S134 60
5135 110
5138 170
5139 170
5140 60
5151 140
5153 140
5157 200
5158 190
5162 300
5153 300
5174 250
5175 300
5188 200
5189 225
5194 280
S197 300
5201 250
S225 500
S226 350
S240 375
S241 375
5244 474
5251 225
5257 229
5258 225
S260 70
5262 EIO
5287 200
5288 180
5289 200
S301 350
5365 250
5373 375
5374 375
5412 380
5470 325
5471 500
5472 400
5474 400
5475 425
5571 300
5573 450

2502335200
2SC2547 40
2SC2812 200
2513234 74
251(45 80
25K288 226
2SJ83 229
25.185 225
36128 115
36140 115
40315 90
40316 95
40324 100
40326/7 70
40347 90
40348 120
40360 80
40361/2 70
40407/8 75
40411 255
40412 90
404874 130
40468 55
40594 105
40603 110
40673 75
40871/2 90

RF
CHOKES
Miniature
PCB type

1.81.2u2.4u7.

10u, 22u. 33u
47u.100u.

220u. 330u.
470u 309

I mil. 1m5

2m2. 487,
1OrnH 38p

22m, 338.
43m 000

1008 750

as
LSO, 28
L502 25
L503 25
1.504 25
LSO5 25
L008 29
1509 25
L510 25
151, 25
L512 25
LS13 35
LSI4 50
1515 28
L519 45
LS20 26
LS2I 25
L522 25
LS24 50
L526 25
LS27 25
LS28 25
LS30 25

LS33 25
LS37 25
LS -38 30
LS40 25
LS42 50
L547 80
L548 90
L549 100
L551 28
L552 25
LS54 26
LS55 25
L583 S5
L573 30
L574 39
L575 49
L576 40
LS78 40
LS83 70
LS85 70
1586 35
LS90 50
1.591 90
L592 55
L593 65
LS95 70
LS96 90
LS107 40
15109 45
LS112 45
1Sl13 40
LS114 40
L5122 70
L5123 100
LS124 125
LS125 100
15126 SO
15132 SO
LS133 50
1.5115 25
L5138 45
LS138 60
15139 60
LS145 95
15147 164
LS148 130
LSI51 70
LS153 70
LS154 166
15155 70
15156 70
LS157 50
L5158 SO
LS160 70
L5161 70
15162 70
L5,63 70
LSI64 75
L5165 110
15156 ISO
L5188 140
LS159 100
LSI70 140
LSI73 100
15174 75
LS175 70
LSI81 190
LSI83 190
LS190 58
15191 58
15192 100
L5193 100

LS104 75
10195 75
15196 66
LS197 65
15221 65
L5240 50
LS241 80
L5242 95
LS243 95
LS244 50
L5245 120
L5247 105
L5248 104
LS249 104
LS25I 75
L5253 75
L5256 120
L5257 75
L5258 75
LS259 125
LS260 70
LS251 100
15286 50
L5273 120
LS275 350
L5279 70
L5280 180
LS263 50
15290 80
LS292 880
L5293 80
15204 999
L5295 140
L5297 850
mile 100
L5299 225
L5320 210
L5322 360
L5323 400
LS324 150
LS325 ISO
1.5328 290
LS327 290
L5347 120
LS348 140
LS352 110
LS353 110
LS395 220
LS358 200
L5363 ISO
LS264 ISO
15365 SO
LS366 30
LS367 50
LS368 50
LS373 100
LS374 100
L5375 70
LS37? 130
LS378 95
LS379 130
LS380 310
L5382 310
15384 460
15385 330
LS386 50
LS390 50
15393 100
15395 110
LS396 300
L5398 195
L5399 135
15445 129
L5447 80
L5465 140
LS490 150
L5540 140
L5541 140
L5624 155
L5629 130
L5640 200
15641 ISO
LS645 199
151368 90
LS589 90
LS670 170
LS673 590
L5874 600
LS678 275
L5682 250
LS684 350
L5687 350
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SWITCHES
TOGGLE 2*. 2500
SPST 35p DPDP 46p

SUS -MIN TOGGLE
SPST onroe 5SP
SPOT clover 64p
SPOT centre oh 854
SPDT biased both
ways 1069
DPDT 6 tags 80p
DPDT centre oft MP
DPDT based both
ways 1459
DPDT 3 positions
onion/on 1854
4 pole 2 way 2200

SLIDE 2508
D PDT IA 14p
D PDT IA von ISP
DPDT NA I3p

PUSHBUTTON IA
with tom., Button
SPOT latching 1509
DPDT latching 200p
SPOT moment 1509
DPDT moment 200p

Noel Non Locking
Push to Make 159
Push to Brook 250

DIGITAST Switch
44000e0 Colours

75p each

DIP SWITCHES
(SPSTI 4 way 64, 6 way 80p, 8 tem 55p;
10 way 1250 iSPD0 4 way 190p

ROTARY SWITCHES
Adjusted. Stop typer

004/210 12 way 20°1e/2106 way. 3 pule/2 to
4 way. 4 4010/2 to 3 way 489

ROTARY: Mains DP 2500 4 Amp on/o1f 5617

ROTARY: i Mak-a-switch)
Make  mulliway switch Shafting &mambo,
has &Ousted. slop Accommodate. up to
6 *al.'s 1m. 8 pole/12 way DP avolchl
Macrenern 0010 900

W . (make before break) to lit the above
poach rnechantem I pole/12 way 2 P01.46
way 3 poN/4 way 4 pc./3 way. 602 War 65P
Mains DP 44 Swath to fit 45p
Spaces 4p. Screen Sp.

VEROBOARD Olin
25.34 960
25.5 110p
35  33/4 110p
311 F 5 125p
35 it 17 420p
44  17 5600
P41011000. 550
Spot !we culler 1509
PIn insorten tool

1116p

VERO WINING PEN
+ spool 3800
Spam spool T64
Combs Bp

VO Board
DIP Board
Vero Slop

1950
395D
95p

PROTO DEC.
V.roblock 450p
S Dec 395p
Eurobreadboard

5909
3.nboard I 575p

SS2
13504

DALO ETCH
RESIST PEN

Plus soars bp tp 1000

tOway
Asa.
20 way
26 ray
34 way
40 way
50 way
60 way

IDC CONNECTORS

PCB Plug. Fnlele Female
with latch Heater Card
Pins Pt. Ph -4 6998
Sin Angle Conct

90p
130p
1454
1754
205p
2209
2350

99p
1500
164p
200p
234e
250D
270p

859
1104
1254
1504
16Cp
1404
2004
2300

1209

1054
2404
320p
3.104
3954
4954

FERRIC CHLORIDE
I lb bag Anhydrous
1999  50o p80

ULTRASONIC
TRANSDUCER

4086/ 475 pr

ROCKER SWITCHES
ROCKER 5A/250V SPST
ROCKER 10A/250V SPDT
ROCKER 104/2500 DPDT c/oh
ROCKER 104/2509 DPST with neon

28p
384
954
85p

THUMSWHEEL MIni front mounting .witches
Decade Switch Module 2759
BCD Switch Module 2984
Mounting Ch.ka Ipet PPP 75p

COPPER CLAD BOARDS

Fide
Loess
6 .6

6 12

Single Double
sided sided
100o 125p
17Sp 225p

GAS/SMOKE
DETECTORS

TGS812 or
TGS813

£6 each

JUMPER LEADS (Ribbon Caws Asserntrlyi
Length 14pin 16 pin 240n 40 pin

Singe ended DiP reader Plug, Jump,
24 inch.. 149p
1550 240p 3600

Doublo ended DIP (Header Plug) Juniper
6 inches I 611p 206p 300 4215
12 ,nches 1984 2154 3I5p 24 inch.

4800
2104 323893454 540p 313i000.

2904 370p 41100 525p
JUMPER LEADS Ribbon Cabe Assembly,

IDC Female Howler Sochie Jumper Leads 36
2001' 26 0n 34 pin 40 Pn

Single ended 1600 2000 250 3000
Dotre enio 290p 370p 480 525p

OIL SOCKETS
LOw Wire
Prof Wrap

8 pin 69 25P
14 pm 104 35p
16 pin 10p 424
18 pin 164 S24
20 pin 20p 600
22 pm 22p 659
24 pin 254 70p
21 pin 28p 804
40 pin 30p 9011,

£501
CONNECTORS

2.85.0 - tltp
2.12 *ay - 1309
2.15.4r - 111.
2o6 way 3104 1794
2.22 way 2164 3904
2.23 way "sit -
2.25 we, 2660 lisp
2.21 me 1104 -
2.30 way 3104

200e -
2.40 wet 2600 -

EURO CONNECTORS
'48,04

t!: t!:
DIN41617
31 way 170p -
01N41612
2.32 A + B 2759
DP/41612

2 32 A C 2954
-016411512

3.32
El C 3804 3854 MOP 3954

1759

220p 285p

240p 300p

PANEL
METERS

F SO
60.46. 35rnm
0-50.44
0-100.4
0-500.4
0-1m4
0-5mA
0-10rnik
0-50mA
0-10010*
0-500614
0c4
024
025V
050V AC
0 3000 AC
"5"
'VI/ 4904 each

RELAYS

lArniature. enclosed PCB mount

SINGLE POLE Changeover
8I:91 205R Coil 12V DC 110V5 to
19 5V1.10A at 30V DC or 250V AC 19511

DOUBLE POLE Chrerrover. 64 300
DC or 2500 AC
RI:10053h Cal 60 DC (504 109/911900
R1.5111 205R Cat 12V DC 0007 to
19051 1950
RL14114 740R col, 24V DC 1220 to
370) 2000

DIL PLUG (Headed
Solder IDC
400 900
459 108e
wyp 1784
2904 7454
2804 7354

pin
+6 pin
24 pin
28 P.,
40 Din

SIL SOCKET O1 Pitch 20 way OSP

ANTEX SOLDERING IRONS
CISW 5254. CS 17W 5450
CAW mop. IS25W 4704
SPare Bits VW Elements 2304
iron Stand 1750i Heat Shunt 309

ZIF TEXTOOL
OIL SOCKETS

24 pin
28 pin
40 Pin

575p
4954
545p

1155001 CABLE
price Per loot

Gray Coer
10 way '6p

211111

16 way 230 409
20 was 300 509
24 wa, 400 659
28 way SIB 909
34 way SOP 85p
40 w.y 700 900

way 'age 135P
64 way 1209 1110p

TRANSFORMERS
3-0-3V, 6-0-60. 9-0-90, 120-120 15-0-15V
100101 1309
Oct mOunting Miniature. Split Bobbin
3VA: 2.60 0 25A. 2.90-0 15A. 2,120-012*.
2.51/0 IA 2454

O VA.. 2/60-0 SA 2AV-0 34. 2020-0 25A.
2.15V-0 24 2609
Standard Split Bobt.r. type.
IWA: 2.60-054 2.90-0 4*. 2.12V -03A,
2a1 5V-0 254 250p
1211k. 2.4 50-1 34. 2a50 -1A. 2080-0134. 2.121/-
054 2.150-04A. 2.200-03A 345013SP IMP
24VA: 2.1591 5A, 29V-1 2*. 21. I 2V,14. 2.15V -
06A, 2.20V-064 38841800 PIP
SOVA: 215V44 2.9V-2 542.12V-242.150 1 54.
2.200- 1 24,2r-250-IA.2A0/0 84 6204160p 4641
Specially wound for Mut.. computer PSU.
SOVA: Outputs +50/54. 0120. +250 -IV
-12Vat IA 5204 mop paw
11313VA: 2.120.44. 215V-34. 2.20V-2 5A.
2.1250-2A 2,300-1 SA. 2.500-14 9650175p)

PIP charge to be ceded over and above our nor-
mal postal charge

VOLTAGE REGULATORS
+A T0220 Malec Carting

+ A
5V 7805 909 7905 900

12V 7812 sop loos 60D
150 7815 46p 7912 50o
18V 7518 45p 7915 504
24V 7824 504 79111 SOP

7924 504
tOOrnik 1092 Peat. paCkape

5V 79L05 30p 79L05 50P
6V 78L06 309 -
80 /BLOB 304

120 78L12 304
150 78L15 50P

ICL7660 24Sp
RC4194 375p
RC. 95 1604
LM3096 1354

L143171(
LM317KP
LM323K
LM337
LM723 Var
78540

CMOS

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

20

7i
25
GO
45
48
25

1:
80
40
40
90

96
80

807
43
58
67

SO
30

22
90
40

975
35

130
70

130
144
70

275
115
75

260
SO
57
50
42
50
i
80
SO
86
as
38
70
80
eo
85
45
45

1000
435

65
500
1286

65
45

245
25
25
25
25

4072
4073
4075
4078
4077
4078
4081
4082
4085
4086
4089
4093
4094
4095
4096
4097
4098
4099
4160
4161
4162
4183
4174
4175
.94
4408
4409
.10
4.1
4412
4415
4419
4422
44 35
4440
4450
4451
4490
4500
4501
4502
4503
4504
4505
4506
4507
4508
4510
4511
4512
4513
4514
4515
4516
4517
4518
4519
4520
4521
4522
4526
4527
4528
4529
4530
4531
4532
453A

25
26
25
ea
25
25
25
25
60
60

125
37
70
95

100
275

so
110

95
111

48
9.

941
106
106
880
850
725
750
805
590
280
770
850
900
360
350
450
395

se
50
40
99

385
100

45
130

55
55
55

150
115
115

55
27S
48
32
53

115
125
60
65
se

ISO
90

130
65

400

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

275
so
so
98
70
40

400
248
ISO

38
56

250
120
345
180
104
350
155
250
175
45

255
125

99
100

80
70

330
155

90
46
42

215
130
140
412
120
220
Go
55

325
100
235
240
194

75
75
75

220
so
75
e5
70
711

195
195
196
220
220
586

ovro
OCP7I 120
08012 65
°RNLI IN
BPX25 250
EIPW21 320
TIL139 225

250p
4509
450p
1754

308
2254

791.- 12 50- 4
7905 404

TAA550 504
TDA1412 1504
78905+5V/5V 55011
781112+12V/5A

6404
78HG + SV to + 25V
5A 565p
1990 - 2 25V to
-24V 5A 5559

SOLOVICON PINS
dwil for making SIL

or OIL Sockets
'00 pins 494
500 q. 1954

ALUM BOXES
. 2  1' Bap

4 25  2- 100P
1 25  Tar" 1030
. 4  2" 1060

4.45214' 1209
.4.110' 119P

5 4 25" 1204
5.24.15" 1100
5.24  21/4" 1300
6 . 4 2" 12096.43" 1500
7  5  3' 180p
8.6.3 21041343 240110.7.3 275p
12.5.3 2801
12.6.3 295P

Men.

Female

' CONNECTORS
IS 2.5 37

way way way wolf
55p 80p I 2C p 1500
1109 1784 2299 3000
100p 100p 160p 2509
909 175p 18Cp 2759
160p 200p 260p 3900
1004 1284 1954 3999

Come 754 70p 704 854

IDC se. D Plug 3854 Socks, 450P

25 way '0' CONNECTOR (RS232)
Jump*. Load Cable Among*/

II long. Single end kis* 4751,
II long Single end, Female 15104
36 long Gouda Ended MA. Slip
36 long Double Embed F F 610
38 long. Double Ended Id F 1166p

AMPHENOL PLUGS
1DC Solder

24 army IEEE 4454 4404
to war Controne 4500 4750
34 vey Ferree. 4804 4509

32 7646 01
100KHz
200101/
4556H
1MHz
1 008M
1 HUH/
i 81.45r
whir
843201

20161Hr
24575m
3121.411,
32781.4
3579AM
3151364M
4 OMH:
4 037MHz
4111430M
4433619M
4.608MHZ
4.160MH:
6.0MHz
S16514H/
5.24213814
80MHz
181441.4H/
6.5538MH/
701.1H/
7169MH2
7 73213MH/
768M1.
8 OM.
8089333M
8 86723M
9 00MHz
10 OMHz
10 24W.
10 5MHz
10 7MHz
12 OMHz
12 526M
1431814M
IS OMHz
16 OMMZ
18 OMHz
18 432M
19 96f3MH,
20 Otero
24 OMHz
24 930M1-1/
28 69M
27 648M
27 145M
38 6667M
4130MHz
1000MHz
116 OMHz

CRYSTALS
100
545
370
370
265
275
450
200
545
230
725
200
240

SO
96

300
150
290
200
100
200
200
160
300
390
140
140
225
ISO
200
250
200
150
395
220
200
175
200
250
150
150
300
170
200
220
150
150
ISO
200
170
325
150
170
180
240
240
295
300

AETEC UHF MODULATORS
Standard 6MHz 375p
Wideband 8MHz 550p

BUZZERS
miniature .01.0 elate/3V 9V 812V 7134

0E20 TRANSDUCERS P132720 TOP

LOUDSPEAKERS
shmetwo. 03W- 8
2in. Ten. 200n, 31n
2,1in 40964170' 8011

4" 60
X- 5" 80
8" 5" 80

1109
900

2009
2250
2500

MONITORS

 ZENITH - 12" Green, I... -

Resolution Popular E65
 MICROVITEC 1431 le -

Colour RGB input Connecting
cable inci £155

 MICROVITEC 1451 14' C237
Medium resolution E250

 KAGA 12' Medres RGB £250
Colour. Has flicker -free chore°.
tens Ideal for BBC. Apple. VIC,
etc £259 (car £7)

 KAGA 12" As above but
HrResolution £309 (car £7)

 Connecting Lead for KAGA
ES

Carriage £7 Securicor

"SPECIAL
OFFER"

2784.250nS
27128-250nS
61161.1,120n5
826410150nS

1+
425
975
325
995

10+
415
965
310
965

OPTO
ELECTRONICS

LEO. wen clips
TIL209 10
TIL211 GRN 14
TIL212 tel 14
T1L220 2" Red 12
2 Green. Veit. Or
Amber 14
0 2 colour
Red/Gr.n 1009
Gren/Vatiov. 115p
0 2 Tr. corp.,
Rard/Gr.n/Veitow 05
H,Brghtness Red SS
High -B1' Green 01
Tel 68
Flashing red
02 rod 58
Square LED. Red.
Green. VeIlow 30
Rectangle Stacked.
LED.
Red Grew or yellow 18
To.nguier LEDs
R17 18
Green or yellow 22
LD271 Intro Red 48
SF H205 0.1.010.118
TIL32 Infra Red 52
TiL 78 Detector 66
TIL38 so
TIL100 75
BARGRAPH Red 10
segment. 275

COMPUTER CORNER

OL RGB MONITOR, Medium resolution
EPSON 1X80 P -inter
EPSON RX80 F,T Printer
EPSON Fob° Print.
EPSON FX I 00 Printer
KAGA/TAXAN 18810 Printer
KAGA/TAXAN KP910 Printer
SEIKOSHA GPI 30A Pnnter
BROTHER 9815 Daillywneel

£239
£209
£219
£316
£429
£249
£339
£122
£329

Cable for above awe., to interNice with BBC Micro £7

TEX EPROM ERASER - Erases up to 25 Eoroms. Has  bull in
safety switch
SPARE 'UV Lamp Bulb
C12 Computer CASSETTES in Library cassia
8'i We" Fan Fold came 11000 04114141

(Srscuricor Carries,* charge on printer. Is £71

£30
CB

350
£7 (Corr. 150p)

CALL IN AT OUR SHOP FOR A DEMONSTRATION ON ANY OF
THE ABOVE ITEMS BE SATISFIED BEFORE TOUBUY OR WRITE IN FOR
OUR DESCRIPTIVE MICRO PERIPHERALS LEAFLE'5

ISOLATORS
4 145

11_1374 148
1L074 275
Ill 1 I 1 2'4 70
1LCTE Darlington 135
111117 125
4533 Photo
Darlington 138

7 IlreensM Deploy
T8312 3 CA 120
28313 3 CC 120
TIL321 5" CA 140
T8322 5- CC 140
TIL 729/730 140
C8704 3' CC 125
DL707 3 CA 125
FND357 Reel 120
FND500 130
3 Green CA 150
6' Gr.rn CA 215
3 t Red CA 150
3 SlGreenCA ISO
LCD 35 Dees 496
LCD  D ti 530
LCD 6 Dig. 625
R114cOve Seraph 225
SLOTTED 044.1
Swatch smear to RS
Comp's 256

DISC DRIVES

(CUMANA)
DRIVES CASED with PSU 5

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

£22

CS100 - 51091. Cased wroth PSU, 401150k. 504' S/S 100K £1 19
CD200 - Twin Cased with PSU. 40 Track. 514 S/S 2001 £236

 CS200 - Epson Singe Geed with own PSU D/S. 40 Track, 50.
200A £1 49
CD400 - Epson Twin Cued wIth own PSU D/S. 40 track Sas"
4001 £290
MITSUBISHI 504" SLIM UNE DISC DRIVES
Double Sided. Double Density, Track Density 96 TP1.Track to Imcksccess
tone 3rnsec
CS400 MITSUBISHI Sing.* Slirnene, SW Cased with PEW DSDD
I Megabyte 1400 6 with BBC/ £155
CDSOO MITSUBISHI Twin SlImIlne. SW Cased with PSU. DSODD
2 Megabyte 1800 b. with BBC) £339

55" DISK ETTES(Lltrielme Werronty1

10 3M DUkettee Single side DoulalrodensIty £l4
10 3M Diskettes Double sods Double density £23

N B Caroarm on Drees C 7 NCP110,0

BBC MICRO
WORDPROCESSING

PACKAGE
A complete wordprocessing package (which can be
heavily modified to your requirements, maintaining large
discount( We Supply everything YOU need to get a BBC
Micr) running as a word -05203550r Please call in for a
dem pristration
Example, Package:
BBC Micro, with DFS Interface. Wordwise, Twin 400K TEC
Disc Drives. 12" Hign.res green monitor, Brother HR15
Dam -wheel printer. Beebcalc S Database software on
Disc, I 0 3M Discs. 500 sheets of paper. 4way mains trailing
sock at, manuals and all cables

Only. E1,089

BBC 8 MICROCOMPUTER
ACCESSORIES

BBC Model B Only £315

We stock the full range of BBC
Micro peripherals, Hardware & Software like. DISC
Drives (TOP quality Cumana 8 Mitsubishi), Diskettes.
Printers. printer. Paper. Interface Cable. Dust
Cove's. Cassette Recorder 8 Cassettes. Monitors,
Connectors (Ready made Cables, Plugs 8 Sockets).
Plotter (Graphic Tablet) EPROM Programmer, Light -
pen Kit. Joysticks. Sideways ROM Board. EPROM
Eraser, Machinecode ROM The highly sophis-
ticated Watford's 16K BEEB DFS, WORDWISE.
BEEB-CALC. Software (Educational Application &
Oameal. BOOKs. etc. etc. Please send SAE for our
descrption leaflet.
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CAP POWER AMPLIFIER MODULES
WER AMPLIFIER MODULES N..,.y.

world-wide reputation for qualify iii,aiwitv and performance at a realistic price Four models
available to suit the needs of the professional and hobby market ie. Industry Leisure.
Instrumental and Hi Fi etc When comparing prices NOTE all models include Toroidal
power supply Integral heat sink. Glass fibre PCB and Drive circuits to power compatible
Vu meter Open and short circuit proof Supplied ready built and tested.

OMP100 Mk II Bi-Polar Output power 110
watts R M S into 4 ohms. Frequency Res-
ponse 15Hz 30KHz -3dB. T H.D 001%.
S N R -118dB, Sens for Max. output
500mV at 10K. Size 360 115 n 72mm
PRICE £32.99 £2.50 P&P.

OMP/MF100 Mos-Fet Output power 110
watts R M S into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz -3dB. Damping Factor
80. Slew Rate 45V uS. T H D Typical
0002°-0. Input Sensitivity 500mV. S N R
-125dB Size 300 123 60mm PRICE
£39.99 -,- (2.50 P&P

OMP/MF200 Mos-Fitt Output power 200
watts R M S into 4 ohms. Frequency Res-
ponse 1Hz 100KHz -3dB. Damping Factor
250 Slew Rate 50V uS T H 0 Typical
0 0010,0. Input Sensitivity 500mV S N R
-130dB, Size 300 -' 150 ,. 100mm PRICE
(62.99  £3 50 P&P.

OMP/MF300 Mos-Fet Output power 300
watts R M S into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz --3dB. Damping Factor
350. Slew Rate 60V uS, T H D Typical
0 0008%, Input Sensitivity 500mV. S N R
-130dB, Size 330 147 102mm PRICE
£79 99 - £4.50 P&P

Vu METER Compatible with our four amplifiers detailed above A
very accurate visual display employing 11 L E D diodes 17 green 4
red) plus an additional on off indicator Sophisticated logic control
circuits for very fast rise and decay times Tough moulded plastic
case with tinted acrylic front Size 84 27  45mm PRICE 1.8 50 
50p P&P

NOTE MosFets are supplied as standard ilOOKHz bandwidth & Input Sensitivity 500rnVI If required
P A version 150KI-1, naonwidlh & Input Sensitivity 775mVI Order - Standard or P A

s PRICES INCLUDE V A.T. * PROMPT DELIVERIES  FRIENDLY

19" RACK CASED MOS-FET STEREO
AMPLIFIERS with twin power supplies and
L E D Vu meters plus X L P connectors
Three models (Ratings RMS into 4 ohms)
MF200 (100 100,0E169.00 Securicor
MF400 (200  200w1 (228 85 Deliver
MF600 (300 300v, (274 85 £10 01

LOUDSPEAKERS
5 to 15 INCH Up to 300 WATTS

R.M.S. All speakers 8 ohm
Impedence. Cabinet fix-

ing in stockSAE for
details.POWER RANGE

13" 50 WATT R M S Hi-Fi Disco
20 oz magnet 1 . ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Freq Resp tri
6KHz Sens 92dB PRICED() 99Avadable with black grille (11 99 P&P El 50 ea
12" 100 WATT R.M.S. Hi.Fi/Disco
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Die-cast chassis White cone Res
Frog
25Hz Free Resp to 4KHz Sens 95dB PRICF. (28 60 - (300 P&P ea
15" 100 WATT R M S HiFi :Disco
50 oz magnet 2" alb, voice coil Ground ally fixing escutcheon Die-cast cha-- *.
Frog 20Hz Frog Resp to 2 5KHz Sens 97dB PRICE £3749 - 1300 P&F 

McKENZIE
12" 85 WATT R M S C1286GP Lead guitar/keyboard/Disco
2" ally voice coil Ally centre dome Res Freq 45Hz Frey Resp to6 5KHz Sens 98dB PRICE (24 99
 (300 P&P ea
12" 85 WATT R M S C1285TC P A :Disco 2' ally voice coil Twin cone.
Res Freq 45Hz Frey Resp to 14KHz PRICE (24 99 (300 P&P ea
16" 150 WATT R M S C15 Buss Guitar/Disco
3" ally voicecoil Die castchassis Res Freq 40Hz Frog Resp to4KHz PRICE f49 99 - 14 00P&P eil

WEM
5" 70 WATT R M S Multiple Array Disco etc
1" voice coil Res Free 52Hz Frey Resp to 5KHz Sens 8908 PRICE (2000 11 50 P&P ea
8" 150 WATT R M S Multiple Array Disco etc
1" voice coil Res Frey 48Hz Frey Resp to 5KHz Sens 92dB PRICE (2700 - I 1 50 P&P ea
10" 300 WATT R M S Disco Sound re -enforcement etc
1'," voice coil Res Frey 35Hz Frey Resp to 4KHz Sens 92dB PRICE (30 09 - (2 00 P&P ea
12" 300 WATT R M S Disco Sound re -enforcement etc
1' " voice cod Res Frey 35Hz Frey Resp to 4KHz Sens 94dB PRICE (38 CO /3 00 P&P ed

SOUNDLAB (Full Range Twin Cone)
5" 60 WATT R.M S Hi-Fi Multiple Array Disco etc
1" voice coil Res Freq 63Hz Freq Resp to 20KHz Sens 86dB PRICE /9 99 (1 00 P&P ea
6'," 60 WATT R M S Hi-Fi/Mutopte Array Disco etc
1" voice coil Res Freq 56Hz Freq Resp to 20KHz Sens 89dB PRICE L10 99- I1 50 P&P ea

8" 60 WATT R M S Hi-Fi/Multiple Array Disco etc.
1', voice coil Res Frey 38Hr Frey Resp to 20KHz Sens 89dB PRICE (12 99 f1 50 P&P ea

HOBBY KITS. Proven designs including glass
fibre printed circuit board and high quality
components complete with instructions.

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone Range 100/306 metres 57 46 . 14mm 19 volt)
Price: 11.62  75p P&P
3 WATT FM TRANSMITTER 3 WATT 85/115MHz vancep controlled
professional performance Range up to 3 miles 35 84 12mm
(12 volt) Price (13.74  75p P&P
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHz Range up to 500 metres Double coded modulation.
Receiver output operates relay with 2amp/240 volt contacts Ideal for
many applications Receiver 90 71) . 22mm (9/12 yogi Price:
E17.62 Trensminer 80 50 15mm 19/12 volt) Price (1127
P&P  75p each. S.A.E.for complete list

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

11
M

ransnut ter

SERVICE  LARGE S.A.E. 28 STAMP F

URGLAR AL
Better to :Alarmed' then terrified
Thandar's famous 'Minder' Burglar Alarm System.
Superior microwave principle Supplied as three units
Complete with interconnection cable FULLY
GUARANTEED.
Control Unit - Houses microwave radar unit, range
up to 15 metres adjustable by sensitivity control
Three position. key operated facia switch - off - test
- armed 30 second eiw and entry delay
Indoor alarm - Electronic swept frect siren
104dB output
Outdoor Alarm - Electronic swept trey siren 98dB
Output Housed in a tamperproof heavy duty metal
case
Both the control unit and outdoor alarm contain re
chargeable batteries which provide lull protection
during mainsfailure Power requirement 200/260 Volt
AC 50/60Hz Expandable with door sensors panic
buttons etc Complete with instructions
SAVE f148.00 Usual Price (728 85
13KE's PRICE f79.99 -4- 14.00 P&P

tVhv b." .1 .,election yi.,ambly boards,

RRENT LI

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

OMP LINNET LOUDSPEAKERS
The very toiS1 in quality end value Made specially to sud
need for compactness with high sound output levels Finished in
hard wearing black vymde with protective corners. grille and carry
handle All models 8 ohms. Full Range 45Hz  20KHz
OMP 12/100 watts 20" X 15" x 12" £125.00 per pair
OMP 10/200 watts 18- x 15" x 11" 1'145.00 per pair
OMP 12/300 watts 20" X 15" x 11" £169.00 per pair

Delivery '-  (800 per pair

STEREO CASSETTE DECK
STEREO CASSETTE DECK
Ideal for installing into Disco
and Hi-Fi cabinet Consoles.
Surface mounting (Horizon-
tal) Supplied as one unit with
all electronics including
mains power supply
* Metal top panel Black finish
* Piano type keys including
pause
* Normal 'Chrome tape

itch
Twin Vu Meters
3 Digit counter
Slider Record Level control

Size 171 317 mm Depth
110mm
PRICE £35.99 - £3.00 P&P

BSR P295 ELECTRONIC TURNTABLE
 Electronic speed control 45 & 33' rpm  Plus
Minus variable pitch control  Belt driven  Alin
aanium platter with strobed rim  Cue lever  Anti
wale (bias device)  Adiustable counter balance 
Manual arm  Standard '.** cartrige fixings 
Supplied complete with cut out template  D.C.
Operation 9-14v D C 65mA

Price 136 99 (300 P&P

ADC 04 maq cartridge for above Price (4 99 ea. P&P 50p

1 K -WATT
SLIDE DIMMER

 Control loads up
1Kw

 Compact Size
ay,- 1" 2';"
a Easy snap in fix
mg through panel
cabinet cut out
 Insulated plastic
case
 Full wave con-
trol using 8 amp
triac
 Conforms to

85800
 Suitable for both resist.
ante and inductive loads In-
numerable applications in
industry. the home. and
discos. theatres etc
PRICE 112 99 75p P&P
(Any quantity)

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piero revolution The low dynamic mass Ino voice coill of a Piero tweeter produces an
mproved transient response with a lower distortion level than ordina.y dynamic tweeters As a
rossover is not required these units can be added to existing speaker systems of up to 100 wa?,
more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER

TYPE 'A' (KSN2036A) 3" round with protective wire
mesh, ideal for bookshelf and medium sized Hi-fi
speakers Price £5.39 each 40p P&P
TYPE '13' (KSN1005A) 3'," super horn For general
purpose speakers disco and P A systems etc Price
£5.99 each 40p P&P
TYPE 'C' IKSN6016A) 2" 5" wide dispersion
porn For quality Hi fi systems and quality discos etc
Price £6 99 each 40p P&P
TYPE 'EY IKSN1025A) 2" 6" wide dispersion
norn Upper frequency response retained extending
down to mid range I2KHz) Suitable for high quality
Hi-fi systems and quality discos Price £9.99 each

40p P&P
TYPE E' IKSN1038A) 3i," horn tweeter with
attractive silver finish trim Suitable for Hi-fi monitor
systems etc Price £5.99 each 40p P&P
LEVEL CONTROL Combines on a recessed mount
ing plate. level control and cabinet input tack
85 85 mm Price £3.99  40p P&P

TYPE C TYPE E

`VPE

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 5 band L &
R graphic equalisers and twin 10 segment
L E D Vu Meters Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following
3 Turntables IMag.. 3 Mics. 4 Line plus Mic
with talk over switch Headphone Monitor
Pan Pot L & R Master Output controls Out-
put 775mV Size 360 280  90mm

Price £134.99 f3 00 P&P

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

ESSEX. SS2 6TR TEL: 0702-527572
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DIGEST
Call For Science Minister

Science needs a minister, say
the Alliance for Science, a

campaign set up by three trade
unions who represent 100,000
scientists and technologists.
They are also calling for a

National Economic Develop-

ment Council (NEDC) to cover
research and development, pin-
pointing crucial research areas
to permit the most effective use
of funds.

In a pamphlet entitled The
case for a research and develop-

ment strategy, the group call on
the government to co-ordinate
such a strategy as suggested by
the House of Lords Select Com-
mittee on science and technol-
ogy. They argue that a science
minister should head a cabinet
committee to look at science
funding and plot long term
research and development
objectives.

They call for more govern-
ment funds to be pumped into
research and development, par-
ticularly in areas such as infor-
mation technology where we
are said to be falling behind our
competitors, and they believe
that an NEDC is the best way of

ensuring that the money goes to
where it is needed most.

The pamphlet is the second
publication from the Alliance,
which was launched in Decem-
ber of last year. The three unions
involved are the Association of
Scientific, Technical and Man-
agerial Staffs (ASTMS), the
Association of University
Teachers (AUT) and the Institu-
tion of Professional Civil Ser-
vants.

For further information about
the Alliance for Science contact
Bill Brett of IPCS on 01-928
9951, Paul Cotterell of AUT on
01-221 4370, or Stan Davison of
ASTMS on 01-267 4422.

Handheld Logic Analyser
A n ultra -compact logic ana-
r lyser, which provides a full
range of measurement facilities
in a handheld, battery -operated
format, has been introduced to
the UK by House of Instru-
ments.

The SOAR 1300 Series, avail-
able in 10MHz or 20MHz ver-
sions, use a high -contrast
liquid -crystal dot-matrix display
to provide comprehensive logic -
timing, state and signature
analysis on up to 16 channels,
with features such as trigger
position, trigger pass count and
trigger delay included as stan-
dard. The 1"x3" display is moun-
ted on the top and shows eight
channels at a time.

The instrument measures 253
x 140 x 38mm and weighs only
1kg, making it ideal for field -
service use. Power is provided by

four AA batteries or an optional
AC mains adaptor, while key set-
up parameters and acquisition
data are retained for up to one
year by an internal battery -
backup memory function.

The 1300 Series may be used
in single, repeat or compare
acquisition modes, and data
display, compare and search
facilities are provided. Other
display features include a x4
magnification, a window facility
for examining part of a larger
display, and a histogram display
to compare the numbers of high -
and low-level bits.

The instrument has built-in
self -checking facilities, including
battery -low indication, and an
automatic power -off function to
conserve battery life between
readings.

The price of the 10MHz model

(1310) was not available when
we went to press, but the 20MHz
version (1320) costs £1987.00
plus VAT. The instrument is also
available in a form better sui:ed
to bench use, with the display on
the front panel and a tilt staid.
These models are designa-ed

1410 (10MHz) and 1420 (20
MHz), and the 1420 costs
£2146.00 plus VAT.

House of Instruments,
Raynham Road, Bishops Stort-
ford, Hertfordshire CM23 5PF,
tel 0279-55155.

Watford Moves
W atford Electronics, a com-

pany which started with
one man working from his home,
has just moved into new, pur-
pose-built premises in Watford's
High Street.

The company was founded
twelve years ago by Nazir Jessa, an
optician who spent his evenings
and weekends selling compo-
nents from a stock kept in the cor-
ner of his bedroom. Although he

advertised 'mail order only', Nazir
spent his weekends serving the
people who insisted on calling in
person, and the queues often
filled his lounge and hall and
extended to the front gate and
beyond.

Assisted by his younger Brother
Raza, he build the company up
until, after three years, he was
able to buy the shop next door.
Within a year the extra stock
needed to serve the fast -expand-
ing business filled even this
space, and the problem has only
been remedied with the move to
the new building.

Called Jessa House, the pre-
mises hcuse over 7000 different
components and micro peripher-
als and cost £700,000 to build.
Nowadays they actually welcome
personal callers, and although
they now have a staff of thirty
Nazir and Raza still take their
turn behind the counter.

Watford Electronics, 250 High
Street, Watford, Hertfordshire
WD1 2AN, tel 0923-37774.

 Electrovalue's spring '85 cata-
logue is now available and its 44
A5 pages list a wide range of
components, tools, computer
equipment, test gear and techni-
cal books. The catalogue can be
obtained free of charge from
Electrovalue Ltd, 28 St Judes
Road, Englefield Green, Egham,
Surrey TVV20 OH B, tel 0784-
33603.

 Cirkit, the re -incarnation of
component suppliers Ambit In-
ternational, will be launching
their spring catalogue on April
11th. It will be available from
leading newsagents throughout
the country for £1.15 and lists
over 4000 components along
with kits, tools and microcom-
puter peripherals. Circkit Hold-
ings PLC, Park Lane, Broxbourne,
Hertfordshire EN10 7NQ.

 We ran out of space this month,
but we'll make sure we give the
results of the Reader Survey Free
Subscription offer next month.
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=Rapid
Electronics

1115 D CONNECTORS

9 wiry 15 we, /s way 37 way
Plugs solder lugs 55p 66p 90p 1500
Right angle 90p 135p 200p 350p
Socket, solder lug, 80p 100p 135p 260p
Right angle 120p 180p 290P 420P
Covers 100p 90p 1000 1107

CONNECTORS

DIN Plug Skt Jack Plug Skt
2 Pi. 90 9p 2 5rnrn 10p 10p
3 P. 129 1017 3 5rnrn 9p gp
5 pin 13p 11p Standarifl 6p 200
Phono 10p 12p Stereo 24p 25p
Imrn 127 13P 4rnm 189 179
UHF (CBI Connectors
PL259 Plug 40p Reducer 14p
50239 square chassis ski 380
502395 found chassis ski 40p
IEC 3 pin 250V/64.
Plug chassis mounting 38p
Socket free hanging 609
Socket with 2m Ilsed 1207

SWITCHES
Sutanin toggle
SPST 55p SPDT 60p DPDT 85p.
Miniature toggle
SPDT 80p SPOT centre off 90p.
DPDT 909 DPDT centre off 1007
Standard toggle
SPST 35p DPOTillIp
Miniature DPDT slide 14,
Push to make 1517
Push to break 12p
Rotary type adjustable stop.
1P1291, 2P6W, 3P4W all 55p each.
DIL soptcnes
4SPST 80p 6 SPST 807.8 SPST 100.
Mtn DPDT slide 149 Push -make 15.

SOCKETS Low
Profile

8 pin 7p 2Bp
14 pin SO 459
16 pin 109 55p
18 pin 129 609
20 pin 13p 68p
22 pin 159 75p
24 pin 17p 829
28 pin 15p 959
40 pin 25o 135P
Professional ZIF sockets
24 pin 4390 28 pin 4807
40 pin 595p

Wise
wrap

LINEAR
555CMOS 80
556CMOS 150
709 35
741 16
748 35
AY31270 720
AY38910 390
AY38912 430
CA3046 65
CA3080E 65
GA3089 200
CA3090A0 375
GA3130E 85
CA3140E 38
CA3160 95
CA3136 100
CA3189 260
CA3240E 100
ICL7106 680

C7611 98
CL7621 190
CL7622 200
CL8038 295
CL8211A 210
CM7224 785
CM7555 80
CM7556 150
LF347 150
LF351
LF353
LF356
LMIOC
LM3014
LM311
LM318
LM324
LM3342
LM3352
LM339
LM348

TRANSISTORS

AC125 35
AC126 30
AC127 30
AC128 30
AC176 25
ACI87 25
AC188 25
AD142 120
A0161 42
AD167 42
AF124 60
AF126 50
AF139 40
AF 186 70
AF239 55
BC107 10
BC1076 12
BC108 10
BC101313 12
B C108C 17
8C109 10
B C109C 12
8C114 22
BC115
sci17
8C119
EIC137
BC139
BC140
8C141
BC142
BC143
)3C147
BC148
EIC149
SC157

27
22
35
40
38
29
30
28
30
10
10
10
11

27128 250 £7.50

Brand new Hitachi product. Ideal
for use with the BBC Micro. Please
note this price is not a misprint.,

TRANSFORMERS

3VA PCB Mounting
2v6V610.25A.2e9V0 15A
2.12V00 12A.2715V@O IA 1800
6VA PCB Mounting
2x6V610.5A.2x9V@O
2x12V610.3A.2x15V@0 2542700

Standard. Chassis Mounting
6VA 2.61/00.54. 2x9V@O 4A
2x 12 VIII40.3A,2x15V00.25A 2000

12VA 2a6V@IA.2x9V00.64
26115V11099;2x20VIII0.39 3509

MICRO

2716 310
2532 380
2732 one time
programmable

280
2732 430
2764-250 430
2764 BBC 430

17118250 750
611693 390
6260915 2250
411694 70
4164-15 480
41256-15 2850
280A CPU 790
I80A P10 320
Z804 CTC 320
IBOA SIO 880
Z804 DMA 880

COMPONENT KITS

SOLDERING IRONS

Ante, CS 17W Soldering iron 430
2.3 and 4 linm bits to suit 85
Ant. XS 25W soldering iron 530
3.3 and 4 7rnrn bits to suit 85
Solder pump dwoldering tool 480
Spate nozzle for above 70
10 metres 22 swg solder 100
0 5kg 22 swg solder 750

VERO

Verobloc . 395
Veroboard Site 0.1 in matrix

2.5 x 3.75
3.75 x 5
3.75 e 17
1.75 it 17
VO board
Veropins per 100:
Single sided
Double sided
Spot face cutter .

Pin insertion tool
Wiring Pen . . .

Spare wool 75p Combs

95
120
350
455
190

55
65
145
185
375

6

6800
6802
6809
6810
6811
6840
6850
6852
6875
6880
6502

100
280
600
140
140
360
165
240
500
100
370

6522
6532
6551
8085A
8156
8251
8253
8155
8259
MC1488
MC1489

330
520
540
320
380
350
370
320
400

70
70

0.25W Resistor Kit Contains 1000 0.25W 5% resistors from 4 7 ohms
thru to 10M Quantities depend upon popularity i.e. 10710R,
30a170R, 30x10K. 25.170K Just E7.90
Ceramic capacitor Kit. Total of 250 miniature ceramic capacitors Irom
22p to 0 lu. Just E6 90
Polyester capacitor Kit. Total of 110 miniature polyester capacitors
from 0 Olu to 0 07u Just E6 90
Preset Kir Total of 110 miniature preset resistors Irom 100R to 1 M.
Horizontal mounting type Just E6.90
Radial Electrolytic Capacitor Kit A pack cont4ining total 01 93
miniature caps from to to 2200u Just 07.50
Nut end Bolt Kit Contains 800 essorted items 100 each 689

nuts and wish's. 4BA ''4 n, %tin, nuts and wshr, Just 03.20

LM358
LM377 210
LM380 80
LM381 150
LM381 130
LM384 140
LM386 90
LM387 110
LM393 60

40 LM710 48
75 LM711 60
90 LM725 70

325 LM733 70
30 LM74I 16
45 LM747 60

135 LM748 35
45 LM1458 35
85 LM29I 758 195

125 LM3900 45
40 LM3909 85
60 LM3914 285

LM3915
LM1360C
MC1310
MC 1496
MC3302
MC3340
MF1OCN
ML977
ML924
ML975
ML926
ML927
ML928
ML929
NE529
NE531
5E544
NE555
NE556
NE565
NE566

265
110
150

70
75

130
330
390
290
290
210
210
210
210
225
135
170
10
45

115
140

NE 567
NE570
NE571
NE5532
NE5534
RC4I36
FIC4558
5L486
5L490
5576018
SN 76477

130
370
370
160
105
65
40

195
210
150
380

SP8629 250
590256AL/425
Speech data 50
484800 70
TBA810 90
TBA820M 65
TEIA950 120
TC4940 165
TDA1008 320
TOA1022 490

BC158 11
BC158 10
BC159 10
BC160 00
BC168C 10
BC169C 10
BC 170 8
E3C171 10
BC172 8
BC 177 16
BC178 16
BC 1 79 18
130181 10
BC182L 10
8C183 10
BC183L 10
BC184 10
BC184L 10
BC212 10
BC212L 10
BC213 10
BC213L 10
BC214
BC214L
BC237
BC238
BC308
BC327
BC318
_BC337
BC338
BC477
BC478
BC479
BC517
BC547

10
10

7

7

10
8
8

B

12
22
22
22
30
5

BC548 5
BC549 10
BC557 10
BC558 10
BCV70 16
BCY71 16
BCY72 16
80115 55
80131 40
80132 40
80133 50
130135 35
BD136 35
BD137 35
813138 35
60139 35
80140 35
80204 110
60206 110
BD222 85
BF 180 35
B F 182 35
BF184 35
B F 185 25
89194 12
BF 195 12
89196 12
BF 197 12
8F198 15
BF 199 18
BF 200 35
892448 35
BF 245 35
8925613 45
BF 257 32
BF 258 30
89259 30
89337 35
BF R40 35

BFR40 23
BFR80 23
BFR81 23
BFX29 30
BF X84 30
BF X85 30
BF 086 30
BF X87 30
BF X88 30
tiF Y50 27
BF Y51 27
139Y52 27
BEY53 30
BF 855 30
BF Y56 30
BR Y39 50
135020 22
135X79 35
BSY954 30
80205 160
813206 100
BU208 170
MJ2955 99
MJE340 50
MJE 520 50
MJE521 90
MJE3055 70
MPF 102 40
MPF 104 40
MPSA06 23
MPSA06 25
MPSA12 29
MPS455 30
MPSA56 30
MPSUO5 55
MPSUO6 55
MPSU55 55
MPSUS6 55
2N118L 22

2N1613 30 2N3906
2N22113A 45 2N4037
2N2219A 28 2N4058
7N7271A 25 254060
2N2222A 20 2N4061
2N2368 25 2N4062
252369 18 40360
2N2484 27 40361
2n2646 60 40362
257904 28 40408
252904 A 28 255457
252905 28 155458
2529054 28 255459
252906 28 2n5485
752906A 28 255777
252907 /4 7N697
252907A 74 15698
251916 10 157064
253053 28 15708
153054 55 25918
753055 50 TIP29
253442 110 TIP29A
2N3702 9 TIP29B
21113703 10 TIP29C
253704 9 TIP30
253705 10 TIP30A
253706 10 TIP308
2183707 10 TIP30C
253708 10 TIP31A
753709 10 TIP3113
253772 170 TIP31C
253773 195 TIP32A
253819 32 TiP326
253820 50 TIP32C
753823 65 TIP33A
753866 90 TIP33C
253903 10 TIP34A
2539134 10 TIP34C
2N3905 10 TIP3 A

TDA1024 115
TL061 40
TL062
T L064
TL071
TL072
T L074
TL081
TL082 50
TL084 105
TL170 50
U47240 140
ULN2003 80
ULN2004 80
XR 2206 365
ZN414 80
Z5423 135
ZN424P 130
IN415E 350
ZN426E 300
754779 600
IN428E 450
ZN459 285
ZN1034k 200

65
105
38
60

110
30

TIP35C 125
TIP36A 115
TIP36C 130
TIP41A 45

50 TIP42A 45
50 TIP1213 60
50 TIP121 60

019122 60
TIP141 110
119147 120
TIP147 120
0192955 70

20 TIP3055 60
40 11543 40
20 TI543 40
25 TI544 45
35 T1545 45
35 11590 30
35 TI591 30
35 VN1OKM 65
35 VN46AF 94
35 VN66AF 110
35 VN88AF 170
35 ITX 107
40 ITX108
35 ZTX109
35 ZTX300
40 ZTX301
35 ZTX302
38 ZTX304
40 2TX341 20
65 IT X500
75 ITX501
70 ZT X 502
80 ZTX503

105 ZTX504

10
45
10
10
10
10
40

30
30
30
35
45

11

11
11

14
16
16
20

13
18
18
18
25

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

MAIL ORDERS:
Unit 1, Hill Farm Industrial Estate,
Boxted, Colchester, Essex C04 5RD.
Tel. Orders: Colchester (0206) 36412.
Telex: 987756.

CABLES

20 metre pack single core toms
ing cable ten different colour.
Speaker cable 101
Standard screened 161 
Twin screened
2.59 3 core mains
10 way rin17078 ribbon
20 way raw bow ribbon
10 way ElerY ribbon
20 way grey ribbon

74,
13,
261
4

149
287,11

REGULATORS

78l05
78L12
78 L15
7805
7812
7815
LM317K
LM317T
LM323K

30
30
30
40
40
45

270
90

420

79LU5
79L12
79L15
7905
7912
7915
LM723
781405

45
45
45
45
45
45
40

550

DIODES

B YI 27
0/147
0990
0991
09200
0A202

12
10

8
8

1N914 4
O 1N4148 3

01N4001 3
1N4002 5
1N4006 7
1N4007 7

1N5401 12
1N5404 16
1N5406 17
100n7Y8 ten 6
1.3111/ tenets 13

)P TO

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

3mm yellow 11 5rnm yellow 11

Clips to suit 3p each
Rectangular TIL32 40
red 12 TIL111 60
green 17 TIL78 40
yellow 17 ORPI2 85
ILD74 95 IL074 185
TIL38 35 TIL100 75
255777 45 Tricolor Led 35
Seven segment displays
Coin cathode Can anode
DL704 0 3" 95 DL707 0 3" 95
FNO5000 5' 100 END5070 5"100
10 bar DIL LED display. red 180
5mm supertnight LED 250mcc

red 30

RESISTORS
ar n Jm I. 75+

%NI 5%4 7ohrn 10M 2p 1p
14W 5%4 7ohrn 4M7 3p 213

Metal film
'4W 1% 10ohm 1M 4p 3p
250 price applies to 25+ per
value not mixed.

Rapid
Elacrr on acs

cve,we

HATTLAVAHE

PP3 battery clips
Red or black crocodile clips
Black pointer control knob
Pr Ultrasonic transducers
016V Electronic butter
e I 2V Electronic butter
109E12720 Preto transducer .
1764mm 64 ohm speaker
1.64mm 8 ohm speaker
20mrn panel fuseholder
Red or black probe clip
Imm terminals
12 way 'chocolate' block
ultra min 6 or 11+ rel. SPOT
ditto. but °PDT

6
6
15

390
65
70
75
70
70
25
35
33
21

130
195

EURO CONNECTORS
Crold nasned angle Wnewrap
contacts Plug socket
64 way A13 195 230
60 way A4C 220 270
96 way A13/C 320 330

TRIACS

400V 49

400V 8/1 65
400V 16A 95

50 BRIO° 25

NEW * CATALOGUE1985
Our new fully illustra-
ted 50 page detailed
information on over
3000 product lines at
the most competitive
prices in the market.
The catalogue costs
just 70p including pos-
tage or bee with orders
over (20 in value. Send
for your copy todayl* * * * * * * *

MEM/I
NSA

ACCESS AND
BARCLAYCARD

WELCOME

CAPACITORS

Polyester, radial leads. 750v C280
rime 0 01.0.015, 0 022.0.033
69. 0 047. 0.068. 0.1 79. 0 15,
0 22 - 9p. 0 33, 0 47 13p. 0 68 -
?Op to  239
Electrolytic, radial or axial leads
097/83V. 1 /63V. 2.2/63V, 43/63 V.
10/25V 7p. 22/25V, 47/25V 89
100/25V  90. 220/25V - 149.
470/25V - 22p. 1000/25V  3017.
2200,25V 50P.
Tag end power supply electrolytic,
2200/10V 1109. 4700/40V - 160p
2200/63V 140p. 4700/63V  230p
Polyester, miniature Siemens PCB
In, 2n2,3n3.4n7.6n8i 10n, 15ni 7p
220, 33n, 47n, 68n, 8p 100n, 9p,
150n, 119.720n 13p 330n,209.
470n 26p 680n. 29p. lu 33p.

Tantalum bead
OA. 0.22, 0.33, 0.47. 1.0 @ 35V 
12p. 2.2, 4.7. 10 @ 25V'209.
15/18V 309. 22/16V - 27p; 33/
16V  45p. 47/6V  27p, 47/I6V 
70P -68/6V 409, 100/10v - 907.
Car. disc. 22p -0.01u 50V. 3p each
Kinard miniature ceramic plate
1.8pF to 100pF 6p each.
Polystyrene, 5% tot 10p 10000, 69
1500-4700. 89.6800 0.012u, 10p.
Trimmers. Mutiard 808 series 2.10
pF, 22p. 2.2299, 309 5.5.65pF, 359

COMPUTER CONNECTORS
IX131 Z x 73 way edge connector
Wire wrap fOr Z7(81 150
SPECTRUM 2 x 28 way edge
connector wire wrap /00
AMPHENOL PLUGS
24 way IEEE !DC 450
36 Centronix IDC 490
RIBBON CABLE

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

CRYSTALS
100KHz
1MHz
1 8437M
2 OMHz

457651
3 276M
3 579M
a OMHz

235
725
200
225
200
150
95

140

4 194MHz
4 43MHz
S 008MHz
6 010Hz
6 1441.114,
7 0MHz
8 OMHz

10 OMHz
12 OMHz
16 OMHz

150
100
240
140
150
150
140
170
170
700

2A 200V 40
2A 400V 45
A 100V 80

6A 400V 95
20 VM18 DIL 0.99
35 200V . 50

IDC CONNECTORS

PCB
Plug
St

PCB
Plug
RI ang

Socket Edge
Conn.

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

BOXES
Aluminium
3 x 2 v t" 65

Piastre with lid 4 x 2%  1'4" 95
& screws 4 x Thy 2" 95
71x46x22rnm 50 6 x4 x 2" 120
95x71x35rnm 86 7 x 5 x 2f4" 165
140a9055rnm 140 8 x 6 x3 205

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

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

7412
7413
7414
7416
7417
7420
7421
7422
7427
7428
7430
7432
7433
743 7
7438

25
36
60
43
43
25
30
30
30
30
15
35
35
43
45

7440
7442
7444
7446
7447
7448
7450
7451
7453
7454
7460
7472
74 73
7474
7475

25
74

105
130
98
98
25
25
25
25
15
35
40
36
55

7476
7080
7083
7485
7486
7489
7490
7491
7497
7493
7494
7495
7496
7497
74100

40 74107
50 74109
65 74121

110 74122
38 74123

170 74125
55 74126
80 74132
55 74141
55 74145
90 74147
70 74148
80 74150

170 74153
125 74154

85
130
105
130

70
135

40 74157
60 74160
50 74161
50 74162
92 74163
50 74164
50 74165
60 74167
80 74170

741 73
74174
74175
741 76
74177
74179

200
170
100
100

80 74180
90 74181
90 74182
90 74190
90 74191

115 74192
90 74193

74190
74195
74196
74197

80 74198
7419980

80
90

85
230

85
120
120
170
110
80
63

120
85

195
195

CMOS

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

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

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

26 4034
43 4036
55 4039
35 4040
48 4041
55 404/
60 4043
18 4044
35 4046
18 4047

110 4048
28 4049
4C 4050
IS 4051
18 4052

125 4053

145
270
270

46
55
45
45
50
60
52
50
16
26
08
48
60

4054
4055
4059
4060
4063
4066
4067
4068
4069
4070
4071
0072
4073
4075
4076
4077

70 4081
70 4082

400 4085
70 4086
80 4089
14 4093

230 4094
18 4095
18 4097
22 4098
18 40106
18 40109
18 40163
14 40173
60 40175
24 40193

18 4502
20 4503
60 4507
60 4508

110 4510
26 4511
70 4512
70 4514

260 4515
70 4516
38 4518

100 4520
75 4521

100 4526
75 4527
90 4528

50
45
45

115
48
50
50

115
115
48
48
48

110
70
60
45

4579
4532
4534
4538
4543
4549
4553
4555
4556
4559
4560
4584
4585
4724

80
65

390
70
65

390
715

50
50

390
110

38
65

140

IS OIL

LSOO
LSO1
LSO2
LSO3
LSO4
LSO5
LSO8
LSO9
LSIO
LS11
LS12
LS13
LS14
LS15

LS20
LS21
LS22
LS26
LS27
LS30
LS32
LS37
L538
LS40
L542
L547
L548
LS51
LS55
LS73
LS74

LS75
LS76
LS78
LS83
L585
LS86
LS90

38
28
18
68
82
35
40
50

L593 45
LS95 58
L596 120
L5107 47
L5109 42
LS112 42
L5113 32
LS114 32
LS122 56

L5123
LS125
L5126
L5132
LS136
L5138
L5139
LS145
LS147
L5148
LS15I
LSI53
1_5154
LS155
L5157
L5158
L5160

70 LS161
37 L5162
37 L5161
53 L5164
35 LS165
48 LS166
48 LSI70
92 LS173

130 LSI74
115 L5175

55 L5190
80 L5191

220 LS192
55 L5193
48 LS195
48 LS196
60 LS197

60 LS221 78 LS365
60 L5240 105 L5366
60 L5241 80 L5367
70 L5142 80 L5368
95 L5243 80 LS373
88 L5244 80 L5374

110 LS245 88 L5375
80 LS242 77 LS377
80 L5251 55 LS378
60 LS257 55 i.8390
75 L5158 55 LS393
55 LS259 90 L5399
75 LS266 28 LS541
75 L5273 80 LS670
60 L5279 55
75 LS283 70
75 LS353 85

02
42
42
47
so
80
55

100
88
82
87

115
115
170

ORDERING INFQ All components brand new and to full spec. All prices exclude VAT.
Please add to total ord.. Please add 509 carriage to all orders under E20 in value Minimui-
order E5 Send cheque.P.O. or Access/Visa number with order, Our new 50 page catalogue
H given free with all orders over C20. Available al 70p each. Telephone
orders welcome with Access or Visa. Official orders accepted from colleges. Schools etc.
Export orders no VAT but please add for carriage. We are open Monday to Friday.
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Events Diary
Amateur Radio & Computer Fair - April 8th
Bretton Hall College, Wakefield, from 11.00am. Organised by North
Wakefield Radio Club. Free Admission, various stalls, film shows,
amateur radio talkin on 145.550MHz, beer and refreshments avail-
able. Contact S. Thompson, G4 RCH, 2 Alden Close, Morley, Leeds
LS27 OSG, tel 0532 - 536633.

The Limits of Digital Audio - April 9th
The I EE, Savoy Place, London WC2 at 7.00pm with tea from 6.45pm.
Lecture by Dr. Lagadec of Willi Studer AG organised by the Audio
Engineering Society. Non AES members welcome to join -up on
the evening.

Motorola Power Design Seminar - April 15th
Sheraton Hotel, Heathrow. Programme includes SI DAC technology,
switchmode 1,11 & 111, switchmode rectifiers and power MOSFETs
and cost is £28.75. Contact Betty Fogg, I EL Travel Ltd, 9 Argyll Street,
London W1V 2HA, tel 01- 734 8200.

Innovation '85 - April 16 -19th
Cranfield Institute of Technology, Cranfield, Bedford, from 10.00am
to 5.30pm daily. IT exhibition sponsored by Rank Xerox and inten-
ded to provide a clear overview of the technology for those consider-
ing installations and for students and others planning careers.
Innovation '85, Bridge House, Oxford Road, Uxbridge, Middlesex
UB8 1HS, tel 0895 - 51133.

Northern Computer Show - April 16 -18th
Belle Vue, Manchester. Business and professional computer exhibi-
tion aimed at both established and first time users. Contact the
Exhibition Manager, The Northern Computer Show, Reed Exhibi-
tions, Surrey House, 1 Throwley way, Sutton, Surrey SM1 4QQ, tel
01-643 8040.

Computer Aided Design & Engineering in the Aircraft Manufacturing
Industry -April 17th
Institution of Mechanical Engineers at 6.00pm. Lecture by H. Hitch
of British Aerospace Aircraft Group. Contact Peter J. Pugh. Engineer-
ing Manufacturing Forum, I. Mech. E., 1 Birdcage Walk, London
SW1 H 9JJ, tel 01- 222 7899.

Hospital Broadcasting Conference - April 19 -21st
Newport, Gwent. Residential weekend including training sessions,
equipment exhibitions, seminars and debates organised by the
National Association of Hospital Broadcasting Organisations. Non-
members are welcome and the cost is £51.00 including full board.
Contact Alf Partridge, Conference Chairman, NAH BO, c/o 56 Fleet
Road, Benfleet, Essex SS7 5J N.

Scottish Design Engineering Show - April 23 -25th
Anderston Exhibition Centre, Albany Hotel & Holiday Inn, Glasgow.
Exhibition of new design engineering ideas aimed at engineers and
managers. Contact Cahners Exhibitions Ltd, Chatsworth House, 59
London Road, Twickenham, Middlesex TW1 3SZ, tel 01-891
5051.

Portable Computing Conference - April 25/26th
Fulcrum Centre, Slough. Conference and exhibition aimed at enabl-
ing management staff to assess the value and implications of port-
able computing techniques and including products from fifty or
more leading suppliers. Costs from £109.25 for a half -day to £281.75
for two days. Contact the National Computing Centre, Oxford Road,
Manchester M1 7ED, tel 061- 228 668962

The British Electronics Week - April 30th to May 2nd
Olympia, London, 10.00am to 6.00pm daily. The exhibition brings
together the All Electronics/ECIF Show, Fibre Optics and Electronic
Product Design, and the organisers claim that virtually every elec-
tronics company will be represented. Free entry by ticket obtained
in advance from Evan Steadman Services Ltd, The Hub, Emson Close,
Saffron Walden, Essex, CB10 1H L, tel 0799 26699.

Electronic Production Efficiency Exposition - April 30th to May
2nd
NEC, Birmingham. See February issue for details or phone 0280 -
815226.

Framestores Make The
World Go Round

Those of you who nanage to
stay awake in front of the

television may have noticed a
change recently in the style of
the BBC 1 rotating globe symbol.
The old mechanical rrodel with
its electric motor and fixed
camera has gone, to be repla2ed
by an all -electronic system using
framestores.

The BBC's graphic desigrers
came up with a new image of the
world, with improved accuracy
and detail. The symbol achieves a
full three-dimensional effect
using solid continents and
islands mapped onto a trans-
parent sphere, which is enhan-
ced by colour shading and
highlighting. The hardware for
displaying the symbol was
developed by Engineering
Designs and the animation was
produced by the staff of the BBC
Computer Graphics Workshop.
The original map database of
20,000 points was provided by
Glasgow University.

The full rotation of the world
takes 12 seconds which is
equivalent to 600 television
fields. To store this digitally
would normally take some 250
Mbytes of memory, hut a data -
saving technique has been inven-
ted (patent applied tor) which
stores a single field of the world

in only 8 Kbytes. Each map is
imprinted upon the foreground
the highlighted gold) and the

background (the shaded blue).
For each TV field a map is read
from memory in sequence so
that the world appears to
rotate.

The hardware uses two 800
Kbyte full -resolution frames-
tores to reproduce the blue and
gold areas of the symbol and the
captions. This data is stored as
eight -bit samples in accordance
with the internationally agreed
coding standard (CCIR Rec.
601). The compressed map data
is stored in a separate memory of
more than 4.5 Mbytes. Erasable
28 Kbyte memories are used for
all data storage, and high-speed
digital techniques are employed
throughout.

Fourteen such equipments
have been installed in the BBC's
main and Regional centres, each
with their own caption identifica-
tion. The London equipment
optionally displays a caption
indicating the page number for
programmes subtitled on
Ceefax.

Engineering Information Dep-
artment, BBC, Broadcasting
House, London W1A 1AA, tel:
01-927 5432.

ETI Takes
Allsorts

One of the advantages of
working on a magazine is

that you get some very interest-
ing things through the post.
Advertising agencies keen to
catch your eye send out all man-
ner of promotional novelties,
and there is scarcely a desk in the
company which does not groan
under the weight of pens, ash-
trays, diaries and 'executive'
toys, each emblazoned with the
name of some electronics com-
pany or other.

Occasionally some go a little
further, and not a few desks still
bear the lens -less spectacles,
sparklers and mounted lump of
coal which mark some of the
more notable recent advertis-
ing campaigns.

But no-one ever bothered to
send us anything to eat. Pre-
sumably, writers on food maga-
zines spend their entire working
lives chomping through the edi-
ble offerings from each morn-
ing's post bag, but not so

electronics writers.
Until now, that is. Possibly

labouring under the impression
that ETI stood for Eating -aday
International, Only Natural Pro-
ducts Ltd, part of the Bassett
foods company, recently sent us
a packet of their new Traditional
Recipe Liquorice.

The accompanying press re-
lease waxed lyrical about mix-
tures of liquorice and aniseed
and the marriage of traditional
techniques with modern produc-
tion methods which went into
producing this fine product, and
indeed, the liquorice does taste
pretty good as the Assistant
Editor can well testify. But none
of this explains why they sent a
sample to us.

Still, who's complaining. The
Assistant Editor is now consider-
ing the idea of starting a regular
food column in the hope of
attracting more such samples,
and wishes it to be known that, if
Bassetts are planning any further
promotional activity, he'd prefer
it if they sent him some Liquorice
Allsorts next. Please?
(P.S. Or some Fudge? Ed.) ETI

ETI MAY 1985 9



01-208 1177 TECHNOMATICLTD 01-208 1177
BBC Micro Computer System

ACORN COMPUTER SYSTEMS BBC FIRMWARE
BBC Model B Special offer £300 (a) 1.2 Operating System .7.50 (d)
BBC Model B+Econet £335 (a) Basic II ROM .£22.50 (d)
BBC Model B+ DFS 2346 (a) View Word Processor ROM £46.00 (c)
BBC Model B+DFS +Econet £399 (a) Wordwise Word Processor ROM
UPGRADE KITS
A to B Upgrade Kit 285 (d)
DFS Kit £95 (d)
Econet K 255 (d)KR

Speech Kit 247 (d)

ACORN ADD-ON PRODUCTS
280 2nd Processor £348 (a)
6502 2nd Processor £175 (a)
Teltext Adaptor £190 (b) COMMUNICATION ROM
IEEE Interface £282 £292 (b) Termi Emulator £28 (d)
Presto! Adaptor 299 (b) Communicator £59 (d)
RH Light pen £39.50 (c) Commstar £229 id:

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

or information on our complete range please write to us.

234.00 (d)
BCPL ROM/Disc £88.00 (b)
Disc Doctor/Gremlin Debug ROM 228 (d)
EXMON/TOOL KIT ROM 228 ea (d)
Printmaster (FX80)/Graphics ROM

228 ea (d)
ULTRACALC spreadsheet ROM EU ea (c)

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

1 x 100K 40T SS:7555A £89(b) 2 x 400K 40/80T DS: TD55MP with psu
1 x 400K 40/80TDS:TS55F £125(a) £365(a)
2 x 100K 40T SS:TD55A with psu 1250(a) 2 a 400K 40/80TDS:TD55M Mitsubishi with

psu £350(a)
CS55A with psu £125(b)
CS55F with psu 2169(b)

PRINTERS
EPSON

RX80FT£225(a) RX80T£215(a) FX80£315(a) FX 100 £435(a)
KAGA TAXAN

KP 810 (80col) £265 (a) KP910 (156co1) £359 (a)
JUKI 6100 £325 (a) BROTHER HR15 £325 (a)

ACCESSORIES
32K Internal Butter Parallel £99 (b)

EPSON
Serial Interface: 8143 £28 (c); 8148 with 2K £59 (c)

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

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

RS232 with 2K Buffer £85 (c) KP810/910 Ribbon £6.00 (d)
JUKI 6100

RS232 with 2K Buffer £65 (c) Ribbon £2.50 (d)
Tractor Attachment £129 (a) Sheet Feeder £199 (a)

BBC Parallel Lead £7 (d) Serial Lead £7 (d)
2000 Sheets Fanfold Paper with extra fine perforation

9.5" x 11" £13.50 (b) 14.5" x 11" £17.50 (b)
Labels per 1000's; single row 31/2" x 17/16" £5.25(d)

Triple Row 27/16" X 17/16" £5 (d)

3M 5'/4" FLOPPY DISCS
High quality d scs that offer a reliable error free performance for life. Each
disc is individually tested and guaranteed for life. Ten discs are supplied in
a sturdy cardboard box.

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

DRIVE ACCESSORIES
FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures continued
optimum performance of the drives 214.50(c)
Single Disc Cable 26 (d)10 Disc Library Dual Disc Cable £8.50 (d)
Case £1.80)c( 30 Disc Case E6 (c)
30/40 Disc Lockable Box 214 (c( 70/80 Disc Lockable Box 219 (c)

MODEMS
- All modems listed below are BT approved

MIRACLE W32000:
The ultimate world standard modem coverall
all common BELL and CCITT standards up to
1200 Baud. Allows communication with vir-
tually any computer system in the world. The
optional AUTO DIAL and AUTO ANSWER
boards enhance the considerable facialities
already provided on the modem. Mains
powered 2129(b). Auto Dial Board/Auto
Answer Board 230(c) each. (awaiting BT
approval) Software lead 24.50.

TELEMOD 2:
Complies with CCITT V233 1200/75 Duplex
and 1200/1200 Hall Duplex standards that
allow communications with VIEWDATA ser-
vices like PRESTEL, MICRONET etc as well as
user to user communications. Mains
powered 264(b).
BUZZ BOX:
This pocket sized modem complies with V21
300/300 Baud and provides an ideal solution
for communications between users. with main
frame computers and bulletin boards at a very
economic cost. Battery or mains operated.
£52(c). Mains adaptor 28(d).

BBC to Modem data lead £7.

GANG OF EIGHT
INTELLIGENT FAST

EPROM COPIER
Copies up to eight eproms at a time and accepts all
single rail eproms up to 27256 Can reduce pro-
gramming time by 80°k by using manufacturer's
suggested algorithms Fixed Vpp of 21 8 25 volts
and variable Vpp factory set at 12 5 volts LCD
display with alpha moving message. £395(b).

MONITORS
MICROVITEC 14" RGB:
1431 Stancard Resolution £165 (a)
1451 Medium Resolution £240 (a)
1441 Hi Resolution £399 (a)
1431 AP Std Res PAL/AUDIO £210 (a)
1451 AP Med Res PAL/AUDIO £280 (a)
1451 DQ3 Med Res for QL £239 (a)
Above monitors are now available in plastic or metal cases,
please specify your requirement.
KAGA Super Hi Res Vision III RGB £340 (a)
Hi Res Vision II £235 (a)
MONOCHROME MONITORS 12":
Kaga Green KX1201 G Hi Res £99 (a)
Kaga Amber KX1201 A Hi Res £105 (a)
Sanyo Green DM8112CX Hi Res £90 (a)
Swivel Stard for Kaga Monochrome £21 (c)
All monitors are supplied with leads suitable for the BBC
Computer. Spare leads available.

ATTENTION

ALL PRICES EXCLUDE VAT
Please add carriage 50p unless

indicated as follows:
fa) £8 £2.50 (C) £1.50 (dl £1.00

CONNECTOR SYSTEMS

SPECIAL OFFER
2764-25 £4.40
27128-25 £9.50
6264LP-15 £12

SOFTY II
This low cost intelligent eprom programmer can
program 2716, 2516, 2532. 2732. and with an
adaptor. 2564 and 2764 Displays 512 byte page
on TV - has a serial and parallel I/O routines Can
be used as an emulator, cassette interface
Softy II £195(b)
Adaptor for 2764/2564. 225.00(c)

I.D. CONNECTORS
(Splaidbleelt Type,

No of Header Recep- Edge
lade3onn

85p 120p
20 145p 125p 195p
26 175p 150p 240p
34 200p 160p 320p
40 2205 190p 340p
50 235p 200p 390p

UV ERASERS
All erasers with built in safety switch and mains
indicator.

UV1 B erases up to 6 eproms at a time £47(c)
UV1 T as above but with a timer £59(c)
UV1 40 erases up to 14 eproms at a time £38 (b)
UV1 41 as above but with a timer £71 (b)

D CONNECTORS
No of Ways

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

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

St Hood 90 95 100 120
Screw 130 150 175 -

Lock

AMPHENOL
EDGE CONNECTORS CONNECTORS

2'' 6 -way (commodore)
2 < 10 -way
2 x 12 -way Ivic 201
2 x 18 -way
2 x 23 -way 125811
2 x 25.way
2 x 28 -way (Spectrum)
2 x 36 -way
1 x 43.way
2 x 22 -way
2 x 43 -way
tx 77 way
2a 50-way1S100connt

0I 0 156-
1509

3009

175p
225p
200p
250p
260p
190p
395p
400p
600p

36 way plug Centronics
(solder) 500p1 DC) 475p
36 way skt Centronics

350p (solder) 550p( IDC) 500p
140p 24 way plug IEEE (solder)
220P 475p(IDC) 475p
220p 24 way skt IEEE (solder)

50001(DC)5000
PCB Mt9 Skt Ang Pin
24 way 7000 36 way 750p

500p

TELEPHONE
CONNECTORS

4 way plug 110p
6 way plug 180p
6 way rtang.skt 160p
Flexible cable
4 way 50p/m
6 way 72p/m

TEXTOOL ZIF
SOCKETS 24 pin £5.75
28 p.n f11.00 40pm £9.75

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

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

GENDER CHANGERS
25 way D type

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

RIBBON CABLE
10-wa,

6 way
20-wa
26Avar

ntreylrnette
40p 34way
60p 40 -way
85p 50 -way

120p 64,way

160p
180p

280p
200p

RS 232 JUMPERS
125 way Dl

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

C500
£5.25

F1000
£9.50
C9.50

DIL HEADERS
Solder IDC

14 pin 40p 100p
16 pin 50p 110p
18 pin 80p
20 pin 75p
24 pin 100p 150p
28 pin 200p -

40 pin 200p 225p

DIL SWITCHES
4 -way 90p 6 -way 105p
8 -way 1200 10 way 150p

MISC CONNS
21 pin Scarf Cor.nector.200p
8 pin Video Connector.200p
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74 SERIES

7400
4701
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7120
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
74313

7439
7440
7441

74424
74434
7444
7445
74464
7.76
7440
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
74634
74844
7905
7486
7489
74904
7491
7492A
74934
7494
74954
7496
7497
74100
74107
74109
74110
74111
74116
74118
74119
74120
74121
74122
74123
74125
74126
74128
74132
,74136
74141
74142
74143
74144
74145
74147
74148
74150
741514
74153
74154
74155
74158
74157
74159
74160
74161
74162
74163
74164
74165
74166
74167
74170
74172
74173
74174
74175
741 76
74178
74179
74190
74181
74162
74164
741854
74190
74191
74192
74193
74191
74195
74196
74197
74198
74199
74221
74251
74259
74265
74273
74274
74278

30p
209
30p
30p
399
0012

40p
40p
309
304
30p
704
30p
lip

?Op
311,

410
304
lip
300

300
404
40p
410
43p
34

tap
300
400
404
404
110p

104
100
104
1104
1010
1004
134
ffp
359
3Sp
3119

556
50p
34
550
50P
1100

459
64

1802
105p
124
119
42p

249
510

79
70p
559

110p
1109

900
219
1009
50p
759
759
5Sp

179
119
170p
109
556
70p

OOP

OSp

SSP

624/
750

1p
706

250,5
2700
2709
110p
179
1609
1759
70p
1109

1409
00p

1004
404

17100

1104
1184

1100
1104
124
110p
1404
4009
200,
420p
1443p

119
105p
109
140p
1,50,
1010
340p
140,
11104

ION
134
'309

top
115p
110p

SOD
130p
119
229
229
119
109
159
384
2006
140p
1709

74279
74283
74285
74790
74293

74298
74351
743654
743664
74364
743674
743684
74376
74390
74393
74490
74434

106p
3209

00p
90p

100p
20011

404
90p

80p
709

157
110p
112p
140p
100p

ISIS SERIES

741500
741501
741502
741503
741504
741506
741500
741509
741510
741511
741512
741513
741514
741515
741520
741521
741522
741524
741525
741527
711528
741530
741532
741533
741537
741536
741540
741542
741543
741547
7415443

741551
741554
741555
7415734
7415744
741575
741576A
7415834
741585
741586
741.590
741591
711592
744.503
74159513
741596
741.5107
7415109
7415112
7415113
7415114
7415122
7415 In
7415124/

629/140p
7415125
7415126
7415132
7415133
74151313
7415134
7415139
7415145
7415741
7415142
7415151
7415152
7415153
7415154
7415155
7415156
7415157
7415158
74151604
'4151616
74151624
74151634
7415161
74151654
74151664
74151E6
7415169
7415170
74151734
7415174
7415175
7415181
74/5121
7415190
7415191
7415192
7415193
74151944
74151954
7415196
7415197
7415221
7415240
7415241
7415242
7415243
741.5244
7415245
7415247
7416248
7415249
7415251
7415253
/415256
74152574
741.52586
741S259
7415260
74/5261
7415266
74/5273
7415279

300

Up
50p
Up
U p

Up
919

1754
140,

200,
ON

184
610
Up
40p
41,
lip
76,
rip

?Sp

1104
137
1304
100p
140p
100p
759
?Sp

2009
11102/

759
759
00p
800
750
7567

800
80p

1009
809
lip

110p

O OP

100,
11p
110p
114
/Sp
752
90p
700.

70p
1200
750

1209
509

1259
70p

741_5290 RPM
7415223 110
7415290 Oft
7415292 90p
7415293 in
7415295 lOOp
7415297 IN
7415296 100p
7415299 220p
7415321 3700
7/0.532 57415324 624

350p
/415348 200p
/415352 1209
/415353 1209
7415356 210p
7415363 1109
7415364 100p
7415365 SOp

7415366 50p
7415367 SOp

74153680 50p
7415373 90p
7415374 90p
7415375 750
7415377 1409
7415378 95p
7415379 140p
7415381 4509
7416393 60p
7415393 1109
74153954 107
7415399 1469
741.5445 117
7415465 120p
7415467 127
7415491 15439

7416540 107
7415541 100p
7415606 7009
7415810 19009
7415612 11100p

7415024 350p
7415626 225p
7415628 2259
7415629 1409
7415640 3009
7415640.1

300p
7415641 2009
74156427

300p
7415643 250p
7415643

7415644
74152745
7415645 1

7415668
7415669
7415610
7415682
7415664
7415687
74154388
7415783

3009
350p
2006

4009
90,1

180p
350p
350p
350p
5501
121

1455E WI

74500
74502
74501
74506
74508
74510
74511
74520
74522
74530
74532
74537
74538
74540
74551
74564
74574
74565
74586
745112
745113
745114
745124
745132
745133
745138
745140
745151
745153
745157
745158
745183
745169
745174
745175
745198
745189
745194
745196
745196
745200
745201
745225
745240
745241
745244
745251
745257
145258
745260
745261
745283
745287
745248
746209
745299
745373
745374
745307

509
SO9

SOP

SOP

509
75,

SOP

1009
509
600
110p

74
509
450
459
75,

4909
1009
1509
120p
1313
5509
104

841p

1100
1190
1400
1104
214
2010
400,
7010
3004
12120

1190
2210
304
304
3110p

410p
324
634
NO

400p
400p
Inp
2104
2400
304
300p
2704
224
2004
2314
6904
400,
4004
2209

4000 SERIES

4000
4001

20p
24,

4508
4510
4511
4512
45,3

5.
4515
45,6
4517
4518
4519
4520
4521
4522
4526
4527
4529
4529
4531
4532
4534
4536
4538
4539
4541
4543
4551
4553
4555
4556
4557
4560
4566
4562
4569
4572
4583
42114

4525
4724
tmll
14412
14416
14419
14490
14496
14500
14599
22100
40102
40103
40104

1002 lip
4036 70p
4007 25p
4008 509
4009 459
4010 80p
4011 249
4012 290
4013 30,
4014 1140

4015 ?Op
4016 309
4017 55p
4018 SOp
4019 609
4020 OOP

4021 80p
4022 709
4023 30p
4024 48p
4025 249
4026 00p
4027 409

4028 609
4029 75p
0030 359
4031 1259
4032 100p
033 250p

4034 210p
4035 70p
4036 70p
4037 1109
40311 100p
4039 250p
4040 600
4041 559
4042 SOp

4043 60p
4044 60p
4045 100p
4046 600
4047
4048 54
4049 34
4050 35p
4051 850
4062
4053 60p
4504 80,
4055 89
4056
4059 0009
4060 709
4063 550
4066 40p
4067 2309
4068 25,5
4069 24p
4070 24p
4071 24p
4072 24p
4073 24p
4075 249
4076 659
4077 259
4078 24
40131 24p
4002 25p
4065 509
4086 7Sp

4069 129
4093 3Sp
4094 009
4095 90p
4090
4098 ?Sp
4099 009
4501 340
4502 554,

4503 36p
4604 959
4505 300p
4506

507 4030

14
1209
559
Sep
54

1509
1109
1100
55p

220p
40p
329
409

114
80p
77
00p
559

1009
?fp

2509
75p
75p
109
709

1000
247

369
Sap

2404
140p
140,
2404
1710
440
904
lap
40p

194
11140

7404
Nap
2190
420p
910p
01104

200p
310p
1104
2000
120p

4915100
414103
Al,141030
47-3-1310
48-3-40.0
40-3411110
40,3411112
CAP1144
049114
CA3.344
CAM.
CA30111
003010(
CAMS
WOME
90010110
90130E
90131
c63174M
063,4701
9040E
9041E
WIVE
901404
CA31404
013910
07002
CAC14044
0400400
13400106
001011
1,441316
ci7i06
KA>4.1
,C17460
,C17,1110
016034
,C1472160
01.17217
6147566
01.664
10719
IC,I30Iom
kf 34.
L.383
If 36S
,N311.1
137

1,410C
0410.
.4007
,14306134

,14311

4334
114024

..43342
613362

,44134

934/1

74

5V
6V

1:V
240

50
60
80

LINEAR ICs
471

11110,

Ni
SW*
Nip

Nip
Map
1004
14114

09
Olp

M4
ny

112
MP

map
MP
NM

3100
5011,

Np
009
3007
JON
1149
1114

47474

1184.
MID

71210

149

ENp
3042.
Ism

40,
0144
110/

410

030
04
182
Mop

 m
smp

no
004

MIR
iMp

910,
1714

imp

161,
150,
HM/-p

44429

L6000
114710
114711
11723
LIW24014
L.74733
14041
1141747

LA4744
L01.
1.900.
001401
1441630
1141471
11141472
041164
11111114

1664.7
1.140316

U1/13800
043120

47431111

04311.4
/ 1431115
L1431114

01471500
94615131
0451510,
44837.2
Wm/0
074(.4.3
MC1498
OAC,4054
1101400
14033406
Mow
740-3403

17.61006
774630240

44690354
770L520

0.44.102
MOW.
.963,
.544
NESS5
N6,593
66.564
96646
696111
.610
76570
146571
96542
.5532.
.5111,
NEW.,
106653444
0,070.
011024
PC4.36
601161
P C4664
SS168
SA4080
5E464364
5.00
66760536
514764$11
6.476466
SAWS..
47,20
6730

747204
.7206

47272
77310
744231
764000
164410
764420

VOLTAGE
REGULATORS

TI

10070.6
1009.6
100/94
10094
10094

645
7805 Up SOp
7800 10p 7906 Sep
7806 90, 7903 50p
7812 4/0 7912 90,
7815 SO, 7915 509
7878 900 7918 50p
7524 500 7924 50p
78106 31p 79106 45p
78106 34
78108 30p
78112 30p 79112 ON
nuis 304 79115 OOP

OTHER
REGULATORS

97098Regu0atas
063091 IA 5V
1543234. 34 56
7814051C SA 5V
78/112 54 126
76P05 10A 56
V214015 Regunom
11430661/
11/3171 70.220
3943176 103
1543377
11143507 104  VAR
15439801 104, VAR
1547226
7814011C 540 VAR
76GUIC 14VAR

-9.1GGNC SA  VAR
,1C 1461/619

SenIchine 09915110..IC
L 7660

503524
1/494
11497
78540

147

NOP
SNP
NOP

no,
150p
240p
224
4009
09
50114
575

059
474
2599

sses.
SON
sooP
NOP
311010

OPTO-ELECTRONICS
Ol 10T 14.
190067
190600,11.
4.4907,714724
9467404704
44.4671/131.707
444443440

1051/
019
MOP
009
101,
19114,

imp

OPTO ISOLATORS
11074
MC126
MC52400
MOC3020
11074

134
104
1404
Slip
6,4

71/111
111112
711113
TIL 116
166137
66139

LEDS
T31209 Red lap
01211 Orson Illp
TI1212 74414.4 34

C8095
6100143441 1010

19.220 R40 11Ip

COUNTERS

740925
740926
77/C928
72168
261040

659
659
650,

E22
6700

?Op
14
70,
70p

474
17

11222 (Mon IN
111226079704 22p
1/4657164
140 Artry713 225p
1/41/54164 G747
Arr9y1101 2259
Roca 495
Roy 30p

001069

2168 3009

TIMMY
016020
11161160
W.09

C6210
CAM

CAMO
061010
04,002
041024
0477706
042002
1340300
042004
042093
042020
O 42030
042503
04300
047000
641002
L OGiC.71

1062
0114

LOW
072

1074
104.

042
LOIS
u314
LOU
L103
.30C

0.44,003 3
JAIL
042240
O 44,70
.6463.4
147420034
,11.4401.344
,A62066
3476882
u N2003
4742804
06(575
1405920
LO7c, Ww.
O PCIWOR
90270
417206
00707
6211

41422.8
4.7240
W4404
27444
7744.147
2.1423E
OW.
Own"
NAM
2744277
IMAM

4958
044475
2144446
2744506
714411CP
2/4103.
D00406
294134
27442346

119

121,
911,

98414

171,

49
130

10,
349
019
Imp

94917

IMO
555p
IN,
715,

Pie
90

40
11,
114,

11.
719

1114
904
rr

Inv
0804In,
174,
04114

714
110,
100,
109
111,

an,
8110
01110

NI,49
970
0714

370
104,
4111,

090

119

NO

509
310

0110
M44
Map
3400,
31019

4414

040

REAL TIME
C 1605

16061318P Nap
/41.158174114

nap
02554503205

3110p

if ET107
DEC OC ER

56675020
5445030
5645047
5145060

11040

7004
316

504

COMPUTER COMPONENTS
P U

1902CE NOP
2660A 10604
(602 364
65024 460p
65CO24 EIS
650213 10119

6800 2009
0002 300p
6809 660,
68096 912
68809 612
60809E (IS
6800018 636
8035 3004
0339 4300
80004 420,
031154 3002
0066 022
9386 1714
6748 316
71451607 212
8059900 312
T5459995 612
6055 614.40
280 240,
2806 3210
280E1 700,

SUPPORT
DEVICES

2651
3242
3245
6520
6522
65224
6632
16651

6821

68821
6829
6640
60840
6850
69850
6862
6854
68654
6475
8154
8155
8156
8206
3212
8216
8224
6226
8228
6243
8250
82514
82530-5
92554C-5

4236
8257C7f
8259C-5
6271
8275
8279

412
9004
4509
3004
1509

5509
4109
5509
1509
2202

612.50
374
600p
1500
254
144
lap
0804
loop
Nap
nap
1140p

nlp
nap
140,
300,
420p
ssap
Poop
nap
324
150,

2109
El II

400p
400p
404
Of
(II

2264

928813
87554
11050903
TM59911
7.459914
Z90010
280606)

7S0p
011
(24
(29
CIO
C14

2509
2S439

2150C1C 250p
Z8O8CTC 2759
2800ART 659
25040497

7009
T174 5450C (14
71.459901 5009
T M59902 SOOp

2800026 7009
280613MA 7509
2804510 C 12

9 704

MEN DRIES

2016-150
2101
2102
21078
211107-38
2114-3/.
2147
4027-3
4116-15
4116-20
4118-3
4164.15
41256-2f
4164.20
4416-20
4532.20
443,64P-3
5101/5501

400p
4004
200
$0011

4000
nap
3209
nap
2009
1509
5004
5040

(15
320,
4110
nap
200,

370p
551415114

4S0p
5616 5509
4116P-3 4504
61161.17-3 507
6264-15 £10
6010 1140
745109 225P
745201 140p
745209 224
*3416 lap
931447 864
93425 NOP

ROMS PROM,

20122
24610
125030
18574030
745198
745287
745288
7453437

62523
825123
825129

EPROM*

404
250,
2009
2000
1130
2254
1109

474
1609
1509
174

2516 390p
2516-31 5200

2532
2532730
2560
2700
2716015v
2716.35
2732
27324-2
2732A-35
2764-25
27C64-25
27126-25
27126-30
71452716

NOP
1630p

1100,/

40013

350p
5500
450p

5500

700p

4500
(10

115130

9509
500p

CRT
CONTROLLER
CR'5027
CR75037
CRT3545
EF 9364
EF 9365

Eli
C12

CO

131

C8

EF9366 (25
1E9367 935
1606845 6600
MC664556

5509
52011

Ca

(15
7309
(10
610

MC6647
51996364
1.459918
T6159927
15459929
.459929

INTERFACE
ICs

LOW 7001717
SOCKETS 131

TE XAS

8 On
4 pen

PO
8 640

20 pin

Sep
14
114
14
11107

22

24 pn
28 pin

pn

229
24p
269
39

6065803 174
*05614 920
401541 612
ADC0608 1114
AM 25510 3504
AM251. 52521

3509
41425152536

3543,
AM 261_531

1209
654261 S32

1209
07002 El
04/C80 -0017v

(20
DM8131 nap
098304 36/0
D53691 11604

1358630 140p
D56631 1540
050532 1609
0581113 2254
056635 2117
0511636 1504
058836 2210
MC1488 84
LC 1449 lap
10403446 nap
MC3459 494
MC3470 474
mcssao 869
1.403816 2500
MC34117 2504
MC4024 5509
0204014 5609
10014411 9000

WIRE WRAP
SOCKETS BY

TEXAS

MC14412 75439
UL712003 ?SP
019420044

90p
31620643 200p
3162802 1900
016,2803 lOOp
4162904 1990
75107 SOP
75106 909
75109 lnp
75110 999
75112 11109
75113 120p
75114 140,
75115 1410
75121 144,
75 722 1440
75150P 124
75154 124
75159 nap
75160 6000
75161 MO,
75162 272/4
75172 304
15112 810
75188 sop
75189 404
75451 ?Op
75452 ?Op
75453 70p
75454 709
75480 150p
75491 559
75492 659
8726 120p
9727 127
8795 124
8196 120p
ST97 124
8'98 120p
811595 140p
871596 220p
813597 140p

8115941 2209
8815120 5009
9602 300p
9636A 114
9631691 164
9638 2009
75425E8 3609
ZN426/8 360p
16427E 400p
Z1826E6 450p
2144291 2109
2940-176 0000
274459CP 300p

DISC
CONTROLLER

ICs

6843
8272
901771
101791
901793
601796
9131797

W02793
WD2797
W01691
W02143

CHARACTER
GENERATORS

KEYBOARD
ENCODE -1s

UHF
MODULATORS
61.40 004 1759
4403 001 46047

500408 9 1774o47
,26.10 Ell

12 '68 II
100p

700 607 400p
1 004271 270p
F79/in MP/

6432 2259
2 00 2550
24576011 Map
2457605, 250p
2 5 2S0p
2 662 my
I 270 1SOp

3 5796 2009
4 DO 'Sop
4 194 2009
4 43 1000

4 608 2500
4 9152 7500
5 000 1500
6 00 140p
6 144 1406
700 15011

7 168 175p

600 159
8867 1750
1000 175p
1050 2500
1070 169
11.00 209
12 00 150p
1400 1759
14310 16011

14 758 25011
15 00 2009
1600 200p

8 pn
14 pn
16 pm
la pn
20 9,

30p
3011

Up
1p
44

22 Fan
24 on
28 pin
40 on

np
np

1004
1204

Turn770 Fin Love
0r01119 Sockets

0.n
pn

269 16 pn 350 20 pn
409 220.n

TRANSISTORS
A0161/2
13010778
BC 1090
BC 1690
BC172
BC17778
801711
BC 10213
80101
BC 187
BC212/3
BC214
80237
130327
80337
130334
BC461
807772
130516/7
8054715
805404
BC549C
805578
BC559C
00770
BCY7
80131
210132

0013576
130139
610140
130169
610232
80233
151)235

00247
013242
80379
O 0380
60677
O 12448
O E 2568

8E25778
13E337

BiR39
 84017
UR,
6,08,1 r

13F1096

454
14
6,9
14
lap
20p
30p
15p
149
30p
149
14
16,
lip
15,
lip
40p
30,
50p
209
10,
119
14
249
30p
3410

729
14
409
40p

50p
60p
75p
Op
809
409
SOP

eap
40p
40p
SOp

40p
360
32p
32p

32,2

32p
1809

BF X29
BE X30
BF/18475
010677
136038
09750
09151/2
00150
8E690
60039
135019720
130104
BU 105
BU105
136109
86126
BU205
Bu200
130406
BUO8O
BUY69C
1310
1/4,1413

MJ602
M..12501

1/432955
1443001
11434502

17.41340
0.73(2055
70363065
11/99102
MPFI03 a
N7PF 105

4495806
4495412
M115413
1.4115420

a/PS/742
7/95643
7,015656
MP 5870
1/25603
4405006
11/75U07
/025U45
4.4251/66
1172194

TiP29C

45p
45p
30P
lop
309
30p
30p
33p
90p
45p
343p

22Sp
1173,
250p
224
150p
200p
2009
1459

OCCM

350p
lap

nap
4004
2210
109

324
4109

110p

7502
1209
40p
404

50,
SOP

SOp

3107

104
50p
30,
504

Np
Up
011P

910
Top
34
4114

45, 24 on
UP 29 pn

Up 40 96 00p
610

10300
11031*

TIP3 IC
TIP326
TIP32C
7111336
177330
ii1/344
710340
751/354
719360
710344
11/1736C

710416
719410
TiP4t4
119120
TIP54
TIP55
121120
TiP121
710147
TIP 125
TIP129
1017142

710147
1192955
1193(45
T1593
VNIOPM
69466,09
0148049
ITX105
ITX.311:1

276452
ZT)1500
110502
rmse.
IT X542
ZTX662
276772
26692
261596
267064
26702
26918
26930
2611:172
29016.3
2617/i
262122

359
009
40p
45p
45p
409
79
110p

$09
1209
120p
1409
140p
1509
509
S50
60p
650

169
140p
759
79p
809
74

1210
1209
000
79
30p
SOp

909
(71

12p
782
450
200
209
22p
550
609
79
350
452
350

34,
44p
3110

lip
30,
31,
710

2042160
2482196
2822224
2623694
282444
2012644
214290415
2142906A
2629074
262926
263063
263054
2143055
263442
263563
263504
26344374
26370213
26370475
26370677
2143700
2143773
2943819
26.7423
263866
263904
2143906
2144036
264037
2744123,4
274412576
2144401/3
264427
2144871

2165097
2745009
2745172
2915191
265245
265401
265459
2745460
29154415

2145875
045110
26,127
266052
2746069
meiir
ai+6241
286254
26,6290

Nip
30p
310

Np
sop
O pp

30p
300
300.
12,
310
110p

46
144
Nip
ssop
lip
1fp
00
21p
309

2009
lop

301/
lop
22p
27
45,
459
279
27p
24
OOP

SO9
27p
27p
27p
O 0p
009
GOp

309
60p
45,

Np
314
lap

6,4
324p
66p

111(0
1340
411,

25C1306
25C 1307
25C 1957
2501969
25C 2028
2502029
2SC2078
25C 2335
2502612
3N 128
36,110
36141
36201
3N204
40200
40361'2
40595
40873
400712

ISOp

1504
1104

204
140,
2010
200,
2009
207
2009
2009
200p
2509
14

1204
904

1009

DIODES

67127
BY X36300
0647
0490,91
0496
0/200
04202
16914
16916
164146
16400172
164003,4
764005
16400677
155401/2
04540374
165404'5
76540477
5920

129
204
104
9p
Op

fp
14
49
79
49

60
40
74

120

149
14

Op

BRIDGE
RECTIFIERS

16 50V
IA 1000
IA 400V
IA 6030
2A 505

19p
6,9
21,
34
Np

2A 1006 356
24 4006 459
36 2006 NI/
34 6006 719
44 1009 050
44 400V 109
6A 506 802
6A 1007 100p
64 4000 1700

104 400V 200p
254 4000 400p

38400V 69
6A4000 709

645000 46p
64400V 75,
845000 95p
124400, 459
124500, 1050
1644000 7200
1665001 1300
128000 1302
7102060 500
1102260 759
702460 1110p

T.-1111ST 005

30400V 14
866006 1119
1264001 7509
1661006 109
1664100V 109
C1060 459
1,41CR 101 000
2603525 110p
26,4444 /600
295060 330p
265061 32p
2145064 319

E NE RS

Op

IW 14

20675

TECHWIATIC LTD
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 lED

SHO?S AT: 17 BURNLEY ROAD. LONDON NW10
(Tel; 01 208 11771 Telex: 922800
305 EDGWARE ROAD. LONDON W2

PLEASE ADD 500p&p it 15% VAT
(Export no %AT, p&p at Cost)

Orders from Government Depts. & Colleges etc. welcome
tt

/MA De:ailed Price Lost on request
Stock items are normally by return of post.AM
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ao a) IVA a
TEl 'ALADDIN'S' CAVE or COMPUTER AND ELECTRONIC

RECHARGEABLE BATTERIES
,ry Fit Maintenance FREE by Sonnenschein
A300 07191315 12v 3 AH same as RS 591.770 NEW
C13.95 A300 07191202 6-0-6 1 8 Ali same as RS 591-
382 EX EQUIP £4.99 Miniature PCB mount 36v 100
Mah as RS 591-477 NEW £1.00 SAFT VR2C 1.2v "C"
,,ze NICADS in 18 cell ea equipment pack Good condition

easily split to single cells £10.50 + op Cl 90

EX -STOCK INTEGRATED CIRCUITS
2732 ex equip £3.25. 27128 - 250ns NEW £12.00.
6116200 E4.50. 6116-250 £3.95.
8264LP-150 E22.00. 4164-200 £3.50.4884-150 £4.00
411 6-300. £1.20.2114 £1.75. 6800 £2.50, 6821 £1.00.
68A09 £8.00. 681309 £10.00, 68809E £14.50.
D8085AH-2 £12.00. 08088 £20.00, 280A £2.99.

HOT LINE DATA BASE

ISTEL ©
THE ORIGINAL FREE OF CHARGE dial up data base
1000's of stock items and one off bargains
ON LINE NOW- 300 baud. lull duple. CCITT tones. 8 bit
word no party 01479 1888

MAINS FILTERS
Lure those unnerving hang ups and data giitc rtes caused:
hr mains interference
51361% As recommended by ZX81 news letter matchbox
size up to 1000 watt load IS 91

100 s
BARGAINSi
FOR CALLER'''

IIIPMENT
Anderson Jacobson
A.1510 VIDEO
DISPLAY TERMINAL
Made by one of the USA's
largest peripheral manufacturers

the AJ510 Professional VDU
terminal has too many

features to include in space
available - lust a few are.

internal Z80 Cpu control, very
readable 15 non glare green

Screen, 24 lines by 80 characters,
128 ASCII character set with lower

case and graphics, standard RS232 interface, Cursor
addressing, numeric key pad etc. Supplied in good

L02c142,7,

Up to 750 watts E999
compact comple,eb, cased unit withp.rr TESTED second hand condition with full manual

6 £225.00 + carr £10.00.Data sheet on request

000130 1PAN
your not parts COOL and t -it LIABLE

with our range of BRAND NEW professional
cooling fans.
ETRI 99XU04 Dim 92 a 92 a 25 mm
miniature 240 y equipment tan complete with

laIrdullac-L3AR9Ctn 3' x 3" a 2 5" compact
very quiet running 240 v operation NEW E6.95
9UHLER 49.11.22. 8.16 v OC micro

,nature reversible fan Uses a brushless
servo motor for "attorney high air flow
almost silent running and guaranteed 10000
hi Me Measures only 62 a 62 a 22 mm
Current cost £3200 OUR PRICE ONLY
112.95 complete Nab data.
MUFFIN -CENTAUR standard 4- a 4'125'
fan 'updated tested EX EQUIPMENT 240 vat
£6.25 or 110 vat E4 95 or BRAND NEW 240 v
at £1050 1000's of other tans Ea Stock

for Detail" Post 6 Packing on all lens L 1 b

BUDGET RANGE
VIDEO MONITORS
t a price YOU can afford, our range of EX

EQUIPMENT video monitors defy
ompetitionu All are for 240v working wfti-
tandard composite video input Units air -

.re tested and set for up to 80 col use o,
BC micro Even where MINOR screen
urns MAY exist normal data displays
natfected

1000 J SOLD TO DATE
12" KGM 320-321. high bandwidth ,npt,'
will display up to 132 columns x 25 lines
Housed attractive fully enclosed
brushed alloy case B/W only E32.95
24" KGM large screen black 8 white
monitor fully enclosed in light alloy case

gi4hiiwirloprsr.icalguebsce1t6.00

A Major company's over production problems, and a special
BULK PURCHASE enable TWO outstanding offers.

COLOUR MONITOR SPECIALS
`SYSTEM ALPHA' 14" Multi Input Monitor.
Made in the UK by the famous REDIFFUSION Co. for their own professional
computer system this monitor has all the features to suit your immediate and future
monitor requirements. Two types of video input, RGB and PAL Composite Video,
allow direct connection to most makes of micro computers and VCR's. An internal
speaker and audio amplifier may be connected to your system's output or direct to
a VCR machine, giving superior colour and sound quality. Many other features
include PIL tube. Matching BBC case colour, Major controls on front panel,
Separate Contrast and Brightness - even in RGB mode, Two types of audio input
Separate Colour and audio controls for Composite Video input, BNC plug for
composite input, 15 way 'D' plug for RGB input, modular construction etc. etc.

This must be ONE OF THE YEAR'S BEST BUYS!!!
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
SUPPLIED BELOW ACTUAL COST- ONLY £149.00 + Carr.

DECCA RGB 80-100 Monitor.
Little or hardly used manufacturer's surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard of" Our own interface, safety
modification and special 16" high definition PIL tube, combine with the tried and
tested DECCA 80/100 series chassis to give 80 column definition and picture
quality found only on monitors costing 3 TIMES OUR PRICE. In fact, WE
GUARANTEE you will be delighted with this product, the quality for the price has to
be seen to be believed. Supplied complete and ready to plug directo to a BBC
MICRO computer or any other system with a TTL RGB output. Other features
include internal audio amp and speaker, Modular construction, auto degaussing
34 H x 24 D, 90 day guarantee. Supplied in EXCELLENT condition, ONLY £99.00
+ Carr. Also available UN -MODIFIED but complete with MOD DATA Only £75.00
Carriage and Insurance on monitors £1000

DATA MODEMS
Join the communications revolution with
our super range of DATA MODEMS with
prices and types to suit all applications
and budgets''
Most modems are EX BRITISH
TELECOM and are made to the highest
Standard for continuous use and reliability
RS232 interfaces are standard to all our
modems. so will connect to ANY micro er
with an RS232 serial interface
DATEL 28 see SPECIAL OFFER centre
this ad
MODEM 13A. 300 baud. Compact unit c.,
2 high and same size as telephone base
Standard CCITT tones CALL mode only
Tested with data ONLY MOO PP EISA.
MODEM 20-1. 75.1200 baud. Compact
for use as subscriber end to PRE STEL
MICRONET or TELECOM GOLD Tested 4'
data MIS + 99 1.450
MODEM 20-2 same as 20-1 but 1200-7
baud E99.00
TRANSDATA 307A. 300 baud acow,' r.
coupler Brand new with RS232 inter'
ONLY £49.95
DACOM DSL2123 Multi Standard Modern
switchable CCITT or USA BELL 103 stanc
V21 300-300 V23 75.1200 V23 1200-7
1200-1200 half duplex
Auto answer via MODEM or CPU CALL or
ANSWER modes plus LED status indication
Dim 2 5 x 8 5 x 9 BRAND NEW fully
guaranteed ONLY E24100 P8450.
DATEL 2412 Made by SE LABS for BT this
two part unit is for synchronous data links at
1200 or 2400 baud using 2780/3780
protocol Many features include Auto answer
2 or 4 wire working etc etc COST OVER
£800. OUR PRICE E IRS.00
DATEL 4800. RACAL MPS4800 high speed

good condition £245.00 CARR 11000

SPECIAL 300 BAUD MODEM OFFER
Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND

It X STOCK

NEW or little used 2B data modems allows US to make the FINAL
REDUCTION. and for YOU to join the exciting world of data
communications at an UNHEARD OF PRICE OF ONLY £29.95 Made t POP 1140 System ,..,rlivis,.; ui Cl u
the highest POST OFFICE APPROVED spec at a cost of hundreds of 124K memory + MMU 16 line RS232
pounds each. the 2B has all the standard requirements for data base. interface. RP02 40 MB hard disk di,..6,
business or hobby communications All this and more" TUtO 9 track 800 BPI Mag fade d'

-

,
 300 baud full duple. ..1. A, ._.  CALL

rack system. VT52 VDU etc etc Ti,
ANSWER and AUTO modes and running E3750.00

 Full remote control 41 " '''' A'  Standard RS232 serial interlace
 CCITT tone standards ,,L mow OW   Built in test switching BA11-MB 35" Boo. PSU. LTC E385.00

DH11-AD 16 a RS232 DMA Supplied with full data -A, E29.95 r  240v Mains operation
 Modular construction is A. 0%.  1 year full guarantee
 Direct isolated connection r y  Just 2 wires to comms line

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

sA VE SUPER PRI£250
BRAND NEW
CENTRONICS

739-2

0;9

The "On Everything Printer at  WPCS mat will
NEVER be repeated Standard CENTRONICS
pared& interlace tor direct cannectron to SSC.

ORIC. DRAGON etc Superb pant oustaty .1h lull
pen addressable grvhfcs and 4 type fonts plus

NIGH DEFINITION internal PROPORTIONAL SPACED
MODE tor WORD PROCESSOR appicabons SO 132

columns. single sheet SIXOCkel or roll paper handlingpus
much more Available ONLY front DISPLAY ELECTRONICS

al the ridiculous price of Mr 111111.1111 + VAT Complete *4th
lull manual etc Linufed QuanlIty -Huffy while stocks last

Options Interface cable lapecityl tor BBC. ORIC
DRAGON or CENTRONiCS 36 way 0;1E1250 Spare nbbon

(3 50 each BBC graphitS screen dump utility program 0860
Car,aoe and ins C i 0 PO - VAT

HUNDREDS OF PRINTERS
EX STOCK FROM £49.00. Call Sales Office for Details.

1 only large CALCOMP 1036 AO 3 pen drum plotter and
offline 915 magtape controller. Good working order.

OD VAT TO ALL P ICES £2500.00.

D Is: P eye

DEC CORNER

interface £2100.00
DLV11-J 4 a EIA interface £310.00
DLVII-E Serial. Modem support £200.00
DUP11 Sych Serial data I/o £650.00
D0200 Dilog - multi RK

controller E495.00
DZ11-13 8 line RS232 mu. board £650.00
KDF11-B M8189 PDP 1123+ £1100.00
LA36 Decwriter EIA or 20 ma loop £270.00
LAX34-AL LA34 tractor feed £85.00
MS11-JP Unibus 32 kb Ram £80.00
MS11-LB Unibus 128 kb Ram £450.00
MSI I -LD Unibus 256 kb Ram £850.00
MSC4804 ()bus (Equiv -Ll

256 kh £499.00
PDPI I /05 Cpu. Ram. i/o. etc £450.00
PDPI I /40 Cpu, 124k MMU £1850.00
RTI 1 vex 38 documentation la., £70.00
RK05-J 2 5 Mb disk drives £650.00
KL8JA PDP 8 async i/o E175.00
MI8E PDP 8 Bootstrap option £75.00
VT50 VDU and Keyboard -

current loop £175.00
VT52 VDU with RS232 interface E250.00

1000's of EX STOCK spares for DEC
PDPS. POPSA PDP11 systems
peripherals Call for details All types of
Computer equipment and spares wanted
for PROMPT CASH PAYMENT.

II prices quoted are for U K Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value 0.00
Minimum Credit Card orderf MOO Minimum BONA FIDE account orders f rom Government Depts.. Schools. Universities and
established companies 120.00 Where post and packing not indicated please ADD Cl 00 + VAT. Warehouse open Mon -Fri
9.30-5 30 Sat 10.30-5 30 We reserve the right to change prices and specifications without notice. Trade, Bulk and Es a art

1_1-I r rT TO 32 Biggin Way, Upper Norwood, London SE19 3XF
LLLL I I\ 1-gi gr- -1- Telephone 01-679 441 4 Telex 894502 Data 01-679 1888 "I IiLii



READ/WRITE

READ/WRITE
To Boldly Go...

Dear Sir,
The article about Electronics for

Peace in the April Issue of ETI
shows clearly how Electronics
Technicians can get themselves a
bad name for political naivete. The
organisers of this movement should
know that including the word
"Peace" in the title of any organisa-
tion means that it will be regarded
as a front for Communist activity. If
one then goes on to publish secret
information on weapons systems,
suspicions are heightened whatever
the organisers may say. You may
rest assured that anyone foolish
enough to join such a movement
will be certain to have their phone
tapped! In due course they may also
be invited to a Worker's Congress
in Prague, the bourne whence no
worthwhile technician ever returns.

This is not to say that a truly
independent political organisation
for technicians is not needed,
indeed it is vitally necessary. But it
should be organised under the ban-
ner of FREEDOM, something which
is anaethema(sic) alike to Com-
munist and Capitalist systems.
(Electronics for Freedom -EfF)?

In every society of the world the
Technician suffers exploitation by
immature and often incompetent
megalomaniacs. Technicians as a
class are rather meek, but if we are
to inherit the earth we have to find
a better way to make the concensus
(sic) of our views publicly known.
We have to assist in creating a just
society, make communication bet-
ween peoples easier and use our
skills to expand the capabilities of
the mind. Electronics is vital in all
this, so the objectives of the
organisation would be as follows:
1. Making possible secret mass
referenda on all important political
issues by electronic means using
TV, radio or telephone.
2. Development of Cornputor
Systems, Languages and Pro-
grammes to formulate just and un-
ambiguous legislation, regulations
and codes of practice.

3. Development of personalised
communication systems with mini-
aturised privacy devices (scram-
blers), and computerised translation
facilities.
4. Development of bioelectronic
devices and biofeedback methods
for mind control and expansion.
Also to enable the assessment and
evaluation of personality types.

The last objective is the final fron-
tier of electronics - understanding
the nature of the mind and discover-
ing who are fit persons to be trusted
with power. These activities are far
more worthwhile than merely ferret-
ing out details of obsolescent
wepons systems for the benefit of
the RIS.

Anyone who feels they would like
to form an organisation on these
lines can get in touch with me at the
University of Surrey where I work.

Yours faithfully,
Keith Wakeham
Church Crookham
Hampshire

Nice try, Mr. Wakeham, but you can't
fool us. 'The final frontier', all that
stuff about 'Computor Systems', 'per-
sonalised communication systems'
and expanding 'the capabilities of the
mind'. Beam us up Scottie, if you're
not Mr. Spock. By the way, we gather
Captain Kirk's been looking for you.

Bass From The Wood
Dear Sir,

I have scanned 'The Final Link'
by Vivian Capel (ETI April 1985)
with interest. It was surprising for
me that no mention was made of
studio and concert hall acoustics.
There were two programmes
recently on Radio 3, concerning
concert hall 'design' and the reac-
tions of performers and listeners.
Even in these programmes, I felt
that the experts have somehow got
several matters wrong.

It is well known that the Festival
Hall and the Barbican are unsatis-
factory - due, it is said, to the air-
conditioning ducts under the seats
absorbing most of the deep bass.

No mention was made of
Bayreuth or Covent Garden, and it
was implied that hard walls (brick
or stone) were good. My experience
is that the bass from Bayreuth is
very good, the walls being, I
believe, of wood.

A visit to Covent Garden
immediately exposes the good bass,
but on my equipment the bass from
there is rather weak I wonder if this
is because suspended microphones
tend to 'blow away' from the deep
bass?

A recent broadcast from a
cathedral in Wales sounded very
bad indeed (stone wall etc). It was
a Mozart string orchestra, and even
a moderate volume setting was too
h;gh. The only solution was to turn
the volume very low.

If the bass of the hall is good,
volume can be turned surprisingly
high, with every pleasure, to my
ears. Some Wagner records come
through very well.

A particularly irritating habit of
the BBC is to broadcast a concert at
reasonable volume level; then on
return to the studio the voice is
often too loud, even painful, so the
volume has to be turned down. This
could be due to a combination of
poor studio acoustics, poor monitor
speakers and insensitive control
engineers.

I also find that only tape at 7 1/2
ips gives really good HiFi. Discs
are not bad with the Goldring Epic
cartridge (only f15) but here again
volume has to be kept fairly low, to
avoid listener fatigue and discom-
fort. Here again I suggest it is the
deep bass which goes wonky. Of
course, commercial discs do not
give much in the way of really deep
bass. I find that some popular discs
have quite good bass almost regar-
dless of the size and make of the
speakers. I'd guess these attractive
results are given by microphones on
rigid heavy stands set close to the
bass instruments.

I use a Quad 303 amplifier and
my speakers are approximately 10
cubic feet each made of brick and
stone. Upper register is via Treleax
and Olidax horns (sic), attenuated
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m w TARGET ELECTRONICS LTD.

7R
Target House, Crossfield Ind. Estate, Crossfield Road, Lichfield, Staffs, WS13 6RJ

Tel: 05432 57786 Telex: 334195

We offer HIGHEST QUALITY COMPONENTS and list only a PART of our stock.
Telephone orders are welcomed.

Written orders, with cash, cheques or postal orders are despatched by return.
Please add 60p postage & packing, plus 15% V.A.T.

CONNECTORS

7596
53440-1
55026-2
85979-3
87631-5
88423-2
207896-1
1-480459-0
1-480460-0
1-480608-9
1-480609-9
552224-1
1-552299-1
2-552076-1
2-640387-0
745014-1
GO6D64P03BDBL
GO8D16A3BLAA
029-8503-000
GO8D40A8BBGA
GO8D40A8BEBA
MS 3102E -18-11P
MS 3106E -24-11S
025-0480-000
025-0500-000
121-7326-113
121-7326-127
17-10150
252-22-30-160(50-44B-10)
31-208
314AG-39D
324AG-39D
340AG-90D
520AG-110
3324-0000
3329-0000
3553-0000
57-10140
57-10240
57-30500
801-079
801-084
801-085
8128-17P2
82-312
B409U025
CH6170-16
DA15S-564
DA110963-2
DB25P
DD5OSF179A
DE 51218-1
DE 51224-1

PRICE
6.38p

13p
7p

17p
73p

2.43p
77p
52p
55p
14p
14p

351p
28p
90p
63p
43p

2.39p
94p
28p

2.60p
2.60p
3.56p

20.23p
12p
8p

1.08p
1.52p
2.16p
2.78p
2.87p

13p
52p
98p
98p

4.77p
3.74p
5.10p
1.59p
2.35p
3.90p
1.20p

83p
90p

8p
2.16p
1.73p

33p
2.13p
1.44p

77p
14.36p

1 30p
1.30p

INTEGRATED CIRCUITS
CA 555 G
CA 741 G
CD 40114 BE
C 106 DI
D80C35C
DM 54125J-8838
DM 7401N
DM 7414N
DM 74LSOOJ
DS 0025CH
F4528BCP
FD111
ICM 7555 IPA
LM 101AF-883B
LM117K (STEEL)
LM 309H
LM 340K-12
LM 140 AK5
MC 1489L
MC 1489P -MIL 883B
MC 1741CG
MC 1741 CP1
MC 3423 P1D
MC 6854P
MC 14001 UBCP
MC 14001 BCP
MC 14011 ABCBS
MC 14043 BAL
MC 14049 UBCP
MC 14075 BCP
MC 14518 BCL
MC 14077 BBCBS
MC 14557 BCL

20p
20p
18p
13p

6.07p
1.81p

37p
33p
64p

2.16p
65p

1 72p
94p
13p
13p

1 30p
65p

10.27p
71p

2.61p
44p
61p
79p

13 88p
33p
lip

1.12p
1.50p

22p
13p
56p

1.00p
13p

MD 7002A
MH 0009CG
MJ 2955
MJE 711
MJE 13007
N8T38NS2B
N8T32-005NS2B
N8X33ONS2B
OP 20 GJ
NE555N
SNJ 54LS293J
SN 7432N3
SN 7450J
SN 75159
SN 74156NP3
SN 74LS32NP3
SN 74LS92PC
SN 74LS112ANTA
SN 74LS86N
SN 74LS123N
SN 74LS173 AN3
SN 74LS19IN
SN 74LS273N3
SN 74S240N
SN 75450N
12300D
TIP 30
UA 741 TC
UA 759 UIC
UA 78S40DC
UAA 170
ULN 2003AN
ULN 2083N
UPD 8251 AC
96L02PC
TC 4528BP

SEMICONDUCTORS
JAN 1N 645
JAN IN 4944
JAN 2N 2905
AF 125
BC 108
BC 182L
BC 214L
BCY 70
BFY 50
BFY 51
BSX 20
BY 127
BYV 27-100
BZV 85 C15
BZX 88 C5V1
BZX 88 C3V3
BZX 88 C3V9
BZX 88 C4V7
BZX 88 C6V2
BZX 88 C9V1
BZY 88 C11
BZY 88 C12
BZX 61 C15
BZX 61 C16
BZX 79 C5V6
BZX 79 C6V8
BZX 79 C13
BZX 79 C20
DTS 425
MCR 106-1
ME 1120
MPS 3640
OA 91
PIC 637
PN 3640
RGP 10M
ZTX 303
ZTX 341
IKAB40
LED COY 85NA
LED DL 340M
LED TIL 31
LED TIL 81
4N35

SOCKETS
DIP sockets
Contact Strips
High Rel. Sockets
P.C.B. Socket Strips
P.C.B.Pin Strips
Power Transistor Sockets

PRICE
3 61p

16.84p
66p
72p

3.81p
1 02p
3.60p

37.18p
9.9Ip

18p
98p
38p
13p

3.73p
52p
52p
21p
43p
52p
49p
62p

1.30p
1.30p
2.15p
1.12p
1.30p

34p
13p

1.57p
2.30p
1.90p

55p
65p

4.85p
85p
48p

13p
55p
33p
13p
10p
6p
7p

11p
7p
7p

53p
lip
30p
6p
8p
5p
6p
5p
5p
6p
5p
3p
9p
9p

10p
10p
10p
10p
7p

27p
7p

13p
5p

15.26p
7p

14p
6p

10p
34p
6p

5 07p
98p
55p
60p

Plug-in Bases
LED Holders
Transistor Mounting Pads

Prices on application

STATIC RAMS
M58725P 16k static ram 200nS.
5MSM2128RS-15 16k static ram 150nS.
TMM2016P 16k static ram liOnS.
TMM2016P-1 16k static ram 100nS.
TC5516AP 16k cmos ram 250nS 2716
TC5517AP 16k cmos ram 250nS 2716
TC5518BPL-20 I6k cmos ram 250nS 2716.
uPD446C-1 16k cmos ram 250nS 2716.
uPD446C 16k cmos ram 25OnS 2716.
uPD449C-2 16k cmos ram 200nS 2716.
HM6116P-2 16k cmos ram 120nS 2716.
HM6116P-3 16k cmos ram 150nS 2716.
HM6116LP-2 16k cmos ram 120nS 2716.
HM6116I-2 16k cmos ram 120nS ceramic.
TC5514AP- 2114 cmos ram :300nS.
TC5501P 1k cmos ram 5v 450nS.
2114LC Ik x 4 static ram 450nS.
2I14LC-1 1k x 4 static ram 300nS.
2114LC-2 1k x 4 static ram 200nS.
HM6147P 4k x 1 static ram 70nS.
2147EC 4k x 1 static tarn 70rS.
uPD2167-3 16k x 1 static ram 55nS.
HM6167P 16k x 1 static ram 10nS.
HM6167LP-8 16k x 1 static rem 100nS.
rC5565PL-15 8k x 8 cmos static ram.
HM6264LP-12 8k x 8 cmos static ram.
HM6264P-15 8k x 8 cmos static ram.
HM6264P-12 8k x 8 cmos static ram.

Prices on application

DYNAMIC RAMS
HM50256G-15 256k dynamic ram 5v

150nS.
HM50256G-20 256k dynamic ram 5V

200nS
MH50257G-2/15 256k dynarrx ram 5v.
4614-20 64k dynamic ram 200nS
4164-15 64k dynamic ram 150nS.
4164-12 64k dynamic ram 120nS.
M5K4164P-20 64k dram pin I refresh.
M5K4164P-15 64k dram pin 1 refresh.
MSM3732LRS-15 32k dynamo ram
150nS

4116P-3 16k dynamic ram 200nS.
4116P-2 16k dynamic ram 150nS.
ET4116N-3 16k dynamic ram 200nS.
HM4816AP-3 16k dram single rail 5V.

Prices on applicatior

EPROMS
27256-30 256k 5v eprom 300rS.
27256-25 256k 5v eprom 250rS
27128-30 128k 5v eprom 300rS
27128-25 128k 5v eprom 250rtS
2764-45 64k 5v eprom 450nS
2764-30 64k 5v eprom 300nS
2764-25 64k 5v eprom 250nS
2764-20 64k 5v eprom 200nS
2532 32k 5v eprom 450nS.
2732 32k 5v eprom 450nS.
uPD27232C 32k eprom 450nS

1 prog only.
2732-30 32k 5v eprom 300nS
2732-25 32k 5v eprom 250nS
2716 16k 5v eprom 450nS.
HM48016P 16k 5v eprom 350nS
27C64-30 64k cmos eprom 300nS
27C64-25 64k cmos eprom 250nS

Prices on application

MICROPROCESSORS
HD6800 Microprocessor
HD6802 Microprocessor
HD6809 Microprocessor.
HD68A09P Microprocessor.
HD6301 Microprocessor cmos 6801.
HD6303 Micrprocessor cmos 6301/3.
HD68000L-8 Microprocessor 16 -pit 8MHz
80035 Microprocessor cmos 8035.
80C39 Microprocessor cmos 8039.
MSM8OC85ARS Micrprocessor cmos

8085.
TMP8035 Microprocessor 8 -bit.
M5L8039P-6/8 Microprocessor 8 -bit.
8085A Microprocessor 8 -bit.

uPD8086D Micrprocessor 8 -bit
uPD8088 Microprocessor 16 -bit.

uPD8741A Micrprocessor + eprom.
uPD8748 Microprocessor 8035 + eprom.
uPD780I-1 Microprocessor Z80A 4MHz.
Z80A-CPU Micrprocessor Sharp 4MHz.

Prices on application

PERIPHERALS
Z80A-CTC Z80A peripheral
Z80A-P10 Z80A peripheral.
Z80A-SIO 180A peripheral
Z80A-DMA Z80A peripheral.
8155 Ram + i/o.
uPD8155H Ram + i/o.
MSM81C55RS Ram + 1/o cmos
uPD8156 Ram + i/o.
uPD82I2 I/0 port.
uPB8214 Priority Interupt Controller.
uPB8216 Bus Driver.
uPB8228 System Control/Bus Driver
uPD8237A-5 DMA Controller
uPD8243C1/0 expander.
uPD82C43C1/0 expander cmos.
8251A USART.
MSM82C512ARS USART cmos.
8253-5 Programmable Interval Timer
MSM82C53-5RS Programmable cmos

Interface.
uPD8257-C Programmable DMA

Controler.
uPD8259AC Programmable Interupt

Cont.
uPD8259C-5 Programmable Interupt

Cont.
8279-5 Keyboard/Display Interface.
uPD8282 Octal Latch.
uPD8283 Octal Latch.
uPD8284A Clock Generator/Driver
uPD8286 8 -bit bus transceiver.
uP08287 8 -bit bus transceiver.
uPD8288 Bus Controller.
uPD8289 Bus Aribiter.
8755A 2k a 8 eprom + i/o.
HD46503 Floppy Disk Controller.
HD46505SP 6845 equivalent.
HD46810 MC6810 equivalent.
F6821P Fanchild MC6821 equivalent
HD68A40 Programmer Timer Module
HD4650 MC6850 equivalent.
HD46850 ACIA.
HD46852 SSDA
HD146818P Hitachi clock peripheral.

Prices on application

MISCELLANEOUS IC's
uPD765AC Floppy Disk Controller.
MB8876 Fujitsu FDC FD1791-1/2
MB8877 Fujitsu FDC FD1793.
MSM5832RS OKi Real Time Clock micro.
uPD7001 8 -bit cmos a -d convertor
uPD7002 12 -bit cmos a -d convertor
uPD7201 Peripheral Controller.
uPD7225 LCD Driver.
uPD3301D-2 Programmable CRT

Controller.
uPD7210 GPIB Interface Controller
uPD7220D Graphics Controller

Prices on application

EGL RAMS
HM10414 256 x 1 ecl ram 10nS
HM10422 256 x 4 ecl ram 10nS
MBM10422 256 a 4 ecl ram lOnS
MB7072EC 256 x 4 ecl ram I2nS

Prices on application

MISCELLANEOUS
PRICE

SWITCH AM2-A3-10-3 26.70p
HOLDER FE1-031-1431 78p
TERMINAL GT 1265 61p
KNOB LK25 (0-10/270 DEG) 1.30p
SWITCH MBS 4991 59p
COIL MS 14049-5 1.05p
SWITCH S5022C003-0 29p
ARRESTER TG1742-23 1.00p
BALANCER TFM-2 9.65p
PAD T018-0130 13p
RELAY 20601-L28-231 13p
FILTER 30K6 23.40p
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READ/WRITE

to suit 12" woofers set in the
enclosures.

There are some listening room
effects - it is a longish room with
plastic/concrete floor.

I hope these remarks could lead
to further work along the lines of
Mr. Capel's aticle.

Yours sincerely,
John Elliott MSc
Farnborough
Hants.

Personally, we listen to most of our
music in the bath and we sometimes
wonder if the lack of fidelity isn't due to
the water in our ears.

Film Facts

Dear Sir,
I read with interest

Mr. Armstrong's feature on
'telecine' and whilst agreeing
with almost all within there are
several points of accuracy that I
would contest.

1. The aspect ratio between the
cinema and television is not
necessarily different. The 1.33 to 1
(4 to 3) aspect ratio used by most
TV stations throughout the world is
in fact Motion Picture Academy
Ratio. Almost all films pre -1950,
many films of the 50's
and 60's and all film series made
for television are to this ratio. In
the early years of television
round display tubes were used
and 5:4 would have been
displayed with better efficiency;
despite this 4:3 for television was
chosen so as to be compatible
with the cinema.
2. The frame of Cinemascope
film is not the same size as an
ordinary 35mm film. A standard
Academy frame is .625" high,
there are quite broad 'rack lines'
between frames. The frame
height of Cinemascope is .715"
and the rack lines are very
narrow (35 thou.)
3. A true Cinemascope, that is
20th Century Fox, film will have
4 track magnetic sound; to
accommodate this and not en-
croach on the picture area the
sprocket holes on the film are
smaller, the pitch is the same,
however.
4. In the sequence of operations
for a projection system at step

two it is said that a claw engaging
with the holes in the film moves
the frame into position. Although
35mm cameras may use claws,
35mm projectors do not. The
usual practise is to use an inter-
mittent sprocket driven by a
Maltese Cross mechanism.
5. Although it is common practice
to refer to all anamorphic formats
as Cinemascope this is rather
akin to calling all vacuum
cleaners Hoovers. Cinemascope
was in fact a trade name of an
anamorphic system used by 20th
Century Fox. This system has now
not been used for some years;
most anamorphic films now are
shot to the Panavision standard
on their equipment.

Yours faithfully,
Nick Lyons
Normanton
West Yorkshire

Help -line
Dear Sir,

I have been a contented and
successful project builder, reader
of your magazine for quite a
while now. With such outstand-
ing comprehensive coverage and
useful up to date information, not
to mention those marvellous pro-
jects, that unanimously puts your
magazine aside from the rest.

You must now be wondering
why I am writing to you. It is
because I am in need of some
information. Being an electronic
enthusiast for quite some years
now, I was happily employed and
able to carry out projects, now
due to unexpected redundancy, I
am now turning those projects
into my profession.

I am now in the proces of sett-
ing up a design and production
workshop, specialising in the
designing and manufacturing of:-
Disco, Group, P A, HiFi and
Studio Equipment. As these units
will have a robust rugged but
classic look! Further to this the
units will have high specifica-
tions, useful tailor-made units to
suit.

With such a marvellous ornate
new venture, I can not possibly
let down the appearence of my
units. By using the readily avail-
able commercial standard size
and shapes slider potentiometers,
plus the unavailability of stepped

rotary controls (pots), not to
mention the control knobs. If you
could be so kind as to enlighten
me as to who or where I could
obtain the following:
1. Slider potentiometers, with
travel less than 40mm both single
and stereo.
2. Stepped rotary potentiometers.
3. Stepped slider potentiometers.
4. A manufcturer who would
make any of the above to my
specifications and finally control
knobs not available to retail
outlets.
Ycur help will be greatly
appreciated from a happy and
grateful reader.

Yours faithfully,
R. Leslie
Wolverhampton

From one 'electronic enthusiast' to
another - whirr, click, pyangg! No,
but seriously, we've printed
Mr. Leslie's letter because we can't
really help him, although his predica-
ment must be shared by many. ET!
would like to see itself helping those
in need of technical information of
the sort Mr. Leslie seeks - hobbyists
and, especially, people seeking to
make the best of enforced redun-
dancy with the help of their hobby.
Since we are already overstretched
producing the magazine and answer-
ing specific queries about the pro-
jects we have published, there is
room for a 'reader -to -reader' enquiry
service, through which ETI readers
could help each other.

If anyone can offer Mr. Leslie some
assistance we would be pleased to
forward any details. If anyone seeks
help from other readers, not
necessarily on matters dealing with
ETI projects or features, we would be
happy to publish their request in
what we hope will become a special
'help line' section of the magazine.

The one thing we'd ask is that you
keep your letters short, preferably
sticking to the meat of the query. We
will, in any case, edit them if
necessary.
Please send letters for this page to:
Read/Write, c/o the Editor, ETI, ASP
ltd, 1 Golden Square, London W1R
3AB. Send Help Line queries to Help
Line, c/o the Editor, ETI at the same
address. Please note that any letter
we receive is liable to be published
unless clearly marked 'Not for
publication'. We reserve the right to
edit letters for space reasons. ETI
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DIGIVISION
INSIDE OUT
A digital Dallas? Computerized Coronation Street? Vivian
Capel takes a look at the future of television and finds it's
much the same.

During the early days of post-war television when I
worked with a television service company,
engineers would often append the comment

'digital interference' to their job sheets. No, they
weren't blaming interference from a nearby computer,
they were few and far between in those days, and most,
in any case, were analogue. Otherwise expressed, they
were reporting 'finger trouble', faults brought on by
the television viewer fiddling with the array of presets
that adorned the rear panels and sides of the TV
receivers of the day.

Digital techniques were then known only to a small
coterie - in the computer industry, mainly. Such things
could never be applied to audio or television. Why,
how could they accomodate the vast number of valves
that would be needed, to say nothing of powering
them?

The coming of semiconductors changed all that, but
there seemed little to be gained from abandoning the
simplicity of analogue signal processing. So, domestic
sound and vision reproducers have remained firmly
analogue - until recently. With its narrower bandwidth,
audio was the obvious candidate for digitization. The
compact disc has certainly shown what advantages can
be obtained by digital signal storing and processing,
with its low distortion and absence of noise.

But what about television? Professional studio
equipment has employed digital techniques for many
years. Independent television has had a digital stan-
dards converter in use since 1972, and the numerous
weird effects increasingly seen on our TV screens
demonstrate the growing use of digital video effects
generators in broadcast studios.

Since 1977, ITT Semiconductors has been develop-
ing methods of applying digital techniques to domestic
TV receivers. Seven years later, and at a cost of some
£20 million, what is claimed to be the world's first digital
domestic TV receiver went on sale - the Digivision
D1000.

Reception

How does it work and what does it do? The principal
source of signal degradation in any system is the
transmission process - whether that be broadcasting or
some form of analogue recording. The compact audio
disc overdomes most signal degradation by recording

and replaying digital signals but this advantage is not
obtainable with digital TV at present, because the
television signal itself is not digital. The set can only do
its best with whatever is presented to it in the way of a
normal analogue transmission via the aerial.

Because of this, the tuner and the IF stages of the
Digivision receiver are conventional, as is the vision
demodulator. From that point on the digital circuits
take over.

The vision signal is converted to a 7 -bit digital data
stream. By employing a system of averaging on alter-
nate lines, 8 -bit resolution is achieved giving 255 sam-
pling levels. As with a conventional TV, the colour or
chroma signal is processed separately from this
luminance or black -and -white portion.

The eye is less sensitive to colour definition than
light and shade detail, which is why the chroma signal
has a much smaller bandwidth than the luminance.
Furthermore, the eye is less aware of small hue dif-
ferences than shade gradations. Hence, the chroma
signal is represented here by 63 sampling levels, obtained
by a 6 -bit data stream.

Ironically, it is the sound signal that gets the best
treatment digitally; a 14 -bit sampling system gives
16,383 levels. This is of course as it should be, because
the ear is very sensitive to the distortion produced by
an inadequate number of sampling levels, whereas the
eye is less critical of gradation differences.

1TT's Digivision - the look of the future?
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FEATURE : Digivision

Processing
After conversion to digital signals the luminance infor-

mation is filtered, the contrast is set, and black -level
clamping and white balancing are carried out. A single
chip is used for the video processing, and this includes
the colour decoding. For PAL decoding a delay line is
used in the normal analogue receiver. The function of
this is to delay the signal for 64 us, or one complete
line, in order to obtain the averaging on alternate lines
to cancel phase aberrations. However, in place of the
conventional glass delay line and ultrasonic transducers
at each end, the delay is obtained by blocks of RAM
with capability for storing the required one line. This
occupies far less space than a glass delay line - only
three square millimetres of chip area. The store is

accomodated in the video processor chip along with
the filters and other decoding functions.

The chip permits the decoding of NTSC colour
signals as transmitted in America, and in this mode the
delay circuit can be used as a comb filter for separation
of the chrominance and luminance signals.

After processing and decoding, the digital signal is
converted back to analogue. This task is performed on
the same chip that carried out the A/D conversion.
From there the three colour outputs are taken to con-
ventional output stages to drive the display tube.

Deflection signals are generated digitally in a further
chip in which division and count -down circuits provide
both line and field scanning pulses which drive their

stages. These are synchronised from
the digital video input.

A master clock generator provides the pulses for all
the conversion and processing functions, and a mic-
rocomputer chip controls the whole operation. It scans
the control keyboard which can have up to 32 keys
covering brilliance, colour, and volume, among other
things. Included is a phase -locked loop which provides
tuning for VHF and UHF, plus a memory to store data
for receiving up to 30 channels. The chip also incor-
porates a memory to store factory -programmed data
for tube drive and timebase control. The clock
generator runs at 17.73 MHz, four times the colour sub -
carrier frequency.

In the sound circuit, one chip converts to digital and
back again to analogue to feed the sound output stages
and speakers, just as with the video signal. It seems as

VIDEO I VIDEO
A/D I D/A

CLOCK VIDEO
PROCESSOR

0/P
STAGES

F.G AUDIO AUDIO I AUDIO

B
A/D I D A

REMOTE
CONTROLS CONTROLS

1= CONTROLCOMPUTER

SCAN
PROCESSOR

AUDIO
PROCESSOR

TUNER CONTROL

Ow LINE DRIVE
...FIELD DRIVE

EW MOD

Fig. 1 Block diagram of the Digivision Circuit.

SOUND
 0/Ps

though the designers missed a trick here. If they had
employed PWM (pulse width modulation) to drive the
speakers there would have been no need of an
analogue output stage which generates considerable
distortion. In between the A/D and D/A conversions,
another chip takes care of the sound signal processing.
It includes the ability to deal with two -carrier TV
stereo signals.

Sound reproduction is usually the lowest priority
with most TV sets and the results are pretty 'lo-fi'. Here
though, some attentioi has been given to this side of
matters. The twin output stages deliver 15 watts each to
two, three -driver speakers having bass -reflex loading.

Servicing
One thing that Digivision service engineers will not

be able to report is 'digital interference' - in spite of it
being a digital device. There are no viewer -accessible
presets, only the normal controls. One internal preset
sets the HT voltage, which is common practice with
conventional TV's. All other adjustments such as picture
height and width, tube -drive and timebases are made
by re -programming the control computer. This can
only be done by using a service computer that plugs
into a socket provided for the purpose. ITT has dubbed
this device an 'electronic screwdriver'. Maybe, but a
conventional screwdriver costs a lot less! Dealers
purchasing five Digivisions get one service computer

GREY TO BINARY
TRANSCODER

CHROMA FILTER

LUMINANCE
COMB FILTER

COLOUR KILLER

I D. LUMINANCE
PEAKING
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Fig. 2 Simplified function chart of the video processor IC.
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free from the makers. The snag is that owners who are
qualified and prefer to do their own servicing,
especially after the guarantee has expired, will be
without the means to do so.

Apart from the clock generator and tuner interface
IC's there are six VLSI chips. If you didn't know, that
stands for Very Large Scale Integration, and just how
large can be gathered from the fact that one chip can
contain up to 200,000 transistors.

Possible Enhancement
That brings us to the obvious question, is it all worth

it? Are there dramatic improvements comparable to
those obtained with digital audio recording? Given a
good signal from the aerial and good programme
material, a conventional analogue TV which is properly
adjusted is capable of excellent results. What limitations
there are arise from the transmission system. These are:
horizontal definition, line structure - which is easily
noticeable on very large screens - and mutual inter-
ference between colour and luminance signals due to
the way the colour sub -carrier is interleaved into the
video spectrum to save bandwidth.

The main processor board of the Digivision.

These, and degradation due to transmission and
reception conditions, will be suffered by the digital set
just as much as the analogue. Real improvement could
only be expected when the transmissions themselves
become digital - which is likely to be a long way
ahead. What then about reliability?

The makers claim that peak performance is held
longer than with conventional sets because the
onboard computer monitors performance continually
and makes the necessary adjustments to maintain it.
However, to put things in perspective, modern TV sets
need far less adjustment than did their predecessors.
Most faults occur in the display tube and deflection cir-
cuits which are conventional with the Digivision. Most
sets these days contain a number of chips, and all can
and do break down. Statistically, the more semi -con-
ductor elements a chip has, the greater the chance of
failure. On this basis the VLSI IC's offer less prospect of
longevity than the far simpler units employed in
analogue receivers. All the same, there are many com-
plex chips in daily use that have a good record of
reliability and only time will tell with the Digivision.

In the absence of any major benefits to the viewer, it
seems that digital television at present is an exploratory
step.

The number of scanning lines could be increased.
Plans are already afoot to double the line number by
using 2.2 kbyte of RAM for line storage to enable each
line to be traced twice. This would not increase the
actual vertical definition, but the doubling of the lines
would make them virtually indistinguishable, even on
very large screens.

Another possibility is to use a field store that will
hold a complete field of picture. By use of this the TV
could be given a still -frame capability just like a video
recorder. The only snag is that you could not continue
viewing from where you left off, or inch to the next
frame, since material transmitted while you were view-
ing the still frame would have passed. But some studio
trick effects would be possible.

Two pictures could be displayed at the same time.
With TV programmes as boring as they are, this could
be a boon, as viewers could then transfer their atten-
tion to whichever seemed the most interesting! Zoom
facilities could also be incorporated enabling a portion
of the picture to be enlarged at will. Another possibility
is the enhancement of the received signal by identifying
and eliminating ghosts caused by multipath reception.
With the problems caused in some areas by high rise
buildings, this would give a positive advantage over
analogue sets.

Other Makers
ITT have proved to be the first in the field but others

are following. The Finnish firm Salora have produced a
digital receiver which is now on sale and uses the same
chips as Digivision. They are the first with the smaller 20
and 22 -inch screen sizes, the ITT being 26 -inch. Salora
call their offering the Digicomputer, which could be a
little misleading. Optional extras include a satellite
tuner and PAL/SECAM/NTSC converter.

We may be seeing many other makers producing
digital TV's, because the ITT subsidiary Intermetall -
which makes the chips at Freidberg - are supplying
packages of the complete line-up of chips to such
firms as Matsushita, Toshiba, Sharp and Zenith. Some
21 companies have signed up to buy the package from
Intermetall. Knowing the cut-throat competition exist -

The sound and picture goes in here and it comes out...
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ing among these giants, it is almost certain that their
research teams are busily finding ways to produce their
own, with sufficient differences and perhaps im-
provements to circumvent the patent laws.

A further chip is being added to the package from
Freidberg and that is one that will process any of the
existing European teletext systems (except the French
Antiope). To assemble all that on one chip is quite an
achievement, especially as it includes automatic switch-
ing between the systems.

There are also plans to produce a digital VHS video
recorder. This could be a major step forward, as the
reproduction from domestic video recorders leaves
much room for improvement. It all depends on
whether they can digitize the main noise and distortion
producing areas. Principally, these are in the recording
process itself and with present technology digital video
recording using the VHS format seems very unlikely.

As for those future gimmicks, the frame store and
such, these are well in the future and present sets will
not be adaptable. It requires about 4 megabits for a
high quality frame store, and at present 1 megabit
seems the maximum for a single chip.

It appears that digital TV - along with about prac-
tically everything else - is the set pi-Ospect for the
future. (I wonder if we will ever get crisp, clear, digital
hi-fi telephone conversations with no clicks, crackles
and noise?). Present purchasers of digital sets will have
the satisfaction of being in at the start of a new technol-
ogy, but at present there are few other compensations
for the extra cost. ETI

AUDIOELECTRONCS
SCOPES
(UK C/P A Ins
ES 00 ot f 15 00
sKunccei

NAMED Al with

Component Testers

10' 
 :saai . a

101203/5 Dual
20MHZ Bench

1464204/2 With Sweep delay

11M605 Dual 60MHZ
HITACHI 1 AM models available)
V212 Dual 20MHZ £378.35
CAOTECH AN with Component Testers
3330 15MHZ Single Trace Portable £205.85
3035 Large Display Bench version £227.70
3132 Dual 20M HZ Component
Comparator DC regulated outputs £341.5fl--
PRO4BES
0110 Scope Probes with ad 3plors £11.50

£303.60
£419.75
£592.25

ALL ITEMS ON
0 SPLAY

OPEN 6 DAYS
A WEEK

DIGITAL CAPACITANCE
METER ,UK 65p)
Lar ge LCD display 8 ranges
0 lot to 2500 mtd

ANALOGUE
MULTIMETERS
ILIK C/P65111

111156R 10K /volt I.
22 Range
102BZ ?OK/von
22 Range 10A DC £14.95
111360TR 2134 /mil 19 Range plus
Hle test
5001 50K /volt Range doubler
10A DC' 20M ohm

630A 30K /volt 26 Range 10A AC/DC
10 meg ohm

£15.95
£21.95

£24.95

DIGITAL
MULTIMETERS
(UK UP 65p) I With case)

10A DC 2M(SI

14

ohm
40305 Range

£29.80
.10115(111) 10 range um DC 20 M
ohM *Mete
6010 IP8) 28 Range 10A AC/DC
20M ohm
.11D 55C (R) 26 Range 10A AC/DC
20M ohm
3100 Pen type 16 range AC/DC volts
20 ohm
.3510 (R) Range 10A AC/DC 2DM
ohm lite tester coot buzzer
ME540 (111) Man/Auto 19 Range 10A
AC/DC 2DM ohm

z;1

£39.95
£43.50
£44.50

£45.71

£46.52

£47.47

TRANSISTOR
TESTER (UK C,P 650)
Dyed reading of MR and leakage
to NPR/ PNP Iransislas

£27.95&diodes

eel

LOGIC
PROBES
(UK C/P 55p)

10 MHZ DTUTTL/CMOS. LEI £24.95.

DC POWER
, SUPPLIES

-14, 220/240 AC input
(UK CiPil DO)

1203 3 8 von 3 Amp OC
output OW al 12 ea DC equipment) V. 12 .95
241 Meter mdscatoe Amps/volts 0/30
volt 0/1 Amp £37.95
2133 Amp version £59.95

ORDER BY POST OR PHONE OR CALL IN AND SEE FOR YOURSELF

RE AUDIO ELECTROrlICS
301 Edgware Road, London W2 1BN
Tel: 01-724 3564 OP to 01000 instant credit Available

(Lombard Trimly Finance)

Comulete
Equipmem

ue

site790
UKI

.41111mlak

BT STYLE PHONE
CONNECTORS

NEW .0WER PRICES
Stele lot and Master secondary 11:1m

cable. Me cold. cps. etc. a you need
to wore your ;hors with ethnic ions

150
Mann Mush) 2.19

Mister hurtme) 2.00

Mesta Iron ratacel
Secondary Waal
Secondary Lsalxei
Secondary knora satire
Dual outlet adapts
I war Me cold *nth aim
spade terror. s
Etiensam Leah

Sin 3.21 Om 3.10 7625

4 way Me cold en nu
Unapacrted In 81 connecta
Roger bans= Eknon
IOC hearten fool
Cable Clips On 751

NOTE IDC noun* suppled

3.00

2.10
2.10

2.29
310

1 75

7111

20

700
600

40

30

CT maw Owirtme
CROW I Pogrammable
hm

XK114 Relay Old to above
06101 Eieloolo lock
08102' 3 Noe Boor Dome
01104 Soled Stale Switch
01112 Mans Wang Remote
Carew!
08113 MW Radio
)01126 °VW -banana,'
011011011 4 el SO Chase
612100110 4 91 light Mater
MAI Opt° Input Or above
01.70160 3 et sound to Inehr

103101 170116 lowhemmn
TRAK 13MM Touchsworh

17.49

79 00

390
11 50

5.511

118

42.19
5.511

15.511

15.15

195
71

1215
175
1.75.

L03000 17DW Ligholutimer 3.94
.101130011 1 R Remote Controlled

lightdonmer 1415
WM' IR lialsonnei la
10133008 b POI 4.61

TIMM I tat-14mm. hi 2.56

TSAMOK t lone Delay touch
Switch 1300141 5.19

400V TRIACS
lA 46 OA 51

6A with owe
BA ,solaced

15 170

I61
85

95

lab 65 ?SA 2 10

BA sensitive 66 Owc 11

COMPUTER ICs
6802

6809

6871

2.45
4.16

121

6177

/OA CPU
IPA LTC

240
1 55

I 55
6850 1.51 1113A PIO 1 55

1716 3.111 7764 4 75
2732 3.26 6610 140

CRYSTALS
4 OM I 20

37111, SO 4 19434 150
1134371.1 2 30 4 1952M I10
7 451664 119 604 1 30

I //WM 1 60 6 144M 1 40

SAKI Thermostat 460
MK2 Solid Stale Relay 260
M44 Roporoonal Immature
fa men 650
IMO Mans Timm 450
MELT Engle char* IR Aerate.
14076 10 50

MK, 4 war Keyboed 190
?AKIO 16 way Keyboard 640
1411411 10 thimel I analogue

0 p IR Recewet 13 50
411112 16 channel IR Receive. 13 50
MK13 11 way keyboard 435
M14 AC Power Comma+ 5.20

MI5 Deal Latched SS Relay 450
68016 Mans permed IR
Irishman
111017 Smote channel IR

Raven 117V)
MR16 Ceded IR bowmen
61811 DC Controlled Aldo
Amble.

Indudes
I Include:1mm
panel Al kds or
dude PCBs nor
ponerds and
v,whow
horn
Fox totihef clernIc
send S Al

11 13 BOSTON RD
LONDON wi 3SJ

tel Dram 4I 561 8910
ENOUIRIES 01 579 9744

Shoo Hoes Men In Own Spin
Sat lOon 4pm

350

10 50

6 00

10 70

LINEAR ICs
555

556

741

148

AD580

AY311910

CA310
CA3130

CA3140
07107
107126
1CM7555

CONON

11351

11353

1.1356

164324

1M3342

I M3352

14319
I M348

41356

6420
114381

M387

141386

141035
1141458

AIM /
IMBE0

M33139

164.3911

143914
1443915

11.41500

157710

iS7120

5 7275

21

18

22

38

138
3.91

05

18

110

15

3.10

40

71

so
19

13

120
19

55

Is
120
140
1 10

N
115

31

110
II
19

1 75

/10
240
1 10

475
2 15

219
411101. 2.91

M1977 319
M1924 250
641975 2 10
NOW IN STOCK

PALO IA
641927 IN
41921 1.11
41129 131
IAM71C911 IN
1411112115 16

NMI 4(312 1111
447/0926 4.58
NE567 125
55668 2/1
55747 13
SAE10523 3.511

SAEMPM 2.51

5E440 116
S1441 1.35

S1416 116
&MO 216
MAO 15

TBA2110AS N
TDA1024 126
10A42913 11
71061

11042

11064

11011

1100
11014

ILES]

11002

11014

11170

115070

1141121
IMS1601

UA2740

111421:03

14620:14

/18414

/6425
111421

/11470

/1110341
SP3 1r6A1.'

41

19
1.31

16

1.30

35

16

1.81

58

121
1.51
9.51

1.45

15

75

19

3.40

70

1.50

110
4 IS

seserl9k6SAf
leiephvo ( )nler s crss& Banim Cant

RING0,_56789,0,24,.0
Five Sou Seven F Olt Pine Test

ORDERING INFORMATION All PRICES EX
CLUOF VAT FREE PRP on orders over (2111111k

marl otherwise add /5th  VAT Owls... PhI' I urn,
17 75 Elsewhere 16 Senn het". PO Ranandn
Am, Nn with order Cerii No 529314007

LOCAL AUTHORITY ANO EXPORT ORDERS
WELCOME GOODS BY RETURN SUBJECT TO
AVAILABILITY

CAREER BOOKLET
Train for success, for a better job, better pay
Enjoy all the advantages of an ICS Diplome Course, training
you ready for a new, higher paid, more exciting career.

Learn in your own home, in your own time, at your own
pace, through ICS home study, used by over 8 million rilready)

Look at the wise range of opportunities awaiting you.
Whatever your interest or skill, there's an ICS Diploma Course
there for you to use.

Send for your FREE CAREER BOOKLET today -at no cost or
obligation at all.

'GCE Over 40
choose

I COMPUTER

C and A Level SUbjeCIS from which to
Your vital passport to career success.

PROGRAMMING

ELECTRONICS

RADIO AMATEUR'S
LICENCE
INTERIOR
DESIGN

COMMERCIAL
ART PROFIT

WRITING FOR n
TV, RADIO &

I AUDIO SERVICING

BOOK-KEEPING & ACCOUNTANCY

I Please send FREE DETAILS for the course ticked above.
Name

I Address

CAR MECHANICS

P Code I

8 Elliot Place
t-ZP

Glasgow G3 8EF or 01 622 9911.QACCII
041 221 2926 ---- I

_tan

Clydeway Centre

ICS Dept EB555



THE REAL
COMPONENTS
We may be biased, but we think the majority of you will get quite
carried away by John Linsley Hood's article on transistors.

!looked last month at the way in which transistors were
developed and how they had evolved into their pre-
sent form. I now propose to look at some of the

various contemporary types.
As a working electronics engineer I tend to look

unsympathetically at the propaganda of the 'back to
valves' brigade. The enormous scope for circuit design
now available to the electronics fraternity is due entirely
to the wealth of devices at our disposal. Of course, one
has to know what devices are available and how to use
them properly so that they give of their best, and it is also
necessary to know their individual strengths and weak-
nesses so that one always uses the most appropriate
device for the job in hand. There are a lot of them to
choose from, so let us take a look.

Small Signal Junction
Transistors
These exist as small metal cans or blobs of moulded

plastic with three (or sometimes four) wires, as shown in
Fig. 1. There isn't much difference nowadays between
the longevity and reliability of plastic and metal can
encapsulations, especially since the can is often just a
receptacle into which epoxy resin has been poured to
hold the silicon chip in place. Metal can types, especially
those which are hermetically sealed, tend to be a good
bit dearer than plastic moulded types.
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Fig. 1 Common transistor connection arrangements.

The chip inside the encapsulation will normally be of
either the planar or the epitaxial planar type, both of
which are shown in Fig. 2. Epitaxial (or epitaxial base)
types have an additional thin layer of a different type of
silicon grown on the chip by vapour phase techniques
before the other diffusions have been made. They are
cheaper and generally work better than other types and
are therefore the most commonly used.

Typical power dissipations for small signal plastic tran-
sistors range from about 250 to 650 m ill iwatts. Metal can
ones will typically handle from 300-1000 milliwatts
dissipation. It is good practice to keep dissipations down
to about half of the rated maximum.

Small signal NPN and PNP transistors can generally
be regarded as'maids of all work' in the small circuit field.
They are easy to use, inexpensive, reasonably difficult to
damage, and will work well when used within their limits.
Certain types are particularly suited for use in very low -
noise, low impedance applications. Because they can be
used in complementary symmetry arrangements, some
very crafty circuit layouts are possible. The circuit
symbols for these devices are shown in Fig. 3a.

Darlington Transistors
These consist of a pair of small signal transistors

coupled together in one case. They are available in N PN
and PNP types and the circuit symbol for the NPN type is
shown in Fig. 3b, with my own preferred symbol shown
in Fig. 3c. They are similar to other junction transistors
except that they have current gains of between 20 000
and 50 000 and relatively high input impedance. Typical
input impedances would be from 100k to 250k for out-
put currents of between 2 and 10mA, which is the range

20 ETI MAY 1985



FEATURE : Real Components

'HEADER'

SILICON
CHIP

PLAN VIEW

PROCESS '07' MASK TYPE

PLANAR

PLASTIC
ENCAPSULATION
(NOT TO SCALE)

001" SOUARE

Si02 LAYER S102 LAYER

E B C
CONNECTING LEADS

EPITAXIAL PLANAR

HEADER HEADER
SOLDERED (COLLECTOR CONNECTION) SOLDERED (COLLECTOR CONNECTION)

CONNECTION CONNECTION

CHIP DIFFUSION -CROSS SECTION

Fig. 2 The construction of a typical small -signal, plastic -
encapsulated transistor.
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Fig. 3 Transistor circuit symbols.

N CHANNEL
DUAL GATE

over which they work best. The Motorola MPSA-12/14
(NPN) and the MPSA-62/64 (PNP) are good examples.
Inevitably they are a bit dearer than standard single
transistors.

Junction Field Effect
Devices
These were the original high impedance transistor

types and are represented in circuit diagrams by the
symbols shown in Fig. 3d. Their physical construction is
shown in Fig. 4.

They differ from junction bipolar transistors in that
their input terminal, the gate, is normally non-
conducting. In fact, it is a reverse biased junction diode,
and the only current which will flow is the normal reverse
leakage current of such a diode. Typical input
impedances for good quality devices of this type range
from ten thousand to a million megohms.

Contrary to popular legend, these devices will not

normally be damaged by static charges any more than
any other small signal diode would be, so they don't
need especial care in use. They come into their own
where very high input impedances are needed, and
where the extra cost of using a junction FET is justified -
they are about five times the cost of an equivalent
bipolar device. The better examples are also less noisy in
high impedance circuitry than bipolar devices but one
needs to choose carefully because some of the cheap
and cheerful junction FETs are not very good in this
respect.

SOURCE

GATE
METALLISATION Si02 LAYER

- I

'DEPLETION' REGION

GATE

DRAIN

N MATERIAL

(NOTE UNSYMMETRICAL SHAPE OF DEPLETION REGION
DUE TO GREATER DRAIN -GATE POTENTIAL)

Fig. 4 Cross-sectional view of an N -channel FET, showing the
depletion regions which result when the device is just biased
to cut-off.

Junction FETs also make good RF amplifier devices at
frequencies up to about 300MHz, and can offer very low
noise in this application. In circuitry, they will tend to
have a lower stage gain than bipolar devices, unless a
very high impedance output load is employed which
usually means an active load of some kind. They have a
very flat drain current/drain voltage characteristic which
makes them good at rejecting HT line ripple effects, and
also allows them to be used as nearly ideal constant
current sources.

The chip construction of a junction FET is shown in
Fig. S. The chip acts asa thin conducting layer of P -type or
N -type silicon (germanium is almost never used, though
it is still used sometimes in bipolar devices), into which a
depletion layer will expand, narrowing and finally cut-
ting off the undepleted layer through which current may
flow as the reverse bias potential applied to the gate is
increased. Junction FETs are usually, though not always,
symmetrical, so source and drain may be inter-
changed.

Small Signal
MOSFETs
These devices, sometimes also known as insulated

gate field effect transistors or IGFETs (MOSFET stands
for Metal Oxide Silicon FET), have the general construc-

SOURCE

S.02 LAYER

r.L.;

HEADER (CONNECTED TO GATE)

CROSS SECTION THROUGH SLICE
IMETALLISED THROUGH APERTURES IN SiO2 LAYER)

GATE

DRAIN

Fig. 5 Cross-sectional view of an N -channel small signal junc-
tion FET.
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Fig. 6 Cross-sectional views showing the construction and
operation of a MOSFET.

tion shown, for the wafer, in Fig. 6a. They work on the
principle that if a charge (i.e., a voltage) is applied to an
insulating layer, a charge of the opposite type will be
attracted to the other face, as shown in Fig. 6b.

If that other face happens to lie in the body of a slice
of high impedance (low impurity, or intrinsic) silicon,
then current will flow in that charge layer. If the insulat-
ing layer is very thin, only a few volts need be applied to
the gate in order to make current flow through the charge
layer. The layer, which can be less than a micron thick, is
usually made by oxidising the outer face of the silicon

SOURCE

GATE 1 GATE 2

NOTE VERY THIN SILICA INSULATING LAYERS
OVER CHANNEL (N -P -N) REGIONS

Fig. 7 Cross-sectional view of a dual -gate MOSFET.

slice, so that a metal layer can be deposited on it without
making contact. It is normally capable of withstanding an
applied voltage of some 20 or 30 volts only, and can be
damaged by static charges or careless handling.

In order to make these devices a little less fragile in
normal day to day use, it is customary to incorporate on
the chip a couple of back-to-back zener diodes across
the gate -source connections. This reduces the input
impedance to perhaps a million megohms. It is possible
to get unprotected MOSFETs which have a higher input
impedance, but these need careful handling.

The most common variety of small signal MOSFET is
the dual gate type shown in Fig. 7. This was specifically
designed as a device for RF amplification and mixing in
radio and TV tuners, and is usable up to a few hundred
megahertz. The second gate can be used to screen the
input signal gate from the output signal on the drain, per-
mitting stable R F amplification. In this application, it acts
in a similar way to the screened -grid or RF pentode type
of valve. I have shown the circuit symbol for these tran-
sistors in Fig. 3c.

All of these MOSFETs require a forward voltage
applied to the gate electrode to cause them to conduct.
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SMALL SIGNALJUNCTION TRANSISTORSWITHOUT0.5-20k 40-200 200k + 300MHz 1dB 150V 500mA NOT VERY LINEAR
NFB

SMALL SIGNAL
DARLINGTON TRANSISTORS 250k 100 500 200k 100MHz 6dB 40V 1A TEMPERATURE

SENSITIVE

JUNCTION FETS 1011R 10-30 10M 400MHz 2.5dB 30V 15mA LINEAR

DUAL -GATE MOSFETS 1012R 50-100 500k 500MHz 2dB 20V 20mA CAN BE DAMAGED
BY STATIC CHARGES

SMALL POWER MOSFETS 1012R 50-20C 250k 500MHz 6dB 100V 1A CAN BE DAMAGED BY STATIC
CHARGES- VERY LINEAR

POWER TRANSISTORS (NPN) 10-200R 10-30 5k 40MHz N/A 400V 25A CAN SUFFER FROM
'HOLE' STORAGE EFFECTS

POWER TRANSISTORS (PNP) 10-200R 10-30 5k 10MHz N/A 100V 15A SOMEWHAT SLUGGISH &
SUFFER FROM 'HOLE' STORAGE

POWER DARLINGTONS 20k 50 + 5k 4MHz N/A 120V 15A SLUGGISH AND SUFFER
FROM 'HOLE' STORAGE

POWER MOSFETS 100M + 50 + 10k 500MHz POOR 750V 10A HIGH INPUT CAPACITANCE -PRONE
TO OSCILLATE IF NOT PREVENTED

POWER FETS 10M + 10 + 5k 100MHz N/A ? ?
HIGH OPERATING
CURRENT REQUIRED

Table 1 A comparison of the characteristics of different transistor types.
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Fig. 8 Cross-sectional views of MOSFETs.

This will be positive in the case of an N -channel MOSFET
(operating on a positive DC supply line) and negative in
the case of the less common P -channel types. Small
signal devices of this type will typically have a mutual
conductance or Gm of a few milliamps per volt. This
allows a simple calculation of stage gain from

Gain = Gm x RL

where RL is the effective load impedance.
Recently, and to my great delight, small signal ver-

sions of the T-MOS type of power MOSFET have been
introduced. These have a slightly different type of chip
construction to the normal small -signal MOSFET, and I
have shown this in Fig. 8. Their big advantage is that they
can withstand drain voltages of up to about 100V,
whereas the average dual -gate device or small signal
junction FET can only cope with some 20-30V.

By comparison with bipolar transistors, MOSFETs are
much more linear in their characteristics and do not
suffer from operational problems such as thermal
runaway and hole storage. The absence of this latter
defect makes small signal TMOS devices considerably
better than bipolar junction devices when used in the
class A stages of audio amplifiers, as in the case of the
Audio Design power amplifier shown in ETI last
summer.

The circuit symbol used for the TMOS device is the
same as that used for other MOSFETs except that they
are only available in single gate versions.

I have shown the normal operating characteristics of
the various small signal transistors in Table 1, and a group
of curves showing their input voltage/output current
characteristics in Fig. 9.

Bipolar Junction
Power Transistors
These are heavier duty versions of the small signal

transistors we have already come across, and range in
current handling capacity from an ampere or so for some
of the small plastic encapsulated types with a metal cool-
ing tag to 400 amperes in the case of some of the big
industrial devices.

Permitted dissipations, with adequate heat -sinking,

range from one to many hundreds of watts, and max-
imum collector voltages can be up to 500-1000 volts in
specialised types, with 60-150V being more common in
easily found devices such as the 2N3055 or 2N3442.

There isn't a big difference in price between the plas-
tic encapsulated types and the hermetically sealed
metal TO66 or TO3 versions, so, for DIY projects where
one isn't buying a lot of power transistors, the metal can
versions may be preferable. They are certainly easier
to cool.

Power junction transistors are available in NPN and
PNP types, just like small signal devices, but the PNP
ones tend to be a bit siower in action and a bit less burst -
proof than the NPN ones. One should beware of assum-
ing that because they are complementary in character-
istics they can be treated as identical. A nice comment I
once heard was that' N PN and PNP power transistors are
as similar as a man and a woman of the same height
and weight'.

The transition frequency of a power transistor, that is,
the frequency at which the current gain falls to unity, will
usually lie within the range 4-20MHz, which is con-
siderably lower than the transition frequency of atypical
small signal device which would probably be between
100 and 400MHz. In addition to being more sluggish
than small signal types, power transistors also have lower
current gains. Whereas a small signal junction transistor
has a typical current gain of 100-500, a power device
might have a current gain of only 15-80, with the lower

COLLECTOR
CURRENT
A

DRAIN
CURRENT

SILICON 'PLANAR' N -CHANNEL
NPN TRANSISTOR JUNCTION FET

0.5V

BASE VOLTAGE

DRAIN
CURRENT

V-MOS or
T.MOSFET

0 2V
GATE VOLTAGE

-3V

DRAIN CURRENT

GATE 1
(FOR G2 = 14VCCI

-5V (TYPICAL) OV

GATE VOLTAGE

0

GATE VOLTAGE

COLLECTOR
CURRENT (-VI

GERMANIUM PNP
TRANSISTOR

-0.1V -01.5V
BASE VOLTAGE (-VI

GATE 2
IFOR 01 OVI

DUAL MOSFET 'DEPLETION
MODE' MOSFET

Fig. 9 Graphs showing the input voltage/output current
characteristics of different types of transistor.
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values usually being found at higher collector
currents.

Since this can occasionally be a nuisance where high
output currents are required (remember that the
required drive current is the output current divided by
the current gain), compound Darlington power transis-
tors are available which have current gains in the range
1000-10,000. These are very useful, especially since
they are not a lot dearer than single power transistors.
However, they do have snags, of which the chief are that
their output current for a given forward voltage is very
temperature dependent and that they they are, if anyth-
ing, even more sluggish than ordinary power output
devices.

DIFFUSION MASK FOR
EPITAXIAL POWER
TRANSISTOR (2N3055)

0.1- SQUARE

POSSIBLE REGION OF
LOCAL OVERHEATING

P IEPITAXIAL)
(THICKNESS NOT TO SCALE)

HARD SOLDER

HEADER

Fig. 10 Sectional views of a 2N3055 power transistor chip.

The major problem with bipolar junction power tran-
sistors is that of secondary breakdown. This arises
because the forward voltage of a conducting semicon-
ductor junction - such as the base emitter junction in a
transistor - drops as the temperature of the junction
rises. So, in a power transistor, which has a typical chip
cross-section as shown in Fig. 10, if the current flow
through the transistor makes the chip get hot, it is likely
that some parts of its area will get hotter than others. The
base -emitter junction forward voltage in these regions
will then drop, and more current will flow through this
region. This will cause the collector current opposite
these areas to increase, which will make the areas con-
cerned still hotter . . . and so on, until the device goes
phut.

The only way to avoid this is to make sure that such
transistors are always operated well within the 'safe
operating area' specified by the manufacturers. Ensuring
that this condition is always met can be tricky in equip-
ments designed to drive dynamic loads such as loud-
speakers or motors. Nevertheless, it is practicable.

Power MOSFETs
Small signal dual -gate devices have a lateral current

flow, that is, in a direction parallel to the surface of the
wafer, and consequently have a fairly high channel resis-
tance. In order to use the MOSFET principle in power
devices, a means had to be found of lowering the con-
ducting resistance. The chip construction employed is
shown in Fig. 8.

In this arrangement, the current flows in a vertical
direction (ie., at right angles to the surface of the wafer).
This means that the channel length is defined not so

much by the accuracy of the wafer masking during
successive diffusions as by the actual thickness of the
diffused layer, which can be very narrow indeed and
quite accurately controlled.

Power MOSFETs are very fast devices by comparison
with the relatively sluggish bipolar power devices. They
are also very much more linear, although they don't have
such a high gain. Apart from the fact that they require a
forward bias of 2-3V to force them into conduction, they
are similar in characteristics to output 'Beam-tetrode'
valves, but, of course, much more compactand free from
the need for a cathode heater supply.

Their main a rawback is that they are inclined to see
wires connected to their pins as small inductances,
whereupon they will happily oscillate at a few hundred
megahertz until they burn out either themselves or
some other, weaker link. This can be avoided simply by
the use of a suitable 'gate stopper' resistor, in the range
250R -2k2. They also have an absolute limit on the
voltage which can beapplied to their gates in either a for-
ward or a reverse direction. This usually requires both
attention to the circuit design, and some form of zener
diode protection.

Cost considerations apart, I think that they have over-
taken bipolarjunction transistors as power amplifier out-
put devices provided that they are correctly employed.
Moreover, they are quite immune to 'secondary break-
down', and whilst they do have other problems, there is
nothing that cannot fairly easily be avoided.

Power MOSFETs are currently available in working
voltages up to 500V, and current ratings up to 50
amperes- although not both in the same package. Max-
imum power ratings are now up to the 150 watt
mark,and

Combination devices are beginning to appear, con-
sisting of small power MOSFETs driving large power
bipolar transistors, all on the same chip and in the same
package. They combine the easy drive characteristics of
power MOSFETs with the very high current capabilities
of power transistors, mainly for uses like motor driving.
Also appearing are power MOSFETs with built-in logic
elements, to give muscle to low -power logic circuitry.

Power Junction FETs
These were introduced by Sony, in Japan, just before

the general acceptance and widespread manufacture of
power MOSFETs. They are, in effect, just bigger versions
of the small signal devices described above, with higher
voltage, current, and dissipation ratings. The few audio
amplifiers built by Sony using these had a good
reputation.

I am not sure whether the success of the 'vertical'
power MOSFET will mean that power junction FETs
(which behave in a manner very similar to that of valve
triodes) have now become obsolete, or whether in the
fullness of time they will be made by other manufac-
turers and become widely available.

I propose to look next month at the topic of transistor
parameters, y, z and h, and the techniques of perfor-
mance calculations usingthese. I will also look a bit more
closely at the way in which transistors are employed,
with particular reference to some of the hidden snags,
since the quality of the designs which we make for our-
selves will depend a lot on our ability to avoid unforseen
problems and to choose the most appropriate device
and the best way of using it. After all, it often costs no
more to make up a good design than a less satisfactory
one, and the same components may
serve for both. ETI
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1131-PAK BARGAINS
HIGH QUALITY MODULES FOR

STEREO, MONO & OTHER
AUDIO EQUIPMENT

Audio Amplifiers

POWER CfP MAX SUP
No R M S VOLTAGE PRICE

AI 30A 10 Watts 33V E4.95
AL 60 25 Watts 3250V £S92
Al 80 35 Watts 40-60V CB 75
AL 170 50 Watts 50 70V E1511
AL 750 125 Watts 5080V E2060

Matilised Pavan Supplies -

Output current 2 5 Amps
O'No AC Input
SPM 170 45 40 48V
SPM 120 55 5055V
SPM 120 65 60 65V

Pixie
Dias
MOS
0105

Mono Pre-Amplifien Operating Vtq 40 65V
0 No
MM 100 Suitable for Disco Mixer E14 IS
MM 1COG Suitable for Guitar Pre Amp

Miner E1415

filegaelic Coinage Pre-Aiaphfier
0 No MPA30 Sup Vtg 20 30V Price E429

Meneetapesc Equaliser
GE 100 MKII 10 Channel 011R PRICE ONLY 0000

full SppobrJhor, atr., reo.,,,
Please send self addressed euvoripe

HYBRID
LED COLOUR
DISPLAYS

Red, Green, Yellow
- 3/.5/.6 inch Mixed
types and colour,.
NUMERIC & OVER

FLOW Common
Anode/Cathode

GaAsP/GaP Brand
New Full Data Ind

10 pieces lour mix) E4.00
Normal Retail Value Over f 10 00

Order No VP58

Ps6
No Qty
vet 30:1

VP2 300

VII 200
VP1 50

VP5 203

VP6 200

VP/ 100

VP8 100

VP9 100

VPIO 60
vPI I 50

VP12 60
VPI3 50
VPI4 50
VPI5 25

VP16 50

VP1 / 50

VPI8 30

VP19 10

VP20 ti

VP/1 15

VP22 100
VP73 70

VP24 10

VP75 10

VP76 15

VP27 15

VP78 10

VP79 313

VP30 10

0P31 10

VP32 70
VP33 700

VP34 203

VP35 50
vP17 8

0P42 tO

VP43 4

VP45 50

vP46 50

VP4/ 10

VPI40 50
v1,141 40

VPI4? 4

VPI43 5

VP144 4

VP145 10

VPI46 25

VALUE PACKS

Description
Assorted Resistors Mined Types
Carbon Resistors pia '1 Watt Pre Formed
'1 Wan Min Carbon Resistors Mined
g Watt Resistors 100 ohm 1M Mixed

Assorted Capacitors All Types
Ceramic Caps Miniature Mixed
Mixed Ceramics Disc 1pf 5601

Mixed Ceramic Disc 6801 01501

Assorted Polyester Polystyrene Caps
C2813 Type Caps Metal Foil Mixed
Electrolytes All Suns
Bead Type Polystyrene Min Caps
Silver Mica Caps Ass 56pf 19)pt
Silver Mica Caps Ass 113001 470001

010 250 Min layer metallized Polyester Capacitors
Wirewound Res 9W lavgl Ass 1 ohm 11K

Metres PVC Covered Single Strand Wire Mixed
Colours
Metres PVC Covered Multi Strand Wire Mixed Colours
Metres PVC Single,Multi Strand Hook Up Wire Mixed
Rocker Switches 5 Amp 210'
Tin high bright RED LEDs in plastic encapsulation Large
area light source
Sq Inches Total Copper Clad Board Mixed Sites
Assorted Slider Pots Mixed Values
Slider Pots 40 mm 22K 5 Log 5 Lin
Slider Polo 40 mm 47K 5 x log 5 Lin

Small 125 Red I ED s
Large 7 Red LIDS
Rectangular 7 RED LIDS
Ass hoer Diodes 250mW 2W Mixed As Coded
Ass IOW ?env Diodes Mixed Vhs Coded
5 Amp SCR s TO 66 50 403y Coded
3 Amp SCR's TO 66 Up To KIN Uncoded
Sir Diodes Switching like IN41413 DO 35
Sit Diodes Gen Purpose like 0A201BAX1116
1 Amp IN4000 Series Sol Diodes Uncoded All Good
Black Instrument Type Knobs With Pointer 'X Std
Black ffeatunks to in TO 3 TO 279 Ready Drilled
Power Fin Heatsrnks 2 10 3 2 10-66 Site
BC107 8 Type NPN Transistors Good Gen Purpose
Uncoded
BC177 8 Type PNP Transistors Good Gen Purpose
Uncoded
Silicon Power Trans Similar 2N3055 Uncoded
Precision Resistors 1 1,o tot
IN4032 Sil Rects IA 100v preformed pitch
10A Power Rectifiers Silicon 1048 300PIV
BY1137 12KV Sit Diodes in carriers 25mA
1031 lin Multi turn pots ideal earl cap tuning
Assoned pots me Dual 8 Switched types
Solid tantalum Caps Mixed Values

Price
ft CIO

ft 00
E100
f100
(1 00
1100
ft 00
ft 00
ft CO
11 00
11 00
fl 00
11 00
f100
11 00
fl 00
E100
11 00

11 00

ft 00
1100

f100
ft 00
(103
ft 00
(100
C7 00

11 CO

11 00
11 00
(1 00
(1 00
f100
ft 00
f100
f100
(1 00
ft OD
(1 00

f 1 00

ft CO
fl 00
ft 00
ft 00
11 00
ft 00
f100
11 00
11 041

TRANSISTOR PACKS
VP150 20 BC1838 Sil Trans NPN 30v 100mA Hfe240 T092 E1 00
vP151 25 BC1 71B Sd Trans NPN 45v 100mA Hfe240 T092 E1 00
VP152 15 TIS90 Sit. Trans NPN 40v 400rnA Hfe100  1092 11 .00
VP153 15 TIS91 Sit. Trans PNP 40v 400mA Hfe100 1092 ft 00
VP154 15 MPSA56 SII Trans PNP 80v 800mA Hfe50  1092 E1 00
VP155 20 8F595 Sd. Trans NPN eqvt 8F1134 H F T092 El 00
VP156 20 BF495 SII Trans NPN eqvt BF173 H F T092 11 00
VP157 15 ZTX500 Series SO Trans PNP Plastic flee
VP158 15 ZTX107 SII Trans NPN ecert BC107 Plastic E1 00
VPl59 15 ZTX108 Sit Trans NPN eqvt 8C108 Plastic 11 00
VP160 20 E5024 SII Trans PNP eqvt BC214L T092 f1.00
VP161 25 BC183L Sd Trans NPN 30v 200mA T092 fl 00
VP162 5 SJE5451 Sd Power Trans. NPN 80v 4A Hfe20 El 00
VP163 2 NPN/PNP pairs Sil Power Trans like SJE5451 £1.00
VP164 4 2N6289 Sil Power Trans NPN 40v 40w 7A Hfe30 El 00
VP165 8FT33 NPN Sit Trans 80v 5A Hfe50-200 T039 El 00
VP166 5 9E734 NPN SII Trans 100v 5A Hfe50 200 1039 E1 00
VP167 1 BUY69C NPN T03 VCB 500 10A 100w Hfe15 f100
VP168 10 BC478 eqvt BCY71 PNP Sil Trans TO18 f1.00
VP169 10 BXS21 ecivt BC394 NPN Sd Trans 80v 50mA 1018 11 00
VP1 70 10 Assorted Power Trans NPN/PNP Coded & Data £1.00
VP171 10 BF355 NPN TO 39 Sil Trans eqvt 81258 225v 100mA 11 00
VP172 10 SM1502 PNP 1039 SrI Trans 100v 100n1A H1e100 flee

TRANSISTORS
100 Silicon NPN Transistors All Per. 100 Silicon PNP Transistors. All Per

feet Coded Mixed. Types With feet Coded. Mixed. Types With
Data And Eqvt. Sheet No Re- Data and Ecnrt Sheet No Re
iects Fantasic Value 0/No heels. Real Value
BP:38 £3.00 0/No 8P39 f 3 00

The best known Power Transmitter in
the world 2N3055 NPN 115W BD312 COMPLIMENTARY PNP POW
Our Bi-Pak Special Offer Price ER TRANSISTORS TO 2N3055 Equtv
10 off 50 off 100 off alent MJ2955 BD312 T03 Special
£3.50 £16.00 £30.00 Price £0.70 each 10 off £6.50

SEMICONDUCTORS FROM AROUND THE WORLD
100 A collection of Transistors. Diodes. Rectifiers & Bridges. SCRs. Triacs. I C
& Opto's all of which are current every day useable devices Guaranteed Value
Over 110 Normal Retail Price Data etc in every pack Order No VP56

Our Price £4.00

100

150

BI-PAK'S OPTO SPECIAL

A selection of large and small sized LED's
in various shapes, sizes & colours. togeth
er with 7 Segment Displays both anode &
cathode plus photo transistors emitters
and detectors Cadmium Cell ORP12 and
Germ photo transistor OCP71 included In
all a total of 25 Opto pieces valued over

E12 Normal Price
Orden No VP57
Our Super Value

Price Just
£5.00

OPTICALLY COUPLED MODULES
1 pair SW 131 Consisting I LS600 Silicon Light Sensor & I x Matched
Gallium Arsenide Light Source Type TIL23 on ready mounted fibre
glass board Including Data Ideal Alarm protects etc 0 No VP147

BI-PAK Price ONLY £0.60 pr.

SEMICONDUCTORS FROM
AROUND THE WORLD

nMA A collection of Transistors,
11.IU Diodes. Rectifiers & Bndges
SCR s. Irises. I C's & Opto s all of
which are current everyday useable
devices

Guaranteed Value Over CIO Normal
Retail Price

Data etc in every pack Order No VPS6

Out Pecs £4 00

Velll h
VPI31
VPI32
VP133
VP134
VP135
VP136
VP137
VPI38
ROP Right Hand Decimal Point CC Common Cathode
EDP Leh Hand Decimal Point CA Common Anode

LED DISPLAYS
RED I Sey LL 14mm 1 5mrii HOP 15D353 E200

4 GREEN 7 Seg CA 6 LOP XAN6520 12 00
5 RED 7 Seg CC 6' LDP XAN6940 12 00
6 RED Over flow 6 3 CA 3 CC 663050 12 00
5 GREEN Over flow 6' CA XAN6530 1/ 00
S RED 7 Seg CA 3' XAN161 12 00

3 DUAL RED 7 Seg 5 CA DL527 DPR
3 DUAL RED 7 Seg 51 CA DL727 DPR £2.00
20 Assorted LEO Displays Our mu with Data E5.00

ANTENNA SWITCH 2 and 3 WAY
mot Co axial switch for one transceiver to twig

antennae or ore antenna to two transceivers
Dims 86 55 32mm IBodyl
0 No VP 113 £4.50
As above but 3 -way
0 No VP 114 £4.75

TRANSISTOR CLEARANCE
All Sorts Transistors A mixed bag NPNPNP Silicon & Germ. Mainly
Uncoded You To Sort Pack includes instructions for making Simple
Transistor Tester, Super Value

Order No VP60 £1.00

De -soldered SilIcon Transistors from boards 10mm leads all good 0/No
VP1 73 f1.00

TECASBOTY THE ELECTRONIC COMPONENTS AND
SEMICONDUCTOR BARGAIN

OF THE YEAR,
This collection of Components and Semiconductors for the hobbyist is probatt,
the most value -packed selection ever offered, it consists of Resistors. carbon,
and wirewound of various values. Capacitors. All types, sorts and sizes
including electrolytics Potentiometers - single, dual. slider and preset Switch
es, Fuses, Heatsrnks, Wire. P C B Board. Plugs. Sockets etc . PLUS a selection of
Semiconductors for everyday use in popular Hobby Protects These include
SCR's. Diodes, Rectifiers, Triacs & Bridges as well as a first class
mix of Transistors and IC's In all. we estimate the value of this in
current retail catalogues to be over 1251 So, help yourself to a
great surprise and order a Box TODAY - ONLY at 81-PAK
Remember, stocks are limited so hurry' You can call us on 0920
3182/3442 and order with your Barclaycard or Access Card - 24hr Answerphoni

Service NOW Order No VP 85

just
£7.00

EDGE CONNECTORS
2 5 way 1 Pitch Edge Connector IGold1

AVi-6.121, . E1.21) each 150 per 50 off

PICK-UP COIL
large up CO., for 1,
sensitivity Suilior, pad to 0/1 w
phone Sarin ieao '035.1k plug Co'
'netts deer' to cassette r ec ordei Pins

. 1 trimebochei

sucker 0 No 1P117 11O

Designed to reduce harmonics
on the VHS and TV band
Cut off frequency 33MHz
V S WR Less than 1 2 to 1

Insertion loss 0 2c1f3 ,r 21MHz
Impedance 50 ohms
Dims 80 55 40mm
0 No VP 116 £2.75

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

415p

LOW PASS FILTER

kOw- PASS FILTER
IP 30

PIEZO BUZZERS
F.IEZO

Miniature round pie10-electric
butter White plastic Low

, consumpbon
,.,Freguency 4tH approx

- -"OutpUt 713013 1AI err 1, No
Power 17Vd c 4mA
Dims V Idea I 11 5rnm
Fixing Centres 26 5mm

0 No VP 107

£1.05

PIEZO
Piet° butter White plastic 90nsti.
'cads For use on a c mains
frequency 351M/
appro.
Output 8548 IA1
im exp
Power 210Va c
SeA
Dims 32 idea I

atom

1)(..7.1

0 No VP ICC

£1.25

la

ELECTRONIC BUZZER
Miniature electtonid butters
SOW state NIP,/ PlePIP. 150

leads Frequency 503

aporor

Dens 77 t6 iSrnm

Output 02413 lAi tin mw
tieing centres 26mm

N 25mA 0 ho VP 82 6V 25mA VP 13
9V 25mA 0 No VP 81 IN 15mA VP 86

95p each

POWER SUPPLY
OUR PRICE £3.75

Power supply fits directly into
13 amp socket. Fused for safety
Polarity reversing socket. Volt
age switch. Lead with multi
plug input - 240v AC 50Hz Out
put 3 4.5 6 7 5 9 & 12v DC
Rating 300ma MW88.

IC BARGAINS
40 Assorted TIE CMOS INTEGRATED CIRCUITS 74 Senes & CD4030

Senes All new Gates Flip Hops MSI etc GREAT VALUE Data
Book & Sheets included 40 Pieces (Our Mix) £4.00 0/14o Ufs10

BI -PA

TAPE RECORDER SWITCH
Unit to control 10010I of tape recorder I Boo
cord and 2 5rnm plug attached On On
watch Dims 55 20 20mm
0/No VP 127 £1.00

KSend your orders to Dept 81 PAK PO BOX 6 WARE, HERTS
SHOP AT 3 BALDOCK ST WARE. HERTS

TERMS CASH MTH ORDER, SAME DAY DISPATCH, ACCESS.
BARCLAYCARD ALSO ACCEPTED TEL 109201 3102. GIRO 3111 7006

ADD 15,0 VAT AND 1103 PER ORDER POSTAGE AND PACKING

(LEARN A UNGO)
PILLOW SPEAKER
Slim under pillow unit 130OhntS
1 speaker 15x, lead with
0 5inni mono rack plug Black
Dims 65ichai 17mm CvNo
VP 88 £1.

Use your credit card Ring us on Ware 3182 NOW
and get your order even fasten Goods normally
sent Ind Class Mail
Remember you must add VAT at 15°, to your order
Total Postage add fl 00 per Total order
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PROJECT

6802 EVALUATION
BOARD
The 6802 is not a microprocessor we have paid a lot of
attention to in the past. C. P. Atkins has come up with this
straightforward design for those who would like to get to know
it a little better.

This project was designed for
people who wish to break
into the world of micropro-

cessors. Many such systems have
been designed in the past but
most are still too complicated for
the hobbyist to understand. Other
people buy expensive computer
systems and find they still know
very little about the micro and
how it works, quite often because
of a monitor program which
controls every move.

The project described is very
simple and of basic design yet
forms a powerful base upon which
to design complex systems. It was
primarily designed to allow people
to teach themselves micropro-
cessor hardware design and
machine -code, allowing the user
not only to program the circuit but
also to program the vectors. Hex
displays are added so that the
programmer can actually see the
result. In time the user should find
it unnecessary to keep designing
new circuits and just reprogram
the board for each requirement
instead.

The draw back with this project
is that every time you wish to
change or modify the program you
will have to reprogram an EPROM,
unless you are lucky enough to
have access to an EPROM
emulator. Because most of the
people likely to construct this
project will own or have access to
a computer, I have also designed
an EPROM emulator which will
run the board, and this will be
described in a future article.
Simply by loading an area of RAM
with micro -code and then isolating
the RAM from the computer, the
6802 board can be made to think
it is addressing EPROM. In this
way machine code can be

change° with care and can also be
stored on tape or disk when a
program is completed or modified.
By building up in this way a
powerful system can be put
together quite cheaply.

The 6802 Microprocessor
The 6802 microprocessor was

used because it has the familiar
6800 instruction set, but it also
includes some additional features.
The 6802 is an eight bit micro-
processors which contains all the
registers and accumulators of the
present 6800 plus an internal
clock oscillator and drives. It also
has 128 bytes of RAM at hex
address 0000 to 007F. The first 32
bytes at hex address 0000 to 001 F
may be retained in a low power
mode by using Vcc standby, thus
retaining memory on powerdown,
but this feature is not incorporated
on the evaluation board.

The processor has three sixteen
bit registers and three eight bit
registers. These are the Program
Counter, Stack Pointer, Index
Register, A and B accumulators
and a condition code register or
status register. The program
counter is a two byte (16 bit)
register that points to the current
program address. The stack
pointer is also a two byte register
and contains the address of the
next available location in an
external push down, pop up stack.
This stack is normally the part of
the RAM which can be put any-
where in your memory map.

The index register is a very
useful register because it is also
two bytes wide and can be used as
a general purpose register or, more
importantly, for the indexed mode
of memory addressing. Two eight
bit accumulators are used to store

results from the arithmetic logic
unit (ALU). The last register
mentioned is the status register or
condition code register which
holds the condition flags of the
ALU. Only the first six bits are
used, the last two being held at
one. The flags are Negative (N),
zero (2), overflow (V), carry from
bit 7 (C), and half carry from bit 3
(H). These bits of the condition
code register are used to test
conditions for the conditional
branch instructions. Bit 4 is the
interrupt mask bit (I).

15

7

ACC A

ACCUMULATOR A

07

ACC B

ACCUMULATOR 13

0

lx
INDEX REGISTER

16

PC

PROGRAM COUNTER

7

N z V C

CONDITION CODE REGISTER (STATUS)

15

sr
STACK POINTER

Ng. 1 The registers provided on the
6802.

The control and timing signals
for the 6802 are identical to those
of the 6800 except that TSC, DBE,
01, 02 and two unused pins have
been eliminated and some signal
and timing lines have been added.
These are RAM enable (RE), crystal
connections Extal and Xtal,
memory ready (MR), Vcc standby,
and enable 02 output (E).

The internal oscillator is crystal
controlled, but otiler clocks may
be used if desired. The connec-
tions are for a series resonant
crystal. A divide -by -four circuit is
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included, so a 4MHz crystal is
used and the board effectively
runs at 1MHz.

The 6802 has a set of 72
different instructions which are
exactly the same as those of the
6800. The instruction set is very
elegant (unlike, for example, the
instruction sets of the Intel 8080
and 3085 micros) and for this
reason is ideal for learning with.
The full instruction set is given in a
book called "6800 microprocessor
applications manual," which any
constructor who is serious about
learning micro -programming
should purchase.

The 6802 uses the RESET signal
for its start and restart procedures.
A low on the RESET input causes it
to go to address FFFE H and fetch
the most significant byte of the
restart address stored there. The
6802 then increments its program
counter to FFFF H and fetches the
least significant byte of the restart
address stored there. While this
signal is low all the registers are
cleared and the interrupt mask bit
is set. This is bit 4 in the condition
code register.

The restart address is loaded
into the program counter and
fetches its next instruction from
that address. Since the 6802
always goes to FFFE H and FFFF H
to get the RESET vector address,
the user must ensure that the
starting address of the EPROM is
stored there. This is 8000H on the
6802 evaluation board (H means
hex).

Interrupts
There are three different types

of interrupts: non-maskable inter-
rupt (NMI), interrupt request
(IRQ) and a software interrupt.
The non-maskable interrupt is, as
the name suggests, not maskable.
A low on this pin causes the
processor to finish its current
instruction and push the return
address, index register, accumu-
lators, and condition code register
on the stack. The 6802 then goes
to address FFFC H to get the most
significant byte. After that it goes
to FFFD H to get the least signifi-
cant byte. These two bytes are
then loaded into the program
counter and the interrupt sub-
routine is started somewhere in
memory.

The interrupt request works a
little differently because it is
maskable. A low on the IRQ pin
will have no effect unless the
interrupt mask has been cleared. If

The board contains just seven chips.
These are one 6802 microprocessor, one
2716 EPROM, one 7400, two 6821 PIA's
(peripheral interface adaptors) and two
TIL 311 hex displays. The micro-
processor is connected up in a minimum
configuration, which is to say that there
are no fancy extras.

The data bus is 8 bits wide and is
connected to both PIA's and the
EPROM. The address bus is 16 bits wide.
AO to A10 are fed into the EPROM giving
a memory area of 2 K. Al 5 is taken off the
bus, inverted through a two input NAND
gate, and used to enable the EPROM via
pins 18 and 20. The 2K memory starts at
hex address 8000H. This figure is arrived
at in the manner shown in Fig. 3.

signals. These have all been linked
together and connected to the IRQ and
NMI signal on the micro, just to keep
things simple. The remaining 20 pins on
each chip, namely PAO-PA7, PBO-PB7,
and the four control lines CAI, CA2, CB1
and CB2, are all connections to the
outside world. It is from here that you
will see the results of the program you
have written.

To help you to see this, two TI L 311 hex
displays have been linked to the PAO-
PA7 lines of PIA 1. These displays take
one four bit word and decode and drive
the seven segment display. So, using
your PIA data register as a memory
location, you can display your answer or
the result of a program. These displays

A15 A14 A13 Al2 All A10 A9 A8 A7 AG A5 A4 A3 A2 Al AO

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0

Hg. 3 Derivation of the memory start address.

The end of the EPROM is 8000 + 2K
which is 87FF. When the reset switch is
pushed for a restart the micro thinks it is
looking at address FFFE but in this case it
is 87F E. So our reset or restart vectors are
stored in 87FF and 87FF. Since the
EPROM starts at address 8000H, 80H
will be stored in address 87 FE and OOH
will be stored in 87FF. Obviously if the
EPROM was being programmed in an
external programmer the 8000H would
be the same as 0000H.

Decoding of the PIA's is made simple
by the number of chip enables the 6821
has to its credit. RSO, RS1, and CSI are
connected to A0, Al, and A2 respect-
ively, and this is the same on both PIAI
and PIA2 (IC3, IC4). On PIA1 (IC3) the
four register addresses were decoded
for 5004H to 5007H, so A14 was
connected to CS2 and Al2 is NAN Ded
with the valid memory address line and
connected to CSO. PIA2 is decoded for
4004H to 4007, so A14 is connected to
CSO and 415 is connected to C52. The
R/W, Reset, and E(02 clock) signals are
straightforward connections to similar
pins on the micro.

That leaves the I RQA and IRQB

BINARY

HEX

are also latched so a result will stay until
changed. Including these eight lines,
there are thirty two input/output lines
and eight control lines, which is more
than you would get in a home
computer.

The 6802 has an oscillator and a driver
circuit, so the clock is produced simply
by putting a 4MHz crystal between the
XTAL and EXTAL pins of the micro (pins
38 and 39). Because the circuit is so
small, pull up resistors are fitted to some
of the signals. In a bigger system with
more chips these signals would auto-
matically be dragged up.

For our use some signals are held high.
These are RAM enable (RE), memory
ready (MR) and Halt. Other signals that
are in operation but are pulled -up are the
interrupt lines, (pins 4 and 6), the VMA
(valid memory address) signal which
should be gated to the peripheral chips
in some way, and the Reset signal which
is also connected to a micro switch for
use with restart procedures. This leaves
the BA (Bus Available) signal which we
are not really interested in. This is left
disconnected.

it has been cleared an IRQ input
will cause the 6802 processor to
push the return address, index
register, accumulators, and con-
dition code register on the stack
after it has finished its current
instruction.

It then goes to address FFF8H
to get the most significant byte
and to FFF9H to get the least
significant byte. The processor
then sets the interrupt mask so
that no other I RQ interrupt routine
can start, after which the program
counter is loaded with the
contents of FFFH and FFFG H and
the interrupt routine starts.

Note that NMI has a higher
priority than hat of IRQ. On the

evaluation board NMI and IRQ are
linked together and connected to
the interrupt pins on the 6821
PIA's, so that all the interrupts are
controlled via the PIA (peripheral
interface adapters) handshake
lines. These are CA1, CA2, CB1
and CB2, and these will be
explained later.

The software interrupt request

VECTOR
MS LS DESCRIPTION

FFFE FFFF RESET

FFFC FFFD NONMASKABLE INTERRUPT

FFFA FFFB SOFTWARE INTERRUPT

FFFB FFF9 INTERRUPT REQUEST

Fig. 2 The interrupt vector byte
locations.
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HOW IT WORKS
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Fig. 4 Grcuit diagram of the evaluation board.

20 I12

OV

NOTE
ICI - 6802
IC2 = 2716
IC3,4 = 6821 or 6820
IC5,6 = TIL311
IC7 - 74LS00
XTAL = 4MH: CRYSTAL

is controlled by micro -code, and
registers are stored on the stack.
The program counter is loaded
with the contents of FFFAH and
FFFBH and then jumps to the
interrupt routine in memory. It can
also be used as a break function.

Address Modes
There are seven address modes

that can be used by the pro-
grammer. They are:- Accumulator
addressing, immediate, direct,
extended, indexed, implied, and
relative addressing.

In direct addressing, the 8 bit
address of the operand must be
stored in the lowest 256 memory
locations, from 0000 to 00FF,

Direct addressing is sometimes
called base page addressing
because the operand must be in
the first 256 -byte page of memory.
The 6802 uses address locations
FFF8 to FFFF to store reset and
interrupt addresses so as to keep
the lowest 256 addresses free for
direct addressing.

An example of this mode is the
ADD $09 instruction, which adds
the contents of memory location
09H to the contents of the A
accumulator and leaves the result
in accumulator A. The advantage
of this mode of addressing is that it
is quicker than extended add-
ressing because it uses two
instructions instead of three.

Extended addressing uses the
second and third bytes of the
instruction to store the address of
the operand, a rather different
approach to that used in the Intel
and Zilog processors. The second
byte contains the high order
address byte and the third byte
contains the low order address
byte. For example ADDA $073A
would be written in three memory
bytes as BB 073A. This instruction
adds the contents of memory
location 073A to Accumulator A.
Extended addressing is used for all
memory beyond $FF, but can be
used for memory below that point.
Note that $ also denotes Hexa-
decimal in 6802 assembler. As an

ETI MAY 1985 29



CM
START

SEQUENCE

FFFE. FFFF

1;MACHINE11HALT

4014011rea4;
No

Fig. 5 Flow diagram of the
internal program controlling
the Reset, Interrupt and Halt
signals.

YES

FE CH
INSTRUCTION

EXECUTE
INTERRUPT

ROUTINE

EXECUTE NMI IROINSTRUCTION

FFFC FFFS
FFFD FFF9

example, compare these two
instructions:

Direct LDAA FF .1110- 96FF
Extended LDAA OOFF 4111' B6 OOFF

They both have the same effect.
With indexed addressing, the

operand is obtained from an
effective address. The address is
calculated by adding the offset
number in the second byte of the
instruction to the contents of the
16 bit index register. For example,
suppose the index register con-
tains a base address of 4321 H. The
instruction Add A $30 in index
addressing first calculates the
effective address from which it will
get its operand by adding the
displacement of 30 H to the base
address of 4321 H. This gives an
effective address of 4351. The
6802 then fetches the byte from
memory at the effective address of
4351 H, adds the contents to
Accumulator A, and then leaves
the result in Accumulator A.

In the implied addressing
mode the operand address is
contained in the instruction op-
code. For example the command
'DEX' is simply written as 09.
Only one byte is used in implied
addressing.

In relative addressing a dis-
placement contained in the
second byte of the instruction is
added to the program counter.
The next instruction is fetched
from the address. The displace-

ment is stored in the second byte,
and the most significant bit of this
second byte is the sign bit which
allows the displacement to be
positive or negative. A number
from -128 to +127 can be
derived.

Because the program counter
automatically increments after
each fetch, the displacement is
added to the address after that in
which the displacement byte was
stored. Therefore, when measured
from the instruction address, the
relative addressing range is -126
to +129 addresses. When jumping
to a location you actually state the
address you wish to jump to. The
easy way to remember relative
addressing is to bear in mind that
you always branch or jump relative
to a memory location. For example:

Branch

Jump

0050
0051
0053
0050
0051
0054

20 FE 4

6E 0050 4

The above two examples have the
same effect, which is to go back
one address space.

Accumulator addressing is a
special case of implied addressing.
The operand is one of the
accumulators and this is indicated
in the op code for the instruction.
An example of this would be
CLR A which is a one -byte code.

Little has been said so far about
the Peripheral Interface Adaptors,
of which there are two on the
evaluation board. In effect, it will
be these chips which the operator
will program, so an insight into
their operation will be useful.

An input/output port must
provide a versatile programmable
interface between the micro-
processor and the external system
devices (peripherals). These
devices or peripherals can be
simple lamps, switches or
keyboards or more complex
devices such as tape recorders,
visual displays or other circuits.
There are no special instructions
for the PIA because, as far as the
6802 is concerned, it appears as a
block of four memory addresses
which can be read from or written
into like any other RAM.

The addresses chosen must be
consecutive and in the case of the
evaluation board these addresses
are 5004H, 5005, 5006 and 5007
for PIA1 (IC3). For PIA 2 (IC4) the
addresses 4004, 4005, 4006 and
4007 are used. The eight data lines
of the PIA are simply connected to
the MPU data bus as normal and it
will be noticed that several control
lines are also connected between
the two as discussed earlier.

Small differences aside, the PIA
can be considered as two identical
halves, side A and side B each
having eight data (I/O) input/
output lines and two special lines
used for control or handshake
purposes. To avoid repetition the
A side only will be described.

PAO to PA7 are data I/O lines
which can be used as either inputs
or outputs dependent upon how
the programmer writes the initial-
isation routine. You could, for
example, programme three lines
as inputs and five as outputs. CA1
and CA2 are peripheral control
lines; CA1 is always an input but
CA2 can be initialised as an input
or output.

There are three registers for
each half of the PIA but one
register serves two purposes. The
Control register may cause some
problems as it contains all the
control flags. At this stage we are
only concerned with bit 2,
because it is this bit which decides
which register has this memory
address. When bit 2 is 0, the
address 5004 (4004 for PIA 2)
belongs to the direction register.
When bit 2 is 1 the address 5004
belongs to the data register. The
remaining bits are all connected
with the behaviour of the control
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5g. 6 Component overlay of the evaluation board.

lines CA1 and CA2 (CB1 and CB2
for the other side of PIA 1).

The addresses are well thought
out in that, when the reset switch
is operated, all the registers in the
PIA are reset to zeros. This
includes bit 2 in the control
register. So the first time address
5004H is used, it will address the
direction register. After this the
programmer will ensure that bit 2
is set to 1, so that any further
references to 5004H will address
the data register. It is most unlikely
that you will have to change the
direction register contents in the
same program but if so, it would
be necessary to clear bit 2 first and
reset it again afterwards.

As discussed earlier, I/O lines
can be programmed as input or
output in any configuration. For
example if the direction register
was initialised with 0000 1111,
PAO-PA3 would be inputs and
PA4-PA7 would be outputs. The
register is available to the

programmer as address 5004H.
Once initialised, the data

register is the one most used by
the programmer and therefore has
priority over the direction register
which also shares memory address
5004H.

Unfortunately more has to be
said about the control register
flags. The main differences
between sides A and B of the PIA
are here and this is best shown in
Fig. 8. Bit 2 has already been
discussed, but every other bit in
this register also has some effect
upon the behaviour of the peri-

PIA I IIC31 PIA 2 (IC4)

SIDE A SIDE A

CONTROL 5005 CONTROL 4005
DIRECTION 5004 DIRECTION 4004
DATA 5004 DATA 4004

SIDE 8 SIDE B

CONTROL 5007 CONTFOL 4007
DIRECTION 5006 DIRECTION 4006
DA -A 5006 DATA 4006

5g 7 Register addresses on the
evaluation board.

PARTS LIST
RESISTORS
R1 -R5 3k3

SEMICONDUCTORS
IC1 6802
IC2
IC3,4
IC5,6
IC7

2716
6821 OR 6820
TIL 311
74LS00

MISCELLANEOUS
SW1 SPDT micro switch
XTAL1 4MHz crystal
PCB; IC sockets -3 off 40 pin, 1 off 24
pin and 3 off 14 pin; 42 off PC terminal
pins.

BUYLINES

Everything here is widely available with
the possible exception of the TIL 311
display ICs, and these are sold by
Technomatic. The PCB is available from
our PCB Service.

pheral control lines CA1, CA2, CB1
and CB2. A detailed explanation
can be found on a Motorola 6821
applications sheet.

CA1 and CA2 only are shown in
Fig. 8, but side B is the same (CB1
and CB2). The illustration may be
a bit confusing, and for this reason
some examples will be given later.
For simple programming little
knowledge is needed of the
control register, but as you
progress an understanding will
become essential.

Construction and Testing
The complete project is

contained on one, small, double -
sided PCB. The tracks are neces-
sarily very close together so great
care must be taken during soldering
to ensure that adjacent tracks are
not accidentally bridged. Terminal
pins are used for the external
connections and these should be
pushed through the board before
any other components are
installed. IC sockets are recom-
mended and these should be
soldered into place next, followed
by the switch, the resistors and the
crystal. Finally solder the display
onto the board and then insert the
ICs into their sockets, taking care
that they are the right way around.

When the board has been
assembled, check it carefully and
then connect up the 0 and 5V
rails. The TIL 311 displays should
illuminate and show the letters FF.
If all is well, the next stage is to try 
a test program.
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BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

CA1 FLAG CA2 FLAG CA2
DIRECTION

CA2 ACTIVE
LEVEL

INTERRUPT
WHEN CAI
FLAG SET

ADDRESS
BIT

CAI ACTIVE
LEVEL

INTERRUPT
WHEN CAI

FLAG IS SET

0 - INPUT
1 - OUTPUT

WHEN CA2 IS I/P

1

FLAGS CAN ONLY BE SET BY CAI OR CA2 (WHEN I/P)

FLAGS CAN ONLY BE RESET BY INSTRUCTIONS
WHICH 'READ' DATA REGISTERS SUCH AS 'LDA 5004'

0 -LOW
1 -HIGH

0 -NO
1 -YES

0 ADDRESS 5004 DIRECTION
1 ADDRESS 5004 DATA

WHEN CA2 IS OUTPUT WHEN CB2 IS OUTPUT

00 SETS ON ACTIVE TRANSITION OF CAI
RESETS WHEN DATA REGISTER IS READ

MUCH THE SAME BUT FOR THE DIFFERENCES
OF CLOCK TIMING (TIMING EDGE)

01
SETS AUTOMATICALLY WHEN E FALLS

RESETS WHEN DATA REGISTER IS READ

SETS AUTOMATICALLY WHEN E RISES

RESETS WHEN DATA REGISTER IS WRITTEN

IX

1X

BECOMES THE SAME AS 'X'.

WHILE 'X' REMAINS 0, CA2 REMAINS 0
AND VICE VERSA

EXACTLY THE SAME

Ag. 8 Operation of the PIA control register flags.

To do this you will need either
a programmed EPROM or an
EPROM emulator. For those who
do not already have one, an
EPROM emulator design will be
described in a follow-on article,
but other emulators such as the
one described in our July and
August issues last year should be
suitable. Constructors who do not
have an emulator but do have
access to an EPROM programmer
and a UV eraser can simply load
the test program onto a 2716
EPROM.

ADDRESS
0000
0003
0006
0009
000B
000E

07FE
07FF

PROGRAM
8E 000F
CD FF04
FF 5006
86 55
B7 5006
3F

80 RESET VECTOR
00 RESET VECTOR

Program 1

Program 1 is very simple and
should cause the displays to show
5S when the reset switch is
pushed. If this fails to work check
the program. If it still does not
work, check the signals described
earlier with an oscilloscope. You
need not worry about the com-
plicated waveforms, just check
that a switching signal is present
or, in some cases, that the signal is
held high.

Once this works you are ready
to start writing your own programs.

Remember that complicated PIA,
and note that it was initialised by
two simple lines using the index
register.

CE FF04
FF 5006

In full this would be written quite
differently using the accumulators

86FF
B75006
8604
B75007

LDA #FF
STA 5006
LDA #04
STA 5007

You can see how the 16 bit index
register can simplify things. Overall
program speed can be increased
using this method, although it
would be no advantage in the
initialisation routine. It comes into
its own in the subroutines.

In the example, the contents of
the index register are said to be
stored in location 5006H. You may

(RESET)

INITIALISE
PIA 1 SIDE B
AS OUTPUTS

rLDAA WITH
*55

STAA IN
5006

STOP

(RESET)

INITIALISE
PIA 1 SIDE B
AS OUTPUTS

LDAA WITH
*00

LDAB WITH
*01

STAA IN 5006

DELAY OF * 1 SEC

LDAB WITH
.01

ADD ACC A
AND ACC B

ng. 9 Flow diagrams of programs 1
(left) and 2.

have thought this strange, trying to
stuff 16 bits into 8. What the
processor actually does is to store
the least significant byte in 5007H
and the most significant byte in
location 5006H.

Because the programmer may
like to be able to see a change on
the displays, delays are a widely
used subroutine. Again the 16 bit
,,idex register comes into use. An
example of this is shown, giving a
delay of around a second.

CE0000 LDX 0000
09 DEX
26FD T BRE

This can be used in a program
such as Program 2, which is a
count sequence. This will cause
the display to count up to FF
before resetting to 00.

ADDRESS PROGRAM
0000 8E 000F LDS 000F
0003 CE FF04 LOX FF04
0006 FF 5006 STX 5006
0009 86 00 LDA# 00
000B C6 01 LDAB# 01
000 D B7 5006 STA 5006
0010 CE 0000 f LDX 0000
0013 09 DEX
0014 26 FD BRE
0016 C6 01 LDAB# 01
0018 1B ABA
0019 20 FO BRA

07FE 80 00

Program 2
ETI
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WOULD YOU
HAVE THE
COURAGE TO
JOIN DATELINE?
If all your friends are married, you're
not meeting anyone at work, you've
moved to a new area or you are newly
single again, joining Dateline is really
just a sensible way of meeting lots of
compatible people, and perhaps
someone special...

`The best thing I could have done.'
John and Margaret - married.
As she was rather shy, one of Margaret's friends
from work who had met and married someone
through Dateline suggested she should join, and
John joined us as a last ditch effort to invigorate
his social life at home before emigrating to South
Africa. Four years of marriage and two children
later, they still think it's the best thing they could
have done'

`It took about a week to fall in love'
Margaret and Michael - married.
Within two weeks Margaret and Michael were
talking about marriage. 'It might seem a little hit
far-fetched, but we weren't prepared to settle for
just anything to try to regain happiness. We both
wanted something a little hit special, and thanks
to Dateline, we've got it now.'

`Well, you've got to do something! 'Clive and Sara -
To Clive, without a wide circle of friends after his divorce, joining Dateline
seemed 'logical', and to Sara, a single parent with little opportunity to make a
social life. joining Dateline was simply a decision to 'do something' about it.
They were attracted to each other when they first met over a cup of tea at
Sara's home, and Clive thought Sara had done marvellously well to bring up
such a jos ful little girl on her own. Initial liking and attraction grew into love
and Clive and Sara were married .six months later

WHO JOINS DATELINE?
People just like you! Thousands of people join Dateline each month so you
probably already know people who have used the Dateline service or met through
Dateline.
People who join Dateline come from all over the country- from farms, villages, market towns
and cities. The problems of meeting people are not confined to any particular locality,
occupation or class. What all Dateline members have in common is an optimistic, positive
attitude in tackling the problem practically.

Most people at some point in their lives have felt the need to meet new people, get out of a rut,
or find somecne special, and there really are very few ways you can meet the kind of people you
want to meet. Dateline is simply the most honest, realistic way of being introduced to a wide
choice of compatible partners.

HOW DOES DATELINE WORK?
Forget fears cf cold-hearted computers! You choose the sort of people you want to meet. When
you join Dateline you will complete a very comprehensive questionnaire. Information from this
will be locked into our computer memory, and the matching process, in which your data is
compared with that of every Dateline member of the opposite sex, will begin. The most
compatible matches will be found and their details forwarded to you. You will also be matched to
other compatible people and theywill contact you, and so a whole newsocial life begins.

IS DATELINE SUCCESSFUL?
Many thousands of couples like those on this page, have met and married through Dateline. The
Dateline questionnaire is designed to match couples through many facets of physical type,
personality and life-style; not just matching those who want to meet people similar to themselves,
but those who also want to meet someone different.
If you think you would like to join the thousands of people all over the country who have been finding a new
social life or love and happiness through Datehne, simply complete the questionnaire below. He will send you
confidentially and completely free, full details about Dateline and how a works, and details of just one of the
Dateline members who are compatible with you. Send to: Dateline Computer Dating. 23 Abingdon Road,

London W8. Tel: 01-938 1011.

Or' fitt MI NI MS
Computer Test to Find Your Ideal Partner.
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Master
Electronics -Microprocessors

- Now! The Practical Way!
 Electronics - Microprocessors

- Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way.

 Recognise and handle all
current electronic components
and 'chips'.

 Carry out full programme of
experimental work on electronic computer circuits
including modern digital technology.

 Build an oscilloscope and master circuit diagram.
 Testing and servicing radio - T.V. - hi-fi and all types of

electronic/computer/industrial equipment.

NewJob?NewCareer?NewHobby?
SE ND THIS COUPON NOW.

FTREEI COLOUR BROCHURE
,brochyreoothoutvnyobloipmnto

OR TELEPHONE u5 062 687 2590
OR TELEX 22758 124 HR SERVICE

ADDRESS

It-
I`u Other Subjects

lik_itiala National Sarlio&Moctxmdcs Mod PO. Bcce7. 'llagnracuth,Devan,N 14 OHS

I I

I am interested in

ELECTRONICS
1MICROPROCESSORS
I RADIO AMATEUR LICENCE
I CITY & GUILDS EXAMS

CACC

HARDWARE
SOFTWARE

MDEX disc 0/S + BASIC £95
MDEX Professional Dev. Sys. £275
CORTEX POWER -BASIC disc extensions £43
MDEX Extensions
Editor £35
Relocating Assembler/linker £35
FORTH - screen editor, assembler £55

- graphics - better than BASIC £35
PASCAL - by Pre Brinch Hansen £35
QBASIC - fast BASIC compiler £150
UCSD Pascal, SPL, META, WINDOW, SPELL

CORTEX tape software
Pengo - fast machine code action £6
Golf - excellent animation £6
Micropede - rampant caterpillar £6
Space Bugs, Pontoon, Breakout each £6
Cassette/CDOS word processor £13
Add £2 for software on CDOS disc
Disc Drives
80 track double -sided double -density £190
40 track single -sided double density £120
E -BUS Floppy/Winchester Controller £135
E -BUS 64/128 Kbytes DRAM card £145/£245
E -BUS 9995 Processor card £145
80'24 Character video card £48

State disc format and add VAT to all prices
!!Brainstem Issue 2 out soon!!

MICRO PROCESSOR ENG LTD
21 HANLEY ROAD SHIRLEY
SOUTHAMPTON
SO1 5AP
TEL: 0703 780084

cRiELECTRONICSD
/1/434

Its no secret...
that there is a real difference at Cricklewood Electronics

That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE. for sheer variety. competitive prices and service

from the U K 's number one 100% component shop No gimmicks, no gadgets or
computers. lust components, millions of them, all easily available by mail order.

Calling or credit card telephone orders Just pick up the phone lor a peril to get your
FREE copy now 'no SAE requIredl You have nOthrnq to lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel 01 450 0995/01-452 0161
Telex 91 4977

Will? 17.-,71
ETI

For Education,
Training and industry

.

r4
NEPTUNE IV

NEPTUNE - for clean
hydraulic power -
- tap water is the
hydraulic fluid'

NEPTUNE 16 axes. 8 bet control system. 2 SKg
capacity. 1120mm reach

NEPTUNE II /axes. I 2 Di: control system,
2 SKg rapacity, I t 20mei leach

MENTOR DC servo desktop robot. 8 bit
control system, 300gm capacity 420mm reach

Robots may also be taught by lead by tire
nose' method

Extensive software Is supplied free with
each robot.
Leads available for connection to Hi.
Spectrum. Apple Ile. Commodore (r4 ,,':
VIC 20
Most other micros are also easily usable with

Robots programmed from keyboard or hand. these robots
held simulator (model robotl Robots also ,,,,,,,,, built

Please phone for brochure: 0264 50093
West Portway Industrial Estate, Andover SP 10 3ET.dilyberes e

pplleations P
private and independent company giving prompt.

cersonal service
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PROJECT: EPROM Programmer Mkll

UNIVERSAL
EPROM
PROGRAMMER
MARK II
Make programming even exotic EPROMs easy with our
upgraded Universal EPROM programmer. Mike Bedford
(hardware) and Gordon Bennett (software) produce a software-
driven version of this invaluable device in both upgrade and self-
contained form.

As far as the world of micro-
electronics is concerned, a
lot of water can pass under

the bridge in 18 months. In August
1983, a design for a universal
EPROM programmer was published
in ETI and, as its name suggests,
this piece of equipment allowed
virtually all the common single
supply EPROMs to be programmed.
At this time the largest device avail-
able was the 27128, only prelimin-
ary data being available for the
27256. In the intervening period
the 27256, 27512 and 27513 have
become available and since they
use a different programming volt-
age to the previous devices may
not be programmed by the original
programmer. The 2764A and
27128A have also made an appear-
ance, these being lower program-
ming voltage versions of the 2764
and 27128 respectively. This being
the case, it seemed appropriate to
introduce a Mkll version of the
EPROM programmer to support
these new devices and at the same
time make some other improve-
ments. We have produced an up-
grade board to allow existing users
of the Mkl board to enhance it
and also a single Mkll board for
those without the earlier board.

The Mkll Universal EPROM
Programmer is capable of pro-
ETI MAY 1985

gramming a comprehensive range
of single supply EPROMs varying
in size from the 2758 to the 27512
and 27513 and including the 27 -
series, 25 -series and the Motorola
68 -series as well as a number of
EEPROMs. In addition it allows the
2764 and larger devices to be pro-
grammed by the intelligent pro-
gramming method hence reducing
programming times drastically. All
supply voltages have been made
switchable under program controls
so there is no need for a switch on
the programming console. Two
LEDs have been provided to indi-
cate the current status of the pro-
grammer - in particular whether
or not it is safe to remove the
device. A modification to speed up
EPROM reading has been made
and, as a final enhancement, it is
easier to set up since the adjust-
ment of the programming voltages
has been made much finer and the
potentiometers are now more
accessible when the board is rack -
mounted.

In both versions, the program-
mer is fully programmable and
everything controlled by soft-
ware. It is designed around the
Tanbus specification which means
that it should be an easy task to
interface it to any 6502 or 6809
based system and users of a

Tangerine computer will be able to
plug the programmer directly into
the system rack.

New Devices
Before describing the new pro-

grammer it is helpful to outline the
advances in the realm of EPROMs
which have made this upgrade
necessary. Table 1 shows the pin -
outs of all the devices which are
supported. A similar illustration
was included with the original
article showing how standard pin -
outs made designing a universal
programmer relatively easy. The
new devices conform to the same
standard and also have JEDEC pin -
outs.

This family of devices must
now include the largest single
page EPROMs which will be used
with 8 -bit processors, as the capa-
city of a 27512 is 64K bytes - in
other words, it occupies the entire
memory map of an 8 -bit system.
The 27513 has the same capacity
as the 27512 but the memory is
organised differently having 4
pages of 16K bytes each and
therefore representing the first of a
new class of revices - paged
EPROMs. To specify the page to
be accessed a write operation is
performed. The least significant 2
bits of the following data word

95



then specify the page number.
The major fact about the 27256

and 27512/2513 which makes
them incompatible with the
original EPROM programmer is
that the programming voltage is
12.5V. This follows the trend of
decreasing programming voltages
as the capacity increases and the
silicon die size decreases, the
devices up to and including the
2732 using 25V and the 2764 and
27128 using 21V. In addition, ver-
sions of the 2764 and 27128
which also use the new 12.5V Vpp
have been released. These are
known as the M2764A and
27128A.

Intelligent programming is
possible on all devices from the
2764 upwards. In this case, 1 ms
programming pulses are applied to
the EPROM until it verifies, at
which point a further pulse is
applied. This contrasts with the
standard programming method in
which a 50ms programming pulse
is always used. As the larger
EPROMs are introduced, intelligent
programming becomes increasingly
desirable. It can reduce program-
ming times from almost one hour
to about eight minutes for the
27512.

Intelligent programming
requires the supply voltage to be
raised from the normal 5V to 6V
during the programming cycle, a
facility not available on the Mkl
board. A different programming
time reduction method has been
introduced on the latest version of
the Texas 25 series devices and
on some manufacturers' recent
2732s and 2764s. These devices
use a fixed length programming
pulse of 10mS rather than the

The cons de of the programmer.

standard 50mS pulse.
Another facility introduced on

some of the newer devices is re-
ferred to as 'intelligent identifier'
or 'auto select mode'. After apply-
ing +12V to A9, where this facility
is available, one of two bytes may
be read out depending on the
logic level of AO. These two bytes
contain codes identifying both the
device type and the manufacturer.
It was decided not to implement
this mode for two reasons. Firstly,
the facility was designed for indus-
trial production programming
where the process is often carried
out by those with a minimal
knowledge of electronics. By con-
trast, the home user will probably

be clear about what device type is
being used. Secondly, not all de-
vices include the facility, and it is
reasonable to assume that apply-
ing +12V to A9 of EPROMs with-
out intelligent identifier will be
detrimental. In an environment in
which all devices from the 2758
upwards are to be programmed,
the provision of the feature will
increase the likelihood of destroy-
ing EPROMs.

The price of EPROMs has been
influenced by the fact that quartz
windows could only be fitted in
ceramic packages. Recent advances
now allow a seal to be
made between quartz and plastic
and, as a result, some manufac-
turers are releasing EPROMs in
plastic packages at a significant
cost reduction. Over the past few
years, the price of EPROMs has
already reduced to the point where
they are comparable to the price
of ROMs. Since a large proportion
of the remaining cost is due to the
quartz window, manufacturers have
also started producing EPROMs
without the quartz window at an
even lower price.

The lack of quartz window
means that these devices cannot
be exposed to ultra voilet and
erased. They are referred to as pro-
duction EPROMs or OTP EPROMs
(One Time Programmable). Since
these EPROMs are electrically
identical to standard EPROMs,
they are programmed in exactly
the same way.

Some EPROMs are now avail-
able not only in the standard 24 or
28 pin DI L (dual -in -line) packages
but also in the newer, smaller,
LCC (leadless-chip-carrier) pack-
ages which have pins spaced at

21513 WI, 2134 21121,,,,,,, r4,1 VIA
PlEAA

AMA PAM MK
21b

UM? VIA
rlIG

MK P4A1
fto

r
.-.

C

C

C

C

[
C

C

C

C

C

C

C

C

PIEE

.0
ElS EISA

PS.
WM 2112

MEA
AU Gr. PEA

114,1A
PAPA VIM

2/1764
VESA .21512 z76I3

N/C 415 VPP VPP VPP VPP 1
_ _i

PIN I

PK PPE PACKAGE

\ - ,/
g ,
PE PIN PACKAGE

I
]
]
7

3

]
J

]
]
]
j
3

3

]

28 VCC VCC VCC VCC VCC VCC

AI2 All Al2 All CSI Alt 2 27 PGM co PGM A14 A14 WE

A7 A7 A7 A7 Al Al Al Al A7 Al A7 Al 3/1 26/24 VCC VCC VCC VCC VCC VCC N/C N/C A13 A13 A 1 3 A 1 3

A6 A6 A6 A6 A6 A6 A6 A6 A6 A6 A6 AR 4/2 25/23 A8 A8 AR A8 A8 A8 AB A8 A8 A8 AR A8

A5 A5 A5 AS A5 A5 A5 A5 A5 A5 AS A5 5/3 24'22 A9 AS A9 A9 A9 A9 A9 A9 A9 A9 A9 A9

A4 A4 A4 A4 A4 A4 A4 A4 A4 A4 A4 A4 6/4 n
__}

23/21 VPP VPP AR All VPP All All Al2 All All All All

A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 7/5 22/20 Ur .5f E/
VPP

l,
V
o

PP
P0/
6CM VPP BnIM VPP VPP

Al Al A2 A2 A2 Al Al A2 A2 A2 Al A2 8/6 21/19 AR 410 A10 A10 A10 A10 A10 A10 A10 A10 A10 A10

Al Al Al Al Al Al Al Al Al Al Al Al 9/7 20/18 CE/
PGM

CE/
PGM

All Cam'
PGM

All All al All a a Er/
PGM

a
AO AD A0 AO AO AO AO AR AO AO AO A0 10/8

"PM!. 2 PIM PEVEASE AS
44.E.G.t.IVE4 LIELLIASII

PACKAGES APED ENE

."..r.f.,T"'"

19/17 D7 D7 D7 07 D7 07 D7 D7 D7 D7 D7 07

DO DO DO DO DO 00 DO DO DO DO DO DO 11/9 18:16 D6 D6 D6 D6 1313 D6 06 D6 06 D6 136 D13

Dl DI Dl Dl DI Dl Dl Dl Dl Dl DI DI 12/10 17/15 D5 D5 D5 05 D5 D5 D5 D5 05 135 1:35 D5

D2 D2 D2 D2 D2 D2 02 D2 D2 D2 D2 D2 13/11 16/14 D4 D4 D4 D4 DI D4 D4 D4 D4 D4 04 04

GND GND GNO GND GND GND GND GND GND GND GND GND 14/12 15/13 D3 D3 03 D3 D3 D3 D3 D3 D3 D3 D3 03

Table 1 Pin -outs of all devices supported by the programmer.
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2564 A6 Al 'Si VPP VCC CS2 VCC

2532 A6 A7 VCC A8

2764 A7 Al2 VPP VCC GM

2732 A7 VCC

2716/2516 A7 VCC

PIN NO 4 3 2 1 32 31 30

5 29 AB A8 48 A9 A8A5 A5 A6 A6 A6

A4 A4 A5 A5 A5 6 1 I 28 A9 A9 A9 VPP A9

Ad A4 A4 7 1 I 27 All All PD/mm Al2

A3 A3 A3 A3 A3 8 I 1 26 VPP
PD,
Mil

A2 A2 A2 A2 A2 9 1 1 25 a a'
VPP

Or

Al Al Al Al Al 10 I I 21 A10 A10 410 A10 A10

AO AO AO AO AO 11 1 1 23 el'
PGM

al
PGM

l All All

DO DO 12 1 I 22 07 D7 D7 D7 07

D6 D6DI DI DO DO DO 13 1 1 21 D6 D6 D6

14 15 16 17 18 19 20

DI D2 CND D3 D4 D5

DI D2 GND D3 D4 D5

DI D2 GND D3 D4 D5

D2 GND D3 04 D5

D2 GND D3 D4 1 D5

Table 2 Pin -outs of all LCC devices which could be
supported by the programmer.

0.05" on 4 sides of a rectangle and
so allow a much greater PCB pack-
ing density. Internally these devices
are identical to conventionally
packaged EPROMs and as a result
the programming requirements are
the same. To handle them, the
EPROM programmer only needs
to be provided with a different
socket on the console. Table 2
shows the pin -out of those devices
currently available in this package.
It should be noted that the 25
series devices differ from each
other and the 27 series devices in
this configuration more than in the
standard 011 IL package. Accor-
dingly, it would be advisable to
consider programming only the 27
series EPROMs in LCC configura-
tion or to provide a number of dif-
ferent sockets.

Similar Devices
The term EPROM is usually

taken to mean UV erasable
PROM, but there is a closely re-
lated family of devices - elec-
trically erasable programmable
read-only memories, known as
EEPROMs or EEPROMs. At the
time of designing the original pro-
grammer, the extra complexity in-
volved in supporting EEPROMs

was not considered justifiable in
view of their high cost The price
of EEPROMs has not dropped
drastically and they are, therefore,
still quite rare among home com-
puter users. But numerous enhance-
ments to these devices have been
made which simplify the program-
ming and accordingly they may be
supported by the Mk11 programmer.

The fact which complicated the
programming of the original Intel
2816 (2K x 8 EEPROM) was the
fact that it used a 21V program-
ming voltage which had to be
shaped by an RC circuit to give an
exponential rise. the next develop-
ment still used 21V for program-
ming but the waveform shaping
requirement was relaxed, the only
restriction then being on the fall
time of the Vpp pulse. The latest
EEPROMs don't even require a
high programming voltage, internal
circuitry generating this from the
+5V supply. In additon, there are
now some devices which support
these very latest programming
techniques but are compatible
with earlier devices, accepting
either 21V or TTL programming
levels.

EEPROMs have also developed
in the method of programming.

On the first devices, a byte could
only be programmed if it were first
erased, either by writing an
FF(HEX) to that byte or by using
tie complete chip erase facility.
On the more recent devices, bytes
may be directly re -programmed
without the need for erasing first.
Programming times and the num-
ber of programming cycles have
also seen improvements. The first
2816 required 10mS programming
pulses whereas some of the newer
versions will programme in 2mS
per byte. The technology used in
EEPROMs, HMOS-E FLOTEX cell
design, has an inherent limitation
on the number of programming
cycles. The original EEPROMs had
a lifetime of 10,000 cycles but 1
million cycles is now not uncom-
monly quoted.

Unfortunately, there isn't the
same degree of standardisation
among EEPROMs as with UV
EPROMs. Although a 2816 is
always a 2K x 8 EEPROM, different
manufacturers' devices with this
number may represent a number
of different points within the pro-
gression outlined above. In addi-
tion 2816A, 2817, 2817A and
5213 are variations on the same
theme by various manufacturers.
Because of these complications,
we won't give a list of EEPROM
type numbers which are suppor-
ted by the Mk11 Universal EPROM
programmer. It will, in fact, handle
all those 2K x 8 devices which fea-
ture TTL level programming. Some
8K x 8 EEPROMs are also becom-
ming available - for example, the
2864 and 52B33. Where these are
programmed by TTL levels, they
may also be supported by the
Mk11 programmer.

Mark I I Board -
Hardware
This section refers to either the

Mkll EPROM programmer or the
MkI with the addition of the up-
grade board, the hardware of
these two configurations being
identical with one exception. The
MkI board has 4 x 6821 PIAs, of
which 2 are used by the program-
mer for control functions leaving 2
free for general use. The MkI I
board utilises 3 PIAs for controlling
the programmer, the 4th having
been omitted in order to fit the
extra circuitry onto the PCB. The
upgrade board makes use of the
3rd PIA on the MkI board but does
not, however, affect the 4th one
which means that this configura-
tion gives a spare PIA, the true
Mk11 board not having this facility.
(See 'How It Works' for part
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numbering.)
Table 3 is a memory map of the

MkI I Universal EPROM Program-
mer in which the function of each
bit is outlined. Some bits control
certain functions such as Vcc and
Vpp voltage levels, the majority,
however, control the signal levels
on various pins of SK3, the EPROM
socket. For all bits connected to
SK3, except those marked Vcc or
Vpp, writing a 1 will set the pin to
a logic high, whereas writing a 0
will set it to a logic low. For the Vcc
and Vpp bits, a 1 sets the pin to
the currently selected Vcc or Vpp
voltage and a 0 sets the pin to OV.
It will be noticed that some pins
have more than one bit controlling

them. This happens where a par-
ticular pin can take either a logic
level or a Vpp voltage. In such
cases, although this wouldn't nor-
mally be required, it would not be
harmful to set both bits high at the
same time since the two corres-
ponding outputs are isolated by
use of diodes.

Finally, in the 6821 PIA, the
data direction registers are double
addressed with the corresponding
I/O port register. Bit 2 in the
appropriate control register deter-
mines which of these two registers
actually will be addressed, a 1
selecting the I/O port register and
a 0 selecting the data direction
register. Once the data direction

PORT Ai

IC9 13117LV10.4 "''T
REGISTER 

IC9

IC9
REGISTER 

2 OUTPUT

ICS mcICTLIT 3 °O7

IC8
ROW,

0,:AT)1, 4 OUTPUT

REGISTER 

IC8 ,427,7,c."- 5

PORI 
IG8 0,:ATT',0 6 OUTPUT

REGISTER 

Ica .7:::;1.`. 7

RORT i
IC7

REGISTER 

IC7 .27.7:A 9

PORt 
IC7 0Vt.r. A OUTPUT

R[GKTF

ICI 41:;",°:, . B

7 6

BIT DESIGNATIONS

5 4 3

FUNCTION

2 0

2 23 21 217
YAI5 UNUSED UNUSED Al2

or Er'
All

or Al2 A10 A9 A8

SELECT
REGISTER T

CA2 UNUSED A...VD.::: CAI UNUSED

1 -PORT A/1//////.
SIT TO 1 SET TO 1

26 SELECT
R AEGISTER T

DORFSIS 2VONA.
CST OUTPUT

TO MAKE
C2 OUTPUT A" tf,t,::

CBI UNUSED

Dr VCC 'PORTS

D7 D6 05 DI D3 D2 DI DO

SELECT
REGISTER T

CA2 UNUSED
DORENS 4 CAI UNUSED

Of41::
1PORT A

Yv, f...:, v" '"' v.. '' v" .SELECT SELECT SELECT 23 22 27 20

NOT IVCCTOVI
.., .`"..."' NOT ivrrsv um NoTwryinest

RII40 Nor 11,11.21, - VVENTSV SELECT
vp, ," RIO.

CST. A14

All

SELECT
REGISTER T

CB2 UNUSED
ADDRESS 

O? :.:
CBI UNUSED

10011,

UNUSED BY EPROM PROGRAMMER
AVAILABLE FOR GENERAL USE VIA SK2 ION MK I BOARD)

UNUSED BY EPROM PROGRAMMER
AVAILABLE FOR GENERAL USE VIA SK2 ION MKI BOARD)

RED G ENUNUSED UNUSED LAMMED LECTOR LE O. 7VPP,2/8VCC

SELECT
REGISTER AT

CB2 UNUSED ADORES. 
DORT* CBI UNUSED
0$484.

NOTE
IN CASES VENIRE MORE THAN 1 FUNCTION IS Gh/F N FOR
 PARTICULAR IT .41 ACTUL FUNCTION DEPENDS.

TYPE IS USING MO OF TAILS MAY BF
FOUND IN F IOURE 1

Table 3 Memory map of the programmer.

register is selected, setting a 1 to a
bit in this register selects the
corresponding bit in the I/O port
to be an output whereas a 0
selects the I/O port bit to be an
input.

The Upgrade Board -
Construction
Construction of the upgrade

board for the MkI programmer is
straightforward and no special
comments need to be made. Inter-
facing to the main board and sett-
ing up do require explanation. The
procedure is as follows:

A Remove the regulator IC10
from the main board. This may be
re -used as IC12 or 1C13 on the
upgrade board.
B. Remove R4, R5 and C1 from the
main board. RV1, RV2, RV3, Q3,
Q4 and R6 may also be removed if
required.
C. Remove SW1 if fitted to the
main PCB or if not fitted remove
the two wire links in its place.
D. Remove D1 on the main board.
E. Add D3 to the main board, con-
necting the cathode to SK3 pin 1
and the anode to IC9 pin 9.
F. Replace C5 100n on
the main board.
G. Physically fix the upgrade board
to the main board by use of three
plastic bolts. If the fixing holes
marked on the upgrade board are
used they will allign with 'track-
free' areas of the main board. The
photographs with this article
illustrate the means of inter-
connection.
H. make the connections between
the two boards as shown in
Table 4.

An early prototype of the upgrade
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J. If using a programming console
remove the switch, connecting the
two wires which this interrruped
directly to the appropriate ZI F
socket pins and add 1 green and 1
red LED which are wired to con-
nector A on the upgrade board via
a 4 -way cable as follows:

A/1 Green LED anode
A/2 Green LED cathode
A/3 Red LED anode
A/4 Red LED cathode

K. Installation is now complete
and Vcc and Vpp voltages need to
be set up as follows after first tem-
porarily removing the wires to con-
nector C:

1. Apply +5V to C7 only and
adjust RV4 to give +5V on B4.
2. Apply +5V to C6 only and
adjust RV5 to give +12.5V on
B4.
3. Apply +5V to C5 only and
adjust RV6 to give +21V on B4.
4. Remove +5V from C5 and
adjust RV7 to give +25V on B4.
3. Apply +5V to C4 only and
adjust RV8 to give +5V on B2.
4. Remove +5V from C4 and
adjust RV9 to give +26V on B2.

UPGRADE BOARD CONNECTOR
C./ 1

C/ 2
C/ 3
C/ 4
C/ 5
C/ 6
C/ 7
C/ 8
C/ 9
C/10
B/ 1

B/ 2
8/ 3
B/ 4
8/ 5
13/ 6
B/ 7
B/ 8

MAIN BOARD DESTINATION
IC7 PIN 14
IC7 PIN 13
IC7 PIN 12
IC8 PIN 17
IC8 PIN 15
IC8 PIN 16
IC8 PIN 14
IC7 PIN 11
IC7 PIN 10
IC8 PIN 12
IC11 PIN 1

NO CONNECTION
SK3 PIN 28

0/P (CENTRE) OF IC10
SK3 PIN 1

OV (IC11 PIN 11)
SK3 PIN 22

+5V (IC11 PIN 13)
Table 4 Connections between the upgrade board and the original programmer.

VCC ON C8

Vpp ON C9

R17
104

R18
10k

.30V
81

Vpp Vpp(SW)
84 B5

0
VCC
82

C11
100n

R31
447

Vpp +5 Cl CI-A/SAis
R32 457

Vpp  129 C6 0-I'S/Ws

Vpp .21 C5
R33
447

IN
1C12

OUT

ADJ R19
240R

RV4
220R

C12
1u0

0. Ore %agP:eR20

1%. 140
010

RV5 RV6
470R 470Ra a

4% ATO%At
013 014

R26 R27
152 152

R25
5608

Vcc +5 C400...""Al,
R34
457

RED LED I/P
C2

GREEN LED
I/P
C3 R37

OE DRIVE CIO
VppIPIN 22)

DRIVE 0
C10

1011

R21
1004

RV7
470R

R28
470R

IN
IC 3

OUT

C13 ADJ
100n

RV8
220R

R29
5608

R22
240R

017
A4

A3

RED
LED
0/P

A2 1. GREEN
LEO

Al 0/P

R43
104

016

C14
l..0

220R

U
870
82R
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NOTE.
IC12,13  1.51317M1
IC14  78540
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(SEE TEXT FOR MODIFICATIONS
TO MAIN BOARD)
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IC14

10

R41
19OR

15

L21

3

:24.0,
16
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0
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Fig. 1 Circuit diagram of the upgrade board (note component numbering).
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PROJECT: EPROM Programmer Mkil

HOW IT WORKS
Readers should note that the compo-
nent numbers on Fig. 1 - the upgrade
board circuit diagram - do not start at 1.
Instead they follow on from the compo-
nent numbers on the main MkI board.
The following description assumes a
knowledge of the workings of the Mkl
board to which the upgrade board is con-
nected and a description of which may
be found in ETI August 1983.

The upgrade board supplies Vpp
(selectable to +5V, +12.5V, +21V or
+25V), Vcc (selectable to +5V or +6V),
a replacement driver for OE (the active
low output enable line) and drivers for
two LEDs. The old part of the Vpp cir-
cuitry which generates an unregulated
+30V by use of a 78540 has been re-
tained. However, the regulator consist-
ing of a LM317MP and a resistor chain, in
which portions of the chain could be
switched out by transistors, has been
replaced. The new regulator is similar to
the one on the Mkl board but differs in
two respects. Firstly each variable resis-
tor in the chain has a fixed resistor in
series with it, hence giving a more
accurate means of setting up the volt-
ages. Secondly an extra resistor portion
and transistor have been added to allow
the 12.5V programming voltage to be
selected. This regulation circuit com-
prises IC12, Q13, Q14, Q15 and the
associated passive components. An un-
switched Vpp is passed to various Vpp
switches on the main board. Transistors
Q9 and Q10 provide a switched Vpp
which replaces the supply to EPROM pin
1, previously switched manually. 1C14
and its associated components form a
second step-up circuit providing a +8V
supply which is regulated to either 4-5V
or +6V for Vcc. This regulator circuit is
built around IC13 and is a similar con-
figuration to the Vpp regulator. Transis-

tors Q11 and Q12 provide a switched
Vcc supply which replaces the original,
manually switched supply to E PROM pin
28.

It should be noted that the Vcc supply
to pin 24 on the EPROM need not come
from this circuitry as no 24pin devices
feature intelligent programming, so
+5V will always be used.

On the original board a 10nF capaci-
tor, C5, was connected between OE/
Vpp on pin 22 of the EPROM socket and
OV. This was a compromise between the
10Onf suppression capacitor actually
specified in the 2732 data sheet and a
value which wouldn't slow down logic
edges too much. On the new circuit the
recommended 100nF capactitor is used
but logic signals are not significantly
slowed down as a result of the Q21/Q22
combination which provides a high
current OE signal capable of charging
the capacitor rapidly and Q24 which pro-
vides a logic low signal bypassing the
suppression capacitor. Capacitor C5
should be changed on the original
board.

Transistor Q23 provides a NOR func-
tion, turning Q24 on when neither of the
signals driving EPROM pin 22 are
present.

Transistors Q17, Q18, Q19 and Q20
simply form two darlington drivers with
built-in current limiting resistors to drive
two LEDs indicating programmer status.
In addition to the extra circuitry on the
upgrade board an extra diode, D3, is
added to the main board. This is to pro-
vide the extra address line Al 5 to pin 1 of
the EPROM socket, the diode being
required to isolate it from the Vpp supply
which can also be present on this pin.
This diode - an OA91 - should be fitted
between SK3 pin 1 (cathode) and IC9 pin
9 (anode).
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PARTS LIST

RESISTORS (all '4W, 5% unless stated)

R17, 18,35,37,43,
45

R19,22
R20,23,44,46
R21,24
R25,29
R26,27
R28,36,38
R30
R31,32,33,34
R39
R40
R42
R47
RV4,8,9

RV5,6,7

CAPACITORS
C5 (replace on

main board)
C11,13
C12,14
C15

10k
240R
1k0
100k
560R
1k2
470R
82R
4k7
OR22 W/W
12k
2k2
120R 1/2W
220R vertical min
preset
470R vertical min
preset

100n ceramic

100n ceramic
lu tantalum
100u 16V axial
electrolytic

C16 4n7 polyester
SEMICONDUCTORS
1C12,13 LM317 MP
IC14 78S40
Q9,11,13,14,15,16,
Q17,18,19,20,21,
23,24 BC184L
Q10,12,22 BC214L
D1, D4, D5 OA91
D3 (fit on main

board) OA91
MISCELLANEOUS
L2 31u H, 13 turns 22

SWG on RM6 pot
core (AL -250)

Connectors A,B,C 0.1" pitch right
angled molex
connectors. 4,9 and
8 ways respectively.

PCB, three plastic bolts and nuts for
attaching to main PCB.

BUY LINES
All components are standard. The
biggest problem may be in finding a 28 -
pin ZIF socket. These are supplied by
Watford Electronics and Technomatic.
Electrovalue and Maplin will supply a
OR22 wirewound resistor and Elec-
trovalue will also supply the RM6 pot
cores. The Molex connectors are stan-
dard inter -PCB connectors and the Euro
connector for the MkI I board likewise.
The version of the LM317 you should
look for is one in a TO 202 or TO 220 case
-a 317 Mor317 Twilldoif you can't finda
317 MP. All semiconductors should be
available from any supplier with a good
stock - Technomatic, Rapid and TK
advertise the LM317 T, Watford adver-
tises all the other ICs.

Over the next two months, we'll be
dealing with an entirely self-con-
tained version of the Mkll and with
the software to drive the upgrade.

40
Fig. 2 Overlay diagram of the upgrade board ETI



Next month's ETI leads off with a major feature on TIME
DOMAIN ANALYSIS, an invaluable technique for circuit
design and analysis brought within the reach of everyone
with a home micro. Our comprehensive feature, complete
with program listings in standard BASIC, explains the tech-
nique and how to use it.

A major constructional project is the SECOND PRO-
CESSOR FOR THE ACORN ELECTRON. Second processors
are among the most exciting add-ons for computers and this
feature explains the whys and wherefores in general terms
before leaping into the particular circuit. Of course, the
board can be adapted to suit any 6502/6510 computer.

Meanwhile, on the analogue front, John Linsley Hood
continues his series on THE REAL COMPONENTS, explain-
ing the y, z and h characteristics of transistors and how to
handle them in designing circuits. Linsley Hood also unveils
a LOW-COST AUDIO MIXER which will bring near -pro-
fessional facilities to the humblest of PA, broadcast, domes-
tic and studio systems.

In addition, we include the second part of the EPROM
PROGRAMMER UPGRADE - the completely self-contained
board-; an EPROM EMULATOR designed for use with the
6802 board featured in this issue, but adaptable to any
system; a HEAT PEN add-on for digital voltmeters, which will
convert almost any DVM into a multi -purpose ther-
mometer; TECH TIPS; READ/WRITE and the new ETC
section, featuring COLUMNS, REVIEWS and SCRATCH -
PAD, the ETI diary.

Plus all the usual ETI features in a jam-packed issue. It's on
sale on MAY 3RD - SO AVOID DISAPPOINTMENT AND
PLACE YOUR ORDER NOW

= R Q UB Ay Lml TAY LC0ORMDPEORN E N T
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FREE
44 PAGE
PRTED AND
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CATALOGUE
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FREE POSTAGE
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THOUSANDS OF

STOCK ITEMS
PHONE YOUR ORDER
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BARCLAYCARD

ELECTROVALUE LTD 28 St Jude s Road Englefield Green Egham
Surrey TW20 OHB Phone Egham (07841 33603 Telex 264475
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Phone 061 432 4945

Please mention this publication when replying
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nuns

control Unit
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Built in entrance end clot delay
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PROJECT

LARGE DIGIT
SCOREBOARD
Do your achievements go unnoticed? Build Ken Wood's big,
bright display board and make sure that everyone knows the
score.

This scoreboard has been
designed for use in a gym-
nasium or other large space

and uses mains light bulbs to
provide a display which is large
enough to be seen from a distance
and bright enough to be read
easily in daylight. The scores or
other numerical information are
normally entered via thumbwheel
switches but the system could also
be adapted to accept data from a
microcomputer. The basic model
has a four digit display which
could be used, for example, to
show a two -digit score for each of
two teams, but the number of
digits can easily be increased to
suit other applications.

The Circuit
The heart of the project is a

digit driver module. This uses a
7447A (BCD to seven segment
decoder) to drive a digit com-
posed of mains lamps via seven
triacs. The BCD information is fed
serially through a shift register, and
picked off the drive the display.

One module is used per digit in
the display, and they are chained
together so that they form a long
shift register of four bits per digit.
The control logic is isolated from
the mains by an opto-isolator
module at the start of the chain,
and only one of these is needed
for the display.

The third module is a power
supply. This provides two separate
5V supplies, one for the circuitry in
the display drivers and the other
for circuitry isolated from the
mains by the opto-isolator
module. The supplies shown only
offer up to 100mA, so for displays
with a lot of digits a different
regulator may be needed.

Finally, there is a controller
module. This takes data from up to

MAINS SYNC

SYNC
GENERATOR

BLANKING

PULSE GH
CONDIT ION IN

CLOCK

SEQUENCER

SWITCH
BANK 10.

-110.

DATA
SELECTOR

COCK

DATA

OPTO
ISOLATOR

SHIFT
REGISTER

111-{ DECODER

1111111
DISPLAY

Fig.1 Block diagram of the complete system.
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NOTE.
IC9,10  78L05
01 - BC184L
9111,2 W005
DI 1N4001
LED1,2  MINIATURE RED LED

MAINS
INPUT

MAINS
EARTH

The power supply is in two sections, each
of which has a bridge rectifier and a
smoothing capacitor followed by a

voltage regulator I ICs 9 & 10). C6 and C8
cut out any high frequency spikes and
protect the regulators from oscillation.
Each section is also fitted with a LED and
current limiting resistor as a visual check
of operation.

*5V 0

RVI
220k

Cl
120n

14

220k
RV2

C2

wA741.0> lc 
0

IC2a IC2b
4

2C<
IC2c

51. D

C3

1 RI

C41.
22u
25V

168

4

9
IC 1b

0

0

HOW IT WORKS

.5V FLOATING

OV FLOATING

*5V EARTHED

MAINS SYNC

OV EARTHED

The section that supplies power to the
control electronics has its OV connected
to earth as a safety precaution, and also
provides mains sync pulses to the
controller module. The bridge rectifier
BR2 is isolated from the smoothing
capacitor with a diode D1, so a full wave
rectified AC waveform appears at the
junction between D1 and R12. This is fed

to TR1, which is driven hard on for all but
the brief interval when the waveform is at
less than 0.7V, 100 times a second.

The mains sync pulses are not
necessarily at the zero crossing point of
the mains because of the phase shifts
that can occur through the transformer.
To overcome this, they are fed into a
monostable ICI a which is trimmed so
that its output is truly at the mains zero
crossing point. This is fed into a second
monostable whose output is gated with
the controller blanking output to hold
the triacs off for a period into the mains
half cycle. This achieves the dimming
function.

IC2a, 2b, 2c, and 3a produce a square
wave clock at about 50k H z. It is also
used to control the operation of the
remainder of the module.

IC4a, 4b, and 6a produce a pulse
lasting for exactly one clock period at
each mains crossing. This is used to reset
IC7, a four bit counter. The counter
controls IC8, an eight input multiplexer,
to sequence through the bit inputs from
the thumbwheel switches. Output D
from the counter selects one switch
bank or the other via I C2d.
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1

111

21

0
D ic3b

0

13

NOTE
IC1  4098
IC2 - 4069
IC3,4  4013
105  4001
IC6  4011
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ICE - 4612
D2-17  1N4148
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.5V

R11
10k

14

12

MO? SHIFT
DATA

12

13

IC2I

15

SA 1

8 4 1 1

8 4

PINS 3,5
11,13.14

IC1
PINS 1,15

PIN 14
IC?

PIN 7

PIN 14 PIN 14
IC3 IC4

PINS 6. PINS 4,
7 8 10 6.78,10

I

01

V V

8 4

IR B
2 _1 8 4 2 1

I- SW2T SW3 1 I I

PINS 12,
13.14
IC5

PIN 7

I
PINS 8

9,14
IC6

PIN 7

I

I I
PINS 9 10 16 PIN 16IC7

PINS 3, IC8

4.548 PINS 8.10

I I

V V

8 4 2 T

C

SW4

R29
ALL 10k

0 5V

1110
0k

SERIAL
DATA
0

0
SWITCH
DISABLE

Figures 2, 3, 4 and 5. Circuit diagrams of the power
supply (top left), the controller (above), the opto-
isolators (above right) and the digit driver board. Note
the use of separate earthed and floating +5V supplies,
the controller being operated from the earthed supply,
and bear in mind that one digit driver board is required
for each digit of the display.
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When the counter reaches 15 the carry
output goes high and the counter is
inhibited via IC2e. This means that, after
each mains zero crossing, the data bits
from the thumbwheel switches appear in
turn at the serial data output and via I C2f
and 5c at the shift data output to the digit
drivers.

The beginning and end of this
sequence is detected by IC3b which
produces an envelope signal while data
is coming out of the controller. The
signal is made available to an external
controller via IC6, and also gates the shift
data and shift clock outputs to the digit
drivers. It is also fed into the blanking
signal so that, even with a very short
period set for the monostable IC1 b, the
triacs cannot come on while data is being
transmitted.

The three control signals connected to
the digit drivers are fed through an opto-
isolator circuit to prevent any mains
potentials reaching the control circuits,
hence making the unit completely safe
for connection to, for example, a home

.5V k ARTHIDO

INPUT 1
BI ANKING`J

INPUT 2
ISHIFT DATA, -

INPUT 3
(SHIFT ( ()LK

OV EARTHEDO

FROM POWER
SUPPLY AND

EITHER OPTO
ISOLATOR OR
PREVIOUS'

DIGIT
MODULE

.6V 0FLOATING

02

OV
FLOATING 0

CLOCK
SHIFTI °

DATA
SHIFTI

computer.
Each of the three channels is identical,

so reference will be made to one channel
only. An emitter follower transistor Q2
drives the LED in the opto-isolator IC11.
The opto-isolator transistor, biased by
R19 to improve its high frequency
response, is buffered by a Schmitt
trigger (IC14a & R25), and a final output
buffer IC14b drives the output.

IC15 is a four bit shift register, which
converts the serial data to parallel at its
outputs. The fourth output passes serial
data on to the next driver module in the
chain, thus with four digit drivers each
gets its new data after sixteen clocks. The
parallel BCD data is decoded by IC16 to
form the segment drive to each of seven
triacs.

The blanking signal drives Q5 which
switches off the outputs of IC16,
preventing the possibility of a digit being
displayed while the shifting process
goes or and allowing the display to be
dimmec.
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four BCD thumbwheel switches
and turns it into a serial stream to
send to the display drivers. It also
takes mains zero crossing pulses
from the power supply and uses
them to time the serial trans-
mission. This allows the display
data to be updated while the
displays are off at the zero crossing
point of the AC mains cycle.

The controller also provides
connections so that the display
can be driven by a special purpose
external controller, or by a simple
I/O port on a home computer. In
the case of a display with more
than four digits, this is probably
the easiest way to enter data and
the circuitry for the thumbwheel
switches can be omitted.

Construction
The box should be built first,

and this is probably the most
difficult part of the construction
for those who are not naturally
good at carpentry. It is not
possible to give exact details and
dimensions because these will
vary according to the size of the
digits and the number required,
but the arrangement used in the
prototype is shown in Fig. 6 and
may be useful as a guide. Note the
downward tilt of the display area
which makes for easy viewing from
below, and the steel brackets used
to support a coloured plastic filter
in front of the lamps.

The circuit boards are all single

BUYLINES

The BCD thumbwheel switches used in
the prototype were obtained from RS
Components, who will not supply parts
to non -trade customers. If you cannot
find another source you will either have
to persuade a friendly local radio dealer
to order them for you or, for a small
surcharge, order them through Crewe -
Allan & Company, 51 Scrutton Street,
London EC2. The transformer came from
Maplin, who can also supply suitable
opto-couplers. Other suppliers may also
stock these parts but check carefully that
the transformer dimensions suit the PCB
layout. Maplin also stock sheet
aluminium which could be cut up to form
the heatsink and the control panel, but
you may find that a local hardware shop
can supply panels cut to size. The
semiconductors are all readily available,
with the exception of the 4098 and
possibly the 40163. Cricklewood and
Maplin stock the 4098 and Watford
stock all of the semiconductors. The
PCBs are available from our PCB service,
and don't forget that you will need one
digit driver board for each digit of your
display.
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PARTS LIST
CASE AND

CONTROL PANEL

D2-17
FS1

LP1

SK1

SW1-4

SW5

1N4148
panel -mounting
fuse holder and 3A
fuselink
panel -mounting
mains neon
7 -pin DIN socket
or other multipole
connector to
choice
BCD ten position
thumbwheel switch
with true and
inverse outputs
DPST toggle or
other mains on -off
switch

mains lights bulbs and batten
lampholders as required; wood,
brackets, etc, for enclosure; coloured
filter for front of display; small
aluminium panel for the controls and
nuts and bolts to mount; cable ties or
spiral wrap or similar; stand-off pillars,
nuts and bolts for mounting PCBs;
ribbon cable, writing, etc.

sided except for the controller
which is double sided. The legs of
the components on the controller
board are used to bridge between
tracks on each side of the board,
so in places the components must
be soldered on the top side of the
board as well as underneath. This
rules out the use of sockets for the
ICs.

Printed circuit board pins are
used for the flying lead connec-
tions to the power supply (except
the mains into the transformer),
the isolator module; and the

REAR PANEL

CABINET

FACIA

BRACKETS

BATTENS
ITO SUPPORT

DISPLAY PANEL I

DISPLAY
--PANE L

Fig. 6 Details of the cabinet used for the prototype.

display drivers (except for the
triac-to-lamp connections). The
pins should be installed first,
followed by the wire links, the
resistors, the capacitors, and the
semiconductors. Be careful with
the ICs as some of them are
CMOS. Leave the power supply
transformer until last and do not fit
the triacs for the time being.

The triacs on the digit driver
modules are mounted with a small
heatsink sandwiched between
them and the board. This is a
length of aluminium strip, details
of which are shown in Fig. 9. The
heatsink also provides the extra
two mounting points for the board.
Each triac is bolted to the board
through the heatsink with a mica
washer and bush to insulate the
tab. Silicone grease should be
used between the tab and the
aluminium to improve heatflow.

Two of the pins on each triac are

PARTS LIST
POWER SUPPLY

RESISTORS (all 4W 5%)
R12 10k
R13,14 330R
R15 1k

CAPACITORS
C5,7 470u 16V radial

electrolytic
C6,8 100n 5% poly -

carbonate

SEMICONDUCTORS
IC9,10 78L05
Q1 BC184L
D1 1N4001
BR1,2 W005
LED1,2 miniature red LED

MISCELLANEOUS
T1 6-0-6V, 500mA

mains transformer,
chassis mounting

PCB; 1mm terminal pins; earth tag;
nuts and bolts for mounting trans-
former.

Fig. 7 Component
overlay of the power
supply board. Note
the earth connection

i---. \ 3\EI 0A +°
2BR 1.1411to the frame of the

transformer and the
."" ^ 71

-

ov

mains connections
taken directly to the
transformer, not to
the PCB.
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I
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FROM POWER
SUPPLY AND
EITHER OPTO.

ISOLATOR
OR PREVIOUS

DIGIT MODULE

BLANKING

46V FLOATING

SHIFT DATA

OV FLOATING

SHIFT CLOCK

.2_
PIECE OF ALUMINIUM
TO ACT AB HEATSINK

MOUNTING HOLES

Fig.8 Component overlay of a digit driver board. The lamp connections are made directly to the centre pins of the triacs.

BLANKING

SHIFT
DATA OUT

OV

SHIFT CLOCK..
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TO NEXT
DIGIT MODULE

12.7 12.7 123 12.7 12.7 12.7

12.5

0 0 0 0 0 0 0 25

ALUMINIUM
PREFERABLY 105WG
OR THICKER

100

PANEL FIXING HOLES

Fig.9 Drilling details of the heatsink for the digit driver board.

TR IAC
NUT

INSULATING
BUSH

MICA WASHER

HEATSINK
CIRCUIT SOLDER WASHER
BOARD JOINT BOLT

Fig.10 Mounting arrangements
for the triacs.

bent down to pass through the
board, while the centre pin is bent
up for a flying lead connection to
the lamps. Only after the triac
-heatsink assembly has been
completed should the triacs be
soldered to the board.

SEGMENT d MAINS LIVE

Fig.11 How the lamps are con-
nected to form a 7 -segment
display.

The displays themselves are
pygmy bulbs in bulb holders,
mounted on a wooden panel. 15W
bulbs should give sufficient light
for most applications. Three bulbs
are used for each segment as
shown in figure 11, but for larger

PARTS LIST
DIGIT DRIVER

MODULE
RESISTORS (all %W 5%)
R28 330R
R29 10k
R30-36 100R

CAPACITORS
C11 100u 101/ radial

electrolytic
C12 100n poly -

carbonate

SEMICONDUCTORS
Q5 8C184L
IC15 74L5195
IC16 74LS47
SCR1-7 TIC206

MISCELLANEOUS
PCB; 1mm terminal pins; nuts and
bolts, mica washers and insulating
bushes for triacs; heatsink (see text
and Buylines); IC sockets if desired -
2 off 16 pin DIL.

displays it might be better to use
the small incandescent strip lamps
commonly found in bedside lights
for each segment.

The reverse of the lamp panel
is used as a chassis, and the
various circuit boards are screwed
onto it through standoff pillars.
Interwiring is kept neat by using
spiral wrap around the cable

ETI MAY 1985 47



TO THUMBWHEEL
SWITCHES SW1-4

MS DIGIT 8
MS DIGIT 
MS DIGIT 2
MS DIGIT 1-,
LS DIGIT
LS DIGIT 2
LS DIGIT 4
LS DIGIT 8

ENVELOPE
e -SWITCH DISABLE TO EXTERNAL

SERIAL DATA CONTROL
CONNECTOR

MASTER CLOCK,

» ..SHIFT CLOCK
SHIFT DATA
BLANKING

`RIGHT HAND BLOCK i TO THUMBWHEEL
LEFT HAND BLOCK I

SWITCHES SW1 4

TO OPTO
ISOLATOR

Fig.12 Component overlay of the controller board.

FROM
POWER
SUPPl

2

o

PARTS LIST - CONTROLLER MODULE
RESISTORS fall 1/4W 5%) C3 4n7 5% poly- IC5 4001
R1 1k8 carbonate IC6 4011
R2-11 10k C4 22u 25V radial IC7 40163
RV1,2 220k miniature electrolytic IC8 4512

horizontal preset
ACITORS
C1,2 120n 5% poly -

carbonate

SEMICONDUCTORS
IC1 4098
IC2 4069
1C3,4 4013

MISCELLANEOUS

PCB

.5V EARTHED 10
+BV FLOATINGIZIZ1bQe

INPUT 1 OUTPUT 1
(BLANKING)

bCDe
(BLANKING)

IN= 0 LFEI OUTPUT 2
(SHIFT

b 04 o
(SHIFT DATA)

INPUT 3
(SHIFT CLOCK)

IC14
OUTPUT 3
(SHIFT CLOCK)

C

C

C

OV EARTHED OV FLOATING

FROM TO FIRST DIGITCONTROLLER MODULEBOARD

Fig.13 Component overlay of the opto-isolator board.

PARTS LIST - ISOLATOR MODULE

RESISTORS (all'4W 5%)
R16-18 150R
R19,21,23 100k
R20,22,24 10k
R25-27 47k

CAPACITORS
C9,10 100u 10V radial

electrolytic

SEMICONDUCTORS
Q2-4 BC184L
IC11-13 Opto-isolator (see

Buylines)

IC14 4050

MISCELLANEOUS
PCB; 1mm terminal pins; IC socket if
desired - 1 off 16 pin DIL.
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Fig.14 Interconnection of the boards.
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looms, or ribbon cable as appro-
priate. Make sure that suitable
cable is used for the mains supply
to the lamps, between the lamps
and the triacs, and the returns
from the digit driver boards.

The supply, return, and earth
wires have been taken individually
to a central supply point, rather
than chaining them from one point
to the next. This includes the
power supply module as well as
each display. Remember that
much of the wiring carries mains
voltages and currents, and must be
of a high standard to avoid the risk
of accidents.

The diodes associated with the
thumbwheel switches are
mounted on the switches them-
selves, and the arrangement
shown uses the inverse data out-
puts. If the switches used do not
have inverse outputs, turn all the
diodes round, swap the common
connections for the two pairs of
digits and alter the pull-up resist-
ors on the controller module so
that they pull down to OV. If a
display of less than four digits is
required, simply omit switches and
diodes starting with SW1, then
SW2, etc.

Any convenient connector can
be used for the outlet to the
external controller. A seven pin
DIN socket has been used in the
prototype. The external controller
can interrogate the thumbwheel

switches by intercepting the serial

inject data in place of the switch
data by driving the switch disable
input to a logic "1" (anything over
3.7V), at which point the output of
IC8 goes high impedance and can
be driven externally.

If the switch inputs are never
going to be used, the controller
module may be dedicated to
external control by omitting IC4, 7,
and 8, and R2 -R9. The copper
track on the component side of
the board leading to IC3 pin 1
should be cut (close to the IC as it
also goes to other places) and a
wire link soldered between the
pad of IC8 pin 15 and IC5 pin 2.
This allows the external controller
to generate the envelope signal.
IC6 pins 5 and 6, and IC3 pins 4
and 5 must be wired to OV to
protect their CMOS inputs.

Setting Up and Use
It is a good confidence booster

if the power supply works when
you switch it on. Try it with its
outputs disconnected, and the
LEDs should light to show that
something is getting through. If
you have a meter, check that both
outputs are producing 5V.

Unfortunately, very little inter-
mediate checking can be per-
formed on the rest of the circuit.
Be careful when poking around
the digit driver areas as these are

live when the mains is connected.
Make the set up adjustments

with a single bulb plugged in
somewhere, and arrange for the
display to show all "8"s. Set RV1
on the controller module fully
anticlockwise and RV2 fully
clockwise. Switch on, and the
lamp should be at full brightness.
Using an insulated screwdriver so
that mains hum pickup does not
affect adjustments, slowly turn
RV1 clockwise until the lamp
suddenly goes dim, and stop
there. Now turn RV2 anticlock-
wise, and the lamp should
increase in brightness. The lamp
may be set to the desired
operating brightness, remember-
ing that the cooler a lamp is run,
the longer it will last.

If the display is to be run at full
brightness, either because you
need that much light or because
you wish to keep RF interferences
to a minimum, continue to turn
RV2 anticlockwise until the lamp
suddenly goes out then turn it
back to the point where the lamp
comes on again.

The display is now ready for
use, so switch off and install all the
lamps. It would be as well to have
a few spare triacs in stock, because
when bulbs blow they tend to take
their triacs with them. Running the
display at reduced brightness
should help a little.
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STEREO
SIMULATOR
Liven up your mono recordings, give breadth to your stereo
with this unit developed by the indefatigable Dave Bradshaw
from an idea by B. Webb.

There are many occasions
when you're stuck with a
mono signal, but it seems a

waste. Mono is particularly irritat-
ing when you're using stereo
headphones - it feels as if every-
thing is coming just from the exact
centre of your head. Here's a little
unit that can remove that irritation.

Let's get one point perfectly
straight, though. When you're pre-
sented with a mono signal,
there's no way that you can get a
true stereo signal back again.
There are complex processes
available to synthesise an
apparent stereo signal, but
these are very costly and time
consuming and are primarily of
use in the recording studio.

So, what the circuit does here
is a bit of sleight of hand. By
introducing phase and amplitude
differences between the two
channels, a semblance of

L OUT

R OUT

T

ambience can be generated, and
this can remove the more objec-
tionable effects of listening to
mono through a stereo medium.
However, the unit described here
does not restore the stereo
information.

As a bonus, the unit can also
be used to generate spatial
stereo. In this, each channel is
intermixed with the other chan-
nel out of phase. In theory, this
expands the stereo image. In
practice, the degree of success
depends very strongly on the
material being listened to. The
effect can make the results from
headphones rather more comfort-
able, so you might like to try out
the spatial stereo as well as the
pseudo variety.

er
R23 Fr)

R20

The Circuit
The circuit used here is a more-

+Vs

R5 .* 'Pie'
4 R6 I.* 4 R101-

.4 R3 1. ,cr .4 R8

1- _L.

.4 R2

a

k k

ei1

Cs

or -less direct 'lift' of the circuit in
Mullard's application notes. The
TDA3810 is a purpose -made device
for pseudo and super stereo, so
why reinvent the wheel?

To the special IC has been
added a quad op -amp, to boost
the signal to the level required for
optimum noise performance, and
to reduce and buffer the signal
after the TDA3810. In the parts
list, we specify a TL094, but any
quad op -amp can be used pro-
vided there is sufficient supply
voltage for it - it so happens that
the TL094 can operate down to
4.5 V, which is the minimum
supply voltage for the TDA3810.
Maximum supply voltage for the
3810 is 16.5V, which is below the
maximum for the TL094.

Supply current will be in the
region of 10 mA (without the
LEDs), a little more to the top end
of the supply ran e, a little less for

'11-1 R131.

EC6 )
LINKS (SEE TEXT)

LED1 LED2
'SPATIAL' PSEUDO'

L IN R IN

Component overlay for the complete circuit.

ov
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Fig.1 Circuit diagram of the mono -to -stereo simulator.
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a low supply voltage (around 7 mA
for 5V). Obviously, supply current
with the LEDs depends on what
LEDs you use.

If a relatively 'clean' supply is
available, R26 and C17 may be
omitted. This may be particularly
of value when lower supply volt-
ages are used, as the voltage drop
across R26 may be significant.

The actual mode that the cir-
cuit is in is selected by the volt-
ages applied to pins 11 and 12 of
IC2 according to Table 1. Pins 11
and 12 could either be permanen-
tly connected to the appropriate
voltages, or could be attached via
a two pole, three way mode selec-
tion switch -one vital point, the
switch must be break before
make, otherwise it will momen-
tarily short the positive supply to
ground when it is moved.

Sensible values of capacitors
C13 and C14 depend on the input
impedance of the circuit being fed
by the unit. The outputs of IC1c
and d will be at around half the
supply voltage, so if you have to
use electrolytic capacitors check
the voltage at the input point to
see which way round the capaci-
tors should go. Also, check the
input DC voltage, as it may be
necessary to reverse the input
capacitors.

HOW IT WORKS

In the stereo mode, operation is quite
straightforward, as all the TDA3810
does is act as a buffer. The op amps
IC1a and b are configured as x 10
amplifiers, for reasons that will be
discussed later, and IC1c and d are --
10 amplifiers. So the net result is no
change.

In the pseudo -stereo mode, IC1a - d
act as before. However, IC2 is con-
figured somewhat differently by its
internal switches. The two filters, Fl
and F2 are brought into circuit.
Basically, the signal appted to the L input
goes through to the L output with a
small amplification and inversion.
However, some of the inverted L input
is passed to the input of the inverting
amplifier in the R chain, via low-pass
filter Fl. This is combined with some of
the non -inverted input fed in via the R ter-
minal, which is passed through notch
filter F2. Analysing what's going on in
either Fl or F2 is difficult (particularly,
in F2), and after several pages of
algebra, we were little the wiser, so we
cheated and used the values given in
the manufacturer's data sheet! Let it
suffice to say that the R channel has a
different phase to the L channel as well

as a different frequency response, and
that response varies with frequency.

Finally, in spatial stereo mode, the
configuration is as shown in Fig. 3. The
input signals are buffered then slightly
intermixed by the resistors connected
between the +1 buffers' outputs. The
signals are passed to the op -amps
which invert them. These op -amps are
configured so as to produce anti -phase
cross -talk, ie the right output contains
50% of the left input, but inverted. At
higher frequencies, capacitors C3 and
L-4 reduce the cross -talk.

Op -amps ICla and b increase the
input signal level to 2V RMS, which
assumes a 200mV RMS input signal to
the whole unit - probably more com-
mon than 2V! 2V is the recommended
minimum input voltage to the
TDA3810 with a 12V supply; ob-
viously, if the supply voltage is signi-
ficantly lower than this, then the input
signal level to IC2 should be decreased
to allow sufficient operating headroom
for it and for IC1a and b. This will be
detrimental to the noise performance.
Obviously, the gains of IC1a and b will
have to be adjusted accordingly, as will
the gains of IC1c and d.
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Fig.2 Block diagram of the circuit in pseudo -stereo mode. Fig.3 Block diagram of the circuit in spatial stereo mode.

Construction
The first move should be to

insert the IC sockets, making sure
that you get them the right way
round. This makes it easier to
locate the positions of all the other
components. Next insert and
solder the resistors, followed by
the capacitors, and then the LEDs.
Finally, before inserting the ICs,
check your work carefully and, in
particular, look for solder bridges.

Now pick your insertion point
in the main system that you're
adding the unit to. The best point
would be before the volume con-
trol, if the signal here is of a suit-
able level. In this way, the unit
receives a more -or -less constant
input signal level which makes
for optimum signal-to-noise ratio.

The supply requirements of the
circuit have already been men-
tioned. With a standard split
supply circuit, it will probably be
sufficient to feed the circuit from
just the +ve supply and the OV-

the current consumption require-
ments of the circuit are modest
and should not cause any
problems.

BUYLINES

No special problems should occur
here. The TDA3810 (as well as the more
common TL094) can be purchased
from Technomatic. Of the other com-
ponents, the only trouble you may have
is with the 3n9 capacitors for C3 and 4.
Not many capacitor types are made
with E12 series values nowadays, the E6
series being much more prevalent.
However, polystyrene still seem to be
available in E12 values, and this can be
used here. The main problem with
polystyrene capacitors is their size, but
this has been allowed for on the PCB (in
the main, polycarbonates have been
specified for their relatively small size,
not for any other reason; so long as the
tolerance is 10% or better, any type
should do, as this circuit does not have
super-fi pretensions!).

MODE CONTROL INPUT STATE LED
SPATIAL

PIN 7

LED
PSEUDO

PIN 8PIN 11 PIN 12

MONO PSEUDO -STEREO
SPATIAL STEREO
STEREO

HIGH
HIGH
LOW

LOW

HIGH
X

off
on

off

on

off
off

LOW 0 to 0.8V (the less positive voltage)
HIGH - 2V to Vp (the more positive voltage)
X = don't care

Table 1 Mode -switching logic.

PARTS LIST

RESISTORS (all %W 5%)
R1,3,4,6,9-11,21,
22,24,25
R2,5,12,20,23
R7,14
R8
R13
R15,19

R16

R17,18

10k (11 off)
100k (5 off)
20k
15k
18k
16k
(15k+ 1k)
11k
(22k//22k)
22k

CAPACITORS (polycarbonate
stated)

C1,2
0,4
CS

C6
C7,8
C9
C10
C11
C12
C13,14
C15

2112 16V electrolytic
3n9
10n
22n
15n
33n
100n ceramic
1000 OV electrolytic
47µ 16V electrolytic
1p.

100µ 16V electrolytic

SEMICONDUCTORS

IC1
IC2
LED1,2

MISCELLANEOUS

unless

TL094
TDA3810
LEDs to choice

PCB, wire, pins for off -board connec-
tions, switch if required (2 -pole, 3 -way,
break before make).

ETI
52

ETI MAY 1985



ETI PCB SERVICE
In order to ensure that you get the correct board, you must quote the reference code when ordering.

The code can also be used to identify the year and month in which a particular project appeared: the first
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the
particular project.

Note that these are all the boards that are available - if it isn't listed, we don't have it.
Our terms are strictly cash with order - we do not accept official orders. However, we can provide a

pro -forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until after we receive payment.

1981 E/8306-1 to 3 PseudoROM
E/8106-8 Waa-Phase 1 76 (3 boards) 3 62
E/8106-9 Alien Attack 4 00 1/8306-5 Atom Keypad. 5 18
E/8107-1 System A -Input E/8307-1 Flash Sequencer 2 67

(MM or MO 3 05 E/8307-2 Trigger Unit Main Board 2.67
E/8107-2 System A- Preamp 5 95 E/8307-3 Trigger Unit Transmitter 1.66
E/8107-3 Smart Battery Charger ... 2.27 E/8307-4 Switched Mode PSU 16.10
1/8108-5 Watchdog Home E/8308-1 Graphic Equalisr 9 10

Security (2 boards) 6 11 E/8308-2 Servo Fail -Safe
E/8109-1 Mains Audio Link (3 bds)... 8.45 (four -off) 2 93
E/8109-4 Laboratory PSU 5 21 E/8308-3 Universal EPROM prog . 9.64
E/8110-1 Enlarger Timer 3 91 E/8309-1 NiCad Charger/Regen ... 3.77
E/8110-2 Sound Bender 3 05 E/8309-2 Digger 3 40
E/8111-1 Voice Over Unit 4 57 E/8309-3 64K DRAM 14.08
E/8111-3 Phone Bell Shifter 3 40 E/8310-1 Supply Protector 2 19
E/8112-4 Component Tester 1 71 E/8310-2 Car Alarm 3 98

1982 E/8310-3 Typewriter Interface 4 17
E/8202-2 Allez Cat Pest Repeller ... 1.93 E/8311-1 Mini Drum Synth 3 07
E/8202-5 Moving Magnet Stage.... 4.01 E/8311-2 Alarm Extender 3 21
E/8202-6 Moving Coil Stage 4 01 E/8311-3 Multiswitch 3 59
E/8203-4 Capacitance Meter E/8311-4 Multiple Port 4 34

(2 boards) 11.66 E/8311-5 DAC/ADC Filter 3 22
E/8205-1 DV Meg 3 13 E/8311-6 Light Pen 4 60
E/8206-1 Ion Generator (3 bds) .... 9.20 E/8311-7 Logic Clip 2 51
E/8206-4 MOSFET Amp Module ... 7.80 E/8311-8 MC Head (JLLH) 3 17
E/8206-5 Logic Lock 3 52 E/8312-1 Lightsaver 1 85
E/8206-6 Digital PWM 3 84 E/8312-2 A -to -D Board 12.83
E/8206-7 Optical Sensor 2 00 E/8312-3 Light Chaser (2 bds) 7 54
E/8206-9 Oscilloscope (4 bds) ....13.34 E/8312-4 ZX Alarm 6 04
E/8212-2 Servo Interface (2 bds) ... 6.75 1984
E/8212-4 Spectracolumn 5 54 E/8401-1 Vector Graphics 8 27

1983
E/8301-1 Fuel Gauge 3 45
E/8301-2 ZX ADC 2 59
E/8301-3 Programmable PSU 3 45
E/8303-1 SoundBoard 12.83
E/8303-2 Alarm Module 3 62
E/8303-3 ZX81 User Graphics 1 07
E/8303-4 Logic Probe 2 50
E/8304-1 Real Time Clock 8 74
E/8304-4 Stage Lighting- Main 13.73
E/8304-5 Stage Lighting - Display 3.45
E/8305-1 Compressor/Limiter 6 19
E/8305-2 Single PSU 3 16
E/8305-3 Dual PSU 4 01
E/8305-4.2 NDFL Amp 7 88
E/8305-5 Balance Input Preamp.... 3.23
E/8305-6 Stage Lighting

Autofade 6 19
E/8305-7 Stage Lighting -

Triac Board 4 74

E/8402-1 Speech Board
(Mini -Mynah) 10.97

E/8402-2 MP (Modular Preamp) Disc
input (mono) 3 73

 E/8402-3 MP Output stage (stereo) 3.73
E/8402-4 MP Relay/PSU 3 73
E/8402-5 MP Tone, main (mono) ... 3.73
E/8402-6 MP Tone, filter (stereo)... 3.73
E/8402-7 MP Balanced output (st)... 3.73
E/8402-8 MP Headphone amp (st) ... 3.73
E/8402-9 MP Mother board 9 01
1/8403-1 Power Meter 5 81
E/8403-2 Z80 DRAM 9 79
E/8403-3 Obedient Die 3 76
E/8404-1 School Timer 4 07
E/8405-1 Auto Light Switch 4 01
E/8405-2 ZX81 EPROM Prog. 10.53
E/8405-3 Mains Borne RC 5 07
E/8405-4 Centronics Interface 4 09
E/8405-5 Vario
E/8405-6 Midi Drum Synth

How to order indicate the boards required by ticking the
boxes and send this page, together with your payment, to
ETI PCB Service, ArgusSpecialist Publications Ltd, 1 Golden
Square, London W1 R 3AB. Make cheques payable to ETI
PCB Service. Payment in sterling only
please. Prices subject to change
without notice.

Total for boards L.
Add 45p p&p 0.45
Total enclosed f.

PLEASE ALLOW
28 DAYS FOR

DELIVERY

6 62
3 59

E/8406-1 Oric EPROM Bd 19.58
E/8406-2 Spectrum Joystick 3 30
E/8407-1 Warlock Alarm 8 19
E/8408-1 Joystick Interface 3 0'
E/8408-2 EPROM Emulator 9 11
E/8408-3 Infrared Transmitter 3 70
E/8408-4 Infrared Receiver 3 98
E/8408-5 CMOS Tester 4 60
E/8409-1 E X42 Kybd Interface ....3.82
E/8409-2 Bansheee Siren 3 19
/8409-3 Dry Cell Charger 2 80

E/8410-1 Echo Unit 3 92
E/8410-2 Digital Cassette 9 80
E/8410-3 Disco/Party Strobe 4 80
E/8411-1 AM/FM Radio (4 bds) 13.02
E/8411-2 Control Port -control bd 12.15
E/8411-3 Control Port -I/O bd 6 33
E/8411-4 Capacitance Meter 3 55
E/8411-5 Video Vandal (3 bds) 12.10
E/8411-6 Temperature Controller... 2.88
E/8411-7 Mains Failure Alarm 2 54
E/8411-8 Knite Light 3 25
E/8411-9 Stage Lighting Interface... 3.73
E/8411-10 Perpetual Pendulum .... 3.14
E/8412-1 Spectrum Centronics .... 3.51
E/8412-2 Experimenter's DRAM 14.08
E/8412-3 Active -8: Motherboard ... 9.37
E/8412-4 Active -8: Protection Unit 3.67
E/8412-5 Active -8: Crossover 3 67
E/8412-6 Active -8: LF EQ 3 67
E/8412-7 Active -8: Equaliser 3 67
E/8412-8 Active -8: Delay Unit. 3 67

1985
E/8501-1 Active Bass Speaker 2 79
E/8501-2 DRAM Card Update 3 66
E/8501-3 Digital Delay (2 bds) ... 26.00
E/8502-1 Digital Delay Expander 10.79
E/8502-2 Data Logger 5.17
E/8503-1 Combo preamplifier 4 49
E/8503-2 THD meter mV & osc. bds 7.02
E/8503-3 THD meter mains PSU ... 3.49
E/8503-4 THD meter battery PSU ... 1.36
E/8503-5 ParaGraph Equaliser
IP/MSP & OP/PSU bds 9 30
E/8503-6 ParaGraph Equaliser
filter bd 4.51
E/8504/1 Framestore Memory 11.53
E/8504/2 Framestore ADC/DAC... 5.23
E/8504/3 Framestore Control 16.51
E/8504/4 Buzby Meter 4 38

 E/8504/5 CCD Delay 3 70
 E/8505-16802 board 7 87
 E/8505-2 EPROM prog. upgrade ... 4.71

E/8505-3 Scoreboard controller,
PSU and opto-isolator bds 11.54

E/8505-4 Scoreboard digit driver... 4.11
E/8505-5 Stereo Simulator 3 55

Signed

Name

Address
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Walking -ring Sequencer
S. P. Giles
London

NOTE.
ICI = 555
IC2 - 7474
Z131 = 5V1 ZENER
01.7 1N4148

+5V
0

GATE
0

DIX T
4 114

P30-(> IC2a

PIN 4
IC2a

6

CONTROL
VOLTAGE

0-/1.11A".-0
R1
150

4

ICI

2

RI 7
150 6

1
R2

150 12

CI RV1
22n smo

IC2d

C2
47n

0

OV

D1 D7 R4
GATE

OPTIONAL GATE
OV PROTECTION CIRCUIT

RV2

L54)10G
D2

OV

RV3
50k
LOG

0V
RV6

RVI 50k
505
LOG D4

LOG
0 OUTPUT

iH
V

OV
C.3

RV5
505 114I01./
LOG

OV

This simple circuit is quite useful
for generating a number of func-
tions. It can be used for trilling, vib-
rato or higher frequency
modulation. It will also provide
voltages for note sequences, gat-
ing, controlling filters, VCA's or any
voltage controlled module.

A 555 timer is used as a simple
voltage controlled clock with the
five megohm potentiometer
determining sequence speed
along with the voltage at the con-
trol voltage input. This input will
vary the speed with a positive
voltage applied. This function is
non-linear, has a 3:1 range and
increases speed as the voltage dec-
reases. With the component values
shown (5M and 22n) the range is
2Hz to 7KHz. Larger values of CR
will result in slower rates, and small
values, faster ones.

A 7474 flip-flop is wired as a
walking ring counter. The outputs
overlap, so the final output is
apparent as four steps. Moving one

FET Grid -dip
Oscillator
G. G. Mellor
Macclesfield

A relatively up to date version of
the well known triode valve grid -
dip oscillator can be constructed
very simply and cheaply by replac-
ing the RF triode by a FET such as
the 2N3819, the BF245A or pre-
ferably, MPF106 in the trusty Har-
tley circuit. Although the physics of
a triode and a FET are obviously
different, they seem to operate in a
similar fashion.

A non -mathematical explanation
of the oscillation assumes an alter-
nating RF potential on the source
of Q1 which, due to the auto-
transformer action of L1, gets
amplified without any phase
change (to make good any circuit
losses). This voltage is fed to the
gate of Q1. Since we are using Q1
in source follower mode, FET
action maintains the amplitude of
the alternating RF we first
assumed. The tank circuit, L1 and
C1, will provide the initial RF we
require for this explanation on
power -up.

The GDO must be calibrated and
this can be done in one of (at least)
two ways:

i) Listen for the GDO frequency
on a good communications
receiver and, using spot
frequencies, calibrate the
C1 scale.

ii) Measure the GDO frequency
with meter using a high
impedance probe on the
source of Q1.

Using the GDO is simple, the
appropriate coil for L1 is plugged in
and the GDO switched on. L1

(which is mounted on a 3 pin DIN
plug external to the circuit) is
brought in the vicinity of the tuned
circuit under test (TCUT). C1 is
adjusted for a local minimum in the

LI DETAILS FOR 78.160 MC/S

14 SWO TINNED
COPPER WIRE

2" (INCLUDING
ANY PINS USED)

1W"

BEND
RADIUS
3/16"

GROUNDEb
END

Coil Frequency Number Tap Wire Number of Coil
Range Of Gauge Turns Per Diameter
(MHz) Turns (SWG) Inch

A 1.6-3.5 139 32 36E NA Close Wound
B 3.45-7.8 40 12 36ENA Close Wound 3/41/

C 7.6-17.5 40 14 24Tinned 32
D 17.2-40 15 5 20Tinned 16 Vet

E 37-85 4 11/2 20Tinned 16
F 78-160 See Diagram
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of the four level controls moves the
whole sequence. These should be
adjusted for preferred operation.
The primary disadvantage here is
that individual notes are difficult to
tune accurately so the sequence
should be run fairly fast in order to
minimise note inaccuracies when
controlling a VCO.

The sequencer can be turned off
at the gate input with a ground. No
connection, or a positive voltage
will allow the circuit to operate.
This input is protected from normal
synthesiser positive voltages, but
negative voltages should not be
applied unless you use the
optional gate protection circuit.
The 50K pot on the output controls
the level from 0 to 3.5 volts. The
14 capacitor and switch are used
to provide a slide function.

Note the power supply is 5 volts
and must be regulated. Higher
voltages may destroy the 7474 IC.
If 5 volts is not available, use any 5
volt voltage regulator to step down
a higher voltage.

meter reading and the frequency
read off the scale. This "dip" in the
reading occurs because some of
the RF feedback in the GDO is
absorbed by the TCUT consequen-
tly making the natural potential on
the gate of Q1 less negative. It
should be noted that loose coupl-
ing to the TCUT is essential to
avoid the GDO frequency being
"pulled" away from the value
indicated on the scale. A dip can
also occur when the GDO fre-
quency is an integral sub -multiple
of the TCUT frequency. However,
practice in using the GDO will soon
remedy this, and in any case there
in no excuse for being a factor of 2,
3 or 4 out of the waveband you are
supposed to be working in!

C2
1 nO

LI

EEE TABLE

01
IEEE TEXTI

BV BATTERY
PPS OR SIMILAR -

+12V 0

R1
10M

SW1 I

1
14

OVO I
+I2V

IC1a 3

12 7
cl
47n

R2
10M

C2
100n

OVO

5

IC1b

102,3
PIN 7

t

IC2,3 < 470R
PIN 14

LED1

3

4

CP

SD IC2a

13

4
OV

IC3a

NOTE.
ICI - 4093B
IC2 - 4013B
IC3  4066111

A

B

C

D

E

Push-button Operated -over
D. Wells
Newport Pagnell
The circuit shown was devel-
oped during the design of a DC
controlled pre -amplifier. Using
momentary contact switches
allowed standardisation of all front
panel switches. As well as giving a
single or double pole change over
switch the circuit ensures that the
power up state of the switches is
always the same. In the author's
application only DC control
voltages were being switched so
the limitations of the 4066
switches at audio frequencies were
unimportant; other applications
may need to take account of
these.

IC1a goes high when SW1 is
pressed, R1 and Cl provide a
debounce function. The outputs of
IC2a change state on the positive
edge of IC1a output. As the two
outputs of IC2a are complemen-
tary and are connected to the con-
trol inputs of two switches in IC3, a
change over switch is achieved by
commoning the outputs of the two
switches. R3 and LED1 are optional
and form a visual indication of
switch status.

IC1b provides a short high pulse
at its output immediately after
power up. The values of R2 and C2
ensure that this pulse is longer than

the pulse from IC1a. The high from
IC1b is connected to the set input
of IC2a and causes the power up
state to always be:

point A connected to point B and
point B to C open circuit.

As it stands the circuit only uses
half the gates in all three IC's. One
possible use for these spare gates is
shown in the diagram. The positive
pulse from ICI b is fed to one of the
spare switches in IC3. This switch
was connected in parallel with one
of the source select inputs thus
ensuring that the same source was
always selected at power up (the
source switches were latched by
the audio switching IC used). Other
functions that could be implemen-
ted include: two single pole single
throw switches; another single
pole change over switch; a double
pole single throw switch.

Could G M. Heath get in touch
with us over his contribution to
Tech Tips and would all future
contributors help us by marking
their name and address on each
sheet of their submission. Thanks.

ETI
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PCB FOIL PATTERNS
o o
00 L.4"2.4;1/0?

0)1 0 0

0 0 9 0-0.0 0 104

( 0 al-a), 6 IT CT.°

c7,1) Q0 0010...

00oo coo Er\o

0R00 0 0 9 00000

oo 1 1)
(olio° o-o-o

G,

The top and bottom
patterns for the
scoreboard controller
module.

iiiiiiii
KW 29/2/84

o

Vaf f 0 0-i-c30:a\o,../-jya
KW 1/3/84).

The digit driver board pattern for the scoreboard. The pattern for the
scoreboard opto-isolator
module.
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UNIVERSAL EPROM PROGRAMMER UPGRADE

The EPROM Programmer upgrade board foil pattern.

The power supply board pattern for the scoreboard.

The mono -to -stereo
simulator foil pattern.
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FOIL PATTERNS
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The top and bottom patterns for the 6802 Evaluation Board.
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OPEN
CHANNEL

Keep it human

When electronic communica-
tions systems were in their
infancy, it seemed that the exist-
ing news communicators -

newspapers - were in for a hard
time. Pundits (then, and some
even now) predicted the rise of
the electronic newspaper and
demise of the real McCoy. Well,
the technology of the electronic
newspaper is now with us, but
it's being given a run for its
money - after all, who on earth
wants to sit in front of a com-
puter display: CRT, LCD or
other, to read the news when
you could have a real, live
newspaper folded on your lap.

The Financial Times will be the
first UK publication to make use
of SatStream North America and
it obviously hopes to eliminate
freighting costs, as well as being
able to produce the paper in
North America, hours earlier
than previously possible.

A single satellite link is to be

used between the FT's head
office at Bracken House in the
City of London and the printer in
New Jersey State, USA. Fac-
simile pages will be digitally
transmitted from Bracken
House to the printer at data
rates upto 128 Kbits per second,
via BTI's earth terminal, sited at
Ealing. Confirmation of page
reception will be provided by a
low -data rate return path using
BTI's KiloStream service.

The point I'm making is that,
yes, electronic services can be
super fast, super efficient, and
just plain super, but they can
also de -humanise a customer
service, so much so that the
customer will choose not to use
it. The example I've used here
shows that electronic services
can be used to great advantage
in the planning, preparation and
production of a newspaper, but
in the end the human consumer
must be catered for. Paper
newspapers do this, electronic
newspapers don't. The principle
is not restricted to newspapers,
and planners of electronic
services shouldn't forget it.
It's for yoo-hoo

This month sees the planned
start of British Rail's new service
for commuting business - peo-
ple : telephone links on -board

trains. The first stage will cover
the London/Manchester and
London/Liverpool lines, and
goes into service with a single
telephone in each first class
executive Pullman carriage. BR
plans to expand this rapidly
(hopefully to second class, too -
some of us fee -paying, ordinary -
mortal commuters know what a
'phone is, you know!) and
foresees a high usage of elec-
tronic mail via portable ter-
minals. In effect, commuters can
use the train as a mobile office.
Presumably, BR feels that its

commuters should get some
more work done and stop wast-
ing time reading humanised
newspapers.

Keith Brindley

Open Channel welcomes letters
and information on products and
events to do with telecom-
munications. Please address cor-
respondence to 'Open Channel',
ETI, ASP Ltd., 1 Golden Square,
London W1 R 3AB.

EXCLUSIVE WHILE STOCKS LAST

O 3V? DIGIT II 26 RANGE

 AUTO ZERO  AUTO POLARITY

 AC/DC 10 AMPS I TEST LEADS,

CARRY CASE, BATTERY & INSTRUCTIONS

5 ranges AC/DC volts 5 ranges AC/DC current
6 ranges Resistance to 20 meg ohms
Size: 161 x 87 x 25mm

AUDIO ELECTROnICS
301 Edgware Road, London.
W2 1BN 01-724 3564 y '

ORDER BY POST OR PHONE OR CALL IN OPEN 6 DAYS A WEEK

we
lwa
1E1

NEWRAD INSTRUMENT CASES LTD
Manufacturers for the Electronics Industry

UNIT 19 WICK INDUSTRIAL ESTATE GORE ROAD
NEW MILTON HANTS BH25 6SJ

Telephone: NEW MILTON 621195

WE MANUFACTURER BEAUTIFUL ENCLOSURES
At prices you will find difficult to beat.

Alloy boxes from SOp to rack mounted units from £15 and a host of ranges
and sizes in between. Well made - well finished - and all British.

Send large SAE for catalogue which includes £5 in vouchers.

OSCILLOSCOPES
COSSOR CDU 150. Dual Trace 35MHz
Solid State. Portable. 8 x 10cm display.

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 605. Dual Trace

Complete with manual .... ...... ... .. C200 60MHZ Delay Sweep. Component
S.E. LABS SMIII. Dual Trace 18MHz Solid Tester it5111
State Portable AC or External DC Opera- HAMEG OSCILLOSCOPE 203.5 Dual
lion 8 x 10cm display. Complete with Trace 20MHZ Component Tester 1254
manual _1175 BLACK STAR FREQUENCY COUNTERS.
EX -MINISTRY C7436. Dual beam 6MHz. P&P £4
Size 10 a 10 a 16ins. Complete with Meteor 100-100MHZ £95
manual f75 Meteor 600-600MHZ £121
NEW PROBES AVAILABLE. Switched x 1: Meteor 1000-1GHZ e1115
x 10 C11 BLACK STAR JUPITOR 500 FUNCTION

MARCONI AM SIGNAL GENERATOR GENERATOR Sine/Square/Triangle
TF144H/4, 10KHz-72MHz 0.1HZ - 500KHZ. p&p £4 £110

Stabiliy 0.002%. Attenuated Output 2 HUNG CHANG DMM 6010. 31/2 digit. Hand
microVolt - 2 Volts. Complete with held 28 ranges Including 10 AMp AC/DC.
manual £55 Complete with batteries a leads. p&p

WAYNE KERR AUDIO £4 £33.50
SIGNAL GENERATOR 8121 MULTIMETER type U4324. 33 Ranges.

10Hz-120KHz Complete £16

Attenuated 0-30V and 600 ohm Outputs. with Batteries 8 Leads P8P £4.
Complete with manual . £40

WAYNE KERR COMPONENT
BRIDGE 8521 (CT 373) MULTIMETERS

Resistance 1 milli -ohm - 1 Mohm. PHILIPS DMM 2517, 4 digit. Auto ranging
Capacitance 1 p1-5 p1. L 1 microH-500KH. Complete with Batteries, Leads (Un-usedl
Complete with manual us P&P £5 £95
MARCONI VALVE VOLTMETEP TP2I100 AVO 8 Mk5. Complete with Batteries, 'earls
Twelve ranges 1 mV -300 Volts FSD up to 10 a carrying case. P&P C7 £90
MHz. Complete with manual Ent AVO TEST SET No.1 (Very similar to AVO

ML -DC NANO -AMMETER 8X) £80
& MICRO VOLTMETER AVO MULTIMINOR. Complete with Bat -

100 rA-30 mA; 100 microV-30 V Centre terieS. Wads A carrying case. p&p Cl
zero meter. Unused .. f15 p&p £7 £22.50

KINGSHILL STAB. P.S.U. Model SOO
0-60 Volts; 0-0.5 Amps Current Limiting.
Metered. Size 8'4 x 6 x 5'4ins

... DSO£40
- - ffVARIAC 5AMP

AVO TRANSISTOR TESTER
Two Tr1511

Handheld. 00/ 10,00 for In -situ Testing.
Complete with Leads 8 Instructions

Input 240V. Output 0-265V Cased - suit- . .. .f20 pip C3
able 'or Bench use pap eT CROYDON RESISTANCE.E.20

METROHM-BATTERY BOX-MANGANIN
MEGGER 500 VOLTS 0.1-1111 Ohms 14 switches). Unused

Complete with Batteries and leads. In £25 pap £7
leather case C40 DSO CS. MAINS ADAPTOR. New. 240V Input 9V DC

800MA Output. Plugs directly into 13A Soc-
This s a VERY SMALL SAMPLE OF STOCIC, ket. PAP fi2 £5 ea.
SAE Or Telephone for LISTS DELPAK D15-200 POWER SUPPLY
Please check availability before ordering. MODULE. Enclapsulated Ex-eq. 210-250

Carriage all units £10 Input. +/- 15V 200MA Output. PAP £2
VAT to be added tototal of Goods& Carriage. £7.50 ea.I STEWART OF READING

110 Wykenham Road, Reading Berks RG6 1 PL
Telephone: 0734 68041

Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday mclus.ve
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FIND YOUR WAY
:THROUGH THE DIGITAL:

ELECTRONICS MAZE

First there was
SUPERKIT

 SUPERKIT II
This practical self -instruction kit has been developed to extend the
original beginners' SUPERKIT. SUPERKIT II includes an instruction
manual and many more components, enabling you to design and use
adders, subtractors, counters (ripple, up/down, synchronous, decade
and Gray code). registers, pattern recognisers and 7 -segment displays.
You need the board and components from SUPERKIT to enable you to
build the circuits in SUPERKIT II. Together the two kits provide an
excellent introduction to digital electronics - what really goes on
inside a Computer

SUPERKIT (SUP) £22.00 SUPERKIT II (SUP II) £16.00
Special price £35.00 for both (SUP + II) (inc. VAT and p et p)
The SUPERKIT series is backed by our theory courses. DIGITAL
COMPUTER LOGIC (beginners' course). which covers the design of
logical circuits. and DIGITAL COMPUTER DESIGN (more advanced).
which covers the design of digital computers. MICROPROCESSORS
AND MICROELECTRONICS teaches you what a microprocessor is
and what it can do.

DIGITAL COMPUTER LOGIC (DC14 £7.00
DIGITAL COMPUTER DESIGN (DCD) £9.50
MICROPROCESSORS AND MICROELECTRONICS (MIC) £6.50

.  OOOOOOO     
Please send for full information on these and our other courses.
GUARANTEE If you are not completely satisfied. return the item to us within 28 days for a tul.
refund. All pnces include worldwide surface postage (ask for prepayment invoice for airmail
Allow28 days for delivery in UK Overseas payment by .ntetnattonal credit card or by hank dtatt
drawn on a London bank

a

CAMBRIDGE LEARNING LTD, Unit 10, Rivermill Site,
FREEPOST, St Ives, Cambs PE17 4BR, England.
Tel: 0480-67446
VAT No 31 302 602 2 Transcasn No 2789159 Rey No 1328762:                    OOOOOOOOOOOOOO
Please send me (initial letters used):

SUP @ £22.00 DCL @ £7.00
SUPII @ £16.00 DCD @ £9.50
SUP + II @ £35.00 MIC @ £6.50

I enclose a cheque/PO payable to Cambridge Learning Ltd for E

Please charge my credit card.

No Expiry date

Telephone orders from credit card holders accepted on
0480 67446 (24 hrs)

Name

Address

S10 0 ottJr,

CAMBRIDGE
LEARNING

Unit 10. Rivermill Site, FREEPOST,

St Ives, Cambs PE17 413R, England.

I
I

Interak 1
A METAL

Z80A COMPUTER
Colleges, Universities, Individuals: Build your
own modular Z80A-based metal 19" rack
and card Interak computer. Uses commonly
available chips - not a single ULA in sight
(and proud of it). If you can get your own parts
(but we can supply if you can't) all you need
from us are the bare p.c.b.s and the manuals

-b.
Interak 1's greatest 7. SI asset - space for 40 0 e

A
expansion. 0.

.. o (Up to 8 more cards r .
1 4W' x 8- each)

fA'

(P.c.b.s range in price from £10.95 to £17.75
+ VAT; manuals £1 - £5.)
The I nteraktion User Group has 14K BASIC,
Assembler, Fig Forth, Disassembler, Debug,
Chess and a Book Library, Newsletters etc.
No fears about this one going obsolete -
now in its fifth successful year! Send us your
name and address with a 21 pstamp and we'll
send you 40 pages of details (forget tt)e
stamp if you can't afford it!) You've already
got a plastic computer for playing games,
now build a metal one to do some real work:
Interak, Interak, Interak!

Greenbank 010"""'"".

Greenbank Electronics (Dept T5E), 92 New Chester Road,
New Ferry, Wirral, Merseyside L62 5AG

Telephone: 051-645 3391

Printed Circuit Hardware
& Component Catalogue

* COPPER CLAD LAMINATES

* PHOTO -RESIST LAMINATE & CHEMICALS

* PRINTED CIRCUIT DRAUGHTING AIDS

* VERO BOARD & PROTOTYPING SYSTEMS

* CONNECTORS / CASES / GENERAL

HARDWARE

* SELECTION OF COMPONENTS

* EDUCATIONAL COMPUTING

* ELECTRONICS KITS

Send for your free catalogue iv

KELAN ENGINEERING LTD.
Circuit Products & Components Division. 1
27-29 Leadhall Lane, Harrogate.
North Yorkshire. HG2 9NJ.

IA okaNELL ELEcipioificsampAN, Tel: (0423) 870938. ETI/5/85

NAME
IADDRESS

I

1
I

I
I
I
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SCRATCH PAD

by Flea -Byte

Steve Wozniak is one of the
legends of the electronics world.
While still hardly more than a
teenager, he and his friend
Steven Jobs built a smallish,
microprocessor -based device in
a garage in California. This was in
the mid -seventies and, when
they started to sell similar
devices through their local elec-
tronic parts supplier, they
caused quite a stir. They began
manufacturing the device on
uncased PCBs and gave it a
name - the Apple computer. By
the early eighties, Jobs and Woz-
niak were reckoned to have per-
sonal fortunes well in excess of
$10m each. But, while Jobs went
on to lead the Apple Computer
Co. to greater and greater things,
Wozniak quit in 1983, taking his
money with him. He went into
rock promotion, lost a couple of
million, and signed up for a
degree course in computer
engineering- as a student. A cou-
ple of years later, the mercurial
Wozniak applied for a job... as an
engineer working at Apple Com-
puter. Despite his millions, he
was accepted on the 'shop floor
and helped develop products
for the Apple Ile and 11c. Then,

early this year, he quit again
saying he was fed -up with work-
ing on computers. Instead, says
Wozniak, he is starting a com-
pany called MBF Corporation -
which stands for 'My Best
Friend'. MBF's first product will
be a controller for home video
systems. 'It is not,' says Wozniak
defiantly, 'a computer or a

peripheral'.

Interesting to note the results
of the latest poll in 'New Scien-
tist'. Asked - among other things
- to name three famous scien-
tists, members of the Great
British Public plumped over-
whelmingly for 'Don't Know'.
Don't Know is, of course, dead -
like most of the other scientists
who appeared in the poll results.
He or she is, however, thought to
be responsible for inventing the
wheel, viruses, sexual reproduc-
tion and the Third Law of Ther-
modynamics. Readers will be
pleased to learn that, according
to the poll results, the world's
greatest living scientist (in fact,
the world's only living scientist)
is Sir Clive Sinclair, inventor of
the tricycle.

The latest news from Silicon
Valley suggests that maybe it
should be renamed. Cocaine
Valley, perhaps? Or Amphet-
amine Alley? Evidently, the use
of 'uppers' like cocaine and
amphetamines has become so
widespread among the elec-

tronics community that many
companies have had to consider
screening prospective emplo-
yees for signs of drug use. IBM
has actually introduced a

screening policy. (Perhaps the
company should now be known
as Big Blues!) Practically every
other big name in the Valley has
fought shy of such a move. They
are doubtless aware of the fact
that hardly anybody could stand
the pace of developing break-
through technologies every
other day without recourse to
stimulants. Also Intel, Nat Semi,
Apple and the rest must know
that there are more jobs around
in their part of the world than
qualified people to fill them.
Indeed, with an average salary of
$28,000 which is already 75%
higher than the US average,
perhaps it's time for the high
technology companies of Silicon
Valley to start offering induce-
ments in non -financial forms to

woo new talent. Could the
sunrise industries become the
snowfall industries?

Ill

While the robot population of
Britain rose by 33% last year to a
total of 2,623 (not including the
occupants of the House of Com-
mons or the cast of 'Cross-
roads'), the country is still only
sixth in the league behind
France, Italy, West Germany
(with 6,600 robots), the US
(13,000) and Japan (64,600). Of
course, it's common knowledge
that the Japanese have a dif-
ferent system for counting
robots. For example, they claim
to have developed a device con-
trolled by 67 16 and 8 -bit micros
which can read music, listen to
instructions, talk and play
keyboards. In Britain, this would
be known as Richard Clayder-
man.

precision pick-up arms
Please call or write:
SME Limited, Steyning, Sussex, BN4 3GY
Telephone: 0903 814321 Telex: 877808 G

VISIT OR PHONE

OPEN 6 DAYS
A WEEK

ALL STOCKS
ON Disputer

I-IEnRYZ 01_7E2d3 1mare. 0R1o:32d,41.0o3n2d3on, W2 lED

AUDIO ELECTRO(E5
EQUIPMENT

ORDER BY POST OR PHONE OR CALL IN AND SEE FOR YOURSELF

COMMUNICATIONS  COMPUTERS  COMPONENTS
THERMAL
PRINTER
COMPLETE WITH
FULL HANDBOOK
3 ROLLS PAPER

£49.95 1UK C/P El 051
SUITABLE FOR TANDY BBC ORIC NASCOM GEMINI
ACORN DRAGON ETC ETC 'interlace unit with Inds
CIS stale model) !your enquiries invited'

MODEM CARDS/COUPLER
Brand new Tested answer and originate 301) BAUD
uncased arousuc modem card or tempos
ma duladluir RS23, pot output power supply

12V it 180mA Requires 2 magnetic earpieces 2
switches 2 LEO: and connectors to complete Oata
supplied Card only C29.95
Card and remoindw of Small components L33.45
Telephone Direct Line coupler type LTU 11 MOIL.
Suitable for direct coupling PRESTEL adapters and
the above acoutlic modems Integral Lint select and
autodt al r eli y, red input; data supply

£14.95
1100 BAUD receive ,'`) BAUD send direct coupled
modern ler PRE Sir. Recw,res  511 supply will TTL
quota ion dull line ailed` and air Iodial LTU

direct coupler regtoied SEE Thcor Data eupotied
PRE S Ti i modern raid £14.95

ALWAYS BARGAINS FOR CALLERS

ASC 1 1
KEYBOARD
69S 05 Compact 64 key
 5 function keys Nall effect keyboard won
reprogrammable 12716) ASCII output decoder EPROM
Steel key frame for good rigidity Negative going
strobe Requires 5 volt  12 volt 0031111111 E24.115

COMPACT 58 KEY ASCII
KEYBOARD
CoritadleSi Capacitive high reliabil ty keys Full 12$
ASCII codes Steel key from. for powlive rigidity
I mS 'Nobs single  5 volt supply Repeal key attalrel
and caps lack L32.50 KIK C P El 00 either medell

COMPUTER FANS
IUK C/P KO each. CI OD Sr purl
4,, 220,23011 AC kar41 new 121,50eun
41, 220.240V AC Eirmuts 15.50 each
41, 110.115V AC Excrete 95.00 each

UHF MODULATORS IUKC- P400)
Video Input RF outputs cued for computer I etc

*sew UM 1233 L3-50 ITT version L3.50

ITT 2020
CABINET
Professional computer case
with keyboard cutout 18 e

155 545 Word 510051
Ideal ler single board computer:
like the Ilascom or Gemini Multibcord 13 cords. WI
Very heavy pugs 125 1

plastic with metal bus.
Ammon silver
arty brush £22.95 Ilk C/P E2051

POCKET RADIATION DETECTORS
oimumoir ler Gamma and X Rap 115r IUK C P 550

£6.95 r
NICADS
EVERREADY B I Vet HEAVY DUTY PICA°

Oral 3 Dam 13 with magnetic

'wild' £5.95 100 C/P 550 1

CHERRY ADD-
ON KEYPAD
16 button pad non encoded

£5.95 IUKC P 509 per 1 to 21

mono -

STEREO TUNER/AMPLIFIER
1000's sold
4 wars bond Ore bur
amplifier by GEC MW/LW/ SW
stereo FM riche 10 I 0 wan store@
amplifier Inputs for PU tape in 'out
Supplied u two assembled unite easy

to connect
as illustrated £2 1.95 IUK Cr P Cl 501

CASSETTE MECHANISMS
Filled counter Motor Stereo record aim, yy
and erase heeds Solenoid etc Brand
new available 6V DC or IN OC

Istate whichl £5.95 110( C P 6501 t' -ALSO

mimature stereo Cassette replay macho/vim
12V 105 a 100 s 40 mm ES.50 (UK C/P 65p4

STEREO RADIO TUNER
Ready birth Mrs Lw
Stereo F M By well known Etao

HI R manulacturer Acores
6 13 1 I VAth Oata

£4.9511111 C P 65p1

MARRIOTT TAPE HEADS
IUKC P 50p per Ito 41

's TRACK XII PS36 law imp E350
RRP31B Men 12 50

0E511 Erase tor above EI 25
14 TRACK 110 RP52 R, P 0225

Erase ler above E 125
CASSETTE MEADS
Garet C7-15 Nen El SS horse emu 01_00

ALSO IN STOCK Large range of loots components
speakers accessories. pups mice 'Wan CB etc
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SERVICE SHEET
Enquiries

We receive a very large number of enquiries. Would
prospective enquirers please note the following
points:
 We undertake to do our best to answer en-
quiries relating to difficulties with ETI projects, in
particular non -working projects, difficulties in ob-
taining components, and errors that you think we
may have made. We do not have the resources to
adapt or design projects for readers (other than for
publication), nor can we predict the outcome if our
projects are used beyond their specifications;
 Where a project has apparently been construc-
ted correctly but does not work, we will need a des-
cription of its behaviour and some sensible test
readings and drawings of oscillograms if approp-
riate. With a bit of luck, by taking these measure-
ments you'll discover what's wrong yourself. Please
do not send us any hardware (except as a gift!);
 Other than through our letters page, Read/
Write, we will not replyto enquiries relating to other
types of article in ETI. We may make some excep-
tions where the enquiry is very straightforward or
where it is important to electronics as a whole;
 We receive a large number of letters asking if we
have published projects for particular items of
equipment Whilst some of these can be answered
simply and quickly, others would seem to demand
the compiling of a long and detailed list of past pro-
jects. To help both you and us, we have made a full
index of past ETI projects and features available
(see under Backnumbers, below) and we trust that.
wherever possible, readers will refer to this before
getting in touch with us.
 We will not reply to queries that are not accom-
panied by a stamped addressed envelope (or inter-
national reply coupon). We are not able to answer
queries over the telephone. We try to answer
promptly, but we receive so many enquiries that
this cannot be guaranteed.
 Be brief and to the point in your enquiries. Much
as we enjoy reading your opinions on world affairs,
the state of the electronics industry, and so on, it
doesn't help our already overloaded enquiries ser-
vice to have to plough through several pages to find
exactly what information you want

Subscriptions
The prices of ETI subscriptions are as follows:
UK: £16.30
Overseas £18.30 Surface Mail

$24.00 Surface Mail (USA)
£43.30 Air Mail

Send your order and money to: t I I Subscriptions
Department, Infonet Ltd, Times House, 179 The
Marlowes, Hemel Hempstead, Hertfordshire, HP1
1 BB (cheques should be made payable to ASP Ltd).
Note that we run special offers on subscriptions
from time to time (though usually only for UK sub-
scriptions, sorry).

ETI should be available through newsagents, and
if readers have difficulty in obtaining issues, we'd
like to hear about it

Backnumbers
Backnumbers of ETI are held for one year only from
the date of issue. The cost of each is the current
cover price of ETI plus 50p, and orders should be
sent to: ETI Backnumbers Department, Infonet Ltd,
Times House, 179 The Marlowes, Hemel Hemp-
stead, Hertfordshire HP1 1 BB. Cheques, postal
orders, etc should be made payable to ASP Ltd. We
suggest that you telephone first to make sure there
are still stocks of the issue you require: the number
is (0442) 48432.

We would normally expect to have ample stocks
of each of the last twelve issues, but obviously, we
cannot guarantee this. Where a backnumber pro-
ves to be unavailable, or where the issue you require
appeared more than a year ago, photocopies of

individual articles can be ordered instead. These
cost £1.50 (UK or overseas surface mail), irrespec-
tive of article length, but note that where an arti-
cle appeared in several parts each part will be
charged as one article. Your request should state
clearly the title of the article you require and the
month and year in which it appeared. Where an arti-
cle appeared in several parts you should list these
individually. An index listing projects only from
1972 to September 1984 was published in the
October 1984 issue and can beordered in the same
way as any other photocopy. If you are interested in
features as well as projects you will have to order an
index covering the period you require only. A full
index for the period from 1972 to March 1977 was
published in the April 1977 issue, an index for April
1977 through to the end of 1978 was published in
the December 1978 issue, the index for 1979 was
published in January 1980, the 1980/81 index in
January 1982, the 1982 index in December 1982,
the 1983 index in January 1984 and the 1984 index
in January 1985. Photocopies should be ordered
from: ETI Photocopies, Argus Specialist Publica-
tions Ltd, 1 Golden Square, London WI R 3AB.
Cheques, postal orders, etc should be made pay-
able to ASP Ltd.

Write For ETI
We are always looking for new contributors to the
magazine, and we pay a competitive page rate. If
you have built a project or you would like to write a
feature on a topic that would interest ETI readers, let
us have a description of your proposal, and we'll get
back to you to say whether or not we're interested
and give you all the boring details. (Don't forget to
give us your telephone number).

Trouble With Advertisers
So far as we know, all our advertisers work hard to
provide a good service to our readers. However,
problems can occur, and in this event you should:
1. Write to the supplier, stating your complaint and
asking for a reply. Quote any reference number you
may have (in the case of unsatisfactory or incom-
plete fulfilment of an order) and give full details of
the order you sent and when you sent it
2. Keep a copy of all correspondence.
3. Check your bank statement to see if the cheque
you sent has been cashed.
4. If you don't receive a satisfactory reply from the
supplier within, say, two weeks, write again, sending
your letter recorded delivery, or telephone, and ask
what they are doing about your complaint

If you exhaust the above procedure and still do
not obtain a satisfactory response from the supplier,
then please drop us a line. We are not able to help
directly, because basically the dispute is between
you and the supplier, but a letter from us can some-
times help to get the matter sorted out. But please,
don't write to us until you have taken all reasonable
steps yourself to sort out the problem.

We are a member of the mail order protection
scheme, and this means that, subject to certain con-
ditions, if a supplier goes bankrupt or into liquida-
tion between cashing your cheque and supplying
the goods for which you have paid, then it may be
possible for you to obtain compensation. From time
to time, we publish details of the scheme near our
classified ads, and you should look there for
further details.

OOPS!
Corrections to projects are listed below and normally
appear for several months. Large corrections are
published just once, after which a note will be inser-
ted to say that a correction exists and that copies
can be obtained by sending in an SAE.

EPROM Card (June 1984)
On the circuit diagram, Q2 base is shown connected
to +25V, but should be connected to +5V. Q3
should not be connected to OV, but only to point a.
The capacitor connected between +25V and OV is
C5 and should be 24 35V tantalum bead. Switch
connected across C4 is SWI on overlay. Increase R8
to 2k7 if using suggested PSU. (R8 OK for 24V).
Spectrum Joystick Interface (June 1984)
The PCB and the circuit diagram do not agree; the
circuit diagram is correct, and all PCBs sent out by
the PCB service should have been amended. 1C3 is
74L5241, as correctly stated in the parts list but
incorrectly given in the footnote to the circuit
diagram.

CMOS Tester (August 1984)
C3 and C2 are reversed on the overlay. C3 is the
electrolytic and C2 the polyester. R33 is 100 K,
not 1M as given in the parts list, and RV1 is a 1M
horizontal skeleton preset R1-16 are two, eight-
resistor SI L packages, the component labelled
CI4 on the overlay is SK1, and the connections to
D2 shown in Fig 3 are reversed. On the circuit
diagram, the eight lines connecting 5W9-16 to
the inverters are shown in reverse sequence.
Some of the inverters have been given the
wrong designations; the correct sequence,
reading down from the top, is:- IC1 f, IC2a, IC2 b,
la e, IC1 d, IC1 c, IC1 b, IC1a, IC2 c, IC2 d, IC2e,
IC3d, IC3a, IC3 b, IC3c, IC2 f. Finally, the pin
numbers are missingfrom ICs 3e and f, the input
of IC3 e is pin 11 and its output pin 12, and the
input of IC3f is pin 14 and its output is pin 15.
The PCB is correct in all respects.
Sharp Joystick Interface (August 1984)
Some of the inverter pins are incorrectly
labelled on the circuit diagram. Pins 11 and 10
are shown reversed on IC1 b, pins 9 and 8 are
shown reversed on 10 c, and the output of IC4 d
is pin 10, not pin 20. Note that a number of the
inverters have been incorrectly shown as non -
inverting buffers.

AM/FM Radio (November 1984)
In Fig. 2, the oscillator and IF sections should be
shown connected to ground; the PCB is correct. In
Fig 4, C31 should be 10n to give the 75us
deemphasis shown in Fig. 3, but 4n7 has been found
to give a brighter midrange. R38 in Fig 5 should, of
course, be 820k rather than 280k and it and the
bottom end of C38, C44 etc should be shown con-
nected to ground. In the construction section on
page 25, four pieces of 8mm plywood are men-
tioned but in fact only three are needed - the
fourth side is the front panel. See also the note in
December News Digest regardingavailability of the
inductors.

Digital Control Port (November 1984)
The second sentence in the "Testing" section on
page 30 should include the words 'without any ICs
in place In the second paragraph of that section, the
check for +5V should be made on pin 3 of IC101,
not IC1. At the bottom of the first column on page
31, the last sentence should finish with 83 = 0.

Video Vandal (November 1984)
In Fig. 8 on page 54, R16 and R17 should be shown
connected to the base of Q4, and C12 and SW2
should be in the D output line rather than the OV
line. It may also be beneficial to add a diode across
R3 with its anode connected to the slider of RV1. In
Fig, 10, R52 and LED2 are shown connected across
the + 12V supply but it is betterto place them across
the -12V supply so as to even -up the dissipation in
the ICs.

VCDO (March 1985)
RV2 should be 10k (right in parts list, wrong on cir-
cuit diagram).
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REVIEW
Digital Lab
Computer software

Associate Services Ltd.

23 Chesham Street

London SW1X 8NQ

price: £29.95

For some years now, sophis-
ticated circuit design and
analysis software has been avail-
able for expensive minicom-
puters and mainframes. One of
the most interesting develop-
ments in the micro field in
recent months - interesting, that
is, for those involved in elec-
tronics - is the introduction of
cheap packages for circuit
design and analysis on home
computers.

Digital circuit design and test-
ing would seem to be the
obvious direction for software
developers in this area to take.
So it's surprising to find that the
best packages (and there are
only a handful of them) are
actually devoted to modelling
and analysing linear circuits.

Apart from Sinclair Research's
'Make -A -Chip' package for the

Spectrum, which pretends to be
no more than educational, there
has been nothing to my
knowledge tackling the pro-
blems of either combinatorial or
sequential logic design. Until
now, that is.

'Digital Lab' is a package pro-
duced by Associated Services
(London) Ltd., of 23 Chesham
Street, London SW1X 8NQ, for
the Commodore 64. The disk -
based software comes with a 60 -
page manual and costs around
£30. In all fairness, Associated
Services aim the program at
'pupils and students who would
like to extend their practical
approach to designing and con-
structing logic circuits' -

although they do claim that the
program can be used to help
actual circuit construction.

I must confess that I assumed
'Digital Lab' would turn out to be
a real designer's tool before
actually trying it out. In that
respect, I was disappointed. The
package allows you to link
together as many gates as you
can fit into a 99 row by 99
column matrix (windowed on
the screen as a five by five mat-
rix), but there are no NAND,
NOR or EXNOR gates available -
these having to be built-up from
AN Ds, ORs and NOTs - and the

--0{DDIDDOD-L1+-

The initial screen of Digital Lab

maximum number of inputs to
any one gate is only three.
Neither does the package
support sequential logic -

except by allowing you to
observe the action of single RS,
D -type and JK bistables.

With these restrictions, 'Digi-
tal Lab' can only substantiate a
claim to being an educational
tool. And, despite one or two
quirks, as an educational tool it
works well. The quirks are
largely to do with the style in
which the software has 'peen
programmed. The author could
have made one or two simple
modifications to improve the
package - for example, the

ability to hold the 'input-output
screen' (in which the circuit you
have designed is assigned input
and output names) and alter the
design would have been useful.
As it stands, if you want to alter
your circuit in any way, input-
output lines have to be re
assigned from the start. This is
quite a tedious procedure.

I would expect to see more
packages like this being pro-
duced in the future. No doubt,
their authors will learn from this
one and make what improve-
ments they can. At the moment,
'Digital Lab' has the edge
because the competition is
practically non-existent. Its own
merits are also clear. It is a
powerful, value -for -money aid
in learning about combinatorial
logic. It is not really a designer's
tool and, even as a learning aid, it
should be used together with a
good book on logic circuits. Its
one virtue for the professional or
advanced amateur is that the
program takes the tedium out of
calculating truth -tables for com-
plex gate arrangements. For this
reason alone, Commodore -64
owners involved in logic design
may well have reason to be very
grateful to Associated Services.

Gary Herman

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

Our large standard range is complemented by our SPECIAL DESIGN
section which can otter a prototype service within 14 DAYS together
with eihorl lead time on quantity orders which can be programmed to
your requirements with no price penalty
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2.029 220 022
7.030 240 0 20

90 VA
90  30..wn 1Kg

Rompulatan 12%

3.010
3.011
3-012
3.013
3.014
3.019
3.016
3.017
3.026
3.029
3.030

6.6
9.11

12.12
15.15
18.t8
22.22
25.25
3030
tie
220
240

6 64
4 44
3 33
264
2 22

el
1 GO

1 33
0 72
0 36
0 33

120 VA
90  40nwn 1.2K.

Replown 11%
4.010 6.6 1000
4.011 9.9 666
41.012 '2.12 500
4.013 19,5 400
1.014 4.16 333
41.019 22.22 2 72
41.016 25.25 2 40
4.017 30.30 200
4.018 3535 171

4.028 110 109
1.079 220 0S6
4.030 240 050

ISO VA
110 a 4Ornen 1.11K.

Replan*. II%
9.011
5.012
9.013
52014
5.015
5.016
5.0"
5.011
5.026
5.021
5.029
5.030

119
12.12
15.15
10.10
22.72
25.15
30.30
3931
40.40

110
220
240

I 69
666
5 33
4 44
3 63
320
266
224
200
1 49
0 72
0 66

2211 VA
110  46nwn 2.214

Plessistien
6.012 12.12 934
6.013 15.15 ? 50
6.011 16.4 625
6.015 22.22 511
WIG 2525 ISO
6.017 30.30 3 75
6.016 35..35 321
6.026 40.40 2 81
6.025 49.49 2S0
6.033 50. 90 2 25
6.026 1'0 2 04
6.029 220 1 02
6.030 240 0 93

300 VA
110  50nwn 2.6k9

neekeetwon
7.013 1915 10 00
7.014 14.14 0 33
7.019 22.22 6 62
72016 29.29 600
72011 30.30 500
7.04 39.39 4 26
7.026 40.40 379
1.025 45.15 333
7.033 50. 50 300
7.0211 110 2 72
7.029 220 1 36
7.030 240 1 25

SOO VA
140  110nwn 44.

Regulation 4%

6.016 29.29 1000
5.011 30.30 8 33
44,6 39.35 7 14
5.026 40,40 629
6.029 45.49 999
111.033 5050 500
8.043 5995 4 94
6.026 110 41 14

0.079 220 227
5.030 240 206

635 VA
140  79nun SK.

Rsoulinen 4%

9.017 30.30 10 41

9.016 3939 4 92
9.026 43.40 7 61

9.025 4549 6 64
9.033 SOSO 6 29
9.042 95 59 5 GB
9.024 110 966
9.029 270 2 64
9.030 240 2 60

WAY a Toroid?
Smeller size & weight to meet

modern 'hemline' requirements
Low electrically Induced

noise demanded by compact
equipment.

High efficiency enabling
conservative rating whilst main-
taining size advantages.

Lower operating temperature.

My ILP?
Ex stock delivery for

standard 240v range.
Fast prototype service

available.
3 weeks despatch for

special orders.
2 year no quibble

guarantee.
No price penalty for call -off

orders.

PnCIO ...eeew. POP ...alms
VA Size C VA Size
15 0 7.06 160 5 12 17
30 1 7 67 225 6 13.75
50 2 890 .300 7 14.97
BO 3 10 06 500 8 19.60
120 4 10 65 625 9 22 30
Per 110V primacy most '1:1- in Mace of "." on Noe number.
for 220V pnnwe (Europe, .nunt ' I " on owe of "X' In type number
Per 240V printery (UKI mart '2 an Mace of "X in type numbs,
IMPORTANT. Reeulation All voltages fumed an PULL LOAD.
Flews add nogelmum Newry In ..new0 +Hugo to ootson off lead voltage

Mesa Order - Please make your crowed
dieques or postal orders payable to I LP
Electronics Ltd.
Trade - We will open your credit account
Immediately upon receipt of your first
order.

VISA

Post to: ILP Electronics Ltd., Dept. 4
Graham Bell House, Roper Close,
Canterbury, Kent. CT2 7EP
Tel: (0227) 454776 Telex: 965780

ELECTRONICS LTD..
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ELECTRONICS TODAY INTERNATIONAL CLASSIFIED
Lineage:
40p per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£11.00 per single column centimetre
Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available on request)

ALARMS

FREE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440
AD ELECTRON ICS

217 WARBRECK MOOR

21t

AINTREE, LIVERPOOL L9 OHU 511C

SECURITY
Alarm Systems

FREE COMPREHENSIVE CATALOGUE,

 LOWEST DISCOUNT PRICES
 HIGHEST QUALITY EQUIPMENT
 FREE DIY DESIGN GUIDE
 FULLY ILLUSTRATED
 MICROCHIP CIRCUITRY
 QUICK DESPATCH SERVICE
 FULL INSTRUCTIONS

SEND SAE OR PHONE
TE pt 1,

Stephens Way. Goose Green.
Wigan WN3 6PH
Tele  none 0942 42444)

LOWEST PRICED TOP DUALITY
fire and intruder alarm equip-
ment, etc. S.A.E. for catalogue.
Security Services, 162 High St.,
Hythe, Kent CT21 5JR.

IT'S ALARMING!
SOME PEOPLE DON'T

PROTECT THEIR PROPERTY.
PERSUADE THEM.

ADVERTISE YOUR ALARM
SYSTEM HERE.

BEAT THE BURGLAR
HOME SECURITY AT TRADE PRICES

 MANUFACTURERS OF
PROFESSIONAL ALARM
EQUIPMENT FOR THE
TRADE AND D.I.Y.
 SEND NOW FOR OUR
COMPREHENSIVE D.I.Y.
GUIDE TO CATALOGUE

S.A.E. OR PHONE

ZIEC
0ROGUARD

U.K.
36 ASHCROFT AVE
SHAVINGTON
NR CREW CW2 5HN
TEL 0270 666311

IRELAND
134 FINAGHY RD SOUTH
BELFAST BT10 ODG

TEL 0232 616962 r13._-=N. IRELAND

4400

BOOKS

PARAPHYSICS JOURNAL
(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music , telekinetics .
Computer software. S.A.E.
4 x 9", Paralab, Downton,
Wiltshire .

KITS

ELECTRONIC ORGAN KEY-
BOARDS and other parts being
cleared out as special offer.
Elvins Electronic Musical
Instruments, 40A Dalston Lane,
London E8. 01-986 8455.

01-437 0699

Send your requirements to:
Caroline Faulkner
ASP Ltd.,
1 Golden Square,
London W1.

APPOINTMENTS

ELECTRONICS ENGINEER
Cloud Electronic Ltd who manufacture a range
of high quality audio products amplifiers,
mixers etc, require an Electronics Engineer to
hoin their R+D team. The ideal candidate will

ave an active interest in audio and relevant
R+D experience.

Write giving full details to:
CLOUD ELECTRONICS LTD

511-515 Staniforth Road
Sheffield S9 4RA

KITS

PRINTEDCIRCUITS Make your
own simply, cheaply and quickly!
Golden Fotolac light-sensitive
laquer - now greatly improved
and very much faster. Aerosol
cans with full instructions, £2.50.
Developer 35p. Ferric Chloride
60p. Clear acetate sheet for
master 15p. Copper -clad fib-
reglass board, approx. 1mm
thick £2.00 sq. ft. Post/packing
75p. White House Electronics,
Castle Drive, Praa Sands, Pen-
zance, Cornwall.

MINIATURE FM TRANSMIT-
TERS. Frequency 60-145 MHz,
range 1/2 mile S.G.F. - P.C.B. All
components. Full instructions 9-
12v operation, broadcast recep-
tion. Super sensitive microphone.
Pick-up on FM radio. £6.95 inc; or
ready built £8.95: Same day des-
patch - Zenith Electronics, 21
Station Rd., Industrial Estate,
Hailsham, E. Sussex BN27 2EW.

MINIATURE TRANSMITTER,
transmits all voices and sounds to
any VHF/FM radio up to 5 miles
away, size 2in x vzin, tunable 70-
150 MHz complete kit, including
sensitive microphone, £4.95 send
cash/cheque/PO: Tectroniks, 22
Lambardes N.A.G., Nr. Dartford,
Kent DA3 8HX. Mail order only.

J. Linsley Hood
Designs

Distortion Analyser Kit £25.00 (p&p £1)
Millivottmeter Kit £12.35 (p&p 75p)
Case & Panel C12.00 (p&p El)
ETIMosfetP Amp Kit E51.171:1(35pEl 50)
AuchoSignalGen (02%) £25.50 (p&p £1)
Audio Signal Gen (.002%)

£36.110 (p&p £2)
Fixed Freq Sig Gen Kit Ell 00(pftp 50p)

Send SAE for lull information

TELERA1310 ELECTRONICS
325 Fore Street
London N9 OPE

SERVICES

JBA
ELECTRONICS

Manuf actures to design or specifications
One offs small batch prototypes
Analogue digital electronic equipment.
Complete electronic service - no job to
small,

1st Floor, 4a Lion Yard
Brecon. Powys, South Wales

Tel (0874) 611177

FREE PROTOTYPE of the
finest quality with every P.C.B.
artwork designed by us. Com-
petitive hourly rates, and high
standard of work. Halstead
Designs Limited. Tel: halstead
(0787) 477408.

P.C.B. DESIGN & LAYOUT,
manually taped artwork pro-
fessionally produced at competi-
tive prices. James Gledhill. Tel:
01-674-8511.

PCB DESIGN & LAYOUT.
Taped artworks to your
specifications and requirements.
TRAX Limited, 497 Hitchin Road,
Luton, Beds.

SCOPES
Repaired & recalibrated all
makes, all models.
Scopex Safgan. Older 7( K TO

MENDASCOPE LTD
Otter House

Western Underwood, Olney
Bucks MK46 5JS

Tel: Bedford (0234) 71 2445

P.C.B.'s manufactured to you
specification. Small/Large pro-
duction. FAST PROTOTYPE SER-
VICE. Photography. Sensitised
Laminate Supplied, U.V. Exposure
Equipment from manufacturer.
ORBITECHNIC, 38 Torquay Gar-
dens, Redbridge, Essex. 01-550-
3610.
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FOR SALE COMPONENTS COMPUTER
ADD-ONS

MISCELLANEOUS

100W AMPLIFIER - £9.95 built
or use the same board for 50W,
150W, 200W into 4 or 8 ohms,
etc., by using alternative output
transistors and P.S.U. S.A.E. for
full details to:- ESS Amplifica-
tion, 269 Hessle Road, Hull.

KIA RETURN AN AD. No. 19 .. .

New variabe automatic protection
power supplies 12-40v/5A/STAB

. . . return AD19 + £5.90 - 8,
Cunliffe Rd., Ilkley . . Saletime,
1000 amplifiers - Giveaway
prices!!

BARGAIN!!!
LED 7 SEGMENT DISPLAY, BRAND
NEW 14 PIN OIL RED 43 inch. COMMON
ANODE DISPLAY 0-9 WITH RIGHT AND
LEFT DECIMAL POINT

5 pieces £2 00 (40p each)
10 pieces £3.50 (35p each)
50 pieces £15.00 (30p each)

100 pieces £25.00 (25p each)
1000 pieces £250 00 (20p each)

TELEPHONE YOUR ORDER TO
0296 613816

KIA WISH YOU A HAPPY
EASTER . . . Treet yourself!! .

100w. Powerfet amps + relay -
built & tested ... Post this advert +
£12 (inc). KIA-8, LS29 9DZ (Cata-
logue 50p).

CORTEX COMPUTER - RS232,
RGB Interface, Centronic Printer
Port, Extension BUS and 2 x 51/2
inch Disk Drive with CDOS operat-
ing system £500 o.n.o. Additional
software MDEX with forth and
graphics £100. Tel: 0480 860821.

64K DRAMS. 416 4 150nS £3.95,
120nS £4.95 Tested. Also one
Shugart SA400 5.4 inch Drive £55
inclusive. Tel: 0386 553767.

COMPONENTS

RESISTORS, CAPACITORS.
1,000 mixed carbon film 1/2W,
1/2W, /2W, 2%, 5%, 10% resistors
£2.95. 50 mixed ceramic tube
capacitors £1.00. P&P 50p. D.J.
Hooker, Romney Marsh Elec-
tronics, Pennywood, Clark Road,
Greatstone, Romney Marsh, Kent
TN28 8PB.

IRISH
READERS

MAIL ORDER COMPONENTS
Top quality component,

Great prices
Return -of -post service

Write or phone for free price list
WAVEFORM ELECTRONICS

12 Ettra Road, Rathmines, Dublin 6.
Phone(01)0001 if England 987507

Mail order only please

HUNT ELECTRONICS 1985.
COMPONENTS CATALOGUE.
send 50p in stamps. Refunded
with first order, to P.O. 57, Derby,
DE6 6SN. Tel: (0283) 703071.

CHEAP CASES
Absolute bargains rack mounting & tr. Stand-
ing NEW. but manufacturers seconds. No
damage

SOrld s a Is for list
C. INdelpt, 'The Lawrie' Tploe Road
Woolen. New kWh" Hants BN2S 38J

MAIL ORDER ONL r

NI -CAD BATTERIES. AA, 500
MAH £1.00. C 1200 MAH £2.00. D,
1200 MAH £2.20. PP3 110 MAH
£4.80. P&P 40p. Free price list!
Spectrum Radio & Electronics, 36
Slater St., Liverpool L1 48X. 051-
709-4628.

BOOKS EXCHANGE
SERVICE

BOOKS WANTED FOR CASH
Have you got technical books you no
longer need? OR Do you need to read
up on a new topic', Then EXCHANGE
BOOK CLUB can help YOU.
We buy and sell previously read books
on electronics and computing
For list 01 currently available titles and
details of our guaranteed ouy back
plan SAE please to
JAMES ELECTRONICS. P.O. Box 2

Rothwell, Used* LS28 OUY

TEST EQUIPMENT

TOP PRICES PAID
for surplus electronic test

equipment.
ALWAYS a good selection of

SIG-GENS, METERS, and
SCOPES for sale.

Phone 0920-8714301

ADD-ONS

TANGERINE OWNERS at last 2
-6809- C.P.U. board with ex-
pandable monitor in colour. FLEX
compatible. Also 14K RAM card to
free EPROM space on TANEX
S.A.E. For details . . Ralph Allen
Engineering; Forncett-End, Nor-
wich. Tel: (095 389) 420.

WANTED

TURN YOUR SURPLUS tran-
sistors, IC's etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. Immediate
settlement.

MICROCOMPUTER
REPAIRS

ZX SPECTRUM. Vic20, C64, BBC,
QL 15 40/41, Commodore com-
puters, printers and floppy discs.
Send faulty machine to: Trident
Enterprises Ltd., 37 Linden
House, Common Road, Langley,
Slough, Berks. Tel: (0753) 48785.

PLANS 'N DESIGN

AMAZING ELECTRONIC plans,
lasers, gas, ruby, I:ght shows,
high voltage teslas, van de graph
surveillance devices, ultrasonics,
pyrotechnics, new solar
generator, 150 more projects,
catalogue. S.A.E. Plancentre,
Old String Works, Bye Street,
Ledbury HR8 2AA.

EXTERNAL VIDEO BOARD for
the CORTEX and other
computers using the TMS9929
V.D.P. Fully synchronises the
computer to a video fed from
camera or V.T.R. Produces a
combined picture at the outputs.
Unpopu ated P.C.B. circutis and
details - £30.00. Fully built
£100.00 Tim Gray, 12 Larkspur
Drive, Featherstone, Wolver-
hampton, West Mids. WV10 7TN.

OSCILLOSCOPES
FOR SALE

TEKTRONIX OSCILLOSCCPES
585A dual trace. 85 MHz delay
sweep £250. 546 dual trace 50
MHz delay sweep £195. 564 stor-
age dual trace 10 MHz £205. 575
curve Vacer for transistors £75.
Manuals, plug -ins, spares. NOVA
3 mini -computer. Tel: 01-868
4221.

EQUIPMENT

EPROM COPIER - STAND ALONE
271E-27128 f175.00

TELEPHONE CONVERSATION
RECORDER £75.00

2 LINES INTO 1 ANSWERING
MACHINE
Switching Unit £30.00

From L.K.F. Systems Ltd
St. Albans. Tel: 55084

PRINTED CIRCUIT BOARDS
one -offs and small quantities
supplied. Artwork carried out.
Fenne Industrial Electronics, 54
Watling Street, Nuneaton, Warks
CV11 6J L. Tel: 0203 382296.

WIRES 'N CABLES

THE SCIENTIFIC
WIRE COMPANY

811 Forest Road, London E17
01-531.1588

ENAMELLED COPPER WIRE
SWG 1Ib 8oz 4oz 2oz
8.34 163 2.09 1.10 88p

35-39 182 2.30 1.26 93p
42.43 5.20 2.91 2.25 1.60
44-47 8.56 5.80 3.49 2.75

48 15.96 9.58 6.38 3.69
SILVER-PLATED COPPER WIRE

14.30 9 09 5.20 2.93 1 97
TINNED COPPER WIRE

14-30 397 2.41 139 094
Prices include P&P and VAT Orders under
£2 add 20p. Dealer mourries we:come

SOFTWARE
APPLICATIONS

MORSE DECODER. For the 1K
ZX81 16K ZX81 16/48K SPEC-
TRUM. Full spaced alpha numeric
decoding plus most punctuation.
Works on clean signal fed into ear
soc<et. 100°0 MACHINE CODE
AUTO SCROLL. Adustable speed
8/40 wpm. Introductory price
£6.00. PLEASE STATE WHICH
COMPUTER! We believe these
programs are the most USER -
friendly and reliable ye!. CATRA
SOFTWARE, 3 Pedmo-e Close,
Redd itch, Worcs B98 7X B.

TELEPHONE SOCKETS, New
type, Main £3.50. Extension £2.50,
Plug & Cord £1.50, Cable 15p per
mtr. Price includes instructions &
postage. SHANTRONIC 60 Oak -
hill Rd., Horsham, West Sussex.
Tel: 0403 56563.

SPECTRUM P.I.O. 16 -Bit Pro-
grammable £9.50 Also SPEC-
TRUM ADC/DC 8 -Channel, 8 -Bit,
with 240V relay output, includes
16 -Bit P.I.O. £24.95 Also SPEC-
TRUM JOYSTICK INTERFACE
using Kempston standard with
any Atari -type controller £5.50.
Check/PO to:- R. Chandler 5 Nor-
folk Place, LEEDS LS7 4PT. Tel:
693540 comprehensive instruc-
tions included.

EDUCATIONAL

IMPROVE YOUR PROSPECTS

with skills that employers were - loam
the easy way with modem home study
courses from Ideal Schools

MODERN ELECTRONICS
Train for success in the fastest ever

growing indvs-tnal sector

COMPUTER PROGRAMMING
The demand for Programmers is

increasing constantly - don't mass out'
For free booklet write today to

IDEAL SCHOOLS
jr_DEAL1160RestfEETD41

Glasgow G1 UK.
Tel:041-2485200

PRE -AMPS

 .
r AIWA PRE-AMPLIIFIER4

SPECIAL PURCHASE

SAC 80 £26.95
SAC 30 £22.95

BERRY'S OF HOLBORN
3e39 High Holborn WC 1V 68G

01-405-6231

Add £5 P&P.
Send S.A.E for details

ADAPTORS

TELETEXT (Ceefax/Oracle)
external adaptors fit any
television free cordless remote
control. £159.95 inc. VAT and
delivery. Access/Visa. Nufax
Ltd., Freepost, Bristol BS6 7YZ.
Tel: Bristol (0272) 687801-
744500.

Don't leave it to chance -
Give your business a boost

by advertising in E T I
phone

01-437 0699
for details
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CLASSIFIED ADVERTISEMENT
ORDER FORM

Rate 40p per word (min 15 words)
Post to: ETI, 1 Golden Square, London W1

Please use BLOCK CAPITALS and include post codes
Classification
Name (Mr/Mrs/Miss/Ms)

(a..... scoot eingey
Address

Signature Date
Daytime Tel. No.

cite

E
L
E
C
T
R

0
M

R
T

ESSEX

R JONES ELECTRONICS
267 Rectory Rd., Grays. Essex

Tel: (03751331 58 - 24A r answer phone
Components. IC's. Full After Sales Services
Electronic repairs - Industrial& Domestic

Open 9-5 30pm 6 days a week

LANCASHIRE

ETESON ELECTRONICS
158 Lovor Green,

Poulton-le-Fylde, Blackpool
Tel: (OM) 885107

3c,e,, 9 3049, 1; 30 l 30 5 30 Ciose0 Wed 6 Sur,
Electronic Component $1343CialiStS

MERSEYSIDE

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982

47 Whitechapel, Tel 051 236 5489
Liverpool 2

THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

GET YOUR SHOP
NOTICED IN

ELECTROMART
Phone

01-437 0699
for details

E

L
E
C
T
R

0
M

R
T

ETI ADVERTISERS INDEX
MAY 1985

Antex 25 ILP 63
Audio Electronics 19 & 59 Kelan Engineering 60
BK Electronics 6 Maplin OBC
Bi Pak 26 Microprocessor Engineering 34
B. N. R. & E.S 34 Newrad Inst. Cases 59
Book Service 42 Powertran IFC-IBC
Cambridge Learning 60 Rapid Electronics 8
Cricklewood Electronics 34 Riscomp Ltd 41
Cybernetic Applications 34 SME 61
Dateline 33 Stewart of Reading 59
Display Electronics 12 Target Electronics 14
Electrovalue 41 Technomatic 10 & 11
Greenbank 60 TK Electronics 19
Henry's 61 Watford Electronics 4 & 5
ICS 19

Please mention ETI when replying to all advertisements
- it helps the advertiser and it helps ETI.

Thanks - Paul Stanyer.
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LEARNING TOOLS
P1111A92
The P101 Mk 2 Hydraulic Robot Arm
offers unrivalled value for
money in the tied of
educatioral robots.
Either as a self-
contained system or
linked to an external micro, the P101 Mk 2 gives a realistic
simulation of industrial robots. The P101 Mk 2's robust
construction makes it an excellent basis for
experimentation and general robotics research.
Six -axis Robot System kit £1320 + VAT

P10211k2
The two -speed Hydraulic Robot Arm
is designed to provide"hands-on"
experience in practical robotics courses.The
Genesis P102 Mk 2 has most of the
features of large industrial robots costing
from 10 times the price.
The P102 Mk 2 is supplied with its own
micro -processor control system and
remote control box. Alternatively an
external microcomputer can be used to
control the robo! via its RS232C
irterface or parallel port. Complete Six -axis
Robot System kit
£1795 + VAT / .!1 :

MICROGRASP

gaffs 1111.11"-- r"

A teal programmable robot for the price of a printer!
MicroGrasp has four servo -controlled axes and an
independent gripper. The robot can be connected to most
popular computers via special Powertran adaptors.
Robot kit with power supply £215 + VAT
Universal interface board kit £57 + VAT

Powertran kits are complete
down to the last nut and bolt,
with easy -to -follow
assembly instructions.

POWERTRAN PLOTTER
Three -colour precision plotting on an A3 plane. This plotter is
one of the most versatile peripherals that can be bought.
Exchange the pen carriage for a router or a scriber for
computer -controlled etching or machining. Available for BBC
"B" or RML 380Z.
£270 -- VAT

With independent control of its two wheels, two-tone hooter,
flashing "eyes-, retractable pen and four-way collision
detectors. Hebot provides an ideal introduction to computer
control. Connec's to most popular micros.
Complete kit £85 4- VAT
Universal computer interface board kit £11 + VAT

Access/Visa ca'dholders - save time -
order by phone. 0264 64455.----------

I
Please send me the following kits

I enclose Cheque/Postal Order, value £
(Don't forget to add V.A.T.)

Name
Address

To Powertran Cybernetics Limited, Portway Industrial Estate, Andover. Hampshire SP10 3ET
Please allow 21 days for delivery. Offers subject to availability. Prices apply to UK only, are exclusive of V.A.T.
and correct at time of going to press. Oversees customers - please contact our Export Department

MEM=
VISA



From a gentle purr to a mighty roar.
the tightly controlled power of the
beast is yours to command!

Allnew in
the 1985

Catalogue
PROFESSIONAL QUALITY
HIGH POWER LOWSPEAKERS

A new range of superb quality loudspeakers.
* Virtually indestructible high temperature

voice -coil reinforced with glass -fibre
* 100% heat overload tolerance
* Advanced technology magnet system
* Rigid cast alloy chassis
* Linen or Plastiflex elastomer surrounds
* 5 -year guarantee (in addition to statutory rights)

Available in 5. 8. 10. 12. 15 and 18 inch models with 8!! and some 16!!
impedances and with input powers ranging from 50W to 300W e g
5in. 50W 95dB XG39N 160: XG40T £17 95§
8in. 100W 98dB 8!!: XG43W £29.95§

10in. 100W 100dB 89: XG46A £29.95§
12in. 100W 101dB 8//: XG49D £29 95§
12in. Twin Cone 100W 100dB 811. XG50E 169. XG51F C31 95§
Note - the output power doubles for each 3dB increase (ref 1W «i 1m).

PRECISION GOLD MULTIMETERS

I

A new range of very high quality multimeters offering truly amazing
quality at the price.

Pocket Multimeter. 16 ranges. 20009 V DC AC £6 95§ (YJO6G1
M-102BZ with Continuity buzzer, battery tester and 10A DCrange. 23 ranges.
20.000!! V DC £14.95§ (YJO7H)

M -2020S with Transistor. Diode & LED tester and 10A DC range. 27 ranges
20.000!) V DC £19 95§ (YJO8J)
M -5050E Electronic Multimeter with very high impedance. FET input. 53
ranges including peak -to -peak AC. centre -zero and 12A AC DC ranges
£34 sg (YJO9K)

M-5010 Digital Multimeter with 31 ranges including 209 and 20µA DC AC FSD
ranges. continuity buzzer, diode test. and gold-plated PCB for long-term
reliability and consistent high accuracy (0.25°0 - 1 digit DCV) £42 50§ (YJ101_1

B All our prices include VAT and Carriage A 50p handling charge must be
added if yOur total order is less than f5 on mail order (except catalogue)

MAPUN ELECTRONIC SUPPLIES LTD.
Maii Order P 0 Box 3 Rayleigh. Essex SS6 8LR Ter Southend 107021 552911
SHOPS

 BIRMINGHAM Lynton Square. Perry Barr. Ter 021-356 7292
 LONDON 159-161 King Street. Hammersmith W6. Tei 01-748 0926
 MANCHESTER 8 Oxford Road. Tel 061-236 0281
 SOUTHAMPTON 46.48 Bevois Valley Road. Tel 0703 25831
 SOUTHEND 282-284 London Rd. Westott-on-Sea Essex Tel 0702-554000
Shops closed all day Monday

ma&

§ Indicates that a lower price is available in our shops.

Our huge range of 'op quality electronic components at very competitive
prices are all detailed in our catalogue. and with well over 600 new lines
in our 1985 edition and many design improvements. its well worth
getting a copy. Hera are just a few examples from the catalogue.
(The items below are NOT kits).
* Most phono and jack plugs now with integral strain relief sleeve - gola-plated
types also available from 14p (gold from 70p)
* Stereo Disco Mixer with cross -fade. talk -over. cue monitoring. aux input.
slide controls Only £58 95 lAF99H1

* 10 -Channel Stereo Graphic Equalisers - 3 models - basic with peak level
meter: and with spectrum analyser - from £77 95
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* Digital Delay Line permits Slap -back. Doubling. Flanging. C ,,us and Echo
11 controls Only £195 00 (AF98G1
* Video Enhancer improves picture quality when recording from one VTR to
another. and with TV s with monitor input Only 28.95 (XG59P)
* Detailed descriptions of the exciting new 74HC range of IC s which combine
the advantages of CMOS and TTL From 46p
* Keyboards: sloping keys. two-tone grey. mounted in steel frame. very smart
cases (extra) available 61 keys. only £33 95 (YJ12N)

79 keys, only £37.95 (YJ13P)
* 1°. Resistors now 5Oppm C. 0 4W. only 2p each!
* Auto transformers 120 240V 50VA. £10 75§ (YJ56L) 100VA £14 95§
(YJ57M) 150VA £16.95§ (YJ58N) 250VA £21.95§ (YJ59P).
* Digital Clinical Thermometer Only £13 95 (FK51F)
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Check our 1985 Catalogue
for all our other fascinating
new lines.

VISA

T1 Phone before 2pm for
same day despatch.
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1985
CATALOGUE

Pick up a copy now at any branch of W H
Smith or in one of our shops. The price is
still lust £1 35. or £1 75 by post from our
Rayleigh address (quote CAO2C)

Post this coupon now for your copy of the 1985 catalogue
Price £1 35 - 40p post and packing. If you live outside the U.K.
send £2 40 01 11 International Reply Coupons I enclose £1.75.

Name

Address

ETI 5 85

All offers subject to availability. Prices firm until May 11 1985


