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P111111k2
The P101 Mk 2 Hydraulic !Robot Arm
offers unrivalled value for oly
money in the field of sic
educational robots.
Either as a self-
contained system or
linked to an external micro, the P101 Mk 2 gives a realistic
simulation of .ndustrial 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

P102Mk2
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 robot via its RS232C
interface or parallel port. Complete Six -axis
Robot System ki 'v'AT
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MICROGRASP
A real programmable robot for the price of a printer!
MicroGrasp has four servo -controlled axes and an
independent Tipper. The robot can be connected to most
popular compcters via special Powertran adaptors.
Robot kit with power supply £21 5 + VAT
Universal interface board kit £80 + VAT

MIS
Powerran kits are complete
down to the last nut and bolt,
with easy -to -follow
assembly instructions.

HERMAN PIDIffli
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

11180T ii
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. Connects to most popular micros.
Complete kit £85 + VAT
Universal computer interface board kit £11 + VAT

Access/Visa cardholders - save time -
order by phone: 0264 64455.

MERMAN
MN -

Please send me the following kits

I enclose Cheque/Postal Order
(Don't forget to add V A T

Name _
Address - --

value £ _

CYNICS LIMITED
To Powertran Cybernetics Limited, Portway Industrial Estate. Andover, Hampshire 5P10 3ET
Please allow 21 days tor delivery. Otters subject to availability. Prices apply to UK only. are exclusive ol V A.T
and correct at tine of going to press. Overseas customers - please contact our Export Department
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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

L L DEVICES FULLY GUARANTEED. SEND CHEQUE. P.O.e. 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
sURIECT TO CHANGE WITHOUT NOTICE

VATaEls,Pporirfceosrd.ez.n.ociVL.A.,Tv.A.pipvliAcTabpil.et.o.U..KddCu15stzinweralb.ontoly,..,Ucnoless,, ns: :Sul di t PhIeLypi

We stock thousands more item It pays to Man us W. are situated behind Watford Football Ground.
Nearest UndmgroundlIR Station. Watford High Street
Open Monday to Saturday: 9.00am to 6.00prn Amp!. Free Car parking space m8114014.

ELECTROLYTIC CAPACITORS: Nalues in ur: 5000 10u1 52.47 7110.839 0 47. 1 a 1 5,2 2.3 14 7 Sp10 tOp.
5 2212p 3015p 4712p. 68 204.100 19p 220260. 100070p 2200 99p; 50V 68 200.100 i7p. 220 244.

409.22 94.33 12p. 330.470 324 10004114220090p. 259 1 5.4 7.10.22.4760. 100 11p. 150 140.220 156.

130 22p 470 250 680 1000 349.1500 424,2200 5003300769.4700424. 169 47 68.100 99.125129.330
tep 470 209 680 34p 1000 27p. 1500 314 2200 289 4700 72p

TAG -END CAPACITORS: 845, 2200 1209;3300 145p; 4700245p; SOV: 2200954; 3300155p; 40V: 4700
1600 25V: 2200 700; 3300 1154; 4000 4700 75p; 10000 2504; 15000 270p; 16V, 22.000 200p.

POLYESTER CAPACITORS: Axial Lead Typo
4009: nF 'n5.2n2 303 4n7 6n8 11p; 10n I5n 18n 22n 12p; 33n 47n
68n 160; 150n 20p; 220n 30p; 330n 42; 470n 529; 680n I uF Gap; 2u2 82p.

I000V: 1 nF 174; tOnF 309; 15n 409; 22n 369; 33n 42p; 47n, 100n 42p.

POLYESTER RADIAL LEAD CAPACITORS: 2505
 On. 15n.22n. 27nep; 33n 47n 68n 100 Op: 150n 220n
10p; 330n 470n 154; 680n 19p: 1u5 40p. 2.2 480

FEEDINROUGH
CAPACITORS
10000F/450V 104

TANTALUM BEAD CAPACITORS
35V: 0 1uF 022.033 15p 047 068

0 1 5 164; 22.3 3 16p; 47.6 8 22p
'0 2134; 16V: 2 2 3 3 184; 4 7 6 8 10
1134; 15 364; 22 454; 33 47 50p; 100
950; 10V: 15.22,269; 33.47 504; 100
BOP; eV: 100 55p.

POTENTIOMETERS: Cabbor, Track.
Rotary 025W Log IL LIN Values

47019, 16 12K 1Linear °nip

Single Gang 359
5K - 2M Single Gang Log I lin 350
5K - 2M Single Gang DP Switch 95p
56 - 2M Double Gang 99p

MYLAR FILM CAPACITORS
1009: 1nF. 2. 4. 4nF 10 50; 15nF 22r

30n. 40n. 47n 70:56n. 100620009p:
SOV. 470nF 12p.

SLIDER POTENTIOMETERS
2.25W log and i.near values 60rnm
.51( - 500K single gang SOP

Lf raduated Bezels lot above 45p

CERAMIC CAPACITORS SOS:
Range 050F to tOnF 44. 15nF 2201
33nF 47nF Sp. 100nF/300V 7p
200nF/6V

POLYSTYRENE CAPACITORS.
OpF to I nF Sp; 1 5nF l0 12nF 100

PRESET POTENTIOMETERS
0 1W M mature Vertical or

Hon20 tel 1008 to 4M7 30
0 25W Larger 100R to 3M3 Herz 120
:725W Larger 2000 lo4M7 Vertical 120

SIEMENS pcb
Type Miniature
p019 Capacitors

2509
1nE Ins. 202
3n3. 4n7. 6n9
10,1 15n 76
16n. 22n 2

33,139,1'. 8,7

39n 56n 126
821 100n lip

1000
100n 120' 10p
150n 180/ 120
2201, 270, I 5P

330n 390n 20p
470n 560, 26P
680n 30p
I 0F 34p 2u2 SOP

ACCESS
orders

Just phone Y..'
o clers through
We do the rest
Tel 0923 50234

TRANSISTORS

40,26/7 28
AC141/2 35
AC176 35
60187 35
AC168 36
ACY19/21 75
ACY22/41 76
40142 120
AD149 79
AD181 42
80162 42
AF I 15/6 00
AF 188 80
AF124726 70
AF139 40
81178 75
AF186 70
AF239 55
BC107 12

BC10701 14
BC108 12
801085 14
BC106C 14
BC,09 12
BC1098 14

BC109C 14
BC114/5 30
80117/8 25
BC1329 40
BC140 3a
80 1423 38
BC147 12
801470 IS
BC148 12
BC1488 15
80149 12
BC149C 15
BC I 82L 10
BC183L 10
BC1014 10
BC164L 10
BC186 7 28
80188 6 '25
8C12 10
BC212L 12
BC213 10
BC213L 12
80214 10
BC214L 12
BC237.8 15
807568 35
4078 15
BC308 16
BC316 SO

BC327 15
BC337/8 15
BC441/61 34
50477 40
BC916/7 40
BC547/8 12

610549C 15
BC556/7 15
BC558/9 15
80739/4085
8074I/42 30
50745 50
50758/59 36
80770/71 18
180772 25
BC/78 30
80114 190
B0121 66

B0124 115
150131/32 85
80,33 70
150,35 45
150136,37 40
130138.39 40
80,40 40
B014445198
80158 68
130205.6 110
80245 65
80378 70
80434 70
80517 75
80645 80
806958 150
806968 ISO
EIF115 45
ElF154/6 30
BF167 35
01F173 35
8E177 36
ElF178 35
8E179 40
84184/5 as
131194/5 12
BF198/9 16
8E200 BO
BF2244 40
BF2248 40
8E245 50
BF2564 4!
812565 50
BF257/8 32
BF259 40
8F275 55

B7336/7 35
15E394 40
81451 40
81494 5 40
81594 5 30
806139 40 30
BFR41 79 25
81080 6' 25
BFR98 105
151 X29 35
EIFX81 45
0E684 35
BF 089:6 35
EIFY50/51 30
EIFY52 30
BF Y53 35
EIFY55'56 56
81164 40
BF7,81 120
81190 80
BRY39 50
135020 30
135826/29 48
BSY26 35
BSY95 15
BU105 180
BU205 180
BU206 200
80208 200
807690 225
MD800' 250
MJ2955 90
MJE170 150
M.101150 ISO
MJ0340 54

M.10370 100
MJE371 100
MJE520 85
MJE52, 96
MJE2955 98
MJE3055 70
MPF102 40
NIPF101 30
MPF 104 30
MPF ,03 30
0111101' 40
M P5405 30
MPSA08 30
205612 32
MPS455 30
MPS456 30
1.115670 40
MPSUO2 55
MPSUO5 SO

MPSUO6 80
MPSU52 65
MPSUS5 80
MPSU56 GO
0026 170
0028 220
0035 50
0036/41 75
0042/75 75
0071/72 60
0075/76 55
0081/82 60
0083/64 70
00170/71 75
OC70 40
00200 75
711,294
TiP29C
TIP304
TIP30C
TIP314
TIP31B
TIP31C
TIP324
TIP32C
TIP33A
TI P330
1117344
TIP34C
TIP354
TiP3SC
TI P368
TIP36C
TIP4 I A
0P4113

32
sa
15
37
as
39
45
43
46
70
75
es

106
120
130
130
140
SO
52

TiP424 55
TIP4215 SS
1111,120 70
TIP121/2 73
80141/2 120
TiP,47 120
TM2955 70
7113055 70
719.43 SO
11544/5 45
115864 SO
T1S90/91 30
UC 65
061010 99
VN1OKM 70
VN46AF 95
V566AF 110
V14860 120
VN89AF 120

ZTX107 8 12
216100 12
210212 26
ZTX300 13
ZTX302 to

270300 25
2E0304 17

210326 30
216451 23
ZTX500 14

ZTX501/2 15
ZTX503 18

ITASCA 25

ZTX531 125
Z191550 25
25697 23
25698 40
25699 48
267048 25
257C8 25
25916 40
21411312 40
2N1302 45
251307 70
25187101160
252,50 325
2822198 28
2522204 28
2522214 29
2522228 25
2N2358 25
252309A 18
252493.4 27
252646 46
252904 5 28
252906.7 28
2529074 28
252926 i 10
2611,, . 25

253,4 55
25136. SO

, 46
25144. . 140
25.36, ' 180
251/.' 20
2N''' 10
2521', 1 10
253%06/7 10
253708/9 10
2143713 140
253771 179
2N3772 195
253773 210
253819 35

253820 60
253822,3 60
253666 90
253903/4 18
253905/6 16
2,43906 17
254037 60
254058 15
254061/2 16
254264 30
254286 25
254289 25
254314 76
254400 25
254427 80
254871 56
255135/6 30
255138 25
2N5172 26
255179 45
255180 4S
255190/, 75
255194 80
2N5305/8 30
255457/8 SO
255459 SO
25,485 36
245777 45
255879 180
256027 32
25867, 280
254715 75
250495 85
2SC496 85
2SCI061250
2SC1096 65
2501162 45
2SC1173125
2SC1306 100
2SC1307 ISO
2501449 95
2SC1678140
2501679180
0C1923 65
25C1945226
2SC1963 80
2SC1957 80
2SC1969180
2SC2028 85
2502029 200
25C2076170
25C2091 85
2SC2314 66
2502166 106

2502335 200
2SC2547 40
2SC2612 200
250234 74

25645 60
256268 225
25383 225
25J85 225
35128 115
35140 115
40315 90
40316 95
40324 100
40326/7 70
40347 90
40348 120

40360 60
40361/2 70
40407/8 75
40411 285
40412 90
404674 130
40468 85
40594 105
40603 110
40673 75

40871/2 00

RF
CHOKES
Miniature
PCB typo

1811.2u2.4u7.
10u 22u. J3u.

476100u.
220u. 330u,

470u 306

1mH 1ms.
2m2 4m7.
lOrnH 356

22m. 33,6.

43m 606

100m 760

SILVER NIN:AiValues m OF,

2 3.3. 4.7. 6.8.8 2. 10. 12 15.18.

22. 27 33. 39.47 50. 56 68. 75 82

85. 100. 120 150. 180pF 15p each
200. 220. 250. 270. 300. 330. 360.
390 470. 800 800. 820 21p each

100 1200. 1800. 2200 306 each
3300.47000E 80p

MINIATURE TRIMMERS Capacitors
2.60 2.100F 229; 2-25pF 5 650,

304; 10-880F aeo.

Hitachi
2566
DRAM
C35

2764
250ns

25

27128
250ns
09 75

RESISTORS Carbon Film, miniature 11: -Stab. 5%

RANGE Val t.99 100 k
025W 202 - 10M E24 3p 1 p

05W 202- 4M7 612 30 IP
2112 - 10M 612 6p 4p

Vets: Film 5111 - 1M E24 6p 4p
'.'eta: Film 51n - 1M 624 50 4p
- price applies to Resistors of each type not

5 E S ISTOR6 NETWORK 13.1.1..
mmoned 18 pins, 10011 680

250
n. 16 2k2 467

DIODES BRIDGE 75 SERIES
RECTIFIERS

. 1

10

)0 i
.0 i
6 1

...0033 10
049 1

0647 1

0A70
0679
0681
0485
0490
049,
0495
0A200
04202
15914

N916
154001,2
I 54003
154004/5
154006/7
154148
155401 1

155404 1

155406 1

155408 1

1544
15921
64/1001/ 40
66/4000 50
64/8001/ 60

86102 50
881058 40
06106 40
81310961 45

18
'6/1000 20
14/4009 25
14/6000 30
24.50V 26
24/200v 40
28/4000 42
24/600V 50

83
96

215
296
240

-5A 60,2v 396
07164 54

ZENERS

04114e 207 to
390 40OrnW

89 each
Range 30310
33V 1 3W

159 each

1 it i A

34200V
344009
581000
844000
868009

,24100V
124400V
124800V
1641009
1644000
1648000
2505000
254800V
12800

so
S6
eo
69

115
78
82

13e
103
toe
220
220
296
125

75114 5
75121.2
75150
75154
75,58
75159
75160
75162
75182.4
75188,8
75322
75324
75325
7536,3
75365
75450
75451 1
75454
75491

96
90

ISO
130
125
125
150
195
420
650
99

100
140
360
00

150
00
86
52
70
65

SCR
1,1YRISTORS

5A 40'.

544000
546000
963009
BA600v
12111000
,24400,
1248000
87106
07116
01060
71C44
11045
0047
255062
255064
2N4444

ST2

DIAL

32
40
48
so
90
78
96

188
150
180
36
24
29
36
32
38

130

23

...021
in40
6643
6845
6845SP
6847
6850
6652
6854
68854
6859
6875
68000
8035
80804
8085
80854
8088
8123
8131
8150
8154
8155
8156

COMPUTER
IC

.'021 160
4 275

2147 300
2516 350
2532 400
251.32 450
2564 600
2650, 75
2716-5V 350
2732.4 450
2764.250 425
27C64 1000
27128.290 995
NEW" 2566 0
RAM 15085 025
3242 675
4027 95
4116.2000 125
4164.150n 425
44162 425
4532.3 250
4532.4 250
4816.10Ons 200
4864.15 425
5514 250
6116150 325
61161.120 350
6117100n 575
6167-6 795
6264115 016
63A03 014
6402 390
6464C15 (I I

6502CPU 325
6502A 545
6503 350
6503 650
6504 600
6504 250 550
6505 650
6505 600
6520114 75

6522011 340
6530 C I 1

6532RRIO, 650
6545RTC 899
6551ACIA 850
6592
6592PC
6800
6802
103

. .135

00
[20
220
275
850
670
520

--:96 580
ISO
ISO
220
375
800
650
750
650
120
250
625
750

C4
500
C30
350
425
£8

950
CI5
160
475
SOO
750
400
400

811595 1/5
811.596 175
811.597 I S

811.598 1 S

8202 5

8205 2 5

8212 2 0
8214
8216
8224
8226
6226
8236
8243
8250
82518
8253
8255
0256 AC

,287
8284
8288
8748
87268
8727
8131

495
150
300
300
310
00

290
011
350
1370
400
015
400
400
[50

750
450
450
550
011
£55
99

150
350

87975 90
9602 220
AM26LS31C 125
AM261 5324 125
AM26LS33 ISO

AM79r0 [30
403 1015 300
41.5.1013 300
CD4724 ISO
COM8017 275
COM8116 700
08748 055
DM8131 275
DP8303 450
DP8304 350
053647 00
DS3691N 05
DMUS, 2, , 499
DS8820 110
058830 140
06883, 125
DS8832 200
09364 800
E9365 028
10'691 015
F01771 EIS
FD1791 (22
FD1795 028
11026501 75
H063403RP 014
HM6845SP 755
IM6402 380
INS8060N 1250
MC1468 100
MC1469 100
MC14411 676
MCI 4412 725
MC3242 990
MC3446 250
MC3447P 319
MC3466 225
MC3487 225
1M6402 350
MC6845 625
MC6846 625
14636862M t7
MM52800 098
MM5303 638
MM5307 1 275

MM53874 885
muss 74 875
MM74C922 420
RO 3 25111 700

00.425130 650
SA45050 875
SFF9364 800
SP0256 850
S1,0256412 475
TCJ3101J C13
04527163V 725
TMS4047 100
TmS4164 395
7m54416-2 595
TMS4500 [12
TMS4532'3 350
TMSSIOO 800
TMS6011 500
74159914
TMS9927
TMS9128
1M59929
TMS9980
TMS9995
ULN2003
UPD7002
W01691
W01770 120
W02143 850
2130CPU 2 5 295
2804CPU 4M 380
Z80 CTC 285
Z8002CPU 00
280A CTC 310
ZE1OBCPU £11
280 DART 650
280A DART BOO
2808 CO

ZI30 DMA 795
Z8OAOMA 925
280 PIO 250
ZBOA PIO 315
280 510, 850
2804 SiO C9
2804510-2 Eil

895
114
t16
016
(12
[12
75

725
[14

LINEAR IC,

555Cmos 95
702 75
7091:80m 35
7,0 46
7418pm 16
747C14p6 70
74608pm 30
7358Pm 185
910 1S8
9400C2 375
6000808 1000
AY -1.1320 225
AY,.9050 99
AY, 5051 160
*7.1.6720 210
4131270 730
8731350 350
AY -38910 150
Booklet for

AY -311910 150
211.36912 500
AY -5,3170 630
AY.151350 366
CA30,1 130
CA3012 179

CA3014 27S
CA3016 85
CA3019 90
CA3020 210
CA3023 210
CA30288 110
C43035 299
CA3036 270
CA3043 275
083045 365
C43046 70
CA3059 325
CA3075 213
CA30800 70

C83081 180
CA3085 160
CA3086 GO
CA3089E 200
CA309080 375
CA31230 155
CA3130 90
CA3140 45
063160 90
CA316, 160
CA3162 525
CA3189 275
HA1336W 175
1161388 235
CL7I06 675
CL7107 975
CL7611 99
CL 7660 248
CL8038CC 345
CL82114 750
CM7205A 1150
CM7215 1060
CM72168J 122
CM72I6C E22
CM7217A 750
CM7224 Ell
CM7240 300
CM7555 105
CM7556 150
LA3550 250
LA4031P 340
LA4032 295
LA4400 190
LA4422 320
LC7130 320
LC7120 300
LC7137 350
LF347 ISO
LF351 BO
L1353 90
LF355 90
LF356 90
LF357 100
LF396 495
LMtO 325
LM3014 30
LM307 45
LM30151 75
LM3I I 60
LM3188 150
LM319 too
LM3244 45
LM334Z ISO
LM335Z 135
LM337 275
L M338 40
L M346 60
LM349 125
LM358 50
LM377 210
LM379 495
LM380 '15
LM38161 175
LM362 200
LM384 225
1M386 110
LM387 200
LM389 160
LM393 85
1.103940H 380
LM558 170
LM725C14 300
LM733 69
LM1458 35
11.11871 300
L M 889 400
L M2907 395

,917 325
1.1.900 70

i20914 85
.013911 185
1191914 300
LM391 5 145
LM39I 6 300
LM13600 ISO
LS7220 280
M706131 150
M515131. 230
61515151. 320
MS15161. 475
MB3712 200
MB3756 440
MC1204 250
MC, 701 90

MC1303 96
MC1304P 260
MC1310P ISO
MCI445 260
MC145106 6I6
MC1455 SO
MC '458 3S
MC1469 300
MC1494 604
MC1495 350
MC1496L 70
MC1596 225
MC1648 290
MC1709G SO
MC3302 75
MC3401 SO
MC3403 95
MC3404 SS
MC3405 ISO
MC3422 00
MC3423 80
MC3442 00
MC3487 00
MC4016 00
MF10 300
MFC6040 75
ML924 275
NE515 275
NE529 225
NE531 140
NE5436 225
NE544 200
50555 25
NE556 65
.5558 170
NE560 390
NE56213 410
NE 564 420
145650 120
NE566 155
14567/ 140
NE570 410
NE571 400
NE5532 175
61155340 160
0M3/5 750
RC41360 60
RG4558 55
55668 225
SAB3209 42S
5483210 325
SA83271 465
5684209 565
SG3402 295
5149C 350
51.627000 ISO
5576227N 95
SN76477 470
5576488 525
SP8629 350
SP0256AL 475
TA/in 140
187204 150
187205 90
787222 ISO
107310 126
1486614 190
184700 275
100900 345
7881042 110
740100 159
1581205 70
186900 305
14151042 110
760100 159
188120.5 70
7E619200 200
7889900 350
106220 350
TCA2700 350
7042804 220
708940 17S
1CA965 180
1061004 350
1041008 310
1081010 23S
7081022 4119
1041024 115
1001034 350
1091490 350
1062002 325
1062003 250
1042004 270
MA2006 320

TDA2020 320
1062030 100
7080791 420
TL170 50
114300 90
11497A 500
71507 110
11509 110
IL061CP 40
TL062CP 65
TL064C12 95
11.071CP 40
TLO72CP 75

TL074C19 130
71081CP 35
TL082CP 55
TL083CP 75

TL08405 110
7L091CP 60
U42240 120
U478540 230
ULN2001 90
UL 52004 90
UL612281 ISO

ULN2803 190
UPC575 275
UPC10250 375
UPC1 I 56H 29S
0101182 425
UPC1366 195
X82206 375
8R2207 400
082211 575
0142216 675
852266 360
ZN414 60

Z54190 160
2144231 130
25424E 130
2144250 595
264260 200
2144270 600
2144280 450
264290 240
25459 615
21410341 200
Z141040E 665
ZNA2340 925

TT L74

7400 25
7401 2S
7402 25
7403 29
7404 30
7405 30
7406 40
7407 40
7408 25
7409 25
7410 25
1411 25
7412 25
7413 25
7414 60
7416 35
7417 35
7420 25
7421 50
7422 40
7423 35
7425 35
7426 40
7427 35
7428 35
7430 25
7432 30
7433 30
7437 30
7438 40
7440 30
7441 90
7442 85
7443 100
7444 100
7445 110
7446 110
2447 95
7448 110
7450 30
7451 30
1453 30
7454 so
7460 30
7470 50
7472 so
7473 50
1474 45

7475 55
7476 45
7480 60
7481 175
7482 100
7483 100
7484 105
7485 100
7486 40
7489 200
7490 55
749' 70
7492 110
7493 50
7494 100
7495 60
7496 75
7497 200
74100 175
74104 70
74105 70
74107 45
74109 70
74110 55
74111 66
74112 170
74116 160
74118 110
74119 180
74120 90
74121 45
74122 66
74123 75
74125 60
74126 60
74128 55
74132 70
74136 30
74141 as
74142 235
74143 250
74144 250
74145 100
74147 190
74148 130
74150 170
74151 60
74153 70
74154 130
74155 75
74156 90
74157 75
74159 170
74160 100
74161 100
74162 100
74163 100
74164 110
74165 100
74166 130
74167 250
74170 190
74172 400
74173 130
74174 100
74175 100
74176 100
74177 110
74178 130
74,79 130
74180 100
74181 300
74182 120
"4184 170
74185 170
74190 120
74191 120
74192 120
14193 120
74194 100
74195 75
74196 120
74197 100
74198 200
74199 200
74221 200
74246 130
74247 120
74248 145
14249 175
74251 90
74259
74263

150
75

74265 60
74273 160
74276 130
74278 160
74279 80
74283 100
74284 440
74265 300
74266 80
74290 120
74293 60
74297 17S

`4296
7435,
74365
74366
74367
74368
74376
74390
74393
74426
74490

160
ISO
70
70
70
70

120
100
100
40

100

74r

7402244150
74C2, 150
74C 1' 180
7403 '4425
74092, 625
14C9. '645
74C9."` 650

74S

500
S02
S03
SO4

49
40
40
40

SO5 40
SO8 40
S09 40
5,0 40
SlI 40
S15 60
520 40
S22 40
530 60
532 SO
S37 SO
538 70
S40 40
S51 40
564 40
S65 40
574 70
S85 295
S86 100
5,12 150
5113 120
5114 120
5124 300
5,32 90sm SO
5,34 60
5135 110
513111 170
5139 170
5140 80
515, 140
5,53 140
SiS7 200
5158 190
5,62 300
S163 300
5174 250
5175 300
5180 200
5189 225
5194 260
5197 300
5201 250
5225 S00
S226 3S0
5240 375
S241 375
5244 474
5.251 225
5257 225
5258 225
5260 70
5262 tio
5287 200
5288 180
S289 200
5301 390
5365 250
5373 175
5374 375
S412 380
5470 325
5471 600
5472 400
5474 400
5475 425
5571 300
5573 450

ILS

1500 25
LSO1 2S
LSO2 25
LSO3 25
L504 25
LSO5 25
LSO8 25
L509 2S
L510 25
LS11 25
LS12 2S
013 35
LS14 50
LSIS 25
LSI9 45
1020 25
L521 25
LS22 25
LS24 50
LS26 2S
LS27 25
LS28 25
LS30 25
LS32 SO
LS33 25
LS37 25
LS38 30
LS40 2S
LS42 50
LS47 BO
LS48 90
1.549 100
LS51 25
LS52 25
LS54 25
LS55 25
LS63 55
LS73 30
LS74 35
L575 45
LS76 40
LS76 40
LS83 70
LS85 70
L586 35
LS90 50
LS91 90
LS92 55
LS93 55
LS95 70
L596 90
LS107 40
LS109 45
LS112 45
LSII3 40
LSII4 40
LS122 70
LS123 100
15124 125
LS125 100
LS126 50
L5132 60
L5133 50
15135 28
LS136 45
LS138 80
5,39 60

LS145 95
LS147 165
LSI 48 130
LS151 70
LS153 70
15154 155
15155 70
LS150 70
LS157 60
15156 60
15160 70

L5162 70
I 516 i 70
15164 75
L5,65 110
L5166 150
10168 140
15,69 100
15,70 140
LS171 100
LS174 75
15175 70
Csis, 190
15183 190
LS'90 85
LSI 91 es
15.92 100
18197 100
1$194 75

LS195 75
LS196 85
LS197 85
LS22I 85
LS240 80
LS24I 80
LS242 95
LS243 95
LS244 80
LS245 120
LS247 105
LS248 105
LS249 '05
LS251 75
15253 75
LS256 120
LS257 75
LS258 75
LS259 125
LS260
LS261 100
L5266 60
LS273 120
LS275 350
LS279 70
LS280 180
LS283 80
LS290 BO
L5293 80
LS294 998
LS295 140
LS297 850
LS298 100
LS299 225
LS320 210
LS322 360
LS323 400
LS324 150
LS325 150
LS326 290
L5327 290
LS347 120
LS348 140
LS352 110
LS353 110
LS355 220
LS356 200
LS363 ISO
LS264 150
LS365 50

5366 50
LS367 SO

15366 50
LS373 100
L5374 100
LS375 70
LS377 130
15378 95
LS379 130
LS380 310
LS382 310
L5384 460
LS385 330
L5386 50
LS390 60
LS393 100
15395 I10
LS396 300
LS396 195
LS398 135
LS443 125
LS44" 80
L5465 140
15490 ISO
LS540 140
155.1' 140
5624 155
15629 130
LS640 200
LS64' 150
5645 195

t$669 90
15610 110
LS67 i 890
LS674 800
15678 275
05682 250
LS6114 350
15607 350
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SWITCHES
TOGGLE 26 2500
SPST 315pOPOPMP
SUI9111117000LE

DIP SWITCHES
ISPSTI 4 way 660: 6 way 11100: 8 way Up;
10 way 1255 ISPDT) 4 way 1900

1/111011041113 0 tin
21, a 31/4 IRip
214 a 5 110p
34 a 34 110p

00 Board 195p
DIP Board 3955
Vero Strip no

IOC CONNECTORS

PCB Plugs Female Femme
wily latch Header Carc
Pin. Pins Plug Edge
Std Angle Cone

10 way 905 995 465 1205
16 wa7 130p 150p 1105 -
20 way 145p 186p 1155 1950
26 way 175p 200p 1605 2400
34 nip 205p 236p 11109 3205
40 will 2205 250p 1110P 540P
50 way 2350 2705 2005 3955
60 way - - 2305 4950

METERS
FSD
60 x 46 x 35rnm
(550A
0,00,4
0-50000, ,"8
0-5rnA
0-tOrnA
o-50rnA
0-100mA
0-500,10191151
oek
0.2A
025V
0 500 AC
0 300V AC
-5
'. _, 4905 each

41410

RELAYS

Miniature. enclosed. PCB mount

SINGLE POLE Changeover
RL41 205R Coil

12V
DC.11005 to

19 50i. 10A al 300 DC or250V AC 1955

DOUBLE POLE Changeover. 6A 300
DC or 250V AC
15:1005314 CoS 60 OC (504 lo 90911909
RLS-111 2056 Con 12V DC 1101/7 to

1955
449114 7406 Cori 240 DC 1220 lo
37V1 2005

SPST on/oft 585
SPOT Wove, 64.4
SPOT centre 011 850
SPOT btased boll'
way. 1055
DPDT 6 tags SOP
DPDT centre oft 68p

NOTARY SWITCHES
(Adhietable Stop typal

,pole/21a 12 way. 2 pole/2 to 6 way. 3 pole/2 to
4 way. 4 pole/2 to 3 way 888

ROTARY: Mat. DP 250V 4 Amp on/off gap

34  5 125p
3A. x 17 4204
414 i 17 5900
Pkt ot 103 pins SSP
Spot We cutter 1500
Pin insertion tool

1550

PROTO DEC.
Veroblock 4409
S Dec 3955
Eurobreadboard

590p
B.mboard 1 575p
Superstnp SS2

OPOT basso ooln
ways 145p ROTARY: (Mak.a-switchl VERO WIRING PEN

13500

DPDT 3 positions
onromon 1856
4 -pole 2 way 2200

Marie a multiway switch Shafting assembly
hes adiustble slop Accommodates up to
6 milers mut. 6 p11e/12 way 4 DP switchi
Mechanqm only 900

4. spool 311070
Spare scrooi 760
Combs 65

OALO ETCH
RESIST PEN

Plus spare to 1004

SLIDE 2502:
DPDT IA 145
DP01 IA croft 15p
DPDT iA 13p

W imake before break) to lit the above
smich mechanism 1 pow/12 way, 2 pole/6
way 3 polei4 way. 4 pole/3 way. 6,2/2 Way (154

FERRIC CHLORIDE
1 lb bag Anhydrous
195p + 500 MP

ULTRASONIC
TRANSDUCER

40KHz 475 pr

EURO CONNECTORS
. , lafr,e4
-'ad,

U741617
31 way 17 05 ,,,,755:002,(6.8
0IN41612
2 . 32 A 4. B 275p 2200 2650
DIN41612
2 e 32 A + C 2950 240p 3005
DIN41612 3 . 31
A .. B + C 3600 3855 280p 3955

ASTEC UHF MODULATORS
Standard 6MHz 3750
Wdeba 41 8MHz 5304

CRYSTALS
7:1-10 100

343
200KHz 370
455KH 370

MHz 265
0081.1 275
28MHz 450
6MHz 200
8MHz 545
8432M 230

2 OMHz 225
24576M 200
3 12Mk1z 240
3278M 150
35794M 98
36864M 300
4 0M117 150
4 032MHz 290
4 18430M 200
4433619M 100
4 608MHZ 200
4 80MHz 200
5 OMHz ISO
5 185MHz 300
524288M 390
6014H 140
6 144MH: 140
6 5536MHz 225
70MH4 150
7 HMIMHz 200
7 7328MHz 250
'68MH, 200
80M1.1. 150
0089333M 395
886723M 220
9 00MHz 200
10 OMHz 175
10 241.4H7 200
10 SMHz 250
10 7MHz ISO
120MHz 150
12.528M 300
1431814M 170
15 OMHz 200
16 OMHz 200
18 OMHz 190
t8 432M ISO
19 968MHz 150
20 0M1-17 200
24 OMHz 170
24 930MHz 325

150
27 648M 170
27 145M 180
386667M 240
48 C1MHz 240
!00 OMHz 295
"8 OMHz 300

PUSHBUTTON GA
wan lOmm Button
SPOT 1.310.no 1305

Mains DP 4A Switch to fit 455
Spacers 4p. Screen sp. COPPER CLAD 1104/1011

BUZZERS
miniature soiidstate 6V 908 12V 709

PIEZO TRANSDUCERS P52720 705

DPDT iaichqg 200p
SPOT moment 1505
DPDT moment 2004

ROCKER SWITCHES
ROCKER 5A/2500 SPST 213p
ROCKER 10A/2500 SPOT 160

F itre Single- Double
glass sided Wed

6  6 100p 1255
6 m ,2 , 75p 2251/

Mini Non Locking
Push to Make 155
Push to Break 255

ROCKER 100/2500 DPDT c/olt 95p
ROCKER 10A/2500 DPST win neon 850 COOS

DIL SOCKETS CONNECTORS

LOUDSPEAKERS
Miniature 03W 8
201 3...n 2.,.n 3,-, SOP
2. ..r. 400 640cr 800 004
6 . 4 80 200P
7 . 5 811 225P

8 . 5 Biz 250p

OIL PLUG (Header)
Solder IDC

14 pin 40p 120p
16 pin 47111 1050
24 din 88P 178P
28 pin 290p 2955
40 din 250p 2555

RIBBON CABLE
pr ze per toot

Grey Color
10 way 15p 28p
16 way 25P 40P
20 way 300 50p
24 way 40p 650

OIOITAST Switch
Assorted Coions

750 earn
TmuM8W14EEL Mini front mounItng switcnes

.  , 5,...,0, Module 275p
2985

low W.re
Prof Wrap 2.6 - 1115

2.12 way - 1605
8 O'n In -88 MP 2.15 way - 1654'4 0'4 .... --...0 0.10 21.0 1754',el. ,per pain 7, way16 pin 104 445 t.72. ' war 2155 2301/18 pm 113p 530 -

L=1 JUMPER LEADS (Ribbon Cable AssernbiyI
Length 14 pin 113 pin 24 pin 40 pre

20 pin 20p 6017
22 pm 225 65P

7.23 mu 173P -
0125 war 241So 2755

24 25p 700 ;4..,8 444 ""'''' -

Ht- ZENITH - 12" Green, Hi -
Resolution Popular C66

 MICROVITEC 1431 14"
Colour RGB input Connecting
cable Intl £165

 MICROVITEC 1451 14'
Medium resolution £237

 KAGA 12' Med-res RGB
Colour. Has flicker -free chvac-
tens Ideal for BBC. Apple. VIC.
etc E225 (car E 71

 KAGA 12" As above but
HI -Resolution £310 (car £71

0 Connecting Lead for KAGA
ES

Carriage £7 Secuticor

GAS/SMOKE
DETECTORS

Single ended DIP (Header Piugi Jumper
24 ,nones 1434 1154 2404 3804

Double ended DIP ,Meader Piug jurn5e

pin
28 pin 280 80p -47,1 ear llopMONITORS
40 pin 30P 90P 7.36 can 3005 -

2.40 way MOP
-

ZIP TEXTOOL
DIL SOCKETS

24 pin .,...
8' -11.28 pm 6955

40 pin 8450

28 way 550 500
34 way 600 85p
eci way 70p 900
50 way 100p 1350
64 way 1200 1600

6 'none. 185p 200p 300 445
, 2 inches 19115 159 315P 4800
24 inches 210p 3235p 3450 540p SIC SOCKET 0 1 Pitch 20 war 650

£6 each

36 mcnes 2905 70p 4800 5250
IDC Female Header Soccer Jumper Leads 36

20pon 6 pin 34 pin 40 pre
Single ended 1404 2005 2504 300p
Double ended 290p 370p 4805 5255

ANTEX SOLDERING IRONS
C15W 5259: CS17W 545p
C18W 5509; XS25W 5100
Snare Eats 1154: Elements 2300
iron Stand 1700, Neal Shunt 300

'D. CONNECTCRS
9 15 25 37

way way way way
Mal.
Solder lugs 55p 1300 120p 1509
Angle pens 110p 175p 125p 3005
PCB 5,55 loop too,. 605 2505
Female
Solder lugs 90p 125p 1130p 275P
Angle Dons 150p 2005 :60p 3905
PCB 5.5 1005 1250 1855 35517

Conan 755 loP MP °SP
112C :8 eat 0 Plug 3850 50'#41 405

TRANSFORMERS
3.0-30. 6.0.60. 9.0-9V 12-0-120 15-0-150 w
100mA 1305
PCb mounting Miniature. Spit Bobbin
3VA: 240-0 25A. 200-0 15A. 2.122-0126.
205170 IA 2354

VOLTAGE REGULATORS
IA 10220 Mastic Casing

+ e - ve
5v 7805 50p 7905 500

125 7812 500 7908 604
152 7815 455 7912 504
18V 7818 45P 7915 SO4

SOLDIRCON PINS
Ideal for making SiL

or DIL Sockets
100 pins 45p
500 pins 1955

6VA: 2a6V-0 56. 2.92.03A. 2e122 -0.25A.
2.152.02A 21104
Standard Split Beebn bee
OVA: 2.60-0 SA. 2.9100 4.4. 2.120-030.
2.152.025A 350p
12VA: 2.4 50-1 36 2.50-1A. 2,90.066. 2.12V.
05A. 2.15V -04A. 2,200.03A 3465135p pap
24VA: 24101 SA 2.90 1 2A, 2121/.1 A. 2.151/.
064. 2.200.06A 312541600 p&p
50VA: 26184A 2.9V -25A. 2.122"262.152.1 5A
2.20101 2*. 2. 2521 A. 2a300-0 86 520P6OP P&p
SOOCrany wound for Mudded computer PSUs
501/4: Outputs 4.50/5A. +120. +250. -5V
-120 at IA 62001600 PIP
100VAz 2.12V-46, 2.150-3A. 2.200 2 5A.
2250.26. 2.305.1 5A 2500-14 Imo 17501

P8P charge to be added over and above our no-
mat Postal charge

24V 7824 505 7918 500
7924 504

100,18 1092 Plastic package
5V 78L05 30p 79L05 509
6V 78L06 30P - -
80 ?BLOB 30p - -

12V 781.12 30p 79112 505
15V 78L15 50p 79L15 SOP

ICL 7660 248p TAA550 50p
RC4 I 94 375p 7001412 150p
RC4195 160p 78H05 4- 5V/51/ 5500
Lk4309K 135p 78H12*12V/5A

6405
LM317K 250p 713HG + 50 to + 25V
LM3171(0 450p 56 51365
LM323K 4500 79HG - 2 250 to
LM337 175p -24175* VW
L M723 V.i. 300
7E1540 225p

ALUM BOXES
3  2 it 1 BSP
4  21, . 2 1000
4.21,1 2' 103p4.4.2 105p
4  4  2' : 1200
5  4 . ' ' / 99p
5 A 4  2 . 120p
Sep.., 90p
5 a 21.. 1' 130p
3  4  2 1205
8 . 4 . 37.5.3 1800
3. 6. 3 2100
10.4  3 240p
10.7.3 275p
12.5.3 MOP
12 a 8  3 295p

25 way 1). CONNECTOR (RS232)
Jumper Lead Cable Assembly

 8 Ion Single end. Main 4755
'Id 1011q. Seigle end. Fervaie 5105
36 ionq. Doubie Ended. M/M 9955
36 ion Double Ended. F F C10
36 ,^1 Double Ended M 0 5532

"SPECIAL
OFFER"

1+ 10+
2764.250nS 425 415
27128-250nS 975 965
6116L14-120nS 325 310
6264LP-150nS 995 965

AMPHENOL PLUGS
ifyi: Solder

24 way IEEE 4455 4805
16 .411,Cerdron.. 450p 4 Sp
36 way rem+. 480p 450p

CMOS

4000 20
4001 25

4002 25
4006 70

4007 25
4008 4,
4009 43
4010 45
4011 25
4012 ZS
4013 38

4014 so
4015 80
4016 80
4017 so
4018 80
4019
4020 so
4042 4...

4021 .51.;

4022 47

4024 so
4025 22
4026 88
4027. 47.3

4028 50
4029 7,
4030 35
4031 130
4032 70
4033 130
4034 146
4035 70
4036 275
4037 III
4038 78
4039 250
4040
4041 57
4042 so
4043 42
4044 so
4045 110
4046 04506
.18147 40
4048 55
4049 sa
4050 35
4051 70
4052 50
4053 60
4054 55
4055 es
4405567

1000
55

4059 435
4060 88
4061 SOO
4062 986
4063 es
4066 45
4067 245
4066 23
4069 25
4070 254071 25

4072 25
4073 28
4075 25
4076 138
4077 25
4078 25
4081 25
4082 25
4085 60
4086 60
4089 125
4093 37
4094 70
4095 95
4096 100
4097 275
4098 80
4099 110
4160 95
4161 96
4162 96
4163 96
4174 96

4194 105
4408 850
4409 850
4410 725
4411 750
4412 805
4415 590
4419 280
4422 770
4435 550
4440 900
4450 360
4451 350
4490 450
4500 395
4501 38
4502 so
4503 40
4504 99
4505 385
0506 100
4507 45

130
4510 55
4511 55
4512 55
4513 150
4514 115
4515 115
4516 55
4517 275
45113 48

45204519

32
53

4521 115
4522 125
4528 60
4527 65
4528 68
4529 150
4530 90
4531 130
4532 65
4534 400

4536 275
4538 80
4539 COD

4541 5
4543 0
4548 40
4549 400
4553 245
4554 180
4555 35
4556 55
4557 250
4558 120
4559 395
4560 180
4561 104
4562 350
4566 165
4568 250
4569 175
4572 45
4580 255
4581 125

4583 100
4584 80
4585 70
4597 330
4599 155
40085 90
40097 45
40098 42
40100 215
40101 130
40102 140
40103 412
40104 120
40105 220
40106 60
40107 55
40108 325
40109 100
40110 235
40114 240
40161 194
40163 75
40174 75
40175 75
40181 220
40182 80
40192 75
40193 95
40194 70
40195 75
40244 196
40245 196
40257 196
40373 220
40374 220
4518ii 586

OPTO
CK;Pil 120
ORP12 85
ORP61 86
BPX25 250
BPW2r 320
101"I9 225

OPTO
ELECTRONICS

LEO. min Clips
Tll..209 10
TIL211 GAN 14
TiL212 Yel 14
TIL220 2' Red 12
2 Green. 'rano. or
Amber 14
02 Bi colour
Red/Green 1005
Green/Yellow 115p
02" Tn colour
Red/Green/Venn. 85
14.-Brontness Rem 58
High -Bo Green or
Vel 88
t lasntng red
02 red 55
Square LEDs. Red

Rectangle Stackable
LEDs
Red Green°. Tallow 18
Thanguiat LEDs
Red la
Green or yellow 22
1 0271 intra Red 48
SF H205 Detector 118
111.32 Infra Red 52
TIL78 Delec1or 55
11L36 50
r1L100 75
BARGRAPM Red 10
segments 275

COMPUTER CORNER

EPSON RX80 Pnnter 1209
EPSON 6080 F;T Pronto, C219
EPSON F080 Printer 0316
EPSON 50100 Printer 0421
KAGAJA %AN KP810 Printer/ £252
KAGA/TAXAN KP910 Printer £339
BROTHER HR1 5 Daosywheei C37/S

Cable for above printers to interlace with BBC lv icro C7

TEX EPROM ERASER - Erases up to 25 Eprom3 Hasa built in
safety switch £33
SPARE UV Lamp Bulb cs
C12 Computer CASSETTES in Library cases 352
811" 8 9.r" Fan Fold paper i 1000 sheets- C7 (Carr 1 505/

(SecurIcer Carriage charge on printers is E7)

CALL IN AT OUR SHOP FORA DEMONSTRAT1ONON ANY OF THE ABOV E
ITEMS. BE SATISFIED BEFORE YOU BUY OR WRITE IN FOR OU 1
DESCRIPTIVE MICRO PERIPHERALS LEAFLET.

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

£22

BBC MICRO
WORDPROCESSING

PACKAGE
A complete wordproCeSSing package (which Can be
heavily modified to your requirementS. Maintaining large
discount) We supply everything you need to get a BBC
Micro running as a word -processor. Please call in for a
demonstration
Example Package:
BBC Micro. with DES Interface, WordwIse Twin 400K TEC
ChSC Doves. 12" High-res green monitor. Brother 1-1R15
Daisywheel printer. Beebcalc 8 Database software cn
Disc. 10 3M DtSCS.500 sheets of paper, Away mains traihrg
socket, manuals and ail cables "

Only: £1,089

DRIVES
CASED with PSU & CABLES

81CS100 - Epson double Nded 40 beta 200K Si.
Single dr4c dine 0135
CS40011 - Mitsublshi Double sided 40 Track.400K 'n'.
Single drove C236

9 CD400 - EPSON Double stded 40 Pack 400K 5 .
TWIN dosc &pees Et 413

COBOOS - Motsubishi double sided 80 track 80CN 5'.
TWIN disc drives C291
DFS Manua. icurnprehensweliN0 VAT( C7

TWIN 13144 drew ca. min power suP017
to house your own drives ne

NOAH single drives with power supply will be Supplied 0 a twin case for later
inclusion of a second Onve

V 13 Carriage on Drives E7 sec Ulo,or

ISOLATORS
11.74 145
1LD74 145
11.074 275
T1L111/2A 70
1LCT6 011115910.1 135
T11.117 125
4,433 1'5 -to
(..io,... , 136

BBC & MICROCOMPUTER &
ACCESSORIES

BBC Model B Only E299

We stock the full range 01 BBC Micro peripherals.
Hardware & Software like. Disc Drives (Top quality
CLmana & Mitsubishil, Diskettes, Printers, printer.
Paper. Interface Cable. Dust Covers. Cassette
Recorder & Cassettes, Monitors.Connectors(Ready
mode Cables. Plugs & Sockets). Plotter (Graphic
TaDletl EPROM Programmer. Lightpen Kit, Joys -
t,cKs. Sideways ROM Board. EPROM Eraser.
Machinecode ROM. The highly sophisticated Wat-
ford's 16K BEER DFS. WORDWISE. BEEB-CALC.
So'tware (Educational Application & Gamest.
BOOKs. etc, etc. Please send SAE for Our deSCrip.
tioi leaflet.

7 Segment Dtsplays
1d ii.- , t 1 120
I ii .1 i , . 120

' 140
140
140

I 125
125
120
130
150

, ,..,. . 4 ISO

.. n. : ,.. 496

i i

i

i . , , . 625
530

,z l

ind ..- .. ...... 225
-i I ,' ; , ..,

295
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co POWER AMPLIFIER MODULES
OMP POWER AMPLIFIER MODULES Nowen,oyd
world wide reputation for quality reliability and performance at a realistic price Four models
available to suit the needs of the professional and hobby market i e Industry. Leisure
Instrumental and Hi Fi etc When comparing prices NOTE all models include Toroidal
power supply. Integral heat sink Glass fibre P C B and Drive circuits to power compatible
Vu meter Open and short circuit proof Supplied ready built and tested.

OMP100 Mk II Bi-Polar Output power 110
watts R M S into 4 ohms. Frequency Res
ponse 15Hz - 30KHz -3dB. T H D. 0.01%.
S N R -118dB. Sens for Max output
500mV at 10K, Size 360 115 72mm
PRICE £32 99 (2 50 P&P

OMP/MF100 Mos-Fet Output power 110
watts R M S into 4 ohms. Frequency Res,
ponse 1Hz - 100KHz -3dB. Damping Factor
80. Slew Rate 45V uS, T H D Typical
0 002%. Input Sensitivity 500mV, S N R

-125dB Size 300 123 X 60mm PRICE
(39 99 £2 50 P&P

dli OMP/MF200 Mos-Fet Output power 200
watts Fi M S into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz -3dB Damping Factor
250, Slew Rate 50V uS T H D Typical
0 001°. Input Sensitivity 500mV S N R
-130dB Size 300 150 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
00008°o. Input Sensitivity 500mV. S N R
--130dB. Size 330 147 x 102mm PRICE
£79 99 - /4 50 P&P

Vu METER Compatible with our four amplifiers detailed above A
very accurate visual display employing 11 LE D diodes 17 green 4
redl 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 18 50
50p P&P

NOTE Mos-Fets are supplied as standaro i 100KHz bandwidth & Input Sensit,ity500enli II requireo
P A version i53K0-12 bandwidth & 101,01 Sendlooti, 775 rnVi Order Standard or P

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

19 HACK CASED MOS-FET STEREO
AMPLIFIERS with twin power supplies ar-,!
L E D Vu meters plus K L IR connectors
Three models (Ratings RMS into 4 ohms)
MF200 (100 100w1£169.00 Securicor
MF400 (200 200w( 1228 85 Delivery
MF600 1300 300w) /274 85 /10 0

LOUDSPEAKERS
5 to 15 INCH Up to 300 WATTS

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

ing in stock

POWER RANGE
S A E for

8- 50 WATT R M S HeFi Disco
details

20 oz magnet 1 ail, voice coil Ground ally fixing escutcheon Res Freq d0Hz Frey Resp
6KHz Sens 92,18 PRICE/10 99Available with black grille 111 99 P&P 11 50 ea
12'' 100 WATT PUS Hr -F, Disco
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Die, cast chassis White cone Re -
Frey
25Hz Frey Resp to 4KHz Sens 95d8 PRICE (28 60 - 13 00 P&P ea
15" 100 WATT R M.S Hi-Fi Disco
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Die cast chassis White cone Re -
Frey 2011, Frey Resp to 2 5KHz Sens 97d8 PRICE (3749 13 00 P&P ea

McKENZIE
12" 85 WATT R.M S C1285GP Lead guitar keyboard Disco
2 ally vuicecod Alh centre dome Res Freq 45Hz Frey Resp to 6 5KHz Sens 98dB PRICE /24 9

13 00 P&P ea
12-' 85 WATT R M S C1285TC P A 'Disco 2 ally voice coil Twin cone
Res Frog 45Hz Frey Resp to 14KHz PRICE /24 99 - /3 00 P&P ea
15" 150 WATT R M S C15 Bass Guitar -Disco
3 ally voice cod Die cast chassis Res Frey 40Hz Freq Resp to4KHz PRICE L4999  1400 P&P

WEM
5" 70 WATT R M.S Multiple Array Disco etc.

voice coil Res Frey 52Hz Frey Resp to 5KHz Sens 89118 PRICE 12000 L1 50 P&P ea
Er 150 WATT R M.S. Multiple Array Disco etc.

1 voice coil Res Frey 48Hz Frey Resp to 5KHz Sens 9248 PRICE (2700 - It 50 P&P ea
10" 300 WATT R.M.S. Disco. -Sound reentorcement etc
i.." voice coil Res Frey 35Hz Frey Resp to 4KHz Sens 92d8 PRICE 130 00 I2 00 P&P ea
12" 300 WATT R M.S. Disco Sound re -enforcement etc.
t voice rya Res Free 35Hz Frog Resp to 4KHz Sens 94d8 PRICE 138 CO 13 00 P&P e,i

SOUNDLAB (Full Range Twin Conel
5 60 WATT R M S. Hi-Fi Multiple Array Disco etc,- e coil Res Frey 63Hz Freq Resp ru 20KHz Sens 8608 PRICE 19 99 It 00 P&P ea
6 60 WATT R.M.S. Hr-Fi Multiple Array Disco etc.

voice coil Res Frey 56Hz Erect Resp to 20KHz Sens 8908 PRICE 110 99. It 50 P&P ea
8" 60 WATT R M.S. HiFi. Multiple Array Disco etc.

I " voice coil hes Freq 38kir i iert Resp m 20KHz Sens 8948 PRICE 112 99 11 50 P&P

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

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone Range 100/300 metres 57 46 14mm (9 volt)
Price El 62 - 75p P&P
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varsap controlled
professional performance Range up to 3 miles 35 84 12mm
112 volt) Price /13 74 v 75p P&P
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHz Range up to 500 metres. Double coded modulation.
Receiver output operates relay with tamp/240 volt contacts Ideal for
many applications Receiver 90 70 22mm 19/12 volt) Price:
/17 82 Transminer BO 50 . 15mm 19/12 volt) Price E11.27
P&P 75p each S A E for complete list

MEM. POSTAL CHARGES PER ORDER £1.00 minimum OFFICIAL
WELCOME. SCHOOLS.COLLEGES, GOVERNMENT

BODIES. ETC. PRICES INCLUSIVE OF VAT SALES COUNTER
VISA ACCESS C 0 D ACCEPTED

BURGLAR ALARM
Better to tie 'Alarmed' then leridied
Thander'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 opesated facia switch - off - test
- armed 30 second exit and entry delay
Indoor alarm. - Electronic swept Freq siren
104dB output
Outdoor Alarm - Electronic swept beg siren 98dB
output Housed in a tamper -proof heavy duty metal
case
Both the control unit and outdoor alarm contain re
chargeable batteries which provide full protection
during mains failure Power requirement 200/260 Volt
AC 50/60Hz Expandable with door sensors. panic
buttons etc Complete with instructions
SAVE f148.00 Usual Price 1228 85
BKE's PRICE £79.99 + f4.00 P&P

? Why buv a collection of self assembly boards'

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

OMP LINNET LOUDSPEAKERS
The very best in quality and value Made specially to so t todays
need for compactness with high sound output levels Finished in
hard wearing black vyride with protective corners grille and carry
handle All models 8 ohms Full Range 45Hz  20KHz
OMP 12:100 watts 20" 15" 12" £125.00 per pair
OMP 10/200 watts ' 8" 15" Ti" f 145.00 per pair
OMP 12/ 300 watts 20" 15" 11" (169.00 per pa r

Delivery Securicot (800 per pair

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

3 Digit counter
Slider Record Level control

Size 171 317 mm Depth
110 mm
PRICE £35 99 £3 00 P&P

BSR P295 ELECTRONIC TURNTABLE
 Electronic speed control 45 & 33 ,r p m  Plus
Minus variable pitch control  Belt driven  Alu
minium platter with strobed rim * Cue lever  Anti
skate (bias device)  Adjustable counter balance 
.1.ieual arm  Standard cartrige fixings 

complete wi-h cui out template  D C
Operation 9-14v D C 65mA

Price 136 99 (3 00 P&P

ADC 04 may cartridge above Price /4.99 ea. P&P 50P

PIEZO ELECTRIC TWEETERS MOTOROLA
n the Piens, revolution The low dynamic mass (no voice cod) of a Piero tweeter produces an
; roved transient response with a lower distortion level than °Wind. y dynamic tweeters As a
,sover is not required these units can be added to existing speaker systems of up to 100 watts

.,,e if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.

TYPE 'A' IKSN203610 3" round with protective wire
mesh ideal for bookshelf and medium sized Hi fi
speakers Price f 5 39 each 40p P&P
TYPE 13' (KSN1005A1 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
horn Fur quality Hi fi systems and quality discos etc
Price £6.99 each - 40p P&P
TYPE 'D' IKSN1025A) 2" 6" wide dispersion
horn 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) 3'," 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 lack socket
85 85 mm Price £3.99 40p P&P

1 K -WATT
SLIDE DIMMER

 Control loads tip
lei 1Kw

impact Size

 Easy snap in fix
ing through panel
cabinet cut out
 Insulated plastic
case

Full wave con-
trol using 8 amp
bloc
 Conforms to

H S800
Suitable for both resist-

ance and inductive loads In
numerable applications in
industry the home and
disco's theatres etc
PRICE 112 99 75p P&P

A

TYPE E

TYPE

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 5 band L &
P 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 (Magi. 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 13 00 PAP

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

ES X. 6TR T : 0 0 -
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

DIGEST
New
Single -Chip
Micro-
computers

itachi have developed two 8-
I bit, CMOS, single -chip micro-
computers. They are intended for
use in low -end control applica-
tions and one includes integral
EPROM to facilitate product
development and low -volume
production.

The HD6305Vand HD63705V
are available in 1.0, 1.5 and 2.0
MHz versions and have identical
functions except that the
HD63705V incorporates 4K of
on -chip EPROM. They feature 4K
of ROM, 192 bytes of RAM, 31
input/output ports and are com-

patible with the H D6305 family.
Other features include an 8 -bit
timer with a 7 -bit pre -scaler, a 15 -
bit timer which can also be used
as a clock divider for serial com-
munications interfacing and a
synchronous serial communica-
tions interface. Typical power
consumptions are 25 mW in oper-
ation, 10mW in WAIT mode and
10uW in STOP And STANDBY
modes. They are available in
JEDEC-standard 40 -pin DI L pack-
ags or in 54 -pin flat packages.

The HD63705V has a window
for ultra -violet erasing and uses
12.5V for programming. Hitachi
expect it to find applications in
development and initial produc-
tion, allowing early samples of
equipment to be produced with-
out waiting for the permanent
ROM to be prepared.

The H D6305V is available now
and the HD63705V should be
available from May.

Just When You Thought It Was
Safe To Open The Magazine Again ...

Ell presents another in its series of cut -out -and -throw -away horror pies
for the serious collector. Pictured above after yet another attempt to
tidy his desk is former ETI editor Dave Bradshaw. Thankfully, Dave is still
with us having been promoted to Group Editor. And the desk? Well,
that's still around too and looking a lot tidier these days.

Uninterruptible Power Supply
For Microcomputers

Galatrek have introduced a
range of low cost Uninter-

ruptible Power Supp y (UPS)
units which have been specially
designed for the smaller and
multiple micro -computer user at
a price in proportion to the hard-
ware. Three versions are avail-
able for 120, 250 and 5010 VA chit -
puts, anc the prices start at
£531.00.

The TST Range of UPS units
can handle input voltage swings
of +/- 15% and still maintair a
stablilised, transient free output
voltage, held within +/-5% an
combined line and toed varia-
tions. The wave form distortior is
less than 5% and back-up power
from the integral maintenance -
free, lead acid batteries is nor-
mally a 20 minute cycle. How-
ever, simply by adding extra bat-
tery packs, the cycle can be
extended to 24 hours and more if

required.
The series offers complete

user flexibility which includes
extending the frequency of the
standard models from 50 HZ to
60 Hz or changing the 220/230
and 240 voltage of the standard
range to 110 volts. A further
special version is available which
has an input voltage window
variation in the range +15% to
-30%.

The controls include a cancel
switch for mains faulure alarm
and a manual by-pass switch for
coping with high start-up loads.
The battery discharge condition
is indicated by an audible alarm
and visual display which oper-
ates two minutes prior to dis-
charge condition and shutdown.

Galatrek International Ltd,
Scotland Street, Llanrwst,
Gwynedd, North Wales LL26
OAL, tel: 0492-640311.

 Weald Electronics produce a
range of specialist connectors
which includes the BA, D2, SM,
SMA, SMC and SREC series,
along with the necessary
assembly tools. The range is
described in a sixteen page A4
illustrated catalogue which is
available from their UK distribu-
tors, F.C. Lane (Com aonents)
Ltd, Slinfold Lodge, Horsham,
West Sussex RH13 :RN, tel
0403-790200.

0 As from May of this year, the
Health and Safety Executive will
be making their database avail-
able to computer users in hour-
long links via the services of
Pergamon Infoline. The database
contains information on indus-
trial noise regulations, handling

of hazardous substances and over
6,000 other factors relating to
work -place health and safety and
the link -up is free. For details con-
tact Pergamon Infoline Ltd, 12
Vandy Street, London EC2A 2DE,
tel 01-377 4050.

 Canford Audio supply a wide
range of mail order audio equip-
ment, from tape recorders,
mixers and amplifiers down
to audio connectors, audio
modules, rack -mounting and
other cases, audio transformers,
linear faders and cables. Their 72
page catalogue is available from
the head office, Canford Audio
Ltd, Stargate Works, Ryton, Tyne
8 Wear NE40 MX, tel 091-4130
7171.
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{40M'PUTER WAREHOUSE ifiGARi7:
TEl 'ALADDIN'S' CAVE OP COMPUTER AND ELECTRONIC E UIPMENT

RECHARGEABLE BATTERIES
Dry Fit Maintenance FREE by Sonnenschem
A300 07191315 12v 3 AH same as RS 591.770 NEW
£13.95 A300 07191202 6-0-6 1.8 AH same as RS 591-
382 EX EQUIP £4.99 Miniature PCB mount 3.6v 100
Mah as RS 591-477 NEW £1.00 SAFT VR2C 1 2v 'C
size NICADS in 18 cell ex equipment pack. Good condition
- easily soht to single cells £10.50 + pp C1 90

EX -STOCK INTEGRATED CIRCUITS
2732 ex equip 03.25. 27128 - 250ns NEW £12.00
6116-200 £4.50. 6116-250 £3.95,
6264LP-150 £22.00. 4164.200 C3.50.4864-150 £4.00
4116-30011.20.2114 C1.75. 6800E2.50,6821 £1.00.
68A09 £8.00, 681309 £10.00, 68809E £14.50,
D8085AH-2 C12.00,138086 £20.00, Z80A £2.99.

mliff# 7418Keep your not parts L and LIABLE
with our range of BRAND NEW PrOterasional
cooling tans
ETON 99XU01 Dim 92 . 92 x 25 mm
Miniature 240 v equipment Ian complete with

A guard c9.95.
COULD J8-3AR Dim 3" a 3" x 2 5" compact
seri quest running 240 v operation NEW £9.95
BUIKLER 11111.11.22. 8.16 v DC macro
miniature reversible tart Uses a brusniess
servo motor for extremely nigh air flow
almost silent running end guaranteed 10.000
hr Ide Measures only 62 x 62 a 22 TM
Current cost C3200 OUR PRICE ONLY
£12.95 complate waft data.
MUFFIN -CENTAUR standard 4" x 4' a 1 25
fan sucicated tested EX EQUIPMENT 240 vat
£625 or 110 v at C4 95 or BRAND NEW 240 v
at C10 50 1000's of other fans Ex Stock

II for Details. Post IS Packing on all fans 1' b

BUDGET RANG
ITIDEO MONITORS
t a price YOU can afford, our range of EX

EOUIPM ENT video monitors defy
ompetitionli All are for 240v working with
tandard composite video input Units are
re tested and set for up to 80 col use on

:BC micro Even where MINOR screen
.urns MAY exist - normal data displays are
naflected

SOLD TO DATE
12" KGM 320-321, high bandwidth input.
will display up to 132 columns x 25 lines
Housed in attractive fully enclosed
brushed alloy case B/W only £32.95
24" KGM large screen black & white
monitor fully enclosed in light alloy case
Lealschoolkhops Hubs etc

NL Y ES,. UU Carriage 10.00

DATA MODEMS
Join the t_oriuhunit.ahuns revolution witr,
Our super range of DATA MODEMS w
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 etc.
with an RS232 serial interface
DATEL 28 Si, SPECIAL OFFER centre or
this ad
MODEM 13A. 300 baud. Compact unit 0,1,,
2 high and same sae as telephone base
Standard CCITT tones. CALL mode only
Tested with data ONIII45.00 + PI DSO.
MODEM 20-1. 75.1200 baud. Compact unit
for use as subscriber end to PRE STEL.
MICRONET or TELECOM GOLD Tested with
data E311.11 4 IP 1111.50
MODEM 20-2 same as 20-1 but 1200-75
baud Ef000.
TRANSDATA 307A 300 baud acoustic
Coupler Brand new with RS232 interlat e
ONLY £49.95
DACOM DSL21 23 Multi Standard Modem
switchable CCITT or USA BELL 103 standar:
V21 300-300 V23 75.1200. V23 1200.75 or
1200-1200 half duplex.
Auto answer via MODEM or CPU CALL or
ANSWER modes plus LED status indicatier,
Dim 2 5 x 8 5 x9 BRAND NEW fully
guaranteed ONLY MAID + PP 14.50
DATEL 2412 Made by SE LABS for BT this
two part unit is for synchronious data links .1.
1200 or 2400 baud using 278013780
protocol Many features include Auto ans..,
2 or 4 wire working etc et, COST OVER
£800 00 PRICE ENS 00
DATEL 4800. RACAL MPS4800 high stieid

good condition £213.00 CAR, £10.00

NOT LINE DATA BASE

DISTEL©
-HE ORIGINAL FREE OF CHARGE dial up data base

000's of stock items and one off bargains
ON LINE NOW- 300 baud. full duplex CCITT tones 8 bit
word no parity 01-67. 1808

MAINS FILTERS
Cure those .rnnerv.eghaey uptar dua,a y,..chescauseg
Uv mans interference
SO5A As recommended by ZX81 news letter matt rib r

sire up ro 1000 WA!, Ina,' 65 05

r.ncke' ' 5 l) ere ' Et ft

Anderson Jacobson

A.1610 VIDEO
DISPLAY TERMINAL
Made by one of the USA's
largest peripheral manufacturers

the A.1510 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
TESTED second hand condition with full manual
£225.00 + carr £10.00.Data sheet on request

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

COLOUR MONITOR SPECIALS
`SYSTEM ALPHA' 14" Multi Input Monitor.
Made in the UK by the 'amous 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, Match ni 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 plug for RGB input. modular construction etc. etc.

This must be ONE OF THE YEAR'S BEST BUYS!!!
Supplied BRAND NEW aid 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 manufacturers 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 -6" 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 a 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 or monitors £10.00

SPECIAL 300 BAUD MODEM OFFER
Another GIGANTIC.purchase of these EX BRITISH TELECOM, BRAND
NEW or little used 2B data modems allows US to make the FINAL
REDUCTION. and for YOU to loin the exciting world of data
communications at an UNHEARD OF PRICE OF ONLY £25.95 Made f
the highest POST OFFICE APPROVED spec at a cost of hundreds of
Pounds each, the 2B has all the standard requirements for data base.
business or hobby communications All this and more"
 300 baud full duplex  CALL. ANSWER and AJTO modes
 Full remote control  'A 4 ar Standard RS232 serial interface
 CCITT tone standards ZiNglf/ ONLI -  Built in test switching
 Supplied with full data £79.95 L 0 240v Mains operation
 Modular construction As Aw  1 year full guarantee
 Direct isolated connection - r  Just 2 wires to comms line

Order now - while stocks last Carriage and Ins £1 300

SY
;1Ast) SUPER PRINTER SCOOP

BRAND NEW)0. The Do Eyerrh.eg Printer' at arCia that tadi

parallalint e0aCtir ,O, OMIT ConneCTOn 10
OltiC. DRAGON etc Superb pent quaky s.th tot

ilsasENTRoNics NEVER be repeated Standard C N wows
..: t '.

, :-.- 739-2 pin actonassaois griwnica and 4 type 0rds plus
NIGH DEFINITION internal PROPORTIONAL SPACED

...----"t,,, WOOE tor WORD PROCESSOR aposcations 80.137
columns single shoal worker ce roll pew nendeng PluS

much more nveallihee ONLY tram DISPLAY ELECTRONICS
Cr the ridiculous en. 0, Mlle HM  ,.AT Corneae,. Mtn

OtLci
lull manual sic Landed quantity -Hun- whde stocks lase

Options interlace tileryi to, BBC,f,s a9 DRAGON or CENTROMCS 36 wca ay
pr(ec-12

50 Spare n°Ricbtron
£3.5o each BBC graphics screen dump ohl ty program C860

Carrape and ins C '000  var

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

:1Lil

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

AD VAT T ALL P ICES £2500.00.

fl

STOCK

DEC CORNER
PDP 1140 System

,i4K memory + MMU
nterfaCe. RPO2 40 MB hard disk drive.
TU10 9 track 800 BPI Mag tape drive. dual
rack system. VT52 VDU etc etc Tested
arld running E.1750.00

BA1 I -MB 3 5- Box. PSU. LTC £385.00
DH,n11,-AD . RS232 DMA

£2100.00
DLVI 1-J 4 x EIA interface £310.00
DLVII-E Serial. Modem support £200.00
DUP11 Sych Serial data i o £650.00
00200 Dilog - multi Rk

controller £493.00
DZ11-B 8 line RS232 mux board £650.00
KOMI -13 M8189 PDP 1123+ £1100.00
LA36 Decwriter EIA or 20 ma loop C270.00
LAX34-AL LA34 tractor feed £85.00
MSI I -JP Unibus 32 kb Ram £80.00
MS11- LB Unibus 128 kb Ram C450.00
MSI 1-LD Unibus 256 kb Ram £850.00
MSC4804 ()bus (Eouiv MSV11-1..

256 kb £499.00
PDP11 /05 Cpu. Ram. vo. etc. £450.00
PDP11/40 Cpu. 124k MMU £1850.00
RT11 ver 38 documentation kr £70.00
RK05-J 2 5 Mb disk drives £650.00
KU3JA PDP 8 async i/o C175.00
MI8E PDP 8 Bootstrap option 075.00
VT50 VDU and Keyboard -

current loop C175.00
VT52 VDU with RS232 interface £730 00

1000's of EX STOCK spares for DEC
POPS. POP8A. POP11 systems &
peripherals Call for details All types of
Computer equipment and Spares wanted
for PROMPT CASH PAYMENT

I prices quoted are for U K Mainland, paid t ash with order. in Pounds Stor,,,1 P1 LI,. VA orde, v.VoeE2.00
Minimum Credit Card orderE10.00 Minimum BONA FIDE account orders trom Government Depts.Schools.Onlyersitresand
established companiesE20.00 Where post and packing not .ndicated 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 Ex.on

r n 32 Biggin Way, Upper Norwood, London SE19 3XFLLLL I I\ I-11 I V- -1 Telephone 01-679 4414 Telex 894502 Data 01-679 1888 l*
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

 International Rectifier have
brought out a new edition of their
power semiconductor product
guide and data book. It includes a
)E DEC/alpha-numeric index and
covers thyristors, rectifiers and
Schottky devices of up to 300A
rating. Contact International
Rectifier, Hurst Green, Oxted,
Surrey RH8 9 BB, tel 988-3215.

 Yes, Prime have moved to the
middle of Nowhere (popularly
known as Milton Keynes). The
latest in a long line of companies
who have decided to set up in the
Land of the Concrete Cows, Prime
will be spending £6 million on a
new research and development
centre which will bring 200 jobs
to the city when it opens in 1988.

 Marathon Batteries Ltd have
produced a small colour bro-
chure describing their range of
rechargeable nickel -cadmium
cells. The capacities available
range from 0.1 to 7 ampere hours
and the brochure gives full details
of their technical characteristics,
construction and charge/
discharge performance. Fora free
copy contact John Rich at Mara-
thon Batteries Ltd, Union Street,
Redditch, Worcestershire B98
7BW, tel 0527-62351.

 The Data Protection Registrar
has published a 36 page, A5
booklet which provides an
introduction and guide to the
workings of the 1984 Data Pro-
tection Act. The first of a series of
guidelines, it is intended to help
those covered by the Act to
assess its implications. Copies are
available from the Office of the
Data Protection Registrar,
Springfield House, Water Lane,
Wilmslow, Cheshire SK9 5AX, tel
0625-535777.

 Citec Ltd have produced a
brochure which outlines the
potential uses of cermet and
polymer thick film technologies.
It describes some of the work of
the company in applying these
technologies to a diverse range of
problems, and copies can be
obtained from the Product
Manager, Special Products
Group, BICC-Citetc Ltd, Cheney
Manor, Swindon, Wiltshire
SN2 2PZ, tel 0793-487301.

 Over half of the workforce of
Factron Schlumberger are giving
up a day's holiday entitlement in
aid of Ethiopia. The company,
which makes test equipment and
information management systems,
employs over 400 staff at its
headquarters in Dorset and the
f5,000 raised will be used by
Oxfam in Ethiopia, Sudan and
Mali.

A, A, What's
going in
'Ere Then?

West Hyde Developments
have added two new de-

signs to their range of small cases,
one intended for hand-held
application and the other for por-
table or bench -top equipment
The hand-held case incorporates
a compartment for AA or PP3
batteries.

The Novara case comes in
three sizes, all designed to fit
comfortably into the hand. It is
moulded from black ABS in two
halves held together with self -
tapping screws, and has an

aluminium front panel recessed
into the moulding. The two larger
sizes are available with an
optional battery compartment
which accepts either one PP3
battery or two M cells.

The smallest Novara case
measures 145 x 85 x 25mm and
costs £5.98, the next size up
measures 145 x 85 x 31mm and
costs f6.80 or f6.96 with the
optional battery comparment,
and the largest size measures 145
x85 x 37 and costs £7.6' or£7.78
with a battery compartment. All
prices exclude VAT.

The bench -top case is called
the Verona and is available in six
sizes. It is moulded from either
black or grey ABS in two halves
which incorporate bosses to

support a board or chassis as well
as slots to support PCBs ver-
tically. The front and back panels
are of aluminium and slot into
recessed grooves.

The Verona comes in two stan-
dard width/depth combinations,
each of which is available in three
heights. The smaller sizes
measure 134 x 129mm and are
either 47, 54 or 61mm high, while
the larger sizes measure 173 x
154mm and come in the same
range of heights. Prices range
from £3.60 to £6.22, excluding
VAT.

West Hyde Developments Ltd,
Unit 9, Park Street Industrial
Estate, Aylesbury, Buc-
kinghamshire HP20 1 ET, tel
0296-20441.

Fast 8 -Bit
ND Converter
S

iemens have introduced an
eight -bit analogue -to -digital

converter which has a conversion
time of just 1 Ons. The new IC will
allow full 8 -bit conversion at
100MHz, a task which previously
required four ICs and used twice
as much power.

The SDA 8010 replaces the
earlier six -bit SDA 5200 and dissi-
pates just one watt, compared
with two watts for four SDA 5200s
to achieve the same speed and
word length. A complementary
digital -to -analogue converter
designated the SDA 8005 is also
available and is a mirror image of
the SDA 8010. The SDA 8005 can
operate at up to 150MHz and
both devices are compatible with
ECL (emitter coupled logic). The
SDA 8010 comes in a 24 -pin DIL
ceramic package.

Siemens suggest applications
for the new ICs in instrumenta-
tion, image processing and medi-
cal equipment including digital
oscilloscopes, transient recor-
ders, diagnostic equipment,

radar equipment and high resolu-
tion graphic systems. Siemens
Ltd, Siemens House, Windmill
Road, Sunbury -on -Thames, Mid-
dlesex TW16 7HS, tel 09327-0
85691.
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=Rapid
?Electronics

MIN. D CONNECTORS

9 way 15 way 25 way 37 way
Plugs solder lugs 55p 66p 90p 150p
Right angle 90p 1350 200p 350p
Sockets solder lugr 130p 1000 1350 260P
Right angle 120p 1800 2900 4700
Covers 100p 90p 1000 1100

CONNECTORS

)IN Plug Sky Jack Plug Skt
2 pin 9p 90 2 5rnin 10p ICIP
3 pin 12p 10p 3 SMM 9p 911
5 pin 13p 11p Stem -1..016p 700
Phony 10p 12p Stereo 24p 750
Imrn 12p 13p arnm 18p I 7P
I/HF (CBI Connectors
1L259 Plug 40p Reducer 140.
50239 square chassis skt 38p
S0739S round chassis skt 40p.
IEC 3 pin 25046A
Plug chassis mounting 380
Socket free hanging . 60p
,ocket 2m leeii 120p

SWITCHES
Submin toggle.
SPST 55p. SPOT 60p DPDT 650.
%mature toggle
SPDT 80p SPOT centre off 90p.
DPDT 90p DPDT centre off 100p.
Standard toggle
SPST 35p DPDT48p
Miniature DPDT she* 14r
Push to make 15p
Push to break 22p
Rotary type adjustable stop
101254. 2P6W, 3P414 all 55p each,
DI L switches
4SPST 800 6 SPST 800 8 SPST 100.
STr, T 140 Push -make 15.

27128-250 £7.50

Brand new Hitachi product Ideal
for use with the BBC Micro Please
note this price es not  misPr1r11"

TRANSFORMERS

3VA PCB Mounting
246V00.25A.2a9V60 15A
2a12V00 12A.2a 15V013.1A 180p

6VA PCB Mounting
2.13VO0.5A2s9V00 4.4
2012V60.3A.2s15V60.25A2700
Standard. Chassis Mounting
6VA 244510.59. 2.9,1470.49
2c 12V00 39,2.15V00 159 2400
I2VA 2+64401.1. 2.9400.6/1
2s15V150 4A,2a20V00.3A 3500

SO. K LIS

5 pin
14 pin
16 pin
15 pin
20 pin
22 .n
24 pm
28 pm
40 pin

Low 0,"
Profile wrap
70 28p
Op 45p
10P 550
12p 60p
I3p 680
15p 750
17p 82p
150 950
25p 1350

Professional ZIF sockets
24 pen 430K0 28 pin 4800
40 pin 5950

MICRO

2718 310
2532 380
2732 one time
programmable

280
2732 430
2764750 430
2764 BBC 430

77128-250 750
6116P3 390
6264P15 2750
4116P4 70
4164-15 480
4125615 2850
Z804 CPU 290
Z80A P10 370
Z80A CTC 370
280A 510 880
ZBOA OMA 880

COMPONENT KITS

SOLDERING IRONS

Ante. CS 17W Soldering ton
2.3 and 4.7mm bits to suit
Antex XS 25W soldering iron
3.3 and 4.7mm bets to suit
Solder pump desoldereng tool
Spare nozzle for above
10 metres 22 swg solder
0 5kg 22 swg solder

430
85
530
85

480
70

100
750

VERO

VeroWoc . 395
Veroboard Size 0.1 in Mtris

2.5  3.75 96
3.75.5 . 120
3.75 17 350
4.75.17 455
40 board . 190
Veropins per 100
Single sided , 55
Double sided . 65
Spot lace cutter . 145
Pin insertion tool 185
Wiring pen 375
Spam spool 75p Combs

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

CARIES

20 metre pack single core connect-
ing cable ten different colours 750
Speaker cable 100/m
Standard screened 160/rn
Tern screened 240/rn
2.5A 3 core mains . 230/rn
10 way rainbow ribbon 26p /ft
20 way rainbow ribbon 470/ft
10 way gory ribbon . 14P/11
20 say grey ribbon . 29p/ft

6800
6802
6809
6810
6821
6840
6850
6852
6875
6880
6502

200
280
600
140
140
360
165
240
500
100
370

6522
6532
6551
80854
8156
8251
8253
8255
8259
MC1488
MC 1489

330
520
540
320
380
350
370
320
400

70
70

REGULATORS

78105 30 79105
78112 30 79112
78115 30 79115
7805 40 7905
7812 40 7912
7815 45 7915
LM317K 270 LM723
LM317T 90 78H05
LM323K 420

45
45
45
45
45
45
40

550

DIODES

BY127 12
0/147 10
0990 8
0A91 7

09200 8
0A202 8
1N914 4
*1144148 3

61144001 3
1144007 5
144006 7

144007 7

1145401 12
1145404 18
1145406 17
400mWren 6
1 3W zeners 13

0.25W Resistor Kit. Contains 1000 0.25W 5% resistors from 4 7 ohms
thru to 10M Cluantitiel depend upon popularity se. 10.10R,
30.470R. 30k1OK, 25.470K. Just E790
Carom< capacitor Kit. Total of 250 miniature ceramic capacitors from
22p to 0.1u. Just E6.90
Polyester cape iron Kit. Total of 110 miniature Polyester capacitors
from 0.01u to 0 47u. lust 66 90
Preset Kit Total of 110 miniature preset resistors from 1008 to I M.
Horizontal mounting type. Just E6.90
Radial Electrolytic Capacitor Kit. A Pack containinga total of 93
miniature caps from lu to 2200u Just E7.50
Nut and Bolt Kit. Contains BOO assorted items. 100 each BBA
%in, nuts and wthrs,413/1 >Son. Yon, nuts and wshrs. Just E3.20

IMECIM 7611
CL7621

15550105 80 CL7622
556CMOS 150 CL8038
709 35 CL8211A
741 16 CM7224
746 35 CM7555
A431270 720 CM7556
A438910 390 LF347
A438912 430 1E351
CA3046 65 1E353
CA3080E 65 L F 356
CA3069 200 LMIOC
CA3090A0 375 LM301A
CA3130E 85 LM3I 1
CA3140E 38 LM318
CA3160 95 LM324
CA3136 100 LM3342
CA3189 260 LM3352
CA3240E 100 154339
ICL7108 680 LM348

98
190
700
295
220
785

80
150
150
40
75
90

325
30
45

135
45
85

125
40
60

50
LM377 210
1_51380 80
LM381 150
1.11.1382 130
LM3134 140
LM386 90
LM387 120
L M393 60
LM710 48
LM711 60
LM725 70
LM 733 70
LM741 16
LM747 60
LM748 35
11.11458 35
LM291748 195
LM3900 45
LM3909 85
103914 265

LM3915
LM13600
MC1310
MC1496
MC3302
MC3340
MF IOCN
63L922
01924
ML925
01926
ML927
ML928
ML929
NE579
NE531
NE544
NE555
146566
NE565
NE588

285
110
150
70
75

130

358330

290
290
710
210
210
210
225
135
170
20
45

116
140

NE567
NE570
NE571
NE5632
NE5534
RC4136
RC4558
SL4196
SL490
5476018
5476477

130
370
370
160
105
65
40

195
720
150
380

SP8629 250
SP0256A12425
Speech dere 50
TBA800 70
TEI9810 90
1134820M 65
TBA9S0 220
TCA940 185
TDA10013 320
TDA1072 490

TRANSISTORS

AZ125 35
AC126 30
AC127 30
AC128 30
AC176 25
ACI87 25
AC188 25
AD142 120
AD161 42
A0162 42
AF 124 60
AF126 50
AF 139 40
AFIB6 70
AF239 55
BC107 10
BC107B 12
BC108 10
BC108E1 12
BC108C 12
8C109 10
BC109C 12
(ICI 14 22
BCIIS 22
BC117 22
BC119 35
BC137 40
BC139 38
BCI40 29
BC141 30
BC142 28
BC143 30
8C147 10
ecia8 10
BC149 10
BC157 11

8C158 11

BC158 10
BC159 10
BC160 40
BC168C 10
BC169C 10
130170 8
BC171 10
8C172 8
BC177 16
8C1713 16
00179 18
13C182 10
BC1821 10
BC1B3 10
EIC1831 10
BC184 10
8C1841. 10
BC212 10
BC2121. 10
13C213 10
BC2131. 10
BC214 10
BC214L 10
BC237 7

BC238
BC308
BC327
6C328

.BC33 I
BC338
80477
BC478
BC479
BC517
610547

7

10

8
8

12
22
22
22
30
5

8C548 5
8C549 10
BC557 10
BC558 10
BCY70 16
BC471 16
BC472 16
80115 55
813131 40
80132 40
60133 50
80135 35
130136 35
80137 35
80138 35
80139 35
80140 35
80204 110
00206 110
130722 85
BEM 35
8E182 35
BF 184 35
8F185 25
8F194 12
BF195 12
8F196 12
BF197 12
8E198 15
130199 18
B F 200 35
BF244B 35
8F745 35
BF2568 45
8F257 32
8E258 30
BF 259 30
8E337 35
U RIC) 35

BF R40 23
EIFF180 23
13E1381 23
13E7(29 30
13F084 30
OF 085 30
8F X86 30
BF X/37 30
BFX68 30
13E450 27
BF451 27
BF 452 27
BF53 30
BF 455 30
139456 30
BR 439 50
8SX20 22
86029 35
BST95A 30
811205 160
811206 200
011708 170
MJ2955 99
MJE340 50
MJE520 50
M.11521 90
MJE3055 70
MPFI02 40
MPF 104 40
MPSA05 23
MPSA06 25
MPSA12 29
MPS4b5 30
MPSA56 30
MPSUO5 55
MPSUO6 55
MPSU5S 55
MPSU56 55
241181 22

2141613 30
2N2218A 45
2N2219A 28
21472219 25
21472229 20
2142368 25
2142369 18
242484 27
2.7646 60
242904 28
21429049 28
2142905 78
2N2905A 28
2142906 28
2N2906A 78
2N2907 21
21429079 24
2142926
2143053
2N3054
2N3055
2143447
2143702
2143703
2143704
2143705
2143706
2143707
243708
2143709
743772
243773
243819
243820
2143823
243866
2143903
243904
2143

10
28
55
50

120
9

10
9

10
10
10
10
10

170
195

32
50
65
90
10
10
1

2143908
2144037
2144058
244060
244061
244062
40360
40361
40362
40408
245457
245458
245459
2n5485
245777
214697
214698
24706A
24708
24918
TIP29
TIP29A
TIP29B
T1P29C
TIP30
T1P30A
TIP3013
TIP30C
TIP314
TIP31B
TIP31C
TIP32A
TIP22B
TIP32C
TIP33A
TIP33C
TIP34A
TIP34C
TIP35A

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

TDA1024 115
TL0131 10
TL062 86
T L064 105
TL071 38
TL072 80
T L074 110
TL081 30
T10137 50
T L084 106
TL170 50
UA2240 140
ULN2003 80
ULN2004 90
x R2206 366
IN414 80
IN423 135
ZN424P 130
ZN4256 350
ZN426E 300
ZN4276 600
ZN4286 450
214459 285
ZN10346 200

TIP35C 125
TIP36A 115
TIP36C 130
TIP4IA 45
TIP42A 45
TIP120 60
TIP121 60
TIP122 60
TIP141 110
TIP142 170
110147 120
TIP2955 70
TIP3055 60
TlS43 40
TIS43 40
11544 45
13545 45
TI590 30
T1591 30
4410KM 66
VN48AF 94
VN66AF 110
VN88AF 120
VE0107 11
IT 011313 11
ZTX109 11

ZT 0300
IT X301
ITX302
ZTX304
27%341
ZTX500
IT X 501
ZTX 502
ZTX503
Z10504

14
16
16
20
20
13
161

18
18
25

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

OP T0

3.0m red 8 Smin red 8
3mm green 11 Stem green 11

3mm yellow 11 Stem yellow II
Clips to suit 3p each.
Rectangular TIL32 40
red 12 TIL111 60
green 17 TIL78 40
yellow 17 ORP12 85
11074 95 11074 185
TIL38 35 TIL100 75
2145777 45 Tricolor Led 35
Seven segrnerel displays
Corn cathode Corn anode
131704 0 3 95 01707 0 3 95
F405000 5"100 END5070 5"100
10 bar OIL LED display, red 180
Seem superbrigfrt LED 250encd

red 30

Carbon ram Is 250
4.Y. 5%4 7/50m IOM 2p 10
S.V. 5%4 ?ohm 407 3p 20
Metal film
IfeW 1% 10ohns  IM 4p 3p
25. price applies to 26. Pei,
value not mixed

HARDWARE

PP3 battery clips .

Rad or black crocodile clips
Black pointer control knob
Pr Ultrasonc transducers
P13V Electronic buzzer .

P12V Electronic buzzer
IsPB2720 Porto transducer .
*64rnm 64 ohm speaker
064mrn 8 ohm speaker
20mm panel fuseholder
Red or black Probe clip
4mm terminals
12 ray 'chocolate' block
ultra -min. 6 or 12v rel SPOT
ditto. but DPDT

6

390

!PO

76
70
70
26
35
33
21

130
196

EURO CONNECTORS
Gold flashed Rt. angle Wiremelt
contacts. plug socket
64 vow Asa 195 230
64 ray A C 220 270
98 way A0130C 320 330

'MIA( S
400V 4A

4004 BA 85
4004 16A 95

50 BRIO° 25

NEW * CATALOGUE1985
Our new fully Must,*
ted 50 page detailed
information on over
3000 product lines at
the most competetwe
prices in the market.
The catalogue costs
lust 700 including pos.
lege or bee with orders
over E20 in value. Send
for yOur COO,/ today.* * * * * * * * * * *
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COMPUTER CONNECTORS
XBI 2 23 inn edge connector

*wee wrap for ZX81 . . . 150
SPECTRUM 2 et 28 prey edge
connector wire wrap. . . 200
AMPHENOL PLUGS
24 way IEEE IOC 150
38 CentrOnie IDC . 490

Orgy Ribbon cable rice oer foot
10 way 14 34 way 58
16 way 25 40 way 68
20 way 28 50 sow . 90
26 wey 38 GO prey . 100

CRYSTALS
imam,
114Sir
1 64320
7004or
245760
3.2760
3 579M
4.0Misr

1911.410
4 43.410

735 500600.
275 6000,
200 6 144MHe
275 7 ci0cr
200 6 Okurr
150 10 0M11.
95 120MR:

140 16 Okbrz

160
100
240
140
ISO
150
140
170
170
200

Fr67 VISA

ACCESS AND
BARCLAYCARD

WELCOME

CAPACITORS

Polyester. medial Wads. 250, C280
type 0.01, 0.015, 0.022, 0.033 
651 0.047, 0.068, 0.1 7p. 0.15,
0.22  9p, 0a3. 047 - 13p. 0.68 
20p, lu  230
Electrolytic. radial or vital leads
0.47/83V, 1/133V, 2.2/63V, 4.7/634,
10/25V  7P, 22/25V, 47/25V. Bo
100/25V  90; 220/25V -
470/25V  22p, 1000/25V - 30s.;
2200/25V 50P,
Teg end power supply elactrolytics
2200/40V 110p, 4700/404  1600
2200/63V 1400.4700/634 -2300
Polyester, miniature Seamen. PCB
In, 2n2, 3n3, 4n7, 6n8, 10n, 15n. 70
22n. 33n, 47n, 68n, Bp. 100n, 9p,
150n, 11p, 220n, 130 330n, 200.
470n 260.680n, 29p, lu 330.

Tantalum bald
0.1, 0.22,0.33, 0 47, 1.0635V
120 2 2. 4 7. 10  25V -200.
15/16V 30P. 22/18V  27.33/
16V  45p, 47/134  27p; 47/164
700:68/64 - 400. 100/104  900
Car disc 220-0.01u 50V. 30 each
Mallard rneniaturacerameC plate
1.909 to 100pF 60 each.
Polystyrene, 5% tol 100 10000, 6p
15004700, 90.6800 0.012u, 100
Trimmers. Mullerd 808 series. 2.10
pF, 2-220F, 300; 5.1565p8.350

1-1111[H,1
1111 III If/11,

2A 200V 40
2A 400V 45

A 100V 80
15A 400V 95

20 VM18 OIL 0.9A
35 200V 50

IDC CONNECTORS

PCB
Plug
St

PCB
Plug
Rt ang.

Socket Edge
Cone,

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

Aluminium
3 2 a 1" 85

with lid  2%a 114" 95
& screws 4.214.2" 95
71x46221Tern 50 8  4 st 2" 120
120.71e35mm 86 7 a 5:2%" 165
140.410x55men 110 8.6.3" 206

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

25
25
25
25
25
25
45
45
15
15
25
25

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

25
36
60
43
13
25
30
30
30
30
25
35
35
43
45

7440
7412
7414
7446
7447
7448
7450
7451
7453
7454
7460
7472
74 73
74 74
7475

25
74

105
130

98
98
25
25
25
25
25
35
40
36
65

74 76
7480
7483
7485
7486
7489
7490
7491
7492
7493
7494
7496
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

74153
74154

170
125

40
60
50
50
92
50
50
60
80
85

130
105
130
70

135

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

80
90
90
90
90

115
90

200
170
100

so
100

130

80
90

74180 85
74181 230
74182 85
74190 120
74191 120
74192 120
74193 110
74194 80
74195 63
74196 120
74197 85
74198 196
74199 195

CMOS

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

4016
4017
4018

18 4019
18 4020
18 4021
65 4022
18 4023
50 4024
40 4025
40 4026
18 4027
18 4078
26 4029
50 4030
42 4031

26
43
55
35
48
55
60
18
35
18

170
78
40
15
18

125

4034
4036
4039
4040
4041
4042
4043
4044
4046
4047
4048
4049
4050
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60
24
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18
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22
18
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16
24
60
24

4061
4082
4085
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4093
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40106
40109
40163
40173
40175
40193

18
20
60
60

120
26
70
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260
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38

100
75
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90

4502
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4514
4515
4516
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4520
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50
45
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115
48
50
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48
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4534
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50
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110
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65
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LS013
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LS14
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LS38
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LS47
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LS55
1573
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LS75
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LS136
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LS145
LS147
LS148
LS151
LS153
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LS155
LS157
LS158
LS160
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37 LS183
53 LS164
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48 LS166
48 LS170
92 LS173

130 LS174
115 LS175
55 LS190
80 LS191
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56 LS193
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80 LS240
60 LS241
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95 L5243
88 LS244
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80 LS247
60 LS25I
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60 LS279
75 LS283
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ORDERING INFO. All components brand new and to full spec. All prices exclude VAT.
Please add to total order Please add 70p carriage:o all orders under £20 in value Minimum
order £5 . Send cheque/P.O. or Access/Visa number with order. Our new 50 page catalogue
is given free with all orders over £20. Available at 70p each. Telephone
orders welcome with Access or Visa. Official orders accepted from colleges, schools etc.
Export orders no VAT but please add for carriage. We are open Monday to Friday.
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Events Diary
Surface Mounting Techniques & Packaging - May 9th
London west Hotel, West Brompton, London. Seminar organised by
Hitachi on all aspects of surface mounting techniques and including
question and answer session. Begins with lunch at 1.00 pm and runs
until 5.15 pm. Cost is f 25.00 inclusive. Contact Julie Richardson on 01-
861 1414.

Unix Training Course - Ma? 14/15th
Plessey Microsystems Training Centre, Towcester. Training in Unix
system III or V, including hands-on experience using a Plessey System
68. Aimed at data managers and software staff interested in multi-user
computer techniques. Contact Plessey Microsystems, Sales Office,
Water lane, Towcester, Northamptonshire N N12 7J N, tel 0327 30312.

New IEE Wiring Regulations - May 14 -16th
Production Engineering Research Association, Melton Mowbray. Three-
day non-residential course on the 15th edition of the IEE Regulations.
Cost is £300.00 plus VAT with reductions for participants from com-
panies who are members of PERA. Contact the Booking Bureau, PE RA
Training, Melton Mowbray, Leicestershire LE13 OPB, tel 0664 64133.

Scottish Electronics Production Show - May 14 -16th
Anderston Centre, Glasgow. Exhibition of the latest semiconductor
and PCB production equipment, assembly equi pment, inspection and
test systems, interconnection systems, chemicals and laminates. Con-
tact Cahners Exhibitions Ltd, Chatsworth House, 59 London Road,
Twickenham TW1 3SZ, tel 01-891 5051.

Automated Manufacturing Exhibition & Conference - May 14 -17th
NEC, Birmingham. Exhibition of industrial robotics and automated
manufacturing systems. Contact Cahners Exhibitions Ltd, Chatsworth
House, 59 London Road, Twickenham TW1 3SZ, tel 01-891 5051.

Power '85 - May 21 -23rd
Metropole Hotel, Brighton. phone
437 4127.

Gallium Arsenide Integrated Circuits - June 3rd
Royal Lancaster Hotel, London. Seminar covering gallium arsenide
technology, circuit design and applications. Cost is £145.00 plus VAT
and includes lunch, etc. Contact Miss Louise Marriott, Oyez Scientific
and Technical Services Ltd, 3rd Floor, Bath House, 56 Holborn Viaduct,
London EC1A 2EX, tel 01-236 4080.

Phone '85 - June 4 -6th
Kensington Exhibition Centre, London. See February issue for retails
or phone 0280 815226.

Unix Training Course - June 11 -12th
Plessey Microsystems Training Centre, Towcester. See above for
details.

European Unix User Show - June 12 -14th
Olympia 2, London. an exhibition designed to focus attention on the
Unix system and attended by over 120 leading suppliers of Unix
software, hardware, systems, peripherals and services. Contact EMAP
International Exhibitions Ltd, Durrant House, 8 Herbal Hill, London
EC1 R 5JB, tel 01-837 3699.

Computers In Manufacturing Show - June 24 -27th
Olympia 2, London. Exhibition and conference which aims to cover
the use of computers in design, production engineering and manufac-
turing. Contact Independent Exhibitions Ltd, 154 Heath Road, Twic-
kenham, Middlesex TW1 4 BN, tel 01-891 3426.

Condition Monitoring In Hostile Environments - June 26th
Regent Crest Hotel, London. Seminar organised by ERA Technology
and COMRAD which covers equipment monitoring techniques a, med
at predicting failure and thus reducingdowntime. Contact Terri Eccles -
tone, Seminar Organiser, ERA Technology Ltd, Cleeve Road,
Leatherhead, Surrey KT22 7SA, tel 0372 374151.

Leeds Electronics Show - July 3 -5th
University of Leeds. The show is in its 22nd year and hopes to have 223
stands on display. Contact Evan Steadman Services Ltd, The Hub,
Emson Close, Saffron Walden, Essex CB10 1H L, tel 0799 26699.

Readers' Survey
A t long last we have finished

sifting through the several
thousand completed Readers'
Survey forms we received. A statis-
tical analysis is being prepared
and we plan to spend some time in
the near future going through
your comments and suggestions.
We hope to present some of the
results of all this effort in a short
article in a forthcoming issue.

Meanwhile there is the matter
of the free subscriptions we pro-
mised to the authors of the first
ten survey forms drawn from a
hat. We couldn't find a hat large
enough, so with the forms secu-
rely placed in a cardboard box we
carried out this important cere-
mony with due pomp and what .it-
tle dignity we could muster.

Our handsome Classi=fied Sales
Executive Caroline Faulkner
groped diligently around in the
box until she could no longer
avoid removing some of its con-
tents while her lovely assistant,
ETI Editor Gary herman (33-40-45")
shook the box in an unhelpful
manner. Assistant Editor Ian Pitt
tried vainly to pretend to passers
by that all this had nothing what-
soever to do with him while
several hangers-on leapt around
crying "lights, action," and so
forth. The ceremony reached its
climax with a brief competition to
see who could throw most forms

Draw Results
in the air whilst doing the splits.

Somewhere in the midst of all
this, ten forms were separated
from the mass and passed to the
subscriptions department where,
with tears in their eyes, staff
signed the necessary cash slips.
The ten luck winners are:

A. Armstrong, 12 Grays Walk,
Bishopmill, Elgin, Morayshire;
L.C. Boothman, 35 Spalding
Road, Fens Estate, Hartlepool,
Cleveland; E. Habets, Gosper-
street, 47/4700 Eupen, Belgium;
G. Hodgson, 2 Marlborough
Avenue, High Harrington, Work-
ington, Cumbria; M. Jones, 26
Whitchurch Avenue, Broadstone,
Dorset; B.L. Marshall, 3 Blandford
Road, Chilwell, Nottingham; Al.
Wills, 28 Cedar Drive, Kingsclere,
Newbury, Berkshire; A. Wood-
roffe, 'Ranworth', The Glebe,
Felbridge, East Grinstead, West
Sussex; M. Woodward, 75 Nelson
Road, Aston, Perry Barr, Bir-
mingham; and J. LePirie, 72, City
Way, Rochester, Kent.

These readers will all receive
one year's free subscription
beginning with this issue. Our
commiserations to those who
were not lucky enough to be pic-
ked but we will leave them with
the thought that ET! is almost as
enjoyable when paid for as when
obtained free -of -charge.
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BOOK SERVICE
How to order: indicate the books required by ticking the boxes and send this page, together with your payment to: LTI Book Service,

Technical Book Service, Oak House, Cannon Hill Way. Maidenhead SL6 2EY. Make cheques payable to Technical Book Service. Payment
in sterling only please. All prices include P & P. Prices may be subject to change without notice.

BEGINNERS GUIDE

O Beginner's Guide to Basic Programming
Stephenson

O Beginner's Guide to Digital Electronics
O Beginner's Guide to Electronics
O Beginner's Guide to Integrated Circuits
O Beginner's Guide to Computers
O Beginner's Guide to Microprocessors

£5.85

£5.85
£5.85
£5.85
£5.85
£5.85

COOKBOOKS

Microprocessor Cookbook M. Hordeski
IC Op Amp Cookbook Junq
Active Filter Cookbook Lancaster
TV Typewriter Cookbook Lancaster
CMOS Cookbook Lancaster
TTL Cookbook Lancaster
Micro Cookbook Vol.1 Lancaster

£9.50
E16.00
f14.50
£12.50
f14.50
£13.50
f15.30

ELECTRONiCS

Principles of Transistor Circuits Amos
Design of Active Filters with experiments Berlin
Electronic Devices & Circuit Theory Boylestad
Principles of Electronic Instrumentation De Sa
Giant Handbook of Computer Software
Giant Handbook of Electronic Circuits
Giant Handbook of Electronic Projects
Electronic Logic Circuits Gibson
Analysis and Design of Analogue Integrated
Circuits Gray
Basic Electronics Grob
Introduction to Digital Electronics & Logic Joynson
Electronic Testing and Fault Diagnosis Loveday
Electronic Fault Diagnosis Loveday
Essential Electronics A -Z Guide Loveday
Microelectronics Digital & Analogue circuits and sys-
tems Millman
Practical Solid State Circuit Design Olesky
Power FETs and their application Oxner
Electronic Drafting and Design Raskhodoff
Electronic Fault Diagnosis Sinclair
Physics of Semiconductor Devices Sze
Digital Circuits and Microprocessors Taub
Active Filter Handbook
Designing with TTL Integrated Circuits Texas
Transistor Circuit Design Texas
Digital Systems: Principles and Applications Tocci
Master Handbook of Telephones Traister

£9.00
£11.30
£16.45
£11.45
£12.95
£23.50
£13.60

£6.45
£42.50

f13.00
£6.25
£7.85
£6.25
£7.50

£12.25

£28.50
f10.80
£26.65

£4.50
£16.90
£11.25
f13.30
f15.20
£15.20
£14.95
£12.50

COMPUTERS 8 MICROCOMPUTERS

[1] From BASIC to PASCAL Anderson
O UNIX - The Book Banaham
 Z80 Microcomputer Handbook Barden
 Digital Computer Fundamentals Barter
O Microprocessor Interlacing Carr
C Microcomputer Interlacing Handbook A/D & D/A

Carr
O Microcomputers/Microcomputers - An Intro Gioone

Troubleshooting Microprocessors and Digital Logic
Goodman

 Let your BBC Micro Teach you to program Hartnell
 Programming your ZX Spectrum Hartnell
O How to Design, Build and Program your own working

Computer System Havilland
C BASIC Principles and Practice of Microprocessors

Hefter
O Microcomputer Builders' Bible Johnson

Digital Circuits and Microcomputers Johnson
 PASCAL for Students Kemp
O The C - Programming Language Kernighan
O Guide to Good Programming Practice Meek
O Principles of Interactive Computer Graphics

Newman
O Theory and Practice of Microprocessors Nicholas
O Microprocessor Circuitss Vol.1. Fundamentals and

Microcontrollers Noll
O Beginner's Guide to Microprocessors Parr
O Microcomputer Based Design Peatman
O Digital Hardware Design Peatman
C BBC Micro Revealed Ruston
 Easy Programming for the ZX Spectrum Stewart
D Microprocessor Applications Handbook Stout
 Handbook of Microprocessor Design and

Applications Stout

£11.30
£9.00

f15.05
£11.75

£8.50
f10.50

El Programming the PET/CBM West
O Computer Peripherals that you can build Wolfe

£16.40
£14.75

REFERENCE BOOKS

O Electronic Engineers' Handbook Fink
O Electronic Desicners' Handbook Giacoletto
O Handbook for Electronic Engineering Technicians

Kauffman
O Handbook of Electronic Calculations Kauffmar
O Modern Electronic Circuit Reference Manual

Marcus
O Handbook of Microcircuit Design & Applications

Stout & Kaufman

O International Transistor Selector Towers
O International Microprocessor Selector Towers
O International M'DS Power and other FET Selector
O International Digital IC Selector Towers
O International Op Amp Linear IC Selector Towers
O Illustrated Dictionary of Electronics Turner

£66.60
£77.75
£40.50

£42.25
£57.45

£49.95

£14.50
£16.00
£10.95
£10.95

£9.50
£19.75

VIDEO

O Servicing Home Video Cassette Recorders Hobbs
 Complete Handbook of Videocassette Recorders

Kybett
O Theory and Servicing of Videocassette Recorders

McGinty
O Beginner's Guide to Video Matthewson
O Video Recording: Theory and Practice Robinson
O Video Handbook Van Wezel
 Video Technique White

£19.05
£10.50

£15.45

£5.85
£16.00
£24.00
£16.25

NEW TITLES

O Electronic Devices and Circuits Bell
 CP/M - The Software Bus: A programmers guide

Clarke/Eaton 41. Powys-Lybbe
O Electronic Incrumentation and Measurement

Techniques tad Ed. Cooper
 Graphics on the BBC Microcomputer Cryer
O The BBC Microcomputer for Beginners

Dunn/Morgan
E Engineering approach to Digital Design Fletcher
O A UNIX Primer Lomuto
O Understanding Digital Logic Circuits Middleton
 CP/M Primer Murtha/Waite
O Introducing Computers Peleu
O Dictionary of :::omputers/Data Processing and

Telecommunications Rosenberg
C Computer Networks Tenenbaum
O UNIX Primer I us Waite/Martin & Prata
O Introduction lo PASCAL Welsh/Elder

£13.50
£10.45

£14.95

£8.45
£8.45

f17.95
£15.55
£7.90

£16.40
£6.50

£14.95

£19.00
f18.95

£9.45

ELECTRONIC DATA BOOKS
CI THT 83/84 Data dictionary and comparison table
O TVT A -Z Trarsistor equivalent book
E TVT 2N Transistor equivalent book
D DAT 1 Part 1 31 compendium covering transistors A -

BUY
£36.50 0 DAT 2 Part 2 covering C -Z transistors £10.50
£11.25 12 DAT 3 Part 3 covering 2N21 -2N6735 £9.30

O DAT 4 Part 4 covering 2SA,2SB,2SC,2SD,2SJ, £10.50
£7.95 2SK,3N,3SJ,3SK,4000
£8.50 0 LIN 1 Linear operational amplifiers data and corn- £6.50

£10.50 parison tables
O LIN 2 Linear voltage stabilizers, data and £6.50

£8.00 comparison tables
O TTL TTL digital data and equivalent book £7.80
O DDV/1 Part 1 European diode data equivalent book £7.90
O DDV/2 Part 2 American and Japanese diode data and £7.90

equivalent book

£14.75
£16.95

£6.95
£24.45

£9.50
£13.75

£11.45
£9.80

£5.85
£11.75
£10.75

£9.45
£7.45

£46.45
£46.45

£9.50
£5.00
£5.30
£8.40

Please send me the books indicated. I enclose cheque/postal order for
Prices include postage and packing.

I wish to pay by Access/Barclaycard. Please debit my account.
00000133110011100000
OMODOODOMMODO
Signed
Name

Address
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 Rental Electronics have
brought out their 1985 catalogue
of electronic test equipment
available on hire. The range
extends from basic items through
to the more exotic digital 'scopes,
spectrum analysers, etc and even
includes CAD/CAM/CAE equip-
ment and 32 -bit scientific com-
puters. Rental Electronics Ltd, 7
Arkwright Road, Reading, Berk-
shire RG2 OLU, tel 0734-876377.

 Barry Porter's audio designs
for ETI always prove popular but
most constructors have difficulty
getting hold of the radial non -
polarised electrolytic capacitors
he specifies. N.P. Electronics tell
us that they stock a full range of
Roederstein EKU non -polarised
electrolytics and can offer kits of
these components for Barry's
recent designs at favourable

rates. Contact them at The Mill
House, Watlington, Kings Lynn,
Norfolk PE38 913W, tel 0553-
810096.

 Voluntary Service Overseas
are looking for six people who
hold a full City and Guilds, TEC,
or other equivalent qualification
to work in the Third World for
two years. The posts are in Egypt,
Sri Lanka, Belize, Kenya and on
the Maldive Islands and mostly
involve teaching electronics or
training others to maintain elec-
tronic equipment. Applicants
should be between 23 and 65
and have British or EEC passports,
and if posted will receive local
rates of pay and free accom-
modation. Contact the Enquiries
Unit, VSO, 9 Belgrave Square,
London SW1 X 8PW, tel 01-235
5191.

35" Colour
Tube And
Television

Mitsubishi have developed a
colour television tube which

measures 35" across the diagonal
and is claimed to be the largest in
the world. The tube will be used in
a new 35" colour television set
which will feature audio-visual
and RGB inputs.

The tube is said to be the largest
direct -view tube ever produced
and offers a picture size pre-
viously achieved only by projec-
tion televisions. Computer simu-
lation was used to optimise the
distribution of glass thickness so
as to achive minimum weight and
facilitate mass production. A de-

flection angle of 110 degrees has
been used which allows a fairly
compact overall size to be
achieved, and the complete tele-
vision is 23" (580mm) deep and
36" (910mm) wide.

The screen area of the new tube
is 3.1 times as large as that of a
standard 20" television and Mit-
subishi claim that the picture
remains crisp and clean in spite of
the large size. The television in-
cludes three sets of audio-visual
inputs to permit connection of
videocassette and videodisc
machines and for the reception of
satellite broadcasts and there is
also an RGB input for teletext and
personal computers.

For details contact the Peri-
pheral Products Group, Mitsu-
bishi Electric (UK) Ltd, Hertford
Place, Denham Way, Maple Cross,
Rickmansworth, Hertfordshire
WD3 261. tel 0923-770 000.

QL Monitor From Microvitec
Microvitec have produced a
colour monitor which is

designed both techn cally and
visually to suit the Sinclair QL mic-
rocomputer and which includes a
tilt and swivel stand. The monitor
is aimed particularly at business
users of the QL and is designed to
satisfy the demand for a 'worksta-
tion' type display.

Microvitec were the first com-
pany to produce a colour monitor
which was fully compatible with
the QL's 85 -column width dis-
play and also capable of doing full
justice to the machine's colour
graphics potential. The new mon-

itor retains the same technical
specification, including a 653
pixel -per -line CRT and an 18MHz
bandwidth. It has a black finish
which matches the external
appearance of the QL and the
integral stand allows it to be
angled to provide the most com-
fortable working position.

The QL-compatible monitor is
expected to sell for just under
£300.000. For further informa-
tion contact the Sales Depart-
ment, Microvitec PLC, Futures
Way, Bolling Road, Bradford,
West Yorkshire BD4 7TU,
tel 0274-390011.

Passing The Backnumbers
Not before time, we have
actually got around to

clearing up the ETI office a bit.
Amongst the rubble we have
found a number of past issues of
the magazine, mostly from 1983.
Our regular backnumber service
does not have the space to han-
dle them, and as some are a bit
the worse for wear after kicking
around in odd corners for so long
it seems unfair to expect people
to pay the normal £1.50 a time.

Accordingly, we have decided
to make them available to
readers in return for fifty pence
to cover postage, etc. If you
want any of the issues listed
below, just write to us at the
address given on the contents
page and enclose a cheque or
postal order made out to ASP
Ltd. It would also save us time if
you would enclose your address
either on a gummed label or at
least on a piece of ordinary paper

which we can then paste down.
By all means order more than

one issue if you wish, but please
don't enclose any other requests
or enquiries; it would only slow
things down. We won't be able
to write out explanatory notes or
anything, so if your cheque or
postal order is returned you
should assume that we have run
out of copies of the issue you
asked for.

The issues we have copies of
are: -
NOVEMBER 1982; projects
include the first part of the Cor-
tex sixteen -bit computer, a preci-
sion pulse generator and a

spectrum analyser, and there are
features on satellite TV and
switched capacitor filters.
JANUARY 1983; projects include
the first part of the programm-
able stage lighting unit, the final
Cortex article, a programmable
bench power supply, a waveform

multiplier for synthesisers and
an ADC for ZX81s or Spectrums,
while the features include a

review of the movie Tron and an
article on operational amplifiers.
MARCH 1983; projects include the
second part of the ET! Victory
electronic organ, a user -defined
graphics board for the ZX81, a
6502 sound board and a logic
probe, while the features include
a second look at satellite TV in
the wake of the Part Report and
articles on audio output stage
design, broadcast standards and
laser diodes.
APRIL 1983; projects include the
third parts of both the stage
lighting unit and the Victory
organ, the first part cf a 1X81
music board and a real time
clock for 6502 -based systems,
and there are features on both
switched mode power supplies
and conventional PSUs and arti-
cles on voltage multipliers and
the use of nested differentiating
feedback loops (NDFLs) in audio
amplifier design.
MAY 1983; projects include the

final parts of both the stage light-
ing unit, the Victory organ and
the ZX81 music board, plus an
audio compressor/limiter, a

stabilised PSU for hi-fi amplifiers
and a sixty watt amplifier
designed using NDFL principles.
The features include an eight -
page buyer's guide to hi-fi and an
article on four -channel semicon-
ductor devices.
JUNE 1983; projects include the
first part of a switched mode
power supply design, a numeri-
cal keypad for the Acorn Atom
and an electronic compass, and
there are features on opto-
electronics, buying test gear,
and the fabrication of mechani-
cal structures on silicon chips.
DECEMBER 1983; projects
include the first part of Barry Por-
ter's modular preamplifier, an
EPROM controlled light chaser
and a sixteen channel A -to -D
board, while the features include
articles on tone control design
and machine code pro-
gramming.
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1/2 PRICEvi!iCD DMM

EXCLUSIVE WHILE STOCKS LAST

 3/2 DIGIT O 26 RANGE
 AUTO ZERO II AUTO POLARITY

 AC/DC 10 AMPS II 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

ima

mee
No

art

me

POWER AMPLIFIER MODULES
After years of extensive tests and empirical research,
Crimson have developed the ultimate in Bipolar Power
Amplifier Modules, making Crimson Power Amplifiers
the most sophisticated and
highly protected modules
available today.

PRICE INC
MODULE POWER/LOAD V.A.T. P&P
CE608 60 EIZ £21.00
CE1004 100 4E2 £24.50
CE1008 100 8C2 £27.50
CE1704 170 4C1 £35.00
CE1708 170 8E2 £35.00

All of these modules now incorporate the following:
 HP Protection - Automatic shutdown to prevent
damage from unstable signal source.
 Thermal Protection -A Thermal Sensor which again
causes The amplifier to enter the Shutdown Mode
before a iy danger is reached.
 Power Supply Protection - Diodes have been added

to the P.C.B. to prevent reverse polarity damage.

Full details of our complete range including
Power Supplies, Preamps,
Mosfets etc available on large sae or contact
our agents:
BRADLEY MARSHALL WILMSLOW AUDIOS
382-386 EDGWARE RD 35-39 CHURCH ST
LONDON WILMSLOW
W2 1EB CHESHIRE

CRIMSON ELEKTRIK STOKE
PHOENIX WORKS, 500 KING ST, LONGTON,

STOKE-ON-TRENT, STAFFS. PHONE 0782 330520

AFFORDABLE ACCURACY
QUALITY MULTIMETERS FROM ARMOR

ANALOGUE
02112

IOADC Range. 2OKWVDC. Buser. Battery Test
Scale 1[18.40
1g measuring range
1.40211
Low end voltage & current ranges. Jack for
Audio cep Voltages 1[11.00
20 measuring ranges
1116.1010
Rugged. Pocket sized meter for general
Purpose use
16 measuring ranges
Battery Test Leads and Manual included with
each model

DIGITAL
11C-6010 0.5% Accuracy Standard Model

1:13.110
HC -5010T 025% Accuracy TR Test Facili7.,

All models have full functions and ranges and
feature

31/2 drgrt 0.5 LED display
Low battery indication
Auto zero & Auto polarity
ABS Plastic Casing Si Tilt Stand
DC AC toamp Range
Overload Protection on all ranges
Battery Spare Fuse Test Leads and Manual

FULL DETAILS ON APPLICATION FROM:-

ARMON ELECTRONICS LTD
DEPT K MEOW Boum, 109 WALLY I'LL ROAD, WiElitEY, 1111120LENUINA9 11A0

TELIERKelt 01402 4321 TELEX 923963
PLEASE ADO 19% to yam order for VAT. PAP Pre* el charge. Payment by cheque with order

Offer appiliceble to mainland UK only
Pl Won 29 days tot delivery

14C 7030 4.
0.1%8i:curacy

£39.50
push budon

YVY

arr4 A

.-----manawwo

a

precision pick-up arms
Please call or write:
SME Limited, Steyning, Sussex, BN4 3GY
Telephone: 0903 814321 Telex: 877808 G

ORDER BY POST OR PHONE OR CALL IN OPEN 6 DAYS A WEEK
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READ/WRITE
You Are Not Alone

Dear Sir,
1. In the Feb 1985 issue of ETI

you make a lame excuse for not
completing the long -delayed JLH
article on his THD meter. Yet on
pages 3, 26 and 29 you take up
invaluable space with idiotic and
vulgar rubbishy 'cartoons' unworthy
of a reputable journal.

2. Your mix is about 10 to 1 in
favour of computer items, some of
them quite silly, over audio ideas.
You must know that on our
bookshop shelves there is a 20 to 1
preponderance of computer
magazines both in England and
South Africa. Why not yield a little
more space for audio, particularly
the brilliant JLH?

3. I wrote to you recently about
Newrad's failure to supply my
order for components for the JLH
amplifier. A parcel arrived two
weeks ago and I found that at least

25% of the items were missing,
including the more expensive
polycarbonate capacitors. I wrote
again and I believe another
package is on the way. Please don't
use their 'activities' in ETI in the
future.

Yours sincerely,
Dr. A.H. Barzilag
South Africa.

Well, that may be the first time we've
been called reputable. We must be
slipping. However, to answer your
points in turn:

If you saw the March issue, you
would realise that the final part of the
THD meter project took up four full
pages. The cartoons were not an
alternative and, in any case, some
people actually enjoy such things. Still,
we can't please all the people all of the
time - as your second point amply
demonstrates. ETI's objective is to
cover the whole field of electronics.

It's a big field and in any one issue
we will not necessarily be able to get
the mix precisely correct. Your figures

don't strike me as accurate, but it is
undeniable that there is more interest
in computer projects right now than in
any other part of the electronics field.
We reflect that, partly because the
proportions apply to our contributors
as much as to our readers. If we
received more audio projects, we would
probably run more audio projects. We
do agree with you about John Linsley
Hood, though, and we're quite pleased
that his contributions to ETI are both
frequent and substantial. Perhaps he
likes the magazine more than you.

On the final point, we have received
a number of complaints about
Newrad's delivery of the Linsley Hood
MOSFET amp. I've been in touch with
the company and they assure me that
any problems with the kit are now at
an end. The trouble was partly due to
necessary alterations in the design and
partly to the long lead times for
components. Newrad apologise for
any inconvenience and ask that you do
not phone up with any problems you
may have, since this only creates more
pressure on time. If you write to them,
they will reply - but, they stress,
everybody who has ordered a kit will
receive a full kit. Delivery times should
be acceptable from now on. Naturally,
ET! also apologies to any readers who
have had trouble with the kit. We can
only say that the wait is definitely
worth it. ETI

Please
mention

when replying
to all

adverts

If an advertisement
is wrong we're here

to put it right.
If you see an advertisement in the press, in print,

on posters or in the cinema which you find
unacceptable, write to us at the address below.

The Advertising Standards Authority.
ASA Ltd. Dept 3 Brook House. Tomngton Place, London WC 1E 7HN

SCOPES
(UK C/P & Ins.
E6 00 or E15 00
secuncorl

HAMEG AI with
Component Testers

HAMM Dual
20MHZ Bench

1141204/2 WO Swoop Oslay

161605 Dual 60MHZ
HITACHI (Al models wadable)
V212 Dun ?OMNI £378.35
CROTECH voilh Component Tasters
X130 15MHZ Single Trace Portable £216.20

£239.20

£358.80

31135 large Display Beach version

3132 Dual 20MHZ. Component
Comparator. DC regulaled ositputs
PROBES
01-010 Scope Probes w4h adaptors

£303.60
£419.75
£592.25

£11.50

DIGITAL CAPACITANCE
METER (UK C P 65p

0 1 pl
Large

to

LC2500
midD

display 8 ranges

DIGITAL
MULTIMETERS
iUK C/P 65p) i wrth case)
8D3051S114 Range
10A DC 2M ohm £29.80
K0615 (R) 18 range 10A DC 20 M
ohm Hle tester
OLD 55C IR) 26 Range 10A AC DC
20M ohm
3100 Pen type 16 range AC 'DC volts
20M ohm
4510 iR) Range IDA AC Di: 20M
onm Hle tester con) cutler
ME540 IR) Man Auto 19 Range 10A
AC, DC 20M ohm

£39.95
£44.50
£45.71

£46.52
£47.73

ANALOGUE
MULTIMETERS 1

UKC P 55p)

11/156R

Rang,
10K/yoll

22

I028Z 211K/eoll
22 Range 10A DC 14.95
114360T11 20K/sio1119 Range plus
Hte test
5001 50K /vat Range doubler
10A Dg20M ohm

I30A 30K/yd 26 Range 10.4 AC/DC
10 meg dim

£15.95
£21.95

£24.95

LOGIC __i
PROBES
(UK C/P 55p)

10 MHZ DTL/TTUCMOS LP1 £24,15.

TRANSISTOR
TESTER (UK C,P 65p)
Duct reefing d Hle and bakage

NPNIPIP trans,stors
gamin £27.95

. s

DC POWER
SUPPLIES
220/240 AC input
IUKC/PE1 00)

1203 3.8 ecill3 Amp DC ,
Wont (ex al 12 KA DC summon() 14.'3
291 Moles indicator Amps ',ions 0 30
eoll 0/1 Amp £37.95
243 3 Amp version £59.95

ALSO IN STOCK- range of counters generators
and bench DM Ms Ask for leaflets.

ORDER BY POST OR PHONE OR CALL IN AND SEE FOR YOURSELF
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301 Edgware Road, London W2 1 BN
Tel: 01-724 3564 Up to f WOO Instant credis Avelletee
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01-208 1177 Ti (iiNomATicLID 01-208 1177
BBC Micro Computer System

ACORN COMPUTER SYSTEMS
BBC Model B Special offer £300 (a)
BBC Model B+Econet £3315 (a)
BBC Model B+DFS 2348 (a)
BBC Model B+DFS +Econet £1119 (a)

UPGRADE KITS
A to 8 Upgrade Kit (0)
DFS Kit (d)
Econet Kit 255 (d)
Speech Kit £47 (d)

ACORN ADD-ON PRODUCTS
280 2nd Processor 0348 (a)
6502 2nd Processor._._____..__.£175 (a)
Teltext Adaptor £190 (b)
IEEE Interface C282 (b)
Prestel Adaptor C99 (b)
RH Light pen £39.50 (c)

BBC FIRMWARE
1.2 Operating System £7.50 (d)
Basic II ROM C22.50 (d)
View Word Processor ROM £49.00 (C)
Wordy/me £34.00 (d)
BCPL ROM/Disc £52.00 (b)
Disc Doctor/Gremlin Debug ROM £211 (d)
EXMON/TOOL KIT ROM C29 ea (d)
Printmaster (FX80)/Graphocs ROM

£29 ea (d)
ULTRACALC spreadsheet ROM EN ea (c)

COMMUNICATION ROM
Termi Emulator (d)
Communicator £59 (d)
Commstar £29 (d)

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

or information on our complete range please write to us.

DISC DRIVES
These are fully cases and wired drives with slim line mechanisms of high
quality, Shuggart A400 standard interface. Drives supplied with cables
manuals anc 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.
Single Drives
1 x 100K 40T SSTS55A 1 x 400K 40/80TDS.TS55F
PS100 with psu.
Dual Drives
Stacked Version Ninth Version:
2 x 100K 40T SS TD200 £175 2 x 100K 40T SS TD200P £195 (a)
P0200 with psu C200 PD200P with psu 1220 (a)
2 x 400K 80/40T DS: TD800 C275 (a( 2 x 400K 80T DS TD800P 0295 (a)
PD800 with psu C300 (a) PD800P with psu £315 (b)

C850)) £125(a)
£123 (b) PS400 with psu C149 (b)

PRINTERS
EPSON

RX80FT £225 (a) RX8OT £215(a) FX80£315(a) FX 100 £435(a)
KAGA TAXAN

KP 810 (80col) £225 (a) KP910 (156col) £349 (a)
JUKI 6100 £325 (a) BROTHER HR15 £325 (a)

ACCESSORIES
32K Internal Buffer 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 £99 (a) Sheet Feeder £180 (a)

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

9.5" x 11" £13 (b) 14.5"x 11" £17.50 (b)
Labels per 1000's; single row 314" 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 Uisz Head Cleaning Kit with 20 disposable cleaning discs ensures continued
optimum performance of the drives £14.50 (c)
Single Disc Cable £8 (d) 10 Disc Library Dual Disc Cable PAO (d)
Case C1.80(c) 30 Disc Case q (C)
40 Disc Lockable Box C14 (c) 100 Disc Lockable Box £19 (c)

MODEMS
- All modems listed below are BT approved

MIRACLE WS2000:
The ultimate world standard modem coverall
all common BELL and CCITT standards up to
1200 Baud. Allows communication with vir-
tually any computer system in the world. The
optional AUTO DIAL and AUTO ANSWER
boards enhance the considerable tacialities
already provided on the modern Mains
powered £129(b). Auto Dial Board/Auto
Answer Board £30(c) each (awaiting BT
approval) Software lead C4.50.

TELEMOD 2:
Complies with CCITT V233 1200/75 Duplex
and 1200/1200 Half Duplex standards that
allow communications with VIEWDATA ser-
vices like PRESTEL. MICRONET etc as well as
user to user communications. Mains
powered C64(b).
BUZZ BOX:
This pocket sized modern complies with V21
300/300 Baud and provides an ideal solution
tor communications between users. with main
frame computers and bulletin boards at a very
economic cost Battery or mains operated.
£62(c). Mains adaptor fa(d).

BBC to Modern data lead C7.

GANG OF EIGHT
INTELLIGENT FAST

EPROM COPIER
Copies up to eig ht eproms at a lime and accepts all
Single rail eproms up to 27256 Can reduce pro-
gramming time by 80% by using manufacturers
suggested algorithms Fixed Vpp of 21 8 25 volts
and variable Vpp factory set at 12.5 volts LCD
display with aloha moving message £395(b).

MONITORS
MICROVITEC 14" RGB:
1431 Standard Resolution £165 (a)
1451 MediJm Resolution £240 (a)
1441 Hi Resolution £399 (a)
1431 AP S:d 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 £325 (a)
Hi Res Vision II £225 (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 Stand for Kaga Monochrome £21 (c)
All monitors are supplied with leads suitable for the BBC
Computer. Spare leads available.

ATTENTION
All i _12b in this (leant. page ad:urtismonl art'

SlItnnci to chanty without notice
ALL PRICES EXCLUDE VAT

Please add carriage 50p unless
indicated as follows:

(a) £8 (b) £2.50 lc) £1.50 Id) £1.00

CONNECTOR SYSTEMS

SPECIAL OFFER
2764-25 £4
27128-25 £8
6264LP-15 £9

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 £25.00(c)

I.D. CONNECTORS
ISpeedtiock Typel

No of Header Reuel, Edge
ways Plug fade Conn

0 90p asp 1209
20 115p 125p 185p
26 175p 150p 2409
34 200p 160p 320p
40 220p 190p 340p
50 235p 200p 3909

UV ERASERS
All erasers with built in safety switch and mains
indicator.
UV1 B erases up to 6 eproms at a time... e47(C)
UV1 T as above but with a timer £59(0)
UV140 erases up to 14 eproms at a time £88 (b)

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:
91 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

TEXTOOL ZIF
SOCKETS 24 -pin UM
28.vn 111.00 40 pin £12

EDGE CONNECTORS

2 6 nay
2 c 10 -way
2 x 12.way (yic 201
2x 18 -way
2 x 23 -way (2%81)
2x 25 -way
2 x 28 -way (Spectrum)
2 x 3Eeway
1 x 43 -way
2 x 22 way
2 x 43 -way
1 x 77 way
2 x 50-way1S100connl

01'

150p

175p
225p
20013
250p
260p
190p
395p
400p
600p

0 156
300p

350p
140p
220p
220p

500p

AMPHENOL
CONNECTORS

Spider MC
36 way plug 5009 475p
36 way skt 550p 500p
24 way plug

IEEE 475p 475p
24 way skt

IEEE 500p 500p
PCB Mfg Skt Ang Pin

24 way 700p 36way 750p

TELEPHONE
CONNECTORS

4 way plug 110p
6 way plug 1 80p
6 way rtang.skt 160p
Flexible cable
4 way 50p/m
6 way 72p/m

EURO CONNECTORS
DIN 41612 Plug Socket
2 x 32 way St Pin 230p 275p
2 x 32 way An g Pin 275p 320p
3 x 32 way St Pin 260p 300p
3 x 32 way Ang Pin 375p 400p
IDC Skt A + B 400p
IDC Skt A + C 400p
For 2 x 32 way please specify
spacing (A + B, A +

GENDER CHANGERS
25 way D type

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

RIBBON CABLE
10 -way
16 -way
20 -way
26 -way

it reylmetrel
10p 34 way
60p 40 way
asp 50 -way

1209 64 way

18150p0p

1

200p
280p

RS 232 JUMPERS
125 way DI

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

£5 00
£5.25

£14.00
£950
£9.50

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

DIL HEADERS
Solder !DC
40p 100p
50p 110p
60p -

75p
100p
160p
200p

150p
200p
2 2 5p

DIL SWITCHES MISC CONNS
4 -way 90p 6 -way 105p 21 pin Scart Connector200p
8 -way 120p 10 -way 150p 8 pin Video Connector200p
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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

Interak 1 s greatest
4-

. A& asset - space for ii d) 
expansion.

Oe

e e. (Up to 8 more cards
4W' x 8- each)

(C). ,
I. .

(P.c.b.s range in price from £10.95 to £1 7.7 5
+ VAT; manuals £1 - £5.)
The lnteraktion 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 andaddresswith a21pstampand we'll
send you 40 pages of details (forget the
stamp if you can't afford it!) You've already
got a plastic computer for playing games,
now build a metal one to do some real work:
Interak, Interak, Interak!

Greenbank
Greenbank Electronics (Dept T6E), 92 New Chester Road.

New Ferry, Wirral, Merseyside L62 5AG
Telephone: 051-645 3391

(pantechnic)

 design manufacture and supply

POWER AMPLIFIERS
HIGH POWER ASSEMBLIES

CONTROL CIRCUITRY

 for application in

INDUSTRY
PUBLIC ADDRESS

HI -Fl

 available

OFF THE SHELF
CUSTOMISED

C A D DESIGNED

(tel. 01.361.8715 132 High Road
telex 266 873 New Southgate
PANTEC G LONDON N11 1PG.

KIRKLANDS BUSINESS
MACHINES

Now available for the first time in kit form in the U.K. the
fabulous new KBM Canary System Five IBM-Cornpatibile
computer
Specifications:
Full IBM -XT Compatability
8 slot main board dual 360k Teac drives
Colour card
Multi I/O card 130w Power supply
128k RAM as standard (upto 1Mb) Metal case assembly
8k BIOS - XT compatible 1 Year warranty

Full kit of parts to the above spec £1699.00

OR

Build the KBM at your lesiure with the following sub assemblies:
(Pack 1) Main 8 slot xt board (tested and fullygtd)....£49 0.00
(Pack 2) 130w Power supply complete £150.00
(Pack 3) Multi I/O inc clock calendar, serial port floppy

controller, light pen port etc. £256.00
(Pack 4) Colour graphics card (16 colour) £195.00
(Pack 5) Metal case assembly complete £112.00
(Pack 6)360k 40t Double sided disk drive (each) £145.00

(Pack 7) Keytronics Type keyboard £139.00
(Pack 8) Speaker assembly £10.50
(Pack 9) Full cable kit £25.00
(Pack A) Hardware Kit (free with case assy) £10.00
(Pack B) 64K dram kit £40.00
(Pack C) Complete set of manuals £45.00
(Pack D)KBM BIOS (only availablewith main board)....£55.00

The KBM Canary System Five will run ALL KNOWN IBM -PC -XT SOFTWARE and the system comes with A FULL 1 YEAR
GUARANTEE AGAINST FAULTY PARTS. We offer a tele-support service for all our customers and a get you going policy
should you have any difficulties.

All prices exclude V.A.T. and carriage as follows: All goods under £100.00 - £5.00. Goods over £100.00 -. £10.00.
Education orders are cartered for, Telephone for details. Access and Barclaycard are Welcome.

Contact: KIRKLANDS BUSINESS SYSTEMS LTD, KIRKLAND HOUSE,
27 CITY ROAD, STOKE-ON-TRENT ST4 1DH OR WRITE TO
KIRKLANDS BUSINESS SYSTEMS - FREEPOST - STOKE ON TRENT ST4 1BR
Telephone (0782) 414333 or 415787 now.
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TIME DOMAIN
ANALYSIS
Let your computer do the work after reading Andrew
Armstrong's introduction to circuit simulations using BASIC.

There have been complicated and expensive circuit
analysis software packages available for some time.
Time domain analysis, however, is a simple tech-

nique which can be used in BASIC programs on a home
computer to analyse circuit performance. The
simplicity is due to the fact that analysis is carried out in
the time domain rather than the frequency domain..

Frequency domain analysis means calculating the
frequency response, and perhaps the phase response,
of a linear circuit. The problem is that, even for a very
simple -looking circuit, the equations describing the fre-
quency response may be very complicated. Usually,
though, the DC behavior of the circuit can be calculated
much more easily. What this time domain analysis tech-
nique does is to use DC equations for circuit perfor-
mance, and to apply these equations repetitively at
small increments of time. Any required input waveform
can be specified as a function, or as a set of data points
giving the input voltage at each increment of time.

During each time increment, it is assumed that
currents and voltages are constant, while new values
for these quantities are calculated. In the first part of
the circuit in Fig.1, for example, the charging current of
C1 is assumed to be constant during the entire time
increment. In reality, the current would decrease
steadily as the capacitor charged, so the calculated
increase in the charge on the capacitor is greater than
the true value. Clearly, the greater the time period, the
greater the error. For this reason, a very small time
increment is used, and some circuit configurations are
analysed using several steps of calculation (ie several
time increments) for each point plotted. In effect, time
domain analysis involves the integration of equations
by numerical approximation. Since they are DC equa-
tions, things are relatively simple.

There are a number of circumstances where time
domain response is more meaningful than frequency
response, of which one obvious example is video. For
example, if a low pass filter produces rings and ripples
in a square wave signal rather than rounding it off
cleanly, those rings will show on the screen - yet the
frequency response of the circuit producing the rings
may be identical to that of one giving a clean
rounding.

Of course, given that the computer time is available,
there is no reason not to carry out frequency response
analysis by time domain methods. This transfers the

burden of repetitive calculation to the computer rather
than the programmer, so that the circuit designer can
devote his or her time to thinking about circuit con-
figurations rather than trying to solve equations using
complex numbers, which require a piece of paper
turned sideways just to write. (And that's only a second
order low pass filter!).

DC Analysis
Taking the example of a passive RC low pass filter as

in Fig.1, the method of writing the program is, first of all,
to write a set of DC equations. These must be chosen
so as to be able to be calculated sequentially.

Taking the circuit of Fig.1 as the first example, the
equations are:

Fig.1 Low pass
filter network.

OV 0

0 R I IC
100k

) R2 0 R
IM

3 0
10k O

j- I, 12y1 17
INPUT C 1 C2 C3

-0

le '  cl.cull and. I vs is Pr ostr - PRIM PROGRAM
;0 Aro... Armstrong 06 Februery 1903
in

044 . PITH 4,, FES' Select end clear graphics screen
Ora. grid For graph

ih I.04 N- 4)0 STEP 5eLIPIEIN.0) -IN.63/...4369MIPIERT NVer t ice I lines
/44 1 IP* 16,44/- I30,63iLINE 10.63) -1473.63/ Over es

ipm - 1473. 313/ : LINE 130.13/ -1473.13/ ... 61600' ' Nor ix. I mos
in '.041F I 7.
I.. N. I TO 111-14 1744 0050)/79/473:LOCATE PI.13:PPINT N.'NERT N'Number scale
I In ATE 2.2.PPINT I - LOCATE 2.3:PRINT-O. 5- Number scale

11 INILEY0 THEN 120' Do not print -OK' over the graph temmelitelY
i 444 114'
I44.
I'm l'Astev MC/ lompass filter calculation
1.0 '

I h I, a P3* leggee. CI.. 404410411
I IF -AM R31E06C3.1E-40:1)T..0000Z.

In Fol. Nit TO 474
.04 IF PV30 THEN VI.) ELSE VI.,.

In I I i (VI -V2) /RI V2V211T II I -12) /CI'
...it I  IV2-V3) /612:V3oVilCIT 112-13/ /C2*

Ii It= 11/3 -VIN /P3: V4.V4H)TI3/C3.
.'40 I -SET (N.63 -V4/ :PSET 04.63-V21 PART 01.63-V3) '
. PERT NRETURN

Listing 1

First node
Second node
Output
Plot output and nod., on 9. ..

GRAPH 1

MILLISECONDS

Graph 1 Print-out of low pass filter network simulation.
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FEATURE: Time Domain Analysis

11 = (V1-V2)/R1
V2 = (11-12) * T/C1
and similarly for the second and third parts of the
circuit:
12 = (V2-V3)/R2
V3 = (12-13) g T/C2
14 = (V3-V4)/R3
V4 = (13-14) * T/C3

The input waveform, V1, is any arbitrary function
which is convenient to generate in software. In this
case a simple step is used to demonstrate time
delay.

A BASIC program to calculate this is shown in Listing
1, and its print out in Graph 1. The number of steps in
the loop is set to be suitable given the response time of
the circuit in question. Equally, the value used for V1 is
set by the Y scale required, though it would be just as
simple to use the value 1 and then scale the answer
later on in the program.

The only formulae needed to generate these equa-
tions are Ohm's law, and the formula for the change in
voltage on a capacitor subjected to a steady current for
time T: V = 1`T/C. In each small time increment for
computing purposes, the current is assumed to be con-
stant, and the change in voltage is added to the pre-
vious total. The initial condition used in this program is
that all currents and voltages are 0, which is the default
condition of the dialect of BASIC in use here.

The shape of the graph showing the response to the
input waveform is of interest in that it shows a distinct
difference from the exponential charging characteris-
tic of a single R and C. If many stages are added, the

Fig.2 Cascaded time constant circuit.

5 DIM Vila' Acres. to store node voltages
10 ' Analogue circuit analysis program - MAIN PROGRAM
20 ' Andrew Armstrong 06 February 1985
30
40 SCREEN 3.0.0:CLS' Select and cleat graphics screen
50 ' Draw grid for graph
60 FOR N.80 TO 430 STEP 50,LINEIN.00-041.63/...43690.:NEXT N'Vertical Imes
70 LINE 130.0)-(10.63),LINE 04.63(-14731.63). Drew axes
40 LINE 130.38/-1473.38/...34952.:LINE130.13i-(473.131...616801'Hortx. ltnes
90 60SUS 170
100 FOP N.) TO 8,M.C30.0.501/1.79/473:LOCATE 4.8:PRINT N.:NEXT PFNumbei scale
110 LOCATE 2.2,PRINT --1--:LOCATE 2.5:PRINT-0.5". Number K.I.
1Z0 IF (WETS ---1" THEN 120' Do not print "OK- over the graph Immediately
Ili END

'

150 Casceded time constant simulation
160
170 R1.100001'Cl..0000001,DT..00001:810/.50
190 FOP N.30 TO 474
200 FOR 71.1 TO 4' Emtrsi accuracy loop
210 FOR L.0 TO 9' Time constant cascading lop
220 1v1V(1_,-VILfl1/fRI
230 VIL01).V0L.1)*DTiol/C1
240 NEXT L
250 NEXT M
260 PSETIN.63-V1111):PSETIN.63-1112)/
270 NEXT N
280 RETURN

Listing 2

GRAPH 2

05

2 4 6 8 10

MILLISECONDS
12 14 16

Graph 2 Print-out of cascaded time constant simulation.

result will look !ike Graph 2 in which a single RC time
constant is shown for comparison. In this graph, it is
assumed that the current drawn from each RC stage by
the succeeding one is negligible, or that they are
separated by voltage followers, as in Fig. 2. The effect
of ten cascaded time constants is plotted. The routine
used is shown in Listing 2.

10 ' Analogue ctrcutt analysts program - MAIN PROGRAM
20 Andrew Arestronot 06 February 1985

40 SCREEN 3.0.0:CLS' Select and clee, graphic. screen
Sa Draw grid for grape.
60 FOR N.80 TO 430 STEP 50:LINE81.01-1N.63/...43690,NEXT M'Verttcal Bias
70 LIVE 130.01 - 130.43,LIME 10.631-1473.631' Draw ages
80 LINE 130.34D-1473.30)...349521:LINE130.13(-1473.13)...616801'Morix lines
90 GDSUB 170
100 FOP N. 1 TO 8:1413111004050))79/473:1-0CATE M.O:PRINT N.:NEXT W Nutmeg tc.le
110 LOCATE 2.2:PRINT --1--:LOCATE 2.5sPRINT-0.5- Nub*. scale
120 IF !WET, PEN 120' Do not print 'OK" over the graph immediately

END130
lee
150 ' Active lowness filter stmulatton
160 '

170 R1.10000. R2.10000.:C1.1.2E-07:C2.2.2E-08,07..00001:V1.50
180 FOR N.30 TO 474
190 FOP 11.1 TO 4
200 1101VI-V2)/R1
210 VC.VC.111-12)s0T,C1:82.VCW3
220 12.1V2-83//R2:8348312eDTFC2
230 NEXT M
240 MET 01.63-V31
250 NEXT a:RETURN

Listing 3

GRAPH 3

05-

2 4 6 A 10

MILLISECONDS

Graph 3 Print-out of active low pass filter simulation.

Overshoot

The techniqi.e can easily be applied to active circuits,
such as the low pass filter shown in Fig. 3. The compo-
nent values for this circuit are chosen so that it is under -
damped. This results in an overshoot in the response to
a step function, as shown in Graph 3.

Conventional wisdom also has it that there will be a
peak in the frequency response, but more of this later.
Listing 3 shows the equations used - the first part of the
program, which draws the scale, is similar in all cases.
Note (line 180) that the loop starts at 30 instead of at 0
as in Listing 1. This eliminates the need for the IF state-
ment (Listing 1, line 200), which was only there to illus-
trate the application of an input step function.

The inner loop of M (Listing 3, line 190 to line 230)
allows the calculation of four points for each one plot-
ted on the graph, so that if high rates of change of any
variable occur, a reasonable accuracy can be achieved.
The size of this loop may be set as large as necessary to
achieve good accuracy, but remember that each step
of this inner loop is one time increment, so the step
size DT should be scaled down appropriately to obtain
the benefit from this. Otherwise, the time scale will
simply be compressed, and the accuracy the same.
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COMMENTS ON LISTINGS
The computer for which the programs were written, an Epson
PX8, has available a graphics screen, on which the individual
LCD points may be set. It is numbered from 0,0 in the top left
hand corner to 479,63 in the bottom right hand corner. The
screen contents can be copied to a suitable printer using the
screen dump mode. Once the purpose of the graph plotting
statements is understood, there should be little difficulty in
performing the nearest equivalent operations on another
machine.

As well as being able to set individual points, lines can be
drawn. It is almost as fast to draw a line as to set a single point,
so this is employed in lines 60, 70, and 80, as shown on Listing
1, to draw the framework of the graph. The line is drawn to the
bit pattern of a repeating 16 bit binary number corresponding
to the number specified after the three commas in the line
statement, the default being a solid line.

Character positions may be specified in x,y co-ordinates,
starting with 1,1 on the top left, and finishing with 80,8 on the
bottom right. Only whole character positions can be used, but
the statement in line 100 LOCATEs the nearest position to the
vertical scale lines, which are every 50 pixels for ease of
calculation.

To avoid the message "OK" being printed over the graph,
the IN KEYS function is used in line 120 to keep the program
twiddling its thumbs in a loop and allow time to press the
screen dump button.

The calculation part of the programs is quite straight-
forward, and is detailed earlier on.

The only particular point of interest is that a smaller time
increment is used in programs 2, 3 and 4 than in programs 1
and 5, and four steps of calculation are carried out for each
point plotted. This reduces an otherwise unacceptable cumul-
ative error in the cascading loop in program 2. In programs 3
and 4 the same technique copes with the high rates of change
or voltage in the circuits being simulated.

Listing 4 shows the use of an input waveform other than a
step at time=0. A sine wave is used, though any definable func-
tion may be used. R1 makes writing the equations con-
venient.

The only limitations on the size of the loop are how
long you care to wait for an answer, and how long your
computer is liable to be left undisturbed chonking
away in peace while you do something else. In prac-
tice, I have found that the time taken to eat lunch is a
reasonable limit but really fast machines may never
need this long. Compiled Basic (or any compiled
language) is to be preferred for complicated
simulations.

The only significant difference between the active
and the passive filter simulation is that the voltage
across C1 is measured relative to the op -amp output
instead of relative to OV.

Lumped Constant
The same idea is applied to the voltage across the

source resistor in the lumped constant transmission
line simulation (Fig. 4, Listing 4 and Graph 4). The resis-
tors chosen are of the nominal impedance of the line,

LV-2-C, so the output rings only a little. It is left to the
reader to experiment with other values of R1 and R2.
50R gives some entertaining rings!

In principle, this simulation could be applied to
almost any linear circuit. If many similar stages were to
be simulated, even though they had different values, it
would be better to use a loop as in Listing 2, and to
refer to component values stored in arrays.

R - 100R
L  1mH
C  100n

Fig.4 Lumped constant transmission line - equivalent
circuit.

10 ' Analogue circuit analysts program - MAIN PPOSPAM
20 ' Andrew Armstrong 06 February 1905
30 '

40 SCREEN 3.0.0iCLO' Select and clear graphics screen
SO ' Draw grid for graph
60 FOR N.00 TO 430 SKER 50:LINE01.01-1N.63/...43690.,NEXT N'Vertical lines
70 LINE 110.01-130.631:LINE 10.63)-(473.63/' Dram axes
90 LINE 130.301-1473.313/...34952.:LINE130.131-1473.13/...61690..14orie lines
90 000118 170
IWO FOR Nal TO 0:14.430.(No5011e79/473,LOCATE M.O:PRINT 20eN;MEXT N
110 LOCATE 2.2:PRINT 2.5.PRINT:0.5"' Number scale
120 IF INKEYO r,"1" THEN 120' Do not print OR over the graph immediately
130 END
140
ISO L.IMPOd constant transmission line simulation
169
170 La.001:C..0000001 Pla100:P2.100iDTr.0000001:91.100
100 FOR 0.30 TO 474
190 FOR M.1 TO 
200 11.11.07.011-92-VP/o2/L:VP.11oRI:Y2.92.0To111-17//C
210 12./2.192-93/e0T,L:g3xV3.0Te812-131/C
220 (3.13.1V3-VWWITIL:94.94.01,113-1,0 o2/C:I4.P4,R2
230 NEXT M
240 POET04.63-V2),LINEda.63-94/-04.62-WWPIot first node and output
230 NEXT N RETURN

Listing 4

20 46 80 100

MICROSECONDS
120 140 l60

Graph 4 Print-out of lumped constant transmission line
simulation.

Frequency Response
All the analysis shown so far gives only the time

response of a circuit. There are at least two ways in
which it can be adapted to provide a plot of
frequency response.

The first and most obvious method is to make the
input voltage a sinewave, instead of a step function. A
large number of cycles is applied to the circuit to allow
the circuit to settle, and then the output signal is plot-
ted, or its amplitude measured and the result stored in
an array. The frequency is then incremented and the
procedure carried out again. It is clear that such a pro-
gram would take a long time to run, so the writing of
code is left as an exercise for the reader.

There is another method, still under development,
which should turn out more elegant and faster to
execute. If the output signal from the circuit were to be
spectrum analysed, perhaps by a Fourier transform,
and compared with the frequency spectrum of the
input, then the frequency transfer function of the
simulated circuit could be determined. Phase informa-
tion would be available as well.

Fig.5 A current limited
op -amp configuration.
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FEATURE: Time Domain Analysis

10 ' enormous circuit dinars's Pr00,&144 MAIN PROGRAM
20 ' Andrew A 06 February 1905
30 '

40 SCREEN 3.0.0rCLS' Select and cleer eraphics screen
50 ' Draw grid for, green
60 FOP N.00 TO 430 STEP 50LINEM1.0)-.0.63/...43690..NEXT PeVertica brio.
70 LINE 130.01-130.63r LINE 430.31/-1073.311' Draw aro%
SO GOSUB 160
90 FOR Not TO 000130.1N050/1.79,473:LOCATE M.4: PRINT N.:NEXT N'Number sca-
led) LOCATE 2.4:PRINT Number scab le
110 IF !SPEY* 1,"1" THEN 110' Do not print weer the eras., immediately
120 END
130'
140 ' Current limited 0P -41M simulation
150 '

ISO PI.470:C1.1.0E-07rDT..00002rANGLE.ATN1Iri/25:GAIN.1000
170 FOP 14.30 TO 474
ISO V1.10oSINIANCILE01N-3011
190 VO.GAINo1V1-92/.91
250 IF V0130 THEN V0.30
210 IF YOr-30 THEN ve.-30
220 II.1V4-92/IPIrIF II, 006 THEN II. 006
230 IF 111- .006 THEN II. -.006
240 V2.92.11.07/C1
250 PSET 04.31-V1i.PSET 114.31-92,
260 NEXT N: RETURN

Listing 5

0

2 3 5

MILLISECONDS
7

GRAPH 6

Graph 5 Print-out of current limited op -amp simulation.

This technique should work well, because the fre-
quency spectrum of the input step function s con-
tinuous, theoretically from zero to infinity (but only if
the simulation is for an infinite period!). Any reason-
able range of frequencies is liable to be able to be plot-
ted with little difficulty, once the numerical spectrum
analysis is working.

Further Applications
So far, only linear circuits have been considered. It

is easy to add the effects of non -linearity anywhere in
the circuit by using IF statements. For example, current
limiting may be represented by:
IF 1>6E-3 THEN I = 6E-3: IF I< -6E-3 THEN I= -6E-3

This limits the current to ± 6 milliamps, typical of
the response of some small op -amps. The effect of a
current limited opamp connected in the circuit shown
in Fig. 5 is simulated by the program in Listing 5, which
feeds a sine -wave into the circuit, and gives the output
shown in Graph 5.

This circuit is a first approximation to a model for an
op -amp. Equally, a conventional model may be used to
simulate a transistor, with sets of values stored in arrays
to enable a single transistor simulation subroutine to
be used for a multi -transistor circuit.

20°C GRAPH 6

MINUTES 60

Graph 6 Print-out of heater control simulation.

The technique can be used for digital and control
circuits. For example, Graph 6 shows the effects of PI D
(proportional, integral, and differential) control using a
computer in conjunction with a heating system. In this
case, the simulation can be very close to the truth,
since the measurements would be sampled and the
sampling period of the program can be made identical
to that of the system to be used. The thick line on the

THERMAL RESISTANCE '0 OUTSIDE - R1 OUTSIDE TEMP TO

ROOM WITH THERMAL
CAPACITY, CI

TEMP
SENSOR

)
HEATING
ELEMENT

K2
dt

SET
POINT

BURST
FIRE

CONTROLLER

K3, dt

Fig.6 Block diagram of heater control circuitry.

10 'Aircond1tioning simulation rogres A Armstrong 4 Feb. 1905
20 SCREEN 3.0.0,CLS'Select and clear prephics screen
30 '

40 ' Draw grid tar graph
50
60 FOP N00 TO 450 STEP 50,LINEM.01-1N.63/...43690,NEXT N'Vertica lines
70 LINE 130.0.-130.63/rLINE (30.63)-1473.63I' Dram awes
00 LINEA30.1M-1473.13/...61600r. Aiming Point
90 GOSUB 130' Call calculation routine
100 LOCATE 55.8rPRINT-64,,LOCATE Scare number,...
110 IF !SKEW. r,.1. THEN 110' TYPE I FOR A PRINTED COPY
120 COPY:END. TIE END OF THE MAIN PROGRAM
130 C1.100:131.20rT0.0:04T.2rIAT.15.P11.5,SP.20-DT. 0594TC.I'Times in minutes
140 8.070. 316/HTC, Y1 -X' Heater time constant
150 K3DT/IAT
160 DT.CoTeMercenrapt to seconds
170 BAND.13.11.0102.5/

ISO LINE130.BAN01-1473.11AND....34952.' Draw proportional band lower limit
190 61.1/PS
200 N2.1/ IDAToDTWO)
210 DIE  0TrOne filer/At of cooling lotions increment
220 FOR N.30 TO 479
230 FOP LOOP.I TO 4
240 HP.)SP-TEMP)0111:MDK2eTD
256 M.HP
260 IF H91 THEN H.)
270 yi.rlyme03.1NTEGRATE HEATING DEMAND (WITHOUT INTEGRAL TERM)
200 IF YIril THEN THEN Y1.11rWEEP INTEGRAL WITHIN LIMITS
290 IF M9.99 THEN YI.WAD INTEGRATION OUTSIDE LINEAR CONTROL REGION
300 14.14PoY1-HD
310 IF Mc0 THEN YMOrIF 1491 THEN H.1
320 IF POI THEN M.I
330 TPREV.TEMP
340 MEAT.DTemo2 50,1EAToX.THERMAL MASS OF HEATER
350 LOSSES. ITEMP-701007,R1
360 IF PO229 THEN LOSSES  LOSSES.CNE'A00

1 KW OF COOLING SUDDENLY
370 TEMP.TEMPfiHEAT-LOSSIESJ/C1
300 TO.. 9eT13. laTEMP-TPREWSIMPLE DIGITAL FILTERING ALGORITHM
190 NEXT LOOP
sere TI.2 50TEMP
410 PSET1N.63-TI)
420 PSET 1N.63-900141 PSETilil.62-50.mi
410 NEXT P.:RETURN

Listing 6

graph represents heater power, the thin line repre-
sents temperature. At time 40 minutes, an extra
kilowatt of cooling is introduced (to model, say, a win-
dow being opened). The graph shows the effect of such
a disturbance to the system.

In this example, the maximum heater power is
assumed to be 2.5 kW, the room to outside tempera-
ture insulation is 20°C per kW, and the outside tem-
perature is 0 °C. The thermal capacity of the room is
assumed to be 100 kilojoules per degree, and the time
constant of the heating element is about one
minute. ETI
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FEATURE

THE REAL
COMPONENTS
In this, the fourth article in his series, John Linsley Hood
looks at transistor parameters and design calculations based
upon them.

It is a useful thing to be able to calculate how an elec-
tronic circuit will behave, and in the case of valves,
this was quite straightforward. Transistors are a dif-

ferent and rather more difficult matter, not helped very
much by the fact that there are such a wide variety of
terms and symbols used by different manufacturers
and text books to describe exactly the same thing.

However, it looks more difficult than it is - at least
at low frequencies - to do the sums, and I propose to
try and prove this. But first, we must specify the mean-
ing of the terms.

Resistance Well, that is straightforward enough,
and just defines that quality in the obstruction of
current flow which causes a voltage drop (or potential
difference). R=V/I.

Impedance Basically the same thing as resistance,
but allowing for the fact that there is some capacitative
or inductive component in the resistance to current
flow, so that the actual value will be different at dif-
ferent frequencies. Pure resistance is an uncommon
thing in real life because most obstructions to current
flow are, in truth, impedances, so this is a word which
can be used to describe what one means without much
risk of contradiction.

Conductance This is the reciprocal of resistance,
and is measured in amps per volt (I/V) instead of volts
per amp (V/I).

Admittance This is the reciprocal of impedance, and
again is given in terms of amps per volt, but at some
specific frequency. Both conductance and admittance
are expressed in Siemens (=S). 15=1amp/volt,
1mS=1mA/V, and so on.

The symbol R is conventionally used to indicate
resistance, and Z to indicate impedance. G is used to
indicate conductance, and Y for admittance.

When dealing with transistors it is customary to
look at them as small 'black boxes' with four terminals.
The input circuit is labelled 1 and the output circuit is
labelled 2, as shown in Fig. 1a or in the equivalent cir-
cuit shown in Fig. 1 b.

Conventionally, again, the currents which flow in
circuit 1 as a result of the voltages applied to the input
terminals are referred to as 11. Those which flow in the

output as a result of voltages in the output are referred
to as 22 and those which flow in the output as a result
of currents in the input are described as 21 and so
on.

Originally, the input characteristic was measured as
an impedance, Z, giving rise to terms like Z11 to define
the input impedance, and the output circuit defined as
an admittance, so that the output admittance would
be specified as Y22. Nowadays, it is much more com-
mon for these to be known as h or 'hybrid' parameters,
so that Z11 becomes h11 or h;, and the output admit-
tance Y22 becomes h22 or h..

5

U

Fig. 1 A 'black box' representation of a junction
transistor (left) and the equivalent circuit (right).

V2

However, in addition to these we have the transfer
characteristics, such as the forward current transfer
ratio. This is written as hF if we are talking about DC
values (usually referred to as static conditions) or hf if
we are referring to dynamic (AC) characteristics. The
reverse, or feedback parameter, h12, becomes hr.

This is complicated a bit by the fact that all of these
parameters are affected by the way in which the tran-
sistor is used. If it is used in the common emitter con-
figuration with the signal applied to the base, the
output taken from the collector, and the emitter tied to
the OV line, these various parameters become hFE or hfe,
hoe, hfe and so on. Similarly, if one ties the base to a com-
mon supply line potential, and applies the signal to the
emitter, these parameters would be defined as hfb, hob,
and hrb.
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Fig. 2 A practical, common -emitter transistor gain stage
which may be used for performance calculations.

Unlike valves and FETs, transistors have a DC con-
ductive path between their three connections, so the
output impedance is influenced by the input circuit
impedance and vice -versa, and all of these including
the current gain, are influenced by the operating
current of the device.

A fairly full data sheet for a transistor should include
graphs which show the way in which hFE varies as a
function of operating current. Ideally it shouldn't vary
very much, and in the better modern types it doesn't.
The graphs will also show the way in which the input
impedance will vary with emitter current, but this will
usually be quoted only for the common emitter con-
figuration since this is the most widely used arrange-
ment. If this isn't quoted, a fairly useful rule of thumb is
that the input impedance (h,e) is 25x the current gain
for a 1 mA emitter current, and increases, roughly in
proportion, as the operating current is decreased.
One should also find values for the output admittance, as
ps or NA/V, and the reverse transfer ratio, hre.

The formula for calculating voltage gain, in the com-
mon emitter configuration shown in Fig. 2, is -

A,-
hFe x R1

hue + Rs + Ahe X RL

he, the common emitter configuration correction
factor (hue. hoe. - hie. bre.) is often small enough to be
ignored, so the gain equation simplifies to -

A, - -
h Fe x R1

hue + R,

Let's take a genuine example, such as the Mullard
BC559, and go through these calculations for an
operating current of 0.5mA. The gain of the circuit
shown in Fig. 2, at a frequency in the AF range where
the impedances of C1, C2 and C3 are small enough to
be ignored, can be calculated using the published
data:-

ht e=270 h1e=10k

hoe= 25 uA/V. hre=0.001.
which gives a value of 0.52 for the.

However, we have to take into consideration the
source impedance (R,), which in this case I have
assumed to be a signal generator with a 600 ohm out-
put. This must be added to hue.

270 x R,
A,

26

10k + 600 + 0.52 x

so the voltage gain becomes -

270 x 15k

10k6 + 0.52 x 15k
This is a very favourable condition, since I have also

assumed an output impedance which is very high in
relation to R4. If, however, the transistors were driven
from a similar stage, where the output impedance is
R4//Z (40k//15k = 10k9), and it was loaded by the
input impedance of a similar transistor, (Z,, = 10k), the
gain would come down to -

-270 x 10k9//10k
A, =

20k9 + 0.52 x 5k2
= 60

which is a much more typical figure.

EIN

Ms.15141

01

Fig. 3 A transistor
arranged as an emitter
follower.

Fig. 4 A
transistor stage.

Another useful calculation to be able to make is that
to discover the input and output impedances of the
impedance converting emitter follower circuit of Fig. 3.
This is,

Z,r, =(1 +hte) x R1,

and
Zout= R/(1+hte) // R1.

For a transistor such as the BC559, driven from a
15k source, the output impedance will be 52 ohms and
the effective input impedance will be 271 k.

The lesson which can be drawn from this is that, for
high stage gains, low source impedances and high out-
put impedances are imperative. However, there are
snags. The first of these concerns the effect of output
stray capacitance in parallel with the load.

Let us assume, in the case of the circuit shown in Fig.
4, that we we have contrived a constant current source
as the collector load and this has an effective dynamic
impedance of 200k at a collector current of 0.5mA.
Using the circuit parameters of Fig. 2, this will give us a
gain of 471 at lowish audio frequencies, and if we are
driving an emitter follower or similar high impedance
load we should not diminish this too much.

However, suppose we have a stray capacitance of
100pF in parallel with the output circuit. The output
impedance will then decrease with frequency until, at
about 7kHz, the stage gain will have fallen to half its
low frequency value.

An aspect of this capacitance load effect which is
familiar, and worrying, to audio amplifier designers is
the combined effect of a constant current source load
and stray capacitance when the amplifier is asked to
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IN

EOUT

Fig. 5 Slew rate limiting caused by stray capacitance on
a constant current source load.

handle a waveform having a rapidly rising voltage tran-
sient. I have shown this in Fig 5.

With the circuit shown, the amplifier stage may
behave quite well on negative -going transients when
the transistor, Q1, can pump current into the load, but
on a positive -going waveform, the rate of charge of the
capacitor is strictly limited by the constant -current
source to 0.5 mA, which gives a beautifully linear charg-
ing rate to the capacitance. This is lovely in the time
base generator of an oscilloscope, but audibly very
nasty in an audio amplifier. It gives rise to the defect
known as 'slew rate limiting', which is one of the all -
too -frequent causes of displeasure in less than high
fidelity.

Another related problem inherent in the transistor
is that of the Miller effect, due to the capacitance bet-
ween the base and collector. Since the stage inverts
the phase of the signal, at least on non -inductive loads,
the side of the internal capacitor electrically connec-
ted to the output will rise in potential as the input side
falls. If the gain of the stage is M, this has the effect of
making the capacitor look like M+1 times its static
value, as shown in Fig. 6.

a I

FIN

vcc

I b I

EOUT MEIN ---,\ASA,/,-*--A EB

1.0V

Fig. 6 Miller effect, whereby inherent capacitance
between base and collector is magnified in value.

Supposing, therefore, that the stage gain is 150x
and the base -collector capacitance is 5pF, the actual
capacitance seen at the transistor end of the source
resistor is 5 x 150pF = 750pF, which will have a con-
siderable effect on the H F response of the circuit.

Other Parameters
Noise figure This is expressed in decibels, and is a

measure of the extent to which the transistor input
noise (output noise divided by stage gain) is worse
than that which would have been due just to the input
resistance on its own. All resistors generate noise, the
higher the resistance value and the higher the tempera-
ture the worse this will be. The formula is -

Vn= xKxTx 8fxR
where K is Boltzmann's constant (1.38x10-23), T is the
absolute temperature CK,) and 8f is the bandwidth.
ETI JUNE 1985

A typical graph showing the way the noise figure of a
transistor varies with collector current and source
resistance is shown in Fig. 7. Since the noise will
increase at high input resistance values anyway, the
best transistor to use if one wants the lowest noise is
the one which will give a low noise figure at the lowest
useable input resistance.

100k

AS

10k

lkO

100
101,A 100uA

Ic

lmA

NF  10dB

6dB

3dB

10mA

LOWSET OVERALL
NOISE OUTPUT
AT ZIN  100R. lc  300uA

Fig. 7 The noise performance of a BC559 as a function
of input resistance and collector current.

Happily, improvements in device manufacture
have led to better characteristics, so, if you have a
choice, use a device with a high 2N or BC number,
rather than a low one. A BC549 is likely to be a better
device, at the same cost, than a BC109, since these are
both of the same type, only differing in date of design.
Surprisingly, PNP small signal devices are better than
NPN in this respect because the current flow in the
base region - which is of N type - is due to electrons
rather than holes.

Transition frequency As the operating frequency
increases, so the current gain of a transistor will dec-
rease. NPN devices are normally better than PNP ones
in this respect, and since the problem is due to
electron/hole mobility in the base and collector
regions, devices with thin, highly doped base and
collector layers which will inevitably have a relatively
low breakdown voltage, will be best in this applica-
tion.

The parameter fT can be thought of as the frequency
at which the current gain will have fallen to unity.

Breakdown voltage This can be due to several
mechanisms, and is usually destructive unless the
current which can flow is limited by some external
resistance to a value which does not cause the local
thermal dissipation of the device to exceed a safe
value.

One of the mechanisms is punch through, which
occurs when the depletion layer in the base region
resulting from the applied collector voltage extends, as
V, is increased, until it reaches the emitter region.
When this happens, the base effectively loses its iden-
tity and there is no longer a PN junction to prevent
current flow. If the collector region is heavily doped to
allow high current flow, the number of minority carriers
diffusing into the base will be greater and the deple-
tion layer wider for any given applied voltage, leading
to a ower punch through potential.

A second mechanism is the Zener effect. In a highly
doped material, a reverse bias will cause the valence
band (containing minority carriers) to overlap the con-
duction band in the semiconductor junction (contain-
ing majority carriers, ie, electrons) and current will
flow. A small -signal transistor can be used as a cheap
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Table 1 Junction transistor performance calculations using h parameters.

zener diode of about 5-6V if it is connected with its
emitter reverse biased in relation to its base. This is
because the emitter is usually a very heavily doped
region. Normally, if the current is held to a sensible
level, no damage will occur. The collector should be
connected to the base in this application, to keep it
from joining in as shown in Fig. 8.

A third mechanism, avalanche breakdown, occurs
in lightly doped high voltage transistors if too high a
voltage is applied. In this, carriers entering the deple-
tion region are accelerated by the applied potential
and, if their velocity is high enough, collisions within
the material will generate ion -pairs and further carriers.
The result is much like an avalanche, and usually just
about as welcome. An exception to this is in avalanche
diodes where this mechanism is used to beneficial
effect.

In transistors, avalanche effects are greatly influen-
ced by the external base -emitter circuit resistance, and
this is the reason why, in general, high voltage and
power transistors require conditions of use in which
the base circuit resistance is low.

Power Transistors
In principle, one can do all the calculations for

power transistors that one can for small signal ones,
except that the manufacturers are a lot less forthcom-
ing about the input and output h values. This is
because power devices are mainly only used in
applications where, as emitter followers or drivers of
low impedance loads, the stage gain is a lot less impor-
tant than the ability of the device to feed current into
the load or withstand the voltage swings involved
without breakdown.

The parameters one is likely to find published in
respect of power transistors, in addition to the ones
which are obvious like total power dissipation and safe
operating area (which we looked at previously), are
those which relate to its operational voltages and
switching times.

Of these, the ones which are likely to be of interest,

say, to an audio amplifier designer, are the collector
and base saturation voltages. These will be specified at
certain base and collector voltages, and relate to the
sort of voltage drop which is going to occur across the
device when large quantities of current are delivered
by it.

A further quality which would be of interest is the
variation of current gain with collector current. Ideally,
for lower distortion, this curve should be as flat as
possible. Also, if one is seeking a high power output,
the 'thermal resistance' of the transistor is important.
This is usually specified in °C/watt, and infers a perfect
stone-cold heat sink, so in practice, the thermal resis-
tance of the heat sink will have to be added to this to

Fig. 8 A small signal VSUPPLY

transistor connected
as a zener diode.

Rom
2 10A,A

VOuyIS 6V

SMALL SIGNAL
NPN TRANSISTOR

oV

arrive, perhaps, at a figure like 2.5°C/watt. The max-
imum junction temperature which is tolerable will
depend on how long you intend the device to last. If
you are worried about this, aim to keep your junction
temperatures below 150°C, under the worst likely con-
ditions. If one had a total heat -sink + transistor thermal
resistance of 2.5°C/W, and the ambient temperature
was 30°C, this would mean a maximum dissipation of
(150-30)/2.5W, or 48 watts.

\ice° sus., is the collector voltage at which the transis-
tor will pass a continuous collector current, even when
there is no base drive current at all. The manufacturers
quote minimum values for this. In practice it means
'keep well below this voltage - unless you are only
operating under pulsed voltage conditions'.

The normal maximum operating voltages (usually
under relatively low current conditions) are defined as
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Vabo, which is the maximum voltage permitted bet-
ween collector and base with the emitter open cir-
cuited; Vice. , which is the collector/emitter maximum
voltage with the base open circuit, and V,,,, which is
the permitted maximum collector voltage with some
specified value of resistance between emitter and
base (see avalanche breakdown above).

Vebo is the reverse biased emitter/base zener
voltage, and is usually about 5V for power devices.

Where the power transistor is being used for fast
switching applications, the various switching times
become important. These are the delay time (td),
which is the time which elapses after the application of
a voltage to the base before any collector current
begins to flow; the rise time; the fall time; and the
storage times associated with the rise and fall of collec-
tor current, and which relate to the length of time it
takes for the relatively slow moving holes in the base
region to be eliminated.

This is particularly important when the current
through the transistor is being turned off. It will not
reach a zero value until the stored charge is dissipated,
and this is dependent both on the external base -
emitter circuit resistance and upon the emitter voltage.
If the emitter is reverse biased to some value lower

20V

EOUT

IN

OV

Fig. 9 A practical small
signal amplifier stage
using a FET.

Fig. 10 A stable RF
amplifier stage using
cascode connected FETs.

than the zener breakdown level, the stored charge wil
be removed more rapidly and this may be a critical fac-
tor in switching inductive loads.

Because of the larger junction areas all of the
capacitance values for power transistors are much
larger than for small signal devices, with values in the
range 100-1000pF being common.

Junction Field Effect Transistors
Because these are voltage operated devices with a

virtually infinite impedance gate electrode, gain calcu-
lations are much simpler, at least at low frequencies. As
with junction transistors, H F calculations, usually with
deliberate or unintentional inductance in the input
and output circuits, are a highly complex business, best
left to the specialists in this field.

The parameters which are likely to be specified are
Yt, the forward transfer conductance, or forward trans -
admittance, which is similar to the Gm, or mutual con-
ductance, figure for a thermionic valve, and is usually
expressed in mA/V; and the Yo or output admittance,
of which the reciprocal is similar to the ar3ode resis-
tance of a valve.

Typical values of these parameters, for a 2N5457
FET, are 4-7mA/V at OV negative gate bias, and 2,uS, or
500k. A 2N5459, which has a gate cut-off voltage of
about -5V instead of 1.5-2V for the 2N5457 and a zero

gate -bias drain current of 10-15mA instead of 2-5mA,
will have a higher zero gate bias Y,s, probably in the
range 6-10mA/V. The output impedance is, however,
very similar. Junction FETs do have very high drain
resistance values, which is why they make such good
constant -current sources.

The formula for calculating voltage gain is a simple
one: -

A,, -
yt, x RE

1 + V°, x RL

For the common source configuration shown in Fig. 9,
and with the component values shown, this
becomes:-

= -
5 x 10-3 x 10k

1+
10k

500k
giving a value for stage gain of 49 at zero gate bias.
However, as the negative gate bias is increased the
mutual conductance falls, giving proportionately lower
stage gains. Once again, I have assumed an infinite
impedance load. A 'oad of 10k would halve these stage
gain values.

The input capacitance, cs is typically 3-6pF, dec-
reasing as the gate becomes more negative. The
reverse transfer capacitance (or, more familiarly, the
drain -gate capacitance) is typically 1-3pF, becoming
less as the drain voltage is increased, and as the gate is
made more negative. This is a bit high for stable work-
ing as an RF amplifier, but two similar FETs can be con-
nected in cascode as shown in Fig. 10, to make a very
stable RF amplifier.

The input noise figure for FETs will be expressed as
nV per s/Hz, and since this is independent of the
source resistance value, the FET will have the least
effect in worsening the input noise when the input cir-
cuit resistance is very high.

For example, the published figure for a 2N5457 at
25cC is 10nV/ N/Hz, which for a 20kHz bandwidth is
1.4µV. However, for the same bandwidth, the noise
developed across a 1M resistor is 18µV, giving an effec-
tive FET noise figure of 0.6dB when used in this circuit.
The break-even 6dB noise figure occurs for an input
resistance of about 7k

One of the areas in which junction FETs (and
MOSFETs) score heavily in comparison with bipolar
transistors is in terms of linearity, with a typical FET
amplifier stage offering THD (Total Harmonic Distor-
tion) figures in the absence of negative feedback some
10x lower than for a similar bipolar gain stage. Say, 0.5%
THD instead of 5% TH D for 5V RMS output. This arises
because the FET has a very linear input voltage/output
current relationship, especially at near zero gate bias
voltages. This comoares with bipolar devices which are
only linear at very small input signal levels.

Small Signal MOSFETs
The characteristics of these are very similar so far as

gain calculations are concerned to those of junction
FETs, and the same formulae apply. However, the typi-
cai values of drain resistance are more similar to those
of a junction transistor than to the junction FET.

Next month I propose to take a look at diodes, in all
their various forms. ET!
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Centronics Printer Buffer
Microcomputers are pretty fast devices, far too fast for
even the most speedy of printers to match. The result is
that your micro often has to sit idle while it waits for the
printer to catch up. The solution is to build our printer
buffer, a handy store which holds the data destined for
the printer while your micro carries on running. Forword-
processing, listing programs or printing out screen
displays, you will find this a most useful piece of equip-
ment next to your computer and printer.

Noise About Noise
A lot has been written recently about the effects of
various types of components on the quality of sound an
audio system delivers. Nota little of it has been written in
ETI. In this provocative article, amplifier designer and
manufacturer Neil Munro argues that we should be
worrying less about our components and more about
our power supplies.

EPROM Emulator
It's not that long since we last described an EPROM
emulator, but you can never have too much of a good
thing and this design is sufficiently different to be of
interest. It is intended to complement the 6802 Evalua-
tion Board featured in the May issue but should work
with almost any system.

Second Processor For The
Acorn Electron
This valuable accessory has been shown to increase the
speed of an Electron to that of a BBC B and its memory
capacity to more than twice that of the Beeb. In the
second and final part of this project we describe the
software necessary to achieve this remarkable
improvement.

The Real Components
John Linsley Hood's in-depth series continues with a
Look at some semiconductor devices. The topic is
diodes and the article will include a look at such exotic
items as tunnel diodes and diacs.

Universal EPROM Programmer
In the third and firal part of this series, Mike Bedford and
Gordon Bennett describe the software and present a
complete listing of the programmer source code.

Plus All The Usual Features ...
Tech Tips, Scratch Pad, Read/Write, Open Channel,
News Digest, Trains of Thought, book and equipment
reviews, etc, etc. Everything, in fact, that you'd expect
from the UK's leading electronics magazine.

THE JULY ISSUE WILL BE ON SALE
FROM JUNE 7TH. GET IT OR REGRET IT!

All of the articles mentioned are at an advanced stage of preparation. However, circumstances
beyond our control may prevent us including them.
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ELECTRON
SECOND
PROCESSOR
Speed-up your Electrons and watch your memory expand with a
6502 second processor, designed by John Wike with Electron
owners in mind.

This article describes the addi-
tion of a second processor
board to an Acorn electron,

making 30K bytes of RAM
available to BASIC (60k to
machine code), and giving an
increase in processing speed of up
to three times.

The hardware will be described
this month and the software next
month, together with a complete
assembly listing.

What about the others?
Although the term 'second pro-

cessor' is usually associated with
Acorn and their 'Tube' system,
multiprocessor designs are found
in several microcomputers in the
business and scientific markets.
Even the Sinclair QL contains two
microprocessors, one to handle
input/output and the other to do
all the computing. So, although the
circuit shown here is designed
specifically for the Acorn
machines, the concept is generally
applicable.

It is relatively straightforward to
design a circuit board with a pro-
cessor and some RAM on it, and to
interface it with an existing com-
puter system. The real problem is
the software, machine code of
course, to handle the new
hardware.

As the host machine probably
has the screen RAM within its
memory map, it must be assumed
that it will retain the input/output
handling functions. This means
that the language (usually BASIC)
will operate in the second
processor.

It is necessary to know how to
intercept the input/output
routines (PRINT, INPUT, SAVE,
LOAD, etc.) so that the data will

be transferred to or from the
second processor's memory
instead of the host's. Routines can
then be written to reside in each
processor's memory and allow
them to communicate with each
other transparently, so that the
user will not be aware of any dif-
ference in operation from the
basic machine.

All this sounds involved, but
given a machine that is well sup-
ported by reference material and
ROM listings, or your own skill at
disassembly, it is by no means
impossible. So if you are interes-
ted have a go!

2P or not 2P?
The owner of an Acorn

machine does not need to worry
about the foregoing because this
article will cover all the ground. He
or she will however have to decide
whether it is worthwhile adding a
second processor to the system.
There are several advantages to
balance against the effort
involved:

Speed
The benchmark system has

gained widespread acceptance as
a qualitative assessment of the
processing speed of a computer.
For a full discussion of bench-
marks the reader is referred to the

February 1985 edition of Comput-
ing Today. Each test consists of
1000 iterations of specific instruc-
tions, the times for which are given
in Table 1. Also included for
interest are the timings for the
BBC computer, taken from the
Computing Today article. In Mode
6 the unexpanded Eelectron is
approximately 50% slower than
the BBC, and in Mode 0 it is 250%
slower! With the E2P board fitted
it is approximately the same as the
BBC in all modes.

Memory
The display memory in the

Electron can consume between 8K
of RAM in Mode 6 and 20K of
RAM in Modes 0, 1 and 2. Add to
this the 3.5K used as operating
system workspace, up to 1.5K for
user -defined characters and an
extra 3.75K if the Plus 3 disc drive
is fitted, and out of a total of 32K
there might only be 3.25 K avail-
able for programs. The E2P board
contains 64K RAM, 30K of which
can be used from BASIC whatever
the configuration. Machine code
programs can use a massive 60K.

Processor
The first requirement of the

design was that the hardware and
software should react with the
Electron operating system in the
same way as the official 'Tube'.

Benchmark Mode 6 Mode 0 E2P (BBC)
1 0.93 2.11 0.68 0.8
2 4.01 9.35 2.99 3.1
3 11.54 26.97 8.43 8.3
4 12.27 28.86 8.95 8.7
5 12.85 30.15 9.37 9.1
6 19.51 45.72 14.35 13.7
7 30.09 69.88 22.24 21.3

Table 1 Benchmark timings for the Electron with and without E2P.
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PROJECT

This is a ULA with eight bi-
directional registers, addressed at
FCEO h to FCE7 h, of which seven
are used by the support software
and only one, at FCE5 h, is
accessed directly by the operating
system for data transfer during, for
example, LOAD and SAVE. So the
circuit must detect accesses at
FCE5 h and interrupt the second
processor to allow it to pass the
required data. The other registers
can be at any convenient address,
since they have their own support
software.

The only storage device on the
board is the RAM. The top 256
bytes of that are accessible to the
Electron, so that several locations
can be used as the bi-directional
registers. Also, as this is the area
where the 6502 goes at Reset, the
Electron can control its reset and
transfer sufficient code there
beforehand to allow it to "boot
up'. After that the rest of its
operating system can be sent via
the data byte at FCE5 h.

When deciding where in the
Electron memory map to locate

this 256 byte block, it was remem-
bered that sideways ROMs are
given the opportunity to initialise
themselves at BREAK and to
declare themselves during the
`HELP command. The block is
therefore addressed as a sideways
ROM and the first eleven or so
bytes are taken up with the neces-
sary data for it to be recognised by
the operating system. They also
contain a jump instruction so that
the 'ROM' software can be in the
main program in the Electron
RAM.

In order to refresh the dynamic
RAM the processor is interrupted
every ms and a specific routine
scans 128 bytes in 64 gs. On
alternate interrupts it scans
another 128 bytes to include all
the rows in the RAM. This results
in a time overhead of 6% which is
considered acceptable by the
author. Because the re'resh is soft-
ware controlled there is no facility
for a hard reset of the processor.
Instead, the 'sideways ROM'
routine issues an initialisation
request on BREAK.

Interfacing
The board is designed to slot

into one of the cartridge sockets
on the Plus One interface unit,
which provides some of the
address decoding. For those peo-
ple without a Plus One, a circuit is
shown allowing connection to the
basic Electron.

Current consumption of the
board is about half an amp, which
the author's machine was able to
cope with. If a lot of other devices
are drawing power, it may over-
load the supply. A link (LKI) is pro-
vided to disconnect the 5 volt line
from the edge connector and an
alternative supply can then be
connected to the board.

Construction
Construction of this project is

straightforward but you are recom-
mended to use a fine tipped
soldering iron, and to check the
board closely to see that no stray
bits of swarf or solder are shorting
tracks.

As this is a double sided PCB
and is not plated through, the first

The author's prototype second processor board (some changes have been made in the final version).
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PLUS ONE
DECODING

FCE5
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Fig. 1 Block diagram of the second processor board.

y

NMi

Fig. 2 PCB
overlay for the
second processor.

U11.18.111M

thing is to insert all the links and
solder them on both sides of the
board. Take special care not to
miss the ones underneath ICs as
these will be impossible to fit
afterwards.

Next fit all the ICs except the
RAMs and the processor, soldering

1A0 0
IA1 0
IA2 0
IA3O
IA40
1415

1416 0

IA7 0

13 4
12 2

14 3

15 IC7 9

16 8

17 6

IS 7

100 0
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17340
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11360
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IR WO

51/0
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OV 0
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4700

9

12

13

14 6

156

17 3

18 2

1 19

6

9
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12

ICSd
IC11

IC175)

4

Fig. 3 Circuit diagram of the second processor
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PROJECT :Second Processor

their leads on the bottom, top or
both, as necessary.

Next fit the resistors, capaci-
tors and diode. Some of these
components need to be soldered
on both sides of the board.

Now fit the sockets for the
RAMs and processor. Use insulat-

ing tape to protect the through -
board links before inserting the
sockets.

If you intend to power the
board from the Electron's 5 volt
line fit the link LK1. Otherwise,
connect the external supply wires
to points A (0 volt) and B (5 volts).

Finally, insert the RAMs and
processor into their sockets.

If you do not have the Plus One
unit you will now have to con-
struct the interface circuit. This
could be done on Veroboard and
then connected, along with the
second processor board, to the

91.
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Fig. 4 Plus One cartridge socket edge connector.
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HOW IT WORKS

The second processor is reset at switch on by
latch IC8a with C4 and R12. Diode D1
ensures that C4 will be discharged quickly at
switch off.

IC8 is a quad S -R latch with Set overriding
Reset. Sections c and d are used to provide
extra AND functions.

Decoding of the host processor address
bus is performed by IC17, IC8d and ICIf.
When either the sideways ROM or ICES h are
accessed, the output of IC17a will go low.
This signal enables the data bus buffer, IC18.
It also disables the second processor address
multiplexers IC2 and IC3, after being inver-
ted by ICla, and it operates the control line
multiplexer IC5. IC5 determines which pro-
cessor's R/W and clock signals will be applied
to the RAM - when Pin 1, select is low the
second processor clock and R/W times are
effectively disabled.

The second processor 2MHz clock is
generated by IC4 dividing down the master
16MHz oscillator. Further division takes
place in IC4 and IC6 to give the 1ms NMI
singal. Note that as the processor only
responds to negative edges there is no need
to provide short pulses.

The output of IC17a is combined with the
host processor clock in IC8c, which triggers
the 15µs I RQ monostable I C8b. The monost-
able is inhibited during ROM selection by the
input at pin 11 so that it will only operate dur-
ing an access at FCE5h. The monostable out-
put is also fed to IC8a to clear the second
processor reset.

The output of IC8c goes via IC1b to set the
second processor clock in phase with the
host's during host access. Because the clocks
are in phase, the control multiplexer IC5 can
be guaranteed to switch when they are
both low.

Tri-state buffer 1C7 with resistors R3 -R10
performs the address multiplexing function
for host processor addresses. It is enabled
during the first part of a host access to give the
row addresses for the RAM's. then it is dis-
abled and the resistors provide the column
addresses. If it is a ROM address, IC8d output
will be high and page FF h will be accessed.
For address FCE5 h, IC8d will be low and page
FE h will be accessed.

The RAS signal to the RAMs is provided by
ICIc and the CAS signal by ICId and !Cie from
the delay circuit R2 -C3.

Electron with a short length of rib-
bon cable and a 25 pin double -
sided edge connector.

Setting up
Before switching on, check the

board very carefully for shorted
tracks and the orientation of ICs,
diodes and electrolytic and tan-
talum capacitors. To ensure that
the Electron will will not be
damaged check every contact on
the edge connector with a meter
for shorts to either the 0 volt or 5
volt supply lines.

Connect the board and switch
on. You should get the start-up
screen as usual. If not, then switch
off and check again for shorts.

If you can get hold of a double -
beam oscilloscope, connect a
probe to pin 9 of IC8 and enter
and run the following program:

10 A')/0=?&FCE5:GOT010
You should see on the 'scope a
negative going pulse 15 ms wide.
If it is a different width adjust the
values of R11 and/or C5 to get it
as close as possible.

Now conect one input of the
scope to ICI pin 1 and the other
input to ICI pin 6. The negative
going edge of the signal on pin 6
should occur between 120 and
150 ns after the positive going
edge at pin 1. Adjust R2 and/or C3
as necesary.

Before trying the system in ear-
nest you will have to switch off
then on again in order to hard
reset the second processor.

The necessary software will be
included in next month's article,
but in the meantime a copy of the

assembly code is available on tape
from the author. Alternatively, if
you send a Plus Three disc it can
be stored on that together with

PARTS LIST

INTERFACE

RESISTOR
R13

CAPACITOR
C15

470 R

220p

SEMICONDUCTORS
IC20 74LS30
IC21 74LS27
IC22 74LS20
IC23 74LS139
IC24 74LS74

MISCELLANEOUS
Veroboard, 22 -way double sided socket
to fit E2P edge connector, 25 -way dou-
ble sided socket to fit Electron edge
connector.

the machine code as a !BOOT file
so that pressing shift -break will
automatically boot in the second
processor. See Buylines for details.

Al5 0
4100
A130
A120
A110
4100

5V

2

3

5

6

13,7110

A30 3

Al
D7

D6 (;

9
D5 IC210
D4

12

IC20

A9

IC 23.

90 0

A2 0
A00

D30
FIST 0

1C21.
13

IC2

2

NOTE
C20 74LS30
C21  741527
C22 741510
C13 7410139
C24 741074

C24 THE SIDEWAYS ROM
SELECT LATCH IS ADDRESSED
AT FER5 WITH DI 07 LOW

4 i1C22b
5

12 4706
10 IC22a

5V0

013

C15
2215,

6

3

15

1C24.

5V

A15 13

414 IG

IC23b

C

10
ROMSEL

Fig. 4 Suggested interface circuit to link basic Electron and the second processor.

TOP

1-1 gI2 g o
a aaaano

6 on < <rinnnrinnnrinrinn rinrinnrinnn
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BOTTOM

Fig. 5 Electron edge connector
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PARTS LIST

MAIN BOARD

RESISTORS (all 1/4 watt)
R1,2,3,4,5,6,7,8, 470R
9,10
R11 390R
R12 4k7

CAPACITORS
(all ceramics unless stated)
Cl
C2
C4
C5

470p
33p
100p. electrolytic
47n

C6, 7, 8 47p. 10V tantalum
C9,10,11,12,13,14 100n

SEMICONDUCTORS
IC1
IC2,3
IC4,6
IC5
IC7,18
1C8
IC9,10,11,12,13
14,15,16
IC17
IC19
D1

741S14
7415257
7415393
741S157
7415245
7415279
4164-15/4864P-2

741S21
6502A (2Mhz)
1 N4148

MISCELLANEOUS
40 pin DI L socket, 8x16 pin DIL sockets,
wire for links.

BUYLINES

All the components are available readily
from advertisers in ETI. The PCB and software
are available from the author, John wike, at 9,
Lon-y-Garwa, Caerphilly, Mid -Glamorgan.
The price of the PCB is £12, software on tape

is f3.50, and on your disc £2.00, inclusive of
postage. if you send a disc please state
whether you wish to have the !BOOT file put
on it.

ETI

ATTENTION ALL
WRITERS .  
. . . or just those of you who sometimes think "I
could do better than that!"

We want to hear from you!
The magazine you hold in your hand is part of ASP's electronics group of titles. These include ETI, Ham Radio Today,
Digital and Micro Electronics, and our new magazine, Electronics. All these magazines are looking for new authors, so
if you've designed something for yourself that you think may be of interest to othe-s, or if you've a subject you'd like to
write a feature article on, then drop us a line with an outline of what you have in mind.

We particularly need:
 Projects for the Commodore Vic 20 and 64, the Amstrad, the BBC A and B, and the Electron computers;
 Simple projects that do something useful, perhaps n a novel or instructive way;
 Radio projects (not necessarily for radio amateurs);
 Features on amateur satellite radio.

If you're interested in writing for us, send an outline of your proposed article to: Dave Bradshaw, Group Editor (Electronics),
Argus Specialist Publications, 1 Golden Square, London W1R 3AB.

Please note that while we take ever care, we cannot be hela responsible for the ;oss of unsolicited manuscripts. We advise all authors to keep a

photocopy or carbon copy of any article they send us.



LOW COST AUDIO
MIXER
This modular mixer from John Linsley Hood is not super-fi,
but it is cheap, portable and so versatile you can use any
source, except the kitchen sink.

The instrument described here
was designed and built for
the use of the local 'Talking

Newspaper for the Blind', and
the circuitry shown was speci-
fically tailored for their needs -
which were, basically, for a control
console containing the necessary
electronics, and fader pots, so that
the operator could mix in various
voices with programme material
from other sources - disc, radio or
tape - to produce a final stereo
tape cassette. This would then be
duplicated for distribution to
subscribers.

The general layout is versatile
enough for the actual inputs to be
modified for other types of input. I
will show some of the other input
circuits which may be slotted in, in
place of, or in addition to, the
existing layouts.

One general requirement for all
such mixer consoles is the provi-
sion of a reasonably quality stereo
headphone monitor facility, allow-
ing the control engineer to hear
just what he or she is putting on to
the tape. The unit has been
designed to be operable from a
battery DC supply. It could be
used as a fully portable 'studio' in
conjunction with a suitable battery
operated cassette recorder.

C11

C12

20-1

C 13

C15

50-1
MIXER
INPUTS

R30

R31
R40

-vcc

NOTE FOR COMPONENT VALUES
REFER TO MAIN CIRUIT DIAGRAM.

Fig. 1 The central circuit of a
virtual earth mixer.

OUTPUT

38

No VU metering system has
been provided since it is assumed
that the recorder used will have
this facility.

Basic Layout
The circuitry is organised

around the virtual earth mixer lay-
out shown in Fig. 1, which can be
hooked up easily around an IC op
amp and allows as many inputs as
one wishes to be combined
together into a common signal
(although only five are shown in
the diagrams).

This is a very powerful tech-
nique for mixing inputs, and has
the great benefit that there is no
leakage back from one input into
another, since the inverting input
of ICI in this layout really does
look like an earth point to the in-
coming signals. This also implies
that the input impedance of the
circuit is determined by the values
chosen for each input resistor,
R30, R31 . .

The overall gain of the stage is
determined, for any one input
channel, by the ratio of R40: Rin
(Rin bein& the input resistor). If
R40 is variable (as shown in Fig. 1
but not in the main circuit
diagram), the gain of all the input
channels may be reduced or
increased simultaneously.

The various inputs to this mixer
stage are obtained from input
stages of the types described
below.

Line Input Stage
In the simplest case, where a

signal is obtained from a radio or
tape recorder having a line output
socket - which will give
300-700mV output at a lowish
impedance - all that is required is
a simple slider pot connected as
shown in Fig. 2. On the other
hand, if it is known that the unit
may be used with signal sources

TO
MIXER
INPUT

NOTE: FOR COMPONENT VALUES
REFER TO MAIN CIRCUIT DIAGRAM

Fig. 2 A mono line input arrangement.

having outputs conforming to the
DIN standard - in which the
output is arranged to provide 1 mV
for each 1K of load impedancy -
the alternative arrangement of Fig.
3 can be used.

This is quite a versatile system,
and can be used with any input
source where a flat frequency
response is all that is needed, and
where the input signal level will
not exceed more than about 0.5V
RMS.

Microphone Input Stage
This uses an identical circuit

layout to that of Fig. 3, but with the
values of R55 and R56 changed to
R11 and R16 in Fig. 4 to give a
higher gain, since the expected
output signal level from the mic
may be only 2-3mV. The input
impedance is also made switch -
able between 100K and 4K7 (R1
and SW1 in Fig. 4) to suit either
crystal or dynamic (moving coil)
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microphones. Electret mics with a
built-in FET buffer output could be
used equally well with either.

C1
INPUT 220n

NOTE FOR COMPONENT VALUES
REFER TO MAIN CIRCUIT DIAGRAM.

INPUT

Fig. 4 Mic input stage

*vcc

R62
68014

TO
MIXER
INPUT

TO
MIXER
INPUT

Fig. 5 Optional RIAA input stage.

E z. -.0 0

Fig. 6 PCB overlay for RIAA stage.

C35

R67
680R

TO
MIXER
INPUT

Fig. 7 Optional treble -lift mic input.

C38
INPUT 1u0
FROMo__11

PIN 1
IC8

R69
10k

C4373n1..,.. R70

RV15 3
4k7

100k

I

IC158  `hTL072
NOTE.

:40
10n

TO
HEADPHONE

AMP

Fig. 8 Optional bass and treble lift -cut tone control stage.

A.B,C,D,E,F TO SLIDES

0/P (L)

+VCC

0/P (R)

A'.13.C',D.,E'.F. TO SLIDES

Fig. 9 PCB overlay for optional tone control stage (stereo).

Completed prototype mixer
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LINE
INPUT

iRVla
LOBO

STEREO

RV1b
104

LOG

MASTER
MIC

RI
Oa

5791

MK 1 C2

R244 R7
7 100k

9792

MIC 2 C3

MIC 3 C4

R4
447

SW4

C16 ALL 220n

MIC 4 C5

LINE 1

RV7
104

LOG

LI E2

RV8
10k

LOG

VCC
R21

11110R

*VCC
R22
1180R

R20
1004

ciot

RV3
104 LOG

AVE
10k LOG

RV5 R28
VCC 104

LOG

E

L

RVIlb
10k

LOG

R46
10k

R47
SIR

R14 0t C

R49
10k

Dt

R50
104

3

ICE.

R53
lOR

Vcc

PHONES

PHONES

R3641 ALL 274
6

MA
R39

CIE

IHR37
19 R39

11-"~-11

41

C17 R3,

C20 R39

F-'1AA/1--
C11.20 4264I

ALL 220n ALL 274

-VCC

PIN 7 IC16
PIN 8 ICE

PIN 4 1C14
PIN 4 ICE

4

C22
100u
16V

R

C23
100u
16V

VCC

-VCC

R42
EIOR

R44

OUT

SW/STEREO/MONO

NOTE
ICI 5.76  )1TLO 2
ICE  TL072 or L 353
IC10 - 7815
IC11  7915
01  BD537 w 110239
02  BD538 or 11111210
O 12  1N4148
O 3,456  1744002
DOTTED BOX IS RIGHT HAND CHANNEL
OF HEADPHONE AMPLIFIER
IT IS IDENTICAL TO THE LH
CHANNEL SHOWN ABOVE IT
9N7  4 -WAY 3.POLE SWITCH

POWER SUPPLY UNIT

SW7a

240

9N7d

OUT

OV

o
BATTERY

u-01.
MAINS

°

clASSIS

9V
BATTERY

Fig. 10 Circuit diagram of the complete prototype mixer and Fig. 11 (opposite) overlays for the mixer and PSU boards.
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Gramophone PU Inputs
This facility was not required

for the actual unit which was built,
but there is no difficulty in modify-
ing the op amp input stage to pro-
vide the required gain and fre-
quency response characteristics.
The circuit for this is shown in Fig.
5. Since I am not aiming at the
'ultimate-fi' in this unit, I feel that a
conventional series feedback lay-
out, as used in 99.9% of domestic
hi-fi amplifiers, will be quite
adequate.

The op amp output resistors in
the DIN, mic and RIAA stages
(R57, R21 and R62, respectively),
are included to prevent changes in
the loading of the op amp, due to
the setting of the output gain con-
trols, which would alter the fre-
quency response characteris-
tically of the gain stage.

Headphone Output Stage
This is fairly conventional, and

again uses an op amp as the gain
block, to which some muscle
power is added by the transistors
Q1 and Q2. These are biased into
class A by the diode/resistor net-
work R46 -R50, D1 and D2. A small
capacitor, C26, is connected
across the op amp to ensure HF
stability. Several pairs of head-
phones can, if necessary, be con-
nected in parallel, across the
output, provided that the isolating
resistors (R53) are taken separa-
tely to each output jack. This will
ensure that there are no problems
if phones of dissimilar type of
impedance are used. (See Fig. 10).

Mains Power Supply
Although the mixer unit can be

used quite satisfactorily on a pair
of 9V batteries, batteries are
expensive and it is probable that it
will be powered from the mains on
most occasions. A very simple dual
power supply, with a couple of
voltage regulator ICs, was used on
the prototype, as shown in Fig. 10.

Complete System
The whole unit is shown in

Fig. 10 and fitted into a shallow
sloping fronted box, 19" long, as
shown in the photograph.

Since the specification to
which this unit was built called for
a stereo line input, as well as a pair
of mono line inputs, a ganged 10K
slider pot was used for RV1, while
single slider units were employed
for RV7 and RV8. The four main
mic inputs are controlled indivi-
dually by the slider pots RV3 to

-15V

TO SW 1

MASTER MIC

TO SW2

MIC 1

TO SW3

MIC 2

TO SW4

MIC 3

TO 9/45

MIC 4

TO RV 10

TO RV7

TO RV8

TO RV2

TO RV1b

TO PHONES 1R/11

BTC LINK
(9 POSNS/

TO PHONES
11.10

TO RV9a

TO RV9b
LINE OUT
(RH)
TO RV9b
TO SING

LINE OUT
1LHI

TO RV9a
TO 9146

.VCC

-VCC

oV
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RV6, with a master fader, RV10,
controlling their overall level so
that it can be faded down if, for
example, a voice-over commen-
tary is to be superimposed from
the master mic.

A dual -gang slider pot, RV9, is
used to control the volume level of
the headphone outputs. Finally, an
overriding stereo/mono control is
provided by SW6, which simply
parallels the two L and R outputs.
In general, however, the unit is
used in the stereo mode, with a
stereo signal from the line input,
over which the (mono) mic input

voices appear on 'centre stage'.
No tone control facilities were

required for the unit described in
its Initial emobidment (shown in
the photograph), but subse-
quently a microphone input treble
lift facility was added, to give
greater clarity to some of the
commentators' voices. This was
done as shown in Fig. 7. The unit
can completely replace the mic
input shown in Fig. 4.

A more formal bass/treble-lift/
cut tone control stage could be
added, at pin 1 of ICs 7 and 8 in
Fig. 10. The tone control circuit is

R75
INPUT app
FROM
PIN 1

IC2
RV178

10k LOG

R78
INPUT 88OR
FROM
PIN 1

1C3
FIV17b

10k LOG

,1 QOn F2;(t

RV1Bai

--v CC

RV18b)I

MOOR
R79

LN 220n 27k TO
PIN 2

C45 R81

IC7

NOTE:
IC18 TL072
FURTHER L AND R INPUTS
CAN BE TAKEN TO POINTS
X AND Y VIA EXACTLY
SIMILAR NETWORKS TO
THOSE SHOWN.

RBO C46 R82
NOR RH 220. 27k TIO

2
IC8

Fig. 12 Single stereo mic input arrangement using two mono input stages.

PARTS LIST

shown in Fig. 8.

Full stereo system
It is very easy to organise this

layout to provide more stereo in-
put channels than the one stereo
line input on the prototype.

This is done by taking each pair
of inputs, say those from IC2 and
IC3 (Fig. 10) and routing them to a
pair of master fader stages, IC16a
and IC16b, as shown in Fig. 12,
and from there to ICs 7 and 8, as
before.

The prototype unit was designed
round TL071s or their higher
specification equivalents, LF351.
To enable the addition of extra
facilities with relative ease, we
have designed the board using
TL072s (or LF353s) exclusively.
Pads for the unused halves of the
op amps can be found on the main
PCB.

BUYLINES

There should be no problems with any of
the components. Slider pots are widely
available, but rotaries would suit. Wire -
wounds should be available from Wat-
ford, Maplin, Electrovalue or any regular
ETI advertiser. Watford and Rapid also
advertise 3 pole 4 way switches. 19"

are available from Newrad or
through our classifieds. The PCBs are
available from the ETI PCB Service

MAIN BOARD

RESISTORS (all V3 watt unless stated)
R1,2,3,4,5 4k7
R6,7,8,9,10,16,17 100k
18,29,20
R11,12,13,14,15, 680R
21,22,23,24,25,42,
44,45
R26,27,28,29,30 27k
31,32,33,34,35,36,
37,38,39,40,41
R43 3k3
R46,49,50 10k
R47,28, 68R
R51,52 5R6 W/W
R53 1OR W/W
RV1,9 10k log

ganged sliders
RV2,3,4,5,6,7,8 10k log

single sliders
RV10 47k

single slider
CAPACITORS
C1,2,3,4,5,11,12,
13,14,15,16,17,18,
19,20
C6,7,8,9,10,21

C22,23

C24,25

C26
C27,28

47µ 16V
electrolytic
100p. 16V
electrolytic
2200/.1.40V
electrolytic
10p
22p. 16V
electrolytic

R56
857,62,67,74,75,
76,79,80
R58
R59,68
R61
R63,70
R65,71,73

SEMICONDUCTORS
IC1-6,8,9 TL072/LF353
IC10 7815
IC11 7915
Q1 BD537/BD239
Q2 BD538/BD240
D1,2 I N4148
D3,4,5,6 I N4002

MISCELLANEOUS
SW1,2,3,4,5,6 SPST switches
SW7 3 pole,4 way switch
Standard jack sockets (13 for main board
configuration); PP9 battery clips (x2);
20-0-20 20VA transformer, TR1; 19"
shielded cabinet.
(Note:R43-53,C21,26-28,Q1-2, D1-2
have corresponding components for the
right-hand headphone amplifier. They are
marked R143 -153,C121, 126-128,
Q101 -102,D101-102 on the overlay
diagram).

OPTIONAL BOARDS
RESISTORS (all V watt)
R54,64,66 100k

lkO
3k3
68OR

47k
39OR
120k
4k7
2k2

R69,72
R77,78,81,82
RV11,12,13
RV13
RV15,16
RV18

CAPACITORS

C29,35,45,46
00,36
01,43,44

02
03,40,42

04
07
08
09,41

10k
27k
10k log sliders
1k0 slider
100k sliders
47k ganged slider

220n
47µ 16V
electrolytic
470n
100µ 16V
electrolytic
10n
49n (22//27n)
150n
1110 ceramic
47n

SEMICONDUCTORS
IC12-16 TL072/LF353

MISCELLANEOUS
Standard jack sockets as required.
(Note: R58-62, RV12 and 01-34 have
corresponding components on the
second channel of the R IAA equaliser
board. They are numbered R158-162.
RV112 and C131-134 on the component
overlay. Likewise for components R69-
74, RV15-16 and C38-42 whose second
channel equivalents on the tone control
board are marked R169-174, RV115-
116 and C138-142). ETI
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UNIVERSAL
EPROM
PROGRAMMER
MKII
Following on from last month's article which covered the
theory and described an upgrade modification for existing
programmers, Mike Bedford and Gordon Bennett describe an
improved EPROM programmer for those building from scratch.

Unlike the MkI board, the
Mk11 board has been made
double sided to cope with

the greater component density. In
order to keep down the costs,
plated through holes have not
been used which means that the
first task to be carried out in build-
ing this project is to insert pins into
all the holes marked as such on
the component overlay diagram,
soldering them on both sides of
the board. After having carried out
this through pinning, the
construction is quite straightfor-
ward. One point worth noting is
that component leads are some-
times relied upon to make a con-
nection from one side of the board
to the other. This means that if a
component lead passes through a
hole with pads on both sides of
the board, the lead should be
soldered to them both.

The MKII board will be used in
conjunction with a programming
console housing a 28 pin ZIF (zero
insertion force) socket and 2 LEDs
(see photograph). The 2 LEDs on
the console connect to the main
board via a 3 or 4 core cable con-
nected to SK4, the anodes being
connected to Al and A3, the
cathode of the green LED to A2
and the cathode of the red one to
A4. The ZIF socket is connected
via a length of ribbon cable and a
ETI JUNE 1985

28 -pin DIL header to SK3 on the
main board on a pin to pin basis. It
should be noted that the DIL
socket SK3 is the "wrong way
round' with respect to all the DIL
ICs on the board and accordingly
care should be taken in plugging in
the ribbon cable to the console. A
0.1 uF capacitor should be connec-

:ed between pin 28 and pin 14 on
the ZIF socket.

Construction having been com-
pleted, it now remains to configure
the board to reside at the required
address and to set up the various
Vcc and Vpp voltages. The
addressing is determined by the
links, LK1, which are wired into a

00 PS!
Since the appearance of last month's
article, a problem has come to light
regarding the programming of 27512
EPROMs.

The problem occurs when using the
fast programming algorithm with the
27512 and results from the necessary
sequence of opration adopted in the
software. The OE line is held high until
dropped to access the E PROM for
reading and the CE line goes low as soon
as the programming voltage is removed
from the EPROM.

But on the 27512 the OE line is also
the Vpp select line and so, although this
line is set low by the software at the
correct time, the combined line is still
held high by the OE bit until it is time to
read the EPROM. This is because the
hardware combines these two lines in an
OR gate. The effect is to hold the 27512
in ,arogramming mode for an extra 300
micro seconds at a time when, although
the address and data busses should not
be varying, the programmer itself is
changing from program to verifying
mode. It is quite possible that this would
cause no ill effects, but it is undesirable
and should be corrected.

A software solution would require a

separate procedure for the 27512 in an
already crowded EPROM, but a far
simpler hardware modification is pos-
sible. It consists of the removal of two
diodes and the substitution of a wire link
for one of them. The diodes in question
perform an OR function at the input of
the active pulldown circuit which
operates on pin 22 of the EPROM. They
were put there to prevent high dissi-
pation in the 120R resistor by removing
the possibility of the software turning on
both transistors simultaneously. No
problems have been found using the
existing software package without these
diodes, and their absence has no effect
upon the operation of the programmer
with other EPROMs.

The modification is:
1) locate and remove the diode in the
line from pin 14 of PIO 3 (IC7), the OE
line;
2) locate and remove the diode in the
line from pin 12 of PIO 2 (IC8), the Vpp
select line;
3) replace this latter diode with a wire
link.
This will prevent the OE line from
influencing the pulldown of the Vpp/OE
line.
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PARTS LIST
Programming Console

1 x Instrument case with sloping top
1 x 28 -pin DIL Zero Insertion Force
socket
1 x Length of 28 -way ribbon cable
1 x 28 -pin OIL header
1 x 100 uF ceramic capacitor
1x Red LED
1 x Green LED
1 x Length of 4 -way cable

DI L header and plugged into the
appropriate DIL socket. The board
occupies a 16 -byte block within
the 1K Tanbus I/O space, the start
address relative to the start of this
I/O area being 16 times the binary
number represented by the block
of links. The examples of link
selection in Fig. 2 should make it
quite clear how to set up any
required addresses. The Mkll
board has been designed with the
voltage setting potentiometers
placed along the edge of the
board so that they may be easily
adjusted once the board has been
positioned in a card frame. The
voltages may now be monitored
on the programming console and
adjusted, using the poten-
tiometers, by writing
values to the pro-
grammer registers using the
system monitor (or a BASIC pro-
gram). Table 1 shows the requisite
programming voltages, associated
pins, registers, data and
potentiometers.

MKII UNIVERSAL EPROM PROGRAMMER :
HARDWARE SPECIFICATION

Devices supported : 2758, 2716, 2516, 2732, 2732A, 2532, 68732,
2764, 2764A, 2564, 68764, 27128, 27128A,
27256, 27512, 27513,2816, 2864

Device selection : Software controlled
Programming : Intelligent or fixed pulse
methods
Vpp voltages : +25V, +21V, +12.5V
Vcc voltages : +6V, +5V
Indicators : 2 LEDs on console
PCB format : 8" x 41/2" with indirect connector
Interface : Tanbus (6502, 6800, 6809 adaptable)
Power requirements : +5V 4 900mA
Memory space : 12 bytes selectable to any 16 byte boundary
occupied within the I/O area
System requirements :RAM - 1K for 2758 to 32K for 27256, 27512*

and 27513* plus small amount for support
firmware. (*:these EPROMs
programmed in 2 segments)
EPROM - 2K utilities package

PIN 1 0-0  0-0
0 0

0
 0-00-0 0-00-0 0

g
- -

g
0o 0-0

0 00--0 0----0
0 00-C) 0-0 o 0-0 0-0 o

O 00-0 0---0 0--0 0--00-0 0-0
00--0 0 0-0 0-0 0 0-0

0-0 0-0 0-0 0-0 0-0
00-0 0-0

0 0-0
0

0-0 0-0
0-0 0--00-0 0-0 0-0 0-0

o 0-0 0-0
0

0.--000-0 0-0 0-0 0-0 0-0
1/0. 116 01= 0 I 0116 11.16 1,0 .116 21. 32 1.0+116 3/ .48 I0 +116 4).64

Fig. 2 LK1 address link selection for the MkI I board.

46 ETI JUNE 1985



PROJECT: EPROM Programmer Mk! I

PARTS LIST

RESISTORS (All 1/4W, 5% unless stated)
R1,11,13,17,18,35,

37,43,45 10k
R2,12,14,20,23,44,

46
83,15,16,21,24
R7
R8
R9,39
R10
R41
R41
R19,22
R25,29
R26,27
R28,36,38
R30
R31,32,33,34
R40
R42
R47
RV4,8,9

RV5,6,7

CAPACITORS
C5,7,8,9,10,11,13,

17
C3

C4,C16
C6,C15

C12,C14

1k0
100k
15k 2%
680R 2%
OR22 W/W
56R, 1W
180R, 1W
180R, 1W
240R
560R
1k2
470 R
82R
4k7
12k
2k2
120R 1/2W
220R vertical
miniature preset
470R vertical
miniature preset

100n Ceramic
470µ 35V axial
electrolytic
4n7 ceramic
100µ 16V axial
electrolytic
1u0 35V tantalum

SEMICONDUCTORS
IC1 74LS126
IC2 74LS245
IC3 741504
ICS 74LS138
IC7,8,9 6821 (or 6520 etc)
IC11,14 78540
IC12,13 LM317MP
Q1,5,7,9,11,13,14,

15,16,17,18,19,
20,21,23,24 BC184L

Q2,6,8,10,12,22 BC214L
D1,2,3,4,5, 0A91

MISCELLANEOUS
L1 34 turns 24 SWG

wire on RM6 pot
core (AL= 250)
13 turns 22 SWG
wire on RM6 pot
core (AL -250)

SK3 28 pin DIL
socket

Connector A 4 way 0.1" pitch
right angled molex
connector.

Links Links wired on
24 -way 0.3" width
DI L header
plugged into DI L
socket (use 16 -way
+8 -way)

PCB; 1 x 32 -way A+ B DIN Euro connec-
tor, male angled pins.

Tilw 6r1

ww.,..........
.,...,411MINIMIN104.11111111111111Oft

ID I Melt* 11600010A ,44*"ilia
Oliiiif AIMMIAL el 4.____AAPI

lireAs lliii-4-TArlif-- -1k,
,-,--,,...tiefreiffTr". i iro!A 4 ATT. ; ; :
toiS4iiiiihAiiiPk-11-2" _ iiih 41.4114146 ...14

lijn 'uu' 'Ai IOW
1 N11110elltil
iiiiiawWWWiiif li,A.J.iLli
frrIn111111011,wtillrii

IIIIIIIIIKrimeililtt i I
1111.11111111111114,agirMVON**
11%\1101
aiiitAtjiiiiiiiIiiilk"
IIIVIEZZyttm"71I piti 197A.

Ifarz. ,,,.,,, wid

Fig. 3 Overlay diagram of the complete MkI I board.

NOTE: Component numbering con-
forms to original project. R4, R5, R6,
C1, C2, IC6, IC10, Q3 and Q4 have not
been accidentally omitted. The num-

bers refer to components which have
been removed from the original board
in the course of producing the Markl I
board. To be continued. ETI
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THE HEAT PEN
Geoff Phillips' project may make your blood boil or leave you
cold - either way you can measure the temperature with this
simple digital voltmeter add-on.

The Heat Pen is a low cost
temperature probe that
transforms a standard DVM

into a digital thermometer. Just
plug the Heat Pen into any digital
voltmeter, place the tip onto a
surface, and the DVM shows its
temperature directly in °C. Its
range is from -50 to +150°C.

Thermocouples are messy: they
require cold junction compensa-
tion and scale conversion. Stick on
labels have their uses but they are
expensive and can only be used
once. The Heat Pen is an inexpen-
sive solution to your temperature
measurement problems.

Temperatures of power transis-
tors can be measured easily.
Balance your central heating
radiators by measuring inlet and
outlet temperatures. Take your
own temperature by placing the
Heat Pen under your tongue. The
uses are endless.

A semiconductor temperature
sensor is used as the probe tip. It
gives a nominal 1µA per Kelvin.
This is converted to 10mV per
Kelvin. A bandgap voltage reference
is amplified to 2.73V. This is
subtracted from the voltage signal
derived from the probe tip so that
the remaining voltage is equivalent

to 10mV per 'C. Low power
semiconductors are used making
the quiescent current drain of the
Heat Pen less than 1 mA.

Nearly all DVMs are fitted with
4mm input sockets which are
pitched 3/4" apart. The Heat Pen's
PCB, as well as housing the cir-
cuitry, also has two 4mm plugs fir-

RI
68k

IC2

0 9V

o+
6

IC1b

4

+ 81 Cl
ICIaPP3 100

R4
9k1

R3
R2 75k

56k RV2
ZD1 2k0

RV1
10k

Fig. 1 Circuit diagram of the heat pen.

Oov

PIN VIEW 8069

CC*
PIN VIEW 9491

NOTE.
IC1  LM358
1C2 - AD590JH
ZD1 - 9491 or 8069

RV1 SETS ZERO
RV2 SETS RANGE

48

mly fitted at the 3/4" pitch. The
PCB, along with a PP3 battery fits
neatly into a smart plastic potting
box. The probe is mounted in a
ball point pen casing and is con-
nected to the PCB via a screened
cable.

Construction
Fit the resistors, capacitor then

IC1 and ZD1 to the PCB. No
special precautions are required.
Remove the plastic casing from
the two 4mm terminals and using
a junior hacksaw, cut 11 mm off
the hexagonal sections of the ter-
minals so that approximately
12mm remains. The terminals
already have one hole drilled in
the hexagonal section. Ideally a
second hole should be drilled
8mm from the first. If you have
metric taps, drill these holes for an
M3 tap and then tap out the holes.
Secure the two 4mm terminals to
the PCB with M3x6mm screws. If
you cannot lay your hands on met-
ric taps then the terminal may be
fixed to the PCB by passing short
lengths of heavy gauge copper

ETI JUNE 1985



PROJECT

wire through the holes and solder-
ing the wires in place. The wires
are then passed through the holes
in the PCB and soldered in place.

Solder the -ve lead of the PP3
battery clip to the OV terminal of
the PCB and solder a 2" lead to
the +9V terminal. Solder the core
of the screened lead to the PCB
and the screen to +9V terminal.
The case must now be prepared
for the fitting of the PCB.

First of all it is necessary to
make a cover for the potting box.
This may be made from glass fibre
sheet, paxolin, or plastic sheet.
Use the potting box as a template
and draw around its shape on the
plastic sheet with a scriber. Cut
out the shape with a hacksaw.
After dressing up the cover with a
file, temporarily clamp it to the
potting box and drill two M4 clear
holes through the lugs of the box
and cover. Drill and file a hole in
the cover for the on/off switch.

The hole will have to be care-
fully positioned so that the switch
does not foul the PP3 battery when
the unit is assembled. Fit the
switch to the cover. Drill two
4.7mm holes in the side of the
potting box (Fig. 2) to allow the
4mm terminals to protrude from
the box and one small hole in the
opposite end of the box for the
screened cable.

Tie a knot in the screened
cable about 25mm away from the
PCB and then pass the cable
through the small hole in the box.
Pass the two 4mm terminals on
the PCB through the two holes in
the box and continue to pull the
screened cable through the hole
until the PCB is positioned at the
bottom of the box.

Pass the screened cable through
the empty ball point pen casing
and solder it carefully to the tem-

HOW IT WORKS

Fig. 1 shows the circuit diagram of the
Heat Pen. IC2 is a semiconductor tem-
perature sensor which gives a nominal
11rA per Kelvin. This is converted to
10mV per Kelvin by R4 in series with
RV2. Thus at 0 C RV2 is adjusted for
2.73V at the output of the buffer amp-
lifier IC1b. ZD1 is a bandgap voltage
reference which gives a nominal 1.225V.
IC1a is a non -inverting amplifier whose
gain is adjusted by RV1 to give 2.73V at
pin 1. Thus the differential voltage bet-
ween the two op -amp outputs is equal to
10mV per C. The heat pen is plugged
into a DVM set to the 100mV scale and a
reading in C is given. (The decimal point
has to be implied by the user).

PARTS LIST
RESISTORS (All 1% metal film)
R1 68k
R2 56k
R3 75k
R4 9k1
RV1 10k horizontal

lin pre-set
RV2 2k horizontal

lin pre-set
CAPACITORS
C1 14 16V

axial electrolytic

SEMICONDUCTORS
IC1 LM358N
IC2 AD590jH
ZD1 TSC949181 or

ICL8069DCZR or
any 1.225V
bandgap voltage
reference with
tolerance ± 2%
and temperature
coefficient of
100ppm/degC

MISCELLANEOUS
PCB; Potting box type GPL2; 4mm ter-
minals; PP3 battery clip; small on/off
toggle switch; PP3 battery; ball point
pen casing.

Fig. 2 Case details for the heat pen.

perature sensor AD590JH. Con-
nect the screen to the +ve lead
and the case lead of the sensor.
Connect the core to the -ve lead of
the sensor. Insulate the leads from
each other with sleeving then the
sensor can be positioned at the tip
of the pen casing and secured with
adhesive. Solder the +ve lead of
the PP3 clip and the +ve lead from
the PCB to the two switch ter-
minals. The Heat Pen is now ready
for calibration.

Calibration
A crude but effective way of

calibrating the Heat Pen is in iced
water. Ideally the water should be
distilled and free from contami-
nants which may alter the freezing
point temperature. It is important
to ensure that water does not
penetrate the leads of the tem-
perature sensor as it will cause a
leakage current to flow and thus
give an erroneous reading. There-
fore place the heat pen probe in a

TO PP3
.9V

TO PP3
OV

SCREENED
LEAD

TO AD590

VE -VE

TO DVM

HOLES MARKED A  1.1mm
HOLES MARKED X  3. mm
ALL REMAINING HOLES - 1mm

TO -52
BOTTOM VIEW

Fig. 3 Overlay diagram and pin -out of
the AD590 temperature transducer.

plastic bag and place in a vessel of
iced water. Switch on the Heat
Pen and with your DVM monitor
the voltage at pin 7 of IC1 with
respect to OV. Adjust RV2 for
2.37V.

Now plug the Heat Pen into
the DVM. Adjust RV1 until 0.00V
is obtained. The unit is now calib-
rated to 0°C. Cut out a piece of
foam rubber to fit on top of the
PCB in the box. This is to prevent
the battery casing from short cir-
cuiting the components, and also
to prevent everything from rattling
around inside the box. Fit the bat-
tery on top of the foam rubber and
fit the cover with its switch to the
box and secure with two M4 nuts
and bolts.

BUYLINES

A complete kit of parts (excluding the
PP3 battery) is available from: G.P. Elec-
tronic Services, 87 Willowtree Avenue,
Durham, DH1 1DL The cost is £8.75 inc
VAT and postage for the complete kit or
£1.75 for the PCB only. Note that the
PCB will not be available from our PCB
Service.
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Introducing...

Serpent SCARA assembly robot
On show at Automan NEC 14 -17th May
and at
Training & Development NEC 9 -11th July

Y ky_orneCt.c
pplIcations

0264 50093

AND To be featured as a
constructional project in
Practical Electronics
September issue.

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?
SEND THIS COUPON NOW.

51111111 COLOUR BROCHURE

to

w

Rinse sem, row Droch.rerothout 4ny 0e119.1.11 to

NAVE

OR TELEPHONE uS 062 587 2598
OR TELEX 22758 i24 OR SERVICE, CACC

I am interested in

ELECTRONICS
I MICROPROCESSORS
1 RADIO AMATEUR LICENCE
1 CITY & GUILDS EXAMS

ADDRESS
I I

Other Subjects

IlLritlellationalltadiallectranks8diool PO.Bcoc 7 Thignmouth Devcri.TQ 14 OHS

OSCILLOSCOPES
COSSOR CDU 160. Dual Trace 35MHz
Sold State. Portable.8 x 10cm display With
manual £200
S.E. LABS 8M111. Dual Trace 18MHz Solid
State Portable AC or External DC Opera-
tion 8 x 10cm display. With manual MO
TELEOUIPMENT 854A. Single Trace 10
MHZ Solid State With manual £110
TELEOUIPMENT 043. Dual Trace 25MHZ
With manual f110
TELEOUIPMENT 843. Single Trace 25
MHZ. With manual t75
EX -MINISTRY CT436. Dual Beam 6MHZ
Size 10 x 10 x 18Ins. With manual t75
NEW PROBES AVAILABLE. Switched xl.
x 10 £11

MULTIMETERS

PHILLIPS DMM2517 4 digit. Auto ranging
Complete with batteries 8 leads
(Un-used) £15 AVO TEST SET No 1
(Similar to AvoS Mk3). Complete with bat-
teries. leads 8 Carrying Case C80
AVO Model 7X Complete with Batteries.
leads & Carrying Case £40
AVO Model 73 Pocket Multimeter
(Analogue) 30 ranges. Complete with bat-
teries & leads £25

UNBELIEVABLE
AVO 8 Mk V. for only f65

Complete with Batteries 8 Leads

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 605. Dual Trace
60MHZ Delay Sweep. Component
Tester £1115
HAMEG OSCILLOSCOPE 203.5 Dual
Trace 20MHZ Component Tester £264
BLACK STAR FREQUENCY COUNTERS.
P&P £4
Mete4or 100- 100MHZ
Meteor 600-600MHZ £128
Meteor! 1000- 1GHZ t 176
BLACK STAR JUPITOR 500 FUNCTION
GENERATOR Sine/Square/Triangle
0.1 HZ - 500KHZ p&p £4 £110
HUNG CHANG DMM 6010 31/2 digit. Hand
held 28 ranges including 10 AMp AC/DC.
Complete with batteries & leadsisr.p
£4 so
MULTIMETER type U4324. 33 Ranges.
Complete £16
with Batteries 8 Leads P&P £4.

ADVANCE AM/FM Sig GentypeS06337.5
- 230 MHZ £75
AVANCE AM Sig Gen type SG62150KHZ -
220MHZ £35
PHILIPS WOBBULATOR GM877S
5-220MHZ & 440-880MHZ £65
LABGEAR COLOUR BAR GENERATOR
Type 6037

C60. P&P C5

LABGEAR CROSSHATCH GENERATOR
CM6004

C15. P&P E2

51/4" FLOPPY DISK DRIVES
TANDOM Height. Brand New

Single Sided Double Density f70
Double Sided Double Density £100
SHUGART type Sa60. Double Sided Dou-
ble Density 80 Track Ex-eq f75

P&P all drives £5

NOW ONLY £12
P8P £3

AVO TRANSISTOR TESTER
TT169

Handheld. GO, NOGG for In -situ Testing.
Complete with Batteries. leads &

instructions

This is a VERY SMALL SAMPLE OF STOCK,
SAE Or Telephone for LISTS
Please check availability before ordering

Carriage all units £12
VAT to be added to total of Goods 8 Carriage.

MAINS ADAPTOR. New. 240V Input 9V DC
800MA Output. Plugs directly into 13A Soc-
ket. P&P £2 f5 M.
DELPAK D15-200 POWER SUPPLY
MODULE. Enclapsulated Ex-eq. 210-250
Input. +1- 15V 200MA Output P&P £2

£7.50 ea.

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL

3111
Telephone: 0734 68041

Callers welcome 9am to 5.30pm Monday to Saturday inclusive

For Education,
Training and Industry

I ;
NEPTUNE I

NEPTUNE II

NEPTUNE - for clean
hydraulic power -
- tap water IS the
hydraulic fluid,

NEPTUNE I 6 axes. 8 bit control system. 2 5Kg
capacity. 1 1 20rrim reach

NEPTUNE II 7 axes. 12 bit control system.
2 5Kg capacity. 1 120mm reach

MENTOR DC servo desktop robot. 8 bit
control system 300gm capacity, 420mm reach

Robots programmed trots keyboard or hand -

1 wld simulator (model robot) Robots also

Robots may also be taught by lead by the
nose method

Extensive software Is supplied free with
each robot.
Leads available for cot inec tion to BBC. LS
Spectrum. Apple Ile. Commodore 64 and
VIC 20
Most other rnKTOS are also edSlly usable with
these robots

available ready built

Please phone for brochure: 0264 50093.
West Portway Industrial Estate, Andover SPIO 3ET.

kybarnee A private and independent company giving prompt.
ppllcatlens personal service



SERVICE SHEET
Enquiries

We receive a very large numberof enquiries. Would
prospective enquirers please note the following
points:
 We undertake to do our best to answer en-
quiries relating to difficulties with ET! 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. Whils* 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
Tile prices of ETI subccriptions are as WWII
UK £16.3u
Overseas £18.30 Surface Mail

$24.00 Surface Mail (USA)
£43.30 Air Mail

Send your order and money to: LI I Subscnptions
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).

ET! 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 ET! plus 50p, and orders should be
sent to: ET! 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. Please allow 28 days for delivery.

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 issueand can be ordered 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: ET! Photocopies, Argus Specialist Publica-
tions Ltd, 1 Golden Square, London W1R 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 ona topic that would interest ET! readers, let
us have a description of your proposal, and we'll get
back to you :o 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 witnin, 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 protectior
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.

CMOS Tester (August 1984)
C3 and C2 are reversed on the overlay: C3 is the
electrolytic and C2 the polyester. R33 is 100K
non M 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 SW9-16 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,
IC1 e, IC1 d, IC1 c, IC1 b, ICla, IC2c, IC2d, IC2e,
IC3d, IC3a, IC3 b, IC3c, IC2f. Finally, the pin
numbers are missing from ICs3eand f; the input
of IC3 e is pin 11 and its output pin 12, and the
input of IC3 f is pin 14 and its output is pin 15.
The PCB is correct in all respects.

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, but4n7 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,
no: IC1. At the bottom of the first column on page
31, the last sentence should finish with B3 - 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 better to place them across
the -12V supply so as to even -up the dissipation in
the ICs.
Digital Delay Line (December 1984 - January 1985)
In Fig. 6 on page 21 of the December issue, C19 and
C20 are both 100uF. In Fig. 8 on page 62 of the
January issue, C3 should be marked 33p. On the
overlay diagram (Fig. 9, p.64), R37 is missing and
should be connected between pin 3 of IC9 and the
OV line; R20 is missing and should be located in the
holes immediately to the left of R18; R50 is mIssing
and should be connected between pins 1 & 2 of
IC14. Some components on the overlay have also
been wrongly numbered:- C20 should be marked
C19 and C21 should be marked C20; R12 (between
ICs 5 & 6) should be marked R22; R48 should be
R44, R49 should be R45, R57 should be R46, R51
should be R47, R50 should be R48, and R47 should
be R49. The unmarked capacitor directly above
what is now C19 is an un-numbered 100n ceramic.
C30 does not appearon any diagram or parts list and
this is correct.
"Sonneti" Combo (March 1985)
The foil pattern on the overlay diagram has been
shown as though from the copper rather than the
component side. The foil is correctly shown on the
Foil Patterns page from the copper side.

VCDO (March 1985)
RV2 should be 10k (right in parts list wrong on cir-
cuit diagram).
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TECH TI PS
R1

2k2

-VE

+VE
NOTE:
IC1 - 741 or similar
LED1-3 GREEN LEDS
LED4 RED LED
D15 - 1N4148

-VE

R7
470R

LED4

Budget VU Meter

J. Green
London

The circuit uses three or more green
LEDs and one red LED to indicate
the level of a varying input signal.
Each LED is connected to a different
point on a chain of diodes and will
only light up when the applied vol-
tage exceeds the combined con-
duction threshold of all the diodes
connected between its cathode and
the negative rail.

About 5.2V is needed to light all
the LEDs in the chain, and this is
achieved by using an operational
amplifier arranged to give a gain of
3.5. This is sufficient to light the red
LED from a standard 0dB signal
input. RV1 sets the gain of the
op -amp and is adjusted so that
the red LED just lights up at the
required level.

The circuit works well with a
supply off 5V, but if you wish to use
more LEDs in the chain the supply
voltage will have to be increased
and the value of R3 raised to
increase the gain of the op -amp. An
op -amp with a higher current rating
may also be required.

Divider
Output hours

X
mins sea

2**6 0.00036 0.0213 1.282**7 0.00071 0.0427 2.562**8 0.00142 0.0853 5.122**9 0.00284 0.1707 10.242**10 0.00569 0.3413 20.482**11 0.01138 0.6827 40.962**12 0.02276 1.3653 81.92

Cheap Hour
Counter

P. Roch
Luxembourg

It is often useful to be able to
measure the period of time for
which a piece of mains -powered
equipment has been in use, but the
elapsed hour counters sold for this
purpose are quite expensive. This
circuit, which was originally
designed for use with a central heat-
ing burner, uses a redundant cal-
culator as the display and can be
built very cheaply.

The circuit works by taking a
50Hz signal from the piece of equip-
ment being monitored and divides
this to drive the '+' key of a cal-
culator. The calculator used must
have the facility whereby an
entered number, X, is incremented
by each push of the '+' key to
become 2X, 3X, 4X, etc. Most cheap
calculators have this function.

The 50H z signal is obtained from
a small 6V transformer whose
primary is connected in parallel with
the mains supply to the equipment
being monitored. The AC signal is
rectified by D1 and then squared -
off by the Schmitt trigger, IC1a.
The resulting waveform is fed to
the twelve stage ripple counter IC2,
and the divided output then used to
operate the bilateral switch, IC3.
The switched output of this IC is
connected across the '+' key of the
calculator.

I n use, the appropriate value of X
for the readout required is keyed
into the calculator and the 50Hz
signal applied to the input. Values of
X to give displays in hours, minutes
and seconds are given in the table
for various divider outputs.

DI

MAINS IN
FROM EQUIPMENT

BEING MONITORED

NOTE:
IC1  4093
IC2 - 4040
IC3  4086
Dl - 1N4148

CALCULATOR
+ KEY
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itSW1
R1

100k
R2

IMO

ICI

2

9V T
PP3

c1
iuo

C2
IOW

C3
10n

IC4
PINS 12,13,14

R3
88k

X1

4
IC2

11 14T 15T' 16

3

IC4
PIN 7

R4
118k

C4
WO

IC3

00 01 02 03

22k 68k 47k 33k

NOTE:
IC12,5  CMOS 555
IC3  4015
IC4  4077
X1  PIEZOELECTRIC SOUNDER

R9
Ilk

5

3 8

CV ICS

RIO
100k

C5
10n

RII
47k

Annoying Alarm

P. Cooper
London

This circuit was designed to drive a
computer maniac away from his
machine in time for meals and emits
an annoying pseudo -random sequ-
ence of tones about two minutes

after being switched on. The proto-
type was arranged to be switched on
by the removal of a jack plug so that
it could not easily be disabled
once activated.

A two minute delay is produced
by monostable IC1, which is trig-
gered by C1 when power is applied.
IC1's output is inverted to give an
active high enable signal which
allows astables IC2 and IC5 to run
after the delay. IC2 clocks a 4 -bit
shift register (IC3) at about 5 Hz

while IC5 generates an audio tone
whose frequendy is modulated by
IC3's outputs and R1 to R5. The first
and last outputs of the shift register
are Exclusive-NOR'ed and the result
is fed to the data input to produce
the pseudo -random code. The two
terminals of the piezoelectric buz-
zer are driven in antiphase to
increase sound output.

The resulting alarm is very
annoying, as people present during
its development will testify!

Slot Car Brake
Lights

M. Kendall
Fleet,
Hampshire

This circuit may be fitted to most
small slot -type racing cars and
drives two red LEDs mounted at the
back of the car. The LEDs are auto-
matically illuminated whenever the
slot -car slows down, givinga realistic
imitation of the action of car brake
lights.

The circuit is based around IC1
which is connected as a differen-
tiator. It monitors the voltage being
supplied to the car and turns on Q1
as this falls. D2, ZD1, R1 and C1 pro-
vide a regulated supply for IC1. D1
removes any negative going spikes
produced by the motor. With a con-
stant voltage across the track the
output of IC1 sits at about 2V DC,
with a large AC content caused by
spikes from the motor. R5 and R6

R2
10k

NOTE:
ICI  741
01  BC183 or similar
D1,2  1N4001
ZD1  81/3 400m111/ ZENER
LED1,2  ANY MINIATURE RED LEDS

LED2

form a potential divider which holds
Q1 just off under these conditions
and C3 removes most of the AC.
When the voltage across the track
drops and the car slows down, the
output of the IC rises to around 4V
increase sound output.
and Q1 switches on, lighting the
LEDs.

If the LEDs tend to flicker when
driving at constant speed C3 can be
usefully increased; size is the impor-
tant consideration here, so use a
tantalum capacitor.

The circuit has been fitted in
Scalextric rally cars and works well in
practice.
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53ETI JUNE 1985



FOIL PATTERNS
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The pattern for the main board of the audio mixer.

L J

The audio mixer RIAA input stage board.

The optional tone control
The power supply board for the audio mixer. board for the audio mixer.
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The top and bottom foils for the Electron Second Processor board.
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ETI PCB SERVICE
In order to ensure that you get the correct board, you must quote the reference code when ordering.

The code can also be used to identify the year and month in which a particular project appeared: the first
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the
particular project.

Note that these are all the boards that are available - if it isn't listed, we don't have it
Our terms are strictly cash with order - we do not accept official orders. However, we can provide a

pro -forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until after we receive payment

1981
O E/8106-8 Waa- Phase 1 76

E/8106-9 Alien Attack 4 00
O E/8107-1 System A -Input (MM/MO .. 3.05
O E/8107-2 System A - Preamp 5 95

E/8107-3 Smart Battery Charger ... 2.27
E/8108-5 Watchdog Home

Security (2 boards) 6 11
O E/8109-1 Mains Audio Link (3 bds) ... 8.45
O E/8109-4 Laboratory PSU 5 21
O E/8110-1 Enlarger Timer 3 91
O E/8110-2 Sound Bender 3 05
O E/8111-1 Voice Over Unit 4 57
O E/8111-3 Phone Bell Shifter 3 40
O E/8112-4 Component Tester 1 71
1982
O E/8202-2 Allez Cat Pest Repeller ... 1.93

E/8202-5 Moving Magnet Stage.... 4.01
O E/8202-6 Moving Coil Stage 4 01

E/8203-4 Capacitance Meter(2bds; 11.66
O E/8205-1 DV Meg 3 13
O E/8206-1 Ion Generator (3 bds) .... 9.20
O E/8206-4 MOSFET Amp Module ... 7.80
O E/8206-5 Logic Lock 3 52
O E/8206-6 Digital PWM 3 84
O E/8206-7 Optical Sensor 2 00

E/8206-9 Oscilloscope (4 bds) .... 13.34
E/8212-2 Servo Interface (2 bds) ... 6.75

O E/8212-4 Spectracolumn 5 54

1983
O E/8301-1 Fuel Gauge
O E/8301-2 ZX ADC
O E/8301-3 Programmable PSU
O E/8303-1 5oundBoard

E/8303-2 Alarm Module
E/8303-3 ZX81 User Graphics
E/8303-4 Logic Probe
E/8304-1 Real Tii e Clock

3 45
2 59
3 45

12.83
3 62
1 07
2 50
8 74

E/8307-3 Trigger Unit Transmitter 1.66
O E/8307-4 Switched Mode PSU.... 16.10
O E/8308-1 Graphic Equalisr 9 10
O E/8308-2 Servo Fail -Safe (4 off) .... 2.93

E/8308-3 Universal EPROM prog . . 9.64
E/8309-1 NiCad Charger/Regen ... 3.77

O E/8309-2 Digger 3 40
O E/8309-3 64K DRAM 14.08
O E/8310-1 Supply Protector 2 19

E/8310-2 Car Alarm 3 98
O E/8310-3 Typewriter Interface 4 17

E/8311-1 Mini Drum Synth 3 07
E/8311-2 Alarm Extender 3 21

O E/8311-3 Multiswitch 3 59
O E/8311-4 Multiple Port 4 34
O E/8311-5 DAC/ADC Filter 3 22
O E/8311-6 Light Pen 4 60

2 51O E/8311-7 Logic Clip
E/8311-8 MC Head (ILLH)

O E/8312-1 Lightsaver
O E/8312-2 A -to- D Board
O E/8312-3 Light Chaser (2 bds)

E/8312-4 ZX Alarm
1984

Vector Graphics 8 27
E/8402-1 Speech Board

( Mini- Mynah) 10.97
E/8402-2 MP (Modular Preamp) Disc

input (mono) 3 73
E/8402-3 MP Output stage (stereo) 3.73
E/8402-4 MP Relay/PSU 3 73
E/8402-5 MP Tone, main (mono) ... 3.73
E/8402-6 MP Tone, filter (stereo)... 3.73
E/8402-7 MP Balanced output (st)... 3.73
E/8402-8 MP Headphone amp (st) ... 3.73
E/8402-9 MP Mother board 9 01
E/8403-1 Power Meter 5 81
E/8403-2 Z80 DRAM 9 79
E/8403-3 Obedient Die 3 76
E/8404-1 School Timer 4 07
E/8405-1 Auto Light Switch 4 01
E/8405-2 ZX81 EPROM Prog. 10.53
E/8405-3 Mains Borne RC 5 07
E/8405-4 Centronics Interface 4 09

O E/8405-5 Vario 6 62
O E/8405-6 Midi Drum Synth 3 59
O [18406-1 Oric EPROM Bd 19.58

E/8406-2 Spectrum Joystick 3 30
E/8407-1 Warlock Alarm 8 19
E/8408-1 Joystick Interface 3 07

O E/8408-2 EPROM Emulator 9 11
E/8408-3 Infrared Transmitter 3 70

0

E/8304-4 Stage Lighting- Main ... 13.73 o
[/8304-5 Stage Lighting - Display 3.
E/8305-1 Compressor/ Limiter
E/8305-2 Single PSU
E/8305-3 Dual PSU

0

O E/8305-4.2 NDFL Amp 7 88
O E/8305-5 Balance Input Preamp.... 3 23
O E/8305-6 Stage Lighting Autofade.. 6 19

E/8305-7 Stage Lighting - Triac bd . 4 74
O E/8306-1 to 3 Pseudo ROM (3bds) 3 62
O E/8306-5 Atom Keypad 5 18
O E/8307-1 Flash Sequencer 2 67

E/8307-2 Trigger Unit Main Board... 2 67

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 f.
Add 45p p&p 0.45
Total enclosed f..

PLEASE ALLOW
28 DAYS FOR

DELIVERY

3 17
1 85

12.83
7 54
6 04

E/8408-4 Infrared Receiver 3 98
O E/8408-5 CMOS Tester 4 60
CI E/8409-1 E X42 Kybd. Interface ....3.82
O E/8409-2 Bansheee Siren 3 19
O E/8409-3 Dry Cell Charger 2 80
O E/8410-1 Echo Unit 3 92
O E/8410-2 Digital Cassette 9 80

E/8410-3 Disco/Party Strobe 4 80
O 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

O E/8411-5 Video Vandal (3 bds) ... 12.10
E/8411-6 Temperature Controller... 2.88
E/8411-7 Mains Failure Alarm 2 54

O 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

O V8412-3 Active -8: Motherboard ... 9.37
O 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
O E/8501-1 Active Bass Speaker 2 79
O E/8501-2 DRAM Card Update 3 66
O E/8501-3 Digital Delay (2 bds) 26.00
O E/8502-1 Digital Delay Expander.. 10.79
O E/8502-2 Data Logger 5.17

E/8503-1 Combo preamplifier 4 49
E/8503-2 THD meter mV & osc. bds 7.02

O E/8503-3 THD meter mains PSU 3.49
O 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

O E/8504-1 Framestore Memory 11.53
O E/8504-2 Framestore ADC/DAC...5.23
O E/8504-3 Framestore Control 16.51

E/8504-4 Buzby Meter 4 38
O E/8504-5 CCD Delay 3 70
O E/8505-1 6802 board 7 87
O E/8505-2 EPROM prog. upgrade ... 4.71

E/8505-3 Scoreboard controller,
PSU and opto-isolator bds 11.54

O E/8505-4 Scoreboard digit driver... 4.11
O E/8505-5 Stereo Simulator 3 55
 E/8506-1 Audio mixer main bd 5.40

E/8506-2 Audio mixer PSU bd 3.87
O E/8506-3 Audio mixer RIAA bd 2.36
O E/8506-4 Audio mixer tone ctrl 2.68
O E/8506-5 EPROM Prog Mk11 14.25

Signed

Name

Address
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REVIEWS
GATE ARRAYS:
DESIGN AND
APPLICATIONS
Book
John Reed (ed)

Collins Professional and
Technical Publishers
8 Grafton Street
London W1

price: f20

This book is divided into nine
sections, written by different
authors from different com-
panies on (presumably) their
specialities. The first section,
which lays out the background
information and the basic
technology, is written by the
editor.

Gate Arrays are, typically, ICs
with the interconnections bet-
ween different parts not defined.
A customer requiring a specific
logic function can specify the
interconnection pattern to meet
his requirements, and thus can
have a "semi custom IC" without
having to start from scratch, with
all the cost that entails. Even the
provision of interconnect masks
its not a cheap or simple business,
however, so this technology is not
for prototyping purposes.

Details of the device technol-
ogy are provided, both for bipolar
and MOS arrays. Analogue/linear
arrays are also available (not a lot
of people know that) and both
bipolar and CMOS versions are
discussed. Digital gate arrays are
often known as uncommitted
logic arrays, or U LAs.

Manufacturing a gate array is a
complicated procedure in which
a mis-step can be very costly, and
corn outer aided design (CAD) is a
big help. About forty pages are
devoted to this important topic.
Following this is a short section on
manufacturing, in which the
author comments 'whereas full
custom circuits can frequently
take up to a full year to imple-
ment, gate arrays. . . can be pro-
duced in as little as three weeks
from the time a logic diagram is
received.' This cannot be cheap!

Once the design has been pro-
duced it must be tested. This is
not as easyas it sounds, because it
is not possible to place a logic
probe at any convenient point in a
complicated circuit As the section
covering this aspect points out,
the design must be carried out so
that the functioning of the circuit
can be determined by access to
the pins, and without having to
take the circuit through every
conceivable logic state.

After this are three sections on
designing with and applying gate
arrays. One example shown here
is the Acorn Electron, in which
most logic not connected with the
microprocessor is carried out bya
gate array. This includes video
handling, sound generation and
the cassette interface.

The book is primarily addres-
sed to engineers and engineering
management who are contem-

DESIGNING
MICRO
PROCESSOR -
BASED
CIRCUITRY
Book

S.J Cahill
Prentice -Hall International
66 Wood Lane End
Hemel Hempstead
Herts HP2 4RG

price: f9.95

Titling a book 'Designing
Microprocessor -Based Digital Cir-
cuitry is asking for trouble.
Especially when the book in ques-
tion carries a low price tag and is
only a couple of hundred pages
long. Dangerously so when the
blurb claims that the book 'strips
away the mystery surrounding
microprocessors' and that it
requires 'no prior knowledge of
digital electronicsand can be read
byanyone with an appreciation of
scientific method.'

The author, S. J. Cahill, works for
the Department of Electronic and
Electrical Engineering at the
University of Ulster - pointedly
described as being situated in 'N.
Ireland, UK'. His own preface
gives the lie to the blurb. The
'objective' of the book, he writes,
is 'to strip off the mystery sur-
rounding microprocessors as a
digital device.' 'No great piior

plating the use of gate arrays in
their products. It deals with com-
mercial and practical aspects as
well as the technology, and rightly
so in my view because many
potential users of gate arrays must
have no idea where the pitfalls lie.
Given the rate of technological
change, this book cannot give all
the answers, but it pinpoints a lot
of the important considerations in
implementing a design in gate

array form.
The electronics student is also

liable to find this book useful, not
least for the background informa-
tion provided about semi-
conductor technology and
devices. The home constructor
will find little of relevance here,
but those who are interested for
interest's stake should give this
informative book a look.

Andrew Armstrong

Received this month:

Microelectronics Systems 1
Checkbook
Microelectronics Systems 2
Checkbook
Microelectronics Systems 3
Checkbook
(R.E. Vears, Butterworths,
London).

0 -level and CSE Pass -cards,
Electronics
(P. Clothier BSc, Letts,
London)

LISP - The Language of Artificial
Intelligence
(AA. Berk, Collins, london)

These books will be reviewed
next month.

Also next month, we will be
reviewing the Microprofessor
MPF 1/88 - an 8088 -based
development and training
system from Flight Electronics,
Southampton, and the Touchtech
touch screen add-on for Mic-
rovitec monitors from Mic-
rovitec, Bradford.

knowledge of electronics (is)
assumed,' writes Cahill, and 'any-
one with an appreciation of scien-
tific method will benefit from the
text.' The differences may be
small but they are significant. The
lesson we can learn is never to
trust blurb -writers (or, for that
matter, publishers).

That said, the text proper
begins with a somewhat doubtful
proposition. 'Electronics is

defined as the art of processing
information by electrical means,'
writes the author. One wants to
ask him, by whom is it so defined
and what does it mean? Cahill has
fallen into a trap before taking
barely a step.

He has defined the subject of
his study in order to fit the book,
rather than writing a book which
addresses the very real issues of
how best to approach and under-
stand microprocessor - based
systems. This becomes clear as
you move through the book, pro-
ceeding from an introduction to
logic and digital circuits to a look
at microprocesors finishing with
the meat of the work -a project
to build a 6802 controlled green-
house thermometer.

This project forms well over half
the book and ideas behind it are
introduced as early as the first
page of the text proper. My first
question was, why build this par-
ticular project? This is a question
that recurs throughout elec-
tronics and it's a question which
Cahill makes some attempt to
answer with, in my opinion, little

success. My next question con-
cerned Cahill's tendency to gloss
over things that bear too little on
the impending project. The book
presumes a great deal and treats
rather cursorily those aspects of
electronics in general - and digi-
tal electronics in particular -
which don't come within the
author's purview.

There can be no doubt that the
task Cahill has set himself is dif-
ficult. If he doesn't succeed
gloriously he can be consoled by
the fact that he has made a valiant
attempt to take the ground. This is
more than most writers on elec-
tronics ever do. Given its limita-
tions, the book is well executed,
readable and, at times, informa-
tive. Naturally, the project itself is
handled with unimpeachable
comprehensiveness. If you work
through the book and construct
the project (as suggested, on
breadboard) there can be no
doubt that you will end up with as
good a working knowledge of
6802 MPU as can be had. This
would be ner small achievement,
and no small return on the cost of
the book. You would also be in a
good position to develop a more
general understanding of digital
systems and microprocessors
than could be guaranteed by any
number of introductory texts. In
that sense, Cahill's practical
approach works - even if it
doesn't quite attain his own
or the blurb -writer's goal.

Gary Herman
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TRAINS OF
THOUGHT

Only three years ago if you said
'transistor' to the average railway
modeller, he (or, rarely, she)
paled visibly. If you said 'inte-
grated circuit' he winced. And if
you said 'computer' ... well, you
didn't because before you got
that far he would have bolted
from the room in blind panic.

A shame really, because the
average railway modeller has quite
an appreciation of electricity, of
logic and of control. It's just that
he is what he is because he likes
to see things move. He's happy
with switches by the bank, relays
by the ream and rheostats by the
kilowatt. But the the thought of
electrons doing their thing out of
sight inside black plastic cases
where he can't get at them, well,
that's contrary to all his instincts.

That was three years ago. Since
then things have changed - and
doubtless there are some who'll
say, 'Not for the better'. Many
railway modellers now are turn-
ing to electronics to solve some of
their problems.

LEDs are now extensivley used
as lamps (known, in the jargon, as
aspects) in colour -light signals, an
application for which they are far
better suited than the traditional
'grain -of -wheat' bulbs. Train detec-
tion systems to tell the operator
where his trains are - displaying

the status, as like as not, on a
mimic diagram - are no longer
uncommon. And that's to say
nothing of control systems of
varying degress of sophistica-
ion, some of which generate simu-
lated sound as well as giving the
silkiest ever control of traction
power.

Nor has the ubiquitous mic-
rocomputer left the railway mod-
elling fraternity unscathed.
Besides the miracles of four -bit
processing that gave the world
such command -control systems
as HornbysZero-1, no exhibition
railway layout is complete
without a computerised display
to tell the spectators what is
supposed to be happening.

Many modellers have found
their hands forced, if only
because electronics offers the
only feasible means to their end,
the perfect reproduction in
miniature of full-size railway
practice. Readers of ETI, in con-
trast, need no convincing of the
value of electronics. But you may
perhaps be looking for some new
avenue of application to chal-
lenge your expertise. If so, I urge
you to consider railway modell-
ing with an emphasis on such
prototypical operations as
multiple -aspect signalling and
automatic train stop stems. In
future issues I hope to give a
selection of circuit ideas to show
you some of the things that we
modellers get up to in our lofts
and attics and which I hope will
set your trains of thought on the
right lines!

Roger Amos
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It's easy to
complain about
advertisements.
But which ones?

Every week millions of advertisements
appear in print. on posters or in the cinema.

Most of them comply with the rules
contained in the British Code of Advertising
Practice.

But some of them break the rules and
warrant your complaints.

If you're not sure about which ones they
are, however, drop us a line and we'll send you
an abridged copy of the Advertising Code.

Then. if an advertisement bother,
you, you'll be justified in bothering us.

The Advertising Standards Authority.
If an advertisement is wrong,were here to put it right.
ASA Ltd, Dept 2 Br ,I. H,,,,,e.Turrington WC I E 7H\

This space is donated in the interests of high standards of advertising.

 BRADLEY MARSHALL.
LTD.

 ELECTRONIC COMPONENT II
IN COMPUTER Et SOFTWARE SPECIALIST 

382-386 EDGWARE ROAD, LONDON W2 1EB
Telephone 01 723-4242

Mullard iIf "s c= Et LI MELO thado,

THE PRICE IS RIGHT
74 LS374 £ 0.65
2147 £ 1.95
6116-3 £ 3.90
4164-15 £ 3.50

6264LP-15 £11.50

2764-25 £ 4.50

27128-250n /s £ 8.50

27256-250n /s £21.00

41256-15 £12.50
Please add 70p postage Er packing to all orders

and add 15% VAT to total
All components brand new/full spec.

TRADE AND EDUCATIONAL ENQUIRIES WELCOME

Bradley Marshall's new premises
offer you expert friendly advice
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OPEN
CHANNEL

British Telecom takes pride of
place this month with several items
of news, the first being the recent
announcement that it intends to
provide telephone services to pas-
sengers flying on British Airways'
747 Jumbo jets. It makes British
Rail's plans for phones on Inter
City trains look positively mun-
dane, doesn't it?

In a joint venture with Racal
Decca, BT is going to develop a 'flying
phone' system in three distinct
stages. The first of these will be a
technical evaluation exercise which
will determine the best aerials,
methods, and communications tech-
nologies etc, to provide an accep-
table service. One of the main
determining factors is the require-
ment that aircraft communications
must be within the UHF L -band of
frequencies, from about 0.4 GHz to
1.5 GHz with wavelengths from
about 77 cm to 19 cm.

The next stage is a marketing
evaluation exercise, to find out just
who is likely to want to use in-flight
telephones. During this stage it is

intended that, wait for it, calls will he

free. (Hello operator. What do you
mean, I can only make a local call?)

The final stage will be the imple-
mentation of a commercial service,
which should be available by 1987.

When X Equals Y
On another front - good old-

fashioned land based phones - BT
appears less sure of itself and its
directions. Recently, a spokesman
for BT was reported to have con-
firmed that software problems bug-
ging the development of System X
exchanges have been ironed out
The very first BT operated System X
exchange at Baynard House in the
City of London should, by the time
you read this column, be in service.
By the end of June, it is planned that
15 such exchanges will be opera-
tional in the UK network

It would appear that all things are
hunky dory for the contracted
manufacturers of System X

exchanges, and that profits must
now at least show on their order
books. However, the same manufac-
turers must be feeling somewhat
peeved by the even more recent
announcements that BT is reported
to have asked for tenders for the
manufacture of System Y exchanges
- to operate alongside their System
X counterparts, The System X makers
must surely feel that several years'
worth of design, development and

=mtk FOR QUALITY COMPONENTS /=
BY MAIL ORDER

:ELECT

FREE
44 PAGE
PRICED AND
ILLUSTRATED
CATALOGUE
ON REQUEST

FREE POSTAGE
GOOD DISCOUNTS

GOOD SERVICE

THOUSANDS OF

STOCK ITEMS
PHONE YOUR ORDER

ACCESS OR
BARCLAYCARD

ELECTROVALUE LTD 28 St Jude's Road. Engletield Green. Eghan.
Surrey TVV20 OHB Phone Egham (0784) 33603 Telex 264475

North Branch. 680 Burnage Lane. Manchester M19 1NA
Phone 061 432 4945

Please mention this publication when replying

manufacture of System X exchanges
has been overridden by Brs appar-
ent lack of commitment

Satellite TV

The direct broadcast by satellite
(DBS) debate seems to be reaching a
head, with the 'Club of 21 (the con-
sortium which is to operate Britain's
DBS televiiion service) baulking at
the costs of the proposed satellite
rentals.

Unisat, the satellite organisation
comprising British Aerospace, GEC
and - yes, you've guessed it -
British Telecom, whose satellites the
DBS organisation are presently bound
to use, has priced the use of satellites
too highly according to the Club of
21. Britsat, another satellite organisa-
tion, has offered satellite rentals to
the Club of 21 at a much lower cost,
for a longer time, and it promises
services sooner.

The debate is compounded by
news that foreign manufacturers are
soon to produce cheap DBS televi-
sion receivers. As one of the primary
aims of DBS in the UK 's to allow
British companies to make DBS -Vs
for our own market, it stands to
reason that plans for DES services
must soor be finalised so that they
may do just that - before foreign
competition does the job for them.

The Club of 21 is now playing a
waiting ga Ile. They believe they :an

force the government's hand to
allow a free choice of satellite rental
services, thus providing a more
economical solution. Unisat is also
playing a waiting game - it believes
Britsat's service is inferior.

It has not been, however, the
government's general policy to wait
in the sidelines for arguments to sort
themselves out, and there is little
likelihood it will do so now, in the
light of the foreign competition. So,
there really are only two routes it can
take. One, it may allow the Club of 21
to choose its own satellite supplier,
or two, it may disband the Club of 21
and create an alternative, contrac-
tually obliged to accept Unisat's
services.

With the government's reputation
on negotiating settlements agree-
able to all sides (almost non-
existent), I would advise the Club of
21 to seriously consider its stance.

Keith tkindley

Trains of Thought and Open
Channel welcome letters and
information on products and
events to do with modelling and
telecommunications respec-
tively. Please address correspon-
dence to the relevant column at
ET!, ASP Ltd., 1 Golden Square,
London W1 R 3AB.

FREE CAREER BOOKLET
Train for success, for a better Job, better pay!

Enjoy all the advantages of an ICS Diploma Course, training you
ready for a new, higher paid, more exciting career.

Learn in your own home, in your own time. at your own pace.
through ICS home study, used by over 8 million already!

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

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

GCE
Choose from over 40

0 and 'A' level subjects I I

COMPUTER
PROGRAMMING

CAR
MECHANICS

BOOK-KEEPING &
ACCOUNTANCY

INTERIOR
DESIGN HL i

POLICE
ENTRANCE

HOTEL
MANAGEMENT Ii

ELECTRONICS H
COMMERCIAL
ART i

Please send FREE DETAILS for the courses ticked above.

Name

Address

ICS
P Code

Dept. EBS65, 312/314 High Street, Sutton,
Surrey SM1 1PR. Tel: 01-643 9568/9 or
041-221 2926 (both 24 hours)
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ELECTRONICS TODAY INTERNATIONAL CLASSIFIED
Lineage:
40p per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£1 1.00 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

ALARMS

FREE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440
AD ELECTRONICS

AINTREE, LIVERPOOL L9 OHU 511
217 WARBRECK MOOR

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
1 1.

Stephens Way, Goose Green,
Wigan WN3 6PH
Telehone 0942 42444)

TE

Aocom.

El 2lit

LOWEST PRICED TOP QUALITY
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.

request)

BEAT THE BURGLAR
HOME SECURITY AT TRADE PRICES

 MANUFACTURERS OF
PROFESSIONAL ALARM
EQUIPMENT FOR THE
TRADE AND 0.1.Y.
 SEND NOW FOR OUR
COMPREHENSIVE D.I.Y.
GUIDE TO CATALOGUE

S.A.E. OR PHONE

DEC

414

ROGUARDate
U.K
36 ASHCROFT AVE
SHAVINGTON
NR CREW CW2 5HN
TEL 0270 666311

IRELAND
134 FINAGHY RD SOUTH
BELFAST BT10 ODG
N. IRELAND
TEL 0232 616962 r-2.:;:.-1114

U4-1)
/f\

110

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-
BOARDSand 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.

KITS

PRINTED CIRCUITS Make your
own simply, cheaply and quickly!
Golden Fotolac I ght-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 50-145 MHz,
range "2 mile S.G.F. - P.C.B. All
components. Full irstructions 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 a -id sounds to
any VHF/FM radio up to 5 miles
away. size 2in x 1/2in, 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)
Millivoltmeter Kit C12.25 (p&p 75p)
Case & Panel C12.00 (p&p £1)
ETIMostetP.Amp Kit C51 00 (p&p £1.50)
AudioSignalGen.(02%) 926.60 (p&p f1)
Audio Signal Gen. (.002%;

£36.50 (p&p f2)
FixeclFreg.Sig.Gen Kit et1.001P&P5OP)

Send SAE for full ininrmatron

TELERADIO ELECTRONICS
325 Fore Street
London N9 OPE

SERVICES

P.C.B.'s manufactured to your
specification. Small/_arge pro-
duction. FAST PROTCTYPE SER-
VICE. Photography. Sensitised
Laminate Supplied, U.V. Exposure
Equipment from manufacturer.
ORBITECHNIC, 38 Tcrquay Gar-
dens, Redbridge, Essax. 01-550-
3610.

PCB DESIGN & LAYOUT.
Taped artworks to your
specifications and requirements.
TRAX Limited, 497 Hi:chin Road,
Luton, Beds.

SERVICES

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.

ETI. VCDO authentic musical in-
struments in EPROM £9.95. 0.
Lucas, 45 Fotherby Ct.. Maiden-
head, Berks SL6 1SU.

FOR SALE

100W AMPLIFIER - £9.95 built
or use the same board for 50W,
150W, 200W into 4 or 8 ohms,
etc., by using alternative output
transistors and P.S.U. S.A.E. for
full details to:- ESS Amplifica-
tion, 269 Hessle Road, Hull.

BARGAIN!!!
LED 7 SEGMENT DISPLAY. BRAND
NEW 14 PIN DIL RED 43 Inch. COMMON
ANODE DISPLAY 0-9 WITH RIGHT AND
LEFT DECIMAL POINT

5 peces £2 00 (40p each)
10 pieces £3 50 (35p each)
50 pieces £15.00 (30p each)

100 pieces E25.00 (25p each)
1000 pieces 1.250.00 )20p each)

TELEPHONE YOUR ORDER TO
0296 613616

KIA RETURN AN AD. No 20 ....
quality FET 100 watt fibreglass to 3
poweramp module + relay protec-
tion . . . return ad + £10.00 - 8
Cunlitfe Rd., Ilkley.

TEKTRONIX OSCILLOSCOPES
556 Dual Beam four trace 50 MHz.
Delay Sweep £395, 547 Dual trace
50 MHz Delay Sweep display -
switching £250. 581A Dual trace 85
MHZ £1.95. 545A dual trace 24 MHz
Delay Sweep £135 A.F. Spectrum
analyser system £225. Storage
oscilloscopes, curve - tracers.
manuals, plug -ins, spares. NOVA 3
minicomputa. Other test equip-
ment. Tel: 01-868 4221.

ATOMIC CLOCK Z80 based
receivers Rugby Time code.
LCD Display. Parallel output
for Micros £95 Tel: 01-625
6414

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.
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SERVICES

QUANTUM
TECHNOLOGY

PRODUCTS
From

Airwave Communication Ltd.
Manufactures to your design, specification

or brief. From bare boards to systems.
One offs, prototypes and small batch runs.

Projects, Repairs, P.C.B. Service
S A F or Phone for details.

,gg Airwave Communication Ltd.,
NO 10," Lisandra House,

SM Fore Street, East Loe,
1.0'" Cornwall PL13 1AD.

(05036) 4739 or 3407

/04lbo,<-e

MICROCOMPUTER
REPAIRS

ZX SPECTRUM. Vic20, C64, BBC,
OL 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, light 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.

COMPONENTS
RESISTORS, CAPACITORS.
1,000 mixed carbon film 1/2W,

1/4W, '/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 components

Great prices
Return -of -post service

Write or phone for free price list
WAVEFORM ELECTRONICS

12 Effra Road, Rathmines. Dublin 6.
Phone(01)0001 if England 987507

Mail order only please

HUNT ELECTRONICS 1985.
COMPONENTS CATALOGUE.
send 50p in stamps. Refunded
with first order, to P.O. 57, Derby,
DE6 6SN. Tel: (0283) 703071.

NI -CAD BATTERIES. AA, 500
MAH £1 00. C 1200 MAH £2.00. 0,
1200 MAH £2.20. PP3 110 MAH
£4.80. P&P 40p. Free price list!
Spectrum Radio & Electronics, 36
Slater St., Liverpool L1 4BX. 051-
709-4628.

COMPONENTS

CHEAP CASES
Absolute bargains, rack mounting & tree stand-
ing NEW but manufacturers seconds No
damage

Sand s a  tor itst
C. Plialps, 'The Laurent' tiptoe Foad
Woolon, Now 110111on, Hants BH25 55,1

MAIL ORDER 051,

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.

BOOKS & PUBS.

THE ART OF MICRO DESIGN
by A A Berk £14.95
PRACTICAL DESIGN OF
DIGITAL CIRCUITS
by Ian Kampel £11.50
INTERACING TO MICRO'S
AND MICROCOMPUTERS
by Owen Bishop £6.75
PRACTICAL ELECTRONICS
HANDBOOK
by Ian Sinclair £6 75
FOUNDATIONS OF
WIRELESS AND
ELECTRONICS 10th Edition
by M. G Scroggie £9.95

 PRICES INCLUDE P&P 
Many more titles available
SAE for illustrated catalogue and
FREE MEMBERSHIP of our
EXCHANGE BOOK CLUB

JAMES ELECTRONICS (ETI)
PO Box 2, Rothwell, Leeds LS26 OUY

WHO NEEDS A LOGIC
ANALYSER? Illustrated guide
shows you how to decode microp-
rocesses Buff signals using a stan-
dard oscilloscope. Price £4.99 +
40p P&P. Crossed checjJes/P.O.'s
to:- Mr M Rimmer 20, Duddle Lane,
Walton -le -Dale, Preston, Lancs
PR5 4UD.

ENGINEERS
URGENTLY
REQUIRED

MUST LIVE LOCALLY

MANCOMP
Printworks Lane

Manchester M19 3JP
Tel: 061-224-1888

ADAPTORS

TELETEXT (Ceefax/Oracle)
external adaptors fit any
television free cordless remote
control. £159.95 inc. VAT and
delivery. Access/Visa. Nu4ax
Ltd., Freepost, Bristol BS6 7YZ.
Tel: Bristol (0272) 687801-
744500.

EQUIPMENT

EPROM COPIER - STAND ALONE
2716-27128 £175.00

TELEPHONE CONVERSATION
RECORDER e75.00

2 LINES INTO 1 ANSWERING
MACH NE
Switching Unit £30.30

From LK.F. Systems Ltd
St Albans. Tel: 55084

COMPUTER
ADD-ONS

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.
Unpopulated P.C.B. circutis and
details - £30.00. Fully built
£100.00. Tim Gray, 1, Larkspur
Drive, Featherstone, Wolver-
hampton, West Mids. WV10 7TN.

EDUCATIONAL

IMPROVE YOUR PROSPECTS

with skills that employers want - leam
the easy way with modem home study
courses horn Ideal Schools

MODERN ELECTRONICS
Train for success in the lastest ever

growing industrial sector

COMPUTER PROGRAMMING
The demand for Programmers is

increasing constantly - don't rntss out,
For tree booklet trite today to

Ada
IDEAL SCHOOLS
(Ref E7D51
60 St. Enoch Sq
Glasgow GI UK.
Tel. 041-248 5200

EQUIPMENT

W. YOU ARE NEVER FAR FROM A

0- PARTRIDGE
COMMUNITY

\,/ BROADCAST MIXER
56 Fleet Road, Benfleet, Essex SS7 5JN
03745 3381 or 03745 3256 for full details
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ESSEX

R JONES ELECTRONICS
267 Rectory Rd . Grays. Essex

Te1.10375133158 - 24hr answer phone
Components IC s Full After Sates Services
Electronic repairs - industrial E. Domestic

Open 9-5 30pm 6 days a week

LANCASHIRE

ETESON ELECTRONICS
15B Lov/er Green,

Pculton-le-Fylde, Blackpool
Tel: 102531 886107

Open 9 30a,, 12 30 1 30 5 30 Closed Wed
Electronic Component Specialists

MERSEYSIDE

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982

47 Whitec -lapel, Tel 051 236 5489
Liverpool 2

THE ELECTRONICS SPECIAUS7S'

Open Tues Sat 9.30-5 30

r
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RECRUITMENT

TRAINEE ASSISTANT
FILM RECORDISTS

Trainee Assistant Film Recordists work in Sound
Transfer and Dubbing areas. Prospects exist for
moving onto location recording work after several
years.

Applicants, who should be at least 18 years of age,
must possess a minimum of '0' level standard of
education or equivalent, ideally including Physics
and Mathematics. They certainly must be able to
demonstrate an active practical interest in sound and
basic electronics.

Normal hearing and colour vision are essential and
applicants must hold a current driving licence or be
prepared to obtain one within a reasonable period.

Successful applicants will start their three year training
period in October 1985 at a salary of £6,134 p.a.
(currently under review). An additional allowance is
paid for shift work. Based West London. Relocation
expenses considered.

Contact us immediately for application form (quote
ref. 1240 ETI and enclose s.a.e.): BBC Appointments.
London W1A IAA. Tel. 01-927 5799.

Preliminary interviews are expected to be held in June.

We are an equal opportunities employer

0 fir

Rates of Charge!

40p per word per
issue
(minimum of
15 words)

PHONE
CAROLINE on
01-437 0699
For Details

ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT ORDER FORM

If you have something to sell now's your chance! Don't turn the page - turn to us!
Rates of charge: 40p per word per issue (minimum of 15 words).

and post to Electronics Today International, Classified Dept., 1 Golden Square, London W1.
Please place my advert in Electronics Today International for issues commencing as soon as possible.

(43
I RC/ AKAR()

VISA
or debit my Access/Barclaycard

(delete as necessary)

All classified advertisements must be paid for in advance.

Please use BLOCK CAPITALS and include post codes.
Classification.
Name (Mr/Mrs/Miss/Ms)
Add r eaete

Signature Date
Daytime Tel. No.

I am enclosing my Cheque/Postal Order/International Money
Order for (delete as necessary) C.... (Made payable to A.S.P. Ltd)
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ETC

SCRATCH PAD

by Flea -Byte

Now that STC have taken over
ICL, poor old Robb Wilmot can't
have much to do to fill his time.
So, it's hardly surprising that the
former ICL technical supremo
has accepted a posting with Sir
Clive Sinclair, the leading edge of
the new technology. Wilmot will
be looking after a new division of
the Sinclair empire, formed to
develop wafer -scale integrated
circuits. Wafer -scale integration
(WSI) means using a single wafer
- or slice of silicon crystal (the
biggest of which are 6 inches in
diameter) to hold one enor-
mously complicated circuit. The
benefits in speed and energy con-
sumption, when compared to cir-
cuits which have to wire up several
chips, are obvious. So much so
that two or three years ago, Gene
Amdahl - former IBM whizz -kid
and founder of Amdahl Com-
puters - started up his Trilogy
Corporation with the backing of
six or seven of the world's leading
computer manufacturers in an
attempt to design and build a new
computer based on WSI techni-
ques. Some months, and many
millions of dollars, later Amdahl
gave up. The world, it would
appear, was not ready for single
circuits on a wafer - although it
might be eager for a piece of

cheese on a Ritz cracker. Sir Clive
and his new partner Robb 'One
Per Desk' Wilmot are not deterred.
They have some money and
they're going to spend it. Maybe
all those customer complaints
have finally got through to Sin-
clair. Since the object of WSI is
faster processing time with a
lower overhead, perhaps Sir Clive
is thinking of a wafer scale circuit
with a 28 -day clock cycle (or your
money back).

* * *
Another intriguing new hiring

came to my attention recently. It
seems that Robert Moog is now
working for Kurzweil Music.
Moog, you will recall, is the man
who invented the synthesizer. Or,
to be more precise, he realised
that silicon components could be
used to make flexible and virtually
noise -free voltage controlled cir-
cuits which could then be patched
together to produce complex
waveform generating and wave
shaping devices. Moog went on to
design many of the now classic
VCO, VCA and VCF circuits. He
bundled several of them together
with a piano -type keyboard and
produced one of the very first
analogue synthesizers. That was
in the mid -sixties and, although he
was once on the verge of joining
the ranks of Biro, Hoover and
Diesel - whose names have
entered the language- his career
took a nose-dive after reaching
this peak His company was bought
out and, in his own words, Moog
spent his remaining time there as

'window dressing'. Now he's
moved across to join Ray Kurzweil,
whose own career has been
somewhat checkered. Kurzweil
first came to public attention as
the man behind optical character
readers (OCRs) which can read
text aloud, learn new typefaces
and scan text for direct entry into
databases. The company that pro-
duced the OCRs, Kurzweil Com-
puter, was taken over by Xerox in
1980. It Is said that Xerox were
convinced by the Kurzweil charm
that OCRs were about to become
as common as photocopiers. It is
also said that Xerox have been
surprised to discover that this
wasn't the case. Kurzweil himself
made S6 million from the deal and
went on to set up Kurzweil Music
and produce the Kurzweil 250 -
an electronic keyboard specifi-
cally designed to reproduce the
complex tones of a grand piano as
accurately as possible. The 250
does more than that, of course. At
511,000 a machine, it would have
to. Kurzweil is very cagey about
the technology used, revealing
only that the 250 uses a combina-
tion of digital sound sampling and
ROM -based algorithms. In order
to distinguish the 250 from
Fairlights, Synchlaviers, Emula-
tors and other instruments,
Kurzweil describes his technique
as 'sound modelling'. The role
that Moog played in developing
the keyboard seems to have been
minimal. According to Kurzweil,
his major contribution was 'to
settle our endless debates about
whether we had got a sound
right'. Moog himself says that 'the
Kurzweil people understand my
capabilites and are using them'. I

don't know whether the Kurzweil
250 sounds like a grand piano or
not, but I do know that it sounds
like a hype.

* * *
Good news for those of you

who can't afford a Sinclair C5.
Designer Felice Campopiano has
gone one better than the electric
trike and produced an electric
bike. The Pedelec's development
has been funded by the Greater
London Enterprise Board (to the
tune of (76,000) and by Cam-
popiano himself (£20,000). It will
sell for f 325 and have a maximum
speed of 16 km/hr. We await with
mounting excitement the
announcement of an electric
pedestrian.

* * *
Talking of which, more news

from the Japanese robot front.
The crafty blighters have pro-
duced a robot tea -lady which
(who?) stops passers-by in their
tracks by whispering - seduc-
tively, no doubt - 'I'm a vending
robot, a tea sales girl. Let's talk'
Readers might like to submit the
text of an ensuing conversation. I
should point out, however, that
ETI is staffed by editing robots
and I am a writing robot. We're
not noted for our sense of
humour, but I'm sure if any of you
succeed in making us laugh, I

might persuade the subscription
robots to send out a free subscrip-
tion or a binder.

ETI

VISIT ON PHONE

OPEN II DAYS
A WEEK

ALL STOCKS
ON DISPLAY

I-IEnRYZ01-7E2d3 100a8r
0R10-a72d L0o3n23d o n , W2 lE D

AUDIO ELECTROnICS ORDER BY POST OR PHONE OR CALL IN AND SE- FOR YOURSELF

EQUIPMENT  COMMUN CATIONS  COMPUTERS  COMPONENTS
MODEM
CARDS/COUPLER

Brand new Tested answer and or4Inele
300 BAUD unsalted acoustic modem card by lamous

manufacturer RS232 Input, output power supply
I 2V at 180mA Requires 2 magnetic earpieces 2

switches 2 LEDs and connectors to complete
Data supplied Card only £19.95
Card and remainder of small components £23.45
Telephone Oirect Line coupler type 1PU I I MCI.
Suitable for direct coupling PRE STET adaptors and
the above acoustic modems Integral Line select end
autodial relays requiring TTL inputs data supply f9.95
1200 BAUD receive 75 BAUD send direct coupled
modem for PRE STET Requires 5V supply with TII
inputs for data Line select and aulothal LIU 11
direct coupler required See above Data supplied
PRESTEL modem card £9.95

 ASC1 1
KEYBOARD
WIN Compact 64 key
 5 function keys Hall effect keyboard with
reprogrammable 117161 ASCII output decoder EPROM
Steel key frame for good rigidity Negative going
strobe Requires -5 volt .12 volt supplies t24.915

COMPACT 58 KEY ASCII KEYBOARD
Coniactlesa capacitive high reliability She Full 128
ASCII codes Steel key frame for positive rigidity

mS 'Moen single  5 volt supply Repeal key control
and caps lock £32.50 IUK C P El 00 either model'

THERMAL
PRINTER
COMPLETE WITH
FULL HANDBOOK

3 ROLLS PAPER

£49.95 UK LI 051

SUITABLE FOR TANGY BBC MC NASCOM GEMINI
ACORN DRAGON ETC ETC 'interlace unit with leads
£15 - she medel1 Ivor enquiries invited!

TOROIDAL TRANSFORMER
250 watt isolating trans. Plus 22v IA. 'CA'
6 3v I A 4Vr dia. I .

£4.501111(C/P8ep)

ITT 2020
CABINET
Professional computer case
with keyboard cutout 18
15 5 s 4 5 ilroni Mount
Ideal for single board computers
like the Munro or Gemini Mulhboard 13 cards. Oct
Very heavy gauge 125 1 plastic with metal base
Attractive envy
grey finish £22.95 lux C/P £2851

COMPUTER FANS
IUK C/P 600 each El 0e3 per pair!

4', 220/2300 AC Brand new STU:leach
4', 2/0/ NOV AC Es units L.5.50 each
4', 110 II5V AC Es units £600 cacti

POCKET RADIATION DETECTORS
Oselmoter for Gamma and s Rays 0-51 IUK C ' 560'

£6.95

NICADS
EVERREADY 84 Volt HEAVY OUTY NICAD

apprOe 3 , Diam s 3 with magnetic

'witch £5.95 IUK 550 I

CHERRY ADD-
ON KEYPAD
16 button pad non encoded

£5.95 IUK cip sop porito 21

STEREO RADIO TUNER
Ready built Mtn Ivo
Ulna fl4 By will known

(r
Ei manufacturer Appro.

6' s3' With Data

£4.95 IUK C/P 6501

STEREO TUNER/AMPLIFIER
1000's sold
4 wave band stereo tuner
emptier by GEC M Yid Wi SW
stereo FM radio 10  10 watt stereo
amplifier Inputs for PU tape in/out
Supplied as two assembled units easy

lo connect
as illustrated LZ I .UI3 IUK C P El 501

CASSETTE MECHANISMS
Fitted counter Motor Stereo record
and erase heads SoMnoul etc Brand
new available 61I DC o- 115

.
I stale which' £5.951UK C/P 6501 Y .-
ALSP miniature stereo cassette replay mechanism
17V 105s 100 x 40 mrn E5 50 MK C/P65p1

MARRIOTT TAPE HEADS
, IUKC P 50p per I to 41

TRACK XNPS36 Low imp £3.50
XIIPS1 Bleed ,mo £2.50
XESI I Erase for above L1.25

, TUCK BS RP63 R/P C2.25
Erase for above £125

CASSETTE KAU
SM. UM Me. CI -95 Sine MSS CIAO

ALSO IN STOCK Large range of tools compocents
speakers accessorms pintos macs muds CB etc
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cot tez 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!!

nipe
MICRO PROCESSOR ENG LTD
21 HANLEY ROAD SHIRLEY
SOUTHAMPTON
SO1 5AP
TEL: 0703 780084

NEWRAD INSTRUMENT CASES LTD
Manufacturers for the EleCtron,r, Industry

UNIT 19  WICK INDUSTRIAL ESTATE  GORE ROAD
NEW MILTON  HANTS  BH25 6SJ

Telephone: NEW MILTON 621195

i
WE MANUFACTURER BEAUTIFUL ENCLOSURES

At prices you will find difficult to beat

Alloy boxes from 80p to rack mounted units from f15 and a host of ranges
and sizes in between Well made - well finished - and all British

Send large SAE for catalogue which includes C5 in vouchers

British Code of Advertising Practice
ADVERTISEMENTS IN THIS PUBLICATION ARE REQUIRED TO

(.9 CON;ORM TO THE BRITISH CODE OF ADVERTISING PRACTICE ik
RESPECT OF MAIL ORDER ADVERTISEMENTS WHERE MONEY IS

Z PAID IN ADVANCE. THE CODE REQUIRES ADVERTISERS TO
FULFIL ORDERS WITHIN 28 DAYS. UNLESS A LONGER DELIVERY
PERIOD IS STATED WHERE GOODS ARE RETURNED

CA
UNDAMAGED WITHIN SEVEN DAYS THE PURCHASER S MOW',
MUST BE REFUNDED PLEASE RETAIN PROOF OF
POSTAGE 'DESPATCH AS THIS MAY BE NEEDED

Mail Order Protection Scheme
from

I/'
CC

If you order goods Mdui Oucieu aaveresements,n tr-s
magazine and pay by post in advance of delivery

UJ
will consider you for compensation if the Advertiser should become
insolvent or bankrupt. provided

1 You have not received the goods or had your money
returned: and

CI2 You write to the Publisher of this
publication. summarising the situation not earlier than 2e< days from the day
you sent your order and not later than two months from

CCthat day.

Please do not wait until the last moment to inform us. When
UJyou write. we will tell you how to make your claim and what

CI
evidence of payment is required.

We guarantee to meet claims from readers made in

CC
accordance with the above procedure as soon as possible
after the Advertiser has been declared bankrupt or insolvent

0 (up to a limit of (2,000 per annum for any one Advertiser so
affected and up to 16.000 per annum in respect of all
insolvent Advertisers Claims may be paid for higher amounts
or when the above procedure has not been complied with. at
the discretion of this publication. but we do not guarantee to

igl
do so in view of the need to set some limit to this commitment
and to learn quickly of readers difficulties I

2 This guarantee covers only advance payment sent in direct
response to an advertisement in thus magazine (not, for
example, payment made in response to catalogues etc
received as a result of answering such advertisements)
Classified advertisements are excluded
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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 y Dur 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 ilters 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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Once again, Powertran ard E&MM combine to bring you
versatility and top quality 'rom 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 if back from
a keyboard (either MIDI or v/octave.) Pitch be -id or vibrato
can be added and infin to sJstain is possible tianks to a
sophisticated looping system.
All the usual delay line teat&. res
(Vibra:o, Phasing, Flanging. ACT,
Echo) are available with delays of

up to secs. A special iitertace
enables sampled sounds to be
stored digitally on a tloppi disc
via a BBC microcomputer.

The MCS-1 gives you many of the effects created by lop
professional units such as the 7-arligh- or Emulator. But the
MCS-1 doesn't come with a 5-f gu-e price tag. And, if you're

prepared to invest your time,
it's almost cheap!
N.4CS-1 complete on £849 + VAT
Save even more with the mcs-1 kit:
only £599 + VAT
DE mcnstration Tape £2.513 + VAT

Powertran kits are complete down to the last nut ard belt,
with easy -b -follow assembly instructions

POWERTRAN,
POWERTRAN CYBERNETICS LIMITED
Portway Industrial Estate, Andover, Hants SP1 0 ?ET, England
Telephone: Andover (0264) 64455
Access/Visa :ardholders - save time - order by phone. CI=
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From a gentle purr to a mighty roar
the tightly controlled power of the
beast is yours to command!

Allnewin
the 1985

Catalogue
PROFESSIONAL QUALITY
HIGH POWER LOUDSPEAKERS

A new range of superb quality loudspeakers.
* Virtually indestructible high temperature

voice -coil reinforced with glass -fibre
* 100% heat overload tolerance
* Advanced technology magnet system
* Rigid cast alloy chassis
* Linen or Plastiflex elastomer surrounds
* 5 -year guarantee (in addition to statutory rights)

Available in 5.8. 10. 12, 15 and 18 inch models with 80 and some 161/
impedances and with input powers ranging from 50W to 300W e.g.
5in. 50W 95dB 80: XG39N 161/: XG4OT £17.95§
8in. 100W 98dB 8f /: XG43W £29.95§

10in. 100W 100dB 81!: XG46A £29.95§
12in. 100W 101dB 80: XG49D £29.95§
12in. Twin Cone 100W 100dB 80: XG50E 1611: XG51F £31.95§
Note - the output power doubles for each 3dB increase (ref 1W Ur 1m).

PRECISION GOLD MULTIMETERS

   
A new range of very high quality multimeters offering truly amazing
quality at the price.

Pocket Multimeter. 16 ranges. 20001/ V DC AC £6.95§ (YJO6G)
M-102BZ with Continuity buzzer, battery tester and 10A DC range. 23 ranges.
20.0000 V DC £14.95g (YJO7H)

M -2020S with Transistor. Diode & LED tester and 10A DC range. 27 ranges
20.0000 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
£34.95§ (YJO9K)

M-5010 Digital Multimeter with 31 ranges including 20!2 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§ (YJ10L)

N B All our prices include VAT and Carriage A 50p handling charge must be
added it your total order is less than £5 on mail order texcept catalogue)

MAPUN ELECTRONIC SUPPLIES LTD.
Mali Order P 0 Box 3. Rayleigh. Essex SS6 BLR Tel Southend (07021552911
SHOPS

 BIRMINGHAM Lynton Square. Perry Barr. Tel: 021-356 7292
 LONDON 159-161 King Street. Hammersmith W6 Tel. 01-748 0926
 MANCHESTER 8 Oxford Road. Tel: 061-236 0281
 SOUTHAMPTON 46-48 Bexois Valley Road. Tel 070 25831
 SOUTHEND 282.284 London Rd. Westcliff.on,Sea. Essex Tel: 0702-554000
Shops closed all day Monday C'

Our huge range of top quality electronic components at very competitive
prices are all detailed in our catalogue, and with well over 600 new lines
in our 1985 edition and many design improvements. it s well worth
getting a copy. Here are just a few examples from the catalogue.
(The items below are NOT kits).
* Most phono and jack plugs now with integral strain relief sleeve - gold-plated
types also available from 14p (gold from 70p)
* Stereo Disco Mixer with cross -fade. talk -over, cue monitoring. aux input,
slide controls. Only £58.95 (AF99H)

* 10 -Channel Stereo Graphic Equalisers - 3 models - basic: with peak level
meter: and with spectrum analyser - from £77.95      
* Digital Delay Line permits Slap -back. Doubling. Flanging. Chorus and Echo.
11 controls. Only £195.00 (AF98G)
* Video Enhancer improves picture quality when recording from one VTR to
another, and with TV's with monitor input. Only 26.95 (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°0 Resistors now 50ppm C. 0.4W. only 2p each!
* Auto transformers 120 240V 50VA. £10.75§ (YJ56L). 100VA £14.95§
(YJ57M). 150VA £16 sg (YJ58N). 250VA £21.95§ (YJ59P).
* Digital Clinical The'mometer. Only £13.95 (FK51F)
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Check our 1985 Catalogue
for all our other lascinati-1g
new lines.

1

AMERICAN
MPRESS

Alk VISA

T2 Phone before 2pm for
same day despatch.

Pick up a copy now at any branch of W.H
Smith or in one of our shops. The price is
still Just £1.35. or £1.75 by post from our
Rayleigh address (quote CAO2C).

Post this coupon now for your copy of the 1985 catalogue.
Price £1.35 - 40p post and packing. If you live outside the U.K
send £2.40 or 11 International Reply Coupons. I enclose £1.75

Name

Address

§ Indicates that a lower price is available in our shops. All offers subject to availability. Prices firm until August 10 1985


