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urrent catalogue (75p) includes all order codes (watch out for the new
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ALWAYS USE STOCK NUMBERS WHEN 0
TM. Stock No. Price Type Stock No. Prim Type Stock No. Price

4000 CMOS 4703 1344703 4.48 7410181 31 74181 0.87 740914 29-74914 1.10
Type Stock No. Price 4704 23.04704 1.24 7415183 3114183 1.05 740918 2474918 1.30

400008 22 04000 0.11 4705 23.04705 4.24 74LS190 31.74190 0.39 740925 29.74925 6.00

4001 23 0400 t 0.11 4708 23-04706 4.50 7415191 31,74191 0.39 740926 2474926 6.00

4002 2304002 0.12 4720 23 04720 4.00 7415192 3174192 0.39 741.921 29-74917 6.00

4007
4008

2104007 0.13
2304008 0.50

4723 2304723
4724 23 04724

0.95
0.95

7415193
74LS194

31-74193
3114194

0.38
0.38 74HCXX

4009U9
4011
4011U0
4012
4013
4015
4016
4017
4020
4021
4022
4023
4024
4025
4027
4028
4029
4035
4040
4042
4043
4044
4046
404908
4050
4051

4052
4053
4060
4066
4068
40691.111

4070
4071
4072
4073
4075

22.04009 0.25
13-04011 0.11

2104011 0.11

23.04012 0.14
2104013 0.25
23.04015 0.50
2104016 0.22
23.04017 0.40
1104020 0.55
2104011 0.65
2304022 0.55
23-04023 0.15
23.04024 0.33
13 04015 0.15
23-04027 0.211

23-04028 0.60
23-04029 0.55
23-04035 0.87
23.04040 0.68
13-04041 0.50
2304043 0.60
13 04044 0.68
1104046 010
22.04049 0.24
23.04050 0.24
2104051 0.55
23 04051 0.55
23 04053 0.55
23.04060 0.75
1104066 0.30
2104068 0.16
22414069 0.14
13.04070 0.16
2104071 0.16
23 04072 0.111

2304073 0.16
2304075 0.10

4725 2304725
40014 2340014
40085 23-40085
40098 23-40098
40106 23-40106
40160 23.40160
40161 23-40161
40162 23-40162
40163 1340163
40174 2340174
40175 2340175
40192 2340192
40193 2340193
40195 2340195

74LSXX

741.000 3107400
741.507 31-07401
741.002 31.07402
740503 31.07403
741004 31.07404
741005 3107405
74=8 3107408
740509 3107409
741510 31.07410
741011 31.07411
741.512 31.07412
741513 3407413
741514 31.07414
740515 31.07415
741020 3107410
741521 3107421
741022 31-07422
741026 31.07426
741.027 31-07427
740028 31-07428
741530 31-07430

2.24
0.54
0.99
0.54
019
1.05

1.05
1.05
1.05
1.65
1.05

1.08
1.08
1.08

0.11
111
0.11
0.11
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.32
0.32
0.14
0.14
0.14
0.14
0.14
0.30
0.19
0.14

7410195
7412196
7415197
7415221
7410240
7405241

7415242
7415243
7415244
7400245
7415251
7415253
7410257
7405258
7415259
7410260
7402266
7415273
7412279
7415283
7415290
7415293
7415298
7415365
7410366
7415367
7412388
7412373
74E5374
741.2375

7412377
7415378
7405379
7415385
7415386
7405390
7402393

31-74196
31.74196
3114197
31 74221
31.74240
31-74241
31-74242
3174243
31.74244
31,74245
31 74251
31.74253
31.74257
3114258
31.74159
31.74260
31-74266
31.74273
3114279
3114283
3114190
3114293
31.74298
31.74365
31.74366
31.74367
31.74368
31-74373
3114374
3114375
31.74377
31.74378
31-74379
31-74385
3114386
3114390
31.74393

0.39
0.39
0.47
0.50
0.90
0.80
0.55
0.55
0.60
1.00
0.36
0.36
0.38
0.36
0.51
126
0.20

0.70
0.35
0.40
0.40
140
0.54
0.34
0.40
0.30
0.30
0.72
0.72
0.31
0.80
0.44
0.44
1.30
0.27
0.51
0.49

74HCOO 30 07400
7411002 3007402
74HCO4 30-07404
74HCI 0 30 07410
74HC20 30-07420
749086 30 07486
74H0132 3074132
741'10266 30 74266
741104002 3004002
74904075 30.04075
74HC242 30.74242
74HC243 30 74243
74HC74 30-07474
7414C109 3074109
74HC175 3014175
74E10373 30.74373
74HC374 30.74374
74H0533 3074533
74HC 534 36,74534
74HC 165 30-74165
74HC173 30 74173
74HC180 30 74160
74HC161 3074161
7490162 30 74161
74HC163 3074163
74804538 30 74538
74H085 3074280
7440280 30.74280
7411042 30.07442
74HC138 3074138
74HCI39 30.74139
74HC4514 3004514
74HC4543 30-04543
74HCI57 3014157
74HC159
74HC257 3074257

0.56
0.56
0.61
0.56
0.56
0.74
1.26
0.81
0.56
0.56
2.00
2.00
0.74
018
1.08
2.40
2.40
2.40
2.40
1.96
1.20
1.33
1.33
1.33
1.33
2.10
2.95
2.95
1.00
1.08
1.08
3.40
2.75
0.92

0.90

4078 23-04076 0.55 740532 3107432 0.14 ' 7415398 31.74398 0.110

4077 23.04077 118 741533 3107433 0.14 7412399 31.74399 0.85 LINEAR ICs
4078 13.04078 0.18 740537 3107437 0.18 7415490 31 74490 0.80

4081 23.04081 0.18 740038 3107438 0.14 7415670 31 74670 1.15 1.1510CN 61 00010 3.86

4082 23 04081 0.18 741040 31-07440 0.18 MFIO 61 00011 5.05

4093 23 04093 0.30 740042 31.07427 0.30 74CXX 1149 6100149 1.86

4099 23-04099 0.80 741047 31.07447 0.75 ZNA234 61-02340 8.50

4175 23-04175 0.00 741048 3707448 0.40 74000 2907400 0.35 02378 61-00237 1.28

4502 2104501 -pm 741049 31.07449 0.80 74CO2 19.07402 0.35 52478 6700247 1.28

4503 2304503 0.50 741051 31.07451 0.14 74004 4069C 02576 61.00257 1.26

4506 1104506 0.70 741054 31-07454 0.14 74009 2007408 0.35 U2678 6100267 1.20

4507 2304507 137 741S55 3147455 0.14 74C10 29.07410 0.35 LM30IAH 61 03010 0.87

4508 2304508 1.50 741.074 31.07474 0.21 74C14 4584C LM301AN 6103011 0.27

4510 23.04510 0.55 741975 31.07475 0.21 74C20 2407420 0.35 1M3089 61 03080 0.70

4511 23.04511 0.45 741576 31.07476 0.25 74C30 1.907430 0.35 1.11308CN 6103081 0.115

4512 23.04512 0.55 741278 31.07478 0.19 74C32 29.07432 0.35 LM324 6103240 0.45

4514 23,04514 1.25 741083 31.07483 0.33 74C42 2907442 1.05 LM3395 61-03390 0.66

4515 23.04515 1.25 740085 31.07485 0.44 74C49 29 07448 1.50 11347 81.00347 1.60

4516 23.04516 060 741.086 3107486 0.15 74C73 2407473 0.75 1M348 61.03480 590

4518 23.04518 0.35 741390 31.07490 0.24 74C14 2907474 0.75 11351 8143510 0.49

4520 23 04520 0.00 741011 31.07491 0.38 74076 2907476 0.80 11353 61 03530 0.76

4521 23-04521 1.30 741092 31.07492 0.32 74083 29 07483 1.30 1M3809 61 00380 1.00

4522 2304522 018 741093 31-07493 0.24 74085 29 07485 1.30 10381 61-00381 1.61

4528 13-04516 0.60 740095 31.07495 0.36 , 74086 29-07485 1.30 LM382 61-00382 111

4527 2104527 0.80 741.5107 3114107 0.31 74089 2907489 3.80 25419CE 61 00419 1.90

4528
4529

2304528 0.85
23-64529 0.70

7405109 31.74109
7415112 31-74112

0.25
0.21

74090
74C93

2907490
2907493

1.05
1.05

090423 61 04230
05425E0 81 04250

1.00
3.50

4531 23.04531 0.65 741.0113 3114113 0.21 74C95 29.07495 1.25 15426118 81 04260 300

4532
4534
4536

23.04532 0.80
23-04534 4.00
13-04536 350

7410114 31.74114
7405122 31,74122
7410123 31 74123

0.21
0.27
0.38

740107
740151
740154

2914107
29 74151
29 74154

0.60
2.10
3.05

09427518 8104270
09428018 6104280
05429018 61.04296

128
4.79
2.10

4538 23-04538 0.85 7410125 31.74125 0.27 74C157 2474157 2.10 Z54320210 6104320 21.09

4539 2304539 GAO 7415126 31.74126 0.27 740160 40160 ZN433CJ10 6/04330 22.59

4543 13.04543 0.00 7413132 31.74132 0.27 74C1610 40161 CM 21450E 61.04500 711

4549 23-04549 3.50 7415133 31,74133 0.34 74C1620 40182CM NE542 61 05420 1.10

4553 13,04553 2.70 7415136 31 74136 0.20 7401630 40183CM NE544 61.00544 1.80

4554 23-04554 1.20 7410138 31 74138 0.30 740164 29.74164 1.06 NE5559 61.05550 0.20

4555 23-04555 0.35 7415139 31 74139 0.30 740165 1974165 1.10 NE5561 61.05560 150

4556 2344556 0.40 7415151 3114151 0.30 740173 40780 21560C 61.05600 1.99

4557 2304557 2.30 7415153 31 74153 0.34 7401740 40174CM NE562 61 00562 4.05

4558 23.04558 0.80 7415155 31 74155 0.30 7401750 40175CM NE564 61 00564 4.29

4559 23 04559 3.50 74L5156 31 74156 0.33 74C1820 40192CM NE565 61 00565 1.00

4560 23.04560 2.50 7415157 31-74157 0.27 7401930 40193CM NE566 6100566 1.30

4561 2304561 1.00 7415158 3114158 0.27 7401950 40195CM NE567 61-00567 130

4582 23-04561 350 7415160 31.74160 0.34 74C200 29.74200 11.50 NE5705 6100570 3.85

4586 1104566 1.20 7410167 31.74161 0.36 74C221 29 74111 1.65 51624 61.00624 3.28

4568 21-04568 1.45 7410182 31.74162 0.38 740901 29.74901 0.55 u0709HC 61 07090 584

4569 13.04569 1.70 7415163 31 74163 0.36 740902 29 74902 0.55 0009PC 6147091 0.36

4567200 23.04572 0.32 7415164 31 74164 0.40 74C903 29.74903 0.55 u0710HC 81 07100 164

4580 23.04580 3.25 7415185 3114185 0.60 740904 29.74904 0.55 u0710PC 61.07101 0.59

4581 23-04581 1.40 7415168 31 74166 0.58 740905 29 74905 6.50 u0711C1 61.07110 0.85

4582 23-04582 0.70 7415168 31 74168 0.69 740906 19 74906 0.55 (10733C51 81-07330 0.89

4583 2104583 OM 7415170 31,74170 0.63 740907 19 74907 0.55 ii0741CH 61-07410 0.68

4584 23 04584 0.27 7415173 31-74173 0.47 140908 29 74908 1.10 u074104 61.07411 120

4585 23 04585 0.45 7415174 31.74174 0.37 74C909 19 74909 2.10 u0747C1 6107470 170

4702 23 04702 4.50 7415175 31 74175 0.40 740910 29 74910 5.00 (1074801 61.04780 0.30

Ambit international
200 North Service Road
Brentwood, Essex
CM14 4SG

Type Stook No

uA758 61.00758
104820M 61.00820
TOA 1028 61.01028
7041029 81.01029
ZNA 1034 61.01034
LMI035 61-01034
TOA1054M 61-01054
1051062 61-01062
1051072 6101072
10810746 81.01074
1E910613 61.01083
TOA1090 61.01090
HAI137 61.12411
9011196 61.01196
H51197 61 01197
70I11220 61 01220
1.011303 61.01303
1581307 61.01307
MCI310P 6101310
MC1330 61-01330
MC1350 61-01350
HA1370 61,11370
HA 1388 61-01388
0M14581 6114580
MCI496P 61.01496
SL 1610 61.01610
01.1811 61.01611
01.1612 61.01612
201613 61.01613
201620 61-01620
511621 61-01821
511623 61-01623
511625 61-01625
511626 10162701

511630 6101630
011640 6101840

61.01641
61.01648
61.02002
61.02240
6101090
6102283
6103080
6103089
61-03113
61 31300
61 31301
61 31400
61.03189
61.32400
6103357

SL 1641

MCI648
1042002
61.52240
ULN2242
5192283
CA3080
CA3089
CA3123
CA31306
CA3130T
CA31405
CA31898
CA32408
MC3357
MC3359 (see 01.536591
51843959

KM3701
KM3702
1153900

1.5139091

1.M39141
15839155
KB4400
684412
184413
684417
6844206
TOA4420
1054421
184423
604424
184430
184431
184432
664433
684436
664437
KB4438
184441
1(64445
184446
684448
NE5044
MC5229
NE5532
KM5624
506000
51.6270
516310
516440
006600
SAS6810
516640
516690
51.6700

SAS6710
LS7225
1CM7555

018038C0
5101.9362

MS09363
110170
TK10321

61-03859
61.03701
6103702
61 39000
61 39090
6103914
61 03915
61 04400
61 04412
61-04413
61-04417
61-04420
61 14420
61.14421
6104423
61 04424
61 04430
6104431
61 04432
61 04433
61 04436

61 04437
6104438
6104441
61-04445
6104446
61 04448
61 05044
6105229
61 55320
61.05624
6106000
61 06270
61 06310
61-06440
6106600
6146610
61 06640
6106690
6106700
61.06710
61.07225
61 75550
6106038
61 09361
61.09T
61 10170
81 10321

Price

2.35
0:79
2.11

2.11
2.10
2.10
1.45
1.95
2.08
5.04
1.95
3.05
1.20
2.00
1.00
1.40
0.99
115
1.90
1.20
1.30
1.90
2.75
045
125
1.92
1.92

1.92
2.06
2.50
2.50
2.50
2.50

1.62
2.25
2.25
3.25
1.25
3.25
3.05
1.00
0.70
1.94
1.40
0.60
0.90
546
2.20
1.27
2.85

2.85
85.53
74.64
0.60
0.60
2.80
2.80
0.80
1.95
1.95

1.90
1.09
2.65
2.65
2.30
1.65
2.30
1.95
1.95
1.52
2.53

1.75
122
1.35
1.29
2.15
1.65
2.28
910
115
4.35
3.75
2.03
2.45
3.38
3.75
1.48
2.75
3.75
2.75
1.41
315
010
4.50
1.75

1.76
1.07
2.75

Prices shown here exclude VAT, and the P&P charge is currently
60p per order(unless otherwise indicated). Remember that our tele-
sales service operates with human beings (not 'dumb' machines)
from 8am to 7pm (and frequently later) Monday to Friday, and 9am
to 8pm on Saturdays. REWSHOP operates 24 hours a day, 365 days
a year with full price and delivery information.

DERING PLEASE.
Type Stock No. Price

HA 1 1223 61 11223 2.19
HA 11225 61 11225 1.45
9012002 8112002 1.22
6512017 61 12017 010
HA12402 61 12402 1.95
HA12411 61-12411 1.20
11012412 61-12412 1.55
1113741 6113741 0.33
MK50366 6150366 3.35
MK50375 6150375 3.65
MM53200 6153200 3.90

PRESCALER

U264 61.02640
1265 61 02650
U266 61.02660
11C900C 61 01190
M01.23121 6101312
51512318 81.02318
51955523 61.05523
MSM5524 61-05524
MSM5525 61-05525
MSM5526 61-05526
MSM55271 6155271
ICM7106CP 6107106
ICM7107CP 6107107
107I37 6147137
IC14721613

ICM72160
1CM72176
SP13629

SP8647
SP8793

95490
9010551
6612009
H044015

6111161
61 72162
6107277
61 08629
61 08647
6108793
61 09590
61-10551

6144015
H044752 61.44752
MC1451511 6144151
MC 145152P 61.14151
MC145156P 61 14156

2.27
3.16
2.43

12.95
3.94
3.64

11.30
11.30
7.65
7.05
9.75
055
9.55
7.50

19.50
19.95
9.50
3.85
8.00
7.70
710
2.45
8.00
445
11.00

6.00
060
4.60

SMALL SIGNAL AUDIO

BC 182

BC2I2
BC237
BC238

BC239
80307
80308
81.309

8C327

BC337
BC4I3
BC4I4
60415
BC4I6
BC546
BC 550

BC 556

80560
81.839
80640
MP5A I 3

5870563
ZTX108
010212
ZTX653
070753
252904
252905
293905
25136465

2013648A

2596660
2506686
2568725
25010846
22010850
2SC 17756
2002546E
25C 2547E

58-00182
5400212
58 00237
58 00238
5400239
5400307
5800308
5800309
58-00327
5800337
58.00413
58.00414
58-00415
5800416
5800546
5800550
58-00556
58 00560
58 00639
58 00640
58 04013
5804063
58.01108
58.01212
58 01653
58 01753
58.02904
58 02905
5803905
58 03646
58 03648
58 03666
5803668
58.02872
58-01084
58-01085
58-01775
58 02546
58 02547

0.10
110
108
108
108
IBB
108
108
113
0.13
0.10
0.11
0.10
0.11
0.12
0.12
0.12
0.12
0.22
0.22
0.30
0.30
0.10
0.10
0.20
0.20
0.25
0.25
010
0.30
0.40
0.30
540
0.19
0.25
0.25
0.19
0.24
0.24

AUDIO POWER
10139
80140
80165
80166
10179
10180
T1P315

111325

MJ2955
293055
20E1720

220760
25,149

23E50
231133

58 15139
58 15140
5015165
58,15166
58 15179
58 15180
58.15031
58 15032
58.12955
58.13099
58-15720
58.17600
6001049
6001050
6001083

0.29
0.31
0.44
0.48
0.34
0.41
135
135
0.613

058
0.60
0.80
3.10
4.25
3.65

Type Stock No. Price Type Stock No. Price

251134 60.00134 3.10 658 12 00688 0.10
251135 8000135 4.25 852 12 00828 010
251(227 6000227 3.55 951 1200918 010
250753 58-03753 2.34 10 12-01008 510

11 1101108
12 12-01208

0.10
010SMALL SIGNAL RF

BFY50 5406500 012 15 1101508 0.10
6F241 58.06241 0.1A 18 12.01808 0.10
81273 58.06273 0.10 22 12-02208 0.10
81274 58.06274 0.20 27 12.02708 0.70
81362 58.06362 0.49 33 1203308 0.10
BF440 58.06440
81441 58.06441

011
0.21

SCRS TRIACS81479 58.06479 0.66
816795 5006679 0.55 BRY50100 5255100 0.50

BER91 5407091 1.33 C10601 52 00106 0.70

BET95 58 10095 099 C12201 52,00122 1.45

BFW92 58 08092 0.60 256403 52-06403 212
BEY90 58.09090 0.90 08460735 58-06073 0.80
NE21936 58.21936 5.00
IT/323 58.06232 0.80
2523690 58 01369 036 BALANCES MIXERS

RE POWER SBL1 12.017003

HU 8 1100013
4.011

5.00
BFW166 58 08016 015 SBL 11( 1200023 0.33
PARF237 58-14237 3.20 SRAI 1100033 10.00
MRF238 58.14238 16.50 5901 1 1100043 12.77
511M245 58.14245 40.00 SRA111 12 00053 16.34
5191.4494 58.14449 16.50 SRA3 12-00063 15.35
MR1472 5814472 1.25
MRF475 58 14475 4.80
MR1629 58 14629 4.89 LEDs
718911 58 18811 0.50 3mm round types
TP2320 58 12310
5566AF 60 02066
Z153866 58-03866
253866 58-13866

10.24
0.95
0.45
1.20

C0625 RediCIr 15 20250
5178P Red 15 01780
C0926 GrICIr 1510260
5179P Green 1541790

0.15
0.15
0.16
0.16

SMALL SIGNAL FET cam Year 15 20270 0.18

BF256 59 00256 0.38
5180P Yellow 15 01800
COX410 OriRd 1510410

0.18
0.19

61960 6406960
61961 60 06961

0.98
0.70 Standard 5min DIN LEDs

81963 6006963 0.99 COMM Red 15.10400 0.12

J310 59 02310 0.88 COY72L Green 1410720 0.15

J176 59 02176 0.55 1.(15741 Yellow/5.10740 0.15

20155 59 01055 032 C0938A 0051 1420380 0.20

231168 59.01168 0.37 1.05398 061115 20390 0.29

30145 60.04045 0.49 Restsnoul4r 2.5 c Sopn LEDs
30151 60.04051
30(60 80.04060
30188 6404068
40873 see 321(51
40822 see 35151

0.54
0.56
0.99

COXIO Red 15-10100 0.17

COX11 Green 15-20110 0.20

C0012 Yellow 15.20150 0.20

C0640 OriRed 15-20400 0.24

40823 6003823
351112 60.04112

015
4.60

101,411451 LEDs

C12199 Emit 15 10990 156
DIODES BPSV41 Set 1430410 1.51

A6112 1201116 0.25
B6244 1202447
016379 12.03797

0.17
0.35

I R Optocoupler

904981.7E 12 49817 0.51 BNY37 15.40370 1.44

0091 12 00916 0.07
0547 1100476 0.10 FLAT DIFFUSED
PW02 12 62006
504 12 24006

0.75
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COMTECH ELECTRONICS
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RESISTORS

Kaiaginal
Electrolytic, radial.

Value/Volta Mee Value/Volts PO.
. uF/63 8p 220uF/25 159

2.2uF/63 8p 470uF/25 23p
4.70/63 6p 100046/25 329
10uF/63 79 10uF/63 09

1000.363 209 22uF/18 139
4.70/25 69 47uF/16 SP
10uF/25 SP 100uF/16 9P
2206/25 8P 220uF/16 12p
47u6/25 Op 47006/16 169

100uF/25 10p 100006/10 199
10006/10 6p 220uF/10 359

Tantulum bead.
Value/Volta Price Value/Volts price

0.1uF/35 12p 8.806/25 209
0.2208/35 12p 10uF/16 20p
0.3308/35 12p
0.3306/35 12p 150F/16 289
0.4706/35 12p 22uF/16 35p
0.68uF/35 12p 33uF/10 389

10735 12p 4746/10 801,
2.2uF/35 189 68u6/63 539
3.346/35 209 100uF/6.3 808
4.7u / . 208 100uF/3 409

Giornale, mlnlatrun. plate.
1.0/6 to 47008E 59 each.
Ceramic Mac 63V: 10N, 22N, 47N 49 ...911.

ar n film E24 series 5% tolerance, 10 ohms to 1M 1p each. 559/100
one alue.
ixW Carbonfilm El 2 series 5% tolerance. 10ohmsto 1M 29.090140p/100
one value.

Metat film E240011051% tolerance. 10 ohms to 1 M 49 each. 2500/100
one alue.

:AdenORDERING

component. top quality an total. Government 30p
P OP to all or below E5 and VAT to orders
welcome, trade please enquire. Send cheque or po tat order made pap
able to Comtech Electronics. All orders despatched same day. Send
large SAE for lull price bat.

COMPONENT PACKS
CP2 10 BC182 8 10 BC212 Transistors 125p
CP3 10 80549 8 10 BC559 Transistors 1259
CP7 100 1/1914 switching diodes 1000 240p
CP8 100 1N916 switching diodes 100V 300p
CP9 30 154002 1A/100V rectifier, 100p
CP10 100 184148 swabbing diodes 150p
CP18 50 mixed electrolytic capacitors 3809
CPI 7 4 LF351 JFET Op Amps (low noise) 170p
CP18 4 L.F353JFET Op Amps (wide band) 3009
CP21 20 Red rectangular Leda 175p
CP28 10 CI D6D 40/4000 Thyristors 2509
CP29 25 5mm Red Loads with clips 1959
CP3025 3mm Red Lads with clips 170p

FREE!
WITH
ALL

ORDERS
OVER

£6
10

BC1 82's

COMTECH MAIL ORDERS

ELECTRONICS
205 STURDEE ROAD
LEICESTER LE2 9FY
Telephone: 10533; 779578

THANDAR PORTABLE TEST BENCH
A wide range of high performance instruments, at prices that are hard to beat, puts
professional test capability on your bench.

COUNTERS- TF200 10Hz to 200MHz; TF040 10Hz to 40MHz; PFM200A 20Hz to 200MHz
(hancr-held model); TP600 prescalesto 600MHz; TP1000 Prescalesto 1GHz.

MULTIMETERS -TM351 0.1% 31/2digit LCD; TM353 0.25%31/2 digit LCD; TM355 0.25%
31/2 digit LED; TM3540.75%31/2 digit LCD (hand-held model); TM451 0.03%41/2 digit
with autoranging and sample hold.
OSCILLOSCOPE- SC110A 10MHz, 10mV sensitivity, 40mm CRT with 6mm
graticule divisions.
THERMOMETERS-TH301 -50°Cto +750°C, r resolution; TH302 - 40°C to +1100°C
and -40°F to +2000°F, 0.1' and 1' resolution. Both accept any type K thermocouple.
GENERATORS-TG100 1Hz to 100kHz Function, Sine, Square, Triangle Wave; TG102
0.2Hz to 2MHz Function, Sine, Square, Triangle Wave; TG105 5Hz to 5MHz Pulse, Free
Run, Gated or Triggered Modes.
LOGIC ANALYSERS-TA2080 8 channel 20MHz; TA2160 16 channel 20MHz.

ACCESSORIES- Bench rack, test leads, carrying cases, mains adaptors, probes,

Send for our latest catalogue and price list.
Thandar Electronics Ltd,
London Road, St. Ives,
Huntingdon, Cambridgeshire PE174HJ.
Telephone (0480164646. Telex 32250.

thandar TH12

A4=1

ELECTRONICS LIMITED PUTTING THE BEST WITHIN YOUR GRASP
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TYPE
'A'

TYPE 'C'

TYPE 'E'

MULLARD SPEAKER KITS
Purposefully designed 40 watt R.M.S. and 30
watt R.M.S. 8 ohm speaker systems recently
developed by MULLARD'S specialist team in
Belgium. Kits comprise Mullerd woofer 18" or
V/ with foam surround and aluminium voice coil.
MuIlard 3" high power domed tweeter. B.K.E.
built and tested crossover based on Mu(lard
circuit, combining low loss components, glass
fibre board and recessed loudspeaker terminals.
SUPERB SOUNDS AT LOW COST. Kits supplied
in polystyrene packs complete with instructions.
8' 40W system - recommended cabinet size 240
x 216 x 445mm
Price E14.90 eech + 92.00 P Er P.
5' 30W system -- recommended cabinet size
160 x 175 n 295mm
Price £13.90 each + E1.50 P 8 P.

Designer approved flat pack cabinet kits,
including grill fabric. Can be finished with iron on
veneer or self adhesive vinyl etc.
8' system cabinet kit E8.00 each + f2.50 P Et P.
5' system cabinet kit £7.00 each + 12.00 P e P.

4

STEREO CASSETTE TAPE
DECK MODULE
Comprising of a top panel and tape mechanism coupled td
a record/play back printed board assembly. Supplied as
one complete unit for horizontal installation into cabinet or
console of own choice. These units are brand new, ready
built and tested.
Features: Three digit tape counter. Autostop. Six piano
type keys, record, rewind, fast forward, play, stop and
elect. Automatic record level control. Main inputs plus
secondary inputs for stereo microphones. Input
Sensitivity: 100mV to 2V. input Impedance: 68K.
Output level: 400inV to both left and right hand
channels. Output Impedance: 10K. Signal to noise
ratio: 45dB. Wow and flutter: 0.1%. Power Supply
requirements: 18V DC at 300mA. Connections: The
left and right hand stereo inputs and outputs are via
individual screened leads, all terminated with phone plugs
(phono sockets provided/. Dimensions: Top Panel 5(in

11(in. Clearance required under top panel 21in.
Supplied complete with circuit diagram and connecting
diagram. Attractive black and silver finish.
Price 128.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power supply
(transformer, bridge rectifier and smoothing capacitor/
E3.50.

dt80 LOUDSPEAKER
The very best in quality

and value.
Ported tuned cabinet in hard-
wearing black vynide with protec-
tive corners and carry handle. Built
and tested, employing 10in British
driver and Piezo tweeter. Spec: 80
watts RMS; 8 ohms; 45Hz-20Hz:
Size: 20in x 15in x 12in; Weight:
30 pounds.

Price: £49.00 each
£90 per pair

Carriage: £5 each £7 per pair

LOUDSPEAKERS
15" 100 watt R.M.S. (HI-FI, P.A., DISCO,
BASS GUITAR) Die cast chassis, 2"
aluminim voice coil, white cone with
aluminium centre dome. 8 ohm imp., Res.
Freq. 20Hz., Freq. Resp. to 2.5KHz., Sens.
97dB (As photograph). Price: E32.00 +
0 carriage.
12" 100 watt R.M.S. (HI-FI) Die cast
chassis. 2" aluminium voice coil. Black
cone. 8 ohm imp., Res. Freq. 20Hz., Freq.
Resp. to 4.5KHz. Sens. 95dB. (As
photograph). Price: £23.50 + £3 carriage.
8" 50 watt R.M.S. IHI-FI, P.A.) 14"
aluminium voice coil. White cone. 8 ohm
imp. Res. Freq. 40Hz., Freq. Resp. to 6KHz.
Sens. 92dB. Also available with black cone
fitted with black metal protective grille. (As
photograph). Price: White Cone £8.90,
Black cone/grille £9.50 P&P £1.25.
12" 85 watt R.M.S. McKENZIE C1285GP (LEAD GUITAR, KEYBOARD, DISCO) 2"
aluminium voice coil, aluminium centre dome, 8 ohm imp., Res. Freq. 45Hz., Freq.
Resp. to 6.5KHz., Sens. 98dB. Price: E22.00 + £3 carriage.
tr 85 watt R.M.S. McKENZIE C1285TC IRA_ DISCO) 2" aluminium voice coil. Twin
cone. 8 ohm imp., Res. Freq. 45HZ., Freq. Resp. to 14KHz. Price £22 + f3 carriage.
15" 150 watt R.M.S. McKENZIE C15 (BASS GUITAR, P.A.) 3" aluminium voice coil.
Die cast chassis. 8 ohm imp. Res. Freq. 40Hz., Freq. Resp. to 4KHz. Price: E47 + £4
carriage.

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

TYPE 'A' IKSN2036A13" round with protective
wire mesh, ideal for bookshelf and medium
sized Hi-fi speakers. Price £4.29 each.
TYPE 'B' (KSN1005A) 3,2" super horn. For
general purpose speakers, disco and P.A.
systems etc. Price £4.99 each.
TYPE 'C' IKSN6016Al2" = 5" wide dispersion
horn. For quality Hi-fi systems and quality
discos etc. Price £5.99 each.
TYPE 'D' (KSN1025Al2" x 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range (2KHz). Suitable
for high quality Hi-fi systems and quality
discos. Price £7.99 each.
TYPE 'E' (KSN1038A) 3%" horn tweeter with
attractive silver finish trim. Suitable for Hi-fi
monitor systems etc. Price £4.99 each.
TYPE 'F' IKSN1057A) Cased version of type
'E'. Free standing satellite tweeter. Perfect
add on tweeter for conventional loudspeaker
systems Price £10.75 each
P&P 20p ea. or SAE for Piezo leaflets).

TYPE 'B

TYPE 'D

TYPE 'F"

BK ELECTRONICS
Prompt Deliveries

VAT inclusive

prices

Audio Equipment

Test Equipment

by

Thandar

and

Leader

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

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensi-
tive microphone. Range 100/300 metres. 5 x 46 x 14mm (9 volt)
Price: £6.58.
DIGITAL THERMOMETER -9.9 C to +99.9'C. LED display. Com-
plete with sensor. 70 x 70 mm (9 volt) Price: £22.94
3 WATT FM TRANSMITTER / WATT 85/115MHz varicap con-
trolled. professional performance. Range up to 3 miles 35 x 84 x 12
mm (12 volt) Price: £10.64
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHZ Range up to 500 metres. Double coded mod-
ulation. Receiver output operates relay with 2amp/240 volt
contacts. Ideal for many applications. Receiver 90 x 70 x 22 mm 9/
12 volt) Price: £14.38. Transmitter 80 x 50 x 15 mm (9/12 volt)
Price £9.15. P&P All Kits +50p. S.A.E. for complete list.

PAOTI1C

BSR P256 TURNTABLE
P256 turntable chassis  S shaped tone arm
 Belt driven  Aluminium platter 
Precision calibrated counter balance  Anti -
skate (bias device)  Damped cueing lever
 240 volt AC operation (Hz)  Cut-out
template supplied  Completely manual arm.
This deck has a completely manual arm and is
designed primarily for disco and studio use
where all the advantages of a manual arm are

required.
Price £31.35 each. f2.50 PEP

POWER AMPLIFIER
MODULE

- 440,

401110"--..*
---.._

New model.
Improved specification

3 watt FM
Transmitter

NEW OMP1 00 Mk.11 POWER AMPLIFIER -
MODULE Power Amplifier Module complete
with integral heat sink, toroidal transformer
power supply and glass fibre p.c.b. assembly.
Incorporates drive circuit to power a compatible
LED Vu meter. New Improved specification
makes this amplifier ideal for PA., Instrumental
and Hi-Fi applications.
SPECIFICATION
Output Power:- 110 watts R.M.S.
Loads:- Open and short circuit proof 4/16
ohms.
Frequency Response:- 15Hz - 30KHz -3dB.
T.H.D.:- 0.01%.
S.N.R. (Unweighted):- -118dB ±3.5dB.
Sensitivity for Max. Output:- 500mV (v.) 10K.
Price:- £31.99 + £2.00 P&P.
Vu Meter Price:- £7.00 +P&P.

HOME PROTECTION SYSTEM
Better to be 'Alarmed' then terrified.
Thandar's famous 'Minder' Burglar Alarm System.
Superior microwave principle. Supplied as three units.
complete with interconnection cable. FULLY
GUARANTEED.
Control Unit - Houses microwave radar unit, range
up to 15 metres adjustable by sensitivity control.
Three position, key operated facia switch - off - test
- armed. 30 second exit and entry delay.
Indoor alarm - Electronic swept freq. siren.
104dB output.
Outdoor Alarm - Electronic swept freq. siren. 98dB
output. Housed in a tamper -proof heavy duty metal
case.
Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection
during mains failure. Power requirement 200/260 Volt
AC 50/60Hz. Expandable with door sensors, panic
buttons etc Complete with instructions.
SAVE OVER £100 Usual price £228.85 ,

- B.K.E.'s BARGAIN PRICE £128.00
+ £5.00 P&P.
S.A.E. for colour brochure.

12" 80 watt R.M.S. loudspeaker.
A superb general purpose twin cone loud-
speaker. 50 oz. magnet. 2 aluminium
voice coil. Rolled surround. Resonant fre-
quency 25Hz. Frequency response to
13KHz. Sensitivity 95dB. Impedance Bohm.
Attractive blue cone with aluminium
centre dome.
Price £18.49 each + £3.00 P&P

B.K. ELECTRONICS
UNIT 5, COMET WAY, SOUTHEND-ON-SEA. ESSEX. SS2 6TR

* SAE for current lists * Official orders welcome * All I * *
applicable) in special energy absorbing PU foam. Li' prior

ra: VISA

par kf-,(1 ivvf
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New Hifi Amplifier

The AX30 is a new low-cost, high
performance hifi amplifier from JVC. The
amp boasts 50W per channel (RMS), and
uses a system which JVC call 'Super A' to
give the low distortion of a Class A
amplifier with the efficiency of a Class B
one. Switching (related to crossover)
distortion is said to have been eliminated,
and TIM distortion insignificant. The
power supply is direct low impedance,
and the power amp and phono equaliser
stages are each direct -coupled to their
own power supply stages, to minimise
the likelihood of interference. Triple
power protection ensures that there is
very little danger of damaging speakers or
output transistors if you overload the
system with too much volume.

The AX30 has a fluorescent peak
power display, for power monitoring and
as a warning against clipping; two tape
deck connections; a video/aux input for
audio replaying of video or other sources;
independent switches for two sets of
speakers, and loudness control, amongst
other more usual amp features.

The specification gives output power
as 50W per channel min into 8R at 1 KHz
(DIN); total harmonic distortion at
0.001% at 42W output, 8R; Aux to
speaker output 0.007% at 40W output,
8R 20Hz to 20kHz, with switching and
transient distortion zero; frequency
response 10Hz to 10kHz, + 0.5 - 3db at
8R; weight six kilos, and dimensions
43.5 x 11.7 x 30.3cm (17.4 x 4.68 x
12.1in). Cost is £99.90. For more
information contact your local hifi dealer
or JVC (UK) Ltd., Eldonwall Trading
Estate, Staples Corner, 6-8 Priestley
Way, London NW2 7AF. Tel: 01 450
2621.

A Knip In The Air
Advertised as specially for the hobby
electronics enthusiast, Draper Tools are
producing the Knipex range of West Ger-
man pliers and cutters in various formats.

Knipex electronic pliers in special tool
steel have 20mm jaws with a smooth
gripping surface and spring -loaded PVC -
covered handles. They come in three pat-
terns. Knipex Relay Adjusting Pliers come
in oil -hardened chrome vanadium electric
steel and have 34mm jaws with extra -
thin tips; designed for adjusting relay spr-
ings and other very fine adjustments, they
come in four patterns. Knipex Electronic
Super Knips, in stainless steel, have full -
flush cutting faces for use on soft wire
down to 0.2mm thickness. They have
zero -play joints and spring -loaded soft
PVC handles.

The range can be obtained from most
hardware and electronics shops, or con-
tact Draper Tools Ltd., Hursley Rd.,
Chandlers Ford, Eastleigh, Hants S05
5YF.

Computer Camp
Following a successful inauguration in
1982, Camp Aldenham, a Day
Adventure and Computer camp for

children is this year running five one -
week sessions (Monday through Friday)
from 25th July to 26th August.

The camp is non-residential and aims
to introduce children from five to
thirteen to a choice of sports and crafts
during the summer holidays when they
are often at a loss for anything
interesting to do. Activities range from
horseriding and sailing to judo and
pottery, but of interest to Hobby readers
and their families in particular is the
Computer Camp and Microelectronics
Centre.

This is for children from nine to
thirteen and offers personal tuition for
two hours a day as part of attendance at
the Camp, and they assure us that
everybody attending will actually get ten
hours 'hands on' experience in the
week. The computers used are Texas
Instruments T100/4A home computers,
plus five full -spec equivalents. Anyone
wishing to do the Micro -electronics
Centre will get an additional two hours a
day in electronics at an all -in
supplementary charge, but will miss out
on some non -electronic options - not a
terrible hardship.

The Camp makes transport available
to ferry children there and home again.
For more details, contact Camp
Aldenham, Aldenham School, Elstree,
Herts WD6 3AJ. Tel: Radlett 7553 or
6131, for brochure.

Odd Components
Ambit International (who were nomin-
ated-along with Electroplan and
Manhattan Skyline-for the title of
AES/Electronic Times Distributor of the
Year) is sole UK stockist for Alps and
TOKO switches and components and
has added the new Alps dual -in -line
switches, designed to prevent flux
ingress when soldering, and the entire
range of TOKO F -series push switches,
which can be built up from basic
modules to various requirements
including combined mains and DC

switching capability.
Ambit's ever-increasing stock now

includes a range of TOKO 20kHz low
pass active filters for the digital audio
market, the PAL 0900 series. These are
thick -film low pass filters with a variety
of terminating impedances with
carefully optimised group delay and
stopband attenuations up to -95dB.
Ambit has its eye on the emgrance of
the digital audio disk which is soon to
come on the market, and the analogue
to digital and digital to analogue designs
required to complement it.

Requests for low cost DC -controllable
cassette mechanisms have led to the
launch of the AMBTN-3600 mechanism
which can be supplied with a variety of
heads. The standard version has a
stereo record/replay, and an erase head
and the motor is from 12VDC with less
than 0.08% RMS wow and flutter.

Ambit, like Alps and most of the other
manufacturers it supplies, is aimed
primarily at the industrial market but is a
source of unusual components and
information.

Enquiries to Ambit International,
200 North Service Rd., Brentwood,
Essex CM14 4SG. Tel: (0277)
230909.
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Software Option
Elkan Electronics has prepared a free
package of information sheets, called
the Elkan File, on the publications,
hardware and software they handle.
This is mostly concerned with the Sharp
pocket computers, the PC1251, PC1500
and 0C1211 (plus the Tandy PC2 and
Radio Shack TRS-80 PC), the Dragon
32, and the Apple II. They aim especially
to provide information in a concise,
easy -to -implement form.

This also includes a new quick -
reference card designed by Nanos
Systems Corp. in the USA for the
Sinclair ZX80 and 81. The card comes in
the form of an accordian-style fold -out
with ten panels (twenty pages, in effect)
and is said to "contain all the basic
information necessary for programming
the ZX80 and ZX81". Cards are also
available for Apple, Tandy and other
micros, from local computer dealers or
from Elkan, at f3.50 each.

Elkan is also the UK and European
agent for Rainbow, a monthly magazine
for supporting the Dragon 32 and Tandy
TRS-80 colour computers, with
programs and information. A sample
copy costs £1.95 plus a large self-
addressed envelope stamped with 56p.

Send for your Elkan File and/or
Rainbow to Elkan Electronics, FREE-
POST, 11 Bury New Road, Prestwich,
Manchester M25 8JZ. Tel: 061 798
7613 (24 hour service).

Texas For Starters
A new computer console believed to be
the first 1 6 -bit computer for around £75
has been announced by Texas Instru-
ments. Unlike most computers in this
price range, the TI -99/2 basic computer
can use software on solid state
cartridges as well as on cassettes. In
addition, Texas Instruments is intro-
ducing new low cost peripherals and
software for the TI -99/2 that will also
work with the 71-99/4A family
computer. The TI -99/2 is designed to
allow computer novices to learn to
program a computer in TI BASIC and
BASIC- supported assembly language.

The combination of the £75 computer
and the new low-cost peripherals, says
Texas, make this the lowest cost
computer system on the market. The TI -
99/2 will be targeted primarily at the

=SS

technical enthusiast, engineer or
student in the home. Additionally, they
expect the computer to be purchased as
the first computer in the home for those
who are just beginning their experience
with a computer system, or as a second
computer in the home after the
purchase of a TI -99/4A family
computer.

The TI -99/2 console has an
elastomeric typewriter -like keyboard
with 48 raised moving keys in a

staggered QWERTY arrangement
similar to the TI -99/4A. The computer
has 4K2 bytes of built-in random access
memory (RAM), of which 4K Bytes is
user accessible, and can be expanded to
a total of 36K2 bytes of RAM. Most
peripherals for the new system will plug
into a "Hex -bus" peripheral -interface
connector in the rear of the console. The
Hex -bus port allows users to connect
any peripheral developed for TI's
Compact Computer family. Currently,
these consist of the RS232 interface,
HX-3000, the "Wafertape" digital tape
drive unit, HX-2000, and the HX-1000
four colour printer/plotter.

Two "Solid State Software"
cartridges, Learn to Program and Learn
to Program BASIC, will be available
initially for the unit. Other cartridges
will be available later. Twenty software
programs will be available on cassettes
at the initial launch. Educational
programs include: Picomath-80, Math I
and II, Statistics I and II, Sunrise Time,
Datetimer and Civil Engineering.
Programs for personal management
are: household formulas, chequebook
manager, purchase decisions and
general finance. Entertainment
cassettes include: Lunar Landing
Bioplot, The Minotaur, TI Trek, and Mind
Games I, II, Ill and IV. These programs,
as well as user -written programs, can
also be run on the TI -99/4A family
computer.

The TI -99/2 features monochrome
display capability and contains a built-in
RF modulator to allow connection to any
television. A cassette interface cable is
also included to interface directly to the
new TI program recorder or many
ordinary cassette tape players. In addi-
tion, the T1-99/2 comes with an AC
adapter, a user's manual and a

demonstration cassette, and measures
24 x 26 x 35cm. Availability in Europe is
planned for late summer.

For more information contact Texas
Instruments Ltd., Manton Lane,
Bedford M K41 7PA. Tel: (0234)
67466.

Book For Boffins
Birmingham author Laurence Shaw's
latest book The Practical Guide for
People With a New Idea, puts the
complex and offputting business of
patenting into a nutshell. Three or four
hours spent digesting this 98 page
information packed paper back will turn
a good inventor into a potentially rich
inventor.

The aim of the book, with a forword by
Sir Eric Weiss, President of Foseco

Minsep, is to instruct people with an
orginal, potentially lucrative idea, how
to protect an invention, product or
scheme and exploit it to the full. Market
research, approaching the manufac-
turer, telling the world about an idea,
patenting an invention, secret patents,
checking if the idea is original, patent
costs and life span, are all covered,
along with copyrights, designs, licences
and how to trademark a product
effectively without copying an existing
one.

The book costs £5.95, post paid, from
Laurence Shaw, George House,
George Road, Edgbaston, Birming-
ham B15 1PG, and is bound to be
interesting to the ingenious mind which
wants to turn ideas into hard cash.

Data Store
Fed up with losing your software
cassettes, or under the
armchair, jammed up with fluff? Arthur
Fischer (UK) Ltd. have introduced their
CBox Drawer Unit to the UK, designed
specially to store software cassettes in a
safe and accessible form.

Each cassette is stored in a 'CBox', a
cassette -sized, spring -loaded frame
which clicks into place in a drawer unit,
and lifts out again at the touch of a
button. Each drawer unit has ten
CBoxes, and the labelling system is
designed to be easily altered as
necessary.

There are two standards of drawer
unit, the standard at £17.50 and the de
luxe (lockable) at £19.50, including VAT
and p&p. Of course, the system could be
used by audiophiles as well as
computer operators. Orders and
enquiries to Arthur Fischer (UK) Ltd.,
25 Newton Rd., Marlow, Bucks SL7
1JY. Tel: (06284) 72882.

Hey, Stack!
For those who find the totally flat key-
boards of many micros, especially the
very small ones, tiring to read and easy
to misread, Warp Factor Eight are
marketing an extremely simple device
- or devices - to alleviate (or elevate)
the problem somewhat. It's a set of
custom -designed self-adhesive plastic
legs to raise your micro to the point
(taking the Spectrum as an example)
where you can actually see the top row
of print over the tops of the keys without
having to place yourself vertically above
the machine.
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Called Hi -Stack, this set of legs seems
a little bit pricy at £3.95 (including p&p
and VAT, however) but in their favour
they are extremely smart, solid and
well -made and my sample pair has been
doing a great job on my telephone and
shows no sign of toppling or coming
adrift.

The pack comes with a very compre-
hensive set of instructions. Orders and
enquiries to Warp Factor Eight, 6
Pelham Rd., Braughing, Ware, Herts
SG11 2QU. Tel: (0920) 821841.

Join The Club
The British Amateur Electronics Club
(BAEC) has announced price rises for
1983 from 1st July, when the
subscription for UK and Eire members
will go up to £5.50, £8.00 for overseas
airmail members and £7.00 for surface
mail and all European subscriptions.
That still leaves plenty of time to join or
re -join at the 1982 rates of £4.00, £7.00
and £6.00 respectively. Payments in
sterling only, please.

The BAEC have announced that their
18th Amateur Electronics Exhibition
1983 will be held at The Shelter, centre
of the Esplanade, Penarth, South
Glamorgan, Wales, from Saturday 16th
July to Sunday 24th July 1983, opening
from 7.30pm during the week and
including the afternoons at weekends.

For those new to BAEC, it is the only
national amateur electronics club in the
UK and is open to everyone interested
in electronics, here and abroad. It was
founded in 1966 and aims to provide the
means for amateur enthusiasts to give
and receive help with electronics
problems.

The heart of the organization is the
BAEC Newsletter, which comes out
quarterly (but, since the BAEC runs its
year from 1st January to 1st January,
members will receive all the bulletins
for the year they join, regardless of
when they join). As well as practical and
theoretical articles on all aspects of
electronics, it runs Help Wanted, Sales,
Exchanges and Requirements sections.

One section of the club, with its own
organiser, is devoted to beginners,
with advice and equipment offers to get
them started, and beginners' articles
appear regularly in the newsletter.

Members also receive a library list
which is updated from time to time and
contains many technical books and
magazines, including USA publications.
This is run postally. A list of club
members is circulated so that members

can contact each other locally and
correspond.

A final carrot is a number of special
price concessions.

To give you an idea, the January
newsletter contains the first part of an
article on Basic Semiconductor Theory
and Putting it into Practice, thoughtful
reports on the Breadboard and
Electronic Hobbies Fairs, letters and
book reviews, a list of thirty or so well
known suppliers offering discounts to
members, part one of a series on basic
electronics (with a highly practical bias
concentrating on resistors), and other
general information, A4, card cover, 34
clearly duplicated pages. Good value.

For application forms or further
information contact the Hon.
Secretary, Mr. J. G. Margetts, 113
South Road, Horndean, Hampshire
P08 OER.

Oric On The Horizon
The 16K version of the Oric 1 micro
should be available in late May/early
June, after a delay of several months.
Oric say that technical problems due to
the specification of a chip changing late
in the day, and also the overwhelming
demand for the 48K version (four times
that for the 16K), have led to the 16K
machine being held up. The micro will
be delivered to all existing mail order
customers when available, and they will
be offered the option of returning the
48K machines loaned in replacement or
keeping these and paying the price
difference.

Oric is no longer taking orders by
mail, and is instead relying on its
extensive network of distributors,
including W H Smith, Dixons, Greens,
Laskys, Micro C and specialist outlets all
over the country, so there should be no
problem for anyone in finding a supplier,
in fact . . . by this time you probably
won't be able to move for the things,
sitting in smug rows on their shelves,
murmuring alluringly "touch my keys,
program me, examine my software, take
me home". Before you know where you
are, even the budgie'll be into Froglets.

Don't say I didn't warn you!
(Quick, nurse, pass the teabags, she's
having one of her paranoia attacks.)

Please address enquiries, if
necessary to Judith Pattern Public
Relations, 24 Easton Drive, Kingston
upon Thames, KT2 7QT. Tel: 01 546
5144. However, we advise that you
speak to your local dealer first, as the PR
company are being kept very busy.

Going Out For A Spin
How many of our more youthful readers
recall playing 45s and long players and
possibly even the odd 78 on one of those
tichy little Phillips (or whoever) portable
record-players? The ones with the
single speaker (you couldn't call it a
/oudspeaker) built into a jolly red or blue
plastic lid, which lifted off to reveal a
five -inch turntable, stout little plastic
arm and a foot or two of straggly wire so
that you could prop the speaker up just
far enough away from the 'player to get
an LP on it, and every gust of wind
threatened to lift your precious singles
off the turntable and send them bowling
into a corner . . . sweet memories.

Audio Technical's new AT -727
Soundburger is one of those. The space-
age design, the obligatory connections
for two sets of mini headphones, the
110mV line outputs for connection to a
full stereo system, the 30 to 25,000Hz
frequency response, the DC servo motor
and double belt, the signal-to-noise
ratio of more than 50dB, the
dynamically balanced tonearm giving
superb tracking on any reasonably level
surface (can you use it on your knee in
the back of a car?) and the optional
mains adaptor, its very stereoness,
undreamed-of in 1962, cannot mask the
immutable truth that what we have here
is one of those marvellous take -it -
anywhere, won't -do -your -singles -any -
harm -if -you're -careful -with -it RECORD
PLAYERS. And about time too. It even
has a carrying strap.

At £89.95, it's not rock -bottom cheap,
but it's bound to catch the eye of
itinerant record freaks, or those moving
away from the family stereo to the
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independence of a bedsit or student
room.

But alas, I can't see the Soundburger
bringing back the days of twisting by the
pool. For one thing, there is no output to
external speakers without an additional
amplifier, and for another thing, there's
no 78rpm. And as Tony Benyon said
many years ago, Leonard Cohen is
much more fun at 78, and I suspect the
same goes for Culture Club and Ultravox

. . . I wonder where I put my Phillips
plastic portable?

For more information and
specification, see your hifi dealer or
contact Audio Technicia Ltd., Hunslet
Trading Estate, Low Road, Leeds 10.
Tel: (0532) 771441.

Sound With Sinclair
Just three months ago, Bi-Pak
Semiconductors published details of
their first sound generator for use with
the Sinclair ZX81 computer, adding
much -needed sound to an otherwise
silent computer. So successful has
this proved with Sinclair users that Bi-
Pak have now introduced a new
modified version for use with all Sinclair
computers, ie ZX81, Sinclair Timex
1000 and the Sinclair Spectrum.

Designated ZON X, the unit is self-
contained in a black plastic case with a
loudspeaker and manual volume
control. No power supply or batteries
are required to power the unit - it
simply plugs into the rear of the Sinclair
computer.

The new unit offers a wide range of
sound effects. These are obtained using
the three -channel -plus -noise sound
chip, and is designed so that the pitches
and volumes of the three channels and
overall attach/decay envelope can be
controlled by simple basic statements.
This means that pianos, organs, bells,
helicopters, lasers, explosions etc. can
be simulated and added to existing
program.

For use with the Spectrum there is a
further plug-in adaptor which houses
a crystal and other electronic devices
needed to give unlimited sound
facilities.

The ZON X unit is available from Bi-
Pak Semiconductors, PO Box 6, Ware,
Herts. Tel: (0920) 3442/3182. The
ZON X for use with the Sinclair Timex
1000 is £25.95; with special adaptor for
Sinclair Spectrum: £32.75; the
Spectrum adaptor only £6.80. All the
above prices include VAT and postage.

N ewseum
A new gallery devoted to telecom-
munications has been opened by the
Prince of Wales at the Science
Museum in London.

The gallery is titled "Telecommunica-
tions -A Technology For Change" and
is sponsored by Standard Telephone
and Cables (STC) to mark that
company's centenary. Its opening also
marks World Communications Year, a
prime objective of which is to bring the
subject more into the public eye. The
story of telecommunications over the
last hundred years is told in two
sections in adjoining galleries, one
arranged chronologically while the
other displays the technologies which
make distance communication possible.

The first section concentrates on the
way telecommunications have altered
out our lives, and include mock-ups of
the telegraph office at Tonbridge
Railway Station in 1895, a ship's radio
cabin in 1910 and the radio operator's
position in a Lancaster bomber from the
Second World War. There are also taped
remniscences of life with cable
companies between the 1920s and
1950s.

The second part of the exhibition is
more technical, and is introduced at the
entrance with a display of telephone
engineers maintaining the thousands of
underground telephone wires
concealed beneath our feet, and the
giant 'H' poles that used to follow the
roads and railways and are now hardly
ever to be seen. Telecommunications
terminals, land, sea and space links, and
switching systems are covered in
separate displays, and there are
working demonstrations and computer
graphics displays illustrating aspects of
communications systems in a

memorable and easy -to -follow way.
There is a built-in cinema which shows
a short film by STC, called "Echoes",
which assesses just where we stand at

the moment and where communica-
tions may go in the future.

Sounds like a good venue for a school
or club outing, for those who don't see
themselves getting to London under
their own steam. Enquiries to The
Science Museum, South Kensington,
London SW7 2DD. Tel: 01 589 3456.

Everything's OK
New from OK Industries (UK) Ltd.: a
battery -powered wire -wrapping tool,
the Just Wrap BJW-3, which uses
spooled wire and wire -wrapping posts,
together with a wire gun, to make a
continuous series of connections
without wire stripping, cutting or
soldering. The batteries are
rechargeable.

Also new are two component -
handling tools. The LB -100 lead bender
and crimper is designed for all common
axial components such as resistors,
diodes and capacitors, and also for
many radial and 'TO' packages. The LB -
100 will do a variety of angles and bends
(see illustration). The TP-1 cutter and
crimper, is a high carbon steel tool
which is designed to handle up to 20
AWG (0.8mm) soft wire leads and to trim
and crimp component leads flush to the
PCB prior to soldering.

More specialised are the BB1-1416
and BB1 -2428 IC insertion tools, for 14
and 16 pin and 24 and 28 pin ICs
respectively (I bet you're wondering
how we worked that one out, aren't
you?). The tools are nickel -plated steel
for durability and protection from static,
important for MOS and CMOS.

OK's Electroware division specialises
in the supply of tools and accessories for
electronics building, and produce a
catalogue which features many of OK's
lines most likely to be of interest to
hobbyists. That, and information about
new projects, can be obtained from OK
Industries UK Ltd., Dutton Lane,
Eastleigh, Hants S05 4AA. Tel:
(0703) 610944. HE
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The

Hobby
'Scope

Christopher Murphy

The first part of HE's learn -as -you -build
oscilloscope, at the hobbyist's price.
MOST PEOPLE involved with
electronics are aware of the
enormous value of an oscilloscope in
circuit testing, yet how many
hobbyists are affluent enough to own
one? Hobby Electronics, in co-
operation with a leading London
component retailer, have designed a
low cost modular oscilloscope (the
Hobby 'Scope) which, at under f80, is
within the grasp of most hobbyists.
Obviously, at this price it would be
unreasonable to expect the facilities
of a f200 instrument, yet this simple
design should prove to be an
invaluable tool to anyone who, until
now, has struggled with nothing but a
multimeter.

For maximum flexibility, the 'Scope
has been divided into separate
functional units or modules; for under
f40 there is an X -Y plotter (display
unit) which will operate with either
the scope add-on, to provide a full
single trace oscilloscope, or the curve
tracer add-on, which is a useful tool
for component testing and
identification.

We will be presenting these
projects over four issues, beginning
this month with an overview and
then, in the three subsequent issues,
we will give the full circuit and
constructional details of the three
units described above.

OSCILLOSCOPE

TRIGGER LEVEL ADJUST

TIMEBASE CONTROL

Y AMP GAIN

TO CIRCUIT
UNDER TEST

Figure 1. The basic functions of an
oscilloscope (see text).

The Oscilloscope
An oscilloscope is a piece of test
equipment based around the cathode
ray tube (CRT), a device similar to that
found in a television, which enables
voltage waveforms to be displayed as
they vary with time. This is illustrated
in Figure 1. The oscilloscope has two
terminals referred to as the 'Y Input'
for connection to the circuit under
test; the Y Input consists of the
signal terminal and the ground or
return terminal. The waveform shown,
in this case a sine wave, is
representative of the type of signal to
which the Y input is normally
connected; it has two important
attributes, namely Amplitude and
Frequency. The Y amplifier within the
scope has a variable or switched gain
(amplification factor) normally
controlled by a potentiometer and/or
multi -gang switch on the front panel
of the instrument; the Y gain has to
be adjusted by the user so that the
physical height of the displayed
waveform falls comfortably on the
screen. Similarly there is a Timebase
control which must be adjusted to suit
the frequency of the incoming
waveform. The timebase circuit within
the scope controls the period of time
over which the waveform is displayed
from left to right across the screen; if

VOLTS

a I z
SWEEP FLYBACK

TIME

SWEEP

b)

Figure 2. The sweep moves steadily
across the screen, returning rapidly.

Hobby 'Scope 

this period is too long then too much
information (too many cycles) become
compressed onto the screen width; if
too short, only a fraction of the
waveform will be seen. An
oscilloscope does not, as you might
expect, capture a single sample of the
waveform and freeze it on the screen
(storage oscilloscopes are able to do
this-at much expense!), but
repeatedly updates the screen with
identical portions of the waveform-
this is a necessity imposed by the
working principles of the CRT as we
shall see, and the consequences are
that oscilloscopes are really only
useful for displaying waveforms that
are repetitive, such as sine waves or
square waves. Now, in order that the
waveform can be viewed as a stable
display there is the additional
requirement of a Trigger circuit,
whose purpose is to ensure that each
time the waveform is drawn on the
screen, the starting point is the same
'place' on the incoming waveform.
The starting Trigger point is
referenced to a particular voltage
level on the incoming waveform, and
usually can be varied by means of a

1 2 3

Figure 3. The electron beam sweeps
an accurate replica of the Y -input.
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Hobby 'Scope
control on the front of the instrument;
the effect of varying this control is to
alter the starting point of the display,
which therefore appears to travel left -
right across the screen.

The Cathode Ray Tube
A major part of understanding the
workings of an oscilloscope lies with
the cathode ray tube itself. Physically,
a CRT is an evacuated glass envelope
(vacuum tube), shaped with a long
narrow tube at one end tapering out
to form a wide flat round screen at
the other end (more expensive tubes
taper to a rectangular screen). At the
narrow end there are a number of
pins which are the electrical
connections to the inner works; these
lie mainly within this narrow tubular
section. On the inside surface of the
glass screen there is a coating of
phosphor which is electro-fluorescent.
The basic principle by which a display
is produced is that a fine beam of
electrons is produced within the far
end of the tube and accelerated
towards the phosphor screen, which
emits light over the area that is being
bombarded with electrons. By means
yet to be revealed, the electron beam
is brought to a focus and can be made
to strike any given point of the screen,
producing a small spot of light. If this
electron beam is scanned about the
screen, it traces out a thin line of light
because the phosphor persists in its
emission for some tens of
milliseconds; providing that the line is
retraced by the beam of electrons
every few milliseconds or so, a stable
display of the line will be seen,
without flickering.

The actual geometry of the CRT
internal electrodes is fairly complex in
a modern high performance tube,
howeve the schematic of Figure 2 is
an adequate representation of the
various internal components, at least
for our purposes. The principle by
which an electron beam is generated
is called thermionic emission. A
cylindrical plate of metal, the cathode,
is heated indirectly by a tungsten
filament inside the cathode. The
cathode, like all metals, produces a
cloud of electrons around the surface
when it is heated, but in great
quantity at a temperature that can be
practically realised. The electrons thus
emitted from the surface of the
cathode can easily be persuaded to
leave the area by the high positive
potential present on the series of
electrodes Anode 1 to Anode 3. These
three anodes can for the moment be
considered as one, held at a high
positive voltage of about 2kV, and
consisting of a metal plate with a
small hole centered on the axis of the
tube. Electrons accelerate from the
cathode towards this anode and most
of them fly straight through the center
hole, eventually to strike the screen.
However there is a further obstacle in
the path of the electrons, in the form
of a grid or mesh electrode,
surrounding the cathode and thus
between the cathode and anode. The
grid is always biassed negative,
relative to the cathode, and acts as a

HEATER
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Figure 4. A simplified representation of the internal workings of the cathode ray
tube.
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oV +2kV
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AMPS AND
EXTERNAL
ADD-ONS

EHT GENERATOR
(VOLTAGE MULTIPLIER)

Figure 5. Block diagram of the X -Y plotter.

control over the number of electrons
able to leave the cathode. By varying
the negative potential applied to this
grid, the brightness of the display can
be indirectly varied from maximum
down to complete darkness (electron
beam turned off).

Shaped Fields
As can be seen in Figure 4 there are
three anodes in a practical CRT, the
purpose of which is to focus the
electron beam. Anodes 1 and 3 are
held at the same high positive
potential whilst Anode 2 is a few
hundred volts more negative than the
other two (but still highly positive
relative to the cathode). The geometry
of these anodes is arranged so that
electrons travelling through the
system, but which are off -axis,
experience a small accelerating force
(electric field) which tends to move
them towards the centre of the tube.
The potential of Anode 2 is made
variable, and on every oscilloscope
there is a Focus potentiometer which
the user must adjust to produce the
finest possible spot size. The physics
of the focussing system is too
complex for a complete explanation,
however a useful analogy is to
consider the electrons moving in

electric fields in terms of balls rolling
down a hillside (ie in a gravitational
field); by shaping the profile of the
hillside into a U-shaped channel, it is
obvious that any ball initially launched
at the side of the channel (ie off -axis)
will roll towards the centre as well as
down the hillside, and by choosing the
exact profile of.the channel all balls,
no matter where released, can be
made to pass through the same point
on the axis. This is what, in electric,
terms happens as electrons pass
through the anodes and 'meet' at a
point on the CRT screen.

The remaining system in a CRT to
be described is the electrostatic
deflection plates - the means by
which the illuminated spot can be
moved to a given part of the screen.
Beyond the three anodes are two sets
of parallel plates at right angles to
one another and referred to as the X -
plates (vertically aligned) and the Y -
plates (horizontally aligned). By
applying a voltage to any pair of
plates, an electric field is established
at right angles to the electron beam
and will deflect it in the direction of
the field. The X -plates will produce a
horizontal deflection and the Y -plates
a vertical deflection. In practice the
deflection plates are not parallel but

12 Hobby Electronics, June 1983
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V I/P 0

GAIN ADJUST

V AMP

TRIGGER
CIRCUIT

TIME BASE
ADJUST

LEVEL ADJUST

SAWTOOTH
GENERATOR

BLANKING
CIRCUIT

Figure 6. Block diagram of the X -Y processing unit.

CURVE TRACER

V I/P

X VP

Z

COMPONENT
UNDER TEST /A

VOLTAGE TO
CURRENT

CONVERTOR

SINE WAVE
OSCILLATOR

Figure 7. Block diagram of the curve tracer unit.

diverge towards the screen. This is
partly to allow for the divergence of
the electron beam when deflected,
and partly to improve the linearity of
the deflection voltage.

A final point to note is that the
electrons, having struck the screen,
must have some means of returning
to their source - otherwise a charge
would build up on the screen,
repelling the electron beam. This is
provided by coating the inner surface
of most of the tube, beyond the
deflection plates, with a thin layer of
graphite and making a connection to it
on the side of the tube. This coating,
the 'Final anode' is sufficiently thin so
that the electrons are not prevented
from striking the phosphor.

X -Y Plotter
The X -Y Plotter is the most important
module of the Hobby 'Scope. It
contains a CRT and all the electronics
required to convert the CRT into an
easily used display unit, namely the
power supplies for the tube and the
deflection amplifiers. Physically, the
X -Y Plotter is a self-contained unit
with a lead at the rear to connect to
the mains supply; on the front panel,
the CRT screen is viewed through a
circular hole and there are two rotary

TO XY PLOTTER

}Y TO XY PLOTTER

ov

SAMPLE PLOT
OF SILICON

DIODE

controls for brightness and focus. All
connections to the scope are made to
terminal posts on the front panel (X -
input, Y -input, Ground and external
supply) with the exception of the Z
input (see later), which is at the rear.

A block diagram of the X -Y Plotter,
Figure 5, reveals its simplicity, A
transformer isolates the unit from the
mains and provides several secondary
voltages for the circuit; a 6V3 AC
winding supplies the CRT heater
filament, another winding of 800V AC
provides the supply for the EHT
accelerator voltages, and the
remaining winding provides for the X
and Y Amplifiers. The 700V AC is
rectified to produce IkV DC, which is
then stepped -up to 2kV and 4kV in a
four stage multiplier circuit; this is
prefered to providing 4kV direct from
a transformer secondary, which would
be very expensive because of the
heavy insulation requirements. The
EHT supply directly feeds the CRT
anode voltages and, by means of a
resistor potential divider chain, the
voltages for the other electrodes. The
potentials of the grid and second
anode are made variable with
potentiometers to allow the brightness
and focus, respectively, to be
adjusted. The X and Y Amplifiers
essentially amplify convenient input

voltage levels of ±2V (full scale
deflection) to the necessary ±150V
needed to drive the deflection plates
of the CRT.

A further input, called the Z -input,
is AC coupled into the control grid to
allow the brightness to be controlled
dynamically by an external signal, as
is necessary for the 'Scope Add-on.

'Scope Module
A block diagram of the unit that turns
the X -Y Plotter into an oscilloscope is
shown in Figure 6. An oscillator
generates a 'sawtooth' waveform
which must be applied to the X -input
of the X -Y Plotter; this causes the
electron beam to sweep smoothly
across the screen from the far left to
the far right, and then rapidly fly back
to the starting point to repeat the
sweep. In the absence of any Y input
this would cause the display of a
horizontal line in the centre of the
screen. When a signal is applied to
the X -Y Plotter Y -input, however, the
beam is displayed so as to display the
input waveform plotted against time.
The display will also show, albeit
faintly, the signal during the rapid
flyback of the X deflection. This
flyback is undesirable and so is
suppressed by a negative going pulse
applied to the Z -input of the plotter; it
coincides with the flyback period and
therefore blanks the beam at this
time. An extra Y Amplifier, provided
within the 'Scope Module, has
switchable gain so allowing a wide
range of input voltage amplitudes to
be displayed on the scope.

As mentioned earlier, the timebase
waveform has to be synchronised
with the incoming signal to obtain a
steady display; this is achieved with a
Trigger circuit, which compares the
input signal with the level control
potential and forces the sawtooth
oscillator to flyback when it detects a
coincidence.

Curve Tracer
A curve tracer is a device that allows
a plot of a component's voltage versus
current characteristic, plotting current
on the vertical (Y) axis and voltage on
the horizontal (X) axis. This is useful
for checking or identifying
components such as diodes or
transistors, as each device has a
characteristic curve (that of a PN
junction diode is shown in Figure 7).
An oscillator periodically sweeps the
required range of current by
generating a representative voltage --
this is applied to the Y input of the
plotter. The voltage (which actually
represents a current) is converted to a
current in a proportional voltage to
current convertor and is made to pass
through the component being tested.
The voltage which then develops
across the component is fed to the X
input of the plotter.

The oscillator need not be
sinusiodal; in fact a symmetrical
triangular wave would produce a
more evenly bright trace.
The Hobby 'Scope project continues HEnext month.
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G ET
BIG POWER

our Modular
Amplifiers

the third generation
Due to continous improvements in components and design I LP

now launch the largest and most advanced generation of
modules ever.

WE'RE INSTRUMENTAL
IN MAKING A LOT

OF POWER
In keeping with I LP's tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.
With over 10 years experience in audio amplifier technology I LP

are recognised as world leaders.

BIPOLAR MODULES

Module
Number

Output
Power
Waste
rms

Load
Impedance

n_

DISTORTION
T.H.D. I.M.D.
Typ at 60Hz/
1KHz 7KHz 4:1

Supply
Voltage

Typ

Size
mm

WT
gms

Prim
inn.

VAT

HY30 15 4-8 0.015% <0.006% t 18 76 a 68 x 40 240 (8.40
ff 960 30 4-8 0.015% <0.006% ± 25 76 x 68 x 40 240 (9.55
il96060 30 + 30 4.8 0.015% <0.006% ± 25 120 x 78 a 40 420 E18.69
H9124 60 4 0.01% <0.006% ± 26 120 a 78 x 40 410 £20.75
1-19128 60 8 0.01% <0.006% ± 35 120 x 78 x 40 410 £20.75
HY244 120 4 0.01% <0.006% t 35 120 x 78 x 50 520 E25.47
F+8248 120 8 0.01% <0.006% I 50 120 0 78 0 50 520 E25.47
HY364 180 4 0.01% <0.006% t 45 120 x 78 a 100 1030 (38.41
+19368 180 8 0.01% <0.006% ± 60 120x 711x 100 1030 £38.41

Protection: Full load line. Slew Rate: 15v/ps.Risetime, 5ps. S/N ratio: 100db.
Frequency response -3d81 15Hz - 50KHz. Input sensitivity, 500mV rms.
Input Impedance: 1001(11 . Damping factor: 100Hz >400.

PRE AMP SYSTEMS

Module
Number

Module Functions Current
Required

Price inc.
VAT

H V ti Mono pre amp Mic/Mag. Cartridge/Tuner/Tape/ 10mA C7.60

Aux + Vol/Bass/Treble
4966 Stereo pre amp Mic/Mag. Cartridge/Tuner/Tape/ 2OmA £14.32

Aux 4 Vol/Bass/Treble/Balance
HY13 Guitar pre amp Two Guitar (Bass Lead) and Ma- +

separate Volume Bass Treble + Mix
2OrnA £15.36

HY78 Stereo pre amp As H 866 less tone controls 20mA (14.20

Most pre -amp modules can be driven by the PSU driving the main power amp.
A separate PSU 30 is available purely for pre amp modules it required tor
(5.47 (inc. VAT). Pre -amp and mixing modules in 18 different variations.
Please send for details.
Mounting Boards
For ease of construction we recommend the B6 for modules HV6-HY13 £1.05
(inc. VAT) and the B66 for modules HY66-HY78 E1.29 (inc. VAT).

POWER SUPPLY UNITS (Incorporating our own toroidal transforme 5)

Model
Number

For Use With Prim inc.
VAT

PSU 71 X 1 or 2 HY30 f11.93
PSU 41X 1 or 2 HY60, 1 a 496060, 1 0 HY 124 £13.83
PSU 42X 1 x HY128 £15.90
PSU 43X 1 a MOS128 (16.70
PSU 51X 2 a HY128, 1 a HY244 E17.07

MOSFET MODULES

Module
Number

Output
Power
Watts

Load
Impedance

DISTORTION
T.H.D. I.M.D.
Typ at 60Hz/

Supply
Voltage

Typ

Size
mm

WT
gms

Price
inc.

VAT
MIS

_n_
. 1 KHz 7101z 4:1

MOS 128 60 4-8 <0.005% <0.006% ± 45 120 a 78 x 40 420 (30.41
MOS 248 120 4-8 <0.005% <0.008% t 55 120 x 78 x 80 850 139.86
MOS 364 180 4 <0.005% <0.006% ± 55 120 0 78 x 100 1025 1'45.54

Protection: Able to cope with omplex loads without the need for very special
protection circuitry (fuses will suffice).

Slew rate: 20v/us. Rise time. 3ps. S/N ratio- 100db
Frequency response I-3481: 15Hz - 100K Hz. Input sensitivity. 500mV rms
Input impedance. 1001(.11. Damping factor: 100Flz >400.

'NEW to I LP' In Car Entertainments
C15
Mono Power Booster Amplifier to increase the output of your existing car radio
or cassette player to a nominal 15 watts rms.

Very easy to use.

Robust construction. £9.14 (inc. VAT)
Mounts anywhere in car.

Automatic switch on.

Output power maximum 22w peak into 411
Frequency response 1-3413/ 15Hz to 30KHz. T.H.D. 0.1% at 10w 1K Hz
S/N ratio (DIN AUDIO) 80dB, Load Impedance 311
Input Sensitivity and impedance (selectable) 700mV rms into 15KR 3V rms into 8R
Size 95 x 48 a 50mm. Weight 256 gms.

C1515
Stereo version of C15.

Size 95 x 40 x 80. Weight 410 gms.

£17.19 (inc. VAT)

Model
Number

For Use With Prim inc.
VAT

PSU 52X 2x 118124 (17.07
PSU 53X 2 a MOS128 £17.86
PSU 54X I a 119248 £17.86
PSU 55X 1 0 MOS248 £19.52
PSU 71X 2 a 19244 E21.75

Please note X in pert no. ordinates primary voltage Please insert "0" in place of
X for 110V, "1" in place of X for 220V, and "?" in place of X for 240V.

Model
Number

For Use With Price inc.
VAT

PSU 728
PSU 7311
PSU 74X
PSU 75X

2 x HY248
I x HY364

1 x HY368
2 x MOS248, 1 MOS368
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WITH A LOT OF
HELP FROM 111-CD ELECTRONICS LTD

PROFISSIONAI

CAN HANDLE...
Unicase

11141 THAT EVERY

Over the years I LP has been aware of the need for a complete
packaging system for it's products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

Each Unicase kit contains all the hardware required down to
the last nut and bolt to build a complete unit without the
need for any special tools.

Because of I LP's modular approach, "open plan" construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates
UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
"no frills", low distortion, (<0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre -amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

Power Slaves
Our power slaves, which have numerous uses i.e.
instrument, discotheque, sound reinforcement, feature in
addition to the hi fi series, front panel input jack, level
control, and a carrying handle. Providing the smallest,
lowest cost, slave on the market in this format.

UNICASES

HIFI Separates
Price inc.
VAT

UC1 Preamp £29.95
UP1 X 30 + 30W/4 -8A Bipolar Stereo HiFi £54.95
UP2X 60W/411 Bipolar Mono HiFi £54.95
UP3X 60W/8.11. Bipolar Mono HiFi £54.95
UP4X 120W/4n Bipolar Mono HiFi £74.95
UPSX 120W/8n Bipolar Mono HiFi £74.95
UP6X 60W/4 -8n MOS Mono HiFi £64.95
UP7X 120W14-8.0. MOS Mono HiFi £84.95

Power Slaves
US1 X 60W/4 IL Bipolar Power Slave f59.95
US2X 120W/4 n Bipolar Power Slave £79.95
US3X 60W/4 -8n MOS Power Slave £69.96
US4X 120W/4 -8n MOS Power Slave £89.95

Please note X in part number denotes mains voltage. Please insert '0' in place of
X for 110V, '1' in place of X for 220V (Europe), and '2' in place of X for 240V

hAt

COliftoi our C.3

ENTHUSIAS1

0,0

TO ORDER USING OUR FREEPOST FACILITY
Fill in the coupon as shown, or write details on a separate sheet of paper,
quoting the name and date of this journal. By sending your order to our
address as shown at the bottom of the page opposite, with FREEPOST
clearly shown on the envelope, you need not stamp it. We pay postage for
you. Cheques and money orders must be crossed and made payable to I.L.P.
Electronics Ltd. if sending cash, it must be by registered post. To pay C.O.D.
please add £1 to TOTAL value of order.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

Post to: ILP Electronics Ltd., Freepost 4,
Graham Bell House, Roper Close,
Canterbury CT2 7EP, Kent, England.
Telephone: 102271 54778.

ELECTRONICS LTD Technical: 10227164723.
Telex: 965780.

Please send me the following

Total purchase price

I enclose ChequeL Postal Ordersl'l Int. Money Order

Please debit my Access/Barclaycard No.

Name

Address

I I

%MEMNON&

Aoll(U.K.) All units except UC1 incorporate our own toroidal transformers.
Signature

Hobby Electronics, June 1983
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III

Feel like sounding off?
Then write to the Editor stating your Point of View!

HEBOT Rides Again

Dear Sir,
I have just read the HEBOT II article in
the November '82 issue of your
magazine, where you ask for
submissions on the subject of other
interfaces.

I own a PET computer by Com-
modore and would like to know the
details of how to control HEBOT II with
it, therefore I would be pleased if you
could work this out for me as lam not
very good at electronics.
P R Brown,
Stevenage,
Herts.

Coming soon in Hobby Electronics!

You Don't Ohm Me
Dear Sir,
As an enthusiastic hobbyist in hifi, I
want to build your Audio Signal
Generator (HE May '82), the relatively
simple design of which appeals to me.
Unfortunately I cannot obtain locally
the prescribed thermistor RA53 (or
R53 alternatively). Stockists of
electronic components always request
the ohmic value of such a thermistor,
which is not given in your article.
Simply referring RA53 or R53 means
nothing to them. To order just one
piece from England (Maplin or
Watford) is not very convenient.

Physically similar thermistors are
available locally (Philips?) as long as I
know the correct ohmic value.
Another alternative available is to use
the slightly cheaper glass -bead type
thermistor. I shall be pleased to know
if this can be used instead.
Yours faithfully,
J F Bednarik,
Pretoria,
S. Africa.

The RA53 is, in fact, a glass bead
thermistor. It is rated at 3mW at 20°C
with a resistance of 5k at that
temperature, and has a minimum
resistance of 80R. Hope that helps.
PS. You forgot to put your SAE in.
Actually about 5% of our enquiries
forget to include their SAEs (not
counting the ones who don't think of
sending one in the first place) -
which is why they end up here!

But then, if you have something
especially pertinent or fascinating to
ask or say, and send an SAE, you may
have the double honour of a personal
reply and a letter on the POV page as
well.

Calling All Cars
Dear Sir,
I am a new reader to HE and find it
very interesting reading, and will be
subscribing to the magazine on a
regular basis.

I would gratefully appreciate your
experience and knowledge to help me
to make my own small alarm paging
system with the best possible range.
My intention is to install a small
transmitter unit in my car which
would transmit a signal independently
or through the car aerial, activated by
vibration sensors, and door switches
which would be received by a small
pocket bleeper, either carried or in the
home.

Being a newcomer to electronics I
thought this was a very good idea of
mine but like all good ideas I now see
something like it is already on the
market, but very expensive.

I will be happy to forward any
remittance for plans, literature etc.
Would you make it as straightforward
as possible, me being a newcomer to
electronics, and include information of
my nearest electronics agent for the
best stock of components?

I hope to make this alarm and lots
of other items in the near future and
look forward to hearing from you.
Yours sincerely,
David Knowles,
Barton,
Eccles.

After having thought about this for a
bit, we have some ideas on this type
of project and, subject to checking the
legality of the suggestion as it stands,
we hope to be producing one or more
projects along these lines.

Does anyone else have any
comments or suggestions?

When looking for components
stockists, consult our Directory of
Electronics Components and
Hardware Suppliers (HE October '82)
and the update which appeared last
month, and also consult our
advertisers - don't overlook mail
order. It's an extremely reliable way of
gaining access to large stocks of
components.

Let There Be Lights
Sir,
I have just ordered Counter Driver and
Numeral Display Projects from your
Bookshelf but I urgently need
assistance and direction. You see I'm
an amateur and without boring you I
will be grateful if you will be able to
tell me how I could construct the

words JESUS SAVES to glow
permanently and if need be the power
supply to go with them to ensure non-
interference. If I can be assisted by
way of a circuit diagram and list of
components I will very much
appreciate it. If not, I won't be
discouraged from buying HE, it's a
great magazine.
Yours sincerely,
David Amakiri,
Crystal Palace,
London.

Dear Sir,
I'm trying to create a waterproof,
battery operated clock with an LED
display and I was wondering if you
could help or put me in touch with
somebody who could. The idea is to
have the readout on one side of a
piece of fabric with the circuit board
and battery on the inside.
Yours,
J. Johns,
Kingwood,
Herts.

Firstly, sorry, chaps, but vJe cannot
design circuits to specifications. If the
Lord had intended the staff of HE to
design circuits to order, He wouldn't
have given us a magazine to publish.
We don't have an infinite number of
hands!

To get a light to glow permanently
all you have to do is wire up enough
light bulbs, Christmas tree lights,
LEDs etc. to create the display you
want. I wouldn't recommend domestic
bulbs, as they get hot and burn out,
but for any other kind of small light
source you would need a suitable
power supply circuit. That's a basic
aspect of electronics, so if you want to
get into that, try Power Supply
Projects, £1.75 from the HE Bookshelf
service (see page 29). As for Mr.
Johns, can anybody help? I must
confess, my mind boggles to know
what it's for. A digital alarm umbrella?
Upholstery for your goldfish bowl?
Could there be a new project in this
somewhere??

Low Resistance
Dear Sirs,
I will firstly say that I qualify as a
devoted HE reader and that I have
collected every single issue since
November '78.

Since you seem to be in the know
about electronics suppliers I wonder if
you could give me some advice on
where I can obtain some miniature
resistors of power rating OW125 or
below. These seem to be extremely
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difficult to get hold of for some
reason.
Yours faithfully,
N.S. Jones,
Stratford-upon-Avon,
Warks.

The resistors you want are in the RS
Components catalogue. RS itself only
deals with the trade, but any
component in its stock can be ordered
from your regular retail supplier (most
of them deal with RS), although you
will naturally have to pay for the
service. And then there is our
Components Directory in HE October
'82 and April '82, and our gallant
army of advertisers - a handful of
phone calls can unmask wonders, if
you know what you're asking for.

Teletext Kits
Dear Sir,
I am interested in Teletext/Prestel
kits, could you please advise me of
any manufacturers or agents
other than Bradley Marshall Ltd?
Yours faithfully,
C. V. Parker,
Bildeston,
Ipswich.

Bradley Marshall Ltd. is the only
Teletext/Prestel kits supplier known
to us - does anyone out there know
of another?

We Can't Amplify
Dear Sirs,
Project: Power Amplifier (HE June
'81).
While going through some old HEs I
came across this interesting project,
but to my surprise the parts list which
was provided with the article was
incomplete., For example, values of
resistors are not always given in the
PCB diagram. As I am interested in
making one, I would be very grateful if
you could send the complete parts list
since getting the kit would mean I
have to pay more for the postage than
the kit.
Thanking you,
V. Alexander,
Selangor,
Malaysia.

Sorry, but this circuit was provided by
Capricorn Electronics, and to protect
their design the Parts List was not
completely described. You'll have to
write to the address given to see if
they're still supplying the kit or would
be prepared to help you with some of
the parts.

Out Of Data
Dear Hobby Electronics,
I am desperately begging for your
help. I am involved in a college project
where there are a few integrated
circuits needed. I require data on
these ICs to adapt my project to them.
This is where the help comes in.

It would be very time consuming to

write to each manufacturer for their
data. The datas that I require are as
follows:

IC8038, IC7400, IC4093, /C555,
/C4534, IC4511, IC4081, 1C4011,
IC4001, ICULN2803A, seven segment
LED FND500, seven segment LED HP
5082-7730.

Are the seven segment displays
compatible?

If there are any charges for your
service, please send me the bill and I
would gratefully pay for the charges.

I do hope that you can help me. I
am an HE addict, I have every issue
since it was launched on November
1978. A great magazine, keep it up.
Yours waiting patiently,
S. Ferrol,
Dagenham,
Essex.

Every now and then somebody asks
us for data on one particular device
and we happen to have it at arm's
length and can provide it - but if we
guaranteed this service, and charged
for it, well, you the reader would
probably not be able to afford the
service. There are electronics
consultancies in every reasonable -
sized town in the country, but their
services don't come cheap.

Surely your college, either the
library or one of your lecturers, keeps
data sheets for these devices? That is
their job, after all! I would try asking
them, first.

Otherwise, you will have to contact
the manufacturers, the same as we
do when we get stuck, either by letter
or by phone. It will help speed up the
response you get to do three things: i)
find out by phone first of all which
department at which address you
need to contact to get data on ICs; ii)
send an SAE; iii) if you don't hear
within a fortnight, phone the depart-
ment you wrote to and ask if they
have your letter.

If you are really stuck, I seem to
recall Ilford Central Reference Library
was good on science and technology,
although data sheets might be
stretching their resources a bit. Their
number will be in your phone book.

Sorry we can't help with lists like
this. Anyway, you wouldn't get much
credit if we did all the research!

Games People Play
Dear Sir,
I have read your magazine with
interest since its introduction and
have enjoyed constructing many of
the projects. I appreciate your
encouragement of worthwhile
community projects, for example, in
the Year for the Disabled.

I would like to suggest a
competition to design an original and
attractive electronic game which could
be used for raising money at various
charity fetes, church fairs, etc. The
wire loop game surely has been
played out and I think there is a good
opening for an alternative game
which could be played by one or more
players and which offered a challenge

and value for money.
I would like to see a worthwhile and

practical project to enhance still
further the reputation of your
excellent magazine.
Yours faithfully,
J. Dakes,
Stone -on -Trent,
Staffs.

As it happens, we have several ideas
for electronic games in the pipeline.
We don't actually want to reveal our
plans at this stage, but keep looking in
HE. And thanks for the kind words.

Mail Order Maestros
Dear Sir,
On Tuesday 7th February, I sent by
post orders to three of your
advertisers, namely Rapid Electronics,
John Bull and Bi-Pak.

I received delivery of the goods
ordered, by post, on Friday, Saturday
and finally today.

Congratulations to the efficiency of
the firms concerned and the Post
Office.
Yours faithfully,
M J Turner,
Whitstable,
Kent.

Nice to hear about the good things
instead of the grollies for once! And
living proof that mail order really does
work, for anyone thinking of taking
the plunge. Thank you, M.J.

Wah's That Again?
Dear Hobby Electronics,
I would like to enquire about a project
which appeared in HE June '82, the
Auto Wah. I wondered if a kit is
available and how much it is including
case and all the necessary bits. Please
send me an answer quickly since I
want to make it for a friend of mine
who has an electric guitar.

Thank you.
Ali Modjdehian,
Sussex University.

The kit for the Auto Wah, with or
without case, is available from
Magenta Electronics - see their
advertisement in this (and every) issue
of HE. The produce kits for many HE
projects old and new, so they are
usually the first people to check.

PS Has your friend warned his
neighbours?!!

While offering help and advice about
projects and general electronics
subjects tends to be priority number
one in Points of View, not omitting to
mention my colleague C. Dick across
the way, we would also like to hear
the odd Point of View from time to
time, so if you have anything you
want to praise, speculate on,
comment on or sound off about in the
world of electronics, let us know. Its
your voice as well as ours. Of course
if you don't need a reply you don't
need to enclose an SAE either - it
gives a wonderful sense of freedom! HE
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ZX81 HIGH RESOLUTION GRAPHICS
BOARD

User -definable, high resolution graphics for the Sinclair ZX81 computer - without fuss!
This is a simple add-on PCB that plugs into the ZX81 ROM socket; no modifications to the

computer hardware are needed in this project! The ZX HRG is completely software controlled
and allows you to program high resolution graphic characters for, say, a Space Invader game,

graph plotting or anything else.
Software control allows the high resolution characters, once set up, to be saved on cassette then

loaded and re -used at any time, and switching between either HRG user -graphics or the
standard Sinclair character set is easy, under software control. Any single element of an
8x8 -pixel character can be individually controlled, giving a screen resolution of 256x176,

allowing finely details graphics programming.
The ZX HRG Board is the first half of a Sinclair Graphics Package. The second project is a

user -programmable joystick controller - the first of its kind! Unlike all others it can be instructed
to operate with any commercially available games programme, and will appear in the August
issue of Hobby Electronics. A slightly different version for the Sinclair Spectrum will also be out

shortly.

SATELLITE AND CABLE TELEVISION
EXPLAINED

The communications revolution is nearly upon us! Find out about the technology of tomorrow's
entertainment world in our July issue.

ALL ABOUT ELECTRONICS
Commencing a new series, especially written for the novice. All aspects of electronics will be
covered in 12 separate parts, leading from basic theory through to descriptions of complete

electronic systems.

COMPONENTS FOR COMPUTING
The second part of the article looking at computer display systems, leading up to a simple video

display project in a future issue.

THE HOBBY 'SCOPE
Continuing with the circuit details of the X -Y Plotter unit of our super low-cost

oscilloscope project.

Please reserve

0.0

copies of the July issue of

for
Name

Address

L

July issue on sale at
your newsagent
from 10th June.

Place your order now!

Although these articles are being prepared for the next issue, circumstances may alter the final content.
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BI-PAK
"IRRESISTABLE

RESISTOR BARGAINS"
Pak Ma OW Descophen Price

SI10 400 Mired All type Resistors El
SX11 400 Pretormed I6 watt Carbon

Resistors El
SXI2 200 b watt Carbon Resistor,. El
S113 200 k. watt Carbon Resistors LI
SX14 ISO h watt Resistors 22 ohm

2m2 Mired LI
SX15 100 1 and 2 watt Resistors 22

ohm 1m2 Mixed LI
Paks SX11 15 contain a range of Carbon tdm Resistors
of assorted values from 22 ohms to 2 2 meg Save
pounds on these resistor paks and hare a lull range to
cover your protects
'Quantities approximate count by weight

"CAPABLE
CAPACITOR PAK S"

Pak No Qty' Descripbon Price
SX16 250 Capacitors Mired types El
SX I 7 200 Ceramic Capacitors Miniature

Mixed El
SXI8 100 Mixed Ceramics 1pf 56pf Li
SX19 100 Mired Ceramics 680f 0.5mr El
SX 20 100 Assorted Polyester, Polystyrene

Capacitors El
5121 60 Mixed C280 type capacitors

metal fort

SX22 100 Electrolytics all sorts
SX23 50 Quality Electrolytics

50 1000 ml
SX24 20 tantalum Beads mixed
2Lianlities approximate count by weight

El
El

El
El

SX52

b Black Heatsmk will fit 10 3 and BARGAINS
10 220 Ready drilled Half price SX42 20 small 125 Red LEDs El
value LI SX43 10 Rectangular Green LEDs 2 El

SX53 I Power finned Heptsink This heatsink

gives the greatest p issible heati dissipation

In the smallest space owing to its unique

staggered fin design pre drilled

5146

0047

30 Assorted Zener Diodes
150mw-2 watt mired voltages
all coded New LI
4 Black Instrument

with pointer'.-
TO 3 Sire 45mm squarer 20mm high 40p

,Knobs-winged
Standard screw fn site 19 0

SX54 10 66 size 35mm tOmm 0 12mm 35p 20mm 50p

5X55 I Heat Efficiency I ref Finned Heatsink

hOmm 0 80mm imm High Drilled to

5149 20 Assorted Shaer Knobs
Black Chrome etc LI

take up to 4 

To 3 devices

01.50 each

9180 12 Neon% and filament lamps Low
voltage and mains - various types
and colours - some panel mounting El

100

SEMICONDUCTORS FROM
AROUND THE WORLD

A Collection of Transistors Diodes Rectifiers Bridges SCR 5

Triacs IC s both Logic and linear plus Opto s all of

which are current everyday usable devices

Guaranteed Value over EIO at Normal Retail Price

rot
inirrs

0, 4 - 00 Data etc

only
every Dab

Order No SX56

100

BI-PAK 'S OPTO BARGAIN OF THE YEAR!
Valued at over E10-Normal Retail-we offer you a pack of 25 Opto

devises to include LED's Large and Small in Red Green Yellow and
Clear 7 Segment Displays both Common Cathode and Common Anode

PLUS bubble type displays-Irke 01 33 Photo transistors-similar to

OCP7I Photo Detectors-like MEL I I 12 Dos whole pack of x15

devises will cost you lust '00
ANC we guarantee your money back if you are not

completely satisfied CULL data etc included

Order No. SX117.

TECASBOTY
The Electronic Components and Semiconductor Bargain of the Year A 0051 of Electronic
components including potenfrorrreters rotary and slider presets hordonni and vertical
Resistors of mixed values liohms to 2M7 I 8 lc Watt A comprehensive range 0,

capacitors including electrolytic and Polyester types plus disc ceramics etcetera
Audio plugs and sockets at various types Plus switches fuses nealsrnks wire nuts DONS

gromets wore clips and ryes knobs and P C Board Then add to that 100 Semiconductors
to include transistors diodes SCRs °PIO s all of which are current everyday usable devices

In all a Fantastic Parcel No rubbish all identifiable and valued in current catalogues at we
over 125 00 Our Fight Against inflation Price-

*411,

Dow rtht
Dive Bodge'

JUST £6.50.n Dnr sOn
Olno SXB5

Send your orders to Dept EE6,
BI-PAK PO BOX 6. WARE, HERTS.

SHOP AT 3 BALDOCK ST,
WARE HERTS.

Use your [retail card Ring vs on Ware 3182 NOW and

gel your order even taster Cards nomelly sent 2nd

Class Mail

Remember you musl add gill al IS to pour oder

Total PosLarte add /So per Total order

CATALOGUE
BI-PAKS NEW 1983 CATALOGUE IS OUT.

Presented with a Professional Approach and Appeal to
ALL who require Quality Electronic Components,
Semiconductors and other Accessories ALL at realistic
prices.
There are no wasted pages of useless information so
often included in Catalogues published nowadays.
Just solid facts i.e. price, description and individual
features of what we have available. But remember,
BI-PAK's policy has always been to sell quality
components at competitive prices and THAT WE
STILL DO.

We hold vast Stocks "in
stock" for fast immediate
delivery, all items in our
Catalogue are available ex
stock.
The Catalogue is designed for
use with our 24 hours "ansa-
phone" service and the Visa/
Access credit cards, which we
accept over the telephone.

To receive your NEW 1983
8I-PAK Catalogue, send 75p
PLUS 25p p&p to:-

----- --.

All-PA1141lEgztP6E794.0i

SOUND with SINCLAIR
MAKE AMAZING SOUND EFFECTS
WITH YOUR ZX 81,
TIMEX Sinclair 1000
or SPECTRUM

THE ZON X81
£25.A95inci p&p &VT

Access dr VISA accepted
Ring 0920 3182 tor
immediate despatch

 The ZON SOUND UNIT is completely self-contained and especially
designed for use with the ZX 81, TIMEX Sinclair 1000 and Spectrum
Computers. It just plugs in - no dismantling or soldering.

 No power pack, batteries, leads or other extras.
 Manual Volume Control on panel - ample volume from built-in

loud -speaker.

 Standard Sinclair - 16K Rampack or printer can be plugged into
ZON X Sound Unit without affecting normal computer operation.

 Huge range of possible sounds for Games, Music, Helicopters, Sci-
Fi, Space Invaders, Explosions, Gun -shots, Drums, Planes, Lasers,
Organs. Bells, Tunes, Chords, etc., or whatever you deviser

 8 full octaves. Uses 3 -Channel sound chip giving programme
control of pitch, volume of tones and noise all with envelope
control.

 Easily added to existing games or programmes using a few simple
-BASIC" lines or machine code.

 No memory addresses used - 10 mapped.

FULL instructions with many examples of how to obtain effects and
the programmes, supplied. Fully guaranteed. British Made.
'Except with Spectrum, you need the Spectrum Extension Board
Order No. SEI - PRICE £6.80 inc. VAT.
Payment may be made by Cheque, P.O.
Giro No. 388 7006. Postal Order or
Credit Card.

Export orders:- Bank Cheque, Inter
national Money Order, U.S. * or E.

Sterling.

BP revs HE. P0 Boo 6
63A High Street
Ware. Herts.

Access & VISA accepted
RI g 0920 3182 for
immediate despatch
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Popular Computing

Sinclai
Sound
Board
Original Design by Charles Baudouin
Development by Mike Lord

Do your ZX81 or Spectrum programs
seem dull and lifeless? Do they lack that
Snap, Crackle or Pop? If so then our
Sound Board may be the answer!
Our ZX Sound Board is based on
the General Instruments' 8912 sound
generator chip, which gives you three
programmable tones or noise with the
option of automatic enevelope control,
so your computer can carry on with
other things while the sound is being
produced. The board has been
designed to work on both the
Spectrum and the ZX 81 (1K or
more RAM) without modification, and
features a built-in amplifier to drive an 8
or 16 ohm speaker as well as a volume
control (for work in the early hours!)
and a 'Reset' button for turning it off
quickly when the neighbours start
knocking!

The unit is designed to plug into the
rear connector of the computer; a
matching edge connector plug is fitted
to the rear of the sound board to
allow for other add-ons such as the
ZX81 RAM Pack or printer.

Circuit Description
The heart of the board is the sound
generator chip, IC3. The data needed
to program its operation comes in
from the computer's data bus, on
leads DO -D7, while the IC itself is
under control of the signals on the
BC1 and BDIR chip inputs. These are

improved by ICs 1 and 2 whenever
the compUter performs an 1/0
operation with address line A5 or A6
low. These two address lines have
been chosen because they do not
conflict with any of the 1/0
addresses used by Sinclair add-ons
such as the ZX printer. Putting the
board in the computer's '1/0 Map'
rather than the 'Memory Map' means
that we can use the same board for
both the ZX81 and the Spectrum
without modification, although it does
make use with the ZX81 slightly more
complicated.

R2 and C3 reset the 8912 chip
when power is applied to the board,
or it can be reset any time by
operating SW1; R3 limits the current
flowing through the switch from C3 to
a sensible level.

IC3 needs a clock signal of
somewhere between 1 and 2MHz,
and this is provided by using part of
IC2, (which is a quad 2 -input NAND
with Schmitt Trigger inputs), R1 and
C1 as an oscillator. The output of the
oscillator is buffered by a spare gate
from ICI.

The three sound outputs of IC3 are
connected togther and to the load
resistor R5, then the resulting signal
is fed through the low-pass filter
R4/C4 to round off the edges of the
square waves produced by IC3 before
being amplified in IC4 to drive the
loudspeaker. R6 and C7 guard against
ringing and possible oscillation in IC4.

Construction
A single -sided PCB has been used to
keep the cost down, so two wires
have to be soldered in, as shown in
Figure 2. Once this has been done,
the resistors, capacitors and IC
sockets can be fitted, care being taken
to ensure that the electrolytic
capacitors are fitted the right way
round. Do not fit the ICs themselves
yet.

The termination pins of the 23+23
way socket should now be fed
through the board, so that they
project out of the component side, the
body of the socket being on the track
side of the PCB. Position the
connector so that it is square onto the
PCB, with about half of the length of
the termination pins on each side of
the board. Solder two of the corner
pins to the copper pads first, then
check again that the connector is
mounted squarely before soldering the
other pins to the square pads on the
board (some of the pins don't go
through square pads, and so don't
need to be soldered). Take great care
not to create accidental short-circuits
to adjacent pads or track when you
are making the soldered joints!

The 23+23 way plug, which is a
double -sided PCB, should now be
fitted. Again, it must be mounted
square onto the main PCB, the
contact tails from the socket being
bent down and soldered onto it on
both sides.

The switch and volume control are
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Parts List
RESISTORS
(All 1/4W, 5% carbon)
R1 470R
R2, 4 33k
R3, 5 1k
R6 3R3

POTENTIOMETERS
RV1 10K preset

(see Buylines)

CAPACITORS
(Disc ceramic unless noted)
C1 1n
C2, 5, 7 100n
C3, 8 4u7

16V electrolytic
C4 10n
C6, 9 100u

16V electrolytic

SEMICONDUCTORS
ICI 74LS02

Quad NOR gate
IC2 74LS132

Quad NAND Schmitt trigger
IC3 AY -3-8912

Sound generator
IC4 LM380N

Audio amplifier

MISCELLANEOUS
SK1 ZX edge connector

23 + 23 way 0.1 in socket with
polarising pin in position 3,

wire/wrap contact terminations.
PL1 23+23 way plug
SW1 push switch

Single pole momentary
PCB; 3 x 14 -pin, 1 x 28 -pin DIL IC
sockets; loudspeaker, 8 or 16 ohm;
connecting wire, solder etc.

BUYLINES page 34

to be soldered onto the track side of
the main PCB, which has been laid
out to accommodate the types given
in the parts list.

Finally, a pair of wires should be
soldered into the two holes indicated
in Figure 2, to connect with the
loudspeaker, then the ICs plugged in.

Preliminary Tests
Before doing anything you might
regret, check the board very carefully
for possible short-circuits between
tracks or connector pins. Then check
again that the correct components
have been inserted in the correct
places, and the right way round. If you
are very unlucky, a fault which is
overlooked at this stage could damage
your computer!

Now, plug the board into the back of
your computer, REMEMBERING TO
TURN THE POWER OFF FIRST!!
Restore power to the computer, and
check it works exactly as before.

Turn the volume control fully
clockwise. You should be able to hear
a slight buzzing sound from the
loudspeaker, which will increase if

SK1 /PL1

+9V 02B
+5V 0B

ovo4B
OV 050

DO 0
D105
D2 0

O
04 0
05 0
060
D70

1C2
100n

C6
100u

14

OV

28

5V

15

71 1

GND Vcc

'Cl
74LS02

11

12

27

2

2

2

A6 0 20B

218

1060 0

1,75 016A

0.71 017A

13 IC2d

12

IC2c

11

8

CLK

DO

01

un IC3
D5 AY -3-8912

D6

D78C1

BD1R

RESET BC2 AB

A 5

IC2b

Figure 1 . The circuit.

16 19 17

R2
33k R3

1k

C3
4u7

0 +5V

7 14

GND Vcc

IC2
74LS132

C2a

-On

R4
33k

R5
1k

OV

vss vcc

IC3
AY -3-8912

0 +5V

2

R1 C1
4706 to

OV

RV1
C5 10k

100n

C4

SW1
RESET

10n

2

6

C8
4u7

OV

5

70-10

IC4
LM380N

LS1
8R

Figure 2: PCB Overlay. Note that SK 1 , SW1 and RV1 (dotted) are mounted on
the track side of the board.

TO L/S

you touch the left-hand terminal of
RV1 with the tip of your finger.

If you are using it with a Spectrum,
then you can check that the sound
generator is working by entering the
line:

(OUT 1 59,8: OUT 223,15)
which should result in a hissing
noise. If you have a ZX81, you will
have to load the 'Demo' program and
use that to test the board as described
in the next few sections.
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SPECTRUM ZX SOUND BOARD ZX81

PIN A B PIN A B PIN A B

1 A15 A14

2 A13 Al2
3 D7 +5V 1 D7 +5V 1 D7 t5V

4 +9V 2 +9V 2 RAMCS +9V

5 KEY
I

3 KEY 3 KEY

6 DO OV r 4 DO OV 4 DO OV

7 D1 OV 5 D1 OV 5 D1 OV

8 D2 CK 6 D2 6 D2 0

9 D6 AO 7 D6 7 D6 AO

10 D5 Al 8 D5 8 D5 Al
11 D3 A2 9 D3 9 D3 A2

12 D4 A3 10 D4 10 D4 A3

13 INT IORQGE 11 11 INT A15

14 NMI OV 12 12 NMI A14

15 HALT VIDEO 13 13 HALT A13

16 MREQ Y 14 14 MREQ Al2
17 IORQ V 15 IOREQ 15 IOREQ All
18 RD U 16 RD 16 RD A10

19 WR BUSRQ 17 WR 17 WR A9

20 -5V RESET 18 18 BUSAK A8

21 WAIT A7 19 19 WAIT A7

22 +12V A6 20 A6 20 BUSRQ A6

23 -12V A5 21 A5 21 RESET A5

24 MI A4 22 22 MI A4

25 RFSH ROMCS 23 23 RFSH ROMCS

26 A8 BUSAK

27 A10 A9

28 All

Table 1. The three columns give the edge connector pin signals for the Spectrum,
the ZX Sound Board and the ZX81, from left to right.

This table covers the same ground as the ones published with "ZX Interfaces
Explained" (HE August '82, page 12), with some corrections, and can be kept as
a handy reference guide to Sinclair micro connections.

Inside The 8912 Sound Chip

The 8912 is basically a 'three -channel
device', although in this circuit all
three outputs have been connected to
the single audio amplifier.

It contains a variable frequency tone
source and a programmable amplitude
control for each of the three channels
A, B and C. A single - common -
noise generator is also included, and
its output can be added to or replace
the output of any of the tone sources.
The programmable amplitude control
for any of the channels can be
controlled by the computer or by an
'Envelope Generator' in the chip itself.
This generator can be programmed to
provide a variety of envelope shapes,

automatically controlling the output
level of the sound channel or
channels. The values to be put into R7
selected.

Fourteen registers in the 8912
control the various sound generation
functions. They are referred to as RO
to R13. RO and R1 control the
frequency of the tone produced for
channel A. The larger the number
entered into these registers, the lower
the resulting note frequency. RO is the
'Fine Tune' register, and can be
programmed with any value between
0 to 255. R1 provides 'Coarse' tuning,
and can take any value from 0 to 15.
R2 and R3 are similar Fine and
Coarse tuning registers for channel B,
and R4, R5 for channel C.

The frequency of the noise

VOLUME

R13
VALUE

9

10

2

3

4

15

NNNN

////z
z

TIME

Figure 3. Envelope shapes available
from the Sound Board's Envelope
Generator.
generator can be controlled by
entering a value from 0 to 31 into R6;
the larger the value the lower the
basic frequencies of the 'noise'
produced.

R7 lets you select noise or tone
output (or both) for each of the three
channels. The values to be put into R7
should be between 0 and 63,
calculated as the sum of:

1 to turn OFF tone from channel A
2 to turn OFF tone from channel B
4 to turn OFF tone from channel C
8 to turn OFF tone from channel A
16 to turn OFF tone from channel B
32 to turn OFF tone from channel C
R8, 9, and 10 control the output

levels of channels A, B and C
respectively. If they are loaded with a
value between 0 and 15, then the
output level for that channel will be
determined by the value, 15 being the
loudest. If, on the other hand, you
enter the value 16, then the output
level for the channel will be controlled
by the Envelope Generator.

The Envelope Generator can vary
the amplitude of any selected
channel(s) to impose any of eight
envelope shapes on the sound output,
according to the value loaded into the
register R13. Details of these
envelope shapes are given in Figure
3. Note that some give a continuous
(or continuously varying) output, while
others give only a burst of sound
every time R13 is loaded.

The duration of envelope shapes is
controlled by values put into R11 and
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Popular Computing I

Sounds
Dissonance

REG VALUE
7 56
8 8
9 8

10 8
0 200
2 133
4 103

Choo-Choo
REG VALUE

6 30
7 55
8 16

11 200
13 14

Chimes
REG

1

2
4
7
8
9

10
12
13

Shot
REG

7
8

12
13

VALUE
1

130
60
56
16
16
16
50

8

VALUE
55
16

5
9

(You'll get a 'shot' everytime you enter
9 into register 13.)

R12; larger values giving longer times.
R11 is the 'Fine Tune' register, and
R12 provides 'Coarse Tune'; both
registers can take values from 0 to
255.

There are two further registers in
the 8912, known as the 'Address
Register' and the 'Data Register'. To
put a value into any of the registers
RO to R13 you have to put the number
of the register into the Address
Register, then load the value into the
Data Register. Reading the Data
Register will give you the content of

Demo Routines

1 REM 123456789ABCD
2 LET AS="110000019FFFED590EDFED51C9"
3 LET A=16514
4 FOR B=1 TO 25 STEP 2
5 POKE A,16.CODE AS(B)+CODE AS(B+1)-476
6 LET A=A+1
7 NEXT B

100 PRINT "REG VAL"
110 INPUT R
120 PRINT R:"
130 INPUT V
140 PRINT V
150 GOSUB 990
160 GOTO 110

9990 POKE 16515,R
9991 POKE 16516,V
9992 LET A=USR 16514
9994 RETURN

Note: characters '0' in line 2 are Zeroes, not the letter '0'

SOUND BOARD DEMO PROGRAM FOR SPECTRUM

100 PRINT "Reg Val"
110 INPUT "Reg ";R-Val ";V
120 PRINT R;TAB 6;V
130 OUT 159,R: OUT 223,V
140 GO TO 110

the register whose number is in the
Address Register.

Programming It
As the board is 1/0 mapped,
Spectrum owners should use the IN
and OUT commands, the appropriate
addresses being:
159 to write to the Address Register

223 to write to the Data Register
191 to read from the Data Register
So, to load the value 11 into the

envelope shape register R13, we
would use the two statements:

OUT 159,13
OUT 223,11

The 'DEMO' program given later
simplifies things a little by letting you
enter just the register number and
contents.

The ZX81, however, lacks the IN
and OUT instructions of the Spectrum;
this means that a small machine code
routine has to be loaded first to
access the 1/0 map.

Lines 2-7 of the ZX81 'DEMO'
program load this M/C program into
the memory space reserved by the
REM statement of line 1; once you
have run this once then the
characters in line 1 will change, and
you can delete lines 2 to 7 if you
wish. Lines 9990-9994 are a
subroutine which calls the M/C
routine, putting the value V into the
8912 register number R. Lines 100-
160 are a short routine which uses
the subroutine at 9990 and lets you
experiment with the board by just
entering the 8912 register numbers
and the values you want stored there.

Sounding Out
Some interesting sounds to try out are
listed under the heading 'Sounds to
Try' . Remember that all of the 8912's
registers that are not mentioned
should contain '0' (pressing the board
Reset button puts zero into all of the
registers). These examples should get
you started, then you can make a
splash or any other sound you fancy! H E
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7400 11p
7401 11p
7402 11p
7403 12p
7404 12p
7405 15p
7406 18p
7407 18p
7408 14p
7409 14p
7410 14p
7411 16p
7412 14p
7413 16p
7414 lap
7416 18pp
7417 18p
7420 14p
7421 18p
7422 20p
7423 18p
7425 18p
7426 18p
7427 18p
7428 18p
7430 14p
7432 18p
7433 22p
7437 22p
7438 22p
7440 15p
7441 55p
7442A 30p
7443 70p
7445 50p
7446A 50p
7447A 36p
7448 45p
7451 15p
7453 15p
7454 15p
7060 15p
7470 30p
7472 25p
7473 259
7474 18p
7475 22p
7476 25p
7480 48p
7481 120p
7482 65p
7483A 38p
7484 65p
7485 60p
7486 18p
7489 170p
7490A 209
7491 359
7492A 25p
7493A 24p
7494 35p
74954 35p
7496 30p
7497 90p
74100 80p
74107 22p
74109 25p
74112 170p
74116 50p
74118 56p
74119 60p
74120 60p
74121 25p
74122 30p
74123 369
74125 30p
74126 30p
74128 36p
74132 30p

74136
74141
74142
74143
74144
74145
74147
74148
74150
741514
74153
74154
74155
74156
74157
74159

28p
55p

175p
200p
200p

400
75p
60p
50p
36p
36p
50p
3601
40p
30p
75p

741511
741512
741513
741514
741515
741520
701521
741522
74LS26
741527
741528
741530
741532
741537
74LS38
741540

13p
13p
15p
25p
12p
13p
13p
13p
14p
13p
14p
13p
13p
14p
14p
12P

74LS244
74LS245
7415251
74LS253
7415256
7415257
7415258
7415259
7415260
7415261
7415266
7415273
7415279
7415283
74LS298
7415299

130p

70p
30p
30p

1509
30p
35p
55p
22p
50p
20p
56p
30p
409
90p
1509

4041
4042
4043
4044
4076
4077
4078
4081
4082
4086
4089
4093
4094
4095

4097
4096

40p
40p
40p
40p
48p
18p
16p
14p
15p
40p

125p
24p
909
75p
709

290p

CA3048 220p
CA3059 285p
CA3060E 360p
CA3080E 70p
CA3086 480
CA3089 200o
CA3090404000
CA3130E 90p
CA3140E 40p
CA3140T 90p
CA3160E 100p
CA3161E 150p
CA3162E 460p
CA3189E 300p
CA3240E 110p
CA32806 200p

310P150pMC1445 250o
MC1458 36p
MC1495L 350P
MC1496 709
MC33409 120p
MC3403 66p
MF10 250p
MK50398 E7
ML920 800p
MN57160 CV
M N62214 1300p
5E531 1409
NE532 130P
NE5'33 1409
NE555 169

25426E
ZN427E
ZN428E
25429E
ZN450E
ZN459
.251034E
251040E
ZNA134
ZNA234

3009
563p
400p

210p
7900
8009
200p
6700

123
860P

MJ4502
MJE340
MJE2955
MJE3305
MPF102
MPF103 /4
MPF105
MPSA12
MPS413
MPS420
MPSA42
MPSA43
MPSA56
MPS470
MPSA93
MPSUO6

E4
50P
400
709
30P
30P
30P
NIP
50P
50p
50P
509
259
509
50P
560

2N3702/3
2N3704/5
253706/7
2N3773
2N3819
253823
253866
253904
253906
2N4037
2N4056

2N4126
254401/3
254427

10p
12p
10p

200p
20p
30p
90p
15P
16.p
65p
65p
27P
7/9
25p
90p

11L321/2 130p IN
111330 140p
7750/60 203p

BRIDGE
RECTIFIERS
14 50V 19p
IA 100V 20p
IA 400V 25P
14 600V 30P
2A 50V 30P
24 100V MP
2A 400V 45p
3A 200V SOP
3A 600V 72p
4A 100V 95P
4A 400V 100P
64 50V 130p

DISPLAYS
31015F 200p
DL704 140p
DL707 Red 140p
FND357 120p
FND500 90p
EN0507 90p
MAN3640 175p
MAN41340 200p
MA N8910 2609

TRANSISTORS

40161/2
BC107
BC109C

40p
14p
14p74160

74161
74162
74163
74164
74165
74166

40p
40p
40p
40p
46p
06p
48p

741542
74LS47
741551
741555
741573
741574
741575

30p
36p
14p
14p
18p
16p

7415321
7415323
7415324
7415348
7415362
7415353

1509
1130p
150p
90p
60p

4090
4500
4502

45034505

90p
100P
6759

60P
460

400p

07002 C 4800
OAC1408-8 12
DAC 0 800 200P
'DA C 0808 2009
PAT366 1331,
HA1388 250p

NE556 469
NE564 4.20P
55055 1209
NE566 155p
NE567 1400
5E570 4100

BC117
BC169C
BC172
BCI 77/8
80179
8C182/3

20p
109
12p
17p
18p
10p

MPSUO7
MPSU45
MPSU65
TIP294
719290
TIP304

600
90P
789
35P
00P
359

254871
255062
255087
255089
255172
255192
255245

50p
359
27p
27p
27p
75p
40p

64 100V 100p
64400V 1209
10A 400V 2000
254 400V 380p

DRIVERS
9368 2509
9370 3130p
UDN6118 3209
UDN5184 3209PCB

74167
74170
74172

150p
120p
250p

741576
741583
741585

18p
18p
36p
40p

7415363
7415364
7015365

140p
140p

45074508
4510

4511

360
130p

46.2
"..r.

1017106
ICM7217
ICM7555

700p
750p
80p

NE571 MOP
NE5534A 125p
PLL024 503P

BC184
BC187
BC212/3

10p
30p
10p

TIP30C
TIP314
TIP31C

409
40P
50P

255401
2N5457 /8
255459

50P
30p
30p

MOUNTING
RELAYS LOW PROFILE

SOCKETS BY TI
74173
74174

50p 741586
741590

16p 7415367
7415368

30p
30p

4512 ."7
LC7120
LC7130

300p
325p

RC4136 60P
5666B 256p

BC214
BC237

109
15p

TIP324
TIP32C

4OP
45p

255460
256486

130p
36p

6 or 12V DC
Coil SPOT 2A 8 pin 9p

74175
74176
74177

55p
50p
40p

741592
741_593

22p
30p
22p

74, ,73
"7415374

74LS375
55p
459

4514

45154516

110p

MP
530.,,_

LF347
1E351
1E353

150p
48p
96p

SAA1900 E16
SAD10244 f9
SFF9634 1303p

RC327
8C337
8C338

16p
10p
16p

TIP33A
11P33C
TIP34A

90p
800
9011

2N5875
256027
256052

250p
30p

300p

2413C 1600
6 or 12V DC
Coil DPDT 54

14 pin 104
16 pin lip
18 pin 16p

74178
45p
70p

74LS95
741596

40p
509 7416377

7415378
70p 45184520 ."*. LF356P 95p 5576477 460p BC46I 25p TIP34C 80p

120p
256059 325p 24V DC 20 pin 18p

74180
74181

40p 7415107 20p 7415390 4521 a1....
.72

1E357
LM1OC

1109
325p

S576488 460p
S576095 400p

8C516 /7
8C547B

36p
12p

TIP35A
TIP35C 1509

256107
2N6247

65p
190p

240V AC 2009
6 or 12V DC

22 pin 22p
24 pin 24p

74182
741844
74185

115p
40p
90p
90p

7415109
7415112
7415113
7415114

27p
20p
20p
22p

74LS393
7415399
7415467

46p
160p
Et 9

.4,52,6-,---4528

...7...R

50p9

LM301A
LM307
LIV1308

25p
46p
46p

SP0256AL 2E10
S90256412 f i 2
747120 150p

BC548C
BC549C
BC5570

99
12p
180

TIP364
TIP36C
TIP41A

140P
160p
450

256254
2N6290
2SC1306

130p
erap

100p

Coil SPOT 104
24V DC
240V AC 2259

28 pin 280
40 pin 30p

74186
74188
74190

470p
250p
45p

7415122
7415123
7415124

25p
34p
90p

7415540
7415541
_ 7415610

90p
80p
E19

12?,
-.'''''.,;

4538''

..,...,_,-,..

..,..,_""'",

`"....,..

LM3085
LM310
LM318

750
1209
1500

7A7204 150p
TA7205 250p
747222 150p

BC559C
BCY70
BCY7I

16p
20p
20p

TIP41C
TIP42A
719420

MP
50p
130P

2SC1307
2SC1957
2SC1969

150p
90p

150p

-
OPTO

ELECTRONICS

WIRE WRAP
SOCKETS BY TI

8in 25p
149pin 36p
16 Pin. 40p
18 pin 50p
20 pin 60p

74191
74192
74193
74194
74195

45p
46p
46p
40p
40p

7415125
7415126
7415132
7415133
7415136

249
25p
34p
25p
25p

7415626
7415628
7415670
7415687

150p

150P
120p
400p

46 9
4543
4553
4555

4556

,,_-
._'''9
r'9

246p.,....
1.°R...,_

1.4'

LM319
LM324
LM334Z
161335Z
LM339

2159

30P
909

140P
50P

1A7310 150P
TBA64113X1 E4
784800 809
784810 1009
18A820 80p

00132
80135/6
80139
BD189
80232

809
40p.,,
''''0
SOp
95p

11P64

TIP120
P121

719122
TIPI42

160P

513p

70p
60p

110p

2SC2028
2SC2029
2502078
2SC2335
2SC2612

80p
200p
1609
2001
200p

25577 40p
OCP71 1800
ORP12 120p
08960 120p

4000 SERIES74196
74197
74198
74199

413p
40p
669
011p

7415138
7415139
7415145
7415147

27p
27p
709

100P

4560
4568
4569
4572

120p
2509
170p,

LM348 651,
LM358P MP
LM377 1759

LM380 759

184950 225p
704220 3509
TC4940 IThp
70410044300p

80233
130235
BD24I
602424

75p
750
70p
70p

TIPI 47..n,..,nce
,,!..',r7
' ' ^
ZTX300

120p
..,n,
"."'10p
13p

35128
35140
3N/41
35201

120p
120p
1109
110p

06961 120p
11L78 55p

PTO

22 pin 65p
24 pin 70p
28 pin 900
40 pin 1009

4000
4001
4002

10p
109
12p

74221 55p 7415148 750 4006 50p 4583 nn_70 LM381AN 180p TDA1008 320p BF256B
BF257 /8

05p
309 ZTX452 46p 3N204 120p ISOLATORS74251

74273
469

120p
7416151
7416153

409
40p

4007
4008

149
36p

4584
4585

,,,_79

.......',''7
LM382
LM384

1200
140P

7041010 20430
7041 022 5009 8E839 209 2TX500

ITX502
13p
150

40290
40361/2

266p
75p ILD74 133p

VERO BOARD
2.5" x 5" 969
2.5" x 3.75' 86P
2.5' x 17' 3300
3.75' x 3.75" 96p
Vero Block 410p

74278
74279
74283
74284
74290

140p
40p
50p

160p
75p

7416154
7415155
7415156
741_6157
7410158

80p
309
380
25p
30p

4009
4010
4011
4012
4013

249
24p
llp
169
20p

40085
40097
40102
40103
40106

909
509

140p
1709
369

LM386
LM387
LM389
LM391
LM393

90P
120P
9SP

150p
100P

TDA1024 120p
TDA1170 300p
TO42006 360p1042020 nop
TL061CP 40p

8E840/1
BFR79
BER80 /1
BER96
4FX30

20p
20p
25p

180p
34p

ZTX504
ZTX552
ZTX652
ITX752
VN1OKM

30p
55p
60p
70p
509

40408
40409
40410
40594
40595

909
100P
100P
120P
120p

MCT26 100p
MCS2400 190p
MOC3020 150p
11E174 1809
TIL11 lop

74293
74298
74351
74365
74366

909
100p
150p
30p
35p

7415160
7410161
7415162
7415163
7415164

311p

38p
38p
38p
40p

4014
4015
4016
4017
4018

48p
40p
20p
32p
46p

40109
40163
40174
40175
40193

1009
60p
50p
50p
60p

LM394
LM709
LM710
LM711
LM723, ..,,,

300P
313p

50p
70p
36pnn

11062
11064 969

60p.

11071/81 25p
11072/82 .46p
TL074 100p

BFX86 /7
BFX88
BFX89
BEY50
BEY51 /2

25p
25p

150p
24p
24p.,,,.

VN66AF
VNBBAF
25697
25698
257064

SOP
Et
20p
40p
18p

40673
40871/2

715p
100p

TIL12 70p
TIL13 70p
TILI16 70p

3 5' 90p
.

335 n 17- 410P
4.75'x 7.9" 630p
2.5" x 1' 1100
Spot Face Cutter 1930

74367
74368

35p
30p

7415165
7415166

50p
65p

4019 259 14495
40244

300p
609

.-.."..
LM741

°'.'0
180

TL084 90p
TL094 2009

3FY56
90B Ense,

''''''''
75

25708
25918

I8p
359 DIODES

74376 100p 741_5170 70p
4020
4021

48p
40p 40245 160p

LM747
LM748

70p
36p

TLI 70 50p on t 47
85X19/20

...1.,

''''1'
20p

25930 18p LEDsBY127 12p74390
74393
74490

759
90p
95p

7415173
7415174
7416175
7415181

559
40p
409
90p

4022
4023
4024
4025

459
13p
329
130

40373
40374

160p
160p LMIO 11

LM1014
LM1801
LM1886

ewe
160p
3300
85

TLA30C
LIA2240 120p
1144170 170p
ULN2003 100p
ULN2004

BU105
E111108
BU109

225p
170p
250p
225p

251132
251613
251711
252102

24p
30p
25p
70p

BY X36300X36300
0447
0490/
0496 91

8
9

99
.

0,...,1,5;

' '''''' 56PT11209 Red Op

SWITCHES

TOGGLE SWITCHES
subminiature74LS SERIES7416190 LINEAR ICs

7415191
7415192
7415193
7415194
74LS195
7416196
7415197
74L5221
7415240
7415241
7415242

38p
36p
36p
38p
36p
35p
46p
46p
50p
56p
5Sp
56p

4026
4027
4028
4029
4030
4031
4033
4034
4035
4036
4037
4439

80p
20p
409
469
15p

1250
I25p
140p
45p

2759
110p
290p

AD7681
LC7137
45103

CA3019

£14
270p
2009

80o

LM2917
LM3302

LM3909
LM3911
LM3914
LM3915
LM3916
LMI 3600

M515161
U1711

200p
75p
60p
66P

125p
200p
200p
225p
1109
300p
600P11

7Sp
U152068 2913pL11521302 2C0psp
ulaC575 275p
UPC592H 275n'UPCI156H 300p
UPC1185 ES
XR2206 300p
KR210 400P
X62211

575925414 800
254190 1909

BU126
BU1804
BU205
811208
811406n, , X80
m-'
BUY69C

J31°8024
Mj2501Mj,, ,2955-MJ3001

150p
1209
175p
2000
145p
400p
200p
50P

E 4

2:15pgo
2250

252160
2522194
2N2222A
2N2369A
252484
252646
2529054
2529074
253053
253054
253055
253442

295p

25P
25p
17P

40P
25p
25P
25P
559
35P

140p

04200
0420215914Rotary
15916
154148
154001/2
154003/4
154005
154006/7
155401/3
155S920404 /7

nr010pDPCIT
7p
9p
5p
5p
6 P
7p

149
19p
9ok,

TIL211 129
TIL212 Ye 14
T11216 Red

It- ,,,,.
TUIL.,00 Red 1 ''"

r 1T11222 G 2o
111.228 Ye I4p
Rectangular
LEDs 111,S.Y/

.5n.,-1'
NS B5881

11 600p
570p

TIL3
-- ^  ^ - --

r 61 mp, SPOT 05p.
70p
Switches

19120w, 2P6w, 3P4w,
4P3w 56p
DIGITAST
SWITCHES 199
Push to make
01,623115p
Puih to break (Black) 10p
Stde Switch DPOT 10p

'
SO re PCB Switch IA.

741500
741_501
741502

741504
741505
741506
741507
741508
741509 '
lei cln

11pI1pLM3900
llp
129
129
129
12p
12p12pM515131
12p
13n

RUGBY ATOMIC CLOCK
This Z80 micro controlled clock/calender
receives coded time data from NPL Rugby. The
clock never needs to be reset. The facilities
include 8 independent alarms and for each
alarm there is a choice of melody or alternatively
these can be usedior electrical switching. A
separate timer allows recording of up to 240 lap
times without interrupting the count. Expansion
facilities provided.

Ready Built Unit £145 + f 5.00 cart.
Reprint of ETI articles at 1.00 + s.a.e.

AS DESCRIBED IN
JUNE/JULY/AUGUST

ISSUE

MICROTRAINER
Complete Kit £64.00 + £1.00 p&p
8V 1.8A PSU £7.00 + 70p p&p
1802 Ref. £7.00
IDEAL for HOBBYISTS - learn and
explore the workings of microprocessors
and unravel the mystical field of computers.
INVALUABLE for training centres, schools
and industries - gives effective insight into
micros to engineers, electricians etc not
directly involved in the computer field.
INEXPENSIVE - a truly low cost teaching
aid - in fact a short step towards
developing new ideas and systems.

CA3046 Nip P
ZN424E 130p

B B C
MICRO COMPUTER

OFFICIAL DEALER
Please phone tor availability

BBC Model B £399
find VAT) Carr £8/unit

Model A to Model B
upgrade kit £50

Fitting charge £15

Individual upgrades also available
WORD PROCESSOR 'VIEW'

16k ROM £52
TELETEXT ADAPTOR £195
WORLDWISE 8K ROM £39

TORCH Z80 DISC PACK £780
Business, Education and Fun

Software in stock

2N3553 240p

FLOPPY DISC INTERFACE
inc. 1.2 O.S. £95 + £20 installation
BBC FLOPPY DISC DRIVES
Single drive 53/4" 100K £235 + £6 carr.

Dual drive 51/4" BOOK £799 + £8 carr.
BBC COMPATIBLE DRIVES

These are drives with TEAC FD50 mechanism
and are complete with power supply

SINGLE: 100K £190; 200K £260; 400K £340

DUAL: 200K £360; 400K £490; BOOK £610
Drive Cables: Single £8 Dual £12

Disc Manual & Formatting
Diskette £17.50
MICRO TIMER

The programmable clock/timer is a 6502 based
dedicated micro computer with memory and 4 digit
7 segment displays to form an extremely versatile
timing device with following features:
 24 hour 7 day timer
 4 completely independent switch outputs
 6 digit 7 segment display output to indicate

real time turn-off times and reset times
 Individual outputs to day of week, switch and

status LEDs
 Data entry through a simple matrix pad

Further details on request
Complete Kit £56.00 + f1 .00 p & p
PSU £7.00 70ppfip

Construction details supplied

TECHNOMATIC LTD
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NWIO lED

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

305 EDGWARE ROAD, LONDON W2

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

Orders from Government Depts. & Colleges etc. welcome.

Detailed Price List on request.
.stock items are normally by return of post.
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irmingham
THE
METROPOLE HOTEL
AT THE
NATIONAL
EXHIBITION CENTRE

VISIT THE COMPLETE SHOW FOR THE HOME USER AND SEE:
A COMPLETE cross section of all hardware and software available to the home user.

A FULL RANGE of home computers priced from £50 upwards.
A COMPUTER ADVICE CENTRE run by independent experts for the answers

to all our questions.

WIN WIN WIN TWO COMPUTERS-one for you,one for a school
of your choice - to be won at each show: FREEentry form

with advance tickets

JUNE SATURDAY 4th (1 Oam-6pm)
SUNDAY 5th (1 Oam-4pm)

ADULTS: £2.00 UNDER 8s & OAPs: FREE
25% DISCOUNT for parties of
20 or more.

SPONSORED JOINTLY BY:

A&B Computing
Computing Today Personal Software

Personal Computing Today
Home Computing Weekly

ZX Computing

Hobby Electronics, June 1983
25



III Famous Names

Sir John
Turton
Rancla1
Not well known to the public, his
experiments with the magnetron effect
brought about a breakthrough in the
generation of microwaves.
Ian Sinclair

This is no exotic mid -European name,
and yet Sir John Turton Randall's fame
is of a distinctly select variety. Like many
distinguished academics, Sir John
Randall is famous to a fairly small
number of people who know of his
achievements.

That is by no means to say that the
achievements themselves are obscure
- his work on microwaves enabled
radar to play a crucial part in Britain's
defences during the Second World War,
quite apart from opening the way for
the many roles radar has played since
that time. In a very different context, it
has given rise at some removes to that
increasingly familiar phenomenon of
our time, the microwave oven. Behind
the headlines and high -street
familiarity of winning wars and
microwave cookery there are always the
back -room boffins, rewarded perhaps
but rarely renowned.

Sir John Randall was (and still is) one
of these. Born in 1905, he pursued a
brilliant academic career, and gained
his MSc degree from the University of
Manchester in 1926, at an age when
most students are struggling with a
lower degree. He worked in electrical
research in the laboratories of GEC
between 1927 and 1937, but then
returned to academic life as a Warren
Research Fellow of the Royal Society in
the years 1937 to 1943.

Microwave Generation
This was no return to ivory towers or
dreaming spires. His research in those
years was very strongly connected with
his work at GEC, and centred on the
generation of microwaves. At that time,
"microwave" was the term loosely
applied to any frequency of more than

about 1 GHz (1000 MHz), and there was
at that time no satisfactory way of
generating these frequencies at high
power. The first radar experiments
were, in fact, conducted using
frequencies around 50MHz.

To see why such difficulties existed,
we have to think of the methods that
were used for constructing oscillators.
A conventional high -power oscillator of
the mid -30s would use a triode valve,
not so very different from the type we
still use for the same purpose, with the
cross-section shown in Figure 1.
Electrons are emitted from the hot
tungsten filament which, for a large
transmitting valve, would typically use
115V 200A just in heating. These
electrons are then attracted by the high
positive voltage of the anode, a metal
cylinder which forms the outside of the
valve and which is water or air cooled.

The flow of electrons between
cathode and anode is controlled by a
"grid", a coil of wire or a wire -mesh
cylinder placed between anode and
cathode, whose voltage can be varied.
With a high negative voltage on the grid,
electrons will be repelled back to the
cathode, none reaching the anode;
with a positive voltage on the grid, a few
electrons land on the grid but most
travel on to the anode. The voltage on
the grid controlled is the anode current,
just as the voltage on the gate of a FET
controls the drain current.

Oscillation Limitations
Triode valves of this sort were used and
still are produced for radio transmitters,
and they could be used as high power
oscillators by adding some positive
feedback, using circuits such as the one
in Figure 2. Such oscillators could

COPPER ANODE

GRID WINDING

FILAMENT

\ GLASS

\FILAMENT LEADS

GRID

Figure 1 . Cross-section of a typical
triode transmitting valve.

-1-15kV

ti

Figure 2. The type of circuit which
would be used as an oscillator with
a triode valve.
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Famous Names 
MAGNETRON

b

Figure 3. The magnetron. (a) Views of
the structure. (b) The valve, which is
a simple diode, is used inside a
magnetic field provided by a large
coil. (c) The circuit connection to the
valve - the current drops suddenly
as the magnetic field is increased.

MAGNETRON {3
COIL

TUNED
CIRCUIT

ANODE
,e,7- SURFACE

10

ELECTRON
PATH

Figure 4. Using the magnetron valve
with a tuned circuit. This causes the
electron path inside the valve to be
corrugated as the anode voltage
oscillates.

CATHODE

CAVITY

Figure 5. Cross-section of a cavity
magnetron. The cavities act as tuned
circuits for a microwave frequency.

produce an output whose frequency is
controlled by the inductance of the tank
coil and the value of capacitance
connected across it, but there was a
limit to the frequency that could be
obtained. One limitation was simply
that it's difficult to make a "coil" of less
than one turn, but the more serious
limitation was due to the valve itself.

The action of the oscillator depends
on the positive feedback from the anode
to the grid so that as the anode current
increases, and its voltage decreases,
the grid voltage is forced to increase.
This works normally at low frequencies,
but at higher frequencies it starts to
suffer from the effect called "transit
time".

The voltage between the grid and the
filament is never very large, so that the
electrons move comparatively slowly
between these electodes - slowly
meeting at a few million metres per
second! What we're comparing this
with, however, is how quickly the
voltage at the grid will change if a

frequency of a 1 GHz is being generated.
One complete cycle of a 1GHz wave
takes just one nanosecond, and the grid
voltage would change from maximum to
zero in a quarter of this time, 250
picoseconds. At the lower electron
speeds, it would be possible for an
electron to leave the filament when the
grid voltage was positive, but for the grid
voltage to have become zero or negative
by the time the electron reached it!

An electron struggling along at a
speed which is one hundredth of the
speed of light, for example, will cover
3mm in one nanosecond, which is a lot
less than the distance between the
filament and the grid of a large
transmitting valve. The snag is that if
you close up the gap, you are likely to
have problems of sparking across the
gap, particularly as the metal expands
and even more so if there is any
vibration.

Enter The Magnetron
Much was done to develop the
transmitting triode, but transit time
remains a problem that can't be got
around in valves any more than we can
get around it in transistors. This was the
problem that faced two men working at
Manchester in the early days of World
War II. One of the two was John
Randall, the other Dr. Henry Boot.
Together, they made the valve that won
the war.

For a long time before those days, an
effect called the "magnetron effect"
had been known - it is used today in an
'A' Level Physics experiment to
measure the ratio of charge to mass for
the electron. The cross-section down a
simple magnetron is shown in Figure 3;
it consists of a diode valve using an
electron -emitting cathode and a

cylindrical anode in a glass tube,
evacuated and sealed, all within a coil
which provides a steady magnetic field.

Without any magnetic field, current
flows between cathode and anode
when the anode is at a positive voltage
and the cathode is hot. When the
magnetic field is switched on, the
electron path becomes bent, and if

the field is strong enough, the electrons
will move in circles, just missing the
anode, so that the anode current drops
to zero.

Now the interesting thing about this
device is that the electrons can be
moving very fast, so the time needed to
perform each revolution inside the
anode is very short. The other point is
that if a tuned circuit is connected
between anode and cathode, the valve
will generate oscillations as the
electron beam alternately touches and
misses the anode (Figure 4). Randall
and Boot's great step forward was to
combine the valve with the oscillating
circuit to form the cavity magnetron.

Perhaps they had been watching a
flautist, because what occurred to both
of them was that as the electrons
travelled past a bottle -shaped cavity in
the wall of the anode, the cavity might
act as a tuned circuit for microwaves,
just as the air inside a flute acts as a
tuned circuit for the breath of the
flautist. They suspected already that the
cavity would act as a resonant circuit;
the question was - would it be forced
into oscillation by the electrons?

It Works!
Randall and Boot constructed a

prototype to test their ideas. The
prototype still exists - it would
nowadays be classed as a CW
magnetron, because it generated
microwave radiation continuously,
rather than in pulses. To their delight,
the frequency of oscillation was very
high, well above 1GHz, and the power,
even with continuous oscillation, was
also very high. A breakthrough in the
generation of microwaves had been
made just at a time when such a
development was sorely needed.

Pulsing the cathode voltage of the
magnetron produced even more
dramatic effects - the generation of
very large peak powers (up to 100kW
even in these days) which greatly
extended the range of the early radar
transmitters.

This, combined with the use of high
frequencies (which allowed the radar to
distinguish between smaller targets,
and to see more details of large
ones) formed the basis of our radar early
in the War, and allowed us to
concentrate our pitifully small airforce,
reduced to a shell by well-meaning
pacifist politicians, on facing the
enemy, rather than trying to patrol the
whole of our shores.

John Randall, like so many
distinguished academics, quietly
resumed an academic career after the
War, and a grateful Government
presented him with a prize of £12,000 in
1949. To understand what that means,
you have to realise that you could buy a
semi-detached house in Essex for
around £900 at that time. He had been
elected as a Fellow of the Royal Society
in 1946, and he held several
professional appointments in physics
before changing his interests to zoology.
He was knighted in 1962, and is at
present Professor of Zoology

at H EEdinburgh University.

Hobby Electronics, June 1983 27



fast & reliable
Ersin Multicore
Ersin Multicore, solder contains 5 cores of non-
corrosive flux, instantly cleaning heavily oxidised
surfaces. No extra flux is required.
Comes in handy dispensers and tool box reels in two
different alloys 40/60 tin/lead for general purpose
electrical soldering and 60/40 tin/lead ideal for
small components and fine wire soldering.

Po

stlit

, WMitotHit

31 na

Size 3 40/60 tin/lead
£4.37 Per reel I brnrn

Size 10 60/40 tin/lead
£4.37 Per reel ().71,nrndla

Size PC115 60/40 tin/lead
£1.38 Handy pack Uu2Kmmd,a Size 19A 60/40 tin/lead

Multicore Savbit £1.15 Handy pack

Multicore Savbit, solder increases the life of your
soldering bit by 10 times, for better soldering
efficiency and economy.
Comes in two handy dispensers and tool box reels.

Size 12 Savbit
£4.37 Per reel 1 2,

Size 5 Savbit
£1.15 Per pack

Multicore Alu-Sol
Multicore Alu-Sol, solder contains 4 cores of flux,
suitable for most metals especially aluminium.
Comes in handy dispensers on tool box reels.

Size ALISO Alu-Sol
£2.07 Per pack+4Kmmda

Size 4 Alu-Sol
£7.82 Per reel I

Size SV130 Savbit
£1.73 Per pack ,

All prices inclusive of VAT.
Available from most electrical and DIYs stores. If
you have difficulty in obtaining any of these products
send direct with 50p for postage and packing. For
free colour brochure send S.A.E.
28

Multicore Solder Wick
Multicore Solder Wick, absorbs solder instantly from
tags and printed circuits with the use of a 40 to 50
watt soldering iron.
Quick and easy to use, desolders in seconds.

Size ABIO Solder Wick
£1.43 Per pack

OVSOlOt
tIC

RING_

ROIA

R* -114.0
CIRC.111

OSOW.cfPiZtO P'04
* *

Multicore Tip Kleen
Multicore Tip Kleen, soldering iron tip wiping pad.
Replaces wet sponges.

Size 2 Tip Kleen
£0.92 Per pack

Bib Wire strippers and cutters
Wire strippers and cutters, with precision ground
and hardened steel jaws. Adjustable to most
wire sizes. With handle locking -catch and easy -grip
plastic covered handles.

Size 9 Wire Strippers
£2.69 Per pair

Bib Audio/Video Products Limited
(Solder Division), Kelsey House,
Wood Lane End, Hemel Hempstead,
Hertfordshire, HP2 4RQ.
Telephone: (0442) 61291
Telex: 826437
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JUTHE HE BOOKSHELF is the easiest way to build up your library of

Uarr,y IC T« DIRECT TO YOUR D
electronics books. Order today to have these top titles delivered

Beginners Guidi

OOR.
to
Microprocessors
and ComPutn.1

SOIFETIFieid
Effect nee...star
Protects

Win"
p,,.1. 1.

52 PROJECTS
USING IC741 E1.25
More than 50 ways
of using the
ubiquitous IC741.

50 IFETI FIELD
EFFECT
TRANSISTOR
PROJECTS E1.75
Contains a wide
range of projects, all

based on Field Effect

Transistors.

COUNTER DRIVER
AND NUMERAL
DISPLAY PROJECTS
E1.75
Features many varied
projects using
numeral displays,
counter and driver
ICs.

RADIO CIRCUITS
USING IC's E1.35
All you need to know
about using IC's for
AM or FM reception.

Eli. Irt.re.
Household
Prowei.

BEGINNERS GUIDE
TO
MICROPROCESSORS
AND COMPUTING
E1.75
Basic introduction to
binary arithmetic,
micro -processor
operation and macine
language
programming.

IC 555 PROJECTS
E 1.95
The 555 timer users
'Bible'(

CHOOSING AND
USING YOUR HI -Fl
£1.65
Concise information
for all hi-fi
enthusiasts.

ELECTRONIC GAMES
E1.75
Amusing electronic
games which can
easily and
inexpensively be
Constructed by the
enthusiast.

IC LM3900
PROJECTS £1.35
Provides the ground

ELECTRONIC

work for simple and
HOUSEHOLD

more advanced uses
PROJECTS E1.75

of IC LM3900.
Packed with circuits
for projects that can

. ...A 1,/,...

PRACTICAL

be used in or around Practical
SINGLE IC

CONSTRUCTION OF

the home.
Computer

PROJECTS E1.50

PRE -AMPS. TONE

Expenments Easy to construct

CONTROLS, FILTERS

projects based

AND ATTENUATORS

around a single IC.

PRACTICAL
AUDIO PROJECTS

Contains practical
£1.45 MICROPROCESSOR

PRIMER £1.75 EXPERIMENTS
Clear information onCOMPUTER

designs for use with A painless approach Build and examine a amps, mixers, power

£1.95

home constructed
equipment or

to understanding
computers and

number of basic amps, tone controls
£1.75

how to build pre -

commercial modules. computing -
etc.

To receive your books you have only to fill in the form below and send it, together with Your payment, to the address stated.

computer circuit
elements.

Please allow up to 21 days for delivery This offer applies only within the U.K. Prices may be subject to change without notice........................................
SEND TO: HE BOOKSHELF, 513 London Road, Thornton Heath, Surrey CR4 6AR.

I am enclosing my Cheque/Postal Order/
for: (delete as necessary) Books Required

£ ..... (Made payable to A.S.P. Ltd)

Price

VISA'
4.11) OR Debit my Access/Barclaycard

Una (delete as necessary) I

I

Reoulle CtIrterol
p, t. 1.1

REMOTE CONTROL
PROJECTS £1.95
Practical information
about many
applications of
remote control.

ELECTRONIC MUSIC
PROJECTS £1.75
Many practical
circuits for less
complex items of
electronic music
equipment.

ELECTRONIC TEST
EQUIPMENT
CONSTRUCTION
£1.75
How to build and use
a wide range of test
equipment for the
hobbyist.

ELECTRONIC
PROJECTS USING
SOLAR CELLS C1.95
A range of practical
applications using
silicon solar cells.

VMOS PROJECTS
E1.95
Contains a number of
varied and interesting
projects using VMOS
power FETs.

DIGITAL IC
PROJECTS E1.95
Simple and advanced
projects based on
digital ICs.

Please use BLOCK CAPITALS and include post codes.

Name (Mr/Mrs/Miss) .............................
(delete accorcngiy

Address..........................................

..................................................

..................................................
Signature ......................... Date ..........

POWER SUPPLY
PROJECTS £1.75
Packed with circuits
for building various
kinds of power
supply,

INTERNATIONAL
TRANSISTOR
EQUIVALENTS
GUIDE £2.95
Find possible
equivalents for a
popular user -
orientated selection
of modern
transistors.

HOW TO USE OP -
AMPS E2.25
All you need to know
about Op -Amps, a
source book of
circuits and design
calculations.
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You're never alone in the dark with a

Bat Light

Andy Armstrong

THIS IS a simple but unusual gadget
which can enable you to tell if your car
battery is getting low, if the fan belt is
slipping, or if you have worn brushes in
the alternator or similar faults. It
employs a LED indicator which can glow
red, through varying shades of yellow,
to green. The LED is green when the
battery is at about 1 3V5, and red when
it is at 11V5. Thus a healthy but off -
charge battery at about 1 2V5 will light
the indicator to a mid -yellow colour.

Fine, you may say, I know about the
battery voltage, but how does that tell
me if the alternator brushes are worn
out or the fan belt is slipping?
Deduction, that's how.

If you find that the LED will not turn
green, no matter how fast the engine is
running when the headlights are
switched on, then insufficient electricity
is being generated to run the headlights
and charge the battery at the same
time. If the colour remains constant,
then the fanbelt is probably slipping but
if it flickers, the brushes are likely to be
wearing.

Ignore this warning at your peril! A
friend of mine did for about two months
of daytime driving, then one night on a
country lane, the engine and lights just
faded out!

Indicator Circuit
The circuit uses a quad op -amp, type
LM324. An LM348 would work equally
well, and is pin compatible. The circuit
splits into two main functions; a triangle
wave generator using three parts of the
quad IC, and a comparator using the
fourth part.

The triangle generator looks
complicated but isn't. IC1a forms an
integrator which can ramp up or down
depending on whether the voltage on
pin 8 of IC1c is low or high,
respectively. IC1c and IC define the
upper and lower limits of the triangle
waveform, by means of a bistable
action.

If pin 8 is high, then the non -inverting
input, pin 12, of IC1d will be held high
via D3, forcing the output at pin 14
high. Since pin 8 is at a voltage near the
positive supply. rail, the integrator output
(IC1 a pin 1) will be ramping down. This
voltage reaches pin 10 of IC 1 c, but not
pin 14 of IC1d since D4 is reverse
biased. When it falls below the
reference voltage (derived from the
divider chain R4 and R5) on pin 9, the
output on pin 8 goes low. This allows
the voltage on pin 12 of IC to fall to
the ramp output voltage (5V8), so the

output on pin 14 also goes low. This, in
turn, has the effect of ensuring that the
voltage on pin 8 remains low until the
ramp output voltage exceeds the 6V8
reference voltage present on pin 13 of
ICI d.

All this produces a triangle waveform
with its limits at 5V8 and 6V8. This is
fed to the inverting input of the ICI 6
comparator. The other input of the
comparator is fed with a divided down
version of the battery voltage, so that
the output of the comparator switches
rapidly, with a mark to space ratio
determined by the battery voltage; R10
is included to ensure clean switching.

While the comparator output is high,
the green part of the LED is on; when it
is low the red part is on. The persistance
of vision of the eye causes the colours
to appear blended into various shades of
yellow if the battery voltage is in a
middle region. Resistors RI 1 and R12
are different values to equalise the red
and green brightness levels. If the
battery is either very good or very flat,
of course, pure red or pure green will
show.

The power supply is also of interest:
car electrical systems sometimes have
substantial voltage spikes on them.
R13, D2, and C2 form a network which
prevents these spikes from damaging
the IC. D2 supplies an added bonus in
that a reversed power supply will only
heat up R13, rather than destroying the
circuit; in this condition the LED will
remain obstinately red, regardless of
battery voltage.

One further comment on the
functioning of the circuit: the more
astute among you may have noticed
that the function of parts c and d of the
IC is that of a comparator with
hysteresis, which can be carried out
with a simple op -amp. True-but this
circuit was designed for an economical
quad op -amp and it has been used to
provide a comparator whose switching
levels do not depend on precisely how
close to the supply rails the op -amp
output can swing. For anyone handy
enough to do their own layout, an
alternative circuit using three op -
amps is provided, without further
comment (Figure 2).

Construction
In the main, construction is
straightforward; having made the PCB,
and made sure that there are no
unetched areas causing short circuits,
solder down the components, following
the overlay and take care over the
polarity of all the diodes and C2.

Several points need to be noted
however. When the board is built and
checked against the overlay, the bi-
colour LED should be connected up. Do
not at this stage worry which way round
it goes. It is then ready for testing. If
you have a variable voltage power
supply and an accurate multimeter
this is simplified-if not don't worry,
it's just more time consuming. For
those with power supply and multi -
meter proceed as follows:
Connect the battery indicator to the
power supply and, with the aid of the
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Cl
10n

R1
100k

R5
39k

13

R6
100k

D1

R7

ICId

IC1c

4

OV 0

NOTES:
IC1 = LM324 or LM348
D1,2 = 1N4148
ZD1 = BZY88C6V8
ZD2 = BZY88C15V
LED1/2 = RED/GREEN BICOLOUR LED

R8 <R12
8k 2 RED

GREEN

LED 1/2

560R

R9 R11
101, 33OR

R10
100R Irk ZD2 C2

100n
4

rrin

IC1
LM324

Figure la. The circuit. The colour of the LED varies with voltage.

OV

Figure 2. An alternative circuit using three op -amps.

R4

R3

cc

T

Figure 3. PCB component overlay.

LED1/2

R7
560R

R8
330R

V-

V+

=3.3mS
in I

PIN 5 (DEPENDS ON
BATTERY VOLTAGE)

-T
PIN 13 (6V8)

PIN 9 (5V8)

12V
PIN 8

- OV

L
RED LED ON

PIN 7 (VOLTAGE)

GREEN LED ON

Figure lb. Timing waveform. ICla
maintains the voltage on pin 2 at the
level of pin 1. The current charging or
discharging Cl cancels the current in
R1. The total cycle time is 3.3mS.

meter, set the output to 1 2V5. The LED
should glow with a shade of yellow; if
only one colour shows, the power
supply connections may be reversed.
Assuming a yellow glow is obtained,
increase the voltage to between 1 3V5
and 1 4V. Somewhere in this region a
single -coloured glow should be
obtained; if the voltage is outside this
range, make a note of the voltage and
continue; if the colour is red, then the
LED connections should be reversed.
Now reduce the voltage to 1 1 V5,
around which point a red glow should be
seen. If the voltage is outside the range
of 1 1V to 1 2V, or if the pure green
glow was not obtained between 1 3V5
and 14V, then this can be altered: the
cause is likely to be the inaccuracy of
the Zener ZD1, or of R8 and R9. The
cure is to add a resistor in parallel with
R8 if the voltages at which pure colours
were obtained were too high, or in
parallel with R9 if these voltages were
too low. In either case, a parallel
resistance of 100k will cause a change
of about OV3 in the above voltages.
Experiments based on this should soon
indicate the resistor value needed. This
resistor should be added in, above R8
or R9, as appropriate, simply soldered to
its leads at the point where they are
bent, as shown in the diagram, Figure 4.

For those lacking a bench power
supply, a reasonable alternative method
is to use the car itself as a means of
calibration. The battery indicator should
be connected to the supply, in a
temporary manner, and the engine
started. By choice of the appropriate
add-on resistor (if needed) the indicator
should be adjusted so that the LED just
turns completely green when the engine
is running moderately fast. Take care
not to rev the engine too fast, as
damage may result.

Installation
There are two methods for mounting
this unit into the car. The first is to put
the entire unit into a plastic box with a
small hole drilled in it, with the LED
mounted in the hole using the standard
LED mounting bush which is normally
supplied with the LED. The plastic box
can then be mounted in any clearly
visible position, probably under the
dashboard, using double -sided adhesive
pads. In order to make sure that these
pads do not peel off after a few months,
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AD111

SOLDER

EXTRA
RESISTOR

SOLDER

PCB

SOLDER

Figure 4. Mounting an extra resistor in
parallel with R8 or R9. This may be
necessary if the voltage is excessive or
inadequate at this point.

it's necessary to thoroughly clean the
surface to which they are to be stuck so
that all grease and dust is thoroughly
removed.

An alternative - and perhaps neater
method-is to enclose the PCB in a
plastic box, which need not be specially
smart, and connect up the LED with a
reasonable length of flexible wire. In this
case it's necessary to take care to
observe the LED polarity and to sleeve
the connections so that they cannot
short. A small hole may then be drilled in
an appropriate place in the dashboard,
to balance with any other indicator
lights, and the LED may be mounted in
the mounting bush. The PCB in its case
may then be mounted on any
convenient surface, the bulkhead for
example, behind the dashboard, out of
sight.

For either of these methods of
installation, the board is best mounted

RESISTORS
(All 1/4 watt 5% carbon)
R1, 6, 7 100k SEMICONDUCTORS
R2
R3, 4
R5
R8
R9
R10
R11
R12

Parts List

3k3
39k
8k2
10k

100R
330

560R

2k2 IC1 LM324 or LM348
quad op -amp

ZD1 BZY88C6V8
ZD2 BZY88C15V
D1,2 1N4148

or equivalent
LED1/2 red/green

bi-colour LED

CAPACITORS
C1 10n

polyester BUYLI NES page 34

C2 100n
disc ceramic

MISCELLANEOUS
PCB, wire, solder etc; optional case.

.nto the plastic box with a double
thickness of self adhesive pads, and the
wiring from the PCB to the supply
should be carefully insulated and clipped
away from sharp edges where it may
abrade. This is very important, because
a short circuit of that nature in a car
could be dangerous.

For the permanent installation, it is
advisable to connect the power side of
the unit to a source of power only
energised when the ignition switch is
on. If the unit is left connected and in
operation while the car is stationary, the
car battery may be significantly
discharged over a period of two or three
weeks. The ground side should simply
be earthed under any convenient fixing
screw in the area.

Variations
As it stands, this circuit is designed for a
1 2V electrical system. However, if ZD1
were changed to a 3V3, a limited
degree of operation with a 6V electrical
system would be possible, though the
LED would be rather dim and, quite
possibly, some experimentation would
be needed with values of R1 1 and R1 2.
For use on a 24V electrical system, ZD1
could be left at 6V8 and the value of R8
could be raised to between 1 5k and
20k, in order to provide suitable
indication.

Should it be difficult to obtain the bi-
coloured LED, two ordinary LEDs of
different colours can be connected in
parallel in opposite directions. HE

Send for my CATALOGUE ONLY 75p
(plus 25p post/packing)

My all-inclusive prices quoted in the Catalogue are
the lowest. All below normal trade price - some at

only one tenth of manufacturers quantity trade.
See my prices on the following:

CAPACITORS . . ELECTROLYTIC; CAN, WIRE END, TANTALUM, MULTIPLE,

COMPUTER GRADE, NON POLAR, PAPER BLOCK, CAN, POLY, MICA, CERAMIC.

LOW AND HIGH VOLTAGE, RESISTORS. 118th WATT TO 100 WATT; 0.1% TO

10% CARBON, METAL AND WIRE WOUND + NETWORKS. FANS, BATTERIES,

SOLENOIDS, TAPE SPOOLS, VARIABLE CAPACITORS AND RESISTORS,

TRIMMERS, PRESETS, POTS SINGLE, DUAL, SWITCHED, CARBON,

CERMET AND WIREWOUND, SINGLE OR MULTITURN, ROTORY AND SLIDE.

DIODES, RECTIFIERS, BRIDGES, CHARGERS, STYLII, SOCKETS, PLUGS,

RELAYS, TRANSISTORS, IC'S, CLIPS, CRYSTALS, ZENERS, TRIACS,

THYRISTORS, BOXES, PANELS, DISPLAYS, LED'S, COUPLERS, ISOLATORS,

NEONS, OPTO'S, LEADS, CONNECTORS, VALVES, BOOKS, MAGAZINES,

TERMINALS, CHOKES, TRANSFORMERS, TIMERS, SWITCHES, COUNTERS,

LAMPS, INDICATORS, BELLS, SIRENS, HOLDERS, POWER SUPPLIES, HARD-

WARE, MODULES, FUSES, CARRIERS, CIRCUIT BREAKERS, KNOBS,

THERMISTORS, VDR'S, INSULATORS, CASSETTES, METERS, SOLDER,

HANDLES, LOCKS, INDUCTORS, WIRE, UNITS, MOTORS, COILS, CORES,

CARTRIDGES, SPEAKERS, EARPHONES, SUPPRESORS, MIKES, HEATSINKS,

TAPE, BOARDS and others.

Prices you would not believe before inflation!

BRIAN J. REED
TRADE COMPONENTS

ESTABLISHED 26 YEARS
161 St. Johns Hill, Battersea, London SW11 1TQ

Open 11 am till 7 pm Tues. to Sat, Telephone: 01/23 5016

Lighti ping ELECTRONIC COMPONENTS

THE CHOICE IS YOURS - CALL AT OUR NEW
SHOWROOM OR USE OUR VERY FAST MAIL ORDER
SERVICE.
EITHER WAY WE'LL KEEP YOU HAPPY *****
Furthermore we promise if any part ordered by mail fails
to please just return within 7 days for a full refund.
For a vast selection of electronic components Et

equipment of all kinds. Here is just a selection of our
stocks. Many more items listed in our catalogue
available now 70p post paid.

RESISTORS POTENTIOMETERS
1W 546 C F IR ro 10M Ip each 100 . MOO Pre. .1W Hon, Sp

SW 514 C F 108 to INI 2.1 each 1W Vert 11p
1W 6, C F 100 to 13200 5p each Ste ongle Pot
rw 1% ea F 10F1 to 6801, 61, each 100 for MOO Singte Er Switch SOP

100 MI prices one value only no mire. Dual Gang 75p

CAPACITORS
Min Mote 1.8pF to 4701- 5p Disc 01 ul- 50V 801100 forf9i
Cmanms 560F to 2200- 6p Ceranum 1u, 50V 100,100 for LB,

VW to 1000pF 7p
12000F to 4700pF go Variable 0 TO 500pF 95p

100 off any °nen/0e less 3014

FNctrolytics - polys Tants - Full range in catalogue

V. REGULATORS (FIXED)
Ve 00mA 78105 78112
Ve 100,00 791.05 79412
Ve 1 Amp 7805 7812
Ve 1 Anip 7905 7912

79115
7815
7915

6.11EGUIATORSIVA8IABLI/

"

Lt03171, 1.5 Amp,
gg3 1,3381 5 Amp

1.103961, 10 Amp

L
OIL

1099

FOTO COATED RESIST BOARD High quality fibre glass laminate
precooted with posinve foto resist For small belch production of PCB's

1S iTere:= 78 0"
100  Moen Fero 1-53
203 s 114mm 1-S3
203 7 228nan 3.60

1467  305mm 9-10

Fotodeveloper concentrate 11202
C.mical Dishes 12" 10. [1.
Acetate sheet 00.20
Transfer Po. 5 awe sheets f00

PANEL METERS
Until now panel meters have
proved an expensive part of yam

NoNow available this new gincli

1 6nuor Double sided
100 160min Eing
203 7 1 lanim
203 228n1rn

Am&

Ferric Chloride rock
Plastic Tongs
Dalo Pen

The following Dc ranges
5000 100uA 50000 - 1rtiA
5m0 lOrnA 5OrnA - 100n,
5000-40 IA 5,1 - 25V -- 50V
ONLY ft %each

32rivit Swore Meter 4G.
MPSA06 0-21

Postage Er Packing 50p per order (free over 510) Please add VAT at 15%. MJ15003 4-05 40871
- -

I MJ15004 5-04 40872Telephone orders welcome by Access or Barclaycard

LIGHTNING ELECTRONIC COMPONENTS
Showroom ft Mail Order Distribution Centre at: -
18 Victoria Road, TAMWORTH, Staffs B79 7HR
Telephone 0827-65767.

TRANSISTORS R20108 2-60

AC128 0"24 TIP29A 0.39
4F117 o-52 TIP29C 0-46

BC107 0-10 TI930A 0-39
BC107C 0-12 TIP30C 0-46
BC108 0-10 1,931A 0-39
8C108C 0-12 1'931 C 0-40
BC109 0-10 TIP32A0-39
BC109C 0-13 TIP32C 045
BC182L 0-10'11933C 0-95

0_59 TIP41C 0

0-10} TIP34C 0-85

leap

-48
TIP41A 0-45

TIP42C 0-48
045

BC212L 0-10 TIP35C 140
BC214L 0-10 TIP36C 1-90
BD112 0-80

1-8 TIP42A

0-60
r°-'' BD241A 0-60 T191,'97 0-2

TIP110 0-82

BF180 0-30 TI9,1,4: 0-99r7777a

BF199 0-18 TI9'4° P -PP
BF244B 0"29 TIP141 1-20

7 70 88257 0-30 TIP142 1-20
2-10 BFR39 0-24''

0 FR40 0-24

TIP146
1TIP147 251-25

08864 100 TIP2955 0-69
N 20 9F929 0-26 TI P3055 0-57
r69s BFR80 0-26 TIS43 0-30
Nes

BFW1 0-25 TIS90 0-28
BFY53 0-21 2N1309 0-60
gFygg 72-46 2N3053 0-22
BLY93A 1440 2N3054 048
BU126 2-25 2N3055 0-48
BU208A 2-00 2N3904 0-14
MPSA05 0-20 2N3773 2-2540673

0-92
1-06
1-05
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RESISTORS

CARBON FILM
5% HI STAR
LOW NOISE
100 to TOMO

E24 2p
',WEN V/ip
IWE17 60
2W F12 12E

METAL FILM
ULTRA STABLE

04 EXTRA
LOW NOISE
109 tp IMP
1% E24 5p
14. 124 6p

LOW OHMIC
GLAZE 'OW

077:77,14211
124 lip

WIRE WOUND
ON CERAMIC

012 SERIES
2 to 3 WATT
0 221'11. 33011 280
4to 7 WATT
0 471110 618 330
10 to 11 WATT
lit 10 336 379

POTS 9
PRESETS

ROTARY POTS
LOW NOISE

. SPINDLES
E3 SERIES
497 In 264 UN 32P
467 in 2M

LOG 320
As above wan
DP mat..
swot, 79
As above stereo
In., wide, 89p

PRE SETS P1HER
IDUSTPROOFI
(31009 in 10M,
Mtn. Ver 1 15p
Mtn. 1120ota1 159
Standard Vert 16p
Standard 8.,97

lop

CERMET 20
TURN PRECISION

PRE SETS
Si" F3 505ek

5011 to 500K 890

C 404151005

CERAMIC 100V
DISC (PLATE/

E 1 2 MICRO MINI
tyttrcally  5%

10, ro 104 7p

POLYCARB 5%
SIEMENS 7 5mm
MINI BLOC El2

250V
lnE In 6.18 7p
8112 to 47nF gp
5604 to 150r,F 10p
100%
100nE 1015onF

lip
180nF to 70051

141p

330n0 I0 3104
20p

470,0 To 560,4
26p
30p

tOotrn 359

POLYESTER
250V RADIAL

IC2101
'00F. 1501 22,9
33,,F 47,1 6854
100n, 7p

3300F 473,
15004 22051 1%

680np 15p
7aF 22p
1..5 1.2 390

22 100 lip
2 2 350 300
33 25 10p
33 40 lip
33 63 12p
4 7 16 Bo
4 7 25 9p
4 7 40 110
47 63 12p
4 7 100 14p
10 25 1P
10 40 120
10 63 14p

10 100 16p

Erl V

22 75 1 1 p

27 40 140
22 63 16p
27 100 217
4/ 15 14p
47 40 .7p
47 63 Zip
47 100 260
1961 113 14p
100 15 lip
100 40 22p
110 63 25p
100 100 30P
220 10 16p
720 16 17p
2,0 25 22p
220 40 259
720 62, 301.

220 1110 400
370 16 22p
470 25 280
4741 40 33p
410 63 43P
470 103 600
1000 16 30p
WOO 75 UP
1000 40 46p
0300 113 650
.t2(10 '6 40p
'200 2: 430
2200 43 709

63 1340
4'00 '6 759
4 Di '5 1190

RADIALS tja

t,h 6p
:2 51 6P
22 10 7p

47 10 7p
47 '6 Bp
100 '0 9ia
103 16 10p
220 10 110
220 16 120
470 10 17p
470 16 top

IMO 10 200
100(1 16 24p
2200 10 34p
2200 16 44,

Single sided
100 160 1 56
100 . 220 190
203 . 114 185
233.220 399
Double sided
770.760 165
100.270 2 15
203 . 114 2.21
233 . 22) 466
Developer for
above 510 nnt tise

te!'S(M1i11 0,14101
2710

WIRE Et CA 811

411 2400 P01,1a,
6 0 65. 9 0 90
17 n 12V
15 0 15V

100mA 95p
lA 290

20 0 200
1.25A E2%

12 0 12 0
50VA 4 35

12 0 12 0
100VA 8 960.6.6.9.9
1 25A 4 215

Prices per MatSo
ono, rott i

Mans Speaker
Coble

a. 1 attkt 14p
' amp Illp

unp
15p
310

56o
Screened Cable

140
Sleret, 270
Mrn, Sonnle 12p
Mac 51,e,, 15p
4 C.0..4 Sc. eersi

44p
4 Core 1 Sc, pen

540
8, -ate 61p
'2 Core 800
Aerial Cable
530 RG584 36p

061 36p
7511 VHF 28p
300!! F,4I lip
Rainbow Ribbon
Cable

Pt .ces per foot

19p

't at 30o
n 380

4 tt,

3: V, 5. 57p
W.) POP

RE

0471,ipp,

VEROBOARD

FEEDTHROUGH
1515001 7e

HIGH VOLTAG
Calvet -apt.

Please etto0ort

..to%
TINT BEADS

135V 14P
22 359 14p
33 35V 14p
07 350 14p
68 35V 14p
10 350 14p
2 2 350 140
3 3 350 18p
4 7 1641 18P
4 7 35V 20p
68 25`7 20p
58 350 21p
0 169 lIp
10 359 270
15 ILK, 22p
15 161. 300
11 751, 320
22 63V 260
22 109 290
32 100 300
47 39 14p
47 630 319
47 16V 310
'00 13V 320
'SO '09550

01 COPPER
TRACKS

90p

103o
2: 280o

3550
466p

CC' P 1800

IOC 0, 49p

Veto Wong
Pr, Stu, 335

750
Co6a, bp

PfAi
MATERIALS

FERRIC
CHLORIDE

,4.444 .1n4114

/we vv.., 1 69

Top quality Don't
Mesa. pal
wevnes

charge 00 to 1 000
Imes,
HP211 2A141 110
HP214AH1 4.75
HP7 1%A1.11
HP1111.24H1 229
PP3 4.16
Chargers
TYPE H
4010014611 to 6
07.:r'y HP tvIte
above 11559
TYPE M

above bur
charges OAH
hatterles
faster 62596
TYPE P
PP3 05 %
TYPE 0
HP7 Llf
I 1,14-, 05115

ANTE X
SOLDERING
IRONS
224C.504 4 59
+25 499

8115 C240
9, 2 5-4 659
N, 3 met 650
Nc 6 M ..a 65p
Elits x2S

5. 5 660

SOLDER 125grns
295
3 10

292905 21p
2929054 29p
792906 259
292906A 30p
2102907 2Sp
7929074 28p
792920 3.47
297923 2Sp
792924 15p
292975 15p
292926 10p
293053 27p
293054 560
293055 600
29305511 120p
293250 365'
253251 36p
2143439 98p
79/3440 80p
2103411 1 25
193447 1 35

293442RCA 185
793445 4.00
793446 609
293447 0 72
293448 6.56
293468 1.00
293512 106
2N3553 2.30

PLUGS Ft
SOCKETS

ETCH RESIST
TRANSFERS

1 Han .11,.
2 16,0 ones
3 111'1 Ands
4 Duck 10.19I,
5 OIL 0,51:

Tr.: osrstor 0...Is
7 Dots 1,4,

9 44,74/

35p

D Connectors
25 Way
5oldet
111411 160

101
P411, Woe Wrap

el11.1, 2.06
(1 00

Phono Mugs
11.1 r.

.5 SI t5p
C.6.1. 511 - I 209

0041 30p
(load 400

E LE CTROLITICS

47 b.,Bp
IP

4 350 300
3 90

90
441.7 400

Be
/ i 9p

GRADE ONE
GLASS PCB
Single Sided
"8 . 2400, 559
420 195o,,

130p
421 -

1955
DALO ETCH
RESIST PEN

PHOTO
SENSITIVE PCB

Britain's largest
retail selecnon
A small couple ol
Pot

29930 20p
799304 30,
291893 309
29210/ 39p
29221: 390
292218 33p
292`.84 25p
75221) 27p
2977190 28P
:92225 220
292:21 220
29272' 23p
297227 201
/92272A 250
192223 2 60
2922730 4 IS
2.2441 250
292369 110
252159A 1117.

752944 21p

2934.384
293702
2143703
293704
293705
293706
293707
293708

2Z,3042

253711
293712
293713
2643714
293715
2613716
193773
2938/9
2N3820
93827
93827
1.3823

93906
93903
9390,
93905
93906
94030
94031
94037

794036
294337
294240

2544002544

2144401
2104402
25441.3
2/44409
73,4411'
264427
2144870
2548;1
254888
294901
254902
294903
754904
254909
294906
294907
294908
254909
294518
254919
254920
294921
194922
254923
255086
215087
2%5080
295089
295'9)
255'9'

.5,92
215'94

27.544,7

29547'
29545-
295-t58
295459
795460
255551
255884
2558P4
256171 509
756122 56p
756123 59p
296174 SOp

256125 59p
155,26 71p
796179 190
7E16130 93p
256131 98p
/56117 830
256133 1 14
796130 1 36
256253 1 45
256254 1 55
25C 1306 95p
251:21,/6 1 00
75149 350
:5153 3 75
25182 419
759 134 3 00
250 135 3 75
750226 429
39128 112
35140 2 37
3527. 6 93
39201 298
00360 60p
00361 67p
40362 670
00363 2 22
41141* 139
104', 750
40008 158
X411 80

67p
lOp
10p
10o
10p
lop
10p
10p
10p
10p
10p
200
1 313

2.%
331
360

99
26p
30p
1 04
90p
45p

70
90p
15p
15p
15p
15p
66p
55p
5Sp
58p
43p
300
226
15p
27p

' 309
301,
360
42p
79p
900
55p
92p
1 69
352
724
275
325
3 42
320
3 70
290
950
134
1 30
55p
690
99p
36o
390
379
370
6130

700
90p
79p
37p
400

- 450
7*& 46',

_24, 060
.576, 265
.5291 961
.5:79  78

 37
350
I 10

1 54
160
19p
21,
23p
25o
290
290
29p
72p
37p
595
5%

40011 285
40417 90p
40673 83p
40822 166
40871 890
40877 89p
40125 359
AC 116 259
AC127 250
40128 250
AC137 390
AC14IK 21p
AC1470 28p
ACI51 51p
AC162 450
AC153 55p
401531. 640
AC176 27p
AC I76K 379
ACI87 250
AC 187K 28p
AC188 250
AC18139 40p
AF239 55p
61240 1.00
41107 349
40110 220
AU113 367
BC101 109
BC1074 12p
BC10716 12p
RC1013 10p
3C 1084 12p
EIC1086 13p
13C1080 149
8C109 10P
BC10913 12p
BC 1090 12p
8[ 140 799
BC 141 37o
0C142 29p
9[143 349
BC147 tor
927141* 10p
13014761 10p
BC, VC 20p
PC '441 10p
BC 4144 12p
13C ' 48P 730

tIC.:PC 13p
8C  49 10p
BC 14914 120
001100 13p
60152 35p
807.3 230
0;'53 27p
PC,S' tip
01,5, 12p
6ClS'R 139
PC156 10p
BC '584 120
01'588 13p
BC1b9 lip
8,21594 12p
E101598 130
BC159C lip
BC 160 42p
9(161 4/0
BC 167 10p
BC 1674 100
BC /670 13p
EIC168 10p
8C16810 1139

BCI68C 10p
BC169 100
B C16913 10p
BC169C 10p
BC177 16p
BC177A 250
BC1772 26p
80178 16p
BC, /NA 249
001788 25p
60779 206
9C,794 25p
6019713 250
9C179C 27p
137182 10p
6C1820 12p
BC '820 Ilp
811821 10p
50'821A 13p

1. 10216 14p
6[ '83 10p
.2';'934 lip

'178 120
930 130

10p
Ilp

_B 139

BC5474 14p
8054713 14p
805411 120
EIC5484 13p
805430 140
1305480 159
01.549 13p
BC54913 14p
BC549C 150
BL550 30p
BC5b0C 330
80551 115p

SC5574 16p
1315578 16p
BC558 149
3C5584 15p
BC5568 113p

BC558C 17p
BC559 159
8C5598 16p
BC559( 17p
BC560 329
8.560C 34p
BC650 46p
BC651 441p
BCY70 16p
80971 160
BCY72 19p
80131 44p
E10132 45p
130135 409
1313136 400
00137 42p
60138 399
80139 39P
00140 39p
80737 980
80738 96p
B02394 57p
90239C 64p
802404 590
002010 73o
802414 61p
60241C 67p
00244 550
007420 713p

80.434 72o
93.420 850
07.440 820
00.440 1 00
80,454 1 14
90.45: 130
00.464 120
602460 1 50
807494 200
9.7.2491 2 31
90:504 2 11
802500 246
804 ggp
ED439 88p
80435 90P
130400 910
90441 Ni,'
60442 93p
00529 1 20
00530 1 30
80535 75p
80536 75p
80531 809
610538 000
00539 80P
80539C 110
80540 B50
00540C 120
00675 72p
00676 770
I30671 78p
80678 830
130711 132
BD712 132
80014 130
130018 159
00032 341
81/954 170
80059 175
130156 1 %
85051 525
1313968 615
131194 120
131105 12p
00196 120
81197 120
01198 15p
9,199 150
13,2011 149
EIF2243 32p
01225.1 350
131_40 38p
01247 38p
131244A 35p
917449 390

10p 9:4'.0 300lb 612455 51p
51 13p 8174, 520
-.- 10o 902464 39p

= 13p 70E0 53p
140 9,44'A 54p` 240 512475 550
240 5,2, 39p
lOp 6;21' 420

Pt,2564. 359
'.30 912500 48p
190 .0125k' 620
13P 9125' 300
14ta O1:5E 32p
100 0.259 350

45p

817.2,3,14
032,718
8,213, C.
W:774
01.2118
BC214C
13[2'41
Br21418
1302141.1
BC231
8023ot
PC7378
P023 IC
60238
B( 2350
9(123813
0:2118C
EP'2111.

5C23:14
ft, 3 .s9I3

BC 100
61301
BC 30:
1101.13

BC 12:
81 328
80337
R: 348

5,44

120 51457/ 580
130 8115, 620
10p 6(069 850
13p 614,, 85o
130 0103tt 290
140 0161' 250
100 0104' 25P
120 00077 250
13p 90830 25o
1011 9100' 2Sp
13p BF 89n 211
140 1416,26 295
1414 8150' 150
160 81398 1 70
17p 8F029 26p
180 RE 030 27p
14p 61 950 23p
150 05151 23p
16p 0/157 23p
170 0,153 31p
15p 89819 24p
16p 85820 240
I70 135821 40p
180 40104 222
450 81105 170
040 71,108 2 95
43p 00109 329
47p 01.126 147
140 01/704 275
14P 811205 7 76
150 811206 1 89
160 3.1206 I 98
32p 03231. 325
330 9'.12/6; 235
32p c 405 45
330 10)40.' 145
401 11641,9 1 35
400 0, 150, 2 95
.30 p,..7145 3%

1111111MIEW

CRICKLEWOOD ELECTRONICS LTD.
40 Cricklewood Broadway. London NNV2 3ET. Tel 01452 0161.Tlx. 914977.

Hole's a selection from oar vast stocks Fill price Its1 111, "17 Venues!. Orders by 'phone quoting
tread card no or by mad order. C.111e/s welcome. Al pooducts first grade franchised sdurce

'All in stock items desnatched same ,day. Olittat order, welcome from Govt. Dents. schools. etc
Please add 603, 11E70 ' 15", VAT OVI`f Setts orders 167 VAT 1,1,7 .111(11 I 2 00 row OF111

Cluantay(11SCOuntscietiotialote.

E430 5.95
1300 41p
J310 530
61./802 398

00.1930 190
M1907 310
9111000 2.50
M.11001 3.00
MJ1800 380
M12500 2.15
M J2501 2.25
44.17955 100
M./3000 2 19
MJ3001 226
MJ4502 399
MJ 15003 4115
MJ15004 556
1.4115015 2 45
MJ15616 346
941E340 53P
4416350 150
MJE2955 99p
913E3055 890
MPS405 23p
MPS406 250
MPS410 20p
M05412 290
MPS413 480
MP0414 46p
MPSA16 30p
6/PS418 65p
57P5420 48p
107P9442 49p
1,1054.43 49p
MP5455 28P
5,05455 30p
m050% 4ep
6705466 47p
mc.5 470 459
5105 492 39p
7."P 5 493 390
MPS, 0, 120
MP 5,51 48p
MPSU01 91p
MOS...t04 132
MP5605 559
1P5006 Sep
51P51 07 750
,4P-1151 pep
MP ;555 SOp
NIPSo56 59p
1079057 1 20
0C20 230
2025 250
0C2E 1 70
21.29 2. 35
OC35 235
0143 700
0C44 870

'0 50p
0C 50p
OC 7.'
0087
0113
117294
T1P29C
TIP3DA
IP3DC

TIP31 A
I 1P31C
TIP324
TiP32C
TiP334
117330
TIP344
TIP34C
TIP354
31935C
TIP364
711'36C
'19114
DPOIC
111.424
111,12C
11P49
TIP%
1,53
7,854
TIP110
710112
111.115
710777
410120
T1FH22
1,P125

50p
50p
75p
32p
380
35p
310
380
39p

35010
659
75p
74p
841.
1 09
1 28
1 29
1 14
49p
55p
551.
650
1 20
1 40
1 57
1 58
740
90p
alp
96p
690
730
UP

T1P177 140
7.P110 93p
TrP132 93p
`141 35 990
7.4137 99p
1'0740 104
70,47 101
,1,145 1 15
''0147 115
0162 495

11,2955 77p
'03055 7001 5,1 Opp

5884 62p
,,tiKM 600
75464[
JE.664F 15p
7'7'07 100
7-10041 109
210709 iop
7707[30 13p
/1,301 150
217(302 150
210303 230
276304 15o
17.710 35o
27 0371 32p
218312 35p
310313 36P
77%314 240
719320 35p
7T0330 350
21%341 28p
718450 39p
ITX5(/0 14p
21%501 14p
210537 140
710503 170
170504 24p
71 8510 340
LT 053U 240
ZTX531 75,
216650 ISp

101,111S

15344 300
15821 70p
15823 92p
15514 80
19916 10p
1E04001 4p
194002 4'hp
154003 Soap
154004 S'Ap
150005 Bp
154006 6./tp
1540437 7p
154009 20p
154108 6p
150150 18p
194448 229
155400 120
195401 13p
155402 14p
155403 150
155404 18p
15506 1Bp
15540: 19p
155408 200
155024 520
1040 109
BA 102 25p
E14115 25p
134133 40p
64138 30P
94142 20p
134155 15p
84156 380
84167 250
BA158 30o
44159 329
84187 40p
11420, 18p
134202 26p
8431E 750
86317 250
84318 30p
84010 16p
8491- 150
1141,20 150
84013 10p
BAX,6 11p
99126 200
0512/ 229
89134 52p
BY 182 126
89206 36p
99207 36p

0223 156
50297 480
01 299 55p
MI236, 1 SO

0447 20p
0A90 10p
0491 10p
0495 410
04200 20p
04202 20p

1111015
01/11,

THYR ISTORS
4 Et & 12 Amps
Texas 70220

StrIf.ce A 1000
6 2000
C 31%0
D 4000
M 6000

TIC106A 45p
T1C1068 47p
TICIOBC 4110

4A TICIO6D 49p
TICIO6M Sip

110116A Sip
1101168 11114

TICI I6C 71p
TIC1160. 730
TIC1 I6M 900
1101264 72p
11'.1268 72p

14. 110126C 730
TIC1260 77p
717:126M 95p

TRIALS
relies 4000

10220 Case
1.10206014A 65p
1'1_225016/it 74p
11022601BM 118p

,-23601124.
1 16

1:2461 189
1.22

1107530.204
1%

'1C26.101254.
2 11

DIACS
80100 40p
9,2 2Sp

TRY US NOW WE'VE GOT WHAT YOU NEED.

50414001 40p
50610001 66p

6 amp type
Sou are with Sole

PW(1111001 500
714'0712001 71Ip
P990414001 86p
PW0616130) 900

25 Imp typo
Metal clad will
Sole

00111001 2.20
002140/ 2.30
604)1001 2.80
006 16001 340

LEDs
Red
Green
Yellow

Large tl.11used

R5D 9p 7p
G50 159 12p
150 150 12p

R2D 80 6P
4,7 I2P 101,
70 12p lop

Mrcro 0 1
010 25p 220
G10 27p 25p
v ID 27p 25p
Law Our
R5C 120 100
050 170 13p
5C 17p 170

Sucre- 504710 5.97,

logo i100
!rnt, Pr .qhtet
R5 39p lip
G511 42p 34p
951.1 42p 3011
Re..t.ingular
Sl ackab1es LEDs
R61 17p
G6L lip
Yfil 190

116/1 AR 105.

'Of s

416) 900 AN
124 5..1,

3 Wan
Ea Ser.,
1 3 82V 14p

PI0 shown in
brackets,

.,

900!11061 200
W071/00. 260
19011/101 21p
7436'9001 40p

1807
watt hole

5011100, 370
507.209 400

AY 1 5050 950
AY3.8910 529
493 8912 5 59
C43008 2 99
C63059 2 AO
(63090411 3 70
CA31306 87p
0431301 180
CA31406 390

AA3,361406 951p
061366W 240

p

11413138 254
ICL7106 750
ICL71C7 9 75

10CC111 18038766°761 2I9711595p

IC17555 SOp

(1(714 3201x2033 20:

7

11347 140
470

1F353 929

LL'Fr13.3jr

6443357 119
l348 N 1620
1443495

350
L

L.M3
795

K 60
150

,11:43839338019..:N814 2;75153

1381 5 1 40
1443825 112
14438311.9138019

31 404°

LM
LIM3885386 2431'
1M391960 1 70
1913911480 1 93
LM723CH 1 21
1M723C9 00p

.M733M725

C11

Lk4725C5 3 19

174741C0 ggp
66M774411CN 150

1 517480CH 00

1/1:118,0,71

1911886 744

1 M290798 160
1M79175 189

I34:LMIA39 2C/O19P

L1SAM39" 45 21 SON

LM13600 110

°NN ri .53332; 561' 217 5,,3670

55'5'15
1N 161655

NE558 150
NE558 109
5(500 375

NNE(560 1 410566 19
NE567 1 37

6 657 3 7701 375565 4
NE55344 95p

P1(020 4.96
Pt 1034 12.75
004136 59p
TBA500 2.97
1845000 3.11
1134513 2.96
7845100 %
TBA520 257
TBA5200 275
104530 256
1945300 2.78
TBA540 2.72
T1345400 2.74
1134560 3.26
1045500 327
TB4560C 287
104570 2.37
1845700 2.49
T14910 2.19
TC4900 1.99
7061002 3.39
1041003 391
7041004 287
TDA1005 3.00
TD410104 2.25
1041022 1 %
T041024 1.19
1042610 3.%
10426110 250
044170 159
044180 10
U182003 115p

UPC57512 250
UPC, 156 275
1012206 292
25414 79p
25419 1 90
251034 1 %
251040 675

7400 lip
7401 lip
7002 lip
7403 12p
7404 12p
7405 150
7406 110
7407 lOp
7408 14p
7409 14p
7010 15p
7411 lop
7412 100
7413 16p
74,4 17p
7416 17p
7417 17p
7420 159
7421 20p
7422 20p
7023 200
7025 lap
7426 1130

7427 189
2428 isr,
7430 14p
7.132 17p
7433 21p
7437 19p
7438 190
7440 15p
7441 65p
7442 27p
7443 652
/444 65p
7445 460
7446 500
7447 350
74013 60p
7450 15p
7451 150
7453 159
7454 14p
7460 15p
5170 300
7472 260
7473 23p
7474 18p
7475 22p
7476 24p
7480 000
7411 119
7411' 63P
7483 38p
/484 630
7485 609
/486 169
74E9 170
7490 20P
'491 350
7492 25p
7493 34p
7494 24
7495 349
7496 34p
7497 116p

74100 80p
74104 50p
74105 550
14107 20p
74107 200
74109. 259
74110 29P
74116 509
74118 53p
74119 57p
74170 590
74121! 256
74122 300
74123 34p
74175 30P
74125 29P
74178 350
14137 29r
74136 27,
74101 55A
74142
74,43 1.95
74144 1 95
74145 Sip
74147 lip
74148 616p

74150 499
74151 35p
14153 350
741:4 490
74155 OP

74156 400
14157 300
74159 750
74100 40p
74161 40p
74162 400
74163 400
74164 400
74165 400
74166 48p
74170 117
74172 250
74173 430
74174 64p
74175' 49p
71176 39p
74177 450
741/8 100
74180 40p
74181 1 15
74182 55p
74101 909
74185 90p
74186 4 69
74188 250
74190 45p
74191 45p
74192 450
74193 45p
74194 40p
74195 40p
74196 40p
74197 441p
741518 77p
74199 77p
74221 53p

Ill:111111
741003 Ilp
74150, lip
741507 lip
741503 129
741004 12p
741505 lip
711506 12P
741510 12P
741011 12P
741512 120
741513 190
74514 220
746515 14p
741520 129
741521 12p
741022 12P
741527 12p
741528 140
741530 lop
/41.532 13P
741073 14p
741537 14P
;41538 147,
ALSO' 120
741542 no
741547 35p
741.551 14p
741554 14p
741555 14p
741573 18,
711574 180
,11 515 18p
241576 180
746570 lip
746580 120
741583 33p
91585 390
741586 160
74)590 27p
741592 25p
741093 24p
701595 36p
746096 50o
/465107 200
7415109 23o
7415117 700
7415113 22P
741 5114 220
741 0122 25p
7415123 34p
7415124 89p
7415125 240
7415126 250
73(3132 33p
7415136 24p
7415138 249
7410139 27p
7416145 70P
7415147 99p
7410148 691'
741.5151 30p
741.0153 39p
7410154 79p
7410155 290
74151% 360
7415157 270
7415158 280
7415160 320
7410161 35p
7415167 35P
7415161 35p
7415160 400
7419165 500
41.5168 1340
'415169 850
74151/0 70p
/015173 55o
51151/4 39p
7115175 390
tal 5181 88p
747 5183 1 20
/4(5190 360
/415191 36p
/415197 .36p
7413,93 37p
7E5141 320
1015195 32o
/015166 45p

0197 4O.
4(0221 50p
14) 5740 55p
/40741 560
701524; %P
III 5243 55p
7415244 550
1415245 700
7415247 50p
1415248 55p
74/ 5241 550
74' S:51 30p

7415253 32p
741S257 299
7415258 33p
7015759 55P
7415261 99p
7415266 110p

7415/73 530
7415275 125
7415279 30p
74L S280 95p
7415283 40p
7410280 4.70
741 6790 450
7415293 40P
7415295 75p
7410298 790
7416299 1 55
741 5323 1.55
74) 5324 1 45
14)9325 296
745316 230
741532/ 230
7415341 950
2415348 hip
7410352 79p
465351 79,
741 3367 725
7415155 290
74103% 29p
7410367 29P
4(03% 290

/4153/3 59p
740370 b8p
7415.3% 1 14
/415390 46p
7400383 42p
7415395 09p
7410396 1 90
241039F 270
7415399 159
7410445 99p
/41.549)' 2.20
905540 100
7415541 99p
741 9660 1 69
7465601 169

r, MOS

41741 10p
0511 IRE
4002 119
4006 49p
449..77 159
40011 32p
4,874 20,
goo 249
4011 10p
4012 sgp
4013 20P
4614 469
4015 3911
4016 200
40'1 32p
0116 44p
4019 25p
4076 44p
002' 39p
4027 390
4023 12p
4024 321,
4025 120
4026 77p
4027 20p
4028 37p
0029 43p
4030 14p
4031 119
4032 1100
4033 1 20
4034 1 29
4035 510
4036 249
4037 130
403.1. 99p
4040 lop
4041 40p
4041 310
4043 lIp
40.1 410
4045 99p
4045 Up
4047 39,
4048 390
4,49 no
47)50 2311
4051 410
4052 49p
0/53 49p
4054 130
4055 830
4055 890
4059 435
4060 42p
4063 790
4066 220
406/ 222
4068 14p
4t)59 130
4070 13p
3n77 13p
4072 13p
4,173 130
4075 11p
411/1" 44p
4077 13p
4078 139
4081 129
4082 126
4085 49p
4087, 53p
4089 I20
4093 20P
0190 69,
6715 75,1
6.796 7517

409/ 788
4098 lIp
0099 90p
4502 50P
4813 290
450/ 33p
1508 1 19
4510 450
45,1 48,
4512 39r,
4514 7 10
4515 1.10
4516 500

4518 399
4519 290
4520 441p
4521 900
4526 590
4527 590
4628 460
4532 699
4534 429
4530 2 59
4538 65P
4.,39 990
4.543 65p
4553 225
4555 35p
4556 350
4,61) 1 40
4,166 140
0569 1 59
4584 390
4585 79p

lOGIC

CPU's
NV 700

257t414 11 99
6..507 317
MOO 225
580; 2 45
6109 6 24
9035 3 49
90/7/1 10 90
8050A 30
10x1,0 3 49
SCMPI 17 06
7804 2 95

MEMORIES

211417000s, 930
2532 360
2564 11 95
2764 775
7708 225
77164591 2.10
41161200ns, 770
4118 3 325
4164 195
5101 i4,50n, 189
5704 750
6116 3 85
6514 330
6810 1 15
7489 420
74181 400
7415289 325
7416,88 725
915287 305
701 5788 2 25

MISC LOGIC ICs

4000816 14 90
4000817 1006
40523_/6 590
155167, 20.80
INS' 71 20 go
0,7,_'310 699
RU.,13/ 1' 750
SA /.51/00 300
50A/IC, r 10

5AC/5012 710
0005021' 550
SAA50342 900
SAA5041. 1500
SAA504' 1500
5445050 850
54.45052 850
1,45601' 3 65
8726 950
8126 1 20
8195 850
8197 850
811595 500
011596 1 20
9'1597 90p
811598 170
6522 319
6532 695
8150 942
8155 350
8212 1 10
8216 99p
8224 1 PS
8226 247
8225 2 20
09(14:.' 2 260
78040401 550
/8040MA 670
2874 Pc' 269

VOI T AGE PEGS

- Positive
100mA

%01:54 16n
791 124 76p
86154 16p

7131245 300

1 Amp 10220
78051 39p
T8121 39p
78)51 39p
/8241 39p

Negative
1001PA 1092

791 017 590
/91'2 599
/9115 590

1 Amp 10210
79057 aap
19171 44p
POST 44p
79247 44p

I If SOCKET

1 35

Toggles M,nr1
.5P41 49p
:PDT 55p
I/001 690
(7.0! P5p
ttt 2 75
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ZX Sound Board
This project uses the AY -3-8912
Programmable Sound Generator IC,
the slightly more expensive of the two
General Instrument PSGs. Why the
8192, which provides a single I/O
port and is a 28 -pin package, should
be more expensive than the 8910
(which has two I/O ports and is a
much larger 40 -pin chip) is something
of a mystery. However, the 28 -pin IC
is easier to use and allows the PCB to
be smaller, too.

There are a few points to note with
regard to the components: the
potentiometer RV1 should be a
miniature Cermet preset on the 5mm
(0.1") format. Similarly, the switch
SW1 is a dome top, momentary
contact 5mm PCB mounting type, and
should be used to complete a neat
job. All the electrolytics are miniature
radial types.

The 23+23 -way edge connectors
can be difficult to find, however Rapid
Electronics of Colchester will be
stocking all the parts for the ZX Sound
Board, including the edge connectors.
A case is really not necessary for this
project and the total cost, excluding
only the PCB (see page 72) should be
around £15.

CB Rap Latch
Finding a single, convenient source for
the components of this project was
not an easy task - but after much
dilligent searching, it was found that
Ambit International stock either the
required bits and pieces or suitable
substitutes!

The 12V OUB type relay is listed by
their stock code number 46-70030,
and the four-way locking audio
connectors are available as stock
numbers 10-10004 (for the mic
connector) and 10-11004 (for the
socket).

The very common BC109 and BC
179 transistors are also supplied in
plastic rather than metal cases, in

11111111111

wh.ch case they are known as BC239
and BC309 respectively, so don't get
worried if you are offered these
devices as alternatives! There may be
some difficulty, also, in obtaining a
33u tantalum capacitor (C6); if this is
the case, simply use the next largest
value (which should be 47u) and
replace the 1MR timing resistor (R9)
with the value 680k. This will produce
approximately the same timing period
(35 seconds, in fact) which can be
confirmed by substituting the new
values into the formula given in the
text. All the polyester capacitors are
C280 types.

The cost of this project, excluding
the case and PCB, should be around
£6.00. Ambit will supply a suitable
case for about f2.36 if you quote their
stock number 21-06103, and the
printed circuit board is available
through our own PCB Service (see
page 72).

Traffic Light Toy
A simple project, this, with a simple
list of parts, all of which are available
from Greenweld Electronics. Fittingly,
the cost is quite low, too; around
£2.50 excluding the case and PCB.
The most suitable case from
Greenweld is their type V213, which
measures 100x75x4Omm and costs
84p - dearer than a tobacco tin, but
neater with it.

We have put the Traffic Light Toy
on a PCB because this method of
construction results in a more reliable
job, and provides less margin for
error! The cost could be reduced to
rock bottom by constructing on
stripboard - however we would not
then be able to offer advice or
assistance should there be any
problems.

Pop Amps
All of the components and parts used
for these simple circuits are readily
available from suppliers advertising in

HE. Dedicated experimentors will
already have most of the bits and
pieces in their 'junk box', but
newcomers trying out these circuits
for the first time should try to build up
a collection of components and parts;
the best buys are available from
bargain -pack dealers such as BI-PAK,
who provide low-cost selections of
resistors, capacitors and so on to the
electronics world at large. Their
address is BI-PAK, PO Box 6, Ware,
Herts., or phone 0920 3182.

Car Battery Indicator
None of the components for this
ingenious circuit are particularly hard
to find. You have a choice of ICs, but
the LM324 is the cheaper of the two.
Red/Green bi-colour LEDs go by
several different code numbers but
are generally easily obtainable;
however, we know that both TK
Electronics and Bi-Pack stock all the
necessary, so they are the most
convenient suppliers.

The PCB measures only 52 x
40mm, so only a small case is needed
if you choose a concealed installation.
Be sure to keep plastic cases away
from heat sources, though!
Component cost, excluding case and

PCB, should be around £2.00.

Update
The most difficult component to
source for our BBC Micro/HEBOT
Interface project proved to be the
connector mating with the BBC's
Auxiliary Power Output socket. BBC
owners might like to know that Kelan
(Hobbyboard) Ltd has a large stock of
the correct plugs and will happily
supply them separate from the
BBC/HEBOT interface kit.
The toroid for the Aerial Without
Wings project is being supplied by
Neosid Small Orders 1982 and is
their type number 28-041-28. For
reliable long wave reception, the
number of turns should be increased
to between 20-25. If, in any event,
reception appears weak when using
the Aerial, winding the additional
number of turns should provide a sure
cure.
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ENCLOSURES
INDICATORS

BREADBOARDS
ANCILLARY TOOLS

BOSS INDUSTRIAL MOULDINGS LIMITED
James Carter Road, Mildenhall, Suffolk IP28 7DE

Telephone: Mildenhall (0638) 716101
Telex: 818758 Answer Back 'LITZEN G'

les ebe
MAKE YOUR
OWN P.C.B's.

DIRECT ETCH KIT
COPY DIRECT FROM MAGAZINE or OWN DESIGN
Simple system -Complete kit containing PCB, Pattern
Transfer & Etch Resist Sheets, Tray & Etchant, Copper
Cleaning Block, Gloves & full instructions. £15.60Produces 10 PCBs.
Price inclusive of VAT & carriage. Please allow 21 days
for delivery. Cheques, PO's or signed Access orders welcomed.

a division of
KELAN ENGINEERING Ltd
Hookstone Park
Harrogate, N. Yorks

complete P.C.B. workshop

Emi

MIN RETOOLSETS

ATMINIARRE PRICES
Ideal for work on optical and electronic equipment,
instruments and models. Japanese made, top quality metric
tools in hardened and tempered steel, with fitted plastic
cases. Swivel -top, chromium -plated brass handles. Not to be
confused with similar cheap non -Japanese sets.
SCREWDRIVER SET 113. 6 plain screwdrivers, blades 0.9,
1.2, 1.8, 2.3, 3.0 and 3.5mm. Price £2.70.
SOCKET SET 227. 5 socket spanners, 3.0, 3.5, 4.0, 4.5 and
5.0mm. Price £2.80.
CROSSPOINT/HEXAGON SET 305. 2 Japanese crosspoint
screwdrivers, sizes 0 and 1. 3 Hex. key wrenches 1.5, 2.0
and 2.5mm. Price £2.70.
COMBINATION SET 228. 5 open spanners 4.0, 4.5, 5.0, 5.5
and 6.0mm. 5 socket spanners 3.0, 3.5, 4.0, 4.5 and
5.Qmm. 2 crosspoint screwdrivers bit sizes 0 and 1. 3
screwdriver bits 1.5, 2.5 and 3.5mm. 3 Hex. keys 1.5, 2.0
and 2.5mm. 1 scriber. 1 swivel -top driver/holder.
Price £4.83. All prices include postage and 15% VAT

Ring for Access/Barclaycard
Sales or send remittance to:

aitaiir4

Light Soldering Developments Limited, 97-99 Gloucester Road,
Croydon, Surrey CRO 20N. Tel: 01-689 0574.
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 Project

POP AMPS
Owen Bishop

Simple measuring
circuits based on
operational
amplifiers

No. 8: TTL logic
probe

THIS CIRCUIT is for testing logic levels
in TTL (transistor -transistor logic)
circuits. When we discuss these we
so often think in binary terms of
and 'O's, or 'highs' and 'lows', or +5V
and OV levels, that we sometimes lose
sight of the fact that TTL input and
output levels need not be exclusively
OV or +5V. Voltages in between these
levels are perfectly acceptable, for
these circuits are designed to tolerate
manufacturing variability. Neverthe-
less, there must be standards of some
sort, with guaranteed output levels
and acceptable input levels.

The INPUT voltage levels specified
by the manufacturers for all members
of the 7400 TTL family, including the
74LS00 series are:

Logical '1' - minimum is +2V
Logical '0' - maximum is +0V8

Thus any voltage between OV and
+0V8 is recognised as 'logical 0' or
'low', while any voltage between +2V
and +5V is recognised as 'logical 1'
or 'high'.

The OUTPUT levels are specified so
as to give a margin of error (0V4 to
OV5) which puts them securely within
the input ranges:

Logical '1' - minimum is +2V4
(+2V5 for LS)

Logical '0' - maximum is +0V3
(+0V4 for LS)

When we are testing a circuit, it is the
input levels which matter most, for
the question is: "What effect is this
level having on the logic gates to
which it is being fed? Which will they
take it to be, a '0' or a '1'?"

The probe tells you instantly how
the test output will look to a TTL
input. It has a multicoloured LED
which glows green for 'low' level, and
red for 'high' levels. At intermediate
levels, which could mean anything (or
nothing) to a TTL input, the LED is
out. Should the test output be
changing rapidly between 'high' and
'low', the LED glows yellow.

How It Works
The probe is based on two op -amps,
both acting as comparators. This

+5V

PROBE

OV

Figure 1. The circuit: watch the probe

project uses the 7611 CMOS op -amp
because it can operate on a + 2V5
supply (actually it works down to +
0V5) and its output swings fully to
either rail. The test voltage is fed to
the inverting input of the first op -amp
(IC1) and, at the same time to the
non -inverting input of the second op -
amp (IC2). This voltage is compared
with a reference voltage which is
supplied to the other input of each op -
amp from a potential divider (RV1,
RV2). The voltage at the wiper of RV1
is set to +0V8, consequently
whenever the input voltage from the
test point is lower than OV8, the
output from IC1 rises sharply to +5V
and current flows through the green
element of the LED. The op -amp has
no feedback resistor so its full gain is
operative and it switches sharply at
the threshold point. This means that
the green element of the LED is either
fully off or fully on, and a clear
indication of the state of the test point
is given.

IC2 works in the opposite fashion;
RV2 is adjusted so that the voltage at
its wiper is +2V. As a result, the
output of IC2 swings high and turns
on the red element of the LED
whenever the test voltage exceeds 2V

A voltage between OV8 and 2V is
too high to turn on the green element,

LED1/2

connections.

but too low to turn on the red
element, so the LED is not lit.
However if the voltage is oscillating
between 'high' and 'low' levels, the
red and green elements are switched
on alternately; the eye merges the

Parts List
RESISTORS
(1/4 watt 5% carbon)
R1,2 180R

POTENTIOMETERS
RV1,2 100k

min preset

SEMICONDUCTORS
IC1,2 7611

CMOS op -amp
LED1 2 tri-colour LED

common cathode type

MISCELLANEOUS
Stripboard, 78 x 30mm (11 strips x
30 holes); 2 x 8 -pin IC sockets; 3 x
1mm terminal pins; 1 x red, 1 x
black miniature croc clips; 1 x
miniature probe clip; wire, solder
etc.
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Project 
1 2

A 0 0 0  0 C
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

B

0--
D 0
E 0

G 0

H 0

K

ov

O

0 0 0 00 0 0 0 0

0 0 0 0 0 0 0 0 0 0 00 0
0

0
0

IC2
0

000 00 0 0 0 0 0 00 00 0

03) = CUT TRACK

LONG WIRE = GREEN ANODE

CENTRE WIRE CATHODE

SHORT WIRE = RED ANODE

RED

CATHODE

LED1/2

GREEN

Figure 2. The veroboard layout. Keep the wire links as neat as possible.

colours and the light from the LED
appears to be yellow (the exact shade
depends on the mark -space ratio).

Construction
As the photograph shows, this project
can easily be fitted onto a scrap of
stripboard. It takes its power supply
direct from the power rails of the
circuit which is being tested and
needs only 9mA, so it is unlikely to

cause an overload. The power leads
are fitted with crocodile clips, but it is
recommended that you use a
miniature probe clip on the test input
lead. These spring -loaded hooks,
which are sold under various names
(such as E -Z -Hook), are very easy to
attach to almost any part of a test
circuit. You can clip these to the
terminal pin of a logic IC, the wire
lead of a resistor or (through one of
the holes) to the copper track of a
circuit -board.

Wiring up the probe circuit takes
very little time. Points to watch for
are:
1). The 7611 is a CMOS IC, so you

should take the usual precautions to
avoid electrostatic charges while
assembling the circuit. It is safer
not to put the ICs in their sockets
until all the wiring has been done.

2). The test input goes to pin 2 of IC1,
but to pin 3 of IC2.

3). The terminal wires of the LED
must be correctly connected. The
type specified contains two LEDs in
a single moulding, and they have
their cathode wire in common
(common cathode). For the LED
used in the prototype, the
connections were indicated as
shown in the drawing.
When you have completed

assembly, connect the power leads to
OV and +5V (regulated supply). Adjust
RV1, until the voltage at pin 3 of IC1
is exactly +0VE3, then adjust RV2 to
bring the voltage at pin 2 of IC2 to
exactly +2V. Touch the probe lead to
+5V and the LED shines bright red.
Touch the lead to OV and it shines
bright green. When the lead is not
connected to anything you will
probably see the LED glowing in
various yellowing-orangy shades, due
to the test lead picking up alternating
electromagnetic interference from the
mains. This happens because the op -
amps have extremely high input
impedance.

The CODEX SG315
A new range of test capabilities
Combined Oscilloscope and Function Generator
in one Precision Instrument

SCOPEX Instruments Limited
Pixmore House, Pixmore Avenue, Letchworth,
Herts. SG6 1HZ Tel: (04626) 72771 Telex: 825644

The Scope
15 MHz bandwidth
5 mV sensitivity
Timebase range
1 ps-100 ms/cm
8X10 cm screen
vertical display
A+B. B invert
X -Y display,

X deflection
through A channel
for max.
sensitivity
Normal, TV and ext.
trigger

The Function
Generator
0.2 Hz -250 KHz

Sine

Square
Triangular
DC offset variable
Duty cycle variable
Output 20v,
600 ohms
20 dB attenuator
plus variable
VCF input
TTL sync output

Function Generator can be supplied
separately for you to fit to any Scopex
Dual Trace scope, just state type when
ordering,FG4, F014/25.
Function Generator also available in an
instrument case, FG1

Prices:
SG315-f295+VAT. Price includes
Probes and Mains Plug and carriage UK
mainland.
Function Generator for mounting
on Scopex Dual Trace Scopes:
FG4, FG14/25-f69+VAT
Function Generator: FG1-
f79+VAT
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IN Popular Computing

COMPONENTS FOR
COMPUTING
This month we look
into the television
screen - or rather,
behind it.

Paul Kelly

TODAY, with as little as £50, it is
possible to go out and buy a home
computer that plugs straight into a TV
set to provide a text and graphics
display. High level language program-
ming and interactive graphics require a
great deal of simultaneous information
to be presented to the computer user
and, at present, the cathode ray tube
(CRT) provides the only real effective
method. Virtually no computer currently
on the market is without an interface to
either TV or monitor, the exceptions
being rather special purpose machines
(machine code trainers, industrial
controllers etc. and therefore irrelevant
to the mass market. It is hardly
surprising, with personal computer
sales running in excess of £1 M per
annum (in the UK) and with fierce
competition between at least a dozen
manufacturers, that the price barrier of
£50 has been broken. Once again LSI
chips (large scale integration) are
responsible for the fall in the
manufacturing costs of computers; in
particular most of the circuitry
associated with the video display can
now be provided by an inexpensive
device called a CRT Controller.

This month we introduce our subject
with some facts and figures relating to
the CRT displays (TV and monitors) and
the basics of video circuitry, leading to a
detailed investigation of CRT controllers
next month. Also, there will be a small
cheap project intended to illustrate the
principles of video generating circuitry:
however it will not incorporate a CRT
controller but some simple low-cost
discrete circuitry with plenty of scope
for experimentation.

The Cathode Ray Tube
CTRs are employed in both television
sets and monitors in much the same
way; an electron beam is scanned
across the fluorescent screen in a

6
------

HORIZONTAL
DEFLECTION

COIL CURRENT

N

-----
-------------

CRT RASTER NON INTERLACED
(6 LINESONLY FOR ILLUSTRATION)
DOTTED LINES SHOW PATH OF
BEAM DURING FLYBACK

a)

VERTICAL
DEFLECTION

COIL CURRENT

SECOND HALF
OF LINE 11

CRT RASTER INTERLACED
(11 LINES PER FRAME SHOWN
ONLY, FOR ILLUSTRATION)

b )

Figure 1 a, b. A CRT raster is generated by scanning an electron beam from the top
left hand corner of the screen, one line at a time, down to the bottom right. Figure
la shows a non -interlaced raster of 312 lines (only six are shown for simplicity).
An interlaced raster, shown in 1 b, generates 625 lines (of which 1 1 are shown
here) by scanning, first, the odd -numbered lines. The dotted lines indicate the
'retrace' or 'blanking' periods (flyback).
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OFF SCREEN
(BLANKING

PERIODS)

64uS

4
52uS

.71

8

DISPLAY AREA

Figure 2. The time required for the flyback (blanking) periods overlaps the
horizontal and vertical scanning periods. Thus the 'active line period' is 52us
instead of 64us and the vertical picture is 300 lines deep, not 312. However in
computer displays the active line period is limited to approximately 40us wide
and about 200 lines deep.

HORIZONTAL SYNC

la)

VERTICAL SYNC

64uS

5uS

)b)

COMBINED SYNC

c I

1.424.1.02Li.1

I

160uS

'BROAD PULSES'

Figure 3a, b, c. The horizontal and vertical synchronization pulses are combined
to produce a 'combined sync' signal; during the vertical sync period, the
horizontal pulses are 'stretched' to produce the so-called 'broad pulses' to ensure
that the horizontal oscillator stays locked in during these times.

mesh of horizontal lines called a 'raster',
illustrated in Figure 1. A periodic
sawtooth current waveform is passed
through the 'horizontal' magnetic
deflection coil of the tube, causing the
electron beam to sweep across the
screen, tracing a horizontal line across
its width and then rapidly flying back to
the far left before repeating the process.
Simultaneously a much slower
sawtooth waveform is applied to the
'vertical' deflection coils of the CRT, and
this has the effect of spreading the
horizontal traces into a cascade of
discrete lines over the entire area of the
screen. The fluorescent coating of the
screen has the property of emitting light
(usually white, but some monitors show
green or amber) when bombarded with
an electron beam and this emission
persists for some tens of hundreds of
milliseconds after the electron beam
has passed. In Figure 2 the path of an
electron beam has been traced out (6

lines only are shown) as in a CRT raster.
The dotted line indicates the fast
'flyback' or retrace periods, during
which the electron beam is always
suppressed. During the forward traces
(solid lines) the electron beam may be
turned on, for all or part of its travel on
each line, by means of a signal applied
to the control grid of the CRT; by this
means a picture can be built up. In
Figure 2 it is shown how the character
'A' is displayed by the raster. The
character will persist without flickering
provided that the display is refreshed
(ie, the character redrawn) in regular
frames and at intervals shorter than the
persistence time of the phosphor
(fluorescent material).

In a TV set or monitor there are many
more lines to a raster than has been
shown in the two figures - in fact in the
UK there are 625 lines/frame (a
'frame' is a complete picture) for an
interfaced TV picture (we will explain

interlacing in a moment) and usually
312 lines for a non -interlaced monitor.
Each line is scanned in 64uS and half a
frame (called a 'field' in TV parlance) is
repeated every 20mS. These figures
ensure that a flicker free raster can be
constucted with no visible 'gaps'
between the lines.

Raster Master
Internal to a TV or monitor are all the
circuits required to generate a raster. To
display a picture it is also necessary to
provide two external signals: a control
signal that modulates the brightness of
the scanning electron beam and some
'synchronisation' signals that force the
monitor to generate its raster in
registration with the incoming control
signal. This control signal is obviously
analogue (continuously varying) in the
case of a TV picture so as to represent
the various shades of grey, however for
a computer display only black and white
are normally required so that the
control signal is in the forM of a serial
stream of 'highs' and 'lows',
representing white and black
respectively. For a monitor, separate
inputs are generally provided for the
control signal and sync signal but in a TV
set they must be combined (forming a
'composite video' signal) and modulated
onto a UHF carrier. Inevitably the
process of modulation and subsequent
demodulation within the set causes a
deterioration in the display quality when
compared with a monitor, but it is a
small price to pay.

Synchronisation signals for UK
standard CRT displays have been drawn
in Figure 3: 3a shows the horizontal or
'line' synchronisation signal, which is a
negative going pulse of about 5uS
duration repeated every 64uS. The
negative transition of this pulse triggers
the start of each horizontal sweep
within the TV set. Figure 3b is the
vertical or 'field' synchronisation signal,
which also is a negative going pulse, but
of 1 60uS duration (two and a half lines)
and a period of 20mS (ie 50Hz
scanning rate). The negative transition
of this signal triggers the start of the TV
set's vertical timebase circuit. As shown
in Figure 3c the vertical and horizontal
sync pulses are mixed together to form a
combined sync signal. It is essential for
picture stability that the horizontal sync
pulses are still present during the
vertical sync pulses, as the horizontal
oscillator in the TV can easily drift out of
synchronisation in two and a half lines.
The horizontal sync is effectively
superimposed onto the vertical sync by
'stretching' the horizontal sync pulses
almost to the full length of a line, all but
for the last 4uS or so, during the period
of each vertical sync pulse; these are the
so-called 'broad pulses'. Inside the TV,
the sync separator circuit can identify
each horizontal sync pulse by the
negative transitions of the combined
sync signal, even during vertical sync
period. To extract the vertical sync itself,
an RC integrator circuit having a time
constant longer than the short
horizontal sync pulses is used. This
circuit does not give a trigger output for
the ordinary horizontal sync pulses
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because, even during the broad pulses,
it 'sees' only one long pulse of about two
and a half lines width.

In a TV set it is normal to 'interlace'
the rasters of alternative frames as
shown in Figure 1. This means that the
lines making up one-half of a complete
picture (one 'field') fall exactly midway
between the lines making up the other
half of the picture (the previous 'field'),
effectively doubling the number of lines
of the raster. The purpose of this is to
double the vertical picture resolution,
showing 625 lines instead of 312, but
without increasing the bandwidth of the
picture signal. If all 625 lines were to be
displayed sequentially in one frame
while maintaining the same bandwidth
(and hence line frequency), then the
vertical scanning rate would have to be
halved from 50Hz to 25Hz and the
picture would flicker badly. Because of
the tendency of the human eye to
average the brightness of points (in this
case, lines) that are close together, an
interlaced scan of a frame appears to
flicker much less than the same frame
scanned fully sequentially. However
interfacing is not often used with
computer displays or, if it is, it should in
any case be used with caution. The
system works well with television
pictures where object boundaries tend
to be smooth transitions of grey -
which is not the case with computer dis-
plays. The perception of flickering bright-
ness varies from person to person and
from picture tube to picture tube. Many
people find CEEFAX and the BBC
computer display (which can use
interlacing) intolerably irritating.
Monitors with long persistance
phosphors are available specifically for
interlaced displays, however, they had a
a disadvantage that fast moving objects
show a significant afterglow and so are
not suitable for video games.

The synchronisation requirements of
an interlaced raster as shown in Figure
4 (a) and (b). In principle, interlacing is
achieved by scanning 3121/2 lines in
each field, as illustrated in Figure 1 b
(which shows only 11 lines/frame -
51/2 lines/field - for simplicity). As you
can see from the sync waveforms in
Figure 4, there is another oddity
included, called 'equalisation pulses'. It
is difficult to describe the need for these
pulses without explaining the sync
separator and trigger circuits inside the
TV; suffice to say that the horizontal
sync pulses have some influence on
the exact trigger point of the vertical
oscillator (due to imperfect separation of
the two types of sync pulse) and that the
equalisation pulses ensure that
horizontal sync events leading up to the
vertical sync pulses are identical for
even and odd fields. These equalisation
pulses have no effect on the horizontal
oscillator.

Colour It .

A colour cathode ray tube contains
three electron guns which train on a
matrix of red, green and blue phospher
dots arranged in alternating sequence
(red, green, blue, red, green, blue, etc.)
across each horizontal line of the
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310
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b
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LEVEL
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LEVEL

c I
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INFORMATION
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Figure 4. To maintain the stability of an interlaced scan, 'equilisation pulses' are
inserted during the vertical blanking period. Diagram c shows, in simplified form,
the waveform of a single line scan.

screen. A 'shadow mask' is placed
immediately behind the screen, so
designed that each electron beam may
strike dots of one of the three colours
only. A raster can be produced on a
colour tube in the same way as for a
monochrome (black and white) tube, ie
using sawtooth current waveforms
supplied to magnetic deflection coils
and effecting all three beams equally.
During the travel of the electron beams
along the lines of the raster, signals
applied to the individual control grids of
the three guns will control both the
colour and brightness of the picture at
each point on the screen. The overall
brightness of a spot is the sum of the
brightness components of the three
colours while the colour is determined
by the relative proportion of each colour
in the 'mix'.

Compared with a television receiver,
colour monitors are relatively simple to
drive; there are three inputs called R, G
and B, which directly control the spot
brightness of the picture in each colour
and, of course, a sync input. In hardware
terms it is a small step from providing
one control signal for a monochrome
monitor to provide three signals for a
colour one, as we shall explain later.

When colour television was
introduced it was thought desirable that
black and white sets should also be able
to receive the signal. This means that
colour information must be added to the
monochrome composite signal in such a
way that a monochrome receiver will be
unaffected by its presence. The method

of encoding colour or 'chrominance'
signals on TV broadcast transmissions
(in the UK and most of Europe) is called
PAL, standing for Phase Alternating
Line, and the same method of encoding
must be employed by a computer
providing an interface to a colour tele-
vision set.

A full description of the PAL system is
beyond the scope of this article, because
quite complex mathematics are
required, however for interest we offer a
brief qualitative description - those of
you who wish to experiment with video
circuits will be relieved to learn that
commercial PAL encoder/modulators
are available that accept a standard
RGB input and give an output for direct
connection to a TV!

Colour information in the PAL system
is modulated onto a subcarrier at
4.44MHz. This frequency has been
chosen because it is mid -way between
two adjacent high order harmonics
(integer multiples) of the TV horizontal
frequency (15625Hz). Now the added
signal falls within the bandwidth of the
ordinary monochrome signal (6MHz)
but, because of the chosen frequency of
the subcarrier, it is possible to separate
the subcarrier from the monochrome
brightness or 'luminance' signal within
the TV set with minimal interference
(in fact, the Fourier components of the
luminance signal interleave in the
frequency plane with the Fourier
components of the subcarrier - but this
is a difficult concept without the
necessary mathematical background
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Figure 5. Block diagrams of a simple computer video display generator, which
can read out 256 bits of information (each bit corresponding to a single picture
element or 'pixel' per line,) for 256 lines.
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Figure 6. The waveforms which would be produced by the system shown in
Figure 5.

and this the reason for a 4.43MHz
subcarrier being chosen.

The colour information is 'phase -
modulated' onto the subcarrier so as to
allow two signals to be carried; these
are 'colour difference' signals (R -Y) and
(B -Y), where the Y is the luminance
signal. The three signals of Y, R -Y, and
B -Y are sufficient to reconstruct the R,G

and B signals inside the receiver. The
television set decodes the 'colour
difference' information by comparing
the phase of the modulated subcarrier
with an internal 4.43MHz oscillator to
separate the R -Y signal, and with a
phase quadrature (90°) of the oscillator
to extract the B -Y information. In order
to establish a common phase reference

between the transmitter and the TV
receiver, a 'colour burst' signal of ten
cycles of 4.43MHz is transmitted
following the horizontal sync pulse, and
is used by the TV receiver to lock its
internal oscillator. The situation is
further complicated by the fact that,
every alternate line, the phase of the
colour burst is inverted, together with
the subcarrier phase. In so doing any
errors in phase occurring during
transmission through a "foggy"
atmosphere, which will cause errors in
the displayed colours to appear, will be
in opposite senses on alternate lines; the
human eye will average these colour
errors and will see the correct colour. It
is the lack of this refinement in the
American NTSC system that has earned
it the description 'Never Twice the Same
Colour', for in areas of fringe reception
in the US (ie, just about everywhere)
colour TV pictures can be seen with the
colours waxing and waning with the
wind.

Compared with the price of a portable
colour TV these days, a colour monitor
(at f300-£400) seems poor value for
money. This is misleading because the
colour bandwidth of a TV (about 1-
2MHz) results in a very much poorer
picture, where computers are
concerned, than with a colour monitor;
if you look closely at the screen of a high
resolution colour monitor you will see
that the density of phosphor dots is
generally a lot higher than on even the
best colour TV set!

Generating Video
The block diagram of Figure 5 is the
basis of most computer video circuits.
Any picture displayed on a CRT can be
considered built up of a number of pixels
(picture elements) in a rectangular
array; say for example, 256 pixels per
line and 256 lines (of a possible 312
non -interlaced). In the case of a

computer display, each pixel is either off
(black) or on (white) and thus may be
represented in the computer by a single
logic level (or one bit of data). To
represent a picture of 256 pixels by 256
lines a memory of 65536 x1 bit capacity
is required. In Figure 5 a random access
memory (RAM) is used to 'store' a frame
of display data. Now in order to produce
a signal that can be presented to a
monitor video input and so generate a
display, it is necessary to read, in
sequence, the entire contents of the
RAM for each frame at a rate of 256
pixels/40uS, for each line.

All the necessary timing signals for
our video generator are produced by a
chain of counters and dividers (and
supporting logic) clocked by a common
6.4MHz oscillator (preferably crystal
controlled) Figure 6 shows the signals
that are generated, and these repeat
over the period of one non -interlaced
frame. The video RAM is cyclically
accessed by an 8 -bit pixel address
counter and an 8 -bit line address
counter, which sequence through all
65536 addresses every frame.
Obviously the counters (shown as
blocks) are quite complex, in that they
are required to start counting after a

Hobby Electronics, June 1983 41



 Popular Computing
DATA

CLOCK
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Figure 7. The system adapted for use with byte -wide (8 bits wide) RAM; the three
low -order address bits AO -A2 are used to LOAD the shift register every eighth
clock cycle with a byte addressed by the remaining 13 addresses bits. Because
the address bits A3 -A7 can address 32 bytes, the display remains 32 x 8 = 256
bits wide.

CLOCK
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CLK

CHARACTER ROW
ADDRESS LINES

COUNTER/
DIVIDER

AO

A7
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1K x 8 BIT
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AO
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2K x 8 BIT
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LD CLK

DO

D7
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SHIFT

REGISTER
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Figure 8. Using a character -generator ROM reduces the dynamic memory size,
but makes the circuit more complicated. Briefly, the RAM is first loaded with
1024 (32 x 32) characters which will form a 32 -character by 32 -line display. The
RAM sequentially decodes address lines A3 -A7 and Al 1 -Al 5 to select the
character to be displayed; address lines A8 -A 1 0 select in turn each of the eight
rows of pixel information for the characters (selected in turn by A3 -A7) to be
displayed on a particular line (selected in turn by Al 1-A15). Lines AO -A2 are
again used to LOAD the shift register with pixel data once every eight clock
cycles. The display is still 256 x 256 pixels!

period of blanking (flyback) and to stop at
the end of the display period of each line
(in the case of the pixel counter) or of
each frame, (for the line counter), and
are triggered by the blanki.ng and sync
signals which themselves have been
divided down from the clock frequency.
Nevertheless, each block in the counter
chain can be made from two or three
TTL chips, (as will be seen in our
project). Notice that the output stream of
data is gated with the DE (Display
Enable) signal to ensure a black level
during blanking; This gives a black
border around the picture display and is
also used, in some TV sets, as a black
level reference.

Most memory devices are organised
as 8 bits by so many words, to ease their
use with 8 -bit microprocessors. Figure

A02
ROW ADDRESS

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

D7 D6 D5 D4 D3 D2 D1 DO

Figure 9. The pixel information in
ROM representing the character 'A' (a
pixel or picture element is the smallest
element that can be displayed and is
essentially limited by the highest
frequency that the display generator
or television can handle).

7 shows how our black system can be
modified to accommodate these
devices. This change is also beneficial
when we come to describe how data is
written into the video RAM by the
microcomputer. Basically, the RAM is
addressed, as before, by the high order
13 bits of the 16 -bit pixel/line counter,
while the low order three bits of the
counter are used to load the output of
the byte -wide RAM into an 8 -bit shift
register on every eighth cycle of the
clock. During the other seven cycles the
data in the shift register is clocked to the
video output sequence. This is an
alternative to the more obvious solution
of multiplexing the RAM outputs onto
the video output with an 8-1 line
multiplexer addressed by AC -A2; the
advantage of the shift register is that,
once the data is latched in it does not
matter if the outputs of the RAM
change. This becomes important when
the RAM is shared with a
microprocessor (again more of this next
month).

In computing displays that require
only a fixed set of characters
(alphanumerics) to be displayed it is
possible to make a large saving on the
size of the RAM required. Figure 8
contains a 2K 8 -bit 'character generator'
ROM which contains data describing
(pixel by pixel) up to 256 characters,
each of 8 pixels by 8 lines (see Figure
9 for the character 'A'). In addition there
is a IK 8 -bit RAM which can store 1204
character codes for a display of 32
characters of 32 lines. The data outputs
of the RAM address the character ROM,
thereby selecting the appropriate
character.

For each raster line, addresses A3 -A7
select in sequence the character codes
of the 32 character line specified by
All -A15 (32 lines). This repeats over
eight lines for each character row as the
address lines A8 -A10 select each of the
eight rows of the characters stored in
the ROM. This is difficult for some
people to visualise. If you imagine the
addresses AO -A15 going through a
straight binary sequence you should be
able to work out what, in terms of
character codes in the RAM and
character data in the ROM, will appear
on the video output stream

HE
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STALL THIEF May 83 (inc relay)
£10. 2 2
STEREO VOICE OVER UNIT April 83
£1 7 .52
OPTIONAL MIC PRE AMP April 83 (no
case) £4.26
AUTO POWER DOWN April 83 no case
(8.05
PHASE FOUR Dec 82 £18.71
STEREO NOISE GATE Dec 82 £15.35
TAPE/SLIDE SYNCHRONIZER Dec 82
121.73
BIG EAR Dec 82 less pipe parts £6.21
MICROAMMETER ADAPTOR Dec 82
£4.96

ODOMETER Nov. 82 £14.98
DIANA V.C.O. Nov 82 (4.89

CS SQUELCH UNIT Oct 82 E9.19
'JUNIOR' SLOT CAR CONTROLLER
Sept 82 £5.60 less case.
ZX INTERFACE BOARD Sept 82 inc
edge con 01.33.
T.V.I. FILTER July 82 05.33
AUTO WAH June 82 31696 inc case or
£12.211 less case.
AUTO GREENHOUSE SPRINKLER
June 82 £15.38 less pump and power
supply 112V 2A).
TELEPHONE TIMER June 82 133.42 less
power supply (suitable type below).
POWER SUPPLY DESIGN 12V 500mA
June ea £9.98
ECHO REVERB UNIT May 82. Less case
133.98. Economy case W133 £3.74 extra
DIGITAL THERMOMETER May 82 ex-
cluding case i bezel £16.90
AUDIO SIGNAL GENERATOR May 82

CABLE TRACKER May 82 £9.96
DIGITAL CAPACITANCE METER Apr
82 C21 37
SIGNAL TRACER Apr 8212.86
BIKE ALARM Apr 82 (11.74
DIGITAL DICE Mar 82 £7.29
BICYCLE SIREN Mar 82 110.139
NOISELESS FUZZBOX Feb 82 00.46
MASTHEAD AMPLIFIER Feb 82114.74
DRUM SYNTHESIZER Dec 81 Full kit
121.37
GUITAR HEADPHONE AMPLIFIES
Dec 81 E3.72
IN CAR CASSETTE POWER SUPPLY
Dec 81 14.77
SCRATCH FILTER Nov 81 Mono 115.62
Stereo 03.913
LED VU METER Nov 81 less case £4.87
SIMPLE STYLUS ORGAN Nov 81 less
case £4.98
METRONOME Nov 81 £12.71

HE PROJECT KITS IC TOOLS CASES

TRANSISTORS RESISTORS KITS
CAPACITORS HARDWARE MAGENTA

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS for H.E. Projects. We
supply carefully selected sets of parts to enable you to conduct H.E. projects. Kits
include ALL the electronics and hardware needed. Printed circuit boards I fully etched,
drilled and roller tinned) or Veroboard are, of course, included as specified in the original
article, we even include nuts. screws and I.C. sockets. PRICES INCLUDE CASES unless
otherwise stated. BATTERIES ARE NOT INCLUDED. COMPONENT SHEET
INCLUDED. If you do not have the issue of H.E. which includes the project - you will
need to order the instruction reprint at an extra 4bp each.

Reprints available separately 46p each + p. 6 p. 40p.
AUTO TESTER May 83 TELEPHONE BELL REPEATER Oct 81
£6.68 (13.67

Med linking wire extra 14p metre
COMBINATION LOCK Oct 81 less
solenoid f18.66
BABY ALARM Oct 81 (8.70, Fig 8 linking
wire 7p metre
'DIANA' METAL LOCATOR Sept 81
£34.50
REACTION TESTER GAME Sept 81
(12.81
VARIABLE BENCH POWER SUPPLY
Aug 81 (26.98
ULTRASOUND BURGLAR ALARM
July 81 E19.96
ELECTRONIC DOOR BUZZER July 81
£5.98
ELECTRONIC METRONOME July 81
£4.99
CONTINUITY CHECKER June 81 £5.71
ENVELOPE GENERATOR June 81
£17.98
AUDIO MIXER June 81 C5.33
PUBLIC ADDRESS AMPLIFIER March
81 £19.48. Extras - horn speakers C6.83
each, PA MIC £4.40
FUZZBOX March 81 £10.96
WINDSCREEN WIPER CONTROLLER
March 81 £520
STEAM LOCO WHISTLE March 81
E12.96
PHOTOGRAPHIC TIMER March 81
C3.50
HEARTBEAT MONITOR Feb 81 f24.911
TWO-TONE TRAIN HORN Feb 81 E6.60
less case
medium wave rac116 Feb 81 £8 20
BENCH AMP Jan 81 E10.110
NICAD CHARGER Jan 8101.20
CHUFFER Jan 81, less case £7.53
BATTERY CHARGE MONITOR Dec 82
13.77
MEMORY BANK - MINI SYNTH-
ESISER Nov b Dedc 80 f29.915
TRANSISTOR TESTER Nov 81 E6.54 inc
test leads
GUITAR PRE -AMP Nov 8018.86
case Idiecast) extra 12.29
INTRUDER ALARM Oct 80 E20.98
TOUCH SWITCH Sept 80 E2.75 less case
E contacts
GUITAR PHASER Sept BO 116.28
SOUND OPERATED FLASH TRIGGER
July 80 no slit 16.33
FOG HORN June 80 OLP
SPEED CONTROLLER I-UH rut, April au
£17.66 (less case)
DIGITAL FREQUENCY METER April 80
E39.96
GUITAR TUNER Nov 79 02.82
CAR ALARM Feb 79 (12.91

MORE PROJECT KITS - SIMILAR STYLE TO H.E.
INSTRUCTIONS INCLUDED (SEPARATELY 45p EACH)
PLEASE QUOTE REF. NO. WHEN ORDERING

81 PEST CONTROL 'Ultrasonic cat 811 IN SITU TRANSISTOR TESTER
soarer' £7.65 £6.98
82 COMPONENT TESTER MN
B4 GUITAR NOTE EXPANDER £17.94
B6 CAMERA OR FLASH GUN
TRIGGER Infra red system 02.51
BI3 SIMPLE INFRA RED REMOTE
CONTROL 117.20
B7 0.12V POWER SUPPLY £17.96
99 SOUND TO LIGHT - single channel
£5.42
BIO THREE CHANNEL SOUND TO
LIGHT C21.44

812 WEIRD SOUND EFFECTS
GENERATOR E5.96
B13 AUDIBLE VISUAL METRONOME
15.98

814 ELECTRONIC DICE £5.71

818 MINI EGG TIMER £4.34
1316 LED JEWELLERY -- Cross brooch
12.77 Star brooch (9.91 Spiral brooch
£798

MORE KITS AND
COMPONENTS
IN OUR LISTS

FREE PRICE LIST
Price list included with

orders or send sae 19 ir 41
CONTAINS LOTS MORE

KITS, PCBs b
COMPONENTS

1982 ELECTRONICS
CATALOGUE

Illustrations, product descnptions, circuits all in-
cluded. Up-to-date price list enclosed. All products
are stock lines for last delivery.
Sends 90p in stamps or add 80p to order.

MORE H.E. PLUS E.E. end E.T.I. PROJECT.
KITS IN THE PRICE LIST

MAGENTA gives yOu FAST DELIVERY OF QUALITY COMPONENTS 4 KITS.
All products are stock lines -and are new 4 lull specification We give personal sarvic
quality products to all our customers -HAVE YOU TRIED US?

MAGENTA ELECTRONICS LTD
HY37, 135 HUNTER ST., BURTON -ON -TRENT, STAFFS.

DE14 2ST. 0283 66435. MON-FRI 9-6. MAIL ORDER ONLY
ADD 46p P&P TO ALL ORDERS. PRICES INC VAT

ACCESS and BARCLAYCARD (VISA;
ORDERS ACCEPTED BY PHONE OR
POST
SAE ALL ENQUIRIES

Proms inc VAT
OFFICIAL ORDERS WELCOME
OVERSt AS Payment must be in starling
IRISH REPUBLIC and BFPO UK PRICES
EUROPE UK PRICES plus 10%
E.LSI WHERE wots for quota

SOLDERING
ANTEX X5 SOLDERING IRON

SOLDERING IRON STAND
SPARE BITS. Small standard,
85p each. For X5 + X25
SOLDER. Handy size
SOLDER CARTON
DESOLDER BRAID
HEAT SINK TWEEZERS
DESOLDER PUMP
HOW TO SOLDER LEAFLET
LOW COST CUTTERS
LOW COST LONG NOSE PLIERS

WIRE STRIPPERS Et CUTTERS
PRECISION PETITE
12V P.C.B. DRILL.
DRILL STAND
GRINDING STONE
GRINDING WHEEL
SAW BLADE
BRASS WIRE BRUSH
BURR

VERO SPOT FACE CUTTER E1.411

PIN INSERTION TOOL
VEROPINS 1pk of 100)0.1"
MULTIMETER TYPE 111.000 oovl

MULTIMETER TYPE 2120,000
with transistor tester. Very good

CROCODILE CLIP TEST LEAD
10 leads with 20 clips

MULTIMETER TYPE
YN360 TR, £14.75

I TOOLS
25W RESISTOR COLOUR

MAO CALCULATOR
.f1.98 CONNECTING WIRE

large, ED. 11 colours.
ILLUMINATED MAGNIFIERS

Small 2" die. 15 x
EIRP Large 3" dia. 14 x

£1.84 CAST IRON VICE
69p SCREWDRIVER SET
280, POCKET TOOL SET

f6-4. DENTISTS INSPECTION

22/5.,. JEWELLERS EYEGLASS
1- TAR, PLASTIC TWEEZERS

PAIR OF PROBES
(I.68 I cc) .

.. f2.69

(11.67
£7.96

0p 4197,1"rink:,:
.30p "N
515p .. ;
50p :gt-4.' s
60p

"Mary
£1.911 t.....

52p

£5.48
opv)

£14.75
SET.
99p

2 - 20,000 opv. Includes transistor
AC + DC volts. DC current.

usefuresistance
We've used it and

CODE
21p

PACK TYPE
49p

meg.l .... £1.14
magi 12.40

E2.99
£1.96
£3.98

MIRROR
C2.86
£1.50

69p
WITH LEADS

77p

-

tester.
4 very

ranges.
we like it.

SPEAKERS. Min,ature, 8 ohm Sip MIN. BUZZERS. 6V. Sep. 9V. E1 10.
64-75 ohm tip 12V. Or,
CRYSTAL EARPIECE Sip MAGENTIC EARPIECE -. .. 15P
MONO HEADPHONES EIS STEREO HEADPHONES.. .. E4 35
TELEPHONE PICK-UP COIL 72p F.M. AERIAL 4$p

VEROBOARD 0.1- COPPER STRIPS1
10 strips 24 holes E120per 5

780

PP3 CLIPS 10p
PPS CLIPS PANEL METERS

50uA; 100uA, lmA,
18, 251/ 103oA-0-
t00uA, 5A AU
14.98 each. State
value

24 strips 37 holes i

24 strips 50 holes IMP
36 strips 37 holes flip
36 'trios 50 holes RIM
Terminal OM O. I" .... ....6m/100

EUROBREADBOARD 15.20
S DEC BREADBOARD .. 13.95
SIMBOARQ I BREADBOARD ISIS

1 VEROBLOC BREADBOARD 14.20

Q MAX PUNCHES HELPING HANDS JIG 111.30

1- - ass 3-- ESN Heavy base. Six ball and socket pints
Mow infests variation of clips through

i" - 1317: f" .13.24 360° Has 2;" diameter 125 x I

JUNIOR HACKSAW....._... ..... .. .. .Mp magnifier soschsd, used sod °T°.°
SPARE BLADES.... .20p/3(,..new by Our Steil.
ABRAFRAME HACKSAW
cuto M dInctIoni) alp
SPARE BLADES .311p/2
OUICKTESTIDIAck connect mains blocki..EILIM

30 SOLDERLESS BREADBOARD
Book by R.

Clear verobloc layouts and circuit diagrams.
timers, transistor checker, switches, etc.
components including resistors, capacitors,
beginners as well as those with some experience.
book, and components.

(Less bettorios) 014 74

PROJECTS
A. Penfold

Includes: fuzz box, radio, metronomes,
Introduction gives basic information on
IC's, transistors, photocell etc. Ideal for

Complete kit including verobloc,

Moss book)...... -.-__,.._._£22.50
BOOK ONLY ----.-.--.-12.25

ADVENTURES WITH
MICROELECTRONICS

OR
or (Less vorobloc)-1211.3

BOOKS
imilar to 'Electronics' below.

SEMICONDUCTOR DATA BOOK Newnan
£6.90

ELECTRONiC PROJECTS FOR HOME
SECURITY 1316
ELECT. PROJECTS IN PHOTOGRAPHY

/3,36
110 ELECT. ALARM PROJECTS £5.35
MODEL RAILWAY PROJECTS E1.95
BASIC ELECTRONICS. Theory Et practice

am
BEGINNERS GUIDE TO BUILDING ELECT.
PROJECTS - £1.60

Uses I.C.S. Includes dice, elec-
tronic organ, doorbell, reaction 
timer, radio, etc. Based on Bim-
board 1 bread board.
Adventures with
Microelectronics f2.55

Component pack £29.64 less
battery.

-ADVENTURES WITH ELECTRONICS .

An easy to follow book suitable for all ages. Ideal for beginners.
No soldering, uses an S -Dec breadboard. Gives clear instructions
with lots of pictures. 16 projects -including three radios, siren,
metronome, organ, intercom, timer, etc. Helps you learn about
electronic components and how circuits work. Component pack
includes an S -Dec breadboard and all the components for the
projects.
Adventures with Electronics £2.40. Component pack £18.98
less battery.
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Step-by-step
fully

illustrated
assembly

and fitting instructions

are included
together

iwith circuit descriptions.

Highest
quality

components
are

used throughout.

AT -80
Electronic Car Security System

 Arms doors, boot, bonnet and has security loop to protect
fog/spot lamps, radio/tape, CB equipment

 Programmable personal code entry system
 Armed and disarmed from outside vehicle using a special

magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen  Fits all 12V neg earth vehicles

 Over 250 components to assemble

NOW AVAILABLE IN KIT FORM

SX1000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg. earth vehicles

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

Capacitive Discharge
 Contact breaker driven
 Three position changeover switch
 Over 130 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg earth vehicles

SPECIAL OFFER
"FREE" MAGIDICE KIT WITH
ALL ORDERS OVER £45.00

VOYAGERCar Drive Computer
 A most sophisticated accessory  Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd  Affords 12 functions centred
on Fuel, Speed, Distance and Time  Visual and Audible alarms
warning of Excess Speed, Frost/Ice, Lights -left -on  Facility to
operate LOG and TRIP functions independently or synchronously
 Large 10mm high 400ft-L fluorescent display with auto
intensity  Unique speed and fuel transducers giving a
programmed accuracy of + or - 1%  Large LOG & TRIP
memories 2,000 miles 180 gallons 100 hours  Full Imperial
and Metric calibrations  Over 300 components to assemble
A real challenge for the electronics enthusiast'

TX1002
Electronic Ignition
 Contactless or contact triggered
 Extended coil energy storage circuit
 Inductive Discharge  Three position
changeover switch  Distributor
triggerhead adaptors included  Die cast
weatherproof case  Clip -to -coil or remote
mounting facility  Fits majority of 4 Et 6 cyl.
12V neg. earth vehicles  Over 145
components to assemble.

TX2002
Electronic Ignition

**-Ncircauri': Distributor triggerhead adaptors included

 The ultimate system  Switchable
contactless  Three position switch with

Auxiliary back-up inductive circuit

Inductive  Extended coil energy storage
 Magnetic contactless distributor trigger -

head
Can also be triggered by existing contact breakers

 Die cast waterproof case with clip -to -coil fitting  Fits
majority of 4 and 6 cylinder 12v neg earth vehicles

 Over 150 components to assemble

 Reactive Discharge Combined capacitive

A SPARK RITE ot,,d,wis '.voted liv 11111` 'Imre VV0r1r1

SPARKRITE 82 Bath Street Walsall West Midlands WS1 3DE England

SELF
ASSEMBLY KIT

£12.95
SX 2000
TX 1002

AT 80

MAGIDICE
Electronic Dice

 Not an auto itembut great fun
tor the family

 Total random selection
 Triggered by waving of hand

over dice
 Bleeps and flashes during a 4 second

tumble sequence
 Throw displayed for 10 seconds
 Auto display of last throw 1 second in 5
 Muting and Off switch on base
 Hours of continuous use from PP7 battery
 Over 100 components to assemble

INN 11= INN 11=1
Tel 109221614791 Allow 28 days for delivery

NAME H Eti
ADDRESS

I ENCLOSE CHEQUE(S1 POSTAL ORDERS FOR

L KIT REF

CHEQUE NO

PRICES INC VAT POSTAGE I PACKING

111111 all MIN MI CUT OUT THE COUPON NOW!

SX 1000
£19.95
£22.95

TX 2002 £32.95
£32.95

VOYAGER £64.95
MAGIDICE £9.95
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Project 
THIS DEVICE is primarily intended for
use with a CB rig, and it provides two
functions: first it gives a latching
action so that once the PTT (Push -to -
Talk) switch on the microphone has
been pressed and released, the rig
will stay in the transmit mode. In
order to switch back to the receive
mode the PTT switch is again
operated briefly; another momentary
operation of the switch sends the rig
back to the transmit mode, and so on.
This avoids having to hold down the
PTT switch throughout transmissions,
and is more convenient in use
(especially during long periods of
operation when repeatedly holding
down the switch can become a bit
tedious).

The second function is an automatic
return to the receive mode after about
36 seconds. This is included as a fail-
safe system to ensure that the
equipment cannot be accidentally left
transmitting, blocking a channel for a
long period of time. If you should
accidentally leave the unit in the
transmit mode it will simply revert to
receive after 36 seconds and prevent
the channel from being blocked for
any longer than that. It also
discourages long uninterrupted
transmissions which tend to be
unpopular with other CB users! A LED
indicator switches on about ten
seconds or so before the unit
automatically reverts to the receive
mode so that the user has reasonable
warning before the transmission is
cut off. Of course, once the unit has
automatically returned to receive it is
simply necessary to push the PTT
switch again in order to return to
transmit.

PTT Switching
The microphone PTT switching and
latching action circuits are shown in
Figure 1. The PTT switch is usually a
double pole changeover type, with the
centre tag of one pole connected to
earth. The switch is biased to the
receive position by a simple spring
mechanism, and this produces a short
circuit from the NC (normally closed)
tag to earth. This is used to provide
the path to earth for the loudspeaker
and, more importantly, to disconnect
the loudspeaker when the switch is
placed in the transmit position. This is
because there is often a significant
level of breakthrough from the
microphone to the loudspeaker, and if
the loudspeaker was to be left
connected it would result in acoustic
feedback and could even cause
oscillation. The short circuit that is
produced from the NO (normally open)
tag to earth when the switch is set to
transmit is used to operate the
transmit/receive switching within the
rig. This can be performed using a
relay, but in most modern rigs purely
electronic transmit/receive switching
is used.

The other pole of the PTT switch is
used to disconnect the microphone
when set to the receive mode. While
this may seem pointless it must be
remembered that the transmit/receive

CB Rap
Latch
This click -in, click -out latching switch
also incorporates a time-out function.

MIC

LINK
WIRE

!Arc

EARTH

Figure 1. Switching and latching circuits: note the link wire.

 MIC

EARTH

ToTRANSCEIVER
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 Project
How It Works

THE PTT switch is not used to
directly control the transmit/receive
switching, but is instead used to
control a relay and the relay contacts
then control the rig. A divide -by -two
flip-flop circuit is used between the
PTT switch and the relay driver; the
output of this changes state each
time the PTT switch is operated. If
the output of the flip-flop is initially
low (the relay is switched off),
operating the PTT switch sends the
output of the flip-flop high and
switches on the relay. This takes the
rig from the receive mode to
transmit. Operating the PTT switch
again sends the output of the flip-
flop low, so that the relay switches
off and the rig is set back to the
receive mode. Another operation of
the PTT switch sets the rig to the
transmit mode again, and so on, so
that only a brief operation of the PTT
switch is needed to switch modes.

MIC
PTT

SWITCH

:2

A simple timer circuit is triggered
each time the relay is switched on
and the rig is placed in the transmit
mode. If the relay switches off
before the end of the output pulse
from the timer, a reset pulse is sent
from the relay driver to the timer
circuit. This pulse ensures that when
the timer is triggered again it
commences a fresh timing run and
gives a full length output pulse.
However, if the pulse from the timer
finishes first, the flip-flop is reset
and the rig is returned to the receive
mode.

A voltage comparator monitors the
voltage on the timing capacitor in
the timer circuit, and when this
reaches a certain threshold level
(which occurs about ten or fifteen
seconds before the pulse from the
timer ceases) the comparator
switches on a LED indicator.

TIMER
RESET

TRIGGER

RELAY
DRIVER RELAY

RESET

TIMER COMPARATOR LED) -

switching within the rig will operate
very rapidly but not instantly. The
result could be a short burst of
oscillation, due to acoustic feedback,
when releasing the PTT switch since
the loudspeaker would be instantly
reconnected while the rig would take
a moment longer to go to the receive
mode. In practice this would be
unlikely to happen unless the
microphone and the loudspeaker were
in very close proximity to one another,
but the PTT switch ensures that it
cannot occur, as it will only connect
the microphone or the loudspeaker to

NOTES:
IC1 = 40208 E
IC2 = 555
IC3 = CA3140E
013= BC109
Q2 = BC179
01-3= 1N4148
LED1 = TIL209

SK1

R2
2k2

R1
lOR

N

N.C. 0--

0
EARTH

MIC 0

the rig, and not both at once.
The latching action of the unit is

obtained using a simple divide by two
flip-flop circuit which drives a relay.
The PTT switch provides a short
circuit to earth each time it is
operated, and this is used to clock the
divide by two circuit and change the
state of the relay. The latter has a pair
of changeover contacts which are
used in place of the PTT switch.

Note that the PTT switch must have
a link wire added, as shown in Figure
1. If this is not done, the microphone
would be disconnected by the PTT

switch when it was released, and the
microphone signal would not be
coupled through to the rig.

The Circuit
The full circuit diagram of the Rap
Latch unit is shown in Figure 2

The divide by two circuit is a CMOS
4020BE device (IC1): it is actually a
14 -stage binary counter but only the
first stage is used here. Although it
may seem wasteful to leave more
than 90% of the device unused,
where a single, simple flip-flop is
needed there is not much choice. The
4020BE is not an expensive device
anyway, and in this application it is
ideal because it has a Schmitt trigger
input and, together with R1 to R3 plus
Cl, this eliminates problems of
multiple operation due to contact
bounce in the PTT switch. The
4020BE is clocked on the negative
edge of the input signal and the PTT
switch is therefore used to generate a
negative going signal when it is
operated so that ICI is clocked
immediately, rather than as the PTT
switch is released. R4 and C2 provide
a reset pulse for IC1 at switch -on, so
that the circuit starts with the relay
switched off and the CB rig in the
receive mode. Common emitter
transistor 01 is used as the relay
driver.

The timer circuit is a standard 555
monostable (IC2), and C4 couples a
brief trigger pulse to this as the relay
switches on. Pin 4 is the reset
terminal of IC2 and this is taken high
by R8 so that the timer operates
normally. However if the relay
switches off before the end of the
timing period, C3 couples a positive
pulse to the base of Q3, and this
device momentarily pulls pin 4 of IC2
low so that the monostable is reset
and will start a new timing run when
it is triggered again.

If the output pulse of IC2 is allowed
to reach a natural conclusion, a
negative pulse is coupled to the base
of 02 by C5, and this results in Q2
briefly switching on. This gives a reset
pulse to IC1 so that the relay is
switched off and the rig is

16

C2
-... 10n D1

RLA
400R

V+

CLK IC1
R3
2k2

+C1
lu

R4
22k

R5
12k

VD2 R610k

Q2

- C5

C4
4n7

100n

R8
4k7

8 4

V R

IC2

T V

C3
100n

R7
10k

C6.--'
33u

Q3

R11
3k3

R13
1k5

LED1

RLA1

1007u

17 RLA2

N.0

EARTH

MIC

0 +12V

PL1

0 OV

Figure 2. The entire Rap Latch circuit.
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Project 
automatically returned to the receive
mode.

IC1 is the voltage comparator, and
this has a reference voltage of about
half the supply potential set at its
inverting input by R11 and R12. R10
couples the non -inverting input to C6,
the timing capacitor for IC2, and the
potential on this capacitor will
normally be less than half the supply
voltage. This gives a low output from
IC3 and LED 1 is not switched on.

If the charge on C6 is allowed to go
beyond 50% of the supply potential,
though, the non -inverting input of IC3
is taken to a higher voltage than the
inverting input, IC3's output goes
high, and LED4 switches on. The
output pulse from IC2 does not end
until the charge potential on C6 has
reached two thirds of the supply
voltage, and LED1 is therefore
switched on several seconds before
the pulse from IC2 ends.

Note that IC3 is a MOSFET input
device which draws no significant
current from the timer circuit and
does not have any detrimental effect
on it. Due to the high value timing
resistor (that must be used to give the
fairly long pulse length from IC2), it is
essential to use a good quality
component for C6; for this reason a
tantalum capacitor is specified. The
switch -off time provided by IC2 can be
changed if desired, and the time in
seconds is nominally 1.1 x R9 x C6,
where R is in ohms and C is in
microfarads.

Construction
Details of the printed circuit board are
provided in Figure 3. IC1 is a CMOS
device and IC3 has a PMOS input
stage, so these both require the usual
MOS handling precautions. Fit them
in IC sockets (sixteen pin for IC1 and
eight pin for IC3), handling them as
little as possible, and do not fit them
until the unit is complete in all other
respects.

Provided the specified relay is used,
this will fit directly onto the printed
circuit board. It is possible to use any

PL1

SKI

EARTH

N.C.

N.O.

MIC

EARTH -41

MICA

N.O.

4

Parts List
RESISTORS
(All 1/4 watt 5% carbon)
R1 1OR
R2,3 2k2
R4 22k
R5 12k
F36,7,10 10k
R8 4k7
R9 1M
R11,12 3k3
R13 1k5

CAPACITORS
Cl lu 63V

axial electrolytic
C2 10n

polyester
C3,5 100n

polyester
C4 4n7

mylar
C6 33u 10V

tantalum
C7 100u 16V

radial electrolytic

SEMICONDUCTORS
IC1 4020BE

14 -stage ripple counter
IC2 555

timer
IC3 CA3140E

MOS op -amp
Q1,3 BC109 NPN
02 BC179 PNP
D1,2,3 1N4148

silicon diode
LED4 TIL209

3mm red LED

MISCELLANEOUS
RLA 400R 12V relay
DPDT contacts, min. PC -mounting
SK1/PL1 .... 4 -way locking audio

connectors
Four-way screened cable; case;
PCB; wire, solder etc.

BUYLINES page 34

relay having a 12 volt operating coil
with a resistance of about 300 ohms
or more, provided it has at least two
sets of changeover contacts, but if a
relay other than the specified type is
used it may be necessary to
extensively redesign the printed
circuit layout, or mount the relay off -
board.

An aluminium box measuring
102mm wide by 133mm deep by
38mm high makes an inexpensive but
practical housing for this project. If an
alternative case is used it is advisable
to choose a metal type so that any
exposed microphone lead is screened
by the case. A somewhat narrower
case could be used, but the depth and
height dimensions given above
represent just about the minimum
usable figures.

A LED indicator, LED1, is mounted
on the front panel in the normal
plastic panel clip, and SK1 is mounted
to the right of this (as shown in the

MOUNTING SCREWS

Figure 3. PCB overlay, using the 400R 12V relay specified.
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photographs). SKI will probably need
to be a four-way locking audio
connector, but a few rigs use a DIN
microphone connector and, if
necessary, SK1 must be altered
accordingly. PL1 is a matching plug
for SK1, and this connects to the
printed circuit board via a four -core
screened cable. The earth connection
is carried by the outer braiding of the
cable plus one of the inner
conductors. This leaves three inner
conductors to take the remaining
connections.

Wiring SKI and PL1 to the unit
correctly represents the only awkward
aspect of construction, and the circuit
diagram of the transceiver should
include details of the connections
between the microphone insert, PTT
switch, and microphone plug.
Reference to this, plus Figures 1 and
3 of this article should make the
correct method of connection c11-,--ar. If
a circuit diagram of the transceiver is

LED 1

+12V

VE
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 Project
not available it should be possible to
deduce the correct method of
connection by opening the
microphone and output plug and
examining the wiring. It would be
sensible not to attempt this project
unless or until you are confident that
SK1 and PL1 can be connected
correctly for your rig!

Inside the Rap Latch. HE

An exit hole for the output lead is
drilled in the rear panel of the unit
and this should be fitted with a
grommet: A two way terminal strip is
also fitted on the rear panel, providing
a convenient way of connecting the
unit to a 12 volt power source (which
can be either a car battery or a CB
mains -powered supply).

As explained earlier, a link wire
must be added to the PTT switch to
prevent the microphone from being
disconnected when the switch is
released. With most PTT microphones,
it is possible to gain access to the
switch by removing three screws at
the rear and then carefully removing
the unit; microphones of this type are
readily available, if your rig was
supplied with a less accomodating
type! There should only be two leads
connecting to one pole of the switch
- one coming from the microphone
insert and the other being part of the
microphone lead. The link wire is
soldered across the two tags to which
these leads connect, but make sure
that you do not accidentally desolder
one of the leads.

Testing
Connect the unit to the 12 volt DC
power source, being careful to get the
supply polarity right. With the micro-
phone connected to SK1 the relay
should switch on or off (as
appropriate) each time the PTT switch
is operated. If the relay if left switched
on, after about 20 to 25 seconds
LED1 should switch on, and after a
further ten to fifteen seconds both
LED1 and the relay should switch off.
Once the unit is functioning correctly
it can be connected to the rig (ie,
connect PL1 to the microphone socket
of the rig) for an on -air test.

Do you think that designing and
understanding electronic circuits is beyond you?
The summer edition of Electronics Digest, Gateway To Cir-
cuit Design, provides a step-by-step introduction for the
newcomer to the art of circuit design. Firstly, you'll be in-
troduced to the commoner electronic components - but
not in a passive way. Electronics is a practical subject, so
Gateway To Circuit Design will enable you to build simple
circuits for yourself, and take measurements on them
(along the way learning how to use a multimeter). Once
these introductions are over, Gateway To Circuit Design
shows you what goes into the design of a wide range of
electronic equipment - for audio, computing and elec-
tronic music, for instance.

Gateway To Electronics is an occasional popular series in
Electronics Digest, published by Argus Specialist Publica-
tions. Previous issues in the series have concentrated on
projects; now we'd like you to design your own!

At all good newsagents now or available by post from
Electronics Digest, 513 London Road, Thornton Heath,
Surrey.

We'd like
to show you
that you're wrong
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ROBOTICS
FANS!!!
LOOK!!

ONLY

£4.95
"BIG TRAK" MOTORIZED GEARBOX

These units are as used in the "Big Trak" computerized vehicle, and offer the experimenter in
robotics the opportunity to purchase the electromechanical parts required in building remote con
trolled vehicles. The unit comprises:

al 2 s 3V motors, linked by a magnetic clutch, thus enabling turning of the vehicle:
bl A gearbox contained within the black ABS housing reducing the final drive speed to ap
pros 50rpm.

Data is supplied with the unit showing various options on driving the motors, as well as a direction
controller circuit, enabling the unit to turn right, left or go straigt ahead.

2N3055 SCOOP!! AA NI -CADS 10 for E9.95
Made by Texas full spec devices, SOp each; 10
for C4; 25 for 111; 100 for C34; 750 for E75; 1000
for E296.

COMPUTER SOFTWARE
We now sell a range of tapes and books for
DRAGON 32. SPECTRUM. ZX131, BBC and
VIC20. Send s.a.e. for list stating for which com
outer required, or call in our shop.

SIMON GAME
Simon is back again. Another supply of ready built
PC8's for this flashing light/pulsating tone corn
puterised game is now with us. Supplied tested
and working with speaker and instructions. E4.95.

COMPUTER BATTLESHIPS
Probably one of the most popular electronic
games on the market. Unfortunately the design
makes it impractical to test the PC8 as a working
model, although it may well function perfectly. In-
stead we have tested the sound chip, and sell the
board for its component value only (PCB may be
chipped or cracked). SN76477 sound IC,
TMS1000 u -processor; batt clips, Ws, C's etc.
Size 160 x 140mm. Only £1.50. Instruction book
and circuit 30p extra.

LIE DETECTOR
Not a toy, this precision instrument was originally
part of an "Open University" course, used to
measure a change in emotional balance, or as a lie
detector. Full details of how to use it are given,
and a circuit diagram. Supplied complete with
probes. leads and conductive jelly. Needs 2 4)V
hafts. Overall size 155x100x100mrn. Only El.%

worth trial for the case and renter alone!

Brand new nickel cadmium batteries by GE, sten
dard 1.2V at 450rriA fel. Professional quality with
solder tags both ends. Special price, C1.40 ea: 10
for E9.96; Box of 80 Egg.
Nlcad Charger: Charges up to 4AA, C or D cells

PP3. Only E7.95.

/- NOW
REDUCED
TO £3.95

ELECTRO DIAL
Electrical combination lockfor maximum security
pick proof. One million combinations!! Dial is turn
ed to the right to one number, left to a second
number, then right again to a third number. Only
when this has been completed in the correct se
quence will the electrical contacts close. These
can be used to operate a relay or solenoid. Overall
dia 65mm x 60mm deep. Only E3.96.

FERRIC CHLORIDE
New supplies lust arrived 250mg bags of
granules, easily dissolved in 500m1 of water. Onty
E1.15. Also abrasive polishing block 136p.

STABILIZED PSU PANEL
Alegi versatile stabilised power supply with both
voltage 10-30V/ and current (20mA 2,41 fully
variable Many uses Inc bench PSU, Ni-can
charger, gen, purpose testing. Panel ready built.
tested and calibrated E7.75. Suitable transforms,
and pots £5.00. Full data supplied.

REED RELAYS
Manufacturers rejects - DIL and other PCB
mounting types. SP, DP and 4P make, break
and c/o contacts. Not tested, so may be only par
belly working or o/c etc, so very low price pack
of 10 assorted El; 25 1200; 100 E7.00.

TELESCOPIC AERIALS
As used in Sinclair rnicrowsion 9 see litin
100 610mm. Only 16p.

IN4148 - BEST PRICE
EVER

Supplied in packs of 100. by Toshiba C2 per pack
3 packs £5.50; 10 packs E15; 25 packs £32; 100
packs E115.

COMING SOON . . .

MORE COMPUTER GAMES PCB's
- MICROVISIONS, ALPHIE,
AVENGER, INTRUDER, AND

STARBIRD

GREENWELD
443A MILLBROOK ROAD, SOUTHAMPTON SO1 OHX
All prices include VAT - just add 50p post. Tel (0703)

772501

CAMBRIDGE LEARNING
SELF -INSTRUCTION COURSES

..,\1\) MICROPROCESSORS &
Microelectronics £6.50

Now you can learn all about microprocessors -
their construction, design, and operation - using
our programmed learning technique. Suitable for
all ages, all levels of interest, this course has
been designed for ease of understanding. It
assumes no prior knowledge other than arithmetic;
and at the end you will know what that piece of
"black plastic" in your computer is actually doing.
Contents include: algorithm design, programmable
logic, microcomputer architecture, a microprocessor
family, semiconductor technology, number systems,
arithmetic - integer and floating point, data
representation and scaling, programming, micro-
processor development system.

GSC SUPERKIT £19e90
CAMBRIDGE LEARNING

GSC
SUPERKIT

S.l -lastrection
IMAM °mime kit

Mtray
 Yale Iv, MP...

Learn the wonders of digital
electronics - without the
problems of soldering.
This practical beginners'
kit comes complete with
instruction manual, comp-
onents, and EXP300 bread-
board to teach you all the
basics of digital electronics.
The only extra you need to
buy is a 40 battery.
This self -instruction course
teaches gating, boolean
logic, R -S and J -K flipflops,

DIGITAL
shift registers, ripple coun-
ters, and half -adders.

COMPUTER DESIGN £8.50
This up-to-date theory course covers the design of
digital computers, both from their individual logic
elements and from integrated circuits. You are
first shown the way in which simple logic circuits
operate and then, through a series of exercises,
arrive at a design for a working machine.
Please send for our free booklist for further
information on these and our other courses.
GUARANTEE No risk to you. If you are riot completely
satisfied, your money will be refunded upon return of
the item in good condition within 28 days of receipt.
CAMBRIDGE LEARNING LIMITED, UNIT 95 RIVERM I LL SITE,
FREEPOST, ST IVES, CAMBS, PE17 4BR , ENGLAND.
TELEPHONE: ST IVES ( 04801 67/.46. VAT No 313026022
All prices include worldwide postage I a irma 11 is extra -
please ask for prepayment Invoice). Giro A/c No 2789159.
Please allow 28 days for delivery in UK.

SUPERKIT(S) Ell 119.90
DIGITAL COMPUTER DESIGN(S) @ L8.50
MICROPROCESSORS & MICROELECTRONICS @ £6.50

I enclose a "cheque/PO payable to Cambridge Learning I id
for E ' (*delete where applicable)
Please charge my:
Access / American Express / Barclaycard / Diners Club
Eurocard / Visa / Mastercharge / Trustcard

Expiry Dale Credit Card No

Signature

Telephone order, from card holders accepted on 0480 67446
Overseas customers I including Eire) should send a bank draft
in sterling drawn on a London bank, or quote credit card
number.

Name

Address

Cambridge Learning Limited, Unit 95Rivermil I Site, FREEPOST,
St Ives, Huntingdon, Cambs, PEI7 4BR, England. (Registered
in England No 1328762).

J
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BACKNUMBERS
February 1980 September 1980
Passion Meter, Win Indicator, MicroMixer, Reaction Tester,
Short Circuit Special, Kit Review
Special, Into Electronics
Construction Part 1.

May 1980
MiniClocks, 5080 Preamp, Model
Railway Track Cleaner, 5080
Loudspeakers, Loudspeaker
Crossover Design, Radio
Controlled Model Survey.

June 1980
Microbe Radio Control System,
Egg Timer, Two Watt Amplifier,
Fog Horn, Short Circuits, LEDs
and LED Displays.

July 1980
Sound -Operated Flash Trigger,
18 + 18 Car Stereo Booster,
Hazard Flasher, Electronics in
Photography, Electronic
Espionage, Piezo Electricity.

August 1980
EquiTone Car Equaliser, Pass -
The -Loop Game, Gaztec Gas
Detector, OP -Amp Checker, In -
Car Entertainment Survey,
Introducing Microprocessors.

Guitar Phaser, Development
Timer, Teletext Explained, Into
Digital Electronics Part 1.

October 1980
Kitchen Timer, Tug 'o' War
Game, Light Dimmer, Freezer
Alarm, Intruder Alarm,
Temperature -Controlled
Soldering Iron.

January 1981
Car Rev -Counter, Bench
Amplifier, Sound -Into -Light
Converter, Chuffer, Electronic
Games reviewed.

February 1981
Heartbeat Monitor, High -
Impedance Voltmeter, Medium
Wave Radio, Two -Tone Train
Horn, Audio Signal Generator.

March 1981
Public Address Amplifier,
Windscreen Wiper Controller,
Bicycle Speedometer,
Photographic Timer,
Microcassettes.

April 1981
Pre -Amplifier Part 1, Super
Siren, Guitar Tremolo, Russian
Roulette Game, Doorbell
Monitor, Anatomy of a Space
Shuttle.

May 1981
Electronic Organ, Voice -
Operated Switch, Infra -Red
Controller, Pre -Amplifier Part 2,
Audio Millivoltmeter.

June 1981
Power Amplifier Part 1,
Continuity Checker, Envelope
Generator, Early Radio, Gadgets,
Games and Kits Supplement.

July 1981
Burglar Alarm, Doorbuzzer,
Treble Booster, Electronic Aids
for the Disabled, Power
Amplifier Part 2.

August 1981
Electronic Ignition,
Thermometer, Electronic Organ
(final part), RPM Meter, Bench
Power Supply, Radio Control
Survey, Into Electronic
Components Part 1.

All of the 1980 issues, except January and April, are still available together
with the remaining issues from 1981.

TWO is
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All backnumbers cost £1.25 each. For those of you who only want copies of articles, we
do offer a photocopying service. Each copy costs £1.25 and information as to its title and
publication date should be given. Ordering backnumbers and photocopies could hardly be

easier, just fill in the coupon, cut it out and send it to:

Hobby Electronics,
145 Charing Cross Road,

London WC2H OEE

Please remember to mark your envelope with the service you require,
BACKNUMBERS or PHOTOCOPIES,
otherwise our mailroom won't like you.

HOBBY ELECTRONICS
BACKNUMBER ORDER FORM
Please send me the following items:

NAME

ADDRESS

Back issues at £1.25 each

I enclose £
LCheques and Postal Orders should be made payable to ASP Ltd.

HOBBY ELECTRONICS
PHOTOCOPY ORDER FORM
Please send me the following items:

I

aarrarrear
rar aria Okaabiad

NAME

ADDRESS

Photocopies of in the

issue at £1.25 each

I enclose £
Cheques and Postal Orders should be made payable to ASP Ltd.
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When you need to update yourself with all
that is available in the "Do-it-yourself"
market, then you need the Hobby Herald.

Packed with product information essential
to the electronics enthusiast, this new
electronics catalogue lists over 60 exciting
products ranging from All Purpose Cutters
to Verobloc, the solderless breadboard. All
products are available throughout the U.K.
from over 200 stockists.

HOBBY
HERALD
Alternatively ordering
products through the
Herald is simplicity
itself, and you can pay
by either cheque,
Barclaycard or
Access.
So make
sure you
get your copy
of Hobby Herald by -

ringing

(04215) 62829.
BICC-Vero Electronics Ltd.,
Industrial Estate,
Chandlers Ford, Hampshire,
S05 3ZR

BICC vero
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RTEST EQUIPMENT CENTRES
0ApL EL NMsOi Dx

VOAEDL

DISPLAY

RETAIL  MAIL ORDER  EXPORT  INDUSTRIAL  EDUCATIONAL

DIGITAL MULTIMETERS (UK C/P Free)

---- 41.4 MODUS'VuTrA
keel ii 3.41/61 ,lllll Imes v ,

, S7717 E-0 CII)
4:-

HAND HELD eiWith free carry case 0.

K 025C.13 range 0.2A DC 2 meg ohm £24.95 At a.. es is, ra

60305.16 range 10A DC. 2 meg ohm £29.95 :.......F it)
K0306.26 range IA AC/DC 20 meg ohm £34.95
1055C.28 range 10A AC/DC 20 meg ohm £39.95 BENCH MODELS

6010; 22 range 10A AC/DC 20 meg ohm £3440 TM353. 27 range LCD 2A AC/DC £86.25
7030+ As 6010 but 0.1° basic. £41.30 TM355. 29 range LED 10A AC/DC £86.25
60615.16 rangelOA DC 2 meg plus Hle leslerE39.95 TM35I 29 range LCD IDA AC/DC £113.85
189M 311 range 10A AC/DC 20 meg plus Hle 2001 28 range LCD IDA AC/EIC plus 5 range
tester £69.95 Cap Meter with case £108.00
HAND HELD AUTO RANGE TM451 A digit LCD every facility (0.1:12°01 £171.00
DM2350.21 range 10A AC: DC 20 meg ohm 1503a 4i; digit LCO every facility 10.05'4 £171.00
[Miniature] £49.95 1503Ha 003°, basic version of above £189.00
H030 I6 range 0.2A AC/DC 2 meg ohm £41.95 itOplional carry case £6.84
H030/13 As above plus cont. buzzer £44.50
H031 22 range 10 AC/DC 2 meg ohms plus conl IN

BARGAINSCCALLER
buzzer £58.95

T

FOR
+Optional carry case 02.95

FREQUENCY COUNTERS r - - -1 SIGNALGENERATORSEQAULIWPMAYESN

, (220/240v act
t

ci. .
l lllll C

L ,- MAK- 1

"-
PFM200A 200 MHZ hand held pocket 8 digit
LED £67.50
8110A 8 digit LEO bench 2 ranges 100 MHZ £77.00
86108 9 digit LEO bench 2 ranges 600 MHZ E113.05
800089 digit LED 3 ranges I GHZ £178.00
TF040.8 digit LCD 40 MHZ £126.50
TF200  I digit LCD 200 MHZ £166.75
Optional carry case £6.84
Prescalers - Extended range of moo counters
TP600 600 MHZ £43.00
TPI 000 1 GHZ £74.00

FUNCTION : All sine/sguare/triangle/TTL. etc
TG1 00 1 HZ MO KU £90.00
TGI 02 0.2 HZ - 2 MHZ £166.75
PULSE
TG105 Various facilities 5 HZ 5 MHZ £97.75

O: Mulliband Sine/Square

AUDIO: 0 Hz lo MHz
A G202A 20 IL

RF

SG402 100 KHz to 30 MHz 'Last few) £59.95
LSG17 100 KHz to 150 MHz £79.35

ELECTRONIC INSULATION TESTER
AUDIO  RF  FUNCTION  PULSE

YF 501 500 11/0-100m with carry case £63.00 OSCILLOSCOPES

MULTIMETERS
(UK C/P 65p)

LERL, . i. pi,-
C7081 50K/V 21 ranges. ii

.0 40., i -7-111 ii

Range doubler 10A DC
a.

SPECIAL PRICE £15.95
ETC5000/5001 21 ranges. 50K/V.
Range doubler. 10A 0C. £16.50
TMK500 23 ranges 30K/V I 2A OC plus
cont. buzzer. £23.95
NH56R 20K/v. 22 range pocket £00.95
EU102 14 ranee 2K/V pocket £5.95

830A 26 range 30K/V. IBA AC/DC overload
protection. etc. £23.95
360TR 23 range 1 00K/V. Large scale
10A AC/OC plus Hle £36.95
AT1020 18 range 20K/V. Deluxe plus Hie
tester £17.50
ST30311121 range 20K/V plus Hle (ester £16.95
YN 360TR 19 range 20K/V plus Hle tester £13.95

Full specilication any model on request. SAE by post

'NM' Series NAMED: 'SC' THANOAR:
'CS' Series TRIO: '3' Series CROTECH
SINGLE TRACE
3030 15 MHZ 5mV 95mm tube plus component
tester C/P £3.00 £177.10
SC1106. Miniature 10 MHZ battery portable
Post tree £171.130

HMI MHZ 2mV. 6x 7 display plus
component tester C/P 0.00 £181.70
.Optional carry case C6.84 AC adaptor £669
Nicads £12.50
DUAL TRACE (UK C/P £4.00)
HM203/4 Dual 20 MHZ plus component
tester £303.60
CS1562A Dual 10 MHz !List £321901 £269.50
3131 Dual 15 MHZ . component tester £276.00

VARIABLE POWER
SUPPLIESiuk C/P £1.001

PP241 0/12/24V. 0/IA,I
£35.00

PP243 3 amp version £59.95
PS 1307S 8/15V 7 amp !win meter

-
1 -1.--

4

'56'
prem:,_11,-

£24.95

CS 1566A Dual 20 MHZ All facilitieslUsi £401.351

HM204 Dual 20 MHZ plus component tester £349-50
sweep delay £419.75
CS1820 Dual 20 MHz with extra facilities

'List £508301 fA85.00
OPTIONAL PROBE KITS
XI £7.95 X10 £9.45
01 - X10 £10.50 0000 £16.95

DIGITAL THERMOMETER
TH301 LCD -50 C to 750 with
thermocouple £68.43

HIGH VOLTAGE METER
Direct reading C/40 KV
20K/Volt HA /P 65p1 £237171041-1-1111111

DIGITAL CAPACITANCE/-1/4

AC CLAMPMETER '
ST300 0/300A. 0/600
VAC. 0/1 Kohm 9 ranges
With carry case [UK C/P 65p1 £28.50

METER
0 I pl to 2000 mId LCD 8 ranges
DM6013 £52.75 1Carry case £2 951

LOGIC PROBES
LPIO 10 MHZ £28.50 -4Illi--Thrlklk----------

1.111.076 50 MHZ with carry case

TRANSISTOR TESTER
Peel reading PNIP: NPN. etc.
ICI
'UK

£21.95
C/P 65p1

and accessories £71.30 ATE L4E4LOCUE.:
ALLSEND LARGE ore

AUDIOELECTROnICS Limited
Cubegate SAE (UK 20p) P.4

301 EDGWARE ROAD. LONDON W2 1BN. TEL: 01-724 3564
11/3 ,,,r17. FM

ALSO AT HENRY'S RADIO, OrdwbyP.,......ACCES
404/406 EDGWARE R( D. LONDON W2. TEL: 01-723 1008 X.',.::47.::::::,.=:rra;:".
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 Careers In Electronics

CAREERS IN .931
ELECTRONICS
Brian Donaldson

If you are looking to the future with an
eye towards a career in electronics,

you could do worse than checking out
the lot of the technical writer. Theirs is
the sort of career which would interest

people who care about their work,
who would enjoy writing and who like

plenty of variation.

ESSENTIALLY, there are two directions
a technical writer can take his
communicative talent - into technical
journalism or technical authorship.
Each direction demands a different
approach, and each requires a different
-writing style (see later examples) but,
even so, many similarities exist
between the two careers, allowing the
possibility of moving from one to the
other. I suppose I am a good example of
such an exchange. My initial
background in writing was technical
journalism but, after a number of years,
I decided a change was a good idea and
so moved to technical authorship. Now,
incidentally, I do neither for a living, but
it's like riding a bike - once the skills
have been learned they will never be
forgotten. And writing is a skill. Don't let
anyone tell you it's an art which cannot
be learned because that is just not so!

The Same But Different
Both technical author and technical
journalist are concerned primarily with
the reader. The author's reader will
probably (though not always) be an
engineer or technician: often the
service engineer who repairs faulty
equipment belonging to a customer.
Speed of repair is the most important
factor to him - the sooner the
equipment is working again, the sooner
the customer is happy! Readers of a
journalist's work, however, will
probably be members of the public, and
this pin -points the main difference
between the author and the journalist:
the author has a captive audience - his
reader will read because he needs to
know specific information. The journal-
ist's reader will only read if he is
interested. So, the writing style must
differ to cater for the different readers.

The author must be concise: his work
must be purely factual and written in as
logical and clear a manner as possible.

_Getting In Touch_
The two writers' professional
organisations, the NUJ and ISTC, will be
able to provide information about
relevent training courses. Their
respective addresses are:

NUJ, Acorn House, 314-320 Gray's
Inn Road, London, WC1X 8DP.

ISTC, 17 Bluebridge Avenue,
Brookmans Park, Hatfield, Herts. AL9
7RY.

In comparison, a journalist's work may
be quite 'loose' and not so strict regard-
ing, say, grammatical construction or
formality. This is because the journa-
list's reader has time to re -read an
article if it wasn't fully understood on
first reading. Personal feelings may be
displayed by the journalist but this
would be frowned upon if shown by the
author, because the author's reader
needs to understand straight away the
important points and not be bothered by
trivia not directly concerning him.

Illustration is often best by example so
I'm going to write two brief paragraphs
now, which show the difference
between the writing styles of the
journalist and the author. Both
paragraphs describe the same thing -a
TV - and cover the same aspects, but in
them the different writing styles
(exaggerated for the purpose) are
apparent.

How a journalist might write about the
TV:
The latest offering from the
Itchitoesanfeet Company of Japan is the
K3026, new 26 inch colour TV with
advanced microprocessor -controlled
circuitry to improve picture quality.
Capable of receiving up to 12 different,
preselected English TV channels, the
set can also be adapted for use
worldwide. This TV is the first of a

c) Override/Executive Priority. Alter a calling station has peen
caved -on, pressing an4 holding this key allows tbe station to
interrupt the link In progress. Conversation is one-way for as
long as the key is pressed.

Ts%ticon'U2tei't'le"Cal''er=V:Tregn"giV irtartoren.""
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A page from the technical manual for
Multitone Electronics' ICS 100 Internal
Communications System. The technical
author not only writes the text but also
prepares the drawings.

completely new range of 5 screen sizes
to be introduced by Itchitoesanfeet. The
range will extend down to a 12 inch
portable TV and all TVs will feature
similar picture quality improvments as
in the K3026.

How the author might write about the
TV:
A new receiver chassis has been
released: the K30. The chassis is used
with a range of colour tubes of: 26 inch;
22 inch; 18 inch; 14 inch; 12 inch sizes
to give identical electrical features to all
television receivers in the K30 range.

Features include:
- plug-in PCB option to select picture

format (PAL, SECAM, NTSC)
- preselect tuning of 12 reception

frequencies in the range 40 to
860MHz.
First television to be marketed from

this range is the K3026.
You'll see, I hope, that both examples

say more or less the same thing but in
very different ways!

Qualifications
Any kind of technical writing, combining
as it must an understanding of
electronics at some level with the ability
to write sensibly and with clarity, is a
kind of a hybrid craft for which there is
very little specific formal training of
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The conclusion of the technical author's
labours: a service engineer slaving over
a hot soldering iron, the technical
manual by his elbow.

2.5 Slave Power Supply

One slave dower Supply o mans powered and supphesdowerld unds
coonededlo its output bus Conn. -10n to Ina Iwo arms of the Dos are
made vu 2 jack sockets On the mar of the unit A Its40 ,ack socket

used to mate cooneCton v.!. roam power soppy Dos EA,0.0.0
coctotry acorporated Inge stove Pow. so00A SaroAvs tntrmahon
between!. rooster power Soggy bus and the slave dower sup," bus

2-5.1 Nelms Input Velts9216.606
The poem Soppy maybe Wadded to cryoef ate Irom any of the lollovono
voltages  40% 50-60Hz

110 VAC. 120 VAC 220 VAC 200 VAC

The PooBsopOS most be Studded and fused as tor tne mmm
voltage as shown m figure 2

2.5.2 Output Cennoctlans
20X'.dod,OACk SOC.els are pov,de0 at the ,ear ol !Ileum! one., each
arm el the slave supplybus.
1 01 ausScoact, sockets prowled at Me rear of the untpr con0e01sm
nto I he master 502100 05

2.6 Motions
Each stator, cantons its own rocroprogeSSO, wAch Oalooms!ne vane.,
coned and communocaSon undrons The micronraessor ar0 hence the
station denbty o selected by means of a dual in Me swrIch Most, tstocolen
undo a cover ,n Me based the unit The slalion idenlity is irlae,er
where .connected m the system

2.6.1 Station Separation
r ats.rom each other ,0 prevent lee nsx

2.7 Lena Powered Bus Coupler

A bne powered bus coupler anodes a tee -oft arm to be connected to the
mon cable metoul the use of a slave power supply

Tasks for the technical author also
include writing and preparing other
documents such as the installation
manual (above), user instruction books
and even sales literature.

benefit to the prospective candidate.
Yet, technical authors, who are

required to be more precise, generally
need a greater depth of understanding
and usually come to their trade from a
diploma or degree level course in
electronics. For such as these, courses
are sometimes provided by universities
or polytechnics at post -degree level,
which offer short but intensive training
in the discipline of writing. Such
courses force-feed the graduate with
enough information to allow a jump
straight into either journalism or
authorship; this jump can take place at a
reasonably high level!

On the other hand, recruitment
advertising seeking technical
journalists will rarely specify a formal
electronics background - though
obviously some knowledge of the
subject is necessary! Of more
importance in technical journalism is
enthusiasm, the ability to work with
other people, good humour under
pressure (the corridors ring with
laughter - Ed.) and the capacity to learn
at all times.

At this end of the scale, 'A' -level or
even '0' -level students may be
fortunate enough to be employed as a
junior assistant; such vacancies often

The technical journalist at work: Steve
Ramsahadeo, former project develop-
ment editor of ETI, makes sure the
project works before writing the text.

occur and many good writers have
entered journalism or authorship this
way. There' nothing quite like
experience and, it may reasonably be
argued, three years of learning how to
do the job, while actually sitting at the
desk and doing it, will make a more able
writer than any degree will. In the end, it
all depends on the individual and
making the best of an opportunity.

All good employers realise the
importance of, and benefits gained by
providing, an in-service training scheme
of some description for their employees.
Some universities, polytechnics and a
number of specialist companies can
help with such a scheme. All writers -
graduates, non -graduates, old, young,
experienced, inexperienced alike will,
because of this in-service training, be
able to give greater service to the
employer afterwards.

Union Dos
Whatever your career, it is always a
good idea to join a professional
authoritative body. The main
journalists' organisation is the National
Union of Journalists (NUJ) which,
although officially a union, also provides
information, news and views of current
affairs involving journalists of all kinds.
No member is under pressure to take an
active role in the life of the union but,
also, no member is prevented from
doing so.

The technical authors' main
professional body is the Institute of
Scientific and Technical Communi-
cators (ISTC), which provides a similar
service as the NUJ in that news,
information, details of courses and
lectures of interest are regularly
circulated to members.

The Job Itself
The title 'technical writer' is slightly
misleading, actually, since neither
journalist nor author spends the whole
day writing: putting pen to paper can
only be attempted after an amount of
research into the topic has been

Technical journalism also requires
working with other writer's text. Often
this means transcribing hand-written
copy, editing it into the prescribed
style for the magazine as it is re -typed.

undertaken. The writer must thoroughly
understand the subject in order that his
words convey the correct and full
meaning to the reader because, if the
writer doesn't know what he's writing
about, how can the reader understand?
At best the reader will not grasp the
meaning, at worst he will be
confused! So the first thing the writer
has to do in his work is to study closely
and carefully the topic he is going to
write about.

The second thing is to think about is:
who is the reader? How much does he
already know about the subject? It is
necessary to decide and define the
reader at this early stage, before the
writer begins an article or book.

When finally the article, manual,
report, pamphlet, or whatever has been
written, it must undergo a number of
stages of close scrutiny in an attempt to
remove all errors: in grammar, spelling,
typing, accuracy etc. Often, in these
stages, other people are involved,
working as a team to produce the final
printed work. Inevitably, errors will
creep in at any or all of these stages,
possibly making their way to the printed
page, but a small team of, three people
say, with experience, good
management and just a little bit of luck,
will be able to eliminate the majority.

I hope, in this limited space, I have
been able to give an idea of the work of
a technical writer, whether a journalist
or an author. Both careers can be
interesting and rewarding, and can give
a high level of job -satisfaction. If you are
interested in pursuing either career,
your first stop is your local Careers
Office; they'll be pleased to help and
advise regarding suitability and be able
to suggest methods of entering the
profession. The rest is up to you!

Our thanks to Multitone Electronics
P.L.C., 6-28 Underwood Street, London
N1, who kindly supplied the technical
manuals illustrating this article.

HE
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electrize AUTO -ELECTRONIC PRODUCTS
KITS OR READY BUILT

TOTAL ENERGY DISCHARGE
ELECTRONIC IGNITION

IS YOUR

CAR AS
GOOD
AS IT
COULD

BE ?

TOTIk1. MNUGY OtS016, GE

Stiectronite
testy*

NAme. 1.1e,

tttCTRONIG 10IIII1Ott

* Is it EASY TO START in the cold and the damp? Total Energy
Discharge will give the most powerful spark and maintain full output
even with a near flat battery.

* Is it ECONOMICAL or does it "go off" between services as the
ignition performance deteriorates? Total Energy Discharge gives
much more output and maintains it from service to service.

* Has it PEAK PERFORMANCE or is it flat at high and low revs.
where the ignition output is marginal? Total Energy Discharge gives
a more powerful spark from idle to the engines maximum (even with
8 cylinders).

* Is the PERFORMANCE SMOOTH. The more powerful spark of
Total Energy Discharge eliminates the "near misfires" whilst an
electronic filter smoothes out the effects of contact bounce etc.

* Do the PLUGS and POINTS always need changing to bring the
engine back to its best? Total Energy Discharge eliminates contact
arcing and erosion by removing the heavy electrical load. The timing
stays "spot on and the contact condition doesn't affect the
performance either. Larger plug gaps can be used, even wet or
badly fouled plugs can be fired with this system.

* TOTAL ENERGY DISCHARGE is a unique system and the most
powerful on the market - 3'h times the power of inductive systems -
3 1/2 times the energy and 3 times the duration of ordinary capacitive
systems. These are the facts:
Performance at only 6 volts (max. supply 16 volts)
SPARK POWER - 140W, SPARK ENERGY -- 36mJ
SPARK DURATION - 5004, STORED ENERGY --- 135mJ
LOADED OUTPUT VOLTAGE

50pF load - 38kV , 50pF + 500k 26kV

We challenge any manufacturer to publish better performance
figures. Before you buy any other make, ask for the facts, its
probably only an inductive system. But if an inductive system is
what you really want, we'll still give you a good deal.

* All ELECTRONIZE electronic ignitions feature:
EASY FITTING, STANDARDIELECTRONIC CHANGEOVER
SWITCH, STATIC TIMING LIGHT and DESIGNED IN
RELIABILITY 114 years experience and a 3 year guarantee).

* IN KIT FORM it provides a top performance system at less than half
the price of comparable ready built units.The kit includes: pre -drilled
fibreglass PCB, pre -wound and varnished ferrite transformer, high
quality 2uF discharge capacitor, case, easy to follow instructions,
solder and everything needed to build and fit to your car. All you
need is a soldering iron and a few basic tools.

Most NEW CARS already have electronic ignition. Update YOUR CAR

PROTECT
YOUR CAR

WITH AN
EtECTRONIZE

ELECTRONIC ALARM

2000 COMBINATIONS provided by an electronic key - a

miniature jack plug containing components which must match
each individual alarm system. (Not limited to a few hundred
keys or a four bit code).

* 60 SECOND ALARM PERIOD flashes headlights and sounds
horn, then resets ready to operate again if needed.

* 10 SECOND ENTRY DELAY allows owner to dis-arm the
system, by inserting the key plug into a dashboard mounted
socket, before the alarm sounds. (No holes in external
bodywork, fiddly code systems or hidden switches). Re -
closing the door will not cancel the alarm, before or after it
sounds, the key plug must be used.

* INSTANT ALARM OPERATION triggered by accessories or
bonnet/boot opening.

* 30 SECOND DELAY when system is armed allows owner to
lock doors etc.

* DISABLES IGNITION SYSTEM when alarm is armed.

* IN KIT FORM it provides a high level of protection at a really
low cost. The kit includes everything needed, the case,
fibreglass PCB, CMOS IC's, random selection resistors to set
the combination, in fact everything down to the last nut and
washer plus easy to follow instructions.

FITS ALL 12 VOLT NEGATIVE EARTH VEHICLES.
SUPPLIED COMPLETE WITH ALL NECESSARY LEADS
AND CONNECTORS PLUS TWO KEY PLUGS

Don't Wait Until Its too Late
Fit one NOW!

1

fill in the coupon and send to:

ELECTRONIZE DESIGN Dept E  Magnus Rd  Wilnecote  Tamworth  B77 5BY tel 0827 281000
1 011 MN aso um ou um EN me win so um um no mi mi mi on No me so 0)11q11

TOTAL ENERGY DISCHARGE 16 or 12 volt negative earth)

1-1 Assembled ready to fit £2*./0 £19.95
 D.I.Y. parts kit £1,540 £14.95

TWIN OUTPUT for cars and motor cycles with dual ignition

ri Twin, Assembled ready to fit £3.614t £29.95
Fi Twin, D.I.Y. parts kit £241.:15E £22.95

INDUCTIVE DISCHARGE 112 volt only/

ri Assembled ready to fit E1515 £12.75

LPrices Include VAT. P+P £1 -00 (UK)

CAR ALARM

I I

I I

Assembled ready to fit £3795
D.I.Y. parts kit £24.95

I enclose cheque/postal order OR debit my Access/Visa card

OSA L1111[111E1111111 CI
Name

Address

E Code
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Portable Induction Loop
Following the degree of interest that our feature on Induction
Loops aroused, Vivian Capel has designed a practical system.
Now there's no excuse for the hard -of -hearing to be left out of
things anymore.

Tech Tips Special
Eight pages of ingenious, novel, and money -saving designs
from one of the country's largest design teams - yourselves.

Microcomputer Output Driver
Don't let your micro just sit there, contentedly passing
information back and forth inside itself - get it busy
working foryou, with this 16 -channel output driver.

TV Storage Scope
This little unit will enable you to utilise your TV screen to
display oscilloscope waveforms. It's always seemed illogical

that you have to use two CRTs for different jobs, hasn't it -
now you can use just the one. Not only that, but the unit will
store waveforms too, all for under f100.

Oscilloscope Survey
Just in case you're too lazy to build the TV Scope, we're
taking a look at the options open if you want to buy one. And
if you're too poor to afford a new scope, we'll be examining
the state of the second-hand market too. If you're on the
look -out for test equipment, don't miss the July issue of ETI.

LOOK OUT FOR
THE I ULY ISSUE

ON SALE JUNE 3rd
Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.
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THE ELECTRONIC REVOLUTION:

Getting back to the basics: an early
electric eggbeater, c. 1920; with no
handle and precious little insulation,
it was definitely not intended for
portable use!

POWER
IN THE
HOUSE
In the last of the series, we
scan the least celebrated but
most ubiquitous aspect of
electricity. Without household
gadgets, not many people
would have the time to
experiment with micros or
relax with the video. Nor are
we just talking about the
ladies - you could have been
chopping the wood or salting
a side of pork. What a
difference a plug makes . . .

John Biggins

Over the past hundred and fifty years
electricity has brought about two of the
most spectacular changes in the entire
course of human affairs. One was the
communications revolution, which
began with the electric telegraph, and
gained momentum in the years
between the Wars with the
development of broadcasting by
wireless and television. The other was
the great cybernetics explosion which
began with the first electronic
computers in the years just after 1945
and which was accelerated in the 1 950s
and 1 960s by the application first of the
transistor and second of micro circuitry.
Both these developments have had
incalculable effects on the way we live
and think. But what about the third and
quietest of the electronic revolutions:
electricity's overthrow of traditional
order in the domestic world?

This might not seem much when
compared with the other two. There
were no Zworykins or Marconis, and it
was only very rarely - with things like
the hair -drier perhaps - that electricity
produced a completely new service

rather than greatly improving an already
existing one. Yet the changes which
electricity has brought about in the
kitchen and the laundry since 1900
have been quite as momentous in their
way as broadcasting or computers.
Throughout the developed world -
even in a fitful sort of way in the
Communist part of it - it has liberated
half the population from the endless
back -breaking tyranny of household
labour, reducing domestic service as a
form of employment and spawned an
economic sea -change (labelled the
Consumer Society) in the process. If you
want to find the origins of Women's
Liberation look as much to the small,
mass-produced AC electric motor as to
the pill.

Not bad. But how did all this happen?
The answer is, very gradually. Public
electricity supply had started out in the
USA and Britain at the beginning of the
1880s as a street- and house -lighting
service and although a couple of the
early electricity generating pioneers -
notably Thomas Edison - had tried to
build up demand for power by marketing
a range of consumer electrical gadgets,
public use of electricity had been very
slow indeed to get beyond illumination;
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A Crompton electric iron from 1891
- an advance on the old style of fire -
heated flat -iron.

GEC's 1895 version of the electric
cooker; notice the brass lighting -
style switches mounted on one side.

all the more so since the electric light
was very nearly strangled at birth by the
invention of the incandescent gas
mantle in 1881. Electric flat -irons
began to appear in the late 1880s, some
of them quite lethal like the French
models which operated by means of an
arc burning between two carbon
electrodes inside the casing. Fitful
experiments were made with electric
hotplates, but it was not until 1894 that
the Crompton firm in the UK began
marketing an electric cooking stove, a
bulky sheet -iron affair with exposed
heating elements made of iron wire
wrapped around fireclay bars.

Electric vs. Gas
The design of cooking ranges had
advanced a great deal from the open fire
days at the beginning of the 19th
century. As metal -casting and produc-
tion engineering had improved a whole
industry had grown up supplying
standard cast iron coal -burning
cookers, sometimes with refinements
like water -heaters and glass oven
doors. These had done a great deal to
make cooking less laborious by allowing
the heat to be controlled with some

By 1912, electric cookers had come to
resemble modern ones - almost!

Preparing the way for the teabag that
mainstay of Western civilisation, the
electric kettle, was around by 1905.

accuracy. But kitchen work was still a
tedious, time-consuming, dirty
business for housewives and servants,
with all the early morning ritual of coal
heaving and clinkering and raking and
firelighting to be gone through before
cooking could begin. It was not until the
first gas stoves appeared in the 1840s
that the work got any lighter. However,
gas was not without its drawbacks, as
was pointed out by an 1895 publicity
blurb emanating from the City of London
Electricity Company, which was trying
to interest the public in electric stoves:

No danger; No combustion; No
chimney; No fires to light and

watch; No matches to look for; No
heat wasted; Perfect regulation;
No more burnt meats or pastry;

No explosions; Pure air; Sanitary
kitchens -

NO POISONOUS GASES
AROUND FOOD WHILE

COOKING!

Still, poisonous gases or not,
electricity for cooking took a long time to
catch on with the public outside the few
wealthy households who could afford a
cooker and the electricity bills which

followed. This was partly a result of the
fact that by 1914 only about one British
home in ten was connected to the
mains. But it also stemmed from the
faults of the cookers themselves, and in
particular their elements, which tended
to corrode and burn out in a remarkably
short time, as well as short circuiting
freely when cooking water slopped over
them.

Things took a marked turn for the
better in 1906 when A.L. Marsh
patented nickel -chrome electrical
heating elements. Not only had ni-
chrome a much better resistance than
iron or carbon, it was also much less
vulnerable to corrosion. Less frequent
element changing meant that elements
could be better protected inside cooking
stoves and at the same time design
improved considerably, with blue -grey
and later white enamel panels replacing
the blacked ironwork of the earlier
stoves. And after 1918 electricity tariffs
got cheaper as the national system was
rationalised and uniform charges came
in. Electric cookers began to acquire
thermostatic oven regulators in the mid -
1930s, which reduced the bother of
cooking. After this, little improvement
took place until the arrival of the micro-
wave cooker in the late 1960s. Electric
cooking never managed to knock gas out
of first place as the nation's favourite
means of food preparation but it still
made a large contribution to the
lightening of the housewife's lot.

Putting on the Heat
Ni-chrome elements also did a great
deal to aid electric space heating in the
later 1900s. Previous attempts at
electric room heaters had centred on
wall -plates with iron wires embedded in
a ceramic surface, or on large incan-
descent bulbs warmed to red heat,
rather than on wire elements around a
clay core. Reliable wound -wire

This GEC cooker from 1936 is cut
away to show the heating elements,
and insulation, of both the oven and
the hob.
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An "Apollo" electric fire from 1904;
the elements are encased in glass
globes - like electronic valves!

elements were now possible and by
about 1912 the electric fire had made its
appearance in the shape loathsomely
familiar to generations of dwellers in
digs and bedsits, combining voracious
consumption of meter shillings with a
heat output barely perceptible more
than a yard or so away. A good part of
the problem was that until the mid -
1960s, when decadent foreign notions
of central heating began to make their
way into the nation's domestic
architecture, Britain was a country
whose home heating was built
around abundant supplies of cheap coal
burnt in the most wasteful and
inefficient way possible in an open
grate.

The legendary dank chill of the British
bedroom could not be dispelled by the
puny glow of a two -bar electric fire,
which rather served to make the arctic

By 1925, electric heater design had
achieved a form which remained
virtually unchallenged for the next
50 years.

This British Vacuum Cleaner Company model, from an age when motor cars were
scarce, looks as suitable for the Stables and the Garden as for the House, with an
attachment for every eventuality.

gloom even more noticeable.
Chilblains remained the English
Disease and the Permissive Society had
to wait for the advent of the gas -boiler
rather than the cheap electricity which
had done such interesting things for the
social life of the Scandinavians. But all
the same, some experiments in
economical and effective space heating
by electricity were made over the years.
After a mere half -century of public
electricity supply, in 1930, some
unknown genius of the staff of the
Watford electricity supply company had
realised that, although the generators
had to be kept running, very little power
was used between 10pm and 6am. So
why not sell it at cheap rates, so that
people would be encouraged to invest in

those new Swedish -built storage
heaters carved out of a block of steatite?
The result of this unexpected stroke of
imagination was the first UK experi-
ment in cut-rate electricity for home
heating, or "the soapstone tariff" as it
was called.

But even amongst the citizens of
Watford, it seems that electric central
heating never really caught on. Electric
immersion heaters became moderately
popular in the 1950s after the problem
of making a watertight seal around the
element had been solved. But as for
house warming by electricity, the
position is best summed up by a

plaintive sticker seen a couple of years
ago in the back of a decrepit Cortina
parked on a London street: "I Had a Rolls
Royce, But Then I Invested in Electric
Central Heating".

Cleaning Up
The great electric labour -savers were
the washing machine and the vacuum
cleaner, and although neither of these
devices was created by electricity, both
owed their existence as a consumer
durable to the perfection of small, mass-
produced electric motors in the USA

around 1910. Between them they not
only took most of the pain and drudgery
out of the business of household
cleaning (a far more time-consuming
business then than now, thanks to coal
fires and dirty city air) but also made
possible a major economic revolution
by allowing the disbandment of that
huge army of ill -paid female servants
who kept the pre -1914 civilised world
going, figuring in the households of
even the most lowly of office -clerks.

The idea of mechanical clothes
washing and carpet cleaning had
already been around for quite some time
before electricity was applied to them.
For most women before the First World
War, washing day had been a gruelling
weekly ordeal of copper boiler and
possing stick (for those who have never
heard of it, a length of telegraph pole
fitted with two handles to allow it to be
pounded up and down on the clothes in
the boiler). All in all it was not far
advanced from two stones on the bank
of a stream, and the idea of a
mechanical agitator had been tried in
one form or other for over a century:
either a barrel with paddles rotated by a
crank, or a wooden trough on rockers
with a stone roller running to and fro
inside.

At the end of the 19th century some of
the larger public laundries had experi-
mented with steam engines as prime -
movers for mechanical washing. But
female muscle power was cheap, and it
was not until the mid -1900s that
electric motors were tried as motive
power for washing agitators, though the
water was still heated separately by a
coal fire. Likewise, with the cleaning of
carpets and furnishings, various ideas
had been tried since the mid -19th
century to get around the necessity for
taking everything out of doors and
thrashing it energetically with a carpet
beater. Sir Joseph Whitworth had
patented a carpet -sweeper with spiral
revolving brushes in the 1840s. And in

58 Hobby Electronics, June 1983



Feature 

Despite its clumsy appearance, the
washing machine was a tremendous
advance on boiling and hand -washing.

1901, H.C. Booth had developed a
system for sucking up dust and
decanting it into a cloth bag. The earliest
vacuum cleaners were operated on
contract by the Vacuum Cleaning
Company Ltd. and consisted of vans the
size of a small milk float driven around
London by uniformed staff who some-
times gave demonstrations at specially
arranged parties held for members of
society, like a kind of up-market Tupper-
ware. Domestic vacuum cleaners also
appeared during the 1900s, though
these were anything but labour-saving
devices, requiring as they did two
servants to operate them: a maid to do
the sweeping and a boy to operate the
bellows with a lever, rather like an old -

This Hotpoint machine, from 1937,
was probably the equivalent of the
modern-day nappy boiler.

fashioned harmonium. The trouble was
that, prior to 1914, there was really not
a great deal of demand for either
washing machines or vacuum cleaners.
In Europe at any rate servants were
cheap and plentiful, so why pay fifty
pounds for a washing machine when
that amount would hire you a human
drudge for a whole year?

Servants' Lib.
Things were rather different in the USA
however, even before the Great War.
The Americans had always been
fascinated by labour-saving devices
(much to Europe's amusement) largely
because servants had never been
plentiful outside the slavery states of
the old South. In fact, most. Americans
had come to America precisely in order
to escape from a life of semi serfdom in
the Old World. Electric powered vacuum
cleaners began to appear in the States
around 1912 as the production line
techniques of Ford Motors were applied
to other items, and since purchasing
power was far more evenly distributed
there than in Europe they soon found a
mass market. Within a few years the
same sort of social changes were on the
way on the other side of the Atlantic as
well. The munitions factories of 1914-
18 had given working class girls a line of
escape from the hated position of
domestic slavery and in addition they
had given them wages unimaginable in
1914 - much to the disgust of their
betters. When the War ended they were
unwilling to re-enter domestic service
for the sort of pay which had been usual
in peacetime and as a result the pages of
Punch were filled with sour little jokes
about "the servant problem".

The consequence of this sudden
dearth of cheap labour was that interest
in electric home aids blossomed almost
overnight at the beginning of 1919.
American -style mass production soon

The Dalek-like crest on top of this
1932 refrigerator contains the motor
and heat -sink,

appeared in Britain and by 1920 the
p7ice of a vacuum cleaner had come
down to six pounds from about twenty
six pounds in 1913, which put it well
within the reach of a skilled working
class home. By 1926 the Hoover
company had captured the UK market to
such an extent that "hoover" made its
way into the Oxford Dictionary as noun
and verb. Washing machines soon
followed and by the mid -1930s the
consumer durables industry was well
established in Britain, making a major
contribution to dragging the country out
of the Depression and leaving as its
monuments a series of Babylonian- and
Egyptian -style factories scattered
around the western suburbs of London.

Not only was the burden of
housework immeasurably lightened
and the working housewife becoming a
possibility: the change was already
under way towards a new economic
world largely geared to the production of
consumer goods rather than heavy
capital equipment. In time this would be
christened the Affluent Society, or the
Consumer Society, or Mr. MacMillan's
famous "You've Never Had it So Good"
society. It would even make its way into
the Communist world, in a dingy and
semi -competent form, causing no end
of trouble as people's expectations of
washing machines and vacuum
cleaners and electric sewing machines
grew far beyond socialised production's
capacity to fulfil them.

For the time being though the effects
were restricted to the home as
electricity finally ousted gas from its
position as domestic service number
one, so that today a household without
electricity is almost unthinkable. The
next step? Probably a situation in which
all the domestic work will again be
controlled by servants, but electronic
servants in the form of robots and
computers, and housework as such will
become a part of history. HE

The classic upright 'Hoover' from
1936. How many of these, we
wonder, are still doing good service?
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* COMPARE OUR PRICES *
TRANSISTORS

AC128 4
AC176 Z3
AC187 22
AC188 22
AF124 55
BC107 10
BC1013C 12
BC109C 12
BC142 23
BC143 23
8C147A 8
BCI48A 8
BC149 8
BC168A 7
BC171A 8
BC171B 7

BC177 18
-BC178 18
132119 18
BC182 8

BC182B 9
BC1821 7

BC18218 9
BC183 8
BC1&IL 8
8C184 8
BC1848 9
BC1841 7

BC207B 12
132212 8
8C2121 8

BC213 8
8C2131 8

BC213C 9
8C214 8
BC2141 8
BC237B 7

8C2398 9
BC258A 7

82206A 17
BC261 18
BC261A 18
92307 10
BC3378 8

8C308 10
80317 11

132327 12
13028 12

RC337 11

BC338 12

BC348
8C348B 9
BC349A 10
BC351
BC394 19
BC461 32
BC477 28
BC478 29
BC479 29
BC547
BC547C
BC549
BC549C
BC557B
BC558
BC55813

BCY70 1

BCY72 1

BD131 3
80132 3
80135 32
80136 30
80138 30
BD139 35
BD140 35
00237 40
B0238 40
B0243AX35
80437 46

I 80907 50
80903 59
13E181 n
BF195 12
BF1% 12
BF197 12
BF198 10
BF199 12
8E2461 45
13F2461.11 45
BF246L8 45
BF259 30
BF337 35
13E338 32
BF458 40
13F459 40
BF595 10
BF595C 10
BFY50 23
BEY51 A
BFY52 20

9 BRY39 36
BUI26 99
BU205 135

8 BU208 149
BU208A165
BU326A125
MJ2955 90
MPSA56 25
MPSH55 20
MPS1.08 20
0071 25
SX37113 12

TIP29 30
TIP30 35
TIP31A 35
TIP3113 37
TIP31C 37

TIP32A 30
TIP32C 37
TIP33A 50
TIP36B 149
TIP41A 45
TIP41C 49
TIP42A 45
TIP42C 49
TIP47 513

TIP48 513

TIP2955 62
TIP3055 55
TIP90 20
29706 20
2N2222 10
29222254
292934 18
292905 V
292906A 25
2929:7AI5
2931353 a
293054 52
2143055 40

2N3355H 40
293442 109
293771 145
2N3773 195

2939M 10
293906 10
295447 14
2N5449 16
296028 30

DIODES
BY127 12
BYI33 10
0A47 8

13A93 7

0A91 7

0A95 7

194148 1;
194001 2;
194002 3)
1N5401 9
1N5402 10
1N5404 13

195406 15
4 () 0 m W
Zeners
257 to 47V
5p each.

LEDs.
3mm Red 7

3 m m
 Green 10
3mm
Yellow 10
3mm Clips 2

ELECTROLYTIC CAPACITORS
RADIAL PCB (Values in oF1 63V.-
1111.1- iv 22C0 19p. 10V, no 7p; 333
11p; 470 9p; 1000 16p; 2200 26p.
16V; 10 4p; 22 5p; 47 6p; 100 7p;
2208p; 47012p; 1000 20p. 25V, 10
4p; 22 5p; 33 5p; 47 6p; 100 7p;
220 10p; 330 12p; 470 14p; 1000
28p. 6311, 1 4p; 4.7 50; 10 5p; 22
6p; 100 13p; 220 21p; 470 28p.

ELECTROLYTIC
CAPACITORS

AXIAL (Values in uFI
10V: 47 7p; 1007p; 1258p; 220 9p;
4;7_012p; 1000 15p

100 7p.15v 47 7p; ; 15080; 220 9p;
470 13p; 1000 19p; 2200 35p.
25V: 4 7 5p; 10 6p; 22 7p; 41 7p;
100 8p. 1E0 10p' 220 12p- 470 18p" "10130 26p; 720:1 38p; 4700 75p.
40V: 150 10p; 220 13p; 470 24p;
10D3 40p; 220065p.
63V. 1 6p; 2 2 6p; 4.77p; 109p; 72
12p; 47 159; 1130 17p; 220 19p.
100V: 1 7p; 10 9p; 22 14p; 33 159;
47 I7p.

POLYESTER CAPS C280 or
Equiv.

0.01 0 015 0.022 0.033 6p.
.

0.047, 0.068. 0.1uF 7p. 0.15.
022 9P 0.33, 047 12p. 068,
1uE, I.5uF 200.

Miniature Ceramic Plate.
Mulard-ITT 100V.
6.13pF to 001uF 3p each.

CERAMIC DISC
CAPACITORS

0 01uF 50V 2p each
0 lur 63V 6p each

SPECIAL OFFERS
MINIATURE ROUND
LARGE SPEAKERS

560. 80 OHMS 0.2W 50p
76111111 80 ohms asoi 50p
7601111 80 08015 08W 55p
90mrn 80 ohms 0 7W 70p
92mm 80 ohms 1watt 700

I

,

'

LCD PEN WATCH
Attractive gift boxed. QuaF
ity satin stainless steel fin-
ish pen. Smooth writing
action with built in watch.
Featuring time, seconds,
date and month functions.
E2.99p. Spare batteries @
40p each.

VARIABLE
COMPACITORS

COMPACT
A.M. 55p
A M' F M 75P * All devices brand new &

guaranteed.
* Orders despatched by retum of
post
* Cash/Cheque/Postal Orders
with order
* Please add 50p P&P.

* MAIL ORDER ONLY
PLEASE.

DESOLDERING TOOL 54.50
SPARE TEFLON TIPS E0.65

CARBON FILM
RESISTORS

E12 Series 5%
;Watt 10 to 10Mit 1p each
;Wan lflto 10Mfl 2peach

Trade/Retail supply of Electronic Components & Equipment

-Aa Zle . EgEOPEICUISIZOM
5 WILSON STREET, LEICESTER LE2 OBB. Tel. 0533 538195

FERRITE ROD AERIAL
4 WAY FUNCTION SWITCH
WITH POINTER KNOB
12V d.c. INPUT SUPPLY
OUTPUT 0 -IV R.M.S. ADJUSTABLE

µT. :G. kg T. :t ELECTRONICS

STEREO TUNER
MODULE

3 BAND - L.W./M.W./F.M.

MONO/ F.M. STEREO

* FULLY ASSEMBLED * COMPLETE WITH CIRCUIT DIAGRAMS
WAVEBAND COVERAGE:
L.W. 155-270KHz
M.W. 525-1650KHz
F.M. 87.5-108MHz
F.M. SENSITIVITY 2.5uV

PRICE £6.00 (PLUS £1.25 pEtp)
* 2 WAY SPEAKER KIT - High Quality Peerless 61" Full
Range Et 2" Tweeter. 8 ohms, 25W rms. Complete with Cross-
over Network and Full Wiring Diagram. PRICE E5.75 !PLUS £2 p&p)
*3 WAY SPEAKER KIT - High Quality Peerless 8" Woofer
Et 5" Midrange & 2" Tweeter. 8 ohms, 40W rms. Complete
with Crossover Network and Wiring Diagram. PRICE £9.25
(PLUS E2.50 p&pl

BOOKSHELF SPEAKERS - Attractive Teak Veneer Finish
with Black Cloth Front. Fitted with 4th" Pioneer Full Range
Speaker with Metal Dome. High Frequency Port. 8 5 Watt.
Complete with 2 Metre Lead Et Plug. Dimensions 350 x 210 x
110mm. ONLY £6.90 PER PAIR (PLUS f2.50 p&p)
ALL GOODS FULLY GUARANTEED. DESPATCH BY RETURN OF POST. PRICES
APPLY U.K. ONLY. TRADE ENQUIRIES WELCOME: CALLERS BY

APPOINTMENT ONLY PLEASE.

MEON ELECTRONICS
PO Box 34, Luton, Beds. LU1 1 LS

FIEMMIN IECTRONICqs E
Electronic Components Er Microcomputers

16 BRAND STREET, HITCHIN, HERTS, SG5 1JE
Telephone: (0462) 33031

COMPUTER Ms
6502 350p
5522 340p
.00 290p
.000 450p
6802 345p
5.8
60009 1350p
h8O9E 1205p
.10 120p
5821 160p
601321 215p
6040 390p
081340 580p
6,344 1295p
.45 z95p
.50 140p
.51 250p

6875 490p
mop

01213 120p
831.15 900
SO. 20p
MAY 90p
wren eclo
NO35t Seep
MSS 220p
80004 60p
AON,A 4500

450p
155p
100p
1600
I250
2500
300o
esoo
2800
4500
45.
4500
goo
900
88p

1600
950
850
50p
50p
72p
40p
700
10p

300p

300p
295p

55p
55p

265p
50p
350p
300p
.0p

MEMORIES
suns RAM

110p

1,3 1 50nS
390p

151 it811.1 150nS
.0p

OPMetic RAM
4 i 16,100.

75p
114.164 loons

Ego.
1/08-45(MS

27.450MS
2190

2532450.
moo

2732450nS
6800

27154 4bonS
42SO

FLOPPY OISC
CONTROLLERS

1950p
UPD.54

18800

CRT
CONTROLLER

1300p

2ENER DIODES

ep

12p

20p

BRIDGE
REcTwIERS

Gov

50p
20p
95p

280p
315p

52p

TRIAGE
55p
95p
95p

MACS
258

OPTO ELECTRONICS

LIGHT EMITTING DIODES
(LEM

3min Red 10p
3mm Green 1 Sta
5rnrn d 10
5mm GRereen 15pp
5mm Yellow 15p
Panel Clip.. or Snun 41,
Chrome Bezel.. asp

5mn,
Square LED Seen 5rnm

.p
R. 25p
Green or Yellow 300
Or -Colour Led
A Red and a Green LED

pr.uces Yellow
when both are on 70p
Red Flashing Led 311/
al 5V 45p

INFRED
T IL. PN GallruRAm Anent..

1P0oviE VOrtilo?:rdyee 2 ^1W
54o

31336 PN Gallium Arsenide
Emitling Drode

P ower Output Tyo 12rnW
500

TIL .NPN &loon
POototransistor 55p

TiL 100 LargeArea Srloon
Phiptodrode 70p

TIL3/
7 SEGMENT0R. DISPLAYS

2 3 Common
Anode 105P

TIL313 0 3 Red Common
ath

HCAI 14ode 10 wIren Common 105P
Anode 1.0

HAI 143R 4mrro Red Common
Cathode 140p

25ront Height Common
Anode 250p

INCANDESCENT BULBS
LOIrpot LES it: I 01

61/ or 2V 113p
Capless 61/ 60nA

14V BOrnA 20p

AEONS

48p

L 1 G 11,43, ZE:TE.1112sE N T

oh, 950

CRYSTALS
11).

240p

3400

1V

1.0p
50p

240p
200p

Vet

S L -rd
Shop opening hours

Mon to Fri 9am to 5.30pm
Sat 9am to 5.00pm

Wed Closed

PCB TRANSFERS

Make your own Printed CirCurt
Boards with Alta, Etch Resist
PCB Transfers
 Draw your artOwrk on 01

end
 fransler to Copper Board

using Carbon Pacer
 Burn.. the Attac Transfers

to Me Board smog a Spatula
using carbon 'natls to assist
rn accurate a.m..

 Use Allac Chemical Eraser to
correct mistakes

 Epchin Ferro Chloride

ECM., 0 1 Edge Connector
EC902,1 0 156 Edge
Connector

EC9. 0063 Pads
EC9 /0 O., Pads
EC91 1 0 189. Pads
EC940 0.016 Lines
EC941 0031 Lines
EC942 0039 Linea
EC943 0049 Lines
EC944 0061 Lines
EC945 0079 Lines
EC946 0 100 Lines
EC947 0 '24 Lines
EC950;1 0031 90 Bends
EC9S0,2 15061 90 Bends
E0951 '1 0031 30 45 60
Bends

EC952, 0061 30 45.60
Bends

EC9615 1 TO -5 Transtmor Pads
EC993 1 IC Pads
00967 1 IC Pa. with Tracks
between Pads

5 Idenhcal Sheets in Sealed
Pack 1950

Individual Sheets 45p
Spatula AR4 for
B urnishing 45p

Alec Knife 1130p
Shire Blades
APach of 101 2.P

ae Chemical Eraser 400
Allac Precision Gods
Po yeller film. male
finish 0 I ernm TnrckneMs
20 linesonch 6;13 4111,a,

Double Std. Frlareglass
B.M 1 16 Tardiness

oz Copper 5 4 35P
5 4 60p

Fero Elcb Resist Pen 950
oFerro Chloride Crystals

DmsOlve in '. Lt.
Water 85P

RELAYS

PUS TYPE
mutinous, Printed Cm,

Remy Smote Pore CINnys
per Cerriatts Rat. 20

' Contact, dre
ilver Pelte0ion

95p

TERMS OF BUSINESS - Professional quality electronic components brand new and fully guaranteed. Mail
order by return of post. Cash, Cheque, Postal Order or Bankers Draft with order payable to HEMMINGS ELEC-
TRONICS LTD. Access or Barclaycard available using our 24 hour answerphone service. Monthly Credit Ac-
counts available on request to government and educational authorities. Industrial customers wishing to open a
credit account are required to furnish a bank reference and two trade references. Postage and packing add 45p
to all orders under El 0. All prices are exclusive of VAT. Please add 15% to total including p&p. No VAT on ex-
port orders or books.

LIQUID CRYSTAL
DISPLAY MODULES

PCIS1 I IA Frequency Counter
5 Depts. 0.35 FM. SW, OW. MHz.
KHz Annuncralors
Sample and Hold Capalate 7
Reset CapahiSly
25 Selectable IF Ousels
Prescater AvaiMple
Inca.eacent backhghtmg Opt.
So01. Voltage 5V
Ooerahng Current Morn

12151>
PC114 126 DR.! Voltmeter
3 rt DK,. 05
.1.- a. Decimal Point
200150 Full Scale Moot
True DrIlerermat Input
(mamma. -CT Readong
Swgle 9V Operation

Consumption200W
AraCy 0 15, +A- 1Counl
temperature Oral 8000m/2
Low Battery nritcator
Incandescent Backlrghtmg 1950p
Both Modules are supplied with a data
sbeel

TEMPERATURE METER

A fully sell contained digital temperature
meter battery operated with an LCD

Play
 Temperature range P99.9 C
 Agoura, 0410 C +/-0. C

40-70 C 4I-0.4 C
70.999 C 001. 0 C

 Battery 9y alkaline
Ltlatorne +ow. 1 year

 Eslernal temperature
probe 2113.95

TRANSFORMERS

PCB MOUNTING TYPE
All types have dual pommies a o-120. 0
120 tor moutsof 120V or 2405 - Prone,
and Sammie, around on a Soli, Bobbin
proms., superior IsobatMn
3VA 2 61/ al 250mA

2. 129 at 125me
2 .151,1100mA
2.205 at 6704 1550

ova 2. 65 a150000
2 x 12Vat250r.
2. 15V at 20.4
2 A 20V al I 50nia 275p

CHASSIS MOUNTING
5.06V
9.09V al 100mA
12 0.125 at 100r.
MO 15batOSA
119Vatie

12U 1. af IA
15 Cr 15Val. 301, el 05A

1200
125p
145p
3500
.00
320p
3950
395p

*** EPSON FX-80 ***
We now have in stock the new Epson
printer, the FX-80, which replaces the
MX80 FIT III. If you thought the MX80
was good, you will agree that the FX-
80 is brilliant. All the MX80 features
are there plus the following extras,-
* 160 cps print speed
* 80 cps special quiet mode
* Program selectable character

set which can be downloaded
from your computer

* 9 different bit image modes up to
1920 dots per line

* Print styles emphasised,
condensed, proportional, elite,
italic and all MX80 styles

* Program control of skip -over per -
formation, number of columns,
character sets

* Fully compatible with MX80
control codes

£395 + VAT
Securicor ES

PRINCE MONITOR

A 12" monochrome monitor 24MHz
video bandwidth idal for most personal
computers. word processing scientific
work etc.

INPUT VIDEO
1 volt p -p composite video

EXTERNAL CONTROLS
Contrast. brightness, vertical hold. on/
off

INTERNAL CONTROLS
Horizontal width, linearity, frequency.
phase, Focus. Black level, Vertical height
and linearity

TECHNICAL CHARACTERISTICS
Scan 625 lines/50Hz, Deflection 110,
Character display 80 by 24 lines, Video
input PHONO. X-ray radiation to IEC
spec no 65

SCREEN PHOSPHORS
Black/white, Green or Orange
Green or orange filters available to
order

£113 inc VAT
Securicor E6

THE COMMODORE 64

MEMORY SIZE
System memo, area .0 R. it K RAM
User area 36K RAM or 541K il BASIC Interpreter is not used

SCREEN DISPLAY
Full colour orsplay 25 Imes by 40 columns
255 cornbinabOrM a mean and t.rder colours
IS Teol/COaracter colours displaying alpbanornencs or PET

onion.
Cornemlor, m a T,1 381 or 6 MOP.' Or rni30PAmne amador
UHF modulator iniernal to me computer

GRAPHICS
H Nn resolotion gmplics 320 v 200 poets
62 predefined graphic samaras aiHme ems he keyboard

drsplayed in normal or reverse in ail6 colours
SPRITE GRAPHICS
Hs, resauson summate °mem blocks 24 insets was by 21

prxels deep
Up lo 8 Spriles wnicn can be layered tor 30 effects
Sprirescanbeoneotacoloursomnulticolouroploaddrerienicolouris

mon. smite
Sprites can be moved rn.pendent of text gumbos or Oliver

Sprites

SOUND
Muse Synthesis Opp provides 3 voices. 8 octaves
4 wavetorms - sawlOoln. triangle. pulseor norm
Programmable attack decay. sustains...ease
Programmable late. -- low pass. ba. pass hgh pass or notch

.1.15
Vona. resonance a. master ...control

NPUT/OUTPUT
Use. port RS232C
Serial eon lor floppy disc drive and punter
....Port tor games and ROM based sp..
2 roratiokiMaMertiots pen ports ...games coned
LANGUAGE
Bout in BASIC in - fulure °Rows are BASIC comp.,

Pascal. COMAL L060 and FORTH
0343.85 Mc VAT

Secuocor E6

JUPITER ACE

A new concepl in com. Tnis computer uses ine 0rOgraming
language FORTH tn.. ot BASIC wnicn is very reocn faster in
execution trme move eitIcient in memory space and is more
structured
PROCESSOR
.04 aircroproCeSsor running al 3 231.11-

KEYBOARD
moving.key keyboard with auto repeat. nd gaph.. characters

EN from the risytioare

SCREEN
reetrZYZ=Z:Ushr.32colymns Uppers.lowercaseAEcli

GRAPHICS

====',.°41',.:Z"""`"'"'"'"'"
SOUND
imernal loudspeaker controlled by BEEP command

CASSETTE
Programs... maybe saved...rt. Madeeara merged us,
standard cas.tie recorder

Tape baud rale is 500 baud

EXPANSION PORT
E 80 address. demand Zeecont sses provided for memory exp.,
sion and olher peripqmals BK RAM pack or prinler may be
connected wita uiigui moditicaudp

Spec!. price 284.25 inc VAT

CASSETTE LEADS
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SAVE £4.25 by receiving
a FREE magazine binder
when you J1 Tf16

subscribe to

Cut out and SEND TO :
f v

-ctro

It's true, by subscribing to Hobby
Electronics you will not only receive
your personal copy direct to your door
for a whole year but also have a
superb A S P magazine binder in
which to keep your copies AND IT'S
FREE!
All you have to do to receive your FREE
binder is book a new subscription or
renew an existing subscription to
Hobby Electronics

What could be simpler? Normally
priced at £4.25, these attractive
binders will hold approximately 12
issues of Hobby Electronics.
Not for you any longer the chore of
having to track down dogeared copies
of your favourite magazine, instead
you will merely go to your bookshelf
and they will be waiting for you in
pristine condition.
Don't miss out on this outstanding
offer - subscribe today and receive
your FREE binder within 14 days of
your order being received.

SPECIAL OFFER

513, LONDON ROAD,
THORNTON HEATH,
SURREY, CR4 6AR

ENGLAND.
Please send my free binder and

commence my personal subscription to
with the issue

SUBSCRIPTION
RATES

(tick E as
appropriate)

£11.95 for 12 issues
UK
E13.95 for 12 issues
overseas surface E
£26.90 for 12 Issues
Air Mail

I am enclosing my (delete as necessary)
Cheque/Postal Order/International Money

Order for I'
(made payable to ASP Ltd)

OR
Debit my Access/Barclaycard 

('delete as necessary)

Inert card no.

Please use BLOCK CAPITALS and include post codes.

Name (Mr/ Mrs/ Miss)
delete accordingly

Address

Signature

Date

1

MENI--0-111!
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"'Feature

13001C REV!
The theory of digital systems and the practice of home security
are the subjects under scrutiny this month.

PITMAN

Digital Techniques and Systems (2nd
Edition) by D. C. Green.
Published by Pitman Books Ltd., London,
October 1982. £5.95.
Reviewed by Owen Bishop.
This is a course book for examinations of
the Technical Education Council but,
despite being a seriously intentioned
'textbook', it is attractively laid out and
much of its subject matter is of interest
to the hobbyist.

The book is really two books under
one cover. The first part (88 pages)deeal
with digital logic circuits, and the
second part (87 pages) deals with data
transmission. There are also twenty-six
pages of appendices and index.

After a brief introductory chapter, the
first part looks first at logic gates,
describing the logical action and
functions of AND, OR, NOT, NAND, NOR
exclusive -OR, and exclusive -NOR in
detail. The presentation assumes no
previous knowledge of the subject and
introduces new concepts in clear
language in an easily understood way.
Textbook pages often appear to be too
cluttered with text and diagrams to
appeal to the general reader, but the
pages of this book avoid this, even
though there is plenty of information to
digest on each page.

It is copiously illustrated with line
diagrams. The logic diagrams conform
to the BS3939 standard throughout.
This is a requirement for many
electronics examinations and may at
first glance be unfamiliar to many of our
readers. Curiously, most popular

magazines in the UK use the unofficial
so-called 'British' symbols for gates, or
the US symbols. The British Standards
Institute has gone to great lengths to
prepare a very workable standard and
its seems strange that it should not have
been adopted by the amateur.

The chapter on gates includes truth
tables, and a summary of Boolean
algebra with a useful table of Boolean
logic rules. This leads on to a clear
discussion of Karnaugh maps and how
they may be used to design logic
networks.

There are plenty of illustrative
examples, and sets of questions. No
answers are given, except to those
numerical exercises which appear in
the second half of the book. The lack of
answers is no disadvantage with regard
to logic circuits. When you have worked
out your answer, get out a breadboard
and a few logic ICs, wire up the circuit
and find out in a practical way if your
answer is correct. Presumably the
author intends readers to do something
of this kind, for the book is exclusively a
theoretical one, with no practical
exercises included. That is not to say it
lacks a practical approach for the text is
full of references to the many
applications of digital electronics.

It also takes a more than usual
interest in the internal details of the
logic ICs. You will find the circuit digram
and a full explanation of the working of
TTL gates such as NAND, NOR, AND -
OR -INVERT, and AND. Schottky and
low -power Schottky gates are also
explained. Those readers who have
come into electronics as a hobby and
who have been content to accept logic
gates as 'black boxes' with inputs and
outputs and goodness -knows -what
inside, will be interested to find out just
how these gates work. Manufacturers'
data sheets provide so little information
on this subject, and are full of
unfamiliar jargon such as 'propagation
delay', 'fan out', 'open collector
outputs', and 'noise immunity' without
ever explaining clearly what they mean
or how they relate to the circuit on the
chip. This book explains all about TTL
gates, and CMOS gates, and touches
briefly on ECL.

The book then deals with the stock
types of medium -scale integrated logic
circuit - flip-flops, counters, Schmitt
(not Schmidtt, the only error I have
found in the book!) triggers, and shift
registers. Once again, we are taken
right inside the chips, with full
descriptions of what they do and how to
use them.

The section dealing with logic circuits
concludes with a chapter on computer

memory. Here the emphasis is strongly
on main-frame computer memory with
a detailed description of ferrite cores,
but less on PROMs and RAM than the
average electronics/microcomputer
enthusiast would like to know. This is
no doubt the result of the slant imposed
by the TEC syllabus.

The first part of the book is intended to
cover the Digital Techniques IIIA and B
half -units of the TEC scheme, and
appears to do so thoroughly and at an
appropriate level. The scheme is listed
in an appendix and beside each point is
a helpful page reference to the text. The
second part of the book covers the
Transmission Systems III half -unit.

Transmission Systems is concerned
with the transmission of digital data
over lines. This includes sending data
from one computer to another or the
transmission of digitised speech and
similar signals over a telephone
network. The emphasis is once again on
main-frame computers. This section
gives an interesting overall account of
the main methods of data transmission
and the problems inherent in this
operation. Those of our readers who
wish to expand their general knowledge
of this topic would find this readable and
of interest. It describes the distortions
which alter the shape of a digital pulse
when sent along a line and describes
how the pulse may be regenerated on
arrival at its destination.

B53939 'BRITISH'
U.S.

STANDARD

AND
I3 -INPUT) D -D-_

- 8' -

NAND
12 -INPUT) 11.&

NOR
14 -INPUT) D. Do-1

BS3939 U.S. STANDARD.
1110

ID"

&U

& o

Figure 1. Gate symbol standards
compared: see above.
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There are chapters on digital
modulation, data links, pulse code
modulation and the use of optical
fibre links. There are plenty of block
diagrams to illustrate the many systems
of transmission described, but no circuit
diagrams of the equipment employed.
While this section is essential to the TEC
student and covers this need fully, it is
unlikely to be of interest to the more
practical -minded of our readers. The
description of modems, for example,
would not be of much help to anyone
wishing to build and use a modem to
send data from one home computer to
another.

The book ends with a number of
appendices, listing the more frequently
used TTL and CMOS logic ICs. One gives
a complete explanation of binary
arithmatic. Another cross-references
the text pages to the TEC syllabuses.
Finally there is a set of forty multiple
choice questions (with answers) which
cover the subject -matter of the whole
book.

Conclusions: This is a well written
and illustrated book which fulfils its
stated purpose of providing for the TEC
student of Digital Techniques III A and B
and Transmission Systems III. If
electronics is your hobby and you want
to know more about how to handle logic
circuits and what goes on inside them, it
is worth while adding this book to your
collection. Even if you are not
particularly interested in data
transmission, the book is still worth the
money, just for its extensive treatment
of logic circuits. If you are also
interested in finding out more about the
principles of data transmission, then
this is a bonus and you should certainly
buy it.

Building and Installing Electronic
Intrusion Alarms (3rd Edition) by John
E. Cunningham.
Published by Howard Sams and Co.,
Inc., Indianapolis, USA, August 1982.
Distributed by Prentice/Hall Interna-
tional, Hemel Hempstead. f8.20
Reviewed by Owen Bishop.
This book shows the electronics
hobbyist how to protect his home and
car from the ravages of would-be
intruders and thieves. As the title
suggests, the emphasis is on raising a
resounding alarm as soon as entry or
theft is attempted, with the intention of
scaring away the miscreant before he or
she has had time to place even a finger
upon the prospective loot.

The author makes the important point
that commercially installed systems are

usually highly expensive and that a
great deal of money can be saved by
building it yourself. Against this must be
set the fact that wiring a perimeter loop
to protect all the windows and doors of
your house takes a long time. It is typical
of the practical approach of the book
that the author discusses at some
length the points in favour of and
against building your own system or
having one fitted by the professionals.

It appears that the hobbyist can
produce something every bit as reliable
and effective as the commercial system,
provided that the basic electronics are
understood and the constraints of
operating such a system are taken into
account. There is the bonus that, if you
install your own system, nobody else
knows how it works. A burglar may
know how to by-pass the more widely -
used commercial systems, but the
home-brew variety may have all sorts of
pitfalls for the intruder and this feature
in itself is a strong deterrent.

Before buying this book, which for its
modest size (16pp, 136 x 216mm) is
relatively though not excessively
expensive, you should consider
whether you feel able to plan, build and
maintain a system which will reliably
protect your house or car.

%Acing & !IsteiN
ELECTRONIC

INTRUSION ALARMS

If you are a regular reader of this
magazine and have built some of the
projects and got them to work, the
answer to this is probably 'yes', for none
of the projects described in the book is
complicated to build and detailed circuit
diagrams are given. However, strip -
board layouts or PCB designs are not
given, so you need to be able to translate
a circuit diagram into practical form. If
you do decide to buy the book and use it,
you will find that the price is reasonable
for the amount of expertise and
information packed into it.

A list of components is given for each
circuit, in which each item is fully
described. Thus, if it happens that
certain types of component are not
readily available in this country (as is
almost inevitable when a book is of US
origin), you should be able to use the
descriptions in the components list to
find a suitable substitute. Most of the
circuits are based on discrete

components, so eliminating the
problem of obtaining obscure types of
integrated circuit. A few circuits use the
555 timer and the LM3909 oscillator.
There are two circuits employing a
combination -lock IC. The LS7225
required for one of these is not widely
available from UK suppliers, but is
stocked by Ambit International. I have
not been able to find a supplier for the
other IC, the LS7220, used in one of the
car alarm circuits.

The author has a clear style and
leaves very little unexplained. On the
general level, he has some interesting
points to make concerning the mode of
operation and hints for using thyristors,
unijunction transistors and the 555 IC.
Some of his novel circuits are
interesting too, particularly the
electronic system based on two UJTs,
and the voltage -sensitive system used
for protecting a car.

The book describes about thirty
circuits altogether, including a variety of
trigger circuits, photoelectric intrusion
alarms, proximinty alarms, audio -
triggered alarms, shock and vibration
alarms, proximity alarms, audio -
sounding devices, and car alarms. A few
of these are not really feasible or even
permissible in UK (for example a radio
warning link, and various connections
to the public telephone system) but
these take up only a small part of the
book. Apart from the circuits there is
copious detail of the many kinds of
switches, pressure -pads and other
triggering hardware that is available,
and how to incorporate these into your
system most effectively. The author
considers power supplies, coming down
heavily in favour of battery -power,
which topic is fully investigated.

The final chapter deals with the
vexatious question of false alarms, the
bane of so many security systems, both
amateur and professional. If your
system is prone to false alarms you
might just as well have no system at all,
for neighbours and others will simply
ignore its warnings. Fortunately this
aspect of alarm systems is well taken
care of the author. He has obviously
had much experience in dealing with
this kind of fault and explains the many
causes of false triggering in great detail,
with useful hints on running down the
source of trouble and how to cure it.

Conclusion: This is a well -written,
fully illustrated book of workable,
inexpensive (mainly) and thoroughly
practicable circuits for the moderately
experienced home constructor. There is
plenty of helpful advice and information
on setting up a home security system
geared to your own circumstances and
requirements. The majority of the book
is applicable to conditions in UK. If you
intend to set up your own system and
have the ability to do it, this book is good
value for money. If you are thinking
about having a system installed
commercially, the cost of the book is
small in relation to what the system will
cost, and it's worth buying in order to
give yourself enough background
knowledge to be able to define your
requirements, keep the 'experts' on
their toes and generally ensure that you
obtain satisfaction.

HE
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EUROPA ELECTRONICS
Mail Order to 160 High Road, Willesden, Lo idon NW10 2PB

TEL; 01-901 1659

SEND FOR A FREE LIST OF OUR LARGE RANGE OF ITEMS

ALL DEVICES ARE NEW, FULL SPEC AND GUARANTEED
Post Er Packing: Add 30p to all orders under £5.

VAT: All UK orders add 15% to total cost including p. & p.

7415 SERIES 7410148 75p
7410151 40p
7415153 40p

74500 tip 7415154 50P
741001 lip 745155 30p
/41502 lip 7415156 36p
741503 12p 745157 25p
741005 12p 7415158 30p
741506 12p 7410160 36p
74507 12p 7410161 36p
74508 12p 7415162 36p
741509 12p 7415163 36p
741010 12p 7410164 40p
741511 13p 7410165 50p
74512 12p 7410166 fiClp
741513 15p 7410168 86p
741514 Zip 741S169 85p
74_51/ 12p 7415170 70p
74 L020 12p 7415173 56p
741521 12p 7415174 40p
74522 12p 7415175 40p
741526 12p 7415181 90p
741527 13p 7415183 120p
741528 14p 7410190 36p
741530 12p 7415191 36p
'41532 13p 7415192 36p
'41533 14p 7415193 369
'41537 14p 17415194 35p
:41038 15p 7410195 35p
741540 129 745196 46p
741042 30p 745197 45p
741547 360 7410221 50p
741647 46p 7415240 56p I

74551 14p 7415241 55p
741554 lip 7410242 56p
74L055 14p 7415243 55p
741063 120p 7415244 550
74573 180 7415245 70p
741074 169 7410247 500
741575 18p 7410248 56p
741076 17p 7410249 56p
74LS83 36p 7415251 359
741585 48p 7415253 35p
74586 16p 7415257 30p
741590 22p 7415258 3159
741091 884 7415259 55p
741092 32p 7415260 20p
741595 40p 7410261 138p
74596 40p 74 S266 209
7410107 20p
7410109 27p
7415112 20p
7410113 20p
7415114 22p
7410122 280
741S123 34p
7415124 90p
7410125 24p
74L0126 25p
7415132 34p
7415133 30p
7415136 25p
741S138 27p
7415139 27p
745145 70p
7415147 120p

7410273 60p
7410275 225p
7415279 30p
7410280 100p
7410283 40p
7415363 1400
7415364 140p
7415365 27p
7415366 27p
7415367 27p
7415368 27p
7415374 55p
7415375 460
7415377 60p
7410378 60p
7415390 45p
74LS393 46p

TL
4 SERIES

7400 llp
7401 lip
7402 lip
7403 12p
7404 12p
7408 14p
7409 15p
7410 14p
7411 20P
7412 20p
7413 20p
7414 209
7420 169
7427 22p
7428 259
7430 15p
7447 36p
7448 40p
7450 llip
7474 209
7475 25p
7476 30p
7485 60p
7490 259
7491 360
7492 25p
7493 25p
7494 15p
7495 350
7496 40p
74107 22p
74121 77p
74122 40p
74123 40p

80p
48p
48p
48p
48p
48p
413p

50p
50p
50p
50p
45p

47419646p
74197 46p

40p
409
40p
51)p
99p
99p

120p

74160
74161
74162
74163
74164
74165
74166
74190
74191
74192
74193
74194
74195

74365
74366
74367
74368
74390
74393
74490

AD161
AD162
BC107
EIC1088
80109
8C109C
BC177
SC178
BC179
8C1821
BC1831
EIC1841
002121
BC2131
802141
60547
80548
8C549C
BC556
80557
80558
BC559
87050
EIFY51
8FY52
11P294
719304
TIP314
T/P324
TiP334
TIP344
TIP41A
T5424
11543
2112646
292904
252905
292906
292907
293053
253055
253702
293703
253704
253705
293706
253707
253708
253709
293819
253903
293904
253905
253906
295457
295458
255459

42p
42p
10p
12p
10p
12p
16p
16p
20p
10p
10p
10p
10p
10p
10p
12p
12p
14p
15p
15p
15p
159
lop
239
23p
32p
35p
38p

3SP
059
74p
50p
Sop
32p
Kip
21p
26p
264,
26p
219
48p

10P
10p
10p
10p
10p
10p
109
109
22p
150
15p
159
15p
30p
309
309

LEDS includ clip
3mm 5mm

Rod lip 12p
Green lip lip
Yellow lip 14p

VOLTAGE REGULATORS
I (PLASTIC/ 70220
/805 40p 7905 46p
7812 /Op 7912 46p
7815 40p 7915 46p
7818 40p 7918 450
.7824 40p 7924 46p

OPTO ELECTRONICS
25577 46p OR P60
OCP71 180p ORP61
OR912 120p TIL78
7 Segment Displays
DL704 1160 TIL321
D1707 1160 TIL322

120p
120p

5617

99p
99p

4000 CMOS

4000
4001
4002
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4037
4038
4040
4041
4042
4043
4044
4045
4046
4047
4048
4049
4040
4051
4052
4068
4069
4070
4071
4072
4073
4075
4076
4077
4078
4081
4082
4086
4089
4093
4094
4095
4096
4501
4502
4503
4504
4506
45074510

511
4512
4518
4520

LINEAR tC

1PP '41 149
14 'as 36p
4,.,_12P C43019 80p
.55,._ 143046 70p
,,.._'v ('43048 220p
..P (A3059 285p24p CA3060 2509249 CA3080 E 72pllp
4_ CA3086 48p

.L.i.f. CA3130 E 90p
`"",.._ CA31307 110p
.5'P.,_ CA3140T 90p
' PP CA3140E SOP
,,_2°P CA3160E 1039
"',.._ CA3161E 1500
s,4_"`ill CA3162E 460p
''',',._ CA3189E 300p
44,.....°P CA3240E 110p
-"1".4_ CA3280G21300
. Pif 17347 11i0p
139

1E351 Op
329,.,_ 17353 116p

' 17355 11139

P 1F356 95p

4
1E357 110p

0p
sr, 1543014 25p

155 1.51310 120p
insp LM311 70p
11pp 191318 150p

40p 1M319 215p
40p 154324 33p
40p 1M3342 90p
40p L913352 14120

40p 1M339 50p
106p L.M348 6Sp

500 LM380 750
45P 1543815 146p
500 LM382 1159
24p LM384 111110
24p LM386 909
45p

151387 120p
50P 1M369 16p
14p LM393 140p
14p LM3900 60plip,_ 1.6439095 1161.

1".. LM3911 125plip LM3914 250p
1,''' 1$13915 Sep
14p 1M3916 21139
48pp 15413600 110p
16
111p NE531 140p
149 NE544 150p

15p NE555 16p

55p NE556 46p

125p NE564 4200

24p NE565 120p

90p 9E566 1359

75p NE567 140p

709 NE570 410p

28p NE571 4013p

60p NE592 60p
46p NE5534P 113p
75p NE5534AP
36p 120p

36p 784810 95p

469 184820 80p
459 ZN423 135p

86p ZN425E 3509

40p
50p

En= BTI16
5A 4006 ogp C1060
54 6000 app TIC44

BA bOOV 609 11C45

12A 400V gGp TIC47

67106 Bop 255062
295064

1810
319
24p
2119

369
rfp
340

OPTO ISOLATORS

1174

(1074

E1/2/4

55p
Sep
185p

1269

BRIDGE
RECIFIERS
14 50V 19p
14 1130V 20p
IA 400V 25p
24 100V 3017

2A 400V 45p

ELECTROLYTIC CAPACITORS
Axial &Radial) Values in of.
63V: 1, 2.2, 3.3, 4.7. 65. 1089; 15m 22m 338p.
40V, 330, 470 45p; 1,000 48p: 2,200 70p.
25V, 47, 100 8p. 220, 330 12p, 47025p; 680, 1,00034p
2,200 50p, 3,300 76p, 4,700 92p
16V 470 14p;1000 209.
10V 1000 15p; 2200 250.

POLYESTER CAPACITORS (Radial Leadl 250V 6VA
10n, 15n, 22n, 33n. 47n 6p. 68n, 100n 8p; 150n. 220n, 12VA
330,10p. 470n 150p. 680n 209, 1000n 25p. 24V4

MYLAR FILM CAPACITORS 'Radial Lead) 100V
I n, I n5. 2112, 3n3 4n7. fine, lOn fek; 15n, 22n, 33n, 47n flp

CERAMIC CAPACITORS 50V (Radial Lead)
22pf - 47,000pf C12 Values flp each

TRANSFORMER
Min Split Bobbin

Primary. 240V
Secondary 6-0,6 9-0-9,

120-12, 240-24
PCB Mounting

3VA 200p
6VA 270p

Standard
2200
2116p
330p

ZENER
DIODES
2.7-33V
400mW 9p

DIODES
0A47 13p

0490 9p
0491 9p
04200 9p
04202 90
15914 Op
15916 7p
154148 4p
154001 Sp
194004 6p
194007 7p

POTENTIOMETERS:
Carbon track, 0 25W log Et linear
50 2M stogie gang
5K 2M single gang D P switch
5K 2M dual gang stereo

PRESET POTENTIOMETERS
Horizontal Et Vertical
01W 1009 1 Meg
0 25W 1000 1 Meg

78p
88p

7p
10p

RESISTORS 5% Carbon Film
E12 values
0.25W IR 5MI 1p
0.5W IR 5MI 1.5p

SWITCHES
Slide 1A
()PDT 14p
DPDT doff 15p

Sub -min Toggle
SPST on/ oft 54p
SP richer 600
DPDT 76p
DPDTc off 813p

Push Button
Push to Make 15p
Push to Break 25p

OIAC

ST2 25111

DIL SOCKETS
Low Profile

8 pin 8p 20 pin
14 pin 100 24 pin
16 pm 10p 40 pin

2247
25p
aor,

VEROBOARDS 0 lin
clad plain

23 x 31' 73p 52p
2;
31 x 31" 83p -

31 x 5' 96p 79p
31.17" 325p 211p
41 x 18' 425p -
Pkt of 100 pins 50p
Spot face cutter 1189
Pin insertion tool 1629

Retail Shop: North Parade Electronics Mollison Way,
Edgware Middlesex.

PLEASE
QUOTE

YOUR
NUMBER
WHEN
ORDERING

TYPE 1 18watt

Model D 50watt
temp controlle
STAND for abov
Model H 70watt
Model H 150watt
Solder low melt

he MIGHTY MIDGETS
\/\ft SOLDERING

IRONS AND ACCESSORIESA

.FLEsf,;cPiviTEtroeuriG.Ep

d

5.46

14.20
4.99

13.23
20.42

94p

35

35

1.00

1.10

1.10

20p

p

From your Local Dealer or Di act from Manufacturers

LIMITED

-88 UNION ST. PLYMOUTH PLI 3HG

0752-665011 TRADE ENQUIRIES WELCOME

TYPE 161B

DUAL POWER SUPPLY KIT
INCORPORATES A POSITIVE & A NEGATIVE REGULATED SUPPLY

BOTH ARE ISOLATED Er ADJUSTABLE 1.3V TO 16V D.C.
Interconnect to give 2.6V to 32V or
- 1.3V/0/ +1.3V to - 16V/0/ + 16V

Output current 1A at 16V to 0.35A at 1.3V
Ripple is less than 1 mV

E25.99
inc. P Et P and VAT

Built & Tested
£37.95 inc. P&P and VAT

Comprehensive design
details with calculations
are included so that the kit is an excercise in power supply design. The

kit, which uses quality components, is complete with instructions. Case

punched and stove enamelled in attractive blue and grey with a printed
front panel to give a professional finish.
Excellent for the beginner, the experienced amateur and as a tutorial for

schools and colleges.

SEND CHEQUE OR P.O. ALLOW 21 DAYS FOR DELIVERY

BRANIME MARKETING LTD DEPT. ETI
BALTHANE IND. EST., BALLASALLA, ISLE OF MAN
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Project

Traffic Light Toy
Andy Armstrong

A project ideal as a
present for
youngsters
THIS PROJECT, which makes a perfect
toy for very young drivers, is a touch -
operated traffic light that is stepped
through the standard sequence of red,
red/amber, green, amber by pressing
touch sensitive contacts. There is no
worry about the batteries dying quickly,
either, as the circuit switches itself off
after a short time unless the sequence
is stepped.

Traffic Circuits
The CMOS gate IC1 a is one quarter of
the 4093 device, a NAND gate with
Schmitt
inverter.

R1
10M

R2
10M

9V

!Cie
5

3

trigger inputs, wired as an R3

Normally the voltage on the 10k 2

inputs is above the switching threshold
so that the output is 'low'. When the
contacts are shorted by touching them,
the inputs go momentarily to OV and the
output switches to 'high' for as long as
the contacts are being handled.

The positive -going clock pulse is used
simultaneously to drive a two-bit binary
counter, formed from a dual D -type flip-
flop IC2, and a second Schmitt trigger
NAND gate set up as a retriggerable
monostable.

The clock pulse is gated to the
monostable inputs via D1 and begins to
charge up C1; when the voltage on the
capacitor goes above the trigger
threshold level, the output of the gate
will rapidly switch to a logic 'low' state;
this signal is then used to enable the
LED driver gates IC3a,b,d.

The monostable on -time is set, by the
value of C1 , to allow a reasonable length
of time between operations of the touch
switch. If the lights are not changed
during the on -time, the output of IC1 d
goes high, inhibiting the driver gates.
However if the switch is touched while
!Cid output is still high, the monostable
is re -triggered so that the timing period
starts anew.

A D -type flip flop has the property
that, when it is clocked (by the output of
IC1a in this circuit) its 'CY output
assumed whatever logic state was
present on its 'D' input at the time of the
positive -going clock edge. Since the 'D'
input is here connected to the
corresponding output, every time a
positive clock edge occurs IC2a will flip
(or flop, as the case may be). However
IC2b is clocked by positive going
transition of the Tie output, so that it
receives only one positive -going edge
for every two produced by operating the
touch switch.

Two counter outputs, Ua and Qb,
directly feed the LED gates for the Red
and amber LEDs, while Qa and tib-are

OV

NOTES.
ICI = 4093
IC2 = 4013
IC3 = 4001
013 = BC109 etc.
LED1 = YELLOW 5mm LED
LED2 = GREEN 5mm LED
LED3 = RED 5mm LED
D1 = 1N4148 etc.

D1

R4
4k7

R5 C1410
1M 47u T

I IDv

LK
IC2a

De

S R

6 4

IC2b

S R

8.1

IC1c
10

6 IC1b
(NOT USED)

12
11

12 IC/diry 1
IC1

4093

vcc vss
14 7

Figure 1. The circuit.

decoded by IC3c and drive the Green
LED via IC1c (which is used as an
inverter) and gate IC3b. As can be seen
from Figure 2, which shows the timing
sequence of the circuit, the Green LED
is on for only one quarter of the
time-which is exactly your experience
of traffic lights, isn't it!

The Truth Tables in Figure 3 show
that the NOR gates, IC3a,b,d, are
enabled when any one input is held
'low'; then any change at the other input
will appear, inverted, at the gate
output. If any one input is held 'high',
though, the output is held 'low', so the
gate is disabled (inhibited).

One input of each gate is wired to the
output of the re-triggerable monostable,
IC1d, so that when its outout is 'low'
(touch switch operated), the NOR gates
are enabled. Then, if Ua, Qb or the
output of IC1 c goes low, the appropriate
gate output will go 'high', turning on 01,
2 or 3 and lighting its LED. However
when the monostable times out, the
NOR gate outputs are held 'low' so that
the transistors are biased off, and the

IC3d

13

IC2
4013

vcc VSS4-17

01

R7
2k7

220R

LED1
R9 (AMBER)

blN

LED3
R11 (RED)

Q3 220R

R8
2k7

IC3
4001

vcc vss
4 7

0 *9V
0 OV

LEDs turn off too. The power
consumption of the CMOS logic in this
state is so low that the battery life is
virtually its stated shelf -life!

Construction Talk
Experienced model -makers will find no
difficulty in the mechanical assembly of
the Traffic Light Toy, whether they use
the proverbial tobacco tin that the
prototype was built into, or a plastic
case.

Since pipe -smoking relatives are
fewer, these days, and a plastic case is
in any event safer and easier to use, it
might be better not to go scrounging but
to buy a small standard enclosure. It
must be large enough to take the PCB
and a PP3 battery; the PCB measures 70
x 58mm and a PP3 is 49 x 27 x 16mm, so
the case will need to be around 70 x
85mm or 91 x 58mm, depending on
which way round the battery is
mounted.

The construction methods has been
lifted directly from the technique used to
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1111 Project

How It Works
THE block structure of the Traffic Light
Toy is shown below: briefly, the trigger
senses when the touch switch is
operated and produces a positive clock
pulse while the fingers are still in
contact with the touch plate. This
positive edge steps the counter to its
next stage and simultaneously triggers
the monostable; the output from this
holds open the LED driver circuits,
allowing the decoded counter outputs to
drive the appropriate signal LED. If the
monostable is not re -triggered within a

TOUCH PLATE
TRIGGER

CLOCK

short time (by once again operating the
touch switch), its output goes 'high' and
the drive circuits are inhibited, turning
off the LEDs to conserve the battery.
However, the circuit maintains the
previous CMOS logic levels so that the
next time the device is used, it steps to
the next traffic light state immediately
the touch switch is operated. In the
'standby' condition the current
consumption is the very small amount
drawn by the CMOS gates.

COUNTER
AND

DECODER

RETRIGGER
MONOSTABLE

LED
DRIVERS

INHIBIT

LEDS

ICla

Qa

T. I

Qb

Gb

IC3c

AMBER (LAST ON)

GREEN

RED

IC1c1

LAST STATE

Figure 2. Timing sequence for the Traffic Light.

build the model rail signalling lights in
the September 1982 issue of Hobby
Electronics. The details are shown in
Figure 4.

The materials are readily available
from any modelling shop, or even the
local ironmonger, if you have one. The
bracket holding the LEDs can be cut
from 18SWG copper or brass shim,
drilled to take the LEDs and then
attached to the post by bending the
bottom flange and either soldering or
glueing it in place.

The light cowlings are formed from
copper tube with an inside diameter of
5mm. The post is a length of 6mm (1/4")
copper tube; drill a hole in the lid of the
case, insert the tube till it projects
slightly below the bottom surface and fix
it with epoxy glue. A rear cover for the

lights can be fashioned from another
small piece of 18SWG copper or brass
shim, but must not be attached to the
LED bracket yet!

The printed circuit board can be easily
assembled by following the layout
shown in Figure 5; it is always
advisable to insert the CMOS ICs last to
reduce the risk of static damage; in any
case treat them with care! Once the
board is complete, temporarily connect
up the LEDs and the battery; then, by
touching or momentarily shorting the
touch switch pads, you should be ableto
step the LEDs through their ordained
sequence (not that when power is first
applied the logic state of the circuit will
be random, so any light or lights may be
on).

Next comes the touch -plate; this is

A B A+B A-711 AB A -7I3

0 0 0 1 0 1

0 1 1 0 0 1

1 0 1 0 0 1

1 1 1 0 1 0

Figure 3. Truth Tables for IC3, a
4001B quad NOR gate.

8mm OD

70mm

COPPER 18 SWG

21mm

8mm

4 JA.

10mm

5.1mm
(INNER

-- DIAMETER)

6mm

BRASS

Figure 4. Construction measurements
for the post and cowling.

Parts List
RESISTORS
(All 1/4 watt 5% carbon)
R1,2 10M
R3 10k
R4 4k7
R5 1M
R6,7 8 2k7
R9,10,11 220R

CAPACITORS
C1 47u

25V radial electro

SEMICONDUCTORS
IC1 4093B

quad Schmitt trigger NAND
IC2 4013B

dual D -type flip-flop
IC3 4001B

quad NOR
Q1,2,3 BC109

or similar
D1 1N4148

or similar
LED1 5mm yellow LED
LED2 5mm green LED
LED3 5mm red LED

MISCELLANEOUS
PCB; case (see Buylines); PP3
battery and connector; PCB pins;
wire, solder etc; metalwork for
stand (see text).

BUYLINES page 34
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Project II

OV INPUT

LED3 (RED)

LED2 (GREEN)

Figure 5. PCB overlay: insert the CMOS ICs last.

LED1 (AMBER)

LED ANODES el

V+ 0

easily made from a small piece of
Veroboard with alternate tracks linked.
After drilling a small hole in the lid of the
box and leading through the wires, the
touch plate should be fixed to the lid

R9 F I using dabs of epoxy glue. Mount the
PCB and battery in the bottom of the
case (double sided sticky pads, two or
three layers thick, will do here) and
connect up the touch plate wires. It is
worth checking at this stage that the
touch switch works; it can sometimes
fail if your fingers are sticky from
perspiration (leaving behind a thin film
of conducting fluid) or if they are bone
dry. Make sure these are not the causes
of failure before you write to the editor!

If you have not already constructed
the signal stand, do this now. The LEDs
should be connected to the PCB by
lengths of colour -coded wire led down
the post and through the lid of the case.

TO TOUCH Take care when soldering the LEDs as
PLATE they are easily damaged. Solder the

wires to the relevent PCB pads (the
coloured wires are so you can tell which
is which-use red wire for the red LED,
yellow and green for the other two and
black, say, for the anode connection)
and then screw down the lid of the case.
Now attach the rear cover to the back of
the LED mounting bracket.

0
for are the toy traffic police!

Next paint the completed Traffic Light
R10 Toy. Various colour schemes can be

used-why be boring-and then you
have it. Now all you have to watch out

c

tr LIVES AGAIN,1
From the past it came, growing daily, striking terror into the hearts of lesser publications, and spreading its influence across
the country in its quest to infiltrate every town, every home, every mind.
Not a horror story, but a success story. And if electronics theory strikes terror into you, then you neea the help of Elec-
tronics - It's Easy. Originaly a long -running series in Electronics Today International, Electronics - It's Easy wes printed
as a set of three books. They sold out. It was reprinted as a single volume. It sold out. Now this phenomenally successful
publication is available again, in its third reprint. Electronics - It's Easy is a comprehensive and simply -written guide which
explains the theory land the practice/ of electronics step by step. Every aspect of the subject is covered, starting with the
basic principles and working through to the how and why of today's technology.
You can'obtain your copy of Electronics - It's Easy by mail order using the coupon below. Make cheques or postal orders
payable to ASP Ltd, alternatively ycu may pay by Access or Barclaycard.

rSend to: Sales Office (Specials),
513 London Road, Thornton Heath
Surrey CR4 6AR

Please send me copies of Electronics -
It's Easy. I have enclosed £ (£4.95 each
including pEtp).

NAME

ADDRESS

Please debit my account
My Access/ Barclaycard No. is
Signature
L

HE
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Universal NI -CAD, battery charger. All plastic case
with lift up lid. Charge/Test switch. LED indicators
at each of the five charging points.

Charges:- PP3 19V), U12 (1.5V penlite), U11
11.5V "C"), U2 (1.5V "D"), Power:- 220-240V
AC, Dims:- 210 x 100 x 50mm. Knock down
price only while stocks
last.

Only £6.00
Order No. MW 398

Multitester & Transistor Tester
DC volts 0 lv 5v 2.5v 10v 50v 250v 1000v ±3%
AC volts 0 -10v -50v -250v -1000v ±3%
DC current 0-50uA-2.5mA-25mA-0.25A ±3%
Resistance:
Minimum 02-2-200-200k ohms
Midscale 20 -200 -20k -200k ohms
Maximum 2k -20k -2m -20m ohms
As a transistor tester
Leakage current 0-150uA at ilk range I

0-15mA at X10 range } ±5%
0-150mA at X1 range

PLEASE ADD 15% VAT & £1 P&P

±3%

Only
£11.95

Order No
HT 320

ENFIELD
208 BAKER ST., ENFIELD,

ELECTRONICS MIDDX. Tel: 01-366 1873

TALK TO THE WHOLE WORLD
Study now for the

RADIO AMATEUR'S
EXAMINATION

We have had 40 years successful experience
in training men and women for the

G.P.O. Transmitting licence.

FREE R.A.E. brochure without obligation from:- 7
I British National Radio & Electronics School

READING, BERKS. RG1 1BR
I

I

LHE/6/817

Name

Address

BLOCK CAPSCAPS PLEASE]

A negative ion
generator kit

This kit will saturate your home or office with
millions of refreshing ions. Without fans or any
moving parts it will put out a pleasant breeze. A
pure flow of ions pours out like water from a
fountain. The result is that the air feels pure,
crisp and wonderfully refreshing. .£18.00.
H.E. Scope ZD29. July 83. Ring for price.
Echo Reverb (less case) ZD11. May 82.
£29.50.
R/C Speed Controller ZD3. April 80. E13.50.
MOSFET H i-Fi Power Amp ZA94 (2 x 140 Watts.
Less case and hardware). £33.25.

SPECIAL OFFERS
9 Volt Mini Buzzers 60p.
Transducers 32KHz. Transmit/Receive. £1.00
pair.
All prices include post and VAT.

Visa/Access Welcome
Shop Hours 9am to 6pm. Mon -Sat

BYTE K
311 Edgware Road

London W2
Tel: 01-723-9246

UNBEATABLE PRICES
3'/x Digit LCD Dislay: 1 colon, 3 decimal points, plus/minus
sign and lo bat indicator. Complete with low power 7126 dis-
play driver
Driver set at £8.50
Display separate at £3.50 each
Driver separate at £5.50 each
BC182 700 per 10 pieces
BC212 70p per 10 pieces
BC547 60p per 10 pieces
Spectrol 3/4" Trimmer Pots at 55p each
Special pack of LED'S 10 red, 10 yellow. 10 green c/w clips at £2.50
per pack
REMEMBER OUR PRICES INCLUDE VAT.
Send large SAE for our list of resistors, diodes, capacitors.
TERMS: Strictly cash with order. Trade enquiries welcome.
Handling charge of 50p on all orders under £5.

CAMTEC CIRCUITS Et SYSTEMS LTD
5 York road, Bognor Regis, West SUSIOX P021 1LW

TEL: (0243) 8E2911

LEARN BASIC

ELECTRONICS
with our PPG FUN KITS

Four LEARNING courses plus 50 KITS to prove
your knowledge.

Send for catalogue to:
ELECTROMECH LTD

51a Meldreth Road, Shepreth, Royston, Herts
SG8 6PS

TEL: 0763 61372

L The firm for Speakers

Bigger and Better
the colourful Wilmslow Audio brochure
- the definitive loudspeaker catalogue!

Everything for the speaker constructor - kits, drive units,
components for HIFI and PA.
50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.
Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices - Largest stocks *
* Expert staff - Sound advice *

* Choose your DIY HiFi Speakers in the comfort of our *
two listening lounges

(Customer operated demonstration facilities)
* Ample parking *

Send 1.50 for catalogue
(cheque, M. 0. or stamps - or phone with yourcredit card number)

* Access - Visa - American Express accepted *
also HiFi Markets Budget Card.

iewamsuntialincThe firm tor Speakers
0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 lAS

Lightning service on telephoned credit card orders'
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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.

TICK THE FREE BOOKLET YOU WANT
AND POST TODAY

ELECTRONICS El
 ENGINEERING 1_1

TV It AUDI 
SERVICING El

I ELECTRICAL RUNNING YOUR
a ENGINEERING OWN BUSINESS

I I
ICS
Dept H621
150 Stew:ids Road

i,01,0310o of Nato:mat 11/11000 SWry 4 0,1
aucat COr 110/e9no
MUNI

Name

Address

01 b2-' 34"

.11

HORIZON ELECTRONICS
Widandsi

. Dept H/E Charlotte St. Rugby Tel: 78138
Prune goal ty TERRIFIC PRICES Mail order only

REGULATORS, 0 15V.
'00.8 +re 280

amO ..v6 330
723 oar 26p

EINEM 13 3 to 30,
5006N 611

, 3da0 120

DIODES
IN 400, 30

4002 4p
4004 6 60

'N 540, ,20
5404 13v
5406 140

BRIDGES
1 amp 50+ 200
7 Iwo 100f 300
2 amp 00 35
2 arnp 400v 38p
6 arnP 1 och, 45P
6 amo 200v

775056 arno 400v

INTRISTORS io,asI.,
4 amp 400+ 15,
8 amp 4005 601,

TRIADS ilAasloc.
24 am0 400,

NI',6 amp 400v

TOGGLE SWITCHES
667 SP ST
0.5 DP DT 70p

krm S DP ST 460
s 546 P DT

ISTOPS
SCBC

1080 ft'US
Pc loss 'O0
BC 140 250
BC 142 220
BC 380 35.'
BC,' 70
BF,' 50 200
BD 139 32p
BD 140 320
TIP 318 350
TIP328 380

LINEAR ICA
747
748

7555
,CM >556,CM
LE 351
LE 353
LTA 3018
LM 324

MT 380
LTA 3909
NE 5670
700 201
700 2020

SOLDERING IRONS
Ane. C 156

CCN 156

AI
2525w..

50p
33P
700

',M
70
240

p

270
60p
Shp
855gm,

285o

4466
465P
470o

60,,

ABOVE Just a few exuiples Send S A.L /List
ADD 65p p&p to all orders under 15.00
VAT add 15" VAT to total order value.

A KIT FOR THE CONNOISSEUR
-THIS BOARD IS SOMETHING SPECIAL"

ETI APRIL '83

SOUNDS AND MUSIC FOR YOUR ZX81 AND SPECTRUM
WITH THIS NEW PERIPHERAL

On -board Prom - Wide range of sounds with 2 basic commands -
Easy -to -use program to devise and use your own sound effects.
Comprehensive music program with ordinary music notation A -G to
copy or write music - Over 800 three -note chords using 16K.
Full piano range - Compatible with all 16K Rampacks.
Complete kit with comprehensive manual and software cassette
only £24.95 all inc. Built and tested £29.95. Cased £34.90. (State
stereo or mono) Demonstration cassette 95p all inc.
Say whether ZX81 or Spectrum (16k or 48k) when ordering.

IlintImin (Dept. HE .I

Courtlands Road, Newton Abbot. Devon TO12 2JA
(0626) 62836

40

DELTA
All items hull
Mad order
others 10',,

TECH
suer. and by

only Phone, 01
ilisi.riiiiit on

62 NAYLOR ROAD
LONDON N20 OHN

well known manufacturers Prices VAT inclusive
445 8224, SAE for full list including capacitors.
orders over 1.10

Postay, 261
71151511os di. I

POWER SUPPLY PCB for 1A5/5V/ 12V 254061
255458

6p
40p

742'
/423

Op
Op

74190 42P
74191 44p

Full data supplied 80P 255459 35p 7425 21p 74192 40p
MAINS TRANSFORMER 2A.,9V robust 256027 iSp 7426 21p 74193 46p
Compact by air 1111k 360p 35128 20p 7427 16p 74194 46p

PRESETS 807 ir.ntal mini 1308 to 1M CMOS 7428 17o 74195 46p

4p 4000 lip 7432 17p
Op

74198 89p

LOG POTS 4K 7, 22K, 47K, 220K, 470K,
2M2 20p

44 00 00 10 86 1'4" 4'
58p
25n

TTL 'LS'
LSOO 10p

ZENER DIODES 1400mWI 3V3 to 27V 4007
4008

1P4.
33P

7444 24;

38P

LS01 10p
LSO2 70p

5P
LEDS 3mm red, green, yellow and 5mm
green, yellow 9p ORP12 60p

401
400A1

40118

2857p
33';'3

1 1 p

/445
7446
7447,
7448

35p

25,

LSO3 12

LSO4 13p
LSOO 1Ip

BARGAIN PACKS useful values only 4012 156 7472 25 LS10 lip
100 ceamic capacitors
100 polystyrene capacitors 200p

40138
4014

VT
40:3.

7473
7474 top1,

, pP 41 11 32

lipOp
1074 Op

100 polyester capacitors 350p 4016 24 /476
20P
18p LS20 11p

100 electrolytic capacitors 500p 40208 430 7482 50 LS21 14p

100 carbon film resistors 70p 4021 430 7483 ,5p 1532 13p
4022

44022'5

4°P
"P

1489
7490

110p
2011

1042 280
1547 360THYRISTORS AC18 /K 13p 8F195 9p

BA 400V b p
12A 1000 16p

07:188 200
00149 60P

BF198 7P

8619/ 10P

0

4027
14p

20P
7492
7493

26p
27p

L348 45p
1073 20p

VOLTAGE
REGULATORS

H110/ 80

81.108 8p
817441 15p 4028

4029 422
...P

/494
7495

27p LS74 16p
LS75 20p

19M12 1511
HC I 09C 8p'4035BFX8/ 23p 4020 11p

4011

1497 913p
LS76 I911

LS78 70p
/812 40p HC 158 6p 96050 20p

4041 42P
74100
/4105

70p
18p

1815 4011

7915
4°P

8C159 9p
HC16/ 10p
HC I /3

ElF 052 18p
BU205 105p
8U208 115p

404244E,
4043 466

/4107
/4109

44
18P

19p

,1,5'89:

L. 23p
1593 24p

NOS 45p
/912 4511

/91', 456

/91X
/924 456

713
-

81'1" 10p
H11 /8 I3p
HCI /9 12p
131.1117 9p

MJ2955 90p
0(28

PP --P
716298 Op
71630 25p

4044

40506 2437

24p

25p
///444:7277280

74121 21pI'S
63033, ,,P

4011

'L S.' '1 52 28p

i 23 %p
LS157 74
LS163 iSp

BRIDGE 141.164( 9p TIP3O8 28p 4,,,
I4IT

/4123 4011

LS221 52p
RECTIFIERS, H871:7211227

9 911p
P

12169,7Pp - lip
/4125
/4126

35p
Op 15257 32pWU"' 1P

IA 1301/ 18p
10 711110 I7p
IA 4110V 20p

80713 9p
1107137 9g3

BC214 9p

8C2141
96

7162955 58p

j1)(600
2 I I 3 1 lip7

40708 15p
15p

156

t5P

74132
61141
/4145
/414/

33p
48p

40p
85p

LS253 36p
LS279 30/3

LINEAR IC
147 14 3181

IA 6011V 17p
/A 100V Op

DIODES
:54145 4P

6613 C001 44/ 9/7 1 387 6PP

90.55/ 71,

N

251304 23p
02A i1o5p

2523697111
113p

88: 623,

ia4518

14p
14p

586
46p

/4150

/4153;4153
/4155

51p

36p40p
36p

148 8 25p
CA3080 65p
00309000 70p
CA3130E 75p

15/409T Hp 117.55/1 7P
262484

TR 'N' 14157 by LEO 1 5 30P
OIl 81.059 136

252904 17p
17p

/4161 29p 1F3565 60p
SOCKETS HD131 351'

252905
25290/ 17p

7401
/403

11p
,,.,,, 74162 26p 14 18p

18p. lip
22 I", 740

9()132 35p
8013510

2529260 10p
253053 25p

7405
/406

;'''P.,

' 'P
15p

74163
74164

40
380P

1M307585 8 50p
1M318H 92o

/T lo, 766

2,01,' .,,,...81P

r'll I'''' 4.0
TRANSISTO-

H01311 2711

50139 351,
00140 3511
at 1110 22p

253055 44p
2537075,
253/11 6p
253823 52p

140/,
/408
/409
/ 4 I(/

1811.,
;7
''''1I6

74165
74167
74174
74175

46p
70p
40p
20p

LM3395 35p
1643805 55p
LM381N 9151,

LM382N 7011

RS HI 181 711 253865 4011 /412
._
166

74177
24750

37p
206

f 04 1 45871 OP
I M39001, 351,

4111/ 20p HI 184 21p 253903 11p /413 1611 14 184 7011 5E566 1000
At 17/1 771

A(.18/ I211

HI 185 15p
Hi 194 12p

25403/ 35p
25405811,

/417
7420

1611
.,
.P

74185 92p 030641511 10

FREE CATALOGUE!
OUR GREAT NEW ILLUSTRATED CATALOGUE IS
PACKED WITH INFORMATION ON SUPERB
QUALITY, PROFESSIONAL BURGLAR ALARM

EQUIPMENT
AT UNBEATABLE PRICES! 5SE

SEND S.A.E. OR PHONE NOW

FOR YOUR COPY

THIEFCHECK BURGLAR
ALARM 04Y SYSTEM

A.D. ELECTRONICS
DEPT. ETI 6
217 WARRED( MOOR

MAIN AINTREE LIVERPOOL

DISTRIBUTOR L9 0HUI051 523 844

LB ELECTRONICS
DISC DRIVE BONANZA

PERTEC FD650 DSDD 8"
TEAC FD -55F Height DSDD 80 track New
Can non 2/3 drive SSDD Shugart Compatable

40 Track
All 51,44 drives suitable '140 BBC MICRO
POWER SUPPLIES for 51/4" disc drives.
5 volts at 1 amp £14.00 + VAT P/P E1.00
12 volts at 1.3 amp £14.00 + VAT p/p £1.00
DC power plug for 51/4" drive £1.00 p/p 15p
DC power plug for PERTEK drive 8" £1.35 p/p 15p
Amphenol 36way (Centronics) plugs used £2.00 p/p 30p
Brand new EXPO PCB Drill (12 volts DC) plus collets £4.95 p/p 65p

£199 + VAT
£228 + VAT

£129 + VAT

The above drives are suitable for the BBC Micro, we can supply full documentation
if requested with purchase of the drives only. Also available is a word processing
package with is a tape to disc program (i.e. will not run without discdrives.

rIthArced.

LB ELECTRONICS
M
11 HERCIES ROAD, HILLINGDON,IDDLESEX

UB10 9 LS, ENGLAND
=

TEL: UXBRIDGE 55399
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RECHARGEABLE

BPATRIGIS
PRIVATE OR TRADE ENQUIRIES WELCOME

FULL RANGE AVAILABLE
SEND SAE FOR LISTS

£1.45 for booklet "Nickel Cadmium Power"
 NEW ALL BRITISH MULTI CHARGER 

 NEW SEALED LEAD RANGE AVAILABLE 

SANDWELL PLANT LTD
2 Union Drive, Boldmere, Sutton Coldfield,

West Midlands 021-354 9764
Southern Office 0462 733254

e- Elen Electronics DISCO -N

Tired of boring 3 & 4 channel lighting controllers.
Then try our new 8 CHANNEL PATTERNMAKER
for spotlights or lighting screens. 000000016 different sequential patterns including
Catherine Wheel, Screen Writer, Checker & Light Train.
Kit comprices PCB & all components including 2K PROM &
Monitor LEDs. Only £27.00 + VAT.
Hardware kit including case, 12 way socket & matching plug, mains
lead etc. Only £9.50 + VAT.
Please add 60p P&P to order.

MI MN

ELEN ELECTRONICS
Unit 1, Station Road,

Madeley, Telford, Shropshire

WHY WRITE TO LONDON
When you can walk to the Midlands largest
selection of DIY.
Plugs, sockets, connectors, cable, flex, leads,
boxes, Aerials, styli, components, elements,
semi -conductors, meters.
In fact the lot!
Spares and repairs for all electronic, electrical
and audio.
H. G. Electronics Co.
1350 Stratford Road, Hall Green,
Birmingham B28 9EH
Telephone: 021-777 2369

IN

,.3

di- MARCO

TRADING
101 113111.3

OM 310111
WI*

311,1141341111

111 11111111,111131111

MARCO
TRADING
GOT YOUR
LATEST COPY
YET???
Our 72 page fully illustrated cata-
logue includes special offer lists,
order forms, and pre -paid en-
velopes and lots lots more.

To obtain your copy of Marco Trading's latest catalogue
send 35p plus 26p postage to:
Orders may now be placed by telephone using your Access/
Barclaycard, phone us and we do the rest.
Marco Trading, Dept HB6, The Maltings, High Street, Wem,
Shropshire, SY4 5EN. Tel: 0939 32763.

MASTER ELECTRONICS NOW!
The PRACTICAL way!

This new style course will enable
anyone to have a real understanding
of electronics by a modern, practical
and visual method. No previous
knowledge is required, no maths, and
an absolute minimum of theory.

You learn the practical way in easy
steps mastering all the essentials of
your hobby or to start or further a
career in electronics or as a self-
employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write personally at any
time, for advice or help during your
work. A Certificate is given at the end
of every course.

You will do the following:
Build a modern oscilloscope
Recognise and handle current electronic

components
Read,draw and understand circuit diagrams
*Carry out 40 experiments on basic

electronic circuits used in modern
equipment

Build and use digital electronic circuits
and current solid state 'chips'

 Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi-Fi and microprocessor/computer
equipment.

NewJob?New Career?NewHobby?Get into Electronics Now!irk!
i

I

Please send your brochure without any obligation to
NAME

ADDRESS

BLOCK CAPS PLEASE

LiiiifsiiilatimalRadio &Electronics School Reading,Berks.RG1 1BR II

I am interested in:
COURSE IN ELECTRONICS
as described above

I RADIO AMATEUR LICENCE
MICROPROCESSORS

P- LOGIC COURSE

OTHER SUBJECTS

HE/5/821
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PRINTED CIRCUIT BOARDS (PCBs) for HE projects have often represented an
obstacle for our readers. Some of you, no doubt, make your own'
but our PCB Service saves you the trouble.
NOW you can buy your PCBs direct from HE. All (non -copyright) PCBs will be available
automatically from the HE PCB Service. Each board is produced from the same master as
that used for the published design and so each will be a true copy, finished to a high stan-
dard.
Apart from the PCBs for this month's projects, we are making available some of the
popular designs from earlier issues. See below for details. Please note that only boards for
projects listed below are available: if it isn't listed we can't supply it.

H E PC B S E RV I C E Cre,Pdc:Brnacie ,
sder .

May 81 April 82 November 82
HE/8105/1 Voice Operated HE/8204/1 Digital Capacitance HE/8211/1 Pedometer/

Switch £1 67 Meter £4.02 Odometer £2.13
HE/8105/2 Organ 1 £4.64 HE/8204/2 Dual Engine Driver £3.27

HE/8204/3 Bike Alarm £2.45 December 82
June 81 HE/8212/1 Phase Four £2.83
HE/8106/1 Envelope Generator £1 87 May 82 HE/8212/2 Microlog £3.98
HE/8106/2 Organ 2 £2.53 HE/8205/1&2 Digital Thermometer HE/8212/3&4 Tape/Slide

(Set of Two) £4.62 (Set of Two) £5.26
July 81 HE/8205/3 Echo-Reverb £5.63 HE/8212/5 TV Amp £5.70
HE/8107/1 Organ 3 £6.00 HE/8205/4 Cable Tracker £1.85 HE/8212/6 Lofty £2.61
HE/8107/2 Organ 4 £6.00 HE/8212/7 Noise Gate £3.60
HE/8107/3 Ultrasound Burglar June 82 HE/8212/8 Low Cost Alarm £2.30

Alarm £2.53 HE/8206/1 Power Supply
Design £2.48 January 83

August 81 HE/8206/2 Auto-Wah £3.08 HE/8301/1 Chip Probe £1 82
HE/8108/1 RPM Meter £1.77 HE/8206/3 Auto Greenhouse HE/8301/2 Switched Mode
HE/8108/2 Thermometer £1.67 Sprinkler £3.45 Regulator £1.96

September 81
HE/8109/1
HE/8109/2

Power Pack
Reaction Tester

£1 69

HE/8206/4&5

July 82

Telephone Timer
(Set of Two) £6.50 February 83

HE/8302/1
HE/8302/2

Incremental Timer
DigiTester PSU

£7.13
£6.70

Game £1 71 HE/8207/1 Tanover £2.13 tAarch 83
HE/8109/3 'Diana' Metal HE/8207/2 TVI Filter £1.78 HE/8303/1 Loudspeaker

Detector £3.31 HE/8207/3 Computer PSU £7.68 Protector £2.51
HE/8207/4 Solar Radio £1.98 HE/8303/2 Overvolt Cutout £2.25

October 81
HE/8110/1 Combination Lock f 2.65 August 82 April 83

HE/8208/1&2 Digital Millivoltmeter HE/8304/1 6502 EPROMMER £7.18
November 81 (Set of Two) £4.34 HE/8304/2&3 Ducker
HE/8111/1&2 Sound Torch HE/8208/3&4 Audio Analyser Main Board £3.56

(Set of Two) £5.31 (Set of Two) £11.55 Preamp Board £2.31
HE/8304/4 Power Down £2.10

December 81 September 82
HE/8112/1 Pedalboard Organ £5.64 HE/8209/1&2 Signal lights

Main Module £1 96
May 83
HE/8203/1 BBC Interface £4.82

January 82
HE/8201/1 Intelligent NiCad

Charger £2.83 HE/8209/3
HE/8209/4

Junction Module
ZX Interface
Slot Car Controller

£1 70
£3.34
£1 98

HE/8305/3
HE/8305/4

Stall Thief
Auto -Test

£2.50
£2.50

June 83
February 82 HE/8306/1 Sinclair Sound
HE/8202/1 Relay Driver £2.07 October 82 Board £2.80
HE/8202/2 Mast -Head Amp £1.08 HE/8210/1 Flash Point Alarm £2.13 HE/8306/2 CB Rap Latch £1.65

HE/8210/2 Negative Voltage HE/8306/3 Bat Light £2.25
March 82 Generator £1 49 (Car battery monitor)
HE/8203/1 Digital Dice f1.40 HE/8210/3 Squelch Unit £2.52 HE/8306/4 Traffic Light Toy £2.56

PLACE an order for your PCBs using the form below (or a piece of plain paper if you prefer not to
cut the magazine), then simply wait for your PCBs to drop through your letterbox, protected by
a Jiffy bag.

HE PCB Service, Argus Specialist Publications Ltd, 145 Charing Cross Road, London WC2H OEE
I enclose a cheque/Postal Order made payable to ASP Ltd,
for the amount shown below Price.
OR
I wish to pay by Barclaycard. Please charge my account number

VISA
OR

I wish to pay by Access. Please charge to my account number

SIGNATURE

NAME
(BLOCK CAPITALS)

ADDRESS
(BLOCK CAPITALS)

Please allow 21 days for delivery

Boards Required Price

Add 45ppErp

Total Enclosed £

0.45
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PCB FOIL
PATTERNS

o

Above: The foil pattern of the Sinclair Sound
Board.

Above: Track -side view of the Traffic Light Toy
printed circuit board. The design can easily be
transferred to stripboard if necessary.

Above: Make the Rap Latch
printed circuit board from this
foil pattern.

Above: The Bat Light PCB is
small and compact, designed
for convenient mounting under
the dashboard.
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HOBBY ELECTRONICS CLASSIFIED

Lineage:
26p per word (minimum 15 words)
Semi -display £7.5 per single column centimetre
Ring for information on series bookings/discounts

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available on request)

VISANM.
01-437 1002
EXT 204

Send your requirements to:
Jo James,
ASP Ltd.,
145 Charing Cross Road,
London WC2H OEF.

FOR SALE

POWERFUL SW Medium FM
portable radio, only £14.95 p +
p £2.55. Sharland Enterprises,
7 Mountview, Mill Hill NW7
3HT.

KIG RETURN AN AD No 7 ...
Preamplifier . . . "Convert any
amplifier to magnetic pickup
capability"... £3.99+ Advert 7.
.. 8 Cunliffe Road, Ilkley.

BRASS DIMMER
SWITCHES

Now available at only
£14.99 plus 95p p&p. Over-
seas orders allow £1.50 p&p
on each item.
Send s.a.e. for our full price
list on Brass Dimmers and
Brass Switches.

Mr P. Kanbi
36 Wendover Road

Harlesdon,
London NW10

ANYTHING
TO SELL?
Then sell it
quickly and

cheaply
Phone ASP
Classified

01-437 1 002
ext. 204

BOOKS & PUBLICATIONS

ELECTRONICS BOOKS.
International publishers.
Lowest rates. Ask list. Business
promotion. 376 Lajpatrai
Market Delhi India.

PARAPHYSICS JOURNAL
(Russian translations). Psy-
chotronics, Kirlianography,
heiliphonic music telekinetics.
Computer software. SAC 4 x
9":- Parlab, Downton Wilts.

MACHINE CODE. If you are at
all interested in learning more
about this invaluable tool, then
join the ZX machine code users
club. Send £1.00 for trial issue
of club magazine "Micro Arts"
to: Toni Baker, 5 Dumergue
Avenue, Queenborough, Kent
ME1 1 5BT. Cheques payable
to Micro Arts.

KITS

ELECTRONIC kits for sale:
Morse Practice £4.10, Dice
£8.10. SAE for details. Bee Mic-
ro, 33 Bevendean Crescent,
Brighton, E Sussex.

PRINTED CIRCUITS. Make
your own simply, cheaply and
quickly! Golden Fotolac light-
sensitive lacquer - now
greatly improved and very
much faster. Aerosol cans with
full instructions, £2.25. De-
veloper 35p. Ferric chloride
55p. Clear acetate sheet for
master 14p. Copper -clad fib-
reglass board, approx. 1 mm
thick £1.75 sq. ft. Post/packing
75p. White House Electronics,
Castle Drive, Praa Sands, Pen-
zance, Cornwall.

DIGITAL WATCH replace-
ment parts, batteries, displays,
backlights, etc. Also reports
publications charts. S.A.E. for
full list: Profords Copners Drive,
Holmer Green, Bucks HP15.
6SGE.

COMPONENTS

BUMPER BOX OF BITS
WOW!! We've got so many components
in stock, we can't possibly list them all!!
- So buy a box, in it you'll find resistors,
capacitors, displays, switches, panels
with transistors, diodes, IC's, etc., coils.
pots .. . and so on. All modern parts -
guaranteed at least 1000 items.
Minimum weight 10Ibs. ONLY £8.50
inc.

ELECTRONICS WORLD
1F Dews Road Salisbury Wilts SP2 7SN

COMPONENTS

ALL NEW COMPONENTS
C-MOS 401 2-8p, 4017-25p, 4019-14p,
4022-32p, 4023-12p, 4024-20p, 4025-
12p,4049 -18p, 4071.12p, 4076-28p,
4081-10p, 4518-28p, 4520-26p, 4528-
34p, 4557-140p, NE567-38p, SPX6-20p.
314A223 -4p. TTL 7400-6p, 7404-8p,
7412.8p, 7419.14p, 7414-20p, 7416FJ-
12p, 7495-24p, 74L592 -24p.

30p P8P order under £6. No VAT
V Bansal, 14 Dayigdor Road, Hove,

Sussex 8N3 1 OD. Tel (0273) 732419

MAIDSTONE ELECTRONIC
components shop. Thyronics
Control System, 8 Sandling
Road, Maidstone, Kent. Maid-
stone 675354.

NOW OPEN in Newcastle,
Waterloo Street: "Marlborough
Electronic Components". For
the best in electronic compo-
nents. Test equipment etc.
Tel: 618377.

WAW

Auto Electronics,
103 Coventry Street,

Kidderminster
Tel: (0562) 2179

Brand new components by
return post or ring with
Access/Barclaycard number
for same day despatch.

All manufacturers guaran-
teed new stock. All at most
competitive prices. Cata-
logue available only 50p. All
prices inclusive of VAT.

COMPONENTS. Chassis
mounting fuse holders £.0.11;
20mm Fuseholder Screw-
driver release 6.3A £0.93;
20mm Fuses Mains from £0.14,
Anti -surge from £0.17; Aerial
Splitter/Combiner from £3.33;
Diodes from £0.04; Capacitors
from £0.10; Light Emitting
Diodes 5mm Round Lens, Red
£0.09, Yellow £0.12, Green
£0.11, Red/Green/Yellow
£0.32; Resistors from £0.02;
Transistors from £0.13. Pos-
tage & Packing £0.50. Send
S.A.E. for details to: R & B Elec-
tique, 3 Shute End, Woking -
ham, Berks RG1 1 1 BH. Mail
order only.

Our readers search
these columns for
components. Make
sure they find you.

Contact Jo James
ASP Classified
01-437 1002

Ext 204

PLANS 'N DESIGN

AMAZING ELECTRONIC
PLANS. Lasers, Super -
powered Cutting Rifle, Pistol,
Light Show, Ultrasonic Force
Fields, Pocket Defence Weap-
onry, Giant Tesla, Satellite TV
Pyrotechnics, 150 more pro-
jects. Catalogue £1 (refund-
able) - from Plancentre,
Bromyard Road Industrial
Estate, Ledbury HR8.

EQUIPMENT
CAPACITANCE METERS 0-
500nF in four ranges requires
PP3 £10 to: S. Neal, Old Hayes,
Ham Lane, Elstead, Godalm-
ing, Surrey GU8 6HQ.

TVDX. VHF to UHF Convertor.
Receive VHF DX signals on a
UHF TV set, hundreds sold
£13.50. VHF 2M, 4M, Airband
Convertors. 10.7MHz IF £9
Satellite TV equipment avail-
able. SAE Data, Lists H. Cocks,
Cripps Corner, Robertsbridge,
Sussex. Tel 058083-317.

U.V. Light exposer unit for
use in prep. of Photo -resist
P.C.B's. Attractive wooden con-
struction with exposer area of
250 x 150mm. Case 350x250x-
95mm 240V operation. Only
£37.00 p&p. Send cheque to
V.E.P. Ltd., 5 Hewens Road,
Uxbridge, UB10 OFR.

CENTURION
ALARMS

We manufacture,
you save £ £ C's

Send s.a.e. or phone for our
Free list of professional
D.I.Y. Burglar Alarm Equip-
ment and accessories.
Discount up to 20% off list
prices, eg. Control Equip-
ment from £15.98, Decoy
Bell Boxes from £5.95 inc.

TRADE ENQUIRIES WELCOME

0484-21000
- or 0484 35527 124 hr. ans.l

CENTURION ALARMS (ETU
265 Wakefield Road. Huddersfield

r3HD5 9BE, W. Yorkshire riM
Access Er Visa

Orders Welcomed

BURGLAR ALARM EQUIP-
MENT As used in the trade. J N
Security Centre, 176 Syden-
ham Centre, 176 Sydenham
Road, London SE26 5JZ Tel
01-778 1111 Showroom open
six days.

HIGH POWER MERCURY
ION LASER, emits green/red
light. Easily built by the amateur
constructor. Ideal school pro-
ject etc. comprehensive kit of
plans, including source of all
materials. £5.25 + 25p p&p.
Lastertech, 31 Mill Brow, Chad-
derton, Lancs.
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NEW 1983 EDMUND SCIENTIFIC
CATALOGUE NOW AVAILABLE

72 pages of:- Solar Energy, Health,
Holography, Lab. Equipment, Astronomy,
Fibre Optics, Photography, Motors,
Weather. Magnifers. Magnets. And Morel

Send for FREE copy to:- Dept HE 10,
Rheinbergs Sciences Ltd., Sovereign
Way, Tonbridge, Kent TN9 1 RN or
phone 0732 357779

AERIAL AMPLIFIERS Im-
prove weak television re-
ception. Price £6.70. S.A.E. for
leaflets. Electronic Mailorder,
Ramsbottom, Lancashire BLO
9A3H.

JUPITER ACE RAMPACKS
16K - £27; 32K - £37. Up-
grades from 16K to 32K -£14.
All fully tested and cased. For
full range of our products send
s.a.e. All prices inclusive. Essex
Micro Electronics, 4 Hatch
Road, Brentwood, Essex CM15
9PX. Mail order only.

BURGLAR ALARM EQUIP-
MENT. Please visit our 2,000
sq. ft. showrooms or write or
phone for your free catalogue.
C.W.A.S. Ltd. 100 Rooley
Avenue, Bradford BD6 1DB.
Telephone 0274-308920.

ADD ONS

Teletext (Oracle/Ceefax)
add-on adaptors for any televi-
sion. Only £149.95 inclusive.
Also Prestel/Viewdata and
Telesoftware. Cytel (HE),
FREEPOST, Bristol BS10 6BR.
(0272) 502008 anytime.

SOFTWARE GAMES

FANTASTIC 16K ZX81. Ad-
venture £3. Fight monsters and
collect as many treasures as
possible. Only from Softbus, 6
Aston Mead, Salisbury, Wilts.

SERVICES

T-SHIRTS ZX81 spectrum
white, blue red S//M/L/XL.
£3.25. One per cent screens.
12 Star Lane Estate, Great
Wakering, Essex.

AVOID WASTED
RESPONSE

To fill your vacancy
cost effectively and

quickly.
For details:
Phone ASP
Classified

01-437 1002
Ext. 204

APPOINTMENTS

Design
Engineers

Satellite Communications
Major expansion of our Space Division has created
numerous opportunities for engineers to be involved in
some of the most technologically challenging work on
meteorological and communications satellites
Qualified Hardware and Software Design Engineers of
various levels of experience are required for posts which
vary from Engineering Manager/Group Leader to
membership of a Design Team Disciplines include:

Spacecraft Systems
Communications Systems

Microwave Systems and Equipment
Radar and Signal Processing

Electronic Circuit Design
Mechanical, Thermal and Dynamics Design

Power Supplies Switch -Mode
Salaries and benefits will reflect the importance we
attach to the positions and relocation assistance is
available if required
Please write or telephone stating your qualifi-
cations, recent experience and area of interest to
Jack Burnie, Marconi Space & Defence Systems
Limited, Browns Lane, The Airport, Portsmouth,
Hants. Tel 10705) 674019 Ref: BL 34.
(All posts are open to men and women)

Marconi
Space & Defence Systems

HOBBY ELECTRON! S
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: 26p per word per issue (minimum of 15 words).
and post to HOBBY ELECTRONICS, CLASSIFIED DEPT., 145 CHARING CROSS ROAD, LONDON WC2

PLEASE INDICATE HEADING REQUIRED

Please place my advert in HOBBY ELECTRONICS for issues commencing as soon as possible.
I am enclosing my Cheque/Postal Order/ International money
Order for (delete as necessary) £ (Made payable to A.S.P. Ltd)

OR Debit my Access/Barclaycard
(Delete as necessary)VISA

WAWA* We welcome Access

All classified advertisements must be paid for in advance.

Please use BLOCK CAPITALS and include post codes

Name (Mr/Mrs/Miss/Ms)
(delete sccoraingiy)

Address

Signature Date

Daytime Tel. No.

116 a

4 Hobby Electronics, June 1983



Get Antex technology
at your fingertips

The most sophisticated range in soldering.
Irons, bits, kits, stands, stations and accessories -

everyone at the force front of soldering technology.
Take the new satin chrome bits, for example

specially designed to give you 50% to 300% longer
working life.

It's just one more advance from Antex.
For the very latest in the science of soldering send

for a catalogue now.

(4,

SK5-BP and SK6-BP
Soldering Kits
Fitted with safety plugs.
SK5-BP kit R.R.P. £7.80
SK6-BP kit R.R.P. £8.00

SK6 Soldering Kit
Contains model XS230 iron
and the ST4 stand
R.R.P. £7..20

SK5 Soldering Kit
Contains model CS230 iron
and the ST4 stand
R.RP. £7.00

TCSU1 Soldering Station
For safe 24 volt temperature -controlled
miniature soldering iron, variable tip
temperature 65-430°C, antistatic
earth connection, with XSTC or CSTC iron.
R R.P. £55.00

Model XS
- 25 Watts
Available for 240
and 115 volts
R.R.P. £5.40
50, 24 and 12 volts
R.R.P. £5.60
Model XS -BP
- 25 Watts
Fitted with safety
plug 240 volts
R.R.P. £6.20

release send literature and price list
Name
Address

to: Made in England.
Our products are
widely distributed by
wholesalers and
retailers throughout
the U.K. Please try
your local dealer.Telephone

Excluding V.A.T. (15°/o) and
Postage & Packing

. .

to date with H.E.6

and keep up
the sci

om
encANTEXe of soldering ------I

fr

Model C
- 15 Watts
Stainless steel
shaft only.
240 and 115 volts
R.R.P. £5.20
50 and 24 volts
R.R.P. £5.40

Model CS
- 17 Watts
Available for 240
and 115 volts
R.R.P. £5.20
50, 24 and 12 volts
R.R.P. £5.40
Model CS -BP
- 17 Watts
Fitted with safety
plug 240 volts
R.R.P. £6.00

ANTEX (Electronics) Ltd.,
Mayflower House, Plymouth, Devon. Telephone: 0752 667377 Telex: 45296

7.5
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100 FREE PROGRAMS
FROM SILICA SHOP WITH EVERY PURCHASE OF ANATAR a82AL

V ATARI

al
IME1tEl

0/

ATARI PRICES REDUCED!
We at Silica Shop are pleased to announce some
fantastic reductions in the prices of the Atari 400;800
personal computers. We believe that the Atari at its
new price will become the U.K.'s most popular per-
sonal computer and have therefore set up the Silica
Atari Users Club. This club already has a library of
over 500 programs and with your purchase of a 400
or 800 computer we will give you the first 100 free of
charge. There are also over 350 professionally writ-
ten games and utility programs, some are listed
below. Complete the reply coupon and we'll send
you full details. Alternatively give us a ring on 01-301
1111 or 01-309 1111.

ATARI 400 E159
with 16K

ATARI 400 E228
with 48K

ATARI 800 E7.) A n
L_with 48K `" J

r 400/800 SOFTWARE & PERIPHERALS
Don't buy a T.V. game! Buy an Atari 400 personal computer and a game cartridge and that's all you'll need. Later on you can buy the Basic
Programming cartridge (£35) and try your hand at programming using the easy to learn BASIC language. Or if you are interested in business
applications, you can buy the Atari 800 + Disk Drive -4- Printer together with a selection of business packages.
Silica Shop have put together a full catalogue and price list giving details of all the peripherals as well as the extensive range of softwarethat is now
available for the Atari 400/800. The Atari is now one of the best supported personal computers. Send NOW for Silica Shop's catalogue and price list
as well as details on our users club.
THE FOLLOWING IS JUST A SMALL SELECTION FROM THE RANGE OF ITEMS AVAILABLE: '

ACCESSORIES Mountain Shoot BUSINESS DYNAcome Maths-Tac-Toe Scram Castle Sleazy Adventure Jawbreaker PROGRAMMING
Cables Rearguard Calculator Alpha Fighter Metric & Prob Solvg States & Capitals Centurion Solitaire Mission Asteroid AIDSirem terj
Cassettes Star Elite Database Managemt Chompelo Mugwump Touch Typing Checker King Space Chase Mouskattack Assembler Editor
Diskettes SundayfGolf Decision Maker Crystals Music Terms/Notatn Chinese Puzzle Space Trek Threshold 13sembler (APX/
Joysticks Graph -It Forest Fire Musical Computer EMI SOFTWARE Codecracker Sultans Palace Ulysses/Golden Fl Microsoft Basic
Le Stick - Joystick AUTOMATED Invoicing Intruder Alert My First Alphabet British Heritage Comedy Diskette Tact Trek Wizard & Princess Pascal (APX)
Misc Supplies SIMULATIONS Librarian Monarch Number Blast Cribbage/Dominoes Dice Poker Terry Pilot (Consumer)
Paddles Crush Crumble Cmp Mort & Loan Anal Moonprobe -se.,.. Polycalc Darts Dog Daze Wizards Gold PERIPHERALS Pilot (Educated

Datestones of Ryn Nominal Ledger Moving Maze Presidents Of U.S. European Scene Jig Domination Wizards Revenge Centronics Printers Programming Kit
ADVENTURE INT Dragons Eye Pay roll Nominees Jigsaw Quiz Master Hickory Dickory Downhill Disk Drive
Scott Adams Adv Invasion Orion Personal Finl Mgmt Rings of The Emp Starware Humpty Dumpty Eastern Front ENTERTAINMENT Epsom Printers SANTA CRUZ
No 1 Adventurelnd Rescue at Rigel Purchase Ledger Space Tilt Stereo 3D Graphics Jumbo Jet Lander Galahad & Holy Grl from ATARI Program Recorder Basics of Animation
No 2 Pirate Adv Ricochet Sales Ledger Space Trap Three R Math Sys Snooker & Billiards Graphics/Sound Asteroids RS232 Interface Bobs Business
No 3 Mission Imp Star Warrior Statistics 1 Stud Poker Video Math Flash Submarine Comrndr Jax-0 - Basketball Thermal Printer Display Lists
No 4 Voodoo Cast Temple of Apshai Stock Control Triple Blockade Wordmaker Super Cubes & Tilt Jukebox Blackjack 16K Memory RAM Graphics Machine
No 5 The Count Upper Reaches Aps Telelink 1 Tournament Pool Lookahead Centipede 32K Memory RAM Kids 1 & 2
No 6 Strange Ode Visicalc EDUCATION EDUCATION Memory Match Chess Horizontal Scrolling
No 7 Mystery Fun BOOKS Weekly Planner from APX front ATARI ENTERTAINMENT Midas Touch Entertainment Kit PERSONAL INT Master Memory Map
No 8 Pyramid of 0 Basic Ref Manual Word Processor Algicalc Cony French from APX Minotaur Missile Command from APX Mini Word Processor
No 9 Ghost Town Compute Atari DOS Atlas of Canada Cony German Alien Egg Outlaw/Howitzer Pac Man Adv Music System Page Flipping
No 10 Say Island 1 Compute Bk Atari CRVSTALWARE Cubbyholes Cony Italian Anthill Preschool Games Space Invaders Banner Generator Player Missile Gr
No 11 Say Island 2 Compute Magazine Beneath The Pyram Elementary Biology Cony Spanish Attank Pro Bowling Star Raiders Blackjack Tutor Player Piano
No 12 Golden Voy De Re Atari Fantasyland 2041 Froginaster Energy Czar AvalancheSuper Breakout Going To The Dogs Sounds

.

PushoverF
ta o t tAngle Worms DOS Utilities List Galactic Guest Hickory Dickory European C & Caps Babel Video Easel Keyboard Organ Vertical Scrolling

Deflections DOS2 Manual House Of Usher Inst Comptg Dem Hangman Blackjack Casino Reversi II Morse Code Tutor
Galactic Empire Misc Atari Books Sands Of Mars Lemonade Inuit To Prog 1/2/3 Block Buster Salmon Run ON LINE SYSTEMS Personal Fitness Prg SILICA CLUB
Galactic Trader Op System Listing Waterloo Letterman Kingdom Block 'Ern 747 Landing Simul Crossfire Player.Piano Over 500 programs
Lunar Lander Wiley Manual World War III Mapware Music Composer , Bumper Pool Seven Card Stud Frogger Sketchpad write for details A

FOR FREE BROCHURES -TEL: 01-301 1111
ror tree brochure and rev.. on Our rarpe el electlOmr Orbeuels Meese myeabore 01.3101 11111
To order byelOne Nal ponewad name aaaress Veda ca. rumba, are., order requiremems
and leave 1 reel lo us Post a. packing  FREE OF CHARGE ,n the f xpjesra 2d num
dela, evadable al an aciptional cbarpe
 SHOP DEMONSTRATION FACILIPES - Winer lull lacalles at old Shop in Savor Monday

Saturedy lo 5 30pm Thurso, larls Enclay Flarni
MAIL ORDER - we are a Spemalat mar wee, remPary

to

anCl are anie to sue. 9NPSMMTD. drm
door
MONEY BACK UNDERTAKING dyouarelotally unsaest. wally., purchase youmay return., to
us seeNn 15 days Or receipt el Ire goods m sabslartory condemn we von awe you a lull fele.

 PART EXCHANGE SECONDHAND MACHINES -welters pan exchange scnernelottaaleirrnany
. ol T V games ior perSOnal COmpulerS

COMPETiTIVE PRICES -our ire's and zero. arewery compeldwe We arenewImOvangly
orders. an0 wa normally malnn am Wyse' Once Qua. by oul COmpeldora
HELPEUL ADVICE evadable on tbe sudabaiy yaw. commons
AF TER ES SERV1C2 avalable on all computers out ot guarantee
FAT clue`wes Rum. above mmude vT  1SW

LSILICA SHOP LIMITED
Dept HE 0683 1-4 The Mews, Hatherley Road, Sidcup,
Kent DA14 4DX Telephone 01-301 1111 or 01-309 1111

'III 11111

11111.1111111 III

IIIII
III

11111

'IMMO 411111 91

III"

11111111

r FREE LITERATURE 1
I am interested in purchasing an Atari 400/800 computer and would
like to receive copies of your brochure and test reports as well as
your price list covering all of the available Hardware and Software.

Name

Address

Postcode

6 HE 6_1244


