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33 CARDIFF ROAD, WATFORD, HERTS., ENGLAND
MAIL ORDER, CALLERS WELCOME. Tel. Watford 37774

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/
P.O.s OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. P&P ADD 25p TO ALL ORDERS UNDER £10.00. OVERSEAS ORDERS
POSTAGE AT COST. AIR/SURFACE. SEND LARGE S.A.E. FOR OUR FREE LIST.

MINIMUM ORDER £2.00 PLEASE.

VAT Export orders no VAT. Applicable to U.K. Customers only. Unless stated otherwise, all prices
are exclusive of VAT. Please add 8% to devices marked *. To the rest add 121%.

We stock many more items. Send S.A.E. for our free list. It pays to visit in. We are situated behind
Watford Football Ground. Neerest Underground/BR Melon: Watford High Street. Oman Mond*, to
Saturday. Ample Free Car Parking space ayalleb14.

POLYESTER CAPACITORS: Axial lead type. (Values are in pFl
400V: 0,001. 0.0015. 0.0022. 0.0033 8p; 0.0047, 0.0068. 0.01, 0.015, 0.018 9p; 0.022.
0 033. 10p; 0047. 0.068 14p; 0.10 155; 0.15. 0.22 22p; 0.33, 0.47 39p; 0.68 45p.
160V: 0.039, 0.15. 0.22 13p; 0_33, 0.47 22p; 0.68, 1.0 29p; 1.5 33p; 2.2 38p; 4.7 47p.
DUBILIER: 1000V: 0,01, 0.01516p; 0.02218p; 0.04716p; 0.134p; 0.47 43p.

POLYESTER RADIAL LEAD (Values in in) 250V:
0-01.0-015 6p; 0-022.0-027 7p; 0-033, 0-047, 0-068. 0-1 8p;0-15 12p;
0 22 0-33 14p; 0-47 16p; 0-68 206; 1-0 24p; 1-5 27p; 2-2 31p.

FEED THROUGH
CAPACITORS
100in 350V 8p

ELECTROLYTIC CAPACITORS: Axial lead type (Values are in xiF)
63V: 0.47, 1.0, 1 5, 2.2, 2.5. 3.3, 4.7, 6.8. 8, 10, 15, 22 9p; 47. 32, 50 12p; 63, 100 27-p;
50V: 100 7p; 50,220 25p; 470 50p; 1000, 2200 68p; 40V: 22, 33 9p; 100 12p; 3300
62p; 4700 64p; 35V: 10. 33 7p; 330, 470 32p; 1000 49p; 25V: 10, 22. 47 6p; 80, 100, 160
8p; 220, 250 13p; 470, 640 25p; 1000 27p; 1500 30p; 2000 340 ; 3300 52p; 4700 54p; 16V:
10. 40. 47, 68 /p; 100, 125. Bp; 470 16p; 1000, 100 20p; 2200 34p; 1011: 4, 100 6p;
640 10p; 1000 14p.
TAG -END TYPE: 70V: 2000 98p; 4700 121p; 50V: 3000 75p; 40V: 4000 70p; 2500 65p;
25V, 4700 48p; 2000 37p; 40V: 2000 + 2000 95p; 325V: 200 + 100 + 50 + 100 190p.

TANTALUM BEAD C4PACITORS
35V: 0 10. 0.22. 033. oat. 0.68

1 0. 2.20F. 3.3, 4.7. 6.8 25V: 1.5, 10
20V: 1.5 16V: 100 13p each
1 Oyi 220. 33, 47 61/i 47. 68. 100.
3V:68. 100yF 20p each

POTENTIOMETERS (AB or EGENI
Carbon Track. 9W Log & Linear values
1 KG & 2K0 (lin only) Single gang 26p
5(0-2610 single gang 26p
5K0-2MO single gang D/P switch 65p
5K0 -2M0 dual gang stereo 70p

MYLAR FILM CAPACITORS
100V:0.001. 0.002, 0005, 0.01pF 5p
0015, 0.02. 0.04.0.05, 0.05600 Bp
O I F. 0 15 0 2 7p. 50V: 0.470 10p

CERAMIC CAPACITORS: 50V
5pF to lOnF 3p each

15nF, 22nF, 33nF, 47nF 4p each
0 lur 6p

SLIDER POTENTIOMETERS
0-25W log and linear values 60mm
560-50060 single gang
1060-50060 dual gang
Self Stick Graduated Bends

70p
80p
20p

POLYSTYRENE CAPACITORS
I OpF tolnF 6p; 1 5nF to lOnF 10p.

SILVER MICA (Values in p11 3-3. 4-7.
6 8. 10. 12, 18, 22. 33, 47, so 68, 75.
82. 85, 100. 120.150, 220 9P each
:50. 300. 330. 360. 390. 600, 82016p each
1000, 1800.2000.2200 20p each

PRESET POTENTIOMETERS
0.1W 500-5M0 Miniature
Vertical & Horizontal
0-25W 1000-3-3MI1 Hord
0 25W 2000-4-7M0 Ven

8p
10p
10p

CERAMIC TRIMMER CAPACITORS
2 7pF. 4 - 15pF 6 -25pF. 8- 30pF 20p

MINIATURE TYPE TRIMMERS
2 5-6pF. 3-10pF, 10-40pF 22p
5 25pF, 5-45pF, 60pF, 88pF 30p

RESISTORS - Erie make 5% Carbon
Miniature High Stability. Low noise

RANGE VAL 199 100
11.A/ 2.20-4 7M E24 1.5p 1p
jW 2-20-4 7M 512 2p 1.6p
IW 2-20-10M 512 59 4e
2% Metal Film 100-1M0 6p 4P
100 price applies to Resistors of each tarpe
not muted values.

OPTO
ELECTRONICS*
LEDs clip
TIL209 Red
211211 Grn
TIL212 Yellow
T110
2' Red
2" Yellow Green
OCP70
ORP12
2N5777

Sep Displays
TI L312 C An 3-
TIL313 C Cth 3"
111321 C An 5''
TIL322 C Cth 5
DL704 C Cth
01107 C A
DL747 C A
END 357
DRIVERS
75491,75492 85

13
24
27
20
17
21
40
68
54

125
125
130
130
99
99

180
140

SPECIAL ADDITIONAL DISCOUNTS ON OUR LOW PRICED
TEXAS TTLa - MOTOROLA CMOS. Ow to rriessive purr -Mews
we are now able to offer the foNowirg discounts on published
prices.
LESS 5% 10
LESS 71% 25
LESS 10% 50

BUY N
11-1'L 74*
7400 14
7401 14
7402 16
7403 16
7404 20
7405 22
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441
7442
7443
7444
7445
7446
7447
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7482

38
38
20
20
15
24
23
37
74
35
39
16
33
24
32
30
36
36
38
18
32
40
30
33
17
74
68

115
112
94
94
82
78
17
17
17
17
17
30
28
32
32
42
30
50
97
82

mixed
mixed
flexed

OW ! ! !

7483 95
7484 95
7485 110
7486 36
7489 320
7490 36
7491 80
7492 63
7493 35
7494 85
7495 70
7496 112

7497 262
74100 125
74106 62
74107 33
74109 54
74111 70
74116 198
74118 90
74120 115
74121 28
74122 48
74123 70
74125 65
74126 60
74132 73
74136 73
74141 72
74143 314
74144 314
74145 85
74147 175
74148 143
74150 118
74153 75
74154 140
74155 82
74157 80
74159 225
74160 116
74162 116
74166 141
74167 198
74170 240
74172 625
74173 175
74177 118
74185 148
74188 65
74190 140
74194 140
74195 95
74198 248
75150 110

LESS 15% 75 mixed
LESS 20% 100. nthwd
oxen more discount
on larger quantities.

SAVE
75491 75
75492 80

£££s

CMOS*
4000 15
4001 17
4002 17
4006 105
4007 18
4008 92
4009 58
4010 58
4011 19
4012 18
4013 55
4014 99
4015 93
4018 52
4017 99
4018 99
4019 60
4020 102
4021 99
4022 90
4023 20
4024 76
4025 19
4026 180
4027 55
4028 90
4029 108
4030 58
4031 230
4032 100
4033 145
4034 196
4035 120
4036 325
4037 100
4038 108
4039 320
4040 105
4041 86
4042 81
4043 96
4044 95
4045 145
4046 130
4047 99
4048 58
4049 52
4050 52
4051 89
4052 89

4053 89
4054 120
4055 134
4056 134
4057 2570
4059 480
4060 115
4061 2380
4062 999
4063 110
4066 58
4067 380
4068 22
40698E 22
4070 32
4071 21
4072 21

4073 21
4075 23
4076 129
4077 40
4078 21
4081 22
4082 21
4085 74
4086 73
4089 150
4093 85
4094 190
4095 105
4096 105
4097 372
4098 110
4099 190
4160 109
4161 109
4162 109
4163 109
4174 110
4175 99
4194 108
4408 720
4409 720
4410 720
4411 995
4412F 1650
4412V 1380
4415E 795
4415V 795
4419 280
4422 545
4433 1225
4435 825
4440 1275

4450 295 4512
4451 295 4513
4490F 895 4514
4490V 525 4515
4501 17 4516
4502 120 4517 ,

4503 69 4518
4506 51 4519
4507 55 4520
4508 298 4521
4510 135 4522
4511 188 4526

98
206
265
299
125
382
102

59
108
268
199
199

4521
4528
4529
4530
4531
4532
4534
4536
4538
4539
4585

'2

99
165

85
165
127
788
380
160
110
101

LINEAR IC'S
702
709C 14 pin
710*
/41C* 8 pin
74112
74119
747C
748C
753
8038CC*
AY -I-0212
AY -1.1313
AY -1-5051
AY -1-6721/6
AY -3-8500*
AY -3-8550*
Al -5-1224*
AY -5-1230*
CA3011*
CA3018*
CA3020
CA3023
CA3028A*
CA3035
CA3036
CA3043
CA3046
CA3048
CA3075
CA3080E
CA3081
CA3089E
CA3090A0
CA3123E
CA3130*
CA3140
ICM7205*
LI1130011
LM301A
18308
LaA318
LM324
L51339
LN1348
L5134911
LM380
18381
LM3132
LM3909N
LM39I 1
M252AA*

75
35
ss
22
90

175
70
36

150
355
580
660
125
195
510
850
349
490

82
82

170
170

96
140
180
190

so
200
176

so
190
210
390
200

94
96

1160
170
39

140
195
350

55
395
120
98

170
126
70

125
750

M253AA* 796
MC1303L 148
MC1304P 260
MC1310P 185
MC1312P0 195
MC1458P* 90
MC1496 101
MC14433L 1250
MC1710CG 79
MFC6040* 97
MK50253* 550
MK50362* 550
MM2101-2 210
MM2112-2N* 310
NE5I8A 210
NE555* 35
NE55608* 90
5E560* 325
NE561* 410
NE562* 410
55565A* 185
NE566* 180
NE567* 187
NE571 450
RAM2102-2* 210
8082513* 700
S63402* 255
SN727335 125
S5760035 240
S9760139 240
S5760235 140
56760339 230
SN76115N 215
SN76227N 175
TAA621A)(1 228
TAA661A 155
TAA700 353
TAA960 300
MC3401 69
MC3360 89
T8A120S 90
TBA5400 220
TEIA5500 366
TBA6415511 250
TBA651 180
TBA800 90
TBA810S 105
TBA820 80
TBA9200 350
TDA2020 320
ZN4I4 110
25424 130

COMPRESSION TRIMMERS
3 40pF. 10 -80pF. 25 - 190pF 25p

00 500pF, 1250pF 38p

FREE STOCK -LIST
We stock thousands more items. Please
send a large SAE for our free list

JACK PLUGS SOCKETS

2-5mm
3 5mm
MONO
STEREO

Screened
chrome

12p
15p
23p
31p

Plastic
body

80
10p
16p
18p

open
metal

8p
Op
13p
15p

moulded
with
break

contacts
20p
24p

FERRIC
CHLORIDE*
Anhydrous
I lb beg
659. 30p p&p

DIN
PIN Loudspeaker

.1 4 5 Pin Audio

PLUGS

13p

SOCKETS In Line

20p

CO -AXIAL ITV) 14p 14p

PHONO
xsconed colours
Metal Screened

9p
12p

5P single
Bp double
10p 3 -way

15p

4rnm
2mm
Irrun

WANDER 3mm

10p
10p
ep
9p

12p
10p
8P
9p

SWITCHES*
TOGGLE 2A 250V
SPST 28p
DPDT 35p
4 pole on/off 58p
SUS -MIN TOGGLE
SP changeover 59P
SPSTorVoil 54p
DPOT 6 tags 78p
DPDT Centre off 92p
DPDT Biased 115p
SLIDE 250V:
1413PD- 14p
IA DP clover 18p
IA DPDT 13p
4 pole clover 24p
PUSH BUTTON
Spring loaded
SPST on/off 55p
SPDT clover 65P
DPOT 6 Tag 85p

SWITCHES * Miniature Non -Locking

Push to Make 15p Push to Break 25p
ROCKER (white) 10A 250V
SP changeover centre off 28p
ROCKER: (black) on/off 10A 250V 23p
ROCKER: Illuminated (white)
Lights when on: 3A 240V 52p
ROTARY: (ADJUSTABLE STOPI 1 pole / 2-12
way 2p/2 -6W 3p/2 -4W 4p/2 -3W 41p
ROTARY: Mains 250V AC, 4 Amp 42p

OIL SOCKETS* (Low Profile - Texas)
8 pin 10p; 14 pin 12p; 16 pin 13p; 18 pin 20p;
20 pin 26p, 24 pin 309; 28 pin 42p; 40 pin 589.

SPECIAL OFFER
TV GAMES

"Olympic Kit" £20.80*
"Olympic" Colour

Kit £28.50*
(p&p insured add 95p)

EconoGame Kit £8.99*
COLOUR ADAPTOR for

existing Black & White
Games £8.85*

"Sure Fire Rifle" Kit for
"Olympic" Game £8.50*

"Sure Fire Rifle" Kit for other
makes £9.25*
(p&p insured add 48p)

"Joy Stick" £1.95*
IC AY -3-8500 £4.50*
IC AY -3-8550 f7.50*
IC AY -3-8600 £9.00*

RHYTHM
GENERATOR
Build this PE (Jan. '78) Easi-
build Low cost Rhythm Gen-
erator. We are the sole sup-
pliers of the complete Kit
including the case, pre -
drilled printed front panel
and the printed Circuit
Boards.

Complete Kit price incl. VAT
£49.95 only. P & P f1.10
insured. Send S.A.E. for
descriptive leaflet.

(TV Games & Rhythm Gen. Demonstration on at our shop)

DALO ETCH
Resist Pen
Spare Tip 75p*

COPPER
SOARDI1*
Fibre Glass
Single Sided
6 x 6- 75p
6 it 12" 130p

S R 8 P
8 x 101 70p

VOLTAGE*
REGULATORS
7231 45p
1046250 95p
TO3 Can
IA 5V 170p
to 12V 180p
IA 15V 190p
IA 18V 210p
183236 626p
IA - 5V 220p
1A -12V 220p
Mete
IA 5V 115p
lA 12V 1160
lA I5V 120p
IA 18V 125p
IA 24V 130p
0.1A 5V 51p
0 IA 6V Slp
0 IA 8V 51p
01A 12V 51p
0 lA 150 51p

TRANSISTORS
AC117 35 BC168C 12
41125* 19 BC169C 14
AC126* 15 BC170 18
AC127* 18 BCI71 11
AC128* 18 BC I 72 10
AC141* 24 BC177* 18
AC141K* 38 BC178* 16
AC142* 24 8C179* 18
AC142K* 38 BC 182 10
AC176* 18 8C1821 13
AC1871 20 BC183 10
AC188* 20 BCI 83L 12
ACY17 35 BC184 11
ACY18* 40 BC184L 14
ACY19* 40 BC 1 86 24
ACY2O* 40 BC 187* 26

1:ACY21 35 BC212
ACY22* 40 BC212L 13
ACY28* 40 BC213 11
ACV39 78 BC213L 14
ACY40* 48 BC214 14
ACY44 39 BC2I4L 15
40140 69 6C3078 20
60149* 70 BC328 15
60161* 42 BC338* 15
60162* 42 8C441* 45
AF114* 20 BC46l* 38
AF115* 20 BC462* 45
AF 116* 20 BC547 12
AF 117* 22 BC548 12
AF118* 55 BC549C 13
AF121* 48 BC558 30
AF124* 55 BCY30* 57
AF125* 35 BCY34* 75
AF127* 35 BCY39* 78
AF139* 35 BCY40* 75
AF178* 70 8CY59* 90
AF180* 70 BCY70* 15
AF186* 50 6CY71* 20
AF239* 42 BCY72* 15
ASY26* 40 130115* 62
80027* 45 80121* 78
BC107* 9 BD123 98
6C1078* 10 80124* 115
BC108* 9 B0131* 38
8C1088* 12 80132* 38
EIC108C* 12 1313133* 43
BC109* 9 BD135 38
BC109B* 12 130136 36
BC109C* 12 BD 137 36
BC113 17 80138 50
BC114 20 BD I 39 34
BC115 20 50140 36
BC116 20 80142 59
BC117 20 50145* 198
BC118 20 BONI 7* 195
BC119 28 60060* 110
BCI34 20 BDY61* 165
BCI35 20 BF115* 22
BC136 18 81154* 25
BC137 20 8E156* 29
0C140* 35 81173* 25
BC142* 28 13E177* 24
8C143* 28 13E178* 25
BC147 7 8E179* 30
BCI48 7 13E180* 30
8C149 8 13E181* 30
8C153 27 13E182* 30
BC154 27 61183* 30
BC157 10 8E184* 20
BC158 is 13E194
BC159 11 BFI95
BC160* 42 8F196 12
8C1674 51 BF 197

10
10

15

BF198 18
5E200 30
BF224A 18
13E256* 50
13E257* 29
81258* 29
13F259* 30
8F394 22
61594 40
BF595 38
BFR39 25
BFR40 28
BFR79 28
BFR80 28
13F)(29* 28
81081* 130
8FX84* 24
BFX85* 28
BFX86* 28
BFX87* 23
0F588* 26
BFY18 50
EIFY50* 17
EIFY5 I 17
13P152* 17
81771 47
130520 18
BSX20* 18
00065* 30
BSY95A* 18
BU105* 140
86205* 190
BU208* 225
55567 65
808001* 158
MJ400* 90
MJ491* 180
MJ2955* 120
MJE340* 45
MJE370* 80
MJE371* 80
MJE520* 65
MJE521 74
MJE2955* 115
MJE3055* 80
MPF102 36
MPF103 36
MPF104 36
MPFI05 36
MPF 1 06 50
MPF 107 50
MPSA05 32
MPSAO6 32
MPSA55 30
MPSA56 30
MPSA70 34
MPSUO2* 58
MPSUO5* 50
MPSUO6* 56
MPSU52* 65
MPSU55* 55
MPSU56* 60
MPU131* 39
0C25* 120
0C26* 170
0C28* 105
0C29* 160
0C35* 100
0C36* 170
0C41* 48
0C42* 40
0C43* 65
0C44* 35
0C45* 35

0C46*
0170*
0171*
0072*
0077*
0079*
0081*
OC82*
01820*
0083*
0084*
0C123*
01139*
0C140*
0C141*
0C170*
0C171*
01201 *
0C202*
DC203*
0C204*
TIP29
TIP29A
TIP29C
TI P30
TIP304
TIP308
`1P3OC
TIP31
TIP314*
TIP3 1 B*
TIP31C*
TIP32*
TIP324*
TIP328*
TIP32C*
TI P33*
TIP3313*
TIP33C*
T1134*
TIP344*
TIP3413*
TIP35*
TIP35A
TIP351*
TIP36A*
TIP36C*
TIP41A*
TIP418*
TIP42A*
TIP4254*
TI P2955*
TIP3055*
TIS43
11544
11546
TIS50
11574
TIS91
ZTX107
215108
ZTX109
ZTX300
ITX301
ITX302
ZTX303
ZTX304
ZTX31 I
ITX314
ITX341
ZTX500
ITX501
ITX502
21-5503

35 120504 25
30 210531 28
30 22X550 25
30 2N526* 58
76 25696* 35
76 25697* 21
28 25698* 39
45 2N699* 50
35 25706A 19
48 2N707* 50
44 25708* 19

115 25914* 32
140 25916* 27
125 25918* 30
157 25920* 51
40 25930* 18
40 25961* 51

125 251131* 22
140 251132* 22
150 251302* 35
150 251303* 50
43 291304* 50..
44 251305* 28
60 251306* 35
52 251307* 50
52 251300* 46
64 251613* 20
70 251671* 190
50 2516718* 195
50 251893* 28
58 251986 60
66 252160* 105
55 252217* 48
50 252218A* 35

2522194* 22
2522204* 26
252221A* 25
2N2222* 20
252297 45
252303* 50

75
77
85

100
110

95
95

120
219
225
270
280
325

66
73
72
82
65
52
36
45
45
47
47
24
22
20
25
16
16
25
25
24
17
24
20
17
15
19
19

252368
252369*
2N2476
252483*
262484*
292646*
252784
252846

25
15

125
28
30
48
55

140
252894 30
2529044* 22
252905A* 20
252906* 18
252907* 20
2629074* 22
252926G 10
2N29260 8
252926R 8
252926Y 8
2N3011* 30
253053* 17
253054* 49
253055* 60
263108 60
253121 40
253133 43
253135 33
253250 30
253252 36
2N3302 35
253442* 142
253563 32
253614* 169
253615* 135
25 1303 26

253702 10
253703 11
253704 10
253705 11
253706 10
2N3707 10
253708 11

253709 11
253710 16
253711 12
253715* 250
2N3772* 170
263773* 288
253819 22
253820 38
253823* 65
253824* 70
253866* 90
253903 20
2N3904 18
253905 18
2N3906 17
254037* 52
254058 17
254061 17
254064* 120
254236* 145
2114289 20
254859 65
255135 42
255136 42
255138 20
2N5179* 60
255180* 60
255191* 65
255305* 40
2N5457 35
2N5458 36
2N5459 38
255485 38
2N5777 56
256027 40
40311* 56
40313* 125
40316* 95
40317 52
40328* 52
40327* 62
40347* 99
40348* 116
40360* 43
40361* 45
40362* 48
40411* 289
40412* 65
40576* 190
40594* 98
40603* 113
40636* 165
40673* 87
40673 79

Matched
Pair
10p extra.

CHOKES
SC60
10(5,1-1
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CONSTRUCTIONAL PROJECTS
AUTO -RANGING VOLTMETER by S. Roberts
A useful piece of test gear that leaves your hands free 400

STRENGTH METER by N. Riddiford
A game to test your grip 412

P.E. CHAMP -6 by R. W. Coles and B. Cullen
CHOMP firmware put under the microscope 422

RHYTHM GENERATOR by N. A. Cooke
Construction and final setting up 432

GENERAL FEATURES
SEMICONDUCTOR UPDATE by R. W. Coles
A look at some recently released devices 411

INGENUITY UNLIMITED
Telephone Monitor 437

FAULT FINDING -2 by G. Loveday
Trouble shooting complete systems 445

NEWS AND COMMENT
EDITORIAL 399

KIM 1 REVIEW
Report on another new microprocessor 408

NEWS BRIEFS
Microcomputer Kit-Watts On The Road-Exhibition 417

MARKET PLACE
Interesting new products 418

SPACEWATCH by Frank W. Hyde
U.F.O.s, Life And Death From Outer Space, Landsat 421

MICRO -BUS by DJD
A bimonthly focus on micro's for the home constructor 429

INDUSTRY NOTEBOOK by Nexus
What's happening inside industry 438

PATENTS REVIEW
The history of the gramophone 441

BOOK REVIEWS
Selected new books we have received 448

Our March issue will be on sale Friday, 10 February, 1978
(for contents see page 407)

IPC Magazines Limited 1978. Copyright in all drawings, photographs and articles published in PRACTICAL
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. All
reasonable precautions are taken by PRACTICAL ELECTRONICS to ensure that the advice and data given to
readers are reliable. We cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices
quoted are those current as we go to press.

Practical Electronics February 1978 385



EASY BUILD SPEAKER DIY KITS
Specially designed by RT-VC for cost
conscious hi-fi enthusiasts, these kits
incorporate two teak -simulate enclosures.
two EMI 13" x 8" (approx.) woofers, two
tweeters and a pair of matching crossovers.
Supplied complete with an easy -to -follow

02800 circuit diagram, and crossover components.
STEREO PAIR Input 15 watts rms, 30 watts peak. each unit.
+ p & p £5.50 Cabinet size 20" x 11" k 93" (approx.).

SPEAKERS AVAILABLE WITHOUT CABINETS.
It's the units which we supply with the enclosures illustrated
Site 13" x Er- lappror I woofer. IEMII. 23" app., 11700 per
tweeter, and matching crossover components. stereo pair
Power handling 15 watts rms. 30 watts peak. + p & p 13.40

COMPACT FOR TOP VALUE These infinite baffle
enclosures come to you ready mitred and professionally
finished. Each cabinet measures approx. per stereo pair
12" x 9" k 5" deep, and is in wood simulate.
Complete with two 8" (approx.) speakers for 0
maximum power handling of 7 wans. 80. + p & p 02.20
SPEAKERS Two models - Duo Ilb. teak veneer. 12 watts
rms. 24 watts peak. 181" k 131" x 13" (approx.).
Duo III, 20 watts rms. 40 watts peak. 27" k 13" X appx
Duo ilb f ER IR

Duo f
L p & p EPER

PAIR
I

-I
f

P

p&p EPA6.50 O7.50
DECCA 20 WATTS STEREO SPEAKER stereo pair
This matching loudspeaker system is hand made, kit
comprises of two 8" diameter approx. base drive unit. with
heavy die cast chassis laminated cones with rolled P.V.C.
surrounds. two 33" diameter approx. domed tweeters
complete with crossover networks. 81). £4.00 p & p.120"

PERSONAL SHOPPERS
STEREO CASSETTE record/replay fully built P.C. board 1275

AM. FM. TUNER P.C.B. with Mullard L.P. 1186. 1950
1185. 1181 modules.
100K Multiturn Varicap tuning pots. 6 for E1 00

PAIR STEREO B WATT SPEAKERS
8" bass units with 33" approx. tweeters ,129,Size 163" . 11" ), 83".
Plinth & cover BSR or Garrard teak finish C600
DECCA DC1000 Stereo Cassette P.C.B. E195
complete with switch oscillator coils and tape-heads

AM. FM. Stereo Multiplex Car Radio/cassette £3600
player in dash fixing Negative earth 5 watts output
I.C. Stereo 8 Track to Cassette adaptor converts. E1 895
any 8 track player to cassette player.

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723

_

.11111
20 x 20 WATT STEREO AMPLIFIER £2990
Superb Viscount IV unit in teak -finished cabinet.
Silver fascia with aluminium rotary controls and p & p
pushbuttons, red mains indicator and stereo jack 12.50
socket. Function switch for mic. magnetic and crystal
pick-ups, tape. tuner, and auxiliary Rear panel features two
mains outlets. DIN speaker and input sockets. plus fuse.
20+ 20 watts rms. 40 -I- 40 watts peak.
30 x 30 WATT AMPLIFIER KIT
Specially designed by RT-VC for the experienced constructor.
complete in every detail. Same facilities as
Viscount IV amplifier. 60+ 60 peak. p & 0 12.50 02900
NOW AVAILABLE fully built and tested. (3500
Output 30 - 30 watts rms. 60+ 60 peak. p & p 12.50

FLEET° cash or cheque personal shoppers
A 4 channel Stereo Adaptor to all buyers of the

Visicount 20 x 20 /2990 Available separately 1395
Amplifier at + LIDO p & p.

ADO -ON STEREO CASSETTE TAPE DECK KIT,
Designed for the experienced D.I.Y. man. This
kit comprises of a tape transport mechanism.
ready built and tested recordireplay
electronics with twin V.U. meters and
level control for mating with mechanism
Specifications: Sensitivity - Mic.
0.85 mV 20K OHMS: Din. 40mV

400K OHMS: Output - 300mV RMS per channel ,i 1 KHz

from 2K OHMS source: Cross Talk - -30db Tape Counter -
3 Digit. Resettable : Frequency Response - 40Hz -8KHz ± 6db
Deck Motor- 9 Volt DC with electronic speed regulations:
Key Functions - Record. Rewind, Mains Transformer f 1895
Fast Forward. Play, Stop & Elect. E2.50 p&Pp&p E2.50
Om extras Pao of Dynamic tmcropOones £3.95 + £1.00 p & p.

EI
323 EDGWARE ROAO, LONDON W2
21D HIGH STREET, ACTON W3 6NG
ALL PRICES INCLUDE VAT AT 121%

All items subiect to availability. Price correct

:at 1.11.77 and sublet la change without notice

8432. 9.30am 5.30pm. Half day Thursday.

At enquiries send stamped

addressed

envelope

45 WATT MON
DISCO AMP

tlgoo
p & p f2.50

Size approx.

131" in 53" k 63"
45 watts rms. 90 watts peak output. Big features
include two disc inputs, both for ceramic cartridges. tape
input and microphone input. Level mixing controls fitted
with integral push-pull switches. Independent bass and
treble controls and master volume.

70 & 100 WATT
MONO DISCO AMP

14- x 4" x 10311. WISize approx.

Brushed aluminium .

fascia and rotary controls.
Five vertical slide controls - master volume. '

tape level, mic level, deck level. PLUS INTER -DECK FADER
for perfect graduated change from record deck No. 1 to

70 pw&alpt flf.0007
(PFL) lets YOU hear next disc before fading
No. 2. or vice versa. Pre -fade level control

140 wan peak ""

it in. VU meter monitors output level.
Output 100 watts RMS 200 watts peak. 100 watt 165

CHASSIS RECORD BSR BD S 95 TYPE Illus. 12495
PLATER DECKS Belt drive turntable unit,

2 speed. semi automatic p & p 12.55
BSR MP60 TYPE Single
play record deck

less cartridge. p &f p1 152.9555

Cartridges to suit above
Acos. magnetic stereo £4.95

Type 105T

£1.95Ceramic stereo
BSR automatic record player deck

cueing device and stereo ceramic head. p & p E2.55 E895

BSR MP 60 type. complete with magnetic cartridge. [29
diamond stylus, and de luxe plinth and cover. p & p E4.50

Home 8 Track cartridge player This unit will match
with the Viscount IV 9" x 8" in 33". p & p £2.50

Tourist IV
CAR RADIO KIT
For the experienced
constructor only
Output 4 watts into 4 ohms.

12 volts pos or nag (altered internally) El 250 p & p 11.50
FREE TO PERSONAL SHOPPERS BUYING CAR RADIO KIT worth
ELECTROMATE Rear window heater, modern line element, f 3.00

ACTON Mail Order only. No callers GOODS NOT DESPATCHED OUTSIDE UK

Becomes
a radio
amateur.
Learn how to become a radio -
amateur in contact with the whole
world. We give skilled preparation
for the G.P.O. licence.

Brochure, without obligation to:

BRITISH NATIONAL RADIO
& ELECTRONICS SCHOOL,

P.O.Box 156, Jersey, Channel Islands.

NAME

WAA1
PEK2

I

I

(Block ceps please).
NIN MINIM MO MR MN. ============== III Ulan Mg

ADDRESS

El 850

PE SUSTAIN UNIT

Or ROOK

BUILD A SUSTAIN UNIT EQUAL TO THE
BEST COMMERCIAL MODELS.

COMPLETE KIT - £7.95
ALL HIGH QUALITY COMPONENTS

AS SPECIFIED.

DESIGNER APPROVED.

nvf 0  s s

Complete set of semiconductors
LP1186 Tuner Head
Glass fibre PCB, printed with component

locations

£4.99
£9.60

£2.45

ORION
amplifier

Complete set of semiconductors £9.40
Glass fibre PCB, printed with component

locations £2.99

PE DIGITAL VOLTMETER (APRIL 1977)
ZNA116 *£6.00 with circuits and data
Complete set of all semiconductors for the P.E. DVM including E20.50*I.C.'s, transistors. diodes. displays. regulator, etc.
Set of two professional grade glass fibre P.C.B.'s printed with £3.40*component locations
Complete set of resistors. incl. attenuator resistors £1 .00*
Complete set of capacitors incl. 22001F power supply £1.60*

PE TV SOUND SEPARATOR
Complete set of semiconductors C2.30, High quality glass fibre p.c.b. C1
POSTAGE AND PACKING 15p per order. Orders over £5 post free. All devices
are top grade. brand new and to full manufacturer's spec. We do not sell
seconds or rejects. Send S.A.E. for our data sheet and price list.
Prices do not Include VAT -add 8% to Items marked, and 123% to all
others

DAVIAN ELECTRONICS (MAIL ORDER ONLY)

13 Deepdale Avenue, Royton, Oldham OL2 6XD
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TUNS /N 7b Mk NOW or
maeopkwAr

Plays.
Green sleeves
God Save the Queen
Rule Britannia'
Land of Hope and Glory
Oh Come All Ye Faithful
Oranges and Lemons
Westminster Chimes'
Sailor's Hornpipe
Beethoven's "Fate Knocking'.
The Marseillaise
Mozart
Wedding March
These tunes play longer if the push button is kept pressed

 Handsome purpose built ABS cabinet
 Easy to build and install
 UsesTexas InstrumentsTMS1000 microcomputer
 Absolutely all parts supplied including I.C. socket
 Ready drilled and legended PCB included
 Comprehensive kit manual with full circuit details
 No previous microcomputer experience necessary
 All programming permanently retained is on chip ROM
 Can be built in about 3 hours!
 Runsoff 2 PP3 type batteries.
 Fully Guaranteed

The Chroma-Chime is the world's first electronic musical
door chime which uses a pre-programmed microcomputer
chip to generate tunes. Instead of boring old buzzes, dings or
dongs, the Chroma-Chime will play one of its 24 well known
tunes from its memory using its tiny 'brain' to all the music
synthesizing! Since everything is done by precise mathe-
matics, it cannot play the notes out of tune.

The unit has comprehensive built-in controls so that you
can not only select the 'tune of the day' but the volume,
tempo and envelope decay rate to change the sound
according to taste.

Not only visitors to the front door will be amazed, if you
like you can connect an additional push button for a back
door which plays a different tune!

This kit has been carefully prepared so that practically
anyone capable of neat soldering will have complete success
in building it.The kit manual contains step by step construc-
tional details together with a fault finding guide, circuit
description, installation details and operational instructions
all well illustrated with numerous figures and diagrams.

The CHROMA-CHIME is exclusively designed by

Cook House Door
The Stars Et Str,pes'
Beethoven's Ode to Joy
William Tell Overture
Soldier's Chorus
Twinkle. Twinkle Little Star
Great Gate ot Kwv
Maryland
Deutschland iiber Alle'.
Bach
Colonel Bogie
The Lorallie

CHROMATROMIC:
River Way, Harlow, Essex.

Bvi/ d
OgoteMM*

only

is
e for

*Cosip/ele chruma-chirre
All hie/ye/es Ag #

-1 peat e4atiettlethst to th04zioctria9
world o6 osteelacamftateu.

- Salle 120444 OK mzerstete Tetetifrriee

44w-449 voavieei.- om
T ONICS, River Way, Harlow, Essex, U.K

! Please send E] Chroma -Chime Kits at £18 .00 each III

including VAT and post and packing
IPLEASE USE BLOCK CAPITALS

I I
I I
I

I enclose cheque/PO value
or debit my ACCESS/BARCLAYCARD account No.

I I
I I

ISignature

assembled, price E24.95 incVAT and post and II N.B. The CHROMA-CHIME is also available, fully
acking.
PE 2/78L

Name

Address
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BD1-The Connoisseur§ Budget Choice
limmoitteur

0111 MEV I

BD1 kit &
Completed 801
Assembly

The Connoisseur BD1 transcription turntable is a precision engineered product
designed to provide top grade performance at a moderate cost. Simplicity is the
main feature of this unit giving excellent performance and reliability.
A slow speed synchronous motor is used and because of its construction the hum
field is very low, so that even the most sensitive of pickups can be used, including the
Connoisseur SAU2 or the SME 3009 Series II.
Speed change is achieved by a press button unit at the rear of the platform which automatically
moves the drive belt from one pulley groove to the other whilst the turntable is turning.
The BD1 turntable kit can be assembled by the home constructor within the hour and when
completed will give top quality performance. No soldering is required. Complete the unit with
a modern BD1 plinth and cover. The plinth is finished in walnut veneer and fitted with spherical,
anti -vibration feet. Add to this a strong Acrylic, bronze cover, hinged with 2 -position lid stay and you
have a first class turntable at a budget price!

BD1 with Plinth,
Cover & SME Arm.

foodomov
Write for further details to:
A. R. Sugden & Co. (Engineers) Ltd.
Manufacturers of Connoisseur Sound Equipment, Connoisseur Works, Atlas Mill Road,
Brighouse, West Yorkshire HD6 1ES
Telephone: Brighouse (0484) 712 142, Telex: 517144 Sugden Crighouse,
Telegrams & Cables: Connoisseur Brighouse.

B. BAMBER ELECTRONICS
Dept. P.E.5 STATION ROAD, LITTLEPORT. CAMBS.. CB6 10E
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED
A RANGE OF DRAPER TOOLS FOR THE
ELECTRONICS ENTHUSIAST
MAINS TESTER SCREWDRIVERS 100 to 500V

Standard size 50p, Large 70p
RADIO PLIERS 54" £1.60, 81' E1,110.
DIAGONAL SIDE CUTTERS 84" e1.110.
SMALL SIDE CUTTERS L.12, Standard £3.70

I.J7 (with wire holding device) £4.10.
MIDGET OPEN ENDED SPANNER SETS
0.1 2+2 3.5 4.8 8.8BA SIZES £2S5 set

o15.
4.4.5 5.5.5 4.13 8.7 8+9 10.11 mm SIZES

E3.50solof 8.
MINIATURE FILE SETS. Set of 8 £1.110. Set of
10E3.25 (ROund, flat, etc.).
TAP AND DIE SETS (18 piece) contain 1 each
of 0, 2, 4, 8. 8, BA SIZES In Dies, Plug Tape,
Taper Taps  American type tap wrench, T type
tap wrench, Die Holder. E11.00.

LARGE ELECTROLYTIC PACKS. Contain range
of large electrolytic cepacitors, low and high

(

voltage types, over 40 places, £3.00 per pack
.124% VAT).

Slider Switches. 2 pole make and break (or can
be used as 1 pole change -over by linking the two
centre pins), 4 for 50p.
A NEW RANGE OF QUALITY BOXES I
INSTRUMENT CASES.
Aluminium Boxes with Lids
ABIO 54 4 14 110p
A813 8 4 2 /Op
AF114 7 5 24 E100
ABI5 8 8 3 [1.30
ABI6 10 7 3 E150
ABI7 10 If 3 E1.30
AB25 8 4 3 21.00
Vinyl Coated Instrument Cases
Light Blue tops and White lower sections. Very
smart fiinish.
W81 5 . 21 24 OCIp

W82 6 . 44 ty 61.10
W 3 6 x S 2 E1.60
WB4 9 x 54 24 E1.60
WBS 11 x 111. 3 t200
W86 11 x 71 34 6.225
WB7 12 x 64 by 6.200
WB853 8 x 51 34 1200

MAINS TRANSFORMERS. Type 8012, Mains
input 200-210-220-230-240-250V a c.. output 0-20-
40-80V at 2A. in Metal and Plastic case, approx
74 x 44 x 4. fully fused (ideal for PSUI £300
1005.

MAINS TRANSFORMERS. Type 15/300 240V
input. 15V at 300mA output. 11 .50 each.

MAINS TRANSFORMERS. Type 45/100. 240. 220,
110, 20. OV input, 45V at 100mA output, E1.50
each

VIDICON SCAN COILS (Transistor type. but no
data) complete with vidicon base EaSO each.
Brand New

FULL RANGE OF BERNARDS/BABANI
ELECTRONICS BOOKS IN STOCK. S A E FOR
LIST.

NEW FOR THE VHF CONSTRUCTOR. A range of
tuned circuits on formers with slugs and screening
cane Frequencies quoted are approximate. and range
can be greatly extended by using varying capacitors in
parallel
Type S (On square. dumpy type)
Type SA 20 to 30MHz (when 33p1 fitted in parallel)
Type SB 35 to 50MHz (with link winding)
Type SC 70 to 100MHz (with link winding)
Type SD 135 to 175MHz (with link winding)
Type M (Mon fin square types)
Type MA 19 to 28MHz (when 33pF tilted in parallel)
Type MB 22 to 32MHz (when 33pF fitted in parallel)
Type MC 25 to 35MHz (when 33pF fitted in parallel)
Type MD 3810 50MHz (when 339F fitted in parallel)
Type ME 45 to 60MHz (when 33pF tilted in parallel)
Type MF 100 to 200MHz (without slug) when 0 to 30pF
variable fitted in parallel.
All the above coils available in packs of live only (same
type) at 50p per pack of 5

SEMICONDUCTORS
BSX20 (VHF Osc/Mult) 3 for 50p.
BC108 (metal can). 4 for SOp.
PBC108 (plastic BC108). 5 for 50p.
8FY51 Transistors. 4 for 60p.
BCY72 Transistors, 4 for SOp
PNP audio type 105 Transistors. 12 for 2Sp.
BF152 (UHF amp/mixer), 3 for 50p.
2N38119 Fet . 3 for 60p,
BC148 NPN SILICON. 4 for 50p.
BC158 PNP SILICON, 4 for 513p.
BAY31 Signal Diodes, 10 for 3Sp.
BA121 Varicap Diodes. 4 for 50p.

741CG op amps by RCA. 4 for LI

RED LEDs Win type) 5 for lop.

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED
PLASTIC PROJECT BOXES with screw on lids
(in black ABS) with brass inserts.
Type NBI approx 3in x 2}in liin 40p each
Type NB2 approx. 31in x 2fin SOp each.
Type NB3 appro., 4+ in x 34,in X 1iin 80p each.

MULLARD 65A2 05V STABILISER VALVES
(Brand New) 70p each or 2 for E1.20.

103 transistor insulator sets. 10 for 50p

PERSPEX TUNER PANELS (for FM Band 2
tuners) marked 88-108MHz and Channels 0-70.
clear numbers, rest blacked out. smart modern
appearance, size approx 04 in x 1410.. 2 for
3Sp.

PLUGS AND SOCKETS
N -Type Plugs 50 ohm. 60p each. 3 for El 10.
PL259 Plugs (PTFE). brand new, packed with
reducers. 6Sp each
S0239 Sockets (PTFE), brand new (4 -hole fixing
type) 50p each.

SOLDER SUCKERS (Plunger type) Standard
Model, O. Skirted Model ThSO. Spare Nozzles
OCIp each

NEW MARKSMAN RANGE OF SOLDERING
IRONS.

S125D 25W 240V E300.
S140D 40W 240V 14.20.
S125DK 25W 240V + bits etc.. KIT 24.90.

BENCH STAND with spring and sponge for
Marksmen irons t.238.
Spare bits MT9 (for 15W) 50p, MT5 (for 25W) 4Sp,
MT1O (for 40W) SOp.
ALL PRICES + 0% VAT.
TCP2 TEMPERATURE CONTROLLED IRON.
Temperature controlled iron and PSU. £30 + VAT
(E2 40)

TIPS
Type CC single flat. Type K double flat fine lip,
Type P, very line lip. VI each + VAT (8p).
MOST SPARES AVAILABLE.

MULTICORE SOLDER
Size 5 Savbit 18 c.o. in alloy dispenser,
32p + VAT (3p),
Size C1SAVI8 Savbit 18 'Aro.. 51Ip + VAT (4p).

Kg (1 11b) 60 x 40. 20 s w g on plastic reel
E3  VAT 124p1

WELLER SOLDERING IRONS
EXPERT. Built -in -spotlight illuminates work.
Pistol grip with fingertip trigger High efficiency
copper soldering tip
EXPERT SOLDER GUN 51000 OM.
EXPERT SOLDER GUN KIT (spare bits, case.
etc.! 02.90.
Spare bits 3Sp pair

A LARGE RANGE OF CAPACITORS AVAILABLE
AT BARGAIN PRICES, S.A.E. FOR LIST.

MIXED COMPONENT PACKS, containing
resistors. capacitors. pots. etc. All new.
Hundreds 01 items f.2 per pack, while stocks
last

ALU-SOL ALUMINIUM SOLDER (made by
Multicore) Solders aluminium to itself or
copper. brass. steel, nickel or tinplate. 16 s.w g.
with multicore flux. with instructions, Approx. 1
metre coil /Op pack. Large reel £2.75.

VARICAP TUNERS Mullard type ELC1043/05.
Brand New, 14.40 124% VAT.

BARGAIN PACK OF LOW VOLTAGE
ELECTROLYTIC CAPACITORS. Up to 50V
working. Seatronic Manufacture. Approx. 100

50 per pack + 124% VAT.

OSMOR REED RELAY COILS (for reed relays up
to iin die.. not supplied) 12V. 500 ohm coil. 2 for
50p.

We now stock Spiralux Tools for the electronic
enthusiast. Screwdrivers. Nut spanners, BA and
Metric sizes. pop rivet guns. etc. S.A.E. for list.

Dubilier Electrolytic,. 500, 450V, 2 for op.
Dubilier Electrolytics. 1000, 275V. 2 for 50p.
Plessey Electrolytics. 4708F, 63V, 3 for Up.
TCC Electrolytic., 1000uF, 30V, 3 for 110p.
Dubilier Electrolytics. 50000, 35V. 50p each
Dubilier Electrolytics. 50000. 50V, 110p each.
ITT Electrolytics, MOO. 25V, high grade, screw
terminals. with mounting clips, Slp each.
PLEASE ADD 12y% VAT TO ALL
CAPACITORS.

TV PLUGS AND SOCKETS
TV Plugs (metal type). 4 for 56p.
TV Line Connectors (back-to-back sockets), 4 for
50p.
Plow odd 124% VAT.

Terms of Business CASH WITH ORDER. MINIMUM ORDER t2. ALL PRICES INCLUDE POST & PACKING (UK ONLY) SAE with ALL ENQUIRIES
PLEASE ADD VAT AS SHOWN ALL GOODS (N STOCK DESPATCHED BY RETURN CALLERS WELCOME BY APPOINTMENT ONLY
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TUAC
TRANSISTOR UNIVERSAL AMPLIFICATION CO. LTD.
PHONE 01-672 3137/672 9080
MANUFACTURERS OF QUALITY AMPLIFICATION AND LIGHTING
CONTROL SYSTEMS

PRE AMPLIFIERS
Designed for use with TUAC power amplifier modules.

VA08
Vol-ireb. Mid. and Bass controls. HI. IMP. FET. I/P suitable Mid
Guitar, Radio Crystal/Ceramic P.U. Sensitivity 4mV. Treble+ 35dB at
16kHz. Mid + 20 -15dB at 1 kHz. Bass + 20 - 10dB at 40Hz.

VA06 £9.00
Vol Treb. and Bass controls. Sensitivity 8mV. Treb + 28 -15dB at
1 2kHz Bass ± 18d8 and 401-1z. f7.75SVA08 STEREO PRE AMP

Vol Treb. Mid and Bass controls. I/P suitable Guitar, Radio,
Crystal/Ceramic P.U. Sensitivity 4mV. Treble 035d8 at 16kHz. Mid.
20 -7dB at 4kHz. Bass 020 - 18d8 at 30Hz Plus Full BalanceControl
F ully 1/C operation supply voltage 0 25VDC. f15.00
4 CHANNEL SOUND

TO LIGHT
SEQUENCE CHASER

- 4LSMI

PRICES INCLUDE VAT. P & P FREE
correct at 1/9/77

TO ORDER BY POST
Make cheques/P.O.s payable to TUAC LTD. (PE28) or quote
Access/Barclaycard No and post to TUAC LTD. (pE28 )

9Charlmont Road, London SW17 9AB We accept phone orders
from Access/Barclaycard Holders. Phone 01-6729080

POWER SUPPLIES

Vacuum varnish impregnated. Transformers
with supply board incorporating pre -amp

PS250 for supplying 2 TP125s
PS200 for supplying 2 TP100s

supply:

£28.50
£28.50

AMPLIFIER MODULES

TL30 D.C. COUPLED 5 s 5 x 11/.m.
 35 watt R.M.S. continuous sine wave output
 8 transistors 4 diodes f12.75
TL60 5.5.3m
 60 wan R.M.S.continuous sine wave output
 2 R.C.A. 110 watt 15 amp transistors f18.25

PS60/60 for supplying 2 TL6Os £25.00 TL100
PS125 ±45 volts for TP125
PS100 ±43 volts for TL100

£17.75
£16.25

 100 watt R.M.S.continuous sine wave output
 2 R.C.A. 150 wan 15 amp transistors

PS60 ±38 volts for TL60
PS30 ±25 volts for TL30

£15.25
£11.75 TP125 7  61/2 x 3in

PSU 2 for supplying disco mixer £7.50  125 watt R.M.S. continuous sine wave output
 4 R.C.A. 150 watt 15 amp output transistors

r25.75
4'.

T- U

tell ITT

A

STEREO DISCO MIXER
With touch sensitive switching and auto fade

INPUTS: Four identical stereo inputs available with any equalisation Two magnetic and two flat supplied as
standard. High quality slider control on each channel. Volume, treble and bass controls for each pair of sliders.
Sensitivity mag., 3mV (9.1.A.A. comp.). Flat 50mV at lkHz. Bass controls .118dB at 60Hz Treble controls ±1848 at
15kHz.
OUTPUT: Up to 3 volts 12481 available Attenuated output for TUAC Power Modules Rotary master and
balance controls. Band width 15Hz - 25kHz r dB.
P.F.L.: Output 250rnV into 8 ohms. Rotary volume control. Monitoring facility for all 4 channels. Selection via
touch sensitive illuminated switches. Switched visual cue indicator.
Miscellaneous Facilities: Two illuminated deck on/off switches. Mains illuminated on/off switches. Auto fade
illuminated on/oH switch. Mains powered with integral screen and back cover Complete with full instructions
Sae.- 25in long  6in high 3in deep f129.00Mono Disco Miser with autofade £45.00

 Full wave control
 RCA 8A Triacs
 1000W per channel
 Fully supressed and fused
 Switched master control for sound operation from

)61N to 125W
 Speed control for fixed rate sequence from 8 per

minute to 50 per second
 Full logic integrated circuitry with optical isolation

for amplifier protection f20.75
Model 501 500W per channel as above without
sound triggering f12.25

FRONT PANEL FOR LIGHTING
EFFECT MODULES

(complete with switches, neons and knobs)
as illustrated

itiT -
4 41--)-

For SI LMB f6.50
Size 8" x 4,/,"

II
FUZZ LIGHTS
Red, Green, Blue,
Amber £23.50

4LSMI f5.50
Size 61/2" z 41/2"

ft_ 4 4.1#

SILMB £7.50
Combined with 3SDM1
Size 9" k 4'6

new from TUAC...
ULTRA QUALITY HIGH POWER

TD 500 POWER AMPLIFIER
New DC coupled design

Output power using PS250
300w into 2 Ohms
220w into 4 Ohms
140w into 8 Ohms
75w into 15 Ohms
RMS continuous sine wave
output
INPUT Sensitivity 0 775V
RMS (ODB) at 25 KOHMS
Hum and Noise 100d8
Relative full output
THD at Full Power 0

f45

PIEZO SUPER HORN . . . .f10.95
STOCKISTS - CALLERS ONLY

Al Music, 88 Oxford Street. Manchester (Tel. 061-236 03401

Geo Mathews. 85.'87 Hurst Street. Birmingham (Tel. 021.822 19411
Bristol Disco Centre, 25 The Promenade. Gloucester Road (Tel. Bristol
416661
Soccodi. 9 The Friars (Tel. Canterbury 609481
Cookies Disco Centre. 132 West Street (Tel. Crewe 47391
Garland Bros. Ltd.. Deptford Broadway, London 01-692 4412

Luton Disco Centre. 88 Wellington Street. Luton (Tel. Luton 4117331
Mitchell Electronics. 7 Queen Street (Tel. Salisbury 236891.

Session Music. 163 Mitcham Road. Tooting (Tel. 01-672 34131.
Mon -Set 10 sm. - 6 p.m, Closed Wed.

3 CHANNEL
LIGHT MODULATOR

SILMB

 RCA 8A Triacs
 1000W per channel
 Each channel fully suppressed and fused
 Master control to operate from 1W to 125W
 Full wave control f20.25

Single Channel Version 1500 Watts £9.75

ADD SEQUENCE CHASING +
DIMMING EFFECTS FOR
TUAC 3 CHANNEL LIGHT

MODULATOR

 Speed Control 3 per min to 10 per sec
 Full logic integrated circuitry
 Dimmer control to each channel

3SDMI f14.50

SUPPLIERS TO H.M. GOVT. DEPTS. MANUFACTURED AND ASSEMBLED IN GT. BRITAIN FULLY TESTED AND GUARANTEED
SEND NOW FOR OUR FREE 20 PAGE ILLUSTRATED CATALOGUE. S.A.E. STAMPED PLEASE
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electronic ignition kit
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Smoother running
Instant all-weather starting
Continual peak performance
Longer coil/battery/plug life
Improved acceleration/top speeds
Optimum fuel consumption

Sparkrite Mk. 2 is a high performance, high quality capacitive discharge,
electronic ignition system in kit form. Tried, tested, proven, reliable
and complete. It can be assembled in two or three hours and fitted in
15/30 mins.
Because of the superb design of the Sparkrite circuit it completely
eliminates problems of the contact breaker. There is no misfire due to
contact breaker bounce which is eliminated electronically by a pulse
suppression circuit which prevents the unit firing if the points bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50th of the norm. It will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of the contact breakers for recharging the system. Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of
blowing the transistors or the SCR. (Most capacitive discharge ignitions
are not completely foolproof in this respect). All kits fit vehicles with
coil/distributor ignition up to 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED
Ready drilled pressed steel case coated in matt black epoxy resin, ready
drilled base and heat -sink, top quality 5 year guaranteed transformer
and components, cables, coil connectors, printed circuit board, nuts,
bolts, silicon grease, full instructions to make the kit negative or
positive earth, and 10 page installation instructions.

OPTIONAL EXTRAS
Electronic/conventional ignition switch.
Gives instant changeover from "Sparkrite" ignition to conventional
ignition for performance comparisons, static timing etc., and will
also switch the ignition off completely as a security device, includes
switch connectors, mounting bracket and instructions. Cables excluded.
Also available RPM limiting control for dashboard mounting
(fitted in case on ready built unit).

CALLERS WELCOME. For Crypton tuning and fitting service -
'phone 10922) 33008

PRICES INCLUDE VAT, POST AND PACKING.
Improve performance & economy NOW

NOTE -Vehicles with current impulse tachometers (Smiths code on dial RV1
will reouire a tachometer pulse slave unit. Price f3 - 35 inc. VAT, post & packing

ELECTRONICS DESIGN ASSOCIATES, IS Seth St.. Webett. WS1 30E

PIST
Electronics Design Associates, Dept. PEI

refr1e4
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 33652

Tool' Quick installation
&Vet medifieetien

'NameAddress

I
Ignition Changeover switches  E4.306 iiR.P. tiM. Limit systems in above units E2.4211

Mk. 2 DIY Ass. Kit  E11.80

Mk. 2 Ready Built Negative Earth CO E14.97

Mk. 2 Reedy Built Posit..Earth fat E14.97

I enclose cheque/PO'story _
Cheque No.

Send SAE if brochure
only required.

1

Random
1 1 N

less
LENGTH

TWINBANK
6 LIGHT,,;",

o
14 inches UNIT

vCio,;(4:adv'°----attcdoutedwith three

that flash rndeat ,n.oendnion,iy

Sound to Light 600
MASTER UNIT °1AIZFI

1

CHANNEL1.111.11111111......gr

r 11 0 0 0 i £3195
.1( VP,L, . .1 i

rout or o(sS av:
',NS 'y'"1'' 50e.-

TypEg 3 BANK UNIT
(Les, Lai,,u,j

0
4

B ec.fin 4.67.26
Fitt ing Fiting

GREEN 3 Limos

100 WATT SPOT LAMPS mum.-
RED, YELLOW.

BLUE. ci 50 ece f4.50I
CLEAR

B C. or E .S. Fining

it PRINS Met unf y  r nqr0Sr a rAcKorc
 Kn. 1111 UP1,111 0 n

BFittingC

4211E9:5. 5

Fitting Z111.4

TYPEA
SPOT(less

8 C Fitting
I E S Fitting

E1.95.**: E212-

TWINBANK121.161f1
UNIT

.41. 4 ## Length

We

31 Q

Plless lamps)

Bitt C ing £15.60, E £17.00F FittSing_

Send 20 for ill ed keno Fr rice El

A L BEN ENGINEERING CO. LTD.,
DEPT. PE THE CRESCENT, INORSTHORNE,
BURNLEY LANCS. Tel Burnley 20940

BARGAIN PARCELS SAVE POUNDS
Huge quantities of electronic components must be cleared as space required. 1000's of capacitors.
resistors, transistors. Ex equipment panels etc. covered in valuable components. No time to sort.
Must sell by weight 7 lbs - E4.95; 14Ibs - E7.95; 28 lbs E12.00; 56Ibs - E20.00; 112 Ibs -
£30.00.

Handy Pocks BARGAIN PACKS
4 aluminium boxes 128 x 44 x 38 tom ideal for New U.H.F. transistor TV tuners 4 pushbutton
signal injectors, etc. E1.00 type E2.50
Self fluxing enamelled copper wire 18 & 22 Rotary type with slow motion drive E2.50
swg on 2 oz reels. 2 for E1.10 Aluminium 1V coax plugs. 10 for E1.00
100 miniature reed switches ideal for burglar Miniature 5K log pots with s/p switch. 4 for El.
alarms, model railways, etc. E2.20 Hardware Packs each containing I03's of
15 x 2 -pole reed relays on board operate at items including: BA nuts and bolts, Nylon,
12 volts E2.45. Self -tapping, Posidrive, "P" clips, Cable
6 x 6 -pole 12 volt reed relays on board E2.45 clamps, Fuse holders, Spire nuts etc, etc. El
High quality computer panels smothered in per pound. 100 assorted P clips E 1.
top grade components: 5 lbs E4.75; 10 lbs Belling Lee outdoor Triplexers, U.H.F., Bond I,
£8.95 Band 2, 50p each, 3 for El.

DE LUXE FIBRE GLASS PRINTED CIRCUIT ETCHING KITS
Includes 150 sq. ins. copper clod f/g board, 1 lb ferric chloride, 1 dolo etch resist pen, abrasive
cleaner, 2 mini drill bits, etch tray and instructions / only E5.30

REFILL PACKS FOR ABOVE

150 sq. in fibre glass board E2
Dalo pen 90p
I lb ferric chloride to mil spec E1.25

TV SURPLUS
Brand New ITT C.T.V. Triplers, fit Dacca
"Bradford" chassis E2.50 each. 5 for E10.
Pye and Philips "GB" C.T.V. panels, various
types. All incomplete but invaluable for spares
or completing. 6 assorted panels for E7.50.
Thorn B & W T.V. bottom panel "950" series,
manufacturers surplus E1.50 each.
Pye 11U contrast controls. 10 for El.
Thorn tape motors mains E1.20 each.
Pye EHT bases, DY51 etc. 10 for El.
Ceramic P/C mounting valve bases. For
PL509, P1508, etc. 10 for El .

Semiconductor Bargains
LH3 Thermistors. 10 for It.
100 new & marked silicon and germanium
transistors including BC148, BF194, BC183,
etc. E3.95
200 new & marked transistors, including
2N3055, AC128, BFY50, BD131, etc. E6.95
100 mixed diodes IN4148, etc. E1.20
100 mixed diodes including caner, power and
bridge types E3.30

Bridge rectifier 100v 2.5 amp. 4 for El.
5 lbs ferric chloride to mil spec C4.00
Instruction sheet 20p
200 unmorkea mixed transistors, lots of
interesting types including power. Send 60p
for samples E4.50
25 New & marked integrated circuits including
555, 741, 7400, 7490. TBA 800, CD4001, etc.
E4.70
BR 101 full spec. 5 for E1.00
DY 51 EHT Rectifier E1.00
TBA 120A 50p each
20 mm anti -surge fuses your selection 500rn A
to 3.15A. 12 for E1.00
Component Bargains
300 mixed resistors 4 wan E1.00
200 modern mixed caps most types E3.30
125 mixed resistors, mostly I & 2 watt El.
100 mixed polyester caps EI.40
100 mixed modern miniature ceramic plate
caps, most values to 1000 PF E3.30
100 mixed polystyrene cops to 5000 PF E2.20
100 mixed electrolytics E2.20
100 mixed wirewounds E1.00
200 printed circuit resistors E1.00

25 mixed pots & presets E 1.00

40p P & P ON ALL ABOVE ITEMS. SEND CHEQUE OR POSTAL ORDER
WITH ORDER TO SENTINEL SUPPLY, DEPT PE, 20A WADDON ROAD,

CROYDON, SURREY.
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G8CZW Digital Frequency Meter

ZN1040E Count/Display I.C. 8.10
Integrated Circuit Pack 9.25
Displays and Filter Pack 7.78
Semiconductor and Diode Pack 2.47
Resistor and Capacitor Pack
Logic and Display P.C.B.s
5MHz Crystal
Transformer 8-0-8V 0.5A

(.75pP.&P.)
Switches. Knob. BNC's etc

3.10
4.114

3.45

2 46

4.15

Complete 50MHz
kit £54.00 inc.
VAT, post free
(U.K.)

Hardware and Wire Pack
Case. Two-tone p.v.c.-faced

steel. punched and lettered
(.95p P. & P.)

Mm BNC Sockets (50 ohm)
Min BNC Plugs (50 ohm)
500MHz Prescaler Kit
SP8631B 500MHz I.C.
NE592 Wideband Video Amp
D.F.M. Reprint (post free)

NEW! Hi -Z Buller Kit enables O.F.M. to count below 100Hz £6.500K.P&P1

G8CZW Digital Voltmeter

.3)r
Xt1-613t0.

fi

1.45

5.75
0.65
0.70
1.711

5.96
1.43
0.50

Complete kit
£44.30 inc. VAT.
post free (U.K.)

ZNA116E 3f Digit I.C. 6.4$ Hardware and Wire Pack 1 26

Integrated Circuit Pack 5.24 Case. Two-tone p.v.c.-faced
Displays and Filter Pack 7.75 steel, punched and lettered
Semiconductor and Diode Pack 2.60 (+95p P. 8 P.) 5.75

Resistor Pack inc. cermets 4.64 I.C. Sockets Pack 1.08

Capacitor Pack 1.56 Transformer 75p P. 8 P.) 2.48

Logic and Display P.C.B.s 2.05 5V Reg.. 2 Rect.. 2,030uF

Voltage Attenuator Pack 0.01 Cap.. Mains SW.. Fuse and
Range Switch 6P. 4 -way 2.36 Holder 3.75

D.V.M. Reprint (post reel 0 35

All prices inc. VAT at the standard rate. Please add
20p P 8 P. for packs. S.A.E. for full lists.

Overseas -Deduct 8% Off these prices

Designer
approved

ELECTRONICS (OLDHAM) LTD.
83 Lees Road, Oldham OL4 1JW

Tel 061-624 8812

AUDIBLY SUPERIOR
AMPLIFICATION

HIGH DEFINITION - 'MUSICAL' - POWER AMP
MODULES

* T.H.D. TYPICALLY .007°,,
a 10W. 500Hz
* ZERO T.I.D. (SLEW -RATE

LIMIT 16 V/ S)

Module size:
120 x 80 x 25 mm. using
glass fibre pcb with Went
and solder resist.
Illustrated with light duly
healsink.

CRIMSON ELEKTRIK power amplifier module. are fast gaining a reputetion as the best sounding, most
musical modules available. Perhaps the most important features of this design are exceptional freedom
from crossover distortion (due to the use of output triples) end zero T.I.D. The amplifier Is protected against
open and short circuit loads and yet will drive a highly reactive lower impedance load which is more
representative of a real loudspeaker. Square wave* maintain their rise times up to fun power whilst
simulated electrostatic loads are easily handled with negligible overshoot and  settling rims of 12uS. °the,
specs SIN >11009. Rise time 10uS. Sensitivity 775mV. DC coupled. 55.1.-35kHz 1-3051. THD< 015%
10OrnW- clipping. 500Hz.

CRIMSON ELEKTRIK power supplies are In kit form for maximum flexibility and feature a low field slimline
toroidal transformer with a 120.240v primary and screen, two large capacitors bridge rectifier end all
fixings.

Heatsinks are attractive black anodised extrusion.. 80mm wide.

POWER AMP MODULES HOME EUROPE

CE 606 bllWrmr 6 oomr J5r at
LE 1004 !DOWrros 1 oronr J54 is

[16 .30
E19.22

016 .30
L19.00 CRIMSON

Et 1000 1001fIrms 8 orms 15n at

POWER SUPPLIES

[23.22 522 70

ELEKTRIK
CPS I for 24C1600 or 1 rCf

Lt'S 2 Voi :ME 100. or 2 or 44E60
L12.115
L14.55

E14.20
El 790 (PEI

CPS 3 f or 2411008

NEATSINKS

EIS IS (19 20 1A STAMFORD STREET,

LEICESTER LEI 6NL
light Duty 50mm ? C Irr .90 El 30 Telephone.
Wgh power 100 ow I 4
Disco group 1500mm I I

CW
C

CIAO
02.30

E2.40
OAS (05331 537722.

Home prices include VAT and carriage. Payment by cheque. PO COD 80p IESO limit). Export no problem
European prices include carriage insurance and handling paynhant In Medina by bank draft, PO.
International Giro or Money Order. Outside Europe please write for Specific quote by return. Send SAE or
two International Reply Coupons for full literature. Favourable trod. quantity price list on request. Suitable
pre -amp circuit 20p.

CA3028 S3p
CA3046 eap
C430S2 152p
CA3078 imp
043010 Oro
0430139 leap
CA30120 327p
043I30 113p
C83140 rap
c43165 mop
LM30i lip

L.43.1 5059

LM3110 1059
LIAM, 120p
LM710 41p
LM74I Up
L54747 139
LM7411 Ms
L443900 7ap
MC1304 11920
MC1310 197p
MC135I rep
MC1458 rep

NO

EXTRA

CHARGES

TTL 74 Oulu
7400 12. 7441 fp
7401 lee 7412 /4.
7402 ten 7445 LOP
7403 Len 744. 1239
7404 22p 740 Ion
7905 22p 704 rap
7406 Up 7454 lep
7407 44p 7470 tee
7408 239 7472 2119
7409 230 7473 79p
7410 1647 7474 33p
7411 Zip 7475 4p
7412 459 7476 lop
7413 see NW 449
7414 410 7482 sip
7416 SIM 7483 90p
7417 Up 7485 1059
7420 rep 7446 up
7425 2474 7449 1111.
742, ma 7490 Up
7430 20p 7491 170
/432 UP 7492 sip
7437 2.9 7493 5/.

SPECIAL OFFER
FOR THIS MONTH

7494
7445
7150

74100
74107
74111
74121
74122
74123
74144
74145
74153
74194
74165
74174

74175
74150
7141
74110
7191
74192
74193
74196
7410.

TOP SPEC.
IN 914

Packet of 10
25p.

63p
92P
alp

136p
Me

125p
Mp
554/

1113p

3409
Siff

136p
115p

32p
Yee
eep

Mee.
142p
131.
131.
131.
US.
1111.

MOS

C0401
004002
004008
004007
CD4006
004000
C04010
004011
004012
C04013
CDNIS
CD4016
004811
C04010
CD4019
CD4020
CD4021

111p

lap
Ilip
lip0
e p

Il lp
Op
UP
alp
30.
Np
IMP

1190
Np

C04022 114,
4159

alp
C04025 Up

001021""Sesr

1159
659

C

flip
CC0

sep

0c0C'MN°::10.004":2'

app

CC.. Up
lap

C04044
C04047
001019

All
Prices Inc
VAT and
P. & P.

C04050 Up
004050 11164
004055 1459
CD4054 1469
CD4060 117p
CD4066 /Sp
C04047 410.
004064 Hp
CD4069 259
004070 66p
004071 Zip
004812 23.
C04076 tarp
004077 11.
004070 N.
004041 Up

"07."
F.

:"29

131p 0 I L Sock..

xe

004002 UP
CONN Sip
CO.001 PO*
004501 PO*
004502 1311.
004507 Up
004510 111.
CD4511 1/U
004516 130
CD4S16 1up
004520 114p
CD4522 POA
004526 P0*
C043211 100
C134572 POA
C0,363 002

14p
lrOp

YU MPH
E1.95

Li NSA I.C..
MC1496 UP
NE555 Sp
NE556 MP
NESE1 Mp
740502 3151
NE5415 131141

NE566 116.
NE567 171.
$1475003

141/0
5976013

11131/
S1476023160p
5976033

259p
74.4621 257p
TAA661 175p
TBA540 leap
TBA641 eats
1E144100 10247
T134610 usp
'84620 1111p

A4723 6/p

51005111
09127 16.
0447
0470 SP
0479 lip

1613
14,

Yp

59 We

('1.85OP

4P

61/ GoUrson's

01/ 1s4" 5 elm
7p

weaker

rep E1.95
lip

3 amp 50 P V

3 em0 100 P V

emp 200 141 V
3 amp 400 P v
3 amp 030 P v

0045
04111
04115
04.200
04202
174914

114916

194001
151002
154003
114004
044005
184006

lalmo
*ler

E1.95

long kW
Plan

01.95

lep
lee

asp

itap

10 amp 50 P I V
to amp 100 P I V
10 amp 200 PIV

.me400 fr I V
600 P I V

55100E RIGS
amp SO PIV
amp 100 Piv
amp 200 14

amp 400 P
amp 600 , V
mp 50
.me 103 PiV
amp 200 P i V
amp 400 P I V
amp GOO P I v

7111,108
amp 100 PIV
amp 200 P v
amp 400 P i v
amp 10o Piv
amp 200 17 I V

amp 400 PI V
amp 100 , V
amp 200 v
amp 400 PIV
arnp 400 Plastrc
amp 400 P
amp 400 14 V

ISO
23p
VIP
311p

42p

22p
24p
27p
37p
Hp
UP
MP
Mp

44p
1959

24p
2Sep

Sep
MP
.1p
Hp

leOp
1139
1440
OOP
AMP

03e Omc
WOO Dm<

amp 50 P I V
amp 100 17

erne 200 P I V
amp 400 P V
amp 600 P I V
amp 800 P I V
amp SO P V
Imp 100 P V
amp 200 P i V

amp
amp P400 V

600 P V
amp 900 p i V
amp 200 P V
amp 400 Piv
amp 400 P I V
amp 200 P I V
amp 400 P i V
amp 500 ,
amp 200 NI v
rite 400 P I V
amp 500 P V

Range 2 2-35 volts
400m watts

r 3 welts

np
np

Ts.
Tap
449
00

Hp
919

391I
34p
51p
Np
099
Sep
Sep
75p
Sep

5p
123p

47p
70p
.3p

10p
Sep

oz.
Actor
Acta
AC 176
AC187
AC1811
40149
40151
40162
AF114
AF115
AF116
AF117
AF118
AF124
AF125
AF126
AF139
AF239
50107
BC1013
FIC109
BC147

alp
21p
21p
21p
23p
23p
4Sp
SOP

Sep
Sep
27p
2559

23p
30p

2p
42p
259
44p
3.1p

eft
elf
1111

lee

001441
BC149
BC157
BC158
8C159
BC166
8C169
EiCt71
13C172
BC173
BC177
BC 1711

BC179
BC1112L
EIC11131
BC1NL
BC2121.
EIC213L
BC2141
BC236
BC303
BC324
BC336

rep

11p
112.
112.
llp
10
rp
rep

14.
164>

130
11p
159
1347
13p
14p
100

15p
15/4

BC547
BC544
8c549
8C557
OCT"
EICT10
13C471
21-002
80115
80124
50131
50112
50135
00136
80137
solve
150139
80140
8E173
8E179
BF160
DEW
0E182

159
149
17.
14p
74p
Itp
alp
17p
Sap
11759

47p
47p

Sip
sp
Slp
S1p

30/4
17.
17.
Up
Stp

1152/3111

13E1E3 370
ElF1114 13,
81195 13p
BF196 lip
01197 lee
/0200 MP
EIF224 lap
8E257 370
B F2S41 459
8E259 440
BF1131 Mgr
B EIM 34p
EIFX30 See
EIFX64 279
8F2115 34p
8F206 31.
10267 31p
13,11111 31p
BETS0 rip
13E951 Irp
8E952 lip
BSX20 219
BU105 1519

M.12955
51.1E341)
M..102955
M.103055
0028
0C35
0071
000'
719250
TIP30
7113314
TIPM4
TiP33
TIP34
Tiffs,
711436

TIP41A
TIP42.4
TIP29S5
3133055
210108
ZTX300
ITXSOO

291305
291306
291711
292219
292904
292905
292906
29211260
29252613
292955
293053
2743051
293055
293702
293703
293704
293701
293706
293708
293709
2937 it

21p
27.
21,
21p
21p
21p
I/p
9P
Sp

1300
1/p
640

10.
10.
10p

np

11.
rep

S WITCHES
Toggle
Large SPS 279

ciPs asp
DPD 35.7

STD SPS lop
SPOT 70p
DPDT rso

MIN SPST 44.
SPD Sap
DPD 70p
DPD c of sip

SUB MIN SPS Mp
SPO sap
OPO Op

Push Burton 51457 Locking Mip
Push Button SPDT Locking NP
Push Elution DPDT locerng alp
B ias push l0 maim 159
Elise push to break Mp
Shea DPDT Sue MIN tap
sums DPDT STD 13p
91.14 DPDT 0 off 1547

PIOTAlly SWITCHES
1 P le 12 way NO
2 P H 2 way Up
2 P 14 4 way UP
213 Is 6 way HP
3 P Is 3 way HP
3P m 4wav UP
459 le way 440Ile

3 way He
Ma  DPDT 45p
BULGIN Foot S.,
01707 160p
SPST 115p

LTH
1.2700
80-6

120.12

812.012 IfOMA flap
6 35.1 Sa lip

12.1820.2830 rapped 1 amp
12.15.2034-30 Tapped 2 amp
Pulse TAX 1 1

(Miens pr
114P
041,

107444 13p
74544 1/p

100MA see
210144 Use

220-240,
6-0-6 I SA
80-9 IA
9-0-9 20
12-0-12 IA

15-0-15 IA
20-0-20 24
25-0-25 24
30-0-30 24

sasp
ros,
3111p

3171/
360.
544p
5450
SZSp

4611.
11.14.Irp

OPTO
III 701144
11170/ Erma
111.7011Ilow
7150
7 ell.
7 EH.

701(lis
7

14p
24p
24p
1 ap

30p
30p

4p
Sp

Petantlornmara
11(-2940 Single g rig LiN or LOG
514-2640 Smote g rig 13.P swrten LOG
50-2mn Dual gang stereo LIN co LOG
SLIDER.
614-5001 Srngle 0 Mg 479 of LOG
50-5000 Dual Gang Smro LIN or LOG
Prefer", mn err not, toon-ston
s«dAt $ 21p S.M. Knobs

rip

Pop

73.
111164

16p
16p

LOUD
Ivo an 7259

iile en ;::zin en
2104 en 1140

2,8 In Me
ron 729

25in en 1.9
21,, eon Ilate
JACK PLUO Clone Plesot
2 Smin 13p fop
3 Smrn 17p 12p
6 3 Mono no tip
0 3 Stereo P 21p
FICA PhOr40 rap lOp
DIN 2 3 4 5 6 7 p.n 150
SNT 2 3 4 5 6 7 p, 159

Dasolderrng Gun

Spam Nellie
Amex X25 Walt Iron
Ante. C 2 15 Watt Iron
Ante. CX 15 Walt our
PP3 Olt, CIrps
PP9 Bette, Clme
Battery 001111 4 pen Cells

Erat/. Pan
Few. Crniw..
frown° fit
Telephone Pickup CHI
Ear Peg. 2 Srnm or 3 Srnm
Ear Piece Crystal

HOp.

3.11.
le7p
1.07p

Sp
10p
no
alp
95p

2450

rap
Ifp

RESISTORS
0 33W 10,541Jn E24
0 SW ion.loon 024

2wW 0 nn.ton
4 0.10kfl ww

(ow loplokn
DEC
DEC
DEC A
DEC B

CLOTH
Black or black relver Flee

36rn 2.81
3601 SOrn

23p
12.
15p

slap
Slap
417.
717.

MP
120,
seep

Minimum Order £2
Brand new full spec. and fully guaranteed devices -
Orders despatched by return of post -cheque -P/0 with
order.
We are situated 2 min. from Watford Junction Station.
Our retail shop carries a comprehensive range of
electronic and audio component parts and accessories.
Send 40p for our latest catalogue.
Government. Colleges and Educational Institution orders
accepted.
Trade and export enquiries welcome.

THE COMPONENT CENTRE
7 Langley Road. Watford. Herts WD3 2PR

Tel Watford 45335
Open Mon -Sa 9 30-5 30 Closed Wed.
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THE PIONEERS OF MODULAR DISCO/P.A. EQUIPMENT
NOW OFFER PACKAGE DEALS AT INCOMPARABLE PRICES

CENTAUR COMPLETE STEREO MINI DISCOROADSHOWS - BUILT IN
STEREO DISCOS SOUND TO LIGHT/SEQUENCER 100 WATT&

C/W LIGHT SHOW & DISPLAY,
DISPLAY

TWIN SPEAKERS & LEADS TWO YEAR GUARANTEE MONO SYSTEM

Standard 100W E 1 59.50Deposit£22.66

£225 or Deposit £28.80

/

12 Months 4 £1 4.60
or 24 Months . £8.14

Similar in appearance to the Centaur and
12 Months 4, £21.18 or 24 Months ,4, El 1.81 complete with loudspeakers and leads.

........__,...Super 200W ....:::::_....... .

Headphones to suit any system £7.50
EM507 Electret Mic
ECM 81 Electret Mic

£15.00
E19.95

Boom Stand £15.50

£275 or Deposit £32.80 Carriage on all disco systems £10.00

12 Months .. £25.89 or 24 Months 4 E14.44 illustration shows GXL Centaur System (Included in H.P. Prices)

GX1. 200W( withtttwibni200t
s

rTahpeese systems8, ifeature rfull
facilities

mixing f or t wooverrdecksidewaand are supplied complete with sound to light 4 1 O% Deposit Terms
display, leads

£349
sequencer, speaker etc. On All Orders

or Deposit £42.72
12 Months .4 £32.49 or 24 Months *£18.11 JUST PLUG IN AND GO! Over E 1 50 - 12 or 24
BSR Decks - 17,000 Line Loudspeakers - Rugged Aluminium Trimmed Cabinets - Cue Light And Phones

Months - Low Interest
Output - Slave Output - Deck Lights/Motor Starts (GXL)

D.I.Y. MODULES FOR ALL DISCO/P.A. AMPLIFIERS DISCO MIXERS - COMPLETE OR MODULAR

SA308 30W 8 ohms 45V £9.95 * IU:OPLIAO:ES f 1 0.90* -7 MONO OR STEREO
SUPPLY jlits ) fr ifip...-SA604 60W 4 ohms 50V £13.25 N

1 1 1 0 0 0 0 0 (3 0 0 (3
ft, ,, . 0 ei

WITH AUTOFADE

MODULESSA608 60W 8 ohms 65V £14.25 STUYIPOPMOr:ILS £13.50 .

SA1204 120W 4 ohms 75V £1,5.95 sou:;;FX, 1 ,
-

Available complete and ready to plug in or os on Mono module E22.50
easy to connect module with except Stereo module E33.50

SA1208 120W 8 ohms 95V £21 00. _ _ 'ITO [4:011OURI ES £22.50 ).
monitor switch already fitted - full instructions Panel E3.95
supplied. Kit of knobs/sockets etc f 5.50

SA2404 240W 4 ohms 95V £29.50 so7;01:1
COMPLETE MIXERS (with case)

FEATURES INCLUDE: Mono I 8V E39.50
0 2% Distortion, 30Hz-20, KHz t 2d8, Fully Short/Open Circuit proof input Twin Deck - Mic 8. Tape Inputs - Wide range bass Stereo 18V £57.50
sensitivity 240 ins/ to suit most mixers - D.C. 8. Output Fuses fitted. 1 & treble controls - Full headphone monitoring - Mono mains £45.75

TOP QUALITY COMPONENTS THROUGHOUT
Crossfade - Professional standard performance. Stereo mains f63.75

COMPLETE LIGHTING CONTROL AT YOUR FINGERTIPS! STROBE UNITS

Lighting Control Unit Mk II £44.50
I .4111 ..401 .:411 4kW Sequencer , Sound Light . Dimmers Pro -Strobe 4-6 Joules £37.50
Mnitt r.,/ itn, - Automatic Level Integrated Logic Module £32.50

Circuitry Panel £2.95 Super Strobe 2-3 Joules £22.50(2,1.. Three Channel Sound to Light E26.75 (Pro -Strobe has external trigger
11, i 3kW 1-240W input - master Module E19.75 facility).

Plus channel controls Panel E2.95

SPARES & ACCESSORIES - LOUDSPEAKERS & CABINETS PROJECTORS - PLUTO - NEW LOW PRICES!!!

Rope Lights - Red or Multicolour £22.00 Melos Echo Chamber £59.00
per 12 ft. Headphones £7.50*

Rope Light Controller for up to 120 ft E30.00 Sirens: English Police, USA Police,

CHOICE OF WHEEL/CASSETTE

P150 150W Tungsten £34.00 Liquid wheels E7.50
P500 100W 0.1. £69.50 Cassettes E8.00

Fuzz Lights-Red/Blue/Yellow/Green E22.80 Destroyer, Alien Voice Simulator £7.50 P500 250W Q.I. E79.50 Picture wheels from E4.75
Magnetic Cartridge Equalisers £3.50* Bulgin 8 way lighting plug/socket £1.90 (Wide choice available) .

100 Watt Chassis Loudspeakers 12" £23.50 18" £47.50 (Add f 1.50 corr.)

Empty Loudspeaker Cabinets: Small 12" Large 12" E21.50 Small 2 x 12" £22.50 PIEZO HORNS only £7.50
£15.50, Large 2 x 12" £28 1 x 18" £29.50 YES! - only £7.50

Projector lamps: A1167 E2.90. M6 £5.65. Strobe tubes 80W £8.50 (As fitted to our package PA system)

100W Spot lamps Red/Blue/Yellow/Green ICI Vynide 50" wide £3.50 Metre Direct from Motorola Inc., USA at an

£1.50 ea £13.50 for 10 Kickproof Grille 24" wide E3.25 Metre UNBEATABLE PRICE

MD Spot Banks: 3 -way 300W £19.50, Kick Resistant Grill 50" wide E3.25 Metre. No crossover required 4kHz - 30kHz rated

4 -way 400W E22.50. FULL RANGE OF RE -AN PRODUCTS IN STOCK 75W/8 ohms 150W/4 ohms use two per 100W

Bubble machines (optikinetics) E36.50 SEND FOR OUR BROCHURE NOW!! amplifier - Full instructions supplied.
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PACKAGE P.A.

SYSTEMS (GYM.)
Complete with PIEZO horn columns fitted with 100 watt

units (100 watt system illustrated)

100 Watt £145 ftik

Deposit £19.70
12 Months a E13.66 or 24 Months . E7.61

200 Watt £225
Deposit £28.80

12 Months n E21.18

24 Months E11.81

These systems come com-
plete with a Four Channel
Amplifier, Leads etc. The
200 Watt system features
Twin 100 Watt drive units
in each cabinet.

ALSO ILLUSTRATED:
Melos Echo Unit £59.00 Boom Stand £15.50 Electret
Mic ECM81 £19.95* Floor Stands £9.90 EM507 Mic*
£15.00 Phasers £19.80

D.I.Y. MODULES FOR P.A. SYSTEMS Mono or Stereo

Make your own mixer - Mono/Stereo - up to 20 channels
with these, easy to wire modules - Available as PCB's or
assembled on panels.

---,

Input Stages Mono

Up to 20 PCB £5.95
Mono C/W

panel etc.£8.95
SIA1171
'Hr

Stereo

PCB £9.50
Stereo C/W

panel etc. £12 .50

Mixer/Monitor Mono

(One only PCB

per system)

£5.95
Mono (/W
panel etc. £8.95

Stereo

PCB £9.50
Stereo C/W

panel etc. £12 2.50

Power supply for
up to 20 channels £9.50

Blank

panel £1.00
Send for free brochure for complete specification

Saxon AP100 Amplifier £45
Four mixing inputs - 100W into 4 ohms
Wide range bass & treble controls
+ master - Twin outputs
Saxon 150 Amplifier £59
Four mixing inputs - 100W into 8 ohms
150W into 4 ohms - wide range bass

treble controls + master

All prices subject to 8°o VAT except where asterisked (121%)
Shop premises open Mon to Sat 9 am - 5 pm Lunch 12.30 - 1.30 pm
Mail order dept open Mon to Fri 10 am - 4 pm Ring 01-684 6385

TO ORDER
By Post Send your requirements with cheque crossed P.O. or

60p COD charge to address below or just send your
Access or Barclay Card Number NOT THE CARD.

By Phone You may order COD, Access or Barclay Card.
Post & Packing 50p on all orders except where stated.

SAXON ENTERTAINMENTS LTD.
327 Whitehorse Road, Croydon, Surrey.

All Enquiries Large SAE Please Brochures on request.

WHATis
NEW '2

ME, semiconductor

eaching kit ak
the, most MODERN, RAPID,
ECONOMIC way to master 41mig'4itspace age electronics.
Starting even from ZERO,
by performing over, di"

100 EXPERIMENTS
and creating more than 20 practical

applications
You learn all about the most up to date electronic circuits:
how to calculate, repair, and design them, while pursuing
your favorite hobby. Start from scratch, or improve your
present knowledege. Train and ear money in your spare time
turn your pastime into valuable job opportunities.
Compare our price:you receive the entire course, "mini labo-
ratory" and components for LESS than the price of t e com-
ponents alone.

COMPLETE KIT: nothing else to buy.
:V2W_Clet:

- instruction manual : over 200 pages of detailed step -by
step instructions -starting from scratch, explains basic
laws and physics of Electricity, semiconductor principles
and operation electronic circuits : from diodes (including
Esc, zener) transistors, triacs to integrated circuits
(C.MOS, operational amplifiers) etc...
- Over 200 Electronic components : aerospace technologie
printed circuit experiment board, phototransistor, triac,
thyristor I.C.S Transistors (including FET, MOSFET) LEDS +
resistors , capacitors, speaker, milliameter, potentiometers,
variable capacitor, etc... etc... etc...
- measuring instruments (you assemble yourself from among
components furnished in kit.)
ELECTRONIC VOLTMETER, LOW FREQUENCY MEASURING AMPLIFIER,
LOGIC INDICATORS, REGULATED POWER SUPPLY, MILLIAMMETER.

-YRI2209CM:
- over 100 DIFFERENT EXPERIMENTS : from the most basic vol-
tage measurements to radio transmitter circuits and inclu-
ding HI FI, Flip Flops, Ic applications, triac use, etc...
etc... etc...

ygu construct
-more than 20 complete fonctional systems : light modulator,
high fidelity amplifier, radio control set, radio receiver
and transmitter, electronic gadgets and games and many, many

more. * Hand tools . .

INCREDIBLE!I/////%'i'"'..,
,5,111Ir 49 /

7,
...11..;.;,

110 'Z
i

;,:.;

_ I
0110

40
-...../ ft

v 1 ..--

AW
-I

.1,,

/4tZI P 1 ;'- . _ ,..t -,--s -  -0,2-
. VE £10 -mail coupon today -SAVE 210

ENGLAND: P.O. Box 401
Kingsmead, Kings Lane, Chipperfield,
Nr. King's Langley, Herts. WD4 9P6--- -- -- -- -- -- -- -- -- -- -- -- -- -- - - -- -- -- -- -.- -- --

Please send me (QTY) IK2 teaching Kits)
I enclose Chequir/Fostal order for £

NAME
ADREES

sam 'um " la Me°. Rani' POST CODEMa MOOS Ma.
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B/-PAK GREAT SPACE
THYRISTORS

No. THY1A/50 1 Amp. 50 volt T05 18p
No. THY14/400 1 Amp. 400 volt T05 329
No. THY3A/50 3 Amp. 50 volt 1064 25p
No. THY3A/200 3 Amp. 200 volt 1064 32p
No. THY3N400 3 Amp. 400 volt 1064 40p
No. THY5A/50 5 Amp. 50 volt 1066 25p
No. THY5A/400 5 Amp. 400 volt 1066 40p
No. THV5A/600 5 Amp. 600 volt T066 50p
No. C106/4 6 Amp. 400 volt T0220 42p

TRIAC
S84 8 Amp. 400 volt T0220 Plastic

Won Isolated Tab)
80p

DIACS
BR 100
D32

15p
15p

SWITCHES
No. 16178 5 x Mains Slide Switches
No. S17 5 x Miniature Slide Switches
No. S18 4 x Standard Slide Switches
No. S19 4 x Miniature Push to Make

single hole mounting
No. S20 3 x Miniature Push to Break

single hole mounting
No. S21 Push button Switch Pak

4 x Assorted types multi
bank and singles
Latching and non -Latching

40p*
40pe
40p

40p

40P.

f1.00.

CAPACITOR PAKS
16201 18 Electrolytics 4.7sF - 10pF
16202 18 Electrolytics 105F - 1005F
16203 18 Electrolytics 100pF - 6805F

All 3 et SPECIAL PRICE 0E1.200
16160 24 Ceramic Caps 22pF - 82pF
16161 24 Ceramic Caps 100pF - 390pF
1 6 1 6 2 24 Ceramic Caps 470pF - 3300
16163 21 Ceramic Caps 4700pF - 0.0475F

All 4 et SPECIAL PRICE 00.80

WE NEED THE SPACE
TRANSISTORS

BRAND NEW- FULLY GUARANTEED
Type Price Type Price
AC107 25p BC177 12p
AC126 14p BC178 12p
AC127 18p BC179 12p
AC128 16p BC182 .9p
AC128K 24p BC182L 9p
AC176 18p BC183 99
AC176K 24p BC183L 9p
AC187 180 BC184 9p
AC187K 26p BCI 84L 9p
AC188 189 BC212 10p
AC188K 269 BC212 L 10p
AD161/ BC213 10p
162 MP 80p BC213L 10p
AF139 309 BC214 .10p
AF239 30p BC214L 10p
BC107 Bp BC251 10p
BC108 Bp BCY70 12p
BC109 61, BCY71 12p
BC I 18 .10p BCY72 12p
BC147 .11p BD115 40p
8C148 Sp BDI 31 35p
BC149 ap BD132 37p
BC154 .16p BF115 17p
BC157 9p BF167 19p
8C158 BF173 20p
BC159 .9p BFI80 25p
BC169C .10p BF181 25p
BC170 Op BF182 25p
BC171 .11p BF183 25p
BC172 °Bp BF I 84 25p
BC173 7p BF185 25p

Type
BF194
8F195
BF196
BF197
BF200
BFX29
BFX84
BFY50
BFY51
BFY52

MPSA05
MPSA06
MPSA55
MPSA56

0C44
0C45
0071
0072
0075
0081

TIP29A
TIP2913
TIP29C
TIP30A
TIP3OB
TIP30C
TI P3 1 A
TIP31 B
TIP31 C

Price Type
9p TIP32A
9p TIP328

12p TIP32C
12p TIP41A
25p TIP41B
22p TIP4IC
18p TIP42A
12p TIP42B
12p TIP42C
12p TIP2955

TI P3055
ZTX107
ZTX108
ZTX109
ZTX300
ZTX301
ZTX302
ZTX500
ZTX501
ZTX502
2N696
2N697
2N706
2N706A
2N708
2N1302
2N1303
2N1304
2N1307
2N1308
2N1309

.22p
22p
.22p
.22p
12p
12p
9p

12p
10p
14p

35p
36p
38p
36p
37p
38p
32p
33p
34p

Price
349
35p
38p
34p
35p
36p
36p
37p
38p
65p
42p
8p
Sp
7p
 7p
7p
 9p
Ittp

10p
12p
10p
10p
7p
8p
8p

12p
15p
15p
lap
22p
22p

Type
2N1613
2NI711
2N1893
2N2218
2N2218A
2N22I9
2N2219A
2N2221
2N2221A
2N2222
2N2222A
2N2369
2N2904
2N2904A
2N2905
2N2906A
2N2906
2N2906A
2N2907
2N2907A
2N2926G
2N2926Y
2N3053
2N3055
2N3702
2N3703
2N3704
2N3903
2N3904
2N3905
2N3906

Price
15p
15p
28p
15p
lap
15p
lap
15p
16p
15p
16p
10p
14p
16p
14p
15p
12p
14p
12p
13p
flp
7p
12p
35p
.7p
.7p
6p

 11pllp
 11pllp

SPECIAL. OFF 2!
UNTESTED

SEMICONDUCTOR PAKS
Code No's shown below are given as a guide to the
type of device. The devices themselves are normally
unmarked.
No. 16130 100 Germ. Gold bonded diodes

like 0A47 409
No. 16131 150 Germ. Point contact diodes

like 0A70/81 409
No. 16132 100 200mA Sil. diodes like

0A200 40p
No. 16133 150 75mA Sil. Fast switching

diode like IN4148 40p
No. 16134 50 750mA Sil. top hat Rects. 40p
No. 16135 20 3 amp Sil. stud Rect. 40p
No. 16136 50 400mw Zeners D.0.7 case 40p
No. 16137 30 NPN Plastic trans. like

BC107/8 40p
No. 16138 30 PNP Plastic trans. like

BC177/8 40p
No. 16139 25 NPN trans. like 2N697/

2N1711 T039 40p
No. 16140 25 PNP trans. like 2N2905 T039 40p
No. 16141 30 NPN trans. like 2N706 T018 40p
No. 16143 30 NPN Plastic trans. like 2N3906 40p
No. 16144 30 PNP Plastic trans like 2N3905 40p
No. 16145 30 PNP Germ. trans. like 0071 40p
No. 16147 10 NPN to 3 Power trans. like

2N3055 80p

RESISTOR PAKS
Order No.
16213 603W. 100 ohm - 820 ohm
16214 603W. 1K - 8.2K
16215 603W. 10K -82K
16216 603W. 100K - 820K

All 4 at SPECIAL PRICE of f1.80°
16217 403W. 100 ohm - 820 ohm
16218 403W. 1W -8.2K
16219 403W. 1K - 8.2K
16220 403W. 100K - 820K

All 4 at SPECIAL PRICE of C1.80

Type Price Type Price

AA119 5p BAX16/
AA213 4p 0A202 5p
BA100 Sp
BA115 Sp BY100 15p
BA144 Sp BY127 *10p

BA148 10p BY210 32p

BA173 10p BYZ11 32p
BAX13/ BYZ12 32p
0A200 5p BYZ13 30p

DIODES
Type
BYZ16
BYZ17
BYZ18
BYZ19

0A47
0A70
0A79
04.81

Price
30p
28p
28p
28p

Sp
5p
7p
7p

Type Price Type Price
0A85 7p S44 3p
0A90 6p
0A91 7p N5400 10p
0A95 79 N5401 lip

N5402 12p
IN34 Sp N5404 13p
IN60 6p N5406 16p
IN914 4p N5407 17p
IN4148 4p N5408 19p

I.C. SOCKET PAKS
No. S66 11 x 8 pin DIL Sockets
No S67 10 x 14 pin OIL Sockets
No. S68 9 x 16 pin DIL Sockets
No. 589 4 x 24 pin OIL Sockets
No. S70 3 x 28 pin DIL Sockets

£1.00
£1.00
£1.00
f 1.00
£1.00

TRANSISTOR SOCKETS
No. S71 15 x 7018 Sockets £1.00
No. S72 10 x T05 Sockets £1.00

No. S73
MOUNTING PADS

50 Mixed Transistor Pads
T018 and T05 40p

TRANSISTOR FALL -OUT
PACK, GERM, SILICON,

POWER, NPN, PNP.
ALL MIXED. YOURS TO

SORT AND TEST.
Approx. 500 Pieces.

Order No. S23
£1.25 per pack.

TBA800 12 pin QIL 75p
TBA810 12 pin GIL f1.00
TBA820 14 pin QIL 1110p

LM380 14 pin DIL 80p
LM381 14 pin DIL f1.35
72709 14 pin DIL 28p
UA709 1099 28p

LINEAR I.C.'s
UA71 I C 7099 25p
UA703 T099 (Plastic) 20p
741P 8 pin DIL 18p
72741 14 pin DIL 20p
UA741C T099 20p
72747 14 pin DIL 55p
748P 8 pin DIL 28p

UA748 T099 28p
72558 (Dual 748)1099 45p
MC1310P 14 pin DIL f1.25
76115 14 pin OIL f1.25
NE555 8 pin OIL 32p
NE556 14 pin OIL 60p
SL414A 10 pin f1.80

TRANSISTOR HEATSINK PAK
20 Assorted types, T01, 105. T018.1092

Our Mis
Order No. S75 60p

'TRANSISTOR INSULATING KITS
Mica washers and bushes assorted types i.e. 10220.
1066, TO3 etc. Approx. 100 pieces. (Approx. 40
sets).

Order No. S74 50p

NEW CONSIGNMENT ZN 414 RADIO CHIP 75p

VOLTAGE REGULATORS
Positive
No. MVR7805
No. MVR7812
No. INVR7815
No. MVR7818
No. MVR7824
Negative
No. MVR7905
No. MVR7912
No. MVR7915
No. MVR79I 8
No. MVR7924

pA7805 10220 85p
pA7812 10220 85p
pA7815 10220 85p
5A7818 10220 86p
5A7824 10220 86p

pA7905 10220 £1.10
9A7912 10220 £1.10
017915 10220 £1.10
pA7918 10220 £1.10
pA7924 TO220 £1.10

pA723C T099 38p 72723 14 pin Dil 38p
LM309K 103 £1.20

Displays
No. 1510
No.1511
No. S53

707 LED Display 70p each
747 LED Display 0.60 each
DL33 Triple 7 Segment LED
Display Character height .11"
Common Cathode 12 pin OIL

30p each

OPTOELECTRONICS
2nd QUALITY LED PAKS

No. 1507 10 x LED's Assorted

LED CLIPS
No. 1508/.125 .125
No. 1508/.2 .2

75p

5 for 12p
5 for 15p

DARLINGTON POWER
TRANSISTORS

70 watt 8 amp NPN and PNP in plastic case 199
High Voltage ITyp. 80V). High gain. 10 pieces
5 NPN and 5 PNP. Data Sheet supplied.

Order No. S78 f1.00 per Pek

LED'e
No. S51
No. S52
No. 1502
No. 1505
No. 1503
No. 1506
No. S82

Red TIL209 (5 x.125",50p
Red FLV11715 .2") 50p
Green .125" 18p each
Green .2" 18p each
Yellow .125" lap each
Yellow .2" 18p each
Clear 2" (illuminating red) 12p

SPECIAL REDUCTIONS
No.1514 NORP 12 45p each
No. 576 OCP71 5 for 01.00
No. S83 5, NIXIE Tubes ITT 5870 ST £2.00

(including Data)
No. S77 Neon Indicator Lamps 230V A.0

State Colour (Red. Amber and
Green.) 25p each

MATCHED PAIRS OF
PNP GERMANIUM

MED. POWER TRANS
2 amp 75OrnW

VCE VCB FIFE
NKT301 40 60 30-100 35p per pair
NKT302 40 60 50-150 36p per pair
NKT303 20 30 30-100 251i per pair
NKT304 20 30 50-150 25p per pair

MICROPHONES
DYNAMIC DUAL IMPEDANCE UNI

DIRECTIONAL CARDIOID MICROPHONE
Impedance 600 ohms and 50K. Response 50-

14.000 Hz. Sensitivity 54db at 50K.
Size 13" Dia. x 63" Long

Order No. 1328 f7.50.

DYNAMIC CASSETTE MIC
Fitted with On/Off switch. 1 metre of tough lead
with floating 2.5 and 3.5 mm plugs.
Impedance 200 ohms. Sensitivity 90db.

Frequency 90-10,000 Hz.
Size 20mm Dia. x 120mm Long
Order No. 1326 f1.15.

D.I.Y. PRINTED CIRCUIT KIT
Contains 6 pieces of copper laminate board,
box of etchant powder, measure, tweezers,
marker pen, high quality pump drill, Stanley
knife and blades and 6 in. metal rule.

Full easy to follow instructions.
Order No. S64 Sale Price f5.50

MAMMOTH I.C. PAK
Approx. 200 Pieces. Assorted fall -out inte-
grated circuits, including: Logic. 74 series,
Linear, Audio and D.T.L. Many coded devices.
but some unmarked - you to identify.

Order No. 16223 f1.00

No. S55

No. S56

No. S57

No. S58

ZENER PAKS
20 mixed values 400mW Zener

diodes 3-10V
20 mixed values 400mW Zener

diodes 11-33V
10 mixed values 1W Zen'.

diodes 3-101/
10 mixed values 1W Zener

diodes 11 -33V

1.00

£1.00

£1.00

£1.00

P.C.B. BOARDS
S61 8 pieces 8- x (approx.)

single sided paper
S62 4 pieces 8" x 31- (approx.)

single sided fibreglass
S63 3 pieces 7" x 33" (approx.)

double sided fibreglass

50p

50p

50p

POWER SUPPLY
STABILIZER BOARD

Unused ex -equipment stabilizer board, Input
30V. D.C. Output 20V. Complete with
circuit diagram.

Order No. S81 f1.25

UNIJUNCTION TRANSISTORS
UT46 TIS43 209

FET's
'N3819 15p 2N5458 lap

LOGIC PROBE
A pocket size instrument capable of detecting T.T.L,
D.T.L Flip Flop and other pulse circuits. It is easy
to use and operates from the 5V. D.C. supply of the
circuit under test. The logic levels are indicated by
2 red LED's one for High and the other for Low.
There is also a green LED for the Pulse Mode of the
unit.

No. S59 Our Special Price 115.96.

ETCH RESIST PENS
Order No 1609 60p each

P.O. RELAYS
S85 -2 Off Post Office relays 40p

SOLDER
5,7113118 sw Multi -core Solder.
Order N. S60 50p

BATTERY HOLDERS
to take 6 x HP7's

Order No. 202 10p each

I.C. INSERTION
EXTRACTION TOOL
Order No. 2015 309

EX. G.P.O. MICROSWITCHES
Order No. S51 4 for 50p

2 AMP. BRIDGE RECTIFIERS
Metal Stud Mounting

No. S45 50V (KBS 005)
No. 546 100V (KBS 011
No. S47 200V IKEtS 02)

10 AMP. BRIDGE RECTIFIERS 200V
ON HEATSINK -

SPECIAL CLEARANCE ORDER NO. S22 -
SILICON RECTIFIERS G.E. 1 Amp.

28p
30p
34p

CABLE CLIPS
S84 - 50 2.5mm round single pin fixing 309

No. S41
No. S42
No. S43
No. S44

SIMILAR IN4000 SERIES
25 Like IN4001 IIA 50V)
20 Uke IN4002 :1A/100V)
18 Like IN400311A/200V1
15 Like IN4004 (1A/400V)

60p
60p
(10p
60p

PONY' MISS OUR SPECIAL CASSETTE OFFER, LOOA AT ouR EtoogS



SAVING SALE IN-PAK
YOU MAKE THE SAVING!

No. S48
No. S49
No. 550

SILICON RECTIFIERS -
; AMP. G.E.

40x 50V
30 x 200V
20 x 700V

60p
60p
60p

G.E. HIGH VOLTAGE SILICON
RECTIFIERS

GR559 10m4 14KV114.000/
GA432 1 AMP. 2 KV 12,0001
F02.5 2.5 KV Voltage Doubler

20p each
20p each
20p each

POTENTIOMETERS
Slider 40mm TRAVEL
Order No.
16191 6 x 470 Ohm LIN Single 40p
524 6 x 1 K LIN Single 40p
525 6 x 5 K LIN Single 40p
16192 6 x 10 K LIN Single 40p
526 6 x 10 K LOG Single 40p
16193 6 x 22 K LIN Single 40p
16195 6 x 47 K LOG Single 40p
16194 6 x 47 K LIN Single 40p
527 6 x 100 K LIN Single 40p
S28 6 x 100 K LOG Single 40p
S29 6 x 500 K LOG Single 4Cip

Slider 60mm TRAVEL
530 6 x 2.5 K LOG Single 40p
S31 6 x 10 K LIN Single 40p
S32 6 x 50 K LIN Single 40p
533 6 x 250 K LOG Single 40p
534 4 x 5 K LOG Dual 40p
S35 4 x 10 K LIN Dual 40p
S36 4 x 100 K LOG Dual 40p
S37 4 x 1.3 MEG LOG Dual 40p

S38 MIXED SLIDER POTS - VARIOUS
VALUES AND SIZES - OUR MIX

ONLY £1.00
S39 6 x CHROME SLIDER KNOBS 40p

WIRE WOUND
A range of wirewound single gang pots with linear
tracks of 1 watt rating.

Order No.
1891
1893
1896
1897

Value
10 ohms
47 ohms

470 ohms
1K

Order No
1894
1895
1898
1899

Value
100 ohms
220 ohms

2K2
4K7

NOW 36p each
16173 15 Rotary Potentiometers. Assorted values and

40p
40p.

types.
16186 25 Pre-sets Assorted Values and types

SALE PRICE 40p

MULTI -TURN PRE-SETS
S40 3 x 100 K LIN ONLY 50P

74 SERIES M. ICs
TYPE QUANTITY

1 100
Ep Ep

7400 0.09 0.08
7401 0.11 0.10
7402 0.11 0.10
7403 0.11 0.10
7404 0.11 0.10
7405 0.11 0.10
7406 0.28 0.25
7407 0.28 0.25
7408 0.12 0.11
7409 0.12 0.11
7410 0.09 0.08
7411 0.22 0.20
7412 0.22 0.20
7413 0.28 0.25
7416 0.28 0.25
7417 0.26 0.25
7420 0.11 0.10
7422 0.19 0.18
7423 0.21 0.20
7425 0.25 0.23
7426 0.25 0.23
7427 0.25 0.23
7428 0.36 0.34
7430 0.12 0.10
7432 0.20 0.19
7433 0.38 0.36
7437 0.26 0.25
7438 0.26 0.25
7440 0.12 0.10
7441 0.60 0.57
7442 0.80 0.70
7443 0.95 0.90
7444 0.95 0.90
7445 0.80 0.75
7446 0.80 0.75
7447 0.70 0.68

TYPE QUANTITY TYPE QUANTITY
1 100 1 100

Ep fp Ep Ep
7448 0.70 0.68 74122 0.45 0.42
7450 0.12 0.10 74123 0.65 0.62
7451 0.12 0.10 74141 0.68 0.65
7453 0.12 0.10 74145 0.75 0.72
7454 0.12 0.10 74150 1.10 1.05
7460 0.12 0.10 74151 0.65 0.60
7470 0.24 0.23 74153 0.70 0.68
7472 0.20 0.19 74154 1.20 1.10
7473 0.26 0.22 74155 0.70 0.68
7474 0.24 0.23 74156 0.70 0.88
7475 0.44 0.40 74157 0.70 0.68
7476 0.26 0.25 74160 0.95 0.85
7480 0.45 0.42 74161 0.95 0.85
7481 0.90 0.88 74182 0.95 0.85
7482 0.75 0.73 74163 0.95 0.85
7483 0.88 0.82 74164 1.20 1.10
7484 0.85 0.80 74165 1.20 1.10
7485 1.10 1.00 74166 1.20 1.10
7486 0.28 0.26 74174 1.10 1.00
7489 2.70 2.50 74175 0.85 0.82
7490 0.38 0.32 74176 1.10 1.00
7491 0.65 0.62 74177 1.10 1.00
7492 0.43 0.35 74180 1.10 1.00
7493 0.38 0.35 74181 1.90 1.80
7494 0.70 0.68 74182 0.80 0.78
7495 0.60 0.58 74184 1.50 1.40
7496 0.70 0.68 74190 1.40 1.30
74100 0.95 0.90 74191 1.40 1.30
74104 0.40 0.35 74192 1.10 1.00
74105 0.30 0.25 74193 1.05 1.00
74107 0.30 0.25 74194 1.05 1.00
74110 0.48 0.45 74195 0.80 0.75
74111 0.75 0.72 74196 0.90 0.85
74118 0.85 0.82 74197 0.90 0.85
74119 1.30 1.20 74198 1.90 1.80
74121 0.28 0.26 74199 1.80 1.70

Devices may be mixed to qualify for quantity price. Data
for the above series of ICs in booklet form price 36p.

is available

SPECIAL. OFFER!
COMPONENT PAKS

Order No Ci''16164 200 approx. Resistors mixedant values.

16165 150( CaPupnrioxb.yCawpaigchiCapacitors mixed values.
(Count by weight)

16167 80 kW Resistors mixed values
16168 5 pieces Assorted Ferrite rods
16169 2 pieces Tuning gangs MW/LW
16170 50 metres Single strand wire

assorted wire
16171 10 Reed switches
16172 3 Micro switches
16176 20 Assorted electrolytics Trans types
16177 1 pack Assorted hardware nuts/bolts etc.
16179 20 Assorted tag strips and panels
16180 15 Assorted control knobs
16184 15 Assorted Fuses 100mA -5 amp
16188 604W resistors mixed values
16187 30 metres stranded wire assorted colours

40p

40p
40p
40p
40p

40p
4.0p
40p
40p
40p
40p
40p
40p
40p
40p

PRICE BARGAIN!
wortit (A4. Value)

of Electronic Project Books, Technical, Semi-
conductor Data and Equivs - Books of
Assorted Titles. OUR CLEARANCE PRICE

Order No. S80 £2 per bundle

AUDIO PLUG AND
SOCKET PAKS

Order No.
Si 5 x 3.5 mm Plastic Jack Plugs
S2 5 x 2.5 mm Plastic Jack Plugs
S3 4 x Std. Plastic Jack Plugs
S4 2 x Stereo Jack Plugs
55 5 x 5 Pin 180° DIN Plugs
S6 8 x 2 Pin Loudspeaker Plugs
57 6 x Phono Plugs Plastic
S8 5 x 3.5 mm Chassis Sockets (Switched)
S9 5 x 2.5 mm Chassis Sockets (Switched)
S1O 4 x Metal Std. Chassis Switched

Jack Sockets
S11 2 x Stereo Jack Sockets with instruction

leaflet for H/Phone connection.
S12 5 x 5 Pin 180° DIN Chassis Sockets
513 8 x 2 Pin DIN Chassis Sockets
S14 6 x Single Phone Sockets

40p.
40p.
50p°
30p.
50p
50p°
50p.
25p.
25p.

50p0

SOP.
40p.
SOP.
40p.

Type
CD4000
CD4001
CD4002
CD4006
CD4007
CD4008
CD4009
CD4010
CD4011
CD4012
CD4013
CD4015
CD4016
CD4017

Price
£0.14
£0.16
£0.16
£0.80
£0.17
£0.80
£0.50
£0.50
£0.18
£0.17
£0.42
E0.80
£0.42
£0.80

CMOS ICs
Type
CD4018
CD4019
CD4020
C D4021
CD4022
CD4023
CD4024
C D4025
CD4026
CD4027
CD4028
CD4029
CD4030
CD4031

Price
£0.85
£0.45
£0.95
£0.85
£0.80
f0.18
£0.64
£0.18
£1.85
03.48
£0.80
£0.95
£0.46
£1.80

Type
CD4035
CD4037
CD4040
CD4041
CD4042
CD4043
CD4044
CD4045
CD4046
CD4047
CD4049
CD4050
C 04054
CD4055

Price
£1.40
£0.78
£0.78
£0.68
£0.68
£0.78
£0.78
£1.15
£0.95
£0.75
£0.46
£0.46
£0.95
E1.60

Type
CD4056
CD4069
CD4070
CD4071
CD4072
CD4081
CD4082
CD4510
CD4511
CD45I6
CD4518
C D4520

Price
£1 .15
£0.32
£0.32
£0.20
£0.20
£0.20
£0.20
E1.10
E1.25
£1.10
£1.10
£1.10

SUPER SOUND
SAVING

METROSOUND..
LOW NOISE
CASSETTES C60

Order No. S5310 for £2.50"
BIB GROOVE CLEAN

Model 60. Chrome Finish Plastic
Order No. 829 £1.40°

AUDIO MODULE SALE
Type Description
AL30A IOW RMS Power Amp
AL60 25W RMS Power Amp
AL80 35W RMS Power Amp
AL250 125 W RMS Power Amp
SPM80 35V Power Supply
PS12 20-30V Power Supply for AL30A
PA12 Stereo Pre -Amp for AL30A
PAI00 Stereo Pre -Amp for AL60/AL80
S450 Stereo F.M. Tuner
MPA30 Magnetic -Ceramic Pre -Amp
Stereo 30 Complete Audio Chassis

7W i 7W RMS

Normal Price Sale Price
La 65 £2.95

£3.55
06-68" £5.95
1.6.95- £14.45

E3.10*
£1.15°

E6. -/Er. £5.95°
L4,-11-' E12.45
£2{1-4-5' £18.65

g2-.135' £2.55°

1:46,35. £14.95°

HOT OFFER
ANTEX SOLDERING IRONS

Order No. 1931 X25 25 watt. LOW LEAKAGE
Usually £3..4e SALE PRICE £2.95

PLUS FREE Heatshunt
1948 Model C 15 watt General purpose

Usually.£3.4erSALE PRICE £2.95
PLUS FREE Heatshunt

1939 ST3 Soldering Iron Stand suitable
for either Iron. £1.20

NEW Siren Alarm Module
American Police screamer powered from any
12 volt supply into 4 or 8 ohm speaker.
Ideal for car burglar alarm, freezer break-
down, and other security purposes.

Order No. S15 £3.50

AUDIO LEADS
Order No
117 A.C. Mains connecting lead for cassette

recorders and radios Telefunken type
118 5 pin DIN headphone plug to stereo socket
119 2 x 2 pin plug to inline stereo socket for

headphones
123 20 ft. of coiled guitar lead
124 3 pin to 3 pin DIN plug
125 Audio lead 5 pin plug to 5 pin DIN plug
126 Audio lead 5 pin DIN plug to tinned open ends
127 Audio lead 5 pin DIN plug to 4 phone

plugs
129 Audio lead 5 pin plug to 5 pin DIN plug -

Mirror Image
130 5 metre lead 2 pin DIN plug to 2 pin DIN

inline socket
132 10 metre lead 2 pin DIN plug

45p.
78p°

60p
£1.15.

50p.
51:1p.

50p.

90p.

70p.

45p.
65p.

HEAVY GAUGE
BLACK PLASTIC BOX

With aluminium lid and fixing screws. Size 61- x 3/' x 2"
Order No. S16 Only 76p

LOOK & LISTEN
GE 100 NINE CHANNEL

MONO -GRAPHIC EQUALIZER MODULE
The GE100 has nine 1 octave adjustments using integrated
circuit active filters. Boost and Cut limits are 12db, Max.
Voltage handling 2 V RMS, T.H.D., 0.5%, input im-
pedance 100 K, output impedance less than 10 K.

Frequency response 20 Hz -20 KHz (3db).
The nine gain controls are centred at 50, 100,
200, 400, 800, 1600, 3,200, 6,400 and
12,800 Hz. The suggested gain controls are
10 K LIN sliders. (Not supplied with the
module). See Paks S31 and 16192.

ONLY £19.50
SG30 Power supply board for GE100 15-0-15
Volt £4.50
SEND SAE FOR TECHNICAL DATA ON ANY OF THE

AUDIO MODULES.

FOR RELIABLE 410/NTS

AVDEL BOND
Cyanocrylate adhesive bonds - plastic,
rubber, transistors, components in seconds.
Order No. 143 55p per 2 grn. phial

ORDERING
Please word your orders exactly
as printed, not forgetting to
include our part number.

VAT
Add 121% to prices marked
Add 8% to others excepting
those marked t. These are zero.

Dept. PE2, P.O. Box 6, Ware, Herts
COMPONENTS SHOP: 18 BALDOCK

ANTEX IRONS! STREET, WARE, HERTS.



KITS FOR SYNTHESISERS, SOUND EFFECTS
COMPONENTS SETS include all necessary
resistors capacitors, semiconductors. potentio-
meters and transformers. Hardware such as
cases. sockets. knobs. etc are not included but
most of these may be bought separately. Fuller
details of kits, PCBs and parts are shown in our
lists

CIRCUIT AND LAYOUT DIAGRAMS are supplied
free with all PCBs designed by Phonosonics

PHOTOCOPIES of the P.E texts for most of the
kits are available-prices in our lists.

PHONOSONICS
MAIL ORDER SUPPLIERS OF QUALITY
PRINTED CIRCUIT BOARDS, KITS AND
COMPONENTS TO A WORLD-WIDE
MARKET.

P.E. MINISONIQ Mk. 2 SYNTHESISER
A portable mains -operated Miniature Sound Synthesiser,
with keyboard circuits. Although having slightly fewer
facilities than the large P.E Synthesiser the functions
offered by this design give it great scope and versatility.
Consists of 2 log VCOs. VCF. 2 envelope shapers. 2 voltage
controlled amps. keyboard hold and control circuits. HE
oscillator and detector, ring modulator, noise generator.
output amp and mixer. power supply

Set of basic component kits from C64.25
Set of printed circuit boards f971

P.E. SYNTHESISER (P.E. Feb. 73 to Feb. 74)
The well acclaimed and highly versatile large-scale
mains -operated Sound Synthesiser complete with keyboard
circuits. Other circuits in our lists may be used with the
Synthesiser to good advantage. notably P.E. Minisonic.
Phasing Unit, Wind and Rain. Rhythm Generator. Sound
Bender. Voltage Controlled Filter, Guitar Effects Pedal and
Overdrive. Fuzz. Tremolo and Wah-Wah units.
The Main Synthesiser: PSU. 2 linear VCOs. 2 ramp
generators. 2 input amps. sample hold. noise generator.
reverb amp. ring modulator, peak level circuit, envelope
shaper. voltage controlled amp. Full details in lists.

Set of basic component kits W.03
Set of printed circuit boards r13-20

The Synthesiser Keyboard Circuits (can be used without the
Main Synthesiser to make an independent musical
instrument) 2 logarithmic VCOs. divider. 2 hold circuits. 2
modulation amps. mixer. 2 envelope shapers and additional
PSU. Full details in our lists.

Set of basic component kits [411111
Set of printed circuit boards [768

GUITAR EFFECTS PEDAL (P E. July 75)
Modulates the attack. decay and filter characteristics of an
audio signal not only from a guitar but from any audio
source. producing 8 different switchable effects that can be
further modified by manual controls Possibly
interesting of all the low-priced sound effects units in our
range. Circuit does not duplicate effects from the Guitar
Overdrive Unit

Component set with special foot operated switches £759
Alternative component set with panel mounting
switches C496
Printed circuit board C1.43

SOUND BENDER (P E. May 74)
A multi -purpose sound controller. the functions of which
include envelope shaper. tremolo. voice -operated fader,
automatic fader and frequency -doubler.

Component set for above functions (excl. SWs) £784
Printed circuit board £161

Optional extra-additional Audio Modulator. the use of
which, in conjunction with the above component set. can
produce jungle -drum rhythms.

Component set (incl. PCB) [21111

PHASING UNIT (P.E Sept. 73)
A simple but effective manually controlled unit for
introducing the phasing sound into live or recorded
music

Component set (incl PCB) £297

PHASING CONTROL UNIT (P E Oct 74)
For use with the above Phasing Unit to automatically control
the rate of phasing.

Component set (incl PCB) £448

SOPHISTICATED PHASING AND VIBRATO UNIT
A slightly modified version of the circuit published in

Elektor". December 1976. and includes manual and'
automatic control over the rate of phasing and vibrato

Component set £1789
Printed circuit board £2 331

WAH-WAH UNIT (P. E. Apr. 76)
The Wah-Wah effect produced by this unit can be controlled
manually or by the integral automatic controller.

Component set (incl. PCB) E355

AUTOWAH UNIT (P E Mar. 77)
Automatically produces Wah-pedal and Swell -pedal sounds
each time a new note is played

Component set. PCB. special foot switches £727
Component set and PCB. with panel switches £483

P.E. JOANNA (P E May Sept. 75)
A five -octave electronic piano that has switchable alternative
voicing of Honky-Tonk piano. ordinary piano, harpsichord.
or a mixture of any of the three. together with facilities
including fast and slow tremolo. loud and soft pedal
switching. and sustain pedal switching. The power amplifier
typically delivers 24 watts into 8 ohms The PCBs have been
redesigned by ourselves making improved use of the space
available.
Main power supply. tone generator. 61 envelope shapers.
voicing and pre -amp circuits.

Set of basic component kits for above £75.29
Set of printed circuit boards for above C2035
Power amplifier C1597
Printed circuit board for power amp 95p

ELECTRONIC ORGAN
5 -octave electronic organ with 5 basic voices that can be
used individually or together, 5 pitches (2ft, 41t, 8ft, left, 327t).
variable attack. tremolo, vibrato. phasing, and variable
sustain. Details in our list.

ORGAN CONVERSION KIT
Converts the P.E. Joanna electronic piano to also provide
most of the facilities offered by the above electronic organ.

Basic component set and PCB C12.34

SYNTHESISER TUNING INDICATOR (P.E. July 77)
A simple 4 -octave frequency comparator for use with
synthesisers and other instruments where the full versatility
of the P.E. Tuning Fork is not required.

Component and PCB (but excl sw.) £7-45

GUITAR FREQUENCY DOUBLER (P.E. Aug. 77)
A modified and extended version of the circuit published.
Details in list.

SEE OTHER PAGE FOR KEYBOARDS, AND
OUR LISTS FOR OTHER COMPONENTS AND

ACCESSORIES STOCKED

WIND AND RAIN UNIT
A manually controlled unit for producing the above -named
sounds

Component set (Inc! PCB) t372

GUITAR OVERDRIVE UNIT (P.E. Aug. 76)
Sophisticated. versatile Fuzz unit. including variable and
switchable controls affecting the fuzz quality whilst retaining
the attack and decay, and also providing filtering. Does not
huplicate the effects from the Guitar Effects Pedal and can
be used with it and with other electronic instruments.

Component set using dual slider pot £688
Component set using dual rotary pot £6.20
Printed circuit board 61.62

FUZZ UNIT
Simple Fuzz unit based upon P.E.

Component set (incl. PCB)
Sound Design circuit.

£203

TREMOLO UNIT
Based upon P E 'Sound Design circuit

Component set (Inc' PCB)

TREBLE BOOST UNIT (P.E. Apr. 76)
Gives a much shriller quality to audio signals fed through it.
The depth of boost is manually adjustable.

Component set (incl. PCB) [240

P.E. TUNING FORK (P E Nov 75)
Produces 84 switch -selected frequency -accurate tones. A
LED monitor clearly displays all beat note adjustments. Ideal
for tuning acoustic and electronic musical instruments
alike

Main component set (Ind PCB) I1559
Power supply set (Inc! PCB) £7.03

P.E. SYNCHRONOME (P.E.Mar. 76)
An accented -beat electronic metronome. providing duple.
triple and quadruple times with full control over the beat
rate Can also be used as a simple drum -beat rhythm
generator. Includes power supply.

Component set (incl loudspeaker) C1162
Printed circuit board £2.04

TAPE NOISE LIMITER
Very effective circuit for reducing the hiss found in most tape
recordings. All kits include PCBs

Standard tolerance set of components C2.98
Superior tolerance set of components L378
Regulated power supply (will drove 2 sets) C4.89

ENVELOPE SHAPER WITHOUT VCA (P.E Oct 75)
Provides full manual control over attack. decay, sustain and
release functions. and is for use with an existing voltage
controlled amplifier.

Component set (incl PCB) C468

ENVELOPE SHAPER WITH VCA (P.E. Apr. 76)
This unit has its own voltage controlled amplifier and has full
manual control over attack. decay, sustain and release
functions.

Component set (incl. PCB) C6138

TRANSIENT GENERATOR (P.E. Apr 77)
An envelope shaper, without VCA. having the usual attack.
decay. sustain and release functions. and in addition it also
provides a Repeat Effect enabling a synthesiser to be
programmed to imitate such instruments as a mandolin or
banjo

Component set C452
Printed circuit board VI.82

WAVEFORM CONVERTER
Slightly modified from a circuit published in a German
edition of Elektor Converts a saw -tooth waveform into
four different waveforms sine -wave mark -space saw -tooth.
regular triangle form, and squarewave with an externally
variable mark -space ratio.

Component set (Inc! PCB but excl. sw 5) £9. 19

VOLTAGE CONTROLLED FILTER IP E Dec 74)
Part of the P E Minisonic now released as an independent
kit for use with other synthesisers.

Component set (incl. PCB) (Order as Kit 65-11 t822

RING MODULATOR (P E Jan 75)
Part of the P E Minisonic now released as an independent
kit for use with other synthesisers.

Component set (incl PCB) (Order as Kit 59-1( £550

NOISE GENERATOR (P. E. Jan. 75)
Part of the P.E.Mtnisonic now released as an independent
kit for use with other synthesisers.

Component set (incl PCB) (Order as Kit 60-1) C335

SOPHISTICATED POWER SUPPLIES
A wide range of highly stabilised low noise power supply kits
is available-details in our lists.

C364 MICROPHONE PRE -AMP (P.E.Apr 77)
Component set (incl PCB) t378

VOICE OPERATED FADER (P E Dec. 73)
For automatically reducing music volume during
talk -over -particularly useful for Disco work or for

home -movie shows.
Component set (incl PCB) [3117

DYNAMIC RANGE LIMITER (P.E Apr. 77)
Automatically controls sound output to within a preset
level

Component set (incl. PCB) CC 58

POST AND HANDLING
U.K. orders-under C15 add 25p plus VAT. over f15 add 50p
plus VAT. Keyboards £2 00 plus VAT.
Optional Insurance for compensation against loss or
damage in post. add 35p in addition to above post and
handling.
Eire, C.I.. B.F.P.0 . and other countries are subject to
Export postage rates

DON'T FORGET VAT!
Add 12i% (or current rate if changed) to full
total of goods. post and handling. (Does not
apply to export orders).

EXPORT ORDERS are welcome, though we advise that
a current copy of our list should be obtained before
ordering as it also shows Export postage rates. All
payments must be cash -with -order. in Sterling and
preferably by International Money Order or through an
English Bank. To obtain list send 40p,

PHONOSONICS DEPT. PE5N 22 HIGH STREET SIDCUP KENT DA14 6EH YOIFICYINOA NCDAL EEL°PLEASE
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AND OTHER PROJECTS
PHOTOGRAPHS in this advertisement
show two of our units containing some of
the P.E. projects built from our kits and
PCBs. The cases were built by ourselves
and are not for sale. though a small
selection of other cases is available.

LIST -Send stamped addressed
envelope with all U.K requests for free
list giving fuller details of PCBs. kits and
other components.

OVERSEAS enquiries for list. Europe -
send 20p. other countries -send 40p

KEYBOARDS AND CONTACTS
Klmber-Allen Keyboards as required for many published circuits, including the P.E. Joanna, P.E.
PAInIsortic, and P.E. Synthesiser. The manufacturers claim that these are the finest moulded
plastic keyboards available. All octaves are C to C. The keys are plastic. spring -loaded and
mounted on a robust aluminium frame.
3 Octave (37 notes; [25.50. 4 Oct (49 notes) 43246. 5 Oct (61 notes) 639-75.
Contact Assemblies for use with above keyboards. Single -pole change -over (type SP) as for P.E.
Joanna and P.E.Minisonic. Two -pole normally -open make -break (type DPI as for P.E.
Synthesiser. Special contact assembly (type 4PS) having 4 poles, 3 of which are normally -open
make -break contacts and the fourth is a change -over contact -this special assembly enables THE
SAME KEYBOARD to be used with the P.E. Synthesiser. P.E. Minisonic and the P.E. Joanne
simultaneously thus avoiding the cost of more than one keyboard. See our list for other
contacts.

Contact Each 3 Octave Set 4 Octave Set 5 Octave Set
SP 24p t 9M C11-76 t14.64
2P 27p [ 9.99 E1323 t1647
4PS 53p 11961 £2597 C3233

PRINTED CIRCUIT BOARDS for use with the above contacts and thus eliminating most of the
inter -wiring required. are available. Details in our lists.

TRANSISTORS
AC128 26p
AC176 26p

BC10
BC1078 14p

149
BC109 14p
BC147 12p
BC148 12p
BC149 12p
BC157 13p
BC158 13p
BC159 13p
BC182L 12p
BC184 12p
BC187 25p
BC204 14p
BC209C 14p
BC212L 15p
BC213 15p
BC478 29p
BCY71 22p
BD131 44p
BD132 54p
BFY50 22p
BFY51 22p
BFY52 24p
BSY95A 22p
MD8001 172p
0C28 60p
0071 20p
0072 25p
°C84 25p
ORP12 70p
ZTX107 12p
ZTX108 9p
ZTX501 13p
ZTX503 15p
ZTX531 23p
2N706 13p
2N914 22p
2N1304 22p
2N2219 27p
2N2905 35p
2N29057A
2f4290

36
22p

2N3053 lap
2N3054 66p
2013055 48p
2N3702 12p
2N3703 12p
2N3704 12p
2N3819 35p
2f43820 64p
2N3823E 39p
2N4060 12p
2N5245 51p
2N5459 33p
2N5777 459

INTEGRATED CIRTS.
316 230p
709 TO5 40p
709 &pin OIL 49p
723 TO5 105p
741 8 -pin OIL 32p
748 T05 63p
748 8 -pin OIL 63p
4A7805 T0220 2059
4A7808 T0220 205p
uA7812 TO220 205p
uA7915 T0220 7055)

uA7818 T0220 205p
AY -1-0212 656p
AY -1-672116 1959
CA3046 90p
MC3340 150p
SG3402N 262p

MORE NEW KITS!

NEW RHYTHM GENERATOR
Redesigned. improved and extended version of the PE
1974 design and including new automatic rhythm
programme selector.

TUNE -PROGRAMMABLE SEQUENCER
(PE Nov 77) The new music unit currently being
published.

FORMANT SYNTHESISER
(Elektor Magazine 1977) Very sophisticated music
synthesiser for the advanced constructor and for whom
cost is secondary to performance.

GUITAR SUSTAIN UNIT
(PE Oct. 77).
Details in lists. Please send S.A.E.

SOUND -TO -LIGHT (P.E. Aurora) (P.E. Apr. -Aug. 71)
Four channels each responding to a different sound
frequency and controlling its own light. Can be used with
most audio systems and lamp intensities.

Basic component set (excl. thynstors) £1592
Printed circuit board for above 4390
Power supply £5.79
PCB for power supply 01.79

3 -CHANNEL SOUND -TO -LIGHT (P.E. Apr. 76)
A simple but effective sound -to -light controller capable of
operating 3 lamps each of approximately 700 watts. Includes
power supply. thyristors, and by -peas switches

Component set (incl. PCB) 61195

DISCOSTROBE (P.E. Nov. 76)
4 -channel light -show controller giving a choice of
sequential. random, or full strobe mode of operation

Basic component set 09.19
Printed circuit board [31 45

BIOLOGICAL AMPLIFIER (P.E. Jan./Feb. 73)
Multi -function circuits that, with the use of other external
equipment, can serve as lie -detector, alphaphone.
cardiophone etc

Pre -Amp Module Component set (incl. PCB) 4422
Basic Output Circuits -combined component set
with PCBs. for alphaphone. cardiophone.
frequency meter and visual feed -back lampdriver
circuits £6.59
Audio Amplifier Module Type PC7 17.35

SEMI CONDUCTOR TESTER (P.E. Oct. 73)
Essential test equipment for the enterprisiing home
constructor. While stocks last.

Set of resistors. capacitors. semiconductors.
potentiometers. makaswitches and PCB [9.63

Panel meter (5001.1A1 L570

PRICES ARE CORRECT AT TIME OF PRESS. PHONOSON ICSE. & 0. E. DELIVERY SUBJECT TO AVAILABILITY.

GREENWELD
443 Millbrook Road Southampton

SO1 OHX Tel: (0703) 772501
BUY A COMPLETE
RANGE OF COM-
PONENTS AND
THESE PACKS

WILL HELP YOU
* SAVE ON TIME - No delays in

waiting for parts to come or
shops to open!

* SAVE ON MONEY - Bulk buying
means lowest prices - just com-
pare with others!

* HAVE THE RIGHT PART - No
guesswork or substitution
necessary!

ALL PACKS CONTAIN FULL SPEC.
BRAND NEW, MARKED DEVICES -
SENT BY RETURN OF POST. VAT
INCLUSIVF PRICFR
K001 50V ceramic plate capacitors,
5%. 10 of each value 22pF to 100pF.
Total 210, £3.35
K002 Extended range, 22pF to 0.19F.
330 values £4.90
K003 Polyester capacitors. 10 each
of these values: 0.01, 0015, 0022,
0033, 0.047, 0068, 0.1, 0.15, 0.22,
0.33, 0.47pF. 110 altogether for £4.75
K004 Mylar capacitors, min 100V
type. 10 each all values from 1000pF
to 10,000pF. Total 130 for £3.75
K005 Polystyrene capacitors. 10
each value from 10pF to 10,000pF.
E12 series 5% 160V. Total 370 for
£12.30
K006 Tantalum bead capacitors. 10
each of the following: 0.1, 0.15, 0.22,
033, 0.47, 0-68, 1, 2.2, 33, 4.7, 6.8,
all 35V; 10/25 15/16 22/16 33/10
47/6 100/3. Total 170 tants for £14.20
K007 Electrolytic capacitors 25V
working, small physical size. 10 each
of these popular values: 1, 2.2, 4.7,
10, 22, 47, 100(k. Total 70 for C3.50
K008 Extended range, as above, also
including 220, 470 and 1000pF. Total
100 for £5.90
K021 Miniature carbon film 5% re-
sistors, CR25 or similar. 10 of each
value from 1OR to 1M. E12 series.
Total 610 resistors, 86.00
K022 Extended range, total 850
resistors from 1R to 10M £8.30
K041 Zener diodes. 400mW 5%.
BZY88 etc. 10 of each value from 27V
to 36V, E24 series. Total 280 for
£15.30
K042 As above but 5 of each value
E8.70

PC ETCHING KIT MK III
Now contains 200 sq. ins. copper
clad board, 11b. Ferric Chloride,
DALO etch -resist pen, abrasive
cleaner, two miniature drill bits,
etching dish and instructions. 04.15.

FERRIC CHLORIDE
Anhydrous technical quality in 1Ib
double sealed packs. 11b £1.00; 3Ib
£2.18; 10Ib £5.60; 100lb £39.00

SIRENS
Work off 4 x HP7 batteries, emit very
loud noise. Overall size 110 x 75 x
60mm. Use as Burglar Alarm in car,
house, workshop etc. ONLY £1.95.

VERO OFFCUTS
Pack A, All 0-1 -; Pack B, All OAS";
Pack C, Mixed; Pack 13, All 0.1" plain
Each pack contains 7 or 8 pieces with
a total area of 100 sq in. Each pack is
£1.30. Also available by weight. 1Ib
£3.45, 101b £31.
17 3 strips: 0.1" £2.20, 10 for £15;
0.15" C1.96; 0.1" plain £1.83.

TEXAS 741
8 PIN DIL

FULL SPEC.
100 off £19.50
25 off £5.50

TRANSFORMERS
Special 12V 8A for only E4.00. 6-0-
6V 100mA 85p; 9-0-9V 75mA 85p;
12-0-12V 50mA 85p; 100mA 95p; 12-
0-12V 1A £2.90; 20-0-20V 2A £4.70;
20V 2.75A £4.

VERO PLASTIC BOXES
Professional quality, two tone grey
polystyrene with threaded inserts for
mounting PC Boards.
Type
2518 120 65  40mm £2.24
2520 150 . 80  50mm £2.68
2522 188 110 60mm £3.72
Sloping front versions:
Type
2523 220 174 100/52mm £6.90
1798 171 121  75/37.5mm £4.65
Gen. purpose plastic potting box 71

49 24. In black or white 40p.
Hand controller box, shaped for ease

of use in the hand, 94 61  23mm
64p.

S-DECS & T-DECS
S -DEC Breadboard £2.25
T -DEC Breadboard £3.95

RELAYS AND SOLENOIDS
12V DC enclosed, 2 10A c/o contacts
£1.00
Open construction relay with 2 10A
c/o contacts, coil rated 24V AC, but
works well on 6V DC 60p
240V AC enclosed, 11 pin plug in
base. 3 10A c/o contacts, £1.20
240V AC open, 2 15A c/o contacts
£1.50
6V miniature low profile for PC
mounting, 0.1" pitch 2 pole c/o
137R coil - RS price £2.71 - our price
£1.00
Solenoid, rated 48V DC, but work on
24V. 10mm push or pull action.
Single hole fixing. Size 27 . 18
15mm. Made by Varley. Only 40p.
1977/8 CATALOGUE NOW AVAIL-
ABLE -MUCH BIGGER AND
BETTER, WITH 50p DISCOUNT
VOUCHERS. ONLY 30p plus 15p
POST.

WIRE AND FLEX
Flex pack - 5m of 5 diff colours, thick
or thin. 25m for 30p. 25 way
(14/0076) cable with braided overall
screen and PVC sheath. 40p/m.

POWER PACK
Wood grained metal case 90 80
75mm containing mains transformer
giving 6V at 200mA, 2 co -ax sockets,
PC board with 1}" fuseholder R's C's
etc. Only £1.

EDGE CONNECTORS
Special purchase of these 0 1 pitch
double -sided gold plated connectors
enables us to otter them at less than
ird their original list price! 18 way
41p 21 way 47p 32 way 72p 40 way
90p 43 way 97p 49. way 111p,

SOLAR CELLS
As used on space labs etc., these tiny
cells give 50pA at 0.5V in sunlight.
Ideal for powering small C-MOS
projects etc. Can be banked for
greater power output. Size 19
6.5mm. 3 for £1; 10 for C3; 25 for £7;
100 for 425.

SCR PANEL
Has 12 60V 0.8A thyristors (gate
current only 200wA!). MEU21,
2N3904, 1N4004 14, R's C's etc.
Only £1.00.

MISCELLANEOUS IC's
All supplied with data.
MC3302 Quad comparator £1.20.
1177105 LED Digit driver, 8 for £1.
710 TO99 case Diff. comparator 40p.
MC1469R Voltage reg. £1.50.
ZN1034E Precision timer £2.25.
LM1303 Dual stereo preamp 01.40.
733 Diff. video amp £1.20. 04301
Op amp 40p. ITT326 2 x 2 S 2 x 3 i/p
TTL nand gate, 10 for El. SLD2128
Dual 128 bit static shift reg. C1.50.
Our retail shops at 21 Deptford
Broadway, London, SE8 (01-692
2009) and 38 Lower Addiscombe
Road, Croydon (01-688 2950) stock
some of the advertised goods for
personal callers only. Ring them for
details.
All prices quoted include VAT and
UK/BFPO postage. Most orders des-
patched on day of receipt. SAE with
enquiries please. MINIMUM ORDER
VALUE Et. Official orders accepted
from schools, etc. (Minimum invoice
charge £51. Export/wholesale
enquiries welcome. Wholesale list
now available for bona -fide traders.
Surplus components always wanted.
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Solid State Multimeter new edition of the Heathkit...,....._.,

Catalogue - packed with

 

NEW Digital Clock -
with repeater alarm

Freezer Alarm - Gives audible signal
if freezer temperature rises to -6 C
for any reason

Over 200 kits in the free Heathkit Catalogue
NEW 4 Function Right now, there's a brand

- One of a whole range
-- of test equipment

Car Intrusion Alarm
- Gives a distinctive
'yelping' sound -signal
the moment your car
is tampered with

NEW Electronic
Chess Game

REATIficiT
hundreds of practical and
fascinating items which
you can build yourself.

mass- im! um I

Send for
your copy now!
To Heath (Gloucester) Ltd.
Department PE 28
Bristol Road, Gloucester, GL2 6EE.
Please send a copy of the Heathkit Catalogue.
I enclose 1 1p in stamps to cover postage only.
Name
Address

When you receive
your catalogue
you'll get details of
this free offer worth
approximately £4.15

63ziATH

The world's
biggest producers
of electronic kits.

No NE am am imm Emi mll
There are Heathkit Electronics Centres at 233 Tottenham Court Road,

London (01-636 7349) and at Bristol Road, Gloucester (Gloucester 29451).

IPHOENIX ELECTRONICS
(SOLENT) LTD

46 Osborne Road, Southsea, Hants
All prices include VAT

Include 20p extra for carriage

SOME SEMICONDUCTORS
BC107/8/9 11p
BC 177/8/9 15p
BC204/5/6 14p
BC207/8/9 9p
1301'56 V . 72
1N4001 7p
1N4004 10p
1N4148 5p
2N2218/19/21/22 229
2N2904/5/617 24p
2N3442 UP
2N3702-11 12p

INTEGRATED CIRCUITS
DTL 930 series.
TTL 74 series.
Linear series.
Consumer circuits.

RESISTORS
yw carbon film (10) 18p
IW metal film (5) 18p

CAPACITORS
Disc ceramic. Aluminium
electrolytic. Tantalum bead.

PANEL HARDWARE
Connectors, lampholders,
switches, fuses, knobs.

MISCELLANEOUS
Hand tools, instrument cases,
Veroboard, relays, trans -
formers.

SOLDERING EQUIPMENT
Weller and Adcola irons, tips,
desoldering tools, instant -heat
guns.

Buy More for Less Outlay with Our Bargain Packs

Please send your 1977 catalogue-free!

Name

Address

C-MOS 4066
4069

80p
27p

7410
7411

20p
30p

7492
7493

54p
44p

74172
74173

880p
187p

4000 20p 4070 509 7412 20p 7494 88p 74174 100p
20p4001 4071 25p 7413 38p 7495 85p 74175 98p

4002 20p 4072 25p 7414 98p 7496 90p 74176 123p
4006 114p 4073 26p 7416 35p 7497 358p 74177 123p
4007 20p 4076 118p 7417 40p 74100 120p 74178 110p
4008 99p 4077 48p 7420 20p 74104 73p 74179 138p
4009 57p 4081 20p 7421 40p 74105 73p 74180 106p
4010 57p 4082 25p 7422 28p 74107 38p 74181 282p
4011 20p 4093 95p 7423 32p 74109 75p 74182 83p
4012 20p 4502 123p 7425 32p 74110 50p 74184 234p
4013 S1 p 4510 139p 7426 1079 74111 88p 74185 187p
4014 107p 4511 150p 7427 89p 74116 251p 74190 134p
4015 114p 4512 81p 7428 Sip 74120 155p 74191 134p
4016 51p 4514 264p 7430 20p 74121 35p 74192 115p
4017 114p 4515 264p 7432 29p 74122 53p 74193 115p
4018 110p 4516 123p 7433 118p 74123 alp 74194 107p
4019 82p 4518 123p 7437 38p 74125 59p 74195 102p
4020 115p 4520 123p 7438 38p 74126 59p 74196 134p
4021 101p 4522 122p 7440 20p 74128 98p 74197 130p
4022 99p 4526 122p 7442 89p 74132 75p 74198 124p
4023 20p 4527 140p 7443 130p 74142 302p 74199 199p
4024 79p 4528 115p 7444 130p 74143 348p 74221 109p
4025 20p 4531 115p 7445 105p 74144 348p 74246 205p
4026 155p 4543 115p 7447 90p 74145 90p 74247 195p
4027 80p 4555 115p 7448 90p 74147 148p 74248 171p
4028 95p 4556 115p 7450 20p 74148 150p 74249 171p
4029 123p 4581 348p 7451 20p 74150 150p 74251 170p
4030 55p 4582 140p 7453 20p 74151 78p 74265 94p
4033 155p 4584 99p 7454 20p 74153 78p 74278 331p
4034 347p 4585 108p 7460 209 74154 138p 74279 75p
4035 118p 7470 33p 74155 90p 74283 94p
4040 13 TTL 7472 30p 74156 90p 74284 712p
4041 et 7473 33p 74157 82p 74285 712p
4042 89p 7400 lap 7474 33p 74158 140p 74290 122p
4043 99p 7401 lap 7475 dsp 74159 285p 74293 122p
4044 91p 7402 lap 7481 125p 74160 102p 74298 173p
4046 137p 7403 20p 7483 95p 74161 102p 74365 93p
4049 55p 7404 24p 7484 119p 74162 102p 74366 93p
4050 55p 7405 24p 7485 128p 74163 102p 74387 93p
4051 1409 7406 42p 7486 33p 74164 115p 74368 93p
4052 140p 7407 58p 7489 340p 74165 115p 74390 189p
4053 140p 7408 25p 7490 439 74167 358p 74393 189p
4060 140p 7409 25p 7491 77p 74170 213p 74490 254p

Full price hat of linears. discretes, capacitors, resistors, potentiometers, tools.
soldering irons and accessories available. Send 20p or large S.A.E.
This list is sent free with the first order.
Prices correct December 1977.

Terms C.W.O. Add VAT to prices at 8%. Post, etc.: U.K. 25p. overseas 75p. Access
and Barclaycard. and all convertible currencies accepted.

TIRRO ELECTRONICS
Grenfell Place, Maidenhead, Berks.

Tel. (0628) 36229
Mall order division of RITRO Electronics UK Ltd.
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PE
CHIPS UP!

CHIPS could be going up in the next
few months! There have been

various guarded comments about the
cost of i.c.s, and the more popular
I.s.i. devices, over the last few months;
some time ago at least one of the
larger manufacturers rationalised their
range and increased the price of a
number of items-some by very large
factors.

It is not the cost of production
which is likely to send prices up,
since it is well known that the produc-
tion cost of each item is an insignificant
part of the total price. However,
manufacturers have followed a policy
of price reduction and this must soon
(and is now in some cases) come to an
end, since the major part of the cost
of each item is the marketing, distribu-
tion and back up which all the devices
require.

Unfortunately this price factor will
probably not affect the multinational
concerns that can buy tens or even
hundreds of thousands of devices but

affect the smaller companies and,
of course, the hobbyist since neither
he nor the component supplier is

able to purchase in vast quantities.
Admittedly some suppliers are con-
nected with distribution houses and
the advantage that they already have
appears likely to be increased.

MADE IN SPACE
Looking ahead rather further, it

seems likely that some devices may be
manufactured in space and will thus
be coming down an even greater path
to us! It has been muted that the
space (area?) availability on some space
shuttle flights could be used for the
manufacture of integrated devices with
the obvious advantages of clean "air"
etc. The technology would obviously
add to the 5,000 pounds (weight) of
electronics which will be a permanent
part of each shuttle.

HOBBY COMPUTERS
Having indicated that we may well

be in for some cost increases in devices,
we must hasten to add that we fully
expect to see the cost of many com-
plete systems to continue in a down-
ward direction. The major one-and

watching at the present time-being
the microprocessor based systems and

the "hobby computer". You will find
a review of the KIM I system in this
issue and also mention of a British
designed system in kit form which is
now available (NASCOM I).

NEW TECHNOLOGY
We do not intend to "bury our

(editorial) head in the sand" when it
comes to any new technology and its
possible use by the hobbyist. In fact
we believe that it is part of our job to
help the introduction of new systems
and devices to your home and work-
bench. This policy is borne out by the
use of modern phasing devices-
c.c.d.s. or bucket brigade, call them
what you will-in the P.E. String
Ensemble to be featured in next
month's issue. Even if the actual unit
does not interest you as a construc-
tional project, the use of these devices
and the circuitry must.

In addition to the use of delay line
technology to produce a rich orches-
tral string sound, the unit employs
CMOS i.c.s. throughout the divider
circuit chorus drive
circuitry.

Mike Kenward.

EDITOR
Mike Kenward

Gordon Godbold ASSISTANT EDITOR

Mike Abbott TECHNICAL EDITOR

David Shortland TECHNICAL SUB EDITOR

Jack Pountney ART EDITOR
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AO- SING

11111111111
STEVE ROBERTS

TO ANYONE concerned with practical work with elec-
tronic circuits, the type of measurement most fre-

quently required is undoubtedly voltage. Many instruments
are available today which enable voltages to be measured
with various degrees of accuracy, clarity or ambiguity,
and which present the information on one of two types of
readout-linear or digital.

The cost effective digital meter 'is relatively new upon
the scene, but is felt by many people to have disadvantages
over its analogue counternart. One problem is its tendency
to create false confidence; 1.32 volts displayed probably
means 1.32 ± 0.015 volts. The analogue meter, by its very
nature, serves as a constant reminder that the reading is
not an absolutely indisputable value. Needle width and
parallax effects are two sources of reminder. Another
shortcoming of the digital display is its inability to provide
qualitative information. A meter needle spinning wildly up
to the top end of the scale, or vibrating about a reading,
is much more evocative than a simple overrange indication,
or a number that keeps changing.

It may also appear to he something of a paradox that
when it is required to measure a voltage (implying that
the voltage is initially unknown), it is first necessary to
select the meter range appropriate to the measurement, for
which it is required to know the voltage. This is of course
not normally a problem, since the approximate voltage
can usually be anticipated, and confirmation or greater
accuracy is all that is required.

Muchmore of a problem is that of remembering to
change the meter range for each measurement, or even
changing the test leads over when the polarity is reversed.
An auto -ranging facility overcomes these problems, and in
doing so aids continuity of mental effort, not to mention
prevention of damage to meters!

"
%C. YOursEit,

SPECIFICATION

Input resistance
Ranges

Polarity

Accuracy
Power requirements

Size

All11111

RANGE

elOOV

O 109

lOY OFF

ly 41)

 iv ON

43 3V

INPUT

Not,

POLARITY

10M LI
0.3V, 1V, 3V, 10V, 30V, 100V

automatically selected
Either + or - accepted and

indicated
2% attainable
Optional mains supply, or

±6V batteries
110mmx 188mm x 60mm

(mains option)

The design to be described is therefore a combination
of the best features of analogue and digital instrumenta-
tion. It is adequate for all the more usual voltage measure-
ments, and takes up no more room on the bench than the
average multimeter.

DESIGN CRITERIA
The instrument was designed with the following points in

mind:
(a) Accuracy comparable with better quality ana-

logue meters.
(b) High input resistance.
(c) As clear a display as possible.
(d) As few controls as possible to leave hands free.
(e) Total measurement range to cover all normal

d.c. voltage reading requirements for i.c. and
transistor work.

(f) Foolproof in use.
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ET/OLTMETER SWITCHED GAIN AMP METER
DRIVER

POLARITY
INDICATION

P

INPUT
ATTENUATOR

33.3

RANGE
INDICATORS

AUTO RANGING LOGIC

DECODER

> >
CMOS SWITCHES

-6 RANGE COUNTER

CLOCK GEN

WINDOW
DETECTOR

O
HOLD

Fig. 1. Block diagram of Auto -Ranging D.C. Voltmeter

CIRCUIT DESCRIPTION
Referring initially to the block diagram of Fig. 1, the

voltmeter section consists of an input attenuator, a two
stage amplifier and a rectifier/meter driver.

Referring to the auto -ranging logic section, if the volt-
age present at the moving -coil meter does not fall within
a predetermined window (between 20 per cent and 90 per
cent of full scale), the output of the window detector
enables the range counter on the next pulse of the clock
oscillator. The range counter output controls the status

of the cmos range selector switches, and thus the gains
of the voltmeter amplifiers are changed. The whole pro-
cess is repeated until a gain has been selected which'
causes the voltage being displayed to fall within the range
of the window detector, at which time the range counter
is inhibited and the range remains selected. A decoder is
provided which decodes the output of the range counter
and drives the range indicating l.e.d.s.

For the detailed circuit description, we must now refer
to the full circuit diagram, Fig. 2.
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SWITCHED GAIN AMPLIFIER'

X11 010 /0100

RECTIFIER/METER DRIVER I
14

POLARITY INDICATION I

RI 9.7Mn
19 1Mn,620knI

INPUT

O

+6V-0-

R21X4791
300 ka

2!: 2279

1C9
CD 4066 14

IC1
CA3140T

91

5

-6V
Oka

t RANGE SELECTOR

+6V

6V

IC8 +6V
CD4001

-6V

IC8a

7

16

RANGE COUNTER

R3
820n

R4
10

11

R5 2

10060

X1 1X3 3
+69

1C2
/..,A7417

4
5

-69
VR2

10Kn

R6
10kn

+6V
9 ti -

0

© 0 4

5 3 13 12 112 110

+6V

6 I8

IC6
CD 4518

eset

* SEE TEXT

7 8 9 10 15

-6V

CK OSCILLATOR

8
IC4d 13

R22
39 kn

C2

1nF

R21

82kn

IC8d 12 C04001
IC4b 5

-6v

13

17-17-7;i7r;

-6V

Fig. 2. Full circuit diagram of Voltmeter unit. Although the
r.m.s. reading for an a.c. input

The input attenuator, RI and R2, determines the input
resistance of the instrument, and reduces the highest
possible voltage presented for measurement to a level that
can be handled by the input circuitry. Diodes D1 and D2
prevent damage to the circuit should a very high input
voltage be applied inadvertently.

The switched -gain amplifier is formed by IC1 and IC2.
Op amp ICI is a very high input resistance device, which
is necessary to preserve the integrity of the input attenua-
tor. The gain of the amplifier is adjusted by changing the
degree of negative feedback through the cmos switches.

A conventional full -wave rectifier circuit is formed by
IC3a, which presents about +3V at the cathode of D3
for full scale deflection of the meter. The polarity of the
voltage at IC3 pin 3 is monitored by IC3b, and this in turn
causes the appropriate polarity indicator to be illuminated.

The meter drive voltage is also presented to IC3c and
IC3d, which are connected as voltage comparators. If the
meter drive voltage is higher than the reference voltage
provided by R16 and R17, the pin 10 output is "Low".
Similarly, if the voltage is lower than the reference

+6V

-6+

* R8

1k n

R7
27kn.

R9
1Ka V

IC3a
80413608041360

910
470a.

-0-
-6V

I RANGE INDICATION'-r
06-D11

116 R23 -R28

1C7
CD4028

D3

IC3b 12

RC4136D

1 2ka

2k.r, if
FT(wi

I 2 kn.

LYJ

19914

911
56kn.

VR3
10kn

MI C1

SOMA T 22AF

'RANGE]

boov

30V

1-2ka

6

n.2k
,1 8 -410-- 6V

4+69IC4a

IV

-8v S 1

R20
1006n

0.3V'

-5v

C3c
904136D

5

1Mn.

WINDOW DETECTOR

+5V

IHOLD

C3d
RC4136D

R12

680n.

I 54 05
oe LED LED

R13
47ka

+6V

'POLARITY

R14
30kn.

R15
27ka.

+6V

R16
4760

R19
617
6 2 kn

1M n

circuit contains a rectifier, it will not give the conventional true

voltage from R14 and R15, the pin 4 output is "High",
and IC4 pin 3 is therefore "Low". The two low inputs
presented to IC4b produce a high output, which is present
only when the two inputs are both low. After inversion by
IC8d, this output is used to inhibit the range counter IC6.
Note the hysteresis resistors R18 and R19 (giving slight
positive feedback) which eliminate any tendency to in-
decision around the comparison voltage.

NOR gates ,IC4c and IC4d form an oscillator of around
10kHz. The actual frequency is uncritical as it only affects
the search rate of the instrument. The oscillator may be
disabled by a high input from IC5, to which reference will
be made later.

The dual 4 -bit binary counter (IC6), has only half
in use. IC8a, b and c, cause the counter to reset on a count
of six, thus preventing the selection of invalid gain settings
occurring. The binary outputs of the counter are used
to activate the cmos switches, thus selecting the different
gain values. See Table 1 under "Test And Calibration".

The binary -to -decimal decoder 1C7 provides a "1 of 10"
output, which is used to drive directly the range l.e.d.s.
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OPTIONAL MAINS SUPPLY

NOTE: INSTRUMENT 'GROUND'
NOT EARTHED

Fig. 3. Optional power supply circuit. If batteries are used,
a larger case will be necessary, and a battery check facility
would be advisable

LOW READING STABILITY
A problem could occur when the meter has a zero or

near -zero input. The window detector would see a voltage
too low for the 0.3V range, and would therefore change
scales in an attempt to locate the correct range. As there
is no more sensitive range, the circuit would search con-
tinuously and prevent very low voltage measurements
from being made..

The output from pin 6 of IC7, which is high when the
most sensitive range is selected, is monitored by ICS, as
is the output of IC3d. If the lowest range is selected now,
and if the measured voltage falls below the magnitude
window, the clock oscillator is inhibited, thus preventing
further searching.

Occasions may arise when it is desirable that the range
does not automatically change; for example, when exam-
ining a voltage that between 8.5 and 9.5 volts.
As these figures embrace a range change, meter indications
would largely be meaningless unless the range is "held" at,
say, 10V. The exact behaviour of the input may then be
observed as long as the Hold button is pressed. Pressing
this button has the effect of inhibiting the clock oscillator
as before.

CONSTRUCTION
The prototype was built in a Type 103 Verobox which

provided an attractive and durable housing.
Constructors should decide, before choosing a case,

whether the mains, or a battery supply is to be used. As
there is no 6V battery of modest dimension readily avail-
able, a somewhat larger case than the suggested Verobox
would be required. This factor, and the cost of replacement
batteries, led to the author's choice of a mains power
supply for the prototype. See Fig. 3.

The main printed circuit board (Fig. 4) was secured by
means of the meter terminals only; a method found to be
quite satisfactory. With the depth of meter body used, the
leads of the eight 1.e.d.s were found to be just long enough
to allow them to protrude through the front panel (see
photograph). Mounting clips were not used as these would
have made assembly and subsequent removal very difficult,
and with the correct size holes a more attractive appear-
ance is presented. Note from the photograph that the l.e.d.s
are mounted on the copper side of the p.c.b. See Fig. 5
for assembly of the p.c.b.

Use of the suggested printed circuit board layout is to
be recommended due to the complexity of the design.
There is, however, no reason why other forms of construc-
tion may not be used.

If a mains supply is decided upon, note that the mains
earth is not connected to the instrument ground. It is
desirable, therefore, to use a transformer with an earthed
interwinding screen, and to ensure that the instrument is
connected particularly carefully where the mains wiring is
concerned. Care should also be taken to ensure that this
mains wiring is kept as far away as possible from the high
impedance input components, as this area is susceptible
to hum pick-up. Because of the rectifying action of the
meter driver, any a.c. signal present at the input will regis-
ter as a d.c. voltage on the meter.

The resistors used to select the amplifier gains (R3, R4
and R6) and the ± balance resistor R8 might advan-
tageously be mounted on extension pins which would
aid component changing if required during the calibration
procedure.

As most of the i.c.s use mos technology, the appropriate
handling precautions should be taken.

The CA3140 was chosen for ICI as it requires no phase
compensation. If this fairly new device is not readily
available, a CA3I30 may be used instead, with a 47pF
ceramic capacitor connected between pins 1 and 8 on the
copper side of the board.

If the recommended meter is used, it will need to be
re -scaled as shown in Fig. 6.

Note the cut out power supply section from the main p.c.b.
Also that the I.e.d.s are mounted at maximum length from
the board on the conductor side
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Fig. 4. Printed circuit board layout (full size). The power supply board is included on the same layout so that both can be
etched simultaneously. The power supply area would still need to be cut out even if batteries are to be used. Note the shape
of the p.c.b. in the photographs

Fig. 5. Component layout of the p.c.b. The optional power supply portion of the circuit board is shown by dotted line
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COMPONENTS . . .

BASIC AUTO -RANGING D.C. VOLTMETER

Resistors
R1 9.1 Mil 620kLt in series
R2 300kfl
R3 820 fr
R4 10kfr
R5 100kfl
R6 10kfr
R7 27k fl
R8 1kfr
R9 1 k

R10 4700
R11 56k12
R12 68012
R13 47kf2
R14 30k12
R15 27k f2
R16 47k f2
R17 6.21a2
R18, R19 1M f2 (2 off)
R20 100k0
R21 82k f2
R22 39kL2
R23-28 1.2k 12 (6 off)
All resistors are +W 5% carbon.
"Resistors to be selected on test, see text.

Potentiometers
VR1-VR3 101a2 vertical preset (sub min)

Capacitors
C1 1000pF polyester
C2 22µF 25V
C3, C4 10:J.F 10V tant (2 off)

Diodes
D1, D2
D3
D4 -D11

BZY88C4V7 zener (2 off)
1N914
0.2" red I.e.d. (8 off)

Integrated Circuits
IC1 CA3140T
IC2 v.A741T
IC3 RC4136D
IC4 CD4001
IC5 CD4048
IC6 CD4518
IC7 CD4028
IC8 CD4001
IC9 CD4066

Miscellaneous
S1 Single pole, push -to -make
Case 110mm x 188mm x 60mm
M1 50vA panel meter (with scale recalibrated)
P.c.b.
4mm plugs and sockets, wire, and prods for probes

COMPONENTS . . .

OPTIONAL MAINS SUPPLY
Resistors

R1, R2 330 ,PN carbon (2 off)

Capacitors
Cl, C2 1000p$ 25V (2 off)
C3, C4 10(iF 10V (2 off)

Diodes
D1 -D4 1N4001 (4 off)
D5, D6 BZY88C6V2 Zener (2 off)

Miscellaneous
S1 Sub min d.p.s.t.
F1 250mA and suitable holder
T1 9-0-9V mains transformer with screen
P.c.b. to design given

CONSTRUCTOR'S NOTE
If the recommended p.c.b. design is used, the CA3140T

type should be ordered for IC1 (T stands for 8 -lead
TO5 package).

Since P.E. does not operate a p.c.b. service we cannot
quote a supplier of ready made boards for those' who do
not wish to make their own, but we can advise that readers
keep an eye on P.E. advertisers who specialise in p.c.b.
manufacture, and have in the past generally followed up
with a service.

The "Large Moving Coil Meter" is available from Maplin
Electronic Supplies (see advertisers' index for address).

The RC4136D (IC3) is made by Raytheon, and available
from Distronic Ltd., 50/51 Burnt Mill, Elizabeth Way,
Harlow, Essex. Tel: Harlow 32947. Type RC4136DP may
be used (D stands for d.i.l. and P for plastic).

The estimated cost to build this unit using all new parts,
is in the region of £25.
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OC VOLTS

Fig. 6. Meter scale required by the
Auto -Ranging D.C. Voltmeter

TEST AND CALIBRATION

Before first switch -on, all preset pots should be at
approximately mid -range. Any meter reading should be
ignored for the present, although a large offset in ICI may
cause a range change, necessitating adjustment of VR I to
cancel this effect.

Odd combinations of RANGE 1.e.d.s, or "searching"
should be resolved during calibration, and this procedure
is as follows:

(A) Set zero
(1) With the power off, set the meter mechanically to

zero.
(2) Switch on. Check that the 0.3V range is indicated,

and allow a few minutes for thermal stabilisation.
(3) Short IC2 pin 3 to the zero volt rail. Adjust VR2

for minimum reading on the meter. Remove short.
(4) Short input. Adjust VR1 for minimum reading.

The meter should now read zero.
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(B) Set positive/negative balance
(1) Apply an input to the meter and adjust for a con-

venient reading.
(2) Reverse the connections to the meter and check

that exactly the same reading is displayed. If not,
adjust R8 as necessary.

Table 1. Should a fault exist, this table may be used to
check the switching functions. Check all supply voltages
first

COUNTER
CONTENT

SWITCHES
CLOSED

IC 1
GAIN

IC 2
GAIN

TOTAL
GAIN RANGE

0 x1 xt x1 100y

1 A x1 x33 x33 30V

2 6 x10 x1 x10 10V

3 A,B x10 x3.3 x33 3V

4 C x10C xI x100 IV

5 A ,C x100 33 x333 03V

6

7

B.0 INVALID SETTINGS WHICH DO NOT
APPEAR - COUNTER RESETS AT 6

A.$,C ,

(C) Set meter calibration
This adjustment compensates for any small inaccuracy
in the input attenuator.
(1) Apply about 50V to the meter input, thereby

selecting the 100V range.
(2) Check meter reading against a known good meter.
(3) Adjust VR3 for correct reading.

(D) Check x 100 amp gain
(1) Apply about 0.5V to input, thereby selecting 1V

range.
(2) PRESS HOLD. Adjust input voltage to IV exactly
(3) Check that meter reads IV. If not, adjust R3 for

an acceptable result.

(E) Check x 10 amp gain
(1) Apply about 5V to input, thereby selecting 10V

range.
(2) Press HOLD. Adjust input to 10V exactly.
(3) Check that the meter reads 10y. If not, adjust R4

for an acceptable result.

(F) Check X3.3 amp gain
(1) Apply about I5V to input thereby selecting 30V

range.
(2) Press HOLD. Adjust input voltage to 30V exactly.
(3) Check that the meter reads 30V. If not, adjust R6

for an acceptable result.

(G) Check upper range -change point
(1) The range should change to the next highest at

about 90 per cent of full-scale reading. If not,
adjust R14/R15 as necessary.

(H) Check lower range -change point
(I) The range should change to the next lower at

about 20 per cent of full scale. Adjust R16/R17 if
necessary.

This completes the calibration, and the instrument, if
correctly set up, should conform to the figures in the
specification.
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K IN HOBBY
WM COMPUTER REVIEW

R.W. COLES

THE LAST twelve months have been
very exciting for anyone interested

in microprocessors and their application.
Of course, these fascinating and power-

ful devices have been around for several
years now and have already taken the
professional electronics industry by
storm, but it is really ony in the last
year or so that microprocessor manufac-
turers have turned their attention
squarely towards the needs of the elec-
tronic and computer hobbyist, with some
very interesting results.

The hobby market trail blazer (in
terms of wide availability anyway) was
the National Introkit which featured the
SC/MP microprocessor. The Introkit was
of course reviewed within these pages
earlier in the year, and reviews of other
units like the Intercept Junior, featuring
the 1M6100 MPU chip, and the Motorola
D2 kit featuring the M6800, were soon
to follow.

To start with, manufacturers were a
little lazy about just who they were aim-
ing their "small system" designs at. Their
cautious approach was obvious from the
way systems were described as "Proto-
typing systems", "Introductory systems",
and "Tutorial systems" with manuals
written, it seemed, for professional engi-
neers who were expected to rapidly move
on to bigger and better things, with their
loyalty to a particular MPU chip already
established! With the unexpected mush-
rooming of the hobby computer market
in the U.S.A. manufacturers soon realised
that a huge new market had arisen, and
also that this new breed of hobbyist
was not going to be satisfied with a
cheap system which had a limited use-
fulness and future. The average amateur
was not likely to move on to a de -luxe
development system with floppy discs
and a teletype: he wanted a low cost
system which nevertheless could be used
to do practical things, a system which
had inputs and outputs available for his
use, a system with a self-contained key-
board and display, a system with a rea-
sonable RAM memory capacity, a system
which could use low cost peripherals
such as cassette tape recorders, and of
course, above all, a system which he
could expand when he felt the need for
more performance.

HOBBY COMPUTER
KIM -1 is the result of a deeper under-

standing of the requirements of hobbyists,
and is a successful attempt to provide
the amateur with the things he needs
at a realistic price. KIM -1 is a design
from M.O.S. TECHNOLOGY, INC. and
uses their own 6502 microprocessor array
in a ready built system which arrives

tested and guaranteed for 90 days. The
cost of KIM -1 is around the £200 mark,
but for this you get a well made micro-
computer circuit board which includes a
hexadecimal keyboard and 8 digit 1.e.d.
display, an audio cassette interface, 1,024
words of RAM storage, a comprehensive
monitor program in 2,048 words of ROM
and 15 input/output lines available on an
edge connector. In addition to the KIM -1
board itself, you get a User Manual, a
Programming Manual, a Hardware
Manual, a system wall chart and a pro-
grammer's reference card. The three
manuals together are no less than 4cm
thick, and even at first glance these
appeared to be very comprehensive to
us!

With a full lk of user RAM available
from the start, a KIM -1 owner is un-
likely to feel cramped for space for
quite a while, especially since pro-
grams can be stored on, and retrieved

At a price of £199 upwards, the KIM -1
microcomputer with keyboard, display
GR Electronics Ltd., Newport, Gwent

from, conventional cassette tapes with
the simple addition to the system of a
low cost audio cassette recorder. As a
uset becomes more ambitious however,
the KIM -1 board can be augmented with
the KIM -2, 3, 4, or 5 boards which will
provide sufficient extra RAM memory to
run sophisticated high level software,
like BASIC for example, when this be-
comes available.

The 6502 microprocessor and associ-
ated circuits require only a single 5 volt
supply which can be easily put together
using a fixed voltage LM309K regulator.
When a cassette recorder is used, an
additional low current 12 volt supply is
required to power the interface circuitry.

THE MPU CHIP FAMILY
The MCS6502 chip used as the heart

of KIM -1 is one member of a large
family of microprocessor chips produced

is supplied as an assembled and tested
and full documentation. Available from
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The MCS6502 microprocessor chip
used in KIM -1.

by M.O.S. TECHNOLOGY, INC. Many
readers may be unfamiliar with this
manufacturer and the MCS 65XX series
of MPU chips, although they are fairly
well known in the U.S.A. The family is
described by M.O.S. as "Third genera-
tion" and it is certainly true to say that
several advanced features are available
within the family, which obviously owes
a lot of its basic design to the Motorola
M6800 chip with which its members are
bus. compatible.

There are nine microprocessors in the
family and these offer complete soft-
ware compatibility (the same instruction
set) 'but differing hardware features such
as 28 or 40 pin package, on or off chip
clocks, varying address range from 4k
to 65k words, and choice of interrupt
facilities. All members of this family
offer NMOS high speed (2MHz maxi-
mum) operation and a very efficient in -

6502
MPU

CONTROL *7
LOGIC

struction set with 56 basic instructions.
The MCS6502 is an on chip clock, 40
pin package version with an address
range of 65k words, making it a very
sophisticated device with lots of potential.

PERIPHERAL CHIPS
Also on the KIM -1 board are two

MCS6530 chips, and these devices are
not microprocessors but a powerful com-
bination of a ROM array, a RAM array,
an Interval timer and two eight bit input/
output ports, all in a single 40 pin pack-
age! It is probably the availability of
these devices which makes the KIM -1
possible at such a low price, because
providing these facilities separately
would certainly be expensive!

Each MCS6530 contains 1,024 words
of mask programmed ROM normally
used to hold programs, and 64 words
of RAM which can be used for scratch
pad storage, stacks, etc. The interval
timer is a down counter which can be
preset under program control, and which
will interrupt the MPU chip when a
count of zero is reached. Under program
control the MCS6530 timer can be used
to generate a wide variety of timing
functions which allows this important
system task to be unloaded from the
microprocessor itself, promoting software
efficiency.

The sixteen input/output lines are in-
dividually programmable as either inputs
or outputs under software control, and
they can source 3mA at 1.5 volts when
used as outputs, making interfacing
straightforward.

CAUTION
One word of caution on the MCS6530;

its ROM section, being mask program-
mable, is unsuitable for use in any
"homebrew" system, although of course,

KIM -1 block diagram.

CONTROL BUS

it is ideal for the KIM -1 itself where the
monitor program is loaded during manu-
facture by M.O.S. themselves. A home-
brew system would be possible using
external EPROM chips such as the 2708
or 1702A, if required.

User program storage on the KIM -1
board is provided by eight 1024 by 1 bit
2102 type NMOS RAM chips, although
as you will have gathered from the
description of the MCS6530 chip, a further
128 words is available if required. The
basic address range of KIM -1 is 8k
words, with the MCS6530 ROM, RAM
I/O and TIMERS mapped into the upper
three lk pages, and the user RAM
mapped as the lower lk page. Expansion
to the full 65k words can be carried
out externally at a later date if desired.

OUR EXPERIENCES
With the system up and running with

the aid of a bench 5 volt supply, we
tried out the simple program on page
9 of the User Manual. The method
of program entry is, in our opinion,
better than the MEM, TERM system
used on the SC/MP Introkit, because it
is much simpler. To set an address you
press the AD key followed by four HEX
digits. To enter instructions or data you
press the DA key followed by two HEX
digits, and to increment to further loca-
tions for further entries you press the
+ key followed by the next two HEX
digits and so on. To run a program you
enter its start address using the AD
mode, and press the GO key.

The other keys available are RS, which
causes system reset, ST which terminates
the current program and PC which allows
you to display the value of the program
counter at the time that an interrupt
occurred or the ST key was pressed.
Execution can be continued from where
it was stopped by the ST key by pressing
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the GO key. A slide switch on the
keyboard allows you to enter the "single-
step" mode so that single instructions
are executed for each press of the GO
key.

With a feeling of "So far so good",
we hooked up a 12 volt supply in addi-
tion to the 5 volts already connected
then blew the dust off of our portable
cassette recorder and connected it up,
too, following the simple diagram in the
manual.

CASSETTE
The KIM -I monitor program controls

the storage and retrieval of data on the
cassette, and when recording a program
a checksum is added in at the end so
that verification is possible during replay
into KIM -I RAM. Each program must
be given a unique "name" before record-
ing takes place, and this "name" (actually
a two digit HEX code) is used to identify
the required program on replay. We
dumped the simple trial program from
RAM onto a cassette, switched off the
power, and then attempted to reload it
into RAM-failure!

After a lot of experimentation we dis-
covered that it was necessary to use
different volume control settings for
record and replay to get the system to
work. Now this might have been the
fault of our cassette recorder, which was
not new but seemed perfectly serviceable,
[but the manual certainly led us to
understand that a unit of the type we
used would be quite satisfactory, and
that no adjustment of the controls would
be required.

After some practice the record and
replay functions were operating correctly
most of the time, and we began to
realise the enormous advantages of the
cassette system compared with the pencil
and paper method of storing programs!
By hooking up a microphone to the
recorder it is also possible to cue pro-
grams verbally on the tape, so that both
you and your KIM -I know what's going
on! (Voice signals are ignored by the
monitor routines on replay.)

KIM -I also comes with a routine for
handling teletypes or VDUs of any
standard baud rate, and is equipped with
a 20mA current loop interface for this
purpose. We were unable to try out this
particular aspect of system operation
however.

Suitab e power supply for KIM -1

1

132: RMS

MCS6502 MICROPROCESSOR INSTRUCTION SET-ALPHABETIC SEQUENCE

ADC

AND
ASL

BCC
BCS
BEQ
BIT

BMI
BNE
BPL
BRK
BVC
BVS
CLC
CLD
CLI
CLV
CMP

CPX
CPY
DEC
DEX
DEY
FOR

INC
INX
INY
JMP

Add Memory to Accumulator with
Carry

"AND" Memory with Accumulator
Shift Left One Bit (Memory or

Accumulator)
Branch on Carry Clear
Branch on Carry Set
Branch on Result Zero
Test Bits in Memory with

Accumulator
Branch on Result Minus
Branch on Result not Zero
Branch on Result Plus
Force Break
Branch on Overflow Clear
Branch on Overflow Set
Clear Carry Flag
Clear Decimal Mode
Clear Interrupt Disable Bit
Clear Overflow Flag
Compare Memory and

Accumulator
Compare Memory and Index X
Compare Memory and Index Y
Decrement Memory by One
Decrement Index X by One
Decrement Index Y by One
"Exclusive -or" Memory with

Accumulator
Increment Memory by One
Increment X by One
Increment Y by One
Jump to New Location

JSR

LDA
LDX
LDY
LSR

NIP
ORA
PHA
PHP
PLA
PLP
ROIL

ROA

RTI
RTS
SBC

SEC
SED
SEI
STA
STX
STY
TAX
TAY
TSX
TXA
TXS
TYA

Jump to New Location Saving
Return Address

Load Accumulator with Memory
Load Index X with Memory
Load Index Y with Memory
Shift One Bit Right (Memory or

Accumulator)
No Operation
"OR" Memory with Accumulator
Push Accumulator on Stack
Push Processor Status on Stack
Pull Accumulator from Stack
Pull Processor Status from Stack
Rotate One Bit Left (Memory or

Accumulator)
Rotate One Bit Right (Memory or

Accumulator)
Return From Interrupt
Return From Subroutine
Subtract Memory from Accumulator

with Borrow
Set Carry Flag
Set Decimal Mode
Set Interrupt Disable Status
Store Accumulator in Memory
Store Index X in Memory
Store Index Y in Memory
Transfer Accumulator to Index X
Transfer Accumulator to Index Y
Transfer Stack Pointer to Index X
Transfer Index X to Accumulator
Transfer Index X to Stack Pointer
Transfer Index Y to Accumulator

VERDICT
The thing which impressed us most

about the KIM -1 system was the pro-
vision of the three excellent manuals
which between them covered all aspects
of system operation and programming in
minute detail. Anyone with a basic know-
ledge of microprocessors, or computers
in general, should be able to find their
way around easily with the aid of these
books. The User Manual is written in
a chatty informal style which puts the
reader at ease right from the word "go".
Following this book in step-by-step
fashion is rather like taking a pro-
grammed learning course, and most
KIM -1 owners will find themselves eager
to delve into the other two manuals,
which are rather more formal, once they
have mastered its contents.
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On the hardware side, the powerful
MCS6502 chip, the full lk of user RAM
and the cassette interface, speak for
themselves.

KIM -1 also has that magic ingredient
"expendability" so that owners need not
feel boxed in. Expansion can be carried
out without a soldering iron, and those
who look forward to a powerful "Home
computer" have every chance of achiev-
ing this later if a VDU or teletype is
added to the system, and the manufac-
turers start to provide software on cassette
(which is likely). As it is, the basic
KIM -1 can be programmed easily in
machine code, and can of course be
connected up directly to external gadgetry
by means of the input output lines, if
required.

The instruction set of the MCS6502
has some powerful features, like 13
addressing modes, and the ability to set
the arithmetic unit to "Decimal mode"
for the duration of a B.C.D. calculation
rather than having to use "Decimal
adjust" instructions as is the case with
other devices. The mnemonics looked
easy to learn to us, although they are
different to those used with the 8080. or
the 6800 its two major competitors.

The construction and component
quality looked good. We noticed that the
cassette recording format is not of the
"Kansas City" type, which means a black
mark, although the system used is self
clocking which is to its credit. The seven
segment displays were a little difficult to
decipher in high ambient lighting, but
we soon cured this by adding a piece of
red filter material.

All in all then, the KIM -I seems a
good buy for all low -budget micronuts.
and a useful step nearer that impossible
dream, the "perfect" system.
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Semiconductor
FEATURING : NE580 MC14500B 1115283-1B5314

_1

ODD

R.W. Coles

BAR DRIVER

Sometimes a digital display can actu-
ally be inferior to more traditional
analogue displays such as the moving
coil meter. This is particularly true
where useful information can be
gleaned from the rate of change of a
reading, or where a simple comparision
is required between the current read-
ing and some pre-set or variable limit.
Needless to say, electronics manufac-
turers have not just ignored this re-
quirement, and there are a number of
alternatives to the moving coil meter
presently available.

One of the more attractive of these
is the bar graph display, where a
column of light of variable length pro-
vides an easy to read analogue display.
Bar graph displays can be made up
with bar type I.e.d.s, but where high
definition is required the I.e.d. solution
is rather costly and power hungry, and
so recourse to gas discharge tech-
nology is essential. Burroughs of the
U.S.A. make an excellent dual gas dis-
charge bar graph display which has
become increasingly popular as an alter-
native to more conventional analogue
readouts, but until now the peripheral
drive circuitry to control this useful
device had to be built with a collection
of TTL and analogue circuits which
could fill a fair sized board.

Thanks to Signetics, the Burroughs
"Self -Scan" bar graph display is now
a lot easier to use because a new i.c.,
the NE580 has been introduced which
contains 80 per cent of the necessary
drive circuitry.

The "Self -Scan" display contains two
201 element bar graphs and is driven
in a multiplexed fashion which requires
the generation of 200 cathode clock
pulses in an interlaced five phase
sequence.

The display anodes are switched on
at the start of a scan and off when the
appropriate display level is reached,
and this is accomplished by comparing
the signal voltage with a reference
voltage ramp. The NE580 contains most
of the required external circuitry, in-
cluding a clock oscillator, sample hold,

ramp generator, counter, phase de-
coder, comparators and anode switches
and requires only cathode and anode
drivers to complete the system. The
NE580 is housed in a 22 pin d.i.l. and
runs from a single five volt supply.
An example of the chip in action is
shown below.

BIT BY BIT
After the four bit micros came the

eight bit micros. and after the eight
bit micros came the sixteen bit micros
. . . but if you are expecting me to
present a sneak preview of a thirty two
bit mega -chip . . . forget it!

However, the latest, hottest chip from
the microprocessor men is, wait for it,
a one bit processor called an "Indus-
trial control unit" (i.c.u.) by Motorola,
the manufacturers.

The new i.c.u. has been coded
MC14500B, making it a standard 1400
series buffered CMOS part which will
be taking its place alongside the
MC14001B quad gate and all the other
common -or -garden logic blocks in the
family.

If up to now you have been a "doubt-
ing Thomas", and still think that micros
are a passing fad, the MC14500B is all
set to convince you otherwise! This new
chip is a real microprocessor all right.
It has a sixteen entry instruction set,
on a chip clock oscillator, and is de-
signed to be paired up with a ROM

'Ij

or PROM program store, along the
same lines as its bigger cousins.

The i.c.u. does differ from other
micros in its bit -by -bit logic orientated
instruction set, and it is not directly
capable of the arithmetic type opera-
tions which are the bread and butter of
other micros. For many applications,
the conventional microprocessors are
just too powerful, and so relay systems
or printed circuit boards full of random
logic are used instead.

The new chip runs from 3V to 18V
supplies, and comes in a plastic sixteen
pin package. The internal oscillator
requires only a single external resistor
to set the clock frequency to a value
between d.c. and IMhz, and system
expansion can be carried out using
standard CMOS components to pro-
vide input parts, output parts, and pro-
gram counters of any length. With only
a sixteen entry instruction set, pro-
gramming should be child's play, and
you can use existing TTL fusible link
PROMs or the newer CMOS types to
hold the programs once written. I for -
see a big future for this unexpected
infant!

FET DIODES

We all know that when we require
a source of constant voltage the easiest
way to provide it is to employ a Zener
diode with the required voltage rating.
But what about a source of constant
current?

Probably the way most of us tackle
this is to use a Zener in conjunction
with a transistor and a couple of resis-
tors-but there is a much simpler alter-
native in the form of the two terminal
f.e.t. current regulator diode.

A better way would be to employ one
of the Teledyne Crystalonics f.e.t.
diodes which are produced in a range
which will give accurate current regu-
lation from 220 microamps. to 4.7
milliamps.

Thirty two devices are available
coded 1N5283 to 1N5314, and these can
be put to good use in a wide range of
analogue circuits.
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ANYONE looking for a simple and novel project to
build, just for fun, may, be interested in the Strength

Meter described in this article.
The power of the contestant's ,grip is displayedon a row

of l.e.d.s while he squeezes two cannisters as tight as he
can. However, the indicator is not to 'be treated with
scientific reverence since it really works 'by measuring the
resistance between the hand -grips.

CIRCUIT DESCRIPTION
The circuit shown in Fig. 1 is designed so that the

number of l.e.d.s which illuminate along the row compris-
ing DI to D4, increases as the resistance between the
hand -grips falls; which of course happens when the con-
testant squeezes harder.

A potential divider is produced between OV and +9V
by RI and R2, and since their resistance ratio is 1 : 1,

the voltage at point "B" will be half the supply, which is
+4.5V. The differential amplifier formed 'by ICI uses this
voltage as a reference, so that it amplifies the difference
between points "A" and "B".

Voltage "A" however, is produced by a potential divider
of variable ratio, which is dependent on the hand -grip
resistance. This voltage, for any given degree of hand -grip
squeeze, can be set using VR1, 'but the voltage generated
by zero squeeze (no hand -grip contact at all) always starts
of from OV. This "slope" setting will also determine the
amount of grip necessary to pull up all four 1.e.d.s.

After amplification in the non -inverting amplifier ICI,
the generated voltage is fed to the base of TR1. This
stage has no voltage gain (some voltage will in fact be

lost across the base -emitter junction), but simply multiplies
the output current capability of the 741 by the gain
figure of the BC107, a figure which of course will vary
from one such transistor to another due to production
spread. But in any case TR1 will add sufficient current
drive to take the load consisting of the resistor chain R5
to R9.

The point of the resistor chain is to divide the voltage
produced at point "C" into five equally spaced potentials.
This way, as the voltage at "C" increases, the voltage at
"D" will eventually become sufficient to overcome the base -
emitter junction potential of TR2, plus a little more to
push some current through R10. When this happens DI
will illuminate as TR2 switches into conduction.

If the voltage at "C" continues to increase, then the
voltage at "E" will become sufficient to bias TR3 into con-
duction, and so on, until all the I.e.d.s are illuminated.
Just as R10 to R13 limit the base current to their respective
transistors, resistors R14 to R17 limit the l.e.d. currents to
around 17mA.

CONSTRUCTION
The circuit was 'built on a piece of 0.1 inch matrix

stripboard and the layout, shown in Fig. 2, will accom-
modate either an 8 -pin d.i.l. or the 14 -pin version of the
741 amplifier. Care should be taken to ensure that the
appropriate breaks are made to the copper tracks, and
that no blobs of solder or shavings of copper form a
bridge between conductors.

A simple aluminium box was used for the prototype,
and this could be formed from a sheet of metal if a
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STRENGTH WIENER

WOW "'

STRONG

I flY HARDER

WEAKLING

ON

N. RIDDIFORD

412
Practical Electronics February 1978



WEAKLING
TRY

HARDER STRONG WOW It
+9V

HANDGRIPS

Fig. 1. Complete circuit diagram of
Strength Meter. The diode D5 protects
TR1 from a negative voltage swing at
ICI output. Although the photographs
show a single -pole on/off switch, the
arrangement detailed in this circuit
diagram is recommended, and uses a
two -pole rocker for total switch -off

VR1
4704,0

COMPONENTS . . .

RI
470 k

R3

2-21(0

R4
I M 0

3

IC1
74

S1a

7

75

85
3300

R6
3300

R7
3300

C
9 V

R2 R8
470 40 l 3300

Resistors
R1, R2 470k52
R3 2.2k52
R4 IMO
R5 -R9 3300 (5 off)
R10 -R13 1.3k0 (4 off)
R14 -R17 4700 (4 off)
All resistors OV 5% carbon film

Potentiometers
VR1 470k0 horizontal preset

Semiconductors
IC1 741 8- or 14 -pin d.i.l.
TR1-TR5 BC107 or similar (5 off)
D1 -D4 0.2 inch red I.e.d. (4 off)
D5 1N4148 or similar

Miscellaneous
0.1 inch stripboard 127 x 63mm
14 -pin i.c. socket (optional)
4mm plugs and sockets (2 of each)
PP3 batteries (2 off)
Case: 155 x 105 x 53mm, or sheet alloy to form
Suitable battery studs (2 off)
Plastics I.e.d. bezels (4 off)
Rocker type on/off switch D.P.C.O.
Tubing for handgrips

01-4
TIL 209

D1

44
D3

44.

TR1
BC 107

TR2
BC 107

R10

Cr- 131,-

R9
330(1

R14 R15 816 R17
4700 4700 4700 4700

TR 3
C':107

TR 4
BC 107

TR 5
BC 107

gV

suitable size cannot be found ready made. Four holes
should be drilled in the base to accommodate 4BA screws
for fixing rubber feet to the unit. Two of these screws
should be long enough to take spacers, the stripboard and
fastening nuts. Two holes need to be drilled to mount the
4mm sockets, and a further four in the lid to house the
1.e.d. bezels. Finally an oblong hole should be cut out
(using an Abrafile) if the R.S. type switch is used for the
ON/OFF function.

The prototype box which was "home made" had 6BA
nuts held in place on the side of the 'base, by an epoxy resin
glue, to take the lid retaining screws (see photograph).

The 741 op amp in this photograph is a TO5 type, which is
not the recommended i.c. package
If the box is "home made", 6BA nuts to take the lid retaining
screws can be fixed to the case using Araldite Rapid or
similar resin based adhesive
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ONE
HANDGRIP

+ 9V
VIA 515

OTHER
r-;HANDGRIP

-9V
VIA 515

0 V VIA
SWITCH

C)

R2

R:

R4. TR1

R6

RB

111
R9

RIO

R 11

R12

R13

(3=-*

TR 2 R14

Iec3
TR° 3 R15c
TR< R16

O

TO ANODES
1 01-41

CA=== TO D1 CATHODE

ri TO D2 CATHODE

TO D3 CATHODE

TO D4 CATHODE

Fig. 2. Stripboard layout. A 14 -way i.c. socket may be used for IC1, which can be positioned to allow either 8 -pin or 14 -pin
141s to be used withcut stripboard modification. As can be seen in the photographs, this would even allow an 8 -lead TO5
type to be used if necessary. Note that R4 is connected to the wrong end of D5 in this diagram

BATTERY RETAINERS
It was felt that a small modification to the prototype

featured in the incidental photographs could be made,
which would provide a simple but effective means of
clamping the PP3 batteries.

If the "rubber feet" screws nearest to the 4mm sockets
are positioned 18mm away from that inside edge, and are
about 25mm long, then they can be used as battery retain-
ing pillars, whereby the PP3s will squeeze between these
and -the side of the case (see Fig. 3). Lengths of p.v.c.
sleeving should be slipped over them to improve appear-
ance and protect the batteries from damage. Some sleeving
stripped from 3 -core mains cable (lightweight type) will do
admirably for this!

If this is done, the 4mm terminals will need to be moun-
ted nearer the centre -line of the box (at about 30mm apart)
to make room for the PP3 batteries.

continued on page 417

Fig. 3. Using the 4BA "rubber feet" screws to create baftery
retaining studs. The positions of the rubber feet and 4mm
sockets necessary for this facility will be slightly different
from those appearing in the photographs

BATTERY
RETAINING

PILLAR

BATTERY
RETAINING

PILLAR

II

4mm
SOCKETS

P.V. C
SLEEVE

4BA
SCRE

ALLOY
CASE

RUBBER
FOOT

1-4-- 18 mm

PP3
BATTERY
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Mini -priced
breadboards for
maxi -sized
projects.
Experimentor' low-cost solderless bread-
boards are the first in the world specially
designed for 0.3" and 0.6" pitch DIP's.

They clip together by an exclusive
interlocking system in any configuration,
(just like dominoes), so you arrange the
breadboards to suit your circuit,
not vice -versa.

They are precision moulded from
durable, flame-retardant plastic,
and feature alphanumeric
coding for easy circuit
building, and
non -corrosive, pre -stressed
nickel -silver alloy contacts-
reliable for well over 10,000 insertions.

TOP

EXCLUSIVE
INTERLOCKING
SYSTEM.

BOTTOM

111111111111111

11111111,11111,1111111

Contact resistance is a mere 0.4 mn and
interterminal capacitance is typically less
than 5 pF.The Experirneritor is usable to
over 100 MHz.
Experimentor 600 and 650 models are
ideal for RAM's ROM's and PROM's
(0.6" centre IC's) while the 300 and 350
models are for smaller DI P's ( 0.3" centres).
All four models, of course, also take all
standard components, the 0.1" grid being
compatible with transistors, diodes, LED's,
capacitors, resistors, pots - in fact any
component with lead sizes between 0.015"
and 0.032'

r
A useful quad bus strip (EXP4B) further

Model
EXP300
EXP350
EXP600
EXP650
EXP4B

6.0 2.1
3.6 2.1
6.0 2.4
3.6 2.4
6.0 1.0

Get your hands
on an Experimentor

and stop
wasting time!

Centre 5 -way
Length" Width" channel" tie points Bus Price All units are 0.330' deep.

0.3 94(470) 2(80) £6.77 Prices include VAT (8%) and p&p for
0.3  46(230) 2(40) £3.69 UK Orders.
0.6 94(470) 2(80) £7.35 Add 5% to all orders outside UK.
0.6 46(230) 2(40) £3.99 All prices and specifications correct
N/A N/A 4(160) £2.83 at the time of going to press.

expands the versatility of the system for
the MPU user.
Experimentor breadboards can be used
alone or mounted on any convenient flat
surface, thanks to moulded -in mounting
holes and vinyl insulation backing that
prevents short circuits. Mount them from
the front with 4-40 flathead screws or from
the rear with 6-32 self tapping screws.
But however you use them, Experimentor
breadboards are the quickest and easiest
way to build and test circuits.
If you're working on IC's, MPU's, memories,

displays or any other circuits, buy the
breadboards that are designed for you.
Ring us (01-890 0782) with your Access,
Barclaycard or American Express number
and your order will be in the post that night.
Alternatively, send a cheque, or postal
order (don't send credit cards!) and it
still only takes a few days.
Otherwise ask for our complete catalogue.

CONTINENTAL SPECIALTIES CORPORATION=0=
CONTINENTAL SPECIALTIES CORPORATION (UK) LTD., SPUR ROAD, NORTH FELTHAM TRADING ESTATE, FELTHAM, MIDDLESEX TW14 OTJ. TELEPHONE 01-890 0782.

REG IN LONDON: 1303780 VAT NO: 224 8074 71 ""TRADE MARK APPLIED FOR t. CSC (UK) LTD 1977. DEALER ENQUIRIES WELCOME. "TELEX: 8813669 CSCLTD.
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LYNX

ELECTRONICS (London) Ltd.
NASCOM I

Microcomputer for the Hobbyist
HARDWARE FEATURES:
* SUPPLIED IN KIT FORM FOR SELF -ASSEMBLY.
* FULL DOCUMENTATION SUPPLIED.
* INCLUDES PRINTED CIRCUIT BOARD.
* FULL KEYBOARD INCLUDED.
* INTERFACES TO KEYBOARD, CASSETTE RECORDER & T.V.
* 2K x 8 RAM
* 1K x 8 EPROM MONITOR PROGRAM
* POWERFUL Z80 CPU.
* 16 LINE x 48 CHARACTER DISPLAY INTERFACE TO STANDARD, UNMODIFIED T.V. SET.
* ON BOARD EXPANSION FACILITY FOR ADDITIONAL 16 LINES I/O.
* TOTAL EXPANSION TO 64K x 8 MEMORY.
* TOTAL EXPANSION TO 256 INPUT PORTS AND 256 OUTPUT PORTS.

SOFTWARE FEATURES:
* 1K x 8 'NASBUG' PROGRAM IN EPROM.
* PROVIDES 8 BASIC OPERATOR COMMANDS INCLUDING SINGLE STEP.
* EXPANDABLE SOFTWARE SYSTEM VIA ADDITIONAL USER PROGRAMS IN RAM OR EPROM.

COST £197.50 PLUS 8% VAT
Phone or write for details to:

92 BROADSTREET, CHESHAM, BUCKS.
TELEPHONE: (02405) 75154.

.Start the NewYear wel
by treating yourself to this

famous
Co onotts

49-V

 The finest components
catalogue yet published.

 Over 200 A -4 -size pages.
 About 5,000 items clearly

listed and indexed.
 Nearly 2,000 illustrations
 Bargain List sent free.
 At £1 40. incl. p. 8 p the

catalogue is a bargain.

Send the coupon below now.
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234.240 London Road, Mitcham. Surrey CR4 3H0 '
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LOW PROFILE DIL SOCKETS - TIN PLATED
PRICE PER 1 5 10 25
8 PIN 10p 45p 85p £2.00
14 PIN 12p 55p E1.05 £2.50
16 PIN 13p 60p E1.15 £2.75
28 PIN 25p £1.20 £2.30 £5.50
40 PIN 40p £1.80 E3.50 £8.25
STANDARD PROFILE DOUBLE -SIDED DIL - SOCKETS
14 PIN 14p 65p £1.25 E3.00
16 PIN 15p 70p E1.35 £3.25
MOUNTING PADS 10/PACK 50/PACK
TO 5 4 HOLE 9p 40p
TO 18 4 HOLE 9p 40p
CONVERTERS
TO 99 TO DIL 55p E2.50
TO 100 TO DIL 55p £2.50
TO 92/98 TO T05 9p 40p
TO 18 TO T05 9p 40p
TO 98 TO T05 9p 40p
DIODE CRADLES 10p 45p

LARGER RANGE OF TRANSISTOR PADS AND
INSULATING BUSHES IN CATALOGUE. ALL
PRICES INCLUDE V.A.T.

READY DRILLED BLACK ANODISED HEAT SINKS
T03 1 . 40p 5 4 E1.80
T066 1 ., 40p 5@C1.80
TO 3 x 2 1 4 70p 5 @ E3.20
HEAT SINK COOLERS. FITTING TO 5.
NF 204 1 4 14p 5 4 65p
NF 205 1 a 12p 5 4 55p
NF 207 1 4 13p 5 se 60p
NF 209 1 @ 15p 5'4 75p
INSULATING KITS. 5 WASHERS 10 BUSHES.

MELINEX MICA
TO 3 4 28p/KIT it 30p/KIT
TO 66 A 28p/KIT a 30p/KIT
BUSH SHANK LENGTH RECh .205, 153,

125, 05, 025 125, 05. 025. For TO 3 only.
TRANSISTOR INSULATION COVERS
TO 3 5 . 35p 10 Se 70p
TO 5 5 4 15p 10 re 25p
T066 5 @ 35p 10 ee 70p
POWER SOCKETS
TO 3 I* 149 5* 65p
TO 66 1* 16p 5 4 75p
TO 220 INSULATING KITS 5 Washer 5 Bushes

MELINEX 20p/KIT MICA 25p/KIT.

POST AND PACKING 15p KITS/PADS/SOCKETS/COOLERS. 45p FOR ANODISED HEAT SINKS

FULL ILLUSTRATED CATALOGUE - SEND 30p FOR POST AND PACKING.

FROM MOULDED ELECTRONIC
COMPONENTS INT. LTD.
34d QUARRY HILL ROAD
TONBRIDGE, KENT.
Telephone: 0732 365910
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HAND -GRIPS
The hand -grips can be made from a number of things

such as curtain or stair rod, or as in the prototype, 18mm
diameter brass tubing. To connect wires to these it is

necessary to drill a hole in each, so that a 6BA nut and bolt
can be passed through to clamp a solder tag. The wires
should be soldered to the tags before clamping them, as
objects showing thermal inertia of this magnitude will not
solder readily without a very large soldering iron indeed.

The prototype used 4mm plugs and sockets to terminate
the hand -grips, so that they can be disconnected, wrapped
in something soft, and then stored inside the case. If the
recommended size is used, there will be ample room for
this.

SETTING UP
The potentiometer VRil should be adjusted so that a

gentle hold on the hand -grips will just illuminate DI, the
WEAKLING light.

NEWS BRIEFS
Exhibition

THE 1978 PEA (Instruments, Electronics and Automation)
Exhibition will be held at the National Exhibition

Centre, Birmingham, from March 13-17.
A computerised visitor registration and enquiry system

will be operating in four languages, and this will give
specific information on product categories and exhibitors
to the visitor, thus providing a mutually beneficial two-way
service.

The exhibitors will be of a highly international mixture,
consisting of manufacturers ranging from passive compo-
nents right through to computerised machine automation,
and they will occupy the largest hall at the centre.

The exhibition is claimed to be the only recognised trade
fair of 1978 in the U.K. covering the electronic instru-
ments industries, and will again be held alongside ELEC-
TREX, following their successful coming together in 1976.

Watts On The Road

THE
first three of a planned 62 strong fleet of electric

delivery vans hit the roads of London in November
last year, as part of a three year plan to assess the perfor-
mance of electric vehicles in urban conditions.

The machines are confined to the 0.75-1.75 tonne range,
with high acceleration, regenerative braking, top speeds of
around 50 m.p.h., and a realistic range of up to 60 miles
per charge -up.

Under the scheme the Department of Industry is contri-
buting in all, up to £400,000 to users of these vehicles to
offset the cost over that of conventional vans.

Co-operation between the DoI, the manufacturers, the
operators, the 'Department of Transport and the GLC, has
led to the use of three types of electric vehicle being used
in the scheme: 12 vehicles from Crompton Electricars, 25
"Silent Karriers" from a consortium of Chloride Technical,
Chrysler Motors and the National Freight Corporation,

and 25 "Bedford CF Vans" from Joseph Lucas Ltd. in
association with Vauxhall Motors.

The GLC will collect data from such operators as Initial
Services and National Carriers for collating, and a final
report will be published by the Dcl upon conclusion of the
scheme.

Microcomputer Kit
I N the face of much criticism concerning the potential

usefulness of microcomputers in the home, Lynx Elec-
tronics have launched the NASCOM 1 microcomputer kit
which carries a basic price tag of £197.50 plus VAT.
The launch came as part of a seminar entitled Home
Microcomputer Symposium which was attended by some
550 people. Over 300 kits were sold in the two weeks
following the launch.

The concepts of NASCOM 1, as described by Mr K.
Borland of Lynx, were: "To produce for sale a complete
microprocessor system that is of intelligent use to the
home users and is priced around £200.00.

By using the best available product on the market, within
our price range, to design the maximum possible system.
This is an advantage that an independent design has over
an in-house design by a manufacturer with his own pro-
duct range.

To design for maximum control by software. By the
choice of components it should be possible to totally
minimise the constrictions of hardware.

To design a system that offers major future expansion.
Either expansion by the user to his own design, or by
additional Lynx products.

These were the four main ideas. It followed on that
certain other details were going to be necessary.

Firstly, it would be essential in providing an intelligently
usable system, to have a full keyboard. The limitations of
a calculator type keyboard are now well known. Also any
major expansion would make a full keyboard essential.

Secondly, there must be sufficient memory for the user
to load and execute reasonably sized programs.

Thirdly, incorporate a fixed command program to.allow
easy user communication with the system.

We are delighted that it has been possible to achieve all
these goals in the NASCOM 1."

For full details write to Lynx Electronics (London)
Ltd., 92 Broad Street, Chesham, Bucks.
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MARKET
PLACE

Items mentioned in this feature are usually available
from electronic equipment and component retailers
advertising in this magazine. However, where a full
address is given, enquiries and orders should then be
made direct to the firm concerned. All quoted prices
are those at the time of going to press.

DESK CALCULATOR
The newest calculator to be added to

the Sinclair range is a desk top machine,
the Sinclair President. This calculator
has been specifically designed for the
businessman whatever the task, be it
balancing the yearly budget or working
out the week's expense account. The
President is exactly suited to the needs
of the executive.

In style, the calculator strikes a well
proportioned balance-not too heavy,
yet not too light to serve as a genuine
desk top model-the President will fit
comfortably into a slimline briefcase.

Sinclair commissioned a consumer
research programme among leading
executives, and found that what was
required was: a battery powered unit,
but with mains option, a six function
memory, a bright easy to read display,
and single function keys. The President
incorporates all of these!

The keyboard has a split layout. On
the left are found the standard numeri-
cal and arithmetical functions, % key
and six function memory. To the right
are located functions specifically for
business use, parenthesis, +1-, x< >y,
V x, 1/x, x2, and

Reflecting its desk top role, the
elegant satin silver President has a large
bright blue angled display, and rubber
feet which keep it stable during use.

Priced at £17.95 + VAT the Presi-
dent is available at all leading stores,
and carries the usual Sinclair 12 month
unconditional guarantee.

Sinclair Radionics Ltd., London Road,
St Ives, Huntingdon, Cambs, PE17 4H.1.

Sinclair President desk top calculator

STOPWATCH
One of the pities of metrication is

that it does not extend to time measure-
ment. With a stopwatch you can assess
quite accurately the length of one cycle
in hours, minutes and seconds. But you
can't immediately tell how long 100
cycles will take simply by shifting the
decimal point two places. You have to
work instead in sexagesimal arithmetic.

To the rescue come Casio Electronics
Co with their new ST -1 stopwatch/
calculator. It will time any operation up
to a maximum of about ten hours, to
an accuracy of a tenth of a second,
and then its calculator section will per-
form any of the four arithmetic func-
tions you like, on that, or any other
time. It can yield an answer in decimal
hours and/or conventional hours.
minutes and seconds.

Alternatively, the Casio ST -1 will
handle ordinary decimal arithmetic,
complete with independent memory, per
cent and square root keys.

As a stopwatch, this instrument offers
a choice of four modes: standard start/
stop with automatic reset at every start,
time-out or net timing where a restart
carries on from the previous stop time,
and lap timing with or without reset at
each start. There is also a totalling
feature whereby in standard stop timing,
it tells you the total of say, a series of
separately timed operations (from which
the average can be calculated on the
same machine). In the time-out mode it
can indicate time loss during stoppages,
and in split lap timing it adds the
"splits" to give an overall time.

The calculation capacity is eight digits,
or one second short of 100 hours, and
there is a clip -on hood for increasing
readout contrast in strong ambient light.

Measuring approximately 127mm x
76mm x 25.4mm and weighing under 5
ounces complete with AA size battery,
Casio ST -1 sits neatly in the hand. Sup-
plied with security wrist strap, this amaz-
ing little instrument has a recommended
retail price of only £29.95.

Casio Electronics Co. Ltd., 28 Scrutton
Street, London, EC2A 4TY.

SCRUMP! 2
Following the microprocessor develop-

ment kit Scrumpi 1, comes Scrumpi 2
which has all the facilities of the former
system plus additional PROM and RAM.

The new kit is still mounted on a
single p.c.b. but increased in size to in-
clude two edge connectors for interfacing
with extender cards. Developed around
the new NMOS National Semiconductor
SC/MP2 microprocessor, Scrumpi 2 from
Bywood Electronics Ltd gives reduced
power consumption and increased speed.

The memory consists of 768 bytes of
RAM and 512 bytes of PROM. Two 4 -bit
latches act as an 8 -bit I/O port in which
each set of four can be wired as either
inputs or outputs. The various functions
of the kit are controlled by a flip-flop, a
555 Timer, and NAND gates, all of which
are selected by eight toggle switches:
RESET, SLOW, STOP, PROTECT, SENSE -A,
SENSE -B, ROM/RAM START and LOAD. Pro-
gramming can only be carried out during
a read cycle, since during a write cycle
the microprocessor is putting data on the
data bus.

Interfacing facilities on Scrumpi 2 are
suitable for either 4 -bits or 8 -bits and
simple VDUs.

Scrumpi 2 will also drive several
MM2112 'RAM chips and/or PROM on
EAROM chips without further buffering.

The basic kit (without RAM and ROM
i.c.$) costs £55.56 and with the extra
memory facilities £74.07. The PROM can
be supplied blank or programmed by
Bywood to customer specification for an
extra £20.

All parts are supplied in the kit, in-
cluding sockets for all i.c.s. The switches
are soldered directly to the board, and
the circuit needs supplies of +5V, -7V
and -12V (which could be derived
from a 17V supply with a 5V Zener
diode).

Further information from Bywood
Electronics Ltd, 68 Ebberns Road,
Hemel Hempstead, Herts, HP3 9QR.

Scrumpi 2 from Bywood
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The Sinclair PDM35.
A personal digital multimeter for only £29.95

Now everyone can afford to
own a digital multimeter

A digital multimeter used to
mean an expensive, bulky piece of
equipment.

The Sinclair PDM35 changes
that. It's got all the functions and
features you want in a digital
multimeter, yet they're neatly
packaged in a rugged but light
pocket-size case, ready to go
anywhere.

The Sinclair PDM35 gives you
all the benefits of an ordinary digital
multimeter - quick clear readings,
high accuracy and resolution, high
input impedence. Yet at £29.95
(+8% VAT), it costs less than you'd
expect to pay for an analogue meter!

The Sinclair PDM35 is tailor-
made for anyone who needs to make
rapid measurements. Development
engineers, field service engineers,
lab technicians, computer specialists,
radio and electronic hobbyists will
find it ideal.

With its rugged construction
and battery operation, the PDM35 is
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make it
just as useful on the bench.

What you get with a PDM35
31/2 digit resolution.
Sharp, bright, easily read LED
display, reading to ±1.999.
Automatic polarity selection.
Resolution ofl mV and 0.1 nA
(0.000114A).
Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measured up to 20 Mit.
1% of reading accuracy.

Operation from replaceable battery
or AC adaptor.
Industry standard 10 Mt 1 input
impedance.
Compare it with an
analogue meter!

The PDM 35's 1% of reading
compares with 3% of full scale for a
comparable analogue meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve 1 mV
against around 10 mV for a
comparable analogue meter - and
resolution on current is over 100Q
times greater.

The PDM35's DC input
impedance of10 M tlis 50 times
higher than a 20 ki i/volt analogue
meter on the 10 V range.

The PDM35 gives precise
digital readings. So there's no need to
interpret ambiguous scales, no
parallax errors. There's no need to
reverse leads for negative readings.
There's no delicate meter movement
to damage. And you can resolve
current as low as 0.1 nA and measure
transistor and diode junctions over
5 decades of current.

Technical specification (+8', VATI

DC Volts (4 ranges)
Range: 1 mV to 1000 V.
Accuracy of reading 1.0% ± 1 count.
Note: 10 M t I input impedance.
AC Volts (40 Hz -5 kHz)
Range: 1 V to 500 V.
Accuracy of reading: 1.0% ± 2 counts.
DC Current (6 ranges)
Range: 1 nA to 200 mA.
Accuracy of reading: 1.0% ± 1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)
Range: lt i to 20 Mt I.
Accuracy of reading:1.5% ± 1 count.
Also provides 5 junction -test ranges.
Dimensions: 6 in x 3 in x 1 V2 in.
Weight: 6 V2 oz.
Power supply: 9 V battery or
Sinclair AC adaptor.
Sockets: Standard 4 mm for
resilient plugs.
Options: AC adaptor for 240 V
50 Hz power. De -luxe padded
carrying wallet. 30 kV probe.
The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world -firsts - from
programmable pocket calculators
to miniature TVs. The PDM35
embodies six years' experience in
digital multimeter design, in which
time Sinclair have become one of
the world's largest producers.
Tried, tested, ready to go!

The Sinclair PDM35 comes to
you fully built, tested, calibrated and
guaranteed. It comes complete with
leads and test prods, operating
instructions. and a carrying wallet. And
getting one couldn't be easier. Just fill
in the coupon, enclose a cheque/ PO
for the correct amount (usual 10 -day
money -back undertaking, of course),
and send it to us.

Sinclair Radionics Ltd, London Road,
St Ives, Huntingdon,Cambs., PE17 4HJ,
England. Regd No: 699483.

ITo: Sinclair Radionics Ltd, London Road, St Ives, Huntingdon, Cambs., PEI7 4HJ.
Please send me gtyl PDM35 s
'11)03.00 (inc 0.40 VAT and 65p P&P Name
each.

(qty) De -luxe padded Address
I carrying case(s) g £3.00 (inc VAT

and P&P) each.
-(qty) AC adaptor(s) for
240 V 50 Hz power tt £3.00
(inc VAT and P&P) each.
I enclose cheque/PO made payable
to Sinclair Radionics Ltd for

11-1=lair-(indicate total amount). £
I

I understand that if I am not completely

Lithin ten days fora full cash refund. World leaders in fingertip electronildsatisfied with my PDM35, I may return it

PE/21
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All prices include V.A.T. Carriage & packing add 2 5p (U.K.).
Add extra for

overCVJO.
only Discounts over C5 less 5%.

over f10 less 10%. over f25 less 15%, over f50 less 20%.

92
WHYTELEAFE

GODSTONE
RA-pAK

ROAD
SURREY CR3 OEB

* NEW 1r FULLY GUARANTEED COMPONENTS *
FULL SPEC SEMICONDUCTORS * QUANTITY
DISCOUNTS * SEND S.A.E. FOR COMPLETE LIST *

BEAD IUM
1 .22 .33 .47 68 1yF 35V all value.

11p; 2.2 33 4.7 6.8pF 35V all
when 12p; 10yF 25V 22yF 16V both
values 13p; 33yF 10V 149; 47;JF 6.3V
68 and 100yF 3V all yslussIllp; 471F
16V 20p; lopo tov 4111p

ELECTROLYTICS

oF 16V 25V 40V 63V
1

044p 05p 051p 06p
15 044p 05p 051p 06p
22 043p 05p 051p 06p
33 044p 05p 051p 06p
4 7 04;p 05p

2'1X107 .10
27X304 .20
ITX450 .20
273502 .20
27x604 .21
Z73550

261306 .20
261307 .35
261613 .21
262219 .20
262221 .17
262222

264126 .16
265133 .18
2N$136 .18
2115142 .18
265458 .28

ELECTROLYTIC
PAK
, lb. i,,,,,,h4
Approximately
5/3 °swop,

AC128 .14
AD161 pe AO
AD162 pe .80
1367(13 .04
86%18 .06
BC107 .086
BC1078 .085
BC108 .085
BC109 .05
BC142 .26
BC143 .21
8C147 .09
8C148 .09
8C149 .09
130157 .10
BC158 .11
BC159 .11
BC171 .10
BC 1728 .11
8[177 .16
BC182 .11
8C182L .11
BC183 .11
6C1831. .11
BC184 .11
BC184L AI
BC187 .15
80208 .12

BC212 .12
BC212 L .12
BC213 .11
FIC2131 .11
BC214 .13
BC214L .13
802618 .16
BC549 .12
BCY42 .26
BCY70 .17
BCY71 .18
8CY72 .16
8D131 .40
50132 .41
BD133 .130

60139 .46
60140 .48
5E241 .26
8E258 .24
BFXE15 .23
BFX86 .23
BFX87 .22
BF888 .22
BEY50 .16
8F551 .16
BEY52 .16
1311100 .26
811139 .40

6SX19 .18
13$321 .20
BSY25 .35
BYX10 .14
6YX38-150 .08
C1060 .50
ME3001 .12
MJE340 .66
MJE371 .86
MJE521 .50
MJE2955 .S2
MJE3055 .66
MPF102 .38
MPS5172 .14
MPS6522 .20
MPSA-C/6 .22
MPSA-13 .24
MPSA-56 .22
MPSU-01 .35
MPSU-51 .38
0647 .08
0679 .08
0681 .05
0690 .07
0691 .071
06202 .086
0020 150
0028 .65

0C35 .96
0038 .11
0071 .26
0034 .65
T L31 1.70
1 L33 1.70
7 L111 1.00
7 P296 .43
T P298 .60
7 P29C .60
T P306 52.
T P305 .65
T P30C .6$
T P31A .60
7 P318 .15
7 P31C .114

7 P326 .55
7 P328 .31
T P32C .70
T P416 .67
T P416 .70
T P41 C .02
7P426 .76
T P425 .80
T P42C .90
T P3055 .60
1 543 .30
2781 .50

.20
1N914 .05
16916 .07
1114001 .06
1114002 .066
164003

.18
2N2222A .20
262388 .28
262369 .23
262646 .42
262904

RECTIFIERS
25 Amp Cathode
case Press lit tyPe

50V .32
100V .40

Mixed value* of
capacitances and,,.9...
31.21 PER PAK

CARBON FILM RESISTORS
;Walt 10 -10M0 -E12 Series 1p
each 9p for 10 of any one value
75p for 100 of any one value

051p 06p
6 8 05p 051p 06p 07p
10 05p 06p 07p 09p
22 06p Olp 09p 13,
33 07p 08(p 10p 15p .06

164004 .076
1N4005 .0S
1N4006 .096
164007 .10
1N4149 .06
165400 .13
1115402 .16
1544 .05

.20
26290401 .22
2N2906 .18
2N3053 .17
263054 .42
263065 A2
263440 .60
263702 .011

263704 .07

200V .50
400V .57
600V .75

10005 1.00
35A 3,9V A.... case
Pre.. 4911 r e
406 100V Stud .70

51.1eAnedeiCethede

MIXED
CAPACITOR
PAK
50 capacitors.
Mixed values ofvo,.....na
capacitances.

I.C. SOCKETS
8 pin 11p

14 pin 12p
15 pin 13P
18 pin 24p
22 pin 3111,
24 pin 40p
28 pin 132p

LEDS
0 1251n 0 tin,.,_

Red
.,_9P ...,_''''

Green .... ..P
Yellow 20p 20o
L 13 clip 4p

47 08p 10p 12p 19p
88 Ofp 12p 16p 23p
100 10p 13p 18p 26p
150 Ilp 15p 20p 2Sp
220 12p 16p 22p 32p
330 14p 18p 26p 38p
470 16p 20p 29p 40p
680 lap 24p 35p 48p
1000 20, 29p 41p 15020 .11

15920 .05
15921 .07
15922 .08
15923 .08
15951 .10
112715 .26

263705 .07
263706 .03
263707 .01
263710 .07
263771 2,20
263773 3.10
263819 .20

BRIDGE
RECTIFIERS
1 Amp 100V .21
6 AIN) 103V .72
8 Amp 200V .78

25 Amp 100V 1.50

Assonsd polysinsr,
emlYenteens.
ceramic.
polycarbonahe
mita. elsetrotytie.
etc.
E1.00 PER PAK

40 pin 70p

400rnW 2E N ER
S.C.R's

1Amp 200V 30p
2200 249 38p 60p
4700 39p 52p 85p

DIODES
2 ]V-335

9p each
80p for 10 Any

[3.13010, 50 Mu
35.25 for 100

4Amp 200V 40p
4Arop 400V 50p
]Amp 100V 60p
]Amp 4005 85p

10Arnp 2005 110p
16Amp 1005 75p

POLYESTER 100V Rachel lead
001 0012 0015 0018 0022
0027 0033 0039 0047 0056
0068 0082 01 .045 012 015
018 022 .06 027 033 039
047 .055 056 068 .07 082

26438 .50
2N696 .16
26697 .15
2N706 .20
26929 .20

2N3904 .12
263905 .12
2113906 .12
264058 .12
264062 .12

FULL LIST OF LINEARS.
CMOS. 7400 TTL & BOOKS

AVAILABLE1 WATT ZENER DIODES
3.3V -100V 18p

1 12 15.075 18 22 27.09
33.10 39.11 47.12

BEFORE YOU BUY AN AMPLIFIER MODULE -CHECK:

DOES IT HAVE 30A power transistors
* 3A drivers (100W unit)

* 2 -year guarantee
* Integral output capacitor

Then compare with the Tamba range -excellent value -25, 50 and 100W R.M.S

TAM1000 100W 4 ohms 65V
TAM500 50W 4 ohms 45V
TAM250 25W 8 ohms 45V

£9.80

£7.50

£5.75

POWER SUPPLIES
For 1 or 2 TAM250/500 £7.50

For 1 or 2 TAM1000 £9.80

(Carriage 50p on supplies)

II Suits loads 4-16 ohms
 20-20,000 Hz ±1dB
II Silicon circuitry throughout
II Glass fibre P.C.B.
II High sensitivity (100mV 10k)

High grade components used through-
out:Texas, Mu Ilard, R.C.A., Plessey, etc.

 Low distortion (0 1%)
II Low profile (1in high 32ir1 x 3in)
 75% efficient
II Accepts most mixer/pre-amplifiers
 Four simple connections

ALL PURPOSE
MIXER/PRE-AMP.
(with 60mm slider volume)

Suitable for multiple input systems
High and low impedance inputs
High sensitivity
Built-in supply smoothing
20-20,000 Hz ± 1dB
-80dB noise level
Accepts a wide variety of inputs
Wide range bass and treble controls

Use up to 10 PRE -AMPS with 1 power
supply

Printed circuit board assembly with
treble and bass controls plus slider
volume control £6.50

You may order as follows: C.W.O. (crossed cheques, P.O.s, M.O.s etc)-C.O.D. (60p
extra). We accept Access and Barclaycard -send or telephone your number -do not
send your card. Add VAT at 8% to orders for 50 and 100W systems and at 12i% for 25W
systems (including preamp if ordered at same time).

Hours, 9.30 a.m.-5 p.m.
Monday - Saturday.
Callers welcome. Tel.
(01) 684 0098

TAMBA ELECTRONICS
Bensham Manor Road Passage, Bensham Manor Road, Thornton Heath, Surrey.

For Semi -Conductors
including
Small Signal Transistors
Power Semi -conductors
TTL, CMOS, I.C.s
Linear I.C.s
Signal and Power Diodes
Zener Diodes
Magneto Resistors
Hall -effect devices
Magnetic Proximity Switches
Opto-electronic devices

ea to

ELECTRO ALOE

For passive components
including
Plastic Film Capacitors
Electrolytics
Semi -precision capacitors
Transformers
Pot Cores
R. M. Cores
Ring Cores, etc.

ea e0

For Service & Quality
It's the Electrovalue Catalogue No. 8 (4th
edition black and white cover) with corn-
pletely up -dated prices. 144 pages, well
illustrated. 40p post free with 40p voucher
usable on orders for £5 or more. Send for
yours now and order in confidence.
GOODS SENT POST FREE IN U.K. FOR
C.W.O. ORDERS £5.00 or more. If under,
add 25p handling charge. Keenly
competitive prices plus ATTRACTIVE
DISCOUNTS and only best quality goods.

.ELECTRO ALUE 'LTD
(Dept. PE28) 28 St. Jue's Road, Englelield Green,
Eghem, Surrey TW20 OH Biel. Eg ham 3603. Telex 264475.

North: 680 Burnage Lane, Burnage, Manchester.
Tel. (061) 432 4945

ELECTRO ALOE
THE PROJECTS YOU BUILDTO MAKE THE BEST OF
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FRANK W. HYDE

UN -IDENTIFIED FLYING OBJECT
Now that the excitement of a possible

new planet has died down it is perhaps
a good time to look at the facts that
are available. The suggested size is be-
tween 100 and 400 miles in diameter,
that the orbit is near circular and that
the orbit lies between Saturn and
Uranus.

From these data it can be deduced
that the object is not a comet because
a comet has a highly eccentric orbit.
The orbit was determined by sequential
photographs so that the circular orbit is
now confirmed. The probable distance
from the Sun is about 1,500 million
miles. It is possible that this "Object
Kowal" is the first of a new swarm of
asteroids. If a regular watch is kept, it
could well be possible that the computa-
tion of the orbit, would show that
Voyager I might observe it after leaving
the vicinity of Saturn and on its way
to Uranus.

Many of these small bodies are now
on record and Charles Kowal now has
the right to choose a name for his
discovery. The number of the planetoid
is 2042. It is interesting to record that
by about 1890 some three hundred of
these small planetary bodies were known.
A year later another of those new
applications of technology which open
up new vistas took place. This time it
was the advent of photographic methods
which widened the horizons. Very
quickly many hundreds of faint objects
were identified as coming from the
asteroid 'belt which lies between the
orbits of Mars and Jupiter.

Another spurt was given when com-
puters appeared and now over 2,000 are
numbered, and at least a similar figure
covering those lost or not yet determined

exactly. Since they can be accurately
timed both into the future and back into
the past their behaviour in relation to
other planets in the solar system can
be examined; even so, many of these
bodies are just accidental discovery.

So scarce is time on the world's tele-
scopes that searches for those lost is not
economically possible. This emphasises
the value of orbiting telescopes with
continuous operation. In fact technically
there is a great advantage, for only
small telescopes are required in space
for purposes of this kind. That there is
very great scientific interest in know-
ing about these bodies is shown by the
fact that already there are a number
of projects for sending probes to land
on or take samples from them. A great
deal is already known and it would need
a lengthy article to describe the present
state of the art.

LIFE AND DEATH FROM OUTER
SPACE

Whenever something unusual occurs
in the environment or in space, outside
agencies are postulated as being con-
cerned with the welfare of the human
race. Scarcely a week passes without
some past happening being brought out
as support for unknown origins of
events. It is not surprising therefore that
from science fiction and "new thought"
a new look at data takes place. Much
of it may be discarded at once but
always there is left a glimpse of what
might be. If it stirs someone or some
team to relook at past happenings and
link them with new possibilities then it
is worth while as an exercise. In the
dissemination of knowledge the negative
results often have the greatest impact.

The sensational situation has arisen
about the star Sirius and its "com-
panions". On the strength of some
"evidence" from religious beliefs a
whole edifice of presumed happenings
has been raised. Many people are now
convinced that the skills and ills were
brought by someone from outer space.
Diagrams and pictures are produced in
support of the idea mostly without care-
ful examination and indeed in some
cases manipulation to support the
theory. On this particular theory great
claims have been made that scientists
are actively, and keenly supporting the
theory. In fact this is not so.

To set the scene for this Sirius mystery,
the first point of importance is that
Sirius is an extremely unlikely candidate
for the support of a planetary system.
It is true that some very eminent astro-
nomers have indeed been active in their
examination of certain data. However,
no evidence has been found to support
the claims as made. There is the exis-
tence of the folk lore, which at first
sight is difficult to evaluate. However,
this is not really the field of astronomy
or space science, still less can it be
justified when more specialised branches
of science engage in such matters.

Two radio observatories have just
released information of their previously
unpublished activities. One of these in
Canada used a 46 metre radio telescope
with entirely negative results. No intel-
ligible signals were received. The other
observatory is that of Ohio State Univer-
sity where Dr. R. S. Dixon used the
21 centimetre hydrogen line frequency.
Over a period of search, carried out
each day, there were no detectable trans-
missions. The publications from the
sensational media do not take into
account these tests. Indeed two British
scientists found it necessary to insist on
a disclaimer that they supported the
theories. This particular case has been
cited because it is concerned with space.
It follows then that the less fanciful but
certainly more tenable cases should be
in the same area. Both are concerned
with life on earth as well as in space.

A number of disciplines have been
concerned with the possibility of life
having begun outside the earth and
found its way to the planet. It is so
frequent for the work of some indivi-
duals and groups to be quoted out of
context in support of sensation, yet in
the cases now to be detailed there are
sensational features. It has often been
put forward that cometary bodies could
be carriers of some form of life. The
earth passing through a tenuous medium
would not, except by the use of highly
sophisticated techniques, show any
indication that anything had happened.

Scientists Sir 'Fred Hoyle and Chandra
Wickeamsingh announced that they
favour the theory that in the centres
of comets there exist the building
blocks of life and disease. As the
comets travel through the solar system
changes take place which lead to the
formation of new viruses and bacteria.
When a comet brushes the Earth these
are released. The two scientists suggest
that this is a far more plausible account
of new epidemics.

A number of groups are investigating
the possibilities of life being brought to
Earth by means of meteorites and other
interplanetary debris. In Russia V. I.
Goldanski of the Institute of Chemical
Physics of the Academy of Sciences in
Moscow is known to be working_in this
area. Certain changes take place near
absolute zero temperature and inter-
stellar clouds could be a source of the
grains of cold life. A new planetary
system rich in dust would be an ideal
situation for this kind of evolution.

LANDSAT
The Landsat vehicle is to help the

Navajo Indians to assess the resources of
their 16 million acres of reservation, the
volume of timber and its condition.
This is the first time a private company
has had this kind of co-operation with
NASA. The activity will eventually
range over five states. A great deal of
headway has been made with this satel-
lite which has justified the project.
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PE
PART SIX

Now that the "hardware" description of CHAMP is
complete, we can move on to consider that magic

new ingredient, "software". As you will no doubt recall,
the program which makes CHAMP work is called
CHOMP (CHamp Operating system and Monitor Pro-
gram), and this month we shall examine the program.

COMMERCIAL KITS
Most commercial microprocessor development kits pro-

vide the user with only a simple listing of their operating
programs, and ploughing through these listings to gain an
understanding of how the system operates can be a pain-
ful experience.

CHAMP is for hardware oriented people: not the
software genius: so we have done more than just pro-
vide a simple listing of the code you will need in PROM
chip zero to get CHAMP to work. We cannot, for space
reasons, give an intimate description of every line in the
program, but we will be discussing the overall program
flow chart. As an introduction to programming tech-
niques, we will be showing how segments of the overall
flow chart are converted first into more detailed flow
charts, and then into hexadecimal code. In this way we
hope to use CHOMP not only as an essential part of
CHAMP, but also as a sort of software training ground
for fledgling CHAMP programmers!

Constructors are advised to spend some time develop-
ing a familiarity with this program, and also of course
with the 4040 instruction set which it uses.

4702A PROM
CHOMP should, strictly speaking, be called a firmware

program, because is resides not on paper tape or magnetic
cassette, but in a ROM or Read Only Memory. The type
of ROM used is in fact an eraseable and reprogrammable
type using the FAMOS technology, and these devices are

R. W. COLES
B.CULLEN

more properly described as EPROMS, or just PROM for short.
The actual device used is the 4702A chip which contains
256 eight bit words, has supply requirements compatible
with the 4040, and can be erased by means of exposure
to short wave ultra violet light. The 4702A is a selection
from the 1702A family, characterised to work on +5V
and -10V supplies over the full temperature range,
instead of the usual +5V and -9V of the 1702A. The
4702A is also a less speedy device than the 1702A, having
a 1.7i4s maximum access time. The only extra requirement
the 4702A has, is for that extra volt on the supply rails,
and in fact it is virtually certain that any 1702A chip
will work well in the CHAMP circuit, at least over the
usual domestic temperature range. This has been tried on
the prototype with complete success, and opens up the
possibility of using the low cost 1702As now being adver-
tised. Of course, it is not possible for us to guarantee
success with anything other than the 4040 manufacturers'
recommended 4702A devices.

CHOMP uses 248 locations out of the 256 available in
a 4702A, and the PROM containing CHOMP has to be
plugged into the CHIP ZERO location, i.e. the left hand
PROM socket.

MAIN FLOW CHART
Figure 6.1 shows the main flow chart of CHOMP, and

this is in effect an overview of the whole program in a
much simplified form. We have chosen to use just four
symbols to draw the flow chart:

(a) Circles represent the beginning and end of events.
(b) Oblong boxes represent actions to be performed.
(c) Diamonds represent decision points with two pos-

sible exits.
(d) Square arrows represent "Jumps" to other pages of

memory.
When power is first applied to CHAMP, or when the
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RESET button is pressed, the 4040 address counter is
cleared to address 000H, and it fetches its next instruc-
tion from this address, which is of course the first location
in chip zero, and the beginning of CHOMP. The flow
chart can be traced from this RESET point which is
located at the top left of Fig. 6.1.

The first box is not very exciting; it simply tells us that
we must jump past address 003H, because this is the
program location which .contains the first instruction of
the Interrupt routine, and we only want to go to that
address when a hardware interrupt is acknowledged.

Box three represents the first "meaty" part of the
program, and here we carry out all the preliminary house-
keeping jobs required by the rest of the program. The
4265 INPUT /OUTPUT chip is programmed into mode 9; the
switch flag latches are cleared (in case any were already
indicating a switch closure when power was applied), and
the various software counters are initialised to a required
starting condition (i.e. the CHOMP address counter is set
to point to the first location in program RAM, 200H).
Finally, the interrupt system is enabled so that any inter-
rupt signal from now on will cause the 4040 to save the
current address on its internal stack, and jump to 003H,
the interrupt vector. The only source of interrupt recog-
nised by CHOMP itself is the keyboard, but for the
moment let's assume that no interrupt has been received
and continue on to box 4.

After initialisation, the CHOMP address counter holds
200H, and this box is present to load that address value
into the display buffer register, so that we can see it on
the right hand three display digits. Notice that box 4 is
also entered via LOOP 2, and in this case the current
address value (whatever it is) will be displayed.

Box 5 performs the vital job of refreshing the 1.e.d.
display. Each time this box is entered, a new eight bit
word is presented to the segment lines and the display
shift register is stepped on one position. Eight entries are
required to refresh the complete display, and to ensure
regular use, box 5 is made part of LOOP I, through
which the 4040 cycles continuously as long as no control
switches are pressed.

Box 6 is also part of LOOP 1, and the main purpose
of this box is to read into the 4040 accumulator register
the state of the four control switches, so that the state of
these may be checked and appropriate action taken. The
interrupt system is again disabled at this point to prevent
interference with switch responses. The INTERRUPTS
RECOGNISED zone is quite extensive enough for a prompt
response to any key press, and making the rest of the
program interruptible would be an unnecessary complica-
tion.

Box 7 is a decision based not upon the switch flags, but
upon the separate 4040 TEST input. If the TEST button is
pressed, box 7 ensures a jump to the start of Chip 1,

address 100H. Chip 7 is normally used for the PROMPT
programmer software of course, but if the programmer is
not in use, any 4702A resident program can be started by
pressing TEST.

Boxes 8, 9, 10 and 11, check each of the switch flag bits
in the accumulator in turn, by shifting them into the carry
flip-flop and performing a JCN instruction. If no switches
are pressed at box 6 time, then LOOP 1 is completed, and
is in fact repeated indefinitely, refreshing the display and
checking the switches on each pass. Needless to say,
CHAMP spends most of its time in this loop when
CHOMP is running, only leaving it intermittently, to
respond to control switch closures.

If the ENTER DATA switch is pressed then CHAMP exits
from LOOP 1 at box 8. Box 12 represents a routine which
takes data previously entered via the keyboard and stores
that data (8 bits) in the program RAM location pointed to
by the CHOMP address counter, before passing on to
box 16 to increment to the next address in sequence. The
new address is displayed by means of box 4, and then
LOOP 1 is re-entered.

If the ENTER ADDRESS switch is pressed, then LOOP 1
is left at box 9. Box 13 is then executed, and this loads
the three digit hexadecimal data previously entered
via the keyboard into the CHOMP address counter to
replace the previous contents. In this case there is no need
to increment the address counter, and so LOOP 1 is re-
entered via LOOP 2.

When the DUMP switch is pressed, a sequence of
operations similar to those for ENTER DATA takes place,
although in this case box 14 represents a routine which
reads data (8 bits) from the program RAM location
pointed to by the CHOMP address counter, and loads it
into the display buffer for examination. When the
PROGRAM MODE/RUN MODE switch is in the RUN position
box 15 is entered, and a routine is executed to cause an
unconditional jump to the start of the user program RAM
at address 200H. From this point onwards of course,
CHOMP has relinquished its control of CHAMP facilities
to whatever user program is resident in RAM.

Fig. 6.1. CHOMP main flow chart. The complete CHOMP
program, taken from a larger com-
puter print-out, is shown on the
centre pages
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INTERRUPT
If CHOMP is running and a keyboard switch is pressed,

one interrupt is latched by IC10 and CHOMP responds
(from the INTERRUPTS RECOGNISED zone) with a jump to
box 2 (address 003H) which is called the interrupt vector.

Box 2 contains another jump to the start of the interrupt
routine proper, which just happens to be elsewhere in chip
zero (actually at address 066H). Before the keyboard
handler routine is entered, CHOMP makes a check to see
whether it is actually in PROGRAM MODE. Interrupts to RUN
MODE user programs are also vectored to address 003H,
so this check is essential, and is represented by box 17.
If PROGRAM MODE is current, then box 18 is entered and a
routine executed to read -in a single four bit hexadecimal
digit from the keyboard, and store it away in a 4040
register. The keyboard routine also updates the display
buffer so that each digit appears on the left hand side of
the display as it is entered.

User interrupts are re -vectored to address 203H, so that
the RAM resident program can define how a response is to
be made. If you want to use the keyboard interrupt routine
in your own program, simply carry out a JUN (Jump
UNconditional) to address 066H from address 203H.
Remember to use a BBS (Branch back and SRC) at the
end of any "custom" interrupt routines you write!

CHOMP LISTING
Figure 6.2 is a complete listing of the CHOMP program,

showing hexadecimal address data (column 1), hexadecimal
instruction code data (column 2), mnemonic instruction
codes (column 3) and comment lines (column 4).

The listing of Fig. 6.2 is the output of an assembler
program which runs not on CHAMP, but on a much
larger computer. Before anyone cries cheat! let me hasten
to point out that CHOMP was originally written without
the benefit of any such sophisticated facilities, directly in
hexadecimal code. The reasons for eventually putting
CHOMP into this form are simple :

(a) The assembler program does produce nice neat out-
put listings which are useful for publication pur-
poses.

(b) Since we are indeed saying that you do not need
assembler programs when writing CHAMP soft-
ware, we thought it only fair to show you what you
are doing without!

When entering programs into an assembler, you have to
enter columns 3 and 4 of Fig. 6.2 via a teletype terminal.
From these the assembler produces columns I and 2
which tell you what hexadecimal code to enter where in
program memory. The advantages of using an assembler
program are firstly that the mnemonic instruction codes
are all you have to remember, and that is fairly easy:
and secondly, that instead of having to specify addresses
in hexadecimal code you can use labels (i.e. names)
instead. The assembler program will turn instruction
mnemonics and address labels directly into hexadecimal
code, and produce neat listings like the one shown here.

These sort of facilities sound very useful of course, and
we would be the first to agree that with more compli-
cated micros such as the Z80 or the 6800 they are very
helpful indeed. The disadvantages are of course that you
have to have lots of RAM available to store all those use-
ful comments, and you also need a teletype or a V.D.U.
The authors have assembler facilities available to them,
but even so we prefer to write our 4040 programs directly
in hex, with a pencil and paper: an exercise which is quite,
simple after a little practice!

Before leaving the subject of assemblies, let me explain
a few things about the output listing shown in Fig. 6.2
which may be puzzling some readers :

(a) ORG and END are pseudo instructions, nothing to
do with the 4040 but understood by the assembler.

(b) Some lines in column 2 have four hexadecimal
digits. These involve two line instructions such as
JUN, and will of course occupy two consecutive
bytes in program memory.

(c) Some lines are field separators required by the
assembler program.

(d) Notation. The assembler requires hexadecimal data
to start with a decimal digit (don't ask us why!),
and to be followed by an H. This means that FF
hex is written OFFH, while 2F hex is written 2FH.

(e) Register references can be made in a variety of
ways, but we referred to them using hexadecimal,
or decimal where this was equivalent.

Putting this information together, refer to Fig. 6.3 which
explains how a complete assembler line is made up.

To get a CHOMP PROM from Fig. 6.2, all you have to
do is step through the PROM addresses (column 1) entering
the hexadecimal instruction codes from column 2. To do
this you need a PROM programmer of course, and since
most constructors will not have access to such a unit,
arrangements have been made for the provision of a
CHAMP programming service which will carry out the
programming for you. Details next month.

1ST INSTRUCTION
BYTE (HEX)

0076 2480

1ST BYTE ADDRESS
(HEX)

ADDRESS
LABEL

L
PROMO

2ND INSTRUCTION
BYTE (HEX)

REGISTER
REFERENCE

FILM 4,

INSTRUCTION
MNEMONIC

80H ;

IMMEDIATE
DATA IHEXI

COMMENT

SELECT 4265

Fig. 6.3. One assembler output line and what it means

DETAILED FLOW CHARTS
No doubt many readers who felt reasonably happy with

the overall flow chart in Fig. 6.1 had second thoughts
when they tried to relate it to the program listing of 6.2.
This is inevitable, because there is a missing link between
the two, namely the detailed flow charts of each separate
section of the program. Figures 6.4 to 6.8 show some of
the detailed flow charts needed, but lack of space makes
it impossible .to reproduce all of them, so a certain amount
of "unravelling" will still be necessary if any reader wishes
to trace the operation of the complete program.

Let us start off with something easy, and have a look at
how box 16 of Fig. 6.1 is turned into a 4040 program seg-
ment. Box 16 is a software implemented 12 bit binary
counter routine which is updated each time the ENTER
DATA or DUMP switches are pressed. The current count
value is used during the ENTER DATA or DUMP program
segments as a program memory address, and is displayed
on the rightmost three display digits in hexadecimal.

Counters are implemented in 4040 software by using
the ISZ (Increment and Skip if Zero) instruction which
has the effect of incrementing the value of an internal
four bit 4040 register by one, and jumping to a specified
address if the contents of the register are not zero. If
they are zero, the jump does not take place, and the next
instruction in sequence is fetched. Figure 6.4 shows the
implementation of the 12 bit address counter using ISZ,
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FAST.

OFT

O
SRC 7
RDM
FIM 8.80H
SRC 9
A/R
INC 7
SRC 7
ROM
SRC 9
WR 2
INC 7

_DM EM
WRM

SEND OUT ADDRESS OF NEXT DIGIT SEGMENTS
READ FIRST FOUR TO ACC

ADDRESS 4265
FIRST FOUR TO PORT X
INCREMENT RAM ADDRESS

READ SECOND FOUR TO ACC
ADDRESS 4265
SECOND FOUR TO PORT Y
INCREMENT RAM ADDRESS FOR NEXT CALL

NOT LAST DIGIT
SO "0" TO 74164
VIA PORT Z3

DM FH
WRM
L DM 8
XCH 5
JUN PASS

FIN B,BOH

BBL 0

PRESET DELAY COUNTER

DELAY COUNTER TO SLOW
DOWN DISPLAY MULTIPLEX
RATE

BRANCH BACK TO MAIN PROGRAM

LAST DIGIT
SO TO
74164 VIA
PORT Z3

TO LOOP 2

Fig. 6.4. Twelve bit address counter flow
chart. Refer to box 16 in CHOMP main flow
chart, and address 005EH. The CHAMP
address counter should not be confused
with the 4040 address counter

Fig. 6.5. Display driver subroutine. Refer to box 5 in
CHOMP main flow chart, and address 00B1H on
CHOMP program listing

INTER: CHANGE REGISTER BANK
SAVE ACC

SBI
XCH 6
7CC
UCH 7 SAVE CARRY
FIE12.4.0H GET PROGRAM MODE/RUN MODE
SRC 3 SWITCH STATE
ROR
RAL PUT IN CARRY

IR' C

Fig. 6.6. Interrupt routine. Refer to
boxes 17 and 18 in CHOMP main flow
chart, and address 066H in CHOMP
program listing

LD 7
RAR
LO 6
JUN 203H

RUN MODE?

RESTORE CARRY
AND ACC

ROMO:

TABLE

f
FIN L. BOH
SRC 5
RDO
%CH F
INC 8
INC 8
LOMB
XCH A
LD F
JINA

V

XCH E
JUN TERM

JUN FIRST
JUN SECON
JUN THIRD

ADDRESS 4265

DTO USER PROGRAM
INTERRUPT VECTOR
(ADDRESS 203H)

GET KEYBOARD HEX FROM PORT W
PUT IN KEYBOARD TEMPORARY REG
INCREMENT BRANCH ADDRESS

LOAD MOST SIG BRANCH ADDRESS

KEYBOARD TEMP TO ACC
BRANCH VIA TABLE TO ENTER FIRST,
SECOND OR THIRD DIGIT

FIRST TO
REG E

XCH C
JUN TER

THIRD
SECOND TO
REG C

XCH D
FIN A. OOH

_PM:
JMS LOKY
LO 7
RAR
LD 6
8BS

THIRD TO REG D
CLEAR DIGIT COUNT

PUT NEW KBD DIGITS
IN DISPLAY BUFFER
RESTORE CARRY
AND ACC
BRANCH BACK
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LO KY SET UP SRC ADDRESS OF HEXLFIM 8, 00H
LD E

DISPLAY BUFFER READY FOR HEXL
PUT FIRST KEYBOARD DIGIT IN

XCH 1
REG 1 FOR HEXL.

LOOK -UP AND LOAD SEGMENT
JMS HEXL

DATA (FIRST DIGIT I

PUT SECOND KEYBOARD DIGITLC) C

XCH 1 IN REG 1 FOR HE XL

JMS HEAL

LD 0
XCH 1

INS HEXL

BBLO

LOOK -UP AND LOAD SEGMENT

DATA (SECOND DIGIT I

PUT THIRD KEYBOARD DIGIT
IN REG 1 FOR HE XL

HLOOK -UP AND LOAD SEGMENT
DATA (THIRD DIGIT I

BRANCH BACK

Fig. 6.7. Load keyboard subroutine. Refer to
address 00CEH in CHOMP program

LOM F
XCH 0
FIN 0

SRC 9
LD 1
WRM

INC 9
SRC 9
LO 0
WRM

INC 9
BBL 0

SET UP MOST SIGNIFICANT
NIBBLE OF TABLE ADDRESS.
LOOK -UP TABLE ENTRY.

(SEE ADDRESS

00FOH TO
OOFFH IN

FIG 6.2)

16 ENTRY LOOK -UP TABLE

ADDRESS RAM CHARACTER SELECTED EARLIER.

LO NIBBLE TO RAM.

ADDRESS NEXT RAM CHARACTER.

HI NIBBLE TO RAM
BUMP RAM CHARACTER ADDRESS
BRANCH BACK.

Fig. 6.8. Seven segment from hex look -up subroutine. Refer to
address OODDH in CHOMP program

the registers used being 3, 2, and 4 in that order. (The order
is important because the high order address bits during
an SRC instruction are taken from the lower register of a
pair, and of course we use the lower eight bits of the
counter as a SRC value when addressing program
memory, before using RPM or WPM instructions.) The
required 12 bit length of the counter is arranged by
using three cascaded ISZ instructions, each with a com-
mon jump address, namely LOOP 2. You can probably
see that Register 3 is incremented 16 times more often
than Register 2, which itself is incremented 16 times more
often than Register 4, in traditional binary counter
fashion.

DISPLAY DRIVER
The subroutine DDRV is the full version of box 5 in

Fig. 6.1, and its detailed flow chart is shown in Fig. 6.5.
This subroutine increments a counter (Register 7) twice

each time it is called, and uses the counter contents as
part of a SRC address to the data RAM display buffer
(RAM chip 0, register 0). On each call it reads two four bit
locations from the 4002, and sends their contents to the
4265 output ports X and Y which control the display seg-
ment lines. After doing this it increments another counter
(Register 5) which it uses as a digit counter. This counter
is preset to 8 hex (using LDM) when it reaches zero, and
a logic one is placed on the 74164 shift register DATA
INPUT via 4265 output Z3, using the WRM command. If
this counter does not reach zero during a call then a logic
zero is placed on the shift register data input.

You can probably see how this subroutine displays eight
digits, one per call; and how it recycles to repeat the pro-
cess over and over again. On seven out of eight calls it
shifts a logic zero into the register, but on the eighth it
generates a new "digit strobe" for the display, to replace
the one which has just "dropped off the end" of the 74164.

INTERRUPT ROUTINE
Figure 6.6 shows the interrupt routine, INTER, which

is boxes 17 and 18 on the overall flow chart of Fig. 6.1.
The main thing of interest here is the use of a "Branch
Table" accessed using the JIN (Jump Indirect) instruction
to route the program flow to the correct segment depend-
ing on whether the current keyboard digit entry is the first,
second, or third in sequence. Notice also that at the start
of the routine the current accumulator and carry flip-flop
contents are saved in registers 6 and 7 of Bank 1, to be
restored at the end of the routine so that the main pro-
gram flow can continue normally. A subroutine LOKY
is used to enter the newly entered keyboard data into the
display buffer.

The subroutine LOKY is itself shown in Fig. 6.7. It
takes the contents of 'the three keyboard registers (E, C,
and D) and converts their hexadecimal data into seven seg-
ment code using another subroutine HEXL.

HEXL itself is shown in Fig. 6.8, and as you can see it
uses a FIN (Fetch Indirect) instruction to access a look-
up table with sixteen entries. To convert hex to seven seg-
ment code, the hex is used as part of an indirect address
so that the correct segment data can be "looked up" in
the table. Table look -up is a powerful and simple tech-
nique which is very useful when converting data from
one format to another. HEXL also loads the seven seg-
ment data into the 4002 RAM buffer register, at the appro-
priate address passed to it in registers 8 and 9 by the
subroutine LOKY.

There are several other detailed flow charts required for
a full understanding of CHOMP, and it would be excellent
practice for CHAMP users to try and draw these up for
themselves using Figs. 6.1 and 6.2 for reference. Don't be
discouraged if it takes a while for the flash of inspiration
to arrive, programming a microprocessor takes some get-
ting used to, and is invariably a frustrating business at
first, particularly for us "hardware people".

NEXT MONTH: Putting CHAMP to work
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MICRO""BUS
Compiled by Dn.

Appearing every two months, Micro -Bus will present ideas, applications, and programs for the most
popular microprocessors ; ones that you are unlikely to find in the manufacturers' data books. The most
original ideas will probably come from readers working on their own microcomputer systems, and
payment will be made for any contribution featured here. This is also the place to air your views, in
general, on this new technology, so let's be hearing from you!

CALCULATING ON A MICRO
SINCE microprocessors are designed as
controllers rather than as computers

they do not lend themselves to arithmetic
work, and most instruction sets do not
even include multiply and divide opera-
tions. There are two ways to add the
capability of a scientific calculator to a
micro. One is to add a floating-point
package: a collection of programs to
handle calculations involving floating-
point numbers, and providing trigono-
metrical and logarithmic functions in
addition to the arithmetic operations.
The disadvantage is the extra memory
required-typically 1-1k.

The alternative is to add a hardware
"arithmetic processing unit" which per-
forms the calculations independently of
the main micro. One such device is
National Semiconductor's MM57109
"Number Cruncher Unit" or NCU. This
chip offers the functions of a program-
mable calculator (see Table 1), a four -
element stack and a memory, and float-
ing-point arithmetic to 8 -digit accuracy.

NUMBER CRUNCHER UNIT
The NCU is similar in operation to a

calculator; 6 -bit instructions correspond
to key -presses, and these are presented to
it on six input lines, 11-16. Numbers are
entered digit by digit as in a calculator.

A summary of the instructions is given
in Table 1. The NCU shows that it has
finished executing an instruction by puls-
ing its RDY output high. When RDY is
high you must either send it another
instruction or else put HOLD high to
halt it until you are ready.

The result of a calculation is obtained
by presenting the OUT instruction. The
NCU then puts the digits out on D01-
DO4 at regular intervals and pulses R/W
low when each digit is valid. There are
some test instructions, such as TX=0,
and these cause the ST output to be
pulsed low if the result is true.

The NCU is not directly compatible
with a microprocessor bus but fortu-
nately all the necessary logic is provided
within a single device, the Motorola
MC6820 Peripheral Interface Adapter or
PIA, also manufactured by MOS Tech-
nology in their 6500 series as the
MCS6520. The NA is a versatile general
purpose input/output circuit whose parti-
cular mode of operation is determined
by numbers loaded into its two control
registers. It consists of two similar halves,
A and B, each with an 8 -bit I/O port
PAO-PA7 (or PBO-PB7) and two control
lines CAI and CA2 (or CBI and CB2).

In the present application the PIA is
configured to operate as represented in
Fig. 1: DOI-D04 input to location 0400;

R/W and BR are latched inputs which
set the top two bits of control register
A at location 0401; 11-16 are fed by
latched outputs from location 0402; and
RDY and HOLD are in "handshake
mode" with RDY setting the top bit of
control register B at location 0403. In
handshake mode HOLD is taken high
when RDY goes high, halting the NCU,
and goes low when an instruction is
written to the NCU, thus releasing the
NCU to execute the instruction. This
handshaking makes it unnecessary for
the micro to respond immediately to the
RDY pulse from the NCU.

INTERFACE
The complete interface circuit is shown

in Fig. 2. The NCU is a PMOS device
requiring a 9V supply (at 20mA) and to
make it compatible with the micro-
processor system supplies of +5V and
- 4V are used. The PIA side A inputs
PAO-PA7 and CA2 presents one TTL
load, and so pull -down resistors to the
- 4V rail are needed on the D01 -D04
outputs, and BR needs a buffer transis-
tor. The CAI and CB1 inputs are high
impedance so a pull -down resistor to OV
is needed on the R/W and RDY outputs.

The HOLD and POR (Power -On Reset)
inputs to the NCU must be driven
between its supply rails and so transistor

Table 1. Summary of the instructions available in the MM57109.

1,-1,
1,1,

00 01 10 II
0000 0 TJC* INV XEY
0001 TX= 0* EN EX
0010 2 TXLTO* TOGM 10X
0011 3 TXF* ROLL SQ
0100 4 TERR* SIN(SIN-9 SQRT
0101 5 JMP* COS(COS-1) LN
0110 6 OUT* TAN(TAN-') LOG
0111 7 IN* SFI I/X

000 8 SMDC* PFI YX
001 9 IBNZ* SF2 +(M+)
010 DP DBNZ* PF2 - (M-)
011 EE XEM ECLR x (M x )
100 CS MS RTD / (M/)
101 PI MR DTR PRW I
110 AIN LSH POP PRW2
1 1 I HALT RSH MCLR NOP

*indicates a two -word instruction.
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+5V

001-004

RI W

BR

NCU

I1 -I6

RD.(

HOLD

BUFFER
SELECT

SET
0

RESET

RESET

SET

0o
BUFFERS
SELECT

LATCHES
SELECT

RESET

Br SET

DATA
BUS

READ SELECT

7400

0401

0402

BUFFER
SELECT

0403

ADDRESS
DECODE

LOGIC BUS

READ SELECT

WRITE SELECT

Fig. 1. Block diagram showing the logic needed to interface
the Number Cruncher Unit with a micro as described. This
logic is all provided in the PIA

Fig. 2. Circuit using a PIA to interface the Number Cruncher
Unit with a microprocessor system such as KIM

drivers are needed, and a CMOS inverter
re -inverts HOLD to active high. Two
other gates in the CMOS package form
a simple 400kHz oscillator to drive the
OSC input. Finally, a resistor is required
from 16 to +5V as shown. The circuit
was constructed on a plain matrix board
using wire -threading (see Fig. 3) and con-
nected to the microprocessor system by a
16 -way ribbon cable.

PROGRAM
The Number Cruncher Unit circuit was

used with the MOS Technology KIM
development system (see review else-
where in this issue), which is based on
their 6502 micro, and the interface pro-
gram is given in Fig. 4. The 6502 is
similar in some respects to the 6800 and
converting the program for the latter
should present few problems. The 6502
has two 8 -bit index registers, X and Y,
and one accumulator. In the program the
X register is used to point to the next

+5V

15

Vss POR

DOI

MM57109
NCU

V D

DO3

004

RID1

BR

12

14

15

16

RD

HOLD
OSC

17

BC159

10 kn

-4V

10 kn

34

9

20

2.2ka
.4

0

i10ka

23

O

106n

10kn

-4V

39

BC148

10

5 14

24

12

t0 +5V
10kn. 18

15

21

-4V

7

4001(Hz

1060

!-9

10

+5V

19

1060.
BC159

9 8
0k -4V

RESET

RESET
PAO

PA1 Vcc -o +5V
PA 2

PA3

R/W

CA1

RS1

CA2

MC6820
(MCS65201

PIA

PBO

PB1

PB3

P84

PBS

CBI

2

Vss

DO -D7

CS0

CS1

36

RIW

AO

35
Al

/
U. DATA

BUS

22

+5V 0
10ka

I% K1

25
02

14

5

mmi
25pF

10 k
NOMINAL

instruction to be sent to the NCU, and
the Y register points to the address at
which digits output by the OUT instruc-
tion are to be stored.

The program first configures the PIA,
and points X to the first instruction for
the NCU. It then waits in a loop testing
for a signal on one of the control inputs.
The BIT instruction in the 6502 loads the
top two bits of the memory word-the
control register A in this case-into the
N and V status flags. If IOW has gone
low, bit 7 will be set and a branch to
the label ) is called for. If 111F has
gone low bit 6 will be set and a branch

2 1

- 4V

C 04001
(OR 4011)

OV

to BR is required. Finally, bit 7 of
control register B will be set by RDY
going high, and an instruction should be
sent. If not set the program continues to
wait.

The NCU's test instructions and OUT,
each generate two RDY pulses; i.e. they
are effectively two -word instructions. The
second word is used by this program as
the address (in page zero) for the jump
or for the output of digits, and is ignored
by the NCU. The OUT instruction
causes one digit to be stored per byte,
although the program could be modified
to pack two per byte.
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Fig. 3. The Number Cruncher Unit and interface circuits
described in this article. Top and underside view

A sequence of instructions for the NCU
is shown in Table 2. This finds the sum
of the terms of the series 1/M2 for M = i
to 100 and gives the result 1.6349839
(close to 72/6, the infinite sum). The pro-
gram takes 9 seconds. The NCU is slow
by computer standards: the slowest in-
struction XY takes up to I second, and
multiply takes 32 milliseconds.

One advantage of a hardware arith-
metic processor over the software equi-
valent is that while instructions are
being executed the micro is free to go
away and do something else. In the pro-
gram described it waits in a loop, but
with a trivial modification the three
inputs RDY, RiW, and BR could cause
interrupts so that a negligible time would
be taken up in servicing the NCU.
Perhaps someone may be inspired to
write a BASIC interpreter which uses an
arithmetic processor working in parallel
with the micro' in this way.

GENERATING SINE WAVES
The program for generating sine waves

in October's Micro -Bus used a look -up
table for the values. Mr. T. Froggatt of
York University has shown how this can
be dispensed with:

"The problem is not to generate the
sine of a given angle, but to generate
the sine of an angle having just generated
the sine of a nearby angle. So remember-
ing that the rate of change of a sine
wave is a cosine wave, and that the rate

AREG
ACON
BREG
BCON

NUMBER-CRUNCHER (MM57109)
INTERFACE PROGRAM

PIA ADDRESSES:
=40400
=$0401
=30402
=30403

0000 3=40200
0200 A9 14 LDA £404 CONFIGURE PIA:
0202 80 01 04 STA ACON CA1 & CA2 INPUTS,
0205 A9 FF LDA £$FF
0207 80 02 04 STA BREG P80 - P87 OUTPUTS,
020A A9 26 LDA £326
020C 80 03 04 STA BCON B HANDSHAKE MODE.
020F A2 00 LDX £0 FIRST INSTRUCTION
0211 2C 01 04 WAIT BIT ACON GET BITS 6 & 7
0214 30 17 BMI RW IROA1 SET?
0216 70 1F DVS BR IR0A2 SET?
0218 AD 03 04 LDA BCON
0218 10 F4 BPL WAIT IRQE:1 CLEAR?
021D AD 02 04 LDA BREG NO - CLEAR IR0B1
0220 B4 00 LDY 0,X LOAD INSTRUCTION
0222 E8 INX POINT TO NEXT
0223 8C 02 04 STY BREG SEND TO NCU
0226 CO OF CPY £$OF HALT INSTRUCTION
0228 DO E7 UNE WAIT
022A 4C 4F 1C JMP MAIN RETURN TO MONITOR

READ AND STORE DIGITS
022D AD 00 04 RW LDA AREG CLEARS IROA1 TOO
0230 99 00 00 STA 0,Y STORE DIGIT
0233 C8 INY
0234 4C 11 02 JMP WAIT

BRANCH INSTRUCTION
0237 98 BR TYA GET ADDRESS
0238 AA TAX POINT X TO IT
0239 AD 00 04 LDA AREG CLEAR IRQA2
023C 4C 11 02 JMP WAIT

Fig. 4. Complete program for the 6502 micro which sends a
sequence of instructions to the Number Cruncher Unit and
stores the answers received back into memory

of change of a cosine wave is an in-
verted sine wave, the following program
is all we need:

Cosine = 0.0
Sine = 1.0

Loop: Output (Sine)
Cosine = Cosine - Delta x Sine
Sine = Sine + Delta x Cosine
Go to Loop.

To make this program work on an
8 -bit micro the sine and cosine should
each be held as two -byte items, and each
time round the loop the upper byte of
the sine subtracted from the cosine and
the upper byte of the cosine added to
the sine. This avoids the need for multi-

plication and effectively fixes Delta as
1/256."

The period of the sine wave produced
is about 27/Delta iterations of the loop.
Mr. Froggatt described a program he
has written which uses this method of
generating a sine wave to sing Christmas
carols, using a table to give the value of
Delta for each note.

ADDENDUM
In December's Micro -Bus the second

Chess Challenger game contained an
error. The fourth move should have read:

4. 7a -6c 3h -2g

Table 2. Example of a sequence of instructions for the Number Cruncher Unit.
This calculates the sum of the first 100 terms of the series 1/M2.

Address Code Mnemonic Comments

00 3F NOP First 3 instructions are
0I 3F NOP ignored by the NCU after
02 3F NOP a Power -on Reset
03 01 '1' Digit input
04 OB EE Enter exponent
05 02 ' 2 ' X = 100; push stack
06 IC MS Store X in memory
07 00 ' 0 ' X = 0; push stack
08 ID MR Recall memory to stack
09 33 SQ X = X'
OA 37 I/X X = I/X
OB 39 X = X + Y
OC IA DBNZ Decrement memory and go
OD 08 to 08 if non -zero
OE 16 OUT Output X starting at
OF 40 40 (i.e. 0040)
I0 OF HALT Return to monitor
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PART 2

GENERATOR N . A. COOKE

THIS month the second and final part will deal with
constructional details and setting up procedures.

CONSTRUCTION
Construction is very straightforward as all components

are mounted on two p.c.b.s with the exception of the
three potentiometers, the switches, fuse holder, socket and
indicators which are mounted on either the front or back
panels.

Figs. 10 and 11 show the etching details and component
layout of the main board.

It is advisable when assembling the p.c.b.s to fit the
components of smallest dimensions first. Bending their
leads to an angle of 45 degrees after insertion will prevent
them from falling out when the board is turned over
for soldering. Figs. 12 and 13 gives p.s.u. board assembly
details.

Care should be taken to make sure diodes and radial
lead electrolytic capacitors are fitted the right way round.
With the general purpose 1N4148 the larger width band
indicates the positive end of the diode. Positive or negative
markings will be printed on the electrolytic capacitors.

The polyester radial lead capacitors should fit the p.c.b.
exactly. They are very fragile and the leads will break
off if the capacitor is forced into position.

If lead adjustment is necessary this should be carried
out with the use of a small pair of pliers while firmly
gripping each end of the capacitor.

SOCKETS
It is advisable to use sockets to fit the four cmos i.c.s.

These devices are supplied in a conductive foam or
wrapped in tin foil and should not be removed until
immediately prior to insertion. Although the devices are
internally protected they are still vulnerable to high static
charges and it is worth earthing oneself when handling
them.

Another point to remember is that they should not be
inserted or removed from their sockets while the power
is switched on.

The p.c.b. should be visually checked upon completion
of assembly to ensure that components are in their correct
positions and the track side inspected for any dry joints
or solder bridging. Figs. 14 and 15 show the positions
of the components mounted to the front and back panels.

SWITCH MOUNTING
The subminiature switches used on the control panel

must be tightened from the back of the panel otherwise
severe scratching of the anodised finish and the legend
will result. The potentiometer spindles should be cut to
approximately -fin before fitting to the panel. The three
knots used have a very fine taper on the internal lin fixing
bore and once pushed on and rotated into place may be
difficult to remove.

The DIN socket with the 3.5mm jack socket, fuse holder
and grommet are mounted to the back panel as indicated
in Fig. 15.
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Fig. 11. Component layout on main board

Fig. 10. Printed circuit layout of main board
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Fig. 12. Power supply board etching details

MAINS r TO EARTH TAG
EARTH ON FRONT PANE.

0

Fig. 13. Component layout of power supply board

Plan view of Generator interior
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PINS 17 27 16 15 14 10 13 11 12

MAINS
INPUT

E

TO MAINS S1
EARTH ON POWER

SUPPLY BOARD

TO MAINS
EARTH ON POWER

SUPPLY BOARD 20 SK1

E

3 1

S11. VR3

Fig. 15. Back panel wiring

INTERWIRING
The interwiring is reasonably straightforward with the

exception of the selection switch wiring.
Fig. 14 shows the back of the control panel. The five

common connecting rails across the switches should be

fitted first. The common OV rail not only links the
switches but also VR2 and VR3 and the stop/start switch.
It is suggested as this OV rail is the most complicated of
the five that this should be fitted first.

For each of the five rails a length of 22 s.w.g. tinned
copper wire should be used.

Start at one end of the line of switches and terminate
the wire by wrapping and soldering it into position. The
wire is then wrapped over a screwdriver which spaces
the bridging link to the next switch. It is not necessary
to wrap the wire around each switch tag however-each
joint should be soldered quickly to prevent the wiring
from springing from the previous switch contacts.

The rest of this interwiring must be made with the
front panel, p.c.b. and back panel lying horizontally.
The front and back panels must be arranged either side
of the p.c.b.

25 2

19 18 21

MAINS
INPUT

L(FS1)

22 51(2

The row of Veropins should be nearest the front panel
and two gaps of 30mm each should be left between the
p.c.b. and front and back panel. If this gap is not left
all the wires will be too short when the assembly is fitted
into the case framework.

The connections from the common rails and individual
switches can now be made to the p.c.b. It is worthwhile
to check every joint after making it as it is possible
to forget a connection and be left with one extra Veropin
at the end!

SAFETY FIRST
Whenever a metal case is used to house mains operated

equipment, it is advisable to take extra care with the
mains wiring connections. Each joint should be inspected
to ensure a good mechanical and soldering bond.

It is advisable to scrape away a small section of the
anodised finish on the internal surfaces of the four
aluminium extrusions and the front and back panels. This
should be done to ensure a good earth contact throughout
the case, as unfortunately the anodised surfaces act as an
insulator.
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FINAL CHECK
Apply mains voltage (without any i.c.s in place). The

neon should light. Check the voltage across pin 1 (positive)
and 2 (negative) of the M253AA socket. The reading
should be 17 ± IV. Also check that the outputs from
the power supply board are +12, +5 and -12V.

If the voltages check out, again isolate the supply and
carefully fit the i.c.s taking the necessary precautions
described earlier with the four cmos devices.

Check that all the chips are fitted in their correct
positions, but do not turn on until you have completed
the initial setting up procedures.

INITIAL SETTING UP
Set all the internal preset controls as follows:

Identification Adjustment Control Description

VR4 Midway
VR5 Midway
VR6 Midway
VR7 Midway
VR8 Fully anti-

clockwise
VR9 Midway

VR10 Midway

Oscillator damping
Oscillator damping
Oscillator damping
Oscillator damping
white noise
generation level
Balance of noise
to Snare Drum
simulators
Output attenuation

Set the front panel controls as follows:
VR1 Midway Tempo
VR2 Fully clockwise Tone
VR3 Fully anti- Volume

clockwise

S13 Start Stop/Start Switch
S3 to S14 Bossa Nova on "Rhythm Select"

CONNECT UP
Connect the DIN output to the radio socket of an external

amplifier and turn on.
The downbeat lamp should light and by Advancing VR3

a rhythmic beat should be heard. The tempo control should
be adjusted to suit the rhythm. Continuous oscillations
may be heard as well and will be corrected in the final
setting procedure.

FINAL SETTING UP
With the unit operating the four presets VR4-VR7

should be adjusted just to prevent continuous oscillation.
VR9 should be set to give a realistic balance between the
white noise simulators and the Snare Drum. VR8 may
be backed off from full anticlockwise slightly to reduce
harshness of the white noise effect if necessary.

In combination with the adjustment of VR8, switch to
the March rhythm and adjust VR9 to achieve the best
setting for a realistic Snare Drum sound and correct
Cymbals level.

VRIO controlling the ' output attenuation should be
adjusted to suit the amplifier being used. Re -adjustment,
using the prescribed procedure may be repeated once or
twice to obtain the most balanced and realistic sound. *

NOTE: In the Components List R61 is 3314 VR2-25k11
logarithmic, C31-0.1pF polyrad and ICI-M253AA,
Watford Electronics, 33-35 Cardiff Road, Watford, Hera,
can supply a complete kit of parts for £49.95 including
VAT & P. & P. £1.25 (insured).

INGENUITY

UNLIMITED

I r is often useful to know if your
telephone has been ringing while

you have been away. This circuit will
light an l.e.d. when it detects the
magnetic field of a telephone bell. The
l.e.d. remains on until it is later reset
by the telephone user.

A TELEPHONE
MEMOR Y

VR1
100kn

Fig. 1

In Fig. 1 a 100 -turn 3in. diameter
coil of 30 s.w.g. enamelled copper
wire is positioned on the underside of
the telephone in a position (approxi-
mately dead centre where the bell
magnetic field can be picked up.
Voltage induced in the coil appears
across the gate/cathode of thyristor
MCR201 which is already biased
close to conduction by the voltage
across diode DI. This additional
voltage, caused by the bell, triggers
the thyristor and lights the l.e.d.

To reset the circuit a normally -
closed push button is pressed to tem-
porarily interrupt the supply to the
circuit.

oon

/ft
02
L 209

A
C SRI

cMCR201

CSR1
MCR201

S1

C

B1
3V

As the value of VR1 is reduced.
a point will be reached where the
thyristor will spontaneously trigger.
The value of VR1 should be in-
creased a small amount from this
point to set the circuit at its most
sensitive.

This circuit draws approximately
60/AA when the I.e.d. is not lit, and
7mA when it is, therefore dry bat-
teries will give quite a good life.

A. Russell.
Whinmoor.

Leeds
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NINO!

MARINE ELECTRONICS
The slump in the shipping industry

and in particular in the fishing industry
has gravely affected a few companies,
notably Redifon now phasing out their
Cwmbran, South Wales, manufacturing
plant with 250 redundancies. But some
companies in the marine business con-
tinue to prosper. Prime example is
Decca Radar, currently selling over
5,000 marine radars a year. Starting
from nothing in 1950 the grand total
is 75,000 radars sold, 15,000 in the
last three years of difficult trading
conditions.

Another boom sector is in the North
Sea drilling rigs where the chief bene-
ficiary is Marconi with multi -channel
over -the -horizon troposcatter systems
coupled into the UK telephone network.
The investment by the Post Office in
such systems is £5 million.

Finally, there is the VLF global navi-
gation system code -named Omega
which will get its final validation for
accuracy in 1982, the aim being one
nautical mile accuracy in daylight and
two miles at night. The market for ship -
borne Omega as a master navigation
system is already established but is
clearly capable of enormous growth.

BIGGEST DATA BANK
Disk storage of 2,800 million bytes,

all of it on-line and said to be equiva-
lent of 10,000 books of novel length, is
now available at Aberdeen University
through its recently commissioned
Honeywell 66/60 computer. University
departments can interrogate the system
through 100 remote terminals, most of
them VDUs.

Of topical interest is the work of the
Department of Arts and Social Science
using the computer to analyse trade
union bargaining and wage rounds.

How sensible it would be to feed in
workers' demands on the one hand and
employer's ability to pay on the other,
the length of time a strike could last
without the employer (or the country)
collapsing, or workers starving, overall
cash loss to the country (there is never
a gain), damage to trade both in short
and long term etc., and let the com-
puter work out the compromise solu-
tion which is invariably arrived at. It
every dispute were to be solved by
computer there would be no need for
strikes. I doubt if the, Aberdeen re-
searchers are thinking along these
lines. I offer the idea free of charge
but with little hope of its adoption.
Far too many trade union officials and
industrial relations officers have a
vested interest in interminable argument
to accept the impartial and practically
instantaneous solution that the com-
puter can and should be allowed to
provide. And where could such people,
if made redundant, find alternative
employment?

INVENTOR'S CHANCE
Odd phenomenon of 1977 was the

National Research Development Cor-
poration's inability to attract new joint
venture schemes to exploit inventions
and ideas. With a pre-tax surplus of
over £10 million for the year 1976-77,
up from £3.7 million the previous year,
NRDC has plenty of cash to back new

few takers. NRDC holds
some 5,000 patents in the UK and
overseas and is currently co-operating
with nearly 1,000 companies.

Should 1978 prove to be a vintage
year for inventions, NRDC has the cash
but any schemes put forward needs to
have originality and the prospect of
profitable exploitation in the market
place. Perpetual motion machines are
not encouraged. In its life -time, NRDC
has examined schemes from over
28,000 companies and only 7,000 have
qualified for a second look.

PLESSEY STAYS FIRM
Plessey, hard hit by the Post Office

cut -backs in orders, shows great under-
lying strength. Pre-tax profits for the
quarter to last September totalled £9.6
million against £8.1 million on world
sales nine per cent up at £149.7 mil-
lion. Exports over a half year have in-
creased by 51 per cent.

The weakness of being over-
dependent on a single large customer,
in this case the British Post Office, is
illustrated by the labour force of 20,000
(slimmed down from 23,600) on tele-
communications which contributed only
30 per cent of sales in the last half year.
Contrast this with the 8,800 people in
Plessey Electronic Systems who
accounted for 37 per cent of sales and
40 per cent of the pre-tax profit.

The big breakthrough for Plessey
may come next April when the Inter-
national Civil Aviation Organisation
(ICAO) is meeting in Montreal to
decide on the next generation of instru-
ment landing systems for airports. Ples-
sey's doppler microwave system has a
good chance of succeeding in the
competition and if it does it will create
work for years ahead and good profits
from manufacturing and licence agree-
ments.

Meantime, an example of Plessey's
advanced technology is the recently an-
nounced PR2250 professional com-
munications receiver which includes a
microprocessor for programmed sur-
veillance of spot frequencies and a
memory module which allows instant
tuning to 16 pre-set frequencies at the
touch of a button. Real state-of-the-art,
but it also costs real money, about
£6,500 each says Plessey but you might
be able to negotiate a quantity discount!

RACAL EXPANDS
It's still action all the way in the

Racal Electronics Group with expan-
sion at home and overseas. Dana
Laboratories in Irvine, California is the
latest acquisition together with the
Dana sales affiliates in the UK and
France. The Dana range of digital in-
struments is now added to the comple-
mentary range from Racal Instruments
Ltd and the combined instrument opera-
tions will soon be trading with the new
name of Racal -Dana Instruments Ltd
under the overall direction of John
Ceresa who heads up Racal Instru-
ments in the UK.

The new acquisition immediately
bumps up Racal turnover -in instru-
ments by £5 million and the combined
Racal -Dana is targeted for £13.8 mil-
lion turnover in its first full year of
operation. So Racal -Dana is now press-
ing hard on the heels of Marconi In-
struments, at present the largest of the
British -owned companies in electronic
test and measuring instruments.

British Physical Laboratories, the
specialist analogue panel meter com-
pany in the Racal Group has now
established West Germany as its largest
single export market. Among recent
successes is a five-year contract for
the supply of meters to Robert Bosch
GmbH. Also in Germany, Racal-Redac
the CAD company has opened a new
sales office at Bensberg near Cologne,
supplementing the Munich office which
was opened in January 1977.

Of course anyone can build turnover
by buying companies or selling pro-
ducts at give-away prices. What counts
in the end is profitability and here
Racal cannot be faulted, having
achieved the number one spot in the
profitability league table of 200 British
companies published by "Management
Today", topping even ICI and Shell.
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LOOK! Here's howyou
master electronics

. the practical way

1 Build an
oscilloscope

As the first stage of your training, you
actually build your own Cathode ray
oscilloscope' This is no toy, but a test
instrument that you will need not only
for the course's practical experiments, but
also later if you decide to develop your
knowledge and enter the profession. It
remains your property and represents a
very large saving over buying a similar
piece of essential equipment.

PE B?

Mi

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
further your career in electronics or as a self-
employed electronics 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, at any time, for advice or help during
your work. A Certificate is given at the end of
every course.

1

2 Read, draw and 3 Carry out over
understand 40 experiments
circuit diagrams on basic circuits

In a short time you will be able to
read and draw circuit diagrams, under-
stand the very fundamentals of television,
radio, computers and countless other
electronic devices and their servicing
procedures.

...arallIIIMM1111111111babillaPar

We show you how to conduct
experiments on a wide variety of different
circuits and turn the information gained
into a working knowledge of testing,
servicing and maintaining all types of
electronic equipment, radio, t.v. etc.

All students enrolling in our courses receive
a free circuit board originating from a
computer and containing many different
components that can be used in experiments
and provide an excellent example of current
electronic practice.

INN =N INN INII

To find out more about how to learn electronics in a new, exciting and absorbing way, just
clip the coupon for a free colour brochure and full details of enrolment.

British National Radio & Electronic School
P.O. Box 156, Jersey, Channel Islands
NAME
ADDRESS
.................................................................... Block caps pleasej

1.01 NM IMM
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SUPERSOUND
AMPLIFIER

0 ,

I

I

8-15 ohm
Sensitivity
tested. with
Overall size
PRICE £1500

13 HI-FI MONO

Asuperb
new

audio
componentsarnp -

sa onl id state
Id,er.'sewn- Brand., ,.; ,,, throughout 5 silicon trap-

' f1111 stators plus 2 power
output transistors in

,-..- 1
III,' push-pull. Full wave

4n1,,. rectification. Output
approx 13 watts rim s.

is into 8 ohms. Frequency4 response 12Hz 30KHz
-1- 3db. Fully integrated

pre -amplifier stage with se
orate Volume. Bass boost and

Treble cut controls. Suitable for
speakers. Input for ceramic or crystal cartridge.

approx 40mV for full output. Supplied ready built and
knobs. escutcheon panel, input and output plugs

3in high . bin wide . 7i.in deep. AC 200.250V
P. & P f1 20.

MAINS
AM/FM

control
finish
4in

Limited

-

high

OPERATED
STEREO TUNER

---
CI

.0y _i-
Max of Voltage 600mV

cabinet. Will match almost
9i. in deep approx.

number only at £2800

SOLID STATE

200240V Mains operated
Tune State F.M A M Stereo
Tuner Covering M.W. A.M
540-1605KHz V H F F M
a-ioamri:
Built-in Ferrite rod aerial for
M.W Full AFC and AGC on
A.M and F M Stereo Beacon
Lamp Indicator. Built in Pre-
amps with variable output
voltage adjustable by pre-set

R.M.S into 20K Simulated Teak
any amplifier. Size Sim wide .

.. C1 50 P. & P.

HARVERSONIC SUPERSOUND
10 + 10 STEREO AMPLIFIER KIT
A really first-class Hi-Fi Stereo Amplifier Kit. Uses 14 transistors
including Silicon Transistors in the first five stages on each
channel resulting in even lower noise level with improved
sensitivity Integral pre -amp with Bass. Treble and two Volume
controls. Suitable for use with Ceramic or Crystal cartridges. Very
simple to modify to suit magnetic cartridge -ins. included
Output stage for any speakers from 8 to 15 ohms. &mpact design.
all parts supplied including drilled metalwork, high quality ready
drilled printed circuit board with component identification clearly
marked, smart brushed anodised aluminium front panel with
matching knobs. wire, solder, nuts, bolts -no extras to buy.
Simple step by step instructions enable any constructor to build an
amplifier to be proud of . Brief specification. Power output 14 watts
R.M.S. per channel into 5 ohms. Frequency response -308
12-30.000Hz. Sensitivity better than 80mV into 1 MCI. Full power
bandwidth , 3dB 12-15.000Hz Bass boost approx to -1.-12013
Treble cut approx to - 16dB Negative feedback 18dB over main
amp. Power requirements 35V at IA
overall size 12in wide . 8in deep . 21in high.
Fully detailed 7 page construction manual and parts list free with
kit or send 25p plus large S AE
AMPLIFIER KIT f13 - 50 P. & P. 80p
(Magnetic input components 33p extra)
POWER PACK KIT £5.50 P. & P. 95p
CABINET [5.50 P & P. 95p
SPECIAL OFFER -only 023.75 If all 3 Items
ordered at one time plus E1.25 P. 5 P.

Full after sales service
Also available ready built and tested C31 -25 P. 8 P. El 50

Push Button Switch bank 8 buttons giving 16
SP CO interlocked switches plus 1 Cancel Button plus 3
D P CO Overall size 5in . 2} in . tin Supplied complete with
chrome finished switch buttons 2 for £1.80 . 20p P & P.

HARVERSONIC MODEL P.A.
TWO ZERO ...,

An advanced solid state general ". a ,e
purpose mono amplifier suitable es, A' - .
for Public Address system, Disco.
Guitar. Gram. etc Features 3
individually controlled inputs (each
input has a separate 2 stage pre -amp I Input 1 SnrV into 47k
Input 2 SmV into 47k (suitable for use with mic or guitar etc I
Input 3 100inV into 1 meg suitable for gram. tuner or tape etc
Full mixing facilities with full range borax 8 treble controls All
inputs plug into standard jack sockets on front panel Output
socket on rear of chassis for an Bohm or 16 ohm speaker
Output in excess of 20 watts R M S Very attractively finished
purpose built cabinet made from black vinyl covered steel, with a
brushed anodised aluminium front escutcheon For ac mains
operation 200.240 volts. Size approx 12iin wide . 5in high .
7, in deep
Special introductory price £28.00 - £2 50 carriage and
packing

10/14 WATT HI-FI AMPLIFIER KIT
A stylishly finished monaural amplifier with an output of 14 watts
from 2 EL84s in push-pull Super reproduction of both music
and speech. with negligible hum Separate inputs for mike and
gram allow records and announcements to follow each other.
Fully shrouded section wound output transformer to match 3-150
speaker and 2 independent volume controls. and separate bass
and treble controls are provided giving good lift and cut Valve
line-up 2 EL845. ECC83. EF86 and EZ80 rectifier Simple
instruction booklet 25p - S A E (Free with parts) All parts sold
separately. ONLY £13.50 P. & P. £1.40. Also available ready
built and tested £18.00 P. & P. £1-40. HARVERSONIC STEREO 44

A solid state stereo amplifier chassis. with an output of 3-4 watts
per channel into 8 ohm speakers. Using the latest high technology
integrated circuit amplifiers with built in short term thermal
overload protection. All components including rectifier smoothing
capacitor, fuse. tone control, volume controls. 2 pin din speaker
sockets and 5 pin din tape rec.,play socket are mounted on the
printed circuit panel. Size approx. 9iin x 21 in . lin max depth
Supplied brand new and tested. with knobs. brushed anodised
aluminium 2 way escutcheon (to allow the amplifier to be mounted
horizontally or vertically) at only moo - 50p P & P Mains
transformer with an output of 17V a.c at SOOm,A can be supplied
at £1.50 - 40p P. & P if required Full connection details
supplied

POLY PLANAR" WAFER -TYPE, WIDE
RANGE ELECTRO-DYNAMIC SPEAKER
Size 1101 14,,in 1..iin deep Weight 19oz Power handling
20W R M S 140W peak) Impedance 8 ohm only Response
40Hz-20KHz Can be mounted on ceilings, walls, doors, under
tables etc and used with or without baffle. Send S.A.E for,
Tull details. Only £840 each - P. 8 P. (one 90p, two El .10). Now
available in either Bin round version or 41 x 81 -in rectangular. 10
watts R.M.S. 60Hz-20KHz E5.25 i P. 8 P. (one 65p, two 7Sp.).Mullard LP1159 RF.IF module 470 kHz L2-25 - P 8 P 20p

Full specification and connection details supplied
Pye VHF FM Tuner Head covering 88-108 MHz 10 7 MHz I F

output 7 8V - earth Supplied pre -aligned. with full circuit
diagram with precision -geared F M gang and 323PF - 323PF A M
Tuning gang only E3. 15 - P. & P. 35p
STILL AVAILABLE
HA34 3 Valve Audio Amp. aliir o/p. Reedy built and tested £150

£1.40 P. 8 P.
Also HSL 'Four' Amp. Similar to above but In kit form. MOO .
C1.40 P 8P

SPECIAL OFFER. 6iin long throw. roll surround ceramic magnet
8 ohm 10 watt speaker chassis. Specially suitable for HI Fl. £3.115 -r-
75p P. & P.

STEREO DECODER
SIZE 2" 3" . i" ready built. Pre -aligned and tested for 9-16V neg.
earth operation. Can be fitted to almost any FM VHF radio or tuner.
Stereo beacon light can be fitted it required. Full details and
instructions (inclusive of hints and tips) supplied. £6 00 plus 20p
P. & P. Stereo beano light it required 40p extra.

2In PLASTIC CONE HF TWEETER 4 ohm, £350 per matched
pair  50p P. 8 P.
HIGH POWER HI -Fl 8 ohm Dome Tweeter. tin voice coll. Magnet
size 3in die. Suitable for use in up to 50 waft systems. £130 each

60p P. & P.

Open 9.30-5.30
Friday. 9.30-5 SaturdayMonday

to

Closed Wednesday.
Prices and specifications correct
at time of press. Subject to
alteration without notice

HARVERSON SURPLUS CO. LTD.
(Dept. P.E.) 170 HIGH ST., MERTON, LONDON, S.W.19 Tel.: 01-540 3985

A few minutes born South Wimbledon Tube Station

(Please write clearly)

PLEASE NOTE: P. 8 P. CHARGES
QUOTED APPLY TO U.K. ONLY
P. 1 P. ON OVERSEAS ORDERS
CHARGED EXTRA.

AITKEN BROS.
35, High Bridge, Newcastle upon Tyne

Tel: 0632 26729
S -DECf This, the most popular Board is designed solely
for the use of discrete components and is parti-
cularly useful for basic educational purposes.
(No. of Contacts: 70)
PRICE £2.43 inc. VAT.

T -DEC

illi
A SEMICONDUCTOR
TRAMPUS
BERKS131.4
CALLERS
Fast
devices
telephone.telephone.
8%
Order
N.M.A.
satisfied.

I
service,

to

VAT to
charge
£5

(Prices

Ft
POWER HOUSE.

ELECTRONICS LTD., 511-80
1HS. TELEPHONE WINDSOR

WELCOME MON-SAT 9AM-5PM.
on ex stock product, normally

manufacturers specifications.
£5 minimum. Send C.W.O.
items marked'. 121% VAT

for cheque or postal
min. order. Free catalogue

may change.)

04.4a
........ a ._ ...,.. ....5 ....11..NI

GROVE ROAD. WINDSOR,
(07535)54523

24 hour turn around. Quality
Barclay Card 8 Access by post or
Add 20p Post and Packing plus
to unmarked items. No minimum

orders. Government Depts, Schools.
sale list. Send SAE. Money beck if not

-)

8SalaMCAPIS

Swill wean=

This Board allows 2 T05 or 1 OIL IC Station to IC's All price each TRANSISTORS FULL SPEC PAKS 21
be used and so is primarily intended for discrete 555 DIL 8 Timer 34p

723 Regulator inw
BC107, 108 7p'
BC109 SW

PAK A: 10 x Red LED Er
PAK B: 4 x 741 OIL 8 Elwork or for linear IC application where consider- 741 DIL 8 pin gap* BC107, 108, 109 B like PAK C: 3 x 2N3055 Elable numbers of discrete components may be 741 D104/7099 up* BC108 or 109 C 150: PAK H: 8 x 2N3819e Er

/(No. of Contacts: 208)
required. 747 Dual 741 app

748 DIL 14 pin 2w
BC147/8/9 .. 1,
BC167/8/9 WV

PAK K: 40x 1N914 El
PAK N: 25 x 0A81/91 El/ PRICE £4.30 inc. VAT. 748 DIL 8 pin 411p.

7805 plastic or TO3 21.
BC177/8/9 top.,
BC182/3/4 A or L *0

PAK T: 4 x LM301 El
PAK W: 20 x Electolytics VI '7812 or 15 E1.50.

76013 or 76023 £1.48
8038 Sig. Gen. Lax

BC212/3/4 A or L 12p
BCY70/71/72 20p'
BD131 or 132 each Up*

MORE PAKS IN LISTS.
CAPACITORS: Ceramic 5p

p -DEC 'A'
-- The 'A' is designed for

AY51224 Clock E2.25.
LM301 DIL 14 gap.

BFY 50, 51 or 52
MJ2955 (PNP) ot: Electrolytic 1v1-200vt 7p

HEATSINKS TO18/705 59u -Dec specially ease of
...-", ',.',.., LM301 DIL8 Hp. MJE2955 mar TO3 Small 29p.use with IC's and allows 2 DIL or 4 TO5 stations\ to be used but will accommodate discrete corn- LM309K 703, 5V Ct

LM382 (LM381) u MJE 3055 up*
ORP 12 plastic 30p

Big eap
OIL SOCKETS

portents with equal facility. LM380/60745 n TIP29, 30, 31, 32C 110p Low Profile 8 pin 12p'
(No. of Contacts: 208) LM3130/CA3130 im... TIP41A or 42A Sp 14 or 16 pin 15p.
PRICE £4.31 inc. VAT. LM3900 yi;,". TIP41C or 42C Cl VERO All 0.1 in. stocked

MC1310 MPX DR 75p TIP2955 SW 21" x 3f" 42p.
NE555 Timer 34p TIP3055 SW 3}" x 5" 511p

-DEC 'p S NE556 2 x 555 Li'
TBA 610 or 820 Cl

T1843 or 2112541 56p
2N2904 8 2905
2N2928 W3

3w
lap

82.30
2" x 5' 5111).3s,'

DIL Board fr a 4" 82.44.The p -DEC 'B' is for similar uses as p -DEC 'A',
but has two 16 lead IC sockets as part of the

LED. r 8 .2' die
Red no clip 11p* 2N3053 24p

2N3055 115W 45p.
POTS 2Sp PRESETS tip
RESISTORS 20

Board. .2" or 2098 clip
1SPColour LEDs all 19P' 2N3442/472 120V E1.50.

2N3702/3/4/5/6 lap
CMOS: Range In Lists
4001 or 2 23p(No. of Contacts: 208) NEW Boel LED Cover Clip 2N3819e 8 23e lap 4009/10 Slip'PRICE £7.55 Inc. VAT. lop' 2N3820 FET aap 4011 20p 4049/89 23p

DI (Red LED) 2N5457 low noise 50p TTL 740014 SERIES

-.....---- PANEL METERS
Dims: 60mm x 45mm.

0.3'01704/2 SSW
0.3' 01707/2

La6os:3F laisu4n7iGASi
Seet°511.

INS BUSH SETS 10p
Add 20p

SP
40"

7400 1

7401 10p*
7404/5 20p'
7408/1017p

7485/8610p.
7490 49 
7491/2 50p
7493/5 illOp

50p amp, 100p amp, 500p amp. 1MA, 5MA, Bleeper RS type t'l Mr
IN4001 4004 7p
BRIDGE IA 50V 25p

7413 339'
7417/2025p

74107 2000
74121 33p10MA, 50MA, 100MA, 500MA. I amp, 2 amp,

NMI 25v dc, 30v dc, 50v ac, 300v ac, "S", "VU",
50-0-50pa, 100-0-100pa, 500-0-500 p5.
PRICE £4.13 Inc. VAT.

DALO PCB PEN NV
SRBP 6' x 4"
5KG FERRIC TUB Er
VU METERS

SOP'

PCB etch KIT Er
VIM'

arm 400rnw
ZENERS 3-30V
8C1411TRIACS
DISCO TRIAC 10A 400V171.
DISCO SCR C108 4A 400V

7430 15plap'

7441 lip'
7445 MIP
77477

74123 39p'
74141 9W
74157 SOW
74193 50p

411p* 7470/7229p QUOTE
POTS* CAPACITORS, BOXES, INST. CASES, DIN PLUGS, RESISTORS, TUNER SALE

MW/LW 6 FM WITH
SCR
1A 600V

1A400V 130p
illp

7473/743W
7475 40p

THIS
AD FORETC., ALWAYS IN STOCK. POSTAGE AND PACKING 20p EXTRA. MPX DECODER & PUSH DIAC - ST2 Hp 7476 ar SPECIAL

1978 CAT. AVAILABLE JAN. PLEASE SEND 40p. BUTTONS ONLY t10 BR100 409 7480/2/5 PRICES
w AMP UM Selleon Grew (mini) 239' 10p* SHOWN.
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ION ET
Copies of Patents can be obtained from :
the Patent Office Sales, St. Mary Cray, Orpington, Kent Price 95p each

The centenary year of recorded sound
has now passed; so it seems fitting
to mention briefly some of the most
important patents relating to sound
reproduction which have been granted
over the past hundred years. All the
patent specifications mentioned can be
referred to, free of charge, at the
Science Reference Library attached to
the Patent Office, just off Chancery
Lane in London, during Civil Service
working hours. Where possible British
rather than foreign specifications have
been cited because many of these will
also be available for reference in the
two dozen public libraries in cities
around the UK that hold patents.

INVENTOR
There is a dispute over who should

be credited with the invention of the
gramophone. One school of thought
argues in favour of Frenchman Charles
Cros, who, in April, 1877, deposited a
sealed packet of documents at the
Academy of Sciences, with instructions
that it should not be opened until
December 1877. The packet described
a photo -mechanical process of record-
ing sound on a disc, but it was never
put into practice by Cros. Meanwhile,
Thomas Alva Edison was working on
improvements to the basic telephone
and telegraph system.

In July 1877, Edison filed a British
Patent (BP 2927/1877) for a scheme
to make a permanent record of a tele-
graph message by making impressions
in paper on a disc or cylinder backing.
In the same month, Edison patented
(BP 2909/1877) a microphone system
which enabled the human voice to be
transmitted over telegraph wires. The
electrical resistance of a point of con-
tact on a diaphragm varied as the
diaphragm vibrated, so as to modulate
a d.c. current. Although this patent
appears to contain details for produc-
ing the first gramophone, or phono-
graph as Edison called it (by teaching
how to use the vibrating diaphragm to
cut a groove in a cylinder), the filing
date for the relevant drawings and
description is, in fact, much later-
January, 1878. By this time Edison had

already filed what is the master patent
on the Phonograph, USA Patent
200521.

This patent described a cylinder
recording system for the human voice.
Its filing date, December 24, 1877, is
regarded by many as the birth -date of
recorded sound.

LATERAL CUT
In 1887 Emile Berliner patented

lateral -cut recording (USA Patent
372786) as the solution to the mass
reproduction of recordings, and
although Edison had already patented
similar suggestions (even in the 1877
Christmas patent), Berliner's claims
are regarded as the birth -date of the
modern pressed disc record. Interest-
ingly, Berliner's patent refers to a
"gramophone", rather than the "phono-
graph" referred to by Edison.

Two years before Berliner (in 1885)
Sumner Tainter had patented the basic

la. nod.)

No. 372,786

 ej

E. BERLINER.
08.0PEONC,

Patented Nov. B. 1887.
.1'

LI,ENTOR

Edison phonograph, Home Model A, American 1898 (Science
Museum Photograph).
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concept of magnetic recording. He pro-
posed a disc with a groove cut in its
surface to induce electric currents in a
coil when tracked by a needle, with the
currents transduced into sound by a
telephone diaphragm (USA Patent
341287). In 1899 Valdemar Poulsen of
Denmark patented (BP 8961/1899) a
magnetic recorder designed to function
as a phonograph or a telephone answer-
ing machine. Poulsen was probably the
first man actually to make a reliable
magnetic recording, and at the Paris
Exposition of 1900 he won the Grand
Prix. In the same year, Guglielmo Mar-
coni patented the first tunable wireless
system (BP 7777/1900).

VALVE
In 1904 John Ambrose Fleming of

University College, London, patented
(BP 24850/1904) "a vacuous vessel
having in it two conductors . . . one of
them heated" and the diode valve was
born. In 1907 Lee de Forest, of New
York, patented (BP 1427/1908) a modi-
fied "evacuated vessel" which con-
tained an extra electrode to make it a
triode. Although de Forest is rightly
credited with inventing the audion, as
it was then called, it is important to
note this valve really only found a valu-
able use, and fame, when Edwin Howard
Armstrong in the USA invented and
patented the feedback principle. The
relevant patent is USA 1,113,149
which dates back to a notarised docu-
ment of January, 1913.

It is also interesting to recall that in
1882 Edison had almost patented the
valve! His USA patent No. 273,486
related to an early form of electric light
bulb and described the phenomenon
whereby material gradually disperses
from the filament and accumulates on
the inside surface of the glass
envelope, blackening it and leaving the
filament weak. Edison's answer, buried
in the patent as an afterthought
amongst other suggestions, was to use
a second filament in the same envelope
electrically connected to one side of
the d.c. supply. This attracted or re-
pelled the particles leaving the fila-
ment and thus prevented them from
reaching the glass. In other words
Edison had patented a diode, nearly
twenty years before it was invented.

Incidentally, Edison as far back as
1878, had also patented disc and
cylinder machines with facilities for
electro-magnetic cutting and reproduc-
tion (British Patent 1644/1878). Oliver
Lodge, of University College, Liverpool,
in 1898, was almost certainly the first
worker to invent and patent (BP 9712/
1898) a moving coil microphone or
speaker system.

Everything had so far, of course,
been in mono, or single channel. In
1920, a Washington inventor, Samuel
Waters, filed a patent (USA Patent
1520378) for a two -channel disc repro-
ducer. The object of the exercise was

to improve signal to noise ratio rather
than to create true stereo, as was
interesting other workers at the same
time, especially in the cinema. As early
as 1911 Augustus Rosenberg of High
Holborn, London, had patented a two -
channel optical film recording system
(BP 23620/1911). Incidentally, it was in
1925 (in British Patent 258 864) that
the word "stereophonic" was used
almost certainly for the first time.

STEREO
In 1927, W. Bartlett Jones, of

Chicago, patented (USA Patent
1855149) the first binaural, or dummy
head, stereo system. And in 1931 Alan
Blumlein of EMI patented loudspeaker
stereo and the 45 degrees double
modulation of a 90 degrees groove, as
used today (BP 394 325).

In 1936, Bell Telephone Laboratories
filed a patent (USA Patent 2137032)
which, buried in amongst its other dis-
closures, taught how the apparent
direction of a sound source could be
manipulated by altering volume levels
to the loudspeakers-the way in which
modern pan -potted recordings are made
and stereo balance controls function.

Earlier, in 1929, Arthur Keller of Bell
Telephone Laboratories in New York
had patented the basis of modern
multiplexing (USA Patent 1910254), by
describing how two separate channels
of sound could be recorded in a single
record groove by division into two
separate frequency bands.

Modern multi -channel discs of dis-
crete multiplex type (as marketed by
JVC for the CD -4 system) find their
origin there and in a 1946 invention
made by EMI engineer William Livy
(BP 612 163). The system relied on a
recorded carrier to lock a demodula-
tion oscillator to the rotational speed
of the record.

Meanwhile, there was considerable
invention in other closely associated
areas. As early as 1900 Joseph Polia-
koff of Moscow had patented (BP
18046/1900) an optical film recording
system using a selenium photo -cell.
The idea was taken several stages
further by Eugene Lauste of London in
1906 (18057/1906). In 1924, Paul
Voigt of London patented (BP 231 972)
a feedback circuit for an amplifier to
compensate for distortion introduced
by the loudspeaker-i.e. motional feed-
back. In 1933, Maj. Edwin Armstrong
of New York, USA, patented the basis
of modern f.m. radio (USA Patent
1941069).

F.E.T.
In 1934 in Berlin, Oskar Heil invented

a solid-state amplifier of semi -conduc-
tive material and patented it in Britain
(BP 439 457). Oskar Heil is better
known for the air -motion transformer
loudspeakers sold today by ESS, but
his 1934 invention was the first f.e.t.!

A workable system of video recording

7/

a

Paul Voigt patent illustration of 1924

was first patented in 1955, by the
Ampex Corporation of California (BP
798 927), one of the named inventors
being Ray Dolby. BP 1 120 541, of
1965, is in the name of Ray Dolby
alone, and constitutes the first patent
disclosure of the now well known
Dolby noise reduction system. Over
recent years much audio patenting
activity has centred around surround
sound or quadraphonics, the first major
matrixing patent being that filed in
1969 by Peter Scheiber of New York
(BP 1 328 141 and 1 328 142). The
current resurgence of interest in sur-
round sound and the lack to -date of
any standardisation on an agreed
world system, suggests that the next
few years will see this trend of interest
continuing. Most recently, and in a
slightly lighter vein perhaps, the cinema
sound development, Sensurround,
which enables audiences to be literally
shaken in their seats by very low fre-
quency sound waves generated by high
power "effects" circuits is patented in
USA Pat. No. 3 973 839. This lengthy
patent and ten sheets of circuit dia-
grams give very full details of how the
effects are generated and handled.

Readers who are particularly inter-
ested in the history and development
of sound may find the current exhibition
of over a hundred instruments from
the EMI collection of vintage phono-
graphs and gramophones, at the
Science Museum, South Kensington,
London, of particular interest.

Included in the display is an ex-
ample of the gramophone that appears
in the famous "dog -and -trumpet" trade-
mark and an instrument that could be
folded up and pocketed. The exhibited
instruments illustrate developments from
1877 to about 1935 but a further dis-
play of posters, record sleeves and
photographs covers the full 100 years.

The exhibition is located in gallery
1, and is open daily until April.
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Understanding Digital Electronics
New teach -yourself courses

IDesig of
Digital Systems

Book 3 Mffornvisc 3

Design of Digital Systems is written for the engineer seeking to learn
more about digital electronics. Its six volumes - each A4 size are
packed with information, diagrams and questions designed to lead you
step-by-step through number systems and Boolean algebra to
memories, counters and simple arithmetic circuits, and finally to a
complete understanding of the design and operation of calculators and
computers.

The contents of Design of Digital Systems include:

Book 1 Octal, hexadecimal and binary number systems; conversion
between number systems; representation of negative numbers; com-
plementary systems; binary multiplication and division.
Book 2 OR and AND functions; logic gates; NOT, exclusive -OR,
NAND. NOR and exclusive -NOR functions; multiple input gates; truth
tables; De canonical logic
naugh mapping; three -state and wired logic.
Book 3 Half adders and full adders; subtractors; serial and parallel
adders; processors and artithmetic logic units (ALUs); multiplication
and division systems.
Book 4 Flip flops; shift registers; asynchronous and sychronous
counters; ring, Johnson and exclusive -OR feedback counters; ran-
dom access memories (RAMs) and read only memories (ROMs).
Book 5 Structure of calculators; keyboard encoding; decoding display
data; register systems; control unit; program ROM; address decoding;
instruction sets; instruction decoding; control program structure.
Book 6 Central processing unit (CPU); memory organization; character
representation; program storage;  address modes; input/output
systems; program interrupts; interrupt priorities; programming; assem-
blers; computers; executive programs; operating systems and time
sharing.

Digital Computer
Logic and
Electronic

8's

Digital Computer
Logic and
Bectronics

JK-

Digital Computer Logic and Electronics is designed for the beginner.
No mathematical knowledge other than simple arithmetic is assumed,
though the student should have an aptitude for logical thought. It con-
sists of four volumes - each A4 size - and serves as an introduction
to the subject of digital electronics. Everyone can learn from it -
designer, execxutive, scientist, student, engineer.

Contents include: Binary, octal and decimal number systems; con-
version between number systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth tables; De Morgans Laws;
design of logic circuits using NOR gates; R -S and J -K flip flops; binary
counters, shift registers and half adders.

CAMBRIDGE LEARNING ENTERPRISES. Unit 2, Freepost. RIVERMILL LODGE, ST. IVES.
HUNTINGDON. CAMBS. PE17 48R. ENGLAND. TELEPHONE ST. IVES 104801 67446.
PROPRIETORS: DRAYRIDGE LTD. REG. OFFICE: RIVERMILL LODGE. ST. IVES.
Giro Ac. No. 278 9159. REGD. IN ENGLAND NO. 1328762

In the years ahead the products of digital electronics technology will
play an important part in your life. Calculators and digital watches are
already commonplace. Tomorrow a digital display could show your
vehicle speed and fuel consumption; you could be calling people
by entering their name into a telephone which would automatically
look up their number and dial it for you.

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and application of
digital logic. Learning by self -instruction has the advantages of being
faster and more thorough than classroom learning. You work at your
own pace and must respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will have broadened your
career prospects and increased your fundamental understanding of
the rapidly changing technological world around you.

The six volumes of Design of
Digital Systems cost only:

And the four volumes of
Digital Computer Logic and
Electronics cost only:

But if you buy both courses,
the total cost is only:

£7.10

£4.60

£11.10

90p post &
packing by
surface mail
anywhere in
the world.
Airmail extra.

Flow Charts & Algorithms
The Algorithm Writer's Guide is a practical book on
how to write flow charts and algorithms. Nothing is
assumed, though the student should have an
aptitude for analytical and logical thought. One
volume, A5 size, 130 pages.
Contents: construction, content, form, use, layout
of algorithms and flow charts.

£2.95 + 45p post and packing by surface mail anywhere
in the world. Airmail extra.

GUARANTEE
If you are not entirely satisfied your money will be refunded.

Cambridge Learning Enterprises, Unit 2, Freepost,
Rivermill Lodge, St. Ives, Huntingdon, Cambs, PE17 4BR, England.

Please send me the following books:
sets Digital Computer Logic & Electronics v., £5.50, p & p
included
sets Design of Digital Systems v £8.00, p & p included
Combined sets id £12.00, p & p included
The Algorithm Writer's guide v E3.40, p & p included (PE2)

Name

Address

I enclose a *cheque/PO payable to Cambridge Learning Enterprises
for £
Please charge my *Access/Barclaycard/Visa/Eurocard/Mastercharge/
Interbank account number
Signature *delete as appropriate
Telephone orders from credit card holders accepted on 0480-
67446 (ansafonel. Overseas customers should send a bank draft in
sterling drawn on a London Bank.
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NEW
for electronic

design engineers!

FIX -PRINT JIG for printed circuits

4

Invaluable for holding
P.C.B.s and other panels
when inserting and soldering components. Can be
adjusted to suit work up to 280mm, rotated to
gain access to reverse side and locks in any
position. All metal.
Price £10 inc. VAT. p. 8 p. f 1.
Write or phone for full details.

S2 Drill Stand

Robust, all metal with
ample throat dimen-
sions./Adjustable height
cantilever with lever
actuated feed. Spring
return. Will accept both
PI and P2 drills.
Price £1/450 inc. VAT.
p. 8 p 106p.

P2 Drill £16.50 inc.
VAT. p. 8 p. 86p

Si Drill Stand
Constructed to take the
popular P1 drill and ensure
a high degree of accuracy
in all types of electrical
precision work.
Price £5.13 inc. VAT. p. a p 38p

PI Drill£9.67 inc.VAT.
P. & P. 38p.

Sole UK Distributors

PRECISION
PETITE LTD

119a HIGH STREET
TEDDINGTON MIDDLESEX TW11 8HG

TEL: 01-977 0878

LATER L-0 C K -1-N GI
PLASTIC STORAGE DRAWERS

oft

DISCOUNT

PRICES IOW"
Newest, neatest
system ever
devised for storing small 5 SIZES
parts and components: ALL INT ALOCK
resistors. capacitors, diodes, transistors, etc.
Rigid plastic units interlock together in ver ical
and horizontal combinations. Transpa ent
plastic drawers have label slots. 1D and 2D
have space dividers. Build up any size cabinet
for wall, bench or table top.

As supplied to Post Office,
Industry and Government Depts.

S NGLE UNITS (1D) (Sin x 2+in x 26411.
£2.90 DOZEN.
DOUBLE UNITS (20) (5in X 4+ in x nin).
£4.90 DOZEN.
TREBLE (3D) E4.90 for 8.
DOUBLE TREBLE 2 drawers. in one outer case
(602), £7.25 for 8.
EXTRA LARGE SIZE (6D1) £6.25 for 8.

PLUS QUANTITY DISCOUNTS
Orders over £20. less 5%.
Orders over £60, less 7i%.
PACKING/POSTAGE/CARRIAGE: Add 75p to
all orders under £10. Orders £10 and over,
please add 10% carriage.

QUOTATIONS FOR LARGER QUANTITIES
Mesas add II% V.A.T. to total remittence
All prices correct at time of going to press

FLAIRLINE SUPPLIES
(Dept. PE2)

124 Cricklewood Broadway, London NW2
Tel. 01-450 4844

OSMABET LTD .W,,eomna,kie
things

LOW VOLTAGE TRANSF , Prim 240V 5.0.
6 3V 1 5A Ittl, 3A 63: 8A CT C4-25: 12V 1 5A 02.50: 3A 04.25:
SA CT 06: 18V 1 SA CT 01.25; 24V 1 SA CT C4.25: 3A CT CB
SA CT 110: 8A CT £15: 12A CT 121; 40y 3A CT MO; 50V 6A CT

TWIN SEC TRANSFORMERS; Prim 240V .c.
6V 0 6A T. 6V 0-6A, 9V 0 4A . 9V fr 6A. 12V 0.25A 12V
0 25A. 20V 0 15A 12V 0 15A all at £2.85 each. 15V 0 75A -
15V 0.75A E., 15V 1 5A + 15V 1 SA ES; I8V lA 18V 1A C4-50:
18V 1 5A iSV 1 SA 15.75: 20V 1 SA -- 20V 1 SA £5.75:
12V 4A + 12V 4A 67.60; 25V 2A + WV 2A 07-50.
MIDGET RECTIFIER TRANSFORMERS:Prim 240V 5.0.
6-0-6V 1 SA Or 9-0-9V IA [2.25 each. 12-0-12V IA or 20-0-20V
0 75A f2.415 each. 9-0-9V 0 3A or 12-0-12V 0-25A or 20 -0 -WV
0 15A C2 each
LT TRANSFORMERS TAPPED SEC: Prim 240V .c.
0-10-12-14-16-18V 2A D4; 4A 05-25: 0-12-15-20-24-30V 2A 14.50:
4A 07-30: 0-520-30-60V IA 05-25: 2A C7 50, 0-40-50-60-80-100-
110V IA 07.50.
MAINS TRANSFORMERS: Prim 240V are.
250-0-250V 60mA 6 3V 1A 0145 inc. P. & P and VAT
250V 100mA 6 3V 2A 02.50 inc. P. a P. and VAT
23V 0 SA 0.50 inc. P. 5 P and VAT
110/2.0V a.c. Auto 20W F0.15 inc. P PALM VAT.
SPEAKER MATCHING AUTO TRANSF
12W. 3 to 8 or 15. up or down. C2.25 inc. P. & P. and VAT
LOUDSPEAKERS
24in en 25,n S or 2541, 24in 8 or 8041; Sin 3541. 340 3. 16 or 8041.

7 k fins 3.16. 25 or NM. 02 each. e y Sin
4, 8 or 2541. f.2.70; Sins 81-1 02.70 inc. P & P. and VAT

BULK CASS
and tape spool. any diameter.

demagnetise. tape heads. 20012.0V .c el inc. P & P. and
VAT.
POWER SUPPLY. TWIN OUTPUT, Prim 240V a...
New. ea British manufacture. Smoothed d.c output 20V 1 SA.
plus stabilised ISV 100mA, plus 12V arc.0 SA. with diagram.
EC 75 inc. P P and VAT
CONDENSERS
Electrolytic. WiE 1000/50V 30p: 4700/40V ,110p: Pap.r tubular.
W/E 47/600V. 2 2400V 4 7 160V all 25p each 1015 per 10001
Electrolytic screw terminal I200/75V SOp.
EDOWISE LEVEL METER FSD 200A
Size. 19 T. 18 k 20mm. SOO. 01.35 Inc P. 5 P. and VAT.
PRINTED CIRCUITS ETCHING KIT
Make your own PC Boards. Comprehensive commercial kit.
instructions. VI Inc. P. & P and VAT.
MULTI WAY CABLE. SCREENED PVC COVERED
36 way 01: 25 way 78p: 14 way 50p: 6 way no: 4 way 20p,
2 way 10p; 1 way so per metre Fig. 8 stereo twin. 01.25
15 metres
MINI 3 -CORE CABLE. 19/0. lemur
Ideal for speakers. intercoms. etc. £4.55 inc. P. & P. and VAT
TWIN FIG. a CABLE
Polarised. 100m C5.00 inc. P. & P. and VAT.
AD types domestic and commercial cables.
Enquiries invited.

Carriage and VAT EXTRA on ell orders
except where otherwise stated.

Callers by appointment only
S.A.E. Enquiries, lists.

46 Kenilworth Road, Edgware, Middlx HA8 8YG
TM. 01-9.81 9314

TV GAMES IN FULL COLOUR .,1110
AY -3-8500-E6.30.
AV -3-8550 - E9.95.8Iack and
White TV games kits:- Stand-
ard model E I 1.95. Economy
model £6.95. Colour TV games
kits:- Standard £19.45.
Economy E14.45. Colour Gen-
erator kit adds colour to most black and white games
E7.50. Rifle kit E4.95. Send s.a.e. for giant data.

rillii

NEW COMPONENT SERVICE
Resistors 5% Carbon E 1 2 10 to 10M iW 1 ip. 1W 3p.
Preset pots subminiature 0 1W 100D to 4M7 9p. Potentio-
meters ;W 4K7 to 2M2 log or lin. Single 30p. Dual 95p.
Polystyrene capacitors E12 63V 22pf to 8200pf 3ip.
Ceramic capacitors 50V E6 22pf to 47000pf 3p.
Polyester capacitors 250V E6 -01 to 1 rnf 5ip. 15, 22,
33mf 7p. -47mf lip: Electrolytic. 50V 47, 1, 2mf Sp.

25V 5, l0mf Sp. 16V 22, 33, 47mf 6p. 100mf 7p. 220,
330mf 9p. 470mf Ilp. 100Ornf 18p. Zener diodes 400mW
E24 3V3 to 33V 131p.

MAINS TRANSFORMERS
6-0.6V 100mA 94p. 9.0-9V 75mA 94p. 0/12/15/20/24/30V
lA E3.85. 12-0-12V 50mA 94p. 0/12/15/20/24/30V 2A
E5.15. 6 3V 1;A £2.30. 6-0-6V 1 IA £2.75. 9-0-9V IA
E2.39. 12-0-12V IA E2.69. 15-0-15V 1A E2.89. 30-0-30V IA
£3.59.

PRINTED CIRCUIT MATERIALS
50 sq ins pcb 40p. 1 lb FeCI E1.05. Etch resist pens: -
Economy type 45p. Dalo type 83p. Small drill bit 20p.
Laminate cutter 75p. Etching dish 68p.

5-DECS AND T-DECS"
S-DeC £2.23. T-DeC E3.98.
u-DeCA E3.97. u-DeCB E6.67. iiii.,4:x." "
IC carriers with sockets:-  . .: al1/4115

16di1E1.9L 10TOSE1.91. er.),,

SINCLAIR CALCULATORS AND DVM*
Cambridge scientific programmable E13.95. Prog. library £4.95.'
Cambridge scientific E8.45. Oxford scientific £10.60, mains
adaptors £3.20. PDM35 digital multimeter £26.95. Adaptor
E3.20.

BATTERY ELIMINATOR BARGAINS
TV GAMES POWER UNIT
Stabilised 81V 100mA £3.20

3 -WAY MODELS
With switched output and 4 -way raultijask.
Type 1:-3/41/6V at 100mA £2.60.
Type 2:-6/74/9V 300mA E3.30.

100mA RADIO MODELS
With press -stud connectors. 9V E3.45. 6V E3.45. 9V Vs
E5.15. 6V . 6V E5.15.4',V  4p/ E5.15.

CASSETTE MAINS UNIT
7jV with 5 pin din plug 150mA E3.65.

FULLY STABILISED MODEL E6.40. Switched output
of 3,6/7;/9V 400mA stabilised.

CAR CONVERTORS 12V INPUT
Output 9V 300mA f 1.80. Output 7 -j -V 300mA E1.80.

BATTERY ELIMINATOR KITS
end s.a.e. for free leaflet on range.

100mA radio types with press -stud battery terminals.
43V E2.10.6VE2.10. 9V E2.10. 4-p/ -.- xtiV E2.50. 6V i- 6V
£2.50. 9V - 9V E2.50.
Cassette type 7P/ 100mA with din plug £2.10.
Transistor stabilised 8 -way type for low hum.
3/41/6/7 -j -79/12/15/18V 100mA £3.20. 1A E6.40.
Heavy duty 13 -way types 4+/6/7/83/11/13/14/17/21/
25/28/34/42V. 1 Amp E4.85. 2 Amp E7.95.
Car Converter kit. Input 12V DC. Output 6/71/9V DC
lA transistor stabilised £1.95.
Stabilised power kits. 3-18V 100mA E3.60. 3.30V IA
E9.95. 3-60V 1A£10.95.3 -60V 2A 03.95.

BI-PAK AUDIO MODULES
S450 tuner £21.95. AL60 E4.86. PA100 E14.95. MK60 audio
kit E36.45. Stereo 30 017.95. SPM80 83.75. BMT80 E5.95.
Send s.o.e. for free data.

JC12, JC20, JC40 AMPLIFIERS
JC12 6W IC audio
omp with free data
and printed
circuit E1.95.
Also new JC40 20W
model with pcb
E3.95. Sensational new JC20, 10W integrated circuit amp
with pcb £2.95. Send s.a.e. for free leaflet on all 3 models and
associated power supply and pre -amp kits.

FERRANTI ZN414
IC radio chip E1.44. Extra ports and pcb for radio E3.85.
Case E 1. Send s.a.e. for free data.

SWANLEY ELECTRONICS
Dept. PE, PO Box 68, 32 Goldsel Rd., Swanley, Kent.
Post 30p. Prices include VAT. Official orders welcome. Over-
seas customers deduct 7% on items marked  and 11%
on others.
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FINDING PART 2

G. LOVEDAY

Fault Finding on Systems

THE first part of this series dealt with faults caused in an
electronic circuit by one component failure. It was

shown that when a component fails; goes open or short
circuit, then a certain set of symptoms result, and by using
these symptoms it is possible to pinpoint the faulty corn-
ponent. The symptoms are any changes in the circuit opera-
tion, such as low output signal with distortion, and changes
in the d.c .bias voltages. However, when it comes to fault
finding on a complete electronic instrument, or system,
the situation is made more difficult because of the size
and complexity of the system. One component failure will
often cause the whole system to fail, but the total number
of components may number several hundred. Since time,
in the service situation, is of prime importance, it's not
acceptable to sit down and methodically measure every
voltage and waveform until the faulty component is found.
Another technique must be used.

Luckily nearly all electronic instruments can be divided
up into several functioning circuit blocks and the quickest
way to find the faulty component is by measuring to first
of all locate which portion or block of the system has
failed, then to work on that block to find the actual
component.

THE BLOCK DIAGRAM
This is a really valuable aid in servicing and in helping

to understand the operation of a complex piece of equip-
ment. For example, let's look at the block diagram of. a
basic r.f. signal generator shown in Fig. 2.1. It is made
up of six blocks, each of these performing a separate circuit
function.

A variable r.f. oscillator feeds a sine wave signal to an
amplifier and the output of this amplifier can either be
amplitude modulated at 400Hz or constant wave (c.w.)
depending upon the setting of the switch.

Since these are two outnut signals and two possible out-
put conditions for the r.f. output, we can use the states of
the outputs as symptoms to fault find the generator. If, for
example, there were no outputs at all the fault would most
probably lie in the power supply, since it would be unlikely
(although possible) that both oscillators had failed. Suppose,
however, that the r.f. output was correct in both the modu-
lation and c.w. switch positions but no a.f. output could
be obtained. The fault lies in the a.f. attenuator or its con-
nections. These examples show the sort -of logical approach

R.F.
SINE WAVE

OSCILLATOR

POWER
SUPPLY

A F.
OSCILLATOR

400 Hz

R.E
AMPLIFIER

AND
MODULATOR

MODULATED
WAVE

ATTENUATOR

CONSTANT- WAVE

411

R.F
OUTPUT

ATTENUATOR

OUTPUT

Fig. 2.1. Block diagram of r.f. generator
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that's required. The various methods for system fault find-
ing will be shown later in this article. What would be the
symptoms for (a) an a.f. oscillator failure or (b) a
modulator failure.

INTERPRETING IT
Now let's look at the way in which a block diagram

can help in understanding how a unit operates. A switched
mode power unit has a full circuit diagram that can look
rather forbidding, but when it is drawn out in block form
(Fig. 2.2) the operation can be more clearly understood
and fault diagnosis is made much easier. Switch power
supplies are used in relatively high power applications
(e.g. 5 volts at 20 amps) because they have high efficiency,
low heat loss and therefore use up less space than a con-
ventional stabilised power unit. The mains voltage is itself
rectified and smoothed giving about 340 volts d.c. This
voltage is switched at a frequency above audio, usually
20kHz, by high voltage transistors to provide an alternating
waveform to the transformer primary.

Since a fairly high frequency is used the transformer
need not be so bulky as a 50Hz type. The a.c. voltage at
the secondary is rectified and smoothed to give a d.c. voltage
across the load. The output is stabilised by comparing it
with a reference supply (usually a Zener) and using the
different signal to alter the duty cycle of the switching
signal to the transistors. If the d.c. output should fall when
the load is increased the comparator gives a signal to the
pulse width modulator that switohes the transistors on for a
longer time than they are off during the 20kHz switching
period. This provides more power via the transformer to
the load and the output voltage rises. The opposite occurs
if the load current is reduced.

METHODS FOR SYSTEM FAULT FINDING
One of the first jobs when fault finding on a system is

to accurately define the fault. To do this a functional check
must be made and the exact symptoms noted. This usually
entails making measurements and comparing the perfor-
mance with the actual specification. In a service department

240V
50Hz

N

BRIDGE
RECTIFIER AND

FILTER

O

H1NG

the engineer would need the up-to-date figures for the
performance specification plus the circuits and service
manuals and also the necessary test gear. In any project
work we should follow the same procedure.

At this stage, depending on the symptoms, it is wise to
check that the power supply rails are at their correct
voltage levels before proceeding to make measurements to
narrow down the search for the faulty component to one
part of the block diagram.

It's possible of course to use a completely random
approach to find which block is faulty, checking the
circuits in any order, but usually a systematic logical
approach yields the quickest results. The three methods are
called:

(1) Input to output (or beginning to end)
(2) Output to input (or end to beginning)
(3) Half -split.

Here we are considering actual measurements, but don't
forget that a visual inspection for broken wires, dry joints,
burnt components, damaged copper track, etc., can also be
worthwhile. This is especially the case when a system that
you have just assembled refuses to function at all.

METHODS ANALYSED
The first two methods listed above are fairly obvious

and most of us used input to output checking before we
knew that somebody had given it a name! A suitable
input signal (if required) is injected into the first block
and then measurements are made sequentially at the output
of each block in turn until the faulty block is located.
Output to input is the reverse; leaving the input to block
(1) measurements are made from output block towards the
input. This presupposes that the units are all in series, but
this is rarely the case. The s.m.p.u. for example cannot be
fully checked using a straightforward sequence of tests.
Suppose the unit fails with the symptom of zero output.
The fault could be in almost any block. One sequence of
checks to find that fault could 'be the following:

(a) Measure d.c. voltage from mains rectifier block (1)
(b) Measure output of 20kHz oscillator block (2)

RANSFOPMFP

co

TRANS

20k Hz
SQUARE WAVE

OSCILLATOR0

PUSH PULL
DRIVE 0

PULSE WIDTH
GENERATOR

qd

0

COMPARATOR

RICTIRER
ANC

LT ER

REFERENCE
SUPPLY

Fig. 2.2. Block diagram of switched mode power unit

LOAD

Practical Electronics February 1978



Fig. 2.3. Frequency divider chain

By doing these checks first we verify the two primary
conditions for an output across the load. Assuming both
these blocks are functioning correctly we can then use
output to input by measuring (4), (3), (2) and then (5), (6),
(7), (8) or input to output measuring from (8), (7), (6), (5),
(2), (3), (4). Either method is satisfactory, but the first is
probably the best as it checks early on through the circuits
that probably have the highest failure rate (namely the
switching transistors). Using this criterion the sequence of
test could be (1), (9), then (2), (3), (4), and finally (5), (6),
(7), (8). The important thing to realise is that the tests
ought to follow some logical sequence.

Imagine now a fault with the symptoms of high un-
stabilised output voltage. From this we can conclude that
blocks (1), (2), (3), (4) and (9) are all operating. The fault
is somewhere in 'blocks (5), (6), (7), (8). Here a good start
would be to measure the output of (8) since an open circuit
reference supply would give these particular symptoms.

HALF -SPLIT METHOD
The half -split method for system fault location is really

useful when the instrument or system is made up of a large
number of blocks in series. A good example is fault finding
on the frequency divider chain of a digital frequency meter
(Fig. 2.3). Here the frequency of a 1MHz crystal oscillator
is divided down by decade counters to give the required
timing pulses. Since eight blocks are used it is possible
to divide the unit into two equal parts, test to decide

1Hz CLOCK
GENERATOR

0

1Hz
RAMP

0.1Hz

which half is working correctly, then split the non -working
section into half again to locate the fault. Let's assume that
block (6) has failed; the sequence of tests would be as
follows:

1. Split whale unit into half by measuring output from
block (4). This will be alright showing that the fault
lies somewhere in blocks (5) to (8).
2. Split blocks (5) to (8) in half checking output of
block (6). There will be no output.
3. Check output of block (5). This will be all right
proving that the fault is in block (6).

Now try the method for yourself by assuming that
block (3) or block (8) has failed, and you will find that
the number of checks necessary to locate the fault is
always three. On average more tests would be required
using any other method. Unfortunately many instruments
are not made up of many blocks in series. More often
than not a system has feed back loops that are necessary for
operation and which cannot be split. Also convergence,
where two inputs are required to make a circuit block
operate correctly, and divergence, where an output from a
block feeds two or more other blocks are quite common.
These situations complicate the use of the half split. When
fault finding try and use the method, or a combination of
methods that will locate the faulty block in the shortest
possible time. This isn't always achieved with the minimum
number of test measurements. A common sense logical
approach to the problem is the basic requirement.

PULSE WITH MODULATED
SIGNAL 1Hz

Fig. 2.4. Block diagram of temperature controller

ZERO
VOLTAGE
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TEMPERATURE CONTROLLER FAULT
DIAGNOSIS

As a final exercise we are going to look at the block
diagram of an oven temperature controller. This is a nice
series type of circuit but with the added complication of
feedback from the temperature sensor. The unit uses
burst cycle firing of a triac to control the power dissipated
in a heating element. With this type of control, power is
applied for a few cycles of the mains at a time, say 40 out
of 50 cycles when the temperature is lower than required,
reducing to maybe 5 out of 50 cycles when the oven
temperature has stabilised. A zero voltage switch ensures
that the triac is only pulsed on when the mains voltage is
near zero thus eliminating the generation of r.f. inter-
ference.

The operation is fairly straightforward. A clock generator
gives pulses via a shaping circuit of 1Hz to a ramp
generator. This ramp is compared with the d.c. level from
the temperature sensor. When the temperature inside the
oven is lower than required this d.c. level is also low so the
output of the comparator is high. The ramp goes from a
positive voltage towards zero. While the ramp voltage
exceeds the d.c. voltage from the sensor the output is high.
This level is amplified and then applied via an opto-coupler
to the zero voltage switch. The opto-coupler ensures that
the mains side of the system is isolated from the low
voltage portion. While the comparator output is high the
zero voltage switch delivers pulses to gate on the triac
and so power is applied to the heater. As the temperature
in the oven rises so does the d.c. voltage from the tempera-
ture sensor and this means that the comparator output is
high for a shorter time during the 1 second clock period.

A FEW QUESTIONS
The feedback could complicate fault diagnosis but since

all the rest of the circuit blocks are in series it is possible
to use any of the methods described. We just have to
ensure that a reasonable d.c. level is present on the invert-
ing terminal (-) of the comparator. Assuming that the
temperature sensor is o.k. a meter could be used to
monitor this d.c. voltage or alternatively the feedback line
could be broken and an adjustable d.c. voltage applied
in its place.

If you are still with it, try your hand at answering a few
questions:

(1) Which fault finding method should theoretically
get the quickest results?
(2) What would be symptoms for the following faults?

(a) Short circuit triac.
(b) Temperature sensor open circuit.
(c) No output from 1Hz unit.
(d) Ramp output failed with output permanently
low.
(e) Ramp failed with reduced amplitude (lower start-
ing voltage).

ANSWERS
(1) Half split.
(2) (a) Oven overheating, no control. Few pulses at the

output of the zero voltage switch.
(b) Oven overheating, no control. Many pulses at the
output of the zero voltage switch.
(c) Ramp output will remain at +V therefore full
power will be applied to the load. Many pulses at the
output of the zero voltage switch.
(d) No heating. Low d.c. level from temperature
sensor. Output of comparator remaining low however.
le) Slow response to changes in temperature control.

Next month: Fault diagnosis of thyristor and triac circuits.

MODERN ELECTRONICS MADE SIMPLE
By G. H. Olsen
Published by W. H. Allen & Co Ltd
306 pages, 130 x 215mm. Price £1.75

-"r HIS book is good value indeed! It covers a wide variety
I of fields, and would serve as an excellent reference to

have around for those whose memories occasionally require
refreshment (most of us), or for the student of "A" Levels or
an ONC Course, or C&G, at college.

The author has gauged the contents so that no prior know-
ledge of electronics is needed, other than basic electricity, and
each new device covered is explained in terms of its physics
before commencing with applications and design theory. The
explanations are fairly thorough; for instance, the chapter
entitled "Power Supplies" starts with batteries and their very
chemical structure. Questions are posed at the end of each
chapter, which you should be able to answer correctly before
advancing to the next section.

The final chapter, "Projects", gives a number of circuits
to play around with-just to satisfy yourself that what you've
learned really works! These are by no means constructional
projects in the sense that P.E. presents them, but if reading
is the way to learn, then this is the way to remember.

My only criticism would be against the title, in that it's
not so much a case of Modern Electronics Made Simple as
just modern electronics set out clearly; but perhaps this is a
trivial point since clarity is half the battle. m.A.

TV TECHNICIAN'S BENCH MANUAL
By G. R. Wilding
Published by Argus Books Ltd.
217 pages, 143 A 224mm. Price L450

IT is the objective of this hardback, to present in a handy
form adequate information for the service technician or

enthusiastic amateur to locate television receiver faults of all
kinds, fairly promptly.

Each chapter gives a brief run-down of all important aspects
of the receiver section it covers, followed by the recommended
servicing procedure to break down the most likely cause of
trouble in order of probability.

Circuit diagrams for specific television receivers are present
throughout, extracted from various manufacturers, but not too
many circuit diagrams from Japanese sets are given.

There are 13 chapters, covering just about all the aspects of
television receivers, and the last four chapters form a section
devoted to colour.

This book gives fairly thorough coverage of its subject, but
assumes a certain amount of prior knowledge, and therefore
is not suitable for anyone seeking to understand television for
the first time. As the name suggests, it is for the technician who
already understands the overall functioning of a television,
but perhaps needs a reference source for the more subtle varia-
tions he may encounter with different sets, and the appropriate
servicing routines. M.A.
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15240 WATTS!
HY5
Preamplifier

HY30
15W into sn

HY50
25W into sn

HY120
60W into EM

HY200
120W into sn

The HY5 is a mono hybrid amplifier ideally suited for all applications. All common
input functions (mag Cartridge, tuner, etc.) are catered for, internally, the desired
function is achieved either by a multi -way switch or direct connection to the
appropiate pins. The internal volume and tone circuits merely require connecting
to external potentiometers (not included). The HY5 is compatible with all I.L.P.
power amplifiers and power supplies. To ease construction and mounting a P.C.
connector is supplied with each pre -amplifier.
FEATURES: complete pre -amplifier in single pack; multi -function equalisation: low noise; low
distortion; high overload: two simply combined for stereo.
APPUCATIONS: hi-fi: mixers: disco: guitar and organ; public address.
SPECIFICATION: Inputs -magnetic pick-up 3rnV; ceramic pick-up 30mV: tuner 100mV: microphone
10mV; auxiliary 3-100mV; input impedance 47kO at 1kHz. Outputs -tape 100mV: main output 500rnV
R.M.S. Active Tone Controls -treble 1.12dB at 10kHz: bass ±12013 at 100Hz. Distortion -0.1%
at 1kHz: signal/noise ratio 68013. Overload-38dB on magnetic pick-up. Supply Voltage -±16-50V.

Price £5.22 + 65p VAT. P. & P. free
HY5 mounting board B.1. 48p + 6p VAT. P. & P. free

The HY30 is an exciting New kit from I.L.P. It features a virtually indestructible
I.C. with short circuit and thermal protection. The kit consists of: I.C., heatsink,
P.C. board, 4 resistors, 6 capacitors, mounting kit, together with easy to follow
construction and operating instructions. This amplifier is ideally suited to the
beginner in audio who wishes to use the most up to date technology available.
FEATURES: complete kit: low distortion; short, open and thermal protection; easy to build.
APPLICATIONS: updating audio equipment: guitar practice amplifier. test amplifier: audio oscillator.
SPECIFICATION: Output Power -15W R.M.S. into eft Distortion -0-1% at 15W. Input Sensitivity-
500mV. Frequency Response-10Hz-16kHz -3dB.
Price 042 + 65p VAT. P. & P. free

The HY50 leads I.L.P.a total integration approach to power amplifier design.
The amplifier features an integral heatsink together with the simplicity of no external
components. During the past three years the amplifier has been refined to the extent
that it must be one of the most reliable and robust High Fidelity modules in the World.
FEATURES: low distortion: integral heatsink, only five connections: 7 amp output transistors: no
external components.
APPLICATIONS: medium power hi-fi systems: low power disco; guitar amplifier.
SPECIFICATION: Input Sensitivity-500mV. Output Power -25W R.M.S. into 80. Load Impedance -
4 -160. Distortion -0,04% at 25W at 1kHz. SigneliNoise Ratio-75dB. Frequency Response-10Hz-
45kHz - 3dB. Supply Voltage- ± 25V. Size -105 x 50 x 25mm.

Price £6.82 + 85p VAT. P. & P. free

The HY120 is the baby of I.L.P. 's new high power range, designed to meet the most
exacting requirements including load line and thermal protection this amplifier sets
a new standard in modular design.
FEATURES: very low distortion. integral heatsink. load line protection. thermal protection. five
connections: no external components.
APPLICATIONS: hi-fi; high quality disco; public address: monitor amplifier: guitar and organ.
SPECIFICATION: Input Sensitivity-500mV. Output Power --60W R.M.S. into en. Load Impedance -
4 -1611. Distortion -0.04% at 60W at 1kHz. SignerNoise Ratio-90dB. Frequency Response-lOHz-
45kHz -3dB. Supply Voltage- ± 35V. Size -114 x 50 x 85mm.

Price £1564 + £1.27 VAT. P. & P. free
The HY200 (now improved to give an output of 120 watts) has been designed to
stand the most rugged conditions such as disco or group while still retaining true
hi-fi performance.
FEATURES: thermal shutdown: very low distortion: load line protection, integral heatsink, no external
components.
APPUCATIONS: hi-fi: disco monitor: power slave, industrial: public address.
SPECIFICATION: Input Sensitivity-500mV. Output Power -120W R.M.S. into 80. Load Impedance -
4 -16n. Distortion -0.05% at 100W at 1kHz. Signal/Noise Ratio-96dB. Frequency Response-10Hz-
45kHz -3dB. Supply Voltage -±45V. Size -114 x 50 x 85mm.
Price £23.32 + £1.87 VAT. P. & P. free

HY400 designed for high power disco or public address applications. If the amplifier is to
The HY400 is 1:L.P.'s  'Big Daddy of the range producing 240W into 4Cli It has been

be used at continuous high power levels a cooling fan is recommended. The amplifier

240W into 4n includes all the qualities of the rest of the family to lead the market as a true high
power hi -fidelity power module.
FEATURES: thermal shutdown, very low dirtortion. load line protection; no external components.
APPLICATIONS: public address, disco: power slave. industrial.
SPECIFICATION: Output Power -240W R.M.S. into en. Load Impedance -4-1611. Distortion -0.1%
at 240W at 1kHz. Signal/Noise Ratio-94dB. Frequency Response-10Hz-45kHz -3dB. Supply Voltage
-±45V. Input Sensitivity-500mV. Size -114 x 100 x 85mm.
Price £32.17 + £2.75 VAT. P. & P. free

POWER SUPPLIES: Mal -suitable for two HY3Os £5.22 + 65p VAT. P. & P. free. PSUSO-suitable for two HY508 f.482 +
85p VAT P. 8 P free. P11117711-suitabis for two HY120s 613.75 + 1.10 VAT. P. 8 P. free. PSU90-suitable for one HY200
£12.65 - El 01 VAT. P. & P. fres. PSUllie-sultable for two HV200s or one HY400 £2310 + £1.85 VAT. P. 8 P. free.

I.L.P. Electronics Ltd., Crossland House, Nackington, Canterbury, Kent CT4 7AD

TWO YEARS' GUARANTEE ON ALL OUR PRODUCTS
Please supply
Total Purchase price
I Enclose: Cheque 0 Postal Orders 0 Money Order 0
Please debit my Access account 0 Barclaycard account 0

Account number
Name and Address

I.L.P. Electronics Ltd.
Crossland House,
Nackington, Canterbury
Kent CT4 7AD
Tel (0227) 63218

Registered alf,e Nr /0ki263C Signature
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MINI CONSOLES
Ideal for small desk control

panels and consoles.
Moulded in orange, blue,

black and grey ABS.
Incorporates slots for holding

1.5mm thick pcb's
Aluminium panel sits recessed into front of console

and held by screws running into integral brass bushes.

MC 161 x 96 x 58mm £1.53 (1-9) £1.50 (10+)
MC 215 x 130 x 75mm £2.20 (1-9) £2.17 (10+)

Add 25p per £1 order value for Post & Packing

ECONOMY QUALITY LED's
50 for only £5 - 100 for only £9

Mixed bags, all sizes, various colours

Stop wasting time soldering
The NEW MW BREADBOARD accepts

Transistors, LED's,Diodes, Resistors, Capacitors
and all DI L packages with 6 to 40 pins

Includes slot -in Component SupportBracket and has over
400 individual sockets, plus Vcc and Ground Bus Strips

Price £9.72 (includes VAT & P.P.)

SC BOXES (square corners)
Easily drilled or ounched,
orange, blue, black and grey
ABS. Incorporate slots for
holding 1.5mm thick pcb's.
Aluminium panel sits recessed
into front of the box and
held by screws running into
integral brass bushes.

SC 85 x 56 x 35mm 80p (1-9) 77p (10+)
SC 111 x 71 x 48mm £1.07 (1-9) £1.04 (10+)
SC 161 x 96 x 59mm £1.49 (1-9) £1.46 (10+)

Add 25p per £1 order value for Post & Packing

FULL SPECIFICATION LED's
ID ix" 405 Ins" AD Ls

Red (specify size) 75p per pack
Green, Yellow, Orange (specify size) £1.20 per pack

(Each pack contains 5 LED's, Mounting Clips and Data)

TYPE MP NEON INDICATOR
Supplied with resistor for 240 Volts operation

150mm leads, held in 6.4mm hole by nut

raaas 1)1)11111111
s.

Red, Amber, Clear, Opal 20p each

TYPE A NEON INDICATORS
Supplied with resistor for 240 Volts operation

Held in 8mm hole by plastic bezel
150mm wire leads

Red, Amber, Clear, Opal
Green

1
AA AG AH
19p each
28p each

12 VOLTS MINI HAND DRILL
Ideal for drilling pcb, chassis
etc as well as model making.
Supplied with 2 collets that
accept tools and drills with
3/32" and .050" dia. shanks.
£7.56 (Includes VAT & P.P.)

SEVEN SEGMENT DISPLAYS

Economy Quality
Common Anode - 0.3" - Left Decimal

Red, Yellow and Green @ 45p each

Full Specification
Common Anode - 0.3" - Left Decimal

Red @ 98p each
Green and Yellow @ £1.35 each

(Data supplied with Full Spec.
displays only)

240 VOLTS MINI HAND DRILLS
Ideal for drilling pcb's, chassis
etc as well as model making.
Supplied with 3 collets that
accept tools and drills with
1mm, 2mm and 1/8" dia
shanks.
£9.72 (includes VAT & P.P.)
Accessory tools... 5 Burrs, 1mm, 2mm, 1/8th Drills,
3/32" Collet Price £1.75 (Includes VAT & P.P.)

Quantity quotations on request

P.P. Note Unless included in price add 25p Post & Packing
for orders totalling under f10. All prices include VAT and
are valid in UK only for 2 months from journal issue date

r Michael Williams Electronics
47 Vicarage Av. Cheadle Hulme, Cheshire SK8 7.6)

RC 100 x 50 x 25mm
RC 112 x 62 x 31mm
RC 120 x 65 x 40mm
RC 150 x 80 x 50mm
RC 190 x 110 x 60mm

RC BOXES (round corners)

Easily drilled or punched,
orange, blue, black and grey

ABS. Incorporate slots for
holding 1.5mm thick pcb's.

Close fitting flanged lids
held by screws running into

integral brass bushes.

51P (1-9)
59P (1-9)
68p (1-9)
77o (1-9)

£1.33 (1-9)

49p (10+)
52p (10+)
62p (10+)
74p(10+)

£1.30 (10+)
Polystyrene version

in grey only with no slots, no integral brass bushes
RC(P) 112 x 61 x 31mm 35p (1-9) 32p (10+)

Add 25p per £1 order value for Post & Packing

SEMICONDUCTOR OFFERS ALL FULL SPEC TRANSFORMERS -6-0-6v 100mA, 9-0-9v 75mA, 12-0-12v
BC212, BC 182, BC237, BF197, BC159, ALL 8p each. RCA 50 mA 75p each. 12-0-12v 100mA 95p. 12v 500mA 95p.
2015 TO3 POWER TRANSISTOR (SIM TO 2N3055) 35p. 35v 2A AND 2.5v 2A TOROID E2.75 + 35p P 8 P. 18v 1 amp
ACY18 18p. BF200 20p. MOTOROLA MRD 3051 PHOTO RECTIFIED EI.95 + 35p P & P. 25v 2 amp El .75p + 35p P 8
TRANSISTORS 35p. N. CHANNEL F.E.T.S SIMILAR TO P. 0-12-15-20-24-30v 1 amp E3.25 . 35p P 8 P (2 amp
2N3819 18p. MOSFET SIM. TO 40673 35p. 3N140 VERSION E4.45 + 35p P 8 P). 30-0-30v IA E3.00 + 35p P
MOSFETS 50p. M203 DUAL MATCHED PAIRS MOSFETS 8 P. 25-0-25v 2A E3.95 + 35p P 8 P. 100 volt LINE
SINGLE GATE PER F.E.T. 40p. SL301 DUAL MATCHED PAIR TRANSFORMER 15 watts MAX - 0-8-150 E1.80 + 35p P 8 P.
SIL. N.P.N. POWER TRANSISTORS FT 300MHz 30p. INTEL 1.1 TRIAC XENON PULSE TRANSFORMER 30p. 6MH 3 amp
1024 BIT MOS RAMS 95p. MULLARD BB113 TRIPLE VARICAP CHOKES 30p.
DIODE 35p. MC1310 STEREO DECODER I.C.s E1.20. SWITCHES -MIN. TOGGLE, SPST 12 x 6 x 9mm 54p. D.PDT
TBA800 I.C. AMPS 90p. CD4051 CMOS 50p. MC1303N ST. 12 x 11 x 9mm 60p. DPDT CENTRE OFF 12 a 11 x 91nm 75p.
PREAMP I.C. E I .30. 741 8 PIN D.I.L. 23p. MM5316 CLOCK 4P 2W SLIDERS 20p. 6P 3W SLIDERS 30p. DPDT c,0
CHIPS £3.50. 400v 15 amp STUD S.C.R. 75p. 500v 600mA SLIDERS 20p. SPST 10 amp ROCKERS 12p. R.S. SINGLE
BRIDGE RECS, (EX. EQUIP.) 25p. 1N4002 100v IA DIODES POLE C/O PUSH -BUTTONS 45p. ROLLER MICRO SWITCHES
4p. 14005 800v I A DIODES 7p. 200 volt 5 amp SIL. 15p. MIN. MICRO SWITCHES 13 x 10 a 4mm 20p. G.P.O.
BRIDGES EX. EQUIP., 40p. CV7556 200v 150 amp STUD KEYSWITCH ASSY. 3 SWITCHES 2-3 WAY, 1-2 WAY MULTI-

'COMPUTER CHESS CHALLENGER'

'
.

.

4ar Ar *at
--asrI

MD
/*NMIr *gb,

Ril 0 .7 .
8110.7.

'we
RECS. E1.25. E.H.T. SIL. REC. 15Kv 2.5 mA, 15mm x 5mm POLE 35p. MIN. PUSH TO MAKE OR PUSH TO BREAK
85p. 7812 12v IA PLASTIC V. REGS. 95p. MIN. NIXIES ITT SWITCHES 16 x 6mm 15p. PLESSEY WINKLER STUD
5870ST 13 x 6mm FIG SIZE 85p. NIXIES ITT GN/9A 13 x SWITCHES 2 BANK, 1 POLE 30 WAY ADJ. STOP 75p.
8mm 65p. 0.2" OR 0.125" RED LEDs 12p each. MAN3A 3mm DE -SOLDERING TOOLS, PLUNGER TYPE £4.95.
LED DISPLAYS 50p. MONSANTO 4640A 0.3- 7 SEG. C. TAPE HEADS-JAP. CASSETTE MONO 90p. CASSETTE - IT'S YOU AGAINST THE COMPUTER
CATH. DISPLAYS 95p. STEREO E3.00. BSR MN1330 + TRACK DUAL IMPEDANCE (IN YOUR OWN HOME!)MICROPHONES-GRUNDIG ELECTRET INSERTS WITH REC/PLAYBACK 50p. BSR SRP9O 1 TRACK STEREO
BUILT IN F.E.T. PREAMP E1.50. CRYSTAL MIKE INSERTS REC/PLAYBACK £1.95. TD1O ASSEMBLIES TWO HEADS 1 A Microcomputer, programmed to challenge you at one of
37mm 50p. ELECTRET CONDENSER MIKES IKCI IMP. WITH TRACK REC/PLAYBACK STAGGERED STEREO WITH BUILT IN THREE levels to match and improve your game. With this
STD JACK PLUG £2.85. CASSETTE CONDENSER MIKES ERASE PER HEAD E1.20. TAPE HEAD DEMAG 240v AC unique game, there is no need to find an opponent! You simply

WITH 2.5 AND 3.5 JACK PLUGS E2.85. STANDARD £1.95- enter your moves, then 5-40 seconds later, after analysing the
CASSETTE MIKES 200 OHM IMPED. WITH 2.5 AND 3.5 JACK BUZZERS -GPO TYPE 6-12v 30p 6-12v HOOTERS 50p.

*OR

new position, the computer will respond!

PLUGS E1.20. P.A. MIKES MOBILE TYPE SOKO, THUMB MIN. SOLID STATE BUZZERS 6-9-12 24v 15MA 75p. This amazing microprocessor computer is supplied complete
SWITCH E4.20. U.H.F. T.V. TRANSISTORISED PUSH BUTTON TUNERS with Chessmen, comprehensive instructions, and mains

MORSE KEYS -PLASTIC TYPE 95p. HI -SPEED TYPE ALL (NOT VARICAP), NEW AND BOXED E2.50. adaptor; and is fully guaranteed. You can now play chess when

METAL E2.25. HI -IMP. PHONES 2K0 £1.65. AERIAL COAX POT CORES-ADJ. VINKOR 250-370 MICRO H 20p. 260 OR you are ready, day or night, without the bother of finding a
SWITCH 3 POSITION, 3 OUTPUTS, 0-30MHz, 150 watts 500 MILLI HENRY CORES 10p Etch. chess partner.

MAX. USES 50239 SOCKETS E4.95. LOW PASS IN -LINE METERS-100-0-100pa LEVEL METERS 75p. STEREO The 'COMPUTER CHESS CHALLENGER' has many other
FILTERS, 30MHz CUT OFF, 50 OHM IMP. E3.30. S.W.R. TUNING METERS 100pa PER MOVEMENT E2.75. GRUNDIG features to intrigue and excite the chess enthusiast, whether
METER, 50 OHMS IMP. WITH POWER SCALE E10.50. %TM. BATT. LEVEL METER 1mA 40 x 40mm E1.10. MIN. LEVEL young or old, including: Castling and en pa/leant, position
MARKER GEN. 300KH. STEPS TO 60MHr, SUPPLIED WITH METER 200,ua 25x 15mm 75p. FERRANTI lmA PANEL METER verification by computer memory recall. You can even set up
XTAL FOR THIS COVERAGE E7.90. 55 x 70mm E2.95. FERRANTI PANEL METER 100pa 55 x chess problems on the board!
CRYSTALS 300KHz HC6U 40p. 4.43MHz C.T.V. XTALS 45p. 70mm E3.50. FERRANTI 600v AC METER E3.95. Available by mail order post free. Price: t185.00 (SINGLE
0.1" EDGE CONNECTORS 64 Way 65p. 32 Way 40p. BOARDS-G.P.O. BOARD WITH 64, BC 107 TYPE level model available al £135.00).
RELAYS -MIN. SEALED RELAYS ALL 4 POLE CHANGEOVER, TRANSISTORS, 2 REED, 1 MERCURY RELAY ETC. £2.00. + Write or telephone now for full colour literature and claw
360 (6v DC) 45p. 7000 (24v DC) 55p. MIN. 220v AC 55p P & P. SINGLE STAGE STEREO PRE -AMP BOARDS MAX sheets.
SEALED RELAY 2 POLE C/O 45p. 240v AC SEALED RELAY I/9 700 M/V (HI -2) GAIN 26 DB 40p. 465KHz I.F. PANELS. 6 COMPUTER BACKGAMMON GAME NOW AVAILABLE3 POLE C/O 5 AMP CONTACTS 11 PIN BASE 110p. 12 VOLT I.F.T.'s 30p. BOARD WITH 14 12v N.O. REED RELAYS

- Write or 'phone for full details.4 POLE N.O. REED RELAY 20p. E2.40. BOARD WITH 6v C/O REED RELAY E1.20.
MOTORS -1.5 TO 6v DC MODEL 20p. 115v AC MIN. 3 AEROSOLS-SERVISOL SWITCH CLEANER + LUBRICANT Sinclair Microvision Pocket Television -Write or 'phone for full
R.P.M. WITH GEARBOX 30p. 240v AC SYNCH. MOTOR 8ozs 55p. FREEZER 6ozs 50p. GEAR CLEANER 6 TAR details.

1/5TH R.P.M. 65p. 240v AC SYNCH. MOTOR 1/24TH. R.P.M. REMOVER 14on 85p. We offer SEIKO watches at discount prices - SAE.
65p. SOLENOIDS -240v AC 45p. 12v DC H DUTY 74.240v We accept company purchase orders by telephone. Scientific
BOXES -BLACK A.B.S. PLASTIC WITH BRASS INSERTS AND AC LARGE 251bs PULL 4" TRAVEL 13.25 + 50p P d P. calculators - all brands - supplied at discount prices - SAE.
LID, 75 x 56 x 35mm 40p. 95 x 71 x 35mm 49p. 115 x 95 a POSTAGE 30p UNLESS OTHERWISE SHOWN (EXCESS GEMINI ELECTRONICS
36mm 57p. GREY POTTING BOXES WITH LUGS, 23 x 48 a POSTAGE REFUNDED WITH ORDER). OVERSEAS POST AT
23iorn 11p. 38 x 52 x 25mm 13p. 60 a 80 a 42mm 28p. COST. VAT INCLUDED IN ALL PRICES. 3 Branksome Avenue, Prestwich,

Manchester M25 5AG.
ORDER ADDRESS: Tel : 061-773 4467.
PROGRESSIVE RADIO 31 CHEAPSIDE, LIVERPOOL 2.051.236 0982 EXPORT ORDERS WELCOME
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Marshall'
Call ,n and see us 9-5.30 Mon -Fri 9-5.00 Sat Trade and export enquines

A. MARSHALL (LONDON) LTD. DEPT. P. E.
LONDON -40-42 Cricklewood Broadway NW2 3E T

Tel. 01-452 0161. Telex 21492
LONDON -325 Edgware Rd W2. Tel: 01-7234242/3
GLASGOW -85 West Regent Street G2 20D

Tel: 041-332 4133
BRISTOL -1 Straits Parade. Fishponds Rd BS16 2L0

Tel 0272 854201

CATALOGUE

TOP 400 SEMICONDUCTORS FROM THE LARGEST RANGE IN THE U.K.
EXPRESS M.O. SERVICE BY RETURN POST -all Please add VAT to your order P & P. 40p

orders received despatched same day on stock Items
29696
29697
29698
29699
29706
297064
214708

29709
214718

297184
297204
29914
29916
29918
29929
29930
291131
2141132

291613
291711
291893
292102
2112218
2922184
292219
2922194
292220
292221
21422214
292222
2112222A
214368
292369
2923694
292646
2142647
2112904

2929044
2142905
21429054
292906
21429064
292907
2929074
292924
292925
293019
293053
293054
293055
293390
293391
2933914
293392
293393
293394
293439
293440
283441
283442
293636
2936384
293639
293641
293702

0.35
0.30
0,62
055
0.21
231
0.28
250
0.27
0.50
0.80
0.35
0.30
0.36
0.25
0.26
0.30
0.37
0.30
0.30
0.38
11.N
033
037
0.35
0.36
035
0.25
0.26
0.25
0.25
0.25
0.25
0.25
0.75
1.40
0.33
0-37
0-37
931
0.20
0.35
0.25
0.25
0.15
0.17
0.55
226
0-60
0.70
020
0.30
0.20
0.16
0.15
0.15
0-u
0-64
0.11
1.35
0.16
0.11
0.30
0.20
0.13

2113703 0.15
2113704 0.15
293705 0.15
293706 0-16
293707 0.18
293708 0.13
293709 0.15
293710 0.16
293711 0.18
2143712 1.2e
293713 2.30
293714 2.45
293715 2-55
2743716 3.00
293771 1.95
293772 200
2743773 2.00
293789 2.90
293790 3.10
293791 3.10
2743792 3.50
2813794 0.211
2713819 0.31
2931320 0.31
293823 0.80
293904 0.21
293906 0.22
294036 0.17
294037 0.55
294058 0.20
280359 0.15
284060 0.20
284061 0.17
294062 0.10
294126 0.17
2814289 0.20
2944919 0-65
294920 0.75
294921 0.50
294922 0.55
294923 0.70
295190 0.80
295191 0.70
295192 0.75
295195 0-10
295245 0.34
285294 0.40
285295 0.40
2145296 0.40
295298 0.40
295447 0.15
295448 0.15
295449 0.19
295457 0.32
295458 0.33
295459 0.21
295484 0.34
2715486 0.31
296027 0-88
296101 0.45
296107 0.42
296109 0.50
296121 0.31
296122 0.41
296123 0.43

2746126
40361
40362
40363
40406
40407
40408
40409
40410
40411
40594
40595
40673
AC126
AC127
AC128
AC151V
AC152V
ACI53
ACI53K
ACI76
AC176K
ACI81K
Ad ale
ADI61
AD162
AF106
91109
AF124
AF125
AF126
AF139
AF186
41200
AF239
AF240
AF279
41280
BC107
BC108
BC109
BC113
BC115
BC116
BC116A
BC117
BC118
8C119
8C121
BC132
BC134
BC135
BCI36
BC137
BC140
BC141
BC 142
BC143
BC147
SC148
EIC149
BC153
BC154
BC157
BC158

0.45
050
0.55
1.30
0-60
0.52
0.75
0.75
0.73
2.25
0.110

0.90
0.75
0.45
0.45
0.45
0.40
950
0 -SS
0.35
0.50
0.65
0-60
0.10
1.00
1.00
055
0.75
0.65
0.65
0.65
0.69
0.50
1.ao
0.65
1.14
280
0.65
0.15
0.15
0.15
0.20
0.30
0.19
0.20
0.22
0-20
0-30
0.45
0.30
0.20
0.20
0.11
0.20
0.35
0.10
0.30
0.30
0.12
0.12
0.14
0.27
0.27
0.14
0.14

BC159
BC160
BC161
BC167
BC1613

BC169
BC170
BC171
8C172
80177
E1C178
BC179
9C187
9C162L
BC183
BC183L
BC184
BC184L
BC207
60206
9C212
8C2121
6C213
8C213L
BC214
BC214L
BC237
BC238
BC239
BC251
BC253
BC257A
BC258A
BC259B
scam
BC262B
BC283C
BC300
BC301
BC303
BC307
BC300
BC309C
8C317
0C318
BC327
BC328
BC337
BC338
BC547
BC 548
BC549
BCY30
BCY3I
BCY32
BCV33
BCY34
BC0311
BCY42
BCY58
BCY59
BCY70
BCY71
BC072
60115

0.16
0.35
0.35
0.13
0-12
0.12
0.11
0.16
0.14
ON
0.20
0.23
0.11
0.14
0.11
0.14
0.12
0.14
0.16
0.16
0.14
0.17
0.14
0.16
0-16
0.17
0.14
0.12
0.15
0.16
0.22
0.17
0.17
0.11
0.24
0.24
0.30
0.40
0.40
0.50
0.15
0.15
0.15
0.14
0.13
0.20
0.19
0.10
0-21
0.12
0.12
0.13
1.00
1.00
1.00
1-00
1.00
2.00
0.40
0-25
0-25
0.25
0.26
0.24
0.10

BD116
EID131
BD132
80135
60136
813137
BD138
BD139
EID140
BD239
80240
80241
130242
80243
B0244
60245
130246
80529
80530
BDY20
BFI15
8E121
61123
5E152
61153
8E154
BF159
BF160
BF161
BF166
6E167
8E173
6E177
8E178
8E179
81180
8E181
61162
61183
BFI84
131185

8E194
8F195
BF196
BF197
BF198
BF200
BF225J
BF244
BF245
BF246
13F254
61255
8E257
13E258
6E259
8E459
61E939
BES214
431528
131561
BFS96
EIFX29
61530
OF 084

1.20
0.51
0.S4
0.37
0.37
0.31
0.38
0.41)
0.40
0.443

0.45
0.45
0.50
0.10
0.65
0.65
0.66
0.45
0-50
1.00
0.31
0.55
0.15
0.25

0.25
0.25
0.35
0-X
040
0.40
0.35
0.35
0.25
0.25
0-30
0.35
0.35
0.35
0.40
0.18
0.35
0.15
0.15
0.15
0.17
0.14
0.35
0-25
0.35
0.40
0-75
0.24
0.24
0.37
0.45
049
0.50
0.21
2.80
1.31
0.36
030
0.35
0.35
0-35

61085
131087
BFX88
BFX89
BEY50
BFV51
BEY52
131053
BFY90
69939
85%20
BSX21
60105
BU205
ME0402
ME0404
ME0412
ME4102
ME4104
MJ4111

64.1490

MJ491
MJ2955
MJE340
MJE370
MJE371
MJE520
AAJE521

AAJE2955
MJE3055
MP8111
MP8112
MP8113
MPP102
MPS405
MPS406
MPS412
MPS455
MPS456
MPSUO5
MPSUO6
MPSU55
MPSU56
TIP294
TIP29C
711304
TIP30C
711314
01131C
TIP32A
TIP32C
TIP334
TIP33C
TIP34A
TIP34C
TIP35A
11136A
TIP41A
TIP41C
TIP42A
TIP42C
TIP2955
TIP3055
TIS43

TTL FROM NATIONAL, ITT, TEXAS, SIGNETICS, ETC.
7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411

0 16
015
016
0.16
028
0213
074
0.74
0.29
029
021
029

7412
7413
7414
7416
7417
7420
7423
7425
7427
7430
7432
7437

021
051
1.80
0.61
0.61
021
039
0.39
0-39
021
039
0-55

7438
7440
7441
7442
7445
7446
7447
7448
7450
7451
7453
7454

0-55
021
1.03
078
1-35
123
1.17
1.17
029
0.21
021
0.21

7460
7470
7472
7473
7474
7475
7476
7480
7481
7482
7483
7484

021
046
038
043
043
0511
051
045
110
087
133
085

7485
7486
7490
7491
7492
7493
7494
7495
7496
7497
74100
74107

185
041
061
095
061
061
0-74
078
1.03
460
1 15
043

74118
14119
74121
74122
74123
74141
74145
74151
74153
74154
74155
74157

0.35
0.30
0.30
1.25
0.25
0.25
0.32
0.34
1-20
0.50
0.33
0.32
1.40
2.20
220
0.15
0.20
0.10
0.10
1.55
1.35
1.15
1.25
0-N
0-51
0.10
0.45
0-65
1.50
0.95
0.35
040
0.45
0.30
0.25
0.25
0.40
0.25
0.25
0.50
0.56
0.55
0.60
0.45
0.60
0.49
0.65
050
0-66
0 55
0-75
0.10
1.10
0.90
1.20
2.50
2.80
0.71
0.90
0.80
1.00
0.85
0.55
0.43

110
1

049
045
058
1 03
1 06
111
111
I05
111
098

NEW 1977
AUTUMN

COMPLETE BUYERS GUIDE TO
ELECTRONICS COMPONENTS

PRICE 35p POST PAID. 25p FOR CALLERS

INTEGRATED CIRCUITS
CA3020 2.00
CA30204 2-29
CA302813 1.29
CA30284 1-01
043030 1.35
CA3030A 2.00
CA3045 1.40
CA3046 0-69
CA3048 2.23
CA3049 1.60
CA3050 2.42
CA3052 1.112

CA3080 0.75
CA3080A 1.11
CA3086 0-10
CA3088 1-70
CA3089 2.52
CA3090 4.00
CA3130 0.91
LM301A 0.67
LM3019 0-40
LM304 2.45
LM3079 0.65
LM308C 1.12
LM308N 0.15
LM309K 1.85
LM317K 3.00
LM31871 2.26
LM323K 6.46
LM339N 1-40
LM348N 1.50
LM36074 2.75
LM37074 2.50
LM371N 1.70
LM37274 1-70
LM373N 2-80
LM3704 3.10
LM377N 1.75
LM378N 2.25
LM379S 3.95
LM380-8 0.90
LM380N 0.98
LM381A 2-45
LM381N 1.80
LM382N 1.25
LM384N 1-45
LM386N 0.40
LM387N I-05
LM388N 0.90
LM389N 1.00
LA4702C 0.75
LM709C 0.65
LM7099 0.45
LM710C 0.60
LM71074 010
LM723C 0.15
LM7234 0-75
LM741C 0.65
LM741N 0.40
LM741-8 0.40
LM747N 0.90
LM748-8 0.55
LM7489 0,55

74160
74161
74162
74163
74164
74165
74167
74174
74175
74176
70180
74181

1 41
1.41
141
1-41
1 23
1 23
370
1 52
1 35
1 23
1 77
370

LM1800
LM1808
LM1828
LM330IN
LM33029
LM3401
LM3900
LM3905
LM3909
MC1035
MC1303
MC1304
MC1305
MC1310
MC1327
MC1330
MC1350
MC135I
MC1352
MC1458
NE555
NE556
NE565
NE566
NE567
SAS560
SAS570
00421
760019
760039
760086
76013N
7601360
760180
760239
7602360
760339
76110N
761159
76116N
761319
762269
76227N
76228N
76530N
765329
76533N
765449
765459
765469
76550N
76552N
76570N
76620N
76650N
76660N
76666N
AA3204
A43504
44521
44522
AA550

TAA560

1.76
1.92
1.75
0.15
1.40
0.70
0.75
1.10
0.44
1.75
1.03
1.40
1.40
1.91
1.54
1.00
0.00
1-20
1.10
1.91
0.40

. So

1.30
1.65
1.40
2.50
2.50
1-25
1.30
2.20
1.50
1.50
1.30
1 50

1.45
1.26
2.20
1. Is
1.51
1.66
120
1.74
1.20
1.41
0-75
1.40
1.20
1.44
1.65
1.44
0.35
0.55
1.68
0-90
1.10
0.60
0.92
1.00
2.40
1.00

.1-90
0.60

1 75

74182 100
74184 246
74185 246
74188 2.00
74189 399
74190 1 91
74191 1 91

TAA570
TA46118
TAA621
TAA6614
7446610
TAA700
TAA930A
79.69308
740100
TBA120
TBA400
764500
TBA5000
764510
TE145100
TBA520
7645200
764530
7645300
764540
1645400
TBA550
TBA5500
7645600
TBA570
TBA5700
TBA64113
764651
TBA700
7647000
TBA7200
TBA750
7647500
764800
TBAS10
784620
704920
TBA9200
764940
TCA160C
TCA16013
TC4270
TC42804
TC42904
TCA42OA
104730
TCA740
TC4750
TCA760
TC4/300

044170
U44180

2.30
1.85
2.15
1.50
1 -SO

3,91
130
1.30
1.95
0.75
2.00
2.21
2.30
2.21
2.30
2.21
2 30
195
2.07
2-21
2.30
3.13
3-22
3.22
1.29
1-31
2.70
2.20
1.52
1.61
2.30
1.98
2-07
1.25
1.25
1.25
2-93
2.99
1.62
1.65
1,61
2.25
1.30
3.13
1-54
3.22
2-76
2.30
135
3.13
200
2.00

VAT
All our prices

EXCLUDE
VAT Please

enclose
40p for post
and packing

74192 1.62
74193 1.62
74196 1 17
74197 1 17
74198 293
74199 293

CMOS -
LOW POWER
SCHOTTKY

CD4000 0-24
CD4001 0.24
CD4002 0.24
C04006 1.34
CD4007 0.24
CD4008 1-10
CD4009 0.64
004010 0.64
C04011 0.24
CD4012 0.24
CD4013 0.80
004014 1.15
C04015 1.15
004016 0.64
CD4017 1.15

CD4018 1.15
CD4019 0.70
CD4020 1.27
CD4021 1.15
004022 1.10
CD4023 0.24
C134024 0.64
CD4025 0.24
004027 0.64
CD4020 1.02
CD4029 1-30
C134030 0.64
CD4031 2.63
CD4035 1.34
CD4037 1.10

C04041 0.96
CD4042 006
CD4043 1.15
CD4044 1.01
CD4045 1-59
004046 1-S2
C04047 1.15
004049 0.64
C04050 0.84
004051 1.04
C04052 1.06
004053 1.00
C04054 1.32
CD4055 1.50
CD4056 1 50

CD4059
CD4060
CD4063
C04066
C04067
CD4068
C04069
Cobb00
0134071
CD4072
CD4073
CD4975
004076
C04077
CD4078

5.45
1.27
1.25
0-80
4.25
0.25
0.25
026
0.25
0.25
0.25
0-26
1.17
0.66
0.25

CD4081 0 25
C04082 0.25
C04085 0.111
C04086 0.91
CD4089 1.77
C04093 0.91
C04094 2.13
004095 1-19
C04096 1.19
CD4510 2.00
CD4511 2-30
CDA516 2.00
CD4518 2.00
CD4520 2.00
74LSOO 0.24

74LSO2
74LSO4
74LS08
74LS10
74LS13
74LS32
74L542
741.574
74LS75
74LS76
74LS85
74L586
74L590
74L592
74LS10/

0.24
0.27
0.24
0.24
0-65
0-2S
1.01
0.48
0.60
0.40
1.45
0.46
1.00
0.90
0.44

74L5138 1,27
74L5151 1.13
14L5157 1-17
74LS160 1.40
74LS161 1.50
74LS162 1-50
74LS162 1-50
74LS163 1-50
74LS164 1.52
74L5173 2.35
74L5174 1.20
74LS175 1.20

74LS

..al. a/C.A.0 MICROPROCESSOR SYSTEMS
SC/MP INTROKIT 168.61 exc VAT

Complete with explanatory data and applications --
National

introduction to SC MP microprocessing- SC /AA p
Board. CPU. Memories. Crystal. etc Built-in debugging

National Semiconductors
KEYBOARD KIT 89514 sac VAT
Budget VDU for Teletype substitute The calculator type
keyboard provides manual 1.0 commands to Introkil
Full instruction and data supplied with each kit Com-
plete kit easily Metes with cassette recorder

DATA PACK 11.90
46 instruction set
B bit Instate bus 1.0
12 bit trmIste address
512 00410 rom
256 bytes ram

MICROPROCESSOR COMPONENTS
RAMS
2101-29 3.00
2102-29 2.10
2111-2N 3.00
2112-29 3.00
74CO200 12.57
ROMS
MM5214 26-93
PROMS
743207 5.33 FAMILY
MM52040 10'50 19580808
170240 10'00 DP82249

27000 35.00 DP82280
scimp2U,1450,00

,SP84 60011

TRISTATE
BUFFERS
DM81LS95
DM81 LS96
DM81 LS97
DM81 LS98

1.45
1.45
1.45
1-45

2102-2N
RAM £223
FOR 25 epcs.

8080A8 BIT MICROPROCESSOR

N Channel 40 Pin C1200
Clock Gewalt,' 16

System Controller C7.30
8 Bit Port C308
SC MP CPU chip C1200
N -channel CPU chip C1000

I7
CLOCK MODULES

DIGITAL

130., and tinned --requires only switches and

manslormar
to complete 12 or 249r alarm

odule.
MA1002F 12111 5in display 10 90
MA100211 249 Sin display 10 90
MA1010E 12nr 114.n display 14.50
MA1010G 24hr Olin display 14 SO

CAR CLOCK MODULE
m41003 Built Tested 12V supply and
foundign module Crystal controlled 17.50

Data Sheet 5p L SAE
NATIONAL

"What is a microprocessor?" -a complete
teach yourself course with cassettes + brochure
£9.95 incl. VAT & P. & P.

NEW SC/MP RETROFIT KIT
Now available from stock this new SC/MP/11
Retrofit, which enables existing SC/MP Intro
Kit users to evaluate the new SC/MP/11
Microprocessor --£18.40 excl. VAT. P.& P.75p.

TRIACS Plastic Peck 4009
6 amp 0.71 16 amp
8 amp 0 75 20 amp

12 amp 0,15 25 amp

THYRISTORS Plastic CMS III

4

amp 1009 0.35 amp 1009 0.43 amp 100y 0 57
amp 2001/ 0.10 8 amp 2009 0.441 12 amp 2009 0 55
ampao 400V 040 8 amp /009 0-52 12 amp 4009 0 al

4

VOLTAGE REGULATORS
500m4 10202 Positive 5. 12. 15. 24V 9.10
500mA T0202 Negative 5. 12. 15. 249 1.05
1 amp 10220 Positive 5. 12. 15. 249 1.35
1 amp TO220 Negat.ve 5. 12. 15. 249 2.40

OPTOELECTRONICS
Full range of 0pto
devic4re In our new
catalogue

TIL 209 0 12 100 
LEDS 3enrn Red lip Gr paps'v rap

5mm Red 21p Gr alp V 20e
Many TOM types timed in our new catalogue
solarcelos horn twitchesetc
DISPLAYS 7 Segment

Single Double Display
DL704 2.00 3.00 0 3.n Red
DL707 2.00 3.00 0 3.n Red
DL 747 2.50 340 0 5, Red
DL15(1 2 50 3 40 0 5n Red

110
1.20
200

74C MOS
74C00 0.26
74CO2 0.26
74C04 0-26
74C08 0.26
74C10 0.28
74C20 0.213
74C30 0.26
74C32 0.24
74C42 0.92
74C48 2.30
74C73 0. Se
74C74 0.59
74076 0.611

74C85
74C86
74C90
74CI07
74C151
74C157
740160
74C161
74C162
74C163
74C164
74C173
74C 174

1,90
0.68
0.91
1.30
2.62
2-3S
1.16
1-18
1.18
1.18
1.94
0.95
0.95

LOW PROFILE
SKTS

8 PIN 0 -IS
14 PIN 0.16
16 PIN 0 III

18 PIN 0-27
22 PIN 030
24 PIN 0.35
28 PIN 045
40 PIN 0.55

NEW FROM MOTOROLA 6800
A buildit-yoursell microcomputer designed around
the Motorola M6800 Family.
Kit contains CPU (MC64300) 256  8 RAM (2  MCM6810
AP). 2  P I A imcnini 1  ACIA (MC6850) Hex -
Keyboard. Hex -display interface to audio cassette. plus
all additional components Easily expanded Single 5V
supply needed 72 basic intructions

Practical Electronics February 1978 451



TRANSFORMERS
ALL EX -STOCK -SAME DAY DESPATCH. VAT 8%

12 AND 24 VOLT OR 12-111-12V
PRIMARY 220-240 VOLTS

Amps
Ref 12V 24V P I P

05111 0 25 221 045
213 1 0 0.5 2.64 0 78

71 2 1 341 078
18 4 2 403 0-%
70 6 3 535 0 96

108 8 4 6 SS 1.14
72 10 5 7 67 114

116 12 6 8 19 1 32
17 16 8 10 39 I 32

115 20 10 13 18 208
187 30 15 17 OS 208
226 60 30 26 82 OA

34 VOLT RANGE
Prim 220/240V Sec 0-12-15-20-24-30V

Voltages available 3. 4, 5. 6, 8, 9, 10. 12,
15, 18, 20, 24, 30V 15-0-15V, 12-0-12
Ref Amps £ P & P
112 05 264 078
79 1 0 357 096
3 2 0 5 27 096

20 30 6 20 1 14
21 40 7 44 1.14
51 5 0 837 1 32

117 6 0 9.92 145
88 8 0 1173 1 64
89 100 13 33 1 84

SCREENED MINIATURES
Ref mA Volts £
238 200 3-0-3 1-N
212 1A, IA 0-6, 0-6 2 85
13 100 9-0-9 2 14

235 330, 330 0-9, 0-9 1 99
207 500, 500 0-8-9-, 0-8-9 2 59
208 1A, IA 0-8-9, 0-8-9 3 53
236 200, 200 0-15, 0-15 1 99
214 300. 300 0-2C, 0-20 2 50
221 700 (DC) 20-12-0-12-20 3 41
206 1A, IA 0-15-20-0-15-20 4 63
203 500, 500 0-15-27-0-15-27 3.99
204 1A, 1A 0-15-27-0-15-27 S 39
S112500 12-15-20-24-30 2 64
239 50 12-0-12 199

P&P
0 55
0-78
038
0 38
0.71
0.78
0 38
0.78
0 78
0 96
0 96
0 96
0 78
0.38

50 VOLT RANGE
Prim 220/240V Sec 0-20-25-33-40-50V
Voltages available 5. 7, 8. 10. 13, 15. 17.
20. n.40,25-0-25 or 2 -0-20V.
Ref Amps £ P & P
102 0 5 41 0.78
103 1 0 57 0 96
104 20 OS 1 14
10" 3 0 45 1 32
106 4 0 I 70 150
107 6 0 I 62 164
118 8 0 1 OS 208
119 10 0 21 70 OA

MAINS ISOLATING (SCREENED)
PRIM 120/240 SEC 120/240 CT

Ref VA (Watts) £ P & P
07° 20 4 40 0 79

149 60 620 0 96
150 100 7 13 1'14
151 200 11 16 1 50
152 250 12 79 1 84
153 350 16 28 1.84
154 500 19 15 2,15
155 750 20  06 OA
156 1000 37 20 OA
157 1500 45 40 OA
158 2000 54 80 OA
159 3000 79 05 OA

This model 115 or 240V only.

60 VOLT RANGE
Prim 220/240V Sec 0-24-30-40-48-60V

Voltages available 6, 8, 10, 12. 16, 18, 20,
24, 30, 36. 40, 48, 60V or 24-0.24V or
30-0-30V
Ref Amps £ P 4 P
124 0 5 3 88 096
126 1 0 558 0 96
127 20 760 114
125 30 10 54 1 32
123 4 0 12 23 1 84
40 5 0 13 95 1 64

120 60 1566 1 84
121 8 0 20.15 OA
122 10 0 24 03 OA
189 12 0 27 13 OA

PLUS
HIGH DUALITY MODULES
10 WATT RMS AMPLIFIER
25 WATT RMS AMPLIFIER
35 WATT RMS AMPLIFIER
125 WATT RMS AMPLIFIER
PREAMP for'. -10 WATT
PREAMP tor 25 WATT
POWER SUPPLIES 5-10 WATT
POWER SUPPLIES 25 WATT
TRANSFORMER 5-10 WATT

'TRANSFORMER 25 WATT
P & P Modules 35p Trans. 96p
*VAT 8%

TEST M
AVO 8 MK5 C71.00
AV() 71 229.00
AVO 73 £38.10
AVO MM5 £24.00
AVO TT169 In circuit
Transistor Tester 00.00
U4315 Budget Meter 20k0/
VDC 2kNAC 1000V AC/DC
2 5A AC/DC 500k res.
robust steel case & had C14.95.
VAT 8% P8 P C1.15.
AVO cases and accessories.
Wee Megger C50.80

OSCILLOSCOPE CL E.
10 meg 3 inch tube £8800.Carnage

C4.00, 8% VAT

BRIDGE RECTIFIERS

200V 2A f045
400V 2A C0-55
200V 4A f0-155
400V 4A E080
400V 6A E105
500V 10A' C2-35
VAT 121Y.'VAT 81515p P & P

Audio Kit 25W . 25W. Completeth
with instructions C27 55. Teak cab

mounting hardware C9-20.
PS PEI 73 VAT 124%

Magnetic to Ceramic Cartridge Convertor
operating voltages 20-45V only £3.80,
VAT 12.116P P 35o

f3.66
£4 57
F6.95

.115.95
5670

E13.88
CI 30
£3.75
£3.09
£479

VAT 124%

MUSIC CENTRE CHASSIS
FM (STEREO) MW LW 5 15W
Music Power Inc Tran
Price f 22 50 Inc VAT P & P Cl -50
VAT 8%

STEREO 30 - Complete chassis in 7  7W rms
amp. pre amp, power supply front panel knobs.
(Need Trans 01905. Trans £3.57. Teak cab.
£5.25. P & P C1-02. VAT 124%.

B ATTERY ELIMINATORS
'lees H Saltsrler

Stabilised 3-6-7-9V/400mA
multiplug outlet E5 95

3300 fits into 13A socket 6-7 5-9V
300mA multiplug outlet El 30
B12-3, 4. 5, 6. 7 5. 9. 12V 500mA

DC plug outlet 2542
VAT 124% P & P 55p

AUTO TRANSFORMERS
Ref VA (Watts) volts £ P & P
.113 15 0-115-210-240 2 48 0 71
64 75 0-115-210-240 3.95 0 96

4 150 0-115-200-220-240 5 35 0 96
67 500 0-115-200-220-240 10.99 1.64
84 '000 0-115-200-220-240 18 76 2 08
93 1500 0-115-200-220-240 2336 OA
95 2000 0-115.200-220-240 34 62 OA
73 3000 0-115-200-220-240 46 00 OA

BLOB BOARD (Pack of 3)
2 5" 5 1" 1" or 2 5" 5 1" 15"
3 75" 5" 1" or 3 75" 5" -15"
10" 6" 1" or 10" 6" 15"
IC Range
4 8" 3 2" £0 96. 4 75" 7 5

P&P 35p VAT 8%

£07S
£1 14
£3 78

£2 13

DECS SOLDERLESS
B READ -BOARDING

S Dec 70 contacts £1.98
T Dec 208 contacts £363
U Dec "A" for I.C.s etc £399
U Dec "8" for I.C.s etc C699
VAT p% P & P 40p

ELECTRONIC CONSTRUCTION KIT
10 projects (including electronic organ). No
soldering needed E7 29. VAT 8% P & 700

ANTEX SOLDERING IRONS
15W £3 75 18W E3 75
25W £1 40 Stand £1.40
P & P 46p VAT 8%.

HIGH VOLTAGE MAINS
ISOLATING

Prim 200/220V or 400,440V
Sec 100/120V or 200/240V

Va Ref P & P
60 243 5 89 132

350 247 14 11 1.84
OA

CASED AUTO TRANSFORMERS
240V cable in & 115V USA 2 pin outlet
VA £ P & P Re/15

4 94 0 96 113W
150 848 1 14 4W
200 9 92 145 65W
250 10 49 1 45 69W
350 12 53 1  64 53W
500 15 73 1 64 67W
750 18 SS 1 76 83W

1000 22611 OA 84W
1500VA 26)02 OA 93W
2000 3785 OA 95W

COMPONENT PACKS
200 Mixed value resistors (count by weight)
150 Mixed value capacitors (count by weight)
30 Mixed value precision resistors 4W2%
15 Assorted pots
10 Reed switches
15 Wire wound resistors -mixed wattage
1 Pack wire 50 metres assorted colours
25 pre-sets assorted types and values
Please state pack required.
60p per pack. VAT 124% P & P 40p

1000 250 3545 Prices correct 7.11.77. Please add VAT
2000 252 54 25 OA alter PIS P.

PEI
Our wide range of transformers are too numerous to list, please call (open gam-5prn Mon -Fri) or send your requirements.
Electrosil & semiconductor stockists. Panel, Multi Meters, Audio accessories, send 15p stamps for lists.

MINI-MULTIMETER
DC -1000V AC 1000V DC-100mA
Res -15060 10000N Bargain f 5 86
P & P 620 VAT 8%

STEREO FM TUNER WITH
PHASE -LOCK LOOP

4 Pre-wlemed stations. venally tuning.
switched AFC. LED Beacon £20.45
VAT 12396.P POCs.

TRANSFORMERS
SPECIAL OFFER
(Limited Stocks)

BE1 Prim 0-120,
0-120V (120 or
240V) Sec 24V 10A
a 50 P P £1 66
5E2 Prim 0-90-110-
200-220-240V Sec
0-110V 0-20-24V.
2A 19.28 P & P 95p.
VAT 8%

BE3 100V line to
4 0 7/10W £2 -OS
P& P 66p
BE4SCREENED 0-120
a0-120 9-09 1402 40
PaiP71p

8E5 15W matching
trans sec 150 suit
EL89 C150 P & P
30p
8E8 PRI 0-220V sec
4500V 10M A C4.50
P & P C1.00

111. -

Ref 30 240-240
Isolators 200VA
f4.20 P & P 96p
Ref 62 240-240
Isolators 250VA
f 5 20 P & P 96p

Barrie Electronics Ltd.
3, THE MINORIES, LONDON EC3N 1BJ

TELEPHONE: 01-488 3316/7/8
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST

ORCHARD
ELECTRONICS
Flint

SERVICE SECOND TO NONE SUPPLIERS TO D.O.E., A.E.R.E., U.K.A.E.A.
Government Depts., Universities, Schools andTRY US AND SEE

NEW BIG CAT 50p 4- Refundable
Vouchers

equipment manufacturers.
Stock list FREE with S.A.E.
Post & Packing 25p. Discounts £5-=5%, L1111=

House, St. Martins Street, Wallingford, Oxon (Tel. 0491 35529) 71% £15=10%. VAT  add 121%. Rest at 8%
TRANSISTORS CAPACITORS Elam. MFD/V CERAMICS WV I/C LINEAR TTL DIGITALAA119 08 BC1788 0-18 BF167 5-21 0071 435 2N3703 0-14' 1/25 111. 22, 4-7, 6, 10, 22, 33, 39, 47, 555 0.49 7400 15pAC125 25 BC17913 11.19 8E173 CBI 0072 0.45 2N3704 0.13' 1/53 10* 47/35 12* 100, 200, 470, 5150, 1000, 1500, 709 (T099)  35 7401 20pAC126 24 BC182B  12' BF178 II- 24 0074 0.45 2N3705 0.14* 1/75 111' 50/10 1 2203, 3000, 4700, 10000 7N (8 PIN OIL) 0 46 7402 lapAC127 28

20
BC182L 0 11
801838 11-111.

BF179  2S
8E183 1134

0081 1 MI
0032  79

2N3707 0 1r
2N3708 0 12.

2.2125
24/63

16'
14'

50115
100/18

tie
Or

47000pf; 1MFD 10V. Ali at
W each. 1MFD 63V 8p*.

741 (8 PIN OIL) 41 21
AY -5-1224 175

7403 230AC128

7404 230AC151 35 13C183L 090. BF184 625 ORP12 LIM 2N3709 614' 2.5/64 1r 100/25 14 RESISTORS 2p each AY -3-8500 T. V. 6-H 7407 40pAC153 35 BC18413  12 8F185  28 TIP29A 647. 2N3710 IF II' 47/16 90* 100/35 11' One-third WATT E12 (5%) CA 3130 0 87 7408 24pAC176 22 BC184L I II` BF194  IV TIP30A S % 2N3711 IV 11. 47/63 10. 100/50 15 1 ohm -10m ohm. LM 301AN 0 55 7410 18pAC187
AC188

22
26

BC186 0 25
BC187  21

BF195 0.11.
BF196 0.12'

TIP31A  57
TIP32A 0-67

2N3819E 0.25'
2N3820 0.45'

5/10
5/16

10.
11.

100/35
220/16

15'
15.

LM 308 146
LM 309K 2.00

7411 24p
7412 25pPRESET MIN. VERT.

AC187/18 BC204A 0.16' BFI97 I.12 TIP33A LH 2N3823E  25. 6.8/25 111° 220/25 16' SUB MIN V & M. LM 324 2 OS 7413 38pretch. pr. $5 BC2048  16' 8E199 0 15' TIP34A 1-13 2N4036 0.41 6.8/40 16. 220/63 25. 100ohm, 220ohm, 470ohm, LM 380/SL607451 ze 7414 72pAD149 U BC2091 4 13' BF200  38 TIP41 A 0.57 2744058 016' 8/70 19 250/12 12. IK, 2K2, 4K7, 10K, 20K, MK, LM 381N 2 IIII 7416 38p
AD161 52 BC212A  13' BFX29 0 211 TIP42A 0 SO 2N4059 0 10' 10/16 Or 250/50 15' 100K, 250K, 470K, 1M, 2M2. LM 555 549 7417 30p
ADIOS S2 8C212L 4.15' BFX30 lb 25 TIP2955  97 2N4061 0 12' 10125 ar 250/64 21' Ip' each. LM 723 0.50 7420 18pretch. pr.
AF116
AF117

24
24
28

BC213B  12'
8C213L 1114
BC214 0.15'

BFX40 9. 28
BFX84  12
BFXS8 0-22

TIP3055 LIM
TIS43  35'
ITX109 111-14.

2N4124 0.20
2N4126 0 30'
2N5298 0 50

10135
10/64
10/250

10'
14'
18'

330116
470(6V3
470/100

15
111.
9212.

THYRISTORS
60V IA 0-25

100V IA 0 38 TAG 1 100

LM 3900N I-69
MC 1310/CA1310E

2.$5.

7421 26p
7427 32p
7428 50p

AF124  341 BC214L 11-17 BFY50 II -25 ZTX300 0-13e 2N5457 0 SO 15/40 10' 470(16 18 200V 1A 0 MI TAG 1 200 MC 1327/SN76227 7430 Iltp
AF185 0 95 BC237A I -1r BFY51  25 ZTX301  13' -49°2,.,.,N94.59,., 15/400 35' 470/25 20' 600V 1A 9 MI TAG 1 600 I -35* 7432 28p
AF239 II 46 8C2384 11-15. BFY52 /I-25 ZTX302  1r

.9"4.. . 41" 16/10 10. 680/25 25'
700V I A 1.40 BT 106 MC 1330P 4.75' 7437 42p

AU113 2 20' BC261A 0 16 B5X20 83323 ZTX500 0.ise 2SC1172 3 Or 20/15 10 1000/16 25 400V 4A  S5 C106D1
MC 1350P 9'75 7440 tip

BC107  11 BC262A II 19 BU108 2.1111 zi-x502 118 40361 a 50 20(70 III. 100/25 30.
°WV 63A 1.45 13T 109

NE 555 649 7442 611p
BC107A 0 12 BC267A 017 BU208 3-09* ITX504 0 25' 40363 P. II' 1000/50 40. SK 1122 T.V. 7443 1 00p

ZENERS (Name) BZX 83BC1076 II 13 BC2688 4 17 BY126 11.16 ZTX530 0.23".'.
.5 .. ,,,22/,613

..11. II' 1500/25 35' Game II MP 7444 1 00p
BC108 0 141 BC259 0 17 BY127 4.111 114914 605 25/25 11I 2200/8V3  34' 31/, 3V3, 5V1, 5V8, 7V5, 9V1, SN 76003N 2.80° 7446 1 00p
CIL108 0-48 BC287  28 BY133 0.20 1N4001  65 VARICAP I

TUNER
33/50
47/6V3

12'
1111'

2200/40
2500/15

-Sr
4.9"

10y, 12V, 18V, 22V, 30V.
All at 12p' each.

SN 76013ND 1-411.
SN 76013N 1 75

7447
7448

05p
98pBC108B 0 11 BC300 0 35 BY164 CM 1N4002  NI ECL1043/05 47/10 1 3300/30 45 SN 76023N 1 75 7451 HpMULTI METERSBC108C 0 12 BC301 0 34 MEG601 5.11. 1N4003 0 7 1.5' 47/16 111. 5000/12 .4.3. SN 76023ND 1-111. 7460 lipBC109  12 BC303 0 35 ME0402 11111. 1N4004 0-18 U 4324 20,000 ohms VDC SN 76033N 275° 7470 32p- POLY. R/Lead 111111VDCBC10913 III 13 BC327 0 211' ME0411 1211* 1N4005 4-1/9 AC/DC recommended at SN 75660 0 110. 7472 30pBC109C 0-13

BC117 0.18'
BC136 11-111

BC328  18*
BC338 09P
6C310 11-14'

ME0412 0.11P
ME0413 LIP
4456414 CU.

1N4006 0-10
1N4007 9.11
1N4148 0.05

FORMERS
6-0-6 100mA

1.28

.001

'0022

age

°V .°68 1- V"
1214.50 EXCELLENT VALUE TAA 550 0.110°

120AS0 1 30"
7473 30p
7474 35pLED TIL 219/1-125; 0-2;

BC142 8.24
BC143 0-24

BC340 0 15.
80461 0 35

ME0461 0.2r
44E0462 5-21'

1N5400 013
1N5401 9S

9-0-9 75mA
1.25

3.2*

TBA0033
-0047
-0068

04'
Or
011'

.1 II07
IS 008.
22 0.111. Green

Red SIP SIP29; 29
,-

c" p for 1°°Y°
3,

TBA 395 2 25'
TBA 4800 1.7S
TBA 5200 1-70.

7475 49p
7476 12p
7480 115pBC147A  Or

1119°
BC557 11 15
BC558 11 5'

ME4001 11.14
ME4101 911.

1N5404 0.21
2N708 1129

1"-0 IA12-0-12 50mA  01
.015

Or
07'

33 511
 47 9 .15*

TBA 5300 1-94.
TBA 5400 1 110'

7481 1 Hp
1485 1300NATIONAL SCOOP8C148 11-09.

8C148B 111-1r
BC149 It IV

BC550  15'
BCY70  IS
BCY71  14

MJE340 11211*
MJE3055124°
MPF102 UM°

2N1613  38
2N1711 %MI
2N2102 5.50

1-31
12-0-12 IA

2-75
 022

.033

.047

07'
07'
07'

1 250V 1.10
1 600V 0.11.

1.0400V 11-12

SK 1122 TV GAME KIT
Colour and Sound Inc. PCB
Semlecons, Pots, Res, Ceps,

TBA 550Q 3.4
TBA 560CQ 2.311
TBA 641 2.55'

7486 43p
7490(A) 55p
7402 55pBCI49B 11.11 BCY72 0 14 OAS II T1 2N2219 1130 min 0/P for

XTAL. Data TBA 750 1.14 7403 55pOFFERBC149C 411'
BC153 9.18.
BC154 11.18

BD123 COO
B0124 11'90
BD131 0.42

0A10 I.12
0A47 1-14
0A81 II -311

2N2222 0-24
2N2146 1-6S
2N29200 II -13

0C71/2use75p
06-06 280mA

2-411

121 Ale (less cash discount)
MA 1003 CAR CLOCK
MODULE

TBA 8000 1.35°
TBA 810SQ 1.40'
TEA 8400 1-p

7496 1109
74107 Hp
74121 3Ip

RED LED's  125 10 for 41
RED LED's -2 10 for EI

5C157 612' BDI32 1242 0A90 I'57 2N29206 0.15 12-0-12 150mA
BC108C 11 for Et 100 for El Built complete Incl. Data TBA 9200 2.1111 74123 411PBC157B 11.14 BD139 0 54 0A91 941 2743053 625

2.44
MOT. 700 OP 2N3702 100 for Ell £1715 TEA 0900 2.50. 74141 HpBC158A 11.12* BD140 0 58' 0A95 Ile 2N3054 0 541 p.1 K2 2N3704 100 for El CAR INTERIOR LIGHT TCA 2700 2.2 74145 1 15pBC159A 012' BD155 0'75' 0A200 Ole 2N3663  28

430)

2°°mW HP DELAY TDA 2020 4 25. 74151 HpPOTENTIOMETERSBC1724 0 15.
BC173B 1116°

BOYD) 0 MI
BFI15 4 22

0A202 0.11
0C35 1311

2N3055 0 60
2N3843 1.17'

4 to 40 seconds variable.
Time to find keys and clunk-

U 14552 300(nW
Audio with data

74174 1 20p
74180 1 29pDISPLAYS Lin/Log.

BC177  17 13F158 0 21. 0C44 0.45 2N31146  17 DL704 0 115 5K, 10K, 259, 509, 200K, 250K, click. Complete, 2 wires to 0.35 74190 1 OpBC17715 018 BF166  38 0C45 5-45 2N3702 OM. DL707  75 500K, 1M, 2M, 25p each. connect (protected). MI5 ZN414 1 - 4 74191 210p

4i2 Practical Electronics February 1978



SAVE POUNDS
WITH THIS
OFFER
from Britain's
Makers
Complete
VCL500M,
only £ 1.85,
(inc.Vat.) Full

COMPONENTS
15p. 1000
17p. 330

...18p. 68

9p.

Kit of
500W

plus
Instructions

MFD
MFD
MFD

UNBEATABLE

Largest Dimmer

Parts for our
Dimmer Switch,
p&p 25p..

supplied.

- 16V 30p.
- 63V . 29p.
- 6.3V 12p.

/

BARGAIN
ELECTROLYTIC CAPACITORS
470 MFD - 6.3V
150 MFD - 6.3V
470 MFD - 10V

POLYESTER CAPACITORS
0.01 MFD - 400V

THYRISTORS
0106.01 70p. 41 RCS60 £4.50

B.L.12-WAY TERMINAL BLOCK
P.C.B. MOUNTING ...39p.

POTENTIOMETERS
Pre-set IMO Linear 11p. Pre-set 4.7K 0 Linear 12p.
Pre-set 220K 0 Linear 11p. Pre-set 25K 0 Linear 19p.
A.B.2 Gang 25 + 25K SI 82p. A .B.1 Gang 220K f2 .26p.

All prices include VAT. Postage Et packing included on all
orders over 50p. Under 50p. please add postage. For quick
delivery please send cheque or P/0 to:- Dept. PEI.

I.L Fotherby,Willis Electronics Ltd.
GLADSTONE TERRACE, STANNINGLEY, LEEDS, LS28 6NE.
Telephone Leeds (STD 0532) 563373 Telex 5 57111

24 HR. CLOCK/APPLIANCE TIMER KIT

Switches any applionce of up to I kW on and off at
preset times once a day. KIT contain. AY -5-1230
Clock/Appliance Timer IC, 0.5" LED display, mains

0 11- I- C supply,. display driest. switches, LEDs, Mos, complete
i. :I Li

o

with PCBs and full instructions. E14.85
Special white box (56 x 131 x 71mm) with red
Acrylic window - undrilled E2.38

drilled £2.70

TOUCH CONTROLLED LIGHTING KITS

These KITS replace conventional light switches ond control 300W of lighting. No mains rewiring required.
Insulated touch plates. Complete with easy to follow instructions.
TSD300K - TOUCHSWITCH and DIMER combined. ONE touchplote to switch light on or off. Brightness

controlled by small knob. E5.62
TS300K - TOUCHSWITCH. TWO touch plates. One for ON one for OFF. £4.32
TSA300K - AUTOMATIC TOUCHSWITCH. ONE touch plate. Touch for ON ond light stays on for preset

time (variable from 2 secs. to 33. mins.). Ideal for stairs and hall. £4.32

103005 - 300W LIGHT DIMMER KIT. Replaces conventional light switches. £3.02

AY -5-1230 Clock/Appliance Timer I.C. £5.24 TRIAC BARGAINS
1M3911 Thermometer/Temperature Control IC (with data). £1.08

400V Plastic "isolated tobNE555 Timer I.C. 8 pin dil 39p (3 for £1.08)
741 Op. Amp. I.C. 8 pin dil 26p (.5 for £1.08) 3A 68p

6.5A 86pwith trigger"..
BC147 9p BEY50 16p 2N6027 PUT 37P 8.5A 85p
BC148 9p 2N3055 43p TIS43 UJT 26p 12A 91p
BC158 1 1 p TIP31A 54p 1N4148 5P 16A 112p
BC182L 9p TIP32 54p 1N4004 SP 20A 178p

25A 192p
CMOS LOW PRICES DIAC 23p

4000 19p 4012 19p 4023 19p 4077 49p C106D 5A/400V 54p

4001 19p 4013 55p 4025 19p 4501 22p
162p MINI MAINS TRANSFORMERS4002 19p 4015 98p 4040 105p 4510

4007 19p 4016 55p 4049 54p 4516 162p 6-0-6V 100nIA 92p
4011 19p 4017 98p 4050 54p 4519 61p 12-0-12V 100mA 103p

OPTO ELECTRONICS C280 Polyester Capacitors 250V d.c. (values in yvF)

0.2" Red LED 11 .01 5p; .022, .033, 0.47, 0.68 6p; 0.1 7p; .5 8p; .22 9p;
0.2 Green LED 23p .3312p; .47 13p; .68 19p; 1.022p; 2.239p.
0.2" Yellow LED 24 RESISTORS .33W 5% 22 ohm to 10M ohm 2p
DL727 Dual 0.5" Display f 1.62 Push Button, push to make 23p

QUANTITY DISCOUNTS ON REQUEST
PRICES VAT INCLUSIVE. ADD 25p P&P. MAIL ORDER ONLY TO:

T. K. ELECTRONICS
106 STUDLEY GRANGE ROAD, LONDON, W7 2LX.

Stirling Sound

r -

OUR UNIQUE BARGAIN
PLAN CLOSES JAN. 31st

STIRLING POLICY means specs. and prices you can rely on - no hidden
extras - nothing to misunderstand. Until Jan. 31st, when ordering a
power amp. and power supply unit together.

DEDUCT
If ordered

50/0 with
UNIT ONE

DEDUCT A
FURTHER If ordered

with
UNIT TWO EH 8

AMPLIFIERS 3 to 100 WATTS R.M.S.
Ready assembled on P.C.Bs., tested and
guaranteed. Easy to connect. With instructions.
Output ratings ldb.

5S.103 I.C. amp. 3 watts R.M.S. using
20V/80 or 14V/40. Input 100mV E2.85
55.103-3 Stereo version of above, 2 I.C.s

E5.00
55.105 5 watts R.M.S. into 30 using 13.5V.
Sensitivity - 30mV. THD - 0.3%, 3.1" x 2" x

E3.95
55.110 10 watts R.M.S. into 40 using 24V.
Sensitivity - 60mV. THD - 0.3%. 3-1." x 2" x

£4.65
5S.120 20 watts R.M.S. into 40 using 34V.
Sensitivity - 80mV. THD - 0.3%. 33" x 2" x

E5.15
SS.125 25 watts R.M.S. into 80 using 50V.
Sensitivity - 14OrnV. Distortion - Less than
0.05% into 80 S/N better than 70db £7.25
55.140 40 watts R.M.S. into 40 using 45V.
Sensitivity - 300mV. Distortion typically
0.1%. 5" x x 11" E6.50

DEDUCT A
FURTHER

S5.160 64 watts R.M.S. into 40 using 50V.
Sensitivity - 350mV. Distortion typically
0.1%. 5" x 3=,"x 11". E8.50
SS.1100 100 watts R.M.S. into 40 using
70V/2A. Input sensitivity - 500mV. Distortion
at half -power, typically 0.1%. 5" x 34." x

E10.50
HS.160 Multi -finned heatsink for SS.140 or
55.160. 75p
HS.1100 Ditto for 55.1100 E1.50

THE CONTROL AND PRE -AMP MODULES
 UNIT ONE
Combined stereo pre -amp and active tone
control unit. Input sensitivity 50mV for 200mV
out, 10 16V operation. Bass + 15db at 30H.
Treble + 15db at 10KHz; Balance control;
Volume control. For ceramic P.U., radio or
tape inputs. WITH FREE CONTROL PANEL
FASCIA E9.00
11 UNIT TWO
With control facilities similar to UNIT ONE but
for magnetic cartridge input. R.I.A.A.
corrected. Input sensitivity - 5mV for 200mV
not (con be varied). WITH FREE CONTROL
PANEL FASCIA E12.43
 CONTROL PANEL FASCIA available
separately 50p
 SS.100
Basic active stereo tone control module to
provide + 15db on boss at 30Hz and on
treble at 10;:Hz E3.00

POWER SUPPLY UNITS

 55.101
Stereo pre -amp suitable for ceramic
radio, etc.
 SS.102
Stereo pre -amp for mag. pick ups. R.I.A.A.
corrected E4.45
 F.M. STEREO DECODER, phase lock loop
type, with LED indicator showing when a
stereo transmission is being received £5.25

Every Stirling Sound Power Unit is tested and guaranteed
under working conditions before despatch. All units except
55.312 include a stabilised low voltage take -off point (13-
15V) for pre -amp, tone control, radio tuner, etc. Outputs
quoted minimal unloaded ratings.

SS.312 12V/IA E6.60
SS.318 18V/1A E6.95
SS.324 24V/lA E7.65
55.334 34V/2A f8.75 55.310/50 Stabilised power supply with
55.345 45V/2A E10.75 variable output lOy to 50V/2A. Short circuit
55.350 50V/2A £11.75 protected. £17.75
SS.360 60V/2A £12.75 55.300 Add-on power -stabilising unit variable
55.370 70V/2A E14.75 from 10 to 50V/8A E5.50

ALL GOODS POST FREE IN U.K. ALL PRICES INCLUDE VAT
Prices subject to alteration without notice. Order to Dept. PE28A.
STIRLING SOUND, 37 VANGUARD WAY, SHOEBURYNESS ESSEX
Phone (03708) 5543
Shop & Showroom 220/224 West Rd., Westcliff-on-Sea. Phone Southend
(0702) 351048
ACCESS OR BARCLAYCARD CUSTOMERS - JUST TELL US YOUR NUMBER

tape,
£2.75

STIRLING SOUND, 37 VANGUARD WAY, SHOEBURYNESS, ESSEX

Please send

(or os attached list) for which I enclose E

NAME

ADDRESS

PE28A
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RST
VALVE MAIL ORDER CO.

Climax House
Fallsbrook Road, London SW16 6ED

SPECIAL EXPRESS
MAIL ORDER SERVICE

EP EP EP EP EP
M119 426 BCY71 0.72 -MPSU01 032 27X550 0.14 7403 0.20
AAY30 0.13 BCY72 0.17 MPSUO8 0.40 114914 0.07 7104 0.24
AAY32 1315 BCZII 1.513 MPSU58 0.45 114916 0.07 7405 0.20
AA213 0.2S BDI 15 0.60 NKT401 2.00 1144001 0.06 7408 0.55
Aft215 041 130121 1.50 NKT403 1.73 1744002 0.07 7407 0.55
AAZ17 025 80123 1.50 NKT404 1.73 1/44003 0.08 7408 0.79
AC107 045 50124 1.00 NE555 0.45 1144004 0.09 7409 0.28
AC125 0.30 BD131 0.51 OAS 0.75 1144005 0.13 7410 020
AC128 0.25 80132 0.54 0A7 0.55 1144006 0.15 7412 0411
AC127 0.25 .130135 0.35 0A10 055 1144007 0.15 7113 0.45
AC120 0.25 .130136 0.38 0A47 0.14 1144009 015 7416 0.40
ACI41 0.20 .130137 0.37 0A70 0.30 1144148 0.07 7417 0.40
ACI41K 030 .80138 0.40 0479 0.30 1N5400 0.14 7420 0.20
AC142 040 .130139 0.43 0A111 0.30 1145401 0.16 7422 0.25
AC142K 0.25 80140 0.47 OARS 030 1044 004 7423 0.35
AC176 0.05 0E1144 2.00 OA90 0.06 15920 0.08 7425 0.35
AC187 0.25 130181 1.38 0A91 0011 10921 0.08 7427 035
AC188 0.25 80182 148 0A95 0410 20301 1.00 7428 0.50
ACYI7 0115 5D237 0.80 0A200 0.10 20302 1.00 7430 0.20
ACY111 0.60 00230 045 OA202 0.11 263e6 1.10 7432 0.35
ACY19 0.65 80510 0'75 04210 0.75 214404 0.60 7433 0.37
ACY20 0.65 80X32 2.25 04211 0.75 274896 0.25 7437 0.42
ACY21 0. gs BDY20 1.42 0A2200 0.65 214691 0.16 7438 037
ACY39 125 B0T130 075 OAZ201 045 214698 0.30 7440 0.22
A0149 0.70 BF115 0.39 0A2206 045 214705 0410 7441AN 0412
40181 0.70 BF152 025 0A2207 0.85 271706 0.12 7442 0.78
A0182 0.70 BF153 0'25 0C16 1.25 214708 0.21 7447AN 1.20
AF108 045 BF154 045 0C20 2.00 214930 0.26 7450 0.30
AF114 0.25 8F159 0.35 0C22 250 2141131 0.28 7451 0.20
AFII5 0.25 BF160 0.30 0C23 2.75 2741132 0.26 7453 0.20
AFII6 0.25 BF167 0.30 0C24 3.50 2141302 0.37 7454 0.20
AF117 0.25 BF173 0.39 0C25 0.90 2141303 0.37 7460 0.20
AF139 0.40 BF177 0.36 0C26 0.90 2141304 0.45 7470 0.35
AF188 1.00 BF178 0.45 0020 2.00 2N1305 0.45 7472 0.36
AF239 040 BF179 0411 0C29 2.00 2141306 0.50 7473 0.38
Al'211 2.75 BF180 0.45 0C35 1.50 2141307 050 7174 0.40
AFZ12 3.75 BFI81 0.45 0C36 1.50 2141308 0.80 7475 0.59
ASY26 0.45 BF182 0'45 0C41 0.50 2741309 11110 7476 0.42
ASY27 0.50 BF183 0'45 0C42 0.50 2711613 0.33 74130 0.60
ASZ15 I.20 BF184 0'30 0C43 1.50 2141671 1.50 7482 0.85
ASZ16 1.20 BF185 0.37 0C44 0.50 2141893 0.33 7483 1.00
ASZ17 1.25 BF191 0'12 0C45 0.50 2142141 1.40 7484 1.00
ASZ20 0.70 .BF195 0.11 0071 0.45 2142148 1.85 7486 0.40
ASZ21 1.00 BF196 0.13 0072 0.46 2142218 0.33 7490 0.52
AU113 1.70 .8F197 0.14 0073 1.00 2142219 0.42 7491AN 0.115
AUYIO 1.70 BF200 0.32 0074 0'75 2142220 0.35 7492 0.50
BA145 0.10 BF224 000 0075 0'00 2142221 0.22 7493 0.70
BAI48 0.15 BF244 0.35 0078 9.50 2142222 025 7494 0.80
BA154 0.10 BF257 0.37 0077 1.20 2142223 2.75 7495 0.80
8A155 012 0F250 0.42 0C111 0.75 2142368 0.17 7496 090
BA156 0.13 BF259 0.45 C.C812 1.00 2N2389A 0.21 7497 3417
BAW62 0.05 .8F336 050 0082 0'75 2142484 0.21 74100 1.75
BAX13 0.07 BF337 053 0083 0'95 2142646 0.50 74107 0.45
BAX16 0.07 .13F338 0.55 0064 0.116 2142904 0.35 74109 ' 086
BC107 0.12 BFS21 2.27 0C122 1'50 2142905 0.35 74110 0.57
BC108 0.12 BF0215 1.38 0C123 116 2142906 0.25 74111 0.86
BC109 0.13 .13FS61 0.25 00139 2'25 2142907 0.21 74116 1.84
.130113 015 BFS98 0.25 00110 1.96 .2N2924 0.15 74118 0.95
BC114 0.14 BFW10 0.90 00141 2.25 .2N2925 0.17 74119 2.00
BC115 0.19 BFW11 0.90 0C170 0.75 .2N2926 0.13 74120 1.10
BC116 OAS BF584 9'30 0C171 0.75 2N3053 0.25 74121 0.45
BC117 0.22 13F585 0.41 0C200 1.00 2143054 0.50 74122 040
.130118 0.16 BFX87 0.35 0C201 1.50 2143055 0.85 74123 1410
BC125 018 BFX88 0.32 0C202 1.29 2143440 0.60 74125 0.80
.BC126 025 13FT50 0'20 0C203 1.05 2143411 0.80 74126 040
.13C135 0.15 BF751 0'24 0C204 1.25 2143442 1.20 74128 0.80
'130136 0.19 BFY52 0'26 0C205 1.75 2143525 0.10 74132 0410
BC137 0.16 BFV64 0'30 OC206 1.75 2143614 1.20 74136 0.68
BC147 0.10 BFY90 1'32 OC207 1.25 .2N3702 0.15 74141 0.85
BC148 0.10 BSXI9 0.- 34 OCP71 1.25 .2N3703 0.15 74142 3.00
BC149 013 BSX20 0-34 ORP12 0.83 .2N3704 015 74143 3.00
BC157 0.12 BSX21 0.32 7420085 2.25 .2N3705 0.15 74144 3.00
BC158 0.11 BT106 1.05 742009 2.25 .2N3706 0.14 74145 1.00
.13C159 0.13 BTY79/400R 3.19 .R201013 2.25 .2N3707 0.18 74147 2.45
BC167 0.13 BU205 2.25 TIC44 0.36 .2N3708 014 74148 2.00
BC170 0.16 BU206 2.25 T1C226D 1.30 .2N3709 015 74150 1.75
BC171 0.14 .13U208 250 T1 L209 0.25 .2N3710 0.14 74151 040
BC172 0.13 BY100 0.45 T1P29A 0.50 .2143711 0.15 74154 2.00
BC173 0.15 BY126 0.14 T1P30A 0.80 2N3771 1.60 74155 0.10
BC177 0.10 51127 0.15 T1P31A 062 2143772 1.70 74156 0.00
130178 018 SZX61 020 T1P32A 0.75 2143773 2.65 74157 0.80
BC179 0.20 Series TIP33A 1.00 .2N3819 0.34 74159 250
.13C182 011 82188 0.13 TIP34A 1.20 2N3820 0.411 74170 2.60
BC18.3 0.11 Series T1P41A 0.70 .2143823 0.80 74172 540
8C184 0.12 CRS105 0.45 T1P42A 0.90 2143866 1.00 74173 1.75
*BC212 014 CRS1/40 0.60 T1P2955 1.00 2N3904 0.21 74174 1.57
BC213 0.14 CR03,05 0.45 T1P3055 050 .2N3905 0.fl 74175 1.00
BC214 0.17 CRS3r40 0.75 .71013 0.35

0'90

.2143906 0.22 74176 1.10
5C237 0.17 CRS3/60 ZS140 0.25 2N4058 0.20 71178 1.65
BC238 012 GEX66 1'50 .Z0170 0.12 .2N4059 0.15 74179 1.85
BC301 0.45 GEX541 1.75 .25178 054 .2N4060 0.20 74180 1.65
BC303 5.00 GJ3M 0'75 .20271 0.22 .2N4061 0.17 74190 148
43C307 0.20 GJ5M 0.....75 ZS278 0.58 .2N4062 0.18 74191 1.48
BC308 018

..
054037.^ '' 2. ITX107 0.11 .2N4124 0.17 74192 1.25

BC327 0.22 KSIDOA 040 .27x108 0.10 .2144126 0.17 74193 1.25
BC328 0.18 KJE,34.,..0 0'51 ZTX109 0.12 2N4266 0.20 74194 1.25
.B0337 0.19 0'.55 .27%300 0.12 .2N4288 045 74195 1.10
BC3313 018

...K.',...'..
0'..41 ZTX301 0.13 r2N4289 0.25 74196 1.20

BCY30 1.00
..,....',.,',.._''
Is''...", O'r ZTX302 0.17 .2N5457 0.35 74197 1.00

BCY31 1.00 MJE521 0.75 .ZT0303 0.17 2N5458 0.35 74198 2.25
EICY32 1.00 MJE2555 1'25 *ZT0304 0.19 .2N5459 0.35 74199 2.25
BCV33 0.110 51.1E3055,.. 015 ZTX311 0.12 314125 1.75 .76013N 1.75
BCY34 0.90 ITI".. 0--`. .2TX314 0.20 314141 0.85
BCY39 3.00 *MFF103 030 ZTX500 0.13ZTX501
BCY40 140 MPF104 0-30 0.14 INTEGRATED Plugs In socket
BCY42 0.30 .k4PF105 0.30 ZTX502 0.15 CIRCUITS -low profile
BCY43 0.32 HP5A06 0'25 ZTX503 0.17 7400 0.20 8 pin OIL 0.15
BCV58 0.23 9MP5A58 4.05 .275504 020 7401 0.20 14 pin OIL 0.15
BCY70 0.18 ZTX53I 0.20 7402 0.20 16 pin OIL 0.17

Open daily to callers: Mon. -Fri. 9 a.m.-5 p.m.
Valves, Tubes and Transistors Closed Saturday Prices correct

TermsC.W.O. only Tel. 01-677 2424-7
Quotations for any types not listed S.A.E. when going

Post and Packing 25p per order + 8% V.A.T. to press
Items marked * 124%

Do -ft -Yourself Kits Or Factory Assembled

OWERS1Organs
OWEREI Pianos
OWER51String Ensembles
OWEREI MATIC Rhythm
OWEREI MATIC Accompaniment
OWERSIVOICE RotorSound.String Choir
OWERS1Professional Series
OWERS1 Audio Mixer 2004
OWER51 TONE Rotating Baffles

OWERS1Speaker Cabinets

Send for our 104 page full -colour cata-
logue and 16 -page price list, for £2.00,
which is refunded against your first order
value £25.00.

AURA SOUNDS (P2),
Copthorne Bank, Crawley, W. Sussex.

FROM CASIO, OF COURSE

POCKET WATCH, CALCULATOR
TWO WAY TIMER, ALARM
Ultra slim pocket calculator.
LCD display 6 digit clock.
Daily (10 second) Alarm, Timer
up to 12 hours, or Repeat Timer
(for example, can be set to buzz
every three hours). Calculator
four key memory, percentage,
square roots etc. Battery life
2000 hours plus. Leatherette case.

AQ 810 An incredible £19.95
CASIO

2105-108
(ST, TM) 9 6 nun
(34.95

0
0 0 00 000 0 000 0

1:1

Fairchild Timeband

310R-128 C500 Alorm
(ST) 85 mm thick Block or white
09.95 E14.35

Superb CASIO LCD watches. Seven functions, Light, Auto Calendar.
STOPWATCH (ST) DUAL TIME ZONE (TM). All Stainless steel, Mineral
glass, WATER RESISTANT to 100 feet. AVAILABLE JANUARY: CASIO
Chronograph £59.95 and £64.95. ALARM watch (ST) £59.95
Send 15p for our illsutrated catalogue. Lowest discount prices.
Prices include VAT, P 8 P. Send cheque.P.O. or phone your credit card number to:-

TEMPUS
Dept. P.E.
19 21 Fitzroy Street
Cambridge CB1 lEH
Telephone (0223) 312866
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CHINAGLIA DINO-ELECTRICAL AND ELECTRONIC
TEST EQUIPMENT MAN4j221.1.....

PRESENT THE

DOLOMITI
20kf1/V a.c. and d.c.

A NEW HIGH SENSI-
TIVITY MULTIMETER
WITH ALL THE FEA-
TURES YOU WILL
EVER NEED

Accuracy: D.C. ranges. ± 2 0%, A.C. 8 n ranges 2.5%.
39 range*: d.c. V, 0.150mV, 500mV, 1 5V. 5V, 15V, 50V. 150V, 500V, 1 5kV,

d.c.1, 0 .501.1A, 500uA, 5mA. 50mA, 0.5A, 5A, a.c. V. 5V. 15V. 50V,
150V, 500V, 1.5kV; a.c.1, 5mA, 50mA, 0.5A. 5A, dB - 10 to + 65 in
6 ranges, fl 0.051(11, skn, 50kf1. 500kf1, 5Mf1, somn, pF 50kpF.
500kpF.

Automatic overload protection and high current rungs fusing.
Scale mirror and fine pointer for accuracy of reading. Single knob main
range switching and all panel controls. C.E.I. Class 1 movement with sprung
jewel bearings. Extended 92mm scale length for extra clarity_ Compact ABS
case 125 x 131 x 37mm. Weight 750g with batteries. Supplied complete with
Tlikrvidnil

d.c. probe
e6fuasevadillaegtides, handbook and full 12 -month guarantee. Optional

Meter £4590 incl. VAT (£1 P. 8 P.)
30kV Probe £1285 incl. VAT

For details of this and the many other exciting instruments in the Chinaglia
range, including multi -meters. component measuring, automotive and
electronic instruments please write or telephone.

Instruments Ltd.
19 MULBERRY WALK. LONDON SW3 6DZ TEL: 01-352 1897

We can help you See and Solve your problems

N HON ELIGHT
Universal Portable Inspection Light

The shadowless Honelight utilises the
principle of optical fibres, in a tube of
virtually unbreakable material, insulated,
transparent and resistant to alcohol.
It gives all-round illumination to otherwise
inaccessible confined spaces and corners.
Simple, lightweight and practical (weight
with batteries 40 grammes approx.).
Suitable for all professions-Electronics,
Radio/TV-machines of all types.
Also useful in the realm of Medicine:
general and specialised, Dentistry,
Veterinary etc.
(Operates from 2-1.5 volt batteries).

Desoldering Tool "SPECIPROD"

High precision manufacture
de -soldering pump. Available
three sizes for all de -soldering
requirements.
Chromed interior, nickel pump,
teflon nozzle.
Three Sizes.
"Maxi Super" length 37cm,
nozzle diameter 2mm.
"Maxi Mini" length 22cm, nozzle
diameter 1.5 mm.
"Maxi Micro" length 16cm
(diameter body 12mm, nozzle
diameter 1.5mm).
(The smallest de -soldering pump available).

Literature and general catalogue evadable on request from

Special Products Distributors Limited, Si Piccadilly, London W1V OHL
Tel 01-6299556 Cables. Speciprod London WI

ICS have
helped thousands

of ambitious people
?kw- to move up into higher paid

more secure jobs In the field of
electronics -now it can be your turn

Whether you are a newcomer to the field
or already working in the Industry. ICS can

provide you with the specialised training so essential
to success.

Personal Tuition and Guaranteed Success

The expert and personel guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful, is the key to our outstanding record in the
technical training field. You study at the time and pace
tbat suits you best and in your own home. In the words
of one of our many successful students: "Since starting
my course, my salary has trebled and I am expecting a
further increase when my course is completed."

City and Guilds Certificates

Excellent job prospects await those who hold one of these
recognised certificates. ICS can coach you for:
Telecommunications Technicians
Radio, T.V. Electronics Technicians
Technical Communications
Radio Servicing Theory
Radio Amateurs
Electrical Installation Work
Also MPT Radio Communications Certificate

Diploma Courses

Colour T.V. Servrcing
Electronic Engineering & Maintenance
Computer Engineering and Programming
Radio, T.V. and Audio, Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional courses
are available including GCE.

Name

Post this coupon or 'phone today for free
ICS careers guide.

Address

Age

To ICS, Dept. 273M, lntertext House,
London SW8 4UJ
or telephone 01-622 9911 (all hours)

Practical Electronics February 1978 455



Listen with the complete
hi-fi magazine

50 ASSORTED TANTALUM BEAD CAPACITORS for £1.50.
12 BRANDED F.E.T's Assorted a ft.
DIE CAST ALLOY BOXES sizes 4" x 2" x .55p. 4" a 21," 65p.

x x 1k" a 85p. 6" x x 2" a £1.15.
1 N4148 SILICON DIODES 20 for 50p.
AUDIO I.C's TAA61113 a 65p, SN 76001N a 50p, SL 414 *C1 .60.
VERNITRON 10.7 MHz CERAMIC FILTERS a 50p.
TBA 120S FM I.C's Untested with data a 6 for 60p.
50 VAR I -CAP DIODES Assorted Untested for 57p.
BOOKS. By G. Dobbs. "Practical Test Equipment" *75p, "Simple Transistor Short Wave

Receiver" a 60p, "Practical Electronic Projects" a 75p. The Three Books for 81.60.
STANDARD 2 AMP 7V CHOKES a 10p. 6 for 50p.
MINIATURE fluf 300v.w. ELECTROLYTICS a 10 for 57p.
SWITCHED STEREO SOCKETS a 4 for 60p.
2 GHz NPN STRIPLINE TRANSISTORS of 1 each.
10 AMP 2 POLE MAKE TOGGLE SWITCHES a 40p each.
POSTAGE STAMP TRIMMERS 10pf, 30pf, 50pf, 1000pf. All * 6p each.
100 ASSORTED DISC CERAMICS for 57p.
200 ASSORTED I. 1 watt RESISTORS for 75p.
50 ASSORTED PLASTIC BC 107-8-9 TRANSISTORS 85% Good a 57p.
5 WATT NPN T039 DARLINGTON TRANSISTORS a 20p each.
10 MULTI TURN TRIMPOTS Assorted Values a 57p.
50. AC 128 TRANSISTORS Branded but Untested a 57p.
BF 451 SILICON PNP 300 MHz TRANSISTORS a 6 for 35p.
LARGE HEAT SINKS suitable for two 103 Transistors 60p (20p P&PI.
NUT FIXING 1000pf FEEDTHRU's 500v.w. a 15p each.
1.2K WIRE WOUND POTENTIOMETERS 6 watt a 22p.
5.5MHz CERAMIC FILTERS 427p each.
JACKSON TYPE C804 VARIABLE CAPACITORS 5pf a 75p.
ITT TRANSISTORS NPN TYPE TM 11 300 MHz *24 for 60p.
DAU TRIMMERS 2 To 9pf a 10p. 5 To 38pf rr 10p, 6 To 45pf a 10p. 8 To 125pf w 12p,

8 To 140pf a 15p.
COIL FORMERS Sub -Miniature 6/8 ac with core a 5p. 6 for 25p.
WIRE ENDED CRYSTALS 28 KHz. 28.5 KHz. Both 50p each.
UNMARKED GOOD 400mW ZENERS 6.8v, 10v. 11v, 12v, 13v, 16v, 24v, 30v, 33v,

36v. All a 10 for 40p.
6 To 1 FRICTION SLOW MOTION DRIVES a 55p.
MINIATURE 8uf 300v.w. ELECTROLYTICS a 10 for 57p.
12 BRANDED ASSORTED F.E.T's for EL
30 ASSORTED 10XAJ CRYSTALS Between 5100 To 7900 KHz a E1.10.
SUB -MINIATURE 10 x 10pf DIFFERENTIAL PRE-SET CAPACITORS a 22p.
100 MULLARD C280 CAPACITORS Assorted a 57p.
TRANSFORMER 240v Input, Output 24v Tapped at 14v 1 amp a £1.25 (20p P&P).

Please add 20p for post and packing on UK orders under E2, unless otherwise stated.
Overseas orders at cost.

J. BIR KETT
RADIO COMPONENT SUPPLIERS

25 The Strait, Lincoln LN2 1 JF
Tel. 20767.

P.E. JOANNA
ELECTRONIC PIANO

ALL PARTS CAN BE
SUPPLIED

Keyboard. Keyswitch, P.C.B.s.
Hardware, Semiconductors.

Resistors, Capacitors. Cabinets
Complete kits or easy stages

Send S.A.E. for details

Clef Products
16 Mayfield Road

Bramhall, Stockport, Cheshire SK7 1LY

CATALOGUE/ORDER FORM
SEND SAE

500+ Top quality Transis-
tors, I.C's, Resistors, Capacitors, Plugs/

Sockets, Veroboard/cases, Indicators, Knobs,
Switches, Wire and Books at prices you can afford.

741
ONLY

30T

l""7'"
ONLY

50P

TIL209
ONLY

150

IN4001
ONLY

All prices include VAT. P&P FREE over £2.

Name

Address

Cet an ACE up uour sleeve!
ACE MAILTRONIX LTD

Dept PE Total street

Wakefield W lbricsiare WFI
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THE DYNAMIC DUO

The C15/15 is a unique Power Amplifier providing Stereo 15 watts per channel or 30 watts Mono and can be used with any
car radio/tape unit. It is simply wired in series with the existing speaker leads and in conjunction with our speakers S15
produces a system of incredible performance.
A novel feature is that the amplifier is automatically switched on or off by sensing the power line of the radio/tape unit
hence alleviating the need for an on/off switch.
The amplifier is sealed into an integral heatsink and is terminated by screw connectors making installation a very easy
process.
The S15 has been specially designed for car use and produces performance equal to domestic speakers yet retaining
high power handling and compact size.

C15/15
15 watts per channel into 4f1
Distortion 0.2% at 1kHz at 15 watts
Frequency response 50Hz-30kHz
Input Impedance an nominal
Input sensitivity 2V R.M.S. for 15 watts output
Power line 10-18V
Open and Short circuit protection
Thermal protection
Size 4 x 4 x 1 inches

C15/15 Price £17.74 + £2.21 VAT. P. & P. free

Data on S15
6in Diameter
51in air Suspension
2in Active Tweeter
20oz Ceramic magnet
15 watts R.M.S. handling
50Hz-15kHz frequency response
an Impedance

S15 Price per pair 07.74 + £2.21 VAT. P. & P. free

TWO YEARS' GUARANTEE ON ALL OF OUR PRODUCTS

I.L.P. Electronics Ltd
Crossland House
Nackington, Canterbury
Kent CT4 7AD
Tel. (0227) 63218

Registered

Please Supply
Total Purchase Price
I Enclose Cheque 0 Postal Orders 0 Money Order 0
Please debit my Access account 0 Barclaycard account 0
Account number
Name and Address

office No. 1032630.
Signature
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A VIDEO NEW YEAR
lmpr ss the neighbours with A game they haven't seen yet and

proudly tell them you made it yourself.
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8 GAME
*Basket -ball

+ Two - One
* Automatic

dje Three

*Ball
'It All Components

*Power requirement

Basic AY

--"-±__.)

*Grid
-Player

Colour

-3-8600

COLOUR

BASED
-Ball
Games.

Tone

supplied

B+W

*Hockey

Ball Speed
Sound

Coded to

modulator
9v battery

Paddle

Mini
Mini

L

T.V.
ON AY

*Tennis
* Horizontal

-Up
-Effects

indicate
guaranteed

C.H.

II Kit B
Colour

-Pack Chip
-Pack Chip

PROJECT
-3-8600

and
*Players*

turn
including

36 UHF.
*Just
+ W C2.1.-kifronly

f.2.9430

+

+

*Squash
Vertical Bat

Colour Coded
Sound from T.V.

in Squash -Game
sound

add controls

(15.00
-only £20.90

P.C.B. only £12.90
P.C.B. only £13.90

*Football
Coverage

and vision

and case.

POPULAR AY -3-8500 PADDLE
--

I
*Three Tone
* All components

guaranteed
speaker and

Sound
supplied

just add
case

Effects

controls,
,,,,___:_____

--- -T.--,-
1

i

14

i_

IN

-

* UHF varicap
* Power requirement
*Stock clearance

modulator 113+W)

-9v battery
down

l

1

'

MINt
I

I.

L._

1

- i
J

Black + White
Mini -Pack P.C.B.

price
f..1.0,5fr £9.90 Colour

+ chip B+W £6.90
CH36

Colour
f_16:5fr £15.90

£7.90

-00
- , :

ASV.UNBEATABLE

JOY
(AY

STICK
DESIGNED FOR
-3 -8550 -AY -3-8600)

One off £1.90

CONTROLS
T.V.

LOW

GAMES
Subminiature

PRICE
Two off £3.50

Size

COLOUR
*Easily connects

*Green background
*No extra

* New

CONVERTER
to all b +vv games using
-Red boundaries -Yellow
parts * No special

even lower price

AY

equipment
£8.50

-3-8500 -
and Blue bats

needed
complete

KIT
AY -3-8550

-White ball

SOUND
CONNECTS

MODULATOR
BUILT 8 TESTED

MODULATOR
WITH ABOVE

£2.90
UHF-CH36

£2.90
,idatoothb

order r_

v-c5.50

TELETEXT
TEXAS

Tested and
Full Colour Display

Simple

TI
Guaranteed

ORACLE
interface

DECODER
FAX - XM11

Only £99.90
AND CEEFAX

TV's.

SAVE

... ...... ...
' 00131131123113

iiiFi:!;,: ...

OVER
£50.00
........

iii
to

Keyboard
Also in stock

with Teletext

and power
NEW

with most
supply extra.

Colour TV's complete
FROM £399.00

-

: x

:....:.71:...
- 1;:z rr. .,

!:

All
All prices

Mail
Retail Shop

For
(French

For

Projects
include

Make

El
Orders:

and
further

and German
extra

supplied
VAT

all

A Dedicated
53

Demonstrations
Details

speed

with
+ Postage.
Cheques

Warw'ck

and
spoken)
phone

easy

or

Visual
Road,

Technical

your

to follow
Orders
Postal

dll

Display
New

- 14 Station

order

under
Orders

-Company
Barnet,

Help -
Quantity

on Barclay

assembly
£10.00

payable

Herts,
Road,
Phone

discount
-or

instructions.
- Add

to

EN5
New
01-440

-Access

20p p & p.

5EQ.
Barnet, Herts.

7033
negotiable.
Cards.

Wilmslow
Audio

THE firm for speakers!
SEND 10p STAMP FOR THE WORLD'S BEST CATALOGUE OF
SPEAKERS, DRIVE UNITS, KITS, CROSSOVERS, ETC. AND

DISCOUNT PRICE LIST

ACT  AUDAX  BAKER
BOWERS & WILKINS  CASTLE  CELESTION

CHARTWELL  COLES  DALESFORD
DECCA  EMI  EAGLE  ELAC  FANE

GAUSS  GOODMANS  HELME  I.M.F.
ISOPHON  JR  JORDON WATTS

KEF  LEAK  LOWTHER  McKENZIE
MONITOR AUDIO  PEERLESS  RADFORD

RAM  RICHARD ALLAN  SEAS
TANNOY  VIDEOTONE  WHARFEDALE

WILMSLOW AUDIO (Dept. P.E. 8)
SWAN WORKS, BANK SQUARE, WILMSLOW,

CHESHIRE SK9 1HF

Discount HI-FI, etc. at 5 Swan Street and 10 Swan Street
Tel. Wilmslow 29599 for Speakers Tel Wilmslow 26213 for F11 -F:

complete digital clock kits
TEAK OR

PERSPEX CASE

"DELTA"
NON ALARM £12.50
ALARM £15 .50

bin x x 3in All prices include P. & P. and VAT

FEATURES: 4 LED digits }in high. Red.  12 hour display with a.m./p.m.
indication.  Mains frequency accuracy.  Easy to build: all components
included.  Beautiful real wood case or perspex: White, Black. Red. Blue and
Green.  Flashes to indicate power cuts.
NON ALARM: Complete kit including case. £12-50. Ready built, [14.50.
Module kit excluding case. £9.50. Ready built. £10.00.
ALARM: Pulsed alarm tone. Automatic brightness control. 9 minute "Snooze".
Simple setting. Complete kit including case, £15.50. Ready built.
£17.00. Module kit excluding case, £13.00. Ready built, £13.50.
TIMER FACILITY: Stopwatch use to 9 min. 59 sec, extra 50p.

EXCELLENT VALUE -GUARANTEED NOVUS
 LCD Gent's Watch. 5 function. Back light. Chrome case. Black
strap. £15.95
 4 Function Calculator. £3.78

DISPLAYS: FND500 fin.LED, £1.19 each: 6 for £8.48. NSB 5430,Iin Red LED
stick of 4 E4.32. 5LT02, }in Green Phosphor stick of 4 £5.40.
CLOCK CHIPS: 50253N Alarm 12/24 hour 4/6 digit. £5.87.
50362N Calendar clock, [7.75. MM5385N 12hr 4 digit Alarm
E4 . 32. 6 Decade up/down counters, 50395/6/7 03.10.
MICROPROCESSOR: Z80 CPU, £22.88. Z80 CTC, £15.70.
1702A UV Erazable PROM, £11.35. Z80 PIO £15.70. 2102NA, IK Static RAM
£2.70. UV PROM Erazer, £103 plus £5 P. & P. 4KXI 16 pin Dyn. RAM £7.05.

RECHARGEABLE BATTERY SET: Super Value £8.10, Includes 4 AA (1.2V)
Nickel Cadmium batteries (separately £1.08 each). 3/6/9V switched Universal
Mains Adaptor with 4 plug connector for most calculators (separately £3.78),
plus battery holder.

payment with order to

BARON (PE)

Southview House, 6 Gower Road
Royston, Hertfordshire

Telephone: Royston (0763) 43695

at\
Buy it with Access
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A SPECIAL FREE OFFER FROM DORAM
The revolutionary new 'Cyalume' lightstick

as featured In'Tomorrow's World:
The lightstick is a safe, easy -to -use emergency liquid lighting

device. Quickly activated by bending, the lightstick will illuminate
an average room giving sufficient light for reading. It's ideal for
camping and boating and floats on water.

To obtain your free lightstick order £1 5 worth of goods from the
Doram Edition 4 catalogue, issued in September, attaching this
advertisement to your order.

The catalogue contains a complete range of kits, test equipment
and high -quality components.

If you don't have the Doram catalogue, send 20p to cover post
and packing with the coupon. We will despatch it by return to
enable you to take advantage of this offer.

Check out your Doram catalogue today and send your order to:
Doram Electronics Limited, PO Box TR8, Leeds LS12 2UF.
Offer closes March 10th, 1978.(PEF)

,.;
Doram Electronics Limited, PO Box TR8,

- Illr* Electronics you can depend on. Leeds LS12 2UF. (PEF)

r
Please send a copy of the Doram

catalogue by return. I enclose 20p to
cover post and packing.

Name
Addressm

1

GREAT SOUND GREAT VALUE!
Stirling Sound
Disco 2
Mixer Control unit
+ power supply

By designing and manufacturing in our own Essex factory, with strict
material control and stage by stage checking and then selling direct to YOU,
the customer, we can save you pounds, offer better service and guarantee
satisfaction. Our latest modular assembly, Disco 2, has already been
thoroughly field tested and is ready for immediate service under the
toughest working conditions.

MI INPUTS - Left deck, right deck, mic. and aux.
 INPUT IMPEDANCE - 47K ohms
 POWER SOURCE - 220-240V. A.C. Mains
 CONTROLS - Mains on -off, master volume, bass ±15db, treble

±15db, L and R mixing, L and R motor switches, selector switch for
P.F.L. (Pre -Fade Listening), headphone volume, mic. vol., aux. vol., LED
indicators on mains and decks on/off switches.

III HEADPHONE AMPLIFIER - Powerful 2 watts into 8 ohms; separate vol.
control.

 TERMINATIONS - Five 1" jack sockets - 2 input, 2 output,
headphones.

 SIZE - 231" x 31" x 21" max. depth to rear (plus separate power
unit). Panel in matt black with controls sensibly grouped for easy
handling.

 PRICE - Post free, with power unit and inc. V.A.T. £39.95
Delivery ex -stock.
Suitable Stirling Sound power amps with heat sinks and power
supply units - 140PH £18. 1 60PH £22. 1 1 OOPH £26.75.

Mail Orders to Dept. PE28
STIRLING SOUND, 37 VANGUARD WAY, SHOEBURYNESS, ESSEX (03708) 5543. Shop & Showroom 220/224 West Rd., Westcliff-on-Sea (0372) 351048

£39.95
inc. V.A.T. &
post free
in U.K.

OTHER STIRLING SOUND DISCO/P.A. ITEMS

 BASIC CONSTRUCTIONAL MODULES
55.104/2 Two channel mixer stage E3.75
SS.104/4 Four channel mixer stage E7.00
SS.DTM Output control stage 30db variation on both treble and boss. Master vol. control.
3mV in for 2V out. 18V working voltoge. E6.75

 INTEGRATED POWER AMPLIFIERS
Ready built in cases, tested and guaranteed -60 watts R.M.S. into 4 ohms.
POWER AMP 60/with two channel mixer
POWER AMP 40 - 40 watts R.M.S. into 4 ohms with two channel mixer
POWER AMP 100 - 100 watts R.M.S. into 4 ohms with 4 channel mixer
100 watt SLAVE AMP

II READY BUILT ITEMS TESTED AND GUARANTEED
SSTL 3/2508 Sound to light unit 3 channels, 250 w. each
SSTL3/10008 Sound to light unit 3 channels, 1000 w. each

 STIRLING SOUNG-LIGHT MODULES
SST L3/250 Three channels, each 250 watts output
SSTL3/1000 Three channels, each 1,000 watts

E48.00
E43.00
E85.00
E50.00

E23.95
E25.95

E9.25
E11.50

TO ORDER BY ACCESS OR BARCLAYCARD JUST WRITE OR PHONE IN YOUR
NUMBER

StirlinSound
ALL PRICES QUOTED INCLUDE VAT
AND GOODS SEND POST FREE IN
U.K. with C.W.O. orders. Owing to
length of time between preparing this
ad. and its appearance to the public,
prices are subject to amendment without
notice.
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NOTICE TO READERS
When replying to Classified Advertisements
please ensure:

(A) That you have clearly stated your require-
ments.

(B) That you have enclosed the right remittance.
(C) That your name and address is written in

block capitals, and

(D) That your letter is correctly addressed to the
advertiser.

this will assist advertisers in processing and
despatching orders with the minimum of delay.

RECEIVERS AND COMPONENTS

ORCHARD ELECTRONICS
1,C.s. TTI, C,MOS. Linear. Capacitors. Resistors
(E12). SIL/Rectifiers. Diodes. LED. Thyristors.
Zeners. Voltage Reg. DIL Sockets. Bridge Recti-
fiers. Potentiometers. Presets. Triacs. Diac. Plugs.
Sockets. Cable. Vero. Carefully selected range,
excellent despatch service. Same day turn round.
S.A.E. List. Suppliers to A.E.R.E. U.K.A.E.A.
Government Depts. Schools. Universities.
Manufacturers. Accounts opened for trade and
amateur. Join the professionals. Phone by 4 p.m.
Goods out I st class by 5 p.m. Try us and prove it!

ORCHARD ELECTRONICS
Flint House, High Street, Wallingford, Oxon

Telephone 0491-35529

VALVES - Radio, T.V., industrial, transmitting. We dispatch
to any part of the world by return of post, Air or Sea Mail.
2,700 types in stock. 1930 to 1976 obsolete types a special-
ity. List 20p. Projector Lamps. Quotation S.A.E. Open to
callers. Mon. to Sat. 9.30-5.00, closed Wed. 1.00. We
purchase all types of new and boxed valves. And projector
lamps. COX RADIO (Sussex) LTD., Dept. P.E., The
Parade, East Wittering, Sussex P020 8BN. West Wittering
2023. (STD code 024366).

CHIPS AND THINGS
I.C.s at give-away prices! - you too you save!!

Untested devices (NOT manufacturers retorts, fallouts etc.,

PACK Si 180% guaranteed good). 5 x MAN3 0.127" 7 segment LW
displays £1.00

PACK E2 1100% good). I x 8 digit (plus overflow) 0.33" 1 segment
Liquid Crystal calculator style display £3.95

PACK M1 1100% guaranteed good). 2 x Calculator keyboards 1.00
PACK DI 180% guaranteed good). 15 x Logic 1.C.s mainly dual 1-K DU
fhp.flops, compatible with Rt. Could replace those costly TTL flip-flops in
most projects. £1.25

PACK D2. 25 x 5N7400 type LC,. 100 two i/p nand gates. We

guarantee 50 good. £1.25

PACK LI marked and unmarked). 20 x Assorted Op -Amps. Could include

114301, 741, 709, 555 etc £1.25

PACK L2. 20 x IA709 Op -Amps. 18 lead 005) £1.50

PACK M2 INo guarantees). 50 Minidip I.C.s for £1.00. Mostly
unmarked. We don't know what they are. (At Op. each can you go wrong?)

Could be they ore all O.K., but as they're untested - we don't know. For
pocks with no stated guaranteed minimum, we'll guarantee it works out
much cheaper than overage mail order prices buying this way. Satisfaction
guaranteed or return complete pock for replacement or refund.

MAIL ORDER ONLY - NO CALLERS
P LP 20p

CODESPEED, P.O. Box 23, 34 Scofield Road, Copnor,
Portsmouth, HaMs. P03 SILL

SMALL ADS
The prepaid rate for classified advertisements is 18
pence per word (minimum 12 words), box number 60p
extra. Semi -display setting £6.00 per single column
centimetre (minimum 2.5 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed "Lloyds Bank Ltd". Treasury notes should
always be sent registered post. Advertisements, together
with remittance, should be sent to the Classified
Advertismement Manager, Practical Electronics, Room
2337, IPC Magazines Limited, King's Reach Tower,
Stamford St., London, $E1 9LS. (Telephone 01-261
5846).

CONDITIONS OF ACCEPTANCE

OF CLASSIFIED ADVERTISEMENTS
1. Advertisements are accepted subject to the
conditions appearing on our current advertise-
ment rate card and on the express understand-
ing that the Advertiser warrants that the
advertisement does not contravene any Act of
Parliament nor is it an infringement of the
British Code of Advertising Practice.
2. The publishers reserve the right to refuse or
withdraw any advertisement.
3. Although every care is taken, the Publishers
shall not be liable for clerical or printers'
errors or their consequences.

L.B. ELECTRONICS, MJE3055 40p, BF195 9p, BC213 9p,
BC108C 10p, OCP70 16p, BXY49 38p, 1N4148 4p, 3.3V,
24V, zeners 5p. 2102 (500NS) + data £1.50, 8080A E16,
1702A E7.50, CD4250 70p, 741 20p, 741 T099 (DIL) 30p,
555 45p, 74H00 20p, 7 way DIL switches 60p, min push
button switches (change over) 40p, 75450 38p, Fenwell
Thermistors, pair potted + lead -plug 20p, PCB I watt
amplifier LM 380 etc £1.20, ITT 5870ST nisi + data 50p,
Sperry SP425-09 (9 digit 7 seg) + data E1, 747 6" (Red)
£1.35, D.P.M. Display 4-} digit (LED) with bezel £2.50. P &
P 10p. L.B. ELECTRONICS, 43 Westacott, Hayes, Middx.
UB4 8AH.

QUALITY COMPONENTS
AT LOW PRICES

Dramas 1350 020 IASI 000 Electrolyte Cepsaid
IC' Bf751 820 0A202 008 1.0 pF 160 000
AC127 0.22 BFY62 020 N4001 0.06 2.2 0 63V 0.10

AC128 0.21 203055 0.60 044002 0.06 4.7 pf 630 0.10

A0161 060 741 0.20 1X4003 0.016 10 pf 63V 0.10

A0182 11.60 7400 0.16 N4004 0118 22 0 25V 0.09

BC107 0.10 555 0.41 1041105 007 32 pf 160 0.09

BC108 0.10 7430 0.17 114006 0.07 47 pf 25V 0.09

BC109 011 7490 0.42 044007 808 47 pf 630 0.12

80147 COO 72709 0311 014140 004 100 pF 251, 0.09

110140 008 72741 0.35 105401 0.13 220 pF 250 0.20

BC149 001 1554134 0.16 470 0 35V 0.25

BC207 0.10 1445406 0.16 1000 pf 160 0.28

80131 0.63 Dads 105407 015 100000 50V 132
80132 0.60 0A47 0.12 11115408 0.18 1000 pf 700 030
80140 048 0090 tog 112Y1313 teres0.18 2200 pf 50V 06/1

Resistors. Carbon film 5% 2W-0.05 1W-0.04 IW-0.025
IW-0.02
Also stocked: Bridge Rectifiers, Fuses, Fuse Holders, Leads
and Cables, Plugs and Sockets, Microphones, Multimeters,
Antex Soldering Irons, Solder, Speakers, Speaker Cabinets
and many other items all at low prices. Send for
comprehensive stock list for full details. Quantity discounts
available. All prices include VAT but please send 25p extra to
cover post & packing.

D S M ELECTRONICS LIMITED
Unit 22, Low Mill Ind. Estate, Ravensthorpa,

Dewsbury, W. Yorks.

Tel: Mirfield (0924) 495871

GAMMA ENTERPRISES for transistors, resistors,
capacitors, ICs, hardware etc. Large SAE for Catalogue.
18 Landale Road, Peterhead, Aberdeenshire AB4 6QP.

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 18V, 259, 50V-0.47. 1.0, 2.2, 4.7 and
10.4. Op: 47 50 (0V 6p): 100 7p (30V 80: 220 80 (30V
1172 415700v1.11.2p2(p5.0V 18p); 1,000 116V) 15p, 1,000 (25V) lap,

Subminiature Bead Tantalum Electrolytics-0.1, 0.22, 0.47,
1-0, 2.2 at 33V, 4-1/25V 11p; 10/23V 13p; 22/16V, 47/6V
and 100/3V 15p.
Mallard Min. Ceramic E12 Series 133V 2%-lOpF to 47pF-
3p ; 36pF to 330pF 4p.
Vertical Mounting Ceramic Plate 50V -E12 series 22-
1,0000' and Fil series 1,500-47,000pF EP.
Polystyrene E12 Series 03V Horizontal Mounting-10-
1,000pF 3p; 1,200-10,000pF 9p.
Mallard Polyester 250V Vertical Mounting Eft Series -0.01-
0:1 4p:2 0-15, 0..22 bp; 0.33, 0.47 8p; 0.68 llp ; 1.013p; 115 20P;

Mylar (Polyester) Film 100V Vertical Mounting -0.001,
0.002, 0005 3p; 001, 0.02 9p; 0.04, 0.05 rlip.
Miniature Resistors Highstab E12 Series 5%. Carbon Film
0.25W 0000,00100% over 1511 Op. Metal film 0-123W,
0.25W and 0.5W 100 to 231211 11p. Metal Film 1W 27 ft
to 105fn Ep.
154148 3p; 154002 5p; 154006 7p: 154007 Bp: 110107/8/9,
BC147/8/9, BC 157/8/9, 1317194, 197 9p.
Fuses 20min glass, I lin glass, Ito ceramic 21p.
Post 10p (free over £4). Prices inclusive of VAT.

THE C.R. SUPPLY CO.
127 Chesterfield Road, Sheffield S8 ORM

240/12-0-12V. 100mA. transformers with power supply
P.C.B. 4 for £1.99. TO3 metal power transistors 35 for

1.99. U 1 1. Push to make switches Red/Y/Blue 12 for
£1.99. Please add 30p P&P VAT included. JONES SUP-
PLIES, 588 Ashton Road, Oldham, Lancs. 061 652 9879.

SPECIAL OFFERS.

Buy NOW while stocks last. PRICES INCLUDE V.A.T.
RESISTORS 1W 5% carbon film 024 range 10R -1M.
2p each, 100 of one value E1.05, 1000 of mixed 100's E8.95
E12 series pock 10R -1M, 10 of each value (610 resistors) E6.40
E24 series pack 10R -1M. 10 of each value (1210 resistors) E12.70
E12 -E24 expansion packs 10 of each value (600 resistors) E6.36
TRANSISTORS
BC107/8/9C 10p BC182/1841 12p
BCY71 15p 13C2121. 12p
2N29262 10p 2N29260 1 I p

2N3054 48p 2N3055 48p
INTEGRATED CIRCUITS
CA3089E IF System E 1.99 CA3090A0 Ste, Decoder E3.99
741 8 pin DIL Op Amp 26p 748 LN Op Amp 38p
709 8 pin DIL Op Amp 27p 723 Voltage Regulator 54p
1M3900 Clued Amp 76p LM380 2W Amp 99p
LED's Red 3 or 5mm 13p Pock 10 LED's (seconds) 89p
RECTIFIERS 1N4001 Sp 1A/50V Bridge 29p
POLYESTER CAPACITORS (250V)
0 luF 3p, 0.22uF 4p, 0.47uF 7p, 1.00 12p.

Please odd 15p for Postage. Send 2 stamps for Catolnue
BARCLAYCARD 'phone serve* available. Tel. 0473 50976.

FRASER-MANNING LTD.,
26 HERVEY STREET, IPSWICH, 1P9 2ES.

P.0 B.s Paxolin 9) in x 7In, 50p. 12In x 9in. 70p.
x 9/in, £1.15. Fibre glass double sided 6-Iin x

bin. 80p. 12in x bin, £1.20. 10 74 Series i.c.s on
panels) 75p. Three assorted meters £2.40. T.V.
Convergence panels, full of good gear, £1.50.
S/Mica caps 100 assorted 75p. 300 Small
components, Trans, Diodes £1.30. 7 lb Assorted
components £2.95. List 15p. Refundable. Post 20p
under £1. Insurance add 15p

J. W. B. RADIO
2 Barnfield Crescent, Sale, Cheshire, M33 1NL.

TURN YOUR SURPLUS capacitors, transistors, etc.,
into cash. Contact COLES-IIAR DING ct CO., 103
South Brink, Wisbech, Cambs. Tel. 0045 4188.
Immediate settlement.

SOLAR CELLS
2.25" Dia. 250mW at 0.5V - 18 00
1.00" Dia. 35mW at 0.5V - L4.50
5.3 x 6.3mm 25mW at 0.5V -f1.25

Cells are supplied with leads attached and are. coated
with varnish. "Solar Cells" booklet 75p. Data sheets
on above devices 20p. Mail Order only, Speedy service.

EDENCOMBE LIMITED
16 Princes Avenue, Kingsbury, London NW9 9J13

LOW, LOW PRICES FOR 7400 SERIES TTLI
00 13p 32 24p 89 (2.20 145 69p
01/2/3 14p 37 27p 90/2/3 44p 153 63p
04/5 16p 40 14p 91 58p 157 64p
06 32p 41 61p 95 60p 174 94p
08 18p 42 54p 96 73p 175 75p
10/213 14p 45/7/8 75p 100 70p 181 (2.56
13 30p 73/4/6 27p 121 31p 190 E1.24
17 27p 75 43p 123 53p 192/3 E1.00
30 15p 86 27p 125/6 44p 196 84p

Full Spec. Devices. Prices include VAT
SAE for complete lists! P & P (1st class) 20p C.W.O.

J. C. JONES (PE29), Moil Order Only
46 Burstellors, St. Ives, Combs. PE17 4XX.

BOOKS AND PUBLICATIONS

BOOKS AT BARGAIN PRICES: Semiconductors,
international dictionary in 7 languages, English -French -
German -Italian -Portuguese -Russian -Spanish. 2 volumes
(pub. prce £15) E3. Freeman, Worked Examples in
Alternating Current for Engineering Students LI. Frost -
Smith, The Theory and Design of Magnetic Amplifiers
(pub. price £2) EL Post Free. From: F. WEATHERHEAD
& SON LTD., 58 Kingsbury, Aylesbury, Bucks. Tel: 0296
23153.

SIMPLIFIED TV Repairs. Full repair instructions in-
dividual British sets 14.50, request free circuit
diagram. Stamp. brings details unique. TV PUBLI-
CATIONS (Ausepe), 76 Church Street, Larkhall,
Lanarkshire.
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FOR SALE SITUATIONS VACANT

P.E. 1 CH. RADIO CONTROL (Unfinished Project), Case,
5K sticks, P.C.B.s, etc. Offers. Tel: Christchurch 78339.

NEW ISSUES of "Practical Electronics" available
from April 1974 edition up to date. Price ilAp each.
Post free. BELL'S TELEVISION SERVICES, 190
Kings Road, Harrogate, N. Yorkshire. Tel. (0423)
55885.

FOR SALE, PE November 1964 (No.1) to July 1971
complete f 15. Buyer Collects. 01-524 5350 (London E4).

UNENCODED ASCII Keyboard with case and Hexadecimal
keyboard with case. Offers 01-828 8695.

MOTOROLA MEK 680002 with power supply cassette extra
ram. £240. WILMOT, Horsham 69835.

E.T.1. 4600 SYNTHESISER. Complete in case. OFFERS:
Mr. Calderwood, 177 Duntocher Road, Clydebank,
Scotland. 'Phone Duntocher 74451.

ORION AMPLIFIER. One channel working. Ideal spares or
repair. £20. Practical Electronics Feb. '74, August '76 £10.
Everyday Electronics Nov. '73 to date £15. Tel: 07917
5450.

BACK ISSUES of P.E. from 1971 to 1974. Phone 0533
413646.

WANTED

"RADIO AND TELEVISION Servicing". Books wanted from
1964-1965 edition up to date. £3.00 plus postage paid
per copy by return of post. BELL'S TELEVISION
SERVICES, 190 Kings Road, Harrogate, N. Yorks. Tele-
phone (0423) 55885.

WANTED -NEW VALVES, Transistors. Top Prices,
popular types. KENINGTON SUPPLIES, (B) 367
Kensington Street, Bradford 8, Yorkshire.

EDUCATIONAL

COURSES -RADIO AMATEURS EXAMINATION.
City and Guilds. Pass this important examination,
and obtain your G8 licence, with an RRC Home
Study Course. For details of this, and other courses
(GCE, Professional Examinations etc) write or phone
THE RAPID RESULTS COLLEGE, Dept.

 J.S.1, Tuition House, London SW19 403. Tel.
01-947 7272 (Careers Advisory Service) or for a
prospectus only ring 01-946 1102. (24hr recording
service).

TECHNICAL TRAINING
Get the training you need to move up into a higher
paid job. Take the first step now -write or phone ICS
for details of ICS specialist homestudy courses on
Radio, TV, Audio Eng. and Servicing, Electronics,
Computers: also self -build radio kits. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 272M Intertext House, London SW8 4U.I

Tel. 01-622 9911 (all hours)
State if under 18

CITY & GUILDS EXAMS
Study for success with ICS. An ICS homestudy course
will ensure that you pass your C. & G. exams. Special
courses for: Telecoms. Technicians, Electrical
Installations, Radio, TV & Electronics Technicians,
Radio Amateurs. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 272M Intertext House, London SW8 4U.11

Tel. 01-622 9911 (all hours)
State if under 18

COLOUR TV SERVICING
Learn the techniques of servicing Colour TV sets
through new homestudy course approved by leading
manufacturers. Covers principles, practice and align-
ment with numerous illustrations and diagrams. Other
courses for radio and audio servicing. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. 272M Intertext House, London SW8 4U3

Tel. 01-622 9911 (all hours) -

State if under 18

RADIO TECHNICIANS
Government Communications Headquarters has vacancies for Radio

Technicians. Applicants should be 19 or over.
Standards required call for a sound knowledge of the principles of
electricity and radio, together with 2 years experience of using and

maintaining radio and electronic test gear.
Duties cover highly skilled telecommunications/electronic work, including
the construction, installation, maintenance and testing of radio and radar
telecommunications equipment and advanced computer, and analytic

machinery.
Qualifications: Candidates must hold either the City and Guilds Tele-
communications Part 1 (Intermediate) Certificate or equivalent HM Forces

qualifications.
Salary scale from £2,230 at 19 to £2,905 at 25 (highest pay on entry) rising
to £3,385 with opportunity for advancement to higher grades up to £3,780
with a few posts carrying still higher salaries. Pay supplements total

between £443 and £522 per annum.
Annual leave allowance is 4 weeks rising to 6 weeks after 27 years service.
Opportunities for service overseas.

Candidates must be UK residents.
Further particulars and application forms available from:

Recruitment Officer, Government Communications Headquarters
Oakley, Priors Road, Cheltenham, Glos. GL52 5AJ

Tel.: Cheltenham (0242) 21491 (Ext. 2270)

SERVICE SHEETS

BELL'S TELEVISION SERVICES for Service Sheets
on Radio, TV, etc. 75p plus S.A.E. Colour TV
Service Manuals on request. S.A.E. with enquiries
to B.T.S., 190 Kings Road, Harrogate, N. Yorkshire.
Tel. (0423) 55885.

SERVICE SHEETS for Radio, Television, Tape
Recorders, Stereo etc. With free Fault-finding guide,
from 60p and S. A.E. Catalogue 25p and S.A.E.
HAMILTON RADIO, 47 Bohemia Road, St.
Leonardo, Sussex.

MISCELLANEOUS

SINTEL FOR BOOKS, CMOS AND COMPONENTS

6800 Booklet 1.80, MOT CMOS Databk 3.50, 6800 Appl
Mon 12.95, 6800 Prop Man 5.35, SC/MP Introkit Mon 0.75
NS TTL Databk 2.10, RCA CMOS Databk 5.45, 8085 User's
Man 5.15, Z80 Ass Lang Prop Man 7.50, Z80 CPU Mon
5.60, Z80 CTC Spec 0.80, Z80 PIO Man 3.30. Also a full
range of CMOS - send for free catalogue. MPUs:
MEK6800D2 205.20, MC6820 8.66, Z80 30.72, Z80A
39.94, Z8OCTC 13.82, Z8OP1O 1-3.82, Memories: 2102-A
2.55, 2112A-4 3.13. Displays: Type END500 C.C. 1.40,
Type TIL321 C.A. 1.61, 51T01 5.29. Crystals: 32.768KHz
3.78, 5.12MHz 3.89. Clock ICs: AY51202 4.35, AY51224
3.78, MK50253 6.05. Soldercon Pins: 100 0.54, 1000
4.32, 3000 11.34. Free catalogue by return. All Berns
CWO. Prices inclusive of VAT. Add 35p p&p. SINTEL, P.O.
Box 758, 209 Cowley Road, Oxford. Tel. (08651 49791

SYNTHESIZER. Case, Chassis, Keyboard, Contacts,
DEWTRON Modules; 2 VCO-2, SHE -1A, OFT -1A,
VCF, Pots, Switches, etc., Full Plans, worth £250+ Gift at
£100, or best offer. T.U.A.C. 2.100W. Amplifier, in
verocase, perfect. £95 o.n.o. P.E. Mag. since March 73,
offers? Ring Dick: WAKEFIELD (0924) 256949. After
7pm.

H. M. ELECTRONICS
275a Fulwood Road, Broomhill, Sheffield StO 1E10

BEC
CABINETS

ORION cabinet still available punched or unpunched.
Send 15p (refundable) for leaflets.

Give your project that
professional looking
finish. Build It in a BEC.
Dry transfer lettering
now available .

100 WATT GUITAR/PA/Music Amplifier superb
treble bass overdrive slimline solidstate 12 months
guarantee unbeatable offer at £38. Money returned
if not absolutely delighted within 7 days. Send
cheque or P.O. to: WILLIAMSON AMPLIFICA-
TION, 62 Thorncliffe Avenue, Dukinfleld, Cheshire.

DIRECT READING FREQUENCY METER

* Complete kit £29.50
* Linear scale
* 6 ranges up to 100 KHz
* Accepts any waveform
* Easy to calibrate -

quartz standard supplied
on loan.

Send S.A.E. for details to: lames Cooper (Elec.) Ltd.
120 Castle Lane, Solihull, Warwickshire.

OUTSTANDING 2200 HI -Fl FM TUNER. Full Coverage 88-
102MHz. Varicap tuning. Latest silicon superhet design.
Ideal for push button/manual tuning. Only £9.95. Unique
3300 stereo class A amplifier, power 32 watts peak,
complete stereo pre -amplifier, 2 power amplifiers, all inputs
accepted. Only £10.95. 5500 Tuner amplifier, specification
as above 2. Only £19.95. AU equipment built, tested &
guaranteed with full instructions (P&P 50p). GREGG
ELECTRONICS, 86-88 Parchmore Road, Thornton
Heath, Surrey.

RECHARGEABLE BATTERIES
'AA' pencell (HP7) £1.32; sub 'C' £1.64; 'C' (HP11)
£243; 'D' (HP2) £3.56; PP3 24.98. Matching
chargers 26.33 each except PP3 charger E499.
Charging holders for 2, 3, 4, 5 or 6 pencells 50p.
'C' and 'D' size holders, 4 cell only, 80p. 250/12
volt inverters now available.
Prices include VAT. Add 10% post, package and
insurance orders under £20. 5% over £20. S.A.E.
for full details plus 75p for 'Nickel Cacipium
Power' booklet. Mail orders to:

SANDWELL PLANT LTD. DEPT. P.E.
201 Monmouth Drive, Sutton Coldfield,
West Midlands. Tel. 021-354 9764
Callers to T.L.C., 32 Craven Street, Charing
Cross, London, WC2.

ELECTRONIC COMPONENTS, Electrical fittings appliance
spares, cables, hardware, tools, audio accessories, stylii and
cartridges, TV spares etc. At discount prices. 30p for
catalogue. No Callers. TROJAN ELECTRONICS, 3
Station Road, Shortlands, Bromley, Kent.

NO MORE DING-DONG
Now get MUSIC from your DOORBELL - or your CAR. New
programmable Chime announces you. or your surprised
guests. 119 easy -to -change tunes or PROGRAM YOUR
OWN. Just needs speaker and existing bell transformer or
12V. All parts, instructions and programs, postage, money

back assurance, send £17.90 now.

CAMBRIDGE KITS
45 (FBI, Old School Lane. Milton, Cambridge.

SUPERB INSTRUMENT CASES BY BAZELLI, manu-
factured front P. V.C. faced steel. Hundreds of people
and industrial users are choosing the cases they require
from our vast range. Competitive prices start at a low
96p, chassis punching facilities at very competitive
prices. 400 models to choose from, free literature
(stamp would be appreciated). BAZELLI, Dept. No.
23, St. Wilfrid's, Foundry Lane, Halton, Lancaster
LA2 6LT.

INVENTORS. "Profit front Your Invention". Sources
of Finance and other assistance. Details: Large
S.A.E. DELTA (PE), 15 St. Mary Street, Southamp-
ton, Hants.
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BUILD YOUR OWN TV CAMERA
ONLY KNOWN HIGH PERFORMANCE SOLID STATE CAMERA IN
KIT FORM. Also available factory assembled. Ideal for experimenters,
Industry secuilty, education etc. 'Will work with most other CCTV
equipment. 'Fully guaranteed. Completely self-contained. With our
modulator will connect to any domestic TV set. Model CI complete
with Vidicon Egg. Less Vidicon £82.35. (Lens available as optional
extra). SAE for info or phone your order through using your Barclay
or Access Card.

CROFTON ELECTRONICS LIMITED
35 Grosvenor Road, TW/ckenham, Middlesex ill 091 1923

CARBON FILM RESISTORS 5% E12 4W, 4W, 4W. Your
mix, 90p/100. Metal Film 4W, E1.10/100. P. & P. 15p.
Mail Order Only. CANDAR, 9 Galloway Close, Bletchley.

CABINET FITTINGS
FOR

Stag. Loudspeakers and Amplifier Cabs
Fretcloths, Coverings, Strap & Recess Handles, Feet, Castors,
Jocks & Sockets, Cannons, Bulgin 8 ways, Reverb Trays,
Locks & Hinges, Corners, Trim, Speaker Bolts etc.

Send 2 x 9p Stamps for samples and list.

ADAM HALL (P.E. SUPPLIES)
Unit 0, Starline Works, Grainger Road

Southend -on -Se, Essex.

BURGLAR ALARM equipment, safes, trade sup-
plies. ASTILO-ALARMS, 25 Stockton Rd., Sun-
derland. Tyne and Wear. Tel.: 77825. Free list
S,A.E.

BUILD THE TREASURE TRACER

IP MK III Metal Locator

Var0 NNNI
Brum  NMI 0011.ng mast 1046101
FortIod with Faraday tio10
Speak., sea imephom *potation
400001.000y 0010
Pnoulit morel ma 000Hipi,
F,,, trani.1010, circuit

pre1laisionalfini00
4on,. only need00101.Ong .ten scrod

1ver plea one .nip.
As 80.0n DSC, sod 11111C -21V

Complete £.15  95 reTiLand £20.95
Pow Cl 20  1137 VAT Post i 1 20 vat

MINIKITS ELECTRONICS 6g CLEVELAND ROAD
LONDON EIS 2ASI,Pirlx1 0,cle, Om,

ARMATURE AND COIL WINDING
ENAMELLED COPPER WIRE

Only top quality materials supplied.
All orders despatched within 24 hours.

S.W.G. I lb reel 4 lb reel
10 to 19 /2.95 L1.60
20 to 29 0.15 11.00
30 to 34 /3.45 L1.90
35 to 40 0.65 L2.10

All prices inclusive of P. & P. in U.K.
COPPER SUPPLIES

102 Parrswood Road, Withington,
Manchester 20 Telephone 061-445 8753

HIGH ENERGY LITHIUM BATTERIES outperform
conventional dry cells for less volume and weight. Re-
markable voltage stability, long shelf life. S.A.E. for details:
HIRST JACOBSON LTD. 91 Marylebone High Street,
London W.I.

NO LICENCE EXAMS NEEDED
To operate this miniature, solid-state Trans-
mitter -Receiver Kit. Only 19:75 plus 25p
P. & P.
'Brain -Freeze' em with a MINI -STROBE
Kit, pocket -sized 'lightning flashes', vari-speed,
for discos and parties. A mere £4:30 plus 20p
P. & P. Experiment with a psychedelic
DREAM LAB, or pick up faint speech/sounds
with the BIG EAR sound -catcher; ready-made
multi -function modules. £5 each plus 20p
P. & P.
LOTS MORE! Send 20p for lists. Prices include
VAT. (Mail order U.K. only).

BOFFIN PROJECTS
Cunliffe Road, Stoneleigh

Ewell, Surrey (P.E,)

CLEARING LABORATORY. Scopes, recorders,
testmeters, bridges, audio, ILE. generators, turn-
tables, tapelieads, stabilised P.S.U.s, sweep genera-
tors, test equipment, etc. Ti'). Lower Beetling 236.

MAKE YOUR OWN PRINTED CIRCUITS
RUB -ON TRANSFERS - Starter pack (5 sheets,
lines, pads, I.C. pads) E1.30, Single Sheets 27p.
FERRIC CHLORIDE - I lb bags 7_111p (P. 8, P. 40p.)'.
SOLDERCON SOCKETS - 100 65p. (nocinfih;
rates). PLASTIC SUPPORTS -7 or 8 hole 6p./pair.

S.A.E. lists sample. P. 8 P. 15p/order except*.
P.K.G. ELECTRONICS

OAK LODGE, TANSLEY, DERBYSHIRE

LOW COST aluminium boxes with lids and screws. 3 x 2 x
1 42p,4 x 3 x 1}49p,4 x 3 x 2 56p, 6 x 4 x 2 62p, 6 x 4
x 3 72p, 8 x 6 x 2 97p, 8 x 6 x 3 il.08. Prices include P
& P. HARRISON BROS. P.O. Box 55, Milton Road,
Westcliff-on-Sea, Essex SSO 7LQ.

PRINTED CIRCUITS
and HARDWARE

Readily available supplies of Constructors' hardware. Printed
circuit boards, top quality for individual designs. Prompt
service. Send 25p for catalogue. From:

RAMAR CONSTRUCTOR SERVICES,
Mosens Read, Stratford upon Aven, Warwicks.

Tel. 4879.

STABILISED P.S.U.s. Large range of various voltages and
currents, available cased or in chassis form. S.A.E. for full
particulars and prices. A. BARTON, PE, Highbanks,
Newport Road, Sandown, I.W.

THE FABULOUS
D2 MICROPROCESSOR

EVALUATION KIT
FROM MOTOROLA.

Featuring *24 key keyboard *Seven segment
display 'Cassette interface Erom & Ram
Expandable 'Interface Capability Full
Documentation 5 Volt power supply Required
'One years FREE membership of The Amateur
Computer Club with every purchase*. £176 +
£1.50 P & P + 8% VAT.

ENAMELLED COPPER WIRE
SWG I lb 8 oz 4 oz 2 oz
10-19 2.60 1.40 .66 .55

20-29 2.80 1.60 .85 .65

30.34 3.00 1.70 .95 .70
35-40 3.35 1.90 1.10 .79

4043 4.50 2.50 1.90 1.25

44-46 5.00 3.00 2.10 1.65

47 8.00 5.00 3.00 1.76

48 15.00 9.00 6.00 3.30

Tinned Copper, Even Gauges 14-30 £3 per lb.
Multicore 60/40 Solder 18SWG £3.24 per lb.
Prices include P & P and VAT.
SAE brings list of copper and resistance Wires.

THE SCIENTIFIC
WIRE COMPANY

PO Box 30 London E.4.
Reg. Office, 22 Coningsby Gdns.

DO YOU UNDERSTAND IC's and the workings of
calculators? Then you can design and build a circuit for
me. Will pay generously. Phone 01-328 7972. Or write to
DAVID PARFITT, 40 Dunster Gardens, London NW6
for details.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please insert the advertisement below in the next available issue of Practical Electronics for

insertions. I enclose Cheque/P.O. for £

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics)

NAME Send to: Classified Advertisement Manager
PRACTICAL ELECTRONICS
GMG, Classified Advertisements Dept., Room 2337,

ADDRESS King's Reach Tower, Stamford Street,
London 9E1 9LS. Telephone 01-281 5848
Rote:
18p per word, minimum 12 words. Box No. 130p extra.

Company registered in England. Registered No. 53626. Registered Office: King's Reach Tower, Stamford Street, London SE I 9LS.
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GLASS FIBRE P.C.B.'s
From your own tape, film or ink master. Send S.A.E. for
quotation.
PRACTICAL ELECTRONICS P.C.B.'s in gloss fibre, tinned and
drilled. Complete set of Radio Control boards, June to Aug.
76 E5.80p. Cross Hatch Generator E2.85p.
May 77 Burglar Alarm (1305-1) E1.68. June 77 Sports Centre
(1306-1) and power supply p.c.b. £2.66. July 77 Digital
Stopwatch (1307-1) El. Oscilloscope trace doubler 95p. Earth
Leakage C.B. (1307-2) £1.96p. Aug. 77 C/R Meter (1308-1)
97p. Sept. 77 Freq. Counter Timer (1309-2/3) £3.98 set of
two boards. Scope Probe (1309-1) 56p. Oct. 77 Digital
Multimeter (1401-1/2) £3.15, set of two boards. Guitor
Sustain (1410-3) 55p. Dec. '77 Car Burglar Alorm (1412-1)
88p. 128 Note Sequence (1412-2/3) £2.71 set of two
boards.

PROTO DESIGN
4 Highcliffe Way, Wickford, Essex 551 I 8LA

BURGLAR ALARM GOODIES! 12V siren £5.53, 240V siren
£9.61, plastic coated and lettered bell box £5.25. Flush
magnetic contact 60p, surface 65p. S.A.E. for price list.
C.W.A.S. 11 Denbrook Walk, Bradford BD4 OQS. Tel:
Bradford 682674. All prices fully inclusive.

WIRE THREADING KIT: Consists, W.D. Pencil, W.D.
Board, W.D. Strips (Glue and Press Fix), Spare Spool of
Wire, I.C. Leg Deformer, Comprehensive Instructions £7.51
inc. P & P and VAT. Separates: W.D. Pencil £2.20 W.D. Board
£2.60 14 for £8.00), W.D. Strips 6" Glue Fix £1 .30/pkt 10.
W.D. Strips Press Fix E1.30/pkt 30, Spare Bobbins - Pink,
Green, Blue. Copper (0.19mm) 40p ea. Misc: Oryx Temp.
Cont. Iron and Stand £12.40, Cutters £2.64, Tweezers 90p,
Conductive Paint (3g tube) £2.30.
Terms: 35p P & P/E 10 of goods then add 8% VAT. Overseas
E 1 extra. (Iron and Stand 54p P & P).
ZARTRONIX. 115 Lion Lane. Haslemere, Surrey.

LADDERS

LADDERS. Varnished 25 l/2 ft extd. £35.70. Carr. £2.40.
Leaflet. Immed. despatch. THE LADDER CENTRE
(PEES), Halesfield f), Telford, Salop. Tel. 586644.

ELECTRICAL

LIST NO. 28 now ready - Stylii illustrated equivalents also
Cartridges, Leads, etc., free for long SAE. FELSTEAD
ELECTRONICS (PE), Longley Lane, Galley, Cheadle,
Cheshire SK8 4EE.

YOUR OWN COMPUTER
WHY NOT!
The Microprocessor Users Group can help you
build it, with a regular magazine of circuits and
software, plus free use of our software library,
free technical and programming assistance and
discounts on all components systems and services
sold by us. For full details write with S.A.E. to
Computabits Ltd, 41 Vincent Street, Yeovil,
Somerset. Tel. (0935) 26522.

PLEASE

MENTION

PRACTICAL

ELECTRONICS

WHEN

REPLYING

TO ADVER-

TISEMENTS

SOLID STATE
DESIGN FOR THE

RADIO AMATEUR
by A. R. R. L. Price E6.10

IC TIMER COOKBOOK by W. G. Jung
Price E 7.50

HI Fl YEAR BOOK 1978 by IPC Price 0.65

RADIO & T.V. SERVICING 1976/77 MODELS
by R. N. Wainwright Price E10.25

RADIO DATA REFERENCE BOOK by T. G. Giles
Price £4.10

MICROPROCESSORS & SMALL DIGITAL
COMPUTER SYSTEMS FOR ENGINEERS &
SCIENTISTS by G. A. Korn Price £19.00

MASTER TRANSISTOR/IC SUBSTITUTION
HANDBOOK by TAB BKS No. 970 Price £5.60

OP -AMP CIRCUIT DESIGN & APPLICA-
TIONS by J. Corr Price 0.85

INTRODUCTION TO MICROPROCESSORS
by D. Aspinall Price £5.30

HOW TO BUILD & USE ELECTRONIC DEVICES
WITHOUT FRUSTRATION, PANIC, MOUNTAINS
OF MONEY, OR AN ENGINEERING DEGREE
by S. A. Hoenig Price £7.70

* ALL PRICES INCLUDE POSTAGE *

THE MODERN BOOK CO.
BRITAIN'S LARGEST STOCKIST

of British and American Technical Books

19-21 PRAED STREET
LONDON W2 INP

Phone 01-723 4185

Closed Saturday I pJn.

T.T.L. 74 I.C.'s By TEXAS, NATIONAL, I.T.T.,
FAIRCHILD etc

7400 14p 7426 259 7473 30p 74121 25p 74151 65p 74179 140p
7401 149 7427 25p 7474 30p 74122 40p 74153 65p 74180 100p
7402 14p 7428 40p 7475 30p 74123 609 74154 1209 74181 200p
7403 14p 7430 15p 7476 30p 74125 50p 74155 70p 74182 75p
7404 14p 7432 25p 7483 11Sp 74126 509 74156 ?Op 74184 150p
7405 14p 7437 35p 7485 100p 74130 130p 74157 70p 74185 1500
7406 40p 7436 259 7486 30p 74131 100p 74160 110p 74188 350p7407 40p 7440 up 7489 2509 74132 650 74161 009 74189 350p
7408 20p 7441 659 7490 35p 74135 1009 74162 90p 74190 140p
7409 20p 7442 65p 7491 75p 74136 110p 74163 90p 74191 1409
7410 15p 7445 800 7492 45p 74137 100p 74164 1250 74192 120p
7411 20p 7446 650 7493 40p 74138 1259 74165 125p 74193 120p
7412 20p 7447 759 7495 /Op 74139 100p 74166 129p 74194 100p
7413 30p 7448 70p 7496 70p 74141 fhp 74167 325p 74195 100p
7414 60p 7450 15p 74100 9Sp 74142 270p 74170 200p 74196 100p
7416 30p 7451 15p 74104 40p 74143 270p 74173 150p 74197 100p
7417 30p 7453 15p 74105 40p 74144 270p 74174 100p 74198 1859
7420 15p 7454 1Sp 71107 30p 74145 75p 74175 7Sp 74199 111Sp
7422 20p 7460 1Sp 74109 50p 74147 2309 74176 1009
7423 25p 7470 30p 74118 90p 74148 1600 74177 1009
7425 25p 7472 25p 74120 90p 74150 120p 74178 1409

CMOS IN4148 BY ITT/TEXAS 1200pF 63V, 2 for £1.00.
4000 20p
4001 20p

4030 110p

4032 1509

100 for £1.50. 2200pF 63V, 2 for £1.50.
3300pF 63V, 2 for £1.60.

TEXAS TIS88A VHF FET4002 209 4043 220p
4006 120p 4046 150p 10 for £2.30. 100 for

BD607/608 COMP.
4007 20p
4009 70p

4047 115p
4049 70p

£20.00.
4011 209
4012 209

4050 50p
4054 1309

POWER £1.50 pair.
555 Timer, 10 for £2.80.

4013 55p
4015 90p
4016 55p

4055 1409
4056 1459
4060 130p

741 Op. amp. 10 for E2.00.
BF257 10 for E1.50.

RCA SCR TO3 case4017 110p 4066 55p

17410 10 for E1.00
4018 250p
4020 1409

4069 30p
4071 30p

100V 12.5A £2.50.

4022 160p 4072 309 BTY 87-100R SCR 7420 10 for £1.00
4023 20p
4024 100p

4081 20p
4082 30p

100V 8-5A £1.00 each. 7430 10 for £1.00
7442 10 for E3.50

'ALL PRICES INCLUDE
POSTAGE AND V.A.T. AT

4025 20p
4026 200p
4027 115p

4510 1459
4511 2009
4516 1409

7483 10 for E2.00
7496 10 for £4.50

4028 lop 4518 110p '8 or 12i% AS 74107 10 for £2.00
4029 130p 4528 130p APPROPRIATE 74161 10 for E8.00

XEROZA RADIO
306 ST. PAUL'S ROAD,

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

Easy access to Highbury via Victoria Line (London Transport) British Rail

CRESCENT RADIO LTD.
MAIL ORDER DEPT.

1 ST. MICHAELS TERRACE. WOOD GREEN.
LONDON N22 4SJ
PHONE: 888-4474

MULTIMETER BARGAINS
A special bulk purchase of Eagle Multi -
meters enables us to offer two from
their range at up to 15% off Eagle's own
Recommended Retail Price.

KEW 7 POCKET
MULTIMETER

Handy pocket-size (3
24".1") 1000 opv

meter with 'off' damp-
ing. Includes all basic
ranges: DC volts Oto 10,
50, 250, 1000. AC volts:
0 to 10, 50, 250, 1000.
DC amps: 0 to 100 MA.
Resistance: 0 to 150K
ohms. Decibels: - 10 to
.22dB. £5.97. . 8%

VAT with leads and
battery.

C1095 20,000
OPV

MULTIMETER
with hinged 4 -

position scale for
easy reading
bench use. Anti
parallax mirror,
3 -colour scale,
overload protec-
tion. Ranges: DC volts: 5, 25, 50, 250,
500, 2,500 (20,000 opv). AC volts: 10,
50, 100, 500. 1,000 (10,000 opv). DC
amps: 50mA, 2.5mA, 250mA. Re-
sistance: 50K ohms, 5 megohms.
Decibels: 20 to 22dB. £14.31 8%
VAT.

EFFECTS PROJECTOR "150"
(150 watt)

Ideal for disco
work, this versatile
machine takes a
range of accessories
and is of a sturdy
metal construction. Comes complete
with bulb and 6in. Liquid Wheel.
Ready to use.

A bargain at £34
4- 8% V .4 . T

3 KILOWATT PSYCHEDELIC LIGHT
CONTROL UNIT (1000 Watt per

channel)
Three channel. Bass. Middle, Treble.
The input of this unit is connected to
the loudspeaker terminals of an amp-
lifier and the required lighting is
connected to the output terminals of
the unit thus enabling you to pro-
duce a fascinating sound to light
display.
Full instructions supplied or S.A.E.
for details.

Fantastic Value at £20.00
8% V.A.T.

LOUDSPEAKER SELECTION
- 121% V.A.T.

211n, 8. 40. and 75 ohm at 0.10
(please state which impedance
required)
5in. 8 ohm Ceramic at 0.70
8in. Goodmans "Audiom 8PA" 8 ohm

15W £5 26.
10in. "ELAC" Dual Cone 8 ohm

10 watt at £4.75

IS

ACCESS AND BARCLAYCARD ACCEPTED -PHONE ORDERS WELC  MED
ALL PRICES INCLUDE POSTAGE -PLEASE ADD V.A.T. AS SHOWN-S.A.E.
WITH ALL ENQUIRIES PLEASE
Personal callers welcome at 164-166 High Road, Wood Green, N22. Phone: 888 3206

and 13 South Mall, Edmonton N9. Phone: 803 1685
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TTLs by TEXAS CMOS OP. AMPS. NE531V "" MEMORY I.Cs. 1.1JE2955
MJ3001

1399
2504

M2'26°G "1
2143053 220

DIODES BRIDGE
7400 14
7401 149
7402 lip
7403 lip
7404 2459

7405 250
7406 up

74112
74118
74118
74119
74120
74121
74122

Up
21110

MP
2210
1344
Up
Up

I Cs

4000
4001
4002
4008

24
24
up

124

CA3130 14114 709

CA3140 104 733

CA31130 124 7419p
LM3014 414 717

LM318N 175p 703

14432414 134 776

MC1451% 750 3900

4119
1509
259
Tsp
4gp

Slip
74

P4040 624 14401

D4200 MO 17020
EM7014 012 2102-2
P4002-1 41119 2107
942014 Nip 2112-2
94205 414 601104
93205 3914 AYS1013

VIP
11140
21114

IIERP
434

114
G54

MJE3055
MPF102/3
6490104/5
MPS4013
MPS412
MPSA56
MPSUO5

900
45p
ap
37p

1124

724

2143054 154

243:65 UP203442 1514
203702/3 14p
2113704/5 14

2143704/9 lip

..,,,.... ....
0 7 IZ, icp
0A47
0A81 15p
,0A.8905 195:

1-/m

RECTIFIERS
IA SW u
14 100V 274
14 400V Sip
2A2A 100506v eon,

7407
7404

7409

op
34
up

74123
74125
74126

?Sp
tilp
Op

4007
1008
4009

210
11104

117p

LINEAR I.Cs.
MEWL
NE8431(
NE555

not)
2284

349

95101-6 5690 F103-2513 2EOP MPSUO6
MPSU55
MPSU56

784
1114

IMO

2143773 320P
203819 27p
2143620 NIP

0A91 Op
0A95 9p

2A
34 200V
sk 1100V

?Sp
hip

7410
7411

ig,
14

74121
74132

112p

Slp
4010
4011

gip
214

AV -I-0212 My
4T-3-4110 Tro
CA30284

114.
'f"

NE556
NE5616

no
4049

LOW PROFILE DIL
SOCKETS BY TEXAS

0C28
0C36

SOP

"P
2143123 794

2N3M np
0A200 sp
0A202 10p

4A 100V
44 400V
64 506

Ole'Plp
914

7412
7473
7414
74,

op
4.,
,14,
iep
4,44

74136
74141
74142
74145
74147

114
Opaft
054

lap

4012
4013
4014
4015
4016

Zip
up
Bop
009
549

CA3046 as.44,
CA3044 -ii;
CA3053

CM°V2
a, -;
lip

NE562B
NE565
14E546

NE567111051N

454
1404

.4%
444_
'1.40

4 1247 22 pin
14 pin 13p 24 pin
16 pin 14p 20 pin
16 pin ap 40 pin

34
4119

449
aft.

0071
620068
R201013
TIP294
TIP29C

34
226P
1249
sop
559

2143903/4 224
2943905/6 Up
2N4053 159
2N4060 114
204123,1 Up

1N914 4p
1N916

,
f p

1N4001/2 Op

BA 100V
64 400V
10A 400.4

254 4006

111110

12114
2447
4320

L,42?

44_
......-

74148
74150

%Op
1344

4017
4018

lila
114 CA3089E 2504CA309040 4243"SN72710N

SN713003N
Up

7/5p
TIP304
TIP30C

Up
72p

2144125/6 14
2144401/3

1N400314 759

' '
1421

.....-,
0111

74151 Up 4019 54
ICL8036CC 4009 SN71008 2wo TRANSISTORS 11P310 Sip 2N027 97p 1N4005/7 1p TRIACS

;4234.4 °O.._

74153

74154

44
leap

4020

1021

loop
1204

7744,
1-11331N - 5106013N 1759

1404
13137 56 Zap

249
TIP31C NO 2t4 471 NIP

2145179 710
1N4148 4p Plastic

1"4.
7426

"R._
11411

74155
741%

gip
97p

4022
4023

pap
53p

1.5137714 20141N5401/315p
LMSION 112p

SN75013NO
5670010 5509

1750

AC125/8 294
AC127/8 2110

BF115
1%167
BF170

Up
2544

TIP32A
11F32C

Up
154 2745245 414

1N5404/7 20p
3A 400v
6A 400V

gip
107p

7427
1426

7430

0444_

IIIP

74157
74159

74160

974
3509
904

4024
4023

4020

04
24

2004

LM38IN 144
LM38914

/4'.;
444...-"

LA43011 N ....

5976023N
5N76023N0
TA413214
TA461314

11110

3114
1540

AC176 204
AC187/8 20p
AD149 004

459

BF173
BF178
BF179

270
wo
34

119332
TIP33C
TIP34A

974
1209
1249

2145296 ggp
2145401 52,
2145437,4 44

64 500V
100 400V
10A 50011

1209
1409
1404

7432 VP 74161 131p 4027 049 M25204 SNP TBA120 1174

AD161
ap BF180/1 354

TIP34C leap
2434

2445456 Op ZENERS ISA 400V 2004

7433
1437

449
370

74162
74163

1240
1304

40%1
4029

114
1214

MC1310P 1904
MC1351P 114

TB4641B
TBA651

304
1214

40162
AF114/5 ap BF184/5

BF194
244
lap

TIP3SA
TIP35C 2409

2N5035 44
2146107 ?Op

2 7V -33V...-
11p

15A 500V

4°431

225p
1309

7431 1711 74164 1244 4030 170 MC/4451 4019 T134300 114
AF116/7 314

BF195 Ilp
119364 747p 2146027 414 41MM VV

40669 130p

7440 1217 74165 1509 4440 1504 MC1496L 1124 THAW
AF127 49
AF139 op BF196 17p

TIP36C
T19414

344P
709

2146247 21/04 1W
4.4.

4.10 06100 319

7441 UP 741136 lap 4042 974 mc.33404 11100 1042020 a AF239 40p BF197 1114 TIPIIC 11/44

2m6254 1449
2116292 794

SCR THYRISTORS
IA 5011 105 11114

7442
7443
7444

71p
lap
1214

74167
/4170
74172

My
Zap
750p

4043
4046
4047

1004
1509
1209

64033604 1100 20114 1400 BC107/19 14p
BC106/ I4 14

86200
BF2448

15F25613

Np
404
IMO

TIP42A
TIP42C
TIP2955

1110
Sp
100

30128 w
30140 974

VOLTAGE REGULATORS-Fixed
7445
7446
7447
7444
7450
7451

7453
7454
7010
1470
7472
7473

iggp
11114
lip
Sep
1119

14
1.0
7170
1114

3114

324
Up

74173
74174
74175
74176
74177
74180
74181
74162
74%4
74185
74106
74190

11100
1304

174
1304
1004
lap
3240
1IIIP
3114
1104
11114

1404

4049
4050
4054
4055
4056

4060
4066
4069
4071
4072
4073
40713

1110
S59Pluttc-70220-3

1200
1409
1400
124

394
3.9
Up
314
459
Sp

Terminals
1 r"P mg 7734,.
6V 7106 114
IIV OMB 1154

7812 115912VC1040
1511 7815 114BC172,.,, 7818 11501.
24V 7824 1154.

100rnA .vs 1092
SV 78L05 ?Op

1 Amp -We
56 7505

1211 7912
15V 7915
24V 7924

lap
Hiop
11100
Map

BC109 lg.
BC109C lip
BC147 gp
BC148 4
BC157 lip
BC15139 14
BD 169C 15p

114
9C177 20p
BC178 174
BC179 24
BC1132/3 lip
Kim lip

BF257
10258
81259
8F337
BF039
EIFR43/1
BP R79
BFR110/1
aFR88
BFW10
8FX30
BFX134/5

344
314
444
324
314
344
340
344
37p
Sep
344
300

TIP3055
T1S43
211697
214698
2N7043/8
20918
214930
2141131/2
2N1304'5
2N1306/7
2N1613
2N1711

ap
400
250
CIO
24
439
UP
24
714
759
Up
Zip

36141 1104
30187 2009
40360 Up
40381/2 4.1p

40409/10 714
40411
40594 rg:
40595 974
40635 11109

40636 1409
40673 gap

40841 914

14 400V 105
3A 400V STUD

12A 400V STUD
164 400V Plastic
16A 500V Plastic
1171011 IA 70011 STUD

44 400V Plastic
MCRIOI pi 1511 1092
2003525 5A 400V TOM
2N4444 8A 600V Plastic
2115040 0 84 30V 1092
255002 0 86 100V 1092

1119

579
1914

Nt
1309
Up

1

Ufa
34
40p

Meat Sulk 171/W
suitable for 10220

559

100mA - vs
5V n105

1092

a"
7474
7475
7476

27p
434
3714

74191
74192
74193

1409
1204
1204

4081
4012
4093

Up
Up

1064

6.,1V 78162 7139

1"...,
78L12 TOp 12V 76112

11" 78115 74 15V 79L15
1110
400

BC 187 324
BC212 lip
BC213 lip

81046/7
01080
1%11'50

34
304
224

2141893
202102
2142180

324
Sap

1204

40871 45p
40872 90p

205014 0 84 200V 1092 43p

.......
MC 4468107MM

7481

7452
7413
7484

144
194
NO
00

1014

74194
74195
7419B
74197
74140

lap
1104

laplap
V114

4510
4511

45194518
4520

1444
1440
1340
14114

14114..,

LM309K TO3 1104 MC1465 DIL
LM323K TO3 7004 TEI462513 TO5

LM327N OIL 2754 7805K 703

4304
1200
1100

13C211 lip
0D461 Up
BC478 320
BCV70 200
8C171 Up

BFY51
BP/52
BFY90
B1039
05519/20

224

aP90p
1119

NO

2N2219

2N22222N2369
2N2434
2142646

220

72°15p
324
UP

128 x 8 STATIC RAM
24 pin OIL £4.32

ZN425E
£4.20

VARIABLE:
7465
7446

1204
up

74199
74221

MP
1719

14433
14533

414
%Sp

723 OIL 45p LA1317 10220
73440/72c OIL 1459 11.430 1092

___
13.11

7017

00124 144
B13131/2 15p

MJE340
MJ481

74
1719

2N2904/4
2142905/A

224
Zip

7449 Map 74251 1500 14563 15114 1110135/6 Hp M.1491 2110 202936/4 24 PLEASE SEND SAE FOR
OPTO-ELECTRONICS LED.

111.209 Red
OCP71 lap 711211 Or4n 11.1.iip

.7410
7491
7442

300
SIP
Hp

74270
74279

974
liflo
154

80039 514
80140 1104

MJ250 i
/.4.12955

2509
1304

2142907/4
262926013

264p OUR CATALOGUE
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U.K. RETURN OF POST MAIL ORDER SERVICE also WORLDWIDE EXPORT SERVICE
R.C.S. 10 WATT
AMPLIFIER KITMN

This kit is suitable for record players, tape play back, guitars.
electronic instruments or small P.A. systems. Two versions are
available. The mono kit uses 13 semiconductors. The stereo kit
uses 22 semiconductors. Both kits have printed front panel and
volume. bass and treble controls. Spec. IOW output into 8 ohms.
7W into 15 ohms. Response 20cis to 30kcis. input 100M.V. high
imp. Size 94 x 3 x 2in. A/C mains operated.

n-0 £11.25 Stereo
kit £18 post45p

Easy to build Full instructions supplied

ELAC
10 inch £4.50
Ribbed cone. Large ceramic
magnet 50-16,000 c/s. Bass
resonance 55 c/s. 10W. 15 ohm
impedance.

RCS STEREO PRE -AMP KIT. All parts to build this pre -amp.
Inputs for high, medium or low imp. per channel, with volume
control and P.C. Board. Can be ganged to make multI-way mixers.

£2.95 Post 35p

MAINS TRANSFORMERS ALL POST
50p each

250-0-250V 70mA. 6 3. 2A £3.45
250-0-250 80mA, 6.3V 3.5A. 6 3V 1A or 5V 2A Ed  60
350-0-350 80mA. 6.3V 3.5A. 6 3V 1A or 5V 2A E5  80

300-0-300 120mA 2 x 6.3V 2A C.T.. 6.3V 2A £8 56

220V 45mA. 6.3V 2A El 75

HEATER TRANS, 6 3V 3A. C145. amp. El 00

GENERAL PURPOSE LOW VOLTAGE. Tapped outputs at
2A 3, 4, 5. 6, IL 9. 10, 12. 15, 18. 24 and 30V [5.30

1A. 6. 8. 10, 12, 16. 18. 20, 24. 30, 36. 40. 48, 60 E5 30
2A. 6, 8, 10, 12. 16. 18, 20. 24. 30. 36, 40, 48. 60 ES  50

3A. 6. 8. 10, 12. 16. 18. 20. 24, 30. 36. 40. 48. 60 [1100
5A, 6. 8. 10. 12. 16. 18. 20. 24. 30. 36, 40. 48. 60 E14  50

5. 8. 10. 16V IA C2. 12V 100mA Cl. 12V 300mA £1. 12V 750mA
C130. 40V 2A tapped 10V or 30V £205. 20V 3A C2. 40V 2A £295.
30V 5A .34V 2A ct. C3.75.2  18V 6A C9.
20-0-20V IA t295. 30V 11./. £275 20V IA £2. 20.
60V. 40V. 20V or 20-0-20V. 1 A £3.50.30-0-30 2A C7
AUTO TRANSFORMERS. 115V to 230V or 230V to 115V
150W £51 250W £6; 400W C7; 500W
CHARGER TRANSFORMERS. Input 200/250V for 6 or 12V
11A £3.75; 4A £5.20.
FULL WAVE BRIDGE CHARGER RECTIFIERS' 6 or 12V outputs
1 ;A 40p; 2A 55p; 4A 95p. HALF WAVE 12V 11A 25p.

GOODMAN'S COMPACT 12in
BASS WOOFER
Standard 12in diameter fixing with cut sides
10fin square. 14,000 gauss magnet 30 watt
r.m.s. 4 ohm impedance. Bass resonance 30
c.o.s. Frequency response 30-8.000 c.o.s.
£10.95 each. Post VIGO. 20 Watt model £9.95.

ADASTRA 3.3W STEREO AMPLIFIER.
10 Transistor Push -Pull Ready
built with volume, treble and
bass controls. 240V operated. 1=:)

Size 8 3 6in. £10.95 OHM mil 5i

HEATING ELEMENTS WHINER
Size 104 8, voin Operating voltage 200 250V a c 250W
approx. Suitable for Heating Pads. Food Warmers. Convector
Heaters. etc Must be clamped between two sheets of metal or
asbestos

ONLY 40p EACH (FOUR FOR £1 .50)
ALL POST PAID -Discounts for quantity

E.M.I. 134 x Bin
SPEAKER SALE!
With tweeter And crossover State
4 or 8 ohm

10W Model

15W model £10.50
Post 65p8 ohms

20W model £11.50
Post 75p

£7.95
Post 45p

8 or 15 ohms

TEAK VENEER HI -Fl SPEAKER CABINETS

MODEL "A" 20 x 13 x 12in.
For 12in. dia. or 10in. speaker.
!Rust ated £14.50 Post £1.60
MO EL "B" BOOKSHELF
For 13 x 8in. EMI

£8.50 Post £1Lou speakers.
R.C. . BOOKSHELF complete with
spec ere. Size 14 x 9 x 6in. approx.
Res nee 50 to 14000 cps
6 wa rms 8 ohms £16 pair Post £1.30
AC STIC WADDING 18in. wide, 20p ft.

A mains operated solid state pre -amplifier unit designed
to compliment amplifiers without low level phono and tape
input stages. This free standing cabinet incorporates
circuitry for automatic R.I.A.A. equalisation on magnetic
phono input and N.A.B. equalisation for tape heads. Power
ON/OFF, PHONO/TAPE switches and pilot lamp are on
the front panel; phono socket
input and output are rear
located. AC mains 240V.
Size 6 x 3 x 2in.

£4.50 ea. - 2 for £8.
Post 50p.

BAKER MAJOR 12 INCH £15
Post Cl 00

30-14,500 cis 12in double cone. woofer
and tweeter cone together with a BAKER
ceramic magnet assembly having a flux
density of 14,000 gauss and a total flux
of 145.000 Maxwells. Bass resonance
40 crs. Rated 25W
NOTE: 4 or 8 or 16 ohms available.

Module kit. 30-17.000 ws with tweeter.
crossover. baffle. 19 x 12}in,
instructions. As illustrated. 14

Please state nor our 16 ohms. Post £1 60

"BIG SOUND"
BAKER SPEAKERS
Robustly constructed to stand up to long
periods of electronic power As used by leading
groups and discos Useful response 30-13.000

s Bass Resonance 55 c s

GROUP "25"
121n 30W
4 8 or 16 ohms.

GROUP "35"
12In 40W
4. 8 or 16 ohms.

GROUP 50/12in
12in 60W
4 or 8 or 16 ohms with
aluminium presence dome.

GROUP 50/15in
15in 75W
8 or 16 ohms

£12
Post £1

£14
Pos, t1

£21
Post I'1 60

£26
Post £1 60

Disco, Group PA Cabinets In stock. Send for
Leaflet. Cabinet Fittings, Handles, Corners,
Feet, Covering Material all In stock.

1
I

)

BAKER 150 WATT
ALL PURPOSE
TRANSISTOR
AMPLIFIER
Ideal for Groups. Disco. P A and Musical Instruments a inputs
speech and music 4 way mixing. Output
4/8/16 ohm. oc. Mains 240V.
Separate treble and bass controls. £75 Itr50
NEW "DISCO 100 WATT" £59
ALL TRANSISTOR AMPLIFIER Carr. E1
2 inputs 4 outputs separate volume treble and bass controls. Ideal
disco or slave amplifier chassis. Made by Jennings

PW SOUND TO LIGHT DISPLAY
Complete kit of parts with R C S printed circus Three 1.000W
channels As featured in Practical Wireless
CABINET extra £3 £14.00

GOODMANS CONE TWEETER
18,000 c/s 25W 8 ohm. Price £3.25E M I 5in mid range 25W £4.95.
E M I 13 * Bin 25W Bass Unit [1050

R.C.S. 100 WATT VALVE
AMPLIFIER CHASSIS

Professional model our inputs Treble. Bass. Master Volume
Controls. Ideal disco. P A. or groups. S.A.E. for r94
details. 5 speaker outputs. 3 or 8 or 15 ohm. 100V line to
order. Suitable carrying case £16.50. plus £2.50 carr.

LOW VOLTAGE ELECTROLYTICS
1 2. 4 5. 8 16 25. 30. 50. 100. 200mF 15V 10p. 500mF 12V 15p;
25V 20p; 50V 30p. 1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p.
2000mF 6V 250; 25V 420. 2500mF 50V 620; 3000mF 25V 47p;
WV 65p. 3900mF 1001/ 0.60. 4700mF 63V £1.20. 5000erF 6V 25p;
12V 42p; 25V 75p; 35V 85p; 5600mF 76V C1.60; 1200/76V 1300.

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS
All parts and instructions with Zener diode,

£2.95printed circuit rectifiers and double wound
mains transformer. Input 200/240V a c. Output
voltages available 6 or 7 5 or 9 or 12V d c. up to 10Orn;:oosrt 411
Sire 3 2t 14in Please state voltage required.

R.C.S. POWER PACK KIT
12V. 750mA Complete with printed cIrc00
board and assembly instructions
12V 300mA KIT. £3.15.

MONO PRE -AMPLIFIER
£3.35

Post 30p

R.C.S. GENERAL PURPOSE TRANSISTOR
PRE -AMPLIFIER ---BRITISH MADE

£1.45
Ideal for Mike. Tape. P U , Guitar. Battery 9-12V or H T line 200-300V
d c operation Size 14 x 14 . 25 vs to 25 kc/s 26 dB gain For
valve or transistor equipment. Instructions supplied.

ELECTRO MAGNETIC 95p Post 30PPENDULUM MECHANISM
1 5V d c operation over 300 hours continuous on SP2 battery. fully
adjustable swing and speed Ideal displays. teaching electro
magnetism en for metronome. strobe. etc.

BSR HI-FI AUTOCHANGER
Plays 12in, 10in or 7in records Auto or
Manual. A high quality unit backed by
BSR reliability with 12 months'
guarantee. a.c. 200/250V. Size 134 X
11 fin. Above motor board 36-n. Below
motor board 24in.
With STEREO/MONO CARTRIDGE. £12.95
Single Player version £15.50. All Post 75p
BSR P126 with Magnetic Cartridge £24.50
GARRARD MINICHANGER plays all records 01.95
BSR P163 BELT DRIVE DECK, less cartridge C27.50

BSR DE LUXE AUTOCHANGER
Features balanced arm. Cueing device,
stylus pressure gauge, 3 speed - plays
all size records. Fitted with stereo
ceramic cartridge. Size:
13 s 12ins. Post C1. £17.50
Or with Sonotone V100 £21.50magnetic cartridge

R.C.S. DISCO DECK
SINGLE RECORD PLAYER

Fitted with auto stop, stereo compatible cartridge. Baseplate. Size
11 0 thin Turntable Size 7in diameter a c mains 220.250V
3 speeds plays all size records ot
Two for £15. Post 75p E7.95 PZI;

HEAVY METAL PLINTHS
With P.V.C. Cover. Cut out for most B.S.R or

£6  50Garrard decks. Silver grey finish.
Model "A '. Size 124 0 146 x 74in.
Model "B". Size 16 x 134 x 7in. £7.50. Post El 30
Extra Large Plinth and Corer. For transcription decks Size
20 175 gin uncut board Callers only £1950.

TINTED PLASTIC COVERS ONLY
Sizes: 141 124 gin, C3. 14 . 124 . 2}in, £3.50. 161 141
£3 75. 161 14 4in, £4. 19 . 141 x 41In. £4.15 . 131 - 3in, £3.50. 171

9) 34 in. £3.
Ideal for record decks, tape decks, etc. Post 75p.

BAKER HI-FI SPEAKERS
HIGH QUALITY -BRITISH MADE

SUPERB £22
12in 25 watt Post £160

Quality loudspeaker. low cone resonance
ensures clear reproduction of the deepest
bass Special copper drive and concentric
tweeter cone Full range reproduction with
remarkable efficiency in the upper
register.
Bass Resonance 25 cis
Flux Density 16.500 gauss
Useful response 20-17.000 c's
8 or t6 ohms models

AUDITORIUM
12in 35 watt

£21
Post
E1 60

A full range reproducer for high power.
Electric Guitars, public address, multi -
speaker systems. electric organs. Ideal for
Hi-Fi and Discotheques
Bass Resonance
Flux Density
Useful response
8 or 16 ohms models

35 c/s
15.000 gauss
25-16.000 cts

AUDITORIUM £26
15in 45 watt Post El 60

BLANK ALUMINIUM CHASSIS, 18 s.w.g. 2jin. sides, 6 x 4in. 95p;
8 6in. £1.40; 10 7in. £1.55; 14 9in. £1.90; le n 6in. C1.85;
12 3M. £1.20; 16 10in. £2.20; 12 x Sin. £1.70.
ALUMINIUM PANELS, 18 s.w.g. 6 . 4in 20p; 8 . 6in. 40p; 10 7in.50p; 12 5in. 50p; 12 x 8in. 50p; 16 x 6in. 75p; 14  9in. 800;
12 12in. 80p; 16 . 10in. 95p.
ALUMINIUM ANGLE BRACKET, 6 tin. 15p.
ALUMINIUM BOXES, MANY SIZES IN STOCK.
4 x 2 x 2in, 55p; 3 x 2 x 1in, 55p;.6 x 4 x 2in, 85p; 8  6  30, C1;
9 * din, £120; 12 4 x 4in, 01.50

THE "INSTANT" BULK TAPE
ERASER a HEAD DEMAGNETISER.
Suitable for cassettes, and all sizes of
rape reels a c. mains 200/240V
Llet S A E Post

£4.95 50p

RADIO COMPONENT SPECIALISTS 337 WHITEHORSE ROAD, CROYDON, U.K. Tel. 01-684 1665
Minimum post 30p. Access/Eu record and Barclaycard/Vise. Same day despatch. Radio Books end Components Lists 20p. Open 9-6 Wed. 9-1 Sat. 9-5 (Closed for lunch 1.15-2.301

Publ shed approximately on the 15th of each month by IPC Magazines Ltd.. Westover House.West Quay Road. Poole. Dorset BH 15 LIG. Printed in England by Chapel River Press, Andover. Hants. Sole Agentsfor Australia and New Zealand -Gordon & Gotch (A/sia) Ltd.: South Africa -Central News Agency Ltd.Subscriptions not available at home or overseas.
Prac cal Electronics is sold subject to the following conditions, namely that it shall

not. without the written consent of the Publishers first given, be lent, resold, hired out or otherwise disposed of by way of Trade almor than the recommended selling price shown on the cover, excluding Eire where the selling price is subject to V.A.T., and that it shall not be lent, resold or hired out or otherwise disposed of in a mutilatedconJ lion or in :my unauthorised cover by way of Trade, or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.



mhapimin
in a modern world of electronics

100W RMS STEREO DISCO
A genuine 100W RMS per channel
(Both channels driven) stereo disco
with auto fade on microphone, VU
meters, full monitoring and cueing
facilities and a very high quality light
show. Complete construction booklet
MES41 price 25p. Cabinet comes
complete with lid and carrying

handles.

THE `DRUMSETTE'
RHYTHM GENERATOR

Organists, pianists, guitarists...an
automatic drum set to accompany
you! Nine highly realistic instruments
play fifteen different rhythms. Fifteen
rhythm -select touch switches and a
touch plate for stop/start without
rhythm change gives absolute ease of
operation. Build it yourself for under
£65 including smart teak -effect
cabinet. See it and hear it in our shop!
Send for full construction details now:

MES 49 price 25p.

WIDE RANGE OF
COILS & CHOKES

Component section in our catalogue
includes a wide range of coils, pot
cores, ready -wound coils and chokes
from microHenries to Henries, plus
ranges of Denco coils and i.f.

transformers etc.

T.V. GAME
A fascinating TV game kit that
plays football, tennis, squash
and practice for only £21.59.
Reprint of construction details
35p. Add-on rifle kit only
£10.60.

ELECTRONIC ORGAN
The only organ you can build in
stages and tailor to your
requirements as you go along - and
at each stage you'll have a fully
working instrument! We haven't got
the gimmicks yet - (they're coining
soon) but we have got the onost
beautiful sounds - you won't find
them on any organ less than twice our
price. So get our MES50 series
leaflets now! 65p buys the tlree

available so far.

Who says the Maplin Cata-
logue's worth having?

"in our 'musts' for readers -to -collect list"
-P. E.

"contains . . just about everything the DIY
electronic enthusiast requires"-P.W.

"probably the most comprehensive catalogue we have
ever come across"-E.E.

has been carefully prepared and is very well pre-
sented"-R.E.C.

"makes the job of ordering components an easy, accurate
and enjoyable pastime''-P.W.
"Only one word describes the publication-superb,"-
E.T.I.

OVER 60,000 COPIES SOLD. DON'T MISS OUT!
SEND 60p NOW

MAPLIN ELECTRONIC SUPPLIES
P.O. Box 3, Rayleigh, Essex SS6 8LR
Telephone: Southend (0702) 715155

Shop: 284 London Road. Westcliff-on-Sea,
Essex. (Closed on Monday). Tele-
phone: Southend (0702) 715157.

Our bi-Morrthly
newsletter keeps you

up to date with
latest guaranteed

prices-our latest special
offers-details of new projects

and new lines. Send 30p
for the next six issues

(5p discount
voucher with each

copy).

POST THIS COUPONS
NOW FOR YOUR COPY OF

OUR CATALOGUE PRICE 60p

Please rush me a copy of your 21E
page catalogue. I enclose 60p, bu
understand that if I am not completel
satisfied I may return the catalogueI to you within 14 days and have my 60p

refunded immediately.

Address


