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WATFORD ELECTRONICS
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.. OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY

LCaPAE. P&P ADD 25p' TO ALL ORDERS UNDER E10.00 OVERSEAS ORDERS
POSTAGS\AT COST. AIR /SURFACE. SEND S.A.E. FOR OUR FREE LIST.

Export orders no VAT. Applicable to U.K. Customers only. Unless stated otherwise, all
rices are exclusive of VAT. Please add 8% to devices marked 0. To the rest add21/2%.

stock many more items. Sand S.A.E. for our free list. It pays to visit us. We a situated behind
Watford Football Ground. Nearest Underground/BR Station: Watford High Street.e Open Monday to
Saturday. Ample Free Car Perking space available.

POLYESTER CAPACITORS: Axiai lead type 0...ilues are In F)

400V: 0 001 0-0015 0-0072 0 0033 8p; 0 004 1 0 0068 0-01 0 015 0 018 Sp:
14p; 0.1 15p; 0 15 (1 22 22p; LI 33 0 4 / 39p; 0 68 45p.

160V 39 0 15 l) 22 13p; 0 33 0-47 22p; 0 68 1-0 29p; 1 5 33p; 2-2 38p; 4 1 47p.
OUBILIER: 1000V: 0 01 0-015 18p; 0-022 111p; 0 047 16p; 0 1 34p; () 47 43p; 1 0 85p

10p.

POLYESTER RADIAL LEAD (Values in ..F1 250V:
Sp; 0 ,.)2.1 0 027 Bp; 0033 0 04 / 0 068 021 7p; 0 15 10p; 0-22

12p, 47 14p; O 88 15p; 1 0 21p; 1-5 24p; 2.2 28p

FEED THROUGH
CAPACITORS
1,100,,1 Flp

ELECTROLYTIC CAPACITORS: Axial lead type )Values are in -FI
250V: 100-F 50p; p; 100V:20 -F 63V:0-47.1.0

1 5p; 2-2.502 5 y3.3 4 7 6.8 8 10 5 )1 9p; 4 / 2212; 63 100 27 SOV: .0 lip; 50 100 220 2 470; 1 68p; 33 S; 10012pp; 3300 62p; 35V: 331 7p; 330 470 50p; 000 49p; 25V: 10000 2222 400 7 Bp; 8040V: 10012 160 8p;220250 13p; 470 640 25p; 1000 27p; 1 00 30p; 2000 34p; 3300 52p; 4700 54p; 160: 10 40 41
68 7p; 100 125 bp; 470 16p; 1000

1 00 209; 2200 34p; 10V: 4 100 Bp; 5 0 10p; 100 14p.
TAG -END TYPE: & 70V: 2500 98p; 47 0 121p; 64V: 3300 94p; 40V: 4000 70p; 1000 65p; 258:
4700 48p; 16V: 4500 38p; 40V: 2000,-2000 99p.

TANTALUM
35V

200 160
10V
10, 10,

BEAD CAPACITORS
'1 047 0.68
- 25V: 1 5 10

13p each
I 6V: 47 68 3V:

MYLAR FILM CAPACITORS
100V: u 001 0-002 0.005 0 01..F Sp
0-015 002 0.04 0.05 0.0564F Bp
0 1.:F 0.15 0-2 7p. 50V: 0 47eF 10p

POTENTIOMETERS tAB or EGEN)
Carbon Track I.W1 Log &".W Lmeat value),
1K1.1 & 2K!! din only) Smgle gang 24p
5K!! 2M1! single gang 24p
OK!! 2M!! single gang 0. P switch 50p
56122M1.1 dual gang stereo 60p

CERAMIC CAPACITORS 50V
tange 0 5pF to 10 000pI
0.015-F 0.022_F 0-033-F
0 047-F 4p 0 1..F

3p

4*

SLIDER POTENTIOMETERS
0.25W log and linear values 60rnm
5K115001(12 single gang 60p
1061!-500K3! dual gang 70p
S If St k G du t dBz Is 20p

SILVER MICA (Values in pF) 3.3 4.7
6-8 10 12 22 33 47 50 68 75
82 85 100 120 150 220 9p each
250 300 330 360 .3922r600 820

16p each
1000 1800 2000 2200 20p each

PRESET POTENTIOMETERS
0 1W 50!! 5M11 Miniature Verlwal &
lior,tuntal BP

2.NV 100'2 3.3M!! Hoot larger 10p
0 2514/ 2001! 4 7Mt! Vert 10p

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

MINIATURE TYPE TRIMMERS
2 5-6pF 3-107F I ().40pF 22p
5 25pF 5-45pF. 60pF 88pF 30p

RANGE VAL 1 99 110
2 21! 4 /M [24 1.5p 1 p

'.W 2 2114 7M E12 2p 1.5p
I W 2 21!-1OM El 1 3p 2p
2, 0 5147 Metal F El2 Bp

COMPRESSION TRIMMERS
3.40pF 8 80pF 20 I 40pF 190pF 25p
50 200pF 100-500pF 1250pF 39p

RESISTORS - Erie make 5'0 Cr,)..
Mmature High 51.c6,10y Low noise

OPTO
ELECTRONICS *

13p
11.'1 Cm 24p
111.120 Red 20p
2" Red 16p
2" Arnbe, 10m.:
1,00ov 20p
OCP70 40p
ORP12 68p
1 Sey OspHys
T11312 & 313 1-
C Anode 120p
C Carh 120p
111321 & 372 5
C Anode 125p
C CAlh 125p
DT /04 C Cth 95p
D1707 C A 95p
DL /4 CA 180p
:55777 54p

SWITCHES *
1 74 210/0

2651,0

35p
4 polo on oft 58p
SUB -MIN TOGGLE
SP changeover 59p
SPST on oft 54p
DPDT tags 78p
DPDT Centre 011 92p
DPDT El,awd 115p

SLIDE 250V:
IA DP 14p
IA DP C 0 16p
:ADP 13p

4 pole 2 -way 24p
PUSH BUTTON
Spring loaded
SPST on oft 55p
SPOT C over 65p
DPDT 6 Tag 85p

SWITCHES *PUSH BUTTON:

E.T.I. TV GAMES KIT Complele kit
mclothng the rifle attachment now avad-
abit. UHF Modulator only E3.10

JACK PLUGS

2 brom
3 iron
MONO
STEREO

12p
15p
23p
319

8p
10p
15p
18p

Bp
Bp

13p
15p

DIN PLUGS SOCKETS In Line

2 PIN Loudspeaker
3 4 5 Audio 13p Sp 20p

CO -AXIAL (TV) 14p 14p 14p

0050 9p
12p

5p 1 -way
8p 2 -way

10p 3 -way

15p

HAVANA 10p
10p
8p

12p
10p
8p

SOCKETS

break
contacts

20p
24p

ROCKER .-.

ROCKER
ROCKER

ROTARY'

ROTARY: M2

in lam
oupler,

11p
12p
lap
22p

rush',, 130.ok 25p

11,1, I pole

239

52p
2 1)
41p
42p

DIL SOCKETS
8 our 10p; 14 o 12p
28 Eat 45p: 589

13p; 24 pm 30p;

Ifs Here, TV GAMES

The "Olympic" Games Kit
This easy to build no compromise kit using the very latest Integrated
Circuits only lust available from the United States Simply plug into the
U H F aerial socket of a standard television receiver sit back into your
favourite armchair and spend countless hours with the family playing any
six games available
The central control unit provides Game selection with switching for Bat
size angle and Ball speed adjustment The Bat position. Score reset and
serve controls are remotely connected allowing the players to be many feet
apart The Unit is mains powered no expensive batteries to b yi a d
incorporates the unique Ventriloquist audio system which produces
realistic Game sounds from your television speaker
Supplied with each kit are step by step instructions which even the most
inexperienced constructor will find easy to follow Full exploitation of all
the facilities offered by the main integrated circuit make this probably the
best design of Television Game currently being offered
Also included are instructions to build the Sore Fire. rifle a simple
design which is made foolproof by the Or Target detector incorporated
in the electronics
SPECIAL OFFER TO ET! READERS
Complete Kit E22.85 mcl VAT plus 75p P&P Insured:
Ready Built Units available ill limited quantitiesi prA:e E34.50 MCI VAT
plus 75p P&P Insured)

TV Games )C AY -3-8500 £8.55 Iincl VAT)
IDemonstrali011 on at our Shop Send SAE for leallet1

FERRIC
CHLORIDE *
Anhydrous
1lb bag

65p + 30p Ow

DALO ETCH R0
Is1 Pen

Spare Tip 75p*

COPPER
BOARDS*
Fibre Glass
Single Sided6.5" 64p
6)(12" 115p
Double Si:,',:i
606" 78p
6.12" 148p

VOLTAGE
REGULATORS
723C 45p
TBA625B 95p
T03 Can
IA 5V 150p
IA 12V 170p
IA 15V 190p
14 18V 210p
LM309K 150p
LM323K 625p
IA 5V 220p
IA 125 220p
Plastic
14 5V 130p
14 12V 130p
IA 150 135p
IA 1130 1409
IA 240 140p
0 14 8V 48p

TL 74*
LINEAR IC'S

7400 14 50 /4161 116 4021 AE 105 702 75
74 01 14
7401 16
/403 16

114
82

1/ 4, .95

74162 116
/4163 118
/4164 121

40228E 95
40238E 20
4024AE 85

709C 14 pin 30
710* 46
7410 8 pir. 22

MC1310PS----4.-165
MC1312P0 195

7404 20 /.1 95 74165 120 4025AE 19 747C 72 MC1458P* 90
7405 22 125 74166 161 40268E 185 748C 36 MC1496 101

4411,1n 44
36

390
/4167 362
74170 186

401780 60
40288E 95

753 150
8038CC 345

MC1710CG
MFC6040*

79
97

/ 408 22 43 74172 590 40298E 109 Al -1 021.1 570 MK50253* 550
7409 22 80 /4173 175 403088 58 AY 1 5051 125 MM21125* 350741 i)15 53 74174 173 40334E 145 AY 5 1224* 349 M M50326* 750

25 40 /4175 90 40348E 195 AY -I 6/116 195 NE350 160
25
40

85
73

74176 120
74177 116

40408E 110
4042AE 85

Al 38500* 792
AY 5 3500* 810

NE518A
NE555*

210
41

74
35
39

82
262
135

74180 105
14181 299
/4182 55

4043AE 100
40448E 95
4045AL 145

AY 5 4007 650
CA3011* 82
CA3014* 137

NE55608
NE560*
NE561

99
325
395

16 48 /4184 184 4046AE 135 CA3018 72 NE5628 395
29 48 /4185 146 404 7AE 99 CA3020 170 NE56,. 175
24
30

33
84

74188 650
74190 194

40488E 58
404981

170
.j51111241.

5856,0
181551)0

170
182CA

30 54 /4191 165 405080 RAM2102 * 247
35 76 /4192 120 40548E 120 CA3016 180 ROM2513* 750
36 193 74193 120 40558E 134 CA3043 190 SG3402 255
48 115 14194 120 4056AE 135 CA3046 -1 ) 80 SL414A 220
18 105 7419, 95 40608E 115 CA3048 i 220 5572733 125
28 34 /4196 118 4067AE 380 CA3075 175 5576003 24048 50 74197 118 40688E 22 CA3080 t 80 SN 76013 150
30 73 14190 248 406981 22 CA3081 190 SN76023 150
33
17

89
65

7515U 000
75491 80

40708E 55
40714E 23

CA3089E 210
-C A 309077,, 420

SN76033
SN76115

235
215

74
74

81
75

75492 90
CMOS*

40728E 23
40768E 155

CA3123E 200
CA3130*. ,1 44

S576227
846218

175
238130 56 (RCA) 4077AE 60 CA3140 1, 95 TA466171 55

122 72 40004E IS 4078AE 22 LM300H 170 TAA700 353
94 315 40018E 17 4088E 22 LM3014 39 TAA960 300116 314 1002AL 17 408 -AE 23 LM308 140 TAD1 ' 150
82 314 4006AE 115 4502AF 135 LM318 195. 10 170
80 90 40074E 18 45018E 55 LM380 c 98 18A1205 90
17 275 .100 AE 60 4510AE 135 1M381 7 170 16A5400 220
17 160 10104E 60 4511AE 175 LM3 /9 395 TBA5500 395
17
17

128
79

40114E 19
401140 le

4511 115
45168E 140

LM382 129
LM 3900 65

TBA641B
TBA651

249
170

17 82 40134E 55 4518AE 130 LM39095 65 1134800 90
32 150 401 AE 99 4519AE 85 M252AA* - 700 7EI48105 110
28 76 40164E 55 45208E 130 M253* N., SOO TBA820 90
32 95 401 AE 104 4528AE 140 MC724* 175 16A9200 350
36 80 4(11 AE 105 4532AE 128 MCF345P 150 TDA2020 320
36 225 401 AE 60 45398E 120 MC1303L 148 25414 110
36 116 40208E 125 4585AL 105 MCI 304P 260 ZN424 125

TRANSISTORS

ACII7 35 BC 160* 32 BF 185* 30 0C28* 70 /70303 22 253106 10AC125. 22 BCI67 12 8E194 10 0C29* 70 Z10304 24 25370/ 11AC126* 18 BC168 12 13E195 10 0C35. 70 210311 15 253708 12AC127* 18 BC169C 14 13E196 14 0C36. 53 Z11314 24 253709 128C129. 18
AC141* 22

BC 1 70
BC171

11 8E197 15
11 8E198 15

OC4ru 17
0C42* 17

ZTK341
200500

20
17

253/10
253/11

12
12AC141K* 38 BC 172 11 8E200 37 0C440 25 ZTX501 15 253715* 24500142,k 20

4C142K* 38
,Cl/b* 18
87187* 18
AC188* 19
ACyll 35
ACY18 28
ACy19 25
ACY20 24
ACy21 29
ACY22 16
ACy2E1 21
ACY39 78
ACy40 24
ACY44 39
ADI49* 54
AD161* 38
AD162* 38

BC1/7*
BC178*
BC179*
BC182
BC1821.
BC183
BC1831.
BC 184
BC184L
BC186
BC18 /*
BC212
BC712L
BC713
BC2133
BC214
BC2141,
BC307B

18 BF224A 15
16 8E244 34
18 13E156* 34
10 BF25 /* 34
12 81258* 38
10 8E259* 48
11 13E594 3G
11 01595 28
12 BER39 25
22 07040 25
23 BFR79 25
12 8E980 25
13 BFX1Fle 54
11 01029* 28
13 015380 38
14 13105.1* 40
18 BETS', 40
15 01064* 38

0C45* 17
0C460 35
OC70* 25OCIl 23
0072* 27
0071* 56
0079* 53
°CHI* 24
0C E:' 28

25. 35
28

0( 21 44

14154

140
125
157

/70502 19
/70503 19
2TX504 51
ZTk531 28
Z10550 18
25526* 40
2569*
25696*15 21
25698* 39
25699* 45
25 706* 17
2N 706A 19
75707* 50
15708* 19
25914* 18
25916* 27
15918* 34
25920* 51

2537/1*
253772*
.753773*
253819
253820
253823*
253814*
153866*
253903
153904
1N39))5
253906
254037*
254058
254061
254064*
254191*
254236

164
175
275

22
44
49
39
90
IS
18
18
18
39
15
13

255
66
47AF114* 20 0C328 18 8E081* 141 40 25930* 18 254289 244F115* 20 BC338* 21 131884* 24 42 25961* 61 254859 35AF116* 20 8C441* 37 131%85* 28 . .1 125 251131* 21 254871 34AF117* 23 BC461 47 01086* 28 .:12. 135 251132* 23 255135 12AF110. 47 BC462* 37 LiFX87* 23 150 2N1302* 25 255136 12AF171* 33 BC54 / 20 BFX88* 26 .8:204* 150 251303* 27 255138 128F124* 30 BC548 20 BEY50* 17 10029 43 251304* 45 2551/9 60AF125. 30 BC549C 20 BEY51* 17 TIP29A 45 260305* 45 255180 60AF126* 30 BC558 28 81052* 17 TIP29C 68 .151306* 45 255191 65

AF127* 30 BCY30* 55 EiFY65* 25 TIP30 52 .151107* 45 255305 40
A1139* 40 BCY32* 65 BSY26* 40 TIP304 56 251308* 48 255457 35
87178* 70 BCY34* 80 BSY29* 85 DP 1,8 64 251613 20 255458 364F1/9* 70 BC)39* 88 BSY 78 25 74 IN)),!). 150 255459 36
81180* 70 BCY40* 90 1350200 20 52 25161I0 190 255485 42
8E181* 48 BCY55* 204 BSY95A 18 54 751893* 27 756027 35
87105* 60 BCY59* 18 BU105* 168 :16* 58 252160* 85 40311* 38
AF186* 48 BCY /0* 17 00208* 295 ;RIC, 68 251211* 40 40313* 93
AF239* 37
ASy26* 40

BCY71*
BCY 72*

20 E5567 48
15 m moo, 158

60
111032A 63

1522184
252219A*

25
24

40316*
4031/ 60

38AS 29* 40 8D115* 52 MF400* 90 T10316* 80 252120A 26 40376* 40BC 07* 9
BC 07B* 10

BD121*
BC/123*

98 M349)* 160
95 MJ2955 120

TIP32C 83
TIP33* 95

252221A
202222*

21
21

40327
40347*

48
65

BC 08* 9 00124* 105 MJE340* 45 TIP338* 112 252303* 250 40340* 73BC 08B 12 BD131* 36 MJE370* 68 11P33C 120 252369* 14 40360 43BC 08C* 12 E1D132* 39 NIJE371 80 T1P34* 110 2524030 30 40361* 43
BC 19* 9
BC 09130 12
BC 09C* 12
BC 13 20
BC 14 20

130133*
00135
80136
0013/
80138

60 MJE520* 65
45 MJE521* 74
40 MJE2955* 98
42 MJE3055* 82
47 MPF102 38

T1P34A 115
11034B* 140
TIP35* 219
T1P354 225
TIP35C* 270

252484*
251614
252646
2529044*
2529054*

30
54
41
24
25

4036.10
40411*
40412*
4041(1

43
295

42
170

510

BC 15 20 BD139 54 MPF103 36 TiP3t,A* 346 '52906* 18BC 16 20 BD14( 57 MPF104 38 TiP41A 66 '529070 1BC I/ 20
BC 18 15
BC 19 25

130142
130145*
130117*

53 MPF105 36
55 MPF106 50

199 MPF 10 / 50

TIP41B 73
11P4280 78
T1P42B* 82

'529/1/8*
52926(
529260

22
'1

0406 /3
Matched

55

BC 35 13
BC 36 15

00060.
00061*

128 MPSA05 32
147 MPS406 32

TIP2955* 69
1103(155* 58 5.0126R

52926)

8
8 10p extra

BC 37 15
BC 40* 34

BF 115*
BF 154*

22 MPSA55 30
22 MPSA56 30

II 27
44 27

52011*
53053*

30
17 NOISEBC 42* 24 BF 156* 29 MPSA 70 26 40 N.3054* 45 DIODESBC 43* 24 13E173* 25 MPSUO2 60 47 53055* 49 10SpBC 47 7 BF I 77* 26 M9SUOS 64 47 153675* 96BC 48 7

BC 49 9
BC 53 25

071/8*
BF 179*
8E180*

29 MPSUO6 32
33 MPSU52 70
33 MPSUS5 79

24
12
10

15361.1*
15361E,
153663

169
135

32
DIAC.

25
BC 20 8E181* 33 MPSUS), 82 15 253102 11BC 5/ 10 0)182* 33 MPU131* 39 14 2N3/03 12
BC 5E1 12 1.13) 18(0 33 0C2,* 65 14 253704 11 THYRISTORS*BC 13 BF 184* 281 0C26* 95 19 .153705 12 SCRs
DIODES
AA/15 1E
AEYI1 60

0A85
0890
0891

1 3A 4008* 20
38 6000* 27
38 10000* 30

*BRIDGE
RECTIFIERS

488005
64100V
6A400V.

120
73
92

14500
IA 1000
14 2000

38
42
47

BA100 10
04102 10
BV 100 24
05126 14
135121 14
049 9
0410 40
0447 8
0470 a
0879 12
0881 15

0A95
0A200
08202
N914
N916
N4001 2.
N4003*
54004 5*
N4006 7*
54148

3A 100V* I

IA'
21 BY164 56 IA 400V

3A 100V
3A 4000
58 400V
7A 200V
7A 400V
8A 4000
C1060
11044

52
43

110
120
120
135
150
55
25
37

ZENERS
Range 3 3v to
33V
400MV), 9p
1 3W 18p

24
26
31
34
33
44
46
56
72
79

TRIACS*
113
140
160
195
240
285
398

99
99

VARICAPS
MVAM2 135p
80104 40p
BB105B 40p
BB106 45p
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PAKS - PARTS - AUDIO MODULES
PANEL
METERS
4" RANGE
Size 41/4" x 31/4" x 13/4"
Value No. Price
0-50UA 1302 £4.50
0-100UA 1303 E4.50
0-500UA 1304 £4.50
0-1MA 1305 £6.00
0-50V 1 306 £6.00

2" RANGE
Size tae- x 1'/a" x 11/2"
Value No. Price
0-50UA 1307 £3.50
0-100UA 1308 £3.50
0-500UA 1309 £3.50
0-1MA 1310 £3.50
0-50V 1311 £3.50

MR2P TYPE
Size 42x42x30mm
Value No
0-50UA 1313
0-1MA 1315

Price
£4.80
E3.20

EDGEWISE
Size 399" x Pe" x 2'4"
Cut out 21/4" x 11/4"
Value No.
0-1MA 1316
0-500U4 1317

Price
£4.05
£4.05

MINIATURE
BALANCE/TUNING
METER
Size 2 3x2 242 6mm
Sensitivity

100/0/ 100MA
No. Price

1318 £1.95

BALANCE/TUNING
Size 4 5x22x 34mm
Sensitivity

100/0/10004
No. Price

1319 £2.00

MIN. LEVEL METER
Size 23x22x26mm
Sensitivity 200UA

No.
1320

Vu METER
Size 40x40x29mm
Sensitivity 130UA

No.
1321

Price
E1.95

Price
£2.00

Type Price
AC126 C0.16
AC127 £0.14
AC128 £0.12
AC 1 28K £0.26
AC132 £0.15
AC134 COTS
AC137 £0.15
AC141 £0.18
AC141K £0.30

CI42 £0.18
AC176 £0.12
AC 1 76K £0.26
AC178 £0.25
AC179 £0.25
AC180 £0.20
AC I 80K £0.30
AC181 £0.20
AC181K £0.30
AC187 E0.16
AC 1 87K £0.26
AC188 £0.16
ACI 88K £0.26
AD140 £0.80
AD142 £0.85
AD143 £0.75
A0.149 £0.60
ADI 61 £0.36
ADI 62. £0.36
AD161/
161 MP £0.75
AF114 £0.20
AF115 E0.20
AF116 £0.20
AF117 £0.20
AF118 0.40
AF 124 £0.30
AF125 £0.30
AF 1 26 £0.30
AF127 £0.32
AF 1 39 £0.58
AF I 80 EOM
AF 181 £0.58
AF 1 86 £0.58
AF239 £0.38
AL102 £0.95
AL103 £0.95
AU104 .01.00
AUI 10 £1.00
AU113 £1.00
BC107A £0.08
BC1078 £0.08
BC107C £0.06
BC108A £0.08
BC 088 £0.08
BC108C £0.08
BC109B £0.08

TRANSISTORS
BRAND NEW - FULLY GUARANTEED

y pe Pries
8C1bic
BC147 '£0.011
BC148 'E0.09
BC149 *E0.09
BC157 "E0.12
BC158 'E0.12
BC159 E0.12
BC167 E0.12
BC168 '00.12
BC169 '£0.12
BC169C 'E0.12
BCI70 '00.10
BC171 '03.10
BC172 E0.10
BC 173 'E0.12
BC177 £0.16
BC178 £0.16
BC179 £0.16
BC180 £0.25
BCI81 E0.25
BC1821. 'COTO
BC183 *E0.10
BC I83L E0.10
BC 1 84 *E0.10
BC184L 'E0.10
BC207 'EOM
BC208 'EOM
BC209 '40.12
BC212 *EOM
BC212L 'EOM
8C213 'EOM
BC2I3L 'f0.11
BC2I4 '110.12
BC214L *E0.12
BC237 'E9.18
BC238 E0.16
BC251 *E0.16
BC251A E0.11:1
BC301 £0.30
BC302 £0.28.
BC303 0.32
BC304 07.38
BC327 'E0.16
BC328 *E0.15
BC337 'E0.15
8C338 'E0.18
BC440 £0.30
BC44 1 £0.30
BC460 £0.38
8C461 £0.38
BC477 £0.20
BC478 £0.19
BC479 £0.20
BC547 'E0.12
BC548 'E0.12
5C549 E0.12

Type
BC550
8C556
BC557
BC558
BC559
BD115
60116
80121
BD123
EID124
80131
BD132
80131/

132 MP
B0133
BD135
80136
130137
60138
B0139
BD140
60139/

140 MP
80155
80175
80176
80177
BDI 78
BD 1 79
90201/

202 MP
80203
13D204
5D203/

204 MP
BDY20
BOX77
EIF457
BF458
8E459
BF594
8F596
8E1139
BFR40
BER79
BFR80
BFX29
BFX30
BFX84
BFX85
8FX86
BFX87
BFX88
BFX90
BFY50
EIFY51

Pries Type PriceRico Type
'0.14 BP152 £0.14 ilP2995 £0.95
'E0.14 81P19 £0.38 TIP3055 £0.75'00.13 BIP20 £0.38 TIS43 £0.22
*E0.12 8099/ TI590 'MI 8
'E0.14 20 MP £0.110 UT46 *E0.20
£0.50 BRY39 £0.45 ZTX107 1E0.10
£0.80 BU105 £1160 ZTX108 'f0.10
£0.65 BU105/ 02 E1.96 ZTX109 'E0.10
£0.85 BU204 £1.70 ZTX300 '£0.12
£0.70 BU205 £1.70 ZTX500 'E0.14
£0.35 BU208 L2.40 251613 £0.20
£0.38 6U208/ 02 £2.95 251711 £0.20

E1222 £0.30 251889 £0.45
0.80 MJE2955 £0.88 2N1890 £0.45
£0.60 MJE3055 £0.60 251893 £0.30
£0.30 MJE3440 C0.45 252147 £0.75
00.30 MP8113 £0.45 252148 00.70
£0.38 MPF102 £0.35 £0.80252150
£0.46 MPFI 04 00.39 252192 £0.38
£0.54 mpF105 £0.39 252193 £0.35
£0.00 MPS405 'f0.20 252194 £0.38

mrasAo, ,0.20 252217 £0.22
£1.20 MPSA55 .,020 252218 £0.22
£0.50 MPSA56 .50.20 252218A £0.20

252219£0.90 0C22 £1.50 £0.20
£0.00 0C23 £1.50 252219A 10.24
C0I9 0C24 £1.40 252904 E0.111
CO..., 0C25 £0.60 2529044 00.21
£0.75 0C26 00.60 2N2905 £0.15

moo 252905A 00.21
moo 2N2906 LOA 8
£0.90 2N2906A £0.19
moo 252307 L0.20
£0.15 252907A £0.22
£0.15 252926G E0.09
.0025 252926Y E0.011
E0.29 2529260 '£0.08
£0.44 252926R '£0.08
£0.92 2529268 '£0.08
mu 253053 £0.111
moo 253054 £0.40
£0.00 253055 £0.40
£0.70 2N3414 'f0.16
£0.54 2N3415 *E0.16

"E0.28 TIP316 £0.06 253416 '07.29
(0.28 TIP31C £0.66 2N3417 1f0.29
£0.25 TIP32A £0.04 253614 £0.55
00.30 r1p326 £0.76 2N3615 00.90
00.23 TIP32C £0.80 253616 £0.90
£0.24 TIP41A £0.66 253646 'E0.09£0.25 'if,' B

CO

72

253702 '07.08£0.22 - ' 253703 '(0.08£0.22 TIP41C _ ErLao 253704
0.65 TIP42A f0.72 253705 '£0.07

03.14 TIP42B Will 'f0.07
253706 '00.013

£0.14 TIP42C £0.55 253707 .00.08

01.70
0C28

00.80
0029

£0.80 00350036

£1.70
0070
0071

00.60

£0.37

TyrIrii:pPpPioco;

.£0.17 TIP3OB

£0.37 TIP298

£0.25
.£0.25 TIP3IA

Type
253708
253708A
253709
253710
253711
253819
2N3820
253821
253823
254058
254059
254060
2N4061
254062
254284
254285
254286
254287
254288
254289
254290
254291
254292
254293
254921
254923
255135
255136
255138
255194
255245
255294
255296
255457
255458
255459
255551
256027
256121
256122
40311
40313
40316
40317
40326
40327
40346
40347
40348
40360
40361
40362
40406
40407
40408
40409

Mice
0.07
E0.07
'£0.07
'f0.07
'f0.07
£0.20
£0.40
£0.60
£0.40
(0.12
EL1.14
'E0.14
'f0.12
'f0.12
't0.18
'f0.18
E0.18
*E0.111
'LOA 8
'E0.111
'03.18
'E0.111
'f0.111
*E0.18
PE0.55
'WAN
E0.10
'f0.10
'f0.10
0.56

'EL1.28
£0.34
£0.35
£0.32
£0.32
00.35

E0.30
£0.32
E0.70
E0.70
£0.36
£0.95
£0.58
£0.36
£0.36
£0.45
£0.42
£0.56
£0.70
E0.38
£0.35
£0.35
£0.40
£0.26
£0.411'
£0.52

NEWNES TECHNICAL BOOKS

No. 229 BEGINNERS
GUIDE TO

ELECTRONICS
PRICE £2.25t

No. 230 BEGINNERS
GUIDE TO

TELEVISION
PRICE £2.25t

No. 231 BEGINNERS
GUIDE TO

TRANSISTORS
PRICE £2.25t

No. 233 BEGINNERS
GUIDE TO

RADIO
PRICE £2.25T

No. 234 BEGINNERS
GUIDE TO

COLOUR TELEVISION
PRICE E.2.251

No. 235 ELECTRONIC
DIAGRAMS

PRICE E1 .80t

No. 236 ELECTRONIC
COMPONENTS
PRICE El .80t

No. 237 PRINTED
CIRCUIT ASSEMBLY

PRICE El .801'

No. 238 TRANSISTOR
POCKET BOOK
PRICE 0.991'

No. 225
110 THYRISTOR

PROJECTS USING
SCRS & TRIACS
PRICE £2.50t

No. 227
110 COS/ MOS

DIGITAL IC PROJECTS
FOR THE HOME
CONSTRUCTOR

PRICE £2.251'

No. 226
110 OPERATIONAL

AMPLIFIER PROJECTS
FOR THE HOME
CONSTRUCTOR
PRICE C.2.501 -

No. 242
ELECTRONICS
POCKET BOOK
PRICE £3.75t

No. 239
30 PHOTOELECTRIC

CIRCUITS & SYSTEMS
PRICE £1.80t

MINI-
MULTI -
METER
Size 60x24x90mm
Sensitivity 1000 ohms/V
AC VOLTS 0.10. 50. 250,
1000
DC VOLTS 0.10. 50. 250,
1000
DC CURRENT 0-1-100mA
Resistance 0-150K ohms

No. Price
1 32 2 £5.95

HIGH SENSITIVITY
TEST METER
Sensitivity 50.000 ohrns/V
Size 61/2" x 41/2" x 21/2"
AC Volts 0.1 5 to 0/500

in 10 Ranges
DC Volts 0-0.5 to 0/500

in 12 Ranges
DC Current 0.25 ua to 0/10A

in 10 Ranges
Resistance 0.100 ohms to 0/16 meg

in 4 Ranges
Decibels -20 to 6248

in 10 Rang.
No Pries

1324 £19.79,

P&P
Postage and Packing add 25p unless
iitherwise shown Add extra for
airmail Minimum order

74 SERIES TTL ICs
FULL SPECIFICATION GUARANTEED ALL FAMOUS MANUFACTURERS

Type Peke 'Type Price TiPe Price Type Prim; TyPe Price7400 0.14 7409 £0.15 7441 £0.64 7482 COM 7493 £0.407401 00.14 7410 £0.14 7442 £0.84 7483 E0.95 7494 £0.857402 £0.15 7411 £0.23 7445 £0.90 7484 £0.98 7495 £0.757403 £0.15 7412 £0.23 7446 £0.90 7485 E1.20 7496 £0.80/404 £0.15 7413 E0.27 7447 £0.78 7486 £0.30 74100 £1.007405 7414 E0.58 7448 £13.80 7489 £2.90 74110 00.507406 e0.30 7416 £0.28 7475 £0.48 7490 £0.42 74118 £0.907407 E0.30 7417 £0.28 7480 £0.50 7491 £0.75 74119 £1.857408 £0.15 /440 £0.15 7481 00.95 7492 £0.45 74127 £0.30

CMOS ICs
Type Price Type Price Type Price Type Price Type PriceCD4000 £0.14 C04012 £0.18 C04022 £0.95 CD4031 £2.20 CD4046 £1.30CD4001 £0.18 CD4013 01.50 C04023 (0.111 004035 £1.05 C04047 E1.10CD4002 £0.18 CD4015 £0.90 CD4024 C0.72 CD4037 E0.95, CD4049 £0.55CD4006 £0.98 CD4016 E0.10 CD4025 £0.18 CD4040 £0.95 CD4050 £0.55C04007 0.18 CD4017 £0.50 CD4026 C0.98 CD4041 E0.132 C04054 £1.20CD4008 £0 .95 CD4018 £1.00 CD4027 £0.60 CD4042 £0.82 CD4055 £1.20CD4009 £0.55 CD4019 £0.62 CD4028 CD4043 £0.98 C04056 £1.40C04010 £0.55 CD4020 £1.10 C04029 £1.15 CD4044 £0.94 CD4069 £0.40CD4011 £0.18 CD4021 03.98 CD4030 £0.55 C 04045 E1.40 CD4070 £0.40

LINEAR ICs
Type Price Type Price Type Price Type Price
CA3011 '60.86 LM304 £3.00 MCI351P *E0.135 UA703/4 IE0.25
CA3014 'Ll .37 150.911 MC1352P *00.85 UA709C E0.25
CA3018 *E0.70

.I.M30811
LM309K 0.75 MCI456G '£0.55. 72709 E0.411

CA3020 7E1.40 LM320.5V £2.00 MC 1 466L £3.95 709P *E0.25
CA3028A 'E7.10 LM320.I 2V E2.00 MC1469R (2.50 UA710C E0.40
CA3035 "El.30 LM320-15V E2.00 MC 1 496G "E0.90 72710 E0.30
CA3036 E1.35 LM320-245 E2.00 511536 1L2.00 UA7I1C 'E0.32
CA3042 'el .1 5 LM380N 'E1.00 106515A E.2.10 72711 'E0.32
CA3043 E7.55 LM381AN '01.15 NE540 'E2.40 UA723C £0.50
CA3046 '60350 LM3900N 'E0.133 NE555 £0.40 72723 £0.50
CA3052 'El .60 MC724P £1.50 NE556 £0.82 UA74 IC "E0.20
CA3054 'El.94, MCI 303L 'E1.45 NE561 E3.25 72741 E0.20
CA3075 'Miff MCI 304P E3.50 NE562B 'E2.95 741P E0.20
CA3081 'E1.50 MCI310P '01.80 '5E5654 E2.00 UA747C E0.70
CA3089E £1.50. MC1312P0.E1.50 NE566 E1.50 72747 '£0.79
CA3090A0E.4.25 MC133OP E1.35 NE567 E2.50 UA748 E0.315
CA3123E 'Mee MC1339 'f1.50 U4702C 'E0.411 72748 'E0.35
LM3014H '0.47 MC1350 'E0.75 72702 *E0.46 748P 'E0.35

DIODES

Type
74122
74123
74141
74154
74180
74181
74190
74198
74199

Price
£0.50
£0.70
£0.00
E1.30
E1.10
(2.00
E1.50
£2.00
01.90

THYRI
600ma TO 18 Case
Volts No Price

10 THY600, 10 £0.13
20 THY600/20 £0.13
30 THY600/30 £0.19
50 THY600/ 50 £0.22

100 THY600/100 0.25
200 THY600 / 200 £0.38
400 THY600 /400 £045

STORS
7 Amp TO 48 Ca.
Volts No Price
50 THY7A /50 £0.48

100 THY7A /100 00 .51
200 THY7A/200 C0.57
400 THY7A/400 00.62
600 THY.74 /600 (0 78
800 THY74 /800 CO 92

Type Price
C04071 E13.25
CD4072 E0.28
CD4081 £0.18
CD4082 £0.28
C04510 £1.30
CD4511 £1.60
CD4516 £1.40
C04518 E1.08
CD4520 E1.25

1 Amp TO 5 Cam
Volts No. Price

50 THY1A/ 50 £0.26
100 THY14 /200 £0.27
200 THY14/ 200 £0.28
400 THY1A/400 £0.36
600 THY I A /600 £0.45
800 THY) A / 800 £0.58

10 Amp TO 48 Csee
Voles No Price
50 THY10A/50 £0 .51

100 THY10A/100 C057
200 THY10A/200 C062
400 THY10A/400 00 .71
600 THY10A/600 COBB
800 TH0108.800 £1.22

3 anm TO 66 Cam
Volts No Pries

50 THY3A/ 50 £0.25
100 THY3A/100 £0.27
200 THY3A/200 £0.33
400 THY34 i 400 £0.42
600 THY34/ 600 £0.50
800 THY3A /800 £0.65

le Amp TO 48 Ca.
Volts No Price
50 THY16A/50 C0.54

100 THY16A /100 £0.58
200 THY16A/200 £0.62
400 THY 16A / 400 £0.77
600 THY16A/600 [0.90
800 THY16A/800 £1.39

Type Price
SN76013N'f1.40
SN76023N'E1.40
SN76110 '£1.50
SN76115 1E1.90
SN7666 E0.75
51.4030 *E1.76
SL414A E1.75
TAA55OB £0.35
TAA621A E2.00
TAA66IA '01.50
TAD100 '1£1.30
TBA5400 'E2.60
TBA64I8 *E2.25
TBABOO £0.80
TBA9IOS *£0.95
TBA820 E0.90
TBA9200 '1C3.40
TC4270S E3.90

5 Amp TO 66 Case
Volts No Price

50 THY5A/50 (0.36
100 THY5A/ 100 CO 48
200 THY5A/200 (0.50
400 THY5A /400 £0.57
600 1HY5A / 600 (0.69
800 THY5A/800 00 81

30 Amp TO 94 Cam
Volts No Price

50 TH0304/50 £1.18
100 THY304 /100 £1.43
200 THY30Ar 200 E1.63
400 THY304/400 £1.79
600 THY30A/600 £3.80

5 Amp TO 220 Case
Volts No Price
400 THY5A/400P £0.57
600 THY5A/600P £0.69

.800 THY54 / 800P 00 .81

No
B2101/5005
137102/500R
BT106
BT107
BT108
253228
253535
87030/501
BTX30/400i
CI06/4

Price
CO 80
(0.80
£1.25
£0.93
£0.98
£0.70
£0.70
£0.33
£0.46
(060

Type Price Type Price Type Pries Type Type Type Pries
AA I 29 E0.05 BA173 00.15 BYI27 'E0.16 BYZ13 E0.26 0A85 00.09AAY30 £0.09 88104 £0.15 BY128 £0.16 8YZ16 £0.41 0A90 £0.07AAZ13 £0.10 BAX13 ' £0.07 BY130 '00.17 130217 £0.36 0491 £0.0744217 E0.10 BAX16 03.08 BY133 1£0.21 BYZ18 E0.36 0A95 £0.0784100 £0.10 8Y100 £0.16 BY164 £0.51 BYZ19 £0.25 0A182 £0.07
B4102 £0.32 87107 £0.12 BYI 76 '£0.75 0410 £0.35 0A200 E0.0884148 £0.15 BY105 £0.18 BY206 0A47 E0.07 0A202 £0.08
64154 £0.12 60114 £0.12 BYZ I 0 £0.36 0A70 £0.07 5D10 £0.06
BA155 £0.14 BY124 '£0.12 e0211 E0.31 0479 £0.07 SDI 9 £0.06
84156 03.14 BY126 'E0.15 BYZ12 £0.31 0881 £0.07 1534 £0.07

SILICON RECTIFIERSType.PriceType Price Type Price Typo .r.
Ss9921

£0.06
£0.07

N4003
54004

£0.07
00.08

15020
15021

£0.10
£0.11

5031
N5400 00.13

£0.08 N4005 £0.09 12023 E0.13 55401 £0.15
S923 £0.09 N4006 £0.10 16025 00.14 N5402 £0.16
S924 £0.10 54007 £0.11 IS027 £0.16 55404 £0.17
N4001 £0.05 5015 (0.09 16029 C0.20 N5406 C0.21N4002 £0.08 N5407 £0.25

N34A £0.07
N914 £0.06
N916 £0.06
54148 £0.06
S44 £0.05
S920 £0.06

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

V.A.T.
Add 121/2% to prices marked*7 Add 8% to
others excepting those marked t. These are
zero.

I-PAK
P.O. BOX 6, WARE, HERTS.

SHOP 18 BALDOCK ST., WARE, HERTS.
AT OPEN 9 to 5.30 Mon/Sat. Tel: 61593



OUR PRICE ONLY.

£20.45

High quality modules for stereo, mono and
other audio equipment.

PUSH-BUTTON

ar-4*--4- STEREO

FM TUNER
Fitted with Phase Lock -loop Decoder

The 456 Tuner provides instant program selection at the touch
of a button ensuring accurate tuning of 4 pre -selected stations,
any of which may be altered as often as you choose, by simply;
changing the settings of the preliet controls.
Used with your existing audio equipment or with the BI -KITS.
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can:
be used if no suitable supply is available, together with the:
Transformer T538.
The S450 is supplied fully built, tested and aligned. The unit is.
easily installed using the simple instructions supplied.

STEREO PRE -AMPLIFIER

A top quality stereo pre -amplifier
and tone control unit. The six
push-button selector switch pro-
vides a choice of inputs together
with two really effective filters for
high and low frequencies, plus tape
output
MK. 60 AUDIO KIT: Comprising
2 x AL60's. 1 x SPM80. 1 fc
BTM80. 1 x PA100. 1 front panel
and knobs. 1 Kit of parts to include
on /off switch, neon indicator,
stereo headphone sockets plus
Instruction booklet. COMPLETE'
PRICE £29.55 plus 85p postage.
TEAK 60 AUDIO KIT:'
Comprising Teak veneered cabinet
size 163Anx111/2"x33/4", other
parts include aluminium chassis.
heatsink and front panel
bracket plus back panel
and appropriate sockets
etc. KIT PRICE F"
plus 85p
postage.

Frequency Response + 1de
20KHz Sensitivity of inputs
1 Tape Input 100mV into 100K ohms
2 Radio Tuner 100mV into

100K ohms
3. Magnetic P.U. 3mV into

50K ohms
P.U. Input equalises to R1AA curve with
1d8 from 20Hz to 20KHz
Supply - 20-35V at 20mA.

Dimensions
299mm x 89mm
35mm

* FET Input Stage
* VARI-CAP diode tuning
* Switched AFC
* Multi turn pre-sets
* LED Stereo Indicator

Typical Specification:
Sensitivity 3µ volts
Stereo separation 30db
Supply required 20-30v at
90 Ma max.

SPECIFICATION:
 Harmonic Distortion Po=3 watts f = 1KHz 02.5%

 Load Impedance 8-16ohm  Size: 75mm x 63mm x 25mm
 Frequency response ± 3dB Po= 2 watts 50Hz-25Hz

 Sensitivity for Rated D/P - Vs= 25v. RL=8ohm f=1KHz 75mV.RMS

AL30 10w R.M.S. £3.45

PA
ram

AL -30
AUDIO AMPLIFIER

MODULE
The versatility of the design
makes it ideal for use in record
players, tape recorders, stereo
amplifiers and cassette and car-
tridge tape players in the home.

AL 60 25 Watts (RMS)
* Max Heat Sink temp 90C * Frequency response
20Hz to 100KHz * Distortion better than 0.1 a? 1 KHz *
Supply voltage 15-50v * Thermal Feedback * Latest
Design Improvements * Load - 3,4,8, or 16 ohms *
Signal to noise ratio 80db * Overall size 63mm. 105mm.
13mm.
Especially designed to a strict specification. Only the
finest components have been used and the latest
solid-state circuitry incorporated in this powerful little
amplifier which should satisfy the most critical A F
enthusiast

Stabilised Power Supply Type SPM80
SPM80 is especially designed to power 2 of the AL60 Amplifiers,
up to 15 watts (R.M.S.) per channel simultaneously. With the
addition of the Mains Transformer BMT80, the unit will provide
outputs of up to 1.5A at 35V. Size 63mm 105mm. 30mm.
Incorporating short circuit protection
Transformer BMT80
'£2.60 + 62p postage £3.15

£4.35

MPA
30

Enjoy the quality of a magnetic cartridge with
your existing ceramic equipment using the new
M.P.A. 30, a high quality pre -amplifier enabling
magnetic cartridges to be used where facilities
;exist for the use of ceramic cartridges only.
It is provided with a standard DIN
input socket for ease of connection
Full instructions supplied.

POSTAGE &
PACKING.
Postage & Packing add
25p unless otherwise
shown. Add extra for
airmail. Min. £1.00

STEREO 3
COMPLETE AUOW

7 +7 WATTS'
R.M.S.

P & P 45p

E
The Stereo 30 comprises a complete stereo
pre -amplifier, power amplifiers and power supply. This,
with only the addition of a transformer or overwind will
produce a high quality audio unit suitable for use with a
wide range of inputs i.e. high quality ceramic pick-up,
stereo tuner, stereo tape deck etc. Simple to install,
capable of producing really first class results, this unit is
supplied with full instructions, black front panel knobs,
main switch, fuse and fuse holder and universal
mounting brackets enabling it to be installed in a record
plinth, cabinets of your own construction or the cabinet
available. Ideal for the beginner or the advanced
constructor who requires Hi-Fi performance with a
minimum of installation difficulty (can be installed in 30,
mins).

TRANSFORMER £2.45 plus 62p p &p
'TEAK CASE £5.25 plus 62p p & p

P.

NEW PA12 Stereo
Pre -Amplifier com-.
pletely redesigned ri?
foe use with
AL 30 Amplifier %...4

Modules. features include on/off volume.
Balance, Bass and Treble controls. Complete

Frequency Response 20H,-20KHz with tape output.
I-3dB). Bass and Treble range
12dB. Input Impedance 1 meg ohm.
Input Sensitivity 300m V. Supply
requirements 24V .5mA. Size 152mm
x 84mm x 33mm.

1

PS1
U,Jtp,It \,unage 22-30v D.C.' OUR PRICE

Output current 800 mAMax. Size 60mm x 43mm x 26rrim Et 30
Transformer T538 £2.30

Power supply for AL20/ 30, *Ai*
PA12, SA450 etc.

P.O. BOX 6,
WARE,
HERTS.

SHOP 18 BALDOCK ST., WARE, HERTS
AT .OPEN 9 to 5.30 Mon /Sat...



TV GAMES KIT

The availability G.I. TV games chip
has led to kits other than that described
in ETI last month. Watford Electronics
lent us one of theirs, and this is espec-
ially interesting as it includes some
special features.

Firstly, the sound is added to the
UHF modulated signal and comes out
of the TV set, not from a speaker in
the unit

The second difference is that the
rifle facility is available and is very
impressive - circuitry is included which
makes the rifle (actually a pistol as
shown in the photo insert) sensitive
only to the spot on the TV screen - it
is not sensitive to other light including
light bulbs or fluorescents. The pistol
circuitry is fairly sophisticated and is
an extra, but well worth it. Unlike the
regular TV games it is very very diffi-
cult to hit the target (one of ETI's
staff who used to have marksmen's

crossed rifles on his army uniform,
scored only 30% hits first time!)

Watford claim that their hand units
are designed with children in mind and,
although arguably less elegant in
appearance than those on the ETI unit,
are very practical.

The photo shows two members of
ETI's staff battling out a game of
football. The inset photo shows the
pistol; all the 'business' parts of this
are included but the kit builder is
left to his own devices as far as the
detailed mechanics are concerned.

The 'Olympic', as the kit is known,
retails for £28.70 with the rifle access-
ory kit costing another £10.15 (prices
inclusive of VAT and postage).
Watford Electronics, 33 Cardiff Road,
Watford, Herts.

STOP PRESS: Watford now have UHF
modulators in stock suitable for any
TV game: price is £3.75 inclusive.

SCRABBLING ALONG THE PROM?
Designated the TMS 27L08, the new
EPROM has less than half the power
consumption of devices like the TI
TMS 2708 and the Intel.

New features are - reduced power
consumption - 245 mW is typical : ten
per cent power supply voltage toler-
ances : guaranteed dc noise immunity
in both high and low states : increased
output drive capability (one Series 74,
74S, or 74LS TTL circuit).

The memory circuit is organised as
1,024 words of 8 -bit length. It is
designed for high -density, fixed -mem-
ory applications. Maximum access and
minimum cycle times are 450 nano-
seconds. Prices on application.
Texas Instruments Ltd., Micropro-
cessor Dept., MS15 Manton Lane, Bed-
ford, MK41 7PA.

CBM CHEAPEN THEMSELVES
Another price reduction. (Isn't it nice
to be able to report things like this?)
The CBM 5000 range of LED watches
has come down to £11.95 (5001 and
5002) and £14.95 (5003) from £17.50
and £21.00 RRP respectively.

Later in the year CBM will be
plunging into the liquidy crystal
market .

BEEN FRAMED?
The new Seno PCB Workframe is an
inexpensive purpose -designed holder
for PCBs. Adjustment is simple and
accurate. It will accommodate boards
up to 240 mm. x 200 mm. in size, and
can be angled to suit the individual.

Designed for inspection, test, sold-
ering or draughting, the Workframe is
constructed in plated, heavy-guage
mild steel. It costs £13.50 including
postage and VAT, from Decon Lab-
oratories Ltd., Ellen Street, Ports -
dale, Brighton, Sussex BN4 1EQ.



BRITISH? PRECISELY!

From a firm called James Niell comes
the Micro 2000 to rise into our News
Digest with carefully measured pre-
cision. This instrument gets our vote
for the best innovation of the year
already! A digital micrometer no less.

As you can see from the picture, it
actually reads out a measurement in
seven -segment format. Goodbye ver-
niers. It has so many features and ad-
vances, it is perhaps best simply to
list them.

Accuracy to ± 0.002 mm., with a
`constant force' spindle and self -
calibration facility. As soon as it is
switched on, the 2000 self zeros.

The zero reset means that it can be
used as a comparator against a known
standard, and variations from that can
be read directly. Also in awkward

situations, the instrument can be
zeroed, utilised, and then removed to
be read.

The unit is entirely self-contained
from rechargeable cells. It can be
mains run from a (supplied) recharger.

Operation is very very simple. The
slider beneath the display is simply
advanced until the jaws grab whatever
you're measuring. The display reads
the travel.

James Neill will be introducing
the Micro 2000 onto the British
market almost immediately, and to the
world at large in 1978. Patent applica-
tions have gone in for 14 countries.
We congratulate the makers on a
superb achievement, and wish them
every success -lames Niell Ltd., Napier
Street, Sheffield S11 8HB.

A NIM-ROD FOR OUR OWN BACKS!
Britain has chosen to buy 11 Nimrod
aircraft instead of the 'AWACS'
(Air Warning And Control Systems)
from Boeing of America. The decision
means about 7000 new jobs. Boeing
claim their system is superior over land
but acknowledge the British edge over
sea. American electronics papers have
been sarcastic (at the least) about the
decision. Well, so would we be, if
they'd bought the yankee version!

LOGGING CATS
'Bi-Pak Semiconductors are the latest
company to submit their catalogue
for our editorial perusal (keep 'em
coming folks!) and the more we read
of these efforts, the more we realise
just how great a choice the mail-order
constructor (?) has these days.

Bi-Pak are particularly strong on
ready -built modules, books and 'hard-
ware' i.e. leads, knobs, plugs etc.
A very comprehensive range of semi-
conductors, ICs and passives is inc-
luded. Perhaps of special interest are
two teak -sleeved cases for audio equip-
ment. Anyone who has built a piece of
equipment for his living -room, and
tried to find something other than an
aluminium bird -cage to house it, will
appreciate these. Bi-Pak Semicon-
ductors, The Maltings, 63a High Street,
Ware, Herts.

Fresh as anything can be from the
USA, we have a new solderless method
of assembling PCBs. The idea is called
Augat sockets, and they are designed

CHUCK OUT YER SOLDER!

for use with plated -through hole
boards. They. are 'built-in' sockets
which fit inside the holes to hold leads
etc. So they take up no room on the
board in height or width. Boards can
be spaced closer of need be, and the
cost of soldering is lost. Contacts cost
less per lead than do normal sockets.

In order to make mass production
with this system feasible, a special
machine has been developed to fit
30,000 contacts per hour. We suspect

however, that this method will gain
its initial lift-off' from a prototyping
market. The contacts are made of
berylium-copper, and the producing
company has been making switch con-
tacts for well over ten years, which
does tend to add a little more relia-
bility to the notion!

Available in U.K. from Semiconductor
Specialists, Premier House, Fairfield
Road, West Drayton, Middlesex.
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MOten SPRING BARGAINS
THE METAC DIGITAL CLOCKS

* COMPLETE KIT *

 Pleasant green display 12 /24 Hour readout
 Silent Synchronous Accuracy  Fully electronic
 Pulsating colon  Push-button setting
 Building time 1 Hr. Attractive acrylic case
 Easy -to -follow instructions  Size 10.5 x 5.7 x 8 cm
 Ready drilled PCB to accept components
A professional product for the home constructor. It has been
designed by engineers using the most modern techniques and
components. It will appeal both to the confirmed hobbyist and to the
man who simply wants to 'have a go'. The kit contains everything
except a mains lead. The only tools required are a small soldering
iron, solder, screwdriver and wire cutters.

KIT PRICE £9.60
+ 76p VAT P&P inc.

ALARM CLOCK KIT
As above plus.

* 24 -Hour Alarm
* 10 Minute Repeater
* Mercury Tilt Switch

KIT PRICE £11.60
+ 92p VAT

BRITAIN'S TOP SELLING DIGITAL

,tp,i,/t*, ALARM CLOCK /if
.S*

PN * Fully Built, Tested and Guaranteed * -04 ;114/0s
OPik WITH SLEEP -OVER FEATURE

 Bright Orange 12 Hour Display or
 Soft Green 24 Hour Display
 24 Hour Alarm
 10 Minute Repetition
 Alarm Set Indicator
 Accurate Silent Timekeeping
 British Designed and Built
 5 in. across, 31/2 ins. deep

Please state choice

COMPLETE CLOCK

£12.96
+ 99p VAT

THE `METAC'
WATCHES

THE GRUEN EXECUTIVE
AMERICAN MADE LCD
Continuous 6 digit display ,-
with backlight

Hours; Mins.; Secs.; Date
Solid heavy metal case
A superb man's watch

DIGITAL

4110'

£35
+ £2.8 VAT

THE BLACK WATCH by BULER
SWISS PRECISION MADE LCD
Continuous 6 digit display
with backlight

Hours; Mins.; Secs.
Month; Date
Auto 4 -year calendar £30.55
Glass -filled epoxy black case + £2.44 VAT

THE TIMEBAND by FAIRCHILD
AMERICAN -MADE LCD
Continuous display ..,..,

with backlight

I
Hours; Mins.; Secs.
Month; Date
Auto. 4 -year calendar £26.95Superb metal bracelet

+ £2.15 VAT

THE SILVER BAND by TIME -MICRO
BRITISH -MADE LED

1

i

Hours; Mins., Secs.
Month; Date
Auto. 4 year calendar El 7.95
Quality metal bracelet + £1.43 VAT

SAME DAY DISPATCH orders received before 2 pm are posted same day
Cash, Cheque or Postal Order or if you wish to use Barclaycard or Access simply quote name, address and card number

Metac-Electronics and Time Centre
GIVE YOURSELF A

TREAT
Why not pay us a visit and see for
yourself the full range of top-quality
watches; clocks; treasure tracers;
electronic ignition; TV games and
battery eliminators.

DAVENTRY
67 HIGH STREET

DAVENTRY
NORTHANTS

TEL: (032-72) 76545

SEND YOUR

ORDER TO

UXBRIDGE
3 THE NEW ARCADE
HIGH ST., UXBRIDGE

MIDDLESEX
TEL: UXBRIDGE

(0895) 56961

SHOWROOMS OPEN 9 - 5.30 DAILY

%M13.11I
BARCLAYCARD

SEE OUR COMPONENTS ADVERT
ON PAGE 80
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go
SINCLAIR STEPS AHEAD (36 TIMES)

Take a good close look at the photo.
This is not just another calculator.
See the word 'Programmable'? Well, it
is! A 36 step programmable machine
for £17.22 RRP all inc!!!

Sinclair's new Cambridge Programm-
able is destined to cause not so much
as a stir, as a bloody good whisk!
Its price is little more than an average
scientific, and after the discounters
have done their evil work, heaven only
knows what it'll actually sell for.

As a straightforward machine, the
Sinclair can handle algebraic functions
plus ../x, 1/x, x2, sin, cos, tan, arc,
rads/degs, In and antilog, ex, paren-
thesis, change sign, scientific notation
and constant. So the usual failing of
programmable machines, i.e. insuffic-
ient key functions, has been compre-
hensively avoided!

The case is the well-known and
(apparently) liked Cambridge case.
Power comes from a Mallory (PP3)
type cell which gives 30-40 hours
running time, or a separate optional
(i.e. £3.20 extra) mains adaptor.

But the breakthrough here is the
program capability. This has been
made possible by the use of a single
chip National MPU. This is a four -bit
MPU with 12 k of ROM on chip.
Sinclair did the algorithms themselves,
and according to them they only just
got it all on - so no one else has a
chance they say!

Back-up is provided in the form of
a four volume program library contain-
ing 294 programs in electronics, finance
engineering, mathematics and even
games! The market they're going for
is honestly all of it! At this price they
stand a good chance of interesting
everyone from the schoolkid to the
technician to the university student.
The library includes such stuff as
mortgage payments, moon landing
game, discount calculations etc., con-
versions from anything to everything
else etc., etc., etc., etc.
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Sinclair expecting 60% of pro-
duction to end up in the USA, but
this leaves plenty for Europe! We're
hoping to review this incredible little
box very soon, but meanwhile your
local retailer will be getting them.
But be warned - to play with one is
fatal you'll end up taking it home!

Nice one Sinclair.
Sinclair Radionics, London Road,
St. Ives, Huntingdon, Cambs PE1 7 4HJ.

are

CORRECTIONS AND CORRIGENDA

1. The 9368 Hex display decoder
mentioned in Tech -Tips recently is
available from Conway Electronics
Ltd., John Scott House, Market Street,
Bracknell, Berks. The price for the two
is £5.48 all inc.

2. DVM, March 77, page 38. The volt-
age regulator should in fact be isolated
from the chassis with a mica washer.

3. System 68 PSU, May 77, page 57.
Figure 7: the LEDs are shown the

wrong way round - this also applies to
figure 11 on page 59.
4. Burglar Alarm, April 77, page 58.
Bell test PB2 should be connected to
J and K, not across SCR1. Page 60,
pin 8 of the 4001 should be earthed,
not pin 10 (which is left unconnected).

5. ERII speakers, May 77, Fig.1 . The
capacitors Cl and C4 are shown as
5u. This should in fact be 16u. The
networks supplied by Badger Sound
Services are correct.

TEXAS RANGES EXTENDED
Twenty-seven new low cost LED
watches are now unloaded on the pub-
lic by Texas Instruments. They range
in price from £13.95 to £39.95 RRP,
no doubt though they will be dis-
counted.

The ladies watches use a new
module design, and smaller batteries
(life circa six months) to get down to
their tiny size. Texas include two free
batteries with each watch.

For kiddies there is a plastic watch
complete with a set of transfers which
can be stuck onto the watch case to
customise it! Clever piece of marketing
that...

Guarantee an all models one year.
(Wonder if that includes the transfers?
Don't say it's non -transferable (ouch!)
Texas Instruments, Manton Lane,
Bedford.

BIFET OP AMPS CHOPPED
National have reduced prices on their
range of bifet op amps, including the
741. Prices of the LF335/6/7 range are
down from £1.45 to 52p in 100 off.
Let us hope this reflects in the shops
as soon as possible.

An interesting comment from Nat-
ional concerning the drop is that they
feel they are 'far enough down the
learning curve that our production
yield has increased significantly.'

Follow that.

SIGNETICS NOW NATIONALISED!
National Semiconductors Corporation
of Santa Clara, California, and Signetics
Corporation of Sunnyvale, California,
have formally signed an alternate
source agreement to manufacture and
supply each others proprietary 8 -bit
Microprocessors.

National Semiconductor will sec-
ond -source Signetic's 2650 Micro-
processor, and Signetics will second -
source National's SC/MP II Micro-
processor.

,.#
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ET! TOP
PROJECTS
No. 1 & No. 2

A real bumper issue containing 18U pages
with over 40 projects including many of
those that made ETI famous' Fuller details
elsewhere in this issue.

USUAL PRICE

£2.50

ETI CIRCUITS

No. 1

Well over 200 circuits and circuit ideas
carefully indexed covering practically every
aspect of electronics. Also included is a Data
section on popular devices.

r

K, Blue Eyes, now
here's da situation.
Der boys at ETI have
asked me to persua-
de you to get your
magazine regular
like. Either place an
order wid de news-
agent, else take ,out
a subscription.

Now, I don't rec-
kon dis much, but
they say they'll send
you either the com-
bined Top Projects
No. 1 & 2 or ETI
Circuits No. 1 for
just 50p (saving you
up to £2.00) if you
apply before June
30th.

Me and de boys
am used to other
methods of persua-
sion but well go
along wid dis
soft -sell as long as
yer all take .out yer
subs quick. If yer
don't - well be
round to see yer, and
it ain't gonna be
pretty.

To: SUBSCRIPTIONS DEPARTMENT
ETI MAGAZINE
25-27 Oxford Street, London W1R 1R F

Please tick appropriate boxes.
111 O.K., you've persuaded me. I enclose £6.50 (£7.50
overseas) for the next twelve issues of ETI starting with the

issue. I'd like you to send me my bonus special.
I

select:
Top Projects No. 1 & No. 2 ETI Circuits No. 1

EI I'd like to subscribe but at the regular rate for which I

enclose £6.00 (£7.00 overseas) starting with the
issue.

Please tick if this is a renewal. To help us please make
cheques etc payable to ETI Subs Dept. and write your name
and address on the back of your cheque. Please send separate
cheques for orders other than subs.

Name

Address

USUAL PRICE
£1.50 L ALL PAYMENTS IN STERLING PLEASE

ELECTRONICS TODAY INTERNATIONAL - JUNE 1977
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HI-FI 77 GETTING HIGHER

The news for this year's superbly org-
anised Heathrow Hi-fi exhibition is
mainly about loudspeakers. And with-
in this field, KEF undoubtedly stole
the show!

Due for release in October is the
KEF 105 linear phase enclosure. Put
quite simply, it sounded better than
any other domestic enclosure we've
heard! The sound was crystal clear,
and had a definite 'depth' to it, which
lent a pin -point quality to the stereo
imagery. You could see the boxes

standing in front of you - it's imposs-
ible to miss 'em - but the sound wasn't
obviously coming from there in partic-
ular. Superb.

A new form of bass loading is emp-
loyed, to improve power handling and
efficiency. (It works!)

Linear -phase again, and with some
neat ideas. On the front panel (it's
impossible to speak of a baffle when
there's three!) is an LED, recessed by
some amount. When you can see this
light from your listening position, the
speaker is aligned to you. When you
can't, it isn't! This allows optimisation
of the vertical dispersion within the
room. The LED doubles as a 'clipping
indicator'.

Both the smaller top enclosures can
be rotated in the vertical and horizon-
tal directions.

The 105 will be expensive (around
£700 a pair) but worth every penny!

Completely new this time are a
British firm called Mission Electronics,
who launched an entire range of enc-
losures this month. First off the
blocks are three speakers, the 710,
the 720, and the 730, in order of
ascending size. Celestion and Peerless
drive units are employed at present,
but plans are afoot to make their own.
All three of the designs are very good
indeed, and should provide some stiff
competition to existing wooden boxes.
The 720 is particularly impressive,

having a clean and slightly forward
sound, with good detail and excellent
bass. At £232 RRP inc. VAT it has a
sound future! (The first five years of
which carry a guarantee!)

Mission are working on an amplifier
combination to drive their speakers,
probably out around Christmas. In the
meanwhile add the speakers to any
shopping -lists you draw up in the field.

If you missed this year's show, at
least make sure you go next year - it's
still the best exhibition of the year!

NAME PLEASE...
Designed to assist in trouble -shooting
in MPU systems, the 5004A 'Signature
Analyser' operates by locating faulty
bit streams. The instrument recognises
a unique hex number (the signature)
for each data node, and checks the
streams at each, by use of its active

probe. When a mis-match occurs bet-
ween specified info and what the 5004
is receiving, the signature is displayed
for the faulty point. At £744 it is NOT
for the home constructor.

007 LINEAR
In the next James Bond film, he will
travel on a boat powered by linear
motors. In the film, The Spy Who
Loved Me, two futuristic boats are
situated one on either side of the
interior of an ocean-going tanker and
are fired through tubes to launch them
from the tanker.

In the studio, each boat was sup-
ported by air pads above supporting
aluminium track, concealed below a
plywood floor. This formed a reaction
plate for three pairs of linear thrust
motors, which were mounted verti-
cally underneath the boat, and travelled
along either side of the track.

The boats reached a maximum
speed of 12 mph along the 70 yatd
track.

Each of the three thrust units were
wound to give 300 N maximum
stalled thrust on 415 volts, 3 phase,
50 Hz supply. The approximate input
current was 11.75 amps/line/motor.

The boat and track were designed
and supplied by IES Projects Ltd.,
of Maidenhead, Berks.



In addition to SCRUMP! Bywood supports SC/MP in these other kits trom
National Semiconductors-
INTROKIT: Eurocard PCB with SC/MP chip. 256x8 RAM.512x8 PROM
'with K1T8U6 monitor]. Xtal. TTY interlace. etc. Requires +5.-12v
supply. II you have access to a TTY machine then this kit is a great start
in microprocessors. l you do not have access to a TTY then you may
consider using NS'S new KBDKIT. replace the KITBUG PROM in an

INTROKIT with the PROM supplied, add a law other componentsIsuppliodl
and you have a portable microprocessor.

INTROKIT E66.33. KBDKIT E66.50

LCOS. Nationals Low Cost Development Kit for SC/MP. Uses a Hex
keyboard and digital display or a TTY to communicate with the 2K
monitor programs in PROM. The CPU application card supplied plugs into
one of the sockets on the main mother PCB. Additional PROM and RAM
application cards are available to allow expansion up is its lull 64K
capacity. RUN/STEP/HALT run modes allow for simple debugging.

Low Cost Development System E349.30
BITS L PIECES
NN2112.2 25614 RAM E4.30
MM2102.2 IKs1 RAM E2.95
2513 ASCII char gen ROM E9.00
DM8678 9x7 char gen + PISO

£15.20
0M8095 6 bit buffer Illni.OHEI.90
DS8833 4 bit buffer E2.10
SCE MP Microprocessor chip

EI4.50

BOOKS AND DATA
SC, MP Technical Description
SC, MP Programmers Guide
SC, MP Applications Guide
SCRUMPI Data Sheets
F8 Data IXeroxI

All prices exclude VAT al 8°,

74C00 SERIES CMOS
74C00 25p 74C04 25p
74010 25p 74C42 200p
74057 200 74CI63 130p
740164 110p 74C165 115p
74073 100p
Power Supply P297 (+5.-5. -121
Kit form £11.50
Floppy disks SA400 Minilloppy

E495.0C
Floppy disks SA800 Standard

E625.00

E1.95
£6.30
E2.95
E0.75
£0.75

SYSTEM

BYVVOOD ELECTRONICS is supporting ETI System 68 with a range of MPU kits, VDU kit, Case kit and many
add-ons. An expanding range of compatible products building up to a complete home or small business computer
system from about E300 upwards

VDU KIT

At last! A high speed VDU controller to connect virtually any MPU to virtually any TV set! The full 8 bit s 1K RAM
is fully decoded to give a maximum of 256 possible different characters displayed in any of 64 positions on each
d 16 rows. The two Eurocard system includes Tri-State 8 bit keyboard input porn and Screen Read facilities.
Probably one of the most advanced MPU-VDU designs available.

Kit of all ICs, IC sockets, PCBs. capacitors, resistors. etc.. E83.34.

N.B. PCB -B to be released when available.

CASE KIT
Complete VEROCASE kit for System 68. A versatile case system taking 100 x 160mm Eurocards in a 19" rack
with an attractive case. The 4' module is used for a power supply and the six 2" front panels allows for future
expansion. The 31 -way plug and socket pairs allow each unit to be unplugged and removed as required.

Unit Description Oty. per kit Price each
71-3841L Frame / Case 1 17.26
71-3842F End Angles 2 0.70 (pair)
71-3844G 4" Module 1 2.55
71-3845B 2" Panel 6 0.90
1 7-0267H 31 -way Plug 7 0.90
1 7-0268C 31 -way Socket 7 1.00

Post & Packing on each kit 1.10
Complete kit 39.92

6800 CPU CARD
To be released when published

SC/MP CPU CARD
SC/MP MPU. 256 bytes RAM. 512 bytes PROM (VDUBUG), address decoding chips. IC sockets. PCB. etc.
Interfaces to System 68 VDU and fits case/connector system. VDUBUG program uses ASCII keyboard input to
allow SC/ MP programs to be written, displayed and executed.

SC/MP Control Card SC1 £60.19.
'Introkit owners write to us for special conversion offer!

CLOCK CHIPS & KITS
TYPE SPECIAL FEATURES ECHIP [KIT
MM5309 7seg +BCD. RESET ZERO 6.50 8.80
MM5311 7seg +BCD 6.50 8.80
MM5312 7seg + 8CD 4 DIGIT ONLY . 5.65
MM5313 7 seg+BCD 6.50
M M5314 7seg + BASIC CLOCK 4.88 7.00
MM5315 7 seg +BCD REST ZERO £6.50
MM5316 Non-mpx ALARM 10.17
MM5318 7seg,-f- BCD External digit select 4.50 8.00
MM5371 ALARM. 50Hz 10.15
MM5377 CAR clock. Crystal control. LCD 8.40
MM5378 CAR clock. Crystal control. LED 7.55 14.00
MM5379 CAR clock. Crystal control. Gas discharge 7.55
MK5025 ALARM. SNOOZE 5.60 9.00
MK50395UP/ DOWN Counter -6 Decade 12.10 15.10
MK50396UP/ DOWN Counter -HHMMSS . . . 12.10 15.10
MK50397UP/ DOWN Counter -MMSS.99 12.10 15.10
FCM7001 ALARM. SNZ. CALENDER. 7seg 9.00 12.50
FCM7002 ALARM. SNZ. CALENDER. BCD 9.00
CT7003 ALARM. SNZ. CALENDER. Gas discharge 9.00
FCM7004 ALARM. SNZ. CALENDER. 7seg

. 9.00 12.50
AY5.1202 7seg. 4 digit 4.76
AY5.1230 7seg. ON and OFF ALARM 5.25 TBA

All above clock kits include clock PC board, clock chip, socket and CA3081
driver IC. MH15378 also includes crystal and trimmers. When ordering kit,
please use prefix MHI, e.g. MHI 5309.

OLDE CLOCKS

In kit form or built these clocks are based on designs hundreds of years old.
Wood stone and iron are used to reproduce authentic "olds worlde wall clocks
in full detail. The kits contain all you need including glue, screws, etc. and very
comprehensive instructions. Stones for weights are excluded.

PRICES KIT BUILT
Gothic Clock Diam 61/2" 26.95 42.00
Rotating Dial Diam 6" 23.50 39.50
Wrought Iron Diam 51/2" 54.25 79.95
Wooden Wheel Diam 61/2" 36.95 52.00
Knight Clock 71/2" 48.50 77.50
Oek.Foliot Diem 14" 123.95 145.00

For coloured brochure please send 15p stamps

DISPLAYS
Litronix class 2 product

DL707. 704, 701 0.3" 1.48 DL707E 0.70
DL727, 728, 721 0.5" (2 dig 3.75 DL727E (2 dig) 1.80
DL747, 750, 746, 0.6" 2.45 DL747E 1.50

MHI DISPLAY KITS
MH1707/4 digit 0.3" 6.60 MHI707E/4 3.50
MHI707/6 9.50 MHI707E/6 4.50
MH1727/4 0.5" 8.50 MHI727E/4 4.50
MH1727/6 12.00 MH1727E/6 6.00
MH1747/4 0.6" 9.80 MHI747E/4 6.00
MHI747/6 14.70 MHI747E/6 8.10

Anyone or two of the above MHI display kits will interface
directly with any of the MHI clock kits.

VERO 1
VERO 2

CASES (with perspex screen)
8" x 51/2"x3"
6"x31/4"x21/4"

SOCKETS
24, 28 or 40 pin
Soldercon strip skts, 50 pins

CLOCK MODULES
MA1002F (12Hr) or MA1002H (24Hr) with Alarm

Module only
MTX1001 transformer
Kit including case

3.00
3.00

0.60
0.30

7.97
0.90

13.00

,PAYMENT TERMS
Cash with order, Access, Barclaycard (simply quote your
number). Credit facilities to accredited account holders.
15% handling charge on goods ordered and paid for then
cancelled by customer.
All prices exclude 8% VAT

PLEASE SEND 30p POST AND PACKING

E3YELIEEID
BYWOOD ELECTRONICS

68 Ebberns Road
Hemel Hempstead
Herts HP3 9QRC
Tel 0442 62757
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AS DAY FOLLOWS NIGHT, there
are certain patterns of change in the
physical world which we hold to be
always true. Perhaps one of the
earliest that we learn is that matter
exists in three states, solid (crystal-
line), liquid or gas. The particular
state a substance exists in depends
on temperature. At low tempera-
tures substances tend to be solid, at
higher temperatures liquid, and yet
higher, gaseous. Further more, the
transition between the states is clear
and precise, for example, ice
changes to water at 0 C, there is no
gradual transition.

This pattern of change is
explained by the "Kinetic theory."
This theory is based on several
assumptions: That matter consists
of minute, more or less spherical
particles which are held together by
"cohesive forces" which are spread
evenly over their surface. In the
solid (crystalline) state the particles
are tightly bound by the cohesive
forces and are perfectly ordered like
bricks in a wall. As the temperature
increases, the particles begin to
vibrate and the cohesive forces
weaken so the particles can move
about but are still attached to one
another:

Fig. 1

At higher temperatures ,the
cohesive forces are vanishingly
small and the ,gas) particles fly
about at random.

Fig 2

..

Simple materials which fit into
this description have another pro-
perty, that their physical character-
istics are the same from whichever
direction they are approached. This
is termed "Isotropic." Examples of
isotropic materials are glass, steel or
water. Their electrical resistance,
refractive index and strength are the
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same from whichever direction we
measure them.

Against the grain

However, by no means all materials
are isotropic, wood for example is
much stronger across the grain than
with the grain, graphite has a higher
electrical resistance when measured
through it's "Plate" structure than
when it is measured along the
plates. Such materials as these are
termed "Anisotropic."'

;HIGH
RESISTANCE

LOW
RESISTANCE

Fig. 3

It would be surprising if wood
and graphite were isotropic, since'
they are constructed of rods (cellu-
lose fibres) and plates (the
graphite). In the same way we
would not expect roof slates to fall
into a box in a random arrange-
ment, they will have a strong
tendency to fall flat and so order
themselves into an anistropic
arrangement.

Rods and plates

In exactly the same way many of thp
large molecules found in organic
chemistry have rod- or plate -like
shapes and have anisotropic crystal
structures. The tendency towards
ordered arrangements in these
substances is so great, that when
they melt they retain a degree of
order until the temperature is
considerably increased. As a result
the liquid has anisotropic pro-
perties, some flowing in a gliding
stepwise fashion, or interfering with

- JUNE 1977.

the passage of light. When this
happens the substance is said to
possess a liquid crystalline phase
(sonnetimes termed a mesomorphic
or paracrystalline state).
So we have: '

For an
isotropic
material:

For an
an isotropic
material:

Increasing temperature

solid + liquid + gas

solid liquid isotropic
crystal liquid

gas

It is of interest to note that this
property has been well known since
1890, and some 0.6%
:15,000-20,000) of organic che-
micals show this behaviour.

Nematic and smectic
Liquid crystals fall into two main
categories: Nematic (from the Greek
thread) and Smectic from the Greek
for soap).

Smectic liquid crystals have
many interesting properties but
have found little practical applica-
tion, so they will not enter into the
article any further.

The nematic liquid crystals have
many applications and form the
substance of this article. There are
several types of nematic materials.
The difference in these types is
shown in fig. 4.

Some nematic liquid crystals
possess properties which cause
them to interfere with the passage
of light in an applied electric field,
or with changing temperature. They
are of great interest in modern
electronic displays for several rea-
sons:

,1) The power consumption of
such displays is extremely small,
between 2p.A and 0.2µA per seg-
ment of a 7 -segment display, about
lOp,W per Cm2 of display, where as
a similar LED display consumes 500
imW.

12) They are made of the
commonest elements, carbon,
hydrogen, oxygen, nitrogen, rather
than the more expensive elements

13
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ORIENTATION
AND
PERIODICITY.
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PLANAR
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NOT
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SUCESSIVE LAYERS
OF THE TWISTED
NEMATIC

Fig. 4' The second form of nematic structure is 'twisted' each plane being rotated afew degrees with respect to the last,. this is known as twisted nematic or more
commonly cholesteric (yes, basically the same type of chemicals that cause heart
disease!). This type is most important.

C

such as gallium, germanium, etc.
13) Since they do not emit light

themselves, but interfere with the
passage of incident light, they
cannot be "washed out" by strong
incident light.

t4) They are compatible with
PMOS circuits.

There are, needless to say,
disadvantages as well:

Since they are passive, i.e.
they do not emit light, they cannot
be read in the dark, however, this
can be overcome by providing
background illumination. This
increases power consumption; the
power consumed however does not
have to pass through the addressing
circuit, as it does in LED displays.

2) Since they are operating in a
phase between solid and liquid their
temperature range is limited, at a
maximum between -20 C and
100 C, but more typically 0 C to
60' C.

Below this temperature .the
display freezes, above the maximum
the liquid is isotropic and no display
is visible. Furthermore the response
time near the freezing point is rather
slow, in the order of 0.2 -second
rise time and 0.6 -second fall time.
Freezing or or liquifying the display
does no permanent damage, but
temperatures in excess of 1 50 C
may cause irreversible damage.
There is no doubt that future
development ) will broaden this
temperature range considerably.

k) The lifetime is still limited, but
provided 'conditions are ideal it is
now well in excess of 10,000
hours. Future development of
materials with higher purity, and
chemical stability will improve this a
great deal.
Stability may be affected by several
factors. Firstly, certain liquid crys-
talline materials undergo irreversi-
ble chemical changes under d.c.
conditions, it is critical that such
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display have no d.c. components
whatsoever in the addressing cir-
cuit, secondly chemical changes are
caused by impurities. Thirdly,
certain liquid crystalline materials
are effected by ultra violet light.

Chemistry

We have no intention of discuss-
ing the detailed chemistry of the
materials used - it is quite complex
- and most names are longer than
those found in the small print on
toothpaste tubes. However, an
outline of the structure of a typical
nematic and a typical cholesteric
material are included for
comparison

0 )- N =CH

Fig. 5. A 'Shiffs' Base. This has a fairly straight
structure about seven times as long as it is
broad.

TWISTED IN THIS DIRECTION.
THIS IS A CONTRIBUTARP
FACTOR TO THE TWISTED
NEMATIC STATE FOUND IN
SUCH COMPOUNDS.

CH3

0
0

CH3

Fig. 6. A cholesterol ester. The molecule is
about 8-10 times longer than it is broad.

The actual material used in a
display is not usually pure, it is
more frequently a mixture of two or
more nemetics. This has the advan-
tage of increasing the liquid range
by the creation of a "Eutectic"
mixture.

The anisotropic properties that
materials suitable for display pur-

TEMP

0% B
100% A

Fig 7.

ISOTROPIC
LIQUID

LIQUID
CR YSTAL
STA TE

LONGEST
L.C. MIX

EUTECTIC
MIXTURE

0% A
100% B

poses must include are:
,1) The refractive index is differ-

ent as the material is viewed from
different aspects, i.e.' the light is
bent more as it passes through the
material in one direction then
another.

,2) The molecule must possess a
dipole. This is an uneven distribu-
tion of change on the molecule,
which causes it to align in an
electric field thus:

oV

Fig. 8.

OV 8

A large proportion of organic
molecules possess such dipoles.
The dipole on the materials used in
liquid crystalline displays have two
components, one along the long
axis (11) and one perpendicular
(t1) to it.

If the dipole along the long axis A
is greater than dipole perpendicular
to it, it is said to possess positive
dielectric anisotrophy. If the dipole
is greater on the perpendicular axis
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it is said to possess negative
dielectric anisotropy.

LONG AXIS
OF

MOLECULE

NEGATIVE
DIELECTRIC
ANISOTROPY

Fig. 9

LONG AXIS
OF

MOLECULE

POSITIVE
DIELECTRIC
ANISTROPY

,3) The material also must
possess anisotropic conductivity ,as
graphite does). The conductivity in
nematic liquid crystals is greater
along the long axis than perpendi-
cular to it.

,4) The material should have a
resistivity of the order of 10952 Cm.

Display construction
The displays work in two different
ways, but the construction of the
cells are similar, the differences are

GLASS PLATE

SPACER

CONDUCTIVE
LAYER

CROSS SECTION

EXPLODED VIEW

GLASS PLATE

SEAL

GLASS PLATE

CONDUCTIVE LIQUID CRYSTALLINE
LAYERS MATERIAL

GLASS
PLATE

Fig. 10.

mainly in the filters on the back and
faces of the display and of the type
of background.

The cell consists of a very thin
layer ,about 12 p,m) of the liquid
crystalline material between two
sheets of glass which have a

conductive coating on their inside.
One glass plate ,a) has the actual
seven -segment display etched on it.
The other plate b) has a common
electrode etched on it. This con-
ductive coating is either tin oxide, or
a mixture of tin and indium oxides
This provides an electrode with
about 90% transmission of light.

This conductive coat is further
treated so that the molecules align
themselves with the surface while
an electric field is not applied.

This provides a more or less
translucent display. When an elec-
tric field is applied, the molecules
move so as to align their dipoles
with the electric field. This causes
changes in the optical properties of
the liquid crystal material which
appears as the display.

There are two principle tech-
niques used here, dynamic scatter-
ing and polarization modes.

Dynamic scattering:
In this mode the liquid crystalline
material is chosen such that it has
negative dielectric anisotropy, with
the greater electrical conductivity
along its long axis. The molecules
are normally perpendicular to the
surface when an ac field is.
applied the molecules, in clusters,
move to re -align their dipoles with
the field. The re -alignment of the
dipole is in opposition to the
conductivity and the liquid becomes

r000001 1000001
0 000 0000000 0000

<000000000000 0000
CLEA 0 0 0 000 0 0 0

NO FIELD

0 0 0 00 0 0 CV 00 0 0 0
0 0 00 OV00 0000

CLEAR 0 0 0 0 0 OA% 0 0000000

Fig. 11.
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MILKY

FIELD APPLIED

turbulent. This turbulence is seen as
milkiness in the display.

Since there is no light emitted
the display must be used to modify
the passage of incident light. This
may be done either by passing light
through the display, or more usually
by reflecting light from a mirror
behind the display.

ILLUMINATION

TRANSMISSIVE MODE

Fig. 12.

REFLECTIVE MODE

 THE MIRROR IS OFTEN THE BACK
ELECTRODE

Fig. 13.

CLEAR

MILKY

CLEAR

The transmissive cell will appear
to glow where the segments are
switched on. The reflective cell will
appear misty where the segments
are switched on. These displays
have the shortcoming of a rather
low "contrast ratio." That is, the
apparent difference between the
switched on and switched oft
display is not very great.

Polarization modes
The display is constructed in

basically the same way as the
dynamic scattering cell. The diffe-
rence lies in the type of liquid
crystalline material. The material
used is one which assumed a twisted
nematic structure, and has positive
dielectric anisotrophy (the major
component of its dipole along its
long axis).

In this case the inside faces of
the cell are coated so that the
molecules are parallel to them and
aligned in a particular direction
when no electric field is applied.

The cell thickness is designed so
that there is a complete 90 turn of
molecules between the top and
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bottom faces. The twisted nematic
has the property that it twists light
that passes through it. Polaroid
filters are fitted above and below the
cell so that light is polarized as it
enters, and is twisted through 90
exiting through a filter opposed at
90 to the first. The light is then
reflected off a mirror arid returns via
the same pathway.

FILTER

CELL
WALL

CELL
WALL

FILTER

Fig. 14.

NON.POLARIZED
LIGHT

LONG AXIS OF
MOLECULE

PLANE OF
POLARIZATION

N;". PLANE OF
POLARIZATION

0,-"---LONG AXIS OF
MOLECULE

In this state the cell is clear.
When an electric field is applied the
molecules re -orientate to lie per-
pendicular to the faces of the cell
and no longer twist the light. The
light is now polarized as it enters the
cell, and without being twisted,
meets the second filter which is at
right angles to the first and so does
not pass the light. Hence that
portion of the display with the field
applied appears black ,since no light
is re-flected).

If you have not seen this effect
before take take two pairs of
polaroid sun glasses, look at a
source of light with one in front of
the other, thus:

Fig. 15.

Held in this way light, although
polarized, is free to pass through the
second filter since the plane of
polarization is the same for both
lenses. If one lens is now rotated
through 90° thus:

Fig. 16.

No light passes since the light
polarized by the first lens will not
pass through the second.
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The effect of having the "crossed
polaroids" in the cell causes almost
total extinction of reflected light and
consequently a high contrast ratio,
an almost completely black and
white display. This is many times
better than the dynamic scattering
cells.

Addressing technique:
The cells are normally operated

under ac conditions (although some
cholesteric cells may operate under
dc.

The technique commonly used is.
to have dc pulses of identical
amplitude, one applied to the back,
the other to the display segment via
an exclusive - or gate. In the off
state the two signals are in phase, in
the on state they are out of phase.

BACK

SEGMENT

BACK

SEGMENT

DISPLAY ON

DISPLAY OFF

Fig. 17

This technique has limitations
due to the large number of both
circuits and connections, however
this has been overcome by putting
the circuit on the glass of the
display using thick film techniques!.

Alternatives to this form of drive
are to use multiplexed addressing,
or m.o.s. shift register memory.

Other uses of liquid crystals:

The use of liquid crystal is not,
restricted to electrical displays.
Temperature measurement:

Certain nematic liquid crystals
,cholesteric) change colour over the
whole range of the spectrum ,red to
violet) as their temperature
changes. Furthermore the colour
change is over a very narrow
temperature range, usually 2 or
3 C. The temperature at which this
happens, and the range over which
the change takes place can be
adjusted by use of mixtures of
different cholesterics.

A set of 10 or 12 of such cells in
a row, the following one starting to
show colour at 2 C higher temper-
ature than the previous one, forms a
useful thermometer working over a
fairly restricted range. They have

Liquid crystal displays have made big in roads
into the watch market but this may only be the
beginning of the story.

found application as living room
and refrigerator thermometers.

Perhaps a more important appli-
cation is using liquid crystals which
have a very narrow range over
which they change colour ,0.5 C).
They have found application in
medicine since they can resolve
differences of 0.05 C.

Assuming the liquid crystal is set
to show colour at normal skin

,temperature any local deviation
from the correct temperature will
show as a different colour. This has
applications in detecting cancers,
since they tend to be hotter than
normal body heat. They can also be
used to see areas of poor blood
flow, or where allergic reactions are
taking place, since they are slightly
hotter or colder than the normal
body temperature.

Cells with extremely low temper-
ature resolution can even detect
field intensity patterns of
microwaves and ultrasonic sound
fields due to local heating effects.

As might be expected there are
also cells which change colour with
applied electric field. This would
appear to have interesting prospects
for the future.

Other interesting possibilities
which occur include the "memory
effect". Certain cholesterics take
hours, or some cases weeks, to
return to their clear liquid crystalline
state after they have been scattered
by an applied electric field. The
clear state can be restored ,by
applying a different electric field.

Clearly liquid crystal technology
has an enormous amount to offer a
wide variety of fields -- electronics,
medicine and others. We are likely
to see further interesting develop-
ments in the next few years as this
technology takes over, and
improves on existing display
techniques. How about an alpha
numeric display with independently
variable colour segments?
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BOOKS for
Enthusiasts

* Displays a wealth of useful information on various
aspects of electronics.

* The series brings together acknowledged experts and
leading writers of today.

* Written in a clear, concise manner with numerous
illustrations and diagrams to help beginners and
enthusiasts reach a level of understanding and
competence in each subject.

MASTER IN -CAR ENTERTAINMENT
V. Cape!
128 pages approx. 0 408 00286 7 1977
Contents: The Car -Equipment Scene. Mono, Stereo or Quad? Mobile Tape
Players. The Cartridge Player. The Cassette Player. Cassette or Cartridge?
Car Radios. Car Antennae. Interference Suppression. Installing the

System. Trouble Shooting. Index.

MASTER CREATIVE TAPE RECORDING
John Gardner, MAES. MBKS. Associate ISTC
144 pages 0 408 00244 1 1977
Contents: Recording and Reproduction. Choosing a Suitable Machine.
Choice and Use of Microphones. Mixers, Monitoring and Installation.
Improvising a Studio. Organisation and Method. Drama and Features.

Music. Editing. Appendix. Index.

MASTER ELECTRONICS IN MUSIC
T. D. Towers, MBE, MA, BSc(Econ). CEng, MI ERE

128 pages 0 408 00262 X 1976
Contents: Creating Musical Sounds by Electricity. Making Musical
Instruments Louder. Musical Special Effects by Electronics. Electronic
Keyboard Instruments. Electric Guitars. Magnetic -Tape Music. The Robot
Drummer. Music Synthesisers. Music by Computer. Index.

MASTER HI-FI INSTALLATION
Gordon J. King, EchEng(CEI). RTechEng, MIPRE, FISTC, FSCTE, MAES,
mRTS
160 pages 0 408 00237 9 1976
Contents: How it Works. The Amplifier. Programme Signal Sources
Importance of Good F.M. Signal. The Loudspeaker. Mono, Stereo and
Quadronphonic Sound. 4 -Channel techniques. Room Effects. Best Use of

Controls Terminology. Index

MASTER STEREO CASSETTE RECORDING
I. R. Sinclair, BSc. MIEE. M InstP
120 Pages 0 408 00238 7 1976
Contents: Stereo Systems. Signal Sources. Controls and Facilities. Making
the Recording. Replaying and Monitoring. Essential Maintenance. Aids for
Better Recording. Noise Reduction Systems. Cassette Recorders and Hi-Fi

Index

Order from your local bookseller or from

Newnes Technkal Book
!!!! Borough Green, Sevenoaks, Kent TN15 8PH

Join the Digital
Revolution

Understand the latest
developments in calculators,
computers, watches, telephones,
television, automotive instrumentation . . .

Each of the 6 volumes of this self -instruction course measures
111/4" x 81/4" and contains 60 pages 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 on to a complete
understanding of the design and operation of calculators and

computers.
Design of Digital Systems

£6.20
plus 80p packing and
surface post anywhere in
the world.
Payments may be made in
foreign currencies.

Quantity discounts
available on request.

VAT zero rated

Also available - a more elementary course assuming no prior
knowledge except simple arithmetic.
Digital Computer Logic and Electronics.
In 4 volumes:

1. Basic Computer Logic
2. Logical Circuit Elements
3. Designing Circuits to

Carry Out Logical Func-
tions

4. Flipflops and Registers

£4.20
plus 80p P. & P

Offer Order both courses
for the bargain price £9.70,
plus' 80p P. & P.

Designer
Manager
Enthusiast
Scientist
Engineer
Student
Guarantee-no risk to you
If you are not entirely satisfied with Design of Digital
Systems or Digital Computer Logic and Electronics,
you may return them to us and your money will be
refunded in full, no questions asked.

To Cambridge Learning Enterprises, Dept. DIG, FREEPOST
Rivermill House, St. Ives. Huntingdon, Cambs. PE17 4BR

'Please send me . . . set(s) of Design of Digital Systems at £7.00 each
p & p included

'or setts) of Digital Computer Logic and Electronics at £5.00 each,
p & p included

Or combined set(s) at £10.50 each, p & p included

Name

Address

These courses were written so that you could'
teach yourself the theory and application of
digital logic. Learning by self instruction has the
advantages of being quicker and more thorough
than classroom learning. You work at your own
speed and must respond by answering questions
on each new piece of information before
proceeding to the next.

'delete as applicable
No need to use a stamp - Just print FREEPOST on the envelope_

L..
ETI6
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Friar rifefita
Capacitive discharge

electronic ignitiqn kits

Smoother running
Instant all-weather starting

* Continual peak performance
Longer coil/battery/plug life
Improved acceleration/top speeds
Up to 20% better 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.

Improve performance&economy NOW
Note Vehicles with current impulse tachometers (Smiths code on dial R V 1) will

, require a tachometer pulse -slave unit. PRICE £3.35

PRICES INCLUDE VAT, POST AND PACKING.

I
ignition Changeover switches @ £4.30

R.P.M. Limit systems In above units @ £2.42

auk* installation
TODAY! Ile engine ntedificatiee

Electronics Design Associates, Dept. ET6.

required

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

Address

Mk. 2 DIY Ass. Kit @ £11.80

Mk. 2 Ready Built Negative Earth @ £14.97

Mk. 2 Ready Built Positive Earth @ £14.97

I enclose cheque/PO'sforr
Cheque No.

Send SAE if brochure
only required.

C
COMPONENTS & KITS

r,ort,

atronics
Inc/tiding

AMATEUR RADIO BULK BUYING GROUP

2 METER
POWER

AMP
as described
SEPTEMBER

ISSUE
(pace 19)

2 METER
POWER AMPLIFIER

Complete Kit to build this 40 watt power amplifier -£18.25
Components available separately - PCB £1.25; 2N6084,
£13.95; BAVIO, 12p; RG174 / U coax, 38p / m.

LOW
COST
V.D.U.
as described
AUG.-SEPT.-OCT.
issues

All items available for this project.
Complete Kit at special price £60.00 + 75p p&p
Components also available separately - PCB set, £6.65;
2112-2, £4.50; 2513, £9.25; 555, 47p; 7400 series - see

below.
Mains transformer - £2.75; Mains on /off switch, 68p; Min.
S.P. toggle switch, 54p; Min. push -to -make switch, 34p;
High quality plastic case with aluminium front panel (as

illu ed in E.T.I. article , £5.65.

PLESSEY SL600. etc. I.C.s
SL610C £2.24 SL611C f2.24 SL612C £2.24 SL613C £3.85
SL620C £3.38 SL621C £3.38 SL622C £8.30 SL623C £6.1 2
SL624C £3.12 SL630C 0.11 SL640C £3.75 SL641C £3.75
SL1496 £1.05 SL78L06 99p SL301 (2.19 613046 80p
Full data sheets on all SL600 Devices are included in our Data Catalogu-

NATIONAL/ SIGNETICS/TEXAS TTL
- ALL INCLUDING VAT -

7400 19p 7421 28p 7486 35P 74164 £1.38
7402 19p 7427 34p 7490 58p 74165 £1.70
7403 19p 7428 47p 7492 60p 74174 £1.19
7404 24p 7430 21p 7493 65p 74175 £1.30
7406 44p 7432 38p 74107 52p 74177 E1.40
7408 26p 7442 84p 74121 43p 74180 £1.30
7410 22p 7474 36p 74123 £1.05 74221 £1.55
7411 22p 7475 56p 74150 £2.49 74H04 44p
7412 27p 7483 £1.00 74153 90p 74H10 39p
7420 19p 7485 £1.33 74157 90p

Quantity discount: 25-99 less 10%; 1 00 or more less 20%
Send S.A.E. for full price list or 30p plus large 14p S.A E for your
copy of our Data Catalogue. All prices include VAT at current
rates. Please note our minimum U.K. post and packing charge,
except where indicated, is 20p. EXPORT ORDERS welcomed.

DEPT.
756

COMMUNICATIONS HOUSE

20 WALLINGTON SQUARE
WALLINGTON, SURREY, SM6 8RG

Tel: 01-669 6700 (9 a.m. to 6 p.m., 1 p.m. Sat.)
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SHORT C RCUITS

DIGITAL RIEQUENCY

BASED UPON A SIMPLE TTL 'heart',
this project grew and grew until it
formed a 'Short Circuit' which occu-
pied more development time than
most major projects!

The basic range of the DFM extends
to 9.9 MHz, and will reliably read
down to about 1 Hz. By use of the
boards the design will pose no prob-
lems to the constructor (we hope!)
and should prove straightforward in
use.

TAKING READINGS
Let's tell you how to use it first.

A reading is taken upon operating the
'Test' button. The display will change -
upwards - for a short period, halting
once the value of the frequency under
test is reached. Before making a
second test, clear the display, else
the reading will be cumulative.

Calibration is always the biggest
hurdle with DFMs, and we must con-
fess we've found no new ladders. One
suitable method is to use a high -
quality 'scope. The time base is usually
very accurate on the better models,
and each range can be set up using this
signal. Failing this, a signal generator
of known '0' is needed. Each range is
independent of the others, and so will
need adjusting separately.

five ranges up to 10 MHz

CONSTRUCTION
Assemble the boards as per the

overlays. Space within the case is
restricted, so it might be a good idea
to complete the interwiring before
positioning them within the case.
Drill all the mounting holes etc, and
get an idea of lengths of wire before-
hand - it'll look neater if you don't
have six mile of cable where two
inches would suffice.

THIS DESIGN USES A
HANDFUL OF STANDARD
COMPONENTS TO
ACHIEVE A SUPERIOR
PREFORMANCE TO MANY
COMMERCIAL UNITS.

Don't forget either to drill the holes
into the back panel for calibrating the
range pots; it's much easier to carry
out this function once the meter is
built and working.

FREQUENTLY USED
Just a few points about operation.

The input squaring circuit is reasonably
sensitive, about 100 mV is all you
need to ensure correct operation. If

240W9V1A
REG1
5V 1A

IN OUT

Fig 1. Circuit diagram of the PSU for the frequency meter. An IC regulator is employed to

simplify things. This is constructed onto a separate PCB.
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DIGITAL RIEGUENCY METEll

C1

SKI

INPUT

SK2
0

01
BC109C

(1g)

SW6

R3
2k

5

02
BC109C

+Ve

C2
100.`

D1
1N4148

14 11

IC3
74121

SIN1,2,3,4,5b1

C3 +
15p

10

6

RV3 RV4
20k 1 20k

RV5
20k

139 R10 R11
18k 47k 47k

C4
2,z2

C5
150n

C K

C6
15n

SW1,2,3,4,5a1

RESET

ICI IS 1/27413 °
PIN 14 IS +VE
PIN 7 IS OV

IC2 IS 7400
PIN 14 IS +Ve
PIN 7 IS OV
12 77 9

IC2/c

13 10

t We +Ve

5 162
11 6

23 8
IC6

9
IC9- 7447A9 7490

7 12 7

I
4- 10 8

,Ve

16
11 6

3 28

105
IC8
7447A6 7490

4.-- 7 12 7=
rcwfin

-- 10
1

8

+Ve1

16
11

2

SW7

3 8
IC4 IC7

1
7447A7490

7 12 7

10

5

+Ve

R33
68OR

VVVs

R12 R32
ARE 390R

R32 DL707
15 -NA.A."- 2 DISP

314 --,\AA"- 11 6 140--
13 -VW's- i
vc --AANA- 13 3-
11 -WC- 10 9 -4
10 -N/V- 8 14-4
9 -W./`- 7

R26

+Ve#R25 DL70715 -W/N-1-
14 -NA.At- 11
13 -/VWs- 1
12 -WV\-- 13

10 -NAM-8
9 -VW- 7

R19

6 kin)

3

9

14

R18 DL707
15 -'VVV\--.2 ?I SP

14-WC-11
13 -VW -1 3 -12 -1/VV-13

DISP
2

11 -VVV%- 10
10 -"\ANN- 8 14 -4
9 -VW- 7 6 (dr))

1112

9-..

Ve

0 1 SW1 1kHz

cTO 3 SW3 =I,
a a SW4 1MHz

SW5 10M11,SW1.2,3,4.5c1
Fig 2. The main circuit diagram for the ETI Digital Frequency Meter. In the centre the ranging components RV1-RV5, R7 -R1 1 and C2 -C6can be seen. The resistor chain R1 2-R32 is to control the current (here brightness) of the three displays.

you intend to pump appreciably more
than this into the terminals, may we
suggest an attenuator?

The units may well read with inputs
lower than 100 mV, but is not intended
to do so. Accuracy will depend on
how it is set up, and on the higher
ranges may be affected by length
of leads from input circuitry etc,
so keep these to a minimum.

20

lioW it works
The input signal is amplified and squared
to TTL level by Q1 Q2 and the Schmitt
trigger IC1, which means that a train of
squarewaves at the input frequency will
be presented to the NAND gate IC2c.
This will be held open for a preset time
depending on the frequency of mono-
stable IC3.

This period is set by the timing
(range) components RV1 -5, R7-11, C2-6
respectively. The switch bank selects
which network is in circuit, and hence

for how long IC2c allows the input pulse
train to pass. The train is inverted by
IC2d and fed to the counter chain IC4-6.

The number of pulses reaching IC4
will represent the input frequency, pro-
vided the period of IC3 has been correctly
set (calibrated). RV1-5 is adjusted to
achieve this.

IC2a and IC2b `debounce' SW6, the
test button, and IC7-1C9 and DISPLAY
1-3 display the input frequency.

An internal view of the meter,
showing the mounting of the
display board onto the back of the
front panel. Note that the display
resistors, R1 2-R32 are mounted
vertically onto the PCB.

On the left of this is the range
switch bank, mounted onto the
panel using standoff pillars. The
DFM board DFMd solders onto this
directly.

Down at the right hand lower
corner the calibrating holes for the
range pots can be seen.
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PIN 6
DISP 1

PIN 6
DISP 2

2

PIN 6
DISP 3

2 2 2

1

R33
680R

-Ve

+Ve)RV1--0 RV2--0
1

2 2

1

3
R V3-0

2

3
R V4.-0

2

1

3
RV5--0

1 B PIN 101C3
01 -Ve

C2 +Ve.-0) C3 Ve .-0
1

2

0 N/U 0 N/U

C4 .V0.-0
1

2

o

2

0 WU

C6
1

0 N/U

SW1 SW2 SW3 SVV4 SW5

1k 10k 100k 1M 10M

Fig 3. The switching circuit for the DFM. Connections are achieved via the PCB which
solders beneath the actual bank

o 8888888 8888888 8088888 0
UMW %UM 111;;:r

o ETI DFM c 0

ETI DFMd

0#407-4) *42 041 a 0.
0 0. 0" . 00 0.0

00 0. 0
0O 0 000 0-0 0.0 0-0

0 0 0
00 0 0

0 0 0 0
O 0 0 0 0

O 0 0 0 0
0 O 0

ETI DFM a
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Above and below left. The foil side PCB patterns for the four DFM
boards. These are all shown full size and from the 'foil side upwards'
direction.
Below right: Component Overlay for the PSU board, DFMs. Reg. 1
is mounted off board.

IN

ISOLATE
FROM
CHASSIS

OUT

C- C8 9

C7

41E"II1-1-

+5V

OV
TO MAIN DFM
BOARD (B)
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DIGITAL FREQUENCY MUM
DISP 1 DISP 2 DISP 3

1 1 1 1 1 1 1 1 1 1 1 1 +1- 1 1 1 1 1 1 1

PINS 3,9 AND 14 R12 (64:XbrIK6:6(1) 14X1 1X1.) 4)(411.)14) R32
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SW7
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a R55
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000".....-0000.... SW4a3
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Itvi RV2 0V3 RV4 RV5
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RV1

SVV1,2,3,4,5 61

OR 33

PIN 10--
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13

9
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14
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9
12
14
11
10
13
15

PIN 6 PIN 6 PIN 6
DISP 1 DISP 2 DISP 3

RV1 RV3-

-C2+

RV4-

C3+

1
RV5'-

-1C4+

--r-r 7T TT TT 7T
SW1 SW2 SW3 SW4 SW5

I I I I
1 k 10k 100k 11V1 10M

SW3c3

SIAI2c3

SVV1c3

12
14
11
10

DISP 3

DISP 2

DISP 1

SW1a3

SW2a3
SW3a3

SW1,2,3,4,5 al

SW5b3

SW4b3

SVV3b3

SVV2h3

SW1h3

+5V

C6

Above.. Component
Overlays for the main
three printed circuit
boards. Assembling
these is the major
part of the electro-
nics work involved in
constructing the
DFM. Refer to the
parts list (right) for
values of the compo-
nents.

Parts List
RESISTORS
R1 4M7
R2 4k7
R3,6 2 k
R4,5 10 k
R7 56 k
R8 27 k
R9 18 k
R10,11 47 k
R12-32 390
R33 680

All W 5%

CAPACITORS
Cl 1 u Polyester
C2 100 u 10 V tantalum electrolytic
C3 15 u 16 V tantalum electrolytic
C4 2.2 u 25 V tantalum electrolytic
C5 150 n polyester
C6 15 n polyester
C7 2,200 u 25 V electrolytic
C8,9 220 n polyester

SEMICONDUCTORS
Q1,2 BC109C
IC1 7413
IC2 7400
1C3 74121
IC4-6 7490
IC7-9 7447A
D1 IN4148
DIS.1-3 DL707
REG.1 5 V 1 A voltage regulator
BR1 200 V 1.6 A bridge rectifier

POTENTIOMETERS
RV1-5 20 k Multiturn (.75" type or sim.)

SWITCHES
SW1-5 5 bank assembly, 4 pole 2 way

push button with cancelling action
(Doram: 5 x 338-636, 5 x 338-563
1 x 338-254)

SW6 S.P.D.T. momentary action
SW7 S.P.S.T momentary action
SW8 Off/on 1 A 250 V type

TRANSFORMER
T1 240 V -9V 1 Atype

CASE
Samos S7 (Doram: 984-497)

MISCELLANEOUS
Fuse holder, fuse, mains neon, 2 mm red
and black sockets, PCB pillars, wire, 3 -core
mains flex, nuts, bolts, etc. PC boards as
pattern.
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An aerial view
of the meter!
Taken by a
friendly pass-
ing sparrow,
this shot
clearly shows
the layout of
the boards
within our re-
commended
case. To the
top left is the
PSU board
mounted ver-
tically over
the main
board. Space
is very tight -
but it does all
go in - ho-
nest!

The trans-
former we
used came
from Radios -
pares (i.e.
Doram!) and
fitted nicely.
Most other
versions
should go in
easily as well
however.

Hi-Fi Systems that GROW with you
MAGNUM III System as well as the features illustrated, has 20W r.m.s. per channel (you could have 40),
with typical distortion of only 0.07%. The magnetic input has >70dB. S/N ratio (Ref. 3mV) and an overload

Tape

Tuner

C
Phono

Select Vol

Ster,o

\Super
Mono Stereo

IMAGEWIDTH

margin of 43dB.
Bal Bass

1kHz 1kHz

C P - P 1
Stereo Preamplifier
13.30 + VAT £1.66

CP-FG1
Audio Function Module

£11.75 + VAT £1.47

30Hz-

300 Hz 3 kHz

C P -2 - 1 5 / 2 0
20W Stereo Amplifier
£12.85 + VAT CI .61

Hi -Pass

Slope

For details of CLIFFPALM AUDIO MODULES send large s a e or see ad in Feb W W
NOW EX STOCK. All other parts required --knobs, pots (rotary and linear) switches, sockets etc
NEW THIS MONTH. PCBs on which to build your MAGNUM I, II or III system.
POWER MODULE CP-PS-18/2D. £6.50 + 81p V.A.T.
Prices include full application data, post and packaging, U.K. only. -These products carry a 2 year
guarantee.

Cliffpaim Ltd DEPT. HE, 13 HAZELBURY CRESCENT
LUTON, BEDS. LI1 1DF. Tel. 0582-415832
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Executive Pocket Secretary
5oz, 13/s" H x 5%" W x 21/2" D

DIGITAL ALARM CLOCK
Now you can be electronically reminded of up to 4 important
appointments per day. perform time and date calculations, perform
events timing and routine calculations - all in a lightweight (only
5.7 I Pocket -sued unit Ideal for time pressed executives.
engineers and students No more annoying wake-dp calls on
business trips

STOPWATCH
Times up to 10 hours in 0 I second increments in 3 modes elapsed
time with /without pauses, and cumulative lap times. Display may
be unlatched after recording

TIME/DATE CALCULATIONS
The CO -1 s special base 60 logic allows time and date difference
calculations. time. conversions and a perpetual calendar You can
calculate the number of days left until a contract date or what date
and day of the week a payment is due.

- - - -CALCULATOR
Performs the standard 4 lunclions +. - X. / tea full 8 digits
Also constant calculations

DISPLAY/POWER SUPPLY
An easy to read green digrtron display shows all Ca.1 time. dale
stopwatch and calculator outputs The timer circuitry is powered by
2 digital watch batteries (1 yr life). The display is run bye standard
1 5v penlight battery (11 hr life) When the optional AC adapter is
connected a microswitcli is tripped displaying the time constantly

A Compact Digital Clock. Calendar.
Stopwatch, Calculator, Personal

Alarm ... All for £29.75Adaptor 63.30 for continuous
display

All prices inc VAT and P &P.
Kramer will match any advertised lower price. simply clip the ad and
send with order.

KRAMERKRAMER & CO.
9 October Place Holden Hill Road. London NW4 1 EJ

Telex: 888941 ATTN KRAMER. Tel. 01-203 2473
Mail Order only SAE f Of brochures. Export enquiries welt erne

1 ,iil
FG-1

.1n

. .

---.. -...
BUILD THIS

ADVANCED DESIGN
FUNCTION GENERATOR

* Designed around 8038 Waveform
Generator I.C.

* DC Coupled Amplifier

* 1Hz to 100 kHz

* Sine, Triangle and Square Wave output
>z,-,

JAYEN Gewelopments,25Westgate.Louth,Lincs. LIY11990

Please send a JAYEN FG-1 PC board complete with

mstructions, photo anodised Front Panel and Component

Shopping list at £3.85 incl. VAT and P&P

Name

Addres:

s..

Wilmslow
Audio

THE firm
for

speakers!
Baker Group 25. 3. 8, or 15 ohm

££1143..0500Baker Group 35, 3, 8 or 15 ohm . .

Baker Deluxe, 8 or 15 ohm £17.50
Baker Major, 3. 8 or 15 ohm 615.00
Baker Regent, 8 or 15 ohm 612.50
Baker Superb. 8 or 15 ohm E22.50
Celestion MN 1000 horn. 8 or T5 ohm E13.50
Coles 400 1 G super tweeter £5.90
Coles 400 1 K super tweeter
EMI 14" x 9" bass 14A /700 8 ohm

65.90
612.50

EMI 8 x 5, 10 wan, d/c. roll/s 8 ohm £3.95
Elac 59RM 109 15 ohm, 59RM114 8 ohm 63.50
Elac 61/2" d/c roll /s 8 ohm £3.95
Elac 10" f ORM239 8 ohm 63.95
Fane Pop 15 watt 12" 65.75
Fane Pop 55. 12" 60 watt £16.95
Fane Pop 60 watt, 1 5" £19.95
Fane Pop 70 watt 15" £21.75
Fane Pop 100 watt. 18"
Fane Crescendo 1 2A or B. 8 or 15 ohm £63432..9955

Fane Crescendo 15, 8 or 15 ohm . E54.95
Fane Crescendo 18, 8 or 15 ohm E75.95
Fane 801T 8" d/c roll/s 8 ohm £9.50
Goodmans 8P 8 or 15 ohm £6.5 0
Goodmans 10P 8 or 15 ohm £6.95
Goodmans 12P 8 or 15 ohm 616.50
Goodmans 1 2P -D 8 or 15 ohm E 18.75
Goodmans 12P -G 8 or 15 ohm
Goodmans Audiom 200 8 ohm C£1147..9755

Goodmans Axent 100 8 ohm 68.50
Goodmans Axiom 402 8 or 15 ohm 622.00
Goodmans Twinaxiom 8" 8 or 15 ohm
Kef T27

£10.60
£8.50

Kef T15
Kef 8110

£10.75
£10.95

Kef 8200
KO B139

611.95
624.95

Kef DN8
Kei N12D

£2.75
67.25

Kef DN13 E4.95
Baker Major Module. each E18.00
Goodmans Mezzo Twinkit, pair . . . £51.95
Goodmans DIN 20,4 ohm, each . £15.75
Helme XLK30. pair 621.95
Helme XLK35. pair £26.75
Helme XLK40, pair £38.50
Kefkit I. pair £59.50
Kefkit III, each
Peerless 20-50. pair £43.95£56.00

Peerless 20.60. pair E58.50
Richard Allan Twinkit. each £13.95
Richard Allan Triple 8, each
Richard Allan Triple 12, each

20E£25..9755

Richard Allan Super Triple, each . £29.50
Richard Allan CG8T 8" d/c roll /s £7.95
Wharfedale Denton 2 XP kit, pair £23.25
Wharfedale Linton 3 XP kit, pair £(4499..5500

Wharfedale Glendale 3 XP kit. pair .

Castle Super 8 RS /DD 69.95
Jordan Watts Module 4, 8 or 15 ohm E16.25
Tannoy 10" Monitor HPD 678.75
Tannoy 12" Monitor HPD 685.00
Tannoy 15" Monitor HPD £99.00

Prices correct at 1 8 , 4 / 7 7

ALL PRICES INCLUDE VAT

FREE with all orders over E 10 -
"HiFi Loudspeaker Enclosures" Book

Send stamp for free 38 page booklet
"Choosing a Speaker''

Cabinets, wadding, Vynair, crossovers etc.

All units are guaranteed new and perfect

Prompt despatch

Carriage Speakers up to 12" 60p. 12" 61: 15" 6'1.75
18" 62.50. Kits £1 each (2 per pain. Tweeters and
Crossovers 33p each

WILMSLOW AUDIO
Dept. ETI

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1 HF. Tel. Wilmslow 29599

(Discount HiFi, PA and Radio at 10 Swan
Street, Wilmslow)

Access and Barclaycard orders accepted by
phone

Greenbank
311111"" TIME BOX. Digital Clock

Case. 56x 131 x 71.5 mm
with red acrylic window.
Choice of case colour,
white, red. orange, blue.
E2.25.

"E" LED DISPLAYS. Class II devices. but fully guaranteed by us.
for even segment brilliance etc - money back or exchange if
not satisfied.
01.70403m 70p DL -727E 2 0 5in £1.60
DL -707E 0.3in 70p 01.-750E 0.6in £1.50
DL -728E 2 x 0.5in E1.80 DL -747E 0.6,e £1.50

SOLOMON PINS
100 60p
1000 £4.00
2500 £8.75
10.000 haft pike (E30.00)

DO SOCKETS
8 .1 16 bin 15p

CMOS WITH DISCOUNTS! Any mix
10% for 25+ 25% for 100+ 331/2% for 1000+

74C00 Series
74000 friir
74CO2 0.25
74C04 0.25
74C08 0.26
74010 0.25
74014 1.61
74C20 02.5
74C30 0.25
74C32 0.26
74C42 1.93
74C48 2.37
74C73 0.70
74C74 0.53
74C76 0.70
74083 1.96

74C85
74C86
74C89
74C90
74C93
74C95
74C1071.29
74C1512.63
74C1543.92
7401572.35
74C1601.48
74C1611.48
74C1621.48
74C1631.48
7401641.31

1.96
0.69
4.65
0.90
0.90
1.31

74C1651.31
14C1731.21
74C1741.21
7401751.21
74C1921.48
74C1931.48
7401951.31
74C2007.19
74C2211.49
74C9010.72
74C9020.72
74C9030.72
74C9040.72
7409057.70
74C9060.72

74C90 /0.72
74C9082.63
74C9091.74
Ir4C9107.18
74C9141.51
74C9182.89
74C9258.28
74C9268.28
7409278.28
74C9288.28
80095 0.72
80097 0.72
88C29 4.13
88C30 4.13

4000 Sere.
4000 0.20 4027 0.60 4051 1.04 4081 0.24
4001 0.20 4028 1.00 4052 1.04 4082 0.24
4002 0.20 4029 1.27 4053 1.04 4085 0.80
4006 1 31 4030 0.60 4054 1.29 4086 0.80
4007 0.20 4031 2.46 4055 1.46 4089 1.74
4008 1.07 4032 1.19 4056 1.46 4093 0.89
4009 0.60 4033 1.55 4057 29.81 4094 2.08
4010 0.80 4034 2.11 4059 6.20 4095 1.16
4011 0.20 4035 1.31 4060 1.24 4096 1.16
4012 02.0 4036 3.09 4061 25.60 4097 4.13
4013 0.60 4037 1.06 4062 10.10 4098 1.22
4014 1.12 4038 1.20 4063 1.22 4099 2.03
4015 1.12 4039 3.09 4066 0.69 40101 1.76
4016 0.60 4040 1.19 4067 4.13 40102 2.16
4017 1.12 4041 0.93 4068 0.24 40103 2.16
4018 1.12 4042 0.93 4069 0.24 40104 2.26
4019 0.60 4043 1.12 4070 0.65 40107 0.66
4020 1.24 4044 1.04 4071 0.24 40108 6.18
4021 1.12 4045 1.56 4072 0.24 40109 2.21
4022 1.07 4046 1.48 4073 0.24 40181 4.30
4023 0.20 4047 1.01 4075 0.24 40182 1.73
4024 0.57 4048 0.60 4076 1.71 40194 2.26
4025 0.20 4049 0.60 4077 0.65 40257 2.26
4026 1.92 4050 0.60 4078 0.24

14100 and 14400 Series
14160 1.18 14175 1.04 14415 7.35 14450 2.67
14161 1.15 14194 1.17 14419 2.87 14451 2.67
14162 1.18 14410 5.70 14422 4.98 14490 8.51
14163 1.18 14411 9.54 14435 7.93
14174 1.08 1441217.07 1444011.58

1450 Series

14501 0.20 14518 1.38 1453713.17 14561 0.70
14502 1.38 14519 0.67 14539 1.24 14562 5.59
14503 0.75 14520 1.39 14541 1.62 14566 1.67
14505 4.38 14521 2.77 14543 1.82 14568 3.15
14506 0.57 14522 2.15 14549 4.10 14569 3.72
14507 0.40 14526 2.15 1455210.50 14572 0.27
14508 3.011 14527 1.75 14553 4.66 14580 8.35
14510 1.51 14528 1.22 14554 1.67 14581 4.30
14511 1.74 14529 1.72 14555 1.01 14582 1.64
14512 1.03 14530 0.95 14556 1.01 14583 0.84
14514 3.47 14531 1.74 14557 4.65 14584 0.71
14515 3.47 14532 1.39 14558 1.25 14585 1.10
14516 1.51 14534 5.15 14559 4.10
14517 4.02 14536 4.00 14560 2.17

'VEROSOARD'
0.1" Pitch with copper strips
21/2" s 1" 'pack of 51 61p
21/2" s 33/4" 42p
21/2" x 5" 50p
21/2" x 17" E 1 54
33/4" x 37,4" 50p
344" x 5" 58p
374" n 17" 6'1.98
4.7" n 17 9" £2.55
CLOCK CHIPS
AY -5-12244
MK 50253
MK 50362
,MK 50366 corning)
OP -AMPS
CA 3130 tCOS/MOS) £1.00
CA 3140,61 MOS) 95p
741 Minidrp 25p
TIMER IC
NE 555
LIQUID CRYSTAL
DISPLAYS
4 0.5 digits 40 pie
£13.95

3.50
[5.50
E8.00

0.1" Plain board no steps
311" x 21/2" 28p
3%" ii 5" 45p
VA" x 17 9" £1.28
Terminal cans (1.60/500
DIP breadboard
Spot lace tuner
Pin insertion tool

LEDs (rsd only)
0 11" de
0 2" die

£2.44
74p

£1.00

1Sp
15p

QUARTZ
32.768 kHz. 100 kHz. 1

MHz. 2.097152 MHz
3 2768 MHz 4.194304
MHz. All types same price
each E3.75.

asp CLOCK CHIP
11/2 volt battery operated. to
suit our LCD, 40 pin DIL
11440 E11.58.

CATAL6SUE. Free on request
Terms CVVO Add VAT to all prices at 8%

Post, etc. UK 25p r+ 2p 27p1 per order Export add 75p
lEurope), £2.50 elsewhere, no VAT.

Polys. universities. regd Cos. etcetc . can telephone their orders for
immediate despatch

GREENBANK ELECTRONICS (Dept. T6E)
94 New Chester Road, New Ferry

Merseyside 162 SAG
England. Tel 051-645 3391
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By 1146ke Howard

=EFF-APS THE BEST <nown of the NASA vistalk-
cns lies on E east mist of Florida midwa- betwee-

Jacksonville and Miarri in the area knowr as Cape
Canaveral. Here stands :he major U.S spaceport and
zunc.ifacility now narred the John F. Kennedy Spa
Cen-er. Wi-h n the Certer are two separa:e federal
tacil ties, ore operated by NASA, the other b-/ the J.S.
:ep3rtment of Defense.

Th-3, NASA Kennedy Space Center (KSC: occi.pie
some 88,000 a=res of land and water on and would
\lerrrt Island ex -ending 35 miles north-souti with tie

an-ic on its eastward side and the Indian Rive-- to tie
/vest. Adjacent -o NASA KSC is the Cape KEnnadv Al
=orce Station rrenaged :or the Department of Def3nse
:y th3 U.S.Air r-orce. This is the prime statior o' tf
Easie-n Test Ra-ge which stretches southea;t "0.000
rides to the lid an Ocean.

KSC's History
Or 8 ..utv 1947 Cape Canaveral was formally

Epprcved as Eitest are:, for long-range guided missi es
uncle- the manegemei- of the USAF. This s to was
chosen largely because of the chain of islands, spread
out in a south-easterly chain as far as Ascens,cm Is enc.
which were sJtt3ble for the tracking stations reqJir3c1
monitor the f get of research missiles. Short y after the
Cape was established, Congress authcrised the
acqu sition anc construction of the Atlantic Missile
Range, later reiamed the Eastern Test Fange and
e>terded into the Indian Ocean.

-1-e Cape 3e.me op- rational as a missile test c3ntre
NnIVI3y 1949 with the first launch on 24 July 1953
That first vehizle was a 56ft missile ca lec WAC-
BimDer. Its first stage was a modified V-2 vnith a VVAC
Corporal as the upper stage. The launch 3 a c was a
corc-ete slab t -e servbce structure a painters scaffcki,
and the laLnch tram uti ised a tar -paper shack (lormer y
.ised as a bath house) as the launch contrcl cen-J.3
=rorr these rreajre beg nnings would develcp tie most
advanced I h teary in the world.

Ir Octob?r 1 958 - e National Aeronaut cs ard
Space Ad--ni is -ration as established. st 3 d3ws
shott of a - earlie- the Soviet Union had orbited
Spilnik 1, t Earth's first artificial satellite, followed a
mcnth later y Sputnir 2 with a canine passencer. It
was small c Jation that a U.S. Army team headec by

r Kurt H. us, who later became Director of the
inedy S ee Center i had succeeded it placing
13rer 1 in orbit or 1 January  958 since rt was
a fractio of the ,..reight of t tit



THE KENNEDY SPACE CENTRE

With this state of affairs NASA came into being with
the peaceful exploration of outer space as its goal. To
this end the Launch Operations Center was established
at the Cape. On 5 October 1958 Project Mercury got
underway and on 5 May 1961 Alan Shepard made a
brief sub -orbital flight to become America's first
astronaut; however, once again, the Russians had
beaten the U.S. because on 12 April of the same year
Yuri Gagarin had become the first man to orbit the
Earth. In 1960 John F. Kennedy had been inaugurated
as President of the United States and on 25 May 1961,
just 20 days after Shepard's flight, he committed the
U.S. "to achieving the goal, before this decade is out,
of landing a man on the Moon and returning him safely
to the Earth . . .

I

The results of that commitment are now well known
in the steady progression up through Mercury, Gemini,
and finally to Apollo. Kennedy was not to see his dream
fulfilled. On 22 November 1963 the President who
pushed America to the Moon was assassinated while
riding in a motorcade through Dallas, Texas. Seven
days later the new President, Lyndon B. Johnson,
officially directed that the NASA Launch Operations
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Center and Station No. 1 of the Atlantic Missile Range
be renamed the John F. Kennedy Space Center.

KSC Facilities
Few people realise that the Kennedy Space Center is

also a wildlife refuge. On 2 June 1972 the entire
spaceport was incorporated into the Merritt Island
National Wildlife Refuge which comprises some
145,000 acres of land and water. In spite of the
occasional rocket blastoffs, racoons, bobcats, alligators
and wild pigs roam the scrubland; rare species of birds,
such as the Bald Eagle and Peregrine Falcon can also be
found within the bounds of the space centre. When the
KSC site was acquired NASA took over some 3306
acres of citrus trees which it now leases to their former
owners. Also on site are 2 fishing camps and three
private burial grounds.

Functions of the Space Center's life that are not
required at the launch complexes are mostly grouped
together in the Industrial Area. Here in the
Headquarters building are located the Director of the
Kennedy Space Center, procurement, programme
management, legal, and other support functions.

The largest structure within the Industrial Area is the
Manned Spacecraft Operations Building (MSOB) in
which Apollo -type spacecraft underwent modification,
assembly, and preliminary checkout. Within the MSOB
are two 50ft altitude chambers capable of simulating
altitudes up to 250,000 ft for the testing of spacecraft
and systems. Here, also, are the astronaut quarters and
medical facilities. Instrumentation to receive, monitor,
process, display and record information from the space
vehicle during pre -launch, launch and immediate
post -launch activities, is located in the Central
Instrumentation Facility. The Flight crew Training
Building is the KSC equivalent of the Mission
Simulation and Training Facility at the Johnson Space
Center, Houston. Here astronauts and flight controllers
practise for manned flights utilising the computerised
mission simulators.

Other facilities within the Industrial Area include a
cafeteria, fire station, occupational health building,
security offices, warehouses, and specialised labora-
tories for spacecraft pyrotechnics checkout.

The Kennedy Space Center is also responsible for the
launch of unmanned space vehicles from the Western
Test Range at Vandenberg Air Force Base in California.

Launch Complexes
Within the Kennedy Space Center are fourteen main

launch complexes plus launch and test facilities for
Polaris, Poseidon, and Minuteman missiles. Some sites
are no longer operational but all have played their part
in the history of U.S. space exploration.

Heading northward from Port Canaveral the first call
is at the pads of Complexes 5 and 6. It was from here
that the early Mercury -Redstone flights began. Today
the pads are part of the Air Force Space Museum and
are marked by a plaque commemorating Shepard's
1961 flight and a full-scale Mercury -Redstone space
vehicle on the site of that historic launch. The Museum
also incorporates Complex 26 from which Explorer 1

became the first U.S. satellite. Moving on, the next stop
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is the Delta launch complex 17. From this area the
versatile Delta vehicle has launched many well known
unmanned spacecraft including Echo, TIROS, Relay,
Telstar, Early Bird and Intelsat. Further north are the
twin pads of complex 36 from which the Atlas-Centaur
launches lunar and planetary spacecraft including
Surveyor, Mariner, and Pioneer. Launch Complexes 12
and 13 were once the launch sites from which
Atlas-Agena vehicles boosted Ranger and Lunar Orbiter
spacecraft on their moonbound journeys. More
Atlas-Agenas ascended from Complex 14 during the
Gemini programme to place target docking vehicles
into Earth orbit. This site was also used to launch the
later Mercury missions using the Atlas booster. Moving
on again we encounter Complex 16 which was utilised
for Apollo Service Module static tests. Complex 19 was
the launch site for the Titan II vehicles that placed 10
Gemini crews into Earth orbit during a 20 -month period
commencing in March 1965. Complex 34 and the
adjacent Complex 37 were used for Saturn I and IB
flights preceding and during the Apollo programme.
The first manned Apollo launch took place from
Complex 34 on 11 October 1968 when a Saturn IB
lifted the Apollo 7 crew to orbit. Both complexes have
since been deactivated and dismantled.

The next area reached is the Air Force's Integrate -
Transfer -Launch (ITL) Facility. This site includes Launch
Complexes 40 and 41. From here the Air Force
conducts its own launch programme using Titan 111-C
vehicles. Tital 111-E /Centaur vehicles which NASA uses

to launch Helios solar probes and Viking Mars landers
are also launched from LC -41 when the facility is under
the operational control of NASA. The last stop in the
tour of launch complexes is at the twin pads of Kennedy
Space Center's Launch Complex 39.

Launch Complex 39
Inspecting Complex 39 is like moving to another

world where everything is larger than life. The main
components are the Vehicle Assembly Building (VAB),
the Launch Control Center, three Mobile Launchers,
two Crawler -Transporters, the Crawlerway, a Mobile
Service Structure, and two launch pads. Standing 526
ft high, 716 ft in length and 518 ft wide the Vehicle
Assembly Building covers 8 acres of ground. Due to its
immense size the VAB can sway up to 12 inches in
strong winds and is equipped with a gravity ventilation
system which forces a complete change of 130 million
cubic feet of air every hour to prevent condensation and

fogging within the structure.
Once the space vehicle has been assembled and

checked out in the VAB aboard its Mobile Launcher
(ML) it is ready for transfer to the pad. To accomplish
this one of the Crawler -transporters moves under the
ML and raises it ready for transfer. This vehicle itself
weighs some 6 million pounds, is 131 ft long, and 114
ft wide. At a maximum speed of 1 mph the transporter
moves out of the VAB carrying its precious cargo along
the specially constructed crawlerway, the overall width



of which is equal to an 8 -lane highway. On arrival at
one of the 3000 ft wide pads the transporter gently
lowers its load and backs off. Pad A is some 3.5 miles
from the VAB while Pad B is about a mile further on. In
the centre of each of the octagonal pads is a
390 -by -325 ft reinforced concrete hardsite, the top
elevation of which is some 50 ft above sea level to allow
the rocket's thrust chambers to rest above a 650 -ton
mobile flame deflector.

The Mobile Service Structure weighs over 10 million
pounds and contains 5 service platforms from which
the space vehicle can be serviced at the launch pad.
This 410 ft high structure is also moved by the
crawler -transporter.

Alongside the VAB, and connected to it by an
enclosed bridge, is located the Launch Control Center
(LCC) - a far cry from the blockhouses at other launch
pads. The ground floor of the LCC contains offices, a
dispensary, and a cafeteria. The first floor houses
telemetry, measuring, and check-out systems used
during assembly in the VAB and later at the launch pad.
On the second floor are the four firing rooms (only 3 are
fully equipped) and their respective computer support
rooms. Viewing of the firing rooms and the launch area
is possible through specially laminated and tinted glass
windows on the LCC's mezzanine level.

To date Launch Complex 39 has been used to launch
Saturn V's for the Apollo and Skylab programmes and
Saturn IB's for Skylab and the Apollo-Soyuz Test

Project. In the future the Space Shuttle is planned to
use complex 39's facilities. To accommodate the
different vehicle, modifications to the Launch Pads,
Mobile Launchers, and VAB will be necessary and these
are already the subject of design contracts. In addition,
since the Shuttle will return to a runway landing, a
15,000 ft long by 300 ft wide landing strip with
associated overruns, apron, taxiway and access roads
has been constructed to the north-west of the VAB on a
northwest -southeast alignment.

Epilogue
The John F. Kennedy Space Center is also a site of

great historical significance. During construction of the
Center archeologists unearthed traces of pre -Christian
human activity, Indian burial mounds and refuse piles,
and signs of French and Spanish occupation. The
petrified bones of prehistoric mammals were dredged
up from the Banana River at the same time. It was with
these discoveries in mind that Professor Charles
Fairbanks of the University of Florida remarked that
-this was one of the areas where Western civilisation
came to the New World, and now it is the area from
which our civilisation will go forth to other worlds-.
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THE LONG -RUNNING OFFER ON A DIGITAL ALARM
CLOCK HAS BEEN ONE OF OUR MOST SUCCESSFUL
EVER! OUR PRICE INCLUDES VAT AND POST & PACKING

Full size =sin across and 31/2in deep

Our clock shows the time 0.7in. high on
bright Planar Gas Discharge displays (there is
a brightness control on the back). The dot on
the left of the display shows AM/PM, and
the flashing (1 Hz) colon shows that the alarm
and clock are working.
A bleeper alarm sounds until the clock is
tipped forwards. Then the "snooze" facility
can give you 5 minutes sleep before the
alarm sounds again, and then, another 5
minutes, etc., until you switch the alarm off.
The clock also features a mains -failure
indicator, and is 1 2hr. - the alarm being 24
hour.

We have a large number of units in stock
for this offer but please allow 28 days for
delivery.

CLOCK OFFER
ETI MAGAZINE
25-27 OXFORD STREET
LONDON WI R 1RF

I enclose cheque/P.O. for £13.95
(payable to ETI) for an Alarm Clock.
Please write your name and address
on the back of your cheque to speed
processng of your order.

Those not wishing to cut their
magazine may order on their own
notepaper.
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SINTEL for KITS CMOS - BOOKS ANOTHE Z80

SINTEL chooses the ZILOG Z80
Sintel offers you the world's most advanced 8 -bit microprocessor. designed by

the team who created the 8080. The Z80 is manufactured by Zilog (backed by
Exxon, the world's largest corporation) and by Mostek - the world's leading

memory manufacturer.

Here are some of the features which will warm the expert's heart:

Single +5V power supply

Static operation
Single, simple clock

1.64, sec. cycle time
Block move instructions
Two index registers

158 instructions, including all 78 of
the 8080A

Automatic dynamic RAM refresh
Superb set of addressing modes
4 -bit rotates for BCD multiplication
Loop counting and exit with single

instruction
Great interrupt handling
12 general purpose registers

Z80/ 2:0a3880 from SINTEL
now only £29.50

Send for free Sintel Z80 Newsheet

COMING IN A FEW MONTHS

THE SINTEL Z80 COMPUTER
In Kit Form and Ready -built

We think it's worth waiting for

Zilog Z80 Data Already Available From Sintel
Zilog Z80 - CPU Technical Manual
Zilog Z80 - CTC Product Specification
Zilog Z80 - P 10 Technical Manual
Zilog Z80 Datasheet

£5.5C
E0.80
E3.30
E0.75

LOW COST SOLDERCON IC SOCKETS
Soldercon Pins are the ideal low cost method of providing sockets for TTL. CMOS,
Displays and ICs. Simply cut off the lengths you need, solder into boardand snap
off the connecting carrier. A single purchase of Soldercon Pins gives you any socket

you may need, and at low prices.
100 pins for 50p 1,000 for £4 3,000 for E10.50

A NEW RANGE OF
SINTEL INDUSTRIAL MODULE KITS

Using only the highest quality components -Fibreglass rolleFtinned PCBs-lCs and Displays

direct from "Blue-chip" Manufacturers.

KITS FOR TM LATCHED COUNTER MODULES
Each kit includes a set of displays (0 5" Red LED type 111.321 /FaID507) and two PCBs one
each per digit of 7447, 7475 and 7490, plus brackets, resistors, capacitors. a single in.ltne
plug and socket, nuts, screws, washers, instructions. etc. Sockets are NOT included and we
recommend that you order Soldercon Pins separately (112 for a 2 digit module, 224 for a 4

digit module and 336 for a 6 digit module)
Each module consists of one vertical PCB holding the displays fixed by two brackets to a
horizontal PCB, which holds the remaining components.

Full Kit for 2 digir TTL Counter with Latch. Order as 525412
Full Kit for 4 digit TTL Counter with Larch Order as 657.412
Full Kn for 6 digit TTL Counter with Latch. Order as 721412

721-412 857.412

E10.52
K17.99
E25.66

521412

KIT FOR SINGLE PCS CMOS COUNTER MODULE WITH
LATCH. A complete kit for building a 2 digit, single PCB, CMOS
Counter Module with latch Includes PCB. 2 x TI1322 or
Ff10500. 2 x 4511 1 s 4518. Rs, socket pins etc. Size h
67mm. w 71mm. d 18mm
Order as 142.258 ES.60

SETS OF JUMBO DISPLAYS WITH DISPLAY HOLDING PCS
Each kit consists of the appropriate number of 0.5" red LED di plays either common anode

TIL321/FIVD507s or common cathode TIL322/FND500s1 nd a display holdIng PCB
OPTIONS. PCBs wired for multiplexing or non -multiplexing clock format or counter format

TYPE
Noss4lAultiplased

COMMON ANODE
Pao No. Price

COMMON CATHODE
Pen No. Pries

2 digit Counter 574-822 E3.37 446-822 E2.97
4 digit Counter 777822 E6.63 128422 E5.83
6 digit Counter

MuhipWaal

684222 E9.89 271822 E8.80

4 digit Clock 801422 E6.66 262-822 E5.86

6 digit Clock 417422 E10.15 462-822 E8.95

S digit Counter 119.822 E13.09 515822 E11.49

Our offices are at Link Property, 209 Cowley Road. Oxford, but please do nor use this as a postal
'eddress
FAST SERVICE. We guarantee that Telephone Orders for goods in stock. received by 4 15 p m.
(Monday -Friday) will be despatched on the same day by 1st class post (some heavy items by parcel

post) and our stocking is good Private customers should telephone and pay by giving their Access
or Barclaycard number, with a minimum order value of E5 Otter& orders, no minimum

C W 0 add VAT @ 8% 25p PIP. TELEPHONE and CREDIT (Invoice) Orders add ilAT
@ 8% + 50p PIP, and please see FAST SERVICE EXPORT Mm order E10. 110 VAT but add
10% (Europe). 15% (Overseas, for Air Marl PAP For export postage rates on heavy acres - contact

us hest

Components trom
Leading Manufacturers only

HIGH QUALITY

KITS
)AcK

£27.80
ATTRACTIVE SIX DIGIT ALARM CLOCK KIT
A complete kit including slim white case h 40mm w 205mm d 140rnm with deep red panel
Features bleep alarm, snooze, automatic intensity control and high brightness display driving. Twelve

or twenty-four hour format (easy to add a switch between them) Touch switch snooze

This alarm clock *also available with CRYSTAL CONTROL and BATTERY BACKUP If mains power is
disconnected (deliberately or accidentally) the clock wel keep perfect time. Accuracy to within a law

seconds a month While on backup, the displays are off to conserve batterybut the alarm remains fully

operational
Order as ACK+ SOK +XTK

E34.33

OCK CLOCK KIT
Four Bright green 0.5" digit mantleplece or office clock  White case 
Size h 40mm w 154mm d.85rnm Complete less mains cable. plug

and battery
Order as OCK E14.40
Also avarlable with crystal control and battery back-up
Order as OCK+OBBK + XTK E19.65

SOH: CRYSTAL TIMESASE KIT
Use to improve accuracy of your digital clock  As a 50Hz scource in a
clock with battery backup  Accurate to within a few seconds a month 
See h.14rnm w 64mm d 49mm
Order as XTK E6.25

DIGITAL CAR CLOCKS

CCK AUT-CK

CRYSTAL CONTROLLED S DIGIT CAR CLOCK WITH INDEPENDENT JOURNEY -TIMER.
Shows time or elapsed time in hrs mins sets  Runs off car 12y supply  Nine push buttons for
Start-Stop.Reset. selecting display to show time or elapsed time  An soneols functional arespecttve

of display mode  Kit complete with case
Order as CCK [42.00

THE SINTEL CAR CLOCK KIT
Four 0 5" red digits  Neat white case  Crystal control  Battery backup Suitable for all 12u
negative earth cats  Size h 40mrn w 143rnm d 85rnrn Complete less battery

Order as AUT-CK
E17.85

CMOS
Mainly RCA
C D4000
CD4001
CD4002
CD4006
C04007
C04008
CD4009
CD4010
CD4011
CD4012
CD4013
CD4014
CD4015
CD4016
CD4017
CD4Q18
C04019
CD4020
004021
CD4022
CD4023
C04024
CD4025
CD4026
CD402 /
CD4026

0.17
0.18
0.17
1.20
0.18
1.00
0.58
0.58
0.20
0.23
0.58
1.04
1.04
0.58
1.04
1.03
0.58
1.28
1.04
0.94
0.23
0.80
0.23
1.78
0.58
0.92

CD4029
CD4030
C04031
CD4032
CD4033
CD4034
CD4035
CD4036
CD4037
CD4038
CD4039
CD4040
C134041
CD4042
CD4043
CD4044
CD4045
CD4046
C04047
004048
004049
CD4050
C04051
CD4052
CD4053
CD4054
CD4055
CD4056
CD4059

1.18
0.58
2.30
1.02
1.44
1.97
1.22
3.29
0.98
1.10
3.20
1.11
0.86
0.56
1.01
0.96
1.45
1.37
1.04
0.58
0.58
0.58
0.94
0.84 DATASOOKS
0.94 Foil range in Free Catelogue
1.20
1.36
1.38
4.93

CD4060
CD4063
CD4066
004067
C04066
CD4069
CD4070
CD4071
C04072
C04073
CD4075
CD4076
CD4077
C D4078
C D4081
CD4082
CD4085
CD4086
C04089
CD4093
CD4094

1.16
1.13
0.63
3.85
0.23
0.23
0.51
0.23
0.23
0.23
0.23
1.34
0.45
0.23
0.23
0.23
0.74
0.74
1.60
0.92
1.94

C04095
C04096
CD4097
CD4098
CD4099
C04502
CD4510
CD4511
CD4514
C04515
C04516
CD4518
C04520
CD4527
CD4532
CD4555
CD4556
MC14528
MC14553
IM6508

RCA CMOS and Linear IC Databook
N.S.TTL Databook
MOT CMOS Databook 5. El

1.08
1.08
3.85
1.13
1.90
1.24
1.41
1.72
2.84
3.24
1.40
1.25
1.19
1.64
1.39
0.90
0.90
1.22
4.68
9.05

E6.70
E3.45
E3.50

VEROCASES
751410) 3.36
/51411D 4.10
751237J 2.50
751238D 3.00
751239K 3.58

CLOCK CHIPS
AY51202 3.10
41'51224 3.50
MK50253 5.60

CRYSTALS
32 768kHz
5 12MHz

3.50
3.60

VEROSOARDS
3.75" x 5" (2 per
pack)
103/P16xPK 1.12
4 7" x 17 9"
126/P16 2.55

TRANSFORMERS
LEDTRF 1.115
SLTRF 1.96

FLAT CABLE
20w 1m
10m to,

DISPLAYS
FND500
TIL321
TIL322
5L701

1.30
1.50
1.49
6.80

XTAL TIMESASE
MODULES
671-50 50Hz 7.30
821-100 100Hz

7.40

MEMORIES
9131 (new)
2102A-6

1,00 ' 2112,4.4
5.00 6508

19.50
3.10
4.10
8.05

SUNDRIES
CA3130
-A741
78L12VVC

0.94
0.40
0.77

MPila
6800 24.84
SC/MP CPU
ISP84 5000 14.50
Z80 Now 29.50

MPU KITS
INTRO KIT
ISPEIK 2006 68.61

A FREE CATALOGUE requested ny poster phone rear be sera oy %war urturrg Rai oews o oui complete

range including other co nponents not listed here, with same day despatch for goods in stock AR prices valid

until 31st August, 1977

SEND SINTEL
YOUR PO BOX 75A, OXFORD inn
ORDER TO Tel, 0865 49791 BIM SINTEL
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IT IS NOW three years since Hewlett
Packard released the HP65 fully
programmable pocket calculator, and
that is a long lifetime for any calculator
by today's standards. Although the
HP65 represented a considerable
advance in personal computing, tech-
nology has progressed somewhat
since then; specifically, the level of
integration which can be achieved in
LSI logic has gone up, along with
improvements in IC packaging and
tricks like pin multiplexing, etc. In
addition, users quickly came to
appreciate the new approch to prob-
lem -solving afforded by the program-
mable calculator and now want more
powerful machines.

The HP67 is the latest in the HP line
of programmable calculators, and is
by far the most powerful. It has 224
steps of program memory and 26 data
registers, with indirect addressing. An
important feature is the "smart" card
reader, which permits the loading or
recording of data, as well as angular
mode, display and flag settings, so
that initialization routines are not
needed.

PREPROGRAMMED FUNCTIONS
The HP67 seems to have been
designed, keyboard -wise, at least,
with existing HP65 users in mind.
Most of the HP65's pre-programmed
functions are duplicated with the
same keyboard layout. Gone is the
NOP (no -operation) function: the
PAUSE facility is more useful for
program debugging as you can see
intermediate results without
single -stepping. The HP67's program
memory is line -numbered, not a

rotating shift register as in the 65.
Each line of memory contains a
complete keyphrase, so that all pre-
fixes are merged, e.g. LBL f a (three
keystrokes) is one memory step. By
contrast, the LBL A instruction on the
65 is two keystrokes, two memory
steps. The same applies to TI's SR 52;
a label occupies two steps.

Several new functions have been
implemented on the HP67 - many of
them prompted by the desire for
software compatibility with the print-
ing HP97. The -x- or "flash x"
command halts the calculator for five
seconds, allowing output of data
(analogous to PRINT x). The REG and
STK instructions are similar functions
for reviewing the contents of the
registers or operational stack. An
HP97, encountering this instruction
in a program, would print them.

The HP67 also includes functions
which have been found useful in
recent HP calculators - the PAUSE
instruction, % functions, ENGineer-

Fig. 1 The HP67 keyboard is rather complex, but logically arranged. You can have the pleasure
of tickling its keys for £350.00 (inc. VAT). We wonder why dealers don't like demonstrating it?

ing display format, mean and stan-
dard deviation with automatic accu-
mulation. The only major new key-
board function is RND, which rounds
off the display to the number of digits
displayed. This is important in finan-
cial calculations.

PROGRAMMING FACILITIES
With the W/ PRGM-RUN switch in
the RUN position, programs may be
loaded from magnetic cards, or the
machine may be used as a conven-
tional calculator.

In the W/PRGM mode, when a
key is pressed, that function is not
immediately executed, but is instead
stored in the program memory, and a

keycode is displayed. For example,
the code 31 would represent the first
key in the third row (f). Similarly, the
complete code 001 31 52 11 would
represent f LBL A and would be the
first step of the program.

A major advance on the HP65 is
the ability to nest subroutines three
deep. This is achieved through use of
the "GSB" instruction, and the
program will then jump to the desig-
nated label to continue execution until
it encounters a RTN command, when
it will return to the instruction follow-
ing the GSB. This function can be
used with the I -register for indirect
addressing.

The I -register is the key to the
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indirect addressing facility. When the
number in the I -register is between 0
and 19, GTO (i) or GSB (i) uncondi-
tionally jump to the label specified
(0-9, A -E, or a -e). If the I -register
contains a negative number, GTO (i)
or GSB (i) will branch backwards the
number of steps specified.

The I -register can also be used to
control STO and RCL operations on
the data register, i.e. STO (i) and RCL
(i), where the I -register contains a
value between 0 and 26. 0-9 refers to
the primary register, 10 to 19 refers
to the secondary storage registers,
which are not directly accessible by
STO and RCL, and 20-25 represents
registers A through E. An (i) value of

26 accesses the I -register itself.
As we have said, the 10 secondary

storage registers, 1350-R59, are not
accessible through the STO and RCL
commands, except indirectly, and
also the E+ key, which accumulates
statistical information. In order to get
at the secondary registers, you have
to swap them with the primary
registers using the P `=. S function.
At first we were slightly bemused by
this method of addressing storage in
comparison with the SR52's 00 to
19 (and 60 to 99, if they're unused
by program), but in practice it turned
out to be no problem at all.

CARD READER'S IQ
As the program memory is 224 steps,
this has to be recorded on two sides of
a magnetic card, using the same basic
method as the H P65. When one zips a
card through with the machine in the
W/ PRGM mode, the first 112 steps
of the program are recorded in the
form of a header, program and

checksum. The calculator,, before
writing the card, checks whether the
program is over 112 steps long, and if
it is, it writes the appropriate 28 -bit
header. This identifies whether the
card is (a) a one-sided program, (b)
first side of a two-sided program, (c)
second side of a two-sided program,
(d) a one-sided data file, (e) first side of
a two-sided data file, or if) second side
of a two-sided data file. If the program
is over 112 steps, the card will have to
be passed through again to record the
second side, and the calculator will
prompt the user to do this by display-
ing CRD. A similar process is used to
read the card - the calculator will
identify from the header whether the
second side is required and prompt
the user.

The ability to write data onto a card
is very useful also. When the W/ DA-
TA key is pressed, the calculator
displays CRD, and checks the con-
tents of the secondary registers to see

Continued overleaf
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Fig. 2. This program listing was produced on an HP9 7, but the program will ',room.- .1
print-out of the open loop amplitude and phase response (Nyquist plot) of a control system. The
various time constants are entered serially, leads first, then a zero to separate them from the
lags, then the lags. The program pulls data from the secondary registers and processes it as
leads, until it finds the zero, and the continues to process the remaining data as lags.
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HP 67 reviewed
if any are non -zero. If they are all zero,
this data is compressed and recorded,
along with the registers 0-9 and A -E,
on the first side; otherwise the
calculator again prompts the user to
insert the second side where it records
the secondary register contents.
When a program is running, insertion
of a card will not trigger the card
drive, until a W/ DATA instruction is
encountered; hence you can set a
long program running, insert a card
and forget it, knowing that your
results will be recorded.

Finally, the card reader can merge
programs or data automatically. For
instance a numerical integration rou-
tine may call as a subroutine the
function f(x) to be integrated. Several
standard functions can be pre-record-
ed and loaded from cards, avoiding
the necessity to key them in through
the keyboard.

WHAT'S INSIDE?
The microprocessor around which the
HP67 is very solidly built, is the
Arithmetic, Control and Timing (ACT)
chip used in the HP21, 22, 25 series
of calculators. This chip carries eight
general-purpose registers, four of
which form the stack, In addition, the
instruction decoding ROM, clock,
control and timing, keyboard control,
addressing and pointer logic are on
this chip. It can access up to 4096
instructions by sending out a 12 bit
address, least significant bits first, on
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the instruction /address line.
A new chip developed for the

HP67 combines 1024 10 -bit words
of ROM with 16 56 -bit registers in a
single 8 -pin package - this is why
multiplexing techniques are so
important. Programs are stored in
these 56 -bit registers in the form of
224 8 -bit instructions. This allows
256 possible instructions, of which
250 are used. Another 18 -pin ROM
also carries the anode drivers for the
DMA for card reading, with the
micro -processor not involved at all, in

the HP67, the card reader chip (CRC)
and ACT interact. The CRC contains
two 28 -bit buffers which are alterna-
tely loaded while the ACT chip deals
with the contents of the other buffer.
Each card side carries 32 28 -bit
records, either 112 program steps
(31/2 steps per record) or 16 data
registers (1/2 register per record), plus
header and checksum. As each record
is stored it is also added to a running
total, which is finally compared with
the checksum. If they differ, memory
is cleared and "Error" is displayed.

SOFTWARE SUPPORT
An important application area for
programmable calculation is the spe-
cialist user who requires a wide range
of preprogrammed functions rather
than a truly user -programmable
machine. HP cater to this area by
supplying a wide range of applicatio-,

packs. Now available are Stat Pac 1
(21 programs), Math Pac 1 (19
programs), Electrical Engineering 1

(18), Business Decisions (22), Me-
chanical Engineering (23), Clinical
Lab and Nuclear Medicine (19) and
Surveying (19 programs). Soon to be
announced is a Games Pac.

The overall impression we gain
from using the HP67 is that it is a
more powerful machine than the
SR52 if you have really tough
problems to solve. It is more efficient
in using program memory, particular-
ly STO and RCL instructions. The
smart card reader is a very useful
feature and gives the machine a real
"data -base" of use in business appli-
cations.

We weren't terribly happy with the

Fig. 3. If you want a
print-out, the
£580.00 (inc VAT)
HP97 is software
compatible with the
HP67.

67's approach to indirect addressing,
particularly when trying to write a
version of the computer game "RE-
VERSE-, for the calculator. No matter
how we tried, we always needed a
second I -register so we never did get
the program to run. We suspect that it
should be considerably easier on the
SR52. Please, HP, give us two
I -registers next time, or a similar
implementation to the SR52's!

SUMMING UP
In conclusion, then, the HP67 is an
extremely efficient and powerful
calculator. The HP97 printing ver-
sion, because of its data handling
capabilities should be popular in
commerce. But we can't help feeling
that the efficiency has been achieved
at the expense of ease and flexibility of
programming, so that it's just not as
much fun.

ELECTRONICS TODAY INTERNATIONAL - JUNE 1977



Described by John Miller -Kirkpatrick

The System 68 VDU board A is really
a complete VDU with more characters
and more variety than the 560. If the
address outputs were connected to
switches and comparators as in the 560
VDU then the end result would be very
similar. In part two next month we will
demonstrate the interface to the MPU.
(although primarily designed for System
68 with a 6800 chip in mind,) the VDU
boards A and B could be used with any
other 8 bit MPU system.

Before you start

The VDU described here uses a
commercial 625 line 50Hz television
set as an output device. In order to be
able to display at least 64 characters
per line we need a master dot frequency
(to be described later) of 10Mhz or
more. As most TV modulators and
demodulators only accept frequencies
up to about 6MHz it was decided to use
a, modified, "dedicated" television.

The modification needed is similar to
that described in other similar articles
where a point inside the TV at which a
2V p -p composite video circuit can be
inserted. As this usually means physi-
cally breaking the connections between
the TV tuner and the rest of the circuitry
it is possible to install a 'video switch' to
allow the modified set to work normally
if required.

In our experience people tend
towards linear or digital circuitry but not
both, and so if you are not willing to
sacrifice the family TV set to the VDU,
then consider buying a secondhand
portable and modifying that. Or ask
your local dealer to modify it for you. As
the TV is used to set up the VDU you
will need to do this before starting the
VDU, i.e. now!

Basic VDU concepts
In order to display anything on a TV

set we must first set up the timing
signals to represent the mixed sync
television signals. These signals instruct
the TV where to start a new line and a
new frame. As all of our character
display signals are referenced to the line
and frame syncs these are very
important. Each TV frame contains 312
or 313 TV lines which are "interlaced"
in normal program display to give a total.
of 625 displayed lines. In our VDU we
have not used interlacing as this leads
to over -complexity in the circuitry and
concept, thus our system uses only 312
(or 313) lines per frame.

In practice we have only used 300
lines per frame as this gives enough
accuracy to obtain frame lock on most
TVs, the resultant timing means that a
complete frame is displayed 50 times
per second.

The frame sync signal is derived from
counting the line sync signals and
dividing these into groups of 300. Each
.line sync signal has a total duration of
64pS which is broken up as shown in
Fig 1. As the actual negative going
strobe is decoded by the TV as being off
the screen, we need a gap between this
strobe and the start of our display, for
similar reasons and for neatness we
need a similar gap after the last part of
the display, and before the next line
sync signal. The display time we have
left in the middle is the time used to
display our 64 character slots.

Characterisation

Each character slot is capable of
displaying 5 dots of a 5 x 7 matrix plus
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a "null" dot to define a space between
characters, thus each character time slot
is further sub -divided into six "dot
times." If each line sync is 64-S in
length it can be calculated that each dot
time is only about 100nS long thus
requiring an oscillation of about 10MHz
which is our "master dot frequency."

In order to cut down on the number
of ICs required it was decided to design
a system where each line sync is broken
.up into 100 time slots and to use two
divide by ten counters for the purpose.
This idea requires no gates for "reset to
zero" signals, as the counters automa-
tically zero after 99. If we use 64 of
these times slots for characters, and
decode others to give the margins
before and after the display then we
have a requirement for a master dot
clock frequency calculated as follows -
1. Line sync period required = 64_S
or 64000nS
2. Character time = LS /100 = 640nS
3. Dot time = CHAR/6 = 640/6 nS
4. Dot Freq = 1000x6)/64=75/8 =
9.375MHz.

Figure 2 shows a diagram of the
timing generation system derived from
our master clock. The dot frequency is
divided by six to give a character
frequency and both signals are also
used in the display side of the VDU. The
character rate clock is divided by 100
and decoded to give signals fo' line
sync, start and stop character count,
start and stop display (border genera-
tion). The line sync signal is passed to
the vertical counters which divide the
LS by 300 and decode to give a frame
sync pulse and vertical count and
display enables. These timing signals
plus others derived from them are
passed over to the RAM addressing and
character generation circuitry of the
VDU.
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VIDEO DISPLAY UNIT
Display of character

The character clock signal is divided,
in binary, by 64 to give 6 lines. This is
used to partly address the RAM storing
the character data; the other 4 lines
needed to uniquely address any of the
1024 characters stored in the RAM
come from a character row counter.
Each character row is made up from 16
TV lines and we need 16 rows per
frame, the 256 TV lines required are
decoded by the divide by 300 counters
so that they are positioned in the centre
of the screen by the vertical display
enable signal.

In order to address and display a
character we have to use the divide by
64 counter and the divide by 16 row
counter to uniquely access one char-
acter in the RAM. As the row counter is
only updated every 16 TV lines this
means that each character slot in the
RAM is accessed 16 times (ie once per
TV line for the particular character row).

Each time that the RAM is accessed
8 bits of data is retrieved from the RAM
and passed to the character generator
ICs.

The basic generator is (a new one!)
from National Semiconductors and it
includes latches, counters, ROM and
shift registers on one chip. Using this
chip cuts the package count considera-
bly when compared to using 2513
ROMs and associated components.

The DM8678-CAB generates 64
upper-case ASCII characters in a 5x7
matrix, other chips in the range give
lower-case characters, 9x7 matrices and
other character sets. All of these chips
are pin compatible and can be used solo

or in tandem to give full upper and
lower or other mixes of character sets.
The design philosophy of the System
68 VDU has allowed for future
expansion of this type if required. (If
expansion is not required then there are
three display options included in the
VDU which are normally only to be
found on expensive commercial equip-
ment.) Only six of the eight RAM data
bits are required by the DM8678 and
we have used the other two bits to
enable the normal white character on a
black background to be changed to
black on white, black on grey, white on
grey or to flash once per second. These
options can be used on any of the 1024
characters to be displayed and can be
used to denote special areas or
important messages on the VDU screen.

Call a Cab

Each of the 8 data bits from the RAM
is latched for the whole character
display period to prevent spurious
changes from affecting the display. The
'six data bits sent to the DM8678 are
used to partially address the ROM
inside the DM8678, the rest of the
ROM address being supplied by the
divide by 16 TV line counter (also inside
the DM8678).

In the CAB version of the chip only
the first 7 TV lines of each group of 16
are used to address the ROM.

This responds with a set of 5 dots for
each ASCII data plus TV line number
address. These 5 dots are loaded into an
internal shift register which then shifts
out the dot data at the master dot rate.
Thus for each of the dots which we have
defined on the VDU screen the RAM

MASTER DOT
GENERATOR

Figure 2 Timing block diagram of system.
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plus the DM8678 can tell us whether
the dot is on (white) or off (black). This
data is routed through more gates
which add the options selected by the
other 2 of the 8 RAM data bits and then
gate this video signal with the mixed
syncs signal to produce the composite
video signal to be passed to the TV
monitor.

Assembly and testing board A

We would strongly advise that the
VDU is assembled using the available
PBCs; though building on Veroboard
would be possible it might be difficult to
trace faults without a good oscilloscope.
As some of the tracks on the PCB are
very fine we would also recommend
that you invest in a new bit for your
soldering iron and use sockets for all
ICs.

Assembly of the System 68 PCBs
starts with the boring job of inserting all
of the through -hole links and soldering
both sides of the link, (it will save
trouble later if each of these links is
tested with a continuity tester after
soldering to ensure an electrical link.

Before inserting any ICs all sockets
and passive components can be sol-
dered into place. With most of the
soldering done the chances of damag-
ing an IC with the iron are now
eliminated. Set the preset VR1 to its
mid -point and apply the 5V supply and
check for short circuits. It is a good idea
at this point to check that each IC socket
has 5v and ground at the required
pinouts. Before inserting each IC to
ensure that the IC is in the correct way
round. Note that there is a mix of TTL,
74C Cmos and 4000 sefies CMOS -
do not use 7400 series in place of
74000 series or vice -versa

Master Dot Clock

The master dot clock is based on a
7400 NAND gate pair set up as an
oscillator. It was found in the prototypes
that this gave a reasonably stable
oscillation although the value of R1
changed from 390 ohm in one
prototype to 220 ohms in another. Use
of a 9.375MHz crystal was thought of
but decided to be an optional luxury as
the non -crystal VDU showed only a very
very slight but acceptable "wobble" in
the overall display (less than -475mm

Figure 1: Waveform that can be expected
from the V.D.U.

rill
DISP. ENABLE
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on the edges). With the 5V supply off at
each IC insertion, ICs 1-13 and 15 can
be inserted and the video output
connected to a monitor or converted TV
set. The resultant display on the screen
should be a white box with grey
borders, on a 12in TV and borders will
be about 1/2in wide with a centre box
about 9in wide.

If you have a display of a lot of
sloped lines then adjust VR1 until the
sync locks and the box display is
obtained. In case of no display the
following IC pins can be checked with a
scope or frequency meter -
CI pin8 9.375MHz
C2 pinl 9.375MHz,
C2 pinll approx 1.5MHz.
C3 pin 12 approx 150K Hz
C4 pin 12 approx 1 5KHz
C5 pin 5, 64uS line sync (negative)
C6 pin 13 64uS horizontal count

enable
C7 pin 6 64uS horizontal display

enable
Cl 2a AND of horizontal and vertical
display enables.
Cl 2b AND of frame and line syncs.

C4 output should be similar to fig 1.
Take a wire link about 9in long and

strip both ends. Push one end into IC
socket 14 pin 11 and use the other end
to check the following effects on the
Central portion of the VDU. With the link
connected to IC13 pin 2 the screen is
split in two halves with the left side
black and the right side white.Similarly,
check that connection to ICI 3 pins 3, 5,
6, 7, 9 produce respectively vertical
divisions into 4, 8 16, 32
.divisions. Connection to IC8 pin 13 will
divide screen horizontally by two, pin 4
by 4, pin 2 by 8 and pin 3 by 16. These
lines represent the character slot
counters and the character row counter
outputs. With these checks successfully
completed the wire link can be removed
from IC14 socket and IC14 inserted.

With IC14 in position the VDU
should display a question mark in all
1024 character locations, if the ques-
tion mark tends to change into other
characters in horizontal bars this is only
because of stray 50Hz getting into the
open data inputs of the DM8678.

Board A is now virtually finished and
requires only the insertion of two ICs to
complete it. In order to fully demon-
strate the facilities of the VDU and to
fully test all of the ICs temporary links
can be made from the address counter
outputs to the data inputs. These should
be done in the following sequence and
the effects checked with those predicted
until all links have been installed. It will
be necessary to remove all of these
temporary links before connection to
board B.
Link DO -CO All "?' changes to all ' ?'

Link D1 -C1 All' ?' changes to ' =?'
Link D2 -C2 '89:;' added before ' = ?'
Link D3 -C3 '01234567' added.
Link D4 -C4 Special characters added
(brackets, quotes, asterisk, etc)
Link D5-05 Alphabet and rest of
chracter set added.

Each row of the VDU should now
display 64 different characters, white on
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black background. Now insert ICI 6 and
make 'permanent' links A -D and B -E,
and continue with temporary links.
Link D6-RO Alternate character rows
will show inverted video signal as black
characterson white background.
Link D7 -R1 Alternate pairs of character
rows will take on a grey background

JUNE 197i

(two shades of grey are possible)
Insert ICI 7 and check that the whole

display flashes at about 1 Hz, during the
flash which takes about 1 /5 second the
video signal is inverted ie a B/W
character becomes W/B and vice -versa.
To stop the flashing connect point C to
ground.
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VIDEO DISPLAY UNIT

Ias/

0

CO -1

o

11E-T
a

I
o e

TOP 1-1

9

PARTS LIST - Integrated Circuits Hardware
Resistors Capacitors IC1 7400 IC10 74C00 71-3845B 2in Front panel (Vero)

IC2 7492 IC11 7400 25 Way socket (466-220)R1 220R C1 2 150pF IC3 CD4017 IC12 7408 25 Way plug (466-191)R2, 3, 4, 390R C3, 4 100uF 16V IC4 CD4017 IC13 CD4040 25 Way cover (466 258)R5, 6, 7, 1K, C5 10uF 16V IC5 74C00 IC14 DM8678 Co -axial socket, surface (455-545)R8 68K C6 500uF 16V IC6 74C00 IC15 7486 Ribbon cableR9 10K IC7 74C00 IC16 7475 ET I 68VDU board ARV1 1K vert preset IC8 CD4040  IC17 555 Doram (RS) numbers in brackets.All resistors 1/4W 5% IC9 74C42

VID OUT

SVV1

A

D7

06
D5
04
D3

D2

01

RO

Al
R2

R3

CO

C1

2

C3

C4

C5

SW1 N/C
41101MIME111--- +5V

GND

IMPORTANT NOTE: The outputs from this half of the VDU module will be connected via ribbon cable to the B board next,
month. The PCB has however been laid out with connections for a Vero 31 way connector, if the memory board is not used
a connector can be used on this board - so if you intend to build the complete module DO NOT solder a 31 way connector
to this board.
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VIDEO DISPLAY UNIT
Options

With the assembly of board A
completed it is only necessary to decide
on the optional links of points A, B, C, D
and E. At the end of the tests these are
connected as A -D and B -E and give the
results shown, (in this example the flash
option is ignored.) Points D and E are
the latched outputs from RAM data bits
6 and 7, Points A, B and C are the
option inputs, any unused option inputs
should be connected to logic 1 or 0 and
not left floating.
The option inputs are as follows -
Point A gives a half -tone (grey)
background when selected as logic 0.
Point B gives B/W character when 0,
W/B character when 1.
Point C gives 1 Hz video invert "flash"
when 1, steady state when 0.

Because these options are controlled
by RAM bits 6 and 7 each character can
have a different option from its
neighbour, thus with the 64 different
characters from the DM8678 each with
four options we have a VDU with 256
different possible characters.
NEXT MONTH

In next month's issue we will continue with
board B which contains the RAM and the
MPU interface. The basic interface could also
be used to connect the ETI 560 VDU, PW
Videowriter you must!) or other similar
units to System 68
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MIII1 a M. En STSTIV 91 M. tin VMS
rTI VMS a WV ETI ASS a "1111. f71 SIMS

vs. ETI SYSTEM a vs. En SVEN al TA It Sr
114 411 1111 ETI SYS'S a M. Ell STS181 4111 In
$1191 411 nu ETI SYS'S 111 YDU. ETI SIM UM
In MEN 18 VDU. ETI MIEN 43 la £11 mia a Is

11. 111 systai a nu Ell MS ETI SYS*
M. ITT SYS'S a WC ETI MIEN 11 %V It rf

111111 411 M. EH $1701 11 ill ETI $1791 a M
11 1111.4 111 111 17111141111,1. Ett 3MS* *IN

Slti* a M. ETI SIM a v u. ETI SYS*
vii ETi mu a nu. In me a va. Pfir

Now there's a better way
to keep your Ell copies

q.

We reckon ETI is worth keeping: and our surveys indicate that a
staggering 97% of readers keep their copies for at least three
months. Now we can offer you a binder which holds 12 issues
whose quality befits the magazine: excellent. Send £2.50

(which includes VAT and postage) to:
ETI BINDERS, 25-27 OXFORD STREETLONDON W1 R 1RF
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Electronic
Components

There are now 2 shops in Tottenham Court R
specialising in Electronic Components and

AAAAAudio Accessories.. isib.Ak...4ek4 Alk

r,IOTOROLA NATIONAL SIGNETICS
4001
4002
4007
4011
4012
4013
4015
4016
4017
4020
4023
4025
4027

22p
22p
22p
22p
22p
60p

E1.05
60p

E1.00
£1.08
22p
22p
60p

4029
4046
4049
4050
4069
4070
4071
4 0 7 7
4081
4093
4511
4518
MC I 4 5 5 3

E1.08
E1.62

60p
60p
22p
22p
22p
22p
22p
87p

E1.95
E1.51
E4.59

All items plus 25p P & P unless otherwise stated
All toices inclusive of VAT
PiK.es correct at time of going to press

SEVEN SEGMENTS L E D DISPLAYS
Size Rod Gwen C Anode C c.atleice
0.3" ,

0.3"
0.6"
0.6" ,

400MW 59. 2 7V 30V
1N4148 GENERAL PURPOSE

hats,

363
364
352
354
662
664

1.57
1.57
1.81
1.66
2.12 .

1.29

13,

SP
LE 0 s0125"17p 0 2" 17p RED ONLY

OED AUDIO PRODUCTS
Mains distribution Unil 4 way £5.90. 6 woe
27.52. Plugs 711p. 3 way tape si,tch £13.59.
Mains interference suppressor E11.07.
Speaker vorume control E7.74.
Speaker switch two way E6.70. 3 way E9.11.

60P P

111111=111:111=1
ICE Microtest 80 E16.15
ICE Super tester 680G £21.55 c 50p p& p.
ICE Supertester 680R E27.27
SINCLAIR DM2 Digital Mortimer

(52.92
SINCLAIR Mains Unit for above

E3.24 f 1

SINCLAIR Rechargeable Battery P & P
E12.96

SINCLAIR Carrying Case E5.40

NATIONAL. TEXAS. ITT ETC

7400
7401
7402
7403
7404
7410
7413
7447

'7473

lap
lap
18p
18p
18p
18p
38p
92p
42p

7474 38p
7475 50p
7490 54p
7492 50p
/4121 54p
74190 E1.62
74191 El .72
74192 E1.72

Hifi CARE
(Retai)LTD.
Dept ETG

7 & 245 Tottenham Court Road
London, WI .

Phone: 01-637 0371/8911 Mail Order Dept.
01-580 7592/4532
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Detecknow
ledgey
Detecknowledgey ? No, we haven't forgotten how to spell - a

number of you thought we had during our 'Tecknowledgey' ad

series last year - it is simply an expression of Ambit's specialist
topic for Summer 1977: Metal Detectors. In other words, we
want you to know that we know about them, not just selling
them, but how they work, and why. It is surprising how few
people can explain the theory and application of first principles
to metal locators. Things like why a bunch of keys can
sometimes fail to register, whilst a 2p piece indicates at 8 -10"
or why a lump of iron reacts as if it were ison-ferrous. See our
new publication on the subject, a consise reference work that
sets out to explain from first principles the various phenomena
you will encounter. £1.00 inc PP.

PW SEEKIT COMPLETE KIT
Speaking of technology that is, the application of scientific discoveries
to practical situations and every day equipment - the PW Seekit can claim

to have used a few innovative features only achievable with devices that

we have been largely instrumental in promoting, so it is not surprising we
are able to offer complete kits, and all parts for this exciting project.
The complete Seekit-kit costs £36.00 including PP AND VAT. This kit
contains all electronic and plastic components (undrilled), bar things like

glue, foil etc., which you are more than likely to have around the house.
An SAE will bring you our new leaflet (A5 size please) with a more
detailed list. Please note we can only consider service/testing on complete
kits purchased from US.

BIONIC FERRET 4000
Not an electronically souped up rabbit catcher, but AMBIT's own VCO
metal locator system. The £40.74 ferret, (a saving of aprox. £3529m on
the human version), comes complete with drilled, and cut -plastic parts,
earpiece, all electronics etc. The £40.74 includes PP and VAT at 8%.
A free copy of metal Detecknowledgey with all kits.

Wireless COMPLETE TUNER KITS
II. MODULES COMPONENTS etc

 .

Linear ICs:
CA3089E 1.94
MC1310P 2.20
TBA120 0.75
uA753 1.80
HA1137W 2.20
CA3090A03.75
HA1196 4.20
uA720 1.40
CA3123E 1.40
HA1197 1.40
TBA651 1.81
LM380N 1.00
LM381N 1.81
LM3900" 0.75
TDA2020 2.99
TBA$11:T 1.09
TCA940 1.80

7805UC" 1.5
78M12" 1.20
tda1412" 1.20
7815" 1.55
78 M20" 1.20
78M24" 1.20
uA723CN" 0.80
TAA550" 0.50
8038CC" 4.50
NE555V" 0.70
NE566/7" 2.50
NE565" 2.5G
NE560" 3.50
MC1312 1.50

Digital ICs

7'

MEM614" 0.38
Varicaps
BA102 0.30
BA121 0.30
BB104 0.45
BB105 0.32
MVAM2 1.35
MVAM115 0.95
MVAM125 0.90
TUNER BITS
E F5800 14.00
E F5600 12.50
EC3302 7.50
8319 12.00

253 26.50
7252 26.50
7020 built 6.95
7030 .. 10.95
91196 .. 12.99
92310 .. 6.95
7701 .. 26.50
71197 .. 11.35
Int. Mk11 complete
FM tuner kit £65.00
(4-£3 carriage)
Larsholt Signalmaster
Mk 8 kit. Suitable for
beginners too £85.00
Audiomaster 25W Af
kit amplifier £79.00

/VAT extra 12.5%, *=8%). PP 22p per order - unless otherwise shown.
Full catalogue (m h new stuff since 76) 40p. SAE for free (A5) prices
37a High Street rentwood, Essex. CM14 4RH. (0277-216029)

ambit
international

COMPLETE
di )tai/- clock kits

--,-........i. REAL TEAK CASE
VAT

NON ALARM £12.50 + £1 0010:
VTA22

ALARM £15.28 ElA22

Including P&P

Teak or Perspex Case, 6" x 21/2" ic 3"

FEATURES:
4 Red l/2 -inch high LEDSs, 12 hour display with AM / PM indication. Power failure

indicated by flashing display.
Precise accuracy with mains frequency.
Beautiful Burma teak case, or stylish Perspex (state first and secondcolour choice.

White, Red, Blue. Green, Black),
NON ALARM: Complete Kit, including Teak case £13.50 incl.

Module Kit. excluding case f9.50 incl.
ALARM EXTRAS: Pulsed alarm tone. Tilt operated "Snooze" period Automatic

Brightness control. Simple setting.
ALARM: Complete kit, including Teak case. .

£16.50 incl.
Module Kit including case £13.00 incl.

PERSPEX CASES: 50p less than Teak.
READY BUILT: Extra E1.00 on complete clocks. Extra 50p on Modules.
TIMER FACILITY: Count in seconds up to 9m 59 sec. Extra 50p

...._---------------''''-..

CI 8 'ALPHA' £12.00 incl.
Ready built Non alarm. Perspex only 4\ digits, phosphorescent green, 1/2" high, 12 or
24 hour display

- Discount on orders over five clocks or kits.
Overseas. Add E2.50 Air Mail.

for

1611113.1.-1.nCLAKA.

Send payment with order. SAE details.

Electronics Ltd.esA,m..,.. Pulse
6 Gower Road(E1),

Alik Royston, Hertfordshire
Hu, i .,t, Phone Royston (0763) 43695

When you make your
own PCB's,

you need the
Dalo pen!

iii,

......._

------...

The original etch resist ...,,
marking pen that
revolutionised one-off PCB
drafting! Simply draw your
circuit onto copper -clad ---board, allow ink to dry.
then etch. A perfect circuit ------
is ready in minutes.

Send in the coupon below a
for details of the Semi.' 33 From your usual
range of aids to PCB preparation component dealer, or direct.

40 NM IIIMI MINI IIII eili,i Decon Laboratories Ltd. Freepost, Portslade, %
Brighton 8N4 1EQ (no stamp needed)

Name: I

I Address I

3. Phone 0273-414371
41111 imm moi mom mw min Em mime WO
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'OA $-c i vvia)46,0°'' "xr-A "vHF 1)(  silk -
f o c 1-kk 1 -Wt

iB. BAMBER ELECTRONICS CASH WITH ORDER. (MINIMUM ORDER E2.001

PLEASE ADD VAT AS SHOWN
DEPT. ETI, 5 STATION ROAD. LITTLEPORT. CAMBS. CB6 1QE POST PAID (UK ONLY), SAE WITH ENQUIRIES
Tel. ELY (0353) 860185 (Tues. to Sat.) CALLERS WELCOME BY APPOINTMENT ONLY

ALL BELOW - ADD 8% VAT
RED LED. (Mm type) 5 for 70p
VIDICON SCAN COILS (Transistor type, but no
data), complete with vidicon base, £6.50 each
Brand now

FULL RANGE OF BERNARDS / SABIN! ELECTRON-
ICS BOOK IN STOCK S A E FOR LIST.

NEW FOR THE CONSTRUCTOR. A range of
tuned circuits on formers with slugs and screening
cans Frequencies quoted are approximate and
range can be greatly extended by using varying
capacitors in parallel.
Type S (1/2" square, dumpy type).
Type SA 20 to 30MHz (when 33pf fitted in parallel)
Type SB 35 to 50MHz (with link winding)
Type SC 70 to 100MHz (with link winding)
Type SD 135 to 1 75MHz (with link winding).
Type M (Min %" square types)
Type MA 19 to 28 MHz (when 33pf fitted in

parallel)
Type MB 22 to 32 MHz (when 33pf fined in

parallel).
Type MC 25 to 35 MHz (when 33pf fitted in

parallel)
Type MD 38 to SOMHz (when 33 pf lined in

parallel)
Type ME 45 to 60MHz (when 33pf fined 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 five only

(same type) at 50p per pack of 5.
PLASTIC PROJECT BOXES, with screws on lids

in Black ABS) with brass insert.
Type N83 approx 4./1" x 33/4" x 11/2" 60p each
Other sizes available shortly.
CHARGER PCBs for ITT Starphone batteries (12v)

with battery compartment. Requires 28VDC at
50mA Contains transistorised circuit for constant
Current limiting E2 75

BARGAIN PACK OF LOW VOLTAGE ELEC-
TROLYTIC CAPACITORS. Up to 50V working.
Seatront< manufacture. Approx. 100. El 50 per
pack ( it- 12'h% VAT)

TUNED COILS. 2 section cools. arouTd 1 MHz. with
a black smart tuning knob, which moves an
internal core to vary the inductance. many uses.
easily rewound, 3 for 50p

110v NEONS, screw-inLype 4 for 50p

SPECIAL OFFER
STARPHONE HIGH -BAND RF PC BOARDS,

win conversion data tot making alto a GOOD 2M
CONVERTER (All that is needed Islet. 7 caps . 2
resistors and 9V DC) PCB contains 2 Dual -gale
Mos-Fat RF stages (3N140). Diode ring miner 3
stage Osc /Multiplier All on one PCB. appron size

ALL BELOW - ADD 8% V  T.
6" x net connections, 9V DC supply. AGC
(can be left fixed bias. or RF gain control) Ant.
input, IF output (works from a few MHz to over
30MHz). Brand new. E6.50 each, while stocks
last

PPPPP EX TUNER PANELS (for FM Band
3 -tuners). marked 88-108Mliz and Channels
0-70. clear numbers. rest blacked out, smart
modern appearance sore approx. 81/2" x 11/4". 2
for 35p

MIXED COMPONENT PACKS, containing
resistors, capacitors, switches, pots. etc. All new.
and hundreds of items, E2.00 per pack, while
stocks last

PROGRAMMERS (magnetic devices) contain 9
micro -switches (suitable for mains operation) with
9 rotating cams. all individually adjustable Ideal
for switching disco lights, displays, etc., or
industrial machine programming- (Need slow
motion motor to drive cams. not supplied),
9 -switch version. E1.50

PLUGS AND SOCKETS
SNC PLUGS les equip.), live for El 50
N -TYPE PLUGS, 50ohnt 60p each, 3 for Cl 50
Greenpar (0E300015) Chassis Lead Terminations

(These are the units which bolt on to the chassis.
the lead ,s secured by screw cap, and the inner of
the coax passes through the chassis). 30p each. 4
for El 00.

PL2111 Plugs (PTFE). brand new. packed with
reducers. 65p eadtrortior-E-3,00...

S0239 Sockets (PTFE). brand new I fixing
NOW. 50p each

00V03 /20A (ex -equipment). E3
-equ potent). 75 r . Or 2 for E1

ice
MULLARD 85A2 85V STABILISER VALVES (Wainer -1.

new), 70p each of 2 for Cl 20.
TRANSISTORS
PNP Audio Type T05 Transistors, 12 for 25p
BFY5 t Transistors. 4 for 60p.
BYX38 /300 Stud Rectifiers. 300V W 2.

60p.
BCY72 Transistors. 4 for 50p. 's
BSX20 (VHF osc intuit.), 3 for 50p.
BC108 (metal can.) 4 for 50p.
PBC1O8 (plastic BC108). 5 for 50p
8E152 (UHF amp/mixed. 3 for 50p.
2N3819 Fet 3 for 60p
SC148 NPN SILICON. 4 for 50p.
8C158 PNP SILICON. 4 for 50p.
BAY31 Signal Diodes, 10 for 35p. .

BA121 varocat Diodes 4 for 50p

4

ALL BELOW - ADD 8% VAT
DIECAST BOXES. We shit stock these but, owing to
frequent price rises from our suppliers. and costly
poster charges, it has been found impossible to
publish up -to -dale prices on these items Please ring
or write (with SAE) for latest mail-order prices

AEI CS1013/R MICROWAVE DIODES up to XBand,
max noise figure 8 5dB at 9.375GHz. 80p each

14-DIL REED RELAYS. 5 to 12V DC. 450 ohm coil.
Designed to work directly from TTL Logic, Single
Pole Changeover. Contact ratings, 28V, VIA, 3W.
CI 75 each

SPIRALUX T
511151 r list

Imes enthu

4,tied wals sari
E7.00
(made
or copper,

brass. see nickel or tinplate. 16SWG with
Multicore flux with instructions, appro, 1m coil,
40p pack

OLDER

ft, our se echo
SOL ALUMINIUM SOLDE

KERS (Plunger Type).
rd Model. Ea 50

Skirted Model E4 95
Spare Nozzles. E6Op each.

MULTICORE SOLDER
See 5 Savbit. 18SWG, in alloy dispenser, 32p.
Size CISAV18 Savtin. 18 SWG. 56p
'Kg. (1.116.) 60/40 20 SWG on plastic reel,
E3.00

WELLER TCP2 and PU2D PSU. Temperature
controlled soldering Iron, with matching Power
Supply Unit, containing sponge and spring stand.

SPARE TIPS (for TCP1 /2) Three types available.
Type CC7 (Standard) TYPE K7 (long fine tip).
TYPE P7 (very fine tip). El 00 each
ELLER W600 Mains operated temperature control
soldering iron. E13.80.

PARE TIPS (for W60D). Two types available. TYPE
vJ CC7 (W60D) Standard, TYPE AA7 (W60D) Finer

9 tip El 15 each

A RANGE OF DRAPER TOOLS FOR THE
ELECTRONICS ENTHUSIAST.

n(GOOD QUALITY. FULLY GUARANTEED)

MAINS TESTER SCREWDRIVERS, 100 to 500V
Standard size 50p. Large 70p.

RADIO PLIERS. 51/4" 0.60. 61/4" E1.80.
DIAGONAL SIDE CUTTERS, 61/4", £1.90.
SMALL SIDE CUTTERS U2 Standard E3 70,
U7 (with wire holding device) E4 10
FLAT NOSE TOP CUTTERS, Ul E4 10.
COMBINATION PLIERS, 61/4" Cl 75. 7" Et 80

ALL BELOW - ADD 8% VAT
TIN SNIPS, 7". E2.25.
SLIM OPEN ENDED SPANNER SETS, 0+3, 1 .'

2+4, 3+5, 4+6. 6 +8BA SIZES. E1.15.
MIDGET OPEN ENDED SPANNER SETS

0+1. 2+2. 3+5. 4+6, 6 + 8BA SIZES
E2.85 set of 5
4-T4.5, 5+5.5. 4+6. 6+7, 8+9. 10+11 MM
SIZES. E3.50 set of 6

MINIATURE WATCHMAKERS SCREWDRIVER
SETS. El .50 set of 5.

MINIATURE FILE SETS. set of 6 El 90 Set of 10
E3 25 (Round, flat. etc.).

TAP AND DIE SETS (18 piece) contain 1 each of 0
2, 4, 6, 8, BA SIZES IN Dies, Plug taps. Taper
Taps + American Type tap wrench, T -type tap
wrench. Die Holder. El 1 60

TUBULAR HACKSAW FRAMES (with Blade).
E2 75

HEAVY DUTY RELAYS. 24V DC operated (will work
on 18V) 3 heavy duty make contacts (around
10A rating) + 4change-over contacts + 1 break

contact New. complete with mounting bracket
(Ideal for swithing HT on Linear.) Many uses 10'
this high quality unit. El 50 each

ALL BELOW - ADD 121/2 %
VAT

VARICAP TUNERS. Mullard type ELC1043 / 05
Brand new E4.40

T V Plugs (metal type), 5 for 50p
TV Sockets (metal type) 4 for 50p
T V Line connectors (back-to-back skt I 4 for 50p
3 -pin Din Plugs, 4 for 50p
Din 3 -pin One Sockets. 15p each.

Din Speaker Skts 2 -pin. 4 for 30p.
TWIN IF CANS, approx. 1" x 1/4" x 1" high. around

3.5 to 5MHz, 2 separate transformers in one can
internally screened. 5 for 50O

Dubdier Electrolytics. 50uF 450V. 2 for 50p
Dubilier Electrolytics. 100uF 275V, 2 for 50p
Plessey Electrolytics. 470uF 63V. 3 for 50p
TCC Electrolytic,. 1000..E 30V. 3 for 60p
Plessey Electrolytic,, 1000uF 180V, 40p each (or 3

for El 00)
Dubilier Electrolytics 5000.4 35V. 50p each
Dubilier Electrolytic,. 5000.E 50V. 60p each
ITT Electrolytics, 6800.F 25V. high grade screw

terminals, with mounting clips, 50p each

A RANGE OF CAPACITORS AVAILABLE AT
BARGAIN PRICES. SAE FOR LIST.

Are you receiving us? NEW Doram

DIGITAL FREQUENCY
METER YOURS FOR ONLY£54.50+ f4.36 VAT

aselllOr

KEY DATA
Frequency range 20Hz to 50MHz in 3 steps

Sensitivity 2OrnVrrn s

Input I mpedance 1M./1.$n parallel with 30pF

Input Coupling AC

Maximumlnput 10y r

Frequency Standard 1MHz 001% calibration
tolerance

Display 4 Digit LED display with
snit left for 5 digit readout

Accuracy 3 1 digit ( 01%1

Supply Voltage 220.240V ac with 12V do
10OrnA output for
prescaler supply

I

I

I

The DF M you must have at a price that
could save you up to £25.1t's easy to see
how accurate this new Doram meter is thanks
to 4 digit display with extra shift left to check
5 digits for even greater accuracy!

You can see the well -designed
shatterproof case with its built -In handle/
display tilt -foot looks so much more
expensive than many a kit product.

But Doram kits always give you the best
for less.This complete kit with case. printed
circuit boards, all components and
instructions is yours for only E54.50 E4.36
VAT.

The meter covers 20Hz to 50MHz with
prescaler (additional purchase) provision
allowing you to measure up to 500MHz.
nput impedance and sensitivity are very
high with read-out accurate to ± 0.01%!

So the message comes through loud and
clear -don't miss this latest Doram digital
bargain.

DEPEND ON DACAM
Thousands of kit makers do rt lop value and

modern technology.
Doram Electronics Ltd. PO By, IRS, Wellington

Road Industrial Estate. Wellington Bridge. Leeds. West
Yorkshire LS12 2UF

Registered in London No 1155856 Directors
R A Marley, D I Turner, F Chable

Yes, I want to save up to £25
MI%

Please send me (subject to availabtlityt complete IUs) for DORAM DIGITAL FREQUENCY METER at
1E54 50 + C4 36 VAT inc p e pi total £58.86. I understand I can return unused kills) within 7 days and
claim my money back if kit(s) returned in the form received and ready for re sale

Please send me complete DORAM KITS CATALOGUE(s) showing an additional 25 kits at 25p each
I enclose cheque, P0 value

NAME (BLOCK CAPITALS)

ADDRESS

TOWhl

COUNTY

I

I
DORAM ELECTRONICS LTD DEPT (EFl). PO BOX IRS, LEEDS WEST YORKSHIRE L512 2UF

VeCO
NEARLY ALL CONSTRUCTION PROJECTS REQUIRE
SOME TYPE OF CIRCUIT BOARD.

VEROBOARD is offered to you in 15 sizes, 0.1" x 0.1"
and 0.15" 0.15" matrix. Every square inch of 0.1"
Veroboard has 100 accurately placed holes for maximum
versatility (imagine drilling those yourself!).
Vero also manufacture boards fdr integrated circuits,
strip boards, plain boards, tools, pins and a superb range
of plastic and metal cases. All these products are available
from your local shop or mail order,company.

Send for our booklet describing these products. S.A.E
7" x 9" plus 10p to:-

VERO ELECTRONICS LTD. RETAIL DEPT.
INDUSTRIAL ESTATE, CHANDLERS FORD, HANTS. SO5 3ZR

Telephone Chandlers Ford 2956
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-ETI PROJECT

an electronic game to develop clear thinliing

ETI MASTEIVAIND
DIGITAL ELECTRONICS is a
natural for game circuits. Things
that go 'high' in the night and will
keep scores accurately (when told
to), conjure up visions of nice neat
Veroboxes lined with LEDs and
seven -segment displays all flashing
away in time to a maniac beat.

In practice such pyrotechnic
exuberance is rarely achieved, and
the vaulted scheme reaches
completion as yet another digital
dice, or in the event of a
unprecedented brainstorm, a clock.

Well, although we must admit
to a minimum of pyrotechnics, we
can truthfully claim to have gone
beserk with the T.T.L! This project
should, however, provide a nice
'middle-class' undertaking for
those wishing to move from
Reaction Testers to MPU's.

Getting stars for dots
The game is based on the old

'star and dot' game where
player sets up a number code
consisting of three to six digits
(depending on how clever his
opponent is - or thinks he is!) and
another attempts to 'break' the
code. Stars are awarded for correct
digit, correct position, and dots for
correct digit, wrong position.

For example if the code was
1234, and the guess 0247, one
star is awarded for the '2' and one
dot for the '4'. The game has
recently been marketed under the
name 'Mastermind', using colours
for numbers.

Our version uses logic to replace
one of the protagonists, such that
the game becomes playable in solo
fashion. When the 'set up' button
is operated, the circuit generates
its own random 4 -digit number and
stores this. The player then has to
'guess' using the four BCD
switches and use the 'play' button.

Once this is pressed, a
comparison is run, and the
machine will award the appropriate
stars and dots on the bars of
LED's. These do not correspond in
position to the BCD switches. so
that all you know is how many you
got right, and not where the
correct numbers lie.

FROM A CIRCUIT DESIGN BY GILES GUMMER

ETI
L. DOTS Ili 

0 1 2 3 4

'MASTER-MIND"

* * STARS * *

4,0411,1)
4 3 2 1

p

2 5 7 3

.;

Conditional discharge

One proviso - repeated digits
are not allowed in either your
guesses or the machines code. The
circuit won't cheat you - it checks
its own number on generation, and
will re -run the counters if a repeat
occurs. This means there will be
10 x 9 x 8 x 7 (5040) possibilities
for the answer. We consider this
sufficient for all except the bionic
brained!

Keep a note of past attempts
and what score you obtained for it

you like, but its more fun just

playing without notes - time
yourself and see how the time you
take goes down the more you play.
As a competition between two
people, it is the fastest time which
will be an obvious decider rather
than number of attempts.

Having said that, it would
require very little extra circuitry to
add a counter and LED display to
the play button, so that every time
it was pushed, the display
advanced by one. A limit could be
set, and the game played much the
same way as the commercial
version.

MC
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MOB

MOA

M2D

M2C

M2B

M2A

11 14

8

9 ICU, 2 R15
3 39

12

1

11 14

8

9 IC12

lc -2
3

4-W."-4-. 4 'CO
R17
1009

6 8

13

12 -
11 -4
10 --4-VV.V.-

R19
10011

vb.

2- R 16

7

3

-2 12
-4n7

3 IC9 'I
1118

-. 4 10

4709 4709
R20

ICF

C5
."10n

R21
3909 ti

-*

14

2

3

6

7

IC11 9

12

922
3909

14 11

8

2

3

6

7

IC1, 9

12

MID

M1C

M1B

MIA

This is the machine counter circuit which generates the four numbers for the player to
guess at. IC8 and IC9 'run' the other four as counters, and the four numbers appear in
BCD as MO, Ml, M2, and M3.

M3D

M3C

M39

M3A
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This is the main circuit diagram of the MasterMind unit. The only sections not
shown here are the counters (page 41) and the BCD switch wiring (page 46).
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The control logic has to provide a single
cycle of WXYZCk whenever a play
push-button is pressed, must run the
machine's counters, stop them, run a
self -comparing play sequence, and repeat
the process if the number generated is
illegal.

The two control pushbuttons - play and
set-up - are each bounce -protected
by a pair of cross -coupled NAND gates -
IC26. A test sequence is run, either by
pushing play or by triggering the monosta-
ble IC21, through the OR gate formed by
IC27c and IC22b. The five bit counter that
cycles WXYZCk (IC28 and IC29) is run by a
gated astable built around IC24d and IC23c.
The gating input comes from IC22c and the
astable runs when the gate line goes low.
Exclusive OR (XOR) gates are used to drive
both the astable (IC22c) and the monosta-
ble (IC22a). These gates provide four
distinct phases of operation per cycle, and
allow for slow fingerwork from the player.
The five bit counter has a five input NOR
gate, formed from IC23b and IC24a, b and c,
attached to its output lines, which goes
high when the counter is in its rest state
(00000).

Normally the test input of IC22 is low and
the other input high. Thus its output will be
'high and the astable disabled. When play is
pressed, its outputfills and the astable
runs. The counter counts once, the five
input NOR gate goes low, the inputs of
IC22c differ again, and the counter stops.
Releasing play lowers the second input, and
the astable runs the counter once more
until the NOR gate detects the end of the
cycle, and stops it.
Since the shift register is clocked by a
falling pulse, the Q output of IC28 (Ck) is
used, though the NOR gate is fed with Q.
Pressing set-up does two things, Firstly,
it sets the anti -race latch formed by
IC22d and IC27a, b and d, which raises P/M
to order the 'self -comparison' test from the

HoW it works
multiplexers. Secondly, it triggers the
monostable IC21. This causes its Q output
to go low, which enables the four astables
running the machine's number counters
(via line R). Simultaneously its Q output
rises and, as described above, the five bit
counter counts to 00001, and stops. (This
means that, the first test comparison is run
on the machine's old number, but this
information is not in fact used.) When the
monostable falls, the machine's counters
stop and the rest of the test sequence is run
on the number they have settled into.
The display logic includes circuits to detect
illegal numbers which are signalled on Line
I. At the end of the test cycle, IC25a turns
on IC25d if the number is declared illegal,
and 1C25b if not - IC23d is an inverter.
IC25b resets the latch and ends the
set-up sequence. IC25d re -triggers the
monostable if the latch is set (IC25c) and if
the set-up button has been released (IC22a
- which operates similarly to IC22c).
The four machine counters (ICs 10, II, 12
and 13) are each run by one of the four
gated astables formed by NOR gates in ICs
8 and 9. These astables run at different
speeds and provide an unguessable, if not
truly random, four digit number after a run
pulse on Line R. The data from these
counters, as well as that from the player's
BCD switches, is passed to the multi-

' plexers, ICs 1 to 6. These are dual
four -to -one multiplexers, type 74153, wired
so that each multiplexer (two to a package)
chooses the same bit from one of our digits,
e.g. for the four player digits, bit B is
multiplexed in the lower half of ICI. ICs 1
and 2 form multiplexer 2 (Mpx 2) and
present at their four outputs the bits of the
digit selected by W and X, their control
inputs. Mpx 3 (ICs 3 and 4) does the same
for the machine's number, and Mpx 4 (IC7,
a 74157 quad two -to -one multiplexer)
presents either the selected machine digit
or the selected player digit to one side of the
comparator circuit. P/M is the control line:.

raising it selects the machine digit, required'
for a 'self -comparison' test.
The other side of the comparator circuit is
permanently connected to Mpx I (lCs 5 and
6) which selects a machine digit according
to the state of the control lines Y and Z.
In the comparator circuit equivalent bits
are compared in an XOR gate (all four in
IC14). All four bits must be identical if the
digits are equal, so all four XOR gates must
be low. IC15a and b, and IC23a, form a four
input NOR gate that sums the outputs and
goes high for identical digits.
Information from this gate is passed to the
serial input of the shift register (lCs17 to
20). These four ICs, type 7495, are cascaded
to form a 16 bit, serial in/parallel out
register. Data is clocked in once the state of
the multiplexer outputs has had time to
settle - on thtfising edge of Ck, i.e. the
falling edge of Ck.
The sixteen parallel outputs of the register
provide Star information directly the cycle
has ended, but as each digit has a choice -of
three from which it can 'earn' a Dot, four
three input OR gates are required, to sum
this redundant information. These are
formed from IC15a, b and c, IC16c and
IC30a, b, c, and f.
An illegal number generates at least one
Dot when compared with itself. Thus the I
Line is driven from the same source as the
'ONE' Dot LED.

"Well, if you
stopped reading
comics and took out
a sub to ETI, you
might find someth-
ing worth building
for a change.
They've even got a
special offer this
month. See page
10"
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VALVE BARGAINS
Any 5-64p, 10-£1.20, 50-£5.00. Your
choice from the list below.
ECC82, EF80, EF183, EF184, EH90,
PCF80 PCF802, PCL82, PCL84,
PCL85, PCL86, PCL805, PL504,
PY81/800 PY88, 30PL-14, 6F28.
Colour Valves-PL508, PL509, PL519,
PY500/A. All tested. 35p each.
Aerial Slitters -2 way 75 OHMS
Inside Type. £1.50.

AERIAL BOOSTERS
Aerial boosters can produce remarka-
ble improvements on the picture and
sound, in fringe or difficult areas.
B11-For THE stereo and standard

VHF/FM radio.
B12-For the older VHF television -

Please state channel numbers.
B45-For Mono or colour this covers the

complete UHF Television band.

All boosters are complete with battery,
with Co -ax plugs & sockets Next to the
set fitting. £3.80

All prices include VAT. P&P 20p per
order. Exports at cost.

ELECTRONIC
MAILORDER LTD.

62A BRIDGE ST., RAMSBOTTOM,
BURY, LANCS.

TEL. RAMS (070 682) 3036
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Component overlays of the main circuit boards. Any holes without component leads are through -board links. Solder these both sides, and
check for continuity. Because of the size of these double -sided boards, -we have not given the foil patterns, as usually we do. Home etchers can
obtain these by sending an S.A.E. to 'MasterMind Boards' ETI Magazine. Firms should note however that Crofton Electronics hold the copy-
right on these designs.
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Parts List
RESISTORS - all YAW 5%
R1,3,23-38 1k
R2 4k7
R4
R5-14,18,20
R15,16,21,22
R17,19

CAPACITORS
C1,5,6
C2
C3,4
C7-14,17
C15

C16

10k
470R
390R
100R

10n polyester
470n polyester
4n7 polyester
100n polyester
2,200u 16V (or 2 x
1000u 16V)
220n polyester

SEMICONDUCTORS
IC1-6 74153
1C7 74157
IC8,9,24,27,31,33 7402
IC10-13 7490
IC14,22 7486
IC15,16
IC17-20
IC21
I C23,26,34-36
IC25,32
IC28
I C29
IC30,37
LED1,6
LED2-5,7-10
REG1

BR1

SWITCHES
SW1-SW4

SVV5

SW6,7

7427
7495
74121
7400
7408
7472
7493
7404
.2" type green
.2" type red
5V 1.2A (min.) TO3
cased regular
i.e. 7805 k.c.
200V 1.6A bridge
rectifier

min.B.C.D. switches
Doram: 4 x 338-339
mounted in end
cheeks (Doram:
1 x 338-406)
On -off rocker 240V
1 A type
S.P.D.T. momentary
action

TRANSFORMER
T1 240V - 9V 1 A type
(Maplin have a suitable type to fit within
the restricted case space, with two 9V
'AA windings which are paralleled to
give 9V 1A. From Maplin Electronic
Supplies, Rayleigh, Essex. Cost: £2.35
inc. VAT, p&p. Order as: Min tr.
type 9V.)

BOARDS
Board A and B are available from Crof-
ton electronics, 35 Grosvenor Road,
Twickenham.

CASE
Vero type 65 - 2523E sloping front.

MISCELLANEOUS
Mains neon, multiway cable, pcb mount-
ing pillars, nuts, bolts, etc., 3 -core mains
flex, aluminium for heatsink, TO3 insul-
ating kit, mounting feet for case, power
supply board as pattern.

Building up to it
Although this is a very complex

project, actual construction is not
that bad. Having paused a second
there to allow those who fainted at
the audacity of that remark to
recover, let us continue

ELECTRONICS TODAY INTERNATIONAL
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TO BOARDS I IC17

+5V

30

S

- 30 30

40

MOUNT REG1 TO HEAT SINK VIA MATERIAL 16 GUAGE ALUM. OR
INSULATING KIT, THUS ISOLATING THICKER
SUPPLY FROM METAL. ALL DIMENSIONS IN MILLIMETERS

DRILL 4 HOLES 4mm DIA

=
BR1

FROM T1

41111.10,..

Power supply details. below the foil pattern
for the PCB is the circuit diagram of the
supply. Reg.1 will get very warm in opera-
tion, and if it is a problem, or you run the
thing continually for hours and hours, some
ventilation holes will be needed in the case: -
say beneath the heatsink and in the rear of
the box will do. Heatsinking is necessary in
this case, so PLEASE don't leave it off!

41211111mwmie::11FALIIIPI"Memo

T1 240V -1V 1A
(SEETEXT)

unabashed, to point out that most
of the potential problems are
sidestepped by use of the PCB's.

If you are the proud owner of a
wiring pen however, this is the
perfect chance to put those pretty
little reels to work. Make up a list
of point-to-point connections from
the circuit diagram before you start
(and CHECK it) and work your way
down the list. Use IC holders.

This method produces excellent,
neat results, but requires amounts
of patience guaranteed to enhance
the soul - or so they tell me.

- JUNE 1977

(MOUNT TO HEATSINK)

Meanwhile back at the PCB
there are a large number of
through hole connections to make.
With a logic circuit of this
complexity it is unfortunately
unavoidable. Through -plating the
holes pushes the price too high to
reach. So the first step is to wire up all
the through board links, solder top
and bottom, and check each one with
an ohm -meter. IC sockets (or solder -
con pins) must be used for all ICs; we
spent hours unsoldering, when trouble-
shooting a faulty chip on the first
prototype!
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R23 - 38
1k

2

4

SW2

2

4
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SW4

P1A

P1R

131C

P1D

P2A

P2B

P2C

P2D

P3A

P3B

P3C

P3D

Wiring for the BCD switches. The lettering
refers to the contacts on the switches. These
are best wired before mounting the switches
on the front panel.

Another important point is that
W 5% resistors must be used, espec-

ially on the back of the BCD switches,
otherwise the front panel will not fit
properly, fouling the PCBs inside.

Decoupling capacitors should be
mounted on the boards where
indicated, and if soldered both
sides will act as through -links quite

46

happily. The biggest hurdle to
construction will be the interwiring.
With all the data passing around
the various circuit blocks, there is
no way we could make this any
simpler. Ribbon cable is expensive,
but will more than save its cost in
avoided headaches.

Since there are so many
connections to make, keep a record
(written, preferably emblazoned on
marble with holy fire), of which
colour goes where, and which is
what in each ribbon cable. Don't
try and build the project in an
evening. The small hours are no
time to be checking a 20 -way
ribbon cable connection, and
'midnight -oil' light will confuse the
colours anyway. Take your time!

Boxing clever

There is not much room inside
the case to fit all the various bits
into - you would never swing a
diode in there, let alone a cat.
Have a look at our photographs
and keep to our layout - we've
had the nightmares already trying
to get everything in so why suffer
yourself?

There are two types of BCD

switch on the market at least, our
choice, and those ingenious, but
difficult to read, '7 segment' type.
If you intend to use the latter, your
front panel will need altering, and
so will the internal wiring.

Don't ring us; we'll . . . .

As regards a PSU, batteries will
most definitely not do this time -
current consumption is not far
short of an amp most of the time,
and a PP3 won't last long enough
to switch off again!

Conclusions?
Well it could have been simpler,

but it could have been worse! If
we'd used static logic, there would
have been approx 70 chips, and
about 2.5A (yes 'Amps) drawn from
the supply. As it is the project is a
good exercise in logic design, and
following through the circuit in
conjunction with the 'How It
Works' should pay dividends in
return for time expended.

Once built of course it is a
compulsive game to play (if there is
no ETI next month you'll know
why!) and should prove a nice
alternative to 'Crossroads' now and
then!

Internal shot of the MasterMind. If you use the same box as us, keep to this layout, as
there is very little room.
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MARCONI TF675F WIDE
RANGE PULSE GENERATOR

- variable outputs up to 50V
Optional delay. Small compact unit
£18 ea.

ROYAL INVERTORS manufac-
tured USA. 28V DC Input. Output
115V AC 400HZ up to 2KVA. Brand
new. Crated £12.50 ea.

MARCONI NOISE
GENERATOR

TF987/1.
4 Ranges 0-5; 0-10, 0.15; 0-30.
Due to large purchases now priced at
£15 ea.

AVO TRANSISTOR
ANALYSER CT446

Suitcase style
NOW £27.50 each

FOR THE VDU BUILDER. New stock of Large
Rectangular Screen 30 x 20cm tube. Type M38 at
the ridiculous price of £4 each. And also still
available the CME1 220, 24 x 15cm at £9 ea. Base
connections for both tubes supplied.

HONEYWELL MAGNETIC TAPE UNITS
Self-contained, complete with heads, magnetic

tape. leads, etc.
Tested. Carriage paid £57.50

WE ARE BREAKING COMPUTERS
UNIVAC /HONEYWELL/ ICL 1900 etc.

Boards, Power Supplies, Core Stores are available
CALL AND SEE

SPOOLS OF 1/2" MAG
TAPE

APPROX. 2000ft
50p ea. P&P £1 ea

EDWARDS HIGH VACUUM PUMPS
Type 1 SC30 /E £55 each. Type ES35 @ £45

each
Carriage £2 50

COMPRESSOR/VACUUM PUMP
Twin Cylinder opposed with Integral 1/2H.P. 50HZ
Single Phase Motor Tested & Checked.
110 Volts Models only £15 ea.
1/2 H.P. Motor 110V £10 ea.

TRANSFORMERS - All 240V 50HZ
Inputs

Type A. 170-17V 250MA. 7.5-0-7.5V
250MA. 0-20V 5 Amps. 0-4V 5 Amps;
0-1-1-5V 5 Amps £2 each. P&P £1.25.
Type 817-0-17V 250MA; 8-0-8V 250MA;
0-12 5-13.5V 5 Amps. 0-1.5-2V 5' Amps
£1.50 ea. P&P £1.
Type C. 19-0-19V 250MA: 8-0-8V 250MA
0-7.5V 5 Amps; 0-1 4V 5 Amps £1.25 ea.
P&P £1.25.
Type E. 3V 1 Amp 25p ea. P&P 50p.
All brand new (APT surplus types A, B, C,
Honeywell surplus type E).
*POT PACK. All Brand New Modern.
Single and Ganged, Our choice. 7 for 25p.
P&P 48p.

SEMICONDUCTORS - Now all at 5p
ea.*. P&P extra. Guaranteed all full spec.
devices. Manufacturer's markings.
BC147; 2N3707; 13F197; BC327;
2N4403; BC17213; BC261, BC251B,
BC3489, BC171A/8.
BF183; BC108.
2N5879 with 2N5.881 Motorola 150 Watt

Comp. pair £2 pr. P&P 15p
*Linear Amp 709 25p ea. P&P 8p.
VARIACS 240V input 0-230V output 8
amp £18 ea.; 20 amp £30 ea. Carr extra.
TUBES. All Brand New Boxed.
Electrostatic deflection.
Type DB7/36 3" dia. (Replacement for
Telequipment S31) £11 ea P&P E1.50.
Type GEC 924F 31/2" dia. (Replacement for
Telequipment D33 & Solomon 1016
scopes) £25 ea. P&P £1.50.
Type GEC 924E 31/2." dia. (Replacement for
Solartron 1015 scope). E17.50 ea. P&P
£1.50.
FIBREGLASS BOARD PACK. More
board - less money. Larger pieces. Not less
than 2.5 sq. ft. for 95p. P&P 65p.
NEW - UPGRADED CONTENTS - FOR
LESS MONEY
*31b Electronic Goodies £1.60 post paid.
*High Value Printed Board Pack - hun-
dreds of components, transistors, etc. - no
flat to the board transistors £1.65 post
paid.
VERY SPECIAL PRICES
*1000f Feed thru Capacitors 10 for 30p.
P&P 15p.

*BEEHIVE TRIMMERS 3 /30pf BRAND
NEW 10 off 40p P&P 15p; 100 off £3.50
P&P 75p; 500 off £15 P&P £1.25; 1.000
off £25 P&P £1.50.
PHOTOMULTIPLIER Type 931A £4 ea.
P&P 75p. Other types available
HIVAC Miniature NEONS
App. 60V. Brand New 10 off 20p.
P&P extra.
*Meter PACKS - 3 different meters £2.
P&P £1.
DON'T FORGET YOUR MANUALS.
S.A.E. with requirements.
GRATICULES 12 x 14 cm. high quality
plastic 15p ea. P&P 10p.
*CAPACITOR Pack. 50. Brand New
components only 50p. P&P 48p.
*TRIMMER PACK. All Brand New. 2
Twin 50/ 200pf ceramic. 2 Twin 10/ 60p1
ceramic; 2 min. strips with 4 preset 5/ 20pf
on each; 3 air spaced preset 30/ 100pf on
ceramic base 25p the lot. P&P 1 5p.
*POTENTIOMETERS - All 5p ea. P&P
extra. Metal bodied AB Linear. PCB Mount.
Brand New. 10K single, 100K ganged:
250K ganged; 100K ganged, concentric
shafts.

LARGE' RANGE ELECTROSTATIC
VOLTMETERS, from 0.300V. 2- £3; to
20KV Max.
General guide 5KV 39.2" £5; thereafter El
per KV. P&P 75p.
MARCONI TF1101 Audio Oscillator.
20c/s to 200ks/ Low distortion. 60dB
step attenuator. £50 each.

* SPECIAL OFFER
Guaranteed full spec. devices. Manu-
facturers markings

POWER TRANSISTOR 2N3055 40p ea.
P&P 8p

* TELEPHONES
Post Office Style 746 black or two -tope
Grey £6.50 ea.
Modern Style 706. Black or two-tone Grey.
£4.50 ea.
All telephones complete with standard dial
and bells. P&P all styles 75p ea. handsets
complete with 2 inserts and lead E1.75 ea.
P&P 65p
OLDER STYLE HANDSET £1 ea. P&P
65p

PICK -A -PACK 50 PENCE A POUND
FROM OUR "PICK -A -PACK" AREA WEIGH UP YOUR OWN COMPONENTS

NO RESTRICTIONS ON WHAT YOU TAKE

SUPERB PROFESSIONAL VDU CASES, size 23" x 16" x 27" on stands.
Hammer grey. BRAND NEW

SCHLUMBERGER Surplus £35 each. Carriage £2.50

EX-DYNAMCO Oscilloscopes INVERTORS
30V Input 6KV Output. Size 2" x 41/2" x 11/2"

Complete with circuit £10 each. P&P £1

LINE PRINTERS - VARIOUS MODELS
£100 each. Carriage £15

Size approx. 4' 4" x 3' x 4' high

MINIATURE - OXLEY PATCH PANELS - BRAND
NEW

EX-DYNAMCO
10 x 10 complete with pins £8 each. P&P 50p

C.D.C. DISK DRIVES complete with electronics,
power supply, etc. Fine condition with Disk Pack

£100 each. Carriage £15
Size approx 2' x 2' 10" x 3' 5" high

Quantity of CABINETS - Approximately 5ft.
6in and smaller. Computer types -% Very smart.

Prices from £4 to £20 dependent on size. Carr.
£2.50

PICK -A -PIECE 50 PENCE EACH
FROM OUR "PICK -A -PIECE" AREA

SURPLUS - BRAND NEW - REPLACEMENT TUBES
FOR DYNAMCO 7100 SERIES OSCILLOSCOPES TYPE

BRIMAR D13-5IGH
Mesh P.D.A. Transistor Scan Wide Bandwidth 60MHZ +
Rectangular 6 x 10cm - 1KV EHT X Sensitivity 15V /CM. Y

Sensitivity 6V /CM. Standard heaters. Length 131/4".
THIS IS A MUST AS A SPARE FOR THE DYNAMCO 7100 SCOPE

OR IDEAL FOR THE HIGH QUALITY TRANSISTOR SCOPE
BUILDER

At £65 ouch. Carriage £2.50
To Tube purchasers only. Numetal Shields at £2.50

ALSO AVAILABLE TUBE type BRIMAR 010-210GH /32
Rectangular 7 a 5cm. Mesh P.D.A. Short 91/4" 30MHZ+
Sensitivity x 14V /CM; Y 10V /CM. BRAND NEW et £70 each

Carriage £2.50

AMR
DATA LOGGERS BY DYNAMCO

These are BRAND NEW - not finished They are
completed but for the plug-in boards. The case with hinged
lid is quite superb and extremely adaptable. It contains as
well as the mother board an equally superb Power Supply
with the following voltages +28V; +15V; +5V (2.5A) -
this supply is crowbar protected; -5V; -14V; -20V;
-24V; -48V and other supplies including 'auto 110V.
This unit supplied in its original cardboard box complete
with original manual and must be of serious interest to the
professional constructor and anyone considering the
construction of a micro processor system. Unit size 71/2"
high x 19" wide x 23" deep.

Price £45 each. Carriage £2.50

PICK -A -METER £1 EACH
A LARGE SELECTION OF BRAND NEW AND EX-EQ. METERS.

Minimum Mail Order £2. Excess postage refunded. Unless stated - please add £2.50 carriage to all units. Value added tax not included in prices --goods marked with -*121/2% VAT,
otherwise 8%. Official orders welcomed. Gov.,' Educational depts., authorities etc., otherwise cash with order. open 9 a.m. to 5.30 p.m.. Mon. to Sat

11111 11:11" Mil EA LTD
7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, King's Road). Tel. Reading 582605
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'CALCULATORS

99 WAYS TO KNOW AND USE YOUR ELECTRONIC
CALCULATOR
L Frenzel

SCIENTIFIC ANALYSIS ON YOUR POCKET
CALCULATOR
Smith

E4.50

£9.85

COMPUTERS AND MICROPROCESSORS
COMPUTER CIRCUITS AND HOW THEY WORK
e. Wells £1.80
Become acquainted with the various parts of a compute, and ins

COMPUTER TECHNICIANS HANDBOOK
B. Wad E3.25
This giant volume compares to a I 000 hour course on computer
stir names

DIGITAL ELECTRONIC CIRCUITS AND SYSTEMS
N. M Morris E2.90
The ideal book for the enthusiast confused by logic anti del i ii
techniques

MICROPROCESSORS E11.75.
L. Altman
strves a general overview of the technology design ideas and practical
indication

MICROPROCESSORS E8.30
D. C. McGlynn

hmallards Art -hum -five and Applications This introduction a

; lear e. plandtrort rtt 1,ti ,npnrtant new device

!MICROPROCESSORS AND MICROCOMPUTERS E18.00
B. Soucek
Describes the application programming and InterfacIng techniques
common to all microprocessors

ELECTRONICS

ACTIVE FILTER COOKBOOK
D. Lancaster £10.75

verve nary so, build and use active filters

ELECTRONIC ENGINEERS REFERENCE BOOK - 4th EDITION
L. W. Turner £27.60
A completely new and up-to-date reference book for all engineers and

udents

BASIC MATHS COURSE FOR ELECTRONICS
H Jacobowtts E1.75
Quick short cut way to learn the language of maths as applied to
electronlCS

DESIGNING WITH TTL INTEGRATED CIRCUITS
T Instruments £9.95
Cover, the emir, fami,y of TTI and practical applications of circuits in
digital srysienls

'ELECTRONIC MEASUREMENTS SIMPLIFIED
C. Hallmark £2.10
Lovers lust about eve, conceivable test 01 measurement you will lined

ELECTRONICS POCKET BOOK
P. McGoldnck E4.15

ELECTRONICS AND PHOTOGRAPHY
A. Brown E2.20
Practical occult proles is aevoted to photography

ESSENTIAL FORMULAE FOR ELECTRICAL AND ELECTRONIC
ENGINEERS
N. M. Morris E1.20

'Handy reference book includes a section on SI units resistor colour
codes and preferred values

FIRE AND THEFT SECURITY SYSTEMS
B Weis E1.90
Setection and installation home maintenance and business security
devices

NOW TO READ ELECTRONIC CIRCUIT DIAGRAMS
B . Brown EIJS
Everything you need to know from basic circuit components tc
integrated circuits

HOW TO BUILD PROXIMITY DETECTORS AND METAL LOCATORS
J SfeeWs E3.25

practical do it ,n,.;isril back

HOW TO USE IC CIRCUIT LOGIC ELEMENTS
J. Sweeter

those unfamiliar with digital logic circuits
E3.55

INTEGRATED ELECTRONICS
J Millman £7.60

Ail IL app,00r h the test leads the reader step by step
srtm,ortortt to ttt,,,rr tr to devices models circuits and SySienis

IC OP -AMP COOKBOOK
W. Jung £9.20

the basic theory of IC op amps in great detail also includes 250
ircar r ricurt applications

LINEAR INTEGRATED CIRCUIT APPLICATIONS
G. Clayton £4.90'
A practical approach is emphasised throughout encouraging the reader
Al Pt, Out devices himself

LINEAR IC PRINCIPLES EXPERIMENTS AND PROJECTS
E M. Noll £6.20
An introduction to one of electronics most exciting devices

110 OPERATIONAL AMPLIFIER PROJECTS FOR THE HOME
CONSTRUCTOR
R. M. Marston £2.95
Outlines the essential characteristics of op amps and presents useful
projects

110 SEMICONDUCTOR PROJECTS FOR THE HOME CONSTRUC-
TOR
R. M. Marston £2.85
Introduces the reader to EFT s SCR s and IC s with lull constroe trot,
details of many useful circuits

110 COSMOS DIGITAL IC PROJECTS FOR THE HOME
CONSTRUCTOR
If M Marston E3.10

110 INTEGRATED CIRCUIT PROJECTS FOR THE HOME
CONSTRUCTOR
R M. Marston £2.85
All the projects have been devised built and fully evaluated by the
author

110 THYRISTOR PROJECTS USING SCR's
R M Marston
A companion to the authors previous books

£2.95

IVE3S DGTAL ICS
G. Flynn £4.50

hook contains information about MOS and CMOS torn havi
, onstrutuon to circuit application

OPERATIONAL AMPLIFIERS DESIGN AND APPLICATIONS [Burr
Brown'
G Tobey E7.30
Love,r, the entire held of operational amplifiers

PIN POINT TRANSISTOR TROUBLES IN 12 MINUTES
L. Garner £2.85
Complete information on circuit operations troubleshooting charts and
service procedures

NEW BOOKS
THE OSCILLOSCOPE IN USE
tan Sinclair £3.00
A practical handbook aimed at the more advanced enthusiast

110 ELECTRONIC ALARM PROJECTS
R. M. Marston
The latest in this popular series

MICROELECTRONICS
C. L. Hellmerk
How they re fabricated. how to test them

£3.35

E3.80

TV TYPEWRITER COOKBOOK
Don Lancaster E7.00
All the circuitry and explanations for making your own VDU.

PRACTICAL ELECTRONIC CIRCUIT BUILDING
Ainslie and Colwell E2.35
A concise introduction to some of the modern methods of protect
building

PRINTED CIRCUIT ASSEMBLY
Hughes and Colwell
Abundant information on making and assembling PCBs

E2.35

ELECTRONIC DIAGRAMS
M. A. Colwell E2.35
Comprehensive information on °Mud symbols and diagrams

ELECTRONIC COMPONENTS
M. A. Colwell E2.35
Information on the different types of components and their
selection

OP AMP CIRCUIT DESIGN & APPUCATIONS
I. Can £3.90

Deogn your own functional circuits as well as adapt the author s
'designs to your own requirements

.PRACTICAL SOLID STATE D.C. SUPPLIES
Towers £6.10
Up-to-date, state -DI -the -art. coverage of D C supplies

PRACTICAL TRIAC/SCR PROJECTS FOR THE EXPERIMENTER
R. Foe E2.15
Thyristor theory and practical throw's with low cost SCR TRIACs and
DIACs

PRINCIPLES OF TRANSISTOR.CIRCUITS
S. Amos E4.40
Generally accepted as being a standard textbook on fundamental
principles underlying the design of circuits and using transistors

RAPID SERVICING OF TRANSISTOR EQUIPMENT
G. King E2.85
A systematic guide to the servtong of transistor radio television tape
and h, li equipment

SEMICONDUCTOR CIRCUIT ELEMENTS
T. D. Tower. £8.30
Gives readers an account of all semiconductor devices cornmerA,iiiv
available for each device it covers a general description circuit chewer,
symbols and working principleS

SOLID STATE CIRCUIT GUIDE BOOK
B. Wani E2.15
Step by step nstruchons to design circuits to your own specifications

TRANSISTOR CIRCUIT DESIGN
E9.25

TTL COOKBOOK
D. ltirleintel £7.00
Complete and detailed guide to TTL how it works how to use it and
practical applications

UNDERSTANDING ELECTRONIC CIRCUITS
R. Sinclair E4.00
Describes venous circurts encountered today with a strong emphasis on
fault finding and servi, Ong procedures

UNDERSTANDING ELECTRONIC COMPONENTS
R. Sinclair E4.00
Explains about components and bodges the gap between elementary
oxtbooks and unapproachable advanced treatments

UNDERSTANDING CMOS INTEGRATED CIRCUITS
R. Molar, £3.90

wnh basic digital ICs covers semiconductor physics CMOS
fahm.ation technology and design

UNDERSTANDING SOLID STATE CIRCUITS
N. Crowhurst £1.90.
Written to service the interests of anyone at sub -engineering level

ELECTRONIC ORGAN BOOKS

TRANSISTOR ELECTRONIC ORGANS FOR THE AMATEUR
A. Douglas E4.90
Written in a simple style this gives a complete explanation of everything
TO do with transistorized organs and is profusely Illustrated with clear
diagrams

THE ELECTRONIC MUSICAL INSTRUMENT MANUAL
A. Douglas E8.00
A comprehensive guide to the theory and design of electronic musical
inTroments

SEMICONDUCTOR DATA

POPULAR VALVE/TRANSISTOR SUBSTITUTION GUIDE E2.15
Substootion flat, tor both valves and tr,rtrts,,,trr. ,rt on, nr,, ,r, , r ,

RADIO VALVE AND SEMICONDUCTOR DATA
A. M. Ball £2.50
Characteristics of 1 000 valves cathode ray tubes transistors diodes
rectillers and optical semiconductors This new edition j I 9751 us tight
up to date and over 450 000 copies have been sold.

RADIO AND TELEVISION

FOUNDATIONS OF WIRELESS AND ELECTRONICS
M. G. Scroggie E4.35
(New I 975 editionI Covers the whole basic theory no previous technical
knowledge is assumed

COLOUR TELEVISION THEORY E8.10
Hntsan

TEST EQUIPMENT AND OSCILLOSCOPES...
BASIC ELECTRONIC TEST PROCEDURES
I. M. Gottlieb E2.35
Shows how to get accurate measurement with VOMs meters and
oscilloscopes

THE OSCILLOSCOPE
G. Zwick £2.10
Sta,15 from the first principles and takes the reader to an advanced level

PRACTICAL TEST EQUIPMENT YOU CAN BUILD
W. Green E2.15
For technicians radio TV service operators and serious experimenters

TEST INSTRUMENTS FOR ELECTRONICS
M. Clifford E2.30
Easy.modiftcattons to your VOM vTVM and scope with the aid of this
hook -

WORKING WITH THE OSCILLOSCOPE
A Saunders
Includes workshop test protects mils large sire drawings

£1.95

SERVICING WITH THE OSCILLOSCOPE
G. King E5.00
Includes a .inique series of photographs snowing oscilloscope traces In
be found in normal and faulty equipment stereo radio colour TV
Circuits servicing is dealt with

HOW TO ORDER

All prices are correct if the time of going to press but are subject to
alteration without notice. All prices Include postage. Please print your name
and address clearly and list each Mlle and price separately. Cheques and
postal orders should be made payable to ETI Book Service. Books are sent on
seven dap approval against i tall cash remittance. plus postage. Book stock
is not held al ETI's London offices and orders should be sent to ETI BOOK

SERVICE. P.0.BOX 19. MAIDENHEAD. BERKS 516 2EG
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ETI DATA SHEET
MC14490 HEX BOUNCE ELIMINATOR MOTOROLA

The MC14490 is constructed with
complementary MOS enhancement mode
devices, and is used for the elimination of
extraneous level changes that result when
interfacing with mechanical contacts. The
digital contact bounce eliminator circuit takes
an input signal from a bouncing contact and
generates a clean digital signal four clock
periods after the input has stabilized. The
bounce eliminator circuit will remove bounce
on both the "make" and the "break" of a
contact closure. The clock for operation of
the MC14490 is derived from an internal
R -C oscillator which requires only an external
capacitor to adjust for the desired operating
frequency (bounce delay). The clock may also
be driven from an external clock source or the
oscillator of another MC14490.

CHARACTERISTICS
The single most important characteristic

of the MC14490 is that it works with a single
signal lead as an input, making it directly
compatible with mechanical contacts.

The circuit has a built in pullup resistor on
each input. The worst case value of the
pullup resistor is used to calculate the contact
wetting current. If more contact current is
required, an external resistor may be
connected between Vo, and the input.

Because of the built in pullup resistors, the
inputs cannot be driven with a single
standard CMOS gate when V is below 5V.
At this voltage, the input should be driven
with paralleled  standard gates or by the
.MC14049 or MC14050 buffers.

The clock input circuit (pin 7) has Schmitt
trigger shaping such that proper clocking will
occur even with very slow clock edges,
eliminating any need for clock preshaping. In
addition, other MC14490 oscillator inputs
can be driven from a single oscillator output
buffered by an MC14050.

The MC14490 is TTL compatible on both
the inputs and the outputs. When V is at
4.5V, the buffered outputs can sink 1.6 mA
at 0.4V. The inputs can be driven with TTL as
a result of the internal input pullup resistors.

OPERATION
To understand the operation, we

assume all bits of the shift register are loaded
with l's and the output is at a 1 or high level.

At clock edge 1 the input has gone low
and a 0 (low level) has been loaded into the
first bit or storage location of the shift
register. Just after the positive edge of clock
1 in input signal has bounced back to a logic
1. This pauses the shift registpr to be reset to
all 1 's in all four bits - thus starting the
timing sequence over again.

During clock edges 3 to 6 the input signal
has stayed low. Thus a logic 0 has been
shifted into all four shift register bits and, as
shown, the output goes to a 0 during the
positive edge of clock pulse 6.

It should be noted that there is a 31/2 to
41/2 clock period delay between the clean
input signal and output signal. In this
example there is a delay of 3.8 clock periods
-from the beginning of the clean input signal.

After some time period of N clock periods,
the contact is opened and at N + 7, a 1 is
loaded into the first bit. Just after N +7,
when the input bounces low, all bits are reset
to 0. At N +8 nothing happens because the'

Ain

0.in

Oscont

Bin

Cin

Din

Ein

Pin

.v
1

BLOCK DIAGRAM
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014
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014
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I

02
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t t
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I

404

424

024

V00. Pin 16
Vss Pin 8

10 0 2 Bon,

O -0 13 C001

O 0 4 pout

011 Eon,

D 0 6 Foot

2 3 4 6 6 7 Nu7 N+8 N+9 lOt10 Null N+12 N+13

Contact
Bouncing

Contact Clore]  a
Contact

Bouncing

Contact Open

The MC14490 is available ex -stock from Celdis Ltd., 37-39 Loverock Road,
Battlefarm Estate, Reading, Berks. Two versions are stocked in plastic 16 -pin
packages. The VP suffix indicates 3.0 Vdc to 6.0 Vdc operation, the other version is
suffixed FP which has 3.0 Vdc to 1.8 Vdc operation range.

MC14490 VP is £6.61 inclusive MC14490 FP is. E8.36 inclusive. Both prices are
1 off, for further prices contact Celdis direct.

input and output are low and all bits of the
shift register are 0. At time N+9 and
thereafter the input signal is a high (1) clean
signal. At N + 13 the output goes high (1) as
a result of four 1 's being shifted into the sift
register.

Assuming the input signal is long enough
to be clocked through the Bounce Eliminator,
the output signal will be no longer or shorter
than the clean input signal plus or minus one
clock period.

CLOCKING
The only requirement on the clock

frequency in order to obtain a bounce free
output signal is that four clock periods do not
occur while the input signal is in a false state.

If the user has an available clock signal of
the proper frequency, it may be used by
connecting it to the oscillator input (pin 7).
However, if an external clock is not available
the user can place a small capacitor across
the oscillator input and output pins in order
to start up an internal clock source. The clock
signal at the oscillator output pin may then
be used to clock other MC14490 Bounce
Eliminator packages. With the use of the
MC14490, a large number of signals can be
cleaned up, with the requirement of only one
small capacitor external to the Hex Bounce
Eliminator packages.

ELECTRONICS TODAY INTERNATIONAL - JUNE 1977

ASYMMETRICAL TIMING
In applications where different leading

and trailing edge delays are required (such as
a fast attack /slow release timer.) Clocks of
different frequencies can be gated into the
MC14490. In order to produce a slow
attack/fast release circuit leads A and B
should be interchanged. The clock out lead
can then be used to feed clock signals to the
other MC14490 packages where the
asymmetridal input/output timing is
required.

°scout
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MC14490 CONTINUED MOTOROLA

LATCHED OUTPUT
The contents of the Bounce Eliminator can

be latched by using several extra gates. If the
latch lead is high the clock will be stopped
when the output goes low. This will hold the
output low even though the input has
returned to the high state. Any time the clock
is stopped the outputs will be representative
of the input signal four clock periods earlier.

Clock
L- --

Latch  1
Unlatch - 0

Oscout

MULTIPLE TIMING SIGNALS
Bounce Eliminator circuits can be

connected in series. In this configuration
each output is delayed by four clock periods
relative to its respective input. This
configuration may be used to generate
multiple timing signals such as a delay line,
for programming other timing operations.

One application of the above is where it is
required to have a single pulse output for a
.single operation (make) of the push button or
relay contact. This only requires the series
connection of two Bounce Eliminator circuits,
one inverter, and one NOR gate in order to
generate the signal AB. The signal AB is four'
clock periods in length. If the inputs to the
NOR gate are interchanged the pulse AB will
be generated upon release or break of the
contact. With the use of a few additional
parts many different pulses and waveshapes
may be generated.

1.--o) a
A

In Out
O 0 BE I 0 0

in
O C BE 2
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D 0
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THREE TERMINAL VOLTAGE REGULATORS NATIONAL

Voltage regulator use can be expanded
beyond that of the simple three -terminal
fixed voltage regulator. Some of the circuits
which are practical and useful are described
in this section. Pertinent equations are
included rather than providing fixed com-
ponent values as the circuits are equally
applicable to all regUlators within a family.

POSITIVE REGULATORS

FIGURE 1 Basic Regulator Connection

If the regulator is located more than two
inches from the supply filter capacitor, a -
supply bypass capacitor is required to
maintain stability (much as is the case with
op -amps). This should be a 0.22 -I- or
larger disc ceramic, 2µF or larger solid
tantalum, or 25 p.F or larger aluminium
electrolytic capacitor. Transient response of
all the regulators is improved when output
capacitors are added. To minimize high
frequency noise, an 0.1 j.if output capacitor
is recommended on the LM 78LXX and
LM 391 0 series.

HIGH CURRENT REGULATOR

This current circuit takes advantage of the
internal current limiting characteristics of the
regulator to provide short-circuit current
protection for the booster as well. The
regulator and Q, share load current in the
ratio set between R2 and R, if

a,

SINGLE
POINT 0110

FIGURE 2 High Current Regulator with
Short Circuit Limit During Output Shorts.

1 R2
R'1REG

During output shorts
R

isc) = RI

If the regulator and Q, have the same
thermal resistance 0, and the pass transistor
heat sink has R2/ R, times the capacity of the
regulator heat sink, the thermal protection
(shutdown) of the regulator will also 'be
extended to Q1. Some suggested transistors
are listed below.
ADJUSTABLE OUTPUT VOLTAGE

611

IL

Vo

FIGURE 3 Adjustable Vow.
A fraction of the regulator current VRE6/R, is
used to raise the ground pin of the regulator
and provide through.voltage drop across R2,
an adjustable output voltage.

VO
V9EG)

R1

-VIN

CIN -J-_
0.22 ,.F

*Seed Tant alum

FIGURE 4 Variable Output Voltage of 0.5
- 28V
A wide range of output voltages can be
obtained with the circuit of Figure 4. A 0.5 -
to 20 -volt supply can be built using a 30 -volt
supply and a conventional op -amp, such as
the LM143. If

R2 + R3 = R4 + R5 = R, and R2/R3 = 1/10,

then Vo VF1 EG 1 13-2) VREG`i
4

1:14
R4

R Ft§4

Since VG is inversely proportional to Ft4, low
output voltages can be very accurately set.
The required R, is

Vfisj
= IQ

TheVOIMA%is dependent on VIN and V410,001,
provided that the amplifier can source the
current required to raise VG to VG - VaeG.

Example:
V -IN -15 V R1 =2K2

= +30 V R2 -91 OR

Vo = 0.5-28V R3 9K1

LM340K-05 R4 4 R5 = 10K
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ELECTRONIC SHUTDOWN

VINO

C2'
522 -FT

If
Vo

03
EIN

LOGIC
I K

OiP INPUT

 Required if regulator far from power supply filter

FIGURE 5 Electronic Shutdown Circuit

Electronic shutdown in three -terminal
regulators is done by simply opening the
input circuit using a transistor switch. Q,
operates as the switch which is driven by Q2.
The control voltage V, can be TTL compatible
with the use of R3 = 1K. R, is a biasing
resistor, and R2 can be calculated as

VIN

10

-,1 V 
R2 PSAT(C11)

INPUT

VIN -

2

Orluna,
vanueni tr.onvi
1,10.111,11011

vc-s,-(V)
SELECT Al AS FOLLOWS

OUTPUT

MINI 12 /50.
tN1121 IS I

Variable Output

Id) High Current Regulator

O = 2N3055 (for 5 Al
or NSD31 (for less than 2-3 A

FIGURE 7 Negative Regulator Circuits

BASIC DUAL POWER SUPPLY

Figure 6 illustrates a short-circuit-dependent `v
power shutdown circuit with reduced heat
sink requirements under short-circuit condi-
tions,

When the power is first applied, Q2 turns
ON and saturates Q,. The regulator output 6050

ramps up to turn Q3 ON, which turns Q2 OFF
(V, should be > VA), thus maintaining Q, in
the ON state.

VIN VIN

FIGURE 6 Output Electronic Shutdown
on High Voltage Regulator

When the output is shorted, Q3 turns OFF, Q4
turns ON to clamp Q2 OFF. a, loses base
drive and so opens to isolate the regulator
from V10. When the short circuit is removed,
Q4 loses some base drive and enables Q2 to
re -start the regulator. Q, always operates as a
switch and needs no heat sinking. Q2 and Q
need not be matched. Q4 may be any small
signal PNP transistor. The entire circuit (less
regulator) fits easily on a one -inch squre PC
board.

Example: LM 340 K-24
V,N= 36V R,=500R
Vo=24V R2=250R, 2W
lo= 1A 148= 3K3
VA=2.5V R4= 240R
VB= 8V R5=62R
Vc= 4.8V 136= 2K
Q,=NSD32 R,=1K
Q2= 2N4141 R8=68OR
Q3=2N4141 R9=3K3
Q4 = 2N2906

NEGATIVE REGULATORS

All the applications circuits for positive
regulators can be used with the polarities
inversed for the negative regulator
LM320 /345 series (e.g., reverse the sense
of the diodes, replace PNP's with NPN's etc.,
etc.),

ELECTRONICS TODAY INTERNATIONAL
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FIGURE 8 Dual Power Supply

VOI

LIMO AT I AMP

6050

24,4-
1i2 I AMP

A positive regulator can be connected with
an LM320 to form a non -tracking due power
supply. Each regulator exhibits line and load
regulation consistent with their specifications
as individual devices. Protective diodes D,,
D2 allow the regulators to start under
common load. They should be rated at the
regulator short circuit current.

TRIMMED DUAL SUPPLY

Figure 8 may be modified to obtain a dual
supply trimmed to a closer output tolerance.
The trimming potentiometers are connected
across the outputs so positive or negative
trimming currents are available to set the
voltage across the R, (R2) resistors. R3, R, are
included to linearize the adjustment and to
prevent shorting the regulator ground pin to'
opposite polarity output voltages.

FIGURE 9 Trimmed Dual Supply

JUNE 1977

Tracking Dual Supply

 Solid Tantalum
FIGURE 10 Tracking Dual Supply
A tracking supply can be built as in -Figure 10
where the positive regulator tracks the
negative regulator. VA is a virtual ground
under steady state conditions. Q2 conducts
the quiescent current of the positive
regulator.

If -Vow- falls, VA follows forward biasing
collectorbase junction of Qt. VA falls, thus
raising the collector voltage of Q2 and +Vour
to restore VA to desired voltage. Germanium
diode D, may be needed to start the positive
regulator with a high differential load.

Example: +15V, lA tracking dual supply: '

LM340T-05, LM320T-15.
The 340 will track the LM320 within 100
mV. D2, D3: IN4720.

VARIABLE TRACKING DUAL SUPPLY

VIN  m vo--11103001( 5.0

0.22 wr

111911

10 1%

LM15511

COATI
R2 1.0,AF

N4

3 5.0

1% -; 154720

2.2 VF

-20V LM320K 5 0

L M1551

5 P,

20K

01< COUP
3 OK 2.2 PE Ts

mane

0 R002

Solid Tantalum

FIGURE 11 Variable Tracking Dual
Supply -~5.0 V- - @ 18V

The ground pins of the negative regulator
and the positive regulators are controlled by
means of a voltage follower and an inverter,
respectively. The positive regulator tracks the
negative to within 50mV over the entire
output range if R2 is matched to fil3 within
.one per cent.

National Semiconductor regulators are
available from virtually all component
suppliers. The full range is stocked by A.
Marshall (London) Ltd, 42 Cricklewood
Broadway, London NW2 3ET.

Also Maplin Electronic Supplies, P.O.
Box 3, Rayleigh, Essex, SS6 8LR, stock a
wide range of regulators from National and
equivalents from other manufacturers.
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electronics today
What to look for in the July issue: On sale June 3rd.

DATA
SUPPLEMENT

Next month's ETI carries an 8 -page pull-out supplement that is a
must for the home constructor. EIGHT pages of the kind of
information you've always had to hunt for hours to find. Such
things as abbreviations, codes and pin -out data collected and
assembled into one easy -reference supplement to speed up your
projects.

SENSITIVITY

ACTIVE FILTERS
An article explaining how to design active
filters doesn't sound very exciting, does it?
Well, it should do! Next month we have a
DIY guide to active filter design written by
an expert in the field which will enable you
to make use of circuits you always thought
too complex to design!

T.V. RIFLE
The ETI TV game (May '77) has
proved very popular. Next month
we describe the extra circuitry to
enable the two rifle games
described in May to be played.

GSR MONITOR
As a follow-up to our biofeedback article
recently, we present full constructional
details of a galvanic skin response monitor
- simply because you asked us to!

SOFTWARE -HARD WARE
Experience gained with digital hardware can
be extremely valuable in MPU designs.

We describe the interaction between the
development of software and the hardware
design of a system.

SHORT CIRCUITS
ALARM ALARM:-

An alarm to alarm you if your car
alarm is active! Provides a good
deterrent to the would-be thief.

MICROAMP:-
A very ingenious self-contained
STEREO test -amp - it's of sur-
prising quality!

TACHOMETER:-
A design to convert a 1 m/A meter
into a RPM indicator for your car
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SHORT CIRCUITS
BASS ENHANCER

ONE UNAVOIDABLE DRAWBACK
of small speakers, as compared to their
larger brethren, is a lack of extreme
bass frequencies. They may not 'boom'
and they may sound less 'coloured',
but they will NEVER play the lowest
of the low as well!

There are many high quality 'mini -
monitors' around these days - Rogers,
Chartwell and Videotone are the first
names to come to mind, which possess
an excellent sound overall, but are
victims of their size with regard to
bass response. Let it not go unsaid,
however, that all the aforementioned
designs produce a bass signal which is
incredible for that size!

As you may have gathered (or
hoped!) from this little lecture, this
circuit has something very much to do
with small speakers. It is designed to
compensate in some degree for this

lack in the last octaves. Turning up the
bass control on the amp doesn't help,
indeed it will generally make things
worse by introducing too much lift
too high in the spectrum. Most tone
controls have a turnover at about 100-
200 Hz, and will thus still have some
appreciable effect at 500 Hz or more.

What is needed is a boost below
about 70 Hz, but above 15 Hz or so
(to avoid amplifying warp signals)
and this is impossible to apply with
conventional tone controls.

ETI TO THE RESCUE!
Having now told you what's wrong

with your 'Mighty Mouth XXV Mini
Super Monitors' we'd better explain
how we can help put it right. Our Bass
Enhancer is designed to insert a
'hump' at precisely the aforementioned
frequency, into that part of the overall

frequency response where the small
speakers are rolling off.

The circuit is of no use to you
unless your speakers, and your amp,
are capable of taking the extra punish-
ment at these frequencies. Most hi-fi
components are. Most of the hard-
board boxes which are sold with music
centres masquerading as loudspeakers
are most definitely not. If in doubt,
either check with your supplier, or
give us a ring. (Not all the same day
PLEASE, and not before 4 p.m.)

As a precaution against smoking
ruins replacing your amplifier, we have
included the ETI 'Overled' project to
keep watch for clipping in the amplifier.
With this unit in circuit, more power is
drawn at the lowest frequencies, and
amplifiers driven to distraction by
these demands will exact revenge in
horribly audible form.

lioW it works
ICI and associated components form a
buffer amplifier stage which isolates the
lowpass filter R8, C3, R9, C4, R10, C5
from the source. C6 forms a single -pole
roll -off filter to get rid of warp signals
etc below the band with which we are
concerned.

IC2 amplifies the low frequency sig-
nal fed to it from the filter, and so pro-
vides the 'enhancement' signal. This is
mixed back with the amplified and
buffered version of the input signal
coming from 1C3 in the mixer amp-
lifier 1C4. RV2 provides output level
control, and SW1 allows the unit to be
bypassed completely.

PIN 1
SR 1

INPUT ;

,s71,2.01

R24
100 Ve

FRGM
100,, POWER

OV

CO 020 C9
4,7

021

LEFT CHANNEL ONLY SHOWN
RIGHT CHANNEL IS IDENTICAI

NCLUOING NUMBERING

2200

our
cto To

RV2
500
LOG

Fig. 1. Circuit diagram of the Bass Enhancer and power supply (left)
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BASS ENHANCER
CONSTRUCTION

A single board layout has been
chosen, to keep down the cost, and to
simplify things as much as possible.
The clipping indicator section is in fact
the 'Overled' circuit previously pub-
lished, so if you've already built this,
you don't really need to build up this
section of the unit. A mains supply
was added simply because it is cheaper
in the long run.

Standard - good quality - 741s are
employed in the prototype, and very
well they work to^. However, there is
a low noise 741, the 741N, which
does have much less inherent noise
and if you find the noise is too high
for your liking, Doram Electronics
can supply a pack of eight 741s for
£10.20 all inc.

When building up the Over -Led,
refer to the table given to set the
values for your amp and speakers.

All that is entailed is to fit all the
components to the board as shown
in the overlay drawing, and wire up to
the LEDs and controls.

GET SET...

Setting up the clipping indicator is
best done with the enhancer out of
circuit. Advance the volume until the
sound from the speakers becomes dis-
torted - it doesn't matter whether it's
the amp or the speakers cracking up,
something is! - and then advance the
pre-set until the LED just lights. This
is the point of 'no -fidelity'!

The enhancer goes into the chain
between pre- and main -amps, or into
the tape monitor circuits, and can be
switched out of circuit by SW1. Set
the output levels so that there is no
'jump' in level when you switch it in
from another source path - it's much
kinder on both your ears and your
hi-fi.

Varying the value of R15 varies the
amount of enhancement produced by
the circuit, so if you think we've over
(or under) done it - let's see you do it
better! Our value gave consistent
results on quite a few different speak-
ers, from Wharfedale to Celestion.

If the clipping indicators
come on you're driving things too hard
- turn something down! (If your neigh-
bours bang on the walls floor or cieling
- move house!)
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INPUT FROM
SPEAKER

'SEE TAHLE 1 FOR VALI.

ONE CHANNEL ONLY ' EIOWN

TABLE 1

Fig. 2. The circuit of
the Overload Indica-
tor. This is the
"Over -Led" project
taken from ETI Top

R3' Projects No 2.
Further details can
be found in Top Pro-

RV1
jects 1 and 2

1k reprints.

SPEAKER IMPEDANCE

RMS watts 4.(.2 8.(.2 165.1

per channel R1 R3 R1 R3 R1 R3

5 68 5.6k 82 8.2k 120 12k
10 82 8.2k 120 10k 180 18k
15 100 10k 150 15k 220 22k
20 120 12k 180 18k 240 24k
25 150 15k 220 22k 270 27k
35 180 18k. 240 24k 330 33k
50 220 22k 270 27k 390 39k
75 240 24k 330 33k 470 47k

100 270 27k 390 39k 560 56k



PIN 1
SK1

12V
FROM T1

rs

INPII P
F IION1 SK2

EU

RIP

SCREENS
CONNECTED
TO PIN 2 SK1

INPUT
IRON

K3 C)C9

ft: 2 1
Ell

SK2 LEFT SPEAKER INPUT
SK3 RIGHT SPEAKER INPUT

RV2

C8

0 I

PIN 4
SK1

RV2

PIN 1 SK1
PIN 3SK1
PIN 4

SCREENS
CONNECTED
TO PIN 2 SK1

Overlay and Foil Pattern for the Enhancer. Note that a single board construction is used, so
that whilst the overlay may look complex it is in fact only half as bad as that! (Two identical
channels!)
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Parts List
ONE SET REQUIRED PER CHANNEL
RESISTORS
(All 1/4 W except where stated)
R1 as table 1
R2 10 k 1/2W 5%
R3 as table 1
R4-6, 12, 13, 17, 18, 21, 22 220 k
R7, 9-11 100 k
R8 470 R
R14 2M2
R15 10 k (see text)
R16 150 k
R19 560 k
R20 15 k
R23 22 k
R24 100 R
R25 270 R 'A W 5% (only 1 req.)
CAPACITORS
C1 100 u 16 V tantalum
C2 22 u 16 V tantalum
C3 470 n polyester
C4 47 n polyester
C5 4n7 polyester
C6 10 n polyester
C7,8,10 4u7 16 V tantalum
C9 47 u 16 V tantalum
C11 100 u 10 V
C12 1000 u 25 V (only 1 req.)
SEMICONDUCTORS
01 BC108
Q2 BC178
Q3 BFY50 (only 1 req.)
D1-4 IN4001
ZD1 9 V 400 mW zener (only 1 req.)
BR1 200 V 1.6 A bridge rectifier

(only one req.)
LED .2" type red
IC1-4 741
POTENTIOMETERS
RV1 1 k vertical preset
RV2 50 k log rotary
SWITCHES
SW1 D.P.D.T. mini toggle
SW2 On -off toggle 240 V 1 A
TRANSFORMER
T1 240 V - 12 V 500 mA
SOCKETS
SK1 5 pin DIN 180° chassis type
SK2,3 2 pin DIN speaker type
CASE
Vero type75 - 1410J
MISCELLANEOUS
Mains neon, 2 knobs, grommet, 3 -core
mains flex, screened wire, pcb as pattern,
nuts, bolts, etc.
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jETI - MARSHALLS NATIONAL

SPECIAL OFFER
MAKING TECHNOLOGY WORK - EVERY TIME! r

HOUR

SET

SW

MIN.

SET

SW

O

C\%

0".

1401 DIMENSIONS

3"x1 75"x 9"

0

FEATURES
 INTERNAL CRYSTAL TIMEBASE 4...5 SEC/DAY
 COMPLETE, TESTED MODULE. JUST ADD
SWITCHES
 BRIGHT 0.3" DISPLAY - GREEN FOR SAFETY
 TRANSIENT PROTECTED, TIMEKEEPING DOWN
TO 9V.
 EASILY INSTALLED, COMPACT AND RUGGED
DESIGN
 DIMS TO 50% BRIGHTNESS WHEN CAR LIGHTS
ON
 *LOW POWER CONSUMPTION - FOR PORTABLE
USE
 IDEAL FOR CARS, BOATS. AIRCRAFT OR
CARAVAN

6 GROUND

5 NC

4 PARK LIGHTS

3 BATT. I28

2 DASH LAMPS

I IGNITION

NEW DIGITAL
CAR CLOCK

MODULE NATIONAL

THE MA1003 ready -built module was specially built and designed for the American market, with the luxury
car, aircraft and boat in mind. Unlike conventional quartz clocks, this unit operates from a very high frequency
crystal resonating at over 2MHz for extra accuracy and stability. Stringent safety regulations dictate that this
module is completely suitable for use in hostile environments and "shake, rattle and roll" conditions. Automatic
display blanking is included when ignition is turned off, to consume a miserly 3mA.

THE BRIGHT GREEN DISPLAY, fluorescent, can be filtered from green to blue to give that personalised
look. The compact and rugged design enables the module to be mounted anywhere, easily and with the
minimum of effort. Works from any 12 volt supply. First time in Europe.

DEVELOPED BY NATIONAL SEMICONDUCTORS. A name known worldwide and respected.
RECOMMENDED TO RETAIL AT E29 95+VAT

SPECIAL ETI READER PRICE £15.50 + VAT

SAVE OVER 45% ON R.R.P.
ALSO AVAILABLE. Specially designed case with cut out for display centre front, attruLrr.,
black rexine finish for dash mounting. Special Price £1.00 when ordered with module.

All items in this offer maybe collected from our branches

LONDON GLASGOW
01-452 0161 041-332 4133

BRISTOL
0272 654201

MICROPROCESSORS

SC/MP ISP-8A 500D CHIP £12.00
40 -PIN 8 -BIT MICROPROCESSOR Normally

COMPLETE INTROKITS & KEYBOARD KITS AVAILABLE

RAMS
RANDOM ACCESS MEMORIES

Offer
MM2101-2N-E4.14 £3.25
MM2102-2N-E2 90 £2.00

MM2111-2N-E4 14
MM21 12 -2N -E4.14

ROMS ERASABLE
MM1702AQE10.80 £8.00 2513 CHARACTER
MM5204 E32.30 E25.00 GENERATOR

Normally E8.00

8080 IN58080A. Normally E23.45
40 PIN 8 -BIT MICROPROCESSOR

BUFFERS 1RISTATE
Normal OfferPrice

DM81L595 £1 45 £1.15 DM81 L597
DM81L595 £1.45 £1.15 DM81L598

Offer
£3.25
£3.25

£8.00

Offer £1 6.00

Normal
Price

E1.45
£1.45

SAVE UP TO 30%

Offer
£1.15
E1.15

All products in this offer carries our normal quality guarantee

J TTL + LOW POWER SCHOTTKY
Normal OFFER

Price P Normal OFFER Normal 0 R Normal OFFER

SN7401 21p 12 SN7447AN 1 17 SN7493 61p SN741.500 24p if '
SN7402 21p 12 SN7448 1 1 SN7494 74p 65 SN74LSO2 24p
SN7404 26p 14 SN7453 21p 12 SN7496 1 03 60 SN74LSO4 27p. 21
SN7408 29p SN7454 21p 12 SN74107 43p SN74LSO8 24p 1e'
SN7410
SN7417

21p
61p

SN7460
SN7474 43pLI5F

5574171
SN74123

49p
5i3p

SN74LS10
SN74LS13

SN7420 21p 12 SN7475 58p 30 SN74141 1.03 90 SN /41.532 25p 20
SN7440 21p 12 SN7481 1 10 SN74150 1.66 1.25 SN74LS42 101
SN7441AN

...... SN7442
1 03
78p

70
50

SN7486
SN7490AN

41p
61p

SN74154
SN74157

1 88 1.50
98p 80

SN741.574
SN74LS75

40p
60p

SN7445 1 35 90 SN7481AN 98p 65 SN74181 3 70 2.90 SN741.585 1 45 1.15
SN7446AN 1 23 75 SN7492 61p 40 SN74197 1 1 7 94 SN74L586 1 45 1.15

,....0..) TO: ETI READER OFFER ORDERS CAN ONLY BE ACCEPTED ON THIS COUPON
A Marshall (Lon 1 Ltd,
42 Cricklewood Broadway
London, NW2

CREDIT CARDS - Please bill my ACCESS/BAR-
CLAYCARD NO.*

I
VAT 8%

TOTAL

PIP

Please find enclosed my remittance
(shown on col. on right) made payable to
A. Marshall (Lon.) Ltd. for components
specified.

PLEASE PRINT CLEARLY

NAME

ADDRESS

Offer Price Total

MSignature

Quant

*Please delete
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VALVE SOUND
WHAT IS IT?

Can Valve Sound be achieved from Solid State?

An investigation by Mark A Sawacki, M.Sc.

"Almost every musician has a
favourite amplifier which may be so
old it's held together with chewing
gum and solder, but it produces
exactly the sound he wants, so he
has to carry it around with him,
practically packed up in cotton wool
to keep it from falling apart. "
(Melody Maker, April 10 1976, Karl
Dallas)

A reasonable man might be expect-
ed to ask the following: "If you
want it to sound like valves, why not
use Valves? and the two answers to
this would be - reliability and
weight - "When a
transistor amp, it didn't distort, it
reproduced a more accurate sound,
but he didn't like it, neither did the
rest of the band . . ."
(International Musician and Record-
ing World, July 1976, Ray Ham-
mond)

IN ORDER TO UNDERSTAND
the above quotes more fully an early
history and problem presentation
will clarify the situation. Recently
there was a great hulabaloo about
"valve sound" in the U.K. instru-
ment market and way back in
March/April 1976 Tony Reeves
(Curved Air basist) told Melody
Maker's Karl Dallas that - Dick
Parmee, a Cambridge University
graduate, currently with PA:CE as
an Electronics Research Engineer,
had analysed this dilemma and
solved the problem of making a
transistor amp sound like a valve
amp.

Around the same time I visited
another Cambridge factory - H.H.
Electronics, where boss Mike Har-
rison showed me (with great pride)
his new baby - V.S. Musician - a
100W RMS power combination
amplifier, as well as his V.S.
Musician Solo model, both valve
sound constructions.

During that same year, the
Japanese musical giant YAMAHA
came onto the market with their.
G100 series of solid state ampli-
fiers, claiming to capture the
warmth of vacuum tubes without
sacrificing the reliability, economy
or portability of transistor amps.

This phenomenal "vacuum
tube" market explosion has been in
answer to a deep seated and
widespread conviction amongst
guitar sounds and certain other
instruments, a valve amplifier will
produce a far better sound than a
transistor amplifier.

Filling a vacuum
Some elementary considerations

should be taken into account before
delving into this issue any further.
Solid state with simulation of
"vacuum tube sound" of the 60's is
now a fact, although for people not
au courant with the problem, it will
appear as a regression, which is of
course completely untrue. Since I

intend to concentrate on the tech-
nical side of the "valve phenomen-
a", I will leave all associated
aspects, ie psycho -social, for others,

LEVEL OF TOTAL
T.H.D HARMONIC
(%) DISTORTION

100

9.0

8.0

7.0

6.0

5.0

0.0

3.

2.

0

to deal with (only recently I heard it
said that it was a mass hypnosis
phenomena - upon which I prefer
not to comment!)

In my analysis of the problem, I

set up a small experiment. I tested
eight internationally known instru-
ment amplifiers, all from highly
reputable manufacturers, and cho-
sen as representative of both,
solid-state and valve technologies.
The choice itself was made by a
person who is not associated with
the investigation, but who did have
15 years musical stage experience!

The first "valve" group:
1. Marshall MK2 - Master Model

100W Lead Amp (GB)
2. Fender 160 PS Vocal Amp (USA)
3. Fender Guitar/Bass 300 PS Amp.

(USA)
4. Roost Session Master SM 100R

Combination Amp (GB)

and these are presented in Table 1
with a comparison of the T.H.D.
(Total Harmonic Distortion) in %
plotted against specific amplifier
power output in W.RMS as shown
in Fig. 1.

10% OF T.H.D

I
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.
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Figure 1.
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VALVE SOUND WHAT IS IT?
TYPE COUNTRY

of origin
POWER OUTPUT

in Watts R.M.S., ref. 1 kHz
TOTAL HARMONIC DISTORTION

measured at specified power level
COMMENTS

MARSHALL Mk.2
Master Model
100 W Lead Amp.

G.B. 136.1 W R.M.S. at 10% THD
into 8 R

107.2 W R.M.S. at clipping
into 8 R

4.75% at 100 W
5.25% at 80 W
5.05% at 50 W
3.81% at 30 W
1.45% at 10 W
0.57% at 1 W

Measured into 8 R
dummy load ref 1 kHz

Classical European design.
Only slight changes since
introduction 10 years ago.

Still very successful.
Marshall sound' - predom-
inance of 2nd. harmonic in
overload.

FENDER 160 P.S.
Vocal Amp.

U.S.A. 285.0W R.M.S. at 10% THD
into 2.6 R
206.0 W at clipping
into 2.65 R

4.95% at 160W
4.82% at 100 W
0.42% at 10 W
0.23% at 1 W

Measured into 2.6 R
dummy load ref 1 kHz

Very special piece of equip.
ment - original design for
musician P.A. system. Incl.
built in graphic equaliser &
tour channel mixer.

ROOST Session
Mester
Combination Amp.

G.B. 110.5 W R.M.S. at clipping
into 8 R

3.80% at 110 W
3.85% at 80 W
3.22% at 10 W
1.85% at 10 W
0.55% at 5 W

Measured into 8 R
dummy load ref 1 kHz

Relatively 'new' when com-
pared to other three. Very
orthodox in design. Pre.
dominance of 2nd. harm
onic in overload.

FENDER 300 P.S.
Bass Amp.

Table 1.

U.S.A. 312.5 W at 10% THD
into 8 R

220 W R.M.S. at clipping
into 8 R

5.94% at 200 W
5.14% at 150 W
3.74% at 100 W
2.14% at 50 W
0.38% at 10 W
0.26% at 5 W

Measured into 8 R
dummy load ref 1 kHz

Popular on both sulies ar
Atlantic. Very high power
delivery, quite high THD
levels. but still respectable
for valve amps. Predorn-
inane of 2nd. harmonic
In overload.

Omission
Someone is bound to ask at this

point why I did not include makes
such as VOX, Orange, Carlsboro, or
Leslie, and the reason is that this
selection was purely a matter of
individual preference (as well as
limited space!)
The second ''solid-state" group
consists of: -

LEVEL OF TOTAL
1110 HARMONIC
1%1 DISTORTIONS

0.

1 H.H. V.S. Musician Reverb
100W Amplifier (GB)

2. Pearl Vorg 102 Guitar Combina-
tion Amp (Japan)

3. Dynacord Emminent 200 vocal
Amp (West Germany)

4. -MM" Electronics - AP 360
Dual Power Slave (GB)

and the results of experiments on
this group are presented in Table 2
and Fig. 2.
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TYPE COUNTRY
of origin

POWER OUTPUT
in Watts R.M.S., ref. 1 kHz

TOTAL HARMONIC DISTORTION
measured at specified power level

COMMENTS

H.H.V. S. Musician
Reverb 100 W Amp.

G.B. 144.03 W R.M.S. at clipping
into 4 Ohms

n.04%120.5%1 at 100 W
0.06% 113.9%l at 80 W
0.06% 113.8%1 at 60 W Measured into
0.08% 114.5%1 at 40 W 4 Ohms dummy
0.1% 113.2%) at 20 W load, ref 1 kHz
0.14% 19.8%1 at 10 W
0.24% 13.210 at 1 W

,.Ii.D. values in Inai..kata
correspond to 'valve sound'
in 'ON' position. AS000
- 15/A - is the tone correc-
tion module. (Anatomical
heart of 'valve sound").

PEARL VORG
102 Guitar
Combination Amp.

JAPAN 108.16 W n.ivra. at clipping
into 4 Ohms

.1.47% at 100 W
0.67% at 80 W
0.28% at 60 W Measured into 4 Ohm
0.27% at 40 W dummy load ref 1 kHz
0.28% at 20 W
0.26% at 10 W
0.30% at 1 W

%site a high level of THD
as far as solid-state technol
ogy is concerned. Recently
extremely popular due to
proven reliability and good
sound produced.

L, NAC0111...
Eminent 200
System Amp.

WEPT

GERMANY
..S:c.. IN R.M.S. at clipping
into 2 Ohms

.27A at 140 W
0.27% at 100 W Measured into 2 Ohms
0.085% at 10 IN dummy load ref 1 kHz
0.05% at 1 W

because of good quality
sound & reasonable price.
Built-in ED -graphic, reverb,
as well as 6 channel mixing
system and 100 W R.M.S.
approx. monitoring amp.

'MM* Electronics
AP 360 Dual
Power Slave Amp.

Table 2.

C.B. ,40.28 W is.,...S. at clippitte
into 8 Ohms

u.0.8011., at 110 01

0.04% at 100 W
0.04% at 70 W Measured into 8 Ohms

0.035% at 40 W dummy load ref 1 kHz
0.04% at 20 W
0.075% at 5 W

very ..... :uvel of T163 5,
any standard. AP -36 is a
Dual Power Slave Amp. of
very universal character.
Input sensitivity approx.
0.5 V R.M.S. Both channels
driven simultaneously pro-
duce quite a high power
level suitable for P.A.
systems, stereo systems,
discos, etc, etc.

Drawing in the threads
From Fig. 1 and 2 it is possible to

draw the following. conclusions; the
transistor amp output is relatively
distortion free and a typical THD
figure across the whole power range
would be about 0.15%. The figure
of 0.05% is also realistic, even just
prior to clipping.

Similar figures were also con-
firmed sometime ago by D. T. N.
Williamson in a series of articles
proposing standards of THD for
audio amplifiers at full rated power
output and they have been general-
ly accepted as the target figures for
high quality audio.

We found the average level of
THD for our four valve amplifiers
was somewhere in the region
between 4.5% and 6.5% (for
power levels measured at onset of
clipping). When the power output
was slightly increased, then the
THD shot up rapidly reaching 10%
with no problem!

This fairly high THD level how-
ever, is nothing new as far as valve
technology is concerned, and even
well-known European standards
and specifications often rate power
output at 10% THD for valve amps.
To conclude then, the most impor-
tant difference noticed in the
performance between valve and
transistor amps was. the overload
distortion characteristics of the
output stages. Comparing the value
(0.04 - 0.4% THD for solid state
systems to 2.0 - 10% in valve
constructions), it is quite easy to see
the differences and consequently
understand the changes in the
specific character of both types of
sound. All these THD tests were
carried out with a single 1 KHz sine
input which is acceptable as a very
useful standard. A practical set-up
arrangement for this test is shown in
Fig. 3.

Further into tubes
Before discussing the problem

any further, a little mathematics will
help in clarifying it. In order to
examine the construction of sound
(even single frequencies), it is

necessary to use analysis of the
tonal spectrum characteristics. The
.oldest historical model known was
developed by a German physicist
and physiologist, Herman Helm-
holtz in 1863, at present the most
popular method used is the "Four-
rier Array-.

According to Fourrier's hypothe-
sis, every periodical wave can be
divided into a family of sinusiodal
harmonic components (Fourrier
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Figure 3.

components) where the lowest
Fourrier component is equal to the
fundamental frequency and the
others are: 2f, 3f, 4f, and so on.

A 1 Khz frequency sinusiodal
signal will produce the subsignals,
2Khz, 3Khz, 4Khz etc. The THD
waveform of an amplifier's output is
quite a complicated construction,
and its final shape depends not only
on the operating frequency but also
on its amplitude and phasing. See.
Fig. 4.

The above analysis is quite
complicated and requires a lot of
calculation to obtain the results of
the number of harmonic ampli-
tudes. In the simplest one dimen-
sional case there may be expressed
as:
f(x) = 1/2 A, + A, cos 2 Tr (h x/a)
+ B,,sin 2 7 (h x /a) . . .

where h=0, 1 .

where f(x) is known as the repetition
interval (o, a) and it is required to
determine the values of Fourrier
components Ah and Bh. Naturally,
we also have from the orthogonality
of the sine as well as the cosine, the
functions:
Ah = 2/9 0.1' a f(x).cos 2Tr (h x/a) dx
where: h = 0, 1

and respectively

Bh = 2/9 01. cf(x).sin 2T (h x /a) dx
where: h = 1, 2
T H
(%)
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I PRODUCT
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I THE THIRD HARMONIC
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A4

To solve this problem computing
numerical methods were developed
and for more technical areas, the
most common method is - Hetero-
dyne/Resonance Analysers and
Spectroscope filters.

In the circumstances it seemed
worth while to obtain more detailed
information, with special emphasis
on the systems analysis. This is

available by measuring the ampli-
tude of each of the harmonic
separately. For this experiment a
band stop filter rejects the funda-
mental for measurements of THD,
but the band pass filter can measure
distortion components individually.
The next two tests carried out on
valve as well as solid state con-
struction show the harmonic spec-
trograms in Fig. 5.

The amps tested had a similar
power output of approximately
100W. RMS and again the differ-
ence is easy to see.

Valve:-
Apart from the fundamental

frequency the dominant line is at 2f,
with 'train' of amplitudes at 3f, 5f,
7f where 4f, 6f and 8f attain quite a
low level.

The relatively distortion free
solid-state amps have harmonics
which are much lower but still with
a 3f predominance. 4f, 6f, and 8f
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TIME (SEC)

THE TOTAL GEOMETRIC VALUE
OF THE FUNDAMENTAL + THIRDFigure 4. HARMONIC PRODUCT

are difficult to measure because of
very small magnitudes and their
influence in our analysis can be
easily ignored.

We can now say that valve amps
have a tendency to clip on the
second harmonic which gives that
characteristic 'punch', whilst a
transistor amp tends to clip on the
third harmonic, which may create a
quite unpleasant sound. Of course
'unpleasant' or 'pleasant' is really a
question of personal taste.

Solutions
Bearing in mind the practical

non-linear amplifier (and any real
amp is non-linear to some degree)
only a very small portion of the
Input/output characteristic (LA -
PLACE transform) may be consi-
dered substantially linear. The
curvature of the Input/output
characteristic (nonlinearities) gener-
ally give rise to distortion known as
"non-linear" distortion, which con-
sists of the previously presented
harmonic distortion tests, in addi-
tion to the intermodulation group,
where the intermodulation groups
consists of:
Difference frequency Intermodula-
tion and Transient Intermodulation

Even a brief look at other
methods of testing shows the
effects of nonlinear distortion in
both types of amplifiers, but the

SPECTROGRAM
FOR STANDARD
OUTPUT I push

SHOWING
TRANSISTOR

pull ystem)

T.H.D.
100
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VALVE SOUND WHAT IS IT?

The Yamaha G-100-8-212.

complexity of the work should I

imagine be undertaken by scientists
as part of a (really fascinating)
research program.

Buttons for tubes
Let's look at what the Japanese

YAMAHA engineers call the 'va-
cuum tube' sound, and what
Cambridge H.H. Electronics claim
as the 'valve sound' - As can be
expected both are 'combotype'
designs in principle but designed as
a real effort to simulate the valve
'character'. The Yamaha G 1006
212 amplifier 's THD figures plotted
against specific power output, ref.
1 Kz is shown in fig. 6.

And now the H.H. V.S. Musician
Reverb Model 100W - Fig. 7.

Both the Yamaha G100B 212
and the H.H. V.S. Musician were
tested in conjunction with a good
quality electric guitar and the test
was carried out purely from the
subjective sound quality point of
view,

THD.
(151

10.0

9.0

130

70

6.0

5.

3.

2.

Subjected subjectively
Both amps performed satisfac-

torily, however, the sound which
was obtained was entirely different
in both cases. H.H.'s amp and gave
a more dynamic sound, very harsh
but with good sustain when the
'valve sound' footswitch was on. At
the same time, the sound produced
was very similar to an overworked
valve amp, but the overall volume
was controlled by the 'Master
Volume Control'. This was found to
be a useful feature when very loud
volume is a problem, but when the
wound -up 'valve amp' sound is still
necessary. This particular feature
has a wide range of applications as
far as studio recording work is

concerned.
After testing the Yamaha G 100B

212 amplifier, one important dif-
ference emerged, namely the total
absence of an ON /OFF pedal
footswitch. However, the manu-
facturer provided a special rotary
'Distortion Control' specially for this
function. By experimenting with the

! YAMAHA G 100. .212 C07490

8.805% 93%

18 1%

.__,......-4.-.....- 8.98%

SOUND
(control
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Figure 6.
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The H. H. V. -S. Musician.

different distortions and volume,
settings, an unusually wide variety
of effects was obtained, but to get
really clean chord playing, rhythm
guitar work or certain keyboard
instruments, this control was set on
the 'minimum' of its rotation.

The Yamaha G1008 212 com-
pares with the H.H. V.S. Musician
producing a much more mellow
tonal character, whether it was
played softly or at a crashing
volume, but on the other hand the
H.H. amp would be much more
effective in pure rock practice or
whenever a lot of high frequency
was desired.

To summarise, one can say that
as long as the manufacturers
analyse those designs on the market
with the best valve performance,
and then try to obtain this by
duplicating it will be possible for
him to construct a solid state amp
with realistic valve sound. But, of
course, whether musicians will go
for one or the other, remains a
question of personal preference. 
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We support SC/MPs!
NEW SC/MP USERS START HERE.
We make getting into microprocessors as painless as possible. with our range
of SC/MP kits we can offer a start at virtually any level of experience or
available finance

SCRUMPI is our own SC/MP starter kit. It contains one SC/MP chip, two
MM2112 RAM chips, two 74C173 four bit I/O latches and a handful of
other ICs. switches and LED lamps. The switches allow you to enter a program
into the RAM and then execute that program. several operating modes allow
For ease of testing. SCRUMPI can be extended to address up to 64K bytes
and can be interlaced to ROM. PROM. RAM. EAROM or many types of I/O
devices. SCRUMPI can also be used to replace a SC/MP in another circuit to
give full in -circuit testing facilities Krt contains PCB. IC sockets, cable.
resistors, caps. etc

KIT PRICE . . C55.56

INTROKIT i KSDKIT. Eurocard PCB with SC/MP chip. 256 bytes of RAM
and 512 bytes of PROM containing KITBUG. program. requires a TTY device
as I/ 0 If you do not have access to a TTY then the NS KDBKIT allows you to
replace the KITBUG PROM with another supplied. add a few other
components (supplied) and you have a portable microprocessor

INTROKIT E66.33
KBDKIT C66.50

SC1 SC/MP Control Card. Eurocard PCB with provision for 256 bytes of
RAM and 1K bytes of PROM with basic I/O device address decoding. Similar
in concept to the INTROKIT PCB but can be supplied with or without RAM or
PROMs PROMs can be supplied with any of our software programs listed
below.

SC1 PCB + decoding chips C13.89*
+ SC/MP + RAM + one PROM E60.15*

+ second PROM C117.98*

LCDS. Nationals Low Cost Development K tt for SCiMP Uses a hex keyboard
and digital display or a TTY device to communicate with a 2K monitor
program in ROM. The CPU application card plugs into one of the sockets on
the main mother PCB Additional PROM and RAM application cards are
available to expand the system up to its full 60K byte capacity.
RUN/STEP/HALT modes allow for simple debugging

LCDS E349.30

SOFTWARE in MM5204 PROMs
Our range of software PROMS is small at present but new programs will
become available every month. VDUBUG. Uses a VDU and ASCII keyboard to
give MEMORY DUMP, MEMORY CHANGE and EXECUTE facilities
CASSIE) Adds National s cassette interface to VDUBUG
CASSETTY. Nationals cassette interlace and TTY interface as executable
sub -routine.

BLANK MM52040 erased to logic'Os
All above PROMs £32.30 each

We also stock a wide range of buffers. gates. RAM, PROMs data. etc We
have power supplies cases. floppy disks. printers. etc Send SAE for our
microprocessor catalogue (PS we still sell clock ships & kits)

EXISTING USERS START HERE
VDU SYSTEM. Two Eurocards which allow for interface to a modified TV set
(Video not UHF) and ASCII keyboard The TV display is in the form of 16 hoes
each of 64 characters for 16 x 32 or 8 a 32 can eb used), each character
position can display any of 64 5.7 characters in black on white black on
grey, white on grey or white on black. any character set can also be flashed
Any keyboard giving parallel ASCII plus negative strobe output can be used

VDU SYSTEM (53.34*
CASSETTE INTERFACE. Eurocard PCB with interlace to Audio cassette
recorder in format specified by National Semiconductor. Also includes a TTY
interface as found on an INTROKIT together with a relay which can be used to
switch a reader/punch or cassette recorder. Requires CASSETTY or CASSIO
software (or similar as published by NS)

CASS INTERFACE .C16.874
TTY INTERFACE. Convert your parallel I/O device to be TTY compatible
and thus talk to your INTROK IT or LCDS for 6800, 8080. Z80, etc) Parallel
I/O is TTL or 5v CMOS compatible.

TTY INTERFACE 018.52*

4K PROM CARD. Eurocard PCB with sockets for up to eight MM5204 of
MM 5214 devices with address decoding for each device Supplied with 2. 4.
6 or 8 blank or programmed PROMs from our selection below.

4K PROM CARD WITH 2 PROMs Ell4.52*
4K PROM CARD with 4 PROM, £120.35*
4K PROM CARD with 6 PROMs C16111.67*
4K PROM CARD with 8 PROMs 02011.34*

* These cards are all compatible with each other and with ETI SYSTEM 68

EYMEIDU
ELECTRONICS

68 EBBERNS RD., HEMEL HEMPSTEAD, HP3 9QR
Tel: 0442-62757

Terms. CWO. Access or Barclaycard. Credit facilities to accredited accounts
15% handling charge on cancellations. All prices exclude 8% VAT. Post and
Packing 30p.

[MEW ElITINE11135 111.
NEW EXTENDED
COSMOS RANGE
CD4000AE .25
CD4001AE .25
CD4002AE .25
CD4006AE (1.18
CD4DO7AE .25
CD4008AE .98
CD4009AE .63
CD40104E .63
01340114E .25
CD4012AE .25
CD4013AE .63
C040144E C1.20
C040154E E1.20
C040164E .83
CD4017AE £1.20
CD4018AE £1.20
C04019AE .83
C040204E E1.30
CD40214E £1.20
CD40224E £1.05
CD4O23AE .25
CD40244E .88
CD4025AE .25
CD40264E £1.98
CD40274E .63
CD284E C1.05
CD440029AE C1.30

CD4030AE
CD4035AE
CD40404E
CD4042AE
CD4043AE
CD4044AE
CO40464E
CD4049AE
CD4050AE
CD4052AE
CD4056AE
CD40604E
CD4066AE
0040688E
CD40698E
CD4070BE
CD4071BE
CD4073BE
CD4077BE
CD408IBE
CD40828E
CD40858E
CD4086BE
C04093BE
C04099BE
CD4511BE
CD4528BE

.63
£1.30
C1.20
C1.05
El.10
C1.05
C1.50

.63

.63
E1.05
C1.50
E1.50
01.06

.30

.30

.30

.30

.30

.45

.30

.30

.90

.60
E1.00
E2.05
C2.0b
£1.40

74 SERIES TTL
7400 .18 7450 .22 7494 88

.22 7495 .82

.22 7496 .90
7403 .20 7454 .22 74100 £1.16
7404 .20 7460 .22 74107 .40
7405 .22 7470 .36 74121 .40
7408 .22 7472 .36 74141 .55
7409 .22 7473 .40 74145 .82
7410 .18 7474 .40 74150.0.45
7412 .22 7475 .50'74151 .85
7413 .38 7476 .40 74153 .85
7420 .20 7480 .60 74154 £1.35
7425 .32 7482 .90 74155 £1.15
7430 .22 7483 .66 74156 E1.15
7440 .26 7485 £1.30 74174174 E1.30
7441 .55 7486 .40 80 C1.60
7442 .72 7490 .50 74181 E2.60
7445 0.10 7491A .50 74190 £1.60
7446 0.20 7492 .60 74191 £1.60
7447 .59 7493 .53 74192 E1.40

7401 MI 7451
7402 .15 7453

INTEGRATED CIRCUITS Prim
Price CA3080 .76

CA3004 E2.94 CA3082 £1.17
CA3005 E1.94 CA3088E C1.50
CA3011 £1.24 CA3089E £2.54
CA3013 £1.78 CA30890 12.54
CA3014 £1.97 CA30904(1 £4.29
CA3018 94 CA3091D E5.51
CA30184 0 .19 CA3123E £1.64
CA3019 .87 LM301AN .66
CA3020 £2.00 LM3089 £1.02
CA3023 E2.00 LM377N E3.013
CA3028A E1.14 LM3809 £1.10
CA3029 .67 LM381N E2.16
CA3029A .79 LM1812 16.99
CA3030 (1.41 LM3900N .75
CA3015 £1.96 LM3909N .95
CA3036 E1.08 MC1305P C2.24
CA3039 .91 MC1307P E1.97
CA3043 £2.26 as1504.1.1412...40.54-i
CA3044 £1.83 MC1330P C.14
CA3045 £4.00 MC1352P £1.29
CA3046 (1.01 MC4024P £2.39
CA3047 £2.05 MC4044P £2.39
CA3048 (2.50 MFC4008 £1.26
CA3049T £1.86 MFC6030 E1.49
CA3052 £1.71 MFC6040 12.07
CA3053117 MM5314 £4.30
CA3059 £2.11 SN76013N El 96
r'.43065 11.96 SN76033N 12.92

RECTIFIERS
Type No. Price Rating.
M 16/ 100 .67 16A 100v Stud
M16/400 .85 16A 400v Stud
M25/200 .91 25A 200v Stud
M25/600 "%Li 25A 600v Stud 1.5A 1250v Axial Plastic
194001 1A 50v Mm. Axial Plastic
194002
194003 IA 100v Min. Axial Plastic

- 14 200v Mm Axial Plastic194004 - 1A 400v Mm Axial Plastic
194005

%.4.4. 14 600v Mm Axial Plastic
194006 1: IA 800v Mm Axial Plastic
194007 :1

14
IA 1000v Min Axial Plastic

195401 3A 100v Axial Plastic195404
;17 3A 400v Axial Ptastic

195408 .24 3A 1000v Axial Plastic
0A202 .05 80m4 150v Planar Glass
191148 .03 75mA 75v High Speed min glass

400 A 350
BY206 .23 Fast Recovery Axial Plastic
BYX71 / 600 .59 6A ( 1 ay.) 600v Radial Plastic
0490 .07 Germanium 20v 24mA Glass
0491 ..011 Germanium 100v 2OrnA Glass
0447 .11 Goldbonded 30v 48m4 Glass

'STAR BARGAINS (Valid undl
30th April only)
7400 10 for £1.00
709 Op. Amp 14 OIL 4 for E1.00
TIL209 Red LED 8 for C1.00
I 00assortedHiStab 1%ResistorsE1.00
Assortment of 'A & 1/2 Watt Carbon Film resistors (preformed)
Approx. 400 pieces for £1.00 only
NOTE Please add 25p postage if your
total order is under (5 00

COMPLETE KIT OF FARTS FOR ETI BENCH POWER
SUPPLY STILL AVAILABLE

£12.60 Less Meter £16.60 With Meter
Post and Packing 80p

TIMERS
NE555V .66 CP. Timer 8 DIL
NE556 E1.08 Dual 555 Timer 14 DIL

BRIDGE RECTIFIERS
PM 7A2 £2.20 150v 9A Metal mounted
PM7A6 E3.15 500v 9A Metal mounted
PM7420 E3.00 150v 16A Metal mounted
PM7460 E4.30 500v 16 A Metal Mounted
W005 .28 50v IA Mm. moulded
WO6 .33 600v 1A Min moulded
WOB .45 800v 1A Min moulded
VM48 .60 400v 0 9A DIL pack
40805T £6.43 40A 50v Epoxy ported

TRIACS/ DIACS
T 2700D
T2BOOD
T2800M
T47000
D40

E1.30 6A 400v 1366 case Inn
£1.15 8A 400v T0220 case Tnac
£1.75 8A 600v TO220 case Triac
E2.17 15A 400v TO66 case Tear

.27 Diacs/glass axial

REGULATORS._
CA723 .73 Adjustable Volt. Reg 14 DM
7805UC E1.1110 +5v I Arno Fixed V Reg TO -220
7812UC 11.60 +12v 1 Amp Fixed V Reg TO -220
7815UC £1.60 +15v 1 Amp Fixed V Reg. TO -220
7824UC £1.60 +24v 1 Amp Fixed V Rag. TO -220
791 5UC C1.55 -15v 500mA Fixed V Reg. T0.220
LM309K E1.95 5v 1.2A Fixed Volt TO -3
1.00511 C1.411 5v 600mA Fixed Volt. TO -3
L036T1 C1.49 12v 600mA Fixed Volt. TO -3
L03771 C1.49 15v 600mA Fixed Volt. 10-3
78MGT2C

£1.45 Linear 8 DIL Variable Pos V. Reg.
79MGT2C

E1.45 Linear 8DIL Variable Neg. V Reg.

OPTO DEVICES

ORP12 .50

FCD806 11.20
TIL143 £2.00
T1L32 .92
TIL78 .49
2N5777 .95
FPT100 C1.00
TIL209 .16
TIL211 .25
CQY26A .25
CQY28A .25
BPX29 £1.13
XAN364 E1.25
X49354 £1.57
XAN384 E2.03
XAN664 E1.59
OCP 71 .90

Carboni Sulphide Light dependent resistor
Glass button case
1500v do Opto Isolator
Infra Red source + sensor in slotted moulding
Infra Red Diode 3 2rnm Epoxy case
Infra Red Photran 3 2inrn Epoxy case
Photodarlington Clear Epoxy 1092
High sense Photran Round lens
3 2mm Red LED clear
3 2mm Green LED clear
5mm Red LED Diff
5mm Green LED Diff
To18 Phototransistor
3" Red LED Display Com Cash Left DP GA. Sp.
3" Green LED Display Corn Cath Left DP. GA. Sp
3" Yellow LED Display Com Cath Left DP. GA. Sp.
V Red LED Display Com Cath Left FP. GAP
Glass case Phototransistor-Germanium

MM5314 E4.30 Clock Chip 7 Seq Output
TBABIOS £1.14 7 Watt Audio Amp
Z9414 C1.40 Radio Chip
TDA2020 £3.35 20 Watt Audio Chip
TDA2640 E3.110 Switching mode PSU Chip
LM3909 .95 LED Flasher
U913900 .65 Quad Op Amp
LM 114 / H Dual 11/ F Transistor
L121 C2.70 Zero Voltage Switch
LM301AN .45 GP Op. Amp
LM308N £1.02 Precision Op. Amp

THYRISTORS /SCRS
BTX30 /400 .57 400v 14 TO5 case
CRI/051C .80 50v 14 TO5 case
CR1 /40IC C1.00 400v to T05 case,
C106 .110 400v 2 54 T02.

case
BT106 C1.39 700v to TV

Replacement
400v 6 4A Stud

CRIUM05.1Y £4.60 500v 12A Stud
IFITY79 /400R £2.46

All prices include VAT
Orders under £5 add 25p postege &
packing surcharge
Many more bargains in our FABZASTIC
NEW CAT send now
Our new Modern Retail Shop is open
6 days per week 9-5.30, many special
bargains on sale only in the shop.,
Retail sales calls 0277 219435
Trade/Distribution Dept. 0277 226470

Telex 995393
All correspondence to
ARROW ELECTRONICS LTD.
LEASER HOUSE. COPFOLD ROAD
BRENTWOOD. ESSEX.

Please send me by return 1st Class post
your "CAT" No. 9 - I enclose 40p
Name:

Address:

Please PRINT clearly
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SPECIAL PUBLIC.
IX, META
IN fiRUDER ALARM STAGE MIXE
REACTION TESTER DUAL DICE
HEART RATE MONITOR S.T.D(

Top pROJECTS
TIMER LOGIC T

oo

al iSoFF ACTS

FFIOM

SUPPL

TIMER POWER METER
MITER FLASH TRIGGER

STEREO HEADPHONE
BREAKDOWN BEACON
VOLT METER DISCO
TEMPERATURE METER
NTROLLER TOUCH

JUST
PUBLISHED

ETI
TOP PROJECTS

No. 5
ON SALE NOW AT YOUR NEWSAGENTS

OR DIRECT FROM ETI

1.00
+ 20p P & P

TWENTY-TWO COMPLETE PROJECTS INCLUDING:

* FIVE WATT STEREO

AMP

* STAGE MIXER

* DISCO MIXER

* TOUCH ORGAN

* AUDIO LIMITER

* INFRA-RED INTRUDER
ALARM

* MODEL TRAIN
CONTROLLER

* REACTION TESTER

* HEADPHONE RADIO

* STD TIMER

* DOUBLE DICE

* G.P. POWER SUPPLY

* LOGIC TESTER

* POWER METER

* DIGITAL VOLTMETER

* UNIVERSAL TIMER

* BREAKDOWN BEACON

* 1-2 HOUR TIMER

* HEART RATE MONITOR

* IB METAL LOCATOR

* TEMPERATURE METER
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MONS FROM ETI
e Etronics
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TOP PROJECTS

No. 1 + No. 2
A massive 180 page book containing all the
projects originally described in our first two
Top Projects Books - originally published in
October 1974 and June 1975 which are
now out of print.

Projects include, Master Mixer, 100W
Guitar Amp, Low Power Laser, Printimer.
Transistor Tester, Mixer Preamp, Logic
Probe, Simple Amp, Ni-Cad Battery Charger,
Loudhailer, 'Scope Calibrator, Electronic
Ignition, Automatic Car Theft Alarm, Turn
Indicator Canceller, Brake Light Warning.
LM380 Circuits. remperature Alarm, Aerial
Matcher, UHF TV Preamp, Metal Locator,
Four Input Mixer, Super Stereo. IC Power
Supply, Rumble Filter, IC Tester, Ignition
Timing Light, 50W Stereo Amp PLUS MANY
MORE

£2.50 + 20p P&P

TOP PROJECTS No. 3
Originally published in March 1976 Top
Projects No 3 contains 27 constructional
projects including Graphic Equaliser.
International 25W Stereo Amp, Simple
Stereo. New Sound for your Guitar, Bass
Booster, Line Amplifier, Loudness Control.
Electronic Ignition. Tacho Timing Light, Car
Alarm, Dual -Beam Adaptor, AF Meter.
Impedance Meter. Digital Display. Digital
Voltmeter. TTL Supertester, Fluorescent
Light Dimmer. Radar Intruder Alarm, Light
Dimmer, FM Tuner. Colour Organ, Drill
Speed Controller plus many more

E1.00+20p P&P

TOP PROJECTS No. 4
Available at your newsagents or from ETI
direct. Published October 1976 This
includes Sweet -Sixteen Stereo Amp.
Waa-Waa, Audio Level Meter. Expander -
Compressor Car Anti -Theft Alarm, Head-
light Reminder. Dual -Tracking Power
Supply. Audio Millivoloneter, Thermocou-
ple Meter. Intruder Alarm. Touch Switch.
Push -Button Dimmer. Exposure Meter.
Photo Timer, Electronic Dice High Power
Beacon Temperature Controller Electronic
One -Armed Bandit plus many more

E1.00+20p P&P

ETI CIRCUITS No. 1
Contains nearly 250 circuits, largely taken
from the best of our Tech -Tips. Great care
has been taken to index each circuit for
rapid selection. An additional section at the
back gives plenty of reference data
including transistor specs and equivalents.

Sales of this publication have been
excellent -- hardly surprising when the
circuits cost less than 1 p each,

1.50 + 20p P&P
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TRANSDUCERS IN
MEASUREMENT
AND CONTROL

o. PETER M

HOW

TO

ORDER

ELECTRONICS - IT'S EASY
Our unbelievably successful series. shortly
drawing to a close, is available complete in
three parts - logically known as Volumes
1, 2 and 3.

Volumes 2 and 3 are available now (No.
3 completes the series and includes those
parts still to be carried in the magazine) but
Volume 1 sold out of its original print run
and is currently being reprinted. Orders can
be accepted now for immediate despatch
upon delivery to us.

£1.20 + 20p P&P

STOP PRESS:
Volume 1 now available.

TRANSDUCERS IN

MEASUREMENT AND

CONTROL
This book is rather an unusual reprint from
the pages of ETI. The series appeared a
couple of years ago in the magazine, and was
so highly thought of by the University of New
England that they have re -published the
series splendidly for use as a standard
textbook. Written by Peter Sydenham. M E..
Ph.D., M Inst.M C , F I f.C.A., this publica-
tion covers practically every type of
transducer and deals with equipment and
techniques not covered in any other book.
Enquiries from educational authorities,
universities and colleges for bulk supply of
this publication are welcomed. These should
be addressed to H W Moorshead, Editor

£2.55+20p P&P

ETI 4600 SYNTHESISER
A complete reprint of our superb synthesiser
design, published with Maplin Electronics.
(who also supply the parts). This reprint will
also be of interest to those not specifically
wanting to build the unit as the circuitry is
highly original and is in fact patented by
ETII

£1.50+20p P&P

HOW TO ORDER
ETI Circuits No 1 and Top Projects No 5
are available at newsagents or direct from
ETI. Others are available only direct from
ETI.

Postage and packing is 20p for the first,
1 5p for each subsequent issue ,Overseas
25p and 20p respectively). Send remittance
,in Sterling only) to,

ETI Specials,
ETI Magazine,
25-27 Oxford Street,
London W1R 1RF.
Please mark the back of your

cheque or PO with your name and
address.
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it's easy!

Oscilloscopes
OF THE MANY INSTRUMENTS
required to service, test and maintain
electronic systems, the cathode-ray
oscilloscope must be the most versatile
and useful. Other names are derivatives
from the full name - the C.R.O., CRO
(pronounced crow), oscilloscope and
scope. Early works also refer to it as
an oscillograph.

THE CATHODE RAY TUBE
The first cathode-ray tubes were

experimental, designed to investigate
the nature of beams of particles
produced in thermionic-diode arrange-
ments operating at extremely -high
voltages.

Figure 1 shows the three stages in
developing the basic cathode ray tube.
Fig. 1(a) is a thermionic diode - a
valve diode. The cathode, heated by
the current passing through it, emits
electrons into the space around it.
These, being negatively charged, are
attracted to the positive anode.

The greater the voltage between the
cathode and anode the greater the
velocity of the electrons. If a hole is
made in the anode, as in Fig. 1 b, many
of the electrons will pass through,
forming a diverging beam on the other
side of the hole. When a phosphor
powder is placed on the inside of the
tube the electrons reaching it cause it
to glow as they give up their kinetic
energy. The powder re -emits this
energy as photons of visible light.
Early researchers' tubes did little more
than this. The nature of cathode rays
was studied in the early 1900s by such
famous names as Goldstein, Braun,
Crookes, J. J. Thompson, Rontgen,
Coolidge and Dumont. Experiments
showed that the beam could be
deflected by a permanent magnet and
by electro-magnetic and electrostatic
fields. Prior to 1897 interest had been
in physical -science investigation - not
in the measurement of electronic
signals. Then in 1897 K.F. Braun

PART 40
produced the first basic measuring
device from the CR tube.

FURTHER DEVELOPMENTS
However the CRO to become a

useful, practical instrument more
development was needed. From
Fig. lb it can be seen that the beam of
an elementary device is badly defined
and floods over the entire area of the
phosphor. A tube or grid arrangement
placed between the cathode and anode
causes the beam to pass through the
anode more cleanly, because of the
negative repulsive effect of this tube
assembly. The whole assembly -
cathode, anode, grids and tube - is
called the electron gun. Its full design
is quite complex: Other elements are
used to make electron -lenses (akin to
optical lenses and light) to focus
control and an intensity control, the
former adjusts the spot shape and size
on the screen, the latter the current
flowing in the electron beam.

STREAM OF
-Ve CHARGE
ELECTRONS

HEATED
CATHODE

Fig. 1. The basic cathode ray tube developed
through stages to provide a gun aimed at
a screen.

(a) Thermionic diode in which the cathode
is self -heated to cause liberation of electrons
which move to the positive anode.

GLASS ENVELOPE

(b) A hole in the anode allows some
electrons to pass through to the phospho-
rescent screen.

FOCUSING
TUBE
ARRANGEMENT

(c1 A tube arrangement or grid is added
to form a more concentrated and smaller
size beam.

Phosphor
European/

Fluorescence Phosphorescence Persistence Burn
resistance

Relative
luminance

Comments

U.S. code

GP/P2 Bluish -green Green 10 ps-1 ms Medium high 55% Medium speed oscillography
GM/P7 Purplish -blue Yellowish -green 100 ms -1 s Medium 35% Low speed oscillography.
BE/P11 Blue Blue 10 ps-1 ms Medium 15% Best photographic writing speed.
GH/P31 Green Green 10 ps-1 ms High 100% General purpose oscillography.

Brightest available phosphor.
GR/P39 Green Green 5-100 ms High 50% Sampling oscillography.

Fig. 2. Chart showing characteristics of oscilloscope screen phosphors.
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The choice of phosphor on the

screen determines the persistence (the
length of time the spot glows after
removal of the beam) of the display.
The storage effect of various
phosphors enables CROs to be made
so that beam energy can be dispersed
as light over time durations varying
from microseconds to milliseconds.
Fig. 2 is a guide to the selection of a
phosphor. Manufacturers often offer a
choice of screen persistence values to
suit various applications. Fast moving
spots, where the spot is likely to
reappear on the same point in a short
time, require short persistence. Long -
persistence screens are suitable for
slowly changing signals. (See the
discussion of storage methods in the
next part.)

ELECTROSTATIC DEFLECTION
The next refinement provides a

method by which the beam can be
made to deflect under the control of
electrical signals. Fig. 3 shows how this
is done for one axis, using the electro-
static method. A voltage difference of
zero between the deflection plates
allows the beam to pass along the tube
axis undeflected. Any voltage
differential will cause the beam to be
deflected towards the more positive
plate. Thus we have a way to cause the
beam to move in the vertical direction
(called Y-axis or Y plates). A further
two plates set ar right angles to these
(the X plates) will cause the beam to
deflect in the horizontal plane when a
voltage is similarly applied to them.
Beam -intensity control by electrical
means is defined as the Z control.

Electrostatic deflection is the
easiest to deploy for voltage measure-
ments because deflection is pro-
portional to applied voltage. Small
cathode ray tubes usually use electro-
static deflection. Large tubes, such as
those used in television systems or
large -screen teaching oscilloscopes,
usually use magnetic deflection
because electrostatic deflection would
require very high deflection voltages.
These do not have deflection plates set
inside the tube, but make use of
magnetic fields created by electro-
magnet coils placed around the neck
of the tube. The deflection in this case
is approximately proportional to the
current in the coils.

Cathode ray tube design (for CROs
and TV) has remained reasonably
static since the late 1930s, the only
obvious differences being in the
linearity of beam sweeps and the
shortness of tubes for a given screen
size in television applications. Figure 4
is a modern oscilloscope with the
cover removed to show the tube. From

CATHODE
FILAMENT

GRID

V AXIS
DEFLECTOR
PLATES

ANODE

the instrument viewpoint the differ-
ences have been improvements in
frequency response, spot control,
linearity of sweep and a wider choice
of phosphors. In addition the develop-
ment of tubes with more than one gun
and deflection system (some &lel-
beam oscilloscopes, but not all, use
separate beams for each channel) and
storage tubes which enable the
effective persistence to be varied at
will have greatly improved the versa-
tility of today's instruments.

TURNING THE TUBE INTO A
MEASURING INSTRUMENT

In the Majority of cases the CR
tube is used to produce a graphical
display with the amplitude of a signal
being expressed in the vertical (Y)
direction and its variation with time
being along the horizontal (X)
direction.

SCREEN

Fig. 3. The electron beam can be
deflected by voltages applied to
deflection plates.

Time -base: If the X plates are driven
by a signal voltage that increases pro-
portionally with time the electron
beam will be deflected across the tube
at a steady speed. When the signal
returns to its original value the spot
returns to begin the next sweep. The
waveform required to produce such
linear deflections is a sawtooth.
(During return the beam is normally
blanked out.) This provides a sweep
function. The period of the sawtooth
determines the time taken to cross the
screen; this is expressed in the units of
time per division (screens are divided
into a grid of centimetre squares by
means of plastic graticule or by
engraving the inner face of the tube).
A selector switch in the time -base
section of the panel enables the sweep
rate to be chosen to suit the period of
the signal being examined. Basic units
will have time bases which range from
0.5µs to 0.1 seconds per centimetre;
sophisticated units can go as slow as

Figure 4. The insides of a modern oscilloscope - the Trio CS -1562. The cathode ray tube and
its cover have been removed. Note the tube is much longer than the tubes used in TV sets
(when you consider the small screen area). The cover screens the electron beam from the
influences of stray magnetic and electric fields.
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Fig.5. Controls of a basic
time -base unit include those
shown on this plug-in.
Terminology is generally
the same for all makers
but layout and controls
will vary.

Fig.6. Single -trace amplifier
unit. These can be used for
both vertical and horizontal
amplification.
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10 seconds per division to as fast as
1ns per division. (Special "sampling"
plug -ins can provide 10 ps/division.)

The time -base sawtooth generator is
an integral part of all CRO measuring
instruments. The accuracy of the rates
are determined by circuit components
- more expensive units can provide
more -accurate information. A further
control in the time -base section (See
Fig.5) allows the switch -selected

sweep rate to be varied continuously.
This is usually referred to as a vernier
control. When making time measure-
ments, such as waveform period, it is
important to set the vernier control to
the calibrated position.

To obtain a static display (where
each cycle of a periodic signal overlays
the previous one) the time -base must
be synchronized with some point of
the input signal. That is, the time -base
is caused to begin its sweep across at
the same point on the waveform being
viewed. The circuit which does this is
called the triggering circuit. Triggering
can be taken from either an internal or
an external source. When switched to
'internal' it is possible to vary the
voltage level of the signal operating the
trigger. Thus the sweep may be
adjusted to commence at a chosen
point on the waveshape. An 'auto'
control position provides automatic
selection of the voltage level for most
reliable triggering.
Time Base Amplifier: The voltage
required to deflect the beam over the
full X (or Y) traverse is of the order of
hundreds of volts. The time -base
generator therefore requires an 'X'
voltage amplifier between it and the
plates.

In certain applications the X plates
are used with signals in the same way
as Y plates - that is without a time -
base signal. In such cases considerable
amplification may be needed. More
versatile CROs offer plug-in facilities
for the X input to give the user a wide
choice of functions from the one unit.
Simple units however, have the 'X'
amplifier wired in permanently.

Vertical Inputs: At the same time as
the time -base circuits sweep the line
across the screen the 'Y' -plates are
driven with a voltage proportional to
the amplitude of the signal of interest.
This causes the beam to be deflected
in the vertical direction whilst it is

swept across the screen. The result is
the graphical display of signal
amplitude versus time.

Again an amplifier is needed to
increase the signal level so that a useful
vertical deflection results. Such an
amplifier must be able to amplify the
incoming signal without distortion to
provide vertical sensitivities up to
10 mV/centimetre (typically the most
sensitive range of educational units),
or maybe as high as 10 µV per
division (in sensitive oscilloscopes).
The insensitive end of the range will
usually be around 50 V/cm but special
units (for electrical supply authority
use) provide for much higher levels.
(Attenuator probes also enable high
voltage signals to be investigated.)

The application needed from Y -
amplifiers can, therefore, rise to
100 000 on the most sensitive range.
In addition it is important that the
gain be constant over the bandwidth
of the signals being monitored.

Basic units provide amplifier
response flat from dc to a megahertz
or more. (Bandwidths are defined
between points 3 dB down from
maximum.) Magnetic -deflection
display monitors will only reach
20 kHz whereas sophisticated high -
quality instruments have bandwidths
rising to 350 MHz. Sampling plug -ins
provide bandwidths equivalent to dc
to 1 GHz.

Vertical amplifier controls are
usually grouped together on the front
panel, as are time -base controls. Figure
6 shows the panel layout of a 50 MHz
bandwidth amplifier. From this it may
be seen that the vertical sensitivity is
selected by a switch and that the y
amplifier has a 'vernier' sensitivity
control which must be at the
'calibrate' position when measure-
ments of signal amplitude are being
made.

The position of the trace on the
screen depends upon the standing
voltage applied to the plates. On both
Y and X axes extra controls enable ver-
tical and horizontal shift of the trace
position by adjustment of the bias app-
lied. When using the CRO to probe cir-
cuits involving ac signals combined with
standing dc levels - as is the case in ac
amplifiers for example - the dc level
on the Y signal causes the trace of the
ac signal to be displaced vertically and,
perhaps, to go right off the viewing
area. This difficulty is overcome if you
couple the circuit signal to the Y -
amplifier via a capacitor. The ac signal
then centres itself on the screen at the
position chosen by setting the vertical
shift control. This method is
acceptable provided frequencies below

66 ELECTRONICS TODAY INTERNATIONAL - JUNE 1977



ELECTRONICS
the cut-off of the RC filter produced
are not wanted. Measurement of very -
low frequency to dc signals must be dc
coupled on the ac/dc selector switch
provided. A further switch position
enables the input to the plates to be
brought to its dc zero position. This
helps the operator to establish where
this level is on the screen
Signal Input Connections:
Oscilloscopes for use with frequencies
below about 1 MHz can make use of sep-
arate plug-in/screw-down banana -plug
terminals. More usually, however, the
input to the Y amplifier, and perhaps
to the external trigger, will use
standard BNC connections. These are
designed for use with coaxial cable and
coax should be used for all except the
shortest end connections to the
circuit. The input impedance
characteristics are usually quoted -
1 megohm with 20-100 pF shunting
capacitance being typical values. In
some applications the CR0 must be
matched to reduce reflections - in
such cases the input might be 50 SZ or
600 SI For fast rise -time studies it is
necessary to ensure that the capacitive
value presented does not reduce the
overall bandwidth by shunting the
device to which the CRO is connected.

needing high input
impedance and small capacitance,
special probes are used. These are
described later.

Calibration of the Time Base and
Y -Amplifier: The value of electronic
components may drift with time,
altering the sweep rate and vertical
amplifier values from those indicated
by the selector switch. To enable the
operator to check these, more
advanced oscilloscopes incorporate a
special circuit that provides a fixed -
frequency, fixed -amplitude square
wave signal for calibration purposes. A
typical signal would be 1 volt peak -to -
peak. As it is derived from the mains
frequency (50 Hz or 20 ms period) its
time duration is also quite accurate.

MULTIPLE TRACE
OSCILLOSCOPES

Measurement situations involving'
oscilloscopes more often than not
require display of comparative
information between two points in a
system - the relative input and output
signals in an amplifier response test, or
the phase shift between two signals
across a filter stage. Single beam
oscilloscopes are very limited because
they cannot provide as much
information to the user as a unit that

it's easy!
can compare the waveforms at two
points simultaneously. Three distinct
alternatives are available to provide
dual beam operation:

Separate gun: These use two,
physically -separate, electron beams
and deflection systems that are
mounted inside the tube envelope. The
beams may be generated by splitting
the beam from a single gun. These are
generally referred to as dual -beam
units (dual -trace is a term reserved for
the next method described).

Each beam has its own Y -input
panel with a complete set of controls
as described earlier. Dual -beam units
drive both X -scans with a common set
set of deflection plates (as in Fig.7)
'aut some (rather rare) oscilloscopes
enable each time -base to scan at a
different rate.

In general, dual -beam units are less
common because of the higher
expense compared with the next
method.

Electronic switching - chopped mode:
The deflection response of an electron
beam is rapid enough to allow it to be
directed from one position to another
at a speed exceeding the scan rates used
with the signal being viewed. Fast
electronic switches are used to switch
the common single beam between two
(or three or four) Y -inputs. Figure 8
illustrates this. Appropriate blanking
(that is reduced Z intensity) is applied

when needed, when the beam is

chopping from one trace to the other.
If the chopping rate is chosen to be at
least 100 times faster than the highest
frequency to be viewed the two traces
appear as separate traces. Hence the
name "dual -trace" for this method. In
reality the traces are not continuous
but are made up of dash -spaces. A
hundred dashes across a screen
produces a virtually continuous trace
to the eye. The limit of usefulness is
reached when the inbuilt chopping
rate comes close to the upper
frequency being viewed thus
producing a dashed -line trace in which
the dashes are of length equal to
wanted signal features. At this point
information is lost.

As far as the user is concerned there
are still two groups of Y controls -
just the same as for a dual -beam
arrangement. The difference arises as
the position chosen on the selector
switch where a 'chop' mode must be

"selected.
Chopped operation ensures that the

time relationship between the two
signals is faithfully presented: phase
measurements are also accurate (that
is, providing the input amplifiers to
each are identical).

Chopped operation will also display
two simultaneous, non -recurrent
signals, such as transients induced at
various points when a complex
resonant system is excited by an
impulse. It is quite suitable for low -
frequency signals but less convenient
as the frequency rises.

YA 6
EXT 0-0
MAINS 0-O^YB

d
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Fig.7. Schematic of Philips 3232 dual beam oscilloscope. Common x plates provide scan for
both beams, separate y plates deflect the two distinctly separate electron beams that are derived
from a common gun. 0 
r'-/

ELECTRONIC

SWITCH  NI

Fig.8. Electronic -switching enables a single -beam and deflection system to provide dual -trace
operation.
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ELECTRONIC SWITCHING -
ALTERNATE MODE

Switching can also be employed on
a full alternate trace -by -trace basis.
The first trace is a scan of channel 1,
the next of channel 2 and so on. This
does not suffer from the dotted defect
with high -frequency viewing but it
suffers from another deficiency in that
the phase relationship between the
two signals may not necessarily be as
indicated on the screen.

The method is unusable for obser-
vation of "once -only" dual events
because the second transient signal
may have gone to zero by the end of
the trace of the first simultaneous
transient signal. The panel shown in
Fig. 11 is typical of dual trace units.
The selector switch enables choice of
alternate, chop, channel 1, channel 2,
and channel 1 plus channel 2 modes.

With two channel operation it is

necessary to decide which input will
synchronize the time -base scan. A
switch provides the choice of
appropriate internal triggering.
Although only channel 2, for example,
may_ be being viewed there are

circumstances where it is desirable to
trigger from the channel 1 signal.

The electronic -switching method
enables more than two traces to be
displayed- three and four -trace units
are available.

DIFFERENTIAL AMPLIFIERS
Generally the dual -trace oscillo-

scope is recognised by two sets of
input terminals. There is, however,
another two -input unit that is for
single trace operation. This is the
differential input amplifier unit; it is

normally provided as an optional plug-
in.

Two two inputs are amplified by
the high -gain differential arrangement
of a dc amplifier. These are used
when common -mode noise rejection is
needed and when the difference
between two fully floating inputs must
be studied.

FINDING THE TRACE
Even experts can experience

temporary difficulty when confronted
with an unfamiliar oscilloscope -
especially when it is complicated.
Naturally it takes training to get the
best from a unit. A basic difficulty is
often finding the trace! These steps
provide an efficient procedure that
should be learned. Begin with the
input to the Y -amplifier unconnected.

Fig.9 is the front view of a modern unit. It is given as an exercise. 1. Locate the controls
that are associated with the quality of the dot produced by the beam. 2. Does it provide
two trace display, and if so by what method? 3. Which is the time -base control area?
4. Where is a Y -amplifier vernier control to be found? 5. What are the input terminating
conditions?

1. Ensure that the power is on. The
on -off switch control is usually
built in with the intensity knob,
but not always.

2. Turn the intensity to 75%
clockwise.

3. Switch the time -base (horizontal)
to a medium speed - say 1ms/cm.
This ensures that the screen
displays a full line across the screen
rather than a point which occurs
when the scan speed is on the slow
ranges.

4. Switch to auto triggering. This may
be a marked position of the trigger
control or a separate switch. This
ensures that the trace is being
triggered.

5. Switch to internal triggering. This is
necessary for (4) above. Relying on
an external signal to trigger the scan
is unreliable - it may not be of
adequate magnitude.

6. With this done slowly vary the
vertical position control about its
mid range point widening out to get
the trace on screen.

7. The above may still not produce the
trace. If not put the vertical position
in its middle point and the gain at
an insensitive value,and begin a scan
of the x -position control. This
should be somewhere mid range.
Too much x -shift can cause the
trace to slide off screen.
Complicated oscilloscopes will

invariably incorporate a variety of
controls that may also need adjust-
ment to find the trace. Space prevents
a full guide to spot finding. Fortun-
ately the more expensive units often
provide a spot -finder button. Press it
and the spot appears on screen
enabling the controls to be adjusted
accordingly to bring it back from the
direction it flies too when the button
is released.

When the trace is located in mid
screen the intensity and focus are then
adjusted by switching the scan to the
slowest rate to produce a spot. These
should be adjusted to produce a small
round spot without halo: stationary
spots on screens should be avoided as
this shortens the life of the phosphor
at that point.

The next part will continue the
discussion on oscilloscopes providing
understanding of storage kinds, the
delay sweep mode, probes and special
plug -ins.
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CA3048 4 Lo Noose Amp. 'n DIL 250p
CA305-1- 1.1.11-..--... F''''' MR
CA3080 Op. Transcond. Amp 97p
CA3089E FM IF System 16 pin DIL 250p
CA3090AQ FM Stereo Decoder OIL 600p
ICL8038CC VCO Fun. Gen. 16 pin OIL 370p
LM38ON 2W Audio Amp. 14 pin OIL 115p
LM381 N fir Stereo Pm Amp. 14 pm DIL -190p
LM389N Aud Amp.4-3 Trs Array 18 pin OIL 175p
M252 Rhythm Generator 16 pin DIL 11150p

MC1310P...-,E14.19mazocksx------141-pia.91*--190p
MC1351 P Lim/Oet, And. Pre amp. 14 pin OIL 104p
MC3340P Electronic Attenuator 8 pin OIL
MFC4000B 'AN Audio Amp. PCB

NE540L Aud. Pwr Drover T05
NE555V Timer 8 pin OIL
NE556 Dual 555 14 pm OIL
NE561 B PLL with AM Demod. 16 pm OIL
NE562B PLL with VCO
NE565 PLL
NE566V PLL Fun. Gen

180p
90p

175p
40p
96p

425p
16 pm OIL 425p
14 pm OIL 200p
8 pin OIL 200p

NE567V PLL Tone Decoder 8 pin DIL 200p
2567 Dual 567 16 pin DIL 4009
SG3402N Ring Modulator 14 pm OIL 275o
SN72710} 11:51f ComP4,410F\-/- ''1.4.-1311111
SN72733 Video Amp 14 pin DIL 150p
S9760039 And. Pwr. Amp. with 1-15 16 pm OIL 275p
SN76008 lOW Amp. in 4 ohms 5 pin Plastic 280p
SN76013N And. Pwr Amp. with HS 16 pin DIL 175p
SN76023N Aud. Pwr. Amp. with HS 16 pin DIL 175p
SN76033N Aud. Pwr. Amp. with HS 16 pin DIL 275p
TAA6214 Aud. Amp. for TV QIL 270p
TAA661El ....EBLAPY616rM000Domm.-49*^11509
TBA641B Audio Arnp. QIL 300p
184800 5W Audio Amp. QIL 100p
TBA810 7W Audio Amp. QIL 125p
184820 2W Audio Amp OIL 100p
TDA2020 20W Audio Amp. QIL 375p
XR2240 Prog. Timer/Counter 16 pin OIL 400p
ZN414 TRF Radio Receiver T018 140p

10-92
78L05
78L08
78L12
781.15
79L05
79L08
79C12
79L15

LOW PROFILE DIL SKIS BY TEXAS _

8 pin 12p 16 pin 14p 28 pin 60p
14 pin 13p 24 pin 54p 40 pin 75p

V.R.
60p
60p
60p
60p
80p
80p
809
80p

OPTO-ELECTRONICS
PHOTO -TRANSISTORS
OCP70
OCP71 120p
295777 50p
LDR1
ORP12
ORP60
ORP61

SEVEN SEGMENT DISPLAYS I
3015E 2000
DL704 160p

70p

1100 Red

DRIVERS:
75491
75492 049
CEDS
TIL209 R 14p
TIL211 Green
TIL32 Infrared Sip

16p
Green 20p
Yellow 36o

TRANSISTORS
AC125 20p
AC126 20p
AC127 20,
AC128 18p
AC176 201.
AC187 20p
ACI87K 25p
AC188 20p
AC188K 26p
AD149 70p
AD161 46p
AD162 46p
AFI15 22p
AF116 22p
AFII7 22p
AFI39 43p
AF239 48p
8C107/13 10p
B C108/8 10p
8C109/C 11p
8C147 Sp
BCI48 fp
80149 10p
BCI57 11p
BCI58 13p
BC159 13p
BC169C 16p
BCI71 12p
BCI72 12p
8C173 13p
8C177 20p
B 178 17
BC179 20p
BC182 12p
BC183 12p
BC184 14p
BC187 32p
8C213BC213

X12
: 14p

BC478 32p
60547 12p
BC557 120
BCY70 22p
sq971 24p
518124 140p
BD131 110p

BD132 63p
BD135 54p
B0136 65p
80139 64p
80140 110p

80156 226p
BF115 24p

16

3 27p
6F178 30p

8F194 13p
80195 lip
80196 17p
80197 19p
86200 40e
86257 34p
BF258 39p
BFR39 34p
EIFF140 34p
BFR41 349
8FR79 34p
BFR80 34p
BFR88 37p
8FX30 36p
8FX84 30p
BFX85 30p
BFX86 30p
BFX87 30p
BFX88 30p

18p
BFY51 16p
BFY52 18p
BRY39 45p
BSX19 20p
BSX20 20p
BU105 175p
BU108 312p
MJE340 70p
MJ2955 130p
MJE2955 130p
MJE3055 80p
MPS406 op
M PS412 62p
MPSA56 40p
MPSUO5 72p
MPSUO6 78p
MPSU55 90p
MPSU56 98p
0C28 90P
0C35 90p
0071 25p
TIP29A 50p
TIP29C 62p
TIP304 60p
TIP30C 72p
TIP314 56p
TIP31C 68p
110324 63p
TIP32C 85p
TIP334 97p
TIP33C 120p
TIP344 124p
TIP34C 1609
TIP35A 243p
TIP 50 290p

A 29
36C 360p

TIP IA 70p

TIP41C 81p
TIP42A 76p
TIP42C 88p
TIP2955 85p
TIP3055 70p
TIS93 30p
ZTX108 llp
2X300 16p
ZTX500 19p
ZTX504 60p
29697 25p
29698 45p
29706 22p
29708 22p
29918 43p
29930 19p
2N 1 131 20p
2N1132 20p
291304 70p
281305 70p
291306 70p
2N 1 613 27p
29I71 1 27p
291893 32p
292219 25p
2N2222 25p
292369 15p
292484 32p
292904/4 25p
292905/425p
292906 25p
21112026R6 9p
292926001 Ip
2N3053 20p
2N3054 85p
293055 65p
2N3442 151p
2N3702 14p
293703 14p
293704 14p
2N3705 14p
2N3706 149
293708 14p
293709 14p
293707 14p
293773 270p

2N3904
293905
2N3906
294058
294060
294123
294124
294125
94126

01
2944

alp
22p
25p
22p
I9p
19p
22p
22p
22p
22p
34p
34p

2N4427 97p
295089 34p
295296 65p
2N5401 62p
296107 70p
296247 178p

ICamp. to
293055)

296254 140p
296292 70p
40360 43p
40361 43p
40362 45p
40410 75p
40409 75p
40411 325p
40594 90p
40595 97p
FETs
86244
MPF102
MPF103
MPF104
MPFI05
293819
293820
293823
2N5457
295458
295459
39128
39140
39141
40603
40673

UJTS
TIS43
292160
292646
294871

FUJI
2N6027

DIODES
SIGNAL
0A47
0A81
0485
0490
0491
0495
0A200
04202
19914
19916

4148

36p
40p
40p
40p
40p
27p
50p
54p
40p
40p
40p
95p
95p
95p
63p
70p

40p
95p
48p
65p

60p

lop
15p
15p

9p
Sp
Sp
Sp

109
4p

1 1 p

4P

RECTIFIER
BY100 31p
81126 12p

12p51127
194001
194002
194004
194005
194007
195401
195404
195407

Sp
SpS

7p
7p
Sp

1 lop

20P
26p

ZENER
2.7 to 33V
400mW lip
1W 22p

NOISE
Z5J 140p

DIAC
BRIO° 30p

BRIDGE
RECTIFIERS
to 50V 25p
1A 100V 27p
1A 400V 31p
1A 600V 37p
2A 50V 37p
2A 100V 44p
2A 400V 58p
3A 200V 70p
3A 600V 75p
4A 100V 1149
4A 400V SOp
6A 50V 90p
6A 100V 96p
6A 200V 108p
6A 400V 120p

TRIALS
Plow&
Amp Volts
3 400 85p
6 400 107p
6 500 120p

10 400 140p
10 500 160p
15 400 200p
15 500 225p
40430 130p
40669 130p

MEMORY
1702A EPROM
2102-2 RAM
2104-4 RAM
2107 RAM
2112-2 RAM
2513 ROM
745262 ROM

E12.00
E2.70

E11.00
E8.80
E4.70
E8.50

E18.00

SCR THYRI
lA 50V TO5
14 100V 105
14 400V 105
3A 400V STUD

12A 400V Plasm
16A 400V Plastic
16A 600V Plastic

BT108 1A 700V STUD
C1060 4A 400V Plastic
NICR101 1/2A 15V 1092
293525 5A 400V 1066
2N4444 84 600V Pilot.
295060 0.84 30V 1092
295082 0.8A 100V 1092
2745064 0.8A 200V 1092

43p
45p
50p
81p

190p
220p
270p

130p
63p
27p

120p
200p

36p
40p
43p

DL707
DL747

160p
250p

VAT INCLUSIVE PRICES. dd 20p P&P no other extras
MAIL ORDER ONLY._ . COLLEG ORDERS WELCOME

CHNOMATIC LTD
01-204 433354 Sandhurst Road, London NW9 Tel.{ Telex 922800

....._ -- ,
FAIRCHILD

titli
Model

£14.35
WAKE UP
Precise Timekeeping.
Constant display
and Seconds.
to an hour

.indicator -Snooze/
and Alarm
Height 31/2".
Model C.6110
Model C 590

..--\ 1...-rStepping
1 1

Casio CO -1
A C Adaptor
NEW low
replacement
Choose from
SEND 10p
Prices include

TIMEBAND DIGITAL
ALARM CLOCK

,-----,...- ..--: ,i , , -C 500 .....
/4 r

.....9

inclusive

TO TIMEBAND - -
Can be synchronised to the exact second Alarm accuracy to the exact ',mute

of Hours. Minutes and Second dot. At the touch of a button - last minute Digit
Solid State reliability and Went running. Nine minute snooze feature, repeated for up

12 Hour Clock. 24 Hour Alarm. AM / PM indicator, Alarm On indicator. Mains Failure
Seconds button on top. Fast and Slow Set buttons, Alarm Time Display button

On/Off switch at rear Long life % inch L E.D display. Contemporary styling.
width 314". depth 3%" BLACK OR WHITE.

More sophisticated version of above E1640
With built-in elevating reading lamp E23.35

NEW
IBICO QUARTZ

/ b ANALOGUE WATCH
Latest Swisi technology
Four basic functions.

Motor (Don t settle for anything less)'
Electronic Second Corrector for precise synchronisation
High speed alteration of Time and Calendar.
Tritium night-time illumination
Mineral Glass face
Water resistant to three atmospheres 1100 feet,
Three year battery life. £34 50MODEL 700 ANALOGUE ONLY

Quartz clock, Alarm, Stopwatch, Calculator E29.95
E3.

cost Torneband LCD. Model 441 Round metal watch on strap. Battery hatch Free
battery E19.95
over 30 watches Solar Powered watches. Digital car clock

FOR OUR ILLUSTRATED CATALOGUE
VAT. PAP. Access. Barclaycard, C 0 D welcome. or Send cheque. P 0 to

Dept. E.T.I.
19/21 Fitzroy Strom,
Cambridge C111 lEH.TEilIPUS Telephone: 0223 312866

A MINIATURE
POWER TOOL

to speed your building
 Super 30 Kit (30 Tools)

(incl. drill without stand).
£17.62 plus P&P 85p

 Mk. II Drill Stand
£4.40 plus P&P 35p

 Mk. II Drill only
£8.79 plus P&P 35p

 Flexible Drive Shaft
£5.46 plus P&P 25p

 Transformer 240V
a.c./12V d.c..

£6 plus P&P 70p
 Variable Speed Trans-

former.
£8.25 plus P&P 70p

Replacement drills, stones, burrs,
etc., 40p each. Circular saw blades
50 each, £2 per set of 4 sizes. P&P
any quantity 20p.

All VAT inclusive

PRECISION PETITE LTD.
119a High Street, Teddington, Middlesex TW11

8HG Tel. 01-977 0878 (24 -hour answering service)
9" x 4" S.A.E. please for leaflet and order form
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EIECTROIIICS
TOMORROW

by John Miller -Kirkpatrick

SOME YEARS AGO, in the early
days of TTL, the first character
generators were creeping onto the
market. By a character generator I

mean 7447 or 7448 type of device
deigned to output to filamentary
(pre -LED) seven segment displays.
Before this displays used the 'I and
n' selection system where a differ-
ent lamp or anode was energised for
each numeral or character to be
displayed, typical of this type was
the 'Nixie' tube display and the
7441 decoder.

The seven segment market was a
bit slow in starting due to the vast
differential in price between the
'Nixie' display and the seven
segment LED (which started life at
over £10 per digit). Eventually, the
LED grip tightened and the prices
started to tumble, helped enor-
mously by the calculator chip.

As the price of the seven
segment LED and of lamps'
dropped, so did the prices of other
forms of displays.

These came in a variety of
disguises with 8,14 and 16 seg-
ment displays and 5x7 matrixes as
LED manufacturers tried to come up
with a display which could show
most letters and special characters
as well as numerals. None of the
devices 'took off' very well due to
the high cost per digit of decoding
and driving 16 segment units. The
5x7 system was helped by the
introduction of reasonably low cost
ROM decoders which input as
ASCII or other code and output one
of seven sets of 5 logic signals. The
choice of which of the seven sets of
data per character was the job of an
external counter which also
addressed a 'row driver' on the LED.

This rather cumbersome system
at least had the advantage of having
multi -character multiplexing virtual-
ly inherent in its design so that the
multichip character generator could
drive several LEDs thus cutting the

cost per character. However, the
cost of each 5x7 LED matrix was
high and apparently difficult to
make due to problems of getting all
35 LED dots to work to the same
intensity.
TV or not TV

Designers looked elsewhere for
the low-cost alphanumeric output
device and came up with the CRT or
TV tube. These break down imme-
diately into two groups, the CRT
where the spot is controlled by the
logic and the TV where the spot
must follow a fixed pattern of
movements and the logic must
interpret these movements. CRT
display systems can usually be seen
associated with. computer graphics
displays where the computer uses
the CRT like an oscilloscope with a
storage facility or a regular refresh
or repeat of the drawing.

With this type of unit the
computer draws or writes each,
character or line as a complete unit
and then starts another and so on
until the whole pattern is complete
and then repeats the whole opera-
tion perhaps up to 20 times per
second.

The TV type of VDU relies on the
regular line. scanning circuitry
already installed in a normal TV set.
Most applications use the TV the
normal way up and scan horizontal-
ly, some systems use the TV on its
side and scan vertically; the basic
logic is similar for both systems but
we will continue with the more
usual horizontal scan.
Scanning for lines

A normal 625 line TV set
whether it be a complete set or
simply a monitor expects to receive
about 300 odd lines of picture
information 50 times per second
with the beginning of each set
marked by a frame syncronisation
signal, and the beginning of each
line marked by a line sync signal.

These signals must meet certain
specifications for the TV to lock into
them properly and thus to display
the required picture information
without loss of line or frame hold.
The picture information for each line
is basically a modulated signal
peaking at about 5-6MHZ and
denoting the intensity of the spot in

a B/W set or the intensity of each
gun in a colour set. This signal is
derived from a light sensor which
produces different voltage levels
according to the light falling on the
sensor. The signal could also come
from a logic source which indicated
that a logic 1 was to indicate a low
intensity spot (black) and a logic 0
was to indicate a high intensity spot
(white).

In this way a TV could be
persuaded to show a black and
white picture (no greys) if the dots
were arranged by the logic to occur
at certain points on the screen. The
most usual example of this type of
logic/TV combination can be seen
in the 'Ball & Paddle' TV games.

Imagine the TV dots arranged as
5x7 matrixes repeated all over the
screen, each character space would
have to be at least 6x8 dots to give
a gap between characters. With the
picture line data being about 50uS
in each 64uS line a time 5MHz dot
rate would yield about 250 dot
positions per line, at 6 horizontal
dots per character this would give a
maximum of about 40 characters (eg
TELETEXT output).

Similarly, there are about 250
usable TV lines per 20mS frame, at
8 lines per character row so we
could display about 30 rows of
characters. In practice, -at least 10
and more usually 16 lines are used
per character row to give a reason-
able vertical spacing. This results in
two standard row counts of 16 and
24 (TELETEXT) rows per frame.
The payoff

With more manufacturers (and
amateurs) turning towards TV as a
display system it was obviously not
going to be long before someone
put it all into a 16 pin IC - it's
called the DM8678/0 (from .Na-
tional).

The DM8678 is a 64 character
ROM, latches, PISO, counters and
ancilliary logic packaged into a 16
pin DIL. The data input is a six bit
binary code to select 1 of 64
characters from the ROM, and to
output that data as a serial signal
dependent on a line counter and a
dot frequency input. The input data
can be internally latched if required
to enable external devices to set up
the input for the next character. The
DM8678 can be supplied with
various character sets in 5x7 or 7x9
matrixes in upper or lower case
format. The DM8679 is a similar
chip but has the additional feature
of ignoring the first 4 TV lines thus
resulting in a 'below the line' facility
for lower case, g, j, p, q, z display if
required.
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Making an example
To illustrate the operation of the

DM8678 an example is given
tracing the sequence of events in
generating the letter 'N' on a 7x9
matrix. The required input data is
.latched from the input pins and
directed to a 1 of 64 decoder which
in turn addresses the ROM. The
ROM is organised as 64 words each
63 bits long, each word can be
further sub -divided as 9 set of seven
bits. The choice of 1 of 9 is
controlled by a TV line counter
which in our example is currently
accessing the first set of 7 bits. The
7 bits are loaded into the shift
register and the next low -to -high
transition of the input dot clock
would load the first of the seven bits
into the serial output stage; in our
example' this would be a logic 1.
The next low -to -high transition of
the dot clock would load the next bit
into the output stage and so on until
all 7 bits had been output for row 1,
in our example row 1 data is
1000001.

On the next transition of the TV
line count input the counter would
be advanced to the second set of 7
bits and these would be output in
the same way as the first, the other
rows would also be output in the
same way until all 9 rows had been
output. The 9 sets of data in our
example are -

1000001
1000001
1100001
1010001
1001001
1000101
1000011
Immo 1
1000001

(if you hold this page at a distance
the letter 'N' will be seen.
Rows of characters

In a typical application more than
one character per row is displayed.
This simply means that a character
per row counter will access a RAM
and retrieve a different set of input
data for each character per TV line.
Each TV line might access 32 RAM
locations for character data, all
other TV lines in that character row
would access exactly the same RAM
locations and each time a different
set of serial outputs could come
from the DM8678.

The DM8678 can be used in 16
or 24 rows per frame systems, and
with a maximum 20MHz dot rate
could generate over 100 characters
per row, . in practice 80 is a

reasonable maximum to look for. At
about £16 it compares favourably
with the multichip design on
groundsof packagesize and count..

LYNX ELECTRONICS (LONDON) LTD
92 Broad Street, Chesham, Bucks

Telephone (02405) 75154
P. & P. 30p per order - overseas 90p. Matching 20p per pair

VAT 8% EXCEPT FOR ITEM' WHICH ARE 121/2%.

PRICES CORRECT AT 31st MARCH 1977 ACCESS WELCOME

RETURN

POST

SERVICE

TMYRISTORS

PIV lA 3A 3A 4A IIA 8A 10A
11051 ,STUD) (C106) (T0220) (10220) (10220) (T0220)

200 0.35 0.50 0.45 0.40 0.58. 0.60 0.N
400 0.40 0.60 0.50 0.45 0.87 OAS 0.85
600 0.65 0.85 0.70 - 1.09 1.19 1.26

15/1
170481
1.14
1.40
1.80

iBT106 [1.00. 87107 E1.60, BT108 11.60, BT109 E1.00, BT116 £1.00. 253525 [0.50

CLOtK CHIPS
MM5314 3.25
MM5316 3.85
AAY-5-12244

3.2$
AAY.5.40070

9.95

TRIACS-Plmtic TO -220 Packaga Isolated Tab

4A 6.5A 8.5A 10A
(b) ai (b) ,a1 101

100V 0.60 0.60 0.70 0.70 0.78 0.78 0.83
200V 0.64 0.64 0.75 0.75 0.87 0.87 0.97
400V 0.77 0.78 0.80 0.83 0.97 1.01 1.13
600V 0.98 0.99 1.01 1.10 1.21 1.26 1.42

113)

0.83
1.01
1.19
1.50

15A
la) (6)

1.01 1.01
1.17 1.17
1.70 1.74
2.11 2.17

IC SOCKETS
8 pin 0.13
14 pin 0.14
16 pin 0.15
24 pin 0.45
40 pin 0.80

TTL7400 MEMORIES
LINEAR I.C.S

SERIES 2102A.6 3.60 301A 0.411*
7400 0.16 2112A-4 4.75 307 0.55*
7401 0.16 6508 7.95 380 0.90*
7402
7403

0.16
0.16

2102
2107

2.50
10.00 3938100

1.60*
0.70*

7404 0.15 2112 4.50 709 0.27
7405 0.18 2513 8.50 741 0.28
7408 0.18 2602 2.50 748 0.35
7409 0.15 NE555 0.45
7410 0.16 NE565 2.00*
7412 0.25 NE566 1.50*
7413 0.40 7491AN 0.65 NE567 2.00*
7414 0.72 7492 0.57 CA3045 0.85*
7417 0.43 7493 0.45 CA3046 0.90*
7420 0.16 7494 0.56 CA3130 0.79
7425 0.30 7495 0.67 MC1304P
7427 0.30 7496 0.82 08
7430 0.16 74100 1.07 MC1310e.....71.1/
7432 0.28 74107 0.36 C1351P 02
7437
7441AN

0.35
0.76

74121
74122

0.34
0.40

ru-Jrr
MC1353P 0.75

7442 0.65 74123 0.65 MC1458P 0.77
7445 0.90 74141 0.75 MC1496L 0.82*
7447AN 0.51 74145 0.85 744300 1.61
7448 0.81 74154 1.30 TAA3104 1.36
7470 0.32 74164 0.83 TAA550 0.45*
7472 0.26 74165 0.95 TAA611812 1.25*
7473 0.30 74174 1.40 TAA861 0.65
7474 0.32 74175 0.94 TBA530 1.85*
7475 0.47 74180 1.06 T8A530Q 1.90*
7476 0.36 74181 2.70 184560 2.80*
74813 0.55 74191 1.33 TBA570 ON
7442 0.76 74192 1.20 TCA27050 1.95*
7486 0.32 74193 1.35 SAS560 2.25
7489 2.02 74194 1.20 SAS570 2.25
7490AN 0.49 74196 1.64

TRANSISTORS

00

PRICE
LIST
20p

REGULATORS
72) 0.45
7805 1.50
7812 1.50
7815 1.50
7818 1.50
LM309K 0.95
LM340-5 1.35
LM340.12 1.35
LM340.15 1.35
LM340.18 1.35

OPTOELECTRONICS
Displays

704E 0.99
707E 0.99
727E 1.95
728E 1.95
747E 1.80
750E 1.50
L E D
2 Red 0.13
2 Green 0.20
.2 Clear 0.10
Tri_209 0.10

DIODES
BA145 0.14*
BA148 0.13*
84155 0.13
8A156 0.12
8A157 0.22
BA158 0.22
BA159 0.25
BY206 0.15
BY207 0.20*
BYX36
000 0.12
.600 0.15
-900 0.18
.1200 0.21

BYX38
-300 0.50
-600 0.55
.900 0.60
-1200 045

82X61
serves 0.26

BZX83
s= 0A1

series

:10*
0410 0.40
0485 :..414

0A90
0A91 0.08
04200 0.09

0.04*59)4

54002
N4001 0.04*

N4003 0.06*
N4004 0.07*
N4005 0.08*
N4006 0.09*
N4007 0.10*
N4148 044*

SPECIAL OFFER SECTION
003096 19103511 0.95
NPN TO -3 POSER
TRANSISTORS
Fully tested bet marked
&alio 10 193055incept
BICE0=50+
Hff = 29+ Id 11.
VII 061 .-- 1 3V at 3A

pcs E1.00 25 pcs
E4.00 50 pcs 17.50
100 pcs 813.00

MODULE
FCS8000 2.85

71L209 0.10
ITT BRANDED
TRANSISTORS
Medium Voltage High
Gain Type BSY65
Similar to

BC107/ 8/9
25 pcs E1.20100 pcs
E3.50
TO -3 HARDWARE
Mica, Washers.
Solder tag. Nuts.
Bolts. 50 sets for 65p

OCP71 £1.19
RECTIFIERS DO -4
PACKAGE

10A 50V 0.80
10A 100v 0.80
10A 200V 1.00
10A 400v 1.20

Please specify Polarity

Stud Cathode or Sttid

Anode Ideal for Power

Supplies. Inverters.
etc

AC126 0.15 BC184L 0.12* BF183
AC127 0.16 BC186 0.20*. SF184
AC128 0.16 BC187 0.24* BF185
AC128K 0.25 8C20713 0.12* BF194
AC141 0.22 8C212 0.11* BF196
AC141K 0.34 BC212L 0.12* 9E197
AC142 0.18 8C213 0.12* BF224J
AC142K 0.32 8C213L 0.14* BF244
AC176 0.16 BC214 0.140 BF257
AC176K 0.32 BC214L 0.15* BF336
AC187. 0.18 BC237 0.16* BF337
AC187K 0.36 BC238 0.16* 8F338
AC188 0.18 8C300 0.34 BFW30
AC188K 0.32 BC301 0.32 BFW59
AD149 0.45 BC302 0.40 BFW60
40161 0.35 BC303 0.46 8FX29
AD162 0.35 BCY30 0.55 BFX30
AF114 0.20 BCY31 0.55 BFXS4
AF115 0.20 BCY32 0.60 BFX85
AF116 0.20 BCY33 0.55 BFX86
AF117 0.20 BCY34 0.55 8FX87
AF118 0.50 BCY38 0.50 BFX88
AF124 0.25 BCY39 1.15 BFX89
AF125 0.25 BCY40 0.75 BFY11
AF126 0.25 BCY42 0.30 13P08
AF139 0.35 BCY54 1.60 BFY40
AF239 0.37 8CY70 0.12 BFY41
AL102 1.45 BCY7t 0.18 BFY50
AL103 1.30 BCY72 0.12 BFY51
AU107 3.30* 80115 0.55 BFY52
AU110 1.75* 80131 0.3,6 BFY53
AU113 1.60* Bb132 0.40 BFY64
BC107 0.09 80135 0.360 BFY90
BC1078 0.12 BD136 0.39* BSX19
BC108 0.12 80137 0.40* BSX20
BC1088 0.12 80138 0.48* 85821
8C109 0.12 80139 0.58* BSY52
BC1098 0.12 BD144 2.20 BSY53
8C109C 0.15 80157 0.60 BSY54
BC117 0.19* 80181 0.86 BSY55
BC119 0.25 80182 0.92 BSY65
BC125 0.18* BD183 0.97 BSY95A
BC126 0.20* BD184 1.20 BU105
BC140 0.32 80232 0.60 8U105/02
80141 0.28 130233 0.48 BU108
BC142 0.23 80237 0.55 8U109
BC143 0.23 BD238 0.60 8U126
BC147 0.09* 80410 0.60 BU133
BC148 0.09* BDX32 2.30 80204
BC149 0.09* 00110 1.50 BU205
BC157 0.09* 8DY11 2.00 8U206
BC158 0.09* BDY20 0.80 BU208
BC159 0.09* . BC1138 0.60 MJ480
BC160 0.32 FIDY60 1.70 MJ481
BC161 0.38 80161 1.65 MJ490
BK168 0.09* BDY62 1.15 MJ491
BC169 0.12* BDY95 2.14 MJE340
BC182169C 0.14* 00196 4.96 MJE520
BC 0.11* 80197 2.45 MJE521
BC182L 0.12* BF179 0.30 0C43
BC183 0.10* BF180 0.30 0C44
BC183L 0.10* BF181 0.30 0C45
BC184 0.11* 8F182 0.30 0C46

0.30
0.20
0.20
0.10*
0.12*
0.12*
0A11-*
0.17*
0.30
0.35*
0.32*
0.45*
1.25
0.30
0.36

.F.T3
0.25
0.25
0.20
0.20
0.90
1.10
0.50
0.50
0.60
0.20
0.18
0.19
0.25
0.35
0.90
0.16
OAS
0.20
026
0.39
0.33
0.74
0.30
016
1.110*

100*
3.00*
2.50*
1.60*
140*
1.60*
1.80*
2.40*
2.60*
040
145
000
1.15
0.40*
0.45
0.55
006
0.32
0.32
0.20

OC70
0071
0072
0084
0C139
0C140
0C170
TIP29A
TIPMA
TIP31A
TiP324
TIP41A
TIP42A
25404
25696
25697
25706
251131
2N1132
2N1302
2N1303
2N1304
2N1305
251306
251307
251308
251309
251711
2N2102
2N2217
252369
2523694
2N2483
2N2484
2N2646
2N2711
2N2712
2N29044
2N2905
2N29054
252906
2N2925
2N29260
2529268
2N2926Y
2N2926G
253053
2N3065
253137
253440
253442
253570
2N3702
253703
253704
253705
253706
253707
253708
253709
253710
253711
2N3715

0.30
0.35
0.22
0.40
1.30
1.30
0.23
0.44*
0.52*
0.54
0.64
0.68
0.72
0.40
0.20
0.20
0.15
0.15
0.16
0.40
0.40
0.45
0.45
0.50
0.60
0.60
0.60
0.24
0.44
0.30
0.14
0.14
0.20
0.16
0.60
0.20
0.16
0.20
0.18
0.22
0.18
0.14*
0.09*
0.10*
0.09*
0.10*
0.20
0.50
1.10
0.56
1.20
3.60
0.10*
0.10*
0.10*
0.10*
0.10*
0.10*
0.09*
0.09*
0.10*
0.10*
1.70

253716
253771
2N3772
253773
2N3819
2N4347
2N4348
254870
254871
2N4918
254919
2N4920
2N4922
254923

CMOS
PLASTIC

40008E
40018E
40028E
40068E
40078E
40088E
40098E
4010BE
40110E
40128E
40138E
40148E
40150E
40168E
4017BE
40188E
40190E
40208E
40218E
40228E
40238E
40248E
40258E
402688
40270E
40288E
40290E
40308E
40418E
404213E
40348E
40448E
40468E
40498E
40508E
40698E
40708E
4071BE
40728E
40818E
40828E
45108E
45118E
451613E
4518BE
45208E

1.50
1.60
1.90
2.10
0.28*
1.10
1.20
0.35*
0.35*
0.10*
0.70*
0.50* .
0.58*
0.46*

0.20
0.20
0.20
1.05
0.20
0.93
0.52
0.52
0.20
0.20
0.50
1.00
0.95
0.54
1.00
1.10 ,
0.50
1.12
1.03
0.95
0.20
0.26
0.20
1.55
0.62
0.91
1.10
0.55
0.80
0.83
1.00
0.94
1.32
0.54
0.54
0.30
0.50
0.26
0.26
0.20
0.26
1.42
1.50
1.35
1.25
1.20
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ifflSpeol Invictus
tectors Limited

The makers of the famous
Viking and Probe detectors
bring you... THE SID

DETECTOR KIT
Enjoy one of the world's most exciting hobbies with this
high quality metal detector. Use it to search for gold, silver,
:coins, jewellery and other valuable articles. The kit is
simple to assemble and contains the latest in
electronics and design features. It's performance is
comparable with detectors costing up to twice as
much. The kit includes all components, circuit board
speaker and aluminium frame incorporating search .1( '

head with Circuit diagram & instructions (included

faraday screen. in kit) available separately.

1

(

C 1 4 65p P&P

I IL1 1

..4

Mail Orders to:81 Moorgate Street
Blackburn, Lancs. 0254 62561 & 664789 ,/ 4..

.., 4 :"iShowroom: 3 Sudell Cross, Blackburn,
Lancs. 0254 56917 k:fi;.:

Big saving, good looking, fast checking NEW Doram

DIGITAL MULTIMETER-
BUILD IT YOURSELFAND SAVE

LIPTO £40! A clear, functional multimeter,
featuring extremely accurate digital
display, in superbly styled
shatterproof carry -case. It could cost

a £100! But the complete Doram kit

MO/
with case, printed circuit board, leads
and all components is yours for just

.aIIIIIIII £54.50 plus £4.36 VAT
Based on Ferranti technology

with accuracy ± 0.6%, the new
Doram Multimeter is an indispensable
tool at a terrific saving. Measurement

44.4410- °
is indicated by a 3Y2 digit display
updated twice per second-

anant- a rr- display flashes to indicate overload.
KEY DATA

Volts DC 20OrnV. 2V. 20y.
200V. 1000V Input
impedance 4.2Mn Maximum
sensitivity 1000V

Volts AC 200mV. 2V. 20V.
200V. 500V Input impedance
4 2M n Maximum sensitivity
1000V

Current AC/DC 200m A. 2mA, 20mA
200mA. 2A

Resistance 200n. 2K ri.20Kn 200K n. 2M,

And it saves you money before it's
even built! .

DEPEND ON DLICAM
Thousands of kit makers do for top value and

modern technology
Doram Electronics Ltd. PO Box TR8, Wellington

Road Industrial Estate, Wellington Bridge. Leeds, West
Yorkshire LS12 2UF

rAiv:tei7cItnmeon, cloiFhN.cbliel 155856 Directors

MakMM
IYes, I want to save up to £40
Please send me (subject to availablityl complete kills) for Doram DIGITAL MULTIMETER at

1E54.50 Y £4.36 VAT incl. p & pl total E58.116. I understand I can return the unused kit(s) within 7 days
and claim my rnoneY back d kills, returned undamaged in the form received and ready for re -sale

IPlease send me.. complete DORAM KITS CATALOGUE (s) showing an additional 25 kits. at 25p each

I enclose cheque/ PO val. INAME (BLOCK CAPITALS/

ADDRESS

TOWNI I
COUNTY

TO DORAM ELECTRONICS LTD DEPT (EMI) PO BOX TR8, LEEDS WEST YORKSHIRE LS12

END
CLEARANCE

The following
Prices shown.
suggest
reserve your
order.

you telephone
requirements,

OF

items are
As these are

to

available
a 'once

ensure
before

LINE

availability,
sending

at
only'

the
offer,

Special
we

and
in your

CERAMIC FILTERS 455 kcs 30w - inclusive p ice total £2.80 each

Cost p/p 87 VAT Total

17 x Reed 'Keyboard
__Wines. Packs of 46.

£24.80
per Pack

75p £2.02 £27.57

10 i COI n 3121

t o Thyriat'or. TXR,

Coe. 1 Transistor. 1

Special I.C. -

£6.00 75p 54p £7.29

23 x 413 Guitar Amy -11)0W
Kit oPolipA.-81( Heattink.
Lid & Sprayed. Box
Drilled & Sprayed. 2 PCBs.
Handle. .._

£8.50 £1.20 77p £10.47

----, Assorted Stabilised Power
Supplies. 3 to 15v. I to 15

Amp

£5.00 to
£25.00 -

'

- -

3 kar11---IftertiiiiiiieV3121
--Cimplete Built and Tested £25.00 95p £2.08 £28.03

4 x 11Letiesi4s9 3121.

Complete and Tested. On-

boxed.

£12.00 75p £1.02 £13.77

2 x i&ili.001 (E.TI) £10.50

.

95p

.

92p £12.37

-----

21 x Master, lAixtritit of:

Untested 11 Chassis
._ & Overlays. 7 PCB c/w

componanfs (Order t)
ge near e call in

ho . nobs)

£150.00 £1.35 £12.10 £163.45

9 x Sets of If Slider Pots (No
knobs) for Master Mixer

£4.00 75p .38p £5.13

12 x Camera Cases c/w
Sundry Parts

£5.00 £1.10 49p £6.59

25 x Crpos- -Burgir Alarm

---CA11E.T.1.1 c/w Components
but less ay _

£4.00 50p 38p £4.88

7 mo 0 Dice -Single. Complete

- in plastic box - no battery
£3.50 75p 34p £4.59

1 x Organ Keyboard. FM/99
Mod. 1. Easybuitd organ

£36.00 £1.50 E3.00 £40.50

... 100 x 21,. x 21, Perspex Faked

Meters. Odd scalp
calibrations 50A/A Move-
ments

75p 50p 10p £1.35

1 6" Elliptic
niters. ff on Ply Front £1.25 £1.25 20p £2.70

2 x Un Philips Pan
Heady& Tilt Head

E28.00 £3.00 £2.48 £33.48

5 x Pye Professional
/ Monitors 9" Unrepaired 405L

E15.00 £5.00 £1.60 £21.60

i 3' x Pye Semi Professional
1 Monitors 14" Unrepaired
.. 405L

£17.00 £8.00 £2.00 E27.00

CROFTON ELECTRONICS
rm LIMITED

35 Grosvenor Road, Twickenham, Middlesex TW1 4AD
01-891 1923
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tech -tips
Tech -Tips is an ideas forum and is not aimed at the beginner. We
regret we cannot answer queries on these items.

ETI is prepared to consider circuits or ideas submitted by
readers for this page. All items used will be paid for. Drawings
should be as clear as possible and the text should preferably be
typed. Circuits must not be subject to copyright. Items for
consideration should be sent to ETI TECH -TIPS, Electronics
Today International, 25-27 Oxford St., London VV1R 1RF.

INPUT 1M

SW1

R2*
10k

R3*
100k

10p

+it

C2
.1150p

01
BC109

R4* R5*
10k 1k

swi F.S.D.

1 1m V

2 10mV

3 100mV

4 1V

R6
47k

AUDIO MILLIVOLTMETER
This circuit was conceived as an

easily built instrument offering a ±2%
accuracy.

Q1 and Q2 are connected as a high
gain feedback pair with a fixed gain of
100.

R9
3k3' C3

10p

+fi
R12*
100k

BC109
R10*
100k

R11
68OR

2k7

D2
1N4001

IC1,1C2 ARE 741

IC 1 and IC 2 form a precision -full
wave rectifier with a gain of 10 over a
bandwidth extending from below
20 Hz to above 50 kHz.

The gain of the whole circuit there-
fore is 1000 and input signals above
1 mV must be attenuated.

0 + 9v

R17*
1M

RV1
10k LIN
(ZERO
SET)

Q3
BC109

R18*
1k

OV
O

-9V
0

No setting up is required except for
the zero adjustment of RV1. Input
impedance is 1 MO on all ranges.

Resistors marked with an asterisk
are 1% types.

DUAL P.S.U.
Anyone who experiments with op -
amps will need a dual stabilised power
supply. The circuit shown was designed
to power up to twenty 741s simultan-
eously.

IC 1 is used to provide an output
voltage of 18 V at pin 10. R2 sets the
short circuit current at 100 mA and
should be rated at 1 W.

IC 2 is used as a precision short
circuit proof voltage divider.

A 9-0-9 V supply has been found in
practise to cater for most op -amps
with the notable exception of the
CA3130 which has a maximum supply
rating of 16 V.

0

0+24-30V I

R1
620 R

+ C1
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10p

12 1

2

IC1

6 723 30

R2
6R8
1W

3
4*

L,
C2
in

R3
1k5

R4
1k

14

IC2
LM380

3,4,5,7,

+9V0
C3
100p

10,11,12,

OV
0

C4
100p

-9V
0
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/Marshall'
Call in and see us 9-5.30 Mon -Fri 9-5.00 Sat

A MARSHALL (LONDON) LTD. DEPT. E.T.I.
LONDON - 40-42 Crtcklewood Broadway. NW2 3ET

Tel 01-452 0161 Telex 21492
GLASGOW - 85 West Regent Street. G2 AID

Tel 041.332 4133
BRISTOL - 1 Straits Parade Fishponds Rd BS16 2LX

Tel 0277 6 54201

NEW 1977
'CATALOGUE

Trade and export enquiries welcome. Catalogue price 55p post paid. 40p to callers.

EXPRESS KO. SERVICE - BY RETURN OF POST
Allorsaclemrse iovneds aorcek di teem ast ched

Top 600 Semiconductors from the largest range in the UK - all devices manufacturer's branded stock from
Texas, National, Mullard, Motorola, RCA, Siemens, Sescocem, SGS, Ferranti and others.

25696 0.36 253704 0.15 40362 0.4.11 BC161 0.50 60135 0.37 BEK89 1.25 INTEGRATED CI 111T -S;-
1.n .v i-, ., 0.135k, ,t *141.3225697 0.30 253705 0.15 40363 1.20 BC167 0.12 80136 0.37 13Fv50 0.34

75698 0.62 253706 0.16 40406 0.58 8C168 0.12 50137 0.38 8E151 0.38 ,...8.1o., 2.29 "13 i0 ,N 140 F.A...444.
1449304 1.0025699 0.55 2N3707 0.18 40407 0.45 BC169 0.12 80138 0.38 13E151 0.38 2430284 1.01 11%43401 0.70

2N706 0.24 253708 0.16 40408 0.65 BC170 0.16 B0139 0.40 13E153 0.34 CA3028B 1.29 LM3900 0.75 TA4930E1 1.05

257064 0.12 253709 0.18 40409 0.85 BC171 0.14 80140 0.40 BEY90 1.37 143030 1.24 LM3905 1.60 740100

25708 0.21 2N3710 0.16 40410 0.85 BC172 0.12 80239 0.40 66039 0.50 CA3030A 1.89 LM3909 0.68 T134120 0.65
25709 040 253711 0.16 40411 2.85 80177 0.20 80240 0.45 85620 0.31 CA3045 1.40 MC1035 1.75 T134400 1.50

25718 0.27 2N3712 1.20 40594 0.75 BC I 78 0.20 50241 0.45 BSX21 0.32 C43046 0.89 MC1303 1.47 434500 2.21

257184 0.50 253713 2.30 1307 79 0.23 130242 0.47 130105 1.50 CA3048 2.23 MC1304 1.85 1645000 2 30
257204 0.60 253714 2.45 673 0.73 BC182 0.11 130143 0.60 8U 205 2.20 cA3 --1...66 MC1305 1.85 TBA510 2.21

/5914 0.35 253715 2.55 BC1821 0.14 80244 0.82 ME0402 0.20 05 1.62 MC1-312h.1-110-..ta 1845100 2.30

15916 0.30 2N3716 2.80 A 27 0.44 130183 0.11 80245 0.65 ME0404 0.1 cAgo63 .60 1310.1.91 434510 2.21

25918 0.36 253771 1.85 AC728 0.37 BC183L 0.14 8D246 0.58 ME0412 0. J 1 .' 1.95 1865700 2.30
25929 0.25 153772 2.00 AC151V 0.35 130184 --- 0.12 130529 0.42 ME4102 0.10 CA 3080A 1.88 MCI 327 1.54 184530 1.96

25930 0.20 253773 2.90 4C152v 0.50 801841 0.14 80530 0.47 ME4104 0.10 CA3086 0.51 MC1330 0.92 1045300 2.07
251131 0.60 253789 2.90 AC153 0.49 BC207 0.12 80120 1.13 MJ480 1.35 CA3088 1.59 MC1350 0.75 784540 2.21

251132 0.60 253790 3.10 AC153K 0.55 BC208 0.11 13E115 0.38 MJ481 1.55 143089 2.52 MC1351 1.20 TBA5400 2.30
2141613 0.35 253791 3.10 AC176 0.40 BC212 0.14 81117 0.70 MJ490 1.35 CA3090 3.80 MCI 352 0.97 784550 3.13

251711 0.37 2N3792 3.50 AC176K 0.60 BC2121. 0.17 13F12 1 0.55 MJ491 1.85 CA3130 0.94 MCI 357 1.45 7845500 3.22
251893 0.39 253794 0.20 6C1871( 0.55 BC213 0.14 81123 0.55 MJ2955 1.25 LM301 A 0.65 MC1458 0.91 1805600 3.22
257102 0.60 253819 0.36 AC188K 0.55 BC218L 0.16 8E152 0.2S M1E340 0.58 1M3015 0.44 NE555 0.53 184570 1.29

252718 0.33 253820 0.38 40161 0.85 80214 0.16 8E153 0.25 MJE370 0.58 LM304 2.45 NE556 1.05 TBA5700 1.38

1512184 0.37 253823 0.75 40162 0.85 802141 0.17 8E154 0.25 MJE37 1 0.80 LM 307N 0.65 NE565 1.20 184641 8 2.50

2142219 0.30 793904 0.21 AF106 0.59 BC237 0.14 81159 0.35 MJE570 0.45 LM308C 1.82 5E566 1.65 1134651 1.80

7977194 0.32 253906 0.22 AF109 0.75 BC238 0.12 BF160 0.30 MJE521 0.85 (M3085 1.17 91567 1.80 184700 1.52

2N2220 0.35 254036 0.67 AF124 0.65 BC239 0.15 8E161 0.80 MJE2955 1.40 LM3091( 2.10 SAS560 2.50 1847000 1.61
292111 0.22 254037 0.56 4F125 0.65 BC251 0.15 8E166 0.40 MJE3055 0.85 LM317K 3.00 SAS570 2.50 4347200 2.30
2522214 0.26 294058 0.20 AF126 0.65 BC253 0.22 8E167 0.38 MP8111 0.35 LM318N 2.25 76001N 1.57 784750 1.98
2N2222 0.26 2N4059 0.20 AF127 0.65 8C2574 0.17 13F173 0.38 MP8117 0.40 1M3236 6.40 76003N 2.55 1647500 2.07
2922724 0.25 294060 0.20 AF 139 0.59 13C258A 0.17 BEI 77 0.30 MP8113 0.45 TM33914 1.75 760086 2.50 1134800 1.20
257368 0.25 2N4061 0.17 AF186 0.50 BC2598 0.18 BF 176 0.35 MPF 102 0.30 1M348N 1.91 760135 1.70 784810 1.16

752.169 0.25 254152 0.18 4F200 0.70 802614 0.21 BF179 0.35 MPS405 0.23 LM360N 2.75 7601350 1.57 754820 1.03

2523694 0.25 794176 0.17 4F239 0.74 BC2628 0.19 BF 180 0.40 MPS406 0.24 LM3705 3.00 76018K 2.50 155920 1.79

2N2646 0.75 794289 0.20 AF240 0.98 802630 0.24 8F181 0.40 MPS412 0.35 1M37114 2.25 76023ND 1.57 18A9100 2.99
751647 1.40 754919 0.65 AF279 0.80 130300 0.45 8E182 0.45 MPS455 0.24 LM377N 2.15 76033N 2.55 1134940 1.62

252904 0.36 254920 0.70 AF280 0.85 BC301 0.45 81183 0.45 MP5456 0.24 1.513735 2.25 76110N 1.48 TCAI 60C 1.85

251904A 0.37 254921 0.50 130107 0.15 8C303 0.60 BF184 0.313 MPSUOS 0.50 1M3745 2.25 761145 1.87 1141608 1.61
252905 0.37 2144922 0.55 BC108 0.15 BC307 0.20 8E185 0.35 MPSUO6 0.58 LM377N 1.75 761165 2.06 TCA270 2.25

2529054 0.38 2N4923 0.70 BC109 0.15 8C308 0.18 13E194 0.14 MPSU55 0.55 LM3785 2.25 761319 1.30 1C42804 1.30
252906 0.28 2N5190 0.60 130113 0.17 BC309C 0.25 BF195 0.13 MPSU56 0.60 LM3795 3.95 761264 1.94 TCA2904 3.13
2629064 0.25 2N5191 0.70 BC115 0.19 BC317 0.14 8E196 0.14 TIP29A 0.45 LM380.8 0.9Q 76227N 1.51 1154205 1.84
252907 0.21 295192 0.75 5C116 0.19 .8C316 0.92 8c197 0.17 Tip304 0.49 1M3805 0.98'1 762285 1.75 105730 3.22

2529074 0.22 255195 0.90 BC 1 16A 0.20 130327 0.20 8E198 0.16 111314 0.50 1M381A 2.45 1765305 0.91 1C4,740 2.76

252924 0.15 295245 0.35 BC117 0.22 130328 0.19 8E200 0.35 13P324, 0.50 LM3815 1.60 1765329 1.50 TCA750 2.30

792926 0.13 2N5294 0.40 BC118 0.16 8C337 0.19 BF225J 0.25 11P334 0.60 \--,-.3815 1.25 765335 1.30 TC4760 1.38

253019 0.55 255295 0.40 BC119 0.30 13C338 0.21 BF244 0.35TIP344 0.90 1543849 1.45 7654411 1.44 TCABOo 313
793053 0.30 255296 0.40 130121 0.45 BC547 0.12 BF245 0.34 TIP35A 2.50 1.543865 0.80 76545N 2.09 u4711' 2.00

253054 0.60 255298 0.40 8C132 0.30 8C548 0.12 BF246 0.75 TIP36A 3.35 t M3875 1.05 76546N 1.44 U4A10,1 2.00

2113055 0.70 2N5447 0.15 BC134 0.15 BC549 0.13 8E254 0.24 TIP41A 0.70 LN388N 1.00 765505 0.41

2143390 0.25 2N5448 0.16 80135 0.15 BCY30 1.03 6E255 0.24 11P424 0.80 LM389N 1.00 765515 0.65 .

293391 0.25 2N5449 0.19 BC136 0.19 BCY31 1.06, 81257 0.37 1IP29c 0.60 LM702C 0.75 76570N 2.08 OIL

26133915 0.25 255457 0.32 8C137 0.14 8CV32 1.70 8E258 0.45 1IP3On 0.65 LM 709C 0.65 766205 1.10 SOCKETS

253392 0.18 255458 0.33 8C140 0.40 BCY33 1.00 81259 0.49TIP31c 0.66 1M7095 0.45 76650N 1.10 Spin 0.15

253393 0.15 755459 0.29 BC141 0.45 BCY34 1.20 13E459 0.45 11132, 0.76 LM710C 0.80 766605 0.60 14 pin 0.16

2N3394 0.15 255484 0.34 BC142 0.30 BCY38 2.00 BE639 0.28 TIP33c 1.10 (M710N 0.60 16666N 0.92 16 pin 0.18

253439 0.68 2N5486 0.38 80143 0.30 8C842 0.60 5ES714 2.60 TIP34c 1.20 TM 723C 0.85 TAA3014 1.50 22 pin 0.30

293440 0.64 296027 0.63 BC147 0.12 BCY58 0.25 13E528 1.04 TIP41n 0.85 1M7235 0.75 1443204 1.15 74 pin 0.35

253441 0.85 296101 0.85 80148 0.12 BCY59 0.25 8E561 0.30 1iP42c 0.95 LM741C 0.65 1443504 2.48 28 pin 0.45

293442 1.35 296107 0.42 BC149 0.13 130170 0.25 8E598 0.27 11P2955 0.65 Ls/17415 0.50 744521 1.00 40 otn 0.55

253638 0.16 256109 0.42 8C153 0.27 SCY71 0.28 8Fx29 0.38 TIP3055 0.55 1M741 8 0.40 144522 1.90

21136384 0.16 256121 0.38 BCI 54 0.27 BCY72 0.24 BFX30 0.40 1lS43 0.30 LM747N 0.90 144550 0.60

253639 0.30 796122 0.41 BC157 0.12 130115 1.20 BF X84 0.40 21X302 0.15 LM748 8 0.50 144560 1.60 WIRE

293641 0.20 256123 0.43 BC158 0.11 80116 1.20 8F1185 0.41 ZT8310 0.30 IM7485 0.50 T44570 2.30 WRAP SKIS

293702 0.17 756126 0.45 BC159 0.14 80131 0.51 BFX87 0.40 218330 0.20 LM11100 1.76 1.85 111,n 0.40

253703 615 40361 0.45 BC160 0.50 80132 0.54 81x88 0.40 ZTX500 0.16 I M1808 1.92 AA671  .15 16 pm 0.50
ovi1828 1.7 1446610 .32 24 pin 0.80

MARSHALL S QUALITY TTL + CMOS
Many ot er types
catalogue or please

stocked.
phone for

ee our
items

7400
1401
7402
7402
7404
7405
7406
7407
7408
7400
7410
7412
7413
7411,
741/

0.21
0.21
0.21
0.21
0.26
0.26
0.74
0.74
0.29
0.29
0.21
0.21
0.51
0.61
0.61

/420
7423
7425
427

7430
7432
7437
7438
7440
7441
7442
1446
/447
7448
7450

0.21
0.39
0.39
0.39
0.21
0.39
0.65
0.55
0.21
1.03
0.78
1.23
1.17
1.17
0.27

not listed.

153
/454
7460
7470
7472
7473
74 /4
/475
7476
7480
7481
7482
7403

IR 1

0.21
0.21
0.21
0.21
0.46
0.38
0.43
0.43
0.58
0.51
0.45
1.10
0.87
1.33
0.85

i485
1486
7490
7491
7492
7483
/494
74917
7496
74100
74107
74118
74119
74121
14122

1.85
0.41
0.61
0.98
0.61
0.61
0.74
0.78
1.03
1.15
0.43
0.99
1.80
0.49
0.45

74123
74141
74145
74150
/4151
74153
74154
74157
/4160
14161
74162
/4163
74164
74165

0.58
1.03
1.06
1.66
1.11
1.11
1.65
0.98
1.41
1.41
1.41
1.41
1.23
1.23

74167
/4174
74175
/4176
/4180
74181
74190
74191
74192
74193
74196
/4197
74198
74199
C04001

3.70
1.52
1.35
1.23
1.77
3.70
1.91
1.91
1.62
1.82
1.17
1.17
2.93
2.93
0.24

CD4001
004002
CD4006
C04007
C04008
C04009
CD4010
CD4011
CD4012
CD4013
CD4014
C04015
CD4016
CD401/

0.24
0.24
1.34
0.24
1.10
0.64
0.64
0.24
0.24
0.84
1.15
1.15
0.84
1.15
1 IS

C04019
CD4020
CD4021
CD4022
CD4023
C04024
CD4025
004027
004028
CD4029
C134030
C04031
CD4037
CD4041

1.15
1.27
1.16
1.10
0.24
0.84
0.24
0.64
1.02
1.30
0.64
2.53
1.60
0.96

F7 MICROPROCESSOR SYSTEM
INTROKIT £68.61 t -e pot

Bud 1t 11.. ,on to SC MP n toprocessing - Board
CPU Merlyn.% Crystal etc 8,,,))ifehLicispeu Complete
with explanatory data and wol,auon, - N.11101,11

SP,11q- n.. tors 0414 PACK E1.50

624042.
CD4043
C04044
CD4045
CD4046
CD4047
CD4049
CD4050
004510
CD45"
CD4T..
CD45.
CD452

KEYBOARD KIT 16584
Budget VDU iv 1, I. ,,,

keyboard prvtdes ta m ., t) and. 1,1 11111,0, '

111q,111111111 ;I wo, par, kit Complct.

TEL. ORDERS E10 MIN. ACCEPTED ONLY AGAINST BARCLAYCARD N.

CPU ,Ps RAMS ROMS
10 15 So 4.14 /111 / 4.14 32.30

23 45 2.90 4.14 26.95 10 80 IN STOCK
ALL PRODUCTS FULLY GUARANTEED TO MANUFACTURER'S SPECIFICATIONS

0.96
1.15
1.06
1.59
1.52
1.15
0.64
0.64
1 56
1 79
1 56
1 43
1 43

LOW
POWER

800 SCHOTTKY

CLOCK MODULES
MA1002F 12hr 5" display
MA1002H 24hr 5" display
MA1010E 12hr 84" display
MA1010G 24hr 84" display

11.90
11.90
14.60
14.60

13U111 and Factory tested working module
Requires only transformer and switches

Transformer to suit £1.50

TRIACS pack 4000
4 amp 0.70 10 amp
6 ar,,, 0.75 12 amp
fl amp 0.80 16 amp

0.90
1.10
1.60

THYRISTORS Plastic 0106 116
5 amp 1005 0.35 8 amp 1008 0.43
5 amp 2000 0.40 8 amp 200V 0.49

3,11' 4011,' 0.49 0 amp 4008 0.62

BRIDGE
W005
W01
W02
W04
W06

RECTIFIERS
0.30 88164
0.32 540C1500
0.34 B40C3200
0.40 880C1500
0.50 88003200

0.67
0.46
1.10
0.75
1.15

LOW POWER SCHOTTKY
74LS.,00.24 I;', 10.65 74L,. 0.40
74KS2 0.24 741532 0.25 74LS85 1.45
74L5O4 0.27 /41_642 1.01 741686 0.48
741508 0.24 14L5740:4$ 7415900.60
74LS100.24 7415750.6$ 741592 0.60

TRISTATE OCTAL BUFFERS
DM811595 1.45 0m81LS97 1.46
0M811596 1.46 0m811S98 1.46

WIRING SYSTEM - VERO
2. 66

VRVe"pTa? ern e'ran wiler s lo'oTs 2.38
VERO BOXES

65 2518H 2.07 75 12373 2.07
tr 2520J 2.35 75 1238D 2.64

)522K 3.13 75 1239K 3.09
ti 25736 5.67 75 1410J 2.63

17986 3.83 751411D 3.29
Full details in catalogue

NATIONAL
VOLTAGE REGULATORS

TOO;
100mA 705 Positive 0.92
500m4 10202 Posiove 1.10
500m4 30202 Negauve 1.05
1 Amp 10220 Posmve 1.35
1 Amp 10270 Nesimum 2.85

Amp 103 Pnytive 1.75

1M309FE2 10854317KE3.001.M323644.40

OPTO ELECTRONICS
5min Red 0.20 G 0.26 vo 0.26
111709 0.24

DISPLAYS -,yment

DI ' 2.00 3.00'
200 3.00
2 50 3.40
2 50 3 40

Display
3" Red
3. Red
5" Red

NEW 1977 CATALOGUE
WITH 500 NEW LINES -
CRAMME. A TH NEW PRODUCTS,
TECH MATION AND
AL E USUAL

LL'S SER-
I PAID.

order.

RLATIVE MAR
- FOR ONLY 55p

se add VAT to
e and packing 3
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tech -tips
TELEPHONE RINGING AND
SPEECH CIRCUIT
This circuit was designed to be used by
children as a language teaching aid in
primary school. For safety reasons,
power is taken from a dc battery
source, necessitating the incorporation
of an ac generator in the circuit.

If handset A is lifted, RLA is acti-
vated changing over contacts RLA
energising RLD. RLD has a pair of
N/C contacts wired in series with its
coil and this causes the relay to vibrate.
The contacts would not however,
change over fully, and a capacitor is
wired in parallel and stores enough
charge to allow the relay to change
fully. The value of the capacitor will
depend on the type of relay being used
but the value selected should be
chosen to cause the relay to vibrate at
about 25 Hz.

A second set of contacts is wired in
series with the transformer, which in
the prototype was an old 250 to 125 V
transformer with the 125 V winding
being used as the primary. The output
of the transformer is fed to the third
set of contacts of RLA which selects
which telephone is to be rung.

On lifting the other handset relay
RLB will energise and the exclusive
OR arrangement of contacts RLA and
RLB will inhibit the bellringing circuit.

To prevent either bell ringing again
if one of the handsets is replaced RLC
is included. When both handsets are

RLD
WO 1

R LA/3

A

1008

R LA
C/02

V

RLB C/02
A

0 0
R G

HANDSET A

30V
BATT

RLD
N/C 2

A

TRANSFORMER
(SEE TEXT)

ALL RELAYS 24Vdc

W-WHITE
R-RED
G-GREEN
IGNORE BLUE

raised RLC energises and is self -latch-
ing, one set of its contacts being in
series with RLD. When both handsets
are replaced, RLC is shorted through
the 100 Ohm resistor and turns off,

RLA C/03

RLB/2

RLA C/01

4 RLB C/O1

RLC N/C1

+L TEXT)
(SEE

10g

0 0
G R W

HANDSET B

resetting the bellringing circuit. The
1 uF capacitor provides the required
coupling for speech between the two
handsets.

BLOWN FUSE INDICATOR
Base current for Q1 is taken from the
'earthy' side of FS1. Q1 will conduct
its collector voltage falling to zero.
Q2 base will also be zero, switching
LED 1 off.

If FS1 were to 'blow' or cease to
exist, depart for its maker, have a rest,
go to sleep, peg out, become inopera-
tive, deceased, out of order, or duff,
kick the bucket, bite the dust, pass
away, self destruct, become no longer
intact, or cease to conduct in any way,
due to war, flood, corrosion or act of
God etc., Q1 would switch off, causing
its collector to rise to 12 V, switching
Q2 and LED 1 on. R2 is the current
limit resistor for LED 1. SW1 will by-
pass FS1 via emergency fuse 1, until
FS1 can be replaced.
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R1
1k

Q1
BC109

1BATT +Ve

LED1

R2
470R

Q2
BC109

+Ve

FS1

-Ve
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BUILD THL

TREASURE
TRACER

MK III
METAL
LOCATOR

AS SEEN
ON BBC -1

& BBC -2
TV

 Genuine 5 silicon transistor circuit,
does not need a transistor radio to
operate.

, Incorporates unique varicap tuning
for extra stability.

of Search head fitted with Faraday
screen to eliminate capacitive

. effects.
Eb. Loudspeaker or earphone opera-

tion (both supplied).
 Britain's best selling metal locator

kit. 4,000 already sold.
 Kit can be built in two hours using

only soldering iron, screwdriver,
pliers and side -cutters.

 Excellent sensitivity and stability.
 Kit absolutely complete including

drilled, tinned, fibreglass p.c. board
with components siting printed on.

 Complete after sales service.
 Weighs only 22oz.; handle knocks

down to 17" for transport.
Send stamped, self-addressed

envelope for literature.

Complete kit
with pre -built
search coil 4.75

Plus £1.00 P&P
Plus £1.18 VAT (8%)

Built, tested £ n
and
Guaranteed Plus £1.00 P&P

Plus £1.58 VAT (8%)

MINIKITS ELECTRONICS,
6d Cleveland Road, South Woodford,

LONDON E18 2AN
(Mail order only)

TV GAMES CHIP
AY -3-8500 E11.95. Also available a printed circuit and
kit of extra parts and our new colour modulator Send
sae for free data

NEW COMPONENTS ERVICE
Resistors 5% 7.1 to 1 1.p. TW..
2p -Pre ots subminiature 0 1W E3 10012 to 7

V al 9p Horizontal 9p Potentiometers 0.25W 3

K7 to 2M2 log or lin Single 24p. Dual 7 p
Polystyrene capacitors (12 63V 22pf to 8200pf
31/2p Ceramic capacitors vert. 50V 56 22pf to
47000pf 3p Mylar capacitors 100V 001. .002
005 4p 01. 02. 025 41/2p. Polyester capacitors

250V E6 01 to 1mf 51/2p 1 22m1 7n 47mf 11p

1..6 m .p 100mf 7p 22Om 9p. 470mf llp
GQtf 18p Zener clico/ E24 3V3 to 33V

,..........''''''

6-0-6V 100mA 94p. 9-0-9V 75mA 94p. 18V 1 A

E1.95. 0/12/15/20/24/30V 1A £3.65. 12-0-12V
50mA 94p 0/12/15/20/24/30V 2A £4.95. 6 3V
11/2A £2.10. 6-0-6V 11/2A £2.55. 9-0-9V 1A C2 19
12-0-12V 1A £2.49.15-0-15V 1A £2 69 30-0-30V
1A £3 39

PRINTED CIRCUIT KITS ETC *,
Contains etching dish, 100 sq ins of pc board. 1 lb ferric
chloride, etch resist pen, drill bit and laminate Cutter
f3.65. 100 sq ins pc board 75p. 1Ib FeC1 95p. Etch
resist pen 75p

S-DECS AND T-DECS *
S-DeC E 1 94 T-DeC E3.61 ' - ---r---

u-DeCA £3.97. u-DeCB E6.97
-IC carriers with sockets, ---

16 dil f 1 91 10T05 £1 79

SINCLAIR CALCULATORS,
WATCHES AND POCKET TV * 
Sinclair pocket TV f165 Cambndge Sctentific E8 95
Cambridge Memory E5.95 Oxford Scientific £13 30
Mains adaptors (state model) E3 20

BATTERY ELIMINATOR BARGAINS
3 -WAY MODELS
With switched output and 4 -way multi -Jack connector
Type 1. 3 / 41/2 / 6V at 100mA E2.30. Type 2- 6
71/2/ 9V at 300mA £2.90.
100mA RADIO MODELS
With press -stud connectors. 9V E3 45. by E3 45 riV
+ 9V E5.45. 6V + 6V £5.45. 41/2V + 41/2V £5.45
CASSETTE MAINS UNIT
71/2V with 5 pin DIN plug 15OrnA £3.65.
FULLY STABILIZED MODEL E5.45
Switched output of 3 /6 / / 9V 400mA stabilized.
CAR CONVERTORS 12V INPUT
Output 9V 300mA El 80 Output 71/2V 300mA
El 80

BATTERY ELIMINATOR KITS
Send sae for free leaflet on range.
100mA radio types with press stud battery terminals
41/2V 1.2 10 6V (2.10. 9V £2.10. 41/2V+41/2V f2.50
6V + 6V E2 50 9V+ 9V £2.50.
Cassette type: 71/2V 100mA with DIN plug £2 10
Transistor stabilized 8 -way type for low hum
3/ 41/2;6/71/2 /9/ 12/ 15 .18V 100mA f3.20. 1 Amp
E6 50
Heavy duty 13 -way types 4'/2/6/7
81/2/11 13/14/17/21/25/28/34/42V 1 Amp
model f4 95 2 Amp model £7.95.
Car convertor kit: Input 12V DC. Output 6/71/2 /9V
DC lA transistor stabilized E1.95.
Stabilized Laboratory power kit. Switched 1 to 30V
16 0 1V steps 1 Amp (12 45 2 Amp £14 95

SINCLAIR PROJECT 80 AUDIO
MODULES
PZ5 [495 Z40 [575 Project 805Q E20.95
BI-PAK AUDIO MODULES
S450 tuner £20.95. AL60 £4 60. PA100 £14 95
MK60 audio kit £31.95 Stereo 30 E16.95 SPM80
E3 65 13M780 £3 32. Send sae for free data.

SINCLAIR IC20
IC20 10W +10W stereo integrated circuit amplifier kit
with printed circuit and data £4.95
PZ20 Power supply kit for above E3.65
VP20 Volume. tone -control and preamp kit £8.95. Send
sae for free leaflet on the whole system

JC12 AND JC40 AMPLIFIERS
6JC12 6W IC audio
amp with free data
and printed
circuit El 95
Also new JC40 20W model with pcb N ./
£3.95. Send sae for free leaflet on iii

both models and associated power
supply and pre -amp kits.

FERRANTI ZN414
IC radio chip £ 1 44 Extra parts and pcb for radio 3 85
Case El. Send sae for free data.

SWANLEY ELECTRONICS
Dept. ETI, PO Box 68, 32 Goldsel Road

Swanley, Kent
Mail order only. No callers. Send sae for free data or,
kits. Post 30p on orders under £4.50. otherwise free
Prices include VAT. Official orders welcome. Overseas
customers please deduct 7% on items marked * and

11% on others.

BEAR
MICROCOMPUTER

) SYSTEMS

* Computer Designs
(TTL & 6800)

* Software (6800)

* Hardware Design
Application Notes

* Machine Code
Programming Aids

If you are interested in micropro-
cessors etc. this is your chance to
build a low cost computer using
our information and readily
available parts. Send a S.A.E. for
details.

Bear Microcomputer Systems
24 College Road

Maidenhead
Berks. SL6 6BN

Save on Calculators
TE f -

SR52 (meg card prog . 20 memories) @
SR56 (key prog . 100 steps. 10 memory) a
PC I 00A (Printing Una for SR52 i SR56) @
SR 51-11 (3 m3moneststats) g
SR41 (Financial' Busoness) a
5040 (successor to SR50Aj 4
T 130 (15 bracket level.) EII
712550-111 (se mem rech. I @
T 15040PD (Print /DisplaY)
Card Libraries for SR52 @
R K2 )rech kris for T1301 @
CASIO:
PROF/214May Card prog 11 memories 12) steps) :@ (1 24 .00
T x2O2P (Key ;goy continuous memory E69.95
P0201 P (Key prog 1 2 7 steps II mems 1 E49.85
t x 1000 (6,2 Sc: fraction. LCD, E18.96
I X102 r8F-2 sci r traction, E17.95
FX21 ,6 -a 2 Scientific) @ E15.94
LC820 ,LCD 1500 hr bat Idol @ E17.95
Mocromemory ,LCD matchbox stiel @ E19.95
MR12I 112 Moat E25.95
MR103 rI 0 drgitt E16.00
COI (Clock + cal + stopwatch. E29.75

WE OFFER ALL CASIO LCD WATCHES S.A.E.
HEWLETT PACKARD:
21 t8+21 ,2, E60.00
27 Scientific; management a E129.00
25 (Key programmable 49 steps, 0) E105.24
25C ,Continuous memory programmable scientibc) @ E142.00
ll , dlIng (at d wou,in,..1.1, 22,1 ,epso 0 (332.00
97 swag. card ii Printer OF E550.00
55149 Lei) Wog eete lime,  2U memo:,:.E159.95
41 Portable scieochr well printer) ,It E279.95
0177.1. We sell all H P accessories - S A E 1,,, , - s

.I 5190H@ E30.40

.1148R 4 E22.40
r R010043+2 key pray 72 steps 10 rnerns I SAE for prima
500 (Navigator) M55 (Maths( 561 (Stets) 4 SAE tee Mich
ROCKWELL: b4cI0 c E19.95
REALTONE: SC60 i3 mem Mal 10  21 el, E24.00
REALTONE'. ',C601 ,,,, . , £42.00

We can match any scientif ic calculator pce
THE REALTOCK E4 (a) £39.6B

ri
p&p £1

1111111.1111111111MEIP

Ultimate In new dastin
 AM FM - FM Stereo Clock

Radio

 Miaow [Green( Clock
 Dimmer Control lure as night

light or lust for plow]
AI110111iIK Hammy Control

* 2 Sainted Spencers
Ail colcutotor prmos KRAMER & CO.Inc PAT & P&P L W U to

9 October Place. Holders H011 Road, London NW4 1 EJ
Toler 888941 ATTN KRAMER. Tel: 01-203 2473

[189.95
ESS.40

E174A0
E44.26
E28.40
E24.40
E15.90
E20.40
E83.00
E25.50

E8.10

 @ape Alarm System
 Wake up. Sloop Control up la

59 minutes
 be@ Alarm. Music or boll
 Um Onalat at a Stopwatch
 Display Iki +-Mins or fain

Secs

II 13968 POP t I
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tech -tips
470k

470k

470k

02
Mins470k

12 Mins

11 Mins

10 Mn,

9 Mins

3 Mins
0

470k
SW1

MM

15k

470k

SW2

4k7

220i

7

555

3

0+5V

12k

6 2-

10n

13

C

IC = 7400
PIN 14 IS +5V

11 PIN 7 IS OV

Is 10mA

CRYSTAL
MIC. INSERT

10

470n

ND.3 I
2 470n 5

22k 5k6 5k6

D

0
+5V

1 - 12 MINUTE TIMER
The circuit is centred around the
NE555V timer which provides a logic
0 level at pin 3 every 1 - 12 minutes,
depending upon the position of the 12
way switch (SW1). SW2 is a push-
button switch which synchronises the
first pulse (originally a switch circuit
was fitted to the reset pin, 4, but the
first timing period was never the same
as the subsequent periods). The var-

iable 22k resistor allows a degree of
fine adjustment for the timing period.

Gates A and B form a tone gener-
ator. Gate C inverts the output of the
NE555V so that a logic '1' is fed to
gate D at the end of each timing per-
iod. Thus a tone burst of a few sec-
onds is produced by the transducer
(any surplus, crystal microphone insert
should be suitable).

V1

ID2

63 V3

ID3

V2

DIODE VOLTAGE MONITOR
R is chosen such that as ID2 is the
'trickle charge' rate of B3.

If V2 > V3; 1D3 = 0 and 1D2 is the
charging current.

If V3 > V1, ID3 flows, but ID2 is
now zero.

LOW RIPPLE P.S.U.
The power supply circuit shown may
be used where a high current is requir-
ed with a low ripple voltage (such as in
a high powered class AB amplifier
when high quality reproduction is

necessary).
01, Q2 and R2 may be regarded as

a power darlington transistor. ZD1 and

R1 provide a reference voltage at the
base of 01. ZD1 should be chosen
thus: ZD1 = Vout -1.2.

C2 can be chosen for the degree of
'smoothness' as its value is effectively
multiplied by the combined gains of
01/02, if 100uF is chosen for C2,
assuming minimum hfe for 01 and 02,
C= 100 x 15(01) x 25(021= 37,000 ur-7.

INPUT
0 14 7490

6 7 12 9 8 11

2

RESET
0

CARRY
0

LATCH 4 2 3 6 7

74750
13 16 15 10 9

7 1 2 6

7447

13 12 11 10 9 15 14

ab c clef 9

DL707

SIMPLE COUNTER/DISPLAY
MODULE
The signal is connected to the input
line of the 7490 decade counter. When
the 'latch' is high, the display will
Follow the count. When the 'latch'
goes low, the display holds.

The module may be constructed on
two pieces of veroboard, the boards
being held together by wire soldered
at each corner.

In order to cascade, common up all
the latch hold and reset lines, and
connect the carry line to the input line
of the next module.

ELECTRONICS TODAY INTERNATIONAL - JUNE 1977 77



TV-Computersystem 6800
8080
SC/MP

ROTEX-EMMEN HOLLAND

The microcomputersystem specially for:

Education - schools
- selfstudy
- program - development
- systems - development
- terminal
- entertainment
- games

Industry

Hobby



15-240 Watts!
HY5
Preamplifier

HY30
15 Watts into 80

HY50
25 Watts into 80

HY120
60 Watts into 80

HY200
120 Watts into 80

HY400
240 Watts into 40

POWER

SUPPLIES

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 appropriate 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 equalization - Low noise - Low
distortion - High overload - two simply combined for stereo.
APPLICATIONS: Hi-Fi -- Mixers -- Disco -- Guitar and Organ -- Pultlic address.
SPECIFICATIONS:
INPUTS Magnetic Pick-up 3mV Ceramic Pick-up 30mV: Tuner 100mV: Microphone TOmV:
Auxiliary 3-100mV: input impedance 47k0 at 1kHz
OUTPUTS Tape 100mV; Main output 500mV R M S
ACTIVE TONE CONTROLS Treble 12dB at 10kHz: Bass at 100Hz.
DISTORTION 0 1% at 1kHz, Signal/Noise Ratio 68dB
OVERLOAD 38dB on Magnetic Pick-up: SUPPLY VOLTAGE 16 50V
Price £5.22 + 65p VAT P&P free
HY5 mounting board B1 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
deafly 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.
SPECIFICATIONS:
OUTPUT POWER 15W R.M.S. into 80 DISTORTION 0 1% at 15W
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz-16kHz -- 3dB
SUPPLY VOLTAGE 18V
Price E5.22 + 65p VAT P&P free.

The HY50 leads I L P 's 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.
SPECIFICATIONS: INPUT SENSITIVITY 500mV.
OUTPUT POWER 25W RMS in 80 LOAD IMPEDANCE 4-160. DISTORTION 0.04% at 25W at
1 kHz.
SIGNAL/NOISE RATIO 75dB FREQUENCY RESPONSE 10Hz-45kHz -- 3dB.
SUPPLY VOLTAGE 25V SIZE 105 50 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 fine protection - Thermal protection -
Five connections -- No external components
APPLICATIONS: High quality disco -- Public address -- Monitor amplifier -- Guitar and
organ
SPECIFICATIONS:
INPUT SENSITIVITY 500mV
OUTPUT POWER 60W RMS into 80 LOAD IMPEDANCE 4-160 DISTORTION 0.04% at 60W at
1 kHz
SIGNAL/NOISE RATIO 90dB FREQUENCY RESPONSE 10Hz-45kHz -3dB. SUPPLY VOLTAGE
t35V.
Size- 114 x 50 x 85mm
Price E15.84 + E1_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.
APPLICATIONS: Hi-Fi -- Disco Monitor -- Power Slave -- Industrial -- Public address
SPECIFICATIONS:
INPUT SENSITIVITY 500mV
OUTPUT POWER 120W RMS into 80 LOAD IMPEDANCE 4-160 DISTORTION 0.05% at 100W at
1 kHz
SIGNAL/ NOISE RATIO 96dB FREQUENCY RESPONSE 10Hz-45kHz -- 3dB. SUPPLY VOLTAGE
-45V
SIZE 114 x 100 x 85mm.
Price £23.32 + £1.87 VAT P&P free.
'The HY400 is I.L.P.'s "Big Daddy" of the range producing 240W into 401 It has been designed for'
high dower disco or public address applications If the amplifier is to be used at continuous high power
levels a cooling fan is recommended The amplifier includes all the qualities of the rest of the family to
lead the market as a true high power hi -fidelity, wer module.
FEATURES: Thermal shutdown - Very low distortion - Load line protection - No external
components.
APPLICATIONS: Public address -- Disco - Power slave - Industrial.
SPECIFICATIONS:
OUTPUT POWER 240W RMS into 40 LOAD IMPEDANCE 4-160 DISTORTION 0 I% at 240W at
1 kHz
SIGNAL/NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz-45kriz -- 3dB SUPPLY VOLTAGE
-45V
INPUT SENSITIVITY 500mV SIZE 114 x 100 x 85mm
Price £32.17 + £2.57 VAT P&P free.

P51.136 sultabie lor two HY30 s E5.22 plus 65p VAT P P free
PSU50 suitable for two HY50's £8.82 plus 85p VAT P P free
PSU 70 suitable lor 2 HY 120 s £13.75 plus Et 10 VAT P P liee
PSU90 suitable for one HY200 £12.65 plus E1.01 VAT P P Ore
PSU180 suitable for two HY2000.s or one HY400 £23.10 plus Ll 85 VAT Pi P free

48p Plus up `,A'

I.L.P. Electronics Ltd
Crossland House
Nackington, Canterbury
Kent CT4 7AD
Tel (0227) 63218

TWO YEARS' GUARANTEE ON ALL OF OUR PRODUCTS

Please Supply
Total Purchase Price
I Enclose Cheque  Postal Orders  Money Order 
Please debit my Access account  Barclaycard account 
Account number
Name & Addres

Signature



MINI -DADS
Cs CLASSIFIED

THIS SECTION IS A PRE -PAYMENT SERVICE ONLY
MINIADS: 3 1/4" x 2 1/8" 1-3) £26 ,4-11) £23 ,12 or more)
£22 per insertion. CLASSIFIED DISPLAY: £3.50 per single
column centimetre. No'P.O. Box Numbers can be accepted without
full address.
:NQUIRIES TO: Mark Strathern, Advertising Department
01-437 5982), 25-27 Oxford Street, London W1 R 1 RF.

PRINTED
CIRCUITS

and

HARDWARE
Comprehensive range Constructors' Hardware
and accessories.
Sheet aluminium cut to size.
Aluminium lightweight sections.
Selected rang') of popular components.
Full range of ETI printed circuit boards,
normally ex -stock, same day despatch at
competitive prices.
P.C. Boards to individual designs.
Resist -coated epoxy glass laminate for the
d.i.y. man with full processing instructions (no
unusual chemicals required).
Send 15p for cats- o1

RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

Complete component service 2nd to
none, suppliers to D.O.E., A.E.R.E.,
U.K.A.E.A., Government departments, Uni-
versities, Schools and Equipment Manu-
facturers. All orders are dispatched on day of
receipt. Are you being served? Join the
professionals and get this best service at the
right prices. Stock list free, send s.a.e. Big
catalogue 50p (includes 2 vouchers worth
50p). Discounts for the big spender, its all
here! For the fastest friendly service. Orchard
Electronics, Flint House, High Street,
Wallingford, Oxon (0491 35529).

P.C.B.s For
ETI Projects

March
ETI 480
ETI 480PS
ETI 155A
ETI 1556
ETI 155C
ETI 155D

April:
ETI 631
ETI 630
ETI 444A
May:
ETI 804

94p
106p

26p
35p
88p
94p

200p
30p
22p

130p

Short Circuits:
Temp Alarm (2 Brds)

48p
Function Gen. 42p
Drill Speed Control 52p

Bench Supy. PSU
Fuzz Box
Burglar Alarm

Injector Tracer
Metronome
Mainframe PSU

25p
25p
41p

43p
22p
65p

All ETI P.C.B.s available from January 1977
Send S.A.E. for price list or telephone. Prices
include VAT and post and packing.

- -Trade enquiries welcome for prototype P.C.B s
and screen printing of front nlatek pin

CLARK SCREEN PRINTERS
CLOVELLY, CHELMSFORD ROAD

BATTLESBRIDGE, WICKFORD, ESSEX
Telephone: Wickford 66761

80

TOUCH CONTROLLED
LIGHTING KITS

These KITS replace conventional light switches and ,
control 300W of lighting. No mains rewiring required.
Insulated Touch Plates. All with easy to follow
instructiong.
'NEM/1750300K -TOUCHSWITCH and DIMMER
combined. ONE touchplate to switch light on or off.
Brightness controlled by small knob. ONLY - E5.95.
TS300K - TOUCHSWITCH. TWO touch plates ON,
and OFF. ONLY - £3.67.
TSA300K - AUTOMATIC. One touch plate. Light,
turns off after preset delay. ONLY - £3.67.

LD300K - LIGHT DIMMER KIT - E2.45.

IAL OFFER
3-555 TIMER s for 0 Y.E1.017.-"N

CMOS (Motorola)
4000 4013 51p 4040 97p
4001 15p p 4049 48p
4002 113p 4016 51p 4077 45p
4007 6p 4017 91p 4501 20p
4011 r-,,-- Op 4023 17p 4519 56p

4025 17p 4566 155p

TRIACS 400V 10220 Case
isolated tab
6.5A 80p 8.5A 85p
Diac 21p

NE555 8 pin dil 38p
741 8 pin dil 24p
2N6027 ,PUT) 34p
2N3055 36p

QUANTITY DISCOUNTS ON REQUEST
Add 8% VAT + 25p P&P. Mad Order Only to:

T. K. ELECTRONICS (ETI)
106 Studley Grange Road, London W7 2LX

CARBON FILM RESISTORS. 5% El 2 Series,
YeW, 1/4W, 1/2W mixed to your choice, 100
for 90p. MICROPROCESSORS SC/MP £15,
INTRO -KIT £77, KEYBOARD KIT £74,
MM6800 £27. P&P 15p. Mail order only.
CANDAR, 8 Almond Drive, Caversham Park,
Reading.

MPU BUILDERS. Information, Software and
Hardware for your MPU, inc. System 68.
Send s.a.e. for Price List to: K. Roche, 100
Berkshire Drive, Woolston, Warrington,
Cheshire

SUPPLIERS OF ELECTRONIC
COMPONENTS TO INDUSTRY & ENTHUSIASTS

We have expanded our premises and product range
for all our existing and of course newly welcomed
customers. Besides our widely acclaimed
comprehensive component service which is
growing in product profile, we now offer mall
order and counter sales on the following range.

Test Equp. Wire, Boxes (plastic and metal). Tech and
Project Books. Speakers, Chassis and Boxed, Modules,
Solder, Microphones, Amplifiers (5 watt to 150 watt),
Turntables, Special Effects, Units, Lighting Units, F.M.
Aerials, Crossover Units, Signal Boosters. Vero Board,
Headphones.

NOW ALSO AVAILABLE Full range of Metal
Detectors in stock.

Do phone us to discuss your requirements or Send 35p
to receive our Full Product and Price List
Better still if you can make it call and see us - we are
situated 10 min from the Main Chelmsford Train and
Bus Station near the County Hotel (you can park)

48,50 Rainsterd Road.
Telex: 995377. 0245 58605

Chelmsford. Essex.

SAME -DAY DISPATCH
Orders received before 2.00 p.m. are

posted on same day
Vero Cases, 60 X 108 x 180 mm

£2.40 + 19p VAT
Push-button Switches 20p + 2p VAT
LED DL707 .3" 60p + 4p VAT
Futaba 5LT01 Green Clock Display

£4.60 + 36p VAT
Clock Chip AY1202 £2.80 + 22p VAT
Clock Chip DIL socket 30p + 2p VAT
Clock  Printed Circuit Board

75p + 6p VAT
Clock Case £2.50 + 20p VAT
Clock Circuit Diagram and Assembly

Details 45p

+ 30p P &P per order

Barclay and Access welcome
Send card number with order

METAC-ELECTRONICS
& TIME CENTRE

Uxbridge
3 New Arcade
High Street
Uxbridge, Middx.
Tel. 0895) 56961

Daventry
67 High Street
Daventry
Northants
Tel. 032 72) 76545

Shops open 9 to 5.30 daily

Brand New Components
Electrolytic Capechors

25V 26V 211V0V 60V soy BOY
10 22 100 1.0 4,7 22

47 2.2 10 47

Polyester Capacitor. 250V PC 0 01, 0.015, 0 022mounting
0 033. 0 047 355p; 0 068. 0 1, 4p; 0 15. 0.22. 5p; 0.33.
0.47  0 66. 11 1 0. 1  2 2uF, 2 ..

Carbon Film Resistors. 0 33W 5% Hi -stability. 1 series
4.711- 1M Any selection
0.9p each. 0.6p 100.. 0.76p 1000+
S. ial  .ck 10 of each val. 650 resistors) E4.56.

fiernicooductont
AC126/7,8 14p 8E194 1, tip 2N1711 16p
AD161/2 36P 8E196 7 13p 2N2219 16p
BC107.8,9 Ilp EIFY50/51 15p 2N2904/5/6 16p
8C147'8/9 6p 8FX29 25p 2N2926(R) 7p
BC157 '8/9 10p BERRA 20p 292926(0) 7p
8C167 ' 8/9 10p MJ2955 96p 293053 14p
BC177 lip MPF102 33p 293054 42p
BC1713/9 12P 194001/2 3p 293055 3119
BC182.3/4L 10p 194003/4 4p 2N5457 33p
8C212,3/41 1 1 p 194005/6 6p 2N5459 36p
BCY70,71/72 13p 1N4148 3p '4E555 37p
80139 96p 29697 12p .-.'.1' 'CI 20p
BD140 37p 29706 9p 98p

Complete semiconuclor kits for ETI projects SOW Power Amp
E3.20. 100W Power Amp E4.66. Temperature alarm 72p. Drill
speed control 65p. ASCII keyboard E10.30. Efur.lar Alarm .

We are able to supply complete semiconductor kits for most I

projects Please write for details stating your requeements Prices
VAT inclusive Please add 15. carriae Exort enuiries welcome

C N Stevenson f ETI) 304 Ave, Hill Rood, London SE 9
2J9

Wire Threading (separates). W/D/Pencil
£1.71, DIL Board £1.62, Wire Guides
(W/D/Strip) 'press' 2 inches long, 30 per
pkt., £1.30. "Glue" 6 inches long, 10 per
pkt., £1.30, Spare Bobbin of wire 50p.
Please add 35p P&P for every £10 of goods,
or buy complete wire threading kit
(VV /D /System) for £5.95 inc. VAT and P&P.
Zartronix, 115 Lion Lane, Haslemere,
Surrey GU27 1JL.
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P.C.B.s
Glass Fibre P.C.B.s for ETI projects, supplied
tinned and drilled.
ETI444A 40p ETI480 120p
ETI630 49p ET1480PS 100p
ETI631 233p ETI155A 40p
ETI445 54p ETI155B 59p
ETI541 68p ETI155C 104p
ETI447 (mod) 124p ETI155D 122p
ETI444 136p ET1549 77p

ETI804 134p
SHORT CIRCUITS_

Drill Controller 51p PSU 40p
ETI FNC Generator Alarm 54p

62p Fuzz 42p
Metronome 40p Injector-tracei 60p
S.68 Mainframe PSU 81p
All prices shown include VAT. Add 20p post &

packing
P.C.B.s also available for this month's ETI
projects. Send SAE for full list of available

boards.
Also a comprehensive service from Artwork and
layout design to assembled P.C.B. for batch

quantities or one-off prototypes - Contact:

TAMTRONIK LIMITED
217 TOLL END ROAD, TIPTON,

WEST MIDLANDS DY4 OHW
T 021-557 9144

BURGLAR
ALARMS ;%-i- :.-__.

SUPPLIES AND EQUIPMENT

S.A.E. FOR FREE CATALOGUE

LARGE SIZE PRESSURE MATS
28in. x 15in. £1.20

i 121/2% VAT & 65p P&P

MAGNETIC SWITCHES
with magnets from 75p

+ i 21/2% VAT & 65p P&P

BELLS SIRENS ALARM -UNITS
CABLE BELL COVERS WINDOW FOIL
VIBRATION CONTACTS ULTRASONIC
AND INFRA -RED DETECTORS INTER-

TIA SWITCHES

A. D. ELECTRONICS Ell 1

217 Warbreck Moor, Aintree
Liverpool L9 OHU Tel. 051-525 3440

LEDs Red Green Yellow Orange
125 15p 27p 27p 27p
2" 19p 33p 33p 33p-

OPTO ISOLATOR TILI I 1 El

INFRA RED
6rnW E1.55
ORPI2 65p
OCP71 40p

Panel
clip 1p
Only with

LEDs

SCRs 50V 100V 400V 400V Triers
TO5A IA 25p 27p 46p 1052A 60p
T066 3A 27p 35p SOp T02 0 10A E1.50
STUD 7A 50p 55p 65p Dec BR100 21p

AC125/6/7/8 16p
AD161 /162 40p
AF117 20p
AF124/5/6/7 34p
AF139/239 40p
8C/107/8/9 ep
BC109C ' 12p
BC147/8/9 10p
BC157/8/9 lip
8C167/8/9 lip
BCI 69C 12p
BCI 77/8 /9 17p
BC182/3/4L 11p
BC186/7 30p
BC212/3/41. 12p
BCY70/71/72 13p
BD131/132 40p
8D139/140 60p,
8E194/5 12pN4006/7
BF196/7 14p
BE550/51 16p
BFX29/85 30p
BFX84 24p
BSX19/20 16p
MJE2955 E1
MJE3055 65p
0071 10p
2N697 15p
2N706 10p
251711 20p
252219 20p
2N2904/5/6i 716p
252904/5/65 lap
2N2926011 7p

2N29264G 12p
2N3053 15p
253054 45p
2N3055 41 p
253702/3/4 12p
2N3903/4 /5/616p
YN2646 45p
TIS43UJT 26p
BF244 55p
MPF102 lOp
253819 Zip
3N3823E 30p
255459 40p
N914 3p
N916 6p
54001 5p
N4002/3 by
54004/5 7P

8P
3A/50V 14P
3A/100V 15P
3A/600V 22p
IN4148 4P
BA100 9p
BAI56 12p
BAX16 eP
BYI27 lap
0A47 A'
0A70 0A79 Sp
0A81 0A90 7p
0A91 0A95 OpMks
0A200 111.
0A202 7P

°P. AMPS
709 all 25p
741 9 -pin 2111p

748 D.1.1. 36p
VOLTAGE REDS

5V 7805 Plastic
12V 7812 1 Amp
15V 7815 all
18V 7818 21.50
24V 7824
723 DIP 14 50p
BRIDGE RECTS.
2A 50V Sap
2A 100V 41p
2A 200V lip
2A 400V 154p
2A 100V 65p
IENERS 2.7-33V
BZY88 or sim 9p
555 Timer 60p
556 2o555 E1.10
LM380 MOO
LM381 E1.65
LM301 50p
LM3900 70p
NE566 E1.75
D.I.L. SOCKETS
8 -pin 12p
i4 -pin 13p
16.pin 14p+ ...h.
T03 TO66 5p
Delo Pen 70p
Avdel Bond 2GM 65p

ISLAND DEVICES, PO BOX 11 MAMMIWAYS PIACI)
MARGATE, KENT CT9 10X nisi& Zinn is, (hi glum

FULL SPEC. COMP NEWTS. Special
S. 74H00 22p, 490A 30p, 7474A

, 75450 50p, MJE3
OST N1 x 1 + a Op, MM5314

+ Data £3.25, Sperry SP425.09 (9 digit
7 seg) + Data £1, SKT 50p, 5 6p

1 20p, 741 TO99 (Dil) 30p 1N4148
3 BC108C 10p, T1L 209 + . 5p,
BYX49 (1200v. 2.5 Amps) 35p, 747.6"
£1.35, RS Fuse Holder 11/4" Panel Mnt
20p, P/P 10p.
LB Electronics, 43 Westacott
Hayes, Middx. UB4 8AH (ETI)

WATCH BATTERIES 82p EACH INC. VAT &
P&P. CASH WITH ORDER AND BATTERY
NO. OR OLD BATTERY. HAYES AUDIO, 44
NORTH CRESCENT, LONDON N3.

16 x 16 Sealectro Patch Board. Perfect
condition, suitable for D.I.Y. Synthesisor
£18.00 o.n.o. (35.00 new). Ruislip 36629.

E.T.I.

P.C.B's
Available for every E.T.I. Project. Send
s.a.e. for details or telephone your order
using Barclaycard or Access. Alternatively
send Postal Orders with written order.

CROFTON ELECTRONICS
LIMITED

35 Grosvenor Road, Twickenham
Middlesex TVV1 4AD

Tel. No. 01-891 1923

VALVES
Radio - TV - Industrial - Transmitting

We dispatch Valves to all pans of the world by return of
post, air or sea mail, 2700 Types in stock, 1930 to
1976. Obsolete types a speciality. List 20p. Quotation
S A E Open to callers Monday to Saturday 9.30 to
5 00. Closed Wednesday 1.00. We wish to purchase
all types of new and boxed Valves.
Cox Radio (Sussex) Ltd., Dept. E.T.I., The Parade,
East Wittering, Sussex P020136N. West Wittering
2023 (STD Code 024366).

VHF pocket portable radio tuning 108 to 138
MHz. Very sensitive. Easily adjusted to tune
over the 144MHz band. £16.50 (inc. post
and VAT). Romak Eng. Ltd., 10 Hibel Road,
Macclesfield, Cheshire.

QUALITY CARBON FILM RESISTORS. 5%
tolerance, 0.25watt, 5 each value, 30
values spaced throughout the range, 4R7 to
2M7. 150 in all. Send £1 + strong s.a.e. (9p
stamp) or 15p P&P. Mail order only. D.J.T.,
15 Spring Head Road, Kemsing, Sevenoaks,
Kent TN15 6QL.

TURN YOUR SURPLUS COMPONENTS
INTO CASH. PHONE 0491 35529 (Oxon)

ADVERTISEMENT INDEX
A.D.E. Mini ad E.D.A. 18 Precision Petite 69

Ambit 39 Electronic Mailorder 43 Pulse 39
Anco Mini ad Electrovalue 82 Radio Rotex 78

Arrow 61 Greenbank 24 Ramar Mini ad

Bamber 40 Henry's Radio 83 R. F. Equipment 82

Bear Microcomputer 76 HiFi Care 38 Sintel 47

Bi Pak 4 & 5 I.L.P 79 Sol Invictus 72

Bywood 12 & 61 Island Devices Mini ad Swanley 76

Cambridge Learning 17 Jayen 24

Catronics 18 Kramer & Co 24 & 76 echnomatic 69

Clarke Screen Printers Mini ad L nx Tempus

Cliff palm 23 1/ -T. K. I nics Mini ad

C. N. Stevenson Mini ad Marsha 4 Vero 40

Crofton 72 Metac 8 & Mini a Watford 2

Decon 39 inikits 76 Wilmslow 24

Doram 40 & 72 Newnes 17
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BC109 fp BD5I9

ETI 480 Power Supply
ETI 444 5w Stereo Amp
Ell 155A Digital Voltmeter
ETI 1558 Digital Voltmeter
ETI 155C Disittal Voltmeter
ETI 1 55D Digital Voltmeter

' Set of above 4 - Boards
ETI 549 Metal Detector
ETi 544 Heart Monitor
ETI 445 G P Pre -Amp

electronics tqmOy reader seivices
BACK NUMBERS
These cost 40p each. Postage and packing costs
15p for the first. and 10p for each subsequent
issue. Orders to ET! BACK ISSUES Dept. please.
We CANNOT supply the following issues: All 1972:
January. February. April, August, October and
November 1973; January, March, September,
October, November and December 1974;
January, June. July, August, September.
November and December 1975; January. March
1976.

PHOTOCOPYING SERVICE
Due to the steady pressure on our back numbers
department. and the dwindling number of issues
available, we have set up a photocopying
service. This involves our staff in considerable
time consuming endeavour, so we hope our
readers understand our decision to apply a flat
charge of 50p inclusive. This covers any article.
regardless of the number of pages involved. from
any ONE issue of ETI.
Please state clearly NAME of article, and from
which issue the copy you require is taken.
Address envelope to 'ETI Photocopy Service'.

EDITORIAL QUERIES
Written queries can only be answered when
accompanied by an SAE. and the reply can take
up to three weeks. These must relate to recent
articles and not involve ET! staff in any research.
Mark your envelope ETI QUERY . . . Telephone
queries can only be answered when technical
staff are tree, and NEVER before 4 p.m.

BINDERS
Binders, for up to 13 issues, are available for
£2.50 including VAT and carriage. Send orders to
ETI BINDERS DEPT....

SPECIAL ISSUES
Presently we produce six specials. See our ads
on pages 62. 63.

T-SHIRTS
ET! T-shirts are available in Large. Medium, or
Small sizes. They are yellow cotton with black
printing and cost £2.00 each. Send orders to ETI
T-SHIRTS Dept....

BOOKS
ET! Book Service sells books to our readers by
mail order. The prices advertised in the magazine
include postage and packing. Send orders to ETI
Book Service, P.O. Box 79, Maidenhead, Berks.

NON-FUNCTIONING PROJECTS
We cannot solve the problems faced by
inidividual readers building our projects unless
they are concerning interpretation of our
articles. When we know of any error we print a
correction as soon as possible at the end of
News Digest. Any useful addenda to a project will
be similarly dealt with. We cannot advise readers
on modifications to our projects.

SUBSCRIPTIONS
The annual subscription to ETI for UK readers is
£6. The current rate for readers overseas is U.
Send orders to ETI SUBS Dept. PAYMENT IN
STERLING ONLY PLEASE.

PCBs
PCBs are available for our projects from
companies advertising in the magazine.

ADDRESS FOR ALL ETI DEPARTMENTS:
25-27 OXFORD STREET, LONDON W1R 1RF

PLEASE MARK REVERSE OF EACH CHEQUE
WITH NAME Ili ADDRESS AND ITEMS

REQUIRED.
ALLOW 10 TO 14 DAYS FOR DELIVERY

GLASS FIBRE P.C.B.s
ETI S68 Mainframe P S L/ E1.20 ETI PSU

ETI 630 Hex Display 50p ETI Fuu
ETI 480 507100w Amp E1.35 ETI Alarm ..

£1.45 Temperature Alarm
E1.50 Drill Controller

45p LED Dice ..
55p Meads/Tads

E1.05 Doorbell
Bench Amplifier

£2.90 Reaction Tester
75p Infector/Tracer
780 Metronome
55p ETI 447 Audio Phase,

SEMI -CONDUCTORS
BC107 . fp 8C114 10p 80520 50p 2N5060 30p 151191

17p 80609 70p 255457 35p BCY32
230 084109 . 100 Zop I N4I 50
500 BY/0'61300 ) Zener Diodes 400mW

50p
45p
55p
75p
70p
45p
50p
75p
75p

£1 .15
60p
45p
85p

35p

INTEGRATED CIRC 6
I5o /v tenor; . 7. 3'0BZX70C30 (2 5w 30v Zener)

/44
44_,..-4-473.------ 25p 7474 21p.

7493 H.,-- 45p CA3046 swwwww6Op -04741 .----
NE555V. lop

LM339 E1.50 TCA220 045 CA3052 Stereo Pre -Amp E1.60
!The CA3052 consists of 4 independent unconnected amplifiers. Provision is made for introducing

discrete equalisation and tone control Circuits It needs only a single supply rail of not more than I6v '

Data suppled I ./"...).
Davian 04 Voltage Regulator Variable I -45v at up to 4a. TTL shutdown facility. Comolete witty,
but isolated diecast heatsink (Full Data and Circuit supplied)

OPTO-ELECTRONICS
Jumbo LEDs Red 0 2" Dra 18p Green 0.2" Dia 25p
MINITRON 3015F 7 -Segment Display E1.00 LED array (10 Leds in 20 pin DIL pack)
OPTO-ISOLATOR 6 -Pon DIL 10069, £2.00 . -

E4.00

RESISTORS
1, 4w 1p each, 100 same value BOp 1 .2w 1.5p each. 100 . £1,00
2 ,r, Metal Oxide 1 / 2w. in following values 10Ei 1 5R 33R_ 2208, 330R, 1K1, 162. 6009, 68011,
262, 210. 363, 369. 463, 862. 226. 276, 306, 336, 100K. 2206. 390K. IMO All the same
price Sp 0000

PRINTED CIRCUIT ACCESSORIES
Slab Guides for P C Cards 8.way 40p. 9 -way 45p
51 way Ellerman Plug and Socket pairs E1.00 per pair
;,,rd locking strip suitable for up to 26 cards 0.5" pitch 60p

ELECTROLYTIC CAPACITORS
CAPACITY/VOLTAGE

1500 /6 3 15p, 100/1011P,2207109p,500/10100,10/121p,33/1615p,100/167p,640,16
14p, 25/25 Sp, 47/25 5p, 330/25 10p, 100/63 10p, 470/63 30p, 100/63 50p, 47/40 fp,
1700 1 5060p, 100/25025p.
:OMPUTER QUALITY ELECTROLYTICS with screwed connections
/,ceog/,,43 moo, 2.000/75 E110, 3.000:100 E1.50. 10,000116 110p. 8 200/63 £1.80,

PEATABLE CRAZY OFF R
1 10K 1 sistorstot 50p, .1000 for E4.00.

12p each 5p

1000 should be

heFFnistors (ItefgVI!DiStRPrroirr tre. 161°11..,0-. rfie0;:!1 uu tor £4.00.
P&P on all ord where stated otherwise

New Sp fireg List

R. F. EQUIPMENT SPARES LIMITED
3 LACY CLOSE, WIM BORNE, DORSET

100 for E3.50,
of 30p per 1U0 or

L 10p

THE OPEN DOOR
TO QUALITY

0:i3
akOgkis' ISSUE 4

UP -DATED 4th EDITION
Prices stabilised minimum

3 -month periods

144 pages, 40p

tlectrovalue Catalogue No 8
(Issue 4 up -dated) offersiterWS
from advanced opto-electronic

components to humble (but
essential) washers. Many

things listed are very difficult
to obtain elsewhere. The

Company's own computer is
programmed to

expedite delivery
and maintain customer
satisfaction. Attractive

discounts are allowed on
many purchases; Access

and Barclaycard orders
are, accepted

PLUS FREE POSTAGE

on all C.W 0 mail orders in.
U.K. over £2.00 list value
(excluding VAT) If under,
add 15p handling charge.

Post paid. inc.
refund voucher for 40p

ELECTROHNWE LTD
All communication
please to Head Office.
Epham address. Dept.

ETI.5

28 ST. JUDES ROAD, ENGLEFIELD GREEN. EGHAM. SURREY TW20 OHS Tel. Egharn 3603
Telex 264475. Shop 9-5.30, 9-1 pm Sass. NORTHERN BRANCH 680 Burnage Lane, Burnage,
Manchester M19 1NA. Tel (061) 432 4945. Shop 9-5.30 pm, 1 pen Sots.
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CALCULATOR DISPLAYS
Ye" digit height, bright red LED 7
segment displays for calculators,
digital watches, miniature clocks,
DVMs, timers, etc.
* Fairchild FND)10, single digit common
cathode 75p (+vat 6p) 5 for £3.00
(+ vat 24p)
* HP 7414 4 digit common cathode 12
pin d I pin out 99p+ (vat 8p) 6 for
£5.00 (+vat 40p)
* Bowmar 81/7 digit common cathode
with pc connector and red bezel E1.25
(+vat 10p) 5 for E9 I+ cat 72p)
* Texas 3 digit common cathode 12 Pm
d i I port out 85p (+vat 7p) 6 for E4.00
(+vat 32p1
* Texas 4+5 digit common cathode
2x14 pin d i I E1.25 pair (+vat 10p)
* 30 pin termination board for all types
except FNO-10 20p (+ vat 2p)
Texas calculator keyboards 19 gold
plated snap type key contacts on gold
plated pcb 75p (+vat 6p)
p & p on all the above 25p

Cl(1_14,
7414

*9771/777/ 4701.1

. foro4 !.

BOWMAR

TEXAS
3 DIGIT FNDIO

TAPE HEADS
BX12E3431 TRACK ERASE
HEAD - E11.25 (+vat 15p)
8X12RP63 WITH BX12E343 -
£2.95 (+vat 36p)
STEREO CASSETTE RIRP
HEAD (200 ohm) - £2.25
(+vat 28p)
TWIN STAGGERED
MARRIOTT HEADS R1RP1 -
LIM( -1-vat 180
MARRIOTT RECORD/
REPLAY 6 ERASE HEAD -
£1.75( 4- vat 21p)
MINIFLUX R9N ERASE - £2.25
(4 -vat 289)
GX11 E388 ERASE675 ohms
2 mA - E0.88(+vat 11p)
GX12 E387 ERASE 675 ohms
2 mA - ULU (+vat 11p)
GX20 [362 ERASE 90 ohms
90 mA -E111.11111+ vat 11p)
RIRP113 TAPE HEAD
TRACK -E11.45(-t-vatflo)

RADIO
CONTROL
SYSTEM

MULLARD TUNER
MODULES -
LP1.171 combined AM/FM IF
strip - E4.28 (+vat 53p) a LP1179
FM front end with AM tuning
gang, used with LP1171 - ECM
(+vat 53p) LP1171 6 79 parr -
E/.00 (+vat £1.00) -A- LP'157
complete AM strip - £2.05 (+vat
26p) b Ferrite Aerial - 85p (+vat
7P)
p 6 p all modules 259 each

HR -RP TAPE HEAD SINGLE
TRACK £0.55 (+vat 6p).
XRPS17 TRACK -63.25
(+vat 40p)
XRPS18 TRACK RED -
£3.25 4- vat 40p)
XRPS36: TRACK -£0.75
(+vat 79p)
XES11 TRACK ERASE -
L1.25 ( +vat 15p)
BX/RP/631 TRACK - £2.25
(+vat 28p)

amomr.

. .

ipeccaay 11c...soled to Ornv,d aPr lair
and boat rnocleimakers roth a low ,cost
asy to use rad. control the lienelec
ystern gores you everythmg from smgle
hannel up to sophisbcated 7 channel

Digital Proponlnnal System, Buy the
components you want Ideal 11, a-
atho control appl.cateon  Si,r -

For this latest edition, ,..,
have made hundreds iiI
changes and additions
Containing virtue I I ,

all in finding
r o trouble at IISIIII*near

everything for amateurs
and professionals,
Henry's Radio Cata-
logue is also a
"must" for man-
ufacturers.
Again, we have IT'S
included a complete
alphabetical index, THE
as well as a sec-
tional index, so BEST
that you'll have

EVER
what a t

OVER
ITEMSy

o need.u

85p
iii ONLY

PLUS
20p p&p

INCLUDING
PROPORTIONALLY
CONTROLLED SWITCH
-a- FEATURING COSMOS
DIGITAL LOGIC to minimise
power consumption and extend
br'',ry life.

-......T_ e.. 0
la 0

BULK PURCHASE - EXCLUS FANTASTICYOH
PRICES!

ENRY'S

TO EU AT SUCH

UALITY ITEMS
Compare performance an
specification with units
costing 3 times is much

DIGITAL

6116K
WITH
BUILT-IN
ALARM

 SILENT RUNNING

 LARGE ILLUMINATED
NUMERALS

 AC MAINS SIZE 61 x 21x 21

41111111% -

MECHANISM ONLY

Assemble:
it 'nal evening.
MECHANISM Inc. assembly
AND CASE instructions

+VAT

£6900 P&P 25P48p I £7e99
AT 4p

P&P 15p

REE FOR £16.50
+VAT f1.32 POST FREE

THREE FO .10
+VAT f1.76 POST FREE

1 NORMALLY
f24 WITH CASE

Eg.99 P&P 25p

+VAT 72p

THREE FOR £25.00
+VAT f2.00 POST FREE

TEXAN AMPLIFIER
featured by PRACTICAL

WIRELESS

Samee
best elling

intheo.

transmote/ 211.75 (..res 9147) 
Smgle rh add on iv' ,ere.v., 92 e5i

vat 37p,  PC boa,, ,00,,
75p vat 50)  Case for I, o,
21.25  Val thou  flaw rel,,,Pr
ES 95 t vat 87p1 Send new for
kroner N. II (35p) ter tuff demi.
Post etc 50p each

HENRY'S aiW.74°1/84,4100/4

* DISCOUNT VOUCHERS
* QUANTITY DISCOUNTS

ON MOST ITEMS
FREE - to educational establishments and

manufacturers when ordered on official headed notepaper.

amiovAtveale"

DESIGNED BY

TEXASIAREo)

Build the Texan stereo amplifier, and be
doubly proud! You'll own a superb home
entertainment unit. And the pleasure of doing it yourself.
LooA at the reran speci ficabon
Fully integrated stereo preamp and power amp, 6 IC's, 10
transistors 6 rectifiers and zener diodes. Plus stabilised,
protected circuitry, glass fibre pcb; Gardeners low -field low -line
mains transformer; all facilities and controls. Slim design,
chassis 141"x 6" x 2" overall. 28 watts per channel RMS.

The natural follow on !

*age be
built Stage by

stage. Ask for
leaflet 21.

* Everything necessary
supplied. Full after sales
service and guarantees.

TEXAN FM r21 co
TUNER KIT /..  %,

+ VAT
E2.93

Built and tested £28.50 + VAT E3.56

Build the matching Texan stereo tuner!
Features advanced varicap tuning. Phase lock loo

decoder. Professionally designed circuit. Everything you nee
is in the kit. From the glass fibre pcb to the cabinet itself

Excellent spec: 2.5 eV aerial sensitivity. 500 mV output (adjustablel
Tuning range 87-102 MHz. Mains powered.

HC6U (USA 2M) METAL CASED HERMETICALLY SEALED. CRYSTAL
ACCURACY 0.005%. TWO PIN 0.5" PIN SPACING. ALL TYPES THIRD
OVERTONE ALSO SUITABLE FOR USE ON THEIR FUNDAMENTAL
FREQUENCY (i.e. DIVIDE BY 31. OVERALL SIZE %," x 11,'16" x 5/16"
53.675 <cis
66.986 "

31.1111 Mc/s
31.6667 "
32.2222
33.3333
36.6667
37.7778
38.0000
38.3337
39.5185

39.5555 Mc/s
39.5926 "
39.6296
39.6667
39.7037
39.7778
39.8148
39.8519
39.8889
39.9259
39.9630
40.0370

40.0740 Mc/s
40.1481 "
40.1852 "
40.2222 "
40.2593
40.2963
40.3333
40.3704
40.4017
40.5926
40.7407
40.8148

40.8519 Mc/s 50.1000 Mc/s
40.6889
40.9259
40.9633
41.1111
44.3000
44.5000
45.7000
46.5000
46.7000
46.1200
45.9000

SOCKETS
HC6U 9p each
+ 1P VAT

PRICE EACH 95p + 12p VAT p & p 15p

eispegys
RA 10

All mall to: Henry's Radio 404 Edgware Rd, London W2

LONDON W2.404'6 Edgware Road. Tel. 01-723 1008



The only organ you can build m 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 coming soon), but we have got the most
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 three
available so far,

( to..r . , . .

I JJJJJ 11441111tIn tttttttttt  A
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We stock a wide range of switches
including a really low-priced high
quality interlocking push-button
switch system, which is extremely
versatile. We've got toggle
switches, slide switches, push
switches, rotary switches -- there
are dozens to choose from, but it's
only a tiny part of our fantastic
range.

_ - -

0t - 4E)
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This nigh quality Graphic Equaliser will enhance even the most
sophisticated system at a fraction of the cost of a ready-made
equaliser of equal quality. You can get all the parts from us
:except woodwork) including drilled and printed metalwork.
Construction details in our leaflet: 1 5p.

A completely self-contained pedal
unit. 13 -note. 2 -octave range, 4
organ stops It can be added to
any organ! A really unusual extra
is the bass guitar stop which uses
four envelope shapers to give a
real bass guitar sound. A must for
the solo guitarist. Full construction
details in our catalogue - post the
coupon below now!

Our bi-monthly newsletter keeps you up to date with latest
guaranteed prices - our latest special offers (they save you
pounds) - details o' new protects and new lines. Send 30p
for the next six isst. es :Sp discount voucher with each copy).

MAPLIN ELECTRONIC SUPPLTE
FO. BOX 3 RAYLEIGH ESSEX SS6 8LH

Telephone: Southend (0702) 715155
Shop. 284, Lordon Road, Westcllff-on-Sea, Essex

Telephone Southend 10 7021 4 7:379

Play fascinating games NOW on
your own TV in your own living
room. The kids will think it's
magic when the scores pop up on
the screen. lay your bets --
anyone could win - with Maplin's
prices everyone can win. Get the
May edition of Electronics Today
International now - then get all
the parts from us at a remarkably
low price (I C. alone £11.99). All
prices include V.A.T. and P.& P

Complete Kit £24.50
Please add 35p to kit price I,-
constructional details

IT'S A FANTASTIC BESTSELLER!
216 big (11" x 8") pages! Over a thousand illustrations!
Over 30 pages of complete projects to build!
Thousands and thousands of useful components described
and illustrated! No wonder it's a bestseller!
DON'T MISS OUT! SEND 50p NOW!r

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE
PRICE 50p

Please rush me a copy of your 216 page catalogue by return of post.
I enclose 50p, but understand that if I am not completely satisfied I may
return the catalogue to you within 14 days and have my 50p refunded

I immediately.

NAME
gSratirr,
UP.u.

ADDRESS

(ETI 6)


