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AMTRON
kits for the

audio enthusiast
UK 190

HI-FI AMPLIFIER 50W
Specificetions
Output power (with 5% distortion):

50 W
Output power (with 1% distortion):

AO W
Frequency range:

10.10,000 Hz -±-2
Output impedance: 4
input impedance: 1 kn
Sensitivity. 1 V £34.66

U K 270
Spedliretlens
Power supply, 15 V DC, max.
wed resistance: 8 n
Output power: 6 W, peek
No. 1 input sensitivity at 1000 Hz:

200 nit/
No. 2 input sensitivity at 1000 Hz:

230 mV
Frequency response: 50.15.000 Hz
No. 1 input impedance at 1000 Hz:

150 kn
No, 2 input impedance at 1000 Hz:

220 len
TAA611/C £9.86

No£5.20

U K120

HI-FI AMP. 12W

Specifications
Output power. 12 W, peak
Frequency response 20-20,000 Hz
Sensitivity: 2 mV
Impedance: e fE
POwea 24 V DC

UK 275

MIKE

t

pttaoml,li

PRE -AMPLIFIER
Specifications
Power supply"
Current drain:
Gain (at 1000 Hz):
Input impedance:
Output impedance:

UK
460 '

F.M. SIGNAL
GENERATOR

9 V DC
5 mt.

30 dB
10 kn
1,5 141

Specification

Power source: 9 V battery, or In
connection to a Power Supply

Fixed centre frequency signal:
10.7 MHz

Variable frequency signal: 80 to 109
MHz, continuously adjustable

FM frequency deviation: continuunly
adjustable from 0 to 75 kits

AM depth: 30%
modulefion frequency

AM: 1000 Hz; FM: 400 Hz

£7.68

£19.96

UK
760

ACCOUSTIC SWITCH
SpecHicetken
Current drain: 3 to 30 mA
Bulb current drain: 80 mA
Mike input sensitivity:

3 st.V at 1000 Hz
Input Impedance: 300 n
Excitation time constant range:

2 to 10 sect. £13.83

UK
230

AM/FM
ANTENNA
AMPLIFIER
Specifications
Power supply: 9 to IS V DC
Supply current: 5 to 10 mA
Amplification (up to 20 MK.): 20 dB
Amplification Dm to 100 MHz): 8 dB
Amplification OM to 210 MHz): 3 dB
Input impedarNe: 50 to 300 n
Output impedance: 50 to 75 n
Transisto, (1) 8F125

UK
195
MINIATURE
AMPLIFIER 2W
Specifications
Output power (at 12 V DC): . 2 W
Input sensitivity: 100 mV
Input impedance: 200 kn
Output impedance: 4 f2

£3.62

£4.03

UK 127
NOISE
REDUCTION
UNIT
Specification
Power supply: 12 V DC, through the

output connecter
Amplifier gain: 1

Input impedance: higher than 10 kn
Output impedance:

lower than or equal to 10 kilt
Max, permissible input sight: 2 V
Min. input signal: 50 mV
Turn -over frequency: 2 kHz
Attenuation characteristics:
Frequency: 1 kHz 2 kHz .4 kHz 8 kHz

10 kHz 20 kHz
Attenuation: 0 dB 3 dB 6 d8 12 dB £10.51

1ad8 2046

UK 142

TONE
CONTROL
UNIT

1

Semifluid.
Gain at the centre frequency of 1000
He: 0 .413

Maximum attenuation for bass and
treble frequencies: 20 dB
Maximum boost for bass aral treble
frequencies: 20 dB
Minimum amplitude of input signal:

30 mV rrns
Maximum amplitude of output signal:

300 mV

UK
550/S

L.F.
FREQUENCY
METER

Hz , :00 kHz

UK
570/S

£7.68

£25.38

LOW FREQUENCY SIG.
GEN'R. 10Hz to 1 MHz.
sp.cincatiorm

Frequency range
/0 Hz to 800 kHz, as follows:

1 = 10 to 100 Hz
x 10 = 100 to 1000 Hz
x 100 + I to 10 kHz
x 11e = 10 to 100 kHz
x 10k = 100 kHz to 800 kHz £23.58

KITS ALSO AVAILABLE BUT NOT ILLUSTRATED
UK 165
R.I.A.A. EQUALIZED
STEREO PRE -AMPLIFIER
£5.83
UK 167 STEREO PRE -AMP.
TO R.I.A.A. or C.C.I.R. STAND.
£7.68

UK 175 HI-FI STEREO
PRE -AMP. WITH TONE CONT'S
£35.28
UK 160
I.C. AMPLIFIER 8W
£12.71

UK 115
HI-FI AMPLIFIER 8W
£4.95
UK 125
STEREO CONTROL UNIT.
£7.27

UK 110/A
STEREO AMP 5+5W
£12.71
UK 192
HI-FI STEREO AMP 50+50W
£52.62
UK 765 MULTIPLE
STEREO CON'R. £3.64

ALL PRICES INCLUDE V.A.T.
Trade Enquiries Invited

CrR
11LI

AMTRON UK  4 & 7 CASTLE STREET  HASTINGS  SUSSEX  TELEPHONE HASTINGS (0424) 437875.
All Educational Enquiries to Phillip Harris Ltd., Ludgate Hill, Birmingham. Tel: 021-2364041.
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BRAND NEW FULLY GUARANTEED DEVICES
AC107 0-22 ADT140 055 RC 153 031 B0536 044 0 8$ 044 6000105

ACI 13 020 AFt14 PS7 BC I 54 033 OD137 osO 8E134 013 0019

ACIIS on AF115 017 11C157 020 80138 9.55 80195 0.13 OC20

ACI 17K 032 AF116 6-27 R(153 013 130139 0.61 BFI% 096 0C22

AC122 4-13 AF117 027 8C159 0-13 00140 046 BFI97 016 0C23

ACI25 049 AFM8 0-39 BCI60 050 140153 048 BF200 050 0C24

AC126 049 AFI24 033 BC I 61 055 1313175 046 80222 11.05 0025

ACI27 0-V) A0123 033 BC167 013 130176 066 130257 050 0C26

AC126 020 AF126 031 RCI68 043 00177 072 13-F231 066 0C28

ACI32 046 AFI 27 041 BC169 043 130178 P72 00259 094 0C29

ACI34 044 AF139 0-33 8C170 043 80179 617 8F262 061 0035

ACI37 044 AF278 055 OCt71 616 30180 0.77 90263 0-61 0036

ACI41 020 A0179 0.35 RC172 016 BDI85 042 ElF270 0.39 0041

/WICK 032 AF180 055 RC:373 016 60106 0.72 00271 033 0(742

AC142 020 60181 0-55 BCI74 046 30187 0-77 80272 PM 0044

ACI42K 028 AF186 055 RCt75 024 130188 0.72 80273 0.39 (0C45

ACI51 1617 AF239 041 BCI77 Olt 90189 0.83 BF274 039 0E70

ACI54 042 ALio2 0-72 BCI78 Oat 130190 083 B0W10 066 OCT(

AC155 022 ALI03 on BC179 0.21 313195 094 RFX29 030 0072

ACI56 022 ASY26 0-211 00180 627 00196 094 1107(84 074 0074

AC157 0-27 ASY27 013 BC181 027 13E2197 099 8FX85 633 0075

AC165 0-Z2 ASY2a 626 BCI82 0-11 00198 099 802E86 024 0076

AC166 022 ASY29 P20 RCI82L 041 13010 f105 BF7C117 047 0077

ACI67 022 68120 0-28 BCI83 1141 80200 a3 BFX88 0.24 0031

NC168 017 ASY51 028 BC183L 011 80205 048 50050 041 008117

AC169 016 AS152 028 8C184 013 00206 048 110051 942 0082

ACI76 012 ASY54 0.28 BC I84L 013 40207 £1 05 BFY52 022 CC820

ACI77 0-27 ASY55 028 80186 031 80208 11.05 BFY53 019 0013

AC178 031 ASY56 01B BC137 031 BDY20 £110 RPX25 0.94 0C139

ACI79 031 ASY57 1328 BC207 612 8E115 0-27 8SX19 617 0C140

10180 022 60550 028 EIC2011 012 00117 050 BSX2O 0-17 00169

ACISOK 032 ASY73 028 BC209 043 80118 0.77 80023 617 OC170

AC181 622 ASZ2i 044 BC2I2L 042 8E119 0.77 66726 017 OC I71

ACI81 K 0-32 RCI07 012 BC213L 012 00121 050 RSY27 617 00200

AC187 024 BC 104 012 13C2 016 RF123 0.55 BSY28 047 0C201

AC18714 07.5 BC 509 043 00225 03$ 60125 050 BSY29 1617 0C202

ACI83 024 6013 011 BC226 639 3E127 0.55 86738 1620 OC203

AC18SK 015 RC I II 047 BC30 030 40152 061 BSY39 020 00204

ACY17 0-28 B015 017 BC302 027 01153 050 8.9010 0-31 0C205

ACY18 012 RC116 047 3C5117 035 OP 54 0-30 00041 031 OC309

ACYI9 022 ocit7 020 13C304 040 89.55 077 95195 014 OCP7I

ACY20 0-22 BCI 18 041 BC440 0.34 11E156 0-51 BSY95A 614 ORP 12

ACY2I 0.22 RC119 043 BC460 040 11E157 061 89105 8210 P20

ACY22 010 BCI20 0-86 BCY30 027 80158 0-61 CII1E 055 P21

ACY27 0-20 BC125 043 BCY31 029 BF159 0-66 C400 031 P346A

ACY28 0:21 RCI26 0-20 BCY32 033 9F160 0-44 C407 018 P397

ACY29 049 BC132 043 BC Y33 024 3E162 044 C424 018 67140

ACY30 031 8C134 020 BCY34 0-28 13E163 0.44 0425 4355 57141

ACV3I 0-31 8C135 (143 BCY70 1616 0E164 0-44 C426 039 11543

ACY34 0-23 BC136 0(7 8CY71 022 3E165 041 C428 012 1.4746

ACY35 023 BCI 37 017 ECY72 046 31167 024 C441 033 01414

ACY36 0-31 BCI39 044 61C7.10 622 13E173 024 0442 033 26301

ACY40 0-19 BC140 033 BCZI 1 028 139176 0-39 C444 039 20302

AC741 018 80141 0-33 BCZ12 029 8E177 039 C450 024 20303

AC544 439 BC142 1633 8005 048 3F17X 053 MATIOO 011 20304

A0130 0-41 BC 143 033 80116 048 23E179 0-33 MATIOI 0-22 20306

AD140 053 0(145 040 130121 066 0580 043 mA7120 P2I 20308

AD142 053 3C147 011 BD i23 (972 11F161 033 MAT121 0-22 26389

A0143 042 sC148 011 130124 076 13E107 0-44 MJE1955 095 20339

AD149 0-50 BC 00 613 80131 055 BE, 83 0-44 MIE3033 062 203396

AD161 1 130150 040 811/132 0-66 Farm( 628 AU 03440 055 20344

A13162 (MP) BC151 0;72 80133 072 00 185 033 MPF102 046 20345

075 BC] 52 019 80135 0.44 9E107 030 mPF104 041 20371

KING OF THE PAKS Unequalled Value and Quality

SUPER PAKS
NEW BI-PAK UNTESTED

SEMICONDUCTORS
Satisfaction GUARANTEED In Every Pak, or money back.

Pak No. Description Price

U 1 120 Glass Sub -Min. General Purpose Germanium Modes 0.56

It 2 60 Mixed Germanium Transistor. AP? RF 0.56

U 3 74 Germanism Gold Bonded Sub -H111. like 0A5, 0A47 0.55

U 4 40 Germanium Trarosistorr like 0081, AC128 0.56

t 5 60 200mA Sub -Min. 5111con Diodes 0-55

U 6 80 ail. Planar Trans. NPN like 1381136A 2N706 0.55

Q 7 16 /311. Rectifier. TOP -HAT 750mA v LTG. RANGE up to 1000 0.55

IT 8 50 1311. Planar Diodes DO -7 Glass 250mA like 06200/202 0'66

U 9 20 311xed Voltages. 1 Watt Zener Diodes 0.66

U10 20 IA Y60 charge atoms Diode* 1.10.7 Glass 055

e11 26 PNP 811. Planar Trans. TO.5 like 251132.14N-2904 0 55

U12 12 Silicon Rectifiers Epoxy 500MA up to 800 PIV 0.66

013 SO PNP-NPN 811. Transistors 0c200 & 29 104 0 55

U14 150 Mixed Moon and Germanium Diodes 065

els 25 NPN 811. Planar Trans. TO.5 like BFY61, 2N897 0.66

7116 10 3 Amp Slilcon Rectifiers Stud Type up to 1000P5V . . 056

to SO Germanium PM' AP-TransIstons-r0-5 like ACT 17-22 0.66

0718 8 6 Amp &Ikon Rectifiers 131 218 Type up to 600 Ply 0.56

U19 25 &Rom NPN Translators like 13E108 0-55

0.120 12 10. Amp Silicon-Rettlffers Top Hat im to 1000 PIV . 0 45

1.191 80 AP. Germanium Alloy Transistors 26300 Wes & 0071 0.56

1.7528 SO IDEDT's like MHz Series PNP Transirton 0.55

U24 20 Germanium 1 Amp Rectifiers 0.122 Series up to 300 Fry 0.66

1.195 25 aoo MR1 NPN Silicon Translators 219/08, 1319227 0.55

1.228 80 Fart Switchlap Silken Diodes UV 124914 Micro -Min. 0.66

027 12 NPN Germanium AP Transistors TO -1 like AC127 0.66

0229 10 1 Amp SCR's TO.5 can, up to 600 PIV CR81(25-600 1.0
1}80 15 Plastic 8111con Planar Trans. NPN 2242928 0.66-

1181 20 81110012 Planar Plastic NPN Trans. low Noise Amp 2143707 0.55

U35 25 Zener Diodes 400mte DO -7 cane 3-18 volts mixed 0 -ii

U83 15 Plastic Caw 1 Amp 8/11eon Rectifiers 1144000 Series
1134 30 811loon PNP Alloy Tram_ TO0. 100O26 28302(4 0.55

1526 26 9fficon Planar Translators PNP TO -18 2512906 0.66

U38 26 ?Silicon Planar NPN Tranalstore TO -4 131,260(51(62 0.65

1.137 30 &neon Alloy Translators 150-2 PNP 00200, 28322 0.56

U38 20 Past Switching Silicon Trans. NPN litiz 253011 0.66

U30 30 ktF. Germ. PNP Trantirtors 224130366 TO -6 0.66

1140 10 Dual Transistors 6 lead TO -S 2242060 0-56

U41 25 AP Germanium Transistors TO -4, 0044, NKT72 0.65

U42 10 VHF Germanium PNP 'Transistor TO -1 NKT667, .&P1170-35
1143 215 811. Trans. Plastic TO -18 A.P. 18C115/114 0.55

E.T. 20 811. Toms. Plastic TO -5 BC113,14PN 0.55

1746 7 3A SCE. TO66 up to 600PIV 1-10

Code No's. mentioned above as given aa a guide to the type of device In
the pak. The devices themselves are normally unmarked.

A LAROE RANGE OF TECHNICAL
AND DATA NOOKS ARE NOW

AVAILABLE EL STOCK.
TEND POE FREE LIST.

041
039
PTO
0-52
054
0452

042
0-32
055
055
046
055
0-22
027
0.17
044
611
1311

046
616
017
017
0-28
017
017
017
0.17
012
022
022
02/
048
028
026
0.31
0-31
023
020
0-39
0-44
0-48
043
ass
0.50
0-22
0-46
a44
0-19
0-33
030

0920
0-21
021
0-21

627
044
039
039
1622
(CIS
020
048
048

2017113
20373
20374
20377
20378
20381
20382
241401

20414
20417
04388
214388A
261404
26004A
2/4524
214527
20598
261599
20696
291697
224698
20699
261706
214706A
214708
224711
2N717
20718
2617186
291726
213727
20743
20744
20914
20918
20929
20930
2641131
2N1132
2141302
201303
2241304
2N1305
201306
2341307
201308
201309
201613
2141711
201889
201890
2141893
2642547
202148
2642100
2612192
2242193
202194
202217
202218
202219
2612220
2142221

043
049
0.19
031
0.18
0 18
018
033
0-33
0.28
0.39
0-61
0-22
031
046
054
046
050
014
015
027
639
069
040
043
1133

049
0.27
045

0.31
022
022
646
033
023
023
an
044
046
616
949
049
1323
023
P26-
0.26
032
022
045
040

041
079
043
046
039
039
039
024
022
021
024
022

2142222 022
2012368 019
6202369 1616

2142369A 0.16
2142411 027
202412 0.27
2142646 052
2142711 023
202712 0.23
202714 023
2142904 0(9
2142904A 023
202905 023
2142905.4 023
2142906 017
202906A 020
2012907 022
202907A 024
2242923 046
2142924 016
202925 016
202926(0)

044
20292600

042
2142926(0)

011
202926(R)

011
21429260K

011
260010 677
2143015 016
2613053 619
2143054 6.11
2613055 0.15
203391 046
2033916. 018

AA119
AA120
6A129
AAY30
AA213
BA WO
BA i 16
RAI26
RAI44
86154
BA155
BA156
04173
137100
05101
65105
135114
87124
BY126
131127
BY 128

2143392
203393
2143394
203395
203402
203403
2013404
2043405
203414
2243415
203416
2143417
2143525
2143614
2143615
203616
203646
203702
2143703
2243704
203705
2143706
2N3707
2243708
203709
203710
203711
2143819
2143820
2143821
203423
2N3903
203904
203905
2143906
2244058
2614059
204060

046
0-16
0-16
019
023
023
041
046
047
01/
031
631
043
074
0412
0411
O. i

0.13
013
044
013
043
044
0.09
040
1310
040
031
055
039
031
031
033
031
030
013
611
0(3

234061
2644062
2644284
2644285

2244286
204287
2644288
204289
-204290
204291
2244292
204293
2245172
2052%
205457
220458
2245439
2646121
22301
25302A
26302
2.5303
25304
25305
25306
25307
76321
26322
263226
50323
26324
25325
25320
25327
26701
40361
10362

DIODES AND RECTIFIERS
009 00130 0-18 065
609 80133 013 0A10
609 85164 053 0A47
640 803(31030 0A70
04 l 0-46 0679
041 BYZIO 639 0A-91

023 BY21 I 043 OAKS

044 131212 033
616 BY2i3 020
613 87226 0.44
046
013 807.17 039
046 130218 639
047 BYZ19 031
043 0062
ate (0.01W
043 0-06

1613 CG65 -
616 (0A70 -0A79)
017 0-07

017 065 0.39

0400
OA9I
0A95
06200
06202
5010
SE/19
16434
1604A
10914
116916
134148
10021
15951

0-13
013
019
1919
(919
099
019
0-19
0-19
019
P19
019
013
0-60
0-35
P34
(144
075
055
0-46
046
061
0-77
(386
046
0-86
0.62
0.46
046
062
077
077
0.77
0-77
6346
044
0-50

023
095
0-08
008
o-08
0.08
010
0-07
Po/
0-08
047
0-08
0-06
13-06

0-08
0-08
0-06
006
006
0.11
007

SMUT! TESTED SEMICONDUCTORS

Pak No. Price

1 20 Red spot transistors PNP 0-55

2 16 White spot R.F. transistors PNP 0.53

3 4 OC 77 type transistors ......,--,-.....-_--- 0-55
6 Matched transistors 0C44/45/81/8113 -- 0-55
4 OC 75 transistors 055
5 0072 transistors .. . 0-55
4 AC 128 transistors PNP high gain .-__-...- 05$
4 AC 126 transistors PNP . 0.55
7 OC 81 type transistors ----.-.--- ...... 0-55

7 OC 71 type transistors . P55
2 ACI27/128 Complementary pairs PNP/NPN 055
3 AF 116 type transistors .. . 0.55
3 AF 117 type transistors .--...-.-.- 055
3 OC 171 F.O. type transistors ....... - 0.55
7 2142926 Epoxy transistors 7,aiia- colours 0.55
2 GET880 low noise Germanium transistors.._ 0-55
5 NPN 2 x ST.141. & 3 x ST.140 - 0-55
4 MADrS 2 x MAT 100 & 2 x MAT lir 055
3 MADT'S 2 x MAT 101& Ix MAT 121 -- 0-55
4 OC 44 Germanium transistors A.F. 0-55
4 AC127 NPN Germanium transistors 055

20 NKT transistors A.F. R.F. coded . 055
10 OA 202 Silicon diodes sub -min
8 OA 81 diodes 655
15 114914 Silicon diodes 75P1V 75mA 055
8 OA95 Germanium diodes sub -mm 1N69 0-55
2 IUA 0111) 11 V 2114800 rectacrs 1342500 .--....- 0-55
2 Silicon power rectifiers BYZ 13 .. . 0-55
4 Sd. transistors 2 x 214696.

x 2N698 . 055
7 Silicon switch transistors 2N706 NPN 055
6 Silicon switch transistors 214708 NPN . 0-55
3 PNP SO. trans. 2 x 2N1131. 1 x

2N1132_,-. -.. 0-55
3 Silicon NPN transistors..2N1711 --

...
0-55

Sil. NPN trans. 2142369, 500MHz (code
P397) ... ... ........ 0-55

3 Silicon x

2N2.905 . . ....... ... 0-55

7 2N3646 TO-18 plastic 300 MHz NPN 055
3 2143053 NPN &Kcon transistors ..--._.--.. 055
7 PNP transistors 4 x 2143703.3 x 2143702 055
7 PNP transistors 4 x 2N3704.3 x 2N3705 0-55
7NPN transistors 4 x 2143707.3 x 2N3708 055
3 Plastic NPN TO -18 2N3904 -.-.....-.-- 0-55

2 6 NPN transistors 2245172 -.-.....-.-.. 055
3 7 BC 107 NPN transistors 055

7 NPN transistors 4 x BC 108,3 x BC 109 ..- 0.55
5 3 BC 113 NPN TO -18 transistors .-...--- 045
6 3 BC 115 NPN TO -5 transistors-- 0.55
7 6 NPN high gain transistors 3 x BC167,

3 x NCI 68 055
8 4 BCY 70 PNP transistors TO -18 .___ 0.55

9 4 NON transistors 2 x BOYS!. 2 x BFY52 055
50 7 BSY 28 NPN switch transistors TO -18 055
51 7 BSY 95A NPN transistors 300MHz _-...- 055

Q5 z 8 BY100 type silicon rectifiers 21- IO
Q53 25 Sil & Germ. trans. mixed all marked new - 21-65

5
6
7

10
11
12
13
14

1615

18

20
19

21
22
23

2.45

§26
28

Q29

30

32

Q334
Q3

Q35

36
37

399

LOOK FOR OUR
SEMICONDUCTOR

ADVERTISEMENTS IN
PRACTICAL WIRELESS and

RADIO CONSTRUCTOR

BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT
COMPETITIVE PRICES -

Ply

50
500
200
400
600
803

NEW LOW PRICE TESTED S.C.R.'s
1637p
70.3
022
027
027
032
042
043

36019
7066
P27
(927
032
0-43
052
0.70

560,0
7066
049
012
054
059
073
048

'Amp
7064
0-39
052
054
042
075
088

lAmp
7048
0.52
055
062
0-67
084
099

inAmo 16660 30Amp
7041 7048 1048

055 058 11-27
063 0452 £1.54
667 667 11.76

0413 077 £1.91
II -07 097 -
f I-32 E140 £440

PIV 3430366.

(D071
50 003

100 0461

100 046
400 cies
600 009
8.00 042

1000 P14
00 -

SIL. RECTS. TESTED
7500,6 1/56.169 3Amp
(S016) !Amp ISO 16) (SO 10)

006 Maroc 000 045
007 i N4031 040 PIO 0.57

040 104002 006 012 022
0-15 1144003 607 015 030
047 1614054 046 018 636
049 1644005 0.10 0-20 038
0.30 1644006 611 0-25 0-48

0.35 1144007 1912 630 058

10Amp 30Amp
(SO 107 CIO On

021 040
023
0.25
0-38
045
0-55
0-65
075

675
£1.00
£1.35
(1-90
£2.10
42.40
(3.00

POWER TRANS BONANZA!
GENERAL PURPOSE GERM. PIP

Coded 09100. BRAND NEW TO -3 CASE. POSSIBLE
REPLACE: -0C26-28-29-30-35-36. NET 401-403-404-
405-404-430-451-452-463. T13027-3028, 2142506 21_4456A -
457A -458A, 25411 A B. 20220-222, ETC. VCBO 80V
VCEO 50V IC 10A PT. 30 WATTS Hfe 30-170.
PRICE 1-24 2649 100 up

48p each 44p each 40p each

SILICON High Voltage 9.60V NPN
TO -3 ease. G.P. Switching a Amplifier
Applications. Brand new Coded R 2400
VCBO 260/VCEO 100,TC 6A/80 Watts.
RYE type 20(fT 53112Z.
OUR PRICE EACH:

1-2664p 2560P
44p-99

100 up

2N3055
116 WATT Ill
POWER 181.11

56p EACH.

SILICON 60 WATTS HATCHED NPII{PNP
SIP 19 NPN TO -3 Plastic. BIF 20 PNP. Brand new.
VC/30 100/VCEO 40/1C 10A. HFE type 100 ft 3mHZ.
OUR PRICE PER PAIR:
1-24 pre. 005 26-99 pre. (11p 100 pro. 6611

AD161/162 PNP
MOP COMP GERM TRANS.
OUR LOWEST PRICE OF

75p PER PAIR

SILICON _PHOTO TRANSISTOR
TO -18 Lens end NPN Sim. to
BP x 2.5 and P21. lit/FAND
NEW. Pull data available.
Fully guaranteed.
Qty 1-24 25-99 100 up
Price each 40p 44p 1030

F.E.T.'S
2243819 Slp 255458 35p
2242820 64p 2146409 44p
253821 390 1317W10 68p
2093823 319 222105 41p

JUMBO COMPONENT
PAILS

MIXED
ELECTRONIC
COMPONENTS

Except ionerIg peed =We

Resistors, capacitors.
pots, electroiytics and
coils plus many other
useful items. Approxi-
mately Me in weight -
Price incl. P. & P. 21.116
only.

TOLL RANGE OF
ZEMKE DIODES
VOLTAGE RANGE
2-33v. 4000N (00-7
Cs(z 12p ea, IIW (Top
Hall 18p ea. 10. (S0-10
Stedl 32p ea. Al fully
(catcd tol. and
markod. 1,23080
(1,(6.1

10 amp POTTED
BRIDGE RECTIFIER

on heat sink.
100PIV. 99p each

NEW LIRE
Plastio Eacapmlatod
2 Amp. BRIDGE BELTS.
56e RMS 3596311/2

/ON FtNtS 40p

21309 RIAS 45p 
400v RMs $0p
Sim 15 mm x 6 mm.

IINLIUNCTION
UT46. Eqvt. 2242846.
Eget. TI843. BEN3000
30p each. 25.99 Up
100 UP 22p.

CADMIUM CELLS
0E1'12 48P

GENERAL PURPOSE
NPN SILICON SWITCH-
ING TRANS. TO -18
SDI. TO 214708/6. BST -
27128/195A. A.I.I usable
devices no open or short
circuits. ALSO AVAIL
ABLE In PNP 81m. to
2212906. BCY70. When
ordering please state
preference NPN or MVPyy .

20 For 06
BO For 1.10

100 For 1.951

500 For 8.95
1000 For 14.80

NIL. G.P. DIODES Sp

300mW 30. 0.65
40PIV(Min.) 100 1.86
Sub -Min. 000_5.50
Full Tested 1,000..^90
Ideal for Organ B)81"..

TRIM
VB051 2A SA 10A

TO -0 TO -86 TO -48

100 6 n tsa
200 66 06 99
400 77 88 1.91

DIACM
FOR USE WM1

TRIALS
BR 100 03321 35p ach

FREE
One 50p Pak of yew
own °Moe tree with
orders valued 14 or over.

BRAND NEW ?MIA/
GERM. TRANI:15210W
Coded and staranteei
Pak No. EQVI
T1 203713 0071
T2 03374 OCR
T3 D1218 008121
T4 20381T OMR
T5 2(1882T 0081
TO 203448 0041
T7 203433 0041
T8 20378 0071
T9 20399* 251301
T10 20417 AF11

All 65p each pak.

828040 NPN SIG. DIIII
TRANS. CODE D169
TEXAS. Oar Nil* Rh
each.

120 VCR MITE DRITA
TRANSISTOR. fila
2382/21 a C407. 25188
FULLY TESTED ANT
CODED ND 120, 1.8
19p each. TO.6
25 up 170 each.

811. trans. suitable Sr

P.E. Organ. Metal TO..:
Eqvt. ZTX300 6p sad
Any Qty.

8th EDIT/ON
TRANSISTOR
LENTS BOOK.
pages. A complete
reference and equiy
book for E
American( and la
Transistors. Exclusive
131-PAK LI -85 each.

WIDE 18 BALDOCK STREET (A10), WARE, HERTS.
TEL (STD 0920) 61593.
OPEN MON-SAT 9 a.m. to 5.30 p.m.
ALL PRICES INCLUDE V.A.T.



Q -the lowest prices!
74 Series T.T.L. I.C'S

BI -PAR STILL LOWEST IN PRICE FULL SPECIFICATION
GUARANTEED. ALL FAMOUS MANUFACTURERS

1 25 100, 1 25 100* I

7400 0.18 0-17 016 7448 £1.10 £1.07 £105 74122 £1-50
7401 0-18 0-17 0.16 7450 0.18 0-17 0.16 74123 £3.00
7402 0-18 0-17 0-16 7451 0.18 0-17 0-16 74141 0.85
7403 0.18 017 0,16 7453 0-18 0-17 0-16 74145 £1.65
7404 0-18 0-17 0- 16 7454 0- 18 017 0. 16 74150 £2.90
7405 0.18 0-17 016 7460 018 0.17 0.16 74151 £1-10
7406 0-39 0-34 0.31 7470 0-32 0.29 0-27 74153 £1.30
7407
7408

5-39
0-20

0-34
0.19

0-31
0-18

7472
7 473

0-32
0.41

0-29
0-39

0-27
0,35

74154
74155

61.98
£150

7409
7410
7411
7412

0-20
0-18
0-28
0-39

0,19
0.17
0.27
034

0-18
0-16
0-26
0-31

7747754

7476
7480

041
050
0-44
0-74

039
0-48
0-43
0.71

0.35
0.46
0.42
0.64

74156
74157
74160
74161

£1.513
£2.00
£2.10
62-10

7413 0.32 0-31 0-30 7481 £1-30 E1.23 £120 74162 £440
7416 0-48 0-44 0.42 7482 0.96 095 0-94 74163 £440
7417 0-48 0.44 0-42 7483 £1-20 £1.15 E1-05 74164 62.20
7420 0-18 0.17 0-16 7484 6110 £105 £1.00 74165 £2.20
7422 0.55 053 0,50 7485 £3.50 £340 63.30 74166 £3.20
7423 0-55 0-53 050 7486 0-35 0-34 0-33 74174 62.50
7425 0-55 0.53 0.50 7489 6400 63.75 63.50 74(75
7426 0-50 0.46 0-44 7490 0-74 071 0.64 74176

26118755

7427
7428

0.50
0-55

0-46££11.350
0-53

0,44
0.50

7491
7492

£110
0-74

61.05
0-71

£1.00
0-64

74177
74(80

£185
£1.50

7430 0.18 0-17 0-16 7493 0-74 0-71 0-64 74181 65-00
7432 050 0.46 0-44 7494 0.85 0.82 0-75 74182 £2.00
7433 0-75 0.70 7495 0-85 0-82 0-75 74184 63.20
7437
7438

0-70
0-70

0-680.68L20,65
0-65

7496
74100

0.96
6150

0-93
£1-4S

0-86
£140

74190
74191

-I5
£215

7440 0.18 0-17 0.16 74104 £1.07 £1.04 £1.00 74192 £2.15
7441 0.74 0-71 0-64 74105 £107 61.04 £1-00 74193 £215
7442 0.74 0-71 0054 74107 0-44 642 0,40 74194 62-98
7443 21.20 £1 -IS £1.10 74110 0-60 0-55 0.50 74195 £2.00
7444 £1.20 £1.15 £110 74111 £1,38 £1.27 £1.21 74196 £1.95
7445 £198 61-95 £1.90 74118 £110 £1.05 £1.00 74197 £1.95
7446 £120 £115 61.10 74119 £150 61-40 61-30 74198 £5-00
7447 £1.10 £107 £1.05 74121 0-50 0.48 045 74199 63.00

23 100-,
£1.45 £140
62-90 £2-80

0-82 0.79
£1.55 £1.45
62.80 £2.70
£1.05 61-00
61-20 £1-10
£1Z

£135:15£ I
£145 61.35
£1-90 £180
£2-00 £1.90
£2.00 £190
£4-15 63,85
£415 £3.85
62-10 £2.00
£210 £200
£3.10 £3.00
6240 62.30
61.65 61-55

£621111-477055 £165

£4 -SO £400
£1.90 £ 1 75
£3-10 £3.00
62-10 £2.00
£2.10 £2.00
£2.10 f2-00
£210 £2.00
6/86 62-75
11.95 61,90
£1.90 11.85
£1.90 61-85
f4-75 6450
64-75 6450

DEVICES MAY BE MIXED TO QUALIFY FOR QUANTITY PRICE& (TTL 74 SERIES ONLY) DATA IS
AVAILABLE FOR THE ABOVE SERIES OF I.C.'s IN BOOK FORM. PRICE 35p.

NOW WE GIVE YOU 50W PEAK (25W R.M.S.) PLUS
THERMAL PROTECTION!

The NEW A1.60 Hi-Fi Audio Amplifier
*Max Heat Sink temp 900 *Thermal Feedback

*Frequency Response 20Hz to
100KHz

0.1% Distortion
*Distortion better than 1% at

1KHz

Supply voltage 10-35 volts

Latest Design Improvements

Load - 3, 4, 8 or 16 ohms

*Signal to noise ratio 80dB

FOR ONLY

£3.95

ww.ww '
*Overall size 63mm x 105mm

saw

x 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.

FULLY BUILT - TESTED and GUARANTEED

STABILISED POWER
MODULE SPM80 £3.25

AP80 is especially designed to power 2 of the ALSO Amplifiers, up to
15 watt (r.m.s.) per channel simultaneously. This module embodies the
latest components and circuit techniques incorporating complete short
circuit protection. With the addition of the Maine Transformer 3iT80,
the unit will provide outputs of up to 1.5 amps at 35 volts. Size:
63 mm x 105 mm x 20 mm. These units enable you to build Audio
Systems of the highest quality at a hitherto unobtainable price. Also
Ideal for many other applications including: Disco Systems, Public
Address, Intercom Unite, etc. Handbook available, 10p.

TRANSFORMER B MT80 E2.15 p. Et p. 25p
INTEGRATED CIRCUIT PARS
Manufacturers "Fall Outs" which include Functional and Part -Functional Units. These are classed as 'out -of -
spec' from the maker'e very rigid specifications. but are ideal for learning about I.C'e and experimental work.

Pak No. Contents Price Pak No. Contents Prine
U1000=1217400 0-55 01046=5 x 7446 0,55
UIC01..12 x 7401 0.55 LTIC48 5 X 7448 0.55
ITICO2.12 x 7402 5 -SO L'IC50 -12 x 7450 0.55
U1003-12 x 7403 0.35 U1351..12 x 7451 0.55
U1004-12 x 7404 045 UIC53 =12 x 7453 0.55
01C05..12 X7405 0.55 171054..12 x7454 0.55
01C06 8 x 7406
01007-8 x7407

0.55
0.55

01050-12 x 7460
r/C70 -8 x 7470

045
0.55

01C1D -12 X 7410 045 L'IC72 8 x 7472 0.55
UIC20.-12 x 7420 0.55 1.71C73 8 x 7473 0.55
01030 -12 x7430 0.55 02074-8x 7474 0.55
ticto -12 x 7440 0.55 171076 ss 8 x 7476 0.513
05C41-.5 x 7441 0.55 01C80 -0X7480 0.55
07042.4 X 7442 0.55 1:1C81..5 x 7481 0.85
UIC413 5 X 7443 045 01082 -5 x 7482 0.55
VIC44 e.6 x 7444 0.55 171083 s. 3 x 7483 0.56
01045-5x 7445 0.55 EIC86 =5 x 7486 0.51(

Pak No. Content. Price
t/C90 -5 x 7490
rim -5x 7481
UIC92-5 x 7482
CIC93-5 x 7493
UIC94-5 x 7494
1/1095..5 x 7495
111C96 -5 x 7498
7310100..5 x 74100
T.H0121 -5 x 74121
010141..5 X74141
010151-S X 74151
LIC154 5 x74154
1.710193.5 x 74193
110198.-5 x 74199

0-55
0.55
0.55
0.55
0115
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0545
0.55

01011..25 Assorted 74's 1.55

Yanks cannot be split, but 25 assorted piece. (our mix) is available ea PAK UN) Xl.

LINEAR IC's -FULL SPEC. DTL 930 SERIES
Tipp No.. tau. I 1.-, 1,v, LOGIC I.C's
121:05 lilt 11 0.50 045 0.13 lYP, 1 nal 
72702 OIL 11 013 0.33 030 /11,230 0.15 0.14 0.13
72110 OIL 11 0.43 043 0.40 111932 0.111 0.15 0.14
72141 JAL 11 0.40 0.35 0.35 1;11,t, 016 0.13 0.14
7,..74ic To- 0_Tins 0 0.43 0.43 10 p,,,,, 0.16 0.10 0.14
7271(0 OIL 0 0.34 034 034 111.2341 016 0.13 0.14
7214.0P DII. Is 0.38 .1.36 034 ,..,,,, OIR 0.1s 0.14
SLAW.. DI 5 0 0.30 0.45 010 0,7,, 0.30 ORS 023
SLiOIC TO -5 0 0.50 045 0.40 1019411 015 0.14 043
SL711.2d T0.3 0 0.30 045 0.40 liPP.Pt 0.30 0.25 0.25
TA.ttur TD 72 4 0.60 0.70 060 n,,,,, 0.70 0.45 ORO
1A4 693 10-74 10 £100 0.23 OSO 000X2 013 014 013
TA.1110.3 TO 3 1.. £1.83 floe £1.70 07,,5,,3 0.43 043 0.40
,A7n3C TO -5 li 0.4f1 0.20 0.24 I, ,),,,, 0.43 043 0.40
pA7u90 TO -5 0 0.13 033 0.30 Ris,,,,,, 043 0.43 0.40
...4.11 'r.1-5 Jo 0.43 043 040 01,001 0.45 043 0.40
ZN414 Tr., -.18 4. 1.75

DUAL -IN -LINE SOCKETS.

STEREO PRE -AMPLIFIER
TYPE PA100
Built to a epecification and NOT a price, and yet .111 the greatest value on the market,
the PA100 stereo pre -amplifier has hems conceived from the latest circuit techniques.
Designed for use with the ALSO power amplifier system, this quality made unit
Incorporates no less than eight silicon planar transistors, two of these are specially
selected low noise NR151 devices for use in the Input stages.
Three switched stereo inputs, and rumble and scratch alters are features of the
P.A.100, which also has a STEREO/MONO switch, volume, balance and continuously
variable bass and treble controls.

SPECIFICATION:
Frequency response 3.011.-20kHz ±1dB BR. control
Harmonic distortion better than 0.1% Treble control
Inputs: 1. Tape head 1.25mV into 50E01 Filter.: Rumble (high pass)

2. Radio, Tuner 3.5n3V into 501C£2 Scratch (low pa.)
S. Magnetic P.U. 15mV Into 50E12 018.4,1/noise ratio

All Input voltages are for an output of 250mV. Input overload
Tape and P.C. inmate equalised to EISA curve Supply
within ±1613 from. 20Hz to 20kHz. Dime:Wong

SPECIAL COMPLETE KIT MK50 COMPRISING 2 AL50's,
1 SPM80, 1 BMT80 & 1 PA100 ONLY £25.30 FREE p.&is

±15413 at 2013.
±1543 at 20kHz
150 Hz
6l,Wo
better than +85dB
+26dB
+35 volts at 20mA
292X82 X35 mm

only £13.15
14 & (6 Lead Sockets for use warn
DUAL -IN -LINE LC's TWO Ranges
PROFESSIONAL & NEW LOW COST.
PROF. TYPE No. 1-24 25-99 100u p.
ISO 14 pin type 33p 30p ' 27p
ISO 16 38p 35p 32p
TO 24 75p 70p 68p
LOW COST No.
BPS 8 pin type 13p 13p Ilp
BPS 14 16p 14p 12p
BPS 16 17p 15p 13p

I TERMINAL POSITIVE VOLTAGE
REGULATORS
T..3 1.11.11. FM[111.1141 ROI O l' 1:7 Amp.
.4119013 35. (E00o 511.11.55) 41.76
.4.41911 121- (Equiv. I,. 513121:1I 11.76

BI -PAS
CATALOGUE AND LISTS

Send S.A.E. and 18p.

NUMERICAL
INDICATOR TUBES

lyre ',wow
311131 5(illi11,11 7 "f4yotent

Indicator
MAN 311 LER 7 tispornt Denlay

0.117*Hvls Characters
CD 151) vol.- Visas ing XisieTepe.

GRID) Sid. V itstittg 'Nine Type.
Tuhe 13 os

£1.50

1116

21.01

61.70

AL10/AL20/AL30 AUDIO AMPLIFIER MODULES
The AL1O, AL20 and ALSO molts are
similar In their appearance and in their
general specification. However, careful
selection of the plastic power devices has
resulted In a range of output powers from
3 to 10 watts R.M.B.
The versatility of their design soaker them
Ideal for nee in record players. tape recorders,
eta.° amplifiers and omelette and cartridge
tape Players In the car and at home.

Parameter

TEAK VENEERED
CABINETS for:
-STEREO, 20
TC 20. £3.95 p&p 30p.

MK 50 KIT
TC 100. 66-50 p&p 40p.

LEK 350 Loudspeaker
Svoreen Enclosure kit in Teak
Vmeer. including speakers.
P.m Retail Price £45.50 per pr.
OUR SPECIAL PRICE 635.50
om pair p&p EL ONLY WHILE
STOCKS LAST!

The STEREO 20
The 'Stereo 20' amplifier is mounted, ready wired and teeted
on a one-piece chassis measuring 20 cm x 14 cm x 5.5 em.
This compact unit Comm complete with on/oft switch
volume control, balance, base and treble controls,
Transformer, Power supply sad Power amps.
Attractively printed front panel arid match-
ing control knob, The 'Stereo 20' has been
designed to fit into most turntable plinths
without Interfering with the mechanism or,
alternatively, Into a separate Cabinet.
Output power 20w peak. Input 1 (Cer.)
300mV into 1M. Freq. res. 26H3-25k1Cs.
Input 2 (Aux.) 4mV Into 30K. Harmonic
distortion_ Baas control ±12611 at 5013.
typically 0.25% at 1 watt. Treble can.
± 14dB at 146 Hz. £14.45

HARMONIC DISTORTION

LOAD IMPEDANCE

0.0156110nR Parteemanee

Po - 8 WATTS f =1Klis 025%

8 - 1611

INPUT IMPEDANCE

FREQUENCY RESPONSE a 3dB

100 k f1

Po -2 WATTS 50 Hu - 25Ells

SENSITIVITY for BATED 0/P Va - 26V. 111 - Ci 1KTIa 73o.V.

DIMENSIONS 3" x 26" x 1"

The above table relater to the ALIO, AL20 and ALSO
modules. The following table outlines the differences
in their working condition.

Parameter AL10 AL20 ALSO

Maximum Supply Voltage 2.5 30 30

Power output for 2% T.H.D.
(RL 811 1 = 1 KHz)

3 watts
13 MS Mira_

5 watts
Ralfi Min.

10 watts
EMS 3fin.

PRICE £2.20 2.59 63.3

FRONT PANEL, 4 knobs. Headphone Socket,
on/off switch and neon for PA 100/MK 50.
FPK 100 £2.95.

TRANSFORMERS
1481 (13 -ere with ALIO) 4t.-88 P & P 15p
2538 (Use with AL20) 11.-98 P d P 1.5p
Baff80 (Use with AL30 & AL50) /2.15

P A P 25p

POWER SUPPLIES
PS 13. (Use with ALIO A AL20) 8.30
8PM 80. (U. with also AL30 tt ALSO)

is -2.5

PA 12. PRE -AMPLIFIER SPECIFICATION
The PA 12 pre -amplifier has been deelgned to match into
moat budget stereo systems. It le compatible with the
AL 10, AL 20 and AL 30 audio power amplifiers and It
can be supplied from their associated power supplies.
There are two stereo Inputs, one has been designed for use
with Ceramic cartridges while the anxiliary Input will
colt most tMagnetic cartridges. Full details are Oren in
the specification table. The four controls are, from left to
right: Volume and on/off switch, balance, bass and treble.
Sloe 152mm x 134mm x 35mm. PRICE £435
FRONT PANEL FP12 with knobs £1.20.

Freqnency reaponae -
20Hz - OOKR2 ( -3dB)

ESN control -
3 12dB at 60Hs

Treble control -
1445 at 14K141

*Input 1. Impedance
1 Meg. ohm

Stheitivity 306mV
7Input 2. Impedance

3.0 K ohms
Sensitivity 4mV

Gore No .1058 NM!.
Ph..., Send all o.rdersa0,<Ita warchoufe and rirs,rafth

81-PAK
P.O. BOX 6, WARE - HERTS
Pp,raqe and par ,nq a;-11 I 1p 0 uet,ea0 add 0..te., Int armaa

Minin,no order Sion

Guaranteed Satisfaction or Money Back



news digest
US BECOMES SECOND COUNTRY WITH OWN NATIONAL SATELLITE

The United States followed Canada
with its own national communications
satellite when Western Union's "Westar"
was launched in mid -April. Both Anik
(the Canadian one) and Westar were
designed and built by Hughes Aircraft
Company of El Segundo, California.

The Westar satellite was launched
into a 22,300 -mile -high synchronous
orbit with a Thor Delta rocket by
NASA technicians, under a contract
from Western Union.

Westar can relay voice, TV, private
message and data communications to
the continental United States as well
as Alaska, Hawaii and Puerto Rico.

Similar national satellite systems
are currently being considered by
countries such as Brazil, Iran, Australia,
Indonesia, the Arab states and others.

Westar has an average capacity of
6,000 voice channels or 12 simultaneous
colour TV channels. It is capable of
transmitting combinations of voice,

TV and data traffic. Each satellite is
llft. high and 6ft. in diameter and
weighs 1,265 pounds at liftoff. They
were purchased under a E24.9 million
contract signed in 1972.

FIBRE -OPTICS COMMUNICATIONS

Fibre -optic communication systems
may be closer than you think.

A telephone system using this new
technique has been developed by the
US Navy's Naval Electronics Labora-
tory (San Diego) and installed aboard
the US flagship USS Little Rock.

Full details are of course not
available but the system is known to
consist of six telephone stations and
a central switching exchange.

Voice signals are converted by an
LED into frequency modulated
digital light pulses which are then
carried by bundles of fibre -optic
materials via the central exchange.

CALCULATOR PRICE CUTS

Price reductions on two of its pocket -
sized scientific calculators have been
announced by Hewlett-Packard. The
HP -35 has been reduced from £152,00
to £115.00; the HP -45 from £204.00
to £177.00.

Since the introduction of its first
pocket -sized calculator, the HP -35, in
January 1972, Hewlett-Packard has
now sold more than 300,000 units.

NEW HELIUM -NEON LASER TUBE
EXPECTED TO OPEN NEW MARKETS

RCA is developing a new low-cost
laser that will make possible simpler
electro-optic equipment for consumer
and industrial information processing
applications.

The new laser, which eliminates
many expensive precision parts and
handmade glass operations now
required in laser manufacture, will
reduce the production quantity cost
of the unit more than 50 per cent
below that of comparable lasers.

"The new RCA development is
expected to find volume use in the
information processing market including
such applications as point -of -sale,
facsimile equipment, video playback
units, copy machines, credit validation
devices, optical card readers and many
other types of equipment," according
to Philip H. Vokrot, Manager, Market
Planning Lasers for the RCA Industrial
Tube Division who was speaking at a
recent demonstration of an operating
helium -neon laser utilizing the new
simplified design.

The new design is approximately
1 in. in diameter by 11 in. long and
eliminates many expensive precision
parts and hand -glass work now used in
laser manufacture. Its simple design
also permits snap -in mounting similar
to replacing a florescent tube. It is
well adapted to automated quantity
production manufacturing techniques
which will further reduce production
costs.

"In production volume, pricing of
a 1 to 2mW laser is expected to be less
than half that of equivalent performing
units now on the market," Mr. Vokrot
said. "Product availability is expected
to coincide with the rapid increase in
laser use forecast for early 197E"

The new laser will be available in
both continuous and modulatable
versions and is expected to gain rapid
acceptance in the construction market
as well as the information processing
market. The operating voltage is also
reduced and should lead to lower
power supply costs.
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REMEMBER!

HENRYS RADII

NOISE MONITORING SYSTEM AT
HEATHROW AIRPORT

A computerised monitoring system,
designed to analyse and record aircraft
noise, is being installed at Heathrow
Airport, London. The system, from
Hewlett-Packard, cost £90,000 and is
one of the largest of its kind in the
world.

In operation, 13 noise terminals
feed information to a central com-
puter, using Post Office lines. Each
terminal has a boom -mounted micro-
phone, which while temperature
stable and having a high degree of
weather protection, retains excellent
audio and electronic characteristics.
A bandwidth of 20kHz is monitored.
A calibration tone is built in and
re -calibrates the apparatus automatic-
ally every hour.

The system will be operated under
the aegis of the British Airports
Authority mainly in connection with
the statutory limits to aircraft noise.
The system will not only produce
information on infringement of these
limits but provide a monthly analysis
of noise characteristics by aircraft type.

Other potential uses of this sound
monitoring system include the planning
of aircraft movements and the zoning
of new building in the vicinities of
airports.

What a long way
Henry's Radio of
Edgware Road have
come in recent
times! Until a few
years ago they were
confined to what
was, quite frankly,
a dingy shop. Since
then the compon-
ents shop has
moved twice, ex-
panding both times
and Hi-Fi discount
shops have been
springing up every-
where.

The most recent
addition is at Harrow
where Peter Sellers
and the Wombles
were enlisted to
open the new store.

CEEFAX AND ORACLE SYSTEMS
COMBINED

The BBC and IBA, together with BR EMA
and the Broadcasting Department of
the Home Office have agreed on a unified
system of data broadcasting.

Until now the BBC have been work-
ing on CEEFAX, the IBA on ORACLE.
Both systems allow a TV viewer to
select at will from a number of differ-
ent 'pages' of information and put
these onto his screen. Suggested services
are time checks, news flashes, weather
forecasts, programme news etc. Both
services convey the information in the
unused time intervals in the picture
signal. Sets will require modification
to store and display the various services.

Until now the BBC and IBA have
been in strong competition and experi-
ments and test broadcasts have been
extensive. Both systems became
fairly similar and now the best points
of each have been amalgamated to
produce what has the unexciting name
of the 'Unified System'. The Broad-
casting organisations will retain the
names CEEFAX and ORACLE but for
the proposed service, not the system.

The Unified system uses lines 17
and 18 to provide up to 99 different
'pages', each having 40 characters'per
row and 24 rows per page. The pages
are broadcast in sequence taking 30

seconds to complete a cycle. Each 'page'
will include a 'header' which provides
a digital clock giving time to the
nearest second.

The IBA expect to start test trans-
missions on the new system in the
autumn. No date has yet been set for
the introduction of the service.

Estimates of the additional receiver
costs vary greatly but £30 has been
suggested for a system built in during
manufacture.

HP -970A COMPETITION RESULTS
Nearly 2,000 entries were received for
the HP -970A, Hewlett Packard hand-
held digital multimeter competition
held in the April 1974 issue.

The answers were:
1. Max: 55V, Min: 45V.
2. Max: 39.789V, Min: 27.100V.
3. i) 10 ohms, ii) 6.25 ohms.

A surprisingly large number of readers
gave a wrong answer for question 2. In
this readers were asked for the
maximum and minimum readings
using a 1000 ohms per volt meter on
the 100V range with an accuracy of
plus or minus 3%.
This 3% is of course of the 100V and

not the reading shown. This was not
intended as a trick question and
readers who got this one wrong can
take heart from the fact that one of
the judges made the same mistake
at first when asked to derive the
answers.
Congratulations go to Mr. Khoury of

Bodmin Cornwall who was drawn as
the first correct answer.

WARNING DEVICE FOR LOW
SUPPLY VOLTAGE

A new solid state device that provides
a piercing audible warning in the event
of low mains voltage has been intro-
duced by N. J. Fromet and Company
Limited.

Applications for the device cover
all voltage sensitive equipment such as
computers, magnetic storage account-
ing machines, automatic letter writers,
etc., in the office, or for numerically
controlled pre-programmed machine
tools in the factory.

A pre -conditioning circuit increases
sensitivity on reduced frequency
which occurs prior to certain power
cuts, and built in memory maintains
the signal after voltage has been
returned to normal, so warning the
operator to check his equipment if
the low voltage has occured during
his absence.

N. J. Fromet and Company Limited,
Cliffe Road, Easton, Stamford, Lincs.



P-FIEULIS
JOVIAN FINDINGS 98in. TELESCOPE USES IMAGE INTENSIFIERS

Preliminary data retrieved from Pioneer
10 during its recent Jupiter fly-past
is currently being evaluated by the
Bendix Field Corporation at NASA's
Ames Research Centre.

Over 3.5 thousand million bits of
data have been stored.

One of the most significant findings
has been the discovery of helium in the
planet's atmosphere. Helium glow was
measured at approximately 10
Rayleighs - hydrogen glow at about
100 Rayleighs.

Other discoveries include - proof that
Jupiter's radiation belts are between
10,000 and one million times stronger
than Earth's - a discovery that the
planet emits more energy than it
receives from the Sun (at least 2'/2
times as much) and has an atmosphere
that is in effect a vast heat reservoir -
and measurements that show that
Jupiter has a strong and complex
magnetic field.

LIFE - AN ELECTRICAL
PHENOMENON?

Evidence that life itself may be an
electrical phenomenon was presented
recently at the New York Academy of
Science International Conference.

Discussions at the conference
focussed on the evolution, development,
and application of the effects of
electric currents on biological systems.

Explanation of hitherto unexplained
life phenomena may be attributed to
the presence of small d.c. currents, the
delegates were told. Epithelial cells,
for example, were found to regenerate
faster when d.c. currents were applied
to open wounds. In fact an adult frog
limb was caused to regenerate in this
way (these do not normally regenerate
under any circumstances).

Cartilages in dogs were also found
to regenerate in a similar fashion if d.c.
potentials were applied.

Tumour growth was found to be
altered and even retarded when placed
in an electrical field.

In humans, nerves were found to
heal and function faster in electric
fields.

It may be well then, that stimulation,
retardation, and control of all growth
mechanisms may be related to elec-
rical phenomena which in turn may
be major factors in the entire life span
of all living organisms.

The conference issued a warning
however that caution should be ex-
ercised in early uncontrolled clinical
applications of such techniques.

To aid the recording of images from
distant stars and galaxies the Royal
Greenwich Observatory based at
Herstmonceux, Sussex is now using
a 3 -stage image intensifier supplied by
EMI.

The Isaac Newton Reflector, the
largest in Western Europe, reaches

further into space but distant images
are so faint that they cannot be record-
ed. The image intensifier is capable of
a gain of one million while offering a
high speed photographic capability
with good resolution and acceptable
background noise.

RCA OPT FOR SUN POWER

A new addition to the RCA building
in New York is to be fitted with solar
heat collector panels on the direction
of the company Chairman, Robert W.
Sarnoff. These are believe to be flat -
plate collectors as described in the
'Solar Solution' (ETI, September 1973).

The sun's energy will provide 20%
of heating during the winter and 15%
of the air conditioning in hot weather.

DYING BREATH

'Old valves never die, they just fade
away! This epithet is applicable to the
GRD7 guard ring diode, widely used for
teaching purposes. This was declared
'dead' by Ferranti last December but
the demand has been such that a final
production run will soon be made.
Anyone requiring this valve should
contact Ferranti in Oldham, Lancs.
before July 12th.

1%11= INIIIII=1.1.10

Continued on page 71



WELLBERRY
CASES

INSTRUMENT CASES FOR THE HOME CON-
STRUCTOR BLACK LEATHERGRAIN FINISHED
VYNIL ON STEEL COVER 20 s.w.g. ALUMINIUM
BASE FRONT AND BACK UNIT.

6" x 41/2" x 1%" 18g Base 95p
8" x 5" x2" 18g Base £1.10p
9" x 5" x 21/2" 18g Base f1.22p

11" x 6" x 3" 18g Base £1.44p
11" x 71/2" x 31/2" 16g Base £2.15p
19" x 9" x 31/2" 14g Base £6.60p

Add 15p post and packing per order.

Wel!berry Limited, (Mail Order Division),
24, The Sycamores, Baldock, Hertfordshire.

TRADE ENQUIRIES WELCOME

DARTelectro services
24 South Town, Dartmouth, Devon.

1110111111111111 Telephone: Dartmouth 2967

SICK OF WAITING FOR COMPONENTS?
Try our express service (normally return -of -post)

RESISTORS (E24 Series)
1/2W 5% Carbon Film 1P
1/2W 2% Metal Oxide 31/2p
21/2W 5% Wire -wound 9p
5W 5% Wire -wound 10p
1/4W 5% Carbon Film 11/2p

SEMICONDUCTORS

SCREWS,NUTS AND
WASHERS
OBA 18sets 40p
2BA " 15p
4BA 10p
6BA 13p

BC107/8/9 llp 2N3054 54p 1N4006/7 12p
2N1302/3 18p 2N3055 57p 2N3773 £2.95
2N1304/5 21p 2N3702 130 2N3819 34p
2N1306/7 22p 1N4001/2/3 7p 2N3703/4/5/6/7
2N3053 24p 1N4004/5 9P 13p

Full Range of 7400 Serles-I.C.'s avallabl
CAPACITORS SILVER -MICA CAPACITORS
ELF Volts
1 100
2.2 63
4.7 35
10 16
10 63
22 35
100 10
100 50
220 50
470 35
1000 25

2.2pF to 8200F 7p
1000pF to 1800pF 10p
I.C. HOLDERS
8 -way OIL
14 -way DIL
16 -way DIL

16p
24p
27p

CROC CLIPS
Std. 42mm: 4p, Mln.27mm 3p
VERO range of boards- PIN
insertions tool 78p. Spot
cutter 50p. 0.1 pins/50 200
0.15/50-20p.

ADD 10p for p&p PLUS 10% VAT
Send 20p for our "Ilustrated catalogue containing
competitive prices and descriptions of hundreds
of components, accessories etc.

Price
60
6p
6p
60
70
7p
7p
11P
17p
21p
24p

TORQUALITY 'Pr
HI-FI KITS FROM
ELK= SPARES
FM VARICAP
STEREO TUNER

111111:=ma

Featured in the May 1973 issue of 'Practical
Electronics', this superb Hi-Fi tuner is
available as a kit for the incredibly low
price of L2850 including VAT and
postage. Electro Spares supply everything
from the slim -line cabinet down to the last
nut and bolt, and you can assemble it in just
one evening! It's that simple. Incorporating five pre-set
stations you choose yourself, with no difficult drive cord and
pulley systems - spot on station selection every time.
Construction time has been reduced to a minimum through
the use of new pre-set Mullard modules for R.F. and I.F.
circuits. Positively no alignment needed -just a simple d.c.
voltmeter adjustment. Motorola I.C. Phase Lock Loop
Decoder gives perfect stereo reception. Guaranteed first
time results - or send it back, and we'll return it in perfect
order (for a nominal handling charge).
£28.50 inc. VAT and p & p.
Please send SAE (preferably 9 x 4 minimum) for full details.
Full constructional details only 10p post free.
All parts sold separately.
Only "design approved" kit available.

`GEMINI'
STEREO AMPLIFIER
Make this superior quality Hi-Fi unit at
home, using simple step-by-step instructions.
With a specification equal to many commercial amplifiers
costing far more, the "Gemini" built from our kit has a
guaranteed output of 30 watts RMS per channel into 8 ohms.
Full power THD is a mere 0.02%, and frequency response of
-3 dB from 20 Hz to 100 kHz into 8 or 15 ohms. Regulated
power supply, 2A, 55 v continuous, 6A instantaneous.
Electro Spares have already sold 100s and 100s of these kits -
and no wonder -they give you a fabulous amplifier which is
virtually the ultimate in Hi-Fi reproduction. In fact, we've
never heard it so good! We supply everything except the
case - and give you various choices of some components.
That's why the total cost, inc. case, can vary from £55 to £60
inc. VAT and p & p. All components as specified by original
authors, and sold separately if you wish.
Full constructional data book with specification graphs, fault
finding guides etc. 55p plus 4p postage.
Price list only. Please send S.A.E. (preferably 9 x 4 minimum)
for full details.

Get it all together from

ELECTRO SPARES
The Component Centre of the North

eS288 ECCLESALL ROAD,
SHEFFIELD, S11 6PEA
Tel: Sheffield (0742) 668888.

VISITORS WELCOME EASY PARKING
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Close-up of Laser cutting machine.

The photo -electric scanning device on BOC's Laser Falcon cutting
machine. The programming technique is one of breaking up the
complex shape into a number of simple shapes which the line
follower can easily trace.



Is the laser death -ray a reality? Here, Dr. Sydenham discusses this,
and innumerable other possible uses of laser engineering - ranging
from communications to fusion research.

IN a previous article we covered the
many applica,.ions where the
availability of the laser radiation
source has enabled new and improved
methods to be devised for measuring
many variables. In those applications
few needed to make use of the full
power capability available from the
various laser designs. This time we will
be considering uses that are not
concerned with measurement. We start
with a discussion of applications using
the heating power provided by
focussed laser radiation to cut, weld,
or vaporise materials.

CUTTING AND WELDING
WITH LASER RADIATION

The first essential requirement
needed of a thermal cutting process is
that the energy density within the cut
reaches limits high enough to melt or
vaporize the material. Power available,
even from the comparatively smaller
laser unit, is sufficient to melt most
materials provided the power is

well -focussed (see the discussion on
laser safety!). For example, a 200 W
peak -power pulse (from a He-Ne
pulsed laser of 180 cm length) of
500 ns duration when focussed down
to 10 pm diameter has a peak incident
power density of about 108 Wcm2

This is sufficient to melt small volumes
of tungsten - which has the high
melting point of 3370°C. Figure 1

shows an experimental arrangement
that does this.

A second important requirement for
thermal cutting is that the wavelength
of the source is such that the material
to be cut or heated absorbs the
radiation. If it is too transparent the
energy passes through, producing little
temperature rise. Similarly, the surface
must not be excessively reflective at
the wavelength involved. A useful
property of the focussed beam is that
the power density is raised mainly in
the region of the focal point. Heating
occurs in a localised spot enabling cuts
to be made to specific depths, not
necessarily passing right through the
material.

In the high -power applications
(continuous ratings of kilowatts of
output) it is advantageous to force
oxygen or air into the cut to clear it
and to enhance the cutting speed.

A third factor to be considered is the
thermal conductivity of the material.
It is vital that the heat sinking rate is
less than the heat input rate if the
localised temperature is to be raised to
a vaporizing point. This means that
highly conductive materials of high
melting point (such as metals) cannot

be cut to the same depths as poor
thermal conductors having low melting
or vaporizing points. To cut thick
stainless steel or titanium requires the
largest continuous power that can be
practically devised.

The advantages offered by laser
cutting are firstly, that the cut can be
made extremely finely with good
definition - down to as little as 10 pm
wide in thin-film substrate work or to
400 pm wide when cutting 50 mm
thick softwood. Secondly, the power
is instantly available - the job can be
set ready and power applied at the
flick of a switch. Automatically
controlled cutters can provide a

stitched cut as easily as they can
contour. A third advantage over
alternative methods is that the cutting
point is quite remote from the lens
focussing the radiation. This enables
the cutting spot to be used inside
crevices and even through the
transparent covers of components.
Resistors and valves have been
trimmed and welded internally in this
way.

As there are no larger cutting forces
the task of guiding the head with
precision is simplified - light
controlled guidance arrangements can
be used.
Another valuable feature is that the

actual cut can be viewed - usually by
inserting a 45° mirror into the path of
the beam - so that it can be seen
directly. This is shown in Fig. 1.

Laser cutting and welding can be
used in virtually any environment - in
air, vacuum or controlled gas - that is,

Micro machining with a pulsed He-Ne laser.

HT HELIUM -NEON LASER

MIRROR
(25 PERCENT
TRANSMISSION)

CFOCUSING LENS

AXES OF SUBSTRATE
MOVMENT

PRISM

PROJECTED IMAGE
OF SUBSTRATE ON
SCREEN

LAMP
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LASERS AT WORK 25 -RBI

of course, unless the process uses

auxiliary gas.
All these advantages give the

impression that laser methods are the
answer to all cutting and welding
problems. So why do we not see them
used more often?

The answer is simple. At this stage of
our technology such methods are more
expensive than the traditional means.
Further, in heavy applications, the
power source is excessively large - a
CO2 unit delivering around a kilowatt
of continuous power is still about desk
size. There are, however, many
applications where only the laser has
been able to fulfil the need and the
steady developrr...int being maintained
at present will no doubt decrease the
cost and size to a point where the laser
becomes increasingly more
competitive.
Cutting, welding and vaporizing

applications now run to an extensive
list. They include welding the edges of
relay cans and the ends of miniature
thermocouples; cutting around the
insulation on cables prior to stripping;
drilling holes in ceramics, hard steel
and babies' teats; cutting contoured
slots in plywood ready for the
insertion of knife dies; cutting cloth in
the tailoring trade; cutting carpet;
trimming titanium heat -shield cones
and marking paper in a laser writing
head.

Fig. 3. Comparison of various cutting sources.

In the medical world the laser

provides a self -cauterizing scalpel, a

means to reattach retinas by stitch
welding, and a way to burn away
tissue defects on a selective basis.

Other recent interests include
research into its use to shear sheep
(the lanoline in wool is highly selective
at certain wavelengths), and, believe it
or not, a sincere report talks about the
severing of the closure muscle in
oysters - called oyster -shucking in the
U.S.A. From Italy come reports of a
grant providing for a laser that will be
used to burn away the black dirt from
marble statues that need cleaning.

Let us now look at four areas from
the list of heating uses, namely, the
trimming of resistors, industrial
cutting, the military death -ray and

fusion research.

TRIMMING RESISTORS
A number of industrial applications

call for the removal of small amounts
of material in controlled quantities;
one case being the trimming of
thick -film resistors.

Thick -film hybrid methods are used
in circuits where silicon integrated
devices cannot provide high power,
high operating frequency or tightly
toleranced components. They consist
of (as shown in Fig. 2), a suitable film
laid onto a ceramic substrate by screen

a o
ALUMINA SUBSTRATE

mm THICK

CONDUCTOR

RESISTOR

-0 a

Fig. 2. Thick -film resistor layout.

printing. The normal run of
production tolerance provided by
these screen printed and fired resistors
is not adequate and adjustment is

subsequently needed to the resistance
value.

The conventional method of
trimming uses an air abrasive jet to
steadily increase the resistance value as
material is removed. This method has
some short -comings, not the least
being the incompatible presence of
abrasive in the clean -room. It is also
liable to damage discrete components
already formed on the chip.

Laser trimming has become the
accepted method for performing this
task. It has greater precision and is a
cleaner process.

The complete trimming system
comprises a laser source, an optical
system, a controlled "movement x -y

Property
Ruby or similar solid-

state laser
Yttrium -aluminium -garnet

laser
Carbon -dioxide laser Pulsed He-Ne

laser

Mode of operation

Pulsed

Normal 0 switched Continuous 0 switched Continuous 0 switched Pulsed

Power or mean power irr
pulse 20kW

(8 cm x
1 MW

1 cm rod)

1-

1W
(7 cm x 1

1kW
cm rod)

50W
(per metre

1kW
of tube)

200W
(2 m x 2.5 cm

tube)

Output wavelength 0.7 Am 1.06µm 10.6µm 1.15pm

Pulse length 0.5 ms 1µs - 200 ns - 1 ps 1µs

Pulse -repetition rate 50 pulse/s,
cooling

1 pulse/min,
cooling

elaborate

no

- 400 pulse/s
. 1000 pulse/s 1000 pulse/s

Energy -conversion
efficiency <1% 10-22% 10-20% 1%

Beam divergence -0.2% -0.04° -0.2° -0.01°

Focal length of suitable
lens (n.a. - 1) 1-2 cm 1-2 cm 5 cm

(must be transparent
at 10µm, e.g. Go)

5 cm

Focal -spot size with above
lens 50-100µm 5-10µm 50-200µm 10µm

Peak power density in focus 10MW/cm2 11GW/cm2 _ 10GW/cm2 1MW/cm 20MW/cm2 1GW/ern2



co-ordinate table to hold the substrate,
a resistance -monitoring unit, and a

visual display unit.
The trimmer uses a solid-state

neodymium -doped YAG pulsed source
providing radiation at 1.06 pm
wavelength. Various optical elements
focus the beam onto the substrate and
provide a viewing channel displaying
the substrate on a television monitor
as an enlarged image. The optimum
trimming conditions occur with 20 nS
pulses of 10 MJ-energy being used at
50 per second. The table moves the
resistor at 250 pm.s-1. The focussed
power density is 5000 MW.cm2.

In use, the resistor is measured to
ascertain its actual value. Trimming
then commences by producing a cut
across the width of the material to
rapidly increase the value. This is then
followed by a longer cut along the
rectangular shape that provides the
final value in a more controlled
manner.
The same type of apparatus can be

used to scribe (that is, cut a groove)
across ceramics and semiconductor
materials in readiness for a fracture
break. Holes can also be provided. The
above instrument drills 200 pm
diameter holes in a 1.5 mm thick
ceramics in 120 seconds. It is, in fact,
a micromachining tool.

A number of laser sources can be
used for such applications. The table
given in Fig. 3 lists typical properties
of seven alternatives. The list is not
extensive - many more exist with the
list growing larger each day. We will
now look at the use of the CO2 laser
in more detail in its role of industrial
cutting.

HIGH POWER
INDUSTRIAL CUTTING

To date, the highest continuous
power output of any laser source is

obtained with the CO2 laser which
provides radiation at a wavelength of
10.6 gm (in the infrared region).

As output power increases with
length - at roughly 50 W per metre of
cavity - large powers are produced at
the expense of compactness. Early
models used a long straight tube with
lengths often reaching hundreds of
metres. Obviously this arrangement
has limited use in industry and new
designs typically consist of folded
paths and zig-zag arrangements that
reduce the packaged length down
to around 3 m. For example, the
Coherent Radiation unit shown in Fig.
4 has two 2.5 m lengths folded once; it
provides 250 W of continuous output.
A recently released Ferranti unit of
450 W has a number of tubes arranged
in a zig-zag manner around a

cylindrical centreline. State-of-the-art
commercial units can provide 1 kW for
a volume of around 2 m3, thereby

Fig. 4. 250W CO2 laser cutting unit.

providing some measure of portability.
The British Oxygen Company (BOC)

in conjunction with Murex have been
developing laser cutting systems for
several years now and have published
many useful tables. Figure 5 lists the
potential uses. They have also
investigated the use of a gas jet (to
clear the vapour and protect the lens
from sputtering) with the CO2
radiation. The jet provides a cleaner
start to the cut edge. Figure 6 lists the
characteristics of the cutting of
material ranging from steel to wood.
Slicing of confectionery and other
similarly sticky pliable compounds is
also suggested.

Cutting rate varies with thickness and
type of material. Figure 7 shows that a
350W unit can cut 20 mm thick
plywood at 450 mm.min-1 or 2 mm
thick stainless -steel sheet. As BOC
point out, laser methods are not yet
able to cut slabs of steel but they can
produce intricate shapes in glass plate!

In the BOC-Murex Falcon cutting
machine (shown in Fig. ) the laser is
run continuously, the energy being
dumped into a calorimeter (used to
monitor the power) when not needed
by reflecting it witha 450 mirror. Gold
coated optics are used to reflect CO2
radiation - 10.6µm radiation is not
absorbed or transmitted in gold films.

Application Material

Line and Profile Cutting Metals, plastics, glass, ceramics, textiles, composites
wood

Welding Metals, plastics, composites

Scribing Ceramics

Perforating Metals, ceramics, plastics

Melting Refractory materials, meals, non-metals

Machining operations Metals, plastics

Drying Metals, plastics

Surface finishing Metals, plastics

Fig. 5. Actual and potential thermal uses of lasers.
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Material
Thickness

mm
Gas

Speed
mm/min.

Mild Steel 0.5 Air 635

Stainless Steel 0.5 Oxygen 2600

Titanium 0.6 Air 200

Zirconium 0.25 Air 915

Carborundum (Sintered) 1.6 - Air 760

Asbestos Cement 6.3 Air 25

Glass (Soda -Lime -Silica) 4.0 Air 100
1.6 Air 380
0.2 Air 5000

Perspex 25.0 Air 100
10.0 Air 200

4.6 Air 635

Nylon 0.8 Air 5000

P.T.F.E. 0.8 Air 6100

G.R.P. 2.4 Air 635

Leather 3.2 Air 635

Wood -Deal 50.0 Air 100

Oak 18.0 Air 200

Teak 25.0 Air 75

Fig. 6. Characteristics of cutting using a gas -jet CO2 laser of 200W output.

The Falcon system development
began in 1968 when a carton
manufacturer in Scotland requested
BOC to explore ways and means to cut
deep narrow slots in plywood. Cartons
are made by cutting the flattened
shape out with thin steel strips set into
plyboard. Some of these knives cut,
others compress the board, forming a
crease. A finished steel rule die, as it is
called, is a plywood sheet having
shapes projecting as knives. The die is
pressed into the cardboard. Gaskets
and upholstery materials are cut .in the
same way.

A photo -electric line -following unit
traces over the art work causing the
underside mounted cutting head to

d 6 8 10 12 1-4 10.--1sG 20 22 24 26

Thcknessmm

produce the same profile slot through
the wood. Shaped knives are then
pressed into the 0.7 mm wide grooves.
The Falcon unit uses a 4 m long 400 W
Coe laser.
The economics of the system are

worth quoting. Traditional methods
involved many man-hours of tedious
fret -sawing - a multiple die for small
boxes could well have 500 identical
shapes on the die, each with intricate
curves and cuts. It takes about 30
hours of skilled labour to prepare a

3500

3:50

8100

2750

2500.

2250

2NO

1750

1500

1250

1000

150

'.57

255

350 W
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Fig. 7. Cutting rate versus thickness curves for wood and stainless -steel.

35 mm film -box die board: with the
Falcon unit only five hours of
unskilled labour is needed. Half of this
latter time is devoted to preparing the
mask. If a repeat job is needed the
laser method needs only two more
hours - the conventional method
needs the full 30 hours again. The
running cost per hour is about a third
of the unskilled labour rate, so the
machine soon repays its capital
expenditure.

LASER WEAPONS
In the previous part we spoke of laser

guided or 'smart' bombs, that used the
guidance properties of a laser beam.
Laser lethal weapons are another field
to themselves.

As far back as 1959 such potential
was recognised - even before a laser
was built. In 1961 the U.S.A. started
the ball rolling with a S2 x 106 fund.
By 1968, gas dynamic lasers, such as
the CO2 system, enabled the concept
to be advanced more effectively. In

1971 the Kirkland testing laboratories
were completed including a weapons
firing test range. Reports somehow
gleaned by 'New Scientist' reporters
suggested 60 kW continuous, ultra
narrow beams were igniting wooden
targets at 4 km distances - this unit
was designated X LD-1. Spending on
high energy lasers now runs to S90 x
106 p.a. in the USA. It is anyone's
guess how much Russia spends on the
same line of research.

What is not heard about is the
immense size of the units and the
problems of providing the input
power. Even at efficiencies of 30%
there is a need for short period
capability of several megawatts!
Rocket motors have been suggested as
the source. Missile and satellite melting
systems are also being researched. It is
virtually impossible to sort fact from
fiction - one certainly cannot call any
idea an impossibility.

Reports released in 1972 were very
promising but recent releases indicate
the death ray concept is not quite
what it seems, for the high power
beam (New Scientist, 26th July, 1973)
can be greatly nullified by a number of
atmospheric mechanisms. Firstly, the
target surface will vaporize producing
a dispersing action. Secondly, the air
path becomes heated forming a

defocusing gas lens - called thermal
blooming. Finally, the air may break
down into plasma along the path.
Already ways are being devised to
reduce the effect of such weapons -

.dumping the exhaust gases along with
an additive could well protect the rear
aspect of a plane or missile.
Although not military in application
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there is already a call for a 'death ray'
in peaceful use. Fire protection
authorities in Tasmania are

investigating ways to start fires in
controlled burn off situations. Speed is
the essence, for the whole area should
ideally be ignited simultaneously.
Hopes are that an aircraft or ground
vehicle can start the fires as fast as the
vehicle travels.

Closely allied to the 'death ray' is the
rule of research aimed at producing
atomic reactions using extreme laser
powers.

FUSION RESEARCH
Atomic fusion results when the

nuclei of light atoms combine to form
less nuclei of a heavier atom: the
process releases energy. Fusion is the
basis of the generation of the energy
contained in stars. For example, four
hydrogen atoms can be made to
combine to form an atom of helium
releasing energy corresponding to the
lost mass. Fission is the opposite to
fusion: a heavy atom is split to provide
lighter nuclei. In the hydrogen bomb
both reactions take place, fusion being
the result of the enormous
temperatures generated in the process.

Due to the immense charge fields the
nuclei of matter cannot normally be
placed close enough together to cause
fusion. If energy provided as heat
makes the atoms travel faster it
enhances the chance of fusion.
Calculations suggest temperatures of
108 degrees C are needed to cause
fusion by this method. Initial research
concentrated on the use of plasmas
(charged particles of matter that can
have immense temperatures) for these

Fig. 8. The BOC Falcon
cutting machine.

can be contained (without vessels that
would melt) by using magnetic field
"bottles".
The recent trend has been to explore

the use of giant laser powers as a
means to raise the temperature of a
minute volume of the "fuel" to a

point where fusion could take place.
So far, no one has succeeded but the
method holds great hope as a way to
provide highly -controlled fusion
reactions on a small and useful scale.
There we will have to leave power

applications - a class of useage of laser
radiation that will undoubtedly be on
the increase as time proceeds.

Development of a device is usually
prompted by a need for reduction in
the price of a commodity. The laser
was no exception, for it seems, looking
back into the literature of the 1960s,
that the promise of extensive
bandwidth in communication channels
had a lot to do with initial interest in
lasers. It is often the way in

technological advancement that the
initial impetus falls by the wayside
with other uses coming to the fore as
time proceeds. The laser is an example
of this phenomenon, for
communication uses are now one of
the less publicised fields of
application.

COMMUNICATIONS
It was not surprising to see that

scientists and engineers of the 1960's
saw laser light as a communication
tool. The laser grew out of the earlier
built microwave (Maser) version. The
previous article included a snippet
from A. L. Schawlow's Bell
Laboratories Record report where he

told of the first uses of the Maiman
laser as a communication link.
Schawlow then saw the laser as a

source of extremely high -frequency
and coherent radiation capable of
extending radio techniques.

The potential of a coherent visible
radiation beam that is tightly
controlled in its beam spread is that it
offers a basic frequency range of
virtually dc to 1014 Hz. Microwave by
contrast has a bandwidth 10 000 times
narrower. Furthermore, the laser
beam can potentially be spatially
multiplexed, stacking channels as

modulation, in many different
directions across the beam
cross-section. A single laser beam
might be able to transmit 109 voice
channels or 106 TV channels.

Initial research difficulties were
concerned with finding ways to
modulate the information onto the
laser carrier. Then came the realisation
that transmission losses were an even
larger factor to overcome if the
potential were to be realised.

To date, laser communications
research is idling along - the effort is
still being expanded, but research has
long reached a state of diminishing
returns.

In its simplest form, the laser

communication path could be used
However,

water vapour and other gases in the
atmosphere selectively absorb
radiation. Windows, where certain
wavelengths can pass, do exist in a

clear atmosphere, (see Fig. 9 ) but fog
and other particles can cause
significant loss of signal - bad fog can
attenuate the beam at 200 dB.km-1.

A large part of the various groups'
efforts has been devoted to the
transmission of laser beams in a

controlled environment. Pipes with
refocusing lenses, bending mirrors and
even reflective insides have been
studied as a means to overcome the
loss problems. Better results were
obtained - 57 dB.km-1 for a 2 cm
diameter aluminium, internally coated,
pipe. Refocusing and guidance using
gas, lenses (gas flowing in the pipe is
heated to form a varying density
profile that forms a quick optical lens)
achieved slightly less loss but nowhere
near enough improvement could be
obtained to make the system
economic.

Next came ,fibre -optic principles -
solid glass fibres coated with a material
of different refractive index or fibre
quartz tubing filled with
tetrachloroethylene. Losses in fibres
are as low as 2-4 dB.km-1, provided
the radiation wavelength matches the
transmission characteristics of the
fibre system
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TRANSMISSION

ARGON ION LASER 0.45114.53p

HeNe GAS LASER 0.633{1

CLEAR ATMOSPHERE -

PURE WATER.

COASTAL SEAWATER.

GaAs LASER 0.85g

N2/CO2 LASER

0 1/...:m .01011

WAVELENGTH

Fig. 9 Transmission of EM radiation.

Having largely overcome the
transmission problem the next move is
to engineer methods of coupling
typical sources to the fibres. Work in
progress at the Australian Post Office
research laboratories is concerned with
the use of GaAs solid-state lamps and
detectors.

To obtain the best from GaAs
sources and detectors, early units
needed cooling to liquid nitrogen
temperatures. Today we have efficient

10pm

room -temperature devices instead.
Clearly then it will still be a while

before cables containing fibre optic
channels will be installed across the
world - maybe never, for who knows
what new method could be discovered.

Many laser data links have been built.
Police in the USA have a short
distance handheld telephone link,
television pictures have been
transmitted over distances of miles.
Gemini 7 used (in 1966) a GaAs

Fig. 10 Comparison of computer memory alternatives.

MEMORY TAPE TAPE DISK DRUM CORE CO
SEMI.

CONDUCTOR OPTICAL

CAPACITY

ACCESS TIME

COST

1010 bits

100sec
10,5 Q,/bit

108 bits

300 msec

5 x 10.2 &bit

107-108 bits
10 msec

10.2 avert

106 bits

1 psec

2 ebit

105 bits

100 nsec

20 aibit

109-101' bits
11.isec

10-3-10' ebit

voice -channel to send signals back to
earth. Satellite communications and
improved bandwidth microwave
systems have, however, increased the
capability of conventional methods.
The incentive to push optical
communication research has

undoubtedly been heavily dampened
by these improvements, and by the
slow path to success of almost every
aspect of development of the basic
laser into an economical
communication system.

To conclude this review we will
look at the advances that have already
or soon might be seen in computing, in
teaching and entertainment.

COMPUTING
It seems no matter how much storage

is provided in a computer system it
never quite satisfies the need. There is
an eternal quest for higher capacity,
faster access methods. A present law
of data storage is that capacity goes
down if the speed goes up. For
example, core storage can provide
megabit storage with access times of 1
ps; tape, on the other hand, can
provide a thousand times more
capacity but with access time
measured in minutes. Optical methods
could give the best of both worlds at a
realistically low cost. A comparison is
given in Fig. 10.

The optical method to be used
should eventually be holography (see
the previous article for a description of
this). There are a number of reasons
for this - readout can be made
without precision imaging systems;
dust and other 'noise' only alters the
amplitude not the existence of a data

"DO NOT LOOK INTO THE LASER"
It would be unforgivable to present a review of laser

applications without a discussion of the safety aspects
of their use.

Lasers are potentially dangerous, especially when
large powers are involved, because the radiation
intensity is much greater than that provided by
conventional radiation sources.
As time passes, the safety criteria vary, but it is

generally agreed that all but the smallest sources
could cause eye damage by burning the retina. A
normal cheap C.W. laser will produce around 3 mW.
Figure 11 shows the calculated intensity that this
puny source will provide on the retina - it is not so
small,. by any standards! Note how small the
permissible level for continuous exposure is. It is not
until the beam is viewed directly from at least a 20 m
distance that damage will not occur.

Where possible, lasers should either be enclosed or
provided with a beam broadening telescope to reduce
the power density. The safest practice is never to look
into a laser beam emanating from the laser -- no
matter how small the power is.

Care must be taken to avoid specular reflections -
they reflect beams equally as intense as the source.

,E11%41....1E,SITY '11/,

Oat frr.f..., 15 v.
1,-3, 01.1,7E4 0,711F%

TRES:

Where lasers are in use, notices should be displayed
to this effect. Be sure to instruct those who could
come in contact with the devices that they can be
dangerous.

Especially secure precautions are needed where high
power systems are used - the slightest flash of an
invisible CO2 laser will burn a hole in the retina.

Like all tools, the laser must be treated with respect.
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bit in the hologram; no moving parts
are needed; the storage density is

considerably greater than with any
other media; access time is around a
microsecond and 3-D information and
colour can also be stored. Bell
Laboratories can, to date, store 4 x 106
bits with access in 6µs. Future hopes
are 108 bits with access in 1µs.

The basic procedure makes use of a
volume of individual holograms. The 1
mm diameter holograms used by Bell
Laboratories can store 104 bits each.
There are 1024 of these minute
photographic films. Illumination from
a laser projects a reconstructed image
of each hologram onto an array of 64
IC chips which each contain 64
photodetectors. Hitachi have also
reported a similar development.

TEACHING
The laws of diffraction and

interference have been known for
centuries and many experiments have
been devised to demonstrate them as
part of educational programmes.

Until the advent of laser sources
these experiments used either white
light (in special ways) or coherent light
produced from discharge lamps.
Interferometry and diffraction effects
are much more clearly demonstrated
using laser radiation. Diffraction
around a fine wire or through a grating
can be demonstrated in daylight to an
audience of hundreds. Anyone who
has had to align an interferometer
using a discharge lamp source and a
laser will know which is the easiest to
do. The laser wins every time.

Lasers have improved the efficiency
of the teaching of optical laws,
enabling students to progress to a

higher level of understanding in the
same amount of time.

ENTERTAINMENT
Manufacturers are always on the

lookout for consumer products, for
the large turnover can mean big
profits, nevertheless for all the use of
lasers, no company, as yet, has

marketed one in a successful consumer
product.

It seems the first use of lasers in the
home could well be in entertainment.
As far back as 1969, RCA released
details of prerecorded holographic
'tapes' in which colour programme
material is stored. These are read out
with a laser that reconstructs the
image onto a cheap television camera
whose output is displayed on the
home television set - and all this was
to sell for £250. More recently Philips
released details of a laser -read video
disc. We await a definite release of
such products.

Holographic television that replaces
our current flat pictures is also a

strong starter for the future. So far its

use is limited by the need to transmit
about 20 000 times more data - the
hologram, after all, represents 3D
information, a film only two. This
development will only come as part of
normal transmission when data links
wider bandwidth become available.

It seems that cineholography is also
not going to be a starter (that is, seeing
3D films in the theatre) for there
appears to be no way to reconstruct
images of adequate size without
holograms of Comparable size. Films
would have to be many metres across
to do this - it would certainly beat
Todd AO and other wide films, but
the cost does not justify research at
our present state-of-the-art.

In 1970 a Siemens -built stage laser
was used to produce a twisting,
twirling effect. Since the early 1960s,
Zenith Radio have been working on
acoustic -optical systems using laser to
produce Son et Lumerie effects.

It is clear the laser is here to stay.
One can predict that in the years to
come we, or generations following,
will be using laser knives in the
kitchen, have holographic
videophones, take amateur
holographic photos, use laser
headlights on cars - at different
wavelengths for each direction of
travel to overcome glare - you can
add your own to the list. Nothing is
far-fetched; it is merely a matter of
economics and social pressures that
decide the commodities we obtain.

FURTHER READING
Laser technology is moving so fast

that early reviews must be used with
caution. The literature contains
thousands of articles, so the task of
presenting an adequate list is difficult
- our own two articles condense over
two hundred papers! The following
should prove useful.
"Lasers and the Mechanical Engineer"
Symposium by Inst. Mech. Engns.
London, November, 1968. (Provides
breadth but now is dated.)
"Laser Focus" - all issues of this
journal are devoted to lasers.
"Review of Laser Microwelding and
Micromachining" - K.G. Nichols,
Proc. IEE, 116, 12 December, 1969.
"BOC Laser Systems: CO2 Laser
Applications - TC1025" - available
BOC.
"CO2 Applications" - available
Coherent Radiation, Palo Alto, U.S.A.

BACK NUMBERS
Back numbers are available for 25p
each plus 7p postage on one, 10p on
two. We are unable to supply the
following: April, May 1972

February, November 1973
There are very limited supplies of Jan-
uary, March and April, 1974.
Orders should be sent to:
BACK NUMBERS DEPT, ETI, 36 Ebury
Street, London SW1W OLW.

WILMSLOW AUDIO
The firm

for
speakers!
Baker Group 25, 3,8 or 15 ohm
Baker Group 35, 3,8 or 15 ohm
Baker Deluxe 8 or 15 ohm . .

Baker Major 3,8 or 15 ohm. .
Baker Regent 8 of 15 ohm . .
Baker Superb 8 or 15 ohm . .
Celestion PSTS (for Unilex)
Celestion MH1000 horn 8 or 15

ohm
EMI 13 x 8, 3,8 or 15 ohm . . £ 2.15
EMI 13 x 8, 150 d/c 3,8 or 15

ohm . . . . . £ 2.35
EMI 13 x 8, 4.50 t/tw 3,8 or 15

ohm . . . . £ 3.60
EMI 13 x 8, 3.50 8 or 15 ohm . £ 8.25
EMI 13 x 8 20 watt bass . . £ 6.60
EMI 2'/4" tweeter 8 ohm .65
EMI 8 x 5, 10 watt, d/c, roll/s

ohm . £ 2.50.

Elac 59RM109 15 ohm59RM114
8 ohm

Elac 61/4" d/cone, roll/s 8 ohm:
E 32..3655

Elac TW4 4" tweeter . . . £ 1.21
Fane Pop 15 watt 12" . . . £ 4.40
Fane Pop 25/2 25 watt 12" . £ 6.40
Fane Pop 40 40 watt 10" . . £ 8.50
Fane Pop 50 watt 12" . . £11.00
Fane Pop 55 60 watt 12" . . £12.50
Fane Pop 60 watt 15" . . . £13.00
Fare Pop 100 watt 18". . £22.50
Fane Crescendo 12A or B, 8 or

15 ohm £29 00
Fane Crescendo 15, 8 or 15 ohm £36.00
Fane Crescendo 18, 8 or 15 ohm £47.50
Fane 807T 8" d/c, roll/s 8 or 15

ohm . . . . . . £ 3.85
Fane 801T 8" d/c, roll's 8 ohm £ 7.00
Goodmans 8P 8 or 15 ohm. . £ 4.49
Goodmans 10P 8 or 15 ohm . £ 4.70
Goodmans 12P 8 or 15 ohm . £11.65
Goodmans 12P -D, 8 or 15 ohm £15.25
Goodmans 12P -G, 8 or 15 ohm £14.50
Goodmans Audiom 100, 8 or 15

ohm . . . . £ 9.50
Goodmans Axent 100, 8 ohm £ 6.60
Goodmans Axiom 401, 8 or 15.

ohm . . . . . £15.10
Goodmans Twlnaxiom 8" 8 or 15ohm ... . . . £ 6.79
Goodmans Twlnaxiom 10" 8 or

15 ohm
Kef T27
Kef T15
Kef B110
Kef 8200
Kef B139
Kef DN8
Kef DN12

£ 7.75
£ 8.50
£10.75
£ 8.50
£ 7.75
£14.50
£ 2.25
£10 45

£ 7 61
£ 4 75
£ 5 75
£ 6 75
£ 7 50
£11 75
£ 1 92
£ 4 12

Kef DN13 . £ 2.75
Richard Allan CG8T 8" d/c roll/s £ 6.35
STC4001G super tweeter . £.6.19
Wharfedale Super TORS/DD 8

ohm . .... £ 9.80
Fane 701 twin ribbon horn. . £23.00
Baker Major Module . . each £10.75
Fane Mode One . . - each £ 9.90
Goodmans DIN 20 4 ohm . each £ 8.75
Helme XLK25 . . . . pair £18;17
Helme XLK30 . . . . pair £14.95
Helme XLK50 . . pair £37.18
Kefkit 2 each £23.50
Kefklt 3 . . . . . each £34.00
Peerless 3-25 (3 sp.system) each £15.00
Richard Allan Twlnklt . each £ 8.25
Richard Allan Triple 8 - each £13.00
Richard Allan Triple each £18.50
Richard Allan Super Triple each £21.50
Wharfedale Linton 2 kit. pair £19.25
Wharfedale Glendale 3 kit pair £34.50
Wharfedale Dovedale 3 kit - pair £52.50

PRICES INCLUDE VAT.
Cabinets for Hi -F i and PA., wadding,
vynair etc. Send for free booklet -
"Choosing a Speaker".
FREE with orders over £7-HiFi Loud-
speaker enclosures book.
All units guaranteed new and perfect.

Prompt despatch
Carriage and insurance: Speakers 35p
each, Kits 75p each (£1.50 pair)
Tweeters and crossovers 20p each.

WILMSLOW AUDIO
Dept Ell

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 IHF.

Tel. Wilmslow 29599

(Discount Hi-Fi, PA and Radio at 10,
Swan Street, Wilmslow/.
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TECHNIQUES OF
DIGITAL
FAULT- FINDING
Digital circuitry is being used more and more. Its benefits are enor-
mous, but they are accompanied by major problems in servicing and
repair.
Totally new techniques and servicing equipment are required.

DIGITAL integrated circuits have

revolutionized the electronics
industry. Areas such as pocket
calculators, digital computers, and all
phases of a heretofore analogue world
are exploding with more complex,
compact, and powerful products than
ever before. But this advance in

electronics has not come without a
price. The digital integrated circuit has
also brought a major headache in

maintaining and repairing these
products. Fundamental differences
between analogue and digital circuits
and the resulting need for new
instrumentation and troubleshooting
techniques are responsible for these
problems.

1. ANALOGUE TECHNIQUES
AND DIGITAL TROUBLESHOOTING

When fault-finding circuits built from
discrete components, the task is one of
verifying relatively simple
characteristics such as resistance,
capacitance, or turn -on voltages of
components with two or at most three
nodes. And while the function of the
total circuit may be quite complex,
each component in that circuit

performs a relatively simple task and
proper operation is easily verified.

In Figure 1, each diode, resistor,
capacitor and transistor can be tested
using a signal generator and a

voltmeter, ohmmeter, diode checker,
or oscilloscope - the traditional
servicing tools. But when this circuit is
built in integrated circuit form, these
components are no longer accessible.
It now becomes necessary to test the
operation of the complete circuit
function.

Thus an important difference
between discrete circuitry and today's
circuits built from digital IC's is in the
complexity of the functions
performed by these new
"components". Unlike the resistor,
,capacitor, diode or transistor, which
must be interconnected to form a

circuit function, today's digital IC

performs complete, complex
functions. Instead of observing simple
characteristics, it is now necessary to
observe complex digital signals and
decide if these signals are correct
according to the function the IC is
meant to perform.
Verifying proper component

operation now requires stimulating
and observing many inputs (in Fig. 1

there are 10 inputs) while
simultaneously observing several
outputs (often two or three and at
times as many as eight). Thus another
fundamental difference between
circuitry built from discrete
components and digital IC's is the
number of inputs and outputs
associated with each component, and
the need to stimulate and observe
these simultaneously.

In addition to the problems of
simultaneity of signals and complexity
of functions at the component level,
the digital IC has introduced a new
degree of complexity at the circuit
level. Circuits which perplex all but
their designer are commonplace. Given
enough time, these circuits can be
studied and their operation
understood, but this is not an

affordable luxury for those involved in
troubleshooting electronic circuits.
Without understanding a circuit's
intricate operation, it becomes
necessary to have a technique of
quickly testing each component rather
than attempting to isolate a failure to
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a particular circuit segment by testing
for expected signals.

In order to solve these problems and
to make fault-finding of digital circuits
more efficient, it is necessary to take
advantage of the digital nature of the
signals involved. Tools and techniques
designed to service analogue circuits
do not take advantage of this digital
nature and thus are less efficient when
used to troubleshoot digital circuits.

Figure 2 shows a typical TTL
(Transistor -Transistor -Logic) signal.
This might as well be any analogue
signal when viewed on an oscilloscope.
The oscilloscope displays absolute
voltage with respect to time, but in the
digital world absolute values are
unimportant.

A digital signal exists in one of two
or three states - high, low, and
undefined or in-between level - each
determined by a threshold voltage. It
is the relative value of the signal
voltage with respect to these
thresholds that determines the state of
the digital signal and this digital state
determines the operation of the IC,
not absolute levels. In Figure 2, if the

CC

4 AND GATES

Y = (AB)+(CDE)+(FGH)+(IJ)

CC

0

This digital circuit has been assembled from
23 discrete components. Each component
can readily be checked using simple
servicing tools. Inset, is an integrated
circuit performing more or less the same
function. Here, fault finding requires a
totally different procedure - as this
article explains.

/\ /\
OR INVERT

Y = (AB) + (CDEI + (FGH) +

HIGH
THRESHOLD

LOW
THRESHOLD

2.4V

- -.4V

Fig.2. TTL signal. In the digital world, the relative value of a signal voltage with respect
to the threshold voltages determines the operation of the circuit. A signal above the high
threshold is in the high state and whether it is 2.8 V or 3.0 V is unimportant to the
operation of the circuit.
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TECHNIQUES OF DIGITAL FAULT-FINDING

INPUTS
A

_

+5

C

OUTPUT

TOTEM POLE
OUTPUT STAGE

Fig.3. When stimulating a node in a circuit, such as C above, it is necessary to over -ride the
low impedance 'totem pole' output stage driving that node. When the output is in the low
state, it is a saturated transistor to ground. Most signal sourcesavailable today are not
powerful enough to over -ride this low state.

signal is greater than 2.4 volts, it is a
high state and it is unimportant
whether the level is 2.8 or 3.0 volts.
Similarly for a low state the voltage
must be below 0.4 volts. It is not
important what the absolute level is as
long as it is below this threshold. Thus
when using an oscilloscope, the
serviceman must over and over again
determine if the signal meets the

5V

A

ov

B

threshold requirement for the desired
digital state.

Within a digital logic family, such as
TTL, the timing characteristics of each
component are well defined. Each gate
in the TTL logic family displays a

characteristic propagation delay time,
rise time, and fall time. The effects of
these timing parameters on circuit
operation are taken into account by

TO OTHER IC INPUTS

A B

PTO OTHER
IC INPUTS

TO OTHER IC INPUTS

SIGNALS AT POINTS A AND B:

1.4V TO 1.5V = "BAD LEVEL" AND
IS INTERPRETED BY TTL AND
DTL INPUTS AS A HIGH STATE

Fig.4. The effect of an open output bond upon circuit operation. An open output bond
allows all inputs driven by that output to float to a "bad level". This level is usually inter-
preted as a logic high state by the inputs. Thus the inputs driven by an open output bond
will respond as though a static logic high signal was applied.

the designer. Once a design has been
developed beyond breadboard or
prototype stage and is into
production, problems due to design
have (hopefully) been corrected.

An important characteristic of digital
IC's is that when they fail, they fail
catastrophically. This means that
timing parameters rarely degrade or
become marginal. Thus observing on
an oscilloscope and making repeated
decisions on the validity of timing
parameters is time consuming and
contributes very little to the
fault-finding process. Once problems
due to design are corrected, the fact
that pulse activity exists is usually
enough indication of proper IC

operation without further observation
of pulse width, repetition rate, rise
time or fall time.

Figure 3 shows a problem created by
the.TTL logic family. The output stage
of a TTL device is a transistor totem
pole. In either the high or low state, it
is a low impedance. In the low state it
is a saturated transistor to ground. It
thus appears as 5-10 ohms to ground.
This presents a problem to in -circuit
stimulation. A signal source used to
inject a pulse at a node which is driven
by a TTL output must have sufficient
power to override the low impedance
output state. Most sources presently
used for fault-finding do not provide
this capability. It has been necessary
for the serviceman to either cut
printed circuit traces or pull out IC
leads in order to stimulate the circuit
being tested. Both of these practices
are time consuming and lead to
unreliable repairs.

Thus the use of the traditional
oscilloscope and the traditional signal
sources is inefficient. Since the diodes
and transistors are packaged in the IC,
use of diode checkers is also marginal.
These tools are general purpose tools
that can be applied to any situation if
the serviceman has enough time. But
with the quantity and complexity of
today's electronic circuits, it makes
sense to find the most efficient
solution to the problem at hand. This
suggests using the oscilloscope, diode
checkers and voltmeter on analogue
circuits where they really shine, and
using instruments that take advantage
of the digital nature of signals on the
digital circuitry to be repaired.

In order to repair digital equipment
efficiently, it is important to
understand the type of failures found
in digital circuits. These can be

categorized into two main classes -
those caused by a failure internal to an
IC and those caused by a failure in the
circuit external to the IC.

Four types of failures can occur
internally to an IC. These are (1) an
open bond on either an input or
output, (2) a short between an input
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SIGNALS AT POINTS A AND B.

Fig.5. The effect of an open input
bond upon circuit operation. An
open bond on an input has the effect
of blocking the input signal from
reaching the chip and allows the in-
put of the chip to float to a "bad
level". Thus even though the signal
can be viewed at an external point
such as point A, the input, of the
chip responds to the "bad level"
as though it were a static high level.

1.4V = "BAD LEVEL"
IS INTERPRETED BY TTL INPUTS

AS A _HIGH STATE

or output and Vcc or ground, (3) a
short between two pins (neither of
which are Vcc or ground), and (4) a
failure in the internal circuitry (often
called the steering circuitry) of the IC.

In addition to these four failures
internal to an IC, there are four
failures that can occur in the circuit
external to the IC. These are (1) a
short between a node and Vcc or
ground, (2) a short between two nodes
(neither of which are Vcc or ground),
(3) an open signal path, and (4) a
failure of an analogue component.

Before showing how to detect each
of these failures we will discuss the
effect each has upon circuit operation.
The first failure (internal to an IC)
mentioned, was an open bond on
either an input or output. The failure
has a different effect depending upon
whether it is an open output bond or
an open input bond. In the case of an
open output bond (Fig. 4), the inputs
driven by that output are left to float.
In TTL and DTL circuits a floating
input rises to approximately 1.4 to 1.5
volts and usually has the same effect on
circuit operation as a high logic level.
Thus an open output bond will cause
all inputs driven by that output to
float to a bad level since 1.5 volts is
less than the high threshold level of
2.0 volts and greater than the low

threshold level of 0.4 volt. In TTL and
DTL, a floating input is interpreted as
a high level. Thus the effect will be
that these inputs will respond to this
bad level as though it were a static
high signal.

In the case of an open input bond
(Fig. 5), we find that the open circuit
blocks the signal driving the input
from entering the IC chip. The input
on the chip is thus allowed to float
and will respond as though it were a
static high signal. It is important to
realize that since the open circuit
occurs on the input inside the IC, the
digital signal driving this input will be
unaffected by the open circuit and will
be detectable when looking  at tile
input pin (such as at Point A in Fig.
5). The effect will be to block this
signal inside the IC and the resulting
IC operation will be as though the
input were a static high.

A short between an input or output
and Vcc or ground has the effect of
holding alt signal lines connected to
that input or output either high (in the
case of a short to Vcc) or low (if
shorted to ground) (Fig. 6). In many
cases, this will cause expected signal
activity at points beyond the short to
disappear and thus this type of failure
is catastrophic in terms of circuit
operation.

TO OTHER IC INPUTS

TO OTHER IC INPUTS

oj0 OTHER
IC INPUTS

Fig.6. The effect of a short between an input
or output and Vcc or GND. All signal lines
connected to point A are held in the high
state. All signal lines connected to point
B are held in the low state.

A short between two pins is not as
straightforward to analyze as the short
to Vcc or ground. When two pins are
shorted, the outputs driving those pins
oppose each other when one attempts
to pull the pins high while the other
attempts to pull them low (Fig. 7). In
this situation the output attempting to
go high will supply current through
the upper saturated transistor of its
totem pole output stage, while the
output attempting to go low will sink
this current through the lower
saturated transistor of its totem pole
output stage. The net effect is that the
short will be pulled to a low state by
the saturated transistor. to ground.
Whenever both outputs attempt to go

Fig.7. The error effect of a short between
two pins occurs when the outputs driving
those pins attempt to pull the short to
opposite states. In this case, the output
attempting to pull the node high will be
supplying current while the output
attempting to pull the node low is a
saturated transistor to ground and will be
sinking the current. The saturated transistor
to ground will thus pull the node to a low
state.
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TECHNIQUES OF DIGITAL FAULT- FINDING
high simultaneously, or to go low
simultaneously, the shorted pins will
respond properly. But whenever one
output attempts to go low the short
will be Cbnstrained to be low.

The fourth failure internal to an IC is
a failure of the internal (steering
circuitry of the IC (Fig. 8). This has
the effect of permanently turning on
either the upper transistor of the

L----- -J
STEERING CIRCUITRY

Fig,8. The effect of a failure of the internal
circuitry of the IC upon circuit operation.
A failure of the steering circuitry of an IC
will either cause the output to be in a static
high state or a static low state.

Fig.9. The effect of an open in the circuit
external to an IC. A II inputs attached to the
node at point A will be driven properly.
All inputs to the right of the open (point
B) will be left to float to a "bad level"
and will therefore look like a static high
state.

output totem pole, thus locking the
output in the high state, or turning on
the lower transistor of the totem pole
thus locking the output in the low
state. Thus this failure blocks the
signal flow and has a catastrophic
effect upon circuit operation.

A short between a node and Vcc or
ground external to the IC is

indistinguishable from a short internal
to the IC. Both will cause the signal
lines connected to the node to be
either always high (for shorts to Vcc)
or always low (for shorts to ground).

-)
a

C

Fig.10, The 'Open collector" problem. When
gates are connected in the "wired -OR"
arrangement, the output of one IC can con-
strain the outputs of the other IC's to be in
a state other than that defined by the gates
truth table and input states.
When this type of failure is

encountered only a very close physical
examination of the circuit will reveal if
the failure is external to the IC.

An open signal path in the circuit has
a similar effect as an open output
bond driving the node (Fig. 9). All
inputs to the right of the open will be
allowed to float to a bad level and will
thus appear as a static high level in
circuit operation. Those inputs to the
left of the open will be unaffected by
the open and will thus respond as
expected.

NEW - LOW PRICED 12" DISPLAY
UNITS. From £48.50. All units comp-
letely cased, transistorised EHT, Standard
mains operation. SAE for all details.

TRIMMER PACK, 2 Twin 50/203 pt ceramic;
2 Twin 10150 of ceramic; 2 min strips with 4
preset 5/20 pf on each; 3 air spaced preset
30/100 pf on ceramic base. ALL BRAND
NEW 25p the LOT. P. & P. 10p.

ALMA Precision resistors 200K; SOOK: 497K:
900K;, 1 meg-01% 27p ea.; 325k, 5-9k, 13k-
01 e1 201, ea.

MODERN TELEPHONES type 706. Two -
tone grey or black. £3.75 ea. Type 7006
two-tone green £3.75 ea. P & P 25p ea.
IDEAL EXTENSION TELEPHONES with

ROTARY SWITCH PACK -8 Brand New
£1 WORTH OF 'UPS'. Six Brand New cape- switches ii ceramic; 1-4 pole 2 way etc.),
citora all between 15V and 103V. Total capacl- gsp. p. 5 P. 20,.
Lance not less than 7,000m1d. P. & P. 45p.

Vast quant:ty of good quality components
-NO PASSING TRADE -so we offer

3 LBS. of ELECTRONIC GOODIES
for El 60 post

standard GPO type dial, bell and lead
type coding. £1.75 ea. P & P 25p ea.

CAPACITOR PACK 50 Brand new compo-
paid.

nents only 58p. P. & P. 17p.

POTS 10 different values. Brand new. 5411.
P. & P. 17p.

COMPONENT PACK consisting of 5 pots
various values, 250 resistors i and 1 watt
etc., many high stabs. All brand new. Fine
value at 60p per pack. P. & P. 27p_

POTENTIOMETERS

COLVERN 3 watt. Brand new, 25; 50k all
at 13o ea.

MORGANITE Special Brand new. 2;5; 10;
100; 250; 50014; 1 in. sealed, 17p ea.

BERCO 2; Watt. Brand new. 5; 10; 50; 250:
ohms; 1; 2-5; 10: 25; 50K at tSp ea.

PHOTOCELL equivalent OCP 71, IM ea.
MULLARD OCP70 18p each.

BECKMAN 10 TURN DIALS ONLY.
Brand new. £2.25 ea. P & P 10p.
METERS BY SI FAM type M42, 25-0-25

12- LONG
PERSISTANCE TUBES

Ideal for SSTV; educational purposes.
Type 12DP"" Connections, collages etc.Brand New Boxed £17-50 each including
carriage and VAT.

DELIVERED TO YOUR DOOR 1 cwt. ofmicroamp
Electronic Scrap chassis, boards, etc. No
Rubbish. FOR ONLY E3-58. N. Ireland 12
extra.

P.C.B. PACK S 5 D. Quantity 2 sq. 9. -no
tiny pieces. 58p Plus P. & P. 20p.

FIBRE GLASS as above £1 plus P. & P. 20p.

5 CRYSTALS 70 to 90kHz. Our choice. 259.
P. & P. 15p.

STANDARD 2 meg. log pots. Current type
is, ea.

INSTRUMENT 3 In. Colvern 5 ohm 35p ea.;
50k and 100K 54p ea.
BOURNS TRIMPOT POTENTIOMETERS.
20: 50; 100; 200: 500 ohms; 1: 2; 2-5; 5; 10:
2514 et 35p ea. ALL BRAND NEW.

RELIANCE P.C.B. mounting' 27a: 470;
500 ohms; 10K at 35p ea. ALL BRAND NEW.

Scaled 25-0-25 green; 250-0-250
red, linear. As new. £3.50 ea. P & P 37p.

METERS. Ernest Turner. Model 402,
100 microamps. Brand new. Lovely shape,
lousy scale - hence £2.25 ea. P & P 25p.

ELECTROSTATIC VOLTMETERS from
0-300 Volts to 0-10KV. S.A.E. with your
requirements.

REPLACEMENT TUBES for Cossor 1035
Mk 1 & 2 and Cossor 1049 Mk 1,2,3 & 4.
Tested and guaranteed. £3.00 ea. P&P 37p.

FIBRE GLASS PRINTED CIRCUIT
BOARD. Brand new. Single and double
sided. Any size 1p per sq. in. P & P 10p
per order.

VOLT '/2 AMP
LOGIC (I.C's) POWER
SUPPLY
Standard Mains in-
Put. £2.75 each.
P & P. 25p.

MAKE YOUR SINGLE BEAM SCOPE INTO
A DOUBLE WITH OUR NEW LOW PRIG-
ED SOLID STATE SWITCH.
2 Hz to 8 MHZ. Hook up a 9 volt battery and
connect to your scope and have two traces
for ONLY £5.50. P & P. 25p. STILL
AVAILABLE our 20MHZ version at £9.25
P & P. 25p.

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR

In four ranges. Wien bridge oscillator thermistor stabllsed. Separate
independent sine and square wave amplitude controls. 3V max sine.
6V max square outputs. Completely assembled P.C. Board, ready to
use. 9 to 12V supply required. £7.85 each. P & P 25p. Sine Wave
only £5.85 each. P & P 25p.

TRANSISTOR INVERTER
12V to 1.5 KV 2 MA. Size 11/z x 21/2 x 4in. Multi tapp-
ed secondary and output level control makes possible
large range of voltage and current output combinations
without modification. Very flexible unit at £2.95
each P & P. 25p.

NEW WIDE RANGE WOBBULATOR
5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GMZ) up to 15 MHZ sweep wid-
th. Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10.7 or
TV IF alignment, filters, receivers. Can be used with any general purpose scope.
Full instructions supplied. Connect 6.3V AC and use within minutes of receiving.
All this for only £5.75 P & P 25p.

Always available range of:- Oscilloscopes; signal generators; valve voltmeters; EHT Power units; EHT capacitors; EHT transformers; etc.etc.

Unless stated -please add £1.50 carriage to all units.
VALUE ADDED TAX not included in prices -please add 10%

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9 am to 6.30 pm any day (later by arrangement.)

Bay Swigs Acorn CHUL'F 11111 AA LTD
7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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I.L.P. (Electronics) Ltd

Tuner

Gram _____0
Tape

0-
0

..-0+r-0 0
-0 0

SHEER SIMPLICITY!

Half HY5

Tape o.p

VOLUME

BASS

Half HY5

-i
TREBLE

4- BALANCE

0
Stereo.Mono switch

HY5O

Mono electrical circuit diagram "with interconnections for stereo shown

The HY5 is a complete mono hybrid
preamplifier, ideally suited for both
mono and stereo applicat ions. Internally
the device consists of two high quality
amplifiers the first contains frequency
equalisation and gain correction, while
the second caters for tone control and
balance.
TECHNICAL SPECIFICATION
Inputs

Magnetic Pick-up 3mV.RIAA
Ceramic Pick-up 30mV
Microphone 10mV
Tuner 100n1V
Auxiliary 3-100mV
Input impedance 471/ at 1kHz.

Outputs
Tape 100mV
Main output Odb (0.775 volts RMS)

Active Tone Control;
Treble .1_ 12db at 10kHz
Bass 12db at 100Hz

Distortion 0.05% at 1kHz
Signal/Noise Ratio 68db
Overload Capability 40db on most

sensitive input
Supply Voltage ' 16 - 25 volts.
PRICE £4.50+0.45 V.A.T. P & P free.

TWO YEARS

The HY50 is a complete solid state hybrid
Hi-Fi amplifier incorporating its own high
conductivity healsink hermetically sealed
in black epoxy resin. Only five connec-
tions are provided: Input, output, power
lines and earth.
TECHNICAL SPECIFICATION
Output Power 25 watts RMS into 812
Load Impedance 4-1612.
Input Sensitivity Odb (0.775 volts RMS)
Input Impedance 4711
Distortion Less than 0.1.o at 25 watts

typically 0.050.i,
Signal/Noise Ratio Better than 75cib
Frequency Response 10Hz- 50kHz 3db
Supply Voltage ' 25 volts
Size 105 x 50 x 25

PRICE £5.98 + 0.59 V.A.T. P & P free.

GUARANTEE ON ALL OUR

Fuse

L.S

-N
-E

The PSU50 can be used for either mono
or stereo systems.

TECHNICAL SPECIFICATIONS
Output voltage
Input voltage

Size

25 volts
210--240 volts
L .70. 0.90, H.60 mm.

PRICE £5.00 x 0.50 V.A.T. P & P free.

PRODUCTS

CROSSLAND HOUSE  NACKINGTON  CANTERBURY  KENT

CANTERBURY (0227) 63218



DIGITAL
SERVICING
TOOLS
Digital fault finding is a quick and simple procedure - providing the
right tools are used. -

A LOGIC PROBE is a digital state
indicator. It provides, at the user's
finger tips, an indication of a high
level, a low level, or bad level signal.
Internal threshold indicators
determine if the signal being probed is
above the high threshold level, below
the low threshold level, or somewhere
between the two. Signal indication is

given by a lamp that glows brightly for
a high level, goes off for a low level,
and glows dimly for a signal that is
between the two thresholds. (Other
types indicate signal state by different
coloured lamps).

Since it is necessary to observe
dynamic signal activity, as well as the
static levels described above, logic

probes usually have pulse stretching
circuitry that can detect pulses as

narrow as 10 ns and stretch them so
that a readily visible blink can be seen.
Thus if a low signal pulses high, the
logic probe will blink 'on'. If a high
signal pulses low, the probe will blink
'off'.

With some logic probes, such as

Hewlett-Packard's 1055T, a pulse
memory may be (in this case
optionally) provided. This enables the
probe to monitor a signal line for
single shot or low frequency pulses
over extended periods of time.

If a pulse occurs, this will be

indicated by the device which will
remain 'on' until reset by the user.

Here, a Hewlett-Packard logic probe is being used in conjunction with a logic pulser.

Probe will indicate pulse trains. It
does this by blinking the lamp
indicator at a constant rate (typically
10 Hz) when a pulse train is present.
Thus a logic probe enables the user

to view static signals, single shot
pulses, and pulse trains. Automatic
threshold detection is often included.
This eliminates the need to determine
repeatedly whether a signal is above or
below the threshold.

Hewlett Packard's Logic Clip is

another form of digital state indicator.
It enables up to 16 signals to be
observed simultaneously on a single
IC. The Logic Clip has a single
threshold level. If a signal on a given
IC pin is above this threshold level an
LED indicator light is turned on
corresponding to that pin. If the signal
is below this level the LED is turned
off.

The Logic Clip differs from a logic
probe in two important ways. First it
has a single threshold as opposed to
the two threshold levels in most logic
probes. Because of this it will not
indicate a bad level. Rather it will
respond to a bad level signal in the
same way a TTL or DTL gate will - as
a high logic state. Apart from this, the
HP Logic Clip does not have pulse
stretching circuitry and therefore
cannot be used to view high frequency
or single shot narrow pulses.

The advantage of the Logic Clip is
that it has internal 'power seeking'
circuitry. It cannot be attached
improperly - regardless of how it is

clipped onto the IC it will display the
desired signal!

The ability to view signal activity on

24
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several pins simultaneously is a

tremendous time saver. Consider the
problem of testing a decade counter
(e.g. 7490). It is necessary to view at
least one input and four outputs
simultaneously to determine if this
device is operating properly. With a
Logic Clip this is no problem.
A Logic probe or HP Logic Clip

provides a response mode of operation
that is optimized to digital signals. But
the mainstay of all troubleshooting is
stimulus -response testing. It is

necessary to apply a signal and observe
the response to determine if the device
is operating properly. As was pointed

Logic checker from Guest International.
This is designed to indicate the function of
digital IC's (TTL, DTL) during operation.
Built in circuitry and LED lamps instantly
check logic levels. A DIY logic chip circuit
costing about £10 is shown in Bywood's
catalogue.

4 This ET/ -designed logic probe was described as a constructional project in our September
1972 issue.

Circuit of the ETI probe. The IC is a 7400 (Prefix depends on makers).

out previously this is very difficult to
do in TTL circuits.

A logic pulser provides the solution.
It may be used to inject into the
circuit a single pulse of proper
amplitude and polarity. If the node
was low, it will be pulsed high and if it
was high it will be pulsed low.

Thus it now becomes possible to
jump rapidly from point to point in
the circuit, applying pulses and
observing the responses. Together the
logic pulser, logic probe and logic clip

This ingenious and
versatile IC tester,
recently released by
Fluke, combines the
functions of a logic
probe, logic clip, and
comparator in one
single unit

It functionally tests
ICs while in circuit A
known -to -be -good IC of
the type to be rested is
inserted into a
conventional socket.
This is then plugged
into the tester, which in
turn, is snapped onto
the IC to be tested.
Internal circuitry 'sniffs
out' Vcc and ground
automatically powering
the tester's internal
circuitry.

The tester, known as
the Trendar 200 IC
Testclip, then displays
- on an illuminated
indicator - any
difference between the
reference IC and the IC
under test

provide total in -circuit stimulus
response testing for all TTL, DTL, and
other 5 volt logic.

Other more sophisticated tools are
available which test the IC, in -circuit,
for correct operation in accordance
with its truth table. Such a device is
the Hewlett Packard 10529A Logic
Comparator.

However, the three devices
mentioned previously, offer a method
of stimulus -response testing which is

the mainstay of digital servicing.
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DIGITAL
FAULT- FINDING;

METH DS
This logical testing procedure enables you to fault -find digital
circuitry quickly and simply.

THE FIRST STEP in any trouble-
shooting process is to narrow the
malfunctioning area as much as

possible by examining the observable
characteristics of the failure. From the
front panel operation (or rather
mis-operation) the failure should be
localised to as few circuits as possible.
At this point it is necessary to narrow
further the failure to one suspected

DIGITAL
FAULT-FINDING
METHOD

1 Test all IC's using a logic probe
or similar instrument Note the
failing nodes.

2 Check for an open output bond,
driving the failing node using a
logic probe. If an open bond is
indicated, replace the IC driving
the failing node.

3 Now test for a short to Vcc or
GND using a logic pulser or
probe. By simultaneously
probing and pulsing the bad
node, a short to Vcc or GND can
be detected since the pulser is
unable to inject a pulse into such
a short

4 Test for a short between two
nodes using a logic probe and
pulser - or an ohmmeter.

5 If the failure is not found in
steps 2-4, then the failure, is

either an open input bond or a
failure of the internal circuitry
of the IC driving the failing
node. In either case the IC
driving the failing node should
be replaced.

Repeat steps 2-5 for each failing
node observed in Test 1.

circuit by looking for improper key
signals between circuits. The logic
probe can be every effective here.

In many cases, a signal will
completely disappear. By rapidly
probing the inter -connecting signal
paths, a missing signal can be readily
detected. Another important failure is
the occurrence of a signal on a line
that should not have had a signal.
Logic probes have a pulse memory
which allows such signal lines to be
monitored for single shot pulses or
pulse activity over extended periods of
time. The occurrence of a signal will
be stored and indicated by an LED.

Dependence upon a well -written
service manual is the key to this phase
of troubleshooting. Isolating a failure
to a single circuit requires knowledge
of the instrument or system and its
operating characteristics. A well
written manual will indicate key
signals to be observed. The logic probe
will provide a rapid means of observing
the presence of these signals.

Once a failure has been isolated to a
single circuit, the devices described
above can be used to observe the
effect of the failure on circuit
operation and to locate the failure to
its cause (either an IC or a fault in the
circuit external to the IC).

The logic probe can be used to
observe the signal activity on inputs
and to view the resulting output
signals. From this information, a

decision can be made as to the proper
operation of the IC. For example, if a
clock signal is occurring on a decade
counter and the enabling inputs
(usually reset lines) are in the enabled
state then the output should be
counting. A logic probe will allow the
clock and enabling inputs to be
observed, and, if pulse activity is

indicated on the outputs, then the IC
can be assumed to be operating
properly. As stated before, usually it is
not necessary to see the actual timing
of the output signals since IC's fail

catastrophically. The occurrence of
pulse activity is often enough
indication of proper operation.

When more detailed study is desired
or when input signal activity is

missing, the logic pulser can be used to
inject input signals and the Logic Clip
or probe used to monitor the response.
This technique is especially good when
testing digital gates and other
combinatorial devices. A logic pulser
can be used to cause the inputs to go
to a state which will cause a change in
the output state. For example, a

three -input NAND gate which has
high, low, low inputs will have a high
output. By pulsing the two low inputs
high using a logic pulser the output
will pulse low and can be detected by
a logic probe. This then indicates that
the IC is Operating properly. A logic
pulser is also valuable for replacing the
clock in a digital circuit thus allowing
the circuit to be single -stepped while
the logic probe is used to observe the
changes in the circuit's state.

The first step might be called the
"mapping" step since the effect is to
map out the problem areas for further
investigation. It is important to do a
complete "mapping" of the circuit
before proceeding to analyse each of
the indicated failures. Prematurely
studying a fault can result in

overlooking faults which cause

multiple failures such as shorts
between two nodes. This then often
leads to the needless replacement of a
good IC and much wasted time. With a
complete trouble -area "map" we can
begin to determine the type and cause
of the failures. We do this by
systematically eliminating the possible
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failures of digital circuits discussed
above.

The first failure to test for is an open
bond in the IC driving the failed node.
A logic probe provides a quick and
accurate test for this failure. If the
output bond is open, then the node
will float to a bad level. By probing
the node, the logic probe will quickly
indicate a bad level. If a bad level is
indicated then the IC driving the node
should be replaced and retested.

If the node is not a bad level then a
test for a short to Vcc or ground
should be made next. This can be done
easily using a logic pulser and probe.
While a logic pulser is powerful enough
to over -ride even a low impedance
TTL output it is not powerful enough
to effect a change in state or a Vcc or
ground bus. Thus if a logic pulser is
used to inject a pulse while the logic
probe is used simultaneously on the
same node to observe the pulse, a

short to Vcc or ground can be
detected. The occurrence of a pulse
indicates that the node is not shorted,
and the absence of a pulse indicates
the node is shorted to Vcc (if it is a
high) or ground (if it is a low).

If the node is shorted to Vcc or
ground there are two possible causes.
The first is a short in the circuit
external to the IC's and the other is a
short internal to one of the IC's
attached to the node. The, external
short should be detected by an
examination of the circuit. If no
external short is found then the cause
is equally likely to be any one of the
IC's attached to the node. The only
suggestion that can be made (based
upon experience) is to first replace the

44 Simple digital fault-finding can be undertaken using a simple multimeter but it is a long
tedious process.

IC driving the node and if that does
not solve the problem try each of the
other IC's individually until the short
is eliminated. (It might be noted that
on occasion analogue components
such as resistors or capacitors attached
to the node have shorted).

If the node is not shorted to Vcc or
ground, nor is it an open output bond,
then we should look for a short
between two nodes. This can be done
in one of two ways. First the- logic
pulser can be used to pulse the failing
node being studied and the logic probe
can be used to observe each of the
remaining failing nodes. If a short
exists between the node being studied
and one of the other failing nodes,
then the pulser will cause the node
being probed to change state (i.e. the
probe will detect a pulse). To ensure
that a short exists, the probe and
pulser should be reversed and the test
made again. As a further test, or as
another way of testing for a short
between two nodes, the circuit can be
removed from the instrument or
system and an ohmmeter can be used
to measure the impedance between the
two failing nodes. A short between
them will be easily detected.

If the failure is a short then there are
two possible causes. The most likely is
a problem in the circuit external to the
IC's. This can be detected by
physically examining the circuit and
repairing any solder bridges or loose
wire shorts found. Only if the two
nodes which are shorted are common
to one IC can the failure be internal to
that IC. If after examining the circuit
no short can be found external to the
IC then the IC should be replaced.

If the failure is not a short between
two nodes then there are only two
possibilities left. They are that the

This logic test unit from Siemens allows PC
hoards to be tested by applying a programmed
input bit pattern to the board and displaying
corresponding board outputs. A separate
logic probe is used to trace faults to specific
IC's on the board.

ILEVEL"

A B

"L.GErELD/-

rb

Fig.11. The effect of an open signal path
external to the IC's. The open causes point
B to float to a bad level while point A is
driven by proper TTL or DTL signal levels.
Starting at the input of gate 3 or 4 and
proceeding back toward gate 1, the exact
location of the open can be determined
using a logic probe.

failure is an open input bond or a
failure of the internal circuitry of the
IC. In either case, this IC should now
be replaced. Thus, by systematically
eliminating the IC failures, the cause
can be located.
An important step at any point

where an IC is replaced is the retesting
of the circuit. If the testing .again
indicates a failure, then more study of
the problem must be made with the
knowledge that the failure is not in the
IC that has just been replaced.

There is one type of failure that was
not discussed, and that is an open
signal path in the circuit external to
the IC (Fig. 11).

The logic probe provides a rapid
means of not only detecting but also
physically locating the open. Since an
open signal path allows the input to
the "right" of the open to float to a
bad level, the logic probe can be used
to test the'input of each IC for a bad
level. Once an input floating at a bad
level is detected, the logic probe can
be used to follow the circuit back
from the input looking for the open.
This can be done because the circuit to
the "left" of the open will be a good
logic level (either high, low, or pulsing)
while the circuit to the right will be a
bad level. Thus probing back along the
signal path will indicate a bad level
until the open is passed. Thus the
probe can be used to locate precisely
the open. The open can then be
repaired and the circuit tested.

This systematic elimination of
possible failures in digital circuits by
the use of such special tools will
ensure a rapid and accurate repair.
Because these instruments provide a
digital solution to the digital problem,
improvements in servicing time of at
least 4:1 are easily achieved.

We would like to thank the Marcom
Division of Hewlett Packard, for their
help in the preparation of this article.
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Now only£14:95!

You save .0.250!
An advanced 4 -function
calculator in kit form
The Cambridge kit is
the world's largest -
selling calculator kit.

It's not surprising - no other
calculator matches the
Sinclair Cambridge in
functional value for money;
and buying in kit form, you
make a substantial saving.

Now, simplified manufacture
and continuing demand mean
we can reduce even the kit price
by a handsome £12.50. For
under £15 you get the power
to handle complex calculations
in a compact, reliable
package - plus the interest
and entertainment of building
it yourself !

Truly pocket -sized
With all its calculating capability,
the Cambridge still measures just
43"x2"x;6".Thatmeans you can
carry the Cambridge wherever you
go without inconvenience - it fits in
your pocket with barely a bulge. It
runs on ordinary U16 -type batteries
which give weeks of normal use
before replacement.

Easy to assemble
All parts are supplied - all you need
provide is a soldering iron and a pair of
cutters. Complete step-by-step instructions are
provided, and our service department will back
you throughout if you've any queries or problems.

Total cost ? Just £14-95!
The Sinclair Cambridge kit is supplied to you
direct from the manufacturer. Ready assembled,
it costs £21 .95 -so you're saving £7 ! Of course
we'll be happy to supply you with one ready -
assembled if you prefer- it's still far and away
the best calculator value on the market.

Features of the Sinclair
Cambridge
*Uniquely handy package.

41" x 2" x IV, weight 31 oz.
*Standard keyboard. All you

need for complex calculations.
*Clear -last -entry feature.
*Fully -floating decimal point.
-*Algebraic logic.
*Four operators (+, - , x, = ),

with constant on all four.
*Constant acts as last entry

in a calculation.
*Constant and algebraic

logic combine to act as a
limited memory, allowing
complex calculations on a
calculator costing less
than £15.

*Calculates to 8
significant digits.

*Clear, bright 8 -digit
display.

*Operates for weeks on
four U16 -type batteries
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A complete kit!
The kit comes to you packaged in a
heavy-duty polystyrene container, It
contains all you need to assemble
your Sinclair Cambridge.
Assembly time is about 3 hours.

Contents :
1. Coil.
2. Large-scale integrated circuit.
3. Interface chip.
4. Thick -film resistor pack.
5. Case mouldings, with buttons,

w!ndow and light -up display in
position.

6. Printed circuit board.
7. Keyboard panel.
8. Electronic components pack

(diodes, resistors, capacitors,
transistor).

9. Battery clips and on/off
switch.

10. Soft wallet.

This valuable book -free!
If you just use your Sinclair Cambridge for
routine arithmetic for shopping,
conversions, percentages, accounting,
tallying, and so on -then you'll get more
than your money's worth.

But if you want to get even more out of it,
you can go one step further and learn
how to unlock the full potential of this
piece of electronic technology.

How? It's all explained in this unique
booklet, written by a leading calculator
design consultant. In its fact -packed 32
pages it explains, step by step, how you
can use the Sinclair Cambridge to carry
out complex calculations.

sindair
Sinclair Radionics Ltd, London Road,
St Ives, Huntingdonshire
Reg. no : 699483 England
VAT Reg. no: 213 8170 88

Why only Sinclair can make you this offer
The reason's simple : only Sinclair- Europe's largest electronic calculator
manufacturer- have the necessary combination of skills and scale.
Sinclair Radionics are the makers of the Executive-the smallest electronic
calculator in the world. In spite of being one of the more expensive of the small
calculators, it was a runaway best-seller. The experience gained on the Executive
has enabled us to design and produce the Cambridge at this remarkably low price.
But that in itself wouldn't be enough. Sinclair also have a very long experience of
producing and marketing electronic kits. You may have used one, and you've
almost certainly heard of them -the Sinclair Project 80 stereo modules.
It seemed only logical to combine the knowledge of do-it-yourself kits with the
knowledge of small calculator technology.
And you benefit !

Take advantage of this money -back, no -risks offer today
The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and
we'll refund your money without question. All parts are tested and checked before
despatch-and we guarantee a correctly -assembled calculator for one year.
Simply fill in the preferential order form below and slip it in the post today.

Price in kit form: £13.59 + £1.36 VAT. (Total: £14.95)
Price fully built: £19.95 + £2.00 VAT. (Total: £2115)

ITo: Sinclair Radionics Ltd, London Road,
St Ives, Huntingdonshire, PE17 4HJ

I
I
I
I

I
I

Please send me

a Sinclair Cambridge Calculator kit at
£13.59 .; £1.36 VAT (Total : £14.95)

7 a Sinclair Cambridge calculator ready
built at £19.95 £200 VAT
(Total: £21.95)
*I enclose cheque for £ , made
out to Sinclair Radionics Lid, and
crossed.

*Please debit my *Barclaycard;Access
account. Account number

LDelete as required.

Name

Address

MMEI IMMIN IMMO ---

I
I
I
I

PLEASE PRINT
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THE UNLAWFUL ENTRY of domest-
ic premises is usually considered to be
largely fortuitous, advantage being
taken of the complete lack of any
kind of security device. In these
circumstances entry is possible while
the family is asleep, or even occupied
in another room. These circumstances
are very different from those where a
definite plan is made to enter a build-
ing known to have valuables, and thus
relatively simple intruder alarm sys-
tems can assist the householder.

If some typical alarm circuits are
considered in detail, it will be seen
how an installation can be built up.

PRESSURE OPERATED BELL

The circuit in Fig. 1is of the simplest
type. The transformer T1 provides a
low voltage for the bell, which rings
when switch contacts SW1 close. The
contact may be placed, under a mat or
elsewhere, or may be a pressure mat of
the type described later. This circuit
is appropriate for a shop where a per-
son entering operates SW1, but could
be used with a mat in a corridor or
passage, or possibly on the stairs.

As current is only drawn briefly,
operation could be from a dry battery.

TRANSFORMER

All the circuits operate at low voltage
and, where current is drawn continu-
ously, and to avoid battery replace-
ments, operation is from a trans-
former. The primary should be for the
200/250V mains. The secondary de-

livers a much reduced voltage; with a
typical bell transformer, a tapped sec-
condary allows 3V, 5V or 8V to be
selected.

The transformer should be of the
approved "double insulated" type; or
the core and one secondary tapping
may be earthed. These precautions
are to prevent any possibility of the
full mains voltage arising in the low
voltage secondary circuit if a fault
should develop.

Transformers of other than minia-
ture types will have integral holders
with fuses, which avoid overheating if
a fault should arise in the secondary
wiring.

LOCK -ON CIRCUIT

Alarm circuits are generally required
to lock on, so that the bell continues
to sound even after the connection to
SW1 has been broken. This can be
arranged by including a relay as in
Fig. 2.

TI

Fr15-1-.'A IMAINS

When SW1 is closed, current flows
through the operating winding of the
relay RL1. This causes relay contacts
X -X to close. The circuit is now
completed through these contacts, so
that if SW1 is opened, the relay con-
tinues to be energised. Contacts Y -Y
close at the same time, completing the
circuit to the bell.

With this circuit, even a momentary
closing of SW1 will switch the circuit
on and it will remain so until the
manual switch SW2 situated near the
relay, is opened. This circuit, with
contacts Y -Y replacing SW1 in Fig. 1,
can thus make quite an effective alarm.

RELAY SUPPLY

Relays to operate from a.c. derived
from a transformer, can be obtained.
However, if inexpensive surplus and
similar relays which operate satisfact-
orily from d.c. are to be used, a
rectified and smoothed supply is nec-
essary. This may employ a bell type
transformer, 2A or similar silicon rect-
ifier D1 and capacitor C1, as in Fig. 3.
If C1 is 1000/1F 25V this will be

adequate for most purposes.

CLOSED CIRCUIT SYSTEM

This is often employed. Warning is
provided when a circuit is interrupted.
This interruption can be by means of
door or window switches, and also
arises if the lead to the switches is cut.

Figure 4 shows the method of
working. SW1 is a test switch near the
relay. SW2, SW3 and SW4 are door
or window switches. Any number of
switches can be used, the circuit pass-
ing through each in turn. SW5 is used
only to set the circuit and is then
normally open.

When SW5 is closed, current flows
through the relay coil RL1, and con-
tacts X -X are closed, while contacts
Y -Y are opened. When SW5 is opened,
the circui,t is retained through X -X. If
any switch SW1 to SW4 is opened,
even momentarily, the relay releases,
opening X -X. Closure of the affected
switch will thus not re -energise the
relay, X -X remaining open. In this
position, Y -Y are closed, ringing the
alarm

SW1

IrGole SW2

x

Fig,1.(left) Ultra -simple pressure
operated alarm.
Fig.2.(above) How to wire the relay for
a lock -on facility.

0
Y Y
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D1

1N 4002

C1
1000 J.JF 8V

TG0991

T1

200-250V
MAINS

Fig. 3. (above) DC power supply.

Fig. 4. (right) Closed circuit system.

Small push -switches inset in the
door frame at the hinged side may be
used, and will be held open only so
long as the door is closed. Similar
switches may be obtained or impro-
vised for windows.

PRESSURE MATS

These can be obtained in various
sizes, and are very thin, to place under
a doormat or elsewhere. Their con-
struction results in the circuit being
completed when pressure is applied
almost anywhere over the mat area.

In addition, the mats may have a
closed circuit lead, so that if a wire is
cut, a warning is operated by the
means shown in Fig. 4.

Figure 5 shows a combined pressure
mat and closed circuit system. RL1
operates as in Fig. 4, the mat closed
circuit lead being included. Opening
this, or any switch SW1 to SW4,
results in relay contacts Y -Y of RL1
closing, ringing the bell.

R L2 operates on the mat contacts
SW5, with contacts X -X holding the
circuit on so that ringing can only be
stopped by opening SW6. Other mats
may of course be included in the
circuit.

Typical pressure mat.

ASSEMBLY

Any of these circuits can be assembled
in a single case, which houses the relay,
transformer and other components.
Any wanted re -setting switch or test
switch is included on the front of the
case.

Such circuits have the advantage of

RL1

SW2 SW1

SW5

SW3 SW4

TG1001

MAT/

TG101

x 0
Y Y

RELAY SUPPLY

9144

g
SW5

RL2

SW3
O

ICI

x00x

shown in Fig. 6. Here, the base is a
4 x 5 x 2in universal chassis box, with
an extra 4 x 5in plate for the top. The
transformer may be one with a 6.3V
500mA secondary, for a 6.3V 0.5A
bulb, or 12V (or 12.6V) secondary for'
a 12V 6W bulb.

A canister with the bottom cut
away can be used for the lamp hous-
ing. Fit a holder for the bulb as in
Fig. 6. The lens need only be a simple
condenser type, double convex or
piano -convex (magnifying) with a

focal length of 2 or 3in. A sleeve is
SW2 SW1

04 0

Y

am
RL1 cm II

SW6
0

RELAY SUPPLY

being straightforward and reliable and
they can readily be extended by plac-
ing any number of door or other
switches in circuit.

PHOTO -ELECTRIC ALARM

With photo -electric devices, the inter-
ruption of a light beam triggers the
alarm. A moving person may interrupt

00Y Y

250V
MAINS

Fig. 5. Combined pressure mat and closed
circuit system.

made from strong card, and
glued in hold the lens. If needed for
a lens which is slightly undersize, the
sleeve can be several layers of card.
When the apparatus is first set up,
slide the lens assembly in or out, as
required to give a sharp spot from the
bulb, projected on some surface at the
necessary distance.

The hood is made from card, paint -

Light beam transmitter and receiver.

the beam, but the projector and re-
ceiver units may alternatively be sit-
uated so that opening a door does this.
In some cases the beam can be de-
flected by a mirror, so that the same
equipment guards two or more door-
ways, or a door and window.

The construction of a light beam
projector for the receiver described is

ed matt black and is intended to
reduce the stray light. The front disc
of the hood has a small hole, cent-
rally placed. Lamps, lens, and this
aperture should be lined up to avoid
unnecessary loss of illumination at the
distant point. Brackets hinged to-
gether allow the lamphouse to be

tilted as necessary.
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TG10,1

BULB APERTURE

HOOD-__

r3PACKE-S

TRANSFORmERL

Fig. 6. Construction of beam projector.

BEAM PROJECTOR COMPONENTS
200/250V 12V or 12.6V 0.5A transformer.
12V 6W MES bulb and holder.
Lens approx 11/2in. to 1%in. in dia., 2in. to
3in. focus.
Materials for lamphouse etc.
5 x 4 x 2in. universal chassis box with extra
4 x 5in. flat plate (Home Radio, Mitcham).
Tag strip, grommets, mains cord etc.

BEAM RECEIVER COMPONENTS
R1 470k 1/2VV

R2 1k "1/2W

R3 100 ohm '/2W
RV1 small 100k linear pot.
Knob.
LDR: ORP60
01 BC108
Q2 BFY51
100 ohm 2 -pole 2 -way or similar relay.
SW1 Slide switch.
D1 Rectifier rated 8V r.m.s. 0.5A or

larger.
T1 200/250V 3/5/8V bell transformer.
C1 1000/1F 25V or similar.
Case: 5 x 4 x 2in. universal chassis box and
extra 4 x 5in. flat plate (Home Radio,
Mitcham).
Tag strips, sockets, etc.

RECEIVER

The circuit in Fig. 7 was found to
operate readily at up to 20ft from the
projector. Light normally falls upon
the light dependent resistor LDR.
When this illumination is interrupted,
the LDR resistance increases. Q1 base
moves positive, conducting, so that Q1
emitter and Q2 base also move posit-
ive, and Q2 collector current rises,
energising the relay. Contacts X -X
close, locking on the circuit, release
only being possible by opening SW1.
Contacts Y -Y close so that leads to the
extension circuit EX ring the warning
bell. T1 provides current, and RV1
is a means of adjusting the sensitivity.

Figure 8 shows the assembly of
this unit, again in a 5 x 4 x 2in univer-
sal chassis box, with extra 5 x 4 plate.
Wiring is most easily carried out before
fitting the remaining sides as shown.

The LDR is an end type, and is

fitted in a card tube to screen it from
stray illumination. This is arranged
by rolling glued card round the LDR.
The tube is blacked inside, and is fixed
by a bracket so that its angle can be
changed. The tube is behind an aper-
ture in the case. The leads are extend-

1-r6tal

SW1

f,io4l

Inside view of the light beam receiver.

Fig. 7. Circuit of light beam receiver.

,
MC's 0

0 L 0
Q!, 8V1

200/
250V

0 N cit,

0. .,

Fig. 8. Wiring of the light beam receiver.

ed with thin flex.
Other items can be assembled as in

Fig. 8, noting that the case of Q2
must not touch the metal box. The
working voltage across Cl will be

about 10V to 11V.
With the LDR fitted in a small

blackened tube as described, it is very
directive, and reasonable illumination
for other directions will not have
much effect. Initially, direct the LDR
towards some moderate source of
light, and adjust VR1 so that the relay
operates when a hand is placed across
the aperture.

The two units should preferably be
screwed to the wall, or set up so that

E N L
MAINS

MAINS
CORD

they will not be disturbed. Focus and
locate the projector beam on the LDR
tube opening, and adjust this tube in
line with the beam. SW1 is placed in
the open position while testing the
working of the units, but is then
closed to give the lock on described.

The beam is less likely to be seen
when the projector is in an incon-
spicuous position and all its light
passes into the receiver case. The
LDR will operate with infra -red or
dark red light, but this considerably
reduces the sensitivity. For such
illumination, a red or infra -red photo-
graphic filter can be included in the
projector lamphouse.
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NEW CHIPS, NEW PRICES
New clock chips, new calculator chips, Sperry displays, new prices, new prices on most displays and on the CT7001 clock
chips. We also now stock the CMOS digital clock/watch chip, the CT6002, in a 40 pin pack or as a complete watch module
ready for casting at £96.80.

We have sold out of our initial batch of our new MHI-5314/C kits, but we should have supplies by the time this ad appears.
It only goes to prove that - more than ever before -

BYWOOD HAS TIME FOR YOU!

5316  LC EVALUATION KIT
The MM5316 is a 40 -pin LSI chip containing all the logic necessary
for a four digit alarm clock. The chip also has sleep and snooze
features with alternative display of minutes and seconds, and reset
to zero facilities. The TA8055 is a four digit liquid crystal display
unit with 0.6" digits. The MM5316 chip has the necessary a.c. drive
for the LC display and thus probably the cheapest way of running
any LC demonstration unit. We supply MM5316, socket, TA8055
and connector. KIT PRICE: £30.00

DIGITAL DISPLAYS
DISPLAY
CODE

DISPLAY TYPE DIGIT
SIZE

DIGITS
PER
PACK

PRICE

DL701 C.ANODE LED 0.3" 1 ¶±1) 1.70

DL707 C.ANODE LED 0.3" 1 1.70

DL704 C.CATH LED 1 1.70

DL747 C.ANODE LED 0.6" 1 2.45

DL34 C.CATH LED 0.1" 4 10.00

DG12H PHOSPHOR DIODE 0.5" 1 1.50

SP151 SPERRY 0.6" 312 7.20

SP352 SPERRY 0.6" 2 4.00

TA8055 LIQ. CRYSTAL 0.6" 4 11.00

5314 -JUMBO EVALUATION KIT
Our most popular kit so far is our 5314 - JUMBO Evaluation Kit,
due to the large orders that we have received from amateurs and
from industrial users we are able to offer this kit at a new price of
£22.80.

The MM5314 is a 24 -pin LSI chip containing all the logic necess-
ary for a 12/24 hour, 4/6 digit, 50/60Hz digital clock. The new
0.6" LED display from Litronix (the Jumbo) is readable from
distances of over 25ft. We supply MM5314, socket, 4 Jumbo's,
2 DL707 0.3" digits, CA3081 driver and a 5" x 4" fibreglass PCB.
You supply 16 resistors, 3 capacitors, 2 diodes, 6 transistors,
transformer and switch. KIT PRICE: £22.80

CALCULATOR CHIPS
CT5001 - 12 digit, four function chip, similar to that used in

RAPIDMAN 800 calculator. £4.80.
CT5031 - 8 digit chip with autoconstant on all four functions, also

AVERAGE and EXTERNAL READY signal. Can be used as a
seconds timer. £14.55.

CT5037 - Similar to CT5031 but with MEMORY in place of READY
and timer functions. £15.49.

NEW CLOCK KIT
MH I -5314/C is our new low cost kit using the MM5314 with either
four or six digits of either DL707 or DL747 displays. Kits contain
clock PCBm display PCB, MM5314, CA3081 driver, displays.

MHI-5314/C + MHI-D707/4 (four digits) £16.00
+ MHI-D707/6 (six digits) £19.80
+ MI -II -0747/4 (four digits) £18.50
+ MHI-D747/6 (six digits) £23.75

DIGITAL CLOCK CHIPS

CHIP NUMBER
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a. COMMENTS PRICE

MM5309 / / / / / 28 NEW PRODUCT T.B.A

MM5311 / / /
, .
/ 28 9.00

MM5314 / / / 24 7.20

MM5316 / 4 / / / / / 40 WILL DRIVE LIQ. XTAL 15.00

MK5017AA / / / / / 24 14.00

MK50250 / / / / / 28 NEW PRODUCT 7.60

CT6002 12 31/a / 40 CMOS-DRIVES LIQ. XTAL 28.10

CT7001 / / / / / / / 28 NEW PRICE 16.50

CT7002 / /
....

/
.

/ / / / 28 NEW PRICE 16.50

TMS3952 / / / / / / 28 NEW PRODUCT 20.00

CLOCK DATA SHEETS -SAE. ADVICE - PHONE 0442-62757
POST & PACKING - 10p. OVERSEAS (AIRMAIL) 50p. VAT - ALL PRICES EXCLUDE VAT.
PAYMENT C.W.O. or ACCOUNT. ACCESS. ORDERS & PAYMENT BY PHONE ACCEPTED.
QUANTITY DISCOUNTS ON MOST ITEMS - STATE REQUIREMENTS FOR QUOTATION.

!NM  U BYWOOD ELECTRONICS
181 EBBERNS ROAD
HEMEL HEMPSTEAD
HP3 9RDC. TEL. 0442-62757.
24 HOUR ANSAPHONE ON-LINE.



GIRO NO. 331 7056
C.W.O. only. P. & P. 10p on orders below E5

Discount: L10-10%. E20-15% (except net items)
Export Order enquiries welcome (VAT free)

Official Orders accepted from
Educational & Government Departments

ALL PRICES INCLUDE VAT

SPECIAL RESISTOR KITS (Prices include post & packing)
10E12 7VV KIT. 10 of each E12 value. 22 onms-1M, a total of 570(CARBON FILM 5%). (3 65 net
10E12 SW KIT: 10 of each E12 value, 22 ohms -I M. a total of 670(CARBON FILM E3 85 net
25E12 7W KIT: 25 of each Eli value, 22 ohms -1M. a total of 1425 (CARBON FILM 5°41. 18.35 net
25E12 1W KIT- 25 of each E12 value. 22 ohms -IM. a total of 1425 (CARBON FILM 5%), L845 net
20E12 7W KIT- 20 of each EI2 value. 22 ohms -2M2. a total of 1220 (METAL FILM 5%I. (II -OS net

ALL QUANTITIES SPECIFIED ABOVE ARE APPROXIMATE.
MULLARD POLYESTER CAPACITORS C280 SER ES
250V P.C. Mounting: 0.01µF, 0-0150F, 0 022gF. 0 033aF, 0-0470F. lip. 0068.7F,
0 .1.0F. 43p. 0 15gF, 47p. 0 220F, 5;p. 0 330F. 8p. 0 47..F, 9p. 0680F, 12p. 17.F,
1Sp. I  50F, 23p. 2 -2pF, 26p.
MULLARD POLYESTER CAPACITORS C296 SERIES
400V: 0 -0010F, 0 001517F, 0 00220F. 0-003371F, 0 004777F, 2fp. 0 006815F. 0010F.
0-0150F, 0 0220F, 0 033.1F, 33p. 0 0470F. 0 0680F, 0 1pF, 43p. 0-15µF, 67p.
0.22µF, 87p. 0 330F. 12p. 0 477.F. 14p.
160V: 0 01µF.0 015µF.0 022..F, 3p. 0 047µF.0 0687,F. 3.p. 0 I 0F. 4ip. 0.15µF,
Sp. 0  220F. 57p. 0 -337tF, 67p. 0 470F. flip. 0  687/F. 12p. 1pF. 14p,
MINIATURE CERAMIC PLATE CAPACITORS
50V: (pF) 22, 27, 33. 39. 47, 56, 68. 82, 100, 120, 150, 180. 220.270. 330, 390, 470.
560, 680, 820.1K. I KS. 2K2, 3K3, 4K7.61(8. (77F) 0 01. 0 015, 0 022, 0 033, 0.047,
23p. each. 0 I. 30V, 47p.
POLYSTYRENE CAPACITORS 160V 5%
(pF) 10. IS. 22. 33. 47. 68. 100. 150, 220. 330, 470, 680, 1000. 1500, 2200. 3300.
4700, 6800, 10,000. 41/20.

RESISTORS
CF -High Stab Carbon Film. 5% MF-r-ligh Stab Metal Film, 5%.

- W. Type Range 1-99
1

I
3 CF 22 -IM
f CF 22-2112
f CF 22-111
3- MF I0 -2M7 2

MF 10-2M2 2
I MF 10-10M 3
2 MF 10-1011 45

I

100-499
075

500-999
' 060

1000
055

Size mm
2-4 - 7.5

0 75 0 60 0 55 3 9 x10 5
0 75 0 60 0 55 5.5x16
I 54 I 32 I I

I 43 1 21 0 99 4 2x10 8
I 98 I 81 1 65 6 6,03
3 52 3 08 275 8x175

For value mixing prices. Please refer to Our caralog7e
VALUES AVAILABLE -E12 Seresionly

price in pence each)
(Net prices above 100)

PRESET SKELETON POTENTIOMETERS
MINIATURE 0.25W -Vertical or horizontal 6p each I K, 2K2, 4K7. 10K. etc.
up to I M
SUB -MIN 0 05W Vertica1. 100(/ to 220K (i Sp each

B. H. COMPONENT FACTORS LTD
IETO 61 CHEDDINGTON ROAD. PITSTONE,
NR. LEIGHTON BUZZARD, BEDS, LU7 9AQ

Tel. - Cheddington 668446 (Std. Code 0296)
PEASE WRITE FOR FREE CATALOGUE

Miniature Mullard Electrolytits
I 00F 63V 6fp 680F 16V 63p
1 SpF 63V 679 680F 63V 120
2 LIF 63V 6111 1000F 10V619
3 3...F63V 63p 100.4F 25V 679
4 0oF 40V 6fp 1000E 63V 14p
4 7gF 63V 639 1500F 16V6ip
6 8gF 63V 60fp 1500F 63V 15p
8 OgF 40V 630 2200F 6 4V 6µp
100F 16V 67p 220pF 10V 6SP
10..F 25V 63p 2200F I 6V 8p
10pF 63V 67p 220pF 63V 219
150F 16V 67p 330..F I6V 12p
157F 63V 64p 3307.F 63V 25p
160F 40V 679 4700F 6.4V 9p
22pF 25V 679 4700F 40V 20p
220F 63V 6fp 6800F 16VIS0
320F 10V 640 680pF 404259
330F 16V 63P 10000F 16V 20p
33..F 40V 67p 10000F 25V 2Sp
320F 63V 6fp 15000F 6.4 15p
470F lOy 6fp 1500µF 16V 25P
470F 25V 6+9 22000F 10V 25p

1470F 63V 13p 33004F 6.4 26p

VEROSOARD 0 I 0-15
23 x 5" 28p 28p
11- x 3. 26p 19p
33 x 5" -32p 33p
33 a 33" 28p 28p
23 x 1" 7p 7p
23 x 5" (Plain) - 14p
23 a 31" (Plain) - 12p
S x 33" (Plain) - 22p
Insertion tool 59p S9p
Track Cutter 44p 44p
Pins. Pkt. 25 10p 10p

POTENTIOMETERS
Carbon Track 5K 12 to 2M C, log or lin. Single. 1630 Dual Gang 46p. Log S ngie with switch 26p
Slider Pots. 10K. 100K. 500K 30mm. 34p. 45mm. 47p. 60mm. 55p.

TRANSISTORS
ACI27 163-p BC2I2L I2p
ACI28 12p 8C2.13L 12p
BC107 I ip BC214L 17p
BC' 08 12p 0C44 18p
BC109 13p 0071 13p
BC 148 12p 0081 160
BC149 12p 0C170 23p
BC182L 12p TIS43 33p
BCI83L 12p 2N2926 1 1p
BCI84L 139 2N3702 11p

DIODES
IN4001 67p
1114002739
IN4003 9p
IN4004939
1N4005 12p
IN4006 14p
IN914 7p
1N916 7p
BA100 10p
OAS 42p
0A47 9p
0.481 lip
0A200 89

PLUGS
DIN 2 Pin 12p

3 Pin 13p
5 Pin 180° ISp
Std. lack 14;
2.Srnm Jack Ilp
Phono p
SOCKETS
DIN 2 Pin 100

3 Pin 10p
5 Pin 180° 12p
Std. Jack 1479
2.5rnrn Jack Ilp
Phono Sip

ELECTROLYTIC CAPACITORS. Tubular & Large Cans
77FiV,- 1;25. 2/2'. 4125. 4 7/10. 5/25. 8125. 10113. 10.50 1625.

22163, 25/25. 25/50. 32125. 50'25, 100;10. 100/25. 6,p. 50;50. 89.
100/50, 200/25. I 1 p. 250/50. 18p. 500/10_ 1 I p. 50025. 15p.
500/50. 180. 1000/10. 15p. 1000125. 22p 1000/50. 40p. 2000:10.
20p 1000/100 90p. 2000-25. 30p 2000;100.950 2500!25.38p
2500:50. 62p, 3000(50. 80p. 5000(25. 66p, 5000/50.E1.10
HI -VOLT: 41450. 14p. 8/350, 19p. 8,450. 20p 16;350. 22p
161450. 230. 32;350. 33p. 50/250. 20p. 100:500. 88p.

METALLISED PAPER CAPACITORS
250v 0 05,-F. 0 1,.F, 6p_ 0 25, 6p 0 50F. 7,p 11.F. 9p. 500)/-
0 ns. 0 05. 6p 0 1. 6p. 0 25. 7;0 0 5. 9p 1000V: 0 01. I 1 p.
0 022, 13p. 0 047.0 I. 15p. 0 22. 23p. 0 47. 28p,

Integrated
Circuits
gA709C SOp
0,4741C 55p
0A723C LI
ZN414 61.320

Screened Wire. Metre. Gip NEW KIT 5E12 1W METAL
Twin Screened Wire. Metre 12p FILM 5% ULTRA LOW NOISE
Stereo Screened Wire. Metre 12p NEW RESISTORS WITH FULL
Connecting Wire, Alt colours. Metre 2,p COLOUR CODING 5 EACH
Neon Bulb. 90V Wire Ended 5 for 24p E12 VALUE 104-1M. TOTAL
Panel Neon. 240V Red. Ana oer, Cir 29P 305E2.75

11

F

deCtrOnkiSshiri*.

Recent copies of ETI have joined the list of
world shortages - they are in short supply.

Unlike some of our competitors, we do run
a back numbers service but we cannot help
with some recent issues.

There are two ways to ensure yourself of a
copy: place a regular order with your
newsagent or take out a subscription which
will cost you a bit more due to postage but
will guarantee you your copy.

Cut

!To: SUBSCRIPTION DEPARTMENT
ELECTRONICS TODAY INTERNATIONAL
36 EBURY STREET,
LONDON SW1W OLW.

Please find enclosed £3.60 which includes post- I

I age (£4.00 overseas) for my annual subscription I

I to ETI starting with the next available issue. I

(Name

I

Address

July 1974 J
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Ti FEN:61.

Another great ETI offer which is being
run in conjunction with Bi-Pre-Pak
Ltd of West Road, Westcliff-on-Sea.

This special 'pak' has been put
together for ETI readers and com-
prises five PNP and five NPN 40W
power transistors. Today's selling
price for these transistors from Bi-Pre-
Pak is £2.20 and even that is rightly

LIMITED TO THE FIRST 2500 ORDERS

claimed by the company to be by far
the lowest price for such devices. ETI
readers however can purchase all ten
transistors for £1 inclusive of VAT.

The transistors are fully tested,
plastic devices with a guaranteed min-
imum VC E of 15V and HCE of 15.
These devices are ideal for low voltage
amplifiers, power supplies etc. etc.

Cut

00

To:ETI/Bi-Pre-Pak Transistor Offer
Bi-Pre-Pak Limited,
222 West Road,
Westcliff-on-Sea, Essex SSO 9DF.

Please find enclosed my cheque/P.O.
for £1 for your offer of Ten, 40W
Power Transistors. I also enclose a
self-addressed, stamped envelope for
the return of these goods or money
should the offer be oversubscribed

Name

Address

Offer closes 31st July, 1974.

This offer is limited strictly to one
pack of 10 transistors per coupon.
Readers may order additional packs
but a separate coupon must be en-
closed for each.

J

GREAT En READER OFF

111 STEREO AMPLIFIER KIT

LIMIT

CURRENT RETAIL PRICE:£12.71 ETI READER PRICE:ES-85

ED TO THE FIRST 300 ORDERS

The Amtron range of kits were only
launched in Britain 18 months ago but
they have already established them-
selves firmly in the market.

As an introduction to their exten-
sive range of kits, we have made
arrangements with Amtron for ETI
readers to purchase the UK 110/A
Stereo Amplifier Kit at more than
30% off

The kit comes complete with a
brushed aluminium face plate and will
operate from any 12-15V power sup-
ply at 1A (Amtron can supply a suit-
able power supply).

The output power is 5W per chan-
nel peak into a 4Q load. Input sensit-
ivity is 400mV. The circuit has 8
transistors and has the advantage of
using a low voltage power supply
making it ideal for use in cars and
boats.

Cut

To:To: ETI Stereo Amplifier Kit offer
Amtron U.K.
4 & 7 Castle Street,
Hastings,
Sussex.

Please find enclosed my cheque/P.O.
for £8.85 for your Stereo Amplifier
Kit. I enclose a self-addressed, stamp-
ed envelope for the return of my
money should the offer be over-
subscribed.

Name

Address

Offer closes 31st July, 1974

This offer is limited strictly to one
Stereo Amplifier Kit per coupon.



What to look MIME0?
for in Augustus

DECON-

ETI
READER
OFFER

ETI
MAJOR

PROJECT

CALCULATORAT R
CHIP:

We continue to arrange the best offers
going - Next month's is a full spec cal-
culator chip. This is not a full construct-
ional feature but circuits and other details
will be given.

50W STEREO AMP
A real window -pane shaker! .50W r.m.s.
per channel with excellent performance
all round. This project uses discrete
components throughout.

4101111111",

ETI
SPECIAL
SURVEY

POCKET
CALCULATOR

REVIEW
About 18 months ago you had a choice
of about five pocket calculators starting
at £70. Today there are scores of them at
a fraction of this price. ETI tells you
how to choose and gives up-to-date de-
tails of the models available.

ETI
FEATURE

."441141111t

MAGNETIC
RIVER

Professor Laithwaite's discovery and de-
velopment of the 'electromagnetic river'
effect has been applauded as a dramatic
breakthrough. In the next issue Professor
Laithwaite explains the sequence of
events leading to this discovery.

---M1111111

PLUS: HI-FI REVIEWS, DIY TEMPERATURE METER,
ETI MUSIC SYNTHSIZER ETC.

AUGUST ISSUE ON SALE JULY 19TH.
The features mentioned here are in an advanced state of
preparation but circumstances may result in changes to
the above.

A unique drafting aid for the
electronics engineer enabling
him to prepare in minutes a
perfect PCB.
A fine -tipped marker charged
with a free -flowing etch -resist
ink. Simply draw the
desired circuit onto copper
laminated board-etch-
clean.

The circuit is ready to use.

r5
ONO

NO MESS- NO MASKING
£1.10 for one off £4.40 for six £8.80 for twelve VAT
and post included. Available now in every country in
EUROPE!
The Decon-Dalo 33 PC marker is now available in France, Ger-
many, Italy, Switzerland, Austria and all Scandinavian countries.
Send for details of local supplier.
4

Please send me further details on the 33PC:

Name

Address

Post to: DECON LABORATORIES LTD.
FREEPOST
PORTSLADE, BRIGHTON, ENGLAND
(No Stamp Needed) Phone 0273 414371
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MIS -PRE-PAK
SUPPLIERS OF SEMI -CONDUCTORS TO THE WORLD

Telephone
Corner

COMPLETE
TELEPHONES

Normal Household Type

EX. G.P.0 Onlyf 1.0 P & P5p 45p each

TELEPHONE DIALS
Standard Post Office type. Guaranteed in

working order

Only 271170 POST & PACKING 16,p

Tested and
Guaranteed
Paks
BM 4 IN4007 511. Rec. diodes.

1,000 PIV lamp plastic

BIN
I0Reed Switches, 1' long,

I- dia. High Speed P.O.
type

H35
100 Mixed Diodes, Germ,

Gold bonded. etc.
Marked and Unmarked.

H3S In Short lead Transistors, CCp
NPN Silicon Planar types

H39 6 Integrated Circuits.
4 Gates BMC 962, 2 Flip
Flops BMC 945

MI 1 511 Power transistors 55 .- comp pair BD131/132
H64 4 3819 N Channel FETs 55p2N3819 in plastic case
F465 A 40361 Type NPN Sil

-7 transistors 55p
TO -5 can comp to H66

4 40362 Type PNP Sil
transistorsTO-

55p

5ciicilornniap

to

oH6r5ked

H66

131

1366

B83

BIN

B66

1134

Untested Paks
50

150

200

100

100

15

Germanium Transistors s5p
PNP, AF and RF
Germanium Diodes
Min. glass type
Transistors, manufacturers 55n
rejects, AF, RF, Sil and Germ
Silicon Diodes DO -7
glass equiv. to 0A200,
OA 202
Sil. Diodes sub. min.
IN914 and IN916 types

55p

55p
Power Translators, PNP, 55
Germ. NPN Silicon
TO -3 Can.

H62 In 36119N Channel FETs 55pplastic case type\
Make a rev counter
for your car

The 'TACHO BLOCK'. This encapsulated
block will turn any 0-1mA meter into a linear
and accurate rev. counter for any car with
normal coil ignition
system.

55p
55p

55p

55p

55p

0

Ex GPO Push Button
Intercom Telephones
Exactly as internal telephone systems still in every-
day use where automatic internal exchanges have
not taken over, Available in 5,10 or 15 ways.
Complete with circuits and instructions. Necessary
24 pair cable 22p per yard. Price of each
instrument is independent of the number of ways.

£2.75 P.p.381p
Cable can be sent by parcel post. Postage and
Packing per 50 yards. 7314p.
EXTENSION TELEPHONES: 71 hp each, postage
and packing 27%p. £1.371/2 for 2. P&P 55p,

ELECTRONIC TRANSISTOR
IGNITION £6 60n completekit Inc.VAT

P&P lip
Ready built & tested unit £9.90 inc. VAT
Now in kit form, we offer this "up to the minute"
electronic ignition system. Simple to make, full
instructions supplied with these outstanding
featu nos :-
Transistor and conventional switchabilicy, burglar
proof lock up and automatic negative and
positive compatibility.

New X Hatch
Our new, vastly improved Mark Two Cross Hatch
Generator is now available. Essential for alignment

of colour guns on all colour T.V. receivers.
featuring plug in I.C.'s and a more sensitive sync.
pick-up circuit. Th.- case is virtually unbreakable -
ideal for the engineer's tool box - and only measures
3"X 5'."x3". We have already received a large
order from a major TV rental company.

bRuerunit si ect)erriP- ga .17
only. kit
(Includes VAT and p&p but no batteries) /

AA' Ii n.

Over 1,000,000
Transistors
in stock
We hold a very large range of fully marked.
tested and guaranteed transistors, power
transistors, diodes and rectifiers at very
competitive prices. Please send for free
catalogue.

Our very popular 4p Transistors
TYPE "A" PNP Silicon alloy, TO -5 can
TYPE "B" PNP Silicon, plastic encapsulation
TYPE "E" PNP Germanium AF or RF
TYPE "F" NPN Silicon plastic encapsulation
TYPE "G" NPN silicon similar ZTX 300 range
TYPE "H" PNP silicon similar ZTX 500 range

8 RELAYS FOR E110

High Speed

Magnetic
Counter

4 -Digit Inon.reset) 24VP&P orSp.48V (state which)
4x1x1in. 33p BUY THESE GOODS WITH ACCESS

BI -PRE -MK LTD

III

'retrfel

Plastic Power
Transistors
NOW IN
TWO
RANGES
These are 40W and 90W Silicon Plastic Power
Transistors of the very latest design, available
in NPN or PNP at the most shatteringly low
prices of all time. We have been selling these
successfully In quantity to all parts of the
world and we are proud to offer them under
our Tested and Guaranteed terms.
Range 1. VCE. Min 15. HFE Min 15.

1-12 13-25 26-56
40 Watt 220 20P IIIP
90 Watt 263P 24SP 229

Range 2. VCE. Min. 40. HFE Min 40
1-12 13-25 26-54

40 Watt 33p 31P 29P
90 Watt 31f 36CP 339
Complementary pairs matched for gain at
3 amps. 11p extra per pair. Please state NPN
or PNP on order.

1M380 AUDIO I.C.
As featured in Practical Wireless Dec. issue.
Complete with application data f1.10p.

INTEGRATED CIRCUITS
We stock a large range of 1.Cs at very com-
petitive prices (from tip each). These are all
listed in our FREE Catalogue, see coupon
below.

METRICATION CHARTS now available
This fantastically detailed conversion calcula-
tor carries thousands of classified references
between metric and British (and U.S.A.)
measurements of length, area, volume, liquid
measure, weights etc.
Pocket Size 15p Wall Chart 12p

LOW COST DUAL IN LINE I.C. SOCKETS
14 pin type at 161p each 1 Now new low profile
16 pin type at lip each f type

BOOKS
We have a large selection of Reference and
Technical Books in stock.

Send for lists of publications

mil

Our famous P1 Pak
is still leading in value

Full of Short Lead Semiconductors & Electronic
Components, approx. 170. We, guaGentee at
least 30 really high quality factory marked
Transistors PNP & NPN, and a host of Diodes
& Rectifiers mounted on Printed Circuit Panels.
Identification Chart supplied to give some
information on the Transistors.

11p P & P on this Pak.

Please ask for Pak P.1. only p

Please send me the FREE Bi-Pre Pak Catalogue.

NAME

ADDRESS

£1.10p each

Co Re ; N08203t9

ALL PRICES INCLUDE 10% VAT
MINIMUM ORDER 50p. CASH WITH ORDER
PLEASE. Add 11p post and packing per order
OVERSEAS ADD EXTRA FOR POSTAGE

Dept. U 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX.
TELEPHONE SOUTHEND (0702) 46344
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JAPAN'S Teac Corporation have
earned a worthy place as one of the
world's leading manufacturers of hi-fi
equipment - particularly cassette
recorders.
The company's Teac A-350

has deservedly been one of the best
selling machines.

But as, with any good product,
improvement is generally possible, and
we were not surprised to see an
improved version of the Teac A-350
released as the Teac A-360.
One of the major problems that have

plagued many cassette recorder
manufacturers has been excessive wow
and flutter. The Teac A-360 is an
exception. It is one of the few
machines on the market which has a
wow and flutter performance
comparable with a good reel to reel
recorder.

The Teac A-360 has many similarities
in appearance to the A-350, the most
significant difference, being the
relocation of the tape counter and the
tape run indicator light, and a very
much improved piano lever key
control system. This is now colour
coded to simplify identification of
major functions.

The designers have also incorporated
separate bias and equalisation switches
as well as an MPX filter to remove the
residual carrier when an FM stereo
broadcast is being recorded.
Whilst the top panel of the A-350

contained more plastic than metal
escutcheons, the A-360 looks more
solid even though it contains just as
much plastic! This has been achieved
through the extensive use of a brushed
satin aluminium overlay which is

divided into two areas around the
cassette well and over the secondary
controls mounted in front of the two
VU meters.

At the front of the cassette deck is a
three -digit counter with a reset button
and a tape run light. Beside this is a
memory on -off switch. The major use
of this facility is that where you desire
to cue back to a previously noted
position, it is only necessary to depress
the counter to zero and on the
fast -rewind the memory switch will
deactivate the drive system as soon as
the counter reaches zero.

AC A.380 CASSETT
MORIN

INTERNAL CONSTRUCTION

The internal construction is

particularly interesting. A number of
unusual features are apparent. The
first of these is a very large capstan
wheel the diameter of which is

approximately 9 cms. Secondly, there
is a large external rotor motor, which
in conjunction with the large capstan
wheel results very low wow and flutter
figures. The third is the use of very
large quantities of miniature shielded
wire. These are formed into large
wiring harnesses.

The machine contains three printed
circuits. These are respectively, the
power supply card, the large main
amplifier card, and the Dolby B

processor card.
The main amplifier card and the

Dolby B processor card are held on
one edge by a plastic support system
which after the removal of the screws
on the other side, allows the cards to
be hinged back for servicing and
component replacement. The large
wiring harnesses which we previously
mentioned, are jammed against one
side of the Dolby B processor card and
cause component displacement.
Fortunately these components have
plastic coating on their pigtails which
prevents electrical shorts.

Another interesting feature which
will interest the technically minded is
the use of a C -core mains transformer.

The circuit designers, in keeping with
the latest European and Japanese
trends, have saved some wiring by
locating two of the main switches on
the main amplifier card with
mechanical actuation from the front
panel.

A well produced twenty-two page
handbook is supplied with the
machine. It was good to see that this
handbook contained a full circuit
diagram of the machine.

As with the Teac A-350, the
performance of the A-360 is

particularly good. Its major advantages
are primarily operational rather than
any significant improvement in
frequency response or wow and
flutter.

Nevertheless, there have been
positive improvements in the circuitry
of the A-360, and definite
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improvements in the mechanical drive
system which is clearly better than
that provided in the A-350.

MEASURED PERFORMANCE
The frequency response at -10 VU is

27 Hz to 13 kHz with chromium
oxide. At -20 VU it is 28 Hz to 16
kHz. This is one order of performance
better than that provided by the
A-350 and it should be noted that the
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SUMMARY: The A-360 is a further improvement
in the field of cassette recorders. It is one of the
few machines which has a wow and flutter per-
formance comparable to a good reel-to-reel re-

corder. It should satisfy most Hi-Fi enthusiasts'
requirements.

- $0000._315 Papef
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ye 5000 10000 70000 40002
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TEAC A-360 CASSETTE RECORDER
Record to Replay Frequency Response:
(with BASF Cr02 tape) at: 0 VU

-10 VU
-20 VU

(with TDK C60 tape) at: 0 VU
-10 VU
-20 VU

Total Harmonic Distortion at 1kHz at:
0 VU

-10 VU
Intermodulation Distortion (at 1kHz and 960Hz): 0 VU

-10 VU

30Hz- 9kHz dB
28Hz-13kHz c:113

28Hz-16kHz c:113

28Hz-5.5kHz dB
28Hz- 8kHz 1113

28Hz- 10kHz
100Hz 1kHz 6.3kHz
1.2% 1% 1%
0.5% 0.6% 0.8%

0.8%
0.5%

Signal -to -Noise Ratio (at 0 VU re 1kHz): with Dolby without Dolby
-38dB (Lin) -37dB (Lin)
-55dB (A) -47dB (A)

Erase Ratio (for 1kHz signal prerecorded at 0 VU): -63dB

Cross Talk at 0 VU: 100Hz -45dB
1kHz -50dB

Wow and Flutter % - weighted 0.1% at beginning 0.05% in middle
Line Input Sensitivity for 0 VU: 90mV. Microphone Input Sensitivity for 0 VU: 0.25mV.
Line Output Sensitivity for 0 VU: 0.45mV. Dimensions 438 x 254 x 124mm. Weight 8kg.
Recommended Retail Price: £214.50 inc. VAT.

overall linearity of the frequency
response is better at the high
frequency end of the spectrum and
substantially flatter at the low
frequency end as well.
With TDK Super Dynamic tape,

performance at -10 VU is 28 Hz to 8
kHz, and at -20 VU it is 28 Hz to 10
kHz. We found that the
record -to -replay performance was
better with the bias and equaliser set

to normal rather than in the high
position. From a comparison with the
performance on standard and super
dynamic tapes chromium dioxide tape
may well be a must with these
machines. It certainly was with the
machine supplied to us for review.

Total harmonic distortion is

reasonable, being 1% at 1 kHz at 0
VU, and 0.6% at 1 kHz at -10 VU.

Intermodulation distortion is also

acceptable, at 0.8% at 0 VU, and 0.5%
at -10 VU.
Wow and flutter is not quite as good

as the manufacturer's claim, being
0.1% at the beginning of a cassette arid
0.05% in the middle.

Signal-to-noise ratio (at 1 kHz) is

-55 dB(A) with Dolby on, and -47
dB(A) without the Dolby.

Erase ratio is very good, being -63
dB.
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INCLAIR SYSTEM

000 AMPLIFIER

THE LATEST UNIT from Sinclair
Radionics is the system 4000 stereo
amplifier; in appearance, much the
same as the system 3000 but it has
been completely redesigned inside. A
glance inside reveals a very neat layout
all the switches (except the mains
switch) mounted on the single PCB
along with the controls. Plugs and
sockets are also mounted on this, in
fact I only managed to count a dozen
wires all told. To complete the
workman -like impression that the 4000
gives, the case, rather than being
constructed out of bent tin and wood,
is engineered out of extruded light
alloy finished in matt black.

The test sample was from the first
production batch and there were a
couple of minor faults to correct
before it could be tested. These
faults can no doubt be attributed to
the newness of the model (the serial
of the test sample was 000102).

When the tests were made no man-
ufacturer's specification was available
so the amplifier was tested against
absolute limits. The rated output
power was taken as the point at which
the first trace of limiting could be
detected on a 1kHz triangle wave,
this gave 20W per channel and a sine
wave distortion of 0.03% into an

82 load. Similar distortion figures
with 42 and 162 loads produced
25W and 18W (all these figures were
obtained with both channels being
driven).

All the distortion figures obtained
with the system 4000 were very good
and approached the point at which
test accuracy begins to fall off due to
the residual distortion present in even
the best test oscillators and distortion
measuring equipment.

The frequency response to the 3dB
points extended from 20Hz to 60kHz
and was free of any troughs or hills
except for a minor rise in the response
over 1.5kHz. The action of the tone
controls gave a maximum slope of
about 3dB per octave to a maximum
of 12dB. The filter can be used to
cut the top on noisy signals and,
attenuates at slightly more than 12dB
per octave with a 3dB point at 9kHz,

amplifier is equipped with a front'o
panel headphone socket.

The input sensitivities of the sys-
tem 4000 amplifier are rather higher
than those to be found on many
amplifiers which can only be counted
as a point in favour; you can always
turn down the volume! The PU input
sensitivity at 2.2mV at 1kHz for full

The Sinclair 4000 Tuner and Amplifier.
We shall be publishing a review of the
Tuner next month.

this is at variance with the printed
instruction sheet packed with the amp-
lifier which suggests a turnover freq-
uency of 7kHz. In any case, it proved
effective in removing a great deal of
objectionable Hiss produced from a
distant FM radio station.

The system 4000 is provided with
DIN input and output sockets. The

The interior is neat and clean with only
a dozen wires.
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SUMMARY: The latest amplifier from Sinclair is a
worthy successor to the 3000. The performance
certainly meets Hi-Fi standards at a reasonable price.
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Measured Performance of the Sinclair System 4000 Amplifier

Power Output: 20W r.m.s. per channel into 852, both channel driven.

Frequency Response: 20Hz-50kHz -±1dB

Total Harmonic Distortion:
40Hz 1kHz 10kHz

At 20W 0.3% 0.03% 0.04%
At 10VV 0.25% 0.02% 0.02%
At 1W 0.02% 0.03% 0.05%

Signal to Noise Ratio: Pickup -58dB unweighted, -66dB weighted
Other -66dB unweighted, -70dB weighted

Crosstalk:

Inputs:

-23dB
Mag. P.U.
Aux
Tape
Tuner

2.2mV
85mV
8OmV
80mV

Damping Factor: 19 for 8 ohms at 40Hz.

Recommended Retail Price: £72.05 including VAT.

1kHz square -wave into 812

lkHz square -wave into 82+ 21.1F.

10kHz square -wave into 8,C2 -

output should make the system 4000
able to handle even the most insensi-
tive of modern pick-up cartridges.

In conclusion, the System 4000 is
a worthy successor to the Systems
2000 and 3000, and is good value for
money, even though the power output
at 20W is slightly less than would be
needed to drive a very inefficient
loudspeaker in a large room.

Now after the boquettes comes a
a few brick bats to throw at Sinclair
Radionics: Why, Oh Why, with only
twelve wires to connect was one earth
wire not connected at all and why
were the left and right hand speaker
wires transposed between the head-
phone socket and the loudspeaker
sockets? A score of only 75% on
wiring against nearly 100% on design
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1515 stereo amplifier

THIS AMPLIFIER is one unit of the
recently marketed Emisound 'Audio
for Home Entertainment' range which
include a radio tuner (AM/FM), a
record playing deck, loudspeakers and
quadraphonic decoder. The latter
makes it possible to convert to quadra-
phonic reproduction from SQ encoded
discs and tapes by using two Emisound
1515 amplifiers and an extra pair of
loudspeakers. To give an example, if
you already have an Emisound 1501
_record player, a 1515 amplifier and a
pair of their LE2 loudspeakers, then
conversion requires the SQ1500 de-
coder, another 1515 amplifier and
two more LE2 loudspeakers.

The model 1515 stereo amplifier
is rated for 15W r.m.s. per channel
with both driven and operating into
8 ohm speakers. It has inputs for
both magnetic or ceramic cartridges,
tape recorder, radio tuner and micro-
phone. There is a socket for on or
off -tape monitoring and which can
also be used for connection of the SQ
decoder, the signals being taken from
the preamplifier stage through the
decoder and back to the main amp-
lifier.

All input and output sockets are
DIN types mounted on the rear panel
which also carries a pair of mains
sockets for ancilliary equipment and a
circuit protection fuse. Aside from
the usual stereo controls such as bass
and treble, volume and balance etc.,
there is one other extra, namely an
HF or scratch filter. The amplifier is
loused in a teak veneered case and
the control panel is of brushed alum-
inium, a finish that is used for all the
Emisound audio products.

dB

9

6

3

0

3

6

9

12

10Hz 100Hz 1000Hz 10kHz 100kH

Fig. 1. (A) Overall frequency response. (BL -BC) Response of bass control. (TL-TC) Response
of treble control. (F) Response of scratch filter.
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Fig.2. Response from magnetic pickup input obtained with equalised (RIAA recording
characteristic) input signal. Some deviation from true RIAA replay response is evident
but not critical.

TESTED PERFORMANCE

The table gives the test result figures
but there is little that warrants com-
ment or criticism. Power for an 8
ohm load was well up to specification
with 15.5W per channel, with both

driven and the power bandwidth a
very acceptable -2dB at 30Hz, then
flat from 40 to 20,000Hz and falling
to -3dB at 30,000Hz (relative 0dB
15W 1000Hz).

Obtained frequency responses are
shown in the graphs and supported by
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Fig. 3. Square -wave test at 1000Hz. At the top is the input signal,
at the bottom the output from amplifier.

Fig. 4. Square -wave test at 100Hz. Input signal, top, output from
amplifier, bottom.

Fig. 5. Square -wave test for ringing with 2/IF capacitor across 8 ohm
load. Input signal, top, output from amplifier, bottom. Ringing
virtually nil.

Fig. 6. Top curve shows 1000Hz sine -wave output from amplifier at
15W power output. Lower curve shows residual distortion at 0.15%
(greatly amplified).

SUMMARY: Considering the relatively low price
of £49.50, including VAT, the Emisound 1515 is
very good value for money and meets the require-
ments for Hi-Fi reproduction. If the remainder of
the Emisound audio equipment is to the same
standard, then a complete system of the approp-
riate units would be well worth considering.

EMISOUND 1515 AMPLIFIER

Measured Performance

Power Output: One channel only driven 20W. Both
channels driven 15.5W per channel (rms)
into 8 ohm load.

Frequency Response: As specified. See graphs.

Power Bandwidth: -2dB 30Hz, then flat 40 to 20,000Hz,
then to -3dB 30,000Hz.

Harmonic Distortion: 100Hz 1000Hz 10kHz
0..9% 15W 0.15% 0.4%

10W 0.1%
5W 0.1%
1W 0.14%

Signal -to -Noise: Magnetic pickup -59dB
Tuner/Aux/Tape -65dB
Microphone -63dB

Crosstalk: -58dB 1000Hz
Pickup input over-
load margin: 30dB

Retail Price: £49.50 including VAT.

the square -wave test oscillograms. Al-
though the overall response rolls away
above 20,000Hz, it is only -3dB at
30,000Hz and, therefore still very
good. Many amplifiers these days
have a frequency response almost flat
to 100kHz but this is not really
necessary. The response of the scratch
filter is adequate but should ideally be
steeper and with the roll -off beginning
higher up the scale e.g., at about 8kHz.

Total harmonic distortion for var-
ious power levels and frequencies is

shown in the table and is within
specification for rated power output
at 1000Hz. At 100Hz and 10,000Hz
respectively the distortion factor rises
but this is not unusual and in this case
acceptable considering the relatively
low cost of the amplifier.

Signal-to-noise performance was
better than specified and with a very
good figure, namely -59dB, for the
magnetic pickup input. Crosstalk is
not quoted in the specification but the
obtained figure of 58dB (relative 15W
1000Hz) is also very good. Input
sensitivities and signal outputs for
tape recording and headphones were as
specified. 0
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BEFORE 1896, the wireless experi-
menters had one thing in common,
they were interested mainly from an
academic point of view. EllIES RI 10
MARCONI
At least one person, however, had
seen the practical implications and in
1896 British Patent No. 12039 was
granted to Guglielmo Marconi for
"Improvements in transmitting elect-
rical impulses and signals".

In the Patent there is described the
basic concept of using a transmitter
comprising an induction coil having
in its primary circuit a telegraph key
and a battery, and a spark gap in its
secondary circuit, and a receiver com-
prising a coherer in series with a tele-
graph receiver. From this starting
point the specification goes on to
discuss the use of an aerial and earth
and to describe modifications to the
coherer all directed towards not the
academic study of the properties of
'Hertzian' waves but the realisation of
a practical long distance wireless tele-
graphy system.

Marconi definitely led the field in
the Patent stakes: he was the first to
seek Patent protection for a system of
wireless telegraphy using Hertzian
waves.

The runner up was not far behind.
Six months after Marconi applied for
his Patent, in December 1896, A.C.
Brown and G.R. Neilson applied for
Patent No. 28955 for a wireless system
"It has been known for some years
past" they openly admitted in their
Patent specification "that Hertzian
waves are capable of being radiated or
projected so as to act on other circuits
placed at a distance and produce cert-
ain effects therein, such as sparking
between disconnected conductors, and
the alteration in resistance of 'coh-
erers' etc. It has been known too that
these effects are manifested through
considerable distances in space and
through various media which are in
some cases opaque to ordinary light."

Having thus acknowledged the
state-of-the-art, Brown and Neilson
went on to describe their invention
which was essentially concerned with
an improvement to the construction
of the oil -immersed spark gap of a
R ighi-type oscillator. They also how-
ever discussed the major problems
which, in 1896, stood in the way of
the development of practical wireless
telegraphy and telephony systems.

PROBLEMS
One such problem, consequent upon
the use of a spark gap transmitter and

A group of early coherers.

Spark gap used by Marconi.

vertical aerial, was that the signals
were transmitted in all directions and
over a wide range of frequencies. This
was obviously inefficient and gave rise
to the serious problem of interference
in the case where different transmitters
were operated simultaneously close to
each other. Brown and Neilson refer-
red to this problem and suggested en-
closing the transmitter in a metal box,
generated waves being allowed to
escape in a narrow beam through a
hole in one side of the box. They also
suggested tuning "by inductive paths".

The nature of the transmissions
produced by a spark gap oscillator also
raised problems in connection with
telephony. In order to be able to
carry audio frequency signals, a carrier
wave quite unlike the intermittent
damped oscillations obtained from the
spark gap is required, in other words -
a continous wave. As Brown and

Neilson put it: "it is desirable for the
vibrating make and break in the prim-
ary circuit of the generating induction
coil to be of high rate and the trans-
mitting oscillating circuit designed to
give a considerable number of oscill-
ations for each break." They suggested
connecting across the spark gap a loop
of wire of 'some length' whereby the
oscillations might be "less damped
although less powerful".

A further problem was that of
devising a suitable means of detection
of the radio waves. The metal filings
coherer used by Marconi and also
Brown and Neilson was unsuitable for
use in the detection of telephonic
transmissions since it had to be reset
after receiving a signal by mechanical
agitation, for example by tapping, and
was therefore incapable of responding
to rapidly varying signals. Brown and
Neilson tried alternative forms of de -
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PITCH'S
tectors, in particular a detector em-
ploying a triangle of platinum or alum-
inium wire resting lightly across two
conductors in an evacuated vessel, but
in the end they recommended a variat-
ion on the conventional coherer, using
carbon granules instead of metal fil-
ings, which they said did not need
resetting and was therefore partic-
ularly suitable for telephony.

PAR!
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British Patent 12039 of 1896. Marconi's original wireless telegraphy Patent. The
transmitter has an induction coil and spark gap and the receiver a coherer

Marconi and Lodge-Muirhead early receivers.

In the years that followed, many
inventors directed their efforts to-
wards finding satisfactory solutions
to these three problems considered by
Brown and Neilson.

Leading the field, in 1897, was
Lodge with Patent No. 11575 for a
means of avoiding interference be-
tween nearby transmitters. His idea
involved the use of inductance and
capacitance to 'syntonise' the trans-
mitter and the receiver, that is, to
tune them to the same unique freq-
uency. The use of inductive and
capacitive elements in the transmitter
circuitry also acted to reduce the
damping of the oscillations and there-
by to reduce the range of frequencies
generated. At this stage, of course,

the future for wireless systems using
Hertzian waves was by no means
clear cut and Lodge, for one, was
certainly hedging his bets. Thus, in
Patent No. 29505 of 1897 he described
the use of syntonising circuitry and
coherers in an inductive telegraph
system.

Marconi was following close on the
heels of Lodge and in for example
Patent Nos. 5387 of 1900 and 7777 of
1900 he described syntonic circuitry
employing aerial coils. J.S. Stone, an
immensely prolific patentee also did
much work in this field as is demon-
strated for example by Patent No.
27253 of 1902 which describes the
use of a closed resonant circuit coup-
led to the aerial for producing in the

aerial forced oscillations of a single
desired frequency.

The efforts of these inventors pro-
duced significant improvements but
by no means totally solved the prob-
lem because quite simply it is difficult
to eliminate completely unwanted fre-
quencies from the oscillations of a
spark gap transmitter.

Tesla's Patent No. 14579 of 1901
was one ingenious attempt to obtain
absolute selectivity. The transmitter
produced signals on two different
frequencies and the receiver had two
reception circuits tuned respectively
to the two frequencies and coupled
to a common relay. The idea was that
the relay would only be actuated when
both reception circuits were receiving

ELECTRONICS TODAY INTERNATIONAL-JULY 1974 45



simultaneously.
Other Patents were concerned with

improving the method of spark pro-
duction. Patent No. 29142 of 1904
(J. S. Stone), for example, describes
one kind of multiple spark gap used
to facilitate 'quenching' of the spark
whereby a more rapid rate of sparking
can be achieved. In Patent No. 17706
of 1902, Fessenden described a system
for "continuous transmission and re-
ception of electromagnetic waves or
impulses and modifying or changing
the character of such waves or im-
pulses without interruption of con-
tinuity", in other words telephony
using a continous wave carrier. Fess-

enden produced his 'continuous' wave
by replacing the usual induction coil
and 'trembler' of the transmitter with a
high frequency alternator and a trans-
former. With Fessenden's system in-
deed the goal of continuous wave
production was closely approached
and it therefore became possible to
achieve sharper tuning and to transmit
satisfactorily telephonic messages. By
1907 Fessenden was able to broadcast
over 100 miles with his system.

The key to an alternative method
of approaching the goal of continuous
wave production was given Patent No.
21629 of 1900. In this Patent, Dud -
dell described the use of an electric
arc to convert d.c. into a.c.. This
came to be known as the 'musical' or
'singing' arc. This idea was taken up
by Poulsen (in Patent No. 15599 of
1903) for use in generating radio
waves and was soon competing for
popularity with the Fessenden system.
By 1910 telephonic signals had been
transmitted 500 miles using the Poul-
sen system.

IMPROVING THE DETECTORS
At the same time, inventors were
directing their attention to the deve-
lopment of improved detection de-
vices and in particular to the develop-
ment of detection devices suitable for
receiving telephonic transmissions.

Popov was an early contender. In
his Patent No. 1797 of 1900 he
described an improvement on the
Branly coherer. In 1902 in Patent No.
10245 Marconi described his famous
magnetic detector which worked on
quite different principles from the
coherer. In one form of the magnetic
detector, an endless iron band is moved
through two adjacent coils in a mag-
netic field. One of the coils is con-
nected to an aerial and earth and the
other is connected to a telephone
receiver. Received signals act to vary
the magnetic coupling of the coils and
thereby produce a current flow in the
telephone receiver.

Patent No. 12119 of 1903 describes
the use of an electrolytic cell corn -

Eighteen inch spark coil used in Marconi's early wireless stations.
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British Patent 24850 of 1904.
Fleming's Patent for the
thermionic diode detector.
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British Patent 10245 of 1902. Marconi's magnetic
detector.

prising for example platinum wires
immersed in sulphuric acid. Received
signals disturb the cell equilibrium and
vary the resistance of the cell. This
idea also appeared in Fessenden's Pat-
ent No. 28291 of 1903 and Fessen-
den's device, known as a liquid
barreter, became widely used. The
electrolytic detector was important
because of its great sensitivity.

Patent No. 17396 of 1902 relates
to an arrangement of steel rods with
oxidised tips resting on a steel plate.
Patent No. 8659 of 1906 describes a
crystal type detector using a natural
manganese compound such as psilime-
Ian. Patent No. 5332 of 1907 is

concerned with a carborundum detect-
or, Patent No. 18842 with silicon,
Patent No.21408 of 1907 with copper

oxide, Patent No. 10772 of 1909
with iron pyrites and Patent No.
22164 of 1910 with lead ore. The
list is virtually endless, these are but
a few examples.

In Patent No. 29143 of 1904, J.S.
Stone describe the use of a bolometer
and Patent No. 25645 of 1904 is

concerned with the use of a therm -
couple as a detector.

In Patent No. 6203 of 1907, far
before its time, Fessenden described
a heterodyne detector in which locally
generated oscillations beat with the
incoming signal to produce an audible
tone. Fessenden had to wait another
six years for the thermionic valve
as a generator of oscillations to be
developed before this became a pract-
ical proposition.
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describes the use of a mercury arc
lamp, received signals being used to
trigger the arc, and Patent No. 13736A
of the same year relates to the use of a
neon lamp. In Patent. No. 24850,
following the discovery of the 'Edison
Effect' some 20 years earlier, Fleming
described the use of a high vacuum
thermionic diode, the first true valve.
Two years later, in Patent No. 5258,
de Forest described a circuit employ-
ing a diode type 'ionized gas' detector,
and subsequently, in 1908 he described
in Patent No. 1427 a circuit using not
a diode but a modified form of the
diode having an additional grid -like
electrode between the anode and
cathode.

The triode was born.
The triode was critical to the de-

velopment of radio communications:
it provided a convenient and effective
means of generating oscillations and
of amplifying weak signals. These
possibilities were however by no means
immediately recognised. The triode
was originally devised as an improved
means of detecting signals and it was
some years later before its amplifying
and generating properties were real-
ised.

Insofar as amplification is con-
cerned, this was a much considered
problem and several proposals were
made, before the triode was used as an
amplifier, to achieve amplification by
causing small electrical variations in
one circuit to give rise to large elect-
rical variations in a separate circuit.

In Patent No. 4715 of 1907, for
example, Fessenden proposed an amp-
lification system using telephone re-

British Patent 6203 of 1907. Fessenden's
heterodyne detector, using, in its original
form, an alternator (5) to generate the local
oscillations.

In 1904 vacuum tube devices were
being investigated as a means of detect-
ion. Patent No. 27887 of 1904

British Patent 23728 of
1913, Airborne radio.

z
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fig. 1
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British Patent 8821 of 1913. The triode
used as an amplifier.

!

British Patent 73636 of 1913. The triode
used in a feedback circuit

ceivers, received oscillations "produc-
ing mechanical motion and said mech-
anical
the resistance of contact of normally
conducting contact surfaces." In Pat-
ent No. 300 of 1911 an amplification
system using a discharge tube is de-
scribed, the discharge being influenced

6\
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British Patent 23163 of 1900. Car radio.
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British Patent 11575 of 1897. Lodge's use of inductance and
capacitance to tune the spark gap transmitter.

by a magnetic field the intensity of
which is varied by the received signals.
Patents Nos. 1482 and 2111 of 1911
relate to the use of a cathode ray tube
for amplification purposes, the elect-
ron flow being influenced by the
received signals. The use of the
triode for amplification purposes is

mentioned in Patent No. 8821 of
1913 which was granted to Gesellschaft
fur Drahtlose Telegraphie mbH.

"The object of the present -invent-
ion", asserted the Patentee, "is to
provide an arrangement whereby va-
cuum tubes having glowing cathodes

serve the purpose of strengthening the
electrical oscillations without thereby
giving rise to a change in their wave-
form owing to the valve action".

At about the same time, the idea
of feedback was conceived and a
number of Patents were granted, as
for example Nos. 13636 of 1913,
28413 of 1913, 252 of 1914 and
24231 of 1914 which describe the
use of feedback either to reinforce the
amplification or to generate local os-
cillations for use in a heterodyne type
detection system. In Patent No.
13248 of 1914 the use of a triode to

generate transmitting oscillations is

describe.
The valves used up to this time

were quite different from those which
eventually came into widespread use.
They were not highly evacuated, and
indeed, Patent No. 8821 of 1913,
already mentioned, refers to the triode
an 'ionized gas mlay, Patent No.
15788 of 1914 sets the stage for the
birth of modern radio with its de-
scription of the manufacture of 'hard'
vacuum valves using the Gaede pump
which was specially suited to the
purpose and also chemical absorbants
such as magnesium to remove the last
traces of gas (and which produce the
characteristic shiny metallic patches
on valves).

THE MEANING OF PATENTS
The inventorship of virtually every
important development in the history
of telecommunications has been hotly
disputed at one time or another and
it must be borne in mind that the
above mentioned Patents do not ne-
cessarily constitute 'firsts' in their re-
spective fields. Many inventions were
not Patented by their original inventors
but were Patented subsequently (often
innocently) by runners-up, and some
inventions were confusingly Patented
several times, often in a short space of
time by several inventors each thinking
himself to be the first. The Patent
system is of course only concerned
with granting protection for ideas
which are not already known or Pat-
ented but it was not until quite late
that an official examination with a
view to excluding 'invalid' Patents
was introduced and even now it is
possible for a Patent to be granted
which is closely similar to an existing
Patent or already known idea, it being
the policy of the Patent Office only
to refuse to grant a Patent were there
is clearly no element of novelty what-
soever. In the case of a Patent which
is not absolutely identical to a prior
Patent or a known idea, the Patent
is granted and it is then up to the
interested parties to fight it out be-
tween themselves in the courts if they
so wish.

Even if all of the above Patents
do not necessarily represent mile-
stones they are certainly representative
of contemporary trends and as such
are important sources of historical
information.

These Patents (and well over a
million others) can be inspected at
the Patent Office library (25 South-
ampton Buildings, off Chancery Lane,
London WC2A 1AY) and also at cert-
ain major provincial libraries. Copies
of British Patent specifications can be
obtained from the Sale Branch of the
Patent Office at Orpington, Kent,
BR5 3RD (25p per copy post free). 
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Did you know we supply
Signetics PLL, National
linear and digital, ECL
from Fairchild etc. ?
Devices like the 95H90 -
a decade counter at 220
megs. £9.05. Or the AF
amplifier LM380, by Nat-
ional for only £1.00.
See our new A4 size data-
logue for details of our
full range of devices,
modules, and our unique
datacopying service.
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VOW
The AMBIT catalogue is
full of data - get your
copy now

Component
Storage?

A TREMENDOUS OFFER OF
QUALITY STEEL UNITS AT

BARGAIN PRICE.

F26-06
A 6 drawer metal cabinet with poly-
styrene drawers, each drawer front
filled with twin label holders for
indexing and easy identification. This
flexible filing system accepts a 9
section insert for component storage
giving 54 compartments measuring
75 x 103 x 26mm.

CABINET SIZE

121crn high x 37.1crn deeA
20.7cm wide).

PRICE OF CABINET
(excluding insert trays)

9 compartment inserts are 56p
each incl. p and p and VAT.

I ncl.
VAT.

F26-06 and F55-03 Insert trays
can be purchased separately minimum
quantity of 6 each.

F55-03
This unit offers facility for 45 com-
ponent storage compartments meas-
uring 72 x 57 x 55mm.

PRICE OF CABINET
(excluding insert trays)
15 compartment inserts are
80p each incl. p and p and
VAT.
DELIVERY: Please allow
approximately 14 days.

Incl.
VAT.

£8.48.

PLANETRON SYSTEMS
Dept. 24

76 CASTLE STREET,
FARNHAM, SURREY.

(MAIL ORDER ONLY)
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BUILD THE

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.

 Search head fitted with Faraday
screen to eliminate capacitive
effects.
Loudspeaker or earphone operation
(both supplied).
Britain's best selling metal locator
kit.
Kit can be built in two hours
using only soldering iron, screw-
driver, 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 Plus 35p Post
search coil (inc. VAT)

9.80

Built, tested £13.75,
and Plus 35p Post
Guaranteed (inc. VAT)

MINIKITS ELECTRONICS,
35d Langley Drive, Wanstead,

LONDON Ell 2LN
(Mail order only)
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enry's
INTEGRATED CIRCUITS

um LARGESTRANBE OF BRANDED AND GUARANTEED
DEVICES. (Quantity Discounts 10%12+, 15%25+, 20%100+)

(Any one type except where quantity discounts show) Min. Order f1.00 please, PostlOp.i

VERY IMPORTANT. ONLY branded I.C'S are to the FULL Manufacturers specifi-
cations. ALL others are not. Henry's sell only branded integrated Circuits . . From
TEXAS .. . I.T.T.... FAIRCHILD ... SIGNETICS. So why buy alternatives or
under spec. devices when you can purchase the genuine article from US -ex stock .
need we say more!

Ty, lilt 12)2930199 Type 1111 12129 30199 Type 1;11 12/29 30;99

Ep £ EP £p EP EP £p Ep Et,
SN7400N 20 018 0.16 SN7448N 1 50 1-27 1.13 SN74141N 1 00 0 90 080
SN7401N 20 018 0.16 SN7450N 0 20 0-18 0.16 59741429 2.88 2116 252
SN7401AN 38 038 0.33 SN7451N 540 0.18 0.16 SN74145N 144144 1-26
SN7402N 20 018 0.16 SN7453N 0.20 0.18 0.18 SN74147N 2.30 230 183
SN741)3N 20 0.18 0.16 SN7454N 0.20 098 0.16 SN74148N 2-01 201 163
SN7403AN 38 0.38 0.33 SN7460N 0.20 018 016 59741509 230 2.30 201
SN7404N 24 0 21 0.18 SN7470N 0 33 030 0 27 SN74151N 1.15 1-15 100
SN7405N 20 018 016 SN7472N 038 038 034 SN74153N 109 1.09 0.95
SN7405AN 44 0 44 0.38 5N74739 0 44 0.41 0-37 SN74154N 230 210 2.01
SN7406N 40 0.38 0.35 SN7474N 0.48 0 48 0.42 $N74155N 1.15 1.15 1-00
$974079 40 038 035 SN7475N 0-59 055 0.51 SN74156N 1.09 1.09 1 00
SN7408N 25 0 22 0 19 SN74789 045 036 032 SN74157N 1.09 1.09 055
SN7409N 33 033 0 28 SN7480N 0.80 0 70 0.50 SN7415119 2-44 244 214
SN7409AN 44 044 0 313 SN7481N 1.25 1.10 0.95 SN74160N 1.58 1 56 1-36
5974109 20 018 096 597482N 0.87 0.80 0.72 SN74161N 1-58 156 1-38
SN7411N 25 0.23 021 SN74.133N 1-20 1.10 1.00 SN74162N 136 1-58 138
S974129 28 0-28 0.25 5974809 1.67 1.87 1-63 SN74163N 1-58 1-54 1-38
SN7412AN 38 0 38 0 33 5974869 0-50 0.50 0.44 59741649 2.01 2.01 1.76
SN7413N 30 0 27 0 25 SN7489N 4-32 4-32 3.78 SN74165N 201 2.01 1.76
5617414N -72 0 72 0 63 5974909 0.75 0.70 0.83 59741669 216 2-16 1.89
5974169 30 0.27 0 25 SN7491AN 1 10 1 00 0 90 SN74167N 410 410 3.59
SN7417N 30 027 025 5974929 0.75 070 0.63 SN74170N 2-88 248 252
S97420N 20 0.18 0.16 SN7493N 0 75 0.70 0-63 $N74172N 5-76 5-76 5.04
SN7422N 28 028 0.25 SN7494N 0.85 0.80 0.75 SN74173N 1.68 1-66 1.45
SN7422AN 38 038 033 5N7495N 085 080 0'75 SN74174N 1.80 1.80 1.57
SN7423N 37 034 0.32 SN7496N 1.00 0 90 0-83 SN74175N 1-29 149 1.13
$N7425N 37 0.37 032 SN74100N 296 1.89 1.89 SN74176N 144141 126
SN7427N 37 0-37 0.32 49741049 0.60 0.53 045 SN74177N 1.44 1 44 1.26
SN7428N 43 0 43 037 SN74105N 060 0.53 0.45 SN74180N 1.44 144 146
SN1430N 20 0.18 0.16 SN74107N 0 51 0.51 0 45 SN74181N 5-18 5 18 433
SN 7432N 37 0 37 0.32 SN74110N 0 57 057 0 50 59741829 1-44 1-44 1 26
SN7433N -43 0.43 0 38 5974111N 0 86 0 86 0-75 $N74184N 296 2.16 1 139

SN7433AN 57 0 57 0-50 SN74116N 2.16 2-16 189 SN74185AN 2-16 216 189
5N74379 43 043 0.37 SN74118N 1 00 0.90 0.83 SN74188N 648 6.48 5.67
SN7438N 43 0 43 0-37 SN74119N 1 92 1.92 1.68 59741909 230 2.30 2.01
SN7438AN 57 0 57 0 50 SN74120N 105 1.05 0.92 SN74191N 2.30 2.30 2.01

SN7440N 20 018 016 5N741219 0 57 057 050 SN74192N 230 2 30 2 01
SN7441 AN 85 079 073 SN74122N 0.80 0.80 0-70 SN74193N 2.30 230 201
SN7442N 65 0.79 0 73 SN74123N 1 44 1.44 1 26 $N74194N 1.72 172 131
SN7443N 50 1 27 1.13 SN74125N 069 0.69 060 59741959 1-44 1 44 148
SNI444N 50 1.27 1.13 SN74196N 158 156 138
SN7445N 16 216 1.89 SN74126N 0 69 0 69 0 60 59741979 1-58 156 138
SN744,59 16 215 1 89 59741329 0.72 0.72 0.63 SN74198N 316 3.16 2.77
SN7447AN 80 1 80 157 SN74136N 063 0.63 055 SN74199N 2.88 288 252

LARGER 0 ANTITY AND O.E.M. PRICES PHONE (01) 723 3646. PRICING OF
SN7400 SERIES IS CALCULATED ON THE TOTAL NUMBER ORDERED
REGARDLESS OF MIX. SN74 . . HIGH POWER . . . 5N74 . . . LOW POWER
SERIES IN STOCK . . . SEND FOR LIST 36. FREE ON REQUEST. LOW PROFILE
SOCKETS 14 PIN .. 15p. 16 PIN ... 17p. 8 PIN ... 14p.

TRANSISTORS
AAZ13 10p
AC107 35p
AC128 20p
AC187 20p
ACY17 35p
ACY39 65p
AD149 50p
AD161 39p
AD152 39p
AF117 20p
AF119 50p
AF139 33p
AF186 409
A F239 449
ASY27 301,
BA115 10p
BAX13 Sp
BC107 159
BC108 1Sp

BC100 15p
Eel 09C 14p
BC113 165
BC147 12p
BCI69C 145

A SELECTION FOR FULL LIST SEND FOR
BOOKLET 36 TODAY.

8C162 12p BYZ13 35p
BCY32 85p CI060 55p
BCY39 1 00 GET111 55p
BCY55 2 50 GET115 753
BCY70 15p C-ET880 55p
6CY71 20p LM309K
BCY72 130 1 87
60124 80p MAT121
BD131 45p 25p
8E115 22p MJ 6340 50p
BF180 33p MJE520 85p
13E194 13p MJE3055
BFX13 25p 75p
BFX34 55p MPF105 46p
BFX88 22p NKT217 458
BEY50 20p NKT404 60p
BFY51 20p 045 60p
13E1'64 45p 0A81 10p
BEY90 75p 0A200 8p
BLY36 6 25 0A202 10p
BSX20 150 0C16 859
W./ICS 2.20 0C20 1.25
BY100 15p 0C28 65p
67127 15p 0C35 55p

0C36
OC44
OC45
0071
0072
0077
0081
0083
OC140
OC170
0C200
0C202

65p
189
18p
15p
25p
55p
28p
25p
65p
255
55p
909

OCP71 100
ORP12 55p
ORP60 45p
P346A 209
TI L209 253
TIP29A 49p
TIP30A 58p
TIP31A 61p
TIP41A 74p
TIP42A 900
T1543 260
V405A 25p

ZTX108 10p
ZTX300 14p
ZTX302 lap
ZTX500 15p
2G301 40p
2N697 1Sp
29706 10p
2N930 209
2N987 4Sp
2N1132 25p
291304 22p
2N1613 20p
2N1671 1'00
292147 75p
2N2160 695
2N2926 100
293053 20p
2N3054 45p
2N3055 45p
2N3440 511p
2N3442 1.10
2N3525 809
2N3414 59p
2N3702 11p

2N3714 1 60
293771 1-75
293773 2 25
2N3790 2 25
293019 355
293866 75p
2N3903 15p
2N4002 149
294125 15p
294871 35p
295457 36p
25001 300
25026 890
25303 70p
40250 45p
40361 459
40362 40p
40408 509
40485 75p
40636 1 00
40430 85p

TRIACS Stnd. mounting
with accessories

3 AMP RANGE
1-11

Price
Type. P.I.V. Each
SC35A 100v 800
SC256 2000 85p
SC35D 400v 909
SC3SE 500v £1 20

6 AMP RANGE
5C40A 100y 905
SC406 200v 95p
SC400 400v £1 20
SC40E 500v £1 SO

10 AMP RANGE
SC45A 100r £1 05

3 Amp
T045

SC455 200v L1.15
SC45D 400v £1 45
SC45E 500v E115
15 AMP RANGE
SCSOA 100v E1.45
SC508 200e Z1-65
SC5013 4000 £1.95
SC50E 5006 £245

TRIACS
Additional Types
413430 TRIAC

(1066) 85p
40669 TRIAC

(Plastic) 905
40486 TRIAC

(T05) 75p

15 Amp
T048

SILICON CONTROLLED
RECTIFIERS
Type 1-11
ONE AMP (T05) P.I.V.
CRS 1105AF 50v 309
CRS 1/10AF 100v 309
CR5 1120AF 200v 35p
CRS 1140AF 4000 45p
CRS 1160AF 600v 55p

THREE AMP (7048)
CRS 3/05AF 50v 40p

100v 40p
2000 45p
400v 55p
600v 65p

CRS 3/10AF
CRS 3(20AF
CRS 3140AF
CRS 3/60AF
FIVE AMP
CRS 5)400 400v 60p

SEVEN AMP (T048)
CRS 7100 100v
CR5 7/200 200v 67600p
CRS 7/400 4000 115p
CRS 71600 600v 95p
SIXTEEN AMP (1043)
CRS 161100 100v 70p
CRS 16/200 2000 75p
CRS 16/400 400v 115p
CRS 161600 600v £1 .10

EASY TO BUILD KITS BY AMTRON
- Everything supplied

Model No.
310
300
345

65
115
120
125
130
605
610
615
230
240
275
570
575
590
630
690
700
760
780
790
835
840
875

Radio control receiver
4 -channel R/C transmitter
Superhet R/C receiver
Simple transistor tester
8 watt Amplifier
12 watt amplifier
Stereo control unit
Mono control unit
Power eupply for 115
Power supply for 120
Power supply for 2 x 120
AM/FM aerial amplifier
Auto packing light
Mic. preamplifier
LF generator 10Hz-1rinHz
Sq- wave generator 2011z-20Khz
SWR meter
STAB Power supply 6-12v 0-25-0-1A
DC motor speed Gov.
Electronic Chaffinch
Acoustic switch
Metal Detector (electronics only)
Capacitive Burglar alarm
Guitar preemp.
Delay car alarm
CAP. Discharge ignition for car engine

(-Ve Earth)
- 80 Scope Calibrator
255 Level indicator
525 120-160mHz VHF timer
715 Photo cell switch
795 Electronic continuity tester
860 Photo timer
235 Acoustic Alarm for driver
465 Quartz XTAL checker

MULLARD FM MODULES
LP11 86 Tuning Heart Module
LP11 85 IF Module complete with data.
FM TUNER MODULE
FM 5231 12V FM Tuner
S04912 Stereo Decoder
SF62 H 6V Stereo FM Tuner

3-29"
6.61
6.81
1.66
4.50
4-73
6.01
4.16
5.31
5.31
6.64
3-29
6.90
8.98

21.45
19.77
9.47
9.24
3.31
7.00

12.57
10.91
7.92
4.99
8.99

13.99
2-66
6.98

11.31.
8.97
4.97

15.51
8.81
9.90

Price £9.00 pair

£7.95
£7.95

£14.95

ALL KITS OFFERED SUBJECT TO STOCK AVAILABILITY
Prices correct st DRAB of porparetion. Subject to change

without notes.

EXCLUSIVE SPECIAL OFFERS
MW/LW CAR RA010

- Earnk with speakers and firings - £6.60 carrioarkg 309
TRACK CAR STEREO
Eann) with speakers. in cods and fiei,.gz E12.60 curipack4 40p

PORTABLE BATTERY CASSETTE TAPE PLAYER £7.25
CAR LIGHTER PLVO AND ADAPTOR

ran:etre and radio 6,7!/9 volt output! state width) E1 .95.01
ROTEL SITEREOPHORES
00430 E4-14
00630 03.30
00000 E10.25
niltEL R4310
15 IS watt Stereo Arriplian 11-13t (52.001
AKAIOXCAO
Steeo cassette recorder
Pair Akai ADM microphones
WEMI W503
iiiitterilMaing Cassette Recorder £1276
PORTABLE CASSETTE TAPE
Player- for car or carry aroand £7.25 cart/packs 200
HARIMAX OCS011 POCKET CALCULATOR WITH KEY 011-95
HANIPAAX BC11M
Memory Version £33.75
BC1507" key C22i95
9CM850% keit and memory' E33.95
 MAINS Warr 83.25 aria
HARIMAX 11101 STEREO COMPACT RECORD PLAYER
207 warm Complete with speakers Rig E54 50) Price £39415
Plus free pair of stereo PhOntra.

04-52

E00.95 can;packg Soo
01.915 carripeckg 200

FREE BOOKLET
All types of
Transistors
Rectifiers -Bridges
SCR's -Triacs
Integrated Circuits
F.E.T. - Light Devices

OVER 1500 DIFFERENT DEVICES
ENTIRELY NEW 1973 EDITION

More Devices * New Prices
* New Ranges *

This is a must for all Semi -conductor
Users. (Ask for booklet No. 36.)
SEND FOR YOUR FREE COPY TODAY

TBA800 5 WATT. IC
Suitable alternative to
SL403D 5/30 volt operated.
8;16 OHM 5 watt output.
With circuits and data
ET -SO.

Kit with printed circuit
panel £2.70.
ALL KITS AVAILABLE

FROM STOCK

Sinclair IC12
with circuits and data. 6
wan IC with printed
circuit board. 28 volt.
operated £2.00.

ZN414 IC
Integrated circuit radio as
featured by many maga-
zines (PW Jan. 73 Reprint
Ref. No.19 for 1003). £120.

STROBE TUBE
ZFT4A/XTF2 Suitable for
Dec."73 Pract. EiectroniCS

£3-50
572(0321 DIAC 28p
CRS1 /40 SCR 45p
ZFT 4 £3.60
ZFT 8 £4.00
Ultrasonic Transducers
Operate at 40Khz up to 100
yds. Idea! remote switch-
ing and signalling. Com-
plete with data transmitter
and receiver new I.0
circuits. Per pair £5-90.
TA960 socket E1430

2015F 7 SEG_

I.C. size complete with
data price £1.70 each
INdoigi3ta11.1cslogcok circuits ref.

TIL209 LED
249 each 229 per 10

Sinclair Special Offer
Stereo 60 pre -amplifier - for use with most small ampli-
fiers. Exclusive offer £6.75
PP8 Eliminator Kit
Complete module kit 9V 100mA output. £1.95 p & p 25p

NEW hANGES
BRIDGE RECTIFIERS
FEATURES SMALL SIZE AND LOW COST. Sizes are
approximate.
250M/A QUARTER AMP 2 AMPS P.I.V.
Bozstos 50 PIV 189 52705 50v 35p
6025110 100 PIV tip 132/10 100v 40p
ixOxrdia. B2/20 200v 45p

AMP 1-11 Pricing B2/60 600v 50p
Type P.I.V. Price ea- 521103 1000v 55p
605105 50v 20p ;11 x 3L x ice dia.
1305710 100v 220
505/20 200v 22p
B05/40 400v 25p
1305(60 500v 27p
OH x i L x *" dia.
1 AMP P.I.V.
81/05 50v 25p
B1110 100v 25p
61/20 200v 28p
E01/60 6000 309
OH 0 )L x ilr" dia.
1 AMP P.I.V.
WOOS 50v
WO1 100v
WO2 200v
WO6 600v
; x r Tubular

Henrrs RADIO
ELECTRONICS
FOR

LIMITED PURPOSE
See facing page
for addressesEDGWARE ROAD, W2

295
30p
32p
35p

4 AMPS P.I.V.
B41100 100y
84/200 200v
1341400 400v
64/600 600v
1347800 800v
OH x ;L dia.

6 AMPS P.I.V.
86105 50v
66(10 100v
136720 2000
86/40 400e
56/13x0 600v
OH x OL T ,k" Ma -

559
59p
65p
75p

E100

65p
70p
sop
909

£1.00

All prices correct at time
of press. 10% VAT
to be added to ell
orders (UK only)

Export & UK
Manufacturers

Colleges supplied.
E. &O. E.

BUILD YOURSELF APOCKET CALCULATOR

A complete kit, packaged In a poly-
styrene container and taking about
3 hours to assemble-thats the Sinclair
Cambridge pocket calculator from
Henry's. Some of the many features
include interface chip. thick -him
resistor pack, printed circuit board,
electronic components pack. Size
4i- long x 2 wide x ;4" deep.
Free of charge with the kit tor the more
advanced technologist is a 32 -page
booklet explaining how to calculate
Logs. Tangents. Sines etc.
SPECIAL OFFER £19.95 -i- VAT.
Also available assembled ready to use £19.95 a VAT.

n
0000

0 0
0 ED 0 0
0000

LIVING SOUND LOW NOISE TOP - -
QUALITY CASSETTES MADE BY i24miii,i7;=Z4
EMI TAPES LTD TO INTERNATIONAL /
STANDARDS ESPECIALLY FOR .
HENRY'S. ALL POST PAID LESS THAN

CPARSICEESS 3CIIMPLETIEfoWrWITH
LI-IBRRAECR

C 60 £100 E1.110 £2-80 L8-75

C 90 I £153 L2.57 £820 £10-25

C 120 Z1-152 £3.15 E500 £12-25
Quantity and trade enquiries invited
LEARN A LANGUAGE -complete with phrase book.
German -French -Spanish -Italian £136 per course.
ES for any 4.

A SELECTION OF
INTERESTING ITEMS
C3025 Compact transistor tester 6.95 p & p 1 5p
04002 Photoelectric System £13.70 p & p 15p
81310 Stereo meg. cart preamp. 4.80 p & p 25p
Easiphone telephone amplifier 7.50 p & p 25p
01203 Tefearnp. with PU coil £4.95 p & p 20p
LL1 Door Intercornrn. and chime 8.40 p & p 25p

9. Twin spring unit For 3.30 p & p 15p
16" Twin spring unit Reverbs 6.85 p & p 25p

VHF 105 Aircraft band corrector
132005 4 Ch. mic. mixer
120004 2 ch. Stereo mixer

4.50 p & p 1 5p
4.20 p & p 15p
6.755 &p 15p

PK3 Kit. Etch your own printed circuits 1.95 p & p 20p

ZENER DIODES
400 eV,/ BZY88/152X83. From 3.3 volt -
33 volts 10p each.
1.3 watts 5% Miniature Tubulars IN4700
series. From 3.3 volt - 33 volt 18p each
10 watts. stnd Mounting. ZS series 6.8
volts- 100 volts 5%40p each.

SILICON RECTIFIERS
1 amp series 194001 to 194007 From Op
each 1-5 amp.
PL4001 to PL4007 From Sp each
3 amp PL700111N5400 From 14p each.
Send for
full Ilst 36.



Now built and used by thousands
of satisfied customers. Features
slim design overall size In cabinet
151-x21' x6; 6 -IC's. 10 transistors,
stabilisers Gardners low field
transformer. Fibre Glass PC
Panel, complete chassis work.
Now available built and tested as
well as in kit form. HIGH OUALITY
AND STABILITY ARE PRE-
DOMINANT FEATURES - DE-
VELOPED BY TEXAS EN-
GINEERS FOR PERFORMANCE,
RELIABILITY AND EASE OF
CONSTRUCTION. FACILITIES.

On/off switch Indicator, headphones socket, separate treble.
bass, volume and balance controls, scratch and rumble
filters, mono/stereo switch. Input selector; Mag. P.U.
Radio Tuner, Aux. Can be altered for Mic.. Tape. Tape -head.
etc. Constructional details Ref. No. 21 30p. Distributed by
Henry's throughout UK.
FREE -Teak cabinet with complete kit.

KIT PRICE £28.50
(-I- VAT4-50p carr/packing) or built and tested £3500 (4 -
VAT -I -50p carrIpacking) as illustrated.

EARN YOURSELF EASY MONEY, WITH
PORTABLE DISCO EQUIPMENT
DISCO MINI A complete portable disco, fitted
mixer/preamp, 2 decks all facilities £98.50
As above but with Slider Controls £118.50
100 watt amplifier for above £49.50
SOLS 100 100 watt mixer/amplifier with
slider controls £69.00
R50 50 watt mixer/amplifier £49.50
R100 100 watt mixer/amplifier £57.50
DISCO AMP 100 watt mixer/amplifier chassis
unit £73.00
NORTHCOURT
Disco Amp: 100 watt mixer/amplifier £73.00
400 40 watt mixer/amplifier £37.50
900 80 watt mixer/amplifier £45.00
DISCO MIXER/PREAMPLIFIERS
(OP for up to 6-100 watt amplifiers)
SOLI (rotary controls) £49.50
SOLO (slider controls) £58.50
DISCO VOX (slider controls) the complete

kOclo8r703P
£72.00

watt power amplifier for above £49.50
DJ30L 3 channel 3kw sound to light £41.25
Carlsbro reverberation unit £44.00
Disco anti -feedback microphone £11.95
Colt 150 watt liquid wheel projector £25.50
150 watt UI liquid wheel projector £50.00
150 watt Ca cassette wheel projector £50.00
Spare Effects and liquid cassettes large range of
patterns £6.00

DON'T RELY ON YOUR MEMORY
BUY NOW AT BARGAIN PRICES
Hi Fi and Transistors -Up to date

Brochures on request

BUILD THE

IAN
20 ± 20 WATT IC

STEREO AMPLIFIER
As featured by Practical Wireless 1972

6' Liquid wheels £5.50 Various Cassettes £6.00
Mini spot bank fitted 3 lamps £12.95
Auto Trilite (mini with flashers) £17.00
Bubblemoster with 1 gall. Liquid £22.50
MixeriMisc/Spaakers/Lighripp UK's largest range.
FREE stock list ref. No. 18 on request.
AKG/Reslo/DJ/Carlsbre/Eagls Mies, Stands, Mixers,
Cabinets Chassis & complete speaker systems.
megaphones, turntables, Public Address Components.

BUILD
THE NEW

HENELEC
STEREO FM TUNER
A completely new high stability stereo FM tuner. Features variable capacity diode
tuning, stabiliser power supply, IC Decoder, high gain low noise. IF stapes. LED
Indicators, Tuning meter, AFC, easy to construct and use. Mains operated. Slim
modern design with fibre glass PC, teak cabinet etc. Available as a kit to build or
ready built. Overall size 8' x 21" x
Produced to give high performance with a

realistic price. (Parts list and constructional
details Ref. No. 5 38p). Henry's are sole dis-
tributors UK and Europe.

Kit price
£21.00 (+ VAT)

OR BUILT AND TESTED £24.95 VAT)

EXCLUSIVE DECCA KELLY

SPEAKERS
12 watt speaker Tweeter
systems. 8" Bass/Midrobe
and Melinex Domed
HF radiator plus cross-
over £12.50 per pair of
systems (carr/packg 400)
or built into veneered
cabinets, size 18x 12x
61-" E19.50 pair (carr Et ).

ELECTRONIC SUPPLIES
UK's largest range for every
application. Small quantity discounts.
Also Trade, Export and Industrial
enquiries invited. Latest stock list
(ref No. 361. Including valves
on request.

HI-FI TAPE EQUIPMENT

UK's largest range with
discounts and demonstrations for
callers. Latest stock lists on
request (Ref No. 17). Phone
01-402 4736 for Barclay/Access
Card. Direct orders and latest
prices.

TRANSISTORS/

SEMICONDUCTORS
Specialists in electronics for
more than 30 years. Trade and
industry supplies - every type of
component and equipment.

MINIATURE AMPLIFIERS
AMPLIFIERS (carr. etc. 20P).
4-300, 0-3 watt 9 volt
104. 1 watt 9 volt
304, 3 watt 9 volt
555, 3 watt 12 volt
61208. 5 watt 12 volt
608, 10 watt 24 volt
410, 10 watt 28 volt
E1206. 30 watt 45 volt
E1210. 2( + watts 12 volt
RE500, 5 watt. IC mains operated Amplifier with

controls
SACK 7 + 7 watt Stereo with controls
54010. 15 -i- 15 wait Stereo with controls
SP40-5 2240/Stereo 80/PZ5
SP40-6 2240/Stereo 80/PZ6
SP 60 2260/Stereo 80/F28
Transformer PZB

NEW SINCLAIR PROJECT 80
Stereo PreAmplifier
Audio Filter Unit
Z40 15 Watt amplifier
Z60 Watt Amplifier
PZ5 Mod. for 1 or 2 Z40
PZ6 Mod. IS Tab) 1 or 2 240
PZ8 Mod. IS Tab) 1 or 2 Z60
TRANSFORMER FOR PZ8
NEW FM TUNER
STEREO DECODER

All items post paid.

£1.75
£3.10
£3.95
£4.10
£5.10
£4.10
£4.95
£9.95
£8.25

£8.30
£11.75
£14.95
£25.00
£27.75
£30.45
£3.95

£11.95
£8.95
£5.45
£6.95
£4.98
£7.98
£7.98
£3.95

£11.95
£7.45

POWER SUPPLIES
FOR EVERY
PURPOSE
(All cased unless stated chassis)

470C 6f7)i9 volt 300 MA (includes M Iti-Adaptor for
Tape Recorders, etc.) £2.25 Post 20p

Car Lighter Voltage Adaptors 300mA (State voltage
6v, 75v, 9v) £1-95 ea. past 25p

SC202 3/6)7V9 volt 400mA

HC244R Stabilised version

P500 9 volt 500mA

P11 24 volt 500mA (chassis)
P15 28128 volt 1 amp (chassis)

P1080 120 1 amp (chassis)

P1081 45v 09 amp (chassis)

P12 45-12 volt 04-1 amp

SE101A 3/6/9112 volt 1 amp (Stab.)

RPI64 6/7V9/12 1 amp (Stab.)

£4.25 carr. 30p

£5.50carr. 300
£3.20 post 20p
£2.90 post 20p
£2.90 post 20P
£4.70 past 2Cp
£7.80 post 20p
£7.15 post 30p

£12.75 post 25p
£13.45 post 30p

SPECIAL PURCHASES

UHF TV
TUNERS
CHANNELS
21 TO 64
Brand new transistorise°
geared tuners for 525
Line Receiver 1F output.
£2.50 Post 20p

GARRARD BATTERY
TAPE DECK
GARRARD 2 speed 9

volt tape decks. Fitted
record/play and oscine-
torfErase heads. Wind
and rewind controls.
Takes up to 1" spools.
Brand new complete
with head circuits.
£9,50 carr, 30P.

LOW COST HI-FI SPEAKERS
SPECIAL OFFERS
EMI 13" x 8" - full range speakers (post 20p
each or 30p pair)
 1 50TC - 8 ohms Twin Cone 10 watt £2.20
each or £4.00 pair.
'450 10 watt Go Twin Tweeters 3. 8 or 15
ohms £3.85.
EW 15 watt 8 ohms C/o Tweeter £5.25 each
or £7.40 pair.
35020 watt C/o Tweeters 8 or 15 ohms £7.80.
'Polished wood cabinet £4-80 post 35p.

SPEAKER KITS (cart. etc. 35p)
20-2 8" 30 watt
20-3 8' 40 watt
LINTON 2 20 watt
GLENDALE 3 30 watt
DOVEDALE 3 50 watt
KEF KK2
KEF KK3

£24.50 pair
£35.95 pair
£18.30 pair
£32.95 pair
£51.50 pair
£55.00 pair
£78.00 pair

TEST EQUIPMENT
MULTIMETERS
(carr. etc. 30p)

ITI-2 20K,Volt Slimline £5-95.
M210 (Case £1.251 20KNolt
Slimline £875. TLH33D 2KNott
Robust £7.50. AF105 (Case
E1.90) 50KNolt £12.50. U4313
20K/Volt AC currant. Steel case
£10.50. U4341 Plus Built in tran-
sistor tester £10.50. Model 500
30KNolt £11.75.

OTHER EQUIPMENT
SE 2506 Pocket Signal Injector
£2.25 carr. 15p. TE1 5 Grid Dip
meter 440kHz-280mHz £16.50
cam. 30p. TE40 AC Millivoltrneter
1.2mHz £19.75 carr. 350. 7E65-
20 Range valve voltmeter £22.50
car, '40p. TE2OD 1 20kHz-
50OrnHz RF Generator £1895
can. 40o. TE22D 209Z-200kHz
Audio Generator £19.98 cart. 40p.
SE350A Deluxe Signal Tracer
£12-95 car, 200 SE400 Volts,
ohms/R-C sub./RE field/RF gen.
£15.50 carr. 20p.

FIBRE OPTICS
0.01 Diam. Mono Filament £5.50 per 100 metre reel
0.13 Diam. 64 Fibres Sheathed £1.00 per metre
SPRAYS 1 5mrn Diam. Mares Tails £10.50

All types offered subject to availability. Prices correct at
time of proof. Subject to change without notice. E.

0. E. 1096 VAT to be added to all orders. Export supplied.

TOP QUALITY
SLIDER CONTROLS
00mm stroke high quellw controls
complete with knobs local. etc.

Sp any Quantity).

trel,*!Ol7. '2101;t7 g'Cri."";"424:
45p each_

?Or 61 Cii-C7. u 1111 68poe. 22ct'i..
lauentty discounts aveRsole.) 'eons -
plate with knobs

MARRIOT TAPE
HEADS
1 TRACK MONO or 2 TRACK
STFREO. '17' High Impedance
E2.50. '18 Medium Impedance
£3.50. Medium impedance
£5.00. R730173 2 track mono
Recerritrate low inn, 750 Pair.
Erase Heads for '17' and '18' and
'36' £1.00. '63' 2 track mono, Hi
iTn .1. £1.75. "43' Erase .e.for
:o3;ZST. most. etc., 15o any

SUPER TESTER 680R -
The complete testing system

Volts AC- 11 ranges from 20 to 2600V
Volts DC= 13 ranges from I COmV to 2KV
Amp DC = 12 ranges from 5004 to 10A
At, 4C - 10 ranges from 2001AA to SA
Ohms = 6 ranges from one tenth of Ohm
to tOOMO
Reactance = 1 range fr0rn o to 10M0
Capacity -6 ranges from 0 ro 5000F
and from 0 to 0.5,F and from 0 to
50.000pF
Frequency = 2 ranges from 0 to 50050
and from 0 to 5000Hz
Output voltage 9 ranges 10v to 2500V
Decibels 10 ranges from -24 10 71148

price
£18.50

Accessories
Transistor tester £11.00
Electronic ydtmeter (19.00
Ampslarnp 11.96
ternoerat,re probe C11.96
Guess meter C11.96
Signal Injector E S. OS

Phase Sequence C6.95
EHT Probe £6.136

Shores
25/50/1coa r £4.50 each

Henry's LIMITED
EDGWARE ROAD, LONDON W2

404-406 Electronic Components and Equipment 01-402 8381
309 PA - Disco Lighting High Power Sound 01-723 6963
303 Bargains Store (Callers only)
Home and Cat Entertainment Centres London and branches now open
120 Shaftesbury Avenue. London W1 01-437 9692
144 Burnt Oak Broadway. Burnt Oak. Edgware 01-952 7402
190-194 Station Road. Harrow. Middlesex 01-663 7788/9
354-356 Edgware Road. London W2 01-402 5854/4736

All mail to
303 Edgware Road,
London W2 1BW
All stores open 9 am to
6 pm six days a week

- Tape Equipment
Discount Stock List
Free at all stores
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MUSIC
IN THiS issue we describe the output
module which contains the equalizer,
reverberation and output amplifiers as
well as the joystick control buffers and

.

an exponential converter.

CONSTRUCTION
The same procedure should be

followed as previously described for
other modules. Assemble the printed
circuit board in accordance with the
component overlay, Fig. 2., taking
care with the orientation of polarized
components. Wire the potentiometers
and switches in accordance with Fig. 3.

CALIBRATION
The exponential converter is the only

section of the circuitry that requires
calibration. This should be carried out
by applying 0 V to the input and
adjusting RV 1 5 to obtain 0.156 V,
and then by applying 5 volts to the
input and adjusting RV14 to obtain 5
volts output. The 0 V input should
then be rechecked and the
input/output relationship detailed in
Table 1 should then exist. This
characteristic ensures that a 1 volt
change in input voltage will produce
an output that, when applied to an
oscillator or filter, will change its
frequency by one octave. Thus a 5 volt
input range provides a five octave
frequency range.

The control range may be extended
by reducing the 0.15V volt output at 0
volt input (R26 may need to be

increased to obtain required range)
however the 1 volt/octave relationship
will no longer apply.

HOW IT WORKS

OUTPUT MODULE

40'

This section can be broken into
sections as follows.

INPUT BUFFER
EQUALIZER
REVERBERATION

0 OUTPUT AMPLIFIER
HEAD PHONE AMPLIFIER
JOYSTICK BUFFERS

E EXPONENTLAL CONVERTER
The input buffer (IC1) has a 200

0

Z:

(x)
-s

E

kft input impedance and gives an
attenuation of 6 dB eh). The
attenuation is required to prevent
clipping in the equalizer output stage.

-
o

The output from the buffer is
directly coupled to the input of the
equalizer stage. This stage is a little
unusual, since the equalizing
networks are arranged to vary the
negative feedback. If we consider one
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section with the others disconnected,
at the resonant frequency of the
series LCR combination the
impedance of the entire network will
be equal to 680 ohms. Either side of
resonance the impedance of the
network will increase (with a slope
dependent on the Q of the network),
due to uncancelled inductive
reactance above resonance and
uncancelled capacitive reactance be-
low resonance. We can therefore
represent the equalizer stage with
equivalent circuits as reproduced
below. These circuits consider only
one network is in circuit, the input
signal frequency is the resonant
frequency of the network, and the
resistance of the inductor is
negligible.

With the slider of the potentiometer
at the top end (Fig. A) we have 680
ohms to the zero volt line from pin 2
of 1C2, and a I k ohm between pin 3
and pin 2. The IC will act due to the
feedback to keep the potential
between pins 2 and 3 virtually zero,
thus there is zero current through
RV1. The voltage on pin 3 (IC2) is
therefore equal to the output of the
mixer since there is virtually no
current through and no voltage drop
across R3.
The output of IC2 in this case is

approximately the input signal times
(R6 + 680)1680 ohms, indicating a
gain of about 15 dB. If the slider is at
the other end of the potentiometer
(Fig. B) the signal appearing at pin 3
and thus also at pin 2 is about 0.2 of
the output of the previous stage due
to the voltage division of R3 and the
6802. There is still zero current
through RVI and also zero current
through R6 since there is no path.
Tice output voltage is therefore the
same as that at pin 2, which happens
to be about 0.2 times the ouput of
the previous stage. The gain is
therefore 0.2 - or -13 dB.

With all networks in circuit, the
maximum boost and cut will be
reduced, but a range of ± 10 dB is
still avaiiable. With the wiper of the
potentiometers set midway - Fig. C,
the gain will be unity regardless of
frequency, due to the symmetry of
the entire network.

The Nualizer output is attenuated
by about 20 dB (OA) and fed into
the reverb driver IC3. The reverb is
connected in the feedback of the IC
in such a way that the drive is a
constant current and nova constant
voltage. This drive method provides a
more uniform frequency response.
Note that both sides of the input
drive coil must be isolated from

earth. This is achieved by removing
the existing RCA socket and
replacing it with an insulated socket
making sure that it is completely
isolated front the frame.

The output of the reverb unit is a
very low amplitude signal which is
amplified by 1C4. The output of IC4
and the output of the equalizer (1C2)
both go to RV6 which selects the
percentage of each required.

The final amplifier, IC5, amplifies
the output of RV6 and applies it to
RV8 which adjusts the output level
to the main amplifier. The output of
IC5 also goes to the headphone
amplifier 106 (LM380). This IC will
supply up to 1.5 watts into either
headphones or a small loudspeaker.

The joystick simply supplies two
voltages which vary between 0 and
+5 V. The horizontal axis has both
ends of the control potentiometer
adjustable between 0 V and +5 V so
that the range can be reduced or even
reversed. Buffer amplifiers 1C7 and
IC8 prevent loading of the control
potentiometers.

The exponential converter consists
of IC9, Q1, Q2 and ICIO. The input
signal is inverted and attenuated by
109. Potentiometer RVI4 adjusts the
gain and RV15 provides the required
offset. The exponential relationship
between the base -emitter voltage and
eollector current of a transistor (QI)
is used to pro -vide the required law.
Transistor Q2 provides temperature
compensatien. Note that Q1 and Q2
must be glued together to provide ---
intimate thermal contact (see
photograph). The colleMor current of'
Q1 is converted into a proportional'_'
voltage thus providing the
input/output relationship detailed in
Table I.

Equivalent circuit of the equalizer
with poientfornezer set Mr maximum
booSt cesqnant frequency of the

Fig. B. Equivalent circuit of the equalizer
with the potentiometer set for maximum
cut at the resonant frequency of the
network.

Fig. C. Equivalent circuit of the equalizer
with the potentiometer set for unity
gain regardless of frequency.

The output module.
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PARTS LIST

OUTPUT STAGE

R22, Resistor 4.7
R13 100
R4,5,7,8,11 680
R10,20,30 1.2k

R14
R3,6,23
R 24,27,32
R9

2.7k
3.3k
3.3k
10k

1/4W 5%

PP

rr

R12,16 12k ,,,

R21,28,29 " 22k ,,

R18,31 11 47k
R26 ,, 68k rP Pr

R1,2- .,, 100k ,,

R25 150k
R17,19 ,, 220k ,,

R15 Pt 470k .,

R V1-5 Potentiometer lk lin rotary
R V6 20k dualrot l

rotary
R V8,9 10k log rotary
R V10,11 10k lin rotary
R V12,13 special 100k

joystick
R V14 47k trim
R V15 22k trim
C2,3,9 Capacitor 33F Ceramic
C10,13,18 " 33F
C19,20,22 33F "
C11
C21

022.001LIFF
Polyester

C8 0.022L1F "
C7 0.047/.1F Pt

C1,16 0.1i1F
C6 0.221.1F PO

C5 1AF 35V PC
electrolytic

C15 ,, 4.71.1F25V "
C4, " 6.81.1.F20V "

,,C12,23,24 20V "
C14 ,, 4711F 20V "
C17 ,, 4701.1F1OV "

1C1-5 Integrated
circuit LM301A miniclip

IC7-10 77 LM301A "
IC6 tr LM380 14 pin DIL
Q1 Transistor PN3643
Q2 Tr PN3638

LI Choke 1H
L2 0.35H
L3 100mH
L4 40mH
L5 lOmH

Reverb spring unit - see note on next page.
Metal bracket to Fig
SW1 toggle switch SPST
6.5 mm phone socket.

TABLE 1. CALIBRATION
EXPONENTIAL CONVERTER

INPUT OUTPUT
OV 0.15625V
1V 0.3125V
2V 0.625V
3V 1.25V
4V 2.5V
5V 5V

**

6V 10V

* adjust R V15 with OV input to obtain 0.156V output.
** adjust R V14 with 5V input to obtain 5V output
(note that these adjustments must be done in the above sequence).

TABLE 2. WINDING DATA
EQUALIZER CHOKES

L1 1000 turns, 38 s.w.g.
Ferrite Core Mullard LA4543
Former Mullard DT2534
Clip (2 required) Mullard DT2406

L2 585 turns, 36 s.w.g.
Core, former and clips as L1

L3 460 turns, 38 s.w.g.
Ferrite Core Mullard LA4345
Former Mullard DT2470
Clip (2 required) Mullard DT2396

L4 300 turns, 38 s.w.g.
Core, former and clips as L3

L5 150 turns, 36 s.w.g.
Core, former and clips.

The Mullard cores, formers and clips mentioned above
are all available from Maplin Supplies.

ERRATA
Music Synthesizer. June 1974. Parts List - Voltage Controlled Filter. 7th
line should read R12, 13, 16 not R7, 8, 14 as shown.

Fig.2. Component overlay for the output module.
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The Joystick potentiometer. There are
currently problems in the supply of the
component used in the prototype. A suitable
alternative will shortly be available from
Maplin Supplies.

Fig..?. Wiring to output module
potentiometers.

ALL DIMENSIONS ARE
IN MILLIMETRES

MATERIAL 18 GAUGE
ALUMINIUM OR STEEL

0 9 HOLES 9.6 rr.r1 CIA

(2, I MOLE 6.4 mm DIA

eb 2 HOLES 4 rnrn DIA.

Fig.4. Drilling details of output
module sub -panel.

120

Interior of a typical spring line reverb unit. If one with an input impedance of over 2002
is used, no circuit mods are necessary. However the more common, low impedance types
which Map/in are supplying require a preamplifier to drive the unit. This company is
supplying a modification circuit which is allowed for on the PCBs that they supply.

103
85

Next month we plan to publish
a complete set of full-sized p.c.
board patterns for those who
wish to make their own boards.

These patterns will vary
slightly from those being supp-
lied by Maplin who have mod-
ified the boards to suit the
specific components that they
supply.

The exponential converter transistors Q1
and 02 farrowed) are glued together to
ensure thermal balance.
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ELECTRONICS PAR1fi

-it's easy!
We will now take a look at the forms

of signals that can be used to convey
information - leaving the actual
circuits used until late in the course
when we have developed some mastery
of the workings of components and
sub -systems.

TWO CLASSES OF SIGNAL -
DIGITAL AND ANALOGUE

Take a look at Fig. 1. The
person operating the key -switch at the
transmitting end can cause the device
at the receiving end to operate, thus
conveying something to the other
person. What he has done, in effect, is
to set a current flowing, the magnitude
of which is decided by the voltage of
the battery supply and the resistance
of the indicating device. (The
resistance of the cable is assumed to be
negligible here, but in practice it must
be considered, especially when
distances run to many kilometres).

But as shown in Fig. 1, no matter
how the switch is closed, it can only
provide an ON or OFF action. If the
sender repetitively opened and closed
the key the current amplitude/time
graph would look like that shown in
Fig. 2. Note there can be no currents
in the circuit between the on and off
values.

As this kind of signal has only certain
discrete values we call it a DIGITAL
signal, this word originating from the
Latin word for 'finger'. The type of
electronic circuit that generates these
signals is known as a SWITCHING
circuit.

It is convenient here to point out
why apparently wasteful resistance is
actually so useful in electronics. In the
example of Fig. 1, the resistance of the
bell or light converts the flowing
energy into a useful signalling effect.

VOLTAGE
INDICATED

Ov
cc

R

SENDER

10V SUPPLY

SENDING END TRANSMISSION
MEDIUM

RECEIVER

BELL OR
LIGHT
10052

RECEIVING END

Fig. 1. A simple d.c. signalling circuit using on -off control.

I. CURRENT
FLOW WHEN
KEY CLOSED

100 nsA

KEY
OPEN

TIME

Fig. 2. Amplitude -time graph of current in
a switching circuit.

Withou.t resistance there could be no
signal generated at the receiving end.
Too little resistance in the device
would lead to an enormous current
flowing uniformly in the wires; too
high a resistance in the device would
not provide enough energy to produce
the desired indication.

Consider now what happens if we
remove the key, replacing it with a
variable resistor, as is shown in Fig. 3.
Further, at the receiving end we put an
indicating volt -meter instead of the
bell or light. As the sender varies the
resistance in the circuit, the current
also varies in accordance with Ohms

RESISTOR TOWARD 0''

MEAN
0.c. LEVEL

RESISTOR TOWARD cc

0
Fig. 4. Circuits with continuously varying current levels are called analogue circuits.
(a) A linear ramp 01 A sinewave.

T

--01AAr-C
"

10v

SENDING I I RECEIVING

Fig. 3. A simple d.c. signalling circuit using
variable current control.

Law. When the variable resistor is set
maximum value, (infinity in,. cur
example), no current flows, and so the
meter registers zero volts. As the
resistance is reduced by the sender the
current increases, and the meter
reading increases accordingly. Finally,
at minimum resistance, current reaches
the level at which the meter pointer
reads full-scale.

Thus the signal varies smoothly,
without any evidence of the rapid
transitions that we saw in the
switching circuit (unless the sender
produces them by very fast changes of
the resistance). This form of signal is

0

SIGNAL
AMPLITUDE

1-1 1-1

DOT DOT DOT DASH

DIT DIT DII DAR

MORSE CODE FOR "V"
Ca space IS one dot long. dash is three dons long/

Fig. 5. Amplitude -time graph of Morse code
letter V as produced by keying a d.c. circuit.
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called an ANALOGUE signal.
It is not possible to uniquely define

how this signal would look as time
varies (as we did for the switching
case), for this depends entirely on the
sender. If, for example, the resistor is
varied uniformly from maximum to
zero a ramp signal is produced as
shown in Fig. 4a. It can also be seen
that a sinewave can be generated (Fig.
4b) if the resistor is first set to give
half -voltage and is then moved back
and forth with the appropriate
time -resistance relationship. The
analogue circuit can be used to
produce switching action by very rapid
movement, but a digital circuit cannot
be used to obtain analogue behaviour
(at least not without additional
additional circuits - as we will see later
in the course.)

The resistance of the circuit plays a
vital part in the production of the
analogue signals, especially when the
value can be made to vary by some
means or other. We will see later that
the well-known transistor is really
little more than a variable resistor - in
which the current passing through it is
controlled by another current fed to it
in another terminal - much in the
same fashion as a policeman
controlling traffic flow at an

intersection in a one-way street.
The next point to consider is how

the two forms of signal (digital and
analogue) convey information.

INFORMATION IN
DIGITAL SIGNALS

Digital signals can only exist at
discrete set levels ... a desk calendar
for instance is essentially a digital
device. It either is Feb 17th - or it
isn't. It shows no intermediate stages,
such as Feb 17.75th!

By contrast, a conventional watch or
clock is an analogue device, in that the
passage of time is indicated as a

smooth progression of the hands
around a dial.
The most basic electronic device for

generating a digital signal is a switch. It
is either ON or OFF, there are two,
and only two, possible states.

There are many other devices and
circuits (described later) which have
only two unique states, and these are
known collectively as Binary (meaning
two state) devices.

These binary devices form the basis
of digital electronics, the digital
computer being the most outstanding
example, where many thousands or
even millions of binary devices are
used in combination to perform
amazing tasks.

Let us examine how information
may be transmitted with a keyed
(switched) system such as shown in
Fig. 1. Here the light is either ON or

OFF. This means that the sender can
only signal one piece (we call it a bit)
of information at a time ... Come
when the light goes on, etc., the only
information that is actually
transmitted is that the key is closed.
That is, we must assign a meaning to
this bit of information.

We can however, send the same signal
two or more times in sequence and
assign meanings to the individual
sequences. We can also make our key
closures of varying duration.

The first man to construct such an
arbitrary code was Samuel Morse in
1837. His code was constructed of
agreed sequences of short and long
dashes to represent each letter of the
alphabet. For example the letter V is
represented by dot, dot, dot, dash; its
amplitude time graph is illustrated in
Fig. 5.

Thus by sending series of such groups
we can build up words and hence
complete messages in any spoken
language. (In computing jargon, each
such group of bits is called a 'word'
even though it may not correspond to
any spoken word.)

The Morse code is only one of many
possible codes that can be used to
transmit information. Many other
communication codes are in use, each
having unique characteristics most
suitable to a particular purpose.
Typical examples are the Baudot,
ASCII, Selectric and Hollerith codes -
to quote just a few in general use.

These codes differ from Morse in
that they use groups of pulses (all
having the same length) and are based
on variations of a fundamental
counting system known as the Binary
code which we shall now examine.

We normally do all our mathematics
(adding, multiplying etc) in a system
based on the number 10. For example
the number 1285 equals: -

1 x 103 = 1000
+ 2 x 102 = 200
+ 8 x 101 = 80
+ 5 x 10° = 5

= 1285

We don't have to count by tens, we
can count by two's, eight's, twelve's or
any other base number we wish.

Let us now consider how a system
with base 2, (a binary system) works.

If we have one switch it has only two
possible states - but what happens if
we have a second switch? If we let '0'
equal switch position OFF, and '1' as
switch position ON we can construct a
table of the possible combinations as
in Table 1.
From this we can see that adding a

second switch gives us four possible
combinations (22). Taking this still
further, three switches gives us 23 =
eight combinations, four switches 24 =

TABLE 1.
4 3 2 1

SW1 0 0

only 1 1

SW1 + 1 0 2

SW2 1 1 3

SW1 + SW2 1 0 0 4

+SW3 1 0 1 5
1 1 0 6
1 1 1 7

SW1 + SW2 1 0 0 0 8

+ SW3 +SW4 1 0 0 1 9
1 0 1 0 10
1 0 1 1 11

1 1 0 0 12
1 1 0 1 13
1 1 1 0 14
1 1 1 1 15

16 combinations etc. Thus if we were
to use six switches a total of 26 = 128
;bmbinations would be possible. We
.;an thus use a group of six bits in a
pinery code sequence to represent the
numbers 0 to 9, all the letters of the
alphabet (in both capitals and lower
case) plus a number of punctuation
marks and other symbols or
commands we may wish to transmit.
The length of the code word is thus

fixed and the sequential groups of bits
(words) are separated by a longer than
normal space.
The main differences between the

various codes are merely the number
of bits in the 'word' and the way in
which meanings are assigned to the
word.

At first sight these binary codes seem
to be a dreadfully slow way to
transmit information. But remember
electronic switches can open and close
millions of times a second, so, in
practice, we can send information
enormously faster using serial binary
codes than can a morse code operator.

Further since all the binary bits are:
the same length and there is the same
number in each we can send each word
in parallel.

For example, referring to our table,
the figure 8 could be sent on four lines
by putting a 'one' on line 4 and
'zeroes' on lines 1, 2 and 3. Thus in
this case the transmission rate would
be four times faster again. However
the use of parallel transmission is

impractical (due to the number of
lines required) except over short
distances, eg, within a computer.

INFORMATION IN
ANALOGUE SYSTEMS

Unlike digital signals, that can exist
only at discrete levels, the analogue
signals can exist at any level between
zero and the maximum available.

In theory every minutely different
level can be used to represent a

specific bit of information, thereby
giving us unlimited code capacity at
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each instant of time. Practice,
however, limits the separation between
levels that we can reliably detect
because Noise (the name given to
unwanted disturbing signals) can add
or subtract from the signal at each
defined level leading us to wrongly
interpret the true intended meaning.

In reality then, there is a limited
signalling capability in any analogue
signal and the capability depends on
the level of unwanted signal entering
the system. The noisy signal obtained
from a temperature measuring
thermometer (Fig. 7), illustrates this.

SIGNAL
AMPLITUDE

PULSES OF EQUAL SIZE -
MFORMATMN IS IN THE IR
EXISTANCE OR NOT.

! 2

n.72

0  a - 11

Fig. 6. Sending the number 11 in binary code
(digital form of signal).

It tells us how the temperature varied
with time but only to a precision
limited by the width of the noise
superimposed on the record. Within
the width of this noise band we cannot
say with certainty what the
temperature was doing. It may have
varied along the mean centre line, it
may have varied from the upper to the
lower limit or any other way you care
to propose. We have no way of
knowing what happens when noise
swamps the signal.

MODULATION
We saw in Figs. 3 and 4 how the

current in the circuit was varied in
accordance with the wishes of the
operator: (The wiper contact of the
resistor was moved with time to
accomplish this.) In the parlance of
electronics this process is called
modulation; the direct current was
modulated to produce ac waveforms.
The Morse and the binary code are
transmitted by modulating a basic dc
current.

Looking at the temperature record in
Fig. 7 it can be seen that the original
signal is modulated by the noise to
produce frequencies that probably did
not exist in the true temperature
signal. Although detrimental in that
instance, this process of adding
frequencies to others can be used
gainfully to transmit information.

If we start with a continuously
generated ac signal (instead of the de
case mentioned above) we can
modulate the ac waveform in a similar
manner by varying its amplitude or its
frequency. Let us look at these
modulation methods in a little more
detail.

Amplitude modulation ... this is the
name given to the process in which the
instantaneous amplitude of a constant
frequency wavetrain is varied usually
in order to convey information. This is
shown in Fig. 8.

The original signal is called the
CARRIER for it carries the signal

TEMP
SIGNAL MODULATED
BY NOISE

CLEAN
! SIGNAL

TIME

0

Fig. 7. Resolution of the signal in an analogue
circuit is limited by the unwanted noise
present with the signal.

information. Amplitude modulation is
used extensively in radio transmission,
especially the normal broadcasts we
are now so familiar with. It is a simple 0
matter to send Morse code over a

carrier - the carrier is simply switched
on and off to produce short bursts
several cycles long. The principle is,

however, not confined to radio but
finds uses in many other fields of
electronics. It is often abbreviated to
'AM'.

Frequency modulation ... in this
type of modulation the amplitude is
held constant, and the instantaneous
frequency varied instead. The carrier is
the same as that for AM to begin with,
but after modulation the combined
signal has the appearance shown in
Fig. 9. (This modulating form is

usually known as FM). It is less prone

to noise problems than AM but is

more expensive to implement, so its
use is more restricted than AM
systems. No doubt you have heard of
FM radio ... the broadcasting system
that uses frequency modulation to
transmit the sound signals.

WHY MODULATE AN
AC CARRIER?

By now you could well be wondering
why we go to all this trouble to
modulate an ac signal - it needs a
special generator to produce the
carrier in the first place and special
circuits to recover the signal when
received.
Why not use a simple

battery -powered dc signal and just
vary it with a switch or variable
resistor?

To answer this question let us

consider the problem of transmitting
speech over long distances. As we
speak we create pressure waves in the
air which another person, reasonably
close to us, can detect by means of his
pressure sensitive ears - but the
distance over which this acoustic
communication can take place is

strictly limited. How can we transmit a

UNMODU LAT ED MODULATED MODU L A -
CARRIER CARRIER SIGNAL

Fig. 8. In amplitude modulation, the
amplitude of the a.c. carrier signal is varied,
the frequency remaining the same.

0

0 0 CU
UNMODUEATrO &MOUE AT ED MOU 11,
CARRIER . CARRIER SIGNAL

Fig. 9. In frequency modulation, the
amplitude of the carrier is held constant, the
information signal being used to vary the
instantaneous frequency.

spoken message halfway round the
world - or even to the moon?

Of course you know that the means
is radio; in a radio transmission we
modulate a carrier frequency by the
amplitude and frequency of the voice.
But how does this technique increase
transmission distance? The answer lies
in the nature of electromagnetic
waves.
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ELECTROMAGNETIC.
WAVES

In a preceding section we told you
that when a current flows through a
wire there is also an associated
magnetic field. In addition where we
have two conditions, or charged
bodies, insulated from each other and
at different potentials, there is an
electric field between them.
Thus we can have a magnetic field

without an associated electric field and
correspondingly an electric field
without a magnetic field. However if
the fields are changing it is impossible
for either type to exist separately.

A changing electric -field will produce
a magnetic field, and a changing
magnetic field will produce an electric
field.

This electro-magnetic disturbance, in
a similar manner to the ripples caused
by a stone thrown into a pond,
propogates in all directions.

The remarkable thing about an
electromagnetic disturbance is that it
propogates at the speed of light and it
does not require air, or any other
medium, for its propagation.

Hence its ability to travel through
the vacuum of free space.

As no-one wants to listen to
everything that is broadcast, different
carrier frequencies are used for
different transmission applications.

The carrier frequencies used depend
on the specific application, eg, radio,
television, amateur radio, radar etc. All
use frequencies, appropriate to the
type of modulation, in bands allocated
by international agreement. Thus AM
radio commercial stations use carriers
within the range 550 kHz to 1.5 MHz
whilst radar may use frequencies in the
1 to 10 GHz region.

In fact communication systems have
used electromagnetic radiation with
frequencies from 10 kHz for VLF
(very low frequency communications
with submarines) to light wave
frequencies (by using lasers) in the 100
Terahertz region.

Do not confuse low frequency
electromagnetic radiation (eg 20 kHz)
with audio at the same frequency.
They are entirely different
phenomena. Audio needs a medium
such as air and propogates in air at
around 334 metres per second. Also
note that the speed varies, with the
medium. By contrast electromagnetic
radiation at 20 kHz propogates at 300
x 106 metres per second and does not
require a transmission medium.

At the receiving end, special circuitry
is used to then recover the modulation
impressed upon it.

MULTIPLEXING
Assume that we wished to send four

telephone communications over a wire

ELECTRONICS -it's easy!
CONSIDER EACH CHANNEL
NEEDS ICHT-1 KHz BANDWIDTH

TRANSMISSION LINE CARRIES
ALL SIGNALS IN BANDWIDTH

113/O-ABH1

MOOD LA In HS

El Tens PASS ONLY BANDWIDTH
NEEDED IN EACH CHANNEL

H
1CM7
PASSED

PASSED

--37:=-
v.

SUBTRACT 2AH,

. SDECTRACT SKIM

DEMODLILATO RS

Fig. 10. Frequency multiplexing enables communication channels to be stacked up across
the frequency spectrum without interaction between each.

at the same time. The first channel, as
shown in Fig. 10, could be sent direct,
If we attempted to add the others to
the same line the result would be like a
party line .. if they all spoke together
it could become unintelligible and
certainly not private. This is overcome
by adding the second voice signal to a
carrier frequency just higher than any
frequency in the first voice channel.
This is done by modulation. The other
lines are also modified this way placing
each voice channel up at a higher
frequency than the channel below.
Hence the jargon, stacking the
channels, for they are being placed
across the frequency spectrum, side by
side or on top of each other -
however you like to visualize it.

For reasonable intelligibility it is

necessary to transmit the frequency
components of human speech lying,
approximately, between 300 Hz and
3300 Hz, i.e. a range of 3000 Hz. This
is known as the required
BANDWIDTH.

MODULATING SIGNAL

PAM IM

PWM WI

PPM MI

Fig. 11. Modulation of pulse carriers.
(a) Pulse amplitude modulation PAM.
(b) Pulse width modulation PWM.
(c) Pulse position or pulse time modulation
PPM or PTM.

Thus the signal in the
interconnecting telephone lines may
contain frequencies ranging from the
lowest in the first (unmodulated)
channel, to the highest in the
(modulated) fourth channel. Each
channel - as we have seen - requires a
bandwidth of approximately 3000 Hz,
(and it is desirable to separate channels
to some extent to prevent overlapping)
so that four voice channels will require
a total bandwidth of 12 000 Hz (plus
channel separation).

In normal telephone line systems
however, the number of channels
which can be so multiplexed is strictly
limited as the total bandwidth that can
be handled by a conventional
telephone line is seldom much more
than about 12 kHz. (Special cables
however can handle thousands of
channels multiplexed this way).

Having so multiplexed our separate
conversations onto  one line, it is

obviously necessary to separate them
at the other end. That is to
demultiplex them. This is done by
using the special electronic circuits
known as filters to select the narrow
band of frequencies that constituted
each individual carrier. Each channel
must then have the modulation
recovered from the carrier. This
process of demodulation is done for
each channel and the recovered audio
then fed to the individual telephone
subscribers.

Frequency multiplexing is certainly a
complicated process for sending
information. But it is far less expensive
to transmit many information
channels this way than it is to keep
adding new lines to a global
communications system, especially if
the lines convey television, or if they
run under the sea.

As the electromagnetic frequency
spectrum is usable up to at least 10 14
Hz it will be appreciated that an

enormous number of communication
channels may be used.

The total frequency spectrum cannot
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be crammed into any one line of
course, but hundreds of channels can
be multiplexed onto a microwave link.
In the future, laser communication
systems may allow thousands of TV
channels to be transmitted over a

single beam of light.

MODULATION IN
DIGITAL SYSTEMS
The principle of modulation is not

restricted to analogue signal
transmission systems, but can also be
applied to digital communication links
- those that use on -off signals. Again
there exist a number of ways by which
a basic digital wave -train can be
modified to represent signal data that
comes in original analogue form.

In our discussion of the transmission
of digital codes we saw how a train of
pulses could be used to represent all
the characters needed for the
transmission of messages. In that case,
see Fig. 6, the presence, or not, of
pulses at certain times indicates the
meaning assigned to each data word. It
can be seen that the continuously
transmitted signal would look like a
square -wave train that has pulses
missing now and then. This is in fact
how signals are sent around inside a
digital computer ... a square -wave
train is generated continuously with a
generator (called the clock) and the
instruction circuits (called logic)
decide which pulses are to be there
and which are not, depending upon
the code value to be sent.

As said before this method of coding
may be used for wire or radio
communications and in general is

known as Pulse Code Modulation -
PCM.

Note that the pulses are not always
there and each pulse does not carry
complete instantaneous information:
It takes the addition of several pulse
positions to build up the 'word'.
Consider now, the case where pulses
are continually generated, as before,
but where we actually alter some
characteristic of each pulse, in a way
that is proportional to the analogue
input -signal to be sent on the data
link.

Pulse amplitude modulation (PAM) is
one method ... in this case a

square -wave signal has its
instantaneous amplitude (of each
pulse) varied in accordance with the
amplitude of the analogue input signal,
as is shown in Fig. 11a.

Pulse width modulation (PWM) is
another method ... the width of each
pulse is varied, the height being held
constant and the frequency remaining
the same, as is illustrated in Fig. 11b.

Pulse position modulation (PPM) ...
also called pulse time modulation
(PTM) ... the remaining available
variable is modulated in this. Pulses are
identical in height and width but their
position is varied within each carrier
pulse period. The frequency remains
the same, as is shown in Fig. 11c.

The advantage of using pulses to
modulate the carrier is mainly that the
pulses can be restored (with digital
circuits) to their original form as the
communication link progresses (in
what are called repeaters) thus
retaining the quality of the original

signal throughout the transmission.
This means less errors are sent for in
electronic hardware it is possible to
maintain timing accuracy far more
easily than amplitude accuracy.
Digital modulation methods are used

extensively for data transmission in
scientific experiments and equipment.
Digital modulation may also be used in
normal voice communications by con-
verting the analogue voice and signals
into digital form.

Cost, and the extent to which
external unwanted noise is able to
upset the system usually decides which
method is to be preferred for both
analogue and digital systems can
convey information. Another factor
that may influence the decision is the
form of the data when derived, or the
form needed on receipt. If already in
digital form direct transmission of
binary code probably would be
preferred to converting it to an
analogue equivalent and then back
again at the receiving end. (Systems
sending data derived from sensors are
generally called TELEMETRY
systems).

This has been a systems introduction
to the transmission of data. To
understand the design of the black
boxes we will need to study many
circuits before the operation of the
many methods is to be fully
comprehended. It has, however, added
another significant chapter to the
understanding of electronics at the
systems level. The principles and terms
encountered here are constantly used
in electronics.

ELECTRONICS -in practice
THEORY in this issue nas been
concerned with information
transmission - so here are two quite
different exercises that will illustrate
the concepts.

The first is for those who wish to use
the Morse Code, perhaps because they
ultimately wish to become one of the
world-wide group of radio amateurs,
who spend their leisure time building
and using radio transmitters and
receivers for communication across the
globe. A working knowledge of the
code also enables you to listen in to
the many signals sent in the shortwave
band of the radio set.
The first thing that must be done is

to learn the dot -dash code sequences
used to represent each letter of the
alphabet. They are given in Fig. 12.
Also given are the accepted codes for
punctuation and procedure. When you
feel you ,know the code try yourself
out by listening to the signals found as
you scan the dial of a good short-wave

radio set. Don't be too discouraged at
first. It requires much practice to reach
the speeds used by trained operators.

Another, and probably better way,
to learn morse is to build yourself a
code practice rig such as that shown in
Fig. 14.
The relay coil (from the earlier

experiment on the L.D.R. and
resistors is wired in series with the
operator's sending key and also in
series with a normally closed contact
of the relay. When the key contact is
made, the relay closes, pulling the
contact open, thus opening the circuit
releasing the armature. This closes the
contact pulling the relay on ... and so
on. The process continuously produces
oscillations causing the relay to
become a buzzer.
When the relay oscillates in this

manner its electrical coil generates a
high ac voltage with each swing of the
armature. This voltage is sufficient to
produce a loud noise in an earpiece.

The 0.005µF capacitor smooths
away the harmful peaks of this
generated voltage, safeguarding the
earpiece. Components in the filter
section can be varied as you please to
obtain the sort of sound you desire.

The resistor placed in series with the
relay coil is provided to reduce the
supply voltage to a safe working level.
In this mode of use the relay can be
provided with a little more than its
normal voltage, for the coil is not
energised all of the time. Select the
resistor that gives the sound you like.

This circuit gives the ardent
enthusiast the chance to practice
without disturbing the peace of those
around (as would be the case if a

normal buzzer were used). If necessary
the relay can be put into a

sound -proof enclosure
MODULATION

With a working knowledge of dc and
ac circuits, signal waveforms, circuit
construction, a few basic components

60 ELECTRONICS TODAY INTERNATIONAL-JULY 1974



Fig. 12. Sound equivalents of the Morse
Code for letters, numbers, punctuation and
procedure signals.

A di-dah S dididit
B dah-di-di-dit T dah

U di-di-dah
D dah-di-dit V di-di-di-dah
E dit W di-dah-dah

di-di-dah-dit X dah-di-di-dah
G dah-dah-dit Y dah-di-dah-dah
H didididit Z dah-ciah-di-dit
I di-dit 1 di-dah-ciah-dah-dah
J di-dah-dah-dah 2 di-di-dah-ciah-dah
K dah-di-dah 3 di-di-di-dah-dah
L di-dah-di-dit 4 di-di-di-di-ciah
M dah-dah 5 di-di-di-di-dit
N dah-clit 6 dah-di-di-di-dit
0_ dah-dah-dah 7 dah-dah-di-di-dit
P di-dah-dah-dit 8 dah-dah-dah-di-dit
O dah-dah-di-dah 9 dah-dah-dah-dah-dit
R di-dah-dit 0 dah-dah-dah-dah-dah

pit L.11

Fig. 13. Morse code sent by radio, travels as bursts of carrier signal. Here is the
amplitude -time graph of the letter X.

This particular project will be in

several stages adding more on each
month.

SYSTEMS USING AM AND
FM TRANSMISSION

To send multiple channels of
analogue signal information (that is,

Punctuation

Frequently employed in Amateur Radio
Question Mark di -d i-dah-dah-d i-d it
Full Stop di-dah-di-dah-di-dah
Comma* dah-dah-di-di-dah-dah

*Often used to indicate exclamation mark.

Procedure Signals

stroke dah-di-di-dah-dit
Break sign (-) dah-di-di-di-dah
End of Message (+ or AR) di-dah-d i-dah-d it
End of Work (SK) di-di-di-dah-di-dah
Wait (AS) di-dah-di-di-dit
Preliminary call (CT) dah-d i-dah-d i-dah
Error di-di-di-di-di-di-di-dit
Invitation to transmit (K) dah-di-dah
KN dah-di-dah-dah-dit

One dah should be equal to three di's (dit's).
The space between parts of the same letter should
be equal to one di (dit).
The space between two letters should be equal to
three di (dit's).
The space between two words should be equal to
from five to seven di's (dies).

and proper use of the multimeter, it is
now quite realistic for us to tackle a
more ambitious experiment. This time,
then, the aim is to build an entire
system for sending signals by
amplitude modulation and, with a few
changes, by frequency modulation. In
building this system you will develop
expertise in mechanical construction,
use some new components, and at the
same time gain direct practical
experience with de and ac signals.

To some, the project may appear
formidable but, remember, even the
most complicated systems break down
into familiar sub -system black -boxes
which are each made up of basic
components in basic circuits.

SENDING END

cI.c_ SUPPLY

_NUL

a.c. CARRIER
GENERATOR

A M.
MODULATOR
IMPRESSING
SIGNAL ONTO
CARRIER

(the carrier). The amplitude of the
carrier is modulated, the basic
frequency remaining the same, before
being fed to the transmission line. This
set of input equipment is repeated for
each channel to be sent but with each
carrier different from the others. Only
one input is shown in detail. Upon

ELECTRONICS -in practice

E1V TO '12V
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issf2
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R (Choose to sun safe
operation of relay/
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GENERA f ED
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Fig. 14. A simple code practice circuit. The relay acts as a buzzer providing
high -voltage a.c. signals in the earpiece.

the continuously varying kind which
can have all values between certain
limits) over a common line we have
seen that we need to generate an ac
carrier signal and then modulate this in
some way adding the original signal
frequencies to the carrier. The
combined signal is then fed into the
common transmission line and sent to
the receiving terminal where the
modulated signal is demodulated in
order to recover the original data.

The system diagram, given in Fig. 15,
portrays this procedure for AM
working. A power supply provides dc
energy to a 'box' that Uses this power
to produce a steady dc signal having
constant amplitude and frequency:

nrifutr-
v

MIXING

11,

OTHER CHANNELS I
IF NEEDED

TRANSMISSION
LINE
COMMON TO
ALL CHANNELS

receipt at the receiving end the varying
amplitude of the carrier is used to
produce a dc voltage that is

proportional to the amplitude of the
input signal at the sending end.

The FM system looks somewhat
similar - see Fig. 16. The differences
are that the modulating input is now
derived by altering the frequency of
the carrier, leaving its amplitude
constant. Demodulation, in this case,
(methods vary considerably) is

achieved by deriving pulses of uniform
amplitude and width (constant energy,
therefore) and with one being
generated for each cycle of carrier
signal. These are smoothed by an
averaging circuit. The more pulses

RECEIVING END

A

ll

II FILTER SELECTING
CHANNEL NEEDED

(WHERE OTHERS
EXIST)

Fig. 15. Block schematic of pulse
amplitude modulated communication
link.

A.M.

DEMODULATOR
RESTORED
SIGNAL

ELECTRONICS TODAY INTERNATIONAL-JULY 1974 61



received in a given time the higher the
average signal level, hence a varying
frequency signal produces a varying
demodulated output. In this way the
dc output at the receiving end is

proportional to the dc input that is

modulating the carrier at the sending
end.

When we get to building the
complete FM stage (in the next part)
we will also add a dc channel to the
transmission wire to demonstrate how
both the light circuit (shown in Fig.
16) and the data circuit will operate
over the same line at the same time
without interfering with each other.
Thus we will clearly demonstrate the
concept of frequency multiplexing
wherein signal channels are 'stacked'.

This month we detail how to build
the generator and modulating devices.
In the next article in this series the rest
of the two systems will be described.
These have been designed to use the
components already specified in this
course plus a few inexpensive
additional parts which, in turn, will
find use again as the basis of other
circuits later on.

THE LOW -FREQUENCY AC
WAVEFORM GENERATOR

In normal transmission systems the
carrier frequency signal varies with
time at a rate faster than the eye can
follow - telephony over open wire
trunk lines, for example, operates at
kilohertz frequencies; telephony over
microwave iinks is at hundreds of
megahertz. Consequently if we
attempted to build even the first type
of system little could be learnt unless
you had an oscilloscope at your
disposal to look at the waveforms at
various places in the system. To
overcome this problem the exercise
project described here has been
designed to operate with a carrier
frequency of around 1 Hz or less,
enabling most of the waveforms to be
studied by observing the movements
of the pointer on a multimeter. The
real system works in a similar manner

but at a far faster rate.
The generator is not made entirely

from electronic components but uses
mechanical motion cyclically to vary
the light intensity falling on a,

light -dependant -resistor (LDR). The
schematic diagram is given in Fig. 17.

This method gives us a good
opportunity to build a composite
device in which mechanical, optical
and electronic parts are involved.
Many sophisticated instruments use all
three disciplines together like this.

The 6 Vdc motor (see Fig. 18) is of
the type found in cheap electrically
driven toys or in model trains. Using a
rubber band as a belt and a large wheel,
the output shaft speed is reduced to

c S'.: PP Ls,

CARRIER
GENERATOR

F.M. MODULATOR
MPRESSING

SIGNAL ONTO
CARRIER

SENDING END

IJ IT

I
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;
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SELECTRIC
FILTER RECTIFICATION
(IF NEEDED)

Fig. 16: -Block schematic of a pulse frequency modulated link.

rotate at around 10 revs. per second
maximum.

Very little precision is needed in the
construction - it consists of bent
pieces of aluminium or brass strip, tag
strips and a suitable wheel. We made
the prototype in less than three hours
using only elementary hand -tools.

Almost any dc motor will do
provided its operating voltage suits the
power supply. A resistor can be added
in series with smaller voltage motors in
order to drop the maximum value
applied to the motor.

If you have finished the unregulated
power -supply described last month
this can be used along with a series
dropping resistor.

Pushed onto the shaft is a disk of
opaque material (plastic sheet or thick
card) cut as shown. This shutters the
LDR from the light source as it
rotates.

The shape shown will produce
square -waves and is usually called a

chopper disk. It is the easiest to make.
We leave it to you to design other
shapes for producing, say, sinewaves,
sawtooths, or pulses of higher
frequency than the rotational speed of
the shaft. (If you drill about 50 holes
around the disk and run it at say 10
rps it will generate a 600 Hz signal -
this will easily power a loudspeaker,
producing a constant tone). The
circuits given are designed for use with
square -waves.

The speed of the motor, and hence
the frequency of the signal, is varied
by varying the voltage to the motor.

6v

IF M. CONTROLI

SMOOTH LNG INDICATION OF
RESTORED SIGNAL

Note how the variable resistor is used
here as a "potentiometer" giving an
output voltage between the wiper and
one end which varies smoothly from 0
- 6 V.

The LDR has a 150 .(.2 resistor in
series with it; this enables a voltage
swing to be obtained as the light
intensity changes - a practical
example of how resistors enable
voltages to be produced as needed.

By redrawing the LDR and resistor
circuit you will see that they form a
kind of potentiometer with the
mid -point acting as the wiper
connection. Ohms law :ains why
the voltage varies as the t.JR changes
resistance.
The output of this low -frequency

generator is taken from the leads of
the LDR and this, in turn, feeds a
second potentiometer. By varying the
potentiometer the amplitude of the
carrier is altered from zero to the
maximum available (approximately)
5V. Hence position of its shaft decides
the level of the AM carrier - it is,
therefore, our AM modulating signal
input. (Although we use a mechanical
potentiometer here, the unit could be
replaced with, say an LDR and resistor
which would enable us to modulate
the carrier with the varying intensity
of a light input). This potentiometer
forms the AM modulating block
shown in Fig. 15.

If we leave the AM control set to
maximum, variations in motor speed
will produce frequency modulation of

Continued on page 70

SQUARE WAVE
DISC

OUTPUT WAVEFORMS

ZERO MODULATION

_r-
A.M.

_111-1.111-1_1
F M

OUTPUT
TERMINALS

25035
1W WV
(AAA CONTROL)

Fig. 17. Schematic layout of the mechanical
low -frequency waveform generator used in
the telemetry systems discussed.
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TRANSISTOR TESTER
diPROJECT 222

EXPERIMENTERS will frequently use
the same transistors in a Whole
sequence of experimental circuits, for
recovering and re -using such
components saves considerable outlay.

But semiconductors are easily
damaged - by incorrect operating
conditions - or by excessive
application of heat when soldering.
Only too often a malfunctioning

experimental circuit will be checked
and rechecked before one realises that
a transistor is dead.

A transistor tester will save hours of
such frustrating and unproductive
effort.

Transistors can often be bought
cheaply in bulk - usually in unmarked
and untested lots - or recovered from
old computer boards. Here again a
transistor tester will prove invaluable
in eliminating the faulty bits.

The simple transistor tester described
in this project not only sorts out the
good from the bad but indicates also
the approximate gain ((3) of the
transistor. This is a most useful feature
for those circuits where transistors
need to be matched. Two ranges of
gain (beta) are provided, 0-100, and
0-1000. The tester may also be used to
check transistor polarity.

PARTS LIST-Transistor Tester
--. ETf.122

ai3i2RI Fkiststor 33 watt 5%
02RisIzitor V 14 watt 5%

.1' -RI Realstor 47 lia watt S%
t- j34 Resistor 470k Vs Watt 5% .

01 Otosite it01.4 -
Z01 ZenerrtRoste.SZYSitC5V6
SWI'Pusrt_Ruttorip-listi-to-rnake
544'2 Switch tow!, taPsT

. SW3 Swltcb to** SPST
SEV battery-

'1,42 Meter Irri," rriavarrutne
SR/ transi0ii stor type

1
',4*. -r r-,,,..

Measure and test your
transistors with this easily
built device.

The transistor tester mounted
in a metal case.

PRESS TO
TEST

+9V 0-o
SW1

OV

RI
470 DI

1N914

Circuit diagram of the ETI transistor
tester.

N P N

PNP

SW2/13

R4
470k

'TRANSISTOR
UNDER TEST

HOW IT WORKS
Operation of the tester is very

simple. The meter, Ml, monitors the
collector current of the transistor
under test whilst R4 supplies a

current of about 10 pA into the base
.of the test transistor. Thus, on the
1000 range, the maximum collector
current will be 1 mA and, on the
1000g range, 10 mA. Switch SW3
therefore changes the meter
sensitivity according to the beta
range selected.

The meter is protected by means of
DI against damage due to test
transistors being shorted. The zener
diode ZD1 stabilizes the battery
voltage to 5.6V.

The construction method may readily be
seen from this photograph of the back of
the front panel.
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Electronics,g John

Tomorrow
SEVERAL TIMES RECENTLY I have
been asked about mini -computer type
processing chips, are they available,
how easy are they to work with, how
much are they? The answers to these
questions are basically that these chips
are available but are usually sold com-
plete with the control logic for a mini-
computer on one PCB. If you under-
stand computers then these units are
reasonably easy to work with, but
they are expensive in one-off quant-
ities. For most applications where a
mini -computer controlled system is

required these units may well be over
complicated with too many input and
output options and a complex control
language. An alternative to this app-
roach is cheaper, more easily cust-
omised, and is well within the budget
of a lot of schools, universities, re-
search departments and even some
individuals.

Let us take a simple calculator chip
such as the General Instruments C550
chip. This is the type that is used in
the Sinclair Cambridge calculator kit
(probably the cheapest method of
buying the chip and displays). Ignore
the keyboard at present and consider
what happens if you connect up a
switch to activate the clear function
and then another switch to activate a
set of NAND gates which will close the
'1' input and then the '+' input. Every
time this button is pushed the machine
will add one to the existing count,
thus you have an 8 -digit counter for a
lot less than discrete components
would cost, let alone the fact that it
can be built in about one hour rather
than a whole weekend. By adding a
few other switches you can end up
with an up -down counter capable of
counting up at one or more increments
and down at the same or different
increments.

If you use a chip that has an auto-
matic constant on all four functions
(such as the National Semiconductors
MM5736) then the add switch can be
simplified as the increment is locked in
as the constant and added each time
the '+' switch is closed. A circuit
showing the MM5736 as an up -down
counter is shown as Fig. 1. The
CLEAR switch clears the machine and
resets the digits to all zero. The LOAD
switch loads digit '1' into the constant,
numbers other than one could be

loaded by different switching arrange-
ments. The COUNT -UP or COUNT-

DOWN switches activate the '+' or '-'
inputs -causing the machine to count up
or down. The switches could be re-
placed by logic gates by using the
MM74C00 as mentioned last month,
the digit drive is one input, the count
input is the other input, the output is
inverted by another gate and led back
to the K3 input. Additionally the
keyboard can be left in parallel to the
switches which means that a count can
be keyed in and the machine will
count down until zero is reached or
until the negative indicator comes on.
So now we have a programmable,
multi -increments, six digit up -down
counter at a cost of about £30.

Some of you may know the Ad-
vance 88 calculator with two memor-
ies, square root, automatic constant,
16 -digit readout, etc. If we used this
machine or the chips from it in our
counter we can obviously expand the
facilities of the counter. We could for
instance persuade it that we need to
count the number of pills passing
through one counter until the count
stops, add this count to Memory 1,
take the square root of the first count
(to no decimal places), add this to
Memory 2, count down until zero
(whilst controlling a loader), signify
to the pill counter that it is ready to
count more pills, etc. This sort of
system could be built for about £200
including the calculator and counters,
the same system with discrete logic
units would be very cumbersome in
time, power, labour and cost.

The only basic disadvantage with
the above system is that it is a hard-
wired unit and is thus reasonably
difficult to modify for different but
similar routines. One method would
be to lead all the control wires to a
patchboard and modify this patch -
board whenever a change is required.
If there are several standard routines
then a wired plugboard could be made
for each routine and this plugged into
the patchboard socket. If one routine
is much more complicated than the
others then the patchboard or plug -
board could be almost as complex as
the original system would have been to
build from discetes in the first place.

An alternative approach is to use
LSI memory chips and to program
instructions into these memories to
control the system. Three types of
LSI memories are available, the Ran-
dom Access Memory (RAM), the Read

Only Memory (ROM) and the Pro-
grammable Read Only Memory
(PROM). The disadvantage of the
first is that it is cleared at power -off
time and thus has to be reprogrammed
each time the system is switched on.
The ROM does not suffer from this
problem as the memory is held in a
type line or no -link system which is
programmed into the chip at manu-
facturing time, the disadvantages are
that it can not be reprogrammed and
that it is very expensive for a one-off
unit. The PROM is a unit which can
be programmed by the customer thus
saving on the manufacturers charges
for this service. This type can be
purchased from a few dealers in stand-
ard TTL as the 74188 fusible link
PROM. The reprogrammable PROM
is a new development in this line and
gives the customer the option of clear-
ing the memory by various means and
then reprogramming it with new data.
This is the type which is probably best
for use in our system and is typified
by the National Semiconductors
MM5203 electrically programmable
PROM.

It is available as a normal PROM
and also is available with a quartz
window over the chip which causes
the memory to be cleared when ex-
posed to UV light. The one-off cost
of this unit is a bit high at £37.50,
but the price drops quickly in small
quantities. When compared to the
costs involved in wiring a plug board
the price per chip is not so high. The
MM5203 is organised as either 512
4 -bit words or 256 8 -bit words, this
option is selected by grounding a pin.

If we use this chip in the 8 -bit word
mode we can come up with a reason-
ably complex programmable maxi -
calculator or mini -computer. Let each
word of eight bits be equal to a key
depression, we can decode the outputs
from the chip to give a set of control
lines, one for each different type of
keyboard input. If we list all of the
keyboards inputs we have and give
each one a code we get Table 1.

It can be seen that we run
out of functions long before we run
out of codes. If we use a very complex
calculator as a basis such as one of
the Hewlett-Packard machines we still
have many more possible instructions
not used.

With an 8 -bit word we have the
possibility of 256 different bit corn -
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binations and thus 256 instruction or
data words. An IBM 370 computer uses
an 8 -bit word and even here there are a
lot of words not used for data or
instructions. We also have a memory
of 256 words for programming, it
would be possible to use a larger PROM
or more than one MM5203 in series if
256 words is not long enough.

With the instruction format above
the four right most bits can define an
instruction or data and the left most
four bits define a group. Thus group
one (0000) defines the numbers 0-9.
These can be decoded for keyboard
switch inputs by using a BCD to
decimal decoder. The other keyboard
codes can be similarly decoded to
decimal or hexadecimal by using add-
itional chips, each chip being selected
by a decoder driven from the group
bits. To make the unit easier to pro-
gram then instructions of the type
STOP, GOTO, COMPARE, etc are
needed. As the memory is driven by
an oscillator/counter system running
from 0 to 255, the STOP instruction
simply inhibits the oscillator until an
outside source resets the condition
causing the oscillator to release and the
clock to address the next word. The
GOTO instruction takes the next word
as an address rather than as an instruct-
ion and loads this word into the
counter instead of its present data.
The counter now points to a different
word in the PROM and this is the
next instruction used. The address
following the GOTO instruction must
always point to a valid instruction.
To COMPARE can be executed by
loading the displayed into M 1, sub-
tract the number to be compared and
then test for zero, not zero or negative
to give an equals, greater than or less
than comparison. Having done the
comparison the original number can
be recalled from Ml.

TABLE 1

COUNT UP

COUNT DOWN

CLEAR

K3

K1

abcdefg

MM5736 - =
_2 _I

D1 D2 D3 D4 D5 D6

Fig. 7. Up -down counter using six digit calculator chip.

The unit we have now can be used
as a programmable calculator for com-
plex scientific or engineering calculat-
ions or can be used as the central unit
in a production control system, the
cost could be typically f200-£300 - a

vast saving on other methods.
I hope that this month's meander

into tomorrow's electronics is not too
complicated for you to get the basic
grasp of the idea involved. A con-
structional article of such a system is
what is needed to explain it in greater
detail but this would be financially
out of the reach of most constructors
unless a local firm could use such a
machine and will pay for the com-
ponents.

If you are interested in using cal-
culators, memories and other digital

KEYBOARD

'0' - -
- - - '9'

ADD
SUB
M LT
DIV
R ES

PRC
RT
EXC
EMI
EM2
AM1
AM2
RM1
RM2
SDP
AUE
AUP
CLR

INSTRUCTION

Number '0' to
Number '9'
Add
Subtract
Multiply
Divide
Equals Key
Percentage
Square Root
Exchange Operands
Enter Memory 1
Enter Memory 2
Add to M1
Add to M2
Recall M1
Recall M2
Set Decimal Point
Add to M1 at RES
Add to M2 at PRC
Clear Input

CODE

00000000'
00001001
00010000
00010001
00010010
00010011
00010100
00010101
00010110
00010111
00011000
00011001
00011010
00011011
00011100
00011101
00011110
00011111
00100000
00100001

DISPLAY
DRIVER
DM75492

equipment in applications other than
those for which they were designed
then the following list might help.
Calculators:
Advance Electronics Ltd, Raynham
Road, Bishops Stortford, Herts.
Hewlett-Packard Ltd, Bath Road,
Slough, Bucks.
Sinclair Radionics, London Road, St.
Ives, Hunts.
Calculator Chips.
Bywood Electronics, 181 Ebberns
Road, Hemel Hempstead, Herts.
General Instruments Microelectronics,
57 Mortimer Street, London W1N
7TD.
National Semiconductors, The Precinct
Broxbourne, Herts.
ROMs, RAMs and PROMS:
National Semiconductors.

trained

peoplr

suttee

Professionals or hobbyists, eith-
er way the best trained people
go fastest to the top. ICS Home
Study Courses make learning
easy, put success in your grasp.
Find out FREE what ICS can do
for you. Complete and return
coupon today!

Make sure you succeed with
an ICS home study course for C
and G Electrical Installations,
Telecommunications Technic-
ians and Radio Amateurs.

Over 5 million colour licen-
ces now. Learn the techniques
of servicing Colour and Mono
TV sets through new home study
courses, approved by leading
manufacturers. Also radio and
audio courses.

Get the qualifications you
need to succeed. Home study

courses in Electronics and Electrical Engineering, Maintenance,
Radio, TV, Audio, Computer Engineering and Programming. Also
self -build radio kits.
Succeed - your way:- Whatever your career ICS are the Professional
teachers for professional success. And if you need G.C.E. passes
we can help there, too. Just ask for details.

I want to succeed at:

NAME

ADDRESS

International Correspondence Schools, Dept. 255p, Intertext
House, London SW8 4UJ, or Tel: 01-622-9911.

(Accredited by CACC and Member of ABCC.
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AUTOMOBILE REV COUNTER/TACHOMETER

,WW

The Signetics NE555V Timer/Monostable Multivibrator
is probably the most important standard IC to appear
since the 741 op amp. Its versatility is obvious, but it
can also perform a variety of tasks, with a 41/2 to 18V
supply and its ability to sink 200mA.

The Tachometer is an obvious high volume app-
lication and many working variations are possible on the
above circuit.

Pulses from the points are fed to the 1k resistor and
5V zener for clamping and then trigger pin 2, which
causes the output to go high on pin 3 for a duration set
by the R/C ratio on pins 6 and 7. During this time the
1N4148 on pin 3 is reversed biased, and the 4.7k resistor
and the preset supply a constant current to the meter,
which is calibrated in Rev/Min. The meter is giving an
analogue representation. When the time duration elapses
pin 3 goes low, shunting all current around the meter.
The ratio of current flow to the time it is shunted gives a
representation of RPM which is integrated, (or smooth-
ed) by the meters mechanical movement to give a very
accurate indication, when calibrated, of the RPM.
Accuracy is nominally to 2%. The 9V zener, 15 phm
resistor and 10µF capacitor are to stablize the current
supplied to the meter.

Calibration can be made using 50Hz 12V pulses
derived from the domestic mains if it is remembered the
points operate at 2 times the engine RPM on a 4 -cylinder,
engine, i.e, 50Hz = 3000 cycles/min equivalent to 1500
Rev/Min for a 4 -cylinder 4 -stroke. On an 8 -cylinder
engine it would equal 750 RPM. On a 6 -cylinder 50Hz
equals 1125 Rev/Min.

The circuit can easily be built using 0.1 pitch vero
board. The 555 IC gives temperature stability and solid
state reliability.

BATTERY CHECKING

Never check a battery off-load simply by using a
voltmeter - the readings can be meaningless. Measur-
ing on voltage on -load is o.k. but if this is not practical
ensure that you connect a resistor across the meter
probes so that a reasonable current is drawn. For a
9V battery a 180 ohm resistor will draw about 5mA.

ULTRA -SIMPLE LIGHT FLASHER

COLOURED
LAMP 10)6111

A cheap but effective way of flickering mains lamps
suitable for discos etc.

It comprises a fluorescent lamp starter in series with a
mains light bulb. The effect is improved with two or
more units operating coloured lights. No problem is
experienced with radio or TV interference and no
supression is needed since the starter has a capacitor in
it.

Providing the units are not left on for long lengths of
time, the starters will last quite a while.

FUSE FAILURE INDICATOR
LIVE FUSE

I MAC. 4005

150k

NEON

150V

CI

0

The circuit is built around the neon indicator which is
normally used to show that power is being supplied to
mains -driven equipment. When the fuse is intact, the
neon is lit steadily as normal. However, should the fuse
blow or be removed, the indicator flashes at a suitable
rate, drawing the attention of the operator.

Effectively, the circuit is a simple modification to a
neon relaxation oscillator. Under normal conditions,
the time -constant of the RC network is such that the
flash -rate of the neon is not detectable by the eye. The
removal of the link between the anodes of D1 and D2,
however, increases the time -constant and the neon
flashes can be clearly seen. The specified component
value give a frequency of approximately 2Hz.

An advantage of the circuit is that it will operate
regardless of load impedance. Points to note: component
values are not critical, but because the capacitor charges
up to the striking voltage of the neon, diode D2 must
have a PIV rating greater than peak mains plus this volt-
age. D1 can be rated at peak mains or greater. The
types specified are suitable easily -obtained devices. Also,
built-in resistors in certain types of neon indicator supp-
lied for use at common supply voltages must either be
removed or 'shorted'. The resistors should be 1/2W.

240V
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SPEEDING UP DAR LINGTONS

The useful properties of Darlington pairs are somewhat
nullified when you need to get any speed out of them.
The main drawback of the conventional Darlington in
this respect is the long turn-off time, which results from
the stored charge at the base of the output transistor.

However, by borrowing a trick from the designers of
TTL this situation may be greatly improved, by the
familiar looking addition of transistor and resistor R2 to
the conventional circuit.

Q3, operating in common - base, draws a relatively
steady base current. In consequence, when switching,
the base charge of Q3 remains reasonably static, with
only the distribution gradients varying. Since the time
needed for this redistribution of charge is very small,
base drive for the output transistor becomes available
within several nanoseconds of positive drive at the input.

At turn-off, Q3 provides a TTL style path for the
removal of base excess charges from the output stage
resulting in faster turn-off time.

WIDEBAND AMPLIFIERS

IT IS not commonly known that some digital ICs can be
used in the linear mode to obtain performance equal, or
superior, to some more conventional components.

A typical example is the use of a MECL logic gate as a
wideband amplifier. Such an amplifier based on the
Motorola MC 1023 of the MECL 2 family provides a gain of
5.2 over a frequency range from zero to 125 MHz (at the 3
dB points). A still wider bandwidth of zero to 350 MHz
may be obtained by using the MC 1660 from the MECL 3
family.

The method used to bias MECL gates for linear operation
is shown in the inset of Fig. 1. The NOR output is

connected back to the input. This can be done over one, or
over several, gates. The external 'self -biasing' network feeds
back only the dc component of the output signal.
Therefore the dc input current is furnished by the output
of the same gate. Assuming that the voltage drop across the
biasing resistors is small, the input and output voltages are
identical. This is only possible in the centre of the gates'
transition region. The main advantage of this very simple
biasing method is that the circuit automatically
compensates for all offset and bias voltage variations. In

addition, the method is very economical, especially when a
cascade arrangement of gates is needed.

The response depends on how many inputs are connected
in parallel, there is a disadvantage however in connecting

ETI is prepired 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 the Editor, Electronics Today International
36 Ebury Street, London SW1W OLW.
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several inputs together to increase gains. The offset voltage
between input and output increases with the number of
inputs that are paralleled. It therefore depends on the
individual application, if a slightly higher offset voltage can
be tolerated then a higher gain can be achieved.

Fig. 2 shows the phase shift curves for the two gates and
Fig. 3. is a plot of distortion against input voltage.

ZN 414 POWER SUPPLY

The Ferranti ZN 414 radio
IC requires 1.1-1.8V at up
to 1mA. A light -emitting
diode can serve a dual pur-
pose as a low -voltage zener
diode and an "on" indicat-
or, as shown. A suitable
type is the Texas TIL 209
which gives a reasonable
light output at 2-3mA con-
sumption, so that the idea is suitable for mains or
battery -powered radios. The resistor value should be

Vs - 1.5
3

kS2 approximately where Vs is the supply voltage.

TIL
209

1.5V (nom I

Vs

ov
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PLAY 'TELEVISION
GAMES' ON YOUR

OWN TV SET!
Play the new exciting P.W. Tele-Tennis, or
Television Games on your own 625 -line TV set.
In this month's PRACTICAL WIRELESS a new series
gives you explicit instructions for building the
equipment to play Tele-Tennis ... all you need is a basic
knowledge of electronics and practical skills. Then just
plug the equipment into your aerial socket.

If you have more advanced television knowledge,
'Television' magazine will show you how to build a more
intricate device for playing either 'tennis', 'football' or
'golf' ! And, if you have a colour set, you will be able to
play the 'Television' games in spectacular colour !
PRACTICAL WIRELESS AND TELEVISION MAGAZINES ARE
THE VERY FIRST MAGAZINES TO BRING YOU THESE
UNIQUE D -I -Y PROJECTS. START BUILDING THEM TODAY *subject to the current situation at the time of going to press.

MAPLIN
P. 0.

VATPlease

Box 3, Rayleigh,

FREE

ELECTRONIC

in

Essex.
10%
(10p

Southend
the final total.

charge

SUPPLIES
-on Sea (0702)

Post and
on orders under

44101
Packing

50p)

-*S,AIVIE

cDSERW/CE
Tel:
to
handling
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S SS We shall be stocking all the parts for this sensational new E.T.I. design.
Send s.a.e. now for our detailed price list. (One available each month as the
parts are published.)

YOU SIMPLY MUST SEE OUR PRICES!
ORGAN BUILDERS WE KNOW YOU NEED QUALITY ICs AT LOWEST POSSIBLE PRICES

M ES announce the sere latest development in organ
circuitry. The MES 1974 Catalogue CA3046 14 -pin DIL Transistor Array 69p*THE DM02 (--' IT! has over 75 pages and is LH0042C TO5 FET I/P Op.Amp £4.25*13 master.Ereouenxies on ONE tiny circuit board.
LOOK AT THESE AMAZING ADVANTAGES

STACKED with dozens of
a tempting new lines. BRIM - LM301A 8 -pin DIL Op. Amp 50 p*

* 13 frequencies from CR to C9. * Each frequency MING OVER with NE555V 8 -pin DIL Timer 79p*digitally derived from a SINGLE h.f. master oscillator.* Initial tuning for the WHOLE ORGAN: ONE cicar illustrations and NE561B 14 -pin DIL Phase LockedSIMPLE ADJUSTMENT. * Relative tuning NEVER detailed data.DRIFTS! * External control allows instant tune-up . Loop £4.45to other musicians. * Outputs will directly drive most
Types of dividers including the SAJ110. * And each

WE'RE WAITING
YOU

SG1495D 14 -pin DIL Four Quadrant
output can also be used as a direct tone source. * Vari- TO RUSH Multiplier £2.70*able DEPTH AND RATE tremulant optional extra.
* Gold-plated plug-in edge connexion. * Complete A COPY. SG3402N 14 -pin DIL Wideband Amp/fibre glass board (including tremulant if required) ONLY
3.7in. x 44m- * Very low power consumption.

'7l
You'll be IMPRESSED

POST FREE Multiplier £1.69*
* EXTREMELY ECONOMICAL
PRICE. * Ready built. tested
an d fully guaranteed:

* S.a.e_ picas::
for full technical
details.

with our
ordering, system. EXCITED
by our BIG VAIUE dis-

pA723C 14 -pin DIL 2-37V Voltage
Re gulator 80 p *D MO2T -(with tremulant) ONLY \ count vouchers, STAG- btA741C 8 -pin DIL Op. Amp 36p*£1425.

DM02 (without tremulant) 512-25.

snri 10 7 -stage frequency divider i

Trade enquiries
welcome.

one 14 pin DIL

GERED by our UNBEAT-\ A 131,E speed of service.
Take the first step towards

ZN414 T05 A.M. Radio TRF £1.20
MC1303L Stereo Preamp £1.39pickage. Sine or square wave input allows operation,

From almost any type of master oscillator in Riding tns t
I real service NOW! Send MC1310P FM Stereo Decoder £3.15DM02 (when 97 notes are avail ble). Square wave

outputs may be modified to saw -tooth by the addition ONLY 25p for our bcauti- MFC8010 1W Power Amp £1.20
of a few components. SANTO: f2-63 each OR special full) produced catalogue

I *Fullprice for pack of 12: f25-00. S.a.e. lease for data sheet. and leave the rest to us! data in our catalogue. Price 25p
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DM monrron
No photograph again this month you'll notice! The "DX MONITOR"
shack is currently in the throes of being moved from a ground -floor
location to an attic which has been ear -marked for that purpose for
a very long time, and as this is being written any picture would be of
long lengths of cable intermingled with bits of wood, lengths of alum-
inium channelling and the assortment of plugs, sockets, neons,
switches and other gear, which Allah being kind, will eventually
emerge as the new and, hopefully, improved location in which the
DX will be netted in the months ahead. The chance is being takep
to incorporate all sorts of improvements which have been firing my
imagination for many months and, all being well, next month should
see a new picture at the head of this article showing a few new pieces
of equipment which might be of interest to our more -dedicated
DXers. Meanwhile, a snow -storm of discarded plans emerges at
regular intervals from the attic window onto the heads of innocent
passers-by and an interesting meterological phenomena is the blueness
of the air in the region of 16, Ena Avenue, Neath, a phenomena which
increases in intensity as I try to cram a 19in. wide receiver into a
space of 183/4in! Does anyone know the origin of 19in. as the standard
size of width for professional radio equipment? Anyway, all being
well, next month will see a picture of the new shack gracing the top
of this page.

Now and again, it's a very good thing to get back to basics and a
few letters have suggested that it might not be out of place to devote
this issue of "DX MONITOR" to starting at the grass -roots of what
this feature is all about - so here goes! Where "DX" originates for
the hobby of long-distance radio is lost in the mists of the last cent-
ury. The usual suggestion is that the old-time radio operators abb-
reviated some of the more common words by adding "x" to their
initial letter as an aid to reducing the amount of key -bashing that was
required. So, these days, we have in general use "Rx" for receiver,
"Tx" for transmitter, "Wx" for weather and so on. On this theory,
which I very much doubt, "Dx" or "DX" simply meant "distance".
Its current meaning has been expanded quite a bit to denote the
chasing of stations which are (a) very far away or (b) which are not
so far away but which present certain problems in hearing them,
since, for example, they are sharing a channel with a station of
greater power and it is necessary to use the maximum of ingenuity
to log them - perhaps when the powerful station is off the air: when
the powerful station is not being received for some reason or other,
and the weaker one can thus be heard, or just when luck is with you!
There are, of course, just as many varieties of DX as you like to conjure
up: some DXers devote themselves to DXing the amateur radio bands;
others spend the wee small hours of the night chasing, when con-
ditions are right, the trans -Atlantic stations which may be tracked
down on the MW band; yet another branch of the fraternity is forever
seeking those elusive 'openings' of the VHF band which allow
reception at distances much greater than the normal service areas of
the stations. This feature is devoted to SWBC (short-wave broadcast)
DX and with, currently, some 180 sovereign states using that medium
to put their messages across to radio listeners it provides a wide
enough canvas on which to paint some sort of reasonable picture of
what the hobby is all about, so ... "where's the action?".

The International Broadcasting Bands span the following
frequencies, although it might be as well to say at this point that
quite a few broadcasters make some or all of their transmissions,
outside those ranges. Why they do this is a subject which would
allow of a full feature but as we are, this time, dealing with basics,
let's set out the various bands: -

49 metre band: 5950 - 6200 kHz
41 metre band: 7100 - 7300 kHz
31 metre band: 9500 - 9775 kHz
25 metre band: 11700 -11975 kHz
19 metre band: 15100 -15450 kHz
16 metre band: 17700 -17900 kHz
13 metre band: 21450 - 21750 kHz
11 metre band: 25600 - 26100 kHz

The figures given are the extreme edges of the BC bands and there
are some minor variations within various regions of the world. Within
those bands stations operate at 5kHz intervals and, inevitably, this
means that there is a great deal of interference between one station
and another and very often one may hear two stations, supposedly
directed to different areas of the world, operating at the same time.
This, unfortunately, is a penalty that one has to pay for the popularity

Compiled by Alan Thompson
of SW broadcasting - there just are not enough channels available
to meet the needs of all the broadcasters, especially as the 11 -metre
band can, effectively, be discounted at this stage of the sunspot
cycle. Additionally, there are the so-called "tropical bands" designed
for local broadcasting in the near -equatorial areas of the world and
for these it is more in accord with fact to quote the frequency ranges
which are used rather than those which are allocated under international
agreements. They are: -

120 metre band:
90 metre band:
75 metre band:
60 metre band:

2200 - 2500 kHz
3200 - 3400 kHz
3900 - 4000 kHz
4750 - 5075 kHz.

The average short-wave receiver will span some, or all, of those
bands, although it is less likely to cover the "tropical bands" which
are the happy hunting ground of the more experienced DXer.

Many would-be Dxers are put off the hobby by the fact that they
see the picture of somebody's shack and observe a mass of equipment
which would look at home in a professional Monitoring Station. If you
were starting out in any other hobby you wouldn't expect to reach the
standards of Kevin Keagan, Alan Knott, Rod Laver or Harvey Smith
right at the beginning, nor would you expect to use the professional -
type equipment that they use. So, with DXing, there is not the least
reason why you should not start your sallies into this hobby with
just about any receiver which happens to come your way. You are
DXing just as soon as you switch your "trannie" to a SW -range and
listen to, say, the Voice of the Andes, "Radio Station HCJB broad-
casting from the roof of the world in Quito, Ecuador". It is surprising
just how many stations you may hear on the very simplest of equip-
ment with an aerial which is nothing more than a random length of
wire slung from the chimney of the house to the garden shed! One of
the world's greatest DXers, Arthur Cushen of New Zealand, once told
me that he managed to hear 100 countries on a simple domestic radio
before he took the plunge and bought his fast specialised Communi-
cation receiver. Listen to them, take note of what you hear, answer
their request for reports on the quality of reception and the content
of their programmes and very soon you will start to amass a collection
of colourful QSL cards, pennants, requests for more reports and all
the other bits and pieces which make up the DXers life. In other
words, you are "in" DXing and just how deeply you plunge is a
matter of your taste and the depth of your pocket!

If you get well and truly bitten, you may be sure that there will
come a day when you start to seek some means of knowing, precisely,
the frequency to which you are tuned and you will be looking for a
receiver which has just that bit more sensitivity and selectivity than
the one which you used at the start of your activity. You may, too,
get interested in the more technical side of the hobby and will start
to enquire why it is that you can hear Radio Japan in the morning
but not in its evening broadcast to Europe: how can you get the best
out of your bit of wire - would an Aerial Matching Unit help? Would
a pre -selector give just that bit more 'bite' to the signals you hear?
And so on! When you reach that stage then you are certainly a real
Dxer and the sky is the limit so far as the sophistication of your
equipment is concerned and the fields of knowledge you will probe
in your quest for more and more knowledge about the many fields
into which DXing can lead you. If your interests lie in the world
of languages then there is a limitless field for you to explore: if you
seek the definitive answers to the theories of radio propagation you
will fmd that there are many questions to which the experts still seek
an answer: should your interests lie in the field of electronics then
there are mysteries, galore to be explored, investigated and tried in
your quest for the (elusive) perfect receiver which will do all you require
of it! The range is limitless and when you step into the DX world you
are standing on the edge of an arena which has a place for everyone
whatever their interest may be!

I hope I've shown you that there is nothing mysterious about
DXing - it's just listening to foreign radio stations: nothing more and
nothing less. How immersed you get in the hobby is a matter for you
and you alone, but why not give it a try? Certainly, it will improve
your knowledge of geography, current affairs, languages,radio -physics,
electronics and many other disciplines so, forsake the passivity of
being a "box -watcher" and come and join the many thousands around
the world who get a kick out of hearing the news from where it happens. -

I think you won't regret it and I'm sure you'll fmd that DXing isn't
anything like the mystery you may have believed it to be until now.
Why not make a start NOW?
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SEEL
NO P&P CHARGE for UK orders.
Data supplied with orders. Send
20p, stamps if you like, for full
data on all devices below (which in-
cludes circuits for using both clock
IC's with Beckman displays) or send
sae for information on products we
distribute. SINTEL, 53a Aston St.
Oxford.

MK5025N
A very good value alarm clock
IC.

28 pin

d

MC 50250

 Alarm
 Snooze
 Multiplex 6/4

digit output
 Interfaces

with LED's
and Beckman
displays

n  On -chip
P alarm time
P generator

ONLY £7.60 + VAT = £8.36

CT7001
DIGITAL TIMEPIECE
The most sophisticated clock/
calendar IC on the market.

28 pin

CT .01
DATE COM

28/30/31 day calendar 6
digit display12/24hr alarm
and 24hr alarmSnooze
alarm Radio alarm -Timed
switch on and switch off
Easy interface with Beckman
displays and more - see data
sheet.

£16.50 + VAT = £18.15

LARGE * ATTRACTIVE
(used by Britairs's largest
manufacturers of digital
clocks) Continuous 7
segment planar gas discharge
displays. Attractive orange,
legible to 40 feet.

SP151

/10:1-18
AM PM

SP352 SP352 SP352

E3 1-15 DO
BECKMAN DIGITAL DISPLAYS

SP151 31/2 digit (.50") clock module + am/pm
£7.20 + VAT = £7.92

SP152 11/2 digit (.55") clock module + am/pm
£4.00 + VAT = £4.40

SP352 2 digits (.55") clock module + am/pm
£4.00 1 VAT = £4.40

SP332 2 digits (.33") clock module + am/pm
£4.00 + VAT = £4.40

A SPARK
OF GENIUS

THE ABOVE KIT
COMPRISES: -
Ready drilled case and
metalwork, cables, coil
connectors, silicon grease,
printed circuit board, All 5
year guaranteed components,
and full instructions to make
this fascinating, very efficient
capacitive discharge system in
either positive earth or neg-
ative earth forms.

THE SPARKRITE
MK2 ELECTRONIC

IGNITION KIT
WHEN COMPLETE THE
SYSTEM CAN BE FITTED IN
ONLY 15 MINUTES TO
GIVE: -
Instant all weather starting up
to 20% fuel saving, longer batt-
ery life, higher top speed, faster
accelaration, spark plugs last
about five times longer, miss -
fire due to contact breaker
bounce electronically elimi-
nated, purer exhaust emission
resulting in less air pollution,
contact breaker burn eliminated
(suitable for petrol engined cars
up to 8 cylinders.

PRICE ONLY
£11.62

Ready built £14.85 (state
+ or - earth).
We can supply a Sparkrite
ignition (ready built) to fit all
petrol engined vehicles (boats,
motorcycles etc.) with coil and
contact breaker ignition prices
on application.
PRICES INCLUDE VAT
AND P AND P.

Order now from or send sae for brochure or call for demon-
stration between 9-5.30 weekdays, or 10-4 saturdays. Trade
enquiries welcome.

ELECTRONICS DESIGN ASSOCIATES
Dept. ETI7, 82 Bath Street, Walsall WS1 3DE. Tel:VVal.33652

ELECTRONICS IN PRACTICE

Continued from page 62.
the carrier. The motor speed
potentiometer is, therefore, a kind of
FM modulator - the FM modulator
box shown is Fig. 16. As we are using
square waves the two cases are more
correctly called pulse amplitude
modulation (PAM) and pulse
frequency modulation (PFM). The
working concept remains the same if
the chopper disk is cut to produce sine
waves.

TESTING THE SYSTEM
Little can go wrong with the

generator, the only problem arising
might be overheating. If in doubt use
your multimeter to check currents,
voltages and resistances and from these
calculate the watts dissipated (W = 12 R
= El = E2/R). The LDR must not be
made to dissipate more than 150 mW.
The motors and potentiometers are
robust in the sense that they will heat
slowly with little risk of rapid
burnout. All components in this
experiment are robust so there is little
chance of failure. Later when we reach
a level of using transistors and the like,
things are very different. Try to
develop a careful approach - "think
first - connect the power last" when
you are completely satisfied that the
design is within safe limits. Once you

have the unit running connect the
multimeter (set to dc volts) to the
output terminals. If the generator is

turning at about 1-2 seconds per
revolution the meter movement will
follow the waveform closely. Next,
study the effect on the output of
variations in the AM and the FM
modulation controls. Note particularly
that when the frequency is varied the
amplitude remains constant and vice
versa.

Most meter units are damped to
respond to a full-scale swing in about
1-2 seconds. Consequently waveform
frequencies higher than 1 Hz will tend
to be averaged - the meter acts as a
smoothing energy store. The degree of
smoothing increases as the frequency
rises.

It will be seen that the ac waveform

Fig. 18. The generator
is simple to build and
uses commonly
available components.

switches between OV and +V and is,
therefore, not a true ac signal. It 'sits'
on a dc level of OV.

It is possible to observe the
frequency changes by listening to the
pull -in "clicks" of a relay placed across
the output terminals. A lamp circuit
can be wired across the relay contacts
to enable you to see the varying
frequency more clearly than with the
multimeter. (The relay specified for
previous exercises is satisfactory).

In the next part we will assume the
generator is working. We will then add
on a dummy transmission line and
demodulation circuits for each case. It
would be wise to build the generator
on one end of a board leaving as much
room again for the remainder of the
exercise.

TO BE CONTINUED.
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VEHICLE LOCATION

SITUATICN DISPLAY
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A vehicle location system using
inertial navigation principles has recent-
ly been developed by Boeing (Wichita,
Kansas, USA).

Initially planned for police vehicle
use, the system can provide the
location of up to 1500 vehicles to an
accuracy of better than 20 metres.

Surprisingly simple in concept, the
system transmits positional information -
derived from the vehicle's distance
recorder and a magnetic heading
sensor (compass) to obtain a dead -
reckoning indicator.

The transmitted data is received

into a centrally located mini -computer
(Varian 73) which displays the
position of all vehicles on a Sony
colour TV receiver. The display is
up -dated every two seconds.

The system, known as 'Flair' has
been tested over an 18 month period
by police forces in Wichita also
in St. Louis.

Boeing believe that fire, ambulance
and taxi fleets may also use the
system. Projecting into the future the
company suggests that interstate
trucks could also be plotted - using
UHF via a satellite link.

PORTABLE DIGITAL PHOTOMETER
RADIOMETER

A new lost cost Photometer/Radio-
meter manufactured by United
Detector Technology (UDT) is now
available in the UK from Techmation
Ltd.

UDT has designed the 80X Opto-
Meter for both field and laboratory
applications, operating from either
its own internal, rechargeable batteries
or the mains. It can be used to
measure radiant power, radiant energy
(integrated power), illuminance, and
integrated illuminance of many light
sources; typically, flashtubes, lasers,
light emitting diodes and indoor
lighting.

The 80X has a 31/2 digit LED dis-
play, plus analogue outputs.
Input densities up to 15mW per cm2
can be measured directly with optional
attenuators for up to 15W per cm2.
The standard model includes filters
for a flat spectral response between
450 and 950 nanometers, and CIE
response.

Accessories include a number of
special -application detector heads for
telephotometry, microphotometry,
spectroradiometry or LED measure-
ments. UDT can develop many other
detector heads for specific customer
requirements.

Techmation Ltd, 58 Edgware Way,
Edgware, Middlesex.

SPACE LATEST
A joint US -European space venture
has recently been proposed by officials
of the US space agency NASA and its
European counterparts.

Projects under discussion include a
joint mission to Jupiter and a possible
flight in 1980, to the comet Eake.

Both proposals involve the use of the
now redundant back-up spacecraft for
NASA's two Jupiter Pioneer missions.

Two alternatives are under discussion
for a Jupiter venture. The first involves
launching in 1978 - encountering
Jupiter in 1980 - on a trajectory
towards the Sun.

The second proposal is for a less -
costly Jupiter orbital flight.

Further space news is of a possible
(unmanned) mission to Mars (probably
in 1979 or 1981) in which a Mars Rover
vehicle would be used.

The basic design of the Mars Rover is
a 100kg vehicle carrying a payboard of
40kg. Capable of travelling up to 45
km the vehicle would also be used in
unloading operations.

The Mars mission is predicted on the
use of spare parts left over from the
planned 1975 Viking mission to Mars.

The 1975 missions involve two lenders
and two orbiters. A third lander is
being built as a back-up - it is this
unit which, if all goes well, will be
used in 1979.

NEW HIGH -BRIGHTNESS CRT
PHOSPHOR

A new cadmium sulphide phosphor,
PX 78, developed at the Westinghouse
Research Laboratories and now avail-
able in CRT's from the electronic tube
division, is capable of much brighter
displays than the standard phosphor
(P31) now in use. The new phosphor
is ideal for CRT applications where
ambient light levels are high, such as
airplane cockpits and shipboard radar
and sonar displays.

The key to the new phosphor's
performance is its ability to withstand
the high -current loadings required for
increased brightness without saturat-
ion. The phosphor's characteristic
sharp, wide peak allows more total
radiant power to be used when
recording on film. Its resistance to
shifts in peak when under heavy load
ensures the absence of colour variations
despite changes in load.

In addition to the new PX 78, a
phosphor of a larger particle size,
designated PX 58, is also available (at
a slightly lower price) for convention-
ally settled CRT screens where ultra-
high resolution is not required.
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MI IADS FOR FURTHER INFORMATION
PHONE: BOB EVANS
01-730-2139

HARDWARE

Screws, nuts washers etc.
Sheet aluminium cut to size or in
standard packs, plain or punched/
drilled to spec.
Printed circuit boards for published
designs or individual requirements,
one-off or small runs.
Fascia panels, dials, nameplates etc
in etched aluminium. 6p for details.

Ramer Constructor Services,
29 Shelbourne Road,
Stratford on Avon, Warwicks.

ETI "International 420"
4 Channel Amplifier Parts Kits.

As specified in Electronics Today
International April 1974.
Pre -Amplifier Kit £7.00+70p VAT
of parts with switch.
t Decoder Kit of £7.00+70p VAT
parts with switch.
Power Supply Klt. £6.00+60p VAT
Power Amp Boards £4.40 pair + 44p
Kit. *Less 51.1010Y VAT
modules.
Steel Chassis plus
Switch Plate.
Aluminium Facia
(Printed)
Teak Veneer
Cabinet
Accessories (DINS, £2.50+25p VAT
PHONO etc.)
Prices include postage and packing
* Sanken 51.1010Y Modules avail-
able only from PHOTAIN LTD of
Leatherhead see article. Alternative
module available from us modified
to suit project s.a.e. for details.
t Kit for descrete module decoder to
be available when published.

M. C. PRODUCTS
62A Brewery Road, London N.1.

£4.25-1-42p VAT

.95+ 9p VAT

£4.20+42p VAT

AERIAL BOOSTERS £3.30.
Can produce remarkable improvements on
the picture and the sound in fringe or
difficult areas.
611 -For the VHF radio band.
B12 -For the VHF television band.
Please state band 1 and 3 channels
B45 -Tunable over the complete UHF
television range.
All boosters are complete with battery for
next to the set fitting.

PLUGS AND SOCKETS
CO -AX, Plug -6p, Surface Socket -7p. DIN
PLUGS, 2 Pin -15p, 3 Pin -15p, 5 Pin -15p.
JACK PLUGS, Standard -15p, 3.5mm-10p,
2.5mm-10p. TOGGLE SWITCH S.P.S.T.
with on/off Plate -10p. P and P 10p.

ELECTRONIC MAILORDER LTD.
62, Bridge Street, Ramsbottom, Bury, Lancs.

PRECISION
POLYCARBONATE CAPACITORS

440V AC Ii10%)
63V
Range -±1% ±2% .5%

0.1pF (1 1/8"x%") 50p 0.4751 56p 46p 36p
0.22ALF (1 3/8-x5/8") 59p 1.0pF 66p 56p 46p
0.25pF (1 3/8"x5/8") 62p 2.241 80P 65P 55P0.47pF (1 3/8"x%") 71p 4,75F £1.30 £1.05 85P
0.5µF (1 3/8"x%") 75p 6.85F £1.64 E1.29 £1.09
0.68pF (2"x%") BOp 10.0µF£2.00 £1.60 £1.40
1.0pF--(2"x%") 91p 15.0µF£2.75 £2.15 £1.90
2.0pF (2"x1") £1.22P

All high stability -extremely low leakage.
TANTALUM BEAD CAPACITORS -Values available:
0.1, 0.22, 0.47, 1.0, 2.2, 4.7. 6.8pF at 15V/25V or 35V:
10.0pF at 16V/20V or 25V; 22.0.uF at 6V/10V or 16V;
33.0µ6 at 6V or 10V; 47.0pF at 3V or 6V; 100.0pF at
3V. All at 10P each; 10 for 95P; 50 for £4.00.
TRANSISTORS:
8C107/8/9 9p BC212/212L 14p BEY50 20p
SC147/8/9 10P BC547 12p BEY51 20P
BC15718 12p BC558A 12p BEY52 20p
BC182/182L 11P 81194 12p 0071 12p
BC183/183L 11P 81197 13p 2N3055 50p
13C184/184L 12p AF178 30p
POPULAR DIODES: -All brand new and marked:
1N914 6p; 8 for 45p; 18 for 90P; IN916 8p; 6 for 45p;
14 for 90p, 1544 5p; 11 for 50p; 24 for £1.00. 1N4148
5p; 6 for 27p; 12 for 48p. LOW PRICE ZENER DIODES
400mW; Tol.±5% at 5mA. Values available: 3V; 3.6V;
4.7V; 5.1V; 5.6V; 6.2V; 6.8V, 7.5V; 8.2V; 9.1V; 10V;
11V; 12V; 13V; 13.5V; 15V; 16V; 18V: 20V; 22V; 24V;
27V; 30V. All at 7p each, 6 for 39p; 14 for 84p. Special
Offer: 100 Zeners for £5.50. RESISTORS: High stabil-
ity, low noise carbon film 5%; YiW at 4000; 1/3W at 700
C. E12 series only  from 2.22 to 2.2M52. All at 1p each;
8p for 10 of any one value; 70p for 100 of any one value.
Special Pack: 10 of each value 2.20 to 2.2N111 (730 re-
sistors) £5.00. SILICON PLASTIC RECTIFIERS 1.5A -
Brand new wire ended 0027: 100 P.I.V. -7 p (4/26p)
400 P.I.V.-8p (4/30p) 800 P.I.V.-11p (4/42p) BRIDGE
RECTIFIERS: 2%A 200V -40p 350V -45p 600V -55p.
SUBMINIATURE VERTICAL PRESETS 0.1W only:
All at 3p each: 100E2, 22052, 4702, 6802, 1k, 2:2k,
4.7k, 6.8k, 10k, 15k. 22k, 47k, 100k, 1M.
Please add 10p Post and Packing on all orders below
£5.00. All export orders add cost of Sea/Airmail.
PLEASE ADD 10% VAT TO ORDERS
Please add 10% VAT to orders. Send S.A.E. for lists of
additional ex.stock items. Wholesale price lists available
to bona fide companies.

MARCO TRADING
Dept. 16, The Maltings, Station Road, WEM, Shropshire.

Tel: NANTWICH (Cheshire) 63291 (STD 02701
(Props: Minicost Trading Ltd.)

1 -N -T -E -R -L -0 -C -K -1 -N -G
PLASTIC STORAGE DRAWERS

DISCOUNT

PRICES

Newest, neatest
system ever devised

I

S SIZES
for storing small parts and AL I"TERLD"
components: resistors, capacitors,
diodes, transistors, etc. Rigid plastic
units interlock together in vertical
and horizontal combinations. Trans-
parent plastic drawers have label slots,
1D and 2D have space dividers. Build
up any size cabinet for wall, bench or
table top.

BUY AT TRADE PRICES!
SINGLE UNITS (1D) (51n x 2'/ains x
2'/4ins). £1.75 DOZEN.
DOUBLE UNITS (2D) (5ins x 4,72ins
x 21/41ns). £3. DOZEN.
DOUBLE TREBLE 2 Drawers, in one
outer case (6DR) £4.25 for 8, EXTRA
LARGE SIZE (6D 1 ) £3.90 for 8.

PLUS QUANTITY DISCOUNT!
Orders £15 and over Deduct 5% in £
Orders £30 and over Deduct 7'/2°/ In £
Orders £50 and over Deduct 10% in £
PACKI NG/POSTAG E/CAR R I AG E:
Add 35p to all orders under £10.
Orders £10 and over, packing/postage
/Carriage free.

Quotations for larger quantities.
Please add 10% VAT to total remit-
tance.

(Dept ET7) 124
Cricklewood Broad-
way, London, NW2.
Tel. 01-450 4844.,L,PLIES

FERRIC CHLORIDE
Anhydrous to Mil -spec in double -
sealed packs. 1Ib 55p (22p) 31b
£1.32 (30p) 10Ib £3.85 (60p).

7Ib BARGAIN PARCELS
Contain hundreds of resistors, swit-
ches, capacitors, pot (all new) +
crystals, transistor panels and loads
of odds and ends. Only £1.82 (40p).

VERSATILE POWER UNIT
Contains double insulated mains tran-
sformer, 2 amp thermal cut-out and
bridge rectifier. Will give 1.7V -
10.5V output with two extra cap-
acitors (provided). Ideal for Nickel -
Cad charger, 5V TTL supply, cass-
ettes, radios, etc. Supplied complete
with information 95p (20p). Also
available as model garage woth lamp,
switch, jack plug, etc, £1.35 (30p).

3W TAPE AMPLIFiERS
Polished wood cabinet 14 x 13 x 9"
containing a sensitive (201/V) 4 valve
amplifier with tone and volume con-
trols, 3 watts output to the 7 x 4" 3
speaker. Also included is a non-
standard tape deck. Supplied in
good working condition with circuit
Mains operated. £3.30 (£1.25). Amp-
lifier chassis complete and tested
(2xECC83, EL84, EZ80) and speaker
£2.20 (45p).

COMPUTER PANELS
3lbs assorted panels £1.10 (30p) 7lbs
£2.20 (40p). Pack containing at
least 500 components including at
least 50 transistors 66p (20p). 12
high quality panels with power tran-
sistors, trimpots, IC's, etc. £2.20
(30p) 100 for £13.00 (£1.00). Trade
supplied.
ALL PRICES INCLUDE VAT;
Carriage in brackets, SAE list,
enquiries.

GREENWELD (ET2),51 Shirley
Park Road, Southampton, New
Retail/Wholesale/Mail Order Pre-
mises. Tel. 0703 772501. Also
Retail shop at 38 Lower Addis-
combe Road, Croydon.

PLEASE MENTION ETI WHEN
REPLYING TO

ADVERTISEMENTS

LABORATORY CLEARANCE
Oscilloscopes, AF/R F Oscillators,
Audio and General Test Equipment,
Tape Heads, Decks, Millivoltmeters,
Bridges, Sweep Generators, Etc. Etc.
Tel. Lower Beeding 236.
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DO YOU WANT
PROFESSIONAL STATUS?

C.E.I Part III Course

This course leads to Council of
Engineering Institutions Examin-
ations. Successful candidates
achieve the academic requirements
for membership of I.E.E. or I.E,R.E.

Details of entrance requirements
grants etc. for this and other courses
apply:
Medway & Maidstone College
of Technology, Chatham, Kent.

The Proprietors of British Patent No.
970174, for "Current lead-in for Discharge
Chambers", desire to enter into negotiations
for the sale of the patent, or for the grant
of licences thereunder. Further particulars
may be obtained from Marks and Clerk,
57-60 Lincoln's Inn Fields, London WC2A
3LS.

BUILDING and PURCHASING an
AUDIO MIXER pre -amp, autofade,
V.U. or audio monitor, V.E. mixer,
driver or power supply etc. First
consu It

PARTRIDGE ELECTRONICS
ref. ETI. 21-25, Hart Road, Benfleet,
Essex. established 23 years.

ZN414 IC's FOR SALE

Full spec devices, properly coded.
£7.50 for 10, £60 for 100. Prices
inclusive of VAT. No single orders.

For details write to:
Box No. 31, Electronics Today
International, 36 Ebury Street,
London SW1W OLW

The Proprietors of British Patent No.
1021367, for "Method and apparatus for
fabrication and in situ testing of Wire Harn-
ess Structures", desire to enter into neg-
otiations for the sale of the patent, or for
the grant of licences thereunder. Further
particulars may be obtained from Marks and
Clerk, 57-60 Lincoln's Inn Fields, London
WC2A 3LS

LOW TTL PRICES

7400
7404
7410
7413
7420
7473
7486
7490
7493
BC183 11p 10p

All devices full spec. by leading
manufacturers. 30+ prices apply
to mixture of TTL types. Prices
include VAT. Minimum order
value £2.00 + 10p p&p. Cash
with order.
CHILTERN ENGINEERING,
KINGWOOD,
HENLEY-ON-THAMES,
OXON., RG9 5NB.

1-30
20p
22p
20p
31p
20p
44p
48p
78p
75p

30+
18p
20p
18p
29p
1 8p
42p
44p
74p
70p

The Proprietors of British Patent No.
1021368, for "Improved Wire Harness Test
Hold", desire to enter into negotiations for
the sale of the patent, or for the grant of
licences thereunder. Further particulars
may be obtained from Marks and Clerk,
57-60 Lincoln's Inn Fields, London WC2A
3LS.

r
I
I
I

I 1
Assure your future with

FIELD ENGINEERING
ON

E.D.P SYSTEMS
We require additional Electronic and experience in the Forces.
Electro-Mechanical Engineers, to be After training, and in appropriate
involved in the servicing of Main Frame circumstances, shift and lunch allow -
Computers on customers premises in ances will enhance the competitive
the London Area. basis salary, as will our twice yearly

Training programmes will be arrang- bonus. A contributory pension plan
ed for successful applicants, 21 years includes generous life insurance.
of age and over, who have a good Please write for an application form to
technical background to ONC/HNC E. J. Young, N,C.R. 1000, North
level, City and Guilds or Radio/Radar Circular Road, London NW2 7TL.
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secureye
+ dimmer

Secureye helps to guard your home from the night
prowler or thief by switching on a light in a room
when you are out of the house during the hours of
darkness. It is designed to switch on the light as
darkness approaches and switch it off again when
dawn breaks.
The `Secureye' is very easily installed, directly replacing
flush or surface switches of similar pattern. No additional
wiring is involved. Just remove the old switch and replace
with Secureye. Fitting instructions included.

Secureye
Position. 1

A Rec.RetailPrice+VAT

I
Turn to
operate Dimmer. \

£5.60

WOODSTOCK PHOTOSOUND LIMITED,
300 High Street, Sutton, Surrey 01-643 7277

RICHARDS ELECTRICS
ex -stock components

FULL DATA ON ALL DEVICES - SAE OR 'PHONE US

GUARANTEED SEMICONDUCTORS -FULL SPEC'_'.
BC107 13p BFY5I 18p 2N3702 12p 25303
BC108 12p BSY95A 9p 2N3704 12p 0A91
BCIO9 13p C444 13p 2N38I9 34p IN914
BCI82LB 12p OCP71 15p 2N3866 25p 1N4004
BC2I2LB 13p 2N1711 30p 2N4058 14p 1N400

25p
9p
by
7p

7 Ilp,
4087 2 -RCA 100V COMP. POWER IN FLAT PACK 75p.ea
TIC44 - TEXAS 60 P1V 6A SCR IN TO.18 PACKAGE 37p
40486- RCA 400 PIV 4A TRIAC IN TO.5 PACKAGE 6qa

Bridges # N7012 100 PIV 4A 65p
N6002 100 PIV 2-2A 49p

Clock Chip CT70011c:FclE15
We strongly advise use of our28 pin dil socket-chipisMOS.
CT7001-1-40"LITRONIX DISPLAYS £18;+6D1SPLAYS £20
Automatic 28-30.31 daycalendar ;noise &radio alarm:
snooze facility; battery standby;12 or 24hr;4or 6 digit;
interface for led display; this must be the most versatile
digiclock chip available .SAE or phone for further data.
LITRONIX 3" 75n:01521(1y £1.35 ; TI L209 .125" LED 26a(Red)

-1511711 SOCKETS £172-5-
MIN.TOGGLES 12mmdollySPST-35p;SPDT-38p; DPDT-42p
50W RMS Power Module -superb spec.£925 or SAE 4 data.

al I prices include VAT
ALL ORDER INCLUDING llp POST& PACKING TO

16 FRIAR STREET, WORCESTER WR1 2LZte10905-28550
CALLERS WELCOME AT OUR SHOP

BUILDING YOUR OWN
HI-FI AMPLIFIER?

WHY NOT USE A PROFESSIONAL CASE?

We have a limited number of high quality case assemblies
valued at over £15.00 which must be sold.
LOOK AT THESE FEATURES:

" Ready punched steel chassis
* 3 piece, teak veneered case
*Screen printed front and rear plates
* Full compliment of hardware.

FRONT PANEL
Function switch for P.U./TAPE selection, MONO/STEREO
and SCRATCH FILTER switches. Bass, treble, volume and
balance. On/off and neon indicator.
BACK PANEL
P.U. input socket. Tuner input socket. Tape in/out socket.
MAGNETIC (CERAMIC switch. Speaker output sockets.
Headphone output socket. A.C. outlet socket. Fuse holder
and mains lead.
HARDWARE COMPLIMENTS includes
Push button switch rails, potentiometers, sockets, knobs,
plastic feet, slide switch, neon indicator, screws, nuts etc.
COMPLETE KIT OF PARTS ONLY £8.80 POST FREE.
ALSO AVAILABLE
Stereo pre -amplifier p.c. board and circuit diagram to suit
£2.75 post free. Teak plinth to match amplifier (out to
accept B.S.R. MP60, C123 etc.) £3.30 post free. Smoked
dust covers £2.20 pest free. B.S.R. C123 deck (less cart-
ridge) £8.25 post free. B.S.R. MP60 deck (less cartridge)
£12.10 post free.
S.A.E. for full list.
SOUND ELECTRONICS (NEWCASTLE) LIMITED.

43, Heaton Grove, Newcastle-upon-Tyne, NE6 5NP.
Tel: 650 108.

INDEX TO ADVERTISERS
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Over ISO
ways to

engineer a
better future

find out how
in just 2 minutes

That's how long it will take you to fill in the coupon. Mail
it to B.I.E.T. and we'll send you full details and a free
book. B.I.E.T. has successfully trained thousands of men at
home - equipped them for higher pay and better, more inter-
esting jobs. We can do as much for YOU. A low-cost B.I.E.T.
home study course gets results fast - makes learning easier
and something to look forward to. There are no books to buy
and you can pay -as -you -learn.
Why not do the thing that really interests you? Without losing a
day's pay, you could quietly turn yourself into something of an
expert. Complete the coupon (or write if you prefer not to cut the
page). No obligation and nobody will call on you . . . but it could be
the best thing you ever did.

Others have done it, so can you
"Yesterday I received a letter from the Institution informing that my
application for Associate Membership had been approved. I can honestly
say that this has been the best value for money I have ever obtained -a
view echoed by two colleagues who recently commenced the course".-
Student D.I.B., Yorks.
"Completing your course, meant going from a job I detested to a job
that I love, with unlimited prospects".-Student J.A.O. Dublin.
"My training with B.I.E.T. quickly changed my earning capacity and,
in the next few years, my earnings increased fourfold".-Student
C.C.P., Bucks.

ENO 01/7- FOR YOURVECF
These letters - and there are many more on file at Aldermaston Court
- speak of the rewards that come to the man who has given himself
the specialised know-how employers seek. There's no surer way of
getting ahead or of opening up new opportunities for yourself. It
will cost you a stamp to find out how we can help you. Write to
B.I.E.T. Dept. BE101 Aldermaston Court, Reading RG7 4PF.

Practical Radio Et Electronics
Certificate course includes a
learn while you build
3 transistor radio kit.
Everything you need to know

about Radio &
Electronics
maintenance and
repairs for a spare
time income and
a career for a
better future.

=EMT OUT THIS COUPON- - -
Tick or state subject of interest

Post to address below.
MECHANICAL
A.M.S.E. (Mech.) 0
Boiler Inspect.

& Operation 0
C & G Eng. Crafts 0
C & G Fabricat.
Diesel Eng.
Eng. Inspection B
Eng. Metallurgy 0
Inst. Eng. & Tech. 0
Inst. Motor Ind.
Mainten. Eng. 0
Mechanical Eng. 
Sheet metal Work 0
welding

ELECTRICAL
ELECTRONIC
A.M.S.E. (Elec.)
C & G Elec. Eng.
C & G Elec. Inst.
C & G Elec. Tech.
Computer Elect.
Elec. Maths
Elec. Science
Electronic Eng.
Electrical Eng.
Install. & Wiring
Meters

& Measuring
Instruments

MANAGEMENT &
PRODUCTION
Auto. Control 0
Computer Prog. 
Electronic Data

Processing 0
Estimating
Foremanship 0
Inst. Cost & Man

Accountants 0
Inst. Marketing 0
Management 0
Metrication 0
Motor Trade Man. 0
Network Plan. 0
Numerical Cont. 0
Operational

Research 0
Personnel Man. 0
Planning Eng. 0
Production Eng. 0

Man. Prod.-cont.
Quality Control 
Salesmanship 0
Storekeeping p
Work Study 0
Works

Management 0
DRAUGHTSMANSHIP
A.M.I.E.D.
Design of Elec.

Machines 0
DiDee&siPgnress Tool

Electrical
0

Draughtsman-
Geniansnhi. pDsrhiarts-

Jig & Tool Des.
Tech. Drawing 0
RADIO & TELE-
COMMUNICATIONS
Colour TV
C & G Radio/TV!

Electronics
C & G TeleComm.

Tech.
Prac. Rad. Elec.

(with kit)
0 Radio Amateurs

Exam.
Radio Servicing

& Repairs
Radio & TV Eng.
Trans. Course
TV Main. & Serv.
AUTO & AERO
Aero Eng.
A.M.I.M.I.
A.E.C. Cert.
Auto Engineer.
Auto Repair
C & G Auto. Eng.
Garage

Management
MAA/IMI Dipl.
Motor Vehicle

Mechanics
CONSTRUCTIONAL
A.M.S.E. (Civil)
Architecture

Coaching for many major exams.
including ONC, C & G, etc.

Constructional-cont.
Building 0
Building Drawing 0
Build. Foreman 0
Carpentry& Join. 0
Civil & Municipal

Engineering 0
Constructional

Engineering
Construction
Surveyors
Institute
Clerk of Works
Council Eng.
Geology
Health Eng.
Heat & Vent.
Hydraulics
Inst. of Builders
Inst. Works &

Highway Sup:
Painting & Dec.
Public Hygiene
Road Engineer.
Structural Eng.
Surveying

O
0
0

GENERAL
Agricultural Eng. 0
Council of Eng.

Inst. 0
Farm Science 0General Educat. 0
Gen. Plastics 0
Pract. Maths 0Pract. Slide Rule 0
Pure & Applied

Maths
Refrigeration
Rubber Tech.
Sales Engineers
Tech. Report

Writing
Timber Trade
University Ent.

O

O

G.C.E.

58 '0' & 'A'
LEVELS SUBJECTS
Over 10,000
group passes

POST TODAY FOR A
BETTER TOMORROW

To B.I.E.T., Dept. BE.101 QN
BE.1011

Aldermaston Court, Reading RG7 4PF

NAME..__.____
Block Capitals Please
ADDRESS

OTHER SUBJECTS__ AGE

Accredited by CA.CC. Member of A.B.CC

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY



Sinclair resisted the temptation...

Power galore 17 watts RMS
continuous, both channels driven
into 8 ohms and 60 watts per channel
music power into 4 ohm speakers.
Sensitive controls such as the
constant power balance control to
avoid changes in listening level when
adjusting balance, switched disc
input giving required sensitivity and
equalisation for both magnetic and
ceramic cartridges, and switchable
active scratch filter- 12 dB per
octave.

Refinements. Active volume control
circuits to come close to the perfect
log response curve and to maintain
balance even at very low listening
levels.

Indestructibility. Short of taking an
axe to it, the amplifier is
indestructible. There is automatic
protection against short circuited
output and gross overloads, and all
critical components are generously
rated.

And we back this claim with a no
nonsense five year guarantee.

Recommended retail price
£65.50 + VAT.

to dress up their new super powerful
4000 amplifier and tuner.

We did not feel we could improve
on the simple good looks and functional
excellence of our existing case.

But inside it is completely new.
Just look what the sophisticated circuitry of the
new Sinclair 4000 amplifier offers you.

To match it there is the new 4000
tuner giving you

Excellent selectivity and sensitivity
with twin dual-varicap tuning and 4
pole ceramic filter IF selection, a new
muting system for silent tuning
between stations, and a 19 transistor
integrated circuit multiplex stereo
demodulator giving 40 dB channel
separation.
Freedom from drift with switchable
AFC with thermistor control.
AM rejection is first class from a 26
transistor integrated circuit balanced
coincidence detector.
Low distortion 0.2% output (100 mV
for 30% modulation).

Recommended retail price
£39.95 + VAT.

All Sinclair hi-fi products are widely
stocked throughout the country. Ask
your dealer for a demonstration.

In case of difficulty contact:
Sinclair Radionics Ltd, London Road,
St. Ives. Hunts. Tel (0480) 64311
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