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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown
This is the simplified insurance you have been waiting for.
Not just cover on the contents of your home but a
package of personal protection you and your family need.
And it's how we save you so much money: just ONE
policy to issue instead of nine!
You can build up to the cover you need by additio/ial units

(or i units after the first) up to a maximum of five. So
simple. So easy. Apply to your Broker, Agent or local office
of a General Accident company.
The Home Unit Policy can replace your existing insurances
And remember- as you buy more possessions just add
more Home Units at any time. Quote fief. 20/9468

THE GENERAL ACCIDENT FIRE &
LIFE ASSURANCE CORPORA TION L TD

Metropolitan House, 35 Victoria Avenue,
Southend-on-Sea, Essex, SS2 6BT

ftpays to be protected by a/General j
ipany

Please send me further particulars of
the Home Unit Insurance.

Name....

Address.

20(9468
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Type Price Type Price
AC117K *0.30
AC126 «O.l8
AC126 '0.14
AC127 "0.11
AC128 *0.11
AC128K *0.26
AC141 »0.19
AC141K *0.80
AC142 *0.19
AC142K »0.26
AC153K '0.24
AC176 »0.11
AC176K *0.26
.AC180 *0.20
AC180K *0.30
AC181 *0.20
AC181K «0.30
AC187 «0.17
AC187K »0.23
AC188 «0.19
AC188K «0.23
AD140 *0.49

0.55
0.49
0.45
0.65
0.36
0.36

AD142
AD143
AD149
AD150
AD161
AD162
AD161 &
AD162 (MP)

•0.69
AF114
AF115
AF116
AF117
AF118
AF124
AF125
AF126

0.22
0.22
0.22
0.22
0.32
0.28
0.28
0.26

AF127
AF139
AF178
AF179
AF180
AF181
AF186
AF239
AL102
AL103
BC107
BC108
BC109
BC113
BC114
BC115
BC116
BC117
BC118
BC119
BC120
BC137
BC139
BC140
BC141
BC142
BC143
BC145
BC147
BC148
BC149
BC150
BC151
BC152
BC153
BC154
BC157
BC158
13C159

•0.26
•O.31
•0.51
•0.51
•0.51
•0.51
•0.51
•0.38
•0.75
•0.75
•0.08
•0.08
•0.08
0.10
0.16
0.16
0.16
0.19
0.09

•0.31
•0.81
0.16

•0.41
•0.31
•0.31
•0.31
•0.31
0.46
0.09
0.09
0.09
0.19
0.20
0.18
0.29
0.20
0.11
0.11
O.ll

Type
BC160
BClBl >
BC167
BC168
BC169
BC169C
BC170
BC171
BC172
BC173 4
BC174 *
BC175 '
BC177 ;

BC178 '
BC179 '
BC180 '
BC181
BC182
BC182L
BC183
BC183L
BC184
BC184L
BC186 '
BC187 '
BC207
BC208
BC209
BC212
BC212L
BC213
BC213L
BC214
BC214L
BC225
BC226
BC251
BC301
BC302

Price
"0.46
•0.51
0.10
0.10
0.10
0.10
0.09
0.09
O.O9
0.09
0.15

•0.22
'0.16
'0.16
'0.16
'0.25
0.25
0.09
0.09
0.09
0.09
0.09

'o!29
0.11
0.11
0.12
0.10
0.10
0.10
0.10
0.10
0.10
0.26
0.36
0.10

•0.28.
•0.25

Type
BC303
BC304
BC327
BC238
BC337
BC338
BC440
BC460
BD115
BD116
BD121
BD123
BD124
BD131
BD132
BD133
BD135
BD'l36
BD137
BD138
BD139
BD140
BD155
BD175
BD176
BD177
BD178
BD179
BD180
BD185
BD186
BD187
BD188
BD189
BD190
BD195
BD156
BDI97
BD198

Price
•0.31
•0.37
0.12
0.12
0.12
0.12

•0.31
•0.37
•0.63
•0.81
•0.61
•0.67
•0.70
•0.36
•0.40
•0.67
0.41
0.41
0.46
0.51
0.56
0.61

•0.81
•0.61
•0.61
•0.67
•0.67
•O.71
•0,71
•0167
•0.67
•0.71
•0.71
•0.77
•0.77
•0.87
•0.87
•0.92
•0.92

Type
BD199
BD200
BD205
BU206
BD207
BD208
BDY20
BF115
BF117
BF118
BF119
BF152
BF153
BF154
BF155
BF156
BF157
BF158
BF159
BF173
BF176
BF179
BF180
BF181
BF194
BF195
BF196
BF197
BF198
BF199
BF257
BF258
BF259 -
BF262
BF293
BF270
BF271
BF272
BF273

Price
•0.98
•0.98
•0.81
•0.81
•0.98
•0.98
•1.02
•0.15
•0.46
•0.71
•0.71
0.56
0.46
0.46

•0.71
•0.49
•0.56
0.56
0.61

•0.15
0.36

•0.31
•0.3)1
•0.31
0.10
0.10

• 0.92
0.12
0.12
0.12

•0.28
•0.36
•0.46
0.56
0.56

•O.36
•0.31
•0.81
0.36

Type Price
BF274 0.36
BFX29 *0.25
BFX84
BFX85
BFX86
BFX87
BFX88
BFY50
BFY51
BFY52
BFY53
BSY19
BSX20
BSY25
BSY26
BSY27
BSY28
BSY29
BSY38
BSY39
BSY40
BSY41
RSY95

'0.19
'0.25
•0.22
•0.22
"0.22
"0.13
'0.13
'0.13
'0.13
'0.16
'0.16
'0.16
'0.16
•0.16
'0.16
'0.16
'0.19
'0.19
'0.29
'0.29

__.-_.. '0.13
BSY95A «0.13
BU105 »1.90
MJE521 "0.56
MJE2955'0.88
,MJE3055*0.57
MJE3440«0.51
MPF102 *0.28
MPF104 *0.28
MPF105 »0.28
OC19 *0.36
OC20
OC22
OC23
QC24
OC25
OC26

•0.80
•0.47
•0.49
•0.57
•0.39
•0.38

Type
OC28
OC29
0035

.OC36
OC41
OC42
OC44
OC45
OC70
OC71
OC72
OC74
OC75
OC76
OC77
OC81
OC81D
OC82
OC82TJ
OC83
OC139
OC140
OC169
OC170
OC171
OC200
OC201
OC202
OC203
OC204
'OC205
OCP71
ORP12/
NSL4931
ORP60
ORP61
TIP29
TIP30
TIPS 1A

Price
•0.60
•0.60
•0.45
•0.51
•0.20
•0.25
•0.16
•0.13
•0.10
•0.10
•0.15
•0.15
•0.16
•0.16
•0.26
•0.16
•0.16
•0.16
•0.16
•O.20
•0.20
•0.23
•0.26
•0.26
•0.26
•0.26
•0.29
•0.29
•0.26
•0.26
•0.38
•0.44

•O.4S
•0.41
•0.41
•0.40
•0.45
•0.52

Type
T1P32A
TIP41A
TIP42*
TIS43
UT46
ZTX107
'ZTX108
ZTX109
ZTX300
ZXT500
2N696
2N697
2N698
2N699
2N706
2N706A
2N708
2N914
2N918
2N1131
2NU32
2N1302
2N1303
2N1304
2N1305

•2N1306
2N1307

Price
•0.60
"0.65
•0.72
•0.25
•0.20
0.07
0.07
O.O7
0.07
0.09

•0.10
•0.11
•0.20
•0.36
•0.08
•0.09
•0.11
•0.15
•0.81
•0.18
•0.18
•0.15
•0.15
•0.18
•0.18
•0.21
•0.21

Type Price
2N1308 *0>24
2N1309 *0.24
2N1613 *0.16
2N1711 *0.)S
2N2147 *0.73
2N2148 «0.58
2N2218 »0.18
2N2218A '0.19
2N2219 *0.18
2N2219A '0.19
2N2220 *0.22
2N2221 *0.18
2N2222 *0.18
2N2368 *0.18
2N2369 *0.12
2N2369A *0.12
2N2646 *0.34
2N2904 '0.14
2N2904A *0.18
2N2905 *O.18
2N2905A *0.18
2N2096 »0.12
2N2906A *0.14.
2N2907 *0.15
2N2907A *0.16
2N2923 0.15
2N2924 0.15

Type
2N2925
2N2926G
2N2926Y
2N2926Q
2N2926R
2N2926B
2N3053
2N3054
2N3055
2N3402
2N3403
2N3404
2N3405
2N36-14
2N3615
2N3616
2N3646
2N3702
2N3703
2N3704
2N3705
2N3706
2N3707
2N3708 '
2N3709
2N3710
2N3711

Price
0.15
0.09
0.09
0.08
0.07
0.07

•0.15
•0.40
•0.40
•0.21
•0.21
•0.29
•0.43
•0.69
•0.76
•0.76
0.09
0.09
0.09
0.08
0.08
0.0»
0.08
0.08
0.08
O.O9
0.09

iSUPERt UNTESTED B4KS

Pak No.
U50 100 Germ. Gold bonded OA47 diode
U51 150 Germ. OA70/81 diode
U52 100 Silicon Diodes 200mA OA200
U53 150 diodes 75mA 1N4148
U54 50 Sil Rect Top Hat 750mA
U55 20 Sil Rect Stud Type 3 Amp
U56 50 400mW Zeners DO7 Case
U57 30 NPN Trans BC107/8 Plastic
U58 30 PNP frans BC177/178 Plastic
U59 25 NPN T039 2N697/2N1711 silicon
,U6O 25 PNP TO59 2N2905 silicon
U61 30 NPN T018 2N706 silicon
U62 25 NPN BFY50/51
U63 30 NPN Plastic 2N3904 silicon
U64 30 PNP Plastic 2N3905 silicon
U65 30 Germ. OC71 PNK
U66 15 Plastic Power 2N3055 NPN
U67 10 T03 Metal 2N3055 NPN
U68 20 Unijunction trans TIS43
U69 10 lamp SCR T039
U70 8 3amp SCR T066 case
Code No's mentioned above are given as a guide
in the pak. The devices themselves are normally u

Price
•0.60
•0.60
•0.60
•0.60
•0.60
•0.60
•0.60
0.60
0.60

•0.60
•0.60
•0.60
•0.60
0.60
0.6C
•0.60
•1.20
•1.20
•0.60
•1.20
M.20

to the type of device
imarked.

* SIL. G.P DIODES
300mW 40 PIV (min) SUB-MIN FULLY TESTED

Ideal for Organ builders
30 for 50p. 100 for £1.5O. 500 for £5. 1000 for £9^.

TRIACS
Cose 700V 200V 400V

2 Amp T05 »0.31 *6.51 ~'0.71
6 Amp T066 '0.51 »0.61 «O.77

10 Amp T048 »0.77 '0.92 *£1.12

GP300
115 WATT SILICON 1*03 METAL CASE
Vcbo 100V. Vceo 60V, 1C, ISA, Hfe, 20-100 suitable
replacement for 2N3055 BDY11 or BDY20.

1-24 25-99 100+
*50p *48p *46p

GP Switching Trans

THYRISTORS
PIV 6.6A

TO18
lj) *0.13
20 *0.15
30 »0.19.»
50 *0.22*

100 '0.25
150 *0.31
200 *0.38
400 —
600 —
800 —

0.8A
T092
•0.15
•0.18
•0.22
•0.28
•0.30
•0.38
•O.44

•0.20 *0.25 «0.36 «0.36 '0.48 *0.51 '0.54 *£1.18
•0.25 '0.25 :'0.48 «0.48 *0.51 '0.57 '0.58 '£1.43

•0.25 *0.30 *0.50 '0.5d '0.57 *0.62 *0.62 *£1.63
•0.30 *0.39 *0.55 *0.57 *0.62 *0.71 '0.77 '£1.79
•0.39 «0.48 »0.69 *0.69 »0.78 *0.89 '0.90 —
•0.58 *0.65 *0.81 *0.81 «0.92 *£1.22 «£1.39 *£4.07

TO18 SIM. TO 2N706/8 BSY27/28/95A
All usable devices. No open and shorts.
ALSO AVAILABLE IN PNP similar to 2N2906, BCY 70
20 for «50p, 50 for *£1, 100 for *£1.80, 500 for •£», 1000
for «£14.
When ordering please state NPN or PNP.

(WORLD SCOOPII
JUMBO SEMICONDUCTOR PAK

Transistors-Germ, and Silicon. Rectifiers-Diodes Triacs-
Thyristors-I.C.'s and Zeners. ALL NEW AND CODED.
APPROX 100 PIECES ONLY *£1.85

SILICON RECTIFIERS
FULL RANGE IN STOCK

„ 2'33 Volts
40TJ mw 8p 1.5 w 17p 10 w *30p

HANDBOOKS
TRANSISTOR DATA BOOK
DTE 1 151 Pages packed with information on
European Transistors. Full specification in-
cluding outlines. Pripe $£2.95 each
TRANSISTOR EQUIVALENT BOOK
BPE 75 256 Pages of cross references and
equivalents for European, American and
Japanese Transistors. This is the most com-
prehensive equivalents book on the market
today and has an introduction in 13 languages.

Price $£2.68 each.
DIODE EQUIVALENT BOOK
DE 74 144 Pages of cross references and equiv-
alents for European, American and Japanese
diodes, Zeners, Thyristors, Triacs, Diacs and
L.E.D.'s.

Price $£1.98 eacK
THE WORLDS BROADCASTING
STATIONS
WBS 75 An up to the minute guide for those
interested in DX-ing. Contains all the world's
broadcasters on SW. MW and LW, as well as
European FM/TV stations.Price $£3.56 each
TTL DATA BOOK
DIC 75 Now complete Data book of 74 series
TTL (7400-74132). Covering 13 main manu-
facturers in the U.S.A. and Europe, this book
gives full data as well as equivalents.

Price $£3.74 each

A full range of technical books available on
request.

PIV
50
100
200
400
600
800
1000
1200

300mA 750mA
(DO 7) (SO 16)

* 0.05 * 0.06 IN4001
* O.05 * 0.07 IN4002
* 0.06 * 0.09 IN4003
* 0.07 * 0.14 IN4004
* 0.08 * 0.16 IN4005
* 0.11 * 0.18 IN4006
*0.13 *Q.2S IN4007

— ' * 0.32

I Amp 1.5 Amp 3Ainp 10 Amp 30 Amp
Plastic (8016) (SO 10) (SO 10) (TO 48)

*0.05 *0.07 *0.14 *».1» *0.56
*0.06 *0.09 *0.16 *:0.2l *O.69
*0.07 *0,12 *0.20 *ffl.23 *0.99
*0.08 *0.14 *0.28 *».35 *£1.25
* 0.09 * 0.16 * 0.33 *».42 *i£1.76
*0.10 *'0.18 *0.35 *.».51 *£1.94
* 0.11 *0.23 *O.44 *0.6P *!£2.31

*0.28 *0.54 *o:69 *'£2.88

Postage & Packing add 25p
unless otherwise shown.
Add extra for airmail. Min-

imum order £1.00.

BI-PAK
P.O. BOX 6 WARE HERTS

RADIO & ELECTRONICS CONSTRUCTOR



Typ

tifteeriCsQfiH^IS* 9 1* *r
. T Quantities

e Quantities Type Quantities 'YP*
1 2 5 1 00 •*- ' zo i vj-i- • «_ w . . vv .

72702 0.46 0.44 0.42 SL701C 0.46 0.42 0.37 76003 El .39 £1.34 C1. 30
72709 0.23 0.21 O 19 SL702C 0.46 0.42 0.37 Z§9?2 E!39£l-2* £1'29
727
727
727

09P 0.19 0.18 0.17 TAA263 0.74 0.65 0.56 .'°<><>u U.BB u.«o u.aj
10 032 031 028 TAA293 0.93 0.88 0.83 ^?®° S'fl S'?2 S'?5
41 0.28 0.27 0.26 TAA350 £1 .71 £1 .67 £1 .57 NE555 0.45 0.43 0.40

72741 C 0.26 0.25 0.24 UA703C 0.26 0.24 0.22 I ""^ "'?S *~Y'?S fY'?n
72741 P 028 0.27 026 UA709C 0.19 0.18 0.17 I BA800 £1 .39 £1 .34 £1 .30
727
727
SL2

47 0.79 0.74 0.61 UA711C 0.32 0.31 0.28
48P 0.35 0.33 0.31 UA712C 0.32 0.31 0.28
01 C 0.46 0.42 0.37 UA723C 0.45 0.43 0.40

% »W»^ A***

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

Tvne 1 25 lOOt- *Vpe 1 2b 10O+ lype I . /O iuu+
7400 009 0.09 0.08 7448 0.80 0.78 0.70 74122 0.50 0.48 0.46
7401 010 009 0.08 7450 0.12 0.11 0.10 74123 0.58 0.56 0.54
74D9 CV11 0.10 O.09 7451 0.12 0.11 0.10 74141 0.60 0.58 0.56
li
74

03 011 010 009 7453 0.12 0.11 0.10 74145 0.96 0.94 0.92
f>4 o'lr? o!l2 0.11 7454 0.12 0.11 0.10 74150 £1 .30 £1.25 £1 .20

7405 6"l3 012 dill 7460 0.12 0.11 0.10 74151 0.76 0.74 0.72
74O6 0'25 024 023 7470 0.25 0.24 0.23 74153 0.95 O.93 0,91
74
74
74
74
74
74
It

07 025 024 0.23 7472 0.22 0.21 0.20 74154 £1 .50 £1.45 £1 .40
08 0'15 014 013 7473 0.26 0.24 0.22 74155 0.80 0.78 0.76
09 O'l5 O'l4 013 7474 0.27 0.25 0.23 74156 0.80 0.78 0.76
10 0'09 0'09 (j',08 7475 0.48 0.46 0.44 74157 0,95 0.93 0.91
11 023 022 021 7476 0.25 0.24 0.23 74160 £1.00 0.98 0.96
12 0'25 0'25 0.24 7480 0.50 0.48 0.46 74161 £1.00 0.98 0.96
13 0'26 025 025 7481 £1.02 £1.00 0.98 74162 £1.00 0.98 0.96
IK n'-ja n't-i niR 74R? f) 83 O.81 O.79 74163 £1.00 0.98 0.96

7417 0'28 5'27 5'26 7483 Q.98 0.9G 6.94 74164 £1 .25 £1 .20 £1 .15
7420 O'l2 O'l1 o'lO 7484 0.90 0.88 0.8S 74165 £1 .25 £1 .20 £1.15
7422 0'28 027 026 7485 £1 .25 £1.20 £1 .1 5 74166 £1 .48 £1.44 £1 .39
74?3 o'ao o'2S 026 7486 0.32 0.30 0.29 74174 £1.00 0.95 0.90
74
74

25 030 028 026 7489 £'2.90 £2.80 £2.70 74175 O.95 0.93 0.91
7K fV30 03S 026 7490 0.37 0.35 0.33 74176 £1 .16 £1.1 1 £1.06

7427 030 028 026 7491 0.60 0.58 0.56 74177 £1.16 £1 .11 £1.06
7428 042 038 036 7492 0.43 0.42 0.41 74180 £1 .16 £1 .1 1 £1.06
7430 012 011 010 7493 0.43 0.32 0.41 74181 £2.00 £1 .90 £1.80
74^9 n'^n n ja n->R 7494 0.43 0.42 0.41 74182 0.90 0.88 0.86
74
74

33 039 037 035 7495 0,68 0.66 0.64 74184 £1 .67 £1 .62 £1.58
37 0.3Q 0.28 0.26 7496 0.68 0.86 0.64 Z^?9 ?1 -§9 ?M§ £1.40

7438 0.30 0.28 0.26 74100 £1.66 0.98 0.96 > * ] % < " ,bU El ,45 t1.4O
7440 0.12 0.11 0.10 74104 0.40 0.38 0.36 ™?2 £ 1 . 5 £1.10 £1.05
7441 0.64 0.62 0.60 74 -mi nan n aa O.3R Z^l?? . £1.15 £1.10 £1.05
74
-fi 42 0.65 0.63 0.61 74 07 0.36 034 0,32 '\ }»« ^sn n 7s A 7fi43 ri.lOFl.OBC1.OO ™iin n KR n KA n K-> 74195 0.80 0.78 0.76
7444 £1 10 £1.05 £1.00 74111^ 083 0 §7 079 74196 £1.00 0.98 0.96
7445 0.95 0.90. 0.85 74118 0\SQ 0.88 o'.88 ™197 £1.00 0.98 0.96
7446 E1.10.C1.0SC1.00 74119 £1.25 £1 .20 £1.15 ^|| £2 .10 £2.00 £ 1 .90
7447 067 0.65 O.63 47n? n IK n -}K n ->K 74199 £1 .95 £1 .90 £1 .85

r

•

Devices may be mixed to qualify for quantity price. (TTL 74 series only).
Data is available for the above series of IC's in booklet form. PRICE: 35p

* DTL 930 Series
Type Quantities Type Quantities Type Quantities

1 25 100+ 1 25 1004 "̂  ' 1 25 100+
BP930 0.20 0.19 0.19 BP944 0.21 0.20 0.19 BP962 0.20 0.19 0.18
BP932 0.21 0.20 0.19 BP945 0.34 0.32 0.29 BP9083 0.48 0.46 0.44
B
B

P933 0.21 0.20 0.19 ' BP946 0.30 0.19 0,18 BP9Q94 0.48 0.46 O.44
P935 0.21 0.20 0.19 BP948 0.34 0.32 0.29 8P9097 0.48 0.46 0.44

B5>936 0.21 0.20 0.19 BP951 0.71 0.66 0.61 BP9099 0.48 0.46 0.44

*D/L Sockets *Vo,lt<?9e
, 2S ,«,, Regulators

BPS8 8 pin type (low cost) 0.14 0.12 0.10 W
BPS1 4 14 pin type (low cost) 0.15 0.13 0.11 TO .3 Plastic Encapsulation
BPS1 6 16 pin type (low cost) 0.16 0.14 0.12 jiA.7805/L129 5V
BPS24 24 pin tvnp (!.-w rnst) 0.35 0.33 0.30 (equiv. to MVR5V) £1.25

"" "" " ' " #;A,78 12/1130^2^^

/*" ^V ^S /S*\ *̂"*?**'̂ ' \̂ UA7815/L131 15V
1\ I/ ft V» *̂™^ (pnuiv to MVR 1 5V) £1.25

U II //f^* II fiA'7^18uiv8to MVR18V) £125
WV II ^̂ ^ II ,v-- s-̂ ^̂ -̂ Ĵ -J--!,̂ ^ z ^ ___

DICACI: Ann «o^ ^SKflP8V@ Î

Untested UN Paks
Manufacturers "Fall Outs" which include Functional and
part Functional Units. These are classified as 'Out-of-spec'
from the makers, very rigid specifications, but are ideal for
learning about I.C.s and experimental work.

Untested Audio Paks
Comprising 5, I.C.s:-

Pak No, Contest Price 76003/76023 series
ULIC709 = 10 x 709 0.60 ONLY £1 per Pak
UL1C710 = 7 x 7 1 0 0.60 Complete with data
ULIC741 -- 7 x 741 0.60 FM Stereo Decoder Pak
ULIC747 = 5 x 747 0.60 Comprising 5, I.C.s:- like
ULIC748 = 7 x 748 0.60 MC1307 and SN 76110

ONLY £1.50 per Pak
Complete with data.

Atammoeti 1C Pak
APPROX. 200 PIECES

Assorted fall-out integrated circuits, including: Logic, 74
Series, Linear. Audio and D.T.L Many coded devices but
some unmarked — you to identify.

OUR SPECIAL PRICE £1,20*

_^____^ —————————————— .._ —————————————— - ————— - - - . . . . _ ————— ~ ———————————————————— ---;__

I \-., PAR --- " I; ~~.^J %AI .. •• i
i ~"-- - -"""'' i

Postage and Packing add 25p unless ;
! otherwise shown. Add extra for air- I

mail. Minimum order £1. j

* /^/testers
301 5F Minitron 7 Segment Indicator £1.11

L.E.D. DISPLAYS
DL707 Common anode 0-3" 85p. DL747 Jumbo
common anode 0-6" £1.70. DL727 Double digit display.
common anode 0-5" £2.00

L.E.D.'s
Available in 0-125" and 0-2" dia lenses
RED 19p. GREEN 17p. YELLOW 17p.

Mounting clips 2p each

IMIXITUBE ITT5870S.
Character height 13-46 mm.
SPECIAL OFFER 5 for £2

* Untested TTL Paks
Manufacturers "Fall Outs" which include
Functional and part Functional Units. These
are classed as "out-of-spec" from maker's
very rigid specifications, but are ideal for
learning about I.C.'s and experimental work.

74G

100 Gates assorted
7400-01-04-10-50-60 etc

£1.20

174 SERIES 1C PAKS
74F 30 Flip-Flops assorted
7470-72-73-74-76-104-109 etc.

£1.20

174 SERIES 1C PAKS
74M 30 MSI Assorted Types
7441-47-90-154 etc. £1.20

n ttr^vi™ F^U u u /v ~ *— s—i . —————————————————— -

TO 1 1 EIVIS 2 N 52 95 NPN (̂ S ,̂f> JMĤ ^̂ ^ ^f^m ^̂ •̂M^ ĤHI JMHV A
to 3 Plastic Ê|.-?3 • ^HÎ ^̂ A ^Hv 1^^^^^^* ^̂ ^H ^^f A

twl/kKKFri -V- Power ^->^ <~ j^ff^^B iHf ^̂ V^̂ H ̂ ^̂ H ^^M^Uivii-tnixh.i^ ,m VCE 50v. • n ' ^^^^^Hr^Ht^m^n mm^f^fl A^HV
RFMAIMDER vcseov. ° ĤÎ K ̂ v Hr̂ Hl̂ R̂ r ̂ H ^̂ ^Hncivs/^ii^i u/c.r» p36w. ic4A E ĵ v^BB Av ̂ ^̂ H^B f̂l̂ ^̂ H ̂ VHHAnn 1 o i o/ hFE 30-120 ^^b^VJ^v «v̂ ^^Bî ^HI AV^H

v ADD 1Z-J-/0 j ONLY _ JHÎ f̂lv Mr mrWAmmWR
%?*° P.O. BOX 6 WARE HERTS

C A A Al COMPOIMEIMT SHOP: 18 BALDOCK STREET. WARE. TEL: 6159

1
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THE ABOVE KIT IS AVAILABLE
AS SEPARATES

above .

si" ".'.'.'.
s).. .....

£ P
33.48
4.40

..... 8.79

..... 5.46

..... 6.00

..... 17.62

..... 13;74

p&p
1.15

35
35
25
70
85
65

• Kit Complete as above
• Mk.ll Drill Stand
• Mk.ll Drill Only.
• Flexible Shaft..........
• Transformer ...
• S.30 Kit (30 tools)..
• S.10 Kit (10 tools)..

Postage fdr spares (any quantity) 15p

Replacement accessories ....40p each
Circular Saw Blade Sets (4)....... £2.00
Spare Collets............................ £0.40
Spare Chuck & 3 Collets......... £2.50

ALL ABOVE PRICES INCLUDE V.A.T.

PRECISION
119a High Street
Teddington, Middx.

Tel: 01-977 0878
(24hr. Tel: Enquiry Service)

Have pleasure in introducing
their Precision Tools from

France for all types of
electronic design and

development, professional
or amateur

EXHIBITION
Otympia

Sfc t UUH b iANO
AT THE 21th
INTERNATIONAl
HANDICRARS&
D I Y EXHIBITION

O A C ILLUSTRATED LEAFLET
& ORDER FORM



Capacitive discharge
electronic ignition kit

* Smoother running
* Instant all-weather starting
* Continual peak performance
* Longer coil/battery/plug life
* Improved acceleration/top speeds
* Up to 20% better fuel consumption
Sparkrite Mk. 2 is a high performance, high quality capacitive discharge,
electronic ignition system in kit form. Tried, tested, proven, reliable
and complete. It can be assembled in two or three hours and fitted in
15/30 mins.
Because of the superb design of the Sparkrite circuit it completely
eliminates problems of the contact breaker. There is no misfire due to
contact breaker bounce which is eliminated electronically by a pulse
suppression circuit which prevents the unit firing if the points bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50ti of the norm. It will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of the contact breakers for recharging the system. Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of
blowing the transistors or the SCR. (Most capacitive discharge ignitions
are not completely foolproof in this respect). All kits fit vehicles with
coil/distributor ignition up to 8 cylinders.

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

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

CALLERS WELCOME. For Crypton tuning and fitting service -
phone (0922) 33008.

PRICES INCLUDE VAT, POST AND PACKING.

Improve performance ̂ economy NOW

Electronics Design Associates, Dept., REC/11
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 33652
Name .........................................................................
Address ......................................................................

Mk. 2 DIY As

Mk. 2 Ready Built Positi'

I enclose cheque/PO's
for£____I
Cheque No.

Send SAE if brocl-
only required.

"I MADE IT MYSELF"
Imagine the thrill you'll feel! Imagine how impressed

j people will be when they're hearing a programme on a
modern radio you made yourself.

Now! Learn the secrets of radio
and electronics by building your

own modern transistor radio!
Practical lessons teach you sooner

than you would dream possible.
What a wonderful way to learn - and pave the way 10 a
new, better-paid career! No dreary ploughing through page
after page of dull facts and figures. With this fascinating
Technatron Course, you learn by building!

,. You build a modern Transistor
Radio . . . a Burglar Alarm. You
learn Radio and Electronics by doing
actual projects you enjoy - making
things with your own hands that
you'll be proud to own! No wonder
it's so fast and easy to learn this
way. Because learning becomes a
hobby! And what a profitable hobby.
Because opportunities in the field
of Radio and Electronics are growing
faster than they can find people to
fill the jobs!

No soldering - yet you
learn faster than you
ever dreamed possible.
Yes! Faster than you can imagine,
you pick up the technical know
how you 'need. Specialty prepared
step-by-step Wessons show you how
to read circuits - assemble compon-
ents - build things - experiment.
You enjoy every minute of it!

You get everything you need.
Tools. Components. Even a versatile
Multimeter that we teach you how
to use. All included in the course.
AT NO EXTRA CHARGE! And
this is a course anyone can afford.
(You can even., pay for it by easy
instalments).

So fast, so easy,
this personalised course
will teach you even if
you don't know a thing
today!
No matter how little you know now,
no matter what your background
or education, we'll teach you. Step
by step, in simple easy-to-understand
; inguage, you. pick up the secrets
of radio and electronics.

You become somebody who makes
things, not just another of the
millions, who don't understand.
And you could pave the way to a
great new career, to add to the
thrill and pride you receive when
you look at what you have achieved.
Within weeks you could hold in
your hand your own transistor
radio. And after1 the course you
can go on to acquire highpowere'd
technical qualifications, because om
famous courses go right up to Cit\
& Guilds levels.

Send now for FREE
44-page book - see how
'easy it is - read what
others say)
tind out more now! This is the
gateway to a thrilling new career,
or a wonderful hobby you'll enjoy
for years. Send the coupon now
There's no obligation.

POST
TODAY FOR
FREE BOOK

To: ALDERMASTON COLLEGE p-———-
[DEPT, CRE 23, READING RG7 4PF LCRE 23

Also at our London Advisory Office, 4 fate Street
Avenue, Moorgate. London. EC2Y 5EJ Tel: 01-&28 2721
Yes, I'd like to know more about your course. Please send
me free details — plus your big, 44-page book that tells
about all your courses.

NAME . . . . . . . . . . . .

ADDRESS .

POSTCODE, . BIET
HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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JUST A FEW BARGAINS ARE LISTED - SEND STAMPED ADDRESSED
ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. PAY A VISIT.
OVER 90% OF STOCK BELOW QUANTITY WHOLESALE PRICE.
RETURN POSTAL SERVICE UNLESS CHEQUE. ALL PRICES INCLUDE THE

ADDITIONAL DISCOUNT IN LIEU OF GUARANTEE.

Goods sent at customer s risk, unless suficient payment for registration (1 st class letter
post) or compensation fee (parcel post) included.

VALVE BASES
Printed circuit B9A-B7G
Chassis B7-B7G .. ..
Shrouded chassis B7G-B9A-B8A

B12A tube

5p
9p

10p
9p

Speaker 6" x 4" 5 ohm ideal for car radio£1.25
TAG STRIP - 6 way 3p 5 x 50pF or 2
9 way 5p Single 1p trimmers

x 220pF
20p

Car type panel lock
and key 60p

18 volt 4 amp charger,
bridge rectifier 79p

GC10/4B £3.00
Telescopic aerial

Closed 9i", open 381"
Fitted right angle TV

plug, 50p
BOXES — Grey polystyrene 61 x 112 x 31mm, top secured by 4

self tapping screws 32?p
Clear perspex sliding lid. 46 x 39 x 24mrn 10p

ABS, ribbed inside 5mm centres for P.C.B., brass corner inserts,
screw down lid, 50 x 100 x 25mm orange 48p; 80 xJ5C x 50mm
black 70p; 109 x 185 x 60mm black £1.10
ALUMINIUM 8 " x6 "x3 " £1.02
3"x2"x1" - 39p - 4" x 2V'x 2" 44p 10" x 4|" x 3" £1.02
2\" x5i"x1f 45p 4"x5|"x1f54p }?" x 5" x 3 £1.20
4 " x 4 " x 1 £ " 45p 6 "x4"x2" 65p 10" x 7" x 3" £1.22
4"x2|"x 1f 45p_7"x5"x2f 79p 12"x8"x3" £1.50

JAP 4 gang min. sealed,tuning condensers New 35p

ELECTROLYTIC.S MFD/VOLT. Ma,ny others
in stpck 70- 200-300-450-
Up to 10V 25V 50V 75V 100V 250V 350V 500V
MFD

10 4p 5p 6p 8p
25 4p 5p 6p 8p
50 4p 5p 6p 9p

100 5p 6p 10p 12p
250 9p 10p 11p 17p
500 10p 11p 17p 24p

1000 13p 22p 40p 75p
2000 23p 37p 45p —

16p 20p
18p 20p
25p —

12p
15p
18p
20p
— 85p £1

10p
10p
13P
19p
28p
45p
— £1.50 — —

As total values are too numerous to list, use this
price guide to work out your actual requirements
8/20. 10/20, 12/20 Tubular tantalum 20p each
16-32/275V. 32-32/275V. 100-100/150V. 100-
100/275V 30p; 50-50/385V, 12,000/1 2V, 32-32-
50/300V, 20-20-20/350V 60p; 700 mfd/200V
£1.00; 100-100-100-150-150/320V £2.00.

SWITCHES
Pole Way

18p
20P
T4p
12p

Type
Sub. Min. Slide
Slide
Slide
13 amp small rotary
Locking with 2 to 3 keys

£2.00
2 Amp 250V A.C. rotary 28p

Wafer Rotary, all types 30p
S.P.S.T. 10 amp 240v. white rocker switch
with neon. 1" square flush pane! fitting -46p
S.P.S.T. dot 13 amp, oblong, push-fit, rocker20p

AUDIO LEADS
5 pin din plug 180° both ends 1£ Mtr., 80p
3 pin din to open end, 1 ̂  yd twin screened 35p
Phono to Phono plug, 6ft._____ 35p

COMPUTER AND AUDIO BOARDS
VARYING PANELS WITH ZENER, GOLD BOND,
SILICON, GERMANIUM, LOW AND HIGH POWER
TRANSISTORS AND DIODES, HI STAB RESISTORS,
CAPACITORS, ELECTROLYTICS, TRIMPOTS, POT
CORES, CHOKES ETC.

3lb for 85p + 85p post and packing
7lb for £1.95 + £1.20 post and packing

Skeleton Presets
Slider, horizontal or verti-
cal standard or submirs. 5p

3" Tape Spools 8p
1" Terry Clips 4p

12 Volt Solenoid 30p
KNOBS

SILVER METAL PUSH ON WITH POINTER. OR
WHITE PLASTIC, GRUB SCREW WITH GOLD
CENTRE 8p EACH
ENM Ltd. cased 7-digit counter 2-J- x 1 f x 1-J-"
approx. 12V d.c. (48 a.c.) or mains 75p

ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope 170V
2-SM/A__________________________£1

REGULATED TAPE MOTOR
9v d.c. nominal approx \\" diameter 75p
12v 8 amp Transformer £2.50 (p&p 85p)
IFerric Chloride, Anhydrous mil. spec. 11b bag 40p

RESISTORS

1 watt . . . . . . 3p
Up to 5 watt wire 11 p
10 watt wire
wound . . . . . . 12p
15 watt . . . . . . 12p
1 or 2% five times
price.

RS 100-0-100 micro amp null indicator
Approx. 2" x |" x |" . . . . . . . . . . . . . . . £1.50

INDICATORS
Bulgin D676 red, takes M.E.S. bulb
12 volt or Mains neon, red pushfit . . . . T8p
R.S. Scale Print, pressure transfer sheet .10p

Semiconductor Data
Book 263 pages. Covers
2 N 2 1 t h r o u g h t o
2 N 5 5 5 8 plus some
3N's. Type/eonnection/
parameter details £1.50
No VAT

CAPACITOR GUIDE - maximum 500V
Up to .01 ceramic 3p. Up to .01 poly 4p.
.013 up to .1 poly etc. 5p. .12 up to .68 poly
etc. 6p. Silver mica up to 360pF 8p, then to
2,200pF 11 p. then to .01 mfd 18p,
8p. .1/600: 12p. .01/1000, 1/350. 8/20, .1/900,
.22/900, 4/16. .25/250 AC (600vDC) .1/1500
40p. 5/150, 9/275AC, 10/150, 40/150.
Many others and high voltage in stock.

POTS
Log or Lin carbon
Switched . . . . . .
Dual Pots . . . . . .
Dual & switch . .
Lin wirewound
Slider Pot
Dual Slider
1.5m Edgetype

FORDYCE DELAY UNIT
240 volt A.C./D.C. Will hold relay, etc., for approx.
15 sees after power off. Ideal for alarm circuits,
etc. £1

CONNECTOR STRIP
Belling Lee L1469, 4 way polythene. 6p each
1| glass fuses 250 m/a or 3 amp (box of 12)
Bulgin, 5mm Jack plug and switched socket (pair)

24p
30p

THERMISTORS
VA1008, V.A1034.1
VA1039, VA1040,
VA1055, VA1066,
VA1082, VA1100
VA1077,
VA1005, VA1026

1" or H" or 2" or |" CAN CLIPS 6p

10p

15p

RELAYS
12 volt S.P.C.O octal
mercury wetted high
speed 75p
P.O. 3000 type, 1,000
OHM coil, 4 pole c/o

60p
Mains or 12v d.p.c.o
heavy duty octal £1

MAINS DROPPERS
36 + 79 ohm 25p
66 + 66 + 158 ohm, 66 + 66+137 ohm
17 + 14+6 ohm, 266+14+193 ohm 30p
50+40+1 k5 ohm -)
285 + 575+148 + 35 ohm \ 40p
25 + 35 + 97 + 59 + 30 ohm J ___________
5-i" x 2|" Speaker, ex-equipment 3 ohm
2 Amp Suppression Choke . . . . . . . .

" PAXOLINE
PCV or metal clip on MES bulb Holder
VALVE RETAINER CLIP, adjustable

£2

OUTPUT TRANSFORMERS
Sub-miniature Transistor Type
Valve type,

THE RADIO SHACK
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11
Open 10 a.Vr̂ .Ji|i 7 p.m. Monday to Saturday. 'VAT receipjs on request^

Terms: Payment with order Telepfibne:01-223 5OTlf

Transformers 6 volt i-A £1.00
Whiteley Stentorian 3 ohm constant impe-
dance volume control way below trade at 80p
Drive Cord ... ... ... Ipfoot
18 SWG multicore solder afpfoot
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SEMICONDUCTORS
Full suec marked bv Mullard. etc. Manv other tvoes in stock

107,
128/176

ACY28
AD149 '
AD161/2 J
AF116 K
AF124/6/7 I
AF139 :
AF 178/80/81 I
AF239 :
ASY27/73 !
BC107/8/9 + A/B/C
BC147/8/9 + A/B/C/S
BC157/8/9 + A/B/C
BC178A/B, 179B
BC184C/LC
BC186/7 I
BC213L/214B
BC216B
BC327/8, 337/8
BC547/8/8A

BC557/8/9
BCX32/36
BCY40
BCY70/1/2
BD112/3
BD115/6
BD131/2/3 •
BD135/7/9
BD142
BD201/2/3/4
BD232/4/5
BDX77
BF115/167/173
BF178/9
BF180/1/2/3/4/5
BF194/5/6/7
BF194A, 195C
BF200, 258
BF202/3
BF336
BFS28 Dual Mosfet

9p
12p
50p
12p
50p
31 p
35p
30p
30p
80p
49P
£1

15p
20p
15p
!P6p

20p
30p
27p

£1

Amp

1.4
0.6
5

Volt
1,600
140
42
110
400

BRIDGE RECTIFIERS
BYX10 30p
OSH01-200 26p
BY164 4Op
EC433 15p
Texas 90p

BFW10/11 F.E.T.
BFW30
BFW57/58
BFX12/29/30
BFX84/88/89
BFY51/52
BFY90
BR101
BRY39/56
BSV64
BSV79/80 F.E.T.S
BSV91 Mosfet
BSX20/21
BSY40
BSY95A
BU105-01
CV7042 (OC41/44

ASY63)
GET111
OC35
ON222
TIP30/3055
TIS88A F.E.T.
ZTX300/341
2N393 (MA393)
2N456A
2N929
2N987
2N1507/2219

2N2401 30p
2N2412 70p
2N2483 23p
2N2904/5/6/7/7A fSp
2N3053 14p
2N3055 R.C.A. 5Op
2N3704 8p
2N3133 20p
2N4037 34p
2N5036 (Plastic 2N3055)

down from 60p to 30p
2SA141/2/360 31 p
2SB13 5/6/457 20p
40210 (2N3054) down

from 54p to 30p

NEW B.V.A. VALVES
6BW7 60
EB91 34
ECH81 34
ECL80 36
EF80 34
EF183 34
EY86/7 34
PC86 53
PC88 53
PC97 36
PCC84 34
PCC89 45
PCC189 45
PCF80 34
PCF82 34
PCF801 65
PCL82 34
PL81 35

IN4004/5
IN4006
BY103.
SR100
SR400
REC53A
LT102
BYX38-300R
BYX38-600
BYX38-900
BYX38-1200
BYX49-300R
BYX49-600
BYX49-900
BYX49-1200
BYX48-300B
BYX48-600
BYX48-900
BYX48-1200R 6
BYX72-150R 10
BYX72-300R 10
BYX72-500R
BYX42-300
BYX42-600
BYX42-900
BYX42-1200
BYX46-300*
BYX46-400*
BYX46-500*
BYX46-600*
BYX20-200
BYX52-300
BYX52-1200

RECTIFIERS
Volt
400

6/800
1,500

100
400

1.250
30

300
600
900

1,200
300
600
900

1,200
300
600
900

1,200
150
300
500
300
600
900

1,200
300
400
500
600
200
300

Amp
1
1
1
1.5
1.5
1.5
2
2.5
2.5
2.5
2.5
2.5
2.5
2.6
2.5
6
6
6

10
10
10
10
10
15
15
15
15
25
40
40 1,200

5p
7p

8p
14p
lOp
40p
45p
50p
55p
26p
35p
40p
52p
40p
50p
60p
80p
35p
45p
55p
30p
65p
80p
95p

£1.00
£1.50
£1.75
£2.00

60p
£1.75
£2.50

*A valanche type
Amp
6
25
25

Volt
800
900

1200

TRIACS
Plastic RCA
BTX94-900
BTX94-1200

£1.20
£4.00
£6.00

12-0-12 50M/A Min. Txfmr. 90p
RS 2mm Terminals
Blue & Black . . . . 5for40p
Chrome Car Radio facia
Rubber Car Radio gasket

15p
5p

DLI Pal Delayline 50p
Relay socket . . . . 25p

Take miniature 2PCO relay_____
"B7G orB9A valve can ... 5p"
0-30, or 0-15, black pvc, 360°
dial, silver digits, self adhesive,
4i*dia. . . . . . . lOp

OTHER DIODES
1N916 ... ... 6p
1N4148 ... ... 2p
BA145 ...14p
Centercel ... ... 24p
BZY61/BA148 .10p
BB103/110 Varicap 15p
BB113 Triple

Varicap ... 37p
BA182 ... ...13p
OA5/7/10 ...15p
BZY88 Up to 33 volt 7p
B2X61 11 volt 15p
BR100 Diac; . . . . 15>

INTEGRATED CIRCUITS
TAA700 ... £2.00
723 reg (T099) 45p
741 8 pin d.i.l. op.

Amp ... 2Op
TAD100AMRF £1
CA3001 R.F. Amp SOp
TAA3001wtAmp £1
NE555v Timer 35p
TAA550 Y or G 22p
TAA263 Amp ...65p
7400/10 ... ... 9p
7402/4/20/30 ...12p
7414 ... 56P
7438/74/86 24p

OPTO ELE<
BPX40 50p
BPX42 80p
BPY10 80p

(VOLTIAC)

BPY68T
BPY69 80p
BPY77 J

Diodes
TIL209 Red 1 0p

rrRONics
Photo transistor

BPX29 80p
OCP71 44p
BIG L.E.D. 0.2"
2v 50m/A max.
RED 10p
ORANGE 17p
GREEN 14p
YELLOW 14p
CLIP 2p

PHOTO SILICON CONTROLLED
SWITCH BPX66 PNPN 10 amp £1.00
.3" red 7 segment L.E.D. 14
D.I.L. 0-9+D.P. display 1 .9v
10m/a segment, common
anode 6!p
DL747.6" £1.25
Minitron 3" 301 5F filament

£1.10
CQY11B L.E.D.

Infra red transmitter. £1
One fifth of trade

Plastic, Transistor or Diode
Holder 1 p
Transistor or Diode Pad 1 p
Holdersorpads50pper100

PY500A 80p
PY8 1/800 45p
R20/U26 50p

Amp Volt THYRI5

1 240 BTX1 8-200
1 400 BTX1 8-300
1 240 BTX30-200
15 500 BT1O7 . .
6.5 500 BT101-500R
6.5 500 BT109-500R
20 600 BTW92-600RM
1 5 800 BTX95-800R Pu
30 1000 28T10 (Less Ni

PAPER BLOCK CONDENSER
0.25MFD 800 volt 30p
1MFD 250 volt . !Sp
2MFD 250 volt 20p
10MFD 500 volt 80p
4MFD 250 volt 20p
t.C. extraction and insertion
tool 32p

CHASSIS SOCKETS
Car Aerial 9p, Coax 3p. 5 pin
180° 9p, 5 or 6 pin 240° din
6p, speaker din switched 5p,
3.5 mm switched 5p. stereo
'•}" jack enclosed lOp.

Philips Iron Thermostat ... 15p
MoMurdo PP108 8 way edge plug 10p

TO3 HEATSINK
Europlec HP1 T03B individual 'curly'
power transistor type. Ready drilled 12p

Tested unmar
ample lead ex r

ACY17-20 8p
ASZ20 8p
ASZ21 30p
BC186 11 p
BCY30-34 10p
BCY70/1/2 8p
BF115 10p
BY127 9p
HG1005 lOp
HG5009 3p
HG5079 3p
L78/9 3p
M3 lOp
OA81 3p
OA47 3p
OA200-2 3p
OC23 20p

ced, or marked
lew equipment

OC71/2 5p
OC200-5 20p
TIC44 24p
2G240 £1
.2G302 15p
2G401 16p
2N711 25p
2N2926 4p
2N598/9 6p
2M091 8p
2N1302 8p
2N1907 £1
Germ, d ode 1p
GET120 (AC128
in 1*sq. heat sink)

25p
GET872 12p
2S3230 30p

8 way Cinch standard
0.1 5 pitch edge socket

30p
U.E.C.L. 10 way pin
connector 2B6000
OA1P10 10p
U.E.C.L. 20 way pin
connector
2A60000A1 P20 20p
U.E.C.L. 10 way pin
socket 2B606001R10

10p
U.E.C.L. 20 way pin
socketB260800A1R20

20p
3.5mm STEREO PLUG
Metal screened 35p
Philips electronic eng-
ineer kits add on series
E1 004 £1 .00 each
RS Yellow Wander
Plug Box of 12, 25p

7483 ... 69p
LM300, 2-20 volt £1
74154 90p
JTORS

. . 30p

.. 35p

.. 30p
£1

.. 90p.. £1:00

. . £3.00
se Modulated . . £8.00
t) .. „. £3.00

Push-to-Break or
Push-to-Make Panel

Switch .................. .24p

ENAM. COPPER WIRE
SWG. PER YD.
20-24 3p
26-42 2.5p

GARRARD
GCS23T or GP93/1
Crystal Stereo Cart-
ridge £1 .50

HANDLES
Rigid light blue nylon
63" with secret fitting
screws ... 8p

Belling Lee white
'plastic surface coax

outlet box 35p

Ferrite Choke formers
2p

RS 10 Turn Pot 1%
250, 500 a, 1K,
50K ............ £1
Copper coated board
1 0" x 9" approx 25p

TIE CLIPS
Nylon self locking 7"
or 3i" 2p

Geared Knob
8-1- ratio 1|" diam,

bJack 70p
1 1b Mixed bolts, nuts,
washers etc. 45p

SMALL ORDERS. ENCLOSE SUITABLE!
STAMPED ADDRESSED ENVELOPE

LARGE ORDERS, ADD SUFFICIENT FOR
POSTAGE, INSURANCE, ETC.

TOTAL GOODS PLUS CARRIAGE. ADD V.A.T.

MAIL ORDER CUSTOMERS ONLY ADD

NOVEMBER 1976

ALL ENQUIRIES, ETC.. MUST BE ACCOMPANIED BY A
STAMPED ADDRESSED ENVELOPE
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QUALITY ITEMS Compare
performance and specification with

units costing 3 times as much!

•THREE FOR £16.50 (THREE FOR E2Z.OO THREE FOR £25.00
I+VAT £1.32 POST FREE! +VAT C1.76 POST FREEl +VAT £2.00 POST FREE

digit height, bright red LED 7
segment displays for calculators,
digital watches, miniature
clocks, DVMs, timers etc.
-*- Fairchild FND-10, single digit
common cathode £1.00 (+vat 8p) 6
for£5.00(+vat40p)
-X- HP 7414 4 digit, common cathode
12 pin d.i.l. pin out 99p+(vat 8p) 6
for£S.OO(+vat40p)
-X- Bowmar 8i digit, common
cathode with pc connector, and red
bezel £1.(5 (+vat 15p) 6 for £10
(+vat80p)
-¥• Texas 3 digit common cathode 12
pin d.i.l. pin out SSp (+vat 7p) 6 fo
£4.00(+vat32p)
-K- Texas 4+5 digit, common
cathode 2x14 pin d.i.l. £1.85 paii
(+vat15p)
-X- 30 pin termination board for al

1XAS
TEXAN
AMPLIFIER teture?
by PRACTICAL WIRELESS
still the best telling amp in the UK

types except FND-1020p(+vat2p)
Texas calculator keyboards. 19 gold
plated 'snap' type key contacts on
gold plated pcb. 75p(+vat6p)
p&p on all the above25p.
BX12E343 i TRACK ERASE
HEAD - £1.25 (+vat 15p)
BX12RP63 WITH BX12E343-I
£2.95 (+vat 36p)
STEREO CASSETTE R/RP
HEAD (200 ohm)-£2.25
(+vat28p>

GX11 E388 ERASE 675 ohms
2mA-£O.M(+vat11p)
GX12 £387 ERASE 675 ohms
2mA-£0.8«(+vat11p)
GX20 E362 ERASE 90 ohms
90mA-£O.M(+vat11p)
R/RP1/3 TAPE HEAD i
TRACK - £0.65 (4-vat 8p>
XRPS17 J TRACK - £3.25
(+vat40p)
XRPS18 i TRACK RED-
£3.25(+vat40p)
XRPS36 i TRACK - £6.75
(+vat79p)
XES11 JTRACK ERASE -
£1.25(+vat15p)
BX/RP/63 i TRACK - £2.25
(+vat28p)

MULLARD TUNER MODULES
LPT171 combined AM/FM IF
strip-£4.2»(+»atS3p) *LP1179
FM front end with AM tuning
gang, used with LP1171 - £4.2*
(+vat SSp) •*- LP1171 & 79 pair -
£•.00 (+vat £1.00) * LP1157
complete AM strip - £2.05 (+vat
2«p) -X- Ferrite Aerial -SSp ( + vat

£29.95
Built £39.95 p. p £11
+ VAT £4.93 PAP£1|

an be
tage by stage.

As/t for leaflet 5.
* Everything necessary
supplied. Full after sales

:e and guarantees.

Build the Texan stereo amplifier, and be
doubly proud! You'll own a superb home
entertainment unit. And the pleasure of doing
it yourself. Look at the Texan specification Fully
integrated stereo preamp and power amp, 6
IC's, 10 transistors, 6 rectifiers and zener
diodes. Plus stabilised, protected circuitry,
glass fibre pcb; Gardeners low-field low-line
mains transformer; all facilities and controls.
Slim design, chassis 145"x6"x2"overall.
20 watts per channel RMS.

The natural follow on I_____

TEXAN FM
TUNER KIT

4- VAT
£2.62

Built and
tested £25.95
+VAT£3.24

Build the matching Texan stereo tuner Features
advanced varicap tuning. Phase lock loop
decoder. Professionally designed circuit.
Everything you need is in the kit. From the glass
fibre pcb to the cabinet itself. Excellent spec:
2.5 uV aerii I sensitivity. 500 mV output (adjust).
Tuning range 87-102 MHz. Mains powered.

£21-95.+VAT£2.74 MODULE
pip £1.00

MAY BE ASSEMBLED IN AN EVENING.
FEATURES -* Built-in AM Ferrit,e aerial
•*- LW coverage 150KHz-250KHz * MW
coverage 530KHz-1.6MHz -+• FM coverage
97-104MHz •*• 75 n aerial for FM ̂  150mV
output * SizeSi(L) x 6J(W) x 2}(H)

FREE - to educational
hmentsand manufacture:

ordered on official headed nolepapei

We will be pleased to quote
for parts for circuits in this
magazine. Send your list for

quotation in S.A.E.

This new AM/FM tuner kit incorporates 2
Mullard modules. Supplied as a pre-aligned and
tested printed circuit, the constructor only has to
build the PCB into the chassis, connectthe
power, aerial and output loads. Styled to match the
Texan amp, mains operated. Easily adapted for
stereo, using the Henelec 1C stereo decoder kit,
high performance modular design, phase lock
loop principle. Low pass filters for opt perfor. /
Price £8.75+VAT £1.02 pAp 50p.

~7r i n w k v v ~~
PROPORTIONALLY
CONTROLLED SWITCH
* FEATURING COSMOS
DIGITAL LOGIC to minimise
power consumption and extend
battery life.

•craft and boat

LONDON W2:
404/6 Edgware Road
Tel: 01-402 8381 f
LONOONW1: \S
231 Tottenham Ct Rd s
Tel: 01-636 6681
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Specially designed to provide aircraft and boat
modelmakers with a low-cost, easy-to-use radio
control, the Henelec system gives you everythin
'—— single channel, up to sophisticated

innel Digital Proportional System! Buy the
lonents you want. Ideal for any radio contrb

Basic receiver-£6.95 (+vat87p) Send now for
aflet No. 8 (SSp) for full details. Post etc.SOpeach

|Ask for FREE leaflets and lists on our kits projects.

NOW AVAILABLE . . .

LATEST
BOUND VOLUME

No. 29
of

"Radio & Electronics
Constructor"

AUGUST 1975 to JULY 1976
Comprising
776 pages PRICE £3.10 P&P 75p
inc. index

BOUND VOLUME No. 27
(August 1973 to July 1974)

BOUND VOLUME No. 28
(August 1974 to July 1975)

PRICES
VOL. 27

£2.40 per volume P&P 75p
VOL. 28

£2.75 per volume P&P 75p

Limited number of these
volumes still available.

We regret all earlier volumes are now
completely sold out.

Available only from

DATA PUBLICATIONS LTD.,
57MAIDA VALE, LONDON, W91SN

RADIO & ELECTRONICS CONSTRUCTOR



RETURN OF POST MAIL ORDER SERVICE
NEW BSR HI-FI AUTOCHANGER
STEREO AND MONO

.
With STEREO/MONO CARTRIDGE £1 1.95 Post 75p

Single player version with cueing device 1. 1 D.OU

PORTABLE PLAYER CABINET £4.50
Modern design. Size 1 6" x 1 5" 7" approx, Post 5°P
Large front grille. Hinged Lid. Chrome fittings.
Motor board cut for Garrard or BSR deck.
Rexine covered, in red or black or blue.

HEAVY METAL PLINTHS
With P.V.C. Cover. Cut ou. for most
B.S.R. or Girrard decks. Silver grey
finish. Size 1 2 } x 14} x 7iin.
Size 16 x 1,31 * 7in. £6.95

EXTRA LARGE PLINTH & COVER
Size: 20in. x 194-in. x 9in. C"\Q Kf\
CALLERS ONLY t I 5J.OU

Post 75p

TINTED PLASTIC COVERS

R.C.S.
DISCO
DECK
SINGLE
RECORD
PLAYER

Fitted with auto stop, compatible cartridge. Base-
plate. Size 11in. x 8 jin. Turntable. Size"7in. diameter. A/C
mains. 220/250V motor has a separate winding 14 volt
In power a small amplifier. ^ -_ «» •«.
3 speeds plays all size records. FR UK p°st
Two for £13. I.U.3J 45p

COMPLETE STEREO SYSTEM

Plays all size records, 3 speed.
Size 12 x 8 -̂in. Complete with
stereo/mono cartridge.

£9.95 Post75o

CASSETTE RECORDER MOTOR ONLY. 6 Volt.
Will ri!|iMce many types. Ideal for models. £1.25

BLANK ALUMINIUM CHASSIS, 18 s.w.g. 2|in. sides
6 x 4in. 70p; 8 x 6in. 90_p; 10 x 7in. £1.16;
14 x 9in. £1.50; 16 x 6in. £1.45; 12 x 3in. 87p;
16 x 10in. £1.70. ALT Boxes, many sizes in stock. .
ALUMINIUM PANELS 18s.w.g. 6 x 4in. 15p; 8 x 6in. 26p;
10 x 7in. 30p; 12 x Sin. 30p; 12 x Sin. 40p; 16 x 6m.
45p; 14x9 in. 50p; 12 x 12in.55p; 16 x 10in.76p.
ALUMINIUM ANGLE BRACKET 6in long x | x | 15p.

1>ich DIAMETER WAVECHANGE SWITCHES 45p. EA.
2 p.-2-way. or 2 p. 6-way. or 3 p. 4-way.
1 p.1 2-way, or 4 p. 2-way. or 4 p. 3-way.
TOGGLE SWITCHES, sp. 20p: dp. 25p dp. dt. 30p.

[) P [) r CENTRE OFF 65p, S.P.C.D. CENTRE OFF 45p.
Many types TOGGLE SWITCHES in stock . ____

R.C.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIFIER BRITISH MADE

Ideal for Mike Tape P.U., Guitar, etc. Can be used with Battery
9-12v. or H.T. line 200-300V. D.C. operation. Size 1|"x H"x
|". Response 25 c.p.s. to 25 Kc/s, 26 db gain.
For use with valve or transistor equipment. .Post
.Full instructions supplied, Details S.A.E. £1.45 30p

E.M.I.13£x8in.
SPEAKER SALE!

NEW ELECTROLYTICS CONDENSERS

i 6+ 1 6+ 1 6/275v 45p
50+ 50/300V 50p

32/450V 75p

2/350V 20p 250/25V 1 8p
4/350V 20p 500/25V 20p
8/350V 22p 100-H100/275V 65p 32 + 32450V p
16/350V30p 150+200/275v70p 100+ 50+ 50/3 50V 85p
62/500V50p 8 + 8/450V 50p 32i 32 + 32/350 75p
2 5/2 5V 10p 8+16/450V 5 Op 33 000/2 5V 95p
50/50V 10p 16+16/450V 50p 47bo/63V 95o
100/25V10p 32 + 32/350V 50p 4/uu'bJV 3Dp

LOW VOLTAGE ELECTROLYTICS CONDENSERS
22. 25. 50, 68, 150, 470, 500, 680. 1500, 2200, 3300.
mfcl all 6 volt 10p ea.
22 25, 68. 100, 1 50, 200, 220, 330, 470, 680, 1000,
1500 2200 mfd all 10 volt 10p ea.
220, 330, 1000, 4700, mfd all 4v. 10o ea.
1 2 4 5, 8 16, 25, 30. 50, 100, 200mF 15V 10p.
SOOmF 12V 15p ; 25V 20p ; 50V 30p.

lOOOmF 12V 20p ; 25V 35p ; 50V 47p , 100V 70p.
2000mF 6V 25p ; 25V 42p , 50V 57p ; 4700/63V 95p.
2 500m F 50V 62p ; 3000mF 25V 47p ; 50V 65p.
5000mF 6V 25p; 12V 42p; 35V 85p; 50V 95p.
500V-0 001 to 0-1 10p; 0-25 12p; 0-47 25p
CERAMIC 1pFtoO-01mF, 5p. Silver Mica 2 to 5000pF, 5p.
PAPER 350V-0-1 7p; 0-5 1 8p; 1mF or 2mF 150V 1 5p.
MICRO SWITCH single pole changeover 20p.
MICRO SWITCH sub min 25p.
TWIN GANG "0-0" 208pF + 176pF £2. TWIN 365pF 50p.
Slow motion drive 365pF + 365pF with 25pF + 25pF 65p.
BOOnF standard twin gang /bp. 120 Ph twin gang bOp.

With tweeter
And crossover, 10 watt
State 3 or 8 ohm
1D w.itt version
8 or 15 ohm .
20 watt version
8 or 1 5 ohm — —— —-
as illustrated
Bass units only 20W........
Bass units only 15W........

.Bass units only 10W........

ELAC9x Sin. HI-FI SPEAKER, TYPE 59RM.
THIS FAMOUS AND WIDELY USED UNIT
NOW AVAILABLE AT BARGAIN PRICE ft MF
10 WATT, 8 OHM. CERAMIC MAGNET. LJ.tU

NEON PANEL INDICATORS, 250V Red or Amber, 30p
RESISTORS. }-w,, lw., 1w 20%, 2p; 2w. 8p. 10 to 10M.
HIGH STABILITY, i w. 2% 10 ohms to 10 meg., 12p.
Ditto 5%, Preferred^ values, 1O ohms to 10 meg., 5p.
WIPE-WOUND RESISTORS, 5 watt, 10 watt, Ib watt,
i 0 ohms to 10OK 12p each; 2w 0.5 ohm to 8.2 ohms 1 5p.

TAPE OSCILLATOR COIL. Valve type 35p.
FERRITE ROD 6" x V 3°P: 6" x «" 2°P: 3" x i" 10p.

MAINS TRANSFORMERS
250-0-250V 80mA. 6-3, 2A £2.95
750-0-250 80mA. 6-3v 3-5a, 6-3v 1 a or 5v 2a £4.60
350-0-350 80mA. 6-3v 3-5a, 6-3v 1 a or 5v 2a. C5.80
300-0-300 120mA. 6-3v 4a C.t.; 6-3v 2a £700
220v 45mA. 6-3v 2a. £1.7b
HF.ATER TRANS. 6-3v 3 amps. £1.45 lamp. 95p
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs
2 amp 3, 4, 5, 6, 8, a. 10, 12, 15, 18, 24, 30v £4:60
1 amp 6, 8, 10, 1S.. 16, 18, 20, 24, 30, 36, 40, 48, 60, £4.60
2a 6 8. 12 12. 16 18. 20, 24,. 30, 36, 40, 48. 60 £7.00
3a, 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £8.70
5a 6 8, 10 12 16, 18, 20, 24 30, 36, 40, 48. 60 £11.25
5. 8 10 16v la C2. 6-0-6v 500mA £1. 9v 1a £1
12v 300mA £1. 12v 500mA El. 12v 750mA £1.
40v 2a taooed 10v or 30v £2.95. 20v 3a £2.
40v 2a £2.75 30v 5A and 34v 2A ct. £3.50
20-U-20v la C2 30v 1 la f 1.75. 2Uv ^a t 1.75. 1a £2
AUTO TRANSFORMERS. 1 1 5v to 230v or 230v to 1 1 5v
150w £5; 250w £6; 400w £7; 500w £8.
CHARGER TRANSFORMERS. Input-200/250v
for 6 or 12v Ha £2.75 4a £4.60.
FULL WAVE BRIDGE CHARGER RECTIFIERS:
6 or 12v outputs 1 }a 40p; 2a 55p, 4a 85p.
1 amp Transformer, mounted on panel with input and
output fuses supplies 0,20v,40v,60v or 20-0-20V £3.50

R.C.S. STABILISED POWER PACK KIT
All parts including printed circuit and instructions to
build this unit. Voltages available: 6v, 7-5v, 9v, 12v.
Up to 100mA output. f) QC

tt.OJPlease state voltage required.
Post
45p

STEREO FM/AM TUNER AMPLIFIER
CHASSIS BY KUBA

This all transistor chassis has push button selection for long,
medium, short and V.H.F. wave bands. Features A.F.C. on
V.H.F. band with automatic stereo beacon light. Volume tone
and Balance controls with push button mains on/off switch.
Am|ili'>»: H miits I.HIJJHI, i:,iilii<k;p and lur .nc.urd'i'lavl'-"'k
snrki'l f i tt i") Four watts per channel output.

n,.,ssi, si>- • 1 7 x 4 , Bin.- £38.50 POST £1.50

£5.25
Post-45'p

£7.95
£8.95
£6.95
£5.95
£4.25
Post 65p

Bookshelf Cabinet
Teak Veneer, For above units .

£7.
.Post

50
75p

R.C.S. 10 WATT
AMPLIFIER KIT

This kit is suitable for record players, tape play back,
guitars, electronic instruments or small P.A. systems.
Two versions are available. A mono kit or a stereo kit. The
mono kit uses 13 semiconductors. The stereo kit uses 22
semiconductors with printed front panel and volume,
bass and treble controls. Spec. 10 watts output into 8
ohm,, 7 watts into 1 5 ohms. Response 20 cps to 30K/CS,
.Input from 20mV high imp. Size 9}in x Sin x 2in.

£,11.25 Stereo.kit £17.50 45p

LOUDSPEAKERS P.M. 3 ohms, / x 4in. £1.25; 6iin. £1.50:
8 x Sin. M.60; 8in. £1.75; 10 x 6in. £1.90; idin. £2.50.
SPfCIAL OFFER LOUDSPEAKERS! All Brand New.
3 ol.im. 2iin; 2lin. 3 ?-in 5in. 8 ohm 2\\n; 2Jin; 5-x 3in;
Bin. 15 ohm. 3yin; Sin; 6 x 4in; 5 x Sin; 7 x 4in;
25 ohm, 2}in, 3in, 5 x 3in, 7 x 4 in, 35 ohm. 3in, 5in.
80 ohm, 2Jin; 2Jin. 120 .ohm, am. r>4 1C

1.1.£0 EACH

.TWEETER VOLUME CONTROL 15 ohm 10 watt
with 1in. long threaded bush for wood panel
mounting. Will suit all tweeters 75p

TWO-WAY 3.000 cps CROSS OVERS 3, 8'or 1~5 ohm £1.90
3-WAY CROSSOVER 850 cps and 3000 cps (25 watt) £2,20

GOODMANS CONE TWEETER £3.25
18,000 cp$. 25 watts. 8 ohm.
5yin. Woofer 10 watt. Price £4.95.__________

ELECTRO MAGNETIC
PENDULUM MECHANISM

i.e. operation over 250 hrs continuous on SP2 battery,
idjustable swing and speed. Ideal displays teaching
i magnetism or for metronome; strobe etc. 95p. Post 20p

WEYRADTYPE COILS
Twin Gang
Printed Circuit

£2
85p

COAXIAL PLUG lOp. PANEL SOCKETS lOo. LINE 18p.
OUTLET BOXES, SURFACE MOUNTING 40p
BALANCED TWIN RIBBON FEEDER 300 ohms, 5p yd.
JA'JK SUCK-tl Std. open-circuit 20p, closed circuit 25p;
Chrome Lead Socket 45p. Phono Plugs lOp. Phono Socket 8p.
JACK PLUGS Std. Chrome 30p; 3-5mm Chrome 1 5p. DIN
SOCKETS Chassis -3-pin 10p, 5-pin 10p; DIN SOCKETS
Lead 3-pin 18p; 5-pin 25p; DIN PLUGS 3-pin 18p: 5-pin
25p. VALVE HOLDERS 5p, CERAMIC U)p: CANS 5p.

R.C.S.
AMPLIFIER CHASSIS

Profe nodel. Four inputs. Treble, Bass. Master
jntrols. Ideal disco, P.A. or groups. 5 speaker
;ry robust job fOti

tO3 plus £2:50 carr.

Volume
outputs,
SA.E for details

NEW MIXER/AMP 150 WATT
PROFESSIONAL1, TRANSISTOR AMPLIFIER £68
4 inputs, 3 outputs, separate volume treble Carr. £1.50
Hnd hass controls. Ideal disco or group, P.A. amplifier1'

l f l l ! th Dii Ge

RADIO COMPONENT SPECIALISTS
Minimum post 30p.
Components Lists 10p.

NOVEMBER 1976

Access and Barclaycard welcome
Cash price includes VAT

337 WHITEHORSE ROAD.
CROYDOIM, SURREY.

Open 9 6 Wed. 9 1 Sat. 9 5 (Closed for lunch 1.15-2.30)
Rail Selhurst. Tel. 01-684 1665
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BLOB BOARDS
Circuit diagram to circuit board in minutes. Layout circuit plan on .1" graph paper.
Select Blob Board, lay components out with leads on copper strip. Blob of solder onto
lead and your circuit is complete. Blob Boards normally half price of competitive boards.
Roller tinned to solder components directly. No drilling or mounting. Modifications in
seconds. Blob Board is re-usable.

Blob Boards are circuit boards designed exclusively for the home constructor and proto-
type engineer and are normally half the price of competitive boards. Blob Boards are
roller tinned for ease of soldering, most require no cutting or breaking of contact rails.
HALF PRICE AND RE-USABLE. That is NEW!

Blob Board .1"or .15'
All approx. inch sizes
ZB1V 2.5x5
ZB2V 2.5x3.75
ZB3V 3.75 x 5
Z B 4 V 1 0 x 6

Discrete Blob Board
ZB5D 3.6 x 2.4
ZB6D 2.4. x 7.3
ZB7D 4.9x7.3
ZB8D 9x7 .5

S-DeC
Take an S-DeC, take a small
stock of components. Plug
components into S-DeC, no
soldering, make a radio
receiver, light operated switch,
3 stage amplifier. When circuit
is made unplug components
and use them again to make a
morse practice oscillator, LC
oscillator, binary counter and
any other discrete circuitry.
See Practical Wireless for new
series of S-OeC projects.
S-DeC + step by step instruc-
tions to build above projects
and 3 more + which compon-
ents to use + free control
panel for mounting switches,
lamps etc. + free Blob Board.
S-DeC only £1.98 + 37p (VAT
+ post) send only £2.35.

GRIND -BURR
BRUSH-POLISH

PB announce a precision British built drill for the home constructor.
Works better than most bigger drills and can be used for fine detailed
work. Drills through any circuit board, need to break copper strip
simply grind it off.
9OOO RPM Drill + 20 Assorted tools £1 1 .20 (+VAT + post)
Send £13.00.
9000 RPM Drill only £5.22 + post + VAT send £6.00.
Multi-purpose Drill stand £10.60 + Post + VAT send £12.00.

PB Electronics Scotland Ltd.
57 High Street, Saffron Walden, Essex. CB10 1AA.
For leaflets and further information please
send stamped addressed envelope.

1 off

£0.30
£0.23
£0.46
£1.51

1 off
£0.20
£0.42
£0.69
£1.62

3 off Dip Blob Boards

£0.75
£0.57
£1.14
£3.78

3 off
£0.51
£1.05
£1.75
£4.05

1 off 3 off

ZB11C4.5. x3 £0.36 £0.90
-ZB21C 4.8.x 3.2 £0.40 £0.96
ZB41C 4.75x7.5 £0.85 £2.13
ZB81C 9.5x7.5 , £1.70 £4.26

Sample pack: 1 off ZB1V + 1 off ZB8D +
1 off ZB21C normally £2.32 ohfy £2.00 +
free Blob Board.
Many other sizes and patterns available add
30p post + 8% VAT to all orders.

T-DeC
If you are using IC's to build
circuits use T-DeC for 1 chip
circuits and U-DeC A for 2
chip circuits. Draw circuit on
graph paper, plug 1C into
Adaptor and plug into DeC.
No soldering, no bent leads/
no wasted 1C chip. Lines on
DeC show contact rails, plug
discrete components in. Cross
overs, connections are made
using different coloured leads.
Circuit completed and working
unplug components and use
for next circuit. No soldering,
no damage to components.
Use your DeC and small
stock of components over and
over again. T-DeC send £4.30.
U-DeC "A" send £4.60. \
Adaptor send £2.30.
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Off cuts of fibre glass
circuit board 5 sq. ft.
Double sided fibre glass p.c.b. 5 sq. ft.
Ferric chloride 5 litre mix
Negative developer 1 litre

£1.50.
£2.00.
£2.00.
£1.50.

Add £0.75p. to all above for
Post + VAT.



Stirling
QV* MODULES FOR
COST-CONSCIOUS
CONSTRUCTORS
STIRLING SOUND policy is to ensure customer
satisfaction by designing and making their
products in their own factory in Essex and selling
direct. Production control-checked throughout.
All QV Modules are compatible within the range
and with much other equipment.

UNIT ONE PRE-AMP/CONTROL
Combined pre-amp with active tone-control
circuits. ±1 5dB at 10Khz treble and 30Hz bass.
Stereo. Vol./balance/treble/bass. 200mV out for
50inV in. Takes 10-1 6V. £7.80
55.100 Active tone control, stereo. ±15dB on
bass and on treble £1.60
55.101 Pre-amp for ceramic cartridges, etc.
Stereo. Passive tone control details supplied.

£1.60

/
SS.140 40 watts
r.m.s. into 4 ohms
using 45V supply
such as SS345.
Ideal for small disco
and P.A. 101 x 76 x
19mm (4" x 3" x f")

£3.95«

SS.102 Stereo pre-amp for low
output magnetic P.Us. R.I.A.A.
c.orr'icted. Linear feedback facility.

£2.65

SS.110

SS.102

POWER AMPLIFIERS

SS.103 3 watt r.m.s. mono, I.C. short,£1.75
SS. 105-3 Stereo version of above

using two I.C.s £3.75
SS.105 5 watts r.m.s. into 4 ohms,

using 12V £2.25
SS.110 10 watts r.m.s. using 24V

and 4 ohm load £2.75
SS.120 20 watts r.m.s. into 4 ohms,

using 34V £3.00
The above all measure 89 x 50 x 19mm
(31 x 2-|in). Suitable power supplies

available.

FM TUNING MODULES
55.201 Front end tuner, slow geared

drive, two gang. A.F.C. facility.
Tunes 88-108 MHz £5.00

55.202 l.F. amplifier. Metering and A.F.C.
facilities £2.65

55.203 Stereo Decorder for use with the
above or other FM mono tuners.
A LED may be fitted £3.85

* THE BUILT-IN QV FACTOR
means Stirling Sound's guarantee of QUALITY AND
VALUE to give you today's best value all round.

Stirling Sound

TODAY'S BEST VALUE IN

POWER SUPPLY
UNITS

with 13-1 5V
take-off points

A member of the Bi-Pre-Pak group
220-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 9DF
Telephone Southend (0702) 46344 Personal callers welcome
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Ciimpl'-ti; vvith mains transformers and
low volt take-off points (except SS.300)!
All at 8"', V.AT. rate. Add 50p for p/p any

SS.312 12V/1A £3.75"
SS.318 18V/1A £4.15"
SS.324 24V/1A £4.60"
SS.334 34V/2A £5.20"
SS.345 4.5V/2A £6.25"
SS.350 50V/2A £6.75"
SS.300 Power stabilising unit 10-50V

.adjustable for adding to unstabilised
supplies. Built in protection against
shorting (p/p 35o) £3.26"

SS.310/50
Ocmpline sta-
bilised power
supply with
variable output
from 10 to
50V /:>A

£11.95*

WHEN ORDERING
add 7,')|i for p/p unless stated otherwise.
V.A.T. ad.i 121"<, to total value of order
null's-; price is shown* when the rate is 8%.
Make cheques, etc. payable to Bi-Pre-Pak
I ti!. Srvory effort is made to ensure correct-
ness of information at time of going to press.
Prir.os subject to. alteration without notice.
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SPEAKERS
Baker Group 25, 3, 8 or 15 ohms
Baker Group 35, 3, 8 or 15 ohms
Baker Group 50/12 8 or 15 ohms
Baker Group 50/15 8 or 15 ohms
Baker Deluxe 12" 8 or 15 ohms
Baker Major 3, 8 or 15 ohms
Baker Superb 8 or 15 ohms
Baker Regent 12" 8 or 15 ohms
Baker Auditorium 12" 8 or 15 ohms
Baker Auditorium 1 5" 8 or 15 ohms

Castle BRS/DO 4/8 ohms
Gelestion G12M 8 or 15 ohms
Celestion G12H 8 or 15 ohms
Celestion G12/50 8 or 1 5 ohms
Celestion G12/50TC 8 or 15 ohms
Celestion Gt5C 8 or 15 ohms
Celestion G18C 8 or 15 ohms
Celestion HF1300 8 or 15 ohms
Celestion HF2OOO 8 ohms
Celestion MH1000 8 or 1 5 ohms

Decca London ribbon horn
Decca London CO/1000/8 Xover
Decca DK30 ribbon horn
Decca CO/1/8 Xover (DK3Q)

EMI 14 x 9 Bass 8 ohms 14A770
EMI 8x5 , 10 watt, d/cone, roll surr.
EM I 61" d/cone, roll surr. 8 ohms
Elac 59RM109 (15) 59RM114 (8)
Elac 6y" d/cone, roll surr. 8 ohms
Elac 10" 10RM239 8 ohms
Eagle I-K-*
Eagle FR65
Eagle FR8
Eagle FR10
Eagle HT15
Eagle HT21
Eagle MHT10
Eagle FF28 multicell. horn

Fane Pop 15, 8 or 16 ohms
Fane Pop 33T, 8 or 16 ohms
Fane Pop 50, 8 or 16 ohms
Fane Pop 55, 8 or 16 ohms
Fane Pop 60, 8 or 16 ohms
Fane Pop 70, 8 or 16 ohms
Fane Pop 100, 8 or 16 ohms
Fane Crescendo 12A, 8 or 16 ohms
Fane Crescendo 12BL, 8 or 16 ohms

£15.75 Goodmans DIN 20 4 or 8 ohms
C45.95 Goodmans Mezzo Twin kit

£2.50 Helme XLK 20
£5.50 Helme XLK 30
£8.96 Helme XLK 35
£8.50 Helme XLK 40

£14.95 KEFkit 1
£22.00 KEFkit III /
£10.60 Peerless 1060

SPEAKERS
£9.00 Fane Crescendo 18, 8 or 16 ohms

£10.25 Fane 910 Mk.ll horn
£14.00 Fane 920 Mk.ll horn
£18.62 Fane HPX1 crossover 200 watt
£13.38 Fane 13x8, 15 watt dual cone
E10-.69 Fane 8°1T 8" d/c, roll surr.
£16.31 Goodmans Axent 100
£9.00, Goodmans Audiom 200 8 ohms

£14.65 Goodmans Axiom 402 8 or 1 5 ohms
£19.41 Goodmans Twinaxiom 8, 8 or 15 ohms

Goodmans Twinaxiom 10, 8 or 15 ohms £10.95 Peerless 1070
£9.28 Goodmans 8P 8 or 15 ohms

£12.95 Goodmans 10P 8 or 15 ohms
£15.95 Goodmans 12P 8 or 15 ohms
£18.00 Goodmans 12PG 8 or 1 5 ohms
£20.00 Goodmans 12PD 8 or 1 5 ohms
£26.95 Goodmans 12AX 8 or 15 ohms
£39.95 Goodmans 1 5AX 8 or 15 ohms

£6.98 Goodmans 1 5P 8 or 15 ohms
£8.55 Goodmans 18P 8 or 15 ohms

£13.50 Goodmans Hifax 750P
Goodmans 5" midrange 8 ohms

£29.95
£6.95

C19.95
£4.75 Jordan Watts Module, 4, 8 or 1.5 'ohms

Kef T27
£11.92 Kef T15

£3.75 Kef B110
£3.93 Kef 8200
£3.95 Kef B139
£3.95 Kef DN8
£3.95 Kef ON 12
£5.51 Kef DN13 SP1015 or SP1017
£8.95 Lowther PM6

£11.95 Lowther PM6 Mk.l
£14.06 Lowther PM7

£3.96 Peerless KO10DT 4 or a ohms
£4.95 Peerless DT10HFC 8 ohms
£4.00 Peerless KO40MRF 8 ohms
£59*5 Peerless MT225HFC 8 ohms

Richard Allan CA12 12" bass
£5.50 Richard Allan HP8B
£9.75 Richard Allan LP8B

£12.50 Richard Allan DT20
£16.75 Richard Allan CN8280
£19.95 Richard Allan CN820
£21.75 Richard Allan Super Disco 60W 12"
£33^95 Coles 4001 G&K

SPEAKER KITS
£75.95 Baker Major Module 3, 8 or \5 ohms each £13.28f

Gauss 5
Gauss 18

£6.50 Peerless 1120
£6.95Peerless 2050

£16.50 Peerless 2060
£17 75 Richard Allan Twin assembly
£1 8.75 Richard Allan Triple 8
£44 00 R'chard Allan Triple 12
£49 00 R'chard Allan Super Triple
£24 00 Richard Allan RA8 Kit
£39.95 Richard Allan RA82 Kit
£16.00 Richard Allan RA82L Kit

£4^05 Wharfedale Linton II Kit
£95.00 Wharfedale Glendale 3XP Kit

£1tO.OO Wharfedale Dovedale III Kit
£121.00 Demon 2XP Kit

£1536 Wharfedale Linton 3XP Kit
HI-FI

ON DEMONSTRATION
in our showrooms:

Akai, Armstrong, Bowers & Wilkins, Castle,
Celestion, Dual, Goodmans, Kef, Leak, Pioneer,
Radford, Richard Allan, Rotel. Ta/idbera Trio,

Videotone, WP-arfedaie, etc.
—Ask for our HiFi price list—

each £15.75
pair £51.95
pair £17.50
pair £21.95
pair £26.75
pair £38.50
pair £51.00

each ,£46.00
pair £54.00

each £46.50
each £54.00
pair £39.50'
pair £53.00

each £13.95
each £20.75
each £25.95
each £29.50
pair £37.80
pair £59.40
pair 65 70
oair£2l.50
pair £47.70
pair £59.40
pair £23.25
pair £34.25

£5.18
£10.75
£6.75
£7.85

£16.50
£2.08
£5.39
£4.05

£32.00
£35.00
£48.60

£8^25
£9.50
£9.95
£3.40

£19.80
£12.50
£8.50
£6.25

THIS MONTH'S SPECIALS (Carr. £2.00>
ROTEL RA 412 £77.95
ROTEL RX 202 Mk. II £97.50
VIDEOTONE MINIMAX II £43.00
VIDEOTONE SAPHIR II £49.00
PIONEER SX 450 £116.00
SANSUI SC 2000/2002 £149.70

£42.95 Tannoy 10" Monitor HPD
.__ _ _. ._ _....._ £44.95 Tannoy 12" Monitor HPD

Fane Crescendo 1 5/1 o6A,~8 or 16 ohms £54.95 Tannoy 15" Monitor HPD
Fane Crescendo 15/125, 8 or 16 ohms £64.95 Wharfedale Super 10 RS/DD 8 ohms

We stock the complete Radford range of
amplifiers, preamplifiers, power amplifiers,

f 16 95 tuners 8tc" and also Ra<f<»'d Audio Laboratory
£315 ePu'Pment' '°w distortion oscillator, distortion

measuring sat. audio noise meter etc.

£5.90
£78.00
£86.00
£99.95
£13.50

ALL PRICES INCLUDE VAT
(Prices correct at 19/10/76)

COMPLETE KITS IN STOCK FOR
RADFORD STUDIO 90, RADFORD MONITOR 180,
RADFORD STUDIO 270, RADFORD STUDIO 360,

HIFI ANSWERS MONITOR (Rogers), HIFI NEW NO
COMPROMISE (Frisby), HI Fl NEWS, STATE OF THE

ART, WIRELESS WORLD, TRANSMISSION LINE
(Bailay), PRACTICAL HIFI & AUDIO MONITOR (Giles),

PRACTICAL HIFI & AUDIO TRIANGLE (Giles),
POPULAR HIFI (Colloms) ETC.

On Dem. Answers Monitor, State of Art, etc.
Construction leaflets for Radford, Kef, Jordan Watts,

Tannoy, HiFi Answers Monitor, Free on request
PA Amplifiers, microphones etc. by

Linear, Shure, Eagle, Beyer, A KG etc.
FREE with orders over £10

"Hi-Fi Loudspeaker Enclosures" Book

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

All units guaranteed new and perfect
Carriage and insurance

Speakers up to 12" 60p; 12" £1.00; 15" £1.75;
18" £2.50; Kits £1.00 each (£2.00 per pair);

Tweeters & Crossovers 33p each.,

WILMSLOW
AUDIO

DEPT REC
LOUDSPEAKERS, MAIL ORDER AND EXPORT:
SWAN WORKS. BANK SQUARE, WILMSLOW
HIFI. RADIO & TV: SWIFT OF WILMSLOW, 6

SWAN STREET. WILMSLOW CHESHIRE
PA. HIFI & ACCESSORIES: WILMSLOW

AUDIO, 10 SWAN STREET, WILMSLOW
CHESHIRE

TELEPHONE: LOUDSPEAKERS, MAILORDER
AND EXPORT WILMSLOW 29599

HIFI, RADIO ETC.. WILMSLOW 26213
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Are you only
HALF

a Constructor ?
For a year or two I was only half a constructor — struggling along
trying to find the right components by tramping from shop to shop.
Then I discovered Home Radio and their marvellous Components
Catalogue! It's made life so much simpler for me — I can soon locate
just what I. need and then order by phone. I really feel that now I can
ciaim to be a complete constructor.

The Home Radio Components Catalogue consists of"
200 pages containing some 5,000 items, nearly 2,000
of them illustrated. Everything is set out so clearly, the
catalogue is a pleasure to use. When you buy one you
also receive free a mini catalogue filled with super
bargains. The saving on some of your purchases from
this bargain list alone can more than pay for your
catalogue. The catalogue costs £1 plus 40p for
postage and packing. Why hesitate? Send off your
cheque or P.O. for £1.40 now, and discover the
satisfaction of being a complete constructor.

Pleasa write your Name and A ddress in block capitals

NAME

HOME RADIO (Components) LTD., Dept.
234-240 London Road, Mitcham, Surrey CR4

H.jyil ND 9'2966

HOME RADIO (Components) LTD. Dept. RC. 234-240 London Road, Mitcham, CR4 3HD. Phone: 01-648 8422

I. Understand
electronics.
Step by step, we take you through
all the fundamentals of electronics
and show you how easily the sub-

ject can be mastered using our
unique Lerna-Kit course.

ID
(2)

1. Become a
radio amateur
Learn how to become a t radio-
amateur In contact with the
world. We give skilled preparation
for,the (3.P.O, licence.

Build an oscilloscope.
Read, draw and understand
circuit diagrams,

(3) Carry out over 40 experi-
ments on basic electronic
circuits and see how
they work.

Brochure, without obligation to:
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL,
P.O. Box 156, Jersey, Channel Islands.
NAME ___________________________i————

REG 1 16 ADDRESS. .Block caps please
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T.T.L CALIBRATION
GENERATOR

By A. P. ROBERTS

This unusual design employs an LC oscillator which is set to cor-
rect frequency by zero-beating with the long wave Radio 2
transmission on 200kHz. Another novel feature is the use of a t.t.l.
decade counter to obtain division by 2 and by 10 of the oscillator

frequency.

In order to accurately calibrate the tuning dial of a
home-constructed receiver or to properly correct the
tuning calibration of a commercially produced
receiver that has been in use of a period, some form of
calibration generator is required.

The highest quality types o^ calibration generator
use several crystal controlled oscillators, or a crystal
controlled oscillator and frequency divider chain to
produce several highly accurate and stable calibra-
tion frequencies. A more simple type of generator
employs an LC oscillator with several switched coils
to provide the required calibration frequencies. This
has the advantage of comparative cheapness, but it is
not as stable or accurate as the crystal controlled type
of calibrator. However, if one has a general coverage
receiver the read-out accuracy of the tuning dial rare-
ly warrants the greater accuracy afforded by a crystal
controlled unit.

Ext. mod.

IMHz LC

osc.

Squaring
circuit

Divide-by-2
circuit

Divide-by-5
circuit

-

IMHz SOOkHz lOOkHz

Fig. 1. The basic line-up of the calibration
generator

Since the majority of short wave receivers are of the
general coverage type, the simple LC calibration os-
cillator described in this article will satisfy most
people's requirements. The unit has three output
frequencies, these being at IMHz, SOOkHz and
100kHz. With the current low cost of t.t.l. digital in-
tegrated circuits it was decided to use a IMHz os-
cillator with a frequency divider i.e. to obtain the two
lower frequency outputs, rather than to use a separate
coil for each range. This method is probably a little
cheaper than using a different coil for each frequency,
and in the author's opinion it is more convenient from
the constructional point of view.
BLOCK DIAGRAM

The circuit breaks down into four main sections, as
shown in the block diagram of Fig. 1. The IMHz
signal is generated by an LC oscillator. This has a
fairly high output amplitude at about 2.8 volts peak-
to-peak, but with an output waveshape that is virtual-
ly a pure sine wave. For calibration purposes an out-
put that is rich in harmonics is essential, as will be ex-
plained later. The output of the oscillator is therefore
fed to a squaring circuit which produces a hard
square wave output offering harmonics throughout
the short wave frequency spectrum.

A secondary function of the squaring circuit is to
provide the interface between the oscillator and the
t.t.l. frequency divider, the latter requiring a high
amplitude driving signal at comparatively low, im-
pedance.

Some calibration generators incorporate an a.f.
generator to modulate the r.f. output in order that the
generator signal can be distinguished from other
signals picked up by the receiver. No a.f. generator is
provided in the unit being described, but an external
a.f. modulating signal can be applied to the squaring
circuit, if desired.
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A divide-by-two circuit provides a 500kHz output
from the basic IMhz signal, and a divide-by-five cir-
cuit futher divides this signal to'produce a 100kHz
output.

THE CIRCUIT
The complete circuit diagram for the calibration

generator is given in Fig. 2. The oscillator circuit is of
the type employed in the mixer-oscillator stage of
conventional transistor superhet radios. Indeed, the
oscillator coil, LI, is primarily intended for use in this
stage in medium and long wave broadcast receivers.

The grounded base transistor, TR1, is the oscillator
amplifier and LI provides positive feedback from its
collector to its emitter. The frequency of oscillation is
determined by the tuned circuit. This is adjusted to
approximately 1MHz by trimmer TCl, with VC1 (a
front panel control) being used for precise frequency
adjustment. Rl, R2 and R3 are the usual base bias
and emitter resistors, and C2 is the emitter bypass
capacitor. Cl provides an a.c. path to chassis at r.f.
for the base of TRl.

C3 couples the output of the oscillator at TRl
collector to the base of TR2, which is connected as a
common emitter amplifier. This stage clips the 1MHz
signal and provides the requisite squaring action.

An a.f. modulating tone can be fed to the base of
TR2 via d.c. blocking capacitor C4 and current
limiting resistor R6. The audio signal cuts TR2 off on
.negative peaks and produces a rather crude form of
amplitude modulation, but one that is quite satisfac-
tory for the present application. An a.f. tone of about
4 volts peak-to-peak is required for 100% modulation.

An SN7490 i.e. provides the frequency divider cir-
cuitry. This is a decade counter, or divide-by-ten cir-

The calibration generator is housed in a metal
case to provide screening and prevent un-

wanted radiation

cuit, but it actually consists of a divide-by-two and a
divide-by-five circuit. The three output signals are
fed to S2 which selects one of these and passes it to the
output socket via d.c. blocking capacitor C5.

A supply of 5 volts is required for the SN7490, and
for good stability the supply to the oscillator should be
stabilized. The battery supply is fed to the circuit by
way of a conventional emitter follower series regulator
incorporating TR3, R7, Dl and C6. This has an out-
put voltage about 0.6 volt less than the zener voltage,
giving in consequence an output of 5 volts.

Si is the oh-off switch. Current consumption is a
little under 30mA.

BCIO7,BCIO9
Lead-cuts

Fig. 2. Complete circuit of the t.t.l. calibration generator. Frequency division is given by a digital decade
counter
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-152

IO2

-30-—i

All dimensions in mm

Fig. 3. Drilling details for the front panel. The
two bottom 6BA clear holes are marked out
with the aid of the component board and
should be positioned such that the board clears
the inside surfaces of the case bottom and left

hand side.

METAL CASE
It is essential that a metal case be used for the

calibration generator as this will screen the circuitry
and prevent radiation of the 100kH,z signal when the
500kHz output is in use, and radiation of both the

, 100kHz and 500kHz signals when the 1MHz output is
selected. The author used an aluminium box type AB13
with a modified lid as the case for the prototype. This
case measures approximately 6 by 4 by 2in. (152 by 102
by 51mm.) and there are several other metal cases of
about this size currently available, any of which
would be suitable. The circuitry requires more space
than might be imagined, and a case having
significantly smaller dimensions than those just given
cannot be used.

Details of the front panel layout (assuming that the
panel is 6 by 4in.) are given in Fig. 3. Four small
cabinet feet are glued or bolted to one long side of the
box, which now becomes the bottom.

Two 6BA clear holes for mounting the component
board are also required in the front panel. These can
be marked out with the aid of the board after it has
been cut out and drilled.
COMPONENT BOARD

Most of the components are wired up on a plain 0.1
in. matrix perforated s.r.b.p. board. The required
board size is 36 by 21 holes, and this must be cut from
a larger piece using a hacksaw. Care must be exer-
cised in cutting as this type of board is rather brittle.

Details of the component layout and underside wir-
ing of the board are show in Fig. 4. Apart frpm the two
6BA clear mounting holes, it is also necessary to
enlarge the holes for the pins of Ll using a drill of
about 2.5mm (O.lin.) diameter. TCl requires a single
4.5mm. (O.lSin.) diameter mounting hole. "

The trimmer specified is a type 'TP' and is
available from Doram Electronics or Home Radio.

Ll and TCl are fitted to the board first, after which
the remaining components are mounted. Their lead-
out wires are bent over flat on the underside of the
board and are then soldered together as indicated in
Fig. 4. Bare tinned copper wire of around 22 s.w.g. is

COMPONENTS

Resistors !

(All fixed values f watt 5%)
Rl 22kQ
R2 lOkfi
R3 680Q
R4 270k Q
R5 IkO
R6 33kQ
R7

Capacitors
Cl O.OlwF type C280 (Mullard)
C2 0.047«F type C280 (Mullard)
C3 470pF Polystyrene
C4 O.l^F type C280 (Mullard)
C5 8.2pF ceramic
C6 O.luF type C280 (Mullard)
VCl 25pF variable, type C804 (Jackson)
TCl 20-250pF trimmer, mica, type TP (see text)

Inductor
Ll Oscillator coil type TOC.l (Denco)

Semiconductors )
IC1 SN7490
TR1 BC107
TR2 BC109
TR3 BC184L
Dl 5.6V zener diode type BZY88C5V6

Switches
51 s.p.s.t., toggle
52 1-pole 3-way rotary (see text)

Sockets
SKI, SK2 coaxial sockets, flush mounting

Miscellaneous
2 Control knobs
Metal case, 6 x 4 x 2in. (See text)
Plain perforated s.r.b.p. board, O.lin. matrix
6 HP7 cell (Ever Ready)
Plastic battery holder for cells
Battery connector, PP3 type
Nuts, bolts, wire, etc.

The component board is fitted to the rear of the
front panel
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TC| securing nut

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

O O O O O O O O O O O O O O O O O O O O O O O O JV-^O O O O Oo o o o

6BA clear

o o o o o o o o o o o o o o o o o e o o o o o o o o o o o o o o o o o o

O

vc,-*
S2 •<•*'' moving vanes

o\ o o o (5OOkHz) o o o o o o o o o o o o

'os. supply from St

Fig. 4. Most of the components are assembled on a plain perforated board. Illustrated here are the wir-
ing and component sides
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employed to extend leads where necessary. Note that
the two mounting lugs of LI are used to complete the
negative supply wiring. There are several places
where wires run close to each other. One of the leads
at such points should be covered with sleeving to pre-
vent accidential short-circuits.

The completed board is mounted on the front panel
behind SKI and SK2, and just below VC1. The wiring
side faces the front panel and spacing pillars, or extra
nuts, are employed on the mounting bolts to space it
back from the front panel. It may be necessary to clip
off a portion of the centre conductor tags of the
sockets to ensure that the component board can be
positioned sufficiently forward for the assembly to fit
into the case. The component board is not finally
mounted until it has been wired to the front panel
components. This Wiring is carried out with thin flex-
ible p.v.c. covered wire. The board picks up its chassis
connection to the case via the moving vanes tag of
VC1.

S2 is wired such that 100kHz is selected when its
spindle is rotated anti-clockwise, 500kHz is selected
at its central' position and iMhz at its clockwise set-
ting. The switch is specified as l-pole 3-way, but
it will be found most convenient to obtain a 4-
pole 3-way switch and use only one pole of this. A
miniature type should be employed. Capacitor C5 is
not on the component board and is wired directly
between the arm of S2 and socket 6K2. The final con-
nections are to the battery connector, which is of the
PP3 type. The negative battery connector lead con-
nects to the moving vanes tag of VC1 and the positive
lead "to SI.

Power for the unit is obtained from six HP7 cells
contained in a plastic battery holder, which fits into
the space above SI. Connection to this holder can be
made by way of a PP3 type connector.

When all the wiring is completed it should be
checked carefully. The component board may then be
finally mounted behind the front panel.

ADJUSTMENT
The only adjustment required is to set up trimmer

TC1 such that an oscillator frequency of IMHz falls
within the tuning range of VC1. The oscillator coil core is
not adjusted and is left in the position given to it at the
factory. TC1 is, adjusted with the unit out of the metal
case. First, VC1 is set to about half its maximum
capacitance, S2 is set to select 100kHz and the
calibrator is switched on. A portable receiver tuned to
Radio 2 on 200kHz (1,500 metres) long waves is then

placed near the calibrator, and TCl is adjusted until
a whistle is heard in the receiver. This whistle should
be the beat note between the 200kHz Radio 2 carrier
and the second harmonic of the calibrator lOOkHz
output signal. Alter the tuning of the receiver to see if
this varies the pitch of the whistle. If it does, this
means that a harmonic of the generator output is
beating with the receiver i.f. or image frequency,
whereupon TCl must be further adjusted to find the
correct beat note.

When the correct setting has been found, adjust
TCl to give a beat note of the lowest possible frequen-
cy. The unit is then set up and may be fitted in its
metal case.

Whenever the calibration generator is used, VCl is
primarily adjusted, with the aid of a portable radio,
for zero beat with the 200kHz Radio 2 transmission. It
should be quite easy to obtain a beat of only a very
few Hertz, and the resultant accuracy is more than
adequate for most requirements. When the unit is in
its case it will probably be necessary to connect a
short length of wire to SK2 and position this near the
portable radio to obtain sufficient coupling.

When using the unit to calibrate a short wave
receiver it will usually only be necessary to loosely
couple the generator to the receiver by placing a lead
from SK2 near the receiver aerial socket. No direct
connection will normally be required.

HARMONICS
The calibration generator produces a square wave,

which is very much richer in harmonics of the funda-
mental frequency than would be a sine wave or near-sine
wave. Marker signals at fundamental frequency har-
monics are provided throughout the short wave fre-
quency spectrum up to and beyond 30MHz. Thus, the
1MHz output gives marker signals at 2, 3, 4, 5MHz
and so on. The 500kHz signal will provide outputs at
these frequencies and, more important, at frequencies
between (e.g. 1.5, 2.5, 3.5, 4.5MHz, etc.). The 100kHz
signal, will provide markers at 100kHz intervals, at
1.1, 1.2, 1.3, 1.4MHz, etc. In consequence, it is possi-
ble to use the generator to calibrate a receiver tuning
dial at 100kHz intervals throughout the short wave
frequency range.

One difficulty which might be encountered on the
higher frequency bands is that of knowing which har-
monic is being picked up. A solution consists of using
any transmission of known frequency, or ap-
proximately known frequency, to help identify the
harmonics. For instance, if a 20 metre amateur band
transmission is tuned in on the receiver, and the 1MHz

Illustrating the component board in greater
detail
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The board is mounted by means of two 6BA
bolts, with spacing pillars to give clearance for

the coaxial sockets

output of the calibrator is coupled to its aerial, tuning
the receiver lower in frequency until a calibrator har-
monic is picked up will identify that harmonic as be-
ing at 14MHz. This must obviously be the case as the
20 metre band extends from 14 to 14.35MHz.

Other harmonics on the receiver band concerned
are then easily identified by simply counting up and
down from the known harmonic. The first harmonic
above 14MHz must be 15MHz, and the one above

that 16MHz; whilst the first harmonic below 14MHz
will be 13MHz, and so on.

Of course, any amateur band or broadcast station
of known frequency can be used to help with the in-,
itial identification of one of the harmonics. Once the
1MHz points have been marked on the receiver dial it
is a simple matter to use the 500kHz and 100kHz
signals to fill in the gaps between, a similar counting
method being employed to identify the harmonics.

ANTIQUE WIRELESS
EXHIBITION

By
Ron Ham

Of considerable interest to devotees of early
wireless has been the exhibition of antique and war-
time equipment held this year in the Hargood Room
at the Municipal Museum in Chapel Road, Worthing.
The period covered ranged from 1900 to 1955.

In the military part of this large collection, lent to
the Museum by the author, were wireless sets used by
the R.A.F., the U.S.A.A.F. and the Luftwaffe. The
Museum Curator, John Norwood, utilised a selection
of water colour paintings of wartime scenes in
Worthing to back up the exhibits. It is fitting that
Army equipment such as the Wireless Sets type 18,
19, 38 and 46 should be displayed in a town which
played an important role in the preparations for the
D-Day Landings where these sets were extensively us-
ed.

The turn of the century was illustrated by contem-
porary telegraph keys, to be followed by the Audion
valve, with World War 1 being represented by a 50
watt Trench Set and a ship's wireless receiver, both
made by the Marconi Company.

Visitors have been fascinated to see the B2, MCRl,

and other sets used by the S.O.E., and to hear the per-
formance of a Civilian Wartime Receiver which is
still working well after 35 years.

Crystal sets and home-made sets represented the
twenties, while early factory-made receivers by
Philips and Marconi showed the state of the art in the
thirties. A 1937 HRO communications Receiver and
the Muirhead morse key used by the late Nell Corry
(and described in Radio & Electronics Constructor
for August) flew the flag for amateur radio.

With the knowledge of present day transistor sets in
mind, younger visitors have been shocked at the size,
weight and power requirements of the selection of
"portable" receivers made by Marconi, Pye, Ever
Ready and Vidor, spanning the valve era from 1925 to
1955.

A fascinating exhibition which shows, by com-
parison, how far advanced we are in the late 1970's
and which also emphasises the drive which impelled
the early pioneers in what was then a strange and un-
mapped territory.
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The KEW 3 pocket sized clamp meter

The latest additions to Eagle InternationaJ's comprehen-
sive range of test equipment are three new clamp meters
the KEW 103, KEW 3 and KSN 7 for clip-on, read-off duties.
Simply by clipping around the conductor these compact
meters make current readings without disturbing the in-
stallation.

The photograph shows the KEW 3 which has been
designed as a low price pocket sized AC clamp meter for
general service, use. Having an internal jaw diameter of ap-
prox. 18mm. it measures AC current 0-60 amps and (with
probes) AC voltage 0-250v on an easy-to-read rotary scale.
Its small size 113 x 70 x 25mm. makes the KEW 3 a very
convenient general purpose instrument both to carry and
use.

All Eagle clamp meters are complete with carrying cases
and leads/probes and are accurate to at least 3% on all
scales. Further details can be obtained from Eagle Inter-
national, Heather Park Drive, Wembley, HAO 1SU.

Precise time for ships7 navigators
A British company is producing a clock which

keeps the time correctly to within six seconds a year.
It is a chronometer for use on board ships, where ac-
curate time is needed for navigation. BBC World Ser-
vice described the clock in a recent broadcast. The
timekeeping element in the Quartz Digital
Chronometer is a quartz crystal. .This vibrates at a
fixed high frequency which is divided electronically to
give seconds, minutes and hours. The time is dis-

played as a row of illuminated figures. The
chronometer is mains-operated but also has'its own
internal battery which is kept charged. If the mains
fail the battery can keep the clock going for at least 30
days. The critical parts of the electronic circuit are
housed in a thermostatically controlled compartment
to prevent outside temperature changes from upset-
ting the accuracy. The Quartz Digital Chronometer
costs £465 in Britain.

Anti-static groovac record cleaner
An anti-static device has been in-

corporated into the Groovac vacuum
record cleaner manufactured by RI
Audio. Not only does this device dis-
charge static on records but also the
new cleaner, Groovac III, is very
effective in removing dust.

By providing vacuum cleaning com-
bined with static elimination, the
Groovac III is offering complete
record care in one unit which operates
efficiently and quietly while the
record is playing.

The new device consists of a small
carbon fibre brush attached to the
Groovac arm near its suction cleaning
nozzle, and connected to earth via
electrical connectors inside the arm.
Static electricity on the record is dis-
charged by the carbon fibres which
track across the record just ahead of

the suction nozzle and pick-up stylus;
In addition to eliminating static, the
carbon fibre brush also gathers sur-
face dust which would otherwise
collect on the suction nozzle hairs and
impair tracking.

To cause wear on records and stylii,
dust particles must be small enough to
get between the tip of a stylus and
the groove walls. Since record grooves
are only about 60 microns wide, these
dust particles have to be about 10
microns in size — too small to see by
eye! This microdust is efficiently
removed with Groovac III because
static electrical charges no longer at-
tract these small dust particles to the
record, and consequently they can be
removed very efficiently by vacuum
cleaning.

Price: £17.95 including VAT, p.&p

8()p. Delivery 2-4 weeks. Available
from RI Audio, Kernick Road,
Penryn, Cornwall.

Combined vacuum record cleaner
and an anti-static device
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Aerosol stops squeaking indefinitely
An entirely new lubricant available in handy aerosol cans will

eliminate for an indefinite period squeaking noises produced by
any two types of surfaces rubbing together, claim the makers
Marston Lubricants Limited of Naylor Street, Liverpool.

Called 'Anti-Squeak', the new product has wide application in
industry, particularly in vehicle manufacture and maintenance.

Where the exact sound source cannot be traced, application of
Anti-Squeak in the general area of the noise will eliminate it, say
the manufacturers.

In the home the product can be applied to any surface move-
ment that produces a noise, from curtain rails, to door hinges and
squeaking floorboards.

A feature of Anti-Squeak is that it is non-toxic, will not stain
leather, PVC or fabric or adversely affect rubber or paintwork.

It is designed for maximum penetration and contains lanoline
which gives the product its long-lasting effect.

Another area of use, suggested by the makers, is the
maintenance of garden tools, lawn mowers and sporting tackle
and guns.

Available in handy lOoz. aerosols, retailing at 90p plus VAT,
Anti-Squeak is available direct from the manufacturers or their
distributors.

Presentation of Queen's Award to
Industry to Marconi Communication
Systems Ltd.

The Queen's Award to Industry was formally presented to Mar-
coni Communication Systems Limited, a GEC-Marconi Elec-
tronics company recently, at the company's Waterhouse Lane
factory in Chelmsford. The presentation was made on behalf of
the Queen by the Lord Lieutenant of Essex, Sir John Ruggles-
Brise, and received by Mr. Tom Mayer, the Managing Director of
Marconi Communication Systems: Limited.

The company won the award for technological achievement in
designing the B3404 telecine — the first in the world to have a
film transport system designed specifically for television broad-
cast operation.

Telecine is a means of converting film material into a form
suitable for broadcast television. The B3404 represents a signifi-
cant advance in this type of equipment which, hitherto, relied on
film transport systems derived from models produced for cinema
projection purposes. This presented, at best, an approach to the
problems of film on television which compromised with the very
different problems of film in the cinema.

The B3404 first entered full-scale production in 1973. Since
that time export sales alone are almost £4 million and equipment
is currently in use or on order in Australia, Barbados, Canada,
Egypt, France, Iran, Malaysia, New Zealand, Nigeria, Thailand,
the United States, the Soviet Union and Yugoslavia as well as the
United Kingdom. It has already won recognition from the Royal
Television Society for its outstanding-technical qualities, having
won the 1975 Geoffrey Parr Award.

Since the inception of the Queen's Award to Industry in 1966,
companies which today form part of GEC-Marconi Electronics
have won a total of 18 awards, nine of which were for
technological innovation and nine for export achievement.

NOVEMBER 1976

B.A.E.C. Exhibition
The eleventh B.A.E.C. Amateur Elec-

tronics Exhibition was held recently and
was even more successful than the
previous ones.

Members sold a record number of raf-
fle tickets for the B.A.E.C. Raffle 1976, so
that together with the proceeds from the
exhibition and various donations they
handed over a record £607.30 to the
Cancer Research Campaign.

Well done!

"Well, don't look so flabbergasted -
You've heard of quadraphonics

haven*t you?"
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TIMER
by P. R. ARTHUR

Although ostensibly described as an egg timer, this handy little unit may be
employed for any other timing application where the delay required is in the

range of 2 to 6 minutes.

There are many simple electronic household
gadgets that can prove to be extremely useful and
worth-while constructional projects. They can also
make an interesting diversion for enthusiasts whose
main preoccupation is with another branch of elec-
tronics. This article describes a typical device, the
project concerned being an electronic egg timer.

This unit is designed to turn on a two-tone audible
alarm some 2 to 6 minutes after the device is switched
on, the time delay being continuously variable over
the 2 to 6 minute range. There are only two controls,
and these are the on-off switch and thepotentiometer
which sets the required time delay. The timer can
therefore be easily operated by a non-technical user.

The timer is completely self-contained in a small
plastic box, and construction is extremely simple.
Apart from its intended purpose there are other possi-
ble uses for the device, and the prototype has been
found to be an extremely useful piece of household
equipment. v

CIRCUIT OPERATION
The circuit consists of three main sections, these

being a monostable multivibrator and two astable
jnultivibrators. These are interconnected as shown in
the block diagram of Fig. 1.

The monostable multivibrator produces a positive
pulse when it receives a trigger pulse at its input. In
the present design the trigger input is coupled to the
positive supply rail so that the monostable is triggered
the moment the supply is connected to the circuit.
The length of the output pulse is variable from about
2 to 6 minutes.

The output drives two astable circuits, both of
which are powered from the positive supply rail and
the output of the monostable. Thus, when the output

A.F. astable
multivibrator

Fig. 1. Block diagram illustrating the basic
operation of the electronic egg timer

of the monostable is positive no power is applied to
the astable, but at the end of the output pulse when
the output goes negative the astables commence to
operate.

One astable oscillates at a frequency of a few hun-
dred Hertz, and its output is fed to a speaker. The
other astable operates at a low frequency of about 1
Hertz, and modulates the frequency of the higher
frequency astable to produce a two-tone output. A
two-tone alarm is employed as this attracts attention
more readily than does a single continuous tone, and
it is also more pleasisg to listen to. The alarm will
continue to sound until the unit is turned off. The
timer is then ready for use again.
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VT7\ BCI09
S. o) Lead-cuts

Fig. 2. The full circuit of the timer. The capacitor shown as CX may be required with some versions of
the unit

COMPONENTS

Resistors
(All fixed values £ watt 5%)
Rl 410kto
R2 lOkQ
R3 4.7kft
R4 39k Q
R5 39kQ
R6 4.7k Q
R7 4.7kn
R8 150kn
R9 39k Q
RIO ISOkQ
Rll 100 li
VR1 2Mn potentiometer, linear

Capacitors
Cl 100/*F electrolytic, 10 V. Wkg.
C2 2.2/^F electrolytic, 10 V. Wkg.
C3 2.2uF electrolytic, 10 V. Wkg.
C4 0.047/*F type C280 (Milliard)
C5 0.047uF type C280 (Mullard)
C6 lOO^F electrolytic, 10 V. Wkg.
CX lO^F electrolytic, 10 V. Wkg. (See text)

Semiconductors
IC1 555
TR1 BC109
TR2 BC109
TR3 BC109
TR4 BC109

Speaker
LSI 40-80 (see text)

Switch
Si s.p.s.t., toggle

Miscellaneous
Plastic case (see text)
Veroboard, O.lin. matrix
Speaker fret or fabric
Battery type PP3 (Ever Ready)
Battery connector
Control knob

FULL CIRCUIT
The full circuit of the timer appears in Fig. 2. In

this, the monostable function is provided by a 555
timer i.e. together with its associated components.

Pin 2 is the trigger input of the i.e., and this is con-
nected to the positive supply rail via R2 so that the
circuit is triggered the instant the on-off switch is clos-
ed. Cl is normally short-circuited by an internal tran-
sistor of the i.e., but the short-circuit is removed when
the circuit has been triggered. Also, the output at pin

3 goes positive. Cl now gradually charges up through
Rl and VRl. When the voltage across Cl reaches two-
thirds of the supply potentiaithe timing period comes
to an end, and the output at pin 3 of the i.e. drops and
becomes close to the negative supply rail potential.
The output thus provides power to the astable cir-
cuits, which sound the alarm.

At the end of the timing period Cl becomes short-
circuited once more by the interns|l transistor of the
i.e., and it is held in this state until another trigger
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pulse is received at pin 2. This does not occur, of
course, until the device has been switched off and
then on again.

The trigger pulse at pin 2 of the 555 should be
negative, but in practice the circuit works reliably as
so far described. Due to variances between different
555 timers, there is a slight possibility that some i.c.'s
may not always trigger on closure of the on-off switch,
whereupon the alarm will sound without a delay.
Should this occur the capacitor shown as CX may be
added to the circuit, and it will ensure that pin 2
potential is lower than pin 8 potential immediately
after switch-on. The prototype circuit works reliably
every time the on-off switch is operated and the possi-
ble necessity of adding CX is mentioned merely to en-
sure that all aspects of circuit functioning are covered.

The length of the timing period is varied by altering
the setting of VR1. The actual range obtained will be
somewhat wider than 2 to 6 minutes; this is necessary
as the timing components, including Cl in particular,
have relatively wide tolerances on value. The actual
range will, in consequence, vary with different units
made up to the circuit but should still encompass the
2 and 6 minute periods.

The timer has a simple front panel layout, with
only the on-off switch and the timing control to

adjust

TR3, TR4 and their associated components form
the higher frequency astable multivibrator, and this
is quite conventional. The collector load for TR4 con-
sists of the speaker and the current limiting resistor
Rll in series.

TR1 and TR2 appear in the low frequency astable
multivibrator, and the circuit 'here is also quite con-
ventional. The collector of TR2 is coupled to the
higher frequency multivibrator by way of R8. The
result is that during the periods when the collector of
TR2 is high the cross-coupling capacitor C4 charges
more rapidly, via R8 and R6, than it does during the
periods when TR2 collector is low. In consequence the
frequency of the tone generating multivibrator in-
creases when TR2 collector goes high, and there is an
overall attention-catching warble effect.

The components are laid out without cramping
on the Veroboard panel

The transistors in the two multivibrators are taken
beyond their reverse base-emitter voltage ratings dur-
ing parts of the cycles. This point has no practical
significance in the present circuit.

SI is the on-off switch and C6 is the supply bypass
capacitor for the multivibrators. The current con-
sumption of the unit is approximately 4.5mA during
the delay period, rising to about 20mA when the
alarm is sounding.

CONSTRUCTION
The egg timer can be housed in a plastic case

measuring 110 by 73 by 47mm. (4.3 by 2.9 by 1.9in.)
and a suitable type is the Albol box No. 1005,
available from Home Radio. Any other similar plastic
case may be employed provided that it is not
significantly smaller in any of the dimensions.

Fig. 3 shows the drilling required on the front pan-
el. The speaker cut-out can be made by means of a

All dimensions in mm.

Fig. 3. Drilling and cut-out details for the front
panel. Hole positioning can be amended to suit
ft a case having a larger front panel is employed
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Fig. 4. Illustrating how the components are wired up on the Veroboard panel

fretsaw or a miniature round file. A piece of speaker
fret is glued to the back of the cut-out, using a good
general purpose adhesive such as Bostik No. 1. The
speaker is then carefully glued in place on the speaker
fret. Take care to ensure that none of the glue gets on
to the speaker cone or its surround. If the speaker has
mounting holes, some constructors may prefer to fit it
by means of four screws passing through the front
panel and the speaker fret.

The speaker employed in the author's unit has an

impedance of 50 Q and a diameter of 2^in. (57mm.)
but any speaker that is physically small enough to fit
into the case and which has an impedance in the
range of 40 to 80 Q can be used.
COMPONENT BOARD

All the small components are wired up on a
Veroboard panel of O.lin. matrix having 13 strips by
26 holes. The component and copper sides, together
with external wiring, are illustrated in Fig. 4. The

Here, the Veroboard assembly is wired to the
front panel components and the battery
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In Fig. 2(a) a constant current the source is low. A low "value is
source is used in a circuit which
measures the hFE of an n.p.n. tran-
sistor. The source has been pre-set to

therefore applied to the emitter
follower and the l.e.d. does not light.

The variable resistor is next ad-



A piece of soft foam rubber or plastic maintains
the Veroboard assembly in position when the

case is closed

panel is cut from a larger piece, and the seven breaks
in the strips are then made, using a Vero spot face
cutter or a small twist drill held in the hand.

The components are then soldered to the board. It
is best to start with the three link wires, proceed to the
resistors and capacitors and then finally solder in the
transistors and the integrated circuit. The capacitor
shown as CX is not fitted.

The completed timer seen from a different
angle

The board is wired to the switch, the potentiometer
and the speaker by means of thin flexible p. v.c.
covered wires approximately lOOrnm. long. The wir-
ing to the battery connector clip is also completed.

The component board is situated in the case behind
the speaker, and the battery fits behind VRl and Si.
A piece of soft foam rubber or plastic is placed
between the speaker and the component board, and
this holds the board in position when the front panel
is screwed in place. A smaller piece of foam rubber
or plastic may be interposed between the switch and
the battery.

CALIBRATION
It is a good plan to monitor the current con-

sumption after the unit has been completed, and this
should be in the region of 4.5mA. If the links at Hl-Il
and A4-J4 are temporarily bridged with a Ikil
resistor, the two-tone alarm should sound almost at
once, with a corresponding increase in current con-
sumption to some 20mA. If the unit does not function
correctly it should be switched off immediately and
the wiring thoroughly checked for mistakes. As is wise
when checking the current consumption of any newly
constructed equipment, initially switch the testmeter to a
high current range. The testmeter can then be set to
the requisite lower range after the initial reading has
shown that it is safe to do so.

Calibration is carried out by making successive
timing runs, and unfortunately there is no short-cut
here. First set VRl almost fully anticlockwise then
check with the aid of a clock or a watch having a se-
cond hand, or with a digital watch having seconds in-
dication, the time that elapses before the alarm
sounds. VRl is then readjusted several more times, as
necessary, and the process repeated until a setting is
found which gives a timing period of 2 minutes within
a few seconds. The front panel is then marked with a
'2' at the appropriate point.

The procedure is then repeated to find the 3, 4, 5
and 6 minute settings. These later calibration runs do
not take as long as might be expected because the
scale is reasonably linear although due to imperfec-
tions in VRl, not perfectly so. The numbers and
lettering' on the author's unit were taken from 'Panel
Signs' Set No. 4, available from the publishers of this
journal. The legend 'ON' is affixed below SI, and the
legend 'MIN.' below the knob of VRl.

If, after the unit has been completed, it is found
that it does not give a time delay after being switched
on, capacitor CX is added to the component board. Its
position is shown in Fig. 4.

In the three articles under this heading which appeared in the July, August and September issues, the
electronic attenuator i.e. employed is the Motorola MC3340P. As was explained in the first article, in the
July issue, the MC3340P has superseded the MFC6040, which is electrically identical and has very
similar pinning. Pinning diagrams for both versions were given.

Although superseded, stocks of the MFC6040 are still held by retailers, and readers who find difficulty
in purchasing the MC3340P are advised to obtain, the MFC6040 instead. This will fit directly into the
'Audio Cowtral Circuits' Veroboard layouts, whilst the printed board design on page 46 of the August
issue will need to be modified.slightly to take the altered pin spacing.
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CONSTANT CURRENT
TRANSISTOR GAIN
METER By G. A. French

Constant current sources have
many uses in electronics and may be
employed in current limiters, in
waveform shaping networks, in
reference voltage circuits and in
numerous other applications. In the
transistor gain meter to be described
in this article, two constant current
sources are employed in a circuit
which indicates when a certain pre-
determined current is being passed,
and they thereby replace a much more
expensive- meter which might
otherwise be required.

CONSTANT CURRENT CURVE
A typical voltage and current

characteristic curve for a constant
current source has the general
appearance shown in Fig. 1. When
currents which are below the constant
current level flow through the source
the voltage across it remains at a low
level whose actual value depends upon
the particular design of the source.
This voltage increases when the cons-

\feltage T

Current
Constant
current

level

Fig. 1. Typical voltage-
current curve for a constant

current source

(a) (b)

Fig. 2(a). Employing a constant current source to find the current
gain of an n.p.n. transistor

(b). Here the current gain of a p.n.p. transitor is being measured

tant current level is approached, then
changes to what is virtually a straight
vertical" line at the constant current
itself. Currents greater than the cons-
tant current cannot be made to flow
despite large increases in voltage
across the source.

In Fig.. 2(a) a constant current
source is used in a circuit which
measures the hFE of an n.p.n. tran-
sistor. The source has been pre-set to
e've a constant current of 10mA.

onnected to its lower terminal is the
base of an emitter follower which
draws a negligibly low current in com-
parison. The emitter of the emitter
follower feeds a light-emitting diode
via a current limiting resistor.

There is a variable resistor between

the base of the test transistor and the
positive supply rail, and this is initial-
ly set to a nigh value. The collector
current of the test transistor, which
flows in the constant current source, is
consequently well below the constant
current value and the voltage across
the source is low. A low value is
therefore applied to the emitter
follower and the l.e.d. does not light.

The variable resistor is next ad-
justed so that it inserts a continually
reducing resistance into circuit.
Because of this, the collector current
of the transistor increases until it
closely approaches the 10mA constant
current value. The voltage across the
constant current source now starts to
increase, causing the l.e.d. to light up.
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As the variable resistance is further
reduced the test transistor collector
current reaches the constant current
value of 10mA, and the voltage across
the constant current source rises to the
supply voltage less that dropped in the
test transistor, which is now fully
turned on. The l.e.d. is illuminated at
its full brightness and will remain in
this state with further reductions in
the variable resistance.

The range of variable resistance
over which the l.e.d. is illuminated at
less than maximum brightness is
small, and the point at which it
achieves full brightness can be readily
resolved. Thus, the variable resistor is
adjusted until it reaches the setting at
which the l.e.d. just achieves max-
imum brilliance. The base current of
the test transistor may then be
calculated from the value of the
variable resistance and the voltage of
the supply, whereupon the hFE of the
transistor at a collector current of
10mA can be determined. In practice,
the variable resistor will have been
previously calibrated directly in terms
of transistor current gain.

Fig 2(b) shows a test set-up for
determining the hFE of a p.n.p. tran-
sistor. This time a 10mA constant
current source is interposed between
the test transistor collector and the
negative rail, and the variable resistor
is also returned to this rail. The

emitter follower and l.e.d. are the
same as before, and once more couple
to the collector of the test transistor.

Again the variable resistor is initial-
ly set to a high value, whereupon the
collector current of the test transistor
is lower than 10mA. In consequence,
only a low voltage appears across the
constant current source, causing a
relatively high negative voltage to be
applied to the base of the emitter
follower. The l.e.d. lights up. The
variable resistance is then reduced in
value, causing the collector current of
the test transistor to increase. As the
collector current approaches 10mA
the voltage across the constant current
source rises, causing the l.e.d. il-
lumination to decrease. When the
collector current is equal to the 10mA
constant current the voltage across the
source becomes equal to that of the
supply less the small voltage dropped
in the test transistor, and the l.e.d. ex-
tinguishes. The range of variable
resistance over which the l.e.d.
brightness decreases is small, and of
course the setting of the variable
resistor which causes the l.e.d. to just
extinguish is easily discernible.

Thus, in Fig. 2(b) the variable
resistance is decreased to the point at
which the l.e.d. just extinguishes. The
current gain of the test transistor is
then read from a scale previously
fitted to the variable resistor.

FULL CIRCUIT
The full circuit of the transistor gain

meter appears in Fig. 3. Here, Rl,
LED1 and TR1 provide the same
function as in Figs. 2(a) and (b), and
are connected to the collector test ter-
minal. This test terminal also connects
to the arm of switch Sl(c). When this
switch is set to the "NPN" position the
collector terminal is taken to the
positive rail via the constant current
source given by TR2, VR2, Dl and
D2. Turning Sl(c) to the "PNP" posi-
tion causes the collector terminal to be
connected to the negative rail via the
constant current source consisting of
TR3, VR3, D3 and D4. The conditions
of Figs. 2(a) and (b) are thus repeated
in the practical circuit. VR2 and VR3
are small skeleton pre-set poten-
tiometers, and are both set up for
collector currents in TR2 and TR3
respectively of 10mA.

The variable base resistor of the
previous circuits is now given by R2
and VRl in series. R2 is a current
limiting resistor and prevents the flow
of excessive base current in the test
transistor. VRl is a standard carbon
track potentiometer and is mounted
on the front panel of the gain meter.
Sl(b) connects it to either the positive
or the negative supply rail according
to the polarity of the transistor being
checked. Sl(a) similarly connects the
emitter test terminal to the positive or

TIL2O9
Lead-outs

Dj-D4 IN4OO2
RrR3 '/4watt 5%

220

Fig. 3. Complete circuit of the constant current transistor gain meter
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negative supply rail, as required.
SI is a 4-pole 3-way rotary switch

and the fourth section, Sl(d) acts as
an on-off switch. It is essential to have
a central "Off setting between the
"NPN" and "PNP" positions as, with
the usual type of make-before-break
switch, the supply could otherwise be
momentarily short-circuited each
time the switch is operated.

Capacitors Cl and C2 are added to
prevent possible instability in the cir-
cuit. This could prove troublesome
when checking high gain r.f. tran-
sistors.

It should be noted that there is little
risk of damaging a transistor if it is
connected incorrectly to the test ter-
minals. The highest current which can
flow is limited to 10mA by the cons-
tant current sources.

Current consumption from the 9
volt battery is around 12mA when a
p.n.p. transistor is being checked.
With n.p.n. transistors it is around
1.5mA when the l.e.d. is extinguished,
rising to 12mA when the l.e.d. lights
up.
CALIBRATION

The complete circuit may be housed
in any convenient plastic case with
LED1, the switch and VR1 mounted
on the front panel.

It is first necessary to set up VR2
and VR3. Before switching on, ensure
that these two potentiometers insert
maximum resistance into circuit. This
is a most important point: if either
VR2 or VR3 inserts too low a
resistance damage may result to the
meter used for setting up, the
associated transistor and the poten-
tiometer itself.

Set the switch to "NPN" and con-
nect a current reading meter across
the collector and emitter test ter-
minals, with positive to the collector
terminal. Initially select a high
current range in case a wiring error
causes an excessive current to flow,
then switch to a lower range if the first
reading indicates that it is safe to do
so. Slowly reduce the resistance in-
serted by VR2 until the meter in-
dicates 10mA.

Disconnect the meter and select
"PNP". Reconnect the meter to the
collector and emitter test terminals,
with negative this time to the collector
terminal. Again, initially select a high
current range in case of wiring errors.
Then slowly reduce the resistance in-
serted into circuit by VR3 until the
meter once more reads 10mA,

The remaining task consists of
calibrating VR1 in terms of test tran-
sistor current gain, and it is necessary
here to make an arbitrary choice of
the voltage which will be assumed to
appear across this potentiometer and
R2 when the test transistor is turned
on. Nearly all the transistors to be
checked will be silicon types, with a
drop across the base-emitter junction
of about 0.6 volt. Since the battery
voltage will average at around 8.5 volts
over most of its useful life, it would be

9Vf

R2-R5 '/4watt 5%

ZD|-ZD2 BZY88C5V6

Fig. 4. A modification which allows a higher degree of accuracy in
readings

reasonable to assume that the voltage
across VR1 and R2 can be taken as be-
ing 8 volts. A transistor with an hFE of
100 will pass a base current of O.lmA
when its collector current is 10mA,
and O.lmA at 8 volts corresponds to
80kO . Thus, a resistance of 80kQ in
R2 plus VRl corresponds to a gain of
100 times, and VRl scale may be
marked up accordingly. A gain of 200
will correspond to a resistance of
160kO, and so on up to a gain of 1,000
corresponding to 800kQ Below
80k i^ , a restance of 40k fi cor-
responds to a gain of 50 times.

VRl is, in consequence, calibrated
by measuring the resistance of R2 plus
VRl and marking the gain figures
directly on a scale fitted to the poten-
tiometer. The gain meter is then
employed for measuring transistor
gain in the manner outlined when dis-
cussing Figs. 2(a) and (b), Si being set
as required to suit the test transistor
polarity.

As is to be expected, the gain
calibration obtained by assuming a
voltage of 8 volts across R2 and VRl

will not be very accurate, although it
should be more than adequate for
most day-to-day applications. Incor-
porating a supply voltage stabilizing
stage for the entire circuit is a little
unattractive considering its low cost
and basic simplicity. There is,
however, another method of obtaining
higher accuracy and this can be
given, if desired, by adding the zener
diode circuit shown in Fig. 4. The two
zener diodes stabilize the voltages
applied to R2 and VRl and cause only
a little extra current to be drawn from
the battery.

The voltage now available for R2
and VRl is 5.6 volts, whereupon it can
be assumed that the voltage across
these two components is 5 volts when
checking a silicon transistor. A current
gain of 100 times now corresponds to a
resistance in R2 plus VRl of SOkfi, a
gain of 200 times to lOOkQ, and so on up
to 1,000 times and 500kQ , and VRl is
calibrated accordingly. The values of
R2 and VRl are also changed to ac-
commodate the lower voltage applied
to them. •

SOME ELECTRONIC PUZZLES
In the first puzzle under this heading in "the September

1976 issue it was stated that 'Jim takes a quarter of the
remainder plus half a resistor'. This should have read
'three-quarters of the remainder plus half a resistor', and
.we much regret the added problem put to puzzlers.
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PRE-AMPLIFIER
By F. G. Rayer

A simple pre-amplifier which may be added to the "General Purpose I.C.
Amplifier" described in our July 1976 issue.

Since building the "General Purpose I.C.
Amplifier", which appeared in the July 1976 issue of
this journal, the author has felt that additional gain
may be of use for some applications. In consequence,
the pre-amplifier described here was made up. This
offers an input at low impedance and may be readily
added to the main amplifier, from which it obtains its
power.

CIRCUIT DETAILS
The pre-amplifier circuit appears in Fig. 1. Jack

sockets JK1 and JK2 are both 3.5mm. types with a
contact which breaks when the plug is inserted. VR1
is the volume control already fitted in the main
amplifier.

An input applied to JK1 is fed via Cl to the base of
TR1. This has R3 as its collector load, whilst Rl and
R2 provide base bias. C2 assists in giving stability by
providing negative feedback at high frequencies. R4

and C4 are decoupling components, with R4 connec-
ting to the positive supply point in the main amplifier.
The amplified signal at TR1 collector is passed to JK2
by way of C3.

To use the pre-amplifier an input signal is applied
by a jack plug in JK1. The amplified signal is then fed
to VR1 and the main amplifier via the break contact
of JK2. When the plug is removed from JK1 the break
contact of this socket closes and the input is short-
circuited. This ensures that TR1 contributes negligi-
ble noise when not in use. Inserting a plug into JK2
enables the main amplifier to function in the same
manner as before, the break contact isolating the
main amplifier input from C3 and TR1.

Should the input socket already fitted in the main
amplifier have a break contact, this may be employed
as it stands for JK2 of Fig. 1. If not, a new socket with
a break contact must be substituted. The inset
diagram in Fig. 1 shows standard tag layout for most
3.5mm. jack sockets having an open construction. If

COMPONENTS

JK |, Jl<2
tags

Fig. 1. The circuit of the pre-amplifier

Resistors
(All fixed values j watt 5%)

Rl 2.2MQ
R2 270k0
R3 39k 0
R4 5.6k Q
VRl Present in main amplifier

Capacitors
Cl 0.05/^F disc ceramic
C2 220pF ceramic or silvered mica
C3 4.7,wF electrolytic, 25V Wkg.
C4 22QwF electrolytic, 25V Wkg.

Transistor
TR1 BC109

Sockets
, JKl 3.5mm. jack socket with break contact
JK2 3.5mm. jack socket with break contact
(see text)

Miscellaneous
Veroboard panel, O.lin. matrix, 28 holes x 14
strips Screened wire, etc.
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any doubt exists, the tag locations may be determined
by visual examination of the socket.

Apart from the sockets, the components are
assembled on a Veroboard panel of O.lin. matrix hav-
ing 28 holes by 14 strips. The copper side of the panel
is illustrated in Fig. 2, the components above the
board being shown in broken line. Two mounting holes
are shown and these should correspond with the holes
in the left-hand flange of the front panel of the main
amplifier. The holes may be drilled out 6BA clear.
The copper strips are cut at the points indicated. A
wire link, on the copper side of the board, joins 9
strips which are all at chassis potential. The com-
ponents are next fitted and soldered in position.

Take up a few inches of screened wire and solder its
braiding to the point marked "MC" in Fig. 2. Connect
the centre wire of the screened lead to Cl. The other
end of the screened lead has its braiding connected to
tags "B" and "C" of JKl, and its centre wire to tag
"A" of JKl. JKl is fitted to the amplifier front panel
about an inch above the original input socket (which
is now JK2).

A short wire runs from C3 to tag "B" of JK2. Run a Fitting the pre-amplif/er to the main amplifier
case

Mounting holes

Fig. 2. The components are assembled on a Veroboard panel, the copper side of which is shown here

red inslulated lead from R4 to connect to the positive
lead-out of the 2,500,wF reservoir capacitor in the
main amplifier. Run a black insulated lead from any
convenient point on the 9 strips at chassis potential to
connect to the negative lead-out of the reservoir
capacitor. (This connection supplements any chassis
connection by way of the mounting washers and JKl.)

The Veroboard panel is fitted by screws passing

through the board and the holes in the left-hand
flange of the front panel, with spacing washers
between the two. The panel projects' backwards inside
the amplifier case.

As a final point, the current drawn by the pre-
amplifier is quite small and it can be used with the i.e.
amplifier when this incorporates a mains transformer
having a secondary rated at 100mA. •
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Part 1

Incorporating a recent COS/M
f.m. tuner has no more than two t
one has to be adjusted during se
mono reception, the tuner neverth
performance in areas of good :
described here, as also are the 1
remainder of the construction will

eluding t

Over the past few years there have been many
changes in electronics, mainly due to the introduction
of new integrated circuits and other modern semicon-
ductor devices. This has not only broadened the range
of projects available to the home constructor but has
also introduced new design techniques for types of
project that have been in existence for many years.

The f.m. tuner which forms the subject of the pre-
sent article falls into this last category, and it employs
a modern COS/MOS phase locked loop (p.1.1.) in-
tegrated circuit for demodulation. This, together with
the low i.f. used and the absence of i.f. transformers or
filters, makes the circuit a little unusual, to say the
least.

Despite the novel stage line-up the unit makes an
excellent tuner for use with a mono cassette recorder
or record player amplifier, etc., and in most areas it
will provide good reception of B.B.C. Radios 2, 3 and
4 using only a few feet of wire as an aerial. Any local
stations that are operating in the area can be received
in this manner. With three feet of wire as an aerial the
prototype provides good reception of the three
national transmissions as well as B.B.C. Radio
Medway at a distance of some 25 miles from the
Wrotham transmitter.

Although not primarily designed for use with a
stereo decoder, the prototype produces an acceptable
output when coupled to. a decoder based on the pop-
ular Motorola MC1310P i.e. The noise level on
stereo is not as low as with a conventional tuner and a
fairly high input signal strength is required in order to
obtain a good signal to noise ratio. The tuner can only
be employed satisfactorily in this way in areas of good
reception, or where a proper aerial is available. On
mono the tuner has a very low noise level.

The unit is self-contained and is powered by an in-
ternal PP3 9 volt battery. A reasonable battery life is
obtained, the current consumption being about 8mA.
The tuner provides an output signal level of about
200mV, and this should preferably be fed to an

amplifier input impedance of 50k & or more. Most
amplifiers will have a suitable input. The frequency
coverage of the tuner extends from about 88 to
102MHz.

It is possible to use the unit as a personal receiver
by plugging a crystal earphone or crystal headphones
into the output socket.

PHASE LOCKED LOOP
A phase locked loop is used for the demodulation

process and reference to Fig. 1 will be of help to those
who are unfamiliar with these devices. Looking at a
p.1.1. in broad terms it is a fairly simple device con-
sisting of two main parts: a voltage controlled os-
cillator (v.c.o.) and a phase comparator.

The v.c.o. feeds one input of the phase comparator
and the input signal is fed to the other input. The out-
put of the phase comparator is proportional to the
difference in the phase and frequency of the two input
signals. In practice only a very small phase

Signal in

VteKage
controlled
oscillator

Phase
comparator

Control
voltage

\ i

Fig. 1. The basic requirements for a phase lock-
ed loop. Two outputs are available, these being
a signal from the voltage controlled oscillator
and the control voltage from the phase com-

parator
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By R. A. Penfold

)S phase locked loop i.e., this
uned circuits and of these only
ting up. Intended primarily for
jless gives an acceptable stereo
signal strength. The circuit is
irst steps in construction. The
be covered in next month's con-
irticle.

difference is required to produce a significant com-
parator output voltage, and this output voltage is used
to control tne operating frequency of the v.c.o. As a
result the v.c.o. is caused to oscillate with the same
frequency and phase as the input signal, and it
remains locked to the input frequency even when the
latter is continually changing.

In some applications such as stereo decoding it is
the v.c.o. output signal that is of use, but it is the out-
put voltage of the phase comparator that is used when
a p.1.1. is employed as an f.m. demodulator.

If an input signal at about the centre frequency of
the v.c.o. range is fed to the input of the p.1.1., the
voltage at the phase comparator output will be at
about the centre of its range also. If the input frequen-
cy is raised the output voltage of the phase com-
parator will change in order to raise the frequency of
the v.c.o. and keep it in step with the input signal. If
the input signal is reduced in frequency the phase
comparator output voltage will change in the opposite
direction in order to maintain the v.c.o. in phase.

The phase comparator output voltage of the p.1.1.
thus rises and falls with changes of input frequency.
Most practical circuits are arranged to have a linear
relationship between frequency and phase com-
parator output voltage. This is of course just what is
required for f.m. demodulation, and in fact p.l.l.'s
make excellent f.m. demodulators.

Although the basic concept of a p.1.1. is a relatively
simple one, practical circuits tend to be extremely
complex, often employing more than a hundred com-
ponents. For this reason p.1.1. systems almost in-
evitably utilise specialist i.c.'s. This tuner is no excep-
tion and it employs an RCA CD4046AE i.e. for
demodulation.

This device is one of the COS/MOS range of i.c.'s,
and has the advantages of relatively low cost and very
modest power requirements. One disadvantage of this
i.e. is that it is intended for low frequency
applications, and has a typical maximum operating

NOVEMBER 1976

Fig. 2. Details of the RCA integrated circuit
type CD4046AE, as employed in the tuner

frequency, at a supply of 5 volts, of 500kHz. This is
obviously inadequate for use with an ordinary
10.7MHz i.f., but the problem is overcome here by the
use of a low frequency i.f. of the type used in pulse
counting tuners. This point is discussed more fully
later.

Fig. 2 shows the various stages of the CD4046AE in
block diagram form, together with details of the pin
functions and the few discrete components required
to complete a practical p.l.L circuit incorporating the
device. The CD4046AE is contained in a standard 16
pin d.i.l. package.

The frequency range of the circuit is determined by
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Internal layout, showing the positions taken up
by the two component boards

the values of CF and RF. The maximum to minimum
lock-in frequency range is about 10 to 1. The values
used in the tuner circuit give a frequency range of
approximately 30 to 300kHz.

Two phase comparators are available in the device,
and it is phase comparator 1 that is used here. This
brings the v.c.o. to its centre frequency with no signal
present at the input, whereas phase comparator 2
operates the v.c.o. at its minimum frequency under
these conditions. The output of the phase comparator
is fed to the v.c.x). via a simple low pass filter con-
sisting of RA and CA. The signal here is at a fairly
high impedance, and so a source follower buffer
amplifier is used between the v.c.o. input and the out-
put of the device at pin 10.

A high input impedance amplifier is available at
the input of the i.e., and the input signal is applied to
pin 14. It is preferable for the device to be operated
from a stabilized supply, and a 5-2 volt zener diode is
incorporated between pins 15 and 8 (the negative
supply input) of the i.e. RZ is the usual zener feed
resistor. The frequency offset (pin 12), inhibit (pin 5)
and phase pulse output (pin 1) facilities of the device
are not used in the present application.

LOW FREQUENCY I.F.
As mentioned earlier, the tuner employs a low fre-

quency intermediate frequency of the type used in
pulse counting tuners. In a pulse counting tuner the
local oscillator operates close to signal frequency, and
is adjusted to only about 100kHz on either side of the
signal frequency. This gives an i.f. of only about
100kHz, and a low frequency such as this can be
handled by simple amplifiers using resistive loads
and no i.f. filters. The i.f. output is fed to a limiter and
then to a pulse counting circuit. The limiter is re-
quired to clip the i.f. signal and so remove any noise
spikes on the signal before it is fed to the
demodulator. The pulse counting demodulator is
simply a circuit that has an output voltage which is
proportional to the number of pulses being supplied
at its input, and the complete tuner is shown in Fig.
3(a).

The present tuner uses the very similar arrange-
ment illustrated in Fig. 3(b), which also shows the
semiconductor devices employed in each stage. In this
case the low i.f. is at about 150kHz. The two types of
circuit differ after the i.f. output, with the limiter and
pulse counting stages of Fig. 3(a) being replaced by
the p.1.1. stage. The limiter is not required as any noise
spikes on the input will not affect the operation of the
p.1.1. unless they cause the input signal to be reduced
to less than the threshold voltage needed for main-
taining frequency lock. Thus, the p.1.1. has, in effect,
its own built-in limiting action.

TUNER CIRCUIT
The complete circuit of the phase locked loop tuner

f.m. tuner is shown in Fig. 4. TRl is a dual gate
MOSFET and is used as the mixer. Ll and C2 form
the signal input tuned circuit, and this is a broad-
band circuit that covers the whole of the f.m. band.
The aerial is connected to a tap in Ll. A secondary
function of Ll is to provide the bias for gate 1 of TRl
by coupling it to chassis at d.c. R2 is the source bias
resistor for TRl and C3 is its bypass capacitor. Rl is
the drain load, and it is across this resistor that the i.f.
signal is developed.

A common base Colpitts circuit is used in the local
oscillator stage, which incorporates TR4. R17 and
R18 are the base bias resistors, and C15 is the base
bypass capacitor. C14 provides positive feedback
between the collector and emitter of TR4. L2 is the os-

A.F.

(b)

Fig. 3(a) Basic line-up of a typical f.m. tuner
with pulse counting demodulation

(b). The line-up of the phase locked loop f.m.
tuner described in this article, showing also the
active semiconductor devices used in each

stage
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+ 9Vtoosc.
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Fig. 4. Full circuit diagram of the phase locked loop f.m. tuner

cillator coil, and this and LI are the only inductors
employed in the complete circuit.

Varicap oscillator tuning is used, and the varicap
diode, D2, is coupled to the oscillator circuit via TC1.
A variable reverse bias for D2 is fed from VR1 slider
to D2 via R15. Altering the bias voltage across D2
alters its capacitance, and VR1 thus acts as the tuning
control. It is important that the voltage across VR1 be
stabilized, as otherwise changes in supply voltage due
to battery ageing would seriously affect the tuning.
R14, C13 and Dl form a conventional zener diode
shunt stabilizer and apply a voltage of about 7.5 volts
across VR1.

Note that TR4 is a 4-lead device having the shield
connection that is common to many r.f. transistors. In
this particular circuit the shield lead-out is not con-
nected.

The two i.f. amplifiers use high gain BC169C tran-
sistors in the common emitter configuration, and
these are much the same as conventional common
emitter a.f. stages. The only real difference is that
lower value interstage coupling capacitors (C5 and
C6) are used here, because the amplifiers do not need
to handle frequencies as low as those in the a.f. spec-
trum.

A close view of the main component board on
which is mounted the phase locked loop in-

tegrated circuit
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COMPONENTS

Resistors
(All fixed values I watt 5%)

Rl 470Q
R2 220Q
R3 100k ft
R4 2.2Mfi
R5 4.7k Q
R6 390 Q
R7 1.2Mn
R8 2.2k Q
R9 12kQ
RIO Ikn
Rll 3.9kQ
R12 lOkQ
R13 3.3kn
R14 4.7kft
R15 330kQ
R16 1.2k fi
R17 15kO
R18 15kii
VRl lOOkfi potentiometer, linear

Capacitors
Cl lOO^F electrolytic, 10 V. Wkg.
C2 8.2pF ceramic
C3 0.005/uF disc ceramic
C4 1.8pF ceramic or silvered mica
C5 O.Ol^F type C280 (Milliard)
C6 0.0047^F polystyrene
C7 0.047«F type C280 (Milliard)
C8 470pF polystyrene
C9 O.l^F type C280 (Milliard)
CIO 470pF Dolvstvrene
Cll O.OIS^F type C280 (Milliard)
C12 lOwF" electrolytic, 10 V. Wkg.
C13 WuF electrolytic, 10 V. Wkg.

C14 5.6pF ceramic
C15 0.022^F disc ceramic
C16 O.OOSuF disc ceramic
TC1 10-30pF trimmer

Inductors
LI, L2 (see text)

Semiconductors
IC1 CD4046AE
TR1 MEM616 or 40673
TR2 BC169C
TR3 BC169C
TR4 BF180
Dl 7.5V zener diode type BZY88C7V5
D2 BA102

Switch
SI s.p.s,t, rotary

Sockets
SKI coaxial socket, flush mounting
SK2 3.5mm. jack socket (see text)

Miscellaneous
Instrument case type BV1 (Bi-Pak)
Plain perforated s.r.b.p. board, O.lin.

matrix, 43 x 25 holes
Ditto, 23 x 17 holes
Large control knob
Small control knob
16 s.w.g. enamelled copper wire (for LI and L2)
PP3 battery
Battery connector
16-way i.e. holder
4 rubber feet
Nuts, bolts, wire, etc.

It is possible to ascertain the functions of most of
the discrete components associated with the i.e. by
referring back to Fig. 2. There are three additional
components. These are the de-emphasis network, R13
and Cll, and the output d.c. blocking capacitor, C12.

Pre-emphasis, which is basically a degree of treble
boost, is applied to the audio signal at the transmitter.
It is the purpose of the de-emphasis network to reduce
the treble response of the tuner in order to compen-

sate for the pre-emphasis, and so give a flat overall
frequency response. The reason for using this techni-
que is that it gives a very worthwhile improvement in
the signal to noise ratio of the complete system.

If the output of the tuner is to feed a stereo decoder
the de-emphasis network must be removed, and the
output taken directly from pin 10 of the i.e. via C12.
Note that the low pass filter given by R9 and C8 does
not provide de-emphasis. The values used here are

The only part mounted on the rear panel is the
coaxial aerial socket
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chosen to enable the v.c.o. to faithfully follow the
carrier signal of the received transmission. Increasing
the value of C8 by a significant amount would not
reduce the treble content of the audio output of the
demodulator but would instead prevent the v.c.o.
from keeping in step with the input carrier, and this
would prevent the demodulator from working at all. It
is this which enables the tuner to feed A stereo decoder
satisfactorily, whereas a pulse counting type of tuner
is unable to do so.

Cl, R6, C9 and C16 are supply decoupling com-
ponents. Si is the on-off switch.

. Turning to practical details, TCl in the oscillator
circuit can be any miniature trimmer having a
minimum capacitance of lOpF or less and a max-
imum capacitance of about 30pF. A ceramic type is to
be preferred. The integrated circuit type CD4046AE
is available from several retailers. Socket SK2 should
be a 3.5mm. jack socket of open construction, i.e. not
an insulated type. This is because it provides a
chassis connection by way of its mounting bush and nut.

CASE
The tuner is housed in a ready-made case type

BV1, which can be obtained from Bi-Pak. The front,
base and rear consist of a single piece of aluminium,
and the outer casing is plastic covered steel. The case
dimensions are 203 by 133 by 51mm. (8 by 5} by 2in).

The drilling and general layout inside the case is il-
lustrated in Fig. 5. This is all quite straightforward,
and the mounting holes for the two component boards
are marked up and drilled after the corresponding
holes have been made in the boards. In order to
simplify the diagram, Fig. 5 shows the aluminium
part of the case as though it were laid out flat. If
desired, four holes can be drilled near the corners of
the base for rubber feet.

203

Main component

lOdia-e

4O——

Dia. to suit
switch

VR,

—— 6O- -4O-

26

-* 51

133

All dimensions in mm.

Fig. 5. Drilling details for the chassis. The front
and rear panels are shown flat for ease of

presentation

MAIN CIRCUIT BOARD
Most of the components are assembled on a plain

perforated board of O.lin. matrix having 43 by 25
holes. Assembly details are given in Fig. 6.

The board is first cut out from a larger panel with
the aid of a small hacksaw. This type of board is a lit-
tle brittle and care has to be taken to avoid cracking it
as it is being cut. Then drill out the two 6BA clear
mounting holes.

Next, mount the components in the positions in-
dicated in fig. 6, bending the lead-out wires flat
against the underside of the board. The lead-out wires
are then soldered together to conform to the underside
view of the board. Where necessary, lead-outs can be
extended by means of 22 s.w.g. tinned copper wire.
This wire may also be used for the long negative supp-
ly wire running along one edge of the board. In several
places wires run close to each other, whereupon it is
necesssary to cover at least one of the wires with sleev-
ing.

The integrated circuit is not wired directly to the
board. Instead, a 16-way d.i.l. integrated circuit
holder is mounted on the board in the position in-
dicated for the i.e. in Fig. 6. The i.e. is fitted into this
holder much later, and it should not as yet have the
protective conductive foam or metal foil removed
from its pins.

Coil LI is home-wound with a short piece of 16
s.w.g. enamelled copper wire, and it is self-supporting.
It is initially wound on a round object having a

diameter of &in., such as the shank of a Ain. twist
drill. It has precisely 5 turns and is O.Gin. long. The
enamel insulation is scraped off U turns from what
will be the earthy end of the coil when it is mounted,
and this area is tinned with solder. This provides the
tap and will be connected to the aerial socket later.
The end lead-outs of the coil project downwards and
are also tinned after the enamel has been scraped off.
The coil is then mounted on the board and soldered
into circuit, reasonable care being taken not to distort
the winding. (The photographs of the receiver interior
tend to give an impression that the coil has 6 turns; 5
turns is the correct number).

Veropins are inserted in the board at the points
where leads from external components, such as SK2,
will later be connected. If the board is of Vero
manufacture these should be Veropins intended for
boards of O.lin. matrix. Should the board be of alter-
native manufacture it will be found that 0.15in.
Veropins give a better fit. The pins should be of the
full-pin type which projects on both sides of the
board. Make sure that the connections to the pins un-
der the board are physically sound so that they will
not come adrift when the soldering iron is applied to
the tops of the pins.
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Fig. 6. Part layout and underside wiring on the main component board

NEXT MONTH
Next month's concluding article will describe the

mounting of the main component panel board in the

case, then carry on to the assembly of the oscillator
board and the final setting up of the tuner.

(To be concluded)
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by D. Snaith

A simple circuit incorporating an R-S flip-flop.

The use of an R-S flip-flop in a precedence detector
is not new, and a design for such a detector was
described by R. J. Caborn in the May 1973 issue of
this journal. Light-emitting diodes were not readily
available to home constructors at that time and the
1973 design incorporated filament bulbs with tran-
sistor drivers. Due to the relatively high current con-
sumption which resulted, the precedence detector
employed a mains power supply.

It is worth returning to the R-S flip-flop now that
l.e.d.'s are so easily obtainable. The illuminating
current for an l.e.d. can be supplied direct from the
output of a t.t.l. integrated circuit, and much simpler
battery-powered circuits can be devised.

The function of a precedence detector of the type to
be described is to indicate which of two circuits has
been opened first. It lends itself particularly well to
games where two contenders are required to press a
button in response to a stimulus, and to quiz contests
based on the familiar formula encountered in BBC
sound radio programmes. More serious applications
include the study of ganged switch or relay perform-
ance and the like.

R-S FLIP-FLOP
The basic R-S flip-flop is illustrated in Fig. 1, where

two 2-input NAND gates are cross-connected in the
manner shown. There are two inputs, R (for Reset)
and S (for Set), and two outputs, Q and not-Q. The
latter is represented by the letter Q with a bar above
it. It will be remembered that the output of a NAND
gate falls to 6 (a low positive voltage) onlv when all its
inputs are at 1 (a high positive voltage).

R

0

S

O

1 0

O 1

t I

Q Q
1 I

O 1

1 O

as previous state

Fig. 1. Basic circuit of the R-S flip-flop,
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Fig. 2. Truth table for the flip-flop.

Let us next assume that both the R and S inputs in
Fig. 1 are at 0. The two NAND gate outputs, at 0 and
not-Q, are then at 1. In consequence the upper NAND
gate has a 1 input from the lower NAND gate output,
and the lower NAND gate has a 1 input from the up-
per NAND gate output.

We next take the R input from 0 and raise it to 1.
Since the upper NAND gate now has two 1 inputs, its
output, Q, falls to 0. This output is applied to the
lower NAND gate with the result that, if we next raise
the S input to 1, the lower NAND gate is inhibited by
the 0 passed to it by the upper NAND gate, and the
outputs do not change.

If we initially raise the S input instead of the R in-
put to 1 the output of the lower NAND gate, at not-Q,
falls to 0. The upper NAND gate is inhibited this
time, and the outputs do not change if the R input is
subsequently raised to 1.-

The operation of the flip-flop is illustrated by the
truth table of Fig. 2. In the first line of this table both
R and S are at 0, causing Q and not-Q to be at 1. (This
combination of inputs is not, incidentally, normally
used in serious digital work where it is desirable that
Q and not-Q have opposite values.) If R is taken to 1,
as in the second line, Q falls to 0. Should we next take
S to 1, thereby giving us the fourth line in the table,
there is no change in Q and not-Q; Q remains at 0 and
not-Q at 1.

In the third line of the table R is at 0 and S has been
taken to 1. This time it is not-Q which falls to 0. The
outputs then remain unaltered if R is next taken up to
1, as in the fourth line of the table.

The value of the R-S flip-flop as a precedence
detector is that it functions virtually instantaneously.
If R is taken to 1 only fractionally before S, this fact is
indicated by Q falling to 0 and remaining at that level.
Similarly, not-Q stays at 0 if it is S which is first taken
to 1.
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Fig. 3. The circuit of the precedence detector. One of the two I.e.d.'s lights up to indicate the push-
button which has been pressed first.

CIRCUIT DIAGRAM
The circuit of the precedence detector

incorporating the R-S flip-flop appears in Fig. 3. The
flip-flop itself is given by two of the four NAND gates
in a 7400 integrated circuit. The supply is provided bv
a 9 volt battery coupled to the voltage stabilizing cir-
cuit given by TR1, R5 and ZD1. A stabilized voltage
of nominally 5 volts is given at the emitter of TR1,
and this supplies the 7400 and the circuitry around it.
The stabilizing provided is adequate for falling
battery voltage to a lower limit of around 6.5 volts.

The output of a 7400 NAND gate can sink (i.e.
draw from the positive rail) currents up to 16mA
when it is at the 0 level. As a result it can be used to
feed an l.e.d. direct via a suitable current limiting
resistor. When the output at pin 3 (Q in Fig. 1) is at 0,
LED1 lights up. If the output at pin 6 (not-Q) is at 0,
LED2 becomes alight. R3 and R4 limit the current in
each l.e.d. to about 12mA.

The inputs at pin 1 (R) and pin 5 (S) are held at 0
level by the normally closed push-buttons SI and S2,
which connect them to the negative rail. If SI is press-
ed, this connection is broken and pin 3 is taken to 1
by way of Rl. The output at pin 3 falls to 0, LEDl
lights up and it stays alight even if S2 is pressed im-
mediately afterwards. Similarly, LED2 lights up and
stays alight if S2 is pressed first. The circuit reverts to
its initial state, with no l.e.d. illuminated, when the
two push-buttons are released.
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Rl and R2 can be omitted if the wiring to the two
push-buttons is short. This is because the internal cir-
cuitry of the NAND gate takes an input effectively up
to the 1 level if it is open-circuit and is not actively
held down to 0. It is possible, however, that quite long
wiring may be used to connect the push-buttons to the
remainder of the circuit, whereupon it is preferable to
retain Rl and R2 so that the push-button wiring is at
a low impedance when the push-buttons are pressed.

No connections are made to the unused gates of the
7400, and only the i.e. pins which appear in Fig. 3 are
wired into circuit. A negative supply connection is
made to pin 7, and the 5 volt positive supply is con-
nected to pin 14. The current drawn from the 9 volt
supply is approximately 18mA when both SI and S2
are closed, this rising to some 26 to 28mA when one or
both of the push-buttons is pressed.

4.5 VOLT SUPPLY
Logic integrated circuits from the 74 series are

specified as requiring a supply potential which lies
between the limits of 4.75 and 5.25 volts. Obviously, it
would be undesirable to apply a supply voltage higher
than the recommended maximum but the i.e., in a
simple circuit of the type employed here, cannot be
damaged if the supply voltage is slightly below 4.75
volts. '
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Fig. 4. Simplified experimental version of the
precedence detector.

A simplified version of the precedence detector
appears in Fig. 4, in which diagram the voltage
stabilizing components are omitted and the circuit is
simply powered direct by a 4.5 volt battery. The
operation of this circuit cannot be guaranteed,
because the i.e. is being used outside manufacturer's
specifications, but in practice it will be found that the
majority of 7400's will work in the circuit with supply
voltages down to about 4 volts. Fig. 4 is presented,

therefore, as an experimental circuit which has the
advantage of extreme simplicity. The current con-
sumption from the 4.5 volt battery is about 5mA lower
than the current drawn from the 9 volt battery in Fig.
3. The circuit has the slight disadvantage that it
ceases to function when the battery voltage has fallen
by a smaller fraction of its nominal value than occurs
in Fig. 3.

SPECIAL FEATURES
MEDIUM WAVE DX SUPERHET
- Part 1 (2 parts)
Medium wave DX listening requires a receiver having a
high selectivity, and in this superhet design the selectivi-
ty is achieved by the use of a narrow band mechanical
filter in the i.f. amplifier stages. This article describes the
circuit and gives details of the construction of the case
and chassis. The following article will complete construc-
tional details and deal with the simple alignment
procedure employed.

CONSTANT CURRENT
AUDIO AMPLIFIER
This battery operated a.f. amplifier incorporates a
constant current load for the output stage driver
transistor to give improved quality of reproduction.

ON SALE 1st DECEMBER
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The PORT & STARBOARD
STEREO AMPLIFIER

Part 2
by

Sir Douglas Hall, K.C.M.G.

This concluding article gives details of
the connections to the gram deck, then
carries on to describe the construction of a

case for the amplifier.

In the article which was published in last month's
issue details were given of the circuit functioning of
this amplifier. Construction was also described,
together with the simple setting up procedures re-
quired. We now carry on to the connections between
the amplifier and the gram deck with which it is used.

GRAM DECK CONNECTIONS
The pick-up connections are connected via screen-

ed stereo cable to the 3-way jack plugat the amplifier,
earthing the screening at both ends. The 3-way mains
lead from the amplifier is also taken to the gram deck.
If the turntable motor is automatically switched off at
the end of a record or at the end of a changer cycle, it
may be possible to wire the amplifier mains input to
the gram deck switch so that the amplifier turns off at
the same time as does the motor. Detailed instruc-
tions cannot be given here owing to wiring variations
between different decks, and the process should only
be attempted by the experienced constructor who ful-
ly appreciates what is involved. Alternatively, a
mains on-off switch may be installed at the gram deck
position or an "in-line" switch inserted in the lead
from the mains to the gram deck.

There are, in consequence, three leads running
from the deck. One 3-way lead carries the mains
supply to the deck. A further 3-way lead takes the

Nearly all the components are assembled on a
baseboard behind the front panel

E
'/4*Piy

2'/4*
I '

F
'/4"ply

[_••_ -'/8*

(a)

——3*1*

(c)

27/8' did

'/4*ply
3/4"

[Q^rrr-t
H

l/4'ply |

(d) (e)

3'/2"
J-Base '/4*ply

K-Top '/8*peg board

(9)

f
2'/2*

(h)

————— • . ' |2* —————————————

L
1/8'' peg board

Fig. 4. The various parts which make up the
amplifier case. The two sides are illustrated in
(a) to (f), whilst (g) gives the dimensions of the
base and the top. These are assembled as in

(h). The back of the case is shown in (i)
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A further look at the amplifier in its completed
state

mains supply from the deck to the amplifier. Finally,
a screened lead connects the pick-up to the amplifier
input. Ensure that all mains connections are position-
ed so that there is no risk of accidental shock and that
the mains earth connects reliably to the metalwork of
the gram deck and the earth line of the amplifier,

THE CASE
A suitable case can be made up in the manner

shown in Fig. 4. All the dimensions given here are in-
tended as a guide only, as they assume that the peg
board employed is exactly |in. thick, that the
plywood is exactly |in. thick and that the amplifier
sections have been made precisely to the dimensions
given last month. In practice, case section dimensions
should be checked against the amplifier itself, as con-
structed, and those shown in Fig. 4 slightly modified
as required.

Sections E and F are made of jrin. plywood and are
screwed together as in Fig. 4(c). Similarly, sections G
and H are made of |in. plywood and are screwed
together as shown in Fig. 4(f). Note that there is a rec-
tangular cut-out in section H which gives access to the
two holes in section G.

Section J provides the base of the case and is cut
out from ^in. plywood. Section K, the top of the case,
has identical measurements but consists of £in. peg
board.

All the sections so far described are assembled
together by means of small wood screws as illustrated
in Fig. 4(h), where the front of the case is towards the
reader. The amplifier may now be slipped in so that
its front panel, with the controls, is also towards the
reader. Two small wood screws may be passed
through section K into the rear panel of the receiver,
on which are mounted the jack socket and mains con-
nector. These will retain the chassis inside the case
and will also provide the rigidity required in the rear
panel when the mains socket and jack plug are in-
serted or removed.

Section L, the back of the case, consists of peg
board, It fits into the £in. recesses at the rear of the
EF and GH assemblies, and is secured by screws
passing into the edges of sections F and H. Two holes
of suitable size are required in section L to allow
access to the jack socket and the mains connector.
These holes are not shown in Fig. 4(i) and are marked
out from the amplifier itself.

(Concluded)

NEW STYLE
SELF-BINDER

for "Radio & Electronics
Constructor

The "CORDEX" Patent Self-Binding
Case will keep your issues in mint
condition. Copies can be inserted or
removed with the greatest of ease. Rich
maroon finish, gold lettering on spine.
Specially constructed Binding Cords are made
from Super Linen of great strength, very hard
twisted and twice doubled. They are attached

to strong RUSTLESS Springs
under tension, and the method
adopted ensures PERMANENT
RESILIENCE of the Cords. Any
slack that may develop is
immediately compensated for
and the Cords will always
remain taut and strong. It is
impossible to overstretch the
springs, as a safety check
device is fitted to each.

PRICE £1.00 P. & P. 25p

including V.A.T.
Owing to heavy demand please allow 21 days

for delivery

Available only from:—

Data Publications Ltd,
57 Maida Vale London W9 ISN
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By Frank A. Baldwin
Times = GMT Frequencies = kHz

Whilst this article mainly deals with DX stations
on the LF Tropical Bands, it being intended for Dx
listeners, interesting transmissions on the higher
frequency bands are often mentioned. Some of these
stations are listed here.

• SOUTH KOREA
Seoul on 11860 at 1126, chimes interval signal

repeated until identification by OM and YL at 1130,
then a news summary, all in English.

• CLANDESTINE
Bizim Radyo (Our Radio) on 9586 measured at

1105, OM with harangue in Turkish. This is a pro-
communist transmission scheduled from 1050 to
1115. Jammed by a continuous hetrodyne.

• CHINA
Radio Peking on 6645 at 1817, YL in Standard

Chinese, songs and orchestral 'music, directed to
Europe, North Africa and West Asia from 1730 to
1830.

Radio Peking on 6560 at 1822, Chinese music and
OM in Farsi to Iran and Afghanistan, scheduled from
1800 to 1830, also in parallel on 7480.

Radio Peking on 7800 at 2005, OM in Hungarian
to Hungary, scheduled 2000 to 2100, also in parallel
on 9965.

Radio Peking on 9064 at 1424, YL in Chinese in
1st Domestic Programme, schedule from 2000 to
1735.

Radio Peking on 11290 at 1429, drama production
complete with gongs and music in 1st Domestic
Programme, schedule 2000 to 1735 and in parallel on
11330.

• N. KOREA
Radio Pyongyang on 6398 measured at 2030, YL

in Korean to South Korea, schedule 2000 to 2130.

• SAUDI ARABIA
Riyadh on 15245 at 1845, chants from the Quran

(Koran) in a broadcast from the "Holy Quran
Station" to North and Central Africa, schedule 1700
to 2000.

CURRENT SCHEDULES
The schedules published here are correct at the

time of writing but some are subject to change at
short notice whilst others are subject to seasonal
variations.

• AFGHANISTAN
"Radio Afghanistan", Kabul, operates an External

Service in English to Europe frorrin 1130 to 1200 on
15195. A programme in English is presented from
1400 to 1430 on 4775 to South Asia, this channel

then continuing with the Pushtu/Baluchi transmis-
sion to Pakhtunistan until 1530, this latter transmis-
sion being part of the Domestic First Programme.
Programmes in Pushtu/Dari continue on 4775, as
part of the Domestic Service, until 1740.

The Second Programme in the Domestic Service is
from 1330 to 1430 on 3390.
• YEMEN ARAB REPUBLIC

"Radio San'a", San'a, has a Domestic Service
which operates from 0300 to 1000, 1100 to 2015 on
4853, 7235 and 9780, then continuing on the latter
two channels until 2200 sign-off.
• BRAZIL

"Radio Nacional", Brasilia, presents an External
Service in which the English transmission to Europe
is featured from 2100 to 2200 on 11780. From 2200
to 2230 there is a relay of the Domestic Service La
Voz do Brazil.
• FINLAND

"Yleisradio", Helsinki, in the External Service,
radiates programmes in English to Europe, Middle
East and West Africa from 1900eto 1930 on 11755
and 15110 and from 2100 to 2130 to Europe and
North Africa on 9550 and on 11755.
• CHINA

Foochow may be heard in the External Service
when radiating to Quemoy and Matsu in Standard
Chinese. For listeners here in the U.K. probably the
best chances of logging this one would be from 0001 to
0030 and from 1500 to 1530 on 4975 and on 5040.
AROUND THE DIAL

At this time of the year, LF band listeners here in
the U.K. are tuning over the 60 and 90 metre tropical
bands for those elusive signals from the Far East and
in particular from Indonesia. During November, the
short route signal path from Indonesia to the U.K. is
mostly in darkness from around 1530 until 1600 (at
which time most stations sign-off) only a few hundred
miles being subject to the activities of the Sun. The
Indonesians sign-on again from around 2200 to 2300
our time (GMT) and the following half hour is
another favourite time to log these transmissions.

For Latin American enthusiasts on the LF bands,
the whole South American Continent is in darkness
from around 2400 (more correctly 0000 GMT) with
signals reaching us via the short path, this remaining
in darkness until 0730. Many Latin American
stations however close around the 0230-0400 period
but a few continue until 0600 or even operate on a 24-
hour basis.
90 METRE BAND

On this band some Latin Americans have been
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logged despite the commercial interference.

• ECUADOR
Radio Iris, Esmeraldas, on a measured 3381 at

0156, OM with,, announcements in Spanish then
typical local-style music and songs. The schedule is
from 1100 to 0500 and the power is lOkW.
Esmeraldas is a port OH the riorth-west coast of
Ecuador, exports being bananas, timber, tobacco,
cacao and rubber.

• BRAZIL
Radio Riberao Preto on 3205 at 0330, OM with

station identification then YL with songs in Por-
tuguese. Schedule is from 0800 to 0400 and the power
is 5kW. Riberao Preto is a city situated amid rich
agricultural surroundings in the south-east of Brazil
north of Sao Paulo. Main crops are cotton, sugar and
• you've guessed it — coffee!

Radio Gazeta de Alagaos, Maceio, on a measured
3327 at 0335, OM with a love song in Portuguese,
guitar music — all good love sick stuff! Schedule is
from 0755 to 2200, 2330 to 0400 and the power is
2.5kW. Maceio is a seaport situated south of Recife
(formerly Pernambuco) and is the capital of Alagaos
State, local produce being cotton, sugar, tobacco and
soap, also being noted for its distilleries — and that is
the proof of their spirit!

• NIGER
Niamey on 3260 at 1947, OM's having a discus-

sion in a local dialect in the Home Service 1
programme. Schedule is from 0530 to 0630, 1700 to
2200 on weekdays, the latter transmission period be-
ing from 1500 to 2300 on Saturdays and from 1700 to
2130 on Sundays, the power being 4kW. Niamey is
one of the termini (the other is Zinder) of the trans-
Sahara motor routes.

• NIGERIA
Ibadan on 3204 at 1940, OM with a talk in local

dialect, drums, chants, YL's in chorus. Schedule is
from 0430 to 0730 and from 1430 to 2305, the power
is lOkW. Ibadan is the capital of the Western
Province of Nigeria and is situated 60 miles north of
Lagos. Products of this university town include silk,
tobacco and cotton.

Kaduna on a measured 3396 at 1839, local music,
drums, YL's with choral songs African-style.
Schedule is from 0430 to 0705 and from 1630 to 2305,
the power being lOkW. Kaduna is a town in Northern
Nigeria and is the capital of the Northern Provinces,
being an important railway junction with main lines
to Lagos and Port Harcourt.

• BURUNDI
Bjumbura on 3300 at 1836, OM and YL alternate

in vernacular in a Home Service 1 programme.
Schedule is from 0330 to 0600 (Sundays 2100) and
from 1500 to 2100, the power is 25kW. Bjumbura is
the capital of Burundi.

60 METRE BAND

• BOLIVIA
Radio Norte, Montero, on a measured 4938 at

0448, YL with song in Spanish, guitar music then a
long talk about El Toro (The Bull) until 0502 fade-
out. Obviously on an extended schedule, the normal

transmission time (2nd period) is from 2100 to 0400
and the power is 1.5kW. Montero is a small town in
the Department of that name and is situated north of
Santa Cruz.

Radio Fides, La Paz, on 4845 at 0034, light
orchestral music with announcements in Spanish.
Schedule is from 1030 to 1930 and from 2200 to 0300
Mondays to Fridays and from 1030 to 0300 Satur-
days and Sundays, the power is 5kW. La Paz is in the
Department of that name and is the seat of govern-
ment (Sucre is the legal capital). La Paz is an impor-
tant commercial centre and products include copper,
alpaca wool, cinchona (evergreen tree bark from
which quinine is made) and textiles. The Department
of La Paz is traversed by the Andes range of moun-
tains.

Radio Abaroa, Riberalta, on a measured 4738 at
0205, OM with announcements and a talk in Spanish
until 0218 when covered by QRM. Schedule is from
1000 to 0430 but sign-off can vary from 0400 to 0445
and sometimes identifies as La Voz de Riberalta; the
power is 0.5kW. Only rarely can this one be heard
here in the U.K., the low power and, more effectively
the QRM, usually succeed in foiling us. Riberalta is in
the far north of the country situated on the River
Beni above rapids which limit any navigation to the
upper course. A collecting centre for wilcfrubber, it is
an important town in the Colonia Territory.
• COLOMBIA

Ondas del Meta, Villavicencio, on 4885 at 0440,
OM with identification, Latin American style dance
music. Schedule of this one is from 1000 to 0500 and
the power is IkW. Villavicencio is the capital of Meta
Province of Colombia and the main occupation is
that of cattle raising, laying astride the main road
from the capital Bogota to the Venezuelan frontier.

Radio Guatapuri, Valledupar, on 4915 at 0045,
OM with identification complete with echo-effect,
songs in Spanish with flute accompaniment.
Schedule is from 0930 to 0600 but has been reported
closing on occasions at 0500; the power is lOkW. The
echo-effect on station identifications is "beloved by
some Latin American stations but most certainly not
by Dxers. It tends to distort announcements when
heard over the distances involved here, the echo often
merging with the actual spoken words which, in any
case, are often pronounced in a sing-song fashion. LA
disc-jockeys have another anti-Dxer weapon, but see
under Ecuador. Valledupar is situated in the
Magdalena Province in the north of Colombia, inland
from Barranquilla and Cartagena.
• ECUADOR

Radio Difusora del Ecuador, Guayaquil, on 4765
at 0200, OM with identification in Spanish, commer-
cials (all with echo-effect) local-style pops. Schedule
is from 1030 to 0400 and the power is lOkW. Guaya-
quil is the chief port of Ecuador and is on the Guayas
River some 30 miles above the Bay of Guayaquil, the
city was virtually destroyed by fire in 1896 and again
in 1899. Guayaquil in addition to its cathedral has a
university and is a centre of industry; foundries,
machinery, brewing and sawmills being some of the
local activity. Perhaps they draw their beer from the
wood! The anti-Dxer weapon mentioned above? Oh
yes, the disc-jockeys take much pride in their ability
to trill their R's for inordinate periods, so much so
that our friends from north of the Cheviot Hills are
completely outclassed in this verbal skill — if that is
what it is!
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REGENERATIVE
SHORT WAVE
SUPERHET Part 2

By
F. G. Rayer

In this concluding article details are given of the i.f. and a.f. amplifier
boards, together with the assembly and alignment of the receiver as a whole.
Also covered is operation for the reception of a.m., c.w. and s.s.b. signals.

In last month's article the circuit of this receiver
was discussed, and details were given of the mixer
coilpack assembly. We carry on with constructional
information, dealing next with the i.f. amplifier
board.

I.F. AMPLIFIER BOARD
The i.f. amplifier is assembled on a perforated

board of 0.1 Sin. matrix having l»i by 7 holes, as in Fig.
5. Two 6BA clear mounting holes have to be drilled
out at the points shown. The 6BA screws in these
holes have solder tags under their nuts to provide a
chassis connection, a further nut being fitted to each
screw to pro* *de spacing from the chassis. A central
hole is necessary at each i.f. transformer to allow
access to the lower core. Small holes are also drilled as
necessary to take the i.f. transformer tags and moun-
ting lugs. Trimmer TC5 will fit the board holes.

R12 may be wired in at this stage with no connecj-
tion made to the lead-out remote from the board. Fly-
ing leads are fitted for later connection to VR2, Rl
and CIO. The connection from pin 8 of L4 is added
later. All the wiring on the board should be short and
direct, with good spacing between base and collector
leads.

The i.f. transformers are supplied pre-aligned and
their cores should not be touched. They will be given
their final slight adjustments when the receiver has
been completed.

AUDIO BOARD
Fig. 6 illustrates the a.f. amplifier board. This is

also assembled on perforated board of 0.15in. matrix,
the board having 14 by 13 holes. As with the i.f.
amplifier board there are two 6BA clear mounting
holes, and the 6BA bolts have solder tags under their
nuts for chassis connection, together with spacing
nuts. Two flying leads are required for the positive 9
volt connections, and single flying leads for the con-
nections to the output jack and to VR3.

A 3.5mm. phone jack socket is employed to provide
the output connection in the author's receiver. If this
is of open construction it automatically takes up its

6BA bolt 6BA bolt

O O C.J O O O O O O O O

me - chassis connection

Fig. 5. Wiring and component layout on the i.f.
amplifier board

chassis connection by way of its mounting bush, but if
it is of insulated construction a chassis connection
must be made to the contact nearer the front. The
chassis connection can be taken from any convenient
point near the socket. A disadvantage given by the use
of a phone jack is that the socket contacts can be
momentarily short-circuited as the plug is inserted or
removed, and this could damage the integrated circuit
if a high output signal level is in existence at the time.
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+9V

Batt.t

6BAbolt 6BAbolt

Fig. 6. The a.f. amplifier board is wired up in
the manner shown here

In consequence, it is necessary to turn the receiver
volume to minimum when fitting or removing the
plug. Constructors who would prefer to avoid this
procedure can fit two insulated sockets for connec-
tion to the speaker or headphones instead.

PANEL AND CHASSIS
The front panel of the receiver measures 10 by Gin.

and the chassis, on which are mounted the i.f. and a.f.
amplifier boards measures 6 by 4 by £in. It can con-
sist of a 6 by 4in. "Universal Chassis" flanged side,
available from Home Radio. It is fitted to the
front panel such that its surface is lin. above the
lower edge of the panel and its right hand edge
is ^in. in from the right hand edge of the panel. It
is secured by a 6BA bolt and the output jack socket,
or output sockets. A solder tag is fitted under the 6BA
nut. The chassis needs four 6BA clear holes for the
two boards, two holes under the i.f. transformer cen-
tres for access to the lower transformer cores, and a
hole for the lead from the a.f. board which travels to

VR3. The positioning of these holes can be assessed
from Fig. 7.

On the front panel are mounted the various con-
trols, these taking up the positions shown in the
diagram and in the photographs. VCl(a)(b) is
mounted by means of the three tapped 4BA holes in
its front plate, being spaced back as indicated. It is
important to ensure that the mounting bolt ends do
not project beyond the inside of the capacitor front
plate, as the vanes could then be damaged. Counter-
sunk 4BA bolts are employed. The coilpack is secured
to the front panel by means of the switch bush nut.

The wiring shown in Fig. 7 may then be carried out.
The connection from the coilpack to pin 2 of IFTl will
need to be completed before the i.f. board can be
mounted. All the flying leads from the boards and
coilpack are shortened as necessary when they are
finally connected.

The three potentiometers are wired in the following
manner. VR1 takes its chassis connection from the
adjacent chassis tag on the coilpack. The lead from
pin 8 of Ll passes under the coilpack up to the other
track tag of VR1. The slider tag of VR1 connects later
to the aerial socket, which will be at the rear of the
case.

VR2 is below VR1, and its slider tag takes the lead
from R9 and RIO on the i.f. amplifier board. C9 and
the two track tags are connected as shown, the
positive 9 volt connection being taken from R12.

In turn, VR3 is below VR2, and it takes its "MC"
chassis connection from the solder tag under the 6BA
nut securing the chassis to the front panel. The lead
from C8 and Rll on the i.f. amplifier board runs
along the chassis top surface to CIO, which is mounted
as shown. The lead from Cll on the a.f. amplifier
board passes through the adjacent hole in the chassis
and runs under the chassis to the slider of VR3.

MIXER ALIGNMENT
Mixer alignment consists mainly of the setting up

of the coil cores and trimmers in the aerial circuit.
Initially, TC4 is' set to about half maximum
capitance. If it is found that TCl, TC2 or TC3 re-
quire an adjustment to a value lower than their
minimum capacitance, the value of TC4 can be in-
creased a little to bring the received signal frequency
within the range of the aerial trimmer. Similarly, TC4
value can be decreased a little if an aerial trimmer

The uncluttered layout is readily apparent in
this rear view

239



IFTj pin 2
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Fig, 7. Final wiring steps as the various sections and the panel controls are connected together

requires a value greater than its maximum
capacitance.

Each band is treated individually, and it is
probably easiest to commence with the lowest fre-
quency band. VC2 is set to half its maximum
capacitance. Tune in a signal with VCl(a)(b) nearly
at maximum capacitance (say at about 1.9MHz) and
adjust the core of L3 for greatest volume. Then tune

Here, we are looking down at the top of the
chassis

in a signal with VCl(a)(b) close to minimum
capacitance (say 4MHz) and adjust TC3 for strongest
signal. Check both adjustments several times until no
improvement can be obtained.

The second range can then be aligned in the same
way, adjusting the core of L2 for a signal near the low
frequency end of the band and adjusting TC2 for a
signal near the high frequency end of the oand. After
this the highest frequency band can be aligned by ad-
justing the core of LI and TCl in a similar manner.

When the alignment is complete, the oscillator cor-
es can be maintained in position by passing 6BA nuts
over the threaded brass stems and locking these gent-
ly against the plastic former material.

If it is necessary to modify band coverage for any
range, this is carried out by adjusting the core of L4,
L5 or L6, as applicable. The corresponding aerial coil
core and trimmer must then be readjusted.

I.F. ALIGNMENT
It should be possible to pass at least strong signals

through the i.f. amplifier with the i.f. transformers in
their pre-aligned state, as received. If this does not oc-
cur the receiver should be checked for a fault in the
wiring; the i.f. transformer cores are best left un-
touched until the receiver is in a working state.
Initially, TC5 should be set to minimum capacitance,
and VR2 to a central setting or to a slightly lower set-
ting if this is necessary to prevent the detector from
oscillating. A weak steady a.m. signal is carefully tun-
ed in and the i.f. cores adjusted for maximum volume.
A correct trimming tool, such as the Denco type TT5,
should be employed as the cores may otherwise be
damaged.
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Next set VR2 about two-thirds advanced and, with
the same or a similar a.m. signal, increase the
capacitance of TC5 until a whistle is heard. Adjusting
VC2 should vary the pitch of the whistle, and backing
off VR2 should leave the detector circuit in a sensitive
but non-oscillating condition.

If it is found that oscillation occurs at all settings of
TC5, the value of K8 may be increased a little to in:
crease the i.f. amplifier stability.

RECEIVER OPERATION
When receiving a.m. signals with headphones VR3

need not be advanced very far. It is used to control
volume both for speaker and for headphones. If a
strong signal causes overloading and distortion its
strength is reduced by VRl.

VR3 is turned well up for c.w. signals and signal
strength is kept down by means of VRl. VR2 is ad-
vanced just beyond the oscillation point, thus produc-
ing a heterodyne. The pitch of the heterodyne is ad-
justed by VC2.

Adjustments for s.s.b. are similar to those for c.w.,
but here it is even more desirable to keep signal
strength down by means of VRl. A more critical ad-
justment of VR2 and VC2 will also be needed. Once a
little operating experience has been obtained no par-
ticular difficulties should arise.

It must be reiterated that satisfactory s.s.b. and
c.w. reception cannot be obtained if strong signals are
not considerably reduced in level by VRl. Also, if
VR2 is turned back too far during a.m. reception the
detector stage will overload and introduce distortion.
It should be found that the detector transistor can be
smoothly taken up to the oscillation point, with selec-
tivity and sensitivity increasing rapidly just before
this point is reached.

CASE
The receiver can be accommodated in a case made

up from the parts for a Home Radio "Universal
Chassis" measuring 10 by 6 by 4in. The front panel is,
in effect, the top plate of this chassis and another 10
by Gin. plate forms the rear. The parts for such a case
are given in the Components List published last
month. The "hardware kit" in the Components List
consists of the screws and nuts required for its
assembly.

Alternatively, a 10 by 6 by Gin. cabinet with steel
front panel may be obtained. A range of cases is
available from H. L. Smith & Co. Ltd., 287 Edgware
Road, London W2. Very small knobs are not
recommended for any of the controls, and a quite

Another rear view, taken from a slight angle

large knob is convenient for VC2 and also for
VCl(a)(b). A cursor can be fitted to the latter with a
scale affixed to the panel behind it. A suitable scale is
provided in "Panel Signs" Set No. 5, available from
the publishers of this journal.

Sockets for aerial and earth are fitted at the back of
the case. The earth socket connects to the chassis at
any convenient point, whilst the aerial socket con-
nects to the flying lead from VRl shown in Fig. 7.

An earth connection is not essential, although it can
be expected to improve results. Many signals can be
received with an indoor aerial. However, an outdoor
aerial, positioned high and clear of adjacent objects,,'
will naturally give increased range and more volume
with distant signals. .

The receiver can be operated from any 9 volt
battery, with a fairly large type offering most
economical running. A PP9 battery is satisfactory
and can be accommodated in the case. Current con-
sumption is about 8 to 10mA with no signal input or at
low volume settings. The current rises with increased
volume, giving current peaks of about 20 to 30mA
when the receiver is providing a full loudspeaker out-
put. ' \

(Concluded)

BACK NUMBERS
For the benefit of new readers we would draw attention to our back number service.

We retain past issues for a period of two years and we can, occasionally, supply copies more than two
years old. The cost is the cover price stated on the issue, plus lip postage.

Before undertaking any constructional project described in a back issue, it must be borne in mind that
components readily available at the time of publication may no longer be so.

We regret that we are unable to supply photo copies of articles where an, issue is not available.
Libraries and members of local radio clubs can often be very helpful where an issue is not available for
sale.
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REGENT PUBLICATIONS
SYNTONY AND SPARK —THE ORIGINS OF RADIO. By Hugh G. J. Aitken. 365 pages, 225 x
150mm. (9 x 6in.) Published by John Wiley & Sons, Ltd. Price £10.95.

Try and imagine a time in which there is no such thing as an electronic amplifying device, a ther-
mionic diode or even a crystal detector of the early cat's whisker type. Would meaningful radio com-
munication be possible under such conditions? Not only was it possible but it was eminently prac-
ticable, and in the early years of the twentieth century the energetic inventiveness of Marconi, his
predecessors and his contemporaries resulted, amongst other things, in the setting up of two-way
transatlantic communication between Nova Scotia and Clifden in the U.K. The r.f. energy at r! a
transmitter was produced by a spark coupled by broadly tuned circuits to an enormous aerial, whiL
an equally enormous aerial at the receiver coupled to a coherer detector. In its simplest form a
coherer consisted of a glass tube containing metal particles which cohered and passed a current,
when an r.f. signal was applied across two electrodes at the tube ends. The particles tended to re-
main in the cohered state and the tube had to be "tapped back" mechanically to prepare them for
reception of the next r.f. signal.

It was with elementary tools of this nature that the radio pioneers created their achievements. The
spark transmitters were flatly tuned, as were the receivers, so that great bands of the radio frequency
spectrum were occupied by single communication channels. Also, the frequencies were low since it
was found empirically that these best suited the large aerial arrays employed.

The fascinating early days of radio unfold before the reader in "Syntony and Spark". "Syntony",
which derives from the Greek syn, meaning "together", and tone, was the euphonious term applied
in those times to tuning or resonance, and the author employs it to enlarge on the overall concept of
harmony and congruence. The book commences its narrative section with the experiments of Hertz,
deals next with Lodge, then carries on to the immense contributions to radio which are due to
Marconi. Not only does the reader learn about the technical equipment which was used but he is
also presented with a tale of commercial entrepreneurship, of patent disputes and of financial
exploitation. The book brings to life the achievements of the first men in radio as well as their
individual characters. In addition, the author paints a very broad canvas and illustrates the inter-
locking^ aspects of pure science, technology and practical application in an advancing society.

"Syntony and Spark" should be enjoyed by anybody who is interested in early radio communica-
tioQ and its background. It should be enjoyed, indeed, by anyone who likes to settle down and read
an absorbing true success story.

A GUIDE TO AMATEUR RADIO, Sixteenth Edition. By Pat Hawker, G3VA. 124 pages, 245 x
190mm. (9f x 7^in). Published by Newnes-Butterworths. Price £3.95.

This is the sixteenth edition of a book which has now become a classic amongst British radio
amateurs. Its purpose is to assist the beginner to learn more about amateur radio and to help him in
obtaining his transmitting licence. Also included are technical information and operating data of in-
terest to radio amateurs and listeners.

The book introduces the reader to the world of amateur radio and the process of embarking on the
hobby. Subsequent chapters deal with communication receivers, amateur transmitters, transmitting
licence examinations, the operation of an amateur station, workshop practice and amateur radio
equipment. Following these are a chapter explaining the role of the Radio Society of Great Britain,
and further chapters covering international amateur organisations, the learning of the morse code,
and international call-signs.

Entirely new material has been added in this edition to the last three chapters, and the book is a
virtual must for anyone who is contemplating amateur radio as a hobby.

QUESTIONS AND ANSWERS ON RADIO AND TELEVISION, Fourth Edition. By H. W. Hellyer
and I. R. Sinclair. 126 pages, 165x 110mm. (6£ x 4|in.) Published by The Butterworth Group. Price
£1.25.

This little book can slip handily into a pocket and it provides information in a question and answer
form. A typical question, appearing in the first chapter, is "What is inductance?" The answer takes up
some twelve lines of the text, and is followed by the next question and answer. This approach has
the advantage that continual reading on a topic is not necessary, as occurs with a conventional text
book. The book can, if desired, be dipped into at any convenient time.

The chapters deal with basic electricity, sound and radio waves, transistors, basic circuits, the
functioning of a radio receiver, television principles and the functioning of a television receiver. These
are fblldwid by ari appendix-giving common abbreviations and a helpful and comprehensive index.
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yourwork
This month Smithy the

Serviceman, aided as
always by his able assis-
tant. Dick, takes an in-
troductory look at the
basic functioning of CMOS
logic. In the process he is
able to demonstrate what
can happen if an unused
CMOS gate input is left

floating.
"This1," remarked Dick bitterly, "is

it."
A snort of irritation arose from

Smithy's bench. The Serviceman lean-
ed forward as he checked a voltage
reading in the television set in front of
him.

"Yes," compla ined Dick to
Smithy's back, "this is it."

Smithy's hand, holding a test prod,
faltered.

"Isn't it?" completed Dick.
Irritably, Smithy replaced the test

prod on his bench then turned to face
his assistant.

"For heaven's sake," he fumed.
"What on earth is up with you now?
During the last quarter of an hour
you've done nothing but moan and say
'this is it' all the time. Can't you get on
with some work or something?"

"This is it," retorted Dick. "Or at
least it's partly it. I haven't got any
work to do."

Smithy glanced over to the "For
Repair" rack, which was completely
devoid of equipment requiring atten-
tion.

"Humph," he grunted. "You must
have been busv while I've been stuck

with the TV set I've got here."
"All the sets I did happened to have

easy snags on them." replied Dick. "So
I'm now half-way through the
afternoon with nothing more to do."

"I see," said Smithy, partly
mollified by his assistant's diligence.
"You said that having nothing to do
was only part of what's troubling you.
What's'the other part?"

"You," stated Dick, "and your
broken promises!"

Smithy drew himself up to his full
height.

"I would have you know, sir," he
remarked haughtily, "that you are
talking to a man of honour."

"I wouldn't know about that,"
responded Dick. "What I do know is
that you promised me several months
ago that we'd be having a session' on
CMOS logic devices, and it still hasn't
come off yet."
CMOS LOGIC

Smithy looked at the injured
expression on his assistant's face and
suddenly grinned.

"You don't half take things
seriously," he chuckled. "Oh, all right
then. You give me a hand in finishing
off this TV and we'll then have a stab
at the CMOS business."

Eagerly, Dick walked over to
Smithy's bench. Smithy had been on
the point of locating the fault when
Dick had interrupted him, and he
finally ran it down to earth (or should
that be ground?) shortly after Dick
joined him. The Serviceman watched
contentedly as Dick replaced an open-
••ircuit electrolytic capacitor, and then
he finally pronounced the television
receiver to be fully serviceable. Whilst
Dick carried the receiver to the
"Repaired" rack, Smithy pulled his
note-pad towards him and took a ball
point pen out of his jacket pocket.

"Well now," he remarked as his
assistant returned, "bring your stool
over, and we'll get started. We'll begin
at the beginning with the name CMOS
itself. This is another version of
C O S M O S , w h i c h s t ands f o r
'complementary symmetry metal ox-
ide silicon'. And that expression refers
to the use, inside COSMOS integrated
circuits, of n-channel insulated gate
f.e.t.'s and p-channel insulated gate
f.e.t.'s."

"Fair enough," said Dick, as re-
settled himself comfortably on hit-
stool. "I seem to remember you saying
that there are linear CMOS devir as
well as digital CMOS devices."

"That's right," confirmed Smithy.
"However, we'll confine ourselves to
the digital devices this afternoon.
There are CMOS flip-flops, inverters,
NAND gates, NOR gates and many of
the other logic devices that appear in
the t.t.l. range, and they have three
outstanding advantages. First, they
can work at any supply voltage from 3
to up to a maximum of 15 volts. Se-
cond, they draw fantastically tiny
currents in the quiescent state, when
they are not actually switching over

from one output state to the other. And
third, they are much more immune to
noise voltages On the supply rails than
are t.t.l. devices."

"From what I hear," put in Dick,
"they have to be handled very
carefully."

"They need to be treated with
reasonable care," Smithy corrected
him. "They've got protective diodes
inside them to prevent the internal
f.e.t. gate insulation being damaged by
static electric charges but, even so, a
few precautions need to be observed.
We'll get on to these precautions later.
What we'll do first is take a quick look
at the n-channel and p-channel in-
sulated gate f.e.t.'s that are used in
CMOS devices." '

Smithy drew his note-pad towards
him and sketched out the outline of a
field-effect transistor. (Fig. 1.)

"Now here," he went on, laying
down his pen, "is an n-channel in-
sulated gate f.e.t. This is pretty well
the same as the discrete n-channel
MOSFET's most people have become
used to and which are employed as r.f.
amplifiers and things like that in radio
receivers. There is the drain, which
goes to supply positive, and the source,
which goes to supply negative. I've put
a resistor in series with the drain to
represent a load. There is a p-type
substrate, or supporting layer, and a
thin n-type channel between the drain
and the source. The drain and source
are also n-type material. Mounted at
the channel and insulated from it by a
very thin layer of silicon oxide, which
is a relative of glass, is the metallic
gate."

"I know how this f.e.t. works," in-
terrupted Dick. "When the gate is

Load-

Channel -
Source

Substrate

\^\ N-type material

f\^) P-type material

fig. 1. Cross-sectional view
of an insulated gate n-
channel f.e.t. The drain con-
nects to the positive supply,
and current in the channel is
controlled by the potential
on the gate with respect to

the source
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DUBLIN 1

negative it repels electrons in the
channel, with the result that current
cannot flow from the' drain to the
source. If it is positive it attracts elec-
trons and permits the flow of current
through the channel."

"You've got the general idea," con-
firmed Smithy. "Now, the situation
wouldn't be altered if we were to con-
nect the substrate to the source,
because no current can flow from any

.part of the n-type material to the sub-
strate since they constitute a reverse
biased n.p. junction."

"What about at the source itself?"
"For current to flow there," said

Smithy, "the source would have to be
0.6 volt negative of the substrate, just
as occurs in a normal silicon diode."

"Oh yes, of course."
"Now," went on Smithy, "because

the gate is insulated from the channel
the f.e.t. has an exceptionally high in-
put resistance, in the region of
thousands of megohms or more. At the
same time, because the gate insulation
is exceptionally thin, it can be broken
down by quite a low gate voltages of
around 30 volts or even less. This fact,
combined with the very high input
resistance, means that the insulation
can be broken down by a static voltage
with virtually negligible current
behind it, and this is the reason why
CMOS devices have to be treated
rather carefully."

P-CHANNEL F.E.T.
"Let's," said Dick restlessly, "get on

to the p-channel f.e.t."
"Hang on a minute, I haven't

quite finished with the n-channel
one yet. I'll draw its circuit symbol
next."

Smithy scribbled out the symbol.
(Fig. 2(a).) . . ' .

"In this symbol," he went on, "the
gate part is obvious, and the drain and
source parts are separated by a line
which represents the substrate. As you
can see, I've joined the substrate to the
source. Since this is a p-type substrate
there is an arrow pointing inwards at
the substrate. You get the .same
inward-pointing arrow on the emitter
of a p.n.p. transistor. The gate controls
the current between the drain and the
source in the manner you've just men-
tioned, but I think I should polish up
your description a bit. In the insulated
gate n-channel f.e.t.'s used in CMOS
devices the drain-to-source current is
completely cut off when the gate is at
the same potential as the source. If the
gate is then taken sufficiently positive,
current starts to flow in the channel,
increasing as the gate goes further
positive."

"Fair enough. Now how about the p-
channel f.e.t?"

"For goodness sake," snorted
Smithy. "Don't be so darned im-
patient."

"This is it," complained Dick.
"Here am I dead keen to find out
about these things, and you're holding
me back all the time."

"We'll darned well get on to the p-

GATE

P-CHANNEL

(b)

Fig. 2(a). The symbol for an
n-channel f.e.t. with sub-
strate connected to source
(b). The symbol for a p-
channel f.e.t. can be iden-
tified by the fact that the
substrate arrow points out-

wards

channel f.e.t. when I'm good and
ready."

"Huh! This is it!"
"For the love of Mike," roared

Smithy. "Stop saying 'this is it'. I've
never known anyone like you for run-
ning current phrases to death. Last
year it was 'no way', now it's 'this is
it'."

"Well, this is it," said Dick. "I've
got to express . . ."

Dick's voice trailed off into silence
as the furious Serviceman glowered
belligerently at him.

"There are times, so help me,"
growled Smithy eventually, "when
you'd get up the nose of Job himself.
Dash it all, I've forgotten now what I
was talking about."

"You said," stated a chastened
Dick, "that you would get on to the p-
channel f.e.t. when you were good and
ready."

"So I did. Well, as it happens I am
ready after all, as I've finished with
the n-channel f.e.t. for the time being.
Let me collect my thoughts. Ah, yes."

Smithy ponde red for a few
moments, then made a further draw-
ing on his pad. (Fig. 2(b).)

"This," he said, his irritation slowly
evaporating as he once more lost
himself in his subject, "is the symbol
for the p-channel f.e.t. It's precisely
opposite in make-up to the n-channel
f.e.t. The channel, the source and the
drain are all p-type and the substrate
is n-type. Because of this the substrate
arrow points outwards, like the emitter
arrow of an n.p.n. transistor. The sub-
strate connects to the source as before,
and this goes to the positive supply
point. If the drain is taken to a
negative supply point via a load, then
a current path is available from the
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source through the channel, through
the drain and then through the load.
As with the n-channel f.e.t., this
current path is cut off when the gate
has the same potential as the source. If
the gate of the p-channel f.e.t. is taken
negative a current will start to flow
through the channel, and it will in-
crease as the gate goes further
negative."

"How high," asked Dick, "can the
current go?"

"That depends on the supply
voltage," replied Smithy. "With low
current CMOS devices the p-channel
f.e.t. current can go up to about 20mA
with a 15 volt supply, and the n-
channel f.e.t. current can go up to
around 10mA with the same level of
supply. However, you take care to
avoid the flow of currents of this
magnitude and they usually appear if
the output of a CMOS gate is acciden-
tally short-circuited. In practice, the
lower current types of CMOS device
can withstand output short-circuits,
and these will not cause their max-
imum wattage ratings to be exceeded.
But it is still unwise to subject them to
this treatment."

"What is the maximum dis-
sipation?"

"It's 200mW per integrated cir-
cuit," replied Smithy. "But we're get-
ting ahead of ourselves here. Let's
have a look at a CMOS inverter next."
CMOS INVERTER

Smithy opened a drawer in his
bench, took out a data book and com-
menced to turn its pages.

"Ah, here we are," he said, laying
down the book on his bench. "This is
the gen for a CD4000 i.e. Amongst
other items the CD4000 includes an
inverter, and we'll concentrate on that
next."

Smithy pointed at the inverter sec-
tion of the i.e. in the data book
diagram. (Fig. 3.)

"This seems fairly simple," com-
mented Dick. "I see that the negative
supply goes to pin 7 and the positive
supply goes to pin 14."

"That's right," confirmed Smithy.
"It's the same supply pinning as you
have with many t.t.l. gates when these
are in a 14-pin d.i.l. package. The
positive supply is referred to as VDD
and the negative supply as VSS. VSS

Input
(pin 8)

(pin 14)

Output
(pin9)

(pin?)
Fig. 3. The inverter section

of the CD4000 i.e.
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is normally at earth potential and the
use of these letters conforms with the
use of VCC as the positive supply for
ordinary transistors."

"Hang on a minute," said Dick,
frowning. "There's something wrong
here."

Smithy waited expectantly.
"There is something wrong,"

repeated Dick. "It isn't the drain of
the p-channel f.e.t. that goes to VDD
in that diagram, it's the source!"

"Very good," remarked Smithy ap-
provingly. "There is a bit of an anoma-
ly here, but it's really of an academic
nature. You get the same sort of
irregularity in integrated circuits
which have p.n.p. transistors in them.
The p.n.p. transistor emitters are
supplied by the positive rail even
though it's called VCC. Still, I'm glad
you noticed that little point."

"Eyes like an 'awk, I've got,"
pronounced Dick cheerfully.

"In my old army days," commented
Smithy drily, "we had a prefix for the
word 'hawk'. Well now, let's start to
have a bit of action. Let's say that the
input of this inverter is connected to
the output of another CMOS device
and that that output is fully positive,
at 1. With CMOS logic the output
voltage of a device when it is at 1 is
very close to the VDD supply voltage
and, under normal loading conditions,
will be less than 0.01 volt below it.
What happens in the inverter when the
input is fully positive, at 1?"

Dick stroked his chin reflectively.
"Well," he said, "the gate of the p-

channel f.e.t. will be at the same poten-
tial as its source and so the p-channel
f.e.t. will be cut off. On the other hand,
the gate of the n-channel f.e.t. will be
highly positive of the n-channel
source, and so the n-channel f.e.t. will
be turned on. As a result, the output
will be fully negative, at 0."

"Good", said Smithy encouragingly,
"and what happens when the input is
fully negative, at 0? I should add, in-
cidentally, that fully negative with a
CMOS device normally means an out-
put voltage that is less than 0.01 volt
above the VSS rail."

"With the input at 0 the opposite
will happen", said Dick quickly. "The
p-channel f.e.t. will turn on and the n-
channel f.e.t. will turn off, giving an
output that is fully positive, at 1."

"Exactly", confirmed Smithy. "In
other words the circuit has acted as an
inverter. Now we come to a little of the
magic that exists in CMOS. If the out-
put of one CMOS device is connected
to the inputs of other CMOS devices,
all the output has to drive are gates
which are virtually fully insulated
from the channels on which they are
mounted. The fan-out for CMOS to
CMOS devices is 50, which means that
one CMOS device can drive up to 50
other CMOS devices. Almost the only
gate input current which flows in
CMOS is probably that due to gate in-
put capacitance, which is typically
5pF."

"Blimey," said Dick, impressed.
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"How much current would that in-
verter we've been looking at draw from
the supply rails?"

"In the quiescent state", replied
Smithy, "when its output is either at 1
or 0, the current will typically be less
than O.OOl^A."

"But", protested Dick, "that's fan-
tastically low."

"I know it is", grinned Smithy.
"However, the inverter will momen-
tarily draw a much higher current
when its output is changing from one
state to the other. When the output
voltage is about mid-way between the
1 and 0 states during a changeover,
both the f.e.t.'s are partly conductive
and the current drawn from the supp-
ly rails will rise to a level in the order
of milliamps. Well, that's enough
about inverters, so let's have a look at
a more interesting device."
IN!AND GATE

Smithy turned the pages of the data
book.

"Here's a good example", he said.
"I've turned now to the CD4011
quad NAND gate. This has got four
NAND gates in it. See?"

Smithy pointed to the CD4011 out-
line and the circuit of one of its NAND
gates.

"That looks quite a bit more com-
plicated", said Dick, as he peered
closely at the diagram. "I suppose the
output of each gate is 0 only when both
the,inputs are 1."

"That's correct", confirmed
Smithy. "As a matter of fact I've been
doing a little mail-order shopping
recently, and I got one of these
CD4011 i.c.'s in for interest's sake. I'll
show it to you later. 'To explain how
this NAND gate works, I'll just add
numbers to the f.e.t.'s in the circuit."

Smithy numbered the f.e.t.'s in the
data book circuit from 1 to 4. (Fig. 4.)

"Let's say", he continued, "that

A 1C

B C

J C

vss 7C

C—^ Y_
3 G

both the NAND gate inputs are
negative, at 0. This will cause FET4 to
be off. FET3 will also be off although
there is, in any case, no source current
available for it via FET4. Both FET1
and FET2 are turned on, and so the
output is fully positive, at 1."

"What happens", asked Dick, "if
you take, sayr input B up to 1?"

"If we do that", said Smithy, "we
have input A at 0 and input B at 1.
FET4 is now biased to be fully on, but
it cannot turn on in practice because
there is no drain current available for
it from the fully turned off FET3.
With input B at 1, FET2 is turned off.
At the same time, input A is at 0 and
FET1 is turned fully on. So FET1
maintains the output at 1."

"Right", said Dick briskly. "I'll
have a go" now, with input A at 1 and
input B at 0. This time it's FET3
which is biased to turn on, but it can't
do anything about it because there's no
source current available for it from
FET4. With input A at 1, FET1 is
turned off. But FET2 is turned on by
the 0 at input B, and so the output still
stays at 1."

"You've got the idea," commended
Smithy. "To finish off, all we have to
do is to see what happens when both
inputs are at 1. FETl and FET2 are
both turned off. FET4 is now conduc-
tive and passes current to the source of
FETli, which also turns on. So the two
f.e.t.'s in series take the output down
to 0. Easy, isn't it?"

"It's a piece of cake," agreed Dick.
"Turning to another point, what about
the |>rec;uu.ions that are taken to pre-
vent the breakdown of f.e.t. gate in-
sulation?"

"As I said," stated Smithy, picking
up his pen and drawing a furthur cir-
ru i t on his pad. "Protective diodes for
each gale are incorporated in the i.e.
This is the diode circuit most common-
ly used."
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Fig. 4(a). The pin allocations of the CD401 1
(b). Circuit of one of the CD4011 NAND gates

(c). Truth table for the NAND gate

Dick looked at the circuit Smithy
had drawn. (Fig. 5.)

"I suppose", he remarked, frow-
ning, "that those diodes prevent the in-
put voltage from going outside the
supply voltage limits."

"That's exactly what they do do,"
stated Smithy. "The input voltage to a
CMOS device should never go positive
of VDD or negative of VSS; but if it
does, the appropriate protective diode
or diodes conducts and protects the
f.e.t. gate insulation. At first sight, one
would imagine that these diodes would
give complete protection against high
voltages reaching the f.e.t. gates but
the manufacturers don't seem to think
so. They advise that CMOS gates be
protected against static voltages by
having their pins shorted together by
metal foil or conducting material until
they are wired to the circuit in which
they are to be used, and that all solder-
ing must be carried out with a solder-
ing iron whose bit is reliably earthed."

"Stap me", said Dick, "that's being
a little ultra-cautious, isn't it?"

"Not really," stated Smithy.
"Presumably, it is possible for a tran-

VDD 9

Input
pin °"

l-5kn
(typical)

•*• To gate

Fig. 5. The diode protection circuit
provided at each f.e.t. gate

sient static voltage to get past -the
protective diodes if it comes from a
source having sufficient capacitance to
earth. Getting away from static
voltages, another point is that the
protective diodes are rated for a max-
imum forward current of about 10mA
only, so that an input signal from a low
impedance source can burn one out if
it causes it to pass too much forward
current. Again, the diodes will be im-
mediately burnt out if you apply a
power supply with reversed polarity."
A LITTLE EXPERIMENT

Smithy opened the drawer in his
bench once more and produced a
small paper packet and a piece of
Veroboard with an i.e. holder and a
number of Veropins mounted on it.

"I mentioned just now", he remark-
ed, "that I've got one of these Cp4011
i.c.'s on hand, so we'll next use it in a
little experiment."

"What", asked Dick, "is that
Veroboard gubbins?"

"It's my digital i.e. test-bed." said
Smithy with a grin. "It consists of a
14-way d.i.l. holder on a piece of
Veroboard with Veropins stuck in it at
strategic intervals. You can wire up
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Fig. 6. Smithy's 'test-bed' for experimental digital i.e. circuits.
The Veropins connect to each socket of the i.e. holder, with an ex-
tra Veropin for pins 7 and 14, and are spaced out sufficiently to

make hook-up wiring a simple matter

test circuits on it in a matter of
minutes, after which you simply plug
in the i.e. you're playing around with.
(Fig. 6.)

"That's a knobby idea," remarked
Dick. "Are you going to make up a test
circuit now?"

"I am", replied Smithy, busy once
more with his pen. "And, if you'll hang
on a few minutes, I'll let you have a
look at it."

Smithy completed his circuit and
showed it to his assistant. (Fig. 7.)

"Another rule with CMOS gates,"
Smithy continued, "is that all inputs
not in use must be tied to either the
VDD or the VSS line. This little set-up
will show us why."

"Would you", asked Dick, "like me
to wire it up for you?"

"If you would, please." ,
Dick drew Smithy's Veroboard

assembly towards him and quickly
wired the Veropins together as in-
dicated in the Serviceman's circuit.
He next prepared two flexible
leads terminated in crocodile
clips for connection to the 9 volt
battery. Smithy handed him the
lOkQ potentiometer required by the

circuit and he wired this to the board
with flexible leads also. Smithy then
went to Dick's bench and returned
with his assistant's battered testmeter.
When Dick had finished the wiring
Smithy connected the three meters
into the circuit, these consisting of
testmeters switched to the appropriate
voltage or current ranges.

"We're using up pretty well all the
meters we've got in the Workshop for
this little job," he announced cheerful-
ly. "Will you adjust that pot so that its
spindle is at the negative end of its
track?"

"Sure thing, Smithy."
Smithy picked up the paper packet,'

and took out of it a 14-pin d.i.l. in-
tegrated circuit. He removed the metal
foil which had been passed over its
pins, then carefully inserted it into the
i.e. holder on the Veroboard. He con-
nected the crocodile clips to a PP9
battery. The needle of the voltmeter
connected to pin 4 of the i.e. at once
rose to indicate 9 volts. The voltmeter
connected to the potentiometer slider
gave a zero reading whilst the current-
reading meter inserted in the VSS

CD4OII

Fig. 7. The circuit which Dick wind up to check CD4011 perfor-
mance
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supply indicated a current of slightly
less than 1mA.

"Hey", said Dick, "I thought you
said that these CMOS gates passed
very low currents."

"They do," confirmed Smithy.
"That meter is merely indicating the
standing current drawn by the 10k Q
pot. The i.e. itself will be drawing a
tiny fraction of a microamp. Now, the
voltmeter connected to pin 4 is reading
9 volts because pin 5 is connected to
VDD and pin 6 is connected to VSS.
So the output of the NAND gate con-
cerned is positive, at 1. We should get a
similar reading at pin 10."

Smithy disconnected the positive
lead of^the meter from pin 4 and
applied it to pin 10, to be rewarded by
another reading of 9 volts. When he
next connected it to pin 11 there was a
zero voltage reading. He finally con-
nected it to pin 3, whereupon he got a
further 9 volt reading.

"There was a zero reading at pin
11,," he announced, "because both of
the inputs of that gate were at 1.1 get a
9 volt reading at pin 3 since pins 1 and
2 are connected together and, with the
pot slider at the negative end of its
track, are at 0. This last gate is, in fact,
working as an inverter. Let's try the
effect of turning that pot spindle."

Slowly, Smithy rotated the spindle,
whereupon the needle of the voltmeter
connected to the potentiometer slider
commenced to rise. After a small
amount of rotation the reading in the
current meter also started to rise
whilst that of the voltmeter connected
to pin 3 started to fall. The current in-
dication rose to a peak reading above
2mA at about mid-travel of the poten-
tiometer, after which it started to fall
gain. The voltage at pin 3 also fell
further. Eventually, the voltage at pin
3 became zero an'1, the current-reading
meter indicated potentiometer current
only.

"We'll draw up a graph from these
meter readings," announced Smithy.
"You look after the current readings
and I'll keep an eye on the voltage
readings."

"All right, Smithy," said Dick ex-
citedly. "Blimey, this is real
laboratory work!"

They slowly took the potentiometer
spindle through its travel again, mak-
ing a note of the meter readings at each
increment of voltage at the gate input.
Smithy then produced a sheet of
graph paper and carefully plotted two
curves showing gate output voltage
and current against gate input voltage
from the potentiometer. (Fig. 8.)

"There you are," he pronounced
proudly when he had completed this
task. "This graph shows what happens
when you change the input of a NAND
gate wired as an inverter from fully
negative to fully positive. When the in-
put voltage approaches the centre
voltage both n-channel and p-channel
f.e.t's commence to conduct and the
current drawn by the device increases
by a very large amount. You would get
a similar large increase in current if

3-

2-

Device
current
CmA)

= 9V

Output 5
voltage
(V)

OJ

Gate input voltage (V)

Fig. 8. Curves showing the total current drawn by the CD4011
and output voltage at pin 3 against input gate voltages at pins 1
and 2. The current curve has been corrected by subtracting the

current drawn by the /0/rO potentiometer

one gate input was at 1 and the other
was changed from 0 to 1, or from 1 to
0."

"Is that why unused CMOS gate in-
puts should always be taken to VDD
or VSS?"

"It is," replied Smithy. "If an input
is floating it could take up a voltage
midway between VDD and VSS,
whereupon the appropriate gate would
pass a relatively large current like the
one we've seen just now. And, Dick,
that's the end of this session on CMOS
logic. The only final point I want to
make is that CMOS devices having the
prefix 'CD' are those in the RCA range.
There is a tendency to give this prefix
to equivalent devices made by other
manufacturers."

HOUNDING OFF
Dick gazed incredulously at the Ser-

viceman.
"And is this really the end of the

session?"
"It is."
"Just like that?"
"Yep."
"Well," stated Dick. "This is it. It

really is."
But Smithy was deaf to further

pleas for information from his assis-
tant. And who can blame him when
the pair might otherwise have found
themselves encroaching on the
territory of others or even wandering
through the advertising pages.

This is it. _

"Now first of all, let's learn how to mend a fuse"
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Ltd., 4 la Harrowby Street, Farnworth, Lanes.

FAST SERVICE for resistors, capacitors, transistors, din
plugs, jack plugs, audio leads. Special Offer: AC128 12p,
post extra. S.A.E. list. Callers welcome. Torbay Electronic
Components, 185 Higher Union Street, Torquay, Devon.
Telephone: 211086.

WANTED TO PURCHASE: large and small quantities of
transistors, diodes, I.C.s, etc. Immediate requirement for
10,000 BC109 transistors. Send samples/lists of any sur-
plus components. Elekon Enterprises, 224a St. Paul's
Road, Highbury Corner, London Nl 2LJ. Telephone:
01-359 4224.

FOR SALE: AD162 32p, BC107 8p, BC108C 8p, BC109 8p,
2N3819 28p, 1N4001 5p, 1N5401 17p, 400mW zeners
BZY88 5V6 7p, BZY88 6V8 7p. Aluminium chassis co-ax
aerial socket 8p, and co-ax aerial plug 14p. Sub.min. toggle
switch 2 pole 2 way 85p. Jack plug {in. plastic (mono)
18p, chrome (stereo) 50p, jack socket ^in. (mono) 25p,
stereo 35p. Din socket 3 way lOp, 5 way 12p. Min. main
transformer 2 x 6.3V, ̂ A, £1.60, P£P 25p extra. Other
types stocked. Please write stating requirements. For parts
list send s.a.e. Box NTo. G308.

MULLARD COMPONENTS. Send s.a.e. for free list to
P.M.S. Dept. REC3, P.O. Box 6, Crawley, Sussex, RH10
6LH.

NINE 7-SEGMENT DISPLAYS, £1. Postage 15p. Two
lots post free. In arrays of nine. With clock circuit. (For
AY51224A clock I.C.). Mr. Bobker, 29 Chadderton Drive,
Uiisworth, Bury, Lanes.

THE RADIO AMATEUR INVALID & BEDFAST
CLUB is a well established Society providing facilities for
the physically handicapped to enjoy the hobby of Amateur
Radio. Please become a supporter of this worthy cause.
Details from the Hon. Secretary, Mrs. Rita Shepherd, 59
Maintain Road, Loughborough, Leics., LEil 3LZ.

(Continued on page 252)

NOVEMBER 1976

PRECISION
POLYCARBONATE CAPACITORS

ALL HIGH STABILITY . EXTREMELY LOW LEAKAGE
440V AC (+-10%) 63V DC Range
0.1 |jf (1i"xi") 68p
O.ttMF (1i"xi")
0.25pF (1i"x|") 92p 2.2pF
0.47(jF (Ifxf") £1 .10 4.7pF

6.8pF
10.0pF

0.5jjF (1 1" x |"
0.68pF (2"x}")
1.0pF (2"xr)
2.0|jF

86p
92p

£1 .10
£1.16
£1-25

£1.32
£1.56
£1.98
£2.82
£3.48
£4.98
£7.14
£9.66

+-1%
77p
91 p

£1.32
£1.88
£2.32
£3.32
£4.76
£6.44

+-5%
51 p
60p
75p

£1.23
£1.47
£2.01
£2.88
£3.9022.0pF

•TANTALUM BEAD CAPACITORS - values available: 0.1, 0.22,
0.47, 1.0, 2.2, 4.7, 6.8pF at 15V/2SV or 35V; 10.0pF at 16V/20V or 25V;
22.0pF at 6V/10V or 16V; 33.0pF at 6V or 10V; 47.0uF at 3V or 6V;
100.0jjFat3V.ALLAT12p EACH: 10 for £1.10; 50 for £5.00.
TRANSISTORS:

•BC183/183L lip
« BC184/184L 12p
* BC212/212L 12p
* BC547 12p
• BC5S8A 12p

•BF194 12p
•BF196 13p
• BF197 13p

AF178 XOp
BFY50 20p

BFY51
BFY52
OC71
2N3055

20p
20p
20p
50p

'2N3702/411p
1N916 8p; 6 for 4Sp: 14 for 90p.
IN4148 Sp; 6 for-27p; 12 for 48p.

BC107/8/9 9p
.BC114 12p
•8C147/8/9 lOp
*BC 157/8/9 12p
.3C182/182L lip
IN914 6p; 8 for 45p; 18 for 90p.
!S44 Sp; 11 for 59p; 2f- for €1.00
LOW PRICE ZENER DIODES: 400mW; Tol. -f-5% at5mA. Values
ivailable: 3V; 3.6V; 4.7V; S.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; 5 for 33p; 10 for 6Sp. SPECIAL: 100 Zeners for £6.00.

-RESISTORS: High stability low noise carbon film 5%, 4 W at 40°C;
fcW at 70°C. E12 series only ~ from 2.2Q to 2.2MQ ALL ATIp EACH; 8p
or 10 of any one value; 70p for 100 of any one value. SPECIAL PACK:
10 of each value 2.2Q to 2.2MO. (730 resistors) £5.00.

.SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire
inded D027:100 P.I.V. - 7p (4/26p); 400 P.I.V. - 8p (4/30p).
BRIDGE RECTIFIERS: 2* Amp. 200V - 40p; 350V - 45p; 600V - 55p.
SUBMINIATURE VERTICAL PRESETS - 0.1 W only: ALL AT Sp
each; 50Q, 100Q, 220Q, 4700,6800 1K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K,
47K, 100K, 220K.;~ 680i<,, 1M, 2.5M, & 5M.

PLEASE ADD 8% VAT TO ALL ITEMS EXCEPT THOSE MARKED
WITH • WHICH ARE 12^%. PLEASE ADD 20p POST AND
PACKING ON ALL ORDERS.
Send S.A.E. for lists of additional ex-stock items. Wholesale price lists
available to bona-ficle companies. ALL EXPORT ORDERS PLEASfc
ADD COST OF SEA/AIR MAIL

SMARCO TRADING
Dept. PI, The Old School. Edstaston, WEM, Salop. Tel: WHIXALL (Salop)
464/5 (STD 094872) (Props: Minicost Trading Ltd.).____________

Become:
a radioamateur*
Learn how to become a radio-
amateur in contact with the whole
world. We give skilled preparation
for thsG.P.O. licence.

ochure, without obligation to

BRITISH NATIONAL RADIO
Si ELECTRONICS SCHOOL, Dept

i;.. JiT.rv, Chrinnul W.mds.

WAA
IMBmMMj
REK 1 16

(Block caps please)
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Any 5-54p, I0-£l 00, 50-£4 SO.
Your choice from the list
below.
ECC82, EF80, F.FI83, EFI84,
EH90, PCF80. PCF802, PCL82,
PCL84, PCL85, PCL86, PCL805,
PL504, PY81/800, PY88, 30PL-
14. 6F28.

Large stock of older types of
TV Valves. Brand-new 35p each.

Colour Valves—PL508, PL509,
PLSI9, PY500/A. All tested.
30p each.

Aerial boosters can produce
remarkable improvements
on the picture and sound,
in fringe or difficult areas.
Bl I For TH stereo and stand-

ard VHF/FM radio.
BI2—For the older VHP

television—Please state chan-
nel numbers.

B45—For Mono or colour this
covers the complete UHF
Television band.

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

£3 60

Press Button UHF
made—£2-50 each.

Tuners—4 Button Transistor—British

All Packs Un-used Parts—PKI-40-C280 (Mullard) Axial Lead
Capacitor mixed values from -OUiF to -47^F (250V/W). PK2-30-
C28I (Mullard) Radial Lead Capacitors mixed values from -OIS^F to
1-SfiF (250V/W). PK3-6 Co-ax, plugs. PK4-6 Co-ax connectors.
PK5-8-5m/m formers with slugs, PK6-25-AC128 Transistors. PK7-3
BF200 (VHP) Transistors. PK8-2 BFI82 (UHF) Transistors. PK9
Any 6 Transistors BCI08, BCII3, BCI35, BCIS3, BCI7I, BCI72,
BFI94, BFI95, BFI96, BFI97. PKIO 8-1 amp 400 volts rectifiers.
PKII 4-5 pin din plugs (180°). PKI2-5 PP3 Battery Connectofs.

All prices include VAT. P&P 20p per order. Please send uncrossed
P.O. or Cheques for returning if we are out of stock of Bargain
Packs or older types of new valves.

ELECTRONIC MAILORDER LTD.
62 BRIDGE ST., RAMSBOTTOM, BURY, LANCS. TEL. RAMS. (070 682) 3036

REVOR OPTICAL &
TECHNICAL

42 TAVISTOCK STREET
LONDON W.C.2

Tel. 01-836 4536

£10.00
POST
FREE

WITH CAST IRON BASE,
PRECISION GROUND AND
POLISHED LENS, CHROME PLATED
FRAME AND FLEXIBLE TUBE.
IDEAL FOR HOBBIES, AND
DETAILED WORK WHICH REQUIRES
BOTH HANDS FREE.

CALLERS WELCOME
(Subject to price ruling at the time of issue]"

SMALL ADVERTISEMENTS
(Continued from page 251)

WANTED: Weymouth HH3 CMR1 coils, Jackson Dilemin
variable capacitor ganged 192/78pF. Repanco I.F. trans.
XT6. RA1, RA2 coils. <FS3 slab aerial. J. H. 0. Cull, 35,
Belmont Road, Taunton, Somerset.

WANTED TO PURCHASE: American "Popular Elec-
tronics " magazine for January, 1973. Good price paid. Box
No. G314.

FOR SALE: Brand new grade one transistors. Surplus to
requirements. Manufactured by well-known company.
170-BF180, 180-BF181, 180-BF182, 180-BF183, 190-
BF184,190-BC187.1090 transistors in all. Best offer over
£50 secures. Box No. G315.

BOOKS TO CLEAR. Television Engineering by
Amos, Birkinshaw & Green, 1969, £2.00; Radio & Line
Transmission by Danielson & Walker. 1969, £1.50; Elec-
tric Model Car Racing by D. J. Laidlaw-Dickson. 1965,
60p; Radio Communication by J. H. & P. J. Reyner,
1962, £2.00. All prices include Postage and Packing. Box
No. G316.

TREASURE HUNTERS I Construct, inexpensively,
metal detector giving £300 performance. 10 pages, il-
lustrated plans, £1. C. H. Lucas, 241 Upminster Road
South, Rainham, Essex.

FOR SALE: 3,000 fixed and 50 variable resistors, plus 500
capacitors, mixed, unused. £30. Also limited number
ZN414 TRF amplifier, £l each. 2N4444 £1.50 each.
TAD100 £1 each. Box No. G317.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identification
•Dept. — both Broadcast and Fixed Stations, DX Cer-
tificates, contests and activities for the SWL and transmit-
ting members. Monthly magazine, Monitor, containing ar-
ticles of general interest to Broadcast and Amateur SWLs,
Transmitter Section and League affairs, etc. League
supplies such as badges, headed notepaper and envelopes.
QSL cards, etc., are available at reasonable cost. Send for
League particulars* Membership including monthly
magazines, etc., £3.75 per annum. (U.K. and British Com-
monwealth), overseas $10.00 or £4.00. Secretary ISWL,' 1
Grove Road, Lydney, Glos., GL15 5JE.

(Continued on page 253)

OVER 2,000 ELECTRONIC COMPONENTS IN A

100 PAGE CATALOGUE
Please send me
the 100 page
Tandy catalogue

TAN 1° _______________REC/4
I Tandy Corporation (BranchUK). Bilston Road.

Wednesbury, W Midlands WS10 7JN.
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SMALL ADVERTISEMENTS
(Continued from page 252)

ANTIQUE RADIO BOOKS. Newnes "Television & Short
Wave Handbook" by F. J. Camm, 1935, £3.00. News
Chronicle "Wireless Constructor's Encyclopaedia" by F.
J. Camm, 3rd edition, circa 1930, £3.50. Prices include
postage and packing. Box No. G318.

i -
VINTAGE' WIRELESS: For:— valves, circuits, com-

ponents, receivers, books, magazines, repairs and nostalgia
in radio 1920 to 1950, contact Tudor Rees (Vintage Ser-
vices). Send s.a.e. for newsheet or 50p for full 1976
catalogue. 64 Broad Street, Staple Hill, Bristol, BS16 5NL.
Telephone: 0272 565472.

PHOTO-COPIES of articles in Radio & Electronics
Constructor back to 1963. 20p per page plus large s.a.e.
Evison, 6 Pondcroft Road, Knebworth, Herts.

WANTED: "Practical Television" issues: October '68,
February '68. Also "Television" issues: December '73,
January '76. Box No. G320.

COLLECTORS' ITEMS. Bound Volumes of "The
Wireless World" (which was then published weekly) for
1929,1930,1931,1932,1933,1934,1935,1936,1937,1938,
and 1939 (nine months only for this year due to outbreak
of war). Two volumes per year, total of 22 volumes. All in
very good condition. Offers invited. Box No.G319.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrapping, facsimile
letters, automatic typing, copy service, campaign planning,
design and artwork, printing and stationery. Please ask for
price list. - The Holborn Direct Mail Company Capacity
House, 2-6 Rothsay Street, Tower Bridge Road, London,
S.E.I. Telephone: 01-407 6444.

WANTED TO PURCHASE: "Electronics Today Inter-
national" Nos. 2 to 7 inclusive. Good condition, good
price. Box No. G321.

SPECIAL OFFER: Limited number of Bound Volume No.
25 "Radio Constructor" (1971/1972) which were only
slightly damaged in a fire at our warehouse. Price £1.25
each plus 75p postage and packing. Data Publications
Ltd., 57 Maida Vale, London W9 1SN.

(Continued on page 254)

1VIULLARD FERRITE CORES — LA3 100 to 500 kHz,
54p; LA5 30 to 100 kHz, 81p; LA7-="10 kHz, 81p;
LA13 for W.W. Oscilloscope, £1.50.
SPECIAL OFFER - Metallised Polyester Capacitors by Erie,-
Mullard, etc. Values include: -01/160V, .Q1/250V,
•01 5/1 60V, -022/1 60V, -033/160V, -047/160V, -068/160V,
•1/160-25QV, -22/160V, etc. This is a bargain not to be
missed. 100 for £2.00.
1N4148 SWITCHING DIODES. 10for30p; 50 for £1.25;
100 for £1.50; 1,000 for £10.00
TRANSISTORS - All branded BC147, BC148, BC149,
BC157, BC158. BC159, BF194. BF195, BF196, BF197,
8p each or TOO for £6.00.

Please note all prices include UK Postage and
appropriate VAT @ 8% or 12}%

MAIL ORDER ONLY
/ XEROZA RADIO

1 EAST STREET. BISHOP'S TAWTON. DEVON

M&Sta
t O

Fitting £10-35

TYPE 83 BANK UNIT
(Less Lamps)

BC Cfi.Qfl E.S. f 1.'
Fittina*™ **U Pittinq*' 'ruling _elCH— rllu"y-e*;

TWIN BANK 12 LIGHT

100 WATT SPOT LAMPS
RED.YELLOW.GREEN

ALBEIM ENGINEERING CO LTD,
DEPT. RE THE CRESCENT, WORSTHORNE,
BURNLEY LANCS Tel Burnley 2O94O

ETCHING KIT
All you need to make your own

PRINTED CIRCUITS
Full instructions. Copper Clad Board, Ferric

Chloride, Dish and Pen
(Price incl. VAT & Postage ............£4.75

Send cheque or P.O. today to:
HOME RADIO COMPONENTS LTD.

240 London Road, Mitcham,
Surrey, CR4 3HD
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NEW EDITION
OF

T.V. FAULT FINDING
405/625 LINES

REVISED & ENLARGED
Edited by J. R. Davies

132 pages PRICE 90p

Over 100 illustrations, including 60
photographs of a television screen
after the appropriate faults have been
deliberately introduced.
Comprehensive Fault Finding Guide
cross-referenced to methods of fault
rectification described at greater length
intheteXt.
Price 90p from your bookseller.

or post this Coupon together
with remittance for £1.08
(to include postage) to

DATA PUBLICATIONS LTD.
57 Maida Vale, London, W9 1SN

Please send me the 5th revised edition of TV Fault
Finding. Data Book No. 5

I enclose cheque/crossed postal order for ............

NAME ....

ADDRESS.

BLOCK LETTERS PLEASE

SMALL ADVERTISEMENTS
(Continued from page 253)

FREQUENCY LIST TRANSFERS. We have a'limitecr
supply of sheets of Dial Frequency Transfers in black.,;
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s
and 146Mc/s. Includes amateur band marker frequencies
at lOOkc/s points and other short wave frequencies from 2
to 32 Mc/s at "every 500Kc/s»points. Each frequency is
repeated. Two sheets for 5p., five sheets for 10p., postage
7p. Data Publications Ltd., 57 Maida Vale, London, W9
1SN.

WANTED: Buy or hire. Service manual for contamination
meter 5CG0012. Forrester, 4 Beechcombe, Corringham,
Essex.

PERSONAL
JANE SCOTT FOR GENUINE FRIENDS. Introduc-

tions to opposite sex with sincerity and thoughtfulness.
Details free. Stamp to: Jane Scott, 3/Con North St.
Quadrant, Brighton, Sussex, BN1 3GJ.

ESSEX GARDENERS. Buy your Bedding and rock
plants, shrubs, etc., also cacti from May's Nurseries, 608
Rayleigh Road, Hutton, Brentwood, Essex. Callers only.
Monday to Saturday.

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beautiful
waterways. Join the Broads Society and play your part in
determining Broadlands future. Further details from: —
The Hon. Membership Secretary, The Broads Society,
"Icknield," Hilly Plantation," Thorpe St. Andrew,
Norwich, NOR 85S.

SPONSORS required for exciting scientific project
Norwich Astronomical Society are building a 30"
telescope to be housed in a 20' dome of novel design. All
labour being given by volunteers. Already supported by
Industry and Commerce in Norfolk. Recreational.
Educational. You can be involved. Write to: NAS
Secretary, The Manse, Back Lane, Wymondham, Nor-
folk.

Denco Coils, Tuning Gangs, TTL C'MOS,
Quartz Crystal, Vero, DVM Chips, Clock
Chips, LED's, LCD's Displays, Transformers,
Boxes, Cases, Knobs and millions of R's and
C's, Transistors and Diodes. Oh, I forgot . . .
Audio IC's.

It's all in our brand new illustrated
catalogue. With every copy are 36p worth

of vouchers absolutely FREE!
Send 35p inc. Free p&p to:

DEPT 6, CHROMASONIC ELECTRONICS
56 Fortis Green Road, London, N10 3HN

Telephone: 01-883 3705

iH.M. ELECTRONICS'
275a Fulwood Road, Broomhill

SHEFFIELD S10 3BD Tel: 0742-669676
BEG CABINETS (Book End Chassis)

Standard Cabinet GB2 14" x 7" x 3"
GB1 14" x 6" x 2" GB3 14" x 9" x 4" '
GB1A 9" x 5" x 2" GB4 14" x 9" x 6"

Sand 15p for wallet of leaflets.
A beautifully designed modern cabinet with simulated black leatherette top
(PVC bonded to metal) solid wooden end cheeks, with room at the back for
Output Sockets ate, felt pads are fitted on bottom of cheeksjor non-scratch.
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THE OPEN DOOR TO QUALITY
This catalogue — Electrovalue Catalogue No. 8 (Issue 2,

updated) offers items from advanced opto electronic
components to humble (but essential) washers. Many things
listed are elsewhere very difficult to obtain. The company's
computer is programmed to expedite delivery and maintain

customer satisfaction. Attractive discounts are allowed on
many purchases. Access and Barclaycard orders are accepted.
+ FREE POSTAGE on all C.W.O. mail orders over £2.00 list

value (excluding V.A.T.) in U.K. If under, add 1 5p handling
charge.

All communications to Dept. REC 11
21 St Jwln R4 EngMMI GrM. Ednm. Sumy 1W20 OHB I

144 pages
Post paid

40p
inc. refund

voucher
worth
40p

ELEGTROVALUE LTD Ml.
mi

H034M.
m imiM to contact

: Etfnn 3803.

: <»«'. 432 4

TRANSFORMERS KacBSSBasr
Type,

10
11
12
13
14
15
20
21
22
23
24
25
50 ^
51
52
53
54
55

A.C. Ratings
Volts Amps

6 1.0 \
9 0.3
12 0.5
24 0.25-

12-0-12 0.25
15-0-15 0.2

6 2.0
9 1.25
12 1.0
24 0.5

12-0-12 0.5
15-0-15 0.4

6 8.0 >
9 5.0

12 4.0
24 2.0

12-0-12 2.0
.15-0-15 1.5 "

Price Including
Post &' Package

\ £1.45
each

• £1 .80
j each

\ £2.63
each

Price Including
Post & Package

DIOD.E BRIDGES
1 A 50V . . . . . . . . . . . . . . . . . . . £ 0.40

CAPACITORS
1000mf 6V3 ................ £0.30
(OOOtnf 1 0V . . . . . . . . . . . . . . . . .£0.32

4700mf 6V3 . . . . . . . . . . . . . . . . £0.42

SUB-MINIATURE TRANSFORMERS
1.2VA — E/S -- Clamp

C.W.O. Please and send a stamp for details of trans-
formers and semiconductors.

^ • — — ̂  507 BURNLEY ROAD
f^CITItf* O WOT C IUI Q CRAWSHAWBOOTH, ROSSEIM DALE
U C Li 1 1 A* O 1 O 1 C IVI O LANCS. BB4 8LZ

TV REPAIRS MADE EASY
Merely send us rnfrs chassis (or model no.), if colour or mono, plus
£4,50; to receive in return manual covering your TV in easy toi
follow fault, cause and cure, listed under clear symptom headings
—- Also where requested

FREE CIRCUIT DIAGRAM FOR
YOUR TV

'For firms and engineers, etc. British TVs (and some foreign) from
early duals to latest, full repair information in the famous McCourt
Manuals as used by'all top TV firms and Training Centres. Giant
Circuit & Layout Manuals, cross-referenced to the Repair
Manuals. Save pounds —' Increase Profits — Full details from:

AUSE (REC), 76 CHURCH STREET, LARKHALL,
LANARKSHIRE. Tel: 0698 883334

MAGENTA
electronics ltd.

R11. 61 Newton Leys,
Burton on Trent. Staffs.
DE15 ODW.

for professional components and service
COMPONENTS & HARDWARE
Applications. Inclusive prices. No minimum'order. Speedy despatch
by first class post.
SHEET METALS; CAPACITORS; ENAMELLED & TINNED COPPER
WIRES; RESISTORS; CABLE; ICs; TOOLS; SWITCHES; SCREWS;
CASES; DIODES; PCB SUPPLIES; TRANSISTORS; PLUGS &
SOCKETS; LEDs; DRILLS; VEROBOARD; SOLDER; KNOBS;
NEEDLE FILES; SPEAKERS; FERRITE ROD; EARPIECES, ETC.

FREE CATALOGUE
INCLUDES SAMPLES & TRANSISTOR TESTER DATA OFFER. ,

''Please send 2 x 6jp stamps to cover postage etc.

Copper - Nickel Chrome - Eureka'— Manganin Wires
Enamelled - Silk - Cotton — Tinned Coverings

No minimum charges or quantities
Trade and Export enquiries welcome.

S.A.E. brings List.
P.O. BOX 30, LONDON, E4 9BW

DOWN WITH QRM!
GET RID OF tiring whistles and CW interference FAST with a
TUNABLE AUDIO NOTCH FILTER between your receiver and
speaker. Winkle out the RARE DX! EASY to make, all parts, case
etc, instructions, money back assurance, ONLY £5.30 inc post,

£6.50 airmail.
CAMBRIDGE KITS

45(EL) Old School Lane. Milton, Cambridge



RADIO & ELECTRONICS CONSTRUCTOR
Single Copies

Price 35p each, postage 11p
Issue(s) required ........................ 4............................................

Annual Subscription
Price £5.00, post free, commence with..........................................issue

Bound Volumes:
Vol. 27. August 1973 to July 1974
Vol. 28. August 1974 to July 1975
Vol. 29. August 1975 to July 1976/

CORDEX SELF-BINDERS

Price £2.40, post & pkg 75p
Price £2.75, post & pkg 75p
Price £3.10, post & pkg 75p

With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine,
maroon only Price £1.00, post & pkg 25p

With no title on spine, maroon Price 95p, post & pkg 25p
With no title on spine, green Price 95p, post & pkg 25p

Prices include V.A.T.

Price 90p, P. & P. 1 8p

Price 70p, P. & P. 12p
Price £3.25, P. & P. 60p
Price 80p, P. & P. 18p

DB5 TV Fault Finding, 132 pages
DB6 Radio Amateur Operator's Handbook,

88 pages
DB17 Understanding Television, 504 pages
DB19 Simple Short Wave Receivers

140 pages

STRIP-FIX PLASTIC PANEL SIGNS
Set 3: Wording — White Price 75p, P. & P. 7p
Set 4: Wording — Black Price 50p, P. & P. 7p
Set 5: Dials Price 38p, P. & P. 7p

Prices include V.A.T. on Panel Signs

I enclose Postal Order/Cheque for............ in payment for

NAME

ADDRESS

. (BLOCK LETTERS PLEASE)

Postal Orders should be crossed ahd made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order.
All publications are obtainable through your local bookseller
Data Publications Ltd., 57 Maida Vale* London W9 1SIM

SE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS
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ELECTRONICS DATA 16

FOR THE BEGINNER

SUPERHET A.M. RECEIVERS

If two signals of different frequency are applied to a
non-linear device, such as a transistor biased to produce
distortion, four signals appear at the device output. Two
of these have the frequencies of the original signals, one
has a frequency equal to their sum and the fourth has a
frequency equal to their difference. The superhet
receiver employs the last of the four output frequencies.

In the diagram a radio signal at l,500kHZ is applied
via a tuned circuit to the distorting device, described as a
"mixer", as also is the output of an oscillator running at
l,970kHZ. The resulting 470kHZ difference frequency is
fed to a 470kHZ intermediate frequency amplifier, and
thence to the receiver detector. The output of the detector
is finally applied to an a.f. amplifier and the speaker. If it is
desired to receive a signal at l,800kHZ the aerial tuned
circuit is changed to this frequency and the oscillator
frequency changed to 2,270kHZ. Again, a 470kHZ
difference signal is available for the i.f. amplifier.

The great advantage of the superhet is that the i.f.
amplifier always functions at one frequency (or band of
frequencies). In consequence it can have fixed tuned cir-
cuits capable of offering a high level of selectivity and can
also provide a high level of gain. For continuous tuning,
the aerial and oscillator tuned circuits have to be ganged
such that oscillator frequency is always higher than
aerial signal frequency by the intermediate frequency.

In practice, the oscillator and mixer are normally com-
bined in a single transistor "mixer-oscillator" stage.
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Last month's Electronics Data should have been entitled
T.R.F. Receivers, as given in the Contents.

We apologise for any inconvenience caused to readers.
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