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SPECIAL FEATURE 

TRANSISTORISED 
OSCILLOSCOPE 
In this oscilloscope the oily 
thermionic device is the 
cathode ray tube 

J 

20p 

ALSO 
FEATURED 

HIGH-GI SILICON 
REFLEX RECEIVER 
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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 additional units 

(or # 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. 

THE GENERAL ACCIDENT FIRE & - 
LIFE ASSURANCE CORPORATION LTD 

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

Itpays to be protected bya 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

20 9468 

a 
.1 
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AC 107 
AC 113 
AC 115 
AC 117K 
AC 122 
AC 125 
AC 126 
AC 127 
AC 128 
AC 132 
AC 134 
AC 137 
AC 141 
AC 141K 
AC 142 
AC t42K 
AC 151 

AC 154 
AC 155 
AC 156 
AC 157 
AC 165 
AC 166 
AC 167 
AC 168 
AC 169 
AC 176 
AC 177 
AC 178 
AC 179 
AC 180 
AC 180K 
AC 181 

AC 181K 
AC 187 
A_ 187K 
AC 188 
AC 188K 
ACY 17 
ACY 18 
ACY 19 
ACY 20 
ACY 21 

ACY 22 
ACY 17 
ACY 28 
ACY 29 
ACY 30 
ACT 31 

ACY 34 
ACY 35 
ACY 36 
AU 40 
ACY 41 

ACY H 
AD 130 
AD 140 
AD 142 
AD 143 

THIS IS THE FIRST PAGE 
OF THE GREAT BI -PAK SECTION 

BRAND NEW FULLY 
20p AD 149 
10p AD 161 

13p AD 162 
20p AD 161 and 
1Ip AD 161(MP) 
17p ADT 140 
17p AF 114 
17p AF 115 
17p AF /16 
14p AF 117 
14p AF 118 
14p AF 124 
11p AF 125 
17p AF 116 ip AF 127 
17p AF 139 
1Sp AF 178 
20p AF 179 
20p AF 180 
20p AF 181 

2p AF 186 
20p AF 239 
2op AL 102 
20p AL 103 
14p AST 26 
14p AST 27 
10p A5Y 28 
Up AST 29 
lap AST 50 
71p ASY 51 

17p AST 52 
20p ASY 54 
17p 457 55 
20p AST 56 
22p AST 57 
20p AST 58 
ZIp ASZ 21 

20p BC 107 
Up BC 108 
20p BC 109 
l0p BC 113 
20p BC 114 
20p BC 115 
16p BC 116 
lap BC 117 
19p BC 118 
3Sp BC 119 
lip BC 120 
2ap BC 115 
lip BC 116 
lip BC 132 
lip BC 134 
17p BC 135 
lip BC 136 
3Sp BC 137 

Zip BC 139 
48p BC 140 
Np BC 141 

lip BC 142 

SOp BC 143 
13p BC 145 
43p BC 147 

BC 118 
SSp BC 149 
SOp BC 150 
21p BC 151 

lIp BC 152 
24p BC 153 
lp BC 154 
3Sp BC 157 
3op BC 158 
Bp BC 159 
Up BC 160 
2ip BC 161 

10p BC 167 
SOp BC 168 
SOp BC 169 

50p BC 170 
4Sp BC 171 

ISp BC 172 
)7p BC 173 
6Sp BC 174 
6Sp BC 175 
25p BC 177 
30p BC 178 
lSp BC 179 
25p BC 180 
15p BC 181 

Up BC 182 
Up BC 1821 
Up BC 183 
15p BC 1831 
Up BC 184 
25p BC 1841 
lSp BC 186 
40p BC 187 
Op BC 207 
9p BC 208 

10p BC 209 
10p BC 2121 
iSp BG2131 
15p BC 1111. 
ISp BC 225 
15p BC 226 
10p BCY 30 
30p BCY 31 

00p BCY 32 
12p BCY 33 
18p BCY 34 
12p BCY 70 
1ap BCY 71 

12p BCY 72 
15p BCZ 10 
1Sp BCZ 11 

40p BCZ 12 
3op BD 121 

30p BD 123 
30p BD 124 

30p BD 131 

45p BD 132 
10p BD 133 
10p BD 135 
11p BD 136 
tap BD 137 
lOp BD 138 
17p BD 139 
lap BD 140 
30p BD 155 
Ip BD 175 
Ilp BD 176 
tip BD177 
4Sp BD 178 
Sip BD 179 
Ilp BD 180 
12p BD 185 
12p BD 186 
12p BD 187 
11p BD 188 
1p BD 189. 
1p BD 190 
11p BD 195 

Ilia BD 196 
19p BD 197 
19p BD 198 
19p BD 199 
t4p BD 100 
24p BD 205 
10p BD 206 
10p BD 207 
10p BD 208 
10p BDY 20 
12p BF 115 
12p BF 117 
Up BF 118 
lap BF 119 
11p BF 121 

11p BF 123 
11p BF 125 
11 p BF 127 
lip BF 152 
11p BF 153 
iSp BF 154 
3Sp OF 155 
2p BF 156 
16p BF 157 
30p BF 158 
22p BF 159 
lip BF 160 
1Ip BF 162 
tap BF 163 

1p BF 164 
30p BF 16S 
Up BF 167 
Bp BF 173 
601, BF 176 
6Sp BF 177 
o0p BF 178 

GUARANTEED DEVICES 
SOp BF 179 

60p BF 180 
6Sp OF 181 

40p BF 182 
40p BF /83 
ISp BF 184 
SOp BF 185 
fSp BF 188 
60p BF 194 
80p BF 195 
60p BF 196 
60p BF 197 
6Sp BF 200 
bSp BF 222 
70p BF 257 
70p BF 258 
6Sp BF 259 
6Sp Bf 262 
70p BF 163 
70p BFn270 
75p BF 271 
7Sp BF 272 
8Sp BF 273 
8Sp BF 274 
90p BF W 10 

90p OFT 29 
9Sp BFX 84 
95p BFX 85 
80p BFX 06 
80p BiX 87 
9Sp BFX 88 
9Sp BFY 50 

L1.00 OFT 51 

l/p BFY 52 
4fp BFY 53 
70p BPX 25 
70p B5X 19 
ISp BSX 20 
SOp 85Y 25 
ISp BSY 26 
SOp BST 27 
5Sp B5Y 28 
4Sp MY 29 
ISp BST 38 
70p BST 39 
lip BST 40 
SSp BSY 41 

SSp BST 95 
60p BST 9SA 
40p Bu 105 

40p C 111E 

13p C 400 
4op C 07 
40p C 414 
lip C 425 
Up C 426 
]sp C 428 
lip C H1 
30p C Hl 

30p C 494 
30p C 450 
111p MAT 100 
40p MAT 101 

40p MAT 120 
lSp MAT 121 

30p MPF 102 
40p MPF 104 

12p MPF 105 
12p OC 19 

lop OC 20 
14p OC 22 

ISp OC 23 

9Sp OC 24 
4Sp OC 25 

60p OC 26 
aSp OC 28 
SSp OC 29 
5Sp OC 35 

3Sp OC 36 
lOp OC 41 

110p OC 42 
ISp OC 44 
ISp OC 45 

60p OC 70 
27p OC 71 

llp OC 72 
30p OC 74 

llp OC 75 
lIp OC 76 
22p OC 77 

20p OC 81 

10p OC 810 
20p OC 82 
17p OC B2D 
8Sp OC 83 

Up OC 81 
ISp OC 139 
ISp OC 140 
ISp OC 169 
ISp OC 170 
ISp OC 171 
ISp OC 200 
1ap OC 101 
Ip OC 202 
7ap OC 203 
28p OC 204 
11p OC 205 
11p OC 309 

L2.00 P 3464 
SOp P 397 
30p OCP 71 

Up ORP 12 
10p ORP 60 
SOp ORP 61 

ISp ST 140 
20p ST 141 
30p TIS 43 
30p UT 46 

3Sp 2G 301 

22p 2G 302 
19p 2G 303 
lOp 2G 104 
19p 2G 306 
20p 2G 308 
lip 2G )09 
17p 2G 339 
37p 2G 3396 
ISp 2G 344 
63p 2G 345 
3ep 2G 371 

42p 1G 3718 
Sop 2G 373 

Zap 2G 371 
ISp 2G 377 
SOp 2G 378 
SOp 2G 381 
41p 2G 382 
SOp 2G 401 
20p 2G 414 
IIp 2G 417 
ISp 2N 180 
Ilp 2N 3884 
IOp 1N 04 
10p IN 4044 
lIp 2N 524 
14p IN 527 
'Sp IN 598 
15p 1N 599 
15p IN 696 
ISp 2N 697 
lip IN 698 
ISp 2N 699. 
ISp 2N 706 
20p IN 706A 
20p ON 708 

10p ON 711 

lOp IN 717 
ISp 2N 718 
ISp 2N 718A 
15p 2N 716 
ISp ON 727 

Up ON 745 

Up IN 741 
Up 2N 911 
Up IN 918 
3Sp 2N 929 
40p IN 930 
20p IN 1131 
42p 2N 1132 
43p 2N 1307 
41p IN 1303 
Op ON 1304 
40p 2N 1305 
12p IN 1306 
17p IN 1307 
30p 2N 1308 
27p 2N 1309 

ON 1611 
21,1 1711 

19 2N 1889 

19p- IN 1890 

19p 2N 1893 

14p 

r,',', 

2t48 

ON 219I 

lop 2N 2193 

16p 2N 2194 
14.:2N 2217 
1N I218 

12p 2N 2120 

17 2N 2221 
ilp IN 122Iì 

IN 2368 

1p 
r161 

2769 

16 2 1369A 

lÓ 2N 2417 

13°P 
2646 

3S 
2N 17i1 

lSp 2N 3712 

SS 
2N 1714 

30p 1N I904 

Ú 2N 1904A 

42 IN 2905 

Mp 
IN 29065A 

ISp 
IN 2907A 

1 1N 29/3A 

20p IN 2916(0.) 10p 2N 3906 
lop 2N 2926031 10p 2N 4058 
32p IN 3010 70p IN 4059 
45p 2N 3011 11p 2N 4060 
37p 2N :.051 17p IN 4061 

Sip IN 3055 SOp IN 4284 

ISp 2N 13914 16p 2N 4286 
ISp IN 1392 14p IN 4287 
15p 2N 1195 14p 2N 4288 
22p 2N 1394 IIp IN 4289 
20p ON 1195 17p 2N 4290 

22p IN 3401 11p 2N 4292 
10p 2N 3404 18p 2N 4293 
lOp 2N 1405 42p IN 5172 
17p ON 1414 ISp IN 5457 
11p IN 1415 ISp 2N 5458 
14p 2N 1416 18p IN 5459 

lIp ON 1525 7Sp 25 302A 
17p ON 1646 9p 25 302 

11p 2N 1702 10p 25 303 
2Ip 2143705 10p 25 304 
lIp 2N )704 11p 25 305 
17p IN 1705 10p IS 306 
21p 2N 11706 9p I5 707 
lip 2N 1701 11p 25 311 

25 322 
ISp 2N 3709 9 25 322A 

20p IN 3711 9p 25 324 
IS 325 

150p Ip IN 3820 IS 3i6 

llp 
12p 
10p 
tlp 
12p 

17p 

17p 
17p 
17p 
17p 
17p 

17p 
17p 

12p 
72p 
32p 
Op 

IIp 
42p 
SSp 
70p 
84p 
84p 
BIp 
S6p 

41 

7Op 

70p 

31,P 

2N 1914 IIp IN 3821 35p IS 7127 70p 
IN 2925 14p 2N 3813 28p IS 701 12p 

vp 
2N 1926111 Iip 2N 3904 30p 0362 4 1 
IN 2926101 10p ON 3905 Up 

p 

ISp DIODES & RECTIFIERS 24p 
SOp AA 119 Op BY 130 Ibp OA 47 7p 
Up AA 120 ip BY 133 lip OA 70 7p 
Up AA 129 Sp BY 164 SOp OA 79 7p 

Up AAY 30 Op BYX 38 30 42p OA 81 ip 
lOp AAZ 13 10p BYZ 10 33p OA 85 9p 
14p BA 100 10p BYZ 11 30p OA 90 6p 
7p BA 116 21p BYO 12 30p OA 91 p 
lIp BA 126 21p BYO 13 Up OA 95 7p 
21p BA 148 11p BYZ 16 40p OA 200 6p 
20p BA 154 tIp BYZ 17 ISp OA 202 7p 
21p BA 155 14p BYO 18 3Sp SD 10 Sp 
1Ip BA 156 13p BYZ 19 lip 50 19 Sp 
14p BY 100 ISp CG 62 N 34 7p 
17p BY 101 12p (E91 OA 91 Sp N 344 7p 
l7p BY 105 17p CG 651 (E9) N 914 bp 
11p BY 114 lip OA 70-0479 6p N 916 6p 
lip BY 126 14p OA 5 ISp N 411B 6p 
23p BY 127 ISp OA SSL 21p 5 Ill 10p 
lIp BY 128 1Sp OA 10 I5p S 951 6p 

NEW COMPONENT PAK BARGAINS 

Pock 
No. Qty. Description Price 

C 1 250 Resistors mixed values approx. 0.50 
count by weight 

C 2 200 Capacitors mixed values approx. 0.50 
cpunt by weight 

C 3 50 Precision Resistors .1 %, .01 % mixed 0.50 
values 

C 4 75 éth W Resistors mixed preferred values 0.50 
C 5 5 Pieces assorted Ferrite Rods 0.50 
C 6 2 Tuning Gangs, MW /LW VHF 0.50 
C 7 1 Pack Wire 50 meters assorted colours 0.50 
C 8 10 Reed Switches 0.50 
C 9 3 Micro Switches 0.50 
C10 15 Assorted Pots 8 Pre -Sets 0.50 
C11 5 Jack Sockets 3 -3.5m 2 - Standard 

Switch Types 0.50 
C12 40 Paper Condensers preferred types 0.50 

mixed values 
C13 20 Electrolytics Trans. types 0.50 
C14 1 Pack assorted Hardware - 0.50 

Nuts /Bolts. Gromets, etc. 
C15 4 Mains Toggle Switches, 2 Amp D/P 0.50 
C16 20 Assorted Tag Strips & Panels 0.50 
C17 10 Assorted Control Knobs 0.50 
C18 4 Rotary Wave Change Switches 0.50 
C19 3 Relays 6 - 24V Operating 0.50 
C20 4 Sheets Copper Laminate approx .10'x7'0.50 

Please add 10p post and packing on all component 
packs, plus a further 10p on pack Nos. Cl , C2, C19, C20. 
Component Lists for mail order available on request. 

JUMBO COMPONENT PAKS 
MIXED ELECTRONIC COMPONENTS 

Exceptionally good value 
Resistors, capacitors, pots, electro- 
lytics and coils plus many other 
useful items. Approximately albs in 
weight. Price incl. P. & P. £1.50 only 

BRAND NEW POST OFFICE 
TYPE TELEPHONE DIALS 

ONLY 3Sp each 

THE NEW S.G.S. EA 1000 AUDIO AMP 
MODULE Guar. 3 Watts RMS. 
Modul Tested and 
Guaranteed. 
Qty. 1 -9 L2.63; 10-25 
L2.28. Price each. 
Larger quantities quoted 
on request. Full hook -up 
diagrams and complete, 
technical data supplied 
free with each module 
or available separately 
at 10p each. 

SYSTEM 12 STEREO 
Each kit contains two amplifier modules, 
3 Watts RMS, two loudspeakers, 15 
OHMS, The pre -amplifier, trans- 
former, power supply module, 
front panel and other accessories 
as well as an illustrated 
stage -by -stage instruction 
booklet designed for the 
beginner. Further 
details available 
on request. 

p'. 
ONLY 

£ 16.95 FREE 

NOW-TURNOVER FOR MORE FANTASTIC OFFERS 
DECEMBER I972 277 
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NEW LOW PRICE TESTED S.C.R.'S. 
PIV IA SA M 6A 7A IOA MA 3)A 

705 7066 Ide 7064 7d8 TOM 7010 Tile 
60 0.11 0.25 0.36 0.66 0.47 0.50 0.66 11.15 

100 0.26 0.71 0.47 0.47 0.50 0.66 0.4 11.40 

200 SOS 0.17 0.40 0.4 0.67 0.41 0.76 11.60 

40 0.4 0.47 0.64 0.04 0.67 0.76 0.06 11.76 

600 0.4 0.67 0.05 000 0.77 0.07 11.76 - 
SOD 0.61 0.70 0.00 0.00 0.00 11.10 16.60 14.05 

SILICON RECTIFIERS -TESTED 
PIV 300mA 750mA IA 1.IA 3A 10A 30A 

Lp tp Op Op Op Op 0p 
0.07 0.14 0.21 0.60 
0.13 0.16 0.13 0.76 
0.14 0.10 0.24 1.00 
0.20 0.27 0.37 1.26 
0.28 0.54 0.4 1.86 
0.26 0.37 0.56 2.00 
0.30 0.46 0.63 1.60 
0.38 0.67 0.76 -_ 

50 
100 

0.04 
0.04 

0.05 
0.06 

0.05 
0.06 

200 0.06 0.09 0.06 
400 0.06 0.13 0.07 
600 0.07 0.16 0.10 
800 0.10 0.17 0.11 
1000 0.11 0.28 0.14 
1200 - 0.33 - 

TRIAIS 
\'BOM'2.A 6A l0A 

TO-1 TO-S6 TO-88 
la tp /4 

100 30 60 76 
200 60 60 00 

400 70 75 1-30 

PELL ßA1101 OP 
Z](IL101008$ 
VOLTAGE RAIO1 
S-SSV. 400m V (D0.7 
('.ace ) Ile e8. 1 F W (Top - 
Hall lip ea. IOW 180.10 
Stud) Up ea. All fully 

tented 
5% fol, and 

teed. 80M. voltage 
requireJ. 

DIACS 
FOR USE WITH 
TRIACR 
Bß100 (DV)) 175 each 

Ins Amp POTTED BRID( ;E 
RECTIFIER on heat sink. 
100 1'IV. 90p each. 

FREE 
Ow 60p Pak of poor 
owe eboios Ira. 004th 
arises valued W or oar. 

BRAID NM TIZAS 
011111. TRAM818T018 
Coded aoa 0.ara0tsed 
Pak No. EQVT 
TI 8 21:3713 0071 
12 8 01374 O075 
T3 8 101316 17C8117 
14 
TO 

8 203811 
A 211382T 

OC81 4M 
TO P N134411 0014 
T7 8.20345R (1040 
TO 8 20378 0(.78 
TO 8 20399A 201302 
TOO 8 20417 AFI17 

All 60p each pak 

NEW LINE 
Plant lc encapsulated 2 

..mp Bridge Recta. 

50 v RMS 32p each 
IIS) v HMS 37p each 
400 v HMS 46p each 

Slit. 15 mm x 6 mm 
OIWIQTIOI 

PIN. Egtt. 2142646, 
Foot. 11847. BEN3000 
lia h, '25 -99 IMP 
100 UP 109, 

CADMIUM CELLS 
ORPI'2 olp 

ORP60. O R P61 4060 each 

211060 /PI SIL. DUAL 
TRAIS. CODE [11699 
TEX AO our role. no auh. 

110 ICI HIZIE DIIYTi 
SRAImTOR. San. 
58X21 a C407, 2N1893 
FULLY TESTED AND 
CODED ND l'!n. 1.24 
17p each. TO5 N P.N. 
25 up 168'.'h 

GENERAL PURPOSE 
NPN SILICON SWIT- 
CHING TRANS. TO -I8 
SIM. TO 2N706;0. BSY27 
/28/95A. AI I usable device,: 
no open or short circuits. 
ALSO AVAILABLE in 
PNP Sim. to 2N2800. 
BCY70. When ordering 

Nplease 
state preference 

PN or PNP, 

Op 100 For 1.75 

20 For 0.50 5(X)For 7.50 
:d) For 1.00 11010 For íg.00 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS "SEMONU OT ááED 
Satisfaction GUARANTEED in Every Pak. or money beck. 

Pak No. Op 
Ul 120 Cues Suh-Min. General Purpose Germanium Diodes 50p 
U2 60 Mixed Germanium Transistors AF /RF 50p 
U3 76 Germanium Gold Bonded SubMoo. like OAS, 0Á47 40p 
U4 40 Germanium Transistors like OUR, AC128 110p 

U6 60 200mA Sub-Mio. Silicon Diodes 110p 

U6 30 Sil. Planar Tans. NPN like BSY964, 20706 10p 
U7 16 Sil. Rectifiers Top.HM 750mA Vltg. Range up to 1.000 tap 
Ull 50 Sil. Planar Diodes DO-7 Glans 250mA Like OA200/202 60p 
U9 20 Mixed Voltages, 1 Watt Zener Diodes . 60p 
010 90 HAY65 charge storage Diodes D0.7 Glu. 50p 
Ull 26 PNP Sil. Planar Timis. TO-5 like 201132, 202904 50p 
U12 12 Silicon Rectifiers Epoxy 600 osA up to 800 PIV Sop 

U13 30 PNP -NPN Sil. Transistors 00300 and 201 104 50p 
U14 150 Mixed Silicon and Germanium Diodes 50p 
U15 26 NPN Sil. Pion Trans. 10.5 like BFY61, 214097 50p 
U16 10 3Amp Silicon Rectifiers Stud Type up to 1,000 P[V 60p 

U17 30 Germanium PNP AF Transistor. TO-O like ACY 17.71 60p 

UI8 86Amp Silicon Rectifiers BYZ13 Type up to 600 PIV sop 
U19 26 Silicon NPN Transistors like 00108 
020 12 1.0Amp Silicon Rectifiers TopHat up to 1,00) PIV 60p 
021 30 AF. Germanium Alloy Trwietoe. 26300 Series & 0071 50p 
U23 30 MAIST. like MHo Series PNP Transistors 50p 
U24 20 Germanium 1 Amp Rectifiers GJM Series up to 300 PIV 50p 

U25 26 300 MHo NPN Silicon Transistors 214708, BSY27 50p 
026 30 Fart Switching Silicon Diode. like 10914 Micro-Mio.. 50p 

027 12 NPN Germanium AF Transistors TO-1 like AC127 sop 
U29 10 lAmp SCR's TO-O can, up to 600 PIV CR81 /25-110 £1.15 
U30 16 Plastie Silicon Piao., Tram. NPN 202926 60p 
U31 W Sil. Planar Plastie NPN Trans. Low.Noise Amp 203707 60p 
032 25 Zener Diodes 400mW 00-7 cue 3-18 volts mixed 6060 

U83 16 Plastic Co.. 1 Amp Silicon Rectifiera 044000 Series 60p 
UM 30 Silicon PNP Alloy Tans. TO-O BCY2629302/4 
U35 25 Silicon Planar Transistors PNP TO-18 2812106 60p 
U36 26 Silicon Planar NPN Transistors TO-6 BFY60 /61/62 60p 
U37 30 Silicon Alloy Transistors SO2 PNP OC20Q, 28.343 50p 
U36 30 Fart Switching Silicon Trans. NPN 400 MHx 209011. gap 
U89 30 RF. Germ. PNP Tnnsuron 201303/6 TO-5 80p 
U40 10 Dual Trno.i.ton ()lead TO -6 202080 60p 
5341 26 RF Germanium TY.n.i.Wn70 -0, OCAS, NKTi2 Up 
0142 10 IMF Germanium PNP Transistors TO-1 NKTO7, A18117 50p 
0743 26 Sil. Tao.. Plastic Tó-18 A.P.1:11,04411114 bap 
V4 30 Sil. Trans. Plastic TO-6 BC116 
154 7 SA 8Cß TOes up to 800 PM 11.00 

Inds Nos. meononrS above are given as a guide to the type of dev,,, 
in the Pak. The devices themselves are normally unmarked. 

QUALITY TESTED SEMICONDUCTORS 
Pack Description Price 1 
QI 20 Red spa transistors PNP 50p 
Q2 16 White spot R.F. traraiston PNP 50p 
Q3 4 OC 77 type tnmieton 
Q4 6 Matched transistors OC4 /46/81/8ló Op 
QS 4 OC 76 transistors 60p 
Q6 5 OC 72 transistors 50p 
Q7 4 AC 128 transistors PNP high groin. 50p 
08 4 AC 126 1.5040. on PNP 6060 
Q9 7 OC 81 type transistor. 60p 

TO 7 OC 71 type transistors 
Q11 2 AC 127/128 Comp. pain PNP/NPN op 
Q12 3 AP 118 type trw,.Wn 50p 
Q13 3 AF 117 type transistor. 40p 
Q14 3 OC 171 H.F. type transistors 
Q15 7 202926011 Epoxy trans. and colours op 
Q16 2 GET8801ow nones Germ. trans 60p 

T7 6 NPN 2 x ST.141. and 3 s ST. 14 60p 
8 4 MADT.21 MAT 100 & 2 x MAT 133 50p 

Ql9 3 MADT. 2 x MAT 10111 x MAT 121 50p 
Q20 4 OC 44 Germanium transistors A.F. 50p 
Q21 4 AC 127 NPN Germanium traoo.tou lOp 
Q22 20 NKT transistors A.F. R.F. Boded 40p 
Q23 10 OA 202 Silicon diodes submin. 60p 
Q24 8OA81 diodes 60p 
Q25 16 10914 Silicon diodes 7551V 7601A 60p 
Q26 

8 106 Germanium diodes submio 

Q7! 2 10A 600 Ply Sil. rectifiers 134280 50p 
Q28 2 Silicon power rectifiers BYZ 13 50p 
Q29 4 Silicon tans. 2 x 2N66, 1 4 2NN?. 

1 x 214698 509 
Q37 7 Sil. switch transistor. 28706 NPN 60p 
Q31 6 Sil. mtch transistors 214708 NPN 50p 
Q32 3 PNP Sil. trans. 21201131, 1x2NI132 50p 
Q33 3 Silicon NPN transistor. 2141711 50p 
Q34 

(Sil. 
NPN tram. 2N2389, 600MHx 

Q30 3 0i1. PNP TO-5,23202904 & 11281291 6500p 

36 72N3648TO -18 plastic 300MHz NPN 50p 
37 3 2N3063 NPN Silicon trwislon 60p 

Q38 7 PNP tram. 4 x 203703. 3 x 203702 60p 
Q39 7 NPN tram. 4 it 203704,3 x 2N3706 60p 
Q4 7 NPN tuns. 4r 2N3707, 3 x 2N3708 6060 
Q41 3 Plastic NPN TO- 182N3904 50p 
Q42 6 NPN transistors 205172 60p 
Q43 7 BC 107 NPN transi.ton .. 60p 

7NPN trans. 4x BC 108, 3 x BC 109 50p 
3 BC 113 NPN TO-18 tnnsiston 50p 

Q46 3 BC 116 NPN TO-O transistors 10p 
Q47 6 NPN high gain tows. 3 x BC167, 

3m. BC168 50p 
Q4 4 BCY 70. PNP transistors TO-18 50p 
Q49 4 NPN trans. 2 x BFY61, 2 s BFY52 60p 
Q50 7 BOY 28 NPN switch tram. TO-le p 
Q51 7 BSI OSA NPN trans. 300MHO 
Q52 8 BY100type.,licon rectifier. A1.Ó0 
Q63 96 Sit & germ. tram. and all m..0 nsw11.50 

ELECTRONIC SLIDE -RULE 
The MK Slide Rule. designed to simplify electronic 
calculation. features the following scales: - 
Conversion of Frequency and Wavelength. Calco. 
lation of L, C and fo of tuned circuits. Reactance and 

If inductance. Area of circles. Volume of cylinders. 
Resistance of conductors. Weight of conductors. 
Decibel calculations. Angle functions. Natural 
Logs. & 'e functions. Multiplication & division. 
Squaring, cubing and square roots. Conversion of 
kW and Hp. 
A must for every electronic engineer and enthusiasts 
Size 23cm x 4 cm. complete with case and instruc- 
tions. PRICE EACH 13.35 

SILICON PHOTO TRAN- 
SISTOR. TO -18 lens end 
NPN8Im. to BP 25 and P21. 
BRAND NEW. Full data 
available. Folly guaranteed. 
Qty. 124 23 ¡09 100 up 
Pike eaeh4SP bap sap 

811. trans. suitable for 
P.R. Orgue. Meal TO -I4 
Egvt. 21X300 bp rub. 
Any Qty. 

SIL. O.P. DIODES SP 

300mW 30.. 050 
4OPIVIMIn.) 100..160 
Bub -Min. 500 ..6 00 
Poll Tested 1,000. .800 
Ideal for Organ Builders. 

POWER TRANS BONANZA! 
OIIQAL 40ß406E O1QM. FIN 

Coded (74100. BRAND NEW TO -3 CABE. P088. 
REPLACE.:- 0C25- 28- 29- 30- 35 -38. NKT 401-403 - 
004- 406-408 -430 -451-402 -433. T13027-3028. 221230A. 
214454A- 407A-458A, 20511 A A B. 202.20 -222. ETC. 
VCBO 80V VCEO 30V IC l0A PT. 30 WATTS 11 le 
30 -170. 
PRICE 1 -24 26 -99 100 op 

4sp each 40p each Sep each 

F.E.T.'S 
203819 
203820 
203821 
203823 
2845458 
205469 
RFW 10 
MPF106 

up 
SO4 

SO4 
404 
40p 
40p 
404 

inmost Ugh Soilage SOOT NMI 2N3055 10.3 caw. (LP. Blenching Amplifier 
Applications. Brand new Coded R 2400 
VC50 2601VCEO 100 /IC 6A/30 Watt/. 
FIFE type 2014? 5MHZ. 115 WATT M, 
OUR PRICE EACH : POW= IVI 
1 -24 35-99 (00 up 50p EACH 
SOP 45p app 

NEW EDITION 1171 
TRAIIIITOR IQOIVAL11Ts 
BOOK. A complete cross reference 
and equiv.lena book tor European. 
Amerlcan and Japanese Tmnsl.- 
Mr.. Exclusive to BI -PAK Pep 

ash tied over edit;on 

A LARGE RANGE OF T£CHNIC- 
AI. AND DATA BOOKS ARE NOW 
: \VAILABLE EX. STOCK. SEND 
FOR FREE LIST. 

DTL A TTL INTEGRATED CIRCUITS 

INTEGRATED CIRCUIT PAKS 

Manufacturers "Fall Outs" which Include Functional and part Functional Units. 
These are classed u "out.oGapec" from the maker's very rigid specifications, but are 
ideal for learning about I.C'. and experimental work. 

Pak No. Contenta Price 
UIC00 12 x 7400 50p 
UIC01 12 . 741 50p 
UICO2 12 x 7402 50p 
UIC03 7403 50p 
UIC04 12 7404 
UIC05 12 7405 
UIC06 8 7406 
U1C07 8 7407 
UICIO 12 7410 
UIC13 8 7413 
UIC20 12 7420 
UIC30 12 7430 
UIC4 12 7440 
UIC41 5 7441 
UIC42 5 7442 
UIC43 5 7443 
UIC44 5 7444 
UIC45 5 7445 

Pak No. 
UIC46 
UIC47 
UIC48 
UIC50 
UIC51 
U1053 
UIC54 
UIC60 
UIC70 
UIC72 
UIC73 
UIC74 
UIC75 
UIC76 
UICeO 
UIC81 
UICB2 
UIC83 

onteno. Price Pak No. Contents Price 
7446 
7447 
7448 
7450 
7.451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483 

509 
50p 

50p 
50p 

5Op 

Sop 
50p 
50p 
SOp 
50p 
SOp 
Sop 

50p 

UIC86 5 
UIC90 5 
UIC9l 5 
UIC92 5 
UIC93 5 

U1C94 5 
UIC95 5 
UIC96 5 
UIC100 5 
U1C121 5 
UICl41 5 
UICl51 5 
U1C154 S 

UICI93 5 

7486 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74121 
74141 
74151 
74154 
74193 

UIC199 5 v 74199 
UIC X1 25 Aut 

74's £1.50 

Stipp 
SOp 
SOp 
50p 
50p 
Sop 
50p 
50p 
Sop 
Sop 
50p 
50p 

Sop 

Packs cannot be split. but 25 assorted pieces (our mix) is available as PAK UIC Xl. 

AD16I/ADI62 A'P.\ 

M/P COMP 
GERM TRANS. 
OUR LOWEST PRICE 
OF 55p PER PAIR. 
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H.ICOII Si WATTS 
HATCHED IPI /PIP 
RIP 19 NPN TO -3 

Plsetle. 
BIP 20 PNP. Brand 

vCBO 100 /OCEO 5o/ 
IC 10A. RIE type 
100/1t 3mHZ. 
OUR PRICE PER 
PAIR: 
1 -24 23 -99 100 

pr.. pro. pr.. 
SOP UP SOP 

BI -PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE RANGE OF 
ELECTRONIC COMPONENTS AND ACCESSORIES AT COMPETITIVE PRICES 
18, BALDOCK STREET (A10), WARE, HERTS. TEL: 61591. 
OPEN MON. - SAT. 9.15 a.m. to 6 p.m. FRIDAY UNTIL 8 p.m. 

All Mail Orders please add 10p poet and packing. 
Send all Orders to Bi -Pak P.O. Box 6, Ware, Herts. 
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-the Iowestprices! 
74 Series T.T.L. I.C'S 

Bi -Pak Still Lowest in Price. 
Full Specllkalon Guaranteed. 
All Fenlo.n Manufuturers. 

857400 
850401 
8747404 
8517403 
8347404 

61474011 
8N7g6 
4347447 
4N7408 
957408 
947410 
S'47411 
9517412 

5747473 
897416 
4747447 
4,4,431 
8474m 

!4ffi 
13347427 

8547436 
9747430 
457432 
987417 
SN,43, 
957438 
SN7440 
887941 

9N7u2 
8N74L1 
4N74N 
9N7445 
eN,444 
94744, 
947448 
$4,450 

4I474l1 
561,463 
417464 
857480 
957470 
1957471 
6247473 
957474 
557476 
857476 

407480 
6147481 
RN,195 
957461 
957484 
857486 
857486 
3517488 

1 

0.15 
015 
016 
0.15 
0.15 

0.16 
0.35 
0.36 

0.16 
0.16 

0.16 
0.36 
6.66 

as 
o.q 
0.43 
0.10 
0.60 
0.50 
050 
0.44 

6.70 
016 
0.46 
0 60 
0.64 
oa 
0.15 
0.67 

0.27 
11.30 
L1.30 
1190 

0.97 
/1.03 0a 
015 

016 
0.15 
016 
0.16 
026 
0.20 
0.37 
0.27 
0.45 
Oq 

0.67 
1130 

0.87 
11.10 
Al 00 
13.60 

0.36 
1.50 

36 

0.14 
0.14 
0.14 
0.14 

0.14 

0.14 
0.31 
0II 
0.17 
0.30 
0 14 
0.24 
031 

3.98 
0.40 
040 
014 
0.46 
0.46 
0.N 
04s 

066 
0.14 
002 
0.76 
0.62 
0,63 
0.14 
ON 

064 
026 
/1.26 
L1.77 

0.91 
0.97 
0.97 
0.14 

0.14 
0.14 
014 
0.14 
046 
026 
0.36 
0.35 
0.40 
0.30 

Ailé 
006 

1006 
0.56 

103 
0 21 1v 

1r. 
0.46 
0.16 
0.12 
0.12 
0.12 

0.12 
0.36 
0.66 
0.15 
0.12 
015 
0.26 
Ose 

0.34 
0.36 
0.86 
0.11 
0.46 
0.46 

0.46 
044 

0.60 
0.12 
0.40 
070 
Dao 
aeo 
0.12 
0.66 

060 
01.20 
11.60 
11.75 
046 
096 
096 
0.12 

0 1 
0.12 
012 
0.14 
OW 
024 
032 
0.32 
0.42 
0.3 

0.56 
11 10 

086 
0.96 
090 

LEO 
0 30 

1.m 

MOO 
951,491 
9747401 
85,493 
S574W 
957496 
857496 
8574100 
97474104 

8574106 
85,4107 
9574110 
8574111 
8514118 
48474116 
4N74121 

8874119 
85,4122 
8574141 
93474146 
8574180 
8574151 
87474163 
9874151 

5514150 
85,4156 
8574167 
8574120 
8574161 

95174169 
8574163 
9574164 
9574165 
8574166 
98741,4 
9874175 
9474176 

9574177 
SN74160 
9874181 
9N74162 
6574164 
3574190 
8574191 
SN>4199 

9574131 
8574194 
9574196 
9574196 
9574197 

Bvi9366 

0.67 
1100 

0.67 
0.67 
057 
071 
087 

1166 
067 

0.97 
0.40 
056 

11.26 
[1.03 
0116 

044 

11.40 
1260 

067 
11.60 
Lam 
0200 
11.31 
L193 

11.40 
t1.40 
L190 
11.60 
01.80 

L4.U0 
14.00 
1.31 
1126 
13.50 
1.30 
/1.60 
1250 

L3.50 
L2m 
1.50 
1260 
1160 

11.96 
/190 
L126 

/203 
1270 
16.00 
11.90 
L190 

ii 60 

U 

064 
096 
0.64 
U.64 
0.74 
0.74 
0.0.4 

ALSO 
0.94 

0251 
136 
0.61 

11.16 
0.96 

1296 
0.37 

/1]0 
LS.70 
044 

1240 
ß10 

0.26 
11.10 
L1.70 

/1.30 
11.30 
L160 
11.70 
11.70 

ß7o 
13 75 
02.15 
12 31 
47.22 
42 36 

L1.50 
1240 

ßq 
11.60 
15.00 
Lí40 
L3 28 
1190 
LI.86 
/190 

II 60 
1260 
1190 
LIZO 
Al 70 
15.00 
1500 

LINEAR I.C's- 
FULL SPEC. 

BP ZO1 JC-8L701C 
BP 701f--8L701C 
BP 702C-SL702G 
)iP 702-77707 

BP 703-72709 
BP 709P-pA709C 
BP 710-72710 
BP 711-µA711 
BP 741-72741 

µA 7070 µA702(. 
TA A283 
TA A293 
TA A360 

1-34 

Up 

64p 
36p 
16p 
44p 
66p 

76p 
f6p 

4/p 
17134 

Price 
76-99 100 up 

44p 04 
000 
44p 400 

46p 
34p 
Sip 
Op 
up 
40p 
44p 
4np 

1!i 

4op 
lep 
Sep 
40p 
40p 

SI 
704 
Issp 

Im 

068 
0.60 
0.58 
0.59 
0.66 
0.68 
076 

1166 
0.88 

o.88 
0.26 
0.90 

11.10 
0.90 

11.10 
0.04 

11.10 
/5.00 

0.60 
11.30 
1260 

0.90 
0.06 

11.60 

11 30 
1190 
LI.70 
11.80 
L190 

03.50 
160 
1.10 
/215 
103 
4.110 
11.30 
tY.m 

L2.30 1q 
14.46 
LILO 
100 
L1.86 
1190 
11.56 

17 75 
L280 
11.90 
L160 
Al 1.0 

14.50 

LOGIC DTL 930 SERIES 
I.C's 

ROCK BOTTOM PRICES 
TFp. Prim 
No. 1.24 26-99 IOO op 
BP930 114 119 Ile 
BP922 140 IA 1.19 
BP933 1St Ile 113 

B 
P936 

re 1i P936 I Up Ì 
BP944 Il, 119 11p 

111.046 Ifp 119 140 
BP946 Sip sir 09 BW ii P962 i 

íp 
SP9093 499 

e UP 
049 i9p 

SPSOPI h f/p 
BP9087 40p Up lip 
BP9089 44e 14 Yp 

Device. may be mired to quad6y Ion 
an qutity price larger euaatlty priese op 

ppllratlon. 1 DTL 930 Berke 74011 1. 

NUMERICAL INDICATOR TUBES 
MODEL CD66 GR 116 3015F 
Anode voltage 
(Vdc) 

170 
min 

175 
min 

5 

1 
Cathode cur'nt(mA\ 
Numeral h'ght (mm) 

2.3 14 

16 13 9 

Tube height (mm) 47 32 22 

Tube diameter (mm) 19 13 12 

I.C. driver rec. BP41 
or 141 

BP41 
or 141 

BP47 

PRICE EACH 11.70 E1.65 11.90 

All indicators 
0.9 4- Decimal 
point All side 
viewing: Full 
data for all 
types available 
on request. 

RTL MICROLOOIC CIRCUITS 
Mae sea* 

Epoxy TO-2 rase 1 -24 26 -99 100 up 
L900 Butler rip lip 17p . L614 Dua121 /p 
Sea Up Up rap 

L823J -K flip-Sop M 47p 46p 
Date and Cbcult. 80001et Io la's 
Trie 7p. 

DECEMBER 1972 

DUAL IN LINE SOCKETS 
14 & 16 Lead Soo ea for use with DUAL. 
IN WNE I.C.M. TWO Ranges PROFES- 
SIONAL and NEW LOW COST. 

Prof. Type No. 1.24 25-99 100 up 
TSO14 pin type 30p 37p lip 
TSOI6 pin type 36p Up 30p 
Low Coat No. 
BPS 14 1Sp lap lip 
BPS 16 Ill I4 u. 

BI -PAK DO IT AGAIN! 

50Wpk 25w (RMS) 
0.1% DISTORTION 

HI -FI AUDIO AMPLIFIER 
THE AL50 

* Frequency response 15Hz 
to 100,000 - 1dB. 

* Load - 3, 4, 8 or 16 ohms. 
* Distortion - better than 

.1 % at 1KHz. 

* Signal to noise 
80dB. 

ONLY 
£3.25p each 
* Supply voltage 10 

- 35 Volts. 
ratio * Overall size 63mm 

x 105mm x 13mm. 
Tailor made to the most stringent specifications using top quality 
components and incorporating the latest solid state circuitry and 
ALSO was conceived to fill the need for all your A.F. amplifica- 
tion needs. FULLY BUILT - TESTED - GUARANTEED. 

STABILISED POWER 
MODULE SPM80 

AP60 is especially designed to power 2 of the ALSO .. Amplifier., up to 16 watt (rm.) per chanced, aimul- 
taneousiy. Thi. module embodies the latest component. 

and circwt technique. incorporating complete short 
circuit protection. With the addition of the Mun. Trans- 

former MTBO, the unit will provide outputs d up to 1.6 mare 
at 36 volts. Size: 62mm e 106mm z 300303. 

These units enable you to build Audio Systems of the highest 
quaLty st a hitherto unobtainable price. Also ideal for many other eppltcatioea inelud 
ing: Disco Systems, Public Address, Intercom Unita etc. HOndbooì available 13p. 

PRICE /246 

Hftiftleiv 

TRANSFORMER BMT80 £1.95 p. & p. 25p. 
STEREO PRE -AMPLIFIER, TYPE PA100 
Built to specification and NOT price, and yet still the greatest value on the market, 
the PA100 Marco preamplifier hr been conceived from the latest circuit techniques. 
Designed for use with the ALSO power amplifier mutem, this quality made unit incorporates 
no leas than eight silicon planar transistors, two of thaw m specially eslectsd low noise 
NPN devices for caw in the input .ages. 
Three switched steno input., and rumble and scratch filters are fatures of the PA100. 
which also has STEREO /MONO switch, volume, balance and continuously variable 
base and table controls. 

SPECIFICATION 
Frequency R001,01100 20Hz - 20KH. t ISIS 

Harmonic Distortion better than 0.1% 
Inputs: 1. Tape Head 1.26 mV into 60ßíI 

2. ,Radio, Teter 36 mV into 60Kí1 
e 3. Magnetic P.U. 1.6 e.V into 60E0 

All input voltage. an for an output of Z60.eV. Tap and P.U. input. i equaled to RIM curve within f ISIS, from 90th to 70KHz. 
Base Control t 160B a 10th Treble Control *16áB (0 9011H. 

Plltan: Rumble (High Pam) 100Hz 
Scratch (Low Pam) (MHz 

Signal /Noise Ratio bettor than - 66dB 
Input overload + 26dB Supply + 36 volts 59 30m 

, Dimensions 232soni x Mom x 360303 
Moe £11.66 

SPECIAL COMPLETE KIT COMPRISING 
I ALSO's, 1 SPM80, 1 BMT8) and 1 PA100 ONLY 113.00 FREE p p. 

All paces quoted rn new pence Crro No 388,1006 
Please send all orders direct to warehouse and despatch department 

B /- P4/ff 
P.O. BOX 6, WARE a HERTS 

Posta,;e and packing ado 100 Overseas add metre for arnra,i 
Mnlnlum order SOp Cash with order please. 

Guaranteed Satisfaction or Money Back 
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NOW AVAILABLE . 

Comprising 
768 pages 
plus index 

AUGUST 1971 
to JULY 1972 

LATEST 

BOUND VOLUME 

No. 25 

of 

"The Radio Constructor" 
FOR YOUR LIBRARY 

PRICE £2.00 P &P 29p 
BOUND VOLUME NO. 23 (August 1969 to July 1970) 
BOUND VOLUME NO. 24 (August 1970 to July 1971) 

Limited number of these 

volumes still available. 

PRICES Volume 23 £1.88 Postage 29p Volume 24 £2.00 Postage 29p 
We regret all earlier volumes are now completely sold out. 

Available only from 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN 

U 

Vary the strength 
of your lighting with a 

The DIMMASWITCH is an attractive and effic- 
ient dimmer unit which fits in place of the normal 
light switch and is connected up in exactly the 
same way. The white mounting plate of the 
DIMMASWITCH matches modern electric fit- 
tings. Two models are available, with the bright 
chrome knob controlling up to 300 w or 600 w 
of all lights except fluorescents at mains voltages 
from 200 -250 v. 50Hz. The DIMMASWITCH has 

built -in radio interference suppression: 
600 Watt 0.20. Kit Form L2.70 
300 Watt L2.70. Kit Form L2.20 

All plus 10p post and packing. 
Please send C.W.O. to: 

DEXTER & COMPANY 
7 ULVER HOUSE, 19, KING STREET, 
CHESTER CH1 2AH. Tel: 0244- 25883. 

As supplied to H.M. Government Departments. 
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SAVE TIME 

Q 
AND MONEY 

PR CE E625 I PRICE E4.14 

As supplied by ue to SCHOOLS, TECHNICAL 
COLLEGES, SHOPS, OFFICES AND INDUSTRY. 
Silver grey stove enamelled steel cabinet with 
48 transparent styrene drawer. fitted with moulded 
handles and label slots. Dividers can be supplied 
at an extra charge to enable each drawer to be 
sub-divided into six compartments. Transparent 
drawers allow swift selection of components at a 
glance and eliminates duplication of stock. A 
really first class time saving unit. Sire of cabinets 
21 : r x 6C. Size of drawers 6 }' o 
Other aims available. 

welcome welcome Mon: Sat. 9 a.m. -1 p.m. 2 m.- 
6 p.m. NEW as illustrated OUR PRICE ONLY 
84.84 plus 35p carriage on order. lees than 810. 
Money back guar tee. SEND FOR FREE 
COLOUR BROCHURE. 

TRADE AIDS 
(DEPT RC3) 111 CHILTERN DRIVE, 
BEhRYLANDS, SURBITON, SURREY 

01-3994383 
100 yds. Berryiands Railway Station 

9.0=91_ 
LOUDSPEAKER 

BARGAINS 
Fane Pop 100 watt 18'8/15 ohm E19.50 
Fane Pop 60 watt 15' 8/15 ohm E11.15 
Fane Pop 50 watt 12' 8/15 ohm E 925 
Fane Pop 25/212 25 watt 8/15 ohm E540 
Fane Pop 1512-10 watt 8/15 ohm £4.00 
Baker Group 2512' 3.8 or 15 ohm f 6.60 
Baker Group 3512' 3.8 or 15 ohm £8.00 
Celesuon PSB for Unarm E2.35 
EMI 13 .8.3.80,1500m E2.25 
EMI 13 x 8, 3.8 or 15 ohm E2 60 
EMI 13.8 twin /tw.3.8 or 15 ohm E3.80 
EMI 13 s 8 type 35015 watt 8 ohm f8.00 
Richard Allan 8' 3.8. or 15 ohm E2 35 
Riched Allan 12' dual cone 3 or 15 ohm E2.50 
Fane 8' d /cone 8087 8 or 15 ohm C2.85 
Fane 8' d /cone, roll surround. 607T 8 or 15 ohm E3.50 
Elac 9 s 5. 59R M L0915 ohm E2.70 
Elac 9 s 5. 59R M114 8 ohm E2.70 
Elac 61 "dual cone 8 ohm E2.25 

' Elac 6t d /cone roll surround 8 ohm C3.50 
Elac 4' tweeter8 ohm E1.50 
Crossover for above (p 6 p f C1.50 

8P 80,15 ohm £4.75 
Goodman 10P 8 or 15 ohm E5.25 
Goodmans 12P 8 or 15 ohm E10.50 
Goodmans 15P 8 or 15 ohm E17.00 
Goodman 18P 8 or 15 ohm E27.00 
2'. 24' or 3' 80 ohm .65 
Phillips 5'8 ohm E1.95 
7a4or8's 5', 3or Bohm E1.50 
10'. 6' 3,8 or 15 ohm E2.00 

FREE wxh orders ove £6.170 "Hifi loudspeaker 
enclosures" book. 

All units guaranteed new and perfect. 

Prompt despatch. P & P 25p per speaker. 

Send for our free booklet "Choosing speaker". 

WILMSLOW AUDIO 
(Dept. RC) 

10 Swan St., Wilmslow, 
SK9 1HF, Cheshire 
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PRECISION 
POLYCARBONATE CAPACITORS 

Fresh Stock - Fully Tested and Guaranteed 
Close tolerance professional capacitors by well -known manufacturer. 
Excellent stability and extremely low leakage. All 63V D.C. 

0.47pF: ±5% 30p; ±2% 40p; ±1% 50p 
1.0 pF: ±5% 40p; ±2% 50p; ±1% 60p 
2.2 pF: ±5% 50p; ±2% 60p; t1% 75p 
4.7 pF: ±5% 70p; ±2% 90p; ±1 %115p 
6.8 pF: ±5% 95p; ±2 %115p; ±1%150p 

10.0 pF: f5 %110p; ±2 %140p; f1 %180p 
15.0 pF: ±5 %160p; f2 %210p: ±1 %270p 

NEW! -TANTALUM BEAD CAPACITORS 
Values available .22, .47, 1.0, 2.2, 4.7, 6.8pF at 35V, 10pF 
25V, 15pF 20V, 22pF 15V, 33pF 10V, 47pF 6V, 100pF 3V. 
All at 9p each; 6 for-50p; 14 for £1.00. Special pack, 6 off 
each value (72 capacitors) for £5.00. 

TRANSISTORS: BC107; BC108; BC109 (please state which), 
all at 9p each. 6 for 50p; 14 for £1.00; May be mixed to qualify for 
lower price. All brand new to full manufacturer's specification. 
POPULAR DIODES: IN914 - 7p each; 8 for 50p; 18 for £1.00 
IN916 - 9p each; 6 for 50p; 14 for £1.00. IS44 - 5p each; 11 for 
50p; 24 for £1.00. All brand new and marked. 

400mW ZENER DIODES: Values available 4.7, 6.8, 7.5, 8.2, 9.1, 
10, 11, 12, 13.5, 15 volts. All new and marked. All at 10p each; 6 
for 50p; 14 for £1.00. 
RESISTORS: Carbon film } watt 5 %. Range 2.20 -2.2M 0 E12. Series 
i.e. 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82, and their decades. 
All at 1p each. 8p for 10 of any one value; 70p for 100 of any one 
value. Special development pack 10 off each value 2.20 to 2.2M 0 
(730 resistors) for £5.00. 
440V A.C. CAPACITORS: 0.1 NF: Size 1r x} ", 25p each 
0.25pF: Size 11" x 1 ", 30p each 0.51F: Size 11" x j ", 35p each 
1.0 NF: Size 2" x j ", 45p each 2.ONF: Size 2" x1"', 75p each 
Suitable for use on C.D. ignition, 250V A.C. motors, etc. 

5p post and packing on all orders below £5 

V.ATTWO0D, Dept C.5.,P.O. Box 8, Alresford, Hants. 

THE 'PLUS' CATALOGUE 
Technical data Countless bargains - Discounts 

25p 
REFUND VOUCHER 

The Electrovalue Catalogue 
now costs 25p (post free, 
surface mail) and is well 
worth it for its technical 
information. But we include 
with it a 25p refund voucher 
for spending on orders for 
£5 or more. You will find 
this catalogue a great 

le money saver in every way. 

96 Pages. (4th printing) 
Transistors, with technical specs. 

I.Cs with working diagrams 

Resistors, capacitors, components 

Diagrams, tables, information 

GENUINE DISCOUNTS 

ELECTROS'ALUE LTD. ° ; z 

28 St. Judes Rd., Englefield Green, Egham, TW20 OHS 
9 -6 daily: 1.0 p.m. Sat. Telephone Egham 3603 

DECEMBER 1972 

9 A FAST EASY 
WAY TO LEARN BASIC 

RADIO & ELECTRONICS 

NOV 

Build as you learn with the exciting 
new TECHNATRON Outfit! No mathe- 
matics. No soldering -you learn the 
practical way. 

Learn basic Radio and Electronics at home - the fast, 
modern way. Give yourself essential technical 'know- 
how' - like reading circuits, assembling standard corn - 
ponents, experimenting, building - quickly and without 
effort, and enjoy every moment. B.I.E.T.'s simplified 
study method and the remarkable TECHNATRON Self - 
Build Outfit take the mystery out of the subject, making 
learning easy and interesting. 

Even if you don't know the first thing about Radio now, 

you'll build your own Radio set within a month or so! 
and what's more, you A 14- year -old could understand 

will understand exactly what and benefit from this course - 
you are doing. The TECHNA- but it teaches the real thing. The 
TRON Outfit contains every- easy to understand, practical 
thing you need, from tools to projects - from a burglar -alarm 
transistors - even a versatile to a sophisticated Radio set - 
Multimeter which we teach you help you master basic Radio 
to use. All you need dive is a and Electronics - even if you are 
little of your spare time and a 'non -technical' type. And, if 
the surprisingly low fee, pay- you want to make it a career, 
able monthly if you wish. And B.I.E.T. has a fine range of 
the equipment remains yours, courses up to City and Guilds 
so you can use it again and standards. 
again. Specialist Booklet 
You LEARN - but it's as 
fascinating asa hobby. 
Among many other interesting 
experiments, the Radio set you 
build - and it's a good one - 
is really a bonus. This is first 
and last a teaching course, 
but the training is as fascinating 
as any hobby and it could be the 
springboard for a career in Radio 
and Electronics. 

FREE 
BRITISH INSTITUTE 

OF ENGINEERING 

TECHNOLOGY 

If you wish to make a career in 
Electronics, send for your FREE 
copy of "NEW OPPORTUNI- 
TIES". This brand new booklet - 
just out - tells you all about 
TECHNATRON and B.I.E.T.s" 
full range of courses. 

Dept. B9, ALDERMASTON COURT, READING RG7 4PF 

Accredited by the Council for the Accreditation 
of Correspondence Colleges. 

POST THIS COUPON V rOrl FREE BOOK 

r 7 B91 

I NAME AGE I 
(BLACK CAPITALS) 

I ADDRESS 

I 1 

I I 
LSUBJECT OF INTEREST 
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COMPONENTS 
HOBBYIST - AMATEUR - DOMESTIC SURPLUS - 

INDUSTRIAL - BULK OFFERS 

JUST A FEW OF OUR BARGAINS ARE LISTED BELOW - PAY US A VISIT 
OR SEND STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON YOUR REQUIREMENTS 

VALVE BASES 
Chassis or printed circuit B9A B7G .. 3p 
Chassis UX7 B5 UX5 B9G 3p 
Shrouded chassis B7G B9A .. 4p 
Octal chassis 4p 
B8A chassis 5p 
B12A tube base 3p 

TAG STRIP 
6 way 2p Single 1p 

KITS 

Plans separate 10p 

Wide band signal 
injector 85p 

Car 12V to 0 -9V 
cassette or radio 
supply £1.50 

11 glass fuses- 250 m/a or 3 amp (box of 12) 6p 
3" tape spools 4p 
FX2236 Ferrox Cores 5p 
PVC or metal clip on M.E.S. bulb holder 3p 
All metal equipment Phono plug 2p 
Bulgin, 5mm Jack plug and switched socket (pair) 20p 
12 volt solenoid and plunger 25p 
250 RPM 50 c/s locked frequency miniature mains motor 50p 
200 OHM coil, 14" long, hollow centre 10p 
Relay, P.O. 3000 type, 1,000 OHM coil, 4 pole c/o 60p 
R.S. 12 way standard plug and shell 502 

Pole Way 
4 2 
6 4 
1 11 

4 3 
3 7 
2 5 
1 3 
1 3 
2 2 

2 

SWITCHES 
Type 

Sub. Min. Slide 

Wafer Rotary 

10p 

12p each 

off Sub. min. edge 10p 
13 amp small rotary 12p 
Locking with 2 to 3 keys 

£1.50 
1 2 Amp 250V A.C. rotary 20p 

RESISTORS 1i¡ watt 1 p 
1 watt l f p 
Up to 10 watt wire 8p 
15 watt wire 
wound 10p 

SKELETON 
PRESETS 

5Kor500K 3p 
SAFETY PINS 

Standard size. 10 for 4p 

VALVES NEW AND BOXED 

DY86 44p 
EB91 26p 
ECC82 36p 
ECC83 36p 
ECH81 44p 
EABC80 46p 
EBF89 44p 
ECL82 44p 
ECL86 56p 
EF80 36p 
EF85 44p 
EF86 44p 
EF91 52p 
EF183 40p 
EF184 44p 

EM87 90p 
EL84 36p 
EY86 46p 
EZ80 30p 
PCC84 50p 
PCC89 62p 
PCF80 38p 
PCF82 50p 
PCL82 38p 
PCL84 50p 
PCL85 64p 
PCL86 56p 
PL36 78p 
PL81 72p 
PL83 56p 

PL84 46p 
PY81 40p 
PY82 42p 
PY88 52p 
UABC80 58p 
UCL82 50p 
UL84 50p 
UY85 42p 
UM84 32p 
UCH81 44p 
6BA6 26p 

MANY 
OTHERS 

RESETTABLE COUNTER 
English Numbering Machines LTD. 

MODEL 4436 -159 -989 
6 -14 volt, 6 digit, illuminated, fully enclosed. £2.50 

DIE CAST 
ALLY BOX 

4gx31x2Swith 
lid 50p 

5K switched volume 
control 15p 
5K Log Pot 10p 
1 meg Tandem Pot 15p 

BSR TD2 TAPE 
MOTOR UNITS 

With record - 
playback - 
erase heads £2.50 

STEEL BOX WITH 
LID 

10x5 -kx3 "grey 
hammer finish £1 

RELAY 
6 volt, 2 pole c/o heavy 

duty contacts 50p 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 
Open 10 a.m. till 8 p.m. Monday to Saturday Phone 01 -223 5016 
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ELECTROLYTICS 
Mullard C426, TCC, CRL, CCL, HUNTS, STC 
SUB MINIATURE, ETC. 
MFD Volt MFD Volt 

16 50 20 12 4p 260 12 500 6 each 50 50 100 25 
100 18 100 6 

2 125 10 
S 

6 3 p 

8 50 5p 8 6 each 
12 20 each 25 6.4 3p 
10 20 250 18 7p 

8.2 20 400 16 6p 
50 25 400 40 10p 

2.5 64 8 500 9p 
25 25 100 200 10p 
CONDENSERS 

MFD Volt 
0.005 500 
0.001 1,250 
3.3PF 500 2p 
500 PF 500 each 
2,200PF 500 
3,300PF 500 
0.1 350 
0.1 500 
0.25 150 
0.056 
0.061 3p 
0.066 5% each 
0.069 
0.075 350V 
0.08 
0.1 1,500 4p 
0.25 350 f each 
0.5 350 5p 
0.22 250 5p 
0.25 500 5p 

TUNING GANG 
100PF, 50PF, 33PF 

20p each 
TRIMMERS 

30 PF Beehive 
12PF P.T.F.E. 10p 2,500PF 750V each 33PF MIN. 
AIR SPACE 

1 MFD 350 volt 10p 
5MFD150volt 40p 
10MFD150volt 50p 
0.03 12 volt 2p 
470PF 500 volt 2p 

8MFD 800 volt 
electrolytic 75p 

WIREWOUND POTS 
250, 350 OHM, 1K, 4 watt, 10K, 20K, 

50K, all at 10p each 

RECORD PLAYER' CARTRIDGE 
ER.5XME Mono, with turn over stylii, 

single hole fixing 35p 
GREEN INDICATOR 

Takes M.E.S bulb 10p 
CONNECTOR STRIP 

Belling Lee L1469, 12 way polythene. 5p each 
CAN CLIPS 

1" or 1" or 4" 2p 
T.O.5 HEATSINKS 

Style 154 high conductivity 5p 
PAXOLINE 

2jx4ax- "or3x2fx V 2p 
41x4-x - ", 2forlp 
220K 3 watt resistors 2p 
VALVE RETAINER CLIP, adjustable 2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 20p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

LARGE ORDERS, ADD SUFFICIENT FOR 
POSTAGE, INSURANCE, ETC. 
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COMPONENTS 
HOBBYIST - AMATEUR - DOMESTIC SURPLUS 
INDUSTRIAL - BULK OFFERS 

JUST A FEW OF OUR BARGAINS ARE LISTED BELOW - PAY US A VISIT 

OR SEND STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON YOUR REQUIREMENTS 

SEMICONDUCTORS 
Full spec. marked by Mullard, etc. Many other types in stock 

A :127 
AC187 
AC188 
AD149 
AD161 
AD162 
Matched pair 

11p 
14p 
14p 
30p 
27p 
27p 
50p 

AF116 14p BFY52 

AF117 

BC107 

BC108 

BD131 

BD135 

14p 

7p 

7p 

50p - 25p 

BCY40 

2N706 

2N2401 

2N3055 . 

T.0.3 mica washer 

TRIAC 6 Amp 400 volt BT110 -400 plastic . . 

DIAC BR100 

BRIDGE 

Amp Volt 
1,600 BYX10 30p 

1 140 OSH01 -200 30p 
1.4 42 BY164 35p 

Plastic types 

RECTIFIERS 
Amp 
2 

0.6 

Volt 
30 LT120 

6 -110 EC433 

Encapsulated with built -in 
heat sink 

UNMARKED TESTED 

AC128 6p 
ACY17-20 8p 

BC179 10p 

BCY30-34 10p 

BY127 8p 

3ZY88 series 6p 

0A200-5 6p 

0C44 6p 

0071 6p 

0072 6p 

0C200 -5 6p 

2N2926 5p 

Germanium 
diode 3p 

BNC 50 ohm free plug (UG88D /U) 
40p 

BNC 50 ohm square socket 
(UG290A /V) .. .. 40p 

1" Terryclips, black plastic 
coated, or chrome finish .. 4p 

Cinch 10 -way terminal block 15p 

Pair of LA2407 Ferrox cores 
with adjuster .. . 25p 

Chrome Car Radio facia 15p 
Rubber Car Radio gasket .. 10p 

DLI Pal Delayline . £2 

Relay socket .. 12p 
Take miniature 2PCO relay 

B9A valve can 2p 

0 -30 in 5 segments, black 
pvc, 360 dial, silver digits, 
self adhesive, 41" dia. . . 15p 

0.25MFD 

1MFD 

2MFD 

2MFD 

15M FD 

PHOTOCELLORP 12 

F.E.T. N. channel BFW10 

43p 

40p 
10p 

45p THYRISTORS 
Amp Volt 

8p 
1 400 CRS1/40 30p 

15p 
1 240 BTX18-200 30p 

35p 1 240 BTX30-200 30p 

2p 1 700 BT106 .. 85p 

75p 3 400 CRS3/40 72p 

30p 6.5 300 BT102-300R 80p 

6.5 500 BT102-500R 90p 

6.5 500 BT107 90p 

30p 6.5 500 BT108 .. 90p 

6.5 500 BT101-500R 90p 

6.5 500 BT109-500R 90p 

15p 20 600 BTW92-600RM £1.25 

PAPER BLOCK CONDENSER 

800 volt 

400 volt 

250 volt 

1.5 kv 

150 volt 

30p 

15p 

20p 

50p 

25p 

Phillips Iron Thermostat . . 

Bulgin 2 -pin flat plug and 
socket .. 

McMurdo PP108 8 way edge 
plug .. 

300 ohm moving coil insert 
4103D 1 á "diameter. Make 
ideal mike or speaker for 
communication work . . 

15p 

10p 

15p 

25p 

WE 

BUY 

SURPLUS 

COMPONENTS 

ETC. 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

I)E('EM13ER 1972 

Cinch standard 0.15 
pitch edge socket 8 
way 20p 

U.E.C.L. 10 way pin 
connector 2B6000 
OA1 P10 .. 20p 

U.E.C.L. 20 way pin 
connector 
2A60000A1 P20 30p 

U.E.C.L. 10 way pin 
socket 28606001R10 

20p 

U.E.C.L. 20 way pin 
socket2B60800A1 R20 

30p 

WIREWOUND 
SLIDER 

150 Ohm, 250 Ohm 5K 
4p each 

INDICATORS 
12 volt red or mains 
neon amber, push fit 
round, chrome bezel 

15p each 

Rotor with neon in- 
dicator, as used in 
Seafarer, Pacific, Fair- 
way depth finders 

20p each 

100MFO 250/275V 
electrolytic can 20p 

DEE PLUG 
McMurdo DA15P 15 
way chassis plug 20p 

Fairway 18009 Coax. 
socket 5p 

TIE CLIPS 
Nylon self locking 32," 
1p;7 "2p 

CINCH 150 
12 way edge socket 

10p 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 
Open 10 a.m. till 8 p.m. Monday to Saturday Phone 01 -223 5016 
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DENCO (CLACTON) LIMITED 
355 -7 -9 OLD ROAD, CLACTON -ON -SEA, ESSEX 

Our components are chosen by Technical Authors and Constructors throughout 
the World for their performance and reliability, every coil being inspected twice 
plus a final test and near spot -on alignment as a final check. 

Our General Catalogue showing full product range 
DTB4 Transistor Et Valve circuitry for D.P. Coils 
DTB9 Valve Type Coil Pack Application circuitry 
MD.1 Decoder Circuitry for Stereo Reception 

18p 
18p 
18p 
21p 

All post paid, but please enclose S.A.E. with all other requests in the interests of 
retaining lowest possible prices to actual consumers 

RSGB 1O GALL BOOK 

AMATEUR 
RADIO Edition 

These are just four of a complete 
range of technical publications, log books 

and maps for the Radio Amateur. 
Send s.a.e. for complete list 

RADIO SOCIETY OF GREAT BRITAIN 
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BIPREPAK 
COMPLETE 
TELEPHONES 

}a Normal household type 
as supplied to the Post 

1110",J Office, ex. G.P.O. Only 
95p each. p. & p. 35p 
each. 

TELEPHONE DIALS 
Standard Post Office type. 

Guaranteed in working order. 

ONLY 2Sp 
p. & p. 15p. 

TESTED AND GUARANTEED PAKS 

S I 4Photo Cell,, sun eats.,,.. 50 
O 1 to 0 SV. 0 S eo 3mÁ. P 

79 4 1N4007 Sil Rec. diodes. 
1,000 PIV lamp plastic 50p 

B al 10 Rr:d swiahe., mix.d [rps 50p yn. d smdl 

B M 200 Miete capaters. á0 ewnutY. ceunu0 br weitht P 
Mal 250 Mixed Res or, Apprex. SOP 

euenatr ud`by wgne 
e17 40 wir.weand Resl 

croo ene voluta 
Mixed 50p 

M9 2 .`ZT`14,::`,,;a.sn,. 
HL 20 OC100'1 2;3 PNP Silicon 

ceded TU -S can 

S0p 

50p 
Mle 20 hïd`VONyt a"41V SOp 
MIS I00 Mixed Modes. Germ Geld Sop bonded, an 

Unmoltee 

H1a 30Sort'led Trenuttora, NPN 
SOP SdiCOn lanar tlPes 

HH 10 BMC%31fIpiWP¢aM ̀HS SOp 
H40 20 BFY50/2, 2N696, 2N1613. NPN 50p Silicon uncoded TO-S 

UNMARKED UNTESTED PACKS 

S ea ISO Germanium ?lodes 
Min. tlaa, [feat 

SOp 
u1 200 L', ;P : HiÑe.`iHi s %': °á SOp 

Germ 
aM IDD Siucon etDo ,oOde2 

0D0, 
0 

OA 302 S0p 
SSS 100 Sil 0,x4., sob m . 

Ir4414 and IN916 
in SOp 

S ea SO Sit. Trans. NPN, PNP 
oui. to 002001 

2N7p6A, BSY9SA, 
1 

etc. 
SOp 

S I 50 Ge-r,anm rran,.a,o.a 
Ph1P. A F R P F 

50p 
M6 40 25omW. z.n., 0iode. 

00.7 Min. Glas, TpP. 50p 

HN I Se+ r Tr.nsie[ora, N. Germ 
NPN Siliceo TOi Can P 

H17 20 1 amp Sio,on Stud 
. <t ter rtmited r 50p 

NIS 30Too Na[ silicon een,ros' SOP 750mÁ. Mieed volts 

N 16 Eep.rim 

supplitd 

ak el 
Circuits. Data SOp 

HIS 20 BY12H7Trp.LlicnRtcur.ra SOP 
I amo plesuc. orea .eles. 

MAKE A REV COUNTER 

FOR YOUR CAR 
The ' TACHO BLOCK'. This 

capsulatd block will turn any 
0-1 mA meter into a linear and 
ACOIrate rev counter for any 
car with normal coil ignition 
system. 

ì I each /ft 

OVER 1,000,000 

TRANSISTORS 

IN STOCK 
now try large of fu marked na guaranreed 

anPower 'ra rs, Diodes ana Retdi.recs at 7 mpeirirt 
ess Plea° seed o fret Car rogue. 

600 000 / , oing showed 
o 

i o b e os f remarkably 

a o PNP. similar ro Zix SOO. 1111701 3, KCr /0 ere. 

,.am NPN. slider m zTx100. 1111700 9 SCIOI I 60164 9 ea: 

ry ! NPN and Sw.t,h.ng NPN. 

i ne stare type of Trames?, reçuvea when ordering. 

ALL AT S00 for UW 1,000óresw 10.000 for gaO.00 

OUR VERY POPULAR 3p TRANSISTORS 
TYPE "A PNP Silicon alloy. TO -S San. 
TYPE "B" PNP S,LCOn, plastic enca ,.su larron. 
TYPE "E" PUP Germanium AF or RF. 
TYPE "F" NPN Siócon ',tattoo encapsulation. 
TYPE "G" NPN Silicon, similar ZTX300 range. 

TYPE "H" PNP Silicon. similar ZTXSOO range. 

POWER TRANSISTOR 
PRICE BREAKTHROUGH! 

PLASTIC CASED SILICON POWER TRANSISTORS OF 
LATEST DESIGN. 40 WATTS and 90 WATTS. PNP B NPN 
TYPES. 
ALL TYPES AVAILABLE AT THE MOST SHATTERINGLY 
LOW PRICES OF ALL TIME. ALL ARE FULLY TESTED., 
MARKED AND GUARANTEED! 

1 -12 13 -15 26-SO 
40W NPN 20p lap tap 
40W PNP Up 19p 17p 
90W NPN lap 21p lop 
90W PNP 1Sp lip 21p 

PAK PARS of complementary pairs 
MP 40 40W 40W SOp 45p 44p 
MP 90 90W 90W 60p Sap 54p 

A CROSS HATCH 
GENERATOR 
FOR ,3.50!!! 

YES. complete tit of parts including Printed Circuit 
Board. A four position switch g.res K- hatch. Dots. 
Vertical or Hontontal lines. Integrated Circuit design for 
easy construction and reliability. Ti,., is a proved in the 
September edition of Practical Television, 

Thi complete kit of parts cols E].50, pod 
paid. 
A MUST for Colour T.V. Alignment. 

Our famous P1 Pak Is dill leading in valve for 
money. 
Full of Short Lead Sem.conducto,s el Electronic Corn. 
ponenIS, approx. 175. We guarantee al feast 30 really 
nigh Quality factory marked Transistors PNP NPN. 
and a host of Diodes at Rectifiers mounted on Printed 
Circuit Panels. Identification Chad supplied to owe some 
information on Me Transistors. 

Please ask for Pak Pl, only SOp 
10p P 6 P on this Pak 

FREE CATALOGUE 
FOR 
TRANSISTORS. 
RECTIFIERS. 
DIODES, 
INTEGRATED 
CIRCUITS, 
FULL PRE -PAK 
LISTS. 

!, 

8 RELAYS FOR 
VARIOUS TYPES E I 

P. & P. 25p. 
VARIOUS TYPES 

POST a PACKING 2Sp 

INTEGRATED CIRCUITS 
THE LOWEST PRICES OF ALL FOR YOUR OTL 

LOGIC .1 -12 13 -25 26-SO 
Clocked flip Flop BMC931 /Op tap 16p 
Ex. 2/4-input Buffer BF1C932 tip lip 10p 
2'4-input Expander BMC933 11p lip 10p 
Hex. Inverter BMC934 11p lip 10p 
Hex. I BMC91S 11p lip IOp 
Hex. Inverter BMC9S6 11p lip 10p 
Hex Inverter BMC937 lip 11p 10p 
Decade Counter 8MC930 15p 2Sp 11p 
D.e by 16 Counter BMC939 15p 2Sp 11p 
Hex. Inverter BMC940 lip lip ISp 
He, Inverter 0MC94I lop Up 10p 
Type D. op Flop BMC942 20p tap ttp 
Ex. 2;4 -input Power BMC944 lop lip 10p 
Clocked Flip Flop BMC945 lop lap tap 
4 2 Input Nand GeteSMC946 ltp 10p 9p 
Clocked Flip Flop BMC94S 20p lap 16p 

4 2 Input Nod Gate BMC949 12p 11p 10p 
Pulsed Trig. Binary BMC9S0 20p lap 16p 
Monostable Mull vib. BMC951 1Sp lip 21p 
Dual l K Hip Flop BMC953 20p lip lap 
Dual 1 h Fop Flop BMC9SS 20p lap 1,p 
Dual l K Flip Flop BMC956 10p tip 16p 
Quad. 2-input Power BMC9SS lip lip 10p 
2 e..nput Gate B11C961 lip lip IOp 
3 3.input NAND Gate BMC962 11p lOp 9p 
3 3.npu[ NAND Gate BMC %3 12p lip 109 
Audio Amp. 3-watt, 51030 (1.50 El 45 t1.36 
Lnear Op. Amp 709C 1Sp 20p 1Sp 

Decade Counter SN7490 6Sp 60p Sip 

LOW COST OUAL IN LINE t C SOCKETS 
14 pin type at 1Sp each Now new low proble ,,pe 16 pin type at I6p each 

BOOKS 
We have a large ,election of Reference and 
technical Books on stock 
These are luit two of Our popular lines 
.P.1 Transistor Equivalents and 

Sabultutee; 40p 
Th.s includs many thousands of 
U S A European and C V edu.ralent, 
The Riff. Redre Valve L Tranucor 
Data Beak e,'. Edition P 6 P 2lp )Sp 
C ha sett OS o1 3.000 valves and tubes. 

S00 Transistors. Diodes. Rctifier and 
Integrated Gnons. 
Send for Intl of these Eno 1101 publicacion,. 

C /------ - 
r ieost ,and me the FREE 6,- P,e.Pak 

NAME I 
ADDRESS I 
MINIMUM ORDER SOe CASH WITH ORDER II 
PLEASE Add M. post and p,kne p .r dar 

liiO ERSE AS ADD EXTRA roe POSTAGE -- --_- -0 
EPT. C, 222-224 BI- PRE -PlAK LTD TELEPHONE :SOUT EN ( 0702)4634dElFF- ONSEA,E65EX,SSO 90F 

DECEMBER 1972 285 

www.americanradiohistory.com

www.americanradiohistory.com


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

7 P, 9 N SG 9 T/ 0 N/ N C A & YO (/ 
CAN71270 YE,e'S'AN 

1 SL/CEO LDAF 

f BDTTLE PDG ,PD!'ER 6f 
r!FA/L45L T/b1TA BASK A,H'/NE I 

1 NOME ,PAG/0 CATALOCv'/E 
(fA/L/N6 THl4TABLbKOF/'E.Prr) f T,YOU 

(*.f/uN6TyATACOCO 72Zr,teWENcwóca') 

For the benefit of those who have a scientific rather 
than a literary bent, may we explain? Omar Khayyam was 
a Persian Tent Maker who lived in the 11th Century. 
He was also a Poet, Philosopher and Astronomer. Thanks 
to the fine translation by Edward Fitzgerald, his best 
known work is the exquisite " Rubaiyat." It was first 
produced in England as a pamphlet and offered at sixpence. 
It didn't sell and was reduced to twopence. As there are 
only three known copies left in existence you may imagine 
what they are worth today) 

One of the best known verses runs as follows: 
'Here with a loaf of Bread beneath the Bough, 
A Flask of wine, a Book of Verse and Thou 
Beside me singing in the Wilderness 
And Wilderness is Paradise enow.' 

Our "new look" catalogue 
is hot off the press! Larger 
pages, many new items and 
pictures. Now, more than 
ever, it is a "must" for 
every keen constructor. 

Full details of our popular 
Credit Account Service are 
given in the catalogue. 

The price of 75p applies 
only to catalogees pur- 
chased by customers in the 
U.K. and to BFPO addresses. 
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We hope that throws some light on our cartoon. If you 
read the poem you are bound to come to the conclusion 
that O.K. liked his tipple - obviously a thoroughly 
"good type." 

What's all this to do with Electronics? you may well 
ask 1 11 

Nothing really, but after all this is the Christmas 
Number, so we should be able to let our hair down. In 
any case we are sure you must already know that we 
produce an excellent Components Catalogue which will 
make interesting holiday reading for you, listing as it 
does some 6,785 items lover 1,750 illustrated) and costing 
only 75p including postage and packing, (only 55p if you 
collect it). It also contains 10 vouchers (each worth 
5p when used as directed). Are you convinced? No? 
Well you'd better go out and buy Omar's "Rubaiyat" instead? 

POST THIS COUPON with your 
cheque or postal order for 75 pence -- =EN ono ff - - Now tI 

IPlease write your Name and Address in block capitals 

I Name 

IAddress .. .. ' 

HOME RADIO (COMPONENTS) LTD., Dept.RC 
234 -240 London Road, Mitcham, Surrey CR4 3F-D. L - ti ai ti ai - E ri - MN - - ti tt 
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USING THE F.E.T. 
by 

M. Harding 

Some notes on the functioning of the field effect transistor, 
together with a typical circuit application in which it may be 

employed. 

ONE OF THE FIRST THINGS THAT ONE LEARNS ABOUT 
the field effect transistor or f.e.t. is that it has 
properties more like those of the thermionic valve 

than those of the ordinary transistor. 
The f.e.t. is a voltage controlled device unlike the 

conventional transistor, which is current operated. One 
of the most important properties of the f.e.t. lies in its 
very high input resistance, although there are some other 
useful features which will be briefly discussed. 

The f.e.t. is by no means a new device, for if one goes 
back to 1933 reference can be found to a patent taken 
out by J. E. Lilienfeld concerning a field effect device 
from which, in 1952, W. E. Shockley was able to 
develop the first practical f.e.t. 

INTERNAL CONSTRUCTION 

In order to get to grips with any device it is necessary 
to briefly consider its internal construction together 
with its characteristic behaviour. In almost all accounts 
about the f.e.t. various terms turn up which tend to give 
the device a slight aura of mystery. Such terms are 
'depletion layer' and 'enhancement mode'. A brief 
explanation of these aspects of the device will be given 
in order to enable the reader to make fullest use of the 
device. 

Fundamentally there are two types of f.e.t. in common 
usage, these being 

(a) the jugfet or junction gate f.e.t. 
(b) the igfet or insulated gate f.e.t. 
This latter device is more commonly called the mosfet 

or metal oxide silicon f.e.t., and therefore throughout the 
288 

rest of this article 'mosfet' will be used to describe the 
insulated gate type of f.e.t. For the most part we will be 
concerned with the jugfet and will conclude with a 
practical design for an a.f. buffer stage which illustrates 
the way in which the f.e.t. characteristics may be 
exploited. However, comparisons will be made with the 
mosfet because of the importance of the latter device. 

PRINCIPLES OF OPERATION 

Fig. 1(a) illustrates the basic structure of the jugfet. 
Just like the ordinary transistor there are three electrodes, 
but this time they are called the gate, source and drain. 
The so- called channel is formed by the region of 
semiconductor material connecting the source and 
drain. In the diagram this is shown as being composed 
of n type silicon and the device would be referred to as 
an n channel f.e.t. In fact just as we have p.n.p. tran- 
sistors to complement n.p.n. types, reverse polarity or 
p channel f.e.t.s also exist. 

As shown in the diagram, with an n channel f.e.t. 
the gate region is p type silicon, and in this article only 
n channel devices are considered. 

It should be noted that both drain and source 
contacts are non -rectifying or ohmic contacts and 
therefore the current flowing between them is propor- 
tional to the applied voltage across them. 

As a useful guide it can be said that in general the 
source is the common electrode, the gate the input 
electrode and the drain the output electrode. 

Like the thermionic valve the majority current 
carriers in an n channel f.e.t. are electrons and they 
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Gate 

Drain 

Gate 

Source 

(a) 

Drain 

p -n junction 

n type channel 

p type gate region 

p type semiconductor substrate 

n type drain region 

(L) 

Insulating layer 

n type channel 

p type substrate 

n type source region 

Fig. 1 (a). Basic construction of an n type channel 
junction gate f.e.t. 

(b). The n channel depletion mosfet 

flow between source and drain --these electrodes being 
very aptly named. It is interesting to contrast this situa- 
tion with the ordinary transistor which uses two types 
of current carrier, i.e. electrons and holes. Inconsequence 
the f.e.t. is often referred to as a unipolar device in 
order to distinguish it from the ordinary transistor 
which is then referred to as a bipolar device. 

In normal operation the gate to source junction is 
reverse biased and therefore the input impedance can 
be very high indeed, some hundreds of megohms. With 
certain mosfets the figure can reach a million megohms: 
The basic structure of a mosfet is illustrated in Fig. 1(b). 

To return to the jugfet we find that when the gate - 
source bias is increased the so- called depletion layer, 
in the region of the junction, extends into the channel 
and effectively reduces its width. (A short discussion on 
the depletion layer is included at the end of this article.) 
Accepting that this depletion layer is encroaching into 
the channel, the result is going to be a higher channel 
resistance and therefore a smaller channel current flow 
for a given potential between source and drain. 
DECEMBER 1972 
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ID 

Drain 
current 

mA 

VD5 ( Drain/source voltvge) 

OV 

Vgsr iV 

s 
- 2V 

Fig. 2. Typical drain current - voltage character- 
istic curves for a jugfet 

It is from this behaviour that the device gets its name, 
since changes in the transverse electric field of the 
junction region produces changes in the channel 
resistance. And so, we have a device which acts as a 
voltage controlled resistance. If we put a load resistance 
in series with the drain we have a direct current 
amplifier. 

It is useful at this point to consider a graph showing 
the relationship between drain current Id and drain -to- 
source voltage Vds for three values of gate voltage. The 
result for a typical n channLl f.e.t. is shown in Fig. 2. 
Valve men will at once see the similarity between the 
graph of Fig. 2 and the transfer characteristics of the 
pentode. The graph relating the drain current to gate -to- 
source voltage is shown in Fig. 3. For those with 
mathematical inclinations it can be shown that this 
characteristic has a square law relationship. This point 

VP 

(pinch off 
voltage ) 

Vgs (gate /source voltage) 

Fig. 3.Curve showing drain current against gate 
voltage 
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is of sorre importance when the f.e.t. is used as a mixer 
because it gives the device an excellent cross- modulation 
characteristic. This graph is also useful in showing the 
value of gate to source voltage required to completely 
cut off the source to drain current. This last parameter 
is called the pinch -off voltage Vp and varies, from device 
to device, from between as little as 3V to about 10V. 

Of note is the fact that some jugfets are symmetrical, 
i.e. the drain and source are interchangeable, and the 
appropriate circuit symbol is shown in Fig. 4(a). 
However is should be noted that this symbol is some- 
times used for a non -symmetrical jugfet and one should 
not take too much for granted in this respect. Fig. 4(b) 
shows the symbol which is normally used for a non - 
symmetrical jugfet. Both Fig. 4(a) and 4(b) show n 
channel devices. The arrow on the gate electrode is 
reversed for p channel devices. The symbol commonly 
used for the mosfet is shown in Fig. 4(c), a fourth lead 
being attached to the substrate. Fig. 4(d) shows the 

'A E 

E 

GATE 

GATE 

(a) 

DRAIN 

SOURCE 

SOURCE 

DRAIN 

O'.4RC E 

(d) 

SOURCE 

PtiTRATE 

SUB ST RATE 

Fig. 4. Commonly employed circuit symbols. 
Those in (a) and (b) are for symmetrical 
and non -symmetrical jugfets respective /y. 
A mosfet is shown in (c) and a 2 -gate 
mosfet in (d). All devices are n type channel 

symbol used for the dual gate mosfet, which has par- 
ticular application in r.f. stages. 

It should be realised that up to now we have been 
discussing the depletion layer type of jugfet. The 
depletion mosfet functions in the same manner as the 
depletion jugfet. A thin channel of n material appears 
between source and drain, and is affected by gate 
potential in the same way. However, using the mosfet 
technology it is also possible to produce an f.e.t. in 
which the channel is not present between source and 
drain until the appropriate gate bias is applied. This 
type of f.e.t. is called an enhancement device and has 
the useful property that it is normally non -conducting, 
i.e. with zero gate voltage no source -to -drain current 
flows. In fact it has to be turned on by the application 
of suitable gate bias. The main field of application is in 
the realms of logic circuitry because of the switch -like 
characteristics coupled with the fact that in manu- 
facture many hundreds of these devices may be crammed 
onto a single chip of silicon. This means that complex 
functions such as large shift registers, which are 
encountered in computer engineering, may be built in 
a single package. Medium Scale Integration (M.S.I.) 
using bipolar transistors is, of course, already well 
established but mosfets offer the possibility of producing 
nearly all the electronics of say a digital voltmeter in 
a single multilead package. This is called Large Scale 
Integration (L.S.I.) and it is in this field where the 
enhancement mosfet is really coming into its own, but 
that's another story. 

The proper symbol for the enhancement mosfet is 
shown in Fig. 5(a) and a simplified version of the same 
thing, which is commonly encountered, is shown in 
Fig. 5(b). 

GATE 

GATE 

DRAIN 

SOURCE 

DRAIN 

SOURCE 

(a) 

(b) 

..UBSTRATE 

Fig 5 (a). Symbol for an enhancement mosfet 
(b), Another symbol employed for this type 

of f.e.t. An arrow may be added to the 
substrate connection to indicate chan- 
nel polarity, as in Figs. 4 (c) and (d) 
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SOME COMPARISONS 

A lengthy discussion of the various attributes of the 
two basic types of f.e.t. and ordinary bipolar devices 
would be out of place but some important points must 
be brought out. 

It has already been pointed out that the f.e.t. has a 
high input impedance which can be anything from 100 to 
100,000 M f) shunted by 1 to 10 pF. The f.e.t. has an 
output impedance similar to that of the bipolar tran- 
sistor but, of course, the input impedance of the latter 
device is more typically lkQ shunted by a higher 
capacitance. For a typical jugfet type MPF105, an input 
capacitance of 4.5pF would be representative. 

Looking at the mosfet we note that the device is 
capable of handling large positive and negative input 
swings without degredation of the input impedance due 
to diode current loading -this is very useful when 
a.g.c. is involved. Indeed the mosfet can offer a useful 
low noise amplification up to 250MHz. 'A typical 
R.C.A. device type 40603 has a 24dB power gain at 
100MHz. The reverse transfer capacitance for a mosfet 
is typically 0.02pF compared with the jugfet 1.5pF. 
Because of these features, together with the advent of 
the dual -gate mosfet which features two separate 
channels each having an independent control gate, the 
mosfet is an attractive r.f. amplifier and mixer. Indeed 
the dual -gate device has applications as product detec- 
tors, balanced modulators and in colour demodulation 
circuitry, and as a bonus no neutralisation is required. 

On a practical note, static charges produced when 
handling the device can cause permanent damage to the 
mosfet gate insulation although most modern devices 
have protection diodes connected to the gate to prevent 
damage. 

We can see that mosfets are an attractive proposition 
to the designer of v.h.f. front ends and the like. Why do 
we not see the jugfet in common usage as a Class A low 
level amplifier more often than we do? If we consider 
a widely used jugfet such as the 2N3819, then without 
selection of devices one would have to compensate for 
a 10 to 1 variation in drain current which, with a 
self -biasing stage, is a bit tricky. 

If we turn back to the jugfet's high input impedance, 
however, we find a very useful feature indeed. In general, 
with very large values of source resistance the noise 
performance of an f.e.t. can be better than that of a 
transistor. From this it will be realised that with 
transducers such as the ceramic or crystal pick -up type, 
the f.e.t. could offer some useful advantages. 

Armed with this information we will look at a practical 
circuit for a buffer amplifier for use with a ceramic 
cartridge. 

PRACTICAL CIRCUIT 

The simple circuit of Fig. 6 uses the jugfet in a source 
follower configuration which is similar in many ways to 
the emitter follower configuration given with bipolar 
transistors. The input impedance is substantially 
constant at 2M CI from 15Hz to beyond 20KHz and the 
output impedance, with the 1011F coupling capacitor 
C2, is 5000 at 1 KHz. The voltage gain is just a little 
less than unity and the stage will handle signal swings 
of up to 2V peak to peak. The current consumption of 
the stage is some 1.5mA but will vary somewhat with 
individual f.e.t.'s dependent on manufacturing spreads. 

The circuit is useful as a buffer stage between any 
high impedance transducer such as a crystal microphone 
DECEMBER 1972 

C2 

OWF 
'2Vwkg 
'UI 

Output 

LS 

MPF 105 

Lead -outs 

RI, R2 I/8 watt '0 °/o 

C!- Polyester 

Fig. 6. Buffer amplifier for coupling a crystal 
microphone or a crystal or ceramic pick- 

up cartridge to an amplifier 

or a ceramic cartridge. It is quite well known that these 
devices need to operate into a high impedance if the 
low frequency response is not to suffer. Because the 
circuit of Fig. 6 is so simple the entire array of com- 
ponents may be assembler: in close proximity to the 
transducer; with a crystal microphone often within the 
case of the microphone itself. A simple Veroboard 
layout is shown in Fig. 7 and, as can be seen, using the 
0.15 matrix board, the entire circuit less the battery only 
occupies a square inch or so. 

+9V 

Output l---- 

Input 

o 

o 

o o 

o 

c/ o 

o 

o o o o 

Veroboard (0.15amatrix) 

Fig. 7 The components for the buffer amplifier 
may be mounted on a piece of Veroboard 
about 1 in. square. This diagram shows the 

component side of the board 
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The output impedance is low, as already stated, and 
therefore the output signal may be passed along quite 
a long length of cable without hum problems. 

On a practical point, it should be noted that the 
usual heat shunt was applied when soldering the f.e.t. 
into circuit and, as an added precaution, the iron was 
unplugged from the mains supply to ensure that high 
static voltages were not inadvertantly applied to the 
gate. This is a 'rather be safe than sorry' tactic and with 
jugfets is usually unnecessary. 

DEPLETION LAYER 

Before, concluding, let us deal briefly with the all - 
important depletion layer, since this facet of transistor 
physics is not always fully understood. 

What happens when p and n type materials are in 
close contact? If we take separate p and n type crystals 
and make their sufaces as flat as possible and then press 
them together the desired results expected of a p -n 
junction are not obtained. Instead both parts have to. 

be grown in one crystal arid opposite impurities intro- 
duced so as to form zones with a junction between them. 
With no external connections made to the zones, 
electrons in the n zone cross the junction into the p zone, 
which is almost void of electrons. Similarly holes in the 
p zone diffuse into the n zone. Both of these migrations 
form a conventional positive current flow from p to n. 
A so- called 'potential barrier' is formed and a balance 
is established when the barrier is just sufficient to 
counteract the tendency to diffuse. The important bit is 
that we now discover that the migrating charges un- 
cover, as it were, fixed ions -the atoms of impurities in 
the crystal lattice which have an electron each too many 
or too few. Therefore, at the junction a thin layer with 
fewer mobile charges than elsewhere exists. In conse- 
quence in the neighbourhood of the junction there is a 
small surplus of fixed charges which constitutes the 
depletion layer. In a conventional bipolar transistor the 
layer is only thousandths of a millimetre thick but in 
the f.e.t. it is the growth of this layer into the channel 
which gives the device its fundamental properties. 

SWI'T'CH 

ABBREVIATIONS 
m m e1111111111t111111/ 

There is, inevitably, a continual 
flow of newcomers to the hobby 
of radio construction, and it behoves 
the more experienced amongst us to do 
the courteous thing every now and 
again and explain points that to the 
initiated are obvious, but which are 
nevertheless very confusing for the 
novice. 

One of the matters which perplex 
beginners has to do with the abbrevi- 
ations employed for switches. These 

, components are often referred to by 
the abbreviations 'd.p.s.t.' and the like, 
and for those who are not in the know 
these references can be mystifying, to 
say the least. 

The four switch descriptions which 
are presented in abbreviated form are 
` s.p.s.t.', ' s.p.d.t.', 'd.p.s.t.' and 
'd.p.d.t.'. The letters 's.p.s.t.' stand for 
`single -pole single- throw' and they 
refer to a switch which has two con- 
tacts only. On one position of the 
switch these contacts are open whilst 
on the other position of the switch 
they are closed. That simple on -off 
electric light switch on the wall is an 
s.p.s.t. switch. 
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The abbreviation ' s.p.d.t.' means 
'single -pole double- throw'. This app- 
lies to a switch whose arm (the moving 
contact) connects to one fixed contact 
in one position and to another fixed 
contact in the alternative position. A 
switch of this nature is also frequently 
describéd as a 'changeover' or 'c.o.' 
switch. 

Some switches have two separate 
arms insulated from each other which 
move together as the switch is actuated, 
and these are the double -pole types. 
The contraction 'd.p.s.t.' stands for 
`double -pole single- throw'. In one 
position the two arms connect to two 
separate fixed contacts whilst, in the 
other position, both sections of the 
switch are open. Finally, 'd.p.d.t.' 
refers to 'double -pole double -throw'. 
A d.p.d.t. switch is merely two s.p.d.t. 
switches ganged together, as it were. 

These abbreviations are normally 
applied only to toggle and slide 
switches. They may occasionally be 
applied to simple 2- position rotary 
switches if these carry out the corres- 
ponding switching action. Normally, 
however, rotary switches offer more 

complex functions, and these are 
referred to by such terms as '3 -pole 
4 -way' and so on. A 3 -pole 4 -way 
rotary switch has 3 moving arms and 
4 positions. 

A very popular type of switch is the 
miniature rotary model having 12 
fixed contacts. These switches are 
mass- produced and individual versions 
have variations in the moving arm 
section and in the stop mechanism 
which limits spindle rotation. All 
versions of the switch have the 12 
fixed contacts, whereupon the switches 
are made up to employ all these and 
are available as I -pole t2 -way, 2 -pole 
6 -way, 3 -pole 4 -way and 4 -pole 3 -way. 
Because of their low price it is often 
economic to employ miniature rotary 
switches in circuits where not all the 
poles (or arms) are used. Thus, if one 
required a 2 -pole 4 -way switch, one 
could use a 3 -pole 4 -way miniature 
rotary switch and merely make con- 
nections to two of the poles and their 
fixed contacts only. The remaining 
pole and fixed contacts are simply 
ignored. 

RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


Trade News 
P.C.B. MARKING PENS 

Decon Dalo P.C.B. Marking Pens, until now sold in dozens, and there- 
fore restricted more to the larger electronics companies, are now available 
in half -dozens and single units, making them ideal for the smaller 
engineering department and laboratory engaged in small -scale and 
prototype p.c.b. production, and for the home amateur. 

Model 33PC is a nylon- tipped marker pen that applies an etch- resist 
ink to copper laminated board, in line thicknesses down to A in. 
A spare nylon tip in the body of the pen can be trimmed by blade for 
even finer work. The attractive point about this method of working is 
the time and trouble it saves - no masking or taping is necessary. Simply 
draw the desired circuit, and after a few minutes drying time the ink 
tracks are impervious to ferric chloride and all normal etchant solutions. 

'The new small- quantity prices are £3.85 including postage for a box 
of six pens; £1.00 post -paid for single orders (cash with orders for one- 
off). Decon will quote separately for larger orders and can now arrange 
to print customers' own names on the pen barrel, making them an ideal 
agency line or Christmas gift. Details from Decon Laboratories Ltd., 
Ellen Street, Portslade, Brighton, BN4 1 EQ. 

DEMAND FOR NEW BRAND OF COMPACT CASSETTES 
Fraser Peacock Associates Limited, the Wimbledon 

based audio- visual organisation have announced that 
demand for the range of compact cassettes which the 
company launched three months ago has "exceeded 
everyone's most optimistic forecasts ". 

The cassettes are available in 60, 90 and 120 minute 
versions. 

David Tuckman, a director of Fraser Peacock 
Associates, said: ` "It was a logical development for us 
to go into our own brand compact cassettes since an 
increasing part of our business over the last few months 
has been in the tape duplicating field. Our cassettes 
do have a tremendous price advantage, and they are 
also fully guaranteed ". 

ELECTRONICS KIT FOR STUDENTS 
Limrose Electronics have announced their new 

Electronics Kit which has been specially developed to 
meet the requirements of the Nuffield `A' Level Physics 
course. 

The kit consists of a number of modules which can 
be plugged into each other in any order and carry their 
own power rails. Some of the modules can accept other 
modules in both directions which is particularly useful 
in setting up large experiments. Electronic components 
are mounted on the front panel so that students can see 
how the circuits they are using have been constructed. 
The modules can be supplied either in kit form or fully 
assembled. The modules are housed in sturdy wooden 
cabinets and are robust enough to withstand considerable 
misuse both electrically and mechanically. 

All modules measure 124mm x 124 mm x 50mm 
and require 4mm patch leads fro making interconnections. 

In addition to the Basic Unit, Lamp Indicator, Switch 
(contact -bounce free), AND Gate, Multivibrator, Bistable 
and Beam Splitter Modules required to make up the 
Nuffield Starting and Working Kits, a number of 
extension modules such as Digital Readout, Triple 
DECEMBER 1972 

Lamp and Binary Counter are available. 
Prices are from £2.00 for the Lamp Indicator module 

to £7.50 for the Digital Readout module in kit form. 
Further information from Limrose Electronics Limited, 

8-10 Kingsway, Altrincham, Cheshire, WA14 1PJ. 
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D.C. 

VOLTMETER 

by G. A. FRENCH 

THE DEVICE WHICH FORMS THE 
subject of this month's 'Suggested 
Circuit' article is a d.c. voltmeter 

having a sensitivity of 200W per volt. 
This is, of course, a much higher sensi- 
tivity than is provided by a standard 
testmeter, and it corresponds to a 
current, at full -scale deflection, of 51.8A. 
A feature of the circuit is that it can be 
made up, in one version, with standard 
5% resistors in the input section. It 
incorporates a readily obtainable inte- 
grated circuit operational amplifier. 

CIRCUIT PRINCIPLE 

To appreciate the basic manner in 
which the voltmeter functions it will be 
helpful to commence by examining 
Fig. 1(a). This diagram shows an 
operational amplifier, depicted by the 
triangle, with connections applied to it 
under theoretical conditions. The in- 
verting input is identified by a minus 
sign and the non -inverting input by a 
plus sign, whilst the output appears at 
the right -hand apex of the triangle. R2 
is a resistor applying negative feedback 
to the inverting input of the op -amp 
and R1 is a resistor in series between 
this inverting input and the input to 
the complete circuit. It is assumed that 
the source of input voltage has zero 
internal resistance. Under these con- 
ditions the voltage gain offered by the 
complete circuit is R2 divided by R1. 

In Fig. 1(b) we use the circuit of 
Fig. 1(a) to function as a voltmeter. 
Across the output from the op -amp 
is connected a current reading meter 
in series with a pre -set variable resistor, 
the pre -set resistor being set up such 
that the meter reads full -scale deflec- 
tion when the voltage at the op -amp 
output is 1 volt. R2 and R1 are given 
the values shown. Since both these 
resistors have the same value, R2 
divided by RI becomes equal to unity, 
and the voltage gain of the complete 
circuit is similarly unity. If, therefore, 
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Fig. 1 (a). Basic operational amplifier circuit with feedback 
(b). Amplifier circuit offering a voltage gain of unity 
(c). An amplifier whose voltage gain is one -half 
(d). Here, the voltage gain is one - quarter 
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we apply a voltage of 1 volt to the 
input, the output will also be I volt, 
and the meter will read full -scale 
deflection. The polarity of the input 
voltage is such that the upper input 
point is positive. Since this point is 
coupled to the inverting input of the 
op -amp, the op -amp output will be 
negative. This output polarity corres- 
ponds with the polarity ascribed to 
the meter in Fig. 1(b). 

We turn next to Fig. 1(c), in which 
the conditions are the same as before, 
except that Rl has been increased to 
400kû. R2 divided by R1 and, hence, 
the voltage gain of the circuit, is now 
one -half, and it follows that an input 
voltage of 2 volts will cause an f.s.d. 
reading to be given in the meter. In 
Fig. 1(d) Rl is increased to 800kû, 
whereupon the gain of the complete 
circuit becomes equal to one -quarter. 
The input voltage which produces f.s.d. 
in the meter is now 4 volts. 

It will be obvious that we have, in 
Figs. 1(b), (c) and (d), an embryo 
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voltmeter having a sensitivity of 200kí2 
per volt. As has been demonstrated, 
the voltmeter is capable of giving an 
f.s.d. reading for any input voltage 
provided that the value of R1, in 
kilohms, is 200 times that voltage. A 
further point which may now be taken 
into consideration is that the inverting 
input of the op -amp is a 'virtual earth', 
since its potential varies by a negligible 
amount despite large shifts in the 
input voltage applied to the complete 
circuit. The circuit becomes, in con- 
sequence, a true voltmeter because the 
right hand end of R1 terminates in a 
point which is, to all intents and pur- 
poses, connected to the lower input 
terminal by zero resistance. The circuit 
responds, nevertheless, to the current 
which flows in R1, and this current is 
the applied voltage divided by RI. 

It is assumed here that, for zero 
input and zero output voltage, the 
inverting input of the op -amp is at the 
sane potential as the non -inverting 
input. In practice there is a small 
offset voltage but, with the integrated 
circuit which is employed in the practi- 
cal version, this is of the order of a few 
millivolts only, and should not notice- 
ably influence circuit operation. 

Brief mention of a minor point of 
detail may be included here for the 
benefit of newcomers to voltmeters of 
this nature. It was said, when Fig. 1(d) 
was discussed, that an applied voltage 
of 4 volts results in an f.s.d. reading in 
the meter. An input voltage of 2 volts 
will result in a half f.s.d. reading, and 
an input voltage of 1 volt will give a 
reading of a quarter of f.s.d. Thus, the 
arrangement of Fig. 1(d) is capable of 
measuring all voltages up to 4 volts. 
Similarly, the arrangement of Fig. 1(c) 
can measure voltages up to 2 volts and 
that of Fig. I (b) voltages up to 1 volt. 

Returning to the main theme, we 
may next consider R2. At first sight it 
might appear that this needs to be a 
close tolerance component, but such is 
not the case and a standard 5% resistor 
will be quite suitable here. If the 
resistor employed happens to be, say, 
on the upper limit of its tolerance, at 
210kû, all the gain figures shown in 
Figs. 1(b), (c) and (d) become multi- 
plied by a factor of 210 divided by 200. 
This discrepancy is taken up, quite 
simply, by adjusting the variable 
resistor in series with the meter 
accordingly. The variable resistor now 
becomes a 'Calibrate' component. The 
circuit of Fig. 1(b) could then be used 
to set it up, a known voltage of 1 volt 
being applied to the input of the com- 
plete circuit and the variable resistor 
then adjusted to give an f.s.d. reading 
in the meter. The circuit will still, under 
these circumstances, give its 200kû per 
volt performance. It is possible, even, 
to dispense with close tolerance 
resistors in the Rl position, the 
variable resistor in series with the meter 
being again adjusted to take up any 
discrepancies introduced thereby. This 
point is discussed at the end of the 
article, when a second version of the 
input circuit is discussed. 

A final design point is concerned 
with that fact that it has been assumed 
up to now that the device, functioning 
as a voltmeter, gives an f.s.d. reading 
in the meter when the output voltage 
from the op -amp is nominally 1 volt. 
This assists in the explanation because 
it enables simple figures to be em- 
ployed. But it would be possible to 
adjust the variable resistor in series 
with the meter to a setting which gave 
an f.s.d. reading for 0.5 volt, 2 volts, 
5 volts or any other voltage, within 
reason, at the output of the op -amp. 
The complete circuit would still be 
capable of functioning as a voltmeter 
although, of course, it would then be 
necessary to recalculate the value of 
R2 to obtain an input sensitivity figure 
of 200kû per volt. It so happens, how- 
ever, that in addition to easing the 
description of circuit operation, the 
nominal 1 volt figure represents a 
satisfactory practical value to work to, 
and it also enables a simple meter 
protection circuit incorporating two 
silicon diodes to be employed. 

WORKING CIRCUIT 

The full working circuit of the 
voltmeter is given in Fig. 2. In this 
diagram RI of Fig. I is replaced by 
whichever of R1 to R4 is switched in 
by the Range switch SI. R2 of Fig. 1 

reappears in Fig. 2 as R7. The pre -set 
variable resistor and meter are now 
given by VR2, R8, R9 and M1. The 
two silicon diodes just mentioned are 
D1 and D2. 

The integrated circuit is an ML741C 
and the numbers around its outline 
correspond to the 14 pin dual -in -line 
tag layout shown in the inset. Pin 4 
of the i.c. is the inverting input and pin 
5 the non -inverting input. Pin 11 is the 
connection for the positive supply and 
pin 6 is the connection for the negative 
supply. The similarity with Fig. I 

becomes very noticeable when it is 
remembered that the only major 
change introduced in Fig. 2 is the 
introduction of the battery supply 
which, of course, the i.c. must have in 
any case if it is to operate. The non - 
inverting input at pin 5 is not now 
returned to the 'zero line' as in Fig. 1, 

but to the potentiometer given by R5, 
VR1 and R6 connected across the 
supply lines. VR1 is the Set Zero 
control and it is adjusted for a zero 
reading in the meter when there is no 
input voltage at the test terminals, 
thereby causing the circuit to be 
balanced and taking up such things as 
differences in the voltages of the two 
batteries. 

SI provides four ranges, these being 
0-1V, 0 -2.5V, 0 -10V and 0 -25V. The 
corresponding series input resistors 
have values of 200kû, 500kû, 2Mû 
and 5Mû respectively. These values 
are each 200kû multiplied by the f.s.d. 
voltage figure of the corresponding 
range. Should it be desired to have 
ranges in the series 0 -1V, 0-3V, 0-10V, 
etc., the series resistor for the 0-3V 
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Inv Non - VCC N.C. 
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I/P 

741 8 -pin D.I.L. 741 I4 -pin D.I.L. 
(top view) (top view) 

Fig. 2. Complete working circuit of the integrated circuit voltmeter 

range would be 600kó2. Any other 
ranges within reason can be incor- 
porated by employing the appropriate 
multiplying factor for the series resist- 
ance required. In this version of the 
input switching circuit the series 
resistors should all have a tolerance 
of 1%. 

In the meter section, diodes Dl and 
D2 provide protection when the 
voltage across the meter and R9 
approaches the voltage at which 
forward conduction in the diodes takes 
place. 

The ML74IC integrated circuit was 
obtained from Henry's Radio, Ltd., by 
which firm it is advertised as a '741C 
(DIL)'. This i.c. has the 14 pin dual -in- 
line pin configuration shown, the 
rectangular identifying point between 
pins 1 and 14 being replaced by a paint 
dot. Other integrated circuits of the 
741 type, such as SN72741, µA741, 
etc., could be employed instead, but it 
should be mentioned that the author 
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has only checked the circuit with the 
i.c. obtained from Henry's Radio. 
Some versions of the 741 are available 
in 8 pin d.i.l. and the tag layout of this 
type is included in Fig. 2. Note that 
both tag layouts are top views, with the 
pins pointing away from the reader. 

The 741 is a development from the 
earlier 709 op -amp, and it is a particu- 
larly useful i.e. for amateur experi- 
mental and constructional projects 
since it has its own internal compens- 
ation and does not require any external 
capacitors to maintain stability. ('Com- 
pensation' defines the process where 
capacitance is employed to prevent 
instability in an i.c. due to excessive 
amplification at high frequencies). As 
will be seen from Fig. 2 it is necessary 
to make only five connections to the 
i.c. Also, the only components external 
to the i.c. are those which are directly 
involved in voltmeter operation. It is, 
incidentally, possible to obtain fine 
control of offset voltage by suitably 

connecting a potentiometer to the two 
'offset null' pins, but this is not 
needed in the present design and no 
connections are made to these pins. 

COMPONENTS AND 
CONSTRUCTION 

Of the components, the series input 
resistors and the integrated circuit have 
already been discussed. VRI is a panel- 
mounted potentiometer, whilst VR2 is 
a pre -set skeleton component. S2(a) 
(b) should be a double -pole toggle 
switch. The current drawn from each 
battery is 2mA only, and any small 9 
volt batteries can be employed. They 
should be of the same type and both 
should be discarded at the same time 
when exhausted. The voltmeter should 
not be operated with one battery new 
and the other nearly exhausted. 
Diodes Dl and D2 can be any small 
silicon diodes or rectifiers. The author 
employed 1N4002's, which happened 
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to be on hand. 
All the components may be housed in 

a small case with VRI, Si, S2, MI and 
the test terminals on the front panel. 
Wiring layout is not critical provided 
that R7 is fitted close to the i.c., and 
the i.c. output lead does not too closely 
approach the wiring to the two i.c. 
inputs. The connection between the 
junction of R8 and R9 and the junction 
of the positive lead -out of DI and the 
negative lead -out of D2 should be of a 
temporary nature, as it is broken 
during the process of calibration. The 
author found it helpful to employ a 
d.i.l. holder for the i.c., wiring this up 
first and then inserting the i.c. 

Calibration of the completed unit 
consists of checking it against another 
voltmeter, using the method shown in 
Fig. 3. In this diagram, the potentio- 
meter should have a value which 
causes some 5 to 10mA to flow 
through its track. Thus, with a 12 volt 
battery the potentiometer could have 
a value of 2kí2. Any suitable range is 

selected by SI and the i.c. voltmeter is 

then switched on with VRI slider at 
mid- track. VRI is next adjusted for 
zero reading in the meter with the two 
test terminals short -circuited. The test 
terminals of the i.c. are then applied to 
the potentiometer shown in Fig. 3, 

after which that potentiometer is 

adjusted to give the f.s.d. value of the 
range selected, as indicated by the 
monitoring voltmeter. VR2 is then 
adjusted for f.s.d. in the i.c. voltmeter. 
After one range has been set up in this 
manner, all the other ranges will be 
correct. 

Next, the i.c. voltmeter is switched 
off and DI and D2 are disconnected 
from R9 and M I as indicated in Fig. 2. 

The i.c. voltmeter is then switched on 
again. If the meter gives the same 
reading as before, all is well, and no 
further action is required other than 
the permanent connection of DI and 
D2 into the circuit. If on the other 
hand, the meter gives a higher reading 
with DI and D2 disconnected, the 
value of R9 will have to be reduced 
experimentally until DI and D2 have 
no effect on meter reading. Each 
change in the value of R9 necessitates 
a re- setting of VR2. The check with Dl 

Fig. 3. The set -up required 
for calibration 
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and D2 is desirable because a few 
0 -10011A meters have relatively high 
internal resistance, and the voltage 
dropped across the meter and R I 

may conceivably just fall within the 
level at which some diodes commence 
to pass forward current. It is im- 
probable that this effect will be present 
in most units made up to the circuit, 
but it is worthwhile carrying out the 
check nevertheless. 

ALTERNATIVE INPUT CIRCUIT 

As was mentioned earlier, it is 
possible to dispense with close toler- 
ance resistors in the input circuit, as 
discrepancies from the nominal resist- 
ance can be taken up by adjustment of 
the Calibrate potentiometer, VR2. An 
alternative input circuit employing 5 ",, 

fixed resistors is illustrated in Fig. 4. 
The three pre -set potentiometers . in 
this circuit may all be skeleton types. 

The circuit of Fig. 4 is set up by 

voltage range, since this means that 
the pre -set potentiometers will then, 
assuming a reasonable choice of 
ranges, be required to have values of 
I MS2 or less. 

It should be mentioned that it may 
be a little difficult to obtain close 
tolerance 1 °%, resistors having values 
higher than 1Mí2, whereupon some of 
the resistors in the input circuit of 
Fig. 2 will need to be made up of a 
number of single close tolerance resis- 
tors in series. The alternative input 
circuit of Fig. 4 may, in consequence, 
be more attractive than that of Fig. 2, 
even though it does require three pre- 
set potentiometers. 

The experienced constructor with a 
good stock of resistors may be able to 
make up the lower range series resistors 
in Fig. 4 by experimental selection, if 
necessary 'trimming up' individual 
resistances by inserting small value 
resistors in series. This process dis- 
penses with the pre -set potentiometers. 

5Mn 

I.5Mn 

-IJJP 

IM 

Test terminal 

390kn 25Okn + -^ 

1501(n I00kn 

2 

To IC. pin 4 

S1 ranges. I O-IV 

2 0-2-5V 
3 O-IOV 

4 0- 25V 

Fig. 4. An alternative input circuit which does not require close 
tolerance resistors 

selecting Range 4 and connecting the 
unit to a source of voltage, monitored 
by another voltmeter as in Fig. 3, 
which is equal to f.s.d. value (i.e. 25V) 
on this range. VR2 is then set up for 
full -scale deflection in the meter. The 
test voltage is then reduced to the f.s.d. 
value for Range 3, Range 3 is selected, 
and the pre -set potentiometer in the 
Range 3 input circuit adjusted for an 
f.s.d. reading. The process is repeated 
with Range 2 and Range I, after which 
the setting of the voltmeter is complete. 

With the input circuit of Fig. 4, the 
input resistance of the i.c. voltmeter is 

not exactly 200kí2 per volt but only 
nominally so. If it should happen that 
the 5Mû resistor is on the lower limit 
of its tolerance, at -5°ó, then the input 
resistance is 200162 -50, per volt. 

If ranges other than those shown in 
Fig. 4 are to be used, the values shown 
in this diagram may be changed 
accordingly. The single fixed series 
resistor in the input circuit should be 
that which is selected on the highest 

RESULTS WITH THE 
PROTOTYPE 

The prototype circuit gave an 
acceptable performance with good 
linearity over each range. It was found 
that the Zero Set control did not 
have to be re -set frequently, this being 
particularly the case when the batteries 
had settled down to a steady voltage, 
as opposed to the high voltage given 
in the brand -new state. Although it is 
preferable to have the test terminals 
short- circuited when adjusting the 
Zero Set control, it was found that 
this was not essential and that the 
meter reading remained at zero after 
the short -circuit had been removed. 
This indicates a high level of basic 
stability in the circuit, a factor which 
is not always evident in what are 
sometimes described as 'electronic 
voltmeters'. 

As was stated earlier, the current 
drawn from each battery was 2mA 
only. 
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NEWS AND . 
EMI LOCIC PROBE CHOSEN AS STANDARD TEST DEVICE FOR 

The LP 50011 probe is pictured here 
in use during final testing of the data 
processing units at the division's 

Hayes, Middlesex, plant. 

Following its introduction 18 
months ago, EMI's 5 volt logic probe - 
the type LP.500 /1 - has now entered 
service with the Royal Navy under 
NATO number 6625 -99 -119 -2584. 
The probe has been specified as stand- 
ard test equipment for use with data 
processing equipment fitted in RN 
ships. 

Both the probes and data processing 
units are being manufactured by EMI 
Electronics' Radar & Equipment 
Division, Hayes, Middlesex, and form 
part of a special purpose range of 
equipment covered by contracts with 
EMI totalling over £I million. 

Designed for testing DTL and TTL 
circuitry, the LP.500 /1 probe can 
detect seven different types of logic 
signal, including the important 'open 
circuit' condition, which are identified 
by the lighting sequence of the probe's 
opal lame. The 18cm long device 
enables rapid functional tests to be 
carried out without the need for 
expensive test equipment such as 

ROYAL NAVY USE 
oscilloscopes. In many instances, the 
probe can be used to trace faults in 
less time than by employing an 
oscilloscope. 

The EMI probe distinguishes be- 
tween logic 1, logic 0, open circuit, 
+ve going pulses, -ve going pulses, 
square waves below 1MHz approx 
and pulse trains (including square 
waves) with a pulse recurrence fre- 
quency above 1MHz approx. It can 
be powered by the equipment under 
test, from a 4.5V battery or from a 
standard bench power supply. 

To check that the probe is operating 
correctly, the 'open circuit' indication - 
a steady light for a.c. mode and a 
flashing light for d.c. - remains on 
until effective contact is made with the 
circuit under test. The device is pro- 
tected against overload from input 
voltages up to ± 100V and no damage 
can result from supply polarity 
reversal. 

NEW SOUND LEVEL METER 

A Code of Practice for reducing 
the exposure of employed persons to 
noise has recently been announced 
by the Department of Employment. 

To coincide with this important 
publication, which affects every noisy 
factory and office in the country, 
Dawe Instruments Limited, the lead- 
ing British Manufacturer of noise 
measuring equipment, announce a 
new instrument, the Type 1405C 
Sound Level Meter, as a further 
addition to the already established 
and widely accepted Dawe range. 

The Sound Level Meter Type 
1405C provides a direct reading of 
sound level over the range 34dB to 
130dB(A). The instrument consists of 
a ceramic microphone, weighting 
network, attenuators, high -gain am- 
plifier, and an indicating meter. The 
highly stable and robust microphone 
is substantially non -directional; ageing 
end temperature effects are negligible. 

The internationally standardised 
A- weighting frequency response is 
used because it provides measure- 
ments which correlate best with sub- 
jective noise ratings and is widely 
recommended for measurements rele- 
vant to hearing conservation and noise 
annoyance checks. 

The instrument is battery powered, 
giving a typical operational life of 
80 hours. The complete unit, with 
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battery, weighs less than 21b and may 
be easily held in one hand. A carrying 
case is available as an optional extra. 

IEE TRAVELLING 
SCHOLARSHIP 

An IEEE travelling scholarship of 
£300 is offered for visit(s) to foreign 
electrical or electronic research or 
manufacturing establishments by a 
postgraduate student. 

The purpose is to promote an 
exchange of research and technological 
ideas and to foster a closer relationship 
between young engineers in different 
countries. 

Candidates must submit a pro- 
gramme for their visit(s) by 31st 
December 1972, and the award will 
be made to the candidate whose 
programme is judged most likely to 
promote the objects of the scholarship. 

The scholarship is financed by the 
UK and Republic of Ireland Section 
of the Institute of Electrical and 
Electronics Engineers, which is acting 
in collaboration with the Institution of 
Electrical Engineers and the Institution 
of Electronic and Radio Engineers. 
Entrants must be Student or Graduate 
Members of one of these three 
institutions. 

Further information and entry 
forms from: 

Prof. C. W. Turner 
Dept. of Electrical & Electronic 

Engineering 
King's College 
Strand 
London WC2R 2LS. 
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COMMENT 
ELECTROVALUE EXPANDS 

David Longland started Electro- 
value seven years ago, running his 
business from his home in Ascot. 
Before long he moved to comparatively 
larger premises, where in a partitioned 
off corner of somebody else's work- 
shop, he took on staff and produced 
his first catalogue. Business increased 
and when a butcher's shop in Engle - 
field Green became vacant, he moved 
in. More staff was taken on, and a 

teleprinter and a microfilm system 
were then installed. Now orders are 
individually microfilmed and the cus- 
tomer's original order returned with 
the goods for him to check for himself. 

Electrovalue next installed an elab- 
orately programmed full -size com- 
puter, programmed to provide stock 
control and processing information 
for instant stock position details and 

forcasting forward renewal require- 
ments. Now with Electrovalue's latest 
catalogue packed with thousands of 
different items, the computer's services 
have become vital. 

Electrovalue's latest 96 page 
catalogue, No. 6 already in its 3rd 
printing, is typical of the thoroughness 
with which the company operates. It 
includes I.C. circuit and connection 
diagrams, semi- conductor outlines and 
considerable technical information, it 
is a most useful handbook for the 
home constructor as well as full time 
electronics worker; the catalogue now 
includes a purchase refund voucher 
for the 25p it costs to buy. Everything 
is brand new and sold in accordance 
with manufacturers' specifications. 

Today, Electrovalue service custom- 
ers all over the world, and behind the 

facade of what appears to be a little 
village shop at 28 St. Judes Road, 
Englefield Green, Egham, TW20 OHB, 
is a complex specialist organisation 
geared, by use of some of today's most 
modern methods, to give good service 
to everyone. 

UK 2M BAND PLAN 
A special meeting of the RSGB VHF Committee 

was held on 11th October at which The Short Wave 

Magazine and the RSGB Raynet and Mobile com- 
mittees were represented. 

Subject to the approval of Council of RSGB, it was 

agreed to recommend that the following band plan 
be adopted: 

(a) the existing UK 2M band plan as published 
should be retained i.e. with specified geographical 
Zones and Mode frequencies. 

(b) the following FM channels should be added to 
the band plan: 

Zone A FM Working 144.40 MHz 
Zone B FM Working 144.80 MHz 
Zone C FM Working 145.20 MHz 
Zone D FM Working 145.60 MHz 
FM Calling - National 144.48 MHz 

It was agreed to leave open the question of repeater 

channels until the end of the one -year experimental 
period with GB3PI currently operating on 145.15/ 

145.75 MHz in conformity with the Regioni Band Plan. 

Those who have submitted views to the Committee 
are thanked for their valuable contributions. These 

were used as the basis of the discussion. 

QUOTE 
"The BBC is an institution - a great institution, 

which can still to -day both inspire deep loyalty and 

provoke strong criticism. It has moved a long way 
from `the Reith Era', `the Golden Age of Radio' and 
the days of `Auntie'. It has even moved on from 
pastures `green' and is tackling new horizons in this 
immensely challenging age." -Sir John Eden 
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IN BRIEF 
A new "Guide to Enthoven Solders & Fluxes" is 

now available upon application, from Enthoven 
Solders Ltd., Dominion Buildings, South Place, 

London, EC2M 2RE. It is designed as a "Pocket 
Guide" for reseach and production engineers. 

Following full stability tests, the Post Office has 

accepted the Ferranti microwave telecommunications 
equipment linking the Isles of Scilly with the mainland. 

Levell Electronics Ltd of Moxon Street, Barnet, 
Herts, have added to their range of portable electronic 
instruments a D.C. Microvoltmeter type TM10. 

A.P.T. Electronic Industries Ltd, of Byfleet, Surrey, 
have produced a two -page leaflet on their new TRU 
range of d.c. power supplies. 

A new inexpensive magnetron announced by 
Mullard has been developed for use in low -cost, 
small -boat radar equipment. Type YJ1390, it operates 
with a low anode voltage of only 2kV. 

RADIO 
E LECTaON JCS 

CON STRULTOR 

SOLD 
NERE 

No Sir, as far as I know there is no publication 
called Radio & Electronics Destructor 
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HIGH -GAIN SILICON 

REFLEX RECEIVER 

by 
G. W. Short 

A sensitive 2- transistor receiver which requires few components and which can be adapted for a wide range of speaker impedances 
and battery voltages. 

AFEW YEARS AGO THE ̀ RADIO CONSTRUCTOR' PUBLISHED 
the writer's design for a simple but effective reflex t.r.f. receiver using silicon planar transistors. This proved to be a reliable circuit with a good performance. 

Several modifications have appeared, including a low - consumption version for use with a crystal earpiece and a version with an f.e.t. input stage.* 
The receiver described here is a new and improved 

version of the original circuit. Like the original, it has 
been kept very simple and straightforward. Nevertheless, 
it has proved possible to obtain a very useful increase 
in r.f. gain, and to provide enough audio output for 
low- volume loudspeaker listening indoors. The new 
circuit works from a 3 volt battery and is easily adapted 
to other voltages. 

CIRCUIT DETAILS 

Referring now to the circuit diagram, which is shown 
in Fig. 1, the heart of the receiver is a 2 -stage amplifier 
with direct coupling between stages and d.c. negative 
voltage feedback to stabilize the operating conditions of the two transistors. Each transistor operates as a 
common -emitter amplifier to both a.f. and r.f. signals, 
giving very high overall gain. 

R.F. signals picked up by the ferrite rod aerial LI are 

* G. W. Short, "Silicon Transistor Reflex T.R.F. ", The . Radio Constructor, January 1968; G. W. Short, "Milli - watt' Silicon Reflex T.R.F. Receiver ", The Radio Constructor, September 1969; A. W. Whittington, "F.E.T. Reflex Receiver ", The Radio Constructor, 
August 1971. 
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stepped down and applied to the base of TR 1 via L2, 
whose lower end, in the circuit diagram, is earthed to 
r.f. by C2. At the output of the 2 -stage amplifier the r.f. 
signals are picked out and stepped up in voltage by an 
r.f. transformer (L3, L4) and applied to the detector D1, 
this being a point- contact germanium diode. The audio 
signals which appear across the detector load R4 (which 
is also the volume control) are fed back to TR1 and are 
then amplified by both transistors before application to the directly driven 7512 loudspeaker. 

A d.c. bias is applied to the diode by RS, which bleeds 
a little of the emitter current of TR2. Negative feedback 
at d.c. is taken via R4 from the emitter of TR2 to the 
base bf TR1. 

CONSTRUCTION 

There is nothing special about the ferrite rod aerial 
and tuning capacitor C1. The prototype employed a 300pF Jackson Bros. `Dilemin' tuning capacitor. This 
covers the medium wave band when LI consists of about 70 turns of 5 /461itz wire close -wound on a paper 
former at the centre of a 4in. by lin. ferrite rod. The 
secondary winding has 4 turns of insulated wire wound 
over the earthy end of LI. The precise gauge of wire is 
not important. (A suitable rod is available from Ama- 
tronix Ltd., 396 Selsdon Road, S. Croydon, Surrey, 
CR2 ODE. The same company also stocks wound rods 
to suit a 300pF tuning capacitance, but the secondary 
has too many turns "for this receiver and six turns should 
be removed.) 

The r.f. transformer L3, L4 is made by winding 50 
turns of 32 s.w.g. enamelled, silk or cotton insulated 
wire on top of the existing winding of a 2.5mH r.f. choke, 
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L1 
a 

TRI 

5F115 

2 

LS1 

75n 

C3 M. 

TR2 

BC 169C 

DI 

4 

¿Ca 

R4 

WM 

S 

12mA 

BYI 

3V 

(000l 600 
bce bce 

5F115 BC 169C 

Lead -outs Lead -outs 

Fig. 1. The circuit of the high -gain silicon reflex receiver 

Resistors 
(All fixed values -1(7., watt 10%) 

R1 3.3kg 
R2 1.2kd) 
R3 6852 
R4 101x2 potentiometer, log track 
R5 22k(2 

COM PON ENTS 

Inductors 
LI, L2 Windings on 4in. x Ain. ferrite rod (see 

text) 
L3 Overwind on L4 (see text) 
L4 R.F. choke type CHI (Repanco) 

Capacitors 
Cl Tuning capacitor, to suit L1 (see text) 
C2 0.1µF 
C3 0.11.1F (see text) 
C4 320µF electrolytic, 2.5 V.Wkg. 
C5 0.01µF 
C6 125µF electrolytic, 4 V.Wkg. (see text) 

Switch 
Si s.p.s.t. switch (may be ganged with R4) 

Loudspeaker 
Semiconductors LS1 75f2 approx. (see text) 

TRI SF115 
Battery 

D12 0A90 C BYI 3 volt battery 
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Overwind : 50 turns 
32 swg e.s.s. wire 

(L3) 

Original PF choke winding 

(L4) OVERCOMING INSTABILITY 

Ferrite core 

Leads dressed for connection 

Fig. 2. Making up the r.f. transformer L3, L4 

Repanco type CHI. See Fig. 2. Do not use a different 
kind of choke - it may not be suitable for the present 
purpose. The gauge of wire used for the added 50 -turn 
winding is not important and any moderately fine 
insulated wire may be used. The winding may be 
`scramble- wound'. 

A wiring diagram is given in Fig. 3. Apart from LI, 
L2, all the components may be fitted to a small piece of 
insulating material fitted with a front panel, on which 
are mounted Cl, R4 and SI. The components may be 
anchored to metal pins or tags at the positions indicated. 
For clarity, the transistors are omitted. The layout of the 
circuit should follow the circuit diagram and it is most 
important, in view of the high r.f. gain, to keep the 
output clear of the input or else screen the relevant 
portions. 

A convenient means of providing the 3 volt supply 
consists of employing an Eagle battery holder type BH2, 
in which are fitted two U7 cells. 

The receiver is wide open to two quite distinct forms 
of instability, fortunately both easily cured. First, there 
is a chance that a.f. will break through the r.f. trans- 
former and set up a continuous howl. This is cured, if it 
occurs, by reversing the connections to L3. Secondly, 
it is inevitable, unless the r.f. transformer is put into a 
screening box, that it will couple with the ferrite aerial. 
This may cause positive feedback and instability or 
negative feedback and loss of sensitivity, depending on 
the winding directions. To minimise such undesirable 
interactions, the transformer should be kept as far 
away from the rod as possible, and it should be so 
oriented that the ferrite core of the CHI choke is 
pointing broadside off to L1 (like the down stroke of a 
capital T). Before connecting up L3, L4, dress the leads 
of the r.f. choke as shown in Fig. 2, so thatthetwoendsof 
the leads can be soldered into circuit close together. 
This enables the choke to be twisted so as to re- orient it 
with respect to the ferrite aerial rod. In this way a 
position can be found where the coupling is zero or 
perhaps just slightly positive so that a useful improve- 
ment is obtained in selectivity. Varying the position of 
the ferrite aerial can also be helpful. 

No other setting up adjustments are required. It will 
be found however that a sort of false instability occurs 
when the receiver is tuned in to a strong station with the 
volume too high. This is merely an overloading effect 
and the remedy is obvious - turn down the volume. 

A simple test that the d.c. conditions are correct can 
be made by measuring the voltage drop across R3. This 
should be in the range 0.65 to 0.75V. 

If desired, the on -off switch, SI, may be ganged to the 
volume control. 

Fig. 3. A suitable component layout 
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LONG WAVE RECEPTION 

The circuit will work on long waves given a suitable 
ferrite rod with long wave windings. (There is not room 
on a 4in. rod for both medium wave and long wave 
windings.) Alternatively, a single long wave station 
could be received by switching a suitable fixed capacitor 
across LI and using CI for fine tuning, as shown in 
Fig. 4. For reception of the Radio 2 transmission on 
200kHz the added capacitor should be 2,200pF. A 

polystyrene film or silvered mica capacitor should be 

used. 

L.W. M.W. 

LI 

All 

II L 
il 

Added J 
capacitor 

Fig. 4. Reception of a single long wave trans- 
mission is possible by switching an added 

capacitor across Cl 

OTHER SUPPLY VOLTAGES AND LOADS 

In this direct -drive circuit it is essential to use a high 
impedance loudspeaker. The preferred impedance is 70 

to 8052 but speakers of somewhat different impedance 
may work: it depends upon how sensitive they are. A 
transformer may be used to match speakers of low 
impedance. 

The voltage across R3 is stabilized at about 0.7 volt 
irrespective of the battery voltage. This makes it easy to 
set TR2 to take some particular collector current. At 
present, with R3 at 680, TR2 takes a little over IOmA. 
If it were required to set the current at 1 mA to suit an 
earphone of around 50052 impedance in place of the 
speaker, R3 would be 68052. 

With a 750 speaker, some increase in volume is 

obtainable by using the present resistor values but 
increasing the supply voltage to 4.5 volts. The circuit 
will go on working quite happily at higher voltages, up 
to 9 volts, but 7552 is not then the optimum speaker 
impedance. (This rises to about 80052 at 9 volts.) 

Some constructors will want to use 30 speakers, 
which must be matched with a transformer. It is then 
useful to tailor the current in TR2 and the supply 
voltage to suit the load and transformer ratio. Allowing 
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1 volt for the drop across R3 plus the d.c. drop across 
the transformer primary, we are left with 1 volt less than 
the battery voltage across TR2. This voltage, divided 
by the transformed speaker impedance, should equal 
the còllector current. Suppose we have a 352 speaker 
and a 10:1 transformer, giving a load impedance of 
30052. With a 3 volt supply, the optimum current in 
TR2 is then 2 volts divided by 3000, which is 6.7mA, 
The required value of R3 is 0.7 volt divided by 6.7mA, 
or 10652, and we could use 10052, the nearest standard 
value. 

Again, if we have a 20:1 transformer and a 552 

speaker, the transformed speaker impedance is then 
400 x 5 = 2,00052. With a 3 volt supply the optimum 
current is 1mA, but since the power input to TR2 
would then only be 2mW the audio power output 
cannot exceed 1mW, which may well be inadequate. 
The remedy is to use a higher battery voltage. With a 
9 volt supply, the optimum current becomes 8 volts 
divided by 2,00052, or 4mA, and the d.c. input power to 
TR2 32mW, giving a possible 16mW of audio output 
(and a likely 8mW, assuming 50 °fie transformer effici- 
ciency). The value of R2 for 4mA is 0.7 volt divided by 
4mA, or 1750, so the appropriate standard resistor in 
this case is 18052. 

When a high load impedance is used it may be 
necessary to reduce the value of the r.f. bypass capacitor 
C3, to avoid cutting the treble. Values down to 0.01µF 
may be used. 

When working with supply voltages much above 3 

volts it may be helpful, in the interests of battery 
economy, to reduce the current in TR1. This is done by 
increasing the value of R2. The voltage drop in R2 is 

held, by the d.c. feedback, at 1.4 volts less than the 
battery voltage, and a current in it of 1 to 2mA is 
adequate. 

The working voltage of C6 must be increased for 
supply voltages greater than 3 volts. Constructors who 
intend experimenting with different supply voltages will 
find it useful to initially fit a capacitor here of 10 V.Wkg. 

SEMICONDUCTORS 

It is essential to use silicon planar transistors. The 
types specified have been carefully selected to give a 
good performance. (The SF115 transistor can be ob- 
tained from Amatronix Ltd., as can the other semi- 
conductors and components.) Other transistor types 
will probably work, but less well. The input transistor 
must be an r.f. type with a low feedback capacitance and 
the SF115 specified has the added advantage of low a.f. 
noise as well. It should be possible to substitute BF115, 
which is the same transistor in a metal case. The BF167 
will also work in this position. 

The requirement for TR2 is rather different. This 
transistor may have to handle peak currents of 20mA 
or more, which rules out some r.f. types. It should have 
a low input capacitance and a fairly low feedback 
capacitance as well, to avoid putting too great a stray 
capacitance across R2 and so reducing the r.f. gain. 
Fortunately the BC169C has these features, and also 
the added one of very high hfe: some other high -gain 
audio types are much worse in the matter of capacit- 
ances. 

In principle any point- contact diode will be satis- 
factory for D1, but here again some are better than 
others, and the 0A90 is very suitable. 
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The 

'WYVERN' 
160 Metre 

Solid State 
Transmitter , , 

by 
John R. Green, B.sc., G3WVR 

The second article in our 3 -part series which describes the con- 
struction of a comprehensive transmitter design incorporating 

semiconducto, s throughout. 

IN LAST MONTH'S ISSUE THE OVERALL DESIGN OF THE 
transmitter was described as also, in detail, were 
the v.f.o., the wideband driver section and the 

doubler and driver stage. This month's article covers 
the power amplifier stage and the power supply. The 
concluding article, to be published next month, will 
deal with the modulator, VU meter driver and general 
assembly and testing. 

POWER AMPLIFIER 

The circuit diagram for the p.a. stage is given in 
Fig. 11. This diagram also includes the power switching 
around S1(a) to S1(e). 

The heart of the-stage is the BD123 transistor, which 
has been chosen for three reasons: 

(a) the frequency response cut -off fT, of 85mHz 
gives a more than adequate performance at 2mHz, 

(b) the power dissipation capacity of 45W gives a 
safeguard against overheating and damage, 

(c) the VCE (collector- emitter maximum voltage) of 
60 volts gives a reasonable safety margin since on 
modulation peaks the collector to emitter instantaneous 
voltage (peak) can be as much as four times the normal 
supply voltage, i.e. 48 volts. 
304 

The drive to the base of the BD123 is controlled by 
RV1, which is mounted on the front panel of the 
transmitter. TR7 is pulsed on by positive -going r.f. 
half -cycles. The consequent pulses of collector current 
passing through the 2 turn winding of L4 are shaped 
by the 20 turn tuning winding before radiation. Both 
windings are close -wound, direct on the rod using 
20 to 24 s.w.g. enamelled wire. 

Loading and tuning adjustments for the p.a. are 
as for a conventional valve transmitter, with the 
exception that the loading setting is far less critical, 
particularly if the aerial is not quarter wave resonant, 
and final loading adjustments are carried out by 
means of the drive potentiometer. 

It is important to note that all drive components, 
i.e. RV1, L2 tuning and L3 tuning, are normally set 
for maximum p.a. current; whereas the p.a. tuning is 
adjusted for minimum p.a. current. 

Always begin tuning operations with RV1 turned 
up only sufficiently to draw, say, 500mA of current 
through the p.a. meter, and then perform initial tuning 
and loading. Gradually increase the drive given by 
RV1 until the legal maximum (830mA at 12 volts) is 
achieved, then make final fine tuning adjustments. 
Failure to follow this procedure could cost an output 
transistor (about £1). 
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Fig. 11. The p.a. stage. Shown also are the Net, Receive and Transmit switching circuits and the modulation 
transformer, Tl 
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COMPONENTS 
Resistors 
(All fixed values watt 10'! unless otherwise 
stated) 

R26 1052 
R27 0.5Q I watt 
R28 1 kit 
R29 22k52 
R30 1 kit 
R31 Ikit 
R32 22012 
R33 0.2512 1 watt, see text 
RV1 50012 potentiometer, wire -wound 

Capacitors 
C23 100µF electrolytic, 6 V.Wkg. 
C24 1,000pF variable 
C25 1,000pF variable 
C26 lµF plastic foil 
C27 1,0001.1F electrolytic, 25 V.Wkg. 
C28 2,000µF electrolytic, 25 V.Wkg. 
C29 100µF electrolytic, 25 V.Wkg. 

Inductors 
T1 Speaker matching transformer, 812 and 

1652 or 8Q and 1512, minimum rating 
10 watts 

T2 Mains transformer, secondary 
0- 12 -15 -20 -24-30 volts at 2 amps, 
Douglas type MT3AT 

L4 P.A. output coil, wound on ferrite rod 
bins. by ¡in. diameter 

Semiconductors 
TR7 BD123 
TR8 BFY50/2N3053 
TR9 2N3053 
TRIO 2N3250/2N3905,11112N3702 
TRI I 2N3055 
D1 -D4 Silicon rectifiers., 2A 100 P.I.V. 
ZD2, 3 6.8V 200mW zener diodes 

Switches 
SI 
S2 s.p.s.t. toggle 

5 -pole 3 -way, wafer 

Meter 
M1 0-2A meter 

Neon 
NEI Panel- mounting neon assembly with 

integral series resistor 

Fuses 
F1 -3 2 amp anti -surge, with holders 

Miscellaneous 
Ferrite lead 
2 coaxial sockets 
4 -way tagstrip 
3 pointer knobs 
Printed circuit board 
16 s.w.g. aluminium 
Coaxial cable 
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The ferrite rod, on which is wound the output 
coil, is clearly visible here. The component to the 
left of the rod is the modulation transformer 
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Do not attempt to increase the p.a. efficiency (which 
is about 60%) by increasing the number of turns on 
the collector winding of L4, as this will cause `jump 
tuning' and poor output waveform, resulting in TVI. 

Also, do not use a smaller ferrite rod for L4 or 
saturation of the ferrite may result, destroying the 
transformer action. If desired, use a larger ferrite rod 
but do ensure that it is suitable for operation at 2MHz, 
as many ferrite grades are not. The rod used by the 
author is bins. long by 4in. diameter, and was obtained 
from G. W. Smith & Co. (Radio) Ltd., 3 Lisle St., 
London, W.C.2. 

The construction of the p.a. stage is shown in Fig. 12. 
The output, transistor is fitted to Chassis Bracket No. 2, 
the dimensions of which are given in Fig. 13. The 
transistor is insulated from the bracket by means of the 
usual mica washer and insulated mounting bushes, 
and its body is on the opposite side of the bracket to 
the ferrite rod. The latter is secured by two brackets 
with slots in the holes through which the rod passes. 
The slots prevent shorted -turn action. The earthy end 
of the 20 turn winding is that which is closer to the 
collector winding. A 4 -way tagstrip is also mounted 
on the bracket. 

Fig. ll also shows the switching carried out by 
S1(a) to (e). This is quite simple and straightforward 
and the circuits controlled at each switch position can 
be readily traced through. The modulation transformer 
TI is a speaker matching transformer having taps at 
811 and 1652. A transformer having taps at 8S2 and 
1552 could alternatively be employed if this should 
prove easier to obtain. Whatever transformer is 
employed must have a power capability of at least 
10 watts audio handling. 

As will be illustrated in greater detail in next month's 
article, in which the general assembly will be dealt 

{ 
A view of the power supply board. This is partly 

obscured by the mains transformer 

with, switch SI, driver potentiometer RV1 and meter 
M 1 are all mounted on the front panel of the trans- 
mitter. So also are C24 and C25, the `Tune' and `Load' 
capacitors. The frame of the `Tune' capacitor is in- 
sulated from the chassis by mounting it on a sheet of 
Paxolin. The frame of the `Load' capacitor is bolted 
direct to the panel. In practice both capacitors con- 
sist of 2 -gang 500 + 500 pF components with the two 
sections in parallel. 

The modulation transformer, TI, is positioned 
between the v.f.o. box and Chassis Bracket No. 2. 

POWER SUPPLY 

The circuit diagram of the power supply is shown in 
Fig. 14. The design incorporates the simplest form of 
regulation for the 12 volt supply, using zener diodes 

12V regulated to 

TI and Sld 

FI (---m< 

R33 

R32 

TRID 

TR9 

TRII 

31 

BYF50 2N3053 

2N3250 
Lead -outs 

u3U 

i 

R2e, 

R29 

TRe 

ebc ecb 
000 000 

2N3905 2N3702 

Lead -outs Lead -outs 

ZD2" 

6.8V 

=I C29 

ZD3 

68V 

2N3055 

Lead -outs 

DI 

D2 

14 

D3 

C2Bo 

T T 
F2 

22V to 
modulator 

via sie 

D4 

14 

C27 

E 

TR8 - BFY50/2N3053 
TR9 - 2N 3053 

TRIO- 2N 3250/2N3905/2N3702 

TRII - 2N3055 

Fig. 14. The circuit of the power supply. This offers both regulated and unregulated outputs 
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TIR// 

collector 

22V unregulated to 
S1e via F2 

is T2 

0V tap 

TRII - 1 

emitter 

I2V reg to 
T1 and Sid via F1 

TRII base 

ZD2 and ZD3 and, the emitter followers TR9 and 
TR11. Overload protection is given by TRIO and TR8. 
If the current drawn through R33 causes a voltage to 
appear across it which is sufficiently high to allow 
base current to flow in TRIO, this transistor becomes 
conductive. Its collector current flows in the base 

Power supply board Chassis bracket No3 

(16swg aluminium) 

Chassis 

Fig. 16. Fitting the power supply board to Chassis 
Bracket No 3 

308 

3. 

T2 

30V tap 

12 

ISV tap 

Fig. 15. The power supply 
printed circuit board, as seen 
from the component side. 

circuit of TR8, whereupon TR8 causes a reduction 
in the voltage across ZD2 and ZD3 and, in consequence, 
in the regulated output. The current limit is 2.5 amps. 

A 22 volt unregulated supply is also provided for 
the Class B modulator. 

The mains tranformer, T2, has a number of second- 
ary tappings, of which only the 0, 15 and 30 volt 
tappings are employed here. The 15 volt tapping 
becomes the earthed centre -tap in this arrangement. 

The use of fuses in the mains input and regulated 
and unregulated output circuits is recommended, and 
they can be located in any available space in the 
transmitter. A neon mains indicator lamp with integral 
series resistor may be fitted, if desired. 

The printed circuit board for the power supply is 
reproduced, full size, in Fig. 15. The view is from the 
component side of the board. In the prototype R33 
is made up of two watt 0.552 resistors in parallel and 
two resistors are shown, in Fig. 15, in the R33 position. 
The board is mounted, with spacing stand -off washers 
to Chassis Bracket No. 3, which is illustrated in Fig. 16. 
The bracket also acts as a heat sink for TR11, the body 
of which is on the opposite side of the bracket to the 
board. TR11 is insulated from the bracket by a mica 
washer and insulated mounting bushes. 

The whole power supply (both 12 and 22 volt outputs) 
may be replaced by a car battery or other 12 volt 
accumulator (but not by dry batteries, which cannot 
supply the current required). The author's transmitter 
incorporates additional sockets and switching to 
achieve this. It should be pointed out, however, that 
when running from a 12 volt supply the modulator 
will not supply the output required for 100% modula- 
tion. Incidentally, the 22 volt output from the mains 
power supply will, of course, drop in voltage under 
load but this is not detrimental to the modulation 
quality unless excessive bass frequencies are present. 

(To be concluded) 
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Corer Feature 

TRANSISTORISED 

OSCILLOSCOPE 
Part 1 

In this oscilloscope the only thermionic device is the cathode ray 
tube. The present article describes the mechanical construction of 
the instrument, the power supply and display section, and the X 

amplifier module. The remainder of the circuit will be covered in a 

concluding article, which will be published next month. 

AN OSCILLOSCOPE IS PROBABLY THE MOST USEFUL 

piece of test equipment an electronics enthusiast 
can possess (with the exception perhaps of the 

multi -range meter), even if it is only a very simple 
instrument. Unfortunately, an oscilloscope is also one 
of the most expensive pieces of equipment to buy. The 
instrument which is the subject of this article is quite 
inexpensive when compared with the cheapest commer- 
cially manufactured oscilloscopes, but it has to be 
pointed out that quite a considerable amount of work is 

involved in building it. 
It is suitable for most applications, except very 

specialised ones such as television servicing, where a 
very wide bandwith is required. As the instrument was 
designed mainly for audio work, a high sensitivity was 
considered to be more desirable than a wide bandwidth, 
although as shown in the specification table, the useful 
bandwidth of the oscilloscope stretches to beyond 
2MHz. 
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METALWORK 

The unit is housed in a home -made case, the outside 
dimensions of which are 14 ins. deep by 6 ins. wide by 
9 ins. high. The accompanying photographs will assist 
in demonstrating how the parts of the case are 
assembled together. Construction of the case should 
commence with the front and rear panels, details of 
which are given in Fig. 1. The material is aluminium 
and the exact gauge is not critical, although a fairly 
thick gauge should be used for all parts of the case. The 
aluminium employed for the front and rear panels of 
the prototype was 20 s.w.g. 

For those without the proper equipment for bending 
the metal, it will be found easier if a slightly thinner 
gauge of aluminium is used, although this will mean 
sacrificing some of the stiffness of the case. 

On the front panel the holes for the control bushes 
should have diameters of in. with the exception of the 
holes for S4 and SI, which are toggle switches. The hole 
marked `T /B' is for a flush -mounting coaxial socket, 
and the two pairs of holes marked `X' and `Y' take 3mm. 
insulated sockets. Note that VR8 is fitted on the rear 
panel and that this also requires a tin. hole. The rear 
panel mains lead hole should be fitted with a rubber 
or p.v.c. grommet to prevent damage to the lead. The 
method of mounting the other parts fitted to the rear 
panel will become clear when these are discussed. 
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In Fig. 1 the front panel is seen from the front and the 
rear panel from the rear. In both cases the lin. sections 
at top and bottom are bent down away from the reader. 
The ¡in. side sections shown in dotted outline are 
optional and, as is explained shortly, are only 
incorporated if a cover different to that used by the 
author is employed. They should also be bent down, 
away from the reader. 

The bottom of the case is made next, and this is 
shown in Fig. 2. The two 1 in. flanges are bent up, 
towards the reader. Fig. 2 also shows the positioning of 
components and circuits which will later be fitted to the 
bottom. The lower flanges of the front and rear panels 
pass under the case bottom and are secured by 4BA 
bolts and nuts fitted at the holes marked `X' in Fig. 2. 

To ease assembly the corresponding holes in the front 
and rear panel flanges are best marked out from those in 
the bottom after all the bending has been carried out. 
The holes in the top flanges of the front and rear panel 
can be din. from the flange edge and bins. from each 
side: They are drilled to take self -tapping screws for 
securing the cover. If the side flanges on the front and 
rear panels are incorporated, they may also have holes 
drilled to take self -tapping screws. Four rubber feet 
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are fitted to the bolts at the holes marked `X'. 
An outer casing is very desirable to prevent dust from 

entering the unit and to improve appearance. With the 
prototype, the casing was made from a single sheet of 
aluminium suitably bent, but this was found to intro- 
duce a magnetic field to the c.r.t. from the mains 
transformer, resulting in a wider trace than was other- 
wise obtained. If the tube were fitted with a magnetic 
screen this effect would no doubt disappear. On the 
prototype it was eliminated by glueing thin pieces of 
steel sheet at strategic points on the inside of the case. 

Alternatively the outer casing could be constructed 
from a non -metallic substance such as Perspex or 
Formica. It would be necessary to use three separate 
pieces, and this would require the addition of the two 
extra 'flanges on the front and rear panels shown in 
dotted line in Fig. 1. 

For the best appearance the cover should overlap the 
front and rear panels by about to tin. The outer casing 
is fastened in place by ten self -tapping screws (eighteen 
if it is made of three separate pieces). With the outer 
casing added the unit will have greatly increased stiff- 
ness. 

C.R.T. MOUNTING 

The c.r.t. mounting comprises three sections, a metal 
tube fastened to the front panel into which the front of 
the c.r.t. is passed, a bracket which fits around the tube 
base, and an L- shaped bracket fixed to the bottom of 
the chassis to which the second bracket is coupled. All 
parts are made from 22 s.w.g. aluminium. 

The metal tube holding the front of the c.r.t. is 
illustrated in Fig. 3. A piece of aluminium measuring 
12 by 2ins. is bent round to form a tube with an internal 
diameter of 31ins. To prevent the metal from opening 
up once it has been bent to shape, two in. 6BA counter- 
sunk bolts, with the heads on the inside, are passed 
through the holes illustrated. A small angle bracket, 
made from a piece of aluminium lin. by .4in., is mounted 
on one of these bolts, and a second by means of a 
countersunk 6BA bolt at a hale on the opposite side 
of the tube. The holes in Fig. 3 are not dimensioned as it 
will probably be found best to mark them out with the 
aid of the actual parts. The hole in each half of the 
angle brackets is central. The tube is fitted to the front 
panel at two holes, which are next drilled for it. These 
are two of the holes diagonally opposite each other 
which are shown outside the 21in. hole in Fig. 1. When 
these holes have been drilled, the remaining two 
diagonally opposed holes May he marked up to balance 
them and drilled out also. 
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Fig. 4. The sections which form the rear mounting for the c.r.t. 

Fig. 4 gives details of the mounting arrangement at 
the rear of the tube. A piece of aluminium, 11 by ltins. 
is drilled as shown and bent to shape. The L- shaped 
bracket is next made, from a piece of aluminium 
measuring 71 by loins. The first bracket is fitted around 
the c.r.t. base and loosely bolted to the L- shaped 
bracket. A tin. 6BA bolt is passed through the holes 
marked `Y' and is tightened until the bracket holds the 
c.r.t. base firmly. It is advisable to wrap a couple of 
bands of sticky- backed foam rubber or foam plastic 
strip (sold as draught -excluder) side by side around the 
c.r.t. base, as this will assist in causing the base to be 
held firmly by the bracket. Care must be taken not to 
overtighten the 2in. 6BA bolt, as this could damage the 
c.r.t. The L- shaped bracket is bolted to the chassis by 
two 6BA screws at the point which allows the c.r.t. to 
take up a correct position. The tube should be orientated 
such that its pins 8 and 9 are uppermost. 

To prevent the c.r.t. from being damaged through 
vibration, several layers of the foam rubber strip should 
be wound around the front of the c.r.t. on the area 
between the phosphor and graphite coatings. A couple 
of layers should also be wound around the inside of the 
metal tube at the extreme front. 

When the c.r.t. is mounted finally, the two brackets of 
Fig. 4 are bolted securely together. Obviously, great care 
must be taken when handling the c.r.t. during these 
operations. It should be removed from its mounting 
after the positioning of the mounting parts has been 
satisfactorily established, and placed on one side, since 
further drilling operations have to be carried out on the 
chassis. 

VISOR AND GRATICULE 

In strong lighting conditions, a visor to shield the 
screen from external light is a decided asset. A suitable 
visor is quite easy to construct and may be made from 
a piece of aluminium having the dimensions shown in 
312 

3/8" 
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1.0 4" - 
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Fig. 5. The visor, before bending, and the 
graticule holder 

Fig. 5. After cutting out, this is bent round to have a 
diameter slightly greater than the 21ins. hole in the front 
panel. It is secured to the front panel by a single 6BA 
bolt in a hole which is marked out from the visor itself. 
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On the prototype, the visor was left with a natural 
finish, but it can be made more efficient by being painted 
matt black. The visor is fitted after the escutcheon which 
holds the graticule (next to be described) has been 
mounted. 

When using the oscilloscope to measure signal 
voltages a graticule is required. This is merely a piece of 
transparent material such as Perspex which is marked 
with the X and Y centre axes. Graticules also have 
lines parallel with these axes, and these are usually 
marked off at lmm. intervals with heavier lines at 1cm. 
intervals. 

A suitable graticule can be constructed by cutting a 
piece of Perspex 2iins. square. This is then marked as 
required by scribing it as deeply as possible with a sharp 
pointed instrument. To calibrate X and Y axes at 1mm. 
intervals by hand is extremely difficult, and it is very 
much easier if 2 or 2.5mm. divisions are used. 

The graticule is held in place by an aluminium 
escutcheon, details of which are given in Fig. 5. This is 
bolted to the front panel by four 6BA bolts, two of 
which are already present as part of the tube mounting. 
The graticule is trapped between the escutcheon and the 
front panel. The four mounting holes for the escutcheon 
correspond with the four holes already drilled in the 
panel. A fifth hole, not shown in Fig. 5, takes the bolt 
which holds the visor in position. 

POWER SUPPLY 

The circuit of the power supply section is shown in 
Fig. 6. This circuit provides four voltages, these being 
approximately 500 volts e.h.t., 124 volts stabilized, 
12 volts stabilized, and 6.3 volts a.c. for the tube heater. 

The 250 -0 -250 volt secondary of the mains trans- 
former has the chassis connection made to one end, 
causing it to provide 500 volts. This is of course 500 
volts r.m.s., and the peak voltage is in the region of 
700 volts. In consequence, despite losses in the half -wave 
rectifier and smoothing circuit given by Dl, D2, R2 and 
C2, 500 volts is still available at the output. It should be 

A view inside the oscilloscope. Most of the 
components are wired up on small printed 

circuit modules 

noted that this output is negative with respect to chassis, 
whereas the other two d.c. outputs are positive with 
respect to chassis. Capacitor C2 was a 41.IF 500 V.Wkg. 
paper component in the prototype. A component with 
a slightly higher working voltage could be employed 
here and it is noted that Home Radio advertise a 4µF 
600 V.Wkg. capacitor under Cat. No. 2EG55. 

A second half -wave smoothing circuit is used for the 
124 volt h.t. supply. The power is taken from the centre 
tap of the h.t. secondary of TI, which now offers 
250 volts, and is rectified by D3. C 1(a) and C1(b) are the 
reservoir and smoothing capacitors, whilst R1 and the 
zener diodes D9 and D10 reduce the output voltage to a 
nominal 124 volts. The ZLlO0specified for D10 is a 100 
volt 5% zener diode rated at 1 watt,.and it is available 
from Henry's Radio. Other series combinations of 
zener voltages may be used to obtain the 124 volt figure, 
and typical instances are given by two 62 volt diodes or 
a 56 volt and a 68 volt diode in series. Each diode should 
be rated at I watt. 

Fig. 6. The power supply 
section of the oscilloscope 
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The two 6.3 volt secondaries of the transformer are 
connected in series to provide the 12 volt output, the 
alternating voltage being rectified by the bridge selenium 
rectifier, D4 to D7. This rectifier should be rated at 12 
volt 0.5 amp or more. Zener diode D8 stabilizes the 
supply at 12 volts. The cathode ray tube heater requires 
6.3 volts at 1 amp and this is taken from the 6.3 volt 
3.5 amp winding of the transformer at the points marked 
`X'. The only disadvantage with this method of supply- 
ing the c.r.t. heater is that it causes a high voltage to 
appear between the tube cathode and the heater, and 
there is a consequent risk of breakdown in the cathode - 
heater insulation. No trouble was experienced on this 
score with the prototype, but constructors who would 
prefer to avoid the risk of damage to the c.r.t. are 
advised to supply its heater from a separate small 6.3 
volt transformer, which can be mounted at the rear of 
the chassis. 

The power supply section is mainly wired up using 
point -to -point wiring. The positioning of Tl and C1(a) 
(b) is shown in Fig. 2. C2 and the bridge rectifier D4 -D7 
are mounted on the rear panel, as illustrated in Fig. 1. 
D1, D2, R52, R53 and R2 may be wired between 
the transformer and C2 in any convenient manner, such 
as would be given by using a small tagstrip bolted to one 
of the slots in the transformer frame. R3, C3, C4 and 
D8 are mounted on a Paxolin board measuring 31 by 
l ¡ins. The layout on this board runs along very much 
the same lines as the circuit diagram. The board is 
mounted to the rear panel, as in Fig. 1, and it must be 
spaced away from the panel by stand -off washer;. 
Alternatively, a piece of polystyrene tile, cut to the 
same dimensions as the board, may be sandwiched 
between the board and the panel. 

After throughly checking the completed power supply 
wiring for mistakes, the unit should be switched on and 
the various output voltages checked. The 124 and 12 
volt outputs should have voltages that are within 5% 
of their nominal values since they are controlled by 
zener diodes. The e.h.t. should be somewhat higher, at 
600 volts or more, as it is not under load conditions as 
it stands. 

DISPLAY UNIT 

Fig. 7 shows the circuit diagram of the display unit. 
This is very straightforward, and uses standard circuitry. 
The astigmatism control is required to ensure that the 
beam is properly focused, whatever part of the screen 
it is aimed at. 

No special insulation was used on the brilliance and 
focus controls as is sometimes done due to the high 
voltages involved, and this was found to be quite 
satisfactory. Point -to -Point wiring is used. R7 can be 
conveniently mounted between pin 3 and pin 6 of the 
c.r.t. base, as there is no internal connection to pin 6. 

The 3BP1 c.r.t. employed is available from a number 
of suppliers, including Henry's Radio. Although this 
tube is intended to operate from a 1,500 volt supply, it 
gives perfectly satisfactory results at the lower voltages 
employed here. The only effect of using a lower voltage 
is a slight loss of trace brightness and an increase in 
deflection sensitivity. 

To test that the display unit is functioning correctly, 
the X and Y plates should be temporarily earthed to 
chassis. The unit should then be switched on, and after a 
brief warm -up period for the c.r.t., a spot should appear 
on the screen. It should be possible to adjust the in- 
tensity of the spot with the brilliance control, while 
adjustment of the focus control should enable the spot 
to be reduced to about 1 mm. diameter. 

For the time being the astigmatism control should be 
set at its mid -point. This control can be given the correct 
adjustment later, after the X and Y deflection amplifiers 
have been installed. 

When these are installed, the astigmatism control 
should be tried at various settings, with the focus control 
being re- adjusted for each new setting. The X and Y 
shift controls are then employed to move the spot to the 
extremities of the screen and thereby check how well the 
spot remains focused. 

The control is left finally at a setting which gives a 
properly focused spot at any part of the screen. 

Fig. 7. The display section 
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Fig. 8. The circuit of the X 
amplifier 
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X AMPLIFIER 

The X amplifier uses a very simple circuit incorpor- 
ating only three transistors, including an f.e.t. input 
stage. The circuit diagram is given in Fig. 8. 

TRI is a 2N3819 field effect transistor operated in the 
source follower mode (the f.e.t. equivalent of the emitter 
or cathode follower circuits). Pre -set resistor RIO is 
adjusted to give approximately half the supply potential 
at TRI source. The 6.8MS2 gate biasing resistor, R8, 
is given a certain amount of bootstrapping by being 
taken to a tap in the source load resistance. Because of 
the high input impedance of the f.e.t. and the very high 
effective resistance offered by R8 the circuit achieves an 
extremely high input resistance, but this is shunted by 
the gain control, VR3. A source follower gives a very 
low input capacitance (a few picafarads) and the actual 
input capacitance of this section of the oscilloscope will 
depend largely upon the stray capacitance in the input 
wiring. 

TR2 and TR3 are operated as a paraphase amplifier. 
This is a form of phase splitter. The easiest way to 
consider the operation of this circuit is to regard TR2 as 
a common emitter amplifier, and TR3 as a common 
base amplifier. Signals at TR2 base will appear ampli- 
fied, but 180° out of phase, at TR2 collector. These 
signals will also appear, at a low impedance and in 
phase, at TR2 emitter. 

TR3 is operated as a common base amplifier. In such 
a circuit the input is taken to the emitter of the trans- 
istor, and so the signals at TR2 emitter are coupled 
to the emitter of TR3. Here they are amplified, appear- 
ing at TR3 collector and again having undergone no 
phase change. Out -of -phase signals therefore appear at 
TR2 and TR3 collectors. 

The output of the amplifier is directly coupled to the 
c.r.t. X deflection plates. 

Capacitor C7 is used to give high frequency boost to 
the amplifier by bypassing R17 at high frequencies, at 
which it has a low reactance. VR4 is the X Shift control. 
Pre -set resistor R16 is adjusted to enable the X shift 
control to deflect the spot equally either side of centre. 
A shift of approximately 2 cm. either side of centre 
should be possible. 
DECEMBER 1972 

The X amplifier is constructed on a printed circuit 
board measuring 3 by I Pn. A diagram giving etching 
details of the board is shown in Fig. 9, and a second 
diagram of the board showing the component layout is 
given in Fig. 10. In common with all the other printed 
circuit board etching diagrams in this article, Fig. 9 is 
reproduced full size and may be traced. 

The X amplifier board is mounted to the chassis in the 
position indicated in Fig. 2, being insulated from it by 
stand -off washers or by sandwiching a piece of poly- 
styrene tile cut to the same dimensions between it and 
the metal. The input to the X amplifier is at the two 
sockets on the front panel marked ̀ X' in Fig. 1, and also 
at the coaxial socket, which is connected in parallel. 

All leads at the input of the X amplifier must be 
screened. The capacitance to earth of the lead coupling 
the slider of VR3 to C5 should be kept low. The mains 
lead to the on -off switch on the front panel must be kept 
well clear of the f.e.t. and the input wiring, to prevent 
pick -up of mains hum. 

When completed and checked for mistakes, the unit 
should be turned on, having first set R16 for maximum 
resistance (turned fully anti -clockwise). R10 should be 

3` 4.1 

Fig. 9. The copper side of the X amplifier printed 
circuit board 

This is reproduced full size and may be traced 
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COMPONENTS 
Resistors 

(All fixed values I watt 10% unless otherwise 
stated) 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
R16 
R 17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 
VR1 
VR2 
VR3 
VR4 
VR5 
V R6 
VR7 
VR8 

15kû 5 watt 
33kû 2 watt 
56û 1 watt 
220k52 
39kû 
12kû 
IMû 
6.8Mû 
4.7kû 
1kû vertical skeleton pre -set 
82kû 
3.9Mû 
39kû 
4700 
39kû 
100kû horizontal skeleton pre -set 
1.2kû 
270kû 
3.3kû 
I5kû 
6800 
82û 
12kû 
10Mû 
10Mû 
15kû 
5.6kû 
lkû vertical skeleton pre -set 
27kû 
27kû 
2.2kû 
1.2Mû 
56kû 
10Mû 5% 
1 MS2 2% 
100kû 2% 
11kû 2% 
11Oû 
47kû horizontal skeleton pre -set 
1.5Mû 
3.9Mû 
120kû 
2.2kû 
2.2kû 
47kû 
47kû 
10kû 2% 
10kû 2% 
8.2kû 
I5kû 
15kû 
1.5Mû 
1.5Mû 
100kû potentiometer, linear 
25kû potentiometer, linear 
2Mû potentiometer, linear 
500kû potentiometer, linear 
500kû potentiometer, linear 
100kû potentiometer, linear 
2Mû potentiometer, linear 
100kû potentiometer, linear 

Capacitors 
a CI (a) (b) 

C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 

C17 
C18 
C19 
C20 
C21 
C22 
C23 

32 32µF electrolytic, 350 V.Wkg. 
4µF paper, 500 V.Wkg. (see text) 
1,000µF electrolytic, 16 V.Wkg. 
1,000µF electrolytic, 16 V.Wkg. 
0.047µF plastic foil 
100µF electrolytic, 16 V.Wkg. 
5,000pF plastic foil 
l pF plastic foil 
0.1µF plastic foil 
0.01µF plastic foil 
1,000pF silvered mica 
100pF silvered mica 
200µF electrolytic, 10 V.Wkg. 
0.15µF plastic foil 
10µF electrolytic, 16 V.Wkg. 
2,000pF plastic foil or silvered mica 
(see text) 
120pF silvered mica (see text) 
10µF electrolytic, 16 V.Wkg. 
0.22µF plastic foil 
2,000pF paper, 500 V.Wkg. 
0.1µF disc ceramic 
0.1 µF disc ceramic 
0.5µF electrolytic, 12 V.Wkg. 

Transformer 
T1 Mains transformer. Secondaries. 250-0 - 

250V at 80mA, 6.3V at 3.5A, 6.3V at 1A, 
Douglas type MT1 

Semiconductors. 
TRI 2N3819 TR9 BC117 
TR2 BCII7 TRIO BC169C 
TR3 BC117 TR11 BC117 
TR4 TIS43 TR12 XB113 
TR5 BC169C TR13 XBI13 
TR6 BC169C D1 1N4007 
TR7 BC109 D2 1N4007 
TR8 BC117 D3 1N4006 
D4-D7 Selenium bridge rectifier. 12V 0.5A 
D8 12V 3 watt zener 
D9 BZY88C24 
DIO ZLIO0 
D11 BAY31 or similar 
D12 BAY31 or similar 

Tube 
Cathode ray tube type 3BP1 

Switches 
SI s.p.s.t. toggle 
S2 2 -pole 6 -way rotary 
S3 3 -pole 4 -way rotary 
S4 s.p.s.t. toggle 

Miscellaneous 
10 control knobs 
B 14A c.r.t. base 
Flush- mounting coaxial socket 
4 3mm. insulated sockets 
5 -way tagstrip, centre tag earthed 
Capacitor clip (for C1) 
Printed circuit board 
Aluminium for case, chassis and c.r.t. mounting 
Veroboard panel 
Perspex for graticule 
Screened lead 
4 rubber feet 

1 

316 RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


Table I 
Specification 

Cathode Ray Tube. 3BPI, giving 21in. viewing area. 
Timebase. 6- position switch plus fine frequency control. 
Ranges: 1, timebase off; 2, 5 -50Hz; 3, 50- 500Hz; 
4., 500Hz -5kHz; 5, 5- 50kHz; 6, 50- 500kHz. 
X Amplifier. Input impedance, I.8Mû. Sensitivity, 
l5mV /cm. Bandwidth, less than 5Hz to 250kHz at 
-3dB. X input provided. 
Y Amplifier. Input impedance, 1.5Mû. Sensitivity, 
10mV /cm. Bandwidth, less than 5Hz to approx. 1MHz 
at -3dB. Useful response to beyond 2MHz. Four 
position attenuator, X1, X10, X100, X1000. 
Sync. Internal sync. 

Table Il 
Control Functions 

SI Mains on -off 
S2 Timebase range 
S3 Y attenuator 
S4 Sync. on-off 
VR1 Focus 
VR2 Brilliance 
VR3 Xamplifiergain 
VR4 X shift 
VR5 Timebase fine frequency 
VR6 Y shift 
VR7 Y input gain 
VR8 Astigmatism 

+12V 

+124V 

Input 

(VR3 slider) 

D 
TR 
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R8 S 

Tr 
CS 

RIOL+ 
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VR 4 

-L 
RI2 

o 

TR2 TR3 
é 

R17 

VR4 

RII 

T 

Earthing tag 

Another view inside the oscilloscope. The use of 
circuit modules represents an attractive con- 

structional approach 

adjusted for half resistance at the outset, and then 
adjusted to give 6 volts (plus or minus 1 volt) at TRI 
source. 

After the tube has had time to warm up, it should be 
possible to bring the spot on the screen by adjusting the 
X shift control. Rl6 should now be reduced in resistance 
until the X shift control can move the spot an equal 
distance on either side of centre. 

The circuit is very sensitive, and if it is working 
properly, touching the positive X input terminal will 
produce a line across the screen, the length of which 
can be controlled by the X gain control. 
DECEMBER 1972 

Fig. 10. The component 
layout on the X amplifier 

board 

NEXT MONTH 

The remainder of the constructional details of the 
oscilloscope will be discussed in the concluding article, 
to be published next month. The Components List 
accompanying the present article includes all the parts 
that are required. Some of the components will, in 
consequence, be referred to next month. 

(To be concluded) 
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EIORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 
Times= GMT 

After some time spent searching for a clear 49 metre 
band outlet, Lakeland Radio, Blantyre, Malawi is 
reported by BADX (British Association of Dxers) 
operating on 9510 (31.55 metres) and signing -off at 
2200. The schedule is from 0330 to 0430 (latter time is 
subject to some variation) and from 1845 to 2100 
sign -off, also apparently liable to alteration. All 
programmes are in English from this 100kW transmitter. 

AROUND THE DIAL 

LEBANON 
Beirut has been heard signing -on with the National 

Anthem, station identification in English and a news- 
cast in the same language at 1800 on 15170 (19.78m). 

AUSTRALIA 
The best time to hear transmissions from this 

country is, of course, in the early mornings around 
0700 but it can be logged during the afternoons on 
occasions. We logged Radio Australia at 1520 on 
7235 (41.47m) when a programme in English to S.E. 
Asia "Politics in Australia" was being radiated. 

SOUTH AFRICA 
Radio South Africa from Johannesburg may be 

heard during the evenings at 1900 on 15175 (19.77m) 
when radiating station identification and a newscast 
in the English programme. 

For a more difficult exercise in the reception of South 
Africa, try the Internal English Service on 4965 
(60.42m) from around 1930 onwards. Logged recently 
at 2010 with a programme of dance music records. 

ECUADOR 
If you are interested in Dx, why not listen to "DX 

Party Line" broadcast every Tuesday in the English 
programme which commences at 1930 from HCJB 
Quito on 17755 (16.90m) amd in parallel on 15155 
(19.80m) and 11715 (25.61m). The programme is 
mainly supported by listener reports from the USA 
but is nevertheless of interest to SWL's in the UK. 

CUBA 
Havana can be heard, in English, from 2015 on 

15140 (19.81m) but do not be surprised if you later 
hear Hanoi, Vietnam on the same channel in English - 
it is merely a relay. 

EGYPT 
The Arab Republic of Egypt can be heard every 

evening with station identification and the news in 
English at 2200 on 9805 (30.59m) in the European 
Service. Address your reports to - European Service, 
P.O. Box 566, Cairo. 

YUGOSLAVIA 
Radio Belgrade may be heard with identification 

and a newscast in English at 2200 on 9620 (31.18m). 
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U.S.A. 
WINB Red Lion is currently signing -on in English 

at 2100 on 15185 (19.75m). 

INDIA 
All India Radio, Delhi, can be logged if conditions 

are right on 4860 (61.72m). We heard it at 2200 with 
the news in English until 2210, a talk on Indian affairs 
until 2215 when, after station identification, local 
songs and music were radiated. Also logged on another 
occasion at 1930 with a programme of local music. 

AIR Bombay has also been logged at 1840 on 15080 
(19.89m) with programme of Indian music. Station 
identification and news in English at 1945. 

ITALY 
The news in English from Rome can be head, after 

identification, at 1930 on 11800 (25.42m), but see below. 

SRI LANKA 
The 11800 channel also carries a programme of local 

music and songs from Colombo which may be heard 
around 1530, recently logged by us from 1520 through 
to 1550. 

ROUMANIA 
Bucharest radiates the news in English at 1930 and 

can be heard on 11775 (25.47m). 

MALAYSIA 
The BBC transmitter at Tebrau may be heard with 

the news in English at 2200 on 9570. 

PAKISTAN 
Radio Pakistan, Karachi, may be heard with the 

local news in English from 1915 to 1920 on 9460 
(31.71m). 

CHINA 
Some loggings of Radio Peking in recent weeks have 

been - 4865 (61.66m) at 2210, talks in a local dialect; 
4905 (61.16m) at 2220, female in Chinese dialect; 
7256 (41.34m) at 1435, dialogue in Chinese; 9020 
(33.25m) at 2020, in Chinese; 9365 (32.03m) at 1500, 
sign -on with "East is Red" then into Russian - soon 
jammed; 11770 (25.48m) at 1542, female still talking; 
and on 15030 (19.96m) at 2005, programme in English 
about Chinese achievements. 

BRAZIL 
If the LF bands are reasonably `open', ZYX2 Radio 

Brasil Central, Goiania, on 4995 (60.06m) can be heard 
from around 2100 or so. Logged here recently at 2120 
with Latin American music and announcements in 
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Portuguese. 
Another Brazilian station to look for is ZYR56 

Radio Excelsior, Sao Paulo, on 9585 (31.29m) around 
2200. We logged it at 2210 with a sports commentary. 

BOTSWANA 
Radio Botswana, Gaberones, can sometimes be 

heard in the U.K., conditions permitting, on 4845 
(61.91m) around 1830. We logged it recently at 1850 
when African drums and native musical instruments 
were blended in a rythmic sequence which went on, 
and on, and on! 

ANGOLA 
Radio Clube do Huambo has a 10kW signal that is 

worth searching for on 5060 (59.28m) around 2230, 
programming is in Portuguese. Our last two loggings 
of this station however were marred by a continuous 
heterodyne on the channel - but we live in hope! 

CAMEROON 
Radio Garoua on 5010 (59.88m) is more often than 

not blotted out by teletype transmissions but we did 
manage to hear the station at 2220 recently on a clear 
channel for a change. African chants by a chorus (!) 
of young ladies delighted our ears. Local `pops' 
presumably! 

GM19T het'. Stn. Rcvd. 

1435 7256 R. Peking 
1500 9365 R. Peking 
1520 7235 R. Australia 
1520 11800 Colombo 
1542 11770 R. Peking 
1800 15170 R. Beirut 
1830 15485 R. Libre 
1840 15080 Bombay 
1845 9510 Lakeland Radio 
1850 4845 R. Botswana 
1900 15175 Johannesburg 
1915 9460 R. Pakistan 
1925 4926 EAJ206 Bata 
1930 4965 Johannesburg 
1930 11715 HCJB Quito 
1930 15155 HCJB Quito 
1930 17755 HCJB Quito 
1930 4860 Delhi 
1930 11800 Rome 
1930 11775 Bucharest 
1945 15080 Bombay 
2005 15030 R. Peking 
2015 15140 R. Havana 
2020 9020 R. Peking 
2100 15185 WINB Red Lion 
2115 15105 R. Grenada 
2120 4995 ZYX2 R. Brasil 
2200 9585 ZYR56 R. Excelsoir 
2200 9805 Cairo 
2200 9620 R. Belgrade 
2200 4860 Delhi 
2200 9570 Tebrau 
2210 4865 R. Botswana 
2220 4905 R. Peking 
2220 5010 R. Garoua 
2230 5060 R.C. do Huambo 

DECEMBER 1972 

CLANDESTINE 
Radio Libre, with identification and talk in Portu- 

guese, was recently logged by us on 15485 (19.37m) 
at 1830. 

WINDWARD ISLANDS 
Radio Grenada operates on 15105 (19.86m), where 

we recently heard a programme in English at 2115 
about tourism in the West Indies. 

EQUATORIAL GUINEA 
EAJ206 Bata, Rio Muni, may be heard on 4926 

(60.90m) during the evenings here in the U.K. Pro- 
gramming is mainly in Spanish and we logged it at 
1925. 

TIME -CHECK 
The transmissions featured in AROUND THE DIAL 

are listed here on a time -check basis for the convenience 
of readers. 

NOW HEAR THESE 

INDONESIA 
"The Voice of Indonesia ", Jakarta, currently radiates 

a programme in English, directed to the U.K., Europe 
and New Zealand, from 1900 to 2000 on 11715 
(25.60m). 

SRI LANKA 
The English Service from Colombo may be heard 

from 1230 to 1730 on 7190 (41.72m), 9720 (30.85m) 
and on 15120 (19.84m). 

BRAZIL 
The Brasilia International Service beams an English 

programme to Europe from 2200 to 2300 on 11720 
(25.59m) and on 15447 (19,42m). but, according to 
reports, the time schedule is subject to variation. 

IRAN 
Radio Iran is now back (at the time of writing) on 

9030 (33.22m) and has vacated the 12180 channel. 

FINLAND 
Broadcasts in English to Europe daily from Finland 

may be heard from 1400 to 1430 and from 1800 to 
1830 on 15185 (19.75m) and from 2030 to 2100 on 
9550 (31.41m). 

KUWAIT 
The English programme from Radio Kuwait has 

been logged at 1710 on 15415 (19.46m). Current 
schedule in English is from 1630 to 1900, also in 
parallel on 9750 (30.76m). 

CONGO REPUBLIC 
Brazzaville may be heard in the evenings on 15190 

(19.74m) we logged it at 1950 when a programme of 
typical African music was being broadcast, identifica- 
tion in French at 2100. "The Voice of the Revolution" 
carries the local domestic service and is on the air from 
0600 to 1300 and from 1500 to 2130. 

INDIA 
AIR Delhi can be heard with a programme in English 

from 2100 on 11620 (25.81m). We logged it at 2110 
and learned about the 5 -year village improvment 
scheme. 
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<irCLOPS 
PART SIX by L. C. Galitz 

This is the sixth and concluding article in the series concerning 
robots and cybernetic devices, and it describes the circuit operation 
and construction of the conditioned reflex circuits. Also dealt with 

is the battery charger unit. 

I 
NLAST MONTH'S ISSUE THE BASIC OPERATION OF THE 
conditioned reflex circuitry was described, after 
which the circuit for the conditioned reflex unit was 

published, as Fig. 27, together with the Components 
List. Fig. 27 should now be consulted, since its operation 
will next be discussed in detail. 

CIRCUIT OPERATION 

In Fig. 27, the area enclosed by the dotted line is built 
on the new Veroboard panel, and above and below the 
dotted line are existing components such as RLA /4, 
RLB /1, RLC /1 and their contacts. There are also new 
components such as X2, the magnetic sensor, S4 and 
S3. The operation of the circuit is fairly straightforward, 
apart from a few details which are somewhat unusual - 
these are explained below. 

The output from the inhibit Ss gate triggers the 
differential monostable via R26 and C6. The two mono- 
stables in this circuit have a diode in the collector of the 
transistor which is normally turned off. This is to ensure 
that if there is a momentary reduction in the supply 
rail voltage, these diodes will be reverse biased, and the 
potential on the collectors of TR17 and TR22 will be 
held up by the charge across C7 and C9 respectively. 
This prevents spurious triggering of the monostables. 

The extension monostable is fired directly by X2, a 
reed switch acting as a magnetic sensor, via C8. R37 
holds the X2 end of C8 negative until the switch is 
triggered. The output of this monostable passes to the 
base of TR20, whilst the output of the differential 
monostable passes to TRI9. These two transistors, 
along with R30, form the coincidence And -gate, using 
the current sinking logic principle. In other words, the 
emitters of the transistors are kept near the earth 
potential unless both transistors cut off, and this only 
happens when both bases are negative, which in turn 
only occurs when both monostables have fired at the 
same time. At all other times, the current through R30 
320 

is sunk to earth via either or both transistors. The output 
of the gate passes via D5 and R31 to the summing 
capacitor. D5 prevents the capacitor discharging 
through the gate when it is closed, and R31 allows the 
capacitor to chargé up only by a certain amount every 
time the gate opens. S4 is wired across the summing 
capacitor and is labelled `Forget' - it is used when 
one wishes to erase Cyclops' memory of previous 
experiences and start afresh on a new experiment. 

TR23 in the common collector mode acts as a current 
amplifier for the summing capacitor. In the emitter 
circuit of this transistor is wired a potentiometer which 
sets the threshold level of the Schmitt trigger' formed by 
TR24, TR25 and associated components. It so happens 
that all three outputs from the Schmitt trigger require 
the inverted function rather than the normal one, and 
therefore the output is taken from the first collector. 

It will be noticed that the time- constant resistor for 
the extension monostable is split into two halves, R34 
and R35. The junction between the resistors is connected 
via D7 to the output of the Schmitt trigger. When the 
Schmitt trigger is in its unfired state the cathode of D7 
is negative and the diode conducts, reducing the effective 
overall time- constant resistance. When the Schmitt 
trigger fires, this diode is reverse biased, and both 
resistors come into normal operation. In the prototype, 
the two monostable quasi- stable periods were seven and 
ten seconds respectively. 

The first output And -gate, the inhibit En gate, consists 
of TR26, and TR27 and R44. This gate operates in 
similar fashion to the coincidence'And -gate. The output 
of this gate passes directly to TR28, the relay driver, 
and it has the usual diode to prevent relay transients 
damaging the driving transistor. The bases of the trans- 
istors forming the And -gate couple directly to the 
Schmitt trigger output and the monostable output 
respectively. This is possible because the transistors 
operate in the common collector mode and therefore 
have a high input impedance. 
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On the other hand, the transistors forming the 
`instigate conditioned response' gate, TR29 and TR30, 
are in the common emitter mode, and they connect to 
the Schmitt trigger output and the Sn input via resistors. 
As with the previously mentioned gate there is a relay 
driver, TR31, wired directly to the output of the gate, 
again with the usual protection diode. From the output 
of this gate passes á wire to S3(c), and from this switch 
to the base of TR15 in the inhibit Ss gate, so that the 
automatic reinforcement feedback loop is inhibited 
when the switch is set to the 'magnetism means light' 
mode. 

The other two sections of S3, which is the mode 
selector switch, occur in the input switching of Ss, and 
in the output switching of Es, in the 'touch' mode, Ss 
is connected via S3(a) to the make contact of RLA2, 
of which the common contact and the break contact are 
already in the basic reflex circuitry. (See Fig. 14, 
published in Part 3). At this point it should be noted 
that the positive lines of both the learn circuitry and the 
basic reflex circuitry are joined together. In the 'light' 
mode, Ss connects to the make contact of RLCl ; the 
common contact connects to the earth line via RLA2. 
(This is just for convenience when wiring - it could 
connect straight to the earth line). 

When switched to the 'touch' mode the Es output 
passes to pin 6 of the basic reflex circuitry socket via 
S3(b), i.e. to the base of TRI, which operates RLA /4; 
and, when switched to the 'light' mode, the Es output 
passes directly to RLC /1 coil. The output from En 
always goes to RLB /1 so that, when En is activated, 
Cyclops' motors cut off until the extension monostable 
reverts to its normal state. 

It can now be appreciated why relays RLB/1 and 
RLC/ 1 were specified as having dual coils - in each case, 
one relay coil appears in the basic reflex circuitry and the 
other coil appears in the conditioned reflex circuitry. 
The isolation of the two coils helps keep the two sets of 
circuits separate. 

The arm of S3(a) connects to the base of TR16, one 
of the two transistors in the 'inhibit Ss' gate. Resistor 
R23 keeps this transistor cut on until the appearance of 
the pulse from either RLA2 or RLCI. 
DECEMBER 1972 

COMPONENTS 

All resistors and capacitors are standard components 
as specified in the Components List, which was pub- 
lished last month. The diodes are all silicon, and D5 
should be chosen to have a high back resistance to limit 
discharging of the summer capacitor. Transistors TR19 
and TR20 are n.p.n. silicon planar, with the leads having 
the e-c-b sequence. TR26 and TR27 are normal n.p.n. 
transistors, whilst all the others are p.n.p. transistors. 
The monostable transistors may have to be selected, as 
some cause spurious triggering of the circuit - in other 
words, some transistors have a property of being more 
susceptible to noise than others.The writer encountered 
this problem with some of the transistors he had on hand, 
but quite a number worked quite satisfactorily, giving no 
trouble at all. It is possible that the risk of spurious 
triggering could be reduced by adding a bypass capacitor, 
of around 0.0474F, across the supply rails, although 
this was not found necessary by the writer, who had little 
difficulty in finding suitable transistors. 

TR23 should be selected for low leakage -a transistor 
with too high a leakage would cause CIO to discharge 
too quickly. This capacitor may also have to be selected 
for low leakage, and although capacitors working well 
below their rated voltage have in general a lower 
leakage figure, the author found no trouble with the 
several samples tried, which were working at half rated 
voltage in the circuit. 

Resistors 
R1 
R2 
R3 
R4 
R5 
VRI 

Capacitor 
Cl 

COMPONENTS 

2.2142 I watt 
2724 watt (see text) 
33052 1 watt 
2.2k0 # watt 
2752 watt (see text) 
1552 potentiometer, wirewound, preset 

1,000µF electrolytic, 20 V. Wkg. 

Transformer 
T1 Mains transformer, secondary 12V at 

0.5A. Douglas type MT111 AT 

Semiconductors 
TRI AC127 
TR2 AD161 
TR3 AC127 
Dl -D6 Silicon diodes (see text) 
WI Bridge rectifier 24 -36V, lA 

Switches 
Sl -S4 s.p.s.t. toggle 

Neon 
NEI Neon bulb assembly with integral 

series resistor. 

Miscellaneous 
Mica washer and insulating bushes (for TR2) 
Multi -way cable 
Chassis, tagboard, etc., (see text) 
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Spring (not removed) 

Pin connected to 
moving part of 
switch 

Bracket holding 

metal fitting 

Pin connected to 
moving part of 
switch 

(a) 

54 push button 

Metal fitting, 
which is removed 

_Spring. which 
is removed 

54 push button 

Spring 

-Bracket 

(b) 

Fig. 28 (a). Switch S4 before modification 
(b). How the switch appears after modifi- 

cation 

X2 is an R.S. Components reed switch, and the Vero- 
board connector used by the author was a Painton 
15 -way component. If difficulty is experienced in ob- 
taining this connector a 16 -way edge connector (Home 
Radio Cat. No. BTS45) could be employed with a 16- 

Wire soldered to other end 

of reed switch 

Reed switch 

One end of reed switch 

soldered to top of rod 

RLA /4 bracket 

(a) 

Meccano part 16, 

31 /2' rod 

Wire to pin 4,socket 2 

RLA /4 coil retaining nut 

-- Meccano part 212A 

rod a strip connector 

Veroboard socket 

Meccano double brackets 
(port II) 

-- ÿ 
u 

Chassis 

Spacer on socket 

Nut supplied 

with socket 

Woodscrew 

Fig. 29. Mounting the 15 -way Veroboard socket. 
This is a view from the front of Cyclops 

way piece of Veroboard, as was suggested for the board 
that is already fitted to Cyclops. The 16th way would, 
of course, be ignored when wiring up. Details of the 
relays RLB /1 and RLC /1, and of S3 and S4, were given 
in Part 3 of this series. However, although S3 is of the 
press -to- changeover, press -to- changeback, as on the 
switch -bank obtained, S4 is of the press -to- changeover, 
release -to- changeback variety, and was modified by 
removing a small metal fitting and a spring on the back 
of the switch. Details of this modification are shown in 
Fig. 28. Alternatively, separate switches can be obtained 
and mounted on the main control panel. 

Battery BY3 is exactly the same as BY1, a Deac 6V 
225mA /H rechargeable battery, but, as mentioned in 
Part 3, could be an Ever Ready PP1. 

CONSTRUCTION 

If the reader has obtained the Painton 15 -way 
connector, this is mounted on the baseboard using a 
pair of Meccano double brackets as shown in Fig. 29. 
If the alternative 16 -way connector is employed, this 
may be fitted in the same way as was the connector for 
the first board. The reed switch is next mounted using a 
Meccano rod, and rod and strip connector. Details of 

31/2" 

Reed switch 

N 

Socket I. pin 5 

RLA /4 
bracket 

End of reed switch 

soldered to top of rod 

Meccano part 16. 31/2 rod 

RLA/4 

Meccano part 212A 
(rod a strip connector) 

RLA /4 coil retaining nut 

RLA2 contact 

Wire from RLA/4 coil 
soldered here 

(b) 

Fig. 30 (a). View from rear, showing the method of mounting the reed switch 
(b). Another view, from the right side, of the reed switch mounting 
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 8 

7 -- 6 

4 

3 

2 

15 14 13 12 II IO 9 

LT-F- 
8 7 6 5 la 

il 
.3 2 1 

4 

Front drive assembly 
support 

Socket for electronics 
panel I 

ll 

Drive 

motor 

To RLA 
contacts 

X2 

RLA 

Power 

switch 
unit 

pin 4 
pin 3 

pin I 

IIpin5 1' - pin 5 T pin 6 

V 

Power 
supply 

socket 

RLB RLC 

v c a 

S3 

S2 

c r a b 
a c 
b d 

SI 

r. ... 
S4 

S3 up - magnetism 

means touch 

53 down -magnetism 
means light 

Fig. 31. The additional wiring on the main baseboard. As it is difficult to interpet diagrams in which the wires 
run closely together, as here, it is advisable to check against the circuit of Fig. 27 during wiring 

how this assembly is built, and how it is mounted on the 
coil retaining nut of RLA /4 are given in Figs. 30(a) 
and (b). 

The additional wiring can be carried out according 
to Fig. 31. Fig. 32 gives details of the wiring to the pins 
of the relays, which is not shown in sufficient detail in 
Fig. 31. It should be noted that the centre contact of 
RLC1 must be connected to the electronics earth, and 
the make contact of RLC1 should be connected to S3 
(a). If the reverse is done, the circuit will not function 
correctly. 
DECEMBER 1972 

At this stage the Veroboard panel may be dealt with. 
This measures 2 by 5in. and has 13 strips, each with 
33 holes. If the Painton 15 -way connector is to be used, 
the area bounded by the holes K7, M7, K27 and M27 
must be cut out, after which the connector can be 
mounted by enlarging the holes L6 and L28. These 
holes are illustrated in Fig. 33 and 34, which show the 
component and copper sides of the board respectively. 

Next, cut the strips as indicated in Fig. 34. In wiring 
the board several points need to be observed. One of the 
lead -outs of R46 passes through the hole F17 (at which 
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Socket I pin 5 

Relays B and C 

coils and RLCI 

Socket I pin I 

Power socket Socket 2 pin 2 

pin I 

RLA 

22 
Scan motor 

Socket I 

pin 8 RLA2 Socket 2 $ Socket I 

pin 6 53a pin 7 

(o) (b) 

Fig. 32 (a). Wiring at RLA2. The additional connections are to S3 (a) and RLC1 
(b). Connections to relays RLB and RLC. Th.s includes existing wiring. RLB and RLC are wired in the 

mode shown here so that fields from separate coils assist each other. (lt maybe necessary to alter 
the existing wiring to the coils to achieve this) 

(c). Pin designation for relays RLB and RLC 

53b 

(c) 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

Connector block 

B 9 10 II 12 13 14 15 

1111I 
Hg. 33. Components side of Veroboard panel No. 2 

33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 3 2 I 

A o 0 0 o o o 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 O 

g o o o o o o o o o o o o o o o ( o ) o o o ( o) ( o 

C o o o o 

D o o o j( o 

E o o o 

F o o o o o o 
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I o o 0 0 o 0 

J o 0 0 0 0 0 0 

K o 0 0 0 0 0 

L o o o o o 

M o0000A 

0 0 0 0 ( 

o o) o o 
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o o ( o 

doE. 
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Fig. 34. The copper side of the Veroboard panel 
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the copper strip has been cut) and connects to the copper 
strip adjacent to F18. Diode D7 is mounted on the 
copper side of the board. There are, also, a number of 
links on the copper side of the board, these consisting of 
insulated wires soldered direct to the copper strips. 
Where possible, component lead -outs adjacent to the 
link connection points should be soldered before the 
links are fitted. 

It is recommended that the circuit be built in stages; 
firstly the two monostables, then the coincidence gate 
and the inhibit Ss gate. Following this, the summer, 
Schmitt trigger, and finally, the output gates should be 
built. As each stage is completed the circuit can be 
tested. Any errors can be checked easily, because any 
faults that develop must be in the stage after the one 
previously tested. The polarities of the capacitors, 
diodes and transistors should be carefully checked 
before testing. When the circuit has been fully built and 
tested, the final setting up can take place. 

SETTING UP 

It may be found that minor difficulties occur during 
testing, and these may crop up due to tolerance spreads 
in the components used. There is only one resistor 
specified in the Components List which may need its 
value slightly changed, and that is R26. If this value is 
too small, Ss will not inhibit; if the value is too large, Ss 
will not trigger reliably. The author found that it was 
easiest to start with the resistor too small in value. 
Connect TR15 base to the negative rail via a lid/ 
resistor, and trigger the Ss input, increasing the value 
of R26 until the differential monostable does not fire. If, 
then, TR15 base is connected to the positive rail by a 
10kí) resistor, the differential monostable should trigger 
reliably every time Ss input is applied. 

The monostable resistors governing the time -con- 
stant in the prototype were 6.8142 for the differential 
monostable, and two IRO in series for the extension 
monostable. These give monostable quasi -stable periods 
of 0.6 seconds calculated, against 0.8 seconds in actual 
fact, for the differential monostable; and 8.6 seconds 
calculated, against IO seconds in fact, for the extension 
monostable with the Schmitt trigger fired. With the 
Schmitt trigger in the normal unfired state, the mono- 
stable period is 7 second. 

In the prototype, with R31 at 1k0, the summer needs 
six coincidences to give an output of 4 volts, at which 
potential the threshold of the Schmitt trigger is set. 
However, this figure is based on measurements obtained 
with coincidences made one immediately after the other. 
In normal operation, approximately ten coincidences 
are required before the Schmitt trigger fires. Construc- 
tors may wish to vary the value of R31 to make the 
number of coincidences required more or less. VR4 sets 
the Schmitt trigger threshold, and in the prototype this 
potentiometer was set to operate the trigger upon 
receiving an output of 4 volts from the summer. 

Now the conditioned reflex unit should be complete, 
and Cyclops should behave in a more intelligent 
manner, modifying his actions to suit his environment, 
and he should be enjoying himself more than he did 
during his uneducated days. 

CHARGING UNIT 

In one of the photographs accompanying Part 1 of 
this series, Cyclops was shown having his batteries 
charged by a special charging unit coupled up to the 
6 -way power socket. Although any suitabe method of 
charging the batteries may be employed, readers may 
prefer to use the charging unit employed by the author. 

b 

AC 127 

Lead -outs 
AD 161 

Lead -outs 

Fig. 35. The circuit of the battery charging unit 
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Brief details of this unit will now be given. 
The circuit of the unit appears in Fig. 35. The a.c. 

mains input to T1 primary is switched by SI. The 
secondary output of 12 volts is rectified by WI and 
smoothed by C1. The rest of the circuit consists of three 
constant current devices, one for each battery to be 
charged. 

Considering the first constant current device, TRI is 
germanium; therefore D1, a silicon diode with a 
voltage of about 0.7 volt across it, is sufficient to pro- 
vide a constant voltage to TR1 base, TRI being wired 
in the common base mode. RI supplies sufficient current 
through the diode to swamp the current taken by TRI 
base even when TRI is passing the full constant current. 
As TRI is in the common base mode, the constant 
current is set by the emitter resistor R2. S2 allows the 
charging current to be switched on and off. Diode D2 
is in circuit to isolate the battery should the unit be 
disconnected from the mains. When this occurs D2 
becomes reverse biased. 

The same circuit description applies to the two other 
constant current devices. 

The sections charging the Deac batteries BY! and 
BY3 are set to give 27mA by adjusting the resistors R2 
and R5. In the prototype the value required for these 
two resistors happened to be 2752 exactly. The transis- 
tors used are AC127's. The section charging BY2 is set 
to 200mA by adjusting VR1. This section uses an 
AD161 power transistor. 

The charging unit is built in a 6 by 4in. aluminium 
chassis, with Si to S4 and the neon indicator mounted 
on the front panel. The electronics is built on a 2 x 10- 
way tagboard. The AD161 is bolted direct to the chas- 
sis, employing a mica washer and two insulating bushes 
for insulation of its collector in the usual manner. Each 
AC127 (which has an isolated envelope) is secured to 
chassis with the aid of a heat clip, which also functions 

as a bracket. The preset variable resistor, VR1, is 
mounted inside the chassis so that, once set, it cannot be 
accidentally disturbed. This component should be 
adjusted to insert maximum resistance before it is 
initially set up. Its resistance is then reduced until 
the desired 200mA charging current is achieved. A 
multi -way cable from the unit connects to a 6 -way plug 
matching the power socket on Cyclops. 

The mains transformer Tl is a Douglas MT 111AT 
offering 12 volts at 0.5amp. This is available from G. W. 
Smith & Co. Ltd., 3 Lisle St., London, W.C.2. Diodes 
D1 to D6 are any silicon diodes, but it must be 
remembered that D4 has to be able to pass 200mA. 

The reason for including switches S2, S3 and S4 is 
simple. Sometimes the Cyclops electronics are run to 
test them without the motors, or the learn circuitry is 
not switched on. In either case, one battery has not been 
used and is still fully charged from the last time it was 
plugged into the charging unit. That battery is not then 
charged during the next charging period, it being switch- 
ed out of the charging circuit by the appropriate switch. 

The accompanying Components List shows the parts 
required for the charging unit. 

CONCLUSION 

The present series of articles on Cyclops is now 
concluded. However, further work has been carried out 
since these were written, and modifications are available 
which teach Cyclops how to earn his living and how to 
give him fits of neurotic depression when encountering 
hard times! These modifications will be described in a 
few months' time and it is suggested that readers retain 
the copies of Radio & Electronics Constructor in which 
the present series has appeared since reference will be 
made to the diagrams in these. 
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QUIZ 

DETECTOR 
by 

M. Jennings 

A reliable device which indicates, by electronic means, which of a 
number of switching circuits has been closed first. 

THIS CIRCUIT INDICATES WHICH OF TWO PUSH- BUTTONS 

has been pressed first and can, in consequence, 
be used in a game where two contestants match 

their reflexes in response to a stimulus, or in a quiz in 
which, after a question has been posed, the first team 
to press its button has the first option of answering. 
Circuits carrying out this second function are commonly 
used in B.B.C. sound radio quiz programmes. There 
are more serious applications also, since the circuit can 
determine which of a pair of contacts has closed first, 
and can thereby evaluate the comparative performance 
of two relays or similar switching devices. As will be 
explained later, the system can be extended to any 
number of push- buttons or external contact sets. 

USE OF THYRISTORS 

The circuit employs two thyristors (or silicon con- 
trolled rectifiers). It will be recalled that a thyristor is 

non -conductive until a positive pulse, relative to cath- 
ode, is applied to its gate. The thyristor then 'fires' and 
allows conventional current (from positive to negative) 
to flow through it from the anode to the cathode. 
Under this condition, about 0.6 volt is dropped across 
the thyristor. The thyristor remains conductive both 
in the presence or absence of a positive supply at its 
gate, and may only be made non -conductive again by 
switching off the source of anode -cathode current, or 
by short -circuiting the anode and cathode together. 

In Fig. 1, two small thyristors type CRSI105 are 
connected as shown. All the diodes in the circuit are 
silicon types. A 6 volt supply, which can be provided 
by a battery, is applied to the circuit. Let us assume that 
on -off switch S3 is now closed. Neither thyristor will 
conduct as there is no positive supply fed to either gate. 
Let us next say that push- buttons SI and S2 are both 
pressed, with Si closing momentarily before S2. As 
soon as Si closes, a positive supply is fed to the gate of 
THI via RI, S1, R2 and the two forward biased diodes 
D2 and D3. A current flows in the gate- cathode 
circuit of the thyristor and it immediately fires, causing 
pilot lamp PLI to be illuminated and the potential on 
the anode of the thyristor to fall to about 0.6 volt 
DECEMBER 1972 

Cathode Gate 

Anode 

CRSI /C5 

Lead -outs 

Fig. 1. The precedence detector circuit. The 
pilot lamps indicate which of the two 
push- buttons has been pressed first 

positive of the negative supply rail. Diode Dl now 
conducts, bringing point 'X ", at the junction of RI, 
DI and D4, to a level which is positive of the negative 
supply rail by about 1.2 volts, this being the sum of the 
forward voltage drops across TH1 and D1 . Diode D4 
is reverse biased and no current flows through it. 

With point 'X' at about 1.2 volts positive of the 
negative supply rail, it becomes impossible for push- 
button S2 to trigger TH2, because diodes D5 and D6, 
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being silicon types, are unable to pass any significant 
forward current to TH2 gate. Thus, even if S2 is closed 
only a split -second after SI, it will only be lamp PLI 
which will become illuminated, whilst PL2 will remain 
extinguished. If, on the other hand, S2 is closed a 
split -second before SI, it is TH2 which will fire, whilst 
TH1 will remain non -conductive. PL2 will then light 
up to indicate that it is S2 which, on this occasion, has 
been pressed first. 

To bring the circuit back, to its original condition 
with both lamps extinguished it is necessary to open 
on -off switch SI and then close it again. 

6V 60mA 

To point 

240n 
Silicon 
rcctif icrs 

CRS I /05 

+6V 

o 
Fig. 2. The principle can be extended to any 

number of push- buttons and pilot lamps. 
Each additional push- button and pilot 
lamp employs the circuitry shown here 

COMPONENTS 

In the author's circuit SI and S2 were push- buttons, 
as shown. Alternatively, two pairs of terminals can be 
provided for connection to external contact sets whose 
performance is to be evaluated. Diodes DI to D6 can 
be any silicon rectifier diodes. The author used 
rectifiers type 1N4002, which happened to be on hand. 
The resistors are :. watt 10% types. 

The author employed low -consumpton m.e.s. pilot 
lamps rated at 6 volts 60mA (Home Radio Cat. No. 
PL7) in order to keep battery drain reasonably low. 
Lamps drawing a slightly larger current may be 
substituted, if desired, but care should be taken to 
ensure that their cold resistance (which can be many 
times greater than their hot resistance) is not so low 
as to cause an initial current in excess of I amp to 
flow in the associated thyristor at the instant of firing. 
The cold resistance of the bulbs to be used should be 
measured with an ohmmeter, and if it is less than '60 
(which, of course, allows 1 amp to flow at 6 volts), a 
fixed resistor should be inserted in series with each bulb 
to bring the total resistance up to, or slightly greater 
than, this figure. The voltage dropped across the series 
resistor will be low when the bulb is lit and has attained 
its hot resistance value. Series resistors are not required 
with the 6 volt 60mA bulbs. 

The circuit is not limited to merely two push- buttons 
and can, if desired, be expanded to accommodate any 
number of push- buttons (or external contact sets). Fig. 2 
shows the circuit required for each additional push- 
button. This is identical to the existing individual push- 
button circuits in Fig. 1 and is connected across the 
same positive and negative supply rails. The diode in 
the anode circuit of the additional thyristor connects 
to point `X' of Fig. 1. Circuit operation is the same as 
before. Whichever push- button is pressed first causes 
its associated thyristor to fire and its pilot lamp to 
light up, whilst at the same time bringing point `X' 
down to about 1.2 volts positive of the negative supply 
rail and thereby disabling all the other gate circuits. 

BOOK REVIEW 
* * * 

RADIO DATA REFERENCE BOOK, Third Edition. Compiled by G. R. Jessop, C.Eng., M.I.E.R.E., G6JP. 
150 pages, 5f x 81ins. Published by Radio Society of Great Britain. Price £1.00. 

Intended mainly for the amateur transmitter and short -wave listener, this book nevertheless contains information that 
is of value to the constructor and experimenter. Its function is to provide equations, curves, abacs, tables and circuits for 
assistance in the design and use of equipment, together with short descriptions where applicable. 

Typical of the topics dealt with are transmission line resonators, Yagi aerial design curves, folded dipole calculations, 
self- resonant frequencies of capacitors, coil winding turns, great circle calculations, meteorological data, SI units and the 
fundamental frequencies of FT241 crystals. However, these are just a few of the matters covered, which range from 
logarithm tables to the SIN FO signal -reporting code. 

"Radio Data Reference Book" provides a comprehensive and compact source of technical facts, and will be a useful 
addition to the shelves of any serious experimenter, especially if the major field of interest lies in short-wave transmission 
and reception. The author was assisted in his compilation of the book by G. C. Fox G3AEX, R. F. Stevens G2BVN, G.M.C. 
Stone G3FZL and H. L. Gibson G8CGA. 

* * * 
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Radio 

Topics 

By Recorder 

ISEE THAT THESE NOTES WILL APPEAR 

in the December issue, at a time 
when most people are turning their 

thoughts to the choosing of Christmas 
presents. If anyone were to ask nee 

what would probably be the most 
useful present for the radio construc- 
tion enthusiast these days my answer 
would be immediate - a magnifying 
glass! 

It's true, too. Transistors and all the 
other semiconductor devices are get- 
ting smaller and smaller as the years 
go by. The type markings on some of 
the tinier plastic devices are nowadays 
so microscopic that I'm sure that even 
the keenest sighted have difficulty in 
deciphering them. It may not be long 
before we follow in the footsteps of the 
watch makers and work with an eye- 
glass permanently in position. 

MINIATURISATION 

All this miniaturisation is of course 
a good thing, since there isn't much 
point in making devices that are larger 
than they need be. In the very early 
days of transisitors, when the common 
types were the OC7Q and 007 I, 1 well 
remember reading in a journal for the 
deaf a plea for the manufacture of 
smaller transistors for use in deaf aids. 
The journal pointed out that the 
transistors then current consisted of 
minute junctions which were housed 
in what were relatively whacking 
great cans. A percipient plea indeed, 
and one that was answered in later 
years. 

With semiconductors becoming 
smaller, what other components are 

also undergoing a continual process of 
shrinkage? Resistors, for a start. 
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Obviously, a resistor has to have a 

certain minimum volume in relation 
to the power it has to dissipate. But the 
transistor circuits in which the resistors 
are used tend, themselves, towards 
reduced dissipation in the associated 
components, whereupon it becomes 
possible for resistors to become more 
and more diminutive as development 
proceeds. Capacitors also become 
smaller, if only because the voltages 
associated with transistors are so low. 

The ultimate in miniaturisation is, 

to date, the integrated circuit. This is 

already ousting individual transistors 
in many items of domestic electronic 
equipment, including in particular 
radio and television receivers. There is 

some way to go before all the com- 
ponents of a receiver, apart from the 
controls and speaker, etc., can be 
packed into a few integrated circuits 
but progress towards that end is 

nevertheless under way. In computers 
the Integrated circuit gained pre- 
cedence over the transistor many years 
ago and we now sec the situation 
where each generation of integrated 
circuits is being superseded by more 
efficient and even smaller types. 

Perhaps one of the fascinations of 
electronics is that it never stands still. 
Every year brings forth its crop of 
exciting new devices and principles, 
and nearly all of these lead the way to 
equipment of more Lilliputian di- 
mensions. I can visualise the day when 
a low cost mass- produced radio is 

encompassed in the same space as a 

wrist watch, and when an inexpensive 
mass- produced TV set has dimensions 
which are not very much .greater than 
the screen which reproduces the 
picture. 

AUTOMATED RADIO 

When the little green men finally 
overtake the world they may find that 
many of our activities are being run by 
machines. The accompanying photo- 
graph illustrates an example of this 
trend and shows a radio broadcasting 
system that is fully automated. 

The equipment is a typical item in 
the Schafer 900 series of modular 
broadcasting units and it consists of 
tape playback decks, both reel -to -reel 
and cartridge, which are controlled by 
prior programming in the memory 
store of the system control unit. 

EMI Electronics and Industrial 
Operations, Hayes, Middlesex, now 
have exclusive marketing rights (out- 
side North America and Mexico) for 
these systems, which are stated to be 

the most flexible series of a.m. and f.m. 
radio automation equipments avail- 
able. 

An automatic broadcasting 
system, marketed by EMI 
Electronics and Industrial 
Operations, which can be 
operated completely un- 
manned. Both reel -to -reel 
and cartridge tape playback 

facilities are available 

YEAR'S END 

These represent my final jottings for 
1972. Looking back, it has been, 1 feel, 
quite an outstanding year for this 
journal. We certainly intend to keep up 
the standard in 1973 and already have 

some really appetising radio and 
electronic constructional goodies lined 
up for publication. 

In the meantime take advantage of 
the Festive Season. go easy on the pud 
and, above all else, have a truly Happy 
and Merry Christmas. 

See you next year! a 
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your 

-shop; 
A H," SAID DICK LAZILY, AS HE 

settled himself more comfort- 
ably on his stool. "now this 

really is nice and Christmassy." 
It was the afternoon of the last 

working day before Christmas. Both 
he and Smithy had been toiling 
feverishly in order to clear the rush of 
faulty receivers which inevitably ap- 
peared in the Workshop just before the 
Yuletide holiday. The "Repaired" 
racks now bulged with serviceable 
receivers, whilst the "For Repair" 
racks were gratifyingly empty. 

An atmosphere indicative of the 
festive season pervaded the Workshop. 
Its utilitarian bleakness had already 
been relieved by the setting up, by Dick 
of a number of gaily coloured paper 
chains across the ceiling together with 
the application of red and mauve crepe 
paper to the walls behind the benches. 
An improbable series of imitation 
drops of snow garnished the windows in- 
neat horizontal rows, and gave 
evidence of Dick's adroit application 
of judiciously controlled squirts from 
a Gilette Foamy Shaving Cream 
aerosol. 

"Yes," spoke up Smithy, similarly 
relaxing at his own bench, "you're 
dead right, Dick. 1 can already feel the 
Christmas spirit soaking into my 
bones." 

The pair grunted contentedly. 

LOGIC CIRCUIT 

"Do you know," said Dick, "there's 
something about Christmas that fits 
exactly into the logic of life. It seems 
to be perfectly logical that the Christ- 
mas Holiday should commence just 
before the end -of the year, and just 
before we go into the worst of the 
winter." 

"True enough," agreed Smithy. 
"It's funny, though, that you should 
330 

Dick and Smithy are relaxing in the last few hours 
before the Christmas holiday when we join them 
this month. During their welcome break from 
servicing Smithy re- introduces Dick to the fascina- 
ting world of digital logic, and demonstrates to 
him the number of different gate functions which 
can be provided by the quadruple NAND gate 

type 7400. 

have mentioned the word 
"Why's that ?" 
"Because I was also thinking of 

logic," replied Smithy, "but in a 
completely different sense. I was 
thinking of those logic integrated 
circuits which are all the rage these 
days. As it happens, I've bought a 
selection of these devices and I was 
going to play around with them during 
the holiday. I've already knocked up a 
stabilized power supply for them." 

Dick's ears pricked up. 
"Logic i.c.'s, eh ?" he said keenly. 

"Have you got them with you here ?" 
Smithy opened a drawer in his bench 

and took out a small cardboard box. 
Dick rose eagerly from his stool and 
hurried over to Smithy's side. 

"Here you are," stated the Service- 
man, taking the lid off the box, "take 
a look at these." 

f 0.300.± 

0.2504.±O.OIO`-e-i 

Dick gazed into the box, which 
contained about a dozen dual -in -line 
integrated circuit modules, in company 
with an equal quantity of integrated 
circuit holders. 

"Gosh," he said, picking up one of 
the modules and examining it closely. 
"Are all these integrated circuits 
digital types ?" 

"They are." 
"1 always look upon digital i.c.'s as 

coming close to black magic," con- 
fessed Dick. "When you look at circuit 
diagrams incorporating digital i.c.'s 
all you can see are individual blocks 
with lines joining them. There are 
hardly any external components in the 
circuit diagrams at all." 

"That's one of the charms of work- 
ing with digital integrated circuits," 
stated Smithy. "You simply connect 
the output of one integrated circuit 

O770N 
0710` 

14 13 12 II 10 9 B 

i 

Pin spacing 0.100' 

Fig. 1. The principal dimensions of a 14 pin dual -in -line plastic 
integrated circuit 
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section direct to the input of another 
integrated circuit section. You can 
look upon each i.c. section as a 'black 
box' and you don't need to think too 
much about what's inside it at all. So 
far as circuit diagrams incorporating 
i.c.'s are concerned, another unfamiliar 
aspect is that the power supply con- 
nections are usually omitted. Each i.c. 
has a tag for positive and negative 
supplies and it is automatically assum- 
ed that these are connected to the 
supply circuit." 

"Would the i.c.'s you've got here," 
asked Dick doubtfully, "be what are 
known as t.t.l. types ?" 

They would," confirmed Smithy. 
"The letters 't.t.l.' stand for 'transistor 
transistor logic' and the term arises 
from the fact that t.t.l. devices are a 

development from the earlier diode 
transistor logic or d.t.l. devices, and 
resistor transistor logic or r.t.l. devices. 
These t.t.l. circuits are capable of 
working faster than the older types. 
The ones I've got here are from the 
well -known, 74 series. This name 
arises because the Texas Instruments 
type numbers for the series consist of 
'SN74' plus two or three other num- 
bers according to function. Also, 
there's usually a suffix letter to denote 
the type of case and terminals em- 
ployed. With Texas Instruments i.c.'s, 
the letter 'N' indicates a plastic case 
and dual -in -line terminal pins, and this 
is by far the best version to use for 
home -constructor work." 

"I suppose," said Dick, returning 
the integrated circuit to the box, "that 
the pins are spaced out in a 

standardised manner." 
"That's true," confirmed Smithy. 

"There's 0.1 inch spacing between pin 
centres, and there's 0.3 inch spacing 
between the two lines of pins. Amongst 
other things, this pin spacing allows 
dual -in -line i.c.'s to be fitted directly to 
0.1 inch Veroboard." (Fig. I.). 

"I wonder," asked Dick eagerly, "if 
we could try out one of these i.c.'s. 
Just so that I can get the feel of them." 

Smithy looked at the Workshop 
clock. 

"All right," he agreed. "We've got a 

couple of hours to spare, so I can see 

no harm in trying out some simple 
logic set -ups here and now. Let me 
think for a moment." 

Smithy stroked his chin reflectively 
and studied the contents of the card- 
board box. Eventually, he took out 
one of the integrated circuits. 

"This will be a good one to start you 
off with," he remarked. "The i.c. I've 
selected is an SN7400, and it is a 

quadruple 2 -input positive NAND 
gate." 

Dick's face fell. 
"I knew that this logic business just 

couldn't be all that easy," he sighed. 
"What on earth does 'quadruple 
2 -input positive NAND gate' mean ?" 

"All it means," replied Smithy 
soothingly, "is that the i.c. has four 
separate NAND gates, and that each 

of these has two inputs. The positive 
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Fig. 2. Top view showing the pin layout for the 7400 integrated 
circuit in dual -in -line. A small groove identifies the end at which 

pins 1 and 14 appear 

bit arises from the fact that the gates 
work on positive logic." 

"And what's that ?" 
"It's logic in which the figure 1 is 

represented by a high voltage and in 
which the figure 0 is represented by a 
low voltage." 

"Well," said Dick, brightening 
visibly, "that doesn't sound too bad 
after all. I suppose that the figures 1 

and 0 came into the picture because 
all these digital i.c.'s work in binary 
notation." 

"That's right," confirmed Smithy. 
"There are only the two figures, 1 and 
0, in binary. Now, I've got a data sheet 
for the 7400 somewhere around so I'll 
show you the pin layout." 

Smithy looked through some papers 
and extracted the data sheet in 
question. He laid it on his bench and 
indicated the pin layout diagram to his 
'assistant. (Fig. 2). 

"There you are," he remarked. 
"This diagram uses logic symbols and 
you can see the four NAND gates all 

A 

Input 

B 

drawn out separately. Pins I and 2 are 
the inputs for the first gate and pin 3 is 

the ouput of the first gate. There are 
three other groups of three pins for the 
remaining gates. Pin 7 is the 'ground' 
pin and the negative side of the supply 
is coupled to this. At the same time, 
pin 14 is the Vcc pin, and it takes the 
positive side of the supply. These two 
pins supply power to all the gates in the 
i.c. but, as I said earlier, this fact is not 
indicated in the logic diagram, in 
which the supply connections are 
assumed. Don't forget, by the way, 
that this is a top view of,the integrated 
circuit. The pins point away from you." 

INTERNAL CIRCUIT 

"I wonder," mused Dick, "what the 
internal circuit of each of the NAND 
gates looks like." 

"There's a diagram showing this on 
the data sheet," replied Smithy, 
pointing to the circuit. (Fig. 3). "It's a 
standard t.t.l. NAND circuit." 

Fig. 3. Internal circuit of one of the NAND gates in a 7400 integrated 
circuit. The resistance values are nominal 
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"lt looks rather familiar," com- 
mented Dick as he peered at the 
circuit. "I seem to remember having 
seen something like this before." 

"You saw it several years ago," 
replied Smithy,* "when we had a 
discussion on different types of NAND 
gate. However, it will do no harm to 
go quickly through the theory of the 
t.t.l. NAND gate once more. Don't 
forget that a NAND gate is the same as 

An AND gate with the output inverted. 
With an AND gate you get an output I 

only when all the inputs are 1. So, with 
a NAND gate you get an output 0 
only when all the inputs are I. For all 
other input conditions the NAND gate 
output is 1. Now, if you look at the 
two inputs of the gate circuit you'll see 
that these go to two separate emitters 
in transistor TRI. If both of these 
inputs are at a low positive potential 
corresponding to 0, they hold the base 
of TRI down at a low potential too. 
Under these conditions the transistor 
is turned hard on and its collector 
voltage is only a little higher than its 
emitter voltage. Because of this, TR2, 
is turned off and TR3 draws base 
current via the 1.6kû2 resistor. TR3 is 
turned on and the output of the gate is 
at a high positive potential, corres- 
ponding to 1." 

"What happens if one of the inputs 
goes positive, up to 1 ?" 

"Transistor TRI still remains hard 
on by virtue of the remaining emitter," 
said Smithy. "It only needs one emitter 
at a low voltage to keep TRI hard on 
and its base at a low potential. If both 
the emitters go positive to 1, then quite 
a different state of affairs takes place. 
The voltage at the base of TRI rises 
and a collector current now flows into 
the base of TR2. This transistor comes 
on and draws current through the 
1.6kS2 resistor, thereby causing TR3 to 
turn off. TR2 also allows current to 
flow into the base of TR4, which 
comes hard on. As a result, the output 
of the gate goes down to a low poten- 
tial, corresponding to 0, and the 
NAND function has been carried out. 
The particular NAND gate we're 
looking at has two inputs only. You 
can get NAND gates with more than 
two inputs, each connecting to a sepa- 
rate emitter at TRI. These gates 
operate in the same manner and all the 
inputs have to go up to 1 before the 
output falls to O. Okay ?" 

"Sure," said Dick confidently. "Can 
you connect the output of a NAND 
gate to the input of another NAND 
gate ?" 

"Oh yes," confirmed Smithy. "The 
only thing you mustn't do is to con- 
nect the output of a NAND gate of 
this type to the output of another 
NAND gate of similar type. The out- 
put circuit of this type of NAND gate 
is referred to as a 'totem pole' output 
because the two transistors and the 
associated components are all in a 
vertical line in the circuit diagram, just 

"'In Your Workshop', The Radio 
Constructor, October 1970. 
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Fig. 4. A NAND gate with open - collector output. Four gates of this. 
nature appear in the 7401 integrated circuit 

like a totem pole. The output of a 
totem pole circuit is at low impedance 
for both the high and the low conditi- 
tions and, if two output circuits were 
connected together, heavy currents 
could flow if they were in different 
states. There is, however, a version of 
the NAND gate having what is called 
'open- collector output', and the out- 
puts of two NAND gates of this type 
can be connected together. With the 
open -collector output, the second 
transistor simply couples into a third 
transistor which comes hard on when 
the second transistor conducts. The 
collector circuit to Vcc for the open - 
collector output has to be completed 
via an external resistor." (Fig. 4.) 

"I see," said Dick reflectively. 
"What is the Vcc voltage, by the way ?" 

"For 74 series i.c.'s," said Smithy, 
"It's 5 volts nominal, and it is recom- 
mended that it should not be greater 
than 5.25 volts or lower than 4.75 
volts. With the 7400 gate, the maxi- 
mum Vcc voltage must not exceed 7 
volts, and the input voltages must not 
exceed 5.5 volts. Well now, let's start 
getting practical and think of wiring 
up an actual gate circuit. As I men- 
tioned earlier, I've already knocked up 
a power supply for these i.c.'s, so we 

might as well bring it into use." 
Smithy reached over to the back of 

his bench and produced a small neatly. 
assembled power supply. (Fig. 5.) 

"There's nothing out of the ordinary 
in this supply," he went on. "It uses a 
standard zener diode and emitter 
follower arrangement, and the output 
current is about 1 amp maximum. The 
mains transformer can be any 6.3 volt 
heater transformer offering a secondary 
current of I amp or more." 

"Blimey, Smithy," said Dick ex- 
citedly, "I'm just itching to try my 
hand out at making up a NAND 
circuit." 

"You can start right now," remark- 
ed Smithy, reaching for his note pad. 
"Here's a circuit for a NAND gate 
using the gate which connects to pins I, 
2 and 3 of the 7400. You needn't worry 
about the other gates; and they can 
just be left disconnected. If you had 
unused gates in a permanent working 
set -up it might be preferable to have 
their inputs all commoned and 
coupled to the positive supply line via 
a 1kí2 resistor. But for a temporary 
application such as we have here the 
unused gates may be ignored." 

Smithy scribbled out the circuit for 
the single NAND gate. (Fig. 6.) 

AD 161 

Fig. 5. The stabilized power supply constructed by Smithy. Both 
resistors are + watt. The AD161 may be mounted on a small heat 

sink about lk ins. square 
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"What," asked Dick, "are the two 
switches for ?" 

"To give you your two input 
signals," explained Smithy. "If a 

switch arm connects to the negative 
zero voltage line this corresponds to 
an input signal of 0, and if it connects 
to the positive line it corresponds to an 
input signal of I. I'd suggest that you 
next hunt out an odd bit of chassis 
with holes in it of the right size for two 
changeover toggle switches. You'll 
need to mount a few tagstrips on it for 
the other connections as well." 

As Dick searched hastily for the 
requisite hardware, Smithy looked 
around him musingly. 

"I must confess," he remarked 
cheerfully, "that this is an excellent 
way of spending the last few hours 
before the Christmas holiday." 

"I'll say it is," replied Dick en- 
thusiastically, as he returned with a 

small piece of metal and proceeded to 
mount two toggle switches and several 
tag -strips on it. "Working on stuff like 
this is a holiday in itself." 

Smithy's assistant soon had the 
switches and tagstrips mounted, and 
then he turned expectantly to the 
Serviceman. 

"Well," replied Smithy, "there are 
the obvious ones of using narrow 
gauge solder and a small soldering iron 
bit. Oh yes, and there's another 
important one I nearly forgot. The 
connecting wire to the holder, or to the 
i.c. itself if you were wiring directly to 
it, should consist of a very thin 
flexible wire. Don't use single strand 
solid wire. The pins of an i.e. and the 
pins of most i.e. holders are not at all 
strong and can easily be bent out of 
position or even broken off if you use 
wire that isn't sufficiently flexible. If 
the wire is stiff, the pin just bends over 
as the wire is moved." 

"Righty -ho," said Dick. "Well, I'm 
starting off this moment. Hey, wait a 
minute, though! What about that 
voltmeter you included in your 
circuit ?" 

You can use the bench testmeter 
switched to a voltage range for that," 
stated Smithy. "Wire the gate output 
to a tag on one of the tagstrips and clip 
the positive testmeter lead to that tag." 

INVERTER FUNCTION 

Peering closely at the integrated 
circuit holder Dick commenced the 

Pin 14 

7400 

Pin 7 

t 

VCC 

5V+ 

Fig. 6. Using the NAND gate which connects to pins 1, 2 and 3 of the 
7400. Note also the supply connections to pins 14 and 7 of the 

integrated circuit 

"You can next," pronounced that 
worthy, "wire up the NAND circuit. I 
must pass on a few words of warning 
here, though. To start off with, and 
seeing that this is your first attempt at 
wiring to a dual -in -line i.c., I'd advise 
that you use an integrated circuit 
holder instead of wiring directly to the 
integrated circuit itself. The terminal 
pins are very close together and they are 
quite fragile, and it's less expensive if 
you wreck a holder than an integrated 
circuit! You can insert the integrated 
circuit after you've completed the 
wiring to the holder. For the present 
exercise the holder can be suspended 
in the wiring or rested on a piece of 
Paxolin; it need not be mounted 
firmly." 

"Any other points to watch ?" 

DECEMBER 1972 

0 

wiring. 
"Stap me," he remarked. "These 

pins aren't half close together!" 
"They are rather," chuckled Smithy, 

as he watched him. "They don't 
represent the sort of wiring -up job 
you'd welcome first thing on New 
Year's Day!" 

"You must speak for yourself 
there," remarked Dick airily. "I myself 
am always full of vim and vigour on 
January the First. I like to start the 
New Year fresh and clear- eyed." 

By now Dick had completed the few 
connections that were needed to the 
integrated circuit holder and was 
wiring his test circuit to Smithy's 5 -volt 
power supply. 

"All I can say," commented Smithy 
drily, "is that in the past I must have 
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encountered you on the wrong Nev 
Year's Days." 

"There must always, of course," 
responded Dick carelessly, "be ex- 
ceptions to even the strictest of rules." 

"In your case," replied Smithy, 
"I'd have thought that the exceptions 
were the rule." 

"I've finished wiring up now," said 
Dick, bringing this unprofitable topic 
of conversation to an abrupt end. 
"What do I do next ?" 

"Fit the integrated circuit into its 
holder," said Smithy. "Be careful 
while you're doing this, as it's a bit of a 
fiddling process and you have to hold 
the i.c. pins in a little. You'll soon get 
the hang of it after you've done it a 
couple of times. And don't put it in 
wrong way round!" 

Frowning with concentration, Dick 
succeeded in inserting the integrated 
circuit in its holder. 

"Right," said Smithy. "We're off. 
Put both the input switches to 0 and 
turn on the 5 volt supply." 

Dick carried out Smithy's instruc- 
tions. The needle of the testmeter 
measuring the output voltage at once 
rose to 3.6 volts. 

"Good," commented Smithy. 
"That's the high output and it corres- 
ponds to I. Now put one of the input 
switches to I." 

Dick turned the switch. The meter 
reading was unaltered. 

"Return the switch to 0," said 
Smithy, "and put the other switch 
to l." 

Dick clicked the switches over. 
Again, the meter reading remained the 
same. 

"Now put both switches to 1." 
Dick did so. At once the meter 

needle dropped to a reading just above 
zero volts. 

"Gosh," said Dick impressed. 
"That gate's working right first go! 
It's only when both inputs are 1 that 
the output is O." 

"Excellent, excellent," enthused 
Smithy. "We can now make up a truth 
table for that NAND gate. A truth 
table is, of course, simply a table that 
indicates the state of affairs existing in 
a logic circuit." 

Smithy drew out the truth table on 
his note -pad. (Fig. 7.) 

A B OUTPUT 

AB 

O O I 

I O I 

O I I 

I I O 

Fig. 7. Truth table for the 
circuit of Fig. 6. The term 
AS means 'A and 8', whilst 
the horizontal line above 
these letters indicates 'not' 
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Fig. 8 (a). Two NAND gates 
connected together to form 
an AND gate. The second 
gate functions as an inverter 
(b). Truth table for the AND 

gate 

"This table," he went on, "Tells us 
that the output is I when either both 
or one input is at 0, and that it goes 
down to 0 when all inputs are I ." 

"Why," asked Dick, "didn't the 
output go all the way up to 5 volts 
when it was in the high condition ?" 

"Because of voltage drop in the 
upper output transistor of the gate, in 
the resistor above it and in the diode 
below it," explained Smithy. "This 
voltage drop varies from i.c. to i.c. and 
it also varies according to the load 
which is connected to the output. If 
used under proper conditions, the high 
output voltage of a 7400 is typically 3.3 
volts and is never less than 2.4 volts. 
The low output voltage is more closely 
defined because it corresponds to the 
lower output transistor being turned 
hard on, and it has a maximum of 0.4 
volts." 

"Is this important ?" 
"It can be," said Smithy, "if the 

output of a NAND gate is coupled to 
the input of another NAND gate. More 
input current flows to the second 
NAND gate when its input is at 0 than 
when it is at I, because the input 
current then has to pull down the base 
of the first transistor in the second 
NAND gate. That higher current can 
be supplied very reliably when it is 
derived from a hard -on transistor in 
the first gate." 

(a) 

A B OUTPUT 
AB 

O I O 

I O O 

O I O 

I I I 

(b) 

"Oh, I see," said Dick. "Is there 
anything more we can do with this 
NAND gate ?" 

"Yes," said Smithy promptly. "we 
can turn it into an AND gate!" 

"Blimey," expostulated Dick. "How 
on earth do we do that ?" 

"By coupling the output of the 
NAND gate to another NAND gate 
wired up as an inverter," said Smithy. 
"If you join all the inputs of a NAND 
gate together you get an inverter. This is 
obviously the case because, when all 
the inputs of a NAND gate are at 0, 
the output is at 1, and when all the 
inputs of a NAND gate are at I the 
output is at O. A NAND gate can also 
act as an inverter if you simply apply 
the input signal to one input and leave 
the other input or inputs floating. 
However, it's not always good practice 
to leave gate inputs floating and so 
we'll make up our own inverter with 
both inputs of the second gate con- 
nected together." 

Smithy scribbled out a circuit on his 
note pad. (Fig. 8(a).) 

"Here you are," he said, "there's 
only a few more connections to make." 

Dick soon carried out the new wir- 
ing required and he then checked the 
result. When either or both of the input 
switches was at 0 the output of the 
second gate, as indicated by the test - 
meter, was also at O. The output only 
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rose to 1 when both inputs were at I. 
Smithy drew out a truth table for this 
new set of circumstances. (Fig. 8(b).) 

OR AND NOR GATES 

"Gosh," said Dick, as he watched 
Smithy completing the truth table. 
"This is fascinating. You just connect up 
these i.c.'s in the correct way and they 
do any logic function you want. Is 
there any other sort of gate you can 
make up with this 7400 ?" 

"You can," replied Smithy, "use 
three of its gates to make up an OR 
gate. Here's the circuit." 

Smithy pulled the top sheet from his 
pad and drew out the circuit on the 
fresh page underneath. (Fig. 9(a).) 

"This looks fairly easy," said Dick, 
glancing at the circuit cautiously. "So 
far as I can see, the first two gates are 
wired as inverters." 

"That's right," confirmed Smithy. 
"We'll draw the truth table for this 
before you wire it up. We need three 
columns once more, these now being 
'A', '8' and `A+ W. The last column 
represents the output, and you may 
recall that the plus sign in logical 
calculations means 'or'." 

Smithy drew up the columns on his 
note -pad. (Fig. 9(b).) 

"Now," he went on, "let's say that 
both inputs are at 0. The outputs of 

the two inverters will be at 1, where- 
upon the output of the third gate, 
which functions as a true NAND gate, 
is 0. Let's next put input A to I and 
input B to 0. The inverter outputs will 
be 0 and 1 respectively and the output 
of the third gate will be 1. The same 
will happen if input A is at 0 and 
input B is at 1. When both inputs are 
at 1 the inverter outputs will both be 
at 0 and the third gate output will 
remain at 1." 

Smithy showed Dick the completed 
truth table. 

"Let's see now," said Dick concen- 
trating. "What the table tells us is that 
the output is at 1 when either one input 
or both inputs are at I." 

"Correct," replied Smithy, "and 
that is exactly what is required of an 
OR gate. Wire up the circuit and see if 
this truth table works out in practice." 

Dick set to work energetically and 
after some ten minutes or so an- 
nounced that the new circuit was 
completed. With eager figures he tried 
it out. 

The circuit functioned exactly as 
Smithy had predicted. With both 
switches in the 0 position the output 
was similarly 0. When either switch or 
both switches was set to the 1 position 
the output rose to 1. 

"This is incredible," pronounced 
Dick as he continually tried the 

o 
2 

i 
Pin 14 

IO 

Pin 7 

J 

(a) 

Fig. 9 (a). Three NAND gates 
connected to provide an 

OR gate 
(b). Truth table for the gate 
of (a). The plus sign indicates 

ór' 
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7400 

VCC 
a 5V+ 

A B 
OUTPUT 

A + B 

O O 0 
O I I 

I O I 

I I I 

(b) 
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Fig. 10 (a). All the gates of a 
7400 integrated circuit may 
be connected together to 

form a NOR gate 
(b). The NOR gate has the 

truth table shown here 

switches in their different settings. 
"We've already made up a NAND 
gate, an AND gate and an OR gate. 
There's only a NOR gate left." 

"That can be obtained quite easily," 
said Smithy, again busy with his note- 
pad. (Figs. I0(a). and (b).) "All we 
have to do here is stick another in- 
verter on the output of our OR gate. 
This will automatically change it to a 
NOR gate." 

Dick quickly set to work wiring in 
the fourth NAND gate, now function- 
ing as an inverter, of the integrated 
circuit. He transferred the positive lead 
of the testmeter to its new circuit 
position and checked circuit operation. 
In this case the output was at I when 
both switches were at 0, and fell to 0 
when either one or both switches was 
set to I. 

LAMP INDICATOR 

"There you are," said Smithy. "That 
performance corresponds to the truth 
table for a NOR gate." 

"Well, l've certainly discovered a 
few new things today." said Dick 
happily. "I've first of all learned that 
these logic circuits aren't half as 
frightening as they look once you've 
started wiring then up in practice. 
The second thing I've found out is this 
336 

(o) 

A B 
OUTPUT 

A+B 

O O I 

O I O 

I O O 

I I O 

(b) 

truly delightful business of directly 
coupling gates together by pieces of 
wire so that they give exactly what is 
theoretically expected of them. It's like 
drawing diagrams with a soldering 
iron! The third thing I've discovered is 
that after you've been playing with 
these logic i.c.'s for even a very short 
time you start thinking in terns of 
gates as complete entities without 
worrying at all about what goes on 
inside them. And the fourth thing l've 
learned is that you can wire up NAND 
gates to form inverters and any other 
forms of gate." 

"It's the adaptability of NAND 
gates that has made them so popular," 
said Smithy. "NAND gates are 
probably the simple gates that are most 
commonly used, with NOR gates 
coming next. AND gates and OR gates 
aren't so useful because they can't be 
combined to form other gates as 
readily as can NAND and, for that 
matter, NOR gates. There are, of 
course, all sorts of other gates in t.t.l. 
integrated circuits but the simple ones 
you've been playing with here make a 
good introduction to this particular 
branch of electronics. I think we've 
done enough for today so far as logic 
integrated circuits are concerned, but 
it's a subject we could usefully turn to 
again in the future." 

"1 hope we dò," said Dick. "I've 
really enjoyed myself this afternoon. 
There's only one thing I'm not too 
happy about." 

"What's that ?" 
"This business of showing an output 

with the aid of a voltmeter. Isn't it 
possible to have something with a 
slightly more dramatic effect to show, 
w hen an output is I ?" 

Smithy thought for a moment. 
"Well," he said, "you could have a 

bulb that lit up when an output was at 
1 and which was extinguished for an 
output of O. This idea can be carried 
out quite easily with the aid of an 
n.p.n. transistor. Its emitter would 
connect to the negative line and its 
collector to the positive lin: via the 
bulb. The base connects to the output 
that being monitored via a 2.2kí2 
resistor." 

Smithy picked up a box of spare 
transistors that was lying on h is bench, 
and poked a finger through its con -' 
tents. 

"We'll need a small power 
transistor," he continued. "Ah, this 
one will do! l've got an AC127 here, 
and this can be used in conjunction 
with a 6 volt 60mA or 6 vole IOOmA 
bulb." (Fig. 11.) 

To gate 

output 

2.2kn 

b 

VcC 

O sV+ 

6V 

6Om,x or 
IOOrt A 

AC 127 

AC 127 

Lead -outs 

Fig. 11. Smithy used an 
AC127 to control a bulb 
which became illuminated 
when a gate output was 1. 
Any small n.p.n. power tra'- 
sistor of reasonable gain msy 
be employed instead of the 

AC127 

Dick took the transistor from 
Smithy, walked over to the spares cup- 
board for a suitable bulb and bulb - 
holder, then wired up the lamp c rcuit. 
He next checked it out and found that 
the bulb lit up when the output to 
which the 2.2kí2 resistor was coapled 
was high, and became extinguished 
when the output was low. 

YEAR'S END 

"That," he remarked cheerfully, 
"works very nicely, too." 

"Yes," concurred Smithy, "it's a 
pretty fool -proof arrangement. Any 
small n.p.n. transistor. of reasonable 

RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


gain which is capable of handling the 
bulb current could, of course, be used 
instead of an ACI27. If you liked, you 
could add further transistor and bulb 
circuits to the outputs of the inter- 
mediate gates which form a composite 
gate. They would then tell you the 
condition of each section in the logic 
chain." 

"That's quite a good idea," said 
Dick, as, with an air of finality, he 
switched off the 5 -volt power supply. 
"Well, it looks as though this is the 
end of electronics for us before 
Christmas. These gate circuits have 
certainly rounded things off nicely." 

"Perhaps," commented Smithy 
mysteriously, "there's something 
further that's needed to finally carry 
us through to the holiday period." 

Whilst Dick raised a quizzical eye- 
brow, Smithy walked over to the filing 
cabinet where the service sheets were 
kept. As he returned there was a 
pleasant chink of glass against bottle. 

"Good old Smithy," chuckled Dick. 

"That filing cabinet was as good a 
hiding -place as any." 

"It was the best place I could think 
of," chuckled Smithy as he carefully 
started to fill the glasses. "Knowing 
you, the last place you'd go to would 
be the service manual cupboard.!" 

He handed a charged glass to Dick 
and then picked up his own. 

"Well, my lad," he said warmly, "a 
Merry Christmas to you." 

"And the sanie to you," responded 
Dick, sipping appreciatively. "Come 
on, Smithy, let's be upstanding." 

The pair rose. 
"Let's next," said Smithy, raising 

his glass, "also wish a very Merry 
Christmas and a truly Happy New 
Year to all the readers who've put up 
with our antics during 1972." 

They drank. 
"And," concluded Dick, "let's 

finish, as we have done on so many 
previous Christmasses, by saying 'God 
Bless Us, Every One!' " 
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Phase control applications exist in 
the control of electric motors for food 
mixers. hand drills and the like. as well 
as in heater and lighting control. 
Typical switching operations lie in 
motor ignition and starting systems. 
voltage regulators. vending machines 
and lamp drivers. A surge current 

.rating of 80 amps enables the 
thyristors to control tungsten lamps 
and similar loads up to a maximum 
rating of 1 kW. 

Versatility and ease of circuit design 
are assured by a worst -case triggering 
requirement (at 25 °C) of only 30mA at 

1.5 volts. The typical 'on' voltage is I 

volt at 5 amps, the holding current 
being only 40mA. Forward and rever_.. 
peak blocking currents are both 2mA. 

Further details and prices can he 

obtained from Jermyn Distribution at 
Vestry Estate. Sevenoaks. Kent. III 

The New Styled 

"MULTI- MINI" TWIN VICES 

An extra "Pair of Hands" for 
those tricky Jobs 

ASSEMBLY - SOLDERING 
GLUING -WIRING- DRILLING 

ETC. 
*INDEPENDENT ADJUSTMENT OF 

THE TWO VICE HEADS TO ANY 
ANGLE WITH POSITIVE LOCKING. 

*JAWS WILL FIRMLY GRIP, ROUND, 
FLAT, SQUARE OR HEXAGONAL 
PARTS. 

TWIN VICE: E8.95 (25p - p &p) 
ALSO AVAILABLE 
SINGLE VICE: E5.45 (21p - p &p) 

CANLEY ENGINEERING (SALES) 
LTD. 

Dept. C /RC2 
OSBORNE ROAD, COVENTRY 

Tel. (0203) 77163/4 CV5 6EA 

ñaao CONEsTIIdCTO® 

ANNUAL 

SUBSCRIPTIONS 
to this magazine 
may be obtained 

through your 
newsagent 

or direct from the 
publishers 

ONLY £2.70 
per year, post free 
Please send remittance with name 
and address and commencing issue 
required to: 

DATA PUBLICATIONS LTD 
57 Maid* Vale Landon W9 1SN 
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B. H. COMPONENT FACTORS LTD. BARGAIN PRICES 
MONEY BACK GUARANTEE 

SPECIAL RESISTOR KITS 
}W5% carbon 61m 

10E12 KIT- 10 of each Ell value 10 ohms -1M. E2.80 
A TOTAL OF 610 RESISTORS net. 

25E12 KIT- 25 0l each E12 value 10 ohms- 1 M. C6.50 
A TOTAL OF 1525 RESISTORS net. 

CERAMIC PLATE CAPACITORS 
750V. 1 pF) 5, 10. 25, 40. 70. 220, 21p 
22PF- 1000PF 60V E12 SERIES. 1500PF 
- O.033 E6 SERIES, 2p. 0.0047/30. 2p. 
0.01 ,350 2p. 0.047/30. 3p. 0.1/30, 4p. 
0.1/100. 5p . 

8" x 6 ". 19p. 10" x 7'" 24p. 12' x 3" 18p, 
12'x5-.230.12" x r. 30p, 
VOLUME CONTROLS, STD VALVES 5K -2M. 
15p. WITH SWITCH. 24p. DUAL, 42p. , 

POLYESTER CAPACITORS C280 SERIES 250V. 
001 uF, 0.016.F. 0.0220F. 0.033µF. Sp. 0,068F. 0.14F. 
0.15,F,4p.0.220F. Sp. 0.33µF, 7p. 0.47µF. Sp. 0.88µF. 
TOp. 1 PF, 13p. 1.6µF, 20p. 2,20. 23P. 
POLYESTER CAPACITORS C296 SERIES (TUBULAR) 
160V.0.OTTF,0. 015µF .0.0220F,2p.0.0470F,0.068UF.3p. 
0.1,0,154F. 0.22í,F, Sp. 0.335F. Sp. 0.470. Sp. 0.68µF, 
1 "F. IOp. 
400V. 0.001 uF, 0.0012µF. 0.0015µF. 0.00184F, 0.0022 uF, 
0. 0033µF,0.01 uF,2P.0.015,F, 0.033uF.3p,0.O68µF 4p. 

RESISTORS 5 %CARBON FILM 1 W } peach 
10 ohms - 2.2M 100 (or 661/ 

ROTARY SWITCHES (WAVECHANGE) 24p 
1P 4W, 1P 12W, 2P 2W, 2P 4W, 2P 6W, 3P 3W, 
3P 4W, 4P 2W, 4P 3W. 

VEROBOARD 
0.1 0.15 

21'x5" 26p 26p 
2 ;'x3 5" 23p 170 
35"x 5' 25p 

26 
30p 

3j "x3 }' 0 25p 
21 "x 1' 2 for 12p 12p 
25 "x 5. (plain) - 120 
23 "x 3} "Plain) - ttp 
5'x3 1'(plain) - 200 
Insertion tool 54p 54p 
Track cutter 40p 40p 
Pms, pk1. 25 Bp Bp 

IN 4001 fip 2570 IOp ÁC127 16p 
1N 4002 7P 2N708 13p AC128 200 
1N 4003 Bp 2N1303 17p BC108 11p 
IN 4004 Sp 2N3055 60p 11E751 200 
1N9/ó Sp 2N3866 SOP SC71 12p 
7400N 15P 7440N 25p 0075 15p 
7401N 15p 7470N 30p 0083 18P 
7410N 160 7483N T2Op 0084 1813 

7430N 16p 7493N 80p uL914 300 
TUNNEL DIODES 1N3717 El, TD715. 50p 

PLUGS SOCKETS 
2 Pm DIN 12p 2 Pin DIN lop 
3 Pin DIN 13p 3 Pin DIN 100 
S Pin 180' DIN 151, 5 Pin 180' DIN 12p 
Std. Co'., 9p Co'ax(surlace) 8P 
Wander Type SP Coax (Flush) 9P 
Phono 50 Co- ax (Ltn¢I 17p 
Std. Jack 130 Twin Wander 7p 
Screened Jack 20p phono single 5p 
Std. Stereo Jack 230 Phono twin 7p 
Screened Stereo 38p Phono3 -way lop 
3.5mm Std. 90 Phono 0. way 14p 
3.5mm Screened 120 Std, Jack 13p 
2.5mm Std. 1Op Swnched Jack 14p 

CABLE Stereo lack 25p 
Screened 7/0076 5p,yd 35mm Switched 10p 
Twin Screened 9p, yd 2.5mm Jack 10p 
Stereo Screened 9p vd 87G Valve 4p 
Quad Screened 19p, yd 89A Valve 5p 
Mama. white sheath Sp Td Edge 01" 36 -way 54p 

MINIATURE ELECTROLYTIC MULLARD 0426 SERIES 
Op each 

(OF'V10. 64/64. 1/63 .1.6/25,4/40.6/40.10 /16.10/64. 
16/60. 20/64.25/25. 32/10,32/64.40/16. 64 /10.80/16. 
80/25 100/6.4. 125'10 125/16. 200/6.6, 200/10. 
320/6.4. 
MULLARD 0437 SERIES 
64 .'64. 9p. 160/25 9p. 160140. 220,40.11p. 640.6.4.9p. 
1800/6.4.140 PANEL NEON 240V. TAG ENDED 150 

R.F. CHOKES. 0.22µH. 2.2µ14, 2201 Sp 
POINTER KNOB. BLACK, GREY, WHITE Sp 
TRANSISTOR EQUIVALENTS BOOK 400 
ELECTRONICS DATA BOOK 250 
TUNING CAPACITOR 365P'. TYPE '0' 7µp 
AS ABOVE. DUAL GANG 950 
PVC WIRE 7/00765. 10 yds. 5 colours 30p 
PVC WIRE 14/5076,5x10 yds. 5 colours 30p 
NEON BULB 80V. WIRE ENDED 51or 200 
RESISTORS ASSORTED 100 for Opp 
MINIATURE PUSH BUTTON 10p 
TRANSFORMER 32 - 0 - 32 at 150 mA 50p 

ALUMINIUM BOXES WITH LIDS 
21 "x51'.4 ".4 -.4"x2 } ". (ts' deep). 430. 
4" x 21 "x 2', 03p.3 x 2"x 1 ". 38p. 6" x 4 "x 
2 ". 68p. 7" x 5" x 21'. 70p. 8" x r x 3'. 91p. 
12'x5 "x3',0.10, 

ALUMINIUM CHASSIS (2;" deep) 
6' v 3". 45p. 6' x 4'. 50p. r x 3'. 50p. 
8" x 6 ". 63p. 10" . 7 ". 73p. 12" x 5 ". 74p, 
12-x8 ".96p. 

ALUMINIUM PANELS (18 S.W.G.I 
6' x 3', 150. 6' x 4', 15p. B" x 3', 18p. 

ELECTROLYTIC CAPACITORS 
(µF /V.) 2.5/50. 3p. 4/10. 10/15. 16/15, 20/25. 
25/15. 25/25 40/6. 64/10, 200/6. 250/10. 4p. 10/25. 
10;50. 25/50. 32/50. 50/10. 64/25, 100 /25. 60. 50/50. 
64;40. 250/15, 1000/3. Sp. 100/50, 250,25. 400/10, 
500/10. 500/12. 640/10 1000 /6. Sp. 500/25 10p. 
500/50.12p. 1000/12. 1Op. 1000;25, 200012, 2500/12, 
150. 35p. 2000/25. 26p. 2500/25, 30p. 
2500'50.55p. 3000/50. 65p, 500050.115p. 

PLEASE SERO FOR FREE ROVEI6ER ISSUE CATALOGUE 

C.W.O. ONLY. P & P 10p ON ORDERS BELOW £5. DISCOUNT' ABOVE £10 - 10 %, E20 - 15% 
DEPT. RC, 61 CHEDDINGTON ROAD, PITSTONE, LEIGHTON BUZZARD, BEDS, LU7 9AQ TEL. CHEDDINGTON 

(0296) 668446. Callers by appointment only. ENQUIRIES - S.A.E., LIST 5p. EXPORT WELCOME. POST AT COST. 

AUDIO AMPLIFIERS 
Edited by J. R. Davies 

16 Transistor and Value Designs for the 
Home Constructor 

Amplifiers for Tuner Units, Record 
Players, Tape Recorders, Public Address, 
etc., etc. 

Includes contributions by such well - 
known authors as 

A. S. Carpenter, A. Kinloch, E. Govier, 
G. A. French, F. G. Rayer, 
P. F. Bretherick, K. Jones, D. Aldous, 
R. Murray -Shelley, C. Swires, 
G. A. Stevens and V. E. Holley. 

124 pages 

PRICE 

53p 

Postage 6p 

TO DATA PUBLICATIONS LTD. 57 Maida Vale London W9 1SN 

Please supply copy(ies) of 'Audio Amplifiers' Data Book No. 18. 

I enclose cheque /postal order for 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 
Rate: 4p (9d) per word. Minimum charge 60p (12/ -). 

Box No. 10p (2/ -) extra. 

Advertisements must be prepaid and all copy 
must be received by the 4th of the month for 
insertion in the following month's issue. The 
Publishers cannot be held liable in any way 
for printing errors or omissions, nor can they 
accept responsibility for the bona fides of 
advertisers. (Replies to Box Numbers should 
be addressed to: Box No. , The Radio 
Constructor, 57 Maida Vale, London, W9 1 SN 

CHROMASONIC ELECTRONICS is well and living at 
56 Fortis Green Road, London NIO 3HN. 40 page illus- 
trated catalogue 20p. post free. 

SERVICE SHEETS for Televisions, Radios, Transistors, 
Tape Recorders, Record Players, etc., from 5p. with 
free Fault Finding Guide. Catalogue 15p. Please send 
S.A.E. with all orders /enquiries. Hamilton Radio, 
47 Bohemia Road, St. Leonards -on -Sea, Sussex. 

MECCANO FOR "CYCLOPS" - Special Pack of all Mec - 
cano parts required - £3.39 including postage. Send off 
today to The Meccano Spare Parts Specialists and start 
building! "Everything Meccano" at M. W. MODELS, 165 

Reading Road, Henley -on- Thames, Oxon. Telephone 3342. 

BUILD THE MULLARD C.C. TV CAMERA. Complete 
kits now available from Crofton Electronics. Send large 
s.a.e. for details to: 15 -17 Cambridge Road, Kingston - 
Upon- Thames, Surrey. Reply by post. No callers please. 

CATALOGUE NO. 18, containing credit vouchers 
value 50p, now available. Manufacturers new and 
surplus electronic and mechanical components, price 
23p post free. Arthur Sallis Radio Control Ltd., 28 

Gardner Street, Brighton, Sussex. 

BUILD IT in a DEWBOX robust quality plastic cabinet 
2 in. x 21 in. x any length. S.A.E. for details. D.E.W. 
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write 
now - right now. 

FOR SALE: VHF KIT, 80 - 180 MHz. Reoziver, tuner, 
converter. World wide sales. Incomparable. £4.00 or 
s.a.e. for literature. Johnsons (Radio C), Worcester 
W R I 2DT. 

FOR SALE: Widescreen Cine Outfit. 9.5mm Prince cine 
camera fitted with Zenoscope Anamorphic lens, 9.5mm 
Specte projector with adaptor for Zenoscopic lens, 
widescreen 60 in. by 30 in., six 9.5mm cassettes for camera. 
£50. Box No. G192. 

VISCONOL CATHODRAY CONDENSERS 0.0025 mfd. 
2.5kV 30p each, 0.002 mfd 15kV 60p, 0.02 mfd I2.5kV 
65p, 0.025 mfd 5kV 40p, 0.1 mfd 6kV, 0.5 mfd 2.5 kV, 
I mfd 2kV, £1 each. CAPACITORS 0.1 mfd 150 volt 
£I per 100, 44,000 available. MORSE KEYS precision 
type 50p each. STROBOSCOPE FORKS 124 cycles 
80p each. JACK PLUGS 2 point screw on cover 15p each. 
Send for Lists. L. Wilkinson (Croydon) Ltd., Longley 
House, Longley Road, Croydon, Surrey. 

FOR "R. & E. C." PROJECTS: CA3020 i.e. amp. LI. 
AD16I, 30p. AD162, 30p. ÁF239, 35p. BC107, 12p. 
BCI68B, 10p. BCI69C, 10p. SF115, 15p. IN4002, 100 p.i.v. 
lA Si diode, 5p. Bias diode for FET TWIN, 3p. 2N2926G, 
12p. 2N3702, 10p. 2N3707, 17p. 2N3819, 25p. 2N4289, 
15p. 2N4291, 15p. Transformer LT700, 30p. Repanco 
CH r.f. chokes: 1.5mH, 20p; 2.5mH, 22p; 5mH, 23p; 
7.5mH, 24p; 10mH, 25p. New, first grade. Mail order 
only. P. & P. 5p. Amatronix Ltd., 396 Selsdon Road, 
South Croydon, Surrey, CR2 ODE. 

(Continued on page 341) 
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POTENTIOMETERS Lin or Log, 12p; with DP 
Switch, 23p; Dual Ganged, 36p; Special Offer, 5K 
with DP switch, 15p; WAVECHANGE SWITCHES, 
22p; Special Offer, Miniature. 4P3W 16p; 
AMPLIFIERS: 1 Valve (EL84), £3; 1-W Transistorised 
£1 ; 10W Transistorised, £3.75. JB3 Junction Box, 
£1.20. 5" Plastic Library Cases, 10p. 500uA 
TUNING METERS, 50p. CARTRIDGES: Compatible 
ACOS GP91 -3SC, 90p; Stereo GP93 -1, £1 -15; 
Ceramic with Diamond Stylus, £1 83. CAPACITORS 
100mF 25V, 5p; 220mF 25V, 5p; 400- 200 -50- 
16mF 300V, 30p; 0.1 500VDC, 300VAC, 31p. 
MINIATURE INDICATOR LAMPS (5 colours),11p; 
6 or 12V Bulbs for above, 4p. MAINS NEONS panel 
mounting (red, green, clear), 15p. 100 MIXED 
RESISTORS, 45p. ROTARY SWITCHES (on /off) 
250V 2A, 10p. PLUGS: Jack Standard, 10p; 
Screened, 13p; 2.5mm and 3.5mm, 6p; Screened, 
8p. HEADPHONES: High Impedance (2,000 ohm), 
90p; STEREO 8 ohm, £1.95; STEREO 8/16 ohm, 
£2.10. MICROPHONES: Lapel, 28p; ACOS MIC. 
45, 90p; Dual Impedance Dynamic 600 ohm and 
50k, £4.50. RECORDING TAPE: 5" LP 900ft., 45p; 
51" LP 1,200ft., 60p; 7" LP 1,800ft., 81p. 
RESISTORS: carbon film 5 %, 1.p. ALUMINIUM 
CHASSIS from 6" x 3" to 16" x 10 ", all 22" deep. 
Transistors, Rectifiers, etc. 
Large S.A.E. for list No. 4. Special Prices for quantity 
quoted on request. Add 1Op far P&P on orders 

under £5. 

M. DZI U BAS 
158 Bradshawgate, Bolton, BL2 1 BA. Lancs. 

Learn to understand 
electronics 
for your hobbies 
1. LernaKit course 

Step by step, we take you through all the funda- 
mentals of electronics and show you how easily the 
subject can be mastered. 
111 

121 

13) 

BUILD AN OSCILLOSCOPE. 
READ, DRAW AND UNDERSTAND 
CIRCUIT DIAGRAMS. 
CARRY OUT OVER 40 EXPERIMENTS 
ON BASIC ELECTRONIC CIRCUITS AND 
SEE HOW THEY WORK. 

2.Become a RadioAmateur 
Learn how to become a radio -amateur in contact 
with the wide world. We give skilled preparation for 
the G.P.O. licence. 

M - -- ri-MM -- 
Brochure, without obligation to: 

BRITISH NATIONAL RADIO & 
i-1-1 ELECTRONICS SCHOOL 

41' ' P.O. BOX 156, JERSEY, CHANNEL ISLANDS. 

NAME 

ADDRESS 
BLOCK CAPS 
PLEASE 

' 
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THE MODERN BOOK CO 

HAM RADIO 
A BEGINNER'S GUIDE by R. H. Warring 

£1.60 
Transistor Pocket Book 
by R. G. Hibberd £1.40 Postage 12p 
Beginner's Guide to Television 
by Gordon J. King £1.60 Postage 10p 
Beginner's Guide to Radio Control 
by R. H. Warring £1.60 Postage 12p 
Field Effect Transistors 
by Mullard £1.80 Postage 10p 
T.V. Fault Finding 405/625 Lines 
by J. R. Davies 50p Postage 8p 
Television Timebase Circuits 
Principles Et Practice 
by C. H. Banthorpe £1 Postage 8p 
Creative Tape Recording 
by Vivian Cape! £3.50 Postage 10p 
VHF -UHF Manual 
by G. R. Jessop £1.60 Postage 15p 
The Mazda Book of Pal Receiver 
Servicing 
by D. J. Seal £3.50 Postage 15p 

Postage 10p 
Transistor Audio Er Radio Circuits 
by Mullard £1.80 Postage 12p 

Transistorized Radio Control for Models 
by D. W. Aldridge £2.50 Postage 10p 

Servicing Transistor Radio Receivers 
by F. R. Pettit 75p Postage 6p 
Understanding Electronic Components 
by Ian R. Sinclair £3.50 Postage 10p 
Transistor Substitution Handbook No. 12 
by Foulsham -Sams £1.40 Postage 10p 

Digital Logic Basic Theory Et Practice 
by J. H. Smith £1.50 Postage 8p 
Colour T.V. With Particular Reference 
to the Pal System 
by G. N. Patchett £3 Postage 10p 

Transistor Manual 
by General Electric £1.10 Postage 12p 

Solid -State Hobby Circuits Manual 
by RCA £1.05 Postage 12p 

We have the Finest Selection of English and American Radio Books in the Country 

19 -21 PRAED STREET (Dept RC) LONDON W2 1NP 
Telephone 01 -723 4185 

NEW STYLE SELF -BINDER 
for 

"The Radio Constructor" 

Available only from:- 

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 

75p 
P. & P. 14p 

Data Publications Ltd. 57 Maida Vale London W9 ISN 
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SMALL ADVERTISEMENTS 
(Continued from page 339) 

FOR SALE: "Jane's Fighting Ships" 1965/66 edition. £5.00. 
Box No. G195. 

"HOW TO LISTEN TO THE WORLD" 1973, £1.90. 
"WORLD RADIO TV HANDBOOK ", published 
December, £2.80. "SWL ADDRESS BOOK ". station's 
QSL policies, £1.45. Post (first class) 10p each. GIRO: 17 

412 -0001. David McGarva, Box 114G, Edinburgh EHI 
I HP. 

FOR SALE: 50 resistors 16p. 50 capacitors 40p. Magnetic 
counters 10p. 100 6BA bolts 10p. 50 nuts 10p. Intercoms. 
£2.20. Stereo headphones £1.99. Lists and samples 20p. 
Postage extra. Derwent Radio, 28 Hillcrest Avenue, 
Scarborough, Yorks. 

Q MULTIPLIER COILS. High efficiency pot core 
assemblies for use in the range 50kHz - 2MHz. Other 
frequencies to order. 50p. each plus 5p. p. & p. State 
frequency required and whether p.c. or single hole 
mounting. Overseas enquiries invited. Storey, 145 The 
Knaíes, Basildon, Essex. 

COMPONENTS TO CLEAR: Woden Mic. transformer, 
M.T.101, £1.50. E.C.C. Miniature relay type 2,5A, £1.00. 
8 in. speaker, 30p. Eddystone 5 pin coil formers, 10p. 
Metal rectifiers, type SETT 2 W.B., 30p. Capacitors:, 
5mfd 3000V d.c., 30p. 2mfd 1000V d.c., 20. lmfd 1000V 
d.c., 15p. 4mfd 500V d.c., 10p. Box No. G196. 

TAPE -HEADS RECONDITIONED. Guaranteed satis- 
faction. Send worn head enclosing £2 to Sara Electronics, 
Fawkham Avenue, Longfield, Kent. 

VALVES TO CLEAR: VR91, 171DDP, 801, U14, HP4106, 
6B4-G, 6AG5. Al 1 at 20p each. Box No. G197. 

COMPUTER PANELS 3p. Micro -switches (suitable for 
CYCLOPS), reed switches, 8p. 3V motors 15p. 40 hi -stabs 
25p. Add 5p P. & P. Also hundreds of unusual items for 
the experimenter. Catalogue 5p. Mail order only. Grimsby 
Electronics, 64 Tennyson Road, Cleethorpes, Lines. 

WANTED: Early books on wireless, pre -1925. Details to 
Box No. G198. 

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 
Certificates, contests and activities for the SWL and 
transmitting members. Monthly magazine, Monitor, 
containing articles 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 f'or League particulars. Membership including 
monthly magazines, etc., £2.00 per annum. (U.K. and 
British Commonwealth), overseas 6 Dollars or £2.50. Sec- 
retary ISWL, 1 Grove Road, Lydney, Gips., GL15 5JE. 

(Continued on page 343) 

MORSE MADE EASY!!! 
FACT NOT FICTION. If you start RIGHT you will be reading amateur 
and commercial Morse within a month. (Normal progress to be expected.) 
Using scientifically prepared 3 -speed records you automatically learn to 
recognise the code RHYTHM without translátl.g.. You can't help It, it's u 
easy as learning a tuna. 18- W.P.M. In 4 weeks guaranteed. Beginner's 
Section only 83.30. Complete course 84.50 (Overseas E1 extra). Details 
only, 4p stamp. 01-660 2896 

G3HSC /Box 38, 45 GREEN LANE, PURLEY, SURREY. 

SYNTHESISER 
MODULES 

Hi Fi CABINETS 
In Teak Veneer finish with 
Dark Grey Vynair Padded 

removable frame front. 

Strongly constructed tuned 
reflex system with built in 
tunnel. Cut outs to take two 
8in Units but may be modified 
to use other Units or Tweeters. 

2ft Tin HIGH 
1ft 2in WIDE 
9fin DEEP 

£10 each 
Packing and 
Carriage £1. 

Some are slightly marked, first 
orders have first selection. Suitable 
Units can be supplied if required. 

AMDIO LTD. 
26 Reading Rood South 

Fleet, Hants. 
Callers welcome 9 -5 Monday to Friday. 

Voltage -controlled modules for synthesiser construction and 

other musical MIRACLESI Catalogue 15p. D.E.W. Ltd., 254 

Ringwood Road, Ferndown, Dorset. 

DECEMBER 1972 

F R E E TO 
AMBITIOUS ENGINEERS 

THE WEST soties Of ENGINEERING OPPORTUNITIES 

SEND FOR YOUR FREE COPY TO -DAY 
NEW OPPORTUNITIES is a highly informative 76 page guide 
to the best paid engineering posts,. It tells you how you can 

quickly prepare at home for a recognised engineering qualification 
and outlines a wonderful range of modern home study courses in 

all branches of Engineering. This unique book also gives full details 
of the Practical Radio & Electronics courses administered by our 
Specialist Electronics Training Division - explains the benefits of our 
free Appointments and Advisory service and shows you how to qualify 
for five years promotion in one year. 

PRACTICAL EQUIPMENT INCLUDING TOOLS 
The specialist Electronics Division of B.I.E.T. NOW offers you a 

real laboratory training at home with all the practical equipment 
you need, plus basic practice and theoretical courses for beginners in 
Radio, TV, Electronics, etc. 

BRITISH INSTITUTE OF ENGiiNEERING TECHNOLOGY 
Dept. (B10), Aldermaston Court, Reading RG7 4PF I mil SEND OFFTHIS COUPON TO -DAY!' ': 

Tick subjects that interest vou: 
IAMSE (Elec) Cay & Guilds Certificate RTEB Certificate I I 

Radio Amateurs' Exam DMG Certificate j Colour TV I I 

Electronic Engineering Computer Electronics I] Radio and TV 
IServicing Practical Electronics Practical TV and Radio I j I 
Please send booklets & full information without cost or obligation. 

1 NAME AGE I 

(BLOCK CAPITALS PLEASE) 

1 ADDRESS I 

I I 

I 

efi 
BIET OCCUPATION 

I To BIET Dept. BIC Aldermaston Court, Reading 
Accredited by the Council for the Accreditation 

of Correspondence Colleges 

1 

RG7 4PF 

-J 
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NEW BOOKS 
ABC'S OF INDUSTRIAL ELECTRONICS 
by J. A. Wilson £1.50 
1 -2 -3 -4 SERVICING STEREO AMPLIFIERS 
by Forest H. Belt £2.50 
TRANSISTOR -T.V. SERVICING GUIDE 
by Robert G. Middleton £2.25 
SOLID -STATE SERVICING 
by A. N. Sloot £2.50 
MODERN DICTIONARY OF ELECTRONICS 
New 4th Edition 
by Rudolf F. Graf £6.50 
101 QUESTIONS AND ANSWERS ABOUT 
AM, FM AND SSB 
by Leo G. Sands £1.75 
99 WAYS TO IMPROVE YOUR SHORTWAVE 
LISTENING 
by Len Buckwalter £1.75 
HANDBOOK OF BASIC ELECTRONIC'. 
EQUIPMENT 
by W. Oliver £1.75 
(Published: Foulsham Technical) 
TRANSISTORIZED RADIO CONTROL FOR 
MODELS 
by D. W. Aldridge £2.50 
MAKING AND USING ELECTRONIC 
OSCILLATORS 
by W. Oliver £2.00 
SEMI -CONDUCTOR DIODE LASERS 
by R. W. Campbell and F. M. Mims £1.90 

FOULSHAM -SAMS TECHNICAL BOOKS 
(W. FOULSHAM Er CO. LTD.) 

YEOVIL ROAD, SLOUGH, BUCKS, ENGLAND 

V.H.F. EQUIPMENT 
Manufacturers of the highest performance V.H.F. and U.H.F. 
equipment for five years. All this gear is from stock. 
THE SENTINEL DUAL GATE MOSFET 2 METRE OR 

4 METRE CONVERTER 
* Low noise figure 2dB. * Gain 30dB. * Dual gate MO SFETs in RF and mixers for excellent overload 

and cross modulation characteristics. * 9 -18 volts 15mA operation. * Size only 2f" x 3" x 1}" aluminium case. * 2 metre stock I.F. outputs: 2 -4MHz, 4 -6MHz, 9- 11MHz, 
14- 16MHz, 18- 20MHz, 23- 25MHz, 24- 26MHz, 
28 -30M H z. * 4 metre: 28- 28.7MHz. 
A very popular and well thought of unit at only £13.75. 
THE SENTINEL LOW NOISE 2 METRE PRE- 
AMPLIFIER * Low noise figure 1dB. * Gain 18dB. * Size the same as converter. * 12 V. 5mA. supply. * Price £6.50. 
THE SENTINEL M.F. 
A double conversion 2 metre converter to medium wave. 
Ideal for mobile use with a car radio or any medium wave 
radio with an aerial socket. * Performance as the Sentinel above. * I.F. output 0.5MHz to 1.5MHz. * Tunes 2 metres in two switched ranges, 144- 145MHz and 
145- 146MHz. When switched 'OFF' MW is switched 
straight through. * Size 5" x 11" front panel 4" deep. 9 -18 V operation. * Price £18.75. 

We do many converters and pre -amplifiers, some from stock, 
for use outside amateur bands, e.g. satellite band. Please 
enquire. 

SOLID STATE MODULES 
63 Woodhead Road, Solid, Lockwood, Huddersfield. HD4 6ER. 

Telephone 0484 23991 

PLAIN - BACKED 
NEW STYLE SELF -BINDERS 

The "CORDEX" Patent Self- Binding 
Case will keep your copies in mint 
condition. Issues can be inserted or 
removed with the greatest of ease. 
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 RESILI- 
ENCE 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 over- 
stretch the springs, as a safety check 
device is fitted to each. 

PRICE 7® P. £t P. 14p 

Available only from: - 
Data Publications Lid. 

for your other magazines 
(max. format 7 +" x 9i ") 

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available will be sent) 

57 Maida Vale London W9 1SN 
342 
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SMALL ADVERTISEMENTS 
(Continued from page 341) 

MINI MAINS PACK KIT. Safe double -wound mini trans- 
former, silicon rectifiers, 100012F smoothing, instructions. 
Buildable to size of PP6 etc. 9V, 120mA. 90p, U.K. post 
5p. Mail order only. AMATRONIX LTD., 396 Selsdon 
Road, South Croydon, Surrey CR2 ODE. 

FOR ALL YOUR ELECTRONIC COMPONENT require- 
ments. Send for free list to:- B. C. Electronic Supplies, 
7 Regent Road, Huddersfield, HDI 4NR. 

FOR SALE: Cossor 1035 double beam oscilloscope ext. & 
int. trigger or synch. £21. Telephone: 01 -444 8216 evenings. 

' "MEDIUM WAVE NEWS" Monthly during Dx season - 
Details from : K. Brownless, 7 The Avenue, Clifton, York. 

THE BRITISH AMATEUR ELECTRONICS CLUB. 
A club for all who are interested in electronics as a hobby. 
Quarterly Newsletter sent free to members. Subscription 
50p per year. Details from Hon. Secretary, J. G. Margetts, 
17 St. Francis Close, Abergavenny, Mon. 

TRANSISTORS TESTED. All transistors no matter what 
type tested to full SPEC. Any type. Specification given in 
full, shown on typewritten sheet. Sent by express post 
for same day service if required. I.C.'s rudimentarily 
tested. Cost to you: 3 for 2p. Singles lop each. 5 for 4p. 
Quantities at 25 for 22p. 30 for 24p. Harrington, 25 
Poynter Road, Enfield, Middlesex. 

FOR SALE: Cossor sine /square wave generator. Offers? 
Gallop, 58 Burleigh Road, Hertford, Herts. Telephone: 
7093. 

UNTESTED GOLD BONDED DIODES: BA144 type 
Germanium 0A91 type 200 for 50p, Zeners BZY88 type 
100 for 50p. Post free. J. Fulton, Derrynaseer, Dromore, 
Co. Tyrone, N. Ireland. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful water- 
ways. 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. 

FOR SALE: Advance constant voltage transformer, input 
190/260V, output 240V 500W. As new. £20. Edwards, 
2 Newlands Lane, Culverstone, Gravesend, DA13 ORD. 
Telephone: Fairseat 822503. 

WORLD DX CLUB covers all aspects of SWLing on 
Amateur and Broadcast Bands through its monthly 
bulletin "Contact". Membership costs £1.38 a year. 
Enquiries to Secretary, WDXC, 11 Wesley Grove, 
Portsmouth, Hants., P03 5ER. 

WANTED: Wireless World issues wanted July 1971 to 
April 1972 inclusive, together with June 1972.'Also Radio 
Constructor Volume 16. J. R. Ault, 23 Newton Street, 
West Bromwich, Staffs. 

TELSEN, LISSEN, GRAHAM FARISH bakelite phenolic 
components with terminals required. Birkinshaw, 219 

Tcagues Crescent, Telford, Salop., TF2 6RA. 

RECITALS OF RECORDED MUSIC. The second Saturday 
evening of each winter month. Next recital: December 
9th, 1972, 8 p.m. at Woodford Green United Free Church 
Woodford Green, Essex. Bus routes 20, 20A, 179 and 275 - 
alight at "The Castle" stop. Programme consists of works 
by Bach, Handel, Ravel & Galbrieli. 

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.1. Telephone: 01-407 1495. 

DECEMBER 1972 

BENTLEY ACOUSTIC CORPORATION LTD. 
The Valve Specialists 

The Old Police Station, Gloucester Road, LITTLEHAMPTON Sussex. PHONE 6743 

0A .30 128E6 .30 EA F801.50 ELL80 .75 PFL200 .50 UL4I .54 
OB2 .30 12K5 .50 EB34 .20 EM80 .37 PL36 .46 UL84 .28 
5U4G .30 12807 .50 EB91 .10 EM81 37 PL81 .42 UY4I .38 
SV4G .33 19AQ5 .24 EBC41 .48 EM83 .75 PL82 .28 UY85 .21 
5Y3GT .25 20P4 .89 EBCBI .29 EM84 .31 PL83 .30 X41 .50 
5Z4G .33 30C15 .55 EBF80 .30 EM87 .34 PL84 .28 AC165 .25 
6130L2 .53 30C17 .74 EBF83 .38 EYSI .29 PL504 .60 ADI40 .36 
6ÁQ5 .21 30CI8 .58 EBF89 .26 EY81 .35 PL508 .90 AD149 .50 
6AT6 .18 30F5 .61 EC92 .34 EY83 .54 PL509 1.30 AD161 .45 
6AU6 30FL1 ECC77 1.50 EY8716 .27 PL802 .75 AD162 .45 .19 
6AV6 .28 

.58 
30FL2 .58 ECC81 .16 EY88 .40 PYlll2 .50 AFII4 .25 

6846 .19 30FL14 .66 ECC82 .19 EZ40 .40 PY81 .24 AFIIS .I5 
68E6 .20 30t.15 .55 ECC83 .21 EZ80 .19 PY82 .23 AFI21 .30 
6BH6 .43 30L17 .65 ECC84 .28 EZ8I .20 PY83 .26 AF126 .I8 
6816 .39 30P12 ECC85 .32 GY501 7+ PY88 .31 BC107 .I3 
6867 .79 

.69 
30P19 .55 ECC88 .35 GZ34 .47 PY500 .95 BCI08 .13 

6BW6 .72 30PL1 .57 ECF80 .27 HVR2 .53 PY800 .31 BCI13 .25 
68W7 .50 30PL13 .75 ECF82 .25 KTW6I .63 PY80I .31 BCII8 .23 
6BZ6 .31 30PL14 .62 ECF86 .64 KTW62.6d QQVO31 BCZII .38 
6C4 .28 30PL 15 .87 ECH35 .50 KTW63.50 10 1.20 8E159 .25 
6CU5 .30 35A3 .48 ECH42 .57 KT66 .&D R 19 .28 BFI63 .20 
6E5 .55 35L6GT.42 ECH8I .25 PC86 .44 U19 1.73 8E180 .30 
6F1 .59 35W4 .23 ECHOS .38 PC88 .44 1.125 .62 BY100 .18 
6E18 .45 35Z4 .24 ECH84 .34 PC97 .26 U26 .53 BY126 .15 
6F23 .65 35Z5 .30 ECL80 .28 PC900 .29 U 191 .56 BY127 .18 
6F28 .60 SOCS ECL82 .28 PCC84 .27 U25! .62 OASI .09 
6H6GT.15 

.32 
50L6GT.45 ECL83 .52 PCC88 . +9 U301 .40 0A91 .09 

61(70 .10 90C1 ECL84 .54 PCC89 .42 U801 .76 0A95 .09 
6K8G .16 

.59 
9ocG 1.70 ECL86 .33 PCCI89:46 UABC80 0C23 .38 

6L6GT .39 DAF9I .20 FF2' .63 PCF80 .26 .30 OC24 .38 
6Q7GT .43 DAF96 .33 [F41 .58 PCF82 .30 UBC4I .45 0C25 .38 
6Q7(M) .43 DF91 .14 E180 .21 PCF84 .40 UBC8I 40 0C35 .32 
6U4GT .60 DF96 .34 FF8l .54 PCF86 .44 UBF80 .28 0C44 .10 
6V6G .17 DK9I FF85 .25 PCF801 28 UBF89 .28 0C45 .11 

6X4 .20 
.26 

DK92 F. F86 .27 PCF802 .37 UC92 .35 OC46 .15 
7Y4 .60 

.35 
DK96 .35 EF89 .23 PCF806 .35 UCC84 .33 0070 .13 

9D7 .78 DL92 .23 FF91 .17 PCL82 .2', UCC85 .33 OC71 .II 
10E1 .75 DL96 .35 EF92 .28 PCL83 .54 UCF80 .31 0072 .11 

10E18 .35 DY87/6 .22 EFI83 .25 PCL84 37 UCH42 .57 0074 .23 
12A6 .63 DY802 EF184 .27 PCL805.}7 UCH8I .29 0075 .II 
12AC6 .40 

.29 
E80CC 1.65 EH90 .34 PCL86 .36 UCL82 .30 OC78 .15 

12AD6 .40 E8OF 1.20 EL34 .44 PD500 1.44 UCL83 .48 OC78D .15 
12AE6 .48 E88CC .60 E141 .53 PEN45 .40 UF41 .50 OC81 .II 
12AT6 .23 EI80F E L42 .53 PEN451DD UF80 .35 OC81 D .11 

12AU6 .21 
.90 

EARC80 EL84 .21 .75 UF85 .34 0082 .11 

12AV6 .28 .29 EL9I .23 PEN UF86 .63 OC83 .20 
12BA6 .30 EAF42 .48 EL95 .32 451D0 . 8 U F89 .27 0084 .24 

All goods are unused and boxed, and subject to the standard 90 -day 
guarantee. Terms of business: Cash or cheque with order only. No 
C.O.D. orders accepted. Post /packing charge 3p per item subject to a 
minimum of 9p per order. Orders over £5 post free. All orders despatched 
same day by first class mail. Complete catalogue with conditions of 
sale 7p post paid. Any parcel insured against damage in transit for only 
3p extra per order. Business hours 9 a.m. -5.3D p.m., Mon. -Fri. Closed Sets. 
Please enclose S.A.E. with all enquiries. 

II 

QUALITY COMPONENTS - BUDGET PRICES 

TRANSFORMERS 
Hygrade Filament 0 -245V tapped primary. 2 x 6.3V, 1.8A secondaries £1.95 
Miniature Mains 0 250V primary, 2 x 12V, 6VA secondaries £1.10 
Sub -Miniature Mains O -240V primary, 2 x 12V, 50mA secondaries £1.25 

RESISTORS 
10% Carbon, El 2 values, 10 -10M, 4 watt 1 1p 

1 watt . 
3p 

5% Hystab, E24 values, 10-1M, 1R watt 21p 
1 watt 

- 

3+is 
2% M.O. E24 values, 10- 1 M, 1 watt 4p 

VOLUME CONTROLS 
Small size, LOG or LIN. 

5 0, 250 , 

500K 5, 
10, 25, 50, 1M00 

Only 18p each 

CAPACITORS 
Tantalum - iiF /V 0.1/35, 0-22/35, 047/35, 1/35, 22/35, 47/35, 10/63. 10/25, 
10/16, 22/16.47/63, 100/3. All at one price 17p 
Moulded Polyester 250V. 0.01, 0022. 0.037, 5p; 0.047, 0068, 0.1, 7p; 
0.22,10p; 0-33,12p; 0.47,15p; 0.68,18P; 1 0. 22p; 2.2, 35p. 
Printed Circuit Electrolytic - vF /V. 047/63, 1.0/63. 22/63. 47/40, 10/63, 
22/40, 7p; 47/40, 10p: 100/63, 13p; 100x10, 7p; 220/40. 470/16. 13p; 
1000/16, 15p. 

FIXED VOLTAGE REGULATORS 
T03 case. Gives stabilized supply. MVR 5 volt, MVR 12 volt, MVR 15 volt. 
All at £1.50. 

STRANDED CABLE 
16 /0.2mm, 3p per metre; 11 colours. 1 metre of each . 33p per pack 

21 colours, 1 metre of each.. 60p per pack 
Extra Flexible Wire, for testmeter leads, Red orSiack .. .. 4p per metre 

Probe Clips. for testmeters, Red or Black . 
12p each 

Lightweight Screened Wee. Single 7p ser metre. Twin 10p per metre. 

TRANSISTORS 
AC 107 28p AC 176 20p BC 147 20p BFY 51 23p OC 8113 19p 
AC12627p AD14947p BC 14820p OC 2852p 2N 2926 13p 
AC 12723p BC 10712p BC 16822p OC 71 14p AD 161 75ppr. 
AC 12820p BC 10812p BC 16920p OC 7219p AD 162 

AC 13219p BC 10912p 80 11244p OC 7522p 

PRINTED CIRCUIT BOARD 
Approximate size 12" x 8 ". Bargain at only .. . . 25p per board 

VEROBOARD 
0.1 0.15 

21"x 31" 20p 16p 
3 t" x 5" 24p 26p 

SERVICING AIDS - AEROSOLS 
Freezer .. .. .. 60p 
Contact Fluid ... .. .. 75p 
Insulating Lacquer .. .. 60p 

The above shows only a very small selection from our CATALOGUE 
price 25p post free by return 

All orders over 50p POST FREE IN U.K. S.A.E. with all queries 

We can supply ALL R. S. COMPONENTS, mostly by return of post 

CELECTRON -E 
P.O. Box No. 1. Llantwit Major. Glamorgan. CF6 9YN 
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INTERNATIONAL SHORT WAVE 
LEAGUE 

Membership £2.00 per annum 
(U.S.A. $6.00) including 12 monthly issues 
of "Monitor" - the League journal. Includ- 
ing free use of all Services, QSL Bureau 

etc. 

THE LARGEST S.W.L. ORGANISATION 
IN THE WORLD 

For full details write to: 
The Secretary, I.S.W.L., 1 GROVE ROAD, LYDNEY, GLOS. GL15 5JE. 

ESSENTIAL BOOKS 

HOW TO MAKE WALKIE- TALKIES FOR LICENSED OPER- 
ATION. Only 40p post tree. MOBILE RADIO TELEPHONES. 
Important reference book for users of commercial mobile communi- 
cations equipment. Includes chapters on installation, operation 
and maintenance. Contains photos and diagrams etc. Price £2.60. 
including post. AN ELECTRONIC ORGAN FOR THE HOME 
CONSTRUCTOR. Simple and straightforward instructions for 
building an inexpensive organ for use in church, hall or home. 
100 pages. £1.25. postage 15p. RADIO UPKEEP AND REPAIRS. 
A practical handbook on servicing principles and receiver mainten- 
ance. £1.25. incl. postage. GOVERNMENT SURPLUS WIRE- 
LESS EQUIPMENT HANDBOOK. Contains circuits, data, illus- 
trations and valuable information for British /USA receivers, trans- 
mitters, trans /receivers. With modifications to sets and test equip- 
ment. Latest impression £3.25. incl. postage. Available from: 
Dept. RC. GERALD MYERS, 18 SHAFTESBURY STREET, 

LEEDS LS12 38T. 

FREQUENCY LIST TRANSFERS 

We have a limited supply of sheets of Dial 
Frequency Transfers in black. Short Wave fre- 
quencies 1.8Mc /s to 32Mc /s and 144Mc /s and 
146Mc /s. Includes amateur band marker frequen- 
cies at 100kc /s points and other short wave 
frequencies from 2 to 32Mc /s at every 500kc /s 
points. Each frequency is repeated. Two sheets 
for 5p, five sheets for lop, postage 3p. 

DATA PUBLICATIONS LTD., 
57 Maida Vale, London W9 1SN. 

DATA BOOK SERIES 
DB5 TV FAULT FINDING 

124 pages. Price 50p, postage 6p. 
DB6 RADIO AMATEUR OPERATOR'S HANDBOOK 

80 pages. Price 45p, postage 6p. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 75p, postage 8p. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price £2.10, postage 25p. 

DB18 AUDIO AMPLIFIERS 
128 piges. Price 53p, postage 6p. 

DB19 SIMPLE SHORT WAVE RECEIVERS 
140 pages. Price 80p, postage 6p. 

I enclose Postal Order/Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. 
All publications are obtainable from your local bookseller. 
Data Publications Ltd., 57 Maida Vale, London W9 1SN 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
344 RADIO & ELECTRONICS CONSTRUCTOR 
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U. K s LARGEST ELECTRONICS CENTRES! 
HENRY'S RADIO LTD. EDGWARE ROAD, LONDON, W.2. 

404 -406 ELECTRONIC COMPONENTS & EQUIPMENT 01 -402 8381 

354 -356 HIGH FIDELITY & TAPE EQUIPMENT 01 -402 5854/4736 

EN 309 PA - DISCO - LIGHTING HIGH POWER SOUND 01 -723 6963 
Y 303 BARGAIN STORE SPECIAL OFFERS All Mail to: 303. Edgware Rd., London, W2 1 B W 

40. 

ALL YOUR ELECTRONIC REQUIREMENTS WITHIN 200 YARDS. CALL IN AND SEE FOR YOURSELF. 

THE D TEXAN 
20 + 20 WATT INTEGRATED 
I.C. STEREO AMPLIFIER 

I As featured In Prac 1. al Ample. 
Mar to August 19721 

FREE TEAK CABINET with complete kits 
FEATURES New slim design with 6 - IC's, IC sockets. 10 silicon 
transistors. 4 rectifiers. 2 zeners Special Gardeners low field slim line 
transformer Fibre glass PC panel. Complete chassis work 
HIGH QUALITY AND STABILITY ARE PREDOMINATE FEATURES 
DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE. RELIABILITY 
AND EASE OF CONSTRUCTION 
FACILITIES On /off switch indicator, headphone socket, separate treble 
bass, volume and balance controls, scratch and rumble filters. m no /stern, 
witch, Input selector- Maq P U. Radio Tuner. Aux Can be altered t 

Mic. Tape. Tape head etc (Parts list Ref 20 on request) 
( Parts list Ref. 20 on request) 
Constructional details Rer No. 21 30p 
Designed approved kits distributer( 5y gem, sRe .o Ltd. 

- 

SPECIAL 
KIT PRICE 

£28.50 4 PP 

Ii.cimpllte Ant. FREE TEAK CABINET 

SLIM 
DESIGN 

WITH SILVER 
TRIM. 

Overall chassis size 
14/" 0 6" x 2- high 

RECORD DECKS CHASSIS 
(POST 50eI 

50153 Cle25 HT70 Ere 50 

MP60 Cs 95 MP610 [12.95 
AP76 Cre.es GL75 [2e 50 

PLINTH COVERS (State Model) 
5025 MP60 610 e330 (Post 40p) 
AP76 (4.50 (Pest 40p) 

CART PLINTH COVER (Post 70p) 
IMO MP60 /GB001-1iPC fre50 
MP510 /SC5M0 /TP02 /PC [19.95 
AP76 /M756SM1 PC C32.50 
AP95 M7565M /PC C3995 
I OL) AP76 /G800 /PC [2s.25 
(ML) SP25 /GB00H /PC (te 95 
HT70 /G800 /TP01 /PC f2450 
(HL) 2025 /9TAHCD /PC C1395 
MP60 /5C5MD /PC 01725 
(HL) GL75 /G800EIPC Till 95 

(HL) GL75 /G800, PC ces 9s 

LOW COST HI -FI SPEAKERS 
E.M.I. Size 13 {" e 8} . Large Ceramic Magnet. 

TYPE 150 6 watt. 3, 8 or 15 
ohms £2.20. Post 22p. 

TYPE 150TC Twin cone ver 
on £2 75. Post 22p, 

TYPE 450 10 watt with twin 
tweeters and crossover, 3, 8 
or 15 ohms. £3.85. Post 25p. 

TYPE 350 20 watt with tweeter 
and crossover, 8 and 15 ohms, 
£7.70. Post 28p. 

POLISHED CABINETS 150 150TC 450 £4x60. Post 30p 
ASSEMBLED IN POLISHED CABINETS (8 ohm) 
Series6 (Assembled 150TC) per parr f16.50 over 70p 
Series 8 (Assembled 450) per Peer, 8.95 past 700 

ll, 

TEST EQUIPMENT 
JUST A SELECTION 

5E2500 Puexal Y, ncit S,y,.ai ln), t C1.90 
RESO3 nail SNnal lia,., 01 50 
111 L33D RiOOcC 1,,04055. ithc .ef4.45 Ali frl 

God Dm Mer.ir 440 KEN 28UmiVK a £1345 
500 30 K. Volt Muibmeter C9 25. Witn learner 

CJfe f10 50 
20TH 20K son Mutilate. C4.20. Witli cas, C0.95 

F1Ú5 50K Von Mulinneter C8_50_ wnhvase 09.50 
74341 AC DC Muthmerer warn transistor teste 

steel Lase 01050 
1E200 RT ator 120K, 50OMHe Carr 35p f15.95 
1E220 dm Generator 2OOK17 CU., 35p (1750 
CI 5 3'Pulse scope 10112 lOmHx Carr 50p C39.00 
TE65 Valve VMODEer 28 ranges Carr 405 017.50 

MODELS NOMBRE% LS IN STOCK 

ULTRASONIC TRANDUCERS 
Operate at 40kgs u . Ideal'[ 

n switching ny Complete with 
data and 

PRICE PER PAI u R £5.90 Post 10p 

POWER INTEGRATED CIRCUITS 
Plesier SL4031) 3 w h 8 paye data 
layouts and circuits C150. P.C. Board 60p. 
Meat Sink 14p. 
Siclair IC12 -6 wall with Para and circuits 
El x80, 
Tß90130 -20 wait Power Amp Module 
00.57 
THY014P -IC Neampn.50. 
DaLdc,rcu,is IPr above No.421 Op. 

NEW MW /LW TUNER 

TO BUILD ML -3 
Uses Mallard Module, 

Slow motion tuning 
Built in battery. Ferrite aerial. Overall size 7' x 2e' x 3m'. 

TOTAL COST TO BUILD te485 Post 15p. All parts sold 
separately - Leaflet No 6. 440 

"BANDSPREAD" PORTABLE TO BUILD 

o 

BUILD THIS VHF FM TUNER 
5 TRANSISTORS 300 kc /s 
BAND -WIDTH, PRINTED CIRCUIT, 
HIGH FIDELITY REPRODUCTION, 
MONO AND STEREO. 
A popular VHF FM Tuner for quality 
and reception of mono and stereo 
There Is no doubt about it -VHF FM D 771 ,, 
gives the REAL sound, All parts sold B. 
separately. Free Leaflet No. 3 6 7, 
TOTAL £6.97, p.p. 20p. Decoder Kit £597. 
Tuning meter unit £1.75. 
Mains unit (optional) Model PS900 £2 47. Post 20p. 
Mans unit for Tuner and Decoder P51200 £2 62. Post 20p. 

MARRIOT TAPE HEADS 
4 TRACK MONO or 2 TRACK 

STEREO 
'17' High Impedance 02 00 
-18" Med Impedance 02.00 
36" Med.Low Imp C3.50 

Erase Heads for above 75p 
"63" 2 track mono - Hi Imp. E1 75 
43" Erase Head for above 75p 

CATALOGUE 

Fully detailed and illustrated 
covering every aspect of Elec 
!tonics - plus data. Circuits and 
Information. 

10.000 Stock lines at Special 
Low Prices and Fully Guaranteed. 

PRICE 557 Post r Paid 
(40p FOR CALLERS) 

PLUS! FIVE 10p 
VOUCHERS 

Send to (his address - Henry's Radio Ltd (Dept, RC), 3 Albemarle 
Way London E C 1. - for catalogue by post only. All other mail 
and callers ro "303'' see above. 

PA- DISCO- LIGHTING 

ON's 
g 

t Range Write phone or 
rail in Details ana demons... 
on 
STOOL 

request 
3 Channel _ O 3Kw C297s 

D.140L 3 Channel MUnlbuigii. torkohl3 Kw EBB 75 
173705 70 war Disco amp /muer f4995 
DISCOAMP 100 wart Disc r C67.95 
0.11053 30 wait Disco amp/mixer 032.75 
Ant. Feedback Duality Mic. Ell 50 
DJ500 50 Wat1P A. Amp 056.25 
17.1300 150 watt rms Group Valve Amp [99.50 s Portable D.scos- Derails on gigues! 

Cred,rterms(oreallers 

bbrró y' 
rSry er et rarormalli 

EFFECTS MICR 
PROJECTORS 
SPOTS SPKRS. 

DIMMERS 
Moons STANDS 
E,0, ii.ng for PA 

Dis i - Rghr,ng 
REF Strick List 

No 18 

7 SEO é NIXIE TUBES 
,Post 15p per 1 to 61 

053. )0113, GN40 9 Side view w,tn daca 95p 
GNP 7, GNP -8 0 9 Side view wnn decimal 

POInts and data 95p 
30í5F 7'segment E2' each. E7 per 4 
with data 
12 and 24 hour clock Crepita for above. 
Rol No 31 15p. 

MINIATURE AMPLIFIER 
5 transistor 300mW o/p Fitted volume 
and sensltrvity control 9 volt operated. 

£1.75 each P/P 15p 

SINCLAIR PROJECT 

- SAVE POUNDS 

Z30 [3.57 Z50£4.37 
STEREO 6007.97, P75 f3.97 
PZ6 [6.37: PZ8 £4.77 
Transformer for PZ8 [2.95 
Acnve Filter Unit £4,45 
Stereo FM Tuner £16,95 
IC12 C1.80 Q16's fl5pr 
Post etc 2Op per item 

60 MODULES w.. 
PACKAGE DEALS Post 25p. 
2 e 730. Stereo 60. PZ5 E1 5.95 
2 x 730. Stereo 60. PZ6 C18.00 
2 x 250. Stereo 60. PZ8 £20.25 
Transformer for PZ8 £2.95 
PROJECT 605 KIT £19.95 

MORE OF EVERYTHING AT LOW PRICESALWAYSFROM HENRY'S 
Al inv pint. volt Bed plus Data ang Clrcuns Gel a Catalogue 1 , .ill 

Pt co. suhle<t IC 2vghnul owe e E HO E 

QUALITY SLIDER CONTROLS 

Complete 
omm woke singles antl ganged stroke 

nobs 5K. 10K. 25K. 100K. 
250K, 500K to m eg Loy and 

L, 
45p earn. 

OK, 25K 50K 100K 250K Log and Lin 
ganged. 75p each. 

HI -FI ti TAPE EQUIPMENT 
Acknowledged 
as UK's largest 
stockists with 
lowest prices 
plus 12 months 
guarantee. 
Write or call for 
FREE 16 page 
lists (Ref 17) ) 

TRANSISTORS - IC's - RECTIFIERS 
SCR'S - TRIACS etc. 

LATEST BROCHURE 
Ref No 36 on request 

309 -354- 356- 404 -406 Open 6 days a week 9am - 6pm (303 closed Thurs.) All Stores open all day Saturday 

H u I 
I ; THING AT THE RIGHT PRICE t LW I YS I T HENRY'S 

www.americanradiohistory.com

www.americanradiohistory.com

