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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 beprotectedby 

r- 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

5304 
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COMPONENTS 
HNDUSTRIOBBYIST 

AL 
- AMAB 

UTEUR 

DOMESTIC SURPLUS 
I LK 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 

Full spec. marked 

AF116 
AC127 
AC188 
AD149 
AD161 
AD162 

Matched pair 
BCY40 . . 

15p 
12p 
22p 
30p 
30p 
30p 
50p 
45p 

SEMICONDUCTORS 
by Mullard, etc. Many other types in stock 

BFY52 .. .. 10p in Heat Sink . 15p 
ORP12 .. .. 43p T.O.3 Mica 
2N3055.. 40p washers 2p 

2N2401 .. ,. 15p UNMARKED 
Centercel Diodes 5p TESTED 
6 -110 volt, 0.6 amp. BY127 8p 
nominal bridge rect. BC179 .. 10p 
encapsulated with built 2N2926 . 5p 

1+ glass fuses- 250 m/a or 3 amp (box of 12) 
3" tape spools 
FX2236 Ferrox Cores 
PVC or metal clip on M.E.S. bulb holder 
All metal equipment Phono plug . 

Bulgin, 5mm Jack plug and switched socket (pair) 
12 volt solenoid and plunger 
250 RPM 50 c/s locked frequency miniature mains motor 
200 OHM coil, 1 +" long, hollow centre 
Felay, P.O. 3000 type, 1,000 OHM coil, 4 pole c/o 
F.S. 12 way standard plug and shell 

6p 
4p 
5p 
3p 
2p 

20p 
25p 
50p 
10p 
60p 
50p 

SWITCHES 
Pole Way Type 

4 2 Sub. Min. Slide 10p 
6 4 
1 11 

4 3 Wafer Rotary 12p each 
3 7 
2 5 
1 3 + off Sub. min. edge 10p 
1 3 13 amp small rotary 12p 
2 2 Locking with 2 to 3 keys 

£1.50 
2 1 2 Amp 250V A.C. rotary 20p 

RESISTORS 
watt 1p 

1 watt lip 
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 
EB91 
ECC82 
ECC83 
ECH81 
EABC80 
EBF89 
ECL82 
ECL86 
EF80 
EF85 
EF86 
EF91 
EF183 
EF184 

44p 
26p 
36p 
36p 
44p 
46p 
44p 
44p 
56p 
36p 
44p 
44p 
52p 
40p 
44p 

EM87 
EL84 
EY86 
EZ80 
PCC84 
PCC89 
PCF80 
PCF82 
PCL82 
PCL84 
PC L85 
PC L86 
PL36 
PL81 
PL83 

90p 
36p 
46p 
30p 
50p 
62p 
38p 
50p 
38p 
50p 
64p 
56p 
78p 
72p 
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 -1 59 -989 

6 -14 volt, 6 digit, illuminated, fully enclosed. £2.50 

DIE CAST 
ALLY BOX 

41x31x2 }with 
lid 50p 

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

BSR TD2 TAPE 
TRANSPORTER 

With record - 
playback - 
erase heads .. £2.50 

STEEL BOX WITH 
LID 

10x5 +x3 "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 

NOVEMBER 1972 

ELECTROLYTICS 
Mullard C426, TCC, CRL, CCL, 
SUB MINIATURE, ETC. 
MFD Volt 

16 50 
260 12 

50 50 
100 18 
125 10 

8 50 
12 20 
10 20 

8.2 20 
50 25 

2.5 64 
25 25 

5p 
each 

MFD 
20 

500 
100 
100 

6 
8 

25 
250 
400 
400 

8 
100 

HUNTS, STC 

Volt 
12 

6 
25 

6 
3 
6 
6.4 

18 
16 
40 

500 
200 

4p 
each 

2p 
each 
3p 
7p 
6p 
10p 
9p 
10p 

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

2p 
each 

3p 
each 

4p 
each 
5p 
5p 
5p 

TUNING GANG 
100PF, 50PF, 33PF 

20p each 

TRIMMERS 
30 PF Beehive 
12PF P.T.F.E. 10p 
2,500PF 750V each 

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 

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

50K, all at .. . 10p each 

RECORD PLAYER CARTRIDGE 
ER.5XM E 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 "or11 "or1" .. 2p 
T.O.5 HEATSINKS 

Style 154 high conductivity .. 5p 
PAXOLINE 

21x41x'or3x2}xi" .. 2p 
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. 

209 

www.americanradiohistory.com

www.americanradiohistory.com


Nowog A FAST EASY 
WAY TO LEARN BASIC 
RADIO & ELECTRONICS 

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 com- 
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- 
TRON Outfit contains every- 
thing you need, from tools to 
transistors - even a versatile 
Multimeter which we teach you 
to use. All you need give is a 
little of your spare time and 
the surprisingly low fee, pay- 
able monthly if you wish. And 
the equipment remains yours, 
so you can use it again and 
again. 
You LEARN - but it's as 
fascinating as a 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 

but it teaches the real thing. The 
easy to understand, practical 
projects - from a burglar -alarm 
to a sophisticated Radio set - 
help you master basic Radio 
and Electronics - even if you are 
a 'non -technical' type. And, if 
you want to make it a career, 
B.I.E.T. has a fine range of 
courses up to City and Guilds 
standards. 
Specialist Booklet 
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.LE.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 FOR FREE BOOK 

r 
'NAME AGE 

(BLACK CAPITAL') ' ADDRESS 

B9Ì 

I 

LSUBJECT 

OF INTEREST 

' 

J 
210 

NOW AVAILABLE . . 

LATEST 

BOUND VOLUME 

No. 25 
of 

"The Radio Constructor" 
FOR YOUR LIBRARY 

Comprising 
768 pages 
plus index 

AUGUST 1971 
to JULY 1972 

PRICE £2.00 Postage 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 

RADIO & ELECTRONICS CONSTRUCTOR 
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a) 

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 142K 
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 
AC 187K 
AC 188 
AC 188K 
ACY 17 
ACT 18 
ACY 19 
ACT 20 
ACY 21 
ACY 22 
ACT 27 
ACT 28 
ACY 29 
ACT 30 
ACT 31 

ACYN 
ACT 35 
ACT 36 
ACT 40 
ACT 41 

ACT 41 
AD 130 
AD 140 
AD 142 
AD 143 

THIS IS THE FR T PAGE 
OF THE GREAT BI -PAK SECTION 

BRAND NEW FULLY 
20p AD 149 
20p AD 161 
llp AD 162 
20p- AD 161 and 
11p AD 162(MP) 
17p ADT 140 
17p AF 114 
17p AF 115 
17p AF 116 
14p AF 117 
14p AF 118 
149 AF 121 
14p AF 125 
17p AF 126 
14p AF 127 
17p AF 139 
ISp AF 178 
20p AF 179 
20p AF 180 
20p AF 181 
2p 6F 106 
20p AF 239 
20p AL 102 
Hp AL 103 
2p AST 26 
1p AST 27 
20p AST 28 
2p AST 29 
28p AST 50 
18p AST 51 

17p AST 52 
20p AST 54 
17p AST 55 
20p AST 56 
22p AST 57 
20p AST 58 
12p ASZ 21 
20p BC 107 
15p BC 108 
20p BC 109 
20p BC 113 
20p BC 114 
20p BC 115 
16p BC 116 
18p BC 117 
19p BC 118 
3Sp BC 119 
28p BC 120 
lip BC 125 
lip BC 126 
lip BC 132 
28p BC 134 
17p BC 135 
tlep BC 136 
ISp BC 137 
78p BC 139 
48p BC 10 
48p BC 141 
38p BC 142 

SOp BC 143 
l3p BC 115 
33p BC 147 

BC 148 
Sip BC 149 
50p BC 150 
24p BC 151 

24p BC 152 
24p BC 153 
24p BC 154 
35p BC 157 
30p BC 158 
15p BC 159 
lap BC 160 
28p BC 161 
30p BC 167 
SOp BC 168 
SOp BC 169 
50p BC 170 
4Sp BC 171 
4Sp BC 172 
37p BC 173 
6Sp BC 171 
6Sp BC 175 
lip BC 177 
30p BC 178 
lip BC 179 
25p BC 180 
lip BC 181 
15p BC 182 
75p BC 1821 
lip BC 183 
lip BC 1831 
lip BC 184 
25p BC 1841 
lip BC 186 
40p BC 187 
9p BC 207 
9p BC 208 

10p BC 209 
10p BC 2121 
1Sp BC.213L 
ISp BC 2141 
tSp BC 225 
ISp BC 226 
10p BCY 30 
30p BCY 31 

80p BCY 32 
lip BCY 33 
18p OCT 34 
12p BCY 70 
18p BCY 71 

11p BCY 72 
ISp BCZ 10 
tip BCZ 11 
40p BCZ 12 
30p BD 121 
30p BD 123 
30p BD 124 

30p BD 131 
4Sp BD 132 
lOp BD 133 
10p BD 135 
I2p BD 136 
18p BD 137 
20p BD 138 
17p BD 139 
lap BD 10 
30p BD 155 
1sp BD 175 
12p BD 176 
lip 00 177 
45p BD 178 
SOp BD 179 
12p BD 180 
lip BD 185 
lip BD186 
12p BD 187 
1p BD 188 
14p BD 189 
1p BD 190 
14p BD 195 
12p BD 196 
19p BD 197 
19p BD 198 
19p BD 199 
2p BD 100 
1p BD 205 
10p BD 206 
10p BD 207 
10p BD 208 
10p BM 20 
12p BF 115 
12p BF 117 
18p BF 118 
28p BF 119 
11p BF 121 

lip BF 123 
12p BF 125 
llp BF127 
lip BF 152 
1p BF 153 
15p BF 154 
3Sp 8F 155 
2p BF 156 
26p BF 157 
30p BF 158 
lip BF 159 
75p BF 160 
14p BF 162 
18p BF 163 
1p BF 164 
20p BF 165 
2Sp BF 167 
2Sp BF 173 
60p BF 176 
6Sp BF 177 
60p BF 178 

GUARANTEED DEVICES 
50p BF 179 

60p BF 180 
6Sp BF 181 

40p BF 182 
40p BF 183 
4Sp BF 184 
SOp BF 185 
SSp BF 188 
60p BF 194 
80p BF 195 
60p BF 196 
60p BF 197 
65p BF 200 
65p BF 222 
70p BF 257 
70p BF 258 
6Sp BF 259 
6Sp BF 262 
70p BF 263 
70p B0270 
7Sp BF 271 
7Sp BF 272 
eSp BF 273 
BSp BF 274 
90p BFW 10 
90p BFX 29 
9Sp BFX 84 
9Sp BFX 85 
80p BFX 86 
80p BFX 87 
9Sp BOX 88 
9Sp BFY 50 

£1.00 BFY 51 

2p BFY 52 
4Sp BOY 53 
70p BOX 25 
70p BOX 19 
4Sp BSX 20 
SOp B5Y 25 
Op BST 26 
SOp BST 27 
lip BST 28 
ISp BST 29 
ISp BST 38 
70p BST 39 
48p BSY 40 
SSp BST 11 

SSp BSY 95 
60p BST 95A 
40p Bu 105 
40p C 111E 
40p C 400 
40p C 407 
40p C 424 
22p C 425 
lip C 426 
l5p C 418 
35p C 441 
30p C 442 

30p C 444 
30p C 450 
30p MAT 100 

Op MAT 101 
40p MAT 120 
lSp MAT 121 

30p MPF 102 
40p MPF 104 
12p MPF 105 
lip OC 19 
14p OC 20 
14p OC 22 
4Sp OC 23 
9Sp OC 24 
4Sp OC 25 
60p OC 26 
85p OC 28 
SSp OC 29 
SSp OC 35 

3Sp OC 36 
30p OC 41 

80p OC 42 
3Sp OC 44 

3Sp OC 45 
60p OC 70 
27p OC 71 

22p OC 72 
30p OC 74 
21p OC 75 

24p OC 76 
lip OC 77 
10p OC 81 

20p OC 81D 
20p OC 82 
17p OC 82D 
8Sp OC 83 
1Sp OC 84 
ISp OC 139 
15p OC 140 
tSp OC 169 
15p OC 170 
ISp OC 171 
15p OC 200 
18p OC 201 
18p OC 202 
18p OC 203 
28p OC 204 
12p OC 205 
12p OC 309 

L1.00 P 3166 
SOp P 397 
30p OCP 71 

25p ORP11 
20p ORP60 
SOp ORP 61 
3Sp 5T 10 
10p ST 141 

30p TLS 43 

lop UT 46 

Hp 2G 301 

IIp 2G 301 
19p 2G 303 
20p 2G 304 
19p 2G 306 
20p 2G 308 
42p 2G 309 
37p 2G 339 
l7p 2G 339A 
3Sp 2G 344 
63p 2G 345 
38p 2G 371 

42p 2G 371B 

SAP 2G 373 
38p 2G 374 
lip 2G 377 
50p 2G 378 
SOp 2G 381 

429 2G 382 
Sop 2G 01 
lop 2G 414 
21p 2G 417 
ISp 1N 388 
12p ON 3884 
10p ON 404 
10p ON 046 
14p IN 524 
IIp ON 527 
15p 2N 598 
ISp ON 599 
lip IN 696 
1Sp ON 697 
1Sp ON 698 
ISp ON 699 
ISp 2N 706 
20p ON 7066 
20p ON 708 

20p ON 711 

20p ON 717 

ISp ON 718 
lip ON n8A 
1Sp ON 726 

lip ON 727 
18p 2N 743 
28p 2N 744 
25p 2N 914 
lip ON 918 
Hp ON 929 
40p ON 930 
20p 2N 1131 
42p ON 1132 
43p ON 1302 
47p ON 1303 

40p IN 1301 
40p ON 1305 
12p ON 1306 
17p IN 1307 
30p 2N 1300 
17p 2N 1309 

2N 1613 20p 2N 2926(0.) 10p IN 3906 
2N 1711 20p ON 29261B) 10p ON 4058 

2N 4059 

19p'2N 1890 lip ON 3011 lp ON 4060 

19p 2N 1893 37p ON 3053 lip ON 4061 

14p 2N 2147 71p ON 3054 46p 2N 4062 
2N 2148 57p ON 3055 50p ON 4284 

I4p 2N 2160 60p ON 3391 14p ON 4285 

ISp 2N 2192 15p ON 3391A I 6 IN 4286 

IOp ON 2193 3Sp 2N 3392 f 4 ON 4287 
1 ON 2191 15p ON 3395 14p ON 4288 

2N 4289 
1 ON 2218 21p ON 3395 17 2N 4290 p ON 2219 20p 2N 3402 llp ON 1291 

1 2N 2221 22p ON 3401 18p ON 4293 

lOp ON 2368 1 ON 3414 ISp IN 5457 

tóp ON 2369 14p IN 3415 1Sp ON 5458 

16 ON 23690 IIp IN 3416 18p ON 5459 
4 p ON 2411 21p 2N 3417 28p 25 301 p 2N 2412 21p IN 3525 75p 25 3026 .a: 

ON 2646 47p IN 3646 9p 25 302 

2S 2N 2711 2Ip ON 3702 10p 2S 303 

15 
ON 2712 Tip ON 3703 10p 25 304 

SSp ON 2714 11p ON 3704 lip 25 305 

IOp ON 2904 17p ON 3705 10p 2S 306 

7.8p 
ON 2904A 21p ON 3706 9p 2S 307 

II ON 2905 Ilp ON 3707 ltp 2S 311 

w IN 29050 llp ON 3708 7p 2S 322 

i 

S 
2N 29066 18p ?N 3] 0 9p 25 323A 

2 2N 2907 20p 1N 3711 9p 25 324 

lp 
2N 2923 6 IIp 2N 3820 t8p 2S 326 

Sp 
2N 

2N 2924 
2925 14p N 3823 2 OS 701 

lp 2N 29260Y1 11p 2N 3904 mp 0362 
2N 2926(0) 10p iN 3905 18p 

Hp DIODES & RECTIFIERS lIp 
SOp AA 119 8p BY 130 16p OA 47 

38p AA 120 Sp BY 133 ltp OA 10 
28p AA 129 8p BY 164 SOp OA 79 

20p AAT 30 9p BTX 38.30 I2p OA 81 
20p AAZ 13 10p BYZ 10 ISp OA 85 
14p BA 100 IOp BYZ 11 10p OA 90 
30p BA 116 
2Ip BA 126 llp 

1/p BTZ ]Op OA 91 

BYZ 13 lSp 06 95 
lip BA 148 I bTZ 16 IOp OA 200 
lOp BA 154 12p @TZ 17 ISp OA 202 
22p BA 155 11p BYZ 18 7Sp SD 10 f 4 BA 156 11p BTZ 19 ltp SD 19 
14p BY 100 iSp CG 62 N 31 

17p BY 101 I2p Eq) OA 91 Sp N 316 
17p BY 105 17p CG 651 (En) N 911 
tip BY 114 119 OA 70-0A79 6p N 916 
2Ip BY 126 14p OA 5 l5p N 4118 
lip BY 127 1Sp OA 55L 21p S 021 
23p BY 128 ISp OA 10 35p 5 951 

27p 
ilp 
1 

12p 
Ilp 
12p 
lip 
t7p 
Ilp 
17p 

17p 
17p 
17p 
17p 
17p 
lip 
1lp 
12p 
31p 

SOp 
12p 
42p 
SSp 
70p 
84p 
84p 
84p 

42p 
42p 
S6 
70p 
70p 
70p 

7 p41 

45p 

7p 
7p 
7p 
7p 

6p 
61, 

v 
6P 
7p 
Sp 
Sp 
7p 
7p 
W 
6v 

16p0p 

p 

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 
count by weight 

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

C 4 75 *th 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 & 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. 
Modula Tested and 
G eed. 
Qty. 1 -9 £2.63; 10-25 
£2.28. 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. 

4*1 

ONLY 

£ 16.95 
FREE 
P &P 

NOW -TURN OVER FOR MORE FANTASTIC OFFERS 
NOVEMBER 1972 211 
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NEW LOW PRICE TESTED S.C.R: S. 
10A 180 304 
70046 1018 1048 

0.50 0.63 81.15 
0.68 0.03 81.40 

0.61 0.75 81.60 
0.76 0.00 81.75 

0.07 81.15 - 
61.10 81.60 4.00 

PIV IA 3A 54 64 7A 

706 7066 7068 TOOL TOSS 

80 ass 0.15 0.15 0.15 0.47 
IM 0.16 0.0 0.47 0.47 0.50 

910 0.00 0.67 0.40 0.40 0.57 

400 0.43 0.47 0.54 0.56 0.67 

600 0.53 0.67 0.05 0.50 0.77 

MO 0.05 0.70 0.00 0.80 0.20 

Ply 
SILICON RECTIFIERS -TESTED 
300mA 750mA lA 1.6A 3A l0A 30A 

Lp Lp Lp Lp Lp Lyy Lpp 

60 
100 

0.04 
0.04 

0.06 
0.06 

0.06 
0.06 

200 0.05 0.09 0.08 
400 0.06 0.13 0.07 
600 0.07 0.16 0.10 
800 0.10 0.17 0.11 

1000 0.11 0.16 0.14 
1200 - 0.83 - 

0.07 0.14 0.111 0.04 
0.13 0.16 0.6S 0.71 
0.14 0.10 0.14 1.00 
0.60 0.27 0.17 1.26 
0.36 0.34 0.46 1.811 
0.16 0.37 0.66 1.00 
0.30 0.48 0.63 1.50 
0.38 0.17 0.76 -- 

TRIAa 
VBOM2A 6A 10A 

TO.1 TO-Oa TO-88 
N 6 L 

104 00 f0 70 
200 M M M 
400 70 75 1-10 

FULL RAIDE OF 
TEEM DIODES 
VOLTAGE RAMOS 
8-13T. 40007V (DO -7 
Case) 13p ea. 1I W (Top - 
Hat) lip ea. 10W (80.10 
Stud) Mp ea. All fully 
leted 5% loi and 
marked. Bbl. voltage 
required. 

DIAISE 
FOR USE WITH 
TRIALS 
BRIO° (1532) 117p each 

10 amp POTTED BRIDGE 
RECTIFIER un heat sink. 
100 PIV. 90p each 

FREE 
O.. Sop Pak of roar 
own choke Ires with ..4.. valued 34 or on.. 

BRAID NEW TRIM 
GERM. /VTOL 
Coded sad Gturan4d 
Pak o. EQVT 
TI 2413713 OC71 
12 151374 0076 
T3 111216 008117 
TO 20361T 00I1 
TO 20382T 0082 
1.6 203446 0C44 
T7 .21:3455 OC46 
TO 2(:375 1rL71 
TO 20399A 201302 
T10 20417 AF117 

A 60p each pak 

NEW LINE 
Plastic encapsulated 2 
amp Bridge Herts. 

50 v RMS 32p each 
106 v RMS 37p each 

40(1 v RMS 46p each 

Size 15 mm x 6 mm 
UIIJUICTI01 

UTM. Fart. 202646, 
6gvl. TI043, 5893000 
I7p each. 26 -99 MP 
1000P Mr. 

CADMIUM CELLS 
ORPI2 alp 

ORPM. O RPOI 405 0.001 

E IIMI ITN ID,. DUAL 
TRAIL CODE 01650 
TEXAS. Our price Np 
o wl 

LW VOS NIXIE DRIVER 
1RAISIIOR. S m. 
BBX21 C407. 201093 
FULLY TESTED AND 
CODED ND 120. 1 -24 

26 
17p 

5 
each. TO.5 N.P. 
p 16p each. 

GENERAL PURPOSE 
NPN SILICON SWIT- 
CHING TRANS. TO -18 
SIM. TO 2N70618, BSY27 
/28 /95A. All usa bl e devices 
no open or short circuits. 
ALSO AVAILABLE in 
PNP Sim. to 2N29(Xi. 
BCY70. When ordering 
please stale preference 
NPN or PNP. 

Lp 100 For 1.75 
20 For 0.50 5110 For 7.50 
50 Far 1.00 1001 For 18.00 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS N SEMICO D C ORSED 

Satisfaction GUARANTEED in Every Pak, or money back. 

Pak No. Lp 
Ul 120 Glass Sub -Min. General Purpose Germanium Diodes 50p 
1./2 60 Mixed Germanium Transistors AF /RF 50p 
U3 76 Germanium Gold Bonded Sub -Min. like OAF*, 0A47 50p 
U4 40 Germanium Transistors like 0031, ACI28 50p 
U6 80 200mA SulzMin. Silicon Modal 50p 
U8 30 Sil. Planar Trans. NPN like BSYO6A 20706 60p 
117 16 Si]. Rectifiers Top-Hat 700mÁ Vltg. Range up to 1,000 60p 
US 50 Sil. Plans Diodes DO-7 Glue 260mA like OA200 /202 6013 

U9 20 Mind Voltages, 1 Watt Xener Diodes 50p 
010 20 BAY66 charge Ronge Diodes DO-7 Glue 50p 
Ull 26 PNP Sil. Planar Trans. TO-5 like 201132, 2N2904. 60p 
01S 12 Silicon Rectifiers Epoxy 500 5(A up to 800 PIV .. , 50p 
0313 M PNP -NPN Sil. Transistors OC200 and 25 104 
U14 150 Mixed Silicon and Germanium Diodes 66y 
U15 26 NPN Sil. Planar Trans. TO-5 like BFY61, 2N697.. .. 50p 
1118 10 SAmp Silicon Rectifiers Stud Type up to 1,000 PIV 50p 
U17 30 Germanium PNP AF Transistor. TO-5 like ACY 17.22 . 50p 
UI8 8 6Amp Silicon Rectifiers BY213 Type up to 800 PIV ... 60p 
U19 25 Silicon NPN Tranaiaton like BC108 60p 
U20 12 1.6Amp Silicon Rectifier. Topfbt up to 1,000 PIV '50p 
U21 30 AF. Germanium Alloy Transistors 20300 Series 11 OC71 lop 
U23 30 MART. like MHz Series PNP Transistors 50p 
U24 20 Germanium 1 Amp Rectifiers GJM Series up to 300 PIV 150p 

U2ó 26 300 MHz NPN Silicon Teoo.istor. 20706, BSY27 OOP 

1)36 30 Fast Switching Silicon Diodes like IN014 Micro-Mau 50p 
U27 12 NPN Germanium AF 'Transistor. TO-1 like AC127 50p 
USI 10 lAmp SCR's TO -6 C1111, uyy to 600 PIV CRSI /26-000 £1.M 
U30 16 Plastic Silicon Plots Trans. NPN 2N2926 56p 
5131 20 Sil. Planar Plastic NPN Trans. Low -Noise Amp 2N3707 50p 
U32 25 Zoner Diodes 400m W D0.7 cue 3-18 volt. mixed 60p 
USO 16 Plastic Cue 1 Amp Silicon Rectifier. 1144000 Series .. 

UM 30 Silicon PNP Alloy Trans. TO-O BCY 28 28702/4 50p 
U36 26 Silicon Planar Transistors PNP TO-18 2N2108 64p 
U36 26 0100021 Planar NPN Traoai.ton TO-O BFY60/61/62 Sop 
037 80 Silicon Alloy Transistors 80.2 PNP 0C2011 28332 64p 
1131 90 Fut Bwitohimg Bihcoo Tree. NPN 400 MHz 206011 Mp 
0M 30 RF. Germ PNPlrao0Ran 21,11308/6TOá 10p 
040 10 Dual Teaniuton bled 7'Oá 2N9050 Mp 
U41 26 RF 00r5(30ì.5( Trs0sist0n 70-5, OC46, 040171 Mp 
042 10 VHF Germanium MVP Tramline.. TO- 10E78ß7, A1117 Mp 
U43 16 ail. Trees. Plastic TOSS A.F. BC713ry14 Mp 
044 91 Oil 7í.m. Pto.Ue (Y) 6 BC116/1IP24 gap 
1146 7 3A SCR TOM tip to MO PIT SLIM 

('ode Nos mentioned above are given .s a wade to the t(pr of devis 
in the l'ak l'he devisa 1hInca- ves are norm,dll unmarked_ 

QUALITY TESTED SEMICONDUCTORS 
Pack Description Price L 
Ql 20 Red spot transistors PNP 50p 
012 16 White spot R.F. transistors PNP SOp 
Q3 4 OC 77 type trusiet0n 
Q4 6 Matched transistors OC44 /45/81/01( 6transistors 

Q5 4 OC 75 tre0aiatore 60p 

@7 4 4 106 traosiston PNP high Orgie. 56p 
Qa 

104 
rad tostor. PNP 60p 

7 OC Q9 typa transistors 
Q10 7 OC 71 type tra0.uWn ... lop 
QIl 2 AC 127 /196 Comp. pain PNP/NPN 60p 
Ql2 3 AP 116 type e traosieton Sop 

Q14 3 OC 171 eypp 
tonaston 60p 

H.F. type transi. 60p 
Q16 7 202928 Epoxy trans. and bop 

116 2 GET880 141. a Germ, flans bop 
17 4 2: MATI 3: 3ís 140 50p 
19 3 MAIYra 2: MAT 101112 o MAT 121 50p 

Q19 3 DTs2r:MAT 10111 ixMAT 121 50p 
4 OC 44 Germanism Glum flauriaton A.F 50p 

21 4 AC 127 NPN Germanium 
C.F. 

consist bop 
Q22 10 OAT 

Silicon 
cold 50p 

10 OA iodeon diodes ..b5(ì8. sass 60p 
B OA 8O Siodes 50p 

15 Germa diodes iodes 765(0 60p 
e OÁ96 Germanium diodes submie 

IN69 50p 
2 IOA 600 PIV Sil. rectifiers 60p 
2 Silicon power rectifiers 12 . 60p 
4 Silicon tram. 2 a 20604, 1 x 10891, 

x. 20668 
7 Sil. switch transistors 20708 NPN 600pp 
6 Si). switch tram4011 1015 NPN 60p 
3 SNP Sil. trans. 2a2N1o3 1x2241132 60p 
7 Silicon NPN 2 1[47711.. 60p 
7 Sil. NPN [nana. 2-2904, 600YHa 
(Soda P397)) 

3 20.6 1X15, 
plu tic 300 NPN 

Op 
7 2N3053 plouc MHz NPN 50p 
72N306rNPN :2037 2ND 50p 
7 PNP tram. 4 r 203704, 3:203702 50p 
7 NPN tram/4.203704,3:203706 60p 
7 NPN trans. 2 -3707, 8 0209708 50p 
3 Phietic NPN Tr. 2B 5172904 50p 
7 NPN 

NPN 
206172 60p 

7 107 NPN : 108. 60p 
7 NPN trans. 4: -1108, 3 109 50p 
9 BC 113 NPN TO-18 tamisto 50p 

047 3 

NPN 
116 NPN TO-6 00.. o .. 7 60p 

Q47 83 o BC high Brain bans. 3 x BC187, 

018 4 BCY 70. POP transistor. 10-18 50p 
049 4 NPN tram. 2 : BFYSI, 2 x RFY61 50p 

7 BOY 28 NPN switch trans. TO-18 60p 
1 7 BSY MA NPN tram. 300MH. 

Ail 2 8BYI00typesilicoo rectifiers ALM 
Q63 16 Sil. 11 germ tans. and all mhd nswALM 

Q26 
Q26 

gr 29 

Q30 
Q31 
632 
Q33 
Q34 

Q3M7 

E 
Q43 

ELECTRONIC SLIDE -RULE 
The MK Slide Rule, designed to simplify electronic 
calculations features the following scales: 
Conversion of Frequency and Wavelength. Calcu- 
lation of L, C and fo of tuned circuits. Reactance and 
self inductance. Area orreries. Volume of cylinders. 
Resistance of conductors. Weight of conductors. 
Decibel calculations. Angle functions. Natural 

SLoogs. 
& 'e' functions. Multiplication & division. 

kW a ring, Hp. 
cubing and square roots. Conversion of 

A must for every electronic engineer and enthusiast, 
Size 2:lem x 4 cm, complete with case and instruc- 
tions. PRICE EACH: £3.35 

IDJQOI PIOTO TRAP- 
SUITOR. TO -18 iene end 
NPN Sim. to BP 23 and P2l. 
BRAND NEW Pull data 
vallabk. Folly Ou5.0tee4. 

Qty. 12425 -F9 ISO up 
Price each Up lop Mr 

MI. teals. suitable for 
P.B. Organ. Metal 70.14 

Kql Q Qty. 
Sp Wei. 

S.. 0.P. DIODE 
300mW M.. 
4OPIV(Mln.) IM. .1'55 
Sub -Mln. 600..1 -M 
Poll Tested 1,000_ T N 
Ideal toe Organ Builders. 

II 

POWER TRANS BONANZA! 
01Q1WAL PURPOSE MERE. PIP 

Coded (IPI00. BRAND NEW TO -3 CASE. POSS. 
REPLACE.:-- 0C25- 29- 29- 30- 36 -36. NET 401-40J- 
404- 406 -406 -430 -461 -462 -453. T13027 -3028. 20250A, 
20488A- 4674-450A, 20611 A B. 20220- 222. ETC. 
VCSO MV VCRO 50V IC 10A PT. 30 WATTS Rle 
30 -170. 
PRICE 1 -24 26 -99 100 op 

43p each 41p each SOp eoeh 

F.E.T.'S 
203819 .. .. 
293820 .. .. 
203821 .. .. 
293823 
296458 
205469 
BFW 10 .. 
MPF106 .. .. 

60p r 
UP 

411, 

lop 

sop 

414 

To ca ,O . 
Switching 

1608. I *I 
2N3055 

Appl .ale. O.P. new k Á5(p20. 
A Brand new lbdd R 2400 
VCBO ype 100HC 6Áf10 Matta 

type 20 /fT 
EACH 

: 116 WALT ID, 
OUR PRICE EACH : POWER nI 
1 -24 28-99 100 uP 50p EACH 90p 404 Op 

NEW EDITION Ins 
L A eom okeoss reereR k trn 

and equivalents book for F.umpean. 
Amerkan and Japanese Transla. 
tors. Exclusive to BI -PAK Sep 
each. Red cover edition. 

A LARGE RANGE OF TECHNIC- 
AL. AND DATA BOOKS ARE NOW 
AVAILABLE EX. STOCK. SEND 
FOR FREE LIST. 

DTL A TTIL INTEGRATED CIRCUITS 

INTEGRATED CIRCUIT PAKS 

Manufacturers "Fall Outs" winch include Functional and pat Functional Units. 
These are classed as "out -of -aped' from the maker's very rigid specifications, but are 
ideal for learning about I.C'e and experimental work 

Pak No. Contenta Price 
UIC00 1 

UICOI 1 

UICO2 1 

UIC03 1 

UIC04 1 

UIC06 1 

UIC06 
1.11007 
UICIO 1 

UIC13 
U1C20 1 

UIC30 I 
UIC40 1 

UIG1 
UIC42 
UIC43 
IBC44 
UIG45 

7400 Mp 
7401 

x 7402 50p 
s 7403 50p 
, 7404 

7405 
x 7406 

7407 
. 7410 
a 7413 

A 7420 
7430 

- 7440 
x 7441 
x 7442 

7443 
o 7444 

7445 

Pak No. Contenta Price Pak No. Contents Price 
1)10146 5 7446 50p UIC86 7486 5010 
UIC47 5 7447 60p UIC90 7490 50p 
UIC48 5 7448 50p UIC91 7491 60p 
UIC50 li 7450 SOp UIC92 7492 50p 
UIC51 1 - 7,451 
ULM, 1 7453 50p p UfCe4 5 7494 60pp 
UIC54 1 7454 50p UIC96 5 7496 50p 
UIC60 1 7460 60p UIC96 5 7496 50p 
UIC70 7470 50p UIC100 5 74100 50p 
UIC72 7472 50p UIC121 S 74121 50p 
UIC73 7473 50p UIC141 5 74141 50p 
UIC74 x 7474 60p UIC151 I 74151 50p 
UIC75 r 7475 50p UIC164 6 74164 Mp 
U1C76 - 7476 50p UIC193 5 74193 50p 
UHC80 . 7480 50p UIC199 I 74199 50p 
UIC81 < 7481 50p UIC X1 26 Aut. 
1.11C82 - 7482 50p 74' ELM 
mesa 7483 50p 

5 

5 

Packe cannot be split. but 26 .sorted pieces (our mix) is available as PAK UIC XI. 

ADI6I/ADI62 rVP.t' 

MIP ('(IMP 
GERM TRAMS - 
OI'R LOWEST PRICE 
OF 55p f'h:H /'A IR. 

212 

11110011 M WATTS NAM= IPI/PIP 
BIP 19 NPN TO-3 

Plastic. 
B1P 20 PNP. Brand 

VCBO 100IVCEO 60/ 
IC 10A. EVE type 
100)11 3mal. 
OUR PRICE PER 
PAIR: 
1 -24 20 99 100 
p.. pre. pr.. 
110, Mr OOP 

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: 61698. 
OPEN MON. - SAT. 5.15 a.m. to 8 p.m. FRIDAY UNTIL 8 p.m. 

All Mail Ordere please add Up polt and packing. 
Send all Ordere to Bi -Pak P.O. Box 6, Ware, Hertel. 

RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


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

8447400 
887481 
8/47402 
887403 
887404 

11147405 
8147405 
8217407 
814726 
8874011 
887410 
8147411 
8N'7411 

8147113 
8N7411 
887417 
8147490 
887490 
887425 
8147116 
8N'7197 

3147418 
987490 
887432 
814713/ 
887177 
887426 
887440 
887441 

8147441 
887443 
887444 
8217446 
8147446 
8147417 

5147461 
8147453 
887464 
8147460 
8147470 
887171 
8241473 
887174 
8147176 
387176 

887180 
8147461 
BN1489 
8147486 
8217484 
887465 
8147488 
887490 

Bi -Pak Still Lowest in Price. 
Full Speoifiodon Guaranteed. 
All Famous Manufacturer. 

1 

016 
015 
0.16 
0.15 
OIS 

016 
0.35 
0.36 
0.11 
0.16 
0.15 
0.35 
0.36 

0.19 
0.13 
0.48 

0.16 
0.50 
U.50 
060 
0.48 

0.70 
0.16 
0.16 
0.60 
OM 
OM 
0 16 
0.67 

061 
01.30 
11.30 
L1.30 

040 
11.00 
01.00 

0.16 

0.15 
0.16 
0.15 
016 
0.52 
0.19 
0.81 

0.87 
0.46 
0.10 

067 
LI 90 

0.87 
11.10 
L100 

13.00 
0.31 

16.50 

90 im. 
0.14 
011 
0.14 
0.14 
0.14 

0.14 
0.31 
0.31 
0.1] 
0.17 
0.11 
0.11 
0.61 

0.90 
040 

1 114 
0.48 
048 
0.48 
0.48 

0.66 
0.11 
0.41 
0.76 
Om 
Ott 
0.14 
0.64 

0M 
L1.90 its 
elm 

0.61 
027 
0.117 
0.14 

0.14 
011 
0.11 
0.14 

0.78 
0.96 
0.36 
0.36 
0.19 
0.30 

10.16 
Dee 

11.06 
0M 

LIM 
031 

06.25 

111 
0.19 
002 
002 
0.11 

012 
0.98 

0.16 
0.16 
0.16 
0.11 
033 
0.16 

034 
0.38 

0.90 
0.11 
0.46 
0.46 

0.40 0 4 
0.06 
0.11 

0.10 
070 
0.06 
0.90 
0.17 
066 

OM 
11211 
1130 
01.88 
101 
0.66 
0.90 
0.12 

013 
0.12 
0.12 
0.11 
0.91 
014 
0.39 
0.92 
0.41 
0.32 

OM 
Lí.10 
086 
0.96 
060 

13.40 
0.50 

887400 
887491 
senso 
9147453 
887481 
9147490 
81474m 
811711m 

81471101 

81474106 
8874107 
8664110 
8874111 
8874118 
81474119 
9874121 

8874112 
8874125 
81474141 
8874148 
8574160 
81471161 
81474153 
81471161 

0147 1M 
81274157 
9874160 
81474161 

8874161 
9874163 
9874101 
8874166 
81474166 
8874174 
8874175 
8874188 

81474177 
8871150 
81471181 
814741141 
8874164 

31474190 
89474191 
8814101 

81474191 
87474194 
8874196 
81474196 
8874197 
8871198 
894741m 

1 

0.67 
1100 
067 
0.81 
0.77 
0n 
081 

0166 
027 

0.97 
0.10 
0.56 

El 20 
/100 
4136 

0.48 

01.10 
13.m 

0.67 
11.60 
L9.m 
(Im 
L1.10 
/1m 

11.40 
11.40 
11.90 
11BO 
L1 80 

1100 
1400 
/2.90 
13.26 
13.50 
L2.30 
L100 
13.50 

21.80 
1100 
£6.50 
12.00 
£3-00 
11.96 
11.90 
01/5 

1900 
£170 
13 00 
11.80 
LIBO 
1350 

IS 

0.M 
O.t6 
ON 

ó1: 
0.14 
ON 

81.90 
6.94 

091 
0.38 
O.M 

L116 
096 

11.26 
0.37 

L130 
22.70 

0.84 
1140 
0170 

0.96 
1t.10 
11.70 

/130 
/130 
/160 
/1.70 
11.70 

£176 
£41.16 

10.20 
12.16 

1526 
1020 
1160 
1100 

£1.10 
1160 
1p200 
LI AO 

11.90 
/126 
11.96 
ll.m 

1160 
12.80 
/110 
/170 
1170 
£500 
L500 

0.66 
0.90 
0.68 
0.58 
068 
0.66 

6 LI65 
Dm 

0.98 
036 
0.50 

L1.10 
0.90 

L110 
OM 

11.10 
1760 

0.56 
11.60 
1150 
O90 
0.90 

[l00 

LI 9 
LI 90 
L1.70 
Ll.m 
11.60 

£3.66 
£3 Op 

1210 
1215 
/300 
'2.10 
11.40 
/260 

11.30 
3140 
1115 
11 60 
/300 
/IB6 
L1.50 
61 36 

L175 
L2M 
/1.00 
L100 
3100 
14 50 
3150 

LINEAR I.C's- 
FULL SPEC. 

TYPO 
BP 7010--8I.9D1C 
BP 701C--0i.Tal 1C 
BP 702C SL707C 
)3P 702--77708 

BP 7410-77706 
BP 709P-0A700C 
BP 710-73710 
BP 711-pA711 
BP 741-77741 

µA 703C- µA703C 
TA A268 
TA A793 
TA A350 

1-24 
Up 
113, 
Up 

77p 

3Ulp 

46p 

> 
'fgp 

1 Óÿ 

Price 
76.08 100 up 

VIP 46p 
60p 46p 

Yip 

4p 
43p 

BOp 

Op 
1/p 

7p 
16Bp 

Up 
48p 
sep 

324p 
Np 

169p 

LOGIC DTL 930 SERIES 
I.C's 

ROCK BOTTOM PRICES 
T7Pa Prbe 
No. 1-24 26-99 100 up 
BP930 l7p llp lp 
BP932 lip l7p UP 
B P933 1 13p 
BP936 lÌ4 111p 11 
BP938 lp lp lip 
B P944 

BM lip lip 
AP945 flip iii lip 

88g pop 
Up 

U6p 

800981 1129 113 16p 
809093 
.9 

tep Mg 7NFgg 

09094 tep Up 
809087 485 8p 8p 
BP9099 40p Up 3p 

Devices mal be mired to qualify for 
quantity price. Larger ouaní1t7 prime na 

application. (DTL 830 Berke mil 7) 

NUMERICAL INDICATOR TUBES 

41_ 
MODEL CD66 GR 116 3015E 
Anode voltage 
(Vdc) 

170 
min 

175 
min 

5 

Cathode cur'nt(mA) 2:3 14 

Numeral h'ght (mm) 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 £1.70 £1.55 £1.90 

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

RIT. MICROLO0IC CIRCUiT9 
Pria wads 

Epoxy TO -6 Fwd 1 -34 96 -99 100 op 
eL900 Buffer Up Up 17p 
11.914 Dina 21/p 

gat* UP Up t7p 
.L8233- K81p -bp gp 47p 9p 
bete and Linens Booklet fo ICs 
Press 7e. 

NOVEMBER 1972 

DUAL IN LINE SOCKETS 
14 A 16 Lead Sockets for use with DUAI.- 
IN-LINE I C.'. TWO Ranges PROFES- 
SIONAL and NEW LOW COST. 

Prof. Type No. 1 -24 25.90 100 up 
TSO14 pin type 30p 27p 25p 
TSO16 pin type lip Up 30p 
Lew Coat No. 
BPS 14 15p 13p lip 
BPS 16 I.. 14. 13. 

BI -PAK DO IT AGAIN! 

5OWpk 25w (R MS) 
0.1% DISTORTION 

HI -FI AUDIO AMPLIFIER 
THE AL50 

* Frequency response15Hz ONLY to 1O0,000 - 1dB. 

* Load - 3, 4, Sor 16 ohms. £3.25p each 
* Distortion - better than 

.1% at 1KHz. - 35 Volts. 
* Signal to noise ratio * Overall size 63mm 

80dB. 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. 

* Supply voltage 10 

STABILISED POWER 
MODULE SPM80 

AP60 is especially deigned to power 2 of the ALFA 
Amplifiers, up to 16 watt (rte) par channel. almul- 

- 
circuit 

This moues embodies 
incorporating 

the latest composts 
and 

protection. 
te With additintimg cam late aaor- 

cirait With the ideiout d the Maim Trans- 
former MSize the unit will provide outputs of up to l'6 amp 

at 
14 8..'enable you u to build Audio Systems of the highest 

quality at hitherto unobtainable price. Also ideal for many otb.r .pplicatione includ- 
ing: Deco Sy.ams, Public Addre...Intercom Units etc. Handbook available hop. 

PRICK 2796 

TRANSFORMER BMT80 £1.95 p. & p. 25p. 
STEREO PRE -AMPLIFIER, TYPE PA100 
Built to a specification and NOT ppnnce, and yet still the gnateet value on the mark.t, 
the PAIm stereo ream óer has conceived from the latest circuit techniques. D pli q 

Deeignedfor use with the AL60 power amplifier system, thù quality made unit incorporate. 
no les than eight silicon planar transistors, two of thaw are peciaa7 selected low noise 
NPN devii.ns for use in the input sages. 
Three switched stereo inpp ts, End rumble and scratch filters are features of the PA100 
which also hr STEREO /MONO switch. volume, balance and coatiououaly variable 
bur and treble controls. 

SPECIFICATION 
Frequency Ramon.. 30H1 - 9001H. * 1dB 

Harmonic Distortion bettor than 0.1% 
Inputs: 1. Tape Head 1.75 mV into 60 

2 ,Radio, Tuner 36 mV into 50101 
e . 8 Magnetic P.U. 1.5 mV into 6OKO 

All in t voltages are for an output of 760mV. Taps and P.U. inputs 
from 20Hs to 201U1s. 

L.. Bees ConControlf 15dß (fie 7089 
within 

Treble Costrol *15d11 (.1 10 KHa 
Filters: Rumble (High Pass) 1008. 

' Scratch (Low Par) B1í16 
Signal /Noir Ratio batter them - 66dB 

Input overload + 9BdB Supply + 36 volts (d 30mA 
b8mensione 292mm x BLne x 36mm 

Price 111.86 

SPECIAL. COMPLETE KIT COMPRISING 
2 AL60's, 1 SPM80, I BMT86 and 1 PAIN ONLY 123.00 FREE p L p. 

All prices quoted 13 new pence C[eo No. .518. 7096 
Please send all orders direct to warehouse and despatch department 

BI-PAN 
P.O. BOX 6, WARE HERTS 

P442í41! :e and packing ado lOp. Overseas add extra for alrmall 
Mlnlmum order 50p. Cash with order please. 

Cwaranteed Satisfaction or Money Back 
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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 Er 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 

Have fun with 
electronics... 
PHILIPS Radionic 

Construction 
Kits 

NO SOLDERING 
BATTERY OPERATED 
Build your own radio receiver and many exciting 
experiments with the unique printed circuit board 
and mounted components. Easy to build, 
no soldering, battery operated, plus a fully illustrated 
instruction manual giving precise directions for each 
experiment. Ideally suitable for both the experimenter 
and beginner. 

Radionic Products Limited 
St. Lawrence House, Broad Street, Bristol BS1 2HF. 
Tel: 0272 25351 

Amember of the ESL BRISTOL Group of Companies. 

PHILIPS 

Please send me literature 
on Radionic radio and electronics 

construction kits. 

NAME 

ADDRESS 

Elm INN ï, 
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BIPREPAK 

e 2 

COMPLETE 
TELEPHONES 
Normal household type 
as supplied to the Post 
Office, ex. G.P.O. Only 
95p each. p. & p. 35p 
each. 

TELEPHONE DIALS 
Standard. Post Office type. 

Guaranteed in working order. 

ONLY SOp 
p. & p. 15p. 

TESTED AND GUARANTEED PAKS 

4 Photo Cllr, Sen Bartarirs. 
O 3 so O 5V. 0.5 so 2o,Á. P 

s» A 
Ii,OÓÓiFV 

Sit. 
oe 

diodes. SOp 

eel 10 Rÿd aitm,ii mixd SOP ,. .n 

e M Miasd ap+citers. APProx SO 200 itr. ceen:.d br w,ant SOP 

H4 Mix,1d Raisson. tug:. SO 23O 9aanwv m.e br w rah P 
M 40 wind Raismrs. Mi.sd sop 

trps 
rwou 

+ne v.ma. 
64e 2 äPro Ili; ~:iaé:aiti.. SOP 

ML 20 0...C.2.010./c1 r././1.:Nc.Pn Sllicon SOp 

H3s 20I Watt 1nr Dieda. 50p Mrx.d Vo1wa6..-43V. 
H15 100 M..ed D,odes. Germ. Lad 50p 

sended, : . 
. w 

Unmarked 
We 

,c 30 Sionl n mratn n TP , NPN p 
Fo9 10 Imaru« ura,n:ó Gana' sop 77. :;; NLt FIiP Fbpa MC MS. 

Ika 20 ICOnúncoded T45 
613. NPN 50p 

UNMARKED UNTESTED PACKS 

66 ISO Gm.nieT, :°4.. 
Min. a +1a tip SOp 

u1 200 Tram. m n facturr riscts N, 5,1. arM P 
Germ. 

eea I00 S;loon Dioda 00-7 alass 
9un. te OA100, OA201 SOp 

e H 
SO NID .nil IN91C types SOp 

PIS SO 
Sil. Trans. 

ae OC10011N 
2Ñ7MA, eSY9SA, etc . 

SOp 

El S0Germanium 
Transistors 

PNP. AF E R E . 

SOp 
14 40 

DO-7 Min. GIasType SOp 

HN 15 PswrTrmntwa,pNP.Gum. 
NPN S,hten TO-3 ti,!. .G'"'. 

1417 20 3 amp. Silicon Stud 
rccollers, mixed Ha 

SOp 

F.IS 30 iSoOrMw.`Atd vpR"ti.ra, 
Pak el 1-14 

S 
Eaprim 

d Circu n. Data 
si li 

SOp 

Mle 20 nlaiác. Ñ.:d ReÌi 
frs 

SOP 

MAKE A REV COUNTER 

FOR TOUR CAR 
The 'TACHO BLOCK . This 

leed block will tern any 
0-ImA meter incoa linear and 
ucurata rev. counter br any 
car with normal mil ignition 

£ 1 each 

1 UR VERY POPULAR 3p TRANSISTORS 
TYPE "A" PNP Silicon alloy, TO -5 can. 
TYPE "B" PNP Silicon. plastic enu,nulation. 
TYPE "E" PNP Germanium AF or RF. 

TYPE "F" NPN Silicon plastic encapsulation. 

FULLY TESTED AND MARKED 

SEMICONDUCTORS 

AC107 
AC126 
AC127 
AC12B 
AC176 
ACY17 
AF279 
APIS{ 
AF 139 
BCIN 
BC107 
Bc10e 
BEM 
BC109 
6E274 
B ETS. 
55125 
B M' 
BfY27 
65Y1. 
115129 
B S V9SA 
0C41 
OCN 
0C45 
OC71 
OC72 
OC.1 
OC. ID 
OCS3 
OC139 
OC I40 

Lao Lp 

0-27 
013 
0-25 
0 25 

O 11 
0-13 
OSO 
OIS 
0-17 
0.20 
O 22 
0-40 
0.35 

01S 0C170 
0.1S OC171 
0.17 OC700 
01S 0C20 
0.20 20301 
0-20 20303 

2N71I 
2N1302-1 
2N1304.5 
2N 13047 
2N130111-9 
2N3819FET 
/NNI6FET 
ower 

TramSun 
0C20 
0013 
OC1S 
OC16 
OC1s 
OC7S 
OCIE 
AD149 
AUYI. 
25034 
2943055 

030 
0.20 
0.30 
0-20 
0-10 
0.10 
01S 
0.10 
0.20 
0.1S 
0'13 
017 
0-1] 
0.17 
013 
0'10 
0.1S 
0.13 
0.10 
0.10 
0-t0 Mettles 
0-13 AAY41 
0 1] OARS 
0fe OA79 
0.17 DAeI 
0.1S IN914 

POWER TRANSISTOR 
PRICE BREAKTHROUGH! 

PLASTIC CASED SILICON POWER TRANSISTORS OF 

LATEST DESIGN. 40 WATTS and 90 WATTS. PNP a NPN 
TYPES. 
ALL TYPES AVAILABLE ST THE MOST SHATTERINGLY 

LOW PRICES OF ALL T ME. ALL ARE FULLY TESTED., 
MARKED AND GUARANTEED! 

1 -12 13 -25 26-50 
40W NPN 20p 1sp 16p 

40W PNP 21p 19p 17p 

90W NPN 14p 22p 20p 

90W PNP 15p 2.1p 21p 

PAK PAKS of matched pairs 
MP 40 40W 40W SOp 41Ip 44p 

MP 90 90W r 90W Wp SOp Shp 

0.40 
025 
0-15 
0-2S 
0'30 
0-25 
037 
0-30 
0.75 
0-25 
O -50 

0. 10 
0.07 

0.07 
007 
0.06 

A CROSS HATCH 
GENERATOR 
FOR £3.50 ! ! ! 

YES, complete ùl of parts including Ponied Circuit 
Board. A lour position switch gives X. hatch, Dols. 
Vertical or Horitontal lines. Integrated Circuit design for 
easy construction and reliability. This Ise project in the 
September editioe of Practical Television. 

This complete kit of parts cods 43.01, post 
paid. 
A MUST for Colic, T.V. Alignment. 

Our famous PI Pak is still leading In value for 
money. 
Full of Short Lead Semiconduclors L Elactronic Com- 
ponents, approx. 170. We guarantee al Waal 30 really 
high quality factory marked Translators PNP A NPN, 
end a host of Died.. L RecliOere mounud on Printed 
Circuit Panels.Idenlif cation Chart supplie0to give some 
information on the Transistors. 

Please ask for Pak PI, only 50p 
lop P S P on this Pak 

...,n 

FREE CATALOGUE 
FOR 
TRANSISTORS, 
RECTIFIERS, 

41 DIODES. / INTEGRATED 
CIRCUITS, 
FULL PRE -PAK 
LISTS. 

8 RELAYS FOR 
VARIOUS TYPES E I 

P. & P. 25p. 
VARIOUS -YPES 

POST IS PACKING 1Sp 

INTEGRATED CIRCUITS 
THE LOWEST 171ICES OF ALL FOR YOUR DTI. 

LOGIC -1 -12 13-23 26-50 

Clocked Flip Flop BMC93I 10p lap 16p 

Ex. 214 -input Buffer BMC932 11p lip 10p 

214 -Input Expander BMC933 lip 11p tOp 

Hex. Inverter BMC934 ISp 11p 10p 

Hex. Inverter BMC935 11p 11p 10p 

Hex. Inverter BMC936 11p 11p 10p 

Hex. Inverter BMC917 110 lip OP 
Decade Counter BMC9311 15p 11p 21p 

Div. by 16 Counter BMC939 1íp Up 21p 

Una. Inverter BMC940 12p 11p lop 
Hex. Inverter BMC941 11p 11p 10p 

Type °Flip Hop BMC942 20p Tap 16p 

Ea. 214-input Power 1111C944 12p ttp 10p 

Clocked Flip Flop BMC945 lap lap 16p 

Quad Inverter BMC946 11p 111p Ip 
Clocked flip Flop BMC940 70p tap 14p 

Quad Inverter BMC99 Ilp 11p 10p 

Pulsed Trig. &nary BMC950 20p lip 16p 

Monoscable Multivlt. BMC951 25p 23p lip 
Dual l/K Hip Flop BMC95) 20p lop 16p 

Dual llK Flip Flop SMC955 lop lap 16p 

Dual lit Flip Flop BMC956 20p lap 16p 

Quad. 
4 -input Gate 

t Powe 
1111C961 12p 11p 100 

p 
p 

313 -input NAND Gate BMC962 11p 10p 1p 

3)3 -input NAND Gate BMC %l 12p Ilyy top 

Audio Amp. 3 -watts SL403D LI.50 L1.M L1.36 

Linear Op. Amp 709C 2Sp Sep 15p 

Decade Counter SN7490 6íp 60p Sop 

LOW COST DUAL IN LINE I.C. SOCKETS 
14 pin type at lava each Now new low profile type. 
16 pin type at 1+p tacs, 

BOOKS 
We have a larva selecaon of Rafe rent. and 
T echmcai Rooks in stock. 
These are lust two of our popular lines: 
a. .1 Transistor Equivalents and 

Substitutes: 4ep 
This includes many thousands of Brim. 
U.S.A., Europea, and C.V. equivalents. 
The lliffe Radio Valve A Transistor 
Data Book 9.1 Edn,on P a P 21p 1íp 
Charutems,scs 013.000 valves and tubes. 
4300 Transistors, Diodes. Rectifiers and 
Integrated Circuits. 
Send for Imps of teem English publrtaoens. 

""q11111E ------- 
Plecn send Fn. me'REf 0,-Prelek CetaNaue 

NAME.. .... 

ADDRESS 

IMINIMUM ORDER SOP. CASH WITH ORDER 

PLEASE. Add IO, peat and pack,na per erde. 
OVERSEAS ADD EXTRA FOR POSTAGE ------- 

BIPRE-P1AK LTD DEPT. C, 222-224 WEST ROAD, WESTCLIFF -ON -SEA, ESSEX. SSO 9DF 

TELEPHONE: SOUTHEND(C102)46344 
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For the construction of your 
circuits the following items 
and free literature are available 
from your local retailer. 

A VEROBOARD 
B PLAIN BOARD 
C GROUP BOARD 
D D.I.P. BREAD BOARD 
E DESIGN SHEET 
F SPOT FACE CUTTER 
G PIN INSERTION TOOL 
H TERMINAL PINS 
J D.I.P. SOCKET 

F 

Trade Distributor Norman Rose (Electrical) Ltd. 8 St Chad's Place London WC1 X 9HJ. 

USE VERO CIRCUIT BOARDS AND ACCESSORIES 

E 

B 

AND NOW TO HOUSE YOUR CIRCUITRY 
ALUMINIUM 
ENCLOSURES 

* 6 standard sizes 
available from your 
retailer. 
* Made from precision 
extrusions with integral 
board guide slots: 
* Finned sides 
improve appearance 
and radiate heat. 
* Parallel sides for 
ease of component 
mounting. 

VERO ELECTRONICS LTD., 
Industrial Estate, Chandler's Ford, Eastleigh, Hants S05 3ZR Tele Chandler's Ford 2952 Telex 47551 
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THE MODERN BOOK CO 

AMATEUR RADIO TECHNIQUES 
by Pat Hawker G3VA 

£1.60 
Transistor Substitution Handbook No. 12 
by The Howard W. Sams Engineering Staff 
£1.40 Postage 10p 
A Guide to Amateur Radio 
by Pat Hawker G3VA 40p Postage 6p 
RCA Solid State Hobby Circuits Manual 
by RCA £1.05 Postage 12p 
Beginner's Guide to Practical Electronics 
by R. H. Warring £1.25 Postage 10p 
Hi -Fi in the Home 
by John Crabbe £2 Postage 12p 
Beginner's Guide to Television 
by Gordon J. King £1.60 Postage 10p 
Electronics Pocket Book 
by J. P. Hawker £1.60 Postage 12p 
Servicing with the Oscilloscope 
by Gordon J. King £1.80 Postage 12p 
The Mazda Book of Pal Receiver Servicing 
by D. J. Seal £3.50 Postage 20p 
VHF -UHF Manual 

AN RSGB PUBLICATION 
Postage 10p 

by Jessop £1.60 Postage 12p 
SCR Manual 
by General Electric £1.55 Postage 10p 
20 Solid State Projects for the Car Er Garage 
by R. M. Marston £1.20 Postage 70p 
Electronics Experimenters Circuit Manual 
by General Electric £1 Postage 7p 
110 Semiconductor Projects for the 
Home Constructor 
by R. M. Marston £1.20 Postage 7p 
38 Practical Tested Diode Circuits for the 
Home Constructor 
by B. B. Babani 35p Postage 5p 
T.V. Fault Finding 405/625 Lines 
by J. R. Davies 50p Postage 7p 
Colour Television with Particular 
Reference to the Pal System 
by Patchett £3 Postage 10p 
Radio Valve Er Transistor Data 
by A. M. Ball 75p Postage 10p 

We have the Finest Selection of English and American Radio Books in the Country 

19 -21 PRAED STREET (Dept RC) LONDON W2 INP 
Telephone 01 -723 4185 

LIST 
PRICE 

SAVE TIME 

TrAND 
MONEY 

LI!15 I PRICE L9.09 

As supplied by ue to SCHOOLS, TECHNICAL 
COLLEGES, SHOPS, OFFICES AND INDUSTRY. 
Silver grey stove enamelled steel cabinet with 
48E transparent styrene drawers 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 firat class time caving unit. Sise of cabinets 
211 - s 11}' z 6}'. Sise of drawers 6}' s 23' z 1 }' 
Other sires available. 
Callers welcome Mon..Sat. 9 m. -1 p.m. 2 m.- 
6 p.m. NEW as illustrated OUR PRICE ONLY 
L4.84 plus 36p carriage on orders lase than £10. 
Money back guarantee. SEND FOR FREE 
COLOUR BROCHURE. 

TRADE AIDS 
iDEPT. RC21 111 CHILTERN DRIVE, 

BERRYLANDS, SURBITON, SURREY 
01 -399 4383 

100 yds. Bcrrylonda Railway Station 

NOVEMBER 1972 

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: £8.95 (25p - p &p) 
ALSO AVAILABLE 
SINGLE VICE: £5.45 (21p - p &p) 

CANLEY ENGINEERING (SALES) 
LTD. 

Dept. C /RC1 
OSBORNE ROAD, COVENTRY 

Tel. (0203) 77163/4 CV5 6EA 

A 
LOUDSPEAKER 

BARGAINS 
Fens Pop 100 wan 18'8/15 ohm 
Fana Pop 60 wan 15' 8/15 ohm 
Fane Pop 50 watt 12' 8/15 ohm 
Fane Pop 25 /212 25 watt 8/15 ohm 
Fane Pop 15 12" 10 wan 8/15 ohm 
Baker Group 2512' 3.8 or 15 ohm 
Baker Group 35 12' 3.8 or 15 ohm 
Celestion PS8 for Unites 
EMI 13 x 8, 3,8 or 15 ohm 
EMI 13x 8.3.8 or 15ohm 
EMI13x8twin /íw.3,8 or 15 ohm 
EMI 13 x 8 type 35015 watt 8 ohm 
Richard Allan 8'3.8, or 15 ohm 
Richard Allen 12' dual cone 3 or 15 ohm 
Fane 8' d /cone 8087 8 or 15 ohm 
Fane 8' d /cone, roll surround, 8071 8 or 16 ohm 
Elac 9 x 5, 59RML09 15 ohm 
Elac 9 n 5. 59R M 114 B ohm 
Elac 

' dual cone 8 ohm 
Elac 66 ' d /cone. roll surround 8 ohm 
Elac 4 tweeter 8ohm 
Crossover for above (p b p free) 
Goodman, 8P 8 or 15 ohm 
Goodman 10P or 15 ohm 
Goodman, 12P 8 or 15 ohm 
Goodmens 15P 8 or 15 ohm 
Goodmans 18P 8 or 15 ohm 
2'. 2}' or 3' 80 ohm 
Phillips 6'8 ohm 
7 x4 or8'x5 ",3or8ohm 
10' x 6" 3,8 or 15 ohm 

f19.60 
£11.15 
f 9.25 
£5.40 
E4.00 
E8.80 
E8.00 
C2.36 
E2.26 
E2.80 
E3.80 
£8.00 
£2.35 
E2.50 
£2.86 
E3.50 
E2.70 
£2.70 
E2.25 
£3.60 
£1.50 
E1.50 
E4.75 
E5.25 

£10.50 
E17.00 
E27.00 

.86 
Et .95 
E1.60 
E2.00 

FREE with orden ovar £6.00 "Hifi loudspeaker 
enclosures" book. 

All units guaranteed new and perfect. 

Prompt despatch. P it P 25p per speaker. 

Send for our free booklet "Choosing a speaker'. 

WILMSLOW AUDIO 
(Dept. RC) 

10 Swan St., Wilmslow, 
SK9 1HF, Cheshire 
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HOME RADIO (Components) LTD , Dept. RC, 234 -240 London Road, Mitcham,CR4 3HD Phone 01 -648 8422 

. Iíl1 SURE HE'D 
r . . . . . . . . . . . . . . . ........... .. 
I - 
, ;;;;;;;;' '^ ; LIKE A STEAM- ''''''''' ' /RoN / :::::: r ^ . ¡f + ''' / 

... ' 
, 

; . 
. 

Christmas Presents a Problem ! 
We can take it for granted that she will be buying you the very 
thing you've set your heart on, so let's concentrate on that 
superb present you are so generously thinking of buying her I 

Simple - as everybody knows, today's finest range of radio and 
electronic components is to be found in the Home Radio 
Components Catalogue. You could buy her a copy, so that she 
can pick out just what she wants. On second thoughts, that 
might complicate matters. Better make the choice yourself. 
After all, you want it to be a surprise for her on Christmas morn I 
Moreover, you'll both have the Home Radio Components 
Catalogue and can spend many hours together, browsing 
through it. The Catalogue is crammed full with details of 
8,000 items, of which about 1,500 are illustrated. It costs 

The price of 70p 
applies only to 
catalogues pur - 
chashed by cus- 
tbmers In the UK 
and to BFPO 
addresses. 

218 

only 70 pence, including post and packing, and each copy 
contains 10 vouchers worth 5p each. 
Of course, you can call at our shop (we're open 9 to 5.30 
Monday to Saturday, except Wednesday 9 to 1) and get just 
what you want straight off the shelf. Incidentally, a catalogue 
bought this way will cost you only 50 pence. Whether you order 
by post or buy over the counter you should join our Credit 
Account Service. It's the simple and convenient way of buying 
all your radio and electronic components. We supply pre -paid 
envelopes and order forms, and no matter how many orders 
you send us you make only one payment per month. Full details 
and entry forms are in the catalogue. 

1 Name 

I 

1 

1 

1 

Address 

POST THIS COUPON with your cheque 
or postal order for 70 pence. 

416irf 

-tom - - -- ---- - - - --7 

Home Radio (Components) Ltd. 
Dept. RC, 234 -240 London Road, Mitcham CR4 3HD. 

11111 NMoS MIES =11 
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LOW VOLTAGE 

This mechanically operated timing unit switches off a transistor radio after any preset period up to an hour. 

THE DEVICE TO BE DESCRIBED CONSISTS OF A LOW 
voltage time switch and it is intended for use 
with transistor radio receivers. It must not be 

used to switch voltages or currents in excess of those 
employed for small battery -operated transistor radios. 

The basis of the device is a Smiths `Ringer', this being 
a clockwork timer manufactured by Smiths Industries 
Limited which, after the completion of a preset timing 
period, causes a bell to sound. The timer is suitable for 
domestic use and offers timing periods up to 1 hour. 
It has a disc on the front panel calibrated in minutes 
and this is rotated clockwise by means of an integral 
handle to the delay period required, as indicated by an 
arrow on the casing. The timer commences operation as 
soon as the disc is released; the disc rotates slowly 
anti -clockwise until its zero mark appears at the arrow 
on the casing. A bell then rings and the timing period is 
completed. The particular Smiths `Ringer' employed by 
the author has a case diameter of approximately 2 in. 

SWITCHING OPERATION 

In order that the `Ringer' may be employed for 
switching purposes, a small wedge -shaped cam is 
mounted on the front panel disc at or near the zero 
mark. This cam causes a moving contact to lift from a 
fixed contact when, at the end of a timing period, the 
disc returns to the zero position. It is necessary for the 
`Ringer' to be securely fitted inside a suitable housing 
in order that the contacts may be mounted adjacent to 
the disc. The author's design is such that the `Ringer' 
can be readily removed from the housing at any. time. 
Similarly, the cam may easily be removed from the 
disc, allowing the `Ringer' to be returned to normal 
usage. 

An idea of the overall construction may be obtained 
from Fig. 1. It will be seen that there is a small adjusting 
screw on the contact which is raised by the cam at the 
end of the timing period. The timing unit couples to the 
receiver being switched by way of a length of twin flex 
220 

Contact - adjust ing 
screw 

Fixed contact Cam 

Slide switch 

Miniature jack plugs 

Moving contact 

Toggle switch 

Rubber feet 

Fig. 1 The appearance of the completed timing 
unit. The front disc is calibrated in minutes 
from zero to 60 and rotates anti - clockwise 
as the timing period proceeds. At the end of the period the cam appears under the 
contact -adjusting screw and raises the 

moving contact 

terminated in jack plugs. In addition to the timer - 
actuated contacts, two miniature switches, one slide and 
one toggle, are fitted to the housing, as also is a minia- 
ture jack socket. However, the miniature slide switch is 
only required if an additional contact, to be discussed 
later, is to be incorporated. 

The main sections of the housing are illustrated in 
Fig. 2. The dimensions shown in this diagram exactly 
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TIMER 

by 
R.L. Graper 

Fig. 2 The parts which are 
required for the timing unit 

housing 
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A holes 6BA clear 

B holes 1 /16'dia 
C holes see text 

- 1/4" 

The prototype timing unit. This photograph was taken be- 
fore the addition of the 'switch -on' contact. 
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suited the `Ringer' employed by the author, but readers 
are advised to measure up the particular timer to be 
used before constructing the case to ensure that it will 
fit comfortably. If necessary, the dimensions may be 
modified to suit. 

All the panels shown in Fig. 2 are -- in. Formica. 
The meeting edges are bevelled at 45° to give a neat 
finish. There are two pairs of panels having the same 
outside dimensions, these being the top and bottom and 
the two sides. These pairs should be matched together 
during construction. If it is found difficult to obtain a 
miniature toggle switch sufficiently small to fit into the 
position allocated for it on the front panel it may 
alternatively be mounted on the top panel with its body 
behind the `Ringer' after the latter has been inserted. 

Apart from the back, all the parts of the box are 
glued together with Evo-Stik contact adhesive, the 
corners being strengthened with the four lengths of 
dowel shown in Fig. 2. The assembly of the housing 
requires some patience and the Evo -Stik instructions 
should be strictly followed. If desired, the four dowels 
may be glued to the sides first, being just clear of the 
edge bevelling. When the glue has set, the top, bottom 
and front may be added. After assembly a length of 
nylon cord should be wound tightly a number of times 
round the box and the whole set aside for complete 
drying. All holes should, of course, be cut out before 
assembly. The back is fitted after the whole unit has been 
assembled and wired up. It is secured by short pins 
passing through holes `C' in the back panel and thence 
into the ends of the four dowels. 

Dowcl 

3i/4°\\\\ 

Fig. 3 The completed housing. The slide switch 
shown here is only needed if an extra 

'switch -on' contact is added 

When completed, the box has the appearance shown 
in Fig. 3. (This diagram also shows the slide switch, 
which as just stated may not be needed, and three 
Formica pieces which hold the `Ringer' in position and 
which will shortly be described.) 

The `Ringer', in normal use, has a shape which 
causes its front panel to slope backwards slightly. In 
order that its front panel may be brought into the same 
plane as the front of the housing a wedge is inserted, 
inside the housing, beneath the bottom rear of the 
222 

25/6° 

i3/4* 

TOP VIEW SIDE VIEW 

Fig. 4 The wedge assembly. This tilts the 'Ringer' 
slightly forwards so that its front is in the 
same plane as the front panel of the 

housing 

`Ringer'. The wedge assembly is made up as shown in 
Fig. 4, and it consists of a piece of Formica with the 
wedge glued to it. After the `Ringer' has been inserted 
in the housing the piece of Formica is slid in underneath 
it, whereupon the wedge provides the requisite tilting 
forwards of the `Ringer'. The wedge assembly is not 
fastened permanently inside the housing; it may be 
removed at any time, thereby allowing the `Ringer' to 
be taken out again. The width shown for the Formica 
piece, 21 in., assumes exact dimensioning of the housing 
and dowels. If the width available in the housing is 
fractionally smaller than 2 in., the width of the 
Formica piece in the wedge assembly should be reduced 
accordingly. 

Also holding the `Ringer' in position are three 
Formica strips having the dimensions shown in Fig. 5. 
These are mounted by means of 6BA nuts and bolts to 
the `A' holes in the top and two sides, as indicated in 
Fig. 3. A plain 6BA washer is included under each nut. 
After the `Ringer' has been inserted these three pieces 
are secured in place, being pushed forward until they 
bear against the rear top and side edges of the `Ringer', 
whereupon the 6BA bolts are finally tightened. The slots 
in the three pieces have a width which allows a 6BA 
bolt to pass through. It may be necessary to add a 
spacing washer between any of the three pieces and the 
panel to which it is secured if it is found that the piece 
does not butt reliably against the rear surface of the 
`Ringer'. 

Formica 3 -off 

/16 

1/24 

Slot width - see text 

Fig. 5 One of three Formica pieces which assist 
in holding the 'Ringer' in position 
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So dered to strip 

Cut from old switch 

6BA Adjusting screw 

I/4 wide springy brass 

Cut from old switch 

blade and soldered 

to springy brass 

strip 

Fig. 6 Details of the contacts and their con- 
struction 

CONTACTS 

The construction of the contacts operated by the 
`Ringer' depends to some extent upon the materials 
available to the reader. The author's method of con- 
struction is illustrated in Fig. 6, in which it will be seen 
that contacts cut from a discarded switch of the lever - 
operated type are employed, one of these being soldered 
to a length of springy brass strip. The width of the 
contacts and the strip is I in. Also shown are the 6BA 
adjusting screw and two 6BA nuts. The lower of these 
is brass and is soldered to the brass strip (this may be 

achieved by holding it temporarily in position with a 
steel screw, which will not solder readily), whilst the 
upper nut is threaded onto the adjusting screw and 
acts, later, as a lock -nut. 

The two contact mountings are made as illustrated 
in Fig. 7. Each mounting consists of two halves of 

Saw -cut in each block 

6BA mounting screw 

Perspex 2 -off 

6BA clear 

Fig. 7 The contact mountings are made up as 
shown here 

NOVEMBER 1972 

Perspex which, when bolted together, give overall 
dimensions of I by in. There is a saw -cut on the 
inside edge of each half which, when the pair are 
assembled, takes the contact strip. The distance of the 
saw -cut from the top of the mounting is best judged 
individually; that for the springy brass strip should be 
a little higher than that for the fixed contact. 

Referring back to Figs. 1 and 2, the contact mountings 
are secured with $ in. 6BA bolts and nuts at holes 'A' 
of the front panel with the saw -cuts horizontal and 
above the securing bolts. The contacts are held in the 
saw -cuts with their ends 'X' (see Fig. 6) on the outside 
and pointing downwards. Thin p.v.c. insulated wires 
are soldered to the ends `X' and are passed through 
holes 'B' in the front panel to the inside of the housing. 

SBA brass nut 

soldered to cam 

8BA clear 

3/16' 

3 /e 

Brass I - off 

Angle to agree with 
face plate 

Fig. 8 Dimensions of the cam. This is secured to 
the front disc of the 'Ringer' 

The cam has the dimensions given in Fig. 8. This is 

made of brass and has a wedge shape at its upper end 
which causes the moving contact to be raised when the 
front disc, or face plate, of the `Ringer' approaches the 
zero setting. The slot in the cam passes over the edge 
of the front disc of the `Ringer' and should be cut so 
that it is very nearly } in. deep. The cam is secured to 
the front disc by an 8BA bolt passed through the 8BA 
nut soldered to the front surface of the cam. It is 

important for the upper surface of the cam to be as 
smooth as possible, in order to ensure minimum friction 
with the lower end of the contact adjusting screw. A 
little light lubricant, such as molybdenum disulphide, 
can be helpful here. 

As a final operation, four rubber feet are added at 
the corners of the bottom panel of the housing. These 
may consist of four rubber grommets secured with 
adhesive. 

When the construction of the timing unit has been 
completed, the moving contact is adjusted for the 
desired pressure on the fixed contact. The distance over 
which the moving contact is displaced upward at the 
end of the timing cycle is then preset by means of the 
6BA screw which passes through it. 
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Closed- circuit 
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receiver 
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To receiver 
on -off switch T 

Receiver 
battery 

T 

Jack plugs Jack socket 
in timing 
unit 

Fixed 
contact 

Moving 
contact 

Twin flex 

Fig. 9 The circuit of the timing unit and the manner in which it is coupled to the receiver. The closed - circuit jack may be inserted in the positive lead from the battery instead of the negative lead if desired 

CIRCUIT 

The timing unit connects to the receiver in the 
manner shown in Fig. 9. A miniature closed- circuit jack 
socket is added to the receiver, this being inserted in 
series with one of the battery leads. A closed -circuit 
jack socket is employed because this enables the 
receiver to function normally when the jack plug is 
removed. Since it is a little difficult to visually trace the 
appropriate tags of a closed- circuit jack socket, it will 
probably be best to identify them by a continuity test 
before installing and wiring in the socket. 

The wire coupling the timing unit to the receiver 
consists of twin flex having a miniature jack plug at 
each end. One jack plug fits into the jack socket at the 
receiver whilst the other fits into a jack socket on the side 
panel of the timing unit. The twin flex can have any 
convenient length. 

The internal wiring in the housing follows the circuit 
of Fig. 9. The timing contacts can be overridden by the 
miniature toggle switch, should this be desired. 

EXTRA CONTACT 

As so far described, the timing unit enables a circuit 
to be broken after any period up to an hour. A par- 
ticularly useful application is the switching off of a 
bedside transistor radio. The radio can be tuned to any 
transmission and the timing unit set up. If the listener 
falls asleep during the timing period the receiver is 
automatically switched off at its end. 

The writer felt it would be of value if the timing unit 
could also switch a transistor radio on after the timing 

Added contact 
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Ringer dial 

Fig. 10 Adding an extra contact to provide a 
'switch -on' facility 

period, rather than off, and he later added a second 
contact which achieved this requirement. Since most 
readers will only require the switching off facility the 
addition of the second contact will be dealt with only 
briefly. 

The second contact is added in the manner shown 
in Fig. 10. Its method of operation is quite obvious: 
as the front disc of the `Ringer' approaches the zero 
position the cam causes the moving contact to be raised, 
whereupon it connects to the added contact. 

When the added contact is employed, it is necessary 
to alter the design of the left -hand contact mounting 
from that shown in Fig. 7. It needs to be made longer 
and have an extra saw -cut to take the upper contact. 

Adding the extra contact necessitates the addition of 
the miniature slide switch referred to earlier and shown 
in Figs. 1 and 3. Also, the toggle switch requires to be a 
changeover type. The circuit employed is shown in 
Fig. 11 and it will be seen that the slide switch selects 

Fixed contacts 

Slide 'Switch-on' 
switch 

Jack socket 
in timing unit 

'Switch -off 

Fig. 11 The circuit 

Moving contact 

Toggle 
switch 

employed with the extra 
contact 

either the switch -off or switch -on facility. The toggle 
switch now overrides either of the contact operations. 
On Position 1 it enables both contacts to carry out their 
required operation. On Position 2 it both short -circuits 
the switch -off contacts and open -circuits the switch -on 
contacts. 

EDITOR'S NOTE 

It must be pointed out that the manufacturers of the 
`Ringer' Timer, Smiths Industries Limited, state that, 
whilst they have no objection to the publication of 
details of the timing unit described here, it must be made 
clear that a Smiths timer so modified would not, 
normally, be covered by any guarantee given with their 
products. 
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New Products 
DUAL -IN -LINE I.C. SOCKETS 
Just introduced by Jermyn's Manufacturing Division, is an entirely new 
d.i.l. i.c. socket that represents a revolutionary concept in such socket 
design. In this product (the A23 -2055 'series), the separate contacts 
normally employed in conventional socket construction have been 
eliminated. Instead, contact between the i.c. legs and the pins connecting 
the socket to a p.c.b. is effected by means of gold or tin -plated copper 
areas, which are deposited on the plastic body of the socket using a special 
new plating technique. The plated body is in the form of a saddle, over 
which the i.c. legs are slipped to make a complete surface rather than the 
conventional point contact. The i.c. is located in open -sided slots, and is 

held in position by a plastic retainer, which presses the i.c. legs inwards to 
make perfect contact with the plated areas. 

Further information from: Jermyn Industries, Manufacturing Division, 
Vestry Estate, Sevenoaks, Kent. 

PRINTED -CIRCUIT -BASED LOUDSPEAKERS 

What is believed to be the world's 
first ever printed- circuit -based loud- 
speaker has been successfully devel- 
oped by Fane Acoustics Ltd., following 
over three years of laboratory work. 
This development consolidates Britain's 
position as world leaders in loud- 
speaker design and manufacture, and 
gives Fane a major export potential. 
Fane's development engineers, have 
now perfected the first unit, the `Fane 
910', and this has now entered full - 
scale production at the company's 
Batley, Yorkshire factory. The 'Fane 
910' is a robust, high power tweeter 
horn unit for a 25 watt input. Typical 
applications include guitar, discothe- 
que, organ and public address systems 
where improved high frequency repro- 
duction - up to 15 KHz - is required. 
A major benefit of the printed circuitry 
employed is the resulting uniformity of 
the speakers. Furthermore, simplified 
assembly procedures have made pos- 
sible a list price of £12.40, which is 
comparable with conventionally wired 
units. A dowelled assembly in the 
'Fane 910' permits the components to 

Picture shows: TOP, a fully 
assembled "Fane 910" printed - 
circuit loudspeaker. A major ad- 
vantage of the printed circuit is 
uniformity. BELOW, the unit is 
shown in component form. When 
required, component replacement 
can be undertaken quite simply by 

the user himself 

be assembled only in the correct way. 
It can therefore be dismantled and 
re- assembled by the user, should a 
maintenance requirement ever result 
from damage, and the problems 
usually associated with sending goods 
away for repair are thus avoided. All 
Fane's dealers at home and abroad, 
will supply spares, and the amateur 
can replace any item in a minute or so. 
The export potential for such a loud- 
speaker in the booming world of ̀ pop' 
groups, discotheques etc. is enormous 
and Fane is currently planning a major 
assault on the Continent. The 'Fane 
910s' exponential, die -cast aluminium 
horn section has a mouth opening 
measuring 6öin x 31in (I6.8cm x 9.1 
cm) and the speaker employs a latest 
type high efficiency one -inch pole 
magnet with a 16,000 Gauss rating. 
Overall depth of the speaker - which is 
available initially in a black crackle 
finish - is 6lin (16.5cm). Fane Acous- 
tics Ltd. - a member of the Audio 
Fidelity Group - is based at Hick Lane, 
Batley, Yorkshire. 

STEREO DECODER 
A new stereo decoder from Tolliday- George -Ellam Ltd. of 37 

City Road, Cambridge, brings to thousands of VHF receiver and 
tuner owners the chance to receive stereo broadcasts. 

The ISA stereo decoder is being marketed exclusively by TGE 
for the makers, their associated company, Industrial Sub-Assem- 
blies Limited of Cottenham, Cambridge. 

The launch coincides with the build -up of interest in the forth- 
coming Radio 2 stereo broadcasts to complement those already 
being transmitted on Radio 3. 

Enthusiasts wanting stereo listening will be able to buy for their 
mono VHF equipment the bolt -on decoder, which incorporates a 
phase -locked loop stereo demodulator, for £16.50, to get the same 
results from existing equipment as from costly new stereo 
receivers or turners. 
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`S.A. JUNIOR' 
PORTABLE 
RECEIVER 

by 
Sir Douglas Hall, K.C.M.G., M.A. (Oxon) 

Fig. 1. The circuit of the "S.A. 
Junior" medium and long 

wave portable receiver 
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Using reflexing over two transistor stages, this receiver offers a 
high level of selectivity and sensitivity both on medium and on long 

waves. 

THE AUTHOR HAS PUBLISHED THREE PORTABLE 
receiver designs using a `Super Alpha' variant of 
his `Spontaflex' circuit.* 

He described the `S.A.5' as the best medium and long 
wave design he has as yet published in this journal, 
and this opinion still holds good. The present design, 
whilst not possessing the output power nor the remark- 
able consistency of reaction setting which was given by 
the `S.A.5', still offers the excellent sensitivity and 
selectivity inherent in the circuit. It is small (the case 
measures about 54in. square by 24in. deep) and employs 
only three transistors. It provides, on both medium and 
long waves, many alternative stations at good strength 
on a speaker after dark, and several during the hours 
of daylight in most places. Unlike the `S.A.5', the long 
wave band is continuously tunable. Four programmes 
on each waveband are available at the author's home in 
South Devon. 

Although the circuit used is basically similar to 
previous `Super Alpha Spontaflex' circuits, certain 
modifications have been made which result in simplifi- 
cation and economy in the use of components and, in 
some cases, increased efficiency. The current taken from 
the PP6 battery is only about 7 to 8mA. 
'`The "Spontaflex" S.A.4 Transistor Portable', The 
Radio Constructor, May 1968; `The "Spontaflex" 
Silicon S.A.3 Portable', The Radio Constructor, 
December 1969; `The "Spontaflex" S,A.5 M. and L.W. 
Portable', The Radio Constructor, June 1971. 

THE CIRCUIT 

The circuit is given in Fig.l. In this diagram, wave - 
change switch S1(a) (b) is in the position which selects 
medium waves. It will be seen that TRI and TR2 form 
the `Super Alpha' pair at radio frequencies. The signal 
is picked up by L2, on a ferrite rod, this being tuned by 
VC1 which has a maximum capacitance of only 100pF. 
The whole of the tuned circuit is across the input to 
TR1. Because of the `Super Alpha' arrangement, the 
input impedance of TRI is extremely high and very 
little damping is offered to the tuned circuit. The signal 
at the output of TRI appears across R4 and LA, the 
greater part being across L4, and is then applied to the 
input of TR2. This transistor acts as the second half of 
the `Super Alpha' pair, and the amplified radio 
frequency signal is passed to the diode D1, which acts 
both as a load and as a demodulator. 

The resulting audio frequency at D1 is returned to 
TR2, which now functions as a common base amplifier. 
In order to ensure that the radio frequency output from 
TR2 is not at an impedance that is too low for the 
desired operation of the diode, it is necessary for the 
tuned circuit to have extremely high impedance. This is 
achieved by employing an unusually large inductance- 
to- capacitance ratio and by the use of reaction, which 
will be found to be exceptionally beneficial with this 
circuit. As can be seen from Fig.1, reaction is obtained 
by coupling back from the emitter of TR1, and it is 

COMPONENTS 
Resistors 
(All fixed values it watt 10 %) 

R1 10kO 
R2 2.7k0 
R3 1 kO 
R4 2200 
R5 100kO 
R6 1 k52 
R7 1800 (see text) 
VR1 5162 potentiometer, linear, with S2. 

Capacitors 
C 1 I ,000pF silvered mica 
C2 1,000pF silvered mica 
C3 0.0111F paper or plastic foil 
C4 0.01µF paper or plastic foil 
C5 10011F electrolytic, 2.5 V.Wkg. 
C6 640µF electrolytic, 2.5 V.Wkg. 
C7 0.111F paper or plastic foil 
C8 1,00011F electrolytic, 10 V.Wkg. 
VC1 100pF variable, `Dilecon' (Jackson Bros. 

Inductors 
L1,2,3 
L4 
T1 

Ferrite aerial assembly (see text) 
2.5mH r.f. choke type CHI (Repanco) 
Output transformer type LT700 (Eagle) 

Semiconductors 
TR1 SF115 or BF115 
TR2 SF115 or BFI 15 
TR3 2N4289 
D1 0A5 

Switches 
S1 2 -pole 2 -way rotary (see text) 
S2 s.p.s.t. (with VR1) 

Speaker 
LSI 30 speaker, 5in. by 3in. (see text for 

magnet size) 

Battery 
9 volt battery type PP6 (Ever Ready) 

Miscellaneous 
Ferrite rod, 44in. by fin. dia 
18 -way R.S. Components Standard tagboard 
(Home Radio Cat. No. BTS 10) 
Epicyclic drive with flange type 4511/F (Jackson 
Bros.) 
1 large knob 
2 small knobs 
Battery connectors 
Speaker gauze 
Plywood, Perspex, Fablon or Contact, etc. 
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A side view of the receiver "chassis " 

consequently effective over both radio frequency stages. 
If the tuning arrangements are compared with the 

variable inductance tuner used in the `S.A.5' receiver, 
it will be found that the present receiver offers an even 
better inductance -to- capacitance ratio over the lower 
wavelength half of the medium wave band, whilst there 
is a somewhat inferior ratio from about 350 metres 
upwards. Indeed, at around 200 to 250 metres the ratio 
is so high that the increased amplitude of all signals, 
wanted or not, could in certain circumstances (e.g. if the 
tuner section were used with a powerful amplifier 
without a volume control) overcome the superior 
selectivity which is obtained as a result of the high 
inductance of the coil. At this part of the scale the 
present tuner is more sensitive than the `S.A.5' but a 
little less selective. 

When Sl(a)(b) is switched to long waves, L1 comes 
into circuit. Ll had to be carefully designed. There is not 
very much room for it on the ferrite rod and it was 
found that a single pile -wound coil proved to have 
sufficient self -capacitance to allow medium wave 
breakthrough of strong stations and to restrict the 
coverage given on the long wave band with only 100pF 
as a variable tuning capacitance. On the other hand, a 
low capacitance high inductance coil, while satisfactory 
on the long wave band, caused trouble on the medium 
wave band due to damping of the medium wave coil 
when the long wave coil was short -circuited by the 
wavechange switch. Finally, a two -pie coil, with each 
pie individually short -circuited when listening to 
medium waves, proved satisfactory. 

We left the demodulated signal passing through TR2. 
It emerges, in much amplified form, across R5, whence 
it is fed to the base of TR1 via the ferrite rod tuned 
windings. R1, C2 and Cl filter out the radio frequency 
component. From here the circuit differs from all the 
previous 'S.A.' designs, in which the first transistor 
acted as a common collector current amplifier at audio 
frequencies. In this case the amplified signal is taken 
from the collector of TR1, with R2 as collector a.f. load, 
and TR1 acts as a common emitter amplifier. Resistor 
R4, which is not bypassed, introduces a large amount of 
negative feedback. This is essential in order that the 
input impedance of TRI be kept high at audio fre- 
228 

quencies and consequently not damp the signal across 
R5, an occurrence which would drastically reduce the 
amplification given by TR2. But because the load 
resistance in the collector circuit of TRI is higher in 
value than that in its emitter circuit, TR1 is able to give 
some voltage amplification while still maintaining its 
input impedance at a sufficiently high level. Extra gain 
is therefore given by this stage, as compared with that 
given in the earlier circuits. Remembering that the input 
impedance of TR3 (say 2kû) in series with R3, is in 
parallel with R2, it will be seen that the effective 
collector load is roughly 7 times the value of R4. A 
voltage gain of about 17dB may be expected. 

TR3 functions as a normal high amplification com- 
mon emitter output stage. C4 and C7 provide further 
radio frequency filtering. 

It will be seen that TR1 obtains base bias from the 
collector circuit of TR2 which, in turn, obtains its base 
bias from the emitter circuit of TR 1. This arrangement 
involves heavy negative feedback of direct current and 
results in good stability. 

A warning is given not to use a separate battery 
switch rather than one combined with VR1. If the 
receiver is switched on with reaction adjusted to a 
critical setting, or to a setting providing oscillation, it is 
possible for the circuit to be shock- excited into para- 
sitic oscillation. No harm is done, but no signals will be 
heard until the reaction control is backed right down 
and brought up again. The possibility of this nuisance 
is ruled out if S2 is combined with VR1, as specified. 

It is important to use the specified semiconductors. 
There may be others that would work as well, but the 
chances are that several modifications would be in- 
volved for best results. Those specified are readily 
obtainable. If a BF115 is used for TRI or TR2, no 
connection is made to its shield lead -out. 

Before proceeding to details of construction, refer- 
ence should be made to the switch employed for 
Sl(a)(b). This should have a construction which ensures 
that it projects backwards from the panel on which it is 
mounted by a small amount only. The type may be 
recognised from the outline given in Figs. 2(b) and 4, 
and it is available from Henry's Radio as `Type B'. 
Another point is that the magnet of the speaker should, 
preferably, not have a diameter greater than 1 }in. 

CONSTRUCTION 

The first constructional step is to take a piece of lin. 
plywood and cut out three sections, one measuring 5in. 
by 3kin., one 5in. by 2in. and one 31in. by 2in. A hole 
for the speaker is cut in the 5in. by 31in. piece such that 
the speaker will lie close to one 5in. edge, leaving a fin. 
strip of wood free at the other 5in. edge. 

Place the 31in. by 2in. piece over the 5in. by 2in. 
piece so that the long edges and the 2in. edges at one 
end are together. Clamp the pieces together when so 
positioned. Mark out the exact centre of the larger piece 
and drill a fin. hole through .both pieces at this point. 
Drill two further fin. holes to take VRI and S1 in the 
positions shown in Fig. 2(b). One of these holes will pass 
through the 5in. by 2in. piece only, and this is the hole 
that will later take VR1. Also drill two 4BA clear holes 
through both pieces, as indicated in Fig. 2(b). Unclamp 
the two pieces of plywood and put the 3 /in. by 2in. 
piece to one side. Enlarge the centre hole in the 5in by 
2in. piece to tin. diameter and fit a flange type epi- 
cyclic drive to it, as illustrated in Fig. 2(b). Also fit VR1 
and S1. Bolt or screw this panel to the free lin. strip on 
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- 2h 

3/4 

(a) 

LS1 

Epicyclic drive fitted 
in 3/4h hole 

31/4+ 

IS/8 

3/4`- 

green 

white 

To L.S. 
black Ir.+ -1 

It cemented under board tel - - -- 
I`TT 

red 
white . 

(not used) 

(b) 

Fig. 2 (a). The two panels which form the "chassis" of the receiver 
(b). Major wiring details. The tagboard fits over the speaker magnet. Tag positioning in S2 may vary 

from that shown here, and the required tags for connection should be identified with a continuity 
tester 

the loudspeaker panel, as shown in Fig. 2(a). 
Cut a section with 9 pairs of tags on it from a 16 -way 

Standard size R.S. Components tagboard. Cut a hole in 
this 9 -way tagboard to take the magnet of the speaker. 
See Fig. 2(b). As mentioned earlier, the speaker 
employed should have a magnet with a diameter not 
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greater than l kin., or else a special tagboard will have 
to be made up by the constructor using a piece of 
Paxolin and 6BA bolts, nuts and solder tags, and 
providing room for the larger hole required. 

The hole in the tagboard should be made very slightly 
larger than the diameter of the speaker magnet. A turn 
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or two of Sellotape around the magnet will then, ensure 
a tight fit later on. A piece of Fablon or Contact 
should be stuck to the underside of the tagboard to 
prevent the possibility of short -circuits to the speaker 
frame. Note also that transformer T1 is affixed, under 
the board, with a suitable adhesive. 

Secure Ti in place and connect its white and black 
secondary leads to the speaker. Then fit the board over 
the speaker magnet, fit small components and complete 
the wiring shown in Fig. 2(b). Note the two lengths of 
wire from TRI and S1 which will subsequently be 
connected to VCI. Fit two 11in. countersunk 4BA bolts 
to the 5in by 2in. panel, as indicated. The bolt heads are 
,away from the reader. 

L2 and L3 should now be wound on a tube which is 
free to slide on the ferrite rod. It is useful to employ a 
piece of Fablon or Contact about 24in. square here, 
leaving on all the protecting paper except for a strip 
about 4in. wide. The piece of Fablon or Contact is 
wrapped round the rod, not too tightly, and made into a 
secure tube by means of the unprotected strip at one 
end. L2 consists of 130 turns of 32 s.w.g. enamelled 
wire close- wound, and L3, spaced kin. from L2, has 
10 turns of the same wire close -wound in the same 
direction. The completed coil is then placed on the rod, 
which is fitted with rubber grommets as shown in Fig. 3. 
VC1 has its spindle cut down to ¡in. and is then fitted 
to the appropriate hole in the 34in. by 2in. piece of 
plywood. The ferrite rod is also fixed to this piece of 
plywood by means of cord (not wire) passed through 
four suitably placed small holes. It will probably be 
necessary to place a ¡in. thick strip of plywood or 
similar non -conducting material under the grommets 
to prevent the coils fouling the moving vane of VC1. 

VR1 /S2 will appear here when assembled 

Hole for 48A bolt Hole for 4BA bolt 

Si will be underneath 
here wh assembled 

T 

LIIIIIIIP!f=Iv 

To Si 
0 

ToVR1 
To Si 

Grommet 

Grommet 

Ferrite rod mounted with 
grommets on t /estrip of 
wood or Paxolin in order 
to give clearance for 
moving vane 

Fig. 3. The ferrite road assembly and the sub - 
panel on which this and VC1 are mounted. 

Winding details are given in the text 

Ll should now be made and fitted to the rod, also as 
shown in Fig. 3. It consists of two pies of 200 turns each 
of 38 s.w.g. enamelled wire. Each pie is pile -wound to a 
width of about fin., the two pies being separated, from 
each other by }in. They are wound on a 1 }in. long tube 
of Fablon or Contact made up as described for L2 and 
L3. The two centre leads are soldered together to make 
a continuous coil. Ll is wound in the same sense as L2 
and L3. 
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Fit the two assemblies together by means of spacing 
nuts on the 4BA bolts under, the VC1 panel. Tighten the 
grub screws of the drive to the spindle of VC1 and 
connect the two relevant leads to the tags of VC1. 
Connect up coil leads as indicated in Fig. 3. Provided 
the two sections are correctly assembled together, Si 
will be out of sight, but VR1 /S2 will be visible. There 
will be an unused }in. hole in the VC1 panel over Si; 
this is not shown in Fig. 3. 

It will be found that the two 4BA bolts do not 
protrude through the small 34in. by 2in. panel, and that 
it is impossible to fit nuts. In all probability the com- 
bined assembly will be found perfectly firm when the 
epicyclic drive grub screws have been tightened, but . 

if this should not prove to be the case, VCI should be 
temporarily removed and the holes in the small panel 
countersunk so that locking nuts can be fitted to the 
4BA bolts. Bolts longer than 1 ¡in. are not used as they 
could foul VCI. 

CHECKING PERFORMANCE 

At this stage a PP6 battery may be fitted in the posi- 
tion indicated in Fig. 2(b) and the receiver tried. out. It 
may prove helpful to contrive a temporary clip to hold 
the battery in position, though this is not essential. It 
should . be found on medium waves that oscillation 
starts with the slider of VR1 advanced about one third 
of the way along its track when VC1 is at minimum 
capacitance, gradual further advancement in VR1 being 
required as the capacitance of VC1 is 'increased. The 
position for oscillation in VR1 will be fairly constant 
throughout the long wave band, where it should need 
to be advanced about half -way along its track. Reaction 
will be found to be beautifully smooth. There is no 
suspicion of backlash and a weak signal can be held 
with great sensitivity when the receiver is on the verge 
of oscillation. This condition does not produce the best 
quality, but on more powerful stations reaction will be 
turned back to some extent and quality will be found 
to be quite good for a small receiver. The reaction 
control acts as a true volume control since it damps the 
tuned circuit when it is at a low setting. 

If the current drawn from the battery is less than 7mA 
the value of R7 may be until this current is 
taken. 

Medium wave coverage should be from about 190 
to 540 metres, but it may be necessary to vary the 
number of turns from the 130 specified to suit some 
ferrite rods. The prototype uses a rod obtained from 
Amatronix Ltd., 396 Selsdon Road, South Croydon, 
Surrey, CR2 ODE. On the long wave band, coverage 
will be from about 1,000 to 1,900 metres. 
Paxolin or aluminium panel with cut -outs for sfate. 
Controls and speaker aperture 

LSI 

Fig. 4. Adding 'a tuning scale, Perspex panel and 
final "tidying -up" panel. For simplicity the tag - 
board fitted over the speaker magnet is omitted 

here 
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A scale may be made using a piece of card measuring 
5in. by i }in. This is fitted as . shown in Fig. 4, where the 
`chassis' will be seen to be lying on its back. A wire 
pointer is fitted to the flange of the epicyclic drive, and 
the scale calibrated -an easy task if carried out after 
dark owing to the large number of stations which will be 
received. Next a piece of lin. thick Perspex is cut to 
measure 5in. by aim., after which three lin. holes are 
cut out in it for the spindles. This is placed over the 
spindles, the locking nuts of which will space the 
Perspex away sufficiently far to leave room for the scale 
pointer. Finally, a `tidying -up' frame is cut from Paxo- 
lin or aluminium to cover the whole of the `chassis' 
front. The exact design of this frame is left to the 
constructor but Fig. 5(b) shows a suggestion. This 
frame is screwed to the front of the `chassis' with a 
piece of speaker gauze held over the speaker aperture. 

(a) 

s 

Cut -out for scale 
and controls 

Cut -out for speaker 
aperture 

Fig. 5 (a). The cabinet may have the simple con- 
struction illustrated here 

(b). Suggested design for the front covering 
panel 

Rear view of the receiver with the back removed 

CABINET 

A suggestion for a simple case is illustrated in Fig. 
5(a). Two pieces of kin. plywood are cut measuring 5in. 
by 24in., and two pieces 51in. by 21in. These pieces are 
screwed together as shown. Before cutting out the pieces 
it is advisable to measure the actual `chassis', in case 
this has not been made quite accurately in terms of 
dimensions. The dimensions of the pieces of plywood in 
Fig. 5(a) may then be modified accordingly. With the 
prototype it was found an easy matter to make the case 

a sufficiently tight fit for the chassis to be held securely 
in it without the need to use screws. One approach to 
this end consists of making the pieces for the case 
slightly oversize and then trimming them down with a 
file. 

A back, 5in, square, is cut from lin. peg -board of 
similar material with holes in it. This is pushed into the 
back of the case and is held by small solder tags which 
are screwed to the backs of the case sides and are free 
to swivel. 

When completed, the case may be varnished' in any 
colour favoured by the constructor. 

A LARGER VERSION 

If size is not a problem, better quality and greater 
output can be obtained by using a larger speaker. As a 
matter of interest, the author has rebuilt the prototype 
of the `S.A.3' receiver mentioned at the beginning of 
this article to the circuit described here. The `S.A.3' 
receiver is in a larger cabinet and has an 8in. by .5in. 
elliptical speaker. The original speaker, ferrite rod 
assembly, output transformer, reaction control, wave - 
change switch, battery and groupboard were retained, 
these all being wired up to the new circuit. The group - 
board was rewired with the new components needed. 

The instability problem when first switching on with a 
switch not combined with the reaction control did not 
appear, this being due, no doubt, to the less crowded 
layout of the larger receiver. R7 may be reduced in 
value to obtain a greater undistorted output, the extra 
current passed by TR3 being well within the capacity of 
the PP9 battery used with the `S.A.3'. Various values 
for R7 between 18051 and 4712 can be tried in this 
larger version of the circuit, a meter being inserted in 
one of the battery leads to monitor the current drawn 
for the different values. A good compromise is a value 
in R7 which causes a total current of about 14 to 15mA 
to be drawn. The final value of R7 which will produce 
this figure depends upon the characteristics of some of 
the components used. 
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NEWS AND 
D.J. DISCMAJOR DISCOTHEQUE VINTAGE RADIO MUSEUM 
PRE -AMP 

The D.J. Discmajor Discotheque Pre -Amp will be of 
prime interest to the professional D.J., Clubs and organ- 
isations who demand first class sound quality. Slider 
controls are used for all of the main functions which 
facilitate ease of operation for the user. Added to this is 
a mic input with its own volume and tone controls, mic 
over -ride with a variable level control, tape input with 
its own volume control and a visual cue meter which in 
conjunction with the P.F.L. gives complete visual and 
audible control over all input channels. A single slider 
`cross -fade' controls the two magnetic inputs, for total 
flexibility. 

The Discmajor is also available complete with a 100 
watt Power Amplifier. The complete power section will 
cut out instantly if the unit is misused or shorted and 
will only come on again when the fault has been cleared 
and the fault warning lamp on the front panel re -set. 

Crystal -sets with cats -whiskers, antique receivers with 
bright- emitter valves and plug -in coils, horn speakers 
half of wood and half of metal. All are on show - many 
are working - at the new Vintage Wireless Museum in 
Lincolnshire. Admission is free, and at any convenient 
time. 

The Museum is supervised by the Wireless Preserva- 
tion Society, a non -profit- making organisation, the 
objects of which are the preservation and restoration of 
vintage wireless and electronic equipment for purely 
cultural, educational and historical purposes. 

President is Mr. W. K. E. Geddes, who is in charge of 
the Radio Section at the Science Museum in South 
Kensington. Vice- President is Mr. F. Ward, G2CW, the 
Immediate Past -President of the Radio Society of Great 
Britain. The Chairman is Mr. D. Hoult, G400 and the 
Vice -Chairman Mr. N. Carter, G2NJ. 

Hon. Secretary and Curator is Mr. D. Byrne, G3KPO, 
of Homa House, Quadring, near Spalding, who should 
be contacted at STD. 077 -584 -485 by readers wishing to 
look around the Museum. 

It is interesting to note that it is probably the only 
museum in the world where visitors can actually handle 
the exhibits, but this makes it of particular value to 
research workers. 

MIRACLE OF BROADCASTING 
British religious dignitaries were among those 

initially suspicious of the apparently miraculous wire- 
less devices in the 1920s. 

In 1923, the then Dean of Westminster refused to 
allow the wedding service of the Duke of York to be 
broadcast from Westminster Abbey. It might be 
received, he said, by `a considerable number of persons 
in an irreverent manner, and might even be heard by 
persons in public houses with their hats on.' 

NEW SERVICE FOR THE HANDICAPPED 

A National library has been established to help the 
many disabled people who are unable to read books in 
the normal manner. It is a library of `Talking Books', 
and it will provide a wide variety of titles, all on pur- 
pose -made Tape -Cartridge, which contains up to 
thirteen hours of reading. 

The National Library of Talking Books for the 
Handicapped is a registered charity and the Chairman 
of the Council, Major Frank Clarke, in announcing its 
foundation, said, `The people we aim to serve fall into 
the category of severely disabled persons, many of 
whom are elderly.' The Chairman added, `It is hoped 
that Local Authorities and organisations for the 
handicapped will co- operate with us so that "Talking 
Books" and . Play -back Machines may be made freely 
available to those in need.' 
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COMMENT 
EMI MARINE INTRODUCES HIGH -PERFORMING, SOLID -STATE 
12 CHANNEL RADIO -TELEPHONE 

A self -contained, solid -state, 12 chan- 
nel VHF /FM radio-telephone intro- 
duced by EMI Marine of Sevenoaks, 
Kent, combines high performance and 
straightforward operation in a package 
especially designed to withstand 
marine use. 

Costing £310, the `Mariner' uses the 
latest, fully -proven solid -state circuit 
techniques, and corrosion resistant 
materials, to ensure reliability and 
interference -free communication. It 
incorporates advanced design features 
to provide protection against accident- 
al misuse, to enhance performance, and 
simplify maintenance and servicing. 

The transistorised power amplifier 
has a unique safeguard so that even if 
inadvertently loaded with an open- or 
short- circuited aerial connection no 
damage will result to the amplifier. 
The circuitry of the 'Mariner' uses 

silicon integrated circuits, FET com- 
ponents, diodes and transistors. This 
gives excellent high -temperature per- 
formance and low power consumption. 

The circuits provide full perform- 
ance over the ambient temperature 
range -30 °C. to +60 °C. They have a 
rated capacity of double their working 
load, providing a wide safety margin. 

The extremely low current drain 
(less than 0.15 amps.) allows continu- 
ous receiver operation in the standby 
mode, with only a single 12V to 14V 
wet -cell battery as the power source. 
The transmitter provides 1W or 25W 
RF output. In the transmit mode, on 
25W output, d.c. current consumption 
is 3.5 amps. 

The equipment conforms to the 
latest Post Office specification, in- 
corporating 25 kHz channel spacing. 

GOLDEN JUBILEE FOR RADIO APPRENTICE TRAINING 
greatly increased the scope of radio trades. After the 
war, radio mechanics concentrated on servicing and 
ceased to be trained in operating skills. In 1948 the first 
of the apprentices to be trained specifically as ground or 
air radio mechanics graduated from Cranwell, to where 
the school had moved in 1929. 

Since the apprentice training started in 1922, more 
than 9,750 radio apprentices have been trained. Over 
2,000, more than one -fifth, have been commissioned 
and 13 have reached Air Rank. 

As part of the Golden Jubilee celebrations, an Old 
Boys' Day was held at No. 1 Radio School, RAF 
Locking on Friday, October 13. 

The BBC is not the only organisation celebrating a 
Golden Jubilee connected with radio. 

Half a century of training RAF apprentices in the 
radio trades was marked by celebrations on Friday, 
October 13, at the No. 1 Radio School, RAF Locking, 
near Weston -super -Mare, Somerset. 

It was in 1922 that the training of apprentices was 
first started at the Electrical and Wireless School, 
Flowerdown, near Winchester, Hampshire. From 
then on right up to the present day the training of 
radio and electronic apprentices has been of prime 
importance to the RAF. 

The development of radar during World War H 

IN BRIEF 
A leaflet available from Coutant 

Electronics Ltd., of 3 Trafford Road, 
Reading, Berkshire, gives details of a 
range of high quality potted e.h.t. 
converters. The leaflet provides full 
mechanical and electrical details. 

To broadcast abroad today the 
BBC uses a total of 70 transmitters - 44 
of them at sites in the United Kingdom 
and 26 of them at strategically placed 
relay bases overseas. 

A new version of its well -proven 
infra -red detector, the AFA Infrascan, 
has been introduced by AFA- Minerva 
(EMI) Ltd., Twickenham, Middlesex, 
an EMI company, for operation on 24 
volt battery power supplies. The latest 
version of this scanning detector 
ensures continuous fire surveillance of 
installations even during periods of 
mains power failure - the detector 
automatically switching to battery 
supply in emergency situations. 

Any member of World Radio Club 
who reports accurately on reception of 
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the Anniversary Edition on November 
9th, 10th or 12th, will receive a special 
QSL card. Membership is free, and the 
address is: World Radio Club, BBC, 
Bush House, London. 

SGS (United Kingdom) Limited, 
the first UK semiconductor manu- 
facturer to gain a British Post Office 
D3000 Grade 1 Approval, is now under 
contract to supply DTL Integrated 
Circuits under this Approval to STC 
Limited for use in TXE4 Electronic 
Telephone Exchanges. 

The third edition of a handbook 
'Noise measurement techniques', 
written by W. V. Richings Technical 
Director of Dawe Instruments Limited, 
specialists in the manufacture of sound 
level measuring equipment and inter- 
nationally known makers of electronic 
and ultrasonic equipment, is available 
free on request from Dawe Instruments 
Limited, Concord Road, Western 
Avenue, London, W3 OSD. Stick 'em up or I'll drill yer! 
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PHOTOGRAPHER'S PENi 

METRONOME 

by G. A. FRENCH 

THIS MONTH'S 'SUGGESTED CIRCUIT' IS 
the outcome of a suggestion made 

by a friend who is a professional 
photographer. Certain processes in the 
printing of photographs need to be 
timed accurately, the timing periods 
often varying from one photograph to 
the next. A common approach con- 
sists of counting seconds orally. Since 
it is difficult to assess the length of a 
second precisely, each number is 
preceded by a word which will bring 
the total uttered length up to approxi- 

mately one second, whereupon a 
spoken succession such as 'Kodak one, 
Kodak two, Kodak three', and so on, 
is employed. 

As was explained to the author, the 
printing processes could be carried 
out much more easily and reliably if 
some form of metronome could be 
devised which would produce 'clicks' 
or pulses of sound at intervals of 
exactly one second. Seconds could then 
be counted off accurately by counting 
in time with the metronome. 

The production of an electronic 
metronome is not, of course, a particu- 
larly difficult requirement to meet, and 
a simple solution to the problem is 
given in the accompanying circuit 
diagram. This gives short bursts of an 
audio tone around 700Hz, the burst 
starts being spaced at one second 
intervals. The writer felt that a unit 
giving tone bursts was preferable to a 
device which merely produced 'clicks', 
as the latter would not be so readily 
audible. 
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The circuit of the photographer's metronome. This produces tone bursts spaced at 1 second intervals 
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CIRCUIT OPERATION 

The circuit consists of two multi - 
vibrators. The multivibrator around 
TR2 and TR3 produces the 700Hz 
tone, and it is switched on and off 
by the multivibrator around TR5 and 
TR6 which operates at a speed of one 
cycle per second. 

Dealing first with the 700Hz multi - 
vibrator, we may examine its func- 
tioning when transistor TR4 is turned 
hard on, thereby allowing the positive 
supply to be applied to the lower 
supply line of the multivibrator. TR2 
and TR3 form a 50:50 multivibrator, 
the running frequency of which is 
governed by the values of R2, R3, Cl 
and C2. The emitter of TR2 is returned 
to the lower supply line via the base - 
emitter junction of TRI, with the 
result that when, during the multi - 
vibrator cycle, TR2 is conducting 
TRI is turned hard on. The collector 
of TR1 couples to the negative supply 
rail via the 25ít loudspeaker LSI, and 
this consequently reproduces the multi - 
vibrator frequency. The audio output 
level is more than adequate for normal 
dark -room requirements. 

Rl, in TR2 collector circuit, is given 
the relatively low value of lkí2, and it 
ensures that sufficient current flows in 
TRI base to bring it hard on when 
TR2 is conducting. There is no neces- 
sity for the collector load of TR3 to 
have a value as low as this, and a small 
saving in average battery current is 
achieved by giving R4 a value of 4.7kû. 

The second multivibrator turns TR4 
on and off (thereby turning the first 
multivibrator on and off) in the same 
manner that the first multivibrator 
controls TRI. This second multi - 
vibrator is, however, asymmetric and 
capacitor C3, coupling to the base of 
TR5, has a larger value than capacitor 
C4, which couples to the base of TR6. 
Also, the final setting in VR1 will 
probably cause the total resistance 
inserted by this component and R6 
to be greater than that of R7. Thus, 
TR5 is turned off during the multi - 
vibrator cycle for a period that is at 
least 4 times that during which TR6 
is turned off. In practice, it is turned off 
for about 7 times as long, and the 
result is a series of tone bursts from the 
speaker which have a comfortably 
audible length in relation to the silent 
periods between them. 

As with the collector load of TRI, 
TR5 collector load, R5, is given a 
value of 1kí2 to ensure that TR4 is 
turned hard on when TR5 conducts. 
Again in the interests of economy in 
battery current, R8 is given a value 
which is higher than that of R5. The 
value of R8 is not critical, but it was 
found empirically that the value speci- 
fied, 2.2kû, offered the best perform- 
ance. 

It is necessary for the frequency of 
operation of the TR5, TR6 multi - 
vibrator to be as accurate as possible. 
This frequency is controlled by R6, 
VR1, R7, C3 and C4, and a measure of 
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stabilization is obtained by returning 
R6 and R7 to the regulated voltage 
across zener diode ZD1. Even with 
this zener diode in circuit, however, it 
is desirable to discard the battery when 
its potential falls below some 4 volts. 
The length of the multivibrator cycle 
is set by means of the pre -set 
potentiometer VR1. 

COMPONENTS 

None of the components are critical 
or difficult to obtain. Loudspeaker LS1 
can be a small inexpensive component 
with a nominal impedance of 250 and 
having a cone diameter of some 3 to 
4 in. Transistors TRI and TR4 are 
shown as ACY18, but any other 
transistors in the ACY17 to ACY22 
`family' could be employed instead, as 
also could the ACY39, ACY40, 
ACY41 or ACY44. These all have the 
same lead -out disposition as the 
ACY18. 

Capacitors C3 and C4 are shown as 
electrolytic, and these should be 
adequate for normal requirements. It 
is desirable to employ new capacitors 
here, rather than components which 
have seen a lot of service in other 
circuits. If a high degree of long -term 
accuracy is desired, plastic foil capaci- 
tors may be used instead of electrolytic 
components, in which case the value of 
01 may be changed to 2.2µF. High 
value polycarbonate capacitors in 
2.2µF and 10µF are available from 
V. Attwood, P.O. Box 8, Alresford, 
Hants. There is no necessity for C3 
and C4 to be close -tolerance types as 
variances from nominal capacitance 
are taken up in the adjustment of VR1. 

After the circuit has been assembled 
and constructed it is necessary for 
VR1 to be set up such that the tone 
bursts from the speaker appear at 
intervals of exactly one second. This 
process can be carried out with 
the aid of a watch having a sweep 
second hand. The unit is switched on 
and the number of tone bursts counted 
whilst observing the second hand of the 
watch. VR1 is then adjusted experi- 
mentally until 15 bursts are reproduced 
in quarter of a minute. An electrolytic 
capacitor in the C3 position which is at 
the extreme of its tolerance range could 
conceivably result in the required 
frequency being outside the range of 
adjustment offered by VR1. Should 
this occur, the value of R6 should be 
adjusted accordingly. The length of 
the multivibrator cycle increases as the 
sum of the resistance inserted by R6 
and VR1 increases, and vice versa. If 
electrolytic capacitors which have been 
in store for a considerable period are 
used for C3 and C4, the unit should be 
run for several minutes or so to allow 
them to settle down to their final 
capacitance before setting up VRI. 

The current drawn from the 4.5 volt 
battery by the prototype unit was 
11mA between tone bursts and 80mA 
when tone bursts were generated. This 
corresponds to an average battery 
current of approximately 20nmA. 

BUY THIS 

BEST SELLER 

T.V. FAULT FINDING 

405/625 LINES 

REVISED e, ENLARGED 

Edited by J. R. Davies 

124 pages Only 50p 

Over 100 illustrations, including 
60 photographs of a television 
screen after the appropriate 
faults have been deliberately 
introduced. 

Comprenensive Fault Finding 
Guide cross- referenced to 
methods of fault rectification 
described at greater length in 
the test. 

Price 50p from your 
Bookseller 

or post this Coupon together 
with remittance for 56p 
(to include postage) to 

DATA PUBLICATIONS LTD. 

57 Malda Vale, London, W.9 

Please send me the 4th re- 
vised edition of TV Fault Find- 
ing, Data Book No. 5 

1 enclose cheque; crossed postal order 

for 

NAME 

ADDRESS 

LR.C. Block Letters Please 
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`50 years on the air' 
The BBC celebrates 50 years "on the air" this month. We give 
some of the background to the origins from which public broad- 

casting began. 

FIFTY YEARS AGO BRITISH BROADCASTING WAS BORN 
in an ex -army hut near Chelmsford in Essex, when 
on 14th February 1922 a group of Marconi engineers 

began a series of regular experimental transmissions. 
Every Tuesday evening from a rigged -up transmitter, 
call sign 2MT Writtle, or more affectionately to its 
listeners, Two Emma Tock, transmitted programmes 
whose original purpose was entirely technical. Shortly 
afterwards, in May, another transmitter, later to be even 
better known, was opened up at Marconi House in the 
Strand in London. This was the famous 2L0 station 
that provided the foundation from which the British 
Broadcasting Company grew after its formation on 14th 
November of the same year. 

Two Emma Tock provided the first regular broadcast 
service in this country, and incidentally broadcasting's 
first audience, an audience which in its enthusiasm for 
the pioneering programmes, generated the original 
demand for public service broadcasting. The 2MT 
transmitter was set up for use in a series of experiments 
designed to establish the effective range of a wireless 
telephony transmitter. At the same time a number of 
radio amateurs were appearing, largely young ex -service 
men who had learnt about radio during the 1914 -18 war, 
who had put together their own receiving sets, and who 
wanted transmissions to receive. Earlier experiments 
with entertainment, as when Dame Nellie Melba and 
later Lauritz Melchior, the Danish tenor, had broadcast 
from a makeshift studio in Chelmsford in 1920, had 
shown that there was a potential for wireless telephony 
outside official communication and navigation usage, 
but the official attitude had been discouraging, and the 
duty of granting licences for transmitters was the 
preserve of the Postmaster General. Government was 
unwilling to consider licences for more than a token 
number of even technical transmissions. 

2MT was finally granted an experiemental licence to 
transmit early in 1922, though the permission was hedged 
about with many restrictions. But for half an hour on 
Tuesday evenings, experiments were to be allowed, 
though even then with three- minute breaks in every ten, 
to ensure that no interference with "legitimate services" 
was being perpetrated. 

2MT opened regular broadcasts officially on behalf 
of the amateurs who needed a source against which they 
could calibrate their receivers, and to begin with its 
programmes were not very much more interesting than 
early 1920 transmissions made before the government 
clamp -down, when W. T. Ditcham read from Brad - 
shaw's railway timetable, but the enthusiasm and gaiety 
of the young Marconi engineers who ran it very soon 
turned it into a half -hour's entertainment in its owr, right. 
The names of those men read like a roll -call of some of 
the great names in Broadcasting. In charge of the pro- 
ject was Captain P. P. Eckersley, who later went to the 
new British Broadcasting Company as its first Chief 
Engineer. It was his infectious and spontaneous humour 
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which gave 2MT its unique flavour; he was not only the 
first engineer in charge, he was also the first of the true 
radio entertainers, with a gift for ad- libbing that 
constantly alarmed those of a less advanturous dis- 
position who worked with and around him. Others in 
the team were Noel Ashbridge, later Sir Noel, who was 
the BBC's first technical director, till his retirement in 
1952, R. T. B. Wynn, a later Chief Engineer of the BBC 
and B. N. MacLarty, who became Head of the BBC's 
Design and Installation team before he returned to 
Marconi's in 1947 as Engineer in Chief. 

By contrast, Marconi's 2L0 station, granted its 
licence in May, began a rather staid existence, a happy 
coincidence for the pioneers of 2MT, as it gave them 
an opportunity to provide skits and lampoons which 
were much appreciated by their listeners. 2L0 operated 
on conditions of restricted timing, at first even no 
music, and low power, beginning with 100 watts, later 
raised to l +kW. Its programmes had each to be in- 
dividually licensed by the PMG, and were limited to 
private occasions often for charity, at which Marconi 
engineers installed the receiving apparatus and operated 
it. Each programme was notified to listeners by post- 
card by means of a special mailing list kept by The 
Marconi Company, and most of them consisted of 
light music. 

The 2L0 station transmitter was designed by Captain 
H. J. Round, installed by C. S. Franklin and run by 
A. R. Burrows who eventually became the much -loved 
Uncle Arthur of the BBC. Among the many papers in 
the Marconi archives which tell the story of the birth 
of British Broadcasting, not the least interesting is 
Arthur Burrows' letter requesting permission to recruit 
a young man of particular quality to compere he 
station's programmes, a young man with "technical 
tendencies ... grace of manner ... and an excellent 
telephone voice". Many of Burrows' requirements were 
couched in terser terms and it was his organisational 
skill and foresight that shaped the studio techniques 
which are still the basis of modern broadcasting. 

By this time many wireless societies had been formed 
and more and more the demand for radio receivers was 
being felt. In the United States since 1919 `wireless' had 
become fashionable, but with no constitutional control 
of the use of wavelengths, chaos reigned in a com- 
mercially sponsored free- for -all. The British Govern- 
ment, seeking a way from the dilemma posed by 
popular demand on the one hand and a justifiable 
reluctance to allow free access to the air on the other, 
set up the Wireless Sub -Committee of the Imperial 
Communications Committee in April of 1922. After 
consideration, their recommendation to set up a single 
broadcasting company was accepted and in November 
1922 the British Broadcasting Company was formed 
from six commercially interested companies with 
£100,000 share capital. 
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This is the fifth article in the series concerning 
robots and cybernetic devices, and it continues 

with the construction of Cyclops. 

I NTHE LAST ARTICLE, CONSTRUCTION 
of the basic reflexes - reflexes that 
are instinctive and innate - was 

discussed. In this article, another type 
of reflexive response is dealt with; 
one which is not inborn but is con- 
ditioned by the environment - the 
conditioned reflex. 

The first person to study the realms 
of the conditioned reflex in great detail 
was Pavlov. In his experiments he 
would firstly show food to a hungry 
dog, and measure the amount of 
saliva produced. Here we have an 
innate reflex. There is a specific 
stimulus, which we shall designate 
Ss, evoking a specific effect, which we 
shall call Es. After measuring the 
extent of Es, on the second and 
subsequent times of feeding, just prior 
to showing the hungry animal the 
food Pavlov would present to the 
animal another stimulus. This second 
stimulus was a neutral stimulus, 
having no relevance to the specific 
stimulus. To the neutral stimulus we 
shall designate the symbol Sn, and to 
the effect it evokes we shall designate 
the symbol En. In Pavlov's experi- 
ments, this second stimulus was the 
ringing of a bell, producing say a 
pricking up of the dog's ears. Thus the 
animal would hear a bell and, immedi- 
ately after this, would be given some 
food. After about twenty of these 
coincidences, Pavlov found that on 
hearing the bell, the animal com- 
menced salivating. In other words, the 
animal had been conditioned to 
associate the bell with food. 

Pavlov found that in order to build 
the conditioned reflex quickly, Sn had 
to be presented a very short time before 
Ss. He also found that the animal did 
not produce the conditioned reflex if 
the bell was rung after the food, or if 
the bell was rung a long time before 
the food. He also discovered that in 
order to maintain the conditioned 
reflex, the association had to be con- 
tinually reinforced. It was no use 
ringing the bell without giving the ani- 
mal the food; and if the conditioned 
response was produced it would fade 
away just as surely if the coincidence of 
signals never again occurred. Further- 
more, if the food was presented with- 
out previously ringing the bell, the 
conditioned response would also fade 
away, but not as quickly as with the 
case where the bell is rung without the 
food. 

The conditioned reflex is used with 
animals extensively today. One often 
sees an animal at a circus performing a 
trick and then getting a lump of sugar 
as a reward. He has been conditioned 
to associate a correct performance 

with food. However, we have also seen 
that some animals go through trick 
routines without getting a reward. This 
is accomplished by having two inter - 
linked conditioned reflexes. The animal 
is given a pat and then receives some 
food. Hence, it associates a pat with 
food. Then after performing the trick 
successfully, it gets a pat, and begins 
to associate that a good performance 
means a pat. Thus we now have trick 
means pat means food, and in order 
that the animal performs his routine 
correctly without having to feed it in 
the circus ring, all the trainer has to do 
is pat the animal after the trick. This 
process is known as establishing a 
second -order- conditioned- reflex. 

So far, we have dealt with condition- 
ed reflexes where success means 
reward. There is another variety where 
failure means punishment. An example 
of the latter variety is where a crack of 
the whip follows an animal's mis- 
behaviour, and all reflexes built up 
where the second stimulus is painful 
are known as defensive reflexes. With 
these defensive reflexes, often one 
association where the second stimulus 
is more than just discomfort is suffici- 
ent to establish a conditioned response, 
and it often never needs reinforcing. 

BLACK BOX ANALYSIS 

We can imagine the conditioned 
reflex unit in animals as.a little black 
box with two inputs, Ss and Sn, and 
two outpyts, Es and En. Normally 
there are two transmission lines inside; 
one joins Ss to Es, and the other joins 
Sn to En. After conditioning, the 
second transmission line breaks, and 
reforms to connect Sd to Es. The main 
problem in synthesizing a conditioned 
reflex black box is designing the 
'bookmaker' which decides when two 
inputs are associated or not. The way 
in which our 'bookmaker' works will 
be described next. (The term 'book- 
maker', employed by Dr. W. Grey 
Walter in his book 'The Living 
Brain', is applied here to a circuit 
which tries to work out whether 
conditioning is profitable or not). 

Firstly, we must differentiate Ss and 
contract it. When our animal is feed- 
ing, there is a long output from its food 
detectors to the input of the black box, 
and this must be made of short dur- 
ation. Contrary to this, the second step 
is to extend Sn from the short period 
the bell rings, to a much longer period, 
for it must be 'remembered' for a 
while. The third stage compares the 
differentiated Ss and the extended Sn. 
If there is any overlap, the overlap 
areas are fed to a summer, which 
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executes the fourth stage of condition- 
ing. The summer thus sums the coin- 
cidences between Ss and Sn, and it'is 
also designed to `leak' its output 
away very gradually, so that the sum- 
mer level will fall if Ss and Sn never 
again coincide. Incorporated in the 
summer is a device which gives an 
output once the summer level has 
reached a critical level - the threshold 
of learning. It is this output which 
operates the switching of the trans- 
mission lines, and in Fig.24, details of 
the operations involved are given 
pictorially. The sections in Fig.24(c) 
go through a period of conditioning, 
which then finally becomes inhibited 
through lack of reinforcement. 

BLOCK DIAGRAM 

Ss 

Ss 

Sn 

The opérations just described must Threshold 
now be converted into electronic 
circuitry for it to be incoporated into 
Cyclops, and the block diagram 
equivalent is given in Fig.25. It will be 
noticed that both differentiation and 
extension are carried out by mono- 
stables. This is due to the fact that in 
order to give a sufficiently long pulse 
to the summer, a capacitor used in a 
differentiating circuit would have to be 
of gargantuan proportions. The differ- 
ential monostable has a quasi- stable 

, ' time of one second and the extension . 

monostable has a quasi- stable period 
of seven seconds. The output of each 
is fed to one input of a 2 -input And- 
gate. Thus, there will only be an output 
from this coincidence gate when both 
monostables are in their quasi -stable 
period. This will only happen if Sn is 
given within a period seven seconds 
before Ss, and the gate will not give an 
output if Sn is given more than seven 
seconds before Ss, or if it is given after 
Ss. The output will also be of reduced 
duration if Sn is given between six and 
seven seconds before Ss, because the 
extension monostable will cut off 
during the period that the differential 
monostable is in its quasi -stable state. 

The output o£ the coincidence gate 
goes to a summer which sums the 
outputs of the gate, and also 'leaks' 
slightly during the periods that the 
gate is not giving an output, so that 
if reinforcement does not occur the 
summer level drops. The output of the 
slimmer is monitored by a Schmitt 
trigger whose output is normally at 
logic nought. 

It can be seen from Fig.25 that, 
whenever Ss is applied, the stimulus 
also travels down the transmission line 
to an Or -gate which subsequently 
gives an output to the Es terminal. 
Thus Ss evokes Es. Similarly, Sn travels Sn 

down the transmission line to a gate, 
but this time it is an And -gate. The 
other input of this And -gate comes 
from the Schmitt trigger via an in- 
verter, so that when the Schmitt 
trigger is off, there is a logic one on the 
upper input of the And gate, and thus 
the Sn pulse goes through the gate to 
the En terminal. At the same time, the 

Sn--0-Es 
Sn--En 

Sn 

(a) (b) 

n K_____N A A 

,. i... mis N. I. - lU C 

Summation 

Input to output switching 

(C) 

Conditioning 

onditioning 

Fig. 24 (a). How Ss is differentiated 
(b). The extension of Sn 
(c). The creation of the conditioned reflex. Ss and Sn coincide 

a number of times, causing the summation which 
appears below them. When the summation character - 
istic exceeds the threshold level conditioning takes 
place, with the consequent input to output switching 

shown at the bottom 

'Instigate conditioned 
response' gate 
(2nd AND gate) 

'Inhibit En gate' 
(1st AND gate) 
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Conditioned reflex 
circuitry 

D. 

Input to output 
switching 

Fig. 25. Theoretical version of the conditioned reflex circuits 
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Sn pulse goes to another And -gate, 
whose other input goes directly to the 
Schmitt trigger; and so when the latter 
has not fired . there will be a logic 
nought on the And- gate's input, and 
the second And -gate will not fire. 

When the summer level reaches the 
input threshold of the Schmitt trigger, 
the trigger fires, making its output 
change to logic one. Once this happens, 
there will be a logic nought on the 
upper input of the first Sn And -gate, 
and therefore the Sn pulse coming 
along the lower transmission line will 
not get through this gate. On the other 
hand, there will now be a logic one 
input on the second gate, and when a 
pulse from Sn comes along the trans- 
mission line, there will be an output 
from this gate which leads to the other 
input of the Or -gate. Thus, after 
conditioning, instead of Sn evoking En, 
it now evokes Es. 

THE PRACTICAL BLOCK 
DIAGRAM 

The block diagram employed for the 
practical model differs from the 
theoretical diagram of Fig.25, the 
differences being mainly in the input 
and output stages rather than with the 
`bookmaker'. 

Firstly, the conditioned reflex in 
Cyclops is made to do two jobs. In 
one mode, the inputs and outputs are 
switched so that it is allowed to 
associate magnetism with touch, and 

Touch 

Tt i 

s 

Light 

Inhibit Ss 

gate 

T 

Differential 
monostablc 

Coincidence 
gate 

Extension 
monostablc 

Sn 

Magnetic 
sensor 

E 

Summer 

Schmitt 
trigger 

A7 

7 secs and 
10 secs 

Light 
L (inhibit scan) 
.e 

T Touch 

(operate avoid 
mechanism ) 

Fig. 26. Practical conditioned reflex unit. Note that the Ss 
to Es transmission line already exists in the basic circuitry. 

En 
Inhibit 
motors 

COMPONENTS 
Resistors 

(All fixed values watt 10%) 
R23 lkíl 
R24 2.2kf2 
R25 2.7kf2 
R26 2.2kf1(see text) 
R27 6.8kfl 
R28 l00kfl 
R29 2.7kS2 
R30 lkfl 
R31 lkil (see text) 
R32 2.7kf1 
R33 100kf2 
R34 15kí1 
R35 15kf2 
R36 2.7ki1 
R37 1 kfl 
R38 4.7kf2 
R39 22kf1 
R40 10kf2 
R41 4700 
R42 4.7161 
R43 56kf1 
R44 lkf2 
R45 1k0 
R46 56kf1 
VR4 10k0 potentiometer, preset skeleton 

Capacitors 
C6 
C7 
C8 
C9 
C10 

0.05µF 
125µF electrolytic, 10 V.Wkg. 
0.05µF 
4001.LF electrolytic, 10 V.Wkg. 
1,0001AF electrolytic, 10 V.Wkg. 

Semiconductors 
TR15-TR18 
TR19, TR20 
TR21, TR22 
TR23 
TR24, TR25 
TR26, TR27 
TR28 

TR29, TR30 
TR31 
D4 
D5 

D6-D9 

Any p.n.p. transistor, e.g. OC71 
2N2926 
As TR15 -TR18 
Any p.n.p. transistor with low leakage 
As TR15 -TR18 
Any n.p.n. transistor, e.g. AC127 
Any p.n.p. transistor capable of 
driving relay, e.g. OC81 
As TR15 -TR18 
As TR28 
Any silicon diode, e.g. OA200 
Silicon diode with high reverse 
resistance 
As D4 

Magnetic Sensor 
X2 Dry reed switch, R.S. Components 

type 7RSR (Home Radio Cat No. 
WS121) 

Battery 
BY3 6V 225mA /H Deac 

battery (Ripmax Ltd.) 

Veroboard, Connector 
Veroboard: 0.15in. matrix, 2 x 5in. 

holes 
Connector: Painton 15 pin in -line 

text) 

rechargeable 

, 13 strips x 33 

connector (see 

Miscellaneous 
Tank clip (for securing BY3) (Ripmax Ltd.) 
2 -off Meccano double brackets, part 11 (see text) 
1 -off Meccano rod and strip connector, part 212a 
1 -off Meccano rod, 34in., part 16. 
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in the other mode, the inputs and out- 
puts are switched so that Cyclops has 
the ability to associate magnetism with 
sight. 
, An extra gate had to be included 
because of this since it was found 
that, when Cyclops was conditioned, 
giving Sn evoked Es, but in both cases, 
the action of Es was to produce Ss. 
Due to the fact that touch means pain 
in Cyclops, in the `magnetism means 
touch' mode, this automatic rein- 
forcement of the coincidence between 
Sn and Ss is desirable. The condition- 
ing does not need to be reinforced - 
this being found in real life with 
defensive reflexes. However, the effect 
is undesirable with `magnetism means 
light' conditioning, and the extra 
gate temporarily disconnects Ss whilst 
Es is being evoked in the `magnetism 
means light' mode. In the other mode, 
there is no feedback supplied to the 
new And -gate via the inverter, and thus 
Ss is never inhibited, and automatic 
reinforcement is allowed to take place. 

Another modification used concerns 
what is known as the trace reflex. After 
conditioning, an animal can allow Ss 
to occur after a longer period after Sn 
than before conditioning. Accordingly, 
the output of the Schmitt trigger alters 
the time constant of the extension 
monostable from seven seconds before 
conditioning to ten seconds after 
conditioning. 

In Cyclops, Sn is always the output 
from a magnetism sensor. It will be 

appreciated that strong magnetic fields 
could upset the operation of Cyclops' 
circuitry by inducing unwanted volt- 
ages in the circuit whilst Cyclops 
roams around. (In actual fact, extreme- 
ly powerful fields not normally en- 
countered outside the research labor- 
atory would be required to do this, but 
Cyclops is only demonstrating the 
principle involved.) To prevent this, 
whenever Cyclops encounters a strong 
enough magnetic field he stops dead 
to prevent these voltages being in- 
duced, and he `plays possum' for a 
short while; after a few seconds, he 
slowly creeps off again. Thus, En is to 
stop the motors for a while. In the 
interests of economy, therefore, in- 
stead of having a third monostable 
to do this after the En And -gate, 
Cyclops uses his extension monostable 
instead, and the input of the En gate 
goes to the output of this monostable 
instead of directly to Sn. The altering 
of this monostable's time constant 
bears no relevance, because En is 
inhibited whenever the monostable 
runs with a ten second time constant. 
Fig.26 gives details of the modifi- 
cations. 

Therefore, when Cyclops operates in 
the 'magnetism means light' mode, in 
order to establish the conditioned 
reflex one must apply a magnet to his 
magnetic sensor, and then shine a 
light into his eye. After several such 
coincidences, instead of stopping when 
one applies the magnet he will con- 

tinue in the direction he was going 
when the magnet was applied. He has 
thus built up the association that mag- 
net means light which is food, and so 
keep going in the same direction in 
order to home into the magnet. 

When Cyclops operates in the 
`magnetism means touch' mode, to set 
up the conditioned response one must 
apply the magnet, which makes 
Cyclops stop in his tracks for a short 
while, and then jar his touch sensor, 
which makes him go through his avoid 
reflex. After a few coincidences, upon 
applying the magnet he will immedi- 
ately start twisting and turning in an 
attempt to avoid the magnet, because 
the association that `magnet means 
touch' which is pain, and so has to be 
avoided, has been set up. 

CIRCUIT 

The` circuit for the conditioned 
reflex unit is given in Fig.27. This will 
be discussed in the next issue, in which 
the concluding article in the present 
series on Cyclops will be given. Also 
given this month is a Components 
List showing the additional parts 
required. Some of these are discussed 
in detail next month and readers are 
advised to wait until the appearance of 
the next article before obtaining any 
components over which they may have 
any doubt. 

(To be concluded) 

The accompanying photograph illus- 
trates the Marconi- Elliott 'Laserline' 
in operation at the British Steel Cor- 
poration plant in Ebbw Vale, South 
Wales. The 'Laserline', is produced by 
Marconi -Elliott Avionic Systems Ltd., 
a member of GEC -Marconi Electron- 
ics Limited. 

At the Ebbw Valve works B.S.C. 
surveyors have, with the aid of the 
'Laserline', cut by 80% the time spent 
in checking the alignment of overhead 
crane rails. The first survey incorpor- 
ating the ' Laserline' was of the 700 ft. 
rails in the No. 2 galvanising line, where 
25 ton loads of steel strip are handled 
by an overhead crane with a span of 
90 ft. The rails are 60 ft. above floor 
level and heat haze makes visual 
sighting difficult, whereupon survey 
work could only be carried out 
previously during the few hours when 
the plant was not fully operating. 
There are a score of overhead crane 
rails in the Ebbw Vale works. 

The beam of the ' Laserline' pene- 
trates haze and enables more accurate 
measurements to be obtained. It can 
be set up very quickly, so that a survey 
at Ebbw Vale can now be completed in 
three hours at any time of the year 
instead of over several days during the 
annual shut down period: 

The 'Laserline' is a portable laser 
beam projector designed specifically 
NOVEMBER 1972 

'LASER -LINE' 

for field operation, and it provides an 
accurate linear reference in pipe- laying, 
tunnel guidance and other civil 
engineering applications. It is rugged 
and waterproof, is fitted with a sighting 
telescope and levelling bubble and 
operates from a 12 volt battery. The 
advantages of a laser beam are that, 

once aligned, it operates unmanned 
and is not disturbed by people or 
vehicles passing through the reference 
line. The 'Laserline' is manufactured 
by the Neutron Division of Marconi - 
Elliott Avionic Systems Ltd. at 
Elstree Way, Borehamwood, Herts. 
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SHORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 
Times-GMT 

The lead story this month concerns the appearance of 
Radio Conakry, Guinea Republic, on a measured 4903 
(61.18 metres) where it was first heard by us in early 
September at 1930 with identification in French 
followed by African music. This represents a shift in 
frequency from 4910. The published evening schedule is 
from 1600 to 2400 and the address is - Radiodiffusion 
Nationale, B.P. 617, Conakry. 

NOW HEAR THESE 

Asian stations are being heard here in the U.K. some- 
what earlier this year than is normal, during afternoon 
sessions Indian stations on the low frequency bands 
have been coming through at q. ite good signal strengths. 

AIR Delhi on 4760 (63.03m) at 1659, Hyderabad on 
4800 (62.50m) at 1700 and Madras on 4920 (60.98m) at 
1720 (under Moscow) have all been logged according to 
the British Association of Dxers (BADX). 

Other Asian stations that have been heard are - Radio 
Ceylon on 4870 (61.60m) at 1724; Radio Nepal on 5000 
(60.00m) at 1615 to 1620 sign -off and Radio Singapore 
on 5010 (59.88m) and on 5052 (59.38m) with Asian 
music, identification, National Anthem and sign -off 
at 1627. 

During late night sessions, the following Asian 
stations have been logged - Radio Bangkok on 4830 
(62.11m). at 2257 with 14 or 15 note chime interval 
signal, anthem, more chimes, man speaking in Thai and 
then into Asian `pops'; Radio Malaysia, Kajang, on 
4845 (61.92m) at 2315 with Indian music and Tamil 
announcements; Lan -Chou in Kansu province of 
China on 4864 (61.67m) at 2252 with talk in Chinese; 
Radio Phonm -Penh on 4907 (61.14m) at 2226 with 
music and talk in Khmere; Radio Malaysia, Penang, on 
4985 (60.18m) at 2316 with announcements in English, 
advert for ground coffee and western `pops' and Radio 
Singapore around 2310 with Chinese songs on 4845 
(61.92m), 4985 (60.18m), 5010 (59.88m) and on 5052 
(59.38m). 

We have recently logged Radio Phonm -Penh at 2215 
on 4907 when continuous Buddhist chants were being 
radiated. Radio Singapore on 5052 was also logged 
during the same evening at 2255, a programme of dance 
music being marred by CW interference on the channel. 

IRAQ 
Radio Baghdad, which was reported to have vacated 

7240 for 7210 has in fact been using 7227 (41.51m). 
Following a lead from BADX, we heard it at 1920 with 
a programme of Arabic music and songs. 

PAKISTAN 
Radio Pakistan has been logged on 11650 (25.75m), 

an experimental channel, at 1600 with opening melody, 
and news in dialect followed by local music. 

SEYCHELLES 
FEBA may often be heard around 1745 on 11955 
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(25.09m), at which time we listened to a religious 
programme in English. 

CLANDESTINE 
The Voice of the Malayan Revolution was recently 

logged by us on 15789 (19.00m) at 1347 when a talk in a 
Chinese vernacular was heard followed by a choral 
marching song at 1350, this pattern being followed until 
1400 when identification ( ?) was made. Faded out by 
1410. 

SRI LANKA 
Colombo has been heard with a programme of dance 

music records and announcements in English at 1645 on 
15120 (19.84m). The channel is subject to splatter from 
an adjacent jamming station, only brief `snatches' of the 
programme being heard. 

ETHIOPIA 
ETLF Addis -Ababa has been heard (following a lead 

from BADX) on 7145 (41.99m) with the news in English 
after station identification at 1900. BADX reports that 
the station is asking for reports on this channel. 

INDIA 
AIR Delhi can be heard with news of Indian affairs in 

English at 1900 onwards on 7215 (41.58m), the channel 
being subject to QRM from an adjacent jamming 
station. 

EGYPT 
For an evening newscast giving the Arabic view of 

world affairs, tune to 9805 (30.59m) where Cairo 
broadcasts the news in English at 2215. 

CHINA 
Peking broadcasts on many differing channels, 15030 

(19.96m) and 15060 (19.92m) being regularly heard 
during the evenings around 1915 but there are Chinese 
regional stations that can be heard if conditions are 
right and a little patience exercised. Of these, the Fukien 
Front transmitters on 3200 (93.75m), 3400 (88.23m) and 
3900 (76.92m) are most often reported, usually around 
2015 to 2045 or so - but what about listening for Kuei- 
yang, Kweichow, on 3260 (92.02m) when signing -on at 
2158; Hupeh, Wuhan, on 3940 (76.14m) after sign -on at 
2130; Hsi -ning, Tsinghai, on 3950 (75.95m) with gym 
exercises at 2245; Urumchi, Sinkiang, on 4110 (72.99m) 
at 2304 with talk in Uighur; Urumchi on 4500 (66.66m) 
at 2307 with talk in Chinese dialect or K'un -ming, 
Yunnan, on 4760 (63.02m) at 2205 with songs in 
Chinese - the latter station also being reported, in 
parallel, on 4785 (62.69m) and 6935 (43.29m). Informa- 
tion on Chinese local stations has been kindly provided 
by BADX. 

BRAZIL 
ZYN32 Radio Nacional Brasilia may be heard, 

according to BADX, on 15448 (19.42m) at 2230 with a 
talk in English, request for reports and tapes. 
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TIME -CHECK 
The stations mentioned in the foregoing paragraphs 

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

GMT Freq. Stn. Revd. 

1347 15789 Voice Malayan 
Revolution 

1600 11650 R. Pakistan 

1615 5000 R. Nepal 

1645 15120 Colombo 

1659 4760 AIR Delhi 

1720 4920 AIR Madras 

1724 4870 Colombo 

1745 11955 Seychelles 

1900 7145 Addis -Ababa 

1900 7215 AIR Delhi 

1915 15030 Peking 

1915 15060 Peking 

1920 7227 R. Baghdad 

1930 4903 R. Conakry 

2015 3200 Fukien Front 

2015 3400 Fukien Front 

2015 3900 Fukien Front 

2130 3940 Hupeh 

2158 3260 Kuei -yang 

2205 4760 K'un -ming 

2215 9805 Cairo 

2226 4907 R.Phonm -Penh 

2230 15448 ZYN32 R.N. 
Brasilia 

2245 3950 Hsi -ning 

2252 4864 Lan -Chou 

2257 4830 R. Bangkok 

2304 4110 Urumchi 

2307 4500 Urumchi 

2310 4845 R. Singapore 

2310 5010 R. Singapore 

2310 5052 R. Singapore 

2316 4985 Penang 

CURRENT SCHEDULES 

HOLLAND 
Radio Nederland broadcasts in English to Europe as 

follows - weekdays from 0930 to 1050 on 6020 (49.83m) 

NOVEMBER 1972 

and on 7275 (41.24m); from 1400 to 1520 on 6020; 
from 1830 to 1950 on 6020 and 15375 (19.51m). On 
Sundays from 0930 to 1050 on 6020, 6140 (48.86m) and 
on 7275; from 1400 to 1520 on 6020 and from 1830 to 
1950 on 6020 and on 15375. 

KUWAIT 
Radio Kuwait has replaced the 11825 channel with 

that of 15415 (19.46m) for the English transmission 
from 1730 to 1900. 

THAILAND 
Bangkok has an external service in English from 1025 

to 1117 and from 0415 to 0530 on 9655 (31.07m) and on 
11905 (25.20m) the latter transmission being intended 
for North America. 

TURKEY 
Radio Ankara broadcasts to the U.K. and N. Africa 

in English from 2200 to 2230 on 9515 (31.53m) and on 
15195 (19.74m). 

NORWAY 
Radio Norway, Oslo, broadcasts in English on Sun- 

days as follows - from 1200 to 1230 on 6130 (48.94m), 
15175 (19.77m), 21655 (13.85m), 21730 (13.80m) and on 
25900 (11.58m). From 1600 to 1630 on 15345 (19.55m), 
21655, 21730, 25730 and on 25900. From 1800 to 1830 
on 6130, 17825 (16.83m), 21655, 21730 and on 25900. 
From 2000 to 2030 on 6130, 17825, 21655 and on 
21730. From 2200 to 2230 on 11850 (25.31m), 15175 
and on 15345. On Mondays from 0001 to 0030 on 9610 
(31.22m), 11735 (25.56m) and on 11850. 

LEBANON 
Radio Lebanon, Beirut, radiates a programme in 

English from 1830 to 1900 on 15170 (19.77m), for 
Europe and from 0230 to 0300 on 9550 (31.41m) for 
North and Central America. 

PAKISTAN 
Radio Pakistan, Karachi, broadcasts in English to 

Europe as follows - from 2000 to 2010 and from 2035 to 
2040 on 7095 (42.28m) 9460 (31.71m) and on 15520 
(19.33m). 

AROUND THE DIAL 
GABON 
Franceville is currently reported using 4830 (62.11m) 

by BADX, being heard from 2000 until 2200 sign -off. 
Identification "Ici Franceville, station Nationale, la 
Voix de la Renovation" being heard at 2115. Not in 
parallel on 4777, so presumably a shift from that 
channel. 

SENEGAL 
Dakar can often be heard on the regular 4890 

(61.34m) channel around 1915, usually with local music 
and songs with announcements in French. 

GHANA 
Accra has been heard often around 2110 with local 

news in English followed by station announcements on 
the normal 4980 (60.24m) channel. 

SOUTH AFRICA 
Johannesburg, with `pops' and announcements in 

English at 2133 on 4945 (60.66m). 

CEYLON 
Radio Ceylon, logged often from 1700 until sign -off 

at 1730 with "All Asia Service of Radio Ceylon from 
Republic of Sri Lanka ", on 9719 (30.86m). 
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Cover Feature . 2 

The WYVERN 160 

Solid State 

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

This view inside the transmitter illustrates the 
manner in which the circuit modules are 

assembled on the main chassis 

THIS ARTICLE REPRESENTS THE AUTHOR'S DEVELOPMENT 
of a solid state transmitter which has been in use 
for some two years. 

Initial development of p.a. and modulation tech- 
niques began earlier, however, and the design presented 
is a v.f.o. controlled version of an earlier, simpler, 
crystal controlled transmitter. The design will appeal to 
those who are eager to experiment with the construc- 
tional challenge of an all -transistor transmitter, and 
good results should be obtained without difficulty. 

The design is capable of running at least 10 watts 
input and provides excellent quality of modulation, 
good frequency stability and negligible frequency 
modulation. Although the overall system is quite large 
and complex in terms of component quantities, the 
modular construction simplifies the building and testing 
programme to a step -by -step process. 

In this month's issue the v.f.o., wideband driver stage 
and frequency doubler and driver section are described, 
whilst the subsequent two articles will deal with the 
power amplifier stage, modulator, power supply and 
VU meter driver. Chassis assembly and the building and 
testing procedure will be discussed in the third article. 

The overall system block diagram is shown in Fig.1, 
which is self -explanatory. The detailed operation of 
each section will be covered in the constructional in- 
formation. 
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Metre 

Transmitter 
This 3 -part series deals with a comprehensive transmitter design 
which incorporates semiconductors throughout. The description 
of its construction is continued in Parts 2 and 3, which will be 

published in the next two issues. 
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Fig. 1. Blocic diagram showing the sections of the all- transistor 160 metre transmitter 
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C21 

III 
18 I Mc 

III9 
7 III 

5 

III 

III 
Rosc 

111 

III 

- Wire links 

1 

R4 

RS 

TRI 

R3 

7.5V Zener 
ZDI 

TR2 

Cg 

Housed in die cost box 

TRI 2N2484/BC109/2N930 
TR2 BFY5O /2N3053 

THE V.F.O. STAGE 

2N 2484, BC 109, 2N 930, 
BFY5O,2N3053 

I rod-nuts 

Fig. 2. Circuit diagram for the v.f.o. stage 

The circuit diagram of the v.f.o. stage is shown in 
Fig.2. The frequency range covered is 900kHz to 
1MHz, i.e. half the output frequency, since during 
development it was found impractical to run the 
oscillator at the fundamental frequency due to serious 
'f.m. pulling' and asymmetric modulation which this 
produced. 

Oscillation is achieved with the Denco coil Ll 
(Yellow, Range 2T, Transistor) wired in a positive 
feedback mode. Frequency stability is maintained by : 

(a) using a 7.5 volt zener stabilized supply; 
(b) coupling the coil to TR1 as `loosely' as possible 

(which maintains a high Q and also, incidentally, 
improves the output waveform and helps to prevent 
parasitic oscillations) by selecting Rosc; 

(c) running TRl at low power to prevent heating. 
Oscillation can only occur if the coil is wired for 

positive feedback so connections 8 and 9 may have to be 
reversed if the circuit will not oscillate. Pin 1 of the coil 
is returned to the positive supply rail as this simplifies 
the printed circuit layout. 

When testing, start with Rose as a short -circuit link. 
When oscillation is obtained in the correct frequency 
band (by adjustment of the coil core) begin increasing 
the value of Rosc, starting at say 2.2kfl, and go on 
increasing until oscillation stops. Finally, reduce Rosc 
to the highest preferred value which still permits reliable 
oscillation. 
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+12V 
regulated 

(Std) 

To widebond 
driver 

Output 
900kHz 
to IMHz 

J 

Chassis 

The emitter follower, TR2, presents a high impedance 
to the oscillator, buffers it from the next stage and 
provides a low impedance output. 

The regulated 12 volt supply is obtained from switch 
S1(d), which will be described in Part 2. 

A view inside the v.f.o. box. Note the manner in 
which the coil can connect to chassis via the 

tuning capacitor frame. 
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Resistors 
(A111 watt 10 %) 
Rosc See text 
R1 18kû 
R2 8.2kû 
R3 lkû 
R4 39Oû 
R5 10kû 
R6 10kû 
R7 l00û 
R8 4700 
R9 18kû 
R10 5.6kû 
R11 6800 
R12 3900 

Capacitors 
Cl 0.1µF plastic foil 
C2 390pF silvered mica 
C3 200pF silvered mica 
C4 30pF trimmer, air -spaced 
C5 300pF variable 
C6 0.111F plastic foil 
C7 0.11.IF plastic foil 
C8 0.11.IF plastic foil 
C9 0.10 plastic foil 
C10 25µF electrolytic, 25 V.Wkg. 
C11 0.10 plastic foil 
C12 0.10 plastic foil 
C13 0.10 plastic foil 
C14 251.IF electrolytic, 25 V.Wkg. 
C15 68pF silvered mica 

COMPONENTS 
R13 22052 
R14 4.7kû 
R15 1k11 
R16 4711 
R17 4.7k11 
R18 4712 
R19 4711 
R20 4711 
R21 See text 
R22 470 
R23 4711 
R24 2211 
R25 See text 

C16 
C17 
C18 
C19 
C20 
C21 
C22 

0.11.1F plastic foil 
240pF silvered mica 
68pF silvered mica 
0.111F plastic foil 
240pF silvered mica 
0.1µF plastic foil 
0.10 plastic foil 

Inductors 
L1 Denco Miniature Dual Purpose Coil, 

Yellow, Range 2T, transistor usage 
L2, 3 Denco Miniature Dual Purpose Coil, 

Yellow, Range 3T, transistor usage 

Semiconductors 
TR 1 2N2486/BC109/2N930 
TR2 BFY50/2N3053 
TR3 2N2484/BC109/2N930 
TR4 BFX88 
TR5, 6 2N3053 
ZD1 7.5V, 200mW, zener diode 

Miscellaneous 
Die -cast box, 41ins. by 31ins. by 3 hins. 
3 B9A valveholders, printed circuit type (for L1, 

L2 and L3) 
2 TO5 heat sinks (for TR5 and TR6) 
Slow- motion drive, Eagle T502 or similar 
Printed circuit board 
16 s.w.g. aluminium 
Coaxial cable 

Fig. 3. The layout of the v.f.o. printed circuit board. This view is with the components towards the reader 
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Lid Hole for coil adjust 

Printed circuit 
board 

Hole for 
C5 spindle 

Stand -offs 

Coil 

Die -cast box 

35/32 

43/4e 33/4+ 

Fig. 4. How the v.f.o. printed circuit board is 
fitted in the die -cast box 

The printed circuit layout is given in Fig. 3 and the 
housing details in Fig. 4. It is necessary for the v.f.o. to 
be screened and it is fitted in a die-cast box having the 
dimensions shown. The author obtained this box from 
G. W. Smith & Co. (Radio) Ltd., 3 Lisle St., London, 
W.C.2. 

The printed circuit is shown full -size in Fig.3, and the 
diagram may be traced, if desired. The view is of the 
component side of the board. The tags of a printed 
circuit type B9A valveholder (in which the coil is fitted) 
pass through the board at the holes indicated and 
these holes should be marked out from the valveholder 
itself as the hole positioning in the diagram is approxi- 
mate only. Since Fig.3 shows the component side of the 
board, the valveholder tags are numbered from 1 to 
9 in an anti -clockwise direction. As may be seen from 
the photograph of the v.f.o. circuit, the coil is fitted 
with a screening can. This is made from the can in which 
the coil is supplied, it being cut down to clear compon- 
ents adjacent to the coil. The can has a solder tag at its 
lower end and is earthed to the frame of the tuning 
Capacitor. The latter requires a long spindle (or needs 
to be fitted with a spindle extender) to enable it to 
couple to the slow -motion drive on the front panel of 
the complete transmitter. The tuning capacitor is 
bolted to the front of the die -cast box and is not 
mounted on the printed circuit. 
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Although printed circuit construction is neat and 
reliable, some constructors may prefer to use plain 
Veroboard and `Cir -Kit'. This is, of course, quite 
permissible although it is wise to stick to a similar 
layout. 

The use of Veroboard with copper strips is not recom- 
mended due to the multiple feedback capacitance paths 
this offers, which could produce instability. 

Note the wire links between tags 8 and 9 of Ll and 
the remainder of the circuit. These enable the con- 
nections to these tags to be reversed, if necessary, to 
obtain positive feedback. 

The printed circuit board is spaced off from the 
bottom of the die -cast box by means of suitable stand- 
off spacing washers. A hole in the lid provides access to 
the adjusting screw of the coil core. The supply. and out- 
put leads are taken out in a laced -up harness through 
a hole in the rear of the die -cast box. thi' hole is not 
shown in Fig.4, but it may be seen in the photograph 
of the v.f.o. unit. The output, taken via coaxial cable, 
connects to the input of the wideband driver section. 

WIDEBAND DRIVER SECTION 

This second section, whose circuit is given in Fig.5, 
uses a conventional amplifier stage (TR3) to raise the 
signal from the v.f.o. to a level which causes TR4 to be 
switched on and off. TR4 then provides pulses of current 
to drive the frequency doubler. 

The printed circuit layout is shown in Fig.6. Again, 
the view is from the component side of the board, and 
as the board is reproduced full -size, the diagram may be 
traced. The board is mounted on Chassis Bracket No.1, 
which is illustrated in Fig.7. Four spacing washers 
stand the board off the bracket surface. As will be seen 
later, when the overall chassis assembly is dealt with, the 
board is mounted with its input end close to the v.f.o. 
box. 

FREQUENCY DOUBLER AND DRIVER 

The frequency doubler and driver section incorpor- 
ates higher power transistors (2N3053) which are biased 
to be cut off and switched on only by incoming positive- 
going r.f. pulses. These pulses are obtained from the 
wideband driver. The circuit of the doubler and driver 

The wideband driver board in position on 
Chassis Bracket No. 1 
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Fig. 5. The circuit of the 
wideband driver. Its output 
is passed to the frequency 

doubler 
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Fig. 6. Printed circuit layout for the wideband driver, as viewed from the component side 
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RA 
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TRANSISTORISED 
OSCILLOSCOPE 

The article describes the mechanical con- 
struction of the instrument, the power 
supply and display section, and the X 
amplifier module. The only thermionic 
device is the cathode ray tube. The re- 
mainder of the circuit will be covered in 
the concluding article, which will be 

published next month. 
(Pt. 1 of a 2 Part article) 

by R. A. Penfold 

ALSO 
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Chassis bracket No.l 

(16 swg aluminium ) 

6° 

Component side 

Wide band driver board 

Input 
end 

Fig. 7. The board is mounted on Chassis Bracket 
No. 1 

section appears in Fig. 8. The references, at the supply 
input points, to S1(c) and S1(d) will be explained when 
the power amplifier stage is described. 

Both the coils, L2 and L3, are Denco Yellow, Range 
3T, transistor usage types, and they are tuned, by their 
cores, to approximately 1.9MHz. For optimum band 
coverage they should be stagger- tuned, say to 1.86MHz 
and 1.94MHz. Damping resistors R21 and R25 present 
a method of lowering the Q of the coils, but at the 
expense of drive. Their values are selected as necessary 
for the desired band coverage. 

The frequency doubler and driver board. This is 
also mounted on Chassis Bracket No. 1 

250 RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


C14 so 

From 

wideband 
driver 

R19 

R17 

L_ 

n 

R20 

TR5 

CI6 

TR5,TR6 - 2N3053 R21,R25 - sec text 

R22 

R23 

T 
C18 

R24 

TR6 

CI9 

R2 

b 

c 

2N 3053 
Lead -outs 

+12V 
regulated 

+12V (Sld) 

modulated (Sic) 
To PA. 

C21 
Output 
18 to 
2 0MHz 

E n C2 

Fig. 8. The doubler and driver section of the solid state transmitter 

Chassis 

+ 12V (Sid) Mod. 12V (Sic) 

TR5 and TR6 fitted with TO5 heat sink clips 

Fig. 9. Component side of the printed circuit board for the doubler and driver section 
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Wide band driver board 

Input end 

Chassis bracket NoI 

Coils screened by cans 

Doubler and driver board 

Fig. 10. The doubler and driver board is mounted 
on Chassis Bracket No. 1 on the opposite side to 

the wideband driver board 

The pulses of current from TR4 in the wideband 
driver stage therefore switch TR5 at 900kHz to 1MHz, 
and this frequency is doubled by the tuning of L2. 
The pulses of current from L2 in turn switch TR6, 
which pulses L3 at 1.8 to 2.0MHz. The stage should 
provide approximately 500mW to 1W of drive. 

The components R18, R19, C15, R22, R23 and C18 
are included for stability. They prevent self -oscillation 
or the generation of parasitic oscillations. 

Should the stage fail to provide sufficient drive, this 
may be increased by using two transistors in parallel 
for TR5 and TR6 and halving the value of resistors R20 
and R24. 

The printed circuit layout is shown in Fig.9, where it 
is reproduced full size and may be traced. The holes 
for the B9A coilholder tags are positioned only approxi- 
mately in this diagram and they should be marked out 
on the board with the aid of the valveholders them- 
selves. The view in Fig.9 is of the component side of the 
board. This results in the valveholder tags proceeding 
from 1 to 9 in an anti -clockwise direction. 

A TO5 heat sink clip should be fitted to both TR5 and 
TR6. 

The two coils are screened (as an additional pre- 
caution against instability) the screening cans being 
made from the cans in which the coils are supplied. 
Each can is cut down so that it does not foul com- 
ponents near the coils, and is fitted with a solder tag to 
enable it to connect to the copper section which is at 
chassis potential. 

When completed, the board is fitted, using stand -off 
spacing washers, to the Chassis Bracket No.1 on the 
opposite side to the wideband driver board. The input 
end of the doubler board is at the rear of the bracket, 
adjacent to the output end of the wideband driver 
board. See Fig.10. The output of the wideband driver 
board is wired to the input of the doubler board. 

(To be continued) 

252 

Multimeter 
Resistance 

THE CIRCUIT TO BE DESCRIBED IS A SIMPLE EXTRA THAT 
can be added to a multi -testmeter having a 50µA 
direct current range. The circuit causes the input 

resistance to be boosted to valve voltmeter standards. 
It must be pointed out that, since the two transistors 

employed in the circuit have a relatively wide gain 
spread and are operated at a low voltage, and since the 
testmeter input resistance may vary for different models 
of meter, the circuit has to be classed as experimental. 
It is possible that resistor values other than those 
specified here may be required in other units built up to 
the circuit, and construction should only be attempted 

COMPONENTS 

Resistors 
(All fixed values } watt 5%) 
R1 2MSZ 
R2 5MÛ 
R3 3MÛ 
R4 
R5 
R6 
R7 
VRl 
VR2 

10MÛ 
1MÛ 
lkÛ 
39kÛ 
1.5k0 potentiometer, skeleton 
10kÛ potentiometer, wire -wound. 

Transistors 
TR1 BC169C 
TR2 BC169C 

Switches 
Sl(a)(b) 2 pole 3 way, rotary 
S2(a)(b) d.p.s.t., toggle 

Batteries 
BI 1.5 volt cell type HP7 (Ever Ready) 
B2 1.5 volt cell type HP7 (Ever Ready) 

Miscellaneous 
4 insulated sockets 
2 pointer knobs 
Twin battery holder 
Groupboard, case, etc., 
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Input 
Booster 

by M. N. Pointing and G. A. Miller 

A simple experimental circuit which can enable a 20,000 ohms per 
volt testmeter to present a very high resistance to the circuit 

being checked. 

by readers who appreciate the principles involved and 
are capable of making any adjustments to resistor 
values that may be required. The values quoted in the 
Components List are those used in the prototype. This 
was employed in conjunction with a 10,000 ohms per 
volt Japanese -made testmeter having the type number 
TE -200. 

RANGES 

The ranges offered by the prototype unit are 1 volt 
r.c. at 2Mû input resistance, 2 volts d.c. at 7M1-2 and 

5 volts d.c. at 20MS2 input resistance. These were the 
ranges required by the authors but there is no reason 
why other higher voltage ranges could not be added by 
suitable alteration of the input resistors. The accuracy 
of the unit was found to be adequate for normal circuit 
checks. 

The circuit is a greatly simplified version of that found 
in many commercial transistor voltmeters, and is shown 
in Fig. 1. Basically the meter, which is the multi -test- 
meter switched to read 501.1A full -scale deflection and 
connected by its test leads to the unit, is driven by the 
high gain amplifier given by TRI and TR2. 

2V 

IV 

5V 

Sia 

TRI 

BC 169C 

S2a 

+ 15V 

R5 

l TR2 t 
o 11 BC 169C 

Input 
sockets 

o 

1111 

VR1 

Tcstmeter 
on 

50NA ronge 

S2b 

Output 
sockets 

+ B2 

'Set zero' 

VR2 

5V 

2V 

Sib 

IV 

bcc 
BC 169C 

Lead -outs 

Fig. 1. The circuit of the input resistance booster. This, when used in conjunction with a standard testmeter 
switched to a 50p.Á range, offers very high input resistances 
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When a voltage is applied to the input sockets it 
causes a small current to flow through the input 
resistor and the base emitter circuits of TRi and TR2. 
TRI and TR2 are connected to form a Darlington pair, 
the gain of which is approximately equal to the product 
of the individual gains of the two transistors. As the 
maximum gain for a BC169C transistor is 900 it can be 
seen that the gain of the Darlington pair can be very 
high indeed. An amplified version of the current in the 
input circuit of the Darlington pair flows through the 
collector circuit and causes a corresponding deflection 
of the meter needle. 

R5 is included to keep the transistors conducting as, 
otherwise, the input voltage would have to exceed that 
at which forward current flowed in the base- emitter 
junctions of the two transistors. Low input voltages, 
particularly on the 1 volt range, cause a reduction of the 
bias current available from R5. In practice, this effect is 
allowed for by zeroing the meter on each range with the 
input terminals short -circuited. 

VR1 shunts the meter and is adjusted such that I volt, 
2 volts and 5 volts cause full -scale deflection on the 
respective ranges. In the prototype, VR1 was a 1.5k12 
skeleton preset potentiometer. A 2kO or 2.5k0 poten- 
tiometer could be employed instead if the 1.5k0 value 
is difficult to obtain. 

The transistor circuit is powered by the 1.5 volt cell, 
Bl. A second 1.5 volt cell, B2, in company with VR2 
and R6 or R7, supplies a current which cancels out the 
standing transistor current due to R5. VR2 is a panel- 
mounting wire -wound potentiometer and is adjusted for 

To Sio 

To Sio arm 

I 
TRI 

a zero reading in the meter. R6 and R7 have values 
which assist in the accurate setting of VR2. 

Resistors R1 to R4 are specified as 5% in the Com- 
ponents List. This tolerance should be close enough for 
most requirements and it may, in any case, be necessary 
to slightly adjust the values of one or more of the 
resistors during setting up. Small increases in value can 
be achieved by inserting lower value resistors in series. 

CONSTRUCTION 

Many of the components in the prototype were wired 
up on a small groupboard in the manner shown in 
Fig. 2. However, layout is not important and any other 
method of wiring could be employed. The groupboard 
was fitted in a small metal case, on the front panel of " 

which were mounted Si, S2, VR2 and two pairs of 
insulated sockets. One pair of sockets provides the 
input connections and the other pair of sockets the 
output connections to the testmeter. The cells were 
fitted in a small twin battery holder. 

SETTING UP 

Setting up consists of adjusting VR1 so that the test 
meter gives the desired reading on each range. The 5 
volt range can be set up with the aid of a 4.5 volt battery 
which has been previously checked by the testmeter. 
The 2 volt range may be similarly set up with the aid of 
a 1.5 volt cell. A setting up voltage for the 1 volt range 
can be obtained by connecting a potentiometer having 

TR2 
To + Bi 

To Sib 
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To Ski 

o 
0 

Fig. 2. In the prototype, some of the components were wired up on a groupboard, as shown here 

To output 
sockets 
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no-soon + 
I5v 

Calibrating 
voltage 

Fig. 3. A simple means of obtaining a calibrating 
voltage for the 1 volt range 

a value between 10052 and 50052 across a 1.5 volt cell, as 

shown in Fig. 3. The potentiometer is previously set up 
so that 1 volt becomes available between the slider and 
one end, as measured with the testmeter. 

Other sources of known voltage can also, of course, 
be used for setting up. 

The guard against damage to the testmeter, when 
setting up, due to excessive current in the BI or B2 

circuits, the testmeter should be initially switched to a 
high current range, say 0 -10mA, before turning the 

unit on. The meter can then be subsequently set to the 
50µA range if the current indication is sufficiently low. 
On each range the unit is zeroed by adjusting VR2 for a. 
zero current indication with the input sockets short - 
circuited. 

If it is found that a single setting of VR1 cannot be 
obtained for all three ranges, the values of Rl to R4 
may be slightly adjusted as required. 

USE 

The unit is simple to use and is not dependent on any 
external power supply. The current drawn from the cells 
is low and these should have a long life. 

To measure a voltage, the testmeter, switched to read 
5011A f.s.d., is plugged into the two output terminals. 
The range selector switch, Sl, is set to the appropriate 
range. Two test leads connected to the input terminals 
are then short -circuited together and VR2 is adjusted 
for a zero reading. The test leads are next applied to the 
points at which the voltage to be measured appears, and 
this voltage is read from the appropriate scale of the 
testmeter. 

The unit must be zeroed by means of VR2 each time 
it is used and each time the range is changed. 

THE WAY THINGS WORK. 
591 pages, 5# x8 %ins. Published by George Allen Er Unwin Ltd. Price £3.65. 

"The Way Things Work" is a follow -up of a volume which appeared in this country as The Universal Encyclopedia 
of Machines ", and it is stated to contain twice as many subjects as the previous work. 

The method of presentation is unique. Wherever possible each subject dealt with is presented on a double -page of 
the book, diagrams being printed on the right -hand page and a concise text discussing the subject on the left-hand page. 
In most instances, single subjects are dealt with in their entirety on a double -page, but in some cases they have to be 

carried over from one double -page to the next. The diagrams are detailed and excellently drawn, and they are reproduced in 

black and red. For the section on colour television a full colour range is used. 
The matters illustrated cover a fantastically wide range and include such diverse subjects as nuclear reactors, prospect- 

ing for minerals, road intersections and junctions, cartography, artificial hearts, vertical- take - off -and -landing aircraft, 
liquid -propellant rocket systems and many, many more. The majority fall into the mechanical category but enough 
subjects are of an electronic nature to justify a review on these pages. The electronic items include high fidelity, electronic 
music, wave guides, v.h.f. stereo broadcasting and video tape recording. Obviously, the matters dealt with cannot be given 
a full treatment, but the potted descriptions are extremely concise and accurate. They give more than adequate background 
to enable the reader to grasp how the device or function dealt with works, and thereby justify the title of the book. There are, 

also, no "simplifications" in the descriptions. 
The book provides fascinating reading and instruction for anyone who is interested in the chemical, mechanical and 

electrical world around him, and it will in particular prove to be an excellent and educational present for a youngster in his 

teens.. 

* * * 
INTRODUCTION TO SEMICONDUCTOR DEVICES. By F. J. Bailey, C.Eng., M.I.E.R.E. 
238 pages, 54 x 8}ins. Published by George Allen Et Unwin Ltd. Price £3.95. 

. This book is intended to provide sufficient basic information on semiconductor devices to enable the student, engineer 

or technician to understand their operation and the manner in which they may be used. The approach is non -mathematical, 
although simple equations are given when these are essential. 

The first chapter discusses basic semiconductor theory, and is followed by chapters on diodes and bipolar transistors. 

Next to be dealt with are junction field effect transistors, insulated gate field effect transistors and thyristors. The final 
chapter is devoted to integrated circuits, and this is succeeded by a glossary of the more important terms and the index. 

.Illustrations are clear and the text is concise and lucid. It is obvious that care has been taken to see that description 
of devices and their functioning are precise. The volume forms a good standard text -book and it can be read with profit 
by anyone who is embarking on the subject of semiconductors. The price quoted at the head of this notice is for the hard- 

back issue. A paperback version at lower cost is also available. 
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UNUSUAL 
TRANSFORMER 
EFFECT 

by 

A. L. Chivers 
How to make a step -down transformer step up a voltage! 

THERE ARE QUITE A FEW LITTLE MYSTERIES IN 
electronics and the author discussed one of these 
in this journal some time ago.* At that time, 

an experiment was described which demonstrated that 
the brilliance of an electric light bulb could vary by quite 
a considerable factor despite the fact that a moving -coil 
voltmeter connected across it showed no change in 
indication. 

TRANSFORMER EXPERIMENT 

Here's another experiment which the author recently 
carried out. He connected a 1,75052 40 watt wire -wound 
resistor (actually a valve heater dropper resistor) in 
series with an m.e.s. pilot lamp having a nominal 
rating of 6.5 volts 0.15 amp. Connected across the lamp 
was an a.c. voltmeter with an f.s.d. of 10 volts, and the 
zero and 220 volt taps of the primary of a large mains 
transformer. The set -up is shown in Fig. 1(a). 

Next, the on -off switch was closed, whereupon the 
240 volt a.c. mains was applied to the series combin- 
ation of the bulb, with its parallel voltmeter and mains 
transformer winding, and the resistor. Now, a 1,75052 
resistor passes 137mA when 240 volts is applied across 
it. In Fig. 1 (a) a current of slightly less than 137mA 
will flow, because of the voltage dropped across the 
lamp. In practice, when the on -off switch was clósed 
the lamp became illuminated and the a.c. voltmeter 
indicated 4.7 volts. 

So far, so good. These are reasonable results to 
expect in a circuit of this nature. The lamp and meter 

*A. L. Chivers, 'A.C. /D.C. Mystery Bulb', 'The Radia 
Constructor', August 1971. 
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were next disconnected from the 220 volt tap in the 
mains transformer primary and were then connected to 
the 240 volt tap, as in Fig. 1 (b). When the on -off 
switch was closed the lamp shone at reduced brilliance 
and the a.c. voltmeter indicated 3.9 volts only. 

After this, the bulb and the a.c. voltmeter were 
transferred to the 200 volt tap, as illustrated in Fig. 1 (c). 
This time, when the on -off switch was closed the lamp 
shone much more brightly than on the two previous 
occasions and the a.c. voltmeter indicated 6 volts! 

Pilot lamps are notorious for offering non -linear 
resistance, since the resistance of their filaments increases 
markedly with temperature. To ensure that this non- 
linear resistance was not confusing the issue, it was 
decided to repeat the experiment using a 300 2 watt 
wire -wound resistor in place of the lamp. When the 
resistor was connected up to the 220 volt tap, as in the 
manner shown, with the bulb, in Fig. 1 (a), the a.c. 
voltmeter indicated 3.6 volts. The 3052 resistor and 
meter were next connected to the 240 volt tap, following 
Fig. 1 (b), whereupon the meter reading dropped to 
3.3 volts. Finally, the 3052 resistor and meter were, as 
shown (with the bulb) in Fig. 1 (c), transferred to the 
200 volt tap. The meter indication then rose to 4.3 volts. 

EXPLANATION 

This experiment can easily be repeated by readers, 
provided that the mains transformer employed has a 
primary whose wire is capable of passing 0.15 amp. The 
transformer used by the author had an h.t. secondary 
rated at 250-0 -250 volts at 120mA, plus several 6.3 volt 
heater secondaries, and so the wire in its primary 
winding could well carry 0.15 amp. Due to auto - 
transformer action the wire between the zero and 220 
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On-Off 

240V 
A.:..mains 

1 

240V 

A.C. mains 

Mains 
0-10V transformer 

A.C. primary 

Lamp voltage = 4.7V 

(a) 

Lamp voltage =3-9V 

(b) 

240V 
A.C.mains 

Lamp voltage = 6V 

(c) 

Fig. 1 (a). A practical experiment, in which a 

pilot lamp was connected up in the 
circuit shown hear 

(b). Connecting the lamp to the 240 volt 
tap of the mains trans former primary 
caused the voltage across it to drop 
When the lamp was connected to the 
200 volt tap the voltage across it 

increased 

(c). 

volt taps in Fig. 1 (b), and between the zero and 200 volt 
taps in Fig. I (c), actually has to carry much less than 
0.15 amp, but that's another story. 

The experiment proves conclusively that it is possible 
to have both a step -up autotransformer which provides 
a step -down in voltage and a step -down autotrans- 
former which provides a step -up in voltage! What is the 
cause of this unexpected behaviour? 

The answer lies in the fact that the current available 
to the transformer winding in the experiment is limited 
to what is virtually a constant current by the 1,75052 
series resistor. For small voltage changes at the trans- 
former winding the current remains almost completely 
unaltered. When, in Fig. 1 (b), the bulb was connected 
to the 240 volt tap, the constant current still had to flow 
between the zero and 220 volt taps of the transformer 
primary. There was in consequence a step -down in 
current to the pilot lamp, whereupon less voltage 
appeared across it. In Fig. 1 (c) the bulb was connected 
to the 200 volt tap. The constant current once more 
flowed between the zero and 220 volt taps of the trans- 
former winding, with a current step -up between the 
zero and 200 volt taps. The flow of increased current 
through the bulb resulted in an increased voltage across 
it. There were similar results with the 3052 resistor but, 
since this offers a resistance which does not alter with 
current, the changes in voltage were not so dramatic. 

Remember, a step -up transformer offers both a step - 
up in voltage and a step -down in current. And a step - 
down transformer offers both a step -down in voltage 
and a step -up in current. With the present experiment 
the current, being virtually constant, was the deciding 
factor and the small voltages which appeared at the 
transformer winding were of secondary performance. 

To series heater 
chain 

t 
il 

III 

jÌÌ 
III To C.RT. heater 

I 
,11 

Fig. 2. Circuit of a 'booster' transformer, as used to 
,increase heater voltage in a television picture tube 

This effect can be put to practical use in any a.c. 
circuit having a high value of series resistance, and it 
enables a greater current to flow in a low voltage 
resistive component than is actually passed by the 
series resistance. A typical example is given by the TV 
c.r.t. filament `booster' transformers that are used to 
increase the heater voltage of ailing picture tubes when 
these are connected in a series heater chain. Such . 

transformers are autotransformers and have the 
voltage step -down, current step -up, circuit shown in 
Fig. 2. 

'Jubilee' 8 -Watt Amplifier 
In Fig. 1 of the above article, published in the August 1972 issue, the non -earthy end of R17 should 

connect to the upper terminal of the 6.3 volt 3.5 amp winding of the mains transformer. The correct 
connection is specified in the circuit and constructional descriptions. 
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By 
FRANK A. BALDWIN 

(All Times GMT) 
The reception of a rarely reported 

station on a new channel is always an 
event of some importance to the 
SWL, particularly when the channel 
in question is an 'out of band' 
frequency. Such an event occurred 
during early September when the 
writer was searching the area of the 
dial around the 4600 mark. 

On the 9th of September, at 1930, 
on a measured 4627, a station was 
heard using Spanish announcements 
in addition to those in the Arabic 
language. Musical and song pro- 
grammes of the Arabic type were 
featured. Reception conditions how- 
ever were very poor, signal strength 
was low and utility QRM abounded, 
these precluding any definite and 
positive identification. Similar con- 
ditions prevailed for the next few 
evenings, although it was established 
that three separate trumpet fanfares 
were often used between programme 
items. 

On the 13th September however, 
conditions were good and the clear 
identification "Radio Sahara" was 
taped. Previously, a landline contact 
with Alan B. Thompson of Neath had 
resulted in his equipment being 
brought into use on the channel - the 
result was therefore doubly confirmed 
at one and the same time. 

Radio Sahara previously operated 
on the crowded 7MHz band and was 
only rarely heard here in the U,K. and 
even then only for very brief periods. 
It was known that the station was 
looking for a clear channel but 
nobody in the SWL world thought it 
would suddenly appear on 4627, 
least of all the writer. 

At 2000 there is a newscast in 
vernacular, probably Hassania; into 
Spanish at 2010; identification at 
2015 then Arabic style music. Three 
fanfares are heard prior to the news at 
2000. At 2110 there is a news review 
in Spanish to 2130. Prior to the 2158 
sign -off, there is a four -note interval 
signal, identification in Spanish, 'Muy 
buenos noches' and a short National 
Anthem. The address for reports is - 
Radio Sahara, Apartado 7, El Aaiun, 
Spanish Sahara - although I think 
ycu will be rather lucky if any reply 
is received! The Hassania language, 
according to my information, is a 
mixture of Spanish and Arabic. 

THE CUROM AFFAIR 

Earlier this year (May) reports 
appeared in the SWL press of Radio 
Curom in the Netherlands Antilles 
broadcasting on 20778 and later on 
17513 (on the latter channel from 
1500 to 0400 over a period of some 
days, although the frequency was 
said to vary at times). 

A regular reader of this feature, 
E. Sloan of Belfast, logged the trans- 
mission on 20779 and duly reported 
this fact to R. Curom. In the reply, a 

station official confirmed that the 
reception details were correct but 
then added 'we never broadcast on 
short waves but on 855kHz only.' 
It transpires, from the information 
provided by reader E.S., that Curom 
rent a transmitter from the Govern- 
ment and 20634 is the frequency of 
their direct link to Holland via a three - 
channel telephone transmission. The 
letter added 'The last stage is modu- 
lating the signal on 1000kHz with an 
oscillator on 21634. Due to false 
tuning of the modulation stage we 
got a mixing of 21634 and 855, 
giving 20779 of sufficient strength 
to be heard in Europe'. What about 
the 17513 however? 

UNIDENTIFIED 

Always of interest to many SWL's, 
perhaps some readers may care to 
tune to 4220 around 2030 or so. The 
channel is a difficult one with a 

continuous unmodulated carrier often 
on the air and marring reception. 
Recently at 2040 we heard a pro- 
gramme of music and songs in the 
Russian language. One well -known 
SWL has suggested that this might be 
Peking using the Urumchi transmitter 
for the Russian Service but, according 
to BADX, an unidentified Russian 
station, Peking and Urumchi are 
listed as occupying the channel with 
the latter transmitter signing -on in 
Kazakh at 23,10. Tune your dial and 
take your choice I 

ANGOLA 

Angolan stations are always of 
interest and the low- powered (1kW) 
CR6RB Radio Ecclesia can be heard, 
if conditions are right, on 4985, where 
we recently logged it at 1925 with a 
talk in Portuguese. Based in Luanda, 
the station radiates programmes 
having a mainly religious content. 

SUPER DX 

Reportedly brie of the best Papua/ 
New Guinea outlets for signal 
strength is Radio Milne Bay on 3360 
with a 10kW transmitter (ex- 3235). 
Sign -on with morning service is at 
1945 and the channel is usually a 
clear one, all according to BADX. 
Listen out for VL8AS and that 
super Dx! 

LATIN AMERICA 

Latin American stations are always 
of interest and in any list the Venez- 
uelans usually predominate - ours is 
no exception. 

4765 0020 ZYN37 Feira de San- 
tana, Brazil, with station 
identification and LA 
music. Schedule from 
0730 to 0400, 1kW 
(62.96m). 

4790 0016 YVON Ondas Portenas, 
Puerto La Cruz, Venez- 
uela, programme of 
local music and songs. 
Schedule from 1000 to 
0300, 1 kW (62.63m). 

4825 2250 HIFA Voz de la Fuerzas 
Armadas, Santo Do- 
mingo, Dominican 
Republic, with local 
guitar music and songs. 
Schedule 1200 to 0500, 
3kW (62.17m). 

4870 0010 YVKP Radio Tropical, 
Caracas, Venezuela, 
with a newscast in 
Spanish. Schedule 
1000 to 0400, 5kW 
(61.60m). 

4890 0100 YVKB Radio Dif, 
Caracas, Venezuela, 
identification followed 
by the inevitable LA 
music. Schedule 1000 
to 0400, 5kW (61.35 
m). 

4905 2125 ZYZ20 Radio Relogio, 
Rio, Brazil, talk in 
Portuguese, time 
checks of 3 'pips' every 
minute, short musical 
interludes. Schedule 24 
hours, 5kW (61.16m). 

4940 0010 YVPA Radio Yaracuy, 
San Felipe, Venezuela, 
Organ music and com- 
mercials with echo - 
effect. Schedule 1000 
to 0400, 10kW (60.72 
m). 

4980 0102 YVOC Ecos del Torbes, 
San Cristobal, Venez- 
uela, announcements 
in Spanish after identi- 
fication. Schedule 
not published, 10kW 
(60.24m). 

5010 0030 HIMI Radio Cristal, 
Santo Domingo, Do- 
minican Republic, with 
LA songs rendered by 
young lady with a most 
charming voice. Sched- 
ule 24 hour, 1kW 
(59.88m). 

15155 2242 ZYB9 Radio Dif. de Sao 
Paulo, Brazil, with 
station identification, 
announcements with 
echo -effect followed 
by LA music (without 
echo -effect). Sched- 
ule 1500 to 0300, 
10kW (19.79m). 
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a e News .. . 
NEW RS303 TUNER AMPLIFIER AND RW346PE STEREO 
RECORD PLAYER FROM SIEMENS 

The combination of the new RS303 four band tuner 
amplifier and the RW346PE Stereo record player from Sie- 
mens is launched by Interconti Electronics Ltd., Albany 
House, Petty France, London SW1. Shown here with two 
spherical and two cubic loudspeakers this unit provides the 
discerning hi -fi enthusiast with a truly advanced sound 
system. 

Also available within the Siemens range is a wide selection 
of alternative speakers matched for this system. 

PRECISION FLEXIBLE COAXIAL CABLE 

L 
The Solidev Ltd. P /axial coaxial cable showing the stranded 
centre conductor, the helical grooved dielectric, the electro- 
deposited outer conductor, the jacket and the braided pro- 

tective sleeving. 

Plaxilal coaxial cable is claimed by Solidev Ltd. to be 
the only precision flexible coaxial cable that provides 
100%r.f. shielding with no degradation of attenuation 

of v.s.w.r. even with minimum radius bends of *in. The 
manufacturing method provides the inherent flexibility 
advantages because the dielectric material covering the 
inner conductor is formed with a continuous helical 
groove. The outer conductor is electrodeposited copper 
(0.001in) which follows the contours of the helical 
groove. This is covered by an irradiated polythene 
jacket; with an extra braided protective sleeving over a 
t.f.e. /f.e.p. jacket. The centre conductor is formed in 
stranded copper wire. This method of construction 
enables cable harnesses to be made with constant, 
reproducible, electrical characteristics and permits 
interchanging of harness between systems without mis- 
match. The cable has a mechanical performance 
equivalent to semi -rigid cables but can, in addition, 
withstand many thousand of flexures without breaking. 
The cable can be used with either straight through or 
right angle connectors, without degradation of v.s.w.r. 
because the cable itself is flexed to provide even a }in 
minimum bend radius right angle without using 
separately machined parts. The shielding is effective up 
to 18GHz, and the attenuation is less than 2dB /100ft at 
10MHz and less than 90dB /100ft at 100GHz. The 
temperature limits for the RG371 are -55 C. to +90 C. 
and for the type RG398 they are -65 °C. to +125'C. 
For further information: Solidev Ltd., Tubs Hill House, 
North Entrance, London Road, Sevenoaks, Kent. 

PRACTICAL LOW -COST POCKET MULTIMETER 
A new pocket multimeter, the MX001A, has been intro- 

duced by ITT Metrix and is available in Britain from ITT 
Components Group Europe. Priced at £ 12.75 the MX001A 
is attractively styled with a shock -resistant plastic case. The 
MX001A can measure voltages up to 160 V d.c. and 500 V and 
160 CV on separate sockets with a sensitivity of 20,000 ohm /V ; 

up to 500 V a.c. with 1600 V on a separate socket; and 
currents up to 500 mA d.c. (5A on separate socket) and 1,6 A 
a.c. Resistances up to 5 megohm can also be measured. 
Weighing only 400 g, the MX001A is fully protected against 
overload by both fuse and diodes. It employs a moving coil 
movement with a high flux central magnet with minimal flux 
leakage. Range selection is by a thumbwhéel switch, with the 
range selected being shown at a window below the scale. A full 
range of accessories is available including a filter probe for 
t.v. line voltage measurements, 15 kV a.c. /d.c. probe, 30 kV 
d.c. probe, range multiplier resistor box (3000 to 6000 V a.c./ 
d.c.) and an adaptor for resistance measurements from 20 
kilohm to 50 megohm. In addition a carrying case and rubber 
shock protector are available. For further information 
contact ITT Components Group Europe, Instrument Sales, 
Edinburgh Way, Harlow, Essex. 
NOVEMBER 1972 259 

www.americanradiohistory.com

www.americanradiohistory.com


HIGH- SPEED 
TRAIN COMMUNICA TIONS 

r P .r P.. .'y.-r-*L-6=r-++%-{, 
- 

SENG 
AMPLIEIER j-e¡ 

t4-q T 

AUDIO 
RECEIVE 

FREQUENCY AMPLIFIER 

LOUD- 
SPEAKER 

IIOk 
LOW- 

DEVIATION 
F rr" 

SEND / RECEIVE 

TERMINAL O 

ENTEL 378 PASSENGER ADDRESS 

--{ LOUDSPEAKER 

ßEC IVE _-0 
AMPL VIER 

LIGHTING CONTROL MIRES I, 

ENTEL 390 
DRIVER f GUARD COMMUNICATION 

LOUDSPEAKER 

RECE VE 

AMPLIFIER Cf 

RIM 
LIG HYING 
CONTROL 

RELAYS 

SEND / RECEIVE 

TERMINAL 

COACH LIGHTING 
BATTERY SUPPLY 

o 

The plans of the British Rail Board for high -speed trains travelling at up to 150 m.p.h. have raised the acute necessity 
of improving communications between drivers and guards. There is, additionally, a demand for passengers to be kept 
informed of the progress of the journey, times of meal sittings and the like. 

With this in mind, Nelson Tansley Limited, of 10 Shepherds Bush Road, London, W.6., who have already built up an 
excellent reputation in railway communications, have produced a range of equipment under the generic name "ENTEL" to 
fulfil the new requirements. Driver -guard communication sets and passenger address equipment are two separate systems 
designated UNTEL 390 and ENTEL 378 respectively. The accompanying diagram illustrates both systems, the top section 
being concerned with passenger address equipment, while the lower section shows the ENTEL 390 driver -guard com- 
munication system. 

The main problem that Nelson Tansley engineers had to overcome in the development of the systems was the im- 
possibility of providing a special cable, running the length of the train, on which the signals could be carried. The equipment 
was therefore designed to take advantage of any continuous circuit already in existence. Since the control wires for the 
lighting relays are, in British Rail, the only conductors which are always coupled throughout a passenger train, these were 
employed for the communications systems. In this case, departure from the ideal of a 60052 noise -free line is caused 
chiefly by the connection across the wires of a large number of relay solenoids, the impedance of which is not only 
complex, but variable. 

ENTEL 378 
The passenger address system, ENTEL 378, consists of a "Send" amplifier driving "Receive " amplifiers and loud- 

speakers in each coach. The terminal impedances of the amplifiers are tailored to suit the complex impedance of the line, 
and the audio frequency signal is transmitted at a high level (10 volts at 1 kHz for a rated 10 watts output to the loud- 
speakers) to reduce the effects of superimposed noise. Further noise reduction is obtained by the use of a curtailed 
bandwidth of 300 to 5,000 Hz. The system is operated by the guard, who is provided with a telephone hand -set. Announce- 
ments recorded on tape may also be made. 

ENTEL 390 
Designed solely for two -way voice communication between driver and guard, ENTEL 390 is capacitively coupled to 

the same pair of wires as the passenger address system, but the signal is transmitted on a low- deviation frequency - 
modulated carrier at around 110 kHz. Although well above frequencies used for train -control signals, this frequency is not 
yet so high as to require excessive attention to matching and attenuation problems. A "Send- Receive" terminal is located 
in the driver's cab (or cabs, if more than one locomotive is in use) and in as many guard's compartments of the train as 
required. Each terminal is provided with a hand -set having a "Press-to-Talk" button and a bulkhead- mounted electronics 
panel. The hand -set emits a call tone when a remote call button is pressed, the call being acknowledged by lifting the 
hand -set and pressing the "Talk" button. Simultaneous operation of "Talk" buttons gives duplex operation of the system, 
with a side tone caused by the heterodyne beat between the two carriers, which differs in frequency by a few hundred 
hertz. The tone helps to discourage indiscriminate talking- through which, it is felt, could result in vital information being 
misheard. 

Solid -state electronics are used in alFcontrol and signal circuits of both ENTEL 378 and ENTEL 390, and all equipment 
has been thoroughly tested and approved by the British Rail Board for incorporation in the modern stock now coming 
into operation. 
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fl;: 
wórk 
shop 
WITH THE PROFESSIONAL AIR OF A 

Cordon Bleu master -chef putting 
the final touch to his potage a la 
tortue, Dick carefully inserted two 
tea -bags into the Workshop tea -pot. 
The battered kettle alongside the sink 
had just commenced to sing and Dick 
waited expectantly for it to burst into 
full voice. After a short period, steam 
started to jet from the kettle whistle, 
which spluttered into a series of inter- 
mittent high pitched chirps. These 
soon merged into a continuous note 
until, eventually, the kettle was 
producing its full shrill pipe. Satisfied 
that the water in the kettle had 
reached an acceptable 100 °C, Dick 
picked it up, removed its whistle, and 
poured its contents into the tea -pot. 

He next put milk into his cup and 
into Smithy's disreputable tin mug 
then, after allowing a decent interval 
for the brewing of the tea, filled both 
these vessels with the health -giving 
infusion. Walking over to Smithy's 
bench he placed the Serviceman's mug 
alongside him then retired to his own 
bench with the cup. 

A cold and blustery November wind 
blew flurries of rain against the 
windows. It was, that afternoon, very 
cosy inside the Workshop. 

A TO Z 

Smithy sipped his tea approvingly. 
"These tea -bags," he remarked, 

"aren't too bad after all, are they ?" 
"They're just the job," affirmed 

Dick warmly. "There's no more 
bother with the sink getting blocked up 
now, not since we changed over to 
using them instead of ordinary tea. 
We hardly ever hate to use the 
plunger at all these days." 
NOVEMBER 1972 

A quiet spell in the Workshop enables both Dick 
and Smithy to enjoy an elongated tea- break. It also 
allows them to test each other's knowledge (and 
the reader's) over a wide range of electronic 
topics having initial letters which cover the alpha- 

bet from A to Z. 

"Good, good." 
The atmosphere, was redolent with 

the self -satisfaction of practical men 
who have, at a stroke, eradicated a 
problem of exceptionally long standing. 

Dick drank quickly at his cup. 
"You've no need to hurry," re- 

marked Smithy comfortably. "There's 
hardly any work left to do today, and 
so we can have a good long tea -break." 

"Fair enough," said Dick carelessly. 
"Still we ought to do something with 
the time." 

An idea struck him. 
"I tell you what," he continued 

keenly. "Let's have another go at the 
A to Z game! It must be more than a 
year since we last played it!" 

"D'you mean the game where we 
go through the alphabet alternately ?" 

"That's right. We think of some- 
thing in electronics which starts with 
each letter in order and then ask the 
other one what it is. The idea is to get 
a subject which catches the other one 
out. I'll start off with A." 

"Very well then" replied Smithy 
indulgently. "You ask me something 
which begins with A." 

"Right," said Dick briskly, as he 
creased his brow in concentration. 
"Now here's a good one to begin with. 
What does the word 'aperiodic' mean?" 

"It's a rather loose term," replied 
Smithy promptly, "which is applied to 
untuned amplifiers or to the couplings 
between stages in such amplifiers. An 
ordinary a.f. amplifier does not have 
any resonant circuits which would 
cause it to offer a peak at a particular 
frequency, and so you can refer to it as 
being an aperiodic amplifier or as 
being an amplifier having aperiodic 
couplings between its stages. You 
very often have aperiodic r.f. ampli- 
fiers, too. For instance, the first stage 
in a radio receiver can be untuned, 
whereupon it amplifies all the signals 
picked up by the aerial and passes 
these on to the next stage, which is 
tuned. This first stage is called an 
aperiodic r.f. amplifier." 

"Blow me," remarked Dick, some- 
what crestfallen, "you certainly had 
your answer pat on that one." 

"Not to worry, lad," replied Smithy 
comfortingly. "It's my go now, with 
B. Tell me, Dick, what is a biradial 
tip ?" 

"A biradial tip? Blimey, l've never 
heard of it before. Can you give me a 
clue ?" 

"You encounter it," Smithy prompt- 
ed him, "in record player pick- ups." 

"Do you ?" said Dick slowly. 
"Then I suppose it must have some- 
thing to do with the stylus. Would it 
be the same as an elliptical stylus tip ?" 

"You've got ' it right first go," 
commended Smithy. "A biradial or 
elliptical stylus tip has an outline 
which isn't round but which is in 
the form of an ellipse. The major 
axis of the ellipse, that is to say the 
longer axis, goes across the record 
groove and is sufficiently wide to 
prevent the stylus descending to the 
groove bottom, where ingrained par- 
ticles of dirt are liable to introduce 
noise in the pick -up output. The minor 
axis of the ellipse is in line with the 
record groove and it allows the tip to 
present an arc of a circle of relatively 
small radius to the groove walls, 
whereupon the stylus is more readily 
capable of following high frequency 
modulation in the groove. Typical 
dimensions for a biradial stylus tip are 
0.0007 inch radius for the curvature 
across the record groove and 0.0003 
inch radius for the curvature against 
the groove wall." (Fig. 1). 

"Well," said Dick complacently. 
"I gave you the right answer, didn't 
I ?" 

"You did, indeed," affirmed Smithy. 
"It's your turn now, with C." 

"All right," replied Dick. "What's 
'cryogenics' ?" 

"Cryogenics ?" repeated Smithy. 
"Blimey, where did you dig that one 
out of ?" 

"I read about it in a science journal." 
"It looks," stated Smithy thought- 

fully, "as though I'll have to do a bit 
of guesswork here. Now, the prefix 
'cryo' seems to be applied to things 
concerned with low temperatures, and 

Record groove 

Biradial stylus tip 

Fig. 1. Illustrating, in simpli- 
fied form, the operation of a 
biradial or elliptical pick -up 

stylus tip 
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particularly with temperatures near 
absolute zero. I'll make a guess and 
say that `cryogenics' is a science which 
has to do with materials maintained at 
temperatures near absolute zero." 

"Darn it," said Dick irritably, 
"you're dead right, too." 

"Good show," commented Smithy, 
cheerfully. "Now it's my turn. What's 
a decade ?" 

"That one's easy," replied Dick 
confidently. "In electronics it's the 
spacing between two frequencies which 
have a ratio of 10 to 1. The term is 
used also for the case where resistance 
and capacitance values go up in 
multiples of 10. Right, it's me now. 
What's an Esaki diode ?" 

"It's the same as a tunnel diode. 
What's `fan- out' ?" 

"I think I know that one," replied 
Dick hesitantly. "Do you get it in 
logic circuits ?" 

"You do," confirmed Smithy. 
"Then," replied Dick, emboldened, 

"it's the number of following gate 
inputs that a gate output can drive." 

"That's correct," confirmed Smithy. 
"If a gate is said to have a fan -out of 
10, that Means it can drive up to 10 
subsequent gates but no more." 

GROUND WAVE 

"Fair enough," commented Dick. 
"Well, we're now up to G, and it's 
my turn." 

There was silence for some moments. 
"Come on," grumbled Smithy im- 

patiently. "I can think of lots of 
things beginning with G." 

"That's the trouble," wailed Dick. 
"So can I! But they're all simple 
things like `grid' and `gain' and 
`ground'. Hang on a jiff though, that 
gives me an idea! What's a ground 
wave ?" 

"That is a good one," said Smithy. 
"If you did but know it, ground 
waves represent one of the most 
complicated subjects going in elec- 
tronics, and that's despite the fact that 
they were known about from the early 
days of broadcasting. When a trans- 
mitter sends out a signal, this can pass 
to the receiver over a number of routes. 
The signals in the different routes are 
referred to as tropospheric waves, 
ionospheric waves and ground waves. 
Tropospheric waves appear above 
50MHz or so and are carried around 
the curvature of the earth due to 
refraction in the atmosphere. Ionos- 
pheric waves are those which are 
reflected back to the earth again by 
the ionosphere, and these fall within 
the frequencies from just below 1MHz 
up to around 60MHz or more. The 
ground wave Comes into play at 
frequencies below some 2.5MHz and it 
consists mainly of a wave which 
follows the curvature of the earth, 
thereby allowing the .signal to be 
taken some way beyond the trans- 
mitter aerial horizon. The ground 
wave can be split up into two com- 
ponents, one being the surface wave, 

which tends to hug the earth's curva- 
ture, and the other being the space 
wave. The space wave can, in turn, 
itself be subdivided into the direct 
wave and the reflected wave. The first 
of these is a direct wave from the 
transmitter aerial to the receiver aerial 
and the second is a wave reflected 
from the surface of the earth. Some of 
the complications I mentioned just 
now are caused by the fact that 
surface wave dissemination varies 
according to the nature of the surface 
over which it passes, conditions being 
best over sea water and worst over land 
with low electrical conductivity." 
(Fig. 2). 

Direct wave 

Transmitter Receiver 

Surface wave Reflected wave 

Earth's surface 

Fig. 2. The component parts 
of a ground wave. Only the 
start of the surface wave is 
shown; this extends to the 

receiver and beyond 

"Well, that explains ground waves 
well enough for me," commented Dick. 
"Also, they've got me safely past the 
letter G! It's your turn now, Smithy, 
with H." 

"I've got a good one here," said 
Smithy. "What's Hartley's Law ?" 

"Is it anything to do with 
oscillators ?" 

"Nothing whatever." 
"Or jamming ?" 
Smithy threw an irritated glance 

at his assistant. 
"Hartley's Law," he pronounced 

firmly, "is a fundamental law of 
communications and it states that the 
product of the time and bandwidth 
necessary for the transmission of a 
given amount of information is a 
constant. This assumes that the 
information is sent in a form which 
utilises bandwidth in the most 
economical manner possible." 

"That sounds interesting," said 
Dick. "What it means, then, is that 
bandwidth goes up as the quantity of 
information rises. There's far more 
information in a television signal than 
there is in an a.m. sound signal, 
which explains why a televison channel 
is about 8MHz wide whilst an a.m. 
sound broadcasting channel need only 
be, say, 8kHz wide." 

"Exactly," confirmed Smithy. "It's 
almost always desirable to keep band- 
width down and in radio transmission 
this can be done by making economical 
use of the sidebands involved. A 
simple illustration of bandwidth reduce 
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tion is given by the use in TV trans- 
missions of a system in which nearly 
all of one sideband is suppressed." 

"It's nice," commented Dick, "to 
hear of one law that's being obeyed. 
What's the next letter ?" 

"It's I," stated Smithy, "and it's 
you to go." 

"That sounds a bit Irish to me," 
grinned Dick, "but I get your meaning. 
Okay then, what's an igfet ?" 

"It's an insulated gate field effect 
transistor," said Smithy. "The gate is 
insulated from the channel between 
the source and the drain by a very thin 
layer of silicon oxide and it has an 
extremely high input resistance. Right 
now! J is next, so let's see what I can 
dream up for you." 

Smithy took a large draught of tea 
from his mug and thought for a 
moment. 

"Ah, yes," he remarked. "I'll 
return the compliment to you and ask 
you what a jugfet is." 

"That's easy," replied Dick. "That's 
a junction gate f.e.t. It's the more 
common type which doesn't have an 
insulated gate." 

Smithy's assistant pondered for a 
moment. 

"And now let me ask you one 
beginning with K. What's `keystone 
distortion' ?" 

"It's distortion of the picture shape 
on a TV tube screen," said Smithy. 
"And it describes the case where the 
top is wider than the bottom, as occurs 
in the keystone of an arch. It's a form 
of trapezium distortion and the latter 
term applies to any case where two 
sides of the picture are parallel and 
two are not. Picture distortion of this 
nature is normally caused by short- 
comings in deflector coil performance." 
(Figs. 3(a) and (b).) 

LOAD LINE 

Smithy took a further large draught 
from his mug. 

"The letter L is next," he remarked. 
"So you tell me what you know about 
load lines." 

Dick's face fell. 
"I thought things were getting a bit 

too easy," he sighed. "All I know 
about load lines is that you use them 
in some mysterious way with the 
characteristic curves for valves or 
transistors. But as to how exactly 
they are used, I just haven't got a 
clue." 

"It's quite easy to employ load 
lines," replied Smithy. "I think you'd 
better come over here and I'll give you 
an example of how you draw up a load 
line for a resistive load." 

As Dick walked over to Smithy's 
bench, that worthy proceeded to take 
a book of valve data from a drawer. 

"I'll show you how to draw a load line 
on top of a family of valve characteris- 
tic curves," resumed the Serviceman. 
"I'm using valve characteristics because 
the technique can be demonstrated a 
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(a) 

(b) 

Fig. 3(a). Keystone picture 
shape distortion 

(b) Trapezium distortion ap- 
plies to any case where two 
sides of the television picture 

are not parallel 

little more easily with these than with 
transistor curves." 

Smithy opened the valve book and 
selected a page which illustrated the 
Ia /Va curves for one section of the 
double- triode type 12AX7. (Fig. 4(a).) 

"As you can see," he went on, `I've 
chosen a 12AX7 triode for this little 
exercise, but any other amplifier valve 
would have done just as well. The 
characteristic curves we work with are 
those for anode current against anode 
voltage. As you can see, each of the 
curves corresponds to a particular grid 
voltage, this being with respect to the 
cathode of the triode." 

Smithy indicated the individual 
curves to his assistant. 

"This is all okay up to now," put in 
Dick. "Keep on, Smithy!" 

"Right -ho," said Smithy. "Now, the 
function of the load line we are going 
to add is to define the performance of 
the valve when it has a particular value 
of anode load resistor and there is a 
particular value of h.t. voltage. Let's 
say that we're going to use an anode 
load resistor of 100kí2 and that the h.t. 
supply voltage is 250. After we have 
drawn the load line, this will indicate 
the anode voltage at any anode 
current under these conditions. There 
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la 
(mA) 

Va 

(o) 

(b) 

Fig. 4(a). Anode current -anode voltage curves for one section of a 
valve type 12AX7 

(b). Adding a load line corresponding to an anode load 
resistor of 100kû and an h.t. voltage of 250 volts 

are two points for the load line which 
we can mark in straight away, these 
corresponding to zero anode current 
and to zero anode voltage." 

"You can't," interrupted Dick, 
"have zero anode voltage in a triode. 
There's bound to be some voltage 
between the anode and the cathode." 

"I know there is," retorted Smithy, a 
little testily. "1f you'd let me continue 
my explanation I would have been able 
to say that the zero anode voltage 

point was a theoretical one. Now, let's 
get on. When the anode current is zero 
the anode voltage becomes 250, 
because no voltage is dropped across 
the 100k0 resistor. We can mark in the 
corresponding point on the curves 
graph as point A. If the anode voltage 
is zero then the full 250 volts is dropped 
across the 100kû resistor, resulting in 
an anode current of 2.5mA. This gives 
us point B. All that we now have to 
do is to draw a straight line between 

the two points. That straight line is 
the load line for 100kû anode load 
and 250 volts h.t., and it defines the 
anode voltage for any anode current. 
Working from the line you can see, for 
example, that 1 mA of anode current 
corresponds to an anode voltage of 
150. This ties in with fact, because an 
anode current of ImA would cause 
100 volts to be dropped in the load 
resistor." 

Smithy showed Dick the graph, 
complete with its load line. (Fig. 4(b).) 
Dick looked at it blankly. 

"So where do we go from here ?" 
"Dash it all, boy, can't you see ?" 

said Smithy irritably. "With 250 volts 
h.t. and an anode load of 100k11, the 
anode voltage must always fall on the 
load line at the point which corres- 
ponds to the anode current it passes. 
What we . are now also capable of 
finding is the anode voltage at different 
grid voltages. These are the points 
where the grid voltage curves cut the 
load line. For instance, the 1 volt 
negative grid voltage curve cuts the 
load line at point C, and those for 0.5 
volt and 1.5 volts negative at D and 
E." 

Smithy inserted the letters. 
"Point C," he went on, "corresponds 

to 140 volts on the anode, point D to 
115 volts on the anode, and point E to 
165 volts on the anode. This means that 
if we bias the valve at 1 volt negative 
and then apply a signal with a value of 
0.5 volt peak, or 1 volt peak -to-peak, 
the anode voltage will swing down to 
115 volts on one set of half- cycles and 
swing up to 165 volts on the other set of 
half -cycles. Thus, we find that the 
output signal has a peak -to -peak 
value of 50 volts, which means that the 
valve offers a voltage gain, under the 
conditions which the load line rep- 
resents, of 50 times. Also since, in this 
instance, the swings of anode voltage 
on either side of the central figure are 
equal, we can assume that any distor- 
tion introduced in the process of 
amplification should be quite low." 

"Stag me," exclaimed Dick. "I can 
see what you're getting at now! With 
this load line idea you can. find the 
performance of the valve for any value 
of anode load resistor and for any 
h.t. voltage." 

"Exactly," agreed Smithy. "To 
draw the load line you first of all mark 
off the h.t. voltage at the zero current 
point. You then mark off the anode 
current point at the current which 
would flow if the full h.t. voltage were 
applied across the anode load resistor. 
Join the two points with a straight line 
and you've got the load line. This will 
tell you the anode voltage at any of the 
grid voltages for which curves have 
been drawn in. You can do just the 
same thing with a family of transistor 
collector current and collector voltage 
curves representing operation in com- 
mon emitter. With transistors, Vcc. 
takes the place of the h.t. voltage. 
Anyway, that's enough of load lines, 
so let's get on to the letter M. And it's 
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Inputs 

Inputs 

OR 

(a) 

NOR 

(c) 

Output 

Output 

Inputs 

Inputs 

AND 

(b) 

NAND 

(d) 

Output 

Output 

Fig. 5. Circuit symbol for (a) an OR gate, (b) an AND gate, (c) a NOR 
gate and (d) a NAND gate. Three inputs are shown, but the gates may 

alternatively have two inputs or more than three inputs 

your turn." 
Dick turned his thoughts away from 

load lines and concentrated. 
"All right," he said, "what's a 

myriawatt ?" 
Myria, myria," repeated Smithy 

reflectively. "Let's just think a moment. 
Oh yes, I remember now! ` Myria' is 
the metric prefix for 10,000. A myria- 
watt is 10,000 watts. Okay?" 

"Yep," said Dick. "I thought for a 
moment then that you were going to 
break into a `myna, myria, on the wall' 
routine!" 

"I'll do a metric one on you now," 
said Smithy, ignoring Dick's com- 
ments. "What's a nanosecond ?" 

"That's another easy one," replied 
Dick. "I always remember `nano' by 
saying it comes between `micro' and 
`pico'. A nanosecond is one- thousand- 
millionth of a second, or a thousandth 
of a microsecond." 

"Good," said Smithy. "What's the 
next letter?" 

"O, replied Dick, "and it's me to 
go. I'll give you an easy one, too. 
What's an OR gate ?" 

"It's a gate which gives an output 1 

when one or more of its inputs is 1," 
replied Smithy. "The common circuit 
symbol for it is a sort of elongated 
semicircle with a curved edge where the 
inputs go, as opposed to the straight 
edge at the input side that you have 
with an AND gate symbol. If a small 
circle is added at the output end, this 
represents an inverter and the gate 
becomes a NOR gate. Here, the output 
is O when'one or more of the inputs is 
1." (Figs. 5(a), (b) and (c).) 

"A little circle at the output end of 
an AND gate makes that a NAND 
gate, too, doesn't it ?" (Fig. 5(d).) 

"It does," confirmed Smithy. "As I 
understand it, the official symbol now - 
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adays for all gates is simply a rectangle 
with the gate function written inside, but 
the symbols I've just described are those 
that are commonly used throughout 
industry. It's me next with P. What do I 
mean by `pre -emphasis' ?" 

" Pre -emphasis' ?" repeated Dick 
frowning. "Blimey, I should know 
that." 

He scratched his head helplessly. 
"No," he said eventually, "I give 

up. What is `pre -emphasis'?' 
"It's the process of increasing the 

amplitude of a band of frequencies in a 
signal relative to the other frequen- 
cies," explained Smithy. "We get it for 
instance in the transmission of f.m. 
sound, in which the higher audio 
frequencies are pre -emphasised at the 
transmitter and are then de- empha- 
sised at the receiver. This results in a 
higher signal -to -noise ratio. With 
British f.m. transmissions the pre - 
emphasis is 50 microseconds." 

"How d'you mean, 50 micro- 
seconds?" 

"The pre -emphasis," explained 
Smithy, "can be carried out by a 
simple filter incorporating inductance 
and resistance in series and the de- 
emphasis by another signal filter 
incorporating resistance followed by 
shunt capacitance. The 50 micro- 
second figure then applies to their time 
constant. Provided the time constant 
is correct, the right amount of pre - 
emphasis or de- emphasis will always 
be given by either filter. With the 
inductive pre-emphasis circuit the time 
constant is L in henrys divided by R in 
ohms, and suitable values would be 1 

henry and 20kû. The time constant 
for the capacitive filter is the familiar 
C times R, and typical values for a 
50 , microsecond de- emphasis filter 
would be 100kû and 500pF." (Figs. 

6(a) and (b).) 

QUASAR 

"Well now, that's something I've 
definitely learned today," stated Dick 
cheerfully. "I've got a smasher for the 
next letter, which is Q. What's a 
quasar ?" 

"A what ?" 
"A quasar." 
"Spell it." 
"Q- U- A- S -A -R." 
Smithy looked at his assistant 

suspiciously. 
"You wouldn't be trying to take the 

Michael, would you ?" 
"Of course not." 
"I don't believe there is such a 

word," stated Smith with conviction. 
"You've just made it up." 

"No, I haven't" 
"Oh all right," said Smithy bad 

temperedly. "You tell me what it is 
then." 

`It's a source of radio signals from 
outer space," explained Dick. "Quasars 
can be located by radio'astronomy and 
have rather the same behaviour, from 
the radio signal point of view, as have 
stars." 

"Humph," grunted Smithy grudg- 
ingly. "All I can say is that I didn't 
know that before. Very well then, I'll 
try an awkward one out on you for R. 
What's `radiation resistance' ?" 

"Of an aerial ?" 

From 

discriminator 

(a) 

To A F 

stages 

.i- 

( b) 

Fig. 6(a). A pre- emphasis 
filter. The input source should 
have an internal resistance 
much higher than the value 

of R 
(b). A de- emphasis filter, 
as incorporated in an f.m. 
receiver. The filter can per- 
form the secondary function 

of i.f. filtering 
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"Yes," said Smithy shortly, "of an 
aerial." 

"It's the effective resistance presented 
by an aerial when it's used for trans- 
mitting," replied Dick confidently. 
"Since the aerial is dissipating energy 
in the form of radio signals it can be 
looked upon, so far as the power going 
into it is concerned, as a resistance, 
and this is the radiation resistance. 
As power is equal to I2R, the radiation 
resistance of the aerial is equal to the 
power going into it divided by the 
square of the aerial current." 

Dick smiled sweetly at the obviously 
nonplussed Serviceman. He forebore 
to mention that he had just happened 
to be reading about radiation resistance 
in a radio magazine during lunch -time. 

"Shall I give you one for S ?" 
Ungraciously, Smithy grunted an 

assent. 
"What," asked Dick, "is a see -saw 

circuit ?" 
A gleam of satisfaction came into 

Smithy's eyes. 
"Ah now," he remarked, obviously 

pleased, "this is a question that's a bit 

more down to earth. The see -saw 
circuit first came into being in the 
earlier days of hi -fi valve amplifiers, 
in which it was used as a phase - 
splitter. It employed a double- triode 
in an arrangement where there were 
two equal value resistors between the 
anodes, with their junction coupled 
to the grid of the second triode." 
(Fig. 7(a).) 

Smithy sipped for a moment at his 
mug. 

"But it is easier nowadays to 
demonstrate see -saw operation with the 
aid of an operational amplifier," he 
went on. "If an input from a source 
which is assumed to have no internal 
resistance is fed via a resistor to the 
inverting input of an op -amp and a 
resistor of the same value is connected 
between the output and the inverting 
input, you get a set -up where the out- 
put is equal in amplitude but of 
opposite phase to the input." (Fig. 
7(b).) 

"I see," said Dick. "As the input 
goes one way the output goes the 
other way. Is that why it's called a 
see -saw circuit ?" 

Input 

47kn 

IMn IMn 

47 kn 

Outputs 
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Fig. 7 (a). The original see- 
saw valve phase splitter, 
with suitable component 
values in the anode and 

second grid circuits 
(b). A see -saw circuit em- 
ploying an operational ampli- 
fier. When R1 is equal to R2 
the output amplitude equals 
the input amplitude. See -saw 
operation is still given if the 

resistors are unequal 

(a) 

R1=R2 

(b) 

"That's right," replied Smithy. 
"Another point is that, because of the 
very high gain of an op -amp the 
voltage at its inverting input terminal 
hardly varies at all, which' is why the 
terminal can be looked upon as being 
a virtual earth. You still get the see- 
saw effect if the two resistors have 
different values but the output ampli- 
tude isn't then equal to the input 
amplitude. Which brings me up to T." 

"Letter T or liquid tea ?" 
"Both," replied Smithy, draining 

his mug and handing it over to his 
assistant. "It's a good thing you 
reminded me!" 

Smithy waited ' as Dick busied 
himself at the Workshop sink with the 
task of replenishing his mug. 

"I'll give you á nice simple one now," 
he remarked as Dick returned. "What's 
a thermistor ?" 

"I {'s a device," said Dick without 
hesitation, "whose resistance goes 
down as its temperature goes up. 
What's `unilateralisation' ?" 

"Dear me," chuckled Smithy. 
"You're going back a bit here. 
`Unilateralisation' is the rather posh 
name given to the neutralising arrange- 
ments which were employed in the 
earlier medium and long wave tran- 
sistor radios, particularly when these 
had 0C45's and similar transistors 
in the i.f. stages. The output of each i.f. 
amplifier transistor was coupled back 
to the input via a capacitor on its own 
or via a capacitor in series with a 
resistor." (Fig. 8.) 

Smithy drank from his recharged 
mug. 

"Well now," he said musingly, 
"what shall I do about V? Ah, I 
know. Tell me what `vertical blanking' 
is." 

"That's the process," said Dick, 
"of cutting off the cathode ray tube 
beam in a TV receiver during vertical 
retrace at the end of each field. If you 
didn't do this the spot would trace 
out a pattern on the screen as it 
returned to the top to start another 
field." 

"True," assented Smithy. "The 
blanking level is also, incidentally, 
automatically provided by the trans- 
mitted signal." 

"Blow me," remarked Dick. "It's W 
next and we've nearly come to the end 
of the alphabet already. Anyway, 
what's a wave trap ?" 

"It's a tuned circuit," replied 
Smithy, "whose function is to reject an 
unwanted signal. You most often find 
it in the form of a parallel tuned 
circuit inserted in series with the 
aerial connection to a receiver. Since a 
parallel tuned circuit offers a maximum 
impedance at its resonant frequency, 
the wave trap is set up to be resonant 
at the frequency of the unwanted 
signal." (Fig. 9). 

X -RAYS 

Smithy frowned. 
"There's only X, Y and Z left now," 
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Unilateralisation components 
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Fig. & An example of unilateralisation in a receiver i.f. amplifier, with 
typical component values. In some cases the resistor may be omitted 

he commented, "and these are always 
difficult letters to deal with. I think 
I'd better ask you about X- rays." 

"Well," said Dick, "X -rays are the 
invisible rays which pass through you 
and enable your innards to be photo- 
graphed." 

"An excellent and highly scientific 
description," stated Smithy. "It's 
worth adding, perhaps, that X -rays 
are in the electromagnetic family and 
that they cover higher frequencies 
than those of visible light, these 
frequencies starting at around the 
point where the ultra -violet band 
ceases." 

"There's Y next," commented Dick. 
"I've got a good one here. What's a 
"Y -cut crystal' ?" 

"It's a quartz crystal segment," 
replied Smithy, "which has been cut 
along a particular axis of the parent 
crystal. You don't normally encounter 

Wave 

Aerial 
input 

Receiver 

Fig. 9. A wave trap inserted 
in the aerial feed to a receiver 
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Y -cut crystals, the more common types 
being AT and BT cuts. These letters 
indicate planes inside the parent 
crystal before it's cut, and each of the 
cuts are at different angles inside the 
crystal. Blimey, I'm stuck with Z now! 
Ah, I know. Tell me what `zero -beat' 
is." 

"That's a good one to finish off 
with," said Dick. "If you tune an a.m. 
superhet with a b.f.o., or a t.r.f. 
receiver whose reaction is advanced 
beyond oscillation point, through a 

signal, you get the well -known hetero- 
dyne whistle with the carrier of the 
signal. You can tune the receiver so 
that the frequency of the heterodyne 
beat note becomes so low that it is 
inaudible. If you keep tuning, the 
beat note becomes audible again at a 
very low frequency, which then rises. 
The tuning point at the middle of the 
two points where the signal becomes 
inaudible is known as zero -beat." 

"Very good," remarked Smithy, 
pleased. "The term also applies to any 
other case where two separate signals 
which heterodyne together have vir- 
tually equal frequencies. Well, we 
seem to have successfully made our 
way once more through the alphabet." 

"What's more," chimed in Dick, 
"we've managed to find a subject for 
each letter, too. And that just can't 
be bad." 

Whereupon, after having passed the 
letter Z, we must now take our leave of 
the pair, ensconced as they are in the 
warm comfortable Workshop with an 
unusually small amount of work in 
front of them and the consequent 
ability to take things nice and easy. 
Circumstances such as these can 
hardly be bad, either. 
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Radi 
Topics 
By Recorder 

ALTHOUGH NOISE IS LOOKED UPON 
as one of the factors which 
pollute our environment there 

are times when, properly controlled, it 
has a level of usefulness. This is par- 
ticularly true of white noise. White 
noise consists of random noise con- 
taining a wide band of frequencies 
without any peaks in the frequency 
response, and it is analogous to white 
light, which includes all the frequencies 
o the visual spectrum. It is common 
to refer to white noise as covering the 
audio frequencies only but the term 
nowadays seems to be applied to noise 
bands at radio frequencies as well. 

White noise is of particular value 
in the testing and evaluation of high 
fidelity equipment since it enables any 
abnormalities in the frequency re- 
sponse of such equipment to be re- 
vealed under operating conditions. If 
white noise with a flat frequency 
response is fed into the input of the 
equipment then white noise with a 
similarly flat response should appear 
at the output. If it doesn't then there's 
something wrong with the equipment. 

In the higher frequency ranges there 
are many applications for flat white 
noise in radar and communications 
systems. Here, it may be used for 
signal path verification and as a 
carrier for secure line operation. 

NOISE GENERATORS 

A company which specialises in the 
production of noise generators is 
Solidev Ltd., Tubs Hill House, North 
Entrance, London Road, Sevenoaks, 
Kent, who now announce the Solidev 
SD series of noise diode sources. These 
are available with or without their 
energising circuits in an eight fre- 
quency band range of between 5Hz 
to 20kHz and 1MHz to 500MHz. 
When the energising circuit is included, 
the diode, the current limiting resistor 
and the d.c. blocking capacitor in the 
output are encapsulated in one pack- 
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age designed for printed circuit mount- 
ing. All these units can be selected for 
response flatness, and they operate 
into a load impedance of 5052. 

Other devices produced by Solidev 
Ltd. include noise reference test sets; 
units with extremely high levels of flat 
noise for use in band rejection noise 
calibration systems; panel mounted 
noise sources for incorporation into 
test equipment; and a range of custom 
built modules for a variety of electrical 
and physical conditions to MIL 
specifications. 

Professional readers will be interested 
to learn about the wide range of noise 
generating equipment that is currently 
being manufactured. And the non- 
professional amateur may be impressed, 
also, to learn that a humble quantity 
such as noise can attract to itself such 
a diverse field in design and develop- 
ment. 

TELEPHONE AMPLIFIER 

All sorts of odd jobs tend to come 
my way these days, and a recent one 
consisted of the repair of a home built 
telephone amplifier which had de- 
veloped a nasty attack of distortion. 
It was simply a sensitive transistor a.f. 
amplifier complete with speaker, to 
the input of which was coupled a 
telephone pick -up coil. A telephone 
pick -up coil consists, as you will 
almost certainly already know, of a 
coil mounted in a small plastic mould- 
ing having a rubber sucker at one end. 
You simply affix this by means of the 
sucker to the base of the telephone 
instrument, choosing a position which 
offers optimum coupling to the internal 
transformer inside. Thus, there are no 
direct connections to Post Office lines 
and the operation of the telephone is 
unimpaired. ' These pick -up coils can 
be obtained, incidentally, from Henry's 
Radio, Ltd. The type sold by Henry's 
Radio has an impedance of about 2k52, 
is referred to as a 'telephone recording 
adaptor', and appears in the Henry's 
Radio catalogue in the section devoted 
to microphones. 

My problem, whilst fixing the 
amplifier, was to find a source of 
signal which could be fed into the 
amplifier, via the telephone pick -up 
coil, for a length of about fifteen 
minutes or so whilst I chased the cause 
of the distortion. 

The obvious approach here is to 
dial the time number and use the con- 
tinual time announcements as a source 
of signal. However, I rejected this idea 
for two reasons. First, it seemed to me 
to be morally wrong to tie up a line 
to a public service number for as 
long a period of time as I would 
require. Second, I haven't got a tele- 
phone in my workroom. 

The solution proved to be remark- 
ably simple. The transistor radio I use 
in my workroom for news bulletins 
and the like has its output stage fed 
by a driver transformer. All I had to 
do was to tune in a station, set the 

volume of the radio to a low level and 
place the pick -up coil on top of that 
driver transformer. The coil picked up 
the field from the transformer at just 
the same level as it would have done 
from a telephone, and it enabled me 
to trace the fault in the amplifier with- 
out any difficulty. The fault, by the 
way, was simply a cold joint at one of 
the transistor bias resistors, and it 
required nothing more technical than 
a gentle prod with a screwdriver to 
reveal itself. 

BEFORE THE WAR THOSE OF US IN THE 
radio game used to complain 
bitterly about what we considered 

to be the unnecessary multiplicity of 
valve types. There were certainly plenty 
of valves around in those days, and 
one of the complicating factors was the 
large quantity of different valve bases 
which were employed. These included 
the British 4 -pin, the British 5 -pin, the 
British 7 -pin, the Mazda Octal, the 
International Octal and the Philips 
side -contact bases. From the States 
there were also the UX4, UX5, UX6 
and 7 bases. Later to descend on us 
were ttl e B7G, B8A and B9A bases. 

Eve with this multiplicity of valve 
types, we would have held up our 
hands in horror could we have fore- 
seen the myriad hordes of transistor 
types beneath which we are now being 
swamped. The home -constructor may 
imagine, from the lists of transistors 
published by component retailers, that 
the situation is not all that bad. But 
there are many more transistor types 
than those which find their way into 
the amateur market. If, for instance, 
the constructor ventures into the servic- 
ing field he will soon encounter receiv- 
ers having transistors whose type 
numbers seem to have no relationship 
whatsoever with the more familiar 
ones we play around with at home. 
There is, one begins to suspect, just one 
copy of the specifications for each of 
these outlandish transistors, and this is 
locked firmly away in the safe of the 
receiver manufacturing company which 
employs them in its wares. 

INTEGRATED CIRCUITS 

It is with something of a suprise, 
then, that I find that a degree of ration- 
alisation has become evident in the 
world of integrated circuits. So far as 
operational amplifiers are concerned, 
the 709 and 741 appear to have carved 
out their own highly stable niche. And 
in logic i.c.'s the well -known 74 series 
of TTL packages seems to be meeting 
most of the general requirements that 
are apparent in this field. There are, 
admittedly, sub -divisions within the 
type numbers, these defining whether 
the devices in question are, say, dual - 
in -line or in flat package, and also their 
temperature limits. But these sub- 
divisions should not at any event 
trouble the home -constructor to any 
great extent, apart from the fact that 
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he will probably find that the dual -in- 
line versions are the most easy to work 
with. 

There are, of course, still a great 
many i.c. types other than the ones 
I've just mentioned. But the latter 
presumably represent the ultimate in 
performance for their particular appli- 
cations and, since they are more than 
good enough for common - or- garden 
op -amp and logic functions, have 
become standardised types. And a jolly 
good thing, too. 

An unusual development is that 
components other than semiconductor 
devices are now being designed to fit 
into the integrated circuit format! 
The two d.i.l. packages you see in the 
accompanying photograph are not 
semiconductor integrated circuits at 
all; they are, instead, resistor networks. 

These new units are made by ITT 
Components Group Europe and are 
part of a range of standard resistor 
networks in 14 pin dual -in -line pack- 
ages which are known as 'Key' resistor 
modules. 

These networks offer groups of 
resistors connected in various patterns 
to meet circuit functions that repeat 
themselves many times in equipment 
assemblies. As such, they are capable 
of reducing costs by simplifying com- 
ponent ordering, inspection and stor- 
age and of easing assembly and 
inspection during equipment produc- 
tion. 

Resistor networks are now 
being produced, by ITT Com- 
ponents Group Europe, in the 
dd.!. package formerly as- 
signed to integrated circuits. 
A range of modules with 
different internal circuits and 
varying resistance values is 

available 

The networks include the following 
packages. 

A module with seven different 
resistors, all of equal value, suitable 
for l.e.d. (light- emitting diode) current 
limiting. 

A module with thirteen resistors, all 
of equal value in any one unit, and all 
commoned at one end to pin 14. 

A module with twelve resistors, all of 
equal value in any one unit and corn - 
moned at one ënd to pin 14, plus a 
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capacitor for decoupling connected 
between pins 7 and 14. 

A module having two groups each of 
six resistors. Within each group 
the resistors are commoned at one end 
and brought out to pin 14 for one 
group and to pin 7 for the other group. 
These networks are available with 
resistors all of equal value in any one 
unit, or a single fixed ratio between 
the two groups of resistors in any one 
unit. 

(Further information on these pack- 
ages can, incidentally, be obtained 
from ITT Components Group Europe, 
Film Circuit Operation, Brixham Road, 
Paignton, Devon.) 

The idea of multiple resistor packs is 
not new, of course, and these have been 
used quite a lot in the past. But it is 
interesting, to say the least, to see them 
now turning up in the d.i.l. style Which 
has been brought about by the advent 
of the integrated circuit. 

CONTRA ENTRY 

A disturbing feature of the computer 
is that, so far as time is concerned, it is 
strictly a one -way device. No allega- 
tion written out by a computer can be 
expunged. The only rectification possi- 
ble is the issuing of a balancing 
counter -allegation later. 

This was brought home to me when 
I was checking a recent bank state- 
ment, which had been made up by the 
bank's central computer. There, in the 
'Receipts' column, was an entry for £11 
marked against 'Sundry Credit', but 
there was no corresponding record of 
this in my paying -in book. It looked as 
though I had become £11 richer 
through divine intervention via the 
bank central computer and that I'd 
be able to pay off the rent after all. 
But such was not to be the case. An 
entry 24 days later described as 'Contra 
Entry' put that £11 firmly in the 'Pay- 
ments' column and I was back to 
square one once again. 

Presumably it was a human agency 
that credited me with the money in the 
first place, and a second human agency 
that had initiated the 'Contra Entry' 
bit to correct the error after it had 
been found that the bank's central 
resources were light of £11. Or, spine - 
chilling thought, had the computer 
itself detected the error and then taken 
it upon itself to put it right before 
anyone found out? Perhaps, even 
more frightening, that computer is 
trying out its skill at embezzlement on 
a small scale. When it becomes 
sufficiently proficient, it will then salt 
away small sums from individual 
accounts into a private numbered 
account in Switzerland, this being 
done with the aid of an accomplice 
computer situated in that country. 

Perhaps the most annoying thing 
about this story is that I didn't know 
I was the possessor of an illicit £11 
until after the money had been debited 
back again. 

o 

Vary the strength 
of your lighting with a 

ITCH 

The DIMMASWITCH is an attractive and effic- 
ient dimmer unit which fits in placeof 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 exceptffuorescents at mains voltages 
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built -in radio interference suppression: 
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ELECTRONICS 

TEST EQUIPMENT: 
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COMMUNICATIONS 
ACCESSORIES: 

FET Converter FC2 /FC4 £18.20 
FET Converter FS2 /FS4 £18.00 
FM Detector FMD -1 kit £8.70 

tested £8.20 
Tone Burst Generator TBG -1 

kit £4.70 
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Full details of equipments on 
request. We also stock a wide 
range of Semiconductors, Integrated 
Circuits, Coil Assemblies, Capaci- 
tors, Resistors, Nuts and Bolts, 
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Catalogues or CWO to: 
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B. H. COMPONENT FACTORS LTD. BARGAIN PRICES 
MONEY BACK GUARANTEE 

SPECIAL RESISTOR KITS 
iac 5% 2 

value 

film 

10E12 KIT - 10 Of each E11 valor 10 ohms - 1M. 62.80 
A TOTAL OF 610 RESISTORS n5t 

26E12 KIT - 
TOTAL 

ch Et 2value ohma-1M. Enet. 
A TOTA OF 1525 RESISTORS net. 

CERAMIC PLATE CAPACITORS 
(OF) .10.24. 220. 240 

22DF, t00PF. SOV, Zip. 1µF /V) 0.001/60. 2p 
0.0047/30, 2p. 0.01/50. 2p. 0.011350, 2p 
0.022/50. 24p. 0.047/30, 3p. 0.1/30. 40 
0.1/100.60 

RESISTORS 4W 5% CARBON FILM 1p each 

10 ohms - 1M 100 for 65p 

POLYESTER CAPACITORS C280 SERIES 250V. 
0.01µF. 0.015µF. 0.022µF, 0.033µF, 3p. 0.068µF, 0.1 VF, 

0. 15µF, 40. 032µF, 6p. 0.33µF, 7p. 0.67µF. B0. 0.680, 
10p. 1 ,F,130. 1.50.20p. 2.2µF.230. 
POLYESTER CAPACITORS C296 SERIES (TUBULAR) 
160V. 0. 01RF, 0. 015VF ,0.022µF,2p.0.0474F,0.068VF,3D. 
0.15µF, 0.22µF. 4p. 0.330, 6p. 0.47 µF, 6p. 0.88µF, 1µF. 
100. 
SOOV. 0. 001µF.0. 0012µF, 0.0015µF. 0.0018µF, 0.0022µF, 
0.0033µF, 0.01 µF. O0. 0.015µF, 0.033µF, 3p. 0.068nF 4p. 

IN 4001 Sp 2N706 1Op AC127 15p 
1N 4002 7p 2N708 13p AC128 20p 
1N 4003 Op 2N1303 17p BC108 11p 
1 N 4004 tp 2N3055 SOp BFY51 200 
1N914 SD IN3866 Bop 0071 12p 
7401N 16p 7440N 260 0075 lap 
74Ú1N 160 7470N 30p 0083 ttp 
]{10N 160 7493N 1200 
7430N 16p 7493N Bop uL914 30p 

ROTARY SWITCHES 24p 
1P 4W. 4P 2P 2W. 2P 4W, 2P 6W, 3P 3W. 
3P 4W. 4P 2W. 4P 3W. 

VEROBOARO 
0.1' MATRIX 2.6" x 5' 25p 

2.6" e 3.75' 23p 
3.76" e 5" 2tp 
3.75" e 3.75' 250 
2.5" e 1' 2 for 120 

0.15' MATRIX 2.5" e 5 26p 
2.5' x 35 .. 170 
3.75' a 3. 300 
3.76'x3.76" 26 D 

2.5' x 1' 21or 12p 
0.15' MATRIX 2.5' x S' 110 

PLAIN 1.5' x 375' 11 
5" x 3.7fí' 200 

PINS (STATE SIZE) 10 - 40. 26 - Sp, 
100 -30P. 
INSERTION TOOLS (STATE SIZE) 610 
TRACK CUTTER 40p 

BARGAIN PACKS 
PVC WIRE 7/0076, 5 e 10 yea. 5 colours .. 300 

yds. p PVC WIRE 14/0076. 5 e 10 5 colours 30 
SMALL 4 WAY CABLE, 10 50p yds... P 
SMALL SCREENED 

SWITCHING 
i' DID. 26p 

NEON 
G EN. PURPOSE SWITCHING DIODE 25 for 20p 

NEON BULB. BOV. WIRE ENDED.. 5 for 20p 
RESISTORS ASSORTED W and 8W 100 i i 400 
POLYETERTIAPTCITOR TYPE 35 for 600 
POLYESTER CAPACITOR 10µF 100V 600 
MINIATURE PUSH BUTTON, push to make 1Op 
TRANSFORMER (MAINS) 32 -0- 32 at 150 mA 600 
SYNCHRONOUS MOTOR 240V 3W ex. equip. 76p 
POTS, ASSORTED, SOME EX. EQUIP. 5 for 26p 
SILICON DIODE 400V IA (TOP HAT) . 4 for 26p 
SILICON DIODE 100V 20A (PLASTIC CASE) 2 for 70p 
OAS ex quip. TESTED 4for 20p 
0083 ex equip. TESTED 6 for 26p 
Electrolytic 2.5µF 50V 25 for 60p 
ACY17 ee equip. TESTED . . 5 for 25p 

MINIATURE ELECTROLYTIC MULLAH D C428 SERIES 
Np each 

(µF /V) 0.64/64, 1.8/25. 4/40, 5/84, 8/40, 10/16, 10/64, 
16/40, 20/64, 26/26, 32/10, 40/10 84/10, 80/16, 
80/25.100/8.4,125 /18, 200/8.4.200/10.320 /8.4. 

MULLARO G37 SERIES 

11800/ Bp. 180/26, 9p. 180/10. 11A 640/6.4. Bp. 

1800/8.1.140. 

TUNNEL DIODES 1 N3]t ] Cl. TD715. 

T0716.600 

PANEL NEON 140V, TAG ENDED 160 
R.F. CHOKES. 0.22u H, 2.2u H. 12u N, 

22uH OP 

TRANSISTOR EQUIVALENTS BOOK 40p 

ELECTRONICS DATA BOOK 260 
LIGHT EMITTING DIODE 50D 

MINITRON 3015E [1.800 
ZENNER DIODES BZY88 TYPE. UN- 

MARKED. BUT TESTED AND 
POLARITY MARKED, ALL VALUES 
2 - 13 volts .. 6P 

BRIDGE RECTIFIER, PLASTIC, 100V 
1 A.. .. .. 40p 

ELECTROLYTIC CAPACITORS 

(µF /V.) 2.6/50, 3p. 4/10, 10/15, 16/15. 20/26, 
26/15. 26/25, 40/6, 64/10, 200/8. 250/10, 4p. 10/6. 
10/60, 26/50, 32/50. 50/10, 64/25, 100/26, 6p. 60/50. 
64/40, 250/16, 1000/3. Op. 100/50, 250/25, 400/10. 
500/10, 500/12 640/10. 1000/6, Sp. 500/25. 10P. 
500/50.12p. 1000/12. 100.1 000/25. 2000/12, 2600/12. 
16p.1000/60, 36E. 2000 /25, 260.2500/25.30p. 3000/50, 
66p. 5000 /50, BSp. 

DIN PLUGS 
2 pin 120 SOCKET 10p 
3 On 13p SOCKET 10p 
5 on 180° 160 SOCKET 12D 

C.W.O. ONLY. P & P 10p ON ORDERS BELOW £5. DISCOUNT: ABOVE £10 - 10 %, £20 - 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. 

UNDERSTANDING TELEVISION 
by 

J. R. DAVIES 

UNDERSTANDING TELEVISION deals with: 

Principles of 405 line reception 

9 Principles of 625 line reception 
Nature of the television signal 

9 Receiver tuner units 
A.F. and video amplifiers 
Deflector coil assemblies 
Automatic gain and contrast control 
Receiver aerials 

Over 500 pages 
300 diagrams POSTAGE 

20p 

£2 -10 

The cathode ray tube 
Receiver i.f. amplifiers 
Vertical and horizontal timebases 
Synchronising 
Power supply circuits 
Colour television 
COLOUR TELEVISION -80 page 
section deals comprehensively with 
this subject 

The reader is required to have only a basic knowledge of elementary radio principles. The treatment is non - 
mathematical throughout, and thefe is no necessity for any previous experience in television whatsoever. At 
the same time UNDERSTANDING TELEVISION is of equal value to the established engineer because of the 
very extensive range it covers and the factual information it provides. 

Please supply UNDERSTANDING TELEVISION, Data Book No. 17 

I enclose cheque /crossed postal order for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE). 

To Data Publications Ltd., 57 Maida Vale, London, W9 1SN 
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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 1SN 

FOR SALE: VHF KIT, 80 - 180 MHz. Receiver, tuner, 
converter. World wide sales. Incomparable. £4.00 or 
s.a.e. for literature. Johnsons (Radio C), Worcester 
WR1 2DT. 

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. 

CHROMASONIC ELECTRONICS is well and living at 
56 Fortis Green Road, London N10 3HN. 40 page illus- 
trated catalogue 20p. post free. 

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. 

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. 

BUILD IT in a DEWBOX robust quality plastic cabinet 
2 in. x 24 in. x any length. S.A.E. for details. D.E.W. 
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write 
now - right now. 

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. 

FOR SALE: Pye Cambridge transmitter /receiver. Modified 
for 2 metres. Excellent condition. £30. Box No. G193. 

VERNITRON CERAMIC RESONATORS for i,f. filtering. 
FM4, 10.7MHz (bandwidth 235kHz), matched pair £1.50. 
455kHz types: TF -01A, 38p; TO -02A, 45p TF.04 442, 
40p; TFN -3A kit, £1.50; TFN -3ADX, £1.50; TF -2D5, 
40p. Data supplied with orders. Mail order only. U.K. 
post 5p. AMATRONIX LTD., 396 Selsdon Road, South 
Croydon, Surrey, CR2 ODE. 

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. 

FOR SALE: 2 metre converter, 24 -26MHz I.F., built in a.c. 
230V power supply. £10. Box No. G194. 

"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. David 
McGarva, Box 114G, Edinburgh EHI 1HP. 

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 
Knares, Basildon, Essex. 

(Continued on page 273) 
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IN THIS CATALOGUE 

96 Pages 
Transistors, with technical specs. 

I.Cs with working diagrams 

Resistors, capacitors, components 
Diagrams, tables, information 

GENUINE DISCOUNTS 

_.....1T17) CMC'lTS 

10p 
post paid 
irr U.K. 

ELECTRO'. ALIJE LTD. RC.6 
28 St. Dudes Rd., Englefield Green, Egham, TW20 OHB 
9 -6 daily: 1.0 p.m. Sat. Telephone Egham 3603 

TECHNICAL TRAINING 
in Radio, Television and 
Electronic Engineering 

Let ICS train You for a well -paid post in this 
expanding field. ICS courses offer the keen, 
ambitious man the opportunity to acquire, quickly 
and easily, the specialized training so essential to 
success. Diploma Courses in Radio, TV Engineer- 
ing and Servicing, Colour TV Servicing, Elec- 
tronics, Computers, etc. Expert coaching for: 
* C &G. TELECOMMUNICATION TECHNICIANS CERTS 
* RADIO AMATEURS EXAMINATION * GENERAL RADIOCOMMUNICATIONS CERTIFICATES 
* C&G. RADIO SERVICING THEORY 
CONSTRUCTOR COURSES 
Build your own transistor portable, signal genera- 
tor, multi -test meter -all under expert guidance. 
POST THIS COUPON TODAY and find out how ICS 
can help YOU in your career. Full details of ICS 
courses in Radio, Television and Electronics will 
be sent to you by return mail. 
Member of the ABCC. Accredited by the C.A.C.C. 

NM MIMI NMI IMM MN 
Name Age 
BLACK CAPITALS PLEASE 

' Address - 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
WA 33 INTERTEXT House, ' 

Sresrarts Road, L London SW8 4UJ 
s tJ - thetwili 

1 
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RSGB BOOKS FOR YOU 
New (fourth) edition of the ever -popular 

AMATEUR RADIO 
TECHNIQUES 
by Pat Hawker, G3VA 

Aimed at extending the reader's awareness of new 
devices and techniques. Provides a source book for 
many useful circuits and aerials. An ideas book rather 
than a constructional manual, but an ideas book that 
will prove its value time and time again. 
Substantially enlarged edition comprising 256 pages 
with over 600 diagrams. New material and features 
include more emphasis on integrated circuits, a quick 
guide to digital electronics, and much additional in- 
formation on the cure of TV interference and on 
aerials. 

£1.80 including postage and packing 

RAE MANUAL 
by G. L. Benbow, G3HB Sixth (1972) edition 
The standard work for all would -be licensed radio 
amateurs studying for the Radio Amateurs' Exam- 
ination. A completely re- written edition brought fully 
up to date to meet the present examination syllabus 
requirements. 
96 pages 90p post paid 

These are two of a complete range of technical pub- 
lications, log books and maps, all obtainable from: 

RADIO SOCIETY OF GREAT BRITAIN 
35 DOUGHTY STREET, LONDON, WC1 N 2AE 

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, 4p, 3W, 16p; 
AMPLIFIERS:1 Valve (EL84), £3; PAI 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, £1.80. 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 %, lip. ALUMINIUM 
CHASSIS from 6" x3" to 16" x,10 ", all 21" deep. 
Transistors, Rectifiers, etc. 
Large S.A.E. for list No. 4. Special Prices for quantity 
quoted on request. Add 10p for P&P on orders 

under £5. 

M. DZI U BAS 
158 Bradshawgate, Bolton, BL21 BA. Lancs. 
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NEW STYLE 
SELF- BINDER 

for "The Radio Constructor" 

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

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

PRICE 75p P. &P.14p 

Available only from:- 

Data Publications Ltd, 
51 Maida Vale London W9 ISN 
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SMALL ADVERTISEMENTS 
(Continued from page 271) 

FOR SALE: "Jane's Fighting Ships" 1965 /66 edition. £5.00. 
Box No. G195. 

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. 

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. 

"MEDIUM WAVE NEWS" Monthly during Dx season - 
Details from: K. Brownless, 7 The Avenue, Clifton, York. 

VALVES TO CLEAR: VR91, 171DDP, 801, U14, HP4106, 
6B4-G, 6AG5. Al l at 20p each. Box No. G197. 

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. 

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 for 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, Glos., GL15 SJE. 

WANTED: Early books on wireless, pre -1925. Details to 
Box No. G198. 

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. 

WANTED: Advertiser has built a, sky survey camera for use 
by members of an Astronomical Society. It uses whole 
plate size photographic-plates. Has anyone got any double - 
sided whole plate holders please? Box No. G.199. 

TELSEN, LISSEN, GRAHAM FARISH bakelite phenolic 
components with terminals required. Birkinshaw, 219 
Teagues Crescent, Telford, Salop., TF2 6RA. 

AERIAL BOOSTERS. 1J45 - 625 UHF Television, L12 - 
405 Television, L11 - VHF Radio, Price £2.95. Resistors, 
capacitors and television valves sold in bargain parcels. 
S.A.E. for free leaflets. VELCO ELECTRONICS, Bridge 
Street, Ramsbottom, Bury, Lancs. 

FOR CONSTRUCTORS, Inventors and Small Manufac- 
turers. A self- employed precision instrument maker can 
undertake development /prototype work. `Specials' and 
small batch production of machined components. Box 
No. G201. 

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 SER. 

MULLARD MODULE LP1153 } watt output into 8 ohms 
9 volt supply, brand new with data 70p. post paid. Trans- 
istor ignition £9.50; kit £7.50. S.A.E. lists. C. & W. 
Electronics, Unit 4, Meadow Road Industrial Estate, 
Worthing, Sussex. 

(Continued on page 275) 
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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: 15% 30p; 12% 40p; t1% 50p 
1.0 pF: 15% 40p; *2% 60p; 11% 60p 
2.2 pF: 15% 60p; *2% 60p; 11% 75p 
4.7 pF: 15% 70p; *2% 90p; f1%115p 
6.8 pF: *5% 95p; ±2 %115p; t1 %150p 

10.0 pF: *5 %110p; *2 %140p; f1 %180p 
15.0 pF: 15 %160p; t2 %210p; *1 %270p 

NEWT -TANTALUM BEAD CAPACITORS 
Values available .22, .47, 1.0, 2.2, 4.7, 6.8pF at 35V, 10pF 
25V, 15NF 20V, 22NF 15V, 33pF 10V, 47íF 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 Op 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: 1N914 - 7p each; 8 for 50p; 18 for £1.00 
IN91S - 9p each; 6 for 50p; 14 for £1.00. 1544 - 6p each; 11 for 
60p; 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 2.2D -2.2M O Et 2. Series 
i.e. 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82, and their decades. 
All at 1 p 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 (1 

(730 resistors) for £5.00. 
440V A.C. CAPACITORS: 0.1 pF: Size 1 }" X. 25p each 
0.25pF: Size 1j" x 5 ", 30p each 0.5pF: Size 1 ij" x } ", 35p each 
1.0 pF: Size 2" x }", 45p each 2.0pF: Size 2" x1', 75p each 
Suitable for use on C.D. ignition, 250V A.C. motors, etc. 

5p post and packing oriel! orders below £6 

V.ATTW00D, Dept C.5., P.O. Box 8, Alresford, Hants. 

F R E E TO 
AMBITIOUS ENGINEERS 

THE LATEST EDITION 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 ENGINEERING TECHNOLOGY 
Dept. (BIO), Aldermaston Court, Reading RG7 4PF 

r- - SEND OFF THIS COUPON TO-DAY I 1 
Tick subjects that interest you: 

IAMSE (Elec) City & Guilds Certificate RTEB Certificate ¡ 1 I 
Radio Amateurs' Exam DMG Certificate Colour TV U 
Electronic Engineering Computer Electronics Radio and TV 

IServicing Practical Electronics Practical TV and Radio [1 
Please send booklets & full information without cost or obligation. 

NAME AGE 
(BLOCK CAPITALS PLEASE) 

ADDRESS 

I 

I 

I 

I OCCUPATION 

I 

I 

I 

I 

I To: BIET Dept. BIO, Aldermaston Court, Reading RG7 4PF I 
Accredited by the Council for the Accreditation 

of Correspondence Colleges 
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RADIO MO 
ELECTRON I C 

BOOKS 

MODEL RADIO CONTROL 
Detailing both Theory and Practice, this book, 
by leading authority Paul Newell, will become 
the standard reference work. A brief historical 
survey leads up to a detailed description of 
proportional systems, with over 100 illustrations, 
including theoretical circJits and p.c. layouts for 
an advanced digital system. 
134 pages. Price £225 U.K..Postage 13p 

SINGLET SET 
the Singlet Transmitter, Superhet and Super -regen receivers, are now a 
three available in one book. Complete construction details with full size 
p.c. layout, components list etc. Ideal introduction to the hobby for the 
home constructor. 20 pages. Price 30p. U.K. Postage 3p 

theory Bed 
practice of 

MODEL 
RADIO 
[Ot1TROL 

daniepment er aasttms 
prepdrtienl ea pl Ikea a4 
mt,ia system dnitn _ 

Ratt,cal uemples and 
lull ...It details 

LOW COST PROPORTIONAL 
Modellers who want to save money buy this volume when converting single 

channel equipment to simple proportional. They find a wealth of really up to 
date information in the clear descriptions, full size practical and working draw- 
ings, plus over a dozen circuit modules for pulse proportional units. 
118 pages. Price £1.05 U.K. Postage Ilp 

ELLER 146 
ROOK 
SERIES 

ON SALE NOW at all leading 
shops or direct from: - 

RADIO MODELLER, BOOK SALES, 64 Wellington Road, Hampton Hill, Middx. 

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 7Qp P. Et P. 14p 

Available only from: 

for your other magazines 
(max. format 71" x 9'') 

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available will be sent) 

Data Publications Ltd, 57 Maida Vale London W9 1SN 
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SMALL ADVERTISEMENTS 
(Continued from page 273) 

TELEPRINTER EQUIPMENT FOR SALE: A 5ft. high 
cabinet, containing a `teleprinter terminal', consisting of an 
AR88D receiver, three chassis above containing equipment, 
a main power unit below the receiver and three spare 
chassis below' that. One chassis contains an 1800 cycle 
filter. Whole unit looks very smart. Each chassis comes out 
on runners. £65.-§.A.E. for details. Box No. G202. 

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. 

FOR SALE: Teleprinter 75R, £17.00. S.A.E. for all details. 
Box No. G203. 

COMPONENTS GALORE. Pack of 500 mixed components, 
manufacturer's surplus plus once used. Pack includes 
resistors, capacitors, transistors, I.C., gang pots., etc. 
Tremendous value. Send £1 inc. postage. C.W.O. To: 
Caledonian Components, Fosterton Firs, Strathmore 
Road, Thornton, Fife. 

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. 

RECITALS OF RECORDED MUSIC. The second Saturday 
evening of each winter month. Next recital: November 
11th, 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 Mendelssohn, Richard Strauss, Poulenc & Brahms. 

TWIN LEAD. 7A. 250V. White sheath. May be used as 5052 
feeder. Approx. 1dB loss per 100 feet at 30MHz. Easily 
split apart. 30m. - £1.00, 100m. - £2.50: Messrs. Burns 
Electronics, The Cottage, 35 Beulah Hill, London SE19 
3LR: 

FIBREGLASS CIRCUIT BOARD. 5p. -12 square ins., 50p. 
square foot. Double 8p. - 12 square ins., 70p. square foot. 
Post lop. BRB, 17 Southbreck Rise, Worksop, Notts., 
S80 2UP. 

FOR SALE: Ex- Government miniature oscilloscope. 
General purpose type with optical magnifier. Working 
order. £18 o.n.o. Carriage extra or collect Middlesex. 
Box No. G204. 

SITUATIONS VACANT 

BBC requires Monitor for the Special Listening Section of its 
Monitoring Service at Caversham, near Reading, Berks. Duties 
include checking of voice transmissions, compiling schedules 
and writing short listening observations and, at times, to ensure 
that Language Monitors obtain the best possible reception of 
foreign broadcasts covered. Some shift work involved and 
possibility of tours of duty overseas. An interest in international 
broadcasting, ability to operate communications receivers and 
other monitoring equipment, and to identify the main languages is 

essential, and knowledge of at least one foreign language an 

advantage. Shortlisted candidates may be required to undergo 
tests. Starting salary £2,100 p.a. rising by annual increments of 
£117 to f2,685 p.a. plus 15% irregular hour working allowance. 
Write for application form to Personnel Assistant, BBC, 
Caversham Park, Reading RG4 8T1. 

NOVEMBER 1972 

REVERBERATION UNIT KIT Mk III 
6 transistor reverberation chamber to which 
microphones, instruments, etc., may be con- 
nected for added dimensional effect. The out- 
put is suitable for most amplifiers and the 
unit is especially suitable for use with elec 
tronic organs. A ready -built spring and trans- 
ducer assembly is used. 
Complete easy -to -build kit, with constructional 
E7.50. Pre -drilled and printed case £2.00 cetra 
separately. 

M 0 

e at 

notes and circuits 
All parts available 

WAH -WAH PEDAL KIT Mk III 
The Wilsic Wah -Wah pedal comprises a 

SELECTIVE AMPLIFIER MODULE KIT, 
containing all the components to build a 

two transistor circuit module, which may 
be used by the constructor for his own 
design or fitted to the FOOT VOLUME 
CONTROL PEDAL (as photo) converting 

it to Wah -Wah operation. This pedal is in strong fawn plastic and 
fitted with output lead and screened lug. Selective amplifier 
module kit E1.75. Foot Volume control pedal L5.13. COMPLETE 
KIT E6.50. Add 38p for assembly of module. 

WILSIC VIBRATO UNIT 
A new kit to build a self- contained vibrato foot 
switch unit. 4- silicon transistor circpit in tough 
grey hammered finish metal cabinet. Variable 
speed and depth controls and on -off foot switch. 
Ideal for guitars but unsuitable for high level 
inputs. 
COMPLETE KIT £5.25, all parts available 
separately. 

THE WILSIC BOOK OF CIRCUITS contains the full instructions 
for the Reverb unit, Wah -Wah pedal and our Vibrato unit. 

PRICE ONLY 15p 

SEND 5p in stamps for latest catalogue (Spring 1972) of HiFi, 
components, guitars, etc., etc. Friendly, high -speed service. 

WILSIC ELECTRONICS LTD. 
6 COPLEY ROAD, DONCASTER, YORKS 

ESSENTIAL BOOKS 
MOBILE RADIO TELEPHONES. Important reference book for 
users of commercial mobile communications equipment. Includes 
chapters on installation, operation & maintenance. Contains 
photos and diagrams etc. Price £2.60 incl. postage. 
GOVERNMENT SURPLUS WIRELESS EQUIPMENT 
HANDBOOK. Contains circuits, data, illustrations and valuable 
information for British /USA receivers, transmitters, trans/ 
receivers. With modifications to sets and test equipment. Latest 
impression £3.25 including postage. 
WORLDS SHORT WAVE MEDIUM & LONG WAVE 
RADIO STATIONS & FM & TV LISTING. Only 40p incl. 
postage. 
HANDBOOK OF TRANSISTOR SUBSTITUTES AND 
EQUIVALENTS by B. B. Babani. Includes many thousands of 
British, USA and Japanese Transistors. 78 pages. Only 40p., 
post Et packing 5p. Available from GERALD MYERS (RC). 18, 
Shaftesbury Street, Leeds LS12 3BT. Please include extra 
postage for abroad. 

MORSE MADE EASY!!! 
FACT NOT FICTION. It you start RIGHT you will be readies amateur 
and commercial Morse within a month. (Normal progress to be expected.) 
Using scientifically prepared 3 -speed records you automatically leas to 
recognise the code RHYTHM without trauiátIag.. You can't help It, Its u 
easy as learning, a tune. 18- W.P.M In 4 weeks guaranteed. Beginaer's 
Section only 83.30. Complete 84.50 (Overseas 81 extra). Details 
only, 4p stamp. 01 -660 2896 

G3HSC /Box 38, 45 GREEN LANE, PURLEY, SURREY. 

SYNTHESISER 
MODULES 

Voltage -controlled modules for synthesiser construction and 

other musical MIRACLES! Catalogue 15p. D.E.W. Ltd., 254 

Ringwood Road, Ferndown, Dorset. 
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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. 

// YUKAt1 SO PROFESS /OVAL THE 1\ 
SELF-SPL`l n'k -,wV AEROSOL WAY - 

5 e air drying GREY HAMMER 
Get two 

OR BLACK WRINKLE 
NO (CRACKLE) finishes 
Yukon Aerosol unrykit cpntaln 4539. fin, quality. durable easy Instant Orion Yvon Air 
spray. No stove baking required. Hammers s rileble In grey and blue, OMep aro.o/,. 
90p art. pd. Modem Eggshell Black Wrinkle (COckle) producing a 3D dodo 

.41 
903 

unused finish, 90p errs pd., all at 85p pr push -button self-spray can .t ems pd. 
out setter. Also durable, heat and water resistant Black Mn. finish Inc lode: 

(339g. self-spray cans only) 755 un. Pd. Sore Chomre 
SPECIAL OFFER: One can plus optional trsn.e.Me woman trigger 

CMr4cvv« 
hendle (value 25p) for 98p cart. pd. Choke of 13 self-.prey Main colours 

Gny. 

and primer (motor w quality) aim ..ilable. , 
Please enclose cheque or crossed P.O. ter total amount dkeet to: - 1k 
DEPTQROl11 YUKAN,3s7 EDGWARE ROAD, LONDON W21-NN 
Ws supply marry Government Departments. Muniolpel Authorities. 
Institutes and Leading Industrial Onganlasfiona -We can supply you too. Now BMA?, 
Open all day Saturday. Closed Ipurrdly rlrnaom. even bolter 

Closed ALL DECEMBER for annual holiday 

BRAND NEW MAINS INTERCOM. British made ideal for home/ 
office /factory/shop or baby alarm. Plugs in to ANY power or light 
socket. No long trailing wires to fix, fully transistorised, the unit is 
housed in a two -tone brown colour case. The Intercom includes 1 

master and 1 slave. It will make a very appreciative Xmas gift and it 
is offered at a fraction of the cost of some imported sets. 

£9.50 + 25p post. 

SOKSOL DE- SOLDER KIT. Here is a kit that is a must for every 
service engineer and electronic project constructor. You make it up 
to your own exacting requirements. It de- solders transistors, I.C.'s, 
those wrap -round solder joints on switches, potentiometers, 
transformers, etc., etc. Simple to use. You just drop special braid in 
the supplied chemical solution, pull out and allow to dry. When 
ready to use just simply place braid on device to be de- soldered, 
apply soldering iron to braid and the rest is sheer magic as all solder 
is soaked up in seconds. The kit includes 20 feet of special braid, 
Chemical solution and full instructions. £1.00, post 15p. Money 
back guarantee if dissatisfied. 

ELEKON ENTERPRISES, 224A ST. PAUL'S ROAD, 
HIOHBURY CORNER, LONDON N.1 

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 pages. 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 
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U.K's LARGEST ELECTRONICS CENTRES! 

HENRY'S RADIO LTD. EDGWARE ROAD, LONDON, W.2. 

NOW 
404 -406 ELECTRON'C COMPONENTS & EQUIPMENT 01 -402 8381 

354 -356 HIGH FIDELITY & TAPE EQUIPMENT 01 -402 5854/4736 

EPEN 
i 309 PA - DISCO - LIGHTING HIGH POWER SOUND 01 -723 6963 

303 BARGAIN STORE SPECIAL OFFERS All Mail to 303 Edgware Rd.. London, W2 18 W 

ALL YOUR ELECTRONIC REQUIREMENTS WITHIN 200 YARDS. CALL IN AND SEE FOR YOURSELF. 

.ieetteewiet 

SHE TEXAN 
+ 20 WATT INTEGRATED 

LC_ STEREO AMPLIFIER 

A. featured ii .' Fiai heal Wireled. 
May to August 1972) 

FREE TEAK CABINET with complete kits 
FEATURES New slim design with 6 - IC's, IC sockets, 10 silicon 
Iranslaors 4 rectifiers. 2 z nere Special Gardeners low field slim line 

_.. 

Pamir rmer Fibre glass PC panel. Complete chassis work. 
HIGH QUALITY AND STABILITY ARE PREDOMINATE FEATURES - 
DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE. RELIABILITY SPECIAL 
AND /ASE OF CONSTRUCTION. KIT PRICE 
FACILITIES On /off switch indicator. headphone socket. separate treble. 

2 Q P6P bass. salume and balance controls, scratch and rumble fillers, mono/stereo E 28.50 0 45p switch Input selector: Mao. P U., Radio Tuner. Aux. Can be altered for L L {J 
Mlc Tcpe Tape head etc. ( Parts list Rel 20 on request). 
Parts I st Ref. 10 on request). 

ConstructonaldetailsRel Sc 21 30p 
Des, nec arovedkos distributed by Henry's Radio Ltd. 

LOW COST HI -FI SPEAKERS 
E.M.I. Site t34" a B4 Large Ceramic Magnet 

TYPE 150 6 watt, 3, 8 or 15 
ohms L220. Post 22p. 

TYPE 150TC Twin cone ver- 
sion £2.75. Post 22p. 

TYPE 450 10 watt with twin - 

tweeters and crossover, 3, B 

or 15 ohms. £3.85. Post 25p. 
TYPE 350 20 watt with tweeter 

and crossover, 8 and 15 ohms. 
k £7.70. Post 280. 

POLISHED CABINETS 150 150TC. 450 f4.60. Post 301 
ASS(9 BLED Ire POLISHED CABINETS IS ohm) 
Series E (Assembled 150ITC ) per pan C16. 50 post 70p 
Seces B (Assembled 450) per pair [18 95 post 70p 

tr 

we. 

La',A.v59t 

NEW MW 'LW TUNER 

TO BUILD ML -3 
Uses Mallard Module. 

Slow motion tuning. 
Built in battery Ferrite aerial. Overall size T x 21" x 3á'. 

TOTAL COST TU BUILD £485 Post 15p. All parts sold 
separate y - Leaflet No 6 

BANDSPREAD' PORTABLE TO BUILD /. á\ 

i , 
. 

HENRY'S 
RADIO LTD. 

CATALOGUE 

Fully detailed and illustrated 
covering every aspect of Elec- 

tronics - plus data, Circuits and 
information. 

10.000 Stock lunes at Special 
Low Paces and Fully Guaranteed. 

PRICE 55 Posti 
d 

55p 
Pai 

(40p FOR CALLERS) 

PLUS! FIVE 1Op 
VOUCHERS 

end 10 this address - Henry's Radio Ltd. (Dept. RC), 3 Albemarle 
`Nay Tondo 1. E.0 1 - tot catalogue by post only. All other mail 
and callers to "303'. see above.. 

ICnmpleli with FRI F tFAK CABINET 

SLIM 
DESIGN 

WITH SILVER 
TRIM. 

Overall chassis size 
14 }' x 6' x 2" high 

TEST EQUIPMENT 
JUST A SELECTION 

512506 Pucker 01.90 

5E500 Pouket Pencil Signal Tracer Et 50 
I HL330 Robust Volt. 04.55. With case 04.99 
TEIS Grid Dip Meter 440 KM, 200 mMa C13.45 
500 30 K. Volt Multimeter [9.25. Wish leather 

Cast [10.50 
2000 201, Volt Multimeter 04.20. With case 04.95 
A4105 SDK, Volt MUlurnenn C8.50. With case [9.50 
u4341 AC DC er with transistor tester 

with steel case [10.50 
íE200 RT Genera. 120KHE 500M He Carr3Sp Cí595 
1E220 duo Generator 20Hz 200K Hz Cap 3Sp C17.50 
(;15 3' Pulse Scope 10Hz 10ma Carr 50p C39.00 
TE65 Valve Voltmeter 2B ranges Carr 40p C17.50 
ALL NOMBREX MODELS IN STOCK 

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- t.r-. 
There is no doubt about it -VHF FM m " 
gives the REAL sound. All parts sold 
separately. Free Leaflet No. 3 6 7. 

TOTAL £6.97, p.p. 20p. Decoder Kit £5 97. 
Tuning meter unit £1.75. 
Mains unit (optional) Model PS900 £2.47. Post 20p. 
Mains unit for Tuner and Decoder PS1200 £2.62, Post 20p. 

PA- DISCO- LIGHTING 
66666tßf5 

UK's Largest Range - Write phone or MiliniMMININMMI 
cal ,n Details and demonstrations 
on 
DJ30L`s3 Channel sound to lighruno 3Ke, 029.75 FIBRE OPTICS 
DOaou 3Channei V.1 built lnl to light 3 Co C38 75 LIGHTING 
DJ70S IO wan Disco amp. mixer C49.95 EFFECTS MICS. 

DISCDAMP 100 watt Disco amp /mixer (57.95 PROJECTORS 
D.111155 30104a11 Pannamy /mixer C32.75 SPOTS SPKRS. 
Anli Ieedback Duality MK. 011.50 DIMMERS 
MOO 50 wan PA Amp 056.25 MIXERS STANDS 
00300 150 watt nos Stoup Valve Amp £99.50 Everything for PA 

Punabli. Discos - Details on request 
Credit terms For callers I RI 55.ck List 

SINCLAIR PROJECT 60 MODULES 

- SAVE POUNDS - - 

PACKAGE DEALS Post 25p 
2 a 230, Stereo 60. PZ5 E15,95 
2 x 230 Stereo 60. P26 E18.00 
2 x 250. Stereo 60. P28 E20. 25 
Transformer for PZ8 E2.95 
PROJECT 605 KIT E19.95 

Z30í3.57. 2501/4.37 
STEREO 60 E7.97. PZ5 f3.97 
PZ6 E6.37. PZ8 f4.77 
Transformer for PZ8 £2.95 

chive Filter Unit £4.45 
Stereo FM Tuner £16.95 
IC12f1.80 016's f15 pr 
Post etc 206 per item 

MORE OF EVERYTHING AT LOW PRICESALWAYSFROM HENRY'S 
All toe parts you need plus Data and Circuits - Get a Catalogue - its all in mere 

i. .i. i Ions e without notice E Eí E 

RECORD DECKS CHASSIS 
(POST 500 

[ta 50 5P25/3 í1a25 OTTO 
MP60 es as MP610 L13 9S 

AP76 f17.96 GL75 rat. SO 

PLINTH /COVERS (Slate Model) 
SP25,'MP60 /610, C3.30 (Post 40p) 
41776 L4.SO (Post SOP) 

CART /PLINTH /COVER (Post 70p) 
BALI MP60 /G800H /PC CVs S0 

M P610 /SCSMD /T PO21 PC 
AP76 /M7565M /PC 
AP96IM7565M /PC 
(HL) AP76 /G800/PC 
(ELI SP25 /G80OH /PC 
ET70 /G800 /TPD1 /PC 
(EL) 2025(9nueC0/PC 
M P60 /SCS M DI PC 

(HL) GL75 /G800E /PC 
(OLE GL75 /G800 /PC 

L19.95 
032 -50 
L39.95 
028 25 
C1895 
CIA 50 
[13 95 
C17 25 
Cal 95 
fall 95 

ULTRASONIC TRANDUCERS 
Operate at aokcls up to 100 ids Ideal remote 
switching and signalling Complete with 

data and circuits. 
PRICE PER PAIR L5.90 Post 10p 

POWER INTEGRATED CIRCUITS 
Plessey SL403D- 3 wan with 8 -page data. 
layout and circuits 01.50. P.C. Board 130p. 
Heat Sink 19p. 
Sinclair ICI2 6 watt with data and circuits 
C1.80. 
TH9013P -20 watt Power Arne Module 

LA 57 
TH9014P . IC Preamp C1.50. 
Data /Circuits for above No. 4210p. 

MARRIOT TAPE HEADS 
4 TRACK MONO or 2 TRACK 

STEREO 
"17" High Impedance £2.00 
"18" Med Impedance E2.00 
"36" Med -Low Imp f3.50 
Erase Heads for above 75p 
"63" 2 track mono - Hi Imp. £1 75 
"43" Erase Head for above 75p 

7 SEG b NIXIE TUBES 
(Post 15o per 1 to SI 
XN3, XN13, G N40 -9 Side view with data 85p 
GNP 7. GNP 9 0 9 Side view with decimal 
points and data 95p 
3015F 7- segment C2 each. CT per 4 
with nata. 
12 and 24 hour clock circuits lot above. 
Rel No 31 15p. 

MINIATURE AMPLIFIER 
5 transistor. 300mW o /p. Fated volume 
and sensitivity control 9 volt operated. 

E1.75 each P/P 15p 

QUALITY SLIDER CONTROLS 
50mm stroke singles and ganged. 
Complete with knobs 511, 10K. 25K. TOOK, 
250K, 500K 1 meg. Log and Lin. 45P each. 
10K. 25K. 50K, 100K. 250K Log and Lin. 
ganged. 75p each. 

HI -FI 6 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 

Rel. 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 MORE OF EVERYTHING AT THE RIGHT PRICE ALWAYS AT HENRY'S H 
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