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In this introduction to semiconductor devices, the author provides a 
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CONTENTS 
1. Semiconductors 

2. Basic Semiconductor Devices 
3. Semiconductor Diodes and the Unijunction Transistor 
4. Bipolar Junction Transistors, Amplifiers & Logic Gates 

5. Field -Effect Transistors, Amplifiers and Logic Gates 
6. Monolithic Integrated Circuits 

7. Charge -coupled Devices 
8. Semiconductor Memories 

9. Thyristors and other Multilayer Devices 
10. Optodlectronics 

To: Data Publications Ltd., 57 Maida Vale, London W9 1 SN 
Please send me within 21 days copy/copies of 

SEMICONDUCTOR DEVICES 

I enclose Postal Order/Cheque for £ 

(Block Letters Please) 
(We regret this offer is only available to readers in the U.K.) 



HAul ELICTROIICS 
CONSTRUCTOR 

MAY 1977 
Volume 30 No. 10 

Published Monthly (1st of Month) 
First Published 1947 

Incorporating The Radio Amateur 

Editorial and Advertising Offices 
57 MAIDA VALE LONDON W9 1SN 

Telephone Telegrams 
01-286 6141 Databux, London 

r; Data Publications Ltd., 1977. Contents 
may only be reproduced after obtaining 
prior permission from the Editor. Short 
abstracts or references are allowable 
provided acknowledgement of source is 
given. 

Annual Subscription: £5.50 (U.S.A. and 
Canada $11.00) including postage. Remit- 
tances should be made payable to "Data 
Publications Ltd". Overseas readers please 
pay by cheque or International Money 
Order. 

Technical Queries. We regret that we 
are unable to answer queries other than 
those arising from articles appearing in 
this magazine nor can we advise on 
modifications to equipment described. 
We regret that such queries cannot be 
answered over the telephone; they 
must be submitted in writing and 
accompanied by a stamped addressed 
envelope for reply. 

Correspondence should be addressed to 
the Editor, Advertising Manager, Sub- 
scription Manager or the Publishers as 
appropriate. 

Opinions expressed by contributors are 
not necessarily those of the Editor or 
proprietors. 

Production.-Web Offset. 

MEDIUM AND DUAL SHORT WAVE RADIO598 
Part 1 by P. R. Arthur 

U.S. RECORDING CENTENNIAL STAMP 605 
by Michael Lorant 

NEWS AND COMMENT 606 

UNIVERSAL BATTERY CHECKER 608 
(Suggested Circuit 318) by G. A. French 

SWITCH -OFF PILOT LIGHT 610 
by A. P. Roberts 

SHORT WAVE NEWS - FOR DX Listeners 612 
by Frank A. Baldwin 

ELLIPTICAL CUT-OUT MARKING 614 
by V. C. Tondelier 

CMOS CRYSTAL CALIBRATOR 615 
by R. A. Penfold 

THE BEGINNINGS OF ELECTRICITY 622 
by D. P. Newton 

THE "M5" POCKET RECEIVER 625 - Part 2 by Sir Douglas Hall, K.C.M.G. 

SIMPLE RANDOM SELECTOR 628 
by R. A. Penfold 

IN YOUR WORKSHOP 632 - Stereo Record Player Repair 

MINIMISING MAINS HUM 638 
by D. Snaith 

LETTERS 639 

640 RADIO TOPICS by Recorder 

ELECTRONICS DATA No. 22 
(For the Beginner - Emitter and Collector 

Currents) 

Published in Great Britain by the Proprietors and 
Publishers, Data Publications Ltd, 57 Malda 
Vale, London W9 1SN 

The Radio & Electronics Constructor Is printed 
by Swale Press Ltd. 

THE JUNE ISSUE WILL BE 

PUBLISHED ON ist JUNE 

MAY 1977 585 



PAKS- PARTS -AUDIO MODULES 
PANEL 
METERS 
4" RANGE 
Size 41" x 3}" x 1 }" 
Value_ No. 
0-60µA 1302 
0-1100µA 1303 
0-500µA' 

10-1mA 

1305 
0-50V 1306 

Price 
£4.50 
£4.50 
£4.50 
£e.00 
£8.00 

2" RANGE 
x 1 }" x 11." 

ySize2}'" Price 
086WµA N307 £3.50 

µA 1308 0-110000A1309 
0--1 

mA 0 1310 

£3.50 
£3.50 
£3.50 

0-50V 1311 £3.50 

MR2P TYPE 
Size 42 x 42 x 30mm 
Value No. Price 

0-1mµA 
A 

1315 £3.313 20 

EDGEWISE 
Size 34" x 1}"' x 21 - 

Cut out 21- x 11" 
Val No. 

11316 
0-500µA 1317 

Price 
£4.05 
£4.06 

MINIATURE BALANCE/ 
TUNING METER 
Size 23 x 22 x 26mm 
Sensitivity 100/0/100mA 

No. Price 
1318 £1.95 

BALANCE/TUNING 
Size 45 x22 x 34mm 

Sensitivity 100/0/100µA 

No. Price 
1319 £2.00 

MIN. LEVEL METER 
Size 23x22 x 26mm 
Sensitivity 200µA 
No. 
1320 

Price 
£1.95 

Vu METER 
Size 40 x 40 x 29mm 
Sensitivity 130µA 

No. Price 
1321 £2.00 

MINI 
MULTI- 

METER 
Size 60 x 24 x 90mm 

Sensitivity 1000 ohmsN 
AC VOLTS 0-10, 50, 250, 1000 
DC VOLTS 0-10, 50, 250, 1000 
DC CURRENT 0-1-100mA 
Resistance 0-150k/11 

No. Price 
1322 £6.96 

Postage and Packing add 25p 

unless otherwise shown. Add extra 

for airmail. Minimum order f 1. 

TRANSISTORS 
BRAND NEW - FULLY GUARANTEED 

Type Price Type Price Type Price 
AC128 0.18 BC109C 0.08 BC 50 0.14 
AC127 0.14 BC147 0.09 BC 56 0.14 
AC128 0.12 BC148 0.09 BC557 0.13 
AC128K 0.28 BC149 0.09 BC558 0.12 
AC132 0.15 8C157 0.12 BC559 0.14 
AC134 0.15 BC158 0.12 BD115 0.50 
AC137 0.15 BC159 0.12 80116 0.80 
AC141 0.18 BC167 0.12 80121 0.65 
AC141K 0.30 8C168 0.12 BD123 0.65 
AC142 0.18 BC189 0.12 BD124 0.70 
AC176 0.12 BC169C 0.12 BD131 0.35 
AC176K 0.28 BC170 0.10 BD132 0.38 
AC178 0.25 BC171 0.10 BD131/ 
AC179 0.25 8C172 0.10 132 MP 0.80 
AC180 0.20 BC173 0.12 80133 0.80 
AC180K 0.30 BC177 0.16 BD135 0.38 
AC181 0.20 BC178 0.16 BD136 0.36 
AC181K 0.30 BC179 0.16 BD137 0.38 
AC187 0.16 BC180 0.25 80138 0.45 
AC187K 0.26 BC181 0.25 80139 0.65 
AC188 0.18 8C182L '0.10 BD140 0.60 
AC188K 0.26 BC183 '0.10 80139/ 
AD140 0.80 BC183L 0.10 140 MP 1.20 
AD142 0.85 BC184 '0.10 80155 0.80 
AD143 0.75 8C184L 0.10 BD175 0.60 
AD149 0.60 BC207 0.11 BD176 0.60 
AD161 0.38 BC208 0.11 BD177 0.68 
AD162 0.36 BC209 0.12 80178 0.68 
AD161/ BC212 0.11 80179 0.75 
162 MP 0.75 BC212L 0.11 BD201/ 
AF114 0.20 BC213 0.11 202 MP 1.70 
AF115 0.20 BC213L 0.11 BD203 0.80 
AF116 0.20 BC214 0.12 80204 0.80 
AF117 0.20 BC214L 0.12 80203/ 
AF118 0.40 BC237 0.18 204 MP 1.70 
AF124 0.30 BC238 0.16 BDY20 0.80 
AF125 0.30 BC251 0.15 80X77 0.90 
AF126 0.30 BC251A 0.16 8E457 0.37 
AF127 0.32 BC301 0.30 8F458 0.37 
AF139 0.58 BC302 0.28 8E459 0.38 
AF180 0.58 BC303 0.32 BF594 0.15 
AF181 0.58 BC304 0.38 BF596 0.17 
AF186 0.58 BC327 0.18 BFR39 0.25 
AF239 
AL102 
AL103 
AU104 
AU110 

0.38 
0.95 
0.96 
1.00 
1.00 

BC328 
BC337 
BC338 
BC440 
BC441 

0.15 
'0.15 
0.15 
0.30 
0.30 

8E840 
BFR79 
BFR80 
BFX29 
BFX30 
BFX84 

'0.25 
0.28 
0.25 
0.30 
0.23 

AU113 1.00 BC460 0.38 BFX85 0.24 
BC107A 0.08 BC461 0.38 BFX86 0.25 
BC1078 0.08 BC477 0.20 BFX87 0.22 
BC107C 0.08 BC478 0.19 BFX88 0.22 
BC108A 0.08 BC479 0.20 BFX90 0.55 
BC1088 0.08 BC547 '0.12 BFY50 0.14 
BC108C 0.08 BC548 0.12 BFY51 0.14 
BC1098 0.08 BC549 0.12 BFY52 0.14 

Type Price 
BIP19 0.38 
BIP20 0.38 
BIP19/ 
20 MP 0.80 
BRY39 0.45 
BUI105 1.90 
BU 105/ 
02 1.95 
BU204 1.70 
BU205 1.70 
BU208 2.40 
BU208/ 
02 2.95 
E1222 0.38 
MJE2955 0.88 
MJE3055 0.60 
MJE3440 0.45 
MP8113 0.45 
MPF102 0.35 
MPF104 0.39 
MPF105 0.3 
M PSA05. 0.20 
MPSA06 0.20 
MPSA55. 0.20 
MPSA56. 0.20 
0C22 1.50 
0C23 1.50 
0C24 1.40 
0C25 0.60 
0C26 0.60 
0C28 0.90 
0C29 1.00 
0C35 0.90 
0C36 0.90 
0070 0.15 
0071 0.15 
TIC44 '0.29 
TIC45 '0.29 
TIP29A 0.44 
TIP298 0.52 
TIP29C' 0.62 
TIP30A 0.50 
TIP3OB 0.60 
TIP30C 0.70 
TIP31A 0.54 
TIP31B 0.66 
TIP31C 0.88 
TIP32A 0.64 
TIP32B 0.76 
TIP32C 0.80 
TIP41A 0.66 
TIP41B 0.70 
TIP41C 0.80 
TIP42A 0.72 
TIP42B 0.78 
TIP42C 0.95 

Type Price 
TIP2955 0.96 
TIP3055 0.75 
TIS43 0.22 
TIS90 0.18 
UT46 0.20 
ZTX107 0.10 
ZTX108 0.10 
ZTx109 0.10 
ZTX300 0.12 
ZTX500 0.14 
251613 
251711 
251889 
251890 
251893 
252147 
252148 
252160 
252192 
252193 
252194 
252217 

0.20 
0.20 
0.45 
0.45 
0.30 
0.75 
0.70 
0.80 
0.38 
0.38 
0.38 
0.22 

2522184 0.20 
252219 0.20 
2522194 0.24 
2N2904 0.18 
2529044 0.21 
2N2905 0.18 
2N2905A 0.21 
2N2906 0.16 
2529064 0.19 
2N2907 0.20 
259074 0.22 
2N2926G 0.09 
252926Y 0.08 
2529260 ro.08 
2N2926R 0.08 
2529266 0.08 
2N3053 0.16 
2N3054 0.40 
2N3055 0.40 
253414 0.16 
253415 0.16 
253416 0.29 
253417 0.29 
2N3614 0.86 
253615 0.90 
253616 0.90 
2N3646 60.09 
2N3702 0.08 
2N3703 0.08 
253704 0.07 
2N3705 60.07 
2N3706 0.08 
2N3707 0.08 

Type Price 
2N3708 '0.07 
2N370840.07 
253709 0.07 
2N3710 0.07 
253711 0.07 
253819 0.20 
2N3820 0.40 
253821 0.60 
253823 0.40 
2N4058 0.12 
2N4059 0.14 
2N4060 0.14 
254061 0.12 
2N4062 '0.12 
2N4284 0.18 
2N4285 0.18 
2N4286 0.18 
2N4287 0.18 
2N4288 0.18 
2N4289 0.18 
2N4290 0.18 
2N4291 0.18 
2N4292 0.18 
2N4293 0.18 
2N4921 0.55 
2N4923 0.65 
2N5135 0.10 
255136 0.10 
2N5138 0.10 
255194 0.56 
2N5245 0.28 
2N5294 0.34 
2N5296 0.35 
2N5457 0.32 
2N5458 0.32 
2N5459 0.38 
255551 0.30 
2N6027 0.32 
256121 0.70 
256122 0.70 
40311 0.36 
40313 0.95 
40316 0.58 
40317 0.36 
40326 0.36 
40327 0.45 
40346 0.42 
40347 0.55 
40348 0.70 
40360 0.38 
40361 0.38 
40362 0.38 
40406 0.40 
40407 0.28 
40408 0.48 
40409 0.52 

74 SERIES TTL IC'S 
FULL SPECIFICATION GUARANTEED ALL FAMOUS MANUFACTURERS 

Type Price Type Price Type Price 
7400 0.14 7409 0.15 7441 0.84 
7401 0.14 7410 0.14 7442 0.64 
7402 0.15 7411 0.23 7445 0.90 
7403 0.15 7412 0.23 7446 0.90 
7404 0.15 7413 0.27 7447 0.78 
7405 0.15 7414 0.58 7448 0.80 
7406 0.30 7416 0.28 7475 0.48 
7407 0.30 7417 0.28 7480 0.50 
7408 0.15 7440 0.15 7481 0.95 

Type 
7482 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 

Price 
0.85 
0.95 
0.98 
1.20 
0.30 
2.90 
0.42 
0.75 
0.45 

Type 
7493 
7494 
7495 
7496 
74100 
74110 
74118 
74119 
74121 

Price 
0.40 
0.88 
0.75 
0.80 
1.00 
0.50 
0.90 
1.85 
0.30 

Type 
74122 
74123 
74141 
74154 
74180 
74181 
74190 
74198 
74199 

Price 
0.50 
0.70 
0.80 
1.30 
1.10 
2.00 
1.50 
2.00 
1.90 

CMOS IC'S 
Type Price Type Price Type Price Type Price Type Price Type Price 
CD4000 0.14 CD4012 0.18 CD4022 0.95 CD4031 2.20 CD4046 1.30 C04071 0.28 
CD4001 0.18 CD4013 0.50 CD4023 0.18 CD4035 1.05 CD4047 1.10 CD4072 0.28 
CD4002 0.18 C04015 0.90 CD4024 0.72 C04037 0.95 CD4049 0.55 CD4081 0.18 
CD4006 0.98 CD4016 0.50 CD4025 0.18 CD4040 0.95 CD4050 0.55 CD4082 0.28 
CD4007 0.18 CD4017 0.90 CD4026 0.98 CD4041 0.82 CD4054 1.20 CD4510 1.30 
CD4008 0.95 CD4018 1.00 CD4027 0.60 CD4042 0.82 CD4055 1.20 CD4511 1.80 
CD4009 0.55 CD4019 0.52 CD4028 0.85 CD4043 0.98 CD4056 1.40 CD4516 1.40 
CD4010 0.55 CD4020 1.10 C04029 1.15 CD4044 0.94 CD4069 0.40 CD4518 1.08 
CD4011 0.18 CD4021 0.98 CD4030 0.55 CD4045 1.40 CD4070 0.40 CD4520 1.25 

Type Price 
CA3011 0.80 
CA3014 1.37 
CA3018 0.70 
CA3020 1.40 
CA3028A 1.10 
CA3035 1.30 
CA3036 1.35 
CA3042 1.15 
CA3043 1.55 
CA3046 0.50 
CA3052 1.60 
CA3054 1.94 
CA3075 1.50 
CA3081 1.50 
CA3089E1.50 
CA3090AQ 

4.25 
CA3123E 61.40 

LM301AH 
0.47 

LM304 3.00 
LM308H 0.95 
LM309K 1.75 

Type Price 
LM320-5V 2.00 
LM320-12V 

2.00 
LM320-15V 

2.00 

LM320-24V 
2. 

LM380N 1.00 00 

LM381AN 
1.15 

LM3900N 
0.83 

MC724P 1.50 
MC1303L1.45 
MC1304P 

3.50 
MC1310P 

1.80 
MC1312P0 

1.50 
MC1330P 

1.35 

LINEAR IC'S 
Type Price 
MC1339 '1.50 
MC1350 '0.75 
MC1351P 

'0.85 
MC1352P 

0.85 
MC1456G 

0.85 
MC14661 3.95 
MC1469R 

2.50 
MC1496G 

0.90 
NE536 2.00 
5E5154 2.10 
NE540 '2.40 
NE555 0.40 
5E556 0.82 
NE561 3.25 
NE5628 2.95 
NE5654 2.00 
NE566 1.50 
5E567 2.50 
UA702C 0.48 

Type Price 
72702 0.46 
U47034 0.25 
UA709C 0.25 
72709 0.46 
72709P 0.25 
UA710C 0.40 
72710 60.30 
UA711C 60.32 
72711 0.32 
UA723C 0.50 
72723 0.50 
UA741C -0.20 
72741 0.20 

Type Price 
741P 0.20 
UA747C 0.70 
72747 0.79 
U4748 0.35 
72748 0.35 
72748P 0.35 
SN76013N 

1.40 
SN76023N 

'1.40 
SN76110.1.50 
SN76115.1.90 
SN76660.0.75 

Type Price 
SL4030 1.75 
SL414A 1.75 
TAA550B 0.35 
I AA621 A2.00 

TAA661A1.50 
TAD100 1.30 
TBA54002.50 
TBA641 B 2.25 
TBA800 0.80 
T13A810S 0.95 
154820 0.90 
1949200 3.40 
1 CA2 705 3.90 

NEWNES 
TECHNICAL 

BOOKS 

No. 229 Beginners 
Guide to 

Electronics 
Price £2.251 

No. 230 Beginners 
Guide to 
Television 

Price £2.251 

No. 231 Beginners 
Guide to 

Transistors 
Pece £2.251 

No. 233 Beginners 
Guide to 

Radio 
Price £2.251 

No. 234 Beginners 
Guide to 

Colour Television 
Price £2.251 

No. 235 Electronic 
Diagrams 

Price £1.801 

No. 236 Electronic 
Components 
Price £1.801 

No. 237 Printed 
Circuit Assembly 

Price f1.801 

No. 238 Transistor 
Pocket Book 
Price £3.901 

No. 225 110 Thyristor 
Projects Using 
SCRs & Triacs 
Price £2.501 

No. 227 110 COS/MOS 
Digital IC Projects 

For the Home 
Constructor 

Price £2.251 

No. 226 110 Operational 
Amplifier Projects 

for the Home Constructor 
Price £2.501 

No. 242 Electronics 
Pocket Book 
Price £3.751 

No. 239 30 Photoelectric 
Circuits & Systems 

Price £1.801 

Just a selection from our huge 
stocks) 

SEE OUR 
1977 CATALOGUE 

126 pages packed with valuable 
information 

ORDER NOW 
ONLY 50p plus 15p p&p 

DEPT. C6, P.O. BOX 6, WARE, HERTS. 
18 BALDOCK STREET, WARE, HERTS. 
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THE 'NUTS & BOLTS' OF THOSE PROJECTS! 
TRANSFORMERS 

MINIATURE MAINS Pri240V 
with two independent secondary windings. 

No. Type Price 
2024 MT280 0-6v. 0 6v RMS 280mA f1.30 
2025 MT150 0-12v. 0-12v RMS 150mA £1.30 

MINIATURE MAINS Pri 240v 
No. Secondary 
2021 6v -0-6v 100mA 
2022 9v -0-9v 100mA 
2023 12v -0-12v 100mA 

1 amp MAINS Pri 240v 

No. Secondary 
2026 6v -0-6v 1 amp 
2027 9v -0-9v 1 amp 
2028 12v -0-12v 1 amp 
2029 15v -0-15v 1 amp 
2030 30v -0-30v 1 amp 

STANDARD MAINS PP 240v 
Multi -tapped secondary mains transformers available in 
} amp 1 amp and 2 amp current rating. Secondary taps 
are 0 19 25 33 40 50v. 

Price 
£1.30 

.85 
£1.30 

Price 
£2.70 
£2.20 
£2.60 
£2.90 
f3.80 

p&p 30p 
p&p 30p 
p&p 30p 
p&p 30p 
p&p 30p 

of 4Voltages7,0, 141'15 
7 

by use 
25,taps, 31, 33. 40, 50, 

volts. 
25-0-25 

No. Rating Price 
2031 
2032 1 

amp 
amp 

£3.42 
£4.40 

p&p 30p 
p&p 5Op 

2033 2 amp £5.45 p&p 85p 

AUDIO OUTPUT Pri 1.2k Secondary b ohms 
200mW Dimensions 20 x 16 x 15 

Order no. 2037 £0.25 
MINIATURE INTER/DRIVER 
Pri 20k Secondary 1k Ratio 5:1 

Order no. 2038 

LT710 MIN INPUT 
Pri 100k Secondary 1k 15 x 13 x 13mm 

Order no. 3051 £0.42 
LT711 MIN DRIVER 
Pri 10k Secondary 2K-C.T 15 x 13 x 13mm 

Order no. 2040 £0.35 
LT712 MIN OUTPUT 
Pri 500 ohm Secondary 8 ohm 100mW 15 x 13 x 13mm 

Order no. 2041 £0.28 
LT717 MIN INPUT 
Pri 150k Secondary 1k 20 x 15 a 15 

Order no. 2042 £0.52' 
LT719 MIN INPUT 
Pri 20k Secondary 1k 20 s 15 x 15mm 

Order no. 2043 £0.32 
LT722 MIN DRIVER 
Pri 10k Secondary 2k-C.T. 20 o 15 a 15mm 

Order no. 2044 £0.32 
LT724 MIN OUTPUT 
Pri 1.2-C.T. Secondary 3.2 & 8 ohm 200mW 
Dimensions 20 x 15 x 15mm 

Order no. 2045 £0.38 

£0.23 

LT726 MIN OUTPUT 
Pri 500 ohm Secondary 3.2 & 8 ohm 200mW 
Dimensions 20 x 15 x 15mm 

Order no.. 2046 £0.38 

LT728 MIN DRIVER 
Pri 1k CT. Secondary 500 ohm CT - 

Dimensions 25 o 20 x 20mm 
Order no. 2047 £0.43 

LT729 MIN OUTPUT 
Pri 200 ohm C T. Secondary 3.2 & 8 ohm 400rrW 
Dimensions 25 x 20 x 20mrn 

Order no. 2048 £0.39 
LT730 MIN OUTPUT 
Pri 500 ohm C T. Secondary 3.2 & 8 ohms 500mW 

Order no. 2049 £0.42 

L.E.D.'s 
Size Order no Colour Price 

TP 09 125 1501 RED .12p 
TIL211 125 1502 GREEN .25p 
TIL213 125' 1503 YELLOW .25p 
FLV115 1504 RED .12p 
FLV310 2' 1505 GREEN .25p 
FLV410 2 1506 YELLOW .25p 

2nd Grade L.E.D.'s 
A pack of standard sizes and colours which fail to 
perform to their very rigid specification. hut which are 
ideal for experiments. 

Order no. 1507 £0.90 

L.E.D. CLIPS 
Size Order no. Price 

Pack of 5 
o ck of 5 

-125'' 
2' 

1508,/125 
1508/.2 

.15p 

.30p 

NUTS & BOLTS 
BA BOLTS - packs of B.A. Threaded cadmium plated 
screws, slotted cheese head. Supplied in multiples of 
Inn 
Type No. Price Type No. Price 
1"OBA 839 £1.12 1-4BA 845 £0.51 
"OBA 840 £0.83 4.-4BA 846 £0.38 

1"28A 842 £0.89 "484 847 £0.33 
"2BA 843 60.54 1"6BA 848 60.50 
"2BA 844 £0.63 4"6BA 849 f0.30 

6BA 850 f0.33 
BA NUTS - Packs of cadmium plated full nuts in 
multiples of 100. 
Type No. Price Type No. Price 
OBA 855 £0.90 4BA 857 £0.42 
2BA 856 £0.60 6BA 858 £0.36 
BA WASHERS - flat cadmium plated plain stamped 

washers supplied in multiples of 100. 
Type No. Price Type No. Price 
OBA 859 £0.19 I 4BA 861 £0.15 
2BA 860 60.15 I 6BA 862 £0.12 
SOLDER TAGS - hot tinned supplied in multiples 
of 100. 
Type 
OBA 
2BA 

No. 
851 
852 

Price Type 
£0.42 4BA 
£0.36 6BA 

No. 
853 
854 

Price 
£0.30 
£0.30 

INSTRUMENT CASES. In two sections. vinyl covered 
top and sides. aluminium bottom, front and back. 

No. Length Width Height Price 
155 8" 5'," £1.40 
156 11" 6' 3" £1.80. 

" 
157 6" 43' 1 "' £1.26 
158 9" 5z" 27 £1.60 

ALUMINIUM BOXES. Made from bright ali., folded 
construction each box complete with half inch deep lid 
and screws. 
No. Length Width Height 
159 51" 2' 1t 
160 4' 4' 
161 4" 21" 1n" 
162 r5,"4" 1}" 
163 4' 
164 3' 2 1" 
165 T' 5" 2i" 
166 8' 
167 6" 

3 

Price 
£0.62 
£0.62 
£0.62 
£0.78 
£0.64 
f0.44 
£1.04 
£1.32 
£0.86 

BRIDGE RECTIFIERS 
SILICON 1 AMP 
Type Order No. 
50 RMS BR1 50 
100vRMS BR1/100 
200vRMS BR1/200 
400vRMS BR1/400 

SILICON 2 AMP 
Type 
50v 
100v 
200v 
400v 
1000v 

Order No. 
BR2 50 
BR2 100 
B R 2/200 
BR2 400 

BR2 1000 

Price 
£0.25 
£0.28 
£0.30 
£0.35 

Price 
£0.40 
£0.45 
£0.60 
£0.55 
£0.65 

SWITCHES 
Description No. 
D.P.D T. miniature slide 1973 
D.P. D.T. standard slide 1974 
Toggle switch S.P.S.T. 

1} amp 250v AC 1975 
Toggle switch O.P.U.T. 

1 amp 250v AC 1976 
Rotary ON-OFF mains switch 1977 
Push switch - Push to make 1978 
Push switch - Push to break 1979 
ROCKER SWITCH Colour No. 
A range of rocker RED 1980 
ºwitches SPST - BLACK 1981 
moulded in high WHITE 1982 
insulation. Material BLUE 1983 
available in a choice of YELLOW 1984 
colours ideal for small LUMINOUS 1985 
apparatus 
Description 
Miniature S.P.S.T toggle 

2 amp 250v AC 
Miniature S.P.S.T. toggle 

2 amp 250v AC 
Miniature D.P.D.T. toggle 

2 amp 250v AC 
Miniature D. P.D T toggle centre 

oR -2 amp 250v AC 
Push button S.P.S.T. 2 amp 

250v AC 
Push button S.P.S. T. 2 amp 

250v AC 
Push button D.P.D.T. 2 amp 

250e AC 
MIDGET WAFER SWITCHES 

No. 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

Price 
£0.10 
£0.12 

£0.33 

£0.36 
£0.42 
£0.13 
£0.18 

Price 
£0.22 
£0.22 
£0.22 
£0.22 
£0.22 
£0.22 

Price 

£0.50 

£0.56 

£0.65 

£0.86 
£0.65 

£0.68 
£0.80 

Single -bank wafer type - suitable for switching at 250v 
AC 100mA or 150v DC in non -reactivar loads make - 
before -break contacts. These switches have a spindle 
0.25" dia and 30" indexing. 
Description Order Price 

No. 
1 pole 12 way 1965 £0.48 
2 pole 6 way 1966 £0.48 
3 pole 4 way 1967 £0.48 
4 pole 3 way 1968 £0.48 
MICRO SWITCHES Order 

No. 
Price 

Plastic button gives simple 
on -off action 
Rating 10 amps 250v AC 1969 £0.20 

Button gives 1 pole change 
over action 
Rating 10 amp 250v AC 1970 £0.25 

FUSE HOLDERS & FUSES 
Description Order Price 

No. 
20mm x berm chassis mounting 506 £0.07 
1;" " chassis mounting 507 £0.10 
1; car inline type 508 £0.20 
Panel mounting 20mm 509 £0.22 
Panel mounting 14" 510 

QUICK BLOW 20mm 
Type No. Type No. 
150mA 611 1A 615 
250mA 612 1.5A 616 
500mA 613 2A 617 
800mA 614 2.5A 618 

£0.24 

Type No. 
4A 619 

A 620 
5A 621 
ALL 5p EACH 

ANTI -SURGE 20mm 
Type No. Type No. Type 
100mA 622 1A 625 2.5A 
250mA 623 2A 626 3154 
500mA 624 1.64 627 5A 

ALL 7p EACH 
QUICK BLOW 11" 
Type No. Type No. Type 
250mÁ 631 50,mÁ 632 80,mÁ 

ALL 7p EACH 
Type No. Type No. 
to 635 2.5A 638 
1 6A 636 3A 639 

ALL 6p EACH 

Type 
4A 
5A 

No. 
628 
629 
630 

No. 
634 

No. 
641 
642 

LED 
Type 
BDL707 3" single 
BDL747 .6" single 
BDL727 .5" double 

DISPLAYS 
Order 
No. 
1510 
1511 
1512 

Price 

£0.80 
£1.50 
£1.80 

COLD CATHODE ITT 5087 ST 
Side viewing indicator tubes. Displays O-9 and decimal 
points. Wide viewing angle - operates from 180v with 
16k series anode resistors - character height 16.5mm 
pin connections supplied. 

Order No. 1513 Price £0.60 

VOLTAGE REGULATORS 
Positive Regulators TO220 case 
MVR 7805 5v £1.25 MVR 7815 15v £1.25 
MVR 7812 12v £1.25 MVR 7824 24v £1.25 

Negative Regulators TO220 case 
MVR 7905 5v £2.00 MVR 7915 15v £2.00 
MVR 7912 12v £2.00 MVR 7924 24v £2.00 

ORDERING 
PLEASE WORD YOUR ORDERS 

EXACTLY AS PRINTED, NOT 
FORGETTING TO INCLUDE 

OUR PART NUMBER 
V.A.T. 

ADD 123% TO PRICES MARKED' 
ADD 8% TO OTHERS EXCEPTING 

THOSE MARKEDt. THESE ARE ZERO 

Just a selection from 
our huge stocks! 

SEE OUR 
1977 CATALOGUE 

126 pages packed with 
valuable information 

ORDER NOW 
ONLY 50p 

plus 15p p&p 

DEPT. C6, P.O. BOX 6, WARE, HERTS. 

Shop at: 18, Baldock Street, Ware, Herts. 
Open 9 to 5.30 Monday to Saturday 
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PRECLSIUN 
IN YOUR HAND 
with the PRECISION 
PETITE miniature electric drills r 
The Mk. Il PI drill ilustrated is excellent 
for speedy work on p.c. boards, light 
metalwork and plastics. It operates from a 
9-14v. d.c. source @ 2 amps and turns at 
10,000 r.p.m. with 120 cmg. torque. A 
wide range of accessories is available. 
ALSO the New P2 drill ... more powerful, 
faster and of larger capacity has 4 collets 
for 0 to 3.5 mm. tool shanks, long ball 
bearing shaft and powerful motor running 
at 12,000 r.p.m. with 320 cmg. torque 
12v d.c. @ 3 amps. 

Sole Distributors: 
Send 9in. x 4in. SAE for 
illustrated leaflets 
and order form 

PRICES inc V.A.T. 
Mk. Il Drill Stand 4.40 35 p.p. 
Mk. II Drill Only 8.79 35 p.p. 
Flexible Shaft 5.46 25 p.p. 
Transformer 6.00 70 p.p. 
Variable speed Transformer 8.25 70 p.p. 
S.30 Kit (Drill with 30 tools) 17.62 85 p.p. 
Kit Complete 33.48 1.15 p.p. 
P2 Drill only 16.50 65 p.p. 

Replacement accessories 40p each 

Postage for spares (any quantity) 15p 

PRECISION PETITE LTD. 
119a High Street, Teddington, Middlesex TW11 8HG 
Tel.: 01-977 0878 24hr Telephone Enquiry Service 

Comprising 
776 pages 
inc. index 

LATEST BOUND VOLUME No. 29 

AUGUST 1975 
to JULY 1976 

of 
"Radio .& Electronics 

Constructor" 

FOR YOUR LIBRARY 

NOW AVAILABLE 

BOUND VOLUME No. 27 (August 1973 to July 1974) 
BOUND VOLUME No. 28 (August 1974 to July 1975) 

Limited number of these volumes still available 

We regret all other volumes are now completely sold out. 

Available only from 

PRICE £2.40 p. & p. 75p 
PRICE £2.75 p. & p. 75p 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN 
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THE MODERN BOOK CO 
WORLD RADIO T.V. HANDBOOK 1977 

by J. M. Frost 
UNDERSTANDING MICROPROCESSORS 
by Motorola PRICE: £3.75 
OP -AMP CIRCUIT DESIGN & APPLICATIONS 
by J. Carr PRICE: £4.00 
SIMPLE ELECTRONICS FOR MODELLERS 
by I. R. Sinclair PRICE: £3.30 
HAM RADIO A PRACTICAL GUIDE 
& HANDBOOK 
by K. Ullyett PRICE: £5.00 
BUILD -IT BOOK OF MINIATURE TEST & 
MEASUREMENT INSTRUMENTS 
by R. P. Haviland PRICE: £3.30 
MICROELECTRONICS 
by C. L. Hallmark PRICE: £3.75 
TOWERS' INTERNATIONAL TRANSISTOR 
SELECTOR 
by T. D. Towers PRICE: £5.10 
RADIO COMMUNICATION HANDBOOK VOL. I 

by RSGB PRICE: £8.00 

Price: £5.50 
THE RADIO AMATEUR'S HANDBOOK 1977 
by A.R.R.L. PRICE: £6.50 

ELECTRONICS FAULT DIAGNOSIS 
by I. R. Sinclair PRICE: £3.25 

110 ELECTRONIC ALARM PROJECTORS FOR 
THE HOME CONSTRUCTION 
by R. M. Marston PRICE: £2.25 
CASSETTE TAPE RECORDERS 
by J. Earl PRICE: £5.16 
MASTER ELECTRONICS IN MUSIC 
by T. D. Towers PRICE: £2.86 
HI FI IN THE HOME 
by J. Crabbe PRICE: £3.00 
HI FI YEAR BOOK 1977 PRICE: £3.60 
BUILD YOUR OWN WORKING ROBOT 
by D. L. Heiserman PRICE: £3.60 
THE CATHODE RAY OSCILLOSCOPE & ITS USE 
by G. N. Patchett PRICE: £4.00 

PRICES INCLUDE POSTAGE 

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 
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TRADE 
COMPONENTS 

JUST A FEW BARGAINS ARE LISTED - SEND STAMPED ADDRESSED 
ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. PAY A VISIT. 
OVER 90% OF STOCK BELOW QUANTITY WHOLESALE PRICE. 
ALL PRICES INCLUDE THE ADDITIONAL DISCOUNT IN LIEU OF 

GUARANTEE 

Goods sent at customer s risk, unless suficient payment for registration (1st class letter 

post) or compensation fee (parcel post) included. 
JAP 4 gang min. sealed tuning condensers 20p 

VALVE BASES 
Printed circuit B9A-B7G .. 3p 
Chassis B7-B7G 9p 
Shrouded chassis B7G-B9A-B8A .. 10p 

B12A tube . 9p 

Speaker 6" x 4" 5 ohm ideal for car radio 70p 

TAG STRIP -6 way 3p 15 x 50pF or 2 x 220pF 
9 way 5p Single 1p trimmers 20p 

Car type panel lock 
and key 40p 

18 volt 4 amp charger, 
bridge rectifier 79p 

GC10/4B £3.00 
Telescopic aerial 

Closed 92", open 382" 
Fitted right angle TV 

plug, 50p 

BOXES - Grey polystyrene 61 x 112 x 31 mm, top secured by 4 

self tapping screws 323-p 
Clear perspex sliding !id, 46 x 39 x 24mm 10p 

ABS, ribbed inside 5mm centres for P.C.B., brass corner inserts, 
screw down lid, 50 x 100 x 25mm orange 48p; 80 x 15C x 50mm 
black 70p; 109 x 185 x 60mm black £1.10 
ALUMINIUM 
3" x 2" x1" 39p 
2;"x5;"x1445p 
4" x 4" x 12" 45p 

4" x 21" x 1;" 45p 10" x 44" x 3" £1.02 
4" x 21" x 2" 44p 12' x 5 . 3 £1.20 
4" x 5a" x 13' 54p 10" x 7" x 3" £1.22 

SWITCHES 

Pole Way Type 

4 2 Sub. Min. Slide 18p 
6 2 Slide 20p 
1 3 13 amp rotary 6p 
2 1 2 Amp 250V A.C. rotary 20p 
2 3 Miniature Slide 16p 

S.P.S.T. 10 amp 240v. white rocker switch 
with neon. 1" square flush panel fitting 20p 
.S.P.S.T. dot 13 amp, oblong, push -fit, rocked 5p 

AUDIO LEADS 
5 pin din plug 180° both ends 11 Mtr., SOp 
3 pin din to open end, 11 yd twin screened 35p 
Phono to Phono plug, 6ft. 35p 

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

31b for 85p + 85p post and packing 
71b for £1.95 + £1.20 post and packing 

, 1k horizontal preset 3" Tape Spools 3p 

with knob 3p 1" Terry Clips 4p 
12 Volt Solenoid 30p 

TV KNOB 
Dark grey plastic for recessed shaft (quarter 
inch) with free shaft extension 5p 

ENM Ltd. cased 7 -digit counter 2; x 11 x 11" 
approx. 12V d.c. (48 a.c.) or mains 75p 

ZM1162A INDICATOR TUBE 
0-9 Inline End View. Rectangular Envelope 170V 
2.5M/ A £ 1 

REGULATED TAPE MOTOR 
9v d.c. nominal approx 11- diameter 60p 

12v 8 amp Transformer £2.50 (p&p 85p) 

(Ferric Chloride, Anhydrous mil. spec 1 Ib bag 40p 

RESISTORS 
é -1-J1 watt 1p 

1 watt .. 2p 
Up to 15 watt wire 
wound 6p 
1 or 2% five times 
price. 
Cinch 8 way std 0.15 
pitch edge connector2Op 

Semiconductor Data 
Book 171 pages. Covers 
Japanese types 25Al2 
through to 2SD335. 
Type/connection/ para- 
meter details £1.50 
No VAT 

POTS 
Log or Lin, single or dual, 
switched carbon or wire - 
wound. rotary or slider. All 
types 16p 
1.5m Edgetype 3p 

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

THERMISTORS 
VA1008, VA1034, 
VA1039, VA1040, 
VA1055, VA1066, 

t6p 

VA1082, VA1100 
V.11077, 115p 
VA1005, J 

RELAYS 
12 volt S.P.C.O octal 
mercury wetted high 
speed 40p 
P.O 30)0 type, 1,000 
OHM coil, 4 pole c/o 

40p 
Mains or 12v d.p.c.o 
Heavy duty octal 50p 

3.5mm metal stereo 
plug 20p 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 

Open 10 a.m. till 7 p.m. Tuesday to Saturday. VAT receipts on request. 

Terms: Payment with order Telephone: 01-223 5016 

ELECTROLYTIC.& MFD/VOLT. Many others 
in stock 70- 200- 300- 450 - 
Up to 10V 25V 50V 75V 100V 250V 350V 500V 
MFD 

10 4p 5p 6p 8p 10p 12p 16p 20p 
25 4p 5p 6p 8p 10p 15p 18p 20p 
50 4p 5p 6p 9p 13p 18p 25p - 

100 5p 6p 10p 12p 19p 20p - - 
250 9p 10p 11p 17p 28p - 85p £1 

500 10p 11p 17p 24p 45p - - - 
1000 13p 22p 40p 75p - £1.50 - - 
2000 23p 37p 45p -- - - - - 

As total values are too numerous to list, use this 
price guide to work out your actual requirements 

8.'20. 10 20, 12.20 Tubular tantalum 20p each 
16-32/275V. 100-100/150V. 100-100/275V 30p; 
50-50/385V. 12,000/12V, 32-32-50/300V. 20- 
20-20/350V 60p; 700 mfd/200V £1.00: 100-100- 
100-150-150/320V £2.00. 

RS 100 -0-100 micro amp null indicator 
Approx. 2" x x 1" £1.50 

INDICATORS 
Bulgin D676 red, takes M.E.S. bulb 30p 
12 volt or Mains neon, red pushfit .. .. 18p 
R.S. Scale Print, pressure transfer sheet .10p 

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

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

CONNECTOR STRIP 
Belling Lee L1469, 4 way polythene. Op each 

1; glass fuses 250 m'a or 3 amp (box of 121 6p 
Bulyin. brow Jack plug and switched socket (pair) 30p 

Reed Switch 28mm. body length 5p 

MAINS DROPPERS 

66 --66 -158 ohm, 66 66 137 ohm 
17 : 14 6 ohm, 266--- 14 ( 193 ohm 5p 

285 i 575- 148 35 ohm l 
25 35- 97- 59 . 30 ohm 

5p 

54" x 21" Speaker, ex -equipment 3 ohm 30p 
2 Amp Suppression Choke ..........Sp 
3x24x ;" 

1 
PAXOLINE 4p 

41x1xá", 1p 
PCV or metal clip on MES bulb Holder 4p 
VALVE RETAINER CLIP, adjustable 2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 
Valve type, 

25p 
40p 

GCM21T/22T/24T Stylii 15p 
Whiteley Stentorian 3 ohm constant impe- 
dance volume control way below trade at 80p 
RS Yellow Wander Plug Box of 12 25p 
18 SWG multicore solder 24p foot 
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SEMICONDUCTORS 
Full suet, marked by Mullard etc. Many other types in stock 

ÁC1028/1 76 
ACY29 
AD149 
AF116 
AF 124/6/7 
AF139 
AF 178/80/81 
AF239 
ASY27/73 

16p 
8 

19p 
40p 

16}p 
2 
20p 
30p 
30p 
30p 

BC107/8/9 t A/B/C 6p 
BC147/8/9 t A/B/C/S 6p 
BC157/8/9 t A/6/C 6p 
BC178A/B, 1798 12p 
BC184C/LC 9p 

20 
BC2813U214B 10p 
BC261B 8p 
BC327/8, 337/8 8p 
BC547/8/8A/8C 10p 

BC555/6/7/8/9 
BCX32 36 
BCY40 
BCY70/1/2 
BD112/3 
BD115/6 
BD131/2/3 
50135/6/7/9 
B0140/142 
8D201/2/3/4 
8D232/4/5/8 
BDX77 
813437 
8H 15/167/173 
BF 178/9 
8F180/1/2/3/4/5 
B F 194/5/6/7 
BF194A. 195C 
BF200,258,324 

9p 
12p 
50p 
12p 
5 
31p 
35p 
30p 
30p 
80p 
49p 

£1 
50p 
15p 
20p 
15p 

6p 

2Óp 
BF202/3 30p 
8F336 27p 
8E528 Dual Mosfet £1 

Amp 

1.4 
0.6 
5 

Volt 
1,600 
140 
42 
110 
400 

BRIDGE RECTIFIERS 

BYX10 
OSH01-200 
BY164 
EC433 
Texas 

26p p 
400 

6p 
90p 

BFW 10/11 F.E.T. 
BFW30 
BFW57/58 
B FX 12/29/30 
BFX84/88/89 
BFY50/51/52 
BFY90 
BR101 
BRY39/56 
BSV64 
BSV79/80 F.E.T.s 
BSV91 Mosfet 
BSX20/21 
BSY40 
RSY95A 
CVA70631) C41/44 

GET111 
0C35 
ON222 
TI P30/3055 
TIS88A F.E.T. 
ZTX300/341 
2N393 (MA393) 
2N456A 
2N929 
2N987 
2N1507/2219 

40p 
£1 

17p 
20p 
17p 
13p 
5Up 
30p 
26p 
30p 
80p 
90p 
14p 
27p 
12o 

5p 
40pp 

20p 
45p 
23p 

7p 
30p 
50p 
14p 
40p 
15p 

RECTIFIERS 

Amp Volt 
IN4004i5/6 1 4/6/800 5P 
IN4007iBYX94 1 1250 5p 
BY103 1 1,500 181-p 
SR100 1.5 100 7p 
SR400 1.5 400 8p 
REC53A 1.5 1,250 14p 
LT102 2 30 10p 
8YX38-300R 2.5 300 40p 
BYX38-600 2.5 600 45P 
BYX38-900 2.5 900 5013 
BYX38-1200 2.5 1,200 55p 
BYX48 300R 2.5 300 26p 
BYX49-600 3 600 35P 
BYX49-900 3 900 40p 
BYX49-1200 3 1,200 52p 
RYX18- 30UH 6 300 40p 
BYX48-600 6 600 50p 
BYX.'.8-900 6 900 60p 
8YX48-1200R 6 1,200 80p 
BYX72-150R 10 150 35p 
BYX72-300R 10 300 45p 
BYX72-500R 10 500 55p 
BYX42-300 10 300 30p 
BYX42-600 10 600 65p 
BYX42-900 10 900 80p 
B YX42-1200 10 1,200 95p 
BYX46-300R` 15 300 £1.00 
BYX46-400R" 15 400 £1.50 
BYX46-500R" 15 500 £1.75 
BYX46-600" 15 600 £2.00 
BYX20-200 25 200 60p 
BYXh7 300 40 300 £1.75 
BYX52-1200 40 1,200 £2.50 

*Avalanche type 
Amp Volt TRIACS 
6 800 Plastic RCA £1.20 
25 900 BTX94-900 £4.00 
25 1200 81X94-1200 £6.00 
Mullard Data Book 40p 
RS 2mm Terminals 
Rlue K Black 5 for 40p 
Chrome Car Radio facia 15p 
Rubber Car Radio gasket 5p 
DLI Pal Delayline .. 50p 
Relay socket 

Take miniature 2PCO relay 
B9A valve can 

10p 

5p 

0-30, or 0-15, black pvc, 360° 
dial, silver digits, self adhesive, 
41" dia. 1Op 

OPTO ELECTRONICS 
Diodes Photo transistor 

TIL209 Red 12p BPX29 80p 
BPX40 5Op 0CP71 34p. 
BPX42 80p 
BPY10 80p 

(VOLTIAC) 

BPY681 
BPY69 80p 
BPY77 J 

BIG L.E.D. 
2v 50m/A max. 
ORANGE 14p 
YELLOW 14p 
RED 14p 

PHOTO SILICON CONTROLLED 
SWITCH BPX66 PNPN 10 amp £1.00 
.3" red 7 segment L.E.D. 14 
D.I.L. 0-9+D.P. display 1.9v 
10m/a segment, common 
anode 61p 
DL747.6" £1.25 
Minitron 3" 3015F filament 

£1.10 
CQY11 B L.E.D. 

Infra red transmitter £1 
One fifth of trade 

Plastic, Transistor or Diode 
Holder 1p 
Transistor or Diode Pad 1p 
Holdersorpads 5Opper100 

2N2401 30p 
2N2412 70p 
2N4832N2904/5/6/7/7A 

125p 
2N3053 14p 
2N3055 R.C.A. 50p 
2N3704 8p 
2N3133 20p 
2N4037 34p 
2N5036 (Plastic 203055) 

30p 
2SA141/2/360 31p 
2SB135/6/457 20p 
40250 12N30541 30p 

NEW B.V.A. VALVES 
6BW7 60p 
E891 34p 
ECH81 34p 
ECL80 36p 
EF80 34p 
EF183 34p 
EY86/7 34p 
PC86 53p 
PC88 53p 
PC97 36p 
PCC84 34p 
PCC89 45p 
PCC189 45p 
PCF80 34p 
PCF82 34p 
PCF801 46p 
PCL82 34p 
PL81 35p 
PY50A 80o 
PYB/800 38p 
R20/U26 50p 

OTHER DIODES 
1N916 ... .. 6p 
1N4148 2p 
BA145 ...14p 
Centercel 24p 
BZY61/BA148 ..10p 
8E1103/110 Varicap 15p 
BB113 Triple 

Varicap ...37p 
BA182 
0A5/7/10 ... 15p % 
BZY88 Up to 33 volt 7p 
BZX61 11 volt 15p 
BRIOO Diac. .. 15p 

INTEGRATED CIRCUITS 
TAA700 .. £2.00 
TBA800 £1.00 
741 8 pin d.i,l. 00. 

Amp 24p 
TAD100 AMR £1 
CA3001 R.F. Amp 50p 
CD4013 CMOS 38p 
TAA300 1 wt Amp £ 1 

TAA550 Y or G 22p 
TAA263 Amp ..65p 
7400 10p 
7402/4/10/20/30 14p 
7414 

. 

7438/74/86 24p 
7483 69p 
LM300, 2-20 volt £1 
74154 90p 
TBA5500 £1.50 

Amp Volt THYRISTORS 
1 240 BTX18-200 .. 30p 
1 400 BTX18-300 -- .. .. 35p 

1 240 BTX30-200 .. .. .. 30p 
15 500 BT107 .. .. £1 
6.5 500 BT101-5008 .. .. .. 90p 
6.5 500 BT109-500R .. .. .. £1.00 
20 600 BTW92-600ßM .. £3,00 
15 800 BTX95-800R Pulse Modulated .. f8.00 
30 1000 28710 (Less Nut) £3.00 

PAPER BLOCK CONDENSER 
0.25MFD 800 volt 30p 
1MFD 250 volt 15p 
2MFD 250 volt 20p 
4MFD 250 volt 20p 

LC. extraction and insertion 
tool 32p 

CHASSIS SOCKETS 
Car Aerial 9p, Coax 3p, 5 oin 
180° 9p, 5 or 6 pin 240° din 
6p, speaker din switched 5p 
3.5 mm switched 5p, stereo ¡" jack enclosed 10p, 

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

T03 HEATSINK 
Europlec HP1 T038 individual 'curly' 
power transistor type. Ready drilled 12p 

Tested unmarked, or marked 
ample lead ex new equipment 

ACY17-20 8p 0071/2 5p 
ASZ20 8p 0C200-5 8p 
ASZ21 30p TIC44 24p 
BC186 11p 2G240 £1 
8CY30-34 8p 2G302 5p 
8CY70/1/2 8p 2G401 5p 
BF115 10p 2N711 25p 
BY126/7 4p 2N2926 4p 
HG1005 10p 2N598/9 6p 
HG5009 3p 2N1091 8p 
HG5079 3p 2N1302 8p 
L78/9 3p 2N1907 £1 
M3 10p Germ. diode 1p 
0A81 3p GET120(AC128 
0A47 3p 

in 1" sq. heat 
sink 15p 

0A200-2 3p GET872 12p 
0C23 20p 2S3230 30p 

CRAZY OFFERS 
2200 mfd. 84v 40p 
2500 mid. 40v 30p 

8 mfd. 500v Sp 
400 mfd. 16v 4p 

.1 mfd, 500v 14,p 

.1 mid. 1500v 2p 
2200 mfd. 25v 30p 
1000 mfd. 200v 25p 

10000 mid. 15v 12p 
1250 mfd. 35v 10p 
6800 mfd. 10v 6p 

32+32 mfd. 275v Bp 
16*32 mfd. 350v 12p 

8+8 mfd. 350v 8p 
150 mfd. 35v 44p 
100 mfd. 70v 4 p 

1 mfd. non-polar35Ov 3p 
680 mfd. 100v 10p 

15 mfd. 160v 3p 
4700 pf.sub min 500e 1}p 
4700 mfd. 63v 70p 
300 mfd. 450v 25p 
Philips electronic engineer 
kits add on series E1004 

75p each. 
G.E.C. 5% Hi -stab 
capacitors .013, .056, 
.061,066. .069, .075, .08, 
.089, .095. 2p each 

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

Switch 24p- 

ENAM. COPPER WIRE 
SWG. PER YD. 
20-24 3p 
26-42 2.6p 

GARRARD 
GCS23T Crystal Stereo 
Cartridge 66p 
Mono (Stereo compatible), 
Ceramic or crystal 60p 

HANDLES 
Rigid light blue nylon 
62," with secret fitting 
;screws .. 5p 

Belling Lee white 
plastic surface coax 

outlet box 20p 

Miniature Axial Lead 
Ferrite Choke formers 

2p 
RS 10 Turn Pot 1% 
250, 500 U, 1K, 
50K £1 

Copper coated board 
10" x 9" approx 25p 

TIE CLIPS 
Nylon self locking 7" 
or 31" 2p 

Geared Knob 
8-1 ratio 1h" diam, 

black 70p 
R.S. 2+" 35 ohm lotid 
speaker 60p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

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

MAIL ORDER CUSTOMERS ONLY ADD 
8% VAT -I PAY BALANCE ON 12+96 ITEMS 
ALL ENQUIRIES, ETC., MUST BE ACCOMPANIED BY A 

STAMPED ADDRESSED ENVELOPE 
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UNDERSTAND DATA 
PROCESSING 

DATA PROCESSING, by Oliver & Chapman, is now in 
its Third Edition - first published 1972. 

200 pages 91" x 6*" PRICE £2.50 
Inclusive of postage 

The primary aim of this outstanding manual is to provide a simplified approach to 
the understanding of data processing - (previous knowledge of the subject is not 
necessary). 

The 40 chapters and appendices cover the following topics: Introduction to 
Data Processing; Organisation and Methods; Conventional Methods; Introduction 
to EDP and Computers; Hardware; Computer Files; Data Collection and Control; Programming and Software; Flowcharts and Decision Tables; Systems Analysis; Applications; Management of EDP, etc. 
Available from: 

D.P. PUBLICATIONS 
4 AMPORT CLOSE, WINCHESTER, HANTS S022 6LP 

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

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

2.13ecOme a 
radio amateur. 
Learn how to become a radio- 
amateur in contact with the whole 
world. We give skilled preparation 
for.the G.P.O. licence. 

(1) Build an oscilloscope. 

(2) Read, draw and understand 
circuit diagrams. 

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

WAA 
ma am um ma am ism cm al ea in MI 111.111111111111111111 in al 

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

NAME 
REC 57 ADDRESS 

ism Rai imi mu ims mi No ma am on am am an ffl in in 3111 ffl Mill in 

I 
I 
I 

Block caps please 1 
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8wleuNß p1iN 

THE FACTORY 
organised in the name of 
better service, 

THE SHOP 
really three shops - audio 
showroom, component bar- 
gains, modules, etc., etc. 
Well worth a visit. 

r 

This is 

StirhiflU 

bmbshell! 

NO MORE 

V.A.T. 6 POSTAGE 

PROBLEMS 

+ NEW DIRECT FROM FACTORY DELIVERY SPEED-UP 

Another FIRST for Stirling Sound / Fife 
`+S Why worry about working out V.A.T. (12}% on £4.87 plus 8% on f3,39' plus 

85p tor p/p, or should it he 54p? We do it for you. Just send your order with the 
advertised price we attend to the rest. Buy at our Westcliff shop 
in person and we deduct postage charges automatically. I his is not all. Now 
you send your orders direct to our factory (see below) where we make Stirling 
Sound products and we send back your order directly from there even quicker - 
real time saving that! AND STIRLING SOUND PRICES REMAIN KEENLY 

COMPETITIVE ALL THE TIME maintaining the 
lead we took in 1959 by being first to sell 
bargain component packs in the U.K. We've 
come a long way since then with our ex- 
citing programme for the seventies we're going 
even further! 
YOU PAY THE PRICE YOU READ 
AND NOTHING MORE 
subject only to (very rarely) there being a prin- 
ting error or really vicious price rise in produc- 
tion costs. You're SAFE when you buy from 
Stirling Sound the business that has grown 
on really understanding customers' needs and 
interests. 

BEST SELLERS FROM OUR 1977 RANGE OF Q.V. MODULES 
All prices include V.A.T. and package and post charges 

THE POWER AMPLIFIERS 
From 3-100 Watts R.M.S. 
SS.103 3 watt r.m.s. mono. Short-circuit 
protected with one I.C. £2.33 
SS.103-3 Stereo version of above using two 
I .C.s £4.33 
SS,105 5 watts r m. s. into 3 ohms. using 12V 

£3.40 
SS.110 10 watts r.m.s. using 24V and 4 ohms 
load £4.05 
SS.120 20 watts r.m.s. into 4 ohms, using 
34V f4.61 
SS.140 Delivers 40 watts r.m.s. into 4 ohms 
rising 45 volts supply unit such as SS.345, Ideal 
for small disco. P.A. etc. £4.99 
SS.1100 100 watt amplifier into 4 S! using 70V 
supply such as SS.370. Built in short circuit 
I,rut..riinn £ 10.43 

THE BARGAIN THEY'RE ALL 
TALKING ABOUT. 
IT'S THE SS.1100 100 WATT R.M.S. AMP- 
LIFIER (£10.45) TOGETHER WITH SS.370 
POWER UNIT (£14.631 plus full size 
heatsink for amp. (1.391. It's yours for only 

£24.23 A SAVING OF £2.20 
(Items bought separately come to £26.45) 

Your chance to lay the foundations of a really 
powerful disco or P.A. assembly at a marvellous 
price. This guaranteed Stirling Sound triumph 
is built for real hard work so why pay more? 

TONE CONTROLS & PRE -AMP 
UNIT ONE Combined pre -amp with active 
tone -control circuits. + 1 5dB at 10Khz treble 
and 30Hz bass. Stereo. Vol/balance/treble/bass. 
200mV out for 50mV in. Operates from 10 to 
16V supply £9.00 
UNIT TWO Similar to Unit One but for magnetic 
r.artrirlges R. I.A.A currimed. Easily adaptable 
to ceramic input if ,d so required. £12.43 
SS.100 Active toned control, stereo. 15d8 on 
bass and on treble £3.00 
SS.101 Stereo pre nni ) for ceramic cartridges, 
etr, Pas ;iv,' tone cuntml ,letails supplied. 

£2.33 
SS.102 Stereo pre -amp for low output magnetic 
P.U.s. R.I,A.A. corrected £4.04 

THE F.M. RADIO MODULES 
SS.201 Front end tuner, slow geared drive, two 
gang A.F.C. facility Tunes 88-108 MHz £5.90 
SS.202 I.F. amplifier. Metering and A.F.C. 
facilities £5.90 
SS.203 Phase Lock Loop Stereo Decoder for 
use with the above or other F.M. mono tuners. 
A LED may be fitted £4.19 
SS.203-1 Coil -type Stereo Decoder for use 
with SS.201 and SS.202, recommended where 
economy is called for. Available in two forms: 
SS.203/1N with I.C. for neg earth £3.06 
SS.203/1 P transistor type for pos. earth £2.50 

Every effort is made to ensure correctness of 
information and prices at time of going to 
press. Prices are subject to alteration without 
prior notice. 

STIRLING SOUND 
POWER SUPPLIES 

8 Power units 
at very 
competitive 
prices 

Firstly, the range covers well over 65% of all con- 
structors' needs. Secondly, with 13-15 volt take 
off points on all models except SS.312, you get a 

valuable bonus, thirdly, the stablised models with 
variable outputs complete a range to suit almost 
all requirements. 

SS.312 12V/1A £6.36 
SS.318 18V/1A £6.64 
SS.324 24V/1A £7.27 
SS.334 34V/2A £8.31 
SS.345 45V/2A £9.98 
SS.350 50V/2A £10.38 
SS.370 70V/2A £14.83 
SS.310/50 with pre-set control to vary output 
from 10 to 50V d.c., smoothed. Built-in anti - 
short protection. £16.69 
SS.300 Stabilising unit for adding to existing 
supply units. Variable output control 10 to 50V 
d.c.i2 8A. Built-in anti -short protection. f6.02 

P/ease make cheques, etc. payable to Bi -Pre - 
Pak Ltd. J 

MAIL ORDERS 
STIRLING SOUND Dept RC5 

37 VANGUARD WAY, SHOEBURYNESS, ESSEX 
Telephone Shoeburyness (0702-28) 5543 

SHOP AND SHOWROOM 
220-224 WEST ROAD, 

WESTCLIFF-ON-SEA, ESSEX SSO 9DF 
Open all day Saturday 
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WILMSLOW AUDIO 
THE Firm for speakers! 

SPEAKERS 
Baker Group 25, 3, 8 or 15 ohms 
Baker Group 35, 3, 8 or 15 ohms 
Baker Group 50/12 8 or 15 ohms 
Baker Group 50/15 8 or 15 ohms 
Baker Deluxe 12" 8 or 15 ohms 
Baker Major 3, 8 or 15 ohms 
Baker Superb 8 or 15 ohms 
Baker Regent 12" 8 or 15 ohms 
Baker Auditorium 12" 8 or 15 ohms 
Baker Auditorium 15" 8 or 15 ohms 

Castle BRS/DD 4/8 ohms 
Celestion G12M 8 or 15 ohms 
Celestion G12H 8 or 15 ohms 
Celestion 012/50 8 or 15 ohms 
Celestion 012/50TC 8 or 15 ohms 
Celestion G 15C 8 or 15 ohms 
Celestion 018C 8 or 15 ohms 
Celestion HF1300 8 or 15 ohms 
Celestion HF2000 8 ohms 
Celestion MH1000 8 or 15 ohms 
Coles 4001 G&K 

Decca London ribbon horn 
Decca London C0/1000/8 Xover 
Decca DK30 ribbon horn 
Decca C0/1/8 Xover (DK30) 

EMI 14 e 9 Bass 8 ohms 14A770 
EMI 8 x 5, 10 watt, d/cone, roll surr. 
EMI 61" d/cone, roll surr. 8 ohms 
Elac 59RM109 (15) 59RM114 (8) 
Elac 61" d/cone, roll surr. 8 ohms 
Elac 10" 10RM239 8 ohms 
Eagle FR4 
Eagle FR65 
Eagle FR8 
Eagle FR10 
Eagle HT15 
Eagle HT21 
Eagle MHT10 
Eagle FF28 multicell. horn 

Fane Pop 15. 8 or 16 ohms 
Fane Pop 33T, 8 or 16 ohms 
Fane Pop 50, 8 or 16 ohms 
Fane Pop 55, 8 or 16 ohms 
Fane Pop 60, 8 or 16 ohms 
Fane Pop 70, 8 or 16 ohms 
Fane Pop 100, 8 or 16 ohms 
Fane Crescendo 12A, 8 or 16 ohms 
Fane Crescendo 12BL, 8 or 16 ohms 
Fane Crescendo 15/100A, 8 or 16 ohms 
Fane Crescendo 15/125, 8 or 16 ohms 

£ 13.00 
£ 14.50 
£21.00 
£25.75 
£17.50 
£ 15.00 
£22.50 
£1250 
£21.00 
£ 25.75 

SPEAKER KITS 
£75.95 Baker Major Module 3, 8 or 15 ohms each £18.00 

Guodmans DIN 20 4 or 8 ohms each £15.75 
Goodmans Mezzo Twin kit pair 51.95 
Helme XLK 20 pair £17.50 
Helme XLK 30 pair £21.95 
Helme XLK 35 pair £26.75 
Helme XLK 40 pair £38.50 
KEFkit 1 pair £59.50 
KEFkit Ill each £56.00 
Peerless 1060 pair £61.50 
Peerless 1070 each £54.95 

£9.95 £6.50 Peerless 1120 each £61.00 
£12.95 £6.95 Peerless 2050 pair £43.95 
£15.95 £16.50 Peerless 2060 pair £58.50 £18.00 £17.75 Richard Allan Twin assembly each 13'.95 
£20.00 £18.75 Richard Allan Triple 8 each £20.75 
£26.95 £44.00 Richard Allan Triple 12 each £25.95 
£39.95 £49.00 Richard Allan Super Triple 

£7.50 £24.00 Richard Allan RAB Kit paireach £37.80 
£8.55 £39.95 Richard Allan RA82 Kit pair £59.4029.50 

£13.50 £16.95 Richard Allan RA82L Kit pair 6570 
£5.90 £4.25 Denton 2XP Kit pair £23.25 

£31.50 £115.00 Wharfedale Linton 3XP Kit pair (34.25 
£6.95 £139.00 Wharfedale Glendale 3XP Kit pair £49.50 

£20.50 £165.00 HI-FI 
£4.75 Jordan Watts Module, 4, 8 or 15 ohms £16.25 

£ 12.50 
£3.95 
£3.95 
£3.95 
£3.95 
£3.95 
£6.75 

£11.95 
£ 14.95 
£ 18.50 

£4.50 
£5.50 
£5.25 
£7.50 

SPEAKERS 

Fane Crescendo 18, 8 or 16 ohms 
Fane 910 Mk.11 horn 
Fane 920 Mk.11 horn 
Fane HPX1 crossover 200 watt 
Fane 13 x 8, 15 watt dual cone 
Fane 801T 8" d/c, roll surr. 
Goodmans Axent 100 
Goodmans 
Goodmans 
Gondi -naos 

Goodmans 
Goodmans 
Goodmans 
Goodmans 
Goodmans 
Goodmans 
Goodman 
Goodmans 
Goodmans 
Goodmans 
Goodmans 
Gauss 12" 
Gauss 15 - 
Gauss 18" 

Audiom 200 8 ohms 
Axiom 402 8 or 15 ohms 
Twinaxiom 8. 8 or 15 ohms 
8P8or 15 ohms 
10P 8 or 15 ohms 
12P 8 or 15 ohms 
12PG 8 or 15 ohms 
12PD 8 or 15 ohms 
12AX 8 or 15 ohms 
15AX 8 or 15 ohms 
15P 8 or 15 ohms 
18P 8 or 15 ohms 
Hifax 750P 
5" midrange 8 ohms 

Kef 727 
Kef 715 
Kef 71110 
Kef 8200 
Kef B139 
Kef DN8 
Kef DN12 
Kef DN13 SP1015 or SP1017 

Lowther PM6 
Lowther PM6 Mk.l 
Lowther PM7 
Peerless KO10DT 4 or A ohms 
Peerless DT1OHFC 8 ohms 
Peerless K04OMRF 8 ohms 
Peerless MT225HFC 8 ohms 

£5.75 Richard Allan CA12 12" bass 
£9.95 Richard Allan HP8B 

£12.50 Richard Allan LPBB 
£16.75 Richard Allan DT20 
£19.95 Richard Allan CN8280 
£21.75 Richard Allan CN820 
£33,95 Richard Allan Super Disco 60W 12" 
£42.95 Coles 4001 G&K 
£44.95 Tannoy 10" Monitor HPD 
£54.95 Tannoy 12" Monitor HPD 
£64.95 Tannoy 15" Monitor HPD 

£15.75 
£45.95 

£2.50 
£5.50 
£9.50 
£8.50 

£14.95 
£22.00 
£ 10.60 

£8.50 
£10.75 
£10.95 
£11.95 
£24.95 
£2.75 
£7.25 
£4.95 

£32.00 
£35.00 
£48.00 

£8.25 
£9.50 

£ 10.50 
£3.75 

19.80 
£12.50 

£8.50 
t76.25 

£16.95 
£".ì.15 

£17.95 
£5.90 

£78.75 
£85.00 
£99.00 

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

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

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

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

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

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

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

"Hi-Fi Loudspeaker Enclosures" Book 

ON DEMONSTRATION 
Akai, Armstrong. Bowers & Wilkins, Castle, 

Celestion, Dual, Chartwell, I.M.F. RAM, Neal, 
Dalesford, Sansui, J.R. Formula 4, Ortofon, 
Linn Sondek, Stanton, Pickering, Kef, Leak, 

Pioneer, Radford, Richard Allan, Rotel, Tandberg, 
Trio, Videotone. Wharfedale, etc. 
-Ask for our HiFi price list - 

THIS MONTH'S SPECIALS (Carr. £2.50) 
ROTEL RA312 £66.00 
SANSUI 331 £109.00 
TRIO KR2600 £109.00 
VIDEOTONE MINIMAX II £46.95 
SANSUI SC2000/2002 £145.00 
PIONEER CTF2121 £136.00 
ROTEL RX 15211 £91.00 

We stock the complete Redford rangeof 
amplifiers, preamplifiers, power amplifiers, 

tuners etc.. and also Radford Audio Laboratory 
equipment, low distortion oscillator, distortion 

measuring set. audio noise meter etc. 
ALL PRICES INCLUDE VA7 

(Prices correct at 13/4/77) 
Send stamp for free 38 -page booklet 

"Choosing a Speaker" 
All units guaranteed new and perfect 

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

Tweeters & Crossovers 33p each. 

WILMSLOW 
AUDIO 

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

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

AUDIO, 10 SWAN STREET, WILMSLOW 
CHESHIRE 

TELEPHONE: LOUDSPEAKERS, MAIL ORDER 
AND EXPORT WILMSLOW 29699 

HIFI, RADIO ETC.. WILMSLOW 28213 

Access & Barclaycard Orders 
accepted by phone 
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Yes, we do know how to spell to "Technology", this is promotional device to let you 
know that we know about we sell, and how to use it. "Technology -knowledge". 

tecl(nowledgey? f l 

Il 
The Most Comprehensive Wireless Component Source in Europe 
If you have ever made/tried to make a radio, you will appreciate our point. Ambit stocks all those hard to get 

RF bits - coils, trimmers, ICs for RF applications, varicaps for FM and AM, MOSFETs, JFETs etc. 
Don't forget we also carry a range of modules for AM/FM tuner design, plus other components for audio and 
general electronic applications, together with complete tuner and amplifier kits for the advanced and novice 
electronics enthusiast. And this year, we have introduced our specialist metal locator tecknowledgey to research 
and quantify all the .`grey areas' of theory, and wet finger techniques so widely used at present. 

Coils, Mechanical, Ceramic, Linear Phase Filters, Multiplex Filters, Tunerheads, modules etc. 
IF transformers (with internal Capacitors) Mechanical filters for 455kHz 
For 455 - 470 kHz: 
YHCS 11098AC2 1st 0.30 
YHCS12374AC2 2nd 0.30 
YHCS11100AC2 3rd 0.30 
YHCS1A589 hi Q 0.30 
YHCS1A590hiQ 0.30 
YMCS2A740AAE (series) 0.30 
* also available in '7P style' 7x7mm 
For 10.7MHz (FM/Communications) 
KA LS4520A general 0.33 10x 1 omm 
KACS1506A 1st 0.33 
TKACS34343 series tuned 0.33 
FM Detector Transformers: 
516/517 ratio detector for 455/470kHz 
no int cap for secondary (1nF) 1.35 
10516/7 ratio detector for 10.7MHz 
int caps for both coils 0.60 
KACS586HM single quad detector for 
10.7MHz (3089E etc) 0.33 
TKACS34342/34343 double quad 
detctor 10.7MHz 0.66 

base size 
10x1omm 

RF, Osc. and antenna coils in the catalogue 
in an ever expanding range for AM/FM/SW 

MFH41T 4kHzBW 1.95 
MFH51T 5kHzBW 1.95 
MFH71T 7kHzBW 1.95 
MFH9OK 9kHzBW 1.75 
Ceramic filters for 455/470kHz 

CFU050D t 5kHzBW 0.65 
CFT455B 8kHzBW 0.55 
CFT455C 6kHzBW 0.55 
CFT47OC t 6kHzBW 0.55 
t denotes 470kHz type 
Ceramic filters for 10.7MHz 

CFSA/SFE 10.7 wbfm 0.50 
SFE6MA (TV 6MHz) 0.80 
Linear Phase FM IF filters 
BBR3132A 6 pole LPF 2.25 
BBR3125N 4 pole LPF 1.30 
MPX filters 

Stereo pilot tone notch filters 
B LR 2007 N-1.95/3107 N-1.90 
135BLR mono series 0.95 
23&36mH coils 0.33 
Chokes, -fixed and variable- and 
all standard types in price list 

Varicap Band Two (88-108) tunerheads: 
EF5600 5cct AGC, 1RF, double IF 12.95 
ec3302 3cct 1RF, single IF 7.50 
NT/AT3302 (Mechanical ec3302) 7.50 
EF5800 6cct AGC, 2RF, double IF 14.00 
EF5801 as EF5800 with FET osc op 17.45 
Tunersets from Larsholt (Complete FM tuners) 
7252 MOSFET head/3089E IF with 
all featurest plus scan/hold feature 26.50 
7253 FET tunerset with PLL stereo decoder 
all featurest 26.50 
Tunermodules from AMBIT 
7020 all feature ceramic FM IF unit * 5.25 kit 
7030 all feature linear phase FM IF * 6.95 .. 

92310 stereo decoder with filter/amp * 5.35 .. 

91196 wide separation, ultra low THD * 9.99 .. 

71197 AM varicap tuner MW/LW * 9.65 .. 

7701 double conversion 'off air' TV 
sound HiFi tuner (UHF) /mains psu 26.00 
*also available built and tested - see price list 

Foil trimmers (7.5mm dia) 
2-10pF 2-20pF 1.2-5.5pF 0.18 
3-30pF, 3-45pF 0.26 
Send us an SAE for free price list (A5 size) 

Metal Detecknowledgey (it gets worse) the VCO system "Bionic Ferret" Metal locator 
The VCO system means performance, facilities, low cost and easy construction. It has been developed into a new 
complete kit, with lightweight rugged ABS plastic parts - ergonomically designed for one handed operation and 
easy stowage. 

PeeE ICs, varicaps, 
complete tuner 
kits 

Whilst this ad concerntrates on our prowess in 
wireless and metal detectors, remember that we 
carry a range of discrete transistors, fets, linear 
ICs (CA3089E, MC1310, TBA651 etc. etc.) 
Send an SAE for our free A5 price list, or send 40p for 
the latest catalogue issue, with our new range of swedish 
steel tools (pliers, grippers, cutters) and superb Stiron 
soldering irons with thermal stabilizers. 
Also, remember VAT is extra 12.5% except where marked. 
Postage 22p per order, except where indicated otherwise. 

ambit ¡nternatîoñal 

Features* 
meter for visual check 
built in speaker 
headphone socket 
Faraday shielded coil 
thumbwheel tuning 
Variable sensitivity 

kit....£34.95 
VAT 8% 
Postage £3.00 (UK) 

Write to: 
37 High Street 
Brentwood 
Essex 

tel 216029 
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DIRECT SUPPLY SERVICE TO READERS F . . 

TOWERS INTERNATIONAL 
TRANSISTOR SELECTOR 

(NEW REVISED EDITION) 
This is dead! 

If it takes you longer than Japanese. And we think that they 
1 minute to find out all about will solve 90% of your transistor 
these transistors then you enquiries. 
need a copy of TOWER 
INTERNATIONAL, 
TRANSISTOR 
SELECTOR. Would this replace it? Numero -Alphabetical 
of the most useful order by an author who 

was uniquely qualified to 
do the job. With his 

compendium, all you need 

working books you will 
be offered this year. And 
probably the cheapest ! 

In it you will find a really 
international selection of 
10,000 transistor types - British, 
Continental European, American and 

Current and widely used 
obsolete types were carefully 

selected and arranged in 

to know is the type number 
and you can learn all about a transistor's 
specification ; who made it and where to 

contact them ; or what to use to replace it. 

Look at the entry for 2N909 

TRANSISTOR 
NUMBER 

PM 
OA 
LT 

PACK- 
AGE 

LEAD 
INFO 

VCB 
MAX 

VCE 
MAX 

VEB 
MAX 

I 

C 

MAX 

T 

J 

MAX 
P 

TOT 

F C 

T OB 
MIN MAX 

H 
FE 

N 
FE 

RIAS USE MFR 
EURO 
EOVT 

USA 
EOVT ISS 

2N909 NS TO18 L.01 60V 30V -5V 200MA 175C 500RMIF 50M 25P 11OMN SOMA AMG SGI BS%33 2N731 0 

This is what you will learn from it 

POL ,W !LEAD V... V.. 
TYPE NO Á ' DEN 

i ú J TIEN MAX MA'. NAX AX MIN 

Ce. 

MAX BIAS 

US SUP 
PLI 

UX 

SUB 

USA 

SUB SS 

IUMPLE 
INNON 

ALPHABETIC 
LISTING 

NS TOIS 

NON 
P PAP 

G GERMAN U 
S SILICON 

REFER TO CASE 
OUTLINES 
APPENDIX C 

LOI 

REFER TO LEAD CITA S 
APPENDIX B 

B0V 

MAXIMUM PERMISSIBLE 
COLLECTOR BASE 
VOLTAGE WITH EMITTER OPEN 
CIRCUIT 

MAXIMUM PERMISSIBLE 
COLLECTOR EMITTER 
VOLTAGE WITS BASE OPEN CIRCUIT 

5v 

MAXIMUM PERMISSIBLE EMITTER BASE 
VOLTAGE WITH COLLECTOR OPEN CIRCUIT 

MA 

MAXIMUM PERMISSIBLE COLLECTOR CURRENT 

500 
1>SCMWT SOM 

MAXIMUM PERMISSIBLE JUNCTION TEMPERATURE 

MAXIMUM PERMISSIBLE DEVICE DISSIPATION E IN 

FREE AIR AT 2S1C C - WITH CASE SURFACE HEI. O AT 

SST - IN FREE AIR AT 251C WITH METAL HEAT 

SINE ATTACHED TO DEVICE 

M'NIMUM FRFOUENC1 CUT OFF F INDICATED IN 

It KILOHERTZ M MEGAHERTZ G GIGAHFRTZ 

FREQUENCY AT WHICH COMMON EMITTER CURRENT 

GAN DROPS TO UNITY TYPICAL E CAN BE TAXEN AS 

HOLIGHIY TWICE E. 

ASP 
110 
MN 

SO 
MA AMC G1 

BSX 
33 

AN 

OOTEFOTE 

SUGGESTED 
EIA - JEDFC 

2N 
STANDARD 
POSSIBLE 
SUBSTITUTE 

SUGGESTED 
PROELECTRON 

STANDARD POSSIBLE 

SUBSTITUTE 

COO( INDICATION POSSIBLE 

SUPPLIER OF DEVICE SEE 

SUPPLIER APPENDIX F 

CODE INDICATION OF 

APPLICATION USAGE 

SEE APPENDIX A 

BIAS CURRENT AT WHICH CURRENT 

GAIN H IS CHARACTERISED 

CURRENT GAIN NORMALLY DC ALIT 
SOMETIMES RELATED AC GAIN) AT I, BIAS 
SPECIFIED - WHERE MIN I MN I ONLY IS 

SPECIFIED TYPICAL I TP I CAN BE TAKEN 

AS TWICE MIN AND VICEVERSA 

MAXIMUM COLLECTOR CAPACITANCE (TYPICAL 

USUALLY E 
TO E MAXI NORMALLY EMITTER 

OPEN CIRCUIT AND INDICATED BY P 

PICORARAD OR N NANOFARAD FOR HE 

DEVICES C,. IS GIVEN AND PICOFARADS THEN 

INDICATED BY R INSTEAD OF P 

ISS COI LIMN INDICATES ISSUE NO DE DATA LINE ENTRY 

r 
Tower's 
International 
Transistor 
Selector 

by T. D. TOWERS i 

MBE, MA, BSc, C Eng, MIERE 

£5.00 
inc. post and packing 

To:-DATA PUBLICATIONS LTD. 
57 MAIDA VALE 
LONDON W9 1SN 

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

(Block capitals) 
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Vero 
But VERO SLOPING FRONT CASES do make 
attractive housings for many projects. 

They are available in two sizes, made from high quality, 
two tone plastic, with anodised aluminium front panels. 
Both cases have integral circuit board fixing points in the 
base. 

65-2523E and 75-1798K make ideal housings for test 
equipment, audio gear (faders, mixers, rhythm generators 
etc.) and control boxes. 
See them at your local electronics shop and judge for 
yourself. 

Send for our booklet which describes Veroboard, Plain board, 
DIP board, Pins, Tools, Plastic boxes etc. S.A.E. 7" x 9" plus 10p 

to:- 
VERO ELECTRONICS LTD. RETAIL DEPT. 

INDUSTRIAL ESTATE. CHANDLERS FORD, HANTS. 505 3ZR. 

First of course you need our catalogue - all 200 pages of it! It's so packed 
with good things that it's known as 
the constructor's 'Bible'. It costs just 
L1 plus 40p for post and packing. 
With it comes a free Bargain List 
showing many items at such knock- 
down prices that the savings can pay 
for the catalogue several times over. 
Send for a catalogue today, using the 
coupon on the right. 

THE METAC DIGITAL CLOCK 
* COMPLETE KIT * 

Pleasant green display. 12/24 Hour readout 
Silent Synchronous Accuracy. Fully electronic 
Pulsating colon. Push-button setting 
Building time 1 hr. Attractive acrylic case 
Easy to follow instructions. Size 10.5 x 5, 7 x 8 cm 
Ready drilled PCB to accept components 

KIT PRICE £9.60+78p VAT 

SAME DAY DESPATCH: ORDERS RECEIVED 
BEFORE 2.00 P.M. ARE POSTED ON THE SAME DAY 

SEND YOUR ORDER TO 

DAVENTRY UXBRIDGE 
METAC ELECTRONIC AND TIME 

CENTRE 
87 HIGH STREET 

DAVENTRY 
NORTHANTS. 

TEL. 78545 

3 THE NEW ARCADE 
HIGH STREET 

UXBRIDGE MIDDLESEX. 
TEL. Uxbridge 108951 58981 

Cash, Cheque or Postal Order or if you wish to use 
3arclaycard or Access, simply quote name, address 

and card number when ordering 

m cooking ap Q new 
electronic RADIO now 

to buy 
mo the components 

During the years we've been serving the needs of radio and 
electronic constructors -we've seen many odd customers at our 
Mitcham shop, but we must admit that we've not yet had a 

Chinese buffalo boy. However, even such a customer wouldn't 
really surprise us, for we get an amazing variety of characters, all 
having a common enthusiasm for the hobby. They come to us 
knowing they can choose from a wonderful stock of com- 
ponents. They know too they'll get that extra 'service' that 
makes all the difference. Apart from those who call at our shop 
we have thousands of faithful customers who order regularly by 
post, having chosen their components from our famous 
catalogue. Why not join them? 

i Please write your Name end Address in block capitals 

NAME 

ADDRESS 

L 

HOME RADIO (Components) LTD.. Dept. RC I 
234-240 London Road, Mitcham. Surrey CR4 3HD 

Ne9,i No 912966 London 

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

This simple a.m. radio is completely self-contained 
and covers the standard medium wave band together 
with short waves from about 1.6 to 15MHz. Unlike 
many home -constructed short wave receivers it does 
not require an external aerial, and it will operate 
satisfactorily with its own telescopic aerial. It will ob- 
viously not provide a performance equal to that of an 
expensive communications receiver but it will give 
reception of many interesting amateur and broadcast 
transmissions. 

The approximate frequency coverage of each wave- 
band is: Range 1, 550kHz to 1.8MHz; Range 2, 1.6 to 
5.3MHz; and Range 3, 5.0 to 15.0MHz. Three ready- 
made coils are employed for the bands, these being 
Denco Red Transistor Tuning Coils range 2T, 3T and 
4T respectively. The Denco range numbers should be 
quoted when ordering, and not the numbers 1, 2 and 3 
which are used to designate the ranges in this par- 
ticular receiver. 

Part 1 

In its basic form. the receiver requires only three 
transistors, and it offers an output which is suitable 
for 4,0000 headphones, or any other medium to high 
impedance load such as the input of an a.f. amplifier. 
However, the set can itself be modified for 
loudspeaker operation if desired by the addition of its 
own single transistor output stage. Some constructors 
may like to have the option of employing a long exter- 
nal aerial, and another simple modification provides 
this option. 

The receiver is not presented as a miniature design 
and the front panel measures 11¡ by 4in. This enables 
the controls to be comfortably laid out for ease of 
operation. The depth of the case is about 5in., and 
there is more than adequate space inside for the com- 
ponent modules which make up the receiver. 

COMPONENTS 

Resistors 
(All fixed values ; watt 5%) 

Rl 39k 
R2 10k 52 

R3 1.5kû 
R4 5.6k 
R5 680 Sà 

R6 4.7k 52 

R7 5.6k 
R8 2.2M Si 

VR1 10k sz Potentiometer, linear 
Capacitors 

Cl 100µF electrolytic, 10 V. Wkg. 
C2 0.047µF polyester 
C3 0.047µF polyester 
C4 O.01µ); polyester 
C5 0.00684F polyester 
C6 0.22µF type C280 (Mullard) 
C7 100µF electrolytic, 10 V. Wkg. 
C8 0.0022µF polystyrene 
C9 l01F electrolytic, 10 V. Wkg. 
C10 2.2µF electrolytic, 10 V. Wkg. 
VC1 365pF variable, type 01 (Jackson) 
VC2 50pF variable, type C804 (Jackson) 

Inductors 
L1,L2,L3 Transistor Tuning Coils, Red, 
2T, 3T and 4T (Denco) 

Transistors 
TR1 BC107 
TR2 BC109 or BC109C (see text) 
TR3 BC109 or BC109C (see text) 

Switches 
S1(a)(b)(c) 4 -pole 3 -way miniature rotary 
S2 s.p.s.t. rotary 

Socket 
SK1 3.5mm. jack socket with break contact (see 

text) 

Miscellaneous 
4 small control knobs 
Large control knob 
Telescopic aerial (see text) 
3 B9A valveholders 
Veroboard, 0.15in. matrix 
6 -way tagstrip (see text) 
9 -volt battery type PP3 (Ever Ready) 
Battery connector 
Materials for chassis and case (see text) 
Bolts, nuts, solder tags, wire, etc. 

Ranges 
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DUAL 
RADIO 

By P. R. Arthur 

CIRCUIT DIAGRAM 
The circuit diagram appears in Fig. 1. Here, 

S1(a)(b)(c) is the wavechange switch and, for clarity, 
only one of the three coils is shown. Of the three tran- 
sistors, TRl functions as a regenerative detector 
whilst TR2 and TR3 form a high gain audio amplifier. 

+ 
=CI .- 

R2 

2 

TRI 

BCIO7 

Ole C3 

i 

The detector circuit will look very familiar to 
readers who have had experience of simple transistor 
superhet receivers, since coil Ll, L2, L3 is connected 
to TR1 in the same manner as is the oscillator coil in a 
superhet mixer -oscillator stage. The three coils 
specified are, indeed, normally employed as superhet 

3 8p+ 
11. 

LI 
Sla 

r 
9 

5 

51b L3: 

BC 107 BC 109 

Lead -outs 

7 

i 
I 
In 

Telescopic 
aerial 

V 
Slc 

r- -1 rVC2 

6 
C8 

R5 

W1M 

TR2 
BC109 

R8 
WO, 

C9 

+9V 

C10 
Phones 

SKI 

TR3 

BCIO9 

Fig. 1. The circuit of the medium and dual short wave radio. For clarity, only one of the three coils is 
shown 
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oscillator coils, with L2 functioning as the tuned win- 
ding and Ll and L3 as coupling windings to the collec- 
tor and emitter of the transistor. In normal usage the 
coils would operate at frequencies which are higher 
than signal frequency by the superhet intermediate 
frequency of 465kHz. In the present circuit they<are 
used without series padding capacitors and this fact, 
combined with the relatively wide inductance change 
offered by their adjustable iron -dust cores, enables 
them to cover the frequency ranges just mentioned. 

Although the circuit may seem an unusual choice 
for the basis of a t.r.f. detector it is nevertheless a good 
one. This is because almost any reliable oscillator cir- 
cuit lends itself well to operation as a regenerative 
detector if the feedback level is kept just below that at 
which oscillation takes place. 

TR1 is employed in the common base mode with its 
base bypassed to chassis by C3. VC1 and VC2 connect 
to the tuned winding of the coil. VC1 has the higher 
capacitance and is the bandset tuning control the 
lower value VC2 being the bandspread control. Since 
only a short telescopic aerial is employed it is impor- 
tant that a tight coupling be obtained to the tuned cir- 
cuit. This is achieved by connecting the aerial direct 
to the non -earthy end of the tuned circuit. 

The coils are intended to be plugged into B9A 
valveholders and one end of the tuned winding is con- 
nected to a different pin in each. This enables them, 
in their normal application, to be plugged into a single 
valveholder having different padding capacitors con- 
nected to the appropriate valveholder pins. In the pre- 
sent circuit it is merely necessary to remember that 
the connections to S1(c) are from pin 2 of the 2T coil, 
from pin 3 of the 3T coil and from pin 4 of the 4T coil. 
The coil shown in Fig. 1 is the 3T coil. 

The gain of TR1 is controlled by VR1 in its emitter 
circuit. The voltage at TR1 emitter is largely con- 
trolled by the potential divider, Rl and R2, which 
connects to its base whereupon the operating current 
of TR1 is controlled by VR1. TR1 gain increases with 
increasing operating current, and it is in this manner 
that VR1 controls the gain of the stage. VR1 is nor- 
mally adjusted for a gain level just below that at 
which TR1 oscillates. 

TR1 acts as a detector because it offers non-linear 
amplification. Positive -going half -cycles at its collec- 
tor have received less amplification than negative - 
going half -cycles since they correspond to a lower 
collector current. Although the degree of non -linearity 
is small it is still in practice sufficient for signal detec- 

Looking down into the receiver. The only parts 
above the chassis are the three coils and the 

PP3 battery 

tion, and the effect becomes more enhanced as 
regeneration is increased. The detected signal is built 
up across R3 with C5 functioning as a bypass 
capacitor for the remanent r.f. signal, and it is then 
applied via C6 to TR2. 

The audio stages comprising TR2 and TR3 are 
quite straightforward, and the transistors appear in a 
direct coupled circuit with both in the common 
emitter configuration. C8 provides roll -off of the 
higher audio frequencies, giving a consequent im- 
provement in stability and signal-to-noise ratio. 

Cl, C7 and R5 are supply decoupling components 
and C10 provides d.c. blocking at the output. Total 
current consumption is only about 2mA, and many 
hours of operation can be obtained from a PP3 
battery. The receiver will perform quite well with any 
BC109 transistors in the TR2 and TR3 positions. 
However, for optimum results it is preferable to use 
the high gain BC109C types. 

CASE AND CHASSIS 
A home-made case and chassis are employed. The 

front and rear panels and the chassis are cut out from 
18 s.w.g. aluminium sheet, and details of these are 
given in Fig. 2. 

Making the front panel is quite straightforward 
apart from the three 4A clear countersunk holes re- 
quired for mounting VC1. These correspond with 
three 4BA tapped holes in the front plate of the 
capacitor, and a simple method of marking these out 
is to cut a small hole in the centre of a piece of paper 
and pass it over the spindle of the capacitor. The three 
tapped hole positions are then marked on the paper 
with a pencil, whereupon it becomes possible to use 
the paper as a template for marking out the holes in 
the panel. No dimension is given for the diameter of 
the mounting hole for SK1 as this depends upon the 
particular component used. 

The rear panel is the same as the front panel except 
that it does not have the holes for the controls and 
SKI. There is instead a small hole at the bottom right 
(as viewed in Fig. 2) which allows the passage of a 
wire to the telescopic aerial. 

The chassis has its two lin. flanges bent up, 
towards the reader, and these are later secured with 
6BA bolts and nuts at the corresponding holes in the 
front and rear panels. The three large holes in the 
chassis are for B9A valveholders. When mounted, 
these will have the orientation indicated in Fig. 4. The 
two 6BA clear mounting holes for each valveholder 
may be marked out with the aid of the valveholders 
themselves. Also required on the chassis are two 6BA 
clear holes for the component panel, two 6BA clear 
holes for the 6 -way tagstrip and a hole for the battery 
leads. The 6BA clear holes are marked out with the 
aid of the component panel and the tagstrip, both of 
which will be described shortly. The precise position- 
ing of these holes is not critical. 

When all holes have been drilled the chassis may be 
assembled to the front and rear panels. The lin. 
flanges of the chassis are above the chassis deck. Also 
above the chassis are the three coils, with the 
valveholder tags projecting below the chassis. The 
component panel and 6 -way tagstrip are below the 
chassis. The PP3 battery will be situated above the 
chassis when construction and wiring are complete. 

At this stage the controls, valveholders and SKI 
may be mounted. A chassis solder tag is fitted at two 
of the valveholders, as shown in Fig. 4. VC1 is 
mounted by thr & 4BA screws which must have 
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Fig. 2. Details of the front panel and chassis. These are cut out from 18 s.w.g. aluminium sheet 

countersunk heads in order not to obstruct the control 
knob. The screws must be short, and care must be 
taken to ensure that their ends do not pass more than 
fractionally inside the front plate of the capacitor as 
they can then damage the capacitor vanes. It will be 
found helpful to fit spacing washers between the front 
panel and the capacitor front plate. 

Two case sides may be made up with ¡in. 
timber, as shown in Fig. 3. They are covered with 
Fablon, or similar, and then two 5in. battens are nail- 
ed to each of them on the inside, also as illustrated. 
The side pieces are affixed to the front and rear pan- 
els by means of adhesive at the batten ends. The pan- 
el top and bottom edges project beyond the top and 

Fig. 3. The sides of the case consist of two 
pieces of thick timber. The two square -section 

battens are nailed to each on the inside 

51/44 

Battens,3/84square 

3/8+ 
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bottom edges of the timber side pieces by an equal 
amount. The top and base of the case consist of two 
pieces of hardboard, each measuring 13 by 5in. These 
are covered with the same self-adhesive plastic as the 
sides and are mounted by a small woodscrew at each 
end which passes into the appropriate side piece. The 
base is fitted with four rubber feet, these being 
secured near the corners. The top and base panels are 
fitted after wiring has been completed. 

If the a.f. output stage or the modification for a long 
aerial is to be incorporated later it is necessary to drill 
further holes in the rear panel. Readers who an- 
ticipate undertaking these modifications may prefer 
not to affix the rear panel with adhesive at this stage 
or to devise an alternative means of securing the pan- 
el, say by means of small brackets and bolts and nuts. 

DETECTOR WIRING 
Most of the components in the detector stage are 

wired up on the 6 -way tagstrip, as illustrated in Fig. 4. 
This tagstrip can be cut down from a 28 -way tagstrip 
Type B, available from Doram Electronics. Cut out a 
section with 7 tags from one end of the strip, remove 
the seventh tag and drill the strip at this point to take 
a 6BA mounting bolt. Any other small 6 -way tagstrip 
with mounting holes at each end and having horizon- 
tal tags may alternatively be employed. 

First wire up all the components which connect 

Component panel (C6) 

RANGE 3 

(4T) 

VR1 and C4 

Slb 

TR' 

directly to the tags and then mount the tagstrip under 
the chassis with 6BA bolts and nuts. Fit spacers over 
the bolts between thé chassis and the tagstrip to en- 
sure that the latter is clear of the chassis surface. 
Then wire the tagstrip to the valveholders and com- 
plete the wiring between the valveholders and switch 
S1(a)(b)(c). Note that this switch is a 4 -pole compo- 
nent with 1 pole unused. Fig. 5 shows the connections 
at this switch. Some rotary switches may have the in- 
ner tag of each pole at a different position, relative to 
the three outer tags to which it connects, than is 
shown in Fig. 5. This point may be checked before 
wiring with the aid of an ohmmeter or continuity 
tester. All the wiring in the detector stage, including 
that to S1(a)(b)(c), should be kept as short and direct 
as is reasonably possible. 

The connection to VR1 is to the track tag cor- 
responding to full clockwise rotation of the spindle. 
C4, which is mounted at the potentiometer, is also 
soldered to this track tag. Its other lead is soldered to 
the potentiometer slider tag. 

There is no need to make any connection to the 
moving vanes tags of VC1 and VC2 as this is 
automatically provided by way of the metal front 
panel. The lead from S1(c) arm tag connects to the 
nearer fixed vanes tag of VC2. A second lead from the 
remaining fixed vanes tag of VC2 connects to the 
nearer fixed vanes tag of VC1. 

FRONT 

Component panel (pos.) 

Fig. 4. Underchassis view, 
showing the wiring at the 6 - 
way tagstrip and the 
valveholders into which the 

three coils are plugged. 

la 

RANGE I 

(2T) 
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Underneath the chassis. The 
three valve holders, the 6 - 
way tagstrip and the com- 
ponent panel are all spaced 

out comfortably 

2-5 
3-5 

I-2 

2-3 

3-4 

VCI and VC2 

TRI emitter 

I-5 

3-9 

2-9 

I-9 

TRI collector 

1st figure - range 
2nd figure- pin 

Fig. 5. The wiring to switch S1 (a)(b)(c). Check 
the switch tag positioning as described in the 

text before making any connections 

COMPONENT PANEL 
The a.f. stages around TR2 and TR3 are assembl- 

ed on a piece of 0.15in. Veroboard having 18 holes by 
9 copper strips. The component side of this board is 
illustrated in Fig. 6. 

First cut out the board to the required size, drill 
out the two 6BA clear holes and make the six breaks 

The Veroboard panel on which the circuitry 
around TR2 and TR3 is assembled 

in the copper strips. Next wire in the components as 
shown in the diagram. The panel is mounted on the 
underside of the chassis as indicated in F4. 2, but it 
should first have all its external connections com- 
pleted. The lead to SK1 from the hole adjacent to 
C10 connects to the non -earthy (tip) contact of this 
socket, whilst the lead from the hole next to R7 con- 
nects to the earthy (sleeve) contact. SK1 is specified 
as a jack socket with a break contact which opens 
when the plug is inserted. A socket with a break con- 
tact is not necessary with the receiver as it stands, but 
is required if the audio output stage is added later. 
After all the external connections have been made the 
component panel is mounted to the chassis with 6BA 
bolts and nuts, using spacers to keep it clear of the 
chassis surface. 

The few remaining connections are now completed. 
An insulated lead is connected between the earthy tag 
of SK1 and the slider of VR1, the connection being 
continued to the nearer chassis solder tag under the 
valveholder mounting nuts. 

The battery clip leads pass through the chassis 
hole indicated in Fig. 2. The negative lead connects to 
VR1 slider and the positive lead to the unused tag of 
S2. In the prototype a multi -pole switch was 
employed for S2 with no connections made to the un- 
used poles, but any small rotary switch offering the 
s.p.s.t. switching required can of course be employed. 

The telescopic aerial used with the author's 
receiver had an extended length of 3ft. 7in. and a 
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Fig. 6. The a.f. amplifier 
stages around TR2 and TR3 
are assembled on a 
Veroboard panel. The com- 
ponent side of the panel is 

shown here 

X- cut in strip 

collapsed length of 7in. Any telescopic aerial having 
approximately the same extended length will be 
suitable, and it is secured to the rear of the right hand 
case side (looking at the front of the receiver) by 
means of a simple bracket and two woodscrews. A 
wire from this aerial passes through the hole in the 
rear panel to the right hand fixed vanes tag of VC1. 

A tuning scale taken from "Panel -Signs" Set No. 5 
is applied to the front panel at VC1. The knob for this 
capacitor is fitted with a cursor which can consist of a 
piece of stiff wire glued to the knob underside. 
Legends taken from "Panel -Signs" Set No. 4 are also 
fitted to the front panel to indicate control functions. 
"Panel -Signs" are available from the publishers of 
this journal. 

ADJUSTMENT AND USE 
As supplied, the coils have their adjustable cores 

screwed right down for packing purposes. If a 
calibrated signal generator is available the cores can 
be adjusted so that the requisite frequency ranges are 
obtained. In the absence of a signal generator the cor- 
es can be adjusted in the following manner. The core 
of the Range 1 coil is set up so that about 2mm. 
(0.08in.) of the brass threaded section protrudes 
above the top of the former. The Rane 2 coil is ad- 
justed for a protrusion of approximately 6mm 
(0.24in.) and the Range 3 coil for a protrusion of 
about lOmm. (0.4in). These settings will allow ap- 
proximately the correct frequency ranges to be ob- 
tained. 

The receiver is fairly easy to operate although it 
will be necessary to obtain a little experience before 
optimum results are obtained. The best type of 
headphones to use are those with an impedance of 
4,0005 (2,00012 per phone) but in practice the out- 
put will drive any type having an impedance of a few 
hundred ohms or more. The prototype even gave fair- 
ly acceptable results with headphones of 16 s1 im- 
pedance. As mentioned at the beginning of this arti- 
cle, the output can also be connected to an external 
amplifier and speaker. 

VC1 is an ordinary tuning control covering the full 
range of whatever coil is switched in. It is suitable for 
tuning a.m. signals on Ranges 1 and 2. It will be dif- 

Pos. to RI,R3 and C2 

SKI 

Direçtion of strips 

ficult to tune to s.s.b. signals, or to signals on Range 3 
with this control. The best procedure then consists of 
setting VC1 close to the required signal and then 
finally tuning with VC2. Since VC2 has a much lower 
value than VC1 it covers a smaller tuning range over 
its travel, giving the effect of an "electrical slow- 
motion" control. 

Careful adjustment of the regeneration control, 
VR1, is needed for best results. When this control is 
turned fully anticlockwise the receiver is at its least 
sensitive, although it will still probably be possible to 
tune in a few stations on each range. Advancing the 
control clockwise will raise the volume and greatly in- 
crease the number of stations which can be received. 
However, if the control is advanced too far the detec- 
tor will break into oscillation, this condition being in- 
dicated by a rise in background noise and by whistles 
of varying pitch as the receiver is tuned across a.m. 
signals. For optimum sensitivity and selectivity when 
receiving a.m. signals VR1 should be advanced to a 
setting just below the threshold of oscillation. VR1 
will need to be readjusted if the receiver tuning is 
altered by any significant amount. 

The set has been primarily designed for the recep- 
tion of a.m. broadcast signals, but it will function 
quite well when used to receive 80 metre morse (c.w.) 
and single sideband (s.s.b.) signals. The 80 metre 
amateur band extends from 3.5 to 3.8MHz and will 
be found near the high frequency end (VC1 vanes 

A closer look at the 6 -way tagstrip 
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Looking towards the con- 
trols from the rear of the 

receiver 

nearly fully unmeshed) of Range 2. Reception of c.w. 
and s.s.b. signals is given by advancing VR1 just 
beyond the threshold of oscillation. The set is then 
tuned to provide a beat note of comfortable pitch 
with c.w. transmissions or to resolve the modulation 
in the case of s.s.b. signals. 

Broadcast a.m. signals should be readily picked 
up, as many of the transmitting stations are so power- 
ful that they can be received with quite simple equip- 
ment. 

NEXT MONTH 

In next month's concluding article, details will 
be given of the additional a.f. output stage and the 
modification which allows the use of a long wire 
aerial. 

(To be concluded) 

U.S. RECORDING 
CENTENNIAL STAMP 

The United States Postal Service has 
issued a new 13 cent commemorative 
postage stamp to mark a century of progress 
in sound recording. The design of the stamp 
was unveiled this year during the 19th an- 
nual Grammy Awards telecast of the U.S. 
National Academy of Recording Arts and 
Sciences. 

The colourful stamp, which depicts a 

stylised concept of early sound recording 
equipment, was issued on March 23rd in 
Washington D.C. during the Annual Cultural 
Award Dinner of the Recording Industries of 
America. 

Sound recording was born one hundred 
years ago and the stamp points to the 
dramatic developments in recording techni- 
ques and equipment evolving from the 
earliest tin foil machine to today's 
sophisticated records and tapes. 

The creator of the stamp was Walter 
Einsel, of Westport, Connecticut, who team- 
ed with his wife to design four U.S. stamps 

By Michael Lorant 

This U.S. Commemorative postage stamp 
marks the fact that sound recording has now 

been in existence for a hundred years 

marking Progress in Electronics. 
The legend "USA 13c" appears in black 

in the upper right corner of the stamp design. 
Across the base of the recording device, in 
black lettering with a banner format, appears 
"Centennial of Sound Recording". 
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NEWS AND 
. ELECTRONIC PIANO USING GIM MICROCIRCUIT 

The piano, now beyond the reach of many 
household budgets as a source of home entertain- 
ment, could once again be restored to popularity 
following the development of an electronic piano 
which could sell for as little as £100 it is claimed. 

Key to this development is a new MOS microcir- 
cuit (AY -1-1320) designed by General Instrument 
Microelectronics, Glenrothes, Scotland, which 
simulates the sound and touch of hammer action in- 
struments. 

Unlike the electronic organ, in 'which volume is 
constant for all key depressions, the electronic piano 
incorporates circuitry which senses the key velocity 
as the pianist strikes each note, adjusts the output 
volume accordingly and produces a note which 
decays in amplitude in a manner . similar to a 
hammer action instrument. 

The instrument has other features which make it 
attractive. Firstly, it is extremely compact and can 
readily he accommodated in the smallest living room. 
Secondly, the volume can be set to any desired level 
so there need be no inconvenience to neighbours - 

alternatively, headphones can be used. 
General Instrument Microelectronics has no plans 

to produce an electronic piano itself but plans to sell 
these microcircuits to electronic organ manufac- 
turers. 
Technical Description 

The MOS microcircuit, incorporates 12 separate envelope 
generation circuits, for octave tones and semi -tones. Thus a 
five octave instrument would require no more than five 40 
pin dual -in -line devices of this kind. 

Key velocity or touch is sensed by a switching arrange- 
ment which connects the input circuitry to the negative 
supply in the rest position and to the ground when the key is 
fully depressed. An on chip timer is initiated by removal of 
the negative supply and stopped when the key is grounded. 
The time to change state is thus inversely proportional to the 
key velocity and can be used to control the output volume. 

The output from each keying circuit is a square wave of 
the required fundamental frequency. This is shaped by ex- 
ternal voicing circuits to produce a piano like tone. The 
characteristics of the external voicing circuits are defined by 
the manufacturer and his skill in specifying them deter- 
mines the eventual sound produced by the electronic piano. 

BIG PRIZES FOR NATURAL HISTORY RECORDISTS 

More than £500 -worth of JVC 'sound safari 
equipment, including the model 1635 Mk 11 

portable stereo cassette deck, is top prize in 
3M's annual Scotch Wildlife Sound Recording 

Contest 

Top prize in 3M's Scotch Wildlife Sound Recor- 
ding Contest for 1977 is more than £500 -worth of JVC 
"sound safari" recording equipment. 

Entrants have until the end of October to record 
the sounds of the countryside for entry in the com- 
petition. There are classes - catering for both ex- 
perienced and novice amateur recordists - for birds, 
mammals/insects, and outdoor habitat recordings, 
and special awards for the most original recordings, 
the best entry originating on cassette, and the best 
stereo entry. 

The JVC prize, for the 3M Wildlife Sound Recor- 
dist of the Year, comprises a model CD -1635 Mk II 
portable stereo cassette deck.with Super ANRS noise 
reduction; transparent collapsible parabolic reflector 
for accurate sound focusing; super-directional/uni- 
directional electret condenser microphone (worth 
£102) complete with multi -way boom stand and 
microphone suspension unit and 20 metres of stereo 
cable. 

The 75W Monitor MA4 speakers will go to the en- 
trant submitting the most original recording, and a 
pair of K.240 dynamic stereo headphones from AKG 
to the recordist with the best stereo entry. For the 
best recording originating on cassette there's 50 C90 
Scotch High Energy cassettes. Each class winner 
receives a valuable prize and there are prizes for 
runners-up. 

Rules and entry forms are available from Bill 
Bowles, Recording Materials Division, 3M United 
Kingdom Limited, 380/384 Harrow Road, London 
W9 2HU. There is no entry fee. 
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 COMMENT 
CO -DISCOVERER OF ELECTRIC BENCH 
THE LASER AWARDED 

GRINDER 1977 MARCONI INTERNATIONAL 
FELLOWSHIP 

On April 25th in Stockholm, King Carl Gustav 
XVI of Sweden presented the $25,000 1977 Marconi 
International Fellowship to Professor Arthur L. 
Schawlow of Stanford University. Dr. Schawlow is 
the co -discoverer of the laser. 

Dr. Schawlow was born in Mt. Vernon, New York. 
He moved te Toronto, Canada, at an early age and it 
was there he began his scientific studies. His research 
has been in the fields of optical and microwave spec- 
troscopy, nuclear quadrupole resonance, super con- 
ductivity and lasers. In 1955, with C. H. Townes, 
Nobel laureate, he was co-author of "Microwave 
Spectroscopy" and in 1958 they published the first 
paper describing optical masers, which are now call- 
ed lasers. 

TWO INTERESTING RALLIES 
Northern Mobile Rally - 22nd May, 11.30-18.30 

hrs at The Victoria Park Hall, Keighley, Yorks. 
Organised by the Otley Radio and Electronics Socie- 
ty 

East Suffolk Wireless Revival - 29th May, 1100- 
1600 hrs at Civil Service Sports Ground, Straight 
Road, Bucklesham, Ipswich (near the Suffolk Show 
Ground). Organised by the Ipswich and Martlesham 
Radio Clubs. 

This electric bench grinder is designed for the 
professional and "Do it Yourself" user. It incor- 
porates a ; H.P. single or three phase motor with con- 
denser starting and is fitted with two 6" grinding 
wheels, one coarse and one fine, a safety pull/push 
on/ off switch, safety plastic eye shields and the whole 
machine is built on generous and robust lines. The 
price is £45 plus £3 packing and carriage plus V.A.T. 
and is outstanding value for money. Further details 
from: Hadley Sales Services, 112 Gilbert Road, 
Smethwick, Warley, West Midlands B66 4PZ. 

MOTOROLA RATIONALISES SEMICONDUCTOR 
RANGE IN IN EUROPE 

In the last ten years, the well -established Motorola development programme has resulted in the design and in- troduction of hundreds of new devices each year. In Europe, this standard product range has included over 15,000 device types which, to many users and buyers, has often presented an overwhelming choice. 
As a result of recent market research, Motorola Semicon- ductors in Europe have determined that 4,000 devices - now known as "preferred product" - will meet the vast majority of customers' needs. All Motorola product categories are fully represented and all potential applications should be covered by at least one device type. 
Commenting on this announcement Piero Martinotti, Motorola's European Director of Marketing, said: "For some time I have felt that we have been making the end -user's life more difficult than it need be, by asking them to choose their requirements from too many thousands of semiconductor devices. 
This product line-up of 4,000 devices has been published in 

a new catalogue, "The European Selection" and is available 
free -of -charge from Motorola distributors. 
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UNIVERSA L 
BATTERY CHECKER 

It is often desirable, with battery 
operated test equipment, to have some 
means of checking the battery voltage. 
If this is not done it is possible for the 
battery voltage to fall to a level at 
which the test equipment gives a false 
or misleading performance, with the 
user being unaware that this is 
happening. For economic reasons it is 
usually undesirable to have a 
voltmeter built into the test equip- 
ment, and it is also undesirable to have 
a voltage indicating device which con- 
tinually draws current unless that 
current is exceptionally low. 

The battery voltage checker to be 
described in this article can he fitted 
in any item of battery equipment hav- 
ing a nominal battery supply voltage 
of 6 to 15 volts, and it can be pre-set to 
cause a light -emitting diode to he il- 
luminated, at the press of a button, 
when the battery voltage has fallen to 
the critical level for the particular 
equipment concerned. Current is 

BC 107 

Lead -outs 

By G. A. French 

drawn from the battery only when the 
button is pressed. The 1.e.d. cannot 
light up when the battery voltage falls 
to less than about 1.8 volts but, at such 
a low voltage, the performance of the 
equipment can be expected to be so 
poor as to automatically indicate an 
excessively low supply potential. 
Typically, the circuit would be set up 
such that the 1.e.d. will light up when a 
6 volt supply has fallen to 4 volts, a 9 
volt supply to 6 volts and a 12 volt 
supply to 8 volts. However, any other 
voltage within reason can be chosen as 
that at which the l.e,d. becomes il- 
luminated. An important feature is 
that the range of battery voltages 
between that at which the 1.e.d. just 
ceases to he extinguished and that at 
which it lights up fully is very narrow. 

Apart from the push-button and the 
1.e.d.. the circuit requires only two low 
cost transistors, a diode, three fixed 
resistors and a pre-set skeleton poten- 
tiometer. 

1 

CIRCUIT OPERATION 
The circuit of the battery checker 

appears in the accompanying diagram 
and functions essentially by having a 
pair of transistors, TM and TR2, con- 
trol the current available for a light - 
emitting diode. This is not a new idea 
and has been used in this journal in an 
earlier article ("Car Battery Monitor" 
in the February 1977 issue). In the 
present application the scheme has 
been developed to enable a wide range 
of voltages to be catered for, to give 
rapid switch -on of the l.e.d. with fall- 
ing voltage and to offer a high degree of 
simplicity and economy in com- 
ponents. 

Let us assume that the nominal 
battery supply voltage applied to the 
circuit is 9 volts and that the sensitivi- 
ty control, VR1, is adjusted such that 
the 1.e.d. will light up when that 
voltage has fallen to 6 volts, Push- 
button SI is pressed whenever it is 
desired to make a check of the voltage. 

For battery voltages above 6 volts a 
bias current flows from the slider of 
VR1 to the base of TRI, causing an 

The circuit of the battery 
voltage checker. This is 
connected across the 
positive and negative supp- 
ly rails of the battery 
powered equipment in 

which it is installed 
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amplified emitter current to flow into 
the base of TR2. TR2 provides further 
current amplification and a propor- 
tionately high current flows through 
R3, causing the voltage across LED1 
to be below that at which it lights up. 
If we assume a forward voltage drop of 
0.6 volt across a silicon p.n. junction, 
the voltage at the base of TM under 
these conditions is 1.8 volts. This is 
given by the sum of the series voltage 
drops in the base -emitter junctions of 
TR1 and TR2, and in diode D1. The 
collector -emitter potential of a con- 
ductive silicon transistor is of the order 
of 0.1 volt, and this voltage will appear 
between the collector and the emitter 
of TRI, whereupon the voltage across 
the l.e.d. becomes the sum of the 
collector -emitter voltage of TR1 (0.1 
volt), the base -emitter voltage of TR2 
(0.6 volt) and the voltage across D1 
(0.6 volt), giving a total of 1.3 volts. 
This, incidentally, is the measured 
voltage given in practice with the 
prototype circuit and is too low to 
allow the 1.e.d. to become illuminated. 

If the battery voltage falls close to 6 
volts the voltage at VR1 slider drops 
to slightly more than 1.8 volts. When 
the battery voltage is exactly 6 volts 
the voltage at the slider of VR1 
becomes just too low to keep TRI and 
TR2 fully turned on, and the voltage 
across the 1.e.d. rises to around 1.5 
volts. The 1.e.d. gives a glow which is 
just discernible. As battery voltage 
falls further the glow in the led rises 
rapidly in brilliance until it glows at its 
maximum brightness level, this condi- 
tion corresponding to TR1 and TR2 
being completely cut off. When the 
author's circuit was set up for 6 volts 
the 1.e.d. was more than adequately lit 
at a battery voltage of 5.95 volts and 
was at maximum brightness at 5.85 
volts. 

Should the battery voltage decrease 
further, TR1 and TR2 remain cut off 
and the 1.e.d. continues to be il- 
luminated. The 1.e.d. extinguishes 
when the battery voltage reaches a 
very low level well below 2 volts. 

Similarly abrupt illumination of the 
1.e.d. with falling battery voltage is 
given at other settings of VR1. If this 
control is adjusted such that the 1.e.d. 
just glows at 4 volts, it is adequately lit 
at 3.9 volts and fully lit at 3.8 volts. 
The corresponding voltages for 8 volts 
are 7.95 and 7.8 volts, and for 12 volts 
are 11.9 and 11.7 volts. 

Thus, battery voltage in the equip- 
ment in which the circuit is fitted is 
checked by pressing Si. If there is 
then no glow in the 1.e.d., battery 
voltage is above the critical level. 
Should there be a slight glow the 
battery voltage is at the pre-set level 
and if there is a bright glow the voltage 
is below that level. 

OPERATING SPEED 
The speed with which the circuit 

responds to falling battery voltage is 
boosted by the presence of D1 and R2. 
If the emitter of TR2 were returned 

directly to the negative rail the 
slider of VR1 would need to be ad- 
justed to a lower setting along its track, 
whereupon a smaller fraction of the 
battery voltage would be applied to the 
base of TR1. In consequence the rate 
of change of TR1 base voltage with 
respect to falling battery voltage would 
be lower. Also, the presence of D1 
results in the voltage across LEDs, 
when it is extinguished, being only 
slightly below that at which it com- 
mences to glow. Resistor R2 causes a 
current to be maintained in D1 when 
the current due to the transistors 
reduces. In practice it provides a small 
but significant improvement in perfor- 
mance. 

The current drawn by the circuit 
when the button is pressed varies with 
battery voltage. At 6 volts it is ap- 
proximately 5mA, at 9 volts 7.5mA, at 
12 volts 10.5mA and at 15 volts 
13.5mA. Due to the action of the cir- 
cuit there is little change in current 
consumption between the states when 
the 1.e.d. is extinguished and when it is 
lit. These current consumption figures 
should not be excessive for most con- 
ventional items of test equipment. 

The components are all readily ob- 
tainable. S1 is a push-button switch 
which closes when pressed, and R1, R2 
and R3 are ; watt 5`7c resistors. VR1 is 
a standard size skeleton pre-set poten- 
tiometer having a rating of 0.15 watt or 
more. It can have a value of 4.7k f1 , if 
this is easier to obtain. Should it be 
desired to employ gain selected tran- 
sistors, TR1 and TR2 can be BC107B 
or BC107C. The latter may give a 
slight increase in the rapidity with 
which the 1.e.d. lights u ? as battery 
voltage falls. D1 is an ordinary silicon 
rectifier. LED1 can be any small red 
1.e.d. having a panel -mounting bush, 
and the author employed a Type 4 red 
l.e.d. obtainable from Doram Elec- 
tronics. With this 1.e.d. the anode lead - 
out (which connects to R3) is shorter 
than the cathode lead -out. 

When the checker has been 
assembled, VR1 has to be set up. A 
voltage equal to that at which it is 
desired that indication should be given 
is applied to the circuit, this voltage 
being monitored by a testmeter 
switched to an appropriate volts range. 
VR1 is then adjusted such that the 
1.e.d. just glows. The circuit is installed 
in the test equipment with SI and 
LEDI mounted on the front panel and 
the remaining components at any con- 
venient position inside. 

There is a very slight risk that if the 
forward voltage drops in TR2 base - 

emitter junction and the diode are at 
the top of their spread the 1.e.d. will 
not be fully extinguished when the 
battery voltage is above the critical 
level. The writer checked the circuit 
with a number of transistors as well as 
several silicon diodes and no problems 
on this score were evident at all. In 
consequence it is very unlikely that 
the risk, which must of course be men- 
tioned when discussing the circuit, will 
be encountered in practice. 
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SWITCH -OFF 

PILOT LIGHT 
by A. P. Roberts 

This simple circuit acts as a turn-off reminder by causing an I.e.d. to flash 
when the equipment in which it is installed is switched off. 

When using battery operated equipment such as 
signal generators or electronic voltmeters, etc., there 
is always a risk of the apparatus being inadvertently 
left switched on unless some form of pilot light is 
fitted. The current consumption of an ordinary fila- 
ment bulb is far too high for one of these to be used as 
an indicator with most equipment. On the other hand, 
light -emitting diodes have relatively low current re- 
quirements and are sometimes employed for this pur- 
pose. Even so, these require a current of at least 
several milliamps, which can be considered excessive 
with battery prices at their current high level. 

Side view of the completed light assembly. The 
twisted leads connect to the supply rails of the 

associated equipment 

Occasionally a flashing pilot lamp is used, and this 
has the advantage of consuming power at a significant 
rate only while the pilot light is on. If a charge storage 
circuit is used to provide the flash there is also a con- 
tinual but very small current consumption. 

A third and more novel method is available, and 
has been described in two previous articles in this 
journal. With this method, negligible current is con- 
sumed whilst the equipment is switched on, but a 
light flashes when it is turned off. In the first article, 
"Switch -Off Flasher" by S. A. Thomas in the 
February 1971 issue, the flashing light was a filament 
bulb. The second article, "Switch -Off Reminder" by 
T. Miles in the issue for August 1976, brought the idea 
up to date by having an l.e.d. flash instead of a fila- 
ment bulb. In addition to their very small current 
consumption, the advantage behind these schemes is 
that there is a positive effect when the equipment con- 
cerned is switched off. Turning off an item such as an 
electronic voltmeter does not normally produce any 
perceptible result. If, however, the process of 
switching off the equipment causes a visible effect 
there is a psychological link in the mind which 
associates the effect with the act of switching off, and 
there is less likelihood of the equipment being left on. 

ON-OFF SWITCH 
The circuits given in the previous articles required 

that the single throw on -off switch incorporated in the 
equipment be changed for a double throw type. The 
circuit to be described here requires no alterations to 
the existing on -off switching arrangements, and it is 
simply wired across the supply lines of the equipment 
to which it is fitted. Since it is impossible to predict its 
performance with all items of equipment the circuit 
has to be considered as being in the experimental 
category, and constructors are advised to check it out 
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RX 

DI 

1N4001 

RI 

22ka 
114W 

CI 
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16V wkg 

On -Off 

s 
R2 

Ika 

I/4 W 

+9V 

LEDI - DORAM type 4 red 

Fig. 1. The circuit of the switch -off pilot light. 
S1 is the existing on -off switch in the equip- 
ment, and RX represents the equipment circuit 

in a temporary "lash-up" form before fitting it per- 
manently into the equipment for which it is intended. 
In general the circuit should operate satisfactorily 
with any item whose current consumption is in excess 
of a few milliamps. 

The circuit of the switch -off pilot light appears in 
Fig. 1. In this diagram S1 is the existing on -off switch 
whilst RX represents the equipment circuit which 
draws current from the battery. A 9 volt battery is 
assumed but the circuit will also function with a 6 or 
12 volt supply. As can be seen, the pilot light com- 
ponents are connected across the supply rails after the 
on -off switch. 

When S1 is closed, C1 charges up quickly via D1 
and Rl. The initial pulse of charging current, which 
at the outset is only about 0.4mA, soon ceases, after 
which the only current drain is a minute leakage 
current in Cl. At the instant of switch -on the battery 
voltage appears as a reverse voltage across LED1. The 
1.e.d. specified is capable in practice of withstanding 

Another look at the assembly. An idea of its 
very small size is given when it is appreciated 

that the Veroboard is of 0.1 in. matrix 

this voltage. After Cl has charged, the only voltage 
across LED1 and R2 is the 0.6 volt forward voltage 
dropped across Dl. 

At switch -off the 9 volt supply is disconnected, 
whereupon Cl discharges via LED1, R2 and RX. If 
RX is sufficiently low the result is a brief but visible 
glow in the 1.e.d. If S1 is closed once more, Cl 
recharges, and the 1.e.d. will again flash when the 
switch is opened. 

CONSTRUCTION 
The circuit is assembled on a small piece of 0.lin. 

matrix Veroboard having 6 holes by 6 strips. The 
layout of this panel is shown in Fig. 2. There are no 
breaks in any of the copper strips. 

Direction of copper strips 

+ under --- 

Fig. 2. The pilot light components are assembl- 
ed on a Veroboard panel as illustrated here 

Normally, it would be customary to first cut out the 
piece of Veroboard and then solder the components to 
it. In this case, however, due to the very small size of 
the board it will probably be found easier to wire in 
the components first at the corner of a larger board 
and then carefully cut away the excess. 

The leads of LED1 are bent down at right angles 
before they enter the holes in the board. The l.e.d. can 
then be fitted to a front panel by means of its moun- 
ting bush, with the component board supported by its 
lead -outs. The Doram Type 4 1.e.d. is supplied with a 
mounting bush, and the shorter lead -out is that for 
the anode. Due to its small size it should not be found 
difficult to add the assembly to most existing pieces of 
equipment, even when the equipment is miniaturised. 

There is some scope for experiment with compo- 
nent values. If the equipment draws only a very low 
current the flash in LEDI will be very dim or even 
non-existent. Under these circumstances it may be 
possible to increase the brightness by reducing the 
value of R2. This resistor should not be given a value 
lower than 150 L. The duration of the flash will be 
lengthened by increasing the value of Cl, which can 
have any capacitance up to some 500ytF. As was 
stated at the beginning the circuit has to be treated as 
experimental, and the effects of changes in the values 
of R2 and Cl can be determined when it is initially 
checked iri its temporary form, before the final 
assembly on the Veroboard panel. 
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SHORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 

Times = GMT 

To provide a change of fare from the broadcast 
bands diet, the amateur band spreads have been 
visited to obtain a taste of the available Dx being dis- 
hed up by prevailing conditions - and what a feast 
one can get at times! 

As usual the choice of mode is cw, the first course 
being - 
1.8-2.00 MHz (Top Band) 

DJ6TK DJ8WL, EI9J, F3AT, F8DB, GD3FXN, 
GI3JEX/f', GI6YM, GM3PFQ, GM3ZSP, GW3COI, 
GW3GWX, GW3KUY, HB9CM, ISOLYN, K2BQ0, 
K2GNC, K4CYU, KV4FZ, LUIIRAR/W3, OE1TKW, 
OE5KE, OH1MA OH2BC, OH'21BFJ, OK1ATP, 
OL4ATY, OL8CHI, PAOINA, PAOLOU, PAOTA, 
ST2AY, VE3BMV, W1BB, W1HGT, W1HND, 
W2DXL, W3BUR, W3JSX, W4PRO, YU3EY, 
YV10B, YV4BK, 9H1CG. 

One can have a plateful of not -so -tasty QRM on the 
next serving but digestable morsels can be selected, 
such as - 
7.0-7.1 MHz (Forty) 

CE3AWY, CO2CM, CO5GV, CM7FM, EP2VW, 
FM7AZ, HC2LT, HI8MOG, KP4WL, KV4CI, 
KZ5EK, PP2JT, PY1NEW, PY2FDM, PY2GZY, 
PY3CMH, PY4AVM, PY5CO, PY7ADL, PY7CCZ, 
PY7CPB, PZ1AH, UD6DFF, UF6FBL, UI8ADM, 
UJ8JCI, UL7CT, UL7TBG, UM8BMV, VE1CD, 
VP2SAH, VP9H0, W3DAD, YV5AGS, YV7PF, 
ZL2AYP, ZS5AY, ZS6OH. 

Without waiting, one can soon commence to devour 
the sweets of - 
14.00-14.35 MHz (Twenty) 

KG4MW, KP4ESP, KV4CI, LU8ADK, VP2SZ, 
VP8AI, VP9UT, YS10, 5Z4NI, 8P6AU. 

From which once can gather that the writer is no 
gourmet of the last offering. 

Coffee sir? 

CURRENT SCHEDULES 
PORTUGAL 
"Radiodifusao Portuguesa," Lisbon, presents an 

External Service in English to Europe from 1800 to 
1830 daily on 6025 and 9740 and from Mondays to 
Saturdays inclusive on 15340 and 17880. 

JAPAN 
"Radio Japan," Tokyo, beams a service in English 

to Europe from 0800 to 0830 on 15325 and 15430 
and from 1830 to 1900 on 7195 and 9605. 

Frequencies = kHz 

TAIWAN 
The "Voice of Free China," Taipeh, schedules a 

programme in English to Europe, Africa and the Mid- 
dle East from 2130 to 2230 on 9510, 9600, 11860, 
15225 and on 17720. 

EAST GERMANY 
"Radio Berlin International - the Voice of the 

German Democratic Republic," Berlin, operates an 
External Service in which an English programme for 
Europe is at 1830 until 1915 on 6080, 6115, 7185 
7300 and on 9730 and at 2115 until 2200 on 
7260. 

SWITZERLAND 
The "Overseas Service of S.B.C.," Berne, features 

programmes in English for Europe and other target 
areas from 0700 to 0730 on 3985, 6165, 9535, 
9560, 11775, 11950 and on 15305; from 1100 to 
1130 on 3985, 6165, 9535, 15140, 15430, 17830 
and on 21520; from 1315 to 1545 on 3985, 6165, 
9535, 9735, 11745, 11870, 15140 and on 15430; 
from 1530 to 1600 on 3985, 6165, 9535, 9590, 
11870 and on 15430 and from 2100 to 2130 on 
3985, 6165, 9590, 11720 and on 11870. 

SPAIN 
"Radiotelevision Espanola," Madrid, lists 

programmes in English to Europe daily (except Sun- 
day) from 2030 to 2230 on 6100 and on 9505. 

NORTH KOREA 
"Radio Pyongyang" broadcasts in English to 

Europe daily from 2000 to 2150 on 3890, 6575 and on 
9420. An English programme to the Middle East and 
Africa is on the air from 1800 to 2000 on 3560, 
6338 and on 9977. 

TUNISIA 
The Domestic National Programme from Tunis 

may be heard from 0430 sign -on to 2200, in Arabic, on 
7275, 11970 and on 15225. From 2200 until sign - 
off at 2345 the 7275 frequency is the only short wave 
channel in use. 

INDIA 
"All India Radio," Delhi, radiates in English to the 

U.K., West Europe and Australasia from 2045 to 
2230 in the General Overseas Service on 7145, 7225, 
9525, 9912, 11620 and on 11740. 

CHILE 
"La Voz de Chile," Santiago, has programmes in 

English to Europe, the Middle East and the Americas 
from 2030 to 2050 and from 2250 to 2310 on 9566 
and 15150; from 0110 to 0150 and from 0210 to 0230 
on 9566. 
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 PHILIPPINES 
"Radio Veritas," Manila, lists programmes in 

English from 0100 to 0200 on 11875 and 15280; 
from 1400 to 1500 on 9645, 11780 and on 15260; 

"Radio Filipinas, the Voice of the Philippines," 
Malolos, has an English transmission to Europe from 
1655 to 1855 (often variable) on 9580. 

"Far Eastern Broadcasting Company," Manila, 
can probably best be heard here in the U.K. during 
the following transmissions - English to S.E. Asia 
from 1215 to 1630 on 15440: from 1400 on 11920; 
from 2315 to 0230 to South and S.E. Asia, Far East 
and Australasia on 11890 (from 2315 to 0100); on 
15235 (from 2345 to 0230); on 15440 (from 2330 to 
2400). 

AROUND THE DIAL 
NORTH KOREA 
Radio Pyongyang on 6770 at 1435, local -type 

orchestral music, YL with song in Korean in the 
French transmission directed to S.E. Asia scheduled 
from 1400 to 1550. 

Radio Pyongyang on a measured 9977 at 1600, an- 
nouncements by OM. and YL in commencement of 
the Korean Service to the Middle East and Africa, 
scheduled from 1600 to 1650. 

Radio Pyongyang on a measured 6338 at 1855, YL 
with identification, orchestral and choral music in the 
English programme for the Middle East and Africa, 
scheduled from 1800 to 2000. 

POLAND 
Warsaw on 11840 at 1205, OM in Italian to 

Europe, this programme being scheduled from 1200 
to 1230. 

ETHIOPIA 
ETLF Addis Ababa on 11910 at 2030 with iden- 

tification and sign -off after the English programme 
for West Africa, scheduled from 1945 to 2030. 

MADAGASCAR 
Radio Nederland (relay) on 11730 at 2114, OM in 

programme entitled "African Scene" in English to 
Africa. 

Radio Nederland (relay) on 11740 at 1903, OM in 
Arabic to the Middle East, North Africa and Europe, 
scheduled from 1830 to 1950. 

FINLAND 
Helsinki on 11755 at 1910, YL with interview in 

the English programme to Europe, the Middle East 
and West Africa, scheduled from 1900 to 1930. 

SOUTH AFRICA 
Johannesburg on 11800 at 1953, interval signal, 

identification then French programme to West Africa 
and Europe, scheduled from 2000 to 2050, also in 
parallel on 11905. 

TURKEY 
Radio Ankara on 11880 at 1550, a programme of 

local music in the Bulgarian transmission scheduled 
from 1530 to 1600 on this channel. 

GREECE 
Athens on 11730 at 1548, typical local music in 

the Greek programme for North America, scheduled 
from 1500 to 1550. Also logged on 11925 at 1847, 
similar programming. 

SWITZERLAND 
Berne on 11870 at 1544, OM in the English 

programme directed to the Near and Middle East, 
Africa and Europe, scheduled from 1530 to 1600. 

WEST GERMANY 
Cologne on 11905 at 1957, OM with identification 

and a newscast in the English programme to West 
Africa, scheduled from 1930 to 2000. 

ISRAEL 
Jerusalem on 11630 at 1921, OM in Hebrew to 

Europe, South Africa and the Middle East, scheduled 
from 1800 to 1930. 

KUWAIT 
Radio Kuwait on 9580 at 1858, YL with news of 

local affairs and events in English. 

CHINA 
Radio Peking on 6860 at 2135, OM with a 

newscast to Europe in the English programme, 
scheduled from 2130 to 2230, also logged in parallel 
on 6270 and 7590. 

Radio Peking on 6560 at 2145, OM in the French 
programme directed to Africa and Europe, scheduled 
from 2130 to 2230. 

Radio Peking on 7620 at 1909, OM in Hausa to 
West Africa, scheduled from 1900 to 1930 and also in 
parallel on 9900. 

Lanzhou on 4865 at 1416, OM and YL in a 
Chinese drama programme. The schedule is from 
2150 to 0600 and from 0950 to 1600. 

Radio Nanning on 4915 at 1414, OM in Chinese in 
a relay of the Home Service 1 programme from Pek- 
ing. The schedule is from 2130 to 1600. 

VENEZUELA 
R. Continente, Caracas, on 5030 at 0415, Latin 

American music with announcements in Spanish. 
Schedule is from 1000 to 0500 and the power is 10kW. 

Radio Valera, Valera, on 4840 at 0400, OM with 
identification, sign -off with choral rendition of the 
National Anthem. 

BOLIVIA 
Radio Riberalta on a measured 4696.5 at 0330, 

sign -off after station identification and National 
Anthem. (Acknowledgements to B. Walsh of Romford 
for this item). 

RSGB EXHIBITION 
AND CONVENTION 

Alexandra Palace 
6th -8th May 

OPENING HOURS: 
11 am-7pm Friday 

11 am-6pm Saturday 
11 am-5pm Sunday 

ADMISSION: 
Adults 40p Children 20p 

MANY ATTRACTIONS FOR 
THE FAMILY 

A 'MUST' FOR RADIO AMATEURS 
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ELLIPTICAL 

CUT-OUT MARKING 
by V. C. Tondelier 

An elliptical speaker merits an elliptical 
, aperture. Here is a simple means of mark- 

ing out the ellipse required. 

Marking out an ellipse. In this example the 
ellipse is 8 by 5in., but the method can be 

employed for any other size of ellipse 

The D.I.Y. enthusiast when making up his elec- 
tronic equipment from components, is almost certain 
at some time or other to wish to cut an elliptical open- 
ing for a loudspeaker unit. How can he mark out a 
perfect ellipse of any desired size? True there are 
complicated mathematical means of plotting the 
perfect ellipse; but how many people know the 
method? You don't have to. The answer to the 
problem is simplicity itself and can be achieved by 
anyone who can use a pencil and possesses a school 
ruler - it isn't even necessary to have a pair of com- 
passes. All that is required (apart from the pencil and 
ruler) are two pins and a piece of thread and, if you 
haven't got compasses, a piece of cardboard. 

MARKING OUT 
Let us suppose you wish to mark out an ellipse 

measuring 8 by 5in. (the method is the same for any 
other size, the dimensions beine adjusted accor- 
dingly). First you draw a vertical line 8m. long and a 
horizontal line 5in. long, each line bisecting the other 
at right angles. In the diagram these are lines AB and 
CD respectively. 

With your compasses set to mark a distance of 4in. 
(half the length of AB), strike an arc from point C (or 
point D - it doesn't matter which) so that it cuts the 
line AB at points .E and F. If compasses are not 
available use a strip of cardboard about 6in. long and 
mark on it two points 4in. apart; one point is pierced 
to accept a pin while the other is pierced to take the 
point of a pencil: this is your compass. 

Fix a pin at A and another at F, then tie a loop of 
thread so that it is taut between these pins. Next 
shift the pin at A to point E, still keeping the thread 
over the two pins. You are now ready to draw your 
ellipse. Place the pencil point against the thread near 
the pin at E and, keeping the thread taut, follow the 
restricted outline which the thread allows until you 
reach B; then "change sides" and complete the 
ellipse from B to A. 

Alternatively, the two pins could have been at B 
and E, with that at B transferred to F. 

The writer can take no credit for originating this 
method, having encountered it in his schooldays. But 
the scheme is not generally known, and his main 
desire is to help others to wrestle successfully with 
this kind of problem. 
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CMOS 

Crystal Calibrator 
by R. A. Penfold 

Single frequency crystal calibration generators offer- 
ing a fundamental frequency and harmonics for the ac- 
curate calibration of short wave receivers are always of 
value to the amateur. The generator described in this ar- 
ticle takes the process several steps further and incor- 
porates a CMOS divider to give fundamentals at 1 MHz, 
500kHz, 250kHz and 100kHz. Another facility is the 
provision of a separate oscillator which can generate a 

5MHz fundamental and can also be used for checking 
crystals. 

Calibration of a home constructed short wave 
receiver can be something of a problem unless one 
possesses either an accurately calibrated r.f. signal 
generator or some form of spot marker generator. The 
latter provides outputs at numerous points 
throughout the short wave frequency spectrum, and is 
often crystal controlled so that a very high degree of 
accuracy is obtained. Because of its superior accuracy 
when compared with an average r.f. signal generator, 
a crystal controlled calibration oscillator is generally 
considered to be the most satisfactory instrument for 
use in short wave receiver calibration. 

Such an instrument is also suitable for checking the 
calibration of even quite sophisticated commercially 
manufactured receivers. 

The unit which forms the subject of this article is a 
relatively simple but nevertheless comprehensive 
crystal calibration oscillator having fundamental out- 
put frequencies of 100kHz, 250kHz, 500kHz and 
1MHz. It has a harmonic output which extends 
beyond the upper frequencylimit of the short wave 
spectrum (at about 30MHz). 

In conjunction with an external crystal the unit can 
provide higher fundamental output frequencies. This 
is helpful in identifying the harmonics produced by 
the main circuitry, and it also enables the unit to be 
used in conjunction with a short wave receiver as a 
crystal checker. 

OPERATING PRINCIPLE 
The block diagram which appears in Fig,_ 1 shows 

the various stages which comprise the unit. The heart 
of the unit is the 1MHz crystal oscillator, and this has 
its output fed to a simple amplifier stage which en- 
sures that there is sufficient signal amplitude to 
reliably operate the subsequent stage. 

This is a frequency divider stage, but it does not 
provide a single division ratio. Instead, by using a 
CMOS presettable divide -by -N counter, it gives 
switched division ratios of 1, 2, 4 and 10. Thus, the 
combination of the single crystal oscillator and the 
divider stage enables fundamental output frequencies 
to be produced at 1MHz, 500kHz, 250kHz and 
100kHz respectively. 

An audio oscillator operating at a frequency of 
about 400Hz can be switched in to modulate the 
crystal oscillator. This is a helpful feature as it 

-enables the marker signals to be easily and quickly 
picked out from any other signals which happen to be 
received during the calibration process. 

When calibrating a newly constructed receiver, one 
problem that usually arises is that of determining the 
actual frequency of a harmonic. This is not usually a 
difficult matter on the lower frequency bands where 
the 1MHz marker signals are well spread out and the 
marker frequency is fairly obvious. However, on the 
high frequency bands even the 1MHz markers will be 
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I 
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socket 

Fig. 1. Block diagram illustrating the various stages in the calibra- 
tion generator 

rather closely spaced around the dial of a general 
coverage receiver. 

The unit has therefore been fitted with a second 
crystal oscillator which does not use an internal 
crystal. Instead, a crystal socket (or sockets) is 
provided at the rear of the calibrator. By plugging, 
say, a 5MHz crystal into this socket, calibration 
markers at 5MHz intervals will be provided. Even on 
the high frequency bands these signals will be suf- 
ficiently well spaced out for them to be recognised as a 
10MHz signal, a 15MHz signal, and so on. 

The idea is not to use these signals as calibration 
markers, but merely as signals which will enable the 
frequencies of the more accurate harmonics from the 
main calibrator to be identified. Since the separate 
oscillator will function with a wide range of crystal 
frequencies it can also be employed as a crystal 
checker. 

THE CIRCUIT 
The complete circuit of the calibration oscillator is 

given in Fig. 2. In this, TR2 appears in the main 
crystal oscillator stage, which is of the Pierce type. 
Trimmer C6 enables the oscillator to be set to precise- 
ly 1MHz, using a simple procedure which will be 
described later. 

A phase shift oscillator incorporating TRi provides 
the audio modulation signal. This signal is applied to 
the base of TR2 via R5 when S1(a) is in the 'Mod." 
position. As the modulating voltage swings positive 
and negative the base current, and hence the collector 
current! of TR2 varies in sympathy. Despite its 
simplicity, this method of modulating the crystal os- 
cillator is perfectly satisfactory for the present 
application. 

The output of the 1MHz oscillator is coupled via C8 
to TR3, which functions as a common emitter 
amplifier. The collector of this transistor connects 
directly to the clock input of IC1, a CD4018 CMOS 
divide -by -N counter. The clock input requires a 
signal having a peak -to -peak value which is virtually 
equal to the supply voltage and it is the function of 
TR3 to provide such a signal. 

The CD4018 is a rather complex device and its 
method of operation will be described here in broad 
terms only. Many of its pins are unused in the circuit 
and these are either left unconnected or are connected 
to the negative supply rail. The terminals which are of 
importance here are the clock input (pin 14), the data 
input (pin 1) and outputs not -Q1, not -Q2 and not -Q5 
(pins 5, 4 and 13 respectively). 

Inside the case, layout h 
ding of parts. The majori 
are assembled on a per 
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0 

C2 

11 

C3 C4 

1 

R3 

TRI 
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2N3704 Clo 

asa 
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í 
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IMHz 
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Fig. 2. The circuit of the CMOS crystal calibrator. 7 
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1 he CD4018 i.c. provides the frequency division re - 
!kHz, 250kHz and 100kHz 

COMPONENTS 

Resistors 
(All ; watt 10%) 

Rl '15k 
R2 15k 0 
R3 1.2M º 
R4 6.8k t2 

R5 120k C) 

R6 560k S2 

R7 4.7k 
R8 1.2M f2 

R9 3.3k 
R10 2.7k 
Rll 470k el 

Capacitors 
Cl 4.7 or 5µF electrolytic, 10 V. Wkg.; 
C2 0.01µF type C280 (Mullard) 
C3 0.01µF type C280 (Mullard) 
C4 0.011.iF type C280 (Mullard) 
C5 470pF ceramic or silvered mica 
C6 10-60 F ceramic trimmer 
C7 150pF ceramic or silvered mica 
C8 0.015µF type C280 (Mullard) 
C9 150 1F' ceramic or silvered mica 
CIO 15OpF ceramic or silvered mica 

Semiconductors 
IC1 CD4018AE 
TR1 BC169C 
TR2 2N3708 
TR3 BC108 
TR4 2N3704 

Switches 

S1 4 -pole 3 -way rotary 
S2 3 -pole 4 -way rotary 

Crystals 
Xl 1MHz crystal, HC6/U 
Higher frequency crystal (see text) 

Sockets 

SK1 flush mounting coaxial socket 
SK2 flush mounting coaxial socket 

Miscellaneous 
Instrument case type BV3 
Battery type PP3 (Ever Ready) 
Battery connector 
Crystal holder, HC6/U 
Crystal holder for external crystal (see text) 
Plain perforated s.r.b.p. board, 0.1in. matrix 
2 control knobs 
4 rubber feet 
Wire, solder, etc. 
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The rear panel of the unit. The output socket is 
for the subsidiary crystal oscillator, the crystal 
for which plugs into the sockets at the centre 

S2 selects the desired division ratio, and when this 
is in the "100kHz" position the data input is coupled 
to the not -Q5 output. After every five clock pulses the 
not -Q output changes state and latches in that state, 
since it is connected to the data input, for the next five 
clock pulses. Thus, ten input cycles are required to 
produce one complete output cycle, and the i.c. func- 
tions as a divide -by -ten device. 

With S2 in the "250kHz" position the data input is 
connected to the not -Q2 output and the output 
changes state with every two clock pulses, thereby 
giving a division ratio of four. 

A division ratio of two is obtained with S2 in the 
"500kHz" position since the data input is connected 
to the not-Ql output, which changes state with 
successive input pulses. In effect the i.e. is then func- 
tioning as a conventional flip-flop binary counter. 

The i.c. has no effect when S2 is set to "1MHz" 
because the 1MHz output of TR3 is then connected 
direct to the output socket. The fact that the data and 
clock inputs of the i.c. are left connected to the output 
is of no consequence. 

The final part of the circuit is the second crystal 
oscillator incorporating TR4. This is another conven- 
tional Pierce oscillator. 

A closer look at the compo- 
nent board. The 1MHz 
crystal and its ceramic 
trimmer are mounted on 

this 

CONSTRUCTION 
The calibrator is housed in a metal instrument case 

type BV3 having dimensións of 6 by 41 by lain. This 
case is available from Bi -Pak Semiconductors. 

Reference to the accompanying photographs will 
reveal the general layout of the unit. On the front pan- 
el, Sl(a)(b) is mounted in the centre with S2 to the 
right and SK2 to the left. Note that Sl(a)(b) is a 4 - 
pole 3 -way switch with only 2 poles used and that S2 
is a 3 -pole 4 -way switch with only 1 pole used. SK2 is 
a flush mounting coaxial socket. There should be 
adequate space between its left hand mounting nut 
and the adjacent case side to allow a PP3 battery on 
its side to Jae positioned between them. 

SK1 is another flush mounting coaxial socket, and 
it is mounted on the rear panel opposite S2. A solder 
tag is fitted under its right hand securing nut. Also 
fitted to the rear panel is a crystal socket to take the 
crystal in the TR4 circuit. This should be of a type 
suitable for whatever crystal (or crystals) is to be 
employed here. If the unit is intended to have exten- 
sive use as a crystal checker in addition to its function 
as a calibration generator, several sockets of different 
type wired in parallel may be mounted on the rear 
panel. In the prototype two separate single sockets 
with spacing suitable for a l0X crystal were fitted. 

All the small components are wired up on a plain 
perforated s.r.b.p. ("Paxolin") panel of O.lin. matrix 
having 42 by 17 holes. Details of the component 
layout and underside wiring are shown in Fig. 3. 

First cut out a board of the required size with the 
aid of a small hacksaw. Next drill out the two 6BA 
clear mounting holes. Two holes need to be slightly 
enlarged to take the crystal holder pins, which will 
normally be spaced by 0.5in. C6 is a small ceramic 
trimmer and its lugs pass through the holes indicated. 
A suitable trimmer is available from Doram Elec- 
tronics, as also is an HC6/ U crystal holder and 1MHz 
crystal. 

The components are next mounted on the board 
and, apart from those of the crystal holder, all the 
lead -outs are bent flat against the board underside. 
With the i.c., some pins are bent inwards and some 
outwards, as shown in the diagram. No attempt 
should be made to bend the terminals of the crystal 
holder as, in most instances, these will be very rigid. 
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Next comes the wiring beneath the board. To pre- 
vent damage to the i.c. it is essential to use a soldering 
iron which has a reliably earthed bit. The wiring is 
carried out as shown in Fig. 3, tinned copper wire of 
around 22 s.w.g. being employed for long runs or 
where lead -outs are too short to reach their connection 
points. One wire on the underside has to be covered 
with sleeving, this being the wire between pin 14 of the 
i.c. and R8. Alternatively, a length of single strand 
p.v.c. covered wire may be employed. 

The crystal holder is held in place by winding the 
connecting wire several times around each pin and 
then using plenty of solder on the joints. This will 
maintain the holder in position with adequate 
firmness. If the holder pins extend excessively beyond 
the solder joints they should be snipped short. 

Flexible p.v.c. covered wires connect the board to 
the external components, and these are next added 
before the board is finally mounted in the case. The 
connections to the sockets on the rear panel are shown 
in Fig. 3. The chassis connection to the case is made 
via the solder tag under the securing nut for SK1. Fig. 
4 shows the connections to the front panel com- 
ponents, the wiring to the switches here and in Fig. 3 
being identified by the letters "A" to "H." Before wir- 
ing to the switches, confirm the outer tags which cor- 
respond to the inner tags by means of an ohmmeter or 
continuity tester. With some rotary switches their 
relative positioning may differ from that shown in the 
diagram. 

Two 6BA clear holes are required in the base of the 
case for mounting the board. This is positioned, as 
shown in the photograph of the interior, with the i.c. 
and transistors nearer the front. There should be 
room for the PP3 battery between the front of the case 

and the front surface of the board; this battery is also 
shown in the photograph. The board is mounted by 
means of two 6BA bolts lin. long with ¡in. spacing 
washers between the board underside and the case 
bottom to ensure that the wiring is well clear of the in- 
side surface of the case. Four rubber feet are affixed 
with adhesive near the corners of the case underside. 
Finally to be fitted are the control knobs. With the 
prototype, legends taken from "Panel -Signs" Set No. 
4 were applied to the front and rear panels to indicate 
control and socket functions. "Panel -Signs" are 
available from the publishers of this magazine. 

The battery will be found to be a loose fit in its posi- 
tion behind the left hand end of the front panel. It 
may be held in place more securely by fixing a strip of 
foam rubber or plastic to the underside of the case lid 
at the appropriate place by means of adhesive. This 
will then keep the battery in position when the cover 
of the case is screwed on. 

Battery life will be long, as the current consump- 
tion of the calibrator is only about 4mA. 

ADJUSTMENT AND USE 
The only adjustment required is the setting up of 

C6 to bring the crystal frequency as close to 1MHz as 
is reasonably possible. What is probably the easiest 
way of carrying out the adjustment is to zero -beat the 
oscillator against the B.B.C. Radio 2 transmission on 
200kHz (1,500 metres). The unit is switched on and 
S2 set to the "100kHz" position; then an unscreened 
lead from SK2 is placed near a receiver tuned to the 
Radio 2 transmission. 

This set-up should produce a beat note from the 
receiver as the 200kHz second harmonic from the 

(B) 

Fig. 4. Details of the wiring 
to the switches and to out- 
put socket SK2. These com- 
ponents are mounted on the 

front panel 

(A) 

(H) (G) 

Battery 
connector 

Component 
panel 

Detail showing the wiring to 
the switches and mein out- 

put socket. 
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A View into the rear of the calibration 
generator 

calibrator reacts with the 200kHz Radio 2 carrier. 
However, the beat note may be rather difficult to 
detect as it will only be at a very low frequency 
(possibly no more than a few Hz) and the output 
waveform of the unit is such that the even harmonics 
(200kHz, 400kHz, 600kHz etc.) are not as strong as 
the odd harmonics (300kHz, 500kHz, etc.). It may 
help to vary the coupling between the calibrator and 
the receiver, and to reduce the strength of the Radio 2 
signal. Since the receiver is almost certain to have a 
ferrite rod aerial, pick-up of the Radio 2 signal can be 
varied by rotating the set. 

C6 is adjusted to produce the lowest beat note, and 
it should be possible to obtain a beat frequency of less 
than 1Hz. The calibrator is then ready for use. 

When using the unit to calibrate a short wave 
receiver only a fairly loose coupling between the two 
should be necessary. One simple method of coupling 
is given by connecting a 12in. length of unscreened in- 
sulated wire to SK2 and a similar lead to the aerial 
terminal of the receiver. At the lower frequencies suf- 
ficient coupling should be given by placing the two 
leads close to each other, whilst at high frequencies it 
will probably be necessary to twist the wires together. 

The unit will then provide marker signals at har- 
monics of whatever fundamental frequency is 
selected. Thus if the 1MHz fundamental signal is 
selected, harmonics at 2MHz, 3MHz, 4MHz, and so 
on to beyond 30MHz will be recgived. The unit can 
therefore be used to provide calibration points at 
100kHz, 250kHz, 500kHz and 1MHz intervals. 

Here, a 5MHz crystal is inserted into the 
sockets on the rear panel 

When calibrating a receiver it is normally best to 
start by marking in the calibration points on the dial 
at whole numbers of MHz, and then use the lower 
fundamental frequencies to enable intermediate 
points to be marked in. On the lower frequency bands 
it will probably be possible to calibrate the dial at 
100kHz intervals, but it will usually be found that on 
the higher frequency bands the dial calibration 
becomes too cramped to permit this. The 250kHz and 
500kHz signals can then be employed. 

As was mentioned earlier, it can often be a problem 
to determine the actual frequency of a harmonic when 
calibrating the higher frequency bands of a short 
wave set. In some cases, transmissions of known fre- 
quency can help, but in most instances it is more con- 
venient to use the second crystal oscillator in- the 
calibrator. 

In the author's unit a 5MHz crystal is plugged_ 
when required, into the socket on the rearpanel, and 
this provides harmonics at SK1 of 10MHz, 15MHz 
and so on. These are sufficiently well spaced out on 
the receiver dial for their frequency to be readily 
assessed. No attempt is made to trim this second 
""stal to precisely 5MHz, as it does not matter if its 
frequency is very slightly removed from the more ac- 
curate harmonic of the main 1MHz crystal. 

Also, it is not necessary to employ a 5MHz crystal, 
and any crystal having a frequency around 5MHz will 
be satisfactory. If, for example, a 5.7MHz crystal is 
used, its second harmonic of 11.4MHz can be located 
on the receiver. The 1MHz signal from the calibrator 
can then be coupled to the receiver, after which the 
set is tuned higher in frequency until the first 1MHz 
harmonic is found. This will be the 12th harmonic at 
12MHz. The harmonics above must then be 13MHz 
14MHz, etc., and those below it 11MHz, 10MHz and 
so on. As can be seen, anycrystal having an operating 
frequency of around 5Hz can be used, provided of 
course that its actual operating frequency is known. 

The coupling between SK1 and the receiver can be 
the same as was just described for the output at SK2, 
this applying both for the crystal fundamental fre- 
quency and its harmonics. 

Since the second oscillator will operate with any 
reasonably active crystal having a frequency between 
several hundred kHz and around 10MHz, it can be 
used in conjunction with a suitable receiver to test 
crystals which fall within this frequency range. It is 
merely necessary to plug in the crystal, switch on and 
loosely couple the output from SK1 to the aerial ter- 
minal of the receiver. The receiver is then tuned 
around the nominal crystal frequency whereupon, if 
the crystal is serviceable, it should be possible to pick 
up the oscillator signal. 
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The Beginnings 
of 

Electricity 
by D. P. Newton 

The birth of the Battery, Capacitor, Resistor and Inductor 

THE ORIGIN OF THE BATTERY 
As is often the case, Nature anticipates man in his 

discoveries. In this instance Nature equipped the 
electric ray or torpedo fish of Fig. 1 with its own power 
supply millions of years before man existed, but man 
was quick to take advantage of this natural power sta- 
tion. The Romans used it to "cure" gout by standing 
the sufferer barefoot on the live fish; surely one of the 
earliest examples of electrotherapy. 

Fifteen hundred years later, John Walsh (c1725- 
1795) used the torpedo fish in an electrical circuit, as 
in Fig. 2. As the final person in the line dipped his 
hand in water, they all received a shock. 

However, this set men like Luigi Galvani (1737- 
1798) on the wrong track. In his well-known experi- 
ment with frogs' legs he noticed that they twitched 
when an electrostatic generator was used nearby and 
he thought he had discovered "animal electricity." 
This special kind of electricity was to be found only in 
animals and was different to all other kinds of elec- 
tricity. And so he missed the point of another experi- 
ment which must be the first low -voltage make and 

Fig. 1. Nature's power supply. This is the elec- 
tric ray or torpedo fish 

Silk thread 

Torpedo fish 

Water in basin 

Fig. 2. When the last person in the chain places 
his hand in water, all the people receive e 

shock 

break device. A frog's leg is suspended over a silver 
plate as in Fig. 3 so that the brass hook touches the 
plate as well as the toes of the dampened leg. The leg 
twitches repeatedly, jumping up and down on the 
plate. He failed to see that it was the contact of the 
two dissimilar metals which generated electricity. 
The frog's leg simply completes the circuit and its 
muscles contract as electricity passes through, caus- 
ing it to leap and break the circuit. However, 
Galvani's nephew travelled over Europe popularising 
his theory. In Newgate prison he passed current 
through a fresh corpse and made it jerk and twitch; 
and so we have the phrase "galvanised into action" to 
remember him by. 
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Frog's leg Brass hook 

Silver plate 

Fig. 3. Galvani's famous frog's leg experiment 

A contemporary of Galvani was Alessandro Volta 
(1745-1827) who, fortunately, did not make Galvani's 
mistake. Seeing that electricity was generated by the 
contact of dissimilar metals, it was simply a matter of 
using a silver and brass coin as in Fig. 4 to produce a 
voltage. 

To convince people that this was the same electrici- 
ty as could be obtained by other methods, he had a 
series of demonstrations, of which some do not bear 
repeating. One was simply to place dissimilar coins 
over and under the tongue so that they touched in 
front. A strange taste was produced which we now 
know to be due to electrolysis. However, another ex- 
periment was not so innocuous. Placing tin -foil under 
the eyelid so that the edge protruded, he touched it 
with a silver candlestick and "saw" flashes of light as 
the current passed along the optic nerve. 

To increase the voltage, batteries of stacked cells 
soon developed, known as voltaic piles. The Royal 
Institution of London made a battery in 1819 from 
2,000 double plates of zinc and copper with dilute 
nitric and sulphuric acid as the electrolyte. From this, 
many discoveries in electrolysis were made, including 
new chemical elements. 

The standard modern dry battery differs but little. 
Two dissimilar materials are separated by a paste - 
like electrolyte which contains a chemical to absorb 
any gases given off. And so we have caught up with 
Nature. 

Silver coin 

Paper dampened 

with brine 

JIIIII1111111111111111111111uu 91®11111 

Brass coin 

Wire 

Flow 
of 

current 

Fig. 4. A simple cell is produced by two dis- 
similar metals and an electrolyte 

THE ORIGIN OF THE CAPACITOR 
Electricity has always intrigued amateurs and 

professionals alike and it was quite often the amateur 
who made the important invention or discovery. E. G. 
von Kleist, a Prussian clergyman, was such an 
amateur from before the days of the battery. In those 
days, electricity was thought of as a liquid so, in 1745, 
von Kleist decided to "condense" and trap it in a bot- 
tle to store it for future use. He could not know how 
successful this would be or what an indispensible con- 
tribution to electronics he was about to make. 

Into a bottle he placed a small amount of water and 
a nail, as in Fig. 5. 'Then he passed a charge in from an 
electrostatic generator. On touching the nail he ob- 
tained a shock and so he knew he had "filled" the bot- 
tle with electricity. 

Soon, others found that the water could be replaced 
by mercury, alcohol or lead shot and that these were 
more effective. A French scientist discharged such an 

Nail 

Water Glass bottle 

Fig. 5. An early device for "condensing" elec- 
tricity 

Glass 

Fig. 6. A Leyden jar can produce a spark when 
it discharges 

electric phial, as it was known, through a line of monks 
from a local monastery to see them jump in unison. 
The other reactions of the monks is not recorded! 

Pieter van Musschenbroek of Leyden, also in 1745, 
improved the condenser by lining the bottle inside 
and out with metal foil, as in Fig. 6. There are still a 
few of these Leyden jars about, used to store static 
charges from Wimshurst or van de Graaff generators. 

The modern capacitor is but a short step from here. 
In the Leyden jar the two plates are the inner ançi out- 
er layers of foil, separated by a glass insulator. By 
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replacing the glass with plastic foil the condenser, or 
capacitor as it is now called, can be made into a small, 
convenient cylinder, like a Swiss roll. The thinner the 
insulator, the higher the capacitance and the greater 
the charge which can be stored. Electrolytic 
capacitors use an insulator which is created by elec- 
trolysis and need only be a few molecules thick. Such 
ca acitors can have a very large capacitance. 

hould you experiment with añy of the earlier 
designs, take care. They can deliver an unpleasant, 
even dangerous shock, especially if used with a high 
voltage. 

THE ORIGIN OF THE RESISTOR 
The discovery of resistance was nowhere near as 

colourful as that of the battery and capacitor. It was 
Georg Simon Ohm (1787-1854j who made the decisive 
experiments which were to culminate in Ohm's Law 
in 1827, but earlier scientists had been near. Because 
the batteries of the time were somewhat erratic and 
irregular in e.m.f. and internal resistance, Ohm used a 
thermocouple as his constant voltage supply. See Fig. 
7. The constant temperature difference between the 
two copper -bismuth junctions generates a small e.m.f. 
which causes a current to pass through the 
galvanometer G. Ohm connected wires of the same 
length but of different materials between X and Y 
and saw the meter reading alter. Hence resistance 
depended on the material used, a property we now 
know as resistivity. Similarly, with wires of the same 
material but differing in length, -he showed that 
resistance was proportional to length. It was then a 
simple matter to show that increasing the thickness of 
the wire decreased the resistance. 

With this basic, but essential, information wires of 
a known material and size could be coiled into 
resistors and, of course, these resistors were measured 
in ohms. 

THE ORIGIN OF THE INDUCTOR 
Another effect, given by a coiled wire, was not long 

in following Ohm's discoveries and was just about as 
prosaic. 

When we disconnect a battery from a coil, such as in 
the primary circuü of an iron -cored transformer, a 
spark appears across the switch contacts as the circuit 
is broken. The odd thing about this spark is that even 
with a 1.5 volt cell it is far bigger, more intense and 
longer lasting than it should he for such a low voltage. 

Copper 

Ice 

x 

o°C 

Thermo -couple 

100°C. 

Copper 

-Boiling 
water 

Fig. 7. The basic apparatus which was used to 
initially determine Ohm's Law 

This peculiar spark was brought to the attention of 
no less a person that Michael Faraday in about 1834 
by a William Jenkin, an amateur scientist. Although 
Faraday investigated the effect successfully, the 
credit must go to the American, Joseph Henry (1797- 
1878), whose exhaustive study showed that the spark 
was produced by the coil itself. As the circuit is 
broken, the coil appears to try to prevent the current 
dying away by developing its own, very large, back 
e.m.f. Large coils do this better than small ones, so we 
say they have the greater inductance. 

Henry was able to show that the spark was os- 
cillating, that is, it consisted of a to and fro movement 
of electricity between the switch contacts. This prov- 
ed to be the foundation for the production of radio 
waves. The inductor, along with the capacitor, resistor 
and power supply became an indispensible part of 
radio and, naturally, inductance was measured in 
henrys. 111 

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

We retain past issues for a period of two years and we can, occasionally, supply copies more than two 
years old. The cost is 40p plus lip postage. 

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

We regret that we are unable to supply photo copies of articles where an issue is not available. 
Libraries and members of local radio clubs can often be very helpful where an issue is not available for 
sale. 
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THE "MS" 

POCKET 
RECEIVER 

Part 2 

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

In this concluding article, constructional 
details of this pocket sized medium wave 
receiver are completed, after which the 

process of setting up is described. 

In last month's issue, the preceding article in- 
troduced this medium wave receiver and described its 
circuit functioning. Preliminary constructional 
details were then given, and these will now continue. 
When following the instructions it will be necessary to 
refer to Figs. 2 and 3, which were published last 
month. 

TAG STRIP 
Take up the 28 -way tagstrip and cut a section with 

8 tags away from it, leaving 20 tags. Drill out the last 
of these 20 tags, counting from the end of the strip 
with a hole in it. This will leave the strip with 19 tags 
ar.d a hole at each end. It will be found that these 
holes fit over the two lower lin. 4BA speaker moun- 
ting bolts, as in Fig. 3. Fit the tagstrip to these bolts 
with a 4BA nut above and below at each end. See Fig. 
4(a). 'There is also a 4BA solder tag under the upper 
nut at the right hand end of the tagstrip. 

Turn next to the output transformer 'I'2 and, if this 
is the specified Repanco TT56 component, remove its 
clamp. As was mentioned last month, the author in- 
itially used an R.S. Components transformer type 

V7; if the reader has one of these transformers the 
clamp need not be removed. As can be seen in Fig. 3 
the two secondary leads are connected directly to the 
speaker tags. In this view the two primary leads are 
underneath the transformer. Connect two short 
flexible leads to the upper (as in Fig. 3) primary lead 
and one short flexible lead to the lower primary lead. 
No connection is made to the centre primary lead. If 
applicable, tin the core of the transformer as describ- 
ed later in this paragraph then, with the transformer 
fully prepared, connect its secondary leads to the 
speaker tags. 'Take great care, during this operation, 
to ensure that no part of the transformer or its leads 
damages the speaker cone. Anchor the transformer in 
position by soldering its clamp (Tj'T7) or core (TT56) 
to the IBA solder tag at the end of the 19 -way tagstrip. 
With the T1'56 it will be necessary to scrape off the 
enamel from the appropriate part of the core to allow 
this soldering to be carried out. It is best to scrape 
away the enamel and preliminarily tin the core before 
connecting the transformer to the speaker tags. 

The secondary leads of T2 have a soldered section 
which appears above the bobbin. Three leads will 
later he soldered to this upper section of the lower 
secondary lead. 

Take up the section which was just cut from the 
main tagstrip and cut it so as to leave the hole at one 
end plus 4 tags. The 4 -way tagstrip is shown in Fig. 3 
after mounting, but first solder to its two outer tags 
the feet of the clamp of transformer Tl so that the 
transformer takes up the position shown in the 
diagram. Next solder the leads of Tl to the tags of the 
strip, again as in Fig. 3. Note that, with one winding, 
connections are made only to the centre tap and one 
end, the remaining winding end not being connected. 
Next take the Lektrokit spring clip and drill out its 
hole 4BA clear. Then fit the tagstrip and the spring 
clip over the remaining lin. speaker mounting bolt, as 
in Figs. 3 and 4(b). In Fig 3 a part of the ferrite rod is 
shown cut away so that the 4 -way tagstrip is visible, 
whilst in Fig. 4(h) the view is looking down at the top 
edge of the speaker. When the ferrite rod aerial is 
fitted, its coil is away from the clip. Make sure that 
TI is so positioned that it will not touch the speaker 
cone. Its position can be changed by bending the tags 
to which it is soldered. 
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4111A bolt 

(a) 

(b) 

4 -way Logstrip / 3/6°clip 

(`4BA bolt 

Front panel 

Fig. 4(a). Illustrating how the 19 -way tagstrip is secured by two of the speaker mounting bolts 
lb). The spring clip for the ferrite rod end the 4 -way tagstrip ere fitted on a third speaker mounting bolt 

WIRING 
Mount and wire in all the components on the 

spaker panel, as shown in Fig. 3. The lead -outs of L2 
need to be a little longer than they would normally be, 
as this choke is orientated for best results during set- 
ting up. For clarity, TR1 and TR2 are shown as being 
at the side of the 19 -way tagstrip but in practice they 
are below it with their lead -outs passing upwards 
through the centre holes of the appropriate tags. Their 
bodies are kept clear of the speaker cone and also of 
the battery space, i.e. the space which will be taken 
up by the two HP2 cells. No connections are made to 
the shield lead -outs of these two transistors. TR3 and 
TR4 are mounted above the tagstrip, but still clear of 
the battery space. 

Screw the completed side panels to the top and bot- 
tom panels, as indicated in Fig. 2, then complete all 
the wiring shown in Fig. 3. Note that C2 and Di are 
wired between the left hand side panel and the 
speaker panel. Only one pole of switch Si is used, and 
no connections are made to its remaining tags. 

The two cells which make up the battery are fitted 
in a sleeve made of Fablon, the general mode of 
assembly being shown in Fig. 5. Take a piece of 
Fablon measuring 9 by en., and leave on all the 
backing paper except for a ¡in. strip along one of the 
shorter edges. Roll the cells into this Fablon with the 
exposed 4in. strip going on last, so that it secures the 
resultant cylinder in shape. The cylinder should be 
loose enough for the cells to be easily removable. A 
small compression spring is required between the two 
cells, and this spring should have an internal 
diameter of }in. and a length of in. One end is opened 
out very slightly with a pair of pliers so that it fits 
firmly onto the positive stud of one of the cells. The 
cells are inserted in the Fablon cylinder as illustrated 

The on -off slide switch is mounted on the panel 
at the other end of the receiver 
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VR1 

Fig. 5. The two cells are in- 
serted in a sleeve made of 
Fablon. The negative 
battery connection is to the 
metal case of VR1 and the 
positive connection is to the 

aluminium contact plate 

Fabian sleeve Pos. stud 

HP2 cell 

in Fig. 5, and the resultant battery can then be put in 
the receiver with the positive end fitting into the par- 
tially drilled tin. hole in the aluminium contact plate 
and the negative end pressing against the metal cover 
of VR1. The spring between the two cells makes the 
fitting easy and ensures that good contact is made. 
Before the battery is inserted, however, the next and 
final step in construction has to be carried out. 

In the side panels there are two holes, marked "X" 
and "Y" in Fig. 2, which have not yet been used. A 
5sin. length of 6BA studding is cut and passed 
through the receiver at these holes. The studding has 
a 5pin. length of insulated tubing, or sleeving, passed 
over it between the panels and is held in position by 
two 6BA nuts at the outside. If possible, the nuts 
should be dome types to give a good appearance. The 
studding prevents the s.r.b.p. panels from bulging 
outwards when the battery is fitted and will just clear 
the lower speaker mounting bolts. 

SETTING UP 
After fitting two control knobs the receiver is ready 

for setting up. New HP2 cells should be employed. 
First adjust VR1 so that its slider is at the end of the 
track which connects to Ti, i.e. control knob fully 
anti -clockwise. Next, adjust VR2 such that its slider 
is at the negative end of its track; this is fully 
clockwise as shown in Fig. 3. It is next necessary to 
monitor the current passed by TR4. If a testmeter is 
available capable of giving a clear reading of 55mV, 
which presupposes a range with an f.s.d. of 0.25 or 0.5 
volt, connect this across C5 with the same polarity as 
that of the capacitor. Adjust VR2 for a reading of 
55mV. (This voltage reading takes in the current 
drawn by TR1 and TR2.) If a testmeter with a 
suitable voltage range is not to hand, select a current 
range which will give a clear indication of 23mA, dis- 
connect the lead between T2 and the emitter of TR4 
and insert the meter with the positive test lead con- 
nected to T2. VR2 is then adjusted for a current of 
23mA, after which the lead is re -connected. The 
procedure, employing either method of checking TR4 
current, should be repeated after the battery has had 
about 20 hours use, in order that maximum life may 
be obtained from it. After this, VR2 can be left alone. 
It does not require further adjustment when new cells 
are fitted later. 

Spring 

HP2 cell 

Aluminium contact 
plate 

Next, seek a station towards the low wavelength 
(high frequency) end of the tuning range. Radio 1 on 
247 metres will be satisfactory, and this should be 
received with VC1 set to around 40 degrees from the 
minimum capacitance end of its travel. Keep VR1 
adjusted so that there is no excessive distortion. The 
"hiss point" represents the most sensitive setting for 
this control. Having received the signal satisfactorily, 
search for a station near the high wavelength (low 
frequency) end of the range, such as Radio 3 on 464 
metres. It may be found that VR1 has to be re -set con- 
siderably for best results, or that the oscillation point 
is impossible to obtain even with VR1 fully advanced. 
L2 should then be twisted, on its lead -out wires, such 
that the most sensitive setting of VR1 with the high 
wavelength station is the same as that for the low 
wavelength station. The orientation of L2 has little 
effect at the low wavelength end of the scale but has a 
large effect at the high wavelength end. Try reversing 
the leads of L2 at the tagstrip if the correct orientation 
is difficult to obtain. 

By careful positioning of L2 it is possible to arrange 
that the maximum sensitivity setting for VR1 remains 
virtually constant throughout the range except for 
wavelengths around 200 metres. At these . low 
wavelengths it will probably be necessary to set back 
VR1 a little to avoid oscillation. VR1 will, of course, 
need to be used as a volume control with the more 
powerful stations, or when a low output is required. 
Several stations in daylight, and a large number after 
dark, will be found to give good programme volume at 
a level consistent with a small receiver. 

It is possible that distortion, or even instability, 
which cannot be controlled by VR1 is present. In this 
event, either a mistake has been made in assembly 
or the winding of L1 is such that it interacts with Tl. 
Transposing the two top leads of T1, as shown in Fig. 
3, will correct matters. In some instances, distortion 
may also be cleared by reversing the connections to 
T2 primary. 

All that now remains is to make a back for the 
receiver. This can consist of a piece of jéin. s.r.b.p. 
measuring 51in. by 3sin., and it is covered with 
Fablon of the appropriate colour. The back will slip 
inside the case and is kept in position by two small 
solder tags screwed to the case bottom and a third 
small solder tag, free to swivel, screwed to the case 
top. 

(Concluded) 
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SIMPLE 

RANDOM 

SELECTOR 
By R. A. Penfold 

A 2 -way gaming device which is free of 
bias and requires very few components. 

This simple device electronically simulates the 
tossing of a coin and it can provide much amusement. 

Basically the unit consists of a box having two 
lights on the front panel. When a push-button is 
pressed both the lights come on, but when the button 
is released only one light remains on. It is purely a 
random matter as to which of the lights stays on, and 
by labelling one lamp "heads" and the other "tails" 
the required simulation is provided. 

The circuit of the device is extremely simple and it 
takes advantage of two low cost integrated circuits. 
Few other components are required. 

BASIC OPERATION 
Fig. 1 shows the unit in block diagram form, and 

this helps to explain its operation. It comprises two 
main stages, a pulse generator and a J -K flip-flop. 

A J -K flip-flop is a divide -by -two circuit, and every 
time a pulse is received at its clock input the outputs 

Fig. 1. Block diagram il- 
lustrating the basic func- 

tioning of the unit 
Pulse 

generator 

change state. The outputs are designated Q and not -Q 
(the letter Q with a bar above it) and have opposite 
states. Thus, when Q is high not -Q is low, and vice ver- 
sa. A lamp is driven from each output and lights up 
when that output is in the high state. 

When the push-button is pressed a series of regular- 
ly spaced pulses is applied to the flip-flop, causing the 
outputs to continually change with each pulse. Since 
the pulse generator output is at about 600Hz the con- 
sequent flashing of the lamps is much too fast to be 
observed, and the impression is given that both lamps 
are continually lit. Releasing the push-button allows 
the flip-flop to stay in the state it held at the instant of 
release, and only one lamp stays alight. 

It is impossible to judge what state the flip-flopout- 
puts are in when the push-button is released and, 
since the pulses from the pulse generator are regularly 
spaced, the choice of lamp remaining alight is com- 
pletely random. There is no bias towards one lamp or 
the other. 

Push button 
switch 

'Tails' 
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Fig. 2. The complete circuit of the unit. This requires an extremely small number of discrete components 
in addition to the two integrated circuits 

THE CIRCUIT 
The full circuit of the unit appears in Fig. 2. The 

pulse generator is a 555 timer i.c. connected as an 
astable multivibrator. The operation of this circuit is 
now so well-known that it merely suffices to state first 
that on one half -cycle Cl charges via Rl and R2 and 
that on the other it discharges via R2 and, second, 
that the output at pin 3 is high when Cl charges and 
that it is low when Cl discharges. Pin 3 couples to the 
clock input at pin 12 of IC2 when push-button S2 is 
closed. 

IC2 is a 7472 t.t.l. integrated circuit, and its three J 
and three K inputs are all taken up to the positive 

COMPONENTS 

Resistors 
(All ; watt 5%) 

Rl 39k Sl 
R2 2.2kí1 
R3 680 CI 

R4 68Oû 

Capacitor 
Cl 0.047µF type C280 (Mullard) 

Semiconductors 
IC1 555 
IC2 SN7472 
LED1 light -emitting diode with panel bush 
LED2 light -emitting diode with panel bush 

Switches 
S1 s.p.s.t. toggle 
S2 push-button, press to make 

Miscellaneous 
3 HP7 cells 
Battery holder (see text) 
Battery connector, PP3 type 
Perforated s.r.b.p. board, 0.1in. matrix 
Plastic case (see text). 

rail. Its and not -9 outputs are at pins 8 and 6 
respectively. The two indicator lamps consist of light - 
emitting diodes, and these are coupled to the flip-flop 
outputs via R3 and R4. 

S1 is the on -off switch and power is obtained from a 
4.5 volt battery. Current consumption is ap- 
proximately 9mA, this rising slightly when S2 is clos- 
ed. In consequence, the three 1-IP7 cells which make 
up the battery have a long life. 

CONSTRUCTION 
The prototype was housed in a plastic box measur- 

ing 115 by 75 by 35mm. deep, and any plastic box of 
similar or, slightly larger dimensions can be used. The 
front panel layout is shown in .Fig. 3. The dimensions 
in this diagram apply to a bo of the size used by the 
author and may be amended, as required, for other 
boxes. 

The two holes for the l.e.d.'s are drilled to take the 
particular components employed, and these should be 
obtained with panel bushes. An attractive display will 
be given by l.e.d.'s of different colours, and the author 
used a red l.e.d. for LED1 and a green l.e.d. for LED2. 

The components behind the front panel are assembled 
on a perforated board 
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19 

LED' 
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51 
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All dimensions in mm 

LED2 

e 

Fig. 3. Front panel layout of the prototype. 
Hole diameters depend upon the l.e.d. and 

switch types employed 

38 

75 

Battery 
connector 

Fig. 4. Complete wiring diagram, showing both sides of the perforated s.r.b.p. board and the external 
connections which are made to it 
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Suitable l.e.d.'s are widely available, including the 
I.e.d.'s Type 4 listed by Doram Electronics. These are 
supplied with panel bushes and can be obtained in 
red and green. With these the short lead -out is that for 
the anode (which connects to R3 or R4 as applicable). 

The remaining components are wired up on a piece 
of plain perforated board of 0.lin. matrix. This has 17 
by 12 holes and is cut down from a larger piece by 
means of a hacksaw. The components and the link 
wire are fitted to the board as indicated in Fig. 4, the 
leads under the board being bent at right angles to 
complete the wiring as shown. Where component 
leads are too short, extension pieces consisting of tinn- 
ed copper wire of around 22 s.w.g. may be added. The 
i.c. pins are gently bent outwards under the board 
after these have been inserted. 

The board is then wired up to the external com- 
ponents and the battery by means of thin flexible in- 
sulated wires. This wiring is also shown in Fig. 4. 

Power is obtained from three series -connected HP7 
cells. These are fitted in a holder which is intended to 
take four cells and it is a simple matter to short- 
circuit the unoccupied cell position. The battery 
holder is coupled to the circuit by way of an ordinary 
PP3 type battery connector. 

The board is positioned at the top left hand side of 
the case (as viewed in Fig. 3) and in the prototype it 
was simply held in place by the leads connecting to it. 
A more positive method of mounting can, of course, be 
devised should the constructor so desire. For instance, 
a hole in a clear section of the board can be drilled out 
6BA clear before wiring is commenced. A 6BA screw 
passing through the case side can then be fitted, the 

board being spaced off slightly from the inside surface 
of the case. 

After a final check of the wiring, the unit is ready 
for use. The constructor should not be surprised if he 

The letters "H" and "T"; taken from Panel 
Signs Set No. 4, are affixed to the front panel 
above the l.e.d.'s to indicate "Heads" or 

"Tails" 
obtains recurrent illumination of one l.e.d. over quite 
a few successive operations of S2; this can also 
happen when a coin is tossed a similar number of 
times. To check for absence of bias towards either 
l.e.d. it is necessary to carry out about a hundred 
operations, recording each result as it is given. The 
results, when added, should then be approximately 
equal. 

IN NEXT MONTH'S 

IMPORTANT PROJECT... 
SIMPLE QUADRAPHONIC 
AMPLIER - Part 1 
A 3 -part article, this quadraphonic amplifier incor- 
porates comprehensive tone and balance controls 
and takes advantage of the Motorola SQ decorder, 
i.e. type MC1312. 

e 

HADIOitELECTRONmS 
CONSTRUCTOR 

l% 
;, 

dz 

SPECIAL SHORT SERIES ... 
BLOB -A -JOB 
No. 1. Voltage Stabilizer 
This voltage stabilizer can be built to provide outputs at 3, 5, 6 or 9 volts, 
according to the zener diode chosen. 
EASY CONSTRUCTION using Blob Board 

if Mil ON SALE 1stJUNE PRICE 40p 
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In your 
worksho 
With a careless gesture, Dick push- 

ed all the debris on his bench to the 
back, up against the mains sockets, 
then positioned the record player in its 
exact centre. He next walked back to 
the "For Repair" rack and returned 
with the player's two small speakers. 
He carefully set one speaker to the left 
of the record player and the second 
speaker to its right, precisely position- 
ing the latter so that all three units 
were laid out with perfect symmetry. 
There was an unexpectedly finicky 
trait in Dick's character concerning 
the positioning of things: he was a 
compulsive straightener of pictures 
and rearranger of umbrellas in hall 
stands, and in his view the left hand 
speaker of a stereo system had to be 
exactly balanced spatially by the com- 
plementary right hand speaker. 

He plugged the two speakers into the 
record player then cleared an area at 
the rear of his bench in order to fit its 
plug into a mains socket. He turned 
the volume control experimentally, to 
be rewarded by the click of the on -off 
switch and the optimistic glow of a lit- 
tle red pilot lamp on its control panel. 

ONE CHANNEL ONLY 
Reaching up, he took an 1.p. from 

the stack of battered discs on the shelf 
above his bench, placed it on the turn- 
table, actuated the pick-up arm to 
start the motor then lowered the stylus 
onto the lead-in groove of the rotating 
record. After some moments the sound 
of Led Zeppelin became audible from 
the right hand speaker. Dick placed 
his head close to the left hand speaker. 
The left hand channel was being 
reproduced at an extremely low level. 

Dick scratched his head, then turn- 
ed back to the record player and ad- 
justed its balance control. As he 
rotated it to favour the left hand 
channel the amplitude of the sound 

from the left hand speaker rose very 
slightly, then commenced to distort 
with only a small further increase in 
volume. 

"Hey, Smithy!" 
"Hullo," came Smithy's preoc- 

cupied voice from the other side of the 
Workshop. 

I've got a dead easy one here," call- 
ed out Dick confidently. "It's a stereo 
player with one channel up the spout." 

"Bully for you," retorted Smithy 
drily, as he looked into the chassis of 
the television receiver on his bench. 
"It's about time we had a few simple 
snags in here." 

Undeterred by Smithy's reaction, 
Dick disconnected the record player 
from the mains, removed the record, 
clipped the pick-up arm to its rest then 
unfastened the screws securing the 
base plate. After a struggle he was able 
to remove its printed circuit board so 
that it rested against the bottom of the 
record player case, with the latter on 
its side. Working through the wiring 
from the left hand speaker socket he 
checked back to what was patently the 
output d.c. blocking electrolytic 
capacitor for the left hand channel 
amplifier on the board. There were no 
obvious visible faults. He unplugged 
the left hand speaker and, switching 
his testmeter to an ohms range, check- 
ed that the output capacitor was not 
short-circuit. The testmeter needle 
rose rapidly to a low resistance reading 
then fell to the left hand end of its 
scale as the electrolytic capacitor, ob- 
viously serviceable, charged up from 
the battery inside the meter. 

Dick put down the test prods, stood 
up and walked over to the filing cup- 
board. 

"Service manual already?" queried 
Smithy from his bench. "I thought you 
said you had a dead easy one.' 

"I have got an easy one," retorted 
Dick. "All I want to do is check up on 

This month Dick 
embarks on what he 
considers to be a 
very simple repair 
job. But it turns out 
to have some slightly 
surprising symptoms 
and, as always, the 
assistance of Smithy 
has to be called in. 

a few little points in its circuit." 
"And very commendable, too," 

stated Smithy. "Five minutes with the 
service sheet can save hours of aimless 
digging around." 

Dick found the manual he required, 
then returned to his bench and opened 
it out at the circuit diagram. (Fig. 1.) 

Smithy's voice became audible once 
more. 

"The first thing you want to do," he 
remarked, "is to check that the full 
supply voltage is getting to the left 
hand channel amplifier." 

"That," said Dick irritably, "is just 
what I'm going to do." 

"And then," continued Smithy inex- 
orably, "see if the output transistor 
emitters are sitting at about half the 
supply voltage." 

"Dash it all," expostulated Dick, 
"that's exactly what I intend doing." 

Irately, Dick reconnected the left 
hand speaker, plugged the record 
player into the mains again, switched 
his testmeter to a voltage range and 
clipped its negative lead to the player 
chassis. After studying the service 
manual he located the copper area on 
the printed board 'which carried the 
supply to the left hand channel 
amplifier and applied the positive 
testmeter prod to it. (Fig. 2(a).) 

The meter gave a reading of 24 volts. 
With a grunt of satisfaction, Dick 

removed the prod and applied it to the 
positive lead -out of the d.c. blocking 
electrolytic capacitor he had checked 
previously. This lead -out coupled to 
the two output emitters. (Fig. 2(b).) 

The testmeter needle moved slightly 
to the right. Dick selected a lower 
voltage range and tried again. The 
testmeter indicated 1.1 volts. He 
switched the record player off, then 
tentatively applied the back of a finger 
to the TO -1 can of each output tran- 
sistor in turn. Both the output tran- 
sistors were perfectly cool. Dick scowl - 
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Fig. 1. The left hand chanci amplifier of the record player serviced by Dick. The treble, volume and bass 
controls are ganged with similar controls In the right hand channel. This circuit is based on that 

employed In the Philips 130F829 record player 

R14 
2ßn 

TR5 
AC12e 

C7 
.4i7pF 

47 
pF 

pF 

RH. channel 

ed at the printed board then selected a 
resistance range on hie meter and 
applied the positive test prod once 
more to the electrolytic capacitor 
positive lead -out. The meter gave an 
indication slightly in excess of 6k L1 . 

LOW VOLTAGE 
"Hey, Smithy!" 
"Blimey, what is it now?" 
"There's something queer here. The 

output emitters in this record player 
are only just over a volt positive, and 
yet there are no shorts or low 
resistances to chassis and the output 
transistors aren't even running warm." 

"You and your dead easy ones," 
grumbled Smithy. "I should have 
guessed that you'd get stuck in the first 
few minutes. Hang on a jiffy and I'll 
come over." 

He completed the solder joint he 
had been engaged in making, put his 
soldering iron on its rest, then walked 
over to Dick and took a quick glance at 
the service manual circuit. 

(a) (b) 

"Here's the last check I did," said 
Dick eagerly, applying the test prod to 
the electrolytic capacitor again. "See, 
there are no shorts to chassis." 

"Fair enough," commented Smithy. 
"The actual resistance reading you are 
getting there doesn't signify anything 
in particular because there are a 

Fig. 2(a). First Dick checked the supply voltage applied to the left 
hand channel amplifier 

(b). He then measured the voltage at the transistor output 
emitters. The very low voltages dropped across R13 and R 14 can 

normally be ignored 
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(a) (b) 

Fig. 3(a). At Smithy's bidding, Dick checked the resistance of R8 

(b). The next component to be checked was R7 

number of semiconductor junctions in 
the circuit through which the 
testmeter current can pass. If these are 
silicon junctions each one drops 
around 0.6 volt, so that quite mis- 
leading resistance readings can be 
given. But I'll certainly agree that 
there are no obvious shorts or low 
resistances to chassis. The fact that 
there is a standing voltage at the out- 
put emitters of slightly more than a 
volt would indicate, at first sight 
anyway, that both the output tran- 
sistors are passing a quiescent current. 
So let's have a look at the circuit 
before them which controls the stan- 
ding output voltage. This is given by 
TR2, TR3, R7 and R8." 

Dick frowned. 
"I don't quite see how they can 

cause the trouble," he remarked. "For 
instance, those two transistors are just 
an a.f. amplifier and a driver tran- 
sistor for the output stage." 

"Look," said Smithy wearily, "just 
take a few resistance measurements 
for me, will you? For a start, put that 
positive test lead of yours on the base 
of TR?. Your negative clip is already 
connected to chassis, and this will 
check the 120k 12 resistor, R8." 

"Dick did as he was bid, and they 
both looked at the meter. It indicated 
slighlv more than 6k Sl . (Fig. 3(a).) 

That's funny," remarked Dick. 
"It's the same resistance reading that I 
got at the output emitters." 

"It should have been around 120k12" 
stated Smithy thoughtfully, 
"Connecting the positive lead of your 
testmeter to TR2 base should mean 
that the negative terminal of the inter- 
nal meter battery is coupling through 
the meter circuitry to that base. loo 
current should then flow in the base - 
collector or base -emitter junctions of 
the transistor and so you'd get a 
reasonably true reading for the 

resistance of R8." 
"Well we didn't, so something wrong 

has happened." 
"I know it has," agreed Smithy. 

"The obvious thing to do next is to see 
what resistance reading you get across 
the 1M S2 resistor, R7." 

"Does it matter which way round I 
connect the testmeter leads?" 

"I have a hunch," said Smithy, 
"that in this case it won't." 

Dick unclipped the negative meter 
lead from the chassis and then applied 
the two test leads to the IM G resistor. 
The meter indicated zero ohms. (Fig. 
3(b).) 

"There lyou are," said Smithy brisk- 
ly. "That's your trouble. There's a 
dead short across the 1M D resistor. 
That explains also, of course, why the 
resistance to chassis at TR2 base was 
the same as that at the output 
emitters. Since it's a complete dead 
short I would suspect that the base - 
collector junction of TR2 has broken 
down." 

"What about the 1M fl resistor?" 
"That's less likely," stated Smithy. 

"Even if it went low in value, a 1M D 
resistor wouldn't normally go all the 
way down to zero ohms. So it's a new 
transistor that you want there, Dick 
boy." 

EXPLANATION 
"As always," said Dick ruefully, 

"you were right in suggesting where 
the trouble in this amplifier would be. 
Anyway, I can see now how that short- 
circuit caused the standing output 
emitter voltage to go low." 

"Good show," stated Smithy, pleas- 
ed. "I'm glad you've at last been able 
to work out how this circuit works." 

"It's obvious," said Dick cheerfully. 
"If there is a short between the collec- 
tor and base of TR2, then you have the 
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output emitter point connected to 
chassis via the base -emitter junctions 
of TR2 and TR3 in series. These act 
like two forward biased silicon diodes, 
and they simply pull down that output 
emitter point to a little over a volt by 
pure brute force!" 

Smithy's jaw dropped. 
"And that," he queried wondering- 

ly, "is your explanation of what's been 
happening in this amplifier?" 

"But of course," replied Dick airily. 
"When you're as clued up as I am, it 
doesn't take long to visualise what a 
short-circuit can do." 

Smithy cast a despairing eye 
towards the ceiling. 

"I must," he confessed dolefully, 
"have heard everything now. You just 
don't have the vaguest idea of how the 
circuit works, do you?" 

"Of course I have," retorted Dick 
indignantly. "As I said earlier, the two 
transistors are an a.f. amplifier and an 
output transistor driver. And I've ex- 
plained how that collector -base short 
caused the output emitter voltage to be 
low." 

"Look," said Smithy doggedly, "let 
me start by giving you a brief run- 
down on the circuit when it's in proper 
working order. Okay?" 

"As you like," responded Dick 
carelessly. "I suppose that this will 
only be embroidery on what I've 
already said." 

"When the circuit is working 
properly," grated Smithy, "an input 
a.f. signal goes from the emitter of TRI 
to the base of TR2 via C5. TR2 is an 
emitter follower and so the signal 
appears at its emitter without any 
voltage amplification and is then pass- 
ed to the base of TR3, which is a com- 
mon emitter amplifier. This provides 
voltage amplification, and the signal at 
its collector is out of phase with the 
signal at its base." 

"Which is what I said. TR2 is an a.f. 
amplifier and TR3 is the driver for the 
output transistors." 

Smithy cast a furious glance at his 
assistant. 

"Now," he went on, "the collector of 
TR3 couples to the bases of TR4 and 
TR5. These are emitter followers and 
their emitters couple via the two 2.2 S2 

resistors to the positive side of the out- 
put coupling electrolytic. Which is the 
point we have been referring to as the 
emitter output point."' 

"Let me put in a little further 
detail," interjected Dick. "Those two 
2.2 1-1 resistorsare in series with the 
emitters to prevent thermal runaway 
in the output transistors. You didn't 
mention that bit, Smithy." 

"I shouldn't have to," snarled 
Smithy, "it's flaming obvious. Now, 
the emitter output point voltage will be 
close to the voltage at the collector of 
TR3, and the emitter output point also 
provides the collector voltage for 
TR2." 

"Right!" 
"Further," fumed Smithy, "the 1M 

S2 resistor R7 connects to that emitter 
output point and it forms part of a 
potential divider in conjunction with 
the 120k12 resistor, R8. If no current is 
drawn from the junction of these two 
resistors the voltage applied to the 
base of TR2 is about one -ninth of the 
voltage at the emitter output point." 
(Fig. 4(a).) 

"Very well put," stated Dick con- 
descendingly. "I couldn't have 
described the situation better myself." 

"Will you," spluttered Smithy, 
"keep quiet?" 

I'm only making the odd helpful 
remark, that's all." 

"Then don't." 
"Blow me, there's no need to get all 

uptight about it." 
"Belt up!" 

(a) (b) 

Fig. 4(a). One -ninth of the total voltage across R7 and R8 appears 
across R8 

(b). The circuit stabilizes at the approximate voltages shown here 
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Dick opened his mouth, caught 
Smithy's baleful gaze, then closed it 
abruptly. 

"So," said Smithy, his voice trembl- 
ing, "the voltage at the base of TR2 is 
about one -ninth of that at the emitter 
output point. Let's next see what 
happens if, for some reason, the 
voltage at the emitter output point is 
low and then starts to rise. This could 
conceivably happen immediately after 
switch -on, as the output coupling elec- 
trolytic charges. When the emitter out- 
put point voltage is low, so also is that 
at the base of TR2, and this transistor 
is cut off. In consequence, TR3 is cut 
off as well and it passes no collector 
current. The voltages at the output 
emitter bases then rise, taking the 
emitter output point with them. When 
this point reaches a certain level the 
voltage at TR2 base has risen suf- 
ficiently to make this transistor con- 
duct and pass emitter current to the 
base of TR3. TR3 also turns on and 
starts to draw a collector current, 
whereupon the rise in voltage at the 
emitter output point ceases. The cir- 
cuit then settles into a state of 
equilibrium in which the current flow- 
ing into TR2 base is just sufficient to 
cause TR3 to hold the output emitter 
point steady and prevent it going 
further positive." 

This time it was Dick's jaw which 
dropped. He turned to the circuit 
diagram and feverishly traced out the 
circuit path from the output emitter 
point back to the base of TR2. 

"Now," said Smithy triumphantly, 
e can start to impart a little corn - 

non sense to this circuit. TR2 and 
I'R3 are both silicon transistors with a 
forward voltage drop of about 0.6 volt 
in their base -emitter junctions. In con- 
sequence, these two transistors only 
become conductive when the base of 
TR2 goes up to approximately 1.2 
volts. The circuit then stabilizes, and 
the input current into TR2 base will be 
extremely small because of the 
amplification which follows it. If the 
base current were negligibly small, the 
total voltage across R7 and R8 would 
be 9 times that across R8, which is 1.2 
volts. This works out at about 11 volts. 
In practice, some current does flow 
into TR2 base and the actual voltage 
at the emitter output point will be a lit- 
tle higher, say at about 12 volts." (Fig. 
4(b).) 

SHORT-CIRCUIT 
CONDITION 

Smithy ceased his explanation and 
looked at his assistant who, mouth now 
closed, returned his gaze mournfully. 

"Gee Smithy," said Dick contritely, 
"I hadn't realised that the circuit 
worked in quite that fashion." 

"Well, it does," returned Smithy 
shortly. "In addition to the d.c. 
negative feedback given by the 1M f2 
and 120k S2 resistors, there is also a.c. 
negative feedback. When the base and 
collector of TR2 were short-circuited 
the a.c. feedback became 100%, which 

is why there was so little gain in the 
left hand channel of the record player 
amplifier. And, of course, you got dis- 
tortion at anything above a very low 
output level because of the clipping of 
negative half -cycles in the output 
stage. In addition, of course, to any 
distortion caused in the TR2 circuit 
itself." 

"But," protested Dick, "that still 
doesn't upset my explanation that the 
two base -emitter junctions of TR2 and 
TR3 pulled down the output voltage 
when the collector of TR2 shorted over 
to its base." 

"Of course it does, you steaming nit! 
When TR2 went faulty the emitter 
output point connected directly via 
the base -emitter junction of TR2 to 
the base of TR3. Under these con- 
ditions, TR2 base -emitter junction is 
just the same as a silicon diode." (Fig. 
5.) 

"I suppose it is, really." 
"Right," said Smithy. "This time, 

when the voltage at the output emitter 
point rises it turns TR3 on when it 
reaches about 1.2 volts. TR3 once 
more conducts and its collector 
current prevents the voltage rising 
further. It's TR3 collector current 
which was holding the voltage down, 
not the brute force effect of two base - 
emitter junctions, as you claimed." 

"Blimey of course, I can see it all 
now! Your explanation is an even 
better one than the one I gave!" 

Smithy regarded his assistant stoni- 
ly. 

"What baffles me," he remarked 
eventually, "is how on earth you get 
that great head of yours through the 
Workshop door each morning.' 

"Hey," replied Dick, stung. 
. "There s no need to get personal. After 

all, this is only a technical discussion." 
Smithy flapped his arms against his 

sides in a gesture of hopelessness. 
"I give up," he said resignedly. 

"Just put in a new transistor whilst I 
get back to my own work." 

"Okey-doke," returned Dick bright- 
ly. "I'll soon be getting this record 
player back into working order again. 
Now, if we were living in an ideal 

Fig. 5. A rearrangement of 
the circuit to illustrate a 

fault condition 

world all I'd have to do next is get our 
friendly robot to fetch me a new tran- 
sistor from the spares cupboard." 

Smithy raised his eyebrows. 
"Robot?" 
"Robot. If other establishments can 

have a robot," pronounced Dick dark- 
ly, "we should be able to have one, 
too." 

Smithy grinned. 
I'll have to work on that," he 

chuckled. "In the meantime let's get 
back to earning a little bunce." 

His good humour restored, Smithy 
returned to his bench whilst Dick, 
robot -less, made his own way to the 
spares cupboard and selected a new 
BC148 transistor. Back at the record 
player Dick carefully applied his iron 
to the lead -outs of the transistor on the 
printed board, removed it and 
satisfied himself that its base and 
collector were quite definitely short- 
circuited together. He fitted the new 
transistor, switched on and once more 
checked the voltage between chassis 
and the emitter output point. 

Incredulously, he stared at the 
meter needle, then once more gave 
voice. 

"Hey, Smithy!" 
"Hello!" 
"I've got a really weird fault now." 
"It couldn't," stated Smithy, "have 

happened to a nicer chap." 
No, seriously Smithy. I'm in right 

trouble this time." 
"What's wrong?" 
"You remember that the emitter 

output point in this record player 
amplifier was only about 1.1 volts 
positive of chassis. 

"I do." 
"I've put in a new transistor," wail- 

ed Dick, "and that output point is now 
just short of 23 volts positive of 
chassis. This time it's about 1.1 volts 
negative of the positive rail!" 

Smithy rose once more, came over 
to Dick's side and checked the meter. 
This was, indeed, giving a reading of 
slighly less than 23 volts. He switched 
off the record player then, turning to 
the board, examined the new tran- 
sistor and the solder joints connecting 
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it to the copper pattern. As was always 
the case with Dick's handiwork, the 
latter were immaculately finished. 

"This is a turn -up for the book," he 
remarked slowly. "Let's try a little 
deduction. I think it's still pretty safe 
to assume that the driver and output 
transistors are behaving themselves, 
because they previously caused a low 
voltage to be given at the emitter out- 
put point when the collector and base 
of '1 R2 were short-circuit. You've 
fitted a new transistor and done 
nothing else and now the output 
emitter voltage has gone high. It seems 
very probable that there is a second 
fault in the network comprising R7, 
R8 and TR2. It can't be in TR2 
because this is a new transistor, so it's 
either in R7 or R8." 

"If," suggested Dick, "R8 went low 
in value, there'd be a smaller fraction 
of the output emitter voltage going to 
the base of TR2. Could that cause the 
output emitter point to go high?" 'It could," confirmed Smithy. "The 
same result would also be given if MY 
went high. It's more likely that a 1M fl 
resistor will go high than a 120k Ll 
resistor will go low, so we'll start with 
R7. We cant measure its resistance 
while it's in circuit because of all the 
other components it's connected to. 
So, unhook one of the R7 leads and 
check its resistance then." 

Dick took up his iron and, applying 
it to the printed board, deftly removed 
one of the resistor lead -outs. Selecting 
a high resistance range he then con- 
nected his testmeter across the 
resistor. (Fig. 6.) 

"You've hit it first go, Smithy," he 
exclaimed jubilantly. "this resistor's 
gone up to about 2.5M S2 ." 

"That figures," commented 
Smithy, pleased. "With the resistor at 
that value about one -twentieth of the 
output emitter voltage is being applied 
to the base of TR2 and so the output 
emitter voltage will be roughly 20 
times 1.2 volts. I'll see this through to 
the bitter end now, so solder in a new 
1M SI resistor and check the result." 

Dick soon had the new resistor 
fitted. He then switched on the record 
player and applied his testmeter 
between chassis and the output 
emitter point. The testmeter indicated 
12 volts. 

"That's that, then," he announced 
happily. "It's funny that there should 

Fig. 6. One of the leads of 
R7 has to be disconnected 
from the circuit before its 
resistance can be measured 

accurately 

have been two faults in the same part 
of the circuit. Could one have caused 
the other, Smithy?" 

"It's reasonably possible," said 
Smithy. "What could have happened 
was that the resistor went high first, 
whereupon that transistor had more 
than 20 volts permanently applied 
across its collector and base. The 
collector -base junction should be able 
to stand up to this voltage but if it was 
in any case on the verge of breaking 
down, the continuous voltage may 
have been what finally did the trick. 
Humph, quite an interesting little 
progression of faults." 

ALL WORKING 
"I think," said Dick slowly, "that 

from now on I'll keep my big mouth 
shut about dead easy faults and things 
like that." 

Smithy turned a quizzical eye on his 
assistant. 

"You will?" 
"Definitely," stated Dick with con- 

viction. "And I really mean that, 
Smithy. Oh well, let's get this record 
player back together again and give it 
its final check." 

As Dick re -installed the printed 
board in the record player case, 
Smithy walked thoughtfully back to 
his own bench. He pondered on the 
future vista of a Workshop in which 
Dick was neither bombastic braggart, 
boastful, blustering, bigoted nor even 
generally big -headed. It would be a 
pallid scene. His thoughts were pun- 
cuated by the strains of Led Zeppelin, 
now manifestly reproduced by both 
channels of the record player and, 
later, the sounds of the player and its 
speakers being transported to the 
"Repaired" rack. These were followed 
by Dick's subsequent steps towards 
the "For Repair" rack. 

Gloomily, Smithy turned his atten- 
tion to the television chassis on his 
bench. 

"Hey, Smithy!" 
"Hello." 
"I've got a real honey here. It's an 

a.m.-f.m. radio which won't work on 
f.m. This is going to be a real piece of 
cake." 

"Dead easy?" 
"Nothing simpler." 
Smithy grinned happily. Every 

thing was back to normal. 13 
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MINIMISING 
MAINS HUM 

By D. Snaith 

A simple dodge which can significantly reduce mains hum pick-up in a.f. 
amplifiers 

When transistors first ousted valves one design dif- 
ficulty in a.f. amplifiers disappeared from the scene 
almost completely. This was the problem of 
capacitive pick-up of hum in mains -driven 
amplifiers. Those old valve amplifiers had control 
grid a.f. input circuits with impedances to chassis of 
the order of 250ktito 1Mí2 or more, and quite a little 
care had to be taken to ensure that these did not pick 
up hum due to stray capacitive couplings with mains 
power supply circuits and wiring. On the other hand, 
the earlier transistor amplifiers had low impedance 
base input circuits, and were much less liable to pick 
up hum due to capacitive coupling. 

Now, with input Darlington pairs, CMOS devices 
and field-effect transistors, the high a.f. input im- 
pedances have all come back again. 

F.E.T. INPUT 
Fig. 1 shows a possible high input impedance 

circuit for an a.f. amplifier. The f.e.t. has a source 

Input 

l 
Chassis 

Fig. 1. A high impedance input in an a.f. 
amplifier could be given at the gate of an f.e.t. 

Supply + 

Output 

bias network consisting of R2 and its bypass 
capacitor C2, and the input is applied to the gate via 
the d.c. blocking capacitor Cl. This could have a 
value of the order of 0.022NF. A screened wire 
couples the gate to an input socket or pre -amplifier 
output elsewhere. The gate has a bias resistor, R1, 
which can typically have a value of 1M i2 . If the stage 
is fairly close to a mains transformer and the mains 
input wiring it becomes susceptible to capacitive hum 
pick-up in the gate circuit. 

The hum pick-up can be kept to a low level by 
keeping the unscreened metal area connecting to the 
gate as small as is reasonably possible. All of the 
metal under the coating of capacitor Cl is capable of 
picking up hum and so it pays to employ a capacitor 
which is small in physical size. The smallest 
capacitors are, in general, disc ceramics, but these 
are not normally recommended for a.f. coupling 
applications because of their wide tolerances on 
capacitance and because their values change with 
temperature. What is probably the best choice is a 
small low voltage polyester capacitor, such as the 
Mullard C280. Both its lead -outs should be kept 
short. 

The gate bias resistor has next to be considered 
and, here, it is possible to employ a little trick. The 
lead -out of this resistor which connects to chassis 
cannot pick up hum capacitively, but the lead -out 
which connects to the gate can. Inside the resistor the 
susceptability to hum pick-up increases along the 
length of its body, being minimum near the earthy 
en and maximum at the gate end. However, a 
modern miniature watt component, which is all 
that is required here, is so tiny that a consideration of 
different hum pick-up levels along its body length 
becomes virtually academic. 

The dodge is to wire up the resistor so that the lead - 
out connecting to the gate is short and the lead -out 
connecting to chassis is long. Fig. 2 (a) illustrates the 
resistor neatly wired up in conventional fashion 
between the gate and chassis points, whilst Fig. 2(b) 
shows it wired up with the body much closer to the 
gate point. Hum pick-up can be significantly lower in 
Fig. 2(b) than it is in Fig. 2(a). 
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F.E.T. 

Port of tagstrip 

Tag bolted to chassis 

(a) 

Fig. 2(a). A wiring layout for the f. e. t. and R1 in 
which the body of R1 is mid -way between the 

gate lead -out and the chassis connection 

There is no need to use these techniques when the 
high impedance a.f. input is well clear of mains wir- 
ing and components. But they can be surprisingly 
helpful when the input circuit is definitely liable to 

F.E.T. 

(b) 

(b). Capacitive hum pick-up is reduced if R1 is 
wired so that its body is close to the gate lead - 

out. 

pick up a noticeable hum. They can also reduce the 
risk of instability in cases where there is a stray 
capacitive coupling between an in -phase amplifier 
output voltage and its high impedance input. 

LETTERS .. . 

FOR THE TRUE CONSTRUCTOR 
Would you very kindly forward the enclosed letter 

to Mr. A. P. Roberts? 
In passing I would like to mention how much I en- 

joy 'R. & E.C.' and hope that it will remain what it 
has always been - a true constructor's magazine. 
Most things seem to change these days whether we 
want them to or not. 

Hoping that you can assist me in getting in touch 
with Mr. Roberts. 

Christchurch. 
D. Haggerstone, 

'BRITISH VOLUNTEER PROGRAMME' 
I am writing to you on behalf of the `International 

Voluntary Service in the Seychelles. We are part of 
the `British Volunteer Programme' which is a volun- 
tary organisation formed with a view to training 
technicians, etc., in the developing countries. At pre- 
sent the College in which I am teaching has a City and 
Guilds of London 235A and 235B Electricians Course, 
we are trying to start a Basic Electronics Course. 

The Islands, I should explain, have just received 
independence, and of course have a limited budget, 
therefore we have problems in supplying texts for our 
students and component parts for building circuits. I 
would add that a lot of British technology is exported 
to the Islands but only a limited training is available. 
Part of the plan is to expand this training, so I would 
like to appeal to you and your readers, to help in as 
many ways as possible, one very practical way would 
be with back issues of your magazine which I feel 
would be a tremendous help in the work. Also old or 
used texts would certainly be gratefully received and, 
of course, what we call in the Trade Junk, old PCBs, 
Resistors, Diodes, Transistors (not too old Capacitors, 
etc.) 
MAY 1977 

The students are hard working and would be 
grateful for any help in developing the skills of our in- 
dustry. My colleagues and I, some of whom are direct- 
ly employed by the Seychelles Government, all feel 
that the possibilities that exist are excellent. The 
British people have given political independence to 
the Seychellois, and we can give them economic in- 
dependence by giving as generously as possible the 
technical training that they need. If anyone would 
like further information on our school please write 
and I would be only to willing to forward it. 

G. Catto, 
Seychelles Technical School, 
Education Department, 
P.O. Box 48, 
Victoria, 
Mahe, 
Seychelles. 

NEW TRANSISTORISED 
OSCILLOSCOPE 

As a matter of interest I have built the oscilloscope 
as described in your journal by Mr. R. A. Penfold and 
apart from one question which he answered satisfac- 
torily I found his method of explanation quite 
superior to many and I have noticed that in all his 
designs he appears to give very simple and concise in- 
structions and is worthy of commendation. 

One further point, your practice of sending queries 
direct to the designer has always appealed to me as 
one gets the answer direct from the `horse's mouth' so 
to speak and is one reason I have been satisfied for 
years with the journal. 

Salisbury. 
W. J. Tilbury, 
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Radio Topfes 
By Recorder 

In design work it is advisable never 
to take anything for granted. Two re- 
cent experiences of mine can 
demonstrate the sort of trap into which 
one can so readily fall if attention isn't 
paid to the odd unseen detail. 

A recent circuit I made up was in- 
tended to turn on a silicon transistor 
when a supply voltage, which was 
available at a low source impedance, 
went above a certain predetermined 
level. The circuit I used couldn't have 
been simpler. A pre-set potentiometer 
and a zener diode were connected in 
series across the supply so that a 
proportion of the supply voltage 
appeared across the potentiometer 
track. The slider of the potentiometer 
connected to the base of the transistor, 
whose emitter coupled to the same 
supply rail as the potentiometer. 

LIKE A BOMB 
The circuit went like a bomb and 

did everything that was demanded of 
it. Until, that is, someone idly adjusted 
the potentiometer so that its slider was 
right at the end of the track which con- 
nected to the zener diode. 

The result? A circuit in which a low 
impedance supply was connected to a 
zener diode, a few ohms of resistance 
in the potentiometer track and a 
forward biased transistor base -emitter 
junction. Naturally, the potentiometer 
track burned out over the small section 
through which the consequential 
heavy current flowed, whereupon one 
red-faced Recorder had to fit a new 
potentiometer and a series current 
limiting fixed resistor between its 
track and the zener diode. Thus 
modified the circuit worked just as 
well as before, but this time there was 
no risk of potentiometer burn out 
whatever the position of its slider. 

My other experience is really an 
oldie in reverse. Whenever you make 
up experimental circuits with the aid 
of a bench power supply, always check 
the circuit with the power supply it 
will eventually have when it is to be 
used in practice. Bench power supplies 
offering variable voltages, short-circuit 
proof outputs and the like are ideal for 
trying out new ideas in practice. But if 
the circuit being designed is intended 
finally to work from a battery or its 
own mains supply, always check it out 
with the correct battery or supply 
before you finally pronounce its per- 
formance as being satisfactory. 

WHEATSTONE BRIDGE 
In my own case I was knocking up a 

d.c. Wheatstone bridge in which the 
d.c. null was indicated with the aid of a 
741 operational amplifier. The idea is 
that one arm of the bridge connects to 
the op -amp inverting input and the 
other arm to the non -inverting input. 
The 741 is offset null adjusted and, 
when the two inputs have the same 
potential, the output swings rapidly 
from high to low and low to high. This 
scheme was used some time ago by 
Dick and Smithy in "In Your 
Workshop" in the October 1975 issue. 

When a 741 is employed as an open 
loop amplifier without feedback it is 
very nearly impossible, with standard 
potentiometers, to bring its output to a 
potential mid -way between the supply 
rails. The voltage gain is so high that 
the exact input voltages required vir- 
tually cannot be resolved. 

Not so with this 741. The op -amp 
output dutifully went high and low at 
the balance point, but in a most 
leisurely fashion. In fact I could swing 
the output quite readily to any voltage 
between the low and high extremes 
with very little difficulty. 

And what caused this unusual 
behaviour? An unearthed bench power 
supply! There was no undue ripple on 
its output but it did have a capacitive 
coupling to the mains via the secon- 
dary and primary of its mains 
transformer. At the same time the 
components and wiring connected to 
the 741 inputs had a tiny but 
nevertheless significant capacitance to 
earth. The result was an extremely 
small mains hum pick-up in the 741 
input circuits, this being enough to 
override the d.c. voltages at the inputs 
and to upset the operation of the cir- 
cuit. The trouble cleared dramatically 
when I used a battery (as was intended 
eventually) instead of the bench power 
supply, as it did also when, later, I 
connected the power supply to a 
reliable earth. 

One thing about electronic design 
work is that there is quite often some 
little unseen factor which can cause 
the failure of a circuit. One just has to 
keep an eye open for all eventualities, 
however hidden these may he. 

FLAT CABLE 
In the accompanying photograph 

can be seen items from the Vero Elec- 
tronics Interconnection System incor- 
porating "Scotchflex" flat multi -core 
cable. "Scotchflex" is a Registered 
Trade Mark of the 3M Company. 

The flat cable forms the heart of the 
Interconnection System, and offers 

savings in both weight and cable space 
requirements. It is easier to handle 
than a multitude of individual wires, 
and this fact makes wiring errors less 
likely to occur. Cables may be bent or 
folded without damaging either the in- 
sulation or the conductors. Connec- 
tions between cable and plug provide 
high reliability, since U -contacts in the 
plug pierce the cable insulation and 
grip each conductor in a corrosion 
resistant, gas -tight joint. This jointing 
is achieved without the need to pre - 
strip the cable. 

Connectors are available in a range 
of sizes from 10 to 64 contacts, on a 
2.54mm. pitch. Vero also offer 14, 16 
and 24 way dual -in -line plugs which 
are compatible with standard in- 
tegrated circuit sockets. A unique 
feature of the Vero "Scotchflex" 
system is the Delta connector which is 
compatible with other "D" type sub- 
miniature connectors used throughout 
industry. 

Progressively, Vero Electronics plan 
to extend their service by establishing 
an assembly facility covering all 
"Scotchflex" items. Initially, however, 
this will only relate to items carried in 
stock. Further details maybe obtained 
from Vero Electronics Limited, In- 
dustrial Estate, Chandler's Ford, 
Eastleigh, Hampshire. 

Typical items in the Vero 
Electronics Interconnection 
System incorporating 
"Scotchflex" multi -core 
cable. Connections 
between cable and plugs is 
achieved automatically 
without the necessity of 
pre -stripping the insulation 

CAPACITANCE 
Take a high value electrolytic 

capacitor, connect across it an elec- 
tronic voltmeter then charge it up to, 
say, 9 volts by applying a battery to it 
for a short while. Then take the 
battery away. If the capacitor is a 
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modern component with very little 
leakage current and the voltmeter has 
a very high input impedance the latter 
will continue to indicate 9 volts (or 
thereabouts) for a sufficiently long 
period to enable the experiment to be 
carried out. 

Next, connect another electrolytic 
capacitor of the same value across the 
first one. The voltage will immediately 
drop to about 4.5 volts, and stay there. 
If you connect a third capacitor of the 
same value across the two the voltage 
across all three will drop to about 3 
volts, and so on. 

In practice, you don't even need an 
electronic voltmeter. An ordinary 
testmeter having a sensitivity of 
20,000 ohms per volt on its voltage 
ranges will be satisfactory if the elec- 
trolytic capacitors have values in the 
order of 2,000pF or more. The voltage 
across the capacitor or capacitors will 
fall with time as a discharge current 
flows through the meter, but the 
gradual decrease in voltage is not so 
fast as to prevent a meaningful experi- 
ment being carried out. 

What happens, of course, is that the 
charge initially held by the first 
capacitor is shared by two capacitors 
when the second capacitor is added 
across the first, and then by three 
capacitors as the third is added. The 
charge (in coulombs) is equal to 
capacitance multiplied by voltage, and 
so if capacitance is doubled the voltage 
is halved. 

The effect can be useful if you want 
to find the value of an electrolytic 
capacitor whose markings have 
become smudged or erased, but this 
time an electronic voltmeter will be es- 
sential. First charge up a capacitor of 
known value, then connect the un- 
known capacitor across it and note the 
new voltage. Multiply the known 
capacitance by the fall in voltage, then 
divide the result by the new voltage. 
The answer will be the value of the un- 
known capacitor. 

ROLAND SYNTHESIZER 
The second photograph shows the 

new Roland System 700 Synthesizer, 
claimed by its manufacturer to be "the latest in up-to-the-minute 
technology". First introduced to the 
U.K. at the London Trade Show on 
August 6th of last year, this highly 
sophisticated piece of equipment could 
well be the ultimate in synthesizers. It 
offers an extremely large variety of 
applications for use by musicians and 
composers, recording studios, for 
audio research and for the teaching of 
acoustics. 

The System 700 is a modular con- 
sole type synthesizer with five optional 
sections. There are 47 modules to 
choose from for making any desired 
arrangement. The inputs and outputs 
of the modules are compatible with all 
professional audio equipment, so they 
may be used in any existing installa- 
tion. In the main console the modules 
are logically arranged according to the 

The Roland System 700 Synthesizer. This has an exceptionally 
comprehensive specification and can be employed in company 

with any professional audio equipment 

signal paths. The System 700 has DIN 
connections for two separate 61 key 
manuals, together with provisions for 
control by external musical in- 
struments. 

Except for very fine adjustments, 
the positions of the potentiometer 
sliders on the console give a graphic 
representation of the balance between 
audio signals and control voltages. 
The general arrangement for each 
module is: upper, signal input mixers: 
middle, module function controls: 
lower, control voltage input mixers. 

All modules have input and output 
jacks for free use of patch cords, these 
employing standard phone jack plugs. 
Also, each module contains its own in- 
put mixer, which means that the signal 
levels in the patch cords are high, giv- 
ing less leakage and a better signal - 
noise ratio. 

The output of each module incor- 
porates l.e.d.'s to show signal flow 
through units, and the system is 
engineered so that external amplifiers, 
tape decks, etc., can be used for any 
manner of dubbing and recording. The 
inbuilt test oscillator produces a IkHz, 
sine wave as well as square waves at 110Hz 
220Hz, 440Hz and 880Hz. Sound can 
be moved around and manipulated in 
space by means of the reverberation 
unit, phase shifter and the audio delay 
line. Further, the system can be con- 
trolled by external musical in- 
struments or even by singing voices. 

As illustrated in the photograph, the 
complete system is priced at over 
£9,000. It can also be supplied as a 
modular unit, and the basic assembly 
starts at around £2,700 at the time of 
writing. Demonstrations can be 
arranged at Freedmans Music Centre, 
629 High Road, Leytonstone, London 
Ell. 

MARCONI EXPORTS 
I see that Marconi Communication 

Systems Limited, a GEC -Marconi 
Electronics company, is to supply a 
further two colour television 
transmitters for use by CBC, the 
Canadian Broadcasting Corporation. 

Under the terms of new contracts 
one u.h.f. transmitter is to be supplied 
to CBC's station at Sarnia, Ontario, 
and one v.h.f. transmitter to its station 
at Prince Albert, Saskatchewan. In 
both cases the new equipments will be 
used to establish French language ser- 
vices in the areas concerned. The con- 
tracts, which were placed with the 
Canadian Marconi Company, also in- 
clude the provision of engineering and 
installation services. 

It may not be generally realised that 
Marconi Communication Systems has 
an unparalleled history of involvement 
in the growth of Canadian broad- 
casting. Its u.h.f. and v.h.f. broadcast 
transmitters are operating in places as 
far afield as Vancouver, Montreal, and 
Regina in Saskatchewan. In Toronto 
alone more than a million dollars' 
worth of the company's equipment is 
installed in the world's tallest self- 
supporting building, the CN Tower. 
Additionally, the company has 
supplied Canadian broadcasters with 
some 67 colour television cameras, a 
number of its Queen's Award winning 
telecine systems and a great variety of 
ancillary television studio equipment. 

This is certainly another export 
achievement on the part of GEC - 
Marconi which deserves special credit. 

METRIC MINUTE? 
I dropped a minor danger in the 

March issue when I referred to a 
digital clock changing from 09.99 to 
10.00 hours. The first time should, of 
course, have been 09.59. My thanks to 
reader L. A. Chinnery for pointing out 
the slip and for conceiving the 
felicitous phrase "Metric Minute" to 
describe the situation. 
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TV 
FAULT FINDING 
MANUAL for 
405/625 LINES 

/117. : 
r. ?r 

90p 
P. & P. 18p 

REVISED & ENLARGED 

EDITED BY J. R. DAVIES 

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

Comprehensive Fault Finding Guide cross- 
referenced to methods of fault rectification des- 
cribed at greater length in the text. 

UNDERSTANDING 
TELEVISION 

by 

J. R. DAVIES 

Over 500 pages 
300 diagrams 

£3.25 
P. & P. 60p 

UNDERSTANDING TELEVISION deals with: 

Principles of 405 line reception 
Principles of 625 line reception 
Nature of the television signal 
Receiver tuner units 
A.F. and video amplifiers 
Deflector coil assemblies 
Automatic gain and contrast control 
Receiver aerials 
The cathode ray tube 
Receiver i.f. amplifiers 
Vertical and horizontal timebases 
Synchronising 
Power supply circuits 
Colour television 
COLOUR TELEVISION -80 page 
comprehensive introduction to 
the subject 

The reader is required to have only a basic 
knowledge of elementary radio principles. The 
treatment is non -mathematical throughout, and 
there 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 inform- 
ation it provides. 

To Data Publications Ltd., 57 Maida Vale, London, W9 1SN 

Please supply the 4th revised edition of TV FAULT FINDING, Data Book 

Please supply UNDERSTANDING TELEVISION, 

No. 5 

Data Book No. 17 

I enclose cheque/crossed postal order for (Tick which hook is required) 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

642 RADIO & ELECTRONICS CONSTRUCTOR 



SMALL ADVERTISEMENTS 
Rate: 8p per word. Minimum charge £1.00 

Box No. 20p 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 can- 
not 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. - 
Radio and Electronics Constructor, 57 Maida 

Vale, London, W9 1SN. 

WAN'l'FI): Large and small quantities of transistors, I.C.'s, 
displays. etc., etc., Call any Saturday to: 306 St. Paul's 
Road, London N.1. Telephone: (11-359 4224. 

TV REPAIRS SIMPLIFIED. Full repair instructions in- 
dividual British sets £4.50; request free circuit diagram 
Stamp brings details of unique TV publications. Auserec, 
76 Churches, Larkhall, Lanarkshire. 

SERVICE SHEETS for Radios/TV's etc. 50p and s.a.e 
Catalogue 20p and s.a.e. Hamilton Radio, 47 Bohemia 
Road, St. Leonards-on-Sea, Sussex. 

WANTED TO PURCHASE: All early books on radio, 
preferably before 1925. Box No. 282. 

COMPONENTS: Complete component service, second to 
none. Suppliers to D.O.E., A.E.R.E., U.K.A.E.A., Govern- 
ment departments, Universities, Schools and equipment 
manufacturers. All orders despatched on day of receipt. 
Are you being served? Join the professionals and get the 
best service at the right prices. Stock list free, send s.a.e. 
Big catalogue 50p (includes 2 vouchers worth 50p). 
Discounts for the big spender, it's all here! For the fastest 
friendly service: ORCHARD ELECTRONICS, Flint 
House, High Street, Wallingford, Oxon. Telephone: 0491- 
35529. 

60kHz MSF RUGBY RECEIVERS BCD time -of -day 
output. High performance PLL 5V operation, pulsating 
LEI). Kit or assembled instrument available. Prices 
£14.08-t23.47. Details: 'I'oolex, Sherborne, Dorset. 

TREASURE HUNTERS! Construct 11 -transistor metal 
detector giving £:300 performance. 10 page illustrated 
plans,send £1. C. H. Lucas, 241 Upminster Road South, 
Rain ham, Essex. 

COLLECTORS' ITEMS: Bound volumes of The Wireless 
World (which was then published weekly) for 1931, 1932, 
1933, 1934, 1935, 1936, 1937, 1938 and 1939 (nine months 
only for this year due to outbreak of war). Two volumes 
per year, total of 18 volumes. All in very good condition. 
Offers invited. Box No. G319. 

BARGAIN COMPONENT PACKS. Capacitors: Mullard 
electrolytic and printed circuit mounting; Resistors: most 
ratings and wire -wound also v.d.r.'s. Less than 1p per 
item. Pack sizes: 90p and £1.60p with post and packing in- 
clusive. Limited quantity only. Send P.O. today to: Eddie 
Richards, 8 Grove Road, Leighton Buzzard, Beds. 

(Continued on page 645) 

CUSTOM 
CABINETS 

We build all types of loudspeaker enclosures, 
disco consoles, amplifier cases etc., to our 

designs or for your special requirements. 
HOME CONSTRUCTORS 

Professionally finish your equipment using our specialist 
fittings` 
Recessed pocket handles approx W5;" x H2"' x D3" 38p 

each 
Lifting bar recessed handle approx W6 x Hl0;" x D2;' 

£1.96 each 
Corner protectors (black nylon) for rounded edges supplied 

with screws and brads 11p each 
Conner protectors (metal) 1 for square edges supplied 

with screws 10p each 
Standard jack socket recessed mounting plate 9p each 
Cabinet feet 1+' dia x e" high (black polyethylene) 9p each 
Black "Vynide" cabinet covering approx 52"' wide £1.90 

per yard 
Black "Vyneir" baffle covering approx 52" wide £2.60 per 

yard 
1 speaker fixing bolts. CS with left-handwood screw into 

baffle, including washers and nut. 2BA 5p each;'4BA 
4p'each 

Pre cut cabinet parts/baffles etc. price on application 
Prices include VAT On orders under f5 please add 

60p towards postage and packing 

SURREY AUDIOTRONICS 
516 LIND ROAD, SUTTON, SURREY 
For expert advice Tel: 01-643 0005 

ETCHING KIT 
All you need to make your own 

PRINTED CIRCUITS 
Full instructions, Copper Clad Board, Ferric 

Chloride, Dish and Pen 

Price incl. VAT & Postage £4.75 
Send cheque or P.O. today to: 

HOME RADIO COMPONENTS LTD. 
240 London Road, Mitcham, 

Surrey, CR4 3HD 
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THE O - EN DOOR TO QUALITY 
4th ISSUE INCLUDES NEW METERS AND SWITCHES 
as well as items from advanced opto -electronic com- 
ponents to humble (but espential) washers. Many things 
listed are very difficult to obtain elsewhere. The company's 
own computer is programmed to expedite delivery and 
maintain customer satisfaction. Attractive discounts con- 
tinue on many purchases, Access and Barclaycard orders 
are accepted. 
SEMI -CONDUCTORS COMPONENTS ACCESSORIES TOOLS 

FREE POSTAGE on all C.W.O. mail orders over £2 list value (ex- 
cluding VAT) in U.K., add 15p handling charge. 

144 pages 

40p 
Post paid 

inc. refund 
voucher 
worth 
40p 

All communMetions to Heed Office, Dept. RCS, 28 ST. JUDES 
ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHS. 

3 ii 
frill Phone FEhamRN 36ANCH. 284475. 9-e. deity: 1 pm Sets. 

NORTHERN BRANCH: 680 Burnegs lane, Burnepe. Manchester 
1 M19 1NA. Phone 061-432 4945. Hours 9-5.30 pm, I pm Sets. 

MULLARD FERRITE CORES - LA3 100 to 500 kHz, 
75p; LA5 30 to 100 kHz, 100p; LA7 10 kHz, 100p 
LA13 for W.W. Oscilloscope, £2.00. 

SPECIAL OFFER - Metallised Polyester Capacitors by Erie, 
Mullard, etc. Values include: 01/160V, 01/250V, 
.015/160V,.022/160V,033/160V,.047/160V,.068/160V, 
.1/160-250V .22/160V, etc. This is a bargain not to be 
missed. 100 for £3.00. 
1 N4148 SWITCHING DIODES, 10 for 30p; 50 for £1.25; 
100 for £1.50; 1,000 for £12.50. 

TRANSISTORS - All branded BC147, BC148, BC149, 
ßC157, BC158. BC159, BF194, BF195, BF196, BF197, 
10p each or 100 for £8.50. 

Please note all prices include UK Postage and 
appropriate VAT @ 8% or 121% 

XEROZA RADIO 
306 ST. PAUL'S ROAD, HIGHBURY CORNER, LONDON Ni 

Tel: 01-226 1489 

'Management Information 
Systems' 

An instruction Manual for Business Students 

Deals with the underlying principles of systems 
and is a companion volume to "Data Processing" 
by Oliver & Chapman. 

45 pages. Price 75p including postage 

From: 
D. P. PUBLICATIONS, 4 AMPORT CLOSE 

WINCHESTER, HANTS. 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W9 1 SN 

Please insert the following advertisement in the issue of RADIO & ELECTRONICS CONSTRUCTOR 

15 words at 8p 
j = £1.20 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of being payment at 8p a word. MINIMUM £1.00 
Box Number, if required, 20p extra 

NAME 
ADDRESS 

Copy to be received four weeks prior to publication. Published on the 1st of every month. 
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SMALL ADVERTISEMENTS 
(Continued from page 643) 

at 

WANTED: Plug for the 6 volt d.c. socket on the Bush TP60 
Cassette Tape Recorder. Box No. G326. 

CITIZEN'S BAND. British campaign for public 2 -way 
radio. Citizen's Band Association, 16 Church Road, St. 
Marks, Cheltenham, Glos., GL51 7AN. 

FOR SALE: Merit Chemistry Set No. 2. Cat. No. 802. 
Offers? Box No. G327. 

FOR SALE: 108-136MHZ Receiver. Size 5in. x 3in. x tin. 
Pocket size. Easily adjusted to tune over 144MHz band 
with good sensitivity. £16.50 post and packing aid. 
Romak Engineering Ltd., Dept. RE, 10 Hibel load, 
Macclesfield, Cheshire SK10 2AB. 

FOR SALE: 741 25p, NE555 42p, AC128 10p, BC107/8/9 
9p, TIL209 12p, 2N3819 30p, UT46 30p, IN4001 5p. All 
inclusive. Delos Electronics, 76 Ber Street, Norwich, Nor- 
folk. 

FOR SALE: Heathkit DX60 Phone-CW Transmitter, with 
HG10 80-2M VFO Unit. Heathkit 5 -band receiver HR10 
for AM, CW and SSB. £50.00. s.a.e. for details. - Box No. 
G328. 

THE RADIO AMATEUR INVALID & BEDFAST 
CLUB is a well established Society providing facilities for 
the physically handicapped to enjoy the hobby of 
Amateur Radio. Please become a supporter of this worthy 
cause. Details from the Hon. Secretary, Mrs. Rita 

She, 
Shepherd, 59 Paintain Road, Loughborough, Leics., LE11 

WANTED: Radio Constructor 1947-1973 bound or not. 
Marcel Volery, 27 Rue du Grand -Pre, CH -1202 Geneva, 
Switzerland. 

BOOKS TO CLEAR: Admiralty Handbook of Wireless 
Telegraphy, Vol. I, 1938 - H.M. Stationery Office, £1.50. 
Radio Servicing - Theory & Practice, 1950, by Abraham 
Marcus, £1.50. Introductory Radio - Theory and Ser- 
vicing, 1948 (With Teacher's manual) by H. J. Hicks, 
£1.50. Klystron Tubes by A. E. Harrison, 1947, £1.50. An 
Approach to Audio Arequency Amplifier Design, 1957, 
G.E.C. Publication, £1.25. Television Engineers' Pocket 
Book, 1954, by Molloy & Hawker, 50p. Radio Servicing 
Pocket Book, 1955, by Molloy & Hawker, 50p. All prices 
include postage. - Box No. G329. 

MAINS TRANSFORMERS. 240V Pri. Two separate 
secondaries. 7i;V at 500mA each. £1 each plus 35p p&p. 
NF Electronics, Church Lane, Flax Bourton, Bristol. 

FOR SALE: Bulova Accutron Gent's Watch with metal 
bracelet and presentation case. Excellent timekeeper, 
almost as new, £25 ono. S.a.e. to Layzell, Bottón, Danby, 
Whitby, N. Yorkshire. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrapping, facsimile 
letters, automatic typing, copy service, .,campaign planning, 
design and artwork, printing and stationery. Please ask for 
price list. - The Holborn Direct Mail Company Capacity 
House, 2-6 Rothsay Street, Tower Bridge Road, London, 
S.E.1. Telephone: 01-407 6444. 

(Continued on page 647) 

PRECISION POLYCARBONATE CAPACITORS 
ALL HIGH STABILITY - EXTREMELY LOW LEAKAGE 

410V AC (+-10%) 63V DC Range +-1 +-2 % +-5% 
0.1uF (1 "x ") 68p 0.47pF £1.3 2 77p 51p 
0.22pF (1 "4") 86p 1.0pF £1.5 6 91p 809 
0.25pF (1 "x ") 92p 2.2pF £1.9 e £1.32 75p 
0.47pF (1 "x ") £1.10 4.7pF £2.82 £1.88 £1.23 
0.5pF 1 "x r) £1.16 6.8pF £3.48 £2.32 £1.47 
0.689F 2x £1.25 10.0pF £4.98 £3.32 £2.01 
1.0pF (2"x}") £1.37 15.OpF £7.14 £4.78 £2.88 
.p x 20 F (2" 1") C1-95 220pF £9.68 £6.44 £3.90 

TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22, 
0.47, 1.0, 2.2, 4.7, 6.8pF at 15V/25V or 35V; 10.OpF at 16V/20V or 25V; 
22.0pF at 6V/10V or 16V; 33.0pF at 6V or 10V; 47.0íF at 3V or 6V; 
100.OpF at 3V. ALL AT 12p EACH: 10 for £1.10, 50 for £5.00. 
TRANSISTORS: 
5C107/8/9 9p BC183/183L 11p 8F194 12p BFY51 20p 

.BC114 12p BC1B4/184L 12p BF1% 13p BFY52 20p 

.BC147/8/9 10p BC212/212L 12p BF197 13p 0071 20p 
BC157/6/9 12p BC547 12p AF178 "Op 2N3055 SOp, 
.8C182/182L 11p BC558A 12p BFY50 20p 2N3702/411p 

I N914 6p; 8 for 45p; 18 for 90p. 1N916 8p; 6 for 45p; 14 for 909. 
1544 5p; 11 for 59p; 26 for £1.00, 1N4148 5p; 6 for 27p; 12 for 48p. 

LOW PRICE ZENER DIODES: 400m W ; Tot -1--5% at 5mA. Values 
available; 3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8V; 7.5V; 8.2V; 9.1V; 
10V; 11V; 12V; 13V; 13.5V; 15V; 16V; 16V; 20V; 22V; 24V; 27V; 30V. 
All at 7p each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for E6.00. 

*RESISTORS: High stability low noise carbon film 5%, } W at 40°C; 
at 70°C. E12 series only - from 2.20 to 2.2M0 ALL AT 1p EACH; 8p 

or 10 of any one value; 70p for 100 of any one value. SPECIAL PACK: 
10 of each value 2.20 to 2.2M0 (730 resistors) E5.00. 

.SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire 
snded D027: 100 P.I.V. - 7p (4/26p); 400 P.I.V. - 8p (4/30p). 

BRIDGE RECTIFIERS: 2} Amp. 200V -40pí 350V - 45p; 600V - SSp. 

SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT Sp 
each;. 500, 1000, 2200, 4700, 6800 1 K, 2.2K 4.7K, 6.8K, 10K, 15K, 22K, 
47K, 100K, 220K. 680K, 1M, 2.5M, & 5M. 

PLEASE ADD 8% VAT TO ALL ITEMS EXCEPT THOSE MARKED 
WITH WHICH ARE 14%. PLEASE ADD 20p POST AND 
PACKING ON ALL ORDERS. 
Sand S.A.E. for lists of additional ex -stock items. Wholesale price lists 
available to bona -fide companies. ALL EXPORT ORDERS PLEASE 
ADD COST OF SEA/AIR MAIL. 

MARCO TRADING 
Dept. P1, The Old School, Edstaston, WEM, Salop. Tel: WHIXALL (Salop) 
464/5 (STD 094872) (Props: Minicost Trading Ltd.)., 

Become 
a radio 
amateur. 
Learn how to become a radio- 
amateur in contact with the whole 
world. We give skilled preparation 
for the G.P.O. licence. 

Brochure, without obligation to. 

BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, 

P 0 Boy 156, Jersey, Channel Islands. 

NAME 

wAA 

REK 571 

ADDRESS (Block caps ple .el - 

MAY 1977 645 



i i-'i:::::i I O 
MO ELLER 
ELECTRON I C 

MODEL RADIO CONTROL 
Detailing both Theory and Practice, this book, 
by leading authority Paul Newell, has become 
the standard reference work. A brief historical 
survey leads up to a detailed description of 
proportional systems, with over 100 il- 
lustrations, including theoretical circuits and 
p.c. layouts for an advanced digital system. 
134 pages Price £2.25 

U.K. Packing 
ßr Postage 32p 

ON SALE NOW 
at all leading shops 
or direct from: - 

RADIO MODELLER 
BOOKS DIVISION, 
84 High Street, 
teddington, TW11 8JD. 

theory and 
practice of 

MODEL 
RADIO 
[011TROL 

VALVE 
BARGAINS 

Any 5-64p, 10-£1.20, 50-£5.00. 
Your choice from the list 
below. 
ECC82, EF80, EF183, EF184, 

EH90, PCF80, PCF802, PCL82, 
PCL84, PCL85, PCL86, PCL805, 
PL504, PY81/800, PY88, 30PL- 
14, 6F28. 

Colour Valves-PL508, PL509, 
PL519, PY500/A. All tested. 
35p each. 

Aerial Splitters -2 way, 75 
OHMS, Inside Type, £1.50. 

AERIAL 
BOOSTERS 

Aerial boosters can produce 
remarkable improvements on 
the picture and sound, in fringe 
or difficult areas. 
B11 ---For TH stereo and 

standard VHF/FM radio. 
B12 For the older VHF 

television Please state 
channel numbers. 

B45 -For Mono or colour this 
covers the complete UHF 
Television band. 

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

£3.80 

Press Button UHF Tuners ---4 Bu ton Transistor - 

£2.50 each.. 
British made 

60p BARGAIN PACKS 
All Packs Un -used Parts-PK1-40-C280 (Mullard) Axial Lead 
Capacitor mixed values from -01uF to 47uF 1250VNV1. PK2-30- 
C281 (Mullard) Radial Lead Capacitors mixed values from 051uF to 
1,5uF (250V/w). PK3-6 Co -ax, plugs. PK4-6 Co -ax connectors. PK5- 
8-5 m/m formers with slugs, PK6-25-AC128 transistors. PK7-3 
BF200 (VHF) Transistors. PK8-2 BF 182 (UHF: Trans,uu1s PK9 nip, f 
Transistors BC108, BC113, BC135, BC153, BC171, BC172, BF194, 
BF195, BF196, BF197, PK10 8-1 amp 400 volts rectifiers. PK11 4-5 
pin din plugs 11809. PK12-5 PP3 Battery Connectors. 

All prices include VAT. P&P 20p per order. Please send uncrossed P.O. 
or Cheques for returning if we are out of stock of Bargain Packs or 
older types of new valves. 

ELECTRONIC MAILORDER LTD. 
62 BRIDGE ST., RAMSBOTTOM, BURY, LANCS. 

TEL. RAMS. 1070 682) 3036. 

NEW STYLE 
SELF -BINDER 

for "Radio & Electronics 
Constructor 

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

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

RASr10 ,: 

tit 

LLLFíT1töS1Ìë 

,tr 

PRICE £ 1 20 P&P. 30p 

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

for delivery 

Available only from: - 
Data Publications Ltd, 

51 Maida Vale London W9 ISN 
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SMALL ADVERTISEMENTS 
(Continued from page 645) 

WANTED: Radio Constructor for August, September & 
October 1968. Also back copies of ARRL Handbook, CQ, 
QST, etc. Box No. G330. 

HOW TO BUILD a cheap set of good quality speakers. 
Leaflet 20p plus s.a.e. Ex -TV speakers, 3 ohm, 50p plus 
25p post/pkg. Circuit diagrams back to 1933, 25p each 
plus s.a.e. Reply to: R.U.I., 19 Reginald Road, Eastney, 
Portsmouth, Hants. PO4 9HL. 

COLLECTORS. Copies of Radio Constructor for period 
August 1955 to May 1968. Only 3 copies missing. All in 
good condition. Offers invited. Telephone: Eaton Bray 
220883. 

SIX 7 -SEGMENT LEI) DISPLAYS £1. Ex -equipment 
but guaranteed in arrays of 6, with data. Mr. Bobker, 29 
Chadderton Drive, Unsworth, Bury, Lancs. 

FREQUENCY LIST TRANSFERS. We have a limiter 
supply of sheets of Dial Frequency Transfers in black. 
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s 
and 146Mc/s. Includes amateur band marker frequencies 
at 100kc/s points and other short wave frequencies from 2 
to 32 Mc/s at every 5oOKc/s points. Each frequency is 
repeated. Two sheets for 5p., five sheets for 10p., postage 
'7p. Data Publications Ltd., 57 Maida Vale, London, W9 
1SN. 

WANTED: 600 metre marine band receiver. Approximate- 
ly 500 to 250 kilohertz with b.f.o. Mains or dry battery 
powered. Box No. G332. 

SURPLUS SEMICONDUCTORS. All new and marked. 
0C28, 0C29, BD181 BDY20, BD116, RCA40411 50p 
each. AU110, R2008B, £1 each. AF118, AC176/K, 25p 
each. TAA630Q (G8 decoder) £2. Box No. G331. 

MULLARD HI-SPEED Valve tester with cards and 
manual, £25. Old Avo Valve tester with manual, £10. 
Newnes Radio & TV Servicing, Vols. I to V- plus '57-58 
and '59-60, £8. Wireless World 1939 to 1965. Offers? 
Priest, 21 Levens Grove, Blackpool, Lancs., FY1 5LA. 

PERSONAL 

JANE SCOTT FOR GENUINE FRIENDS. Introduc 
tions to opposite sex with sincerity and thoughtfulness. 
Details free. Stamp to: Jane Scott, 3/Con North St. 
Quadrant, Brighton, Sussex, BN1 3GJ. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful 
waterways. Join the Broads Society and play your part in 
determining Broadlands future. Further details from: - 
The Hon. Membership Secretary, The Broads Society, 
"Icknield," Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

SPONSORS required for exciting scientific project. 
Norwich Astronomical Society are building a 30" 
telescope to be housed in a 20' dome of novel design. All 
labour being given by volunteers. Already supported b 
Industry and Commerce in Norfolk. Recreational 
Educational. You can be involved. Write to: NAS 
Secretary, The Manse, Back Lane, Wymondham, Nor- 
folk. 

REVOR OPTICAL & 
TECHNICAL 

4" dia. lens 

FLEXIBLE 
MAGNIFIER 

WITH CAST IRON BASE, 

PRECISION GROUND AND 

POLISHED LENS, CHROME PLATED 

FRAME AND FLEXIBLE TUBE. 

IDEAL FOR HOBBIES, AND 

DETAILED WORK WHICH REQUIRES 

BOTH HANDS FREE. 

CALLERS WELCOME 
(Subject to price ruling at the time of issue) 

42 TAVISTOCK STREET 
LONDON W.C.2 

Tel. 01-836 4536 

£10.00 
POST 
FREE 

INTERNATIONAL 
SHORT 

WAVE 

LEAGUE 

Membership £3.75 per annum (U.S.A. 
$10.00) including 12 monthly issues of 
Monitor the League journal. Including 
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 5.1E. 
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RADIO & ELECTRONICS CONSTRUCTOR 
Single Copies 

Price 40p each, postage lip 
Issue(s) required 

Annual Subscription 
Price £5.50, post free, commence with issue 

Bound Volumes: 
Vol. 27. August 1973 to July 1974 Price £2.40, post & pkg 75p 
Vol. 28. August 1974 to July 1975 Price £2.75, post & pkg 75p 
Vol. 29. August 1975 to July 1976 Price £3.10, post & pkg 75p 

CORDEX SELF -BINDERS 
With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine, 

maroon only Price £1.20, post & pkg 30p 
With no title on spine, maroon Price. £1.15, post & pkg 30p 
With no title on spine, green Price £1.15, post & pkg 30p 

Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages 
DB6 Radio Amateur Operator's Handbook, 

88 pages 
DB17 Understanding Television, 504 pages 

DB19 Simple Short Wave Receivers 
140 pages 

Price 90p, P. & P. 18p 

Price 70p, P. & P. 12p 
Price £3.25, P. & P. 60p 
Price 80p, P. & P. 18p 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording - White Price 75p, P. & P. 7p 
Set 4: Wording - Black Price £1.00, P. & P. 7p 
Set 5: Dials Price 38p, P. & P. 7p 

Prices include V.A.T. on Panel Signs 

I enclose Postal Order/Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed end made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. 
All publications are obtainable through your local bookseller 

Data Publications Ltd., 67 Maids Vale, London W9 1SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 

848 RADIO & ELECTRONICS CONSTRUCTOR 
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The only organ you can build in stages and 
tailor to your requirements as you go along- 
and at each stage you'll have a fully 
working instrument! We haven't got the 
gimmicks (yet-they're coming soon), but 
we have got the most beautiful sounds-you 
won't find them on any organ less than twice 
our price. So get our MES50 series leaflets 
now! 65p buys the three available so far. 

® IlG saaaa 
rt{41lltguintrNtaxt\\N . -//i /// 14I!II1lrl1!\N\ 

We stock a wide range of 
switches including a really 
low-priced high quality 
interlocking push-button switch 
system, which is extremely 
versatile. We've got toggle 
switches, slide switches, push 
switches, rotary switches-there 
are dozens to choose from, 
but it's only a tiny part of our 
fantastic range. 

This high 
quality Graphic 
Equaliser will enhance 
even the most sophisticated system at a fraction of the 
cost of a ready-made equaliser of equal quality. You can 
get all the parts from us (except woodwork) including 
drilled and printed metalwork. Construction details 
in our leaflet: 15p. 

A completely 
self-contained pedal unit. 
13 -note, 2 -octave range, 4 
organ stops. It can be added to 
any organ! A really unusal extra 
is the bass guitar stop which uses 
four envelope shapers to give 
a real bass guitar sound. A must 
for the solo guitarist. Full 
construction details in our 
catalogue-post the coupon 
below now! 

Our hi -monthly newsletter keeps you up to date with latest 
guaranteed prices - our latest special offers (they save you 
pounds) - details of new projects and new lines. Send 30p 
for the next six issues (5p discount voucher with each copy). 

Play 
fascinating 
games NOW on 
your own t.v. in your 
own living room. The kids will 
think it's magic when the 
scores pop up on the screen. 
Lay your bets-anyone could 
win-with Made's prices 
everyone can win, Get the May 
edition of Electronics Today 
International now-then get all 
the parts from us at a 

remarkably low price (I.C. alone 
£11.99). All prices include 
VAT and P&P. 

IT'S A FANTASTIC BESTSELLER! 
216 big (11" x 8") pages! Over a thousand illustrations! 
Over 30 pages of complete projects to build! 
Thousands and thousands of useful components described 
and illustrated! No wonder it's a bestseller! 
DON'T MISS OUT! SEND 50p NOW! 
P 

MAPLIN ELECTRONIC SUPPLIES 
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 

Telephone: Southend (0702) 715155 
Shop: 284, London Road, Westcliff-on-Sea, Essex 

(Closed on Monday) Telephone: Southend (0702147379 L 

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE 
PRICE 50p 

Please rush me a copy of your 216 page catalogue by return of post. 
I enclose 50p, but understand that if I am not completely satisfied I may 
return the catalogue to you within 14 days and have my 50p refunded 
immediately. 

NAME 

ADDRESS 


