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SEIYIICOnDUCTOR 
DEVICES 

MACMILLAN BASIS BOOKS IN ELECTRONICS 

SPECIAL 

OFFER 
For a limited period 

By arrangement with Messrs. MacMillan we are able to offer the above 
book at a special low price to readers of RADIO & ELECTRONICS 
CONSTRUCTOR. 

Normal Price £4.35 
SPECIAL OFFER PRICE £3.50 

Saving 85p 
Both prices include postage and packing 

In this introduction to semiconductor devices, the author provides a 
comprehensive survey of modern active and non -active semiconductor 
technology. Without leaning too heavily on device physics, he explains 
device functions and then illustrates their use with typical circuits and 
applications. 
Following a summary of the physical basis of semiconductor elements - 
in non -mathematical terms - a study of bipolar and field-effect 
transistors leads to considerations of monolithic integrated circuits. 
More advanced charge -coupled devices, semiconductor memories 
and optoelectronic devices are studied in some detail. 

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. Optoelectronics 

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

SEMICONDUCTOR DEVICES 

I enclose Postal Order/Cheque for £ 

Name 

Address 
(Block Letters Please) 

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

VALVE BASES 
Printed circuit B9A-87G .. . 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 5 x 50pF or 2 x 220pF 
9 way 5p Single 1p trimmers 20p 

BOXES - Grey polystyrene 61 x 112 x 31 mm, top secured by 4 
self tapping screws 321p 

Clear perspex sliding lid, 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 
21" x 51"x 11" 45p 4" x 21" x 1-}" 45p 

Car type panel lock 
and key 40p 

18 volt 4 amp charger, 
bridge rectifier 79p 

GC10/4B £3.00 

4" x 4" x 1 } 45p 4" x 2-}" x 2" 44p 
4"x5"x1}' 54p 

Aluminium Knobs 
for f' shaft. Approx. 

with indicator 
Pack of 5. 50p 

10"x4 -}"x3" £1.02 
12"x5"x3" £1.20 
10"x7"x3" £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, rocker) 5p 

Sidleen/AFA Very High Security barrel Key 
Switch. 2 tubular keys £1.50 

i' 
AUDIO LEADS 

3 pin din to open end, 1+ yd twin screened 35p 
Phono to Phono plug, 6ft. 35p 

COMPUTER & AUDIO BOARDS/ASSEMBLIES 
VARYING CONTENTS INCLUDE 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 21 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 'IF diameter 60p 

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

(Ferric Chloride. Anhydrous mil, spec. 116 bag 40p 

RESISTORS 
-.-4 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 connector20p 

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, 

lop 

VA1082, VA1100 
VA1077, )15p 
VÁ1005, 1 

RELAYS 
12 volt S.P,C.0 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 

JAP 4 -gang min. sealed tuning condensers 20p 

ELECTROLYRICI 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 j" x -t" £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. 6p. .12 up to .68 poly 
etc. 8p. Silver mica up to 36OpF 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 othérs and high voltage in stock. 

FORDYCE DELAY UNIT 
240 volt A.C./O.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. 8p each 
11 glass fuses 250 m/a or 3 amp (box of 12) Bp 

Bulgin, 5mm Jack plug and switched socket (pair) 309 

Reed Switch 28mm. bgdy length 5p 

Aluminium circuit tape, j;" x 36 yards -self 
adhesive. For window alarms circuits, etc. 80p 

MAINS DROPPERS 
66+66.1 158 ohm, 66-, 66-2137 ohm 
17+14-x6 ohm, 266+14+193 ohm 5p 
285-1-575+148+35 ohm 5p 
25+35+97+59+30 ohmJ 

51" x 21" Speaker, ex -equipment 3 ohm 30p 
2 Amp Suppression Choke .. .... 8p 
3x21x" PAXOLINE 4p 
41x1x1", f . 

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 21p foot 
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SEMICONDUCTORS 
G_ ti.,, .drFr l t., lllard Fitt . Manv ,dhnr IVUeS in slot./ 

AC128/176 Bp BCX32,36 12p BFW10/11 F.E.T. 40p 
ACY28 19p BCY40 50p BFW30 £1 
AD149 BCY70/1/2 12p BFW57/58 17p 

126p 

AF178/80/81 300pp 

80113 

013355BD15[[/6/7/9 

/6 

8131331p 
50p 

300 

BFX12 29/30 
B FX84/88/89 
BFY50/51/52 
BFY90 

20p 
17p 
13p 
bap 

AF239 
ASY27/73 30p 

B6140/142 
BD201/2/3/4 

30p 
13op 

BR101 
BRY39/56 

326p 

BC107/8/9 + A/B/C 6p 60232/4/5/8 49p BSV64 30p 
BC147/8/9 + A/B/C/S Op BDX77 £1 BSV79/80 F.E.T.s 80p 
BC157/8/9 + A/B/C Sp BD437 50p BSV91 Mosfet 90p 

BC184C/LC1798 
19p 8E115/18E178/9 

20p 20p 
BSX20/21 
BSY40 

149 
27p 

BC186/7 20p B F180/1/2/3/4/5 15p RSY95A 12p 
BC213U2148 10p BF194/5/8/7 8p CV7042 (0C41/44 

BF194A, 195C 8D ASY63) Sp 
BC327/8, 337/8 Bp BF200, 258, 324 20p GET111 
BC547/8/8ABC 10p BF202/3 30p 0C35 
8C555/6/7/8/9 9p 

BF336 
BFS28 Dual Mosfet 

27p 
£1 

ON222 
TIP30/3055 

2 
45p 

TIS88A F.E.T. 23p 

Amp Volt BRIDGE RECTIFIERS ZTX300/341 
2N393 1 MA393) 

7p 

1,600 BYX10 209 2N456A 
140 OSHO 1-200 66g 2N929 14p 

1.4 42 
0.6 110 

BY164 46 
EC433 

2N987 
2N1507/2219 

5 400 Texas Sop 

RECTIFIERS 
Amp Volt 

IN4004/5/6 1 4/6/800 5p 
IN4007/BYX94 1 1260 5p 
BY103 1 1,500 18}p 
SR100 1.5 100 7p 
SR400 1.5 400 Sp 
REC53A 1.5 1,250 14p 
LT102 2 30 10p 
BYX38-300R 2.5 300 40p 
BYX38-600 2.5 600 45p 
BYX38-900 2.5 900 60p 
BYX38-1200 2.5 1,200 65p 
BYX48-300R 2.5 300 26p 
BYX49-600 3 600 35p 
BYX49-900 3 900 40p 
BYX49-1200 3 1,200 62p 
BYX48-3UUR 6 300 40p 
BYX48-600 6 600 50p 
BYX48-900 6 900 80p 
BYX48-1200R 6 1,200 80p 
8YX72-150R 10 150 36p 
BYX72-300R 10 300 45p 
BYX72-500R 10 500 55p 
BYX42a300 10 300 30p 
BYX42.600 10 600 85p 
BYX42-900 10 900 80p 
BYX42-1200 10 1,200 95p 
BYX48-300R` 15 300 £1.00 
BYX46-400R" 15 400 £1.60 
BYX46-50011" 15 600 £1.75 
BYX48-600' 15 600 £2.00 
BYX20.200 25 200 80p 
BYX52-300 40 300 £1.75 
BYX52-1200 40 1,200 £2.50 

*Avalanche typo 

Amp Volt TRIACS 
6 800 Plastic RCA £1.20 
25 900 BTX94-900 £4.00 
25 1200 BTX94-1200 ' £6.00 

RS 2mm Terminals 
Blue & Black 6 for 40p 
Chrome Car Radio facia .. 16p 
Rubber Car Radio gasket .. 5p 
DLI Pal Delayline .. 50p 
Relay socket 

Take miniature 2PCO relay 
99A valve can 

tOp 

5p 

0.30, or 0-15, black pvc, 360° 
dial, silver digits, self adhesive, 
4}' dia. . . 10p 

OPTO ELECTRONICS 
Diodes Photo transistor 

TIL209 Red 12p BPX29 8Op 
8PX40 50p OCP71 34p 
BPX42 8Op 
BPY10 80p 

(VOLTIAC) 

BPY68 
BPY69 80p 
BPY77 

BIG L.E.D. 0.2" 
2v 50m/A max. 
ORANGE 14p 
YELLOW 14p' 
RED 14p 

PHOTO SILICON CONTROLLED 
SWITCH BPX86 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 61g 

Minifron 3" 3015F filament 
£1.10 

CQY11 B L.E.D. 
Infra red transmitter £1 

One fifth of trade 

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

2N2401 3op 
2N2412 70p 

2N2904/5/6/7/7A 125p 
2N3053 14p 
2N3055 R.C.A. 50P 

2N3133 2Óp 
2N4037 
2N5036 (Plastic 2N3055 

30p 
2SA141/2/360 31p 
2SB135/6/457 20p 
40250 i2N3o541 30p 

NEW B.V.A. VALVES 
68W7 60p 
EB91 34p 
ECH81 34p 
ECL80 36p 
EF80 34p 
EF183 34p 
EY86/7 
PC86 53p 
PC88 53p 
PC97 38p 
PCC84 
PCC89 46 
PCC189 45p 
PCF80 34p 
PCF82 34p 
PCF801 46p 
PCL82 
PL81 g p 

0A 80p 
PY8PY501% 00 38p 
R20/U26 50p 

OTHER DIODES 
1N916 ... 8p 
1N4148 ... 2p 
BA145 ... 14p 

6Z61/BA148 ... 100pp 
BB 103/110 Varicap I5p 
88113 Triple 

Varicap ...37p 

0A5/7/10 .15p 
BZY88 Up to 33 volt 7p 
BZX61 11 volt 15p 
BR100 Diac.......15p 

INTEGRATED CIRCUITS 
TAA700 ... £2.00 
T8A800 £1.00 
741Aí 8ppin d.i.i. OD. 

24 
TAD100 AMRF £1 
CA3001 R.F. Amp 50p 
CD4013 CMOS 38p 
TAA300 1wt Amp £1 
TA k550 Y or G 22p 
TAA283 Amp 86p 
7400 10p 
7402/4/10/20/30 14p 

7438/74/86 24p 
7483. 69p 
LM300, 2-20 volt £1 

90p 
£1.60, TRA -55750 

Amp Volt THYRISTORS 
1 240 BTX18.200 
1 400 BTX18-300 
1 240 BTX30-200 
15 500 BT107 
6.5 500 BT101-500R 
6.5 600 BT109-500R 
20 600 BTW92-600RM 
15 800 BTX95-B0OR Pulse Modulated 
30 1000 28T10 (Less Nut) 

PAPER BLOCK CONDENSER 
0.25MFD 800 volt 30p 
1MFD 250 volt 18p 
2MFD 250 volt 20p 
4MFD 250 volt 20p 

t.C. 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 Sp 
3.5 mm switched 5p, stereo 
7' jack enclosed 10p. 

Philips Iron Thermostat .. 16p 
MoMurdO PP108 8 way edge plug 10p 

TO3 HEATSINK 
Europlec HP1 TO3B 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 
ASZ21 30p 
BC186 11p 
BCY30-34 8p 
BCY70/1/2 8p 
8Y126/7 4p 
'HG1005 10p 
HG5009 3p 
HG5079 3p 
L78/9 3p 
M3 10p 
0A81 3p 
0A47 3p 
0A200-2 3p 
0C23 20p 

0C200-5 
TIC44 
2G240 
2G302 
2G401 
2N711 
2N2926 
2N598/9 
2N1091 8p 
2N1302 8p 
2N1907 £1 
Germ. diode 1p 
GET120 (AC128 
in 1" sq. heat 
sink 15p 
GET872 12p 

'2S3230 30p 

8p. 
24p 

£1 
5p 
5p 

25p 
4p 
8p 

CRAZY OFFERS 
2200 mfd. 64v 40p 
2500 mfd. 40v 30p 

8 mfd. 500v Op 
400 mfd. 18v 4p' 

.1 mfd, 500v tip 
1 mfd, 1500v p 

2200 mfd. 25v 30p 
1000 mfd. 200v 26e 

10000 mfd. 15v 12p' 
1250 mfd. 35v 10p 
6800 mfd. 10v Op 

32+32 mfd. 275v 8p 
16+32 mfd. 350v 12p 

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

1 mfd. non-oolar35Ov $$p 

680 mfd. 100v 10p 
15 mfd. 160v 3p 

4700 pf.sub min 500v 1}p 
4700 mfd. 63v /Op 
300 mid. 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 2p each 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

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

30p 
35p 
30p 

.. £1 

£1.00 
£3.00 

.. £8.00 
,. £3.00 

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

Switch 24p 

ENAM, COPPER WIRE 
SWG. PER YD. 
24 3p 
26 to 42 2.5p 

GARRARD 
GCS23T Crystal Stereo 
Cartridge 88p 
Mono (Stereo compatible), 
Ceramic or crystal 80p 

HANDLES 
Rigid light blue nylon 
61" 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 n, 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" diem, 

black 70p 
R.S. 21" 35 ohm loud 
speaker 50p 

MAIL ORDER CUSTOMERS ONLY ADD 
8%VAT-I PAY P,A?_ONCE ON12,1r%ITEMS 
ALL ENQUIRIES, ETC , MUST BE ACCOMPANIED BY A 

STAMPEO .0' ORESSED ENVELOPE 
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THE MODERN BOOK CO 
THE RADIO AMATEUR'S HANDBOOK 1977 

by A.R.R.L. Price: £6.50 

BASIC ELECTRONICS Vol. 1-V 
by Schools Council £7.60 set 

ADVANCED APPLICATIONS FOR POCKET 
CALCULATORS 
by J. Gilbert PRICE: £4.00 

BUILD -IT BOOK OF MINIATURE TEST & 
MEASUREMENT INSTRUMENTS 
by R. P. Haviland PRICE: £3.46 

OP -AMP CIRCUIT DESIGN & APPLICATIONS 
by J. Carr PRICE: £4.00 

UNDERSTANDING MICROPROCESSORS 
by Motorola PRICE: £3.76 
MICROPROCESSOR/MICROPROGRAMMIMG 
HANDBOOK 
by B. Ward PRICE: £4.00 
WORLD RADIO TV HANDBOOK 
by J. M. Frost PRICE: £6.50 
MAKING YOUR OWN ELECTRONIC GADGETS 
A BEGINNER'S GUIDE 
by R. H. Warring PRICE: £2.90 

THE CATHODE RAY OSCILLOSCOPE &'ITS USE 
by G. N. Patchett PRICE: £4.00 
BUILD YOUR OWN WORKING ROBOT 
by D. L. Heiserman PRICE: £3.60 
28 TESTED TRANSISTOR PROJECTS 
by R. Torrens PRICE: £1.20 
60 PROJECTS USING IC CA3130 
by R. A. Penfold PRICE: £1.20 
50 PROJECTS USING RELAYS SCR'S & TRIACS 
by F. G. Rayer PRICE: £1.30 
SIMPLE ELECTRONICS FOR MODELLERS 
by I. R. Sinclair PRICE: £3.20 
ELECTRONICS FAULT DIAGNOSIS 
by I. R. Sinclair PRICE: £3.00 
BEGINNER'S GUIDE TO AUDIO 
by I. R. Sinclair £3.00 
AUDIO AMPLIFIERS FOR THE HOME 
CONSTRUCTOR 
by I. R. Sinclair PRICE: £2.50 
RADIO COMMUNICATION HANDBOOK Vol. I 

by R.S.G.B. PRICE: £9.00 

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 

1. 1incleirstand 
,, 

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

Oct can be mastered using our 
uniquer Lemai;Kit ewuune. 

i1) &did an oscilloscope. 

,(2) Read, drew ind u 
circuit diagram. 

(3) Carry out over 40 
ments on bask elecuonl 
circuits and seeho4' 
they work. 

IN as 
1 

I 
I 
I 

Block caps please , 
III ,RIZsMtlialatalialaR# Mall -MIR - In OMMRMal-MIM Mil MIMI---_-MI--- 

SIB ai 11111111111111111111111111111111111111111111111i111111 Id 11 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 

P.O. Box 156, Jersey, Channel Islands. 

NAME 
REC 87 ADDRESS 
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WILMSLOWAUDIO 
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/DO 4/8 ohms 
Celestion G12M 8 or 15 ohms 
Celestion G12H 8 or 15 ohms 
Celestion G 12/50 8 or 15 ohms 
Celestion G12/50TC 8 or 15 ohms 
Celestion G 15C 8 or 15 ohms 
Celestion G18C 8 or 15 ohms 
Celestion HF1300 8 or 15 ohms 
Celestion 1412000 8 ohms 
Celestion MH1000 8 or 15 ohms 
Coles 4001 G&K 

Decca London ribbon horn 
Decca London CO/1000/8 Xover 
Decca 01(30 ribbon horn 
Decca C0/1/8 Xover (0K30) 

EMI 14 x 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) 59Rry1114 (8) 
Elac 61" d/cono, 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 ohm's 

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 18 ohms 
Fane Crescendo 15/100A, 8 or 16 ohms £54.95 
Fane Crescendo 15/125, 8 or 18 ohms £64.95 

£13.00 
£ 14.50 
£21.00 
£25.75 
£ 17.50 
£ 15.00 
£22.50 
£12.50 
£21.00 
£25.75 

SPEAKERS 

Fane Crescendo 18, 8 or 16 ohms 
Fane 910 Mk.11 horn 
Fane 920 Mk.II horn 
Fane HPX1 crossover 200 watt 
Fane 13 x 8, 15 watt dual cone 
Fane 8011 8- d/c, roll surr. 
Goodmans Axent 100 
Goodmans Audiom 200 8 ohms 
Goodmans Axiom 402 8 or 15 ohms 
Goodmans Twinaxiom 8, 8 or 15 ohms 

(75.95 
£15.75 
£45.95, 

£2.50 
£5.50 
£9.50 
£8.50 

£ 14.95 
£22.00 
£ 10:60 

£9.95 Goodmans 8P 8 or 15 ohms £6.50 
£12.95 Goodmans 10P 8 or 15 ohms £8.95 
£15.95 Goodmans 12P 8 or 15 ohms £16.50 
(18.00 Goodmans 12PG 8 or 15 ohms £17.75 
£20.00 Goodmans 12PD 8 or 15 ohms £18.75 
£26.95 Goodmans 12AX 8 or 15 ohms £44.00 
£39.95 Goodmans 15AX 8 or 15 ohms £49.00 

£7.50 Goodmans 15P 8 or 15 ohms 24.00 
£8.55 Goodmans 18P 8 or 15 ohms £39.95 

£13.50 Goodmans Hifax 750P £16.95 
£5.90 Goodmans 5" midrange 8 ohms £4.25 

Gauss 1,2" £115.00 
Gauss 15" £139.00 
Gauss 18" £185.00 

Jordan Watts Module, 4, 8 or 15 ohms £16.25 

£31.50 
£6.95 

£20.50 
£4.75 

£ 12.50 
£3.95 
£3.95 
£3,95 
£3.95 
£3.95 
£6.75 

£1J.95 
£ 14.95 
£ 18.50 
£4.50 
£ 5.50 
£5.25 
£7.50 

f5.75 
£9.95 

£12.50 
£16.75 
£ 19.95 
£21.75 
£33.95 
£42.95 
£44.95 

Kef T27 
Kef 115 
Kef 8110 
Kef 8200 
Kef 8139 
Kef DN8 
Kef DN12 
Kef DN13 SP1015 or SP1017 

Lowther PM6 
Lowther PM6 Mk.l 
Lowther PM7 
Peerless K010DT 4 or 8 onms 
Peerless DT1OHFC 8 ohms 
Peerless K040MRF 8 ohms 
Peerless MT22514C 8 ohms 
Richard Allan CA12 12" bass 
Richard Allan HP8B 
Richard Allan LP8B 
Richard Allan DT20 
Richard Allan CN8280 
Richard Allan CN820 
Richard Allan Super Disco BOW 12" 
Coles 4001 G&K 
Tannoy 10" Monitor HPD 
Tannoy 12" Monitor HPD 
Tannoy 15" Monitor HPD 

£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 

Helme XLK 30 
Helme XLK 35 
Helme XLK 40 
KEFkit 1 

KEFkit III 
Peerless 1060 
Peerless 1070 
Peerleas 1120 
Peerless 2050 
Peerless 2080 
Richard Allan Twin assembly 
Richard Allan Triple 8 
Richard Allan Triple 12 
Richard Allan Super Triple 
Richard Allan RA8 Kit 
Richard Allan RA82 Kit 
Richard Allan RA82L Kit 
renon 2XP Kit 
Wharfedale Linton 3XP Kit 
Wharfedale Glendale 3XP Kit 

HI-FI 
ON DEMONSTRATION 

Akai, Armstrong; Bowers & Wilkins, Castle, 
Celestion, Dual, Chartwell, I.M.F. RAM, -Neal, 
Dalesford, Sanstil, J.R. 'Formula 4, Ortofon, 
Unn Sondek, Stanton, Pickering, Kat Leek. 

Pioneer, Radford, Richard Allan, Rotel, fandberg. 
Trio, Videotone, Wharfedale. etc. 

-Ask for out HIFI pipa R.t- 

SPEAKER KITS 
Baker Major Module 3, 8 or 15 ohms eacR£18.0d 

Goodmans DIN 20 4 or 8 ohms each £15.74 
Goodmans Mezzo Twin kit pair £51,95 
Helme XLK 20 pair £17.50 

pair £21.95 
pair £26.75 
pair £38.50 
pair; £59.50 
each £56.00 
pair £81.50 

each £54.95 
each £61.00 
pair £43.95 
pair £58.50 

each £1395 
ends £20.75 
each £25.95 
each £29.50 
pair £37.80 
pair £59.40 
pair 

eey6336 

700 

pair £34.28, 
pair £49.50 

THIS MONTH'S SPECIALS (Carr, £2.60) 
ROTEL RA312 (66.00 
SANSUI 331 f 109.00 
TRIO KR2600 f 109.00 
VIDEOTONE,MINIMAX II £48.95 
SANSUI Sí 2000/2002 £145.00 
PIONEER CTF2121 £138.00 
ROTEL RX15211 £91.00 

£3.75 We stook Me complets Radford range of £19.130 amplifers. pr amplHlers. Poe amplHims. 
££8 50 tureen etc., and siso Redford AodSo laboratory 

£6.25 equipment, low distortion oacl0ator, distortion 
£16.95 measuring set- audio raise meter etc. 

£3.15 ALL PRICES INCLUDE VAT 
£ 17.95 
£5.$0 

£78.75 
£85.00 
£99.00 

COMPLETE KITS IN STOCK FOR 
RADFORD STUDIO 90, RADFORD MONITOR 180, 
RADFORD STUDIO 270, RADFORD STUDIO 380. 

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

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

PRACTICAL HIFI & AUDIO TRIANGLE (Giles), 
POPULAR HIFI (Collomsl 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 

(Prices correct at 11/5/77) 
Sand sterne nor free 38 -pegs booklet 

"Choos7ng a Speaker' 
AU units guaranteed new end perfeot 

Carriage and Insurance 
Speakers up to 12' 80p; 12" £1.00. 15" £1.70; 
18" £2.50; Kits £1.00 each 1E2,Ó0 per peir); 

Tweeters & Crossovers 33p each. 

WILMSLOW 
AUDIO 

DEPT REC 
LOUDSPEAKERS, MAIL ORDER AND EXPORT; 
SWAN WORKS, BANK SQUARE, WILMSLOW 
HIFI. RADIO & TV: SWIFT OF WILMSLOW, 5 

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

AUDIO, 10 SWAN STREET, WILMSLOW 
CHESHIRE 

TELEPHONE: LOUDSPEAKERS, MAIL ORDER 
AND EXPORT WILMSLOW 29599 

HIFI, RADIO ETC.. WILMSLOW 28213 

Access 3 Derdaycard Ordure 
accepted by phone 
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BIIPAN High quality audio eq 

The 450 Tuner provides instant program selection at the touch of a 

button ensuring accurate tuning of 4 pre -selected stations, any of 
which may be altered as often as you choose, by simply changing 
the settings of the pre-set controls. 
Used with your existing audio equipment or with the BI -KITS 
STEREO 30 or the MK80 Kit etc. Alternatively the PS12 can be 
used if no suitable supply is available, together with the Transformer 
T461. 
The S450 is supplied fully built, tested and aligned. The unit is easily 
installed using the simple instructions supplied. 

Max Heat Sink temp 90C. Frequency response 20Hz to 
100kHz Distortion better than 0.1 at 1 kHz Supply voltage 
15-50v. Thermal Feedback Latest Design Improvements 

Load - 3, 4, 6 or 18ohms, Signal to noise ratio 80db 
Overall size 63mm. 106mm. 13mm. 
Especially designed to a strict specification. Only the finest com- 
ponents have been used and the latest solid-state circuitry incor- 
porated in this powerful little amplifier which should satisfy the 
most critical A.F. enthusiast. 

£4.35 
Stabilised Power Supply Type SPM80 
SPMSO is especially designed to power 2 of the AL60 Amplifiers, 
up to 15 watts (r.m.s.) per channel simultaneously. With the addi- 
tion of the Mains Transformer BMT80, the unit will provide out- 
puts of up to 1.5A at 35V. Size: 63mm. 105mm. 30mm. Incor- 
porating short circuit protection. 
Input Voltage: 33-40 V.A.C. 
Output Voltage: 33V D.C. Nominal 
Output Current: 10mA-1.5 amps 
Overload Current: 1.7 amps approx. 
Dimensions: 

105mm x 63mm x 30mm 
Transformer BMT80: 

£2.60 + 62p postage 
£3.75 

PUSH-BUTTON 

STEREO FM TUNER 
Fitted with Phase Lock -loop Decoder 
* FET Input Stage 
* VARI -CAP diode tuning 
* Switched AFC 
* Multi turn pre-sets 
* LED Stereo Indicator 

Typical Specification: 
Sensitivity 3p volts 

Stereo separation 30db 
Supply required 20-30v 
at 90 Ma max. 

STEREO pp 100 PRE -AMPLIFIER 

A top quality stereo pre -amplifier 
and tone control unit. The six push- 
button selector switch provides a 
choice of inputs together with two 
really effective filters for high and 
low frequencies, plus tape output, 
Frequency response + 188 
20Hr-20KHz 
Sensitivity of inputs: 

1. Tape input 100mV into 100K ohms 

3. Magnetic P.U. 3mV 
into 50K ohms 

P.1/. Input equa/lsas to R 1 AA 
curve within 1d8 from 20Hr 
to 20KHz. Supply - 20 - 35V 
at 20mA. 
Dimensions: 

299mm x 89mm x 35mm 

2. Radio Tuner 100mV into 100K ohms 
MK60 AUDIO KIT: Comprising: 2 x A160. l x SPM80. 1 x PPÁ10&P.0. 145p front panel and knobs. 1 Kit of parts to include on/off switch, neon in- dicator, stereo headphone sockets plus instruction booklet. COMPLETE PRICE £29.55 plus 62p postage. 
TEAK 60 AUDIO KIT: Comprising: Teak veneered cabinet size 161" x 11 ?" x 3I-", other parts include aluminium çhassls, heatsink and front 
panel bracket plus back panel and appropriate sockets etc. KIT PRICE 
£10.70 plus 82p postage. 

TEREO 30 
COMPLETE AUDIO 
CHASSIS 

7+7 WATTS R.M.S. 
The Stereo 30 comprises a complete stereo pre -amplifier, power amplifiers and power supply. This, with only the addition of a transformer or overwind will produce a high quality audio unit suitable for use with a wide range of inputs i.e. high quality ceramic pick-up, stereo tuner, stereo tape deck, etc. Simple to install, capable of producing really first class results, this unit is supplied with full instructions, black front panel, knobs, mains switch, fuse and fuse holder and universal mounting brackets enabling it to be installed in a record plinth, cabinets of your own con- struction or the cabinet available. Ideal for the beginner or the advanced constructor who requires Hi-Fi performance with a minimum of installa- tion difficulty (can be installed in 30 minutes). 

TRANSFORMER £2.46 
plus 62p p&p 

TEAK CASE £5.25 plus 62p p&p 
16.251 

RADIO & ELECTRONICS CONSTRUCTOR 654 



uipment mono and other modules for Stereo 

NO W BI-PAK 
BRINGS YOU- 

The AL8O 
35 RMS power Amp! 

ONLY 

£6.95 
+ 8% VAT 

A High Fidelity Power Amplifier with a maxi- 
mum Power Output of 35 watt R.M.S., 
which has a maximum operating voltage 
of 80v. A MUST for all HI-FI users. 
Maximum supply voltage 
Power output for 2% THD 
Harmonic distortion 
Load Impedance 
Input impedance 
Frequency response +3dB 
Sensitivity for 25 watts O/P 
Max. Heat sink temperature 
Dimensions 
Mounting 
Fuse requirements 

15-60v 
35 watts R.M.S. 
0.1% 
3-8-16 ohm 
50K ohm 
20Hz-40KHz 
280mV R.M.S. 
90°C 
102mm x 64mm x 15mm 
2, 4BA fixing holes in heat sink 
1.5A 

MPA 
30 

AND for those who need more 

P -O -W -E -R 
AL250 125v 

POWER AMP 
Specially designed for use in- 
Disco Units, P.A. Systems, high power 
Hi-Fi, Sound reinforcement systems 
SPECIFICATION: 
Output Power: 125 weft RMS 

Continuous 
Operating voltage: 50-80 
Loads: 4-16 ohms 
Frequency response: 25Hz- 

20kHz Measured at 100 watts 
Sensitivity for 100 watts output 

at 1kHz: 450mV 
Input impedance: 33K ohms 

Total harmonic distortion 
50 watts Into 4 ohms: 0.1% 
50 watts into 8 ohms: 0.06% 

S/N ratio: better than 80dBs 
Damping factor, 8 ohms: 65 
Semiconductor complement:13 

transistors 5 diodes 
Overall size: Heatsink width 

190mm, length 205mm, height 
40mm 

ONLY £15.95 +8% VAT 

ONLY £3.65 

PA12 

£6.70 

Enjoy the quality of a magnetic cartridge with your existing 
ceramic equipment using the new BI-PAK M.P.A. 30 which is a 

high quality pre -amplifier enabling magnetic cartridges to be 
used where facilities exist for the use of ceramic cartridges 
only. Used in conjunction are 4 low 
noise high gain silicon transistors. It is 
provided with a standard DIN input 
socket for ease of connection. 
Supplied with full, easy -to -follow 
instructions. 

f2.85 

VAT 
ADD 
12r0i° 

POSTAGE & 
PACKING 

Post.Q, L Packino add :2:31.12:11;« wlee shown. Add extra for 

NEW 
AL30A 

10w R.M.S. AUDIO AMPLIFIER MODULE 
The AL30A is a high quality audio amplifier module replacing our AL20 & 30. 
The versatility of its design makes it ideal for use in record players, tape 

recorders, stereo amps, cassette & cartridge players. A power supply is 

available comprising of PS12 together with a transformer 1538, also for 
stereo, the pre amp PA12, 

SPECIFICATION: 
Output Power 10w Supply 22 to 32 volts 
R.M.S. Input Impedance 50K 
Load Impedance 8 
to 16 ohms Total Harmonic 

Sensitivity 90mV for Distortion less than ^ full output .5% (Typically .3%l ,/ Frequency Response 
60Hz to 25KHz - Max Heat Sink - 2db Temp 80°C 

Dimensions 90 x 64 x 27mm 

NEW PA12 Stereo Pre-Ampllaer 
completely redesigned for use with 
AL30A Amplifier Modulen. Fea- 
tures Include onion volume. echo e, 
Base end Treble controls. Complete 
with tape output. 
Frequency Response II1Hs4$Kl4a (-id 
[lass and Treble rangefitde 
Input Impedance 1 me, ohm 
Input Sensitivity *WV 
Supply requirements 24V. imA 
Sise ti5mm a Mmm x itmm 

PS12 
Power supply for AL30A, PA12, 

5450 etc. Input voltage 15-20v A.C. Output 
voltage 22-30v D.C. Output Current 800 mA 
Max.Slze60minx43mmx26mm. Lie30 

Transformer T5311 £2.30 

P.O. BOX 6 WARE HERTS 
COMPONENT SHOP: 18 BALDOCK SHEET, WARE. 
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DeCITand BLOBIT 

S -R Latch 

1 

First take circuit 
diagram. Note, each 
hole to insert, 
component is 
identified by a 
letter number 
system. 

Second try, test and 
prove the circuit on 
your T -Dec, no 
soldering. 

Sound Fuzz Circuit 

2 

Finally when every- 
thing is working Blob 
onto your IC Blob - 
Board. 

This De -K -IT contains 1 T-DeC + control 
panel + 1 16 Dil Carrier + 4 Blob -Boards 
+ Components + Circuit Diagrams and 
step by step instructions to build Burglar 
Alarm - Sound Fuzz Circuit - SR Latch 
- Two Tone Siren. 

Complete Kit with all components 
£13.00 + £1.66 post and V.A.T. 

Try and test each circuit on T-DeC. Prove 
circuit working. No soldering. Then when 
everything is working perfectly transfer 
to Blob -Board. 

PB Electronics (Scotland) Ltd. 
57, High Street, Saffron Walden, Essex. CB10 1AA 

Two Tone Siren 

3 
Burglar Alarm 

4 
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Are you a Blobber 
yet? 

Do you know that Blob Board is better, cheaper and in most cases half the price of the equivalent board produced 
by any well known manufacturer. Next time you buy compare size for size and check the prices. 

The Technique of inserting components on one side of a beard and soldering on the other is done for reasons which 
are now completely out of date; Namely this technique was established originally because heavy and bulky components 
were used. This no longer applies and has big disadvantages, the circuit is impossible to follow unless the board is 

continually turned over to inspect each side, its difficult to work on both sides of the board and soldering basically 
needs three hands. A common fault is to mount both leadout wires on the same tract. 

Blob -Boards give you the modern, low cost, easy way to build circuits. Blob -Boards are roller tinned circuit boards 
on which each roller tinned copper track is identified by the letter and or number system. Simply tin the end of the 
component, butt the component lead against the roller tinned track, apply a blob of solder and the component is 

blobbed into place. All construction is from one side, component location could not be simpler , soldering is much 
easier, sub -circuits can be tested, then assembled together, the plain side of the Blob -Board is free and so the Blob - 
Board can be mounted flush on case walls. And they can be re -used, simply apply a soldering iron to the Blob and 
remove the component. 

Now Start Blob -A -Jobbing. 

"ZBV" Range 

All in packs of 3 only 
0.1" 0.15" 

Range Pitch Pitch 

2.5"x5" ZB1V ZB1V5 
2,5" x 3.75" ZB2V ZB2V5 
3.75" x 5" ZB3 ZB3V5 
10" x 6" ZB4V ZB4V5 

PRIORITY ORDER FORM 

"ZBD" Range 

"D" 
Range 

0.1" 
Pitch 

0.82 3.6 x 2.4 ZB5D 0.56 
0.62 2.4" x 7.3" SB6D 1.10 
1.19 4.9" x 7.3" ZB7D 2.20 
3.83 9" x 7.5" ZB8D 4.10 

"IC" 0.1" 
Range Pitch 

4.5"x3" ZB11C 0.95 
4.8" x 3.2" SB21C 1.01 
4.75" x 7.5" ZB41C 2.18 
9.5" x 7.5" ZB81C 4.31 

All goods are ex stock delivery. Please enclose cheque, postal order payable to: PB Electronics (Scotland) Ltd. 

NAME ADDRESS 

Please rush me 

Please add 20p Postage + V.A.T: to All Orders. 
Please send me more information (enclose large stamped addressed envelope) 

erg57 High Street, Saffron Walden, Essex CB10 1AA England. Tel: Saffron Walden 22876 erg 
Telex 817185 WWW 
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Stïrlïng Sound 
POWER AMPLIFIERS PAY THE PRICE YOU READ at stated o/p powers ±1dB 
88.103 3 watt r.m.s. mono. Uses one I.C. pro- 
tected against short circuit £2.33 
88.103-3 Stereo version - two I.C.s £4.33 

.88.105 5 w. r.m.s. into 3 , using 12V £3.49 
88.110 10 watts r.m.s. using 24V and 4 ohm 
load £4.05 
88.120 20 watts r.m.s. into 4 ohms, using 
34V £4.81 
88.140 40 watts R.M.S. into 4 ohms using 
45 volte supply unit such as 88.345 £4.99 
88.1100 100 watts R.M.S. with heatsink 
flange, built protection against short-circuiting 

£ 10.43 
but with full ,size 

£11.82 
88.1100/H As SS.1100 
heataink 
(Heataink alone £1.39) 

TONE CONTROL/PRE-AMPS 
88.100 Active stereo tone control, ±15d8.on 
bass and treble £3:00 
88.101 Stereo pre -amp for ceramic cartridges, 
etc.. Passive tone control details supplied£2.33 
88.102 Stereo pre -amp for low output magnetic 
P.Us. R.IAA. corrected £4.04 
UNIT ONE 
Stereo pre -amp and active tone -control ±15dB 
treble and bass. Vol./balance/treble/bass £9.00 
UNIT TWO 
As Unit One, but for modern mag. pick-ups. 
R.IAA. corrected £12.43 

F.M. TUNING 
88.201 Front end tuner, slow geared drive, two 
gang. A.F.C. facility. Tunes 88-108 MHz £6.90 
88.202 I.F. amp can take meter and A.F.C. 
facilities £3.48 
88.203 Phase lock loop Stereo Decoder£4.19 
88.203-1 Coll -type stereo decoder Neg. earth 
with I.C. £3.08 
88.203-3 Coil -type Transistor. Pos. earth 

£2.50 

POWER UNITS 
we 13-15 volt take-off points on all models 
except SS.312. Off load voltages. 

88.312 12V/1A £8.36 
88.318 18V/1A £6.54 
88.324 24V/1 A £7.27 
8S;334 34V/2A £8.31 
88.345 45V/2A £9.98 
85.350 50V/2A £10,36 
88.370 70V/2A £14.63 

88.310/60 Stabilised power supply; output 
variable from 10V to 50V/2A. Built-in pro- 
tection against shorting £16.69 

88.300 Power stabilising unit 10.50V adjustable 
for adding to unstabilised supplies. Built-in pro- 
tection against shorting £5.02 

SPECIAL TERMS FOR QUANTITY BUYERS 
UK MID OVERSEAS TRADE ENQUIRIES INVITED 

Stirling Sound 

A 

100 
WATT R.M.S. 

POWER 
AMPLIFIER 

All prices shown include V.A.T. 
and post end packing charges 

so es to make ordering 
easy. When you buy in 
person from our shop, 

cost cf p&p. is 
deducted. 

A 
SPECIAL 

70V 
SUPPLY UNIT 

YOURS FOR £24.20 
including V.A.T. and cost of pip 

At Stirling Sound, we design, make and sell from 
our famous QV (Quality and Value) Modules in our 
own factory. With over 25 years of continuous selling 
direct to the public, we know how to give value second 
to none. Was there ever better value than this? Look at 
our 100 watt R.M.S. amplifier with full size heatsink 
(SS.1 100 H) and 70 volt/2A power unit with low volt 
(13-15V) take off point for pre -amp etc. This robust 
assembly makes an even domesic hi-fi where low con- 
version factor loudspeakers are used. 

Bought separately, SS.1100 costs £10.43, the 
large heatsink £1.39, SS.370, £14.63 - total 
£26.45. Ordered together the cost comes to 
£24.20. 

You save £2.25! 

Mail Orders to DEPT. RC6 
37 VANGUARD WAY 
SHOEBURYNESS, ESSEX 
Telephons: Shosburynoa (03708) 5543 

Personal Shoppers 
220-240 West Road Telephone: 

Westcliff-on-Sea, Essex. 0702-351048 

Open all day Saturdays 

Power output 
100 watts R.M.S. into 
4 ohms 

Frequency range 
10 Hz to 50 KHz 
±1dB 

Sensitivity 
500 mV for full output 

Distortion 
0.01% at half power 

S/N Ratio 
Better than 75dB 

Power 
requirements 
70 volts (i.e. 
SS.370) 

Size (85.1100) 
5 x 3.5 x 1.25 Inches 
sink. 
SS.1100 incorporates 
protection against 
shorting; SS.370 has 
low volt take off 
point (13-15v) 

WHEN ORDERING make cheques/money orders crossed, payable to 
BI-PRE-PAK LTD. Use separate sheet of paper if you prefer not to 
cut out the coupon but quote DEPT RC6 

USE THE COUPON TO AVOID DELAY 

STIRLING SOUND, 37 VANGUARD WAY, SHOEBURYNESS, ESSEX 

Please supply: NAME 

tor which I enclose cheque/money order £ 

ADDRESS 

R.C.B 
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SUPERSOUND 13 HI-FI MONO 
AMPLIFIER t superb ' rd state audio 

amplifier. Brand new 
components throughout. 

J 
Silicon transistors 

plus 2 power ont -put 
transietorein push-pull. 
Full wave rectifica- 
tion. Output approx. 
13 watts r into 

ohms. Frequency 
response 12Hz. 30KHz 
3db. Fully integrated 

pre -amplifier stage with 
separate Volume, Baas boost and 

Treble cut controls. Suitable for 8.15 ohm speakers. 
Input for ceramic or crystal cartridge. Sensitivity 
approx. 40.nV for full output. Supplied ready built and 
tested, with knobs, escutcheon panel, input and output 
plugs. Overall size high x 6' wide x 7--" deep. 
AC 200/250V. PRICE 618.75, P. & P. £1'00. 

DE LUXE STEREO AMPLIFIER 
A.C. mains 
200-240 v. 

L'^ g 
1. i.iayaae ! heavy duty 

t sing r C fully s old i ,t,s .I 
fed mains .- transform - 

er with full 
wave recti fication 
giving sale 
q u o t e 

smoothing with negligible hum. 
Valve line -up: -2 x ECL86 Triode Pentodes. 1 x EZ80 
ae rectifier. Two dual potentiometers are provided for 
base and treble control, giving bass and treble boost and 
cut. A dual volume control is used. Balance of the left and 
nigh hand channels can be adjusted by means of a sepa- 
rate 'Balance' control fitted at the rear of the chassis. 
Inpr t sensitivity is approximately 300m/v for lull peak 
output of 4 watt» per channel (8 watts mono), into 3 ohm 
speaker.. Full negative feedback in a carefully calculated 
clreuit,allows high volumelevela to be used with negligible 
distortion. Supplied complete with (knobs, chassis size 
Wye x 4'd. Overall height including valves 5' Ready 
built and tested to a high standard. 018.40. P. to P. £1 30. 

HARVERSONIC STEREO 44 
A Bolid state 
stereo amplifier 
chassis, with an 
output of 3-4 
watt. per chao. 
net into 8 ohm 
speakers. Us- 
ing the latest 
high techno 

logy Integrated circuit amplifiers with built in short term 
thermal overload protection. All components including 
rectifier smoothing capacitor, tune, tone control, volume 
control., 2 pin din speaker socket. and 5 pin din tape 
rec./play socket are mounted on the printed circuit 
panel, sise approx. 9t' X 225' fe 1" max. depth, Supplied 
brand new and toted, with knob., bruehçd anodised 
aluminium 2 way escutcheon Ito allow the amplifier to be 
mounted horizontally or vertically), at only £9'00 plus 
509 P. & P. Maine transformer with an output of 17V 
a/c at 500 m/a can be supplied at 21-50 plug 40p P. & P. 
it required. Full connection details .upplied, 

BRAND NEW MULTI -RATIO MAINS TRANSFOR- 
MERS. Giving 13 alternatives. Primary: 0-210-240v 
Secondary combinatlons0-5-10-13-20-25-30-35--40-60v. 
half wave at 1 amp. or 10-0-10, 20-0-20, 30-0-30v. at 
2 amp. full wave. Size 3in. long x 31ín. wide x 3in. 
deep. Price 02.00. P. & P. 90p. 
MAIMS TRANSFORMER. For power supplies. 
Prl. 200/240e. Sec. 9-0-9 at 500 n.A. £1.00. 1'. & P. 60p. 
PrI. 200/240v. Sec. 12-0-12 at 1 amp. 21.86, P. & P. 40p. 
Pri.200/240v. Sec, 10-0-10 at 2 amp. 22.80. P. & P. 90p. 
Pri. 200/340e. Sec. 23v. at 1.5 amp, 6v at 6 amp, 8v. at 
50 mA. tree + 65p P. & P. 

ALL PURPOSE POWER SUPPLY UNIT 200/240v. A.C. 
input. Four switched fully smoothed D.C. outputs giving 
8v. and 75v. and 9v and 12v. at 1 amp on load. 
Fitted insulated output terminals and pilot lamp indicator. 
Hammer finish metal ease overall size 6' x 31" x 21. 
Rote built and td Price £6.75. P. & P. 85p. 

STEREO -DECODER SIZE 2" x 3" x :_4" 

Ready built. Pre -aligned and tested. el 
Sena. 20.500mV for 9.16V neg. ie 

earth o ny FMn. Can be fined to 
ICI 

almost any FM VHF radio or tuner. 
Stereo beacon light can be fitted if 
required. Full details and in- 
structione(inclusive of hints and tips) e 
.upplied. tea 20p P. & P. 
Stereo beacon light if required 40p to el extra 

QUALITY RECORD PLAYER AMPLIFIER MK. I1 
A top quality record player amplifier employing heavy 
deity double wound mains transformer, ECC83, EL84, 
and rectifier. Separate Bass, Treble and Volume controls. 
Complete with output traru/ormer matched for 3 ohm 
speaker. Size 7in wide x 3in deep x Rn high. Ready 
built and tested. PRICE £7.00. P. & P. 90p. 
ALSO AVAILABLE mounted on board with output 
transformer and speaker. PRICE !ß00. P. & P. 0100. 

MAINS OPERATED SOLID STATE 
AM/FM STEREO TUNER 

200/240V Mains operated Solid State AIM 1/M Stereo 
Tuner. Covering M.W. A.M. 540-1605 KHZ, VHF/FM 
88-108 MHZ. Built -1n Ferrite rod aerial for M.W. Full 
AFC and ACC on AM and FM. Stereo Beacon Lamp 
Indicator. Built in Pre -amps with variable output volt- 
age adjustable by preset control. Max o/p Voltage 600 
soft RIMS into 20K. Simulated teak finish cabinet. Will 
match almost any amplifier. Size e5' w. 4' h. x 9l' d 

approx. LIMITED NUMBER ONLY at 528 + 61.30 
P. u' P. 

SPECIAL OFFERS 
Mollard LP1159 RFIF Double Tuned Amplifier Module 
for nominal 470kHz. Size approx. 21' X I}' xi' 
7.6V + earth. Brand new pre -aligned. Full specification 
and connection details supplied. 22.86 + P. & P. 12p. 

Pye ,t 111/FM 'l'once Head 
covering 88-108M/Hz. 
10 75f/Hz IF output 7.8V + 
earth. Supplied pre-aligneff. 
with full circuit diagram. 
Connection details supplied. 
Beautifully made with pre - 
elision -geared FM Gang and 
323 Pf + 323 Pf AM Tuning 
Gang only 63.15+P. h P. 35p. 

PRECISION MADE 
Push Button Switch bank. 8 Buttons giving 16 S/P CIO 
interlocked twitches plus 1 Cancel Button Plus 3 d/p c/o. 
Overall size 5" x " " x l'. Supplied complete with 
.hrome finished +witch buttons 2 for 81.50 + 20p, P. & P. 

HI-FI LOUDSPEAKER SYSTEM MkI I 
Beautifully made simulated teak finish enclosure now 
with most attractive slatted front. Size let' high x 
101' wide x 9' deep (approx.). Fitted with E.M.I. 
Ceramic Magnet 13' X 8' bass unit, H.F. tweeter 
unit and cros.over. AVAILABLE IN NOMINAL 
4 ohm, 8 ohm or 16 ohm impedance (elate which). 
Handling power 10 watts R.M.S. 

OUR PRICE 212.80 each. Carr, £I.90 
Cabinet Available Separately 07.00 each. Carr. gí40. 
Also available in 8 ohms with EMI 13' x 8' bat 
speaker with parasitic tweeter 211.10 each. Carr. 
£1.90. 

LOUDSPEAKER BARGAINS 
in. 3 ohm 22.00, P. & P. 35p. 7 x 4in. 3 ohm 12.85, P. & P 

48p. 10 x bin. 3 or 15 ohm 23.20. P. & P. 75p 
8 X Sin. 3 ohm with high Buz magnet 28.00, P. & P. 50p 
Tweeter. Approx. 3U. Available 3 or 8 or 15 ohme 
22.00 + 25p, P. & P. 

2' PLASTIC CONE HF TWEETER 4 ohm, £5,50 per 
matched pair + 50P P. & P. 

HIGH POWER HI-FI 8 uhm Dome Tweeter. l' voice 
roil. Magnet size 3' dia. Suitable for use in up to 50 
watt systems. 24.50 each 4- GOp P. k P. 

VYRAIR & ARSINE SPEAKERS & CABINET FABRICS 
app. 54 in. wide. Our price 11.60 yd. length. P. & P. 80p 
per yd. (min. 1 yd.). S.A.E. for samples. 

"POLY PLANAR" WAFER -TYPE. WIDE RANGE 
ELECTRO-DYIAIIIC SPEAKER 
Size 11I' X 14 x 1,'' deep. Weight 19oz. Power 
handling 00W r.m.s. (40W peak). Impedance 8 ohm only. 
Response 40Hz--20k1z, Can be mounted on ceilings,eeaile, 
etc. and used with or without bailie. Send B.A.E. for 
details. Only 08.40 each. P. & P. 75p for one, 90p for 
two. 

Now also available 8"-8 ohm. 10 watts r.m.s. 20 watt peak 
40 Hz -20,000 Hz Overall depth l'. Ideal for HI -Fi or for 
use in cars. 15.10 + P. & P. (one 35p, two OSp). 

LATEST ACOS áP91/1SC mono compatible cartridge with 
t/o stylus for LP/EP/78. Universal mounting bracket. 
£1.80. I'. k P. 18p. 
CERAMIC STEREO CARTRIDGE. Universal mounting 
brackets and turnover stylus. 70mí' per channel output. 
ONLY £110. P.& P. 18p. 
SONOTONE 9TAHC COMPATIBLE STEREO CARTRIDGE 
I/O stylus Diamond Stereo LP and Sapphire 78. 
ONLY ten. P. & P. 10p. Also available fitted with twin 
Diamond T70 stylus for Stereo LP. £2.86. P & P. 18p. 
LATEST CRYSTAL T/0 STEREO/COMPATIBLE 
CARTRIDGE for EP/LP/Stereo 78. £1.80. P. & P. 18p. 
LATEST T/O MONO COMPATIBLE CARTRIDGE for 
playing EP/LP/78 mono or stereo recorda on mono 
equipment. Only !1.68. P. & P. 18p. 

HARVERSONIC SUPER SOUND 
10 + IO STEREO AMPLIFIER KIT 

A really first-class Us0', Stereo Amplifier Kit. Hoe 14 
translators including Silicon Transistors in the lest five 
stages on each channel resulting in even lower noise 
level with improved sensitivity. Integrated peeamp with 
Bass, Treble and two Volume Controls. Suitable for uses 

Icy Ceramic or Crystal cartridges. Very simple to 
modify to suit magnetic cartridge -instructions Included. 
Output stage for any epeakernfrom 8 to 15 ohms. Compact 
design, all parts supplied including drilled metal work, 
high quality ready drilled printed circuit board with 
component identification clearly marked, smart brushed 
anodised aluminium- front panel with matching knob, 
wire, solder, nuts, boite -no extras to buy. Simple step 
by step instructions enable any constructor to build an 
amplifier to be proud of. Brief specifications: Power 
output: 14 watts r.m.s. per channel into 6 ohms. Pro 
quesley response 4- 3dB 12-30,000 Ile Sensitivity: better 
than 80mV into IMO. Full power bandwidth: +3dß 
12-16,1300 Hz. Bass, boost approx. to +12d11. Treble 
cut approx. to -10dB. Negative feedback 18d13 over 
main amp. Power requirement. 35v. at 1.0 amp. 
Overall Size 12'w. x 8'd. X 2I'h. 
Fully detailed 7 page construction manual and parte 
list free with kit or send 25p Pita large S.A.E. 
AMPLIFIER KIT 518.60 P. & P. 66p 
(Magnetic input components 33p extra) 
POWER PACK KIT .. . 06.60 P. & P. Sap 
CABINET 26.60 P. & P. 86p 

Spacial offer -only 223.75 if all 3 units ordered at 
one time plus tí'00 P. & P. 

Full after sales service 
A loo available ready built and tested Ui -26. P. & P. 81.00. 

Open 9.304.30 Monday to 
Friday. 9.304 Saturday 
Closed Wednesday. 
Print and seecifcot/ona correct 
at time of prese. Subject to 
alteration without notice 

1 -VALVE AUDIO 
AMPLIFIER HA84 MI D. 
Designed for HI-Pleeprodue- 
tion of records. A.C. Mains 
operation. Ready built on 
plated heavy gauge metal 
chasss, else 75'w. x ed. X 
ern. Incorporates ECC83, 
EL84, E280 valves. Heavy 
duty, doable wound mains 
transformer and outputtraas- 
former matched for 3 ohm 

speaker. Separate volume control and now with improved 
wide range tone controls giving base and treble lilt and 
cut. Negative feedback line. Output 41 watts, Front 
panel can be detached and leads extended for remote 
mounting of controls. Complete with knobs, velvet, etc., 
wired and tested for only £8.20. P. h P. £1'00. 
MIL "FOUR" AMPLIFIER KIT. Similar in appearance 
to HA34 above but employs entirely different and 
advanced circuitry. Complete set of parts, etc. 11740. 
P. & P. 61.00. 

10/14 WATT HI -PI 
AMPLIFIER KIT 
A stylishly finished 
monaural amplifier 
with an output of 
14 watts from 2 

EL84. in push-pull. 
Super reproduction 
of both music and 
speech, with negli 
gible hum. Separate 
inputs for mike and 
gram -low records 
and announcements 
to follow each other. 
Fully shrouded section wound output translonner to 
match 3-150 speaker and 2 independent volume control., 
and separate base and treble controls are provided 
giving good lift and cut. Valve line-up 2 EL846 ECC83, 
BF86 and EZ80 rectifier. Simple inetructlon booklet 
25p X SAE (Free with parte). .411 parts sold separately. 
ONLY 518.00, P. & P. 01.35. Also available ready built 
and tested !18.60, P. S P. 21.35. 

SPECIAL LINES OFFERED SUBJECT TO 
STOCK AVAILABILITY 

Limited number of British Manufacturer'. Surplus 
professional 100 watt RMS Slave amplioere. Special 
features: 2 separate power modules, 1 for Base response, 
and 1 for mid. range/tweeter 5 stage LED display for 
power off) indication. Ale mains i/p switchable for 110 
or 240V. Can easily be converted to stereo. 
AVAILABLE TO PERSONAL CALLERS ONLY -PLEASE 
PHONE TO CONFIRM AVAILABILITY. 
Brand new and tested only 68816. 

OUR PRICES INCLUDE VAT AT 
CURRENT RATES 

HARVERSON SURPLUS CO. LTD. 
(Dept. P.E.) 170 HIGH ST., MERTON, LONDON, S.W.19 Tel.: 01-540 3915 

.4 foe miritd.e frogs ß.w,1 W ivsbledea Tube Sfailan 

SEND STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES 

(Please write clearly) 

PLEASE NOTE: P. & P. CHARGES 
QUOTED APPLY TO U.I. OILY. 
P. & P. ON OVERSEAS ORDERS 
CHARGED EXTRA. 
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ambit INTERNATIONAL T,.e. ra.,,, 

The Wireless Specialists for components & modules. 

EF5800, 7030 & 91196 - .9uV/30dB S/N., 0.2% THD 
Our top three FM tunermodules.(EF5800 shown with can off/. 

d 

a h. 

From left to right, the EF5800 6 circuit varicap FM tunerhead 
with the 7030 linear phase IF and the 91196 PLL stereo decod- 
er with integral 55kHz 'birdy' filter. The system provides afc 
muting, meter drives, agc, auto stereo switch, & a specification 
that exceeds broadcast requirements. Now available with a new 
EF5801 tunerhead, with FET buffered oscillator output for 
synthesiser/frequency readout facilities. 
EF5801..£17.45; EF5800..114.00; 7030..110.95; 91196..112.99 

Complete FM tuner kits/systems (Carriage £3 extra.) 
The Mark 8 Signs/master by Larsholt Electronics 
This tuner is based on the popular 7252 tunerset, and provides 
an incomparable combination of style and performance that 
can be built by even the relatively inexperienced constructor. 
Complete kit....185.00; matching 25+25W amplifier...£ 79.00. 
International Mark 2 Tuner kits: 
Complete tuner kit, based around the 7253 tunerset, £65.00 . 

Or just the chassis, cabinet, heavey aluminium front panel - 
for your own choice of modules- see our new info. leaflet on 
the International Tuner, (SAE please) 

NEW NEW.NEW NEW NEW NEW NEW NEW 
BIONIC FERRET METAL LOCATOR 

Ambit has designed a new approach to cost effective sensitive 
metal locators, and now we proudly present the first of the 
family of 'Bionic Ferrets'. Details OA, but we can say it will 
detect a 10p piece at 8-10 inches. Coupled with low power 
consumption and many innovations, this is the first radically 
advanced detector that can be made from a kit. £37.99 

Radio module selection: (Prices for kits in our catalogue & PL) 
EF5800 Ambit 6stage varicap 88-108MHz tunerhead £14,00 
EF5800 TOKO 5 stage varicap .. £12.95 
EC3302 TOKO 3 stage varicap .. £7.50 
7020 Dual ceramic filter FM IF system module £6.95 
92310 MPX decoder, with stereo filter and preamp £6.95 
93090 MPX decoder with CA3090AQ + filter stage £7.35 
91197 MW/LW varicap AM tuner module £11.35 
771 New 'Off -Air' UHF varicap TV sound tunermodule 

with mute, AFC, dual conversion, PSU £27.00 
9014 MW/LW/Stereo FM tuner chassis Mach- tuned £26 00 
Components: ICs, coils, filters, trimmers diode law pots etc. 
HA1137W/3089E FM IF 1.94 TOKO AM IFTs: 
TBA120 FM IF and demod0.75 455/470kHz types 0.30 
MC1350 FM IF preamp 0.97 10,7MHz types 0.33 
SN7666ON FM IF and det. 0.75 (10mm square, with int, cap.) 
MC1310/4400 PLL MPX 2.20 455kHz Mechanical filters 
CA3090AQ PLL MPX 3.75 4 or 7 kHz bandwidths 1.95 
HA1196 PLL MPX 4.20 455kHz ceramic IF filters 
uA720 AM radio system 1.40 6 or 8 kHz bandwidth CFT0.55 
TBA651 AM radio system 1.81 SFD455 (Murata) 0.75 
HA1197 AM radio system 1.40 455kHz dual ceramic CFX 1.80 
LM1496 balanced mixer 1.25 10.7MHz filters for WBFM: 
11C90 600MHz decade ctr 14.00 3132A 6 pole lin phase 2.25 LM38ON 2*W Audio 1.00 3125N 4 pole lin phase 1.30 LM381N audio preamp st. 1.81 CFS ceramic filters 0.50 TDA2020 20W audio amp 2.99 pilot tone I MPX) filters: 
TCA940 10W audio amp 1.80 BLR3107N stereo 1.90 NE723 voltage regIC 0.80 BLR2007N 

.. 
1.95 TDA1412 12v 600mA reg 0.95* BLR3152/mono 0.97 78M20 20v 500mA 1.20 BLR3172N tape bias trap, with TAA550B varicap regulaton3.50* 85 or 100kHz pole 0.97 NE560/1/28 PLL ICs 3.50* various chokes etc. see price list ICL8038CC function gen 4.50* 

22turn 100k diode law trimpots with integral knob 40p 
270 rotary 100k diode law tuning pot 32p 
AIso....meters for tuners,AM tuning varicaps, MOSFETs etc.... 

post/packing 22p per order - except where indicated 
General: All prices shown here exclude VAT, which is 
generally 12íf,%. (Except where marked). The latest 
price leaflet is available FOC with an SAE. Please send 
a (large) SAE with any enquiries. Full catalogue still 40p. 

37 High Street, Brentwood, Essex. CM14 4RH. 
TELEPHONE (0277) 216029 - after 3pm i/ possible please. 

Vero 

VEROPAK CASES are available in five sizes. They are 
manufactured from P.V.C. clad steel with 16 S.W.G. 
aluminium front panels, anodised to a very high standard 

VEROPAK CASES were designed for industrial instrument 
use. They are a strong, attractive housing that will protect 
your delicate circuits for a lifetime. 

Send for our booklet which describes Veropak cases, 
Vero board, Pins, Tools, Plastic cases etc. S.A.E. 7" x 9" 
plus 10p to: - 

VERO ELECTRONICS LTD. RETAIL DEPT. 
INDUSTRIAL ESTATE, CHANDLERS FORD, HANTS. SOS 3ZR 

DeCITand BLOB -IT 

S-DeC No simpler way of learning circuit construction. 
S-DeC No quicker way of getting a circuit working. 
S-DeC Simply plug components in, no soldering. 
S-DeC Try, test, prove circuit working. 

5D Blob -Board Transfer your working circuit, component 
by component, to the 5D Blob -Board. 
5D Blob -Board No cutting or drilling of contact rails. 
LOW, LOW price. 

S-DeC-IT And Blob IT Low price, numbered contacts, 
quick circuit try -outs, test components before soldering, 
large working area, assess competative circuit layouts, 
test parts of circuits- Reusable. 

S-DeC + control panel + 9 Protect instruction book + Free 
5D Blob -Board £2.25 + £0.40 Post and V.A,T, 

5D Blob Boards, Pack of 3, with complete instructions, 
Pack of 3 £0.56p + £0.15p Post and V.A.T. 

Available from all good component stockists. 
FREE / P -B Electronics (Scotland) Ltd. 

l Fq-S/1 57 He Street, Saffron Walden, Blob Board Essex CB101AA 

PB 
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PI[F.CISION 
IN YOUR HAND! 
with the PRECISION 
PETITE miniature electric drills 

z, 
The P1 drill illustrated 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 PRICES inc V,A.T. 
P1 S Drill Stand 5.13 35 p.p. 

10,000 t r.p.m.. with 120 cmg. torque. A P1 Drill only 8.67 35 p.p. 

wide range of accessories is available. Flexible Drive Shaft 6.94 25 p.p. 
Transformer 7.58 70 p.p. 

ALSO the New P2 drill ... more powerful, Variable Speed Transformer 9.50 70 p.p. 

faster and of larger capacity has 4 collets S.30 Kit (Drill with 30 tools) 19.39 85 p.p. 

for 0 to 3.6 mm. tool shanks, longball Kit complete 38.02 1.16 p.p. 
P2 Drill only 18.60 86 p.p. 

bearing shaft and powerful motor running Replacement accessories each 

at 12,000 r.p.m. with 320 cmg. torque Postage for spares (any quantity) 20p 

12v d.c. n 3 am s. Send 91n x 4in SAE for illustrated leaflets and order form 

Sole UK Distributors 

PRECISION PETITE LTD 
119a HIGH STREET TEDDINGTON MIDDLESEX TW118HG 

TEL 01-977 0878 24 Hour recorded service 

Yes, I remember it well - Home Radio supplied all the parts 
for me to make this little project. It's an 8 -transistor radio you 
know. Mind you, this was some time ago, and when a certain 
doggie got In on the act I rather lost interest. However, we 
elephants never forget, and when I returned to the hobby, 
why bless me, there was good old Home Radio busier than 
ever dishing out components. And today? Well, have you seen 
their fabulous catalogue? It's jumbo sized - and I should 
know! Its crammed with all the things the amateur construc- 
tor is bound to need. With each catalogue they give a bargain 
list of unrepeatable offers. Another thing - they have a 

wonderful credit scheme, simple to join, and it enables 
members to order by phone. Now, when I need components I 

just put through a trunk call (get it?) and they're sent off 
without delay. Why not join the club? You'll need a catalogue 
first. It has over 200 pages, lists over 5,000 items, with nearly 
2,000 illustrations. The cost? A modest £1 plus 40p for pack- 

ing and postage. 

Send the coupon today - now, before you forget) 

Please writs pur Nome and Address i. block capitals 

NAME 

ADDRESS 

HOME RADIO (Components) LTD., Dept. RC I 

234-240 London Road, Mitcham, Surrey CR4 3HD 
Regd No 912966. London 

HOME RADIO (Components) LTD. Dept. RC, 234.240 London Road, Mitcham, CR4 3HD. Phone: 01-648 8422 
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SPECIAL SERIES . . 

Blob -a -Job No. 1 

VOLTAGE 

STABILIZER 
By I. R. Sinclair 

A voltage stabilizer which can be built to provide outputs 
at 3 volts, 5 volts, 6 volts or 9 volts, according to the zener 

diode chosen. 

This is the first of a series of fairly simple circuits taking 
advantage of the ease of construction which is possible us- 
ing the new Blob Boards. With these boards, many of the 
tedious jobs such as drawing layouts and checking both 
front and back of each circuit are eliminated. Each track on a 

Blob Board is numbered so that we can show a track 
number on the circuit diagram as a guide to circuit construc- 
tion. After some practice on the following circuits, you will 
be able to write Blob -numbers on your own circuits, so mak- 
ing them easy to build. 

Blob Board has tinned tracks, so that soldering is very 
much easier than with copper, and all the construction is 
done on the track side of the board. In this way we can see 
a whole circuit at a glance, without having to keep turning 
the board over. In addition, having one side free of tracks or 
components means that Blob Boards can be simply 
mounted by sticking them to the surface of boxes or panels. 

STABILIZER CIRCUIT 
This circuit is a useful voltage stabilizer, which can be 

applied for t.t.l. supplies (5 volts output) or for running tran- 
sistor radios (6 volts or 9 volts) or calculators (3 volts, 6 
volts or 9 volts) from 12 volt batteries or other supplies. The 
output voltage of the stabilizer is fixed so that you must 
decide what output voltage you need before building the cir- 
cuit. Alternatively, the circuit, could be modified to provide 
several switched voltages. 

The circuit is shown in Fig. 1. TR1 is a medium -power 
transistor used as a series stabilizer and is therefore wired 
between the unstablized d.c. supply and the circuit which is 
to be operated. R1 is connected between the collector and 
the base of TR1 and also to the collector of TR2, so that the 
voltage at this point controls the output voltage, since the 
voltage between base and emitter of a conducting silicon 
transistor (in this case TR 1) is about 0.6 volt. TR2 is con- 
trolled by the voltage across R2, which also will be about 
0.6 volt when TR2 conducts. The current flowing in R2 
passes through zener diode ZD 1, which decides what the 
output voltage will be. 

Unstabilized 
input 

TR2 

2N697 

e 

Locating 

tag 2N697 
Lead -outs 

ZDI 

b c e 

80131 
Lead -outs 

Stabilized 
output 

Metal heatsink 
connection 
(connected to 
collector) 

Fig. 1. The circuit of the voltage stabilizer. 
Output voltage is equal to zener voltage plus 

0.6 volt. 
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If, for example, we choose ZD1 to be a 4.3 volt zener, 
then the voltage on the base of TR1 will be 4.3 volts less 
than the output voltage of the stabilizer. If this makes the 
voltage at the base of TR2 equal to about 0.6 volt, TR2 will 
conduct. Current flowing in TR2 will flow through R1, caus- 
ing the voltage at the base of TR1 to drop. When the base 
voltage of TR 1 drops the emitter voltage drops also, which 
in turn causes the voltage at the base of TR2 to drop by the 
same amount. The circuit will stabilize with TR2 just conduc- 
ting, so that the stabilized voltage is equal to the zener 
voltage plus 0.6 volt. In our example, where we have used a 
4.3 volt zener, the stabilized output voltage would be 4.9 
volts, so that the circuit would be ideal for supplying t,t.l, cir- 
cuits, such as those tube described later in this series. 

For a 3 volt output we would need a 2.4 volt zener (or 
nearest), for a 6 volt output a 5.4 volt zener and for a 9 volt 
output an 8.4 volt zener. The nearest values obtainable are 
2.7 volt, 5.1 volt and 8.2 volt, and for all practical purposes 
these would be satisfactory, The zener diode can be a 
BZY88 type for any of these voltages. 

BUILDING THE STABILIZER 
The circuit is repeated in Fig. 2, and this has numbers 

which indicate Blob Board tracks. The Blob Board for the 
circuit is specified in the Components List, and it has the 
track layout shown in Fig. 3. This board has much more 
space than we need, so that the circuit can be spread out or 
made in a very compact form so that the Blob Board can be 
cut to allow more circuits to be built on the remainder. The 
point of numbering the tracks is that connections shown in 
the drawing can be made anywhere along the track 
providing that each connection is made to the track number 
shown. You can, if you like, use any other five consecutive 
tracks. 

COMPONENTS 
Resistors 
R1 1 kfl } watt 10% 
R2 150A } watt 10% 

Semiconductors 
TR1 BD131 
TR2 2N697 
ZD1 Zener diode type BZY88 (see text) 

Blob Board 
Blob Board type ZB2V5 

2 

3 

4 

5 

6 

7 

e 

9 

b 
1 

12 

13 

14 

Fig. 2. Adding Blob Board track numbers to the 
voltage stabilizer circuit. 

Start with the resistors and cut their leads to shape and 
size. As is shown in Fig. 5, R2 is connected between tracks 
13 and 14, next to each other, so this resistor will have to be 
mounted end -on as illustrated in Fig. 4(a). R1 is connected 
between tracks 10 and 12 so that there is room to place this 
horizontally, bending the wires as shown in Fig. 4(b) with 
the spacing between the leads equal to two Blob -tracks 
Tin the ends of the leads, and then blob the components 
onto the board. 

To do this, hold R2 with tweezers so that its lead -out 
wires are butted to the Blob -tracks, one on track 14 and the 
other on track 13. We can connect the resistor anywhere 
along the tracks though preferably not too near the 
numbered edge, since we want to be able to read the 
numbers. A good plan is to start opposite the numbered 
edge so that if we then cut the board the numbers will re- 
main for the next project. Position V would be suitable. With 
the resistor lead -out wires butted against the board tracks, 
apply the tip of a hot iron with a little solder on it against 
both track and lead -out wire. A blob of solder will form very 
quickly round the joint, and the iron can be taken away, leav- 
ing a joint which is very strong because the Blob Board 
tracks are very well attached to the board. The tinning on 
the board plus the tinned wire of the resistor makes the job 
of soldering very quick. Now attach R1 in the same way, but 
between lines 10 and 12. We can use the same part of the 
board, as these resistors do not overlap. 

ABCDEFGH I JKLNINOPORSTUVW 

.j 
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End -on Horizontal mounting 

(a) (b) 

Fig. 4. Two ways of soldering a resistor to the 
board tracks. In (a).the resistor is end -on or ver- 
tical, whilst in (b) it is mounted horizontally. 

ZENER DIODE 
ZP1 should now have its leads cut to length to be con- 

nected between lines 11 and 13. It is most important that 
the cathode end should connect to line 11. This end is iden- 
tified by a coloured band, which is usually white. Blob 
the zener diode in place in the same way as the resistor. No 
heat -shunt is required, since blobbing is such a quick opera- 
tion. 

Next prepare the two transistors. The leads of TR2 may 
have to be trimmed if they are long, but transistors with 
short leads can be used directly. The leads of TR 1 will need 
to be bent slightly. Be careful to hold each lead in pliers at 
the body of the transistor while bending the lead, so 
avoiding strain on the transistor body seals. Once again, the 
leads are tinned and then blobbed in place on the board. The 
emitter of TR2 is connected to line 14, its base to line 13 
and its collector to line 12. The base of TR 1 is connected to 
line 12, its emitter to line 11 and its collector to line 10. This 
completes the construction. 

Note that if any mistakes are made, the circuit is easily 
checked because of the line numbering, and corrections are 
easily made. In particular it is very easy to remove a tran- 
sistor since each lead need only be unsoldered and lifted 
clear of the Blob -track; there is no need to pull the lead 
through a hole. 

ZD1 

Metal side 

Fig. 5. The voltage stabilizer components can 
be assembled on the Blob Board in the manner 

shown here. 

In use the positive side of the unstabilized input supply is 
connected to line 10 and the negative side to line 14. The 
stabilized output voltage is taken from line 11 (positive) and 
line 14 (negative). The unstabilized supply should preferably 
be at least 3 volts higher than the stabilized output, but if 
very much higher voltages are used some care will have to 
be taken over the current drawn. For example, if a 12 volt 
battery is used with 'a 3 volt stabilized output there is 9 volts 
across the BD131, and large currents would overheat this 
transistor. The current output, however, is adequate for tran- 
sistor radios, calculators and small scale t.t.l. circuits. 

THE 

"EPICON" 
CAMERA 

TUBE 
By Michael Lorant 

Dr. S. Morry Blumenfeld, Dr. William A. E. Engeler and 
Ernest A. Taft, staff scientists of General Electric Research 
and Development Center, Schenectady, New York State, 
have developed a new television camera pick-up tube, called 
"Epicon", which offers exceptionally high sensitivity and 
long life. Productión of the new tube is already under way at 
General Electric's Imaging Devices Operation - part of the 
GE Tube Department - at Syracuse, N.Y. 

An Epicon camera tube is held by Ernest A. 
Taft one of its developers at the General Elec- 
tric Research and Development Center, 
Schenectady, N.V. Looking on are the other 
developers of the high sensitivity tube, Dr. 
William E. Engeler (loft) and Dr. S. Morry 

Blumenfeld 
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An intriguing new development in the field of television camera tubes.. 

PHOTOCONDUCTIVE LAYER 

The Epicon camera tube overcomes a problem which has 
been evident in the past with Vidicon tubes. In these, the 
light from the image is applied to a photoconductive target 
which, consisting of many semiconductor sensing devices, 
takes up'a corresponding charge pattern. The pattern is then 
scanned by an electron beam. 

In earlier Vidicon tubes the target has consisted of a 
silicon wafer on which a layer of silicon dioxide has been 
deposited, windows in the dioxide being provided at the 
semiconductor sensing areas, which consist of p.n. junctions 
sunk below the target surface. 

With this type of tube difficulties arise when electrons 
from the electron beam accumulate in the dioxide on the 

11RM 
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In the basic Vidicon tube shown at the top the 
target has in the past consisted of semiconduc- 
tor sensing areas covered by a "resistive sea" 
which allows excess stored electrons to leak 
away. With the Epicon target the dioxide is 
largely covered by grown silicon structures. 
These prevent electron storage and permit the 

omission of the resistive sea material 
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target surface. The problem has been eased by ádding a thin 
layer of material, called a "resistive sea", over the whole sur- 
face of the target. The resistive sea permits the excess elec- 
trons to leak away but its addition introduces a further 
problem. This is due to the fact that the resistive sea 
material cannot withstand a high temperature bake -out dur- 
ing manufacture, with a consequent reduction in working 
tube life. 

The Epicon target removes the necessity for a resistive 
sea by "growing" an array of millions of silicon structures in 
a few square inches of target area, these structures being in 
the form of pyramids which not only project above the sur- 
face of the target but also cover much of the dioxide layer 
around each sensing semiconductor junction. The 
geography of the target area is such that relatively very little 
of the dioxide layer is exposed to the electron beam and 
there is no significant storage of excess electrons. 

This considerably enlarged view of a small part 
of an Epicon target shows the regulary shaped 
pyramid -like silicon structures which are 
grown on the target surface. Covering nearly 
all the silicon dioxide layer, these structures 
prevent the absorption and retention of excess 
electrons and remove the necessity for a 

resistive layer to provide a leakage path 

As a result the resistive sea is no longer required, and 
the target can be subjected to high bake -out temperatures 
during manufacture with a consequently increased tube life. 
Also, the tube cannot be damaged by being pointed at a 
bright light source, as happened on the moon when a 
camera with another type of tube was accidently directed at 
the sun. 

665 



NEWS . AND . 

BBC BROADCASTS IN QUADRAPHONY 
Douglas Muggeridge Director of Programmes, 

BBC Radio, has said: "BBC Matrix H has many vir- 
tues. Not only is it cheap, but it is entirely compatible 
with stereo and mono. That is very important. We 
should not have decided to go ahead with experimen- 
tal broadcasts if the quality of the normal signal to 
the listener would have been in any way impaired. So 
listeners with ordinary radio sets can hear the 
programmes in mono or stereo as they normally do, 
while at the same time they will be available in 
quadraphony to over 90% of the population of the 
United Kingdom. 

"We are aware that very few people will be able to 
take full advantage of 'the Quadraphony 
transmissions at the outset of the experiment. 
However, by the end of the 12 month experiment we 
hope enough people will have been able to listen to let 
us have a worthwhile reaction to Quadraphonic 
Radio. We also hope the broadcasts will stimulate the 
interest of manufacturers and hi-fi enthusiasts, and 
that cheap decoders will soon be on the market. 

"Once again BBC engineers have helped the 
programme makers to extend the frontiers of listen - 
mg pleasure. The development of BBC Matrix H is a 
major achievement and because it is comparatively 
inexpensive it allows us to make history at a time of 
financial difficulty." 

BBC Matrix H has the following advantages: 
It is cheap for the stereo listener 

By using two further loudspeakers which can be 
smaller, and attaching a comparatively cheap `black 
box' decoder/amplifier to his stereo equipment, he 
can receive BBC Quadraphony broadcasts. 

It is cheap for the broadcaster 

Existing stereo recording equipment, lines and 
transmitters can all be used without modification. 
The cost to the BBC of going into Quadraphony will 
be £10,000 to £15,000. That includes the cost of this 
year's experimental programmes. 
Listening to mono and stereo is unimpaired 

The BBC Matrix H tests have shown that balan- 
cing programmes for Quadraphony produces mono 
and stereo performances indistinguishable from the 
existing service. The listener to mono or stereo will 
not suffer in any way. 

Enhanced listening pleasure 
Listening to Quadraphony can give a worthwhile 

improvement over listening to stereo. The listener 
does not have to remain stationary in relation to the 
loudspeakers as he does for stereo, and with four 
loudspeakers he can move around without losing the 
effect of Quadraphony. 

Programmes 
Saturday, 25 June 
Rl Alan Freeman (sessions only) 1430-1731 
Tuesday, 28 June 
R2 Radio Orchestra 2100-2200 
Thursday, 30 June 
RS Verdi: Aida, live, Royal Opera House1900-2240 
Saturday, 2 July 
R3 Alison Bauld: Van Dieman's Land 

BBC Singers (rec. rpt.) 
Friday, 22 July 
R3 First Night of the Proms 1930-2140 

BBC -2 taking part 1 live 

FIFTY YEARS OF AC MAINS RADIO 

The Radionette R3 - claimed to be 
the first AC mains radio In Europe, 
mad. by Jan Wessel of Norway in 

1927 

1977 marks the jubilee of Europe's first AC mains radio, it is claim- 
ed. This was hand -made by the Norwegian Jan Wessel in 1927. 

Unlike many young people interested in crystal radio receivers in the 
1920s, Jan Wessel not only spent all his pocket money on purchasing 
wire and crystals to listen to overseas broadcasts but carried his 
activities even further. 

In 1926, at the age of 23, he decided self employment was the only 
answer and in due course registered the company `Radionette'. 

In 1927 he developed and marketed what is claimed to be the first 
AC mains radio in Norway and Europe - the company never looked 
back. 

In 1968 the Norwegian Technical and Natural Science Research 
Council awarded him its Honours Prize for 40 years pioneering work in 
radio technology. 

Fifty years later with a modern factory situated in 84 acres of 
beautiful countryside overlooking the Oslo Fjord, Radionette, with Jan 
Wessel at its head, enjoy a dominant position in the Norwegian market 
and exports radio and tv. products world-wide. 
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 COMMENT 
'SEE IN THE DARK' 
CAMERA USED LIVE 
ON TV 

BBC Pebble Mill at One, 26 April, first ever live 
broadcast with a Thermal Imaging Camera. 

On 26 April 1977 BBC Birmingham, "Pebble Mill 
at One", programme featured live television pictures 
taken by a new low cost thermal imaging camera 
which can work in total darkness. The new Pyro- 
Electric camera, produced by the Electro -Optical 
Systems Division of Marconi -Elliott Avionic Systems 
Limited (a GEC -Marconi Electronics company), has 
a special Vidicon camera tube which responds only to 
heat radiated from a subject with no contribution 
whatever from light in the visible spectrum. The 
camera, featured in the programme because it is on 
display in the British Genius Exhibition, gives an 
output which is completely compatible with standard 
625 line TV equipment. This, and its portability, is 
demonstrated by its use in the programme as a 
"roving" camera. 

Hitherto thermal imaging cameras involved highly 
complex and expensive forward looking infra -red 
(FLIR) systems, based on the use of a large matrix of 
discrete heat sensing elements, in conjunction with a 
very high speed mechanical scanning system. Their 
cost greatly limited the application of thermal imag- 
ing techniques. Now the Marconi -Elliott Pyro- 
Electric Vidicon camera, whose construction and 

. operation is similar in principle to that of a conven- 
tional TV camera, can extend the technique to a 
variety of industrial, medical and even domestic 
uses. 

Working with any of the widely available TV 
monitors the new camera can show pictures which 
bear a remarkable resemblance to those taken by 
cameras using visible light using only the pattern of 
thermal energy produced by the object. This means 
that "hot spots" in rotating machinery, including for 
example vehicle tyres, can be readily located as can 
thermal stress in power cables and soil patterns in 
aerial surveys. 

Calling YLs 
At the Drayton Manor Rally on 17 April, a meeting 

of YL operators and SWLs was held, with a view to 
forming a British Young Ladies Association, the aims 
at the moment being to further YL operating in the 
UK, to promote friendship, and to help in any 
matters arising or relating to YL interests. 

YLs interested should contact the following: 
SWLs - Miss Brenda Tomlinson, 45 Altrincham 

Road, Wilmslow, Cheshire. 
Transmitters - Mrs. Mary Adams, 'Little Croft',. 

Shurdington Road, Cheltenham, Glos. 

Cmos Audio Amplifier 
In the components list on page 553 April issue, C3 should, 

of course, have been 150pF. 
We regret the error which occurred during printing. 

METAC ELECTRONIC AND 
TIME CENTRES 

With the opening of Metac's Electronic and Time 
Centres - the company has introduced to the UK a 
new concept of specialist electronic consumer goods 
outlets, a trend which has proved to be very 
successful in the USA. 

This type of retail outlet in the US is referred to as 
a 'Byte' shop, selling sophisticated items such as 
microprocessors, mini -computers, as well as the 
current range of electronic consumer products 
available on the market. 

Metac Electronic and Time Centres are run by 
electronics engineers, offering professional expertise 
and advice to the High Street shopper and solutions 
to basic engineering problems, during and after sales. 

Metac Electronic and Time Centres offer the latest 
state-of-the-art in electronic products, from elec- 
tronic wrist -watches and clocks and time -pieces to 
TV games, treasure tracers and electronic car ignition 
systems including 'assemble it yourself kits and later 
on this year - microprocessors. 

Spare parts for all items, as well as 'on -the - 
premises' servicing are available to the customer. 
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-I SUGGESTED CIRCUIT 

CD4018 TRUTH 
TABLES 

Q 
One of the more intriguing digital 

integrated circuits to become available 
to the experimenter is the presettable 
divide -by -N counter type CD4018. 
This is a CMOS device capable of 
functioning at supply voltages 
between 3 and 15 volts, and it has the 
unusual facility of being able to divide 
by 2, by 4, by 6, by 8 or by 10 as re- 
quired, the divisor being selected by 
making the appropriate external Con- 
nections between its pins. In conjunc- 
tion with a CD4011 NAND gate 
package it will also divide by 9, 7, 5 or 

3 Many readers will be unfamiliar 
with the CD4018 and the writer felt 
that it would be of value todevote his 
article this month to a detailed con- 
sideration of the device dealing in 
particular with its use when dividing 
by even numbers. The i.c. is potential- 
ly attractive for random number 
games and successive control systems, 
and so a number of truth tables have 
been prepared which show all the out- 
puts given on successive counts. 

PIN LAYOUT 
Fig. 1 illustrates the CD4018 in its 

dual -in -line plastic form, this being 
the version normally available from 
component suppliers. The full RCA 
type number for the i.c. is CD4018A, 
with the suffix E added to indicate a 
d.i.l. plastic package. The negative 
supply is connected to pin 8 and the 
positive supply to pin 16. The device is 
advanced one count by each positive - 
going pulse applied to the clock input 
at pin 14, and the clock pulses are fed 
to five succesive counters inside the 
i.c., these having buffered outputs at 
not- 1, not -Q2, not -Q3 not -Q4 and 
not- 5 respectively. ('The meaning 
"not' is indicated in the diagram bya 
bar over the letter.) If it is desired to 
divide the clock input by 2, the not-Ql 
output is directly connected to the 
data input at pin 1. Division by 4, 6, 8 

By G. A. French 

DATA - 
JAM I -.. 

JAM 2- 

02- 

ÓI- 

E23 - 
JAM 3- 

Vss - 

I . 16 

8 9 

VDD 

RESET 

- CLOCK 

05 

- JAM 5 

CD4OI8AE 
Top view 

- óa 

PRESET 

- JAM 4 

Fig. 1. Pin allocations for 
the CD4018AE 

and 10 is carried out by similarly con- 
necting the not -Q2, not -93, not -Q4 
and not -Q5 outputs respectively to the 
data input. The divided output is nor- 
mally taken from the not -Q output 
connecting to the data input. To give 
an example, Fig. 2 shows the relevant 
connections for division by 8. As can 
be seen, the input pulses are applied to 
pin 14 (clock), whilst pin 11 (not -Q4) 
is connected to pin 1 (data). The 
divided output is taken from pin 11. 

All the not -Q outputs are cleared to 
an "all -zero" state when the reset in- 
put at pin 15 is taken high (i.e. close to 
the positive rail). In practice, since 
these are "not" outputs, the outputs 
all go high. The reset input has no 

1 

effect on operation if it is low (i.e. close 
to the negative rail). If the preset in- 
put at pin 10 goes high, this allows in- 
formation on the am" inputs to 
preset the counter. For simple coun- 
ting operations the. preset and "jam" 
inputs can be ignored, and these are 
then all disabled by being connected 
to the negative supply rail. 

Whilst simple division applications 
such as that shown in Fig. 2 can be 
readily envisaged, experimenters may 
also wish to take advantage of not -Q 
outputs other than that which governs 
the division factor. Such outputs can 
be applied to gates for the control of 
l.e.d. segment displays and similar 
functions, thereby considerably 
enhancing the usefulness of the 
counter. It is difficult to evaluate all 
the not -Q outputs by an examination 
of the manufacturers data on the i.c., 
and it is for this reason that the writer 
decided to determine the output states 
by practical experiment. 

DATA 
I .I 

CLOCK Input 4 

Output 

Fig. 2. For division by 8, the 
not -(2 output is connected 

to the data input 
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+5V 

14 
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tHigh', 

RI 
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5' 
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52 .1 

14 

R2 

10kn 
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1C2 

CD4018 

11 13 

00000 
M3 M4 M5 

t7 
14 8 

7400 R1 R2 I/4 watt 10% 

Top view M1 -M5 see text 
7 

Fig. 3. The circuit employed for checking the performance of the counter 

EXPERIMENTAL CIRCUIT 
The experimental circuit is shown 

in Fig. 3. In this five voltmeters, Ml to 
M5, are connected to the not -Q1 to 
not -Q5 outputs respectively, and in- 
dicate whether each output is high or 
low. In practice each voltmeter should 
have a resistance of 100k û or more, 
as the not -Q output currents are rather 
limited. A suitable voltmeter would be 
given, fo1 instance, by a multimeter 
with a resistance of 10K 12 per volt or 
more on its volts range switched to 
read 0-10 volts. A flying lead from pin 
1 can connect to any of the not -Q out- 
puts as desired, to provide the re- 
quired division figure. The preset and 
"jam" inputs are all connected to the 
neptive rail. 

The reset input at pin 15 is normal- 
ly held at a low potential by switch S2. 
It can be taken to a high potential by 
way of the 10k 11 resistor R2 when 
switch S2 is opened. Since the CD4018 
is a CMOS device all inputs have ex- 
ceptionally high internal impedances, 
and it is quite in order to take the reset 
pin high by way of a 10k'1ì resistor. 
The object of the experiment is to in- 
itiallyconnect pin 1 to the appropriate 
not - output, then open S2 to clear all 
outputs to high. S2 is next closed and 
successive positive -going pulses are 
applied to the clock input at pin 14. 
The not -9 outputs at each pulse are 
then monitored by MI to M5. 

The positive -going pulses are 
produced by changing S1 from the 

Low" to the `High" position. 

Because of contact bounce the switch 
cannot be coupled directly to the clock 
input of the CD4018 and it is coupled 
to it instead via the RS latch given by 
two NAND gates of a 7400. Briefly, 
when Si is set to "Low" one input of 
the upper NAND gate is low and so its 
output at pin 3 is high. Both inputs of 
the lower gate are high and its output 
at pin 6, which is fed to pin 14 of the 
CD4018, is low. Taking Si to the 
"High" position causes pin 5 to be low 
and the output at pin 6 to go high. The 
output of the upper gate now goes low. 
The usefulness of the latch is that the 
output at pin 6 latches into the state 
selected by Si as soon as the contacts 
of the latter close in any new position, 
and is not affected by subsequent con- 
tact bounce. Resistor RI ensures that 
the pin 6 output, when high, is close to 
the potential of .the positive supply 
rail, as is necessary for an input to a 
CMOS digital i.c. When pin 6 is low, 
the associated internal output tran- 
sistor in the 7400 is turned hard on, 
and the output is close to the negative 
supply rail. 

The positive supply is connected to 
pin 14 of the 7400 and the negative 
supply to pin 7. No connections are 
made to the other pins of this i. c. and 
its remaining gates are unused. Switch 
Si is an s.p.d.t. toggle type. 

Any regulated 5 volt supply can be 
employed, and that used by the author 
is illustrated in Fig. 4. This is quite a 
standard circuit and is shown only 
because it was found that if S3 were 
closed with Si in the "Low" position 

2,3,7,8, 

9,10,12 

all the not -Q outputs took up a high 
state, irrespective of which not - out- 
put was coupled to pin 1 ofthe 
CD4018. This performance may be 
quite fortuitous and may not be 
repeated with other integrated circuits 
or with other types of power supply 
circuit. S2 was still of use in bringing 
all the outputs to high whenever a re- 
run of a series of readings was re- 
quired. 

+5V 

TR1 

AC 127 

CI 

IO0NF 
IOVwkg 

R3 
Iko 

BZY88 
C5VI 

R3 

AC127 
Lead -outs 

1/4 watt 10% 

Fig. 4. A suitable 5 volt 
stabilized supply 
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TABLE 1 

Not -Q5 to Data input 

Step Not -Q outputs 

1 2 3 4 5 

1 H Ì-I H H H 
2 L H HH H 
3 L L HH H 
4 L L L H H 
5 L L LL H 

6 L L LL L 
7 H L LL L 
8 H H LL L 
9 H H HL L 
10 H H HH L 
11 H H HH H 

TRUTH TABLES 

The first of the truth tables appears 
in Table 1, and applies to the case 
where the not -Q5 output is returned to 
pin 1, giving a division by 10. This 
particular table gives a series of 
readings which are quite predictable. 

Step 1 is the initial step in which all 
outputs are high and is given by open- 
ing and closing S2 (or, in the writer's 
case, by switching on at S3). Si is then 
taken to "High" and back to "Low", 
giving Step 2; subsequent steps corres- 
pond to a similar operation of this 
switch. As is to be expected, the output 
in column g gives the requisite divi- 
sion by 10. There are first five high out- 
puts followed by five low outputs, and 
so on. From Step 2 to Step 6, a low out- 
put passes across the columns, a step 
at a time, until at Step 6 all outputs 
are low. At Step 7 a high output 
appears in column 1, and the high out- 
puts then proceed across the columns 
until, at Step lit all outputs are high 
again. Step 12 will then give the same 
result as in Step 2, and so on. 

The truth table shows that, with the 
not -Q5 output connected to the date 
input, a divided by 10 output is 
available at any not -Q pin. There is 
also a phase difference between the 
outputs, which could be of use for 
some applications. 

TABLE 2 
Not -Q4 to Data Input 

Step Not -Q outputs 
1 2 3 4 5 

1 H H H H H 
2 L H HH H 
3 L L H H H 
4 L L LH H 
5 LL 'L L H 

6 HL LL L 
7 HH LL L 
8 HH HL L 
9 H H H H L 

10 L H HH H 

Table 2 is of more interest and 
shows the results given when the not -Q4 
output is returned to pin 1. Again, the 
starting point is with all inputs high. A 
pattern emerges immediately after 
Step 1, Step 2 is repeated in Step 
10, and the series in steps 2 to 9 
inclusive is then repeated continuousi- 
ly. Normally, the divided by 8 output 
would be taken from the not -Q4 pin 
but (after Step 1) it can also be taken 
from any other not -Q output. In this 
table, the outputs at 1 and 5 are exact- 
ly opposite to each other for every 
step. 

TABLE 3 
Not -Q3 to Data input 

Step 
Not -Q outputs 

1 2 3 4 5 

1 H H H H H 
2 L H HH H 
3 L L HH H 
4 L L L H H 
5 H L LL H 

6 H H L L L 
7 IIH HL L 
8 L H HH L 
9 L I. HH H 

Table 3 shows the divide by 6 state, 
with the not -Q3 output connected to 
the data input. The first three 
columns are predictable, and a con- 
tinuous pattern taking in outputs 4 
and 5 emerges after Step 2. Step 9 is 
the same as Step 3, with the result that 
Steps 3 to 8 inclusive are continually 
repeated. A divided by 6 output is 
available from any not -Q pin (after 
Step 2). Also, not -Q4 is directly op- 
posite to not -Q1, and not -Q5 is directly 
opposite to not -Q2. 

TABLE 4 
Not -Q2 to Data input 

Not -Q outputs 
Step 

1 2 3 4 5 

1 H H Fi H H 
2 L H HH H 
3 L L HH H 
4 H L L H H 
5 H H L L H 

6 
L L HH L 

8 H L L H H 

Divide by 4 conditions are shown in 
Table 4, and here the pattern appears 

after ,Step 3, with Step 4 and Step 8 
being identical. Steps 4 to 7 inclusive 
are repeated continually. Again (after 
Step 3) a divided by 4 output is 
available in all the columns, with 
column 3 being opposite to columns 1 

and 5, and the intermediary columns 2 
and 4 being opposite to each other. 

TABLE 5 
Not -Q1 to Data input 

Not -Q outputs 
Step 

1 2 3 4 5 

1 H H H H H 
2 L H H H H 
3 H L H H H 
4 L H H H H 

The final table, Table 5 offers no 
surprises. Here we have a divide by 2 
function appearing in both column 1 
and column 2, whilst the remaining 
three not -Q outputs merely remain 
high all the time. 

It will be seen that the CD4018 is an 
extremely interesting digital i.c. and, 
even when used as a simple dividing 
counter, offers a surprisingly high 
degree of versatility. As was stated at 
the beginning of this article it is par- 
ticularly suited for random number 
games and successive control systems, 
and the truth tables show that it is 
possible to take advantage of it in cir- 
cuit designs employing not -Q func- 
tions which are normally ignored. 
Since the device is a CMOS i.c. the 
usual safety precautions have to be 
observed, and soldering to its pins 
should be carried out with an iron hav- 
ing a reliably earthed bit. If desired, 
the wiring can be made to an i.c. 
holder, the i.c. being plugged into this 
when all circuit connections have been 
completed. 

CORDEX PLAIN 

SELF -BINDERS 

Owing to the increase in 
demand for our plain binders, 
we regret that there will be 
some delay in supplying. 

We expect to receive 
further supplies from the 
manufacturers towards the 
end of this month. 

We apologise for any in- 
convenience caused to 
readers. 
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SIMPLE 
QUA DRAPHOMC 
AMPUFIER 

-; sxar., % 

Part 1 

By 
R. A. Penfold 

Taking advantage of the Motorola SC1 decoder 
i.c. type MC1312, this quadraphonic amplifier in- 
corporates comprehensive tone and balance con- 
trols. It is capable of taking inputs from tape, 
tuner or magnetic cartridge, and can operate, if 
desired, in two channels as well as in four 
channels. It can also give synthesised four 
channel reproduction from a standard stereo two 
channel input. In this article details are given of 
the amplifier case and power supply circuits. 

Although there is now quite a wide range of four 
channel high fidelity equipment available, many peo- 
ple must be deterred from buying this by the high 
price of commercially produced quadraphonic equip- 
ment. There are probably many audio enthusiasts 
and others who are rather sceptical about the advan- 
tages of four channel audio, anyway. Even in the 
author's family there were some who doubted the 
effectiveness of quadraphonic reproduction. 

The amplifier which forms the subject of this short 
series is a low cost unit which will handle normal two 
channel stereo as well as four channel SQ matrix en- 
coded programme sources. It will also give synthesis- 
ed four channel reproduction from two channel stereo 
sources. 

An output power of about 4 watts r.m.s. per channel 
into 8a impedance speakers is available. Inputs for 
magnetic cartridge, tape deck and tuner are provided. 
If required the magnetic cartridge input can be very 
simply and easily modified to accept the output from 
a ceramic cartridge. The output quality is quite good, 
and the typical distortion level is less than 1% for out- 
put levels up to about 4 watts r.m.s. A brief specifica- 
tion for the amplifier is given in the accompanying 
Table. 

In use the amplifier has proved to be quite 
successful, and has silenced the quadraphonic critics 
in the writer's household. The cost of the amplifier is 
relatively small, and it should prove to be an eminent- 
ly suitable project for any experienced electronics 
enthusiast who is interested in building and using 
genuine quadraphonic equipment. 

It should nevertheless be pointed out that this is not 
really, a suitable project for beginners or relatively in- 
experienced constructors since a certain amount of 
knowledge of electronic wiring, circuit diagrams and 
printed circuit board production is required. 

FOUR CHANNEL SYSTEMS 
The design of quadraphonic equipment is com- 

plicated by the fact that there are several four 
channel systems of disc recording. The three main 
systems are CD4, QS and SQ. 

The CD4 system has the disadvantage that it is 
rather complicated and expensive equipment is need- 
ed for reproduction. CD4 stands for Compatible 
Discrete Four channel, and the system was devised by 
the Victor Company of Japan. CD4 records are 
produced by RCA and several other companies. 

This system is somewhat similar to the process 
used in stereo f.m. transmissions. One wall of the 
record groove carries the left front (LF)plus left back 
(LB) signals in the normal way. The LF-LB signal is 
frequency modulated onto a 30kHz carrier wave, and 
this signal is contained on the same wall of the record 
groove. At the decoder the LF+LB and LF-LB signals 

SPECIFICATION 

Input impedance; tape, tuner: 3M fl typical 
Input impedance; magnetic cartridge: 47k11 
Input sensitivity; tape, tuner: 400m 
Input sensitivity; magnetic cartridge 4mV 
Output power per channel, 8f1 load at 1kHz; 4-5 
watts r.m.s. 
Frequency response, - 3dB points; 50Hz-30kHz 
Total harmonic distortion: less than 1% typical 
Unweighted noise level; tape, tuner: -70dB 
Unweighted noise level; magnetic cartridge: -62dB. 
(Noise levels are with volume and balance controls at 
maximum, tone controls adjusted for flat response 
and inputs short-circuited.) 
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are recovered and mixed to produce the original LF 
and LB signals. The other groove wall of the record 
provides similar signals which contain the right front 
(RF) and right back (RB) signals. 

The carrier signals are modulated over a frequency 
range of 20kHz to 45kHz, and so they are not 
reproduced by ordinary two channel equipment. The 
LF+LB and RF+RB signals are in effect an ordinary 
stereo signal, and will be reproduced on two channel 
equipment, and on mono equipment, in the usual 
way. CD4 has the advantage over the other two 
systems that it gives four independent channels. 

It has the disadvantage that a special cartridge and 
stylus are needed to provide an adequate frequency 
response with sufficient channel separation. A main 
drawback, from the point of view of the home con- 
structor, is the complexity of a good 
demodulator/ decoder. 

MATRIX SYSTEMS 
The alternative SQ and QS matrix systems work on 

the same basic principle and there are several other 
four channel systems which also use this principle. 
These include some of the very simple surround - 
sound systems, such as are given by adding a pair of 
Hafler-connected speakers to an ordinary stereo 
amplifier. 

The matrix systems rely on a phasing technique 
which, if looked at in fairly broad terms, is reasonably 
easy to understand: Assume that there are two iden- 
tical in -phase signals, as in Fig. 1(a). If these are fed 
to an electronic adding circuit they will appear as a 
single output having twice the amplitude of each in- 
dividual input. This is illustrated in Fig. 1(b). 

If, on the other hand, the in -phase signals are fed to 
a differential circuit, the output will be equal to the 
difference between the two signals. Since they are 
identical and in phase there is no difference and there 
will be no output signal, as shown in Fig. 1(c). 

Should the signals be 180 degrees out of phase, as in 
Fig. 1(d), the opposite will occur. Feeding the signals 
to a differential circuit will generate an output of 
twice the amplitude of each input. This is obviously 
so since when one signal reaches a positive peak the 
other reaches a negative peak and there is a large 
difference in their amplitudes at these points. The 
large amplitude signal is illustrated in Fig. 1(e). 

By feeding the two out -of -phase signals to an ad- 
ding circuit an output of zero is obtained. In this case 
the equal positive and negative going half -cycles 
precisely cancel one another out, as will be seen from 
Fig. 1(f). 

In bur channel matrix systems the four channels 
are mixed into two. However, they are not mixed in a 
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conventional manner but after some channels have 
undergone phase shifts. The resulting two channels 
are then cut into an ordinary stereo record groove in 
the usual way. 

During playback the signals from the record are fed 
to a decoder where they are processed by phase shift 
networks and then passed to adding and differential 
circuits. The four original signals are (largely) 
recovered at the output. The signals in a practical 
system are far more complex than the sine waves used 
in the examples of Fig. 1, but the principle is exactly 
the same. 

It would, perhaps, be rather idealising the system 
to say that the four original channels are completely 
recovered, since the four channels are not totally in- 
dependent of each other. A signal in a rear channel 
will appear more loudly in that channel than it will in 
any other, but it will still also appear in two other 
channels at reduced volume. Usually, the system is 
arranged so that the signal appears at reduced level in 
the two channels adjacent to the intended one, and 
not at all in the diagonally opposite channel. Within 
the limits of the system, this will obviously give the 
smallest possible loss of directional accuracy to the 
reproduced sounds. 

Compared with the overall channel separation of 
most stereo systems, which is of the order of 20dB to 
30dB, this may not seem to be an adequate state of af- 
fairs. In practice, though, it is quite satisfactory, as a 
high level of separation of the four channels is not es- 
sential. 

It must be borne in mind that the rear channels of 
the system are usually intended to reproduce the 
sounds that are reflected from the rear of a concert 
hall, and that these signals are not totally indepen- 
dent from those which appear from the front. They 
both have the same origin. 

For this reason an effective four channel system 
can be produced with only relatively poor separation 
between some channels, whereupon it becomes possi- 
ble to synthesise a very effective four channel signal 
from a two channel' source. 

There are several broadly similar ways of using a 
phasing technique to encode four channels into two 
and then decode them back into four channels again. 
This situation has led to the existence of a number of 
matrix systems. 

The equipment to be described has been designed 
for use with SQ encoded material for two main 
reasons, both of which are eminently practical. First, 
a high quality i.c. matrix decoder, the Motorola 
MC1312, is readily available and this helps con- 

LF +45° 

Looking down into the top of the amplifier. The 
power supply board is mounted above the 

chassis 

siderably in simplifying construction. Secondly, a 
large number of SQ encoded records are available in 
Britain. SQ records are produced by CBS, who arethe 
originators of the system, and the records are 
available through EMI group retail outlets. Also, the 
Quadraphonic Record Centre, Beggars Banquet, 8 
Hogarth Road, London SW5, provide a retail 
specialist service. 

The quadraphonic amplifier does not incorporate 
the logic circuits which are stated to enhance front to 
back separation and which are encountered in some 
commercially produced quadraphonic amplifiers. 
The present design gives a completely adequate 
quadraphonic performance without circuit com- 
plications. The particular version of the MC1312 
employed by the author is the MC1312PQ, which is 
in a 14 pin quad -in -line package and is available 
from Bi -Pak Semiconductors. The i.c. is also 
manufactured as a 14 pin d.i.l. package with the type 
number MC1312P. 

A block diagram illustrating the SQ encoding and 
decoding processes is given in Fig. 2. 

AMPLIFIER CASE 

The amplifier is assembled in a home -built case, 
and construction commences with the making of this. 
The front and rear panels are cut from 18 s.w.g. 
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aluminium sheet, and their dimensions are shown in 
Fig. 3. 

Si is the main on -off switch and the type employed 
is a d.p.s.t. rocker switch obtainable from Doram 
Electronics. This fequires a rectangular aperture 
measuring 28.2 by 22.3mm. The aperture can be cut 
out by means of a fretsaw or miniature file. PLl is a 
neon indicator, with its own integral series resistor, 
suitable for operation from 240 volt a.c. mains. The 
hole for this should have a diameter applicable to the 
particular component used. 

S2 is a rotary s.p.s.t. switch and it needs to be a 
type capable of switching mains voltages and 
currents. Again, the mounting hole diameter should 
suit the particular switch employed. S3 is a normal 
small 4 -pole 3 -way rotary switch and requires the 
usual } in. mounting hole. Because of the different 
channels handled there are two potentiometers in the 
VR2 position, two potentiometers in the VR3 posi- 
tion, and four potentiometers in the VR4 positions. 
These all require standard }in. holes. 

VR1 is a 4 -gang slider potentiometer, requiring a 
vertical slot in the panel 64mm. long by about 3 to 
4mm. wide. The fixing centres are 80mm. apart and 
are drilled to take M3 mounting bolts. These should 
be 12mm. long, and pass into M3 tapped holes in the 
potentiometer, with }in. spacers between the panel 
and the potentiometer. A solder tag is secured on 
each screw next to the potentiometer body. 

To the best of the author's knowledge there is only 
one 4 -gang potentiometer suitable for VR1 which is 
available to amateur electronics enthusiasts, and this 
is the type manufactured by Rivlin Instruments 
Limited, Cordwallis Street, Maidenhead, Berks. This 
potentiometer can be obtained direct from Rivlin 
Instruments Limited, complete with plain black 
knob. If a metal knob is preferred, this may be ob- 
tained elsewhere. 

No firm dimensions for the socket mounting holes 
on the rear panel are given as these will depend upon 

Je 
.' 

4:...4."' 
. , , .,. , . _ _ > {. f. 

the sockets employed, which will be required to 
match the plugs on the ancillary equipment. At the 
left, as shown in the diagram, are the four sockets for 
the speakers. SK3 is a stereo input for magnetic car- 
tridge, SK2 for stereo tuner input and SK1 for stereo 
tape input. The fuseholder is a panel mounting type 
intended to take a 20mm. cartridge fuse. TR2 is a 
2N3055 power transistor whose body is mounted, 
with insulating bushes and mica washer, on the out- 
side of the rear panel. The mica washer may be 
employed as a template for marking out the moun- 
ting and lead -out holes. These holes must be drilled 
cleanly, with no burrs or rough edges which could 
damage the mica washer when the transistor is 
mounted. Also required is a hole for the grommet 
through which the mains lead passes. 

There are two holes marked "M3 clear" on both 
the front and rear panels. These are drilled later to 
take mounting bolts for a horizontal chassis. The 
mounting bolts could alternatively be 4BA. There are 
also two small holes at the outside edges of the two 
panels. These are for woodscrews which pass into the 
sides of the case. 

The case sides are of timber and their dimensions 
are also shown in Fig. 3. These are covered with 
Fablon or a similar self-adhesive plastic material 
having a wood grain effect. The front and rear panels 
are secured to them with woodscrews such that, when 
the case lid is fitted, its upper surface is at the same 
level as the panel tops. 

The lid of the case consists of a piece of hardboard 
measuring 15.1 by 8in. This is covered with the same 
self-adhesive material that is used for the sides and is 
held in place by a woodscrew at each end which 
passes into the case side underneath. It may be found 
that the lid has a tendency to sag in the middle; if this 
should occur two small pieces of wood about ¡in. cube 
may be glued to the inside of the front and rear pan- 
els to provide support at the centre. On the front pan- 
el the piece of wood should be above the space 
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between the holes for the upper VR2 and VR3 poten- 
tiometers. 

The base panel of the case is another piece of hard- 
board with the dimensions shown in Fig. 3. It fits in- 
side the two side pieces, and it may be necessary to 
reduce its length slightly to provide the requisite 
clearance. Two 6in. lengths of wood, of about ein. 
square section, are nailed or screwed to the case sides 
just inside the bottom so that, when the bate panel is 
fitted against them, its lower surface is at the same 
level as the bottoms of the panels. These wood pieces 
are fitted so that their rear ends butt against the rear 
panel, leaving about 2in. clearance behind the front 
panel. The base panel is secured by a woodscrew at 
each end passing into the supporting piece of wood 
above. The base has four large cabinet feet near the 
corners. 

far to the right of the case as the presence of VR1 will 
permit. When the requisite position has been found 
the four panel holes and the corresponding holes in 
the chassis flanges may be marked out and drilled, 
and the chassis finally bolted to the front and rear 
panels. 

The control knobs may next be fitted, as well as the 
grommet for the mains lead, after which the 
mechanical construction is virtually complete. All 
that remains is to carefully drill several holes for the 
component boards in the chassis. These holes are 
made later, after the boards have been prepared. 

POWER SUPPLY 

The power supply section of the amplifier provides 

Underneath the chassis. Here are mounted the 
power amplifier board and the board for the 
magnetic cartridge pre -amplifier and SQ 

decoder 

There is a flat chassis deck which is not shown in 
Fig. 3, and on which the circuit boards will be 
mounted. First cut out a piece of 18 s.w.g. 
aluminium, 9 by 8in. Bend it across its width at 90 
degrees, lin. from each end, so as to obtain a flat sur- 
face measuring_8 by 8in. with ¡in. flanges along two 
opposite sides. Both flanges project in the same direc- 
tion. This chassis deck is mounted between the front 
and rear panels with four bolts and nuts, the bolts 
passing through the "M3 clear" holes shown in Fig. 3. 
There is not a great deal of space for the chassis and it 
is advisable to fit all the sockets, potentiometers and 
other panel components before putting it in position. 
It is mounted approximately half -way up the panels 
with the flanges pointing downwards. It should, of 
course, be level and horizontal and it is mounted as 

three different output voltages. These are ap- 
proximately 26 volts for the power amplifiers, 20 
volts for the SQ decoder and 12 volts for the magnetic 
cartridge pre -amplifier. The complete circuit of the 
supply section appears in Fig. 4. 

The mains supply is fed to the primary of Ti via 
on -off switch Sl. PLl is a mains neon indicator with 
its own integral series resistor. The 30 volt secondary 
of the transformer feeds, via fuse F31, the full -wave 
rectifier circuit given by Dl to D4. The output from 
the rectifier circuit is smoothed to a very high degree 
by the reservoir capacitor Cl. The voltage across Cl 
provides the three output voltages by way of an elec- 
tronic regulator circuit. 

In this, a stabilized voltage of nominally 27 volts is 
developed across zener diode D5, this being applied 
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Fig. 4. The circuit of the power supply section of the amplifier. This provides outputs of 26 volts for the 
power amplifiers, 20 volts for the SO decoder end 12 volts for the magnetic cartridge stereo pre- 

amplifier 

The rear panel of the amplifier. The input and 
output sockets employed here may be types 
which are preferred by the constructor. 

to the base of TR1. TRI and TR2 form a Darlington 
pair and a voltage equal to the zener voltage less the 
voltage dropped in the base -emitter junctions of the 
two transistors appears at the emitter of TR2. This is 
the 26 volt output, with nearly all the output current 
flowing in TR2. C2 provides additional smoothing at 
the base of TR1 and there is only a very low ripple 
content in the 26 volt output. 

This output also feeds the potential divider con- 
sisting of R2, R3 and R4. The voltages at the junc- 
tions of these resistors are applied to the bases of the 

emitter followers TR3 and TR4. There can be small 
variations in the voltage at the 26 volt output due to 
loading by the power amplifiers. In addition to 
providing extra smoothing, C3 and C4 decouple the 
20 volt and 12 volt outputs from these variations. 

The mains transformer is any small component 
having a total secondary voltage of 30 volts at 1 amp. 
Most transformers of this type have secondary tap- 
pings below 30 volts, and these tappings are ignored. 
C1 is a single ended component with tags at one end 
and it requires a clamp for vertical mounting. 
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COMPONENTS 

Resistors 
(All fixed values } watt 10% unless otherwise stated) 

Rl 1 -off 2.2k0 
R2 1 -off 3.3k ß 
R3 1 -off 4.7k 
R4 1 -off 5.6k it 
R5 4 -off 22kn. 
R6 4 -off 2.2k0 
R7 4 -off 15k 
R8 4 -off 120kí2 
R9 4 -off 100k 
R10 4 -off 100 n 5% 
R11 4 -off 27k 5% 
R12 4 -off 18 n 
R13 2 -off 471kn 
R14 2 -off 12012 5% 
R15 2 -off 10kß 5% 
R16 1 -off 3.6k 5% 
R17 1 -off 3.6kß 5% 
R18 1 -off 4.3k n 5% 
R19 1 -off 3.6ko 5% 
R20 1 -off 3.6k n 5% 
R21 1 -off 4.3k 11 5% 
R22 1 -off 4.3k 5% 
R23 1 -off 4.3k ß 5% 
R24 1 -off 47kß 
R25 1 -off 7.5kß 
VR1 1 -off 100kß 4 -gang slide potentiometer, log 

(see text) 
VR2 2 -off 100kß 2 -gang potentiometer, log 
VR3 2 -off 100kí2 2 -gang potentiometer, log 
VR4 4 -off 47kß potentiometer, log 

Capacitors 
Cl 1 -off 5,000µF electrolytic, 50 V. Wkg., with 

clamp (see text) 
C2 1 -off 100µF electrolytic, 40 V. Wkg. 
C3 1 -off 50µF electrolytic, 25 V. Wkg. 
C4 1 -off 5QuF electrolytic, 25 V. Wkg. 
C5 1 -off 100µF electrolytic, 40 V. Wkg. 
C6 1 -off 100 F electrolytic, 40 V. Wkg. 
C7 4 -off 0.47JJF plastic foil 
C8 4 -off 0.0047µF plastic foil 
C9 4 -off 0.047pF plastic foil 
C10 4 -off 0.001/íF plastic foil 
Cli 4 -off 0.015ple plastic toil 
C12 4 -off 0.22uF type, C280 (Mullard) 
C13 4 -off 470pF ceramic plate 
C14 4 -off 1014F electrolytic, 16 V. Wkg. 
C15 4 -off 100µF electrolytic, 16 V. Wkg. 
C16 4 -off 0.0015µF plastic foil 
C17 4 -off 0.001µF plastic foil 
C18 4 -off 0.01µF type C280 (Mullard) 
C19 4 -off 1,000íF electrolytic 16 V. Wkg. 
C20 4 -off 0.1pFF type C280(Mullard) 
C21 1 -off 100íF electrolytic, 16 V. Wkg. 
C22 2 -off 0.47µF plastic foil 
C23 2 -off 220µF electrolytic, 10 V. Wkg. 
C24 2 -off 0.001µF lastic foil 
C25 2 -off 0.0082pF plastic foil 5% 
C26 2 -off 0.033µF plastic foil 5% 
C27 1 -off 0.039uF plastic foil 5% 
C28 1 -off 0.22'µF plastic foil 5% 
C29 1 -off 0.047µF type C280 (Mullard) 
C30 1 -off 0.00680 plastic foil 5% 
CCg11 1 og( p.039uF plastic foil 5% 
C32 1 -off 0.22pF plastic foil 5% 

C33 1 -off 0.039uF plastic foil 5% 
C34.1 -off 0.00680 plastic foil 5% 
C35 1 -off 0.039}sF plastic foil 5% 
C36 1 -off 0.047µF type C280 (Mullard) 
C37 1 -off 10014F electrolytic, 25 V. Wkg. 

Transformer 
T1 mains transformer, secondary 30V at lA 

ra Inte ted Circuits 
IC1 4 -off SN76023N 
1C2 1 -off MC1339P 
IC3 1 -off MC1312PQ 

Semiconductors 

TR1 BFY51 
TR2 2N3055 
TR3 BFY51 
TR4 BFY51 
D1 1N4003 
D2 1N4003 
D3 1N4003 
D4 1N4003 
D5 BZY88C27V 

Switches 
S1 d.p.s.t. rocker (Doram) 
S2 s.p.s.t. rotary toggle (see text) 
S3 4 -pole 3 -way rotary 

Neon 
PL1 panel mounting neon indicator with series 

resistor, 240V a.c. 

Fuse 
FS1 1.5A anti -surge cartridge fuse, 20mm. 

Miscellaneous 
6 large aluminium control knobs 
4 small aluminium control knobs 
Metal slide potentiometer control knob (see text) 
Panel mounting fuseholder (for FS1) 
3 stereo input sockets (see text) 
4 speaker output sockets (see text) 
Insulating kit (for TR2) 
Clip -on heatsink (for TR4) 
Materials for printed circuit boards 
Materials for case (see text) 
Screened wire, grommet, nuts, bolts, etc. 

NEXT MONTH 
In next month's issue we shall carry on to the con- 

struction of the power supply, after which we will 
deal with the power amplifiers and the pre -amplifier. 

For completeness the full Components List accom- 
panies the present article, and it will be evident that 
references to some of the components will appear in 
the succeeding articles. At this stage it may be men- 
tioned that the potentiometers in the VR2, VR3 and 
VR4 positions should be small modern components 
having a body diameter of less than lin. (25.4mm.). 
The 5% plastic foil capacitors will be discussed in 
Part 2. 

(To be continued) 

JUNE 1977 677 



By Frank A. Baldwin 

Times = GMT 

Continuing our adventures on the CW portions of the 
Amateur Bands, Top Band and Forty provided the 
usual good crop of Da. 

1.8-2.00 MHz (Top Band) 
DF8FW, DJOYD, DJ2RH, DJ6TK, DK2QL, 

F5AD, F8VJ G13JEX, GM3CFS GM3IAA, 
GM4AAF, GS 4BCF, IK4AMO, K1PBW N3RH, 
OH2B0, OH3PE/OHO, OK2BQL, Ok3KFF. 
OL8CGB, OL9ATY, PAOHIP, VUIITU, W1BB, 
W1HG 

HT 1HND, W2LW, WA4UPR, 
YU1PCF, 

YDigging 
around among the QRM on forty metres we 

weeded out the following - 
7.0-7.1 MHz (Forty) 

CO2CM, CO5DM, CO5GV, CM7FM, EP2VW, 
HC1LT, HI8MOG, KP4DJE, KP4WL, KZ5EK, 
LU8DQ, PJ8CO, PY1NEW, PY6AVY, PZ1AH, 
TI2LA, TI3SPS, UD6DFF, UD6DHU, UF6FBL, 
UI8ADM, UJ8JCI UL7CT, UM8BMV, VK3MR, 
VP2SAH, VP9H0, YS10, YV7PF, ZL2AYP, ZL2UV, 
ZP5AL, 5B4ZE, 7R1J, 9D5A. 

Raking over twenty, the produce shown was un- 
earthed, such as - 
14.00-14.35 MHz (Twenty) 

CX1AC, EL2ET, HH2EL, KG4JS, KL7HDN, 
KP4AR, KP4ESP, KP4MQ, KV4AA, KV4CI, 
KV4IL LU8ADK, OA4EK, PZ9AB, UD6BJ, 
UL7GBY, VE7XM, VP2SZ, VP8AI, VP9HT, 
YS1ESH, YS10, ZD8TM, ZE8JJ, 5Z4LW, 5Z4NI, 
8P6AU. 

Little time remained for twenty-one but among the 
few forked out were - 
21.00-21.45 MHz (Twenty-one) 

HKOTU, HK5IAZ, PJ2VD and, last but not least, 
ZS6ME. 

Till next time then, and we hope a bumper Dx 
harvest awaits! 

CURRENT SCHEDULES 
SOUTH KOREA 
"Radio Korea," Seoul, has an External Service in 

which English programmes to Europe are from 1130 
to 1200 on 7150, 9665 and 11860; from 1330 to 
1400 on 11860 and from 2000 to 2030 on 9665 and 
on 9720. 

LAOS 
The Laotion Domestic Service, Vientiane, signs on 

at 2230 on 3900 and 8130 and continues on these 
channels until the 0200 sign -off. From 0400 until 0700 
the frequencies in use are 6130, 6200, 7385 and 

Frequencies = kHz 

7480. From 0900 until sign -off at 1530 the channels 
in use are 3900, 4645, 6130, 6200, 6240, 7310 
and 7480. 

LESOTHO 
"Radio Lesotho," Maseru, presents a Domestic 

Service, mostly in English, from 0400 until the follow- 
ing sign -off times - Monday, Thursday, Friday, 
Saturday 2105; Tuesday 2050; Wednesday, Saturday 
2145, all on 4800. 

AUSTRIA 
"Radio Austria," Vienna, features programmes in 

English to Europe from 0830 to 0900 on 6155, 
15105, 15410 and on 17850; from 1230 to 1300 on 
6155, 9770, 11790 and on 17775; from 1830 to 
1900 on 6155, 9690, 15335 and on 17770. 

BULGARIA 
"Radio Sofia" transmits programmes in English 

directed to the U.K. and Eire from 1930 to 2000 on 
6070 and on 9700 and from 2130 to 2200 on 7115 
and 9530.. 

FINLAND 
"Yleisradio," Helsinki, offers programmes in 

English to Europe and North Africa from 0930 to 
1000 on 9550 11755 and 15270 (Saturdays and 
Sundays); to Europe, Middle East and West Africa 
from 1900 to 1930 on 11755 and 15265 daily; to 
Europe and North Africa from 2000 to 2030 on 9550 
and 11755 daily. 

EGYPT 
"Radio Cairo" currently radiates "Voice of the 

Arabs" programmes, in Arabic at various time 
periods throughout the day but for those interested 
probably the most convenient time would be from 
around 1500 to 1900 when they are on 15475 and 
17745 or from 1900 through to 2050 sign -off on 7050 
and 11630. 

AROUND THE DIAL 

BULGARIA 
Radio Sofia on 11785 at 1920 when presenting a 

talk in English to Europe and Central Africa, 
programme scheduled from 1905 to 1930. 

PORTUGAL 
Lisbon on 11925 at 2008, OM in Portuguese in a 

relay of the National Domestic Service to the Atlantic 
Islands, scheduled from 0700 to 2400 daily. 
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 MADAGASCAR 
Radio Nederlands Relay on 11730 at 2018, 

musical items in the English programme directed to 
Western Europe from 2000 to 2120. 

ALBANIA 
Tirana on 11985 at 0938, OM and YL alternate 

with a newscast in English beamed to Australia, 
scheduled from 0930 to 1000. 

W. GERMANY 
Deutche Welle on 11850 at 0942, a talk on Ger- 

man affairs in the English programme intended for 
Australia and Asia, scheduled from 0930 to 1000. 

SPAIN 
Madrid on 11920 at 0953, talks and music in 

the Spanish programme for European consumption, 
scheduled from 0830 to 1100. 

HUNGARY 
Budapest on 11910 at 0956, YL with an- 

nouncements in the German programme for Europe, 
scheduled from 0900 to 1000. 

INDIA 
AIR Delhi on 11775 at 1006, OM with a newscast 

in English in the daily programme directed to North 
East Asia and Australasia, scheduled from 1000 to 
1100. 

AIR Delhi on 11810 at 1403, OM with a talk about 
tourism in India in the General Overseas Service in 
English directed to South East Asia, scheduled from 
1330 to 1500. 

PHILIPPINES 
Radio Veritas, Manila, on 11780 at 1422, YL with 

a talk in English about the local holiday resorts and 
an invitation to "come to the Philippines." The after- 
noon English programme schedule is from 1400 to 
1500 on this channel and in parallel on 9645 and 
15260. Radio Ventas is part of the Philippine Radio 
Educational and Information Centre. 

SOMALIA 
Radio Hargeisa on a measured 11646 at 1516, OM 

in Somali announcing a programme of local Arabic - 
type music. This station radiates programmes for local 
consumption from 1100 to 1330 and from 1500 to 
1630 and is subject to frequency variations. 

BRAZIL 
Radio Nacional de Brasilia on 11780 at 2105, OM 

with news of local affairs in the English programme 
for Europe. 

SOUTH AFRICA 
Johannesburg on 11800 at 2100, interval signal, 

identification and news in the English programme to 
Europe and West Africa, scheduled from 2100 to 2150 
on this channel and in parallel on 7270, 9585 and 
11900. 

NORTH KOREA 
Pyongyang on a measured 6338 at 1913, YL with 

the English programme directed to the Middle East 

and Africa,- scheduled from 1800 to 2000 on this 
channel. 

SOUTH KOREA 
Seoul on 11865 at 1356, identification by YL in 

the English programme intended for Europe, schedul- 
ed from 1330 to 1400 but listed on 118601 

EGYPT 
Cairo on 9755 at 1543, OM with readings from the 

Holy Qu'ran in a transmission from the Holy Qu'ran 
Station, scheduled from 0230 to 0905 and from 1200 
to 2100. Programmes consist entirely of readings and 
religious features. 

Cairo on 7050 at 1910, OM in Arabic in a 
programme from the "Voice of Palestine, Voice of the 
Palestine Revolution" station, the programme 
schedule beingfrom 1800 to 1930 daily. 

Cairo on 145 at 1552, OM with Arabic pop songs 
in a programme for the Arabic -speaking world from 
the "oice of the Arabs" transmitter which operates 
on this channel from 0800 to 1400 and from 1500 to 
1900. 

CHINA 
Radio Peking on 6560 at 1854, OM in French with 

a programn(e for Africa and Europe, scheduled from 
1830 to 1930. 

Radio Peking on a measured 8933 at 1850, OM in 
Arabic with Africa and Europe as the target areas in a 
programme scheduled from 1830 to 1930. 

Radio Peking on 4815 at 1901, interval signal, 
identification "Govorit Peking" ("Here is Peking") in 
the Russian programme scheduled from 1900 to 1955. 

PAKISTAN 
Islamabad on 3330 at 1625, OM with song in Ur- 

du, local music in the Domestic Service, scheduled on 
this channel from 1400 to 1810. 

NEPAL 
Kathmandu on a measured 5006 at 1546, OM with 

local songs. The schedule of this 5kW transmitter is 
from 0020 to 0350, 0720 to 1050 and from 1150 to 
1720 on this channel and in parallel on 3424 
(100kW) and 7105 (100kW). Programmes in English 
are from 0220 to 0230 and from 1435 to 1520. 

ECUADOR 
Emisora Progresso, Loja, on 5060 at 0350, guitar 

music, songs in Spanish. The schedule of this one is 
from 1200 to 1415 and the power is 5kW. 

Radio Nacional Espejo Quito, on a measured 
4679 at 0354, OM with the local news in Spanish. 
Schedule is on a 24 -hour basis and the power is 5kW. 

Emisora Gran Colombia, Quito, on a measured 
4911 at 0532, Latin American music, songs in 
Spanish after identification. 

Radio Quito on 4920 at 0309, OM with a sports 
commentary in Spanish, many mentions of Quito and 
district. 

Radio Splendit, Cuenca, on 5025 at 0437, iden- 
tification and' announcements with echo -effect, Latin 
American pop records. 

Radio Zaracay, Santo Domingo, on 3390 at 0231, 
OM in Spanish, guitar music after station identifica- 
tion. Schedule is from 1000 to 0500 but has been 
reported by USA Dicers sometimes signing -off at 
0849; the power is 10kW. 
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A SIMPLE AND AMUSING PROJECT .. . 

POCKET NOU( 
AND CROSS: 

One of the problems with playing the popular game 
of Noughts and Crosses is the need for materials. 
Pencils are required and these get loot or points get 
broken. Again, volumes of paper are commonly used. 

Such was the problem for the writer in keeping two 
lively children amused for long car journeys. The 
solution is an "electrical" Noughts and. Crosses game 
where no paper or, pencils are required. This saves 
time and temper, and ensures that the car does not 
look like a paper chase at the end of each journey. 

LIGHT -EMITTING DIODES 
The idea is basiolly ultra -simple. Instead of zeros 

and crosses, red and green light -emitting diodes are 
used. Thus, the game could alternatively be called 
"Stops and Goes" or, perhaps, "Traffic Lights". 

As can be seen from the photograph, nine switches 
are laid out in the form of a Noughts and Crosses grid 
pattern. Directly alongside these switches is a pattern 
of l.e.d.'s. These are arranged in pairs, with one red 
and one green l.e.d. in each square of the grid. 

The switches are changeover types with a centre 
"Off" position, and it is only necessary to push a 
switch to one side or the other to cause either a red or 
green l.e.d. to light. Each switch controls the pair of 
l.e.d.'s in the corresponding square of the grid; for ex- 
ample, the bottom left-hand switch controls the 
l.e.d.'s in the bottom left-hand square. 

If a player is "Red" he will always push the switch 
he selects upwards (i.e. towards the operator's thumb 
in the photograph). The "Green" player always 
pushes his switch down. The idea is to get three lights 
of the same colour in a row to win - just like Noughts 
and Crosses. Obviously, once a switch has been ac- 
tuated, i.e. pushed to one side, it cannot be touched 
by either player. 

The beauty of using this simple electrical advice is 
that immediately a game is over it is only necessary 
to return all switches to their centre positions and the 
unit is then set up for the next game. Also, when all 
the switches are in their centre "Off" positions the 
unit draws no current at all from its batteries and so 
an on -off switch is superfluous. 

By David Gibson 

The circuit can be assembled in almost any kind of 
case, this being plastic, wood or metal. The unit in the 
photograph is about the smallest practical size. As 
well as being a favourite with children it has proved 
to be even more popular with adults visiting the 
author's house! 
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Fig. 1. The circuit of 1 
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HTS 

Fig. 1 gives the circtiit of the unit, and here the 
switch and l.e.d. relative positions correspond with 
the positions these take up when the panel on which 
they are mounted is viewed from the rear. The 
switches are not presented in the usual circuit symbol 
form; instead for simplicity their physical outlines 

and tags are shown, also as seen from the rear. The 
diagram may appear a little complex for the 
beginner, but it is very simple. If you look at the sec- 
tion comprising Si to S3, LED1 to LED3 and LED10 
to LED12, you will realise how easy it really is. The 
common positive supply connects to the centre tag of 

3V(2) 

R4 R 

R14 X\ LEDLED14 ^rrr 
R XX LEDIS 

54 

GREEN 

55 

56 

LED7 

X\ 
LE D8 

ya 
LED9 R9 
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+ (common) 
LEDIp- LED18 T1L 211 (GREEN ) 

re pocket Noughts and Crosses unit. All the 
is have a centre off position 

COMPONENTS 

Resistors 
(Alli watt 10% - see text) 

R1 -R9 150 i1 
R10 -R18 47û 

Light -Emitting Diodes 
LED1-LED9 TIL209 
with panel -mounting bush 
LED10-LED18 TIL211 
with panel -mounting bush 

Switches 
S1 -S9 s.p.d.t. toggle 
with centre off, miniature 

Batteries 
Bl-B4 1.5 volt cell 
type HP7 (Ever Ready) 

Miscellaneous 
Case (see text) 
Wire, solder etc. 
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- 3V (I) 41 

- 3V (2) 41 

+ (common) 

Fig. 2. Power is provided by four HP7 cells 

each switch, and each outer tag connects to the cor- 
responding l.e.d. There is a resistor in series with 
each l.e.d. to limit the current it passes. The section 
of the circuit just mentioned is simply repeated at S4 
to S6, and S7 to S9. 

POWER SUPPLIES. 

There are two 3 volt power supplies, these being 
numbered 1 and 2. Each supply consists of two HP7 
1.5 volt cells in series, as shown in Fig. 2. Supply No. 
1 feeds the red 1.e.d.'s, whilst supply No. 2 feeds the 
green l.e.d.'s. Each red l.e.d. has a 150 fl resistor in 
series and each green l.e.d. has a 47 f2 resistor in 
series. These values were found to roughly match up 
the intensities of the two colours, but the difference 
does mean that battery No. 2 is liable to run down 
before battery No. 1. 

No connectors are necessary for the cells, and in- 
terconnectingwires are simply soldered to the metal 
case of the cel at the bottom (negative) and the brass 
stud (positive).' It is a simple matter to solder in a 
pair of replacement cells when these are required. As 
a tip, make certain that you clean the associated area 
of the metal case for the negative connection before 
soldering, and that you obtain a good well -tinned 
joint here. Otherwise, the leads have a nasty habit of 
"falling off" in the unit case! 

Each pair of cells is put in a small polythene bag to 
prevent short-circuits to other components or wiring, 
or to the case of the unit if this is metal. 

The l.e.d.'s have an anode and cathode lead -out, 
the anode connecting to the positive side of the supp- 
ly and the cathode (via the current limiting resistor) 
to the negative side of the supply. The TIL209 and 
TIL211 have a flat surface on one side to enable the 
cathode lead -out to be identified. These l.e.d.'s are 
available from a number of retailers including Bi - 
Pak Semiconductors, who can also supply panel - 
mounting bushes. The recommended diameter for 
the panel holes which take the bushes is 5mm., but it 
is always wise in matters of this nature to check with 
the actual components themselves before drilling the 
holes. 

If a metal case is to be used a card should be 
prepared with holes matching those in the front panel 
for fitting inside the case behind the panel. The 
1.e.d.'s in their bushes then pass through the holes in 
the card as well as those in the panel. The card 
provides insulation from the inside surface of the 
panel and prevents short-circuits from the wiring to 
the l.e.d.'s. If the latter are mounted with sufficient 
rigidity, the series resistors may be soldered directly 
to the cathode lead -outs, the appropriate wires from 
the batteries then connecting to the free resistor lead - 

outs. The resistors should preferably be } watt as the 
very small size of such resistors eases wiring layout. 
Small f watt resistors can alternatively be employed, 
however, if these are more easy to obtain. 

SWITCH ES 

The switches can be obtained from a number of 
sources, including Home Radio (Components) Ltd. 
Miniature types should be used. Wiring is carried out 
with thin flexible p.v.c. covered wire. It is a good plan 
to use wire of one colour for the red l.e.d. circuits and 
a wire of a different colour for the green l.e.d. circuits. 
The 1.e.d. lead -outs may be splayed out so that the 
l.e.d. and resistor wiring is flat behind the front pan- 
el. The leads should be bent very gently, and not to 
close to the l.e.d. body. A piece of plastic foam may 
then be cut to size and placed over the l.e.d. and 
resistor wiring. The four HP7 cells, in their polythene 
bags, are then positioned side by side over the foam 
and are held in position when the case lid is fitted. If 
necessary a second piece of foam may be glued to the 
inside of the lid, whereupon the cells are sandwiched 
between the two pieces of foam. 

The case employed for the unit should have dimen- 
sions which will accommodate the cells and the par- 
ticular switches employed, and the latter should be 
obtained first. As already mentioned, the case can be 
metal, plastic or wood. Fig. 3 shows the front panel 

All LED pairs 

emm apart on 

centres. Holes 

5mm clearance 

9 holes, dia. 

to suit switches 
used 

Diccast box 

panel 62 x113 

All dimensions in mm 

27 

45 

00 

Fig. 3. Front panel layout and drilling details of 
the prototype unit 
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layout for the author's unit and gives a general idea of 
the l.e.d. and switch positioning. The author used a 
non-standard diecast box (which is strong enough to 
stand up to abuse by children) having the panel 
dimensions shown and a depth of 35mm. The bottom 
of the case forms the front panel and the lid is at the 
rear. Readers who wish to use diecast boxes may note 
that a conveniently sized range is listed by Maplin 
Electronic Supplies, the two smallest boxes in the 
range having dimensions of 120.65 by 60.33 by 
44.04mm. and 120.65 by 95.25 by 56.74mm. respec- 
tively. However, a very wide choice of plastic and 
aluminium cases of around the required size is 

available from mail order suppliers, and the case can 
also be home constructed from plywood. 

After drilling out the panel, the author sprayed his 
case matt white with the aid of an aerosol car spray. 
The black lines forming the grid around the 1.e.d. s 
were then carefully painted in. A black line between 
the switches and the l.e.d.'s was also painted on the 
panel, this having red and green arrow -heads at the 
ends to indicate which way the switches should be 
pushed. The red arrow -head indicates the direction 
in which the switches should be pushed to light the 
red l.e.d.'s and the green arrow head the direction for 
the green l.e.d.'s. 

SPECIAL NEXT MONTH 
THE "JUBILEE" 

A.M.-F.M. RECEIVER 
PART 1 

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

SOUND ACTIVATED 
SWITCH 

By R. A. Penfold 

SPECIAL SHORT SERIES ... 
BLOB -A -JOB 

No. 2 SQUARE WAVE GENERATOR 
EASY CONSTRUCTION using Blob Board 

ORDER NOW! ON SALE ist JULY PRICE 40p 
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USING 

QUAD 

NORTON 

AMPLIFIERS 
The Norton current difference amplifier is a 

device which has not received a great deal of 
attention despite its obvious advantages in some 
applications. This article deals with the basic 
theory of the amplifier and then shows how two 
Norton amplifiers may be employed in a practical 
project consisting of a meter sensitivity booster. 

Many readers will probably be wondering what ex- 
actly a Norton amplifier is, since this type of 
amplifier is not often met in electronic designs for the 
amateur. Its infrequent use is not due to lack of possi- 
ble applications, however, as the Norton amplifier is al 

highly. versatile device. 

OPERATIONAL AMPLIFIERS 
A Norton amplifier is an operational amplifier but 

it does not have a differential voltage input, as have 
the commonly encountered op -amps type 741, 
CA3130, etc. With the latter there are two inputs, as 
in Fig. 1(a), one being the inverting input (-) and the 
other the non -inverting input (+). The output voltage 
is a function of the voltage difference at the inputs 
multiplied by the op -amp voltage gain, which is nor- 
mally extremely high. Thus, only a small voltage 
across the inputs is needed to produce either a fully 
positive or fully negative output. The output goes 
positive when the non -inverting input is positive of 
the inverting input (or, put another way, when the in- 
verting input is negative of the non -inverting input), 
and goes negative when the non -inverting input is 
negative of the inverting input. The addition of a 
feedback network between the output and one or 
both of the inputs enables a performance to be ob- 
tained which is governed by the values of the feed- 
back components. 

With the Norton amplifier the input circuits are 
not voltage sensitive but are current sensitive. The 
Norton amplifier has inverting and non -inverting in- 
puts and it also has a very high level of gain, the out- 
put voltage being determined by the input currents. 
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By A. P. Roberts 

A common emitter transistor with its emitter con- 
nected direct to earth (the negative supply rail) is 
used at the inverting input of a Norton circuit, and so 
the input voltage here is limited to about 0.6 volt 
positive of earth by the base -emitter junction of the 
input transistor. A second common emitter tran- 
sistor, with the emitter also connected direct to earth, 
appears at the non -inverting input, giving a similar 
voltage limitation of about 0.6 volt positive of earth. 
Phase inversion is given by connecting the collector of 
this second transistor to the base of the first tran- 
sistor. Obviously, a Norton op -amp cannot be used as 
a direct replacement for an ordinary voltage input 
op -amp. 

Norton amplifiers are frequently depicted in cir- 
cuits with the same symbol as an ordinary op -amp, as 
was shown in Fig. 1(a). Sometimes the modified sym- 
bol of Fig. 1(b) is employed instead. The Norton 
amplifier may also be referred to as a "current 
difference amplifier". 

It is possible to make a Norton amplifier operate as 
a voltage difference device simply by adding series 
resistors at the inputs, as shown in Fig.1(c). The input 
currents are then proportional to the voltages applied 
to these resistors, the voltages being limited to levels 
which do not cause excessive input currents to flow. 
By using two series resistors having fairly high equal 
values the circuit will function in a manner very 
similar to that of an ordinary operational amplifier. 
However, there is in general little profit to be realised 
in using a Norton amplifier in this way because the 
end result will be an over -complicated circuit having 
a performance inferior to that of a standard op -amp. 
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As will be demonstrated shortly, Norton amplifiers 
give their best performances in circuits specifically 
designed for them and which take advantage of their 
current sensitive inputs. 

It is worth noting, though, that in virtually all 
practical circuits incorporating Norton amplifiers 
resistors are employed at the inputs so that input 
voltages are converted to currents. Another feature is 
that Norton amplifiers are intended to function with 
a single positive and negative supply rail; they do not 
employ the dual supplies that are encountered with 
ordinary op -amps. Indeed, one of the main reasons 
for using Norton amplifiers is that they are capable of 
operating from simple single supply rail circuits. 

The device which is used in the practical circuits 
described in this article is the CA3401E, which is 
available from Arrow Electronics, Ltd., Leader 
House, Coptfold Road, Brentwood, Essex. This con- 
tains four amplifiers, each having its own internal 

Non -inverting input 

Inverting input 

(a) 

(b) 

High value resistors 

+ In I 

+ In 2 

-In 2 

Out 2 

Out I 

- In I 

Supply - 

(c) 

CA34OIE 
Top view 

(d) 

Supply + 

+ In 3 

+ In 4 
- In4 
Out 4 
Out 3 

- In 3 

Output 

Fig. 1(a). The normal circuit symbol for an 
operational amplifier 

(b). A Norton amplifier may have the symbol 
illustrated in (a) or that shown here 

.(c). A Norton amplifier will give a performance 
similar to that of a standard op -amp if high 

value resistors are connected to the inputs 
(d). Pin diagram for the quad Norton amplifier 

i.c. type CA3401E 

compensation capacitor. The device is housed in a 
standard 14 pin d.i.l. package and its pin functions 
are given in Fig. 1(d). 

The CA3401E will operate over a.supply voltage 
range of 5 to 18 volts, and it has an open loop voltage 
gain of typically 66dB, a typical unity gain 
bandwidth of 5MHz and a typical slew rate of 0.6 volt 
per microsecond. Other quad Norton i.c.'s are 
available, and the CA3401E is a direct equivalent of 
the MC3401P, and is pin -compatible (i.e. has the 
same pin allocations but a somewhat different 
specification and internal circuit) with the MC3301P 
and the LM3900N. In practice, the LM3900N will 
function satisfactorily in the meter sensitivity booster. 
which forms the home constructor project in this arti- 
cle. 

BASIC CONFIGURATIONS 
One feasible method of using .a Norton amplifier as 

an inverting amplifier is shown in Fig. 2(a). Two 

Supply + 

RA 

RD 

RE 

CA 

Input T 

Y 
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(b) 

Output 

-3 

Supply+ 

Fig. 2(a). An inverting Norton amplifier con- 
nected in a circuit of normal op -amp type 
(b). An improved inverting amplifiér is given 

with this circuit 
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equal high value resistors, RC and RD, are added at 
the inputs so tnat a voltage aurerence ampuner cir- 
cuit is set up. RA and RB bias what is effectively the 
non -inverting input to half supply voltage, whilst RE 
and RF form a negative feedback loop which deter- 
mines voltage gain. CA and CB provide input and 
output d.c. blocking respectively. 

The unattractive circuit of Fig. 2(a) can be much 
simplified, and an increase in performance obtained, 
if it is developed to the configuration shown in Fig. 
2(b). Here, the usefulness of a Norton amplifier 
becomes immediately apparent. Only three resistors 
are required and their values can be readily 
calculated for specific values of input impedance and 
voltage gain. RB is given a value which is equal to the 
desired input impedance for the circuit, and RC is 
then made equal to RB multiplied by the required 
voltage gain. Finally, RA is given a value which is ap- 
proximately twice RC. 

This provides a quiescent output voltage which is 
approximately mid -way between the supply rails 
because the current flowing through RC into the in- 
verting input then balances the current flowing 
through RA into the non -inverting input. It is for this 
reason that RA and RC are given a 2 to 1 
relationship. 

The voltage gain is equal to RC divided by RB as a 
result of normal feedback action, and the inverting 
input can be looked upon as a virtual earth. 

The values of the input and output d.c. blocking 
capacitors, CA and CB, are chosen to suit the input 
impedance and the impedance of the succeeding cir- 
cuit. It should be noted that RA should not be greater 
than about 10M n as the input bias current would 
then be insufficent. Also, it should not be less than a 
few kilohms or excessive input bias current would 
flow. The absolute maximum input current rating for 
the CA3401E is 5mA. 

NON -INVERTING AMPLIFIER 
A Norton amplifier can be used in the non - 

inverting mode, in which the input and output signals 
are in phase, and a suitable circuit is shown in Fig. 3. 

Here, RB and RC are given the same 2 to 1 
relationship as had RA and RC in Fig. 2(b), and they 
stabilize the quiescent d.c. condition in precisely the 
same way. The difference between the two circuits is 
merely that the input signal is fed to the non - 
inverting rather than the inverting input. RA sets the 
input impedance. 

Fig. 3. A Norton amplifier connected in the 
non -inverting mode 

The voltage gain of the circuit is equal to RC divid- 
ed by RA, and this can be illustrated by simple 
mathematical example. Let us suppose that RC has a 
value which is 5 times that of RA. If a signal of 1 volt 
positive is applied to the input there will be an in- 
crease in the current flowing into the non -inverting 
input. In order to balance this the output will have to 
go 5 yolts positive to produce a similar current flow 
increase at the inverting input. Thus, the ratio of 
these two resistors sets the voltage gain of the circuit. 

PRACTICAL PROJECT 
As a simple practical example of a circuit employ- 

ing Norton amplifiers, a multimeter sensitivity 
booster will next be described. This can be used in 
conjunction with a multimeter switched to a 0-50pA 
current range, and it provides three voltage ranges of 
0-0.5, .0-5 and 0-50 volts with a sensitivity of 200k fr 
per volt. This is ten times the sensitivity that a nor- 
mal multimeter incorporating a 0-50pA range will 
have, and it enables more accurate measurements to 
be taken from high impedance circuits. 

The circuit of the sensitivity booster appears in 
Fig 4, and it employs two of the four amplifiers con- 
tained in a CA3401E. The other two amplifiers are 
simply ignored, and no connections are made to their 
pins. 

The Veroboard panel is fitted vertically 
alongside the switch 

The amplifier on the left is that which handles the 
voltage to be measured and its output is coupled to the 
0-50uA meter (which is plugged into SK1) and to R5 
and R6 in series. Potentiometer R6 is coupled to the 
second amplifier on the right, and the function of the 
latter will be explained shortly. R6 is adjusted so that 
the resistance it inserts into circuit plus that of the 
meter and R5 becomes equal to 100k f2 whereupon all 
three components form a voltmeter with a full-scale 
deflection value of 5 volts. In practice, R6 is adjusted 
after the unit has been completed and its input is 
applied to a known voltage. 

The voltage gain of the left-hand amplifier is equal 
to R4 divided by Rl R2 or R3, according to the posi- 
tion of Sl (a). When S1 is set to the 0-0.5 volt range the 
voltage gain is 10 times, whilst at the 0-5 volt range it 
is unity. With S1(a) put to the 0-50 volt range the 
voltage gain is 0.1 times, so that a voltage of 50 at the 
input gives an output of 5 volts. This situation is due 
to the fact that R4 has one -tenth the value of Rl. 
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+9V 

SK, 

+ Output 

2 1/4 CA3401E 

S1 positions : I - O -50V 
2 - O -5V 
3 - 0-0-5V 
4 - Off 

Fig. 4. Circuit diagram for the meter sensitivity booster. This employs two Norton amplifiers 

COMPONENTS 

Resistors 
(All fixed values } or 4 watt) 

Rl 10M t1 (see text) 
R2 1M n 2% 
R3 100k a 2% 
R4 1M º 2% 
R5 68k R 5% 
R6 50k n or 47k a pre-set potentiometer, 0.1 watt 

miniature skeleton, horizontal 
R7 1M n 5% 
R8 10k ü 5% 
R9 1000 2% 
R10 5600 2% 

Semiconductors 
IC1 CA3401E Dl 1N4002 

Switch 
S1(a)(b) 2 -pole 4 -way rotary (see text) 

Socket 
SK1 3.5mm. jack socket 

Miscellaneous 
Case (see text) 
Knob 
9 volt battery type PP3 (Ever Ready) 
Battery connector 
Veroboard, 0.lin. matrix 
I.C. holder, 14 pin d.i.l. (see text) 
Test leads and prods 
Grommet, connecting wire, etc. 

There is still, nevertheless, a current gáin of 10 times, 
since an input current of 5uA in Rl (corresponding to 
an input voltage of 50 volts) produces f.s.d. in the 
50µA meter. By inspection of the values of R2 and 
R3 it will be seen that only 5µA input current is 
needed for f.s.d. on the other two ranges, and it is this 
factor which gives the circuit its tenfold increase in 
input resistance when compared with the multimeter 
on its own. 

'l'here are two complications which have to be 
catered for. First, about 0.5 volt is needed at the input 
to the amplifier before the input transistors begin to 
turn on, whereupon all readings would be 0.5 volt low 
unless some measure is taken to counteract the effect. 

The solution consists of returning the negative test 
lead to a point which is 0.5 volt positive of the 
negative rail, and this is given at the junction of R9 
and R10. These two resistors are connected to the 
forward biased silicon diode, Dl, acrqss which, a 
stabilized voltage appears. 

The second complication is that the amplifier has a 
quiescent output of about 0.6 volt, with the result that 
the voltmeter given by the meter, R5 and R6 in series 
cannot be returned to the negative rail. R6 is, instead, 
connected to the output of the second amplifier on the 
right. This amplifier has the same value of resistor 
from the output to the inverting input and no connec- 
tion to the non -inverting input. Its output voltage is in 
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consequence the same as that of the left-hand 
amplifier when the latter has no input, and the meter 
therefore reads zero. 

S1(b) provides on -off switching, and S1(a) and 
Sl(b) form a 2 -pole 4 -way switch. Actually, a 3 -pole 
switch is employed, with one pole unused. The positive 
supply is applied to pin 14 of the CA3401E and the 
negative supply to pin 7. The current consumption of 
the circuit is approximately 4mA. 

In use, the unit provides good accuracy, linearity 
and stability on all three ranges. 

A number of the resistors are specified as 2% and 
no difficulty should be experienced in obtaining close 
tolerance components here. If desired, 1% com- 
ponents could be employed for R2, R3 and R4, these 
giving a small increase in accuracy of readings. Rl 
should also have a close tolerance, but close tolerance 
resistors with values above 1M fl are not readily 
available. Either Rl may be a single 5% resistor with 
the possibility of consequent error on the 0-50 volt 
range accepted, or it may consist of several smaller 
5% resistors in series. In the latter instance the overall 
tolerance may be significantly less than 5% as the 
chance exists that the lower value resistors may have 
positive and negative errors which tend to cancel out. 
In the prototype, Rl consisted of two 2.2M sl and one 
5.6M n resistors in series, all 5%, and these provided 
good accuracy. 

CONSTRUCTION 
The prototype was housed in a case type M2, this 

being available from Doram Electronics and having 
dimensions of about 100 by 65 by 50mm. The M2 case 
is plastic with a metal front panel, and any other 
similarly sized small plastic case either with or 
without a metal panel may bed employed instead. An 
all -metal case should not be used. 

The simple front panel layout can be see in die ac- 
companying photographs. S1 is mounted in the centre 
of the panel with jack socket SK1 to its right. The con- 
nection to the multimeter is made by way of a jack 
plug inserted in the socket. A twin flex from the jack 
plug is terminated in crocodile clips for quick connec- 
tion to the multimeter leads, and the sleeve of the plug 
corresponds with the positive terminal of the mul- 
timeter. The metal panel of the prototype case is com- 
mon with the positive output by way of SK1 mounting 
bush and nut. This should not cause any difficulties in 
practice, but constructors who would prefer that a 
metal front panel be isolated may use an insulated 
socket for SK1. 

A small hole of about 6mm. diameter is drilled to the. 
left of Sl, and is fitted with a grommet. The two input 
test leads pass through this hole. 

Most of the components are wired up on a 
Veroboard panel of O.lin. matrix having 20 holes by 
12 strips. The copper and component sides' of this 
board are illustrated in Fig. 5, as also are the external 
connections. 

After the board has been cut out, the breaks in the 
copper strips are made, and then all the components 
with the exception of Rl, R2 and R3 are soldered in. 
position. In the prototype an i.c. holder was soldered 
to the board and the CA3401E plugged into this. The 
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I.C. holder 

holder is not essential and the i.c. pins can, if desired, 
be soldered direct to the strips of the board. Note that 
R6 is a miniature skeleton potentiometer having 
0.2in. spacing between track tags and 0.4in. spacing 
between slider and track tags. 

The board is secured in place by means of the 
resistors Rl! R2 and R3, which connect to the switch 
tags. This gives quite an acceptable mounting as the 
board assembly is very light. It is positioned vertical- 
ly and to the left of Si, as seen from the front. A more 
conventional method of securing the board in position 
can, of course, be adopted should the constructor so 
wish. 

Before wiring to the switch, check the outer tags 
which correspond to each switch pole. With some 
switches, the relative positioning of inner and outer 
tags may vary from that shown in Fig. 5. 

There is plenty of space for the PP3 battery behind 
the output socket. A piece of foam plastic may be in- 
serted between the two to hold the battery in position 
when the front panel is screwed on. 

Fig. 5. The copper and com- 
ponent aides of the 
Veroboerd panel on which 
the meter sensitivity 
booster components ' are 

assembled 

ADJUSTMENT 
The only adjustment which the finished unit re- 

quires is that of setting up R6. For this a known 
voltage of low source impedance is needed, and this 
could be a new 4.5 volt battery. 

R6 is set to insert maximum resistance into circuit. 
As shown in Fig. 5, this is with the slider fully anti- 
clockwise. The precise voltage of the battery is deter- 
mined by the multimeter and noted. The multimeter 
is then disconnected from the battery, switched to its' 
0-50µA range and coupled to the output of the unit. S1 
in the unit is next set to the 0-5 volt range and its test 
leads are connected to the battery. Finally, R6 is ad- 
justed so that the meter gives a reading corresponding 
to the previously noted value. The unit is then set up 
and no further adjustments are needed. 

It is not, of course, necessary to employ a 4.5 volt 
battery and any other reference voltage within reason 
can be used for setting up R6. Greater accuracy in the 
adjustment will, however, be given if the reference 
voltage provides a reading which is close to f.s.d. on 
the range selected, and this should preferably be the 
0-5 volt range. 
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MEDIUM AND DUAL 
SHORT WAVERAD/O 

Part 2 

(Conclusion) 

In last month's issue we dealt with this 
receiver in its basic 3 -transistor form, in which 
it provides an a.f. output at headphone level. 
This concluding article describes how an op- 
tional a.f. output stage may be added and also 
gives details of a simple modification which 
permits the use of a long wire aerial. 

OUTPUT STAGE 
The output signal from the basic receiver is quite 

strong and only a single transistor output stage is re- 
quired toprovide loudspeaker results. Its circuit is 
shown in Fig. 7, and it incorporates a common emitter 
transistor, TM, coupling to the loudspeaker via a 
step-down transformer. The connection to the speaker 
is made via the break contact of SK1, this cutting out 
the speaker when headphones are plugged in. 

When the a.f. output stage is fitted a small 
speaker is mounted on the rear panel. Small 
holes, rather than a single large hole, are drilled 

in the panel In front of the speaker 

By P. R. Arthur 

Pos. supply to TRI,TR2 
andTR3.../ - -...-y 

R9 

C 

Input 
from C10 

Centre tap 
(not used) á 

RIO 

TR4- 
BCI69C 

s2 +9V 

SKI 

V. 

o o o 
BC 169C 

b e Lead -outs 

Fig. 7. The circuit of the additional a.f. output 
stage 

R10 provides base bias for TR4, causing this to 
pass a quiescent current of about 9mA. The relatively 
low current limits the output power to some 25mW 
only, but this just about provides adequate volume 
with a miniature speaker. No d.c. blockinng capacitor 
is required at the input since C10 of the basic receiver 
provides this function. 

S2 is the original on -off switch, whilst R9 and C11 
are additional supply decoupling components. 

Although, ideally, low impedance headphones 
should be employed when the receiver has the output 
stage incorporated, it is found in practice that results 
are perfectly satisfactory using any common type of 
headphones. 

CONSTRUCTION 

The loudspeaker may be any miniature type 
having a diameter of 3}in. or less and an impedance 
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The speaker seen from the inside. The a.f. out- 
put panel is secured to the right-hand side of 

the receiver case 

in the range of 3 n to 8 n . It is fitted to the right hand 
side of the rear panel (as viewed from the front) and 
some form of aperture has to be cut out in the rear 
panel for it. To maintain the strength of the panel it is 
preferable to provide a number of small holes rather 
than a single large hole, and with the prototype a grid 
of 21 holes of +in. diameter was drilled over the ap- 
propriate area. These are clearly visible in the 
photographs of the rear of the receiver. If the speaker 
has mounting holes it may be secured by bolts and 
nuts. Alternatively it may be held in position by a 
good quality adhesive applied to its rim. Care should 
be taken to keep the adhesive away from the cone and 
surround. 

The remaining output stage components are 
assembled on a piece of 0.15in. Veroboard having 15 
holes by 9 copper strips. The component side of this 
panel is shown in Fig. 8. It is first cut to size and then 
the two mounting holes are drilled out. These should 
have a diameter suitable for small woodscrews. Next, 

o 

o 

o 

CII 

Mounting holes, 

O 0 0 0 0 

O 0 0 

O 0 0 0 

+ 

o i 
O 0 

Pos. from S2 

O 0 0 0 

o 

o . o 

o o o 

o 0c 

o 

o TR4 i o 

o 0 0 o 

o 

o 

o 

O 0 

O 0 0 
T1 

o 

o 

O 0 

o 

O 0 o 

O 0 O 0 0 

Pos. to receiver component panel 
X- cut in strip 

SK I 

Input 
from Cln 

-r 

To LS1 and 

chassis 

(at VCI) 

Direction of strips 

Fig. 8. The component side of the Veroboard 
panel on which the output stage is wired 

COMPONENTS 

OUTPUT STAGE 

Resistors 
(All } watt 5%) 

R9 100 cl 
R10 470k n 

Capacitor 
, C11 100,uF electrolytic, 10 V. Wkg. 

Transformer 
T1 output transformer typè LT700 (Eagle) 

Transistor 
TR4 BC169C 

Loudspeaker 
LS1 3-8 a miniature speaker (see text) 

Miscellaneous 
Veroboard, 0.15in. matrix 
0.15in. Veropins 

AERIAL MODIFICATION 
Capacitor 

TC1 2-10pF trimmer (see text) 

Sockets 
SK2 insulated socket 
SK3 insulated socket 

the two breaks in the strips are made, after which the 
link wire and components are soldered in place. The 
mounting lugs of T1 will need to be bent out to enable 
it to take up its position on the panel. This component 
is normally supplied with flexible lead -out wires, in 
which case it may be secured to the board with a little 
adhesive. Should it be supplied with stiff wire spills 
these can be passed through the Veroboard holes and 
soldered, whereupon there is no necessity to use the 
adhesive. Veropins are fitted at the points where ex- 
ternal connections will be made to the panel. 

When complete, the panel is mounted on the right 
hand side of the case between the two 5in. battens, us- 
ing two small woodscrews. It is necessary to employ 
spacers on the woodscrews between the panel and the 
case side as the panel may otherwise fracture wheti 
the screws are tightened up. Suitable spacers could 
consist of one or more 4BA nuts. 

The a.f. output stage assembly requires only a 
few components in addition to the output 

transformer 
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From Ti sec. 

To chassis 

Fig. 9. Rear view of Ski, showing the new 
connections to its tags. The tag layout applies 

to normal sockets of open construction 

WIRING 
A few changes now have to be made in the wiring of 

the receiver, as so far assembled. The wire from the 
existing receiver component panel to S2 shown in Fig. 
6 (published last month) is disconnected at the switch 
and reconnected to the appropriate point on the out- 
put stage panel. The wire is extended as required, a 
piece of sleeving being passed over the joint. Alter- 
natively, a new wire may be fitted. This connection 
allows R9 to decouple the receiver circuit from the 
output stage. A new lead connects the a.f. output stage 
panel to S2. The wire from the receiver panel to the 
non -earthy contact of SKI. is disconnected at the 
socket and reconnected to the a.f. input point on the 
a.f. output stage panel. Again, the lead is extended or 
a new lead fitted. 

The output stage panel obtains its negative supply 
by way of a lead which connects first to one tag of the 
speaker then continues to the moving vanes tag on the 
frame of VC1. The lead from the a.f. output panel to 
SKI connects to its non -earthy contact, and the 
remaining speaker tag connects to the break contact 
of this socket. The appropriate socket tags are shown 
in Fig. 9, these being applicable to a standard 3.5mm. 
socket of open construction. 

The receiver with the added a.f. output stage is then 
complete and ready for use. 

The aerial and earth sockets. The aerial 
trimmer is soldered directly to the aerial socket 

AERIAL MODIFICATION 
As already stated, the receiver may be modified to 

allow the use of a long wire aerial. This will produce a 
very large improvement in results on Ranges 1 and 2, 
but the improvement on Range 3 is not likely to be so 
dramatic. 

The modification simply consists of adding an in- 
sulated socket for the aerial and coupling this to the 
non -earthy end of the tuned circuit via a trimmer 
TC1, as in Fig. 10. The trimmer has a low value and 

Sic 

I 

Telescopic 
aerial 

SK3 

TC1 

VC2 

External 
aerial 

SK2 

Fig. 10. The modification which enables a long 
wire aerial to be employed. Also added is a 

socket for an earth connection 

provides a very loose coupling to the tuned circuit. A 
tighter coupling cannot be employed as this could 
cause the tuned circuit to be excessively damped, with 
a consequent reduction in selectivity. After it has 
been fitted, TC1 is adjusted, with the long wire aerial 
to be used, for the best compromise between signal 
strength and selectivity. 

TC1 may be any small air -spaced or ceramic 
trimmer offering a range of 2 to 10pF. A trimmer hav- 
ing minimum and maximum values outside these 
figures could of course be used, a suitable component 
being a Mullard concentric trimmer with a range of 
0.9 to 12pF. 

A further small but useful improvement will be 
given by adding an earth connection. This 
necessitates fitting a second socket which connects to 
the chassis of the receiver. As with the aerial 
modification the earth connection will increase signal 
strength on Ranges 1 and 2 but will have little effect 
on Range 3. The earth socket is also shown in Fig. 10. 

Apart from an increase to some degree in signal 
strength, the earth connection provides another ad- 
vantage since it eliminates hand capacitance effects 
when the telescopic aerial is in use. These effects are 
to be expected with a receiver of this type and can be 
completely eradicated by an earth connection, even 
when this is of quite an inefficient nature. 

The aerial and earth sockets are fitted to the rear 
panel of the receiver below the chassis level and roug- 
ly opposite VC2. The earth socket connects to the 
right-hand chassis tag in Fig. 4 (published last 
month). One tag of TC1 is soldered direct to the aerial 
socket and this should normally provide an adequate 
mounting. It's other tag connects to one of the fixed 
vanes tags of VC2. 
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RECENT PUBLICATIONS 

RADIO COMMUNICATION HANDBOOK, Fifth Edition, Volume 1. 480 pages, 250 x 185mm. 
(91 x 71in.) Published by Radio Society of Great Britain. Price £7.50. 

The first edition of this deservedly well known book appeared in 1938 and it has undergone many 
printings, involving more than 250,000 copies, in the years which have since intervened. It has also 
advanced through its first four editions, with each new edition being fully revised to take in the latest 
technology. The fourth edition appeared in 1968. In its present fifth edition it has been split into two 
volumes, of which Volume 1 is the subject of this review. "Radio Communication Handbook" is now 
the largest and most comprehensive textbook in the world on the theory and practice of amateur 
radio. 

The subjects dealt with are basic principles, electronic tubes and valves, semiconductors, h.f. 
receivers, v.h.f. and u.h.f. receivers, b.f. transmitters, v.h.f. and u.h.f. transmitters, keying and break- 
in, modulation systems and RTTY. The text is lavishly supplemented by very many drawings, 
photographs, charts and tables. Great care has been taken in the preparation of the work and it 
would form a handsome edition to the bookshelf of the professional as well as the amateur engineer. 

Volume 2, which is currently in preparation, will deal with remaining subjects, including aerials 
and propagation, measurements, operating technique, satellite communication and image com- 
munication. 

HAM RADIO. By Kenneth Ullyet. 163 pages, 215 x 140mm.. (81 x 51in.) Published by David 
& Charles. Price £4.50. 

This is an unusual book because it contains no circuit diagrams, mathematics, algebra or for- 
mulae. Instead, the book is mainly intended for general reading and, as such, offers an excellent in- 
troduction to the world of amateur radio for the person who has had no previous experience of listen- 
ing or transmitting on the amateur bands. 

The book still, nevertheless, deals with factualities and there is a chapter on learning the morse 
code and another chapter on amateur TV transmission and reception. In many instances it is not only 
present-day practices which are described, since the author also gives a well balanced historical sur- 
vey of progress in cases where this is of interest and assists in the understanding of the subjects be- 
ing dealt with. 

Some technicalities appear at the end in an Appendix which deals with matters ranging from 
resistor and capacitor identification to ham prefixes, and which includes the Q code, international 
phonetic alphabets and semiconductor terminology. Distributed throughout the book are pages of 
photographs illustrating current and past events and personalities in the amateur radio story. One 
photograph, for example, depicts the L.N.E.R. radio coach employed in 1924 for experimental 
amateur communications from a moving train whilst another illustrates amateur television 
transmissions as passed via satellite OSCAR -6. 

MODERN CRYSTAL SETS. By R. H. Warring. 32 pages, 185 x 245mm. (71 x 91in.) Published 
by Lutterworth Press. Price £1.95. 
MODERN TRANSISTOR RADIOS. By R. H. Warring. 32 pages, 185 x 245mm. (71 x 91in.) 
Published by Lutterworth Press. Pride £1.95. 

These two titles are the first in a new series, See and Make, which has been launched by 
Lutterworth Press. They are intended specifically for the newcomer and describe the assembly of 
simple working receivers, with every step illustrated by a diagram and/or a photograph. The com- 
plete beginner is advised to read "Modern Crystal Sets" before progressing to "Modern Transistor 
Radios". All constructional diagrams show the actual components, and circuit diagrams appear only 
in *two pages at the end of "Modern Transistor Radios". 

In "Modern Crystal Sets", the reader is introduced to the components which will be employed and 
to the techniques of soldering. A drilling diagram is given for the s.r.b.p. panel on which the sets are 
assembled, 6BA brass screws being passed through the holes to provide solder anchor points. The 
sets are a simple crystal diode set, a set using the base -emitter junction of a transistor as a diode and 
several sets with variations in which a transistor provides a.f. amplification. 

The receivers in "Modern Transistor Radios" commence with two single transistor radios then 
proceed to two 2 -transistor radios, two single transistor regenerative receivers, two reflex radios, 
two receivers with transformer output (one for a speaker) and, finally, a receiver with Class B output 
for a speaker. 
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TV SOUND 
ADAPTOR 

By 
James Kerrick 

An experimental project for the more experienced constructor. 

This sound adaptor picks up the 6MHz 
intercarrier signal from a television 
receiver and applies it to an MC1357 i.e. 
for amplification and demodulation. The 
resultant output can then be fed to a high 
fidelity sound system. 

The sound reproduction offered by many television 
receivers leaves much to be desired, whereupon a 
means of improving the quality by feeding the sound 
signal to a separate amplifier and speaker becomes 
attractive. Unfortunately, it is difficult to make a 
satisfactory connection to the sound circuits inside 
most television sets since these have live chassis 
which are connected to one side of the mains supply. 
The live connection precludes direct wiring to the 
volume control. A mains isolating transformer could 
be installed between the mains supply and the TV 
receiver but such a component is both costly and 
bulky. Coupling to the receiver a.f. output by way of 
an a.f. isolating transformer is also unattractive, 
because the signal has then been subjected to the a.f. 
amplification provided in the receiver and the 
transformer could itself introduce some distortion. 

The adaptor to be described overcomes these dif- 
ficulties by picking up the 6MHz intercarrier signal 
from the television receiver by means of a pick-up 
loop positioned near the back of the set. The inter - 
carrier signal is then amplified and demodulated ex- 
ternally and can be applied to a high fidelity 
amplifier and speaker system. 

It must be emphasised from the outset that this 
project is completely experimental in character since 
there is no guarantee that all television receivers will 
radiate a sufficiently high intercarrier signal to be 
picked up by the adaptor. It is probable that greatest 
radiation will be given by the earlier receivers 

employing valves in the intercarrier channel and that 
least radiation will be given by modern receivers hav- 
ing i.c.'s in the intercarrier circuits. It should be possi- 
ble with such sets to couple via a low value high 
voltage capacitor to the intercarrier signal, but this 
approach has not been checked out by the author and 
should only be undertaken by constructors familiar 
with TV operation and servicing. The author's 
receiver is a Decca DR122 valve model and sufficient 
signal coupling is given with this when the pick-up 
loop is about 12in. from the back of the set. Because of 
these points, the project should be undertaken only 
by the experienced constructor who fully understands 
the principles involved and who is prepared, if 
necessary, to experiment. The 6MHz intercarrier 
signal only appears, of course, in 625 line receivers. 

The pick-up loop section of the adaptor. The 
coaxial cable plugs into the main section incor- 

porating the MC1357 i.c. 
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COMPONENTS 

Resistors 
(All f watt 5%) 

Rl See text 
R2 33kn 
R3 33kn 
R4 100 n 
R5 15kn 

Capacitors 
Cl 30pF trimmer, air -spaced 
C2 0.1µF ceramic 
C3 0.1µF ceramic 
C4 0.14F ceramic 
C5 68pF silvered mica or polystyrene 
C6 68pF silvered mica or polystyrene 
C7 0.1µF ceramic 
C8 0.1µF ceramic 
C9 10µF electrolytic, 16 V. Wkg. 
C10 68pF silvered mica or polystyrene 
Cll 4.7pF silvered mica 
C12 0.0047µF polyester 
C13 10µF electrolytic, 16 V. Wkg. 

Inductors 
Ll Pick-up loop (see text) 
L2 10.7MHz i.f. transformer type IFT.15 (Den - 

co) 
L3 10.7MHz i.f. transformer type IFT.15, 

modified (Denco) 

Semiconductors 
TR1 2N3819 
TR2 BC109 
ICI MC1357 

Miscellaneous 
Small plastic case (see text) 
Metal case (see text) 
2 coaxial sockets 
Coaxial plug 
Coaxial cable 
Materials for printed board. 

The components which form the mein section 
'can be assembled on a small printed board 

CIRCUIT DETAILS 
The circuit of the adaptor is given in Fig. 1. There 

are two sections, one being the pick-up loop section 
which also incorporates TRl, Rl, Cl and C2, whilst 
the other consists of the succeeding circuitry. The 
pick-up loop section is intended for positioning 
behind the rear of the television receiver, and it is 
coupled to the main section by about 3ft. of coaxial 
cable. This is terminated in a coaxial plug (not shown 
in the diagram) which fits into a coaxial socket in the 
main section. The latter has a second coaxial socket 
for the a.f. output. 

TR1 and TR2 form a cascode with the input signal 
provided by the pick-up loop. This is tuned broadly to 
6MHz by trimmer Cl. The collector of TR2 connects 
to L2, which is a Denco double -tuned 10.7MHz i.f. 
transformer type IFT.15. The operating frequency of 
the transformer is brought down to 6MHz by the ex- 
ternal capacitors C5 and C6. Note that connection is 
made to the outside ends of the tuned circuits and not 
to the transforiner.taps. The secondary of L2 couples 
into the MC1357 i.e. and this is connected up in a 
standard manner. The phase shift tuned circuit is 
given by L3, the associated internal parallel capacitor 
and C10. L3 is one winding of a second IFT.15 i.f. 
transformer, the other winding and core having been 
removed. The a.f. output of the i.c. is then fed via C13 
to the output socket. The bulk of the gain in the adap- 
tor is given by the MC1357. If there is insufficient 
6MHz input signal, the output of the adaptor mAy 
consist of transmitted a.m. signals at around 6MHz 
picked up by Ll. These clear when the 6MHz input is 
sufficiently high to allow the MC1357 to provide full 
limiting. 

The author's circuit does not include the 0.1/AF 
capacitor which the manufacturers recommend be 
connected between pin 2 of the MC1357 and chassis, 
since this was not found to be necessary. Such a 
capacitor can be added, if desired. 

CONSTRUCTION 
Construction can follow normal _practice with all 

signal -carrying wiring kept short. The pick-up loop 
section components in the author's prototype were 
housed in a small plastic case measuring 2} by 1f by 

in. The loop passes through the sides of this case, as 
shown in Fig. 2 and the accompanying photograph, 

Tape Small plastic box 

Adhesive 

LI 12 turns PVC. single 
strand wire 

TRI 

Coaxial cable 

i 

Coaxial 
plug 

Fig. 2. Details of the pick-up loop and its 
associated components 
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and is held in position by a clear adhesive. The main 
circuitry is assembled on a printed board of about 3 
by l¡in., and is housed in a metal case measuring 4 by 
2 by 1tin. The battery is external to the case. 

The value of Rl has to be determined by experi- 
ment and should be such that about 1 to 2mA flows in 
the cascode circuit. This can be checked by measur- 
ing the voltage drop across R4. The value required in 
Rl will probably be of the order of 2k a. 

Assuming that it is present at sufficient strength, 
the circuit can be aligned from the signal radiated by 
the television receiver. Adjustment of L3 should 
provide an a.f. signal, after which Ll and L2 can be 

peaked by moving the pick-up coil further and 
further away from the set and adjusting for a limited 
signal in each case. The tuning of the secondary of L2 
is very flat. L3 is then finally adjusted for minimum 
distortion. 

Should it be necessary to couple directly into the 
receiver to obtain sufficient input, the gate of TR1 can 
be coupled via a low value capacitor to a suitable in- 
tercarrier point in the set, such as at a discriminator 
transformer. The capacitor must have a voltage rating 
suitable for 250 volts a.c., and all precautions against 
accidental shock to anyone using the unit must be 
observed. 

NEW STYLE SELF -BINDER 
fo r 

"Radio Et Electronics 

Constructor" 

Available only from:- 

PRICE 

£1.20 
including V.A.T. 

P. & P. 30p 

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. 

Data Publications Ltd. 51 Maida Yale London W9 ISN 
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News Trade . . . 
NEW AUDIO AMPLIFIER MODULE FROM BI-PAK 

The AL30A is a high quality audio amplifier 
module providing an output power of 10w 
RMS. The versatility of its design makes it 
ideal for use in record players, tape recorders, 
stereo amplifiers and cassette and cartridge 
players. 

The circuit is a complementary symmetry 
output stage and the generous specification of 
the output devices ensures peak performance 
and reliability. The selection of these power 
transistors in particular determine the supply 
and output conditions. 

A power supply is available for use with the 
AL30A and consists of a PS12 together with a 
transformer T538, also available is a stereo 
pre -amplifier PA12. 

HEAT SINK REQUIREMENTS 
In order to prevent overheating, the 

modules must be attached to some form of heat 
sink, aluminium being an ideal material for 
this purpose. The heat sink may take the form 
of a bracket on which the units are mounted. It 
is recommended that 18 swg aluminium or 
heavier is used, having a total area of 10 sq. in. 
when used in speech and music applications 
and 15 sq. in. for high power and sine wave 

applications. The above figures should be* 
doubled where two units are mounted in the 
same heat sink. 

FUSING 
For domestic uses a 500mA fuse should be 

placed in the positive line feeding the 
amplifier. In cases where the module is used 
for high power or sine wave applications this 
should be increased to 1 amp. 

SPECIFICATIONS 
OUTPUT POWER 
SUPPLY 
LOAD IMPEDANCE 
INPUT IMPEDANCE 
SENSITIVITY 
TOTAL HARMONIC 

DISTORTION 
FREQUENCY RESPONSE 
MAXIMUM HEAT SINK 

TEMPERATURE 
DIMENSIONS 

10w RMS 
22 to 32 volts 
8 to 16 ohms 
50k 
90mv for full output 
Less than .5% 
(Typically .3%) 
60Hz to 26KHz ± 2db 
80°c 

90x64x27mm 

The output power of the amplifier is dependent on the supply 
voltage and load impedance. The table shows examples. 

SUPPLY VOLTAGE LOAD IMPEDANCE OUTPUT WATTS RMS 

28 8 10 

28 - 16 5 

Further details may be obtained from 
BI-PAK Semiconductors Ltd., of PO Box 6, Ware, Herts. 
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This month Smithy the 
Serviceman demonstrates 
to his assistant, Dick, the 
unique relationship 
between voltage, 
capacitance, current and 
time which is given when a 
capacitor charges via a 
constant current source. 
Also, he used this relation- 
ship to make up a circuit 
which measures human 
reaction time following a 
visual stimulus. 

"If," said Dick, breaking the lunch 
hour silence, "they installed a clock in 
the Leaning Tower of Pisa, what 
would that give you?" 

Smithy lowered his tin mug to his 
bench and surveyed his assistant 
gravely. 

"I don't know," he said eventually. 
"What would it give you?" 

"The time," chuckled Dick, "and 
the inclination!" 

Smithy shuddered. 
"I've got another one here," con- 

tinued Dick remorselessly. "What do 
they call the Welshman who set up the 
capacitor factory?" 

The Serviceman concentrated. 
"It's no good," he stated.. "I give up. 

What do they call him?" 
Dick grinned. 
"Dai -Electric!" 

CAPACITANCE 
"Where on earth," groaned Smithy, 

' doyou get all these terrible riddles?" 
"I've got a bag full of them," 

boasted Dick. "It's the latest craze 
and we try them out on each other 
down at Joe's Caff. But at least 
somebody at Joe's Caff usually finds 
an answer; they don't give up like you 
do." 

"It must be," confessed Smithy, 
"that I'm just not oriented." 

"Then tat's because you're old," 
stated Dick flatly. "We're young down 
at Joe's and our reactions are 
quicker." 

Age, protested Smithy indignant- 
ly, "has nothing to do with it. I bet my 
reactions are as quick as yours or any 
of your mates." 

Prove it." 
"All right," snorted Smithy. "We'll 

have a contest in which each of us has 
to respond to a stimulus. The one who 
responds quicker is the one who wins." 

'How the heck," responded Dick, 
"can we set up a contest like that?" 

"Very easily," replied Smithy. 
"You mentioned capacitors just now 
and so we'll make up a human reac- 
tion timer. Now, here's a question for 
you. What's the basic unit of 
capacitance?" 

The microfarad. I sunoose." 
"The basic unit," pronounced 

Smithy, "is actually the farad, of 
which a microfarad is a one -millionth 
part. All right then, what is the defini- 
tion of a farad?" 

"Search me!" 
"A capacitor has a value of 1 

farad," stated Smithy. "If the voltage 
across its plates is 1 volt when it stores 
a charge of 1 coulomb. Taking this a 
stage further, the charge in coulombs 
is equal to capacitance in farads mul- 
tiplied by the voltage across the 
capacitor. 

I'll take your word for it," com- 
mented Dick carelessly. "You lost me 
as soon as you started talking about 
coulombs!" 

Smithy picked up his mug and, 
drained it with one gargantuan 
swallow. 

Fair enough," he said equably, as 
he wiped his mouth with the back of 
his hand. "We'll leave the coulombs 
for a bit and come back to them later. 
What I want to do now is to start work- 
ing out a circuit for the reaction timer, 
so whilst I'm doing that perhaps you 
could fill up my mug for me." 

Obligingly, Dick rose from his 
stool and walked over to the cracked 
and battered utensils ranged alongside 
the Workshop sink to replenish 
Smithy's mug. The Serviceman pulled 
his note -pad towards him, took out a 
pen and proceeded to sketch out a 
small circuit. This was complete when 
Dick returned with Smithy's refilled 
mug. (Fig. 1). 

`That looks pretty simple," 
remarked Dick, glancing at the note- 
pad as he placed the mug on the sur- 
face of Smithy's bench. 

"It is simple," agreed Smithy. "It's 
just a 555 timer connected up to give 
one-shot operation. When the switch is 
closed, the 1000 electrolytic 
capacitor is short-circuited via the 
10 4.1 current limiting resistor, RI. 
Under this condition the 555 output, 
at pin 3, is high and so the 1.e.d. 
doesn't light. Opening the switch takes 
the short-circuit off the capacitor and 
it commences to charge by way of R2 
and R3. When the voltage across the 
capacitor reaches two-thirds of the 
supply voltage the output at pin 3 
changes state and suddenly-g_oes low. 

Fig. 1. The circuit of the 555 
section of Smithy's human 
reaction timer. The I.e.d., 
which can be any small red 
or green type, lights up after 
a period controlled by R2 

The I.e.d. is then lit up via R4. The 
output remains in the low state until 
the switch is closed again whereupon 
the capacitor is discharged, the output 
at pin 3 goes high an the circuit is 
ready for another timing run. Which, 
of course, can be given by opening the 
switch once more." 

TIME CONSTANT 
"It appears," remarked Dick, "to 

be just an elementary electronic tim- 
ing circuit. You could for instance 
replace the l.e.d. and R4 with the coil 
of relay. The relay contacts would 
then control the circuit being timed 
(Fig. 2). 

"True, true," confirmed Smithy. 
"Now, this 555 circuit is only part of 
the complete reaction timer, but it has 
its own little point of minor interest." 

"What's that?" 
"The length of the timing period," 

said Smithy, "is almost exactly the 
same as the time constant of the 
capacitor and the resistance through 
which it charges." 

"Is it?" queried Dick. "How do you 
make that out?" 

"Well," said Smithy, "when you 
have a capacitor charging up via a 
series resistor, the time constant is the 
time in seconds needed for the voltage 
across the capacitor to rise from zero 
to 63% of the supply voltage. In the 
555 circuit, the output at pin 3 goes 
low when the voltage across the 
capacitor reaches two-thirds of the 
supply voltage. Two-thirds is the same 
as 67% so the length of the 555 timing 
run is just a little longer than the time 
constant. Actually, it's 1.1 times the 
time constant." (Fig. 3). 

"Blimeyl" commented Dick, in- 
terested `that's useful to know. It 
makes the calculation of the capacitor 
and resistor values very easy.' 

"Exactly," confirmed Smithy. 
"Time constant in seconds is equal to 
capacitance in farads multiplied by 
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Relay 
contacts 

o 

If 

To controlled 
circuit 

Fig. 2. As Dick pointed out, the basic 555 circuit can be adapted 
to form a standard electronic timer incorporating relay. The relay 
coil resistance should be greater than 30011 and the contacts 
shown are normally closed. The silicon diode can be a 1N4002, or 

similar 

resistance in ohms or, to simplify 
calculations, capacitance in 
microfarade multiplied by resistance 
in megohms. So, when R2 inserts max- 
imum resistance into circuit, the series 
resistance through which the capacitor 
charges ie about 250k Q, or 0.25M11. 
Multiply 025M(l by the 100µF in the 
capacitor and you get 25 seconds. 
Similar reasoning shows that the time 
constant is about 4.7 seconds when R2 
inserts zero resistance into circuit." 

"So," cut in Dick, "you've got a 
timing circuit with a range of 4.7 to 25 
secds"That's 

right," agreed Smithy. "In 
practice there are the tolerances in the 
circuit to take into account. You could 
say, rough check, that this 555 timing 
circuit has a range extending beyond 8 
to 22 -seconds." 

Smithy leaned forward, picked up 
his mug and drank avidly. 

"Now," he went on, "I'm going to 
work out the remainder of the reaction 
timer circuit.' 

The Workshop fell into an unac- 
customed silence as Smithy once more 
worked at his note -pad. But not for 
long. 

"Hey Smithy, I've got another little 
problem for you." 

"Have you?" replied Smithy 
absently. 

"Here's the situation," stated Dick. 
"At nightfall Anthonyand Cleopatra 
are in a room and both are fit and well. 
When the morning comes, Cleopatra 
looks very pleased with herself, 
Anthony is dead and there' water on 
the floor. What's happened?" 

"Blow me, I don't flaming well 
know." 

"Think about it." 
Reluctantly, Smithy put down his 

pen. 
It's beaten me," he said, his brow 

furrowed. "Tell me." 
"The situation is easy to understand 

when you know about Anthony and 
Cleopatra." 

"For goodness sake," snorted 
Smithy, 'stop dragging it out. What's 
so special about Anthony and 
Cleopatra?" 

"Anthony," replied Dick 
triumphantly, "is a goldfish and 
Cleopatra is a cat!" 

"Ye gods," moaned Smithy, 
stricken. 'And to think I was using up 

o ¡ 

constont 

Time 

Fig. 3. When a capacitor is charged via a resistor the voltage 
across the capacitor rises as shown by the curve. As the voltage 
across the capacitor increases that across the resistor decreases, 

with a consequent reduction in charging current 

valuable brain power on a puzzle like 
that." 

"I tell you," said Dick juhilantly. 
"If you want way-out riddles I'm the 
guy to come to." 

Let me," said Smithy hastily, "get 
back to this circuit of mme. It's nearly 
finished." 

CONäTANT CURRENT 
He was able to complete the circuit 

uninterrupted after winch he turned 
round to face phis expectant assistant. 

"Now," he remarked., "before I 
show you the complete circuit I want 
to say a bit more about the charging of 
a capacitor. What happens when a 
capacitor is chargedvia a resistor?" 

Blimey, Smity, we've just been 
into that," said Dick impatiently. 
"The voltage across the capacitor 
rises." 

"Yea," persisted Smithy, "but how 
does the voltage rise?" 

"Oh," exclaimed Dick. "I see what 
you're getting at. Well, the voltage 
follows a curve where the rate of in- 
crease of voltage goes down with time. 
It's called an expectation curve!" 

Smithy gazed at his assistant fond- 
ly.. 

'For an idiot," he remarked 
benevolently, "you are remarkably 
successful in stumbling on the right 
answer. The rate of increase of vol 
does decrease with time, since the 
voltage across the series resistor 
reduces and the a g current goes 
down in proportion. But the curve, my 
lad is known as an exponential one. 

flick beamed happily. 
"I'm glad to be of help," he remark- 

ed modestly. "Just the odd word 
wrong now and again hardly detracts 
from my usefulness." 

"Well, it doesn't much," qualifi 
Smithy. "Right, tell me next what 
happens if, instead of using a series 
resistor, we charge the capacitor from 
a constant current source?" (Fig, 

4(a).limey," said Dick, frowning. 
"that's a toueh one to spring on me out 
of the blue. If the capacitor is char 
from a constant current source the 
charging current remains the same all 
the time, doesn't it?" 

"It does." 
"Then does the rate of increase in 

voltage stay the same, as well?" 
"It does exactly that," confirmed 

Smithy. "When a capacitor is c 
from a constant current source 
voltage across it rises in linear form 
with time." (Fig. 4(b).) 

"Sts me, said Dick. I got that 
one t, too." 

"I ow you did," commended 
Smithy. "And now we'll get back to 
those coulombs I mentioned earlier 
on." 

"I thought things were getting too 
easy!" 

coulomb," said Smithy, ignoring 
his assistant's comments. "is simply a 
quantity of electricity. If a current of 1 
amp flows by a certain point for 1 se- 
cond we say that 1 coulomb of elec- 
tricity has passed that point. In other 
words, a coulomb corresponds to 1 
amp in 1 second. Now I said earlier 
that a capacitor of 1 farad has a 
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Fig. 4(a). Here, a capacitor charges via a constant current source 

Fig. 4(b). The voltage across the capacitor rises in linear fashion 
with time 

voltage of 1 volt across its plates when 
it stores I coulomb of electricity. Or, to 
be a little more precise, when the 
charge it holds is equal to 1 coulomb. 
Let's next say that we start off with a 
discharged capacitor of 1 farad and 
allow a charging current of 1 amp to 
flow into it for 1 second. What 
happens?" 

A voltage appears across its 
plates." 

"How high a voltage? Remember 
that the charging current is 1 amp and 
it flows for 1 second." 

"Then the capacitor," said Dick 
slowly, "must have taken up a charge 
of 1 coulomb. So the voltage across it 
will be 1 volt." 

"Good," approved Smithy. "What 
happens if we let the charging current 
of 1 amp flow for another second?" 

"The voltage will go up again," 
responded Dick brightly, "by another 
volt. It has to, because the voltage rise 
curve is linear with time, and we're 
applying a constant charging current." 

'Excellent, excellent," pronounced 
Smithy, pleased. "And this now leads 
us to a delightfully neat and interlock- 
ed set of circumstances. If we apply a 
constant charging current of 1 amp to 
1 farad we get a voltage rise across the 
capacitor of 1 volt per second. We will 
have the same result if we divide the 
current and the capacitance by the 
same figure. Thus we get a linear 
voltage rise of 1 volt per second if we 
have a constant current of lµA flowing 
into lµF a current of 10µA flowing 
into 1014e, 100µA into 10011F or 1mA 
into 1,000µF. The relationship ties 
together four separate quantities in a 
very simple manner, these being 
current, capacitance, voltage and 
time." 

"Hey," said Dick, impressed, "that 
relationshi? really is something 
Smithy. Isn t it funny how it works out 
so tidily?" 

"Well, it isn't really." stated 
Smithy cautiously. `Actually, it's 
dependent upon the basic definition of 
the farad itself. But lots of people 
don't realise that the relationship ex- 
ists because, like you, they get stuck at 
the coulomb bit. Anyway, having said 
all that, let me now show you this 
reaction timer circuit." 
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COMPLETE CIRCUIT 
With a flourish, Smithy tore off the 

top sheet of his note -pad and laid it on 
the surface of his bench. Added to the 
original 555 timing circuit were a set of 
further components including four 
transistors and a 0-10012A meter. (Fig. 
5). 

"Gosh Smithy," gasped Dick. 
"This looks a bit complicated. I can at 
least recognise the 555 section, but I 
don't see how it fits into the rest of the 
circuit." 

"This reaction timer," stated 
Smithy, "is designed to measure a per- 
son's reaction time to a stimulus. The 
stimulus here is the lighting of the 
l.e.d. which is driven by the 555. Now, 
there's no point in having a stimulus if 
you've got a good idea when it's going 
to appear and this is where the 555 cir- 
cuit comes in. R2 should be fitted with 
a plain circular control knob and it is 
adjusted, preferably by someone other 
than the person taking the test, for any 
random setting within its range. The 
result is that the stimulus can appear 
at any time within the range of R2 
after the reaction timer has been 
switched on. The switch which short- 
circuited the 100µF capacitor is now, 
incidentally, part of the overall on -off 
switch for the timer." 

"What happens when the output of 
the 555 is high?" 

"Obviously," stated Smithy, "the 
l.e.d. does not light. At the same time a 
current flows via R5 into the base of 
TRI, turning this transistor on and 
keeping capacitor C2 in the discharg- 
ed condition. The 68 f1 resistor, R6, is 
just another current limiting resistor." 

"Fair enough," said Dick thought- 
fully. "What occurs next is that, when 
the 555 output goes low the l.e.d. lights 
up, TR1 is turned off and capacitor C2 
is able to charge." 

"Youve got it," agreed Smithy. 
"The capacitor charges via a constant 
current from TR2. The base of TR2 is 
held at a fixed potential of about 1.2 
volts negative of the positive supply 
rail by Dl and D2. The result is that 

is there about 0.6 volt between the 
emitter of TR2 and the positive supply 
rail, whereupon R8 is adjusted so that 
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Fig. 5. The complete circuit of the reaction timer. R8, which maybe a skeleton potentiometer, is given a 
temporary velue of 10k LI for setting -up purposes. The fixed resistors are all at watt 5%, and S1 can be a 
6 -pole 2 -way rotary switch with 2 poles unused. Current consumption from the 9 volt battery is initially 
8mA, rising to 18mA when the l.e.d. is illuminated. Current drain from the 3 volt battery is 3mA 

a constant current flows in TR2 
emitter and in consequence, its collec- 
tor circuit.' 

"What is the constant current, 
Smithy?" 

"Nominally, it's 1mA. As I said just 
now, 1mA into 1,000,uF gives a voltage 
increase of 1 volt per second. What we 
want here, however, is an increase of 
about'5 volts per second, and we'll get 
this if we havg 1mA going. into one - 
fifth of 1,000u1'', or 200-1.4F. As you can 
see C2 has that value." 

"I think I'm getting the general gist 
of things," said Dick thoughtfully. 
"What are TR3 and TR4 for" 

"They're part of an electronic 
voltmeter circuit which is commonly 
used in home -constructor designs," 
replied Smithy. "The input im- 
pedance at the base of TR3 is in prac- 
tice normally very high, higher in fact 
than that of a 741 i.c. used as a voltage 
follower. The voltage at the emitter of 
TR4 is 1.2 volt below that at the base 
of TR3, and TR4 emitter is coupled to 
R11 and Ml, which form a voltmeter 
with a full-scale deflection of about 5 
volts. The negative terminal of M1 is 
taken to the slider of R12, in order 
that the 1.2 volts lost in the base - 
emitter junctions of TR3 and TR4 can 
be compensated for. The result is a 
very high input impedance voltmeter 
with a range of zero to about 5 volts." 

"You say about 5 volts." corn- 

mented Dick. "Wouldn't it be better 
to have it give f.s.d. at exactly 5 
volts?" 

"There's no need," responded 
Smithy. "There are a lot of tolerances 
in the circuit which have to be taken 
up including, in particular, the wide 
tolerance of C2. So the circuit is set up, 
by adjusting R8; to take all these 
tolerances into account, including the 
tolerance in accuracy of the 0-5 
voltmeter section." 

"I get the idea," stated Dick. "Well, 
now you've explained all the bits just 
tell me how the complete circuit 
works." 

"Right," said Smithy briskly. 
"We'll start by saying that the on -off 
switch is off. Both batteries are dis- 
connected and both Cl and C2 are dis- 
charged. Turning the circuit on con- 
nects up the batteries and takes the 
switch short-circuits oft Cl and C2. Cl 
commences to charge, the output of 
the 555 is high and C2 is held in the 
discharged state by TR1. After a 
period depending upon the setting of 
R2, the 555 output goes low, causing 
the l.e.d. to light up and TR1 to turn 
off. Capacitor C2 now commences to 
charge with the voltage across it rising 
at a nominal rate of 5 volts per second. 
The person taking the test presses 
push-button S2 as soon as he can after 
the l.e.d. lights up. This cuts off the 

charging current to C2 and the voltage 
across this capacitor remains fixed.. 
The voltage is read by the electronic 
voltmeter which then indicates, as a 
fraction of 1 second, the period of time 
which elapsed between the lighting of 
the l.e.d. and the pressing of S2." 

A LITTLE CONSTRUCTION 
"What takes place if you don't press 

S2? Or if you release it again after 
having pressed it?" 

"The voltage applied to the elec- 
tronic voltmeter continues to rise after 
f.s.d. at 1 second until it reaches about 
8 volts. The meter needle is then right 
off scale, of course, but the overload is 
too small to cause any damage to it. If 
you switch off at S1, the circuit is 
ready for another go, with the two 
electrolytic capacitors discharged by 
Si(a) and S1(b)." 

"Dash it all,' said Dick unhappily. 
"I've just thought of a snag. 

"What's that." 
"How in heck do you set up R8? 

This has got to be adjusted to take in 
all the tolerances you were talking 
about just now, but it would be im- 
possible to adjust it by trying'to time 
the. circuit for a period of 1 second." 

"There's a soltion to that," said 
Smithy, glancing at his watch. "Look, 
we've still got half an hour of lunch 
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break to go; so how do you feel about 
knocking up that circuit in a quick 
lash-up form?" 

"Blimey," said Dick eagerly. "That 
would be a really great idea. I've got a 
bare old chassis knocking around with 
holes for the pots and the switches and 
I should be able to get the circuit 
together in no time at all." 

Keenly, he snatched up Smithy's 
circuit and carried it over to his bench. 
There followed a purposeful bustle of 
activity as Dick collected together the 
components he required. 

"HeySmithy what value should R8 
have? You've shown 1kÁ for this but 
you've also put in 1Ok n in brackets." 

"Fit a 10k0 pot for the time being," 
instructed Smithy,"and ,keep a 
1k(2 of on one side for use later." 

Okeydoke. 
Smithy relaxed as Dick worked 

away at his bench. Comfortably, he 
mused on the behaviour of his assis- 
tant and on how very obliging he 
could be at times. 

"Hey Smithy!" 
"Hello." 
"There's this chap who lives in a 

flat on the thirteenth floor of a high- 
rise block. Every morning he gets into 
the lift on the thirteenth floor, goes 
down to the ground floor then 
proceeds to work. Every evening he 
gets back from work, enters the lift on 
the ground floor, takes it up to the 
tenth floor, gets out and walks up the 
stairs of the last three floors. Why is 
this?" 

Smithy's mood of lazy euphoria 
evaporated. He glanced irritably at his 
assistant's back. 

"Is there something wrong with the 
lift?" 

"Nope " replied Dick, cheerfully, 
"it's perfectly serviceable." 

Smithy grunted and drank his tea. 
He was now lumbered with the latest 
of Dick's unwelcome problems and he 
would not be able to settle until he 
knew the solution. Dick worked away 
happily unaware of the discomfiture 
he had' created behind him. The 
minutes passed. 

"I've nearly finished," he called 
out. "There are only a few more parts 
to wire in." 

Smithy could not restrain himself. 
"All right," he said resignedly, "put 

me out of my misery. Why does this 
bloke only go up to the tenth floor in 
the evenings?" 

"He's a midget," explained Dick. 

Fig. 6. Smithy adjusted R8 
(with a value of 10k fl) for a 
period of 10 seconds, dis- 
charging C2 before each run 
by placing a temporary 
short-circuit across the 
collector and emitter of TR 1 

"He can't reach higher than the tenth 
floor button in the lift!" 

"Dear oh dear," complained 
Smithy wearily. "I suppose I asked for 
it." 

SETTING UP 
"Your reaction timer's all com- 

plete," pronounced Dick a little later, 
as he placed his soldering iron back on 
its rest. "Come over and have a look." 

Smithy rose and walked over to in- 
spect his assistant's handiwork. 
Despite the speed with 'which Dick 
had worked the results, for a tem- 
porary assembly, were very 
creditable. 

"Okay," said Smithy, "we'll start 
setting it up now. Put R8 to a central 
setting, connect up the batteries and 
switch on." 

Dick proceeded to carry out 
Smithy's bidding. The 0-1O011A meter 
at once gave a reverse reading. Smithy 
leaned forward and adjusted R12 so 
that the meter indicated zero. Sudden- 
ly the l.e.d. lit upand the meter needle 
moved relatively slowly to the right. 
Smithy pressed S2, and the meter nee- 
dle remained frozen at a mid -scale 
position. He released S2, and the nee- 
dle continued its movement to the 
right. The Serviceman switched off at 
Sr."That 

meter needle moved rather 
slowly didn't it?" queried Dick 
critically.' It was far too slow to cor- 
respondto a timing period of 1 second 
at full-scale." 

"What we want to do at this stage," 
explained Smithy, "is to obtain full- 
scale deflection after 10 seconds, It 
will be quite easy to adjust R8 for a 
period of 10 seconds, as I'll show you 
now." ' 

Smithy sat down and switched on 
the timer again. He placed his watch 
on the bench. After a period the 1.e.d. 
once more lit up and Smithy judged 
the eriod taken for the meter to read 
f.s.d-. He then picked up a length of 
wire and short-circuited the emitter 
ana collector of 'l'R1. 'l'he meter 
reading fell to zero and Smithy gave 
R8 a small adjustment. He removed 
the short-circuit and timed the period 
in which the meter needle travelled to 
its f.s.d. reading again. After half a 
dozen experimental adjustments of 
R8 with the emitter and collector of R_8, 
T 1 initially short-circuited in each 
case, he was finally satisfied that the 
timing period was as close to 10 
seconds as he could make it. (Fig, 6). 

MORSE MADE 
EASY 

cb 
BY THE RHYTHM 

METHOD! 
These courses. which have been sold for 
over 23 years, have been preved many times 
to be the fastest method of learning Morse. 
You start right away by learning the sounds 
of the various letters, numbers, etc., as you 
will in fact use them. Not a series of dots and 
dashes which later you will have to translate 
into letters and words. 
Using scientifically prepared 3 -speed records 
you automatically learn to recognise the 
code RHYTHM without translating. You 
can't help it. It's as easy as learning a tune. 
18.W.P.M. in 4 weeks guaranteed. 
The Complete Course consists of three 
records as well as instruction books. 
For Complete Course send £5.00 including 
P.P.I. etc. (overseas surface mail f.1 extra). 

THE MORSE CENTRE 
Box 8, 45 Green Lane. Purley, Surrey. 

I enclose 15.00 or large s.a.e. for explanatory 
booklet. 
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Address 

GAREX 
Experimenter's H.T. transformer; multitao 
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atarter'ack, 5 each value Izöbt £2.4O' 
Mixed pack, 5 each }W + }W 1570) £4.65 
Standard pack, 10 each (570) £4.65 
Giant pack, 25 each (1,425) £11.65 
I.C.'s Inew. full spec.) CD4001AE 26p 
SN 76660 £1.12. 723 1T05) 9Op 
NE555 Timer 659 
709 (T05); 741 (011.-8) Op. amps 309 each 

5+ I.C.'s (any mix) at 20% discount 
Nicad rechargeable cells HP7 size £1.05 
each; 4+ : 95p; 10+ : 88p. Brand new. 
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Distributors for J. H. Associates Ltd. 

(switches and lamps) 
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"Right," he said. "The constant 
current source is now giving a current 
which, when presented to the other 
components in the circuit, ves a time 
period of 10 seconds. We'll next 
measure that current. Nominally it's 
O.1mA, but we'll probably find in 
practice that it's quite some way 
removed from this. Testmeter, 
please!" 

Dick passed over the meter. Smithy 
switched this to an appropriate 
current range, switched off -the timer 
and applied the test prods between the 
negative rail and the collector of TR2. 
He next pressed S2 and switched on 
again. The meter gave a reading of 
0.14mA. He switched off the circuit, 
disconnected the meter, then released 
S2.n (Fig. 7). 

lnhat's it," he remarked. "With the 
components we have here a constant 
current of 0.14mA gives 10 seconds, 
and it follows that the current needs to 
be 10 times this for 1 second. So what 
we do now is fit the lk pot in the R8 
position and adjust this for a constant 
current of 1.4mA. You can do that, 
Dick." 

Smithy watched as Dick replaced 
the potentiometer. Initially he ad- 
justed the 1kí2 potentiometer to insert 
maximum resistance into circuit then, 
using the same approach as had just 
been employed by Smithy, Dick con - 

Fig. 7. Smithy next 
measured the constant 
current from TR2 corres- 
ponding to the 10 second 
period. R8 was then chang- 
ed to 1kß and adjusted for 
a 'constant current 10 times 
greater, to give a period of 1 

second. Smithy took care to 
ensure that the meter could 
not connect accidentally 
across Cl when the latter 

was charged 

nected the testmeter and adjusted R8 
for a current reading of 1.4mA. He 
switched off disconnected the meter 
leads and released S2. 

"Okay," said Smithy, "we're all 
ready to check our reaction times now. 
You go first, Dick." 

Smithy made a random adjustment 
to R2 and then switched on the circuit. 
Dick waited expectantly for the l.e.d. 
to light up. As soon as it did he pressed 
S2. The meter indicated 26µA, cor- 
responding to 0.26 second. 

Not bad," stated Smithy. "Try 
again." 

On successive attempts, Dick 
achieved scores of 0.28, 0.29, 0.27 and, 
on the final attempt, a praiseworthy 
0.24 seconds. 

"Right," said Smithy confidently, 
"I'll have a go now." 

To his fury, Smithy's scores averag- 
ed at 0.32 second. He obtained 
readings of 0.34, 0.35, 0.30 and 0.29. 

FINAL RIDDLE 
"There you are," jeered Dick 

triumphantly, "my reactions are 
quicker than yours and this circuit 
proues it. I'm quicker than you with 
problems and I'm quicker than you 
with actual reaction times!" 

"All right all right,", said Smithy 
crossly. A ,gleam came into his eyes. 
"Just a minute, though. I've thought 
of a problem which I'll put to you for a 

TR2 

D2 

v 
O 
Testmeter 

v 

R R R 
X Y 

x 

(a) 

R R R 

(b) 

(c) 

Fig. 8. Smithy's little poser. 
He first drew the three 
equal value resistors in (a), 
then added the circuit line i«:7 

(b). Finally he added the se- 
cond line in (c). What is the 
resistance between X and 

Yl 

Y 

change." 
"Fire away!" 
Smithy took out his pen and drew 

three resistors on the edge of his cir- 
cuit diagram. (Fig. 8(a).) 

"There are three equal value 
resistors here," he stated. "each with d 
value of R ohms. What's the total 
resistance between points X and Y?" 

"That's easy," scoffed Dick. "It's 
3R." 

Smithy added a line to his diagram. 
(Fig. 8(b).) 

"And now?" 
"Well," said Dick somewhat un- 

easily "the resistance between X and 
Y is ft ohms." 

Smithy added a second line. (Fig. 
8(c).) 

"And what," he asked "ie the 
' resistance between X and now?" 

Dick looked at Smithy's little cir- 
cuit and scowled in anguish. 

Hggy Smithy, you aren't Rliy} nngg 

fair! For the life of me I can't tel *hat 
the sistencei !" 

"then, said Smithy gently, "I'll 
have to tell you what it is when we 
have our next gen session together." 
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THE O - EN DOOR TO QUALITY 

ELEci"ee7 
ELECTROVAL11E LTD 

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, 
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CUSTOM 
CABINETS 

We build all types of loudspeaker enclosures, 
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designs or for your special requirements. 
HOME CONSTRUCTORS 

Professionally finish your equipment using our specialist 
fittings: 
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Standard jack socket recessed mounting plate 9p each 
Cabinet feet 1 }' dia x {" high (black polyethylene) 9p each 
Black "Vynide" cabinet covering approx 52" wide £1.90 

per yard 
Black "Vynair" baffle covering approx 52" wide £2.60 per 
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11" speaker fixing bolts, C/S with left-handwood screw into 

baffle, including washers and nut. 2BA 6p *soh;4BA 
4p each 

Pre-cut cabinet parts/baffles etc. price on application 
Prices include VAT On orders under £5 please add 

60o towards postage and packing 
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HARDWARE 
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accessories. Sheet aluminium and lightweight sections. 
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4" dia. lens 
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MAGNIFIER 

WITH CAST IRON BASE, 

PRECISION GROUND AND 

POLISHED LENS, CHROME PLATED 
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FREE 
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MODELLER 
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 
9 Postage 32p 

ON SALE NOW 
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or direct from:- 

RADIO MODELLER 
BOOKS DIVISION, 
84 High Street, 
teddington, TW11 8JD. 

theory apO 
practice of 

RODEL 
RADIO 
[Ot1TROL 

NOW AVAILABLE .. . 
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776 pages 
inc. index 
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(August 1973 to July 1974) 

BOUND VOLUME No. 28 
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PRICES 
VOL. 27 

£2.40 per volume P&P 75p 

VOL. 28 
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Limited number of these 
volumes still available. 
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SMALL ADVERTISEMENTS 
Rate: 8p per word. Minimum charge f1.00 

Box No. 20p extra 

Advertisements must be prepeid 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 bone fides of Advertisers. (Replies to Box 
Numbers should be addressed to: Box No. - 
Radio and Electronics Constructor, 57 Maida 

Vale, London, W9 1SN. 

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. 

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 paid. Romak Engineering Ltd. Dept. RE, 10 Hibel Road, 
Macclesfield, Cheshire SI10 2AB. 

OUTSTANDING HI-FI FM TUNER. Comprises 7 trans- 
istor superhet design with vericap tuning, AFG. Latest 
silicon circuitry, full coverage 88-102MHz. Supplied built 
and tested with metal front panel and instruction sheet. 
Only £9.95 + 30p P. & P. Gregg Electronics, 86-88 
Parchmore Road, Thornton Heath, Surrey. 

WANTED: 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: 01-359 4224. 

ANTIQUE WIRELESS: For valves, radios, components 
and service sheets, 1920 to 1950. Contact The Vintage 
Radio Shop. 1977 Full Catalogue 70p. 64 Broad Street, 
Staple Hill, Bristol BS16 5NL. Telephone: (0272) 565472. 

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. 

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 II. J. Hicks, 
£1.50. Klystron Tubes by A. E. Harrison, 1947, 11.50. An 
Approach to Audio frequency 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. 

TREASURE HUNTERS! Construct 11 -transistor metal detector giving £300 performance. 10 page illustrated 
plans, send £I. C. H. Lucas, 241 Upminster Road South, 
Rainham, Essex. 

60kHz MSF RUGBY RECEIVERS BCD time -of -day 
output. High performance PLL 5V operation, pulsating 
LED. Kit or assembled instrument available. Prices 
£14.08-123.47. Details: Toolex, Sherborne, Dorset. 

RESISTORS: E12, 5% 1/3 W - 1p. Diodes 4148 - 3p, 4004 - 5p, LM555CN - 38p. VAT inclusive. 15p postage. 
Cleveland Supplies, P.O. Box 20, Redcar, Cleveland. 

(Continued on page 709) 
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U-DeC 8, the professional DeC for the amateur constructor. 
ICs simply plug directly into the U-DeC B. Prove and test 
your circuit working. Then transfer the components to the 
2 -IC Blob -Board. 

Identical layout .to the U-DeC B. 
No wasted or bent pins on you IC. 

Perfect circuits every time. 
Why spend time and money using matrix boards that are 
out of date, The 21C Blob Board has the same layout of the 
U -Dec B. No cutting or breaking of contact rails, no working 
on the wrong side of the board. 
No Mistakes. Simply a Blob of solder for perfect circuits. 
Half Price Offer Never To Be Repeated Again. 
1 U-DeC B + control panel + booklet with circuit diagrams 
to build 4 21C Projects + step by step instructions + which 
components to use + 24 21C Blob Boards Enough to build 
24 different IC projects. Normal Price £14.67 
Half Price Offer Send £7.00 + 0.50p Post + 0.60p VAT 
Total £8.10 
Offer Closes June 30th. Please allow 20 days for delivery. 

oct PB Electronics (Scotland) Ltd. rile 57 High Street, Saffron Walden, Essex. 

18 watts of power at 240 v straight to ¡ the hit 

saióERiNs ißóá 
IDEAL for HOBBYorTRADE 
SAFE : Complies with Consumer 
Protection Regulations BS No.3456 2/14 

The S V R 'D has a new 
method of bit -securing (pat. pending) 
and a built-in suspension hook. 
All parts are very easily replaced. 
Insulation tested at 1500 V. ac. 
BIT SIZES: 
1911.5mm) 2013.0mml 
2114.5 mm l 22 16.0 mm 
PRICES: (including VAT and Pand PI 
IRONS £3.70 each. BITS 41p each 
(Bit type 20 fitted as standard). 

Cheques/P. orders to Manufacturers and Distributors: 

S.& R. BREWSTER 
86-88 UNION ST PLYMOUTH Tel 

Dracla Awed e9 O&come 
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DIRECT SUPPLY SERVICE TO READERS .. . 

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'S Current and widely used 
INTERNATIONAL obsolete types were carefully 
TRANSISTOR selected and arranged in 
SELECTOR. Would this replace it? Numero -Alphabetical 
of the most useful order by an author who working books you will 
be offered this year. And M 

was uniquely qualified to 

probably the cheapest ! I -x do the job. With his 
C/D compendium, all you need 

In it you will find a really °O to know is the type number 
international selection of and you can learn all about a transistor's 
10,000 transistor types - British, specification ; who made it and where to 
Continental European, American and contact them ; or what to use to replace it. 

Look at the entry for 2N909 

TRANSISTOROA 
NUMBER 

PM 

LT 

PACK- 
AGE 

LEAD 
INFO 

VCB 
MAX 

VCE 
MAX 

VEB 
MAX 

I 

C 
MAX 

T 
J 

MAX 
P 
TOT- 

F C 
T OB 

MITI MAX 
R 

FE 

R 
FE 

BIAS USE MFA 
EIRIB 
EDVT 

SA 
NS 

214909 NS TOTS LOI 60V 30V SV 200MA 175C 500MAV SOM 25P 110MN SOMA AMC SGI 8SX33 219731 0 

This is what you will learn from it 

TYPE NO 
POL 

B 
MAT 

' 

U3 

O 

LEAD 
EDEF 
TIFNMAMMAX 

V,M Vau LÇM 

MAX 

I, 

MAX 

T. 

MAX 

P,o, 

MAX 

I, 

MIN 

Ca 

MAX 

". 1 

1" 
BIAS 

USE SUP 

2- n' 
us 

SUB 

USA 

SU ISs 

IFMMPLEI 
211109 

NOMERO 
ALPHABETIC 
LISTING 

NS 

UM 

SOIS LOI 

S- 

SDV 30V 5v 
200 
MA 1I50MWE 

500 

IN 

AT 

50M -25P 

MAXIMUM 

USUALLY 

OPEN 

PICOFARAD 

DEVICES 

INDICATED 

110 
MN 

CURRENT 
SOMETIMES 
SPECIFIED 
SPECIFIED 
AS 

SO 
MA 

BIAS 

GAIN 

AMG 

CODE 

APP 

SEE 

SGT 

CODE 

SUPPLIER 

SUPPLIER 

SSX 
33 

SUGGESTED 

PROELECTRON 

STANDARD 

SUBSTITUTE 

IN 
731 

SUGGESTED 
E IA- 
IN 
STANDARD 
POSSIIILE 

SUBSTITUTE 

0 

'FOOTNOTE 

JEDEC 

N 
- MIN 

P PNP 
G GERMAN 
S SILICON 

REFER TO CASE 
OUTLINES 
APPENDIX C POSSIBLE 

REFER TO LEAD DETAI 
APPENDIX 

MAXIMUM PERMISSIBLE 
COLLECTOR SASE 
VOLTAGE WITH EMITTER OPEN 
CIRCUIT 

INDICATION POSSIBLE 

OF DEVICE -SEE 

APPENDIX E 

MAXIMUM PERMISSIBLE 
COLLECTOR SMITTEN 
VOLTAGE WITH SASE OPEN CIRCUIT 

INDICATION OF 

ICATION USAGE 
APPENDIX A 

MAXIMUM PERMISSIBLE EMITTER E SASE 
VOLTAGE WITH COLLECTOR OPEN CIRCUIT CURRENT AT WHICH CURRENT 

N IS CHARACTERISED 
MAXIMUM PERMISSIBLE COLLECTOR CURRENT 

MAXIMUM PERMISSIBLE JUNCTION TEMPERATURE 
T GAIN NORMALLY D[ 

BIAS RELATEDWHERERED 

MIN 
GAIN) 

ONLY 
I, 

- I MN I 

TYPICAL I I CAN BE TAKEN 
TWICE MIN AND VICEVERSA 

MAXIMUM PERMISSIBLE DEVICE DISSIPATION f 
AIR R Ai ISMI 'C C WITH CASE SURFACE HELD 

M'C N IN FREE AIR AT I5'C WIN METAL NEAT 

SINK ARA[MEO TO DEVICE COLLECTOR CAPACITANCE (TYPICAL 
IC { TO E MAXI NORMALLY EMITTER 

CIRCUITANO INDICATED By - 

OR N - NANOTARAD - FOIL HI 
Cn IS GIVEN ANO PICOTARADS THEN 

IT "R INSTEAD OF P 

MINIMUM FREQUENCY CUT ODE F, INDICATED IN 

II KILOHERTZ M MEGAHERTZ G . GIGAHERTZ 

F. FREQUENCY Al WHICH COMMON EMITTER CURRENT 

GAIN DROPS TO UNITY TYPICAL I. CAN BE TAKEN AS 

ROUGHLY TWICE F. Al 

ISS COLUMN INDICATES ISSUE NO OE DATA LINE ENTRY 
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Tower's 
International MBE, MA, BSc, C Eng, MIERE 

Transistor £5.00 
Selector inc. post and packing 

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

1 
by T. D. TOWERS 

1 

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

L _ (Block capitals) j 
RADIO & ELECTRONICS CONSTRUCTOR 



SMALL ADVERTISEMENTS 
(Continued from page 707) 

WANTED: Radio Constructor 1947-1973 bound or not. 
Marcel Volery, 27 Rue du Grand -Pre, CH -1202 Geneva, 
Switzerland. 

MICRO SWITCHES button type, 3A 250V. Minimum 
quantity 5 for £1 all inclusive. Cobra Electronic Systems 
Ltd., 83 Greenfields Avenue, Alton, Hanta. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
services to members including Q.S.L. Bureau, Amateur 
and Broadcast Translation, Technical and Identification 
Dept. - both Broadcast and Fixed Stations, DX Cer- 
tificates, contests and activities for the SWL and transmit- 
ting members. Monthly magazine, Monitor, containing ar- 
ticles of general interest to Broadcast and Amateur SWLs, 
Transmitter Section and League affairs, etc. League 
supplies such as badges, headed notepaper and envelopes, 
QSL cards, etc., are available at reasonable cost. Send for 
League particulars. Membership including monthly 
magazines, etc., £3.75 per annum. (U.K. and British Com- 
monwealth), overseas $10.00 or £4.00. Secretary ISWL, 1 

Grove Road, Lydney, Glos., GL15 5JE. 

JUBILEE PACKS. Contains diodes, transistors, 
capacitors resistors, plus odd items. Average 80 items per 
pack. £1 plus 25p P. & P. Cheque or P.O. to: A. Callow, 61 
Coniston Way, Bewdley, Worcs. 

WANTED: 600 metre marine band receiver. Approximate- 
ly 500 to 250 kilohertz with b.f.o. Mains or dry battery 
powered. Box No. G332. 

BARGAIN COMPONENT PACKS. Capacitors. Mulford 
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- , 

elusive. Limited quantity only. Send P.O. today to: Eddie 
Richards, 8 Grove Road, Leighton Buzzard, Beds. 

FOR SALE: Radio & Electronics Constructor January 1962 
to December 1976 (4 copies missing) also Practical 
Wireless January 1969 to December 1976 (3 copies mis- 
sing). Offers to: Croxson, 37 Canterbury Avenue, Ilford, 
Essex, IG1 3NA. 

THE RADIO AMATEUR. INVALID & BEDFAST 
CLUB is a well established Society providing facilities for 
the physically handicapped to enjoy the hobby of 
Amateur Radio. Please become a supporter of this worthy, 
cause. Details from the Hon. Secretary, Mrs. Rita 
Shepherd, 59 Paintain Road, Loughborough, Leics., LE11 

WANTED: To purchase April 1975 issue of Radio & Elec- 
tronics Constructor in good condition. Offers? Box No. 
G333. 

FOR SALE: 741 25pNE555 42p, AC128 10p, BC107/8/9 
9p, TIL209 12p, 2N3819 30p, UT46 30p, IN4001 bp. All 
inclusive. Delos Electronics, 76 Ber Street, Norwich, Nor- 
folk. 

POSTAL ADVERTISING? This is the Hòlborn Service. 
Mailing liste, addressing, enclosing, wrapping, facsimile 
Jeers, autofnatictyping, copy sertit .campagn 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 711) 

Blob Board 
Offer 30Z off 

Circuit diagram to circuit board in minutes. Layout circuit plan 
.1" graph paper. Select Blob Board, ley components out with 
leads on copper strip. Blob of solder onto lead and your circuit 
is complete. Blob Boards normally half price of competitive 
boards. Roller tinned to solder components directly. No drilling 
or mounting. Modifications in seconds. Blob Board is reusable. 

I.C. PACK 
Comprises one of each: 
ZB1IC (for one 16 -pin I.C. 
pad, approx. area 4.5 x 3in.) 
ZB2IC (for two 16 -pin 
I.C. pads, approx. area 
4.75 x 3.25in.) 
ZB81C (for eight 16 -pin 
I.C. pads, approx. area 
9.5 x 7.5in.) 
Regular Price: £2.66 
OFFER PRICE: £1.79 inc 

DISCRETE PACK 
Comprises one of each: 
ZV1V (approx. area 2.5 x 
5in.) 
ZB5D (approx. area 
3.6 x 2.4in.) 
SB8D (approx. area 
9 x 7.5in.) 
Regular Price: £229 
OFFER PRICE: £1.64 inc 

(pe 
PB Electronics (Scotland) Ltd. 
57, High Street, Saffron Walden, 
Essex. C810 IAA 

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 £4.76 
Send cheque or P.O. today to: 

HOME RADIO COMPONENTS LTD. 

240 London Road, Mitcham, 
Surrey, CR4 3HD 
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UNDERSTAND DATA 
PROCESSING 

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

200 pages 9j" x 6j" 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 

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 

I enclose remittance of . 

15 words at 8p 
=£1.20 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

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 709) 

WANTED: Desk -FAX machine, complete or spare parts 
with literature manuals, etc., in the series TR100/1 and 
TR102/1, made by Creed & Co. Ltd. Details to Box No. 
G335. 

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. 

FOR SALE: Complete 9.5mm cine "Wide screen" outfit - 
Cameras, projector, screen, etc. S.A.E. for details. Box No. 
G336. 

FREQUENCY LIST TRANSFERS. We have a limited 
supply of sheets of Dial Frequency Transfers in black. 
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/a 
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 50O1(c/s points: Each frequency is 
repeated. Two sheets for 5p-, five sheets for 10p., postage 

7p. 
Data Publications Ltd., 57 Maida Vale, London, W9 

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, BNl 3GJ. 

SPONSORS required for exciting scientific project. 
Norwich Astronomical Society are building a 30" 
telescope to be housed in a 20' dome of novel design. All 
labour being given by volunteers. Already supported by 
Industry and Commerce in Norfolk. Recreational. 
Educational. You can be involved. Write to: NAS 
Secretary, The Manse, Back Lane, Wymondham, Nor- 
folk. 

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 partin 
determining Broadlands future. Further details from: - 
The Hon. Membership Secretary, The Broads Society, 
"Icknield," Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

100 RESISTORS 75p 
1W 5% c/FILM 2.2ü -2.2M 01E12) 10 each of any value 
COO CASSETTES 32p C90 CASSETTES 45p 
All Cassettes in Plastic Case with index and Screwed Assembly 
All prices include VAT. Add Postage 10p in £1. Quantity Discounts 

10 Units 5%; 50 Units 7%; 100 Units 10% 
SALOP ELECTRONICS 

23 WYLE COP, SHREWSBURY. Tel: 53208 

SITUATION VACANT 

Vacancy for school leaver in Essex area whose 
interests are in Electronics. Opportunity for 
apprenticeship with old established Company. 
All replies will be answered. Applicants must 

give details of their interests. 

BOX No. 0334 

FOR HOME 
CONSTRUCTOR 
TT -Dec Breadboard 

TT-DeC, The New Versatile breadboard for integrated circuits 
which require a considerable amount of discrete circuitry. 
Buy now and receive a Free I.C. Blob Board. Worth 36p. 

?\ 

Design and build circuits directly onto the TT-DeC; plug 
components in and out; Re -use components; No soldering. 
TT-DeC's have 416 contact points, 2.16 Dil holders, a facility 
for 4.10 lead TO51.C.'s 2 component support brackets, 

111 
10 deuble ended leads and step by step instructions of 
exciting I.C. projects to build. Contacts are linked electrically 
in rows with 5mm gaps, enabling short lead devices to be 'oQ inserted directly into the contacts. 'A4o I 
Special price £7.26 + 164p or post and V.A.T.) '+t'o`ga 
+ Free I.C. Blob Board. 

de +e 

Q,,,G ee,,I 

eo P.B. Electronics (Scotland) Ltd. 
2' e ae e 

I,``c 
a 

.<,a `57 High Street, Saffron Walden, Essex - íß o .)- eO 

ass, WM tae - Or 

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

BMA 

Brochure, without ciliation to: REK 67 

BRITISH NATIONAL RADIO 
ELECTRONICS SCHOOL, 

P.O.Box 156, Jersey, Channel Islands. 

NAME 

ADDRESS 
Meek caps pee l j 
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RADIO & ELECTRONICS CONSTRUCTOR 
Single Copies 

Price 40p each, postage 1 1 p 

Issue(s) required 
Annual Subscription 

Price £6.00, 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 and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. 
All publications are obtainable through your local bookseller 
Data Publications Ltd., 57 Maids Vale, London W9 ISN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 

712 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), bu't' 
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. 

. .. ., 

ruuJmniJi\a1u1.aMW.° 
¡ _ 

i - - 

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.io choose from, 
but it's only -e -tiny part of our 
fantastic range. 

4±ll!.tLt 
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. 

ä 

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 6i -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). 

MAPLIN ELECTRONIC SUPPLIE 
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 

Telephone: Southend (0702) 715155 
Shop: 284, LondonRoad, Westcliff-on-Sea, Essex 

!Closed on Monday) Telephone: Southend !0702) 47379 L. 

«.» 

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 Maplin'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. 
Complete kit £24.50. Please 
add 35p to kit price for copy of 
constructional details. 

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! r 

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 

11 

I 

RECE 


