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VEROBOARD 
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ONE 

GRAM AMPLIFIER 

VEROBOARD 
PROJECT 
TWO 

A novel 
superhet 
receiver 

FREE PIECE OF VEROBOARD INSIDE 
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AMTRON 
the big name in 
electronic kits 

UK 595 
Electronic Fuse 
Up to 28v 1 amp. max. 

£5.93 inc. VAT 

NJ UK I70}'. 

Apart from the three items shown 
here there are nearly 200 other kits to 

choose from in the vast AMTRON 
range. A few examples are : 

Power Supplies; Pre -amplifiers; 
Amplifiers; L. F. Instruments, 

Amateur and Radio Control 
Transmitters and Receivers; Measuring 

Instruments; I.C. Digital Equipment, 
etc. All kits are sold in attractive blister 

packs and come with complete 
instructions plus solder. 

UK 120 Hi-Fi Amplifier 12w in blister pack. £5.20 inc. VAT 

Contact your local stockist for details. 

QmTRDn rn 

UK 900 
Crystal Oscillator 
UK 910 RF Mixer 
UK 925 RF Amplifier 
£2.57 inc. VAT 

AMTRON U.K. LTD. 4 & 7 CASTLE STREET, HASTINGS, SUSSEX. TEL: HASTINGS 2875 
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Vero 
products available from your 

local retailer 
to assist with all types of home constructor projects 

Veroboard 

0.1" and 0.15 " pitch 
Single -sided, copper 
clad 

Group Boards for 
simple component mounting 
0.1" and 0.15" pitch. 

Spot -face cutter to 
simplify cutting of 
copper track. 

Six standard sizes of 
extruded box with 
built-in guide slots 

Plain boards. 
0.1" and 0.15" pitch. 

D.I.P. Breadboards are 

the easiest way of 
mounting your D.I.P's. 
0.1" pitch. 

Terminal pins for 0.1" 
and 0.15" pitch boards 
together with pin 
insertion tool. 

VERO ELECTRONICS LIMITED 
Industrial Estate, Chandler's Ford, Hampshire S05 32R 
Chandler's Ford 2952 Telex 47551 
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COMPONENTS 
HOBBYIST - AMATEUR - DOMESTIC SURPLUS - INDUSTRIAL - 

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

MAINS POWER SUPPLY UNIT. 400m A, 6-7.5-9-12 VOLT MADE TO SELL AT £5.25 OUR PRICE £3.50 

VALVE BASES 
Chassis printed circuit GB - B7G .. 3p 
Chassisrou d 

chassis 
- UX5 --B 3p 

Shrouded 67G - 69A .. 4p 
B8A chassis 5p 
B12A tube base 3p 

T03 Mica Washer 2p 
3" Standard Tape - p 

Boxed 15p 
GP91-1 Cartridge. 

turnover stylii 65p 
GC10/4B Cold 
Cathode £5.00 

ELECTROLYTICS Muilard 
CCL, Cullins, Hunts, STC, 
MFD/VOLT 2P 
100/6, 6/3, 8/6, 200/3, 
25/3. 
3p 25/6.4, 500/6, 
250/6. 

C426, TCC, CRL, 
Subminiature, etc. 

400/40, 100/250-275. 
5p8/50, 8/20, 8 40, / 
2.5/64, 12/50, 12/20, 
10/20, 16/50, 16/40, 
25/25, 50/25, 150/12, 

TAG STRIP 
6 way 2p Single 1p 

WRIST COMPASS 
20p with Needle Lock 

Brand New Boxed 
6K7G 25p 

4p 20/12, 100/25, 
100/12, 100/15, 
64/10, 125/10, 50/50, 

150/25,260/12. 
6p 250/18, 400/16, 
250/30, 550/12. 

1 - glass fuses- 250 m/a or 3 amp (box of 12) 6p 
3" tape spools 4p 
FX2236 Ferrox Cores .. .. 5p 

50/10, 100/18, 6/25, 
4/15, 2/350. 
9p 8/500, 100/200, 

50p 8/800, 12,000/12. 
20p 100-100/150, 
100-100/275. 

PVC or metal clip on M.E.S. bulb holder 3p 
All metal equipment Phono plug .. 2p 
Bulgin, 5mm Jack plug and switched socket (pair) 20p 
12 volt solenoid and plunger . 

25p 
250 RPM 50 c/s locked frequency miniature mains motor 50p 
200 OHM coil, 2â" long, hollow centre 10p 

INDICATORS 
Arcolectric green, takes M.E.S. bulb 1 Op 

Bulgin D676 red, takes M.E.S. bulb 15p 
12 volt red, small pushfit 15p 
Mains neon, amber, green or red, pushfit 15p 

Relay, P.O. 3000 type, 1,000 OHM coil, 4 pole c/o . 
60p 

R.S. 12 way standard plug and shell .. .. .. 50p CAPACITORS 
MFD Volt 

TUNING 50PF, 33PF 

SWITCHES RESISTORS 0.005 500 
20p each 

Pole Way 
4 2 
6 2 
4 2 

6 4 
4 3 

Type 
Sub. Min. Slide 10p 
Slide 15p 
Lever Slide 10p 

$-ó-1watt 1p 
1 watt . . 1fp 
Up to 10 watt wire 8p 
15 watt wire 
wound . 

lop 

0.001 1,250 
3.3PF 500 
500PF 500 
1000 PF 500 
2,200PF 500 
3 300PF 500 

2p 
each 

TRIMMERS 
100PF Ceramic 
30PF Beehive 
12PF P.T.F.E. 
2,500PF 750V 
33PF MIN. 

10P 
each 

3 7 
Wafer Rotary 12p each 

SKELETON 0.1 350 AIR SPACE J 

2 5 

1 3 + off Sub. min. edge ` 10p 

PRESETS 
5K or 500K 3p 

0.1 500 
0.25 150 
0 03 350 

0.5 350 5p 

3 
0.5 500 7p 

P 
1 3 13 amp small rotary t 12p 
2 2 Locking with 2 to 3 keys 

£1.50 
SAFETY PINS 

Standard size, 10 for 4p 
0.13 
0.056 
0 061 

350 0.22 250 5p 
each 0.25 500 5p 

1M FD 350 volt 10p 

2 1 2 Amp 250V A.C. rotary 20p 
1 2 Toggle 10p THORN PTO2E 

10-6s CHASSIS 
0.066 
0.069 

5/0 
5MFD 150 volt 40p 
10MFD 150 volt 50p 

COMPUTER AND AUDIO BOARDS 
HOST OF QUALITY, REASONABLE LEAD 

SOCKET 40p 0.075 
0.08 

350V4 2 volt v 0.031 2p 
0. 0 olt oft 2p 

TRANSISTORS, SOME POWER. SILICON, 
GERMANIUM, ZENER DIODES, POT CORES 

5K switched volume 
coHI-STAB 

0.1 1,500 4p 
0.25 350 Jeach 

RESISTORS,SOMEWIREWOUND, 
CONDENSERS, CHOKES, TRIM POTS, 
ELECTROLYTICS, ETC. 

5KntroLog Pot 10p 
1meg Tandem Pot 15p 

WIREWOUND POTS 
250,300 OHM, 1K, 4 

watt, 10K, 20K, 50K, allp 2MFD 150V 
2MFD 200V 10 
2MFD 250V 

31b. for 75p -- 25p post and packing at 1Op each 

71b. for £1.50 -- 40p post and packing 
THERMISTORS 

VA1040 RECORD PLAYER CARTRIDGE 

SUBMIN VERTICAL SKELETON PRESET 
100, 220, 470, 680 OH M 1, 2.2, 4.7, 6.8, 
10, 15, 22, 47, 68, 100, 220 K OHM. 

ONLY 12p EACH 

VA1055 
VA1066 10p each 
VA1077 
VA1100 

ER.5XME Mono, with turn over stylii, 
single hole fixing .. 35p 

CONNECTOR STRIP 
Belling Lee L1469, 12 way polythene. 5p each 

- CAN CLIPS 
KNOBS 

SILVER METAL PUSH ON WITH POINTER, OR 
WHITE PLASTIC, GRUB SCREW, WITH 
POINTER AND SILVER CENTRE 5p EACH. 

STEEL BOX WITH 
LID 

10x5?x3"grey 

1" or 1g" or;" 2p 

LABGEAR MAINS DROPPER 
36 ohm 25 watt + 79 ohm 9 watt 15p 

ZM1162A INDICATOR TUBE 
hammer finish £1 PAXOLINE 

0-9 Inline End View. Rectangular Envleope 170V 
2.5M/A £1.70 RELAYS 

3x24x,!," 2p 
4- i S 2 for 1p 

RESETTABLE COUNTER 
English Numbering Machines LTD. 

MODEL 4436-159-989 
6-14 volt, 6 digit, illuminated,fullyenclosed, £2.50 

6 volt, 2 pole c/o heavy 
duty contacts 50p 

Mains 3 pole c/o 
heavy duty contacts 
ex equipment 35p 

220K 3 watt resistors. .. 2P 

VALVE RETAINER CLIP, adjustable 2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 20p 

THE RADIO SHACK 3 pin din to open end, 1 }yd twin screened 
lead 35p 

161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 10 mtrs loudspeaker extension lead fitted 2 

Open 10 a.m till 7 p.m. Monday to Saturday Phone 01-223 5016 pin din plug and socket 40p (retail 80p) 
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RADIO & ELECTRONICS CONSTRUCTOR 
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SEMICONDUCTORS 
Full spec. marked by Multard, etc. Many other types In stock 

A 12 op - p 

AC187/8 12p BD115 67p 
AD149 35p BD131 40p 
AD 161 /2 26p 8 D13 49p 
Matched pair 45p 80135 36p 
AF11617 12p BF115 23p 
AF139 28p BF167 18p 
AF178 30p B F173 19p 
AFt80 40p BF178 25p 
AF239 30p BF179 30p 
BC107/8/9 7p BF180/1/2 30p 
BC147/8/9 8p BF183 40p 
BC157/9 10p B F184 17p 
BC158 8p BF185 17p 
BC187 25p BF195 12p 
BCY40 25p B F196/7 14p 
B CY70 13p B F262 60p 

Amp 

1 

1 .4 

BRIDGE 
Volt RMS 
1,600 BYX10 
140 OSHO1-200 
42 BY164 

Plastic types 

BF 29/30 25p 
BFX84 22p 
8FX88 20p 
BFY50/1/2 13p 
BSV64 40p 
BSX21 20p 
BU105/01 £1.70 
0C35 28p 
2N706 8p 
2N2219 19p 
2N2401 (ASY26-27) 15p 
2N2904 17p 
2N2905 21p 
2N2906 15p 
2N2907 .. 18p 
2N3055 . 35p 
2N3053 . 15p 

RECTIFIERS 
Amp Vo t RMS 

30p 2 30 LT120 
25p 0.6 .6- 10 EC433 
35p Encapsulated with built-in 

heat sink 

30p 

15p 

IN4002 
IN4003 
IN4004 
IN4005 
IN4006 
IN4007 

1 AMP RECTIFIERS 
100 volt . . 

200 volt . . 

400 volt . . 

600 volt . . 

800 volt . 

1,000 volt .. 

4p 
5p 
6p 
7p 

7iP 
8p 

HIGH POWER RECTIFIERS 
Amp Volt 

LT102 2 30 
BYX38-600 2 5 600 
BYX38-300 2.5 300 
BYX38-900 2.5 900 
BYX38-1200 2.5 1,200 
BYX49-600 2.5 600 
BYX49-300 2.5 300 
BYX49-900 2.5 900 
BYX48-300 6 300 
BYX48-600 6 600 
BYX48-900 6 900 
BYX48-1200 6 1,200 
BYX72-150R 10 150 
BYX72-300R 10 300 
BYX72-500R 10 500 
BYX42-300 10 300 
BYX42-600 10 600 
BYX42-900 10 900 
BYX42-1200 10 
BYX46-300 15 
BYX46-400 15 
BYX46-500 15 
BYX46-600 15 
BYX20-200 25 
BYX52-300 40 
BYX52-1200 40 
Avaranche type 

10p 
25p 
20p 
28p 
30p 
25p 
20p 
28p 
27p 
32p 
40p 
60p 
24p 
35p 
43p 
40p 
45p 
55p 

1,200 75p 
300 £2.50 
400 £2.90 
500 £3.20 
600 £3.80 
200 35p 
300 £1.75 

1,200 £2.25 

N50 ohm free plug (UG21 D/U) 50p 
N50 ohm square socket (UG58A/U) 50p 

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

Cinch 10 -way terminal block 15p 

Pair of LA2407 Ferrox cores 
with adjuster . . 25p 

Chrome Car Radio facia 
Rubber Car Radio gasket 

15p 
10p 

DLI Pal Delayline . . £2.00 

Relay socket 
Take miniature 2P 00 relay 

12p 

B9A valve can 2p 

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

OPTO ELECTRONICS 
ORP12 43p 
BPX40 25p 
BPX42 
BPY10 
BPY68 
BPY69 

£1 
75p 
75p 

£1 
BPY77 75p 

Diodes 

Photo transistor 
BPX29 80p 
OCP71 30p 

CO11 B 

Infra red 
transmitter £4 

Amp 
1 

1 

5.6 
6.5 
6.5 
6.5 
6.5 
6.5 
6.5 
20 
15 

Volt 
240 
240 
700 
300 
500 
500 
500 
500 
500 
600 
800 

THYRISTORS 

BTX18-200 
BTX30-200 
BT106 
BT102-3008 
BT102-500R 
BT107 .. 
BT108 . 

BT101-500R 
BT109-500R . 

BTW92-600RM . . 

BTX95-800R Pulse 
Modulated 

30p 
30p 
85p 
42p 
60p 
90p 
90p 
68p 
90p 

£3.00 

£12 

OTHER DIODES 
Centercel . . 

IN916 
BA145 
BA182 

.. 5p 

.. 5p 

.. 14p 
16p 

5 pin and 6 pin 
240° (Type B) 
Metal Chassis 
Din Sockets 6p 

Amp 
6 

25 
25 

Volt 
400 
900 

1200 

TRIACS 

BT110-400 Plastic 
BTX94-900 . 

BTX94-1200 . 

75p 
£6.50 

. £9 

DIAC BRI00 30p 
WESTINGHOUSE 28TIO 30 
AMP 1000 VOLTTHYRISTER 
WITHOUT NUT £5 

PHOTO SILICON CONTROLLED SWITCH 
BPX66 PNPN 10 amp . .. .. £1 

PNPN 
ABLE 
BRY39 

PROGRAM M- 
UNIJ UNCTION 

30p 

F.E.T's 
BFW10 .. .. 25p 
BSV79 .. .. 90p 
BSV80 .. 80p 

N. Channel 
BSV81 M.O.S.T. . £1 
BFS R Dual M,O.S.T. 90p 

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

PAPER BLOCK CONDENSER 

0.25M FO 800 volt 

1 MFD 400 volt 

2MFD 250 volt 

2MFD 1.5 kv 

15MFD 150 volt 

Phillips Iron Thermostat . 

Bulgin 2 -pin flat plug and 
socket . . 

McMurdo PP108 8 way edge 
plug . . . .. 

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

30p 

15p 

20p 

50p 

25p 

ALL ORDERS 
OVER £3 POST FREE 
OVER £6 V.A.T. FREE 

15p 

10p 

15p 

25p 

Tested unmarked or marked 
ample lead ex 
AC128 6p 
ACY17-20 8p 
ASY28/9 8p 
ASZ21 8p 
BCY70/1/2 8p 
BCY30-34 10p 
BY127 8p 
BZY88 series 6p 
0A5/7/10 10p 
0A47/81 4p 
OA200-5 5p 
0C23 20p 
0C29 25p 
0C44 6p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

TOTAL GOODS PLUS CARRIAGE, ADD 10% V.A.T. 

new equipment 
0071/2 6p 
0C200-5 6p 
2G302 6p 
2N2926 5p 
2N598/9 6p 
2N1091 8p 
2N1302 8p 
Germ. diode 3p 
GET111 20p 
G ET120 
(AC128 In 1"sq. 
heat sink) 20p 
100v 1- amp 
diode 3p 

8 way Cinch standard 
0.15 pitch edge socket 

20p 

U.E.C.L. 10 way pin 
connector 266000 0 A P10 .. 20p 

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

U.E.C.L. 10 way pin 
socket 26606001 R10 

20p 

U.E.C.L. 20 way pin 
socket B 260800A1 R20 

30p 

BELLING LEE L1354 
TV Aerial diplexer 10p 

TAA30 TO -74 1 Watt 
A.F. AMPLIFIER I.C. 
4.5 to 9v £1.50 

WIREWOUND 

150 Ohm, 250 Ohm 5K 
4p each 

HANDLES 
Rigid light blue nylon 
6*" with secret fitting 
screws 5p 

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

20p each 

DEE PLUG 
McMurdo DA15P 15 
way chassis plug 20p 

Fairway 18009 Coax. 
socket .. 5p 

TIE CLIPS 
Nylon self locking 3§" 
1p;7"2p 

CINCH 150 
12 way edge socket 

10p 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 
Open 10 a.m. till 7 p.m. Monday to Saturday Phone 01-223 5016 
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THIS IS THE FIRST PAGE 

OF THE GREAT BI-PAK SECTION 

BRAND NEW FULLY GUARANTEED DEVICES 

Type Frie1 Tris. 0011.0 Prìrs 
.11'107 0.22 :1111111 & 1(7:91 0.20 
11'1113 0.20 31 /11322310.1 0.61 31101 0.22 

'115 0.22 :111'1'(431 0.55 i(152 0.19 
.)('1171( 0.32 31.'114 0.27 3('1:3:( 0.31 

31122 0.13 A 1115 0.27 3(1-4 0.38 
1C12.5 0.19 311 10 0.27 3('187 0.20 
.1C120 0.19 .11117 0.27 31'155 0.13 
:1C127 0.20 .11118 039 11'1501 ' 0.13 
1C128 0.20 .11'124 0.33 31'1612 0.50 
AC132 0.16 A1'125 0.38 31'301 0.55 
:1C134 0.16 31126 0.31 6'1117 0.13 
1C437 0.16 :11127 0.31 31'108 0.13 
.1C141 620 .131139 0.33 32'019 0.13 
.1C14111 0.32 .33176 0.35 11170 0.13 
AC142 0.20 :1135179 0.35 33('171 0.16 
.104211 0_8 3111181 0.55 3('172 0.16 
13131 0.17 312101 0.5.5 3(' 173 0.16 
:31154 0.22 .11:1611 0.55 11'174 0.16 
AC155 0.22. .11'239 0.41 5175 0.24 
AC1512 0.22 .21.102 0.72 31'177 0.21 
.1('157 0.27 .11.103 0.72 31.175 021 
:11'(14 0.22 35529 0.29 3('1711 0.21 
,1(' 1141 0.22 .15527 0.53 31' 1931 0.27 
,1(107 0.22 35526 0.28 31'151 0.27 
1C'1118. 0.27 .15129 0.28 11'152 0.11 
:3C1101 0.16 .15152 0.28 311521. 0.11 
:íC176 0.22 A5551 0.28 3(183 0.11 
:11177 0.27 .15552 0.28 9(1531. 0.11 
3('(78 631 35554 0.28 1('194 0.13 
3(1711 0.31 .55555 0.28 31'1841. 0.13 
.1(1921 022 .151612 0.28 31186 0.31 
:1(15011 0.32 :15557 0.28 31'(87 0:31 
.11'151 0.22 .155.50 0.28 3(*207 0.12 
.11751E 0.32 .1.51723 0.28 31.2225 0.12 
31187 024 .15/21 0.44 31`2112 0.13 
,1('19711 0.23 13(107 0.10 (1.2121. 0.12 
.1('15.8 0.24 13/'1225 0.111 ((2131. 0.12 
:1(' 15511 0.25 131' 1021 0.11 31.2141. 0.18 
35117 0.28 95.113 0.11 ((22.5 028 
,1('l'15 0.22 I3('114 0.17. 31220 0.39 
.1(5111 032 9('115 0.17 1(101 0,30 
.1('520 0.22 951111 0.17 3l7022 0.27 
.1C121 0.22 11(117 0.20 1(7126( 0.35 
,33'522 0.18 0l118 0.11 3(.814 0.40 
8C127 0.20 135110 0.33 3('440 0 34 
1C1'28 0.21 131.1211 0.88 3('4302 0.40 
.151211 0.39 16'(25 0.13 31'130 0.27 
:1('5312 0.31 91I 212 0.20 '3('531 0.29 
31.1:31 0.31 1íl132 0.13 3('132 0833 
.-1('534 0.23 131134 0.20 0,24 
:1('131 0.23 13('135 0,13 511534 0.28 
:11'536 0.31 HUI 30 0.17 i('170 0.16 

'540 0.19 16.1:37 0.17 3('571 0.22 
.1('541 0.20 13('139 0.44 1('172 0.16 
AC544 0.39 131740 0.33 3('210 0.22 
A 1)1321 0.42 111' 141 0.33 C211 0.28 
A1)140 023 3((142 0,33 31'%12 0.28 
:31)142 0.53 01'14% 0.33 31)115 0.68 
:11)143 0.42 15'145 0,50 DI 10 0,86 
:í1)I431 0,55 1(1147 0.11 11.121 0.66 
,111161 0.37 145145 0.11 111123 0.72 
A187112 0.37 95.149 0.13 411124 0.76 

1')1x ('rir. 'rp2 (',.r' '1\(x Prim Typo l'rir, '('íp, l'rirv. 'l'2pe l'rirr '1'2(x Friel. 
111131 0.55 41'152 0.44 1Ì.l'1'121 0.22 2113114 0.27 252149 0.63 2X30295 0.55 2X40012 0.13 

111132 0.66 36(53 0.44 31.1521355 0.95 2113182 0.44 '2X21191 0.66 253391 ' 0,16 2541911 0,13 

311133 0.72 1(1154 0.28 51.11.30.,35 0.62 2423118 0.39 2\21112 0.39 2X33911 0.18 2\4í8'f2 0.13 
111135 0.44 11155 0.3.3 1(.11134422 0.55 2113181 0.39 2\2103 0.39 2\33112 0.16 2\4284 0.19 

3141:91 0.44 WI 57 0.30 NI 01'102 0,46 215339 0.22 2\2114 0.39 2\310121 0.16 28:4285 0.19 

314137 0.50 31155 0.44 3( l'('1134 0.41 2151393 0.18 2\2.217 0.24 283394, 0.16 2\42131 0.19 

113138 0.55 41194 0.13 NI 1'1105 0.41 211334 0.20 2\2215 0.22 21'331,.5. 0.19 2\4257 0.19 

11.139 0.61 31(95 0.13 (11'111 0.39 211345 0.18 2\22111 0.22 2\134122, 0.23 2\4285 0.19 

111149 0.88 311922 0.16 11129 0.70 218371 0.18 252220 0.24 25834011 0.231 2542811 0.19 

315155 0.88 331127 0.16 11122 0.52 21137113 0.13 2X22221 0.22 2X3404 0.31 2\42182 0.19 

11(175 0.06 312141 0.50 11123 0.54 215173 0,19 2\2222 022 2\24,25. 0.46 28:42111 0.10 

(11170 0.68 (1'222 £1,05 2024 0.62 222:374 0.19 2X2335 0.19 2X:414 0.17 2X42112 0.19 

311177 0.72 31'257 0.20 4,1 25 0.42 217377 0.33 252300 0.16 253415 0.17 2.84293 0.19 

11.175 0.72 11235 0.60 112.20 0.32 2(1378 0.18 253211.2 0.16 2\14112 0.31 2N5172 0.13 

311179 0.77 51'259 11.94 111.25 0.55 21:381 0.18 252411 0.27 2\:1417 0,31 2\5294 0.60 

31.150 0.77 11'2222 0.61 4120 0,55 2(1382 0.18 2182412 0.27 253525 0.83 255157 0.35 

311155 0.72 31209 0.61 (8'35 0.46 2041(1 0.33 2:82640 0.52 2\11014 0.74 2\54588 0.35 

1131512 0.72 (1'2722 0.39 11(7322 0.55 20414 0.33 2X2713 0.23 2831113 0.82 2\54511 0.44 

31)187 0.77 31422271 3.33 4141 0.22 20417 0.28 252712 0.23 253010 0.82 256211 0.75 

45162 0.77 11'272 0.88 0ä32 0.27 25388 039 252714 0,23 253404 0.10 25301 0.55 
3111811 0.83 4'273 0.39 (514 0,17 2\388.2 0.61 252904 '' 0.19 2X37112 0.13 257112.1 0,48 
3131222 0.8:3 ((274 0.39 4115 0.14 2841.4 0.22 2\21824.1 0.23 2183703 0.13 253112 0.46 

111195 0.94 111110 0.66 121'70 0.11 2\414.5 0.31 28:2905 0.23 28:3704 0.14 25303 0.81 

314190 0.94 112.X29 0.30 111'71 0.11 23324 0.46 2:82905A 0.23 2X3705 0.13 21314 0.77 

11.197 0.99 41'X84 0.24 01'72 0.16 2\527 0.54 25212012 0.17 2N3719í 0.13 22385 0.86 
1111118 0.99 31'X55 0,33 10.74 0.16 2:1595 0.46 2.\214112.1 0.20 2N23707 0.14 253202 0.86 
1131911 £1.05 0'X80 11.24 18'75 0.17 2X51121 0,50 2X21237 0.22 2N3708 0.09 25317 0.86 
1112,1, 01.05 112X57 0.27 111'722 0.17 25.1100 0.14 2X22%27.1 0,24 253709 0.10 23321 0.62 

1112115 0,88 115'588 0.24 111'77 0.28 282197 0.15 2521123 0.16 2X:1710 0,10 25322 0.46 

3112110 0.88 1115522 0.22 121'51 0.17 2811118 0.27 2X2924 0,16 2X3711 0.10 25322.1 0.46 
311207 £1.05 40551 0.22 211'5111 0.17 2801111 0.39 21'21125 0.16 21'115(9 0.31 25323 0.82 

1(3205 £1.05 31:152 0.22 221'52 0.17 2X7220 0.09 2X222212191 0.14 2X3520 0.55 25324 0.77 

111120 £1.10 21153 0.19 111'5211 0.17 257012.5 0.10 2529212251 0.12 2X3521 0.39 25325 0.77 

4'115 0.27 31'X25 0.94 511'5:1 0.22 2X708 0.13 2521120(01 0.11 2X352'11 0.31 21326 0.77 

1117 0.50 35X115 0.17 122139 0.22 25711 0.33 2529221131 0.11 2X31913 0.31 21327 0.77 

41:1 I8 077 155255 0.17 352'140 0.22 2X717 0.39 2182926113) 0.11 2531814 0.33 257111 0.46 
11(19 0.77 - 35525 0:17 2121011 0.28 íN715 0.27 2X3010 0.77 253905 0.31 403111 0.44 

41121 0,50 151''222 0.17 111'170 0.28 2X718.1 055 2X8011 0.16 218311012 0.30 4253222 0.50 

11123 0.55 35527 0.17 111'171 0.28 257212 0.31 2531153 0.19 2X42238 0.13 

i 1'123 0.50 48115 0.17 11(.2210 028 2X727 0.31 21131154 0.51 28412511 0.11 

1127 0.65 351'29 0.17 111'201 0.31 21'74:1 0.22 DIODES AND RECTIFIERS 
1152 0.61 35535 0.20 01'212 0.31 218744 0.22 

511.3 0,50 15539 0.20 101.20:1 0.28 21'9(4 0.16 .1.1119 0.09. 135128 0.17 11:170 0.08 
11'13. 0.50 25540 0.31 101'204 0.28 2X2125 0.33 .1.1120 0.09 135130 0.18 113.79 0.08 

511.5..5 0.77 45541 0.31 01.205 0.39 2X1120 0.213 .3.51211 0.09 135133 0.23 0381 0.08 

(1150 0.53 3551hí 0.14 111':109 0.44 21'930 0.23 .1.32125 0.10 115164 0.55 0.-18:5 0.10 

V157 0.61 451'11.3:\ 0.14 10'1'71 0.48 2X1131 0.22 :1.1'/.13 0.11 135X38,35 0.46 12.991 0.07 

i 11.55 0.61 41311 £2.20 10111'12 0.48 2X1192 0.24 1,11112 0.11 131210 0.39 0.191 0.07 

{1159 0.66 '11111 0.55 12111400 0.44 2X1322' 0.16 3.1119 0.23 131'211 0.33 0.515 0.08 

0.44 '4221 0.33 11111'01 0.44 251303 0.16 0.33 032191 

{1102 0.44 '407 0.28 1520 0.55 251:304 0,19 31148 0.16 1152.13 0.28 11.12112 0.08 

F163 0.44 '424 0.28 1.21 0.50 2X13215 0.19 3.1154 0.13 135210 0.44 51110 0.06 

11104 0.44 '45 0.35 1'3401 0.22 2X1300 0.23 1.51515 0.16 91"217 0.39 51119 0.06 

31112. 0.44 '420 0,39 1':017 0.46 2N1:í07 023 3:1150 0.15 135918 0.39 5234 0.08 

51167 0.24 '4225 0.22 5'1'140 0.14 2X12915 026 13(73 0.16 131210 0.31 5:44.1 0.08 

5' 31173 0.24 '441 0.33 1'141 0.19 2X18212 0.26 551192 0.17 ('H2í2 N1214 0.06 

11170 '! 0.39 12 0.33 1543 0.33 2511213 0.22' 11.101 0.13 (0.l91ß,11 0.06 59112 0.06 

(F177 0.39 '444 0.39 I"1'40 030 2X1711 0.22 1110:1 0.19 C1:0í110.170- 54148 0.06 

31'172 0.33 '450 0.24 2X414 £1.20 2N1859 0.35 11'114 0.13 105717 0.01 5021 0.11 

31:179 0.33 .1.11100 0.21 211301 0.21 2N18112 0.50 31124 0.13 (0:15 0.39 5051 0.07 

411150 0.33 .1.11'101 0.22 2113112 0.21 2\1593 0.41 21'120 0.16 0.340 0.15 

PI 51 0,33 .1.11'120 0.21 21,303 0.21 2\_'I1: 0.79 45127 0.17 11447 0.08 

LINEAR I.C's-FULL SPEC. 
'Iriw X.. 1í2.w I 25 011. 

2ì702 151L 14 0.50 0.48 0.45 
72709 DI I. 14 0.35 0.33 0.30 
72710 D11. 14 0.45 0,43 0.40 
72741 1311. 14 0.40 0.38 0.35 
727411' '131.5 5 0,45 0.43 0.40 
727411' 1311. 5 0.38 0.36 0.34 
727481' 1311. 1 0.38 0.30 0.34 
51.201(' 151 5 s 0.50 0.45 030 
51.7011' '1'11.3 8 0.30 0.45 0.40 
51.72521' 'l'(1-5 55 020 0.45 0.40 
T.13203 7.11-72 4 0.80 0.70 0.60 
1'.13203 '('(1-74 111 £1.00 0.95 0.00 
'1'.1.1350.1 'I'í1.5 10 £1.85 £1.90 £1.70 
µ.17223I' '('11-5 0 0.28 0.26 0.24 
µ.l72220' 'I'll -S 8 0.35 0.33 0.30 
9.1711 111-0 III 0.45 0.43 0.40 
11.112422 - - £2.00 

DTL 930 SERIES 
LOGIC I.C's 

2.5 100 - 
1P5130 0.15 0.14 0.13 
{14132 0.16 0.15 0.4 
314133 0.16 0.15 0.14 
4x,1:(8 0.16 0.15 0.14 
111132 0.16 0.15 0,14 
111144 0.30 0.25 0.14 
11945 0.30 0.26 0.25 
119.412 0.15 0.4 0.13 
11941 0.30 0.28 0.25 
314351 0.70 0.65 0.60 
919822 0.15 0.14 0.48 
110191113 11.45 11.43 0.40 
111'2x2114 0.45 0.4:4 0.40 
15191007 0.45 11.43 0.40 
35141109 0.45 0.43 0.40 

NUMERICAL 
INDICATOR TUBES 

7 ; Ih slriln 1..11 

18rl215x1' 31111Íd5%1 7 5, u,.0 1,1 

5012 

31:1N 331 1..12.127' 5,;.'í2u 01 1,p1í5 
0,127' Hipll fí00''1(52. 

eí)66 Side Viewing 'N056. 7231x' 
Tow. hiuln 

(:9 1114 5í,L V 5.55inp'Njs is Type' 
l',,1x' 13112 10 .. .. 

£1.50 

£1.90 

£1.87 

£1.70 

3 1EE3I1N51. POSITIVE VOLTAGE 
REGULATORS 
'l'0.3 Pk. is Ii05.013w,30i,1 I1 l' 1.5 .1101.5. 
3.176115 51' 1E46 iv. 122 1I11151') £1.76 
;::17612 123' IE,p2ir. d, 311'11121'1 £1.76 

RTL 11I1.R0IA0I(' ('IR('('lTS 
Price earl. 

Epoxy '1'1íS54942 :i x1 up 
' 

5' 1.24 99 0 
2/L900 1(,1Ih r 39p 36p 36p 
5/13114 1111211 21 p puts 39p 38p 30p 
µL112:3.3.11 Hip.H9P SSp 52p 50p 
Duty 00d ('ircnitx 11,01.112 152' I(".x. frire 7p. 

DUAL IN LINE SOCKETS 
(4 A 1(2 lea,( 5,211,25 0,2 uw. í2i19 111'.\1.- 
1X1LINE 1.('s. '1'1111 ISanpss 1'131íl'ES- 
5112N.31. 000 N III' 1.1013' 1105'1'. 
7'5014 141.1111.52.5. 0.3:3 0.30 0.27 
1'5016 16 pin 1111 0.38 0.35 0.32 
13112214 14 pin 1312 

112225 1,311 .. 0.16 0.14 0.12 
119516 112 pin 2í'p1 

1109 rust) .. 0.17 0.15 0.13 

74 Series T.T.L. I.C's 
'1:21x lbhuo 

11` 
I'21. 1701 

` 
'12p, (ku(0litiss 

'I\' µs I 
"51122+ 1 ^5 I111+ I 25 100+ 

74141 0.18 0.17 0.16 7453 0.18 0.17 0.16 741.53 £1.30 £1.20 £1.10 

7401 0.18 0.17 0.10 7454 0.18 0.17 0.16 74154 £1.98 £1.90 £1.75 

74252 0.18 0.17 0.16 74182 0.18 0.17 0.16 74155 £1.30 £1.45 £1.33 

7403 0.18 0.17 0.16 74722 0.32 0.29 0.27 741522 £1.50 £1.45 £1.35 

74114 0.10 0.17 0.16 7472 0.32 0.29 0.27 74137 £2.00 £1.90 £1.80 

7405 0.18 0.17 0.16 7473 0.41 0.39 0.35 74100 £2.10 £2,00 £1.90 

7496 03.9 0.34 0.31 7474 0.41 0.39 03.5 741121 £2.10 £2.00 £1.90 

74117 0.39 0.34 0.31 7475 0.50 0.48 0.46 741122 £4.40 £4.15 £3.85 

74225 0.20 0.19 0.18 757.2 044 0.43 0.42 74163 04.40 £4,15 £3,85 

74119 0.20 019 0.18 74521 0.74 0.71 0.64 741124 £2.20 £2.10 £2.00 

7410 0.18 0.17 0.16 7451 £1.30 £1.25 £1.20 74105 £2.20 £2.10 £2.00 

7111 0.28 0.27 0.26 7452 0.96 0,95 0.94 74166 21.1.20 £3,10 £3.00 

7412 0,39 0.34 0.31 74.53 £1.20 £1.15 £1.05 74174 £2.50 £2.40 £2.30 

741:1 0.32 0.31 '11.30 7454 £1.10 £1.05 £1.00 74175 £1.75 £1.65 £1.55 

7416 0.48 0.44 0.42 748.3 0:3.50 £3.40 £3.30 74176 £1.85 £1.75 £1.65 

7417 0.48 0.44 0.42 74522 0.35 0.34 0.33 74177 £1.85 £1.75 £1.65 

7220 0.18 0.17 0.16 7489 44.110 03.75 £3.50 74150 £1.50 £1.40 £1.30 

742.2 0.5.5 0.53 11.511 7190 0.74 0.71 0.64 74151 £5.00 £4.50 £4.00 

7423 0.05 0.53 11.511 7491 £1.10 £1.05 £1.00 74152 02,00 £1.90 £1.75 

7425 0.5.5 0.58 0.50 74212 0.74 0.71 0.64 74154 £3.20 £3.10 £3.00 

7422i 0.50 0.46 0.44 74113 0.74 0.71 0.64 74190 £2.15 £2.10 £2,00 

7427 0.50 0.46 0.44 7314 0,833 0.82 0.75 741101 £2.15 £2.10 £2.00 

7425 0.55 0.53 0.511 74115 0.85 0.82 0.75 74102 £2.15 £2.10 £2.00 

7130 0.18 0.17 0.16 7490 0.96 0,93 0.86 7412113 ..42.13 £2.10 £2.00 

74:12 0.50 0.46 0.44 741242 £1.50 £1,4.5 £1.40 74114 £2.98 £3.86 £2.75 

7433 075 0.73 0.70 741214 £1.07 £1.04 £1.00 74195 £2.00 £1.95 £1.90 

7437 070 0.68 0.65 74105 £1.07 £1.04 £1.00 74106 £1.95 £1.90 £1,85 

7438 0,70 0,68 0.14 741117 0.44 0.42 0.40 741127 £1.95 £1.90 £1.85 

74411 11.18 0,17 0.16 7410 0,80 11.55 0.50 741125 £5.00 £4.75 £4,50 

7441 0.74 0.71 0.64 74111 £1.38 £1.27 £1.21 741199 £5.00 £4.75 £4.50 

7442 0.74 0.71 0.64 74115 £1.10 £1.05 £1.00 
7443 £1.20 £1.15 01.10 74119 £1.50 £1.40 £1.30 113650115 31:11 1311 31151ì14 

7444 £1.20 £1.15 £1.10 74121 0.50 0.48 0.45 TO /jl'.11.11'1 111111 

7445 £1.98 £1.95 £1.90 74122 £1.511 £1.45 £1.40 (7l'A5'l'1'11- 1'15I('E. TEL 74 

7440 £1.20 £1.15 £1.10 74123 £3.00 £2.90 £2.80 SERI Iì5ONLY) 14A'1':1 I5 

7447 £1.10 £1.07 £1.03 74141 0.85 11.82 0.79 31.111.,1131,5 315(14 '('01 
7440 £1.10 £1.07 £1,05 74145 01.65 £1.55 £1.45 .113111'1.5E1111ì5 ()1' 1.555 IN 
74311 0.18 0.17 0.16 74150 £2.90 £2.80 £2.70 11111111 ('511351. 1'11117E 359. 

7451 0.18 0,17 0,16 74151 £1.10 £1,115 £1.00 
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NOW - TURN OVER FOR MORE FANTASTIC OFFERS - 

IN COMPONENTS AND AUDIO! 
BRAND NEW TEXAS 
GER31. TRANSISTORS 
Ceded and Guaranteed 
Pak N., 1:10"1' 
'1'1 s 21;3713 111 '71 

12 S 01374 0175 
T3 0 012111 0CSID 
TI s 2131s IT 111.51 

T5 h 21,3024 111'82 

S 21734411 17144 
s 21314511 171.45 

Ts h 21:370 01'70 
131 211309.1 2N13112 
'1111 S 21,117 41117 

.111 55p eag-17 pak 

ND 120 NIXIE DRIVER 
TRANSISTOR 
',nil 
ESN 21. 1 4117. 2N 18113 

1211,4, 
1 2.3 100 

0.19 0.17 0.16 

Sit. Iran-. suitable 11,1, 

PE 1,r7a 1101.71 

71x13,2 si p 017.11. 

.1ny 121,.. 

GP 190 T03 METAL 
CASE GERMANIUM 

I.C.Illa 1/0/2. Plot 
1111V. 1114 3.-170. 

171-111,.., II ,,',:I,jr,n, 
jinn i.ii Iran. 
in the (II.. III 

and lll 2,-. 

0.48 0.44 0.40 

GP 300 TOO METAL 
CASE SILICON 

-Vela, 17111. V7.7.,i 6.71- 
1.C. 15 amp, Ptol 
117,1V. 1,1. 211. 1111111'. 

I 11148. Son:7171e replacement 
la 2N 31/55. I1111' II or 
((((V 211. 

1 1077 

0.55 1/.53 0.51 

NEW 7th EDITION 
TRANSISTOR EQUIVA- 
LENTS BOOK. . einatileh. 

1,1i.n.11,1. and t.qui 
11.71. 6..1, 
.1711-1:1 III 71111 

k 90p 

1"1' 46 UNIJUN('T11/N 
TRANSISTORS 
10root mplai...,7100 for 
T1S 43 111151 REX 31010 

also 1,1171 rieally equivalent 
1,7 2S26411 

25 100 
030 0.28 0.22 

GENERAL PURPOSE NPN 
SILICON SWITCHING 
TRANS. TO -18 SIM. TO 
25706 8. BSY-27:28j95A. 
All usable ilev iceg no op, 

411141 ell eats. ALSO 
V 111-3131Al l'SP 811,1. 

to 2N29176, BCY711, 
ordering please state pre - 
G -1,1101 NI'S or PSI'. 

£p 
For 0.55 

50 For 1.10 
107 F1,11.92 

5,10 F1.25 10077III 14.30 

SIL. O.P. DIODES Op 

301:1111' 30 0.55 
4111D -(11in ) 11111 1.65 
Sul731in. 3110 5.50 
(1,11 Tested 1.11(11 9.90 

1.1 2400 T03 NPN 
SILICON HIGH 
VOLTAGE 
Vela/ 25111'. 

10111'. LC. 11 amps. 
Plot 301V. 1115, lyp.SII 
II 53111). 

0.55 0.50 0.44 

ADI01 162 

M P1'11111' GEI231 'CRA NS 
17112 ((LESI ICE OF 
61p PER I'.1/ R. 

ALL PRICES 

SHOWN 

INCLUDE 

QUALITY TESTED SEMICONDUCTORS 
Pak.No. 

Q 1 211 Iled vimit tranxistor poor 

11 2 16 White spot IVI 171110111700I.F. 111111 . 

(1 3 4 16:77 I yia. 1007,i,071, 
6 3lietched trittisiritom 1 (C44 45 SI SII) 

1)5 4 0073 1007,01m, .. 
Q 0 5 01-72 7060451170 
11 7 4 III SS transistor, pp p high gain .. 
12 8 4 .M.1211 I ransi.iirri pp p . . . 

1,1 11 7 10E1 type 115110111105 

VIII 7 0171 type transixtrim 
121 2 .1C127,121 1.oinplementary pair, 

01' 11 -1'11111Y1". '111110i0tDr. 
913 3 .1117 type Dinsistom 
Q14 3 10171 H.F. t ype tran,istors 
Q15 7 2N29211 Nil. 17.177110 - transistor, 

raised 
Q111 2 41715817 171W noise Germanium 

remskt7im 
11I7 5 IJ,,J2 2 . SY.141 73.53.1411 
(21) 4 11A11TS .51.11' 101 621 11:11' 

11111 3 11101''S 2.14.11 101 7 I N1AT 

1127i 4 1844 Gerinanhun 1 1 anrisi ors .1.E... 
1221 4 .11'127 op, Germanium 1 ratisistors 
1122 211 NIET ra wistias A.I. 11.1'. coiled .. 
1723 10 0.0202 Silicon diodes ,u1,711in, 
1)24 8 0.181 diodes 
1125 15 (NM 4 Nilieml diodes 75111' 75777.1.. 
1220 S 11.195 Germanium tliodm 

1227 2 01.3 1510 PI V Silicon rd',1 

1)20 2 

429 4 

1)311 7 

ptI/G,r rectifier,. 10-712 
la, tmistm2 2N1196, 1w 

2S1197. I ..2:01100 

Silit-on switch transistors 11X71111 

1231 li Sil,,,,,, iransistors 2,07171. 

1232 3 pap Niliegin transistor, 2 . 2X11111 

1233 3 
1234 7 

(235 

9311 7 

1237 11 

1230 7 

Silicon 0/. t ransist ors 2N17I1 
t rittiai,tors 2S23011. 

30011110 107717. l'31771 
Sdiemi 11111 'r, I'S. 1V. 2N211114 

2S31146 '117-10 plast 30031H8 
2N3033 Silieim tra.islors . . 

pap ransist ors 4 2N37113. 

Priee 
£p 

0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 

0.55 
0.55 
0.55 
0.55 

0.55 

0.55 
0.55 

0.55 

0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 

0.55 

0.55 
0.55 

0.55 - 

0.55 

0.,55 

0.55 
0.55 

0.55 

0.55 
0.55 
0.55 

ELECTRONIC SLIDE -RULE 
17,,' 31k Slid,. 14,1,. decludual to simplify Electronic 
...livid,. ions 111111 111,11.1 the 0711iim ing scales i-Convendon 

1.'111111,11Cy and 1Tit 0.1070 h. L'Ideulation a I.. 
1' anti 111,11, o! (Iron its. 10er:tam: aml Sc'!) I mine - 

a nee, .10',. Cireles. 15/1101. C'ylinders. Resistance 
Cendoetors. 1Veight of l'ondnetort, I/veil/el Calcula. 

1 lag. Angle Vuru.1Mns. Natmul largo and 5'' Ehmetions. 
11 id. iplieation and 11, ision. Squaring. l'uloing and 
S(11111111. 1t1/1111.1. Convemion of Ill !l1,011. .1 1111151 for 
overy ehretronir. engineer 111111 .1111tIlsia..it. Size: 22 ern 
lein. Complete 11 1.111.11. and instruct ions 

Prim each 03.69 

KING OF THE PAKS Unequalled Value and Quality 

SOPERpAue NEW BI-PAK UNTESTED 
Rd SEMICONDUCTORS 

Sat isbiction GUARANTEED in Every Pak. 7w money back. 

Pak No. Description 

L' 1 

l' 2 

1' 3 

1.7 4 

U 5 

U 6 

1' 7 

U 

12 9 

1710 

VII 
U12 

1111 

U14 

If 15 

VIII 
117 

1719 

1'211 

.1721 

U23 

124 
125 
7211 

027 
1211 

1'30 

l'31 
U32 

110! 

11(4 

U33 

12:16 

V1(7 

U115 

1:39 

1411 

141 

142 
U43 

L*44 

1211 Glas, Ceneral Purpoiii. Germanium Diodes .. 
60 31,0,.d Germanium Traledslors .11,1121, 

75 Germanium Gold Bonded Sul,Alin. like 0A5, 1/147 

411 Germanium Transistor,: like 10'81. 1(1128 

1111 2011111.1 16u1434/0. Silicon I/iodes 

311 Sil, Planar 'l'o no. NPN 13SY95A. 2N7116 

III 811. Reel hit, /P-HA1' 7510141 11:10. RANGE up to 1000 

50 SW Planar Diodes 110-7 (116,4 2511/11A 0,32011:202 .. . 

20 Mixed Voltage h I Watt Zoner Diodes 

211 BAY51.1 ellarge alorage 110.7 Glass .. 
23 PSI' Sil. Plum r T1L5 like 2N 111(2, 2N2111.14 

12 Silicon 11101111.1, Epoxy 300,11,1 tip to 800 ('IV .. 
31, I'S P -N PN IiI. Tra ors 10 .200 28 1114 .. 

1.50 NI ixed Silicon ad Germanium IThale5 

2:1 NI'S Sil, Planar T0015. 111.3 like BETS!, 2X097 

3 .11111, Siliolo Rect Hier,: Sind Typo up la 1000P13' 

30 Germanium ('XI' .11' Transistors TO -5 like ACT 17-22 

0 6 .111111 51110,11 Itatiliers 1117,13 Type up to 111111 I'll 
25 Silica NIX Transistors like 111.118 

12 1 3 Amp Siliemt ilk, 'rop 5.1 up to 11100 ('IV .. 
311 .11V Germanium .111oy Tran5istoes 21370151.1.i., 1C71 

30 11.11191", like 11118 Series PN I' Transigtorg 
20 1 iernmii him I Amp Iteetiliers 11.111 Series up to 300 P19' 

25 310111118 NI'S .h10-.111 Transistor, 2N708, 115Y27 

311 IX., SI, it oh 11, 51111%111 1111,102.1 1N914 

12 NIX 1 hT111,111i11111 Al"Pransistas TO -I like A1127 .. 

117 I .1rtip SCIthi TO.5 ean. tip in 1011 PIT CR81/25.610/ .. 
13 ISoli, Siliom Planar 'Penns. N l'N 21N2926 

21/ Silicon Planar Plastic NPN Trans. law Noe,. Amp 2E3707 

25 %ear Diodes 41011111V 1/1/-7 ease 3-18 volts mixed 

15 Plus, l'ase I .31/11/ 1N40110 Series .. 

30 Silicon ('N1' Alloy T6113. TO.,', 10.1.211 20302/4 

25 Silicon l'humr T511,si41a, l'N ("70-18 2N2906 

23 Silicon NPN Tranciatms '111.5 50V511/51/52 

30 Silicon 2161 7: Tranahlors S11-2 PN P 10'2110, 20322 

211 1Mst Ng it eh ing Silicon Trans. SPX 4001111z 2.N3011 

311 11E, Germ.- 'X I' 2N1303:5 TO.5 

111 Dual T1711,s077,7 s Igml TO -5 2N20110 

25 Germanium '1)7770iotors 1045. NI.T72 
111 Vli Germanium PSI' Transistors TO -1 SKT667. A E I 17 

25 SA, 1'164 A.F. B1113114 

20 Nil, Tram:. Nast,. '111.3 00'115,'S PN 

7 3.1 NUR, '0160 ip to 011011 I. , 

Price 

0.55 

0.55 

0.55 

0.55 

0.55 
0.55 

0.55 

0.55 

0.55 

0.55 

0.55 
0.55 

0.55 

0.55 

0.55 

0.55 

0.53 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.50 

1.15 

0.55 

0.55 
0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

1.10 

Cogle Sos. mentioned al, ive are given as a guide 117 the 1.40. 01. 6e00v 
I he teak. The cil Jive /1, amally unmarked. 

A LARGE RANGE OF 
TECHNICAL AND DATA 
BOOKS ARE NOW AVAIL- 
ABLE EX, STOCK. SEND 
FOR FREE LIST, 

SILICON PHOTO TRAN- 
SISTOR. TO -18 Lens end 
N1'N Sin/ 111' . 25 and 
P21 1111.1511 XI -III '. Full 
1,1 ,1 avail:0,1e 1-5111. guaran. 

1.14. 1.24 23.911 oil 
Pis,. 7,70 49p 44p 38p 

ZENEB I/101/ES 
40,1101' 170 7 

ran, 2-331-. 12p 077.17. 

1.51V ). range 
2- 33v. 18p -,II,. I o V 

R417 In St . 

1,35, 3211 511,11. 

INTEGRATED CIRCUIT YAKS 

11amilhet 1071717 iiieluile Emu, hinal and Part Vtinellortal 1,1,1,The, are 
ala,01 as '1,111,11r.i.iii.v. Irian hi.rigid cpreilicat km, Ind are ideal fa learning 
aboul 1.C.5. and experimental uocl, 

Pak No. Contenlx Price Pak No. Content, Price 

UICI en 2 . 74011 0.5.5 Ulf 10 .3 7440 
1.11111 5 74111 0.55 111,7 . 7447 
1'1102 2 74112 0.55 UN .45 5 7440 
1'11371 2 7403 0.55 1'11'511 12 -74511 
111114 2 74111 0,55 11051 12 . 7431 
1.41 115 2 . 7403 0.55 11153 12.54311 
110/0 s 74171, 0.55 11174 IS. 743-1 
11017 s 7407 0.55 1. ICia 7 12 .711111 

141111 12 . 74111 0.55 1117111 7470 
5I113 1.741:1 0.55 1.' IC72 S '7472 
VII 217 IS" 74271 055 ('I 1X10 747:1 0.55 
UIC317 12 .74101 0.55 11174 7474 0.55 
uic.s, 12 . 74411 0.55 UR .75 0.747.5 0.55 
l'IC41 3 7441 0.53 l If '76 0 7476 0.55 
11142 5 '7442 0.55 111017 3 74811 0.55 
UIC43 5 7443 0.55 11101 5 . 7481 0.35 
111-44 5.7444 0.55 1'11'02 3,7402 0.55 
11145 5 . 744.5 0.55 111,3 5 7483 0.55 

0.53 
0.55 
0.55 
0.55 

0.55 
0.55 
0.55 

Pak No. Contents 

('(COO 3 .,74151( 

1.11.96 5 27491/ 
1.11.111 3.74111 
111112 5 7492 
111111!5 74113 

1'11'94 5 .74114 
U11313 5 . 7493 
U11116 5 -74111, 
14111/11 38741101 
1'11121 5 .74121 
l'I1I41 5 . 74141 
111.131 3 '74131 
l'IC154 3 '74134 
l'IC1 02 5 . 74193 
UIC1911 3 . 7411111 

Price 

0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 

UICX I 23 Ass77001 
74'. 1.05 

NEW LOW PRICED TESTED S.C.R.'s 

('II' 

511 

1110 

215/ 

4101 

li1111 

1.1 3.1 5A 57 7,1 1141 16,1 304 
9'11311/6111'011611 6441140 To86 1.018 '1048 
11.22 11.27 11.311 311 1/.52 0.55 0.58 01.27 
11.27 0.27 1152 1152 0.55 11.63 0.62 01.54 
11.27 0.32 11434 1154 0.62 0.67 0.67 £1.76 
11.32 11.42 0.59 0 02 0.67 1483 0.77 11.93 
1/.42 11.32 11.75 0.75 0.84 £1117 0.97 - 
1413 11.711 1100 11,18 0.69 £1.32 01.511 £4.411 

POST OFFICE 
TELEPHONE 
DIALS .00p each 

CADMIUM CELLS 
17111'12 48p 

I P110, 17111'01 44p each 

2N3055 
113 WATT SII, 
POWER NPN 

55p EACH 

Pak, eannot In, split. hut 25 1Is.,7001 pimi, lolly mix) is available as PAK VIC XI. 

2 Amp. 11011215E RECTS. 111699 NPN SILICON BIP 19 20 T03 NPN PLASTIC SILICON 
50 v 11115 35p eaeli Dl'Al. TRANSISTOR Tao 1110V. V,/ 311V I.C. -. Ill amps. Plot.5)/111V. 

100 v FINIS 4Ip .. .191141hr II' 2S211107) 1111. - tyl, 1110 VII' MHz 111P 19,2051,11011,0l Pair. 
4101 v 1111N 51p I 10, I 53 100 + , I 25 100 + 
Size 16 nun , 111 111111, 0.26 0.26 0.23 0.38 0.35 0.32 0.66 0.61 0.55 

2S38111 
2.N3i120 
2X11521 
25:3823 

3Ip 2S5450 35p 
55p 2S5459 44p 
39p 3111,1115 41p 
3Ip 

FREE 
One 50p Pak of your own 
Choke free with ordem 
valued £4 or over. 

('IV 

5 
101 

21/1 

4111 

601 

819 

1001 

1201 

SILICON RECTIFIERS 

300mA 7511mA IA 1.5A 
007 NOW Plaid S016 
0.05 11.06 11.113 0.08 
0.113 0.07 0.06 0.10 
0.05 11.10 0.07 11.12 

0.05 0.15 1400 11.15 

RIM 11.17 0.10 0.18 
0.12 049 0.11 0.20 
0.14 030 0.12 0.25 - 0.35 - 0.30 

SA 10A 
01110 0010 
0.15 0.21 
11.17 0.23 
0.22 0.25 
0.30 0.38 
0.36 0.45 
0.38 0.55 
0.48 0.65 
0.58 0.75 

30A 
TO48 

0.60 
0.75 

£1.00 
£1.35 
£1.90 
£2.111 

£2.50 
£3.00 

DIALS TRIACS 
FOR USE WITH TRIACS V13051 

1111110 (1/32) 4Ip each 100V MD' 4011V 

£ L £ 

2 Amp 0.33 0.55 0.77 
10 amp POTTED 6 Amp 0.55 0.66 0.83 

BRIDGE RECTIFIER 10 Amp 0.83 0.99 1.21 
on heat sink. 

100P1V. 99p each 

All prices quoted IA new pence Glro No, 388.7006 
Please send all orders dIrect to warehouse and despatch department 

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

PostaKe and pachrng aI4 (Op Overseas add extra for atrmail 
Alommum order 50p. Cash with order please. 

Gearanteed Satisfaction or Money Back 
OCTOBER 1973 133 
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EX -COMPUTER 
BOARDS 

('naked 01.11 0110$)111 111(1111S. Inpn111Il s .p 0,1 

1, nisi1301+ `('I 1(11'11NEN'( VALUEVALUE41.:11 

:i far 1 INLS' 85p +11&p 11011 

SPECIAL AX nlollo PLUS Pmvrr 'l'ennnintors. 
115 L2 55p nmb +p& p 1511 

STABILISED POWER MODULES 
Complete with »ironie di" grenu etc. 

9Sp e1eb +p&p pap 

PAXOLINE BOARDS 71 Ir approx. 
4 no 30p +p& p 200 

FIBRE -GLASS PRINTED 
CIRCUIT BOARDS 

1414" npprox 213,3'35p 

DECON-DALO 33pC Marker 
Each remismnl 3331303331 331, 0,1 nlnrk,r isn 90p each 

VEROBOAROS 
Pl 

. mnl 8 
approx. fu .grins shwa. 

REPANCO CHOKES S. COILS 
Ill" Chokes CHI 2!7,011 23p ('H2 8.0m II 28p 

('11:4 7.5,011 23p ('114 I11,0H 28p 
1'118 I A11H 28p 

111151 l'r3..101 -31 51Ip: 11(1112 D11,1 (enge 4811 

COIL FORMERS Et CORES 
51,110.15 ' 1'13.,. 1011 Ponr3r- 7p 

1' 1'm'r 1.0,1 100333, Np 

SWITCHES 
IIPRri' Toggle 25p SI' $'I"('ovule 18p 

FUSES 
11' nod :Mlml. I151(0,), 1151n1.). 2.11101.1. 5111110.\. 

11(-ICKHL(IM' 4p ,ah. ANTI -SURGE ep rnrh. 

EARPHONES 
(',y33101 2.533,0 plug 33p .o1110e 2.505 plug 22p 

3.1,0,0 plug 83p 3,51100 plug 2211 

DYNAMIC MICROPHONES 
111223 2101 31(03+ plus on ouf 33.3113311 01,1 2,200, 

11111 3..1000 Ono. 1.. 

3 -WAY STEREO HEADPHONE 
JUNCTION BOX 

01012 .. .. .. .. £1,87 

2 -WAY CROSSOVER NETWORK 
K411(17 NO ohms Im. Inwml ion has :41111. £1.21. 

CAR STEREO SPEAKERS 
1.46411 £3.lHp Is,' pair 

BI -PAS CATALOGUE AND LISTS 
SEND S.A.E. ANI( 10p 

INSTRUMENT CASES 

110 2 00eliow.. 1410ik \'i11y, 333,3 3133331 lop 11.131 331313,3 

0011 (,1351.11. 

No, 1.331g111 11'Idth Height Prie 
B1'I 0 x 51' 2' I111p 

14l'2 II" x 11' 0 :i" 1:1.211 

ALUMINIUM BOXES 
'No. 1.3,113 I1111a1 11331g1n hire 

AI 5 2' 1r 4211 

L1_ 4' 4t I1 411, 
4:I3 4' x 21' l'v' 411, 
S.0 v x 4' X li 471. 
i:5.5 4' x 2y' " 4111 

1AU :4' I' :Np 
.17 11111, 

4:25 N" x II' 33 :4' 541, 
4:\II IF x 4' x Mp 

530343 m00131334 w ill, S' leap 11311 

Imo, n1ó 111p l03st,g0 and tanking for Irrall 1(1,0. 

Bib HI-FI ACCESSORIES 
De Luxe Groov-Klee, 

Model 42 £1'.84 

Chrome Finish Model 60 £1.50 

Ref. 30:1 Emma' Stylus ('1ea1011g (oit .. lop 
Ref 43 Retend ('sel. Kit .. £2,35 
Ref. :41 Cassette Hand ('lean, . 54p 
Ref. :42 '('ape alit lulu 1411 £1,34 
Model II N'ira 331 ripper 01133, Sap 

ANTEX SOLDERING IRONS 
525 25 oat (1.93 1'('5 24111.5 watt (2.15 
31.1.1 (1 18 matt £2,16 5(42 S111rl'ing kit £2,80 

STANDS 

SOLDER 
1851(11 Mnitic,ve 7 00 alp 2251(0 7 05.. 83p 
INS0'(122 it. .. 2Sp 2251('0 'Tube 22p 

ANTEX BITS AND ELEMENTS 
Hero No. 
II! oa. mole ('5240 A' .. .. 2Np 

102 0.tr 1111,11' ('5240 p.' .. .. lop 
I1151 ate 013331.. l'( :52411 
1(01 503 male ('15240,' 
1102 modo ('('5210I... .. 2Np 

11120 1eele (12401, 2Np 
11121 01111' 1:2401' 
(('22 ,ode 112411 

81, 1111,3 525: ., ,. 37p 
.51 01óe 525 .. .. 37p 
52tootle 525.3 .. .. .. 37p 

E1. 10511.151's 
Ill '6 240 ., 
Ili. 2w .. 

£1,18 Et 'UN 1411 .. £1,10 
£1.10 EN . 25 .. £1.10 

ALL PRICES 

SHOWN 
INCLUDE 

V.A.T. 

NEW COMPONENT PAK 
BARGAINS 

Park 
No. Qty. Drscription 
0' I 2011 Itrsist,n. 11115.4 441111.5 npiml.a 

111nt(,vw1ag11, ,. 
(' 2 20.1 ('up11rilor. II led ndins 

11Ppr, 11111 (,y oalgkl . 

(' 3 50 l'reeislmHaasOn.,Iw3..ulr/1? 
atl vnlu33 

C 4 Io ,1hll\l' H3.i.tlw. mined pro. 
!marl' values 

I. S a Pleats itswertal Irl'l'p'i1e Reis 
l'II 2 Tuning l:,1ngs.3111'1,11' I'll I' 
l' 7 I IS,ek \\'i1' 511 I110tr,s ns.wn1a,l 

ed,ms .. 
l'S 111 RIISwMaas .. .. 
(' II 3 Mlrrlp W1101hrs . 

('10 15 .\,sortel Pots 111111 Rr$ets 
('ll o ,Incll Soak3ts 3.3.50, : 

Stamina' Switeh'I;vpas'. 
1'12 411 l'apra Condensers ',referral 

types mixe( values 
('I:4 2 

1N:Irrlrol}tlra'l'rnit.. 
types . 

l'14 I l'nek assorted Hardware - 
N,is 10,IIs. Gr,1111nd15 el,3. 

('15 4 3111in.+'l'ogglrSw'itakuo.2:\mp 
Dl'.. 

('In 2 .\s10a 333d'l'ng St rips & 1'.10.1. 
l'17 10 .1s,333te1 (1,1,11,,1 1(n,1333 

('IS 4 Ibn are l\0on Change ,5,4itr,w 
('III 3 Relays II -24\' Operating . 

C211 4 511reisl',ppar1.11m1111rapprox. 

Pere 

0,55 

0.88 

0,55 

O.as 
ens 
0.55 

0.55 
0.55 
0.55 
0.35 

0,55 

0.55 
0.53 

0.55 

0.88 
0,88 
0.58 
0.88 
0.33 

l'Ires,. 01111 10(1 laws 111111 I,,eking on all ,31,111poor111 

awks, pl,+ u 111111111.0 1011 ,11 purl: Nos. Cl. ('!. 
0111 and C20. 

VISIT OUR COMPONENT SHOP 
18 BALDOCK ST, WARE, HERTS. (A,10) 

OPEN: MON-THURS 9.15-6pm SAT 9.15-5.30 LATE NIGHT 
SHOPPING UNTIL 7pm FRIDAYS. Tel 61593 

( 

lief. 1' ((,'ii ('Iraner SIP 
Sec :11.I ,,Ichs 11,113,0, £1.30 
11,1..1 'lop'' 11.0.13.133303333, 1431 Sip 
Huf. 34 (5,3101(1' (1033 8137 
Ref. 511 111.1+1 Stere,, Hints 11111111, . 32p 

PLUGS AND 
SOCKETS 

SOCKETS 
1'$35 DIX 2 Pin (Speaker) 

P830 DIS 3 Pin .. .. 

'537 DIN 5 Pin ISO° .. 
's:ia DIN, I'l's 2401 

'5:01 .lark 2.50un Switched 

'5411 .lurk 3.5,,00 $na(clod 

'241 .I3,3I, l' 5.i13h3cl 
'5122 .1303 50.r,', S01031o11 

'543 1'111,033 Singh. .. 
'544 Phom, 11,1111(10 .. 
'$45 ('or Aerial .. .. 
'5411 .33. 1331 $1100303 ,. 
'$47 (1,.11x1,31 Plush .. 

INLINE SOCKETS 
$21 1115 2 l'in I5p330k'1 
.22 11153 l'i33 . 

52:1 111N 3 l'in I8l1° .. 

124 DIN 5 l'in 2411 

273 ,10»13 2A1001 (lame» 

5231 .look 3.150110 153.331133 

í27 look 1" l'Insu,' 
5p5 .111,313 l' 5I9,3133133II 

5211 .1,1,311 5133013,, l'Insu le 

5:111 .Intll 5333333.3. (orr,mlI 
'$31 1'1141 33ó .. 

103'1 l ',01113101 ryn.. .. 
-:I3 ('11.:\Xin1 .. .. 

PLUGS 
'S I 1115 2 l'i11 lNprnkrrl . . 

2 1)15 31'l0 .. .. .. 
53 1/IN 4 Pin .. 

'S 4 1)15 5 PIm ISm .. .. 
'S,5 U1N5 Pin 240 .. .. 
'N 11 D I N I I ('i 11 .. 
'$ 7 4(57l'in.. . .. 

'N N .look 2.50111 S,rre33nel .. 
S 0 .I113k:4:5771111 ('I110liv .. 

5111 .Inok 3.50,,,, Srreene,l .. 
'SI I .10335 l' l'Insllr . .. 
512 .Leal I" Ner1,m331 . .. 

'SIN ,InrkMorro Nrmr1m11 

5S14 1'31,3133 . .. .. 
'$15 l'wr .33131311 .. . .. 
.S131 I'11..\ 333331 .. . .. 

CAtlLtA 
('l' I Single h,p11,11 -vireo 

'11 

. .. 

2 I1 1'1,11n13n1 5rr31n1 

l'l':I Story" 5 1 3.d 

CI' 4 l'tnn Corr Crampon St1n 
CI' 5 Pour Core 1dlvldlndly $rrnn,d 

II yllernphu,u Ir1111r Ibr,i111tl lhldr 
('l' 7 'lima eel mains table .. .. 

('l' N 'Ioi1, oval m,nhu cable .. .. 
('P II Speaker ('able . .. .. 
('l'10 lem. lees ('o..lxinl . . .. 

0.00 
0.10 
0,10 

0,10 
0.09 

0.10 
0.17 

0.20 
0.00 
0.10 
0.00 
0.09 
0.14 

0.18 
0.17 
0.17 

0.17 
0,10 

0,12 
034 
0.22 
0.22 
0.82 

0.14 
0.18 
0.17 

0.11 
0.12 
0,15 
0.14 

0.13 
0.18 
0.18 
0.10 
0,08 

0.12 
0,18 
0,18 
0.29 

0.00 
0.18 
0.10 

0,00 
0.08 

0.08 
0.23 

0.30 
0.10 
0.07 

0.00 
0.04 
0.10 

CARBON POTENTIOMETERS 
Log and I,I,, 4.7 K. 111K. 22K, 47K. 1011K. '2211K, 

471114. 131, 231. 

I'C'I Single less 51(1,'11 .. .. .. 0.14 

('(`! Single III', 5,11í01l .. .. 0.20 

11(13 Tandem (4,0 So11011 

VC4 IK Lin les, 5111'1, .. 0.14 

\'C5 1111K Lug not .le'g 

HORIZONTAL CARBON 
PRESETS 

11,1 watt 0.00 

tun, 2211. 470. 114. 2.2K. 4.7K. ION. 212K. 47K, 
1111K. 220K. 471314, 131. 231. 4.731, 

BOOK BARGAIN BUNDLE 
8 Books nnmpIrising 
2 Trnnoistnr Equivalent Bookn. 
I Radio & Electronic Colour Cod, & Data Chart. 
1 Radio Valve C.uid, PLUS 

3 other Construe0onal books on Receiver», FM 
Ton o, etc. 
Also 1 General Cnnstruetinnal bank. 

Value £3. Our price £2. 

BPI Hnndlenk of Translator Equivalent 
00íl %Institutes .. .. 

Ooodbook t f Radin T' V, and 
Induntrinl'l'uho & ('nive Equ i,',, 

BP3 Handbook of Tented Tran,istar 
Cireulto 

141'4 10.5111500n! Handbook of the 

lil'2 

1111írg1ó '(0l 

'ar0o 
0 l\s1niv, 

S\t1atól1o0m 

aondd 

FNIITV Listings. .. .. .. 

BP5 Handlook of Simple Tronniatnr 

40p 

40p 

40p 

85p 

1181, 

BP7 Radio & Electronic, Colour Codas 
& Data ('hart , . .. .. 1511 

(31's $1,111111 & i,ourispeaker 21,00,) .. 50p 

OPO AS Practical 'l'rnted Dinde Circuits 
for the Home Constructor 33p 

111'11 Prortirnl Teensistor Novelty 
Circuit, .. .. .. ., 40p 

120 l'nivemnl Gram -Motor Speed 
Indicator.. .. .. .. Np 

138 Ann to make PM & T\' Arrinls, 
Bands I. 2 & 3 ,. 1Np 

141 Huth,, Surviving l'or Am ateurn .. 2op 

1411 High Pldelitp LllIdopeakor 
Eneluntuen .. ,, .. 37p 

150 Translator Cireuito Manual No.1.. 15p 

100 Coll Design & Construction Manual 30p 

101 Radio, TV & EleetroN,s Data Bonk 25p 

170 Trama slur Circuits f,,, Radio 
Controlled Nlodds .. .. 40p 

174 'l'rnnslntor Subminiature Receivers 32p 

175 Totnelstnr 'l'eut Bqulpmmmt and 
Servicing Manual .. .. 25p 

170 'l'runnlntnr Audio Amplifier Manual 40p 

177 Mndern Trnndstur Ciro1ita for 
Beginnrm .. .. .. 40p 

178 A Comprehenelve Radio Voler 
(hide, Bonk 5 .. .. .. 30p 

153 How to Orn ive Foreign TV Pro. 
grammes 00 your Not by simple 
oo,(I(leatlunn .. .. .. 32p 

185 '1,00,1 Short wave R,mleer Clrcult, 
,,slog MAT', .. .. .. 30p 

187 'Che TNL Mark '4' Valved l°M Timer 
and its eunotruotion .. .. 20p 

ION Rrnotnnoe-Prequenop Chart for 
Audio & RP use .. .. 1Sp 

01110tor Colour Code Dise ('aleuatnr 10p 

CA HT HI L) Li K'S 

ACOS (41'Ill INC 200m1' at 1.2om33l3.eo 

OP93 1 :Wm)" at lrmfere . 

0l'00 I 10011' at lemlwo.. 

.I-21515 CrvntnbHi Output.. 

.1--211 Ilq ('ryntnllHi Omtput 
Cnmpntiblr .. 

,1-201 CS Stereo'HI Output .. 

,I-21115 Crrnmi3,1N,dOutput 

£1.10 

£1.05 

£2,05 

955 

£1.10 

£1,00 

£1,54 

CARBON FILM RESISTORS 
The 012 Range of Carbon Film Resistors, Ith watt 
available in PAK9 of 50 phloem. asaortod into the 
follow ing grorp33: 

RI 51, Mixed Il(k,bm. - 52001005 .. 40p 

112 50 Mixed !Kohn. - 8.2Kohmn,. 40p 

Ií3 50 Mixed IIIKohm, - 92Kohma ,. 40p 

104 MI Mined I00K,I,ns - I Megohm .. 40p 

THESE ARE UNBEATABLE PRICES - LESS 

THAN (p EICH INC. \'.I.T.'' 

BI-PAK SUPERIOR QUALITY 
LOW -NOISE CASSETTES 

(1111312p 15111 41 p C1211 52p 

RADIO & ELECTRONICS CONSTRUCTOR 
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BI -PAN QUALITY COMES TO AUDIO! 

AL10 AL20 AL30 

AUDIO AMPLIFIER MODULES 

'Chu xiLiil, :\1.211 and ALM., units arr similar in their appearance and 
in their general speeiication. lfore ever. careful selection of the plastic 

power devìee'r has resulted in a range of output precoce from 3 to 
to watts R.M.S. 

The versatility of their design maker them ideal for 
ore record players, tape recorders, etereo ampdihers and 

eassetteand cartridge tape players in the car and nt honte. 

PARAMETER CONDITIONS 

HARMONIC DISTORTION Po=3 \\'.-\'I"l'S f I ICHz 

LOAD IMPEDANCE' 

INPUT IMPEDANCE f=1E11z 

FREQUENCY RESPONSE i:l dR Po -2 1WA'l'T'S 

Sh:NSI'l'1\'l'l'1' for RATED DIP \"s 2:5W. R]. -8 LI f IKHz. 

DIM ENS IONS - 
'Ile nbove table relates to the ALIO. A L211 and ,5L30 modules. 
The. following treble outlines the differences in their ereking conditions 

PARAMETER ALLO 

Maximum Supply Voltage -, 
Power output 0n 2 '1 ii.D. :3 rau.. 

(RI. ov r I ICllee 13Mn urn. 

AL20 

,raut. 

It51,. )lin. 

AUDIO AMPLIFIER MODULES PRE -AMPLIFIERS 
PA 12 Ile t'a it le .11.10 eh.\L'o( 
l':\l00 IVo with ALSO V 

\1.111 :i Watt, £2.19 
:\1111 5 IVnul, £2,59 
d Lao 10 Watt, ,, £3.01 

POWER SUPPLIES 
1111 Ilse with AL10 & :\1,211) Hop 
SI1180 IC'nr with A1.30 h AL50) £3.25 

FRONT PANELS PA 12 With knobs £1.00 

PERFORMANCE 

u.2s i, 
S - lout 

100 KIl 

50 Hz=21e KHz 

75n] V. 11h15 

8" o2)"x 1" 

ALSO 

:311 

10 watts 

RIMS Min. 

£4.35 
t13.1:í 

TRANSFORMERS 
1401 rl'cr with .11,10) phie 15p £1.58 
'1533 (Use with 31.20) rOi lop £1,93 
RMTOl (Useesit h \1,311 & ALOI) pap Zip £2.15 

PA 12. PRE -AMPLIFIER SPECIFICATION 
The PALI pre mplifier lutei 

1, 

erz designed to muet& into inosi 
budget stereo sy tems. It is compatible with the \LIo. 31.20 and 
ALSO audio portier amplifiers s nid it can be supplied (niter their 
aasociated power supplies. 'lierre are ewer stereo, inputs. one has been 
designed for use with -Crania cartridges while the auxiliary input 
Trill suit most t1leegartie cartridges. Pull details are given in the 
specification table. The four controls are. from left to right e Volume 
and on!nf switch, balance. linos und treble. Size 152111111,8411,111'. 
35mm. 

I'reelu roe ceoie et' or 
20Hz-S01: Hz. (-3d0) 

Hans control 
312ó1I nt 11011z 

Treble control 
3 14e1 12 at 14 K Hz 

'Input I. 
Impedance I Meg. idiot]. 
Sensitivity 300 tuV 
t Input 2. 
1]niarlim, 30 K ohms 
Sdn,nrvlty 4ntW 

EA1000 AUDIO AMP MODULE 

III 1 'I. ,..i olo,il h supplì. I 

SPECIAL OFFER £2 

The STEREO 20 
The 'Stereo 20' amplifier is mounted, ready wired and tested 
on a ere -piece chassis measuring 20 em x 14 cm x 5.5 cm 
This compact unit cornea complete with on/off switch. volume 
control. balance. bass and treble controls. Transformer. 
Power supply and Power Amps. Attractively printed front 
panel and matching control knobs. The 'Stereo 20' has been 
designed to fit cable plinths without' Interfering 
with the mechanism or, alternatively, into a separate cabinet. 
Output power 20w peak input 1 (er.) 300mV into 1M 
Freq. res. 25He-25kHz Input 2 (Aux.) 4 mV Into 30K 
Harmonic distortion Bass control í12b8 at 60 Hz. 
typically 0.25°%, at 1 watt Treble con. 314b13 at 14 kHz 

£13.48 

BI-PAK DO IT AGAIN! 

50 Wp k 25w (RMS) 
0.1% DISTORTION 

HI-FI AUDIO AMPLIFIER 
THE AL50 

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

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

.1 % at 1KHz. 

* Signal to noise ratio 
80dB. 

ONLY 
£3.58 each 

* Supply voltage 10 
35 Volts. 

* Overall size 63mm 
x 105mm x 13mm. 

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

STABILISED 
POWER 

MODULE SPM80 
AP80 im especially designed to power 2 of the ALSO 

Amplifiers, up to 15 watt (rm.) per channel, eimul- 
taneouely. Thie module embodies the latest components 

and circtut techniques incorporating complete short 
circuit protection. With the addition of the Mains Trane - 

former MTBI), the unit will provide outputs of up to 15 amp. 
et 35 volts. Size: 62mm a 106mm : 30mm. 

These units enable you to build Audio Systems of the highest 
quality at a hitherto unobtainable price. Alto ideal for many other application. includ- 
ing: Diego Systeme, Public Add w, Intercom Unit& etc. Handbook available lip. 

PRICE £3.25 
TRANSFORMER BMT80 £2.15 p. & p. 25p. 
STEREO PRE -AMPLIFIER, TYPE PA100 
Built toe specification and NOT a price, and yet still the greateet value on the market, 
the PA100 etereo pre -amplifier h.. been conceived from the latest circuit technique. 
Designed for use with the ALSO power amplifier system, this quality made omit incorporates 
no lees than eight silicon planar transistor. two of these are specially selected low none. 
NPN devices for um in the input stage. 
Three switched stereo inputs, and rumble and scratch filters are features of the 1A100, 
which alao has a STEREO/MONO switch, volume, balance and continuously variable 
he.. and treble control.. 

SPECIFICATION 
Frequency Response 20Ha - 20KHa 3 1dB ' 

Harmonic Distortion better than 0.1 
Inputs: 1. Tape Head 1.26 mV into 50kf1 

2. Radio, Tuner 35 mV into 50E0 
3. Magnetic P.U. 1.5 mV into 50Ko 

All input voltage are for an output of 260mV. Tape and P.U. inputs 
equalised to RIAA curve within f ldB, from 20H. to 20KHa 
Base Control eh 11.1.13 B 20H, Treble Control de 16dB ® 20KHz 

Filters: Rumble (High Pas.) 10011z 
Scratch (Low Par) 8KHz 

Signal/Noise Ratio better then - 65dB 
Input overload + 26dB Supply + 35 volts ® 20mA 

Dimension. 292mm x - 82mm .0 35mm 

SPECIAL COMPLETE KIT COMPRISING 
2 ALSO'.. 1 SPM80, 1 BMT80 and 1 PA100 

Pule £13.15 
ONLY £25.30 FREE p & P. 

All prices quoted In new pence . Ch -o No. 388.7006 
Please send all orders direct to warehouse and despatch department 

B/-P.4/ff 
P.O. BOX 6, WARE a HERTS 

Postal:r and packing add lip. Overseas add extra for airmail 
Minimum order 50p. Cash with order please. 

Guaranteed Satisfaction or Money Back 
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The Sinclair Cambridge... 
no other calculator is so powerful 

and so compact. 

Complete kit -£24.95! (Pws m) 

The Cambridge - new from 
Sinclair 
The Cambridge is a 

new electronic 
calculator from Sinclair, 
Europe's largest 
calculator manufacturer. 
It offers the power to 
handle the most complex 
calculations, in a 

compact, reliable package. 
No other calculator can 
approach the specification 
below at anything like the 
price - and by building it 
yourself you can save a 

further £5.50 ! 

Truly pocket -sized 
With all its calculating 
capability, the Cambridge 
still measures just 
42"x2"x;s". That means 
you can carry the Cambridge 
wherever you go without 
inconvenience - it fits in your 
pocket with barely a bulge. It 
runs on ordinary U16 -type 
batteries which give weeks of 
life before replacement. 
Easy to assemble 
All parts are supplied -all you 
need provide is a soldering iron 
and a pair of cutters. Complete 
step-by-step instructions are 
provided, and our service department 
will back you throughout if you've any 
queries or problems. 
The cost ? Just £27.45! 
The Sinclair Cambridge kit is supplied to you 
direct from the manufacturer. Ready 
assembled, it costs £32.95 - so you're 
saving £5.50 ! Of course we'll be happy to 
supply you with one ready -assembled if 
you prefer - it's still far and away the best 
calculator value on the market. 

130 

Features of the Sinclair 
Cambridge 
*Uniquely handy package. 

4z"x2"x;6", weight 3z oz. 
*Standard keyboard. All you 

needforcomplex calculations. 
*Clear -last -entry feature. 
*Fully -floating decimal point. 
*Algebraic logic. 
*Four operators (+,-, x, --), 

with constant on all four. 
*Constant acts as last entry 

in a calculation. 
*Constant and algebraic 

logic combine to âct as a 
limited memory, allowing 
complex calculations on a 

calculator costing less 
than £30. 

*Calculates to 8 
significant digits, with 
exponent range from 
10-20 to 1079. 

*Clear, bright 8 -digit 
display. 

*Operates for weeks on 
four U16 -type batteries. 
(MN 2400 recommended.) 
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A complete kit! 
The kit comes to you packaged in a 

heavy-duty polystyrene container. It 
contains all you need to assemble 
your Sinclair Cambridge. 
Assembly time is about 3 hours. 

Contents : 

1. Coil. 
2. Large-scale integrated circuit. 
3. Interface chip. 
4. Thick -film resistor pack. 
5. Case mouldings, with buttons, 

window and light -up display in 
position. 

6. Printed circuit board. 
7. Keyboard panel. 
8. Electronic components pack 

(diodes, resistors, capacitors, 
transistor). 

9. Battery clips and on/off 
switch. 

10. Soft wallet. 

This valuable book -free! 
If you just use your Sinclair Cambridge for 
routine arithmetic -for shopping, 
conversions, percentages, accounting, 
tallying, and so on -then you'll get more 
than your money's worth. 

But if you want to get even more out of it, 
you can go one step further and learn 
how to unlock the full potential of this 
piece of electronic technology. 

How? It's all explained in this unique 
booklet, written by a leading calculator 
design consultant. In its fact -packed 32 
pages it explains, step by step, how you 
can use the Sinclair Cambridge to carry 
out complex calculations like : 

Logs Sines Cosines 
Tangents Reciprocals nth roots 
Currency Compound 
conversion interest 
and many others... 

Sin=Iair 
Sinclair Radionics Ltd, London Road, 
St Ives, Huntingdonshire 
Reg. no : 699483 England 
VAT Reg. no : 213 8170 88 

0(1OBER 1973 

Why only Sinclair can make you this offer 
The reason's simple : only Sinclair- Europe's largest electronic calculator 
manufacturer- have the necessary combination of skills and scale. 

Sinclair Radionics are the makers of the Executive - the smallest electronic 
calculator in the world. In spite of being one of the more expensive of the small 
calculators, it was a runaway best-seller. The experience gained on the Executive 
has enabled us to design and produce the Cambridge at this remarkably low price. 
But that in itself wouldn't be enough. Sinclair also have a very long experience of 
producing and marketing electronic kits. You may have used one, and you've 
almost certainly heard of them -the Sinclair Project 60 stereo modules. 
Ft seemed only logical to combine the knowledge of do-it-yourself kits with the 
knowledge of small calculator technology. 
And you benefit ! 

Take advantage of this money -back, no -risks offer today 
The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and 
we'll refund your money without question. All parts are tested and checked before 
despatch -and we guarantee a correctly -assembled calculator for one year. 

Simply fill in the preferential orderform below and slip.it in the post today. 
Price in kit form: £24.95 + £2.50 VAT. (Total : £27.45) 
Price fully built: £29.95 + £3.00 VAT. (Total : £32.95) 

immou amilmmou Ism man 

REC 1073 
To : Sinclair Radionics Ltd, London Road, 

Il St Ives, Huntingdonshire, PE174HJ 

I 
I 
I 

I*I enclose cheque for £ , made 
Iout to Sinclair Radionics Ltd, and 
crossed. 

I*Please debit my*Barclaycard/Access 
account. Account number 

I*Delete as required. PLEASE PRINT I 

Please send me 

a Sinclair Cambridge calculator kit at 
£24.95 + £2.50 VAT (Total : £27.45) 

Name 

EI a Sinclair Cambridge calculator ready 
built at £29.95 -{- £3.00 VAT Address 
(Total : £32.95) 

Mal BIRO MN MIMI WM MINI IONZ BIM WIIIMIMM 
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fRA 
8 -PAGE 
DICTIONARY 

of AUDIO TERMS 
This invaluable 8 -page supplement takes you through 
the language of audio giving you clear concise explanations 
and illustrations 

FREE 

Datoeard$ 
PRACTICAL WIRELESS 
continues its important series of six 
free Datacards with :- 

No. 3 DIN Plugs 
No. 4 Decibels 

Mee 
pplp[ARD, 
SYSTEM 

"PW FERRET" 
METAL 
DETECTOR 

Build the ingenious "PW 
Ferret" -a new integrated 
circuit metal detector 
designed to "sniff" out 
buried or hidden metal 
objects underground, 
under floor boards or in 
walls ! 

PLUS 
A simple Wobbulator for receiver alignment 
More on Project Q4 - an exclusive quadraphonic decoder for all existing 
quad systems 

November 
issue 20p 

PRACTICAL 
WIRELESS 

Out Friday 
October 5 
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BI -PRE-K 
SUPPLIERS OF SEMI-CONDUCTORS TO THE WORLD 

r-_ 
COMPLETE TELEPHONES 

EX. G.P.O. NORMAL 
HOUSEHOLD TYPE 

ONLY f1.05 
POST & PACKING 45p EACH 

TELEPHONE DIALS 
Standard Post Office type. 
Guaranteed In working order. 

ONLY 27ipi 
POST & PACKING 160 

TESTED AND GUARANTEED PAKS 

879 4 IN4007 Sii. Rec. diodes. 
1.000 PIV lamp plastic 55p 

B81 10 
Reed Switches, 1' long. k' die. 55p High speed P.O. type 

. B99 200 Mixed Capacitors. Approx. 55p 
Pu 

q 

& Py, 
counted by weigh[ cit15p 

H4 250 Mixed Resistors. Approx. 55p quantity counted by weight 
P Et P15p 

H7 40 Wlrewound Resistors, Mixed 55p types and values. 

H9 2 OCP71 Light Sensitive 55p Photo Translsror 

H28 20 0C200/1/2/3 PNP Silicon 55p uncoded TO -5 can P 
H30 20 I Watc,Zener Diode43 

Mixed Voltages 6.8-s. V. 55p 
H3S 100 Mixed Diodes, Germ. Gold 55t3 bonded, etc. Marked and l' 

Unmarked. 

H38 30 Short lead Translators, NPN 55 Silicon Planar types. 

H39 6 Integrated Circules. 4 Gates 55p BMC 962, 2 Fllp Flops BMC 94S p 
H40 20 BFYNPN2, 21469onunco6. 2deN16d 

ó P13 
55t1 50Silic 

TO 

H41 2 Sii Power transistors 
comp pair 130131/132 55p 

UNMARKED UNTESTED PAKS 

BI 50Germanium Transistors 
PNP, AF and RF 55p 

B66 150 Germanium Diodes 
Min. glass type 55p 

883 200 Trans. manufacturers' releas 55 all types NPN, PNP, Sii, and P 
Germ 

884 100 Silicon Diodes DO -7 glass 
equly. to OA200, OA202 55pi 

106 100 N.9 

Di oadd 
1s14.1 

mtiyp. 

e 55P 
H6 40 250mW. Zener Diodes 

55ía DO -7 Min. Discs Type P. 

HIS 30Top Hat Silicon Rectifiers, 
p 75OmA. Mixed volts 55 

H16 15 Experimenten Pak of 55 il Integrated Circuits. Data p 
supplied 

Ht7 203 amp.dvol Sllltscon Stud Rectifiers 55p, mixe 

. H2O 20 BY126/7 Type Silicon Rectifiers 55p 1 amp plastic. Mixed volts. p 
1434 I5 Power Transistors, PNP, Germ. 55 NPN Silicon TO -3 Can. 

MAKE A REV COUNTER 
FOR YOUR CAR 
The 'TACHO BLOCK'. This 
encapsulated block will turn any 
0.1 mA meter Into a linear and 
accurate rev. counter for any 
car with normal coil Ignition 
system. 

£1.10 each 

OVER 

1,000,000 
TRANSISTORS IN STOCK 

We hold a very large range of fully marked, 
tested and guaranteed transistors, power 
'transistors, diodes and rectifiers at very 
competitive prices. Please send for free 
catalogue. 

SILICON PLANAR PLASTIC 
TRANSISTORS 

Unmarked, untested,- factory clearance. A ,random 
sampling showed these to be of remarkably 
high quality. 

Audio PNP, similar to ZTX500, 2143702/3, 
BCY70 etc. 
Audio NPN, similar to ZTX300, 2N3708/9, 
BC107/8/9, BC168/9 etc. 
Please state Audio NPN or Audio PNP when 
ordering. 
ALL AT 500 for £3.30, 1,000 for £5.50, 10,000 for £44 
P. & P. 11p/1,000 

OUR VERY POPULAR 4p TRANSISTORS 
TYPE "A" PNP Silicon alloy. TO -5 can. 
TYPE "B" PNP Silicon, plastic encapsulation. 
TYPE "E" PNP Germanium AF or RF. 
TYPE "F" NPN Silicon plastic encapsulation. 
TYPE "G" NPN Silicon similar ZTX 300 range 
TYPE "H" PNP Silicon similar ZTX 500 range 

8 VARIOUSRELAYS 

FOR 

P& P 
2#PPES £1e10 

Our famous PI Pak is still 
leading in value for money. 

Full of Short Lead Semiconductors and 
Electronic Components, approx. 170. We 
guarantee at least 30 really high quality 
factory marked Transistors PNP & NPN, 
and a host of Diodes & Rectifiers mounted 
on Prlgted Circuit Panels. Identification 
Chart supplied to give some Information. 
on the Transistors. 

Please ask for Pak P.1. Only S5p 

11p P & P on this Pak. 

A CROSS HATCH GENERATOR 
FOR £3.85 I I I 

YES, a complete kit of parts including Printed 
Circuit Board. A four position switch gives X -hatch, 
Dots, Vertical or Horizontal lines. Integrated Circuit 
design for easy construction and reliability. This 
was a project in the September 1972 edition of 
Television. 

This complete kit of parts costs £3.85, 
post paid. 

A MUST for Colour T.V. Alignment. 

ELECTRONIC TRANSISTOR IGNITION 
Now in kit form, we offer this "up to the minute" electronic 
ignition system. Simple to make, full instructions supplied 
with these outstanding features:- 
Transistor end conventional switchability, burglar proof 
lock up and automatic alarm, negative and positive com- 
putability. This project is a "star" feature in the September 
edition of "Electronics Today International" magazine. 
Our kit Is recommended by the ETI magazine. 
Complete kit including p. & p. £7.82. 
Reedy built and tested unit £3.02 extra. 

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

PLASTIC POWER 
TRANSISTORS 

NOW IN TWO RANGES 
There are 40W and 90W Silicon Plastic Power 
Transistors of the very latest design, available In 
NPN or PNP at the most shatteringly low prices of 
all time. We have been selling these successfully In 
quantity to all parts of the world and we are proud to 
offer them under our Tested and Guaranteed terms. 
Range 1. VCE. Min. 15. HFE Min 15. 

1-12 13-25 26-50 
40 Watt 
90 Watt 
Range 2. VCE. Min 40. HFE Min 40. 

1-12 13-25 26-50 
40 Watt 31 29p 
90 Watt 

33p 
38#p 36p 33p 

Complementary pairs matched for gain at 3 amps. 
itp extra per pair. Please state NPN or PNP on order. 

22 20rp 
Ur, 26 p 24 

INTEGRATED CIRCUITS 
a large range of very competitive 

prices (from 11p each). These are all listed In our 
FREE Catalogue, see coupon below. 

METRICATION CHARTS now available 
This fantastically detailed conversion calculator 

carries thousands of classified references between 
metric and British (and U.S.A.) measurements of 
length, area. volume. liquid measure, weights etc. 
Pocket Size 1Sp Wall Chart 10p 

LOW' COST DUAL IN LINE I.C. SOCKETS 
116 

pin 
4 pin'typtypee atac 16}p18peach f each }Now new low profile type 

BOOKS 
We have a large selection of Reference and Technical 
Books In stock. 
These are just two of our popular lines: 

B.P.I. Transistor Equivalents and 
Substitutes: 

This Includes many thousands of British 
U.S.A., European and C.V. equivalents. 

The IIiRe Radio Valve & Transistor 
Data Book 9th Edition: p. & p. 23#p. 
Characteristics of 3,000 valves and tubes, 
4,500 Transistors, Diodes, Rectifiers and 
Integrated Circuits. 

Send for fists of publications 

N.B. Books are void of V.A.T. 

40p 

75p 

4111.1 BIM% 
Please send' me the FREE 81 P e -Pak Catalogue 

NAME_..... ................. .....,. ......., 

ADDRESS ................ ................,... 

All prices include 10% V.A.T. 

MINIMUM ORDER 50p. CASH WITH ORDER 
PLEASE. Add 11p post and packing per order, 
OVERSEAS ADD EXTRA FOR POSTAGE 

WUY THÈSE GOODS WITH ACCESS# 
1.1111EM Mai 

, . 

BI-PRE-PAIK LTD DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX, SSO 90F 

TELEPHONE: SOUTHEND (0702) 46344 
Co. Regd. No. 8209191 
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HOME RADIO (Components) LTD Dept RC, 234-240 London Road, Mitcham,CR4 3H0. Phone 01-648 8422 

The Catalogue you MUST have! 

HOME RADIO 
COMPONENTS 

Only 55p. plus 22p POST AND 
PACK NG 

P 

POST THIS COUPON 
with chequeorPO.for77p. 

The price of nip applies only to catalogues purchased 
by customers in the U:K. and to BFPO addresses. 

140 

6,185 electronic 

components 
clearly 

listed and indexed 

Bookmark 
With useful 

list of 

technical 
abbreviations 

Details of our popular 
Credit Account Service 
and our Easy Ordering 
System are included 
in the catalogue. 

alb 
1 

1 HOME RADIO (Components) LTD. Regd. No. 912966 London 
Dept.RC, 234.240 London Road, Mitcham CR4 3HD ------mmmmmm---ni 
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A. F. 

OSCILLATOR 
by J. R. Davies 

This simple oscillator offers a wide range of applications and may 
be readily assembled on the Veroboard panel which is given free 

with this month's issue. 

WE ARE PRESENTING A FREE VEROBOARD PANEL IN 
this issue for the benefit of constructors and 

experimenters. The board is of 0.15 in. matrix and has 
7 copper strips, each with 16 holes. Readers may wish to 
assemble their own designs on the board but, for the 
benefit of those who prefer to w `rk to published 
information, we are offering two different circuits, 
either of which can be assembled on the board. The 
first of these is a simple but versatile a.f. oscillator, and 
this is described in the present article. A more complex 
design, for a 200mW gram amplifier, appears elsewhere 
in this issue. 

Readers who have not worked with Veroboard 
before will find that it is a product which allows very 
easy assembly to take place and which gives an impres- 
sive appearance to any project constructed with its aid. 
Soldering to the copper strips is extremely simple to 
carry out, as these are already pre -fluxed. A small 
soldering iron of around 15 to 20 watts rating is 
required and it is essential that a radio -type resin -cored 
solder be employed. Suitable solders are Ersin Multicore 
or Savbit. Never use a paste or liquid flux, as this will 
leave a harmful residue. 

THE OSCILLATOR 
The circuit of the oscillator appears in Fig. 1, and it 

consists of a 2N2646 unijunction transistor, TR1, 
which operates as a relaxation oscillator and is followed 
by an AD161 power transistor in the TR2 position. 

The oscillator functions in the following manner. 
When points 'X' and 'Y' in the circuit are connected 
together, capacitor Cl commences to charge via R1, 
whereupon its upper terminal goes increasingly positive. 
At a certain voltage level the base material between the 
emitter and base 1 of the unijunction transistor suddenly 
exhibits a negative resistance effect and Cl discharges 
rapidly into the components connected in the base 1 

circuit. The negative resistance effect ceases when Cl is 
nearly fully discharged, and no further current flows into 
the emitter of the transistor. Because of this, the 

capacitor commences to charge once more and the 
process is repeated again. As a result, a series of sharp 
high current pulses appear in the base 1 circuit of the 
transistor. With the values specified for Cl and R1 
these pulses have a repetition frequency of around 
400Hz and therefore constitute an audio frequency 
tone. 

2N 2646 
Lead -outs 

Speaker 

b2 

TR I 

2N2646 
b1 

C 
AD161 

Lead -outs 

R5 

TR2 

AD 161 

e 

DI 

+ 1N 4002 

9V+ 

4- 

C 

Band 

l( 
'1N 4002 
Lead -outs 

Fig. 1. The circuit of the a.f, oscillator unit. 
This consists of a unijunction transistor relaxation 

oscillator and a power switching transistor 
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The pulses at the base 1 of TR1 flow through the 
current limiting resistor R3, thé, base -emitter junction 
of TR2 and the silicon diode Dl. TR2 is turned hard on 
for at least part of the duration of each pulse, where- 
upon it causes a relatively high current to flow in a 
speaker connected to the output terminals. 

The function of R4 and DI is to ensure that TR2 is 
nearly fully cut off between pulses, whereupon this 
transistor acts virtually as a switch which continually 
opens and closes at the frequency of 400Hz. A small 
standing current flows between the base 2 and base 1 

of the unijunction transistor between pulses, and this 
causes a small voltage to be built up across R4. How- 
ever, due to the presence of D1 no, base current can 
flow in TR2 until the voltage across R4 is in excess of 
0.75 volt, this figure being the sum of the 0.6 forward 
voltage drop in D1 and the 0.15 forward .voltage drop 
in the base -emitter junction of TR2. Thus, TR2 is only 
made fully conductive when current pulses are fed to it 
by TRI. 

TR2 is a germanium power transistor. A power 
transistor is employed here because the collector current 
passed at pulse peaks can be relatively high, and a 
smaller transistor might break down. The average 
dissipation in TR2 is low and there is no need for it to be 
mounted on a heat sink. It is because of the high peak 
currents in the collector circuit that R5 is specified as a 
wire -wound resistor. The average heat dissipated in this 
component is similarly low. 

R1, R2, R3 and R4 are miniature * watt resistors 
having a nominal body length of 8 mm. (0.32 in.) and a 
nominal body diameter of 2.8mm (0.11 in.). Cl is a 
Mullard Miniature Foil capacitor type C280 and C2 is a 
Mullard Miniature electrolytic capacitor. 

The current drawn by the oscillator 
supply is approximately 14mA when the output is 
coupled to a 312 loudspeaker, and is about 6mA when 
the output is coupled to a 2512 loudspeaker. 

COMPONENTS 
Resistors 
(All values - watt miniature 10% unless otherwise 
stated) 

Rl 22k1ì 
R2 470f1 
R3 10012 
R4 68012 
R5 2.7 or 312 wire -wound, 2-1 or 3 watt 

Capacitors 
Cl 0.1µF Mullard Miniature Foil type C280 
C2 1251.1F 10V Wkg., Mullard Miniature 

electrolytic 

Semiconductors 
TRI 2N2646 
TR2 AD161 
D1 IN4002 

Miscellaneous 
Veroboard, 0.15 in. matrix, 7 strips by 16 holes 
4BA solder tag 
4BA nut and bolt 
9 volt battery 
Battery connector clips 
Sleeving 

Side view of the completed oscillator unit. 
The 4BA solder tag secured to the case of TR2 is 

clearly visible here 

APPLICATIONS 

The oscillator can be connected to any moving -coil 
loudspeaker. The loudness of the audible tone varies 
with the impedance of the speaker, and decreases as the 
impedance increases. If a loud tone is required a 312 

speaker should be coupled to the output. A quieter tone 
is given when speakers of 2552 or 3511 impedance are so 
connected. 

The unit has a number of applications, some of which 
will next be discussed. These are illustrated in Figs. 2(a) 
to (d). 

Fig. 2(a) shows the oscillator employed for Morse 
practice. The Morse key connects between points 'X' 
and 'Y'. A similar method of connection is used in 
Fig. 2(b) in which the oscillator is employed as an 
audible continuity tester. This enables complicated 
circuits to be traced through without the user having to 
deflect his eyes towards a meter needle. With the circuit 
of Fig. 2(b), some amusing and instructive effects can 
also be provided by connecting different values of 
resistance between points 'X' and 'Y', and it will be 
found that the frequency of oscillation falls as the 
resistance between these two points increases. With the 
prototype unit, oscillation was maintained for resis- 
tances up to 2M12 across points 'X' and 'Y', the output 
with this value of resistance being, evident as a series of 
discrete `clicks' appearing at a frequency of approxi- 
mately 3Hz. However, the performance given at very 
high values of resistance across points 'X' and 'Y' may 
vary somewhat with different specimens of the unijunc- 
tion transistor specified. It should be found that 
oscillation at a low frequency is given when the bared 

The assembled oscillator, as seen from the 
other side 
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log Test prods 
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Fig. 2 (a). The unit lends itself readily to use as a Morse practice oscillator. 
(b). Set-up for an audible continuity tester which is capable, also, of producing a number of 

interesting effects 
(c). An alternative audible continuity test circuit which responds to lower values of resistance 
(d). The oscillator employed as an a.f signal injector. The external 142 potentiometer functions as an 

attenuator and is connected to the Veroboard holes indicated 

ends of the wires from points 'X' and 'Y' are held in the 
hands, the resistance here being given by the resistance 
of the body. If points 'X' and 'Y' are connected to a 
photoconductive cell type ORP12 the frequency of 
oscillation will vary according to the light level illu- 
minating the cell. 

The fact that the arrangement of Fig. 2(b) gives 
audible results when quite high values of resistance are 
applied to points 'X' and 'Y' may make it unattractive 
as an audible continuity tester for some constructors. 
An alternative approach consists of short-circuiting 
points 'X' and 'Y' and putting the test prods in series 
with the battery, as in Fig. 2(c). The oscillator will then 
operate, when used with a 312 speaker, for test resistances 
up to around 5k12, the amplitude of oscillation decreas- 
ing as resistance increases. 

Yet a further application consists of employing the 
oscillator as an a.f. signal injector. In this case the 
speaker is replaced by a Ike log potentiometer, which 
functions as an attenuator. The arrangement is shown 
in Fig. 2(d). Other uses will, doubtless, suggest them- 
selves to the reader. 

ASSEMBLY 
Assembly is carried out following the layout diagram 

of Fig. 3, which shows the component and copper sides 
of the Veroboard. 
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First, using a Vero spot face cutter or a twist drill of 
suitable size, cut the copper strips at holes B5, B10, C7, 
D7, E5 and F7. 

Next, fit a bare wire link between holes E6 and F6. 
Fit a second bare wire link between holes B9 and C9. 
Fit an insulated wire link between holes B15 and G15. 
Fit Rl to holes BI and D1, R3 to holes El and Fl, R4 
to holes F4 and G4, and R2 to holes A6 and C6. All 
these components are fitted vertically. So also is C2, 
which comes next. It is necessary to pass a length of 
sleeving over the negative lead -out of C2, which passes 
through hole B11. The sleeving prevents this lead -out 
from coming into contact with the case of TR2 when the 
latter is, later, fitted. The negative lead -out of C2 is that 
which is common with its can. The positive lead -out of 
C2 passes through hole A10. 

Next, fit capacitor Cl to holes D2 and G2, resistor 
R5 between holes B8 and F8 and diode D1 between 
holes D10 and G10. These last two components are 
mounted horizontally, and the positive lead -out of D1 
is at hole G10. Follow by fitting transistor TRl to 
holes C4, D5 and E4 in the manner illustrated. Fig 3 

shows the position taken up by the locating lug of this 
transistor, and this point will assist in fitting it into 
circuit correctly. 

Next connect two flexible insulated leads to holes Al6 
and C16. These will later connect to the speaker. 
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Fig. 3. The component and copper sides of the 
Veroboard assembly 

Connect two more flexible insulated wires to holes A4 
and B4. These provide the 'X' and 'Y' terminal points. 
Two more flexible leads connect to holes Al and G1, 
that at Al being the positive battery lead and that at G1 
being the negative battery lead. All the flexible leads 
may have any convenient length. The two battery leads 
are next terminated in battery connector clips, observing 
correct polarity. The battery should not, however, be 
connected yet. 

Take up a 4BA solder tag and solder a short length of 
thin flexible insulated wire to it. Secure this tag to 
transistor TR2 with a short 4BA bolt and nut at the end 
further away from the emitter and base lead -outs. 
Pass the base lead -out of TR2 through hole El 3 and the 
emitter lead -out through hole D12. The transistor stands 
well off the upper surface of the board so that there is 
adequate clearance between the lower end of the 4BA 
bolt and the previously fitted link wire at hole B15. 
In most instances, it will be found best to pass the base 
and emitter lead -outs just sufficiently far through the 
board for their ends to be capable of being reliably 
soldered to the copper strips. The transistor will be held 
in position quite securely by this method of mounting. 

Next, shorten the flexible lead from the 4BA solder 
tag as necessary, then fit its end at hole F16. For clarity, 
the 4BA nut and bolt are omitted in Fig. 3, but they are 
clearly visible in the accompanying photographs. 

Assembly of the oscillator unit is now complete. 
Visually check both the component and copper sides 
of the board to ensure that component positioning is 
correct and that all solder joints have been reliably 
made. It is particularly important to ensure that no 
`blobs' of solder have caused adjacent strips of copper 
to be short-circuited together. 

The oscillator is now complete and ready for use. 

RECENT PUBLICATIONS p 

SOLID-STATE PROJECTS FOR THE EXPERIMENTER. Edited by Wayne Green. 
230 pages, 132 x 215 mm. (51. x 8i in.) Published by Foulsham-Tab Ltd. Price £1.20. 

This title is in the Foulsham-Tab list and consists of an American text with an added introductory chapter for the 
English reader. The address of the English publishers is Foulsham-Tab Ltd., Yeovil Road, Slough, Bucks. 

The book consists of items which have already appeared in the American 73 Magazine, and will in consequence hold 
greatest interest for the short wave listener and the amateur transmitting enthusiast. 60 projects are described in the book, 
these falling into the categories: receivers and converters, transmitters, test equipment, and power supplies. They are 
preceded by an introductory section devoted to solid-state principles and practice. 

As each chapter in the book was originally a magazine article, or part of a magazine article, it remains an entity within 
itself. The more experienced amateur should find quite a lot of interest in this pot-pourri, and can dip into any section at will. 

The following books, all with the same format, are also published by Foulsham-Tab Ltd. 

125 ONE -TRANSISTOR PROJECTS. By Rufus P. Turner. 
198 Pages. Price £1.30. 

This book gives circuits incorporating a single transistor plus other components. The 125 projects described include 
a.f., r.f. and d.c. amplifiers, oscillators, control and alarm devices, test instruments, power supplies, receivers and 
transmitters. 

104 EASY PROJECTS FOR THE ELECTRONICS GADGETEER. By Robert M. Brown. 
166 Pages. Price £1.20. 

The projects covered in this book are all in the simple category and take advantage of the properties of diodes, neon 
lamps, relays and similar passive components. 

USING ELECTRONIC TESTERS FOR CAR TUNE-UP. By Albert Wanninger. 
262 pages. Price £1.20. 

Although the test equipment dealt with here is of American origin, similar instruments are, in general, available in 
the U.K. The tests themselves are, of course, applicable in all parts of the world, and this book covers the complete ground 
from checking battery acid specific gravity to advanced tune-up analysis. 
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NEWS AND. 
LABORATORY OSCILLOSCOPE 

The Meteronic Type 201 dual trace 15 MHz Oscillo- 
scope offers an unusually wide range of features for a 
portable instrument. 

Plug-in time base and amplifier modules allow the 
user to select the configuration best suited to his needs 
and an internal voltage: and time calibration signal is 
provided. 

Sensitivity is 5mV/div at full bandwidth and the 
fastest sweep speed is 100 nS/div. TTL trigger circuits 
operate to 20 MHz and triggering may be from either 
channel or external. The display mode may be either 
A, B; A & B chopped Or A & B alternate. A battery 
option is soon to be available. 

The instrument weighs only 3.5 kgms and measures 
111 mm x 260 mm x 222 mm. The U.K. list price is 
£170. 

BRINGING SHAKESPEARE TO LIFE 

The Royal Shakespeare Company's Theatre at 
Stratford-upon-Avon uses BASF, tapes for all sound 
effects in its productions. 

The complexity of sound cues needs sophisticated 
studio equipment. 

For example, in a production of 'The Tempest' the 
audience was greeted upon entering the auditorium by 
the sound of waves gently lapping on a beach, to get 
them in the `right mood'. 

This was achieved by switching various banks of 
speakers, placed at strategic intervals, around the 
auditorium, in and out as directed by the cue sheet. 

Within the theatre there are 46 speakers and 4 stereo 
decks which can all be played simultaneously. They are 
controlled by an 8 channel mixer which enables the 
sound controller to create the most realistic effects at 
the pull of a lever. 

HOT PAINTS 

A paint which will transform a wall into a heating panel 
radiating warmth is now available commercially here in 
Britain, and also in Denmark, Italy and Japan. France 
and Finland will have it soon. 

The paint, explained the BBC, was invented several 
years ago by the Paint Research Association, a British - 
based organisation which has members in many countries. 

The paint gives out warmth when an electric current is 
passed through it, and there is no significant risk either of 
electric shock (the voltage is very low) or of fire since the 
painted surface need only be a few degrees warmer than 
the room it heats. 

EASY TO INSTALL ELECTRONIC 
IGNITION SYSTEM 

From the makers of Gunton Electronic Ignition, comes a new product 
called SPARKRITE. This highly developed electronic ignition system 
incorporates a short circuit proof inverter to prevent SCR lock on, 
improved radio interference suppression filter and a trigger circuit with a 
positive feedback clamp circuit from output of the unit, as well as the 
usual benefits of electronic ignition, which when fitted (can be done in 
15 mins) produces a higher energy spark and thereby creates more 
efficient combustion giving faster acceleration, higher top speed, continual 
peak performance, reduced fuel consumption, longer spark plug and 
contact breaker life etc. Designed for all petrol engines, the unit costs 
£11.55 incl. V.A.T. and carriage and is guaranteed for 5 years, or £9.35 
incl. V.A.T. and carriage in kit form. For further details contact: Elec- 
tronics Design Associates, 82, Bath Street, Walsall. WS1 3DE. 
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. . . COMMENT 
RADIO COMMUNICATIONS 
-A 75TH BIRTHDAY 

The BBC's station identification - based on the Morse 
code for the letter V - was, in fact, used much earlier in 
radio communication. Seventy-five years ago, a series of 
V's were received by a man sitting in a coal -merchant's 
yard in Ballycastle, a little town on the coast of Northern 
Ireland. 

The man was George Kemp, senior assistant to radio 
pioneer Guglielmo Marconi, and the occasion was the 
first practical use of radio for communications. 

The signals were being transmitted from Rathlin 
Island, four miles offshore, to inform shipping and 
insurance interests about the movement of vessels 
passing north of the island. The messages, which were 
sent on to London by telegraph, had previously been 
passed by flags, which proved difficult in bad weather. 

To commemorate this occasion, radio amateurs 
operated a radio station in a local school. 

A sculpture is also to be unveiled on the seafront at 
Ballycastle, but visitors wishing to see the site of the 
transmitter will have to travel by the same type of small 
open boat that was in use 75 years ago - the radio 
communications have improved vastly since those days, 
but the physical transport has hardly changed at all! 

IN BRIEF 
The complete range of Sinclair Radionics hi-fi equip- 

ment was displayed and demonstrated at Audio '73 held 
in Harrogate last month. 

All Sinclair hi-fi equipment benefits from the full 
service facilities available at the company's head- 
quarters in St. Ives, Huntingdonshire. 

The Sheffield cablevision programme service was 
recently inaugurated by the Minister of Posts and 
Telecommunications. 

This new local community TV service is run by 
British Relay Cablevision Ltd., and is the third of five 
stations licensed by the Minister to different companies 
to transmit locally initiated TV programmes on an 
experimental basis. 

The Midland National Amateur Radio and Elec- 
tronics Exhibition successfully launched last year, is 
again to be held at the Granby Halls, Leicester on 
25th, 26th and 27th October. 

Thursday and Friday from noon to 8 p.m., and on the 
Saturday from 10 a.m. to 6 p.m. 

Admission is 25p. There are large car parks and 
there is a chance to win valuable equipment. 

The Royal Television Society recently held its 
second Convention at King's College, Cambridge. 

Nearly 200 delegates and speakers, representing all 
aspects of TV attended. 

The Swiss Posts and Telegraphs Department has 
begun a major re -equipment programme for Switzer- 
land's sound and television services, and has placed 
large orders with Marconi Communication Systems Ltd. 
OC'l'OBER 1973 

THE CONTIL-VOLL METAL 
DETECTIVE 

This new device provides an accurate check for all 
hidden metals. 

One of the many headaches, with which Electricians 
and Plumbers constantly have to contend, is the 
problem of deciding on the position of buried pipes 
and cables, this instrument makes the old joke of the 
chisel and the water pipe, as 'dead as a dodo'. 

The Contil-Voll metal detective, a highly sophisticated 
electronic device, is pocket size, hand held, very light 
(under lb). It is held in either hand and a small knurled 
knob is turned by the thumb until a red indicator light 
goes out. It is then ready for use: any nearby metal 
turns the light on again automatically. The Contil-Voll 
metal detective reacts to all metals and finds them 
through any other substances. 

Scanning a wall, the lamp will light up approaching 
any conduit, cable or pipe irrespective whether it is iron, 
copper, lead or any other metal. If you traced a pipe or 
other metal part you can now determine exactly its size 
and position. 

Made in tough impact -proof plastic, it will stand up 
to rough everyday conditions of service. A single 9 -volt 
radio battery is the power source, the metal of the 
battery being part of the detection circuit. 

At only £22.85 (+V.A.T.) this is a valuable little 
gadget. 

Full details on off -the -shelf delivery from: West Hyde 
Developments Ltd., Ryefield Crescent, Northwood 
Hills, Northwood, Middx. HA6 1 NN. 
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AMISMIIM 

HIGH 

IMPEDANCE 
A.C. 

MILLI VOLTMETER 
by G. A. French 

The fact that a high gain transistor passes almost identical emitter 
and collector currents enables a number of interesting circuits to 
be made up. In the device described in this article the equal current 
factor is employed in the design of a simple high impedance a.c. 
millivoltmeter,which gives useful readings from less than 10mV to 

1V. Readings are peak values. 

BASIC CIRCUIT 
ABASIC CIRCUIT DEMONSTRATING THE 

equal emitter and collector cur- 
rent effect appears in Fig. 1. Here, a 
silicon transistor with a very high 
current gain has a 5kû resistor in its 
emitter circuit and a 15kû resistor in 
its collector circuit. A potential 
divider comprising a 3Mû and a 
620kû resistor couples to the base of 
the transistor and causes this to be 
about 6 volts positive of the lower 
supply rail. The emitter takes up a 
potential slightly lower than that at the 
base and we can say, for convenience, 
that this is of the order of 5 volts. 
In consequence 1mA flows through the 
5kû resistor. The same current must 
also flow through the 15kû resistor, 
whereupon 15 volts is dropped across 
it. The remaining 16 volts (the 36 volt 
supply minus the sum of 5 and 15 
volts) appears between the collector 
and emitter of the transistor. 

Fig. 1. Circuit demonstrating 
the effects of equal emitter 

and collector currents 
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If we apply an external voltage to 
the transistor base which causes it to 
go positive by 1 volt, then the emitter 
will similarly go positive by 1 volt. 
The voltage across the 5k2 resistor 
then becomes 6 volts and the current 
which flows through it is raised to 
1.2mA. The same current flows 
through the 15k2 resistor, whereupon 
the voltage dropped across this resistor 
rises to 18 volts. This is an increase of 
3 volts. Thus, it may be seen that a 
positive excursion of 1 volt at the base 
(and emitter) of the transistor results 
in a negative excursion of 3 volts at the 
collector, and it can be further argued 
that any voltage excursion within 
reason. at the base will similarly result 
in an excursion at the collector which 
is three times greater. 

The factor of 3 results from the fact 
that equal currents flow in the collector 
and emitter resistors and that the 
collector resistor has a value that is 
three times the value of the emitter 
resistor. If we set up a similar sort of 
circuit in which the collector resistor 
has a value which is ten times that of 
the emitter resistor, then voltage 
excursions at the collector will be ten 
times greater than those at the emitter. 
Summing up, the ratio of change in 
collector voltage to change in emitter 
voltage is the same as the ratio of the 
collector resistance to the emitter 
resistance. 

We take the basic idea a stage 
further in Fig. 2, which illustrates a 
theoretical approach towards an a.c. 
millivoltmeter. The d.c. conditions for 
the transistor are the same as in Fig. 1, 

since the d.c. emitter load is 5kû and 
the d.c. collector load is 15kû. Again, 
about 5 volts is dropped across the 
5k12 resistor, and approximately 15 
volts is dropped across the 15kû 
resistor. The conditions for alternating 
voltage are, however, different. Assum- 
ing that the 4,00011F capacitor has 
negligible reactance, the a.c. emitter 
load becomes 5kû and 3.3kû in 
parallel, giving an effective value at 
a.c. of 2k0. Similarly assuming neg- 
ligible reactance in the 2.21LF capacitor, 
the a.c. collector load becomes 15kû 
and 30kû in parallel, offering a 
combined value of 10k52. In conse- 
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Fig. 2. Developing the circuit 
to produce a peak -reading 

a.c. millivoltmeter 
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3. Practical working a.c. millivoltmeter circuit with four ranges 

quence, the a.c. collector load is five 
times the value of the a.c. emitter load. 
If we apply an alternating voltage of 
1 volt peak to the base of the transistor 
via the 1µF input capacitor, there will 
be an alternating voltage of 5 volts 
peak at the collector. This voltage will 
cause the peak -reading voltmeter, 
provided by the diode, the 0-5 volt 
meter and the 20µF capacitor, to give 
a full-scale reading. Lower input 
alternating voltages at the input will 
produce proportionately lower read- 
ings in the meter, with the result that 
the circuit is potentially capable of 
functioning as an a.c. voltmeter. 

If, next, we replace the 3.3kû 
resistor with one having a value of 
2O8û, the effective a.c. emitter load 
falls to 200û. This is one -fiftieth of the 
10kû a.c. collector load, with the 
result that any alternating voltage 
appearing at the collector will be fifty 
times that appearing at the emitter. 
The peak reading meter will now give 
full-scale deflection for an alternating 
voltage of 100mV peak at the test 
terminals. It follows that the theoretical 
a.c. voltmeter of Fig. 2 can be made to 
have any number of voltage ranges 
within reason by substituting suitable 
resistors for the 3.3kû component. 

In practice, the number of voltage 
ranges which can be handled by the 
circuit is limited at the high voltage 
OCTOBER 1973 

end by the maximum voltage swing 
which can appear at the collector of 
the transistor. The direct voltages across 
the transistor and across the 15kí2 
resistor are both of the order of 15 volt 
whereupon it would seem reasonable 
to limit the maximum alternating 
voltage swing to 5 volts peak; and 
this can correspond to 1 volt peak at 
the test terminals. The limitation at the 
minimum end of the range is imposed 
by the maximum voltage gain which 
the transistor, with reduced values of 
a.c. emitter load, can provide. From 
experiment with the practical version 
of the circuit it was found that the 
voltage amplification available cannot 
produce an f.s.d. reading in the meter 
for input alternating voltages lower 
than about 20mV peak. It would seem 
prudent, in consequence, to have a 
minimum range of 0-50mV peak. 

WORKING CIRCUIT 
A complete working circuit is given 

in Fig. 3. Here, the high gain transistor 
of Figs. 1 and 2 is replaced by the 
Darlington pair, TR1 and TR2. Rl, 
R2, R4 and R5 have the same values 
and appear in the same circuit positions 
as in Fig. 2, as also do CI, C3 and C4. 
R3, the d.c. emitter load, now has the 
preferred value of 5.1kû instead of 
5k0, as it had in Fig. 2. 

All the fixed resistors are 5% types, 

52 

111--0 +36V 

R8 

IOkn 

R9 

I0kn 

o 

and each range is set up by adjusting 
one of the pre-set potentiometers, 
VR1 to VR4. It might be considered 
preferable to use close -tolerance resis- 
tors in all the positions which affect 
meter accuracy hut it was found in 
practice that the ratio of collector 
alternating voltage to emitter alternat- 
ing voltage varies slightly from the 
ratio between the load resistances at 
the lower voltage ranges. As a result, 
it is convenient to simply use 5% 
resistors throughout and provide a 
pre-set adjustment for each range. 

The input impedance at the test 
terminals is approximately 0.25M0 
when Si is at position 1, increasing to 
about 0.5Mû with Si at position 4. 
At 50Hz, Cl has a reactance of 
3,180û and C4 has a reactance of 
1,5900. These reactances are suf- 
ficiently low to ensure an adequately 
'flat' response down to 50Hz and 
below. C3 has a reactance of 0.812 at 
50Hz. This is sufficiently low to be 
considered negligible at 50Hz on 
Ranges 3 and 4, although it does 
cause a small fall in response of some 
2% on Range 2 and of some 4% on 
Range 1 at this frequency. Thus, the 
instrument can be considered as 
offering useful results for all frequen- 
cies within the a.f. spectrum. 

The peak -reading voltmeter section 
of Fig. 2 incorporated a series diode for 
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purposes of explanation, but a rather 
more complicated circuit is employed 
in the practical version of Fig. 3. Due 
to the presence of C4, any alternating 
voltage appearing at the lower end of 
R5 swings both negative and positive 
of the upper supply rail. TR3 conducts 
on negative half -cycle peaks and 
causes C5 to charge up to very nearly 
the peak value. The voltage across C5 
is then read by the voltmeter given by 
meter M1 and R6 in series. The meter 
is a 0-100µA movement, and it gives 
an f.s.d. reading when the voltage 
across C5 is a little less than 5 volts. 
R7 is included to reduce any meter 
deflection, with zero voltage input, 
which may result due to leakage 
current in TR3. A germanium tran- 
sistor was chosen for TR3 because the 
reverse base -emitter voltage ratings of 
most silicon transistors are too low 
for the present application and, also, 
because the forward base -emitter 
voltage drop is much lower than with a 
silicon device. The use of a ger- 
manium transistor introduces the 
disadvantage that some transistors of 
the type specified may have a leakage 
current which causes an inconveniently 
high indication in the meter under zero 
input conditions, and it might be 
necessary to select a suitable transistor 
because of this. The writer tried 
several ACY18 transistors in the 
circuit, and they all caused a deflection 
of the order of 2µA on the 0-100µA 
meter scale, and this does not seem 
inordinately high. Suitable alternatives 
for TR3 are transistors type ACY17, 
ACY19 to ACY21, ACY39 to ACY41, 
and ACY44. The possibility of using 
alternatives may be of assistance if 
selection of a suitable device for TR3 
is necessary and the constructor wishes 
to employ whatever stock he may have 
on hand. 

The time constant in the peak - 
reading meter circuit is a little less than 
0.2 second. This ensures that peak 
readings are given at frequencies 
down to 50Hz without excessive slug- 
gishness of needle movement. 

The purpose of the zener diode D1 
is to protect the meter against the flow 
of excessive current. Such a flow 
could otherwise occur each time the 
instrument is switched on. Immedi- 
ately after switching on a charging 
current flows into C3 and this causes 
the Darlington pair, TRI and TR2, to 
conduct heavily. The consequent low 
voltage on the collector of TR2 is 
passed via C4 to the base of TR3, 
whereupon this transistor also be- 
comes heavily conductive. Without 
the zener diode, a current well in 
excess of the f.s.d value would flow in 
the meter for a short period until C4 
charged up. When the zener diode is 
in circuit, the meter needle still swings 
past f.s.d. on switch -on, but the current 
in its coil is limited to around 16% in 
excess of the f.s.d. value, and this 
should not cause any damage. Norm- 
ally, the zener diode will be non- 
conductive up to and beyond the f.s.d. 
voltage. However, if it is felt that, due 
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to R6 being at top tolerance and the 
diode being at bottom tolerance, the 
diode is limiting meter sensitivity near 
f.s.d., then silicon diode D2 may be 
added in series as shown. This will 
provide an extra 0.6 volt to the existing 
zener voltage. If D2 is not in circuit, 
the zener diode connects directly 
across R7. 

The rather high supply voltage of 
36 volts is required in order to allow 
an adequate alternating voltage swing 
at TR2 collector. The supply may be 
provided by four small 9 volt batteries 
connected in series. The current drawn 
is quite low, being 2.8 to 3mA only. 

The transistors are readily obtain- 
able types, and suitable alternatives 
for TR3 have already been discussed. 
If needed, diode D2 can be a small 
silicon rectifier, such as the 1N4002. 
The four pre-set potentiometers, VR1 
to VR4, can all be small skeleton types. 
Cl and C4 can be metallised foil, 
polycarbonate or any other plastic foil 
capacitors. They do not need to be 
close -tolerance components. 

SETTING UP 

The instrument can be assembled in 
any manner preferred by the construc- 
tor. Layout is not at all critical and the 
size of the case will be governed 
mainly by the dimensions of the 
batteries and meter employed. 

After assembly, it becomes necessary 
to set up the potentiometers VR1 to 
VR4. A series of known test voltages 
is required here and these may be 
conveniently provided by a mains 6.3 
volt heater transformer. The calculated 
peak value of the 6.3 volts given by 
such a transformer is 8.8. volts and, 
since a heater transformer normally 
gives slightly higher than its nominal 
secondary voltage when it is off load, 
it can be assumed that the actual peak 
voltage is 9 volts. Constructors who 
have an accurate a.c. voltmeter avail- 
able may use this to measure the r.m.s. 
voltage given and then convert this to 
the peak value by multiplying by 1.4. 
But the value of 9 volts just mentioned 
will be accurate enough for most 
requirements and we will assume that 
this is the voltage we are working to. 
Naturally, the correct primary tap of 
the heater transformer must be 
selected. 

Initially, D2 is out of circuit, and D1 
is connected directly across R7. All the 
four potentiometers are adjusted to 
insert maximum resistance into circuit. 
Range 4 is next selected. A known 
voltage is given by means of a poten- 
tial divider connected across the 
secondary of the heater transformer, 
as in Fig. 4. Here, RX has a value 
which is ten times that of RY where- 
upon one -eleventh of 9 volts, or 
0.82 volt, appears across RY. RX may 
have any value between 10051 and 
10k1 and RY any value between 100. 
and 1k52, the only important point 
being the 10 to 1 ratio between the 
two resistor values. Ideally, the two 
resistors should be close tolerance types 

A.C. 

mains 

Rx 

Rx 

Rx 

Rx 

To test 
terminals 

= IORy - Vpeak ' 082V 
= 2ORy - VPeak ' O.43V 

= IOORy-VPeak ' 90mV 

= 2OORy- VPeak = 45mV 

Fig. 4. With the aid of a 
heater transformer, known 
alternating voltages may be 

obtained for setting up 

and the wide range of suitable values 
may make it easier to make the 
requisite selection from whatever 
resistors happen to be on hand. 

The test terminals of the instrument 
are connected to RY and the resistance 
inserted into circuit by VR4 is slowly 
reduced until the meter indicates a 
peak value of 0.82 volt. This corres- 
ponds to 82µA on the scale. 

Range 3 is next selected and the 
potential divider across the heater 
transformer secondary changed for 
resistors which allow RX to be 
twenty times RY. RX may, again, 
have any value betweeh 10052 and 
10k5í and RY, this time, any value 
between 552 and 50052. The voltage 
across RY is now 0.43 volt and 
potentiometer VR3 is adjusted for the 
corresponding reading, 86µA, in the 
meter. 

For Range 2 RY is one -hundredth 
of RX and may lie between 152 and 
10052. The range for RX is the same 
as before. The voltage across RY is 
now 90mV and VR2 is set up for a 
reading of 92µA in the meter. This 
takes up the 2% fall in response at 
50Hz on Range 2. Finally, Range 1 is 
dealt with and, here, the value of RY 
is one two -hundredth part of that of 
RX, causing the voltage across RY to 
be 45mV. The range of RX is still 
10052 to 10k52. VR1 is adjusted for a 
reading of 94µA in the meter, which 
takes up the 4% fall in response at 
50Hz on this range. 

S1 is returned to Range 4 and a new 
potential divider is coupled across the 
heater transformer secondary. This is 
illustrated in Fig. 5. RY is replaced 
now by a linear potentiometer having 
a value between 2051 and 2k52, and the 
upper fixed resistor has a value which 
is approximately five times greater. 
Close tolerance components are not 
required here as it is merely required 
to have a continuously variable source 
of voltage having a range from zero 
to greater than 1 volt. The test 
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To test 
terminals 

Fig. 5. A test circuit for 
checking final operation 

terminals of the instrument are 
connected to the potentiometer as 
shown, and its slider is rotated from 
zero to slightly in advance of 1 volt, as 
indicated by the meter. Any evidence 
of `cramping' at the f.s.d end of the 
range due to the zener diode will soon 
make itself evident as the potentio- 
meter spindle is rotated. If such 
`cramping' exists, diode D2 should be 
acjded to the circuit, as already 
discussed. 

Should it be necessary to add D2, it 
would he advisable to set up Ranges I 
and 2 once more. 

The instrument is then completed 
and ready for use. The only limitation 
in its operation occurs immediately 
after switch -on. Initially, the meter 
needle goes momentarily to f.s.d., and 
then returns to zero. After this, it is 
necessary to wait a few further seconds 
until capacitor C3 has become fully 
charged. 

QUARTZ CRYSTAL 
/?EJ:LL JR by T. E. Mll,am 

Unserviceable crystals can often be brought back to working 
order again. 

HAVING JUST COMPLETED THE REPAIR OF A DEFUNCT 
quartz crystal, it occurred to the writer that the 

subject might be unusual enough to be of interest to 
other readers. Before proceeding further, however, it 
must be pointed out that the process of bringing a 
crystal back to working order can possibly result in its 
being completely broken. Still, if the crystal is in the 
first place not working properly, the risk involved in 
attempting a repair would seem to be well worth taking. 

Typical corner crack 

Typical ragged edge- 
/ flakes still adhering 

Corner rounded 

to remove a 

crack 

Illustrating various conditions of a faulty crystal. 
This may have a crack at one corner or a ragged 
edge with flakes still adhering. Also shown is a 
corner which has been rounded off to remove a 

crack. 
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REFUSAL TO OSCILLATE 

When â. previously lively crystal refuses to oscillate 
it is reasonable to suspect mechanical damage. This 
may be caused by electrical overload or, more likely, 
by such things as dropping on the floor. A minute 
crack on one edge of the crystal can be sufficient to 
hinder the mechanical vibrations of oscillation. Some- 
times, the presence of a crack of this nature is indicated 
by the fact that the crystal needs a much higher voltage 
than average to ensure oscillation. 

Repair may be simple if the crystal holder can be 
taken apart. The quartz crystal is then examined for 
cracks, especially close to the corners, or for flaking 
along the edges. The cracks may be nearly invisible, 
and polarised light is a help here, thickening up the 
stressed areas to black pencil -like lines. Polaroid 
spectacles could be employed. 

The repair consists of grinding the flaked areas 
smooth, and generally entails rounding one corner. 
As the quartz is brittle this should be done on a fine 
grindstone, holding the quartz in a paper handkerchief 
to avoid fingermarks. The work is quite quickly done. 
If no actual cracks can be seen it may still be worth- 
while to run the edges over the grindstone, as this could 
detach cracked flakes which are still adhering to the 
main body. 

So long as no material is removed from the large 
faces the frequency should be largely unaffected since 
it is mainly determined by the distance between elec- 
trodes; that is, by the thickness of the plate of quartz. 
Degrease the crystal before reassembly, to ensure good 
electrical operation. 

The last crystal repaired by the author in this way 
had a lmm. by lmm. crack on one corner, and was 
brought into working order again by rounding off this 
corner. Although it was quite useless before the repair, 
it now works rather better than it used to do. 
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RAM AMPLIFIER 
By J. R. Davies 

Capable of providing an output of 200mW, this amplifier has been 
specifically designed for assembly on the free Veroboard panel, 

presented with this month's issue. 

THE 
AMPLIFIER TO BE DESCRIBED INCORPORATES FOUR 

silicon transistors and, with a 2512 speaker, gives an 
output of 200mW. It may be fully loaded by a crystal 
or ceramic pick-up and it incorporates a high level of 
negative feedback. Current consumption under quies- 
cent conditions is approximately 5mA from a 9 volt 
battery. 

AMPLIFIER OPERATION 

The circuit of the amplifier appears in Fig. 1. In this 
diagram the input from a pick-up, or similar source of 
signal, is applied to the volume control R1. The signal 
level tapped off by the slider of this control is then 
passed to the base of TR1 via R2 and the d.c. isolating 
capacitor, Cl. TR1 operates as a common emitter 
amplifier and the amplified signal at its collector is fed 
to the base of TR2. 

TR2 is an emitter follower and its emitter couples 
directly to the base of TR4 and, via R6, to the base of 
TR3. TR3 and TR4 are also emitter followers and they 
form a complementary output pair. The voltage 
dropped across R6 ensures that TR3 and TR4 receive a 
small bias current under quiescent conditions, and the 
presence of this current reduces the effects of crossover 
distortion. R7 is included to counteract any tendency 
to thermal runaway. 

The two output transistors are in a standard Class B 
output stage, with TR3 conducting on positive half - 
cycles and TR4 conducting on negative half -cycles. 
The two output emitters couple to the speaker via C3. 
The slight asymmetry in the output circuit due to the 
presence of R6 and R7 in the base and emitter circuits 
respectively of TR3 does not introduce any significant 
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distortion, as the values of these two resistors are 
relatively low. Also, any small distortion present is 
reduced in level by the negative feedback loop. 

R5 is connected to the junction of C3 and the speaker, 
with the result that bootstrapping is provided and the 
effective load presented to the emitter of TR2 at a.f. is 
much higher than the physical value of R5. Boot- 
strapping is also given at the upper end of R4, the 
collector load of TRI. 

D.C. AND A.C. FEEDBACK 

A d.c. feedback loop from the output emitters to the 
base of TR1 is provided by R10, R8 and R3. These 
resistors form a potential divider in the manner shown 
in Fig. 2, and their values are such that approximately 
one -seventh of the voltage at the output emitters is 
applied to the base and emitter of TR1. The base of 
TRI needs to be about 0.6 volt positive of the negative 
supply rail for this transistor to pass current and the 
overall effect is that the output emitters become 
stabilized at a voltage of approximately 4.5 volts. If, 
for any reason the voltage at the output emitters went 
positive, the bias current at TRI base would increase 
and its collector voltage would drop. Since TR2, TR3 
and TR4 are emitter followers, the voltage at the output 
emitters would similarly fall, counteracting the original 
positive excursion. A similar stabilizing effect is given if, 
for any reason, the output emitters went negative. 

An output emitter voltage centred at 4.5 volts may 
seem a little high when the supply voltage is 9 volts and 
will reduce as the battery ages, but it was chosen for the 
following reasons. As the base -emitter junctions of 
TR4 and TR2 appear between the output and the 
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o +9V' 

- c 
BC 107 

Lead -outs 

Input 
RI 

000 
b c e 

BCIB4L BC214L 
Lead -outs 

TRI 

BC 107 

TR2 

BC2I4L 
TR4 

BC 214L 

ó C3 

LS1 

ó C4 

R9 

RB RIO 

Fig. 1. The circuit of the 200mW gram amplifier 

Resistors 
(All fixed values $ watt miniature 10%) 

RI 2 or 2.2M2 potentiometer, log 
R2 680kû 
R3 33kû Transistors 

COMPONENTS 

R4 10kû TR1 BC107 
R5 56Oû TR2 BC214L 
R6 1802 TR3 BC184L 
R7 2.22 (see text) TR4 BC214L 
R8 220kû 
R9 1.2kû Speaker 
R10 10kû LS1 252 speaker 

Capacitors 
(All Mullard Miniature electrolytic) 

Cl 4µF 10V. Wkg. 
C2 4µF 10V. Wkg. 
C3 125µF 10V. Wkg. 
C4 200µF 10V. Wkg. 

Miscellaneous 
Veroboard, 0.15 in. matrix, 7 strips by 16 holes 
9 volt battery 
Battery connector clips 
Knob 
Flexible screened wire 

RIO 

TR1 

To output 
emitters 

Fig. 2. Capacitor C2 has no effect at d.c., and the 
d.c. feedback loop is as shown here 
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collector of TR1, the negative output swing cannot 
pass beyond a potential which, with typical transistors, 
is about 1.3 volts positive of the negative supply rail 
whereupon, with a centre voltage of 4.5, the maximum 
negative swing is 3.2 volts. A positive swing of 3.2 volts 
takes the output to 7.7 volts. This permits a maximum 
swing of 3.2 volts in both directions until the battery 
voltage falls to around 8.3 volts. The positive swing then 
becomes progressively reduced as battery voltage falls 
further. An output swing of 6.4 volts peak -to -peak 
corresponds to an r.m.s. output power in a 2552 load of 
almost exactly 200mW. 

the output transistors. A speaker impedance higher 
than 2552 may be used, but the output power will then 
be lower. 

The four transistors in the amplifier are readily 
available standard types. The resistors are i watt 
miniature, having a nominal body length of 8mm. 
(0.32 in.) and a nominal diameter of 2.8mm. (0.11 in.).' 
If difficulty is experienced in obtaining a 2.252 resistor 
of these dimensions for R7, there is space on the board 
for a slightly larger component to be used. 

The electrolytic capacitors are all Mullard Miniature 
components. Larger capacitors cannot be employed as 

Fig. 3. At audio frequencies, C4 presents a low 
impedance, and the a.c. feedback path incor- 

porates a different potential divider 

RIO 

R9 
TR1 

To output 
emitters 

There is also an a.c. feedback loop, this, as shown in 
Fig. 3, being given by R10, R9, C2, R8 and R3. C2 has 
no effect at d.c., but at audio frequencies it can be 
looked upon as providing a very low impedance. There 
is in consequence a different potential divider in the 
a.c. feedback loop, this being given by R10 and R9. 
The a.f. voltage at the junction of these two resistors is 
then applied to the network consisting of R8 and R3. 
The signal at the junction of R8 and R3 is passed to the 
base of TR1. The level of feedback is such as to allow 
the amplifier to be fully loaded by a crystal or ceramic 
pick-up. 

The input impedance of the amplifier is 2 or 2.2Mû 
(according to the value of R1) at minimum volume, 
this dropping gradually to 510k1) at full volume. A 
crystal or ceramic pick-up can be coupled to these 
impedances. 

The amplifier output stage is designed to work into a 
251-1 speaker. A speaker with a lower impedance must 
on no account be used as this may result in excessive 
dissipation in the output transistors, which may become 
damaged as a result. Great care must be taken not to 
accidentally short-circuit the speaker leads whilst the 
amplifier is in operation, as this may similarly damage 

I 

Another view of the amplifier. The volume control 
is coupled to the Veroboard by screened cable if 

there is a possibility of hum pick-up 
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there is insufficient space for them. It is important that 
C2 should have a low leakage current as, otherwise, the 
d.c. feedback operating conditions will ,be upset. A 
Mullard Miniature electrolytic capacitor will meet 
circuit requirements here. All the components, apart 
from RI and, of course, the speaker, are mounted on 
the Veroboard. 

ASSEMBLY 

Assembly is carried out as shown in Fig. 4, which 
shows the component and copper sides of the Veroboard. 

First, cut the copper strips at holes B3, Cl 1, C14, D4, 
D13, E6, E10 and G8. Next, solder in the four tran- 
sistors. TR2, TR3 and TR4 are shown, for clarity, to 
one side of the holes at which they connect. In practice, 
these transistors stand directly over their holes, and it 
will be found an easy matter to slightly splay out their 
leads and insert them. The locating lug of TRI and the 
flat surfaces of TR2, TR3 and TR4 are shown in Fig. 4, 
and this information will assist in fitting them correctly. 

Next, fit two bare wire links, one between holes D7 
and E7, and the other between holes B14 and C15. 
Carry on by mounting C1, R3, R2, C2 and R8. All of 
these are fitted vertically. Ensure that Cl and C2 are 
soldered in with correct polarity. The negative lead -outs 
of these capacitors are common with the cans. 

R9 and R4 are now fitted horizontally, the bodies of 
these two resistors lying directly between the holes to 
which they connect. R6 follows. This is also mounted 
horizontally but its body is displaced slightly so that it 
lies between holes Ell and E12. Next fit R10 vertically, 
as shown. The lead -out which passes through hole Ell 
should be just clear of the body of R6. R7 comes next 
and this is also mounted vertically. Its body will need 
to be spaced away from the board slightly because of the 
presence of R6. The body of R7 and its lead -out at hole 
E12 should both be just clear of the body of R6. 

Carry on by wiring in R5 horizontally. Its body 
should be spaced away from the board by about in. 
to clear the link wire previously fitted, and also to allow 
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Fig. 4. The component and copper sides of the board 

clearance for the positive lead -out of C4, which is wired 
in later. Next fit C3, with the polarity shown in Fig. 4. 

Solder in the four flying leads connecting to the 
9 volt battery and to the speaker. These are thin p.v.c. 
covered flexible wires and may have any convenient 
length. Fit battery connector clips at the ends of the 
battery leads, observing 'correct polarity. Do not 
connect the battery yet. 

The final component to be fitted to the board is C4. 
Its positive lead -out passes the side of R5 and connects 
at hole B15 underneath. The positive lead -out should 
be just long enough to enable this connection to be 
made. If not, a short extension length of bare tinned 
copper may be soldered to the lead -out. The lead -out, 
or extension wire, should be just clear of the body of R5. 

Volume control Rl is next connected to the board. 
If it is intended to have the connecting leads short, say 
2 in. or less, and if the amplifier will be used well away 
from mains wiring where the input wire from Rl slider 
could pick up hum, these leads may be unscreened, as 
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A close-up view of the amplifier board 
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From pick-up 

(a) 

RI 

(Front view) 

RI 

(Front view) 

To hole B1 

To hole Pi 

To hole B1 

To hole F1 

(b) 
Fig. 5 (a). If there is no risk of hum pick-up, R1 

may be connected to the board by two 
unscreened wires 

(b). Alternatively, a screened lead may be 
used 

shown in Fig. 5(a). If relatively lóng leads are to be 
used or there is a risk of hum pick-up, a screened wire 
must be employed. This is connected in the manner 
illustrated in Fig. 5(b). The pick-up or alternative 
source of signal connects to the two outside tags of. 
the potentiometer, and the lead employed for this 
connection must be screened. The outer braiding of the 
screened wire from the pick-up is common to the zero - 
volume track tag of RI and, hence, with the negative 
supply rail of the amplifier. 

All connections to the board are now complete. 
Make a careful visual check of both the component and 
copper sides of the board, making sure that all parts are 
fitted correctly and that all solder joints appear sound. 
Check in particular that there are no `blobs' of solder 
short-circuiting adjacent strips. 

Taking care to avoid the possibility of accidental 
short-circuits, next connect up the speaker. It then only 
remains to connect the battery and check out the 
amplifier, whereupon the latter is complete and ready 
for use. It should be noted that, due to the presence of 
C4, there is no `click' from the speaker when the battery 
is connected. 

Before concluding, it may be mentioned that the 
constructor will possibly be ' employing a small or 
miniature 2512 speaker with the amplifier. Speakers of 
this nature will give a good performance with the 
amplifier but it is desirable to provide them with some 
form of baffle. For test purposes a suitable baffle would 
be given by a flat piece of cardboard some 9 in. square 
with a hole having the same diameter as the speaker 
cone cut out in the centre. The speaker may be laid,' 
cone upwards, on the bench, and the cardboard baffle 
placed over it. This rudimentary form of baffling can 
produce a surprising increase in bass response. Alterna- 
tively, of course, the speaker may be fitted in a proper 
cabinet. 
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THE 
DAY 
OF THE 

ITHINK IT WAS THE LATE P. P. ECKERSLEY OF THE B.B.C. 
who invented the word Whoppodyne'. Recently I 

was asked if I had ever seen one. Indeed I had. 
Over forty-five years ago I saw and heard my first 

radio set. It had two valves, three engraved dials, and 
ten brass terminals. I was even allowed to make an 
adjustment. I was enchanted, and I decided without 
delay to become a radio expert. 

Everything was in my favour: I was doing Euclid 
Book One, I had a new set of shiny mathematical 
instruments, and I was nearly twelve years old. So I 
went out and bought myself a book, the most formid- 
able journal on sale, called `Experimental Wireless'. 
This, alas, gave me a baffling and fruitless week-end. 

MATHS MASTER 

On Monday morning, having returned to school, I 
walked nonchalantly up to the Maths master's desk and 
laid my copy of `Experimental Wireless' before him 
opened at an impressive article containing four pages of 
differential equations. I asked, `could he explain this to 
me?' He looked at the article and said, 'No.' 

`Perhaps,' I ventured, 'you don't understand it 
because it's wireless maths.' 

Angus Stuart Fraser, M.A. Edin., shuddered then 
gathered himself up to his full five foot three and 
howled, `Boy!' 

`Sir?' 
'Boy! if you continue for the next five years to wash 

behind the ears and do not perish from exposure whilst 
playing truant come back to me and I will crack your 
miserable ribs with differential equations. Meanwhile 
here is a problem on interest - and proportion more in 
keeping with your immediate but alas meagre talents.' 

There was no help for it. I could not invent it all by 
myself and I would have to join the local wireless club. 

Now, the local wireless club requires some explana- 
tion. During the long Scottish winter nights the 
intelligentsia of the town had always to be doing and 
clubbing about one thing or another. Nearly always it 
was the same people who met in the same meeting 
place. Many years ago the club had begun as the 
Celtic Music and Drama Society, which in time thawed 
into the Antiquarian and Geological Society. This in 
turn was followed by the Photographic Society and the 
Astronomy Club. Now, `wireless' was the current centre 
of interest. 

From the moment of its application, my plea for 
admission divided the society; but this was as it should 
be, because as soon as the internecine clan wars in the 
club ceased there would have been little point in its 
continued existence. Eventually I was admitted on the 
promise that I kept quiet; asked intelligent questions, 
kept out of the way, and found three other members of 
my own age who (and this was most explicit) were in no 
way related to any present club member. I accepted 
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Radio construction in the '20s by no means consisted of the assembly of simple Crystal sets. The early valves had made their appearance and enthusiasts of that time made up multi -stage receivers which took up an enormous amount of space. Here, our contributor waxes nostalgic over his memories of the period of those "Whoppodynes". 

WHOPPODYPIE 
by H. Ross McDonald 

willingly because I had caught sight of the Club Set. It was unbelievable! 
It was nearly five feet long with a vast quantity of tuning dials, two voltmeters, three 3 -way coil holders, four 10 -way rotary switches and their orbits of brass studs, six d.p.c.o. switches and nearly five dozen 2BA 

brass terminals. There were seven valves, three h.f., one 
detector and three l.f. This monster was connected to a small Amplion Dragonfly loudspeaker, which was 
meekly pouring out 80 milliwatts of `Shepherd of the Hills'. The members were entranced - we were receiving 
Oslo. 

I stood transfixed, yet a greater pleasure was to 
follow. Three operators simultaneously began to adjust the set. For to receive another programme the adjust- 
ments were so many, so interlocking and so overlapping, that three men was the minimum number required. 

UNIT SYSTEM 

The finances of the club were good and a new Club 
Set was on the agenda, and like the present one was to 
be constructed on the Unit System. But this set, unlike 
the existing one, was to have some elements of coherent 
design in its make-up. Also it was intended to be 
controllable by only one human being. (This last 
caused considerable contention.) Several members 
were allocated a unit, working to detailed instructions 
from a central plan drawn up by the local architect, 
who also drew up a series of layouts and calculated 
main dimensions and fixing centres, together with 
choice of materials. An almost dangerous degree of 
unanimity was setting in, and the members began to 
agree with, if not actually approve of, each other. 
`Flexibility' was the thing; all the r.f. stages had to be 
capable of being series tuned, parallel tuned, aperiodic, 
tuned anode, etc., by means of a diabolical combination 
of switches. In the same way the three a.f., or as they 
were then called 'note magnifying', stages had to offer a 
choice of RC, choke or transformer coupling. 

So we set to work. Cabinets were made, coils were 
wound and the four tuning capacitors were assembled 
vane by vane, spacer by spacer. I was impressed into the 
panel and terminal gang, and spent hours matting down 
the shiny surface of ebonite and burnishing terminals 
and lacquering them with a Fluxite lamp and warm 
shellac. The final scribing, drilling, and wiring was 
performed with all the profound solemnity of an 
involved religious rite. 
OCTOBER 1973 

Not quite a fully -grown 'Whoppodyne' but 
getting close to it. This is amateur station 6JJ 
which ran from 1922 to 1926. On the extreme 
left is a 120-180 metre transmitter with the 
filament voltmeter immediately below the 
oscillator valve, The long receiver on the ebonite 
panels was the main receiver, a 5 valve 2-V-2 
which, with plug-in coils, tuned from 100 to 
4,000 metres. Standing above it is a 40 to 80 

metre receiver 

But it was not all work, and nearly every evening we 
had discussions, lectures, and guest speakers inviting 
questions. Those questions! We juniors were only 
allowed one question each, and if the lecturer could give 
a coherent reply we fought each other afterwards in 
sheer mortification. What did we learn during these 
lectures? Really, quite a lot. Of course there was an 
enormous amount of nonsense talked. 'The Ether 
Theory' was proved so true and real that one could 
almost get a pen -knife out and carve one's initials on an 
adjoining chunk of it. One member even found a 
Biblical proof of it in Second Kings! 

As the receiver neared completion we juniors were 
detailed to dig a sloping trench for the new earth 
connection. A length of perforated copper tube 5ft. long 
and 4in. in diameter was laid with all the solemnity of a 
municipal foundation stone. It is salutary to reflect that 
this piece of copper, which north of Inverness is still 
probably quietly mouldering away, is in view of today's 
exalted copper prices worth more than the entire club 
installation, were the latter available. 

The new set worked moderately well; after its 
predecessor any change could only be for the better! 
I might add that the Chief Constable's wife had only to 
make two visits for the official `switch on'. 

But then, after eighteen months, the Radio Club 
slowly faded away and died. The day of the Whop- 
podyne was over and Numismatics was to be the new 
battle -ground. I just could not believe it - the Club to 
cease! But cease it did, and in ceasing it closed one 
chapter of my life. 
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SHORT WAVE NEWS 
flew 

FOR DX LISTENERS 
By Frank A. Baldwin 

Times = GMT 

Several times of late we have drawn attention in these 
columns to the subject of Clandestine transmissions and 
no apologies are offered for once again commencing 
with more news of these broadcasts. Many of these 
stations can easily be heard here in the U.K., whilst 
others represent real Dx in the accepted sense. The great 
majority of these transmissions are, of course, pro- 
communist and the locations claimed by the stations 
are invariably false. 

CLANDESTINE 
The "Voice of Iranian Kurdistan" operates, in 

Kurdish, on 9630 (31.15 metres) from 1400 to 1420 and 
from 1710 to 1730 and is anti -Iranian government. 
According to the available information, this station is 
believed to be located in Iraq. We heard them at 1410 
when short excerpts from classical music were inter- 
spersed with harangues in Kurdish. At 1418 the 
expected slogans, Arabic -type music and off at 1420. 
Identification is "Denge Kurdistani Erana". 

The "Voice of Truth" can be heard on 7335 (40.91m) 
and on 9775 (30.69m) at various time periods through 
the day. During the evening they operate on 9775 from 
1710 to 1730 and from 1830 to 1900; on 7335 from 1930 
to 2000 and from 2030 to 2115. Identification is "Radio- 
fonikos Stathmos i Foni tis Alithias". The station is 
believed to be located in East Germany. All pro- 
grammes are in Greek. Logged here at 1858 on 9775, 
six pips and a single gong at 1900 with clear station 
identification and off. 

"Our Radio", announced as "Bizim Radio", with 
programmes in Turkish can be heard during various 
time slots daily on 5915 (50.72m), 6200 (48.39m), 
9500 (31.58m) and on 9585 (31.30m). During the 
evening period they are on 9585 from 1740 to 1810 
and from 1910 to 1925; on 5915 from 2000 to 2030 and 
from 2030 to 2100; on 6200 from 2005 to 2020 and from 
2120 to 2155. According to the available information, 
these transmissions are believed to emanate from 
East Germany and Romania. 

"Radio Pathet Lao" can, at times, be heard here in 
the U.K., and is regarded as a Dx "catch" when logged. 
Claiming to be situated in Laos, it is thought to be 
actually located in North Vietnam. The schedule is 
almost, but not quite, of 18 hours duration, the longest 
break being between 1600 and 2230. Operating on 4660 
(64.37m), 6200 (48.38m), 7310 (41.03m), 7480 (40.10m) 
and on 8660 (34.64m), in French and a variety of local 
languages, they can probably best be heard here in the 
U.K., if conditions permit, from 1500 to 1515 in French, 
1515 to 1530 in Cambodian, 1530 to 1600 in Laotian 
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and from 2230 to 2400 in Laotian on 4660, 6200, 7310 
and on 7480. Identification is "Thi Ni Witayv Kachai 
Siang Fai Pathet Lao". 

"Radio of the Patriotic Neutralist Forces", in 
Laotian, operates on 6273 (47.82m), 7250 (41.37m) and 
on 8606 (34.85m). Probably the best chance of hearing 
this one here in the U.K., would be from 2315 sign -on 
through to 0015 sign -off on 6273 or 8606. Despite 
several attempts, we have not been able to log this one 
up to the time of writing. Claiming to be in Laos, it is 
thought to be located in North Vietnam. Identification 
is "Thi Ni Sathani Withayu Krachai Seing Heang 
Pathet Lao". 

Or you could, if you wished to spend an evening 
chasing the Clandestines, try the PAIGC station on 
6240 (48.07m) around 2100, or Radio Portugal Livre on 
11505 (26.08m) around 1830 or, the next best to a 
Clandestine, something like - 

TANZANIA 
The External Service of Radio Tanzania, Dar es- 

Salaam, operates from 1830 to 2000 on 15435 (19.44m) 
a schedule directed to ANC (African National Con- 
gress). Frelimo (Front for the Liberation of Mozam- 
bique), Molinaco (Movement for the Liberation of the 
Comoro Islands), SWAPO (South West African 
People's Organisation), ZANU (Zimbabwe African 
National Union) and ZAPU (Zimbabwe African 
People's Union) in English, Portuguese, Afrikaans and 
various African vernaculars, all according to their 
schedule. 

CURRENT SCHEDULES 

AUSTRIA 
The Short Wave Service of Radio Austria from 

Vienna has a service in English to Europe from 0830 to 
0900 on 6155 (48.74m), 7245 (41.41m), 17850 (16.81m) 
and on 21720 (13.81m). Also from 1830 to 1845 on 
6155, 15200 (19.74m), 15335 (19.56m) and on 17780 
(16.87m). 

PORTUGAL 
Radio Portugal radiates in English to Europe on 6025 

(49.79m) from 2045 to 2130. Also of interest is the 
English service to South, East and West Africa from 
1900 to 2000 on 11875 (25.26m) and on 21495 (13.96m). 

TURKEY 
Radio Ankara, "The Voice of Turkey", can be heard 

in English for Europe, from 2200 to 2230 on 11880 
(25.25m). 
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 EGYPT 
Radio Cairo directs a programme in English to 

Europe from 2145 to 2300 on 9805 (30.59m). The 
General Service (Home Programme) in Arabic is 
intended for Europe also from 1700 as follows - on 9475 
(31.66m), 11630 (25.80), 12005 (24.99m) and on 17670 
(16.98m) until 1755. From 1800 to 1920 on 7075 
(42.40m), 9475 (31.66m), 11630 and on 12005. 

KUWAIT 
Radio Kuwait Home Service operates an afternoon 

schedule in English also intended for listeners in Europe. 
From 1630 sign -on to 1900 on 9600 (31.25m) and on 
15415 (19.46m). 

NIGERIA 
The Nigerian Broadcasting Corporation (NBC) from 

Lagos, operates from 1500 to 2305 on 4990 (60.12m), 
listen from around 2000 onwards, and from 1800 to 
2305 on 3986 (75.27m), many of the programmes are in 
English. 

MEXICO 
Radio Mexico has an External Service in Spanish 

operating on several channels from 2300 to 0400, that 
offering the best chance of a logging being 11770 
(25.49m), at least in theory! 

IRAQ 
Radio Baghdad has an External Service to Europe 

from 1900 to 2000 which can now be heard on 9740 
(30.80m). 

AROUND THE DIAL 

Tuning around the 15MHz area of the dial recently 
produced the following - 

FINLAND 
01X4 Pori with a programme in English from 1800, 

at 1810 some interesting information on workers choirs 
and music, 15185 (19.76m). 

MALAYSIA 
BBC Far East Relay at Tebrau, 1815, full identifica- 

tion and parallel channels announced, followed by 
"Radio Newsreel". Sign -off at 1830 on 15310 (19.60m). 

NIGERIA - 1 

NBC Lagos at 0720 with local poetry and music 
interspersed with announcements and explanations in 
English. Off channel on 15182.5 (19.75m) (listed 15185). 

CONGO 
R. TV Congolaise, Brazzaville, at 1750 with local 

songs and music, march at 1758, identification in 
French at 1800 on 15190 (19.75m). 

ISRAEL 
Jerusalem at 2044 with station identification in 

English after programme in the same language, and 
sign -off, on 15165 (19.78m). 

NIGERIA -2 
NBC Lagos can also be heard at 1530, we logged 

them with identification and a newscast in English 
after time -check "4.30 Nigerian time", followed by 
"The Week in Africa" at 1545, on 15120 (19.84m). 
OClow it 1973 

On the 11 MHz band the following stations were 
logged - 

AUSTRALIA 
Radio Australia at 0738 in English with programme 

about the local political scene, at 0744 "Waltzing 
Matilda" and "Press Review" on 11765 (25.50m). 

ASCENSION ISLAND 
BBC Relay at 2022 in English about Cambodian and 

Vietnamese current affairs on 11820 (25.38m). 

CHINA 
Radio Peking at 2130 in English with news and com- 

ment on world affairs on 11675 (25.70m). 

CZECHOSLOVAKIA 
Radio Prague at 0730 with a programme in English 

describing Czech advances in science on 11855 (25.31m), 
also at 0700 with newscast in English. 

INDIA 
All India Radio (AIR) Delhi at 2100 with station 

identification, newscast in English, heard after Vatican 
signs -off (on same channel) also in English, at 2059, 
on 11715 (25.61m). 

AIR Aligarh at 2038 with Indian music and songs in 
Hindi on 11810 (25.40m). 

CANADA 
Radio Canada at 0702 with news of Canadian affairs 

in English on 11825 (25.37m). 

ROMANIA 
Bucharest at 0705 with news of Romanian internal 

affairs on 11940 (25.13m). 

LIBERIA 
VOA (Voice of America) Monrovia, world news in 

English at 0707 on 11925 (25.16m). 

HOLLAND 
Radio Nederland at 0645 with identification and 

programme in English on 11730 (25.58m). 

HERE AND THERE 
MONACO 

Trans -World Radio, Monte Carlo, may be heard on 
7102.5 (42.23m) at 0730 with a programme in English, 
identification at 0745. (Frequency as measured.) 

Trans -World Radio also heard on 7295 (41.12m) at 
1945 with a religious programme in English, identifica- 
tion at 1955, musical box interval signal and off. 

SWITZERLAND 
Berne on 9590 (31.28m) at 0724 in English with a 

programme about the motor car and the resulting 
pollution in Switzerland, this transmission is intended 
for Australia and the Far East. 

SWEDEN 
Radio Sweden on 6065 (49.46m) at 2100 with 

identification and current affairs programme in English 
"Panorama". 

ZAMBIA 
Lusaka on 4962 (60.45m) at 1820 with a talk in 

English on the Vietnam conflict and Asian affairs in 
general. Station identification in English at 1830. 
Channel as measured. 
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New Products 

8 TRACK STEREO TAPE 
PLAYER 

Golding Audio announce a new 8 track, stereo tape 
player to add to their growing range of home tape 
equipment. 

The Golding 602 will attract many new customers 
who will appreciate the excellent sound reproduction 
qualities for the size and price of the unit. 

The main unit of the 602 measures approximately 
11 in. x 5 in. x 9 in. and the speakers 8 in x 10 in x 
5 in. The total cost of the unit is approximately £54 + 
V.A.T. 

The solid state circuitry incorporates an isolation 
switch to make the amplification unit available for use 
with a record player deck. A full 5w per channel power 
output is developed in to a 2 x 4 ohm load. 

The front panel of the 602 is exceptionally well finished 
in black vinyl and chrome with an illuminated track 
indicator. The volume balance and tone controls are in the 
form of easy to operate, vertical slides which also give a 
positive indication of settings. 

Requests for name and address of your nearest 
Golding Audio stockist should be addressed to: Golding 
Audio, Marks Tey, Colchester, Essex. 

SPECIFICATION 
Power output 
Fidelity Bandwidth: 
Transistors and diodes: 
Tape speed: 
Tape speed deviation: 
Wow and flutter: 
Separation: 
Speaker: 

Power source 
Dimensions: 

5w x 2 rhms 
80-10,000 Hz 
14 transistors and 3 diodes 
31 inches per second 
Less than 3% 
Less than 0.3% 
More than 40 DB 
Air sealed air suspension system 
using two 6i inch dynamic 
speakers 
117/220/240 volts AC 50/60 Hz 
Main unit: 11 in. w. 51 in. h. 9 in. d. 
Speaker: 7â in. w. 9i in. h. 4e in. d. 

GENERAL INSTRUMENT'S RECTIFIER RANGE 
GENERAL INSTRUMENT (U.K.) LIMITED, -have announced a new 
family of miniature plastic fast -recovery rectifiers, THE R.P.I series. 
Packaged in the popular DO -41 outline, the high current diffused -junction 
series is rated at 1.0 Amp, from 50 to 1000 Volts. Maximum reverse 
recovery time is 250nS for voltages up to 600V and 500nS for the 800V 
and 1000V types. 

A major feature of the R.P.1 range is the low cost for quantity orders. 
1000 -up prices for these rectifiers range from £0.09 for the 50V type up to 
£0.16 for the 1000V type. 

The introduction of this family now means a total package choice for 
fast recovery rectifiers including the glass DO -29 outline and the recently 
introduced glass passivated package. The rectifiers will be of particular 
interest to the TV market, where they are used in scan rectification circuits, 
and fast response power supply applications. 

Further details from: General Instrument (U.K.) Ltd., Cock Lane, 
High Wycombe, Bucks. 

'VENTURE' MULTIMETERS 
The three new `Venture' multimeters launched recently by Smiths 

Industries Ltd., with great success, Multimeter 1 for electricians and power 
engineers, Multimeter 3 for general-purpose use (as illustrated), and 
Multimeter 4 for electronics engineers. Up to 52 ranges are offered on one 
instrument, and the taut -ligament movement is so sensitive that d.c. 
input resistance can be as high as 100 kohm/V. 

For further information Smiths Industries Ltd., Instrument Division, 
Waterloo Road, Cricklewood, London NW2 7UR. 
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THE 

'BAFILETTE 
.R.E.,G30GR 

/ 
This novel superhet receiver requires the minimum of carpentry, 
but it still offers a pleasant and stylish appearance. Construction is 

eased by the use of a ready-made a.f. amplifier module. 

CABINET CONSTRUCTION PRESENTS DIFFICULTIES FOR 
those who are not interested in this kind of work, 

and it is not always easy to produce a case having a good 
appearance. So constructors in this category should 
find the receiver which is described here ideal - it has 
no cabinet at all! Instead, the components are mounted 
on a vertical baffle board which also forms the front of 
the receiver and carries the loudspeaker. The result is 
quite novel and likely to cause comment when seen. 
In addition, the components and wiring are at all times 
easy to reach, a factor which can be a source of further 
interest. 

Wiring is simplified by using a ready-made New- 
market Packaged Circuit' a.f. amplifier type PC3. The 
complete receiver is capable of bringing in a good 
number of stations at excellent volume. 

CIRCUIT 

Fig. 1 gives the circuit, and it will be seen that this 
employs two transistors and one diode in addition to the 
ready-made a.f. amplifier. 

L1 is the medium wave section of the ferrite rod 
aerial and, when S1(a) is set to position 1, is tuned by 
VCI which is one section of the 2 -gang tuning capacitor. 
Setting Si(a) to position 3 brings the long wave section, 
L2, into circuit, and also connects C2 and TC3 to the 

oscillator tuned circuit. The latter is given by the wind- 
ing of L4 between pins 3 and 2, C4, TC2 and VC2, 
which is the remaining section of the 2 -gang capacitor. 
VC1/VC2 is a Jackson type '00' 2 -gang capacitor with 
trimmers and without an integral slow-motion drive. 
The two trimmers appear in Fig. 1 as TC1 and TC2. 

TRI couples to the ferrite rod aerial by way of L3 and 
the tapping at point '6' on L2. This part of the circuit 
thus requires no wave -change switching. 

For maximum possible efficiency, a panel trimmer, 
VC3, is also provided. Normally, this needs little 
adjustment. It can, however, be peaked for maximum 
sensitivity with weak signals at any part of the bands 
covered, and so overcome the loss of efficiency which 
might otherwise exist due to slight errors in alignment. 

A single stage of i.f. amplification is used and this 
provides a high degree of gain. The first i.f. transformer 
has two tuned windings and the second a single tuned 
winding, so selectivity in fact is comparable with that 
of many popular receivers having three single -tuned i.f. 
transformers. The second i.f. transformer is nominally 
a 470kHz component but it tunes down to 465kHz 
quite readily. The i.f. transformers are supplied pre - 
aligned and the cores should not be touched until the 
receiver has been completed and is ready to be aligned. 
The more selective first i.f. transformer then ensures 
that the i.f. signal used for alignment is at 465kHz. 
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COMPONENTS 

Resistors 
(All fixed values + watt 10%) 

Rl 56kû 
R2 10kû 
R3 3.9kû 
R4 68kû 
R5 10kû 
R6 1.2k0 
R7 6800 
VR1 5kû potentiometer, log 
VR2 IMO potentiometer, linear 

Capacitors 
Cl 0.01µF plastic foil 
C2 150pF 2%, silvered mica 
C3 0.01µF plastic foil 
C4 200pF 2%, silvered mica 
C5 100' electrolytic, 4 V.Wkg. 
C6 0.047µF plastic foil 
C7 2,000pF ceramic or plastic foil 
C8 0.22µF plastic foil 
C9 100µF electrolytic, 12 V.Wkg. 
C10 0.01µF plastic foil 
VC1/VC2 208 +176pF 2 -gang variable with 

trimmers, type '00' (Jackson Bros.) 
VC3 25pF variable, type C804 (Jackson 

Bros.) 
Part 

TC3 60pF mica trimmer 
Inductors 

Ll/L2/L3 Ferrite rod aerial type MW/LW5FR 
(Denco) 

L4 Oscillator coil type TOC.1 (Denco) 
IFT1 I.F. transformer type IFT18/465 

(Denco) 
IFT2 I.F. transformer type IFT14/470 

(Denco) 

Semiconductors 
TRI 0C44 
TR2 AF117 
D1 OA81 

Switch 
S1(a)(b) 2 -pole 3 -way rotary 

Amplifier 
`Packaged Circuit' amplifier type PC3 
(Newmarket) 

Speaker 
150 speaker, 7 by 4in. elliptical 

Miscellaneous 
7 by 2in. `Universal' flanged chassis side, Cat. 
No. CU136 (Home Radio) 
Insulated board, 6 by 2iin. (see text) 
4 small knobs 
1 large knob 
Plywood, 6mm. or similar 
9 volt battery 
Battery connectors 
Wire, sleeving, etc. 

2 
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2 ÌI 

III 6 3 

la 

IFT1 

III 
III 

5 Ill 
6 III L4 

TRl 
e 

Ili 
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C2 

R2 

3 

C 4 le 

TC2y 
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I - medium waves 

2 - off 
3 - long waves 

dot 

OC44 
Lead -outs 

Fig, 1. The circuit diagram of the 'Baki 
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IFT2 

R2 
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9V- 
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Cg 

A.F amplifier 
type PC3 

a b o c d 

VR1 

lb 

CIO VR2 

AFII7 
Lead -outs 

?lette' medium and long wave receiver 

A side view of the receiver. The only wood- 
working required is the cutting out of the baffle 

and its two feet 

The r.f. and i.f. part of the circuit has, as will be seen, 
relatively few components. There is a corresponding 
simplification in wiring and assembly. 

The a.f. amplifier is a high gain package incorporating 
five transistors, and it has a complementary output 
stage which connects directly to a 1552 speaker. The 
maximum output is 400mW, which is quite adequate for 
ordinary purposes. In fact, the combination of mixer, 
i.f. stage and audio amplifier will be found to give 
excellent reception. 

VR1 varies the input to the a.f. amplifier and thus 
functions as the volume control for the receiver. The 
amplifier has provision for a negative feedback tone 
control, this being given by VR2 and C10. VR2 is panel 
mounted and provides good control over the tonal 
balance of reproduction. 

S1(a)(b) is a 2 -pole 3 -way rotary switch, wired so that 
the central position is 'Off'. 

A.F. AMPLIFIER 

The amplifier type PC3 is available from Arrow 
Electronics Ltd., 7 Coptfold Road, Brentwood, Essex. 
It has six printed circuit connecting strips located, as 
viewed from the copper side of its board, in the manner 
illustrated in Fig. 1. Small holes pierced at these strips OC"I OBE R 1973 
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allow connecting wires to protrude above the board, 
where desired. Connecting leads can be 26 s.w.g. tinned 
copper covered with sleeving or similar. For interest, 
the internal circuit of the amplifier is shown in Fig. 6. 

Construction commences with the soldering of leads a few inches long and projecting below the amplifier 
board at connecting strips 'a' and 'b'. Next, solder leads 
about eight inches long, to project above the board, at 
'c', `e' and 'f'. Pass a wire through connecting strip 'd' 
and solder this so that there are several inches below the board and about eight inches above. All these leads will be shortened, as required, when they connect to the appropriate components in the circuit. These soldered connections should be made using a correct radio -type resin -cored solder, such as Multicore 'Ersin' or `Savbit'. 
The same applies to all other solder joints made in the 
receiver. Paste or liquid flux must not be used. 

CIRCUIT BOARD 

The circuit board is 6in. by 2i;in., and may consist of 
plain 1'g -in. Paxolin drilled as shown in Fig. 2 for 
component lead -outs. Alternatively plain Veroboard 
(i.e. without copper strips) or perforated Eyelet Board 
may be employed, the component lead -outs passing 
through holes corresponding approximately in position 
to those indicated in Fig. 2. 

Whatever board is used, it will be necessary to drill 
out holes for the pins and mounting lugs of L4, IFT1 
and IFT2. These are located as illustrated in Fig. 3, 
which shows the underside of the circuit board. Drilling 
positions for the pins can be found by pressing these 
lightly against a piece of paper to form indentations, 
placing the paper over the insulated board, and marking 
through at the indentations with a pointed tool. If any 
of the holes are a little out of position, a very small 
round file can be used to enlarge them so that the 
components fit readily. Note that a central hole is 
needed under IFT1 to allow adjustment of its lower core. 
Be sure to position the pins as shown, so that the coil 
and i.f. transformers have correct orientation. Other- 
wise, the wiring will be incorrect. 

Two 6BA clear holes are also drilled to match those 
in the a.f. amplifier, and three more to allow the passage 
of wires through the board from connecting strips 'a', 
'b' and 'd'. A hole is also required for the lead to C10. 
This hole is shown in Fig. 2 only. Two further 6BA clear 
holes are required for the brackets which take the 
ferrite aerial supports. Further details on these brackets 
are given later in this article. Two 6BA clear holes are 

Fig. 3. The wiring below the board 
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The rear of the receiver. The layout of components 
is neat and compact 

also required at the positions marked 'MC' in Fig. 2. 
(As is explained in the next section, these match up with 
two holes in the metal sub -panel.) 

If plain Paxolin sheet is used, finally drill out all the 
remaining holes indicated in Fig. 2. Exact positioning of 
these holes is not essential, and it will be helpful to use 
the components themselves as a guide to hole position- 
ing. All holes which take wires, including the three from 
the a.f. amplifier and that to C10, are made with acin. 
drill. 

METAL SUB -PANEL 

A metal sub -panel is employed and the five controls 
are mounted on this. It consists of a flanged `Universal 
Chassis' member measuring 7 by tin. with the end 
flanges and one long flange cut off. The remaining long 
flange is drilled to match the two 6BA clear holes in the 
circuit board which are indicated as 'MC' in Fig. 2. 
The two items can then later be secured together with 
6BA bolts and nuts, a solder tag being fitted under each 
bolt head and another under each nut. The circuit 
board is above the flange. The sub -panel is not, how- 
ever, fitted to the circuit board until the panel control 
holes have been made and the controls mounted. 

Five holes for the controls are cut out with the. 
spacing indicated in Fig. 5. These are all at the same 
height on the metal sub -panel with the hole for VC1/2 
on the vertical centre line of the panel. The height 
should be such as to allow clearance for the moving 
vanes of VC1/2 when the circuit board is in position 
above the flange. VC1/2 requires a tin. or tin. hole, 
whilst the other controls all fit in lin. holes. After the 
sub -panel holes have been cut out, the sub -panel may 
be used as a template to mark out the corresponding 
holes in the baffle. These holes are then cut out, at the 
height indicated in Fig. 5. 

VC1/2 is mounted, with its trimmers uppermost, by 
three 4BA bolts passing through the metal sub -panel. 
The three holes needed in the panel are equi -spaced on a 
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lin. diameter circle with the capacitor spindle as centre. 
The 4BA bolts used must be very short so that they do 
not penetrate further than the thickness of the capacitor 
front plate. If the bolts are allowed to pass through the 
plate they can damage the fixed or moving vanes 
immediately behind the plate. If necessary, a washer or 
two can be put on each bolt between the capacitor front 
plate and the metal sub -panel, but the capacitor must 
not be spaced back too much or there will be in- 
sufficient spindle projection through the baffle to allow 
correct fitting of its control knob. The rear surface of 
the baffle is recessed with a drill or chisel to clear the 
three 4BA bolt heads. The metal sub -panel will then lie 
flat against the wood. 

The whole receiver is wired with the sub -panel fitted 
to the circuit board, as in Fig. 2. Later, the securing nuts 
of Sl(a)(b), VC3, VR1 and VR2 are removed, and the 
receiver is fitted to the baffle so that the bushes pass 
through the matching holes in the wood. The nuts are 
then replaced, holding the receiver assembly and baffle 
together. Correct fitting here should be readily obtain- 
able as the holes in the baffle and sub -panel were 
accurately matched together before any components 
were fitted. 

WIRING 

When wiring, note the polarity of D1, C5 and C9, 
which should be as in Fig. 2. The points marked `MC' 
in this diagram are chassis connections at the 6BA bolt 
heads which secure the sub -panel and circuit board 
together. There is also an `MC' point at the rear frame 
lug of VC1/2. This connects to point 3 of the ferrite rod 
aerial assembly. However, it is advisable to fit this 

sleeving on connecting leads where necessary, as on the 
lead from the positive end of D1 and the lead from the 
fixed vanes of VC2. 

Connections under the circuit board run approxi- 
mately as in Fig. 3. In many cases the lead -outs of 
resistors and capacitors will be long enough to reach 
the connecting points. If not, extension lengths of 
26 s.w.g. or similar wire can be soldered to them. 

Insulating sleeving should be fitted on all leads which 
may touch other wires, tags or joints. It is helpful to use 
red sleeving for the positive (`MC) leads, black for the 
negative circuits, and a third colour for other connections. 

If a mark with coloured ink is made on the appro- 
priate diagram as every component and lead in Fig. 2 
and every lead in Fig. 3 is fitted and connected, it is 
almost impossible for anything to be missed out or 
wrongly wired. 

Numerous chassis returns are made to a bare wire 
which runs direct between the solder tags under the two 
6BA mounting nuts. The metal can tags of L4, IFT1 and 
IFT2 must be connected to chassis, as shown in Fig. 3. 
The battery negative and battery positive leads are 
flexible wires coloured black and red respectively and 
should be long enough to pass to a battery standing 
behind the baffle on the same surface. They should be 
terminated with the requisite battery connector clips. 

TRANSISTORS 

It is as well to leave fitting the transistors until all the 
other joints in Figs. 2 and 3, apart from those to the a.f. 
amplifier and ferrite aerial, have been soldered. The 
transistor lead layouts are given in the inset in Fig. 1, 
where the transistors are shown in the conventional 
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manner with the lead -outs pointing towards the reader. 
The wires can be more readily identified when the 
transistors are in position if thin coloured sleeving is 
put on them. This can be green for emitter, blue for base 
and orange for collector. The shield lead ('S') of TR2 
can be left bare. If these pieces of sleeving are about fin. 
long, they will ensure that the transistors are at a 
suitable height above the circuit board. 

Solder the transistor lead -outs with the usual care 
that is taken with components of this nature. If the iron 
is correctly heated, it should only be necessary to hold 
it in contact with the joint for a few seconds, and it is 
removed as soon as the joint is made. Any excess wire 
can then be snipped off. 

The a.f. amplifier can be fitted next. The wires from 
connecting strips 'a', 'b' and 'd' are threaded through the 
appropriate holes in the circuit board. The amplifier is 
held in place with two 6BA bolts and nuts. Extra nuts 
or washers are fitted on these bolts between the ampli- 
fier and the circuit board to give a little clearance. 

The wires from 'a', 'b' and 'd' are connected up as in 
Fig. 3. Above the circuit board connect the lead from 'f' to VR2 and that from 'c' to VR1, shortening these as 
necessary. The leads from 'd' and `e' are left for 
connection to the speaker later. 

FERRITE AERIAL 

Fig. 4 shows connections to the ferrite aerial and to 
Sl(a)(b). The aerial rod is supported by two strips of 
Paxolin about 11 to 2in. long and fin. wide. These are 
shaped as illustrated in Fig. 4 and are secured by the 
brackets shown in Fig. 2. The latter can be made from 
scrap metal and should be small enough to fit in the 
space available on the circuit board them. The 
Paxolin strips are secured to the brackets with 6BA 
bolts and nuts and the brackets to the circuit board with 
similar bolts and nuts. A hole is required near the upper 
end of each Paxolin strip. The ferrite rod can then be 
tied to the top of each strip by thin string or thread 
passed through this hole. It is mounted with Ll at the 
S1(a)(b) end of the chassis. 

The aerial connections should be left a little slack, 
to allow the windings to be moved on the rod. The 
connections required can be adjudged from Figs. 1, 
2 and 4. 

Point 1 of the aerial assembly is the beginning of the 
medium wave winding and it connects to the fixed 

LI 

im11111111 11141111111111111111111111111111111 

Ferrite rod 
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Mount 
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Fig. 4. Illustrating how the ferrite aerial is 
mounted and wired up 
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10"x 91/4" 

5"x 2" 

SI VC3 -a VC1/2 
VR1 VR2 C-- 

- 3,, 

Fig. 5. Dimensions at the front of the receiver 

vanes of VCl. Point 2 is the end of the medium wave 
winding and the start of the long wave winding and it 
connects to S1(a). Point 3 is the earthy end of the long 
wave winding and it connects to the frame tag 'MC' of 
VC1/2. Point 4 is the beginning of the medium wave 
coupling winding and it connects to Cl. Point 5 is the 
end of this winding and it connects to the tap, point 6, 
in the long wave winding. 

To avoid possible alignment difficulties on long waves, 
note that the windings Ll and L2 are put on the rod in 
such a way that the turns of L2 are in the same direction 
as those of Ll, so that the inductance of L2 adds to that 
of L1. If this is not the case, proper long wave alignment 
is impossible, and it is necessary to slip L2 off the rod, 
turn it round and replace it. Also note that the tap in 
L2 at point 6 is electrically near end 3. If an ohmmeter 
is available, the resistance between points 6 and 3 will be 
found much lower than the resistance between points 
6 and 2. 

Thin sleeving can be passed over the ferrite aerial 
leads, which are themselves long enough to reach the 
various circuit points to which they connect. 

BAFFLE 

The baffle is about loin. by 91in., as in Fig. 5. It will 
be found that 6mm. plywood is amply strong. If thicker 
material is used there will be some difficulty in fitting 
the control bush nuts and the knobs. The feet are each 
about 5in. by tin. and are cut lin. from the front to 
take the bottom edge of the baffle. 

A speaker aperture is required and this should be cut 
out to match the speaker cone dimensions. It should be 
positioned such that the speaker will be comfortably 
clear of the receiver metal sub -panel when the latter is 
OCTOBER 1973 

fitted. When the speaker aperture and all other holes in 
the baffle have been cut, the feet are glued in position 
and the assembly is then cleaned up with glasspaper and 
varnished. 

The speaker can be secured with bolts and nuts, or 
with woodscrews which are short enough not to pass 
through the wood. A piece of speaker fabric is stretched 
over the aperture and glued in place before the speaker 
is mounted. In the prototype a piece of thick cardboard, 
with a hole to match that in the baffle, was placed 
between the speaker and the baffle to damp out possible 
resonances. 

Finally, the receiver is fitted to the baffle as already 
described. The leads from connecting strips 'd' and 'e' 
of the a.f. amplifier are then connected to the speaker, 
the leads being shortened as necessary. 

I.F. ALIGNMENT 

As already stated, the i.f. transformers are supplied 
pre -aligned, and should not be touched before com- 
mencing alignment. A correctly shaped trimming tool, 
such as the Denco tool type TT5, must be used for 
adjusting the cores in the i.f. transformers and L4. A 
wedge-shaped blade can easily break the cores. 

Set VR1 at or near maximum and correctly tune in a 
weak signal on the medium wave band. Give each if. 
transformer core a very slight turn, one way and the 
other, to find if this gives any improvement. Set each 
core in the position which gives greatest volume. The 
process is quite easy but it is essential that it be carried 
out with a weak station. If a strong signal were chosen, 
and VR1 turned back, the automatic gain control action 
would make the correct setting of the cores less obvious. 

b 

CC- 

Input 

ac 
+oV 

4 

e e 

-9V 

Fig. 6. The internal circuit of the PC3 a.f. amplifier 
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Once the i.f. transformer cores have been adjusted they 
need no further attention and should be left alone. 

M.W. ALIGNMENT 

The high frequency end of either band is reached with 
VC1/2 fully open. The low frequency end is reached 
when the vanes of VC1/2 are fully enmeshed. 

Commence by unscrewing TC1 almost completely. 
(Due to the presence of VC3, TC1 should offer a low 
capacitance only.) Set VC3 at about half its maximum 
capacitance, screw TC2 about half -way down and 
switch to medium waves. 

Tune in a signal near the high frequency end of the 
band. Rotating VC3 should enable this to be peaked to 
maximum volume. Tune in a signal near the low end of 
the band. Move Ll along the ferrite rod to the position 
which gives maximum volume. Repeat these two 
procedures a few times. 

Maximum efficiency is obtained if VC3 can be 
peaked for best volume throughout the band, provided 
that this does not incur VC3 being either fully open or 
fully closed. The amount of adjustment required in VC3 
can be reduced by slight re -adjustment of TC1 and TC2 
at the high frequency end of the band and by moving LI 
on the rod at the low frequency end. 

If necessary, the wavelength or frequency reached at 
the high frequency end of the band can be altered by 
adjusting TC2, and the wavelength or frequency reached 
at the low frequency end of the band can be altered by 
rotating the core of L4. This allows medium wave 
coverage to be set up as wished, but if TC2 is adjusted, 
TC1 or VC3 must be set up for the new frequency being 
received. Similarly, if the setting of L4 core is changed, 
LI has to be re -positioned on the rod. 

Normally, it will be found that there is no difficulty 
at all in setting VC3 and Ll so that proper medium 
wave reception is obtained. 

L.W. ALIGNMENT 

Long wave alignment is similar to that for medium 
waves, except that L2 is moved on the ferrite rod and 
oscillator coverage is adjusted by means of TC3. If a 
signal generator is not available, set VCI/2 to the half 
closed position, and adjust TC3 and the position of L2 
on the rod for best volume from the Radio 2 trans- 
mission on 1500 metres. Due to the presence of VC3, 
no long wave trimmer is provided across L2 for adjust- 
ment near the high frequency end of this band. If L2 is 
moved along the rod by a considerable amount it may 
be necessary to slightly readjust the position of L1 for 
maximum signal at the low frequency end of the 
medium wave band. 

The position of the core of L4 does, of course, 
considerably influence long wave coverage. If, however, 
L4 is altered, re -alignment will be necessary on medium 
waves. 

There is no slow-motion drive on the tuning control. 
If a reasonably large knob is used here, tuning will be 
found to be quite simple to carry out. 

A final point is concerned with the a.f. amplifier. 
This should not be coupled to a load impedance lower 
than 1552, as dissipation in the output transistors may 
then become excessive. The amplifier output connec- 
tions must not be allowed to short-circuit to each other. 

Quiescent current consumption is approximately 12 
to 14mA and a PP9 battery is suitable. 
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VERBAT/LE 
A simple test instrument which 
functions both as a diode 
checker and as a continuity 

indicator. 

HERE MUST BE MANY CONSTRUCTORS WHO HAVE 
invested in one or more of the inexpensive packs of 

`untested' diodes which are available periodically from 
the popular semiconductor specialists. These packs 
represent extremely good value for money and can save 
the experimenter many times the initial expenditure. 
There follows, however, the task of selecting serviceable 
devices and ascertaining their polarity. Primarily all 
that is required is a 'Yes or No' indication of each 
diode's usefulness and in most cases this is carried out 
using a resistance range of a multimeter. Unfortunately 
this method suffers from being somewhat tiresome and 
time-consuming. It is also totally unnecessary if the 
simple unit to be described is at hand. This test unit is 
pocket-size, efficient in use, doubles as a continuity 
indicator, and is cheap and easy to build. 

CIRCUIT 

The circuit, shown in Fig. 1, was devised to provide a 
compact and economical unit capable of testing a wide 

,I 
Test 

terminals 

RI 

IOkn 

R2 

lOkn 

All resistors 1/4 watt 100/o 

LPI 
6.3V 
4OmA 

R3 

47n 

c 

TRI 

BFY52 

BFY52 
Lead -outs 

Fig. 1. The circuit of the diode tester 

9V 

1 
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DIODE TESTER 
by J. A. Nekrews 

Fig. 2. How the author's tester was wired up 

range of diodes and rectifiers without the risk of 
destroying the more sensitive signal type diodes by 
passing excessive current through them. The forward 
current passed by a conducting diode connected to the 
test terminals is only of the order of 0.8mA, which is the 
current required to `switch on' the transistor. The 
latter is a type BFY52, which has a minimum current 
gain figure of 60. 
OCTOBER 1973 

CONSTRUCTION 

The prototype was assembled in a small plastic box 
measuring 21 by 22, by 1tin. deep, using the layout and 
wiring shown in Fig. 2. Most of the components were 
mounted on a small 6 -way tagstrip. A suitable tagstrip 
would be the Cat. No. BTS62 available from Home. 
Radio. However, with a unit of this type layout is of no 
consequence and the constructor is free to build it in any 
form to suit available components. The prototype 
employed a PP4 battery, but any other small 9 volt 
battery can be used instead. No on-off switch was fitted, 
as it was felt that the drain on the battery is negligible 
when the tester is not in use. At room temperatures the 
leakage current in a BFY52 is 0.5µA maximum and 
0.01µA typical. 

The lamp used by the author was an R.S. Components 
Miniature Indicator, Filament, rated at 6.3V 40mA. 
This is a panel -mounting item available in amber, green 
or red, and it can be obtained from stockists of R.S. 
Components parts. However, 6V 40mA bulbs can be 
obtained from many suppliers as an m.e.s. item which 
screws into a bulbholder, and one of these could be 
employed instead. 

The test terminals used also accept 4mm. wander 
plugs and it is helpful to have the terminals coloured as 
indicated in Fig.. 2. The bulb lights when the cathode of 
the diode connects to the red terminal and the anode 
connects to the black terminal. A pair of leads with 
small insulated crocodile clips were made up and these 
facilitate the execution of in -circuit tests which, in 
practice, were found to give reliable results in the 
majority of cases. The leads also permit the use of the 
tester as a continuity indicator. 

OPERATION 

In use, the lamp lights when a germanium or silicon 
diode is connected observing correct polarity. It will 
not light if the polarity is incorrect. So when checking 
an unmarked device it must be tried both ways; if the 
lamp remains lit regardless of polarity the diode is 
short-circuited. If the lamp remains unlit regardless of 
polarity the diode is open -circuit. 

The tester is suitable for checking all types of 
germanium and silicon rectifier, switching and detector 
diodes, regardless of rating. After using this handy little 
unit for a few months the busy experimenter will 
wonder how he ever managed without it. 

May all your diodes be good ones! 
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Using two transistors in 
a reflex circuit, this 
receiver covers the 
short wave bands from 
below 6MHz (50 metres) 
to higher than 18MHz 
(16.7 metres). It may be 
operated on its own as a 
personal receiver or in 
conjunction with the 
'Sliding Junior' a.f. 

amplifier. 

HE SPONTAFLEX DOUBLE REFLEX 
Colpitts short wave circuit was 

first introduced in The Radio Con- 
structor in January 1968, though a 
basically similar circuit had been used 
in a design by the author in this 
magazine for August 1964. A silicon 
version of the DRC2 receiver was 
described in February 1970 and the 
circuit was used in an all -wave port- 
able, the `Export Spontaflex', which 
appeared in the issue for February 
1971. The Spontaflex' DRC3, a very 
sensitive inductance headphone receiver 
using variable tuning appeared in June 
1972.' 

1 Sir Douglas Hall,`The "Spontaflex" Transistor 
Short Wave Receiver', The Radio Constructor, 
January 1968; '6 -Stage 3 -Transistor Short Wave 
Reflex Receiver', The Radio Constructor, Aug- 
ust 1964; 'Developing The "Spontaflex" Short 
Wave Receiver', The Radio Constructor, Feb- 
ruary 1970; 'The Export "Spontaflex", A 13.8 
to 645 Metre Portable', The Radio Constructor, 
Febrpary 1971; 'The DRC3 Bandspread Short 
Wave Receiver', The Radio Constructor, June 
1972 

170 

The `DRC JUNIOR' 
SHORT WAVE 

RECEIVER 
by 

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

The present design uses most of the 
developments which have taken place 
plus a new modification which in- 
creases sensitivity. It is also consider- 
ably simplified, even though band - 
spread tuning is used. It is not intended 
to replace the DRC3, which is still 
recommended for serious DX listen- 
ing. But even though only two trans- 
istors are used in the latest version, it 
has a sensitivity about half way 
between the earlier 2 -transistor designs 
and the DRC3. It is made to the same 
dimensions as the 'Hiflex' medium and 
long wave personal portable and is 
equipped with switch contacts to allow 
it to be used immediately, and without 
modification, with the 'Sliding Junior' 
Amplifier.2 It will be recalled that the 
`Hiflex' uses a construction in which 
all parts are mounted on a plywood 
panel 5in. square, this having four lin. 
4BA bolts at the corners which project 
downwards and function as support 
`legs'. Three of these bolts are used as 
contacts when the `Hiflex' is employed 
with the `Sliding Junior' amplifier, and 
they rest on corresponding springy 
brass strips on the top shelf of the 
amplifier. Two of the contacts enable 
the `Hiflex' to take a 3 -volt supply from 
the amplifier, whilst the third couples 
the receiver output to the amplifier 
input. The same system is employed 
with the present receiver, which may 
be used in conjunction with the `Sliding 
Junior' or as a complete receiver on its 
own driving earphones. Thus, the 
'Sliding Junior' amplifier is not an 
essential adjunct. 

2 Sir Douglas Hall, 'The "Hiflex" Personal 
Receiver', Radio and Electronics Constructor, 
May 1973; 'The "Sliding Junior" Amplifier', 
Radio and Electronics Constructor, June 1973. 
These issues are availabe at 20p each plus 6p 
postage for one issue or 8p postage for both 
issues. 

CIRCUIT OPERATION 

The circuit is shown in Fig. 1. A 
telescopic aerial couples to the input 
control VR1, this being a 10052 
potentiometer which acts as a radio 
frequency gain control and which is 
also adjusted in conjunction with the 
reaction control to achieve the degree 
of selectivity required for different 
conditions. It may be found that when 
listening to stations on the higher 
wavelengths, such as the 41 and 49 
metre bands, volume is not fully 
reduced as VR1 is turned back. This is 
because in these circumstances pick-up 
by the ferrite rod incorporated in the 
tuning coil is more efficient since, as 
will become clear later, a greater_ 
proportion of the ferrite rod is inside 
the tuning coil and it is more effective 
at the lower frequencies. Orientation 
of the receiver to reduce this direct 
pick-up can be carried out to advan- 
tage. 

The aerial signal is now at the 
emitter of TRI which acts as a 
common base radio frequency ampli- 
fier, the output appearing across the 
r.f. choke L2 and being applied to the 
tuned circuit given by Ll, VC1 and 
VC2. The signal is then fed to the base 
of TR2 which, being a `Spontaflex' 
amplifier offering common collector 
amplifications at radio frequencies, 
provides a very high impedance load. 
The signal next appears across the diode 
Dl and is automatically fed back as a.f. 
through TR2 which this time acts as a 
common base amplifier at audio 
frequencies. A much amplified audio 
frequency signal appears across the 
load given by R3 and VR2. 

The collector of TR2 couples to the 
base of TR1, which now acts as a 
common emitter amplifier (not as a 
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L2 

TRI 

BC I69C 

L3 

Not connected 

Si 

Co 

L1 !I; 
VR1 

TR2 
SF 115 

or BF115 

C2 

OoO 
bce 

BC I69C 

Lead -outs 

T 

I 000) 
bce 

5F115 

Lead -outs 

4 

Earphone 

U 
Earphone 

Shield 
(not connected) 

BF 115 

Lead -outs 

R3 

VR2 

sm C7 

z 
o 

BI 
3V 

X 
0 

Fig. 1. The circuit of the 'D.R.C, Junior' short wave receiver. The 
letters X, Y and Z refer to connections made to the 'Sliding Junior' 

amplifier 

common collector device as occurred 
with the first transistor in all earlier 
DRC circuits) and allows a further amp- 
lified signal to appear across the output 
choke, L3. This choke is the large 
winding of an interstage transformer. 
The r.f. choke, L2, offers negligible 
impedance to the audio frequency 
signal at TRI collector. Because VRI, 
which is part of the emitter load of 
TRI, is not bypassed, some negative 
feedback of the audio signal takes 
place and the input impedance of TR1 
is thereby increased. This means that 
it more closely matches the compara- 
tively high output impedance at the 
collector of TR2. Matching is therefore 
catered for and, at the same time, a 
useful degree of voltage amplification 
is given by TRI. This provides some of 
the increased gain in the present 
circuit as compared with earlier DRC 
receivers. 

A suitable bias current for TR2 
becomes available due to the voltage 
drop across RI. TRI is biased by the 
current made available by VR2 and 
R3, which also provide collector 
current for TR2. 

Reaction takes place by the Colpitts 
capacitance tap method, the tap being 
provided by C3 which is, in series with 
C4, effectively between the emitter and 
collector of TR2. The degree of re - 
oc i t)BLR, 1973 

action available is adjusted by altering 
the amplification of TR2 by varying 
the current which can pass through it. 
It should be noted that although the 
radio frequency amplification falls as the 
current available for TR2 is reduced 
by adjusting VR2, the consequent 
increase in the collector load actually 
enhances the audio frequency amplifi- 
cation given by TR2, amplification at 
audio frequencies being far less 
affected by a reduction in current. This 
method of reaction control therefore 
gives efficient results. The presence of 
R4 ensures that a large proportion 
of VR2 track can be used for control 
of reaction, whilst R3 prevents the 
appearance of the rather heavy 
currents which could otherwise flow 
when VR2 slider is at the positive end 
of its track. 

Tuning is carried out by altering the 
inductance of Ll, this being effected 
by moving a length of ferrite rod in. 
and out of it. A range from below 
6MHz (50 metres) to higher than 
18MHz (16.7 metres) is provided. 
Trimmer VC2 ensures that the correct 
range is covered, and VCI is a panel 
control which provides bandspread. 
The use of variable inductance tuning 
gives a high inductance -to -capacitance 
ratio in the'.tuned circuit and this 
enables greater voltage gain to be 

obtained on most wavelengths than 
occurred with the earlier DRC designs 
which had variable capacitor tuning. 
A further advantage of employing 
variable inductance tuning is that the 
bandsprcad control offers an equiva- 
lent coverage at all settings of the 
main bandset tuning control. With 
normal capacitance bandset tuning the 
bandspread control offers an excessive- 
ly large range at high frequency settings 
of the bandset tuning control and an 
undesirably small range at low fre- 
quency settings of the bandset tuning 
control. 

TR2 may be either an SF115 or a 
BF115. When a BF115 is used, no 
connection is made to its shield lead - 
out. 

Two separate Acos 11(.12 earphones 
are used for personal listening. these 
being fed by way of the 2µF capacitor, 
C5. These earphones, in series, offer 
an optimum load for output power. 
Low impedance magnetic earphones, 
or crystal types, will not prove 
satisfactory. When the receiver is used 
in conjunction with the `Sliding 
Junior' amplifier, the output to the 
amplifier is fed via the 0.1µF capaci- 
tor, C6. l,n this instance SI is set to 
'Off', because the receiver is now 
powered by the large 3 volt battery in 
the amplifier, and it causes R2 to be 
connected across L3. This resistor 
prevents a tendency towards threshold 
howl, a condition which often appears 
when a fairly high a.f. inductive load 
is used following a regenerative 
circuit. Threshold howl shows itself 
as a grunt or growl as reaction is 
brought up to the oscillation point 
and it can, in practice, ruin sensitivity. 
When earphones are employed these 
provide the necessary damping across 
L3. Experimentally minded construc- 
tors may like to try different values for 
R2. but they will probably find that the 
3.3k52 value specified provides satis- 
factory results. 

Note that only a 3 volt battery is 
used. The current drawn from this is 
a mere 0.7mA. With a power con- 
sumption of just over 2mW, this must 
be one of the most economical short 
wave receivers that has ever been 
described! 

The components employed are 
generally available. The two Acos 
1 k52 earphones are listed by Home 
Radio under Cat. No. TR23D. The 
100ko moulded track linear potentio- 
meter specified for VR2 may be an R.S. 
Components part, available from R.S. 
Components suppliers. The 1000 
wire -wound potentiometer must 
be a small 1 watt type. An R.S. 
Components 1 watt potentiometer 
may be used. The telescopic aerial is 
an Eagle type TA632, and may be 
obtained from Eagle stockists includ- 
ing G. W. Smith & Co. (Radio) Ltd., , 

11-12 Paddington Green, London, 
W.2. The ferrite tuning rod is cut down 
from a 4 in by R in. diameter rod 
obtained from Amatronix Ltd., 396 
Selsdon Road, South Croydon, Surrey. 
CR2 ODE. Rods obtained from other 
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21124 

54 

+3/84 I4csk 4BA bolt 

l"csk 4BA bolt 

21/24 

Spindle extender 

54 

3.5mm jack 
socket 

11/24 

3/84 

Ferrite 
rod 

Fig. 2. Component positioning and wiring on the receiver panel 

sources may have a different perme- 
ability and could give results different 
from those obtained in the prototype 
An 8 -way tagstrip is employed, this 
being cut out from an R.S. Compon- 
ents `standard size' I8 -way tagboard, 
or from the tagboard available from 
Home Radio under Cat. No. BTS 10. 

Finally, there are some comments to 
make concerning the mechanical ar- 
rangement for the bandset control. This 
incorporates a spindle extender and a 
brass bush, which may be obtained 
under Home Radio Cat. Nos. DL52B 
and DL52C respectively. Further 
required is a pulley wheel (Home 
172 

Radio Cat. No. DL62) and a length of 
nylon tuning drive cord. The assembly 
also employs two plain in. washers 
and a compression spring S in. washer. 
The knob used for the bandset control 
should be a pointer type having a 
brass insert threaded to take grub 
screws. For the sake of appearance it 
will be desirable for the other three 
knobs to be of the same type. 

CONSTRUCTION 

Construction is quite simple, and all 
components are mounted on a piece of 

3iew 

in. plywood measuring 5 in. by 5 in. 
If the receiver is to be employed with 
the `Sliding Junior' amplifier and the 
latter has already been built, it should 
be remembered that the panel has to 
fit into the cavity at the top of the 
amplifier case. Should the inside 
dimensions of the cavity differ slightly 
from exactly 5 in. square, the outside 
dimensions of the panel should be 
modified accordingly. 

The layout of components on the 
rear of the panel is shown in Fig. 2. 
Four I in. 4BA countersunk bolts are 
fitted at the corners with their ends 
pointing towards the reader. If the 
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COMPONENTS 
Resistors 

(All fixed values watt l0".) 
Rl 1k52 
R2 3.3kS2 (see text) 
R3 22k52 
R4 100k12 
VR I 10052 potentiometer, wire -wound 
VR2 100k12 potentiometer, linear, moulded track 

Capacitors 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
VC I 

VC2 

Inductors 
LI 
L2 
L3 

10pF silvered mica or ceramic 
104.F electrolytic, 2.5 V.Wkg. 
22pF silvered mica or ceramic 
1,000pF silvered mica Or ceramic 
2µF electrolytic, 4 V.Wkg. 
0.1 I,.F paper or plastic foil 
0.01µF paper or plastic foil 
10pF variable air -spaced, type C804 (Jackson Bros.) 
40pF trimmer, mica 

See text 
2.5mH r.f. choke type CH I (Repanco) 
Interstage transformer type TT49 (Repanco) 

Semiconductors 
TRI BC' 69C 
TR2 SFJ I5 or B12115 
D1 0A73 

Switch 
SI 

Battery 
B1 

S.P.D.T. toggle 

3 volt battery, No. 8 ( Ever Ready) 

Aerial 
Telescopic aerial type TA 632 (Eagle) 

Earphones 
2 lk52 earphones (Acos) 

Miscellaneous 
2 3.5mm. jack sockets 
Tagstrip (see text) 
Ferrite rod (see text) 
Spindle extender (Home Radio Cat. No. DL52B) 
Bush (Home Radio Cat. No. DL52C) 
Pulley wheel (Home Radio Cat. No. DL62) 
Nylon drive cord 
4 knobs (see text) 
Plywood, Fablon or Contact, etc. 

receiver is used on its own, these act as 
`legs' and enable it to stand on a flat 
surface with the components being 
clear of that surface. When the receiver 
is used in conjunction with the `Sliding 
Junior' amplifier, the four screws rest 
on springy brass strips fitted to the 
amplifier shelf which supports the 
receiver. Automatic connection to the 
amplifier 3 volt battery and to its 
input is then provided by the screws 
designated X, Y and Z in Fig. 2. 
(The corresponding brass strips in the 
amplifier are similarly identified by the 
letters X, Y and Z.) 

If both the `Sliding Junior' amplifier, 
and the `Hiflex' receiver have been 
built, and the latter is fitted with the 
optional switch which automatically 
0(1013ER 1973 

cuts out its internal battery when it is 
inserted in the amplifier case, project- 
ing upwards from the amplifier shelf 
will be a 6BA bolt whose function is to 
operate the switch. Components and 
wiring in the present receiver should be 
positioned such that they do not' foul 
this bolt when the receiver is fitted 
in the amplifier case. 

Cut out the four holes for the 4BA 
screws, countersinking these on the 
side of the panel which is away from 
the reader. Fit the bolts, securing 
solder tags under the nuts for those at 
X, Y and Z. Cut out a in. diameter 
holes for VRI, VR2, VC1 and the bush 
for the spindle extender. The holes for 
the aerial and for Si will need to 
be cut to suit. A fretsaw is useful here. 

It will vbe necessary to ensure that the 
fixed vane lugs of VCI do not project 
further back than the ends of the 1 in. 
4BA bolts, and it will be necessary to 
cut these shorter, as indicated in 
Fig. 3(a). Great care must be taken 
to ensure that the capacitor is nbt 
damaged whilst cutting these lugs, 
and a good approach consists of 
securing the section to be cut off in a 
vice, holding the capacitor body with 
one hand and gently cutting through 
the lug with a small hack -saw. if the 
rearward projection of the capacitor is 
still too great, it may be mounted 
slightly further forward by enlarging 
its hole in the panel so that the wider 
part of its bush passes into the panel 
hole, as in Fig. 3(b). A washer i; then 
fitted under its mounting nut to cover 
the wider panel hole. As this method of 
mounting puts some strain on the 
ceramic body of the capacitor, the 
mounting nut should not be over- 
tightened. In practice, excessive back- 
wards projection of the capacitor, if it 
is encountered, will be of the order of 
a small fraction of an inch and it 
would also be in order to have the 
four 4BA bolts which act as 'legs' very 
slightly longer than I in. to take it up. 
None of the other controls will raise 
difficulties in mounting. 

This section of 
fixed vanes lugs 
cut off 

(a) 

(b) 

Fig. 3 (a). Capacitor VC1 has 
its fixed vane lugs reduced in 

length 
(b). The capacitor may, if 
necessary, be mounted in the 

manner shown here 
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The 8 -way tagstrip, cut as mentioned 
earlier from an 18 -way tagboard, is 
secured to the panel as shown in Fig. 2. 
-A piece of Fablon or Contact cut to 
the same outside dimensions is 
previously fixed to the panel so that it 
will be under the tagstrip when the 
latter is fitted. The tagstrip is held in 
place by two small woodscrews 
passed through the holes in its end 
tags. Springy brass clips are used to 
make contact with the terminals of the 
No. 8 battery. These clips were made 
from terminal strips taken from an old 
No. 800 battery. Note the woodscrew 
which is used to assist in holding the 
battery in position. L3 is secured in 
place with adhesive, a slot being cut in 
the plywood to accommodate its core. 

Coil LI is made as shown in Fig. 4. 
A piece of Fablon or Contact, 4 iri. 
by 24 in. is cut out. All the backing 
paper is left on except for a strip 4 in. 
wide along one of the 2 in. edges. The 
Fablon is then rolled round the 
ferrite rod to make a tube which is a 
loose fit on the rod. The exposed 4 in. 
strip of adhesive should be at the end 
of the roll; this adheres to the Fablon 
already rolled on and fixes the tube. 
It is important that the fit on the rod 
be good. The rod should be able to 
slide freely inside the tube, but it 
should not be able to wobble. If 
necessary, make two or three tubes 
until one is achieved which is just right. 

A piece of g in. wood dowelling 4 in. 
long is cut and slipped into one end of 
the tube, a turn or two of Sellotape 
having first been put on to ensure a 
tight fit. A 4BA clear hole is then 

The 'ORC Junior' receiver 
fitted to the top of the 

'Sliding Junior' amplifier 

Dowelling 
(inside sleeve) 

Spring washer 

20 turns of 26swg 
enamelled wire 

'e" 
Ì 

Hole for 4BA bolt 

(a) 

Panel 

End of spindle 
extender 

Plain washers 
Knob compressing 

spring washer 

(c) 

Tightening bolt, 6BA 

3/8"ferrite rod" 

Nylon cord 

Spindle extender 

Elastic bands 

between these 
points 

(b) 

(d) 

Li 

Plastic clip 

2 /2° 

Pulley 

Cord held 
in clip 

Ferrite 
rod 

4BA bolt 

Fig. 4 (a). How coil L l is wound 
(b). The ferrite rod with its plastic clip 
(c). The friction spring assembly at the bandset tuning spindle 
(d). Illustrating the operation of the bandset tuning 

drilled through the tube and dowelling 
whilst the dowelling is in position in 
the tube, as in Fig. 4(a). 20 turns of 
26 s.w.g. enamelled wire are wound 
on, as illustrated in the diagram, to 
make a coil about in. long. This will 
involve spacing each turn by about 
the diameter of the wire. Secure the 
winding with Sellotape. 

A 24 in. length of 'j in. diameter 
ferrite rod is required. This can be 
obtained from the, 4 in. by Â in. 
ferrite rod by filing a mark around the 
rod at the required place and snapping 
it off. A clip is made from pliable 
plastic material and is affixed to the 
end of the rod as shown in Fig. 4(b), 
using a 6BA bolt and nut to secure 
the clip ends. If one end of the rod has 
a rough edge as a result of snapping it 
from the longer piece, this end can be 
the one enclosed in the clip. The clip 

must be plastic, and a metal clip must 
not be used. 

Fit the brass bush to the appropriate 
hole in the panel. The method of fitting 
the spindle extender to this brush is 
illustrated in Fig. 4(c). A spring washer 
and two plain washers are passed over 
the spindle and the knob is fitted so 
that it keeps the spring washer under 
compression. This is achieved by 
tightening the knob grub screws whilst 
the knob and spindle extender are 
pushed together. The resultant friction 
ensures that the spindle extender can- 
not rotate due to the tension exerted 
on it by the nylon cord which is 
attached to it. Cut the spindle extender 
to the desired length and then fit this, 
the three washers and the knob in the 
manner just described. The pulley 
wheel has its centre drilled out to fit 
the 4BA bolt at position Z, as shown 
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in Fig. 2. The coil assembly is passed 
over the screw at position Y and is 
held firm with a nut on the outside. 
The grub screws of the spindle 
extender are removed and a length of 
nylon tuning drive cord with a knot at 
one end is passed through the grub 
screw holes. The cord is pulled through 
up to the knot, is passed round the end 
of the extender as shown, and then 
taken round the pulley and under the 
plastic clip on the ferrite rod. The clip 
is partially tightened only while the 
cord is adjusted so that its length is 
correct to allow full movement of the 
rod within the coil tube as the spindle 
extender is rotated. The rod moves 
into the coil when the tuning knob is 
rotated in a clockwise direction. When 
the desired length of nylon cord has 
been found the clip is tightened fully. 
An elastic band, or bands, is then 
fitted between the clip and the 4BA 
bolt at position Y so as to pull the rod 
into the coil when the tuning knob is 
turned clockwise. Two 4BA nuts can, 
if desired, be passed over the 4BA bolt 
at position Z to ensure that the pulley 
remains on this bolt. They are lock - 
nutted together. 

It will be found that the bandset 
control, i:e. the spindle extender just 
fitted, will be turned through nearly 
360° for the complete movement of the 
ferrite rod. It is a good idea to fit a 
small woodscrew at '12 o'clock' on 
the outside of the panel, and to use 
a tuning knob with a pointer which 
can be stopped by this screw. This 
will prevent the possibility of the 
control being turned too far in either 
direction. If the control is turned too 
far anti -clockwise the nylon cord can 
become loose and come off the spindle 
extender. 

Wiring up and the fitting, of small 
components is then carried out, as in 
Fig. 2. 

THE RECEIVER IN USE 

The only setting up adjustment 
required concerns VC2. This is adjust- 
ed such that the 49 metre band can be 
covered by the bandspread control, 
VC1, when the bandset control is set 
to insert the ferrite rod fully into the 
coil. This should ensure that the 
16 metre band is covered when the 
bandset control is at or near the 
minimum wavelength end of its range. 

A piece of card with suitable holes 
for the controls, aerial base, the wood - 
screw adjacent to the bandset control 
knob and the earphone sockets can be 
used to cover the panel, and this may 
be marked with control functions and 
calibration figures. It is helpful to mark 
out a scale for the bandset control 
showing the main amateur and broad- 
cast bands. This should be done with 
the bandspread control at a central 
setting. The card may be covered with 
translucent book covering cellophane, 
with a consequent very neat final 
appearance. 

The receiver is operated in the 
normal manner, the bandset control 
0C l OBER 1973 

being adjusted approximately to the 
signal frequency required, fine tuning 
then being carried out with the band - 
spread control. VR2 provides reaction 
and VR1 is adjusted for the desired 
gain and for optimum reaction 
conditions. The telescopic aerial can be 
extended to a length of about 32 in. 
When its sections are closed, its swi,el 
base allows it to lay neatly across the 
top of the receiver. 

RECEIVER CASE 

If the `Hiflex' receiver has been built, 
its case may he used for the present 
receiver when it is being used with 
earphones. Details of the 'Hiflex' case 
are given in Fig. 5 for the benefit of 
readers who do not have to hand the 
earlier issue in which the 'Hiflex' 
receiver was described. The case is 
made up of four pieces of plywood and 
a panel of Paxolin or Formica, as 
shown. The bottom edges of the ply- 
wood pieces are secured to the panel 
as indicated by the broken lines, the 
result being an open -topped box 
measuring 5;ç x 5,} in. with a height of 1 in. plus the thickness Of the panel. 
This box is covered with Fablon or 
Contact. The receiver is dropped into 
the box and, provided there is a good 
fit, no further fastening should he 

1/4"plywood 

II/8x 5" 

The components and wiring 
behind the receiver panel 

necessary. The dimensions given in 
Fig. 5 assume that the plywood panel 
of Fig. 2 has been cut exactly 5 in. 
square. If this is not the case the 
dimensions in Fig. 5 should be modi- 
fied to suit the actual size of the ply- 
wood panel. 

When the present receiver is used 
with the `Sliding Junior' amplifier no 
box is required, as it will be ensconced 

1/4" plywood 
I1/8"x 51/2" 

Paxolin or Formica 

51/2"x 51/2" 

1/4 plywood 
I I/8"x 51/2" 

1/4"plywood 

11/8"x 5" 

Fig. 5. The parts required for the receiver case, to be used when the set is operated outside the amplifier 
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When the telescopic aerial is 
closed it folds neatly over 

the receiver panel 

in the top of the amplifier case. The 
battery switch, SI, should be in the' 
Off position when 'he receiver is, 
employed with the amplifier, as the 
battery of the latter will be automatic- 

ally brought into use when the receiver 
is placed in position. The amplifier 
switch then controls both the amplifier 
and the receiver. In an emergency, with 
a run-down battery in the amplifier, it 

is possible to use the receiver battery 
for both pieces of equipment by 
turning the receiver switch on and the 
amplifier switch off. But the small 
No. 8 battery in the receiver will 
not give long service when called upon 
to provide the fairly heavy current 
required by the amplifier.. Never 
operate the combined apparatus with 
both switches on, as a heavy current 
can then flow from whichever battery 
has the higher voltage into the other. 
Remember that the `Hiflex' has an 
automatic switch which cuts out its 
own battery when it is used with the 
amplifier, this being necessary as a 
combined wavechan.ge and battery 
switch is used. However, there is no 
such automatic arrangement with the 
present receiver. 

SPECIAL KENT MONTH 
IN 

RADIO f.q,1,1,Esi,R.O.NTIMS 

SOLID STATE PHOTOGRAPHIC TIMER 
by R. A. Penfold 

EIGHT CHANNEL I.C. DECODER 
by R. D. L. Mackie 

PLUS 

* SUPPORTING FEATURES * NEWS COVERAGE 

* DATA SHEET 80 * FREQUENCY-WAVELENGTH TABLE 1 

ON SALE 1st NOVEMBER 
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Copies may also be obtained direct from the 
Publi§hers, 26p. including postage. Published by 
Data Publications Ltd. 57 Maida Vale, London W9 
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MORSE CODE 

PRACTICE 

OSCILLAT06 
by R. A. Penfold 

THIS DEVICE IS A SIMPLE THREE -TRANSISTOR OSCILLATOR 
unit which can be employed to drive either an 

integral loudspeaker or high impedance headphones 
and which is intended for use in learning Morse code. 
It is self-contained in an aluminium box measuring 4 by 2i by 1iin., and the three transistors used are in- 
expensive silicon types. An output of approximately 
150 to 200mW is supplied to the internal loudspeaker, 
which is a miniature 2iin. type. A current -reading meter 
is needed to check operation after construction has been 
completed. 

THE CIRCUIT 

A complete circuit diagram of the oscillator unit 
appears in Fig. 1. Basically, this consists of a single 
transistor phase shift oscillator driving a complemen- 
tary pair, TR2 and TR3, in the output stage. The circuit 
is thus transformerless. 

The phase shift oscillator, TR1, is a high gain 
common emitter amplifier with a phase shift network 
connected between its collector and base circuits. This 
network will produce a phase shift of 180° at one 
frequency and, since there is a further phase shift of 
180° between the base and the collector, the circuit will 
(given sufficient amplification in the transistor) oscillate 
at that frequency. The operating frequency of the 
present circuit is in the region of 1.5 to 1.6kHz, the 
exact frequency depending upon the precise values of 
the components in the phase shift network. The 2N2924 
required for TR1 is available from Bi -Pak or Electro- 
value. 

The output stage is quite standard. The output 
coupling capacitor, C5, has a fairly low value as this 
has only to couple a relatively high frequency to the 
speaker. The purpose of Cl is to smooth the supply 
against the sudden changes in potential which occur as 
the Morse key is depressed and released. Without this 
component there are annoying clicks from the speaker 
due to the speed of these changes. Cl discharges 
rapidly when the key is raised, so that the circuit 
`follows' key operation faithfully. R6 is a limiter 
resistor which reduces current surges at the key contacts 
when these close. C6 helps to give a purer tone from the 
unit, and it attenuates any higher frequency harmonics 
OCTOBER 1973 

This neat little oscillator unit is com- pletely self-contained, with its own battery and speaker. No on -off switch 
is required as the battery is dis- 
connected when the Morse key is up. 

R3 

2N 2924 
Lead -outs 

flf 

6 

°°° 
bce 

BCI84L BC2I4L 
Lead -outs 

Morse key 

Phone 
jack 

LVI 

5 
25nL [1( 

Fig. 1. The circuit of the code practice oscillator. 
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The components fit neatly around the 
speaker 

COM PON ENTS 
Resistors 
(All } watt 5% unless otherwise stated) 

R1 2.2k0 
R2 2.2k0 
R3 270k2 
R4 1.5kO 
R5 56052 (see text) 
R6 6.80 10% 

Capacitors 
Cl 1.5 or 1.61.1F, electrolytic, 10 V.Wkg. 
C2 0.022µF plastic foil 
C3 0.022µF plastic foil 
C4 0.022µF plastic foil 
C5 251.IF electrolytic, 10 V.Wkg. 
C6 0.024F plastic foil 

Transistors 
TR 1 2N2924 
TR2 BC184L 
TR3 BC214L 

Loudspeaker 
LS1 250 2iin. (see text) 

Miscellaneous 
Morse key 
Insulated 3.5mm. jack socket (see text) 
Switched 2.5mm. jack socket 
Veroboard, 0.lin. matrix, 9 strips by 26 holes 
Aluminium box, 4 x 2} x 1 iin., type AB9 

(see text) 
18 s.w.g. aluminium for bracket 
PP3 battery 
Battery clips 

Three-quarter view, illustrating the components 
on the Veroboard panel 

178 

which may appear in the output. A 2.5mm. switched 
jack socket appears in the output circuit. When high 
impedance headphones are plugged into this socket the 
speaker is silenced. The headphones should have an 
impedance, or resistance, of at least 5002. 

The keying circuit employed enables an on-off 
switch to be dispensed with, as no current is drawn 
from the battery unless the key is down. The key 
couples into the circuit by way of a 3.5mm. jack socket 
(not shown in the circuit diagram). With the key 
depressed the current drawn from the battery should be 
of the order of 50mA. When high impedance head- 
phones are plugged in, the current should be a few 
milliamps only. 

CONSTRUCTION 

All the components except C6, R6 and the speaker 
are mounted on a small Veroboard panel of 0.lin. 
matrix. See Fig.2. This has 9 strips, each with 26 holes. 
It is mounted, by screws passing through the two 6BA 
Clear holes, to the bracket shown in Fig. 3. There are no 
breaks in the copper strips but they must, for obvious 
reasons, be completely cleared away where they would 
otherwise come into contact with this bracket. A sharp 
knife is required for this operation. 

Fig. 3 gives the dimensions and final shape of the 
bracket, which is made from 18 s.w.g. aluminium. 
The three holes should be drilled before it is bent to 
shape. The two smaller holes are 6BA clear and match 
up with the two 6BA clear holes in the Veroboard panel. 
The larger hole is drilled to a size that will take the bush 
of the 3.5mm. Morse key socket, which is of the in- 
sulated type. The exact diameter required can be 
determined from the socket itself. The bracket is 
secured to the front panel under the body of the jack 
socket by passing the socket bush through the large 
hole. Its final position can be judged from the accom- 
panying photographs. 

As was just mentioned, the Morse key jack socket is 
of the insulated type, i.e. its contacts are insulated from 
the panel on which it is mounted. A suitable 3.5mm. 
insulated jack socket is available from Home Radio 
under Cat. No. JH59. 

C6 is connected across the two appropriate tags of the 
headphone socket. The wiring to the headphone jack 
socket also causes the aluminium case to be connected 
to the battery negative line. The tags of this socket 
should be wired up as indicated in the circuit of Fig. 1. 
R6, with its leads suitably covered with sleeving, is 
wired between the Veroboard and one of the Morse key 
jack socket tags. The other key socket tag connects to 
the battery positive terminal. 

A commercially made aluminium box type AB9, 
available from Home Radio (Cat. No. Z239) or Electro- 
value, houses the components, and its lid forms the 
front panel. Drilling details of this panel are shown in 
Fig. 4. The large circular cut-out for the speaker can be 
made using an Abrafile, or a suitable fret saw. A large 
half -round file can then be employed to smooth any 
rough edges which are produced. A piece of speaker 
fabric or thin expanded metal is glued behind the 
speaker aperture and then the speaker is carefully glued 
to this. A powerful adhesive, such as Araldite, is 
required in order to produce a sufficiently strong bond. 

There should be space for the PP3 battery under- 
neath the speaker and, in the prototype, this was held 
in place by the steel case of the battery being attracted 
to the speaker magnet. If the battery is found to be at all 
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Fig. 2. The Veroboard layout. C6 is not mounted on the board but is wired across the headphone socket 
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o6' Bend to 
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Fig. 3. Details of the mounting bracket for the 
Veroboard panel 

loose inside the case, some foam plastic padding should 
be added to cure this. There is a slight risk that some 
miniature 2iin. speakers may have a construction which 
does not allow sufficient room inside the case for the 
battery. The speaker employed in the prototype was 
obtained from Crescent Radio Ltd., 11 Mayes Road, 
London, N22 6TL, and is described as a `2iin. 25 ohm 
S/m loudspeaker'. 

Side view of the Veroboard. Its supporting bracket 
is secured to the front panel under the body of the 

key jack socket 

OCIOkìER 1973 

23/4" 

13/B 

2.5mm 
jack ii 

Phones 

ii 
Key 

3.5mm 
jack 

4', 

Fig. 4. How the front panel is drilled. The 
diameters of the jack socket holes depend on the 

particular sockets used 

TESTING 

The experienced constructor will have noted that 
there are no precautions against thermal runaway in 
the output circuit in which TR2 and TR3 appear, and 
the author took care to check that there was no risk of 
damage to the output transistors because of this. It has 
been his experience that silicon transistors are much 
more stable in this respect than the earlier germanium 
types and he tried to induce thermal runaway deliber- 
ately by running the oscillator continuously for a long 
period with a new battery connected. The result was a 
slight increase in the current drawn with no load 
connected to the output. 

Nevertheless, it is desirable to confirm that the output 
transistors are not biased on too hard. The unit should 
first be checked to ensure that oscillation is taking place, 
after which current consumption may be measured with 
a pair of 2,00052 headphones plugged in. In the absence 
of such headphones the unit can be loaded by a resistor 
of around 4 to 5k52. Current consumption may then be 
checked by connecting a current -reading meter across 
the key terminals. If the current is less than 8mA, all is 
well. Should the current be higher than this figure, the 
value of R5 should be reduced accordingly. A value of 
51052 5% in place of the existing 56052 resistor will 
probably be adequately low. 
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In your 
worksb 

LOW ME," GRUMBLED DICK, AS HE "BLOW 
inside the f.m. portable 

radio on his bench, "I don't mind the 
odd simple snag every now and again 
but this is getting ridiculous." 

"Don't you ever," admonished 
Smithy, busy with his test prods at his 
own bench, "stop moaning about 
things? You've done nothing but drip 
away continually from the moment you 
came in this morning." 

"And with reason, too," retorted 
Dick aggrievedly. "Every darned set 
I've picked up today has a fault which 
I can see as soon as I take the back off. 
They've all been things like wires 
broken off, batteries corroded and 
nonsense like that. I haven't had to 
even look at my testmeter yet!" 

VARICAP TUNING 
"What," asked Smithy mildly, "is 

wrong with the set you've got now?" 
"It's another one with a wire broken 

off," stated Dick bitterly. "Some ham- 
handed, Henry must have done it 
while he was changing the batteries or 
something like that." 

Carefully, Dick stripped the end of 
the wire in question and resoldered it 
to the tag from which it had obviously 
broken away. This accomplished, he 
glanced over the remainder of the 
receiver chassis to ensure that the wire - 
breaker had not created any damage 
elsewhere. Suddenly, his jaw dropped. 

"Ye gods," he breathed. 
Subconsciously aware that some- 

thing was amiss, Smithy turned round 
to look at his assistant. That worthy 
was staring glassy -eyed into the back 
of the receiver. 

"Dash it all," snorted Smithy 
irately, "What's up now?" 

"It's this set," spluttered Dick. 
"It hasn't got a tuning capacitor!" 

"Well, perhaps it's permeability 
tuned." 

"No, it's not. All the tuning knob 
couples up to is a pot!" 
180 

Smithy's eyebrows rose and he 
walked over to Dick's side to inspect 
the receiver. His assistant's statements 
were perfectly true: there was no 
tuning capacitor, and the tuning knob 
was quite definitely coupled to a 
potentiometer. 

"Now, that is interesting," remarked 
Smithy. "We've had varicap tuning on 
a few of the larger mains -driven f.m. 
receivers for 'at least four years or so, 
but this is the first time I've seen it used 
in a battery portable." 

"I should have known," groaned 
Dick, "that you'd be fully clued up in 
advance on this tuning pot business. 
All right then, Smithy, how does it 
work?" 

Smithy did not answer immediately, 
but walked over to the filing cabinet 
and leafed through the service manuals. 

"Ah, good," he remarked. "We 
happen to have a manual in stock for 
this set. It will help me to explain the 
tuning scheme to you." 

Smithy returned, opened the service 
manual at the circuit diagram and 
pointed a finger at the r.f. amplifier and 
mixer -oscillator stages. (Fig. 1.) 

"Now, if," he continued, "you 
hadn't been so full of complaints about 
all the simple faults you'd encountered 
this morning, you'd have noticed 
several other unusual features about 
this set. To begin with, although it only 
covers the f.m. band it has four push- 
buttons on the front. These could 
hardly be for waveband changing, 
could they?" 

"I suppose not," conceded Dick 
grudgingly. "What are they for, 
Smithy?" 

"Three of them," pronounced 
Smithy, "select pre -tuned stations, and 
the fourth selects the variable tuning 
pot which couples to the tuning knob. 
There are three pre-set pots at the 
back of the chassis, and these are 
adjusted for the three pre -tuned 
stations." 

"This business of tuning with a pot 

This month Smithy's 
assistant, Dick, encoun- 
ters an f.m. receiver 
having a tuning circuit 
incorporating varicap 
diodes. Smithy takes 
time out to explain the 
functioning of these 
diodes and to show how 
they lend themselves 
particularly well to 
automatic frequency 

control. 

has me completely baffled," stated 
Dick. "How on earth is it done?" 

"By means of variable capacitance 
diodes," replied Smithy, "which are 
also referred to as varicap diodes or 
varactors. To be precise, the word 
`varactor' really applies to variable 
capacitance diodes which are used for 
frequency multiplication at radar 
frequencies and things like that and 
not for the tuning of f.m. radios, but 
the term is still employed quite often 
for the sort of diode we've got here. 
If you look at the circuits you'll find 
two varicap diodes, one of them 
appearing in the D1 position and the 
other in the D2 position." 

Dick looked blankly at the diodes in 
question. 

"They've certainly got a funny 
symbol," he remarked. "An ordinary 
diode symbol with an arrow going 
through it." 

"That's right," agreed Smithy. 
"The arrow means `variable', of 
course. Now, these varicap diodes are 
silicon junction types which have been 
specially developed for the tuning 
application, and they function by 
reason of the fact that the self - 
capacitance of any reverse -biased semi- 
conductor diode reduces as the reverse 
voltage across it increases. With vari - 
cap diodes this effect is controlled to a 
relatively close tolerance and they are 
designed to have as high a level of Q as 
is practicable." 

DEPLETION LAYER 
"I seem," said Dick thoughtfully, 

"to have heard about this business of 
decreasing self -capacitance in a semi- 
conductor diode before. I know that 
the diode consists of a p.n. junction. 
Isn't there something called a depletion 
layer between the p. bit and the n. bit 
where there are no mobile charges 
wandering around?" 

"There is a depletion layer," agreed 
Smithy. "Provided, of course, that the 
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Fig. 1. An f.m. receiver front-end incorporating varicap diode tuning. (As is explained in the Editor's Note, 
this circuit and those shown in Figs. 3 and 5 are based on a commercially manufactured design.) 

diode isn't passing forward current." 
"Then," continued Dick, his brow 

furrowing with concentration, "if I'm 
still on the right track, the width of 
that depletion layer increases if there 
is a reverse voltage across the diode 
and that reverse voltage increases." 

"You are,". commented Smithy, 
"and it does." 

"Right," said Dick decisively. "Now, 
there are no mobile charges in the 
depletion layer, which means that it's 
pretty well the same as an insulator. 
There are mobile charges in the p. and 
n. bits, though, so these are capable of 
passing current, just like a conductor." 

"You're nearly there," stated Smithy 
encouragingly. "There's just one final 
little step to cover and you're then at 
the varicap diode." 

"And that step," went on Dick 
triumphantly, "must be the obvious 
one of stating that a diode which does 
not pass forward current is virtually a 
capacitor with the depletion layer 
acting as the dielectric. Since the 
0C'IOBER 1973 

depletion layer widens with increasing 
reverse voltage, the capacitance offered 
by the diode will correspondingly 
reduce as the reverse voltage increases." 

"Exactly," confirmed Smithy. "One 
of the delightful aspects of this situa- 
tion is that, since the diode is reverse 
biased, it passes negligible current. 
A control voltage can, in consequence, 
be applied to it via a high value of 
resistance and this won't damp down 
the Q of the coil or tuned circuit to 
which the diode is coupled. If you 
control the reverse voltage by means 
of a pot, then that pot controls the 
resonant frequency of the coil or 
tuned circuit." (Fig. 2.) 

"This is all clear to me now," 
remarked Dick cheerfully, as he 
examined the service manual circuit 
with markedly increased confidence. 
"I see that a stabilized potential of 
14 volts is applied to the tuning pots 
in this receiver circuit." 

"That's right," agreed Smithy, 
"and you will note also that their 

To coil or D.C. blocking 
tuned circuit - capacitor 

1 

High value 
resistor 

Varicap 
diode 

Fig. 2. Basic method of 
controlling the capacitance 
of a varicap diode by means 
of a potentiometer. If there 
are no other tuning capacit- 
ances, the diode then pro- 
vides the total capacitance 
tuning the coil. If there are 
other tuning capacitances 
the diode modifies the reson- 
ant frequency to a lesser 

extent 
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sliders are selected by the press - 
button switch. As I've already said, 
three of the pots are pre-set and they 
can be set up to provide pre -tuned 
frequencies. The fourth pot is variable, 
and this is Ile one which is controlled 
by the receiver tuning knob. There is a 
further pre-set pot, this being the 15kû 
one which couples the earthy ends of 
the tuning pots to chassis. This last 
pot is adjusted so that the tuning pots 
offer the correct tuning range. It will 
normally be adjusted for correct 
tuning at the low frequency end of the 
f.m. band." 

"I see," remarked Dick, "that the 
voltage from the sliders of any of the 
tuning pots is always positive of the 
chassis." 

"That's right," agreed Smithy. 
"There's a 2.2µF electrolytic down to 
chassis to provide decoupling of this 
positive voltage and this is followed by 
a series 10kû resistor. After this, the 
tuning control voltage passes through 
one 100kû resistor to Dl, and through 
a second 100kû resistor to D2. The 
diodes are connected so that the 
positive voltage goes to their cathodes, 
causing them to be reverse -biased, as is 
required." 

"Hang on a bit," said Dick, pointing 
to a section of the circuit. "There's a 
bit of extra gubbins between D2 and 
chassis. There's two capacitors and a 
resistor." 

"They're for the automatic fre- 
quency control circuit," stated Smithy. 
"Forget them for the moment and just 
assume that the voltage at the anode 
of D2 is at chassis potential." 

"Fair enough," said Dick equably. 
"Let's have a quick run through the 
whole works now." 

"Righty-ho," said Smithy. "Well 
now, these r.f. stages are intended to 
receive signals in the f.m. Band II of 
87.5 to 100MHz, and to pass them on 
to the subsequent 10.7mHz i.f. ampli- 
fier. Both transistors are operated in 
grounded base, which offers a higher 
frequency response than grounded 
emitter. The aerial input signal is 
tuned by LI, L2 and the associated 
capacitors. The tuned circuits here are 
broadly resonant over the whole of 
Band II and no means of variable 
capacitance tuning is provided. The 
two silicon diodes guard the input 
circuit from excessively high voltages 
on the aerial. The signal is then 
amplified by TR1 and a tuned induc- 
tance in the collector circuit is given by 
L3. The tuning capacitances coupling 
to this coil include that given by the 
varicap diode, D1, and the overall 
combination is such that the coil 
resonates at the desired signal fre- 
quency, this being that selected by 
whichever tuning pot is switched in." 

"What's L4 for, Smithy?" 
"With the capacitor below it, L4 

forms a 10.7 MHz acceptor trap," said 
Smithy. "Without such a trap, it would 
be possible for 10.7MHz signals to 
break through the r.f. stages into the 
i.f. amplifier .The second transistor, 
TR2, comes next. This is the mixer - 

oscillator transistor, and the oscillator 
coil is L5." 

Dick looked at the oscillator coil, 
then scratched his head. 

"How," he asked, "do you get 
oscillation feedback?" 

"By coupling the bottom end of L5 
back to the emitter of TR2 via the 
6.8pF capacitor," replied Smithy. 
"The collector couples into the tap in 
L5 and, since the collector and emitter 
of a grounded base transistor are in 
phase, the feedback is of the correct 
type for oscillation to take place. 
You'll see that one of the capacitances 
coupling to L5 is that given by the 
varicap diode, D2, whereupon this 
becomes capable of varying oscillator 
frequency according to the reverse 
voltage applied to it. After the oscillator 
circuit you have L6, which is the first 
i.f. coil in the receiver. This appears in a 
pi tuned circuit and feeds the sub- 
sequent i.f. amplifier." 

AUTOMATIC FREQUENCY 
CONTROL 

"Well, all that," remarked Dick, 
"seems to be very reasonable." 

"Good," responded Smithy. "Seeing 
that I've given you all the gen on these 
varicap diodes and the manner in 
which they work in this receiver, I 
think it's time for me to press on back 
to my bench now." 

"Wait a minute," returned Dick 
quickly. "You haven't told me about 
this automatic frequency control 
business yet." 

Smithy sighed. 
"Dear, oh dear," he complained 

wearily. "I'll never get any work done 
at all this morning. What is it you want 
to know about the automatic frequency 
control circuit?" 

"Pretty well the lot!" grinned Dick. 
"Oh, all right then," said Smithy 

resignedly. "Now, in a radio receiver 
the function of automatic frequency 
control, or a.f.c., is to keep the 
receiver correctly on tune even if the 
tuning control should happen to be 
displaced from its proper position. 
It's an extremely easy function to add 
to an f.m. receiver which is tuned by 
varicap diodes, as you'll shortly see." 

Smithy pointed at the ratio detector 
section of the receiver and then 
indicated the a.f.c. line passing back to 
diode D2. (Fig. 3.) 

"The ratio detector in this set," he 
continued, "is of the balanced type, 
which means that the components 
following the . last i.f. transformer 
winding are symmetrical about chassis. If an unmodulated carrier is tuned in, 
the voltage at the junction of the two 
5.6k0 resistors swings over to one 
polarity as the correct tuning point is 
approached, reduces to chassis poten- 
tial at the correct tuning point and then 
swings over to the opposite polarity as 
the correct tuning point is passed." 
(Fig. 4.) 

"Do you," asked Dick, "get a linear 
change of voltage with change of 
frequency?" 
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"You do," replied Smithy, "or at 
least you do over the range between 
the twb outside peaks of the frequency - 
voltage response. We have referred to 
an unmodulated signal. What happens 
when the signal ismodulated?" 

"That's an easy question," replied 
Dick confidently. "If the signal is 
frequency modulated, the frequency 
applied to the ratio detector circuit 
will vary in sympathy with the 
modulating audio signal. The output 
of the detector will then swing along 
the linear centre section of its response, 
producing a corresponding audio 
signal voltage which can be fed to the 
following audio amplifier stages." 

"Right," commended Smithy. "The 
average voltage at the output of the 

Output 
voltage 

0 

Correct 
tuning 
point 

Frequency 

Fig. 4. The voltage output, 
with reference to chassis, of a 
balanced ratio detector for 
frequencies on either side of 

the centre frequency 
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ratio detector will, however, be the 
same whether the signal is modulated 
or not. This is because the modulation 
is symmetrical on either side of the 
centre frequency." 

"I think," remarked Dick, "that 
light is beginning to break through 
here. Do we use this average voltage 
for the automatic frequency control?" 

"We do," replied Smithy. "To get 
the average voltage, all we have to do 
is to pass the signal at the detector 
output through a network which 
removes the audio frequencies from it. 
in our present circuit, the output 
voltage from the ratio detector passes 
through a 470kí2 resistor to a 2.2µF 
capacitor, and these components 
remove the audio frequencies. The 
voltage then passes through a 1001x2 
resistor to the 330pF capacitor which 
couples the anode of D2 to chassis. 
The phasing of the circuit is such that, 
if the receiver is detuned in one 
direction, the correcting voltage from 
the ratio detector which is applied to 
the varicap diode has the requisite 
polarity to bring the set back on tune 
again. If the receiver is detuned in the 
other direction the correcting voltage 
once more brings it back on tune again. 
This time the correcting voltage will 
be of opposite polarity to the previous 
one." 

"Blimey, that's neat," commented 
Dick. "I can see what you mean now 
when you say that it's an easy matter to 
apply a.f.c. in an f.m. radio using 
varicap tuning. The set will already 
have a ratio detector capable of 
providing the necessary control voltage 
and, if it is fitted with varicap tuning 
diodes, will already have a tuning 
device capable of being controlled by a 
voltage from the detector. Incidentally, 
why isn't the control voltage also 

applied to the varicap diode which 
tunes the r.f. coil?" 

"You mean to D l ?" 
Dick nodded. 
"There'd be no point in feeding an 

a.f.c. voltage to D1," stated Smithy. 
"The a.f.c. operates over a small band 
of frequencies only, and this is much 
smaller than the band of frequencies 
passed by the r.f. coil. Don't forget 
that it is the oscillator frequency which 
effectively selects the input signal 
frequency that is to be passed to the 
highly selective if. amplifier. Adjusting 
oscillator frequency is like tuning the 
whole set." 

"Why yes, of course," said Dick 
thoughtfully. "There's one snag that I 
can see, though, so far as a.f.c. is 
concerned." 

"What's that?" 
"Well," explained Dick, "if the a.f.c. 

causes the receiver to be correctly 
tuned, even when the tuning control is 
displaced, you'll never know when 
you've found the proper tuning 
setting!" 

"True enough," chuckled Smithy. 
"And it's for that reason that an a.f.c. 
switch is added. This short-circuits the 
a.f.c. line to chassis when you don't 
want it, whereupon a signal can be 
tuned in in the normal manner. The 
usual approach is to tune in the 
required signal with the a.f.c. switched 
out. The a.f.c. can then be switched in, 
whereupon it will keep the set locked 
on tune despite any subsequent drift in 
oscillator frequency." 

STABILIZED SUPPLY 
"I wonder," mused Dick, "what the 

advantages of having varicap diodes 
instead of an ordinary tuning capacitor 
are." 

"One big advantage," replied 
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Smithy, "is that they allow a consider- 
able amount of freedom in component 
layout. If you have a tuning capacitor, 
then the r.f. and oscillator com- 
ponents must be mounted close to this, 
and the tuning capacitor in its turn 
must be mounted in a position that 
allows it to be adjusted from the front 
panel of the set. If, on the other hand, 
you use varicap diodes, these and the 
r.f. and oscillator components can be 
positioned at any place inside the 
receiver. The tuning pot, or pots, can 
similarly be positioned anywhere, as 
the connections required are of a d.c. 
nature only, with no r.f. involved." 

"It seems to me," remarked Dick, 
"that the varicap approach offers 
nothing else but advantages." 

"There's one possible disadvan- 
tage," remarked Smithy. "Or at least 
it's a possible disadvantage if the 
receiver is a battery operated model." 

"What's that?" 
"It's necessary," said Smithy, "to 

provide some means of voltage 
stabilization for the d.c. supply to the 
tuning pots. If you didn't, all the 
stations would go up to one end of the 
tuning scale as the battery ran down!" 

"Blow me, that's a point. Hey, 
there's something else I've noticed!" 

"What's that?" 
"The stabilized supply for the tuning 

pots in this set is 14 volts. And yet the 
battery only gives 9 volts." 

, "I was wondering," groaned Smithy, 
"when you'd get round to seeing that. 
As a matter of fact, this set uses an 
oscillator circuit to provide the 
relatively high voltage needed for 
varicap control and to keep that 

+14V 

voltage stable as well. It's in this part 
of the overall circuit." 

Smithy indicated the oscillator and 
stabilizer section of the receiver. 
(Fig. 5.) 

"This bit is fairly simple," he 
remarked. "The BC184 is an oscillator 
running at a low r.f., and a sufficiently. 
high voltage in excess of that on the 
9 volt rail is available at the tap in the 
oscillator coil in its collector circuit. 
This voltage is rectified by the diode, 
with the 0.22µF capacitor acting as a 
reservoir component. After passing 
through the 33052 resistor a 14 volt 
stabilized output becomes available." 

"How does the circuit stabilize'?" 
"The emitter of the BC159," 

explained Smithy, "is held fixed by the 
6 volt zener diode. At the same time, a 
fraction of the output voltage is 
applied to its base. Note that the 
collector current of this transistor 
provides the base bias current for the 
BC184. If, now, the stabilized output 
voltage attempts to go negative, this 
causes the base of the BC159 transistor 
to similarly go negative, whereupon 
the BC159 passes more collector 
current. This causes increased base 
bias in the BCI84, whereupon it 
oscillates harder and produces a 
higher output voltage, thereby cancel- 
ling out the initial negative excursion 
of the output voltage. And if the output 
voltage tries to go positive, the base 
bias current of the BC159 reduces, as 
also does the base current of the BC184, 
thereby counteracting the positive 
excursion. The output is fixed at the 
14 volt level by setting up the 20kQ 
pre-set pot." 

470 kn 

stabilized 

5OOpF 

1 
Fig. 5. A stabilizing circuit which provides the 14 volts required by the 

tuning potentiometers 
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FINAL TEST 
Smithy looked at his watch. 
"And now," he said firmly, "I 

really must get back to my own work. 
Come to think of it, all this business 
started just because you found a 
broken wire in this set." 

"I suppose it did, really." 
"And we don't," continued Smithy, 

"even know whether your resoldering 
of that wire has made the set service- 
abel again!" 

"Well, we'll soon check that," 
retorted Dick. 

He switched on the receiver. This 
at once gave an excellent performance, 
producing a high quality output at 
good volume level. Each of the three 
pre-set station buttons caused the 
desired local transmission to be 
received, whilst the fourth button 
allowed the full f.m. band to be 

covered by the tuning control. 
- Satisfied, Dick switched off the 
receiver. 

"Do you know what this proves, 
Smithy?" 

"What?" 
"You may be able to dish out the 

theoretical stuff," grinned Dick. "But 
I'm the bloke who gets the sets to 
work!" 

And even Smithy could find no 
answer to this monumental impudence. 

EDITOR'S NOTE 
The circuits reproduced in Figs. 1, 3 

and 5 are based on the corresponding 
circuits in the H.M.V. Model 2170 fm. 
mains/battery radio receiver. For the 
purpose of explaining the general 
principles involved, some small simpli- 
fications have'been introduced. 

CAN ANYONE HELP? 

Requests for information are inserted in this feature free of charge, subject 
'to space being available. Users of this service undertake to acknowledge all 
letters, etc., received and to reimburse all reasonable expenses incurred by 
correspondents. Circuits, manuals, service sheets, etc., lent by readers must be 

returned in good condition within a reasonable period of time. 

`Convair' 6 transistor medium and long wave portable.-C. E. Fuller, 
136 Croydon Road, Penge, London, SE20 - name and address -of maker 
servicing information. 

Book: `Mathematics for Radio and Electronic Technicians' by Dr: Ing. 
Fritz Bergtold, published Newnes 1947.-H. Berry, 37 York Road, Bowdon, 
Altrincham, Ches. WA14 3EF - To purchase. 

3 Transistor donkey siren circuit.-John Hunt, 251 W. Bruceton Road, 
Pittsburgh, Pa, 15236, USA - any information enabling circuit to be 
obtained. 

* * * * 

Radio Constructor, November and December 1968.-Z. Lazari, 65 Compton 
Street, London, EC1V OBN - wishes to purchase or borrow. 

CR100 Service Manual. --J. Morgan, 43 September Road, Liverpool, 6 
to purchase or borrow. 

Philips 2 Track Tape Recorder AG8109.-D. Watson, 19 Byrd Walk, 
Baldock, Herts., SG7 6ZN - information as to suppliers of spare parts. 

Radio Constructor, May 1965.-A. Agnew, 60 Station Road, Portstewart, 
Co. Londonderry, BT55 7HQ - wishes to' purchase or borrow. 

Beulah D.909.-Mark Alder, 54 Kimberley Road, Edmonton, London, 
N18 2DP - circuit diagram and/or other details required. 

* * * 

Mullard 
TECHNICAL BOOKS 

Mullard Data Book 
1973/74 

A quick reference guide to Mullard devices 
used in consumer electronics. Contents: 
Semiconductors, valves, television picture 
tubes, capacitors and resistors. A list of 
equivalents and comparable types is 
included. 35p 

MOS Integrated Circuits 
and their Applications 

The MOS integrated circuit has consider- 
able advantages over the bipolar type in 
applications where large arrays of devices 
are used. Some typical applications where 
this type of integrated circuit shows its 
advantages are discussed. Cloth bound. 
176 pages. Fully illustrated. £2.15 

Applications of Infrared 
Detectors 

The book discusses the principles of 
infrared technology, the characteristics 
of the many kinds of detectors that are 
available and the techniques used in 
practical applications. Cloth bound. 152 
pages. Fully illustrated. £2.15 

Power Engineering using 
Thyristors 

Volume 1. Techniques of Thyristor Power 
Control. Covers the latest power control 
technique using semi -conductor devices. 
240 pages. Fully illustrated. Cloth bound. 

£1.65 

Transistor Audio and Radio 
Circuits : 2nd 'Edition 

For radio receivers, radiograms, record 
players, tape recorders, hi-fi equipment, 
f.m. tuners and audio amplifiers. Fully 
illustrated. Cloth bound. £1.95 

Field -Effect Transistors 
Field-effect transistors have outstanding 
advantages over other transistors in many 
applications. Circuit theory is examined 
fully, and full practical details are given. 
Cloth bound. 132 pages. Fully illustrated. 

£1,95 

Semiconductor Devices 
This book is an introduction to Semi- 
conductor Electronics and its contents 
should be readily understood. The subject 
is treated non -mathematically. Fully 
illustrated. 42p 

A Programmed Book on 
Semiconductor Devices 

This book is an integral programme which 
is a form of self instructional text. Fully 
illustrated. 70p 

Integrated Circuits 
(minibook) 

Contents: Concepts, integrated capacitors, 
resistors, diodes, transistors - MOS 
devices-Manufacturing technology - 
Recent developments. Paperback. 44 
pages. Fully illustrated. 45p 

All prices include postage and packing. 

Post now to: 
SELRAY BOOK 

COMPANY 
60 Hayes Hill Bromley 

BR2 7HP 
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House 
old 1 and pehson2ntents 

fjanans up All Risks, 
coveron 

,u13 to f6 brae' 

4,..ssofe.shupto 
Ó 

5HOU 

co eruhPtof Opal 
AIl Risks 

T :ì 

3oe9u°ment uP 

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

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

THE GENERAL ACCIDENT FIRE & ' 

LIFE ASSURANCE CORPORATION LTD 
Metropolitan House, 35 Victoria Avenue, 

Southend-on-Sea, Essex, SS2 6BT 

ItPa}^s to be protected bya 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

2019468 
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IL4er De Lo 

Kell 815 

ö0 
Kel DN3 

If- 8 or 15 ohm 

FREE 

WILMSLOW AUDIO 
THE Firm for speakers! 

les 

C1031 

U.13 

817505 

212 

212 

C1i.if 

oh 

222 
C6 58 

13 

RADIOS/CASSETTES/AMPS 
6,5310 .11 Y5 gnat SOO 

517 00 

2YNd T". 431 00 

Gruneby o:722°55.5 2:1% 
Gron 210 (31150 

In.iC..a i.vran<eCi.ml 

With speaker orders over £7 "Hi-Fi Loudspeaker Enclosures" book. All units guaranteed new and perfect. Prompt despatch. 
Carriage and insurance 35p per speaker (tweeters and crossovers 20p) 

ALL PRICES QUOTED INCLUDE V.A.T. 

WILMSLOW AUDIO Department R.C. 
LOUDSPEAKERS: SWAN WORKS, BANK SQUARE, RADIOS ETC: 10 SWAN ST. WILMSLOW, CHESHIRE. SK9 1HF 

WILMSLOW, CHESHIRE. SK9 1HF TELEPHONE WILMSLOW 29599 

122 
22132 

CCAq 

C9 65 

C56 50 
C23 50 

846.00 

BRITAIN'S FASTEST SERVICE ,17 - 
component specialists for the discerning amateur 

PACKAGED CIRCUITS 
PC3 Audio Amplifier 400MW designed for a 9v supply 

and 15 ohm loudspeaker. 2.5K input impedance. 
£2.35 

Order as Circuits" Type No. 

ANTEX SOLDERING EQUIPMENT 
SK2/240v 15w Kit £2.60 MLX 12v 25w kit £2.05 
X25/240v 25w Iron £1 .75 X50 TC 240v 50w £5.95 
Order as "Soldering Tools" -- Description or part no. 

19i131 SERVICE PLUS 
10% DISCOUNT OVER £4. NO POSTAGE 
AND PACKING. TOP QUALITY PRODUCTS / 
ALWAYS BY RETURN 
COMPREHENSIVE CATALOGUE. - / 
Important Notice "All prices are / 
exclusive of V.A.T. Please add 10% V.A.T. 
to the final total of your order after *SIN 
deducting any discount which may/ kp< 
be due". Q,>0 

/G8s0 0cG' oaò 
o ti<QPa Walt ELECTRONICS LTD. DEPT. R.C.1. 

7 COPTFOLD ROAD 
BRENTWOOD ESSEX 
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TWIN POWER SUPPLY PANELS (Semi -stabilised) 
Contains 2 x Texas IB10J10 Silicon Bridge Rectifiers, 100 P.I.V. 
AT1A; 1 x Mullard OAZ225 Zener Diode 7.5V AT 10W; 1 x I.T.T. 
Zener Diode 5.1V. AT 1W, 5 x Texas IS121 Silicon Diodes 150 
P.I.V. AT 200 M/A; Electrolytic Capacitors 2 x Plessey, 1000pF 
25V; 2 x 50pF 50V; 2 x Mullard 250pF 25V; 2 x Mullard 640pF 
25V. Circuit details supplied. A very definite bargain £1. Post 10p. 

SOKSOL DE -SOLDER KIT 
Includes 20 ft. special copper braid, chemical solution and 
instructions. £1. Post 15p. 

SUBMINIATURE PLUG-IN CRYSTALS FOR RADIO 
CONTROL 

26.985 MHz and 27.025 MHz, 70p each. Post paid 
G.P.O. TELEPHONE HAND -SETS, 60p Post 15p 

DELCO-REMY 12 volt CAR -HORN RELAYS 50p. Post Paid 

AMERICAN DYNAMOTOR ROTARY TRANSFORMERS 
Input 27 volts D.C. Output 285V D.C. at 75 M/A £1. Post 30p. 

CAPACITORS Tubular Ceramic Discs, Polystyrene S/Mica 
Values inPF:5, 8,1.2,1.5,1.8,2,2.4,3,3.3,3.6,4.4.7,5,5.6,6, 
8, 9, 10, 11, 12, 13, 15, 16, 18, 20, 21, 22, 23, 24, 27, 30, 32, 33, 39, 
47, 50, 68, 75, 82, 91, 100, 120, 121, 130, 150, 180, 200, 215, 220, 
240, 250, 270, 300, 330, 350, 360, 390, 470, 500, 560, 680, 700, 
725, 750, 820, 1000, 1500, 2000, 2200, 2500, 2700, 3300, 3900, 
4000, 4700, 5000, 6800, 10,000. ALL AT 3p each. 
uF/V 001/500 5p, 001/1000 6p, 0015/600 AC 6p, 002/350 
3p, 0022/1000 6p, 003/150 3p, 003/1500 7p, -0047/1500 7p, 
0068/1000 6p, 0068/1500 7p, 01/500 3p, 01/750 5p, 
01/1000 6p, '015/400 3p, -015/500 5p, 018/125 3p, 02/350 

350 3p, 02/1000 6p, 022/400 3p, 027/63 3p, 03/350 3p, 
03/1000 6p, -033/400 3p, 033/1000 6p, -033/1500 7p, 
047/250 3p, -047/400 3p, -047/600 4p, 047/750 5p, -047/1000 
6p, 05/200 3p, 05/500 4p, 05/500 5p, 05/600 6p, 05/1000 
6p, -056/450 AC 6p, 068/250 3p, 068/400 4p, 068/600 5p, 
068/750 6p, 068/1000 7p, 098/150 4p, -1/250 3p, 1/250 AC 
4p, -1/300 AC 4p, -1/1000 6p, -1/1250 7p, - 2/600 6p, 12/1000 
7p, 13/200 3p, -13/400 4p, 15/400 5p, 16V200 3p, 2/350 4p, 
2/1250 7p, 22/400 4p, 25/200 3p, 25/250 3p, 25/400 5p, 
25/500 6p, -33/100 3p, 33/750 7p, 3312/500 6p, 47/250 4p, 
5/300 AC 8p, 5/400 AC 12p, 65/350 5p, 1/150 6p, 1/350 7p. 
1/600 10p, 2.2/100 15p, 2.5/200 15p. 

ELECTROLYTIC CAPACITORS pF/V 
1/50, 1.5/25, 2/150, 2/350, 3/150, 4/15, 4/300, 5/25, 8/50, 
8/150, 8/275, 10/12, 10/50, 12.5/25, 15/9, 16/85, 16/300 
25/25, 25/60, 50/15, 60/10, 75/15, 100/18, 100/25, 120/75, 
125/15, 150/16, 200/10, 250/12, 300/10, 300/12, 500/12, 
all at 5p each. 
250pF 25V, 450/35, 500/25, all at 7p each. 
8/350, 16/350, 20/450, 32/350, 32/450, 80/300, 80/450, 
100/350, 100/450, 500/50, 1000/16, all at 15p each. 
500/100, 1000/25, 1250/25, 2200/25, all at 20p each. 
1000/50, 1500/50, 2000/35, 4500/25, 5000/25, 6000/30, 
8000/30, 10,000/15, 10,000/25, 12500/35, 13500/38, all at 
35p each. 
2000/50, 2000/70, 2500/70, 4500/64, 5000/50, 10,000/50, 
12500/50, 50p each. 
2000/100, 5000/70, 25,000/25, 33,000/25, 45,000/12, 
50,000/15, 60p each. 
8 + 16/450,16 +16/350,32 + 16/350, 32 + 32/275, 32 +32/350 
40+40/250, 40+60/275, 50+20/150, 50+50/300, 20p each. 
16+16/500, 100+100/385, 500+500/50, 1000+1000/40, 
2000 +2000/12, 30p each. 
60+100/275, 60+250/275, 60+250/350, 100+200/275, 
100+200/350, 100+400/275, 200+300/350, 50p. 
16 +16 +8/350, 16 +16 +16/300, 20 +20 +20/450, 32 +16 + 
8/350, 32+16/275+25/25, 40+20+10/450, 80+401-20/ 
150, 35p each. 

60 + 50 + 50/350, 60 + 250 + 10/300, 100 + 50 + 50/350, 100 + 
50 +150/350, 100 +100 +47/320, 100 +100 +200/275, 100 + 
400+16/275, 120+10+4/400, 125+300+100/275, 150+ 
200+250/300, 100+300+100+16/275, 130+60+10+10/ 
350, 200+100+10+10/300, 200+100+50+2/300, 200+ 
200 +100 +32/275, 60p each. 

SPECIAL OFFER - WIRE -ENDED METALLISED FILM 
CAPACITORS FOR LOUDSPEAKER. CROSS -OVER 

SYSTEMS 
2.2pF, 63V 15p; 4pF, 63V 20p; 6pF, 63V 20p; 8pF, 63V 25p. 
10pF, 63V 25p. All post paid. 

SUPPRESSOR CAPACITORS 
Round .005+.005pF, 250V A.C., 11p; Tubular .1 +.005+ 
.005pF. 250V A.C., 15p; .14+.02+.02pF, 250V A.C., 20p; 
.2 +.02 +.02 pF, 250V A.C., 20p. 

PAPER/BLOCK/MOTOR - START CAPACITORS 
1 pF 350V A.C., 30p; 1.5pF 300 V.R.M.S., 40p; 2pF 2500V 
11.75; 3pF 100V A.C. Polyester, 30p; 3.5pF 250V A.C., 35p; 
4pF 250V A.C., 40p; 5pF 440 V.R.M.S., £1.60; 6pF 440 V.R.M.S., 
£1.50; 6.8pF 250V Polyester, 35p; 8pF 300V A.C. £1.50; 
10pF 250 V.R.M.S., £1.50; 15pF 2.5KV Photoflash, £3.50; 
20pF 275 V.R.M.S., £1.20; 2000pF 275V Photoflash, £1.50. 

SPECIAL OFFER ERIE DISC. CERAMIC CAPACITORS 
01 pF 500 Volts, 10 off 20p, 100 off £1, 500 off £4, 1,000 off £6. 

SPECIAL OFFER - CAR -RADIO SUPPRESSORS 
.5pF 150V, 15p; 1 pF 150V, 15p 

VISCONOL EHT CAPACITORS 
001 pF, 20KV, 50p; .01 pF 5KV, 40p; .01 pF 10KV, 50p; 
02pF 5KV, 40p. 

PLESSEY VIBRATORS TYPE 1214, 50p 
G.P.O. type 3000 Relays, 1 ohm to 100,000 ohms, various 
contacts. Made up to your exact requirements. 

BRAND NEW POTENTIOMETERS with insulated spindle. 
LOG 5k, 10k, 25k, 50k, 100k, 250k, 500k, 1 MEG, 2MEG. 
LINEAR 1k, 5k, 10k, 25k, 50k, 100k, 250k, 500k, 1 MEG, 2 MEG. 
All at 12p each. 100 for £9.50. 
GANGED POTENTIOMETERS with metal spindle. 
LINEAR or LOG 5k+5k, 10k+10k, 25k + 25k, 50k + 50k, 
100k+100k, 250k+250k, 500k+500k, 1 MEG+1 MEG, 
2 MEG +2 MEG. All at 38p each. 100 up 30p each. 

SPECIAL OFFERS: ARROW TOGGLE SWITCHES, SURFACE 
MOUNTING 250 volts, 10 amp, ideal for Battery Chargers etc. 
25p each. 
TUNING CAPACITORS 208 +176 50p. 
PHILIPS AM/FM GEARED 50p. 
PLESSEY 1 AMP WIRE -ENDED TV CHOKES 3p. 
LORLIN ROTARY SWITCHES with sprung nylon locator, 1 pole 
12 way, 2 pole 6 way, 3 pole 4 way, 4 pole 3 way. All at 21 p each. 

SILICON DIODES IN4148 5p. 
SILICON RECTIFIERS 1 AMP 
TYPE P.I.V. TYPE 
IN 4001 50 5p IN 4005 
IN 4002 100 511:. IN 4006 
IN 4003 200 6p IN 4007 
IN 4004 400 6hp 
SPECIAL BULK PRICES ON ALL ABOVE. 

P.I.V. 
600 
800 

1000 

7'-zp 
9p 

10p 

Regret no lists. Add 10 % V.A.T. to all orders Callers please 'phone 
first. 

INTRODUCTION OF NEW SERVICE TO READERS: If you have any difficulty in obtaining any of the following please get 
in touch with us. Transistors, I.C's, Diodes, Veroboard, Metal Cases, Skeleton Pre-sets and all R.S. components. 
May we suggest that you send the standard price of goods and where possible we will arrange to pick up goods from 
distributors and despatch the same day. 

ELEKON ENTERPRISES 
224a ST. PAUL'S ROAD, HIGHBURY CORNER 
LONDON, N.1 - Telephone 01-359 4224 
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PRI SITEO 
159 Cles,e,l'eld Road 

SMEFF'IELO.Sx ORT 

CIRCUITS 

Photograph shows a circuit built on RING BOARD 
containing 42 components. 

RING BOARD is a fantastic new quick and easy method to 
transfer an electronic diagram to a workable printed circuit. 

Special Opening Price 
Normal price per Full board 55p 47p 

Half board 33p 26p 
, Qtr. board 22p 16p 

RING BOARDS can be cut into half and quarter boards and 
still retain the same characteristics. 
Full instructions of method with each RING BOARD 
purchased. 

RING BOARDS are' 
1. Simple to use. 
2. Little or no planning. 
3. Positive and negative rails 

easily recognised. 
4. Can be used with split 
voltage systems. 

5. Build what you like when 
you like. 

6. Neat and professional 
finish. 

7. Flux varnished for easy 
soldering. 

CAPACITOR 

DISCHARGE 

IGNITION KIT 

A comprehensive kit of parts with 
detailed constructional details, 
ready drilled diecast case, screws, 
leads, terminals etc. 
Available in both 6 and 12v ver- 
sions. State whether positive or 
negative earth. £9.62 incl. p. Et p. 
U.K. only. 
De -coupling kit for impulse tacho- 
meter and interference suppres- 
sion. £1 .10 inc. p. Et p. U.K. only. 
All our kits use guaranteed quality 
components and have been 
approved by the Author. 

MAGTOR LTD. 
DEPT. R.E.C., 68 DALE ST., 

MANCHESTER M1 2HS 
061-236 3031 

London's Lighthouse 

see the Here at Imhofs we have a 

whole showroom entirely 
devoted to the Eddystone 
range of communication 
receivers. From the re- 
markable little EC10 Mk II, 
the elegance of the Series 
1000 range to the sophi- 

showroom stication of the 830/7. 

at Pop in and see us - or 
write for details to:- 

IMHOFs 

BUILD THE 

SEND 
S.A.E. 
FOR 
LEAFLET 

TREASURE 
TRACER 
LLOC ATOR 

nn 
K I I I 

Incorporatesvaricap 
tuning for extra 
stability 
Weighs only 22oz 
and has perfect 
balance 
Loudspeaker or ear- 
phone operation 
(both included) 
Handle knocks down 
to only 17in. for 
transport 
Ministry approved 
design 
Excellent sensitivity 
and stability 
Kit can be built using 
only soldering iron, 
screwdriver, pliers 
and wire snips 
Drilled, tinned, fibre- 
glass p.c. board with 
component siting 
printed on 
Fitted with Faraday 
Screen. 

Complete£9,80 
kit with plus 
pre -built 35p 
search Post 
coil inc. V.A.T. 

Built, £13.75 
tested Plus 
and 35p 
Guaran- Post 
teed. inc. V.A T. 

MINIKITS ELECTRONICS, 
35f Langley Dr've, Wanstead, 

LONDON El1 2LN (Mail order only) 

112-116 New Oxford Street 
London WC1A 1 HJ 
Telephone 01 -636 7878 

R83 

raT mps aIamfrnniN 
Add o YAT I%) to all poives. All brand new. no 

yloney Mick Warranty. 
I4V 

Mick 
DIGITAI. INDICATOR: 0 9DP socket and 

filter £145. 
LED TYPE I 0 9DP DD. £2.25 each: 6 £2.19 each. 

4 digit type £11. 
LIGHT EMITTING DIODES. All with data and 
panel clip '2'11. 2119 ,' din. 26p. Red /' dix. type 33p. 
Green 75p. INFRA RED lama LED £1.10. 
GAS detector £169. Ultrasonic tran+du,' - £2. 
DALO PCB resist marking pen 69p. Copper hard 
12" 141 SRR1' 40p. F,C etch PAK 19p. 
INTEGRATED CIRCUITS: with data if required. 
IC LITE SWITCH: Photo amp trigger -IOn,Ali l -20E 
relay or TTL 87p. Dil relay £1.10. 

iC digital clock 
MDS-1.S1 type. 28 pin. 4 ar ii Melt. 12/24hr. Chip with 
.o,: ket £13: PCI3 £169; KIT £2149. DVS voltmeter £12. 
I luta 39p. 3W .AF amp £1.24. 
711 Dil 8 pin 28p: 709 19p. 5,1 29p; 748 29p; mono 
710 33p. 585 TIMER;mononstnhle ,Io clock 93p. 
REGULATORS: l'! .A Ito 20V £1.49: 723 57p. 
RECEIVER ZN414 £119. blini Sr Eit £1.99. 
1.110 xtereo decoder for tuner £269, KIT 53-45. 

f4i1 7 SSL PRO£1 ÉS 

6.ATES 740íy1,26:.l:5li0r20130'a0150. etc.. 14p rnvh. 

7413 27P: 7441 73p; 7447 £109; 7.170. 747.2 211p; 7473, 
747.4 36p; 7.174 60p; 7476 32p; 749059p; 7492 67p; 7480 69p; 
7463 5110; 7486 37p: 7493 73p; 7401 83p: 7495 83p; 
7196 $9p: 74121 45p; 74111 99p: 74190191102,90/96 
DII. Piugs(IC case 10mm high le pin 35p. 
DIL SOCKETS: low or high profile 8/14116 pin 19p. 
SEMICONDUCTORS: 
2N3055 40; 5131078p; BC1068p; BC1099p; I1C147/8 9100; 
DC167/819 13p: ISC177/8/915p; SC1621314 ]Op; 11í7213 
11p; IICY70/72 13p; 13D131/2 55p; liFY50,51i52 13p, 
'l'IS43 UJT 24P: 2N700 11p; 252369 12p: 2J29260y Sp: 
252646 49p; 2N2050 17p; 2N3055 40p; 253614 550; 
2N3702131415,16/7111)9/10111 All 9p each. 
FETS: 253819 27pp; 2N9023 29p; SCR 400V: IA 230: 
4A 56p. TRANSFORMER: .A 6 and 12V £1. 
CAPACITORS: Disc 220E to 11'14, 4p. 25V electrolytic 
10, 50. 1000E 5p: 1,000pF 15p. PRESETS 5p each. 
RESISTORS ON 5% 1 Ip each. CARBON POTS 12 poach. 
Dual 40p. Switch ' l2p. All Din Plugs 13p; Buckets 9p: 
Vera RRP. 

3° IL 11/1 I, BB 072Z1111° 
Bug extra 1ZyOLT£2°tl7J 3 

13" 8 watt tally built with diffuser. 
VAT: YOU en UST ADD 10" Ir0 to all prices. 
FREE CAT. S.A.E. Data sheets Bp each. P. & P. 
8p. C.W.O. P.O. BOX 29. BRACKNELL. BERKS. 
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"I MADE IT MYSELF" 
Imagine the thrill you'll feel ! Imagine how impressed \ 
people will be when they're hearing a programme on a 
modern radio you made yourself. 

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

own modern transistor radio! 
Practical lessons teach yóu sooner 

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

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

No mathematics, 
no soldering - yet you 
learn faster than you 
ever dreamed possible. 
Yes! Faster than you can imagine, 
you pick up the technical know 
how you need. Specially prepared 
step-by-step lessons show you 
how to: read circuits - assemble 
components - build things - 
experiment. You enjoy every 
minute of it! 

You get everything you need. 
Tools. Components. Even a ver- 
satile Multimeter that we teach 
you how to use. All included in 
the course AT NO EXTRA 
CHARGE! And this is a. course 
anyone can afford. You can even 
pay for it in easy payments - in 
fact you could make extra cash 
from spare -time work when you've 
turned yourself into a qualified man 
through B.I.E.T. training. 

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

You become a man who makes 
things, not just another of the 
millions who don't understand. 
And you could pave the way to a 
great new career, to add to the thrill 
and pride you receive when von 
look at what you have achieved. 
Within weeks you could hold in 
your hand your own powerful 
radio. And after the course you. 
can go on to acquire high-. 
powered technical qualifications, 
because B.I.E.T.'s famous courses 
go right up to City & Guilds 
levels. 

Send now for FREE 
76 page book - see how 

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

POST 

TODAY FOR 

FREE BOOK 

1, 

To: BRITISH INSTITUTE OF QH IBRE 09 ENGINEERING TECHNOLOGY 
Aldermaston Court, Reading RG7 4PF 

Yes, I'd like to know more about your course. Please send 
me tree details-plus your big, 76 -page book that tells 
about all your courses. 

NAME 

ADDRESS tlliï 

BIET 
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

COMPLETELY NEW I NOW YOU CAN BUILD AN "ERNIE" 
IN YOUR OWN HOME 

LEARN THE DIGITAL 
COMPUTER LOGIC 
TECHNIQUES 

A MULTIPURPOSE 
ELECTRONIC DICE 
AVAILABLE AS A 

COMPLETE KIT 

Build something completely out of the ordinary: something different 
and more exciting than everyday repeated stuff. 
MINICOMP 100* is effectively a miniaturised ERNIE that displays 
truly RANDOM NUMBERS using brilliant NIXIE tubes: at the mere 
touch of a button. Four range selections are included according to 
the application: between 0-36 (ROULETTE), 1-6 (DICE), 1-57 
(POOLS DRAWS), and between 0-99 (BINGO, BATTLESHIPS 
ALL OTHER NUMBER GAMES). 
The numbers revolve round at high speed in a spectacular DICE 
fashion before a random number is selected and displayed. Building 
this fascinating ERNIE will familiarize you with sophisticated, LOGIC 
techniques and elements used in a DIGITAL COMPUTER. 
A COMPLETE KIT includes 7 latest LOGIC I.C.'s, 3 transistors, 
2 NIXIES, 3 printed circuits, the power supply and various other 
components. Elegantly -sized and finished case, approx. 7" x 5" x 
3". Easy to build with illustrated instructions and descriptions of 
the LOGIC circuits. 
APPLICATIONS: With the MINICOMP it is now possible to play 
electronically all possible NUMBER GAMES e.g. ROULETTE, 
CRAP DICE, BINGO, BATTLESHIPS. An interesting application is 
filling in the POOLS DRAWS. The pure random nature of the 
DRAWS could well contribute to the winning combination. 
A PROFOUND ATTRACTION FOR PARTY GAMES, FETES AND 
BAZAARS. U.K. PRICES: COMPLETE KIT WITH ILLUSTRATED 
INSTRUCTIONS., Mains operated unit, 240V 50HZ. or 110V 60HZ. 
MINICOMP 100 £21.97 including P Et P. and V.A.T. Fully built, 
tested units with a year's guarantee, £24.87. TERMS: C.W.O. MAIL 
ORDER ONLY. MICRO 
MICRO ELECTRONICS, 51 Maxfield Road, LONDON 
SW15 2RG Tel :01-870 2368. *patent applied for 

FM O VARICAP STEREO TUNER 
"NO ALIGNMENT!" PRACTICAL ELECTRONICS-MAY 
MODULES LP1185/86 £9 pair 
REGULATOR MFC4060 78p each 
DECODER MC1310P £3.15 each 
PRINTED CIRCUIT BOARDS - GLASS FIBRE £1.87 each 

+ 10p P & P 
READY BUILT AND TESTED BOARDS £23 each 

+ 25pP&P 
COMPLETED TUNERS IN TEAK CABINETS £34 each 

+ 25pPEtP 
(Brush aluminium front panel with 6 buttons, mains and 
5 stations.) 
STEREO DECODERS BUILT 8 -TESTED (9v) £4.50 
SPEAKER CABINETS, POLISHED, 13" x 8" SPEAKERS, 

£4.50 + 50p P & P 
L.E.D's 60p each 

SUPER SPECIAL OFFER 
WHILE STOCKS LAST 

25 W. R.M.S. DISCO AMPLIFIERS 
ONLY £10 each I I 

WHAT A LINE UP: 
0.2% DISTORTION, 25W RMS INTO 8n, FLAT RESPONSE, 
S/C PROTECTION! AND USING 40361/40362/MJ481/ 

MJ491 TRANSISTORS. 
WE ARE MAD! EACH ONE TESTED AND WORKING 

AND YET ONLY £10 Ready to use. 
The catch is you need a 100K long VOLUME CONTROL 

ONLY! 

B Er B ELECTRONICS 
64 MANNERS ROAD, BALDERTON, NEWARK 
NOTTS. Telephone: NEWARK 6895 

ALL PRICES INCLUDE V.A.T. 
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SMALL ADVERTISEMENTS 
Rate: 4p (9d) per word. Minimum charge 60p (12/-). 

Box No. 10p (2/-) extra. 

Advertisements must be prepaid and all copy 
must be received by the 4th of the month for 
insertion in the following month's issue. The 
Publishers cannot be held liable in any way 
for printing errors or omissions, nor can they 
accept responsibility for the bona fides of 
advertisers. (Replies to Box Numbers should 
be addressed to: Box No. Radio and 
L./cumin( % C onsnur un.' 57 Maida Vale, London, 

W9 1 SN 

SERVICE SHEETS for Televisions, Radios, Transistors, 
Tape Recorders, Record Players, etc., from 5p. with 
free Fault Finding Guide. Catalogue 15p. Please send 
S.A.E. with all orders/enquiries. Hamilton Radios 
47 Bohemia Road, St. Leonards-on-Sea, Sussex. Telephone, 
Hastings 29066. 

CHROMASONIC ELECTRONICS. New list lop, post free. 
Data Dept., 56 Fortis Green Road, London, N10 3HN. 

BUILD THE MULLARD C.C. TV CAMERA. Complete 
kits now available from Crofton Electronics. Send la,rge 
s.a.e. for details to: 15-17 Cambridge Road, Kingstbn- 
Upon-Thames, Surrey. Reply by post. No callers please. 

AMIDON TYPE TOROID CORES.. For details send 
S.A.E. to: T.M.P. (Electronic Supplies), Office address: 
3 Bryn Clyd, Leeswood, Mold, Flintshire, CH7 4RU. 

CATALOGUE NO. 18, , containing credit vouchers 
value 50p, now available. Manufacturers new and 
surplus electronic and mechanical components, price 
23p post free. Arthur Sallis Radio Control Ltd., 28 

Gardner Street, Brighton, Sussex. 

AVOMETER & ELECTRONIC TEST EQUIPMENT. 
Repair & Calibration by experts. 'Q' Services Electronic, 
29 Lawford Crescent, Yately, Camberley, Surrey, G.U.17. 

50 UNMARKED UNTESTED 2W ZENERS 50p. 10 tested 
250mW zeners 25p. 25 40 p.i.v. 300 mW fully tested diodes 
50p. Selenium solar cells 12p. 3 ozs. 28 s.w.g. enamelled 
copper wire 30p. 100 feet insulated copper aerial wire 50p. 
íN4007 diodes 8p. Led's 20p. 400 p.i.v. 5A scr's. ex - 
equipment 30p. J. Fulton, Derrynaseer, Dromore, Co. 
Tyrone, Ireland. 

BUILD IT in a DEWBOX robust quality plastic cabinet 
2 in. x 2} in. x any length. S.A.E. for details. D.E.W. 
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write 
now - right now. 

COPPER CLAD PAXOLIN PANELS, 5) x 5i in., 6-45p. 
7) x 9in., 25p, 6-£1.20. 10 x 9in., 35p, 6-£1.40. Fibre Glass 
3t x lain,, 6-40p. MOVING COIL METERS, 3 assorted 
tin. - 3in. £1.40. Prices include V.A.T. and post. J.W.B. 
Radio, 2 Barnfield Crescent, Sale, Cheshire. 

BATTERY ELIMINATOR KITS. Our well-known Mini 
Mains Pack Kits now complete with drilled insulated base 
32 x 55mm. Fits into space of most large transistor 
batteries. Easy wiring instructions. Safe, silent mains 
transformer, silicon rects., smoothing capacitor, all top 
grade. For any ONE of these voltages (state which) : 

3V, 300mA max.; 6V, 180mA; 9V, 120mA; 18V, 60mA. 
£1.50, VAT included. By mail only, U.K. post 5p. 

Amatronix Ltd., '396 Selsdon Road, South Croydon, 
Surrey, CR2 ODE. 

BENTLEY ACOUSTIC CORPORATION LTD. 
All prices inclusive of V.A.T. 

The Old Police Station, Glouce+eer Road. LITTLEHAMPT ON Su..ex. PHONE 6743 
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All goods are unused and boxed, and subject t1 the standard 90 -day 

guarantee. Terms of business: Cash or cheque with order only. Despatch 

charges:- Orders below £5, add IOp per order up to three items, each add- 

itional item 3p extra. Orders between £5 and £10 add 25p total. Orders over 

£10 post free. All orders despatched same day. Terms of business available 

on request. Any parcel insured against damage in transit for only 3p extra 

per order. Business hours 9 a.m.-5.30 p.m., Mon. -Fri. Closed 1-2 p.m. 

Please enclose S.A,E, with all enquiries. 

THE 'PLUS' CATALOGUE 
Technical data - Countless bargains ,- Discounts 

kes 

96 Pages. (4th 
Transistors, with 

f 

25p 

REFUND VOUCHER 

The Electrovalue Catalogue 
now costs 25p (post free, 

surface mail) and is well 
worth it for its technical 
information. But we include 
with it a 25p refund voucher 
for spending on orders for 

£5 or more, You will find 
this catalogue a great 

money saver in every way. 

printing) 
technical specs. 

I.Cs with working diagrams 

Resistors, capacitors, components 

Diagrams, tables, information 

GENUINE DISCOUNTS 

ELECTROVALUE LTD. R ë`10 
28 St:- udes Rd., Englefleld Green, Egham, TW20 OHS 
9-6 daily: 1.0 p.m. Sat. Telephone Egham 3603 

(Continued on page 193) 
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THE MODERN BOOK CO 
UNDERSTANDING SOLID-STATE ELECTRONICS 

A basic course in semiconductor theory 
by Texas Instruments Price £1.40 

THE RADIO AMATEUR'S HANDBOOK 
by A.R.R.L. £2.95 
MULLARD DATA BOOK 1973/4 
by Mullard 35p 
ELECTRONIC NOVELTIES FOR THE 
MOTORIST by Babani 55p 
CONSTRUCTORS MANUAL OF ELECTRONIC 
CIRCUITS FOR THE HOME 
by Babani 55p 
HANDBOOK OF PRACTICAL ELECTRONIC 
MUSICAL NOVELTIES by Babani 55p 
MULLARD TRANSISTOR AUDIO Et RADIO 
CIRCUITS £1.95 
110 INTEGRATED CIRCUIT PROJECTS 
FOR THE HOME CONSTRUCTOR 
by R. M. Marston £1.30 
DIGITAL LOGIC BASIC THEORY Et PRACTICE 
by J. H. Smith £1.60 

HOW TO GET THE BEST OUT OF YOUR 
TAPE RECORDER by P. J. Guy £1.60 
HAM RADIO A BEGINNER'S GUIDE 
by R. H. Warring £1.70 
LOUDSPEAKERS by Briggs £1.65 
T.V. ENGINEERS' POCKET BOOK 
by P. J. McGoldrick £2.60 
T.V. FAULT FINDING 405/625 LINES 
by J. R. Davies 56p 
BEGINNER'S GUIDE TO COLOUR T.V. 
by G. J. King £2.05 
SERVICING TRANSISTOR RADIO 
RECEIVERS by F. R. Pettit 80p 
BEGINNER'S GUIDE TO TRANSISTORS 
by J. A. Reddihough £1.10 
HI FI YEAR BOOK 1973 £1.75 
GUIDE TO BROADCASTING STATIONS 
by Wireless World 80p 

ALL 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 1NP 

Telephone 01-723 4185 

THE AMATEUR RADIO RETAILERS ASSOCIATION 

MIDLAND 

NATIONAL AMATEUR. RADIO 
AND ELECTRONICS 

EXHIBITION 
AT THE GRANBY HALLS, LEICESTER, 25, 26, 27 OCTOBER 

OPENING TIMES: THURSDAY AND FRIDAY 12 NOON TO 8 P.M. 
SATURDAY 10 A.M. TO 6 P.M. 

BIGGER AND BETTER THAN BEFORE PLENTY OF ROOM TO MOVE AROUND 
PLENTY OF TIME TO INSPECT THE LATEST IN THE STATE OF THE ART 

EASY ACCESS BY RAIL OR FROM THE M1 (JUNCTIONS 21 OR 22) 
LARGE CAR PARKS NEARBY 

ADMISSION 25p. This includes a chance to win £100 worth of equipment of your choice 
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SMALL ADVERTISEMENTS 
(Continued .from page 191) 

UNIQUE VHF KITS, 80 - 180 MHz. Receiver, tuner, 
converter. World wide sales. £4.50p. S.W. Kits also 
available. S.A.E. for literature. Johnson (Radio C), 
Worcester, WR1 3QQ. 

MAGNIFIERS: Ideal for the inspection of printed circuit 
boards, etc. S.A.E. for list to Revor Optical & Technical, 
36 Baker Street, London W 1 M 1DG. 

WHY NOT TRY YOUR HAND AT TV? Ex -rental and 
untried. 19" 625 with u.h.f. tuner, £4.50. 23" 625 with 
u.h.f. tuner, £6.50. 19" 2 channel sets, £1.50. New mains 
transformers in 240 volts a.c. out to 6 volts, 60p. All sets 
complete. Callers only. 103 Goldhawk Road, Shepherds 
Bush, London W.12. Telephone: 01-743 6996. 

1000 RESISTORS £1.50. Resettable overload switches 20p. 
6 panel meters £2.50. J. Fulton, Derrynaseer, Dromore, 
Co. Tyrone, Ireland. 

THE BRITISH AMATEUR ELECTRONICS CLUB. A 
club for all who are interested in electronics as a hobby. 
Quarterly Newsletter sent free to members. Subscription 
50p per year. Details from Hon. Secretary J. G. Margetts, 
11 Peartree Avenue., Ditton, Maidstone, Kent. 

QSL's TX, SWL, 100 34p. 500 £1.50, 1,000 £2.85. Logs 25p 
to £1.25 post paid. 4p for samples. 
Rallymaps of West Wellow, 14 Kingston Park, West 
Wellow, Romsey, Hampshire. 

WANTED: Valves - 6AZ8, 6BJ7, and 5U4 -GB. 
Must be in new condition. Box No. G215. 

FOR SALE: Radio Constructor Volume 4 onwards with 
indexes, £1.25 per volume. VHF oscillator £9. Variac 
7 amps £5.50. Relays from 5p each. S.A.E. for large 
clearance list. Meek, 39 Horsebrook Lane, Brewood, 
Stafford. Telephone: Brewood 850760. 

STOP THIEF! New Burglar Alarm Kit only £18.50. Battery 
operated. Easy installation. Choice of three security 
patterns. Or build our transistorised Alarm Circuit, com- 
plete kit £2.75. Castle Alarms, P.O. Box W06, Windsor, 
Berks. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
services to members including Q.S.L. Bureau, Amateur 
and Broadcast Translation, Technical and Identification 
Dept. - both Broadcast and Fixed Stations, DX 
Certificates, contests and activities for the SWL and 
transmitting members. Monthly magazine, Monitor, 
containing articles of general interest to Broadcast and 
Amateur SWLs, Transmitter Section and League affairs, 
etc. League supplies such as badges, headed notepaper 
and envelopes, QSL cards, etc., are available at reasonable 
cost. Send for League particulars. Membership including 
monthly magazines, etc., £2.00 per annum. (U.K. and 
British Commonwealth), overseas 6 Dollars or £2.50. Sec- 
retary ISWL, 1 Grove Road. Lydney, Glos., GL15 51E. 

WORLD RADIO TV HANDBOOK 1974 (published 
December), £3.15! Delivered direct from Denmark if 
ordered now! HOW TO LISTEN TO THE WORLD 
(late October), £2.00! Postage and VAT included! Every 
order acknowledged immediately! David McGarva, 
PO Box 114, Edinburgh, EH1 IHP. 

(Continued on page 195) 
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PRECISION 
POLYCARBONATE CAPACITORS 

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

0.47pF: ±5% 30p; t2% 40p; ±1% 50p 
1.0 pF: 15% 40p; ±2% 50p; 11% 60p 
2.2 pF: 15% 50p; 12% 60p; ±1% 75p 
4.7 pF: 15% 70p; f2% 90p; t1%115p 
6.8 pF: ±5% 95p; ±2%115p; t1%150p 

10.0 pF: f5%110p; ±2%140p; t1%180p 
15.0 pF: f5%160p; t2%210p; f1%270p 

NEW! -TANTALUM BEAD CAPACITORS 
Values available .1, .22, .47,1.0, 2.2, 4.7, 6.8 pF at 35V,10pF 
25V, 15 pF 20V, 22pF 15V, 33pF 10V, 47pF 6V, 100 pF 3V. 
All at 9p each; 6 for 50p; 14 for £1.00. Special pack, 6 off 
each value (78 capacitors) for £5.00. 

TRANSISTORS: BC107; BC108; BC109 all at 9p each. 6 for 
50p; 14 for £1.00; AF178 at 35p each or 3 for 95p. All brand new 
and marked. 
POPULAR DIODES: 1N914 - 7p each; 8 for 50p; 18 for £1.00 
IN916 - 9p each; 6 for 50p; 14 for £1.00. IS44 - 5p each; 11 for 
50p; 24 for £1.00. All brand new and marked. 
400mW ZENER DIODES: Values available 4.7, 5.6, 6.8, 7.5, 8.2, 
9.1, 10,11,12, 13.5,15 volts. All new and marked. All et tgp each; 6 
for 50p;14for £1.00. SPECIAL 6 off each voltage (66 zeners) £4,25 
SILICON PLASTIC RECTIFIERS 1.5 amp wired -ended D027. 
100 PIV at 8p each or 4 for 30p; 400 PIV at 9p each or 4 for 34p; 
800 PIV at 14p each or 4 for 50p. 
RESISTORS: Carbon film 5% 1w at40°c, 1w at 70°c. Range 2.20- 
2.2M O. E12. series i.e. 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82, 
and their decades. All at 1 p each. 8p for 10; 70p for 100 of any one 
value. Special pack 10 off each value 2.20 to 2.2M SZ (730 resistors) 
for £5.00. 
440V A.C. CAPACITORS: 0.1 pF: Size 1g-" x z", 25p each 
0.25pF: Size 1i" xi", 30p each 0.5pF: Size 1 g" x â", 35p each 
1.0 pF: Size 2" x,-", 45p each 2.0pF: Size 2" x 1", 75p each 
Suitable for use on C.D. ignition, 250V A.C. motors, etc. 

5p p.&p.on all orders berow£5. Please add 10%V.A.T. 
MARCO TRADING 

Dept ,R 7 The Maltings, Station Road, Wem, Salop 

Learn to understand 
electronics 
for your hobbies 
1. Lerna-Kit course 

Step by step, we take you through all the funda- 
mentals of electronics and show you how easily the 
subject can be mastered. 
(1) BUILD AN OSCILLOSCOPE. 
(2) READ, DRAW AND UNDERSTAND 

CIRCUIT DIAGRAMS. 
(3) CARRY OUT OVER 40 EXPERIMENTS 

ON BASIC ELECTRONIC CIRCUITS AND 
SEE HOW THEY WORK. 

2.Become a Radio -Amateur 
Learn how to become a radio -amateur in contact 
with the wide world. We give skilled preparation for 
the G.P.O. licence. - - - - _ Ma Ma 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO & b ELECTRONICS SCHOOL 
1 P.O. BOX 156, JERSEY, CHANNEL ISLANDS. 

NAME 

ADDRESS 
BLOCK CAPS 
PLEASE 

1 
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DENCO (CLACTON) LIMITED 
355-7-9 OLD ROAD, CLACTON -ON -SEA, ESSEX 

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

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

20p 
20p 
20p 
21p 

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

AVAILABLE LATE OCTOBER ... LATEST 

BOUND VOLUME 

No. 26 

Comprising 
792 pages 
plus index 

AUGUST 1972 
to JULY 1973 

of 

"Radio & Electronics 
Constructor" 

FOR YOUR LIBRARY 

PRICE E2.10 P&P 30p 
BOUND VOLUME No. 24 (August 1970 to July 1971) 
BOUND VOLUME No. 25 (August 1971 to July 1972) 

PRICES £2.00 per Volume P Et P 30p. 

Limited number of these 
volumes still available. 

We regret all earlier volumes are now completely sold out. 
Available only from 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN 
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SMALL ADVERTISEMENTS 
(Continued from page 193) 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrapping, facsimile 
letters, automatic typing, copy service, campaign planning, 
design and artwork, printing and stationery. Please ask 
for price list. - The Holborn Direct Mail Company, 
Capacity House, 2-6 Rothsay Street, Tower.Bridge Road, 
London, S.E.1. Telephone: 01-407 1495. 

W.D. INDICATOR, cathode ray type 1. Contains 5in. c.r.t. 
and 14 valves. Ideal basis 'scope or monitor. £3 each. 
Callers only. Davies, The Lymes, Priory Road, Bowdon. 
Cheshire. 

WORLD DX CLUB covers all aspects of SWLing on 
Amateur and Broadcast Bands through its monthly 
bulletin "Contact". Membership costs £1.38 a year. 
Enquiries to Secretary, WDXC, 11 Wesley Grove, 
Portsmouth, Hants., P03 5ER. 

FUSEHOLDER WITH NEON OR 6-12V, 18-30V indicator 
bulbs 25p. 7.5V a.c. 6 -pole C/O sealed relay 40p. J. 
Fulton, Derrynaseer, Dromore, Co. Tyrone, Ireland. 

"MEDIUM WAVE NEWS" Monthly during Dx season - 
Details from: K. Brownless, 7 The Avenue. Clifton. York, 

FOR SALE: Radio Constructor "Sure Fire" 4 meter Tx, £6. 
6 Chichester Buildings, Swan Mead, London SE1 4RY. 

PERSONAL 
JANE SCOTT FOR GENUINE FRIENDS. Introductions 

to opposite sex with sincerity and thoughtfulness. Details 
free. 3p stamp to: Jane Scott, 50/CON Maddox Street, 
London WIR OLY. 

ESSEX GARDENERS. Buy your bedding and rock 
plants, shrubs, etc., also .cacti from Majr's Nurseries, 
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers 
only. Monday to Saturday. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful water- 
ways. Join the Broads Society and play your part in 
determining Broadlands future. Further details from: - 
The Hon. Membership Secretary, The Broads Society, 
"Icknield", Hilly Plantation, Thorpe St. Andrew, Norwich, 
NOR 85S. 

HOLIDAY ACCOMMODATION. Burwood Lodge Hotel. 
Dawlish Road. Teignmouth. South Devon. Especiallt 
suitable for parents with young children. Facing south, on 
the cliffs. direct access by private path to the sea. 
Mothers' kitchen- automatic washing machines. baby 
listening service. Licensed lounge. Ample free parking. 

MASSIVE CLEARANCE BARGAINS 
Bargain component parcels contain Resistors, Capacitors, Switches, 
Potentiometers, Knobs, IF's, Tag Strips, Drive Drums, Transistor 
Panels etc., etc. Save yourself £s on these well selected parcels 
6lbs net weight E1.00, p. p. 40p. 
Assorted Electrolytic Capacitors. 61bs net weight Eí00; p. p. 40p. 
Brand new Wire -wound Resistors. Good Selection. 100 for Et 
p. p. 15p. 
Mullard Ferrite Pencil Magnets 1 ,'-," x -h",100 for £1.25, p. p. 16p. 

Assorted Computer Panels. These panels are exceptionally good 
value and contain .a minimum of 75 transistors, stacks of diodes 
plus Trim Pots, Polyester Capacitors, Resistors and include a few 
I,C.s. 10 panels for E1.00, p. p. 25p. 
Mallard Ferrite Cores. LA3 100 to 500kHz, 50p. LA4 10 to 30kHz 75p. 
LA2100 3 to 200kHz 50p. 
Please include 10% V.A.T. to total cost of goods. 

MAIL ORDER ONLY 
XEROZA RADIO 

1, EAST STREET, 
BISHOPS TAWTON, 

DEVON 

ESSENTIAL BOOKS 
HANDBOOK OF TRANSISTORS EQUIVALENTS AND SUBSTITUTES. Includes 
many thousands of British, USA and Japanese transistors. 78 pages. 40p. p.p. 5p. 

HANDBOOK OF RADIO. 'TV, AND INDUSTRIAL TUBE AND VALVE EQUIVA- 
LENTS. 40p. p.p. 5p. 

PRINCIPLES OF ELECTRICITY & MAGNETISM. Page & Adams. A course in electricity 
and magnetism for student, technician and electronics engineer. As recommended to tech- 
nical colleges, universities etc. Fully illustrated. 532 pages. Published at £4.50. Special 
offer of £2.25 per copy p.p. 30p. 

CONSTRUCTORS MANUAL OF ELECTRONIC CIRCUITS FOR THE HOME. Just 
published. Contains many interesting and useful gadgets for the home. Full circuits, data and 

instructions. 50P post free. 

HOW TO MAKE WALKIE-TALKIES FOR LICENSED OPERATION. '40p. p.p. 10p. 

ELECTRONIC NOVELTIES FOR THE MOTORIST: 50p. post free. 

HANDBOOK OF PRACTICAL ELECTRONIC MUSICAL NOVELTIES. 50p. post free 

PRACTICAL TRANSISTOR NOVELTY CIRCUITS. 40p. p.p. 5p. 

THE THEORY OF GUIDED ELECTROMAGNETIC WAVES. R. Waldron. The most 

comprehensive book ever written about Waveguides. Transmission Lines. Cavity Resonators. 

Micro -Waves. Published at £11.50. Special offer of £6.25. p.p. 35p. 

THE SCATTERING & DIFFRACTION OF WAVES. A goldhrine of information for the 
experimenter, amateur and scientist. Published by Oxford University Press. £1.60. p.p. 15p. 

THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT HANDBOOK. Gives 

circuits data and illustrations plus valuable information for British/USA receivers, transmitters. 
trans/receivers. With modifications to sets and test equipment. Latest impression £3.25 
including postage. 

DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIPMENT DEALERS. 
Gives details of surplus wireless equipment stores and dealers including addresses, plus 
equipment and spares that they are likely to have available. A valuable book only 40p p.p. 10p 

NEW BOOKS. Publication date for these three titles is Nov. 15. Order now to 
avoid disappointment as the first impression of each is expected to be a sell-out. 

MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK. Gives circuits 
data, and illustrations plus some valuable modifications for commercial radio- 
telephone equipment including PYE and other popular makes. £4 including 

Postage. 

HOW TO MAKE 2 & 4 METRE CONVERTERS FOR AMATEUR USE. 
50p. p.p. 10p. 

ADVANCED BOOK OF CRYSTAL SET DESIGNS. 35p. p.p. 5p. 

PERSONAL CALLERS WELCOME AT OUR NEW SHOWROOM & TRADE 
COUNTER, Hanleys Yard, Off Town Street, ARMLEY, LEEDS 12. Just past 
The White Horse Inn. The North's largest selection of Radio and Electronics Books 

plus thousands of books on all subjects at discount prices. 

HANDBOOK OF SATELLITES AND SPACE VEHICLES. A comprehensive working 
handbook that provides important data both tabular and graphical enabling space scientists. 
technicians and telecommunication engineers to acquire a greater working knowledge 
of satellite and space vehicle design, launching, orbiting etc. Includes a detailed coverage 
of COMMUNICATIONS IN SPACE. An imposing book of 457 pages. Published at £8.20. 
Available at the trade price of £6.50 post free. 

Send S.A.E. for Free Lists of Radio, Electronics Books. Any book in print on any subject 
obtained. Please state title, author and publisher. 

All mail order to: Dept. R.C. Gerald MYERS (Bookseller & Publisher). 
18 SHAFTESBURY STREET, LEEDS LS12 3BT. 

Callers welcome to new showroom address shown in advert. 

10 FREE 1W C/FILM RESISTORS 
your choice, for every £1 of .goods (excluding VAT). 

BRAND NEW FULL SPEC. COMPONENTS: BC107B, BC108A/B/C, BC109B ALL 
Bp. TIS43 30p. 2N3055 35p, 2N2926 GRN 10p, FET 2N3819 25p, BFY51 13p, 
BCY70 16p, 0C45/71 10p. PLASTIC RECTIFIERS: 1N4001 1A/50V 4p, 
2A/100V 11p, 2A/200V 12p. CARBON FILM RESISTORS }W 5%0.7p ea. 28p/50 
your choice. (22)-2.2M) UNMARKED BARGAIN PAKS: Properly tested, Guar- 
anteed hfe spreads. Individually colour coded. PAKs of 5 at 23p. PLASTIC BC108A 
hfe 125-240; PLASTIC BC109B hfe 240-500; OA200 DIODE PAK of 5 at 20p. 
COMPONENT CAT: FREE (transistors, capacitors, hardware, aluminium etc.) 
ADFONIC (RS), 18 Yew LN., Ashley, New Milton, Hants. BH25 5BA. C.W.O. 
P&P 9p. Mail Order Only. Money Back if not satisfied. Please add 10% VAT to total. 

SYNTHESISER 
MODULES 

Voltage -controlled modules for synthesiser construction and 

other musical MIRACLES I Catalogue 5p. D.E.W. Ltd., 254 
Ringwood Road,.Ferndown, Dorset. 

MORSE MADE EASY!!! 
FACT NOT FICTION. If you start RIGHT you will be reading amateur and com- 
mercial Morse within a month. (Normal progress to be expected.) 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. Complete course, 3 Records and 
Books, £4.50. P.P.I. etc. plus 10%. (Overseas £1 extra). Or details only, 4p 
stamp. Or phone S. Bennett, G3HSC, 01-660 2896. 

Box 38, 45 GREEN LANE, PURLEY, SURREY. 
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F 

PRIVILEGE OFFER TO R. C. READERS 
Headphones or Speakers; suitably terminated 
Connectors; Handbook; Carriage; Insurance: In 
addition a Joystick V.F.A. (aerial); Joymatch 
A.T.U.; Feeder; Insuldtors; are supplied free or 
greatly reduced when you buy a PARTRIDGE 
PACKAGE 

A PARTRIDGE PACKAGE constitutes a COMPLETE RADIO STATION - ready 
for use. however confined your domestic space. The world renowned TRIO range 
of Communications Receivers and Transceivers. the WORLD RECORD, inter- 
nationally patented JOYSTICK V.F.A. (all band aerial) only 7' 6' long and a 
JOYMATCH aerial tuning unit, a pair of matching Headphones or internal Speaker. 
plus accessories go to complete your ready to use RADIO STATION at a price that 
truly represents VALUE FOR MONEY! 
PARTRIDGE PACKAGE 
No. 1 with General Coverage AM/CW/SSB (MW -SW) 9R5905 receiver £67-77 
No. 2 with Amateur Bands, AM/CW/SSB JR310 receiver - £90-90 
No. 3 with Amateur Bands. AM/160 thru 10 and 2M. JR599 receiver £176-00 
No. 4 with Amateur Bands 80 thru 10M TS/PS 515 Transceiver, 180W £231-00 
NOTHING MORE TO PAY! ACCESS/BARCLAYCARD orders accepted by 

'phone. 
BROCHURE 3p STAMP 

G3CED BOX 3, PARTRIDGE ELECTRONICS LTD., -G3VFA 
BROADSTAIRS, KENT Tel: 0843 62535 

Micron 
RADIO CONTROL 

TOP QUALITY KITS -A FACINATING HOBBY 

TRANSMITTER FOR FOUR CONTROLS - HIGH RF. OUTPUT. DIGITAL INFORMATION TYPE. 

5 CASE. B LOADED AERIAL. PRINTED CIRCUIT. 
TOP 

INCLUDES 
COMPONENTS. SPECIAL DUAL AXIS STIC ITS AND 

DRGS ÚMAW 

RECEIVER WITH FOUR CONTROL O - ONLY I;' IF. LESS THAN 3!'V 
SENSITIVITY GIVING I MILE RANGE. KIT INCLUDES CASE. PC. BOARDS. 
WOUND COILS. TOP DUALITY COMPONENTS AND DRGS. 59.5B 

SERVO UNITS ONE REDUIRED FOR EACH CONTROL O 3.b PULL 
KIT ODES SUPER DUALITY 5 POLE MOTOR AND CERMET POT 

ALSO SIX TRANSISTOR AMP. KIT WITH DRGS. 

OTHER TOO - SAE FOR LEAFLET. ED AERCON developments 
85 NETHER FIELD ROAD 

SANDNOTTINGHAM 

GRAM 

VAT IS INCLUDED 

MAIL ORDER ONLY. 

4â" x 31" Meter 
30uA, 50uA 
or 100uA 

£2.86 

MULTIMETER Model 200H 
20,000 ohm/volt £5.29 

MULTIMETER Model- 
C-7081GN Range Doubler 
50,000 ohm/volt High Sensi- 
tivity Meter £12.37 

CAR DIOID DYNAMIC 
MICROPHONE Model ÚD- 
130 Frequency response 50- 
15,000 cps. Dual Impedance 

,50K Er 600 ohms £4,95 

Small DYNAMIC MICRO- 
PHONE as pictured or similar 
with remote on/off switch 

£1.27 
Large S.A.E. for List No. 6. Special Prices for quantity quoted on request. Add 10p for P&P on orders under £5. 

M. DZIUIBAS 
158 'Bradshawgate, Bolton, 'BL2 IBA, Lancs. All above prices include 10% V.A.T. All items advertised in previous numbers of this magazine still available. 

DATA BOOK SERIES 
DB5 TV FAULT FINDING 

124 pages. Price 50p, postage 6p. 
DB6 RADIO AMATEUR OPERATOR'S HANDBOOK 

80 pages. Price 45p, postage 6p. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 75p, postage 1Op. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price £2.10, postage 25p. 

DB18 AUDIO AMPLIFIERS 
128 pages. Price 53p, postage 6p. 

DB19 SIMPLE SHORT WAVE RECEIVERS 
140 pages. Price 80p, postage 6p. 

I enclose Postal Order/C'heque for in payment for 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. 

All publications are obtainable from your local bookseller. 
Data Publications Ltd., 57 Maida Vale, London W9 1SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS. 
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You pay less 
VAT with Henry's 

Low Prices 

DONT RELY ON YOUR MEMORY 
BUY NOW AT BARGAIN PRICES 

Order your latest Henry's Catalogue Price 55p post paid 
complete w'th Discount Vouchers 

BUILD THE BUILD THE NEW 

TEXAN 
Now built and used by thousands of 

satisfied customers. Features slim design 
overall size in cabinet 151" a 2$' x 6g". 6 -IC's, 

10 transistors, stabilisers. Gardners low field 
transformer. Fibre Glass PC panel, complete 

chassis work. Now available built and tested as well as In kit form. 
HIGH QUALITY & STABILITY ARE PREDOMINATE FEATURES - 
DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE, 
RELIABILITY AND EASE OF CONSTRUCTION FACILITIES. 
On/off switch indicator, headphones socket, separate treble, 
bass, volume and balance controls, scratch and rumble filters, 
mono/stereo switch, input selector: Mag. P.U. Radio Tuner. Aux. 
Can be altered for Mic., Tape, Tape -head etc. Constructional 
details Ref. No.21 30p. Distributed by Henry's throughout UK. 
FREE - Teak cabinet with complete kit. 

20 + 20 WATT IC 
STEREO AMPLIFIER 

As featured by 
Practical Wireless 

1972 

(+VAT (+ VAT 50p 

PRICE L28 0 50p ix bid and tested £35.00 (+ VAI ked) ca«/naakind)as illustrated 

HENELEC 
STEREO FM TUNER 

Henry's 
1974 Catalague 

uK ult °t11 v1711 

A completely new high stability stereo FM tuner. Features variable capacity diode tuning, stabiliser power supply, IC Decoder, high gain low noise. IF stages. LED Indicators. 
Tuning meter, AFC, easy to 
construct and use. Mains 
operated. Slim modern design with 
fibre glass PC, Teak cabinet, etc. 
Available as a kit to build or ready 
built. Overall size 8' x 23' x 61'. 
Produced to give high performance with 

" 
a realistic price. (Parts list and con- ì ---"------` 
scructional details Ref. No. 5 30p.) 
Henry's are sole distributors UK and Europe. 

KIT PRICE £21.00 (--- VAT) 
or built and tested £24.95 ( VAT) 

EARN YOURSELF EASY 
MONEY, WITH 
PORTABLE DISCO 

EQUIPMENT 
DISCO MINI A complete portable disco, 
fitted mixer/preamp, 2 decks all facilities. [98.50 
100 watt amplifier for above [3875 
SL100 100 watt mixer/amplifier with slider 
controls L6900 
ROO 50 watt mixer/amplifier L4950 
DISCO AMP 100 watt mixer/amplifier chassis 
unit L65.85 
DISCO MIXER/PREAMPLIFIERS (OP for 
up to 6-100 watt lifiers) 
SOLI (rotary controls) £4930 
SDLII (slider controls) £5830 
DISCO VOX (slider controls) the complete 
disco unit [69.50 
D 1100 100 watt power amplifier for above [38.75 
D J3OL 3 channel 3kw sound to light £2950 
DJ4OL as 30L plus built in microphone [3875 
DIMANATIC 1 kW adjustable speed auto 
dimmer E25'00 
SCENE STROBE L19.50. ROAD STROBE £2500 
Disco anti -feedback microphone 
Colt 150 watt liquid wheel projector 
150 watt QI liquid wheel projector 
150 watt Q1 cassette wheel projector [5800 
Spare Effects cassettes large range of patterns [8-00 
Mini spot bank fitted 3 lamps [1100 
Auto Trllite (mini with flashers) £17.00 
Mixer/Mies/Speakers/Lighting UK's largest range 
UK's LARGEST RANGE 
FREE stock Ilst ref. No. 18 on request 

L11.95 
E22 50 

E50.00 

All prices carr. paid (UK) (VAT EXTRA) 

Barclaycard/Access, call, write or phone your 
order 01-713 6963 - easy terns for callers. 

TEXAN 
STEREO SYSTEM 

PLUS PRICE SAVINGS lam= 

The Texan Stereo Systems include the high 
quality Texan Stereo amplifier assembled and 
ready to use. A pair of Type 200 20 watt 
Speaker -Tweeter systems size 21' x 12' x 10' 
and a choice of Garrard players built into a 
plinth with cover with Goldring G800 magnetic 
cartridge. System 25 uses Garrard SP25 Mk III 
and system 76 the Garrard AP76 de luxe 
turntable. All necessary leads are supplied. 

System 25 (list approx. £109) 09.50 
System 76 (list approx. (117) 08930 
(plus 10% VAT and plus L1.45 carr/packing) 

Barclaycard/Access, call, write or 
phone, your order 01-402 4736 
EASY TERMS FOR CALLERS 

FREE LISTS 

36 Transistors IC's 

14 100 Kits to Build 

17 Hi Fi Tape Gear 
2 Transistor Radio 

to Build 

LIVING SOUND LOW NOISE TOP QUALITY CASSETTES MADE 
BY EMI TO INTERNATIONAL STANDARDS ESPECIALLY FOR 
HENRY'S. ALL POST PAID LESS THAN + REC. PRICES. 

3 for 
C 60 £1.00 
C 90 
C 190 C1.62 

L1ß3 

6 for 10 for 25 for 
£1.80 [2.80 E6.75 
£2.57 £420 E102.5 
[3.15 £5.00 L12'2S 

Quantity and trade enquiries, invited. 
LEARN A LANGUAGE - complete with phrase 
book. German - French - Spanish - 
Italian [136 per course, E5 for any 4. 

LOW COST HI-FI SPEAKERS 
SPECIAL OFFERS 
EMI 13' x 8' - full range speakers 
(post 20p each or 30p pair) 
150TC 8 ohms Twin Cone 10 watt 

E2.20 each or 64-00 pair. 
0450 10 watt C/o Twin Tweeters 3, 8 or 

[3.50 
EW 15 watt 8 ohms C/o Tweeter [4.30 
each or £790 pair. 
350 20 watt C/o Tweeters, 8 or 15 ohms 
L7.50 each or [1410 pair. 
0 Polished wood cabinet [460 post 35p. 

8 ohms full range (post 20p) 
FR4 4' 5 watt 
FR65 6+' 10 watt 
FR8 8' 15 watt 
FR23 9' x 6' 15 watt 
BASS & MID RANGE - 8 ohms (post 20p) 
AA12 5' 15 watt 
8110 5+" 15 watt 
B200 8' 15 watt 
0139/2 13'x8' 30 watt LF 
TWEETERS AND CROSSOVERS (post 20p) 
K2006 10 watt 9 or 15 ohms 
FHT6 15 watts 8 ohms 
K2011 30 watt 8 ohms 
T27 KEF 
Axcent 100 30 watt 8 ohms 
K4009 1 kHz/5kHz C/o 
SN75 3kHz var. C/o 
SPEAKER KITS (carr. etc. 350 
20-2 8' 30 watt 
20-3 8' 40 watt 
LINTON 2 20 watt 
GLENDALE 3 30 watt 
DOVEDALE 3 50 watt 
KEF KK2 
KEF KK3 

E400 
[5 50 
E760 
[600 

E3 10 
65 60 
E6 45 

L10 25 

L1 90 
L3 20 
E3 75 
E4 25 
E4 90 
£200 
L1 75 

£1800 each 
015e0 each 
£1595 pair 
[2895 pair 
[4200 pair 
E2040 each 
£3200 each 

BUILD YOURSELF A POCKET CALCULATOR 
A complete kit, packaged in a polystyrene container and 
taking about 3 hours to assemble - thats the Sinclair 
Cambridge pocket calculator from Henry's. Some of 
the many features Include Interface chip, thick -film 
resistor pack, printed circuit board, electronic compo- 
nents pack. Size 4+' long x 2' wide x i}' deep. 
Free of charge with the kit for the more advanced 
technologist is a 32 -page booklet explaining how to 
calculate Logs. Tangents. Sines etc. 

PRICE £24.95 + VAT ready forlablee 
assembled 

£27.22 + VAT 

10e VAT to be added to all orders. Prices and descriptions correct at at time of press. E & O E. 

Henry's LM. o 
EDGWARE ROAD, W2 

404-406 Electronic Components and Equipment 01-4028381 
354-356 High Fidelity and Tape Equipment 01-4025854/4736 
309 PA -Disco -Lighting High Power Sound 01-723 6963 
303 Special offers and bargains store 

mai/ fo 303 Edgware Road, London W2 18W 

Open:- 9am-4 pm 
6 days a week 
1309 closed 
Thursday) 
All stores open 
all day Saturday 

www.americanradiohistory.com


